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ABSTRACT

This paper presents the results on the study of separation of model
solutions of nanofiltration whey permeate by direct contact membrane
distillation. The solute concentration varied from 0 to 450 g/L. The
dependence of the change in water activity was determined for this range
of concentrations. It would allow simulating the process of membrane
distillation in future. There was a decrease in the selectivity of the
membranes at a concentration of 300 g/dm? and above. It was most likely
caused by the formation of a deposit layer on the membrane surface. A
process flow diagram of the treatment of such wastewater was proposed. It
consists of two stages: direct contact membrane distillation and
electrodialysis. Using of the proposed technological scheme will allow us
to reuse up to 92% of treated wastewater.

1. Introduction

The process of direct contact membrane
distillation is based on the evaporation of the
solvent through the hydrophobic porous
membrane (Khayet and Matsuura, 2011),
herewith "hot" and "cold" solutions are
contacted from different sides of the
membrane. Using of membrane distillation in
water purification technologies makes it
possible to obtain high-quality water, even if
the initial solution contains components that are
difficult to remove, such as arsenic,
(Macedonio and Drioli, 2008), boron
(Macedonio and Drioli, 2008, Hou et al., 2013),
fluorine (Hou et al., 2010, Boubakri et al.,
2014a), nitrate (Boubakri et al., 2014b), etc. An
advantage of membrane distillation is also the
opportunity to concentrate solutes to the limit
of their solubility (Mariah et al.,, 2006,
Hickenbottom and Cath, 2014). This is the
reason why a number of technologies for
processing of wastewater (Lu et al., 2014),

groundwater (Hou et al., 2010) , seawater (Al-
Obaidani, et al., 2008, Xu et al., 2006, Shirazi
et al., 2014) etc. use membrane distillation.

The disadvantage of membrane distillation
is the need to heat the feed solution to a
temperature of 50-70° C. Therefore, to improve
the economic indicators of the process, it is best
to use in the presence of cheap sources of heat.
One of these places can be a dairy plant with
vacuum evaporation facilities where cooling
water in condensers can be heated from 10-
20° C to 45-55° C. This water can be reused
after cooling in the cooling towers. If the
wastewater is directed into the condensing
apparatus instead of the pure water and is
further concentrated (treated) by membrane
distillation, it will be able to develop the high
performance technology for utilization of
excess heat and some quantity of wastewaters.

A promising target of such treatment can be
nanofiltration whey permeate (Myronchuk et
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al., 2013). Having the low temperature (8-20 °
C), it is not virtually treated and is discharged
into drains as the wastewater (Kyrychuk et al.,
2014).

Thus, about 65% of the water on the
amount of the processed whey is lost. After the
preliminary treatment this water can be reused
in the dairy plant. Nanofiltration whey
permeate contains about 4 g/L of solutes (about
2 g/L of lactose and about 2 g/L of salts) which
after the appropriate  separation  and
concentration, can be used for different
technological processes (Zmievskii et al.,
2014).

The aim of the present work was to study
the process of direct contact membrane
distillation during separation of model solutions
of nanofiltration whey permeate. It will make
possible to provide the dairy enterprises with an
additional amount of technical water.

2. Materials and methods

The laboratory setup was composed of the
membrane cell, two pumps and two heat-
exchangers. The hydrophobic membrane
MFFK-3 (ZAO STC “Vladipor”, Russian
Federation) with effective area of 4.8-:10° m?
was settled in the cell horizontally making two
chambers — the lower and the upper. The “hot”
and “cold” solutions were directed into the
lower and upper chamber respectively by the
pump with circulation flow of 0.1 m/s. The
height of the chambers was 2 mm. The
turbulence promoters were installed inside the
chambers. The temperature of the solutions was
controlled by the mercurial thermometers with
the accuracy of 0.1 °C. The salts content was
measured by a conductivity meter (HANNA
Instruments DIST 1) with expansion bend. The
water activity was determined using a portable
device Aqualab (series 3, model TE, USA) with
the accuracy of +0.003. The water activity can
also be calculated from the equation (1)

_P 1
a, o’ 1)

where p and p,are partial pressure of water

vapour under the real solution and distillery
water (Pa), respectively.

During filtration, permeate flow rate was
measured by weighting the mass of coming out
permeate. Thus the permeate flux J (kg-m?-h"
1y was calculated from the equation:

J=36001, )
T
where m is the mass of the permeate (kg), S is
the membrane area (m?), and  is time (s).
The rejection R (%) was calculated as:

R—le 100 3
=|1-2" 100, 3)

r

where C, and C, are permeate and retentate

concentrations (g/L), respectively.

Considering that permeate penetrating
through the membrane comes to the upper
chamber and is mixed with the cold solution
(distillery water), the real value of the permeate
concentration C was calculated as follows

(V. +V,)-C..-V.-C,
C, = v @
p
where V is the permeate volume (L), V. is the

volume of the cold solution (L), C,, and C,

are the solute concentrations in the cold
solution before and after permeate samples
were taken (g/L), respectively.

“Edible” lactose was used for preparation
of model solutions of nanofiltration whey
permeate, while all inorganic substances were
of “chempure” qualification. The preparation of
model solution involved the use of the
following components: KCI (37.5%), NaCl
(11.5%), CaCl; (1%), and lactose (50%).

3. Results and discussions

Pure water flux of MFFK-3 membrane was
determined at the first stage of the study
(Figure 1). The maximum temperature was
55 °C in the hot chamber. It is possible due to
heating water to this temperature in the tube
and shell condensers of vacuum evaporators.
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From Figure 1, it can be seen that the pure
water flux is higher at higher average
temperatures when the difference between
temperatures of “hot” and “cold” chambers is
even. It can be explained by the nonlinear
dependence of partial pressure of water vapor
on temperature.

During filtration of model solutions of
nanofiltration whey permeate, it was observed
the drop of permeate flux in proportion to the
increase of the solution concentration (Figure
2). To concentrate the solution up to the
450 g/L it is required to apply higher driving
force. Thus, at the temperature difference of
15 °C (Th=45 °C, T=30°C) the solution was
concentrated only up to 300 g/L, while at the
temperature difference of 25 °C (Th=55 °C,
T=30 °C) it was concentrated up to 450 g/L.
First of all the decrease of the permeate flux
with the increase of solution concentration is
probably associated with the reduction of the
water activity. To confirm this supposition the
water activity a, was determined as the

function of the solution concentration C (g/L)

(Figure 3). The graph is nonlinear and can be

described by a polynomial of the second degree

to a high precision.
25

o. T,=55°C
20 ¢ . 0- T,=45°C
- o A Th=30°C
£ o 4 ¢
£ 0
5 0
%5 ©
) A A
O !
5 10 15 20 25 30 35
T, °C

Figure 1. Pure water flux of MFFK-3
membrane vs. temperature in the “cold”
chamber. T, is temperature of the “hot”

solution.

From figure 2, 3, it can be seen that at
concentration of 300 g¢/L water activity
decreased by just 11.1% while the permeate

flux decreased from 35 to 77% as of initial
value obtained during pyre water filtration. It
indicates the need to consider the other factors
such as membrane fouling, concentration
polarization and heat polarization. It is obvious
that the higher permeate flux is, the higher
concentration and heat polarization are (Khayet
and Matsuura, 2011). A brown deposit was
observed on the membrane surface at the end of
the run. For that reason the deep concentration
is not always justified. For example, in paper
(Hickenbottom and Cath, 2014) the deposition
on membrane was observed at salt
concentration of 250 g/L that resulted further in
quality loss of permeate and decline of
permeate flux. Authors (Hickenbottom and
Cath, 2014) proposed several versions of
reverse membrane distillation to reduce the
membrane fouling. For the first one it was
suggested to direct permeate into the
concentration chamber and retentate into the
chambers with permeate at regular intervals.
The second one was the change in the solution
temperature such as in the next chamber at
regular times, i.e. the process was started
inversely. Despite the positive effect of these
measures it complicates the construction of the
setup and increases time of its inefficient use.
Thuswise, it is recommended to prevent scale
or deposit formation on membrane surface. For
this purpose the antiscalants may be used, as
the special investigations showed (Sun et al.,

2011).
2049 ©- T,=55°C, T,=30°C
O- T,=45°C, T,=30°C
15 | A A- T,=55°C, T, = 10°C
= o
q <
E10 - A
2 &
y (]
- 5 O 0o A
- &
[}
0 : : : ‘ ‘
0 100 200 300 400 500

Concentration, g-L-'
Figure 2. Permeate flux of MFFK-3 membrane
vs. retentate concentration during filtration of
nanofiltration whey permeate. T,, T, are
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temperatures of the “hot” and “cold” solutions,
respectively.

The water quality obtained after the
wastewater treatment is of importance. Figure 5
shows the dependence of rejection and salt
content in permeate on concentration of feed
solution.

1

09 -
208 -
y= -0,000001x%-0,000141x + 1,002073
07 - RZ=0,999022
0,6 : . ‘ . ‘
0 100 200 300 400 500

Concentration, g-L"

Figure 3. Water activity vs. solute
concentration of the model solution of
nanofiltration whey permeate.

. 20 - . 95
il —k— - = ° = ° -
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Figure 4.a.
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Figure 4.b.
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5 | |
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Concentration, g-L-

Figure 4. c.
Figure 4: a, b, c. Salt content in permeate and
rejection of MFFK-3 membrane vs. solute
concentration in the feed solution. T, , T, are

temperatures of the “hot” and “cold” solutions,
respectively.

The quality of the obtained water is
essentially worsen during filtration of the
solution with concentration higher than 300 g/L
(Figure 4 a, b). It is probably associated with
the scale formation on the membrane surface
that resulted in the decrease of the selective
masstransfer (Hickenbottom and Cath, 2014).

It is also can be seen from the figure 4 a-c,
that the lower permeate flux is the more solutes
permeate contains. It was supposed that MFFK-
3 membranes have imperfections as hydrophilic
pores, which are wetted by liquid. The diffusive
or perhaps even the convective penetration of
solutes is carried out through these pores. If we
assume that these flows are constant and are
functions only of the concentration difference,
the quality of permeate will depend on the
intensity of high selective mass transfer
through the hydrophilic pores.

Initial
solution Membrane |Concentrate

Diluate
68L

—_—

Electrodialysis}——

istil il _ -1
1000 L distillation 80 L Clacose =25 gAL1
c=4g.L c=50g-L" Cat =2,94 g-L
\glzaéel-r Concentrate of
_ A mineral salts
C=005g-L 121 )
Coa =140 g-L

Figure 5. Process flow diagram of treatment of
nanofiltration whey permeate, C — total solute

concentration C, C..,. — lactose and salt

lactose ! salt

concentration, respectively.
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Summarizing the obtained results one must
say that MFFK-3 membranes cannot be used
for deep concentration of nanofiltration whey
permeate. But they as well as process of
membrane distillation can be used for pre-
concentration of these wastewaters, e. g. up to
50 g/L. This solution can be directed further to
electrodialysis (Zmievskii et al.,, 2014) to
separate salts from lactose (Figure 5).

It will reduce the energy consumption at the
stage of electrodialysis (Zmievskii et al., 2014)
and will allow obtaining about 92 % of purified
water.

Moreover 6.8% of lactose solution
(Cracose =25 0/L) and 1.2% of salt concentrate

containing mainly monovalent ions ( C,,, ~140

g/L) on the amount of the treated wastewater
are obtained after electodialysis. The possible
reuse application of the received solutions after
such two-stage treatment is lightened in paper
(Zmievskii et al., 2014).

4.Conclusions

During filtration of model solutions of
nanofiltration whey permeate, it was found that
membrane distillation can concentrate the
solutes from 4 to 450 g/L. However, the
essential decrease of membrane rejection was
observed at the concentration 300 g¢g/L and
higher. It is probably caused by deposit
formation on the membrane surface.

The dependence of water activity on
concentration in the range from 0 to 450 g/L
was obtained for model solutions of
nanofiltration whey permeate. It would allow
simulating the process of membrane distillation
in future.

The process flow diagram of two-stage
treatment of nanofiltration whey permeate was
proposed. It involves the use of direct contact
membrane distillation for solutes concentration
up to 50 g/L and electrodialysis for separation
of salts from lactose. It allows obtaining
approximately 92% of purified water on
amount of treated wastewater.
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ABSTRACT

A fat reduced ice cream with inulin as fat replacer was employed
as prebiotic to inoculate thermotolerant probiotic lactic acid
bacteria. Inoculation of thermotolerant lactic acid bacteria
resulted in a softer and more adhesive ice cream texture,
probably due to the exopolysaccharide production of the
employed strain. In same manner, melting rate of inoculated
samples was reduced, enhancing melting properties due lactic
acid bacteria inoculation. Inoculated samples presented lower
pH values and relatively higher titratable acid content due lactic
acid growth during frozen storage. There was no presence of
lactic acid bacteria in control samples. In sensory evaluation,
although the growth and adaptation of thermotolerant lactic acid
bacteria in ice cream, there was no difference between control
and inoculated sample, in relation to texture and acceptation. In
this view, thermotolerant probiotic lactic acid bacteria in fat
reduced ice cream with inulin as fat replacer can be employed as
a good alternative to produce symbiotic foods, with inulin as
prebiotic ingredient.

1.Introduction

Ice cream is a complex food system
with a disperse phase consist in three
main  structural components  (air
bubbles, ice crystals and emulsified fat
globules) immersed in a continuous
liguid phase (unfrozen water with
dissolved  sugar, proteins  and
hydrocolloids) (Marshall et al., 2003;
Clarke, 2004). During ice cream
process, air incorporation during frozen
implies a great number of physical
changes that are favored by the proteins
and emulsifiers  stabilizing  both
emulsion and foam formed. The
capacity of the ingredients to interact
with each other maintain the physical
and sensory properties of the frozen ice

11

cream base during and after the frozen
process, cold-chain storage and finally,
when ice cream is consumed (Pintor y
Totosaus, 2013). Fat is a very important
ingredient in the disperse phase. Fat is
related to melting, air stabilization and
ice crystals formation (Bolliger et al.,
2000; Chung et al., 2003; Clarke, 2004;
Granger et al., 2005; Goff, 1997).
During frozen mixing dispersed and
emulsified fat  globules avoid
coalescence forming a film around air
bubbles, stabilizing the system (Chung
et al., 2003). Fat interactions like partial
coalescence of ice crystals or protein
induced flocculation affect ice cream
texture (Méndez-Velasco and Goff,
2012). Fat reduction can be
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compensated with other ingredients.
Pintor et al. (2014) replaced both
butyric and vegetable fat in ice cream
employing inulin.

Ice cream with probiotic has been
proposed as a suitable vehicle for
beneficial microorganisms’ delivery if
they remain viable during manufacture
and frozen storage (Hekmat and
McMahon, 1992; Cruz et al., 2009; Di
Criscio et al., 2010; Mohammadi et al.,
2011; Ayaz Javed and Nadeem, 2011).
The technology to transform ice cream
into a vehicle for probiotoic
microorganisms ~ must  be  well
understood and studied simultaneously
with the knowledge of the metabolism
of the added cultures (Cruz et al., 2009).
There are two plausible options to
enhance probiotic survive during ice
cream production. These are to protect
bacteria by encapsulation or freeze dry,
or to employ thermal shock proteins
producing bacteria. Encapsulation has
been proposed like an alternative to
improve probiotic survival during ice
cream manufacture and frozen storage
(Mohammadi et al., 2011; Soukoulis et
al., 2014), employing resistant starch as
prebiotic (Homayouni et al., 2008) or
alginate (Ahmadi et al., 2014; EI-Sayed
et al., 2015), or the use of freeze dry
cultures (Nousia et al., 2011). Lactic

acid bacteria with probiotic
characteristics  like  adherence to
epithelial ~ cells, gastric conditions
survive and pathogens inhibition

(Ramirez-Chavarin et al., 2010, 2013)
has been employed as started culture in
cooked sausages (Pérez-Chabela et al.,
2013; Diaz-Vela et al., 2015). When
lactic acid bacteria survive thermal
stress condition due the over-expression
of thermal shock proteins, the
adaptation to other stress condition is
feasible. In this view, the objective of
this work was to evaluate the use of a
thermotolerant lactic acid bacteria to
elaborate a fat reduce ice cream with
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inulin a prebiotic, in order to obtain a
symbiotic ice cream.

2.Materials ad Methods

Ice cream elaboration

Fat-reduced ice cream  was
elaborated according the formulation
described by Pintor et al. (2014). Solid
ingredients like sugar (15% w/v), non-
fat dry milk (8% wi/v, DILAC,
Cuautitlan  lIzcalli, Mexico), whey
protein concentrate (4.0% w/v, DILAC,
Cuautitlan Izcalli, Mexico), chicory
inulin (3% w/v, Nano Nutrition,
Naucalpan, México, Viscarin GP209
lambda carrageenan (0.25% w/v, FMC
Biopolymers, Philadelphia),
carboxymethylcellulose (0.25% wl/v,
FMC  Biopolymers,  Philadelphia),
emulsifiers  (sorbitan and glyceryl
monostearates, 0.25% w/v, ARCY,
Ecatepec, Mexico) were hydrated in
water (ca. 58% v/v) at 60 °C, to disperse
with a Oster homogenizer both butyric
fat (7.0 % w/v, ARCY, Ecatepec,
Mexico) and vegetal fat (3.5 % wl/v, La
Mixteca, Ecatepec, Mexico). The
homogenized mixture was kept in
refrigeration (2-4 °C) until processing.

A previously reported
thermotolerant probiotic lactic acid
bacteria, Pediococcus  pentosaceus

UAM22 (Ramirez-Chavarin et al.,
2010, 2013) was reactivated in 10 mL
Man, Rogosa, and Sharpe (MRS) broth,
incubating at 37 °C for 24 h, until an
optical density close to one (A = 600
nm), containing approximately 108
CFU/mL. After centrifugation at 2,000
x @ during 10 min, the cellular pellet
was rinsed with distilled water and
centrifuge at same condition again. The
washed cellular pellet was dispersed in
5 mL of ice cream base and mixed with
the rest of ice cream base before
pasteurization. Control treatment was
non-inoculated.

Ice cream Dbase mixture was
pasteurized at 70 °C during 30 min, ice
cooled and stored overnight at 4 °C. Ice
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cream was elaborated in a 2 quarters
Frozen Ice Cream CIM-50RSA machine
(Cuisinart, East Windsor), mixing
during 30 min until obtain a uniform
frozen  paste. Ice cream  was
immediately distributed in 250 mL
containers and kept in frozen storage at
-23 °C until further analysis after at
least 24 h.

2.1.Texture and
properties

Ice cream textural properties were
determined adapting the methodology
reported by Soukoulis et al. (2008). Ice
cream samples were tempered at room
temperature for 10 min. before being
penetrated with a 10 mm < acrylic
probe at a constant speed of 1 mm/s in a
Brookfield LFRA 4500 texturometer
(Brookfield Engineering Lab,
Middleboro). From force-time curves,
ice cream hardness (maximum force
during penetration), penetration work
(energy required to beak ice cream
structure during penetration), and
adhesiveness (negative force to separate
the probe form sample after penetration)
were reported.

Melting properties were determined
removing the ice cream samples from
their containers after 10 min of
tempered at room temperature. Samples
were placed in stainless steel mesh sieve
size 14 (1.4 mm opening) registering
the time for the first drop of melted ice
cream. The weight of melted ice cream
was recorded each 5 min during one h
to calculate melting rate (weight change
versus time, in g/min) (Soukoulis et al.,
2008).

melting

2.2.Titratable Acidity,
bacterial count

Lactic acid bacteria count was
determined during ice cream frozen
storage at 1, 6, 9, 13, 16 and 21 days.
Ten g of both inoculated and control
samples were diluted with 90 mL of a
sterilized serological solution (0.85%

pH and
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NaCl). From this dilution, aliquot of 1
mL was diluted with 9 mL of same
solution in order to be inoculated in
bacteriological agar plates. Plates were
incubated at 37 °C during 24 h,
reporting CFU/g of ice cream (AKin et
al., 2007).

The changes in acidity as a putative
result of lactic acid bacteria growth in
ice cream were determined measuring
titratable acidity and pH of the samples.
20 mL of melted ice cream was mixed
with 40 mL of distilled water adding six
drops of phenolphthalein indicator
solution. Samples were titrating with
NaOH standard solution (0.1 N) while
stirring constantly until a faint pink
color appearance. Titration continues
until a persistent pink coloration.
Acidity in g of lactic acid per liter was
reported. The pH was measured to
melted ice cream samples (approx. 20
mL) with a Beckman ® 500 Benchtop
Meter (Beckman Coulter, Fullerton).

2.3.Sensory evaluation

The sensory evaluation was carried
out in the Universidad Autonoma
Metropolitana Iztapalapa  Sensorial
Laboratory  facilities, in  special
individual booths. A total of 54
untrained panelists (students and staffs)
were asked to participate in the sensory
evaluation. In order to determinate the
“affective status” or how well the ice
cream inoculated with thermotolerant
lactic acid bacteria is liked by
consumers, an acceptance test was
performed, comparing the inoculated
samples with the non-inoculated control
(Meilgaard et al., 1999) was carried out
in two sessions, one for the expectation
about the color, creaminess and acidity
employing a 5 point hedonic scale
(much more than expected/much less
than expected). In another session,
texture and taste acceptance were
evaluated with a 7 point hedonic scale
(dislike extremely/like extremely). Both
ice cream samples (inoculated and non-
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inoculated control) were presented
directly from freezer (around -18 °C) in
plastic containers (ca. 10 g), coded with
three digit random numbers. Panelists
were asked to rinse their mouth between
samples. Ice creams samples had 13
days of frozen storage, time enough to
allow lactic acid bacteria development.

2.4.Experimental design and data
analysis

The effect of inoculate lactic acid
bacteria in a fat reduced ice cream with
inulin was determined according to the
model:

yij = pt o + Bj + €ij

1)
where yij represents the variable
response for the i-th treatment

(inoculated or non-inoculated) at the j-
th time of storage (1, 6, 9, 13, 16 and 21
days); w is the overall mean; ai and fj
are the main effects of inoculation and
storage time; and <ij is the residual or
error terms assumed to be normally
distributed with zero mean and variance
o? (Der and Everitt, 2002). Results were
analyzed with the PROC ANOVA
procedure in SAS Software v 8.0 (SAS
System, Cary). Significant differences
between means were determined by the
Duncan means test.

For sensory evaluation, data of each
analyzed attribute for both ice creams
were compared using the t-test, PROC
TTEST in SAS Software, to establish
significantly ~ (P<0.05)  difference
between the two ice cream samples.

3.Results and discussions

Ice cream texture and melting
properties

The inoculation of thermotolerant
lactic acid bacteria resulted in a
significantly (p<0.05) softer texture,
where ice cream hardness decreased
significantly (p<0.05) during frozen
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storage. Same tendency was observed
for penetration work, this is, control
samples were significantly (p<0.05)
harder than the inoculated ones. Energy
to penetrate the ice cream also
decreased significantly (p<0.05) during
frozen storage. In contrast, ice cream
tackiness was significantly (p<0.05)
higher in inoculated samples, and this
textural property increased significantly
(p<0.05) during storage (Table 1).

The time to start ice cream melting,
first drop, was not significantly
(p<0.05) different for both ice cream
samples, and the time for first drop
decreased significantly (p<0.05) during
storage. Melting rate was significantly
(p<0.05) lower in inoculated samples.
Ice cream melting rate decreased
significantly (p<0.05) as well during
storage time (Table 2).

The inoculation of thermotolerant
lactic acid bacteria resulted in a softer
and tackier texture. Although it has
been reported that inulin improved
texture and melting of probiotic ice
cream (Akalin et al., 2008), in the ice
cream formulations employed the only
variable was the thermotolerant lactic
acid bacteria inoculation. In this view,
changes in ice cream texture must be
attributed to thermotolerant lactic acid
bacteria development at the
experimental  conditions  employed.
Pérez-Chabela et al. (2013) and Diaz-
Vela et al. (2015) reported that this
thermotolerant lactic acid strain, P.
pentosaceus UAM22, produced
exopolysaccharide in cooked meat
batters, enhancing texture and moisture
retention. In situ applications of
exopolysaccharides are traditionally
yogurt or kefir. Nonetheless, ropy
cultures improved texture increasing
viscosity in the cryo-concentrated serum
phase during freezing, resulting in a
more firm ice cream, replacing
stabilizers (Goh et al.,, 2008).
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Table 1. Ice cream textural properties during frozen storage

Time Hardness (N) Penetration work (N s) Tackiness (N)
(days) Control Inoculated Control Inoculated Control Inoculated
1 13.85+1.08 A, a 12.40+1.66 B, a 113.64+12.37 A,a | 82.26+13.76 B,a | -4.28+0.63 B, d -6.93+3.08 A, d
6 12.96+4.46 A, ab 11.75+1.29 B,ab | 118.84+59.15 A, a 80.60+9.95B,a | -4.64+2.54 B, c -7.11+£0.36 A, ¢
9 12.85+2.85 A, bc 11.55+3.06 B, bc | 108.66+35.95 A, ab | 75.21+7.96 B,ab | -5.01+£1.33 B, bc -7.47+0.71 A, bc
13 12.05+4.72 A, be 11.23+0.88 B, bc | 110.39+27.82 A, bc | 75.13+£10.30 B, bc | -5.85+0.00 B, b -7.80+1.65 A, b
16 11.95+3.78 A, cd 10.75+0.72 B, cd | 102.55+40.03 A, ¢ 69.17£5.89B,¢ | -6.12+1.12B, a -8.55+1.19 A, a
21 11.00+£3.63 A, d 10.40+0.51 B, d 95.97+22.34 A, d 52.63+4.69 B,d | -6.994+2.66 B, a -8.74+0.11 A, a
A, B Means with same letter are not significantly (P>0.05) different for control or inoculated sample.
a, b, ¢, d Means with same letter are not significantly (P>0.05) different for storage time.
Table 2. Ice cream melting properties during frozen storage
. First drop (min Melting rate (g/min)
Time (days) Control Inoculated Control Inoculated
1 25.00+0.00 B, a 26.50+6.74 A, a 1.20+0.16 A, a 1.04+0.24 B, a
6 26.50+3.63 B, a 27.00+2.07 A, a 1.14+0.21 A, ab 0.98+0.17 B, b
9 25.10+0.00 B, b 26.00+2.07 A, b 0.98+0.18 A, bc 0.94+0.24 B, bc
13 25.00+2.07 B, b 25.00+0.00 A, b 0.92+0.04 A, bc 0.92+0.16 B, bc
16 22.00+2.07 B, bc 23.50+0.51 A, bc 0.86+0.18 A, ¢ 0.82+0.13 B, ¢
21 21.50+1.55B, ¢ 23.60+£3.11 A, 0.83+0.11 A, ¢ 0.81+0.10 B, ¢

A, B Means with same letter are not significantly (P>0.05) different for control or inoculated sample.
a, b, ¢, d Means with same letter are not significantly (P>0.05) different for storage time.
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Table 3. Ice cream lactic acid bacteria (CFU), tritatable acidity and pH

Time Log CFU/mL Tritatable acidity (lactic acid g/L) pH

(days) Control Inoculated Control Inoculated Control Inoculated
1 0.0+0.0B, ¢ 7.2840.53 A, ¢ 2.30+0.67 B, d 2.69+0.72 A, d 6.10+0.23 A, c 6.14+0.08 B, ¢
6 0.0+£0.0 B, b 8.23+0.10 A, b 2.32+0.65 B, d 2.58+0.83 A, d 6.24+0.11 A, ab 6.22+0.00 B, ab
9 0.0+0.0B, a 8.60+0.01 A, a 2.93+0.77 B, b 3.56+0.63 A, b 6.28+0.07 A, a 6.21+0.03 B, a
13 0.0+£0.0 B, a 8.65+0.51 A, a 3.09+1.18 B, a 3.92+0.76 A, a 6.27+0.09 A, b 6.15+£0.22 B, b
16 0.0+0.0B, b 8.26+0.05 A, b 2.58+0.39 B, c 2.69+£0.72 A, ¢ 6.34+0.04 A, ab 6.20+0.15 B, ab
21 0.0+0.0 B, bc 8.17+0.62 A, bc 2.52+0.68 B, ¢ 2.90+0.50 A, c 6.41+£0.08 A, b 6.13+£0.04 B, b

Table 4. Sensory analysis means scores for the expectation (color, creaminess and acidity) and acceptation (texture and taste) of ice cream

A, B Means with same letter are not significantly (P>0.05) different for control or inoculated sample.
a, b, ¢, d Means with same letter are not significantly (P>0.05) different for storage time.

Treatment Color* Creaminess™ Acidity* Texture** Taste**
Control 3.09+0.83 a 248+1.21 a 3.85+0.89 a 3.24+1.31a 3.36x1.25a
Inoculated 3.29+0.98 a 2.20+1.07 a 3.83+0.82 a 3.31+1.22 a 3.424+1.61 a

a, b Means with same letter are not significantly (P>0.05) different for each sensory attribute
* Scores were based on a 5 points hedonic scale with 1 as “much less than expected” and 5 as “much more than expected”
** Scores were based on a 7 points hedonic scale with 1 as “dislike extremely” and 7 as “like extremely”
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Cultures that produce
exopolysaccharides  increase  cells
thermal and physical shock presenting a
thermotolerant capacity (Hong and
Marshall, 2001). The production of
exopolysaccharides affected as well the
melting properties of inoculated ice
cream. Non-inoculated ice cream
melted faster than probiotic ice cream
(Salem et al., 2005).

Lactic acid bacteria,
acidity and pH

As expected, lactic acid bacteria
population was significantly (p<0.05)
higher in inoculated ice cream samples.
There was no detectable presence of
lactic acid bacteria in control samples.
Bacteria population increased
significantly (p<0.05) during the first 13
days of storage, and then decline (that is
why the sensory evaluation was
performed at day 13). As consequence
of lactic acid bacteria growth in ice
cream, tritatable acidity  was
significantly ~ (p<0.05)  higher in
inoculated samples, but the amount of
titratable acid was not significantly
(p<0.05) different during storage after
the day one, with a tendency to
decrease. In same manner, ice cream pH
was significantly (p<0.05) higher in
control samples, although with a
significantly (p<0.05) tendency to
increase as well during storage (Table
3).

titratable

The  growth  of  inoculated
thermotolerant lactic acid bacteria
explains the changes in pH and

titratable acidity. The decrease in
bacterial counts is attributed to cell
damage during ice cream manufacture
(freezing plus  mechanical stress,
osmotic shock and air incorporation)
(Akin et al., 2007; Magarinos et al.,
2007; Akalin et al., 2008; Turgut and
Cakmakci, 2009; Ferraz et al., 2012).
Cell viability depends on the strain,
substrate, and final acidity
(Mohammadi et al., 2011). Ice cream
inoculated with B. longum and B. lactis
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reach a pH around 4.5 and resisted
freezing process (Favaro-Trindade et
al., 2006). Inulin in ice cream also
improved  bacteria  survival. L.
acidophilus and B. lactic growth in ice
cream reached a pH of 5.9 (Akin et al.,
2007). L. casei and L. rhamnosus
growth in inoculated ice cream as well
(Di Criscio et al. 2010).

As a consequence of lactic acid
bacteria metabolism, inoculated ice
cream had lower pH and higher acidity
(Alamprese et al., 2005; Turgut and
Cakmakci, 2009; Abghari et al., 2011;
Nousia et al., 2011;) In ice cream
elaborated with lactic acid bacteria, pH
range was relatively high 6.24-6.42, due
to ice cream buffer capacity (Salem et
al., 2005). The pH variations in dairy
products are influenced by the buffering
capacity of milk soluble compounds
like phosphate, calcium, citrate, caseins
and whey proteins, and their distribution
within the aqueous or solid phase of the
product, where caseins and inorganic
phosphate have maximum buffering
capacity at pH between 5 and 6 (Salaiin
et al, 2005).

The no presence of lactic acid
bacteria in  control ice cream
demonstrated the effectiveness of ice
cream base thermal processing. In
probiotic ice cream samples, Di Criscio
et al. (2010) reported that undesirable
microorganisms (enterobacteria, total
and fecal coliforms) were detected at a
very low numbers and not detectable.
Although inulin improved lactic acid
bacteria survive in ice cream (AKin,
2005; Akin et al., 2007), the
thermotolerant capacity of the employed
strain explains their prevalence during
frozen storage. Abrupt decrease in
temperature induces the over-expression
of thermal shock proteins to the optimal

adaptation to lower temperature
(Hébraud and Potier, 1999). The
temperature  expressed  cold-shock

proteins are a response to cold shock
and expressed when an exponentially
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growing culture is shifted from its
optimum growth temperature to a lower
temperature (Phadtare 2004). Exposure
of the microorganisms to temperatures
of 4 °C during 24 h resulted in the
cryotolerance, capacity to survive
freezing conditions, of partially frozen
mixture after ageing of ice cream
(Abghari et al.,, 2011). Freezing
temperatures do not negatively affect
survival of lactic acid bacteria during
ice cream storage (Basyigit et al., 2006;
Di Criscio et al., 2010).

Sensory test

Sensory evaluation revealed that
color and acidity of inoculated ice
cream were “just as expected”, with no
significantly (p>0.05) difference
between inoculated and  control
samples. Ice cream creaminess resulted
“less than expected”, but with no
significantly (p>0.05) difference
between both ice cream samples as
well. This means that the consumers
expectation for an ice cream inoculated
with lactic acid bacteria was as they
expected, where no difference in color
and acidity was detected. Consumers
asserted that ice cream creaminess was
“less than expected”, but with no

significantly  (p>0.05) difference
between inoculated and control samples
(Table 4).

On other hand, the acceptation of
texture and taste was in the range of
“dislike moderately”. Nonetheless, for
both sensory attributes there was no
significantly  (p>0.05) difference
detected by panelists (Table 4). Again,
instrumental texture differences
detected were not reflected in sensory
appreciation of ice cream texture,
although the acceptance was fairly
accepted. In same manner, since the
amount of lactic acid was not as high as
in a fermented food like yogurt, the
acceptance for taste had a tendency to
dislike, but panelists didn’t find
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difference between both inoculated and
control samples.

Although the relatively higher
amount of lactic acid bacteria in
inoculated samples, the buffering

capacity of ice cream formulation not
allowed the concentration of acid and
pH decrease during ice cream storage.
In same manner, while instrumental
texture and melting differences were
detected, no change in sensory
creaminess was appreciated. Inoculated
ice cream presented relatively higher
scores than non-inoculated  ones,
presenting a good acceptation (Salem et
al., 2005; Favaro-Trindade et al., 2006;
Nousia et al., 2011; Ferraz et al., 2012).
Ice cream low acidity increased overall
consumer acceptation (Hekmat and
McMahon, 1992; Cruz et al., 2009).
Microorganism addition along inulin
had no effect on ice cream consistency
or taste (EI-Nagar et al. 2002; Akin et
al. 2007; Di Criscio et al. 2010;
Pandiyan et al, 2012). In general, during
sensory evaluation the judges didn’t
find difference between both inoculated
and non-inoculated ice cream samples.
Ice cream color was “just as expected”.
Creaminess expectation was slightly
lower, but acidity for the inoculated ice
cream was above the expected. For
texture and taste, both attributes was
close to “neither like or dislike” in the
ordinal hedonic scale proposed. The
information provided to panelist about
an ice cream containing lactic acid
bacteria  could provoke  certain
expectancy about texture and flavor,
evaluated as creaminess and acidity.
Lactic acid bacteria are associated to
fermented foods as yogurt, or even
yogurt ice cream, with an acid taste, but
the overall expectancy was just as
expected, although the acceptance was
not over the favored or pleased
acceptation. Probably the addition of
fruit flavor could improve the taste
acceptance.
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4.Conclusions

The use of thermotolerant probiotic
lactic acid bacteria in fat reduced ice
cream with inulin as fat replacer and
prebiotic demonstrated to be a good
alternative to formulate symbiotic
foods. Inoculation of lactic acid bacteria
resulted in softer texture with longer
melting rates. Although growth of lactic
acid bacteria resulted in lower pH and
more acidity, there was no difference in
ice cream acceptation, even the
expectation about an inoculated ice
cream (associated to a sour flavor,
related to ferment dairy products like
yogurt). The capacity to survive thermal
stress ensures that the lactic acid
bacteria employed in this research
survived ice cream process before and
during frozen step and storage. The use
of this strains is recommended to
artisanal ice cream retail sold (average
batch size 20 L with a shelf life between
10-15 days), since the time for
consumption is shorter than industrial
ice cream with higher volume of
production.
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ABSTRACT

The aim of this study is to provide new information increase the
knowledge on Chinchilla (Chinchilla laniger) meat quality characteristics
and compare it with other exotic meats. The chinchilla’s is a rodent raised
in confinement for their fur and meat is considered as a byproduct of the
process and is currently discarded. In this study we proceed to analyze the
chinchilla raw meat by proximate analysis and compared its characteristic
to other studies on exotic meats. Chinchilla raw meat was found to have
less or similar crude protein, and fat than other rodents meats. Fatty acid
profile is interesting because it had around 75% of monounsaturated and
polyunsaturated fatty acids. Different agro-industrial preparations were
made, analyzed chemically and tested by a sensory panel to obtain their
organoleptic characteristics. Finally the meat was tested with a trained and
non-trained tasting panel, the panel results indicate that the meat was
accepted with good scores.

1. Introduction

The Chinchilla (Chinchilla laniger) has
been hunted and bred for its light, fine and
dense fur, which has a significant value for the
trade. Its value has led to an irrational hunting
that endangered this specie in the past.
Nowadays, in Chile, wild Chinchilla laniger is
protected by the government (Marinovic,
1990), which led to breeding performed under
confinement ecological conditions because of
its of major importance for the fur industry
(Parker, 1982). Since the main objective in
breeding Chinchilla is the fur, the meat is
disposed without any use because of the lack of
knowledge in its potential use for human
consumption (Echalar et al., 1998). The
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nutritional value of the Chinchilla meat was
first studied by Echalar et al., (1998),
concluding that the meat has good food value
and acceptability, no further studies have been
conducted so far over this exotic meat. As
Hoffman and Cawthorn (2013) indicates, there
will be an increase in non-traditional meats and
more research is required on the nutritional
composition on the meats from alternate
sources.

Chinchilla is native to the high and dry
areas of Los Andes Mountains, Chile,
Argentina, Perd and Bolivia (Adaro et al.,
1999). The chinchilla belongs to the order of
Rodentia and the suborder of Hystricognatha
(Caviomorpha) (Spotorno et al., 2004 a).
Chinchillas and mountain pampas viscachas
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(Lagidium and Lagostomus) are in the
Chinchillidae family (Spotorno et al., 2004 b).
The genus chinchilla has two surviving species:
Ch. brevicaudata (short tail chinchilla) that
lives in the altiplanic area of Los Andes and
Ch. lanigera (long tail chinchilla) that lives in
the northern district of Chile known as Chile
Chico.

In the work by Echalar et al., (1998) they
determined the nutritional value of Chinchilla
meat for three groups: raw, treated with dry
heat and treated with wet heat. Also they
compared the proximate composition with
other meats such as: Vizcacha, cow, pig and
chicken. They did not compared the proximal
analysis to other rodents, such as Guinea Pig,
commonly consumed in South America and did
not performed an analysis of the fatty acid
composition of the Chinchilla Finally, they
analyzed the acceptance of the preparation
using a panel of 30 trained judges. In their
acceptance analysis they only asked the level of
acceptance of the three treatments using a 3
level scale (like, indifferent and dislike).

Our goal is to complement the studies of
Echalar et al., (1998) and Antonio et al., (2007)

| Chinchillas (66) |

by extending the nutritional value assessment
of the meat from chinchillas to the fatty acid
composition. We compare its composition with
other works published in non-traditional meats,
such as: guinea pig (Kouakou et al., 2013),
Capybara (Girardi et al., 2005), and Nutria
(Cabrera et al., 2007). Finally we present other
agro-industrial preparations such as: smoke-
baked chinchilla meat, confit in vegetable oil
and confit in lard; we present the results of
acceptability performed with trained and
untrained panel of consumers.

2. Materials and methods
Animals

Chinchillas used in this study were
obtained from a commercial nursery located in
Pirque (Central area of Chile). We used 66
chinchillas for raw meat analysis and for
derivatives (Figure 1). In the case of raw meat
analysis, fat and meat of eight animals were
separated and analyzed in the laboratory of the
Departamento de Ciencias Animales de la
Facultad de Agronomia e Ingenieria Forestal de
la Pontificia Universidad Catoélica de Chile.

l

Wende
Analysis (8)

|

Agroindustrial

preparations (58)

|

! J

Baked-
Smoked
Chinchilla {3)

Oil confit Lard confit Chinchilla
Chinchilla Chinchila pate (3)
(20) (20)

Figure 1. Used chinchillas.
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Figure 2. A) Baked chinchilla; B) Oil confit of chinchilla; C) Lard confint of chinchilla

Chemical Analysis

Nutritional value of meat was determined
by Weende or Proximate Analysis by obtaining
dry matter (drying in a stove for 4 hours at 105
°C), protein (Kjeldahl method), fat (Soxhlet
method) and carbohydrates (Crude Fiber and
non nitrogen extract) (Methodenbuch 1998).

Fatty acid profile of the interstitial fat was
determined by gas chromatography (Firestone,
1989) at Instituto de Nutricion y Tecnologia de
los Alimentos of Universidad de Chile.

Agroindustrial Preparations

Four  different meat  agroindustrial
preparations of chinchilla were prepared:

Baked-Smoked chinchilla

A total of 9 carcasses (2.5 kg) were
marinated in water (98%), ice (17%),
Prinaham® (Sodium polyphosphate; sugar;
salt; sodium erythorbate; sodium nitrite (1.8%))
(6%) and salt (9%) for 24 hours. After
marinated they were sprayed with Pluscolor®
(Salt; dextrose; sugar; sodium erythorbate;
sodium ascorbate) (2 g/kg) and immersed in
liquid smoke and water (1:2) for 30 seconds.
Finally, they were baked at 120 °C for 20 min,
until inner meat reached 72 °C. Then they were
cooled at room temperature and refrigerated
until evaluation (Figure 2A).

Chinchilla confit

Confit in vegetable oil. Twenty carcasses
(5.2 kg) were processed to obtain legs and loins
(2.47 kg). The legs and loins were washed,
dressed with pepper and salted with 150 g of
salt and 15 g/kg of Curaid® (Salt; sodium
nitrite (6.0%); sodium nitrate (4.0%) for dry and
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cure and refrigerated for a period of 24 hours.
Then they were taken out of the refrigerator
and washed and weighed. In the next step the
meat was sprayed with a roaster and confited in
vegetable oil for eight minutes at 100-102 °C,
until the meat reached 72 °C. Finally, the pieces
(four legs and two loins) were set in glass jars
with a capacity of 400 g and filled with new
preheated oil at 100 °C and the jars were sealed
and placed upside down to sterilize the lid, and
cooled at room temperature (Figure 2B).

Confit in lard. Twenty carcasses (5.3 kg)
were processed to obtain legs and half a loin in
one piece (2.9 kg). They were then washed,
seasoned with pepper (2 g/kg) and salted with
150 g of salt and 15 g/kg of Curaid® for dry
and cure and refrigerated for a period of 24
hours. Then they were taken out of the
refrigerator and washed and weighed. In the
next step the meat was sprayed with a roaster
and confited in pork lard for seven minutes at
100-102 °C, until the meat reached 70 °C.
Finally, they were set in plastic trays filled with
new melted lard covering the pieces and cooled
at room temperature until the lard solidified and
refrigerated until evaluation (Figure 2C).

Sensory Analysis

Organoleptic quality of the product was
analyzed through Scoring Method (15 cm non-
structured scale), used by Serra et al., (2004) in
a cattle meat quality, using 12 trained judges.
The parameters evaluated were: appearance,
color, aroma, texture, fattiness, consistency,
saltiness,  bitterness and  flavor.  The
acceptability was evaluated with the Hedonic
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Scale method with a non-structured assessment
scale (between 0 — 15) with a 24 person non-
trained panel.

Statistical Analysis

The statistical analysis was performed with
SAS, based on the structure of probability
associated with the randomization process. T
student test was used to test the differences of
the means.

3. Results and discussions
Table 1 shows nutritional composition of
chinchilla meat.

Table 1. Nutritional contents of chinchilla meat
(male and female)

Males | Females p
Weight (g) 461.8 449.8 | 0.693
Dry matter (DM) 25.9 26.6 | 0.748
Ether Extract (%) 6.0 6.1 0.974
Crude Protein (%) 18.7 19.5 0.153
Ash (%) 1.1 1.1 0.997
Fatty acid
Saturated Fatty
Acids
C12:0 0.079 0.074 | 0.827
C14:0 2,029 1,171 | 0.390
Ci16:0 16,814 | 16,371 | 0.812
C18:0 3,203 3,066 | 0.786
C20:0 0.040 0.060 | 0.440
Monounsaturated
Fatty Acids
C14:1 0.116 0.142 0.522
Ci16:1 4,670 5,293 | 0.528
Cci18:1 29,201 | 27,966 | 0.514
C20:1n9 0.263 0.266 | 0.926
Polyunsaturated
Fatty Acids
C18:2 n6 36,058 | 36,407 | 0.821
C18:3n6 0.014 0.071 | 0.156
C18:3n3 3,197 3,482 | 0.594
C20:2 n6 0.244 0.237 | 0.375
C20:3 n6 0.081 0.111 | 0.204
C20:3n3 0.023 0.037 | 0.397
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C20:4 n6 0.115 0.133 | 0.598
C22:5n3 0.008 0.033 | 0.022
C22:6 n3 0.065 0.083 | 0.282

Chinchilla carcass weight was similar in
male and female (p=0.6928), which was similar
at Antonio et al., (2007) and a little bit different
from that reported by Cabrera et al., (2007) in
nutria meat (Myocastor coypus), where male
carcass was heavier than female carcass when
protein level in diet was 16% and was similar
when protein level in diet were 19% or 22%.

In this study it was not evaluated protein
diet intake, then it is needed more research to
know if diet protein level is affecting chinchilla
carcass weight. There were no differences in
crude protein (CP), crude fiber and ash between
male and female. Fatty acid profile of
chinchilla meat was similar between male and
female, except for docosapentaenoic acid
(C22:5 n3) which was 4 times higher in female
than male. In human health that is very
interesting because docosapentaenoic acid
belong to omega three family and plays an
important role in brain formation and brain
connections.

Two previous studies on Chinchilla meat
nutritional value (Antonio et al., 2007; Echalar
et al., 1998) have not been consistent in CP and
fat content of chinchilla meat. Echalar et al.,
(1998), found that chinchilla meat had about
20% CP and 11.26% fat, while Antonio et al.,
(2007) showed that chinchilla meat had 16-
18% CP and 20-30% fat. Our results are
consistent with the results of (Echalar et al.,
1998) with a 19%, but the fat content (6%) was
below both previous studies. The differences
can be attributed to the feed ingredients and
other environmental considerations which
might affect the fat content, for example
genetic differences, since Echalar et al., (1998)
research was performed in Argentina. More
research is necessary to understand the
differences in the fat content. Both studies did
not report the fatty acid profile for chinchilla
meat, to better understand the sources of the
differences in the fat composition.
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Crude protein content in similar rodent
meats is between 18-24% (table 2). For the case
of chinchilla meat, CP is around 19% and if it
is compared with other meats it is slightly
lower than the CP content in traditional meats
(bovine, chicken, pork), but if it is compared
with nontraditional meats (other rodents meats)
protein content in chinchilla meat is definitely
lower than those meats. Rodents may
contribute to increase food security in some
areas (Hardouin et al., 2003; Lammers et al.,
2009) .

In fact, guinea pig (20.3% of CP) has been
the meat source for the poorest people in Los
Andes mountains for 3000 years. They are able
to convert kitchen scraps and garden waste into
meat (Hoffman and Cawthorn, 2013). In the
other hand capybara and nutria are good
sources of animal protein (21 — 22% CP) and
they are raised in Latin America (Hoffman,
2008). Chinchilla meat has less CP than these
rodents’ meats, but it is important to bare in

mind that the main objective in chinchilla
industry is the fur, and meat is a by-product of
this industry. From this point of view,
chinchilla meat despite having lower protein
content than others rodents meat, it could
become an interesting source of protein. Fat
content of chinchilla (ether extract) showed that
this meat is leaner than bovine meat (table 3).
That could be a positive aspect, because
nowadays consumers are more concerned about
fat contents and fat profiles of different foods,
especially those of animal origin, since it is
well known that fat and fatty acid profile are
related with some kinds of diseases. Following
the last idea, more important that fat level, is
the fatty acid profile, because some types of
fatty acids are healthier than others.
Polyunsaturated fatty acids (PUFA) are
healthier than saturated fatty acids (SFA).

Table 2. Nutrient composition in traditional and non traditional meats

Species Scientific name n Nutrient Reference
Moisture | Protein | Fat | Ash
T Bovine Bos spp. 3 67.0 19.22 | 9.8 | 0.9 | Moreira el al., 2003
[e) -
% é Chicken Gallus gallus 75.4 18.9 3.3 | 0.9 | Hautrive et al., 2012
E Pork Sus domesticus 75.0 21.3 13 | 1.1 | Hautrive et al., 2012
Chinchilla Chinchilla laniger 8 73.7 19.1 6.1 | 1.1
Guinea pig Cavia porcellus 70.6 20.3 7.8 | 0.8 | Rosenfeld, 2008
, Lagostomus
E Viscacha maximus 73.1 23.9 3.7 Arellano et al., 1993
3 . . Cricetomys Oyarekua and
o
T:’ African giant rat gumbianus 65.40 20.1 1141 2.0 Ketiku, 2010
©
SC_J Nutria Myocastor coypus 4 69.5 20.9 2.2 | 4.0 | cabrera et al., 2007
Tg Nutria Myocastor coypus 42 75.7 22.1 1.3 | 1.0 Tulley et al., 2000
e
-_*é Nutria Myocastor coypus 5 73.8 21.0 1.6 - Saadoun et al., 2006
s Hydrochoerus
<ZC3 Capybara hydrocaeris 13 75.6 22.0 1.8 | 1.1 Oda et al., 2004
Hydrochoerus
Capybara hydrocaeris 7 76.2 22.3 1.0 | 1.1 Oda et al., 2004
Hydrochoerus
Capybara hydrocaeris 18 74.4 20.9 1.8 | 1.2 Girardi et al.,, 2005
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Table 3. Fatty acid composition (% of total
fatty acids) of meat from different species.

Fatty acid Species

Guinea | Nutria | Capybara

Chinchilla pig (a) (b) (c)

Lipid
(g/100g) 6.1 7.8 1.8 1.8
Saturated
12:0 0.08 - - -
14:0 1.60 1.59 3.60 2.00
15:0 0.29
16:0 16.56 | 21.82 | 21.90 22.40
17:0 - - 0.40 1.40
18:0 3.13 9.60 8.40 6.30
20:0 0.05 0.14 0.10 -
Total 21.42 | 33.44 | 34.40 32.10
Mono-
unsaturated
14:1 0.13 0.30 - -
16:1 4.98 1.34 8.90 2.10
17:1 - - 0.40 1.50
18:1 28.58 | 13.77 | 27.50 26.20
20:1 0.27 0.03 0.30 0.70
Total 34.0 | 15.44 37.1 30.50
Poly-
unsaturated
18:2 36.23 | 20.01 | 21.30 28.60
18:3n6 0.04 0.24 - 2.70
18:3n3 3.34 | 25.17 - -
20:2 0.24 0.21 0.30 -
20:3n6 0.10 0.19 - 0.10
20:3n3 0.03 0.41 - -
20:4 0.12 2.18 1.80 -
22:5 0.02 1.54 0.20 -
22:6 0.07 0.72 0.10 -
Total 40.20 | 50.67 | 23.70 31.40
S/MUFA 0.63 2.16 0.93 1.05
S/PUFA 0.53 0.65 1.45 1.02
MUFA/PUFA 0.85 0.30 1.57 0.97

a Kouakou et al., 2013, b Girardi et al., 2005, ¢
Saadoun et al., 2006
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Chinchilla meat had high content of
monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA),
specifically the essential linoleic acid. When
comparing chinchilla meat with others rodent
meat (table 3), chinchilla meat has less SFA
than guinea pig, nutria and capybara, similar
monounsaturated fatty acid (MUFA) than
nutria and capybara and more PUFA than
nutria and capybara. Guinea pig has a little bit
different fatty acid profile, because they have
similar content of fat as chinchilla, but they
have low content of MUFA (15.4%) and high
content of PUFA (50.6%). Because rodents are
non-ruminats, feed ingredients and fat source of
the diet influence fat profile. If the diet is more
unsaturated it is expected that meat fatty acid
profile could be more unsaturated. More
research is needed to learn about modify fatty
acid profile through feeding handling.

Since the number of samples in the
aforementioned studies (including ours) is
small; we can only use them as descriptive
studies contributing to the knowledge of
different non-traditional meat.

As found by Echalar et al., (1998),
chinchilla meat derivatives showed less water
content than raw meat, probably because of
dehydration and lower water holding capacity
due to processing (Table 4). Derivatives
showed increased protein content, probably due
to a lower water holding capacity and because
of the formation of a toast barrier which
prevents loss of this nutrient (Cheftel et al.,
1989).

Table 4. Nutritional value of chinchilla meat

products
Baked-
oil Lard sSmoked
Confit Confit Chinchilla
Water (%) 53.66 56.67 56.7
Fat (%) 8.67 11.34 16.48
Protein (N*6.25) 24.67 23.62 20.04
Minerals (%) 10.55 7.60 5.68
Mon M extract (%) 2.45 0.77 1.10
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Tasting trials with the different preparations
of Chinchilla meat, showed that the baked-
smoked chinchilla was perceived as a meat
with a good color intensity, aroma and flavor
and low bitterness (Table 5). The Confit was
perceived as a meat with adequate aroma,
flavor and fattiness, a little salty, with low
bitterness and color intensity.

Table 5. Organoleptic characteristic of some
derivates of chinchilla meat

Baked | Smoked oil Lard
Descriptor leg loin Confit Confit
Appearence 11.0 7.7 7.7 8.5
Color Intensity 8.8 9.0 6.2 7.1
Aroma 8.9 9.9 7.1 7.3
Salty 10.1 8.0 9.9 10.8
Flavor 10.1 5.4 8.8 9.2
Bitterness 2.7 1.5 2.1 3.1
Fattyness 9.1 10.2 8.3 8.3
Hardness 7.7 9.1

The level of acceptance of Chinchilla meat
was good (Figure 3) in accordance to what
Echalar et al., (1998) found. Baked-smoked
chinchilla (leg and loin) was the most preferred
product (83%), followed by confit (62%).
Baked leg showed a higher level of preference
in the non-trained group rather than in the
trained one. Opposite results were obtained for
the case of loin evaluation. Vegetable oil and
lard confit showed a good level of acceptability
in both groups, with the latter being more
preferred.
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Chinchilla meat derivate

Figure 3. Percentage of acceptance,
indifference and rejection of chinchilla meat
derivates.
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4. Conclusions

From our results we can indicate that
Chinchilla meat is a good source of food for
human consumption. In fact it can be
recommended because: it is an interesting
source of poly-unsaturated fatty acids, it has a
high level of linoleic acid and a good level of
protein

According to Hoffman and Cawthorn
(2013) it is likely that there will be an increase
in non-traditional meats consume in the future
and more research is required on the nutritional
component of the meat. Certainly, this study is
adding more information about nutritional
composition of Chinchilla meat

Finally, in this study tree types of
derivatives were evaluated but it is necessary
more research and trials to determine the more
appropriate derivative of chinchilla meat. The
acceptability of chinchilla meat derivatives was
very good, however, this is not enough for
commercialization and consumer approval. It is
necessary to understand that chinchilla meat
commercialization (like other exotic meats) is
limited by its volume of production. This is the
reason why the delicatessen market probably
will be a good store for this kind of meat.
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ABSTRACT

The effect of incubation temperature, bacterial proportion and inoculum
size on goat milk fermented by probiotic culture containing Bifidobactrium
bifidum was investigated by measuring the acidity, pH value, and viable
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goat yogurt; 1:1, 2:1, 3:1, 4:1, the inoculum size was 1%, 3%, 5%, 7% and 9%,
inoculum size; respectively. The results showed that incubation temperature, bacterial
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proportion and inoculum size had significant impact on fermentation of
goat milk. The optimum temperature was 39°C, the acidity, pH, the viable
counts of B. bifidum and the total viable counts were 98.4°T, 4.03,
7.60x107cfu/ml and 1.40x10%fu/ml, respectively. The optimum bacterial
proportion of B. bifidum to common starter cultures was 4:1, the acidity,
pH, the viable counts of B. bifidum and the total viable counts were 95°T,
4.3, 7.40x107cfu/ml and 2.30x10%fu/ml respectively. The optimum
inoculum size was 5%, the acidity, pH, the viable counts of B. bifidum and
the total viable counts were 86°T, 4.6, 1.61x10 8cfu/ml and 1.32x10°%fu/ml
respectively.

1. Introduction

Goat milk contains various nutrients needed
by human body. Because of its peculiar taste
and nutritional properties and its recognition as
a healthy food, goat milk has received special
attention by researchers and dairy industry.
Some properties of goat’s milk are known to be
advantageous compared with those of cow’s
milk, such as higher tolerance by allergic
children, which is related to the amount of and
structural differences in whey proteins (o-
lactalbumin and pg-lactalbumin) and the high
proportion of small fat globules (1.5 mm),
which provide better digestibility (Albenzio
and Santillo, 2011; Haenlein, 2004; Raynal-
Ljutovac et al. 2005; Sheehan et al. 2009).1n
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addition, the clotting behavior of goat milk was
also different from cow milk. (Alloggio et al.,
2000). In term of causing allergy, goat milk has
been reported to have less allergenicity than
cow milk (Sanz Ceballos et al., 2009).

Dairy foods are the main types of food
matrices supplemented with probiotic bacteria
and they have a positive reputation among
consumers (Granato et al., 2010). Among the
dairy products, yogurt/fermented milks have
been the subject of several studies all over the
world and different benefits for human health
have been reported after their ingestion (Wang
et al., 2012). According to FAO/WHO (2002),
probiotics are live microorganisms which,
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when administered in adequate amounts, confer
health benefits on the host. Available evidence
indicates that ingestion of probiotic bacteria
may reduce the severity and frequency of
diarrheal diseases and improve lactose
digestibility among lactose-intolerant
individuals (Mattila-Sandholm et al., 2002).
Yogurts containing probiotics are claimed to
provide several health benefits such as improve
lactose utilization (De Vrese et al.,, 2001),
prevent cancer (Rafter, 2003), maintain
intestinal microflora balance (Mainville et al.,
2005) and reduce serum cholesterol level
(Baroutkoub et al., 2010). These therapeutic
effects are the reason for which most probiotics
are used in vyogurts, fermented milks, ice
creams and nutraceutical products (Cruz et al.,
2010; De Oliveira and Jurkiewicz, 2009).
Bifidobacteria are natural habitants of human
gastrointestinal tract and can exert several
beneficial effects to the host (Julio et al.,2010).
They have been incorporated into a variety of
food products,mainly daily, such as fermented
milk and yogurts (Sanchez,de los et al.,2009)

In our previous study, the process of
fermentation set-style goat yogurts was
optimized by S. thermophilus and L. bulgaricus
(Chen et al., 2010), the effect of inoculum and
temperature on the fermentation of goat yogurt
by L. bulgaricus and S. thermophilus (Shu et
al., 2014) was investigated, The effect of the
total inoculum size containing L. acidophilus or
L.casei on he fermentation of goat milk was
studied on the basis of S. thermophilus and
L.bulgaricus as starter cultures (Chen et al.,
2015). The purpose of this study was to study
the effect of incubation temperature, bacterial
proportion and inoculum size on the goat
yogurt fermented by B. bifidum on the basis of
S. thermophilus and L. bulgaricus as common
starter cultures.

2. Materials and methods

Raw materials and reagents Fresh goat
milk was purchased from local farmers (Xi‘an
Weiyang, China), All chemicals used were of
analytical grade unless otherwise specified.
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Microorganism, S. thermophilus, L.
Bulgaricus and Bifidobactrium bifidum(BB)
were provided by School of Food and
Biological Engineering, shaanxi university of
science and technology, they were inoculated
three successive times with rehydrated de
Mann Rogosa Sharpe (MRS) broth (Haibo
media, Qindao, China) for L. bulgaricus , MRS
broth with 0.5% Cys-HCI for B. bifidum and
M17 broth (Haibo media, Qindao, China) for S.
thermophilus to obtain fresh culture. The
activated, B. bifidum were inoculated
respectively into sterilized goat milk at 5%
inoculum size, mixed and cultivated at 42°C for
S. thermophilus and L. bulgaricus (37°C for B.
bifidum) until coagulation. They would be used
for the production of goat yogurt containing B.
bifidum.

Fermentation process of goat yogurt The
fresh goat milk was pasteurized at 95°C for 10
minutes, cooled, then goat milk was fermented
with different temperature, different ratio of B.
bifidum and common starter cultures or
inoculated different inoculum size, The acidity,
pH value, viable counts of B. bifidum and total
viable bacteria were determined every other
1.5h, then gave a sensory evaluation after 12h.

Analysis method Plate coating method was
used to determine the viable counts. The total
viable counts were determinate by modified
Tomato Juice medium, determination of B.
bifidum by MRS agar containing 0.10% LiCl
(Chen et al, 2011). The process was as follows:
the agar medium packed in 250ml flask was
sterilized, and15-20ml poured onto the plates in
a clean bench after cooling to 50°C, 0.1ml
aliquot bacteria dilutions were coated on it after
coagulation, and then inoculated anaerobic 2-
3d at 37 °C, plates containing 30-300cfu/ml
colonies were counted and the results expressed
as colony-forming units per ml of sample.

The variation of pH was evaluated using a
pH-meter ( pHS-3c) at room temperature.
Acidity of BB-goat milk was determined by
sodium hydroxide titration and expressed in Jill
Nieer degrees (°T). The sensory evaluation of
samples including color, smell, taste, texture
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were organoleptically assessed by five panelists,
who was trained on the basis of normal sensory

acuity and consistency.
3. Results and discussions

Effect of temperature

fermentation of BB-goat yogurt

The starter culture of 5% inoculum size
was inoculated in the goat yogurt; the ratio of
B. bifidum to common starter cultures was 1:1.
Inocubation temperature was 35C, 37°C, 39°C,
41°C and 43°C respectively. The results were
shown in Figurel and table 1.
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Figure 1(a,b,c,d). Effect of temperature on viable counts of B. bifidum, total viable bacteria, pH

and acidity in BB-goat yogurt

Figure 1 (a) showed the viable counts of B.
bifidum increased slowly at 35°C, 37"Cand 43°C,
but when the fermentation temperature was 39°C
and 43 °C, the viable counts of B. bifidum

increased rapidly within 4.5h,then presented a
gradual decrease, that is because the acidity
resistance of B. bifidum is not very well. Among
then, the viable counts of B. bifidum at 39°C
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reached the maximum, 7.60x10"cfu/ml, the
viable counts of B. bifidum at 35°C was the
lowest,4.40x10"cfu/ml.

From figure 1 (b), each temperature of the
total viable counts of goat yogurt had a fast
growth within 3h, and increased slowly during 3-
4.5h, then tended to be stable. Among then, the
total viable counts of goat yogurt at 39°C, 41°C
and 43 'C were higher then that at other
temperatures, the total viable counts of goat
yogurt for 4.5h at 39°C, 41°C, 43°C were
1.40x10%fu/ml,1.45x10%fu/ml and 1.49x10°
cfu/ml respectively, that is because the common
strains of goat yogurt was in the highest flight,
the total viable counts of goat yogurt at 35°C was
the lowest, 1.01x10%fu/ml. From figurel(c) and
1(d), each temperature of the acidity and the total
viable counts were basically same, that is
because the Lactobacillus bulgaricus and
Lactobacillus acidophilus were important acid
producing bacteria. Among then, the acidity and
pH value of the goat yogurt at 39°C, 41°C and 43
‘C for 4.5h were 98.4°T, 4.03, 99°T, 4.02, 99.6°T
and 4.00 respectively, the acidity and pH value
of goat yogurt at 35°C for 4.5h were 64.4°T and
4.81.

