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2-Microwave Assisted Extraction
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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

Independent variables Levels
Code -1 0 1
Acid concentraion 1 2 3
Ratio of chicken feettoacid 2 4 6
Temperature 60 75 90
Time 1 3 5

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

Independent variables Levels
Code -1 0 |
Acid concentraion | 2 3
Microwave power 360 540 720
Time 10 15 20
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Table 3 - Analysis of Variance (ANOVA) regression for gel yield and strength responses by acidic extraction of
chicken feet gelatin

Yield Strength
Source df Coefficients Sum of F- p-value Coefficients  Sum of F- p-value
Squares  value Squares  value
Model 14 289.41  66.85 <0.0001 49286.27 22.57 <0.0001
Linear coefficients
by 1 0.42 3.32 10.73  0.0051 9.61 1662.72  10.66  0.0052
by 1 0.28 1.43 4.62 0.0484 9.22 1530.89 9.81 0.0068
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b; 1 0.72 9.40 30.41 <0.0001 6.56 773.56 4.96 0.0417
by 1 -0.39 2.78 8.98 0.0090 9.00 1458.00 9.35 0.0080
Quadratic coefficients
bii 1 -1.87 9.04 29.24  <0.0001 -25.68 1708.00 10.95  0.0048
b2 1 -3.49 31.53 101.95 <0.0001 -28.18 2056.81 13.18  0.0025
bss 1 -0.97 2.48 8.02 0.0126 -21.18 1161.76 7.45 0.0155
bay 1 0.05 0.0069 0.0224 0.8829 -11.18 323.58 2.07 0.1704
Interaction coefficients
b1z 1 -0.12 0.23 0.7685 0.3945 -0.50 4.00 0.0256 0.8749
bis 1 0.04 0.03 0.1261 0.7274 1.75 49.00 03141 0.5835
b4 1 -1.44 33.03 106.82 <0.0001 1.13 20.25 0.1298 0.7237
bas 1 0.02 0.009 0.0307 0.8632 2.63 110.25 0.7067 0.4137
ba4 1 -0.18 0.54 1.76 0.2046 6.75 729.00 4.67 0.0472
bs4 1 -0.08 0.10 0.3363 0.5706 -4.00 256.00 1.64 0.2196
Residual 15 4.64 2340.03
Lackof 10 3.18 1.09 0.4915 1680.69 1.27 0.4166
fit
Error 5 1.46 659.33
Total 29 294.04 51626.30
R? 0.98 0.95
Adj-R? 0.96 0.91
Pr-R? 0.93 0.85
Precision 24.20 12.77
Adeq
(6\Y 6.85 8.23
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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

Strength

Strengih

a. v b.
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
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Table 4- The predicted and experimental values of the dependent variable for the optimal sample of chicken feet
gelatin extracted by the acidic method
Response  Exprimental data Predicted data
Yield 11.44° 11.89*
Gel strength 206° 2032
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Table 5 - Analysis of Variance (ANOVA) regression for gel yield and strength responses by microwave
extraction of chicken feet gelatin

Yield Strength
Source df Coefficients Sum of F- p-value Coefficients  Sum of F- p-value
Squares  value Squares value
Model 9 137.67 164.39 <0.0001 4273190 97.09 <0.0001
Linear coefficients
b 1 1.38 19.15  208.88 <0.0001 9.61 883.60 18.07  0.0017
by 1 2.11 4435  483.66 <0.0001 9.22 324.90 6.64 0.0275
bs 1 1.34 17.88  194.93 <0.0001 6.56 302.50 6.19 0.0322
Quadratic coefficients
b 1 -2.44 1634 17821 0.0043 -25.68 388596  79.49 <0.0001
b2 1 -2.09 11.99  130.71 0.2280 -28.18 11651.27 238.24 <0.0001
b33 1 1.80 8.88 96.87  0.0001 -21.18 23.27 0.47 0.5060
Interaction coefficients
b1z 1 0.39 1.23 13.44  <0.0001 -0.50 28.13 0.57 0.4657
bis 1 0.13 0.15 1.65  <0.0001 1.75 6.13 0.12 0.7308
bas 1 -0.66 3.51 38.29  <0.0001 1.13 6.13 0.12 0.7308

Residual 10
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Figure 3 - Combined effect of concentration-power and power-time on the gelatin extraction yield by
microwave method
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microwave method

ks s Cel gl e gl s,
S s Ll W 053 0 OIS I8 50 55 5555000
B3 o b i 5 5 o e 22 Wi o5,
gl o IVA] spde Y5 S sl O
LEL S I6 T el s LB sk 4 Ll
033k 535,50 b f e sl Y5 sl oy 0o [V E]
OLea 5 5 g ate Aoy WYYV B YV 5 0N
o5 ol s ke sl cn s Sl SWS 4 (Y014)
GEV3 L aglie 53 Loged s p 1 BS A Sy
o 3 g 53Y5 STl Loeks ol
JBea3l (azds ¥ B0) olisS Olej 5o il 5 595,500
b g ol Al N5 003l Ol e AL ails e 5
35 4 S gme Ky gl Al Ol SRl 5 Sl
Dol Ll s SOl ot 3 ey LS oS 25 S
Qo VEE 4033l Ol gee caddn e 40 5l 55,0l Obey
S sss Sl gl Ol 2l Gl Bl e 5 s
VG s Y] il mals Sl esjl caids 40 e
0,50 L e Al Y5 sl el it
doss A 5 VXY VO lae 5 Al e oS L

e B 6330 Ol e e ia s ol 53 10 ] Sl s 318

120

oo e sl Y5 gl Al TS ake glakg VY
PEYy

53 Y5 gl ang Ll 5 Ol e S pliae el
08r 5 0les aids Vo el Jla i ¥ ol 455 Sbe b,
5ol w&ﬁ;ww),\z .wlﬁjbﬁ_u Oy &l
o3k sl GLSS aw 53 (o ked slalle L) 2315
O ) ;s ,SSke hgy 5o J5 s 5 V5 2l s
Sl O] oS el O 51 S e <l 2l e
Dol sy el UL_LU'T 5edd St pelde o Jé
Al e Al BB sl S Je

Table 6- The predicted and experimental values of
the dependent variable for the optimal sample of
chicken feet gelatin extracted by the microwave

method
Response  Exprimental data Predicted data
Yield 10.48* 10.25°
Gel strength 253 247*
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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)
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compared to commercial bovine gelatin
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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 R?
and Adj-R? 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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