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ABSTRACT

Muffins were prepared after incorporation of 5, 10, 15 and 20 per cent
fibers viz. oat, psyllium and barley and were stored under ambient and
refrigeration conditions. A significant increase in weight of muffins was
observed with increasing level of fibers incorporation for muffin making.
Muffins incorporated with 10 per cent oat, 10 per cent psyllium and 15 per
cent barley fibres had more sensory score than the control muffins. A
significant decrease in compression force was observed with increasing
levels of fibersin flour for muffins making. A significant decrease in the
moisture contents of the muffins was observed in both refrigerated and
ambient conditions with increasing time. The sample became dry and
finally became unacceptable. Water activity of muffins was found higher in
the refrigeration condition but there was a non significant variation in
water activity of muffins stored at refrigeration conditions. However, it
varied significantly at ambient conditions. Free fatty acid content (% oleic
acid) also increased with increasing storage period but product did not
develop off flavors under refrigeration storage. During storage Total Plate
Count and Yeast and Mold Count (cfu per g) of the muffins increased
significantly. The growth was more and became visible early in control
muffins stored under ambient conditions than fiber incorporated muffins.
The overall acceptability of the muffins decreased under storage since they
became hard due to loss of moisture and also due to free fatty acid and
peroxide productions.

1. Introduction

Fiber has many health benefits. Eating
soluble fiber had been shown to reduce the risk
of developing heart disease by reducing
cholesterol levels. Eating insoluble fiber had
been shown to reduce the risk of developing
constipation, colitis, colon cancer and even
haemorrhoids. Diabetics on high-fiber diets
need much less insulin. Because fiber fills you
up without adding calories, it could help
prevent and treat obesity.

Oats can reduce blood cholesterol levels
because of their soluble fibre content. The
enriched oat contains 4g soluble fibre per 100g.

Psyllium is mainly used as adietary fiber,
which is not absorbed by the small intestine.
The purely mechanical action of psyllium
mucilage absorbs excess water while
gtimulating norma  bowel  eimination.
Although its main use has been as a laxative, it
is more appropriately termed a true dietary
fiber and as such can help to reduce the
symptoms of both  constipation and
mild diarrhea. The laxative properties of
psyllium are attributed to the fiber absorbing
water and subsequently softening the stool.
Barley fibre contains more than twice the
amount of insoluble and soluble fibre found in
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wheat or oats, as well as resistant starch, which
helps promote healthy digestive bacteria. The
products made with barley fibre such as
breakfast cereals, muffins and breads have a
low glycemic index (Gl) and strong bowel
health attributes (Dougherty et al., 1988).

The present day consumer looks for new
bakery products, better appeal, taste and
convenience from bakery foods. With a
population of 1 billion plus, India has the
largest middle-income consumers, who demand
varieties in food, clothing, transport and
improved living standards, also wish to eat out.
Opportunities, in abundance, exist in bakery,
cafes and restaurants and who fast food enters
which is another fastest growing sector in
India. This is a new challenge to baker and
needs to update information, technology,
products and services to meet the changing
needs of the Indian consumer.

Preservation in bakery means the
retardation of spoilage including the texture
staling. Incorporation of dietary fibre obtained
from ceredls, fruits and vegetables could be
very useful to improve the texture and prolong
the shelf life without staling. Apart from
increase in the shelf life, the dietary fibre has a
number of nutritional advantages. It is well
established that it has hypocholesteromic/
hypolipidemic effects and consumption of high
fibre food items is very useful for the persons
suffering from atherosclerosis, constipation,
obesity and diabetes etc.

Keeping these points in mind, the present
study was planned with the objectives to
optimize the level of fibres in muffins to find
out the best level on the basis of quality, to find
the overall acceptability of the muffins on the
basis of sensory evaluation by panelists and to
study the shelf life of muffins prepared after
incorporation of fibres in suitable packaging
material.

2. Materials and methods
2.1. Raw materials

Flour, sugar, fibres (oat, psyllium and
barley), sdt, yeast and other ingredients for
muffins preparation were procured from local
market.

2.2. Chemical analysis of flour

Chemical characteristics of flour were
anayzed using standard procedures (AACC,
2000).

2.3 Treatments

Muffins prepared after incorporation of
fibre such as barley, psyllium and oat at levels
of 0-20 per cent.

2.4. Product preparation

Muffins were prepared according to
standard procedures (AACC, 2000) with dlight
modifications.

2.5. Sensory evaluation

Product prepared was evaluated for sensory
properties by panel of semi trained judges
(Larmond, 1970).

2.6. Calorific value

Calorific value determined by using Bomb
Calorimeter, Parr Caorimeter Assembly-6100
(Parr Instrument Company, Moline, llinois
61265, U.S.A).

2.7. Shelf life

After preparation, the control and fibre
enriched muffins were packed in Linear Low
density Polyethylene (LLDPE) and were stored
for 30 days a ambient (30+£1°C) and
refrigerated (4-6°C) conditions.  Periodic
analysis for moisture, water activity and free
fatty acid were carried out to asses the shelf life.

2.8. Observations
Flour quality, product quality, organoleptic
quality and shelf life of product were observed.
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2.9. Statistical analysis

Data obtained was analyzed statistically
using techniques of analysis of variance
(ANOVA) (Singh et al., 1991).

3. Results and discussions

3.1. Flour characteristics

The flour had 11.99 per cent protein, 0.85
per cent fat, 0.44 per cent ash, 0.035 per cent
free fatty acid (as % oleic acid), 28.92 per cent
wet gluten, 8.42 per cent dry gluten, 203.75
mg maltose/10 g flour total sugars and 30.26
mg maltose/10 g of reducing sugars.

3.2. Pasting properties of flour

The effect of incorporation of oat, psyllium
and barley fibres at 5, 10, 15 and 20 per cent
level on pasting properties of flour for muffin
making is discussed in Table 1. Pasting
temperatures for the flour fibre combination
varied significantly. The pasting temperature
increased with the addition of fibres in flour
and with the increasing levels. Pasting
temperature for control was 93.2°C which
increased to 94.60°C at 20 per cent
incorporation of oat fibre. Peak viscosity might
reach at the equilibrium point between swelling
and polymer leaching which caused increase in
viscosity. Peak viscosity of oat fibre was 1855
cP a 5 percent level of incorporation of
increased to 2683 cP at 20 per cent level of
incorporation. Similar, results were observed
for psyllium and barley fibres i.e. it increased
with increased level of fibre incorporation.

Hold viscosity for different level of
addition of fibres (oat, psyllium and barley)
varied significantly. There was no n significant
variation in change of hold viscosity with the
increased levels of fibre addition. With the
addition of fibre increased the final viscosities,
breakdown viscosity and setback viscosities as
compared to control. Among the fibres,
psyllium fibre exhibited maximum fina
viscosity at 20 per cent level of addition (6029
cP). Dengate and Meredith (1984) reported that

peak viscosity was dependent on swelling,
exudation and fragmentation of starch. On the
other hand, breakdown viscosity was regarded
as measure of degree of disintegration of starch
granule or substances.

3.2.1. Baking and textural properties of
muffins

The effect of incorporation of oat, psyllium
and barley fibers on baking and textura
properties of muffins is discussed in Table 2.
Weight of muffins varied significantly for all
fibre incorporation for muffins making. Weight
of muffins increased significantly with the
addition of fibers for muffins making. Among
the fiber muffins maximum weight was found
a 20 per cent psyllium fiber (48.94g) as
compared to control which was 43.91g. Fibers
had tendency to absorb more water, prevent the
loss of water during baking process. So fibers
decreased baking losses and resulted in muffins
with higher weight, low volume and compact
grain structure with soft texture.

No definite trend was observed in volume
of muffins in reference to control but it varied
significantly with the addition of fibre. Volume
for oat fibre incorporation varied from 125cc
for control to 123.33cc at 20 per cent level of
incorporation (123.33cc). Volume for psyllium
fibre incorporated muffins was found
maximum at 10 per cent level of incorporation
of psyllium fibre. No definite trend was
observed in volume of muffins incorporated
with 5, 10, 15 and 20 per cent barley fibre in
reference to control but it was found maximum
a 15 per cent leved of barley fibre
incorporation (129.67cc). No definite trend was
observed in specific volume of muffins in
reference to control, but it varied significantly
with addition of oat and barley fibre. Specific
volume of muffins decreased significantly with
the increased level of psyllium fibre. Among
the fibre maximum specific volume was
observed a 15 per cent barley fibre
incorporation. Decrease in volumes had been
reported by several researchers (Burkit et al.,
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1974). Bhatty (1993) reported that B-glucans
contained in hulless barley might be
undesirable in some food applications due to
their high viscosities. Liangli et a. (2003)
reported that psyllium fibre incorporation
showed difficulty in handling of dough due to
it’s more gelling and water absorption qualities.
Park et al. (1997) substituted 7:3 (w/w) mixtures
of wheat fibre and psyllium fibre for preparation
of bread.

Firmness decreased significantly with the
addition of fiber in flour for muffins making.
With the incorporation of fibre in flour for
muffins making, firmness of muffins decreased
with the increased level of fibre incorporation.
Among the fibers minimum firmness was 1.66
kg a 20 per cent level of psyllium fibre
followed by 15 per cent, 10 per cent and 5 per
cent levels. The reason for increased softness
on addition of fibers might have been due to
increased water holding capacity of fibers.

Bread hardening effect of fibres have been
subsequently reported (Pomeranz et a., 1977)
and connected to the diluting gluten content of
crumb  structure disruption encompassing
impairment in gas retention. Minimized dough
stickiness and adhesiveness are suitable trends
to fit textura requirements providing good
muffins making performance. Stickiness value
decreased with increasing fiber levels.

3.4. Sensory evaluation of muffins

The effect of incorporation of oat, psyllium
and barley fibres at 5, 10, 15 and 20 per cent on
the mean sensory panel scores of muffins is
discussed in Table 3. Mean sensory panel score
for muffins prepared after incorporation of oat
(5, 10, 15 and 20 per cent) psyllium (5, 10, 15
and 20 per cent) and barley fibres (5, 10, 15
and 20 per cent) were evauated by trained
panel of judges on nine point hedonic scale
(Table 3). Statigtically significant variations
were observed with regard to organoleptic
quality such as appearance, texture, grain,
flavor and overall acceptability, while score for
the color of muffins varied not significantly.

No definite trend was observed for score
given to appearance of muffins in reference to
control but it varied significantly with addition
of oat, psyllium and barley fibres. Maximum
score for the appearance was given to muffins
prepared after incorporation of 10 per cent oat,
10 per cent psyllium and 15 per cent barley
fibres were 8.30, 8.45 and 8.45, respectively in
the order.

Texture for the control sample was 7.18. No
definite trend was observed for score given to
texture of muffins in reference to control but it
varied significantly with addition of oat (5, 10,
15 and 20 per cent) psyllium (5, 10, 15 and 20
per cent) and barley fibres (5, 10, 15 and 20 per
cent) incorporation. Score for the grain structure
of muffins prepared after incorporation of oat
fibre a 5, 10, 15 and 20 per cent level were
7.85, 7.85 815 and 7.75, respectivdy as
compared to control muffin which was 7.48.
Score for the grains of muffins prepared after
incorporation of 10 per cent psyllium fibre was
maximum (8.40) as compared to control which
was 7.48. Score for the grain structure of
muffins prepared after incorporation of barley
fibre a 5, 10, 15 and 20 per cent level were
8.50, 8.20, 8.30 and 7.50 respectively (Figures 1
and 2).

No definite trends were observed for score
given to flavor in reference to control but it
varied significantly with the addition of
psyllium and barley fibres at 5, 10, 15 and 20
per cent level of each. Score given to oat fiber
muffins increased with the increased level of
fiber addition from 7.70 for control to 8.05 at
20 per cent oat fibre incorporation but it varied
non significantly in reference to control.
Similarly, no definite trend was observed for
score given to grain structure of muffins in
reference to control but varied significantly
with addition of oat, psyllium and barley fibers.

Significant variations were observed in
overall acceptability of muffins added with oat,
psyllium and barley fibers at 5, 10, 15 and 20
per cent level of incorporations. Maximum
score were given to overall acceptability of
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muffins a 10 per cent psyllium fiber
incorporation (8.37) as compared to control
which was 7.53. Similarly, maximum score for
the overall acceptability of muffins were given
at 15 per cent barley fiber incorporation (8.34)
as compared to control which was 7.53. Oat
fibre as increasing levels showed increased
scoring by panedists for al parameters,
regarding organoleptic quality. Maximum score
were given at 15 per cent level of incorporation
of oat fiber in muffins. Mckechnie (1983)
reported that oat flour could be substituted as
much as 30.0 per cent of the wheat fibre in
bread. The 40 per cent oat flour supplemented
bread had significantly softened texture than all
other breads (Salehifar and Shahedi, 2001).

Color was given lower score for psyllium
fibre incorporated muffins. This could have
been because of appearance black speaks on
dark brown background and these were
increased with increased levels of incorporation
of psyllium fibre. Similarly results were
reported by Park et a. (1997) that fiber bread
showed somewhat inferior crumb grain with an
off flavor caused by small black speaks on dark
background. Ahluwalia et al. (1995) reported
that supplementary what flour with psyllium
fiber up to 2 per cent level produced acceptable
quality of bread.

3.5. Calorific value

Calorie content for control sample was 4.96
Kcal/g.Significant variations were found in
calorie of muffins. Calorie content of muffins
decreased with increased level of fiber. With
the incorporation of oat fiber at 5, 10 15 and 20
per cent in flour for muffins making, calorie
content decreased from 4.27 Kcal/g at 5 per
cent level to 4.09 Kcal/g at 20 per cent level.
With the incorporation of psyllium fiber at 5,
10 15 and 20 per cent in flour for muffins
making, calorie content decreased from 4.02
Kcal/g at 5 per cent level to 3.81 Kcal/g at 20
per cent level of incorporation. With the
incorporation of barley fiber at 5, 10 15 and 20
per cent in flour for muffins making, calorie

content decreased from 4.47 Kcal/g at 5 per
cent level to 4.03 Kcal/g at 20 per cent level of
incorporation. Calorie reduction was found
minimum at 5 per cent level of incorporation of
barley fiber for muffin making (9.87 per cent).
It was maximum at 20 per cent level of barley
fiber incorporation for muffin making (18.75
per cent).

3.6. Shdlf life study

Shelf life of muffins prepared after
incorporation best level of fibers was studied.
Muffins were analyzed for moisture, water
activity, free fatty acid and overal acceptability
under ambient temperature (30+1°C) and
refrigerated temperature (4-6°C) conditions.

Muffins were packed in Linear Low
Density Polyethylene (LLDPE) and stored
under different temperature conditions and their
moisture content; water activity, free fatty acid
and overal acceptability were estimated for 35
days after 7 daysinterval.

