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ABSTRACT

Temperature and water influence proteins' stability and function. This study
investigated the response of Amid | secondary structural components (SSC)
of egg white proteins to cold (-80 °C) and thermal (100 °C) extremities in
water and deuterium oxide (D20O) mixtures by using FT-IR, DSC, and SEM
analyses. Notably, D,O enabled SSCs exhibit similar profiles at temperature
extremities. Latent heat of melting (AHm) raised by 9.5% at 100 °C, while it
lowered by 106.8% at -80 °C. Heat capacity (C) increased by 0.9% and
42.2% at 100 and -80 °C, whereas melting temperature (Tr) decreased by
1.7% and 80.5% at 100 and -80 °C. SEM imaging showed flaky structures
with different shapes, dimensions, and fissures. Statistical evaluation
indicated that there was a strong positive correlation among SSC
(p=0.0001), AHm (p=0.00008), and C (p=0.00001) changes, except for Tm
values (p=.558182). Overall, DO contributed to protein stability at 100 and
-80 °C by controlling the unfolding process, possibly by an enthalpy-
dependent mechanism. Therefore, it can be used as a reference solvent to
establish kinetic models with/without enzymatic, physical, or chemical
approaches for improved protein stability.

1. Introduction

The process optimization is based on scale-
up rules and optimization paths assuming (near)
equilibrium. However, the foods do not always
rely on this assumption of (near) equilibrium
(Burbidge and le Révérend, 2016). Adapting
proteins to extreme physical conditions requires
complicated and diverse intermolecular
interaction alterations (Zhang et al., 2021).
Many extrinsic and intrinsic stressors influence
their stability, and to our knowledge, no current
solutions have satisfied this requirement
satisfactorily (Yousefi and Abbasi, 2022).
Protein stability determines whether a protein
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stays in its native folded conformation or a
denatured state. Its estimation plays an essential
role in food design and the fate of food
processing by opening the way to improved food
products (Goldenzweig and Fleishman, 2018).
Proteins' folded and unfolded states are related
to protein stability, and a-helices and B-sheets
are essential determinants of folded protein
structure (Baronio and Barth, 2020). Protein
unfolding caused by heating is referred to as
"thermal denaturation,” whereas it is so-called
"cold denaturation” in the case of cooling.
Protein goes from a naturally folded state to a
random coil in an aqueous solution with rising
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temperature. In contrast, cold denaturation is
transitioning to a denatured state with
decreasing temperature (Ballauff, 2022). Heat
denaturation is typically an everyday experience
because it can degrade many systems. However,
lowering the temperature, “cold” generally
slows down processes to eventually stabilize a
system (Sanfelice and Temussi, 2016).
Moderating proteins’ stability or instability at
temperature fluctuations remains speculative, at
least to some extent (Weiss et al., 2018).

Water is a complex substance with various
unusual properties due to its ability to form
hydrogen bonds. Therefore, it plays an
important role in governing proteins' structure,
stability, dynamics, and function (Sen et al.,
2009). Deuterium oxide (D20) is an isotopic
form of regular water with relatively higher
density (1.107 g/mL), melting (3.82 °C), and
boiling (101.4 °C) temperatures. It forms
hydrogen bonds stronger than in typical aqueous
environments, resulting in stronger interactions
among structural proteins and sticking them
with one another together (Schnauf3 et al., 2021).
Therefore, it can be used for isotopic labeling of
salt micelles, oleosomes, carbohydrates, and
deuterated alcoholic beverages and the stability
of globular proteins, cells, and tissues (Pica and
Graziano, 2017). In addition, several works
investigated its impact on the peptization of
some amino acids such as Phe, His, Pro, Cys,
and Met (Fulczyk et al., 2019), and lipid
oxidation of corn oil and linoleic acid (Oh et al.,
2017; Lee et al.,, 2018). However, to our
knowledge, no study has been conducted to
examine its influence on the proteins of food

origin. Adopting egg and egg-derived products
to thermal extremities and higher water activity
improves their stability during food design,
processing, and storage. This study investigated
the response of Amid | secondary structural
components (SSC) (antiparallel B-
sheet/aggregated strands, 310 helice, a-helix,
unordered, B-sheet, and aggregated strands)) of
egg white proteins to cold (-80 °C) and thermal
(100 °C) extremities in water and deuterium
oxide (D20) mixtures by using FT-IR, DSC, and
SEM analyses.

