YFAA 65 7 oy A 06 Lot DOI 10.29252/fsct.16.10.10 i b 5 ple

i (Bl Quld 31 (o § 2 il Tl gt (6 Hl A

ol b o e 0L i e T ol (S Loy dase ¢ Ol g il
"ol JS eSSt

Ol O 5 ply olKls ((53,5LES (5558 5 wdigo 03,5 )

O 2 Gl e ool 35T ol s A5 ¢ plie Bl s pske s ST
Ozl co g3 g oDl ST 682313 0 5831 s Aol ¢ pldE s 5 pshe 05 5T
Olnl Ol 5 ply olKls ¢ gond 05,5 ~8
QAL o pdy sl QA /AU i2dl s 7 )0)

o S~

ol laeny sl s T 5 s (ol mbo 5o o3l slan IS w53 Shas 5 SIS Gla Sy ndls aauls 4 5V
OF gl gl Lol 55 5 e 4 OIS L 35 (S50 5 olaed ((S03 sla Sy Lidlpo OIS 3 8w (alo 035 5205 51 Jol>
S « Rutilus frisii kutum i sl L 5l -5V Tl @l ag Sl o3 e s 40 (63555 ekt a b Gl mlan 55 s (S
(e oS 55kn Jsloun 53 (sosabse Olos (Y ge +/0V0 = +/YY0) i 1S5 5am Bl Ol K adlllae gl S SL bl b s aB S
Gk Ol w205 5 S B by sl 5 (5 o a5 3 S eslinad (S (mle a3 e =00) sl (gles 5 (aida Te-)AY)
T s oS5 5 (6o abgs Oloj Ve ) e LSy s Sl (35 ol sl Gl dgy lal &S ls 0L il S ol
CE S 820 5 S el Gl patle (5 ol Sy Jold edd i bl g 58 Bl 4 3 YA sl sl gles 5 aads
AV cpsllas b 1) V5 sl g bl s codl s sl sl (555 Loy YA/OA 5 VAL /Y T; V20 (il JSUl s YAV

D e

) S s 5 oSl (S SL (L] A sl sl 03531 5 N5 10851 AlS

mrezasaeidi@yahoo.com o,

ARR



Aot oale i Sl Y 2l Al bl d (gl ag

O 5 0L ymge ole

5 osd adai gl Lel . dl o OLIGkey & o o st
el b Y]t Ollkey Y3 51 65 ol 4 sles
LAY a8y (ol sbe Y5 5l o b Jl-
oY gl sls i) AT sls olis Ol & s
sk a LS e 3 0T (S5 ol s sb 4
5655 ki 3T gl (sl sla i, Sl esliad (S
GlpS e s w51 OIS 2l sl sl sl 3
Gote Ja g 4 S plonil aslllas 5o LoAN v V] ol sl
by vy 2L 5 gl SV (TA0) OSes 5 b
Ol Ll o3 S 13 s 2550 500 mla L SBgns ale
Gl VI b aglis 3 gl o,i, 58 oUWE SV oS s pe
CdS alie Ly e 35l 55 5 (5 kS 51O
45 Wi sal p3el Ko b Sl ol V3 L S Y5
G Ll 3 S oL 5 gl 5V oiS
i S LS Wl alos 5l ool W 5 sl Y
Sl Sl n 03 e 5 Al an S Sy e sl S
Sles gz (YOT) 0L 5 0L s [V Y] ol 2
L Sl ale b oy Sledd sl (3Y5 (S5 55
53 osd akd S by s YL LIS e 35
Aol Sl 3 by o 5 4 Y ls s sl
Lo Jle 5 YUB = Jle sY ol 5 bYW — Jlse/Y
il il s Smy Las Jhlil sV clle sl
i 53 L bl e s ol Bl 36 I e
S s s eeeen [0] W3 S OIS VL an s S
o Sl Y5 gl s 53 (T00 Q) e 5 55T
Sl s 5l Bl V0 an Sy VL Al o s
S b VY] L3S 5055wy 6505 5 15 0 S YOV
oS & oslgls Sl (Rutilus frisii Kutum) ole oL
sl olewl 53 yos sy 5= gbys s Cyprinidae olals
Slaces Yot Lo s sy o 23l Oyl s 0Lk 5 00S
sslital pl8on Y pans oS osls S35 8 1y ale ol IS 035
OIS Sl o5t pe Ol 4 Dl gl o 5 50
oo LV 3 eslial (V5 A5 55 OT 51 055 o oS 03
S esp ooby 5 bl la STl sl e gas &b mlaw

