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ABSTRACT: Global demand for gelatin industry is increasing especially in food and
pharmaceutical industry. Major productions of gelatin are from mammalian (porcine and bovine)
and the rest are from fish. There are halal issues and health related concerns associated with
mammalian gelatin, while for fish gelatin is about allergic reactions. New potential gelatin
sources such as poultry skin, feet, and bone has raised to replace mammalian resources. The
objective of this review is to present the potentials of gelatin extracted from poultry as an
alternative sources of gelatin. Poultry as an alternative doesn’t have any dietary concern and can
be accepted if it follows the religious requirement. Limited studies on gelatin produced from
chicken show that it has higher glycine, hyproxyproline and proline content and exhibited higher
thermal stability compared to mammalian and fish gelatin. Poultry gelatin from skin and feet are
considered as by-products from poultry, so apart from gelatin extraction, it can minimize the
product from poultry waste. This review focuses on current study of gelatin, alternatives sources
of gelatin and the challenges of poultry gelatin for future commercial use.
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Introduction

Gelatin is the main derivative of collagen (Gilsenan and Ross-Murphy, 2000) that is used
primarily in food, pharmaceutical, photographic, and technical products. In food industry, gelatin
is utilized in confections (mainly for providing chewiness, texture, and foam stabilization), low
fat spreads (to provide stabilization and texturization), bake goods (to provide emulsification,
gelling, and stabilization), and meat products (to provide water-binding). While in
pharmaceutical industry, gelatin is used to make capsules, tablets, homeostatic sponges, blood
plasma substitutes, suppositories, and vitamin encapsulation. For non-food industry, gelatin is
used in making film for photography. Thus, the amount of gelatin used in the worldwide industry
is increasing (Montero and Gomez-Guillen, 2000).

Gelatin contain high amount of certain amino acid such as glycine, proline and hydroxyproline
(Gilsenan and Ross-Murphy, 2000; Arnesen and Gildberg, 2007) but low in cysteine, methionine
and tyrosine due to the degradation during hydrolysis (Chapman and Hall, 1997; Jamilah and
Harfinder, 2002). Gly-X-Y is the typical sequence of amino acid in gelatin which represents Gly
as glycine, X is proline and Y is hydroxyproline. The most abundant amino acid in gelatin is
glycine. 25% of dry gelatin contains proline and hydroxyproline which can stabilize its structure
(Russell et al., 2007).

The amino acid content of gelatin depends on the raw material used to extract it. Nalinanon et al.
(2008) reported that percentage of extracted gelatin can be measured by the content of
hydroxyproline produced. The differences in molecular weight distribution affected its chemical
properties which result from the variation in the nature or extraction conditions (Zhou and
Regenstein, 2006). For food grade gelatins, typically it contains 8-12% moisture and less than
2% ash, the remainder being protein which is gelatin (Ledward, 2000).
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Porcine and bovine skin gelatins are the main sources of gelatin (Kittiphattanabawon et al.,
2010) and widely utilized in food manufacturing because the sources are more available. Gelatin
from porcine skin gelatin and bovine skin are produced from acidic treatment (Type A) and
alkaline treatment (Type B), respectively (Eysturskaro et al., 2009) with isoelectric point of pH
7-9.4 and pH4.8-5.5 (Ledward, 2000).

Jongjareonrak et al., (2006) reported that development of alternative sources for porcine and
bovine gelatin has been given priority due to the potential risk of spreading bovine spongiform
encephalopathy (BSE), commonly known as mad cow diseases or food and mouth disease
(FMD). Besides that, there are religious concerns and halal issues about pork and beef
consumption. For example, Islam and Judaism cannot consume any pork related products, while
Hindus do not consume beef product (Karim and Bhat, 2009).

Current Study of Gelatin

GME (2008) reports the annual world production of gelatin is nearly 326,000 tons, with source
from pig skin derived gelatin is the most abundant (46%) output, followed by bovine hides
(29.4%), bones (23.1%) and other sources (1.5%). Porcine skin required short time for treatment
with acid prior to extraction while for bovine it is subjected to lengthy treatment with alkaline
(GMIA, 2012). The raw materials for this mammal are also abundant and the price is lower
compared to bovine. A number of studies on developing gelatin alternatives to mammalian
gelatin from fish source have been reported including fish skin (Mohtar et al., 2011; Al-Saidi et
al., 2012) and fish scales (Zhang et al., 2011). In South Korea, Jun et al. (2000) investigates the
feasibility of chicken feet to replace cowhides for jokpyun (traditional Korean gel type food).
Gelatin extraction from poultry is mostly come from chicken as shown in Table 1. All of those
sources are used to maximizing the usage of under-utilised resources and industrial waste.
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Table 1: Poultry source that had been use in current study
Source of gelatin
Chicken feet
Chicken skin
Chicken meat residue
Silky fowl feet
Bird feet