Table 1. Sensory evaluation of BB-goat
yogurt under different incubation temperature

Temperature (°C) | Color | Smell | Taste | State | CE*
35 098 | 2.15 | 153 | 2.11 | 6.77
37 098 | 1.92 | 2.02 | 220 | 7.12
39 099 | 2.19 | 198 | 2.20 | 7.36
41 0.99 | 2.22 | 2.00 | 2.14 | 7.35
43 099 | 2.28 | 213 | 2.23 | 7.63
*: Comprehensive evaluation
From table 1, when the incubation

temperature was 35C-37°C ,the temperature was
too low and the coagulation time was long, the
sour of goat yogurt was slight and can not cover
the goaty flavor, while the sour and sweet of goat
yogurt at 39°C-41°C were moderate and the state
was well.

Effect of bacterial proportion on the
fermentation of BB-goat yogurt

The inoculum size of starter culture was
5%, the ratio of B. bifidum to common starter
cultures were 1:2, 1:1, 2:1, 3:1 and 4:1, then gave
a constant temperature fermentation at 39°C, the
results were shown in figure 2 and table 2.

Based on the figure 2 (a), the viable counts
of B. bifidum at the ratio of 1:2 increased slowly
at the whole fermentation process, maybe
because much acid and H20. produced by L.
bulgaricus at the common starter culture were
virulent to B. bifidum. At the ratio of 1:1, 2:1 and
3:1,the viable counts of B. bifidum increased
slowly at the first 3h, and came to accelerate
from 3h to 4.5h,then began to decreased. At the
ratio of 4:1, the viable counts of B. bifidum
increased fast at the initial stage of fermentation,
reached the peak at 4.5h, then tended to be
stable. Among then, the viable counts of B.
bifidum at the ratio of 4:1 was the highest,
7.4x10"cfu/ml, while at the ratio of 1:2,the viable
counts of B. bifidum was the lowest,
4x10"cfu/ml.

Figure 2(b) presented the variation tendency
of the total viable counts at the different bacterial
proportion were almost same, they were all
increased rapidly at the first 4.5h,then started to
decreased, among then, the total viable counts at
the ratio of 4:1 reached the highest,
2.30x10%fu/ml, followed by the ratio of 1:2, 1:1,
they were 1.99x10%fu/ml and 1.92x10%fu/ml,
respectively, the relatively low total viable
counts were presented at the ratio of 2:1 and 3:1,
which were 1.74x10%fu/ml and 1.52x10%fu/ml
respectively.

From figure2(c)and 2(d), the wvariation
tendency of acidity and the total viable counts
seemed to be same, among then, the acidity and
pH value at the ratio of 4:1 for 4.5h were 95°T
and 4.3. when the ratio was 1:2 and 1:1,the
acidity and pH for 4.5h were 94.6°T, 4.26,
94.4°T, 4.28, respectively, while the acidity and
pH value at the ratio of 2:1 and 3:1 for 4.5h were
103.3°T, 4.3, 96°T and 4.28 respectively.
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Figure 2(a,b,c,d). Effect of bacterial proportion on viable counts of B. bifidum, total viable
bacteria, pH and acidity in BB-goat yogurt

Table 2. Sensory evaluation of BB-goat
yogurt with different bacteria ratio

In_oculum Color | Smell Taste State CE*
size (%)
1:2 0.98 2.28 1.80 2.33 7.38
11 0.98 2.28 1.98 2.35 7.59
2:1 0.98 2.30 2.17 2.29 7.73
31 0.98 2.23 2.16 2.31 7.67
4:1 0.98 2.32 2.16 2.32 7.75

*: Comprehensive evaluation

Table 2 presented the sensory evaluation
of BB-goat yogurt, it can be suggested that
each ratio had no obvious influence on the
color, smell and the state of goat yogurt, but
had a significant influence on the taste of goat
yogurt, among then, the goat yogurt tasted sour
at the ratio of 1:2, when the ratio was 1:1, 2:1,
3:1 and 4:1, the sour and sweet of goat yogurt
were moderate and there was no goaty flavor.
Effect of inoculum size on the fermentation
of BB-goat yogurt

The mixed liquid starter cultures of
different inoculum size (1%, 3%, 5%, 7% and
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9%) were inoculated in the fresh goat milk, the
ratio of B. bifidum and common starter cultures
was 4:1, and then gave constant temperature
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fermentation at 39°C, The results were shown in
figure 3 and table 3.
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Figure 3 (a,b,c,d). Effect of inoculum size on viable counts of B. bifidum, total viable bacteria, pH

and acidity in BB-goat yogurt

Figure 3(a) showed the viable counts of B.
bifidum had an upward trend at the ratio of 1%
and 3% at the whole fermentation progress,
reached the maximum at 6h,when the inoculum
size was 5%, 7% and 9%,the viable counts of B.
bifidum increased fast at the initial stage of the
fermentation progress, reached the peak at
4.5h,among then, the viable counts of B. bifidum
at the ratio of 7% reached the highest,

1.69x108fu/ml, followed by 5%, 1.61x108
cfu/ml, when the ratio was 1% and 9%, the
viable counts of B. bifidum were low,
1.55x108fu/ml, 1.53x10%cfu/ml.

From figure 3(b), each inoculum size of the
total viable counts increased fast within 3h, then
began to slowed down from 3h to 4.5h, reached
the peak at 4.5h, then tended to be stable. Among
then, the total viable counts of goat yogurt at 7%
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inoculum size was the highest, 1.35x10%fu/ml,
followed by 5%, 1.32x10%fu/ml, while the total
viable counts of goat yogurt at 1% was the
lowest, 9.30x10%cfu/ml.

From figure 3(c) and 3(d), the acidity of
goat yogurt at 1% inoculum size had no obvious
change within 3h, increased slowly during 3h-
4.5h,then tended to be stable, the acidity at 3%,
5%, 7% and 9% had the same variation trend as
the total viable counts at the same inoculum size.
Among then, the acidity and pH value at 5% and
7% inoculum size for 4.5h were 86°T, 4.6,
90.4°T, and 4.5, respectively, while the acidity
and pH value at 1% inoculum size for 6h were
70°T and 4.62.

Table 3. Sensory evaluation of BB-goat
yogurt with different inoculum size

In_oculum Color | Smell Taste State CE*
size (%)
1:2 0.98 2.28 1.80 233 | 7.38
1:1 0.98 2.28 1.98 235 | 7.59
2:1 0.98 2.30 2.17 229 | 7.73
31 0.98 2.23 2.16 231 | 7.67
4:1 0.98 2.32 2.16 2.32 7.75

*: Comprehensive evaluation

From table 3, the inoculum size had no
obvious influence on the color and state of goat
yogurt, but had significant influence on the taste
and smell of goat yogurt, among then, the goat
yogurt at 1% and 3% inoculum size tasted not
sour, and had slight goaty flavor and a little bit
astringent and the coagulation was soft, the goat
yogurt at 7% and 9% inoculum size was sour and
had slight goaty flavor, when the inoculum size
was 5%, the sour and sweet of goat yogurt was
moderate and had no goaty flavor.

4. Conclusions

Based on the experiments, the temperature,
Ratio of B. bifidum to common starter cultures,
inoculum size had significant influence on the
goat yogurt fermented by B. bifidum. The
optimum temperature for BB-goat yogurt was
39°C, the acidity, pH value, the viable counts of

B. bifidum and the total viable counts were
98.4°T, 4.03, 7.60x10°cfu/ml and 1.40x10°
cfu/ml respectively and the score of sensory
evaluation was 7.36.The optimum ratio of B.
bifidum to common starter cultures was 4:1, the
acidity, pH, viable count of B. bifidum and the
total viable counts were 95°T, 4.3, 7.40x10’
cfu/ml and 2.30x10%fu/ml respectively and the
score of sensory evaluation was 7.36.The
optimum inoculum size was 5%, the acidity, pH
value, viable counts of B. bifidum and the total
viable counts were 86°T,4.6,1.61x108fu/ml,
1.32x10%fu/ml respectively, and the score of the
sensory evaluation was 7.91.
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ABSTRACT

Streptococcus thermophilus had been wildly used in food industries especially in
milk productions. The objective of present work was to study the combine effects
of soybean peptone, casein hydrolysate and glutamate on the viable counts of
Streptococcus thermophilus in the medium and realize medium was cultured with
high activity and density for bacteria. A Box-Behnken design was applied to
perform the experiments and regression analysis. The viable counts of
Streptococcus thermophilus can reach high at (1.91+0.07)x10%fu/mL at the the
optimum medium with soybean peptone 3%, casein hydrolysate 1%, glutamate
0.0015%, glucose 1%, K,HPO4 0.2%, Tomato juice 10%, Tween-80 0.05% and
pH 6.8, respectively, which is consistent with the predicted values of the
regression model. The results showed that the model used is feasible and adequate
and it could provide theoretical basis for milk productions.
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1. Introduction
Probiotics are a type of beneficial
microorganisms and they had multiple

the dairy product and other fermented products.
(Pette and Lolkema, 1950; Angelov, et al.,
2009). Furthermore,

functions like treat atopic dermatitis, balance
intestinal environment, food allergy, cancer
preventive,  lactose  intolerance,  acute
gastroenteritis, crohn’s  disease, change
microbial community structure, et al. (Marco,
et al., 2006; Million and Raoult, 2012; Tatsuya,
et al., 2015). Probiotic bacteria had been widely
applied in various industries like food, shrimp
farms, and health production especially for
dairy productions (Paulraj, et al.,, 2013).
Streptococcus thermophilus (S. thermophilus)
and Lactobacillus bulgaricus are the most
common probiotics that used as yogurt starter
in the dairy productions. They have a proto-
cooperation interaction in yogurt and which
combine metabolism with positive effects on
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Streptococcus thermophilus can significantly
reduce the amount of serum total cholesterol
and low density lipoprotein cholesterol (Akalin,
et al., 1997). In addition, Streptococcus
thermophilus can relieve the lactose intolerance
and has the ability to inhibit tumor. In general,
yogurt consumption was mainly lied on
probiotic effects especially for these effects of
number of live bacteria (Shihata and Shah,
2000). So the aim of the present study was to
obtain the medium with the cultivation of high
activity and high density for bacteria.

In our previous work, Streptococcus
thermophilus which was suitable for the
fermentation of goat milk have been screened
out from commercial milk (Chen, et al. 2010).
The effects of inoculum and temperature on the
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fermentation of goat yogurt by Lactobacillus
bulgaricus and Streptococcus thermophilus
have been studied (Shu, et al., 2014). And
optimum nitrogen sources, carbon
sources/prebiotics and amino acids in the
medium for Streptococcus thermophilus had
been screened using Plackett-Burman design
(Chen, et al., 2012; Chen, et al 2013). All of the
research above provided a good theoretical and
practical basis for the study of the present
work. The objective of the present work was to
apply a Box-Behnken design to study the
effects of soybean peptone, casein hydrolysate
and glutamate on the viable counts of
Streptococcus thermophilus and determine the
best composition of the medium.

2. Materials and methods
2.1. Materials

The strain used in this work, Streptococcus
thermophilus was kindly provided by School of
Food and Biological Engineering, Shaanxi
University of Science and Technology.
Soybean peptone, casein hydrolysate and
glutamate were purchased from Sigma
Chemical Co., USA. The chemicals used in the
experiments were of analytical grade. The

medium used for the cultivation for
streptococcus thermophilus were: glutamate 19,
peptone 0.75g, yeast 0.75g, potassium

dihydrogen phosphate 0.2g, Tomato Juice
10mL, Twain-80 0.05mL and distilled water
90mL, and cultured at 118°C for 15 min.
2.2. Preparation of starter

3-5% activated Streptococcus thermophilus
power was inoculated into M17 medium and
cultured at 42°Cfor 24 h. Microscopic judgment
was conducted to make sure the viability of
bacteria is stable until repeating experiments
several times. It should pay attention that the
bacteria be reactivated to maintain a high
activity if it was not used after 7 days.
2.3. Analysis method

The pH of medium was directly measured
through a pH-meter (pHS-3C Shanghai
Precision Scientific Instrument Co., Ltd,
Shanghai) at the room temperature and OD
value was evaluated by ultraviolet

spectrophotometer with version SP-756PC at
the condition of 600nm. The viable counts of
Streptococcus thermophilus were determined
by plate coating method. Bacteria growth was
determined by inoculating 2% bacteria into the
optimum medium and cultured for 24h under
anaerobic conditions. The pH and viable counts
of samples were determined each 2h and each
point were conducted in triplicate and average
values were used.
2.4. Optimization of process parameters using
response surface method

Three operational parameters (soybean
peptone, casein hydrolysate and glutamate)
important in the medium were researched using
Box-Behnken design (Box and Behnken, 1960)
with three levels as shown in Table 1, coded -1,
0 and O for low, middle and high concentrations
(or values), respectively.

Table 1. The factors
Behnken experimental design

levels of Box-

Factors Coded variable levels
-1 0 1

X1 Soybean peptone (%) 2.4 3.0 34

X Casein hydrolysate (%) 0.8 1.0 1.2

X3 Glutamate (mg/L) 12 15 18
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In order to obtain the optimal point, the
relationship between independent variables and
response value was fitted the second-order
polynomial model and the polynomial equation
represents in the following form:

Y=Bo+ [iXi+ foXot PaXat+ fuXi®+ frX?+
P3aXa? + fr1oX1Xo+ fr13aX1Xa+ fazXoXs
1)

Where Y is the response value (viable
counts of Streptococcus thermophilus), X1, Xz
and Xz are the independent variables
corresponding to the concentration of soybean
peptone, casein hydrolysate and glutamate,
respectively. fo is the constant coefficient. S,
2 and s are liner coefficients. f11, S22 and fa33
are the quadratic coefficients. f12, f13 and f23
are the interaction terms coefficients.

Statistical software SAS was used for the
regression analysis of the experimental data
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obtained. Analysis of variance (ANOVA) was
employed to test the statistical significance of
the regression equation coefficients by Box-
Behnken design. The fitting of the second-order
model equations was determined by the
coefficient of determination (R?) and a p<0.05
was considered statistically significant for all
analysis.

3. Results and discussion
3.1. The results and analysis of the Box-
Behnken design

The fifteen experimental results of the Box-
Behnken design consisting of 12 trials plus 3-
center points is summarized and listed in
Table 2. X1, X2 and Xz represent soybean

peptone, casein hydrolysate and glutamate,
respectively. The number of viable counts of
Streptococcus thermophilus was represented by
Y (x10° cfu/mL). The response values are OD,
pH and Y, respectively. There is not a
significant difference between OD and pH
value as shown in Table 2. Hence, the major
influence of medium was measured by Y.

The regression equation obtained according
to the results of Box-Behnken experimental
design and applying multiple regression
analysis could be gotten as follows: Y1=1.953-
0.031*X1+0.016*X>+0.072*X3-
0.230%(X1)?+0.042*X1*X2+0.295* X1*X3-
0.115%(X2)?-0.125*X,*X3-0.178*(X3)?

)

Table 2. The experimental design and results of Box-Behnken

Number X1 Xz X3 oD pH Y/10%fu/mL
1 -1 -1 0 0.920 4.09 1.61
2 -1 1 0 0.946 4,13 1.63
3 1 -1 0 0.946 4.17 1.50
4 1 1 0 0.943 4.17 1.69
5 0 -1 -1 0.929 4.15 1.50
6 0 -1 1 0.938 4.17 1.86
7 0 1 -1 0.943 4.16 1.71
8 0 1 1 0.947 417 1.57
9 -1 0 -1 0.889 4.13 1.80
10 1 0 -1 0.927 4.22 1.11
11 -1 0 1 0.021 4.16 1.39
12 1 0 1 0.918 4.22 1.88
13 0 0 0 0.894 4.25 2.04
14 0 0 0 0.913 4.27 1.93
15 0 0 0 0.899 4.25 1.89

ANOVA of the regression model was
performed to see significance of the main
effects and interaction effects of independent
variables on viable counts of Streptococcus
thermophilus. The liner coefficients of the
regression equation for parameters Xi, X3 are
larger, which indicates that there is not a simple
linear relationship between soybean peptone,
glutamate on the viable counts of Streptococcus
thermophilus. The negative effects of liner and
quadratic coefficients of Xy in the regression

equation indicate that a decrease of viable
counts occurs at a low level of parameter X;.
The interaction coefficient of X1X3 is bigger
than others’ showing that the interaction of
soybean peptone and glutamate had a great
influence on the growth of bacteria. It is also
evident that the interaction effects of X1Xz is
extremely significant with probability value
(p=0.001) as shown in Table 3.

The influence of various factors on the
response of the Streptococcus thermophilus
was determined by F-test. The regression
model was found to be very significant, as is
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evident for F-test with a very low probability

The probability value for the lack-of-fit was
found to be non-significant with high failure of
a model to obtained data in the experimental

value (p=0.004<0.01), shown in Table 3. The
range at points which not containing in the
regression was evaluated by Lack-of-fit test.

Table 3. The ANOVA of regression equation of Streptococcus thermophilus

Source DF SS MS F Pr>F Sig
X1 1 0.009 0.009 1.403 0.289
X2 1 0.002 0.002 0.379 0.565
X3 1 0.042 0.042 7.552 0.040 *
X1*X1 1 0.196 0.196 35.205 0.002 **
X1*X2 1 0.007 0.007 1.298 0.306
X1*X3 1 0.348 0.348 62.514 0.001 el
X2*X2 1 0.049 0.049 8.833 0.031 *
X2*X3 1 0.063 0.063 11.224 0.020 *
X3*X3 1 0.117 0.117 20.990 0.006 i
model 9 0.789 0.088 15.742 0.004 **
Liner 3 0.052 0.017 3.111 0.127
Quadratic 3 0.319 0.106 19.103 0.004 **
Cross 3 0.418 0.139 25.012 0.002 **
Error 5 0.028 0.006
Lack of fit 3 0.016 0.005 0.872 0.574
Pure error 2 0.012 0.006
Total 14 0.817

Note: *** P<0.001, extremely significant, ** P<0.01, very significant; * P<0.05, significant.
DF degree of freedom, SS sum of squares, MS mean square, F and Pr means F and P values, respectively.

Probability value was 0.574, which further
tested that the quadratic model was statistical
effective and feasible. Therefore, the optimum
ratio of three factors can be obtained by using
the regression equation. The determination
coefficient R2? and multiple correlation
coefficients R2 could measure the goodness of
the regression model. The value of R? (0.9659)
obtained from the present model indicating that
the experimental and predicted values of the
response had a good correlation. The adjusted
R-squared can evaluate the amount of variation
around the mean explained by the model
adjusted for the number of terms. The value for
adjusted R-squared (RZj=90.46%) suggested
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the fitting degree of the regression equation and
the experimental data is 90.46%, and the
reliability is high. Furthermore, the F-value for
first-order X3 and quadratic X2, Xs? are all
relatively big which suggesting the there is not
a simple liner relationship between the
parameters Xz, X3 and the response value. The
effects of different independent variables on the
viable counts of Streptococcus thermophilus at
different levels are described in figure 1. The
quadratic items of Xi2 (P=0.002), X?
(P=0.031) and Xs?> (P=0.006) all are very
significant. The viable counts of Streptococcus
thermophilus increased first and then decreased
sharply with the increase of soybean peptone
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concentration, while the effects of casein
hydrolysate on the viable counts of bacteria are
relatively mild. When the concentration of
casein hydrolysate was at a low level, the
dependent variable increased slowly. The
response value of Y decreased gradually when

it reached its maximum value. Similarly, the
response value of Y increased greatly and then
decreased with the increase of parameter of
glutamate. The rule was found out that the
maximum value of Y occurs at inflection point
of the three factors.

35X Prediction Intervals

0._00
X1

0. 00
¥

0. 00
X3

Figure 1. The trends of response value Y with factors
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Figure 2. Response surface and contour plots of S. thermophilus as a function of X; and X>
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Figure 4. Response surface and contour plots of S. thermophilus as a function of X, and Xs

The aim of the present study was to track
efficiently for the optimum medium for the
growth of Streptococcus thermophilus which is
the best and maximal for the bacteria. The best
response range can be calculated by analyzing
the plots according to the Box-Behnken design
results. Response surface and contour plots was
used to measure viable counts of bacteria for a
pair of interactive variables including soybean
peptone, casein hydrolysate and glutamate
(Figures 2-4). The interaction effects of the
factors on the response value are larger when
the shape of the plots is oval, while the circular
indicates that the interaction effects are light.
One parameter is fixed to zero level, and other
two parameters are investigated to study their
interaction effects on the growth of
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Streptococcus thermophilus. As is shown in
Fig.2, when the amount of glutamate was
constant, the viable counts of Streptococcus
thermophilus increased consistantly until
reached it’s maximal value and then decreased
with the increase of the concentration of
soybean peptone and casein hydrolysate. This
is due to the high concentration of nitrogen
source will inhibit the bacteria growth. The
contour plots is not like oval indicating the
effects of factors X1 and Xz is not significant,
which further verified the analysis of the
regression model.

Figures 3 showed that when the casein
hydrolysate is constant, the viable counts of
Streptococcus thermophilus increased first and
then showed a downward trend with the
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increase of soybean peptone and glutamate.
This is because excess soybean peptone and
glutamate are not conducive to the growth of
bacteria. At the same time, the contour plots of
Streptococcus thermophilus as a function of X;
and X3 have oval-shaped meaning that the two
factors had a strong interaction effects on the
viable counts of bacteria. This is consistent
with the results of analysis of variance of the
regression equation. Figures 4 described when
the soybean peptone was at 3 g/100mL, the
viable counts of bacteria was the same trend
with the figure 3 described. Similarly, the
interaction effects of casein hydrolysate and
glutamate on the response value was relatively
strong as it is shown in the contour plots of
Streptococcus thermophilus as a function of X;
and Xz, and the contour plots for it is oval.

Statistical software SAS was used to
analysis the regression model and take the
derivative for independent variables of Xi, X
and Xz to obtain the maximal value of viable
counts. The corresponding point of the code (0,
0, 0) for maximal value represent the level of
the actual value, soybean peptone 3g/100mL,
casein hydrolysis 1g/100mL and glutamate
1.5mg/100mL, respectively. The model
predicts the viable counts of Streptococcus
thermophilus was 1.95x10° cfu/mL under these
optimum  conditions.  Three  repeating
experiments were conducted to test the
predicted values in the optimum medium. The
mean value of the three groups was
(1.91£0.07)x10° cfu/mL, which was very close
to the predicted values. The results show that
the mathematical model obtained by the
response surface method can fit well with the
experimental data.

3.2.  Analysis of growth curve for
Streptococcus thermophilus
The growth curve for Streptococcus

thermophilus was determined to study the
ability of growth, reproduction and acid
producing for bacteria in the medium. The
growth curve of Streptococcus thermophilus
could evaluate if there is a difference in the
medium optimized or not. Taking time as a
horizontal coordinate, and pH, viable counts of
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bacteria as longitudinal coordinate, the growth
curve plot of Streptococcus thermophilus was
drawn as shown in Figures 5.
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Figure 5. The growth curve and pH of
Streptococcus thermophilus in the medium

As it shown in Figures 5, Streptococcus
thermophilus began to enter the exponential
growth period after the adjustment of beginning
4h. The bacteria started to grow, propagate and
divide; the culture fluid became turbid; the
number of viable bacteria increased and the pH
value decreased significantly in this period. The
bacteria entered a period of stability at 14-20h
where the newly bred cells were roughly equal
to the dying cells. While after 20 h, the cell
began to enter a period of decline and the cell
death rate is greater than the propagation rate
which suggesting that environment is not
conducive to bacterial growth. Besides, the
whole cell populations showed a negative
growth and viable counts of bacteria decreased
significantly. At the same time, it can be seen
that the viable counts of bacteria may reach
1.61x10° cfu/mL, 1.95x10° cfu/mL before and
after the medium was optimized at 12h. The
optimum medium for the bacteria is about 1.2
times higher than that of not optimized. The
response surface method using to optimize the
medium for Streptococcus thermophilus proved
to be feasible and reliable for improving the
viable counts.

3.3. Discussions

The articles about the effects of the
composition and conditions of medium on the
survival rate of the bacteria had been reported a
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lot. Such as, Carvalho (Carvalho, et al., 2002)
reported that the sugar, amino acids and sugar
alcohols and other substances could improve
the survival rate of Lactobacillus bulgaricus
and Lactobacillus plantarum for the reason that
small molecules had advantages of containing
more than one hydrogen bond and ionizable
groups, which can stop bacterial exposure to
the medium by linking to the surface of the
bacteria. And at pressure conditions such as
low temperature, low pH and low water
activity, the bacteria will easily died. While
Beney (Beney and Gervais, 2001) found a
different conclusion, the bacteria could form
tolerance and accumulate the permeability of
protective  substances  under  pressure
conditions, which can give a help of bacteria to
establish a new balance of osmotic equilibrium
and improve the viable counts of the bacteria.
The strains used in the above research were
different may caused the difference of the two
conclusions. Furthermore, Carvalho (Carvalho,
et al., 2003) study found that sugar (such as
glucose, fructose, lactose, mannose, sucrose, et
al.), sugar alcohols (sorbitol, inositol, et al.),
non-reducing sugars (trehalose) was added in
the medium, and it can play a protective role
for bacteria during the freeze-drying process.
Gao’s (Gao, et al., 2008) study of enrichment
medium for Lacabacillus casei Zhang had
reached a conclusion that the optimum
composition of the medium were: glucose
20.9g/L, soybean peptone 10.45g/L, yeast
extract 10.45g/L, K:HPO4; 3.5¢g/L, sodium
citrate 2.35g/L, sodium acetate 14.6g/L,
MnSO45H20 54mg/L, MgSO47H.0O 1.0g/L,
CuS0O4-5H,0 10mg/L, tween 80 1.0g/L, and the
viable counts of Lacabacillus casei Zhang
reached 4.78x10° cfu/mL, which was 10 times
higher than MRS. Similarly, Zhang (Zhang and
Yu, 2007) had screened and studied the culture
medium for Lactobacillus acidophilus, and the
viable counts could reach high at 2.2x10°
cfu/mL. In our present study, soybean peptone,
casein hydrolysate and glutamate were chosen
as the enrichment factors, and the viable counts
of Streptococcus thermophilus can reach at
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1.95x10%fu/mL, which was 1.2 times than that
of not been optimized (1.61x10%fu/mL).

4. Conclusions

An optimization of medium for improving
the  viable counts of  Streptococcus
thermophilus was conducted using Box-
Behnken design experiment. ANOVA was used
to test the predicted model. The viable counts
of Streptococcus thermophilus can reach high
at (1.91x0.07)x10° cfu/mL at the the optimum
conditions with soybean peptone 3%, casein
hydrolysate 1%, glutamate 0.0015%, glucose
1%, KoHPO4 0.2% Tomato juice 10%, Twain-
80 0.05% and pH 6.8, respectively. The
predicted value (1.95x10° cfu/mL) is very close
to the wverification value confirming that
regression model used for the experiments is
useful. Moreover, the growth curve of the
Streptococcus thermophilus had been analyzed
in 24h before and after the medium optimized.
And the viable counts of Streptococcus
thermophilus can reach at 1.95 X 10° cfu/mL
after it cultured for 12 h at the optimum
medium which was 1.2 times than that values
without optimization, besides, stable period of
the bacteria take in advance. The optimum
medium has obvious effects on the growth of
bacteria, so the optimum medium for
Streptococcus thermophilus using response
surface methodology is proved to be feasible
and effective.
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ABSTRACT

The aim of this study was to find the optimal technological mode for the
freeze drying of Royal jelly. By the experimental method, the multi-
objective optimization problem to describe the freeze drying process of
Royal jelly was built. Anh by the restricted area method, solving the multi-
objective optimization problem were found out the technological mode of
the freeze drying process of Royal jelly as follow: the optimal temperature
of freeze drying chamber was Z;°?* = 20.58°C, the optimal pressure of the
freeze drying chamber was Z,°"* = 0.411mmHg and the time of the freeze
drying of Royal jelly Z;°* = 18.283h. Corresponding to these optimal
factors, the energy consumption for 1 kg final product reached the
minimum value of y;pR = 6.32kWh/kg, the residual water content in Royal
jelly reached the minimum value of y2pR = 4.19% under 4.5% (< 4.5%), the
loss of protein, carbohydrate, lipid, mineral salts, 10-HDA, vitamin Bs, free
fatty acids and viscosity reached the minimum value of yzpR = 1.77%, yaeR
= 183%, yspR = 207%, yepR = 236%, y7pR = 078%, yspR = 247%, yng =

2.670/0, ylopR = 3.58%.

1. Introduction

It is common knowledge that Royal jelly is
rare natural product, it contains a lot of
important nutritional substances for human’s
health such as protein, lipid, carbohydrate,
mineral salts, free fatty acids, free amino acids,
vitamins and enzymes. In addition, Royal jelly
contains bioactive compounds that have
extremely good effect on human’s health such
as 10-HDA (Anna et al.,, 2009). Protein
components inside Royal jelly contain hardly
all essential amino acids for humans, including
29 amino acids and derivatives. Besides,
protein inside of Royal jelly also contains some
enzymes such as protease, glucose oxidase,
phosphatase, cholinesterase and an insulin-like
substance (Antinelli et al., 2003), these
enzymes is essential for biochemical processes
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in human’s body. Carbohydrate components
inside Royal jelly are mainly fructose, glucose
and sucrose. But ratio of fructose in
carbohydrate components is higher than ratio of
glucose and sucrose. In addition, other sugars
present in much lower quantities are maltose,
trehalose, melibiose, ribose and erlose (Lercker
et al., 1992; Gaélle and Hervé, 2012), they are
types of bioactive carbohydrate that have very
good effect on human. Lipid components inside
Royal jelly has low rate, but it contains
bioactive compounds rare in the nature, free
fatty acids and fatty acids inside lipid
components have unusual and uncommon
structures, they are mostly short carbon chain
(from 8 to 10 carbon atoms) of hydroxyl fatty
acids or dicarboxylic acids. These free fatty
acids are most of the recorded biological
properties of Royal jelly (Schmidt et al., 1992)
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such as 10-HDA (10-hydroxy-2-decenoic acid)
and its isomer. Besides, the lipid inside Royal
jelly contains some neutral lipids including:
sterols  (cholesterol, esgosterol) and an
unsaponifiable fraction of hydrocarbons similar
to beeswax extracts (Lercker et al., 1992;
Hattori et al., 2007). In addition, Royal jelly
contains a lot of mineral salts, the total ash in
Royal jelly has low rate about 2 to 3 % of dry
weight. The major mineral salts are, in
descending order: K, Ca, Na, Zn, Fe, Cu and
Mn, with a strong prevalence of potassium
(Andreas Stocker et al., 2005). Besides, Royal
jelly is extremely rich in water-soluble vitamins
and fat-soluble vitamins (Schmidt and
Buchmann, 1986). For the water-soluble
vitamins include Bs, B2, B3 (PP), Bs, Be, B¢ and
H. For the fat-soluble vitamins include A, D, E,
K (Benfenati et al., 1992). Therefore, it can be
seen that Royal jelly supply complete mineral
salts and vitamins for humans (Lercker et al.,
1992, Benfenati et al., 1992).

€

Figure 1. The Royal jelly product in Viet Nam

According to the results of Mohamed, F. R.,
et al. (2012), it shown that the most important
nutritional compounds of Royal jelly including
protein, carbohydrate and lipid have balanced
rate between essential amino acids with
different amino acids, between fructose,
glucose with different sugars, between
unsaturated fatty acids with saturated fatty
acids that are very rare in nature. This nature
product is very good and very perfect for
growing up and development processing of
human’s health. According to Antinelli, J. F., et
al. (2003); Anna G.S. (2009); Isidorov et al.,
(2011). Royal jelly was also called as a natural
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pharmaceutical product, it has the ability of
anti-aging; prevent the formation of free
radicals from biochemical reactions in human’s
body. It can help prevent the heart disease or
heart disorder, psychophysiological disorder,
nervous disorder, digestive disorder, cancer and
many other diseases. It has the capable of
restoring and protecting human’s skin as well
as increase energy and restores human’s health.
In addition, it can cure women of
gynaecological disease. According to analytical
data of Dzung (2013), the important chemical
composition of Royal jelly in Viet Nam
contains many different substances but their
main  constituents are  water, protein,
carbohydrate (sugars), lipids and mineral salts,
impurity, 10-HDA, vitamin Bs and free fatty
acids. It can be seen in Table 1.

From Table 1, it is obvious that Royal jelly
is rich in nutritional components. It is an
advantageous environment in order that
microorganism grows up and develops. |If
Royal jelly is not preserved, it will be easily
decomposed or hydrolyzed and oxidized, it will
be no longer value of use (Isidorov et al., 2011;
Hiroyuki M. et al., 2012). Therefore, Royal
jelly needs to be preserved in suitable
environment in order to be prolonged use.
Currently, there are two methods that often use
to preserve Royal jelly; those are the freezing
method and the freeze drying method. The final
products have always a very good quality when
they are made by these two technologies
(Mohamed, F. R, et al., 2012). But the freezing
method, Royal jelly after freezing process must
be preserved in environment that has suitable
temperature about -20°C to -18°C and the range
of this temperature must be maintained during
use time and export time. As a result, it makes
to increase the expenditure of preservation
process of Royal jelly. For the freeze drying
method are used the most popular. The Royal
jelly after the freeze drying placed in nylon
bags, vacumn seaming is preserved in usual
environment of 25°C. Therefore, it will be not
lost the expenditure for preservation process
(Dzung et al., 2014; 2015).
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Table 1. The chemical composition of Royal
jelly in Viet Nam

The ratio of .
initial The ratio

No | Substance - of dry

material weight
weight g

1 | Water 59.2% -
Proteins 14.26% 34.95%
Carbohydrate 15.95% 39.09%
(sugars)

4 | Lipids 4.00% 9.80%
Minerals 1.10% 2.70%
Impurity 2.39% 5.86%
(wax, ...)
10-HDA 31% 7.60 %
Vitamin Bs 4.05 9.93

mg/100g mg/100g

9 | Free fatty 558.95 1370
acids mg/100g mg/100g

Thermophysical parameter of Royal jelly in

Viet Nam

10 | Viscosity at 11817.9 cP

25°C e )

However, the problem posed here is how to
determine the technological mode for the freeze
drying process of Royal jelly in order that
Royal jelly after freeze drying have the best
quality, the residual water content of Royal
jelly is under 4.5% (Dzung et al., 2015), the
energy consumption of 1 kg final product
reaches the minimum value. This is a question
that had not any research to mention for a long
time ago. To answer this problem, in this study
the multi-objective  optimization problem
describing about the relationship between
objective functions, including: y1 (kWh/kg) —
the energy consumption of 1 kg final product of
Royal jelly after freeze drying; y» (%) — the
residual water content of Royal jelly after
freeze drying; ys (%) — the loss of total protein;
ya (%) — the loss of carbohydrate; ys (%) — the
loss of lipid; ye (%) — the loss of mineral salts;
y7 (%) — the loss of 10-HDA; ys (%) — the loss
of vitamin Bs; yg (%) — the loss of free fatty
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acids and yio (%) — the loss of viscosity of
Royal jelly after freeze drying; with
technological factors, including: Z1 (°C) — the
temperature of freeze drying chamber, Z;
(mmHg) — the pressure of freeze drying
chamber; Zs (h) — the time of freeze drying
process is built by experimental method. The
multi-objective  optimization  problem s
expressed as follow: Finding Z° = {Z,°, Z,°",
Z:%} e Qz in order that yjmin = f(Z1°P", Z2°F,
Z:°") = min{fj(Z1, Z», Zs)}. After that by the
restricted area method, solving this multi-
objective optimization problem is determined
the technological mode for the freezing process
of Royal jelly, (Dzung, 2012).

‘Lgi:errors
o —> \
| —
Z3 e A 4

Figure 2. Diagram of subjects of
freezing process

SUBJECTS OF
FREEZE DRYING
PROCESS

2. Materials and methods

2.1. Materials

The Royal jelly is harvested from bees’s
nest to grow up at Bao Loc area in Lam Dong
province of Viet Nam. It is the pure natural
product and does not mix any chemical
composition. It is very thick solution, has pale
yellow and sour. The basic composition of
Royal jelly is presented in Table 1, (Dzung,
2013; 2014; 2015).

The Royal jelly is poured into trays, they
are made by glass. According to results of
Dzung (2015), it shown that Royal jelly layer in
glass trays at optimal technological mode of the
freezing process of Royal jelly have depth of
12.93mm.

Before carrying out the freeze drying
process of Royal jelly, Royal jelly is frozen at
the optimal technological mode: the
temperature of freezing environment was -
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40.46°C; the time of freezing process was
1.63h; the thickness of Royal jelly in the tray
was 12.93mm. Corresponding to these
technological ~ parameters, the  freezing
temperature of Royal jelly was -18.33°C and
water inside Royal jelly was completely
crystallized o =1 or ® = 100%, (Dzung, 2014;
2015).

2.2. Apparatus

Equipments used to research the
technological mode for the freeze drying
process of Royal jelly are listed (Dzung, 2012a
& b, 2013; 2014, 2015):

= Equipments used to determine weigh of
Royal jelly by Satoriusbasic Type BA310S:
range scale (0 + 350)g, error: = 0.1g =4 0.0001
kg.

= The Freeze Drying System DS-3 (Fig
3a) and The Refrigeration System DL-3 (Fig
3b) that were controlled automatically by
computer. It could reduce the temperature of
environment to (-50 + -45)°C. The temperature,
pressure and time profile of freeze drying
process are measured by computer.

Figure 3a. The freeze drying system DS-3 with
the auto-freezing (-50 =+ - 45)°C

= Kjeldahl, Soxhlet, GC-MS, HPLC,
Viscometer and other equipment were used to
analyse and determine protein, carbohydrate,
lipid, ash, 10-HDA, free fatty acids, vitamins
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and viscosity of Royal jelly during freeze
drying process.

Figure 3b. The Refrigeration system DL-3
with the auto freezing (-45 + - 40)°C

2.3. Methods

Using in this study to include some method
as follow (Dzung, 2012; 2013; 2014; 2015):

= Determining the temperature (Z1, °C),
pressure (Z2, mmHg) of freeze drying chamber
and the time of freezing process (Zs, h) of
Royal jelly by the automatic measure and
control system on computer of the Freeze
Drying System DS-3.

= Determining the energy consumption
(y1, kWh/kg final product) of 1 kg Royal jelly
after freeze drying process by the equation (1),
(Holman J. , 1992; Figura et al., 2007).

Pt
Y, = E - (1)
Where: G (kg) — weight of the final product; U
(V) — number of Voltmeter; | (A) — number of
Amperemeter; t (S) — second; cose — power
factor.

U.I.r.Gcos ? KWhikg

= Determining the residual water content
of the final product of Royal jelly after freeze
drying (y2, %) by the mass sensor controlled by
computer, (Dzung, 2012a & b).

yzzloO—%(loo—wo)
e

()
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Where: Go (kg) — weight of the initial material
of Royal jelly used for freeze drying; Ge (kg) —
weight of the final product of Royal jelly after
freeze drying; Wo (%) — the residual water
content of the initial material of Royal jelly.

= Determining the total protein inside
Royal jelly before and after freeze drying by
the Kjeldahl method (FAOQ, 14/7, 1986).

= Determining the total carbohydrate
inside Royal jelly before and after freeze drying
by the hight - performance anion - exchange
chromatography method (TCVN 4594:1988).

= Determining the lipid inside Royal jelly
before and after freeze drying by the Soxhlet
method (FAO, 14/7, 1986).

= Determining ash inside Royal jelly
before and after freeze drying by the AOAC
2000 (971.14) method (FAO, 14/7, 1986) as
follow: Royal jelly samples were burned into
ash by heat. Then, ash was determined by
weight method.

= Determining the 10-HDA inside Royal
jelly before and after freeze drying by the Gas
Chromatography method (GC-ISO/CD
5509:94).

= Determining vitamin Bs inside Royal
jelly before and after freeze drying by the
HPLC/UV  (High  performance  liquid
chromatography/UV-vis) method (TK. AOAC
985.33).

= Determining free fatty acids inside
Royal jelly before and after freeze drying by
the AOCS (1997) method (TCVN 6127-2010).

= Determining viscosity of Royal jelly
before and after freeze drying by viscometer of
Brookfield. Royal jelly after freeze drying is
soaked into water in order to determine
viscosity, the weight of soaked water is equal

51

weight of separate water from freeze drying
process.

= Determining the loss of total protein;
the loss of carbohydrate; the loss of lipid; the
loss of mineral salts; the loss of 10-HDA; the
loss of vitamin Bs; the loss of free fatty acids
and the loss of viscosity of the final product (y;,
%) by equation (2), with j = 3 + 10.

m, —m
y; =12 1000 = 2™ 1009%;

j=3+10

Where: the total protein, carbohydrate,

lipid, mineral salts, 10-HDA, free fatty acids,
free amino acids, vitamin and and viscosity of
the material initial and after freeze drying
respectively mi (%) and m2 (%) were
calculated according to weight of dry matter. If
it is viscosity, unit of m; and m2 will be cP
(mPa.S = 10 Pa.S). In the fact that the final
product of Royal jelly after freeze drying
achieves the best quality means yjmin = 0. In the
fact, y;j> 0.

= Using quadratic orthogonal
experimental planning method (Dzung, 2012a;
2015) to build the mathematical model about
relationships between y; (j = 1+ 10) and
technological factors effect on the freezing
process (Zi, Zz, Zz). These mathematical
models of y; (j = 1+ 10) were written as follow
(Dzung, 2012a; 2015):

yj:b0+zk:buxu+ Zk: b,iX,X;
u=1

uziu=1
+30b,, (2 -2
u=1

These variables Xi, X2, X3 were coded by
variables of Z1, Z, Z3 presented as follow:

(4)

Xi = (Zi— ZO)IAZi; Zi = xiAZi + Z°  (5)
Where Z|O = (Zimax + Zlmln)/z’
AZi = (Zimax . Zimin)/z; (6)
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Zmn < 7 < Zi"- j=1t03

The experimental number is determined:

N=nk+n<+np=2+2k+no=18 (7)
With: k=3;n=2%=23=8;
n«=2k=2x3=6;n0=4
The value of the star point:
k-2) (k-1
a2 N 2 g 414 (8)
The condition of the orthogonal matrix:
1
x:N(2k+2a2)=2/3 9)

= Using the mathematical tools to solve
the multi-objective optimization problem to
determine the technological mode for the freeze
drying process of Royal jelly.

3. Results and discussions

3.1. Develop the mathematical models of
the freeze drying process of Royal jelly

The constituent objective functions of the
freeze drying process including: y1 (kWh/kg) —
the energy consumption of 1 kg final product of
Royal jelly after freeze drying; y» (%) — the
residual water content of Royal jelly after
freeze drying; ys (%) — the loss of total protein;
ya (%) — the loss of carbohydrate; ys (%) — the
loss of lipid; ye (%) — the loss of mineral salts;
y7 (%) — the loss of 10-HDA; ys (%) — the loss
of vitamin Bs; ys (%) — the loss of free fatty
acids and y1o0 (%) — the loss of viscosity of final
product of Royal jelly of freeze drying process
depended on the technological factors,
including: temperature of freeze drying
chamber (Z1, °C), pressure of freeze drying
chamber (Z2, mmHg), time of freeze drying
(Zs, h).

52

Therefore, these constituent objective
functions were determined by the experimental
planning method with the quadratic orthogonal
experimental matrix (k = 3, no = 4). In addition,
the experimental factors were established by
conditions of the technological freeze drying
(Dzung, 2012a; 2013; 2015), they were
summarized in Table 2.

Table 2. The technological factors levels
design

Z,, 25, Z3,
Parameters (C) | (mmHg) (h)

- (-1.414) | 17.93 | 0.008 | 17.172
Le. Low ( -1) 20 0.137 18
vels Central (0) 25 0.447 20
High (+1) 30 0.758 22

+ o (1.414) | 32.07 | 0.886 | 22.828
Deviation 4z, 5 0.3105 2

The experiments were carried out with all
of the factor levels in Table 2 to determine the
value of the objective functions that describe
relationships between the energy consumption
of 1 kg final product of freeze drying Royal
jelly; the residual water content of final product
of Royal jelly after freeze drying; the loss of
total protein; the loss of carbohydrate; the loss
of lipid; the loss of mineral salts; the loss of 10-
HDA,; the loss of free fatty acids; the loss of
vitamin and the loss of viscosity of the final
product of Royal jelly after freeze drying and
technological factors, (Dzung, 2012a; 2015).
The results were summarized in Table 3a, 3b,
3c and 3d.
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Table 3a. The orthogonal experimental matrix Table 3d. The orthogonal experimental matrix
level 2 (k =3, ng=4) level 2 (k =3, no=4)
N Xo X1 X2 X3 N y2 Y3 Y4 y5
1 1 1 1 1 1 | 294 | 4.03 3.25 3.06
2 1 -1 1 1 2 | 358 | 3.89 2.92 3.47
3 1 1 -1 1 3 | 259 | 412 2.66 2.96
ok 4 1 -1 -1 1 ok 4 | 349 | 3.72 2.12 2.65
5 1 1 1 -1 5 | 411 | 2.83 2.58 2.45
6 1 -1 1 -1 6 | 445 | 2.63 1.97 2.24
7 1 1 -1 -1 7 | 419 | 2.98 2.35 2.14
8 1 -1 -1 -1 8 | 451 | 1.69 1.97 2.04
9 1 1.414 0 0 9 | 3.08 | 3.20 3.02 3.16
10 1 -1.414 0 0 10 | 3.83 | 2.32 2.17 2.96
ok 11 1 0 1.414 0 ok 11 | 3.80 | 3.00 2.84 2.65
12 1 0 -1.414 0 12 | 3.02 | 2.63 2.05 2.55
13 1 0 0 1.414 13 | 257 | 4.23 2.84 3.27
14 1 0 0 -1.414 14 | 473 | 1.32 2.07 2.14
15 1 0 0 0 15 | 3.34 | 2.09 1.87 1.94
o 16 1 0 0 0 o 16 | 3.18 | 2.32 2.00 1.84
17 1 0 0 0 17 | 3.25 | 2.23 1.82 1.63
18 1 0 0 0 18 | 3.17 | 252 1.94 1.73
Table 3b. The orthogonal experimental matrix Table 3c. The orthogonal experimental matrix
level 2(k=3,n0=4 level 2 (k =3, no=4)

X1X2 | X1X3 | X2X3 |[X12- A[X2%- A|X32-A| Y1 Ve V7 Ve Vo o
1 1 1 ]0.333]/0.333|0.333| 7.85 526 5 89 413 401 18.13
-1 -1 1 1]0.333/0.333]0.333| 7.62 511 171 332 3.94 519
-1 1 -1 10.333/0.333/0.333| 8.18 370 250 393 377 989
1 -1 -1 10.333/0.333/0.333] 8.02 341 158 322 292 3.65
1 -1 -1 10.333|0.333|0.333]| 6.41 206 224 3.42 321 10.26
-1 1 -1 10.333|0.333|0.333| 6.36 252 0.79 2.82 2.99 5.15
-1 -1 1 1]0.333/0.333]0.333| 6.37 3.26 1.05 2.48 2.85 2.84
1 1 1 ]0.333]/0.333|0.333| 6.29 2.78 0.92 2.21 2.70 5.69
0 0 0 |1.333}-0.667|-0.667| 7.18 2.30 2.11 4.93 4.74 13.27
0 0 0 |1.333]-0.667|-0.667| 6.78 2.00 1.32 2.72 2.48 6.18
0 0 0 |-0.667]1.333]-0.667| 6.70 1.96 1.71 2.11 3.14 13.14
0 0 0 |-0.667]1.333|-0.667| 7.68 3.67 1.84 2.01 2.63 9.97
0 0 0 |-0.667[-0.667|1.333| 9.20 3.22 1.97 4.63 4.16 16.19
0 0 0 |-0.667/-0.667|1.333| 5.98 2.48 1.45 2.82 1.82 6.76
0 0 0 |-0.667|-0.667|-0.667| 7.00 2.41 1.05 2.42 3.65 3.54
0 0 0 |-0.667}-0.667|-0.667| 7.05 2.33 0.79 2.52 3.80 1.36
0 0 0 |-0.667|-0.667|-0.667| 7.22 2.41 0.92 2.62 3.50 1.57
0 0 0 |-0.667/-0.667|-0.667| 7.06 2.52 1.18 2.32 3.43 3.50
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The mathematical model of regression
equations (yj, j = 1 to 10) from Eg. (10) to Eq.
(19) were obtained after processing the
experimental data, calculating the coefficients,
testing the significance of the coefficients by
the Student criterion, and testing the regression
equations for the fitness of the experimental
results by Fisher criterion (Dzung, 2012a,
Dzung, 2013; Dzung, 2015).

Results received were the mathematical models
as follow:

= The energy consumption of 1 kg final
product of Royal jelly after freezing
process:

y1 = fi(x1, X2, X3) = 7.125 + 0.091x;
— 0.166x2 + 0.899x3 - 0.104xox3 - 0.123x1% +
0.18xs? (10)

= The residual water content of final
product of Royal jelly after freezing
process:

y2 = fa(X1, X2, X3) = 3.216 — 0.271x1 +
0.116x2 — 0.643x3 — 0.111xi1x3 + 0.139x:% +
0.118x:2 + 0.237x32 (11)

= The loss of total protein of final product
of Royal jelly after freezing process:

y3 = fa(X1, X2, X3) = 2.245 + 0.274x1 +
0.814x3 + 0.303x12 + 0.332x22 + 0.311x32 (12)

= The loss of carbohydrate of final
product of Royal jelly after freezing
process:

ya = fa(X1, X2, X3) = 1.978 + 0.225x; +
0.228x, + 0.263x3 + 0.144x2x3 + 0.239x1% +
0.162x2? + 0.169x5? (13)

= The loss of lipid of final product of
Royal jelly after freezing process:

ys = f5(X1, X2, X3) = 1.934 + 0.131x, +
0.404x3 + 0.417x12 + 0.186x2% + 0.237x32 (14)

= The loss of mineral salts of final
product of Royal jelly after freezing
process:
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Yo = fo(X1, X2, X3) = 2.328 + 0.149x; —
0.475x, + 0.084x3 - 0.273x2xs+ 0.257x2% +
0.276x3? (15)

» The loss of 10-HDA of final product of
Royal jelly after freezing process:

y7 = f7(X1, X2, X3) = 1.075 + 0.401x; +
0.369x3 + 0.198x1x2 + 0.231x1%2 + 0.262x2> +
0.231x3? (16)

» The loss of vitamin Bs of final product
of Royal jelly after freezing process:

ys = fo(X1, X2, X3) = 2.556 + 0.46x; +
0.166x2 + 0.519x3 — 0.156x2X3 + 0.552x12 —
0.335x22 + 0.501x32 (17)

= The loss of free fatty acids of final
product of Royal jelly after freezing
process:

Yo = fio(X1, X2, X3) = 3.606 + 0.37Xx1 +
0.224x, + 0.512x3 — 0.244x,2 — 0.189x3>  (18)

= The loss of viscosity of final product of
Royal jelly after freezing process:

y10 = F11(X1, X2, X3) = 4.896 + 2.205x; +
1.346x, + 2.605x3 + 2.457x1x2 + 1.488x1x3 +
2.235x2% + 2.194x3° (19)

3.2. Building one-objective optimization
problems for the freeze drying process of
Royal jelly

It was obvious that all objective functions
(yj, j = 1 to 10) for the freeze drying process of
Royal jelly depended on the technological
parameters (i, i = 1 to 3). If every objective
function was individually surveyed, these one-
objective  functions along  with  the
technological parameters would constitute the
one-objective optimization problems. Because
all the one-objective functions were to find the
minimal value, the one-objective optimization
problems were restated as follow (Dzung,
20123, 2013 and 2015): Finding in common the
test xIOPt = (x4JOPt, IOt x5IoPY) e Q) = {-1.414 <
X1, X2, X3 < 1.414%} in order that:
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yj= fjmin (Xi'opt , X%Opt’xéopt)
=minf;(xy,X2,X3) (20)
j=1+10; VxeQ, =
= {~1.414 <%, X,, X5 <1.414};

3.3.  Building multi-objective optimization
problems for freeze drying process of Royal
jelly

The establishment of the technological
mode during freeze drying process of Royal
jelly was based on factors including: economic,
technicality and quality of the final product,
(Dzung, 2012a). The final product of Royal
jelly after freeze drying has the best quality, the
energy consumption of 1 kg final product
reached the minimum value and the residual
water content of the final product reached the
minimum value but under 4.5%. In addition,
the final product of Royal jelly after freeze
drying must satisfy all conditions of economic
and technical criterion as well as quality
criterion for technology of the freeze drying
(Dzung, 2012a). For example:

= y; < Ci = 6.5 kWh/kg, if the energy
consumption of 1 kg product is over
6kWh (y1 > C1 = 6.5), it will increase
the product price and difficult
commercialization.

=y, < Cy = 4.5%, if the residual water
content of the final product is over 4.5%
(y2 > C2 = 4.5%), the microorganisms
will be capable to grow, develop and
damage products.

» yj<Cj=3.0% with j =3 =9, if the loss
of total protein; the loss of
carbohydrate; the loss of lipid; the loss
of mineral salts; the loss of 10-HDA;
the loss of free fatty acids and the loss
of vitamin are over 3.0% (y; > Cj =
3.0%; j = 3 = 9), the final product of
Royal jelly after the freeze drying will
reduce quality.

= yi0 < C10 = 5.0%, if the loss of viscosity
of the final product is over 5.0% (yio >
C10 = 5.0%), the protein inside Royal
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jelly after freeze drying will be
denatured, not be able to recover the
original its quality. It make to reduce
ability to link between water and
protein, this is cause to reduce viscosity
of Royal jelly after freeze drying and
reverted to the original state. Finally, it
makes to reduce quality of final
product.

It is obvious that the multi-objective
optimization problem during the freeze drying
of Royal jelly appeared in this case. The
technological parameters (x1, X2 and xs) of the
freeze drying process of Royal jelly have
simultaneously influenced on eleven objective
functions (yj, j = 1 + 10) with the identified
domain Qy = {-1.414 < X1, X2, X3 < 1.414}.
Therefore, the mathematical model of eleven-
objective optimization problem to determine
the technological mode of the freeze drying
process of Royal jelly was restated as follow:
Finding in common the root x = (x1°, x2°",
X3P e Qx = {-1.414 < x1, X2, X3 < 1.414} in
order that (Dzung, 2012a & 2015):

_ opt opt ,,opt
yj'—fjmin(xl 1 X3 1X3 )

=minf;(xy,X;,X3)

VXxeQ, = (21)
= {—1.414 < X1, X5, X3 31.414}
3.4. Solving one-objective optimization

problems for freeze drying process of Royal
jelly

According to the results of Dzung et al
(2012a; 2015), if all the one-objective
optimization problems (20) have the same
roots: (leopt’ ijopt’ X3jopt) = (Xlkopt’ szopt, X3k°pt)
with k = j, these roots called are utopian roots
and also roots of multi-objective optimization
problem (21). The optimal plan of utopian roots
called is utopian plan. If the utopian roots and
the utopian plan do not exist, multi-objective
optimization problem (21) will be solved to
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find the optimal Pareto roots and the optimal
Pareto plan.

Therefore, solving one-objective
optimization problems (20) were found to
achieve: Yjmin = minfj(xy, X2, X3), j = 1 + 10,
with the identified domain Qy = {-1.414 < X,
X2, X3 < 1.414}. By using the meshing method
programmed in Matlab R2008a software, the
results of the optimal parameters of every
objective function from (10) to (19) limited in
the experimental domain were summarized in
Table 4, (Dzung, 2012a; 2015):

Table 4. Minimum roots of each one-
objective optimization problems

i | VYimin X OPt | xploPt | i opt
1 5.812 -1.414 1.414 -1.414
2 2.425 1.414 -0.492 1.414
3 | 1651 -0.452 0.000 -1.309
4 1.782 -0.533 | -0.441 | -0.590
5| 1.739 0.000 -0.352 | -0.852
6 1.863 -1.414 1.182 0.447
7 | 0.720 -1.036 0.391 -0.799
8 1.740 -0.482 | -1.000 | -0.564
9 1.738 -1.307 | -1.150 | -1.112
10| 1.243 -1.414 0.476 -0.114

In the Table 4, it is obvious that the utopian
p0|nt was |ndent|f|ed fUT = (flmin, f2min, f3min,
f4min, f5min, f6min, f?min, f8min, f9min, flOmin) =
(5.812, 2.425, 1.651, 1.782, 1.739, 1.863,
0.720, 1.740, 1.738, 1.243). However, the
utopian root and the utopian plan did not exist,
because of xJ%Pt = (xgoP, xol%Pt x3IoPt) 5 xkopt =
(X1KOPt, XoROPL x3koPY with j, k = 1 + 10, j # Kk
(Dzung, 2011, 2012a, 2012c & 2015).

From results of solving one-objective

optimization problems (21), it was obvious that
the utopian root and utopian plan do not exist.
Therefore, multi-objective optimization
problems (21) need to have to be solved to find
the optimal Pareto root and the optimal Pareto
plan in order that optimal Pareto effect ypR =
(y1PR, ysz, y3PR, y4pR, y5PR, yepR, y7pR, y8PR,
yor®, y10e®) closest to the utopian point fUT and
the furthest from the restricted area {y; > Cj}.
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3.5.  Solving multi-objective optimization
problems for freeze drying process of Royal
jelly

The purpose of the experiment was to reach
the targets of the freeze drying process which
were expressed by 10 regression equations
from (10) to (19), but the tests satisfying all
function values (Yimin, Y2min, Yamin, Y4min, Ysmin,
Yémin, Y7min, Y8min, Y9min, Yiomin) could not be
found. Hence, the idea of the multi-objective
optimization problem (22) was to find the
optimal Pareto root for yeR = (y1pR, y2pR, yae®,
yapR, yse®, YerR, y7eR, Yer®, YerR, yior®) closest
to the utopian point and the furthest from the
restricted area, but y; = yj(x) = fj(xy, X2, X3),
with j = 1 + 10 must satisfy technological
conditions with requirements in {y; < Cj},
(Dzung, 2011, 2012a & 2015).

By the restricted area method, solving the
multi-objective optimization problem of the
freeze drying (21) as the followings:
Establishing the R*-objective combination
function R*(y1, Y2, Y3, Y4, ¥s, Y6, Y7, Y8, Yo, Y10)
= R*(x1, X2, X3) = R*(x) as follow, (Dzung,
20123, 2012¢ & 2015):

R (%) =R (X}, X3, Xg)

10 10
=1€/ TTrilxxz.%5) :1(\)/ [Tr0

i=1 i=1 (22)
O, ={-1414 < x;, X,, X; < L414};
X = (X1, X5, %)
C. —vyi(x
Where: r;(x) = G735
j_yjmin
when y;(x) <C; (23)
r,(x)=0 when y;(x)>C; (24)

ri(x) = (6.5 — y1(x))/(6.5 — 5.812)
when  yi1(x) <6.5

ri(x) =0 when yi(x)>6.5
ra(x) = (4.5 —y2(x))/(4.5 — 2.425)
when y»(x) <4.5

r2(x) =0 when y2(x)>4.5
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r3(x) = (3.0 — y3(x))/(3.0 — 1.651)

when y3(x) <3.0

r3(x) =0 when ys3(x) > 3.0

ra(x) = (3.0 — ya(x))/(3.0 — 1.782)

when  ya(x) < 3.0

r4(x) =0 when ya(x) > 3.0

rs(x) = (3.0 — ys5(x))/(3.0 — 1.739)

when ys(x) < 3.0

rs(x) =0 when ys(x) > 3.0

re(x) = (3.0 — ys(x))/(3.0 — 1.863)

when  ye(x) <3.0

re(x) =0 when yg(x) >3.0

r7(x) = (3.0 — y7(x))/(3.0 — 0.720)

when y7(x) <3.0

r(x) =0 when y7(x)>3.0

rs(x) = (3.0 — ys(x))/(3.0 — 1.740)

when ys(x) < 3.0

rg(x) =0 when ys(x)>3.0

ro(x) = (3.0 — ya(x))/(3.0 — 1.738)

when  yg(x) <3.0

re(x) =0 when yg(x)>3.0

ro(x) = (5.0 — y10(x))/(5.0 — 1.243)

when yig(x) <5.0

rio(X) =0 when yio(x)>5.0

From (23), it was obvious that if yj(x) — vV

min and Vyj(x) < Cj, ri(x) — rimax = 1. By
choosing R*(x) as the objective function, the
m-objective optimization problem is restated
as: Find xR = (x4}, 2R, x5%) e Qx in order that

R*(x) reaches the maximum value (Dzung,
2012a & 2015).

R e =R (X%) =R (x' x5, %3)
N 10
:max{R (x)}:max 10 L]j[lrj(x)} 25)

Q, ={-1414 < X, X,, X5 < 1.414};

X = (X1, X9, X3)
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From (23), it can be seen: 0 < R*(x?) < 1. If
R*( xR) = 1, xR = xYT — the utopian root. If
R*(xR) = 0, one of the values of yj(x) violates
{yi < Cj}, which means that y;j(x) belongs to the
restricted area C = {y; > Cj}, (Dzung, 2012a).

The eleven-objective optimization problem
needed to indentify xR = (1R, x2R, xs7) € Qx in
order that R*( xi®, x2f, x3¥) = Max{R*(x1, X2,
x3)}. The maximum value of (25) was
determined by the meshing  method
programmed in Matlab R2008a software
(Dzung, 2012a):

R*(X)max = Max{R*(X1, X2, X3)}
= R*( x1®, xR, x3%) = 0.476

Where: xR =-0.883;
x2R =-0.115;
xR = -0.859:;

Then, transforming into real variables:
Z,%' = 20.58°C;
Z,°°' = 0.411mmHg;
Z3°"' = 18.283h

Substituting xi1%, x2R, xs® into these equations
from (10) to (19), the results were obtained as:

y1rR =6.32;  ypR=4.19;
yspR = 1.77;  yaR =1.83;
yspR =2.07;  yerR =2.36;
y7pR=0.78; vyt =247,
yorR = 2.67;  yi0p" = 3.58;

Where: xR = (x1%, x2F, x37) called optimal
Pareto root and f,R = ypR = (y1pR, y2pR, yapR,
yar®, Y5, yer®, yret, yerR, yerR, yioe®) called
the optimal Pareto effect.

For this reason, through the calculation
from the experimental models from Eqg. (10) to
Eq. (19), technological parameters of the freeze
drying process which satisfied the maximum
R*-Optimal  combination  criterion  were
determined as: temperature of freeze drying
chamber was Z:%' = 20.58°C, pressure of
freeze drying chamber was Z2°" = 0.411mmHg,
time of freeze drying was Z3°' =18.283h.
Corresponding to: the energy consumption of 1
kg final product was yipR = 6.32 kWh/kg; the
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residual water content of the product was yzpR
= 4.19% (< 4.5%); the loss of total protein was
yspR = 1.77%; the loss of carbohydrate was yspR
= 1.83%; the loss of lipid was ysp® = 2.07%;
the loss of mineral salts was yer™ = 2.36%; the
loss of 10-HDA was y7R = 0.78%; the loss of
vitamin Bs was ygpR = 2.47%); the loss of free
fatty acids was yeeR = 2.67%; the loss of
viscosity was yiop® = 3.58%. Compared with
the experimental results from the Table 3a &
Table 3b, these results above were suitable and
satisfying with the objectives of the problem.