Gla e 5 el o 3y pe Ll i leslizal L Oly e

WY

aode —)

ool gy o3 Sla o s  tege 5SS Olse w0 055
o aoslas (S5 50 5 alerd S e Shs 23l
e e cle W55 s e SIS s )3 gl 05 1S
Gl sla Jl 5o VY] 5,8 e 15 eslinal 5,50 0L
B b e mles 53 OIS 5 (Y Gl Lol
2 O3S YL s i cmal a8l J- s e s
Ol OF 5 Lo S pm 0B sl 5 81 8 5 S g
Cidies Vs a0 LaladS e eslizad V5 a5 4l eslo
3oge glodnl ssb an o Kl mlis elanrb S b
Ol gzl 5 Sy 5lods ] szl (V3 Leeo] asl o Lol
SR b Sl sd p oy B Casse s Dl 6l S
o ommen [ cil bl > siis Cnlie 3 e 58 5V
S ol o) JL! (658 O obew 08 ezl 15
&5 S DU gls ol 5l edel s 53 o b
I 3 &gy Spgo @ Ol 5, ol 1l 501 g
S ol i 5l Y5 e 058y sl Geios
3l e an aS sy Al Sluls 5 Lol lil 5l S
G aps 53 b 53 [V] a5d e 3L ale ol 5 Ol s
T P A B PR FCEPR VU | PIRPES JPLES L
s a5 Ca g Y5 51 ol W Ll e g Sl 59
ay e V5w ol 5 el 3pees OF s o3l s o
abi 5l Olkery sla V5 Gl ge ol SOl
Mg ol Jl 3 Al e ke a5 N sl
¢ Sl AT sads bl 5 e il A el oY
s e s am S L Ll s e LSS Oler o Y
VA Bl 53 Ao oY) Lol Sy e S Slale Lo
O 03 Sy Olbabe gl Dl s L 5 (I Sbe oo
Oyl (el () gd o gmis 25 553 S (55515
o=l gl anas 5o pla Glash Odews el 4 el (Wl
Sosb a4 el el Cilizes Olaale Dl 5l ezl (5 eole
oz Ol 3l sV A g5 Sl uiy Eelas

sla Sns bbb cilises la &S 5V5 [Yeoay]

1. BSE



\VQ/\ <S> Al 69> LQOOJLQ...\:I

DOI 10.29252/fsct.16.10.10

M gl s el

25 dpdy plal 4i3s T Sk EDTA N ¢/t J s
o 3 0008 e 2 s 4 L ol Ll ey o
Co sodss S wlsl Jaie Ol s OF 0 (L= /559 &0 )
wds \Yr Sl @ ol S sl s 00 B Jles Ll
Y3 sl WDl el el (Y gl Slhkes
LS 5l e 5 08 ok Sl oo bl 1 sl
Sleslizal b =T a3 5 a3 500 A osled el Lo
it Sldes 315 Sl a3 00 los 3 Dt o Ol
Sl anlsl s 8 LSCis sV sl a5 S Sy By 0s S
sl parle JF ploual s Sas gle bl [4]
Db e Sl el Ol @ 355 5 5 b
3V DSt s LI Sl eslinal b s bl g,
Las S golel 3 GT

