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Table 1- The firmness and yield data related to the extracted gelatin from Thunnus tonggol skin by
enzymatic method in RSM desing

Treatment Temperature(°c) Enzyme ratio (%) pH Firmness (g) (%)Yield
\ g /N Y ARAAVAY% YW/ E o
Y Yo o/ Y SYAVA) \RVARSAL
A 0 /A ¢ \WYVEA VE/VEA
¢ 0 /v 00 Y AN\FARY VAN YO
0 Yo A ¢ yevura tio/v
a1 0 v/ 00 Y 0+Y/4 YA/NENY
\ 0 o/ ¢ AERRTAN Yy vytye
A Yo o/ ¢ ARIAVAX:) Ye/NEeo
q A v/e00 Y 44Y7/00 VA NEYO
\e g v/000 Y A4/ ARYAkAT
N A A Y EYAVIAL \Vv/\too
\Y g o/v00 Y ANA/Y YA/VES
\Y g v/r00 Y AYAA YV EAVO
\k2 0 /N Y va4/4 Ye/NEEYO
\o g v/r00 Y VA YV Eove
1 Y o/v00 Y 4\Y/Y0 \Y/\too
\V g v/000 Y 4+4/4Y YA/NEY O
YA £ /200 ¢ YAV VYN EA
\4 0 o/ Y LAY/ A ARVAR-AY
Ye 0 o/ Y ava/io YA/NEVYO

Chemical Vo . . VYENT VEY

method
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Table 2- the ANOVA results of gelatin gel strength in respond surface method extracted from Thunnus

tonggol skin by enzymatic method

Source of Sumof Degree of Mean F P Value
change squares freedom  square Value Probe>F
Regression \AAR) ST q YIMAVE++ 00 o/YY /v e AY Significance**
model
A:Temperature  Y/+0\E++v0 \ Y/+0\E++ 10 £/\A /AN
B:Enzyme 0/4VoE++ 10 \ 0/4VoE++ 0 AN /Y Significance*
ratio
CpH VE4r Bt o \ V84 E+e e ARViAS YARRR
AB YVY0+ /20 \ YVY0+ /20 /e CVVYY Significance**
AC £YY0V/VQ \ £YY0\/VQ +/OA LY
BC Y/$AME++ 0 \ Y/$AE++ 0 Y/8 /2440
A? V4TV \ VWYY YV VEA
B? OVITV/YA \ OVITV/YA VVA /Y484
C? V+aiE+ev0 \ V4 B+ 0 A YOARY Significance*
V/Y40E++ 40 Ve NALYLVANY
lack of fit o/VAE++ 0 0 V/VoAE++ 0 YIAY /rAY Lack of
significance
Pure error V/844E++ 0 0 Y44v4/+ 4

Significance at 99% confidence level,* * Significance at 95% confidence level*

62



Verg 3T VY oys OV o, led

nSe Je 513 Celin o3lils go (5la i el
ol b B 555 25 Y Sk RZ (515 s
slgndy Bl e Olgisas Jlble 5 (g g Sl oSl oS
el e 48 3 sad elital Jie cpl 51 0185 o Sley i
Al 4y 5 g5 (olo pme Bl ey 103550 (Sla, sSG
o e Sl 65 el 25

oslizal (gl OF L5310 pde O s e 1 o Lol

e3> s e Sl 2l
@nrye) ¢ o3 5V é,ﬁw Cds il e bl
ol 5 edi il Jde oS 5 0550 ol 31 OLES
g s 2l lls sddnlgin Jae 4l (gl s 5ls
Sokd idad el o Ll AL atils Sledbl 51
e ! SENCIE S ©3lgins e gl a5 sl YL ol

el ot e 31 i

J5 Pl 4 bg e glaesls ulsls LT bl

JAI&L‘.«.«:JMQMJSJ.LJL&Q u"’l’“"fﬂ) J’pli.) LSS\.]@‘)

Y Gel strengh=10246/71B-2363/64C+470/8C>

Gtz i &S 350 asie ANOVA 405
O o) b el SOl (B o3lla p53 ax o
Ogo S5 dde oS ol cpl Klo AYEN s o o
S5 s S A i A e 5 e b ST
SUIAYEN ol 3B o 5 ot 315 PH i
e N R e e
Osa31 3 eslial b Jde 0351 conlie (RZ> /ATEN) 4L

