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ABSTRACT

In this study, glass transition temperatures (Tg) as well as ice crystallization and melting temperatures and enthalpy
values were determined by using Differential Scanning Calorimetry (DSC) for chicken breast meat samples blended
with different levels (2, 4, and 8%) of xanthan gum, k-carrageenan and gum arabic. The water activity (aw) values,
moisture contents and unfreezable water fractions of the samples were also analyzed. While the moisture contents
decreased and unfreezable moisture fractions increased, the aw values of the samples unchanged by addition of the
biopolymers. The ice crystallization enthalpies and melting temperatures and enthalpy values decreased with
increased levels of biopolymer additions. Ty value of the chicken breast meat was detected as -17.08+0.04°C
(midpoint). It was observed that Ty values of the samples significantly affected by the biopolymer addition (P<0.01)
and increased for the samples including 4% and %8 xanthan gum and 8% k-carrageenan.

Keywords: Chicken meat, Glass transition, Gum, Carrageenan, Unfreezable water

Tavuk Gégiis Etinin Camsi Degisim Sicakligi Uzerine Bazi Biyopolimerlerin Etkisi
0z

Arastirmada, farkli oranlarda (%2, 4 ve 8) ksantan gam, k-karragenan ve gam arabik ilave edilen tavuk gogus eti
orneklerinin camsi degisim sicakliklar (Tg) ile kristalizasyon ve erime sicakliklari ve entalpi degerleri Diferansiyel
Taramali Kalorimetre (DSC) cihazi kullanilarak belirlenmistir. Ayrica 6rneklere ait su aktivitesi (aw) degerleri ile nem
icerikleri ve dondurulamayan su fraksiyonlari da tespit edilmistir. Biyopolimerlerin ilavesiyle 6érneklerdeki nem igeriginin
azaldigi, dondurulamayan su fraksiyonunun arttigi, aw degerlerinin ise degismedigi gozlenmistir. Orneklere ait
kristalizasyon entalpileri ile erime sicakliklari ve entalpileri ise ilave edilen biyopolimer orani arttikga azalmistir.
Arastirmada, tavuk gogis eti icin Tq degeri -17.084£0.04°C olarak (orta nokta) belirlenmis olup, Ty degerinin
biyopolimer ilavesinden ¢ok dnemli seviyede (P<0.01) etkilendigi, %4 ve %8 ksantan gam ve %8 k-karragenan ilave
edilen 6rneklerde ise artis gosterdigi tespit edilmistir.

Anahtar Kelimeler: Tavuk eti, Camsi degisim, Gam, Karragenan, Dondurulamayan su

INTRODUCTION World with their taste and nutritive value [1-3]. Also,

different chicken meat products are produced and
The poultry industry performed tremendous growth in consumed in recent years. However, the safety of these
the late 20th century, and this growth has been products is of major concern to its manufactures as well
continued in the new century. Chicken meat may be the as end users [4]. In this context, freezing is one of the
most universally accepted and consumed meat in the most important and widely used preservation techniques
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in meat industry. However, the stability of frozen meat
depends on the state of water in the product and the
stability of ice crystals during frozen storage [4, 5].
Hence the formation of glassy state, and glass transition
concept are very much relevant during frozen storage
[6]. It is pointed that the water activity concept is
insufficient to predict shelf stability of frozen foods and
some complementary ideas like storing meat below
glass transition temperature (Tg), may help to improve
the shelf stability [4]. According to Rahman [7, 8] there
are two main rules of glass transition concept: (i) the
food is most stable at and below its glass transition, and
(i) higher the T-Tq (i.e above glass transition), higher the
deterioration or reaction rates.

Phase transitions in foods can be divided into two
groups: First and second order phase transitions. At the
first order transitions, such as melting, crystallization or
evaporation, the physical state of a material changes
isothermally from one state to another by release or
absorption of latent heat; however, a second-order
transition, such as amorphous state to glassy state,
occurs without release or absorption of latent heat [8, 9].
Glass transition is a second-order and time-temperature
dependent transition, which is characterized by a
discontinuity in physical, mechanical, electrical, thermal,
and other properties of a material [7]. Glass transition
occurs when a super-cooled, malleable liquid/rubbery
material is changed into a disordered solid glass upon
cooling or vice versa [10]. Levine and Slade [11] and
Slade and Levine [12] claimed that Tg influences the
stability of foods. The hypothesis has recently been
stated that this transition greatly influences food stability,
as the water in the concentrated phase becomes
kinetically immobilized and therefore does not support or
participate in reactions [6, 8].