455 g 3 (6 S 03 Y'Y

SRS 5 Osmisl sy w0 VS b S
sl 51 A e T ke a8y 50 (Y20V)
S 80%C Gles s (el 555) IYNY Clle s o5V
FasSas S eslinal b cilime (gle &gl a5 4B S
Voo IPM (it o s 5 S VY Jlinl 4 jgmme JuiS
Odd o sl GaSeilll 5l S bad gl s (5,81l
S b s W glos L3 i3 Ve e 4 Y3 S

o] was avals &K

S5 Sk g pSelul -4
S AV cble 4 Ody U sV slad gl
i ol (Bl ams NSk Ol s (e s
oLd 035 V5 IS 00 I Ol b e (sl J e
V0 5 il e Sl YL (Sadl (b S e s
Q)Jsow-ut,,;\)-\d.;ua,‘,; s S Jize i e sla
@ oS Ll am s tEOY Gl js Cele VA Sl w0 S
Sde (b Sl e s el 13 J5 (S Ol b sk
Gb s Glames S )3 bk ged J5 08l 550 0L
Jde T~ Sl e ol il 13 S
Seslizal b S ol ds S 5 Sl (a6 T slas)
W3S g 5 A Ll 5 mecdl oK

358 Sy e VYV b L Sl clail gl gty

Y)Y

Ao by s se Ul ol oS yesda | Jdes
=l medle AS e el B gy e b Lol
O ol b Jie Gl rie DIGE Jdo 5 4 ) s w
ol Sy bl s 1 ol Jhe S el
Ll gilw ag o ol s slciaas [VE] aas
5 b g s i ple b Sl Y5 Al

il o OF oo s 58 Doy

U#uf&_g) 3 :‘y -Y

:|_,.o -\-Y

ST s pemme Ol sgd 53 owe 5L 51 036 e Al 8
s WA gl 53 sp s b Ll s S ol o
oslize] Saal dowl L (6,106 Slagbesl 0oy b sl Kl
25 O S e S b el sy ol o el

SV oY) gl Al s ssleeslal dul b -Y-Y
L Ao 5

U 3 pamme Ol gl owe glaslil 51 i ale b iz
A S Jame Kbl & g b s it OT L e 4
G a8 13 ST o 5 el SlS 0113 ST L b ol e
Sy gls iy 4 e s alg 3 s ol O S
e Jsb s oS Sl s = A gl s s Jazee
Gy Slles bl ke 4 Ld S Sl
;\ﬁ@u@.);vdm);@&uq;\@@@uwﬁ
5 Do sy Sl oS Al S E dles
Sl e il pll DYl WS L (Y0 4) Ol
LS goden Jslowe 5o (azm/ S39) £ )l @ W8
05 5 5 GV +/0VO—0/YY0) il sla bl L ke
Sled 2550 dlt gles 5o adds VA B gla Ol s
R OLS s el mde LS A S 13
Lol (o dulp s S ol s, gl GG, 5 S50
PH « 45 o3500 g alsl Jlo3 G011 3 OT L b s opnns

o3l Wges O3ls I3 L Sy Sdme Slles il g A S i

2. Top Water



Aot oale i Sl Y 2l Al bl d (gl ag

O 5 0L ymge ole

St ol Gl 53N sl ke 4 lass onl 5o
Ul Bl Lol Je it o b S Sl b
SERCITRVSNISRICY PERVAN VAN DR R
gl glos 5 (a3 T VA e dS s sl
A elinal sl sl gy (IS Sl amy Yo —00)
o 3 Sl BT Jshs (G S5 e e
e D eS|l S e s el e glasl s
s Oy (X)) e LS odes Slle s 3 el Ve
sl Sle wup sl X3) gl glos 5 (X2) <05

O Jsor) s bl el s

o= ) 5y M ol e s § 354 Gas 5 ) MINY/S
g edl o ede b Ges 4 Ot 358 sl Y (05
[V s 5 518 J5 @ Olye

T &J -0-Y

Al s Gl il gl wsed S5y 5SS sl
K, s S el (Hunter Lab, Color Flex, USA)
03 5 edd ol Ade sl a1 eslinad bl o
s S 15 Gesl ssse s e olis 5 4 s sad sl
(obis) LF Jols S glaparle o bk wlul
D] s ezt 5 S5l (6s,3) b* 5 (550 5) a*

bl Jdou 5 4525 =Y

Table 1 The experimental range and levels of the variables

Variable Range and levels
Symbol Low (-1) 0 High (+1)
Sodium hydro>(<11\(/1[§ concentration X1 0.075 0.150 0225
Soaking time in sodium hydroxide solution X2 60 120 180
(min)
Extractlo?0 éer)nperature X3 30 40 50
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Table 2 Experimental design of independent variables in the Box-Benken design for extraction of gelatin
from Caspian whitefish scale

