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ABSTRACT
The present study was conducted to determine the effect of different NaOH concentrations for pretreatment of deserted 
chicken skins used thereof for gelatine extraction. The low temperature (50°C) treatment was used to extract maximum 
fat from minced skin and resulting skin was used to see the feasibility of gelatine extraction. The effect of NaOH 
pretreatment at different concentrations (0.1, 0.2 and 0.4%) on various quality attributes of chicken skin gelatine was 
observed.  The proximate composition revealed moisture, protein, fat and ash content of chicken skin gelatine varying 
from 10.06 to 10.63%, 81.67 to 84.58%, 2.20 to 3.22% and 0.86 to 0.92%, respectively. The 0.4% NaOH showed 
highest protein, and lowest moisture, fat and ash content. The dried gelatine sheets were transparent and have mildly 
rancid odour; the yield varied from 4.27 to 4.81% and pH ranges from 4.89 to 4.93. A reduction in L* and a* value 
was observed with increasing NaOH concentration, but the percentage transmittance value was highest in 0.4% NaOH. 
The electrophoretic pattern showed discernible α-1 and α-2 chains with maximum distribution of proteins between 
70 and 120kDa. Therefore, due to better quality attributes and maximum resemblance with control; 0.4% NaOH 
concentration is suggested for pretreatment of chicken skin during gelatine extraction.  
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INTRODUCTION

The demand and consumption of poultry meat and meat products 
has increased tremendously during last few years. The high demand 
for poultry meat in years to come will demand processing of more 
number of birds, generating higher amount of poultry slaughter 
waste. The by-products obtained from poultry processing has the 
potential to be converted into high value product (Kulkarni and 
Devatkal 2015). In India, most of the chicken are slaughtered in 
wet market and consumers prefer skinless broilers. This chicken 
skin is discarded as such without any treatment which causes 
environmental nuisance besides wasting a valuable source of animal 
protein and fat. The proper utilization of this skin can open new 
avenues for its economic disposal (Mandal et al. 2011).  

The skin constitute nearly 15% of broiler carcass (Hayse and 
Marion 1973) and it contains approximately 20-30% of fat 
without adipose tissue (Sheu and Chen 2002). As per Osburn and 
Mandigo (1998) chicken skin contains nearly 40% fat and 9% 
protein, besides having about 3.5% collagen content (Cliche et al. 
2003). This collagen can be converted into gelatine which can have 
many uses. Gelatin is a natural biopolymer produced by collagen 
thermo-hydrolysis (Ahmad et al., 2018). Due to its high water 
binding capacity, film forming, foaming and emulsifying ability, 
it has found varied uses in pharmaceuticals, food, cosmetic and 
photography industry (Vidal et al. 2020; Wang et al. 2018).

 The gelatine from chicken skin has been extracted by many workers 
in the past (Sarbon et al. 2013; Rasli and Sarbon 2015; Sompie 
and Triasih 2018; Saenmuang et al. 2019; Tumerkan et al. 2019). 
The gelatine for poultry or fish skin is commonly carried out by 
two pretreatment steps. In the first step skin is exposed to alkaline 
pretreatment to remove noncollagenous proteins and pigments 
whereas in second step it is treated with the acid to cause swelling of 
skin and to provide necessary pH conditions for gelatine extraction 

(See et al. 2015). The pro1perties of the gelatine are affected by 
alkaline pretreatment, stronger alkaline conditions leads to the 
relatively higher viscosity but reduces yield (Schrieber and Gareis 
2007). Therefore, the present study was carried out to see the effect 
of alkaline pretreatment on quality of gelatine extracted from low 
temperature rendered broiler skin.  