Glass transition can be influenced by heating/cooling
rate, pressure and molecular weight as well as
composition of the food material, especially water
content. The molecular weight of any food material
strongly influences Ty values. Low molecular weight
polymers and monomers in their pure form have a low
Ty whereas longer chain molecules have higher Tq [13].
It is reported that increasing the molecular weight or the
cross-link density for a given polymer will decrease its
specific volume, resulting an increase in Tq [14]. Thus
the addition of any additive with high molecular weight in
food can increase the Tq value. Addition of biopolymers
to food systems could increase T4, and they can
therefore be stored at higher temperatures with greater
stability and longer storage life [15].

There are several published values for Tq of beef and
various fish species [16-26]. However there are only few
studies about the Ty of chicken meat [2, 4]. The
objective of this study was to determine the effect of
various biopolymers (k-carrageenan, gum arabic and
xanthan gum) on the Tg values of chicken breast meats.
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MATERIALS and METHODS
Sample Preparation

Chicken breast meat was bought from a local market.
After all trimmable fat and connective tissue were
removed, the meat was ground once through a 3-mm
plate and then mixed separately with biopolymers (k-
carrageenan, gum arabic or xanthan gum (Sigma-
Aldrich, Inc., St. Louis, Missouri, USA)) at the levels of
2%, 4% and 8% (w/w) for 2 min using a laboratory type
mixer (Waring 8011 EB Blender, Stamford, USA). Each
sample (100 g) with and without the addition of different
biopolymers were vacuum packaged in PA/PE bags and
stored for 24 h at 4°C to allow biopolymer diffusion and
then frozen at -40°C. Before the experiments, the meat
samples were thawed in a refrigerator at 4+1°C for 12h.

Water Activity (aw)

Water activity values of the samples were determined
with a TH-500 aw sprint apparatus (Novasina TH-500,
Lachen, Switzerland). The system was calibrated with
six different salt solutions at 25°C before use. The
samples were placed into plastic containers supplied by
the manufacturer and then located into the measuring
cabinet of the device at 25°C for determining aw values.

DSC Measurements

Measurements were carried out with Differential
Scanning Calorimetry (DSC-60, Shimadzu Corporation,
Kyoto, Japan). The DSC was calibrated for temperature
and heat flow with indium (mp = 156.60°C,AH,, =
28.45]/g), distilled water (mp = 0°C,AH,, =335]/9)
and heptane (mp = —-91°C,AH,, =140J/g). Meat
samples (approximately 10 mg) were weighed into
aluminum DSC pans, hermetically sealed, and then
loaded onto the DSC instrument at room temperature.
An empty pan was used as reference, liquid nitrogen
poured into the cooling can of the DSC instrument was
used as coolant, and nitrogen gas at a flow rate of
50ml/min was employed in the purge line to control the
local environment around the sample. The samples
were then cooled at 5°C/min to -80°C, held for 15min,
warmed up to the annealing temperature, held for 1h,
re-cooled to -80°C at 5°C/min, held for 15min and then
scanned at 5°C/min to 20°C. The analysis of the glass
transition reports the onset, mid-point and endset
temperatures of the step once the start and stop points
of the transition are provided. The melting and
crystallization temperatures (onset, peak and endset)
were also detected from the obtained thermograms.

Thermogravimetric Analysis (TGA)

Thermogravimetric  analyzer (TGA-50, Shimadzu
Corporation, Kyoto, Japan) was used to determine the
accurate moisture content in all the samples by plotting
percentage weight loss against time under a controlled
atmosphere. Initial weight of each sample was
approximately 20 mg. Samples were placed in platinum
pans and heated in a furnace flushed with N2 gas at the
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rate of 50 mL/min and heated from 20°C to 105°C at a RESULTS and DISCUSSION
rate of 10°C/min and held isothermally for 60min [4].

