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Table 1Treatment characteristics of gelatin extraction.

Details of treatments

Factor 1 Factor 2 Factor 3 Factor 4
Number of treatments base time 2 acid m este temp 2 este pH 2
B1 140 0.18 50 6
B2 85 0.06 63.125 3
B3 85 0.06 63.125 9
B4 195 0.06 63.125 3
BS 195 0.06 63.125 9
B6 85 0.3 63.125 3
B7 85 0.3 63.125 9
B8 195 0.3 63.125 3
B9 195 0.3 63.125 9
B10 140 -0.06 7625 6
B11 30 0.18 7625 6
B12 140 0.18 7625 0
B13 140 0.18 7625 6
B14 140 0.18 7625 6
B15 140 0.18 7625 6
Bl16 140 0.18 7625 6
B17 140 0.18 7625 6
B18 140 0.18 7625 6
B19 140 0.18 76.25 12
B20 250 0.18 7625 6
B21 140 042 76.25 6
B22 85 0.06 89.375 3
B23 85 0.06 89.375 9
B24 195 0.06 89.375 3
B25 195 0.06 89.375 9
B26 85 0.3 89.375 3
B27 85 0.3 89.375 9
B28 195 0.3 89.375 3
B29 195 0.3 89.375 9
B30 140 0.18 102.5 6
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2.X-Ray Diffraction

3.Scanning Electron Microscopy
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Table 2 Screening table of gelatin films produced by taking into account the factors affecting the
extraction process.

. . . Temperat
Concentration Time of  Temperature Concentration Time of Temperature ure of
Treatment of Alkalin . peratt of Acidic Acidic perat . Time of pH of
. Alkalin of Alkalin . . of Acidic Extraction . .
number Solution solution solution ("C) Solution Solution solution ("C) solution Extraction  extraction
(NaOH) (mol/L) (min) e
1 0.9 150 4 0.3 30 4 50 240 5
2 0.1 30 4 0.3 30 24 80 240 5
3 0.9 30 24 0.3 30 4 80 120 5
4 0.1 30 24 0.06 150 24 80 120 5
5 0.1 150 24 0.06 30 4 80 240 9
6 0.5 150 4 0.06 30 24 80 120 9
7 0.1 150 4 0.06 150 24 50 240 5
8 0.5 30 4 0.3 150 24 50 120 9
9 0.5 150 24 0.3 150 24 80 240 9
10 0.1 30 4 0.06 30 4 50 120 9
11 0.5 150 24 0.06 150 4 50 120 5
12 0.5 30 24 0.06 30 24 50 240 9
13 0.1 150 24 0.3 30 24 50 120 5
14 0.5 30 4 0.06 150 4 80 240 5
15 0.1 30 24 0.3 150 4 50 240 9
16 0.1 150 4 0.3 150 4 80 120 9
- e s
2988 — —
B
=
241
wn
= — S T 5
g 14.94 |
5]
Q
=
3]
é 747 —|
K=
[ E: AG AD & P tValue Limit 430259
0.00 —] I] I:I |:| S,
T T

Factors
Fig 1 Pareto chart

A, alkaline treatment concentration; B, alkali treatment time; C, alkali treatment temperature; D, acidification
concentration; E, acidification time; F, acidity treatment temperature; G, extraction temperature; H, extraction
duration; J, pH. (Hybrid letters represent the interaction of two factors).Data are presented as the means = SD of
three replicates. Different superscripts show significant differences at p<0.05.
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Factors

Fig 2 Pareto chart
A, alkaline treatment concentration; B, alkali treatment time; C, alkali treatment temperature; D, acidification
concentration; E, acidification time; F, acidity treatment temperature; G, extraction temperature; H, extraction
duration; J, pH. (Combination letters represent the interaction of two factors);Data are presented as the means + SD
of three replicates.

Gk 3 Ot Ll cpl 358 e LU el O
J e s slagkd S sbe Y] LS s
Lols o b 2V (s pdy 356 gkl (glaeg S nils
Sl Blie s S sbapkd Vb A58 [v¢]

Jlosl b coslge 5 o sklas 0T LI 53008 4 o
adlas cpl 5o [VE] Wb sp il glajles 5 s
Spddst Sl sl il Gla i, b s N5 glagkd
(P<r )il Sa b ulsame slacsls Of Ll 4
b ol b sl pslie (p xS oS (gosk (7 JSCH)
bl (oS et e x ISl T x V) YA Ol
L ol aadlas ol ool 035 4 51100 o5led slajles
el ol [YO TN clls Slses iime 2wl
OLes s WeNg Goas 3l ol gl wdl 4 Lle o5
53 G plydad Do 5 ol Llendls Hlebl oS ask L e [YY]
S L5 VPH Do sl (Y5 5 ol slagls
e S L T s St et il VL Gl
LrvTasst s O Sl sl 53 oS A 25 W3l5
97 510 A ojled glasles 3 oS il JLbl Ol e ol ol
Gl 3 g S Ly Oby PH L S Ll Jlesl