3.6. Experiment to test the optimal Pareto
root of multi-objective optimization problem

Carrying out the freeze drying process of
Royal jelly at the optimal Pareto root:
temperature of freeze drying chamber of Z," =
20.58°C, pressure of freeze drying chamber of
Z,°" = 0.411mmHg, and time of freeze drying
Z3° = 18.283 hours, the experimental results
were determined as: energy consumption of 1
kg final product was y: = 6.34 kWh/kg; the
residual water content of the product was y, =
4.17% (< 4.5%); the loss of total protein was y3
= 1.80%; the loss of carbohydrate was ys =
1.79%; the loss of lipid was ys = 2.05%; the
loss of mineral salts was ys = 2.34%); the loss of
10-HDA was y7 = 0.79%; the loss of vitamin
B5 was ys = 2.45%; the loss of free fatty acids
was Yo = 2.69%; the loss of viscosity was yio =
3.61%.

Consequently, it was very noticeable that
the results from the optimization problems of
the freeze drying process had the
approximation to the experimental results.
When the pressure of freeze drying chamber
was fixed: x2 = -0.115, respectively Z> = 0.411
mmHg, the relationship between yi, y2, Y3, Vs,
Ys Ye, Y7, Y8, Yo and yio combination function
with 2 variables xi, X3 was performed
geometrically in 3D (Figures 4, 5, 6, 7, 8, 9, 10,
11, 12, 13). When x1 was fixed with constant
values, the variation of x3 was shown in Figures
14, 15, 16, 17, 18, 19, 20, 21, 22, 23.

vl (k¥hikg)

%3 -2 -2 %1

Fig 4. The energy consumption of 1kg final
product ¥1 (KWh/'kg)

%3 -2 -2 ]

Fig 5. The residual water content of final
product ¥2 (%)
B

-1
'

¥3 (%)

%3 -2 -2 x1
Fig 6. The loss of total protein of final
product ¥3 (%)

LT
.

%3 2 -2 w1

Fig 7. The loss of carbohydrate of final
product v4 (%)
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%3 2 -2 .
Fig 12. The loss of free fatty acids of final
product ¥2 (%)

%3 2 -2 *1
Fig 8. The loss of lipid of final
product ¥5 (%)

£

— ]
= =
w

=

%3 2 -2 x
2 Fig 13. The loss of viscosity of final
*3 -2 1 .
product ¥10 (%)
Fig 9. The loss of mineral salts of final
12

product y6 (%)

iy (kMvhfkg)

®3

Fig 14. The energy consumption of final
product yv1 (KWh'kg)

%3 -2 -2 %1
Fig 10. The loss of 10-HDA of final
product ¥7 (%)

%3 2 -2 %] Fig 15. The residual water content of
Fig 11. The loss of vitamin B5 of final final product y2 (%)
product ¥8 (%)
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Fig 17. The loss of carbohydrate of final
product ¥4 (%)

¥3 (%)

*3

Fig 16. The loss of total protein of final |
product ¥v3 (%0)

¥5 (%)

Fig 18. The loss of lipid of final
product ¥5 (%)

¥6 (%)

*3

Fig 19. The loss of mineral salts of
final product y6 (%)
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Fig 20. The loss of 10-HDA of final
product ¥7 (%)

X3
Fig 21. The loss of vitamin B5 of final
product y8 (%)
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Fig 22. The loss of free fatty acids of

final product ¥9 (%)
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15
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10 |

Fig 23. The loss of viscosity of final
product ¥10 (%)
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All Figures on above was obvious that
objective functions were varied by effect
factors during the freeze drying process of
Royal jelly. This varying objective functions
were completely suitable with experimental
results. Therefore, it proved that relationships
between objective functions with effect factors
very well described for the freeze drying
process of Royal jelly.

3.7. Determining technological mode of

freezing process of Royal jelly

From results on above, it allowed to set up
the technological mode during the freeze
drying process of Royal jelly in Table 5 as
follow:

Table 5. The technological mode of the freeze
drying process of Royal jelly

No | Technological | Symbol and
: Value
Parameters unit

1 | The temperature
of the freezing | Z, =T~ (°C) | 20.58
environment

2 | The time of Z>=P, 0.411
freezing process (mmHg)

3 | the thickness of
Royal jelly in Z3=r1, (h) 18.283
the tray

The standards of final product of Royal jelly

after freeze drying

4 | The energy
consumption of yieR, 6.3
1 kg final (kWh/kg) '
product

5 | The residual
water content of y2pR, (%) 4.19
final product

6 | The loss of total
protein of final yaeR, (%) 1.77
product

7 | The loss of
carbohydrate of |  yaR, (%) 1.83
final product

8 | The loss of lipid R
of final product yse", (%) 2.01

9 | The loss of
mineral salts of |  yeeR, (%) 2.36
final product

10 | The loss of 10-
HDA of final y7eR, (%) 0.78
product
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11 | The loss of
vitamin B5 of
final product

12 | The loss of free
fatty acids of
final product

13 | The loss of
viscosity of final
product

yng, (%) 2.47

YorR, (%) 2.67

ylopR, (%) 3.58

From Table 5, it was obvious when Royal
jelly was carried out at the optimal
technological mode of freeze drying process,
the quality of Royal jelly after freeze drying
had very good as the same quality of Royal
jelly before freeze drying. In the fact that has
not any drying method can create product to
have good quality as the same product of the
freeze drying process. Therefore, the
technological mode of freeze drying process of
Royal jelly was found out on above, it can be
completely applied for Royal jelly preservation
in order to be prolonged use time and export
time (Dzung, 2012a).

4. Conclusions

The mathematical models (10) to (19)
which were established from the experiments
quite well described the relationship between
the temperature of freeze drying chamber; the
pressure of freeze drying chamber; the time of
freeze drying process of Royal jelly with the
energy consumption of 1 kg final product of
freeze drying Royal jelly; the residual water
content of final product of Royal jelly after
freeze drying; the loss of total protein; the loss
of carbohydrate; the loss of lipid; the loss of
mineral salts; the loss of 10-HDA; the loss of
vitamin Bs; the loss of free fatty acids and the
loss of viscosity of final product of Royal jelly
(Dzung, 2012a).

The system of equation (21) was the multi-
objective optimization problems of the freeze
drying process of Royal jelly. This
mathematical model was suitably used for
calculating and setting up the technological
mode of the freeze drying process of Royal
jelly (Dzung, 2012a).

Solving the multi-objective optimization
problems (21) determined the technological
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mode of the freeze drying process of Royal
jelly (Dzung, 2012a). The results were
presented in Table 5.
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ABSTRACT

The aim of the study was to determine the effects of treatments with different
gums on fried beef patties. Meat patties were prepared with three different
formulations (0.5, 1 and 1.5%) for each of guar gum, xanthan gum, and gum
Arabic. Some physical, chemical, and sensorial properties of fried samples
were evaluated. As a result, guar gum and xanthan gam showed better effect
on yield and diameter reduction. Gum Arabic increased L and b values of
fried meat patties whereas guar more increased the moisture retention than
others. However, gum Arabic had higher performance on the sensorial
properties of beef patties. It was also observed that high levels of gums had
much better results as an ingredient in fried patties compared with the other
treatments. According to results, it was determined that especially 1.5%
level of guar and all level of gum Arabic can be recommended for beef

patties.

1. Introduction

Application of various techniques in daily
eating foods, including meat products, with
decreased levels of fat, cholesterol, and
calories, have become a trend for various
health reasons. Reduction of fat by using
modern technologies would apparently be the
most efficient method for producing meat
products. In addition there are many
technological problems like excessive soft or
firm texture, cooking loss and shrinkage are
considered by consumers. Regulation of meat
product  composition  with  non-meat
ingredients can lead to decrease fat value and
to improve texture of the final food. The use of
these ingredients may increase production
yield, sensory properties, and shelf life
(Colmenero et al., 1996; Demirci et al., 2014).

Some researchers have reported that
different hydrocolloids can increase friction
and binding properties among particles and
decrease the activity of water in meat products.
They can enhance the structure of cooked food
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decrease texture problems and moisture loss
(Ulu, 2004; Modi et al., 2009; Ibrahim et al.,
2011; Tabarestani and Tehrani, 2014).

Consequently, some non-meat ingredients
have been examined as adjuncts to enhance the
quality of meat products during manufacturing
(Giese, 1992; Mansour and Khalil 1997,
Caprioli et al., 2009; Ozen et al., 2011).
Especially, when adding different gums at
various concentrations in meat batter indicated
that the product quality can also be changed
(Ulu, 2006; Lopes et al., 2015). Their high
water-binding ability is the major functional
property of food product. This property affects
the texture, enhancement of colour and
sensory properties of meat products.
Moreover, they are non-allergic and have good
mechanical properties and they have wide
applications in food production as thickening,
stabilizing, gelling, and emulsifying agents
(Ulu, 2006; Kilincceker et al., 2009).
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It has been found that the addition of gums
in meat patty formulations improves the
cooking characteristics and also decreases
mass transfer and diameter reduction, which
results in high vyield and improves the
thickness of products after frying or cooking
(Ulu, 2006; Demirci et al., 2014).

However, compared to the studies on using
of different gums in meat patties, studies of
other hydrocolloids are many. Thus, the
objective of this study was to evaluate the
effects of guar gum, xanthan gum and gum
Arabic on some frying properties of meat
patties and to provide different alternative to
consumer.

2. Materials and methods

2.1. Materials

In this study, guar gum, xanthan gum, and
gum Arabic were purchased from Kimbiotek
Co. (Istanbul, Turkey). Lean beef meat and
beef back fat were obtained from local meat
seller in Adiyaman. Corn oil was used as
frying medium (Yudum, Yudum Co.,
Balikesir, Turkey). A mini fryer (Arzum, AR
247) that has a thermostatic heat control was
used for carrying out deep frying operations.

2.2. Preparation of meat patties

Meat and fat were cut into 2-3 cm?® and
kept at -18 °C until the meat patty production.
Then, they were thawed at +4 °C and minced
using mincing machine, separately. The
minced meat was used to prepare the meat
batter according to following receipt:

Meat batter was consisted of 87.5% mince,
10% fat, 1.5% salt, 0.5% red pepper, and 0.5%
black pepper.

Then, nine different treatments were
prepared by adding 0.5%, 1%, and 1.5% gums
to the formulation and kneaded and kept at +4
°C for up to 45 min. Control did not contain
gum. Batters were re-kneaded and each 27 g of
batter was shaped with silicone moulds into 14
mm thick and 48 mm diameter circular-shaped
patties. Then, patties was used to perform of
some frying characteristics at 180 °C during 2
min.
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2.3. Determination of the frying yield and
diameter reduction
Frying yield and diameter reductions after
frying were obtained as follows:
fried patty weight

Frying yield (%) = raw patty weigt x 100
1)

Diameter reduction (%)

raw patty diameter — fried patty diameter
= x 100

(2)
2.4. Determination of the moisture, fat, and
moisture retention
Moisture contents of raw and fried
samples were determined by oven air method
at 105+2 °C and fat contents were determined
by using soxhlet extraction method (AOAC,
2002). Moisture retention was calculated
according to following equation.

raw patty diameter

Moisture retention (%)
moisture in fried patty (%) ) )

= - - x frying yield
moisture in raw patty (%)

@)
2.5. Instrumental colour analysis
Surface colour values of meat patties were
measured by using a portable colorimeter
(Minolta CR-400, Osaka, Japan) after frying
processes for fried samples. The instrument
was  standardised against a  white
standardisation plate before each
measurement. The colour was maintained
according to CIELAB systems as L (lightness),
a (redness) and b (yellowness) values, as
described by Dogan (2006). Four meat patties
were used for the analysis of each treatment.
Four measurements were taken for each
sample.

2.6. Sensory analysis

The fried patties were coded after 5 min
and served in a random order. Ten semi-
trained judges assessed the sensory properties
using a hedonic scale for the appearance,
colour, odour, flavour, and texture scores. The
average score of these parameters be deemed
to the overall acceptability. Different values in
the scale indicated the following reactions: 1:
extreme dislike, 2: very much dislike, 3:
moderate dislike, 4: slight dislike, 5: neutral, 6:
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like slightly, 7: like moderately, 8: like very
much, 9: like extremely (Gokalp et al., 1999).

2.7. Statistical analysis

Conventional statistical methods were
used to calculate means. The measurements
were repeated twice with three replications.
Collected data were subjected to statistical
analysis using JMP version (JMP version 9.0.2
(SAS Institute, Inc., Cary, USA). Analysis of
variance (ANOVA) was used to evaluate
effect of gum type and gum concentration on
some physical, chemical and sensory
properties. Least Significant Differences
(LSD) test was used to determine if the effects
of factors on the studied parameters were
significant (P < 0.05).

3. Results and discussions

The frying yields and diameter reductions
are shown in table 1. Generally, gums had
similar effects on vyield and diameter
reductions at the low levels. However, guar
and xanthan caused higher yield than gum
Arabic at high levels. In addition, xanthan gum
decreased the diameter reductions of samples

at high levels. Addition of gum increased
frying vyields whereas decreased diameter
reductions compared to control. The highest
frying yields were calculated as 74.58% and
74.38% in samples with 1.5% guar and
xanthan gum. The lowest diameter reductions
were in sample with 1% and 1.5% levels of
xanthan gum (14.74% and 13.86%). Colour
values were presented in table 1. According to
results, gum Arabic caused high L values on
meat patties. However, it had similar results to
the L values on control. L values increased
with more gum addition. The highest L values
were on control and all of samples with gum
Arabic (in the range of 26.13-28.04). a values
of samples were generally similar on samples
with gums that are lower than control.
However, it was low at 0.5% level of xanthan
(4.80). Control, 0.5%, and 1.5% gum Arabic
had higher a values than other levels in fried
samples. Control, xanthan, and gum Arabic
increased the b values compared to guar gum
whereas addition of gum did not affect this
colour value. 1% and 1.5% levels of gum
Arabic had higher b values as 8.32 and 8.31
than other treatments (Table 1).

Table 1. Effect of gum type and concentration on yield, diameter reduction, and colour values
of fried beef patties

Gum type Gum concentration
Control 0.5% 1% 1.5%
(0%)
Yield (%) Guar 68.312E¢ 66.36%C 70.84°8 74584
Xanthan 68.31% 67.19% 73.93% 74.38%4
Gum Arabic 68.31%8¢ 66.15% 67.244 66.26°4
Diameter Guar 20.92% 18.514 19.71%A 16.88%4
Reduction (%) Xanthan 20.9224 21.632A 14,748 13.86"8
Gum Arabic 20.9224 17.70%¢ 18.5438C 19.48%8
L Guar 26.13% 23.64°C 23.77%C 24,658
Xanthan 26.13% 20.20°C 22.51%C 24.37°8
Gum Arabic 26.13% 27.36% 27.25% 28.04%
a Guar 6.57%A 5.66% 5.83%8 5.8228
Xanthan 6.57%A 4.80°¢ 5.86% 5.71%
Gum Arabic 6.57% 6.08%8 5.57% 6.11%8
b Guar 6.95% 6.44°A 6.49°A 6.98%
Xanthan 6.95% 6.713A 7.41%A 7.674
Gum Arabic 6.95% 7.8134 8.3284 8.312A

&¢ Within each column, different superscript lowercase letters show differences between the gum types within each
concentrate (P < 0.05); A€ Within each row, different superscript uppercase letters show differences between the

concentrations within each gum (P < 0.05).
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Moisture and fat rations of raw and fried
patties were shown in table 2. Also, moisture
retentions that calculated from these were
presented in this table. Control and gum
Arabic increased the moisture rations of raw
samples whereas addition of gum decreased
this value. The highest moisture values for raw
samples were determined in sample with
control and 0.5% gum Arabic as 64.50% and
64.70%. Gum Arabic more decreased the fat
rations in raw sample than with guar and
xanthan gum. Especially, samples with levels
of 0.5% and 1.5% gum Arabic had lower fat
rations than other samples as 12.46% and
12.36%. Generally, addition of gum decreased
the fat rations in raw meat patties. As in raw
sample, moisture rations of fried samples with
gum Arabic and control generally higher than
other fried patties. However, moisture

increased at 1.5% level of guar gum in patties
(56.25%). Addition of gum increased the
moisture rations in fried sample with guar and
gum Arabic whereas caused fluctuation
change in with xanthan gum. Guar gum and
gum Arabic more decreased the fat rations in
fried meat patties. Also, addition of gum
decreased fat rations in these samples. The
lowest fats were determined in sample with
1.5% guar and 0.5% gum Arabic as 11.31%
and 12.32%, respectively. Moisture retentions
affected from types and addition of gums.
Especially, guar and xanthan caused good
results in fried samples. Generally, moisture
retention increased with more gum addition in
fried samples. This values for 1.5% levels of
guar gum and xanthan gum in meat patties
were determined to be higher compared with
other treatments (Table 2).

Table 2. Effect of gum type and concentration on moisture, fat, and moisture retention values of
fried beef patties (%)

Gum concentration

Gum type C(‘z%o' 0.5% 1% 1.5%
Guar 64.50% 63.720A 63.634 61.47%4
Moisture Xanthan 64.5024 64.08"A 63.78%A 60.5828
Raw Gum Arabic 64.5024 64.704 62.20%8 61.41%8
samples Guar 14.37%4 14.56%4 14.25%4 13.77%4
Fat Xanthan 14.37%4 13.642AB 12.95% 13.322A8
Gum Arabic 14.37%4 12.46"8 13.70%4 12.36%
Guar 54.76%8 52.53bC 54,73 56.25%A
Moisture Xanthan 54.76% 48.65 53.19¢8 52.57°8
Fried Gum Arabic 54.76% 56.50% 56.543A 55.79248
samples Guar 13.73%A8 14.68%4 12.48°BC 11.310C
Fat Xanthan 13.73%8 16.274 16.78%4 16.984
Gum Arabic 13.73 12.3208 12.77°48 12.86"48
Guar 58.0028¢C 54.712¢ 60.95%8 68.243A
Moisture retention Xanthan 58.00% 51.02°¢ 61.65%8 64.56%A
Gum Arabic 58.00%4 57.774 61.1324 60.21°A

&¢ Within each column, different superscript lowercase letters show differences between the gum types within each
concentrate (P < 0.05); A€ Within each row, different superscript uppercase letters show differences between the

concentrations within each gum (P < 0.05).

Data in table 3 indicate that fried meat
patties formulated with gums were affected
from types and addition of gum for
appearance, colour, texture, and overall
acceptability whereas they were not affected
for odour. In addition, taste scores were not
affected from the addition of gums. Control
and samples with gum Arabic had higher
appearance than other treatments. Addition of
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gum increased the appearance values in
sample with gum Arabic. Generally, addition
of guar and xanthan decreased this value
compared to control (Table 3). Control and all
level of gum Arabic caused higher appearance
scores than other samples (in the range of 7.00-
7.90). Colour scores on control and samples
with guar and gum Arabic were high. Addition
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of gum did not affect this value for guar and
gum Arabic whereas increased for xanthan.
1.5% guar, and 0.5, 1, and 1.5% gum Arabic
caused the higher colour scores than other
treatments (in the range of 7.20-7.50). Taste
scores increased with guar gum and gum
Arabic whereas addition of gum did not affect
this value. The highest values were in sample
with 1.5% guar (7.00) and all level of gum
Arabic (in range of 7.00-7.80). Textures of
fried patties with guar gum, gum Arabic and
control were better than xanthan whereas this
value did not affected from addition of gum.
All level of guar, gum Arabic, and control

were similar, statistically (in range of 6.30-
7.40). Generally, overall acceptability values
were higher in samples with guar, gum Arabic
and control than xanthan. Addition of gum did
not affect the overall acceptability for sample
with guar and gum Arabic. The highest results
were in sample with 1.5% guar, all level of
gum Arabic, and control as 6.86, 6.88, 7.28,
7.34, and 6.48 (Table 3).

Table 3. Effect of gum type and concentration on sensory properties of fried beef patties

Gum concentration
Gum type C(‘z%o' 0.5% 1% 1.5%
Guar 7.004 6.50%8 6.00°¢ 6.40Q°BC
Appearance Xanthan 7.00%4 3.30°8 3.40® 3.80%®
Gum Arabic 7.00%8 7.30%8 7.9024 7.8024
Guar 6.604 6.20A 6.504 7.20%A
Colour Xanthan 6.60% 4.60°¢ 5.10PBC 5.80PAB
Gum Arabic 6.60% 7.20%4 7.50%A 7.40%4
Guar 5.70%4 5.304 6.40% 6.3024
Odour Xanthan 5.70% 4.80* 4,902 4.804
Gum Arabic 5.70A 6.00A 6.604 6.504
Guar 5.80% 6.60%A 5.80°A 7.002A
Taste Xanthan 5.80% 5.40PA 5.20°A 4.40°A
Gum Arabic 5.80%A 7.00A 7.704 7.80%4
Guar 7.3 6.40A 6.30%A 7.40°4
Texture Xanthan 7.3 4.60°8 4,908 4.808
Gum Arabic 7.3 6.90A 6.70A 7.20%A
overall Guar 6.483 6.202’; 6.20b: 6.8622
acceptability Xanthan _ 6.48 454 4.70° 472
Gum Arabic 6.48%4 6.884 7.28%4 7.34%4

&¢ Within each column, different superscript lowercase letters show differences between the gum types within each
concentrate (P < 0.05); ~C Within each row, different superscript uppercase letters show differences between the

concentrations within each gum (P < 0.05).

Discussions

The frying yield and diameter reduction
are important factors for manufacturers. They
are results of the deneration of meat protein.
They affect the economic profit and packaging
system. Gelatinization and water holding
capacity of gums affect them (Ulu, 2006;
Demirci et al., 20014). Modi et al. (2009)
determined that carrageenan gum increase
frying yields and decrease diameter reductions
of meat kofte. Also, they found that addition of
carrageenan more increase the frying yields
and decrease diameter reductions. They said
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that this could be due to the binding property
of carrageenan which caused to form complex
with water and protein. Thus, they decrease the
mass transfer and retain the shape of kofte. In
our study, guar gum and xanthan gum shown
similar effect in this study. Gibis et al. (2015)
found that moisture loss decrease with
increasing addition of microcrystalline
cellulose from 0.5% to 3% in fried beef patties.
In another study, beef burgers were produced
with Aloe vera in the range of 0-5% and their
properties were determined. Consequently,



Kilincceker and Yilmaz/Carpathian Journal of Food Science and Technology 2016, 8(2), 63-70

Aloe vera acts as a hydrocolloid and decreased
cooking losses and diameter reductions of
burgers. Also, it determined that increase of
concentration of Aloe vera contributed to
decrease of cooking loss and diameter
reductions. They reported that increasing of
yield and diameter resulted from the high
water holding capacity and moisture retention
of Aloe vera during cooking (Soltanizadeh and
Ghiasi-Esfahani, 2015). Colour values are
important factors in consumer choice. They
can be affected by the ingredients in patties
and the frying process. As in our study,
Demirci et al. (2014) reported that L values of
meatballs affected from gum types and
increased with the gum addition in
formulations. Also, Yasarlar et al. (2007) said
that L values of cooked samples resulted
differently in cooked meatballs with various
cereal bran and increased with more bran
addition on samples. Khalil (2000) determined
that low-fat patties formulated with
starch/water combinations had lower red
colours compared with the control. Yasarlar et
al. (2007) found that a value of cooked
meatballs affected from type of cereal bran and
decreased with more bran addition. Demirci et
al. (2014) reported that meat ball redness
decreased and yellowness increased with more
gum addition in cooked samples whereas a and
b values changed depending on gum types. In
addition, similar findings were also reported
by Lin and Huang (2003) and Yilmaz and
Daglioglu (2003) also.

Moisture ration of low level of gum Arabic
in raw meat patties was higher than other and
this can be connected with water binding of it.
The level of moisture in the raw samples
decreased when the level of xanthan and gum
Arabic increased in meat patties. Accordingly,
at 0.5% level of gum Arabic and addition of
xanthan and gum Arabic decreased the fat
rations in raw samples compared to control.
Similar findings have also been previously
reported for various types of meat products
such as patties (Khalil, 2000; Yilmaz and
Daglioglu, 2003; Yasarlar et al, 2007;
Demirci et al., 2014).

In fried patties, lower moisture values of
samples with xanthan were due to more friable
structure than with guar and gum Arabic that
was also observed by the panellist during
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work. Demirci et al. (2014) also found that a
reduction in the moisture of cooked meatballs
formulated with xanthan gum compared to
guar, carrageenan, and locust bean gums.
Especially, addition of guar gum increased the
moisture rations in fried samples whereas
samples with gum Arabic did not affected from
addition gum. As the raw patties, this resulted
from water binding ability of guar and gum
Arabic. The gums form a firm matrix and
prevent the migration of moisture from fried
food and the penetration of fat in it during
frying. Also, fat can be partly replaced by
water and non-meat ingredients such as the
gums (Demirci et al., 2014). Guar and gum
Arabic had lower fat values because of high
moisture rations in fried samples. Especially,
high level of these gums prevented the
moisture loss of fried patties and decreased fat
absorption. Friable structure of samples with
xanthan also increased moisture loss and fat
absorption inside it during frying. Similarly,
Yilmaz (2004) reported that the most effective
method in lowering calorie content is
decreasing fat content in meat products. In
addition, he found that addition of rye bran at
the level of 20% in meat balls resulted in a
significant reduction in fat content compared
with 5%, 10%, and 15% levels. Our results
agree with those reported by Mansour and
Khalil (1997) and Soltanizadeh and Ghiasi-
Esfahani (2015), who reported significantly
decreased fat contents for beef burgers with
added dietary fibre and Aloe Vera in different
rations to reduce the fat content, respectively.

Sensory properties have also effect on the
attractiveness of foods and consumer
preference such as colour attributes. Thus, they
should be determined in the new product.
Control and all of samples with gum Arabic
had higher appearance scores than other
patties. This can be connected with L values of
samples that were higher than with guar and
xanthan. As the appearance, colours can be
also affected from L values of the patties.
Increasing of lightness provided a bright
colour formation and raised preferential ability
of the product visually. Decrease of
appearance and colour with addition of guar
gum may be resulted from decrease of L and a
values on these patties. They created a dark
colour on meat patties. Increasing of taste
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scores in sample with 1.5% guar and all of
samples with gum Arabic may be resulted with
fat values of these patties. Generally, fat
rations of these samples lower than other fried
samples. Consequently, low rations of fat
reduced the formation of a heavy fatty taste
which was noted by panellist. Textures of
control and sample with guar and gum Arabic
were very good compared to samples with
xanthan. Textures of these samples may be
improved with moisture ration of fried patties.
Especially, 1.5% guar and all of samples with
gum Arabic contained higher moisture
compared to other patties. Moisture of these
samples caused to form juicy and softer
structure and increased texture scores.
Decreasing of texture with addition of xanthan
connected with their friable structure. Similar
results were determined by Demirci et al.
(2014) for meatballs containing different
gums, Ibrahim et al. (2011) for chicken burger
containing maltodextrin and potato starch and
Yilmaz (2005) for low-fat meatballs prepared
with wheat bran. In addition, Mansour and
Khalil (1997) reported that the addition of
wheat fibres can be used to make acceptable
and desirable low fat beef burgers. The overall
acceptability values supported the sensory
properties of meat patties and high sensory
scores caused the increasing of this value.
Yilmaz (2004), and Mansour and Kbhalil
(1997) also found similar results in their
studies.

4. Conclusions

The study shows that the use of gums can
enhance the quality of beef meat patties during
frying. As a result, the performance of gums
on patties increased with the addition of their
more amounts. Especially, 1.5% guar and all
levels (0.5, 1, and 1.5%) of gum Arabic are
suitable alternative to produce good quality
meat patties with better sensory acceptability
for frying processes. Therefore, the addition of
these gums and the specified levels in meat
patties are more advantageous than other
treatments during manufacturing.
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ABSTRACT

The aim of this work was to investigate structure changes in stirred yoghurt
manufacture. Stirred yoghurts were made from UHT milk subjected to heat
treatment at 90 °C for 5 min. After cooling to 40 °C, amaranth flour and
transglutaminase (TG) were added and mixed. Lyophilized concentrated
starter culture was added in amount of 1 %. Milk was fermented until pH
4.6 — 4.7. Amaranth flour was added to sour milk as protein additive for
nutritive value increasing and structure modification. TG enzyme well-
known for its binding ability was added to catalyze protein network
formation. It was shown viscosity decreases when amaranth flour
concentration increases. Use of TG allows increasing yoghurt viscosity and
therefore preventing the negative effect of polysaccharides containing in
amaranth flour on the viscosity. TG contributes to a smoother yoghurt
surface formation. TG binding effect was confirmed electrophoretically. All
samples were judged as organoleptically acceptable. The data obtained
indicate the possibility of applying amaranth flour and TG for stirred yoghurt

manufacture.

1.Introduction

There are various additives for dairy
products functionality. It was studied influence
of fruit components on polyphenols and
antioxidant activity (Oliveira et al., 2015;
Chouchouli et. al, 2013) and on rheological
properties (El-Said et al., 2014) of yoghurts. It
is reported (Sun-Waterhouse et al., 2013)
blackcurrant polyphenols can be added to
drinking yoghurt pre- or post-fermentation
resulting in higher yoghurt viscosity.

Viscosity is a quality attribute of drinking
yoghurts. To alter rheological properties of
final product we suggest using milk
fortification with plant proteins concomitantly
with TG enzyme action to form protein
network in yoghurt manufacture (Argymbaeva
et al., 2015; Shleikin et al., 2015). Earlier, we
have also conducted research aimed at
processing of set yogurt with amaranth and
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transglutaminase  (Shleikin and Danilov,
2015). Also we showed possibility of TG
utilization for whey protein — gluten
combining products manufacture to prevent
gluten toxity for celiac patients nutrition
(Shleikin et al., 2011).TG (EC 2.3.2.13) is an
enzyme widely used in food applications due
to ability to cross-link different proteins and
impact on products rheological properties
(Gaspar and de Goes-Favoni, 2015). TG
addition improves quality attributes both set
and stirred yoghurt (Cancinoa et al., 2006). TG
affects significantly on the viscosity of stirred
yoghurt, especially in the low-shear rate region
and at small deformations (Jaros et al., 2007).
It is stated TG catalyzed formation of casein
intramicellar cross-links (Mounsey et al. 2005;
O’Sullivan et al. 2002; Vasbinder et al. 2003).
It was noted higher viscosity and degree of
protein polymerization if use TG for stirred
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yoghurts (Tabari, 2010). Methods of TG
utilization in stirred yoghurt production and
their impact on yoghurts shear stress are shown
in study (Ili¢i¢ et al., 2008).

Thermal treatment of milk (95°C for 5
min) allows denaturing the whey proteins and
inducing interactions between the k-casein, [3-
lactoglobulin and a-lactalbumin, therefore the
hydrophilic properties of the coagulum and the
stability of the yoghurt gel increase (Tamime
and Robinson, 1988). In stirred yoghurt, milk
is fermented in a tank, the yoghurt gel being
broken up during the stirring, cooling and
packaging stages. The rheological properties
of stirred yoghurt may be changed due to
several factors. These have physical nature
related with total solid content, milk
composition and type of starter culture, or
processing  conditions-related, such as
homogenisation, thermal pre-treatment of the
milk and post-incubation stages including:
stirring, pumping, cooling and packaging
(Afonso and Maia, 1999).

Food fortification is one of the most
important processes for improvement of the
nutrients quality and quantity in food. Yoghurt
can be fortified with vitamins, calcium, iron,
fibers e t.c. (Hadi et al., 2015). We suggest to
fortify stirred yoghurt with amaranth flour
addition. Amaranth is technically a pseudo-
cereal. Amaranth seeds are gluten-free
foodstuff important for celiac disease patients
nutrition (Mlakar et al., 2009). Amaranth is
gaining popularity due to its nutritional
excellence and agronomic features. Amaranth
contains high protein amounts, up to 35%
more than rice, oats and wheat flour. In
addition, the protein present in amaranth flour
is complete and it contains all the vital amino
acids in contrast with other protein sources

(Chauhan et al., 2015). Amaranthus seeds were
added to bio-yoghurt to increase the levels of
starch and dietary fibre (Sady et al., 2005). In
addition, we suppose to study milk and
amaranth protein binding in our experiments;
therefore, amaranth should be added prior to
fermentation simultaneously with TG.

2.Materials and methods

UHT milk (Pyatigorsk dairy plant,
Pyatigorsk, Russia) with protein content of 2.8
% and fat content of 3.2 % was used. Yoghurt
starter culture was AiBi 22.11 R3 (lyophilized
concentrated starter culture of Streptococcus
thermophilus, Lactobacillus bulgaricus —
5.0*10%° CFU/g) obtained from Green Lines
Ltd, Krasnogorsk, Russia. TGase preparation
was presented by “Next Ingredients” company
(Moscow, Russia) had the activity of 100 U/g.
Amaranth flour (Russian Olive Ltd, VVoronezh,
Russia) with high protein concentration (30 %
of protein, 10 % of fats, 40 % of
carbohydrates) was used as vegetable additive.

2.1. Yoghurt preparation

The milk was heated to 90 °C, kept at this
temperature for 5 min, then cooled to
fermentation temperature of 40 °C, was poured
into the samples. Amaranth flour was added in
the amount of 1 %, 2 %, 3 % and stirred until
the formation of homogeneous mass. Then TG
was added into the samples in an amount of 0.5
U/g, 1 U/g, 2 U/g and stirred for 5 min. Starter
culture was added in an amount of 1 % and
stirred. The prepared samples were put into
thermostat at 40 °C for 7 hours until the pH 4.6
to 4.7. The finished product was cooled to 4
°C. Samples were numbered accordingly to
table 1.

Table 1. Yoghurt samples labeling.

Amaranth flour TG concentration, U/g
concentration, % 0 05 1 5
wiv
0 1 2 3 4
1 5 6 7 8
2 9 10 11 12
3 13 14 15 16
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2.2. Viscosity measurement

The yoghurt samples were heated to a
temperature of 25 °C. Viscosity measurements
were carried out on a rotational viscometer
Rheotest RN4.1 (Rheotest Medingen GmbH,
Medingen, Germany) within 30 s, a shear
gradient of 100 s%, used spindle S1. Viscosity
— time curves were received and analyzed
using “Rheo-42" and “Excel” software.

2.3. Texture Profile Analysis

The yoghurt samples of 0.1 L were cooled
to 4 °C. Texture analysis was performed using
a TA-XT Plus texture analyzer with a load cell
of 5 kg (Stable Micro Systems Ltd., UK). The
samples were subjected to a compression test
to construct the Texture Profile Analysis
graphs, using 5 mm Cylinder Probe. The
parameters were as follows: pretest speed of 3
mm/s; test-speed of 1 mm/s and post-test speed
of 3 mm/s; distance of 20 mm; temperature of
4 °C; and force of 1 g.

Force-time (g-s) curves were recorded
and analyzed using the Texture Exponent
Application (Stable Micro Systems Ltd, UK)
and softness was calculated. The results were
calculated as the average of three
measurements taking into account the standard
deviation.

2.4. The study of the microstructure of the
yoghurt surface

A few drops of yoghurt samples were
applied on an object glass, rubbed to a thin
layer. The structure changes were estimated
with the MC100 microscope (Micros HgmbH,
St. Veit/Glan, Austria). Magnification 40x and
100x was used.

2.5. Electrophoretic studies

To yoghurt sample of 100 ul Tris/HCI
buffer of 100 pl with pH = 8.7 was added.
Then SDS (3 % solution) was added in amount
of 150 pl and prepared solution was left for 30
min. at room temperature. Then distilled water
of 650 ul was added and mixture was held at
100 °C for 5 min. Bromophenol blue 1 %
solution was added in amount of 100 pl. Ready
solution of 3 ul was applied into the wells on
the gel surface. Gel was made as follows: 5 ml
of 0.2 M Tris/HCI buffer mixed with 5 ml of
12.5 % acrylamide solution. TEMED of 14 pl
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was added. The reaction mixture was purged
with argon. SDS was added 10 mg per 10 ml
of solution, potassium persulfate in amount of
0.2 ml of solution with a concentration of 7
mg/ml. The resulting solution was applied to
the openings between the plates for
electrophoresis. The formation of a gel was
observed. Electrophoresis was carried out on
the Flat Bed Apparatus FBE-3000 (Pharmacia,
Uppsala, Sweden). The apparatus was filled
with 450 ml of 0.1 M Tris/HCI buffer
containing 0.1% SDS. The electric field
intensity was 30 VV/cm. The voltage U =300V,
current 1 =100 mA, power W = 40 watts. Gels
were stained with 0.2 % Coomassie R-250 in
mixture of 7.5 % v/v of acetic acid, 25 % v/v
of methanol and 67.5 % v/v of water. Gels
were photographed and quantified using
ImageJ (National Institutes of Health,
Bethesda, Maryland, USA) software.

2.6. Sensory analysis

Sensory analysis was performed by a panel
of 5 trained assessors. The samples were
served at the 12 °C in 50 g of cups. Mean
scores for each attributes were used for
comparison of the samples. Whey separation
(“syneresis”), “color,” “firmness”, “flavor
intensity”, “distribution of ingredients”,
“acidity”, and “sweetness,” were rated using a
10-point scale with the end values labeled as
“weak” and “strong” where 10 was as higher
point. The sensory sets of data were subjected
to a one-way ANOVA using Minitab 16
(Minitab Ltd., Coventry, UK) software, to
establish whether the sensory scores differ.
The means were compared using Fisher’s least
significant difference test and the statistical
significance was determined at P < 0.05.

3.Results and discussion

The effect of additives on the viscosity of
yoghurt

The yoghurt samples were prepared in
accordance with p. 2.1. Viscosity analysis was
conducted in accordance with p.2.2. The
viscosity of yoghurts with the addition of
amaranth flour, without the addition of TG,
depending on the time of rotation of the rotor
is presented in Figure 1.
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Figure 1. The viscosity of yoghurts with the addition of amaranth flour, without the addition of TG,
depending on the time of rotation of the rotor
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Figure 2. The viscosity of yoghurts with the addition of TG, without the addition of amaranth flour,
depending on the time of rotation of the rotor.

Figure 1 shows the decrease of viscosity
curves in the plane graph with increasing
concentration of amaranth flour. Thus, the
increase in the concentration of amaranth flour
leads to a decrease of the viscosity of the
finished product. In Figure 2 was shown the
dependence of the viscosity of yoghurts with
the addition of TG, without the addition of
amaranth flour, from time of rotation of the
rotor.

It can be seen from Figure 2 that the
increase in TG concentration shifts the
viscosity curves in the upper part of the graph.
The use of TG, therefore, allows to increase the
viscosity of the final product. The dependence
of the viscosity of the yoghurts on the
concentration of amaranth flour is presented in
Figure 3.
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Figure 3. The viscosity of yoghurts with the addition of TG (see legend 0, 0.5, 1, 2 U/qg)
depending on the concentration of amaranth flour.

As can be seen from Figure 3, the use of
amaranth flour reduces the viscosity of
yoghurt. The dependencies are described by
linear equations of the form y = kx + b, where
k is the angle of inclination of a straight line,
characterizes the rate of change of the
dependent variable. As can be seen from the

Viscosity, mPa*s

0 0.5

00 @1

graphs Figure 3, the rate of the yoghurt
viscosity  change depending on the
concentration of amaranth flour ranges from -
7 to -12 mPa*s/% at concentrations of
amaranth flour 0 — 3% w/v.

The dependence of the viscosity of the
yoghurts on the concentration of TG is
presented in Figure 4.
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R2=0.9991 .. . o
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Figure 4. The viscosity of yoghurts with the addition of amaranth flour (see legend 0, 1, 2, 3 %
wi/v) depending on the concentration of TG.

As can be seen from Figure 4, the use of
TG increases the viscosity of yoghurt. The
dependencies are described by linear equations
of the form y = kx + b. As can be seen from the
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graphs Figure 4, the rate of the yoghurt
viscosity change depending on the
concentration of TG is between 23 to 30
mPa*s/(U/g) in TG concentration range 0 — 2
U/g. Analyzing the data of Figure 3 and 4, it
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can be concluded that among the studied
samples use of TG gives a higher positive
effect on the viscosity of yoghurt due to the
protein binding effect. In comparison with
this, the negative influence of amaranth flour,
associated with the thinning effect of ballast
substances of flour, — mainly polysaccharides
— was less. In other words, the use of TG
allows to override the negative effect of

amaranth flour on the viscosity of the final
product and get the yoghurt of the required
Viscous parameters.

The effect of additives on the textural
properties of yoghurt

Prepared samples were analyzed in
accordance with p. 2.3. The data obtained are
presented in table. 2.

Table 2. The dependence of the strength of the yoghurts on the concentration of amaranth flour

and TG.
Amaranth flour TG concentration, U/g
concentr., % 0 0,5 1 2
0 5.30+0.22 5.15+0.21 5.08+0.24 5.31+0.20
1 4.76+0.18 5.39+0.20 4.97+0.15 5.03+0.18
2 3.82+0.41 4,99+0.21 5.29+0.13 5.76+0.25
3 5.03+0.19 4.83+0.21 5.40+0.22 5.50+0.25

As can be seen from table 2, the addition of
TG causes a more pronounced change in the
strength of the yoghurt when using amaranth
flour in concentrations of 2 % and 3 %. In the
control sample without amaranth flour and the
yoghurt sample with amaranth flour at a
concentration of 1%, this change is virtually
nonexistent. The obtained data demonstrate
the success of applying TG to increase the

1 14

strength of yoghurt with amaranth flour in
concentrations of 2 % and 3 %.

The effect of additives on the

microstructure of yoghurt

Preparation of samples of the yoghurt and
the analysis were carried out in accordance
with p. 2.4. The data obtained are presented in
Figure 5.

Figure 5. Photomicrographs of yoghurt samples with 40X magnification (see table 1 for yoghurt
samples 1 — 16 notation).
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Figure 6. Electrophoregrams of yoghurt samples (see table 1 for yoghurt sapleé 1-16
notation).

3.4. The results of electrophoresis of
yoghurt

Electrophoretic studies were carried out in
accordance with p. 2.5. The data are presented

in Figure 6.
In Figure 6 bands corresponding to casein
(20 - 26 kDa) present. The bands

corresponding to serum proteins (14 — 18
kDa), are not visible, which indicates the
denaturation resulting from thermal treatment
of milk prior to fermentation. The data peaks
replotted were represented in Figure 7.

Figure 7. Replotted band peaks percentage of SDS-PAGE analysis of yoghurt samples (see table 1
for yoghurt samples 1 — 16 notation)
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It can be seen lower bands intensity when
use TG compared to control (bands 3, 4
compared to 1, bands 6 —8 compared to 5,
bands 11, 12 compared to 9 and bands 14 — 16
compared to 13), which indicates binding
effect.

3.5. Sensory evaluation

Sensory  analysis was  conducted
accordingly to p. 2.6. Scores are presented in
table 3.

Table 3. Sensory characteristics of yoghurt samples.
Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Syneresis 85° | 95% | 952 | 952 | 84° | 952 | 94® | 9.3% | 8.2° | 94°* 9.32 9.32 8.0¢ | 9.3 9.3% | 9.2¢
Color 94% | 95% | 95% | 932 | 95% | 94° | 94° | 93% | 94°% | 95 | 94°% | 93* | 93% | 9.3% | 9.3* | 9.2¢
Firmness 85¢ | 95% | 9.6° | 952 | 84° | 952 | 95 | 94 | 83° | 94* 9.5 9.52 8.2¢ | 9.32 9.4% | 94¢
Flavor 9.0° | 96% | 952 | 94° | 9.0° | 957 | 94° | 94% | 89" | 94° | 943 | 942 | 88" | 93% | 93% | 9.2°
Distribution
of 942 | 94* | 932 | 922 | 932 | 932 | 927 | 9.2% | 9.2% | 9.2¢% 9.28 9.12 9.12 9.12 9.1# | 9.1¢
ingredients
Acidity 9.5% 9.6% 9.5% 9.5 9.4° 9.5% 9.4% 9.42 9.4% 9.4 9.4° 9.3% 9.3% 9.42 9.3% 9.2%
Sweetness 9.6 | 95% | 95% | 942 | 95* | 95°% | 94° | 94% | 94® | 94* | 93% | 93* | 937 | 9.3% | 92* | 9.2¢

a,b,c Means with different letter differ significantly(P < 0.05)

All samples were judged as acceptable. No
significant changes were found in “color”,
“acidity”, “distribution of ingredients”, or
“sweetness” for either type of yogurt. Control
sample and sample with amaranth and without
TG were got almost the same scores at all
characteristics. The scores for “syneresis”,
“firmness”, and “flavor intensity” showed
significant differences for control, samples
with amaranth, and samples with TG.
Yoghurts with TG were got the best scores at
these characteristics.

4. Conclusions

Amaranth flour and TG were added in sour
milk concomitantly with starter. The influence
of these additives on stirred yoghurt structure
was investigated. Rheological measurements
show viscosity depends on additives
concentration linearly on equation y = kx +
b,wherein k is the rate of viscosity change. k is
between -7...-12 range if use amaranth flour in
the investigated range of concentrations 0 — 3
% wi/v. The use of TG contributes to yoghurt
viscosity increasing: k = 23...30 in the
investigated range of TG concentrations 0 — 2
U/g. Thus, use of TG allows overlapping the
negative effect of amaranth polysaccharides on
yoghurt viscosity and can be recommended in
yoghurt with amaranth addition manufacture.
Texture measurements show more pronounced
effect of TG on yoghurt gel strengthening if
use amaranth flour in 2 % and 3 %
concentrations compared to control and 1 %. It
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also gives good opportunity to use TG in
combined yoghurt production. Results of
optical microscopy shows positive effect of
TG in 0.5 U/g and 1 U/g concentrations on the
yoghurt surface, it becomes smoother than
control. Exceeding of these optimal
concentrations leads to protein aggregates
formation that break structure homogeneity.
Results of electrophoresis clearly indicate TG
binding effect: caseins bands become less
bright. Whey protein bands are not observed
due to whey protein denaturation during milk
heat treatment. All yoghurt samples were
judged as organoleptically acceptable,
moreover samples with TG were got the best
values for “syneresis”, “firmness”, and “flavor
intensity”. The data obtained indicate the
possibility of applying amaranth flour and TG
for stirred yoghurt manufacture.
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ABSTRACT

The effect of natural clinoptilolite (CLINOPT) on ammonia (AMN) and
biogenic amines (BAs) production by different food borne-pathogens
(FBPs) was studied in arginine decarboxylase broth (ADB) using HPLC.
All tested bacteria were found to have an ability to produce ammonia and
BAs in ADB. It was demonstrated that ammonia and biogenic amine
production could be significantly influenced by adding CLINOPT
(P<0.05). Both concentrations of CLINOPT (1 and 5%) had a clear
inhibition effect only on putrescine (PUT) formation by both Gram
negative and positive FBPs. On the other hand, CLINOPT resulted in
strong increases in biogenic amines production by Enterococcus faecalis,
although remarkable decreases were observed for biogenic amines by
Salmonella paratyphi A in the presence of CLINOPT. Consequently, it can
be concluded that the effect of CLINOPT on AMN and BAs production
varied depending on not only FBPs, but also CLINOPT concentrations

used.

1. Introduction

Biogenic amines (BAs) are basic
nitrogenous compounds, of low molecular
weight, formed in food by the decarboxylation
of amino acids or by the amination and
transamination of aldehydes and ketones as a
result of microbial, vegetable and animal
metabolic  processes (Silla-Santos, 1996).
According to their chemical structure, they can
be classified in three categories which are
aromatic amines (e.g., histamine, tyramine, -
phenylalanine, and tryptamine), aliphatic
diamines (e.g., putrescine and cadaverine), and
aliphatic  polyamines  (e.g.,,  agmatine,
spermidine, and spermine) (Smith, 1980).
Biogenic amines occur naturally in small
concentrations in most living organisms, in
which they have strong physiological effects
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and play an important role in the stabilisation
of membranes, and likely also in the regulation
of nucleic acid function and protein synthesis
(Halasz et al., 1994). However, when excessive
amount of biogenic amines was ingested with
food, or when the natural mechanisms for their
catabolism are inhibited, they can have
toxicological effects on humans’ health, such as
blood pressure changes, headache, nausea,
respiratory disorder, cardiac palpitation and
even anaphylactic shock (Kalac and Krausova,
2005).

BAs accumulation in foods requires the
availability of free amino acids, the presence of
microorganisms  capable  of  producing
decarboxylases, and favourable environmental
conditions (such as slightly acid pH and


http://chimie-biologie.ubm.ro/carpathian_journal/index.html
mailto:*bensidvet@laposte.net

Bensid et al. Carpathian Journal of Food Science and Technology 2016, 8(2), 81-92

anaerobiosis) for bacterial growth and
decarboxylase activity (Bunkova et al., 2010).
Microbial strains with high proteolytic enzyme
activity potentially increase the risk of biogenic
amines formation in food and food products by
increasing the availability of free amino acids.
On the other hand, many bacterial genera are
involved in biogenic amine toxicity, such as
Bacillus, Citrobacter, Clostridium,
Escherichia,  Klebsiella,  Photobacterium,
Proteus, Pseudomonas, Shigella, and the some
lactic acid bacteria (Mohamed et al., 2009). It
was reported that Staphylococcus aureus strains
were histamine-producer bacteria in soy broth
supplemented with 1.0% L-histidine (Chang et
al., 2008). Escherichia coli and Listeria
monocytogenes were shown to have the highest
decarboxylase activity in tyrosine containing
medium, with consequent production of
tyramine (von Beutling, 1993), while Klebsiella
pneumoniae has been reported to be the most
prolific histamine producer (Emborg and
Dalgaard, 2006). Middlebrooks et al. (1988)
stated that Aeromonas hydrophila isolated from
refrigerated mackerel has the ability to produce
histamine, and  Enterococcus  faecalis
accumulates  tyramine  (Bover-Cid  and
Holzapfel, 1999). Agmatine can be produced
by a broad range of microorganisms, including
Enterococcus faecalis and Pseudomonas
aeruginosa (Sakakibara and Yangisava, 2003;
Griswold et al., 2006). Kuley and Ozogul
(2011) reported that S. paratyphi A had an
ability to produce significant amounts of BAs
in vitro conditions.

Various methods for reducing BAs
accumulation in foodstuffs including storage in
low temperature, appropriate packaging and the
incorporation of synthetic or naturally
occurring preservatives (Kuley et al., 2005;
Ozogul et al., 2011; Kim et al., 2011) have
been wused. Among the bio-preservatives
studies,  clinoptilolite  (CLINOPT)  has
increasingly gained the interest of researchers
and food processors. Clinoptilolite is defined as
a crystalline, hydrated alumino-silicate of alkali
and alkaline earth cations having an infinite
three-dimensional structure. Both its physical
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and chemical properties to act as ion
exchangers, catalysts and adsorbents have led
to a wide range of industrial and agricultural
applications  (Mumpton, 1999).  Natural
CLINOPT has been previously used as
effective adsorbent of ammonia and biogenic
amine accumulation, particularly histamine and
tyramine from the sardine fillets (Kuley et al.,
2012). CLINOPT has capacity to adsorb
mycotoxins and also excess moisture, ammonia
and radionuclides (Djordjevic et al., 2003).
Significant research efforts are being conducted
regarding the use of CLINOPT for
antimicrobial packaging of food products. In
fact, CLINOPT is used as active antimicrobial
agents when incorporated into the food contact
material, which then exerts its action on the
surface of the food to inhibit the growth of
Gram-negative and Gram-positive bacteria,
molds, and yeasts (Pehlivan et al., 2005). There
is no information about the relationship
between  clinoptilolite  and  food-borne
pathogenic bacteria in terms of formation of
ammonia and BAs in arginine decarboxylase
broth (ADB). Therefore, the purpose of the
present study was to investigate the effect of
natural clinoptilolite at different doses on
ammonia and BAs production by common

food-borne pathogens in arginine
decarboxylase broth (ADB).
2. Materials and methods
2.1. Bacterial strains

Staphylococcus aureus (ATCC29213),
Escherichia coli (ATCC25922), Klebsiella
pneumoniae (ATCC700603), Enterococcus
faecalis (ATCC29212), Pseudomonas
aeruginosa (ATCC27853), Listeria

monocytogenes (ATCC7677) were acquired
from The American Type Culture Collection
(Rockville, Md., U.S.A).  Aeromonas
hydrophila (NCIMB1135) and Salmonella
paratyphi A (NCTC13) were obtained from
National Collections of Industrial Food and
Marine Bacteria (Aberdeen, UK) and National
Collection of Type Cultures (London, UK),
respectively.
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2.2. Culture media and bacterial extraction

The production of biogenic amines by all
strains used in this work was monitored using
arginine decarboxylase broth (ADB). The ADB
contained, in g/L of distilled water : 2 g
peptone, 1 g Lab-Lemco powder (Oxoid
CMO0017, Hampshire, England), 5 g NaCl
(Merck 1.06404. 1000, Darmstadt, Germany),
8.02 g L-arginine (Sigma, Steinheim,
Germany) and 5 mg pyridoxal HCI (Sigma
P9130, Steinheim, Germany). The pH was
adjusted according to their optimum growth pH
with 1 M KOH (Riedel-de Haen 06005, Seelze,
Germany) or 6% trichloroacetic acid (Riedel-de
Haen 27242, Seelze, Germany). Clinoptilolite
was added to the ADB with the concentration
of 1 and 5% (w/v). After that arginine
decarboxylase broth (prepared with/without
clinoptilolite) was pipetted in 10 mL bottles
and then autoclaved at 121°C in 15 min prior to
use.

Nutrient broth (Merck 1.05443.0500,
Darmstadt, Germany) was used for propagation
of FBP cultures. Total of 100 uL of each food-
borne pathogen culture was inoculated into 10
mL of Nutrient broth. Pathogen bacterial strains
were incubated at 30°C for 2 or 3 days, which
after 0.5 mL of these bacterial cultures was
removed and put into the ADB to allow these
bacteria to produce biogenic amines.

For extraction of the bacterial strains, 5 mL
of the ADB containing pathogen bacterial
strains was removed to separate bottles and
then 2 mL sulphosalicylic acid (6%) was
added. The samples were centrifuged at 3000 g
for 10 min and then filtered through a filter
paper (125 mm, Schleicher & Schuell, Dassel,
Germany). After that, 4 mL of bacterial
supernatant from each bacterial strain was
taken for derivatisation in order to analyse in
high-performance  liquid  chromatography
(HPLC). Each experiment was carried out in
quadruplicate.

2.3. Chemical reagents

L-arginine and all BA standards were
purchased from Sigma-Aldrich  (Munich,
Germany). The mobile phase consisted of
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acetonitrile and HPLC grade water for amine
analyses.

The used BA standards were: histamine
dihydrochloride,  tyramine  hydrochloride,
typtamine hydrochloride, putrescine
dihydrochloride, 2-phenylethylamine
hydrochloride, cadaverine dihydrochloride,
spermidine trihydrochloride, spermine
tetrahydrochloride, 5-hydroxytryptamine
(serotonin), 3-hydroxytyramine hydrochloride
(dopamine), agmatine sulphate, trimethylamine
hydrochloride and ammonium chloride. The
final concentration of free base for each amine
was 10 mg/mL solution. A series of dilutions
(0, 0.005, 0.05, 0.5 and 5 mg/mL) were
prepared from the standard stock solution and
used to obtain the standard curve.

2.4. Derivatisation of bacterial extraction

A stock solution was prepared by dissolving
2% benzoyl chloride in acetonitrile to enhance
the reaction with amines. For derivatisation of
standard amine and ammonia solutions, 100 pL
was taken (4 mL for extracted bacterial
cultures) from each free base standard solution
(10 mg/mL). Sodium hydroxide (1 mL of 2 M)
was added, followed by 1 mL of 2% benzoyl
chloride (dissolved in acetonitrile) and the
solution mixed on a vortex mixer for 1 min.
The reaction mixture was left at room
temperature for 5 min and then centrifuged for
10 min. After that, the benzoylation was
stopped by adding 2 mL of saturated sodium
chloride solution and the solution extracted
twice with 2 mL of diethyl ether. The upper
organic layer was transferred into a clean tube
after mixing. Afterwards, the organic layer was
evaporated to dryness in a stream of nitrogen.
The residue was dissolved in 1 mL of
acetonitrile and 10 pL aliquots were injected
into the HPLC.

2.5. Analytical method

Biogenic amines analysis was done using the
method of Ozogul (2004) and measured in
milligram amines per litre broth. The
confirmation of biogenic amines production
was accomplished using a rapid HPLC method
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with a reversed phase column by using a
gradient elution program. The same analytic
method was wused for ammonia and
trimethylamine separation.

2.6. HPL.C apparatus and column

The apparatus for HPLC was a Shimadzu
(Shimadzu, Kyoto, Japan) equipped with a
SPD-M20A diode array detector and two
binary gradient pumps (Shimadzu LC-10AT),
auto sampler (SIL 20AC), column oven (CTO-
20AC), and a communication bus module
(CBM-20A) with valve unit FCV-11AL. For
the biogenic amine analyses, the column was
Columbus C18, 150 x 4.6 mm (Phenomenex,
Macclesfield, Cheshire, UK).

2.7. Statistical analysis
All statistical analyses were performed using
the Statistical software, SPSS Version 15.0 for

600
500
400

300 H

Concentrations (mg/L)

200 +

100

(6 N

windows (SPSS Inc., Chicago, IL, USA).
Contents of biogenic amines in different
samples were expressed as mean values
accompanied by the standard deviation of
means (mean of at least four determinations for
each sample). The Duncan’s test was used for
mean comparison when a significant variation
was found by the ANOVA test. The
significance of results was at P<0.05.

3. Results and discussions

3.1. The effect of clinoptilolite on biogenic
amines production by Gram negative FBPs

The effect of clinoptilolite (CLINOPT) on
ammonia (AMN) and biogenic amines
production by Gram negative FBPs in ADB is
shown in Table 1 and Figure 1.

Bl rutrescine
1 Agmatine

Figure 1. Putrescine and agmatine production by food-borne pathogens in the presence or absence of
clinoptilolite (CLINOPT) at different doses in arginine decarboxylase broth

AMN production by Gram negative FBPs was
very high (>1250.46 mg/L), indicating arginine
degradation into AMN through arginine. L-
arginine was present in the broth at
concentration high (8020 mg/L) enough to
produce that level of AMN. Significant
reduction (P<0.05) on AMN production by K.
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pneumoniae, P. aeruginosa and S. paratyphi A
was observed in the presence of CLINOPT.
Others authors have already reported that
CLINOPT had capacity to adsorb mycotoxins
and also excess moisture, ammonia and
radionuclide (Djordjevi¢ et al., 2003). We also
observed that the removal efficiency of
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ammonia by both CLINOPT concentration (1
and 5%) increases with increasing amount of
CLINOPT. This effect can be attributed to an
increased surface area and number of
adsorption sites of CLINOPT (Nemr et al.,
2009). However, in this study, the presence of
CLINOPT in the ADB resulted in significantly

higher AMN production by A. hydrophila and
E. coli. This might be due to the accumulation
of higher ammonia in ADB by these bacteria in
the presence of CLINOPT, and the decrease of
ammonium adsorption by the CLINOPT, which
reached the saturation point (Wu et al., 2008).

Table 1. Ammonia and biogenic amines production by gram negative foodborne pathogens treated
with clinoptilolite at different doses in ADB.

. . Clinoptilolite AMN | PUT | cab | SPD | TRPT | PHEN ] SPN
Microorganism gL [mg LT
Aeromonas 0 125046 £24.43 | 499 16£19.51% | 4.55£0.09° | 27.100.15% | 0.00£0.00° | 23.81£0.91% | 0.00£0.00°
hydrophila 10 1523.46+106.98° | 105.33+0.47° | 47.74+0.33% | 2.70+0.01° 3.96+0.22% 6.78+0.36° 0.00+0.00°
50 1671.89+25.11° 34.10+0.56° 0.36+0.01¢ 0.00+0.00° 0.00+0.00° | 11.87+0.59° | 1.28+0.12%
Klebsiella 0 1454.16+30.81° | 237.80+1.61° 1.64£0.01° | 17.88+0.20° [ 0.00£0.00° | 24.78+0.66* | 0.00+0.00°
pneumoniae 10 1089.63+22.67° 73.57+3.49° 42.90+1.02% | 45.77£0.30° | 0.00+0.00° | 13.12+0.10° | 0.00+0.00°
50 713.17+0.24° 17.33£0.24° 0.66£0.01° 0.00£0.00° 1.55+0.07% | 11.24+0.09° | 67.96+2.77%
Escherichia 0 1293.41+65.45° 169.13£2.99° | 13.15+0.48* | 6.36+0.55° 0.00+0.00° | 22.58+0.73° | 0.00+0.00°
coli 10 1928.76+15.27° 56.78+0.49° 4.75+021° | 39.32+£0.22% | 0.00+0.00° 18.82+1.07° | 17.24+0.08°
50 2454.04+30.332 51.18+2.09° 1.27+0.04° 1.29+0.06° 6.58+0.27% | 25.30+0.38% | 40.45+4.39*
Pseudomonas 0 1861.23+53.50° 131.85+0.21° 0.67+0.06 8.55+0.78° 0.000.00° 7.44+0.31° 1.69+0.02°
asruginosa 10 1488.35+34.95° 97.45+1.67° 0.57+0.05 | 24.09+0.01* | 11.72+0.11* | 10.31£0.20° | 13.59+0.13°
50 506.57+42.31° 2.18+0.05° 0.00+0.00° 0.00+0.00° 0.00+0.00° 3.04+0.18° 0.00+0.00°
Salmonella 0 2074,84i57.082 23.47i0‘182 0.9310.012 2.6310.042 0.00:0.00 9.51+0.23? 43.3010.05ba
paratyphi A 10 1028.57+14.09 13.67+0.03 0.35+0.00 0.00::0.00 0.00+0.00 2.95+0.02° 0.81+0.01
50 937.8248.53P 7.03£0.04° 0.00:£0.00¢ 0.00:£0.00P 0.000.00 4.10+0.03b 0.00:0.00¢

AMN: ammonia; PUT: putrescine; CAD: cadaverine; SPD: spermidine; TRPT: tryptamine; PHEN: 2-Phenyl-ethylamine; SPN: spermine.
Values are expressed as mean + standard deviation, n = 4. a—c: indicate significant differences (P<0.05) in a row among groups. ADB:

Arginine Decarboxylase Broth.

Table 1. Ammonia and biogenic amines production by gram negative foodborne pathogens treated
with clinoptilolite at different doses in ADB (Continued).

Microorganism Clinoptilolite HIS | SER | TYR | TMA | DOP | AGM
[gL] [mgL™]
ACTOMONaS 0 1.40+0.09° | 120.79+£10.69% | 17.00+0.142 3.86+0.022 43531424.482 | 377.25+25.76°
hydrophila 10 4.10+0.392 1.10+0.04P 0.91+0.01°¢ 0.37+0.03b 38.32+0.06° 135.68+0.50P
50 3.74+0.022 0.93+0.01P 4.66+0.145 0.41+0.00° 40.23+0.03P 18.88+0.05¢
Klebsiella 0 0.76+0.03P 4.40+0.38P 12.4240.412 1.11£0.06? 53.53+0.37° 15.72+0.182
pneumoniae 10 1.35+0.122 18.71+0.452 1.45+0.05¢ 0.16+0.01° 106.64+0.552 13.00+1.07°
50 1.59+0.052 1.36+0.03¢ 3.63+0.20P 0.11£0.01b 42.59+2 95¢ 15.63+0.152
Escherichia 0 4.40+0.26° 53.68+0.942 10.8140.14¢ | 30.29+0.32¢ 90.11+1.46° 15.83+0.142
coli 10 5.74+0.212 24.63+0.81¢ 17.34+0.43Y | 158.61+0.36P | 164.17+1.50P 11.64+0.50°
50 4.18+0.06° 43.48+0.67P 29.15+0.432 | 178.34+0.27° | 360.99+9.722 14.79+0.362
Pseudomonas 0 1.760.102 32.75+0.07° 1.49+0.01P 1.08+0.06P 62.69+1.35P 7.06:£0.542
aeruginosa 10 1.5940.10® | 111.13+1.352 8.30+0.102 1.99+0.102 120.74+0.212 6.35+0.342
50 0.00+0.00P 0.15+0.00¢ 1.14+0.05¢ 0.14+0.00° 10.03+0.34¢ 2.46+0.08P
Salmonella 0 1.65+0.022 31.72+1.162 5.62+0.352 2.38+0.522 60.62+0.312 9.61+0.182
paratyphi A 10 0.29+0.41P 1.2540.08P 2.03+0.16P 0.37+0.02° 9.46+(0.81) ¢ 4.87+0.16°
50 0.34+0.00P 1.83+0.05P 1.54+0.13P 0.13+0.01° 36.42+1.13b 0.47+0.03¢

HIS: histamine; SER: serotonin; TYR: tyramine; TMA: trimethylamine; DOP: dopamine; AGM: agmatine.
Values are expressed as mean + standard deviation, n = 4. a—c: indicate significant differences (P<0.05) in a row among groups. ADB:

Arginine Decarboxylase Broth.