Water Activity Results
Determination of Unfreezable Water

The concept of water activity has been used
The unfreezable water mass fraction could be calculated conventionally to study the stability of food products. It
from the difference between total water content and the has provided a reliable assessment of microbial growth,

amount of melted ice detected by DSC fusion lipid oxidation, nonenzymatic and enzymatic activities in
endotherm. The expression (Eq. 1) is presented as foods [27]. In this study, it was observed that aw values
follow: for all the samples were between 0.986-0.989 and the
biopolymer use had insignificant effect on the aw values

W, = W, — (AH;/AH,,) (Eq. 1) of the samples (P>0.05). It was claimed that the concept

of water activity alone is insufficient to predict shelf
where W is the unfreezable water mass fraction (%), W stability of frozen foods and the alternate complimentary

is the total water content (%), AH; and AHw are the  ideas like storing meat below Ty, may help to improve
enthalpy of water fusion (J/g) and latent heat of fusion the shelf stability [4]. Studies indicated that the concept
(J/g) respectively. of Tg should be added along with the existing concept of
water activity, to get a better understanding about the
Statistical Analysis factors governing the stability of foods [18, 28, 29].

This study was conducted according to completely ~ DSC Results

randomized design with three replicates. A one-way

analysis of variance (ANOVA) was performed to test Ice crystallization and melting are the first order phase

significance among treatments. Data was analyzed with ~ transitions occurred at a temperature range by release

the IBM SPSS Statistics 20 packed program. The or absorption of latent heat during the cooling or

Duncan’s multiple comparison tests were used to heating. The ice crystallization and melting temperatures

separate mean differences. and enthalpies of the samples were measured by DSC.
The results of the ice crystallization of the samples are
summarized in Table 1.

Table 1. Effect of biopolymers on ice crystallization temperatures and enthalpies of chicken meat samples

Biopolymer Ratio Temperature (°C) Enthalpy (J/9)
(%) Peak Mean Onset Mean Endset Mean AH Mean
Control - -7.61+0.24° -7.6140.24° -11.83+0.892 -11.83+0.89% -15.61+0.412 -15.61+0.412 193.89+2.012 193.89+2.012
2 -8.23+1.76 -12.59+2.872 -16.10+2.132 187.00+4.70*
k-Carrageenan 4 -7.25+0.38 -7.6940.10° -8.89+0.95° -10.74+2.212 -14.25+0.83* -15.14+1.422 182.56+1.14™ 178.86+9.49°
8 -7.59+0.05% -10.72+0.20? -15.06+0.442 167.03+2.66"
2 -7.17£0.212 -9.9740.26° -14.89+0.212 186.10+4.63%°
Xanthan gum 4 -8.44+1.86% -7.68+1.12° -13.13+3.462 -10.63+2.752 -16.82+2.53% -15.3611.742 179.08+5.18° 176.22+11.55°
8 -7.44+0.46° -8.77+1.74° -14.38+0.82% 163.49+9.12¢
2 -7.23+0.54 -9.93+0.89° -14.71+0.66* 188.83+2.65%
Gum arabic 4 -7.4010.43 -7.50£0.46° -10.29+1.442 -10.60+1.142 -14.96+0.992 -15.18+0.812 183.97+3.24% 180.49+9.55°
8 -7.87+0.192 -11.59+0.172 -15.89+0.122 168.67+3.91¢

2P Values in the same column with different letters are significantly different (0=0.05)