References
Liu et al. (2001); Lim et al. (2001)
Norizah et al. (2013); Cliché et al. (2003)
Rammaya et al. (2012)
Cheng et al. (2009)
Yung and Deng (2006)

Alternatives Sources of Gelatin

Fish gelatin

Alternative for porcine and bovine gelatin are fish and poultry. Gelatin of fish which is the
marine source has one major advantage as they are not associated with the risk of outbreaks of
Bovine Spongiform Encephalopathy. Fish gelatin is acceptable for Islam, and can be used with
minimal restrictions in Judaism and Hinduism. Furthermore, fish skin, which is a major byproduct of the fish-processing industry, causing waste and pollution, could provide a valuable
source of gelatin (Badii and Howell, 2006). Large amount of collagen are from fish skins. Nagai
and Suzuki (2000) showed that collagen contents in the fish skin waste of Japanese sea-bass,
chub mackerel, and bullhead shark were 51.4%, 49.8%, and 50.1% (dry basis), respectively.
Gelatin has been extracted from skins and bones of various warm-water (e.g. tuna, catfish and
tilapia) and cold-water (e.g. cod, Alaska pollock and salmon) fish.

Jamilah and Harfinder, (2002) found that, the extraction yield of fish gelatin is lower than
mammalian gelatin, giving approximately between 6% and 19% (grams of dry gelatin per 100 g
of clean skin). Lower extraction yield of fish gelatin could be due to the loss of extracted
collagen through leaching during the series of washing steps or due to incomplete hydrolysis of
the collagen. In addition, Intarasirisawat et al. (2007) reported that some heat-stable proteases
endogenous to the skin are involved in the degradation of gelatin molecules (specifically the b
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and a chain) during the extraction process at elevated temperatures, which contribute to lower
bloom value.

Imino acids (proline and hydroxyproline) content in fish gelatin also lower compared to
mammalian gelatins, but warm-water fish gelatins have a higher imino acid content than coldwater fish geatins (Eastoe and Leach, 1977). Muyonga et al. (2004) reported that the proline and
hydroxyproline contents are approximately 30% for mammalian gelatins, 22–25% for warmwater fish gelatins (tilapia and Nile perch), and 17% for cold-water fish gelatin (cod).

Fish gelatins have lower gelling and melting temperatures, but relatively higher viscosities
compared to mammalian (Leuenberger, 1991). Typical gelling and melting points for fish
gelatins range from 8 to 25ºC and 11 to 28ºC, but typical gelling and melting points for porcine
and bovine gelatins range are from 20 to 25ºC and 28 to 31ºC.

The origin of the raw material used in gelatin extraction process account for the wide range of
gelling temperatures. Besides that, the raw material from fish is failed to pull people’s attraction
due to the allergic factor. Fish and shellfish are included in the 8 types of food that contribute for
more than 90% of allergic reactions (Nieuwenhuizen et al., 2006).

Poultry Gelatin

Alternative sources for the production of gelatin have attracted the attention of researcher in the
last decades as reviewed by Gomez-Guillen et al. (2011). The chicken and duck based poultry
can be considered as one of the best income produced poultry since it can provide eggs and meat.
It gets good support from the public in Malaysia. From year 2000 to 2010, the production of
chicken (123650 to 225790 per head) and duck (31000 to 48200 per head) is increasing
(FAOSTAT, 2012). Although the total production of ducks is still less than chickens, duck
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production increased more rapidly from 766.55 metric tons in 2001 to 1334.47 metric tons in
2011 (Dept. of Veterinary Services Malaysia, 2012).

New gelatin sources such as poultry skin, feet, and bone has increased to replace mammalian
resources (Gudmundsson, 2002; Schrieber and Garies, 2007; Karim and Bhat, 2009). Norizah et
al. (2013) noted that gel strength from chicken gelatin has significantly higher bloom value (355)
compared with bovine gelatin (229) due to the intrinstic characteristic such as protein chain
composition, molecular weight distribution, amino acid content and types of extraction treatment
as well as the properties of collagen. Chicken skin contains approximately 75% type I and 15%
type III collagens (Abedin and Riemschneider, 1984). Chicken skin is chiefly made into animal
meal, whereas a smaller proportion is incorporated into meat emulsions or used as a source of fat
mainly for soup preparation (Cliché et al., 2003). Schrieber and Garies, 2007 reported that
poultry skins contain a lot of fat and the concentration of collagen is low, thus preferable to use
other material such as feet.

