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Table 1. chemical composition of Undefatted, defatted powder and protein isolate of

Ash (%) Fat (%) Moisture (%) Protein (%)

Undefatted powder 5.4+0.16°% 21.25+0.12° 8.03+0.35% 43.75+0.12°
Defatted powder 4.36+0.12° 7.06+0.11° 7.2+0.26" 61.25+0.16"
Protein isolate 1.15+0.11°¢ 4.10+0.23° 5.3+0.25° 87.5+0.24°

Means with the same letters in each column show no significant difference at the 0.05 level

5 VST U ssohe 3 sl ise | DPPH JISusl
)

DPPH JS.sl, e s

= +49.86 + 1.66 A + 4.60 B
—0.47 AB — 11.05 A? — 8.10 B?

*)
DPPH Ji.sl, ylee ool

=+37.25+3.62A+5.10B
+ 1.03 AB — 3.89 A?> — 4.89 B
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Table 2. ANOVA of DPPH radical scavenging activity and Total antioxidant capacity of protein hydrolysate
with alcalase and pancreatin

Sum of squares df P value Coefficient
estimate

Hydrolysis with alcalase

Hydrolysis with pancreatin
ANOVA of DPPH radical scavenging activity

Model 1026.18 <0.0001
0.489

A-time 22.02

<0.0001

3.62
B- E/S 169.00 <0.0001
AB
0.3968 1.03
A’ <0.0001 -11.05
0.0088 -3.89
B? <0.0001 -8.10
0.0034 -4.89
Lac of fit  0.49 3 0.0828
24.59 3 0.0651
ANOVA of total antioxidant capacity
Model
A-time
B- E/S <0.0001
-0.036
AB
-0.027
A2
0.46
Bz
0.16
Lac of fit 6.568 3 0.2238
0.28 3 0.0625
#A: hydrolysis time B: enzyme to substrate ratio
JER SR Y P WA WS TVA Sl -V R { RV CIN [ VVO Sl 5208) sl ol uslie 53 AN IS w a5
Sl ool 5ds da SUlg fals el V'“'Jj cbls ol st Gel ad3s VAY U g a0l Aul5sl (Ao s
QLA) DL )‘bjaw “ 4})3 l; &:«:5 DPPH JK\LJ\‘) )L@c L 4 DPPH JK{‘J‘J ‘)L@O DL (_}.sab- LSLAQJM;" J“Jj).u &L");
Aoys VAN Bl chle 5 oadds WWY/FA 50 SRl AVO 1 VL BT slie L Ll s FANY Ol
Loys O0/00 O\J',:M.; w_iLMS\.L..o GIN|PY O‘}:ﬁ R Clled J‘%‘f" Cel aads YAY U )sﬁj).\.g.as Ol
Cdlad Sl fol laedd s 5oden 5 5e 0 35 e Jol> Ol il Sl 5 Al sy 0/F U LSl
Sl el do s YV G T el 15 adds V0 ol el do)s YU el cdale nll pds e

YV



s a5 W, p s s Hasdes Bl il age

Q\)&aﬁ)e_}ls

Lgls‘)jléb .b)‘b DPPH L;’)?: L J}l}w JK..{J\) ‘_;J.«.S
wrps Oy 5 5o g5 &S Sl el 0L Sladlas
sz mlslis ol o g s BB S0 s e

LYe] syls Ol s

PR TP T ISR QUSSR TS TR
B mlstas ob b

Sl oLl S 53 by IS SeS| ST e b
Sl e S WL e S5 K S lslus
ol el O 03 Jslee ols 5 lslas
O Oddse ik 7 Ol Gl Gl s
Sy g oSS S5 a5 ol a0
noary b W] S sl e 53 Oadsesind
o3 ekt S5 S phleslas e b Gl 4 s
S RSl e b s AR ke 6 s Y Jaas
Same 55 L s VST 51 Lol (glaeds 55 0 53
Rl s s el ke 5 oay
2 ek 0l 5 VS 1 Jols laedd s
S del gleds e S alslis ol
Gl o LT P /00) s Sl e 6 1 SSL
IS Slaast ml e b L mSTs glajull a8 sl ol
o PP (U B W P P W PN W RPN
LT O S5 o o ey 45 Al s a3 (slalad
O3 Llsgms pde 5y R%=. YA 5 R%=v/avad
R 0 Je VL GULs S OLE 58 sl pde el
Cod b galaly el e s palie gauls oo
b osdasden 53 o 2050 slarie LS olslus
- S W) 5 V) aladly 5l g Fa ol SOl SYSIT
&S