Extraction temperature

Soaking time in sodium hydroxide solution

Sodium hydroxide concentration

) (min) M)
1 30 60 0.15
2 30 120 0.225
3 40 120 0.15
4 40 120 0.15
5 40 60 0.075
6 40 60 0.225
7 50 120 0.225
8 50 60 0.15
9 40 180 0.075
10 50 120 0.075
11 40 120 0.15
12 50 180 0.15
13 40 120 0.15
14 40 120 0.15
15 30 180 0.15
16 30 120 0.075
17 40 180 0.225
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Table 3 ANOVA results obtained by Box-Benken design for viscosity of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 3.30 9 037 4435 < 0.0001 significant
A-SH. C 0.41 1 041 49.53 0.0002
B-S.T 0.68 1 0.68 82.78 < 0.0001
C-E.T 0.14 1 0.14 16.67 0.0047
AB 0.56 1 0.56 68.03 <0.0001
AC 9.025E-003 1 9.025E-003 1.09 0.3309
BC 0.22 1 022 26.72 0.0013
A’ 0.14 1 0.14 17.19 0.0043
B’ 0.75 1 0.75 90.37 <0.0001
c’ 0.27 1 027 32.79 0.0007
Residual 0.058 7 8.268E-003
Lack of Fit 0.058 3 0.019 2.78 0.0678 not significant
Pure Error 0.000 4 0.000
Cor Total 3.36 16
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Fig 1 Response surface plots of viscosity of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x,) on viscosity of gelatin
extracted from Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x,) and
Extraction temperature (ET) (x3) on viscosity of
gelatin extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (x3) on viscosity of gelatin extracted from
Caspian whitefish scale
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Table 4 ANOVA results obtained by Box-Benken design for gel strength of gelatin extracted from

Caspian whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 2980.99 9 331.22 35.53 < 0.0001 significant
A-SH. C 36.13 1 36.13 3.88 0.0897
B-S.T 480.50 1 480.50 51.55 0.0002
C-ET 0.13 1 0.13 0.013 09111
AB 20.25 1 20.25 2.17 0.1840
AC 256.00 1 256.00 27.46 0.0012
BC 20.25 1 20.25 2.17 0.1840
A° 21.32 1 21.32 2.29 0.1742
B’ 1011.58 1 1011.58 108.52 < 0.0001
c’ 979.21 1 979.21 105.05 <0.0001
Residual 65.25 7 932
Lack of Fit 65.25 3 21.75 1.37 0.0822 not significant
Pure Error 0.000 4 0.000
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Fig 3 Response surface plots of L* of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x,) on L*of gelatin extracted
from Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x;) and
Extraction temperature (ET) (x3) on L*of gelatin
extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (x;% on L*of %lelatin extracted from Caspian
whitefish scale
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g 2 Response surface plots of gel strength of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
soaking time (ST) (x,) on gel strength of gelatin
extracted from Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x;) and
Extraction temperature (ET) (x3) on gel strength of
gelatin extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (x5) on gel strength of gelatin extracted from
Caspian whitetish scale
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Table 5 ANOVA results obtained by Box-Benken design for L* of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 4.70 9 0.52 29.58 <0.0001 significant
A-SH. C 0.92 1 0.92 51.97 0.0002
B-S.T 1.250E-003 1 1.250E-003 0.071 0.7979
C-ET 0.17 1 0.17 9.36 0.0183
AB 0.13 1 0.13 7.13 0.0319
AC 0.27 1 0.27 15.31 0.0058
BC 1.16 1 1.16 65.42 <0.0001
A’ 0.32 1 0.32 17.96 0.0038
B’ 0.54 1 0.54 30.38 0.0009
c’ 1.01 1 1.01 57.12 0.0001
Residual 0.12 7 0.018
Lack of Fit 0.11 3 0.037 2.98 0.0558 Not significant
Pure Error 0.012 4 2.880E-003

