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ABSTRACT ARTICLE INFO  

The consumption of animal by-products has grown significantly in recent 

decades. These by-products can be converted into sustainable products for 

agricultural and industrial uses. One of these sustainable products is gelatin. 

Among poultry slaughterhouse wastes, chicken feet are a good source for 

gelatin production, but there are limited studies on it. In this study, in order 

to determine the optimal conditions for gelatin extraction from chicken feet, 

the effects of four variables: sulfuric acid concentration (1 to 3 N), weight 

ratio of kneaded chicken feet to acid solution (1: 2-6 W/V), temperature (60 

to 90°C), and extraction time (1 to 5 hours) by the acid method and three 

variables: sulfuric acid concentration (1 to 3 N), microwave power (360 to 

720 W), and microwave time (10 to 20 min) by the microwave method on 

the yield and strength of the gel were investigated, respectively. The results 

of the experiments were analyzed using the response surface central 

composite design method. The proposed quadratic models for extraction 

efficiency and gel strength in the acid and microwave methods had high R2 

and Adj-R2 and no significant lack of fit, so they were able to predict the 

responses well. The optimal conditions for acid extraction for maximum 

efficiency and gel strength were determined as temperature 76.40°C, 3 hours, 

2 N acid and weight ratio of kneaded chicken feet to acid solution 1:4 W/V. 

Analysis of variance showed the microwave extraction process at 2 N acid 

concentration, power 540 W and time 20 min resulted in the highest 

efficiency and gel strength. Then, the optimal samples of both methods with 

commercial bovine gelatin were examined in terms of acrylamide gel 

electrophoresis and color. The results showed that chicken feet gelatin can 

be a suitable alternative to mammalian gelatin. 
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1-Introduction 
Poultry processing industries around the world 

produce large amounts of by-products such as heads, 

feet, bones, giblets and feathers. These wastes are 

often processed into animal feed, fertilizer and pet 

food or simply discarded. Improper disposal of these 

wastes causes environmental pollution, the emergence 

of various diseases and the loss of useful biological 

resources such as proteins, enzymes and lipids [1]. 

The poultry industry produces large quantities of by-

products such as chicken feet each year. These by-

products contain relatively high levels of protein 

(especially collagen) and are used to produce gelatin. 

Gelatin is a biopolymer with unique properties that 

has a wide range of applications in the food, 

pharmaceutical, and photographic industries [2In the 

past, most commercial gelatins were derived from 

mammalian sources such as pigs and cows, but due to 

cultural and religious restrictions, frequent outbreaks 

of diseases (such as bovine spongiform 

encephalopathy)1(BSE) led some studies to 

investigate the replacement of collagen from different 

animal sources such as aquatic and poultry [3, 

4Although much research has been conducted on the 

production of gelatin from fish, fish gelatin accounts 

for only about one percent of the annual gelatin 

production due to the lower stability of the gel formed, 

poorer rheological properties than gelatin extracted 

from mammals, and allergic reactions [5Chicken foot 

gelatin has higher glycine, hydroxyproline, and 

proline content and higher thermal stability compared 

to mammalian and fish gelatin [6, 7Gelatin is a high 

molecular weight polypeptide. It is actually a 

derivative of collagen [8]. During thermal 

denaturation of collagen, structural changes and 

intramolecular bond breakage, chemical and physical 

changes occur, which ultimately lead to the 

production of gelatin. Gelatin properties such as gel 

strength and melting temperature are among the most 

important characteristics determining its commercial 

quality. These properties, in turn, are influenced by 

some factors such as molecular weight distribution 

and amino acid composition [9].  

There are various methods for extracting gelatin from 

animal tissue cells, and the differences in these 

methods depend on the raw material. One of the best 

methods for extracting gelatin is the acid method, and 

the extracted gelatin has a desirable quality [10]. Acid 

treatment causes collagen to swell to increase the 

efficiency of gelatin extraction during thermal 

hydrolysis. The swelling and further solubilization of 

collagen is strongly influenced by the type and 

concentration of acid used [11]. This process removes 

organic substances such as blood, mucin, sugars, 

proteolectin, etc. (which are present in the raw 

material) [12]. Another method of producing gelatin 

 
1-Bovin Spongiform Encephalopathy 

is the microwave-assisted extraction 

technique.2(MAE) is proposed as one of the most 

efficient methods to improve molecular and 

physicochemical properties such as gel strength, 

viscosity and melting point. The microwave device 

heats the material by radiating electromagnetic waves 

and causing water molecules and other polar 

molecules to move. These radiation waves are aligned 

one million times per second in the direction of the 

electric field and cause internal friction of the 

molecules, resulting in the generation of volumetric 

heat. Therefore, microwaves can be used to heat 

materials and extract them instantaneously [13This 

method can significantly reduce extraction time 

compared to conventional methods [14]. Reducing the 

cost and amount of solvent used are other advantages. 

Also, various microwave parameters such as the 

nature of the solvent, temperature, particle size, 

microwave power, and irradiation time affect the 

performance of the extracted material [15]. Therefore, 

in this study, two acid and microwave methods were 

used to extract gelatin from chicken feet, and the 

parameters of the acid extraction process, including 

time, temperature, concentration, and weight ratio of 

chicken foot paste to acid solution, were optimized, as 

were the parameters of gelatin extraction by 

microwave method with the simultaneous effect of 

power and time. Then, the properties of the optimized 

gelatin from both methods were compared with 

commercial bovine gelatin. 

2- Materials and methods 

2-1- Preparation of raw materials 

In this study, chicken feet were purchased from a 

protein products store in Babol city. Chemicals such 

as sulfuric acid with a purity of 98%, sodium chloride, 

and all chemicals used in the study were purchased 

from Merck, Germany. Commercial bovine gelatin 

was also purchased from Kia Tejarat Batis Company. 

2-2- Preparing the chicken legs 

The purchased chicken feet were packed in nylon bags 

and transported to the laboratory. In the laboratory, 

the chicken feet were manually washed with water 

several times to remove blood and other excess 

materials. In the next step, the chicken feet were 

divided into smaller pieces by hand using a hand 

grinder and placed in a grinder to form a paste. 