The results of variance analysis for the ice crystallization The moisture contents (%) of the samples measured by
temperatures (peak, onset and endset) showed that the TGA and the unfreezable water fractions (%) estimated
type and level of biopolymer used were not statistically based on DSC and TGA data are summarized in Table
significant (P>0.05). However biopolymer type and level 3. In general, the unfreezable water is defined as the
had a significant effect on the ice crystallization water that cannot be formed into ice even at very low
enthalpies of the samples (P<0.01). Addition of temperatures [30, 31]. The level of unfreezable water
biopolymers caused a decrease in the enthalpy values fraction in the system is important for understanding the
compared to the control. On the other hand, lower solid—liquid  fraction composition at freezing
enthalpy values were determined as the biopolymer temperatures [32]. The use of biopolymers and usage
level increased for all the samples (Table 1). The levels significantly affected the moisture contents and
experimental DSC results of the melting process are unfreezable water fractions of chicken meat samples
shown in Table 2. It was observed that the melting (P<0.01). It was observed that biopolymer addition
temperatures (peak, onset and endset) and enthalpies caused lower moisture contents and higher unfreezable
of the samples were significantly affected by the water fractions in the samples. Also increased
biopolymer type and levels (P<0.01). As the biopolymer biopolymer levels decreased water contents. On the
level increased, the lower temperatures and enthalpy other hand 2% and 4% levels have similar values with
values were detected for all the samples. Similarly, the control for unfreezable water contents, which implies
addition of biopolymers caused a decrease in the that the ratio of biopolymer in meat mixture has a
temperature and enthalpy values compared to the significant effect on this parameter. This might be
control and the lowest peak temperature values were attributed to the hydration between the free water and
obtained for the samples with xanthan gum. the biopolymers, which made the water unfreezable.
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Table 2. Effect of biopolymers on melting temperatures and enthalpies of chicken meat samples

Biopolymer Ratio Temperature (°C) Enthalpy (J/g)
(%) Peak Mean Onset Mean Endset Mean AH Mean
Control - -1.07+0.112 -1.07+0.112 -3.98+0.08% -3.9840.08*  1.49+0.12° 1.49+0.122 194.85+1.432 194.85+1.432
2 -1.15£0.17% -4.28+0.22%¢ 1.27+0.15% 186.58+5.54°
k-Carrageenan 4 -1.27+0.09%°  -1.29+0.17°  -4.31+0.25%°  -4.24+0.21°  1.18+0.23®  1.12+0.26™  181.39+0.39™  177.87+10.02°
8 -1.46+0.02°¢ -4.14+0.20% 0.91+0.29> 165.64+3.77¢
2 -1.28+0.05%¢ -4.50+0.05° 1.35+0.16* 185.40+4.21°
Xanthan gum 4 -1.35+0.13% -1.4310.20° -4.42+0.34" -4.41£0.25°  1.13:0.25®  1.01:0.41° 176.1442.48° 173.16£12.95°
8 -1.66+0.15¢ -4.32+0.313¢ 0.56+0.31°¢ 157.93+7.79°
2 -1.27+0.23%° -4.32+0.043° 1.36+0.162 187.75+2.89°
Gum arabic 4 -1.11£0.11%® -1.23+0.17° -4.39+0.04" -4.23+0.19°  1.34+0.20° 1.30£0.25®  182.72+1.87™  178.06+11.43"
8 -1.32+0.123¢ -3.9840.05% 1.20+0.39% 163.7245.38%

a¢: Values in the same column with different letters are significantly different (a=0.05)

Table 3. Effect of biopolymers on moisture contents and unfreezable water fractions of chicken

meat samples

Biopolymer R(;t)l)o Moisture content (%) Mean (%) Unfreezable water (%) Mean (%)
Control 74.19+0.122 74.19+0.122 15.76+0.52°¢ 15.76+0.52°
2 71.68+2.15P¢ 15.74+2.73°¢
K-Carrageenan 4 71.14+0.33 70.54+1.720 16.76+0.31°¢ 17.21+2.102
8 68.79+0.16% 19.12+1.002
2 71.24+1.32P¢ 15.64+0.55°
Xanthan gum 4 69.85+1.15¢d 69.36+2.41° 17.04+1.21b¢ 17.4412.242
8 66.99+2.49¢ 19.64+2.452
2 72.42+0.14% 16.12+0.97¢
Gum arabic 4 71.95+0.280 71.03x1.77° 17.16+0.28¢ 17.63+1.922
8 68.71+0.40% 19.62+2.012

a¢: Values in the same column with different letters are significantly different (a=0.05)

These results revealed that addition of biopolymers to
the chicken meat samples provides lower ice
crystallization enthalpies, melting temperature and
enthalpy values because of the decreased moisture
contents and increased unfreezable water fractions.
Also, it was reported that polysaccharides such as gums
and carrageenan, are added to many frozen food
formulations at low concentrations and are effective at
stabilizing products against rapid ice crystal growth.
During freezing, an unfrozen phase containing a high
concentration of dissolved solutes is formed as water is
separated from solution in the form of ice. This unfrozen
phase is capable of undergoing a glass transition at low
temperatures [33].