3.6.1. Moisture content

The muffins stored under ambient
conditions showed a higher rate of moisture
loss than those stored under refrigerated
conditions (Table 4). Higher moisture content
was found in muffins prepared after
incorporation of 15 per cent barley fiber as
compared to control. Barley fiber had high
capacity to absorb more water than other fiber
sources. The muffins prepared  after
incorporation of 15 per cent barley fiber had
maximum moisture content. Moisture retention
property of fiber keeps muffins fresher for
longer period of time (Forssell et al., 1998).
Higher moisture retention in muffins is
economical and also required to lengthen shelf
life. Rogers et a. (1988) reported that
moisture content was inversely proportional to
the rate of firming. Hoseney and He (1990)
concluded that moisture content significantly
affected bread firming. Higher the moisture,
slower the firming rate and the lower the final
firmness.
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Table 1. Effect of incorporation of fibres on the pasting properties of flour used for muffins making

Parameters
A Level Paste Peak Hold Final Breakdown | Setback
ibess . ) . : . . ) ; : )
(%) temperature | viscosity | viscosity | viscosity | viscosity | viscosity
(°C) (cP) (cP) (cP) (cP) (cP)
Control 0 93.2 1657 981 1516 544 1139
5 93.90 1855 1178 2835 677 1657
Ot 10 94.10 1956 1223 2991 733 1768
15 94.30 2396 1456 3488 940 2032
20 94.60 2683 1656 3815 1027 2159
5 89.50 1396 824 1716 572 892
Psyllium 10 68.10 2716 1500 3307 1216 1807
15 68.10 3278 1596 3175 1682 1579
20 65.00 6363 1999 6029 3364 3030
5 94.70 2506 1344 3326 1982 1982
Barley 10 94.30 2981 1572 3847 2275 2275
15 93.60 3563 1854 4479 2645 2645
20 93.10 3876 2003 4976 2973 2645
LSD (p<0.05) 0.17 0.14 0.93 0.10 0.93 2973

*LSD- Least significant difference

Table 2. Effect of incorporation of fibers on baking and textural properties of muffins

Fibres | Leve (%) | Weight (g) V?L‘é;“e Spec'(f(':‘é/‘é‘)" ume C&ng‘)’”
Control 0 4391 125.00 284 739
5 44.46 123.33 277 4.70
ont 10 4519 129.85 287 368
15 43.61 125.00 286 4.47
20 44.36 123.33 278 5.74
5 4368 120.00 274 178
Pl 10 48.69 123.33 254 173
15 47.74 111.66 234 171
20 48.94 115.00 2.36 166
5 4353 118.33 271 301
Sarley 10 4581 126.20 275 2.29
15 47.03 129.67 276 177
20 44.36 116.66 263 181
LSD(p<0.05) 4.04 6.00 0.22 0.26

*LSD- Least significant difference

10
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Table 3. Effect of incorporation of fibers on the mean sensory panel scores (Max 9) of muffins

. Level Parameters

Fibers (%) Color | Appearance | Texture | Grain | Flavor ac;\;;terat?”i ty

Control 0 8.00 7.80 7.18 7.48 7.70 7.53

5 7.85 8.10 7.85 7.85 71.75 7.85

Odt 10 7.75 8.30 7.85 7.85 7.95 7.95

15 7.80 6.70 8.10 8.15 7.95 8.17

20 7.85 7.80 8.00 7.75 8.05 7.95

5 7.95 7.85 8.10 8.10 8.35 8.01

Psyllium 10 7.90 8.45 8.55 8.40 8.55 8.37

15 8.45 8.10 8.45 8.10 8.40 8.30

20 7.90 8.00 7.95 7.90 8.15 7.92

5 8.15 8.45 8.10 8.50 8.50 8.33

Barley 10 8.10 8.40 8.60 8.20 8.30 8.26

15 7.90 8.45 8.55 8.30 8.50 8.34

20 7.50 7.70 7.80 7.50 7.20 7.36

L SD(p<0.05) NS 0.61 0.61 0.63 0.54 0.45

*LSD- Least significant difference
*NS— Non significant

Table 4. Effect of storage condition and period on moisture content (%) of muffins
prepared by adding fibers packed in LLDPE

LLDPE
Days Ambient (30 + 10 °C) Refrigerated (4-6°C)
F F Fs Fs F F Fs Fs
0 2297 | 2449 | 2303 | 2474 | 2257 | 2321 | 2129 | 20.23
7 2163 | 2415 | 2264 | 2336 | 2216 | 2288 | 2167 | 20.88
14 2086 | 2135 | 2108 | 2183 | 2061 | 2301 | 2219 | 21.78
21 1920 | 2060 | 1941 | 2003 | 2190 | 2345 | 2255 | 21.98
28 17.49 1838 | 17.03 | 1963 | 2210 | 2397 | 2345 | 2244
35 ND ND ND ND 2351 | 2435 | 2367 | 2336
LSD
(0<0.05) 0.77 0.86

LLDPE - Linear low density polyethylene,

LSD- Least significant difference,

ND — Not determined due to sample become unacceptable

F1 — Control, F,- 10% Oat fibre, F3- 10% Psyllium fibre, F, - 15% Barley fibre

11
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Table 5. Effect of storage condition and period on water activity of muffins prepared by adding fibers
packed in LLDPE

LLDPE
Days Ambient (30+ 10 °C) Refrigerated (4-6°C)
F1 Fz Fs Fa F1 Fz Fs Fa

0 081 | 073 | 067 | 065 | 076 | 067 | 068 | 061
7 083| 075 | 070 | 068 | 078 | 068 | 069 | 0.63
14 085| 077 | 073 | 071 | 079 | 070 | 072 | 0.65
21 089 | 08L | 078 | 074 | 081 | 072 | 073 | 067
28 092 083 | 080 | 079 | 084 | 074 | 074 | 071
35 ND | ND ND ND | 085 | 076 | 075 | 074

LSD (p<0.05) 0.019 0.013

LLDPE - Linear low density polyethylene, LSD- Least significant difference, ND — Not determined due to

sample become unacceptable, F, — Control, F,- 10% Oat fibre, F3- 10% Psyllium fibre , F, - 15% Barley fibre

Table 6. Effect of storage condition and period on free fatty acid content (% oleic acid) of muffins
prepared by adding fibers packed in LLDPE

LLDPE
Days Ambient (30 + 10°C) Refrigerated (4-6°C

Fy F, F3 F4 Fy F, Fs F4
0 0.54 0.53 0.54 0.47 0.55 0.49 0.53 0.46
7 0.60 0.60 0.64 0.56 0.65 0.55 0.59 0.49
14 0.70 0.65 0.71 0.63 0.71 0.60 0.65 0.54
21 0.77 0.70 0.76 0.67 0.76 0.65 0.70 0.61
28 0.85 0.80 0.81 0.73 0.77 0.74 0.73 0.69
35 ND ND ND ND 0.85 0.79 0.78 0.74

L SD(p<0.05) 0.038 0.048
Table 7. Effect of storage condition and period on overall acceptability of muffins
prepared by adding fibers packed in LLDPE
LLDPE
Days Ambient (30 + 10 °C) Refrigerated (4-6°C)

F. F> Fs3 Fy F. F> Fs3 Fy
0 8.32| 7.53 8.45 8.56 8.32 7.71 8.67 8.61
7 811| 7.85 8.01 8.34 8.21 7.42 8.21 8.44
14 754 | 7.95 8.27 8.26 7.86 7.30 8.01 8.16
21 6.36 | 8.18 8.31 7.85 7.26 7.11 7.78 7.92
28 543 | 7.96 7.92 7.36 6.89 6.78 7.63 7.24
35 ND | ND ND ND 6.31 6.29 7.25 7.22

LSD (p<0.05) 0.17 0.27
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Figurel. Effect of incorporation of best level of fibres on baking quality of muffins
1 - Control, 2— 10 % Oat fiber, 3— 10 % Psyllium fiber , 4 —15 % Barley fiber

Figure 2. Effect of incorporation of best level of fibers on baking quality of muffins
1 - Control, 2— 10 % Oeat fiber, 3— 10 % Psyllium fiber, 4 —15 % Barley fiber
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3.6.2. Water activity

Statistically significant variations were
observed in the moisture content of muffins
prepared with fibers with respect to day of
storage and temperature of storage (Table 5).
Water acidity of muffins increased with
increased storage period. Similar results were
observed by Frazier (1978). Water activity
found less for muffins prepared from fibers
than control muffins. Increase in water activity
of muffins prepared from fibers was less than
that of control muffins. Barley fiber muffins
had lower water activity (0.79) than muffins
prepared from oat fibre (0.83) and psyllium
fiber (0.80). Water activity of muffins varied
significantly with respect to storage condition
and period. At refrigeration storage, water
activity increased with the storage time. Arya
(1980) reported that storage at less than 0.57
ay did not cause perceptible change in flavor
for 24-52 days. Rossel et al. (2001) reported
that the hydroxyl group of the fibre structure
which allow more water interaction through
bonding. Oat starch had higher water
absorption than other cereds. Labuza et al.
(1972) reported that reducing water activity
below 0.7 prevent microbial spoilage.

3.6.3. Total plate count and yeast and mold
growth

At refrigeration condition mold growth was
not found up to 35 days of storage while mold
growth on muffins prepared after incorporation
of fibres found after 28 days at ambient
temperature. Similar observation was reported
by Breene et a. (1988).

3.6.4. Freefatty acid (as % oleic acid)
Statistically significant variations were
observed in development of free fatty acids in
the muffins stored under ambient conditions
(Table 6). The development of free fatty acids
was lower in case of muffins and it was found
to be highest on the 28thday of storage. Muffins
stored under ambient condition showed higher
amount of free fatty acid than muffins stored
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under refrigeration conditions. Gain of
moisture by the product promoted oxidation of
fats. Similar results were obtained by Singh et
al. (2000) who reported that free fatty acid
content of al biscuits increased gradually with
the increase in the storage period.

3.6.4. Overall acceptability

Statistically significant variations were
observed in the overall acceptability of muffins
stored under ambient and refrigeration
conditions (Table 7). Overall acceptability of
muffins decreased with increased storage
period from 7™ to 28" days for ambient storage
and from 7" to 35" days for refrigeration
storage due change in texture of muffins.
Overal acceptability decreased more in
muffins stored under ambient temperature than
that for refrigeration temperature.

4. Conclusions

The effect of incorporation of oat, psyllium
and barley fibers at 5, 10, 15 and 20 per cent on
muffin making and sensory properties revealed
the increased muffin weight and decreased
specific volume. The overal acceptability
scores were maximum for muffins prepared
with psyllium fiber at 10 per cent level (8.37),
followed by barley fiber at 15 per cent level
(8.34) and oat fiber at 10 per cent level (7.95),
in the order. With the increasing level of
incorporation of fibers, there was definite
improvement in the texture of muffins i.e.
hardness decreased means muffins become
softer. Significant variations in various
parameters were observed during storage. A
significant decrease in the moisture content of
the muffins was observed in both refrigerated
and ambient conditions with increasing time.
The sample became dry and finaly
unacceptable. The overall acceptability of the
muffins decreased with increasing storage time
since they became hard due to loss of moisture
and also due to development of free fatty acid.
At refrigeration storage, water activity
increased with the increased storage time. Free
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fatty acid content (% oleic acid) was observed
to be higher in the muffins stored at ambient
condition than refrigeration condition. The
storage period had significant effect on the
overall acceptability of muffins stored in
ambient and refrigeration conditions. The
overall acceptability of muffins decreased with
the increasing storage period. Muffins prepared
after incorporation of fibres remaned
acceptabletill 28 days at ambient condition and
35 days when stored under refrigerated
condition in LLDPE but sensory properties
dtered after 35 days. Shelf life of control
muffin was 21 days which increased to 35 days
by incorporation of fibres in muffin making.
The increase shelf life will be helpful for the
bakery industry which is growing at the
significant rate of 40 per cent annually.
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Pectin The result indicates that optimized values of extraction time, extraction

Citrus peel temperature, pH, and ratio of solid and liquid are 1.5 h, 90 °C, 2, and 1:35,

Extraction respectively. The second degree polynomial equation for this surface

Yield rate response model could be expressed as follows:

Surface response methodology Yield rate (%) = 085+ 0.086 A+ 0.06 B—0.23 C— 0.08 AB+ 0.012 AC- 0.045BC -

0.22 A*- 0028 B* - 0.081 (*
The high model F value and low P value, which are 22.59 and 0.0002,
respectively, indicate that this surface response model is highly significant.

1. Introduction pectin with high quality at low cost has become
Pectin, also known as  pectic ahot topic.
polysaccharide, exists in many kinds of Orange is used in the production of orange
vegetables and fruits (Chacko and Estherlydia, juice and sauce in food processing industry.
2013). The health function of pectin has been However, the waste, including orange pomace
reaized by more and more people. The and orange peel, of food industry has become a
addition of pectin in food, such as bread and serious  problem  because inappropriate
steamed bread, could not only improve the taste treatment of these wastes will cause serious
and property of food, but also enhance the environmental pollution (Denisaet a., 2014). It
nutrient value (He and Lu, 2014). It was aso is reported that citrus peel contains about 30%
reported that pectin could prevent heart natural pectin, which is much higher than the
diseases and reduce the risk of high blood pectin content in other natural materials, such
intension (Sanders, 1998, Willats et al., 2006). as apple pomace and carrot (Syed et a., 2011).
Furthermore, pectin is also the raw material for Furthermore, the production cost of pectin
the production of many jells and fruit sauces. could be reduced if the citrus peel could be
With the development of food industry, the used as a source of pectin in the production. It
demand for pectin isincreasing rapidly (Willats was reported that the pectin extracted from
et al., 2006). Therefore, how to produce natural citrus peel contains around 15% soluble dietary
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fiber which could prevent the colorectal cancer
(Sanders, 1998, Yapo et a., 2007). Therefore,
the pectin extracted from citrus peel is much
more valuable than that from other resources.

This study aims at improving the extraction
yield of pectin from orange peels with acid
solution at low cost. To optimize the extraction
process parameters, surface response method
was employed to evaluate the impact of four
factors, ratio of solid and liquid, extraction
temperature, extraction time, and pH value, on
the yield of pectin.

2. Materials and methods

2.1. Materials and chemicals

The citrus peel was obtained from oranges
purchased from local market. The fresh citrus
peel was stored at 4°C in dark until use.
Concentrated  sulfuric acid (98%) was
purchased from Sigma-Aldrich Co. LLC.

2.2. Extraction process

There were five main steps in the extraction
process. 1. Cut citrus peel into small pieces
(1.5~2 cm?); 2. Heated the citrus peel sample at
90°C for 10 min to inactivate the enzyme; 3.
Washed the fresh citrus peel with stilled water;
4. Weighted about 4.0 g fresh citrus ped for the
extraction; 5. Filtered the citrus peel and
extracted the pectin with the water bath
instrument under certain conditions.
To determine the content of pectin extracted
from citrus peel, the absorbance at 531 nm by a
spectrophotometer was read.

2.3. Singlefactor test

The extraction temperature, extraction time,
and pH value were set as 80°C, 1.5 h, and 2,
respectively, in the evaluation of effect of ratio
of solid and liquid. The yield rates of pectin
when the ratios of solid and liquid were 1:20,
1:25, 1:30, 1:35, and 1:40 were compared. The
optimized value of ratio of solid and liquid was
determined according to the yield rate of
pectin.
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In the evaluation of effect of extraction
temperature, the extraction time and pH value
were set as 1 h and 2, respectively. The ratio of
solid and liquid was set as the optimized vaue.
The vyield rates when the extraction
temperatures were 70 °C, 80 °C, 90°C, and 100
°C were compared. The optimized value of
extraction temperature was determined
according to the yield rate of pectin.

In the evaluation of effect of extraction
time, the pH value was set as 2 and the
extraction temperature and ratio of solid and
liquid were set as the optimized value. The
yield rates when the extraction time was 0.5 h,
1h,15h, 2 h, and 2.5 h were evaluated. The
optimized value of extraction time was
determined according to the yield rate of
pectin.

The extraction temperature, extraction time,
and ratio of solid and liquid were set as the
optimized values in the evaluation of effects of
pH vaue. The yield rates when the pH values
were 1.0, 1.5, 2.0, 2.5, and 3.0 were compared.
The optimized value of pH value was
determined according to the yield rate of
pectin.

2.4. Box-Behnken Design (BBD)

Box-Behnken experiment was designed
according to the result of single factor test. In
the Box-Behnken experiment, three factors,
including extraction temperature, extraction
time and pH vaue, were analyzed. Response
surface methodology was employed to
determine optimize the independent variables
relating with the yield rate of pectin from citrus
peel. A second degree polynomial equation
(Eg. 1) was used to mathematically describe the
extraction process and estimate the response of
the dependent variable.

n—-1 n

Y=a,+ E a;x + E a::.t'-—z E Q;; X X;
=1 =1

=1 j=i+1l

(1)

where: Y is the response variables; x; and x; are
the levels of the independent variables; & is a
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constant, &, a; and &; are the linear, quadratic
and interactive coefficients, respectively.

We used the software of Design Expert to
analyze the goodness-of-fit of the regression
model and the significance of parameter
estimates (Kim et a., 2004, Qiao et a., 2009).

3. Results and discussions

3.1. Result of singlefactor test

Impact of different ratios of solid and liquid
on the yield rate of pectin from citrus peel was
shown in Figure 1(a). It indicated that the yield
rate increased with the decrease of ratio of solid
and liquid. As the ratio decreased from 1:20 to
1:35, the yield rate of pectin increased by
85.71%. After the ratio of solid and liquid
reaching 1:35, decreasing the ratio could not
increase the yield rate of pectin. In the pectin
production industry, vacuum condensation
technology is employed to condensate the
pectin in extraction solvent. Therefore,
decreasing the ratio of solid and liquid could
increase the production cost of pectin athough
it could improve the yield rate. Therefore, in
the large scale production of pectin from citrus
pedl, the relationship between extraction cost
and yield rate of pectin should be baanced
according to the actual situations. In this study,
to get the high yield rate, the ratio of solid and
liquid was set as 1:35.

Figure 1(b), which reflects the impact of
extraction temperature on the yield rate of
pectin, indicates that the yield rate of pectin
increased with the increase of extraction
temperature when the temperature was below
90°C. The reason is that higher temperature in
certain range could accelerate the reaction rate
and change the equilibrium of reaction.
However, higher extraction (above 90°C)
temperature decreased the yield rate. The main
reason is that high temperature could cause the
degradation of galacturonic acid in citrus peel
and finaly reduce the yield rate of pectin. In
large scale production of pectin, high extraction
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temperature could not only reduce the yield
rate, but also cause the energy waste.
Therefore, the optimization of extraction
temperature is significant to the large scale
production.