Syt

JJ")JAsujfj‘ﬁw)fJ)j‘(rJ}b)J:’)‘jf”
)\Jubu Lﬁ‘b}

23 ot S e e e ol ply (p> +/+0)34s

)\J&M r}} a5y Jv\.a B J‘) 034

Table 3- The statistical model for gelatin gel strength

Sources of The
standard 5 R? R? accuracy
change . . . PRESS
deviation adjustment  predicted of the
Model ..
decision
linear YYY/AN V/OVYQ v /848 YV Y o/AY Y/ VoE£: 1 Suggested
interference YYA/AY Y E /o —'/iqi-\ - -\/V\-\Ei' D
second
degree YV'/"\ '//\Yi-\ aN\% —\/' oY Q/Y‘Yi /\/Y\QEI‘Z' D Suggested
cubic
YoA/ P A +/AYVo CJACYY —Ty/0NTY - VYoYEE+ A Aliased

Sheslial b Slsdle 5 lav 5 g Jail 5 idie (g3luang
Jade b el s o (NOT) (3o (3luwang 0505
8

Table 4- Optimization parameters for dependent variables and surface respond of gelatin gel strength

The
o The lowest ~ highest Lowest Highest o
parameter objective level level weight weight Validity

63



ot P IS S8 a5V ) s

o)b)‘YLﬂLwJ:L&jL?aJLM.&ﬁ

Temperature in range A o \ \ Y
Enzyme ratio  inrange AR /) \ \ Al

pH in range v ¢ \ \ g
Gel strength ~ the most EAY/+ A velvm \ \ 0

t by e (0 S VEVVIN) (55 05 58 0 5V e 5T
Loy ;ljf&b =, Y gl b DMC‘?&.\A‘ o3
SN o Ad edalie ol 63 PHEE 5 0/) o3
b b s w0 S osal sl il 5l )50 pH
sk Slae s S sdssden amiis s PH pl s s
Lt ool il en s Fbio ol b5 sty
e e i Ol PH (21330 b sl s o [35]
s 5 A Al ol e i Sy oSl
I3 ol plomial (tls s (Al o 3 g ) oS
Do ekdml Al U5 ol Sl e s B ke
Sy i ONYENT ) asa b Cwy 5l ol
bl 4 Yot Sland (25 50 3 Sudb 05 A
OAS ol sS 5 S5 0,255 S50 1 (silood S50 o 55
S [12] dol- 2l b ams pl A3l OF o i
(5 o Al S ol il Sy Sl eddiag Y3
ils Slle L3S s e Bl elizal b
pled Ol 3 45 Loy 4zt cpl 4 OLK2a55
@ oelkdag VS 4 by J5 8 S dad sl
S ol bl cplo Vaast 0T s S 550 olandt 23,
bt iy 4 Al Ol s Y5 e s U5k
s o WSS (5 Stins J5 Sl axeTpn 5 ol ol S

Oliee (1 feS oo s5 ol ) Jool glaesls @ aarl e L
500 Sla LNl 4 bgy e aslllas ol 53 5 plSosnd
J5 plSowul Olgee il o PHEY 5 70/0) w;i o
oS (La00) Doles Hlas o 2 b aslie 55 Sl ()
vw'j by e 5 SO bl @ of s o5 sl e

64

Ced a4 l5le 5 Jaw 8 gy BLE e sme 0 a5 51 g
Cdpde axyn b oCoslee Loae kil
J5 ool g (+/414) G 4 s 55 (Desirability)
g T g ST R P TS PR
@S YTV J5 ool pH=E ( S55m 55 /)
sl Oles js ol g s S ol Jb s
YETUF) s i J5 plSowad Olge «pH 5 o 5T s
boods oS0y slassls &S ol OF 5 S 5 (0 5
soaudl o il bl 5l ol adls gleesls

Lgls sl Jde b laie LI GiolesT (slaesls

s Y5 o Shas S S5y e 51 5 2ol
ot s Y] s o5V S eiS s
5 Aol giel 235 48 Sl ol blie gla STy
Tols (Ko by LS 5 Olsn 5 WT (sloe iy o
WI oo s o o5 VL] s o 3 4 [30
Wil b e omds om b SVl 515l
AV I3 8ol VL o i o3 b 055 [31]
by JS,sba V5 cuis [32]aes . Ol )
Lo (V00) oS o5k ol ool ol b J5 plSonnl
[33]s52 0 s (YY+=Y ) VL o5k 5 (VYo 00)
hls &8 Aabe Yo psl b N5 (Y5 £ on e
oPraFh 2le mlo 55 30 Gl s o3 i
Csle 5 Jladple wdd 5,uS C2 S W ol p o