A glass transition is observed as an endothermic step
change (i.e., baseline shift) in a DSC heat flow curve
during heating [34]. Such an endothermic step change
was observed in heat flow curves in the experiments
and it was regarded as the glass transition (Figure 1).
The temperature values (onset, endset and midpoint)
obtained from the DSC curves about the glass transition
are summarized in Table 4. Ty of the chicken breast
meat was in the range of -17.8310.02°C to
16.1240.13°C and determined as -17.08+0.04°C
(midpoint). Similar results were reported by Delgado and
Sun [2] and Sunooj et al. [4] for chicken breast meat as -
16.83°C and -16.63°C respectively. However, the
addition of biopolymers and addition levels significantly
affected the transition temperature values (onset, endset
and midpoint) (P<0.01). The average higher Ty values
(midpoint) were obtained for the samples with xanthan
gum and k-carrageenan as -15.99+0.42°C and
16.19+0.84°C respectively. Also the addition levels of
biopolymers increased the T4 values for xanthan gum
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and k-carrageenan and the higher Ty values were
determined for the levels of 4% and %8 xanthan gum
and %8 k-carrageenan.

It was reported that Ty is an important factor for
stabilization of frozen foods because it limits the
diffusion of water within a frozen food [11]. Because it
has recently become evident that the Ty of a food
influences its shelf life, increasing the Ty leads to an
important technology for extending this period [35].
Brake and Fennema [18] claimed that to achieve a
glassy-state condition during commercial storage one
could either lower the storage temperature, which may
not be economically feasible, or increase Tg of the food
by addition of biopolymers. They also stated that the
latter approach would be feasible only for fabricated
foods.

By adding biopolymers with high molecular weight to
food systems, their glass transition temperature can be
increased and they can therefore be stored at higher
temperatures with greater stability and longer storage
life with respect to diffusion-limited reactions [15, 35-37].
Levine and Slade [37] explain the cryoprotective effects
of many high molecular weight biopolymers according to
“cryostabilization” theory based upon the ability of high
molecular weight solutes to reduce water mobility,
thereby raising the Ty of a solution. Cryostabilization of
food proteins would require addition of a high molecular
solute to raise the Ty to a temperature above that of the
storage temperature, thereby ensuring that the unfrozen
liquid in the food system is in the glass state. This would
theoretically halt (on a practical time scale) those
deteriorative processes that are diffusion limited [38].
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DSC

mwW

Endothermic Heat Flow

Figure 1. Representation of T4 region in DSC heat flow curve

Table 4. Effect of biopolymers on Tq values of chicken meat samples

Biopolymer Ratio Tg (°C)
(%) Onset Mean Endset Mean Midpoint Mean

Control -17.83+0.02¢ -17.834£0.02°  -16.12+0.13%  -16.12+0.13° -17.08+0.04°> -17.08+0.04°
2 -17.76+0.12% -15.63+0.18% -16.69+0.16°

k-Carrageenan 4 -17.76£0.26°¢  -17.3120.91% -15.44+0.14¢  -1517+0.792 -16.44+0.09° -16.19+0.842
8 -16.42+1.182 -14.45+1.122 -15.45+1.222
2 -17.39+0.220cd -15.77+0.20%% -16.52+0.17°

Xanthan gum 4 -16.49+0.132 -16.86+0.522  -14.79+0.14%®  -15.09+0.602 -15.78+0.072 -15.99+0.422
8 -16.71£0.572 -14.7040.572 -15.6940.232
2 -18.10+0.13¢ -16.20+0.23¢de -17.12+0.06"

