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Introduction

Antifreeze proteins (AFPs) are polypeptide compounds is synthesized by various organisms
like fish, plants or insects (Kontogiorgos et al., 2007; Petzold and Aguilera 2009). Antifreeze proteins
were first identified by the DeVries in the year 1969 in blood of fish living in areas where the sea
frozen, and it served to lower the freezing point (FP) of the fish’s blood to below the freezing point of
seawater. Antifreeze proteins (AFPs) have ability to modify growth of ice crystals and depress the
freezing point of water, resulting in stabilization of ice crystals as well as inhibition of ice re-
crystallization. The discovery of the first AFP has been also identified with a wider range of fish living
in areas susceptible to ice formation but also in numerous plants and insects (Hassas-Roudsari and
Goff 2012). Antifreeze proteins (AFPs) have also the ability to inhibit ice re-crystallization and also
prevent large ice crystal growth that is associated with re-crystallization during frozen storage and
thawing. Antifreeze proteins (AFPs) have been used in a number of areas in food industry,
cryopreservation of transplant organs and cells, cryosurgery and aquaculture (Harding et al., 2003; Jin-
Yao et al., 2005). It is also used as a food additive in recent years. Previously, antifreeze proteins
(AFPs) were limited uses like in ice cream products and meat products. Recently it has been used in
frozen dough (Ding et al. 2014). Apart from that, a few studies of Antifreeze proteins (AFPs) have
been reported on food processing. Antifreeze proteins (AFPs) can be added to food to improve its
texture and quality of the food products, and to reduce damage caused by freezing. It is also known as

ice-structuring proteins.
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Function of Antifreeze Proteins (AFPS)

Antifreeze proteins (AFPs) are to certain cold-adapted organisms from freezing to death by
selectively adsorbing to internal ice crystals and inhibiting ice propagation. There are many functions
of antifreeze proteins such as to prevent winter freeze, prevents rust and corrosion, lubricates the water

pump, cools the engine.

How AFPs work in Food
There are many works area of antifreeze protein in food are as follows:

i. AFPs lower the freezing point of water.
ii. It prevents ice crystals from growing too large.
iii. It keeps ice crystals stable within a certain temperature range.
iv. It stops ice crystals from recrystallizing.
Where AFPs are found

Antifreeze Protein are found many area such as-

i.  AFPs are found in many organisms, including fish, plants, bacteria, fungi, and insects.
i.  Some examples of fish that contain AFPs include Atlantic cod, winter flounder, and Atlantic

wolfish.

Application of Antifreeze Proteins (AFPs) in food

Antifreeze proteins (AFPs) are used in ice recrystallization inhibition agents. Incorporation of
AFPs proteins in frozen foods helps to protect from freeze damage and extending the shelf life of food
products. AFPs are also inhibits the formation of large ice crystals of frozen dairy and food storage
products. They are used as food additives in dairy and food products. Antifreeze proteins (AFPS) is
used in limited food products like frozen ice cream, meat, fish and frozen dough products.
Ice Cream Products

Antifreeze Proteins (AFPs) is used in ice cream. Ice crystallization problems are widely occurs
in manufacturing of ice cream, the ice recrystallization is caused by the temperature fluctuation during
storage condition. The small ice crystals melts and turn into larger ice crystals by refreezing process
caused by large ice crystals destroy the texture and organoleptic characteristics of ice cream, AFPs has
a natural ice growth inhibitor in frozen dairy products. Ice cream dairy products with good ice crystal
structure are important to maintain a smooth and creamy texture. Antifreeze proteins (AFPs) by
inhibiting crystallization, provide continuity of the smooth structure of ice cream. The small amount

of Antifreeze proteins was added to thawed commercial food products, and the samples were then
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frozen at approximately —8°C and stored at temperatures between —6°C and —8°C for different periods
of time. During storage, changes on ice recrystallization were observed microscopically, and after 1 h
at —6°C to —8°C, the control sample had noticeably larger ice crystals. The vanilla ice cream with AFP
showed a very little effect on ice crystal growth. The control sample without AFP showed a definite
increase in size of ice crystal (Feeney and Yeh 1998). Ice recrystallization in frozen sucrose solutions
that contained some of the ingredients commonly found in ice cream and in ice cream manufactured
under commercial conditions, with or without ISPs from cold-acclimated winter wheat grass extract,
was assessed by bright field microscopy. In case of sucrose solutions, critical differences in moisture
content, ionic strength, viscosity, and other properties derived from the presence of skim milk powder,
corn syrup solids, locust bean gum caused a reduction in the ice crystal growth.
Chilled/Frozen Meat and Fish