2. Materials and methods
2.1. Materials

D20 (99.9 atom % D) was purchased from
Sigma Aldrich (Catalogue no: 151882-250G,
Darmstadt, Germany), and fresh hen eggs from
a market in Ansbach, Germany.

2.2. Methods
2.2.1. Sample preparation

The fresh hen egg was broken, and its white
(EW) was separated in a 50 mL glass beaker by
removing its chalazae. Two sampling series (T
and C) were prepared separately. Each series
was comprised of seven glass vials (TO, T1, T2,
T3, T4,T5, T6; and CO, C1, C2, C3, C4, C5, C6)
for thermal (T) and cold (C) treatments. The
vials TO and CO contained 2 mL of fresh EW
only, and T1 and C1 included 2 mL of fresh EW
and distillate water (dW). In comparison, the
remaining vials of both series had 2 mL of fresh
EW and different concentrations of D20 ranging
over 20%, 40%, 60%, 80%, and 100% (v/v)
(Table 1). The vials were closed with a cap and
vortexed for 2 min.

Table 1. Composition of EW blends with/without dW and D20

Sample T0/CO T1/C1 T2/C2 T3/C3 T4/C4 T5/C5 T6/C6
Vew (ML) 2 2 2 2 2 2 2
Vaw (ML) 0 3 2.4 18 12 0.6 0
Vizo (ML) 0 0 0.6 12 18 2.4 3
Vrou (ML) 2 5 5 5 5 5 5
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2.2.2. Thermal (T) and cold (C) treatments

After overnight storage, the samples were
kept in room condition. The T-series was heated
up to 100 °C in a shaking-water bath (Julabo
SW22, Seelbach, Germany) for 40 min,
followed by storing at + 4 °C for a few min to
stop the thermal denaturation process. Similarly,
the C-series was cooled to -80 °C in a cryogenic
freezer (Smart-Cryo SWLF, Aachen, Germany)
for 40 min and kept in a water bath at room
temperature few min to stop the cold
denaturation process (Rossi and Schiraldi,
1992).
2.2.3. FT-IR and curve fitting analyses

After thermal and cold treatments, the
samples were freeze-dried using Epsilon 1-4
LSC plus freeze-dryer (Martin Christ, Osterode
am Harz, Germany). They were initially
subjected to freezing at -40 °C. Subsequently,
the shelf temperature was set at —40 °C, and
drying ended at 20 °C under a vacuum of 0.150
mbar for 72 h. After freeze-drying (FD) is over,
the samples were kept in a desiccator over
phosphorpentoxid (P20s) (Merck 1.00540.1000,
Darmstadt, Germany) at room temperature for
several days to completely dry (Zhao et al.,
2020). After the FD, about 100-ug freeze-dried
sample was subjected to FT-IR analysis
(Thermo  Scientific Nicolet iS50 FT-IR,
Dreieich, Germany). All FT-IR spectra were
recorded at room temperature between 4000 and
650 cm™!' after 32 scans with a spectral
resolution of 4 cm™'. The curve fitting for the
Amide | band was conducted to quantitatively
investigate the changes in secondary structural
components. The second derivative spectrum
determined the number of bands: 1675 to 1695
cm ! for antiparallel B-sheet/aggregated strands,
1660 to 1670 cm for 310 helice, 1648 to 1660
cm! for a-helix, 1640 to 1648 cm™ for B-sheet,
and 1610 to 1628 cm™ for aggregated strands.
The relative amounts of secondary structural
components based on the modeled peak areas
were calculated according to the report
generated by the Thermo Fisher Scientific
OMICS software (Jackson and Mantsch, 1995;
Kong and Yu, 2007).
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2.2.4. Thermal (DSC) analysis

The samples were analyzed for determining
the changes in the latent heat of melting (AHm,
J/g), melting temperature (Tm, °C), and heat
capacity (C, J/gK) using Mettler Toledo
Differential Scanning Calorimetry (DSC)
(Greifensee, Switzerland). An amount of 5 to 10
mg of the treated sample was measured. The
temperature range was selected as 20 °C to 100
°C for the T-series, whereas it was set as 20 °C
to -80 °C for the C-series with a scan rate of 5
°C/min. The Mettler Toledo STARe 17 software
was used for thermal analysis (Mettler Toledo,
2022).
2.2.5. Scanning electron microscopy (SEM)
analysis