Gum arabic 4 -17.77£0.26%¢  -17.62+0.59® -16.39+0.32%  -16.37+£0.41° -16.99+0.20° -16.93+0.23°
8 -16.99+0.563¢ -16.51+£0.68¢ -16.68+0.09°

a.¢: Values in the same column with different letters are significantly different (a=0.05)

Auh et al. [39] detected that the Ty of a model solution
containing bovine serum albumin increased as the
average molecular weight of the added highly
concentrated branched oligosaccharides increased.
They also found that compared with the control, the
amount of unfrozen water increased while decreasing its
mobility, which reflected the preservation of proteins in
rigid water-highly concentrated branched
oligosaccharides structures. Kurozawa et al. [40]
determined that the addition of maltodextrin or gum
arabic increased the Ty of the chicken meat protein
hydrolysate and, consequently, contributed to the
stability of the powder. Mitsuiki et al. [41] observed that
the Tg4 of carrageenan containing 24.5% water as 62°C
by dynamic mechanical analysis. But, they concluded
that the Ty values of agars and carrageenans would be
reduced by the severing of inter- and intramolecular
interactions, according to the quantity of water
molecules interacting with their functional groups.

In some cases, the glass transition temperature was
strongly influenced by the biopolymer. For example,
Kasapis et al. [42] reported that the incorporation of 1%
K-carrageenan and 15mM potassium in 80-85% solids
glucose syrup-sucrose increased the rheologically
measured Ty from -25 to -1°C. Contrary to the reported
increase of the rheologically determined glass transition
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temperature, Kumagai et al. [43] observed that in the
presence of gelling agents, the addition of 0.9%
carrageenan to glucose syrup with and without KCI, had
no effect on the DSC measured Tg. In addition, there
was no effect on molecular mobility in the glassy region.
Also Brake and Fennema [18] found that the addition of
1% gelatin to minced mackerel resulted in no significant
change in Ty and they concluded that the Ty of a
fabricated food stored at a subfreezing temperature
cannot be increased meaningfully by small amounts of
added hydrocolloid. In this study, it was observed that Tqy
of the chicken meat samples were increased for addition
level of %8 k-carrageenan as well as 4% and 8%
xanthan gum based on midpoint values.

CONCLUSIONS

The ice crystallization and melting temperatures and
enthalpies as well as Ty values were determined for
chicken breast meat with addition of different levels of
xanthan gum, k-carrageenan and gum arabic by using
DSC. Biopolymer types and addition levels affected
these values differently and the most effective
biopolymer was observed as xanthan gum compared to
others. Addition of high levels of k-carrageenan and
xanthan gum to the chicken breast meat significantly
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affected and increased the T4 value, which is regarded
as an important factor to protect frozen foods from

deteriorative

reactions. These results are quite

meaningful for the fabricated chicken meat products
stored at subfreezing temperatures.

ACKNOWLEDGEMENT

This work was supported by the Ataturk University
Scientific Research Projects Unit under Grant (Project
No: 2014/205).

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

(10]

(11]

(12]

(13]

Sebranek, J.G. (1996). Poultry and poultry
products. In Freezing Effects on Food Quality,
Edited by L.E. Jeremiah, Marcel Dekker, USA.
Delgado, A.E., Sun, D. (2002). Desorption
isotherms and glass transition temperature for
chicken meat. Journal of Food Engineering, 55, 1-
8.

Yildirim, Z., Ceylan, S., Onciil, N. (2015). Tokat
piyasasinda satisa sunulan tavuk etlerinin
mikrobiyolojik kalitesinin belirlenmesi. Akademik
Gida, 13(4), 304-316.

Sunooj, K.V., Radhakrishna, K., George, J., Bawa,
A.S. (2009). Factors influencing the calorimetric
determination of glass transition temperature in
foods: A case study using chicken and mutton.
Journal of Food Engineering, 91, 347-352.

Goff, H.D., Sahagian, M.E. (1996). Glass
transitions in aqueous carbohydrate solutions and
their relevance to frozen food stability.

Thermochimica Acta, 280/281, 449-464.