Effect of extraction time on the yield rate of
pectin (Figure 1(c)) indicates that the yield rate
of pectin increased with the extension of
extraction time. The highest yield rate was
0.49% when the extraction time reached 1.5 h.
When the extraction time was extended to 2.5
h, the yield rate decreased a little because of the
degradation of gaacturonic acid exposed to
high temperature condition. Therefore, the
optimized value of extractiontimeis 1.5 h.

Figure 1(d), which reflects the effect of pH
value on the yield rate of pectin, shows that
with the increase of pH value the yield rate of
pectin decreased seriously. The main principle
of acid extraction is using acids to destroy the
connection  between pectin  and other
polysaccharide molecules, and isolate the
pectin. Increasing the pH value will reduce the
acid concentration and negatively impact the
isolation of pectin extraction.

Depending on the single factor test, the
optimized values of extraction temperature,
extraction time, ratio of solid and liquid, and
pH were 90 °C, 1.5 h, 1:35, and 2, respectively.

3.2. Result of Box-Behnken experiment

The factors and levels in the Box-
Behnken experimental design, the result of
Box-Behnken experiment and analysis of
variance are shown in Table 1, Table 2 and
Table 3, respectively. Table 2 indicated that the
yield rate of pectin reached the highest value
(1.13%) when the extraction temperature, time
and pH value were 90°C, 2 h, and 1.0,
respectively. The second degree polynomial
equation which reflects the relationship
between vyield rate of pectin and three
independent variablesis shown as EQ.2:

Yield rate () = 085 + 0086 A+ 006 B =023 €~ 0.08 4B+ 0012 AC- 0045 BC -
022450028 8- 0081

(2)
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Table 1. Design of Box-Behnken experiment

Levels
Factor 1 0 1
A: Extraction
temperature (°C) 80 90 100
B: Extraction time (h) 1.0 15 2.0
C: pH value 1 15 2

Table 2. Box-Behnken experimental design matrix and corresponding experimental results
Yield rate of pectin

No. A B C %)
1 0 0 0 0.85
2 0 -1 1 0.45
3 0 -1 -1 0.89
4 0 0 0 0.91
5 0 1 1 0.51
6 0 1 -1 1.13
7 1 -1 0 0.76
8 0 0 0 0.87
9 1 1 0 0.69
10 1 0 -1 0.79
11 0 0 0 0.79
12 1 0 1 0.42
13 -1 -1 0 0.36
14 0 0 0 0.85
15 -1 1 0 0.61
16 -1 0 -1 0.71
17 -1 0 1 0.29
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Table 3. Analysis of variance

Sum of Degree Mean F -value .
Source Squares freg;om Square Vaue FE)rob >F Significance
Model 0.8002 9 00889 225958  0.0002 *x
A-Extraction ) hen 1 00595 151239  0.0060 -
temperature
B-Extraction time  0.0288 1 00288 73189  0.0304 *
CpHvaue 04278 1 04278 1087198 < 0.0001 -
AB 0.0256 1 00256 65057 00381 *
AC 0.0006 1 00006 01588 07021
BC 0.0081 1 00081 20584 01945
A2 0.2052 1 02052 521426  0.0002 *
B2 0.0034 1 0.0034 08539  0.3862
c? 0.0275 1 00275 69771 00334 *
Residual 0.0275 7 0.0039
Lack of Fit 0.0200 3 00067 35505 01263
Pure Error 0.0075 4 0.0019
Cor Total 08278 16

* Significant (p<0.05); ** Extremely significant (p<0.01)
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Figure 1(a). Impact of ratio of solid and liquid on yield rate
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Figure 2. Response surface and contour plot for the effect of extraction temperature and time on the
yield rate of pectin
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Figure 3. Response surface and contour plot for the effect of extraction temperature and pH value on
the yield rate of pectin
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Figure 4. Response surface and contour plot for the effect of extraction time and pH value on the yield
rate of pectin
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Regression analysis was performed to fit
the response function. The Model F-value of
22.59 implies the model is significant. There is
only a 0.02% chance that a "Model F-Value"
this large could occur due to noise. Values of
"Prob > F" less than 0.050 indicate model terms
are significant. In this case, A, B, C, AB, A?,
and C? are significant model terms. The "Lack
of Fit F-value" of 3.55 implies the Lack of Fit
is not significant. There is a 12.63% chance
that a "Lack of Fit F-value" this large could
occur due to noise.

3.3. Response surface plot and optimized
extraction process

Figure 2 presents the response surface and
contour plot for the effect of extraction
temperature and time on the yield rate of
pectin. The vyield rate increased with the
increase of extraction temperature and
extraction time in certain range. However, the
result indicated that much high temperature and
long extraction time could cause the
degradation of pectin in the extraction process.
The élipse shaped curve in the contour plot
picture indicated that there was significant
interaction between extraction temperature and
extraction time in this model.

Figure 3 presents the response surface and
contour plot for the effect of extraction
temperature and pH value on the yield rate of
pectin. The increase of extraction temperature
and decrease of pH vaue could improve the
yield rate of pectin. However, between
extraction temperature and pH value, there was
no significant interaction.

Figure 4 presented the response surface and
contour plot for the effect of extraction time
and pH value on the yield rate of pectin. With
the increase of extraction time and decrease of
pH value, the yield rate if pectin increased.
There was no significant interaction between
extraction time and pH value.

In large scale production of pectin, the
selection of optimum extraction parameters
depends on various factors, such as production
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codt, limitation of time, pectin property and so
on. For instance, if the time is limited and the
working load is heavy in the pectin production,
the temperature should be improved to reduce
the extraction time athough high temperature
costs high energy. In addition, the adjustment
of pH value may negatively impact the property
of natural pectin. So to protect the quality of
pectin in the extraction process, the pH value
should not be too low although low pH value
could improve the yield rate of pectin.

4. Conclusions

This study indicated that extraction
temperature, extraction time, pH value and
ratio of solid and liquid could impact the yield
rate of pectin from citrus peel. The surface
response analysis indicated that the yield rate of
pectin from citrus peel could reach 1.13% at the
optimum conditions. The high model F vaue
and low P value, which are 22.59 and 0.0002,
respectively, indicate that this surface response
model is highly significant. In the large scae
production of pectin, not only yield rate, but
aso many other factors, such as energy cost,
pectin property, limitation of time and so on,
should be taken into consideration. Therefore,
in the production, the optimum conditions
described in this study should be modified
according to the actual situations.
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ABSTRACT

Mango (Mangifera indica L) is an important fruit crop in tropical and
subtropical countries of the world and mango anthracnose disease is one of
the major constraints to production and productivity of mango fruit world
wide as well as in Ethiopia. Now a day, researchers are concentrating on
the application of essentia oils in the post-harvest preservation of the
mango fruits due to their organic, safe and effective controlling nature. In
such studies determination of the effective concentration of essential oil for
the effective anti-microbial nature against the pathogenic fungi is very
important. The objective of this study was to investigate the effect of
ginger and cinnamon essential oils concentrations on mango anthracnose
disease causing fungi. In the present study anthracnose affected mango
fruits were collected from the field and the pathogenic fungi was isolated,
identified and purified scientifically. Further, in-vitro studies were
conducted with the three different concentration levels of each type of
essentia oails, 0.025, 0.050, 0.075% cinnamons and 0.15, 0.30, and 0.45%
ginger and the control (distilled water). In the study we successfully
isolated the responsible fungi for the anthracnose disease. The cinnamons
and gingers essential oils at 0.075% and 0.045% respectively, were found
to be highly effective on the fungal pathogen causing anthracnose disease
on mango and can be recommended for the post harvest treatment of
mango.

1. Introduction

Mango (Mangifera indica L.) is one of the
world’s most important and esteemed fruits of
the tropical and subtropical countries and is
cultivated extensively as a commercia fruit
crop in India, China, Indonesia, Thailand and
Mexico. By virtue of its wide range, delicious
taste, super flavour, very high nutritive and
medicina value as wel as great reigio-
historical significance, it is called the “King of
the fruits” (Lakshmi and al., 2011). Mango is
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the most important fruit and it is the second in
area coverage after banana in south-western
region of Ethiopia (CSA, 2013). Various hiotic
and abiotic stresses cause immense loss to
mango crop throughout the world. Post-harvest
diseases are among those biotic stresses
threatening mango fruit along the mango vaue
chain. The most common diseases of mangoes
are anthracnose (Colletotrichum
gloeosporioides). Anthracnose is presently
recognized as the most important field and
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post-harvest disease of mango worldwide
(Ploetz and Prakask, 1997). It is the maor
disease in al the countries where mangoes are
grown, especially where high humidity prevails
during the cropping season. The post-harvest
phase is the most damaging and economically
significant worldwide for disease. Antibiotics,
oils, hot air treatment, hot water treatment,
refrigerated storage and gas storage, copper
fungicides, borax, aminoathiozol, amino
pyridine, thiourea, dithiocarbamates,
agrimycin, aureofungin, nystain, grisofulvin
heated benomyl, oil and wax emulsion have
been suggest as pre-harvest and post-harvest
dip/spray for the prevention of anthracnose in
mangoes (Panhwar, 2006).

Essential oils are natural volatiles, limped
and rarely colored, lipid soluble and soluble in
organic solvents with generaly lower density
than water. Essential oils are complex
compounds characterized by a strong odor and
are formed by aromatic plants as secondary
metabolites. In nature, essential oils play an
important role in the protection of the plants as
antibacterial,  antiviral, antifungal, and
insecticides. Compositionally, Essentia oils
contain alcohols, aldehydes, ketones, phenals,
esters, ethers, and terpenes in varying
proportions (Sharma and Pongener, 2010).

Anti-fungal tests in in-vitro conditions of
several essentia oils and their composition
have been documented (Dafera et a., 2003;
Linde et al., 2010; Soylu et al., 2010; Marei et
a., 2012). Essential oils can be synthesized by
al plant parts, i.e. buds, flowers, leaves, stems,
twigs, seeds, fruits, roots, wood or bark, and are
stored in secretor cells, cavities, canals,
epidemic cells or glandular. Essentia oils are
very complex natural mixtures which can
contain about 20-60 components at quite
different concentrations. They are characterized
by two or three major components at fairly high
concentrations (20-70%) compared to others
components present in trace amounts. The
major components determine the biological
properties of the essential oils. The components
include two groups of distinct biosynthetical
origin (Croteau et a., 2000; Betts, 2001;
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Pichersky et al., 2006). The main group is
composed of terpenes and terpenoids and the
other of aromatic and aliphatic constituents, all
characterized by low molecular weight.
Rhizomes of ginger (Zingiber officinale) are
one of the most important and oldest spices.

The ginger essentia oil is characterized by
warm, spicy, and woody notes, with slight
lemony notes. The oil is pale yelow, low
viscosity liquids, with refractive indices of
1.4884 to 1.4918, the densities of 0.883 to
0.877, and optical rotations of — 33.9 to — 39.
This essential oil is dominated by a-zingiberene
with low cucurmene content and traces
amounts of neural and gerania. Whereas,
Essential oil extracted from cinnamon leaves is
yellow, with warm-spicy notes characterized
simply as “cinnamon notes”. The refractive
index (1.5817 — 1.5909) and density (1.019 —
1.026) of the commercial samples were closer
to pure cinnamic adehyde, reflecting the higher
levels of cinnamic adehydes (Janick and
Whipkey, 2002).

The mechanisms of the antimicrobial
activity of essential oils are poorly understood
for us, but according to previous reports, it
seems that damage to cell walls and membrane
structure and function is as antimicrobial action
of essential oils (Rattanapitigorn et a., 2006,
Cox et a., 2008). Essential oils from various
plant species affect and arrest funga
development in vitro and in vivo in various
horticultural commaodities (Bosquez-Molinaa et
al., 2010). These are used as natural fungicides
to control pathogenic fungi and thus reduce the
dependence on the synthetic fungicides (Fawzi
et a., 2009). Also, due to their bactericidal and
fungicidal properties, pharmaceutica and food
uses are more widespread as aternatives to
synthetic chemical products to protect the
ecological equilibrium. Earlier studies reported
relatively less on the effect of essential oils on
the Mango Anthracnose disease causing fungi
(C. gloeosporioides) in Ethiopia. So the present
study was conducted to isolate, identify and
purify the Mango Anthracnose disease causing
fungi and to determine the effect of different
concentrations of cinnamon and ginger
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essential oils on the pathogen as the maor
objectives. It will be further useful to
recommend the researcher to use the best
concentration of these essential oils for the post
harvest storage studies of mango fruits.

2. Materialsand methods

2.1. Samples Collection

Mango (Mangifera indica L.) variety of
apple mango was obtained from Jimma
Agriculture Research Centre (JARC) and
cinnamon leaf (Cinnamomum zeylanicum) and
the rhizome of ginger (Zingiber officinale)
were obtained from Jimma University College
of Agriculture and Veterinary Medicine
(JUCAVM) garden and purchased from Bebeka
Coffee Estate, Share Company, Ethiopia,
respectively.

2.2. Extraction of essential oils from ginger
and cinnamon

Three kilograms of each ginger rhizome
and cinnamon leaves were collected and its size
was reduced with grinder. Then they were
blended separately in water until over flow in
the flask. Extraction of essential oil was done
using Clevenger Apparatus by hydrogen
extraction method. After extraction the oils
were collected and stored in refrigerator at 4°C
until use.

2.3. Media preparation

For in vivo studies Potato Dextrose Agar
(PDA) medium was used, which is the common
medium for isolation of different fungal
species. Potato dextrose agar was prepared by
dissolving commercially formulated powder
PDA. The Potato dextrose agar powder was
mixed with distilled sterilized water in 2000
mL flask at the ratio of 39 g powder: 1L
digtilled sterilized water and heated until
melting. The mixtures were boiled by
continuoudly stirring with a magnetic stirrer for
about 15 minutes to completely dissolve the
agar. The solution was then autoclaved at
121°C for 15 minutes to sterilize the media.
The liquid media was placed in safety cabinet
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and alowed to cool to about 45C. Then
Streptomycin sulphate powder was added to the
PDA media at the rate of | gm per Litre to
avoid bacterial contamination and the media
were poured into sterilized Petridish. Plates
were then adlowed to cool & solidified
completely and preserved before inoculation of
cultures.

2.4. Isolation, identification and purification
of fungal pathogen

To isolate C. gloeosporioides, infected
mango fruits were selected (Fig. 1 (A)). Five
centimetre plugs of mango tissue were
disinfected with 1% sodium hypochlorite and
placed at the centre of a Petri dish containing
potato dextrose agar. After 7 days of incubation
period, the fungal culture was sub cultured
(pure culture preparation) and confirmed to be
C. gloeosporioides according to established
procedures by Burnett and Hunter (Barnett and
Hunter, 1972).

2.5. Pathogenicity test

To do pathogenecity test the green mature
apple mango variety fruits were washed with
tap water; sterilized with 2% sodium
hypochlorite and rinsed with distilled water.
Then the spore suspension of 10°ml™
concentration was sprayed on it and incubated
for about five days a room temperature.
Purification and identification was done from
inoculated mango fruit and it was verified to be
the same result.
2.6.Spore  suspension for
pathogenicity test

Colletotrichum gloeosporioides identified
and preserved was cultured for about two
weeks on PDA at 25°C to activate the pathogen.
Spores were harvested by adding 5-7 ml of
sterile, de- ionized water to the Petri dish. The
spores were then rubbed with a sterile glass rod
to make spores free from the PDA medium, and
the spore suspension was passed through two
layers of cheese cloth. The suspension was
diluted with this sterilized and de-ionized water
to obtain the spore concentrations (10° spores

preparation
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mL™Y) with a haemocytometer (Abd-All and
Haggag, 2013). Then the spore suspension
prepared was preserved for about 5-10 minutes
in the safety cabinet until used for sprayed on
mango fruits.

2.7. Bioassay with essential oils against
mycelia C. gloeosporioides - deter mination of
the minimum inhibition concentration
(MIC) value

Both ginger and cinnamon essential oils
were individualy evaluated for their fungal
toxic  activity against  Colletotrichum
gloeosporioides by adopting food poisoning
technique into a petridish. For each funga
isolate, a conidia spore suspension of 10°
spore’s ml™ was prepared and petridishes were
inoculated with needle in the centre. The PDA
medium was mixed with appropriate
concentration of essential oil. The radial growth
was measured with calliper and data was taken
every 24hrsintervals after incubated at 25 +2°C
and 85% RH in triplicate. The MIC was
determined as the lowest concentration of oil
which results no growth of the inoculums on all
Petridish. MIC was defined as the lowest oil
concentration showing no visible growth after
incubation time (Verma et al., 2011).