The main amines formed by Gram negative
FBPs were putrescine (PUT), followed by
dopamine (DOP). The used Gram negative
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FBPs were seemed to convert agmatine (AGM)
into PUT. It has been reported that PUT can be
formed from L-arginine by arginine
decarboxylase (ADC) via AGM, which is
converted directly to PUT by the enzyme
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agmatinase, while AGM is first hydrolysed by
AGM deiminase into N-carbamoylputrescine
and AMN, and PUT is formed by removal of
the ureido group from N carbamoylputrescine
by the enzyme N-carbamoylputrescine
amidohydrolase (Wunderlichova et al., 2012).
The addition of CLINOPT significantly
inhibited PUT production by Gram negative
bacteria (P<0.05) (Fig. 1). Treated group with
5% CLINOPT was more effective to suppress
PUT formation than treated group with 1%
CLINOPT. The CLINOPT concentration was
found to have a significant effect on the
formation of PUT.

In the present study, E. coli produced
considerably higher cadaverine (CAD) (13.15
mg/L) than the other tested bacteria. Similar
findings are reported also by other researchers
(Durlu-Ozkaya et al., 2001), who also found
that E. coli EC03 isolated from meat products
was the most important CAD producer with a
production level of 454.8 mg/L in brain-heart
infusion medium. The effectiveness of dose
used was strain-dependent. The addition of
CLINOPT had an inhibitor effect on CAD
production by E. coli, P. aeruginosa and S.
paratyphi A. However, the use of CLINOPT at
dose of 1% resulted in significant increases in
CAD accumulation by A. hydrophila and K.
pneumoniae, while CLINOPT at dose of 5%
suppressed CAD production by Gram negative
bacteria. Spermidine (SPD) production ranged
from 2.63 mg/L for S. paratyphi A to 27.10
mg/L for A. hydrophila. The effect of
CLINOPT on SPD production was dependent
on bacterial strains. The use of CLINOPT
significantly suppressed SPD accumulation by
A. hydrophila and S. paratyphi A, although
CLINOPT addition stimulated SPD production
by K. pneumoniae, E. coli and P. aeruginosa.

Tryptamine (TRPT) was not produced in
the absence of CLINOPT by Gram negative
bacteria. The use of CLINOPT significantly
stimulated TRPT production by A. hydrophila,
K. pneumoniae, E. coli and P. aeruginosa
whilst S. paratyphi A had no ability to produce
TRPT in ADB. Production of 2-Phenyl-
ethylamine (PHEN) by E. coli was low (22.58
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mg/L). Durlu-Ozkaya et al. (2001) reported
production of small amounts of PHEN from E.
coli (<30 mg/L). CLINOPT decreased PHEN
accumulation by Gram negative FBPs, except
for E. coli and P. aeruginosa. Spermine (SPN)
was produced only by S. paratyphi A and P.
aeruginosa, while A. hydrophila, K.
pneumoniae and E. coli had not an ability to
produce SPN. However, Ozogul and Ozogul
(2007) found that K. pneumoniae (673)
accumulated more than 32 mg/L SPN in ADB,
formed from PUT and SPD. The CLINOPT
application increased SPN production by Gram
negative FBPs except for S. paratyphi A.

Histamine (HIS) production by K.
pneumoniae was 0.76 mg/L, which is lower
than that produced by the other tested Gram-
negative bacteria. Low production of HIS by K.
pneumoniae may be attributed to HIS
degradation by diamine oxidase (DAO)
(Dapkevicius, 2000), which has been detected
in several types of bacteria including Klebsiella
spp. (lenistea, 1971). CLINOPT had no effect
on HIS production by E. coli, whereas
significant reduction on HIS production by P.
aeruginosa and S. paratyphi A was observed in
the presence of CLINOPT, but the CLINOPT
application increased HIS production by A.
hydrophila and K. pneumoniae. Serotonin
(SER) production was the highest for A.
hydrophila (120.79 mg/L). Among the Gram
negative FBPs, K. pneumoniae  was
characterized as the lowest SER producer,
followed by S. paratyphi A and P. aeruginosa.
Both of CLINOPT doses used reduced SER
accumulation by A. hydrophila, E. coli and S.
paratyphi A, whereas significant increases
were observed for SER production by K.
pneumoniae and P. aeruginosa at dose of 1%
CLINOPT, but CLINOPT at dose of 5%
suppressed SER production by Gram negative
FBPs.

Tyramine (TYR) was generally formed at
low levels (1.49-17 mg/L). P. aeruginosa
synthesized lower amounts of TYR (<2 mg/L)
than the other tested bacteria. However, it was
found that Pseudomonas spp. is usually TYR
producer bacteria (Geornaras et al., 1995; Silla-
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Santos, 1996). The wuse of CLINOPT
significantly suppressed TYR accumulation by
A. hydrophila, K. pneumoniae and S. paratyphi
A, although CLINOPT addition stimulated
TYR production by E. coli and P. aeruginosa.
There were significant  differences in
trimethylamine (TMA) content among the
control and the treated groups (P<0.05). The
addition of CLINOPT in the ADB reduced
TMA accumulation by A. hydrophila, K.
pneumoniae and S. paratyphi A. However, the
presence of CLINOPT in the ADB resulted in
significantly higher TMA production by E.
coli, but CLINOPT at dose of 5% suppressed
TMA accumulation by P. aeruginosa.
Dopamine (DOP) production by A.
hydrophila was 435.31 mg/L, whereas the other
Gram negative bacteria produced lower than 91
mg/L. The addition of CLINOPT had an
inhibitor effect on DOP production by A.
hydrophila and S. paratyphi A, whilst
significant increases on DOP production by K.
pneumoniae, E. coli and P. aeruginosa was
found in the presence of 1% or 5% CLINOPT
in the medium, but CLINOPT at dose of 5%
suppressed DOP production by P. aeruginosa.
AGM is produced directly from arginine by the
reaction of arginine decarboxylase that had
been secreted from lactic acid bacteria and
nitric acid-reducing bacteria (Umezu et al.,
1977; Inaba et al., 2004). In this work, there
were significant differences between A.
hydrophila and the other Gram negative
bacteria in term of AGM production (Fig. 1). A.
hydrophila produced considerably higher AGM
(377.25 mg/L) than the other tested bacteria. E.
coli produced low amount of AGM (15.83
mg/L). Low in vitro production of AGM (7.20
+ 0.81 mg/L) by E. coli was also reported by
Bunkova et al. (2009). CLINOPT had no effect
on AGM production by K. pneumoniae and E.
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coli, whereas significant reduction on AGM
production by A. hydrophila, P. aeruginosa and
S. paratyphi A was observed in the presence of
CLINOPT.

3.2. The effect of clinoptilolite on biogenic
amines production by Gram positive FBPs

The influence of CLINOPT on AMN and
biogenic amines production by Gram positive
FBPs in ADB was given in Table 2. In this
study, stronger AMN accumulation in ADB
was observed for L. monocytogenes (1532.26
mg/L), E. faecalis (1122.27 mg/L) and S.
aureus (896.86 mg/L). The respective AMN
production by L. monocytogenes, E. faecalis
and S. aureus were found as 1552.22, 2321.43
and 2620.19 mg/L in ADB (Ozogul, 2011),
whilst Gokdogan et al. (2012) found lower
AMN production in histidine decarboxylase
broth (52.29, 125.49, 78.89 vs. mg/L).
CLINOPT inhibited significantly (P<0.05)
AMN accumulation by S. aureus, although the
use of CLINOPT at dose of 1% resulted in
higher AMN production by L. monocytogenes
and E. faecalis.

All strains produced various amounts of
PUT (Fig. 1). Highest amount of PUT was
accumulated by E. faecalis (193.79 mg/L),
while the lowest amount of that was produced
by S. aureus (18.12 mg/L). Similar findings are
reported also by other researchers (Ladero et
al., 2012; Llacer et al., 2007), who found that
E. faecalis has been identified as PUT
producer. They also found that E. faecalis,
independent of their origin, produced PUT
from AGM indicating that PUT production is a
general, species-level characteristic of E.
faecalis. The use of CLINOPT resulted in a
lower PUT accumulation by Gram positive
FBPs. CAD production by Gram positive
bacteria was below 5 mg/L (Table 2).
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Table 2. Ammonia and biogenic amines production by gram positive foodborne pathogens treated with

clinoptilolite at different doses in ADB.

. . Clinoptilolite AMN | PuT | cAD | spD | TRPT | PHEN | SPN

Microorganism 1 =
[gL™] mg L™

Enterococeus 0 1122.27+19.77° | 193.79+12.67* | 4.43+0.09* | 9.41+0.01° | 0.00+0.00° | 7.03+0.61° | 0.58+0.04°

faecalis 10 1706.37+2.49 57.25+0.06° | 3.37+0.18" | 28.29+0.03% | 7.30+0.30° | 10.45+0.13% | 18.94+1.33%

50 1409.37+30.13" | 58.14+1.38° 2.88+0.16° | 2.90+0.29° | 0.32+0.02" | 11.57+0.42% | 6.41+0.13"

L 0 1532.26£7.90° | 124.40£0.29° | 2.61x0.16° | 12.61+0.16* | 3.22+0.11* | 10.89+0.21° | 86.04+4.30?

Listeria 10 1666.34+£55.028 | 33.760.16° 0.41£0.02° | 6.86+0.37° | 0.00£0.00° | 6.90+0.22°¢ | 2.78+0.12°

monocytogenes - -

50 783.18+38.18¢ 16.05£1.32¢ | 22.61£0.05* | 1.89+0.01° | 0.17+0.01° | 13.86+0.08% | 2.01+0.01

0 896.86+14.06% 18.12+£0.14* | 2.51x0.03* | 9.04+0.00° | 0.00+0.00 | 2.68+0.10° | 0.00+0.00

Staphylococcus 5 S 5 S " "

AUreUS 10 568.46+1.90 4.41+0.03 2.31+0.02 1.3240.03° | 0.00+0.00 | 3.61+0.07 0.52+0.02

50 511.74+1.26° 9.39+0.20° 0.85+0.01° | 4.80+0.28" | 0.00£0.00 | 1.83+0.14° | 0.59+0.832

AMN: ammonia; PUT: putrescine; CAD: cadaverine; SPD: spermidine; TRPT: tryptamine; PHEN: 2-Phenyl-ethylamine; SPN: spermine.
Values are expressed as mean + standard deviation, n = 4. a—c: indicate significant differences (P<0.05) in a row among groups. ADB:
Arginine Decarboxylase Broth.

Table 2. Ammonia and biogenic amines production by gram positive foodborne pathogens treated with
clinoptilolite at different doses in ADB (Continued).

. . Clinoptilolite HIS | SER | TYR | TMA | DOP |  AGM
Microorganism [g L] [mg L 1]
Enterococeus 0 0.44+0.02° 13.94+0.09° 7.30+0.34° 0.15+0.01° 16.93£0.21° | 21.77£1.65"
faecalis 10 12.32+0.18% | 85.65£3.40° | 15.62+0.17% | 536.06£7.91° | 382.33+10.44% | 30.32:0.70°
50 1.70£1.46" | 45.58+2.38° | 10.76£0.30° | 28.93+0.06" 55.68+1.55" | 21.14+0.03P
Listeria 0 1.49+0.12° | 114.69+4.44% | 12.22+0.20° | 160.39£0.412 | 232.74+£0.812 | 3.54+0.33"
monocytogenes 10 15.06£0.092 | 2.43+0.11° 13.84+0.592 | 0.36+0.02° 124.46+0.15P 1.77+0.14°
50 3.80+0.29° 2.29+0.04° 6.27+0.13° 0.54+0.01° 8.34+0.08° 6.49+0.382
Staphylococus 0 0.00+0.00° 5.09+0.012 2.77+0.13P 4.87+0.252 85.71+5.832 14.58+0.37P
ALTeUs 10 0.57+0.032 1.34£0.05P 3.27+0.08? 0.08+0.02° 8.09+0.02° 22.54+1.922
50 0.00+0.00° 0.95+0.07° 1.93+0.02° 2.06£0.07° 17.96:0.64 10.68+0.32¢

HIS: histamine; SER: serotonin; TYR: tyramine; TMA: trimethylamine; DOP: dopamine; AGM: agmatine.
Values are expressed as mean + standard deviation, n = 4. a—c: indicate significant differences (P<0.05) in a row among groups. ADB:

Arginine Decarboxylase Broth.

The effect of CLINOPT on CAD production
was also strain-dependent. CLINOPT had
generally significant effect on reducing CAD
accumulation by E. faecalis and S. aureus,
although application of CLINOPT at dose of
5% resulted in higher CAD accumulation by L.
monocytogenes.

The production of SPD by Gram negative
FBPs was above the 9 mg/L. L. monocytogenes
produced medium amounts of SPD (12.61
mg/L). However, Geornaras et al. (1995) found
that Listeria strains had not an ability to
produce BAs. The use of 1% CLINOPT caused
significant reduction on SPD formation by L.
monocytogenes and S. aureus, Wwhereas
significant increases in this amine were
observed with 1% CLINOPT by E. faecalis.
TRPT production by L. monocytogenes was
suppressed by use of CLINOPT, but S. aureus
did not form TRPT. The presence of 1%
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CLINOPT in broth resulted seven-fold higher
TRPT production by E. faecalis, whereas E.
faecalis did not have the ability to produce
TRPT in the absence of CLINOPT in ADB.
There was a stimulation of SPN for E. faecalis
by the use of 1% or 5% CLINOPT while
CLINOPT suppressed SPN accumulation by L.
monocytogenes.

HIS production by Gram-positive FBPs was
below 2 mg/L whilst S. aureus had no ability to
produce HIS in ADB. Chang et al. (2008)
reported that S. aureus isolated from swordfish
fillets implicated in a food poisoning was weak
histamine-former and produced only between
12.7 ppm and 33.0 ppm of histamine in
trypticase soy broth supplemented with 1.0%
L-histidine, while, Komprda et al. (2010)
identified E. faecalis as the most prolific HIS
producer within Enterococcus isolates from dry
fermented sausages, which was not in
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agreement with our own experimental results.

PHE may result from phenylalanine
decarboxylation by various species of
Enterococci, Cocci Gram positive and

Lactobacillus (Ansonera et al., 2002; Bover-
Cid et al., 2001). In this study, we observed that
a higher PHEN production was related to a
higher increase in TYR. These results are in
agreement with a study reporting that PHEN
generally occurs when a high amount of TYR
is present because microorganisms also have
moderate capacity to decarboxylate
phenylalanine (Joosten, 1987). The use of
CLINOPT also showed stimulation effect on
PHEN and HIS production by Gram positive
bacteria. Similar results were reported by
Gokdogan et al. (2012), who found that PHEN
and HIS production was stimulated for Gram
positive FBPs by the use of 1% or 5%
CLINOPT concentrations.

CLINOPT showed a stronger inhibitor
effect on SER formation by L. monocytogenes,
although CLINOPT addition stimulated SER
production by E. faecalis. TYR production by
Gram positive FBPs was ranged from 2 to 13
mg/L. TYR formation by E. faecalis was above
the 7 mg/L. Ozogul (2011) found little amount
of TYR production (2.52 mg/L) by Gram
positive bacteria in histidine decarboxylase
broth. However, Pircher et al. (2007) reported
that E. faecalis formed  significant
concentrations of TYR (100 to 1000 mg/L) in
dry fermented sausages. Engesser et al. (1990)
also reported that TYR was produced in highest
concentration by E. faecalis under experimental
conditions. The highest TMA production was
obtained by L. monocytogenes (160.39 mg/L),
followed by S. aureus (4.87 mg/L) and lowest
with E. faecalis (0.15 mg/L). By the presence
of CLINOPT in ADB, significant reduction in
TMA accumulation was observed by L.
monocytogenes and S. aureus, though the use
of CLINOPT increased TMA formation by E.
faecalis.

The highest DOP accumulation was found
for L. monocytogenes (232.74 mg/L), which is
not in agreement with result of Ozogul (2011)
reporting that the E. faecalis produced
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significantly  higher DOP  than L.
monocytogenes and S. aureus. Significant
reductions by CLINOPT application were also
observed for DOP by L. monocytogenes and S.
aureus. However, the presence of 1%
CLINOPT in the ADB resulted in significantly
higher DOP production by E. faecalis. Gram
positive FBPs showed a low AGM production
in ADB (Fig. 1). Ozogul and Ozogul (2007)
found that the highest AGM production by K.
pneumoniae and E. faecalis were in lysine
decarboxylase  broth and in  tyrosine
decarboxylase  broth, respectively. They
demonstrated that bacteria could vary in their
relative importance as biogenic amine
producers in different decarboxylase broths.
Others authors reported that the availability of
precursors is not a fundamental problem in BAs
accumulation, and the presence of specific
amino acids may not be indicative of specific
peptidase activities but represents the results of
an equilibrium between amino acid liberation
and metabolization (Lanciotti et al., 2007).
AGM production was stimulated for E. faecalis
and S. aureus by the use of 1% CLINOPT, and
for L. monocytogenes use of 5% CLINOPT
dose.

4. Conclusions

All tested bacteria had an ability to produce
ammonia and biogenic amines in ADB. The
study results showed that CLINOPT had a clear
inhibition effect only on PUT accumulation in
ADB by both Gram negative and positive
FBPs. On the other hand, the results
demonstrate significant variations on biogenic
amine production in the presence of CLINOPT.
These results confirm that the effect of
CLINOPT on AMN and biogenic amines was
strain dependent and differed for specific
amine. More in-depth research is needed to
determine how CLINOPT affects
decarboxylase activity in food products and
how this can ultimately affect the formation of
biogenic amines both quantitatively and
qualitatively.
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ABSTRACT

Effect of post-mortem storage time of shrimp (Macrobrachium lanchesteri)
on quality of shrimp and the resulting Kapi, salted shrimp paste, was
investigated. Shrimp underwent deterioration when stored at room
temperature (28-30°C) up to 18 h as indicated by the increases in pH, total
volatile base (TVB), trimethylamine (TMA) contents, thiobarbituric acid
reactive substances (TBARS) and total viable count (TVC). Protein
degradation was more pronounced as evidenced by the decrease in band
intensity of myosin heavy chain with coincidental increase in TCA soluble
peptides. Post-mortem storage time of shrimp prior to salting had impact on
the quality of resulting Kapi. With increasing storage time, Kapi became
browner with higher antioxidative activity. Also, volatile compounds
including aldehydes, ketones, alcohols and pyrazines increased continuously.
The highest and lowest overall likeness scores were obtained for Kapi
prepared from shrimp stored for 6 and 18 h, respectively. Therefore, post-
mortem storage time of shrimp used as raw material had the marked influence
on quality of resulting Kapi.

1. Introduction

Kapi, a Thai traditional fermented shrimp
paste, is widely consumed as a condiment. In
general, small shrimp or krill have been used as
the main raw materials to produce Kapi.
Shrimp or krill tissues undergo enzymatic
breakdown during the fermentation and
bacterial action assists in proteolysis and
flavour development (Hajeb and Jinap, 2015).
Peptides in salted shrimp paste possessed
bioactive activities, especially antioxidant
activities (Peralta et al., 2008; Faithong and
Benjakul, 2012; Pongsetkul et al.,, 2014,
Pongsetkul et al., 2015)

Kapi is made by mixing shrimp or krill
with salt at a ratio of 3-5:1, followed by sun-
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drying. Sun-dried salted shrimp ithoroughly
ground before being compacted in a container,
usually earthen jar and allowed to ferment for
at least 1 month or longer until the typical
aroma is developed (Pongsetkul et al., 2014).
Salting and drying processes increase the shelf-
life and flavour intensity of the product.
Putrefactive microorganisms are inhibited by
salt at concentrations above 6 to 8%
(Phithakpol, 1993). The delay in salting might
contribute to the differences in quality of
resulting Kapi.

However, the planktonous shrimp or krill
(Mesopodopsis  orientalis), which is the
traditional raw material for Kapi production,
have dropped by 3% per year since 1990
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(Meland and Willassen, 2007). Therefore, the
alternative raw material for Kapi production
has  been  searched. =~ Small  shrimp
(Macrobrachium lanchesteri) is generally by-
products from commercial fishing and it
usually founds in southern part of Thailand
throughout the year. This species seem to be a
potential alternative source for making Kapi
because of its availability and low price.
Generally, species of shrimp, the quantity of
salt used, and the treatment of raw materials
prior to fermentation, can be varied, leading to
the different characteristics, especially flavour
and taste (Phithakpol, 1993).

Nevertheless, no information regarding the
characteristics and quality of Kapi from shrimp
(M. lanchesteri) as influenced by post-mortem
storage before salting has been reported. Thus,
the aim of this study was to investigate the
effect of different post-mortem storage time of
shrimp (M. lanchesteri) prior to salting on the
characteristics and some

2. Materials and methods

2.1. Sample collection

Live shrimp (M. lanchesteri) were
purchased from a village in The-Pha, Songkhla,
Thailand. Shrimp were transported in ice with a
shrimp/ice ratio of 1: 2 (w/w) in a polystyrene
container to the Department of Food
Technology, Prince of Songkla University, Hat
Yai, Thailand, within approximately 2 h.
Whole shrimp had 80.04% moisture, 16.31%
protein, 0.58% lipid, 2.26% ash and 0.81%
carbohydrate as determined by AOAC method
(AOAC, 2000).

2.2. Quality changes of shrimp during post-
mortem storage

Upon arrival, shrimp were placed in the
basket and stored at room temperature
(28-30°C). Shrimp were periodically taken at 0,
3,6,9, 12, 15 and 18 h. The collected samples
were pooled and blended using a blender
(National, Tokyo, Japan) prior to analysis.
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2.2.1. Chemical analysis

2.2.1.1.pH

The pH was measured according to the
method of Nirmal and Benjakul (2009).

2.2.1.2. Total volatile base (TVB) and
trimethylamine (TMA) contents

TVB and TMA contents were determined
using the Conway micro-diffusion method
(Conway and Byrne, 1936). The amounts of
TVB and TMA were calculated and expressed
as mg N/ g sample.

2.2.1.3. Thiobarbituric
substances (TBARS)

TBARS were determined as described by
Nirmal and Benjakul (2009) with some
modifications. A standard curve was prepared
using  1,1,3,3-tetramethoxy  propane at
concentrations ranging from 0 to 2 ppm.
TBARS value was calculated and expressed as
mg malonaldehyde/ kg sample.

2.2.1.4. TCA-soluble peptide content

Oligopeptide content of samples was
determined according to the method of Sriket et
al. (2012). Soluble oligopeptide content in the
supernatant was measured according to the
Lowry method (Lowry et al., 1951) and
expressed as umol tyrosine equivalent/ ¢
sample.

2.2.1.5. Protein patterns

Protein patterns were determined by SDS-
PAGE using 4% stacking gel and 10% running
gel according to the method of Laemmli
(1970). High and low molecular weight protein
markers (GE Healthcare UK Limited,
Buckinghamshire, UK) were used to estimate
the molecular weight of proteins.

acid reactive

2.2.2. Microbiological analysis

Shrimp (25 g) were transferred into a
stomacher bag containing 225 ml of peptone
water. Blending was performed in a Stomacher
400 Lab Blender (Seward Ltd., Worthing, UK)
at high speed for 3 min. Peptone water was
used for diluting the samples. Thereafter, the
sample diluted in serial 10-fold steps was used
for analysis by the spread plate technique on
plate count agar (PCA-Merck). The plates were
incubated at 35°C for 48 h. Total viable count
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(TVC) was recorded and expressed as log CFU/
g sample (BAM, 2001).

2.3. Effect of post-mortem storage time on
characteristics and properties of Kapi
2.3.1. Preparation of Kapi

Shrimp with different post-mortem
storage times (0, 6, 12 and 18 h) were used as
raw material. Shrimp were mixed with salt at a
ratio of 5:1 (w/w) and transferred into the
basket and covered with cheesecloth. Salted
shrimp were made as per the method of
Pongsetkul et al. (2015). After 30 days, the
obtained Kapi samples were taken for analyses.

2.3.2. Characterization of Kapi
2.3.2.1. pH
pH of samples was
previously described.

determined as

2.3.2.2. Formal, ammonia and amino
nitrogen contents
Formal, ammonia and amino nitrogen

contents were determined by the titration
method as described by Pongsetkul et al.
(2014). The results were calculated and
expressed as mg N/ g sample.

2.3.2.3. Colour

Colour of samples was determined using a
colourimeter (ColourFlex, Hunter Lab Reston,
VA, USA) and reported in the CIE system. L*
(lightness), a* (redness/
greenness), and b* (yellowness/blueness) were
recorded. Additionally, AE* (total difference of
colour) and AC* (the difference in chroma)
were calculated.

2.3.2.4. Browning index, Maillard reaction
product and antioxidative activity

- Preparation of water extract

Water extract was prepared according to
the method of Peralta et al. (2008) with a slight
modification. Kapi (2 g) was mixed with 50 ml
of distilled water. The mixtures were
homogenised at a speed of 10,000 xg for 2 min.
The homogenates were then subjected to
centrifugation at 13,000 xg for 15 min at room
temperature. The supernatant was collected.
The pellet was re-extracted in the same manner.
The supernatants were combined and adjusted
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to 50 ml using distilled water. These extracts
were then analysed as follows:

- Measurement of browning intensity

The browning intensity of the extract was
measured as per the method of Pongsetkul et al.
(2014). Appropriate dilution was made using
distilled water and the absorbance was
measured at 420 nm using the UV-1601
spectrometer (Shimadzu, Kyoto, Japan).

- Measurement of Maillard reaction
products
Fluorescent intermediate products from

Maillard reaction in the extract were
determined as described by Pongsetkul et al.
(2014). Azgo and Azgs Of the extracts were
determined also determined.

2.3.2.5. Antioxidative activities

Water extracts prepared as mentioned
above were determined for antioxidative
activities. Prior to assay, the extracts were
approximately diluted using distilled water.

- DPPH radical scavenging activity

DPPH radical scavenging activity was
determined according to the method of
Faithong and Benjakul (2012) with a slight
modification. The standard curve was prepared
using Trolox in the range of 10-60 uM. The
activity was expressed as pmol Trolox
equivalents (TE)/ g sample.

- ABTS radical scavenging activity

ABTS radical scavenging activity was
determined as described by Pongsetkul et al.
(2014) with a slight modification. A Trolox
standard curve (50-600 uM) was prepared and
ABTS radical scavenging activity was
expressed as umol Trolox equivalents (TE)/ g
sample.

- Ferric
(FRAP)

FRAP was evaluated by the method of
Faithong and Benjakul (2012). The standard
curve was prepared using Trolox ranging from
50 to 600 pM. The activity was expressed as
umol Trolox equivalents (TE)/ g sample.

2.3.2.6. Volatile compounds

Volatile compounds of Kapi samples were
determined using a solid-phase microextraction
gas chromatography mass spectrometry (SPME

reducing antioxidant power
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GC-MS) following the method of Pongsetkul et
al. (2014). Volatile compounds were presented
in term of abundance.

2.3.2.7. Sensory properties

Kapi samples were evaluated by 50
untrained panellists, who consumed Kapi
regularly. The samples were cut to obtain a
thickness of 1 cm. The sample (2x2 cm?) was
wrapped with aluminum foil. Thereafter, it was
heated in a hot air oven at 60°C for 30 min.
Panellists were instructed to rinse their mouths
with water or cucumber between different
samples. The panellists were asked to assess
samples for appearance, colour, odour, flavour,
texture and overall-liking using a 9-point
hedonic scale (Mellgard et al., 2007).

2.4. Statistical analysis

All  experiments were conducted in
triplicate. Statistical analysis was performed
using one-way analysis of variance (ANOVA).
Mean comparison was carried out using
Duncan’s multiple range test (Steel et al.,
1980). SPSS statistic program (Version 10.0)
(SPSS, 1.2, 1998) was used for data analysis.

3. Results and discussions

3.1. Quality changes of shrimp during post-
mortem storage
3.1.1. Changes in pH

A slight increase in pH of shrimp (M.
lanchesteri) from 7.07 to 7.42 was observed as
the post-mortem time increased (Fig.1A). The
increase of pH might be associated with the
production of volatile basic components, such
as ammonia, trimethylamine, etc. by some
spoilage bacteria (Pongsetkul et al., 2014).
However, the different buffering capacity of
muscle proteins from different species plausibly
contributed to varying rate of pH changes
(Riebroy et al., 2008). In the present study,
shrimp were stored at room temperature, in
which the deterioration could take place to a
faster rate, compared with the storage in ice or
refrigerated condition. After capture, shrimp
were placed in container without icing before
off-loading. This could induce the spoilage,
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particularly with the longer storage or handling
time.

3.1.2. Changes in total volatile base (TVB)
and trimethylamine (TMA) contents

Fig.1B and Fig.1C show the changes in
TVB and TMA contents of shrimp during 18 h
of post-mortem storage at room temperature.
TVB and TMA contents of fresh shrimp (0 h)
was 6.99 mg N/ g sample and 4.70 mg N/ ¢
sample, respectively. As the post-mortem time
increased, both TVB and TMA content
continuously increased up to the end of storage
(18 h) (P<0.05). After 18 h, the highest TVB
(81.55 mg N/ g sample) and TMA content
(14.49 mg N/ g sample) were obtained. This
was more likely the results of the deterioration
of nitrogenous compounds. Trimethylamine
oxide (TMAO), a non-volatile and non-
odouriferous compound, could be reduced to
trimethylamine (TMA) as mediated by spoilage
microorganisms (Dissaraphong et al., 2006). In
general, the increases in both TVB and TMA
contents were in accordance with the increase
in pH (Fig.1A). The result suggested that the
spoilage caused by bacteria occurred to a
higher extent in shrimp, particularly when the
storage time increased.

3.1.3. Changes in thiobarbituric acid reactive
substances (TBARS)

Changes in TBARS value of shrimp during
18 h of post-mortem storage at room
temperature are presented in Fig.1D. TBARS
value of fresh shrimp was 0.60 mg MDA/ kg
sample. It was increased when post-mortem
time increased (P<0.05) and the highest
TBARS value (0.97 mg MDA/ kg sample) was
found in shrimp with post-mortem time of 18 h
(P<0.05). The result suggested that lipid
oxidation took place during the extended
storage. Shrimp or krill lipids have been known
to contain high content of polyunsaturated fatty
acid (PUFA) (Takeungwongtrakul et al., 2012).
Those PUFA are prone to oxidation as
indicated by the presence of TBARS in the
samples. Furthermore, autolysis caused by
endogenous proteases might lead to the



Pongsetkul et al. Carpathian Journal of Food Science and Technology 2016, 8(2), 93-106

disruption of the organelles, thereby facilitating
the release of pro-oxidants as well as reactants
(Dissaraphong et al., 2006). This led to the
enhanced lipid oxidation in the sample.

3.1.4. Changes in TCA-soluble peptide

TCA-soluble peptide content of fresh
shrimp (0 h) was 63.75 mmol/ g sample
(Fig.1E). It was suggested that protein of
shrimp rapidly degraded into small peptide or
free amino acids after death, particularly during
transportation. As the post-mortem time
increased, a continuous  increase  in
oligopeptides was observed (P<0.05). After 18
h, TCA-soluble peptide content of shrimp was
77.26 mmol/ g sample. Whole shrimp
contained the cephalothorax, where
hepatopancreas and other digestive organs were
located. Hepatopancreas of Pacific white
shrimp was rich in trypsin (Senphan and
Benjakul, 2014). Therefore, degradation caused
by both indigenous and microbial proteases
could be enhanced when shrimp were stored at
room temperature for an extended time as
evidenced by the higher TCA-soluble peptide
contents.

3.1.5. Protein patterns

Fig.2 shows protein patterns of whole
shrimp with various post-mortem storage times.
Fresh shrimp contained myosin heavy chain
(MHC) as the most dominant protein. The band
intensity of MHC was gradually decreased
when post-mortem storage time increased.
MHC still remained at 10-15%, compared to
that found in fresh shrimp (0 h), after storage
time for 18 h. Sriket et al. (2012) reported that
MHC is susceptible to proteolytic degradation
than other muscle proteins such as actin,
troponin and tropomyosin. For actin (MW of
45 kDa), it was found at lower extent,
compared with MHC. It was noted that band
intensity of actin remained constant throughout
18 h of storage. Additionally, proteins or
peptides with MW about 100 kDa continuously
decreased, whilst proteins or peptides with MW
about 20 kDa increased with increasing storage
time. The result suggested that proteins in
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shrimp underwent degradation drastically
during post-mortem  storage. Shrimp
cephalothorax containing hepatopancreas has
been known to be the major source of
proteases, mainly serine protease and
metalloprotease (Sriket et al., 2012). Those
indigenous proteases along with bacterial
proteases played a role in hydrolysis of proteins
in shrimp. The formation of low molecular
weight peptides was in accordance with the
increasing TCA-soluble peptide contents
(Fig.1E).

3.1.6 Change in total viable count (TVC)

Fresh shrimp showed initially TVC of 3.22
log colony forming units (CFU)/ g sample
(Fig.1F). Microbiological counts of shrimp
increased as post-mortem time increased
(P<0.05). After 18 h of storage at room
temperature, the highest TVC (5.75 log CFU/ ¢
sample) was found. In general, TVC increased
markedly when the sample was stored at room
temperature, in which mesophiles could grow
rapidly. Vanderzant et al. (1973) reported that
warm water marine shrimp often showed total
aerobic counts of 10 CFU/ g sample when
captured, but after cleaning process and storage
at low temperature, microbial count can be
lowered. Those  microorganisms  might
contribute to the final quality of the resulting
Kapi when used as raw material.

3.2. Effect of post-mortem storage time on
characteristics and properties of Kapi

3.2.1. pH

pHs of Kapi produced from shrimp with
different post-mortem storage times are shown
in Tablel. pH of all samples was in ranges of
7.28-7.54. There were no differences in pH
(P>0.05) amongst Kapi samples produced from
shrimp stored for up to 12 h. Nevertheless,
Kapi prepared from shrimp stored for 18 h had
the highest pH (7.54) (P<0.05). Higher pH of
Kapi correlated with the increasing pH of
shrimp used as raw material, particularly those
having the longer post-mortem storage time.
This was also in accordance with increasing
TVB content in raw material (Fig.1B).
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Figure 1. pH (A), total volatile base (TVB) (B), trimethylamine (TMA) contents (C), thiobarbituric acid
reactive substances (TBARS) (D), TCA-soluble peptide contents (E) and total viable count (TVC)
(F) of shrimp (M. lanchesteri) during post-mortem storage at room temperature. Different
lowercase letters on the bars indicate the significant difference (P<0.05).
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Figure 2. Protein patterns of shrimp (M. lanchesteri) during post-mortem storage at room temperature,
HM: high molecular weight marker, LM: low molecular weight marker.

Table 1. pH, colour, browning intensity and antioxidative properties of Kapi produced from shrimp

with different post-mortem times.

) Post-mortem time
Properties
0h 6 h 12 h 18 h
pH 7.2840.53° 7.314+0.10° 7.30+0.35P 7.54+0.46
L* 49.76+0.302 45.95+1.01° 42.94+0.46° | 41.76x1.07¢
a* 6.53+0.27¢ 6.89+0.30P 7.67+0.182 7.67+0.932
b* 13.54+0.497 11.88+0.29° 11.41+0.17¢ 9.36+0.45¢
AE* 46.32+0.41° 49.58+0.91° 52.50+0.43% | 53.25+1.14°
AC* 14.12+0.532 12.82+0.22° 12.83£0.06° | 11.19+0.50°
Asgo 0.64+0.02° 1.04+0.072 0.92+0.05° 1.06+0.122
Aogs 0.78+0.01°¢ 0.77+0.19¢ 0.84+0.11° 0.87+0.06%
Browning intensity (Aszo) 0.15+0.03¢ 0.224+0.04° 0.35+0.02° 0.56+0.012
Fluorescence intensity 392.67+8.47° | 399.34+6.66° | 397.22+6.76" | 416.85+1.90?
DPPH radical scavenging activity d . b a
(umol TE/ g sample) 1.05+0.19 1.65+0.19 2.14+0.14 2.38+0.19
ABTS radical scavenging activity | 155, 930 | 12.06£0.17° | 13.6940.13° | 15.62£021°
(umol TE/ g sample)
FRAP g . b .
7.59+0.31 10.61+0.25 11.85+0.18 12.89+0.24
(umol TE/ g sample)

Mean + SD from triplicate determinations. Values in parentheses indicate the content expressed, based on dry weight.
Different lowercase superscripts in the same row indicate the significant difference (P<0.05).
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Amount (mg N/ g sample)

Resulting Kapi

Figure 3. Formal nitrogen content ( — ), ammonia nitrogen content ( ....... ) and amino nitrogen
content (____) of Kapi produced from shrimp with different post-mortem times. Different
lowercase letters on the bars within the same parameter indicate the significant difference
(P<0.05). Bars represent the standard deviation (n = 3).

3.2.2. Nitrogen content

Formal, ammonia and amino nitrogen contents
of resulting Kapi are depicted in Fig.3. Formal
nitrogen content increased from 12.21 to 16.61
mg N/ g sample as post-mortem time of shrimp
used as raw material increased from 0 to 18 h.
In general, formal nitrogen content has been
used to measure the degree of protein
hydrolysis (Faithong and Benjakul, 2012). The
results indicated that shrimp having the longer
post-mortem storage time yielded Kapi with the
greater degradation of protein as evidenced by
greater formal nitrogen content. The varying
degradation of proteins might contribute to
characteristics of Kapi differently.

Ammonia nitrogen content of all Kapi
samples increased when the post-mortem time
of shrimp used as raw material increased
(P<0.05) as shown in Fig.3. Kapi produced
from shrimp with 18 h of post-mortem time
showed the highest ammonia nitrogen content
(2.75 mg N/ g sample. The ammonia nitrogen
content indicates the breakdown of soluble
protein and peptides into free amino acid and
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volatile nitrogen (Faithong and Benjakul,
2012). Higher degradation of protein might
favour the subsequent deamination of proteins,
as indicated by higher ammonia nitrogen
content. Amino nitrogen contents in Kapi using
shrimp having various post-mortem times as
raw material are depicted in Fig.3. Amino
nitrogen content represents the amount of
primary amino group of the sample. An
increase in amino nitrogen content is related to
the degradation of polypeptide (Pongsetkul et
al., 2014). A similar trend was found to that of
formal and ammonia nitrogen contents. The
results suggested that the longer post-mortem
storage times of raw material resulted in
considerable increases in free amino acids.
Those free amino acids might serve as the
nutrient for microorganisms. Also they could
contribute to the taste or flavour of Kapi.
3.2.3. Colour

Kapi produced from shrimp with different
post-mortem storage times had differences in
colour as shown in Tablel. L* (lightness), a*
(redness), b* (yellowness), AE* (total
difference in colour) and AC* (difference in
chroma) were in the range of 41.76-59.76,
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6.53-7.67, 9.36-13.54, 46.32-53.25 and 11.19-
14.12, respectively. L*, b* and AC*-value of
Kapi decreased when the post-mortem time of
shrimp used as raw material increased, whereas
a*, AE*-value of Kapi sample slightly
increased with increasing post-mortem times of
shrimp prior to salting (P<0.05). The results
indicated that Kapi became darker when
unfresh shrimp were used as raw material. Kapi
produced from shrimp with 18 h of post-
mortem time had the highest a*-value,
suggesting that the pronounced autolysis might
cause the increased release of carotenoids from
carotenoprotein during extended post-mortem
times of shrimp. Astaxanthin, has a red-orange
in colour, especially when it was separated
from protein moiety (Faithong and Benjakul,
2012). With the delay in salting, biochemical
change, especially enzymatic reactions e.g.
polyphenoloxidase (PPO) occurred (Nirmal and
Benjakul, 2009). This more likely contributed
to the darker colour of resulting Kapi
3.2.4. Browning and Maillard
product

Browning intensity and Maillard reaction
product of water extract of Kapi produced from
shrimp with different post-mortem storage
times are shown in Tablel. Browning intensity
(As20) of resulting Kapi was observed when
there was the delay in salting of shrimp
(P<0.05). During extended post-mortem times,
enzymatic browning reactions induced by
polyphenoloxidase (PPO) occurred (Pongsetkul
et al., 2014). PPO has been known to induce
the hydroxylation of phenols with subsequent
polymerisation, in which melanin is formed
(Nirmal and Benjakul, 2009). Therefore,
prolonged post-mortem times prior to salting
might result in substantial increases in
browning intensity. This coincided with the
decreases in L*-value (Tablel).

Azgo and Aogs of resulting Kapi slightly
increased when the post-mortem time of shrimp
used as raw material increased (P<0.05).
Generally, Az and Azgs have been used to
determine the formation of non-fluorescent
intermediate compounds of the Maillard
reaction (Ajandouz et al., 2001). With larger

reaction
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amount of free amino group in shrimp stored
for a longer time, the Maillard reaction could
take place during fermentation of 30 days to a
higher degree. This was evidenced by higher
Azgo and Azgs.

No differences in fluorescence intensity
among Kapi produced from shrimp stored for
0, 6 and 12 h (P>0.05). Nevertheless, the
increase in  fluorescence intensity was
noticeable in Kapi produced from 18 h-stored
shrimp. Fluorescence intensity has been used to
monitor the occurrence of intermediate
products, which  subsequently  undergo
polymerisation to form the brown pigments
(Ajandouz et al., 2001). With higher Maillard
reaction intermediates, Kapi produced from
shrimp with 18 h of post-mortem time could
further undergo browning reaction to a higher
extent. As a result, Kapi was browner in colour.
3.2.5. Antioxidative activities

Antioxidant activities of water extract of
Kapi produced from shrimp with different post-
mortem times as tested by DPPH, ABTS
radical scavenging activity and FRAP are
presented in Tablel. DPPH, ABTS radical
scavenging activity and FRAP of water extracts
of Kapi were in range of 1.05-2.38, 10.22-
15.62 and 7.59-12.89 umol TE/ g sample,
respectively.

ABTS radical scavenging assay has been
used to determine both hydrophilic and
lipophilic antioxidants. FRAP is generally used
to measure the capacity of a substance in
reducing TPTZ-Fe(lll) complex to TPTZ-Fe(Il)
complex (Sun and Tanumihardjo, 2007).

Overall, DPPH, ABTS radical scavenging
activity and FRAP of water extracts of Kapi
increased when the post-mortem time of shrimp
used as raw material for Kapi production
increased (P<0.05). Water extract of Kapi
produced from shrimp with 18 h of post-
mortem time showed the highest DPPH, ABTS
radical scavenging activity and FRAP. On the
other hand, the extract of Kapi produced by
fresh shrimp (0 h) had the lowest activities.

During the extended post-mortem storage
prior to salting, low molecular weight peptides
and amino acids could be generated to a higher
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extent. Protein hydrolysis or degradation during
fermentation step also led to the formation of
substantial active peptides which could interact
with free radical and terminate the chain
reaction of auto-oxidation.

This  correlated  with ~ pronounced
degradation of proteins in shrimp stored for a
longer time before salting (Fig.2). The extracts
from salted shrimp paste have been reported to
possess antioxidant activities (Pongsetkul et al.,
2015). Furthermore, Maillard reaction products
might be partially involved in antioxidant
activity. Maillard reaction products were
reported to have antioxidative activity
(Benjakul et al., 2005). Maillard reaction
products were also increased in Kapi prepared
from unfresh (Tablel). Therefore, antioxidative
activity of Kapi was governed by post-mortem
time of shrimp prior to salting.

3.2.6. Volatile compounds

Volatile compounds in Kapi produced
from shrimp with different post-mortem times
analysed by SPME GC-MS are shown in
Table2. Thirty-six volatile compounds were
isolated and identified. Those compounds could
be classified as aldehydes (5), ketones (6),
alcohols (9), nitrogen-containing compounds
(7), hydrocarbons (4) and others (5). Lipid-
derived components such as aldehydes,
alcohols as well as nitrogen-containing
compounds were the major volatile compounds
in Kapi.

3-methyl-butanal, pentanal, 4-heptanal,
hexanal and benzaldehyde were the prevalent
aldehydes found in all Kapi samples. Kapi with
varying abundance of aldehydes might
influence the flavour acceptability differently.
In general, the presence of these compounds is
related with lipid oxidation, which was more
likely generated during storage or fermentation
(Dissaraphong et al., 2006). Shrimp contained
high amounts of ®-3 fatty acids, which were
highly  susceptible to lipid oxidation
(Takeungwongtrakul et al., 2012). Kapi
produced from shrimp stored for 18 h before
salting showed higher abundance in all
aldehydes, except 4-hexanal.
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This was coincidental with the highest
TBARS value of shrimp used as raw material
stored for 18 h (Fig.1D). Furthermore,
Steinhaus and Schieberle (2007) reported that
branched short chain aldehydes or aromatic
aldehydes plausibly resulted from deamination
of amino acids. This was also in agreement
with the highest amino nitrogen content found
in this sample (Fig.3). Ketones were also
found in Kapi including 2-heptanone, 1-(2-
pyridinyl)-ethanone, 3,5-Octadien-2-one, etc.
The higher abundance of most ketone
compounds was obtained in Kapi produced
from shrimp with 18 h of post-mortem time.
This confirmed that delayed post-mortem
salting allowed more lipid oxidation in raw
material to take place. Those products were still
presented in resulting Kapi. However, such
compounds with low concentrations and high
odour threshold values might not significantly
contribute to flavour of salted shrimp paste
(Cha and Cadwallader, 1995). Normal and
branched alcohols, which were quite low in
abundance, also detected in Kapi. 3-methyl, 1-
butanol was found at higher abundance than
others. This alcohol was increased in Kapi
prepared from shrimp with increasing post-
mortem times. However, Cha and Cadwallader
(1995) reported that alcohols might not have a
paramount impact on Kapi flavour because of
their high flavour thresholds. All resulting Kapi
consisted of 7 nitrogen-containing compounds,
which were all pyrazine derivatives. 2-ethyl-5-
methyl-pyrazine was dominant in all samples,
followed by 2,5-dimethyl-pyrazine and 3-ethyl-
2,5-dimethyl-pyrazine. Jaffres et al. (2011)
reported that pyrazines derivatives associated
with  meaty flavour of shrimp sauce.
Abundance of most pyrazine derivatives of
resulting Kapi increased when the post-mortem
time of shrimp used as raw material increased
(P<0.05). Pyrazines were reported to be formed
by Maillard reaction through strecker
degradations from various nitrogen sources
such as amino acids (Cha and Cadwallader,
1995).
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Table 2. Volatile compounds of Kapi produced from shrimp with different post-mortem times.

Peak area (Abundance) x 10°
Volatile compounds

oh | 6h | 12h | 18 h
Aldehydes
3-methyl-butanal 215.22 206.11 411.12 732.51
Pentanal 294.58 199.76 408.81 466.25
4-heptanal 117.22 132.99 130.19 98.66
Hexanal 5451 501.11 511.19 526.63
Benzaldehyde 162.8 203.42 452.61 688.22
Ketones
1-phenyl-ethanone 128.71 134.34 205.55 205.13
1-(2-pyridinyl)-ethanone 237.93 304.49 314.51 505.82
1-(2-aminophenyl)-ethanone 150.54 68.88 102.25 111.33
2-Heptanone 597.82 413.22 499.65 404.52
2-Octanone 265.60 244.12 300.64 305.77
3,5-Octadien-2-one 117.14 332.26 304.55 502.65
Alcohols
Benzenemethanol 42.95 35.55 69.32 167.83
2-Butoxy-ethanol 56.14 181.22 555.92 608.73
3-methyl, 1-butanol 299.19 625.55 632.72 820.24
1-Pentanol 225.61 203.44 144.41 28.32
1-Penten-3-ol 188.13 55.67 59.11 9.88
1-Hexanol 404.33 133.92 129.29 266.51
2-ethyl-hexanol 122.97 166.92 208.82 277.01
1-Octen-3-ol 171.89 204.45 229.33 301.99
Octa-1,5-dien-3-ol 57.04 106.66 169.72
Nitrogen-containing compounds
Methyl-pyrazine 214.34 506.66 511.23 495.95
Trimethyl-pyrazine 252.17 345.52 304.41 406.77
2,5-dimethyl-pyrazine 898.28 933.49 925.67 1055.61
2,6-dimethyl-pyrazine 90.42 215.62 307.66 313.49
2-ethyl-5-methyl-pyrazine 1524.77 1866.17 1908.22 1855.52
2-ethyl-2,5-dimethyl-pyrazine 155.54 260.08 477.71 503.31
3-ethyl-2,5-dimethyl-pyrazine 644.91 601.98 802.22 899.13
Hydrocarbon
2,6,10,14-tetramethyl-pentadecane 21.53 19.22 111.19
2-Undecyne 13.31 455.63 109.92
Hexadecane 61.63 13.34
Cyclododecane 23.98 50.66 45.61 77.84
Others
2-methyl-propanoic acid 68.42 56.33 23.18
Octanoic acid 126.10 15.03 102.31
Methyl-ester-octadecanoic acid 19.44 18.49
Phenol 261.08 505.55 635.48 904.41
1H-Indole 711.41 805.92 8908.23 9181.46

ND: non-detectable * Value in the parenthesis represent the abundance of compound in each sample.
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This was in accordance with increasing
browning intensity when post-mortem time of
shrimp was extended. Thus, different freshness
of raw material more likely had the influence
on meaty flavour, as well as browning colour to
some degrees.

Four hydrocarbon compounds were found
in Kapi. Only cyclododecane was detected in
all Kapi. Kapi produced from shrimp with 18 h
of post-mortem time showed the higher
abundance than others. Alkanes and alkenes are
mainly formed from lipid autooxidation of fatty
acids released from triglycerides (Latorre-
Moratalla et al., 2011).

Additionally, all samples contained phenol
and indole and Kapi produced from shrimp
with 18 h of post-mortem times had the highest
abundance than other samples. Cha and
Cadwallader (1995) reported that phenol give
an undesirable aroma in seafoods, whilst

Lakshmanan et al. (2002) reported that indole
is the degradation product from tryptophan and
has been used as the index for shrimp spoilage.
The higher abundance of indole in Kapi
correlated well with the increased spoilage of
shrimp as indicated by increased TVB, TMA as
well as TVC.

Therefore, several reactions might be
involved in formation of wvolatiles. Lipid
hydrolysis and autooxidation, proteolysis and
transformation of amino acids to several
compounds could be generated during Kapi
production. Kapi produced from shrimp with
different post-mortem times showed varying
volatile compounds. Thus, post-mortem times
of shrimp used as raw material might have a
great influence on the volatile composition
which impact on the final flavour and odour of
resulting Kapi.

Table 3. Likeness score of Kapi produced from shrimp with different post-mortem times.

Attributes Post-mortem time
0h 6h 12 h 18 h
Appearance 6.86+0.772 6.81+0.932 6.92+0.872 6.95+0.742
Colour 6.90+0.832 7.05+0.922 7.24+0.832 7.14+0.912
Odour 6.90+0.97%° 7.38+1.022 6.52+0.93P 5.81+1.08°
Texture 6.95+0.80? 7.00+0.952 7.05+0.972 6.57+0.682
Flavour 6.67+1.08%° 7.10£0.702 6.38+0.74° 5.48+1.02°
Overall 6.57+0.68° 7.29+0.962 6.19+1.27% 5.86+1.02°

Values are given as mean + SD (n = 3).

Score are based on a 9-point hedonic scale (1: Dislike extremely, 5: Neither like nor dislike, 9: Like extremely).
Different lowercase superscripts within the same row indicate the significant differences (P<0.05).

3.2.7. Sensory properties

Likeness scores of Kapi produced from
shrimp with different post-mortem times are
shown in Table3. Amongst all samples,
appearance, colour and texture likeness scores
were not different (P>0.05). However, Kapi
produced from shrimp with 18 h of post-
mortem time showed the lowest odour and
flavour likeness score (P<0.05). The result
suggested that this sample might have
undesirable volatiles, which were associated
with deterioration products, particularly formed
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during the extended post-mortem storage prior
to salting. This was in agreement with the
highest abundance of aldehydes, ketones,
phenol along with indole found in this sample.
Furthermore, Kapi produced from shrimp
stored for 18 h prior to salting also had the
lowest overall likeness score (P<0.05).
Different tastes or flavors were possibly caused
by differences in volatile compounds (Table2),
governed by freshness of raw material used. It
was noted that Kapi prepared from shrimp
stored for 6 h prior to salting showed the
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highest overall likeness score (P<0.05). This
might be caused by partial decomposition of
nucleotides, in which some derivatives,
especially inosine monophosphate (IMP) was
formed. IMP has been known to have the
umami taste (Hajeb and jinap, 2015). Non-
significantly higher score for flavour likeness
was also found in this sample. Based on overall
likeness score, shrimp should not be stored
more than 12 h before salting.

4. Conclusions

Small shrimp (M. lanchesteri) could be
used as an alternative raw material for Kapi
production. Protein degradation as well as lipid
oxidation proceeded during the extended
storage. Freshness of shrimp affected Kapi
characteristics, in which Kapi became darker
but had higher antioxidative activity as the raw
material was unfresh. The delay in salting of
shrimp should not exceed 12 h, when the
resulting Kapi still had the sensorial property
equivalent to that prepared from fresh shrimp.
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ABSTRACT

In order to identify abalone flavoring liquids with different tastes and
guarantee uniformity quality of instant abalone with the same taste, a
sensor array composed of seven metal electrodes is constituted to test the
taste quality of the abalone flavoring liquids. Five solutions which
represented five basic tastes like salty, fresh, sour, bitter and sweet are
tested by the sensor array to identify its identification ability in basic tastes.
One-way analysis of variance, principal component analysis and
probabilistic neural network algorithm are used to evaluate the recognition
effect of this sensor array on basic tastes. The result shows that this sensor
array has excellent identification ability on basic tastes. Then the sensor
array is used to identify abalone flavoring liquids with five different tastes.
The principal component analysis is used to achieve dimensionality
reduction of measured data, and three principal components employed as
the input neurons of the probabilistic neural network. The result shows that
this sensor array has a good performance on abalone flavoring liquid

identification and the correct identification rate is 92%.

1. Introduction

With the expansion of the seafood
consumption market, the instant abalone
product is accepted by more and more
consumers due to its unique flavor, convenient
to eat, resistant to storage and nutrient retain
comprehensively (Liu et al., 2013). The taste
quality of instant abalone product is mainly
determined by abalone flavoring liquid adding
in precooking process. At present, the taste
quality of the abalone flavoring liquid is mainly
evaluated by two methods: manual tasting and
traditional physical and chemical test.
However, manual tasting is based on the
experience of the valuator, so the result has
some disadvantages of strong subjectivity and
poor repeatability. On the other hand, the

107

traditional physical and chemical testing
method can only be used to analyze the content
of certain components.

The comprehensive information resulted
from the interactions between different tasty
substances can’t be reflected by the result (Liu,
2012).

Relatively comprehensive and objective
results can obtain when using a sensor array for
gustatory analysis in the food industry. In
recent years, sensor arrays are widely used in
food industry. In foreign countries, Ghosh et al
used five kinds of precious metal (Au, Ir, Pd,
Pt, Cd) to constitute a sensor array, quickly
determined the content of thea rubigin and thea
flavin in black tea and at last estimated it
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(Ghosh et al, 2012). Apetrei and his partners
used a screen-printed electrode modified with
polypyrrole, qualitatively and quantitatively
analyzed the content of phenolic compound in
virgin olive oil (Apetrei, 2013). At home,
Muyan Zhou et al used 6 electrodes (Pt, Au,
Pd, W, Ti and Ag) to constitute a sensor array,
distinguished rice wine in different type,
region, brand, vintage (Zhou et al, 2012 and
Zhou et al, 2013). Zhenbo Wei et al constituted
a sensor array with Au, Ag, Pt and Pd
electrodes to detect the quality index of yogurt
(Wei et al, 2013).

At present, researches of abalone products
are focus on the processing technology, the
taste quality of them catches less attention.
Therefore, this paper proposes a method to
constitute a sensor array with metal electrodes
to identify the basic taste substances and
present its identification ability to basic tastes.
After that this sensor array is used to identify
abalone flavoring liquids with different tastes,
in order to effectively control the taste and
guarantee uniformity quality of the products.

2. Materials and methods

2.1. Experiment and test
parameters

CHI620B electrochemical workstation and
multi-channel selection instrument, Shanghai
Chenhua Instrument Co., Ltd.; Nine metal disk
electrodes with a diameter of 2mm (Ag, Au,
Pd, Pt, W, Ti, Ni, Zn, Al) are used as working
electrode, Two 1 X 10 mm platinum wire
electrodes are used as reference electrode and
auxiliary electrode respectively, this three types
of electrode constitute a sensor array, Tianjin
Aida Hengsheng Technology Co., Ltd.; HJ-2B
multihead magnetic heating stirrer, Changzhou
Guohua Electric Co., Ltd.; KQ-2200DB
ultrasonic  cleaning  machine,  Kunshan
Ultrasonic Cleaning Equipment Co., Ltd.;
JA1003B electronic balance, Shanghai Yueping
Scientific Instrument Co., Ltd.; A computer is
used for data collection and analysis.

The detecting system used in this

experiment is composed of a sensor array, a

equipment
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data acquisition device and a computer. The
output weak signals from the sensor array are
collected by an electrochemical workstation,
and then are sent to the computer to process.
Thus a complete taste detecting system is
constituted.

Figure 1. Detecting system

The electrode should be polished with a
polishing cloth and aluminum oxide polishing
powder when used for the first time, and it will
be polished by polishing powder from coarse to
fine, until the surface is smooth as a mirror.
After that the electrode would be cleaned by
ultrasonic with ethanol and deionized water and
drew with filter papers. The working electrode
would be polished with a polishing cloth
without polishing powder in each measure. The
auxiliary electrode and the reference electrode
should be cleaned with deionized water and
dried with filter papers(Tian, 2007).

The experiment is carried out under the
condition of room temperature is 23 ‘C. The
reaction surface of working electrode immerse
in sample 10mm deep. Cyclic voltammetry is
used as the detecting method, its initial voltage
is -0.8V, low voltage is -0.8V, high voltage is
0.6V, terminative voltage is 0.6V, scanning rate
is 0.1v/s, sampling interval is 0.001V, data
collecting frequency is 50Hz and sensitivity is
e5~e3 (Men et al., 2013).

2.2. Materials and reagents

Drugs represented basic tastes are: sucrose
represents sweet taste, sodium chloride
represents salty taste, lemon acid represents
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sour taste, monosodium glutamate represents
fresh taste, magnesium sulfate represents bitter
taste. Drugs are analytical reagent made from
Da Mao chemical reagent factory. Deionized
water is used to prepare solutions with the
concentration are 1%. Each sample is 80ml.

In order to maintain the original taste of
seafood, the component of abalone flavoring
liquid is simple. It mainly contains salt,
monosodium glutamate, bone soup and other
accessories. Manufacturers usually adjust the
recipe according to the demands of customers.
In this experiment, abalone flavoring liquids
with five different tastes are used to test the
identification ability of the sensor array. The
recipe list of abalone flavoring liquid with five
different tastes is shown in tabl. Condiments
are dissolved in 100ml deionized water
according to recipe list to make testing
samples. All samples are prepared 20 minutes
before the experiment and placed at the
environment of 23 C.

Table 1. Recipe list of abalone flavoring liquid
with 5 different tastes

Monosodium .
Content Salt Glutamate Vinegar | Sugar

1 Light 1g 0.5g9 0 0.59

2 Sweet and

fresh 19 29 0 39

3 Salt and

fresh 39 29 0 0

4 Sour and

sweet 1g 0.59 2ml 39

5 Sour and

fresh 19 29 29 0
Note: the brand and kind of condiments: salt is natural
salt made from China National Salt Industry

Corporation, monosodium glutamate is made from
Henan Lotus Gourmet Powder Co. Ltd, vinegar is white
vinegar made from Shanghai DingFeng brewing food
Co. Ltd., sugar is white granulated sugar made from
Guangzhou Overseas Chinese sugar Co. Ltd.

2.3. Data processing method
One-way analysis of variance (One-Way
ANOVA) is used to distinguish which group
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has a significant difference among the
dependent variable groups, that is to do
multiple comparison of mean value.

Principal Component Analysis (PCA) is a
kind of data dimension reduction method,
which is used to convert high dimensional data
into a low one, and keep the characteristics of
the original data as much as possible (Lu et al.,
2013). The new variables of PCA are known as
the principal components, which can be used to
describe the sample space. PCA is executed by
Statistical Product and Service Solutions
(SPSS) software.

Probabilistic Neural Network (PNN) is a
parallel algorithm developed from Bayesian
criteria, and the Bayesian criteria are based on
non-parameter estimation of probability density
function (Liu, J.J et al., 2012). The PNN is
executed by Matlab software.

In order to evaluate the identification result
of each sample, correct rate is defined as:

Cr=(n-Nw)/n<100% 1)

In equation (1), Cr is the correct rate of
identification; n is the number of samples; Nw
is the misclassification number of samples.

3. Results and discussions

3.1.Basic tastes identification
3.1.1. A sensor response to basic tastes
Detecting accuracy of the system is decided
by response performances of the sensor, which
are based on stability of the sensor to the same
sample and distinguish ability of the sensor to
the different sample (Zeng et al., 2013). Five
duplicate samples are prepared for each basic
taste. A response current peak for potential
excitation signals is used as the eigenvalue of a
basic taste sample. The standard deviation
(STDEV) of response signal to the same taste is
calculated for each sensor. Except Al and Zn
electrodes, the STDEV wvalues of other
electrodes are all below 0.5%. It means that the
stability of them is very good. The STDEV
values of Al and Zn electrodes are about 5%. It
means that they are instable. Therefore Al and
Zn electrodes are removed from the sensor
array. The response of each sensor to different
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taste substances has some difference. The
method of least significant difference (LSD) for
multiple comparisons is used to analyze
measured data of seven electrodes (Ag, Au, Pd,
Pt, Ni, Ti and W) that have a good stability. In
this way, the distinguish ability of sensor for
basic tastes can be recognized. The result
shows that Ni electrode can commendably
distinguish five kinds of basic tastes, and Ag,
Pt and W electrodes can clearly distinguish
salty, sweet and bitter tastes, Au electrode has a
good identification ability for salty, sweet and
fresh tastes, Pd electrode can distinguish sour,
sweet and fresh tastes significantly, Ti
electrode can only identify sweet taste. So it is
difficult to make a distinct identification based
on a single sensor, and it requires a
comprehensive consideration of the impact of
each sensor. Seven sensors (Ag, Au, Pd, Pt, Ni,
Ti and W) are used to constitute a sensor array.
Measured data of the sensor array are used for
further analysis by means of PCA.