2-3- Extraction of gelatin by acid and microwave 

method 

Gelatin extraction was performed based on the 

methods of Chaka et al. (2016) and Liu et al. (2019) 

with slight modifications [13, 16] For extraction, first 

the chicken leg paste was washed with warm water to 

reduce some of its fat. 100 g of chicken leg paste was 

mixed in 0.5 mol of sodium hydroxide solution in a 

weight/volume ratio of 2:1 using a mechanical mixer 

(Pars Azma, Iran) at a speed of 50 rpm for 10 minutes 

2-Microwave Assisted Extraction 
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to remove non-collagenous proteins. In the next step, 

the sample was washed with cold water until its pH 

was neutralized. After that, the sample was placed in 

a three-layer filter cloth to completely remove excess 

water. Then, the chicken leg paste was mixed in acid 

concentrations of 1 to 3 normal and the weight ratio 

of chicken leg paste to acid solution was 1:2-6 

weight/volume using a mechanical mixer at a speed of 

40 rpm for 60 minutes and the same as the previous 

steps, but this time until the pH reached 5.5 to 6, 

washing continued. Then, to extract gelatin, the 

sample was mixed with distilled water in a 3:1 

weight/volume ratio and placed in a water bath 

(Memmert, WB14, Germany) and microwave 

(Techno, Te341/342, Germany) considering the 

variables of temperature, time and power. Then, the 

extracted solution was filtered with a three-layer filter 

cloth and poured into aluminum containers and dried 

for 24 hours in the acid method and 48 hours in the 

microwave method at a temperature of 45 degrees 

Celsius in a hot air oven (Memmert, ULM40, 

Germany). After the gelatin solution was dried, the 

obtained gelatin sheets were broken into smaller 

pieces and converted into powder by a grinder (Bosch, 

MKM6000, Germany) and passed through a sieve. 

The gelatin powder was stored in a refrigerator at 4 

degrees Celsius and in polyethylene nylons until use 

for experiments. 

2.4- Determining gelatin extraction efficiency 

The gelatin extraction efficiency was determined in 

percentage based on the ratio of the weight of the 

gelatin powder obtained to the initial weight of the 

chicken leg paste using equation (1) [17]. 

Equation (1) 100×(initial weight of chicken leg 

paste/weight of dry gelatin powder) = gelatin 

extraction yield 

2.5- Determining gel strength 

Bloom value is the most important criterion for 

industrial gelatin grading. Strength is the strength of 

the gel, defined as weight per gram, and determines 

the final price. Different types of gelatin produce 

different gel strengths at different concentrations, 

causing changes in texture. Gel strength 

measurements of acid, microwave, and commercial 

gelatins were performed using a texture analyzer 

(Brookfield, Ct3-10, USA). First, a 67.6% gelatin 

solution was prepared, then it was placed in a 

refrigerator (temperature 5 to 7 degrees Celsius) for 

16 hours before measuring gel strength. After the gel 

ripening time, the gel strength was determined using 

a cylindrical blancher with a probe diameter of 12.7 

mm at a speed of 1 mm/s and a penetration value of 4 

mm, and its bloom value (gel strength) was measured 

in grams [18].   

 
3 -Browning index 

4- Response Surface Methology 

2-6- TestSDS-PAGEChicken leg gelatin 

This test is used to analyze protein patterns and 

determine the molecular weight of proteins. For this 

purpose, 5% separating gel and 6% consolidating gel 

were used to prepare polyacrylamide gel. Gelatin 

solution 10 mg/ml and 0.5 mol buffer mixture with pH 

= 6.8, 5% mercaptoethanol, 20% glycerol and 0.1% 

bromophenol aqueous were heated to 100°C for 5 

minutes. After heating and cooling, the solution was 

injected into the wells of the consolidating gel and 

electrophoresis was performed at a speed of 15 mA 

[16]. 

2-7- Testing the browning rate of chicken leg 

gelatin 

Transparency and color are important properties of 

gelatin and determine its application in various 

industries. Color parameters include L* ، a*and b*The 

color of gelatin powder was measured using an IMG 

Pardazesh CAM-SystemXI colorimeter. The E∆ 

index represents the overall difference in measured 

color parameters between the standard sample and the 

test sample and can be used as a primary factor for 

evaluating color changes (Equation 2). Browning 

Index3(BI) indicates the degree of product color 

change towards brown (Equation 3) [19]. 

Equation (2)∆𝐸 = √∆𝐿∗+2 + ∆𝑎∗
+2

+ ∆𝑏∗+2 
 

Equation (3)𝐵𝐼 = 100 ×
(𝑋−0.31)

0.17
 

2-8- Viscosity test 

Gelatin viscosity was measured using a standard 

method using a Brookfield DVII Ultra viscometer 

made in the United States. First, a 67.6% gelatin 

solution was prepared and the viscosity was measured 

in centipoise using a spindle at a speed of 100 rpm and 

a temperature of 40 degrees Celsius [17]. 

2-9- Optimization using the response surface 

method 

Response surface method4(RSM) is a set of 

mathematical and statistical techniques for modeling 

and analyzing problems in which one or more 

responses are affected by multiple variables. In this 

study, a central composite design was used.5(CCD) 

was used. The central composite design is widely used 

to fit a quadratic model. Using this method, modeling 

will be possible and only requires a minimum number 

and number of experiments. In Tables 1 and 2, the 

levels of independent variables of the acid and 

microwave extraction process in the central composite 

design are shown in code. In this study, the 

optimization of gelatin extraction was carried out in 

the form of a fixed central composite design with 6 

replications at the central point, in the form of 4-

variable and 3-variable designs for the acid and 

microwave extraction methods, respectively. In this 

5 -Central Composite Design 
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design, 4 factors of acid concentration and weight 

ratio of chicken leg paste to acid solution, temperature 

and extraction time and 3 factors of acid 

concentration, power and microwave time were 

selected as independent variables and extraction 

efficiency and gel strength were selected as dependent 

variables, in which the input variables are indicated by 

the symbol X and the output response is indicated by 

the symbol Y.

Table 1- Range of experimental values of independent variables in the central composite design for optimizing 

the extraction of chicken feet gelatin by the acidic method 

 

Levels Independent variables 

1 0 -1 Code  

3 2 1 Acid concentraion 

6 4 2 Ratio of chicken feet to acid  

90 75 60 Temperature 

5 3 1 Time 

 

Table 2- Range of experimental values of independent variables in the central composite design for optimizing 

the extraction of chicken feet gelatin by microwave method 

 

Levels Independent variables 

1 0 -1 Code 

3 2 1 Acid concentraion 

720 540 360 Microwave power 

20 15 10 Time 

These responses have been used for an empirical 

model and follow the quadratic equation pattern 

presented below for each of the acid methods in 

equation (4) and microwave in equation (5). 