[34] s

sles 3 cell VYA e 4 5 ol 5l A J3 (=L§>r:w;\

Cljéa.J Do o Ad 6 Sesll ol S Sl a8



VEvE H3TOYY o0 NV o led

&lﬂl L;l‘j'b GW}C}\FM

G 5 515 Bl amy 00 glos LV LS w0 by
ol 53 e 5T ST Oln 2L e PHEY 70700 5
izl pal 5Y5 5oy Ol e o2 VG pH
R R T O P S Vg - C SEGt | P 1
S Bl oW sles L0l o bgs e sl ol
Olyes 0 Ws &8 .asb o pH=E 5 70/ r_“.;j o 3

il PH ool 53 31 ST

Ol e 3pd e odalie 0 Jsdr 53 amil b Gollas
OS5 Lasy el el e b bLIE s eddell
(P</00) A2l Sl ins TR0 mhaw s sdipl Sl
Slsme 180 a3 251y pas Oga3l pomen
Ly e w80 dde @lys (P>2/00) Ll e
s OS5 eyl glast L3l g esls LS 1) Laesls
A0 sy bl gladsls o (gl pme et
PH ol osls 1 0lis Jitews juaze ol Gl p-value sl
Olys ol 5 4 744 dﬂoﬂ)JPHﬁLﬂJ)’/.qo C]a.dﬁ
Bl Sy o S eddplgand (55 ey ansl
O_}Aﬂ Godds IS ladhammdr dsles 4 a5 L
Ldbij J{LE:‘,«J_'?\)I)H u.\a;-f‘ aS sl plad JE.'»:)}»
ol Pl oY 5 635 Ol &b CJM Olsas
Olje PH a8 b oSGyl dilin S50 5 L Sl
Dl St sbay eddz| sl N3 s 35k

sl

Gk slae i3 0 oS OT s w 5 PH ol s
3 G 313k o0 J5 b plSomial 4 53 5 (s 2
S a3 S edalie WV Jlad) G55 0 Dled @ axxle b
o5 VAT Dlae Sl al @ bys J5 oS
ol b s ke ure b O alie L oS sl
(2 /2X) 5 S (La/aYA) dslas J5 uus ol s

Al e i

Sl S5 le w Ll5 o J5ud8 5o ls sme DL
5 b o5 Blese sl S50 035 s ile 513
Sloe s b V3 5 Vb el sl YU S04 035
oot & O [36] 15 (g 50mly J5 &y oL S
S pde w5 eslil ol @ OIS e 1 VL
Sl e 55 568 e s ol 2 5 WT (glae i3
oV ol 5 J5 el s [24] coils baasy
[25]hac 55 oo 3T s 0 oS e 558 b Sl el
J5 ool &8 ko) wm® pl 4 5 LS sy
oSY5 3 (VENA 8) VL T By 4 eddag

C_,.«.A\ (Y‘i\‘\-\ g)gj.l':“'.‘.“: J'I;}) “ GM‘L:GJ
dj a;j\.g b‘}:ﬁ ‘_;};S/ajbﬂ—\'—\'

G\ﬁmléuﬁﬁ@gpo\ﬂ».@gu\ d}.)o-@l;’;
Ooglae il glajles 5 YUYV B AV/ES s el

( '/.Y\/'\O)dza:)'k{ Oljes o i Jpdor 4 a8 Ll

Table 5- the ANOVA results of gelatin yield in respond surface method extracted from Thunnus

tonggol skin by enzymatic method

sum of  degree of  mean P Value
Source of change F Value
squares freedom  square Probe>F
Regression model Yig/on q YY/AL \e/8e o/ significance s
Temperature:A Te/eY \ /Y AYAR /e significance
Enzyme ratio:B /g \ V/gs g/8V o/
pH:C YAY/VY \ YAY/VY VAR <efea) significance
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Table 6- The statistical model for extracted gelatin yield