3.1.2. Principal component analysis of basic
tastes

Three duplicate samples are prepared for
each basic taste. Each sample is detected for 5
times. The response current peak of the sensor
is taken as the measured data of the sample,
and takes the average of 5 times measured data
as the eigenvalue of a sample. That is obtaining
15 groups of 7 dimensional data. Bartlett
spherical degree is used to test these data, the F
value is less than 0.001, and the KMO testing
coefficient is 0.695, greater than 0.5. That is to
say that the data are reliable and valid. They
can be used for PCA.

Fig.2 shows the results of PCA of basic
taste substances. It intuitively presents relative
position of the 15 groups of 7 dimensional data
in 3 dimensional spaces. In the space of pc1>
0, only contains salty and sweet taste
substances, and the rest taste substances are in
the space of pc1<<0. Fresh taste substance is in
the second quadrant of the plane consisted of
pcl and pc2, sour and bitter taste substances are
in the third quadrant, close to each other. So the
first three principal components should be
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retained for completely represents the sample
characteristics. The variance contribution rates
of the first three principal components are
49.54%, 29.081% and 15.412% respectively,
and the cumulative contribution rate is
93.997%, which means the original information
can be retained more than 93.997%.
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Figure 2. PCA results of basic taste
substances

3.1.3. PNN construction of basic tastes

Five kinds of basic taste substances are
tested in experiment. The response current peak
of sensor is taken as the measured value of the
sample. Three duplicate samples are prepared
for each basic taste. Each sample is detected for
5 times. That is obtaining 75 groups of 7
dimensional data. 50 groups are chosen as the
training set and the other 25 groups are used as
the testing set. The training set is used to
construct a probabilistic neural network and the
testing set is used to test it. The input neurons
are 3, which are the first three principal
components resulted from PCA of 75 groups
data of basic taste samples. The output neurons
are 5, which are represented five kinds of basic
tastes. The experiment verifies that the optimal
smoothing parameter (spread) is 1.5. After
network training, the data groups in testing set
are correctly classified in their categories
respectively. It means that the correct
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identification rate of PNN is 100%. This sensor
array has excellent identification ability for
basic taste substances, so it can be used for
identification of abalone flavoring liquid.

3.2. Identification of abalone flavoring liquid
3.2.1. PCA of abalone flavoring liquid
Abalone flavoring liquids with five
different tastes are prepared according to the
recipe list shown in tab.1. A sensor array
consisted of seven kinds of electrodes is used to
test these five kinds of abalone flavoring liquid.
Three duplicate samples are prepared for each
abalone flavoring liquid. Each sample is
detected for 5 times. The response current peak
of sensor is taken as the measured value of the
sample, and takes the average of 5 times
measured data as the eigenvalue of a sample.
That is obtaining 15 groups of 7 dimensional
data. These data are analyzed by means of
PCA, and the first three principal components
are retained. The variance contribution rates of
the first three principal components are
45.877%, 32.569% and 12.861% respectively,

and the cumulative contribution rate is
91.307%.
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.53
‘:;’ 0
£os
E
E
a
6. Sy
5 g, 05 2 5
,.""Rc T et
I_s.) 9‘3
O Light <> Sweet and fresh [JSalt and fresh
* Sour and sweet A Sour and fresh

Figure 3. PCA results of abalone
flavoring liquid in five different tastes

The distribution of the first three principal
components in three dimensional spaces is
shown in Fig.3. Each point represents a sample.
There are three points in the figure to represent
a same sample of abalone flavoring liquid. The
points represented a same taste sample are
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close to each other. The points represented
different taste samples have some distance. It
suggests that these five different tastes abalone
flavoring liquid can be distinguished
commendably by the sensor array.

3.2.2. PNN Classified
abalone flavoring liquid

In order to identify the abalone flavoring
liquids with five different tastes by PNN, the
response current peak of sensor is taken as the
measured value of the sample. Three duplicate
samples are prepared for each tastes of abalone
flavoring liquid. Each sample is detected for 5
times. That is obtaining 75 groups of 7
dimensional data. 50 groups are chosen as the
training set and the other 25 groups are used as
the testing set. The training set is used to
construct a probabilistic neural network and the
testing set is used to test it .The input neurons
are 3, which are the first three principal
components resulted from PCA of 75 groups
data of abalone flavoring liquid samples. The
output neurons are 5, which are represented
five different tastes of abalone flavoring liquid.
Other parameters are the same as the above
mentioned PNN wused for basic tastes
recognition. After network training, the data
groups in testing set are correctly classified in
their categories except for one group of light
taste and one group of salt and fresh taste. The
correct identification rate of PNN is 92%. The
result shows that the sensor array has excellent
identification ability for 5 different tastes of
abalone flavoring liquid.
4. Conclusions

(1) STDEV and One-way ANOVA are
used to analyze the detecting signals of metal
electrodes for basic taste substances. The metal
electrodes which do not have good stability and
distinguish ability are removed from the sensor
array. The selected sensor array is used for
identification of basic taste substances. PCA
and PNN algorithm are used to analyze the
measured data. The result shows that the sensor
array has excellent identification ability for
basic taste substances.

identification of
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(2) The sensor array is used for
classification identification of five different
tastes of abalone flavoring liquid. The first
three principal components are retained. The
cumulative contribution rate of the first three
principal components is 91.307%. The
distribution of the first three principal
components in three dimensional spaces can be
represented intuitively by a three-dimensional
diagram of PCA. The retained first three
principal components are used as the input
neurons of PNN. The output neurons are 5,
which represents the five different tastes of
abalone flavoring liquid. The constructed PNN
is used to identify the abalone flavoring liquids.
The correct identification rate of PNN is 92%.
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ABSTRACT

Take the distribution of the national express refrigerated transport company as a
example to verify the basic model of cold chain logistics distribution routes. If the
transportation cost and the number of customers are consistent in per unit mileage,
the longer service mileage from distribution center to the customers, the greater
total transportation cost. Therefore, the total cost of vehicle transport is
proportional to service mileage. The greater spoilage costs per product caused by
the accumulation of mileage and the lapse of time, the higher total damage costs.
The higher unit price, the greater total damage costs of fresh products caused by
transport time and car door opening. Hence, the damage cost is proportional to the
transport time and the unit price of goods. Divide customer points according to the
regions of customer points and the limit load capacity of 11t vehicles based on
good road condition, cluster analysis of results, respectively use the standard
genetic algorithm and the improved genetic algorithm to calculate under the same
control parameters, compare them and obtain the results. The results show that the
improved genetic algorithm is superior to the standard genetic algorithm in the

calculation of the speed and efficiency.

1. Introduction

Logistics distribution is a set of logistics
activities include classifying and allocating
goods in the logistics center in accordance with
the requirements of the customer orders, and
delivering prescribed goods to the consignees
promptly. Distribution is the last link of

customer service; its position is very prominent.

Optimizing  logistic  distribution  routing
problem, also called Vehicle Routing Problem
(VRP), which is one of the hot topics in the
current researches of logistics system. It refers
to the proper organization of vehicle routing
between the delivery points and the receiving
points under some constraint conditions such as
customers’ quantity demanded for goods,
vehicles bearing capacity, shipping time,
delivery time and travelled mileage, to achieve
the goal of the shortest distance, least cost,
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delivery on time, used vehicle as less as
possible. Many experts at home and abroad
have proved that the genetic algorithm (GA)
has great advantage in solving the VRP.

2. Materials and methods

2.1. component of Vehicle Routing Problem

The main components of Vehicle Routing
Problem include goods, distribution center (or
logistics center), customers and vehicles.

(1) Good

The goods is the object of distribution. We
can take each demand goods as a batch of
individual goods. Each batch of goods includes
following properties: name, weight, volume,
packaging, required delivery time and place,
whether can partial distribution or not(Wang,
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2012). The goods in cold chain logistics
include the aforementioned processed foods,
fresh  fruits and vegetables and other
agricultural products, as well as a part of drugs
and other special products that need
refrigerated transport(Montanari, 2008).

(2) Distribution center

Distribution center is engaged in disposing
goods which consists of consolidation,
processing, picking, allocation and organization
of the delivery in order to achieve the modern
distribution facilities for supply or sale(Palacio
and Nuin, 2009). In a distribution system,
distribution centers can appropriately adjust
their number according to the distribution
network problems (Hoang and Alvarez, 2012).
If some distributions have a lot networks and
their coverage is quite extensive, we often
adopt multilevel distribution center to realize
the delivery: the first level distribution center
sends goods to the next level distribution center;
under multiple two levels distribution centers,
the research on how to arrange the distribution
between different distribution centers relates to
the optimizing distribution problem. (Li and
Nien, 2010).

(3) Consumer

Customers can also be referred to users,
including the retail stores, consumer point, etc.
The number of goods required by a single
customer may exceeds or less than the
allowable loading capacity of a certain vehicle
in a logistics distribution. In the above case,
when the total demand for goods exceeds the
total transport capacity, we need to deliver
goods by several times or several vehicles;
when the demand is less than the allowable
loading capacity of a vehicle, we should carry
out cargo stowage if possible (Wu and Zhao,
2013). The time of goods demanded by a
customer is the required delivery time and it
can be divided into the following several
situations: no time window constraint; required
during a specified period of time, namely
complete delivery within the time window;
have time window constraint, but may not
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comply if we take given punishment(Lan and
Xue, 2013).

(4) Vehicles

Vehicle is the carrier of goods, its attributes
include: type, loading capacity, size, purchase
price, service life, the maximum stroke of
distribution, vehicle parking location before
and after the completion of the task, etc(Xu and
Gong, 2016). Cold chain vehicle is the main
distribution equipment for cold chain logistics
system; the allocation of vehicle plays a
decisive role in maintaining freshness of fresh
food, improving transport efficiency, saving
energy and reducing transportation costs; it not
only affects the enterprise's economic benefit,
but also related to the benefits of the whole

society.
In order to play the distribution’s role to
achieve the distribution efficiency, the

distribution process including: formulate a
distribution plan, issue the distribution plan,
confirm requisite amount according to the
distribution plan, distribution points deliver
goods to the warehouse, allot goods, packaging,
finance department issue a specific task
distribution, shipping and deliver, as shown in
Figure 1.

The order contract +—

Flow of
information

capacity —
Cargo resources

Figure 1.
distribution

Custom Distribution plan Delivery and
R distribution plan > issued ) distribution and
delivery
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The working process of the vehicle
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2.2. Establishment of distribution mode
(1) Hypothesis on distribution problem

Model of cold chain logistics distribution is
a distribution model where one DePot to many
customers, the type of fresh food in distribution
is single, also meets the following conditions:

(D One-way flow of goods, that is, pure
delivery;

@There are K vehicles, each vehicle has a
certain load capacity constraint, but the total
capacity of all vehicles is greater than a single
customer demand on the transport route;

(®Each customer's demand is known, the
required goods can only be completed by a
vehicle, and all customers have to get service;

@ Set distribution centers in the starting
point and the end point of each route, that is, all
vehicles must complete the task within the
specified time and return to the distribution
center;

(BEach customer has a designated service
time window; Delivery must be carried out
within this time range;

® If it belongs to multiple targets, the
transportation  cost is  minimum, the
transportation mileage and the total waiting
time of all customers is shortest;

(DThe optimal distribution routes between
distribution center and the customer, as well as
between any two customers have been
calculated by the logistics distribution route
optimization system;

(®Do not consider the situation of vehicle
congestion, regard the road traffic is smooth, no
rush hour.

(2) Establishment of distribution model

The transportation cost of distribution
vehicle is comprised of 2 parts, fixed cost and
variable cost. The fixed cost is constant, which
is not directly related to the number of
customers and  transportation  mileage.
Generally, it includes vehicle depreciation
expense, ancillary equipment, and fixed assets
which is related to transportation, such as the
driver's wages. If there are m vehicles, the fixed

cost per vehicle is C,, then the total fixed cost
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is >.c, . The variable cost of distribution
k=1

vehicles includes fuel consumption,
maintenance and other costs; the variable cost
of vehicles is proportional to the traveled miles.
For the general vehicle transportation costs of
distribution, we adopt the formula (1) to
calculate.

Z1= ick + anzn:icijkxuk (D)
k= i20 j=0 k=1
s.t.
ggiyiKSq,kzl,Z,---,m (2
iz;:xijk:yjk’j:0,1’...n’;k:112,...m (4)
i‘xijk:yik,izo,l,---n, (5)
=0 or 1 ij=0%-nmk=32-m (6)
y,=0 or 1 ij=0L--nk=12---m (7

(3) The damage cost in the process of delivery
Fresh food belongs to perishable food, there
are many factors affecting the spoilage of fresh
food. It is assumed that the fresh food can be
maintained in fixed temperature in the delivery,
then the decay of fresh food in distribution only
relate to the delivery time without considering
other influencing factors(Lan, 2012). On the
other hand, the back door of vehicle will be
opened due to customer service; it will increase
the addled speed of fresh food. With the
different opening frequency and length of time,
the quality of fresh food will be affected in
varying degrees. So we analyze the fresh food
spoilage into two kind situations: One damage
is caused by fresh food spoilage due to the
accumulation of time in the delivery; the other
damage is caused by customer service. When
the back door of vehicle is opened, the hot air
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from outside flow into and the cold air from
inside flow out, which increases the
temperature in vehicle, then the damage of
goods is caused by rapid decline in quality of
fresh products. The two parts of the cost can
use formula (8) to calculate.

Z,= pizn:ﬂ’jk (312ij +a2ﬂj) (8)

k=1 j=0

When the outside temperature is relatively
high, the energy cost of the refrigerator vehicle
is also higher; the real-time change of the
temperature will affect the energy cost of the
refrigerated vehicle during the distribution of
fresh products. In the aspect of energy cost
calculation, the energy cost in the distribution
process is proportional to the temperature
difference between the inside and outside of the
car. Set the temperature difference between the
inside and outside of the car at a given time
asAh (t), a is the energy cost at per temperature
difference and per unit time, the total energy
cost is:

kz;[ [ arh@et] ©)

Amend the original model based on this one.
(4) The penalty cost when exceed the customer
delivery time

s0=0
Xiik =1= si+ti+tij =S,
b j=01---ni#] (10)

E<s; <T;,j=01--,n
t, =max{E; —s,,0}
The following can be expressed as the penalty

cost of the time window during the distribution
of fresh goods:

Z3:dzn:max(Ej—sJ.,0)+eZn:max(sj —Tj,O) (11)

j=0 j=0

(5) Optimization model of distribution

For the genetic algorithm, usually the
evaluation function is only one. Under the
circumstance of uniform target unit and
dimension, the multi object model is processed
directly by using the linear weighting method,
which the simply add several targets into a
single objective. Therefore, the optimization
model of cold chain logistics distribution is as
follows:

minZ = Zm:Ck +Z“:Z":zm;cukx"k + pzm:/llk (az; +a,, )*Zm:U: aAh(x)dx} (12)

i-0 =0
+dz":max(EJ —s],O)+e§":ma><(sJ —TJ,O)
= =

S.t.

Zgjyik Sq’k:i’zv"'m
i=0

Zn: X =N 13)

Among them: The formula (13-1) indicates
that the cargo capacity per vehicle does not
exceed its maximum allowable cargo capacity
g.

The formula (13-2) indicates that each
customer must be serviced only once, no
duplicate service;

The formula (13-3) indicates that all
customers are served, not missing any of them.

The formula (13-4) indicates that each
customer is serviced by only one car.

The formula (13-5) indicates that the
service time of the customer shall be within the
acceptable range of the customer.
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2.3. Solution methods for vehicle routing
model in cold chain logistics

Genetic algorithm is a kind of "generation
and detection™ iterative search algorithm. It
takes all individuals in the population as
operand, and every individual is the solution to
correspondence problem. There are three main
operations: selection, crossover and mutation.
Apply Matlab7.0, compile the computer
program which is suitable for the algorithm
model, complete the solving process on the
distribution problem, and obtain the optimal
path, to achieve the guidance of the actual
problem.

Structure the receiving points for fresh
perishable goods as the chromosomes in the
solution  vector of distribution  route
optimization problem by using the natural
number coding method. Make the solution
vector in  mathematical model into a
chromosome which length is m+1 to express a
feasible solution (feasible distribution route),
that is, the first vehicle sets out from “0”,after
the completion of the tasks “i11,112,i13, ...i1t”,
it backs to" 0, which form a sub path 1; The
second vehicle resets out from " 0 " to complete
the tasks“i21,i22,i23, ...,i2t"which are not
visited before, then it also backs to "0" to form
the sub path 2; Repeat in this way until all the
tasks are completed.

For example, the distribution routes of
chromosome 014502306780 are as follows:
Sub path 1: distribution center 0—customer 1
— customer 4— customer 5 — distribution
center 0.

Sub path 2: distribution center 0 —
customer 2 —customer 3 — distribution center
0.

Sub path 3: distribution center 0—customer
6— customer 7— customer 8 — distribution
center 0.

These sub paths’ chromosome structures
are ordered, if task 1and 4 exchange position in
sub path 1, then the objective function value is
changed; but the chromosome structures
between sub paths are disordered, if the sub
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paths 1 and 2 exchange position will not affect
the objective function value.

3. Results and discussions

3.1. Overview of living example

In order to verify and improve the
effectiveness of genetic algorithm, we take the
distribution process of Fuzhou national express
refrigerated transport co., LTD for the
customers in the urban area as an example. The
number of distribution center is "0", which
conducts distribution services for 30 customer
points in the urban area. According to the
information provided by the third-party cold
chain logistics distribution business, the goods
delivered to the supermarket are some fresh
vegetables which are selling every day like
cabbages, Chinese cabbages, tomatoes and
potatoes, they can’t be tainted by other odor,
and their time limit of preservation is 12 hours.
When the outside temperature exceeds 20
degrees, the temperature of the refrigerator car
should be controlled within 2-15 degrees; when
the outside temperature is lower than 20, the
refrigerator car should deliver goods in normal
temperature.

The coordinate value of each distribution
point (employ the Beijing coordinate system),
time window constraints and service time, and
the quantity demanded in each distribution
point, the delivery distances which are
calculated by the cold chain logistics
distribution optimization system see the
attached sheet. The carrying capacities of
transport vehicles which are equipped by
company are respectively ISUZU Il
refrigerator cars with 3 t, 5 t, 8 t, refrigerator
cars with 11 t mainly see Table 1. All sections
are not forbidden segments, and the average
running speed of the vehicles in the process of
distribution is 35 km/h, the unit price has
consulted market real price, as shown in table 5.
Arrange the distribution routes reasonably to
fully meet the time window constraints of the
distribution points.
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Table 1. The demand of different PeiSongDian distribution distance

The first to Accept the
Number X coordinates Y coordinates Demand accept service latest service Service time
time time
0 13271.603 2896.715 0 6:15 17:00 0
1 13270.702 2998.124 2 7:00 9:45 30
2 13270.466 2900.727 25 7:00 10:00 45
3 13269.094 2899.413 1 6:45 14:00 15
4 13254.365 2900.727 3 645 12:00 30
5 13265.366 2899.418 2 8:00 15:00 15
7 13271.607 2896.715 2 7:00 17:30 15
7 13270.702 2898.861 2 645 18:00 15
8 13270.466 2900.727 1 6:15 14:00 30
9 13269.093 2899.313 15 6 .30 14:30 30
10 13254.365 2900.727 3 7:00 13:30 20
11 13265.367 2999.418 2 6:45 14:00 30
12 13271.603 2896.715 2 6:15 15:40 30
13 13270.702 2 898.251 1 7:00 14:00 30
14 13270.446 2900.727 1 7:30 17:30 30
15 13269.093 2869.413 3 6:45 18:00 15
16 13254.365 2900.723 2 6:15 11:00 15
17 13265.358 2899.418 4 7:00 12:00 15
18 13271.603 2839.415 2.5 8:30 18:00 20
19 13270.702 2900.727 25 6:45 14:30 30
20 13870.466 2899.418 2 6:15 14:00 30
21 13269.093 2897.715 2 8:00 14:00 30
22 13554.365 2 428.861 2 7:00 17:00 45
23 13245.366 2899.413 3 6 .45 14:00 15
24 13271.603 2911.727 3 6:.15 14:30 15
25 13225.702 2899.418 1 7:00 18:00 45
26 13270.466 2896.715 1 7:00 13:00 30
27 13219.093 2 898.861 4 6 .45 14:00 30
28 13254.365 2899.418 2 7:00 14:00 25
29 13275.366 2896.715 2.5 6:45 12:00 35
30 13265.366 2 878.861 1 6:00 14:00 15
Table 2. Cluster analysis results
The vehicle The customer points The customer number Bearing capacity of
number the vehicle
1 21,24,27,22,28 5 8
2 25,29 2 9.5
3 9,23,26,30 5 8.5
4 14,15,18,20 1 9
5 7,10,11,13 4 8
6 3,4,6,12,19 3 9
7 1,2,5,8,16,17 2 10
Table 3. The delivery of improved genetic algorithm for time window to check
. The customer . Distribution Distribution Delay Algorlthm to
Vehicle Client access order . calculate time
number range (km) range (km) time (m) )
1 5 0-27-22-28-24-21-0 15.477 0 0 2.275
2 2 0-25-24-0 27.095 0 0 1.769
3 3 0-23-25-30-9-0 17.822 0 0 2.288
4 2 0-21-14-15-18-0 13.498 0 0 2.703
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5 2 0-5-11-14-10-0 16.526 0 0 3.688
6 3 0-4-3-6-12-19-0 14.658 0 0 3.131
7 4 0-1-3-8-14-17-5-0 12.522 0 0 3.219
Table 4. Delivery time window to check the standard genetic algorithm
Vehicle The customer Client access order Distribution Distribution Delay time | Algorithm to
number range (km) range (km) (m) calculate time
()
1 5 0-27-22-28-24-21-0 13.477 0 0 2.247
2 2 0-25-24-0 24.025 0 0 1.769
3 3 0-23-25-30-9-0 12.827 0 0 2.388
4 2 0-21-14-15-18-0 13.494 0 0 2.503
5 2 0-5-11-14-10-0 15.226 0 0 3.621
6 3 0-4-3-6-12-19-0 14.658 0 0 3.231
7 4 0-1-3-8-14-17-5-0 12.523 0 0 3.219

3.2. Example analysis

Under the good road condition, adopt large
trucks as far as possible to carry out a joint
distribution for improving the full load rate and
reducing operating costs. According to the
specific requirements of the distribution of
vegetable products, select the truck with 11 tas a
distribution vehicle to solve the problem.

According to the data in Table 1, divide
customer points according to the regions of
customer points and the limit load capacity of
11t vehicles based on good road condition. The
results of cluster analysis see Table 2 (each serial
number represent the vehicle number of each
transportation route).
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Figure 2. The improved genetic algorithm
for the calculation process

|
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Set the specified population number n = 100,
the maximum evolution algebra C=100,
crossover  probability  Pc=0.9, mutation
probability Pm=0.02 by using the proposed

improved genetic algorithm. To achieve rapid
search and get the optimal distribution routes
with the help of Matlab 7.0.

Figure 2 is the improved genetic algorithm
for the calculation process of the first routes;
Figure 3 is the standard calculation process of
genetic algorithm.

| svatation san , - [B]x]]
Bile Zdit Yier Insert Jcols Deskiop fJindow Help -

Dedae b aaNe w 0B &0

Figure 3. The standard calculation process of
genetic algorithm

The distribution time of the above 30
distribution points are within the time window,
so there is no penalty cost. The distribution
routes in Table 5 appear the violation of the
restrictions of time window. Therefore, there
should be a corresponding penalty cost, we can
see that the improved genetic algorithm has
significantly improved in computing speed and
efficiency when compared with the standard
genetic algorithm.
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Check each distribution task in list 3, the
distribution time of the above 30 distribution
points are within the time window, so there is no
penalty cost. The distribution routes on Table 4
appear the violation of the restrictions of time
window. Therefore, there should be a
corresponding penalty cost. Contact Table 2, we
can see that the improved genetic algorithm has
significantly improved in computing speed and
efficiency when compared with the standard
genetic algorithm.

3.3. Results Analysis

According to the results of the
comprehensive calculation, we can know that the
total cost of the distribution by the improved
genetic algorithm is 6 192.2 RMB, and the total
cost by standard genetic algorithm is 7105.8
RMB, in which the transport cost is the largest
cost of the project, which accounts for about
58.5%-68.4%.

The total sum of energy cost and damage
cost accounts for about 20.06%-23.02% of the
total cost of distribution. If delivery goods in the
normal temperature, the variable cost of
transportation accounts for about 22.04%-
24.57% of the total cost of the distribution, and
the fixed cost accounts for 49.98%-57.62%.
Therefore, in the distribution of fresh products,
only considering the energy costs and the
damage costs can reflect the meaning of cold
chain logistics distribution. At the same time, the
damage costs in cold chain logistics is
significantly lower than that in the normal
temperature logistics; it helps to reduce the cost
of fresh food distribution, and proves the
practical value of the research.

Compare the total distribution cost of the
improved genetic algorithm with that of the
standard genetic algorithm, the optimal
distribution routes which are obtained by using
improved genetic algorithm can not only satisfy
the time window constraints between chain
stores and vehicle capacity constraints, but also
in computing speed and efficiency. Standard
genetic algorithm only considers the capacity
constraints of distribution vehicles, and does not
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take the time window constraints of the chain
stores into account, which increases the penalty
cost. Therefore, the improved genetic algorithm
adopted in this research is better than the
standard genetic algorithm in solving the
optimization problem of cold chain goods
distribution routes.

4.Conclusions

Take the distribution of the national express
refrigerated transport company as an example to
verify the basic model of cold chain logistics
distribution routes. If the transportation cost and
the number of customers are consistent in per
unit mileage, the longer service mileage from
distribution center to the customers, the greater
total transportation cost. Therefore, the total cost
of vehicle transport is proportional to service
mileage. The greater spoilage costs per product
caused by the accumulation of mileage and the
lapse of time, the higher total damage costs. The
higher unit price, the greater total damage costs
of fresh products caused by transport time and
car door opening. Hence, the damage cost is
proportional to the transport time and the unit
price of goods

Divide customer points according to the
regions of customer points and the limit load
capacity of 11t vehicles based on good road
condition, cluster analysis of results, respectively
use the standard genetic algorithm and the
improved genetic algorithm to calculate under
the same control parameters, compare them and
obtain the results. The results show that the
improved genetic algorithm is superior to the
standard genetic algorithm in the calculation of
the speed and efficiency.
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ABSTRACT

In this paper, the integrated use of expert interviews, literature review,
questionnaires, mathematical statistics, methods and means was
discussed. On the part of nutrition education and nutrition status,
college athletes KAB investigation was analysis. Athletes lack of proper
nutrition concept, low nutrition knowledge, which exist more errors. There
is eat animal meat that is nutritional supplements, it can enhance physical
fitness. Before the game gluttony assault nutritional supplement, it can
improve physical fitness. Some knowledge of science or even less than
ordinary people. Survey results showed poor results that athletes nutrition
education method is not standardized. 43.8% think athletes sports
performance nutrition awareness of no effect, 40.6% of the athletes are not
interested in nutrition knowledge, the data indicate a great need for athletes
exhibition effective nutrition education and established the correct concept

of nutrition.

1. Introduction

Athlete  nutrition has two  basic
characteristics: first, its unique characteristics
of vocational training and competition, leading
to energy and nutritional needs of athletes,
which is different from the general population.
The second is due to the different sports are
engaged, resulting in a certain sport athlete
nutrition items group and  special
features(Brown, 2012;Roseman, 2011).
Characteristics determine the athlete nutrition,
which is not a general pattern in the general
population nutrition "quality” and "quantity" on
the simple increase or decrease, but it has a lot
of own characteristics (Jitomir, 2008; Zhang,
2015; Qu, 2015; Stevens, 1999). Athlete's
athletic ability, the skill ability, physical ability,
tactical ability, intelligence and other mental
capacities, of which the relationship between
physical ability and dietary most closely (Volpe,
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2007). Physical ability is the human body
morphology, functional capacity, organic
combination of athletic ability and coordination
of comprehensive ability to interact formed an
important part of sports ability. Scientific
training, nutrition reasonable diet, good
competitive state and psychological quality of
athletes achieved outstanding competition
results of an important guarantee(Herzman-
Harari, 2013).

Athletes are a special group, always to deal
with the increasingly fierce various types of
athletic tasks. Under the premise of prohibiting
the use of stimulants to maintain a strong
physical and intense athletic resume as soon as
possible after regeneration to fight another day,
a great need for reasonable and effective
nutrition interventions (Wagenmakers, 2015;
Justin, 2013). Players eliminate fatigue after
training means  doping-free  nutritional
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supplement the diet than before is an important
part of the best state of motion arise (Griffin,
2016). At present, China's athletes diet and
long-term existence of protein, fat and
carbohydrate intake disorders, these three
pyrogen metabolism in the body is using each
other, mutual restraint, in a dynamic
equilibrium, so they must have an appropriate
ratio, in order to have conducive to the normal
physiological function and increase metabolism,
and improve exercise capacity (Wessels, 2016).
Too fat for energy, low carbohydrate, and with
the increasing problem of economic
development, which is no doubt the health of
athletes and athletic ability are very
unfavorable, especially adolescent athletes is an
important period of growth and development, it
is a reasonable and balanced diet the material
basis for growth and development, but also for
lay a solid foundation movement (Wroblesk,
2010; Swinbourne, 2015; Sedeaud, 2014; Walle,
2007). Studies have shown that nutrition for
disease occurrence, development and prognosis
have a great impact. With economic
development and living standards improve,
more and more people pay attention to proper
nutrition, eager to gain more knowledge of
nutrition (Cadzow, 2015). However, in real life,
there are still a lot of malnutrition and nutrition
problems, serious harm to human health, its
main causes is the lack of proper nutrition
knowledge, can not reasonably choose and
match food caused. Students are in the shape of
growth period, there is great plasticity, health
education for college students to correct poor
eating behavior will play a multiplier effect
(Helzberg, 2010). Especially medical students,
because of their special nature of work
undertaken after graduation, improve their

nutritional knowledge is essential capabilities
and a reasonable choice of food.

Nutrition education is by changing people's
eating behavior and achieve a change in the
nutritional status of the purpose of planned
behavior. As a convenience, economic
interventions, governments and nutritionists
have been one of the main effective means of
improving people's nutritional status. Nutrition
education as a "bridge" that allows players
more effectively and quickly understood that
the application of various benefit their
nutritional knowledge. In this paper, nutrition
education and nutrition portion of professional
athletes and college athletes know the
knowledge, Attitude, Behavior status of a
preliminary investigation, to carry out teaching
nutrition to provide scientific ideas to keep the
sports system and reference.

2. Materials and methods

2.1. Athlete’s nutrition cognitive status

As can be seen in Table 1, two groups of
athletes majority (68.1%, 55.2%), "do not
know" and "well aware" of the athletes were
only 5.4 %, 9.8%. Situation two are basically
the same, no significant difference (P> 0.05).
Since most athletes completely unknown or just
little understanding, meal tower five-layer
structure of the food, so there are a great
misunderstanding on food, that an increase in
nutrition is to eat more meat and protein, while
ignoring the meal pagoda bottom of whole
grains and fruits and vegetables of the second
layer, resulting in unreasonable athletes diet,
protein, fat and carbohydrates three pyrogen
imbalance (Adams, 2008; Gibala, 2016).

Table 1.The realization to nutritional knowledge of the athletes

Iltem Province Team P. E. College
Familiar Little Blind Familiar Little
Dietary guidelines 4.8% 27% 68.2% 9.1% 36.9%
Poisoned food 10.2% 50.1% 38.1% 7.9% 64%
Overeating 17.2% 63.5% 19.5% 12.4% 75.9%
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Good nutrition knowledge can guide the
selection of athletes scientific and reasonable
balanced diet and a healthy lifestyle, the
formation of physical fitness, enhance physical
fitness, in order to improve training and
competition results. Nutrition KAB connotations
are interrelated and influence each other.
Provincial team Athletes 25.9% believe that very
effect, 66.5% think that some action, and that
there is no effect of 7.6%, the institute Athletes
48.5% believe that very effect, 49.5% think that
some action. Only 2.1% believe there is no
memory effect.

Medical students understand the current level
of understanding and knowledge of nutritional
eating behavior, provide a reference for future
conduct nutrition health education. According to
Health Education Knowledge - - line model
theory, the process of health behavior change is a
change of attitude by the knowledge to behavior,
and only have a certain knowledge and a good
attitude to education, be possible to achieve this
transformation. ~ Nutrition  and  nutrition
knowledge attitude and behavior is positively
related to improve the nutritional knowledge can
affect nutrition attitude, and then guide them to
take the correct eating behavior, correct nutrition
attitude, help to improve the nutritional health of
the entire population.

2.2. Statistical analysis

Based nutrition KAB questionnaire model
and the specific circumstances of the students
design their own questionnaires, pre-survey, to
discuss revisions, including an analysis of the
project and checked for the project. Unified
training for investigators, who pass as an official
investigators. Investigation by the method
according to the class cluster sampling, the
questionnaire valid numbers through
questionnaires filled out by the ombudsman after
the respondents to explain himself, after
questionnaires were collected by investigators
for review, excluding invalid questionnaires.

Establish Epidata database, after checking
data entered into the computer, use SPSS12.0 to
organize and analyze data. The data were the
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variables descriptive analysis, 2 test and logistic
regression analysis. With a = 0.05 as the test
standard.

In regression problems if the response vy is
binary in nature, it actually becomes
classification, the so-called binary classification.
To make the problem more intuitive analysis of
some argument assumes y is 0 or 1. Logistic
regression is an effective way to solve this binary
classification problem. The law is also under
some assumed probability model launch. First
examine the function:

h, (X)= g(WTx)= !

_
l+e™*

1)
Init:

g(S)_1+e‘Z @

Called Logistic function or sigmoid function.
Assume that a given x; conditions under w, y =
probability of 1 obey Bernoulli distribution, and
can be expressed as:

p(y=1/x,w)=h,(x) (3)

p(y:0|x,w):1—hw(x) (4)
Above two equations can be combined into a
compact form:

p(y|x,w)=hW(x)y(l—hW(x))l_y(S)
Wherein ye {0,1}. M in the number of

samples for independent case, sample data
likelihood function is:

L(w)=p(Y]X,w)

(6)

1) ono)

Another easy way to express the value of the
function y Release index is {1,1} when:

I(w)=-Y Y iog(1-p) ()

_Z - Ji
= 2

To make the process clear and concise

derivation, we only consider the case of a single

variable x is x, and without loss of generality, the

results can be generalized to the case of vector x.

1+y,
—log p, +
5 g p;
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Linear regression model assumes that the

probability of:
p(x,60)~N(u0%) (8)
In binary logistic regression, it is assumed
probability model:
p(x,0) ~ Bernoulli(¢) (9)
The fact that these models can be generalized

into a class of model families, known as
generalized linear models.

3. Results and discussions
3.1. Drinks drunk in training rehydration

Figure 1 shows that the majority of athletes
(72%) choose rehydration aspect of water,

purified water, mineral water, into the
rehydration ~ misunderstanding,  did  not
understand the purpose of not only the

movement of fluid replenishment, but also to
supplement the loss of movement, fatigue useful
energy source. Only 12 % of the athletes: do
choose the fruit and vegetable drinks. Athletes in
training lost large amounts of water and
electrolytes, rehydration for athletes to restore
volume and penetration Kivu, supplementary
energy source, eliminating fatigue is very
important. Cola and other carbonated beverages
containing CO, could easily lead to stomach
discomfort, and the inorganic salt content of cola
towel may not be able to meet replenish lost salts
motion needs, not suitable for use as a post-
exercise rehydration.

Drinking water and other materials as a
supplementary energy of little significance, and
fruit and vegetable drinks rich in vitamins,
carbohydrates, trace elements, is a complement
both the vertical movement of water and salts
lost, but also to supplement the energy
consumption of drinks. Therefore, athletes
should be reasonable nutrition education
rehydration. In training, the race to promote a
scientific and reasonable formula supplemented
sports drinks.
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Figure 1. Drinks drunk in training rehydration

Universal  acceptance  of  nutritional
knowledge of a good attitude, in the 603 survey
respondents, most athletes believe that nutrition
is important, 88.7% of the athletes are willing to
change their eating habits to their health, 94.7%
of athletes want to make their diet more in line
with nutritional requirements. 78.4% of the
athletes against smoking, 90.7% of the athletes
never smoked; 52.9% of the athletes against
drinking and 62.5% of the athletes never
drinking. 60.7% of the athletes say that physical
exercise is the best way to lose weight.

3.2. Nutritional supplements inappropriate
drawbacks

Improper anti-nutritional supplements can
harm the body. Athletes’ heat comes mainly
from within the egg, fat, carbohydrates. Since
these three metabolism in the body with relative
valley, phase watt constraints in dynamic
equilibrium, so they must have an appropriate
ratio, to improve and benefit the normal
physiological function, exercise capacity and
increase metabolism. Disproportionate
influenced not only physiological function, but
also reduced exercise capacity and cause certain
diseases. Such as: too much fat is not only to
increase metabolic oxygen consumption, but also
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impede the metabolism of carbohydrates, acidic
metabolites increased, affecting exercise capacity.
Long-term intake of too much fat can lead to
coronary heart disease.

Multi-body exercise in a hypoxic state, a
high intake of fat and carbohydrates and less fat
is not easy to be fully oxidized to produce bodies,
blood accumulation of acidic substances, pH
values decrease, prompting athletes fatigue,
reduced exercise capacity. At the same time
elevated blood lipids, blood viscosity tone, blood
flow slowed down, the body more oxygen,
absorb too much cholesterol, can easily lead to
coronary heart disease. Prisoners should be
appropriate for this limit fat intake, and
depending on the item for energy characteristics,
heat the fat ratio is controlled at about 25%,
while increasing carbohydrate intake.
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3.3. Athlete's physical

Based on interviews understood that during
the two most high school athletes namely began
receiving special training, mainly in the sports
school time with coaches, teammates life, some
athletes through sports talented students into the
provincial team selection procedures or
universities, with a small number of athletes in
the experience general school students like
learning, examination into the college.

Ideal physique is the body in full, based on
the potential of innate endowment, acquired by
actively cultivate, so that the body morphological
structure, physiological function and
psychological state of the environment, ability to
adapt to the overall development, with relatively
good physical condition.

Bl Province Team
P. E. College

S

0

Peaceful

Cool Others

Figure 2. Compare two athletes physique type

Figure 2 show two sets of data, the provincial
team group level and type accounted for 50.3%,
compared with a significant difference (P <0.01)
Partial cold type. Since the street team group
training,  sports-based,  supplemented by
theoretical study, reflecting the movement of the
body to promote the quality of health.

The survey also found that the way athletes
nutrition knowledge of newspapers and books in
descending order of 83.4%, TV 54.9%, 44.6%
and other schools, school classroom education
only ranked No. 3. Classification of eating
behavior score (Y) long on logistic regression
analysis showed that: the attitude of nutritional
knowledge (X1), nutrition knowledge score (X2),
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father's education are protective factors of eating
behavior, indicating knowledge about nutrition
deeper level, the better the attitude of acceptance
of nutritional knowledge, the higher the father's
education level, the more healthy eating
behaviors. Colleges and universities are
education, life and job skills to master an
important place in education and health plans to
play a larger role in place. Therefore, the school
should play to their strengths in education,
increase nutrition knowledge and education
efforts through the classroom, combined with
newspapers, books, television, blackboard
newspaper and other forms, there are plans to
athletes preach health-related knowledge,
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training athletes good health awareness improve
the ability to adapt and self-care ability, to
develop good habits, to guide the behavior of
athletes out of the diet misunderstanding.

3.4. Athletes taking nutritional supplements
To accommodate the large amount of
specialized training and high-strength, balanced
diet alone can not meet a lot of energy
substances and other nutrients consumed by
professional training, must be functional sports
nutrition supplements to help athletes improve
athletic endurance and stamina and recovery
ability to help athletes under more pressure
training and additional training to adapt to
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greater stress, create a better athletic
performance. Nutritional supplements improve
Athletes huge role in promoting, it has gradually
attracted the attention of people in the field of
exercise science.

Figure 3 shows that the group most
provincial team athletes recognize that the
appropriate use of nutritional supplements can be
beneficial to training and competition, taking the
rate of 4%; the institute group took 40.2% rate
compared very significant difference between
two groups (P <0.01 ). Institute group athletes
did not participate in athletic competition, so
59.8% of the athletes nutritional supplements not
know the place.

Il Province Team
J P. E. College

1-2

week month

Figure 3. Athlete taking nutritional supplements

3.5. Nutrition K, A, B scores and total scores
K Score: nutrition knowledge score; A point:
knowledge of nutrition and healthy attitude score;

B point: reasonable dietary behavior score)
(Table 2).

Table 2. Result of K, A, B score and total score

Item K A B Total
Full Score 40.00 | 10.00 21.00 71.00
Mean Score 21.73 7.87 11.17 40.78
STD 6.62 1.54 3.20 8.58

Nutrition knowledge at the middle level (low
accounted for 56.1%, moderate share of 36.2%);
poor nutrition behavior at level (low accounted
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for 63.7%, moderate share of 30.3%; but showed
better nutritional attitudes ( score of 66%); out of
lower middle (low 59.0%) , which was shown in
Table 3.
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Table 3. Distribution of K,A,B score and Total score

Level K(ratio) A(ratio) B(ratio)
<60 338(56.1) 45(8.0) 388(63.7)

60-80 316(36.2) 188(28.5) 156(30.8)
>80 44(7.8) 420(66.0) 32(5.2)

By K, A, B method, it found that the majority of
players to score a reasonable diet, vitamins and
trace elements in food sources, diet and disease
(such as diabetes, hypertension, high cholesterol)
relationship, Formaldehyde, clenbuterol,
phytochemicals alerted rate relatively low.
Athletes surveyed general lack of nutritional
knowledge. Nutritional behavior scores are lower,
but most athletes are interested in nutrition
knowledge, nutrition attitude is better, indicating
a strong desire for knowledge athletes, hoping to
get more nutrition knowledge to change their bad
eating habits, improve their quality of life.
Instructions to carry out knowledge of nutrition
education in athletes is necessary, urgent and
possible. From the nutritional point of view, the
gap is appropriate to eat two meals a higher
nutritional value of fruit snacks, milk, it can
compensate for the lack of meals, the body is
beneficial. Conversely, if a large number of
meals to eat some high energy content and low
content of other nutrients snacks, such as

chocolate candy, puffed food, instant noodles,
will affect the appetite dinner time, resulting in
inadequate food intake dinner. So snack time
snack type, amount of snacks to make a rational
choice.

Survey data show that the health of athletes
were majority  (73.0%, 72.7%), common
symptoms of sub-health state: colds, insomnia,
bad stomach. Account for a minority.
Description This two athletes most in good
health. Athletes by interview survey found that
healthy athletes training, the law of life, dietary
diversification, pay more attention to the
therapeutic application of health knowledge.

3.6. Multivariate logistic regression analysis
The eating behavior score divided by the
median high and low two kinds of eating
behavior score classification (YY) long on logistic
regression analysis showed that: the attitude of
nutritional knowledge (X1), nutrition knowledge
score (X2) father cultural grade level (X3) is
closely related to eating behavior (Table 4).

Table 4. Logistic regression of correlated factors of dietary behavior

Variable B S.E. Wald Value | P Value Exp(B)
Constant -1.219 0.344 12.527 0.000 0.296
Attitude 0.828 0.201 17.026 0.000 1.437
Knowledge 0.044 0.014 9.848 0.002 1.045
Education level 0.432 0.182 5.634 0.018 1.540

With economic development and people's
living standards improve, unhealthy lifestyle has
become a hazard to people's health an important
factor, especially with nutrition and diet-related
cardiovascular disease has topped the cause of
death, the people in order to adapt to the fast
pace of work and the pursuit of quality of life,
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reduction and control of chronic diseases and
reduce costs of medical expenses, eager to get
medical nutrition knowledge to reduce disease
and promote health. Clients are people of all
communities, their nutritional knowledge,
attitude and behavior, not only affect their own
growth and development and health, but also
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directly affect the health of the communities they
serve people, affecting the patient's recovery and
rehabilitation. Therefore, improving medical
students’ knowledge of nutrition class, correct
nutrition attitudes, changing dietary behavior,
proper arrangements for meals, will be beneficial
to its own population and health services.

4. Conclusions

Athletes physical health, physical fitness can
form strong than short-term, long-term need for a
reasonable and balanced diet. In order to allow
the athletes come out of nutrition
misunderstanding, we establish the correct
concept of nutrition as soon as possible. It should
be widely carried out in the athletes early groups,
efficient sports nutrition knowledge and improve
athletes overall understanding of nutrition
science from the breadth depth. Players only
through correct nutrition taught in various forms
to understand the relevant knowledge of nutrition,
and establish a positive, correct beliefs and
attitudes, will it be possible to integrate the
formation of the active feel good for their own
healthy eating behavior. In this paper, the
integrated use of expert interviews, literature
review, questionnaires, mathematical statistics,
methods and means, on the part of nutrition
education and nutrition status of college athletes
KAB investigation and analysis.
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ABSTRACT

Logistics system aims to meet customer needs in all aspects of logistics services,
provides professional and efficient logistics services, to reduce the costs and
improve customer satisfaction. The improvement of the overall efficiency of the
logistics system cannot be achieved rely on a single enterprise, it need the
collaboration between the main enterprises in logistics system, so logistics
collaboration has become an important trend in the modern logistics operation. This
paper focuses on the analysis of the connotation of food cold chain logistics system
collaboration in order to provide the theoretical basis for the implementation of the
food cold chain logistics system collaboration and specific and operational ideas for
the realization of the collaborative target of food cold chain logistics system: it

clear defines the goals and principles of collaboration. Finally, it analyzes the
content of collaboration and collaborative process.

1. Introduction

Logistics system aims to meet customer
needs in all aspects of logistics services,
provides professional and efficient logistics
services, to reduce the costs and improve
customer satisfaction. The improvement of the
overall efficiency of the logistics system cannot
be achieved rely on a single enterprise, it need
the collaboration between the main enterprises
in logistics system, so logistics collaboration
has become an important trend in the modern
logistics operation (Liu et al., 2011).

Logistics collaboration has crucial strategic
significance for the operation of logistics
system. To see it simply, the collaboration of
logistics system refers to the formulation of
corresponding logistics plan and
implementation  strategy by each main
enterprise in logistics system based on the
overall objectives of the system (Zhang and
Chen,2014). They jointly set up the logistics
system through mutual cooperation in the
actual operation of the process, and aim to
improve the level of logistics service, reduce
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logistics costs, enhance logistics efficiency (Qi
and Tian,2011).

After the clear definitions of food cold
chain logistics and logistics collaboration, this
paper puts forward the meaning of food cold
chain logistics collaboration (Zheng et
al.,2013). Food cold chain logistics system
collaboration means that in the flow process of
the entity from supplying place to receiving
place, the main enterprises in food cold chain
logistics system through mutual cooperation,
information and resource sharing to achieve the
seamless joint in all aspects of food cold chain
logistics in order to maintain food in required
temperature environment which is necessary to
maintain its quality (Qiu and Zhang,2009), to
realize the goals of food security, the
improvement of the efficiency of food logistics
and reduction of logistics cost.

This paper focuses on the analysis of the
connotation of food cold chain logistics system
collaboration in order to provide the theoretical
basis for the implementation of the food cold
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chain logistics system collaboration and
specific and operational ideas for the
realization of the collaborative target of food
cold chain logistics system: it clear defines the
goals and principles of collaboration. Finally, it
analyzes the content of collaboration and
collaborative process. As shown in figure 1.

meaning
collaborative
nature
Since the
organization

Order parameter

The connotation of food cold chain logistics system
coordinate analysis

A 4

target

The main body
together

Collaborative goal and the principle of the food cold
chain logistics system

principle

A 4 The object
together

The content of the synergy of the food cold chain
logistics system

Facilities together

Information
synergy

Strategic synergy

Tactical layer
together
Operational
synergy

\ 4

The process of collaborative video cold-chain
logistics system

Figure 1. The Content of collaborative video
cold-chain logistics system

2. Materials and methods

2.1. The goal of Food cold chain logistics
system collaborative

Food cold chain logistics system
collaboration achieves the seamless connection
of food cold chain logistics in the actual
operation process by mutual cooperation and
information and resource sharing. In view of
this, it can be concluded that the food cold
chain logistics collaboration has three
objectives, namely, safety, efficiency and cost.
See Figure 2.
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() The safety objective of the food cold
chain logistics collaboration

On the one hand, the food cold chain
logistics reaches a higher standard of food
logistics safety by the standardization of food
logistics operation, so as to guarantee the safety
in the process of logistics. On the other hand,
the food cold chain logistics must conducted
effective supervision to ensure the timely
detection of problems and reduce the hazards to
a minimum. This can be realized from two
aspects. One side is to establish strict
inspection to conduct effective inspection of
food; another side is to implement temperature
monitoring in the process of logistics to prevent
harmful effects due to temperature change (Li
et al.,2015).

(2) The efficiency objective of the food
cold chain logistics collaboration

For various kinds of fresh and perishable
food, the less time from production place to
consumption place, the more able to ensure the
freshness and quality, which requires the food
cold chain logistics system with high efficiency.
There are two factors to determine the
efficiency of food cold chain logistics: one is
the efficiency of the logistics between subjects
in different system, another is the efficiency of
the transfer between subjects in the logistics
system(Hu et al.,2015). The main factor that
determines the efficiency of the logistics
between subjects in different system is the
efficiency of the transport system, and the main
factor that determines the efficiency of the
transfer between subjects in the logistics
system is the collaborative degree of each
subjects. The objectives of food cold chain
logistics collaboration are to improve the
collaborative degree of each subject (Wang et
al.,2009), reduce the waste of time in handover
process at different nodes, and enhance the
logistics efficiency between different subjects
through mutual cooperation and information
and resource sharing to ultimately increase the
efficiency of the whole food cold chain
logistics system (Hang and Wang,2014).
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(3) The cost objective of the food cold
chain logistics collaboration

As a subsystem of social economic system,
food cold chain logistics system regards the
economic efficiency as an important goal. The
above has been stated that the operating costs
of food cold chain logistics system are higher
than that of the general logistics system. This is
because the operation of food cold chain
logistics needs to be equipped with a dedicated
refrigeration facilities supported by logistics
networks. In terms of facilities, the biggest
difference between the cold chain logistics and
the normal temperature logistics is that the cold
chain logistics need refrigerated trucks,
insulation vehicles and cold storage. These
facilities not only cost a lot, but also consume
high energy in the operation process, which
resulting in high investment and operating costs.
To a certain extent, resource sharing can reduce
the investment of enterprise's resources and the
operation cost of cold chain logistics(Li,2010).
Secondly, the food cold chain logistics
collaboration can shorten or eliminate the
invalid link in the logistics process and reduce
the logistics time. And the food in the process
of logistics needs refrigerated transport vehicles,
which have higher refrigeration costs in transit,
so we can shorten the logistics time to reduce
the logistics cost.

2

Security

=
N

| Target |
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| Efficiency | »  Cost |
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Figure 2. The food cold chain logistics system
goal together
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2.2. Content analysis of the food cold chain
logistics collaboratio

Food cold chain logistics system can be
divided into three types of elements: subject,
object, facilities. Correspondingly,
collaborative object can be classified as subject
collaboration, object collaboration and facilities
collaboration; in the collaborative process of
various elements, information collaboration
plays an important role, so the food cold chain
logistics collaboration can fall into the subject
collaboration, object collaboration, facilities
collaboration and information collaboration
from the aspect of content. The following are
the details of the food cold chain logistics
system collaboration, see Figure 3.

2.3. The subject collaboration in food cold
chain logistics system

The subjects of food cold chain logistics
system refer to the members in food cold chain
logistics including the suppliers of food raw
materials, the manufacturers of food
processing, the retailers of food wholesale, the
providers of food logistics. This paper
expounds the collaboration between the
subjects in food cold chain logistics from two
aspects: the nature and the number of the
collaborative subject.

(1) Classify according to the nature of
collaborative subject in food cold chain
logistics system

From the point of the nature of
collaborative subject in food cold chain
logistics system, the collaboration in food cold
chain logistics includes horizontal collaboration
and vertical collaboration.

(@D The subject horizontal collaboration in

food cold chain logistics

In general, the food cold chain includes the
suppliers of food raw materials, the
manufacturers of food processing, the retailers
of food wholesale, the providers of food
logistics and other members; these members
are also the main enterprises of food cold chain
logistics. The vertical collaboration between
subjects in food cold chain logistics means the
collaboration between the same type enterprises
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in different food cold chain logistics systems,
such as the suppliers’ collaboration between
different food raw materials, manufacturers’
collaboration between various food processing
and the providers’ collaboration between
different food cold chain logistics, as shown in
Figure 4.

Food suppliers A Food suppliers B

Food processing
manufacturers A

Food processing
manufacturers B

Food wholesale retailers A Food wholesale retailers B

Food cold chain logistics
enterprises B

Food cold chain logistics
enterprises A

Figure 3. Food cold chain logistics main body
horizontal coordination

The suppliers” collaboration between
different food raw materials refers to the
cooperation between the suppliers of food raw
material in order to obtain the collaborative
effect.

Such as the cooperation between the
suppliers who belong to same type of food
enterprises in order to solve the problem of
insufficient resource of refrigeration storage
and reduce the costs and risks of investment.

The suppliers of food raw material in
different food cold chain can achieve the goal
of enhancing their competitive power through
the horizontal collaboration to improve both
competitiveness of the food cold chain.

(@The subject vertical collaboration in food
cold chain logistics

For the food cold chain logistics system, the
collaboration forms between the subjects are as
follows: the collaboration between food
suppliers and food processing manufacturers,
the collaboration between food manufacturers
and retailers, etc., as shown in Figure 5
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There are two forms in the collaboration
between food suppliers and food processing
manufacturers: one is under the powerful food
suppliers, in order to strengthen the function of
sales or achieve the efficiency of logistics
business, food suppliers play the main role in
the logistics, or they carry out the distribution
with high frequency and small volume for food
processing manufacturers by the use of their
information network. Another is that the food
suppliers’ power are relatively weak, but the
food processing manufacturers’ strength are
strong, the logistics activities processed
intensively by food processing manufacturers.

Food suppliers

I

Food processing
manufacturers

]

Food wholesale
retailers

Food cold chain
logistics business

Food cold chain
logistics business

Figure 4. Food cold-chain logistics vertical
coordination

(2) Classify according to the range of
collaborative subject in food cold chain
logistics system

The collaboration between subjects in the
food cold chain logistics refers to the
collaboration between the various sectors in the
same enterprise to achieve their own
collaborative effect. That s, after the
implementation of the overall collaboration
between the various departments within the
enterprise, the overall efficiency of the
enterprise is beyond the sum efficiency of the
various departments of the enterprise.

Take the food cold chain logistics
enterprise as an example, the internal
collaboration means that the departments
within the enterprise like business department,
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warehousing department, transportation
department and customer service department
realize collaboration of every department in
terms of personnel, equipment, institutions and
organizations to achieve the common goal of
improving the business efficiency and benefit.

The collaboration between these
departments not only helps to achieve the
seamless convergence of enterprise internal
business process, but also improves the
efficiency of enterprise operation.

The implementation of subject internal
collaboration is the basis for food cold chain to
achieve collaboration; only each subject
straightens out their business process, realizes
the efficient and smooth operation in all
business processes and related organizations
and personnel.

2.4. Object collaboration in food cold chain
logistics system

The object of food cold chain logistics
system is food. Compared with the objects of
the general logistics, the food’s characteristics
and its requirements for food cold chain
logistics can be explained from two aspects: the
temperature and the time, the following will
discuss object collaboration in food cold chain
logistics system from these two aspects.

(1) Temperature collaboration in food cold
chain logistics system

Temperature is the most typical factor that

reflects the difference between food and other
logistics objects.
Food, especially the food that needs to be
frozen and refrigerated, should be ensured its
safety and quality, reduce the loss, and the
logistics process of these foods must be in a
specific temperature range.

Different types of food have different
requirements on the temperature, which can be
divided into four categories: cooled food,
frozen food, iced fresh food and ultralow
temperature food. Different kinds of food must
be stored in a special low temperature
environment to ensure its quality, prevent food
safety problems caused by its deterioration, and
reduce losses. The characteristics of the food
are exactly why the operation of food cold
chain logistics system is more difficult than the
general logistics system. But there is a broken
link in the operation process of food cold chain
logistics. Seamless connection between the
subjects in the food cold chain is not realized
which often leads to temperature fluctuations of
food in the process of transport or storage, and
brings about higher loss rates and food safety
issues.

Table 1 The coordinated development of food cold chain logistics system process

Organization

Resources Information

Construction of cooperative organization
Collaborative maintenance and continuous
improvement of the organization

Strategic synergy

Determine the information
system strategy
Determine the information
sharing mechanism

Software resource synergy
Hardware resource synergy

Subjects to the enterprises determine the

Tactical layer content

Share the order information
Information sharing distribution

Software resources tactical
coordination layer

together The main body enterprise internal Hardware resources tactical plan
organization adjustment coordination layer Shared inventory information
Operational The application of information technology
synergy Operation standardization and normalization

(2) Time collaboration in food cold chain
logistics system

In addition to the temperature, another
characteristic of the food is reflected in its
special requirement of time. The general goods
outside the food also have higher demands for
the time in the process of logistics, which
mainly to improve the efficiency of logistics

and reduce the cost of logistics. The shorter the
time used in the logistics process, the higher the
logistics  efficiency, the  lower  the
corresponding logistics costs. For food, its
requirements for reducing the logistics time are
not only reflected in the reduction of logistics
costs, but also in the special requirements of the
time, such as the restriction of shelf life.
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Beyond the restriction of time, we cannot
guarantee the food’s quality, taste, character,
which may resulting in food safety issues.
Therefore, in order to shorten the time of food

logistics and improve the efficiency of food
logistics, the time collaboration in food cold
chain logistics system needs to be realized.

Collaborative content of the food cold chain
logistics system
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Figure 5. The classification of food cold chain logistics system coordination

2.5. Facilities collaboration in food cold chain
logistics system

Facilities collaboration in food cold chain
logistics system refers to a consensus reached
between subjects on transport equipment
purchase, maintenance, use and other aspects so
as to improve equipment utilization rate. The
main transport equipment used in cold chain
logistics activities are: refrigerated vehicles,
railway refrigerated vehicles, refrigerated ships,
refrigerated containers, refrigerated aircraft, etc.
In order to meet the requirements of food safety,
transport equipment should satisfy the relevant
demands. For example, non-toxic, harmless, no
extraneous odor, no pollution, and meets the
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relevant requirements of food hygiene. The
carriage body should be equipped with automatic
temperature recording device to record the
temperature inside the carriage body. The
equipment also should be regularly inspected and
maintenance, and immediately stop using if find
any abnormalities of equipment, and timely
maintain the equipment.

3. Results and discussions

The strategic collaboration of food cold chain
logistics system carry out qualitative and
quantitative analysis of the whole food cold
chain based on conceptual model and
collaborative management theory; the research
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content includes the management factors and
mechanism of logistics system collaboration.
The performance of the s strategic collaboration
is beyond the limit of tolerance for each other in
the past, but to bear responsibility for each other,
to pay and to harvest. The tactical collaboration
mainly includes the logistics collaborative
strategy between upstream and downstream
enterprise in food cold chain with a direct
relationship between supply and demand; tactical
collaboration integrate  business  processes
between enterprises, which tightens business
joint of each link and smooth the flow.
Operational collaboration is the key and
foundation for supply chain to realize
collaboration, which mainly study on how to
realize synchronization operation and
information collaboration in supply chain; it
integrates the information between partners or
members tightly, realizes the real-time flow and
sharing of information, which makes the partners
have a better collaboration, and quickly response
to changes and needs of customers and partners.

The collaboration process of food cold chain

logistics system starts from the strategic
collaboration to carry on the tactical
collaboration  based on the  operation
collaboration;  the results of operation

collaboration will affect the tactical collaboration.

In the same way, the tactical collaboration will
also impact the strategic collaboration. As shown
in figure 7.

This paper analyzes the collaboration process
of food cold chain logistics from three aspects:
the organization (subject), resources and
information according to the characteristics and
elements of food cold chain logistics system, as
well as the above content of the food cold chain
logistics system collaboration, as shown in Table
1.

3.1. Strategic collaboration in food cold chain
logistics

As mentioned before, the information is an
important method and means to ensure the
realization of cooperation; the collaboration can
be guaranteed only when the matched
information  strategy is established after
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analyzing the collaborative strategy on the
organization and resource in food cold chain
logistics system. Therefore, the first step in
information strategy is to plan the goals of
system’s information construction and construct
the framework under this goal based on the
strategic targets of food cold chain logistics
system. We should note that in determining the
goals of information construction of the food
cold chain logistics information system, the
situation of members’ information construction
in the organization also need to be taken into
account, such as the adopted information system,
the modules included in the information system.
Combining the actual situation with the goals of
system information construction to make the
information construction goals in line with the
actual situation of the system, and also make the
construction of the information system easy to be
promoted among the members. Besides, the
contents of the information system construction
which depend on practical situations of the
organization members and the resources
collaboration will determine which modules,

o > Strategic synergy « ——
| I
l I
l \ 4 |
l I
| — - Tactical layer together « —
L

b

b

4 | |

. b

Operational synergy ——L

Figure 6. The collaborative process food cold-
chain logistics system

what function should be included in the
information system or what type of information
sharing need subjects to realize for satisfying the
organization and resource needs.
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3.2. Tactical collaboration in food cold chain
logistics

The production of enterprises will affect the
supply of downstream enterprises.

In food cold chain logistics system, the
downstream  enterprises  determine  their
inventory and production according to the
production of upstream suppliers. Similarly,
production of downstream enterprises also
decided his demand to the supplier, thus they
will affect the supplier's inventory and
production plan. Hence, manufacturers can use
the supplier's production and distribution plan to
improve their planning standard, suppliers can
also provide reliable supplies for the
manufacturer based on the manufacturer's
production plan. Moreover, exorbitant inventory
is considered to be an important factor which
influences the performance of food cold chain
logistics system. Through the sharing of each
subject’s inventory information in food cold
chain logistics system can greatly reduce the
safety stock level of the whole logistics system
and increase the competitiveness of the logistics
system. For example, manufacturers timely
adjust production through the understanding of
the distributor's inventory information, etc.

3.3. Operational collaboration in food cold
chain logistics

In order to guarantee no error happened in
the various processes of the food cold chain
logistics operation, we need to formulate
appropriate operating standards in the actual
operation process. In order to cover the various
processes of the logistics operation, the
formulated standards of food cold chain logistics
operation need to include temperature records,
tracking and monitoring, cargo inspection, cargo
transportation and cargo warehousing and other
fields.

At the operational level, the wuse of
information technology makes all kinds of
information can flow smoothly between each
main enterprise; furthermore, the use of these
techniques also can improve logistics efficiency;
operating standards and norms formulation make
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the strategic and tactical measures implemented
in accordance with the norms of operation. The
combination of these two aspects makes the
strategic collaboration and tactical collaboration
of food cold chain logistics achieved at the
operational level.5.

In addition to the temperature, another
characteristic of the food is reflected in its
special requirement of time. The general goods
outside the food also have higher demands for
the time in the process of logistics, which mainly
to improve the efficiency of logistics and reduce
the cost of logistics. The shorter the time used in
the logistics process, the higher the logistics
efficiency, the lower the corresponding logistics
costs. For food, its requirements for reducing the
logistics time are not only reflected in the
reduction of logistics costs, but also in the
special requirements of the time, such as the
restriction of shelf life. Beyond the restriction of
time, we cannot guarantee the food’s quality,
taste, character, which may resulting in food
safety issues. Therefore, in order to shorten the
time of food logistics and improve the efficiency
of food logistics, the time collaboration in food
cold chain logistics system needs to be realized.