The microstructure of the samples was
studied using Tescan Clara GMU SEM (Bruno,
Czech Republic). To improve conductivity and
image contrast, all the samples were initially
subjected to surface treatment at 0.30 mbar/3
min for cleaning, etching, and activating the
samples by Diener Tetra 30-LF-PC (Nagold,
Germany). Subsequently, they were coated with
a layer of Pt/Pd in an argon atmosphere (30 mA,
0.1 mbar, 30 s) to sputter conducting layers to
prevent charging effects by Cressington 108
Auto Sputter Coater (Watford, UK). The
acceleration voltage used in SEM was 5 keV, the
beam current was 5x10° mA, and the working
distance was 6 mm. The microstructure of the
samples was viewed and photographed at a
magnification of 2.23 kx (Liu et al., 2015).
2.2.6. Statistical evaluation

The strength of association between Amid |
secondary structural components, AHm, Tm, and
C values of T- and C-treated samples were tested
with the Pearson correlation coefficient method
using SPSS statistical package program at
p<0.01.

3.Results and discussions

This study evaluated the response of Amide |
secondary structural components of fresh EW
proteins to 100 °C and -80 °C in different
concentrations of dW and D20 by FT-IR, DSC,
and SEM analyses. Overall, D20 contributed to
the protein stability of EW at 100 °C and -80 °C
by indirectly controlling the unfolding process.
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3.1. Results of FT-IR and curve fitting
analyses
The curve fitting analysis for the Amide |

band was investigated for quantitative
estimation of antiparallel p-sheet/aggregated
strands, 310 helice, a-helix, unordered, and f-
sheet, and aggregated strands in T (100C) and
C (-807C) series (Table 2, Figure 1).
3.1.1. Response of fresh EW to temperature
extremities

Abrosimova et al. (2016) found the
frequencies of a-helix, B-sheet, and unordered
strands in the raw EW to be 33%, 38%, and 12%,
respectively, whereas they were 4%, 54%, and
6% in the boiled EW. Luo et al. (2022) reported
that heating makes the protein structure
disordered, i.e., a decrease in a-helix content
increase in B-sheet content. In our study, the
reference sample TO contained only 2 ml of
fresh EW. After the heat treatment, the major
strand in TO was a-helix (98.4%), followed by
antiparallel B-sheet/aggregated strands (0.6%),
310 helice (0.3%), pB-sheet and aggregated
strands (0.2%), and unordered (0.1%),
respectively. Our SSC results of TO were
different from Abrosimova et al. (2016) and Luo
et al. (2022). Freezing is generally used to
maintain quality and extend the shelf life of
foods. Lee et al. (2022) determined that freezing
at -18 °C caused the denaturation of proteins,
altered the secondary structure, and increase in
B-sheet content and decrease in a-helix at -60.15
°C, in line with Hu and Xie (2021) and Li et al.
(2021). However, Sun et al. (2016) and Hu et al.
(2021) oppositely reported a decrease in -sheet
content. In our study, the major SSCs in the
reference sample CO including 2 ml of fresh EG
only -80 °C were P—sheet/aggregated (24.5%)
and unordered strands (16.9%), indicating the
deterioration of some functional and sensorial
qualities of EW before processing. Our SSC
results of CO matched with Hu and Xie (2021)
and Li et al. (2021).
3.1.2. Response of fresh EW to temperature
extremities in dW

Regular water can stabilize proteins,
particularly globular ones, through hydrophilic
and hydrophobic interactions. The interaction of
proteins with water makes the FT-IR analysis of
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SSCs difficult. However, its evaporation may
also destabilize the helical structure of a protein,
i.e., an increase in B-sheet strands and a-helix
decrease (Abrosimova et al., 2016). In addition,
higher water activity (aw) makes egg and egg-
derived products perishable and highly
susceptible to  physicochemical changes
(Kocetkovs et al., 2022). In our study, sample T1
included 2 ml of fresh EW in 3 ml of dW only.
The common strand in T1 was the antiparallel 3-
sheet/aggregated  (20.5%), followed by
unordered (18.4%) and a-helix (17.1%) strands.
Our sample C1 contained only 2 ml of fresh EW
in 3 ml of dW. For C1, the a-helix (30.1%) was
the dominant strand, followed by antiparallel -
sheet/aggregated strands (25.6%) and 310 helice
(15.7%) strands. Overall, dW could stabilize the
EW proteins at -80 ‘C compared to the sample T1
at 100 C. Therefore, our findings provided data
about the response of the SSCs of EW proteins
to 100C and -80T in the solution of regular
water (dW).
3.1.3. Response of fresh EW to temperature
extremities in dW and D20