Equation (4)𝑌 = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3 + 𝑏4𝑥4 +
𝑏11𝑥1

2 + 𝑏22𝑥2
2 + 𝑏33𝑥2

3 + 𝑏14𝑥1𝑥2 + 𝑏24𝑥1𝑥4 + 𝑒 

Equation (5)𝑌 = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3 +
𝑏11𝑥1

2 + 𝑏22𝑥2
2 + 𝑏33𝑥2

3 + 𝑏12𝑥1𝑥2 + 𝑏23𝑥2𝑥3 + 𝑒 

Polynomial coefficients with the symbol b0 (constant 

coefficient), b1، b2، b3 and b4(linear effects), b11، b22، 

b33and b44(second-order effects) and b23، b12، b14and 

b24(interaction effects). In order to optimize the two 

methods of acid and microwave extraction of gelatin 

from chicken feet and analyze the two response 

factors of gelatin yield and gel strength, a central 

composite design was used using Design-Expert 

software version 2. 1. 11. Joint optimization of output 

factors was carried out to achieve the highest level of 

quality of produced gelatin, and finally, the T-TEST 

test was used to determine the difference between the 

predicted values and the actual values in the relevant 

responses, and the model was described through 

three-dimensional and two-dimensional graphs. The 

optimally extracted gelatin samples were analyzed by 

one-way analysis of variance using SPSS version 26 

software in a completely randomized design, and the 

means were compared at a 5% error probability level 

with Duncan's multiple range test. 

 

3- Results and discussion 
3-1- Modeling the process of extracting chicken foot gelatin by 

acidic method 

In the model of this research, the effect of 4 factors: 

acid concentration (normal), chicken foot weight ratio 

to acid solution (volumetric/weight), temperature 

(degrees Celsius), and time (hours) were selected as 

independent variables, and 2 factors: extraction 

efficiency (percentage) and gel strength (grams) were 

selected as dependent variables, in which the input 

variables were designated by the symbol X and the 

output response was designated by the symbol Y, and 

expressed by a quadratic polynomial equation as 

suggested by the software. 

Equations (6) and (7), the extraction efficiency (Y1) 

and gel strength (Y2) as a function of concentration 

(X1), temperature (X2), extraction time (X3) and the 

ratio of the weight of chicken feet to the acidic 

solution (X4) is shown: 

𝐴𝑁𝐷1 = −11.89 + 0.42𝑋1 + 0.28𝑋2 + 0.72𝑋3 −
0.39𝑋4 − 1.44𝑋1𝑋4 − 1.87𝑋1

2 − 3.49𝑋2
2 −

0.97𝑋3
2Equation (6) 

𝐴𝑁𝐷2 = 203.42 + 9.61𝑋1 + 9.22𝑋2 + 6.56𝑋3 +
9.00𝑋4 + 6.75𝑋2𝑋4 − 25.68𝑋1

2 − 28.18𝑋2
2  −

21.18𝑋3
2Equation (7) 

The quality and effectiveness of the presented model 

were determined through analysis of variance. 

According to the ANOVA table, the lack of fit test 

was not significant for both output factors (P<0.05). 

A good regression model is one whose test probability 

value (Lack of fit) is considered to be greater than the 

alpha significance level (usually five percent), 

meaning that the null hypothesis is accepted (P<0.05). 

Also, the X factors1، X2، X3، X4، X1X4، X1
2، X2

2and 

X3
2 For the dependent variable extraction efficiency 

and X1، X2، X3، X4، X2X4، X1
2، X2

2and X3
2 For the 

dependent variable gel strength at the significance 

level (95%), the coefficient of determination (R2) for 

extraction efficiency and gel strength were obtained 
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as 0.98 and 0.95, respectively. The coefficient of 

determination is the proportion of variance in the 

dependent variable that can be predicted from the 

independent variables. This coefficient actually 

indicates the suitability of the model in predicting the 

output factors. Both R values2The obtained 

coefficients of determination (R) were relatively high 

(close to 1), indicating a good fit between the 

experimental values and the predicted values from the 

models. The adjusted coefficient of determination 

(R)2) for Y responses1and Y2The adjusted coefficient 

of determination, R value, was 0.96 and 0.91, 

respectively.2The difference between R and R is 

adjusted according to the independent variables added 

to the regression line and the width of the new 

origin.2and R2The adjusted R value is less; it means 

that the independent variables added to the model 

were selected correctly.2The predicted values for the 

extraction efficiency and gel strength responses were 

0.93 and 0.85, respectively. This coefficient can be 

used to predict the model, and it is noteworthy that the 

value of this coefficient and the adjusted coefficient 

of determination should be close to each other and 

their difference should not be more than 0.2, so in the 

present research model, the differences are very small. 

Adeq precision measures the signal-to-noise ratio and 

indicates the applicability and suitability of the 

presented model in industrial processes. The value of 

this coefficient should be greater than 4, which in the 

model presented in this study is the dependent 

variable Y1and Y2were estimated to be 20.24 and 

12.77, respectively, and the coefficient of variation 

(CV) for the extraction efficiency factor and gel 

strength were determined to be 6.85 and 8.23, 

respectively (Table 3). This coefficient is a measure 

of the distribution of statistical data and is obtained by 

dividing the standard deviation by the mean. In other 

words, the coefficient of variation expresses the 

amount of dispersion per unit of the mean. The lower 

the value of this coefficient (especially lower than 10), 

the better the equations. In the present study, the value 

of the coefficient of variation of both output variables 

was less than 10. Therefore, the presented model can 

be confirmed in both output responses. 

Table 3 - Analysis of Variance (ANOVA) regression for gel yield and strength responses by acidic extraction of 