3. Results and discussions

3.1.Cultural characteristics of Colletotrichum
gloeosporioides isolates

Cultural characteristics of purified isolates
showed that the colony diameter of C.
gloeosporioides reached up to 90 mm on PDA
after 7 days at 25°C (Fig. 1 (B)). The colour of
the mycelia appeared like white from the front
side (Fig. 1(C)) and yellowish on the back side
(Fig. 1(D)) when observed seven days after
incubation. The morphological characteristics
observed under microscope showed that
conidia shape was cylindrical and had brown
colour (Fig. 1(E)). Thisresult isin line with the
finding of reported study by Tasiwal (2008).

29

3.2. Pathogenicity of C. gloeosporioides on
mango fruit

During pathogenicity test in five days of
incubation the symptom of C. gloeosporioides
observed was black spots and sunken lesions
(Fig. 2). In order to confirm the observed
symptom, isolation, purification  and
identification was done from inoculated mango
fruit and it was verified to be the same result.
Similarly, the colour of the mycelia appeared
white from the front side and yellowish on the
back side when observed seven days after
incubation. The morphological characteristics
observed under microscope showed that
conidia shape was cylindrical and had brown
colour. Hence, it was confirmed that the
pathogen causing mango anthracnose in the
study area is C. gloeosporioides. Result of
pathogencity test also confirmed that C.
gloeosporioides is the virulent causative agent
of anthracnose in mango.

3.3. Minimum inhibition concentration of
essential oilsagainst C. gloeosporioides
Anaysis of variance showed that
mycelia growth of all ginger and cinnamon
essential oil concentrations significantly (P <
0.05) different from control during the 8 day’s
incubation periods (Table 1). This means
essential oils have effect on mycelia growth
inhibition. Treatments with both cinnamon and
ginger essential oil showed high anti-fungal
effects on the mycelia growth of tested fungi
even at lower concentrations. The mycelia
growth inhibition was directly related to the
concentrations and type of essentia oil (Fig. 3).
The findings of the present study are in
agreement with Palhano et a (2004) who
reported increased inhibitory effects of citrus
and lemongrass crude oil on spore germination
of C. gloeosporioides of mango fruit with
increasing oil concentrations. In this study the
essentia oils from both cinnamon and ginger at
concentration of 0.025%, 0.15% respectively
suppressed the mycelia growth of C.
gloeosporioides significantly as compared to
the control. The chemical compositions of
ginger essential oils are zingiberene was the
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major compound, followed by gerania, B-
bisabolene and ar-curcumene. With these it
may contain around another 60-70 components
in it. These are the responsible for the anti-
microbial action of the ginger essentia oil.
With these it may contain around another 60-70
components in it. These are the responsible for
the anti-microbial action of the ginger essentid
oil. The chemical composition of the cinnamon
leef oil has twenty five components
representing 99% of the total oil.

Cinnamal dehyde was the major component
which alone constituted around 90% of the oil.
Other  components like lindool, Z-
cinnamaldenyde and a-pinene are the
composed of around 1 %. These are the
responsible for the anti-microbia nature of the
cinnamon leaf essential oils antimicrobia
activity. It was reported that both cinnamon oil
and ginger oil added at 2% in potato dextrose
agar (PDA) completely inhibited the growth of
seven mycotoxigenic molds (Aspergillus flavus,
A. parasiticus, A. ochraceus, Penicillium sp, P.
roqueforti, P. patulum, and P. citrinum) for
various incubation periods up to 21 days
(Hortense et d., (2009)) and aso inhibit the
growth of yeasts(Conner DF and Beuchat CR
(1984)). Suksrikarm B (1987) similarly
reported that cinnamon oil and ginger oil

separately inhibit many other microbes
including  Lactobacillus  sp., Bacillus
thermoacidurans, Salmonnella p.,

Corynebacterium michiganense, Pseudomonas
striafaciens, Clostridium botulinum, Alternaria
sp., Aspergillus sp., Canninghamella sp.,
Fusarium sp., Mucor sp., and Penicillium sp .
Hortense et al., (2009) reported that, cinnamon
was the most effective extract as it significantly
inhibited the mycelia growth of A. niger, F.
sambucinum, P. sulcatum and R. stolonifer by
63 to 100%. Aqueous cinnamon bark extracts
had previously shown in vitro effects against a
host of microorganisms, including Aspergillus
candidus, A. niger and Fusarium culmorum
found that <500 ppm of cinnamon oil can
inhibit Aspergillus flavus, A. parasiticus, A.
ochraceus and Fusarium moniliforme on PDA
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and Nguefack et al., (2004)reported the effect
that cinnamon oil at concentrations of 1000
ppm completely inhibited the growth of A.
flavus. Various agueous and alcohol extracts or
essential oil distillates from cinnamon leaves
have aso shown antimicrobial activity against
R stolonifer (Bosquez-Molinaa, E., et a.,
2010) and Fusarium oxysporum, (Fawzi, E.M.,
et. a, 2009). This is due to their constituent of
some compounds like Cinnamaldehyde 0.5% -
5%, Eugenol >75%, Eugenol acetate 1% - 4%,
B-caryophylene 2%-5% (Pichersky et al.,
2006).

4. Conclusions

In  recent vyears, existing synthetic
fungicides such as prochloraz and imazalil have
become increasingly unpopular in post-harvest
management. Consumers perceive these
fungicides to be associated with risks, such as
carcinogenicity, allergies, toxicity and
environmental contaminations. For these
reasons organic products have become more
sought after in spite of the higher cost involved.
In addition, many commercialy important
post-harvest pathogens have geneticaly
adapted to synthetic fungicides, thereby
reducing the efficacy of such preventative
treatments. Many essential oils and their
constituents have antimicrobial activities,
rendering these natural products good
aternatives to synthetic fungicides. Essential
oils are considered as GRAS (generaly
regarded as safe) and would therefore be more
acceptable to consumers. The multi component
nature of essential oils makes it more difficult
for pathogens to build up resistance. The
application of essential oils as alternatives, or
in addition to synthetic fungicides, can
contribute to prolonging the useful life of these
synthetic agents in the post-harvest
environment. Since the C. gloeosporioides is
the virulent causative agent of anthracnose of
mango fruit, essential oils protect the growth of
anthracnose or its development on mango
fruits.
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Figure 1. (A) Colletotrichum gloeosporioides symptom on mango fruit; (B) Colony structure on
PDA; (C) Front side of Colletotrichum Gloeosporioides, (D) Back side of Colletotrichum
gloeosporioides on plate after purification; (E) Morphological characteristics under microscope of 40

X lenses

Figure 2. Symptom of Colletotrichum gloeosporioides observed on mango fruit after six day of
inoculating for Pathogencity test

Figure 3. Effect of different concentration of ginger and cinnamon essential oils treatment on growth
of C. gloeosporioides as compared to untreated control
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Table 1. Effect of different concentrations of cinnamon and ginger essential oilson radia growth (cm)
of Colletotrichum gloeosporioides

Sample Essential oils Radial growth(Cm) Inhibition percentage
concentration
1 C1l 0.95° 86.60
2 C2 0.77° 89.13
3 C3 0.71% 89.98
4 Gl 0.72° 89.84
5 G2 0.66™ 90.69
6 G3 0.61¢ 91.39
7 CT 7.09% 0.00
LSD 0.15
cVv 0.99

Values followed by the same letters within the column are not significantly different at (o = 0.05)
C1=0.15%; C2=0.30%; C3=0.45% G1=0.0025%; G2=0.050%; G3=0.075%; CT= Control
LSD=least significant different, CV= coefficient variation

The minimum inhibition concentration of
cinnamon and ginger essential oils for the
development of mango anthracnose was below
0.025% and 0.15% respectively. Thus, the
media mixed with essential oil at or above this
concentration has clear inhibition effect over
the control both in vitro.
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ABSTRACT

The fruit of Nephelium lappaceum L., rambutan is a tropical fruit native to
Southeast Asia. The rind of rambutan is normally discarded as food waste
or by-product of food industry contains significant antioxidant properties.
The aims of this study were to evaluate antioxidant potential of rambutan
rind based on different extraction parameters. The oven-dried rambutan
rind was extracted using different extraction parameters, such as solvent
concentration (0-100%), extraction time (1-5 h), and extraction
temperature (25-60°C). Based on the optimal levels of total phenolic
content and DPPH radical scavenging activity obtained, the best extraction
parameters (60% ethanol, 1 h extraction time, and 30°C extraction
temperature) were selected to further determine for total phenolic content,
and antioxidant activities in the rambutan rind. The rambutan rind extract
had high total phenolic content (11.06 mg GAE/g sample) and moderately
high level of DPPH scavenging activity with ECsq value of 49.12 pg/ml. It
also had high B-carotene bleaching inhibition activity (93%), and moderate
levels of lipid peroxidation inhibition activity using ferric thiocyanate
(24.47%) and thiobarbituric acid (32.99%) methods. Due to the high total
phenolics in rambutan rind extract and moderate to high levels of
antioxidant activities, the rambutan rind could be a potent source of
nutraceutical ingredient.

1. Introduction

Antioxidants are chemical compounds that
can prevent or inhibit oxidation process.
Antioxidants  are including phenolic,
carotenoid, xanthone, vitamin, and mineral.
Phenolic compound is one of the
phytochemicals with high antioxidant activity.
Phenolic acid, flavonoid, and anthocyanin are
the members of phenolic group. Phenolic
compounds are predominantly found in most
fruit species. In nature, a fruit is divided into
endocarp, mesocarp and exocarp. Pericarp of
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most fruit are edible, while some of the non-
edible exocarp (peel or rind) of the fruit is
considered as waste. High phenolic compounds
are commonly found in most fruits, especially
citrus fruits. However, high total phenolic
contents and antioxidant activities have been
determined in citrus peels (Ghasemi et al.,
2009). Among different parts of fruits studied
using FRAP assay, the peels of pomegranate
and hawthorn have relatively high antioxidant
activities (Guo et al., 2003). High phenolics
content was also determined in the rind of
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rambutan (Khonkarn et al., 2010). Native to
Southeast  Asia, rambutan  (Nephelium
lappaceum L.) belongs to the same family
(Sapindaceae) with lychee and longan.
Rambutan is one of the attractive tropical fruit
in Southeast Asia. The popular varieties of
rambutan in Thailand are Rongrien and
Seechompoo (Dembitsky et al., 2011).
Thailand as the largest producer and exporter of
canned rambutan utilized 2.48% of the total
rambutan production (519,000 tonnes) for food
industry in year 2005 (Chomchalow et al.,
2013). Annually, more than 200,000 tonnes of
rambutan rind are estimated to be discarded as
by-product of food industry. Rambutan pulp
contains gallic acid as one of the phenolic
compounds, but it possesses low antioxidant
activity (Gorinstein et al., 1999). Conversely,
the discarded rinds of rambutan fruit have high
phenolic antioxidants (Thitilertdecha et al.,
2008). Rambutan rind is also considered as a
potential source of natural antioxidants
(Palanisamy et al., 2008). Previous literature
reported that rambutan rind has high
antioxidant and antibacterial activities (Zhao et
al., 2011). Besides, Mokbe and Hashinaga
(2005) reported that water extract of banana
peel has antioxidant activity comparable to
synthetic antioxidants such as butylated
hydroxyanisole and butylated hydroxytoluene.
Therefore, it would be worthwhile investigating
the nature of phenolic compounds present in
fruit peel.

Electron-transfer and hydrogen atom
transfer reaction assays are the commonly used
methods in measuring antioxidant activity of
plant extracts (Huang et al., 2005). DPPH assay
is one of the typically antioxidant methods that
involved electron-transfer reaction, while -
carotene bleaching and lipid peroxidation
assays are involving hydrogen atom transfer
reaction. Although Folin-Ciocalteu reagent
method that commonly used to estimate total
phenolic content in plant extracts is involved
electron-transfer pathway, it is not a method for
measuring antioxidant activity. Due to high
total phenolics and antioxidant activity
discovered in other variety of rambutan rind,
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therefore, this study aimed to evaluate potential
antioxidant properties of rambutan rinds
obtained as waste of rambutan fruit
consumption in Malaysia.

2. Materials and methods

2.1. Chemicals and reagents

All the chemicals and reagents were
analytical grade. Gallic acid, linoleic acid,
Tween 40 (polyoxyethylenesorbitan
monopalmitate), sodium carbonate anhydrous,
chloroform and iron (111) chloride anhydrous
were purchased from Fisher Scientific (UK).
Folin-Ciocalteu reagent was from Merck
(Germany). DPPH (2,2-diphenyl-1-
picryhydrazyl), p-carotene, BHA (butylated
hydroxy anisole) and a-tocopherol were
purchased from Sigma-Aldrich (St. Louis,
MO). Water used was of Millipore quality.

2.2. Preparation and extraction of rambutan
rind

The rambutan fruit was purchased from a
local supplier in Kuala Lumpur. Voucher
specimens of Nephelium lappaceum (rambutan)
had been deposited in the Herbarium of the
National University of Malaysia. Only freshly
harvested red rambutan fruits in good condition
were obtained. The whole fruit was cleaned
under running tap water, and the rind was
separated from its pulp. The rambutan rind was
collected as food waste after consumption of
rambutan pulp. The rind was cut into small
pieces of approximately 1 cm? and dried in a
hot air oven (GmbH, Schwabach, Germany) at
45°C for 24 h. All the oven-dried rinds were
ground into fine powder using a grinder
(Sharp™, Malaysia) and stored at 20°C before
further analysis.

Extraction of rambutan rind was carried
out using a binary solvent extraction system as
described by Chew et al. (2012). Briefly, the
dried rambutan rind powder (5 g) was added
with 50 ml of extraction solvent. Three
extraction parameters (ethanol concentration,
extraction time, and extraction temperature)
were applied for extraction of antioxidants in
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the rambutan rind. Based on simple
optimization of extraction condition, single
factor design was applied to determine the best
extraction parameters for extraction of the
rambutan rind.

The rambutan rind was first extracted using
different percentages of ethanol (0-100%), and
the extraction was performed at room
temperature Tachakittirungrod et al., 2007) for
1 h. The selected percentage of ethanol was
used to extract the rambutan rind at room
temperature based on different extraction time
(2-5 h). The analysis was further performed to
determine the best extraction temperature (25-
60°C) by applying the selected percentage of
ethanol and extraction time. The best extraction
parameters were selected based on the optimal
levels of total phenolics and DPPH scavenging
activity obtained from the rambutan rind
extract. Extraction was performed in triplicate
for each extraction condition.

2.3. Folin-Ciocalteu reagent assay

Ethanolic extracts of rambutan rind were
determined for total phenolic content (TPC)
using Folin-Ciocalteu reagents (Singleton et al.,
1999) with slight modification. Before addition
with 7.5% sodium carbonate solution, Folin-
Ciocalteu reagent was diluted tenfold with
deionized water. TPC of the rambutan rind
extract was expressed as mg gallic acid
equivalent (GAE) per gram rambutan rind
based on gallic acid standard calibration curve
(0.2-100 pg/ml). The calibration equation was:

y = 0.0165x 0.0003 (R2=0.9972) (1)

2.4. DPPH radical scavenging activity

DPPH radical scavenging activity of the
extracts was determined as described by Xu
and Chang (2007) with some modifications.
For preparation of DPPH radical solution, 7.8 ¢
of DPPH powder was dissolved with 100 ml of
ethanol. Different concentrations of the extract
(5-30 pg/ml of sample) were prepared in
different test tubes, followed by addition of 1
ml of DPPH solution and vortexed for few
seconds. The reacting mixtures were keep in
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dark at room temperature for 30 min. BHA and
a-tocopherol (200 pg/ml) were used for
comparison, while the reagent mixture without
rambutan rind extract was negative control.
Applying the best extraction parameters, DPPH
scavenging activity of the rambutan rind (1000
pug/ml) was determined and compared with
BHA and a-tocopherol (200  pg/ml).
Absorbances of the samples and control were
measured at 517 nm. Radical scavenging
activity of the rambutan rind extract was
calculated using the equation as follows:
Absorbanceof sample

Scavenging activity (%) =[1— 1x100
Absorbanceof control

)
2.5. B-Carotene bleaching assay
Inhibition activity of rambutan rind extract
was measured using -carotene bleaching assay
(‘Yawadio et al., 2008) with slight modification.
Before addition of the extract, 2 mg of B-
carotene powder was dissolved in 2 ml of
chloroform and added with 0.04 ml of linoleic
acid and 0.4 ml of Tween 40 in a round bottom
flask. The chloroform was removed under
vacuum at 40°C for 10 min using a rotary
evaporator (BUCHI, Switzerland). The mixture
was added with 200 ml of deionized water, and
then 1 ml of the mixture was added with 0.1 ml
of the extract of different concentrations (10-
200 pg/ml of sample). The mixture was
incubated at 45°C and the absorbance (470 nm)
was taken every 15 min for 120 min. Applying
the best extraction parameters, DPPH
scavenging activity of the rambutan rind (1000
pg/ml) was determined and the antioxidant
standards (200 pg/ml) were wused for
comparison. The reagent mixture without the
extract was wused as negative control.
Degradation rate (DR) was calculated
according to first order Kkinetic using the
equation as follows:

In(z)xl

- 3
sample t )
where: a is the initial absorbance at time 0, b is

the absorbance at t = 20, 40, 60, 80, 100 or 120
min.
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The inhibition activity (IA) was expressed
as percentage of inhibition relative to the
control based on the equation as follows:

DR - DR
control sample
IA®%) = s (4)
DR

control

2.6. Lipid peroxidation assay

Inhibition of lipid peroxidation for the
rambutan rind extracts were performed based
on ferric thiocyanate and thiobarbituric acid
assays.