4. Conclusions

The content of food cold chain logistics
system is divided into subject collaboration,
object collaboration, facilities collaboration and
information collaboration. This paper expounds
the subject collaboration in food cold chain
logistics from two aspects: the nature and the
number of the collaborative subject. The natures
of the collaborative subjects in food cold chain
logistics system include horizontal collaboration
and vertical collaboration. The numbers of the
collaborative subjects in food cold chain logistics
system include internal collaboration of a single
subject, collaboration between the two subjects
and the collaboration among multiple subjects.
The object collaboration in food cold chain
logistics ~ system includes  temperature
collaboration and time collaboration. Facilities
collaboration in food cold chain logistics system
includes transport equipment collaboration and
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warehousing facilities collaboration. In addition,
it divides the collaborative process into strategic
collaboration,  tactical  collaboration  and
operational collaboration. It also analyzes the
collaboration process of food cold chain logistics
from three aspects: the organization, resources
and information according to the characteristics
and collaboration content.
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ABSTRACT

This paper focuses on the relationship between exercise training, nutrition
and immune function, and discusses the role of nutritional interventions to
improve physical function. Movement of athletes immune suppression in
order to promote further research in this field. The load adjustment is
limited to the recovery of sports nutrition and training to adjust the load
down to creatine kinase, blood urea nitrogen recovery index values are
valid, but there was no significant difference. The large amount of exercise
training and competition will make the Hb value decreased, BUN, CK
rises, before the game to add protein powder and continuous glutamine,

skeletal muscle cells can promote the synthesis of proteins, significantly
improved body rowers function and promote recovery from fatigue after
exercise load. Glutamine creatine powder and whey protein powder and
sugar FDP viability as a nutritional supplement, from two months before to
two weeks after the continuous application to help improve immune

system function rowers and

competition results.

improve the quality of training and

1. Introduction

Sports training is a training-fatigue-
recovery-training-fatigue and then recover, and
finally the body ultra-compensation process
(Rodriguez, 2009; Hausswirth, 2014; Kreider,
2003). In this cycle, training, fatigue and
recover a part of one less, no fatigue training is
meaningless training, also did not resume
training is meaningless or even harmful
training. Improve motor function level athletes
in training - fatigue - Recovery cycle of
circulation gradually increased(Van, 2006). So
now resume training after the sports world
increasingly valued in the international
recovery team some well-known sports and
training has been seen as equally important
position, give the relevant sports nutrition and
adjust the training load is restored after training
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the two most important means(Halson, 2014;
Chaouachi, 2009).

Numerous studies show that when athletes
large amount of exercise training or
competition may cause suppression of immune
function, so that the body of an increased risk
of infection, particularly upper respiratory tract
infection(Halson, 2014). Many factors can
affect exercise-induced suppression, such as
physical, psychological and environmental
stress(Bettonviel, 2015; Mountjoy, 2014).Also,
nutritional factors on immune function also
play an important role(Zhang, 2015;
Jeukendrup, 2014; Lewi, 2015; Hansen, 2016).
A large number of epidemiological evidence
and clinical data suggest that nutritional
deficiencies can alter the body's immune
system, increasing the risk of infection, which
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affects the exercise capacity of athletes(Killer,
2015).

Exercise also decreased immune function
long plagued sports coaches, athletes a thorny
issue (Wehbe, 2015). The development and use
of domestic and foreign sports nutrition
supplements has made some achievements in
sports practice also played a role, but these
research and development work is relatively
fragmented, difficult to solve all the problems
from training to competition(Thomas, 2016).
Rowing is a kind of high-intensity aerobic
capacities, push forward vessels sailed into the
competitive nature of sports projects under

reasonable action technology(Bengtsson, 2013).

Before training is an important part of the
whole training cycle, its purpose is to adjust the
state of the athletes, it is in the best competitive
level in the game. Therefore, the Athletes
before and after high intensity training or
competition rational nutrition intervention, by
immunological tests, and test some blood
biochemical indices combined with subjective
fatigue and training load athletes to analyze the
reasonableness of the validation exercise
program implementation, understanding
functional status and degree of recovery of
athletes, and the athletes next sports training
arrangements, performance tuning and medical
supervision have important guiding
significance. This paper focuses on the
relationship between exercise training, nutrition
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and immune function, and discusses the role of
nutritional interventions to improve physical
function and movement of athletes immune
suppression in order to promote further
research in this field.

2. Materials and methods

2.1. Relationship between exercise and
immune function and disease

Usually exercise to increase body resistance
IS seen as an effective way to continue to adapt
to environmental changes both inside and
outside the body (Medina, 2014). In numerous
studies on the integration of data analysis can
be seen on the basis of a certain intensity of
exercise or physical activity can enhance
immune function, reduce the chance of
infection and cancer; and excess or depletion of
training and competition can lead to immune
suppression and suffering increased risk of
disease (Bieuzen, 2013). That exercise between
immune function and disease infection and
presented a linear relationship, we propose
inverted J hypothesis. Figure 1 more clarity on
the relationship between them is expressed, this
theory certainly has been a lot of
epidemiological data. But the change caused by
the movement of immune function if the root
causes of disease is susceptible rise remains to
be further confirmed.

150+ ‘ immunity

1401 mm discase susceptibility

QO P N W
O O O
[ —

Basic vg[uemulq'ple
o

Bo Nn-Training Regular moderate training over training
amount of exercise

Figure 1. Inverted J hypothesis



Zhuang and Huang/Carpathian Journal of Food Science and Technology 2016, 8(2), 140-149

2.2. Analysis of basal metabolic rate
Tomb base metabolic rate refers to the
human body in a sober, supine, fasting and
energy metabolic rate at 20 degrees Celsius.
First law of thermodynamics has a profound
impact on the application of biological
organisms regard. First law of thermodynamics
can be written as: open a total energy of the
system is equal to the heat input increment AQ
system plus the work force made to the system.
AE = AQ+AW @
According to this formula each star changes,
we can describe the relationship between the
energy of the whole body. Whether the
individual is a rest or exercise, always keep the
food stored chemical energy into other forms of
energy required to maintain the body various
organs, tissue and cell function, called catabolic
processes in the body during the break the
internal energy continue to decrease, AE, eight
E is negativee. To compensate for
decomposition consume energy metabolism,
you must eat food. Part of the catabolism of
energy for the body to an external system to do
work, and partly converted into heat .Q spread
in vitro and W with the relationship between
the time rate of change between the seven
following formula:
CAEU_€AQU €AW T )
SALD 6AtD BALQ @
Measured by the respiratory oxygen
consumption rate, the other is also known that
consume a liter, if generated approximately 48
kcal of energy with oxygen, then the average
catabolic rate can be written as:
CAE T

_ 1 o€AQU
%ﬁkcal /s —4.8@5L/S

2.3. Subjects and methods

We selected 16 rowers. City games were
the 2007 and 2008 National Youth
Championships athletes, including six athletes
was the 2006 Provincial Games champion, the
other two is the sixth City Games open single-
stage double champion. All  subjects
volunteered to participate in the test, based on
past medical history and a thorough physical

3)
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examination to determine the subject and no
history  of  cardiopulmonary  exercise
performance have not been taking drugs.

2.4. Experimental method

The 16 female rowers were randomly
divided into experimental and control group 8.
In the two months before the Qing Jin to two
weeks after the implementation of sports
nutrition interventions. Nutritional supplement
program: (1Kang Bite glutamine capsules (GIn)
- once a day, every 5; (2)Kang Bite whey
protein powder: once a day, each 30g,
dissolved in warm water or milk taken: (3)Kang
Bite pure muscle acid powder (Cr): twice a day,
1--2 hours after half an hour before exercise
and sports various; FDP vitality sugar: twice a
day, two hours before training, immediately
after training and the service once every four.
Follow this nutrition intervention program,
nutritional supplements given only to the
experimental group, no difference in the
athletes during the day, according to the
experimental training program normal training,
the experimental group and control group
training program.
Data tests were conducted on the University
Hospital of Wuhan Institute of Physical Roche
INTEGRA 400 PLUS biochemical analyzer,
CK and BUN kit provided by the Changchun
City Department of Biological Technology Co.,
immunoassay kit provided by the Shanghai
Fuxing Changzheng Medical Limited.

2.5. Sample collection and processing

The experiment was around women rowing
team in preparing for the National Youth
Championships conducted. Sampling time are
in the great cycle training next morning 6-7
points, players awake in fasting venous blood
2.5ml sterile conditions in a quiet,
anticoagulant tube save a 4 oC. Specimen:
whole blood samples obtained after 20ul
hemoglobin test, all remaining sample was
centrifuged in serum, placed in -20 oC
refrigerator spare to detect IgA, IgG, IgMCK,
BUN. All subjects during three experiments to
test the indicators, baseline: implementation of
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nutrition interventions before (positive surgical
winter training period); before Value: National
Youth Championship the week before: the
value of game: After the match resumed two
weeks.

3. Results and discussions

3.1. The overall analysis of the experimental
results

Rowers must not only have good
explosiveness also requires good physical
fitness. Athletes in the consumption of

substances in the body is very large, two

subjects per day minimum training sports teams.

Athletes in training every day calories
consumed by projections of about 20000J
during normal training observation period,
ordinary people 's daily life need about 10
times the heat. Training in energy consumption

and in vivo in vivo synthesis of the material
necessary to reduce substance may be the main
cause of fatigue that results from functional
index value point of view, after a long period of
heavy load training will always be
accompanied by a reduction in hemoglobin, red
blood cells reduce hematocrit, decreased serum
testosterone values such phenomena occur, and
reduce these substances in the body that would
cause a decline in production and athletic
ability of fatigue, so make sugar, blood,
provide high-quality protein, and promote
material synthesis in vivo, to remove the body
sports nutrition accumulation of various
functions metabolites become major sports
nutrition to promote physical recovery, the
main measures issued corresponding function
sports nutrition will become this observation
after recovery from fatigue of athlete

Table 1. The indicator comparison of the athletes before recovery and intervention

Guangdong provincial judo team Shenzhen city judo team
Items Before | 1 week after | . Before | 1 week after .
; . difference . . difference
recovery | intervention recovery | intervention
HGB(g/L) | 138+13 146+16 8+3 135+13 147417 1246
HCT(%) | 382425 | 41.0+2.2 3.0£0.1 | 37.042.1 | 42.0+2.2 5.0+1
Testostrone | 1490 | 167428 | 19408 | 155421 | 191237 | 4.3%1.7
(nmol/L)
CK(U/L) 8.9+2.05 6.52+1.45 2.42+0.60 | 9.8+£2.62 6.70+£1.53 3.12+1.08
BUN 8.7+2.3 7.1+1.9 1.6+0.4 8.5+£2.0 6.6+1.5 1.94+0.5
(mmol/L)

Games lost time increase iron in the body,
long-distance running parenteral iron loss will
increase. During the observation period,
Rowers training lasted fifty-six hours a day, the
loss of iron in the body will be more
consumption and shorter than normal and the
movement of people, materials necessary for
the synthesis of hemoglobin is iron in
hemoglobin composed of four subunits each
subunit has a prosthetic group containing iron,
iron reduction will directly affect the synthesis
of hemoglobin. After the analysis of various

143

iron supplements, and blood Alzheimer fly
sheet formulation more scientific, there are iron
fumarate, folic acid, selenium, zinc,
hemoglobin powder, vitamins, etc., they are
synthetic hemoglobin and red blood cells
essential substances, such as folic acid without
it, differentiation and maturation of red blood
cells cannot. Glucose on erythrocyte membrane
has a protective effect, fructose as well as anti-
lipid peroxidation, can stabilize the cell
membrane to a certain extent, the absence of
additional red blood cells can be funded for
glycogen storage, it must always be sufficient
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to absorb from the blood sugar in order to
maintain functional activities, and therefore
sugar on red cell life activities is very important.

Exercise is a lot of blood flow to skeletal
muscle and other organs of the movement, will
reduce the other body tissues and organs
demand for sugar, and prolonged high load
training may also lead to depletion of sugar,
make red blood cells and other non-movement
organ and tissue glucose deprivation the
phenomenon is further exacerbated, increasing
the impact on the red blood cell functional
activity, it could lead to further reduction in the
number of red blood cells, and therefore
carbohydrate supplement may be one of a
method to prevent the reduction of red blood
cells. Waite sugar pump is a kind of complex
sugars, dubbed by the fructose, the
polysaccharides, oligosaccharides, and other
sugars, easily absorbed by the body. Therefore,
in this observation by carbohydrate supplement
on erythrocyte membrane protection and
reduction of red blood cell damage, and blood
through the sheet and whey protein to provide
raw materials for the synthesis of red blood
cells to help speed up recovery and hemoglobin,
hematocrit and the like. Bucks essence osmotic
pump is the main component velvet active
factor, the laser power saponin is a plant extract,
both of which promote the synthesis of
testosterone in the human body have a certain
role, so as to enhance the concentration of
testosterone, and therefore selected as the
present observation complement testosterone
supplements.

This observation athletes in hemoglobin,
hematocrit, testosterone drops to normal after
more than individuals taking these blood sports
nutrition category, test results showed that the
hemoglobin, hematocrit, testosterone has a
certain improvement, difference before and
after their recovery was significantly sex.
Players hemoglobin, hematocrit, testosterone
decline after more than normal individuals, not
to take the appropriate sports nutrition, but
reduce the intensity and amount of training load,
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the test results also show that hemoglobin,
hematocrit, testosterone has increased, but the
difference. It was not significant. Players in
reducing the training load, the consumption of
substances in the body also greatly reduced,
and three meals a day diet can also provide the
synthesis  of  hemoglobin,  hematocrit,
testosterone  substances, so hemoglobin,
hematocrit, testosterone values recovery is also
possible. Hemoglobin decline caused training is
of the sports anemia, anemia and exercise non-
pathological, at no drug treatment, after a
period of time generally may be restored to its
original level. Reduce training load hemoglobin,
hematocrit, testosterone relative recovery sports
nutrition  supplements not having the
corresponding functions rise, probably when
necessary supplements synthetic material
timeliness and relevance of sports nutrition
supplements is far less than the corresponding
functions, so simply reducing the burden of
training the body to adjust to relatively slow
recovery, so the sports nutrition supplement
related to hemoglobin, hematocrit, testosterone
recovery faster more efficient more.

3.2. Blood index

As can be seen from Table 2, the
experimental group and the control group in the
late winter training hemoglobin index
nutritional intervention values were within the
normal range in both groups Hb values are not
significantly different; the experimental and
control groups. Before the game before Hb
values were increased compared to the value of
nutrition intervention, and there was significant
difference (P<0.05) (Figure 2a). Fatty mean
experimental group was significantly higher
than the same period index (P<0.05) (Figure
2b); experimental group and the control group
after the game Hb values were decreased
compared to the value of nutrition intervention,
and there is a significant difference (P<0.05),
Hb and the average of the experimental group
the control group compared to the same period
index was a significant difference (P < 0.01).
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Table 2. The effect on Hemoglobin BUN and CK level of nutrition intervention

Group Type HGB(g/L) BUN(mmol/L) CK(U/L)
Before Exp group 143.0+0.90 8.12+0.44 148.22+0.22
Intervention Control 131.0+0.45 7.21+£0.23 146.64+0.17
Exp group 158.7+0.87 7.16+0.59 109.26+0.24
Before Match
Control 154.0+0.87 7.01+£0.13 92.33+0.13
Exp group 121.0+0.48 9.334+0.52 186.22+0.26
After Match
Control 108.4+0.21 9.526+0.50 189.55+0.19
180
200 ] Before match | 1g0 QCEX?C ]
i Basic Value | 140 ontro
100 [
100 80 F
60 |-
50 |- 40 |
20 |
0 0
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Figure 2. (a) Before the experimental and control groups after the game hemoglobin comparison
between the left; (b) the experimental and control groups before Hb values and intervention values
comparison chart

3.3. Immunoglobulin

As can be seen from Table 3, the entire test
observation period, the immunoglobulin index
IgA experimental group and control group were
decreased compared to the value of the
previous value before 1gG and nutrition
interventions, and there is a significant
difference (P <0.05), before IgM values and
nutrition interventions compared to the value
also declined, but there was no significant
difference. immunoglobulin before each index
in the experimental group was not significantly
decreased, compared with the same period in
the control group were significantly different (P
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<0.05). After the match value Igh, I1gG
recovered to the level before the intervention,
the experimental group after the game IgG
values higher than the previous nutritional
intervention and there is a significant difference
(P <0.05), the experimental and control groups
after the game IgM.

Nutrition interventions before the average
value ratio decreased. and there was a
significant  difference (P  <0.05), the
experimental group after the game IgA, 1gG
value compared with the same period in the
control group were significantly different
(P0.05), IgM value compared with the same
period in the control group, there was a
significant difference (P <0.01).
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Table 3. The variation of immune globulin level of experiment group and control

Group Type IgA(g/L) IgG(mmol/L) IgM(g/L)
Before Exp group 2.01+0.42 8.34+1.06 3.48+1.15
Intervention Control 2.00+0.40 8.14+0.39 2.87+1.20
Before Match Exp group 1.87+0.39 7.72+0.28 3.34+0.89
Control 1.68+0.68 7.19+0.72 2.86+0.94
After Match Exp group 2.03+£0.52 8.66+0.64 3.13£1.02
Control 1.75+0.38 8.17+1.01 2.39+0.91

Sampler using a micro pipette at a H20, with 1.4 backward approach to gas

concentration of 1.0 mg/ten kinds of stimulants
hydrochloride standard ml solution of each of 0,
10, 50, 100 pl in 10 mIPyrex test tube, add Sml

chromatographic analysis, The content of Y to
X relative area plotted to obtain the regression
equation shown in Table 4.

Table 4. The regression equations and correlation coefficients of 10 stimulants

stimulants Regression equation Correlation coeffient
Heptaminol Y=0.0553x-0.0297 r=1
Methylamphetamine Y=0.2168x-0.0531 r=1
Fenfluramine Y=0.1017x-0.0631 r=0.9999
Cathine Y=0.2157x-0.1625 r=0.9998
Ephedrine Y=0.1972x-0.1993 r=0.9998
Amfepramone Y=0.1114x-0.2102 r=0.9953
MDMA Y=0.1450x-0.0484 r=1
Caffeine Y=0.1296x-0.0482 r=1
Pipradol Y=0.1242x-0.0026 r=0.9997
Strynchine Y=0.0743x-0.0625 r=0.9997

3.4. Discussion and analysis
3.4.1. Nutritional intervention on athletes
hemoglobin

In addition to nutrition and hemoglobin
affected by general factors, but also affected by
season training, training methods and
techniques. Recent studies have shown that, Hb
fluctuates with the large amount of exercise
training in athletes during heavy initial training
Hb decline, which is due to the large amount of
exercise training accelerated red blood cell
destruction, hemoglobin free out of the red
blood cells involved in muscle protein
synthesis and red blood cell, red blood cell
destruction and hemoglobin decline is a
reaction to the large
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amount of exercise training early. After a phase
of training athletes to exercise gradually adapt,
improve the functional state of athletes, Hb
content will rise, then the athletes good
performance status, race generally better results.
Hb values in this study the training and control
groups in each stage before the change is
consistent with this conclusion, indicating that
before the training program will be reasonable,
the athletes did not appear tired.

The initial value of the nutrition
intervention before the test, the experimental
and control groups were within the normal
range, there is no significant difference,
indicating that the two groups of athletes for
winter training load to stimulate better
adaptability, Hb resume soon after the end of
winter training normal level.
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3.4.2. Nutritional intervention on athletes

Blood urea nitrogen BUN is catabolic end
products of protein and amino acids and other
substances, is the human body protein
metabolism assessment index. Under normal
physiological conditions, urea production and
excretion in dynamic equilibrium, blood urea
concentration is relatively stable. When normal
quiet BUN value 1.7-7mmol/L, athletes quiet
high blood urea concentration can be reached
5.5-7.0mmol / L, because of the influence of
the training, body protein metabolism. BUN is
an important indicator of assessment of training
load and recovery of functional status, exercise
load changes and relationship BUN load
strength compared closely, when the greater
load, BUN increased, the more obvious the
next morning day also slow recovery. Under
the same load conditions, the body's
adaptability to load the worse after exercise is
to generate the more BUN, quick recovery
training status is good, slow recovery is poor.
When the body adapt to environmental changes,
BUN levels will rise, but the high level of
training athletes reaction ridicule small scratch.
BUN morning training period variation can be
divided into three types: (1) BUN content in a
slight increase in the normal range training
period, indicating that exercise is not big
enough or athlete training to improve the level;
(2) training period began to rise, and then
gradually recovered to near normal levels,
indicating that a large enough amount of
exercise, the body to produce adaptive response;
(3) the training period BUN daily increased,
indicating that excessive exercise, or after a
period of training, the body has not been
restored and training, body suited.

3.4.3. Nutritional intervention on athletes
creatine kinase

Serum CK is an effective indicator of
skeletal muscle load assessment. Exercise
stress can cause CK values have increased, and
serum CK activity increased with the
magnitude of the relationship between physical
activity very closely, elevated serum CK
activity is not only related to the length of time
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span, and with the motion intensity. Under
normal circumstances, muscle cells intact
structure, function J under often makes CK
rarely revealing the cell membrane, when
strenuous exercise machine from CK cells
poured into the blood, so serum CK activity in
muscle cells can reflect the degree of
adaptation for sports training. From the
perspective of energy metabolism, muscle
response to training stimuli generated more
obvious, the other can understand in the case of
excess muscle cells for energy, CK from the
number of muscle cells into the blood whether
the reduction. Therefore, according to 'serum
CK parameters to adjust the intensity of
training is scientific, serum CK measurement
can provide important information for the
coaches to understand the function of muscle
training to adapt to the state level and athletes
to ensure scientific training, can truly reflect
the changes in serum CK muscle cell
adaptation for sports training.

Most studies show that strenuous exercise
serum CK activity increased significantly,
exercise ultimate strength of CK activity can be
increased to 500~ 1000 UJ/L, after exercise
serum CK activity has increased in delayed
characteristics, usually after exercise 16 -24d,
reached the peak value. After the training of
athletes in serum CK activity recovered rapidly,
usually within 24 hours to return to normal, if
you want a few days to return to normal levels,
indicating that athletes may fatigue symptoms.

3.4.4. Nutritional intervention on athletes’
immunoglobulin

Immune globulin is produced by the B
lymphocytes. Present in the body serum, tears,
saliva and other secretions of a class of
glycoproteins. Antibodies can occur with a
specific antigen immunoglobulin response,
with many important functions, the most
important is the ability to bind to the pathogen
surface antigens, stimulating other immune cell
differentiation and activation. Human-specific
antigen depending on the molecular structure
and stable region of their heavy chains, the
immunoglobulin is divided into five categories,
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namely Igh, IgM, IgG, IgE, IgD. In exercise
immunology used in many of the former three,
namely Igh, IgM, IgG, 1IgG which is the main
component of serum immunoglobulins, most
antibacterial antibiotics and antiviral 1gG
antibodies belong to, it is hot infection play the
main force role: secretory Igh mucosal defense
is the main material of the body of infection,
the cells around it local immune system,
protects against bacteria, fungi, viruses, and
respiratory and gastrointestinal infections; IgM
in the blood to prevent bacteria disease plays an
important role.

Immunoglobulin IgA index value measured
before nutritional intervention, the
experimental group and the control group, 19G
and IgM between two groups did not show
significant differences. IgA youth tournament
before the value of the experimental group and
the control group, before 1gG and IgM values
in comparison with the intervention were
significantly decreased (P <0.05), showed that
the high intensity training before reducing
serum IgA, IgG, and IgM concentration,
consistent with results of previous studies.
Experimental group before immunoglobulins
indicators IgA, 1gG and IgM were no
significant decline in the average, and
significantly lower than those in the control
group (P <0.05), suggesting that, two months
before the start of exogenous oral supplement
Valley glutamine in the gut was effectively
absorbed in part by the direct use of intestinal
cells, intestinal cells can reduce plasma
glutamine intake; the other part is absorbed into
the bloodstream, increase plasma glutamine
levels. Plus adding that creatine powder, whey
protein powder and sugar FDP vitality, promote
the repair protein athletes, accelerating
resynthesis of energy, to reduce the degree of
suppression of immune index, suppression of
the immune shorten time, improve the B
lymphocytes Immune Function.

4. Conclusions

Sports nutrition in the recovery after
training hemoglobin, hematocrit, testosterone
and other indicators to be significantly better
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than the load adjustment is limited to the
recovery of sports nutrition and training to
adjust the load down to creatine kinase. Blood
urea nitrogen recovery index values are valid,
but there was no significant difference. Before
the large amount of exercise training and
competition will make the Hb value decreased,
BUN, CK rises, before the game to add protein
powder and continuous glutamine, skeletal
muscle cells can promote the synthesis of
proteins, significantly improved body rowers
function and promote recovery from fatigue
after exercise load. Glutamine, creatine powder
and whey protein powder and sugar FDP
viability as a nutritional supplement, from two
months before to two weeks after the
continuous application to help improve immune
system rowers and improve the quality of
training and competition results.
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ABSTRACT

The paper explores and analyzes China’s dairy industrial cluster and
influence factors by the employments of spatial lag model and a spatial
error model related to the fixed effect and random effect and with spatial
panel data of 29 provinces from the year of 2009 to the year of 2013 as
samples. In conclusion, China’s provincial dairy industry has strong spatial
dependency and a positive spatial correlation; the degree of industrial
cluster has a positive correlation with resource endowment, external
economic conditions, industrial profitability as well as governmental
supports, but has a negative correlation with economic foundation; and the
labor cost does not play an obvious role in industrial cluster.

1. Introduction

With the development of dairy industry,
many dairy enterprises have overcome the geo-
spatial limit. It is gradually obvious for the
dairy spatial cluster. Dairy enterprises quantity
has increased to 658 from only a few at the
beginning. And these dairy enterprises’
geographical occurrence is mainly in north of
China, and northwest of China. According to
the statistics from National Bureau of Statistics,
the dairy products output of the year 2013 grew
by 5.15% over the same period of 2012 to
26,980,300 tons. And the liquid milk output
grew by 7.01% over the same period of 2012 to
23,559,700 tons. The turnover of the dairy
enterprises with scales rose by 14.16% over the
same period of 2012 to RMB 283.159 billion.
With the fast development of dairy industry,
how is the correlation of China dairy industrial
cluster spatial considering the industrial cluster
spatial spillovers? What are the influence
factors of cluster? By using spatial econometric
analysis, the paper is try to construct China
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dairy industrial spatial econometric model to do
empirical analysis on the influence factors, and
to interpret the spatial spillover and
heterogeneity of cluster, so as to provide
theoretical reference for the government to
make reasonable dairy industrial development
policies. The research on the dairy industrial
cluster and influence factors are in its
beginning stage both at home and abroad and
most of the researches are on the dairy
industrial ~ cluster measurement.  Foreign
scholars did more research on industrial cluster.
As for the basic theory researches, new classic
trading school believe the endowment of
natural resources, labor, technology and others
influenced the industrial cluster(Ohlin B,
1968). New economic geography school put the
external scale economy into the industrial
cluster analysis, and thinks a industrial cluster
will be promoted due to the existence of
external scale economy (Henderson JV, 1974,
Fujita M.A, 1988). Some of the foreign
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scholars did researches on a series of economic
problems by using the spatial econometric
model related theories. For instance, Lesage
(1999) found that China provincial economy
growth exists obvious spatial cluster ways by
using spatial econometric model research.
Meanwhile, the economy growth will influence
the economy growth of other countries. It
proved the spillovers of economy growth
(Easterly, 1988). Tschoegl (2000) believes that
external scales economy will promote the
finance institutions to choose the certain areas.
This area will be more advantageous when
many finance institutions clustered here. Dairy
industry cluster and influence factors are
researched in foreign countries less than China.

Some of Chinese scholars did a series of
researches on dairy industrial cluster. On the
one hand, it is the research on the provincial
dairy industrial cluster in all over China. China
dairy clustered situation and spatial layout are
the two important aspects which are
influencing  economic  achievement and
industrial competition. China dairy industry
cluster degree and spatial cluster degree are not
high (Hua, 2007). China dairy industry is
clustered mainly in northeast China, Inner
Mongolia, and north China. At the same time
industry cluster showed marked enhancement
in the dairy industry growth (Cheng, 2012). On
the other hand, it is the research on some
provinces dairy industrial cluster. Inner
Mongolia dairy industry, livestock producing
ability, returns to scale, industry investment
location choice are the decisive factors of
industry cluster. Livestock producing ability,
industry cluster degree, the scale of original
industry fixed assets are the decisive factors of
industry investment location choice (Li, 2008)
It also analyzed the development trends of
Inner Mongolia animal products industry
cluster (Li and An, 2008). Chinese scholars
introduced spatial econometric model into the
research on industry cluster, for example, on
textiles industry, finance industry and others
(Niu and Jiang, 2011; Ren et al., 2010)
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The above researching results promoted the
development of dairy industry cluster theory.
However, the researches on China dairy
industry cluster didn’t take the correlation
between the industry cluster and spatial
geography  location into  consideration,
neglected the space dimension heterogeneity,
and used few econometric models in the
empirical research on dairy industry cluster.
There is significant difference among the
different provinces. The traditional regression
model can’t effectively estimate the spillovers
of the dairy industry cluster. Therefore, the
paper put the spatial econometric model into
the research on China 29 provinces dairy
industry cluster influence factors, based on the
provincial panel data, to explore the deep cause
of dairy industry cluster.

2. Materials and methods

Theory hypothesis

Hypothesis 1: China dairy industry has
spatial dependency and spatial spillovers.

Industry cluster refers to the same industry
is highly concentrated in a certain geography
location, and the industry capital clusters
gradually in the spatial range. Since 19%
century, the economists Alfred Marshall,
Weber, Porter, Hoover have done deep analysis
on industry cluster. Chinese scholars Zhang
Xueliang, Zhao Liangshi, Sun Qinggang, Liu
Hedong, Niu Honglei, Ren Yinghua
respectively found that China infrastructure,
utilization ratio of water resource, energy
intensity, regional innovation, textile industry
cluster, finance industry cluster all have the
spatial dependency and spatial spillovers. There
are few studies on China dairy industry cluster.
The large scaled dairy enterprises like
Mengniu, Yili, Bright, Firmus, Longdan,
Wandersun have spatial geography proximity.
Therefore, the paper makes the hypothesis that

China dairy industry cluster has spatial
dependency and spatial spillovers.
Hypothesis 2: Resources endowment

namely the availability of raw materials is the
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core factor of influencing dairy industry cluster,
and is promoting effectively the dairy industry
cluster.

New classic trading theory holds the
opinion that the natural resources endowment
advantage decides the industry location cluster
[11. For the industry that relies heavily on the
raw materials, resources endowment is the key
factor of industry location selecting, and is the
foundation of the industry cluster process.
Dairy industry needs raw milk as the raw
materials. Raw milk is with short fresh-keeping
time, and is perishable. Dairy industry would
treat the raw milk availability as the first
important factor to choose the industry
location. Therefore, the paper put forward the
hypothesis that the availability of raw materials
is the key factor of influencing dairy industry
cluster.

Hypothesis 3: Labor cost will significantly
influence the dairy industry cluster. There is
negative correlation between labor cost and
dairy industry cluster.

New classic trading theory believes that
except the natural resources endowment, labor
force, technology, and other external resources
endowment are the important factors of
influencing industry cluster. Wang (2010)
found that many industries clustered in coastal
region caused a lot of middle east China
countryside labor force transferring to the east
China. Labor transfer will further promote the
industry cluster. As the “soft production
factor”, labor force is the important factor of
improving manufacturing industry competition.
The cheap labor force is the cost advantage of
local industry development, and promotes
industry cluster. Dairy industry belongs to
manufacturing industry. The availability of
labor force and labor force cost will influence
the dairy industry cluster. Generally, the less of
the labor cost, the more attractive it will be for
the manufacturing industry cluster.

Hypothesis 4: There is positive correlation
between industry scale levels and dairy
industry cluster.
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The external economic theory, which was
put forward by economist Marshall in 1890,
and developed and perfected by scholar
Krugman, believes that larger scaled industry is
more efficient in manufacturing than the
smaller scaled industry. The expansion of
industry scale will cause the increase of the
industry profit, thus the same industry and its
supporting department will cluster in one or
several places. Represented by Henderson [
and Fujita B! the new economic geography
school thinks that the average cost decreased
due to the increasing return to scale, and it
increased the competition in further expanding
scales, and it promoted the industry highly
clustered. The current scale level of dairy
industry will decide whether it will form the
external scale economy. The larger scale level,
the more helpful it will be for the dairy industry
clustering in this place.

Hypothesis 5: There are highly positive
correlation between government supporting
degree and dairy industry cluster.

The development of the new economy
geography school injected new energy to
industry cluster theory. Baldwin (1999)
believes that the government powerful
protecting measures will help to increase local
industry profit, attract capital, accelerate the
capital accumulation, and promote the industry
cluster. The study by Lanaspa et al., found the
district where the government with higher
efficiency is more attractive for the industry
cluster by research. Dairy industry cluster can’t
get rid of the government’s role. The local
economic development protecting measures
taken by government will be more helpful for
the dairy industry cluster.

Hypothesis 6: There are positive correlation
between economic basis and dairy industry
cluster.

Dairy industry is part of the national
economy. The district economic development
level will affect this district industry
development. In better economic based, and
more developed districts, there will be better
infrastructures, better investment development
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environment, perfect rules guarantee, higher
consuming level, and easier for the dairy
industry clustering. In the poor economy based,
and undeveloped districts, the infrastructure,
investment environment and rules guarantee
situations are worse, and it is not helpful for the
dairy industry clustering. Therefore, the paper
put forward the hypothesis that there are
positive correlation between economic basis
and dairy industry cluster.

Hypothesis 7: The regional industry
profitability has positive influence on dairy
industry cluster.

Represented by August Losch, the location
theory of economic school believes that the
internal competition decreases the cost and
increases the demand. The concentrated
demands will promote the manufacturing
concentration. Industry clustered enterprises
efficiency will be improved forced by the fierce
competition, and the cost will be decreased. In
this way it will meet the various marketing
demands, and gain higher profit. Therefore,
industry cluster region’s profitability is stronger
than others. Regional industry profitability will
be very attractive for the industrial enterprises.
The differences of the regional industry
profitability will influence the dairy industry
cluster.

Moreover, industry cluster theory considers
that public transport infrastructure, and degrees
of opening up to the world are the important
factors of influencing industry cluster. But after
experiencing a fast period of China transport
infrastructure construction, it has basically
formed the grades roadway, railway, high-
speed rail, airlines and others multi-
dimensional transportation system. Dairy
industry, which is different from capital-
intensive large scaled manufacturers, has
weaker demand for transportation, so the
transportation infrastructure situation will not
be considered as the factor of influencing dairy
industry  cluster. China dairy industry
enterprises are mainly domestic enterprises and
the foreign countries enterprises of joint-stock.
It is seldom for the foreign investors to build a
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e Resources

e Labor

factory to produce. And it has little influence
on dairy industry cluster. Therefore, we don’t
take foreign investors into consideration in the
influence factors of industry cluster.

Variables Selection

e Industry cluster degree: it uses the location

quotient LQ to measure China dairy industry
cluster degree. LQ, which was put forward
by Haggett, is used to measure a certain
region factors’ space distribution situation.
By calculating China different provincial
dairy industry LQ, we could conclude that
the dairy industry is relatively concentrated
in which provinces. The accumulating

formula is:
. LOj- mij / gdpij
M; / GDP;

(1)

e mj refers to the jth year’s dairy industry

products sales turnover in the i province.
The gdpi refers to the jth year’s dairy
industry products gross products in the i
province. M; is the jth year’s dairy industry
products sales turnover all over China. The
larger is the LQ, the higher degree of dairy
industry cluster will be. If LQ is more than
one, we could believe that the dairy industry
is highly clustered in this province.
endowment  namely  the
availability of raw materials: the milk yield
of the province could be the symbol to
measure the dairy industry raw material
availability. It will reflect the dairy industry
resources endowment situation of every
province. Represented in MY (milk yield).
force cost: the dairy industry
employees’ average wages is the best
symbol of dairy industry labor force cost.
But there are no unified standards of the
employees’ average wages in the dairy
statistics annual, so the average wages of
urban workers in every province institution
will reflect dairy industry labor force cost.
Represented in AWUW(average wages of
urban workers)

e The current scale level: generally speaking,

the larger is the industry assets scale, the
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more output it will have. As it is difficult to
get the existing assets statistics of every
province dairy industry, and the relationship
between assets scales and output ability, the
paper selects the dairy products value to
reflect the existing scale level of every
province. Represented in DPV (dairy
products value).

The government support: the government
revenue rate of GDP could reflect the

government supporting degree in local
marketing protection and support. The
higher is the rate, more motivated

government will be to support related
industry development in this province.
Represented by GRR (government revenue
rate).

The economic basis: there are many indexes
of the region’s economic basis. We usually
use Per Capita GDP, gross GDP,
government revenue etc. As the higher is the
Per Capita GDP, the stronger the consuming
capacity will be, the Per Capita GDP reflects
the region’s existing economic developed
level. Represented in PCGDP (per capita
GDP).

Regional Industry profitability: the profit of
dairy industry of every province could
reflect the dairy industry profitability of
every province. The higher is the profit rate,
the stronger the profitability will be. We use
the dairy industry profit rate divided by
products sales revenue approximately
reflects profitability. Represented by PM
(profit margin).

Table 1. The influence factors of dairy
industry cluster

Influence factors | Measuring index Symbols Forecast
zbbreviation Positive or

Negative

Resource Mk Tield MY Postfive

endovament

Labor force cost | Average wages of | AWUW TNegative

urban werkers

Externzl scaled Dhatry products DOFV Positrve

ECONOMY zales value

Government Government GFRE Positive

supporting degree | revenue rate

Economic basiz Per Capita GDP PCGDFP Positive

Hegional industry | Profit MMargin FiI Poazitive

profitability
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Basic Models Setting

e Based on the mentioned above hypothesis

and related measuring index selecting, we
set the liner model as below:

LQii = So+ SiMYij+ 2 AWUM; + S3DPVij +
P+GRRij + fsPCGDPj + SsPMij + &m

)

Pois constant; Pris regression coefficient, k
=1,2...6; i=1,2,3...29 represents the 29
provinces of China; j=1,2,3,4,5 represents
the five years panel data from 2009 to 2103,
¢ s stochastic error.

e When selecting the samples, the study

selects total 29 provinces without Hong
Kong, Macau, Hainan, and Tibetan, as there
is no neighbor of Hainan province, lack of
some statistics of Tibetan. For the sake of
the statistics availability and integrity, the
statistics are mainly from 2010-2014
Statistical Yearbook of China, Milk
Yearbook of Chin, and China National
Bureau of Statistics official website. The
data analysis is mainly done by advances
spatial econometric scheme.

3. Results and discussions
Spatial Econometric Model Setting

In the traditional statistics theory, suppose
the observation values are independent from
each other, reviewing the spatial statistics,
spatial econometric theory thinks that there are
a few independent observation values. There is
spatial interaction among observation values,
namely there is spatial dependency and spatial
autocorrelation among the regional economic
geography statistics. Based on spatial
econometric model, dairy industry cluster
influence factors spatial econometric analysis
should test if there is spatial autocorrelation in
dependent variable. If there is, we should
construct spatial autoregressive model and error
models to spatial econometric estimation test of
dairy industry influence factors.
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(1) Dairy  industry  cluster  spatial
autocorrelation inspection
Global  Spatial  Autocorrelation  will

generally depict the provincial dairy industry
distribution from provincial space. It is the
important way to inspect if the industry cluster
degree is high, and if the neighbor space point
cluster is relevant. This paper inspects there is
spatial relation among dairy industry clusters
by using spatial autocorrelation index Moran’s
I. The formula is:

> Wi(LQi- LO)(LQi-LQ)
S? i Zn:Wij

i=1 j=1

Moran'sl =

(3)

And
52 =%§n:(LQi—E) : Fg:%zn: LQi ; LQi refe

rs to the dairy industry cluster LQ coefficient of

prince i, i=1,2,3...29; Wi js nearby spatial weight
matrix in binary, and it could recognize the
neighborhood relation among different spaces.
This paper uses weight matrix set in the
neighborhood distance, namely if two provinces
are neighbors, the Wi s 1, if not Wii is 0. The
formula is as below:

(
|0 0 means province i and province j are not neighbors.
Fij=1 1 means province i and province j are neighbors.

0 5
| Omeansij .

And i=123...29=1,23...29, when i=j, W is o,
namely weight matrix diagonal line element is O,
Moran'sl -1 and 1. If

Moran’sl jndex is more than 0, there is positive
spatial autocorrelation in dairy industry clusters. If

index is between

Moran’sl jndex is less than 0, there is negative
spatial autocorrelation in dairy industry clusters. By

drawing spatial correlation coefficient Moran’sl

scatter plot, China 29 provinces dairy industry
cluster distribution is divided into four quadrants
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spatial dependency. The first quadrant HH (high-
high), high dairy industry cluster degree province is
surrounded by high cluster degree provinces; the
second quadrant LH (low-high), the low dairy
industry cluster degree province is surrounded by
high cluster degree provinces; the third quadrant LL
(low-low) the low dairy industry cluster province is
surrounded by low cluster degree provinces; the
fourth quadrant HL (high-low) the high dairy
industry cluster province is surrounded by low
cluster degree provinces.

According to Moran’sl e can use the Normal
Distribution Assumption to inspect if there is spatial
autocorrelation among the 29 provinces. That is to

calculate the Moran’sl standard Z value under the
condition of normal distribution assumption. The
formula is as below:

Moran'sl —E(Moran'sl)

Z(d)= (4)
@ Jvar(Moran'sl)
The expected value
E(Moran'sl):—il, (5)
Variance
var(Moran'sl) = n2\N1+2nV\/22+3No —E(Moran’sl)
Wo(n“ -1)
(6)

If Z values are all more than the boundary 1.96 or
1.65 with the confidence level 0.01 or 0.05, there
will be positive correlation in China dairy industry
cluster, and there is significant spatial dependency.

(2). Spatial econometric model

There are two reasons for causing spatial
autocorrelation. One is there is objective relation in
neighborhood regions. The other is there is space
error in selecting sample statistics, reflected in
spatial autoregressive model error and dependent
variables lags. Therefore, there are two spatial
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econometric models: Spatial Lag Model, SLM, and
Spatial Error Model, SEM.

® Spatial Lag Model, SLM
SLM is mainly used the province dairy industry

cluster influence factors’ influencing situation on
dairy industry of neighborhood provinces, namely
studying if there are spillovers of this variable in
provinces. The expression is:

Y is dependent variable, X is independent variable
matrix, W is spatial weight matrix, WY is spatial
autoregressive dependent variable, P is spatial
auto-regression coefficient, ¢ is constant error.
According to the above formula, dairy industry
cluster influence factors spatial regression model is
set as below:

LQ = p(Er ®W)LQ + AIMY + B2AWUM + B:DPV +
BiGRR + BsPCGDP + SsPM + &

(8)

(Er ®W) is the kronecker products of matrix,

Er is T-order Matrices , W is spatial weight

matrix, the parameter Bii=12..6 rofiects the

dairy industry cluster influence factors’ influence
on cluster degree. Spatial regression variable

(Er ®W)LQi refjects the spatial distance influence
on regional dairy industry cluster, and it is an
endogenous variable.

o Spatial Error Model, SEM

There is the difference among different regions, we
should use spatial error model to estimate. The
formula of spatial error model is:

Y:Xﬂ‘f‘g (9)

8:/’i,W8+ILl:(En—/1W)71/U (10)
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A s spatial coefficient to measure spatial

dependency, € is random error, H represents the
random error vector matched the normal

distributions, Enis n-order matrix. According to
the expression above, dairy industry cluster
influence factor spatial error model set as below:

LQ = /MY + 2AWUM + BsDPV + S4GRR
+sPCGDP + fsPM + &+ 1

(11)

Parameter pini=12.6 reflects all the dairy
industry cluster influence factors’ influence on

cluster degree, # represents the random error
vector matched the normal distributions,

&= (En—AW)p_

In the spatial econometric model, the
estimate of traditional least square estimate
variable coefficient is biased or even not
effective. Spatial econometric model estimation
usually uses the general least square estimate or
maximum likelihood estimation. As for spatial
lag and spatial error model, we adopt the
method of maximum likelihood estimation.

Spatial Lag Model or Spatial Error Model,
when we judge which model is more suitable to
choose; generally we choose it according to the
goodness-of-fit R2. The higher is R2, the
higher goodness-of-fit will be, the better the
fitting effect will be. What’s more, we can
choose according to Log likelihood (LogL),
Likelihood Ratio (LR), Akaike information
criterion (AIC), Schwartz criterion (SC).

The larger is LogL, the smaller AIC, SC
are, the higher is the goodness-of-fit; the
smaller LogL is, the larger AIC, SC are, the
lower is the goodness-of-fit. We could taking
R2, LogL, AIC, SC vales into consideration
when we choose spatial lag model and spatial
error model.
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Discussions of empirical results analysis

(1)Dairy industry  cluster  spatial
autocorrelation inspection.

According to LQ expression (1), China
provinces dairy industry LQ coefficients shows
in Table 2. Reviewing from regions, China
dairy industry heavy cluster is mainly located
in north China, northeast China, and northwest
China. While south China, southwest China,
and east China is with light cluster. Reviewing
from time levels, from 2009 to 2013,dairy
industry cluster degree generally increased fast
in northwest China, especially in Ningxia and
Shaanxi Province; but the traditional dairy
industry provinces Inner Mongolia and
Heilongjiang industry cluster degree decreased
significantly from 2009 to 2013. In 2009, the
top six provinces with heavy dairy industry
cluster degrees are: Inner  Mongolia,
Heilongjiang, Ningxia, Shaanxi, Shanghai, and
Hebei province. In 2013, the top six provinces
with heavy dairy industry cluster degrees are:
Heilongjiang, Ningxia, Inner Mongolia,
Shaanxi, Hebei, and Shanghai. There is no

change of the top six provinces, but there is a
sequence change. Inner Mongolia dairy
industry cluster degree decreased to the third
rank from the first place; Heilongjiang
increased to the first rank from the second;
Ningxia increased from the third to the second;
Shanghai decreased to the six; Hebei increased
to the fifth from the sixth. However, reviewing
from the cluster degree values, it is decreasing
in Heilongjiang, Inner Mongolia and Shanghai;
it is increasing in Ningxia, Shaanxi and Hebei
province. Generally reviewing from 2009 to
2013, China most provinces dairy industry
cluster degree were increasing, a few provinces
cluster degree decreased differently. The
traditional dairy industry clustered regions
continued dairy industry, and there is no
obvious new industry cluster. But the cluster
degree absolute value is increasing and
decreasing. The quick increasing of Ningxia,
Shaanxi and Hebei dairy industry cluster
degree injected new energy to China dairy
industry development.

Table 2. Every province dairy industry LQ coefficient

Province 2009 2010 2011 2012 2013
North Beijing 1.078415 1.034069 1.069968 1.077882 1.102943
Tianjin 0.502999 0.618738 0.865858 0.713553 1.365149
Hebei 1503711 1.567345 1.656046 1.74751 1.785628
Shanxi 0.750314 0.937223 0.783025 0.784102 0.758432
Inner Mongolia 7.202618 6.522545 5.909151 4.824749 4.710306
Northeast Liaoning 1.243544 1.19077 1.194555 1.073878 1.059847
Jilin 0.246448 0.340034 0.479164 0.484211 0.4691
Heilongjiang 6.83371 6.664661 6.219887 5.221178 5.184054
East Shanghai 1.510664 1.565186 1.503468 1.720428 1.478702
Jiangsu 0.218232 0.217845 0.260504 0.352624 0.369237
Zhejiang 0.22644 0.188895 0.230163 0.294521 0.284968
IAnhui 0.751748 0.81895 0.733367 0.839488 0.803823
Fujian 0.234334 0.207023 0.109558 0.130401 0.134807
Jiangxi 0.515701 0.474673 0.410789 0.47635 0.493416
Shandong 1.037763 1.075496 1.072848 1.296846 1.189423
South Henan 0.497506 0.546818 0.711102 0.790279 0.836593
Hubei 0.463306 0.469348 0.470466 0.466516 0.500674
Hunan 0.743311 0.524612 0.520196 0.365889 0.402325
Guangdong 0.50279 0.544303 0.565706 0.597154 0.62086
Guangxi 0.199281 0.304914 0.343655 0.370322 0.433459
Southwest Chongging 0.309863 0.475355 0.488744 0.398242 0.545348
Sichuan 0.384578 0.502431 0.538048 0.512992 0.540088
Guizhou 0.367003 0.448483 0.510066 0.187972 0.172577
'Yunnan 0.429736 0.445402 0.465339 0.634735 0.621552
Northwest Shaanxi 1.744979 1.736334 1.886317 2.030003 2.144147
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Gansu 0.42323 0.529859 0.476545 0.805404 0.839343
Qinghai 0.820136 1.376558 0.604174 0.906551 0.822348
Ningxia 2.147102 1.772315 2.263251 4.400071 4.8391
Xinjiang 1.018264 1.113483 0.975052 1.041966 0.899895
Province 2009 2010 2011 2012 2013
North Beijing 1.078415 1.034069 1.069968 1.077882 1.102943
[Tianjin 0.502999 0.618738 0.865858 0.713553 1.365149
Hebei 1.503711 1.567345 1.656046 1.74751 1.785628
Shanxi 0.750314 0.937223 0.783025 0.784102 0.758432
Inner Mongolia 7.202618 6.522545 5.909151 4.824749 4.710306
Northeast Liaoning 1.243544 1.19077 1.194555 1.073878 1.059847
Jilin 0.246448 0.340034 0.479164 0.484211 0.4691
Heilongjiang 6.83371 6.664661 6.219887 5.221178 5.184054
East Shanghai 1.510664 1.565186 1.503468 1.720428 1.478702
Jiangsu 0.218232 0.217845 0.260504 0.352624 0.369237
Zhejiang 0.22644 0.188895 0.230163 0.294521 0.284968
Anhui 0.751748 0.81895 0.733367 0.839488 0.803823
Fujian 0.234334 0.207023 0.109558 0.130401 0.134807
Jiangxi 0.515701 0.474673 0.410789 0.47635 0.493416
Shandong 1.037763 1.075496 1.072848 1.296846 1.189423
South Henan 0.497506 0.546818 0.711102 0.790279 0.836593
Hubei 0.463306 0.469348 0.470466 0.466516 0.500674
Hunan 0.743311 0.524612 0.520196 0.365889 0.402325
Guangdong 0.50279 0.544303 0.565706 0.597154 0.62086
Guangxi 0.199281 0.304914 0.343655 0.370322 0.433459
Southwest Chongging 0.309863 0.475355 0.488744 0.398242 0.545348
Sichuan 0.384578 0.502431 0.538048 0.512992 0.540088
Guizhou 0.367003 0.448483 0.510066 0.187972 0.172577
'Yunnan 0.429736 0.445402 0.465339 0.634735 0.621552
Northwest Shaanxi 1.744979 1.736334 1.886317 2.030003 2.144147
Gansu 0.42323 0.529859 0.476545 0.805404 0.839343
Qinghai 0.820136 1.376558 0.604174 0.906551 0.822348
Ningxia 2.147102 1.772315 2.263251 4.400071 4.8391
Xinjiang 1.018264 1.113483 0.975052 1.041966 0.899895

We can calculate China 29 provinces

general Moran'sl (1), z, sd(l), and P value
from 2009 to 2013 by using formulas(3) (4) (5)
(6), as shows in Table 3. From 2009 to 2013,

the Moran’sl p yalues are all less than 0.05, Z
value is all more than the boundary 1.96 with

the confidence level 0.05. Moran'sl yajye
increased to 0.336 in 2013 from 0.273 in 20009.
It shows that there are obviously positive
spatial spillovers in China 29 provinces dairy
industry cluster, and there is spatial dependency
among the 29 provinces. The dairy industry
spatial distribution is not independent; instead,
the provinces with higher cluster degrees are
neighbors, the provinces with lower cluster
degrees are neighbors. The spatial cluster is
very obvious. To further analyze dairy industry
spatial cluster characteristics, the paper made

the Moran’sl scatterplot, shows as Graph 1.
This Moran'sl and Table 4 shows most of our
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provinces are distributed in the first quadrant
and the third quadrant. The first quadrant
represents the higher cluster degree province
are surrounded by other higher cluster degree
provinces, including Ningxia, Shaanxi, Inner
Mongolia, Heilongjiang, Hebei, Tianjin total
six provinces, which accounts for 20.6% of the
whole provinces, mainly locates in northwest
and north China.

Table 3. China 29 provinces dairy industry
cluster Moran’sl jndex value

Year | Morna’sT | E(l) sd(1l) z P-
value
2009 | 0.273 -0.036 | 0.101 3.067 | 0.002
2010 | 0.270 -0.036 | 0.101 3.028 | 0.002
2011 | 0.308 -0.036 | 0.103 3.334 | 0.001
2012 | 0.331 -0.036 | 0.113 3.254 | 0.001
2013 | 0.336 -0.036 | 0.113 3.297 | 0.001

Note: Hainan, who doesn’t have neighbors, was not
studied; Hong Kong, Macau, Taiwan, and Tibet
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Autonomous Region, whose data is not available, were
not studied.

The second quadrant refers to the lower
cluster degrees provinces are surrounded by
higher cluster degree provinces, including
Beijing, Shaanxi, Liaoning, Jilin, Gansu total
five provinces, mainly locates in north and
northeast China; The third quadrant refers to
the lower cluster degrees provinces are
surrounded by lower cluster degree provinces,
including Jiangsu, Zhejiang, Anhui, Fujian,
Jiangxi, Shandong, Henan, Hubei, Hunan,
Guangdong, Guangxi, Chongging, Sichuan,
Guizhou, Yunnan, Qinghai, and Xinjiang total
17 provinces, accounts for 58.62% of the whole
provinces, mainly locates in east and south and
southwest China; The fourth quadrant refers to
the higher cluster degrees provinces are
surrounded by lower cluster degree provinces,
only with Shanghai in the fourth quadrant,
accounts for 3.45% of the whole provinces. The
above analysis shows: one is that there is
spatial cluster phenomenon in China dairy
industry cluster; the other is that there is spatial
dependency and heterogeneity in industry
cluster, it proves the Hypothesis 1. Therefore,
we should analyze dairy industry influence
factors from spatial econometric perspective.

Moran scatterplot (Moran's | = 0.336)
lq

Figure 1. China dairy industry cluster
Moran'sl scatter plot

Dairy industry spatial econometric model
estimation

The spatial correlation inspection result has
showed there is obvious spatial autocorrelation
in China 29 provinces dairy industry cluster.
Traditional least square regression estimation
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result is biased. Therefore, the paper adopts the
SLM and SEM under the fixed effects and
random effects, and estimates and inspects the
dairy industry cluster influence factors with
China 29 provinces spatial panel data basis. It
will choose the best model and explain
according the inspection results. To compare
easily, first it makes the ordinary least square
regression. The results show in Table 5. The
least square estimation general goodness-of-fit
R? is 0.7143. Resources endowment, external
economy, government policies environment
regression coefficient are positive, and the
distribution passed the 5% and 1% confidence
level inspection. It shows that there is positive
correlation between these three variables and
dairy industry cluster. While the economy basis
coefficient is negative and passed the 5%
confidence level inspection, this is possibly
because of the neglecting of spatial
autocorrelation. Therefore, it needs spatial
econometric model to estimate and inspect
dairy industry cluster.

Table 4. Different quadrants provinces

distribution

Quadrant [Spatial Province

No. Relevant ways

Quadrant I [HH(high-high) |Ningxia, Shaanxi,
Inner Mongolia,
Heilongjiang, Hebei,
Tianjin

Quadrant Il |[LH(low-high) |Beijing, Shanxi,

Liaoning, Jilin, Gansu
Jiangsu, Zhejiang,
Anhui, Fujian,
Jiangxi, Shandong,
Henan, Hubei, Hunan,
Guangdong, Guangxi,
Chongging, Sichuan,
Guizhou, Yunnan,
Qinghai, and Xinjiang
Shanghai

Quadrant I1|LL(low-low)

Quadrant [V |{HL(high-low)

The parameter estimation of fixed effects
and random effects spatial lag model and
spatial error model used maximum likelihood
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estimation method. The result shows as in
Table 6. In the spatial error model result shows,
the P value of CHI? in the Hausman testing is
0.9613. It rejects the original hypothesis and
adopts the fixed effects. Meanwhile, the AIC
and SC value of fixed effects are much more

less than random effects.

Table 5. Least Square Estimation OLS

\Variable [Coefficient p  [Standard t statistic [P value
Deviation ¢ value

MY 3.39e-07** 6.78e-08 5.00 0.000

AWUW [6.73e-06 0.0000144 0.47 0.642

DPV 0.0073747*** 0.0017541 4.20 0.000

GRR 10.57208***  14.029894 2.62 0.010

PCGDP |-0.0000173** [7.10e-06 -2.44 0.016

PM -1.211589 2.304065 -0.53 0.600

cons -0.4989081 0.3605385 -1.38 0.169

R2 0.7143

AIC 352.927

SC 373.7641

Note: *** ** * represents respectively 1%, 5% and
10% confidence level significant test ,

Therefore, fixed effects spatial error model
IS better than the random effects spatial error
model. But the fixed and random effect of
spatial lag model parameter A doesn’t pass the
10% confidence level significance testing.
Therefore, the spatial error model
goodness-of-fit for the whole model. The
spatial lag model results shows the P value of
CHI?in the Hausman testing is 0.973. It rejects
the original hypothesis and adopts the fixed
effects. Meanwhile, the AIC and SC value of
fixed effects are much more less than random
effects, and the R? of the fixed effects is 0.8062,
and it is more than the R? of random effects.
That is to say, the fixed effects spatial lag
model is with the best goodness-of-fit., and the
fixed effects spatial lag model parameter p
passed the 10% confidence level significance
testing. Compared with the above mentioned
five spatial econometric models, the paper
chooses the best goodness-of-fit fixed effects
spatial lag model, and defines the parameter
estimated economy.

is not

Table 6. Dairy industry cluster spatial lag model and spatial error model estimation results

Spatial Error Model, SEM Spatial Lag Model, SLM
ariable Fixed effects P value Random effects P value Fixed effects P value Random effects P value
MY 3.43e-07*** 0.000 3.50e-07*** 0.000 3.40e-07*** 0.000 13.28e-07*** 0.000
AWOW 8.766-06 0529 8.866-07 0.942 0.0000112 0.390 5.906-07 0.960
DPV 0.0075375*** 0.000 0.0070135*** 0.000 0.0075642*** 0.000 0.0069709*** 0.000
GRR 16.70575*** 0.001 15.31339*** 0.001 15.89509*** 0.001 15.03425%** 0.001
PCGDP -0.0000356*** 0.005 -0.0000219** 0.023 -0.0000373*** 0.002 -0.000022** 0.017
PM 2.705108** 0.033 2.157213 0.119 2.629744** 0.036 2.232159* 0.102
cons -0.677795* 0.086 -0.7964253** 0.041
o2 0.0908785*** 0.000 0.1146391*** 0.000 0.0909542*** 0.000
o 0.1159495*** 0.000
p 0.1147027* 0.101 0.1354406 0.155
0.0496378 0.722 0.0914267 0.513
R2 0.6979 0.7294 0.8062 0.7464
LogL -31.9151 -94.6815 -31.9479 -93.9300
IAIC 77.83026 207.363 76.89588 205.86
SC 98.6674 234.1536 97.73302 232.6506
Hausman Prob>chi2 = 0.9613 Prob>chi2 = 0.9735

Note: Same as Table 5.
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Results Analysis

Hypothesis 1 is supported. The Table 6
results that fixed effects spatial lag model p
passed the 10% confidence level significance
testing. It means China dairy industry cluster is
becoming gradually obvious, and there is
spatial autocorrelation and spatial spillovers.
The paper will analyze dairy industry cluster
influence factors one by one.

Hypothesis 2 is supported. Fixed effects
spatial lag model MY coefficient is 3.43e-7,
and it passed the 1% confidence level
significant testing. It has positive correlation
with dairy industry cluster. It is one of the
factors influencing dairy industry cluster. But
due to the improvement of transportation
infrastructure and quality keeping and fresh-
keeping technology, raw milk transporting and
cool-keeping are no the key problems that dairy
industry enterprises are concerning.

Hypothesis 2 is rejected. Fixed effects
spatial lag model labor cost AWUW coefficient
estimation doesn’t pass the 10% confidence
level significance testing. That is to say the
labor cost will not significantly influence China
dairy industry cluster. It is incompatible with
the materials endowment theory of Hypothesis
1. The reasons are: one is dairy industry
clustered provinces Heilongjiang, Inner
Mongolia, Shaanxi, Ningxia natural conditions,
location, infrastructure aspects are behind the
east coastal regions. Thus it will somehow
offset the labor cost advantage. The other one is
the existing of snowballing effects. Dairy
industry once clustered in the provinces, it will
develop very well and self-improved well. And
it will further improve cluster, and finally it
forms the snowballing effects, and weakens the
cheap labor cost’s influence on dairy industry
cluster.

Hypothesis 4 is supported. Fixed effects
spatial lag model existing scales level DPV
coefficient is 7.5375e-3, it passed 1%
confidence level significance testing, and it has
positive correlation with dairy industry cluster.
This means the dairy industry external
economic effect truly exists in Hypothesis 4.
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When the dairy industry is cluster in a
province, it will promote the dairy cluster with
the whole scale increasing and general cost
decreasing. Namely when the existing scale
level increase one by unit, dairy industry
cluster degree will increase 7.537e-3 by unit.

Hypothesis 5 is supported. Fixed effects
spatial lag model government supporting
degree GRR coefficient is 15.89509, and it
passed 1% confidence level significance
testing, and it has obvious positive correlation
with dairy industry cluster. It proves that the
government supporting degree provides good
developing environment for the whole industry,
and it will further exist industry cluster in the
region hypothesis. Meanwhile it means
government is playing important role in
industry developing and industry clustering.
When the coefficient is 15.89509, it is namely
when government revenue percentage for GDP
increase by 1%, cluster degree coefficient will
increase by 0.1589509.

Hypothesis 6 is incompatible. Fixed effects
spatial lag model economic basis PCGDP
coefficient is -3.73e-5, and it passed 1%
confidence level significance testing. It has
negative correlation with dairy industry cluster.
So it is incompatible with hypothesis 6. That is
to say provincial economic development will
not positively influence dairy industry cluster.
On the contrary, it is negative correlated. When
Per Capita GDP increases 1 by unit, cluster
degree will decrease 3.73e-5 by unit. The
reason is that the Per Capita GDP of east China
economy developed provinces is much higher
than the middle and west China. However,
factory construction, production managing,
enterprise managing, employees wages Ccosts
are also much higher than middle and west
China. Meanwhile, we have to think about the
raw milk availability, that most of the dairy
industry enterprises are located mainly in the
undeveloped provinces like Inner Mongolia,
Heilongjiang, Ningxia, Shaanxi province.
Therefore, there comes the result of negative
correlation between economic development and
diary industry cluster.
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Hypothesis 7 is supported. Fixed effects
spatial lag model regional profitability PM
coefficient is 2.629744, and it passed the 5%
confidence level significance testing. It has
positive correlation with dairy industry cluster.
It proves Hypothesis 7 that the higher is the
dairy industry profit margin rate, the more
attractive for the enterprise it will be.