chicken feet gelatin 

Strength  Yield   

p-value F-

value 

Sum of 

Squares 

Coefficients p-value F-

value 

Sum of 

Squares 

Coefficients df Source  

<0.0001 22.57 49286.27  <0.0001 66.85 289.41  14 Model 

       Linear coefficients 

0.0052 10.66 1662.72 9.61 0.0051 10.73 3.32 0.42 1 b1 

0.0068 9.81 1530.89 9.22 0.0484 4.62 1.43 0.28 1 b2 

0.0417 4.96 773.56 6.56 <0.0001 30.41 9.40 0.72 1 b3 

0.0080 9.35 1458.00 9.00 0.0090 8.98 2.78 -0.39 1 b4 

       Quadratic coefficients 

0.0048 10.95 1708.00 -25.68 <0.0001 29.24 9.04 -1.87 1 b11 

0.0025 13.18 2056.81 -28.18 <0.0001 101.95 31.53 -3.49 1 b22 

0.0155 7.45 1161.76 -21.18 0.0126 8.02 2.48 -0.97 1 b33 

0.1704 2.07 323.58 -11.18 0.8829 0.0224 0.0069 0.05 1 b44 

       Interaction coefficients 

0.8749 0.0256 4.00 -0.50 0.3945 0.7685 0.23 -0.12 1 b12 

0.5835 0.3141 49.00 1.75 0.7274 0.1261 0.03 0.04 1 b13 

0.7237 0.1298 20.25 1.13 <0.0001 106.82 33.03 -1.44 1 b14 

0.4137 0.7067 110.25 2.63 0.8632 0.0307 0.009 0.02 1 b23 

0.0472 4.67 729.00 6.75 0.2046 1.76 0.54 -0.18 1 b24 

0.2196 1.64 256.00 -4.00 0.5706 0.3363 0.10 -0.08 1 b34 

  2340.03    4.64  15 Residual  

0.4166 1.27 1680.69  0.4915 1.09 3.18  10 Lack of 

fit 

  659.33    1.46  5 Error  

  51626.30    294.04  29 Total 

   0.95    0.98  R2 

   0.91    0.96  Adj-R2 

   0.85    0.93  Pr-R2 

   12.77    24.20  Precision 

Adeq 

   8.23    6.85  CV 

 3-2- Investigating the effect of independent variables on the 

extraction efficiency and gel strength of chicken foot gelatin 
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According to the results of Table 3, among the linear 

coefficients of the components of acid concentration 

and weight ratio of chicken leg paste to acid solution, 

temperature and extraction time had significant 

effects on the yield and strength of gelatin extraction 

gel, of which time and concentration had the greatest 

effect on gelatin extraction efficiency. Among the 

second-order components, temperature and acid 

concentration, and among the interaction effects, the 

component of concentration-weight ratio of chicken 

leg to acid solution had the greatest effect on the 

extraction efficiency. Figure 1 shows the three-

dimensional response surfaces of the combined effect 

of concentration-weight ratio of chicken leg to acid 

solution and temperature-time on extraction 

efficiency. With increasing acid concentration at high 

chicken leg to acid ratio or with increasing chicken leg 

to acid ratio at high acid concentration and also 

increasing the process temperature, the extraction 

efficiency decreased sharply. In fact, increasing 

temperature and acid volume, respectively, causes the 

evaporation of gelatin solution and destruction of 

chicken leg collagen, and as a result, destroys its 

protein structure and reduces gelatin weight. 

Among the interaction effects, temperature-chicken 

foot weight ratio to acid showed the highest 

significant effect on gelatin gel strength. According to 

Figure 2, with excessive increase in ratio and 

temperature, gelatin gel strength decreased, protein 

structures weakened, and the trend became 

downward.

 

b. 

a.

 

Figure 1- Three-dimensional response of the acidic process of chicken feet gelatin extraction: a) The effect of 

acid concentration and the ratio of chicken feet to acid, b) The effect of temperature and time on the extraction 

yield 
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Figure 2- Three-dimensional response of the acidic process of chicken feet gelatin extraction: a) The effect of 

acid concentration and the ratio of chicken feet to acid, b) The effect of temperature and time on gel strength 
3-3- Joint optimization of the chicken foot gelatin extraction 

process using the acidic method 

One of the main objectives of this study was to find 

the optimal parameters for maximum gelatin 

production. Therefore, the extracted gelatin should 

have high yield as well as desirable gel strength for 

use in industrial processes. Table 4 shows the 

predicted and actual values with relatively small 

errors in three replicates for gelatin extraction yield 

and gel strength. The calculated data indicate that 

these values are in good agreement, confirming the 

accuracy of the models.

Table 4- The predicted and experimental values of the dependent variable for the optimal sample of chicken feet 

gelatin extracted by the acidic method 

Predicted data Experimental 

data 

Response  

11.89a 11.44a Yield  

203a 206a Gel strength 

 

Based on the optimization of the acid method, a 

temperature of 76.40°C, a ratio of 1:4 

(volume/weight) of chicken leg weight to acid 

solution, a concentration of 2 normal acid, and an 

extraction time of 3 hours were determined as the 

optimum point in this method. In this study, the 

gelatin extraction efficiency varied from 3.10 to 

12.65. The gelatin yield depends on the pretreatment 

process in addition to the raw materials. Sarbon et al. 

(2015) extracted gelatin from chicken skin using 

alkaline pretreatment followed by acid and achieved 

only a yield of 16.2% [12]. Ma et al. (2018) reported 

that the extraction yield of pig bone gelatin using the 

hydrochloric acid pretreatment method was only 

about 3% [20]. Hao et al. (2009) in a study on sturgeon 

skin pretreated with calcium hydroxide increased the 

yield of gelatin from 2.40 to 3.52% [21The yield of 

gelatin extracted from red fish was 81.7%, black 

tilapia was 39.5%, shortfin scad was 25.7%, and 

chicken skin was 16.2% [22]. The extraction 

efficiency of gelatin from chicken feet was reported 

by Chiu et al. (2018) using hydrochloric acid at 

different temperatures ranging from 4.65 to 5.31 

percent [23]. The efficiency of gelatin extraction is 

strongly related to the stability of the collagen 

structure. In general, acid pretreatment destabilizes 

cross-links and leads to the destruction of the regular 

structure of natural collagen, thereby facilitating 

gelatin extraction [24]. The research results clearly 

show that the standardized extraction process in our 

study has a relatively higher yield of chicken foot 

gelatin (12.65%). Cao et al. (2020) investigated the 

percentage effects of different acids and pepsin on the 

properties of gelatins extracted from bovine bone 

collagen [25In this study, the yield of bovine bone 

gelatin ranged from 4.26 to 11.75 percent, which is 

similar to the present study. 

The gel strength values obtained in this study ranged 

from 96 to 223 g. The gel strength of bovine gelatin 

(200 g) was lower than that of the optimized chicken 

leg gelatin (206 g). Gel strength is strongly dependent 

on the amount of alpha chains in the gelatin. Since a 

high proportion of peptides with molecular weight 

lower than alpha chains can reduce gel strength, the 

higher the alpha chains in the gelatin template, the 

higher the gel strength. The researchers also reported 

that the stability of the triple helix structure in the 

reconstituted gelatins is proportional to the total 

content of pyrrolidine imino acids. Hydroxyproline is 

believed to play a unique role in stabilizing the 

collagen triple helix due to its hydrogen bonding 

ability [9]. Aikin-Dincer et al. (2017) demonstrated 

that broiler chicken skin had a gel strength of 166 g. 