MATERIALS AND METHODS
Skin preparation

Broiler (age 6-8 weeks) skins with feathers were collected from 
roadside retail shops of Bareilly city (U.P, India). The skins were 
washed thrice with potable water at room temperature to remove 
the adhering dirt or blood clots. After washing, skins were dipped 
in 5% salt solution for one hour to reduce the microbial load. 
Skins were again washed with potable water and to loosen the 
feathers, and then dipped in 4% acetic acid overnight at 25±1°C. 
The loosened feathers from skin were removed manually and the 
defeathered skins were washed thoroughly under running water. 
The skins were then frozen at -20°C till use, not later than 15 days. 
Then frozen skin were thawed at 4±1°C for 12 hours and then 
minced through a meat mincer using 8mm plate. The minced 
skin was then rendered in a locally designed electrically heated 
dry renderer at 50°C for 4 hours at atmospheric pressure with 
continuous agitation at the rate of 20 rpm. The rendered fat or the 
liquid low density phase was separated using double layered muslin 
cloth and pressing it 30 minutes by applying pressure @ 1 kg/cm2. 
The rendered skin was then stored at -20°C till further use, not 
later than 15 days. The frozen rendered skin was thawed at 4±1°C 
for 12 hours before use. 

Pretreatment

To rendered skin 0.1, 0.2 or 0.4% NaOH solution was added 
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in the ratio of 1:5 and stirred slowly over magnetic stirrer for 2 
hour at room temperature. This step was repeated after discarding 
used NaOH solution and thorough washing the skin with potable 
running water. After completion of NaOH treatment, the skin was 
again thoroughly washed. After this acidic treatment was carried 
out to produce sufficient swelling of skin by soaking it in 0.5 
M acetic acid (1:4 w/v) for 18 hours. After which the skin was 
thoroughly washed with potable tap water till the running water 
tested neutral. 

Extraction of gelatine

Thermo hydro extraction of gelatine was carried out with distilled 
water (1:3 w/v) at 60°C in a hot water bath for 6 hours with 
intermittent stirring. After extraction the liquid part was separated 
from residual skin by filtering through double layered nylon mesh 
strainer. The gelatine extract was poured into beaker and kept 
overnight at refrigeration temperature to see its gelling behavior. 
The gelatine extract was heated in water bath at 55°C to liquefy 
and then it was clarified by centrifuging at 10000g for 20 minutes. 
The drying of gelatine was carried out at °55C in hot air oven. 
The dried gelatine films were ground in a mixer grinder transferred 
to air tight polypropylene containers for further analysis. The 
commercial gelatine procured from market was used as control. 

Physicochemical properties

Proximate analysis

The proximate analysis (moisture, protein, fat and ash) of extracted 
gelatine was carried out using approved methods (AOAC 1995). 

Sensory evaluation 

The sensory evaluation of dried gelatine was carried out for colour 
and odour. Gelatine sheets were ground and evaluated (Setyawaty 
and Triliandari 2018). The gelatine obtained after overnight 
refrigeration was also evaluated for quality of gel produced.  

The yield of gelatine was calculated based on wet weight of minced 
skin using the following formula:

Gelatine Yield (%) =
Weight of Dried Gelatine(g)

 x 100
Wet weight of Skin(g)

pH 

The pH value for gelatine was determined using Hanna pH meter 
(Hanna 211 Intruments, Italy). 

Colour and clarity

The colour measurement of dried gelatine was carried out using 
MiniScan EZ Hunter Lab (4500 L Spectrophotometer, Hunter 
Associate Laboratory, Inc., Reston) in which values L*, a*, and b* 
refers black-white, red-green, and yellow-blue colour, respectively. 
To determine the clarity, gelatin solution (1%) was heated at 60°C, 
and the clarity was determined by measuring transmittance using 
spectrophotometer (GENESYS 10 UV-Vis, Thermo scientific, 
U.S.A) at 620 nm (Roy et al. 2017).   