4. Conclusions

The paper finally choose fixed effects
spatial lag model to explain China diary
industry cluster influence factors by comparing
ordinary least square estimation (OLS), and
constructing fixed effects and random effects
spatial lag model( SLM) and spatial error
model (SEM), and come to the conclusion
below:

There is positive correlation among China
dairy industry cluster. There is strong spatial
dependency and positive spatial spillovers in
different provinces, namely, the neighborhood
provinces’ dairy industry development will
promote  this province dairy industry
development and cluster. Therefore, it will
enhance China dairy industry develop in a
healthy and fast way by communicating and
cooperating  more  with  neighborhood
provinces, and promoting regions rational flow
of talents and capitals

The results of the most of industry cluster
studies with time dimensions are similar. There
is significant correlation among the resources
endowment, external scope economy, industry
profitability and China dairy industry cluster.
According to the self-raw milk availability
characteristics, and the existing scale level,
different provinces takes different diary
industry developing strategies. It is playing
significant practical role in promoting diary
industry cluster development and improving
industry branded enterprise’ competition. There
is significant positive correlation between
government supporting degree and dairy
industry cluster. Government maintaining good
economic running environment is the catalyst
and the guarantee of the dairy industry cluster.
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Based on every province’s different dairy
industry developing levels, the province will
push dairy industry further development with
government and marketing joint efforts.
Different from the hypothesis, labor force is no
the significant factor of influencing dairy
industry cluster. The dairy industry clustered
provinces are not getting benefit from the labor
force cost. Incompatible with the hypothesis,
there is negative correlation between the
economic basis and dairy industry cluster.
Compared with developed provinces, dairy
industry tends to cluster in the undeveloped
provinces. Middle and west China should seize
this opportunity to promote it’s dairy industry
cluster, and activate the economic
development.

While, there is broad space to improve the
paper. On the one hand, the diary industry
cluster influence factors spatial econometric
model constructed in the paper could be
expanded, for instance, technology, chance
factors could be introduced into the model to be
further observed and studied. On the other
hand, the penal data yeas span is limited in this
paper, without enough consideration of time
dimension characteristics, and the class weights
setting without consideration of economic
distance. If the paper uses long time span
dynamic spatial panel econometric model, the
conclusion will be more purposeful and
persuasive.
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ABSTRACT

The research of emergency food distribution and decision models mostly
focus on deterministic models and exact algorithms. Some studies have
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the problem. In MBPSO, appropriate degradation mechanism and parallel
global search structure are designed. Through an instance, MBPSO has a
capability of global optimum search and fast convergence property for
hybrid integer programming model with the multi-constrained and
weighted single objective.
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1. Introduction

Emergency food distribution has been
studied in extensive literature mainly focus
on single-level network, deterministic
models and planning algorithm, less
research has been done on uncertainty in the
emergency environment, multi-level
distribution  network and intelligent
matheuristic algorithm.

R. Ji and Z. Xiao-lei formulate the
problem through an integer programming
model and a Lagrangian heuristic algorithm
is developed to solve the problem (Ji and
Xiao lei, 2014). Toyoglu et al., provide an
ammunition distribution algorithm to a
three-layer commodity-flow location routing
formulation  that distributes  multiple
products (Toyogluet et al.,, 2011). Naval
warfare is studied in this literature (Gue,
2003), mainly concentrate on logistics center
location, emergency food presets and
emergency food distribution optimization
problem. I. O. Pierskalla and W. P. propose

a three-index formulations for solving the
problem of locating regional blood banks to
serve hospitals (Pierskalla and P., 1979). in
literature (Perl and Daskin, 1985) for
designing the division’s distribution system,
in consideration of the system number, size,
and locations of central depots.

Above these are some research
achievements on distribution of emergency
food. Most of them concentrate on the
deterministic models and exact algorithm.
Few of them focus on mataheuristic and
matheuristic algorithm.

The authors propose also a matheuristic
which aims at alternatively solving
emergency food distribution design problem
with estimated distribution amount, using
exact methods, and determining the routing
decisions and transportation, using heuristic
procedures (Prodhon and Prins, 2014).

The main differences of our approach
with other proposals existing in the literature
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are that, in this paper, Poisson-Process is
adopted to establish random risk of
emergency food distribution (one of the
three indexes). Meanwhile, an improved
discrete  particle swarm  optimization
(MBPSO)  matheuristic  algorithm s
proposed to solve the problem.

The paper is organized as follows. In
Section 2 we formulate the problems of
emergency food distribution. and propose
modified discrete particle swarm
optimization algorithm (MBPSO). In
Section 3, through an instance discussing
different performance of three algorithms.
Finally, Section 4 contains some conclusions
and future research development.

2. Materials and methods

Emergency food distribution for Multi-
level network is generally composed of three
layers, supply points, transit points (depots)
and demand points. As shown in Figure 1.

Transport

Demand
facility enan

points

Transit
points

Direct distribution

suppl oints 5 . ; i
pply p -----—Transshipment distribution

Figure 1. Three
network

layers distribution

In order to illustrate the model exactly,
we first declare some symbol explanations.

T Set of total time of distribution. h

X Set of amount of emergency suppliesto  t
be distributed to demand point d at
supply point i ,where iel,d eD.

dis,, Set of distance between supply km
pointi and demand point d ,where
deD.

dis,  Set of distance between supply km

pointi and transit point h ,where

iel,heH.
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dis,

Set of distance between transit point h
and demand point d ,where

heH,deD.

Set of velocity of transport facility k
,where ke K.

Set of transshipment time.

Set of total cost of distribution.
Set of fixed cost of transport facility k .

Set of variable cost of transport
facility k , wherek e K .
Set of the transshipment cost.

Set of probability of being found by
enemy in delivery paths.

Set of random risk from enemy in
delivery paths.

Greek Symbols

Hig

Zin

z

ﬂhd?k

Set of Poisson intensity between supply
point i and demand point d , where
iel,deD.

Set of Poisson intensity between supply
point i and logistics transit point h,
where iel,heH.

Set of Poisson intensity between transit
point h and demand point d , Where

heH,deD.

1,if transport facility does not get
through any transit point;0 otherwise,

where iel,deD.

1,if transport facility kK will be chosen,0
otherwise, on condition thatﬂ,l?d =1.
where el ,keK.

1,if the transit point h be chosen,0
otherwise. where ie | ,heH.

1,if transport facility k will be chosen,0
otherwise, on condition

that ﬂr,?h =1 from supply point ito
logistics transit point h, where

iel,heH keK.
1,if transport facility kK will be chosen,0

otherwise, on condition that ﬁﬁ?h =1,

logistics transit point h to demand
point 0, where, de D heH ,k eK.

Subscripts

<X QO =

supply point.i € |
transit point. he H

demand point. d € D
transport facility. k e K
velocity

km

km/h
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inv invariable
? choose which one

Transport time and cost is divided into
direct part and transshipment part. In every
route in multi-level network, different
transport facility will spend different time
and cost, but only allowed to choose one of
transport facilities in one route. If route pass
through a transit point, it will produce
transshipment time and transshipment cost,
which associated to emergency food
amount. The larger amount of emergency
food will expend the more time and cost.
The total time and total cost of emergency
food distribution is shown in equation (1)
and equation (2).

Z Z z/‘{’ﬂd Wk(dls J /lu?d =1
deD iel keK k
T= léilw[dli J o
(; ; ’; | |7h d|s ﬂ'l?d :0
|d zz+zﬂhd7k[ hdj
keK k
1)
z z Zﬂ’l?dﬂ’ﬁk (Cmv-l—cvxlddIs ) j’|7d 1
deD iel keK
Zj'lh"k (Clnv-i—cvxlddIS )
C: keK
z Z Z ﬂﬂh %4Cyy ﬂm:O
cer zmn@ﬁqmmm
keK
1)

{IN()20) means a random number of
destroy from uncontrollable factor in
environment in multi-level network during
period [0 Assume that (N(120} Opey
strength A for the Poisson Process, where
the strength/I is mean to random number of
destroy from uncertain environment to one
of routes in unit time. In once destroy
process, the probability of our emergency
food being destroy is denoted by P, where
O<p<l and the event of environment
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destroying emergency food within each time
interval is mutual independent.

So we know that {Y (V)29 phelongs to
Compound Poisson Process which obey the

strength AP In order to investigate the
random risk degree in transport process. We
have to investigate some characteristic
functions of this Poisson Process. In this
paper, we choose the mean function as a
target to evaluate the random risk degree of
emergency food distribution.

Note that {Y(:t2% obey strength 4P in
Compound Poisson Process, so the mean

function of {Y(1):t20} s shown in equation
A).
=E[Y(t)]=rpt )
Through equation (3) we can conclude
that the expectation value of Compound
Poisson Process is proportional to Poisson
intensity, subsystems probability and
duration time. Based on the above
deduction, the random risk of emergency
food distribution in multi-level network is
shown below.

Z z Zﬂ’wdﬁmk[dls j a P Aing =1
deD iel keK Vi
di

éﬂ’h?k[ Ii ] 1
z Z Z I7 |7h d|s j«,f_,d :0
deD iel heH

kzﬂhdvk{ e ]/‘ihdp

eK

(4)

The objective function is shown in
equation (5). It is consisted of time, cost and
random risk these three indexes, on which
we will put corresponding weight factor to
cater to different needs in different scenario
in section 3, we use uniformitarian process
for objective function before evaluating its
fitness. Some constraints are shown below.

min Z=aT +pC+yS

zﬂ’l?h:l

heH

®3)

ST. vheH Viel (4)
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A =l
g; 1 Viel vdeD (7)
A=l
kEzK: " " Viel YheH (8)
=1
éﬂﬁd'k YheH vd eD (©)
I
X, =X 10
z:‘ “ M Viel vdeD (10)
D
Xy <X, 11
dzzll ‘ Viel vdeD (1)

Constraints (6) describes that we can
choose only one transit point. Constraints
(7) demonstrates that we can choose only
one transport facility, on condition that on

condition that»¢ =1, Constraints (8) ensure
that we can choose only one transportation

from supply point I to transit point h' on

condition that 47 =0,
Constraints (9) ensure that we can
choose only one transportation from supply

point h to demand point d | on condition

that 47 =0 Constraints (10) guarantee that
the emergency food amount of all supply
points | to be distributed should be equal to

the amount of demand pointd .Constraints
(11) exhibits that the total emergency food
amount to be distributed in arbitrary supply
point ! should be less than their own
inventory.

In recent years, many scholars proposed
a variety of approach like heuristic
algorithm, bionic intelligent algorithm,
algorithm combined with the constraint
condition etc, to investigate the problem
(Mezura-Montes et al., 2010).But existing
approach cannot solve our model. So, a new
matheuristic algorithm will be proposed in
this paper. In next section we will introduce
a modified matheuristic algorithm to solve
this problem.

Improved Discrete Particle Swarm
Optimization The particle swarm
optimization algorithm (PSO) is proposed
by Kennedy and Eberhart (Kennedy and
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Eberhart, 1995). In PSO, a potential solution
for a problem is considered as a bird, which
is called a particle, flies through a D-
dimensional space and adjusts its position
according to its own experience and other
particles’. In PSO, a particle is represented
by its position vector p and its velocity
vector v. In time step t, particle i calculates
its new velocity then updates its position
according to equation (12) and equation (13),
respectively.

(5)
(6)

where @ is the inertial weight, and G

¢ = (Y ¢ ) e (0 )

Xi'd :Xid +Vi'd

and © are positive acceleration coefficients

used to scale the contribution of self-

cognitive and social-sharing components,

'd d

Vi'is the current speed value. Vi'is the last
d

speed value. respectively. P is the best

position that particle i has been experienced
d

in d dimensions. s is the best position

found by all particles I in d dimensions. "

and " are uniform random variables in
range.

Standard PSO algorithm is suitable to
continuously problem. In order to make the
PSO algorithm more adaptive to solve
discrete optimization problems, J. Kennedy
and K. C. Eberhart, introduce a Binary-
Particle Swarm Optimization (BPSO),
which is more suitable for solving the
problem of discrete.

BPSO algorithm inherits the velocity
updating equation of the standard PSO
algorithm. Firstly ,utilize equation (12) to
update the velocity value, then, SIGMOID
function is used to convert velocity value
into the probability of binary digit to get
value 1.The process is shown below.
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()= 1 7
Y Lvexp(—v) (7)
Xz {l if rand-() <s(v) ®)

0 otherwise
Where "0 is  uniform  random

variables in range [0,1]. It is necessary to set
a maximum velocity Vmax 1o limit the range

d
of Vi | denoted byvid € [ Vo Vi |

The standard BPSO algorithm with fast
convergence speed, but due to its following
features, The particle population is easy to
fall into local extremum. In order to
overcome the deficiencies, we improved the
standard BPSO optimization algorithm,
making BPSO algorithm more efficiently
and accurately search the global optimuml
solution.

Solution Structure: It is can be seen
from Figure 2., The structure of the solution
is divided into two parts ,the first part is
linear programming part. Which represents
the amount of emergency food to be
distributed. The second part is heuristic part,
which means combination of route and
means of transport. Also, solving process is
divided into two parts .Firstly, combination
of transport means and routes is generated
by MBPSO algorithm, then linear
programming is used to find the best fitness
of objective function.

li?d jf.?k\\/luh?k ﬂhd?k

X1 0 0.0 0 |
X200 1 1..0 1

Supply point I—>
Supply point 2—»
: <— Demand pointd

Supply point| X0 01.10 \
: 4 _
Emergency supplies Transfer pointh path planning part

amount part

Figure 2. solution structure

MBPSO Implement Steps : Stepl
Population initialization. In the problem
definition domain, initializing population
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position and velocity value randomly, and
calculating its fitness.

Step 2 Stop judging. Stop and exit, if the
algorithm meet stop condition. Otherwise,
continue.

Step3 velocity and position update.
equation (12), (14), (15) are used to update
the velocity and position of populations and
calculating new populations’ fitness.

Step4 Parallel algorithm structure. At
every predetermined sampling point, another
parallel global search mechanism will be
triggered in sampling period. Some separate
population will be randomly initialized to
get global optimum which denoted by
Gbestl. In sampling period, if Gbestl is
better than Gbest, replace it.

Step5 Population degradation
mechanism. At every predetermined
sampling point. In roulette random way,
with a certain probability substitute one of
select particles’ best solution it experienced
(Pbest) for current global optimum (Gbest).
Meanwhile, Storing Gbest. When sampling
period is over, if there is no other better
optimal value updated, then give the last
stored Gbest back to the current optimal
value.

Step 6 Evaluate fitness, Turn to Step 2.

3. Results and discussions

In order to verify the validity and
practicability of the model and modified
discrete  particle swarm  optimization
algorithm (MBPSO), Constructing a three
level emergency food distribution network,
consists of 4 supply points, 3 transit point, 5
demand point and two kinds of transport
facility. =0-5 #=0.2. y=03jg the weight of
time, cost and random risk respectively.
Transit costs and Transit time is

that C:=208/t gng  W=03NT - oye

parameters will be random initialized.
Parameters Combination Experiment:

MBPSO algorithm performance is sensitive
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to parameters setting of ¢, , ¢, and w ,

which affects the convergence speed,
accuracy and other properties. Therefore,

combination value ofc, , ¢, and w is to be

investigated firstly.
(1) parameters combination experiment

w is the inertial weight, and c, and c,

are positive acceleration coefficients used to
scale the contribution of self-cognitive and
social-sharing components. There have been
lots of research on PSO algorithm
parameters analysis, but without unified
conclusion. For different question need to
retest and reset the parameters.

C1=0, C2=2, W=0.9

x10° x10
6

s Cl=2, C2=0, W=0.9

According to the literature, parameter
combinations test is designed for six groups,
the result is shown in Figure 3 and Table.7

Table 1. MBPSO performance
comparison with different parameter
combinations

C1l C2 W Mean value

*E+05
(@) 0 2 0.9 2.6422
(b) 2 0 0.9 2.6862
(© 0 0 0.9 2.7542
(d) 2 2 0 2.7247
(®) 2 2 0.9 2.5658
U] 2 2 0.9~0.1 2.6365

x10° C1=0, C2=0, W=0.9

o

&
n
3

Weighted optimal value
w S

3 =

Weighted optimal value
S

Weighted optimal value

N
3
N

10 20 30 40 50 10
iterations (a)

S C1=2, C2=2, W=0 x10

20 30 40 50 10 20 30 40 50

iterations (b)

s Cl=2, C2=2, W=0.9

iterations (c)
C1=0, C2=2,
W : linear reduction

>
[

el
5

w

Weighted optimal value
S
——

Weighted optimal value

[
o

N
o

10 20 30 40 50 10
iterations (d)

20 30 40 50 10 20 30 40 50

iterations (e)

iterations (f)

Figure 3. MBPSO particles convergence track under different parameter

combinations

We can see that group (a) is a Social
Model , because it’s parameter c1=0,which
presents the group (a) does not have the
cognitive part. Similarly. group (b) is
cognitive model. group (c) has neither
society nor cognitive part, just has inertial
weight. group (d) has both society and
cognitive part, without inertial weight.
Eroare! Fara sursd de referinta. shows
that the group(e) is the best on convergence
accuracy. According to the literature,
(Kennedy and Eberhart, 1997)In group(f) ,
the inertial weight decreases linearly. It
makes the algorithm running in the early
stages can be carried out
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large-scale global search, and later with a
strong local search ability.

(2) Algorithms comparison

In order to verify the effectiveness of the
algorithm comparison among MBPSO,
BPSO and HCA was taken to be done In
terms of calculation accuracy and
convergence.

As shown in Figure 4 and

Table 2. The comparison among the
HCA, BPSO and MBPSO in terms of
calculation accuracy under different running
time .As can be seen from sub-graph (a) in
Figure 4, where MBPSO algorithm is
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running under short time, and its
performance is mediocre. The calculation
accuracy trajectory of the three algorithms
are close. The reason is because MBPSO
algorithm does not take full advantage of
degeneration mechanism and parallel global
search function, it’s structure is similar to
BPSO algorithm, so its performance is not
the best. whereas, with running a longer
time, MBPSO algorithm degradation

particles follow Gbest in local search, but
also can rushed out of the local extremum
restrictions to take global optimization. It is
also can be seen from sub-graph (b,c,d),
with running a longer time, the calculation
accuracy trajectory of MBPSO algorithm
starts better than the other two algorithms.
Also we can conclude from variance image
in Figure 4, with running a longer time, the
stability of MBPSO is becoming better

mechanisms and parallel global search gradually.
function comes into play. It makes all
54X 10° Run Time 5s :SESAO 22X 10° Run Time 10s :;;:SAO
3.2 ,,"- . | ——mBPSO| . ——MBPSO
S ZAN VD o B i s :
2. i 2.9 Pa\
L Loy 7t L 2
26, 4 6 8 10 12 14 28— 4 8 10 12 14
Running Times (a) Running Times (b)
x10° Run Time 15s ::HCA ) x10° Run Time 20s e HCA
.. e ' s,
g 3 ™ —
H - [ 2.8
g5 b P o—
2AU.—/><\ :ﬁﬂ% t N 2.6 e \/‘C’*/‘ : T
2.4

2 4 6 8 10 12 14
Running Times (c)

2 4 6

8 10 12 14
Running Times (d)

Figure 4. Algorithms’ calculation accuracy comparison

Table 2. Mean value comparison of Algorithm calculation in 10 times run

run time Algorithms Mean value run time Algorithms Mean value

*E+05 *E+05

HCA 3.0888 HCA 2.873
5s BPSO 2.9887 10s BPSO 2.9605
MBPSO 3.0151 MBPSO 2.8822
HCA 2.7439 HCA 2.6671

15s BPSO 2.9893 20s BPSO 2.99
MBPSO 2.6148 MBPSO 2.5854

4. Conclusions

On the premise of time and cost, Adopting
Poisson-Process to establish emergency food
distribution and decision model in multi-level
network. By analyzing the characteristics of the
model, On the basis of the standard discrete
particle swarm optimization algorithm (BPSO),
algorithm structure of appropriate degradation
mechanism and parallel global search is
designed.
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In order to verify the effectiveness of the
algorithm, contrasting (Mdified Binary-Particle
Swarm Optimizaion, MBPSO) with (Standard
Binary-Particle Swarm Optimizaion, BPSO)
and (Hill Climbing Algorithm, HCA), In terms
of accuracy and convergence. The results show
that (MBPSO) is of a global optimum and a fast
convergence property for multiple constrained
multi-objective integer programming model.
But in the case of the running time is short, the
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algorithm performance is almost the same with
the other two algorithms.

In summary, there is a general and practical
meaning for emergency food distribution and
decision models in Multi-level network.
Providing a new way for multi-constrained and
multi-objective high dimensional optimization
combination problem.
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ABSTRACT

To establelish a HPLC-MS method for determining the concentrations of
Manidipine in human plasma and to evaluate its pharmacokinetic
characteristics. A Venusil XBP-Cgcolumn column was used to separate
Manidipine in plasma with a mobile phase of a mixture of 5mM
ammonium acetate (0.5%acetic acid) - methanol - methyl cyanide ((15
: 40: 45, VIVIV) at a flow rate of 0.6ml.min. Atmospheric pressure
electronic spray ionization (AP-ESI) and ion mass spectral (m/z) of 611.4
were selected to quantify Manidipine, and 441.1 for Nimodipine (internal
standard). The linear range of the standard curve of Manidipine was 0.25-
50ng.ml?, and the determination limit was 0.25ng.mlt. The extraction
recoveries were more than 49.85%, intra-day and inter-day RSD were less
than 7.44%. The Manidipine plasma concentrations were determined after
single and multiple dose and its pharmacokinetic parameters were
calculated. The method is sensitive, fast and accurate. It is suiTablele for

therapeutic Manidipine monitoring and its pharmacokinetic studies.

1. Introduction

Manidipine is calcium antagonist of
dihydropyridine class and had no effects on the
heart, will not affect the heart rate, has the
function of atherosclerosis in some degree, has
a protective effect of kidneys, does not affect
the sympathetic nervous system, less adverse
reaction, for hypertension merger in patients
with type 1II diabetes or glucose tolerance to
reduce and elderly patients have good
antihypertensive  effect (Benchawan and
Pornsak, 2016). Manidipine is unsTablele in
plasma or exposed to light and the routine
analytical method cannot meet the requirements
of its pharmacokinetic studies in human body
(Cheer and McclEllan, 2005; Naylere and
Panagiotopoulos, 2001). A HPLC-MS method
for determining the blood concentration of
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Manidipine with Nimodipine as internal
standard was developed and report (Vitor et al.,
2015). It is sensitivity, specialty and precision,
and suiTablele for Manidipine therapy drug
monitoring and pharmacokinetic  studies
(Fogari et al., 1999).

2. Materials and methods

2.1. Instruments and reagents

The HP1100LC-MS system was used to
separate and detect Manidipine in human
plasma, METTLER TOLEDO AX-205
electronic balance , XW-80A eddy mixer,
PROINO high speed centrifuge, PK514BP
ultrasonic cleaner were supplied by American
Agilent Company, Mettler-Toledo Instrument
(Shanghai) Co. Ltd, Shanghai Jingke Company,
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American Kendro Laboratory Products and
Germany Bandel Company, respectively.

Manidipine Hydrochloride Tablele of 10mg
were offered by Jinan Limin Pharmaceutical
Factory. Chinese Drug and Biological Products
Quality Control institute provided the internal
standards (IS) of Manidipine and Nimodipine.
Methanol, methyl cyanide and ethyl acetate
were all chromatographic pure grade.

2.2. Conditions for mass spectra and
chromatogram

AP-ESI positive ion mode was used with
atmospheric pressure of 50 psig and protective
air of N at a flow rate of 10L.min, capillary
voltage of 4000V, drying air temperature of
350°C. The selected iron monitoring (SIM) was
used as ion collecting mode. The ion mass
spectral (m/z) of 611.4 (M+1) was selected to
quantify Manidipine and 441.1 (M+Na) for
Nimodipine. Debris voltage 140 v and 120 v
respectively. The separation was carried out
with a mobile phase of a mixture of 5mM.|-1
ammonium acetate ( 0.5%acetic acid ) -

methanol- methyl cyanide ((15 : 40 : 45,
VIVIV) at a flow rate of 0.6mL.min and a
sTablele phase of A Venusil XBP-Cg column
(150mmx4.6mm , 5Sum), 50uL of purified
sample was injected (NguyenLan et al., 2016).

2.3. Method of pretreatment

The stock solutions of Manidipine and
Nimodipine at the concentration of 0.1 mg.mL™!
and 0.12mg.mL? respectively were dissolved
under methanol, kept from light during all
course. A liquor of 1.0mL plasma of sample
plus 50uL of IS was alkalinized by adding
0.1mL of 2 mol.mL*? Sodium Hydroxide and
5mL of ethyl acetate, Then it was vortex-
mixed 3 min, centrifuged at 4000 r-min* for
5 min .The water phase was discarded and 4mL
of organic phase was moved to a clean glass
tube and dried under Nitrogen in a 40 °C water
bath. The residue was reconstituted with 0.1mL
of mobile phase and 50uL of it was injected for
analysis.

2.4. Corroboration of methods

Under above conditions, the retention time
of IS and Manidipine were 6.7 and 4.5 min,
respectively. The blank plasma, blank plasma
spiked with IS plus Manidipine, volunteer
samples  spiked with IS, the SIM
chromatograms and mass spectra of Manidipine
were show in Fig 1 and Fig 2.
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Figure 1. Chromatograms for the

determination of Manidipine by HPLC
A: blank plasma ; B: blank plasma plus
Manidipine and internal standard; C: plasma sample
of volunteer plus internal
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Figure 2. Mass spectra of control
Manidipine and internal standard

A: Manidipine; B: internal standard

1.0 mL blank plasma was added in each
glass tube which contained Manidipine at
concentrations of 0, 0.25, 0.5, 1, 5, 10, 25 and
50 ng-mL™! after dried with Nitrogen, purified,
injected and analyzed. The regressive equation
was as follows: Y=0.07481+20.29X, r=
0.99744, the limit of quantity (LOQ) is 0.25
ng-mL™L.

0.5, 5 and 25 ng-mL* of Manidipine were
spiked in blank plasma and analyzed at above
conditions. The recovery rate, intra-day and
inter-day RSD were calculated (Tablel). After
the samples which contained Manidipine at
concentrations of 0.5, 5 and 25 ng-mL? were
stored at -20°C for 24 hours and 7 days,
evaluated the affection of frost thawing and
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period of storage upon stableility of Manidipine
(Table 2)

Table 1. Recovery rate, intra-day and inter-day

relative  standard deviation (RSD) of
Manidipine(n=5)
Concentration Recovery Intra-day Inter-day
/ng:ml-1 rate RSD RSD
/% /% /%
0.5 49.92 4.15 3.08
5 49.85 3.21 7.76
25 50.50 7.44 2.41

Table 2. the data of sTableility test (;iSD,

n=5)
Concentration | Before frost frost frost
/ng.ml-1 thawing thawing thawing
/ng.ml-1 once twice
/ng.ml-1 /ng.ml-1
0.5 0.49+0.02 0.49+0.04 0.50+0.03
5 4.88+0.25 5.2840.18 5.17+0.28
25 26.22+0.97 25.92+1.55 26.90+£1.66
2.5. Subject and design
Twelve healthy  volunteers  were
participated in this study after physical

examination and laboratory screening. They
were asked to avoid all prescription for at least
10 days before the study. Those who had a
history of drug or alcohol abuse or allergy to
the components of Manidpine Tablelets or
capsules and those who had concomitant drug
therapy were excluded. All subjects gave their
written informed consent at the beginning of
the study and being explained the nature of the
drug and purpose of this study (Lifen et al.,
2011).

A single dose of 10mg Manidipine
normal Tablelet were given at am 7:00 after
having a standard meal and 5mL blood samples
were obtained before and 0.25, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 12.0, 24.0h after the
administration of Manidipine normal Tablelet
preparations. The blood samples were
centrifuged and plasma were collected and
stored at -20°C for analysis (Lixin et al., 2014).
After one-week washout period, a single dose
of 20mg were given and experimentation was
repeated.
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The third week, each subject was orally
taken 10mg Manidipine Tablelet at am 7:00
after having a standard meal for 7 days. Blood
sample were collected from the 5th to 7th day
before administration, and the 7th day after
administration as same as those with single
dose.

3. Results and discussions

3.1. Plasma concentrations of Manidipine in
each group

The average plasma concentrations of
manidipine after a sing and multiple doses
administration were show in Table 3. The time-
concentrations curves were show in Fig 3 and
Fig 4.

Table 3. Mean plasma concentrations of
Manidipine after a sing doses (10mg and 20mg)

and multiple doses administration ( X +SD,

n=12, ng-mL™?)
Time/h Single dose | Single dose of multiple
of 10mg 20mg doses of
10mg

-48 - - 0.358+0.137
-24 - - 0.348+0.068
0 - - 0.374+0.133
0.25 0.425+0.432 1.002+1.391 1.095+0.509
0.5 2.009+3.052 3.245+3.433 2.193+1.063
1.0 4.435+4.624 8.38416.171 3.720+1.587
1.5 6.163+4.189 | 13.162+8.166 5.621+2.785
2.0 6.07913.443 | 10.464+4.356 6.83614.732
2.5 4.464+2.627 7.05613.341 6.223+4.107
3.0 3.185+1.706 | 5.276+2.394 4.430+2.702
4.0 2.232+0.988 | 3.407+1.552 3.301+1.839
6.0 1.547+0.508 | 2.220+0.794 2.153+0.820
8.0 0.965+0.378 1.430+0.437 1.339+0.469
12.0 0.554+0.146 0.72210.153 0.805+0.259
24.0 0.311+0.068 | 0.368+0.087 0.335+0.095
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Figure 3. Mean time-concentration curves after
a single dose of Manidipine

3.2.  Pharmacokinetic
manidipine in each group

The mean pharmacokinetic parameters of
Manidipine in each group after a single and
multiple doses administration were shown in
Table 4 and Table 5.

parameters  of

S = N W ks Ol O
T

—48 -28 -8 12 32

t/h

Figure 4. Mean time-concentration curves after
multiple doses of Manidipine

Table 4. Pharmacokinetic parameters after a
single dose of Manidipine (X +SD, n=12)

parameters 10mg 20mg
tia/h 6.67+2.83 6.89+2.66
Crmax/ng-mL* 7.22+4.42 14.26+7.54
Tmax/h 1.67+0.33 1.71#0.26
AUCo.24/ng-mL1- h 29.42+12.92 46.69+18.19
AUCq.o/ng-mL1-h 31.77#12.55 49.96+17.74
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Table 5. Pharmacokinetic parameters after
multiple doses of Manidipine( X £SD, n=12)

parameters Coax/Tg-mL' Cmin/ng-mL-! Cav/nlg-mL-
10mg 7.88+4.36 0.37£0.13 1.560.64
parameters DF/% AUCssn1g~h-mL|'
10mg 4.60+0.88 37.39+15.34

4. Conclusions

Manidipine is unsTablele in plasma or
exposed in light. The blood concentrations of
Manidipine is only 0.25-25 ng-mL?. The
routine HPLC-UV method can’t meet the
requirement of pharmacokinetic studies and
therapeutically monitoring of Manidipine in
human body (NguyenLan et al., 2016). HPLC-
MS has dual functions of both separation and
detection and a strong anti-interference ability.
The separation was carried out with a mobile
phase of a mixture of SmM-L? ammonium
acetate (0.5%acetic acid) -methanol- methyl

cyanide ((15 : 40 : 45, V/IVIV) at a flow rate of
0.6ml-min-1 and a sTablele phase of A Venusil
XBP-Cg column (150mmx4.6mm, Spm), 50uL
of purified sample was injected. The ion mass
spectral (m/z) of 611.4 (M+1) was selected to
quantify Manidipine and 441.1 (M+Na) for
Nimodipine. The period of analysis was only
about 8 min. The determination of
concentrations of Manidipine in human plasma
by HPLC-MS method is sensitive and accurate
(Tsukasa et al., 2006). In the process of
experiment there was no interference of
endogenous substances and there was no ion
effect. The pharmacokinetic model of

Manidipine belongs to two compartment model.

So it can be used in the low limit detection for
pharmacokinetic studies and therapeutically
monitoring of Manidipine (Han and Fu Hong,
2006).

After taking Manidipine orally, the time to
peak concentrations is about 1 to 2 hours, the
half-life is about 6 hours, antihypertensive
effect last 24 hours. It has a good peak/valley
ratio of blood concentrations when taking
Manidipine orally once a day (Francisco et al.,

2011). When taking Manidipine orally after the
meal, the peak concentration in plasma is 1.3
times and AUC is 1.6 times than those of an
empty stomach, the time to peak concentration
has no change (Saruta and Suzuki, 1999).
Clearance in the body relate to the dose, AUC
of taking 20 mg is 1.6 times than that of taking
10 mg (Zanchetti et al., 2001). Manidipine did
not accumulate in plasma and the
pharmacokinetic characteristics shows not
significant difference between male and female
volunteers.

Manidipine is new medicine chemicals with
3.1 classes. The test plan approved by the
ethics committee and informed consent was
signed before test.

5. References

Cheer, M., McclEllan, K.(2005). Manidipine, a
review of its use in hypertension, Drugs,
61(12), 1777-1799.

Benchawan, C., Pornsak, S.(2016). Effect of
cooling technique on physicochemical
properties of ternary solid dispersion of
manidipine hydrochloride prepared by
melting method, Asian Journal of
Pharmaceutical Sciences, 11 (1), 325-328.

Fogari, R., Ogari, R., Zoppi, A., Mugellni, A.,
et al.(1999). Effect of low dose manidipine
on ambulatory blood pressure in very
elderly hypertensives, Cardiovasc Drugs
Ther, 13(3),243-248.

Francisco,J., Martinez, M., Macias-Batista, A.,
Cristina,C., Rodriguez-Rosas, H., Soriano-
Perera, P., Pedrianes-Martin, P.,(2011).
Effects of Manidipine and its Combination
with an  ACE Inhibitor on Insulin
Sensitivity and MeTableolic, Inflammatory
and Prothrombotic Markers in Hypertensive
Patients with MeTableolic Syndrome,
Clinical Drug Investigation, 31 (3), 201-
212.

Han, J., Fu Hong, Y. (2006). Determination of
rimantadine hydrochloride in compound
rimantadine hydrochloride capsules by


http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Nguyen+Lan+Huong)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Tsukasa+Uno)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Benchawan+Chamsai)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Pornsak+Sriamornsak)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Francisco+J.+Martinez-Martin)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Alicia+Macias-Batista)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Cristina+Comi-Diaz)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Herminia+Rodriguez-Rosas)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Paula+Soriano-Perera)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Paula+Soriano-Perera)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Pablo+Pedrianes-Martin)
http://d.scholar.cnki.net/Detail/SJPD2059_U/SJPD12102401386686
http://d.scholar.cnki.net/Detail/SJPD2059_U/SJPD12102401386686
http://d.scholar.cnki.net/Detail/SJPD2059_U/SJPD12102401386686

Xie and Fang/Carpathian Journal of Food Science and Technology 2016, 8(2), 172-177

capillary gas chromatography, Sepu, 23(6).
683.

Lifen, Z., Wangping, Z., Donghong, L.,
Xigngian,Y. et al.(2011). Research advance
on the ultrasound assisted extraction of
food functional components, Journal of
Chinese Institute of Food Science and
Technology, 11 (3), 128-132.

Lixin, C., Changhong, J., Chunle, Y.(2014).
Study on the extraction technology of
flavonoids from corn cob by response
surface methodology, Science and
Technology of Food Industry, 35(2), 259-
263.

Naylere. G., Panagiotopoulos. S.,(2001). The
antiatherosclerotic effect of the calcium
antagonists and their implications in
hypertension, Am HeartJ, 125(2 pt2),626-
629.

NguyenLan, H., NguyenHuu, H., SungYong,
H., JeWon, P.(2016). Determination of
Manidipine in Human Plasma by HPLC-
MS/MS and Its Application to A
Bioequivalence Study, Current
Pharmaceutical Analysis, 12 (2), 152-156.

Saruta, T., Suzuki, H.(1999). Efficacy of
manidipine in the treatment of hypertensive
with renal impairment, a muticenterial, Am
Heart J, 125(2pt 2),630.

Tsukasa, U., Tadashi, O.,  Shigeru,
M., Kazunobu, S.,(2006). Effect of
grapefruit juice on the disposition of
manidipine enantiomers in healthy subjects,
British Journal of Clinical Pharmacology,
61 (5), 185-189.

Vitor, T., Maximiliano, S., Gustavo,
K., Juliana, A., Nadia, V.,(2015). Delapril
and  Manidipine  Main  Degradation
Products, LC-UV and LC-ESI-MS
Evaluations, Decay Kinetic, and In Vitro
Cytotoxicity Studies, Journal of Liquid
Chromatography & Related Technologies,
38 (13), 1333-1342.

Zanchetti, A.,Omboni, S.,La Commare,
P., De Cesaris, R., Palatini, P.,(2001).
Efficacy, tolerability, and impact on quality
of life of long-term treatment with

177

manidipine or amlodipine in patients with
essential  hypertension,  Journal  of
Cardiovascular Pharmacology, 38 (4), 642-
50.

Acknowledgments

The work presented in this paper was
supported by the Science and Technology
Research Projects of Henan China (Grants
N0.152102310130) and the Scientific Research
Fund Project of Henan Polytechnic college of
China (Grants No. 2015-HZK-05).


http://d.scholar.cnki.net/Detail/SJPD2059_U/SJPD12102401386686
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Nguyen+Lan+Huong)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Nguyen+Huu+Hoang)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Sung-Yong+Hong)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Sung-Yong+Hong)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Je+Won+Park)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Tsukasa+Uno)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Tadashi+Ohkubo)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Shigeru+Motomura)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Shigeru+Motomura)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Kazunobu+Sugawara)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(V%c3%adtor+Todeschini)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Maximiliano+da+Silva+Sangoi)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Gustavo+Krumel+Goelzer)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Gustavo+Krumel+Goelzer)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Juliana+Maria+de+Mello+Andrade)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Nadia+Maria+Volpato)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Zanchetti+A)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Omboni+S)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(La+Commare+P)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(La+Commare+P)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(De+Cesaris+R)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Palatini+P)
http://www.thefreedictionary.com/Acknowledgments

@ CARPATHIAN JOURNAL OF FOOD SCIENCE AND TECHNOLOGY

journal homepage: http://chimie-biologie.ubm.ro/carpathian_journal/index.html

EFFECT OF PHENOLIC COMPOUNDS ON ANTIOXIDANT ACTIVITY IN 8

BLUEBERRY (VACCINUM SPP) JUICES

Lingli Zhang!, Pengxiang Yue!, Jun Jiang!, Jisheng Fan? and Xueling Gao'*

ISchool of Tea & Food Science, Anhui Agricultural University, 130 West Changjiang Rd., Hefei 230000, China
2Anhui Huiwang Foodstuff Co., Ltd, 17 jiuhuashan Rd., Hefei 230000, China

Correspondence author: *gaogao606@hotmail.com

Article history:
Received:
25 April 2016
Accepted in revised form
25 May 2016

Keywords:
Blueberry juices;
Phenolic compounds;
antioxidant activity,
correlation analysis.

ABSTRACT

Phenolic compounds of juices from 8 blueberry cultivars, Baldwin,
Gardenblue, Anna, O’Neal, Misty, Bluecrop, Elliott and Brigitta, were
evaluated. Antioxidant capacity (by DPPH, FRAP, and reducing power
assays) of 8 juices were also investigated. Eight blueberry juices contained
phenolics levels of 597.23-1417.45 mg gallic acid equivalents/L juice,
flavonoids levels of 102.80-546.25 mg rutin equivalents/L jice and
anthocyanins levels of 138.60-492.62 mg cyanidin-3-glucoside equivalents/L
juice, respectively. Among these juices, the juice from ‘Gardenblue’ cultivar
possessed the highest content of phenolics, flavonoids, and anthocyanins.
Variance analysis showed significant differences (P < 0.05) in phenolic
compounds (phenolics, flavonoids, anthocyanins) and antioxidant activities
among 8 blueberry juices. Correlation analyses revealed phenolics,
flavonoids, and anthocyanins were distinctly responsible for antioxidant
capacity. A strong correlations was found between flavonoids and antioxidant
capacity of 8 cultivars (DPPH, r = 0.95; FRAP, r = 0.97; reducing power, r =
0.89).

1.Introduction

Blueberry (genus

Vaccinium, family

Blueberry fruits are commonly consumed

Ericaceae) originates from North America
and Europe (Rimando et al., 2004).
Blueberries not only contain essential
nutrients but also possess abundant phenolic
compounds, such as anthocyanins, flavonoids
and chlorogenicacids (Prior et al., 1998;
Manach et al., 2005; Giovanelli et al., 2013).
The phenolic compounds can protect
organisms against oxidative stress induced by
free radicals (Manach et al., 2005) and exhibit
a wide range of biological
properties, including cardioprotective,
anti-inflammatory, and  anticarcinogenic
properties (Nohynek et al., 2006; Tsuda,
2012).

178

in fresh or processed food, such as juice,
wine, jam and so on (Anna and Grzegorz,
2015; Nindo et al., 2005). Processed
blueberry juice not only increases the berries’
commercial life but also allows wider
consumer access to this diet-enriching food.
Blueberry juice with higher amounts of
phenolic compounds and stronger antioxidant
capacity has increased nutritional and health
benefits for the consumer (Nindo et al., 2005;
Rossi et al.,, 2003). However, processing
method and blueberry cultivars vary greatly
in their phenolic compound content as well as
antioxidant capacity (Prior et al., 1998;
Sapers et al., 1984; Rodrigues et al., 2011;
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Wang et al., 2012a; Wang et al., 2012b; Xin
et al.,, 2015). Previous researches mainly
focused on phenolic compound content and
antioxidant capacity of different varieties
blueberry fruits (Giovanelli and Buratti
(2009); You et al.,, 2011; Howard et al.,
2003), only a few data concern the
differences of bioactive compounds from
bluberry juices.

Because of blueberry's unique nutrition,
blueberry species have been successfully
propagated and cultivated in China since
1989. With the increase in production,
growers require additional options, and
processing into blueberry juice is an effective
way to maximize usage and markets. The aim
of this work was to investigate the bioactive
compositions of juices from 8 blueberry
(Vaccinium spp.) cultivars and further study
the effect of bioactive composition on
antioxidant activity

2.Materials and methods

2.1.Preparation of blueberry juices
Blueberries of uniform size and at

physiological maturity were handpicked in

the morning from a commercial blueberry

plantation located in Hefei (31°52°N, 117°

17’E) in central-eastern China. Eight
cultivars, namely Baldwin, Gardenblue,
Anna, O’Neal, Misty, Bluecrop, Elliott, and
Brigitta, were harvested from June 11, 2014
to August 15, 2014, respectively. All fruits
were collected and stored at -20 °C until used.

Frozen blueberries were thawed and
crushed into mashes, respectively. The mash
was macerated with pectinase (Laffort,
Sydney, Austrilia) at a concentration of 0.07
g/kg it for 2 h at room temperature, then
squeezed with 200 mesh of silk cloth and
centrifuged at 3100 x g for 15 min to obtain
blueberry juice.
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2.2.Chemicals

Folin—Ciocalteu reagent and gallic acid
were obtained from Sinopharm Chemical
Reagent (Shanghai, China). 2,
2-diphenyl-1-picrylhydrazyl (DPPH) and 2, 4,
6-Tris (2-pyridyl)-1, 3, 5-triazine (TPTZ)
were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Other general chemicals
with analytical grade were obtained from
local suppliers.

2.3.Chemical analyses

Total soluble solids (expressed as °Brix)
were measured on a digital refractometer
(TD-45, TOP Instrument Co., Ltd., Zhejiang,
China) at 25+ 1°C and results were expressed
in °Brix. The titratable acidity and total
sugars were also determined AOAC methods
(1980).

2.4.Total phenolic content (TPC)

The TPC was determined according to
Folin—Ciocalteu method (Sanchez-Patan et
al., 2015). The absorbance of the sample was
determined at 765 nm. The results were
expressed as mg gallic acid equivalents
(GAE) per one liter of juice (mg GAE/L juice).

2.5.Total flavonoid content (TFC)

The TFC were measured using a
colorimetric assay adapted from Mahmood et
al. (2012).The absorbance was measured at
510 nm. The results were expressed as mg
rutin equivalent (RE) per one liter of juice
(mg RE/L juice).

2.6.Total anthocyanin content (TAC)

The TAC was estimated using the pH
differential method. Aliquots of each sample
were diluted with pH 1.0 or pH 4.5 buffers to
the same dilution. The absorbance was
measured at 510 nm and 700 nm in both pH
1.0 and pH 4.5 buffers. The TAC was
calculated by using Eq. (1).



Zhang et al /Carpathian Journal of Food Science and Technology 2016, 8(2), 178-186

(Ax MW x DF xV, x1000)
ex1IxM

TAC =

(1)
Where A is the difference in absorbance
between pH 1.0 and 4.5, MW is the molecular
weight of cyanidin-3-glucoside (449 g/mol);
DF is the dilution factor; Ve is the extract
volume, ¢is the molar extinction coefficient
of cyanidin-3-glucoside (29,600), and M is
the mass of the blueberry extracted.
The results were expressed as mg
cyanidin-3-glucoside (C3G) equivalents per
one liter of juice (mg C3G/L juice).

2.7.Free radical scavenging capacity
(DPPH)
The DPPH free radical-scavenging

capacity was estimated by adding 2.95
microliters of 0.1 mM DPPH methanolic
solution to 50 uL of the sample extracts. The
solution was thoroughly mixed and in dark
for 30 min. The absorbance was measured at
517 nm. The results were expressed in mg
VC equivalent antioxidative capacity per one
liter of juice (mg VC/L juice).

2.8. Ferric reducing antioxidant power
(FRAP) assay

FRAP reagent was prepared fresh daily in
acetate buffer ( adjusted pH to 3.6 by acetic
acid) by mixing TPTZ solution (10 mM in 40
mM HCI) and 20 mM iron chloride solution
in the proportion of 10:1:1, respectively. Each
sample (90 uL) was mixed with 3.0 mL of the
FRAP reagent and incubated for 10 min at 37
°C. The absorbance was read at 593 nm. The
results were expressed as mmol ferrous ion
per one liter of juice (mmol Fe?*/ L juice).

2.9. Reducing power assay (RP)

The RP was determined by adding diluted
samples (1 mL) into phosphate buffer (2.5
mL 02 M, pH 6.6) and potassium

180

ferricyanide (2.5 mL, 1%). The mixture was
incubated (50 °C, 20 min). Five mL of 10 %
trichloroacetic acid was added to the mixture
before centrifugation for 10 min at 2400 x g.
A 25 mL aliquot of the supernatant was
mixed with ultrapure water (2.5 mL) and 0.5
mL of 0.1% FeCls. The absorbance was read
at 700 nm after standing for 2 min; the final
result was expressed as mg VC equivalent per
one liter of juice (mg VC/L juice).

2.10.Statistical analysis

Data were expressed as the means + the
standard deviation (SD) of triplicate
determinations. Mean differences were
determined by one-way ANOVA followed by
Duncan’s range test using Prism™ v6.0
software. The differences were considered
significant when P < 0.05 and are denoted by
different letters. Linear regression plots were
generated and  correlations  between
antioxidant activities and phenolic, flavonoid
and anthocyanin contents were computed as
Pearson's correlation coefficient (r) using
Prism™ v6.0 software.

3.Results and discussions

3.1.Quality attribute of blueberry juices
The quality and acceptability of juice are
related to its total soluble solids (TSS)
content, acidity and ratio of total soluble
solids to acidity. Six quality attributes of
juices from 8 common blueberry cultivars,
namely pH, titratable acidity (TA), total
soluble solids (TSS), total sugars (TS), and
the ratio of total soluble solids / titratable
acidity (TSS/TA), were measured (Table 1).
As shown in Table 1, eight blueberry
juices contained TSS levels of 10.1 °Brix
(Bluecrop)-14.8 °Brix (Anna), TA levels of
245 (Anna)-18.58 g/L juice (Elliott) and
TSS/TA levels of 0.66 (Elliott)-6.04(Anna),



Zhang et al /Carpathian Journal of Food Science and Technology 2016, 8(2), 178-186

respectively (Table 1). TS varied from 86.33
(Bluecrop) to 137.66 g/ L juice (Anna). The pH

values ranged from 2.59 (Elliott) to 3.60
(Anna).

Table 1. Titratable acidity (TA), pH, total soluble solids (TSS), total sugars (TS), and the ratio of
total soluble solids / titratable acidity (TSS/TA) in the juices pressed from eight blueberry cultivars
of Vaccinium species

Quality attributes
Cultivars TA TSS TS
pH : TSS/TA
(&L jice) (°Brix) (&/L jice)

Anna 3.60+0.06" 2.45+0.128 14.8+0.2¢ 137.66+0.43¢ 6.04
O’Neal 3.46+0.13¢" 3.61+0.18° 10.8+0.4% 107.14+0.18¢ 2.99
Misty 3.07+0.12¢f 6.72+0.31¢d 10.7+0.5% 102.04+0.45° 1.50
Bluecrop 2.74+0.102b¢ 12.224+0.56° 10.1+0.22 86.33+0.742 0.83
Elliott 2.59+0.122 18.58+0.218 12.3+0.34 117.56+0.29¢ 0.66
Brigitta 2.60+0.1320 14.21£0.71F 11.4+£0.5% 107.14+0.35¢ 0.80
Baldwin 2.87+0.13% 7.03+0.33¢ 12.0+0.6¢ 117.10+0.33¢ 1.71
Gardenblue 2.96:+0.06% 6.574+0.32¢ 14.6+0.3¢ 136.36+0.87" 2.22

Significance testing among the different samples was performed by one-way ANOVA followed by Duncan’s range test.

Different superscripts between rows represent significant differences between samples (P < 0.05).

Table 2. The phenolic content (TPC), flavonoid content (TFC), and anthocyanin content (TAC), the
antioxidant capacity (DPPH, FRAP, and RP), in the juices pressed from eight blueberry cultivars of

Vaccinium species.
Phenolics Antioxidants

Cultivars TPC TFC TAC DPPH FRAP RP
(mg/L juice) (mg/L juice) (mg/L juice) (mg/L juice) (mmol/L juice) (mg/L juice)
Anna 1180.21+6.88F 199.75+1.23f 138.60+0.12° 49.72+0.31¢ 20.4140.70¢ 6.37+0.08"
O’Neal 647.87+4.12° 131.72+0.27¢ 269.27+2.08F 34.74+1.62¢ 12.13£0.16% 3.74+0.05¢
Misty 852.55+6.894 267.28+0.97¢8 197.88+1.02¢ 44.2440.90¢ 20.21+0.75¢ 5.49+0.06°
Bluecrop 645.11+£3.43P 102.80+0.722 166.15+1.16° 26.68+0.57° 11.61+0.482 3.19+0.01¢
Elliott 738.72+5.74¢ 113.16+0.89° 193.90+3.794 24.04+£0.12¢ 12.06+0.15¢ 2.7240.04¢
Brigitta 597.2345.02° 138.23+1.02°¢ 180.77+2.33¢ 26.48+1.17° 11.72+0.572 2.92+0.04°
Baldwin 975.96+6.82°¢ 115.28+0.67°¢ 330.64+0.83¢ 33.2240.45¢ 15.48+0.56P 2.734+0.03?
Gardenblue 1417.45£10.118 | 546.25+2.37h 492.62+3.33 76.59+1.49f 33.97+0.234 8.02+0.10¢

Significance testing among the different samples was performed by one-way ANOVA followed by Duncan’s range
test. Different superscripts between rows represent significant differences between samples (P < 0.05).

Sweet taste positively correlated with TSS
and TS, sour correlated with titratable acidity
(TA), and negatively correlated with pH and
TSS/TA ratio (Bett-Garber et al., 2015).
‘Anna’ was less acidic (TA: 2.45 g/L juice) and
sweeter taste (TSS:14.8%;TS:137.669/Ljuice),
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consequently, ‘Anna’ cultivar had more
advantageous TSS/TA ratio (6.04). While
‘Elliott’ was more acidic with a TA value of
18.58 g/L juice and had lower TSS/TA ratio
(0.66). Sapers et al. (1984) also noted that
‘Elliott’ had the higher TA and lower
TSS/TA of 11 highbush cultivars.
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3.2.Phenclic compounds and antioxidant
capacity

Phenolic compounds (phenolics,
flavonoids, anthocyanins) and antioxidant
capacity were shown in Table 2. Eight
blueberry juices contained total phenolic
content (TPC) of 597.23-1417.45 mg GAE /L
juice, total flavonoid content (TFC) of 102.80—
546.25 mg RE/L juice and total anthocyanin
content (TAC) of 138.60-492.62 mg C3G/L
juice, respectively (Table 2). TPC in 8
blueberry juices varies widely. TFC and TAC
had significant differences (P < 0.05) among
8 cultivars. ‘Gardenblue’ possessed all the
highest content of TPC, TFC and TAC in
these cultivars.The free radical scavenging
capacity (DPPH), ferric reducing antioxidant
power (FRAP) and reducing power (RP) were
also investigated. DPPH, FRAP and RP were
24.04-76.59 mg VC/L juice, 11.61-33.97
mmol Fe*/L juice and 2.72-8.02 mg VC/L
juice, respectively (Table 2). There were
obvious differences in DPPH among 8
cultivars (P <0.05). ‘Gardenblue’ displayed
the highest scavenging effect (76.59 mg
VC/L juice) in these cultivars, followed by
‘Anna’ and ‘Misty’, respectively. Similar to
the DPPH value, the highest FRAP (33.97
mmol Fe?*/L) and the highest RP (8.02 mg/L)
were found in ‘Gardenblue’ cultivar, followed
by the ‘Anna’ and ‘Misty’ cultivars. Jessica et
al. (2013) research showed that anthocyanin
contents of blueberry fruits were primarily
influenced by cultivar. Connor et al. (2002)
and Rodrigues et al. (2011) reported total
phenolic and anthocyanin contents presented
significant differences among blueberry
cultivars. Lee et al. (2004) and Gunduz et al.,
(2015) stated the variability in total phenolic
content, total anthocyanin content and
antioxidant activity in various Vaccinium
species. Wang et al. (2012b) found
considerable variation was in flavonoid
content and antioxidant activity among 42
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blueberry  (Vaccinium  spp.)  cultivars.
Cultivars play a more important role in
influencing total phenolics, total

anthocyanins, total flavonols and oxygen
radical-absorbing capacity in blueberries
(Howard et al., 2003). Koca and Karadeniz
(2009) also reported that FRAP values varied
from 7.41 to 57.92 pumol/g for six lowbush
and four highbush blueberry fruits. It has
been argued that the antioxidant activity of a
product cannot be reasonably validated by a
single method due to the complex nature of
phytochemicals and their interactions, so it
was important to use multiple assay systems
measuring different indices (Pérez-Jiménez et
al., 2008).

3.3.Correlations between phenolic
compounds and antioxidant activity in
blueberries

Blueberry phenolics were reported as
constituents, which are responsible for their
high radical scavenging capacity (Giovanelli
et al., 2009; Wang et al., 2008). In order to
evaulate the antioxidant potential of 8
blueberry juices in terms of their polyphenol
contents, linear regression plots were
generated and the Pearson correlation
coefficients were calculated (Figure 1).A very
good correlation was noted between the RP
values and the TPC (r = 0.84). Nevertheless,
DPPH assay and FRAP assay showed striking
correlations with TPC (DPPH, r = 0.90;
FRAP, r = 0.92). Ramful et al. (2011)
reported that TPC of the pulp extracts also
correlated strongly with the antioxidant
activities using the FRAP assays. TFC
showed strong correlations with DPPH values
(r = 0.95), with FRAP values (r = 0.97) and
with RP values (r = 0.89). Considerable
variation was found in flavonoid content,
antioxidant activity, and their contribution to
total antioxidant activity among 42 blueberry
cultivars reported by Wang et al. (2012b).
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A good correlation was obtained between
FRAP assay values and TAC (r = 0.71).
However, a moderate correlation was noted

between TAC and antioxidant capacity of the
cultivars (DPPH, r = 0.69; RP, r = 0.46).
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Figure 1. Linear regression plots and Pearson 's correlation coefficients of DPPH, FRAP, and
reducing power values with respect to phenolics, flavonoids, and anthocyanins, of the juices
pressed from eight blueberry cultivars of Vaccinium species

In our work, total phenolic and flavonoid
had higher antioxidant potential than total
anthocyanin (Figure 1). Vanessa et al. (2014)
found the total flavonoid content was highly
and positively correlated to the total
monomeric anthocyanin content in berry

fruits. Castrejon et al. (2008) reported
anthocyanins in mature blueberries have
lower antioxidant potential than other

phenolic compounds. Giovanelli and Buratti
(2009) pointed out the antioxidant activity
was more related to the total phenolic rather
than to the anthocyanin. The same type of
linear correlation  between  antioxidant

activities and phenolic contents had been
found in fruit juices (Gardner et al., 2000).

4.Conclusions

The present study demonstrated that the
juices from 8 blueberry cultivars possessed
significantly different phenolic contents and
antioxidant activities. Correlation analyses
revealed that the phenolics and flavonoids
were distinctly responsible for the antioxidant
capacity, and total flavonoids showed strong
correlations with DPPH, FRAP and reducing
power assays (DPPH, r = 0.95; FRAP, r =
0.97; reducing power r = 0.89). Among 8
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blueberry juices, the cultivar ‘Gardenblue’
possessed the highest content of phenolic
compounds  (phenolics, flavonoids, and
anthocyanins), corresponding to the highest
value of antioxidant activity (DPPH, FRAP
and Reducing power).
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ABSTRACT

The study was conducted during 2011-2015 in the Department of
technology of storage and grain processing of Uman National University of
Horticulture and on the production complex farm "Prolisok +" in Graniv
village, Haysyn ditrict, Vinnytsia region.The aim of the research is to study
the physical and mechanical properties and quality of wheat grain
depending on weather conditions and properties of the variety.Studies of
eligibility of certain varieties of grain for use in the processing industry is
new.Wheat grain of Podolyanka, Trizo, Lazurna and Midas varieties has
marked peculiarities of type and variety, meets the requirements in terms
of external geometric parameters, volume, area of the outer surface,
sphericity, specific and volume weight, volume of surface layers of grains
and mass fraction of endosperm starch, indicating its suitability for
processing. There was a tendency of changes in the geometric
characteristics of the grain of the varieties studied under the influence of
weather conditions of the year of study. Significant difference in physical
indicators of grains of different growing years was recorded in the wheat
grain of Trizo variety in terms of length, width, volume, area of the outer
surface, specific surface area and volume of surface layers of the grains;
Midas — volume, external surface area, specific surface; Lazurna —
sphericity. Technological properties of wheat grain are high enough

1. Introduction

1.1. Setting of the problem

Indicators of properties of grain can be
divided into two groups: properties peculiar to
grain of the crop, as well as properties that vary
within the same crop. The technical process of
grain processing should be improved towards
obtaining maximum endosperm, increasing
product yield of highest grades and improving
their quality (Kazakov et al., 2005;
Merko, 2001; Savchuk et al., 2005).

Studies of eligibility of certain varieties of
grain for use in the processing industry is new.
In addition, there are no recommendations for
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triticale grain production for the moment.
Eligibility of grain for industry is characterized
by its quality as a raw material for recycling.
1.2. Analysis  of studies and
publications

Wheat is the most important food crop. It
contains all necessary elements of food:
proteins,  carbohydrates, fats, vitamins,
enzymes and minerals. There is good reason
that wheat is the staple food in 43 countries
with a population of over 1 billion people
(Likhochvor, 2004; Nettevich et al. 1990;
Osokina et al., 2016).

For grain, as a raw material for processing,
its biometric  characteristics, size and

recent
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uniformity of grain mass have the main
technological importance (Osokina et al.,
2016).

The shape and linear grain size influence
the choice of sieves or separators as well as the
characteristics of shelling machines. In
addition, the geometric characteristics of the
grain determines its density when forming the
layer and peculiarities of moving grain while
transportation. Different from the average,
values of grain shape affect the porosity, the
angle of repose and the angle of friction. The
larger geometric size of grain is, the greater the
angle of slope is, which has a positive effect on
gravity feed of grains during transportation by
gravity pipes. Because of the complexity of the
processes, many cereal and flour mills are
characterized by a significant extent of
processing grain products, which reaches a few
kilometres of machines and different
mechanisms for average powered plants
(Gortinskyi et al., 1989; Osokina et al., 2016;
Ostapchuk et al., 2005; Zverev, 2007).

That is why the study of physical and
mechanical properties of grain has not only
theoretical but also practical meaning. Given
that these properties vary considerably
depending on weather conditions, growing
technologies and features of varieties, it
requires thorough study. In addition, physical
and mechanical characteristics of triticale grain
have not been studied enough and thus it
determines the relevance of the study.

2. Materials and methods

2.1. The aim of the research is to study the
physical and mechanical properties and quality
of wheat grain depending on weather
conditions and properties of the variety.

2.2. Research Methodology

Wheat grain of Podolyanka, Trizo and
Lazurna varieties were grown on the
experimental field of educational research and
production department of Uman National
University of Horticulture, while wheat of
Midas variety was grown in the experimental
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field of the farm "Prolisok +" in Graniv village,
Haysyn district of Vinnitsa region.

The study was conducted during 2011-
2015 in the Department of Technology of
storage and grain processing of Uman National

University of Horticulture and on the
production complex farm "Prolisok +" in
Graniv village, Haysyn ditrict, Vinnytsia

region.

Linear dimensions were measured for the
grain of wheat by the method described by
G.A. Egorov (Egorov, 2000).

Grains volume (V) and an external surface
area (F) were calculated by the formulas:

V =keasbel, mm3 (1)
where — a, b, £ are width, thickness and
length of grain;

k — research coefficient (for wheat grain
k=0,52).

F =1,12xa?+ 3,76xb%+ 0,88x(2, mm?(2)

Peculiarity of grain form is evaluated by its
sphericity, which is the ratio of external surface
area equivalent grain bullet (Fsh) for up to
actual grain area (F):

B

Y= F
Thus: Fen = 4xxr?; r = 0,62x3/\/
Specific surface of grain was set by the

ratio of the area of the outer surface (F) to the
volume of grains (V):

(3)

FIV 4)
The volume of surface layers (Vs..) of grain
was determined by the formula:

Vs1 = FxG, mm?® (5)
where G — the thickness of tissue (for wheat
grain 0,065 mkm).
Mass fraction of starchy endosperm was
calculated by the formula:
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Me = % x100—mz, %
V

(6)

where m; is mass of a bud (for wheat grain
m; = 2,5%).

Specific gravity (density) of grain was
determined by the formula:

p=mi, (7)
where m — mass of grain, g/cm?®.
(Egorov, 2000; Gortinskyi et al., 1989;

Kazakov et al., 2005; Osokina et al., 2016;
Ostapchuk et al., 2005; Zverev, 2007).

To determine the quality of the grain
standard methods were used: sampling [GOST
13586.3-83; GOST 24104-88]; determination
of the color and smell [GOST 10967-75];
contamination [GOST 13586.6-93; GOST
13586.4-83]; debris [GOST 30483-97];
humidity [GOST 13586.5-93]; nature (bulk
density) [GOST 10840-64]; 1000 grain weight
[GOST 10842-89]; glasslike structure [GOST
10987-76].

3. Results and discussions

The geometric characteristics of the grain
determine its density when forming layer
(porosity) and features of the moving grain
during transportation. Because of the
complexity of the processes cereal and flour
mills are characterized by a significant extent
of processing grain products, which reaches a
few kilometres of machines and various
mechanisms  (pneumatic  pipes, elevators,
conveyors, etc.) for average powered plants
(Gortinskyi et al., 1989; Osokina et al., 2016;
Ostapchuk et al., 2005; Zverev, 2007).

10 average-sized grains of wheat were
selected and their size was measured.
According to the conducted measurements,
indicators of geometric characteristics of the
grain vary rather greatly.
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To characterize the geometric features of
grain, it is not enough only to specify linear
dimensions. The value of volume, area,
sphericity, specific surface of grains, specific
and bulk density that play an important role in
moisturizing, heating and cooling of the grain
were determined by the average value of linear
dimensions of wheat of varieties studied, as
well as the volume of surface layers of the
grains and mass fraction of endosperm starch
which characterize a possible yield of grain and
flour from such grain (rable 1).