2.6.1. Ferric thiocyanate (FTC)-based assay

FTC-based assay was performed based on
a procedure described by Kikuzaki and
Nakatani (1993) with slight modification. The
rambutan rind extract (4 mg of sample) was
first diluted with 4 ml of absolute ethanol, and
added with 4.1 ml of 2.5% linoleic acid in
absolute ethanol, 8.0 ml of 0.05 M phosphate
buffer (pH 7.0), and 3.9 ml of deionized water.
BHA and a-tocopherol (200 pg/ml) were used
for comparison, while the reagent mixture
without rambutan rind extract was used as
negative control. The reacting mixture was
incubated at 40°C for 24 h before addition of
ammonium thiocyanate. After 24 h of reaction,
0.1 ml of the mixture was added with 9.7 ml of
75% ethanol and 0.1 ml of 30% ammonium
thiocyanate. The mixture was further added
with 0.1 ml of 0.02 M ferrous chloride in 3.5%
HCI after 3 min of incubation at room
temperature. Absorbance of the red color
solution was measured at 500 nm.

2.6.2. Thiobarbituric acid (TBA)-based assay
TBA-based assay performed based on the
method described by Ottolenghi (1959) with
slight modification. The rambutan rind extract
(1 ml, 1 mg/ml) was added with 2 ml of 0.67%
thiobarbituric acid and 2 ml of 20%
trichloroacetic acid. BHA and a-tocopherol
(200 pg/ml) were used for comparison, while
the reagent mixture without rambutan rind
extract was used as negative control. The
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mixture was placed in a boiling water bath
(90°C) for 10 min. After cooling, the mixture
was centrifuged at 3000 rpm for 20 min and
absorbance of the supernatant was read at 552
nm.

Absorbance of sample

IA(%) = [1- Ixw00 (5)

Absorbance of control

2.7. Statistical analysis

Data were expressed as means + standard
deviations and analyzed using SPSS version 19.
One-way analysis of variance (ANOVA) and
Tukey’s multiple comparisons were used to
determine the significant differences among the
means, with significant level of p<0.05.

3. Results and discussions

3.1. TPC and scavenging activity based on
different extract parameters

Evaluation of antioxidant potential in
rambutan rind was first determined based on
different extraction parameters. Extracted using
different ethanol concentrations, extraction
times, and extraction temperatures, TPCs of the
rambutan rind extracts are presented in Figures
1-3. Assessed using DPPH assay, ECso values
of the rambutan rind extracted based on the
extraction parameters are shown in Figures 4-6.
As shown in Figure 1, TPC of the extract
increased steadily until it reached a maximum
recovery of TPC using 0% to 60% ethanol.
Using higher ethanol concentration, no
significant increment was found for the
recovery of TPC. As the extraction time
increase from 1 h to 3 h (Figure 2), the
recovery of TPC significantly decreased but
steadily increased at 4-5 h of extractions. For
different extraction temperature applied (Figure
3), when extraction temperature increased to
higher than 30°C, the recoveries of TPC did not
show any improvement. As the recoveries of
TPC were not significantly differed among 30,
50, and 60°C of heat treatment, DPPH
scavenging activity was essential for choosing
the best extraction temperature for further
analysis.
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Figure 1. Effect of ethanol concentration on total phenolic compound (TPC) in rambutan rind.
Values are presented as mean + standard deviation of triplicate measurements.
Different lower case letters (a-c) indicate significant differences at p<0.05.
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Figure 2. Effect of extraction time on total phenolic content (TPC) in rambutan rind. Values are
presented as mean + standard deviation of triplicate measurements. Different lower case letters (a-€)
indicate significant differences at p<0.05.
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Figure 3. Effect of extraction temperature on total phenolic content (TPC) in rambutan rind.
Values are presented as mean =+ standard deviation of triplicate measurements.
Different lower case letters (a-b) indicate significant differences at p<0.05.
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Figure 4. Effect of ethanol concentration on DPPH scavenging activity (ECso) of rambutan rind.
Values are presented as mean =+ standard deviation of triplicate measurements.
Different lower case letters (a-d) indicate significant differences at p<0.05.
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Figure 5. Effect of extraction time on DPPH scavenging activity (ECso) of rambutan rind.
Values are presented as mean + standard deviation of triplicate measurements.
Different lower case letters (a-d) indicate significant differences at p<0.05.
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Different lower case letters (a-d) indicate significant differences at p<0.05.
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Table 1. Total phenolic content and antioxidant activities of rambutan rind

DPPH Lipid peroxidation (%) B-Carotene TPC
(%) FTC TBA Bleaching | (mg GAE/g)
(%)
Rambutan 49.12+2.84° | 24.47+8.51% | 32.99+3.86° | 93.12+6.85% | 11.06+1.71
BHA 30.14+0.42% | 22.99+9.07* | 20.00+6.50* | 90.11+3.11° -
a-Tocopherol | 55.24+0.68° | 20.88+11.80% | 18.38+12.62% - -

*Different lower case letters (a-c) indicate significant differences at p<0.05

In this study, lower ECso value obtained
from DPPH assay indicated higher antioxidant
activity. As shown in Figure 4, ECso values of
the rambutan rind extract had a decreasing
trend when the ethanol concentration increased.
However, no significant differences were found
for the ethanol concentrations of 60, 80, and
100%. ECso values of the extracts were the
lowest if applying extraction times of 1 and 2 h
(Figure 5). However, no significant difference
was found for the ECso values between 1 and 2
h. Similarly, extraction temperature of 30 and
40°C had the lowest ECso values where the
values were not significantly different (Figure
6).

Based on the results obtained, we can
concluded that 60% ethanol, 1 h extraction
time, and 30°C extraction temperature were
considered as the best extraction parameters for
optimal recovery of antioxidants in rambutan
rind extract. Aqueous ethanol is commonly
used for extraction of phenolic compounds that
ranged from polar to semi-polar (Alothman et
al., 2009). Turkmen et al. (2006) supported the
fact that higher total phenolics were recovered
from black tea extracted with lower percentage
of ethanol compared to 80% and 100% ethanol.
One hour extraction time is considered the best
as Meyer et al. (1997) also supported that 1 h
extraction of grape samples showed
significantly  higher antioxidant activity.
Conversely, longer extraction time has caused
oxidative degradation of phenolic compounds
(Wu and Zhou, 2001). Although the 30°C
extraction temperature showed higher standard
deviation for the recovery of TPC from
rambutan rind, extraction of plant sample at
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higher temperature has been found to increase
polyphenoloxidase activity (Dincer, 2002).
Besides, extraction temperature of higher than
30°C resulted in reduction of extraction yield
(Cacace and Mazza, 2003). Moreover, at higher
extraction  temperature, the ability of
antioxidants to react with free radicals also
decreased (Reblova, 2012).

3.2. TPC and antioxidant activities based on
the best extraction condition

After the first phase of simple optimization
of extraction condition, the rambutan rind
powder was further extracted using 60%
ethanol, 1 h extraction time, and 30°C of
extraction temperature. The TPC and
antioxidant activity of rambutan rind extract (1
mg/ml of extract) was compared with
antioxidant standards (BHA and a-tocopherol)
(200 pg/ml).

The results showed that the rambutan rind
extract had high TPC (11.06 mg GAE/g
sample). Antioxidant activity of the rambutan
rind extract determined based on DPPH assay
was comparable to the antioxidant standards
(Table 1). The rambutan rind extract had
significantly higher DPPH scavenging activity
(49.12%) compared to BHA (30.14%), but
significantly lower than a-tocopherol (55.24%).
The results also showed that inhibition activity
(B-carotene bleaching assay) of the rambutan
rind extract was comparable to BHA. Both of
the extract and BHA has more than 90% of -
carotene bleaching inhibition activity. The lipid
peroxidation inhibition activity of rambutan
rind extract was also comparable with the
antioxidant standards tested. As shown in Table
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1, no significant differences were found for the
FTC-based inhibition  activity  between
rambutan rind extract BHA. Besides, the
extract had significantly higher TBA-based
inhibition activity compared to BHA. Okonogi
et al. (2007) also reported that rambutan rind
extract has higher antioxidant activity
compared to mangosteen rind.

The FTC method indicates the amount of
peroxide in the initial stages of lipid
peroxidation, while the thiobarbituric acid
method shows the amount of peroxide in the
secondary stage of lipid peroxidation (Rahmat,
et al., 2003). Thitilertdecha et al. (2008)
reported that the antioxidant activity of
rambutan peel extract was higher than its seed
extract. Rezaeizadeh et al. (2011) also
suggested the decrease in radical scavenging
ability may be related to the increase in
phenolic compound, where a linear correlation
between total phenolic content and DPPH
scavenging activity was found. Overestimation
of TPC might be attributed by ascorbic acid
that reacted with Folin-Ciocalteu reagent. The
use of antioxidant assays that involved different
reaction pathways has resulted variation in the
antioxidant potential of rambutan rind extract.
Different extraction conditions used for
extracting potential antioxidants in the
rambutan rind might also affect the antioxidant
activity.

4. Conclusions

This study evaluated the TPC and
antioxidant activity of rambutan rind that
extracted based on the best extraction
parameters. The extraction parameters of 60%
ethanol, 1 h extraction time, and 30°C
extraction temperature were selected due to the
optimal TPC and low ECso value of DPPH
assay obtained for the rambutan rind extract.
The rind of rambutan is a potential source of
antioxidants due to the presence of phenolic
compounds with TPC of 11.06 mg GAE per g
rambutan rind. The antioxidant activities of
rambutan rind extract were also comparable
with the antioxidant standards. The rind of
rambutan contained high total phenolics with
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high antioxidant activity allows it to be used as
medicinal  ingredient and  source  of
nutraceutical. The rambutan rind extract, either
alone or in combination with other bioactives,
which also can be used in cosmetic and
pharmaceutical applications.
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ABSTRACT

Starch is a common constituent of higher plants and it is the major form in
which carbohydrates are stored. Starch has many applications in the food
and non-food industries. Starch is constituted by two biopolymers: amylose
and amylopectin. Each starch is unique. Starches also differ from each
other. Several hydrocolloids has been used in the food industries as
additives to improve stability and texture, for better water mobility and
moisture control, to facilitate processing ant to improve the overall product
quality and/or stability. Native starches do not have ideal properties for the
preparation of food products and so “starch-hydrocolloids” combinations
have been used in processed foods. In this investigation, commercia grade
of potato starch and pectin (2.5%) were analysed by TG/DTG, DSC, RVA,
XRD and SEM techniques. Although lower alterations in pasting
properties (RVA) were observed and the gelatinisation enthalpy (AHge)

was mainly affected with higher water ratios.

1. Introduction

Starch is the most important storage reserve
carbohydrate in plants and it is a raw material
from different botanical origins. Starches have
found different applications and they are used
by the food, paper, chemical, pharmaceutical,
textile industries, etc., since ancient times.
Starch is one of the most common natural
polysaccharide. It is composed of two types of
molecules: amylose (AM) and amylopectin
(AP). The first is predominantly a linear
polymer with a-1—4 linked glucose molecules,
whereas the second is a highly branched
polysaccharide consisting of o-1—4 linked
glucose molecules and a-1—6 linkages at the
branch point (Leivas et al., 2013; Beninca et
a., 2008; Lacerda et al., 2008). Unprocessed
or native starches are restricted for application
in  today’s advanced technologies. So
processing is necessary to engender a range of
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functionality in agreement with industrial needs
(Beninca et a., 2013). The hydrocolloids or
“gums®, are non-starchy polysaccharides with
different structures, such as differences in
branching, flexibility, molecular weight ranges,
ionic charge, al of which influence their
behaviour and the rheological properties of
their solutions. Pectin is a complex and non-
nutritive polysaccharide extracted from citrus,
apples and other fruits. It consists mainly of
partial methyl-esters of polygaacturonic acid
and their Na, K, Ca sdts (Be Miller, 2011;
Ridley, et al., 2001; Xiaohong and Be Miller,
2002). Severa gums are widely used in food
industries as additives to improve some
properties as stability and texture of foods, for
better water mobility and moisture control, to
reduce costs, to facilitate processing and to
improve the overal product quality and/or
stability. They are largely used in the food
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processing industry combined with different
starches to modify their main rheologica and
pasting properties and severa studies had been
described in the literature (Ridley et al., 2001;
Xiaohong and Be Miller, Alberton et al., 2014;
Babic et a., 2006).

In this investigation, the untreated potato
starch (commercia grade) was used in mixture
with pectin gum (commercia grade) solution at
2.5%, with continuous stirring by 60 minutes.
After, the slurry was centrifuged and the solid
was dried a 45°C by 12 hours and then
analysed.

2. Materials and methods

The untreated potato starch was from
commercial grade. It was used in this
investigation with the aim of verify the activity
action of pectin gum (2.5%) when it was added
to potato starch.

The thermogravimetric and derivative
thermogravimetric curves (TG/DTG) were
obtained using the therma analysis system
TGA-50 (Shimadzu, Japan), where the samples
were heated from 25°C to 650°C using open
alumina crucibles with mass around 7.0mg of
each sample under a synthetic air flow of
150mL min* at a heating rate of 10°C min ™.
The instrument was preliminarily calibrated
with weight standard and with standard calcium
oxalate monohydrate. All percentages of mass
loss were determined using TA-60 WS data
anaysis software. The derivative
thermogravimetric curves (DTG) are the first
derivatives of TG curves; they were calculated
and used in the determination of the points of
the main mass loss. The DSC curves were
obtained using athermal anaysis system model
DSC-Q200 (TA-Instruments, USA). The DSC
curves were recorded with the aim of studying
the gelatinisation process in the following
conditions: an air flow of 50mL min™, heating
rate of 10°C min™ and samples weighing about
3.5 mg. Mixtures in the 1:4, 1.5, 1:6 and 1:8
ratio (starch:water w/w) were prepared and
maintained for 60 minutes in order to
equilibrate the moisture content. Aluminum
crucibles were sealed with lid and carried out in
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order to study the gelatinisation process. The
instrument was previously calibrated using
standard of Indium with 99.99% purity, m.p. =
156.6 °C, AH = 28.56 Jg™.

The pasting properties of the samples were
determined using the viscometer model RVA-4
(Newport Sci., Australia). A suspension of 3g
(8% moisture) of starch in 25g of accurately
distilled water underwent a controlled heating
and cooling cycle under constant shear, where
it was held at 50°C for two min, heated from 50
to 95°C at 6°C min™, and held at 95°C for 5
min, cooled to 50°C at 6°C min™ and held at
50°C for 2 min. At the beginning of the heating
the swelling of the starch granules occurs,
which causes an increase in the viscosity
suspension (time and temperature pasting)
when the polymers with low molecular weight
(amylose molecules) begin to be leached from
the granules. The viscosity peak was observed
when the granules were completely swollen
and while maintaining the pasting temperature
at 95°C under constant agitation. The granules
began to break down and solubilisation of the
polymers provided a reduction of viscosity
(break). Analysis followed, with a cooling
cycle that caused the reorganisation of some
amylose and amylopectin polymers increasing
the opacity and viscosity of the paste in a
process caled setback (Beninca et a., 2013;
Aggarwa and Dollimore, 1998), which occurs
due to the strong tendency to form hydrogen
bonds between adjacent molecules.

The micro-images of each sample were
observed with high resolution using a Scanning
Electron Microscope (SEM), model VEGA 3
(Tescan, Czech Rep.). The technique alowed
us to observe the surface of the studied starches
and it was possible to calculate the average
diameter (d;) of the granules (Alberton et d.,
2014; Andrade et a., 2014).