Rahman, M.S. (1999). Glass transition and other
structural changes in foods. In Handbook of Food
Preservation, Edited by M.S. Rahman, Marcel
Dekker, New York.

Rahman, M.S. (2006). State diagram of foods: Its
potential use in food processing and product
stability. Trends in Food Science & Technology, 17,
129-141.

Rahman, M.S. (2009). Food stability beyond water
activity and glass transition: Macro-micro region
concept in the state diagram. International Journal
of Food Properties, 12, 726-740.

Roos, Y.H. (2003). Thermal analysis, state
transitions and food quality. Journal of Thermal
Analysis and Calorimetry, 71, 197-203.

Roudaut, G., Simatos, D., Champion, D.,
Contreras-Lopez, E., Le Meste M. (2004).
Molecular mobility around the glass transition
temperature: a mini review. Innovative Food
Science & Emerging Technologies, 5, 127-134.
Levine, H., Slade, L. (1986). A polymer physico-
chemical approach to the study of commercial
starch hydrolysis products (SHPs). Carbohydrate
Polymers, 6, 213-244.

Slade, L., Levine, H. (1988). Non-equilibrium
behavior of small carbohydrate-water systems.
Pure Applied Chemistry, 60, 1841-1864.

Bhandari, B.R., Howes, T. (1999). Implication of
glass transition for the drying and stability of dried
foods. Journal of Food Engineering, 40, 71-79.

125

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Balasubramanian, S., Devi, A., Singh, K.K., Bosco,
S.J.D., Mohite A.M. (2016). Application of glass
transition in food processing. Critical Reviews in
Food Science and Nutrition, 56(6), 919-936.
Herrera, J.J., Pastoriza, L., Sampedro, G., Cabo,
M.L. (1999). Effect of various cryostabilizers on the
production and reactivity of formaldehyde in frozen-
stored minced blue whiting muscle. Journal of
Agricultural and Food Chemistry, 47, 2386-2397.
Levine, H., Slade, L. (1989). Response to the letter
by Simatos, Blond, and Le Meste on the relation
between glass transition and stability of a frozen
product. Cryo-Letters, 10, 347-370.

Inoue, C., Ishikava, M. (1997). Glass transition of
tuna flesh at low temperature and effects of salt
and moisture. Journal of Food Science, 62, 496-
499.

Brake, N.C., Fennema, O.R. (1999). Glass
Transition Values of Muscle Tissue. Journal of
Food Science, 64, 10-15.

Jensen, K.N., Jorgensen, B.M., Nielsen, J. (2003).
Low-temperature transitions in cod and tuna
determined by differential scanning calorimetry.
LWT - Food Science and Technology, 36, 369-374.
Orlien, V., Risbo, J., Andersen, M.L., Skibsted, L.H.
(2003). The question of high- or low-temperature
glass transition in frozen fish. Construction of the
supplemented state diagram for Tuna muscle by
differential scanning calorimetry. Journal of
Agricultural and Food Chemistry, 51, 211-217.
Hashimoto, T., Suzuki, T., Hagiwara, T., Takai, R.
(2004). Study on the glass transition for several
processed fish muscles and its protein fractions
using differential scanning calorimetry. Fisheries
Science, 70, 1144-1152.

Sablani, S.S., Rahman, M.S., Al-Busaidi, S.,
Guizani, N.Al-Habsi, N., Al-Belushi R., Soussi B.
(2007b). Thermal transitions of king fish whole
muscle, fat and fat-free muscle by differential
scanning calorimetry. Thermochimica Acta, 462,
56-63.

Akkose, A., Aktas, N. (2008). Determination of
glass transition temperature of beef and effects of
various cryoprotective agents on some chemical
changes. Meat Science, 80, 875-878.

Akkose, A., Aktas, N. (2009). Determination of
glass transition temperature of rainbow trout
(Oncorhynchus mykiss) and effects of various
cryoprotective  biopolymer blends on some
chemical changes. Journal of Food Processing and
Preservation, 33, 665-675.