Chicken leg skin and tendon gelatin at a concentration 

of 33.3% had a lower gel strength than gelatin at a 

concentration of 67.6%. Thus, as expected, gel 

strength increased with gelatin concentration [26]. 

Sai-Leo et al. (2016) determined the gel strength of 

gelatin extracted from sea bass skin with different 

pretreatments and defatting processes at 219, 202 and 

222 g [27]. The difference in gel strength between 

samples could be due to differences in intrinsic 

properties such as molecular weight distribution, 

protein chain length, and complex interactions 

determined by the amino acid composition and the 

ratio of alpha/beta chains present in the gelatin [28The 

gel strength of collagen extracted from chicken feet 

using different acids such as acetic, lactic and citric 

acids at different concentrations ranged from 123 to 

204 g, and the gel strength of gelatin extracted using 

1.5% v/v acetic acid showed the highest Bloom value 

(204 g) [22]. 

The gel strength of non-mammalian gelatins such as 

fish gelatin (mackerel 180 g, tilapia 181 g, sea croaker 

and shortfin 125 and 177 g) was determined by Badiei 

and Hovel (2006) [28] which is lower than that of 

chicken leg gelatin (acidic) in this study. The low 

hydroxyproline content of fish skin gelatin was one of 

the main reasons for the low gel strength of gelatin. A 

higher bloom value contributes to a higher melting 

and gelling point and a shorter gelling time of the final 

product. In addition, the bloom strength of gelatin also 

depends on factors such as acid concentration, 

soaking time and extraction temperature. In general, 

gelatin with high bloom contributes to better foaming 

and emulsifying properties of the final product 

compared to gelatin with relatively low bloom [9]. 
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3-4- Modeling the process of extracting chicken leg gelatin using 

microwave method 

From the results obtained from the measurement of 

target factors, including extraction efficiency (Y1) and 

gel strength (Y2), at different levels of independent 

variables including sulfuric acid concentration (X1), 

power (X2) and extraction time (X3) According to the 

software suggestion, the quadratic model was selected 

for the extraction efficiency and gel strength factors. 

 𝐴𝑁𝐷1 = 10.26 + 1.38𝑋1 + 2.11𝑋2 + 1.34𝑋3 +
0.39𝑋1𝑋2 + 0.13𝑋1𝑋3 − 0.66𝑋2𝑋3 − 2.44𝑋1

2 +
1.80𝑋3

2Equation (8) 

  𝐴𝑁𝐷2 = 203.42 + 9.61𝑋1 + 9.22𝑋2 + 6.56𝑋3 −
25.68𝑋1

2 − 28.18𝑋2
2Equation (9) 

The quality and effectiveness of the presented model 

were determined through analysis of variance. 

According to Table 5, the lack of fit test for both 

output factors Y1and Y2was not significant (P<0.05). 

Also, the constant coefficient and X factors1، X2، X3، 

X1X2، X1X3، X2X3، X1
2and X3

2For the dependent 

variable, extraction efficiency and constant 

coefficient and X factors1، X2، X3، X1
2، X2

2For the 

dependent variable, gel strength, it was significant at 

the 95% level. The coefficient of determination R2The 

responses for extraction efficiency and gel strength 

were 0.99 and 0.98, respectively, so both R values 

were2The obtained coefficients were relatively high 

(close to 1), indicating a good fit between the 

experimental values and those predicted by the 

models. The adjusted coefficient of determination for 

the responses Y1and Y2They were 0.98 and 0.97, 

respectively, and there was a very small difference 

with the predicted R value.2(For Y variables1 and 

Y2(0.97 and 0.93, respectively). Also, the signal-to-

noise ratio for extraction efficiency and gel strength 

was 50.53 and 26.77, respectively, and the coefficient 

of variation for efficiency was 3.41% and for gel 

strength was 3.53%. Therefore, the proposed model is 

favorable.

Table 5 - Analysis of Variance (ANOVA) regression for gel yield and strength responses by microwave 

extraction of chicken feet gelatin 

Strength  Yield   

p-value F-

value 

Sum of 

Squares 

Coefficients p-value F-

value 

Sum of 

Squares 

Coefficients df Source  

<0.0001 97.09 42731.90  <0.0001 164.39 137.67  9 Model 

       Linear coefficients 

0.0017 18.07 883.60 9.61 <0.0001 208.88 19.15 1.38 1 b1 

0.0275 6.64 324.90 9.22 <0.0001 483.66 44.35 2.11 1 b2 

0.0322 6.19 302.50 6.56 <0.0001 194.93 17.88 1.34 1 b3 

       Quadratic coefficients 

<0.0001 79.49 3885.96 -25.68 0.0043 178.21 16.34 -2.44 1 b11 

<0.0001 238.24 11651.27 -28.18 0.2280 130.71 11.99 -2.09 1 b22 

0.5060 0.47 23.27 -21.18 0.0001 96.87 8.88 1.80 1 b33 

       Interaction coefficients 

0.4657 0.57 28.13 -0.50 <0.0001 13.44 1.23 0.39 1 b12 

0.7308 0.12 6.13 1.75 <0.0001 1.65 0.15 0.13 1 b13 

0.7308 0.12 6.13 1.13 <0.0001 38.29 3.51 -0.66 1 b23 

        10 Residual  

0.1531 2.66   0.2336 1.99   5 Lack of 

fit 

        5 Error  

        19 Total 

   0.98    0.99  R2 

   0.97    0.98  Adj-R2 

   0.93    0.97  Pr-R2 

   26.77    50.53  Precision 

Adeq 

   3.53    3.41  CV 

3-5- Investigating the effect of independent variables on gelatin 

extraction efficiency 

According to the results of Table 5, among the linear 

coefficients, microwave power and acid concentration 

had the greatest effect on gelatin yield. Among the 

quadratic components, acid concentration had the 

greatest effect, and among the interaction effects, 

power-time and concentration-power components had 

the greatest effect on the yield. Figure 3 shows the 

response surfaces of the combined effect of 

concentration-power and time-power. In this figure, it 

was found that with increasing power to 720 W, due 

to the loss of protein structure and evaporation of the 

amount of gelatin solution, the yield curve becomes 

downward. Also, with increasing time (at constant 

power), the graph assumed an upward trend. 