Ll azils V5 Sl o des ansl gladl

¥y

R SIPIRVIS Sy

VIV oddarend Jgeme 558 ude 3l odal csa 5V 5 e33L
23S 5 Sl aS (Jaeme 558 add enil sles g Lo
Ok JSa D] cleds 5518 AV 5 Y OVAlusile
b oS e Mgy gales Y slie Olale glan
sl Ol sdmze IUL s Jled ol 0 5 0V ol sl
lie Y] wibe adsl el O3s dwns £ oY Ol
VIV Gl 5 Sa 5 iS5 Olaabe 3l sddzl Al oY
IY] cslods 5,158 o ,3 VO 5 dops MY sy

VY e 558 5ol sy V5 Olee (6,505 anlllas
#oekiglpmal iV olie pl ol [NV] S A58 ds s
S gy oS5 le OIS Oljee 5o sl ¢ ale O IS5 el
5 s bl A3l sl Wl e DT LS 3
o3l Wil (B2 Glakism Sl 5 s bl e
DYV Tl eils N5 A 5 5l 6 i

B Larl.:.é 61-13-; 308 Ol 6,595|431—\"—\"
Sl b Al

Dol y Vs oS ol glooy Of Sl s 55 (g dudsa
Seals o s b 51Ol sad e 358 5 ST 520
Sl LAl e slpe sy at ol 38 el

Olbl Jamen 5146y asb, JUl 28l a5 05 S



L;‘}w)‘}:su»slﬁ )‘ ol J.,:j}} kf';yj{"l?a‘-;u Lsf}iﬁ

1/2 + )

.. J

1 4+ 1 [EE8
0/8

bed

T Y o % o O
mmmmma

@

o
aa}

Bl4 ¢

&
m

Bl6 B
B17 §
BIS E
B21

B24 €
B25

B26 ¥
B27 £
B28 &
B29 &

Treatments

Fig 3 Water vapor permeability of gelatin films produced by investigating the effect of effective factors on
extraction.

Data are presented as the means = SD of three replicates. Different superscripts show significant differences at

p<0.05.
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Fig 4 Tensile strength of gelatin films produced by investigating the effect of effective factors on extraction.
Data are presented as the means = SD of three replicates. Different superscripts show significant differences at
p<0.05.
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Fig 5 The solubility of gelatin films produced by investigating the effect of factors affecting extraction
Data are presented as the means = SD of three replicates.Different superscripts show significant differences at
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Fig 6 Determination of opacity of produced gelatin films taking into account the factors affecting extraction.
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2. X-Ray Diffraction
3. Scanning Electron Microscopy
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Fig 8 X-ray diffraction pattern of gelatin films produced by taking into account the factors affecting the extraction
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In this study, gelatin from common carp scales (Cyprinus carpio) was produced using alkaline, acidic and
thermal methods. Then, the physical factors, barrier properties and its appearance characteristics were
optimized by changing effective factors in the initial gelatin extraction process. In order to optimize the
film, the response surface methodology included a central composite design for extraction process, a
series of effective factors in extraction including sodium hydroxide concentration, alkaline pre-treatment,
hydrochloric acid concentration and extraction temperature as independent variables were investigated.
The dependent variables including tensile properties, water solubility and water vapor permeability were
investigated. The results of screening based on mechanical strength and solubility resulted in the selection
of 4 factors of 9 factors. In the screening stage, four variables including two factor of the pH of extraction
and the duration of the alkaline treatment that had the greatest effect on the tensile strength, and two factor
including concentrations of acid treatments and the extraction temperature that had the most effect on the
solubility of the films were selected for the the main experiments with gelatin extraction. Other variables
that did not have a significant impact on the mechanical properties and film solubility were in their most
common form. The main experiments of gelatin extraction included 30 treatments. Solubility showed
significant changes (p <0.05). The lowest solubility was 25.08% for treatment No. 9 with alkaline
treatment for 195 minutes, acid treatment with 0.3 molar concentration and extraction at 63 ° C. The
lowest permeability was for treatment No. 15 with alkaline treatment for 140 minutes, acidic treatment
with a concentration of 0.18 molar and extraction at 76 ° C (p <0.05). Finally, it was determined that by
changing some of the extraction factors, the properties of gelatin film obtained from common carp scales
could be optimized.
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