Tironi, V., Lamballerie-Anton, M., Le-Bail, A.
(2009). DSC determination of glass transition
temperature on sea bass (Dicentrarchus labrax)
muscle: effect of high-pressure processing. Food
and Bioprocess Technology, 2, 374-382.
Tolstorebrov, I., Eikevik T.M., Bantle M. (2014a). A
DSC study of phase transition in muscle and oil of
the main commercial fish species from the North-
Atlantic. Food Research International, 55, 303-310.
Rahman, M.S., Labuza, T.P. (2007). Water Activity
and Food Preservation. In Hand Book of Food
Preservation, Edited by M.S. Rahman, CRC Press,
New York.



(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

A. Akkése Akademik Gida 16(2) (2018) 120-126

Rahman, M.S., Sablani, S.S., Al-Habsi, N., Al-
Maskri, S., Al-Belushi, R. (2005). State diagram of
freeze-dried garlic powder by differential scanning
calorimetry and cooling curve methods. Journal of
Food Science, 70, E135-E141.

Sablani, S.S., Kasapis, S., Rahman, M.S. (2007a).
Evaluating water activity and glass transition
concepts for food stability. Journal of Food
Engineering, 78, 266-271.

Miles, C.A., Mayer, Z., Morley, M. J., Houska, M.
(1997). Estimating the initial freezing point of foods
from composition data. International Journal of
Food Science & Technology, 32, 389-400.
Hamdami, N., Monteau, J., Le Bail, A. (2004).
Thermophysical properties evolution of French
partly baked bread during freezing. Food Research
International, 37, 703-713.

Tolstorebrov, I., Eikevik T.M., Bantle M. (2014b).
Thermal phase transitions and mechanical
characterization of Atlantic cod muscles at low and
ultra-low  temperatures. Journal of Food
Engineering, 128, 111-118.

Goff, H.D. (1995). The use of thermal-analysis in
the development of a better understanding of
frozen food stability. Pure and Applied Chemistry,
67(11), 1801-1808.

Levine, H., Slade, L. (1990). Cryostabilization
technology: Thermoanalytical evaluation of food
ingredients and systems. In Thermal Analysis of
Foods, Edited by V.R. Harwalkar, C.Y. MA,
Elsevier Applied Science, London.

Slade, L., Levine, H., Reid, D.S. (1991). Beyond
water activity: Recent advances based on an
alternative approach to the assessment of food
quality and safety. Critical Reviews in Food
Science and Nutrition, 30, 115-360.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Roos, Y., Karel, M. (1991). Phase transitions of
mixtures of amorphous polysaccharides and
sugars. Biotechnology Progress, 7, 49-53.

Levine, H., Slade, L. (1988). Principles of
“cryostabilization” technology from  structure/
property relationships of carbohydrate/water
systems. A review. Cryo-Letters, 9, 21-63.

Carvajal, P.A., MacDonald, G.A., Lanier, T.C.
(1999). Cryostabilization mechanism of fish muscle
proteins by maltodextrins. Cryobiology, 38, 16-26.
Auh, J.H., Kim, Y.R., Cornillon, P., Yoon, J., Yoo,
S.H., Park, K.H. (2003). Cryoprotection of protein
by highly concentrated branched oligosaccharides.
International Journal of Food Science and
Technology, 38, 553-563.

Kurozawa, L.E., Park, K.J., Hubinger, M.D. (2009).
Effect of maltodextrin and gum arabic on water
sorption and glass transition temperature of spray
dried chicken meat hydrolysate protein. Journal of
Food Engineering, 91, 287-296.

Mitsuiki, M., Yamamoto, Y., Mizuno, A., Motoki, M.
(1998). Glass transition properties as a function of
water content for various low-moisture galactans.
Journal of Agricultural and Food Chemistry, 46,
3528-3534.

Kasapis, S., Al-Marhoobi, I.M.A., Khan, A.J. (2000).
Viscous solutions, networks and the glass
transition in high sugar galactomannan and k-

carrageenan mixtures. International Journal of
Biological Macromolecules, 27, 13-20.
Kumagai, H., MacNaughtan, W., Farhat, 1.,

Mitchell, J.R. (2002). The influence of carrageenan
on molecular mobility in low moisture amorphous
sugars. Carbohydrate Polymers, 48, 341-349.

126