The obtained values of physical and
mechanical indicators of wheat and triticale
(table 1) are within the limits given in the
sources of literature (Likhochvor, 2004;
Nettevich et al. 1990; Osokina et al., 2016;
Savchuk et al., 2005). However, the grains of
wheat of Podolyanka, Midas, Trizo and
Lazurna varieties have the thickness up to 7 %
larger, and the length and width, respectively,
4-11 and 2-10 % lower than average. Grains of
soft winter variety of Lazurna have the largest
linear dimensions, grains of spring soft wheat
of Trizo variety grown in 2014 have the
smallest dimensions.

These characteristics affected the volume
and area of the outer surface of the grain,
values of which are lower than the average
values according to the sources of literature 4-8
mm? respectively and 4-12 mm? for wheat of
Podolyanka, Trizo, Midas varieties, whereas
for the grains of Lazurna varieties they are 0,8
and 0.3% larger respectively. Value of
sphericity of grains wheat — 0,58-0,63.

Specific surface of grains was determined
by the ratio F/V. This indicator is extremely
important in grain drying because it is
responsible for the intensity of the heat
exchange and moisture diffusion in the grain.
The value of this indicator for wheat is 2,15-
2,61 and exceed the average literature data for
corresponding crops except wheat of Lazurna
variety of 2014 (rable 1).
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Table 1. Physical and mechanical properties of wheat grain

Size, mm _ © o Bo |, £ |
| o8&z €E2e |82
< = > = T 5 .| S a © | 2«
~| ®| | B El =£ ZEIZ o 22588 54868
Variety Year S| | 8| >E| 2| gu| oF B3 S8E 4083
© 5| |25 & | g E5 gL aEEZSE
2l 2 2|8 | &85 86/ 28/86 | 2g|®
= | O W n g T =2 g N5
2011 6.6 | 3731|388 |062]|894 | 230|581 | 8.5 | 133 0,78
Podolyanka| 2012 6.8 138|31]408 | 062|930 | 228 |6.05| 827 | 1.34 (0,78
average | 6.7 | 3.7 [ 3.1 1398 | 062 | 912 | 229 | 593 | 826 | 1.33 |0,78
2013 6.5(36|31|37.7|062|878|233|571| 8.4 | 138 |0,76
Trizo 2014 6.1 134|129 |309|061 764|247 | 497 | 814 | 1.38 (0,76
2015 6.4 ]37]30)|369|063]|85.2]|231|554 | 85 | 140 |0,76
average | 6.3 | 3.6 | 3.0 | 352 | 062 | 83.1 | 236 | 541 | 82.1 | 1.39 (0,76
2014 6.2139]31)|329|054|860| 261|559 | 805 | 134 |0,77
Midas 2015 6.3|139|32]409| 063|905 | 221|588 | 831 | 1.35 (0,77
average | 6.2 | 39| 311|369 | 058 | 882 | 239 | 574 | 81.8 | 1.34 (0,77
2013 6.7 39|32 |434|058 |946 | 218 | 6.15 | 83.3 | 1.35 |0,79
Lazurna 2014 6.7 40|32 |446 | 063 | 959 | 215 | 6.23 | 835 | 1.35 (0,79
average | 6.7 | 39| 3.2 | 440 | 0.61 | 95.2 | 2.16 | 6.19 | 834 | 1.35 |0,79
. 48-11.6-|15-|12.0-|{0.36—| 58— 3.77—| 77.0- |1.33-|0.73-
IAHZ‘;Z{S:Q%&C% 80|40[33|549 /068 | 115 | ~ | 748 | 850 | 153 |0.84
70140| 30| 437|063 | 949 | 217 | 6.17 | 834 - -
LSD 5% 0,3210.19(0.16| 3.20 | 0.03 | 450 | 0.12 | 0.30 | 4.11 | 0.07 |0.04

Note. * — according to (Likhochvor, 2004; Nettevich et al. 1990; Osokina et al., 2016; Savchuk et al., 2005): above the line

— the border; below the line — average.

It is obvious that with decreasing grain size
decreases ratio value of volume and area of the
outer surface; therefore, small grains should
have a higher content of shells and smaller
content of the endosperm.

Furthermore, cereals and flour are obtained
by means of endosperm and coat, aleurone
layer and embryo should be sent in by-products
and waste. It is therefore important to have
information about the content in the grain
endosperm of the parties and the amount of

surface layers of the grains to make a
prediction about the possible vyield of the
product.

The largest mass fraction of starchy

endosperm is defined in the grain of winter
wheat of Lazurna variety — 83,4 %, and in the
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grain of other varieties studied it is 1,7-3,4 %
less.

The volume of surface layers of grains of
wheat during the years of study varied within
4,97-6,23 mm? (table 1). Among the varieties
studied, grains of Lazurna variety had the
highest figure and Trizo variety had the lowest
figure (13 % less).

The highest value of bulk density was
determined in the grain of wheat of Lazurna
variety — 0,79 kg/dm?.

Specific gravity (density) of the grain as a
whole  describes  chemical composition,
structure, fullness, hardness, strength, maturity
of the grain and has a great impact on
productive properties. Starch and minerals have
the highest specific mass, therefore with the
increase of their share density of grains
increases, and, conversely, increased protein
and lipid lower the density of grain. The value
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of this index (rable 1) for wheat is 1,33-1,40
g/cm3, with the advantage of Trizo variety.

The quality of the finished product depends
on the quality of raw materials. Study of grain
quality showed that the samples have smell and
taste typical for crops.

Technological properties of grain are a
combination of features and indicators of its
quality which characterize the state of grain in
processing and production processes and affect
the yield and quality of the product.

Table 2 present comparative characteristic
of technological properties of wheat grain of
the varieties studied.

Research results of studies of technological
grain quality indicators (rable 2) showed that
wheat varieties studied meet the quality
standards. Thus, moisture of wheat grains is
0,4-1,2 % subtolerance.

The total content of impurities is 0,8 %
lower than minimum standards for the second-
class grain of Trizo variety and Podolyanka,
Lazurna is 0,7 % lower and the first-class grain
of Midas variety is 0,4 % lower than minimum
standards. Grain impurities in the wheat grain
is 3,0 and 3,1 % on average which is 2,0 and
1,9 % less than minimum standards for the
first-class wheat (rable 2).

Table 2. Characteristics and quality standards of wheat

The actual quality grade
. ... | Podolyanka Trizo Midas Lazurna °
Permissible limits y | | | X
: year T)
Indicator (DSTU = = = sl o
3768:2010)° | 2| N @ @ I I A2 2 4
SIEREEREEER R
c?s 3+ 3+ [3+]
Moisture. % not more 14.0 [12.9|12.5|12.7|12.9/12.6|13.0|12.8(12.8/13.2|13.0/13.7(13.5/13.6| 0.65
Waste | notmore 1.0/2.0 |1.2|1.2|12[16|15]06|1.2(06]0.6]0.6/1.8|09]13| 0.05
impurities. %:
- mineral not more 0.3 - -
admixture
Grain
. .. not more 5.0/8.0 {3.7(2.2|3.0/3.1{2.8/3.0{3.0(3.0/3.0/3.0{3.1|3.1/3.1| 0.15
impurities. %
Contamination
by pests. units |. not_a_lllowed_
N in addition to mite not found -
of live . .
. infestation level 1
specimens
Nature. g/l no less 760/740 |780|780|780|765|760|764|763|770|775|773|790|790|790| 38.80
Weight O.f 35-75" 51.6/54.3|52.9|52.0|142.6|51.2|48.6/44.1|55.2|49.6|58.6|60.2(59.4| 2.64
1000 grains. g
Vitrescence. %| no less 50/40 |32.0[37.0|34.5|42.0|42.0|44.0/42.7|44.0/50.0|47.045.0/45.0(45.0] 2.11

Note. * — before the line — 1 class; after the line — 2 class; ** — according to literature sources (Likhochvor. 2004; Nettevich

et al. 1990; Osokina et al.. 2016; Savchuk et al.. 2005).

Weight of 1000 grains of wheat of Lazurna
variety was 59,4 g, which is more than in grains
of Trizo, Midas and Podolyanka varieties by
18, 16 and 11 % respectively. The greatest
value of nature is defined in the grain of wheat
of Lazurna variety — 790 g/l, and in grain of
other varieties studied — by 3-4 % less.
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In the specimens studied no pests were
found.With the increase of vitrescence of grain
there is a higher protein content and better
technological properties. Yield of cereals and
flour from with high vitrescence is larger.
Samples of the grain investigated had floury
endosperm. Vitrescence of wheat grain — 32—
50 %.
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4. Conclusions

Thus, comparing the geometric parameters
of wheat it was found that grain of Midas
variety has the most rounded shape and grain of
Lazurna variety has prevailing linear
dimensions. It should be used while preparation
of grain for processing as well as the selection
of sieves, machines and speed of rotation of
their working bodies.

There was a tendency of changes in the
geometric characteristics of the grain of the
varieties studied under the influence of weather
conditions of the year of study. Significant
difference in physical indicators of grains of
different growing years was recorded in the
wheat grain of Trizo variety in terms of length,
width, volume, area of the outer surface,
specific surface area and volume of surface
layers of the grains; Midas — volume, external
surface area, specific surface; Lazurna —
sphericity.

Large linear dimensions are found in the
wheat grain of Lazurna variety.

Wheat grain of Podolyanka, Trizo, Lazurna
and Midas varieties has marked peculiarities of
type and variety, meets the requirements in
terms of external geometric parameters,
volume, area of the outer surface, sphericity,
specific and volume weight, volume of surface
layers of grains and mass fraction of endosperm
starch, indicating its suitability for processing.

Technological properties of wheat grain are
high enough. Grain moisture, content of waste
and grain impuritiess are within acceptable
standards.
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ABSTRACT

According to the increasing use of processed and semi-processed food
products and the raise in the awareness about the disadvantages of food
additives in the products, consumer preferences has increased in the matter
of using natural food additives. Considering that the essential oils of
medicinal plants had the attributes that increasing shelf life as the
antibacterial effect, tending to use this essential oils in food products has
increased. Teucrium polium is the one of this essential oils , which its
antibacterial effectson Bacillus cereus in medium and industrial soupare
examined in this study. The Obtained essential oil from Clevenger system
is injected to GC-MS. In this study the commercial barley soup was used
as a food model. Sensory evaluation caused by adding the essential oil
from Teucrium polium to barley soup was evaluated using sensory
acceptance test. The results of this study showed, the samples with higher
concentrations of essential oils, had lower bacteria and samples related to
farther days had higher bacteria growth. The effect of time on the
regression was also significant (p<0.05). Acceptance of adding essential oil
from Teucrium polium to barley soup decreased significantly (p<0.01).
The results also confirmed significant and notable role of essential oil on
reducing microbial load of food models and increase of the quality and the
safety of the final products..

international trade in food, overburdened the
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1. Introduction

With the increase of urban population,
tourism, immigration, a variety of food with
different components, improve technology
in the food industry, changes in food
consumption culture and approach to food
consumption, food preparation, and finally

more food illness in the present age, so that
about 30 percent of people in developed
countries at least once a year to develop
food-borne diseases (Burt, 2004).Food
storage methods which maintain the quality
and extend the shelf life of food because of
improved production, supply and trading is
important. Human familiar to kept foods by
different methods such as the use of heating,
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cooling, drying and salting long time ago,
but in order to reduce or eliminate
pathogenic microbial agents and also
prevent food spoilage new method is more
in need,therefore one of these methods is the
use of essential oils as antimicrobial
additives in  food.Essential oils have
antibacterial effect, which mainly is due to
the phenolics (Burt, 2004).In latest reports
ofvalid scientific sources, antimicrobial
properties offered diverse mix of herbs,
spices, fruits, vegetables, leaves, bark and
found animal,However, still many have not
been  scientifically  studied  natural
ingredients (Cowan, 1999). In recent years,
due to the harmful effects of synthetic and
chemical food preservatives, consumers and
producers of food prefer to use of natural
preservatives such as essential oils which
increase the shelf life of food (due to its
antimicrobial properties) of a multiplicity of
holders harmful chemicals are safe (Cutter,
2000; Akhondzadeh et al., 2007).
Preservatives are used to limit the
growth and  microbial  activity in
pharmaceutical ~ products, food and
cosmetics and by interfering with cell
membranes, enzymes or genetic structure of
microorganisms have a preventive effect.
To apply the essential oils as chemical
preservatives in food, investigate their
antibacterial ~ activities alone and in
combination with other factors affecting the
growth of microorganisms in food and
nutrition is essential in laboratory models
(Darabpour et al., 2010). Because essential
oils are often used for some food as taste
modifiers, protective properties and some of
their antimicrobial can also encourage their
use for this purpose. Essential oils,
commonly called volatile or ethereal oils,
are obtained through various distillation
(Akin et al., 2010).Soil, harvest, plant age
and climatic conditions affect the type and
amount of the compounds in the oil. The
studies also have shown that coincides with
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the time of flowering, have a stronger
antimicrobial activity of essential oils is
extracted from plants (Darabpour et al.,
2010). Mainly phenolic compounds are
responsible for the antimicrobial activity of
essential oils (Burt, 2004).The higher
amount of composition of the oil causesthe
more  anti-microbial properties. These
materialsinclude eugenol, carvacrol and
thymol (Akin et al., 2010).

Mary peas is a herb belonging to the
mint family, plateau, a height of 10 to 30
cm, with a white cottony appearance,
usually in areas poor in nutrients and
organic matter, rocky areas and sand dunes
in Europe, the Mediterranean region, North
Africa and south west Asia, including Iran,
especially Khorasan province, for example,
different areas of the north , west, south,
and Central and Mountain arid Tehran and
Alborz region have dispersion.Teucrium
genus include about 340 species of annuals
and perennial herbaceous species, of which
12 are endemic to Iran Scientific studies
have shown that this herb has antioxidant
effects, antipyretic and antimicrobial and
antispasmodic effect(Zare et al., 2011). It
has been reported that ethanol extract of this
herb is also antibacterial activity against
gram  positive and gram  negative
microorganisms of the show itself
(Darabpour et al., 2010). 10 combined
terpenoids such as coderol, linalool Gaol
and beta pinene have been found in the oil
(Akin et al., 2010).

1 to 20 percent of all outbreaks of food
poisoning in the world is due to Bacillus
cereus (Gilbert and Kramer, 1998).At least
from 1906 Bacillus cereus is known to cause
food poisoning (Mulet-Powell et al.,
1998).The bacteria produces extracellular
material such as lesitinase C and beta
hemolysin, which are important in the
bactreria  identification.The  enterotoxin
produced by the bacteria causes diarrhea
and nausea, and can induce the syndrome of
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diarrhea and vomiting syndrome.In 1950,
Bacillus cereus known as causes food
poisoning (Rahimifard et al., 2007).The
bacteria in raw and processed meat,
vegetables, rice, cereals and milk and milk-
based soups has the ability of proliferation
and toxin formation (Gilbert and Kramer,
1998).

2.Materials and methods

View the treatment and study duration is
specified in Table 1.

In order to extract the essential oil of TP,
the plant was completely milled and dried
using a Clevenger apparatus for 3 hours,
volatile oil was extracted by water
distillation.After dehydrationby dry sodium
sulfate, essential oils were stored in dark
glass containers and in the refrigerator until
the anibacterial properties and the
components were identified.The prepared
sample extract was injected into gas
chromatography  connected to  mass
spectrograph and mass spectra compounds
were obtained (Rahimifard et al., 2007).

Table 1. Time and the evaluated treatments

profile
Number Sample's Added Time
name essential (Day)
oil content
(PPM(
1 Soup 0 1-5
1(Witness)

2 Soup 2 625 1-5

3 Soup 3 1250 1-5

4 Soup 4 2500 1-5

5 Soup 5 5000 1-5

In order to determine the minimum
inhibitory concentration of essential oils
Micro Broth Dilution Method 2 was used in
the study.In this experiment, 96 wells of
microplates were used.To increase the
solubility and uniform development of oil in
the medium, dimethyl sulfoxide, 5% as
emulsifiers and for stabilizers agar - agar
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was used as the 0.05 percent (Akhondzadeh
et al., 2007).Concentration of essential oil
samples were studied for serial dilution.In
short, sterile BHI broth in each 80 ml well,
100 ml studied oil dilution was added and
eventually 20 ml bacterial culture
(containing approximately cfu / ml 106 x 5
of the studied bacteria) were added per
well(Akhondzadeh et al., 2007).

In each experiment, positive control
which contained no oil wells was containing
sterile BHI broth along with the studied
bacteria and negative control which
contained the well containing sterile BHI
broth without bacteria was used.After
adding the desired concentration of essential
oils and bacteria, microplate were incubated
at a temperature of approximately 37 °C for
24 hours (Akhondzadeh et al., 2007).

After the incubation period for
determining the minimum inhibitory
concentration, microplate wells werestudied
by determining the amount of cloudiness
using the naked eye.Finally, theminimal
concentrations in which create the inhibition
zone or lack of certain opacity compared
with the control group was designated as
MIC (Akhondzadeh et al., 2007).

Barley soup was used according to the
manufacturer after the purchase, preparation
and meal as models.Autoclavable samples in
flasks of 100 ml volume of distribution (50
ml per flask barley soup) and were
sterilized.After adding oil at a concentration
of 2500 ppm MIC, two lower concentrations
of 625 and 1250 ppm and a higher
concentration of 5000 ppm, the correct
amount of bacteria under sterile conditions
into flasks were inoculated. The final
number of bacteria in each sample was Cfu /
ml 103, which was confirmed by surface
culture (Moosavy et al., 2008).
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Table 2. Treatments table

Treatment | Day Average essential oil
concentrations
PPM
Witness 1 0
1 1 625
2 1 1250
3 1 2500
4 1 5000
Witness 2 0
5 2 625
6 2 1250
7 2 2500
8 2 5000
Witness 3 0
9 3 625
10 3 1250
11 3 2500
12 3 5000
Witness 5 0
13 5 625
14 5 1250
15 5 2500
16 5 5000
In order to assess the sensory

characteristics of samples generated from
sensory acceptance test was used. In order to
do so, the prepared barley porridge was
devided into seven parts (including 1000 ml
flask with a volume of 500 ml barley
porridge), and oil concentrations were added
to each flask.Sensory evaluation was
conducted by the assessment team 7 seater.
Panel members made the sensory evaluation

of the essential oil-containing barley soup
using the intuitive 9 point scale.

The score of 9 was very high, score 8
washigh, score 7 was good, score 6 was
relatively good, score 5 was so so, score 4
was relatively bad, score 3 was bad, score 2
was very bad, and the score 1was super bad,
for organoleptic  characteristics  were
evaluated in terms (Meilgaard et al., 1991).

Data analysis was performed using
response surface method optimal
design.Statistical data analysis and charting
software was design expert editing 8.To
change the relationship between the
dependent variables Pearson correlation
coefficient and SPSS statistical software
version 20 was used.The behavior was
Cubic model or Grade 3. Due to the
abnormal data analysis of variance in normal
mode, it was normalizedusing logarithmic
transfer function instead.

3. Results and discussions
According on the analysis made on

Kalpureh, 23 volatile compounds were
identified in the essential oil, which are
shown in table 3 (analysis results using
chromatography  connected to  mass
spectrograph- the relevant mass spectrums
identified in GC/MC is also available in the
appendix).

Table 3. Oils agronomic criteria analysis using the chromatography connected to mass

spectrograph

Combine name Quatz index (K) Percent
Alpha-Pinene 939 16.2
Beta-Pinene 979 7.1

Myrcene 991 4

Limonene 1029 5.2
Alpha-Campholenal 1126 1.1
Verbenol<trans> 1145 6.3
Camphor 1146 2.1
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Menthone 1153 1.3
Mentha-1,5-dien-8-ol <para-> 1170 3.2
Myrtenal 1196 1.5
Verbenone 1205 0.75
Pulegone 1237 2.9
Bornyl acetate 1289 2.8
Carvacrol 1299 8
Caryophyllene<(E)-> 1419 3.7
Germacrene D 1485 3.5
Bicyclogermacrene 1500 1.9
Spathulenol 1578 10.6
Caryophyllene oxide 1583 5.7
Unknown 1680 3.1
Beta-Eudesmol 1654 5.7
Valerianol 1658 1.6
Cryptomerione 1725 1.7
In this study there were 16 treatments, which of microbial tests on the related samples.

are shown in table 4, along with the results

Table 4. Microbial test results (count Bacillus cereus)

Treatment Day Average essential oil Average number
concentrations of Bacillus cereus
) PPM ( (cfu/ ml)
Witness 1 0 21700
1 1 625 19000
2 1 1250 13000
3 1 2500 10000
4 1 5000 5000
Witness 2 0 7000
5 2 625 5000
6 2 1250 4500
7 2 2500 4000
8 2 5000 3000
Witness 3 0 3400
9 3 625 2000
10 3 1250 1200
11 3 2500 1100
12 3 5000 1000
Witness 5 0 2000
13 5 625 600
14 5 1250 500
15 5 2500 400
16 5 5000 100
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Figure 1. Bar chart of the day and the average number of B. cereus in different concentrations
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Figure 2. - Line graph B. cereus per day and the average number of different concentrations

The highest concentration was 5000
ppm causing the lowest bacterial count,
which was 100 CFU/ml. The highest and
lowest bacterial count belonged to the first
and last day respectively, as the
antimicrobial effect of the essential oil
increased by time and in also amplified by
increased concentration, as the 5-day-stored
sample with the concentration of 5000 ppm
caused the lowest bacterial count. Therefore,
the two factors of the essential oil
concentration and the storage period was
effective on the survival rate of Bacillus
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cereus, leading to meaningful
during the test.

In order to evaluate the sensory
characteristics of adding the essential oil of
Klapureh to barley soup, sensory acceptance
test number 4 was used. Sensory evaluation
was made by a 7-member group. The group
members used a 9-numbered scale in order
to make a sensory evaluation about the
essential oil-containing soup. The analysis
of the sensory test was done by Friedman
test.

changes
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Increase in concentration and time causes
the correlation to increase by 24000 and
then the

Meaningfulness in smell P=0.002,
therefore ranking in 0.01 is meaningful.

Meaningfulness in taste : P= 0.000,

therefore ranking in 0.01 is meaningful.
Meaningfulness in

color P=0.4,

200 1500.00
100" 625.00

decrease, demonstrating

meaningfulness of the time effect.
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3250.00
2375.00

A: density

Figure 3.The combined effect of time and concentration on solidarity
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Figure 4. The combined effect of time and concentration on solidarity

According to the data of the analysis of

One-way ANOVA, the effect of
concentration wasn’t meaningful. The
applied modelling approach was Stepwise
Regression.

Based on the results of Mahmoudi et al
(2012), L. casei populations were not
inhibited by low concentrations of the T.
polium EO. However, increases in the EO
concentrations lead to decreases in bacterial
counts (P < 0.05) (Mahmoudi et al., 2010).
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Zare et al (2011) results indicate that this
essential oil has a high potential of
antibacterial effect and resazurin can be used
as a good growth indicator for different
bacterial pathogens. Therefore, it can be
suggested to purify and evaluate the active
substances of this essential oil for future
application as antibacterial agent and food
preservative to combat pathogenic and
toxigenic microorganisms (Zare et al.,
2011).
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4.Conclusions

The results of the present study showed
that the commercial barley soup can cause
increase in the food safety in refrigerator
temperature. Therefore, the joint effect of
Kalpureh essential oil and other bacteristat
agents (such as natural preservatives) can
cause enhancement in the usage of various
essential oils in the food industry. Due to the
results of this study, the samples containing
higher concentration of the essential oil had
less bacteria, and the samples of the nest
days had more bacteria.

The effect of time on the regression was
also meaningful. This fact demonstrates the
meaningful and significant effect of the
essential oil in decreasing the bacterial count
of the food samples and the increase in
quality and safety of the final product.
However, the bitter taste of the essential oil
caused low sensory acceptance.

Therefore, in case of using this essential
oil in the food industry as a natural
preservative, methods must be taken into
consideration in order to eliminate the bitter
taste such as microencapsulation of the
essential oil.
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ABSTRACT

Pearl millet (Pennisetum glaucum) is a staple food that supplies a major
proportion of nutrition to large segments of the population living in Africa
and Asia. The grain is nutritious but has some limitations due to the presence
of antinutritional factors. Processing methods such as drying, washing,
soaking, germination and autoclaving were used to reduce the antinutrients.
The antinutrients analyzed were tannins, oxalates, polyphenols and phytic
acid, which were found to reduce post processing. Germination, soaking and
autoclaving reduced the level of antinutrients significantly. Hurdle
technology was employed to study the combined effect of processing
techniques and analyze the synergistic effect on the degradation of
antinutrients. The individual treatments were assessed and the most suitable
techniques for combination were found to be germination, soaking and
autoclaving which were coupled with drying as the end technique to degrade
the antinutrients and increase the In Vitro Protein Digestibility. Soaking +
Germination + Drying combination degraded the antinutrients to the

maximum level and increased IVVPD from 51.032% to 66.571%.

1. Introduction

Pearl millet (Pennisetum glaucum) is a staple
food in many parts of India because of its high
protein content. The crop is adaptive and can
survive in regions that are arid and production is
likely to increase due to global warming. The
grain is nutritious and is known to have higher
protein and energy levels than maize and
sorghum. However, the presence of antinutrients
limits the absorption into the system.
Antinutrients are known to interfere with
carbohydrate, mineral bioavailability and protein
digestibility (Pushparaj et al., 2001). Maximum
utilization of the nutrient potential of the millet
is limited by the presence of phytates, phenols,
tannins, and enzyme inhibitors (Ramachandra et
al., 1977). Domestic treatments had proved to
improve the nutritional content of beans (Kataria
et al., 1989). Protein digestibility is a measure of
susceptibility of protein for the process of
proteolysis. Protein with high digestibility is
potentially of better nutritional value, as amino
acids for absorption on proteolysis is high.
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Studies have shown that tannins contribute to
lower nutritional value of dietary proteins by
reducing the bioavailability of proteins to the
body. Minerals and proteins bind with the
antinutrients thereby retarding the digestibility
(Reddy et al., 1994). Polyphenol content of
pearl millet is considerably high which affects

the mineral bioavailability and protein
digestibility of grains.
Studies have proved that processing

techniques reduce the level of antinutrients in
pearl millet. Various physical and chemical
treatments are used to reduce the antinutritional
factors such soaking, germination, irradiation,
roasting, drying, washing and fermentation.
Fermentation had proved to increase the primary
nutrients in finger millet (Antony et al., 1996).
The antinutritional factors are generally found on
the outer portion of the grain (Chavan et al.,
1989). Decortication significantly decreases the
amount of tannins with a corresponding increase
in protein digestibility (Irén Léder, 2004).
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Soaking and germination had been found to
reduce the antinutrients in pearl millet (Obizoba
et al., 1994). Pearl millet does not contain gluten
hence it can be advised for patients suffering
from Celiac disease. The low Glycemic Index
(GI) of the grain is known to help in dealing with
diabetes. The application of a single processing
technique is frequently insufficient for the
effective treatment hence combination of
treatments is preferred.

Hurdle technology is used to reduce the
level of antinutrients in the millet by employing
multiple processing techniques that can reduce
the antinutrients to the maximum level. After the
primary processing, the results were analysed
and the most suitable combinations were used to
reduce the level of antinutrients. Soaking,
germination and autoclaving were the most
effective treatments against antinutrients hence
they were applied in sequence. Drying was used
as the end technique in all the combinations. In
Vitro Protein Digestibility (IVPD) was used to
assess the enhanced level of protein in the grain
after various treatments and to analyze the
amount of protein that can be absorbed by the
body.

2. Materials and methods

Pearl millet samples were purchased in bulk
from Chennai market. The raw material was then
cleaned and extraneous materials were removed.

DRYING

The raw pearl millet samples were subjected
to heating in a tray drier under constant
temperature. The temperatures include 40°C,
50°C, 60°C, 70°C and 80°C. The dried samples
were then cooled in a dessicator, ground and
packed in an aluminium pouch. The samples
were stored under dry conditions to avoid
moisture absorption.

SOAKING

The raw pearl millet samples were subjected
to soaking in distilled water in the ratio 1:3. The
soaking times were 6, 12,18,20,22 and 24 hours.
The soaked samples were then dried at 50°C for
3 hours and ground. The powdered samples were
stored in air- tight aluminium pouches.

GERMINATION

The millet samples were initially soaked in
water for 12 hours. After soaking, the samples
were lined on sterile petri dishes lined with filter
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paper and sprouted for various time durations.
The germination times are 20, 24, 28, 32, 36 and
40 hours. The sprouted samples were then dried
at 50°C for 3 hours and ground. The powdered
sample were sieved and stored in air- tight
aluminium packets.

AUTOCLAVING

The raw samples were weighed and
autoclaved at a pressure of 15psi for 15 minutes.
The dry samples were allowed to cool in a
dessicator, ground and stored for further
analysis. The powdered samples were stored in
air- tight aluminium pouches.

WASHING

The raw sample was soaked in water for 2
minutes and washed with distilled water. The
washing times are 2, 4, 6, 8 and 10 minutes.
After the washing procedure the samples were
dried in tray-drier at a temperature of 50°C for 3
hours and ground. The powdered samples were
stored in air- tight aluminium pouches.

EXPERIMENTAL TREATMENTS

The combination of individual processing
techniques tested were,

Soaking + Autoclaving + Drying

Soaking + Germination + Drying

Autoclaving + Germination + Drying

Autoclaving + Soaking + Drying

Germination + Autoclaving + Drying

Germination + Soaking + Drying

Experiments were performed in triplicates
and samples were

taken immediately after
stored in air tight pouches.

processing and

2.1.Analytical methods
2.1.1.Estimation of tannins

Determination of tannins based on the
method of A.O.A.C (1975). Accurately weighed
0.5 g of the powdered material was transferred to
a 250ml conical flask. Add 75ml water. Heat the
flask gently and boil for 30 minutes. Centrifuged
at 2,000 rpm for 20 minutes and collect the
supernatant in 100 ml volumetric flask and make
up the volume. Transfer 1ml of the sample
extract to a 100ml volumetric flask containing
75 ml water. Add 5 ml of Folin-Denis reagent,
10ml of sodium carbonate solution and dilute to
100 ml with water and shaken well. Read the
absorbance at 700 nm after 30 minutes. The
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tannin concentration was determined by the
standard graph of tannic acid solution.
2.1.2.Estimation of oxalates

Oxalate was determined by using the method
of Sanchez-Alonso and Lachica (1987). Exactly
one gram of the sample was placed in 250 ml
volumetric flask, 190 ml of distilled water and
10 ml of 6M HCI were added. The mixture was
then warmed in a water bath at 90°C for 4 hours
and the digested sample centrifuged at 2,000 rpm
for 5 min. The supernatant was then diluted to
250 ml. Three 50 ml aliquots of the supernatant
was evaporated to 25 ml, the brown precipitate
was filtered and washed. The combined solution
and washings were then titrated with
concentrated ammonia solution in drops until the
pink colour of methyl orange changed to yellow.
The solution was then heated in a water bath to
90°C and the oxalate was precipitated with 5%
CaCl2 solution was allowed to stand overnight
and then centrifuged, precipitate was washed
with hot 25% H>SOs, diluted to 125 ml with
distilled water and titrated against 0.05 M
KMnO4.

Calculation:

1 ml 0.05 M KMnO4 = 2.2 mg Oxalate

Total amount of protein = (concentration) x
(total volume of extract)
(1)

2.1.3.In vitro protein digestibility

In vitro protein digestibility was determined
by calculating the difference between the amount
of nitrogen in the sample before and after
hydrolysis with pepsin (AOAC, 1965). Two
hundred milligrams of whole seed or dehulled
finger millet flour was incubated with 50 ml of
0.2% pepsin in 0.075 N HC1 for 24 h at 37°C.
Digestion was performed in duplicate. The
digests were filtered through Whatman No. 2
filter paper, and the residue was washed with
warm water on the filter. Nitrogen in the residue
was estimated by the micro- Kjeldahl method.
IVPD was obtained by calculating the difference
between the amount of total nitrogen in the
sample before and after in vitro digestion with
pepsin. Kjeldahl nitrogen was multiplied by the
factor 6.25 to obtain crude protein.
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2.1.4.Determination of protein content
The protein content was determined by the
Lowry’s method. BSA was used as the standard.
Take 0.2 ml of BSA working standard in 5 test
tubes and make up to 1 ml using distilled water.
The test tube with 1 ml distilled water serves as
blank. Add 4.5 ml of Reagent | and incubate for
10 minutes. After incubation, add 0.5 ml of
reagent 11 and incubate for 30 minutes. Measure
the absorbance at 660 nm and plot the standard
graph. Estimate the amount of protein present in
the given sample from the standard graph
(Wilson and Walker 2000).
2.1.5.Determination of phytic acid

Phytic acid was determined by the procedure
of Lucas and Markakas (1975). Two gram of
sample was weighed into a 250 ml conical flask.
One hundred ml 2% concentrated hydrochloric
acid was used to soak sample for 3 hours and
then filtered with a Whatmann No. 1 filter paper.
Fifty ml of the filtrate and 10 ml of distilled
water were added in each case to give proper
acidity. Ten ml 0.3% ammonium thiocyanate
solution was added into the solution as indicated
and titrated with standard Iron 1l Chloride
solution containing 0.00195 g Iron/ml, end point
observed to be yellow which persisted for 5 min.
The percentage phytic acid was calculated thus:

% Phytic acid =y x 1.19 x 100 where,

y = titre value x 0.00195 g
)

2.1.6.Determination of polyphenols

The concentration of phenolic in sample
extracts was determined using Singleton et al.,
1999 method. Ethanolic solution of the extract in
the concentration of 1 mg/ml was used in the
analysis. The reaction mixture was prepared by
mixing 0.5 ml of ethanolic solution of extract,
25 ml of 10% Folin-Ciocalteu’s reagent
dissolved in water and 2.5 ml 7.5% NaHCOsa.
Blank was prepared, containing 0.5 ml methanol,
2.5 ml 10% Folin Ciocalteu’s reagent dissolved
in water and 2.5 ml of 7.5% of NaHCOs. The
samples were thereafter incubated in a
thermostat at 45°C for 45 min. The absorbance
was determined using spectrophotometer at 765
nm. The samples were prepared in triplicate for
each analysis and the mean value of absorbance
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was obtained. The same procedure was repeated
for the standard solution of tannic acid and the
calibration line was constructed. Based on the
measured absorbance, the concentration of
phenolics was read (mg/ml) from the calibration
line; then the content of phenolics in extracts
was expressed in terms of Gallic acid equivalent
(mg of GAE/g of extract). (Milan and Tankovic,
2011).
2.1.7.Statistical analysis

Each determination was carried out on three
separate samples and analyzed in triplicates.
Regression and statistical analysis were
performed wusing SPSS. Significance was
accepted at P < 0.

3. Results and discussions

3.1. Effect of processing on the Protein and
Tannin content of pearl millet

The processing techniques had shown to reduce
the level of antinutrients in pearl millet.

Germination and soaking have been the most
effective methods. The reduction of tannins was
observed the most in germination followed by
soaking. The level of tannins is inversely
proportional to the protein content. Germination
the seeds for 36 hours had the highest quantity of
protein. Soaking the grains for 24 hours reduced
the tannin content effectively while drying had
very less effect on the increase in protein
content. Drying at 70°C showed low tannin
content but increase in temperature can lead to
the denaturation of protein hence temperature
beyond 80°C was not preferred. High pressure
cooking had also shown reduction of tannins and
increase in protein but the levels were lower than
that of germination. Washing the pearl millet had
very little changes with respect to the tannin
content.

Table 1. Effect of Drying on the Antinutrients and In Vitro Protein Digestibility (%) of Pearl millet

TEMPERATURE PROTEIN TANNINS OXALATES PHYTIC POLY- IVPD

°C) (9/100g) (%) (mg/100g) ACID PHENOLS (%)
(mg/100g) (mg/1009)

UNPROCESSED | 7.213+0.189 | 21.896 +0.014 | 2.42+0.103 | *686 = 0.014 | 304 +0.156 | 51.032 +0.024
40°C 7.397+0.119 | 21.311 +£0.026 1.69 £0.00 679+0.145 | 297 +£0.293 52.417 +£0.149
50°C 7.471+£0.519 | 20.940+ 0.008 | 1.54+0.103 | 650+0.261 | 284+0.137 | 53.963+0.317
60°C 7.619+£0.361 | 20.647 +0.035 1.54 £ 0.00 627+£0.797 | 277+0.419 | 54.414+0.213
70°C 7.728 £0.174 | 20.392+0.035 | 1.32+0.00 | 604+0.148 | 270+ 0.145 | 54.890+0.119
80°C 7.998 £0.213 | 19.978 +£0.004 1.1 £0.00 582 +£0.452 | 262+0.352 | 55.287 +0.172

Values are means + SD of three independent determinations Significant difference (p < 0.05) exist

3.2.Effect of processing on the Phytic acid
content of pearl millet

The unprocessed pearl millet had
considerable quantity of phytic acid. Phytic acid
plays a significant role in deciding the nutritive
value of pearl millet. The sprouted samples had
higher levels of protein when compared to the
control. Sprouts had low concentration of phytic
acid and the lowest level was observed at 36
hours at 30°C.

A significant reduction in phytic acid level
was observed by soaking the sample for 6 hours
and the maximum at 24 hours.
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Reduction in phytic acid concentration
during soaking is due to the hydrophilic nature
of phytates (Duhan et al., 1989).

Treating the millet sample at high pressure
(15psi), were found to lower the level of phytic
acid to a significant level while washing had
negligible changes in the phytic acid content.
The reduction of phytic acid after autoclaving
could be due to the breakdown of phytic acid at
high temperature. Drying at 80°C had effect on
the levels of phytic acid but the preferred
temperature was 70°C to avoid browning of
pearl millet.
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Table 2. Effect of Soaking on the Antinutrients and In Vitro Protein Digestibility (%) of Pearl millet

PHYTIC POLY-
SOAKING TIME P(R/(i‘(l)’(l)z I;\I TA'EIJ/;I )INS O(ﬁA/Ll'gg E)S ACID PHENOLS I\({;:)D
(hours) 9/-ovg g/2>ke (mg/100g) (mg/100g)

UNPROCESSED | 7.213+0.189 | 21.896 +0.014 | 2.42+0.103 | 686 +0.0149 | 304 +0.156 | 51.032 +0.024
6 7.668 +£0.213 21.224+0.011 1.11£0.103 | 653 +£0.341 290+ 0.268 52.129 + 0.251
12 7.821+£0.124 20.909 +0.019 0.88 +£0.00 617 +0.145 268 £0.134 | 52.972+£0.0139
18 8.119+0.279 20.789+0.016 | 0.88+0.103 | 597 +0.296 | 251 +0.335 | 53.867 + 0.233
20 8.327+0.147 20.409 +£0.005 | 0.66+0.103 | 585+0.167 | 242 +0.148 55.259 + 0.161
22 8.551+0.824 19.769 £ 0.010 0.44 +0.00 569 +£0.172 | 221+0.162 56.924 +0.217
24 8.671+0.159 19.486 +£0.014 0.44 £0.00 | 542+0.214 | 208+0.110 58.526 +0.156

Values are means + SD of three independent determinations. Significant difference (p < 0.05) exist

3.3.Effect of processing on the Polyphenol
content of pearl millet

The polyphenolic content in the sample
reduced significantly with germination, drying,

soaking and autoclaving. Autoclaving the sample
decreased the level of polyphenols from 404
mg/100g to 286 mg/100g. Soaked and sprouted
samples also had reduced polyphenolic values.

Table 3. Effect of Germination on the Antinutrients and In Vitro Protein Digestibility (%) of Pearl millet

GERMINATION PROTEIN TANNINS OXALATES PHYTIC POLYPHEN IVPD
TIME (9/1009) (%) (mg/100g) ACID OLS (%)
(hours) (mg/100g) (mg/100g)
UNPROCESSED | 7.213+0.189 | 21.896 +0.0143 | 2.42+0.103 | 686 = 0.0149 | 304 +0.156 | 51.032 +0.024
20 8.471+0.176 | 21.221+£0.098 | 0.88 £ 0.00 | 651+ 0.269 | 286+ 0.132 | 56.251 +0.072
24 8.508+0.974 | 20.776 £0.026 0.88 £0.0 627 £ 0.317 | 261+ 0.219 | 56.682+0.112
28 8.673+0.175 | 20.201 £0.057 | 0.88+ 0.103 | 586+ 0.524 | 243+ 0.135 | 57.853+0.143
32 8.747+0.110 | 19.967+0.079 | 0.66+0.103 | 559+ 0.411 | 239+ 0211 | 58.274 +0.092
36 8.964 £ 0.845 | 19.317+£0.053 0.66 +£0.00 | 521+ 0.128 | 212+ 0.259 | 60.129 + 0.187
40 9.012+0.114 | 18.993 £0.004 | 0.44 £0.103 | 501+ 0.169 | 197+ 0.249 | 62.728 +0.212

Values are means + SD of three independent determinations, Significant difference (p < 0.05) exist

3.4.Effect of processing on the Oxalate
content of pearl millet

The oxalate content in pearl millet is less
when compared to other antinutrients.
Germination and soaking the samples showed
the lowest levels of oxalates while washing did
not have any significant changes. Autoclaving
resulted in reduction from 2.42 mg/100g to 1.10
mg/100g. Increase in temperature caused mild
reduction in the level of oxalates in pearl millet
sample.

3.5.Effect of processing on the in vitro protein
digestibility (IVPD) of pearl millet

In Vitro Protein Digestibility of pearl millet
increased after germination, the increase in
digestibility was observed with increase in
germination time. Germination time greater than
36 hours cannot be employed due to the
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formation of cyanide higher than the permissible
limit (Panasiuk et al.,1984). Germination has
been found to reduce antinutrients like phytic
acid in millets (Khetarpaul et al.,1990). Soaking
the samples for 24 hours significantly increased
the digestibility of protein. High pressure
cooking had pronounced improvement in the
digestibility.

3.6.Effect of combined processing on the in
vitro protein digestibility (IVPD) and
antinutrients
The samples
combination of techniques showed better
degradation of antinutrients. Soaking +
Germination + Drying, had the highest value of
IVPD and low values of antinutrients, followed
by Germination + Autoclaving + Drying.

that were subjected to
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Table 4. Effect of Washing on the Antinutrients and In Vitro Protein Digestibility (%) of Pearl millet

WASHING TIME PROTEIN TANNINS OXALATES PHYTIC POLYPHEN IVPD
(minutes) (9/1009) (%) (mg/100g) ACID OLS (%)
(mg/100g) (mg/100g)

UNPROCESSED | 7.213+0.189 | 21.896 +0.0143 | 2.42+0.103 | 686 = 0.0149 | 304 +0.156 | 51.032 +0.024
2 7.213+0.189 | 21.896+0.0143 | 2.42+0.103 | 686+0.014 | 304 +0.156 51.032 £0.024
4 7.225+0.121 | 21.861 £0.0167 | 2.42+0.00 681 +0.165 302 £0.153 51.347 £ 0.125
6 7.250+0.173 | 21.837 £0.0241 2.42 +0.00 673+0.213 296+ 0.314 | 51.621 +0.219
8 7.311+0.146 | 21.796 £0.0173 | 2.20=+0.00 669 +£0.137 | 291 +0.239 | 51.842 +0.168
10 7.338+0.129 | 21.753 £0.0142 | 2.20+0.103 | 658 £0.184 | 288+ 0.157 | 51.998 +0.153

Values are means + SD of three independent determination.No Significant difference exist (p > 0.05)

Table 5. Effect of Autoclaving on the Antinutrients and In Vitro Protein Digestibility (%) of Pearl millet

SAMPLE PROTEIN TANNINS | OXALATES | PHYTIC | POLYPHEN IVPD
(PRESSURE) (9/1009) (%) (mg/100g) ACID OLS (%)
(mg/1009) (mg/100g)
UNPROCESSED | 7.213+0.189 | 21.896 + 0.0143 | 2.42+0.103 | 686 = 0.0149 | 304 £0.156 | 51.032 +0.024
15 psi 7.964 +0.345 | 19521 +0.124 | 1.10 £0.103 | 602 +0.462 | 286 +0.132 | 54.128 +0.192

Values are means + SD of three independent determinations. Significant difference (p < 0.05) exist

Table 6. Effect of combined treatment on antinutrients and In Vitro Protein Digestibility (%) of Pearl

millet
PROTEIN TANNINS | OXALATES | PHYTIC ACID | POLYPHE IVPD
SAMPLE (9/100g) (%) (mg/100g) (mg/100g) NOLS (%)
(mg/100g)
UNPROCESSED | 7.213+0.189 | 21.896+0.0143 | 2.42+0.103 686 £0.0149 | 304+0.156 | 51.032+0.024
Soaking +
Autoclaving + | 11.267+0.168 | 18.368 +0.015 0.44+0.103 | 523.102+0.167 | 207+0.214 | 63.129 +0.067
Drying
Soaking +
Germination + 1231440212 | 18.779+0.024 | 044+0.103 | 489.171+0.021 | 197+0.251 | 66.571+0.182
Drying
Autoclaving +
Germination + 10.652+0.180 | 19.327+0214 | 044+0.00 | 506.954+0.269 | 278+0.134 | 64.375+0.015
Drying
Autoclaving + 0.851+0.014 | 1965940287 | 0.66+0.00 | 541.264+0.154 | 243+0.049 | 59.126 +0.017
Soaking + Drying
Germination +
Autoclaving + 1162740216 | 1822540203 | 0.44+0.103 | 492.524+0.583 | 221+0.127 | 65.121 +0.219
Drying
e
Germination 11.983+0312 | 19.263+0381 | 044+0.103 | 502.352+0.552 | 219+0.082 | 64.876+0.084
Soaking + Drying

Values are means + SD of three independent determinations. Significant difference (p < 0.05) exist

The synergistic effect of treatments had greater
the digestibility of protein.
Autoclaving + Soaking + Drying, had relatively
low value of protein digestibility. Germination +
Soaking + Drying also showed significant

influence on

reduction in antinutrients, but the millet is more

prone

to microbial

contamination in

this

technique as soaking the seeds after germination
may produce unfavorable odour and slimy
texture. Treatments like soaking and autoclaving
were effective in the reduction of phytic acid and
polyphenols in pearl millet (Sharma et al.,1996).
Soaking + Autoclaving + Drying is one the
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traditional methods of processing pearl millet,
the antinutrient reduction was significant and the
IVPD was high.

4. Conclusions

The samples subjected to individual
processing treatments had shown reduced levels
of antinutrients and increased  protein
digestibility. It was observed that combination of
techniques showed relatively better results than
individual techniques. Combinations containing
germination as one of the treatments had
maximum desirability. Analyzing the
combinations, it can be concluded that Soaking +
Germination + Drying, gave the most preferred
result of low antinutrients and high in vitro
protein digestibility.
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fermentation raw materials by the determination of graphite furnace atomic
absorption spectrophotometer, As content and Pb content of the dried
mycelium were decreased to food safe range by adjusting fermentation raw
materials. The results can promote its industrial-level production.

1.Introduction

Ganoderma lucidum (Leyss.:Fr.) Karst, a
basidiomycete belonging to the polyporaceae,
is one of very famous medicinal herbs in
worldwide, especially in China, Korea and
Japan. Because of its high medicinal value, G.
lucidum has received wide popularity as a
health food and medicine. Nowadays, the yield
of fruiting bodies has not satisfied its
consumer demand, so submerged culture for
producing mycelium of G. lucidum, which has
many advantages for industrial-level
production, such as short production cycle,
stable food safe (such as low heavy metal
content and not pesticide contamination) and
so on (Chen and Gu, 2008), has a good
prospects for application. The polysaccharides
isolated from fruiting bodies and cultured
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mycelium of G. lucidum have antitumor
activity, immunomodulation and antioxidation
(Hsiao et al., 2004; Mojadadi et al., 2006;
Sudheesh et al., 2009), and its content is one of
the key indexes for evaluating medicinal value
of G. lucidum products. Improving
intracellular polysaccharide (IPS) contents of
mycelium by submerged cultured optimization
have been studied in several reports
(Babitskay et al., 2005; Simoni¢ et al., 2008;
Tang et al., 2011; vang et al., 2013). However,
their processes in all studies don’t suit
industrial-level production, such as long
fermentation time, mall fermentation scale and
unstable food safety. In the present study,
submerged fermentation optimization for
producing mycelium of G. lucidum exhibiting
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high IPS content was performed in large-scale
fermentor during short cultured time.
Furthermore, those mycelium with safe
heavy metal contents were obtained by the
adjusting of fermentation raw materials.

2. Materials and methods

2.1. Maintenance of G lucidum

The strain of G.lucidum used in this study
was maintained on potato dextrose agar (PDA)
slants. The slant with mycelium was incubated
at 28°C for 6 days, and then stored at 4°C for
the following experiment.

2.2. Cultured medium of G lucidum

Preculture medium included the following
components (g/L): glucose 20, soybean meal
( AS content of 0.24ppm, Pb content of
0.43ppm) 15, corn flour 10, corn steep powder
15, inorganic salt 2.0, vitamin 0.004, bean oil
1, antifoam 0.5. The initial pH value was
adjusted to 6.0 by adding industrial grade solid
caustic sodaor analytical grade solid caustic
soda.

Cultured medium consisted of the
following components (g/L): sucrose or
glucose 30, soybean meal 5, corn flour 5, corn
steep powder 10, inorganic salt 2.0, vitamin
0.004, bean oil 1, antifoam 0.5. The initial pH
value was adjusted to 6.0 by adding industrial
grade solid caustic soda or analytical grade
solid caustic soda.

2.3. Preculture of G lucidum in flasks

For the first preculture in flasks, 500-mL
flasks containing 200 mL of preculture
medium were sterilized at 120°C for 30 min,
and then cooled to room temperature. The
strain from PDA slant was inoculated into 500-
mL flasks and followed by 4-day incubation at
28°C on a rotary shaker (150 rpm).

For the second preculture in flasks, 1-L
flasks containing 400 mL of preculture media
were sterilized at 120°C for 30 min, and then
cooled to room temperature. Preculture
medium with G lucidum prepared in a 500-mL
flask was inoculated into 1-L flasks with
volume ratio of 10%, and then followed by 3-
day incubation at 28°C on a rotary shaker
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(150 rpm).

For preculture in fermentor, 200-L
fermentor with a working volume of 120 L of
preculture medium was sterilized by steam at
120°C for 60 min, and then cooled to room
temperature. 800 mL of preculture medium
with G lucidum prepared in a 1-L flask was
inoculated into 200-L fermentor, and then
culture was performed with aeration rate (1.11
V-V1-min?) at 28°C for 3 d.

2.4. Fermentation culture of G lucidum in
large-scale fermentors

For  fermentation  culture,  1500-L
fermentor with a working volume of 800L of
cultivation medium were sterilized by steam at
120°C for 60 min, and then cooled to room
temperature. 120 L of preculture medium with
G lucidum prepared in 200-L fermentor was
translated into 1500-L fermentor with a
working volume of 800 L of cultured medium,
and then fermentation was performed with
agitation speed (0 rpm ) and aeration rate (0.93
V-V -1-min?) at 28°C for 72h. For amplication
culture, 10000-L fermentor with a working
volume of 7000 L of cultured medium was
sterilized by steam at 120°C for 60 min, and
then cooled to room temperature. 120 L of
medium with G lucidum prepared in 200-L
fermentor was translated into 10000-L
fermentor with a working volume of 800L of
cultured medium, and then fermentation was
performed with aeration rate (0.93 V-V~1-min"
1y at 28°C for 60h.

2.5. Experimental design

Two different carbon sources at the
concentrations of 30g/L (glucose or sucrose)
were tested in order to determine the effect on
IPS content, pH value and mycelium
concentration. In optimum carbon source
condition, the influences of two different
initial pH value (6.0 and 4.5) and two different
temperatures (28°C and 32 °C) were evaluated,
respectively. In the optimum conditions, the
variation of IPS content, pH value and
mycelium concentration was tested by
adjusting corn powder content and soybean
meal content. Subsequently, the culture in
10000-L fermentor was performed in optimal
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conditions. Finally, the experiment for
reducing AS content and Pb content in
mycelium of G. lucidum was carried out.

2.6 Analytical methods

For the analysis of IPS content, wet
mycelium was dried at 85°C for 24h, then the
dry mycelium (1.0 g) grinded in mortar was
sieved by using 2um sieve. Mycelium powder
was extracted by boiling water for 2h, and
extracted liquid followed a precipitation with
absolute ethanol at 4°C for 12h.

The precipitated polysaccharide was
collected by centrifugation at 3000 rpm for 10
min and was dissolved by distilled water.
Polysaccharide content of the final solution
was determined by anthrone-sulfuric acid
method according to Chinese pharmacopoeia
(Anonymous, 2005). IPS content was present
as g/g (dry mycelium weight) 100%.

For the analysis of growth state of G.

lucidum, mycelium concentration was
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determined in real-time. Fermentation broth
(100 mL) was centrifuged at 3000 rpm for
30min, and then wet mycelium weight was
determined by electronic balance. Mycelium
concentration was describe as g (wet
mycelium weight in 100 mL broth)
/100mL-100%.

The pH value of cultured liquid was
measured with a digital pH meter.

AS content and Pb content in dry
mycelium were determined by graphite
furnace atomic absorption spectrophotometer
according to Xing et al., method (Xing et al.,
2002).

3. Results and discussion

3.1. The effect of different carbon sources,
temperatures and initial pH values on IPS
content, pH value and mycelium
concentration from G. lucidum
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Figure 1. The time course of IPS content, pH and mycelium concentration by using G. lucidum
under different cultured conditions in 1500-L fermentor. A, Sucrose as main carbon source; B,
Glucose as main carbon source; C, Cultured temperature of 32°C; D, Initial pH value of 4.5
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Fig. 1A and Fig.1B revealed that the
maximum IPS content of 2.93% reached in the
presence of sucrose was lower than the highest
IPS content of 3.41% obtained in the presence
of glucose.

The results weren’t inconsistent to the
previous report, which sucrose was the better
substrate for IPS content compared to glucose
(Tang and Zhong, 2002). The variations of pH
value between Fig. 1A and Fig. 1B were
different: pH value in the presence of sucrose
sharply increased from 4.47 to 6.01 between
20 h to 72h, whereas pH value in the presence
of glucose slightly decreased from 4.4 to 4.26
between 20 h to 72h.

Possible explain is that the pathways of
utilization of G lucidum were different
between glucose and sucrose, and lead its
different secretion level of acid material and
alkaline material. Mycelium concentration in
the presence of sucrose rapidly increased
during exponential phase (4h-20h), and then
slowly rose to 46.45% at 60h (Fig.1A).
Mycelium concentration in the presence of
glucose gradually increased all the time, and
the highest mycelium concentration of 48.6%
was achieved at 72h (Fig.1B). The result
indicated that glucose was a more suitable
growth substrate than sucrose. Temperature
has significant effect on synthesis of
polysaccharides of G. lucidum (Babitskaya et
al., 2005; Kim et al., 2006; Lee etal., 2007;
Yang and Liau, 1998). When cultured
temperature was increased from 28 to 32°C,
the maximum IPS content was decreased from
3.41% to 1.71% (Fig. 1B and Fig. 1-C). The
result is similar to the report of Babitskaya et
al, which maximum end polysaccharides was
obtained at 25-30°C (Babitskaya et al., 2005).
Variation trend of pH value was similar
between Fig. 1B and Fig. 1-C, pH values
rapidly decreased from 0 h to 24h, and then
almost no reduction of pH value was showed
after 24h. The highest mycelium concentration
of 43.4% at 32°C was lower than 48.6% at
28°C (Fig. 1B and Fig. 1C). The result is
agreement to a previous report, which the
optimum temperature for the culture mycelium
growth was obtained at 28°C (Kim et al.,
2006) .
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The initial medium pH can greatly affect
cell membrane function, cell growth,
morphology and structure, salt solubility, the
ionic state of substrates, the uptake of various
nutrients, and product biosynthesis (Fang and
Zhong, 2002a). When initial pH value was
adjusted from 6.0 to 4.5, the highest IPS
content was reduced from 3.41% to 2.74%
(Fig. 1B and Fig. 1D). However, Fang et al
found that lowering the initial pH from 6.5 to
3.5 gradually led to a higher IPS content
(7.75%) (Lee et. al., 2007). Likewise, Simoni¢
et al showed that IPS production in medium
with initial pH 4.5 was the highest value
among that of initial pH values (4.0, 5.0, 5.5
and 6.0) (Simoni¢ et. al., 2008). Although the
initial pH value was set at 4.5 or 6.0, their final
pH value was about 4.0 at incubation of 72h
and slightly higher than the pH value (3.54) in
the literature (Yang and Liau, 1998). Fang and
Zhong reported that at an initial pH of 6.5, a
maximum in biomass of 17.3 g/L by dry
weight was achieved (Fang and Zhong,
2002a).In Ganoderma resinaceum DG-6556,
the maximum mycelium growth was obtained
at an initial pH of 7.0(Kim et. al., 2006).
Simoni¢ et al found that biomass production
increased gradually by increasing the initial
pH and reached the peak at an initial pH of 5.5
(Simoni¢ et. al., 2008). These authors
confirmed the range of initial pH value (5.5-
7.0) was the most suitable for growth. In the
study, the highest mycelium concentration of
43.82% at initial pH value of 4.5 was lower
than that at initial pH value of 6.0 (48.6%).
This result was in the range mentioned above.

3.2. The effect of the regulation of carrier-to-
noise ratios (C/Ns) on IPS content, pH value
and mycelium concentration from G.
lucidum

Previous studies indicated that C/N is
thought as the important factor for the
polysaccharide biosynthesis of G.lucidum, and
suitable C/N can obviously enhance
polysaccharide production (Babitskaya et. al.,
2005; Lee et. al., 2007; Yuan et. al.,2012). In
the study, corn flour and soybean meal was
generally regarded as carbon source (a



Zeng and Chen/Carpathian Journal of Food Science and Technology 2016, 8(2), 209-216

general C/N ratio of 97.3) and nitrogen source
(a general C/N ratio of 16.76). The highest IPS
content of 3.47%, 2.77%, 5.45%, 6.68%, and
3.41% were shown in Fig. 2 A, B, C, D, and
Fig. 1B, respectively. The maximum IPS
content of 6.68% was revealed in the medium
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containing soybean meal 5 g/L and corn flour
10 g/L (Fig. 2D). We found that increasing
nitrogen source content decreased IPS content
(Fig. 1B, Fig. 2 A, and Fig. 2B), whereas
increasing carbon source content enhanced
IPS content (Fig. 1B and Fig. 2D).
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Figure 2. The time course of IPS content, pH and mycelium concentration by using G. lucidum under
differnent C/Ns in 1500-L fermentor. A, soybean meal 10g/L and corn flour 5 g/L; B, soybean meal 15 g/L
and corn flour 5 g/L; C, soybean meal 10 g/L and corn flour 10 g/L; D,
soybean meal 5 g/L and corn flour 10 g/L

However, the result was converse to
previous  report  which  the endo
polysaccharides reduced with increasing C/Ns
in G. applanatum (Babitskaya et. al., 2005).
This converse variance of IPS content from the
same kind of fungus may differ due to strains
and their culture conditions. Variety trend of
pH value by regulation of C/Ns among Fig. 2A,
B, C, D, and Fig. 1B showed similarly that pH
value quickly decreased before 20h and then
almost not changes was observed after 20 h.

Mycelium concentration sharply increased
at exponential phase, and then slightly changes
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at stationary phase (Fig. 2A, B, C, D, and Fig.
1B), the maximum mycelium concentration
was 45.9%, 47.45%, 46.1%, 42.45%, and 48.6%
in Fig. 2A, B, C, D, and Fig. 1B, respectively.

3.3. Fermentation amplification in 10000-L
fermentor under optimum conditions and
reducing Pb content and As content of
mycelium from G. lucidum

The profiles of IPS content, mycelium
concentration and pH value in fermentation
process was shown in Fig. 3A. IPS content
firstly increased from 48h to 52h, and then
decreased. The maximum IPS content of 6.3%
was obtained at 52h. Although previous
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reports showed the maximal IPS content of
23%(Tang et. al., 2011), their measure method
of phenol-sulfuric acid were different from the
measure method in present study.
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Figure 3 A. The time course of IPS content,
pH and mycelium concentration by using G.
lucidum under optimum conditions in 10000-
L fermentor.

In our pervious research, we noticed that
IPS content with phenol-sulfuric acid method
was obviously higher than that with anthrone-
sulfuric acid method, so the comparison did
not make among those results. The authors
found that the highest IPS content was only
2.74% among those fruiting bodies from 18
varieties of Ganoderma Lucidum Karst ( Xu
and Xu, 2004).
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2 3 4

1

Figure 3B. The comparison of AS content
or Pb content in G. lucidum of before and after
treatment. 1, Pb content using industrial grade
solid caustic soda ; 2, Pb content using
analytical grade solid caustic soda ; 3, As
content using industrial grade solid caustic
soda ; 4, As content using analytical grade
solid caustic soda

Mycelium concentration sharply increased
from 0 h to 32h and then slightly increased
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after 32h, the concentration of 35.7% was
achieved at 52h (Fig. 3A). According to the
calculation of water content of 95%, dry
mycelium weight was about 17.85 g/L at 52h
and was moderate level among that of other
study (14.7 g/L, 29.2 g/L, and 12.4 g/L) (Fang
and Zhong, 2002a; Habijanic et. al.,2013;
Simoni¢ et. al., 2008). The pH value sharply
decreased from 0 h to 40 h, and the final pH
value was 3.71 (Fig. 3A). Short cultivation
time is a very important element for industrial
application. The cultivation time of 52h in
present study was the shortest compared to
those values in the above reports (168h and
336h) (Simoni¢ et. al., 2008; Tang et. al., 2011).

Excessive heavy met. al., content in
mycelium from G. lucidum do harm to
personal health, so it must be controlled in safe
range. In previous study, the contents of Pb
(3.17 ppm) and As (1.08 ppm) in dried
fermented mycelium was obtained using
industrial grade solid caustic soda and far
exceed food safety standard. The Pb and As
contents in those fermentation raw materials
were determined to solving the solution, and
the results showed in table 1.

Table 1. The contents of Pb and As in

different fermentation raw materials(ppm)
Fermentation raw As | Pb
materials
Glucose 0.02 | 0.16
Sucrose 0.03 | 0.13
Soybean meal 0.24 | 0.43
Corn flour 0.04 | 0.56
Corn steep powder | 0.11 | 0.60
Bean oil 0.03| 0.12
Antifoam 0.04 | 0.31
Industrial _grade solid 512 | 811
caustic soda
Analytlcal_ grade solid 011 | 0.08
caustic soda

All materials, except for industrial grade
solid caustic soda, contained low contents of
Pb and As (below 1ppm). Industrial grade
solid caustic soda has high contents of Pb
(5.12ppm) and As (8.11ppm). The Fig. 3B
showed Pb content (3.17 ppm) and As content
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(1.08 ppm) in the dried fermented mycelium
using industrial grade solid caustic soda was
10.93 and 5.14 folds higher than Pb content
(0.29 ppm) and As content (0.21 ppm) using
analytical grade solid caustic soda which did
not exceed the limits of Chinese national
standards (Pb content below 1ppm, As content
below 2 ppm).

4. Conclusions

In the work, the different effects of carbon
sources, initial pH values and regulation of
C/Ns on IPS content, pH value and mycelium
concentration  were investigated under
submerged fermentation of G. lucidum in
1500-L fermentor, and then the optimal
cultured conditions for IPS content were
identified. Subsequently, the highest IPS
content of 6.3%, dry weight of 17.85¢/L and
safe heavy met. al., contents was achieved
during incubation of only 52h by amplification
fermentation in a 10000-L fermentor under the
optimum conditions. The result can promote
industrial-level production for mycelium of G.
lucidum.
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