According to Figure 3, at low values of time and 

power, a strong decreasing effect on gelatin yield was 
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observed. According to Table 5, the highest 

coefficients and F-value were related to power and 

concentration. Therefore, concentration and power 

are two very significant factors in this extraction 

method.

a. b.  

 

Figure 3 - Combined effect of concentration-power and power-time on the gelatin extraction yield by 

microwave method

 
3-6- Investigating the effect of independent variables on gelatin 

gel strength 

According to Table 5, all three factors of acid 

concentration, extraction power and time as well as 

the quadratic effects of concentration and power were 

considered significant in this model. Concentration 

with F value of 18.07 had the greatest effect on gel 

strength. Also, power and time with F values of 6.64 

and 6.19, respectively, had similar effects on gelatin 

gel strength. The quadratic factors of power and 

concentration also had F values of 238.24 and 79.49, 

respectively. 

exerted significant effects on gel strength. None of the 

interaction components had significant effects on gel 

strength. With 

Referring to Figure 4, with excessive increase in 

concentration and power, the strength of the gelatin 

gel decreased, which can be attributed to the 

weakening of protein structures. 

 

 
a.                                                                   b.  

Figure 4 - Combined effect of concentration-power and power-time on the gelatin extraction yield by 

microwave method

 
3-7- Joint optimization of the chicken foot gelatin extraction 

process using microwave method 

Based on software optimization, optimal conditions 

for gelatin extraction in the microwave method 

Includes 2 normal acids, 20 minutes of time, and 540 

watts of microwave power.Table 6 Predicted and 

actual values (with relatively small errors, in three 

replicates) for gelatin extraction yield and gel strength 

in the methodMicrowaveThe presented results 

indicate that there is very little difference between the 

predicted and tested values. Therefore, the presented 

model can be verified. 
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Table 6- The predicted and experimental values of the dependent variable for the optimal sample of chicken feet 

gelatin extracted by the microwave method 

Predicted data Experimental 

data 

Response  

10.25a 10.48a Yield  

247a 253a Gel strength 

 

Extraction efficiency is certainly an important factor 

to consider when determining the optimal conditions 

for industrial gelatin production because it can 

significantly affect the feasibility of mass production 

of gelatin. The heat treatment associated with any of 

the different extraction methods breaks the hydrogen 

bonds in the collagen molecule, thus irreversibly 

disrupting the three-dimensional structure and leading 

to the dissolution of collagen to form gelatin [29The 

extraction method can significantly affect the yield of 

gelatin [14]. In the microwave extraction method of 

chicken leg gelatin, the yield of gelatin ranged from 

2.10 to 13.37%. Liu et al. (2019) investigated the 

yield, structure, and properties of rabbit skin gelatin 

using microwave. Compared with gelatin extracted 

with a water bath, gelatin extracted using the 

microwave method was able to have a significant 

yield in a short time (5 to 30 minutes). The yield of 

gelatin extracted by microwave increased with 

increasing extraction time, indicating the positive 

effect of microwave. With increasing microwave time 

from 5 to 60 minutes, the yield reached 44.6%, and 

then with further increasing microwave extraction 

time from 60 to 90 minutes, the yield decreased 

slightly [13In published articles, the yield of gelatin 

extracted by microwave is relatively low, with values 

of 0.75, 1.27, and 0.91% reported [30]. In this study, 

the yield was up to 13.37%, which is higher than other 

studies. In the study of Park et al. (2013), during the 

extraction of gelatin by three methods: microwave, 

superheated steam, and water bath, the average yield 

of gelatin obtained was 0.75%, which is lower than 

the present study [14]. Kim et al. (2020) investigated 

the optimal conditions for swelling duck skin and 

methods for extracting gelatin from it as a new source. 

Gelatin was extracted using water bath, ultrasound, 

superheated steam, and microwave methods. In this 

study, the yield of microwave-extracted gelatin was 

reported to be 2.05% [31] which was lower than the 

present study. 

The gel strength of chicken leg gelatin obtained by 

microwave extraction was higher than that of 

commercial bovine gelatin (200 g). In the study of Liu 

et al. (2019) who extracted rabbit skin gelatin by 

microwave, the gel strength was reported to be up to 

400 g. Gelatins obtained by microwave extraction at 

times of 5, 15, and 30 min showed significant gel 

strength compared to water bath, indicating that short 

microwave extraction time can achieve better gel 

strength. It is possible that the short microwave 

extraction time can properly release its subunit 

components to achieve higher gel strength. As the 

microwave extraction time was prolonged from 60 to 

90 min, the gel strength decreased significantly. The 

decrease in gelatin strength may be due to the decrease 

in amino acid content or the destruction of high 

molecular weight subunits in gelatin [13]. In the study 

by Kim et al. (2020), the gel strength of gelatin 

extracted from duck skin using the water bath and 

microwave extraction method was higher compared to 

other methods [31]. The results from Park et al. (2013) 

showed that microwave showed the highest gel 

strength because the short process time in microwave 

extraction resulted in collagen extraction before the 

protein was completely denatured. The gel strength of 

gelatin obtained from microwave extraction in this 

study was reported to be 260 g [14] which is similar 

to the present study. Fanj et al. (2021) investigated 

microwave irradiation as a new process for improving 

the physicochemical properties of pig skin gelatin and 

determined that with increasing microwave 

irradiation time, the gel strength gradually decreased 

so that the gel strength reached the lowest value of 460 

g at 30 minutes [32] which is more than the present 

study. 
3-8- ComparisonChicken foot gelatin extracted by acid and 

microwave methods compared to commercial gelatin 
3-8-1- SDS-PAGE examination 

SDS-PAGE is the most commonly used analytical 

method for the identification of collagen chains. 

Gelatin is a mixture of collagen fragments obtained by 

hydrolysis of collagen amide bonds in the main chain 

of collagen molecules with molecular weights in the 

range of 16 to 150 kDa [33The molecular weight 

distribution, structure, and composition of subunits, 

including alpha and beta chains and low molecular 

weight protein fragments, have a significant impact on 

the functional and physical properties of gelatins [34]. 

In fact, electrophoretic analysis helps to identify 

protein integrity and recover different gelatin 

components (due to variations in extraction 

conditions) [35]. The SDS-PAGE profiles of gelatins 

from chicken feet and commercial bovine gelatin are 

shown in Figure 5. For all three types of gelatin, 

alpha-1 and alpha-2 chains were observed. According 

to Figure 5, in the optimized sample of microwave 

gelatin, brighter bands were observed and accounted 

for a higher percentage of the molecular weight, and 

this parameter greatly affected the yield and strength 

of the final product. The heating of materials by 

microwave is mainly due to the dipolar nature of 

water. When an oscillating electric field hits water 

molecules, the dipolar molecules are constantly (one 
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million times per second) aligned in the direction of 

the electric field, which causes internal friction of the 

molecules and consequently volumetric heating. 