X-ray diffraction powder patterns (XRD)
were obtained by using an X-ray
diffractometer, mode Ultima 4 (Rigaku,
Japan), employing CuK ¢ radiation (4 = 1.541
A) and settings of 40 kV and 20 mA. The
scattered radiation was detected in the angular
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range of 5-50° (26), with a scanning speed of 8°
min™ and a step of 0.06°. The degree of relative
cristallinity was quantitatively estimated using
Equation 1 and following the method described
in the literature (Beninca et a., 2013; Andrade
et a., 2014; Oliveiraet a., 2014).

Ap
Xc =—— .100
If_.i}’} T A&j (1)
where: Xcistherelative crystallinity; Ap isthe
peak area and Ab isthe basis area.

All the analysis was made in triplicate.
Analysis of variance (ANOVA) and Tukey’s
test were used to compare sample means with
95% confidence level (p<0.05) using SASM-
Agri 8.2 Software.

3. Resultsand discussions

In Figures 1(a) and 1(b) are depicted the
TG/DTG curves of the untreated potato starch
and the potato starch treated with pectin
solution at 2.5%, respectively. The initial mass
of each sample was around 7.0 mg. As the
behaviour of other starches in previous work
(Leivas, et a., 2013; Beninca et a., 2008;
Lacerda et a., 2008; Beninca et a., 2013;
Xiaohong and Be Miller, 2002), the thermal
decomposition occurs in tree main stages: the
first due to dehydration, followed of stability,
and a second and third in consecutive reactions
that were attributed to decomposition and
oxidation of the organic matter (amylose and
amylopectin). As described in literature,
previous researchers (Lacerda et al., 2008;
Aggarwa et al., 1998) have observed that
thermal treatment of starches normally leads to
its depolymerisation, when the applied
temperature exceeds 300°C under oxidative
atmospheres. The starch undergoes a series of
irreversible alterations; the structural alteration
initially takes polymer in the formation of
pyrodextrins and at higher temperatures, the
degradation of macromolecules leads to the
formation of levoglucosan, furfural and volatile
products of lower molecular mass, and finally,
carbon products remain. Two main losses were
observed, and the results showed similar
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profiles to other starches from different
botanical sources (Andrade et a., 2014). In this

work, were found the vaues of the
depolymerisation a 231 and 219°C,
respectively, due to the experimental

conditions. oxidant air atmosphere (150 ml
min™) and heating rate of 10°C min™, in the
TG/DTG instrument. Differential scanning
calorimetry (DSC) is a technique in which the
change of the difference in the heat flow rate to
the sample and to the reference sample is
anaysed while they are submitted to
temperature ateration. In the study of
gelatinisation process, upon 2.0 mg each starch
sample was added 8, 10, 12 or 16 uL of
distilled water, respectively. In Figure 2 are
depicted the DSC curves. The obtained values
of gelatinisation enthalpy (AHga) as well as the
onset, peak and conclusion temperature (To, T,
T.) are collected in Table 2. As it can be
observed, the ratio starch:water causes an
increase in the gelatinisation enthalpy and
when compared the action of pectin gum on
starch, the addition causes a decrease in the
gelatinisation enthalpy. Little effect on T, and
T, was found in this investigation. The same
behaviour was observed by Tester et a. (2003)
in studies with corn, waxy maize and wheat
starch treated with pectin at 2%. The pasting
properties of the studied samples were obtained
with the viscometer RVA-4 (Newport Sci.,
Australia) and these properties are shown in
Figure 3. It was observed a viscosity decrease
in the pasting temperature and in the viscosity
peak, when to the starch sample was added
pectin gum. The pasting temperature followed
the same behaviour of the “onset” temperature
(T,) observed in the DSC curves as verified by
other authors (Beninca et a., 2008; Beninca et
al., 2013; Lacerda et al., 2008). The RVA
results are collected in Table 3. The X-ray
diffractograms demonstrated that the untreated
and modified starch with pectin showed lower
changes in relative cristallinity, as can be seen
in Figure 4 and the obtained results in Table 3.
As expected, this behaviour is due to
interaction of amylose and amylopectin with
the pectin gum.
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Figure 1. TG/DTG curves of (a) untreated potato starch and (b) potato starch treated with pectin 2.5%.
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Figure 2. DSC curves of untreated potato starches with different proportions of starch:water (al) 1:4,
(@2) 1.5, (a3) 1.6, (a4) 1.8, and potato starch with pectin 2.5% with different proportions of
starch:water (b1) 1:4, (b2) 1.5, (b3) 1.6, (b4) 1:8.
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Figure 3. RVA results of: (a) untreated potato starch and (b) potato starch treated with pectin 2.5%.

Figure 4. XRD diffractograms of: (a) untreated potato starch and (b) potato starch treated with pectin 2.5%.
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Figure 5. SEM microimages of: (a) untreated potato starch; (b) potato starch treated with pectin gum
2.5%. Magnification 750 X.
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2.5%.
TG Results DTG Results
Sample gens | ami% AT/°C Tp/°C
1% 16.92 30-170 67.00
(@ Stability - 170-231 -
2nd 58.81 231-368 287.60
3 23.81 368-574 486.30
1% 8.59 30-182 79.49
(b) Stability - 182-219 -
2nd 57.65 219-373 274.89
3 32.97 373-586 499.92

©)Am massloss, (%), AT temperature range, T, peak temperature.

Tablel. TG and DTG results of: (a) untreated potato starch; (b) potato starch treated with pectin at

Table 2. DSC results of untreated potato starches with different proportions of starch:water (al) 1:4,
(a2) 1.5, (a3) 1.6, (a4) 1:8; and potato starch with pectin 2.5% with different proportions of
starch:water (b1) 1.4, (b2) 1.5, (b3) 1.6, (b4) 1.8.

Samples Tol°C Tp/°C Tc/°C AHgld.g*
(al) 60.27+0.02° |65.46+0.03% 73.95+0.08% | 14.02+0.11¢
(a2) 58.53+0.05% |65.85+0.02° 73.82+0.13% | 16.06+0.11°
(a3) 60.37+0.02° |66.64+0.03°| 73.46+0.05° | 12.89+0.05°
(ad) 61.16+0.03% |66.97+0.03% 74.03+0.06% | 14.16+0.23¢
(b1) 58.39+0.04° |63.97+0.03%) 71.48+0.12° | 10.17+0.33"
(b2) 58.00+0.25% |63.90+0.01"| 70.84+0.03" | 10.34+0.13"
(b3) 57.95+0.019 |63.21:+0.02% 70.93+0.06° | 20.64:+0.37"
(b4) 58.16+0.03' |63.93+0.02%| 65.70+0.03° | 22.81+0.11?

(*) T, “onset” initial temperature, Tp peak temperature, T, “endset” conclusion temperature, AHgy gelatinisation enthalpy.
Averages followed by the same letters in the same column do not differ statistically by Tukey’s test (p<0.05).

Table 3. RVA and XRD results of: (a) untreated potato starch; (b) potato starch treated with pectin

2.5%
RVA XRD
Pasting . . . Degree of relative
Samples | temperature/ Viscosity .Peak Setback/cP Break/cP . F|r_1al crigtallinity
oC peak/cP time/sec viscosity/cP
(@ 64.88+0.81% | 9100.10+0.14% | 283.90+0.14° | 735.00+4.24° | 6799.00+4.24% | 3036.08+0.11% 28.98+0.009°
(b) 63.55+0.71% | 8050.05+0.07° | 311.85+0.21% | 798.75+0.35% | 6121.10+0.14" | 2728.03+0.04 25.81+0.005%

cP “centipoises”, sec “seconds”. Averages followed by the same lettersin the same column do not differ statistically by

Tukey’s test (p<0.05). The degree of crystallinity was calculated as a percentage, peaks are determined in 20 average

roughness.
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The main diffraction peaks occurred at 26
(@ 11.1, 14.9, 17.0, 17.8, 19.7, 22.1, 23.9 and
26.2°; (b) 9.9, 11.4, 14.9, 16.9, 17.8 and 22.9°.
The calculated degrees of relative cristallinity
using the Equation 1 were: (a) 28.98% and (b)
25.81%, respectively.

The SEM microimages of the untreated and
modified starch granules show the typical
characteristics of potato starch with oval shape
and no alterations were observed. Potato starch
had granules between 5 and 110um. The
average diameter was calculated and were: (a)
37.32 and (b) 34.92 um, respectively.

4. Conclusions

TG/DTG curves of the studied potato
starches showed similar behaviour to other
starches with mass loss in three main stages:
dehydration followed of stability and
decomposition and oxidation or amylose and
amylopectin. The DSC technique let to obtain
the values and temperatures of gelatinisation
enthalpy that were higher with addition of
pectin and water. The rheological profiles of
the modified starch with pectin had lower
values of viscosity peak, retrogradation and
pasting temperature. The relative crystalinity
and the starch granules morphology were not
altered.
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ABSTRACT

The purpose of this research was to obtain a new formulation of jam
apricot. The new method is the use of date syrup as replacement of sucrose.
Common dates (Mech-Degla and Degla-Beida), containing a high sugar
amount (66.21-69.32%) were used. Our study has highlighted the
possibility of transforming dates in syrup, in order to use it as a substitute
of sucrose. Syrups prepared from the two dates had a good nutritional
value, they were characterized by high sugar content (66.24-66.28%), a
total acidity (0.25-0.40%), ash values varied from (1.20-1.77%) and pectin
(1.31-1.43%). Jam was prepared by mixing date syrups and apricot puree
(1/1: wiw), it was heated under vacuum at 70°C to a final Brix of 62%.
Gelling jams occur without added pectin and organic acids, which classify
this product in natural food class without additives. Significant differences
between the two jams studied (p<0.05) were noted for the water content,
pH, total acidity, sugars, protein, ash, potassium, magnesium, calcium and
copper. The organoleptic tests showed that this new formulation: apricot
jam produced with Mech-Degla syrup, had a higher global acceptability
(7.19) compared to apricot jam standard (6.91). Taken together, all results
indicate the possibility of using date syrups as promising substituting
sucrose in the formulation of jams and open broad prospects in food
industries.

1. Introduction

The palm date (Phoenix dactylifera L.) is
an important tree in the desert regions of North
Africa and the Middle East countries. It plays
an important role in the ecological and socio-
economic plan. The fruits are an excellent food
of great nutritional value and energy where
sugars are the maor constituents; they
represent about 70 to 80% (Amiraet a., 2011).
In addition, dates contain other nutrients such
as protein (2.3-5.6%), lipids (0.2-0.5%), ash (1-
1.9%), fibers (6.4-11.5%), vitamins (vitamin C,
B1, B2, ribovlavine A and niacin), organic
acids and polyphenols (Booij et al., 1992; Al-
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Shahib and Al-Marshal, 2003; Barreveled,
1993; Al-Fars et d., 2005; Vaydil et a.,
2012). Furthermore, dates show therapeutic
effects; they facilitate intestinal transit through
their high dietary fiber and have an interesting
antioxidant  activity due to phenolic
compounds, vitamins (C and E), carotenoids
and selenium.

Algeriais the 6th largest producer of dates,
with a rich genetic heritage attending 940
cultivars (Hannachi et al., 1998) and an annua
production of about 552765 tons of dates
(FAO, 2009), approximately 48.21% of the
production consists of the famous variety:
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Deglet-Nour (MARD, 2010), the rest is
common dates (second grade), which are less
appreciated by consumers and are not valued,
they are generadly devoted for anima feed.
Recently, there has been an increase in the
production of Deglet-Nour, to supply agrowing
demand for this cultivar in spite of the common
varieties (Mech-Degla, Degla-Beida and
Tantboucht). This has led to a weakening of
biodiversity of pam cultivation systems. To
face this threat, it is important to implement a
processing industry for less commercial quality
dates by relatively simple technological
processes which will help to find serious
opportunities for the date pam farmers to fully
meet the requirements of socio-economic desert
and reinvigorate these regions.

Severa studies have shown the possibility
of converting dates in various food and non-
food products of high value and easly
marketable as syrup, juice, vinegar, jams and
alcohol (Espiard 2002; Al-Farsi et al., 2007;
Benamara et a., 2008; Chelkh Rouhou et a.,
2006). The date syrup is a high nutritional
value food product, it can be consumed directly
or used as ingredients in some food products
formulations such as ice cream, beverage,
confectionery and bakery (Barreveld, 1993;
Razavi et al., 2007; Roukas and Kotzekidou,
1997).

This study ams to transform the
common dates (Mech-Degla and Degla-Beida),
available in large quantities and with
interesting prices, into syrup, itself used as
sucrose substitute in the formulation of apricot
jam (mixture of apricot puree and date syrup).
The physicochemical characteristics of the two
produced jams are determined, and a sensory
evauation is carried out to judge the
organoleptic quality with respect to a
commercial apricot jam, and show the
influence of the sum of syrups of dates on the
acceptability degree of consumers of produced
jams.

No study until now, to our knowledge, was
devoted to the incorporation of syrups dates as
replacing sucrose in the formulation of jams (a
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mixture of dates syrups and fruit), that makes
the originality of our work.

2. Materials and methods

2.1. Vegetal material

The dates chosen for this study were dried
dates of Mech-Degla and Degla-Beida
varieties. They came from Algerian South-East
region. They are harvested at full maturity and
stored at 4 °C until analysis.

The variety of apricot retained in our study
iswidespread (variety of Ouardi), it is spherical
in shape, more or less flattened on both poles
and has a beautiful yellow and red color, very
good taste, Their flesh is firm, juicy and
flavorful. This variety comes from Aures
region (Bouzina, Wilaya of Batna, Algeria).

2.2. Date syrup preparation

First, dates were sorted, cleaned and pitted.
Obtained flesh was crushed and mixed with
distilled water at a ratio of 1/3 water (W/V).
The mixture was brought to a water bath at 72
°C for 30 min with periodic agitation. Obtained
dates Extract was then filtered through a 50
microns cloth. Later, the filtered extract was
concentrated under vacuum at 70 °C until the
formation of 70 °Brix syrup.

2.3. Apricot preparation

Apricots (Prunus armeniaca L.) were
cleaned and peeled, then exposed to steam for 5
minutes to inactivate enzymes that catalyze the
browning or oxidation during grinding fruit and
storage.

2.4. Formulation of the apricot jam with
syrups dates

Apricot jam has been made by using date
syrup instead of sucrose, the composition was
as follows: 50% of date syrup and 50% apricot
puree (weight/weight). No Additives were
used. Jam baking is carried out a 70 °C under
vacuum to 62 Brix. It was then pasteurized at
90 °C.
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2. 5. Analytical methods

The moisture content was determined by
drying an aicot in a vacuum oven at 70 & 2°C,
to constant weights. The pH was measured by a
pH meter, type HANNA HI 2210, at 20 °C.
The titrable acidity (expressed as g of citric
acid per 100g of sample) is determined by the
titration with NaOH 0.1N using phenolphtalein
as an indicator according to AFNOR officia
standards (1984). Total sugars were determined
by the phenolic sulfuric acid method (Dubois et
al., 1956). Sugars were extracted (3g with 70
mL of distilled water) for 30 min at 70 °C
(stirring frequently). After clarification of the
aqueous extract, the total carbohydrate present
was measured by colorimetry at 490 nm, using
spectrophotometer type Shimadzu. A soluble
solid was determined using an Abbe
Refractometer, at 20 °C. The protein content
was determined by Kjeldahl method (AFNOR),
using a conversion factor of 6.25. The ash is
determined by combustion of the sample in a
muffle furnace (Heraeus), at 525 °C for 12
hours (AOAC, 1995). Minerals (Cacium,
magnesium, potassium, sodium and copper)
were measured by aomic absorption
spectrometry on a Perkin EImer 100 Analyst
device, after nitro acid digestion (HNO3:1M)
and appropriate dilution. Pectins were
determined by aluminum chloride
complexation according to the method
described by Joslyn and Luca (1956).

The syrups purity percentage was
determined as follows: Purity = (Total sugar /
Rate SS) x 100 (Mathlouthi et Reizer, 1995).

Polyphenols extraction and measur ement

An amount of 1g of jam, was macerated in
40 mL of methanol with continuous agitation
for 24 hours. The mixture was filtered then the
filtrate was evaporated using a rotary
evaporator  Type: Heidolph. The  total
polyphenols were determined colorimetrically
according to the method described by Meda et
al. (2006): 500 uL of methanolic dates extract
was added to 2.5 mL of Folin-Ciocalteu reagent
(0.2N). The mixture was agitated for 5 minutes,
and then neutralized with 2 mL of N&COs
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(7.5%). absorbance at 760 nm is performed
after incubation for 2 hours a room
temperature in darkness. The phenolic content
is expressed as mg equivalent of galic acid
(EGA) per 100g of fresh weight.