Antifreeze Proteins (AFPs) is applicable in chilled/Frozen and fish food items. Ice
recrystallization inhibition property of antifreeze proteins and utilized in chilled/frozen meat and fish.
Payne et al., (1994) observed that the small pieces of bovine meat were soaked in a concentrated
antifreeze proteins (AFP) solution and drained to dry. Antifreeze proteins (AFP) help to maintain the
ice crystal size in the frozen meat but there was a problem that in the soaking time of the meat in the
AFP solution about two weeks, causing the sample to deteriorate after two weeks. So, to avoid such
type of deterioration, lambs could be injected with antifreeze proteins solution before slaughter. In
another study of AFPs, the effects of pre-slaughter administration of AFPs to lambs were assessed on
lamb meat quality after thawing. Antifreeze proteins from antarctic cod were injected intravenously
into lambs prior to slaughter. Ice crystals size was smaller in the lambs injected with 0.01-0.02 pg/kg
AFP. These results show that if a cost-effective and consumer-acceptable method has developed, the
addition of AFP into the meat to freezing could reduce the frozen storage damages (Payne and Young
1995). Frozen storage helps to prolong the shelf life of the finished products. But it initiates another
problem like freeze-induced denaturation of the muscle proteins. This denaturation can be prevented
to some extent by cryoprotectants. Commercially used of cryoprotectants are sucrose and sorbitol (4%
each). These sugars show in sweetness that is undesirable for some food products and for some
consumers like diabetes people. Presently an alternative preservative without this drawback is not
commercially available. So, AFPs may be used for this purpose. The first demonstration of the
potential usefulness of a type 111 AFP in preservation of the gel-forming properties of fish muscle under
frozen and chilled conditions (Boonsupthip and Lee, 2003). The AFP concentration is required for
protection of some extend of diabetic people. The study of this new AFP ability encourages exploration

into other food applications.
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Frozen Dough in food
Frozen dough technique in food has been introduced since 1960s to deal with problems of short

shelf life of conventional dough. This technique can weaken the dough structure and decrease the
retention capacity, so this can be avoided using strong wheat flour or freeze-tolerant yeasts. In addition,
this technique prolongs the fermentation times and deteriorates the texture of bread (Zhang et al., 2007,
2008). This type of problems can be modified by Zhang et al., (2007), the effects of the addition of
carrot-concentrated protein supplementation containing 18.3% CaAFP, bovine serum albumin (BSA)
and soy protein isolated on the fermentation capacity of frozen dough were evaluated. Addition of
carrot-concentrated protein to frozen dough food items, increased the CO. retention capacity of the
dough, decreased mortality of the yeast, caused a TH phenomenon during freezing—thawing cycle and
retarded the crystal forming. No appropriate industrial baker’s yeast with optimal gassing capacity in
frozen dough. In further study, a recombinant antifreeze peptide GS-5 was expressed from the polar
fish grubby sculpin (Myoxocephalus aenaeus) in laboratory and industrial baker’s yeast strains of
Saccharomyces cerevisiae. Production of the recombinant protein to increase the freezing tolerance in
both strains tested. So, expression of the GS-5 encoding gene enhanced notably the gassing rate and
total gas production in frozen dough and frozen sweet doughs (Panadero et al., 2005). Zhang et al.,
(2008) reported that the effects of concentrated carrot protein containing 15.4% wi/w carrot (Daucus
carota) AFP on texture properties of frozen dough and volatile compounds of crumb.
AFPs can be also used in food application-

e AFPs can be added to food through mixing and soaking.

e AFPs can be used to improve the texture of ice cream.

e AFPs can be used to reduce the amount of drip loss when frozen food thaws.

e AFPs can be used to reduce cellular damage and nutrient loss.

e AFPs can be used in cryosurgery.

e AFPs can be used to preserve cells and tissues.

e AFPs can be used in cold storage technology for office buildings.
Conclusion

Antifreeze proteins is applicable in various food items to prevent deterioration and prolong the

shelf life. Antifreeze proteins act both by lowering the freezing point of water and by inhibiting ice
crystals, and prevent recrystallization during storage. It is synthesized by various organisms to cells to
survive subzero environments. AFPs exert their effects by lowering the freezing point of water and
preventing the growth of ice crystals and recrystallization during frozen storage. Their ability to modify

the growth of ice results in the stabilization of ice crystals over a temperature range and in the inhibition
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of the recrystallization of ice, which reduce drip loss during thawing, improve the quality and prolong
the shelf life of frozen food. So, the high cost of AFP and the requirement of biotechnological methods

for commercial production limit their potential use in foods.
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