2
Sources of R .
chanee standard ) R? predicted  Precision PRESS
Mo d%l deviation adjustment decision
linear \/VA +/YVA40 /YYAN 0 e - Av/Ae
interference VvV ATV CVEYY /06044 - A
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Table 7- Optimization parameters for dependent variables and surface respond of gelatin yield
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parameter objective . . Validity
level level weight weight
Temperature in range v o ) | v
Enzyme ratio in range AN /N | | v
pH in range A ¢ | ) v
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Table 8- The color data of gelatin powder extracted by enzymatic method from Thunnus tonggol skin

(°c)

Enzyme

Treatment Temperature (%) ratio pH L © b W
\ A /N Y I\ZASA A ST VA S AR VAT Y/YEE/AQ TAFEA/EY
Y Yo o/ Y VV/YEYA/AN NV \TAE 7 SVa\% YV/YENY /AT
Y 0 /N ¢ VV/EEYE/YY  —v/YE04/0 8 V/YEY/04 0 VY/ERYYO
¢ 0 +/200 Y \AVAE$2 VRV VAT LVIVAR £/YEAVAT VYA EAN
0 Yo /N ¢ vo/yteo/XY  -Y/\toY/ov 0/Y4v/v4 VE/YENY/VY
a1 A v/ 00 Y Va/ Y4/ —+/vEV/0v VA E Y/ Y \AYAEAmVIA
v 0+ o/ ¢ vvetioe/4 AR SAVAL \/\toy/00 VY/eto/Ne
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Table 9- the ANOVA results of gelatin powder whiteness in respond surface method extracted from

Thunnus tonggol skin by enzymatic method

Source of change sum of  degree of mean F Value P Value
squares freedom square Probe>F
Regression model Y07/0) ! YVeA g/v0 o significance*
A Temperature +/4 \ YA Ve AARAY
B: Enzyme ratio Va/s v ) Va/ey VYY1 o/rerq Significance**
CpH Yo/YA ) Ve/YA V/04 /YYAA
AB A \ V1 /Y «/AYoY
AC g \ g /4 AN
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Table 10- The statistical model for whiteness of extracted gelatin powder

Accurac
Sources of model  standard 2 R? R? ¢ Y PRESS
change deviation adjustment predicted 0 .
decision
linear Y/ ¥Veo «/YOAO —v/YOV0 - \AVAR
interference ey 10\ Y /44y YN AIY OV ga\ry  suggested
second degree Y/OA VY e /8Voo Y788 - AYV/AY
cubic
V/8t +/AEAT CJAYVY AR - 14vy/oY Aliased

e Gy e 5 s (Gla ite sl ang sla Ll
s e LS anl S eslial bl 5l ang il e (3leang:

W Jadr el o 4 NOT) (s30e (glaaing 05051

70



VEvE H3TOYY o0 NV o led

&lﬂl L;l‘j'b GW}C}\FM

Table 11- Optimization parameters for dependent variables and surface respond related to the whiteness

of gelatin powder

S The lowest The highest Lowest Highest -
parameter objective . . Validity
level level weight weight
Temperature in range v o \ | A
Enzyme ratio in range /0N /) \ | v
pH in range A ¢ | \ v
w the most TY/0A VA/A \ | 0
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Gelatin is a water-soluble component and is achievable as a
result of partial hydrolysis of collagen and it has many
applications in food industry and nutrition science. Therefore,
the current research was conducted in relation to gelatin
extraction from inexpensive and available sources. The aim of
this study was to evaluate the effects of temperature at three
levels of 30, 40 and 50 °C, enzyme at 0.055%, 0.01% and 0.1%
(w/w) levels and pH at 2, 3 and 4 levels on the quality of
extracted gelatin from Thunnus tonggol skin. Accordingly, the
firmness, yield and color of resultant gelatin were determined.
Based on the results, despite form temperature, by increasing of
pH and enzyme percentage, the firmness of gelatin was
increased (p<0.05). The highest firmness was recorded at 30 °C,
0.1% enzyme at pH=4. The color data revealed that lightness
(L*), redness (a*) and whiteness of enzymatic extracted gelatin
powder was higher that the chemical extracted one (p<0.05).
The highest lightness was observed at 40 C, 0.055% enzyme at
pH=3. According to the results, the highest gelatin yield as
21.65% was related to the enzymatic assisted method at 50 °C,
0.01% enzyme at pH=2, whereas it was obtained as 10% at the
chemical extraction method. In conclusion, by application of 30
C and 0.1% enzyme at pH=4 the highest gelatin yield is
achievable, while using 50 C and 0.01% enzyme at pH=2 could
result the gelatin with the highest firmness.
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