V)

e
= 4093 -0.0214+0.19B
+ 0.031 AB — 0.092 A% + 0.017 B2

YYA

5o Ll wd deys YEN Y B DPPH UGl Slee oles
el Sl Il adds VPO 51 xiy sl slaoke;
Y48 b olheS] g1 el Jalpl sl Aoy YL
bl ol slackle 53 K5 w5l oS ds)
DPPH JICal, Slee clled wwids YYe b Oboy il il
ladles Lo Ll il Ll o6l Sl glaedd 55500
s e 0 T SR R riy e
i Ol e b S sba sl lslas
Ol L3 (A3 Y4/¥0) DPPH JIGsl, [lee cdlad s
o= o5 V/F ﬁﬁ clle 5 aids YYO/FYF Js,0e
LY ) Oan 5 g sl Lol ) b alis 353 00
ool aids Ay Sde o YT U5 ale Slals 550
s 55, DPPH JGsl) Ll a5 L8
e Sl bl sl I ass Frow ol el
[re] cls cools e 26 pdsodes Ol
OYAA) OLs 5 058 Laasl opl b gl 3 pioman
(LS L Akt s ades 53 oS s S IS
Ul SRl Cel do)s Yl sl
S Rl bl s ol glaedd s iluSlas
) e il Vet [YV] csls e 36 5T lale
PRI PRNW N JERCIE S P PRE WP e
el om0 5 gy oS! o1 glaaay » balss
L lslas Uy 2als o e ol opl 8 235 0
Sl s s 3 [YA]s S e s Oley 2l
Ll ol ke )53 L DPPH JIGsl; Sles ol
B ilay Gl a8 wab a1 i s 5l 3G
Sl gal (2San  al ol &5 b s sden slad] gl
il Ko UDPPH o 55 Jislows JIGsl, L 1y e
DPPH JIGsly Llee ol oy i [Y4] asie
DL ol S & Cmd SYSIT 1 ol (laodd 55508
S sl S Ol VST 5T llan ey 36 )
Dl SlbB L pladsy Ghlay o (SISL 4 ol



VEeY ‘e AL 092 NYY a_)La.i'z

JS omlslis c b tals Cel Dby Gl e
b s S5 Sk &S hiles Ll ud Wedd s
Glaods plosta S nlSlas e b il chle
Sk e s Db GISSL S el
L dasdes 5o (el P40 5o A V/0) IS Lulusias
clle 5 dids VY s Ol s sl S m-ﬂ
i Olp e S sba A3 Jols Ao M T
Ll pdades b YIS 5 ol SSL slam sl as @ 8
(i 5sgn Ale Ll 5 sl (155 50 03 35750 gt
Llos gy Shasds s Caols b pladag Jisla, 4 o
5odd Il SLS 5w sl GdiGsl, has cel &S
sl IS Sl sl e b mlil 4 e culg s
chle Uy sdasde 0l a5l i Al Ll el
aodked a3 5 ek Al LA 4 e rijj
ol ol s Saas 05 S sl Lo sladsg
Sl b plady A5 0 6 e 2 Shes 051 SOL L
oslS slaadl L Gl s mls ool (ils Saas 05 S
ke A s s s (VYY) 0L
S W, as S5 e s (W) Ol

[a sm]

yvY4

%)

IS GlensI sl s b
=43.26—-0.0214-0.72B
—3.20 AB + 5.08 4> + 0.21 B?

SlB L T clle el slie 53 O S8 @ s L
o b wids VPO b VST sl b ol Ol
Ol i il bl b il WS )5 alslas
Cob b Dless S jsba lb o e 650
Aol 6 ss b sdasdes Ol s b S leslas
b s e Ol O35 Llapas pde Sl S
OV B N R I Voo P P R PR WS W (R
ook Obos b pslie 53 s g S (Y Jsi)
IS hlesus o b ate 6 T chle
YV G Aoy /AS S mj chle alpl Loy el
woaryg Lol sl s alsiis e b s s
FA0 53 ods) S ilstas cd b nin ls el
wids VPA Oley 5 SYSIT sdeoea s (VVF el
shilen S s 5l Jol do s VBT o 5T ke
St Ol IS Hsba 355 e sdalis D\ NS ISPy
Jolm et psia IS clSlas cs b e
ol glachle ol o &b il (8 SL



s a5 W, p s s Hasdes Bl il age OLer 5058

- 0. T B =
€ 1 g
>

2 2
2 2
8 8
2 2
2 2
s g » J
b 3 J\
< $ = Sy
8 8 1
a g a \
O 263388 5 200,459 O 263388 260 459