D20 can stick proteins with one another
together by forming hydrogen bonds strong-er
than in solutions of regular water (SchnauR et
al., 2021). It might weaken the strength of the
van der Waals attractions between EW proteins
and water molecules, leading to the protection of
hydrogen bonds and electrostatic interactions
responsible for the stability of proteins (Luo et
al., 2022). An average equivalent of 7-25% D20
can prevent protein denaturation in vaccines,
and the presence of 95% D20 is equivalent to a
4-5 °C reduction in storage temperature relative
to regular water (Sen et al., 2009). The reference
samples T2 to T5 and C2 to C5 contained 2 mL
of fresh EW and different concentrations of D20
(from 20%, 40%, 60%, and 80% in ascending
order), and T6 and C6 included 100% of D20 as
the diluent. The primary strand in T2, T3, T4,
and T5 samples was a-helix (29.4 = 7.1%),
followed by antiparallel PB-sheet/aggregated
(21.3 £ 3.7%). Similarly, the frequencies of the
common SSCs in C2, C3, C4, and C5 were
found to be o-helix (323 = 1.7%) and
antiparallel B-sheet/aggregated (24.5 = 1.2%)
strands, respectively.
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Table 2. FT-IR spectra and estimated area changes of Amid | secondary structural components

Estimated area of strands (%0)
hoeak Avear Antiparallel
Sample no (gm'l) * (Zcmpz) 2 g_gsghrizt;te d f]teolice a-helix | Unordered | g-sheet igr;grr]t;zated Indefinite
strands
TO (Reference) 1629.15 1.01353 0.6 0.3 98.4 0.1 0.2 0.2 0.2
CO (Reference) 1634.54 0.02249 24.5 15.2 14.7 16.9 9.3 10.2 9.2
T1 (100% dW) 1625.96 0.02380 20.5 15.9 17.1 18.4 7.9 9.4 10.8
C1 (100% dw) 1635.42 0.02407 25.6 15.7 30.1 3.7 9.1 6.6 9.3
T2 (20% D,0) 1625.35 0.01307 25.2 10.7 20.4 6.8 6.0 14.1 16.8
C2 (20% D,0) 1633.47 0.03159 23.5 14.7 30.7 43 10.1 8.0 8.6
T3 (40% D,0) 1624.11 0.01932 23.7 10.7 27.2 41 6.3 10.2 17.8
C3 (40% D,0) 1633.85 0.03369 25.7 15.7 34.8 4.1 8.9 1.6 9.1
T4 (60% D,0) 1624.10 0.03294 18.2 7.7 35.4 33 10.2 11.4 13.8
C4 (60% D,0) 1633.98 0.02783 235 14.4 31.6 338 10.1 8.2 8.4
T5 (80% D,0) 1623.80 0.03113 18.1 14.9 34.7 0 9.8 10.2 12.4
C5 (80% D,0) 1633.95 0.02125 254 8.5 32.0 4.8 10.1 10.7 8.6
T6 (100% D-O) 1622.00 0.02233 18.0 17.2 37.8 0 9.2 6.9 10.9
C6 (100% D-O) 1633.35 0.02809 23.3 14.4 334 3.8 8.6 8.3 8.2

*Amide | spectra: 1700 to 1600 cm?

Figure 1. FT-IR spectra and second derivative of Amid | band of T and C series: (a) FT-IR spectra of
T-series, (b) FT-IR spectra of C-series, (c) second derivative spectra of T-series, and (d) second
derivative spectra of C-series
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Besides, for the samples T6 and C6 including
100% D20 as the diluent, the contents of the a-
helix strand were detected to be 37.8% and
33.4%. Denaturation relates to the number of a-
helical strands (VVan Der Plancken et al., 2006).
D20 could tolerate the temperature extremities
by making the protein more compact and less
flexible than in dW through the hydrophobicity
effect (Clark et al., 2019). For instance, hen egg
lysozyme was more stable in D20 than H20
(Pica and Graziano, 2017). Our findings
matched with Van Der Plancken et al. (2006),
Sen et al. (2009), Abrosimova et al. (2016), and
Pica and Graziano (2017), respectively.
Accordingly, D20 could positively moderate the
transformation of a-helix strands to other
unordered  strands  under  temperature
extremities. Our study, therefore, contributed to
the knowledge gap by providing data over D20
on the EW proteins for the food area.