Poultry feet (duck and chicken) are another potential source of gelatin production from waste
product of poultry. The huge chicken and duck production in Malaysia means that a great deal of
by-products (feets) is also produced, and provide readily available source of raw material to
produce poultry feet gelatin. Limited studies on gelatins produced from broiler chicken feet have
been reported. For example, Lin and Liu (2006) reported that collagen extracted from chicken
broiler feet had higher hyproxyproline (Hyp) and proline (Pro) content and exhibited higher
thermal stability.

Table 2 showed the amino acid content for chicken gelatin compared with porcine, bovine and
fish gelatin. Chicken skin gelatin showed similar properties with other gelatin and it contains
high value of certain amino acid. Chicken skin gelatin has the highest imino acid, this
composition is important for gelling effect (Gómez-Guillén et al., 2011) and it play an important
role in gel strength (Wangtueai and Noomhorm, 2009). From the table, it is similar with previous
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studies on amino acids content of collagen. It was reported that aquatic animal collagen such as
fish collagen contains lower imino acids compared to mammal’s collagen (Montero and GomezGuillen 2000; Lin and Liu, 2006).
Table 2: Amino acid content in chicken gelatin compared to porcine, bovine and fish gelatine

Amino
acid
(%)
Alanine
Arginine
Aspartic acid
Cystine
Glycine
Glutamic acid
Histidine
Hydroxyproline
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tyrosine
Valine
Imino acid

a

Chicken
skin
Ala
101
Arg
56
Asp
21
Cys
1.6
Gly
337
Glu
58
His
30
Hyp
121
Ile
12
Leu
26
Lys
47
Met
7
Phe
18
Pro
134
Ser
22
Thr
10
Tyr
12
Val
19
(Hyp+Pro) 255

b

Porcine
skin
112
49
46
0
330
72
4
91
10
24
27
4
14
132
35
18
3
26
223

c

Bovine
skin
113
47
46
0
342
74
4
83
11
24
25
4
12
127
39
33
4
19
215

d

Fish
skin
123
47
48
0
347
69
6
79
8
23
25
9
13
119
35
24
2
15
198

a

Norizah et al.
(2013)
b
Eastoe and Leach,
(1997)
c
Gomez-Estaca et
al. (2009)
d
Sarabia et al. (2000)

Cheng et al. (2009) noted that silky fowl feet is a useful industrial by-product, as the collagen
extraction yield is 7.3% and collagen content is 516.6 mg/g. Cheng et al. (2009) also noted that
collagen extracted using the acetic acid-pepsin solubilization method showed the highest yield
and collagen content among the methods tested. Cliché et al. (2003) showed that, yields obtained
in 100kg of chicken skin could generate between 860g of collagen with telopeptides and 950g
without telopeptides. Norizah et al. (2013) noted that, the yield of chicken skin gelatin is 16 %
based on dry weight basis. Thus, poultry can be a potential alternative gelatin source.
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Challenges of Poultry Gelatin for Future Commercial Use

Compared to bovine, porcine and fish gelatin, the market share of poultry gelatin is still
considered very small. Limiting factors with poultry gelatin industry included:


Availability of raw materials: The production of poultry which is chicken and duck in
Malaysia for year 2010 is 225790 and 48200 respectively; it is lower than the production
of cattle and pig which is 909810 and 1710950 respectively (FAOSTAT, 2012). Poultry
production is still considered very low compared to mammalian, so the production of
poultry gelatin is limited. Besides that, the production of consistent poultry species in
adequate quantities is difficult for gelatin manufacture. Another factor is the difficulty to
obtain certification on poultry raw material. Certification is for the traceability, which is
the essential requirement for food additives especially from animal source (Karim and
Bhat, 2009).



Price: Price of poultry especially ducks meat is usually higher and it often discourages
people from buying it more often (Mead, 2004). Production of gelatin especially from
duck will be high price in market because of limited source of raw material.



Quality of gelatin: Poultry skin, feet and bone is used for gelatin extraction, so variable
quality of gelatin will be produce because of the different composition of raw material
from poultry waste by product. Other than that, extraction using different species, origin
and extraction process also can influence the quality of gelatin.



Health concern: Although there is no dietary concern, but there are health concerns
regarding avian influenza virus or bird flu. There are several types of bird flu and the
most common bird flu is H5N1. H5N1 was the first avian influenza virus to infect
humans. The first infection occurred in Hong Kong in 1997 (PubMed Health, 2011).
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Conclusion

Poultry as an alternative source of gelatin shows similar chemical composition in imino acid
content of bovine, porcine and fish gelatin. Although the total production of poultry gelatin may
not significantly increase for this time being, but at least in the future, it might be able to replace
the gelatin from conventional sources. In order to meet the global demand, hopefully gelatin
from poultry could potentially be an alternative to commercial gelatin and might become a new
product that offering unique and competitive properties to other biopolymers.
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