219194 21273 21073

175 165 165
B E/S 130606 nrar A: Time B:E/S o "z A: Time
0866117 * 695408 0886117 69,5406

263388
219194

Total antioxidant activity (Abs at 695 (nm))
Total antioxidant activity (Abs at 695 (nm))

-

nr2r gy

165
21273

21273
165
30806 nr2r A: Time
0.866117 ~ 69 5406

175
1.30806 B: E/S
260459 0866117

A: Time
Figure 1- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on DPPH radical
scavenging activity and total antioxidant capacity of protein hydrolysate of skipjack viscera (A and C:
hydrolysis with alcalase, B and D: hydrolysis with pancreatin)
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Table 3. ANOVA of NO radical scavenging activity and reducing power of protein hydrolysate with alcalase
and pancreatin

Sum of squares df P value  Coefficient estimate

Hydrolysis with alcalase

Hydrolysis with pancreatin
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ANOVA of NO radical scavenging activity

Model 2520.63 5 <0.0001 58.26
1389.32 5 0.0186 45.61
A-time 0.78 1 0.1639
58.93 1
B- E/S 482.60 1

0.2436
<0.0001

396.89
AB 0.44 1
0.38 -0.31
A? 1729.66 <0.0001 -17.50
0.0113 -9.55
B? <0.0001 -12.20
0.0063 -11.03
Lac of fit 1.39 3 0.0803
168.58 3 0.0743
ANOVA of reducing power
Model
A-time
B- E/S
AB
Az
BZ
0.012
Lac of fit 8.092 3 0.0623

0.012 3 0.0839

#A: hydrolysis time B: enzyme to substrate ratio
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Figure 2- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on NO radical scavenging activity
and reducing power of protein hydrolysate protein hydrolysate of skipjack viscera (A and C: hydrolysis with alcalase,
B and D: hydrolysis with pancreatin)
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Table 4. ANOVA of Fe chelating activity and degree of hydrolysis of protein hydrolysate with alcalase and

pancreatin
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Figure 3- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on Fe chelating activity and
degree of hydrolysis of protein hydrolysate of skipjack viscera (A and C: hydrolysis with alcalase, B and D: hydrolysis
with pancreatin)
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ABSTRACT

ARTICLE INFO

Oxidation in living organs causes dangerous diseases, including cancer, and in food, it
causes spoilage and heavy economic losses. Synthetic antioxidants have adverse and
Jangerous effects on human health, therefore identifying natural antioxidant compounds is
ane of the main needs of the food industry. In fish processing industries, about 50-70% of
fish, which are potential sources of valuable nutritional com such as essential amino acids,
are produced as waste. Therefore, finding a way to optimally use these wastes and produce
tealthy compounds with high added value such as bioactive peptides has great
importance. In this research, the effect of hydrolysis conditions (time: 30-300 min and
anzyme concentration 0.5-3 %) and type of protease (alcalase and pancreatin) on the
Jegree of hydrolysis and antioxidant properties (DPPH radical scavenging activity, Fe
chelating activity, nitric oxide radical inhibition, total antioxidant capacity and Fe
educing power) of protein hydrolysate from skipjack viscera was investigated using the
response surface methodology. The results showed that the optimum conditions for
achieving the most antioxidant properties with alcalase and pancreatin were: hydrolysis
lime of 146.9 and 171.67 minutes and enzyme concentration of 1.94 and 2.17%; in these
conditions, the degree of hydrolysis of the produced protein hydrolysates was 25.12% and
20.35%, respectively. Comparing the antioxidant properties of hydrolysates produced by
soth proteases showed that the alcalase enzyme led to the production of protein
aydrolysates with stronger antioxidant properties than pancreatin. Therefore, it can be
concluded that the protein hydrolysate of the skipjack fish viscera using alcalase enzyme
1S a healthy and value-added product can be used in the production of functional products
and health supplements.
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