3.2. Results of thermal (DSC) analysis

Our DSC thermograms indicated that the
AHm, Tm, and C values for TO, T1, and T2 to T6
were found as 118.6 J/g, 69.8 °C and 206.4 J/gK,
131.7 J/g, 68.1 °C and 220.1 J/gK, and 129.9 +
7.0 J/g, 68.6 £ 1.3 °C, and 208.1 + 6.0 J/gK,
respectively, whereas those of C0O, C1, and C2 to
C6 were measured as -60.1 J/g, 17.1 °C and 70.0
JigK, -133.4 J/g, 8.9 °C and 106.6 J/°C, and -
1243 + 639 J/g, 3.3 £4.0°Cand 995 + 11.1
JIgK, respectively. Overall, D20 raised AHm and
C by 9.5% and 0.9% at 100 °C and 106.8% and
42.2% at -80 °C, whereas Tm decreased by -
1.7% at 100 °C and -80.5% at -80 °C (Table 3,
Figure 2).

3.2.1. Results of AHm measurement

The behavioral characteristics of the heat- and
cold-denatured proteins remain a theoretical
issue (Oshima et al., 2009). Thermal
denaturation is associated with increased
entropy for protein unfolding, whereas cold
denaturation is driven enthalpically (Lee et al.,
2022). A decrease in denaturation enthalpy
indicates a partial loss of protein structure during
heating (Van Der Plancken et al., 2006). For
many proteins, denaturation is a two-state
transition, relating Tm to the transition enthalpy,
and EW is an example of a heat-setting thermo-
irreversible gel (Ballauff, 2022). From this
perspective, our study provided data for
determining how cold-denatured EW would
differ from heat-denatured.

In the literature, the denaturation enthalpy of
fresh EW was reported to be 20.6 J/g (Ferreira et
al., 1997) and 15.3 J/g at -19.0 'C (Wootton et al.,
1981). In our study, AHm values of T- and C-
series with different concentrations of D20 (i.e.,
20%, 40%, 60%, 80%, and 100%) were
measured as 129.9 £+ 7.0 J/g (max 139.5 J/g for
T2 with 20% D20), and -124.3 + 63.9 J/g
(lowest -229.7 J/g for C6 with 100% D-20),
respectively, whereas they were 118.6 J/g for TO
and -60.1 J/g for CO (EW only), and 131.7 J/g
for T1-133.4 J/g for C1 (EW and dW only). Our
findings of AHm at 100 °C and -80 °C exhibited
specific characteristics and various changes
compared to fresh EW and dWw, including
samples. In our case, D20 could tolerate energy
fluctuations, increasing the heat-absorbing
capacity for EW blends.

Table 3. Results of thermal (DSC) analysis: AHm (J/g), Tm (°C) and C (J/gK)

Parameter / Sample no TO T1 T2 T3 T4 T5 T6
Latent heat of melting (AHm, J/g) 118.6 131.7 1395 122.4 134.2 125.0 | 1283
Peak (T, °C) 69.8 68.1 66.8 68.9 70.4 69.0 68.0
C (J/gK) 206.4 220.1 208.3 198.8 212.7 206.9 | 2139
Parameter / Sample no Co C1 C2 C3 C4 C5 C6
Latent heat of melting (AHm, J/g) -60.1 -133.4 | -1265 -96.4 -109.7 -59.3 | -229.7
Peak (T, °C) 17.1 8.9 5.1 11 0.8 9.6 0.1
C (J/gK) 70.0 106.6 108.7 86.3 107.5 106.6 88.5
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T6 (EW and 100% D20)

TO (EW only)

T1 (EW and dW only)

& ‘ ‘ C6 (EW and 100% D20O)

CO0 (EW only)

C1 (EW and dW only)

To understand this intriguing phenomenon,
i.e., heat and cold denaturation, a two-state
model of water structure, as proposed by Tsai et
al. (2002), can be considered to explain the role
of the physicochemical properties of D20 with
ice dominating at -80C and liquid state at 100
C, to figure out which folding «—unfolding steps
are entropy-driven, and which are enthalpy
driven, possibly an enthalpy-dependent process
in our study. Overall, our findings point out that
D20 has significant potential to be utilized for
protein stability compared to enzymatic,
physical, or chemical approaches.