During the microwave extraction process, the 

vibrational force of water molecules, together with the 

thermal energy, causes the instantaneous cleavage of 

covalent bonds and consequently the dissolution of 

collagen. Therefore, high molecular weight subunits 

in microwave extracted gelatin can be rapidly 

dissolved. But on the other hand, they can be 

completely destroyed with increasing microwave time 

[15].  

In the SDS-PAGE profiles of gelatins extracted from 

chicken and turkey heads at 50 and 60°C, alpha-1 and 

alpha-2 chains were also observed, which were 

similar to the optimized chicken leg gelatin sample in 

this study. It seems that turkey head gelatin had a 

higher number of high molecular weight bands and 

also more bands in the lower molecular weight range 

than chicken head gelatin. In addition, it seems that 

gelatin degradation occurs with increasing 

preparation temperature, and more low molecular 

weight segments are formed. According to Moyang et 

al. (2004), high temperature increases the cleavage of 

gelatin chains, resulting in the formation of lower 

molecular weight components [36]. In general, gelatin 

with higher alpha chain content showed better 

functional properties (including gelling, emulsifying, 

and foaming properties) [37]. The results of the 

molecular weight distribution of gelatins after 

pretreatment of whiptail skin with hydrochloric acid 

and acetic acid at different concentrations showed that 

regardless of the type of acid used, the electrophoretic 

profile of gelatin consisted of two protein bands, beta 

and alpha (with molecular weights of 200 and 125 

kDa) and one band with a density of less than 100 

kDa. Hydrochloric acid enhanced the hydrolysis of 

collagen and presented protein bands with various 

molecular weights (57-84 kDa). However, acetic acid 

produced bands with a value of 125 and 100 kDa 

(alpha one and alpha two, respectively) that were 

denser than hydrochloric acid, indicating its 

advantage for protein extraction. Therefore, the 

extraction of whiptail skin gelatin depended on the 

concentration of the acid used [38] which is somewhat 

similar to the optimized gelatin sample (acidic and 

microwave) in the present study. Cao et al. (2020) 

investigated the molecular weight of different gelatins 

extracted from bovine bone collagen [25]. The results 

of quantitative analysis of alpha-1 and alpha-2 chains 

in gelatin samples showed that the higher band 

intensity of collagen with molecular weight (70-100 

kDa and 15-25 kDa) in acid pre-treatment and post-

treatment was lower than the optimal chicken foot 

gelatin sample in this study. In fact, alpha-chain in 

gelatin is well correlated with the functional 

properties of gelatin including its strength with bloom 

degree, viscosity and low melting point [17]. Kanwat 

et al. (2017) showed that pretreatment with high acid 

concentration leads to excessive degradation of 

collagen molecules and a decrease in the amount of 

beta chains and fragments with a molecular weight of 

less than 200 kDa. They also reported the protein 

patterns of gelatins extracted from rohu fish using 

different acids with molecular weights of 32, 40 and 

80 kDa. The results showed that different acids on 

rohu fish cause excessive degradation of collagen 

molecules, which ultimately leads to the removal of 

protein molecules (gelatin) during washing with water 

[39].  

The results of SDS-PAGE protein quantification of 

samples extracted from duck skin using different 

extraction methods by Kim et al. (2020) showed that 

samples obtained from superheated steam (24.61 

μg/mL) and microwave (97.59 μg/mL) had higher 

protein concentrations than samples obtained from the 

water bath method (19.46 μg/mL) and ultrasonic 

extraction methods [31]. Also, the samples obtained 

from these two methods had more intense bands than 

the samples obtained from the water bath and 

ultrasound extraction methods, indicating more 

gelatin degradation and was consistent with the results 

of this study. Protein patterns of gelatin extracted from 

goat skin at different temperatures by Mad Ali et al. 

(2017) for different times showed that alpha chains 

were the main components in all gelatin samples. Beta 

chains were also found in gelatins extracted at 

temperatures of 50 and 60 degrees Celsius; however, 

beta chains were not found in samples extracted at 70 

degrees Celsius, regardless of the extraction time. 

Alpha one and alpha two chains had molecular 

weights of 131 and 124 kDa, respectively. The results 

showed that the degradation of alpha and beta chains 

was evident with increasing temperature and 

extraction time [31]. 
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Figure 5 – The SDS-PAGE electrophoretic pattern of the optimal chicken feet gelatin of acidic extraction (B), 

microwave extraction (A) and commercial bovine gelatin (Control)

 
3-8-2- Colorimetry 

The color of gelatin is significantly affected by raw 

materials, extraction process, and drying, resulting in 

differences in color and consumer acceptance [40]. 

The drying method may have a great influence on the 

color of gelatin [41]. 
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Figure 6- Color changes (∆E) and browning index (BI) of microwave and acidic extracted chicken feet gelation 

compared to commercial bovine gelatin

 

The highest E∆ value was found in the bovine gelatin 

sample. The highest browning index was found in the 

acid gelatin sample (Figure 6). Non-enzymatic 

browning occurs from the reaction between the free 

amine groups of the protein with the glucosidic 

hydroxyl groups of reducing sugars or carbonyl 

compounds such as aldehydes and ketones. During the 

roasting process, the amount of amine and hydroxyl 

compounds increases, thus the rate of non-enzymatic 

browning reactions increases. 

Rahim et al. (2021) investigated gelatins extracted 

from chicken feet and heads. Results of color factors 

b*، a*and L*The results of the two mentioned samples 

were reported as 17.93, 0.17, and 53 for chicken feet 

and 15.30, 1.73, and 62 for chicken heads, 

respectively [42] which is similar to the results of the 

color factors obtained in the present study. In another 

study, gelatin was extracted from duck skin using 

different methods. The highest brightness value of 

42.56 was obtained for gelatin extracted by 

ultrasound, while the lowest brightness value was 

obtained for gelatin extracted by superheated steam. 

After the ultrasound extraction method, the highest 

brightness value of 28 was obtained for microwave 

extraction. It should be noted that the redness and 

yellowness of gelatin extracted by different thermal 

methods showed statistical differences [31Vidyasari 

et al. (2014) measured the color of chicken leg gelatin 

using acid extraction method at values of b=0.34.*، 

24/8=a*and 45/61=L*  They reported [43Park et al. 

