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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
Bl 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
B5 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 76.25 6
B11 30 0.18 76.25 6
B12 140 0.18 76.25 0
B13 140 0.18 76.25 6
B14 140 0.18 76.25 6
B15 140 0.18 76.25 6
B16 140 0.18 76.25 6
B17 140 0.18 76.25 6
B18 140 0.18 76.25 6
B19 140 0.18 76.25 12
B20 250 0.18 76.25 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
Y.
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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.

Concentration Time of  Temperature Concentration Time of Temperature Ten:p z;at
Treatment  of Alkalin . perat of Acidic Acidic peral ure of Time of pH of
. Alkalin of Alkalin . . of Acidic Extraction . .
number Solution solution solution (OC) Solution Solution solution (OC) solution Extraction  extraction
(NaOH) (mol/L) (min) (OC)
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
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Fig 1 Pareto chart
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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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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.

Gl ey 5 UKt e le pl 35 e LU sl O
Jdw S slapkd S sk [TY] AileS s
Lsls UT Db a4 2V g 358 S g slrey S omals
by Blie 3 Sh slaeks @b s pdidee [YiE]

adlee ol o [VE] AL s e Glaoles 5 )
St Sl sl e Gla i, b s N5 slaghd
P<t,r0)azils [ KuK b gl pme glaosls o Hbw «
ool b g Sakdss pslie S oS (gysk (¢ SE)
Gl (05 et T X ISl T ) V) YA Ol
L:f.pl> axllan C’"t’ Sl 03 g q 9 V1o o)l.o...fa 6&)[.&:3

&\)S)bﬂ)lsd.{w

ool cpl [YO TN clls Sles e S ml
OLes sy WeNg i 3l ol gl wil 4 Llge o5
53 S pdudsh 05 5 ol Llazisls Hlebl oS AL s e [YY]
3 AL Wl VPH L3 sl (3V5 5l Jol lagks
e S b T s Sugbsda el el SV (sl
Irrfacsl aals OF Sl e plp o3 odiS de 25 Al
AN 510 A oyled bales o oS il bl OS5 e cpl ol
Gl s eS8 by oy PH 51 el Jlesl

Ll azals V5 Skt b 5l Cshs s duel gladul

yay

g5 e Y-Y

VWY oddatod Jgans 535S oude 3l ool sty 5V o33
035 5 Sl & uaS (daeme xS S essl i ales sy A
Ok UK DAY el 5518 AV 5 ) D VA lsile
@l AS s Mg Sl oY sl Olabe o gline
31 Ol sdoze U1 L3 Jlad ool 80 V5 ol s
oolie [Y0] Wb e adsl sl 035 dons £ 5V Ol
VIV G5 4 S 5 SaiS olS Olale Sl ezl sl 5Y5
IVl cdlos 5158 Ao ys V0 5 Ao ys A/Y sy

VY Jgeme 535S Sl odel sty 5V Ol (650 addllas s
2ozl gl (5N slie ol by [YV] A 518 A
S gy Sl OIS Ol > sl oale Oy IS ol
B 5 sl bl sl Ssline K15 0TSS5
033 il o o0 Sladisy RS 5 e sl Wsa
LYY T sl acsls N5 a5l 6 iy

55 ok Gpdy 3B Dy (g S 03Ty
ol by
Il IV oS ol slody of b Sl 53 (6 o 58

Shessls (b e b 5l OF Glad e 554 5 o 520
Claml Lol (ol sl g wt ol 3,8 el

Glbl e 5 136 asby JUsl 2alS ¢ Bl b 5 03 8


https://fsct.modares.ac.ir/article-7-27397-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 |

J}W)ﬁsmlﬁ )‘ ol .X.:jj.}' ﬁ'yjrl?ééu L;J”ij

1/2 +

- ot Y > ® e O
mmmmmmmmz

B13 =&

&
m

— =+ v O -~ 0 = = v O I~ 0 o

— — — — _— —_— (o] (o] ol (] (o] L] (o]

m MmN MM MM M M MO M MMM@
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.

Sl s ey S Nirbadd cubhs by Sl ol
(P>1100) Sl 5 gy b i 51 s oy (615 one
b inn S| K L sl s Sl ol 1
ot aieia S5 53 oS lailen (Pt ,r0) disls 0L
o3 gl ol g s WS Sl Ol s ol saed pH
e At A IS e 3 mty Sl
35 S Caaslie paS 53508 5 VE ks & bgy e Caeslis
S el 5 slagks S sk s edalie 0l

db)ydjwudw;ow‘ﬁkiéjﬁwvﬁdjj\

LAV.L;:’ Sl ol o &S o5 LE-Y
23 ki A s Sy sl S s cnle LB
SOl Ol la Sy onils 4 Iyl (gl 4t Cas
S bl Sl b plSoutal [TV Celazl 5 O
SLadise 5 olerd Sl 4 a8 AL e (Wl bl 5
il 53 ek Sl s o e b s S0 o
S a3 Jsb Rl sl S e ol o) 45
Ll Sl (SOL 51 U3 s Sl Sl S olns

Ll ghuaiay Blpe GL30) 53 e laull g a &S

IYA] xaea . . i _
osls 0L () Ko s sl 5 Y SO sla S5 [YY]
30 T
25 1 \ :
20 +
£ 15 +
10 +
5 abcdabc
ab
0 - P BRN BRH RS BN o mm o pm o mm B BRSS Y B
Al AT AR ERAS OIS 23 S ARSI OSSRAR
- Ao MM Ao MO MAMOAMOMO0MO0AMO0A0MAMAMaMMAMAM
Treatments

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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Fig 7 The moisture content of gelatin films produced by taking into account the factors affecting the extraction
process.

Data are presented as the means + SD of three replicates.Different superscripts show significant differences at
p<0.05.
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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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Fig 9 The electron microscopic images of gelatin films produced by taking into account the factors affecting the
extraction process.
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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.

Keywords: Gelatin, Cyprinus carpio, extraction, Effective factors.
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