3.2.2. Results of Tm measurement

A common issue in protein stability is the
change in the Tm of a protein in the aqueous
phase. Denaturing a protein's native structure is
so-called melting. However, some protein SSCs
can remain after denaturing above Tm and do not
necessarily melt at typical processing
temperatures (Bier et al., 2014). In the literature,
some works observed the different peaks of Tm
of EW as 72°C and 86 °C (Wootton et al., 1981),
50 °C and 65 °C (Der Plancken et al., 2006), and
60 °C (Ferreira et al., 1997). In our study, the

Figure 2. DSC thermograms of T- and C-series
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average Tm values of T- and C-series with
different concentrations of D20 (i.e., 20%, 40%,
60%, 80%, and 100%) were determined to be
68.6 + 1.3 °C (max 70.4 °C for T4 with 60%
D20) and 3.3 £ 4.0 °C (max 9.6 °C for C5 with
80% D20), respectively. At the same time, they
were 69.8 °C and 17.1 °C for TO and CO (EW
only) and 68.1 °C and 8.9 °C for T1 and C1 (EW
and dW only), respectively. Our findings
showed that, for D20 containing T- and C-series
samples, the Tm values changed by -1.7% at 100
°C and -80.5% at -80 °C. Denaturation is a two-
state transition, relating Tm to the transition
enthalpy (Ballauff, 2022). In our study, D20
might absorb more heat without relatively
changing Tm through a temperature-independent
process. On the other hand, in cold denaturation,
the reduction of Tm by -80.5% might enable the
EW proteins to remain after denaturing.
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EW only
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Figure 3. SEM images of T-and C-series (magnification 2.23 kx)

3.2.3. Results of C measurement

Heat capacity (C) is one of the significant
thermophysical properties of foods over a broad
range of T and aw required for evaluating,
designing, and modeling heat transfer processes.
In the literature, some studies reported the C
value of EW as 2.6 to 3.7 J/gK at temperatures
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ranging from O to 38 C and water concentrations
from 51.8 to 88.2% (Coimbra et al., 2006) and
2600 to 3.7 J/gK (Lee et al., 2016). An increase
in C makes a significant contribution to the total
unfolding enthalpy. The increment of C is
temperature-independent between 20 to 80T,
and C of native and denatured states changes in
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parallel with an increase in T, proceeding with
heat absorption and, consequently, with
increases in enthalpy and entropy. However, in
the case of cooling, it proceeds with heat release
and, thereby, with enthalpy and entropy
reductions (Privalov, 1990). In our study, D20
raised C by 0.9% at 100 °C (ave. 208.1 + 6.0
J/gK) and 42.2% at -80 °C (ave. 99.5 + 11.1
J/gK), whereas it was 206.4 J/gK and 70.0 J/gK
for TO and CO (EW only), and 220.1 J/gK and
106.6 J/gK for T1 and C1 (EW and dW only),
respectively. Our findings revealed that D20
might act as an energy-absorbing buffer at 100 C
and an indirect controller of unfolding enthalpy
and entropy at -80 °C.

3.3. Results of SEM analysis

Our study captured the SEM images with a
magnification of 2.23 kx of the T and C series
(Figure 3).

Ogawa et al. (2003) demonstrated that heated-
dried EW comprised small gel structural units
that formed a dense and heterogeneous network,
suggesting the suppression of  protein
aggregation. In contrast, nonheated-dried EW
comprised large protein particles that formed
coarse and random networks. Preethi et al.
(2021) detected that conductive hydro-dried EW
had a flaky structure, while spray-dried and
freeze-dried flakes exhibited spherical and
porous structures. Our SEM images exhibited
flaky structures for both treatment groups with
different shapes, dimensions, and fissures,
which can indicate the thermal behavior of
proteins related to the influence of D20 on
protein stability.

3.4. Results of statistical evaluation

Pearson correlation coefficient calculator was
used to measure the strength of a linear
association between the T and C treatment
series. All analyses were performed using SPSS
statistical package program. A p-value less than
0.01 was considered statistically significant. The
statistical evaluation indicated that there was a
strong positive correlation among SSCs
(p=0.0001), AHm (p=0.00008), and C
(p=0.00001) changes at  temperature
extremities, except for Tm values (p=0.558182).

206

4. Conclusions

Understanding the stability of proteins is of
great interest among food science and
technology researchers, resulting in an insight
into the physicochemical principles that govern
the changes and reactions in food processing.
The results presented in this study have
significant implications for the behavior of
amino acids in complex food matrices (EW)
under temperature extremities: (a) D20
influences protein stability to temperature
extremities, (b) D20 indirectly controls
unfolding process, (c) D20 possibly acts through
enthalpy-dependent process, and (d) D20 can be
used to establish kinetic models for stable
protein-rich foods, respectively. Therefore, it
can be used as a reference solvent with its unique
properties to establish kinetic models for
biomacromolecules with prolonged stability, as
an alternative and/or complementary substance
to other methods, including enzymatic, physical,
or chemical approaches for protein stability.
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