(2013) examined gelatin extracted from duck feet 

using three different methods, and among them, the 

color of gelatin extracted by microwave method with 

b value*، a*and L*1.19, 0.99, 34 were reported 

respectively [14According to Rahman and Jamalia 

(2012), the brightness values of chicken foot gelatin 

(24/42) were significantly higher than commercial 

bovine gelatin (36/40).44]. Al et al. (2020) extracted 

gelatin from camel skin at three different ages of 2.5, 

4.5 and 7 years by heating and chemical pretreatment. 

The color of the extracted gelatin did not show 

significant differences among the samples. However, 

the gelatin powder had a golden yellow color. All 

samples had valuesLighting 12/28 to 02/41and 

showed greater brightness and less yellowness than 

commercial bovine gelatin [45Almedia et al. (2012) 

investigated the physicochemical properties of gelatin 

extracted from chicken leg skin and tendon as a 

substitute for mammalian gelatin (which is commonly 

used commercially) and the color of the gelatin 

powder obtained with b values*، a*and L*They 

reported on 2/19, 3/01 and 3/51 respectively [46]. As 

a result, the brightness value of the optimal chicken 

leg gelatin sample in this study is higher than the 

studies mentioned. Park et al. (2013) reported that the 

use of microwaves increased brightness and had a 

significant difference with other methods. In addition, 

skin pretreatment with this method led to an increase 

in yellowness values. It is believed that this is related 

to the production of free amino groups in the resulting 

gelatin [14]. 

4- Conclusion 
According to the results obtained from the 

experiments in this study, using the variables of acid 

concentration (2 normal), chicken foot paste to acid 

solution ratio (1 to 4 volume/weight), temperature 

(76.40 degrees Celsius) and extraction time (3 hours), 

in the acid method, gelatin can be obtained with a 

maximum yield of 89.11% and a gel strength of 203 

grams. Also, in the concentration (2 normal), power 

(540 watts) and time (20 minutes), a gel strength of 

247 grams and a yield of more than 10 grams can be 

obtained. Therefore, both the acid and microwave 

extraction processes can be modeled by the response 

surface regression method. Based on the results of 
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comparison with commercial gelatin, it was proven 

that gelatin extracted from chicken feet has superior 

properties and can potentially be used as an alternative 

source of mammalian gelatin.
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 روش سطح پاسخ  با مرغ پای ژلاتین استخراج یابی فرآیندهای مختلفسازی و بهینهمدل 
 * 3، مریم اثنی عشری2، علی معتمدزادگان2، رضا فرهمندفر1اسمعیلی هانیه

   رانیا ،ی سار ،یسار یعی و منابع طب یدانشگاه علوم کشاورز ،ییغذا ع یعلوم و صنا ، گروهارشد یکارشناس-1

 ران یا ،یسار ،یسار یعی و منابع طب یدانشگاه علوم کشاورز ،ییغذا عیگروه علوم و صنا استاد،-2

 جی آموزش و ترو قات،ی کشور، سازمان تحق  یعلوم دام قاتیموسسه تحق  ،یدام داتی تول  یفرآور قاتیبخش تحق  ،اریاستاد-3

 ران یکرج، ا ،یکشاورز

 دهیچک اطلاعات مقاله                        

 مقاله :   یخ هایتار

 28/12/1403افت: یخ دریتار

 25/05/1404رش: یخ پذیتار

  هافرآورده  این.  است  داشته  چشمگیری   رشد  اخیر  هایدهه  در   حیوانی  جانبی   هایفرآورده  مصرف

  این   از  یکی.  شوند  تبدیل  صنعتی  و  کشاورزی  مصارف  جهت   پایداری  محصولات  به  توانندمی

  تولید  برای  خوبی  منبع  مرغ  پای  ضایعات کشتارگاهی طیور،  بین  است. در  ژلاتین  پایدار،  محصولات

  شرایط   تعیین  منظور  به  تحقیق،  این  در  .دارد  وجود  آن  مورد  در  محدودی  مطالعات  ولی  باشدمی   ژلاتین

  ، (نرمال  3  تا  1)  سولفوریک  اسید  غلظت  متغیر  چهار  اثر  ترتیب  به  مرغ  پای  از  ژلاتین  استخراج  بهینه

  درجه   90تا    60)  دمای  ،(حجمی/ وزنی  6-2:  1)  اسیدی  محلول  به  شده  خمیر  مرغ  پای  وزن  نسبت

  1) سولفوریک اسید غلظت متغیر  سه و  اسیدی روش به(  ساعت 5تا  1)استخراج  زمان و(  سلسیوس

  بازده  بر مایکروویو روش به( دقیقه 20تا   10) زمان مایکرویو و( وات 720تا  360) توان ،(نرمال 3تا 

 سطح   مرکزی  مرکب  طرح  روش  از  استفاده  با  هاآزمایش  نتایج.  گرفت  قرار  بررسی  مورد  ژل  قدرت  و

بازده استخراج و قدرت ژل در مدل.  گردید  تحلیل   و  تجزیه  پاسخ برای  پیشنهادی  درجه دوم  های 

معنی داشتند، لذا به خوبی توانستند  بالا و عدم برازش بی  2R-Adjو    2Rهای اسیدی و مایکروویو،  روش

پیشپاسخ را  کنند.  ها    ترتیب   به  ژل  قدرت  و  بازده  حداکثر  در  اسیدی  استخراج  بهینه  شرایطبینی 

  محلول   به  مرغ  پای  وزن   نسبت  و  نرمال اسید  2  غلظت   ساعت،  3  زمان  سلسیوس،  درجه  40/76دمای

  فرآیند   خمیرشده  واریانس  آنالیز  از  حاصل  آماری  نتایج.  گردید  مشخص  حجمی/وزنی  4:1  اسیدی

 بازده  بالاترین دقیقه  20زمان    و  وات  540توان    نرمال اسید،  2 غلظت  در  به کمک مایکروویو  استخراج

های بهینه هر دو روش با ژلاتین تجاری گاوی از نظر  سپس، نمونه.  داشت  دنبال  به  را  ژل  قدرت  و

 میزان الکتروفورز ژل اکریل آمید و رنگ مورد بررسی قرار گرفتند. نتایج حاصل نشان داد که ژلاتین 

 تواند جایگزین مناسبی برای ژلاتین پستانداران باشد. می مرغ پای
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