Electrophoretic analysis 

The molecular weight distribution was determined by SDS-PAGE 
analysis of dried chicken skin gelatine and control using method of 
Laemmli (1970). Gelatine samples (5mg) were dissolved in distilled 
water (1mL) at 60°C and then mixed with 2x sample buffer in 
1:1 (V/V) ratio to have a final concentration of 2.5mg/mL and 
then boiled in water bath for 5 minutes. This chicken skin gelatine 
solution (10 µL) and high molecular weight protein marker (6 µL) 
were loaded in the gel. The SDS-PAGE was run using 5% stacking 
gel and 8% separating gel at 30mA.  The staining was carried out 
using 0.15% (w/v) Coomassie brilliant blue R-250 in 45% (v/v) 
methanol and 10% (v/v) acetic acid and de-staining was done with 
30% (v/v) methanol and 10% (v/v) acetic acid.

Statistical analysis 

The experiments were repeated thrice and every time reading were 
taken in duplicate (n=6). The data generated was analyzed for 
Mean±SE and one way analysis of variance with SPSS (Version 
20.0 for Windows; SPSS, Chicago, U.S.A.) according to the 
procedure of Snedecor and Cochran (1995).  

RESULTS AND DISCUSSION

Proximate analysis

The proximate analysis of chicken skin gelatin showed the moisture 
level of 10.06±0.14 to 10.63±0.27 for treatments whereas for 
control it 12.15±0.11, indicating that the gelatine was dried 
enough to be stable at room temperature (Table 1). Moreover, 
the moisture level in all three treatments was lower than control 
sample. The water content in gelatin is influenced by humidity, 
drying time, storage conditions and type of packaging used 
(Ockerman and Hansen 2000).  The presence of fat, ash and other 
extraneous impurities influence the quality of gelatine (Jellouli et 
al. 2011) and proximate analysis plays an important role to ensure 
that removal of impurities and hydrolysis was carried out efficiently 
(Muyonga et al. 2004). 

Table 1: Proximate analysis of chicken skin gelatine

Treatment Moisture (%) Protein (%) Fat (%) Ash (%)

Control 12.15±0.11c 86.43±0.31b 0.54±0.08a 0.89±0.05

0.1% NaOH 10.63±0.27b 81.67±0.92a 3.22±0.07d 0.92±0.02

0.2%  NaOH 10.34±0.17ab 83.13±1.85ab 2.77±0.08c 0.95±0.06

0.4% NaOH 10.06±0.14a 84.58±1.23ab 2.20±0.09b 0.86±0.05
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The protein content of chicken skin gelatine in 0.1% NaOH was 
significantly lower than other treatments and control. The protein 
content in 0.4% NaOH (84.58±1.23) was slightly lower than 
control (86.43±0.31), but among treatments an increase in protein 
content was observed with increasing NaOH concentration. The 
high protein content indicates the purity of gelatine; the protein 
content of 84.23% and moisture content 6.20% was reported in 
native chicken leg skin extracted at 60°C by Sompie and Triasih 
(2018). The gelatine powder extracted from chicken feet exhibited 
6.43% humidity, 1.54% ash, 67.40% protein and 0.42% fat 
(Rahman and Jamalulail 2012). In another study, gelatine extracted 
from chicken legs skin using different acetic acid concentrations 
showed protein level ranging from 88.10 to 89.92% and moisture 
content of 7.12 to 7.44 % (Sompie et al. 2019). Similarly, protein, 
moisture, ash, and fat contents of 84.29, 12.57, 2.13, and 0.45%, 
respectively were reported in gelatine extracted from broiler skin 
(Aykın-Dincer et al. 2017). Although, the fat content of the chicken 
skin gelatine was higher than control, but there was a significant 
reduction in fat content from 0.1 to 0.4% NaOH treatment. 
NaOH aids in saponification of fats which can be further removed 

by washing, higher level of saponification achieved at higher 
NaOH concentration helps better removal of fat as well as other 
impurities. The further reduction in fat content can be achieved by 
degreasing chicken skin before extraction (Boran et al. 2010). The 
ash content was comparable to control, indicating efficient removal 
of foreign materials.   