Reducing power

The reducing power was measured
according to method described by Allane and
Benamara (2010). A sample (1 mL) of each
prepared jam as mixed with 25 mL of
phosphate buffer (0.2 M, pH 6.60) and 2.50 mL
of an agueous solution of hexacyanoferrate
potassium Ks[Fe(CN)g] a 1%. After 30
minutes of incubation at 50°C, 2.5 mL of
trichloroacetic acid solution 10% was added
and the mixture was then centrifuged at 10000
rev/min for 10 minutes (centrifuge SIGMA 2-
16 PK). 25 ml of the supernatant was
combined with 2.5 mL of distilled water and
0.5 mL of 0.1% FeCl; aqueous solution, the
absorbance measured at 700 nm (UV/VIS). A
higher absorbance indicates a high antioxidant
activity. The results were expressed as mg
equivalent of ascorbic acid per 100g of fresh
date.

2.6. Sensory analysis

We conducted thistest in order to assess the
acceptability of apricot jams made using date
syrup and the commercial apricot jam. Samples
are coded and presented to degustation panel.
Jams were evaluated for appearance, texture,
color and taste, using a hedonic scale of 9
points. The scale interval fluctuates from ‘not
pleasant’ to ‘very pleasant’ (Le Magnen, 1998).
Evaluation was made by a group of trained and
untrained panel (students of department of food
technology, University of Batna) aged between
20to 35 yearsold.

2.7. Statistical Analysis

Parameter values are expressed as mean +
standard deviation. Statistical analysis was
performed using SPSS version 20 software.
The Duncan's test is used to evaluate the
significance of differences between mean
valuesat pJ 0.05.
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3. Results and discussions

3.1. Physicochemical fruits composition

Table 1 shows the physicochemical
composition of date varieties. Dates are
characterized by their high sugar content;
ranging between 69.32 and 66.21% of the fresh
weight. These results exceed limit indicated by
Ben Ismail et a. (2012), who reported values
between 44 and 62.70 % for Tunisian varieties,
showing that they are of high energy value.

The content of reducing sugars recorded for
the date of Mech-Degla is 14.29 %, it is lower
than the date of Degla-Beida, which is 46.27%
of fresh weight, with a significant difference.
According to Al-Fars and Lee (2008), 100g
date pulp can provide 213-314 Kcal. The
titrable acidity of the two studied dates varieties
were respectively 0.36 and 0.54% for Mech-
Degla and Degla-Beida. These results are much
higher than those cited by Khalil et a. (2002),
giving a vaue of 0.18 and 0.22 % (citric acid
equivalent), respectively, for the Siwi and
Amhat Egyptian varieties. The ash rate was
between 2.13 and 2.47% of the dry weight,
similar to those reported by Sawaya et al.
(1983), with respectively 2, 2.2 and 2.6 for
Sifri, Barni and Ruzeiz Saudian varieties.
Duncan test reveded that the two date variety
were significantly different in total acidity and
ash content. The difference in the biochemical
composition recorded between date varieties
depends on severa factors such as: variety, soil
type, fertilization, irrigation and climate
conditions (Yousif et a., 1982; Booij et a.,
1992, Ismail et d., 2006; Amiraet a., 2011).

Table 2 gives the physicochemical
composition of used apricot. The registered dry
matter of the used apricot variety was 15.78 %.
This value is comparable to those found by
Madrau et al. (2009), which gave vaues of
15.71 and 16.09% respectively for the two
varieties grown in Pelese Cafona and Italy. The
soluble solids (°Brix), was about 15.58%, this
result is consistent with those given by Ali et
al. (2011), who reported a range of 12.67 to 20
°Brix for some Pakistanian varieties.
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The pH was 03.63, which is consistent with
those reported in the literature (Lo Voi, 1995).
The ratio TSS/acidity was equal to 6.46, it is
within the limits given by Hegedus et al.
(2010). Sugars occurred with a rate of 10.24%
of the fresh weight; this value is higher than
that quoted by Ragab (1987), which gives
7.15%. The rate of ash was 4.32% of the dry
weight; it is comparable to Haciseferogullari et
a. (2007) data, placed within the limits of 2.72-
5.34%. The pectin content of our apricot
variety is 1.86%. This amount is higher than
results reported by Baker (1997), which was
0.71-1.32%. Indeed, the apricot isafruit rich in
pectin, fact reveaed by several studies.

3.2. Physicochemical composition of date
syrups

The physicochemical composition of
prepared date syrups is given in Table 3.The
biochemical composition of date syrups shows
that sugars were the major components, with a
rate between 66.28 and 66.24%, but without a
significant difference between the two syrups
(p[10.05). The reducing sugar content was
recorded as 22.39 and 65.75% for the date
syrups of Mech-Degla and DeglaBeida
respectively, with a significant difference.
These differences appear to be due to varieties
of dates (table 1).Whoever, acidity and thermal
treatment applied during the concentration
accelerated the conversion of sucrose into
reducing sugar (Ben Thabet et al., 2009; Besbes
etd., 2011).

The higher ash content was recorded for
Degla-Beida syrup, the two groups were
significantly different, but the date syrups ash
content is higher than maple syrup and honeys.
The mineral profile of date syrups was
characterized by the abundance of potassium,
fact that has been reported in severa studies
(Khalil et a., 2002; Abbes et al., 2011).
Significant differences were observed in
potassium, magnesium, calcium and copper
levels (p< 0.05). By comparison to white sugar,
date syrups are richer in mineral components,
sugar containg just traces: 2.2, 0.6 and 0.2
mg/100g respectively for potassium, calcium
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and magnesium (Vierling, 2003). The date
syrups pectin rate was within the range of 1.31-
143 % of the fresh weight, with a non
significant difference between groups. These
results are similar to that given by Alanazi et a.
(2010), which give 1.46% for ‘Khalas’ date
syrup (Saudi Arabia).

The whole results show that the date syrup
is a good source of nutrients: rich in sugars,
minerals and pectin. It is a promising product
that offers several advantages compared to
sucrose syrup, and it can be therefore
incorporated into food and pharmaceutical
preparations (Khalil et a., 2001; Alanazi,
2010).
3.3.Physicochemical characteristics  of
apricot jams

The average composition of jams prepared
with the two date syrups is mentioned in table
4. Jams contain water content below 40%,
which is favorable for good preservation
(Espiard, 2002; Fredot, 2005). Apricot jam
(Degla-Beida syrup) contains a dry matter
content lower than jam made of Mech-Degla
syrup, with a significant difference between the
two preparations. The sugar rate of jams was
found between 50.50 and 54.52%, with the
lowest value recorded for Degla-Beida date
preparation. These sugar levels are comparable
to those reported in the literature (Ciqual,
2012). Obtained jams pH was between 3.86 and
4.02, with a significant difference. These pH
values causes sucrose partia inversion and
limit sugar crystallization (Besbes et a., 2010).
The pH should be between 3 and 3.5. A lower
value would have disadvantages. too far
inversion causing glucose crystalization or too
fast gelling with lumps, with excessive acidity
and exudation (Cheftel and Cheftel, 1976).
According to tables 3, 4 and 5, dates, jams and
syrups total acidity was inversely proportional
to the pH values. The jam tota acidity is
greater than the dates and syrups acidity
because of the participation of acids from all
ingredients (table 1 and 3).

Protein was about 0.46-0.85%. Degla-
Beida syrup Jam was richer in protein. These
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values are dlightly higher than those reported in
the table of food composition (Ciqual, 2012),
reported concentration of 0.3-0.70%. Prepared
jams contain ash rates ranging between 1.37-
1.66% of the dry weight, with a significant
difference between the two preparations (p!!
0.05). The highest level was noted in Degla-
Beida syrup jam, this is due to the richness of
DeglaBeida date varietie in  minera
components (table 1). Jams minera profile
brought out that potassum was the major
congtituent  (620.23-835.08mg/100g) with a
significant difference, with the highest value
recorded for the jam elaborated by Degla-Beida
syrup. A significant difference was also
observed for the copper, cacium and
magnesium, with highest values observed for
the Degla-Beida syrup jam. The minerd
contents of date syrups jams were much higher
than those recorded for the apricot jam made
from sucrose, which are 114, 9.1, 5 and
0.1mg/100 g for potassum, calcium,
magnesium and copper respectively (Ciqual,
2012).

Prepared jams were made without added
commercial pectin and citric acid. The
jellification was in our case due to pectin and
organic acids that occur naturaly with
sufficient quantities in apricot and date syrups.
This alows us to classify jam using date syrup
as a natural product without additives and with
high added value.

The results of the polyphenls and reducing
power of jams apricot are mentioned in Table
5. Polyphenols are natural biologically active
antioxidants (Kwang Ang et a., 2012), they
warn against degenerative and
neurodegenerative diseases such as cancer,
atherosclerosis and Parkinson's (Ndhlala et al.,
2007; Ben Thabet et a., 2009). Mech-Degla
syrup Jam contains a little high phenolics
content (122.20 mg/100g), followed by jam of
DeglaBeida syrup (113.53 mg/100g),
corresponding respectively to reducing power
of 201.60, and 185.32 mg of ascorbic acid
equivalent. Elaborated jams using date syrups
are a good source of polyphenols and can be
considered as afunctional food.
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Table 1. Physicochemical characteristics of date varieties

Parameters Mech-Degla Degla-Beida
Dry matter (%)" 88.01+0.11 a 88.36 +0.037 a
Total sugars (%)" 69.32+ 1.15 a 66.21+2.49 a
Reducing sugars (%) 1429+ 0.39 a 46.27+0.40 b
Titrable acidity (%)" 0.36+0.04 a 054+ 0.01b
Ash (%) * 02.13£ 0.07 a 2.47+0.005 b

The different superscript letters within the same line are significantly different at p < 0.05.

L Expressed of the fresh weight.
2'Expressed of the dry weight.

Table 2. Physicochemical characteristics of apricot

Parameters Values
Dry matter (%)" 15.78 + 0.02
pH 03.63+ 0.01
Titrable acidity (as citriq acid, %) * 02.41 + 0.05
Total soluble solids (°Brix) 1558 +0.14
Total sugar (%)" 10.24 + 0.14
Reducing sugars (%) 2.62+0.15
Ash (%) 04.32 +0.03
Pectin (%) 01.86 +0.21

L Expressed of the fresh weight.
% Expressed of the dry weight.

Table 3. Physicochemical composition of date syrups

Parameters Mech-Degla Syrup Degla-Beida Syrup

Water (%)* 23.83+01.15a 27.66+0.28 b
Dry matter (%)" 76.16+ 01.15 a 72.33+0.28 b
pH 05.19+ 0.00 a 04.61+0.01 b
Titrable acidity (as citric acid,%) * 0.25+0.00 a 0.40+0.01 b
Total soluble Solids(°Brix)* 70.00+ 0.00 a 70.00 + 00.00 a
Total sugars (%)* 66.24 + 01.94 a 66.28+ 01.90 a
Reducing sugars (%) 2239+220a 65.75+3.16 b
Purity % 93.95+2.75a 94.01+2.70 a
Ash(%)*° 1.20+0.08 a 1.77+0.03 b
Potassium (mg/100g) 513.69+ 01.98 a 693.43+20.36 b
Magnesium (mg/100g) 4359+2.13 a 50.08+0.01 b
Calcium (mg/100g) * 21.06+ 0.05 a 19.01+0.05 b
Copper (mg/100g) * 0.55+ 0.00 a 0.74+0.05 b
Pectin (as pectate d’Al,%) * 01.43+0.19 a 1.31+0.24 a

The different superscript letters within the same line are significantly different at p < 0.05.

Y Expressed of the fresh weight.
% Expressed of the dry weight.
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Table 4. Physicochemical composition of apricot jam elaborated with date syrups

Parameters AJSMD AJSDB

Water (%)* 29.55+ 0.91 a 33.45+0.85b
Dry matter (%)" 70.45+0.91 a 66.55+ 0.85 b
pH 04.02+0.00a 03.86+0.005 b
Titrable acidity (as citriq acid,%)" 0.91+0.01 a 01.01+0.00 b
Total soluble solids (°Brix) 62.00+ 0.00 a 62.00 + 0.00 a
Total sugars (%) * 5452+ 1.31 a 5050+ 1.82 b
Reducing sugar (%) * 25.24+0.97 a 34.49+0.92 b
Protein (%) 0.46 +0.01 a 0.85 +0.02 b

Pectin (%) * 04.84+0.28 a 04.15+0.55 a
Ash (%) * 01.37+0.04 a 01.66 +0.02 b
Potassium (mg/100g) 620.23+2.49 a 835.08+1.59 b
Magnesium (mg/100g) 35.32+0.07 a 39.43+0.05b
Calcium (mg/100g) ° 3156+ 1.47 a 23.74+325b
Copper (mg/100g) ° 0.39+0.01 a 0.70+0.01 b

AJSMD: apricot jam, made with syrup of Mech-Degla.
AJSDB: apricot jam, made with syrup of Degla-Beida.

! Expressed of the fresh weight.
% Expressed of dry weight.

The different superscript letters within the same line are significantly different at p< 0.05.

Table 5. Jams Total pol

yphenols content and reducing power

Parameters AJSMD AJSDB
Total polyphenols' 122.20+7.88 a 11353+ 8.97 a
Reducing power 201.60 + 12.67 a 18532+ 07.24 a

AJSMD: apricot jam, made with syrup of Mech-Degla.
AJSDB: apricot jam, made with syrup of Degla-Beida.

! mg of equivalent gallic acid.
% mg of equivalent ascorbic acid.

The different superscript letters within the same line are significantly different at p< 0.05.

Table 6. Prepared Jams color

Parameters AJSMD AJSDB
L* 38.53+0.20a 40.80+0.30b
a* 01.96+0.15a 03.53+0.05b
b* 01.80+0.10a 04.56+0.49 b

AJSMD: apricot jam, made with syrup of Mech-Degla.
AJSDB: apricot jam, made with syrup of Degla-Beida.
The different superscript letters within the same line are significantly different at p < 0.05.

59




Noui et al./Carpathian Journal of Food Science and Technology 2015, 7(2), 53-62

Table 7. Sensory properties of apricot jams prepared using date syrups, compared

to the commercial
apricot jam
Product Appearance Texture Taste Color Global acceptability
AJSDB 557+191a|6.14+1.56a|514+244a|571+1.54a 564+ 188a
AJSMD 7.35+1.33ab| 7.14+1.35a|7.57+ 1.08 b|6.7 + 1.68 ab 7.19+166Db
AJS 6.35+2.06b| 7.21+1.36 a|6.78+1.62 b|7.28+ 1.54 1 6.91+1.38Db

AJSMD: apricot jam, made with syrup of Mech-Degla.
AJS: apricot jam prepared with sucrose (standard or commercial jam).
AJSDB: apricot jam, made with syrup of Degla-Beida.

The different superscript letters within the same columns are significantly different at p <0.05.

The results of color analysis of apricot jam
are given in Table 6. The clarity of jam (Degla-
Beida syrup) was dightly higher than the jam
(Mech-Degla syrup) preparation, with a
significant difference (p<0.05). The same
remargue is valuable for the parameters a* and
b *, the observed differences are due to the
original color of date syrups used and therefore
the range of dates.

The results of sensory analysis of apricot
jam are summarized in Table 7. Sensory
anaysis showed no significant difference
between Mech-Degla syrup jam and the
commercia jam for appearance, texture, taste
and color (Table 7). All these results allowed us
to classify the jam depending on the degree of
consumer preference as follows: Mech-Degla
jam, industrial jam then Degla-Beida jam. The
substitution of sucrose by date syrup is possible
up to 100 % in the case of Mech-Degla syrup.
For jan (Degla-Beida syrup), it can be
reproduced by the use of partial optimization
replacement sucrose by date syrup in order to
improve its organol eptic quality.

4. Conclusions

This study can bring added value to the
common dates by the incorporation of date
syrup instead of sucrose in the jams
formulations. The apricot jam produced by date
syrup was characterized by interesting
nutritional value compared to jams made by
sucrose: they are enriched with nutrients syrups
dates as minerals, phenols and fiber (pectin).
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Sensory anaysis indicated that apricot jam
made by Mech-Degla syrup was most
appreciated by the tasters and represents a
competitive commercial jam. In the future, it
would be interesting to characterize date syrups
pectin and determine their rheological
properties.