Table 6 ANOVA results obtained by Box-Benken design for a* of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 60.56 9 6.73 11.16 0.0022 significant
A-SH. C 2.89 1 2.89 4.80 0.0646
B-S.T 334 1 3.34 5.54 0.0508
C-E.T 11.47 1 11.47 19.03 0.0033
AB 0.99 1 0.99 1.64 0.2408
AC 0.72 1 0.72 1.20 0.3098
BC 724 1 7.24 12.00 0.0105
A’ 525 1 5.25 8.70 0.0214
B’ 548 1 548 9.10 0.0195
c’ 20.08 1 20.08 3331 0.0007
Residual 422 7 0.60 1.71 0.3941 not significant
Lack of Fit 422 3 141
Pure Error 0.000 4 0.000

Table 7 ANOVA results obtained by Box-Benken design for b* of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 694.70 9 77.19 11.88 0.0018 significant
A-SH. C 84.18 1 84.18 12.95 0.0087
B-S.T 39.87 1 39.87 6.14 0.0424
C-E.T 187.70 1 187.70 28.88 0.0010
AB 1.18 1 1.18 0.18 0.6832
AC 42.77 1 42.77 6.58 0.0372
BC 130.07 1 130.07 20.02 0.0029
A’ 31.84 1 31.84 490 0.0625
B’ 35.96 1 35.96 553 0.0509
c’ 121.87 1 121.87 18.75 0.0034
Residual 4549 7 6.50
Lack of Fit 45.49 3 15.16 0.066 0.8332 not significant
Pure Error 0.000 4 0.000
Cor Total 740.19 16
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Fig 5 Response surface plots of b* of gelatin 4 Response surface plots of a* of gelatin extracted
extracted from Caspian whitefish scale from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and (a) Hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x2) on b*of gelatin extracted from Soaking time (ST) (x,) on a*of gelatin extracted from
Caspian whitefish scale

. ) > Caspian whitefish scale
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extracted from Caspian whitefish scale Extraction temperature (ET) (x3) on a*of gelatin
(c) Soaking time (ST) sz) and Extraction temperature extracted from Caspian whitefish scale
(ET) (x3% on b*of gelatin extracted from Caspian (c) Soaking time (ST) (x,) and Extraction temperature
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Table 8 Regression coefficients for 2nd order response surface models in terms of uncoded unit

Factor viscosity gel strength L* a* b*
Intercept 2.09 145 5.964 6.95 40.5
A-SH. C -0.22625 -2.125 -0.33875 0.60125 3.24375

B-S.T 0.2925 7.75 0.0125 0.64625 22325

C-E.T -0.13125 -0.125 -0.14375 1.1975 484375

AB 0.375 -2.25 -0.1775 0.4975 -0.5425
AC 0.0475 8 -0.26 0425 327
BC 0.235 2.25 0.5375 -1.345 -5.7025
A’ -0.18375 -2.25 -0.2745 1.11625 2.75
B’ -0.42125 -15.5 -0.357 1.14125 2.9225
c’ -0.25375 -15.25 -0.4895 2.18375 538
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Gelatin has many applications in the food, pharmaceutical and cosmetic industries due to its technological
and functional properties. By-products from fish cleaning are rich sources of collagen. The physical,
chemical and rheological properties of gelatin or collagen depend on their sources as well as the
extraction conditions. Response surface methodology (RSM) with three parameters was conducted to
determine the optimum extraction conditions of gelatin from Caspian whitefish scale. A Box-Behnken
design was used to study the combined effects of sodium hydroxide concentration (0.075-0.225 M),
soaking time in sodium hydroxide solution (60-180 minute), and extraction temperature (30-50 °C) were
determined. Viscosity (cp), gel strength (g), L*, a*, and b* were chosen as responses. The results showed
the optimum conditions were sodium hydroxide concentration 0.11 M, soaking time in sodium hydroxide
solution of 116 minutes, and extraction temperature of 38 °C. The predicted responses including viscosity,
gel strength, L*, a*, and b* were 2.17 cP, 145 g, 6.03, 6.80, and 38.85 respectively. The response surface
method was able to estimate the optimal conditions of extraction gelatin with high desirability (0.99).

Keywords: Gelatin, By-products, Box—Behnken design, Gel strength, Viscosity.
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