Sensory evaluation, yield and pH

The assessment of dried chicken skin gelatine for its colour and 
odour (Table 2) revealed that after drying pale yellow flaky powder 
was obtained. The colour of control gelatine was light yellow and 
it was granular in texture. The difference in colour and texture 
could be due to different processing methods adopted, commercial 
gelatine sheets are usually thicker giving granular texture. The 
quality requirements for gelatine powder are colourless to pale 
yellowish without any offensive odour (Setyawaty and Triliandari 
2018). The mildly rancid odour of chicken skin gelatine is due to 
high fat content as no chemical degreasing was done. The quality 
of gel formed is one of very important parameter to determine gel 
quality. 

Table 2: Sensory quality, yield and pH of chicken skin gelatine
Treatment Colour Odour Gelation Yield (%) pH

Control Light Yellow No odour Very Firm - 5.74±0.05b

0.1% NaOH Transparent pale 
yellow 

Mildly Rancid Slightly weak 4.81±0.05c 4.91±0.04a

0.2%  NaOH Transparent Mildly Rancid Firm 4.54±0.03b 4.89±0.03a

0.4% NaOH Transparent Mildly Rancid Very Firm 4.27±0.05a 4.93±0.03a

The control and chicken skin gelatine extracted using 0.4% NaOH 
were very firm, whereas gel from 0.2% NaOH was intermediate and 
0.1% was slightly weak. Overall the quality of gel formed improved 
with increasing NaOH concentration. The higher protein content 
and purity of gelatine affects its gelation behavior. Moreover, 
the NaOH solution changed from transparent to cloudy during 
treatment indicating noncollagenous deproteinization process. 
The NaOH treatment help in breakdown of collagen telopeptides 
causing swelling of chicken skin (Jaswir et al. 2011). The yield of 
gelatine is an important parameter that determine the commercial 
value of processing conditions used. It reduced significantly with 
increasing NaOH concentration, which might be due to higher 
deproteinization and better removal of impurities in 0.4% NaOH. 
The high protein content and better gelling behavior indicate that 
although at high concentration the yield was significantly lower 
the quality of gelatine was better. The gelatine yield of 7.83% was 
reported in chicken feet skin and tendons as raw material (Almeida 
and Lannes 2013). In another study the on the wet weight 
basis gelatine yield of only 2.16% was achieved using alkaline 
pretreatment and consequent acid extraction (Sarbon et al. 2013). 
The decreased yield could be due to collagen loss during repeated 
washing or additionally due to incomplete hydrolysis (Jamilah and 
Harvinder 2002). The pH of chicken skin gelatine (4.89-4.93) 
was lower than control (5.74). This is due to the acidic treatment 
given to skin prior to hydrolysis and incomplete removal of the 
acidic components during washing. The pH value of gelatine is 

affected by the chemical process used for gelatine extraction and it 
affects texture profile and high bloom strength is observed when it 
reaches isoelectric (pH 5.0 for gelatin B) point (Gudmundsson and 
Hafsteinsson 1997). The pH value of 5.82 in broiler skin extracted 
gelatine (Aykın-Dincer et al. 2017) and 4.83 in gelatine extracted 
from chicken deboner residue was reported (Rafieian et al. 2015).      

Colour and clarity

A significant difference was observed in L*, a* and b* value of 
dried chicken skin gelatine among different treatments (Table 3). 
The value of L* for 0.4% NaOH (25.54±0.47) was significantly 
lower than other treatments as well as control. Although, a* value 
was lowest for 0.1% NaOH and highest for control, b* value was 
lowest for 0.2% NaOH (13.04±0.19) and highest for control 
(23.60±0.06). The colour difference in gelatine depends on various 
processing conditions and chemicals used in extraction, the residual 
fat in gelatine as well as raw material used (Ockerman and Hansen 
2000). However, the composition and functional properties are 
not much affected by the colour of the gelatine (Cheow et al. 
2007). Although, the lightness value was lower it was comparable 
with commercial control. Rahman and Jamalulail (2012) reported 
L*, a* and b* values of 42.94±0.69, 2.82±0.23 and 11.42±0.20 
in chicken feet gelatine, the values are comparable to those for 
chicken skin gelatine. 
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Table 3: Instrumental colour and clarity analysis of chicken skin gelatine