This work paves the way for manufacturers
to produce this jam on an industrial scale and
encourages farmers to save biodiversity of date
varieties heritage.
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ABSTRACT

A pure yeast isolate from cheese whey was identified and characterized as
Saccharomyces cerevisae strain NRRL Y-12632 by morphological,
biochemical and 26S rRNA sequencing. This strain was used to produce
non acoholic naturally carbonated beverage from pure carrot (Daucus
carota) juice and blended carrot-lemon juice (2:1), carrot-mint juice (2:1)
and carrot-ginger juice (2:1). The juices were subjected to fermentation for
72 hrs. The physicochemical properties of 72 hrs fermented carrot:lemon
beverage (2:1) were pH 3.15, TSS 12°B, CO, content 0.16 bar, acidity
0.41%, sugar-acid ratio 29.29% and alcohol 0.07% (v/v). The change in
physicochemical properties was monitored after 15 and 30 days of
refrigeration without adding any preservative. The changes in the
physicochemical properties recorded for carrot-lemon beverage were pH
2.34, TSS 11°B, CO, content 0.21 bar, acidity 0.53%, sugar-acid ratio
20.75% and alcohol 0.14% (v/v) after storage for 30 days at 4°C without
adding any preservative. Among the four beverages, carrot-lemon beverage
(2:1) was highly acceptable when compared on 9 point hedonic scale. This
technology can be a useful processing technology for perishable fruits and
vegetables and can a so help to overcome their seasonal overabundance.

1. Introduction

India is an agriculture based country which
ranks second in fruits and vegetables
production in the world, after China. As per
National Horticulture Database-2012 published
by National Horticulture Board during 2011-
12, India produced 76.424 million metric
tonnes of fruits and 156.33 million metric
tonnes of vegetables. Daucus carota (Carrot)
is one of the top-ten most economically
important vegetable crops in the World (Simon
et a., 2008) and India contributes 3,50,000
metric tons of the World’s total carrot
production (FAO, report 2006).

The rich carotenoid content of carrots not
only helps to prevent oxidative damage inside
our body. Studies have identified carrot to
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contain polyacetylenes as phytonutrients that
can help inhibit the growth of colon cancer
cells, especialy when these polyacetylenes are
found in their reduced (versus oxidized) form.
Apart from the therapeutic value, consumers
like carrot juice because of its high nutritive
value, fiber, carbohydrates, vitamin A derived
from its high a carotene (B e-carotene), f-
carotene content, color, aromatic compounds
and refreshing characteristics (Desobry et a.,
1998). However, due to seasonal excess of
carrot, huge quantities go waste due to its
perishable nature. A solution to this problem is
the use of carrot juice for beverage production
by fermentation. A beverage produced by
fermentation process can be alcoholic or non-
alcoholic. However, the measure of alcohol
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content in beverage is important for quality and
stability of the beverage, lega definition of
categories, consumer tastes and information,
taxation, product regulation and retail licensing.
In traditional fermentation processes, natural
microorganisms are employed in the
preparation and preservation of different types
of food. These processes add to the nutritive
value of foods as well as enhance flavour and
other desirable qualities associated with
digestibility and edibility (Kolawole et al.,
2007). For the production of fermented
beverages, yeasts belonging to different genera
are the microorganism of choice. Different
yeast species are responsible for providing
different concentration of acohol, carbon
dioxide, taste and fragrance to the beverages
produced. However, with the general public
becoming more and more conscious about the
ill effects of consuming alcohol, the focus is
now on the production of non-alcoholic or low
alcoholic beverages from fruits and vegetables.
Moreover, various fruits as well as condiments
can be used as flavor enhancers by blending
them with fruit juices during beverage
production which also improves the nutritional
value. In the present studies, production of
beverage from carrot was carried out using a
yeast isolate that was capable of producing low
alcohol content and high carbonation.

2. Materials and methods

2.1.Isolation
isolates

Various sources including apple peels,
grapes, resins, jaggery, rose petals, potato peel,
lemon skin, cheese whey, carrot ped and
orange rind were used for isolation of best
suited strain of yeast which produced low
alcohol concentration with high carbon dioxide
production. Routine spread plating of
appropriately diluted samples on Y east Peptone
Dextrose agar media containing
chloramphenicol as an antibiotic was carried
out. The cultures were incubated at 27+ 1°C for
72 hours.

and purification of yeast
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2.2. Screening of low alcohal,
carbonation producing yeast isolate

For the selection of low acohol and high
carbonation producing yeast, al the isolates (24
hrs old culture) were separately inoculated in
carrot juice diluted with water (2:1). The brix
of the juice was adjusted a 14°B after
pasteurization at 62.8°C for 30 minutes. The
physicochemical properties namely TSS (°B),
carbondioxide content and alcohol content of
beverages were studied after fermentation at
27+1 ° C for 72 hours. On the basis of
physicochemical properties of fermented
beverages, best suited yeast was selected for
beverage production. The strain was further
characterized morphologically, biochemically
and molecularly.

high

2.3. Characterization of yeast isolate
2.3.1.Morphological and biochemical
characterization of yeast isolate

The colonies were studied for colour,
shape, surface, margins and colony elevation
on yeast peptone dextrose agar media
according to Guillier (2003). The cultures were
observed microscopically after staining in order
to identify them morphologically. Y east isolate
was aso biochemicaly characterized by
fermentation test (Ghinea et a., 2009), urease
test (Roberts et al., 1978), amylase production
test (Fossi et al., 2009) and acid production test
from glucose (Kurtzman et al., 2011).

2.3.2.Molecular
isolate

For molecular identification of the yeast
isolate, its gDNA was isolated. Fragment of
26S rDNA gene was amplified by PCR from
gDNA. Forward and reverse DNA sequencing
reaction of PCR amplicon was carried out with
DF and DR primers using BDT v3.1 Cycle
sequencing kit on ABI 3730xI Genetic
Analyzer. The 26S rDNA gene sequence was
used to carry out BLAST with the nrdatabase
of NCBI genbank database. Based on
maximum identity score first ten sequences
were selected and aigned using multiple

characterization of yeast
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aignment software program Clusta W.
Distance matrix was generated using RDP
database and the phylogenetic tree was
constructed using MEGA 4.

2.3.3.Production of non-alcoholic, naturally-
carbonated beverage from carrot

Fresh, hedthy and undamaged carrots,
lemon, ginger and mint leaves were washed
with chlorinated water and peeled. Juices of
carrot, lemon, ginger and mint fresh leaves
were extracted by electronic juicer and filtered
with muslin cloth. Carrot juice was blended
with lemon, mint or ginger juice. 2:1 ratio for
blending was selected since higher dilutions
with blends gave a bland taste to the beverage
during lab trials while lower dilutions with
lemon, mint or ginger gave too sour, too minty
or too bitter taste respectively. This decision
was aso based on the outcomes of previous
studies carried out in our lab where 2:1 ratio of
Citrus reticulate and Ananas comosus with
different blends were the most accepted
beverages (Kaur et al., 2014). The blended
juices were then diluted with autoclaved
distilled water in ratio 1:2.

Pure and blended juices were pasteurized at
62.8°C for 30 minutes in 1 liter sterile glass
bottles, cooled and brix was adjusted to 14°B
by adding sugar solution (500g/l) followed by
inoculation with 24 hr old culture of yeast
isolate @ 0.5% (v/v). The bottles were
incubated for 72 hrs at 27+2°C. The beverages
were siphoned, bottled and stored under
refrigerated conditions according to Jooyandeh
(2013) and subjected to shelf life studies,
microbiological assay and sensory evaluation.

2.3.4.Physicochemical and Microbiological
analysis of fermented beverages
Physicochemical analysis of beverages was
carried out by calculating the pH using digita
pH meter, TSS (Total solid suspends) by using
0-32°B refractometer, carbon-dioxide content
Buret Titration Method, alcohol content (Batac
et a., 2012), total acidity (%citric acid by
calculating according to Gaithersburg, 1999)
and sugar-acid ratio after 3 days of incubation
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and 15 and 30 days of refrigeration. The
beverages were evauated on the basis of
sensory scores using 9 point hedonic scale.
Appropriately diluted beverages were spread-
plated on YPD medium in order to check for
any contamination.

2.4. Statistical analysis

Statistical analysis was done by using
CPCS1 software developed by Maths, Statistics
and Physics Department, PAU, Ludhiana,
India. One-way and Two-way anova was
applied and CD@5% was calcul ated.

3. Results and discussions

3.1. Screening of yeast isolate for beverage
production

For the selection of low acohol and high
carbonation producing yeast, physicochemical
properties namely TSS, carbondioxide content
and acohol content of beverages (Table 1)
were determined after 72 hours of fermentation.
Thereafter, the yeast isolate, initialy designated
as S10, was choosen for further beverage
production as it produced low alcohol (0.107%
v/v) with better carbonation (0.05 bar) as
compared to others. All the 14 isolates showed
an ability to produce very low amounts of
alcohol even after 72 hours of fermentation.
However, it was observed that the
carbondioxide production ability of the strains
was aso low. This could be attributed to the
fact that the samples were selected from
sources which had lower probability of high
alcohol producing yeasts.

3.2.Morphological, biochemical
molecular characterization

The colonies of isolate S10 (Fig.1la)
exhibited viscous texture with off white
coloration, round, small and smooth with even
margins. After microscopic examination
(Figure 1Db), it was observed that the isolate S10
was oval in shape and showed active budding.
When subjected to biochemical
characterization, it was observed that isolate
S10 had the capability to use glucose, galactose

and
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and sucrose as source of carbon for
fermentation. The isolate showed negative
urease test, amylase production test and acid
production test. When subjected to molecular
characterization, a single discrete PCR
amplicon band of 750 bp was observed when
resolved on Agarose Gd (fig. 2). In gel image
of 26S rDNA, lane 1 shows 26S rDNA
amplicon band and lane 2 shows DNA marker.
Consensus sequence of 668bp rDNA gene was
generated from forward and reverse sequence
data using aligner software. The isolate was
characterized as Saccharomyces cerevisiae
strain NRRL Y-12632 by 26S rRNA gene
(GenBank Accession Number: JQ689017.1)
based on nucleotide homology and
phylogenetic analysis. The evolutionary history
(Figure 3) was inferred using the Neighbor-
Joining method (Saitou & Nei, 1987). The
optimal tree with the sum of branch length =
1.27150290 is shown. The evolutionary
distances were computed using the Kimura 2-
parameter method (Tamuraet al., 2007) and are
in the units of the number of base substitutions
per site. All positions containing gaps and
missing data were eliminated from the dataset.
There were a total of 617 positions in the final
dataset. Phylogenetic analyses were conducted
in MEGA4 (Felsenstein, 1985).

3.3.Physicochemical analysis and shelf life
study of fermented carrot beverage and its
blends

Blended juices inoculated with isolate S10
were fermented for 72 hrs at 27+1°C siphoned,
pasteurized and kept in refrigerator at 4°C for
shelf life studies after 15 days and 30 days
without adding any preservative. A change in
the physiochemical properties of the carrot
beverage (Table 2), carrot: lemon beverage
(2.1) (Table 3), carrot: mint (2:1) beverage
(Table 4) and carrot: ginger (2:1) beverage
(Table 5) were studied since the acceptability
and higher sensory score of the beverages are
dependent on their physicochemical properties
including pH, TSS, CO, content, % acidity and
brix-acid ratio. Characteristic yeast colonies
with no contamination were observed on yeast

66

peptone  dextrose agar media  after
microbiological assay of fermented carrot
beverage as well as blended carrot beverages
after 15 and 30 days of refrigeration. It was
found that with an increase in number of days
for which the beverage was held in refrigerated
conditions, there was general trend of a
decrease in brix, brix acid ratio (%), pH while
there was an increase in CO,, acohol content
(%) and total acidity. The increase in carbon
dioxide content can be attributed to the fact that
brix was decreasing due to utilization of sugar
during fermentation as a result of which carbon
dioxide was produced continuously as a by-
product. Similar results were obtained by
Jairath et a., (2012) who reported gradud
increase in carbon dioxide content, total acidity
(%citric acid), acohol %(v/v) and gradual
decrease in pH, TSS °B and brix acid ratio of
low acoholic self carbonated blended beverage
of carrot and lemon.

3.4. Sensory evaluation of beverages

Sensory evaluation (Table 6) was done on
the basis of 9-point hedonic scale by a group of
10 individuals after 15 and 30 days of
refrigeration of the beverage. Blended beverage
of carrot and lemon with the ratio of (2:1) was
most accepted with an average score of 7.7 out
of al the three beverages followed by carrot:
ginger (2:1) beverage with average score of 7.

4. Conclusions

This technology can minimize the post
harvest losses by storing the fruit in the form of
beverage throughout the year with a lower
inherent cost. Fruits like ginger and lemon can
be made available for direct consumption in
form of beverage as they are not palatable
because of their bitterness, high acidity and
astringency. This technology can be used for
the production of varieties of low acoholic self
carbonated beverages with different flavours
and aroma having high nutritional value.
Moreover, it focuses on increasing shelf life of
beverage without adding any preservative.
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Table 1. Physicochemical properties of carrot beverage fermented (72hrs) by different

isolates of yeast.
Sr. No. | solate used COs Alcohol Content TSS
(bar) (%) (°B)
1 S1 0.011 0.012 9.5
2 S2 0.019 0.035 10.1
3 S3 0.027 0.042 10.3
4 A 1.032 2.090 12.2
5 S5 0.024 0.039 11.7
6 S6 0.014 0.026 11.2
7 S7 0.035 0.103 08
8 S8 0.028 0.051 12.9
9 9 0.012 0.021 11.6
10 S10 0.05 0.107 13.9

Table 2. Physicochemical properties of low alcoholic self carbonated carrot beverage.

Parameters Time F-ratio | CD (5%)
3 Days 15 Days 30 Days

pH 5.2 5.04 4.63 76.21 0.120
TSS, °B 14 12 11.5 524.49 0.200
CO,, bar 0.03 0.07 0.08 1923.54 0.002
Total acidity 0.08 0.18 0.20 36194.47 0.001
(% citric acid)
Brix- acid ratio 168.26 67.04 56.15 - NS
(%0)
Alcohol % (v/v) 0.11 0.12 0.14 24.03 0.012

NS: Non significant

Table 3. Physicochemical properties of low-alcoholic self-carbonated
carrot: lemon (2:1) blended beverage.

Parameters Time F-ratio CD (5%)
3 days 15 days 30 days

pH 3.15 2.75 2.34 | 4898.77 0.020
TSS (“B) 12 11 11 100.11 0.200
CO, (bar) 0.16 0.20 0.21 1936.77 0.002
Tota acidity 0.41 0.51 0.53 - NS
(% citric acid)

Brix- acid ratio (%) 29.29 21.75 20.75 | 401767.50 0.025
Alcohol % (v/v) 0.07 0.13 0.14 | 4844.83 0.002

NS: Non significant
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Table 4. Physicochemical properties of low-alcoholic self-carbonated blended
carrot: mint (2:1) blended beverage.

Parameters Time F-ratio | CD (5%)
3 Days 15 Days | 30 Days

pH 4.64 4.59 4.08 2904.77 0.020
TSS (°B) 13 12 11.5 174.83 0.200
CO; (bar) 0.08 0.12 0.13 2161.81 0.002
Total acidity 0.20 0.30 0.33 | 13823.13 0.002
(% citric acid)

Brix- acid ratio (%) 65.65 40 35.27 | 19190.30 0.409
Alcohol % (v/v) 0.07 0.12 0.15 5087.61 0.002

Table 5. Physicochemical properties of low-alcoholic self-carbonated
carrot: ginger (2:1) blended beverage.

Parameters Time F-ratio CD (5%)
3 Days 15 Days 30 Days

pH 5.36 5.16 5.05 747.08 0.020
TSS °B 14 11 11 900.95 0.200
CO; (bar) 0.04 0.07 0.11 | 370141 0.002
Total acidity 0.10 0.18 0.29 - NS
(% citric acid)

Brix- acid ratio (%) 136.72 61.38 38.19 - 0.072
Alcohol % (v/v) 0.08 0.08 0.17 | 7758.96 0.002

NS: Non significant

Table 6. Sensory evauation of low -alcoholic self carbonated beverages
produced from Daucus carota.

Sensory Attributes Pure Carrot:Lemon | Carrot:Mint | Carrot:Ginger
Carrot (2:1) (2:1) (2:1)

1. Taste 6.0 7.9 59 6.6

2. Color 6.3 7.4 6.6 7.4

3. Aroma 5.8 7.6 6.7 7.2

4. Appearance 6.2 7.6 6.7 6.9

5. Mouth feel 5.7 7.4 59 6.6

6. Astringency 5.6 7.6 6.1 6.7

7. Flavor 5.3 8.0 6.0 7.1

8. Overdl 59 79 6.2 7.3
acceptability

9. Averagevaue 5.9 1.7 6.3 7.0

*mean value of 10 replicates.
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Nine Point hedonic scale : 9:like extremely, 8: like very much,7:like moderately, 6: like dlightly,
5:neither like nor dislike, 4:dislike dlightly, 3:dislike moderately, 2: dislike very much 1l:dislike
extremely.

F-ratio CD (5%)
Blends 112 NS
Attributes 141 NS
Blends x Attributes 3.76 1.23
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