Treatment L*     a* b* Transmittance (%)

Control 28.94±0.24b 3.68±0.02d 23.60±0.06c 79.08±0.29d

0.1% NaOH 37.41±0.66c 1.26±0.04a 13.45±0.12b 30.85±0.19a

0.2%  NaOH 28.32±0.53b 1.41±0.03b 13.04±0.19a 38.15±0.51b

0.4% NaOH 25.54±0.47a 1.87±0.03c 13.73±0.07b 49.47±0.56c

The turbidity or clarity of the gelatine solution is an important 
parameter that affects its acceptability. The clarity measurement in 
terms of percentage transmittance showed a significantly higher 
turbidity in treatments (30.85±0.19 to 49.47±0.56) than control 
(79.08±0.29). Among treatments there was an increasing trend in 
transmittance percentage from 0.1 to 0.4% NaOH. The inefficient 
noncollagenous deproteinization at lower concentration may be the 
reason for lower clarity. The gelatine extracted from Half-smooth 
tongue sole fish skin showed a transmittance (%T) of 60.64 ± 
0.12% as compared to commercial gelatine having transmittance 
value of 85.49 ± 0.20% (Li et al. 2019). In commercial gelatine 
manufacturing the impurities are removed by chemical processes, 
filtration or clarification and lower transmittance of treatments 
observed may be due to apparent residual suspensions such as 

inorganic contaminants, mucous substances or protein fractions 
not removed during extraction process (Zarai et al. 2012). 

Electrophoretic analysis 

The molecular weight distribution pattern of the chicken skin 
gelatine is given in Fig. 1. The electrophoretic pattern of extracted 
chicken skin gelatine showed two clear bands at around 120 kDa, 
indicating the presence of α1 and α2 chains produced during 
collagen hydrolysis. A series of bands between 70 and 120 kDa 
is also observed indicating the presence of smaller peptides in this 
region. In case of control very faint bands were visible at around 130 
kDa and in most of other areas a smearing pattern was observed. 
Due to breakage of inter-chain crosslinks and further splitting of 
peptide chains of collagen during hydrolysis, gelatine with varying 
molecular mass is produced (Sarbon et al. 2013). 

Fig. 1: Electrophoretic analysis of extracted chicken skin gelatin, A=0.1% NaOH treatment, B=0.2% 
NaOH treatment, C=0.4% NaOH treatment, D=control

SDS-PAGE analysis of gelatine extracted from Chinese salamander 
skin showed similar band pattern with two stripes at around 116 
kDa (Jin et al. 2019). The concentration and type of chemicals used 
in extraction of gelatine causes partial loss of α- or β-chains (Niu et 
al. 2013), which may be the reason behind different electrophoretic 
pattern of control and treatments. The electrophoretic analysis of 
chicken feet gelatine showed major protein bands at 198 kDa and 

130 kDa, whereas commercial bovine gelatin did not exhibited 
any identifiable protein band (Widyasari and Rawdkuen 2014). In 
another study, the gelatine extracted from chicken bone showed a 
broad range of molecular weight ranging from 15 to 300 kDa. The 
small peptide with less than 100kDa weight were also found and 
highest intensity of small fragments was at around 48 kDa (Yuliani 
et al. 2019).
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CONCLUSION

The physical, chemical and molecular analysis of gelatine obtained 
from low temperature rendered chicken skin using different 
concentrations of NaOH for its pretreatment revealed that 0.4% 
NaOH is optimum for this purpose. The gelatine extracted using 
this treatment showed high protein percentage, low fat content, 
very good gelation behavior, and better clarity. Moreover, among 
all treatments its attributes were most closely comparable with that 
of control.      
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