[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

olxl I8 gluo g 40 pole alxo
99-108 wixiwo 1396 3l 3 o louis a3l Jlw

Wb )i o (Blo slial g slaol I Slasuns| 6T Codlad b ooy udg yuud (1 (55 lwdis
owSoligy a9 31 b (Thunnus albacares)

4 . 3 . 2, 1c. .
)%WO)L@s@b)QM‘db]édefoM‘&m):wa

u‘f‘ ‘QL.M..lS" 3 ‘ulf)f ;h..Jo @L;.A 9 65)5&:5 P}l.c oRisls S ) Ja..;m" 9 «_a)l.....; IRAERKY g@)l....; u_ayem 6)51)5 6‘]‘:5‘3 (S s o =1
Q‘)‘.’.‘ ‘UL.MJ); ‘ulf)f 6“"“9 &3[.;.;: 9 6)')5&:5 '95l.c oKisls Sy o 9 My oSl sle)L...w u\(}am 6)51)5 oj)f )L:..'}:..i\.) J}:—M 03w g5 -2
mahdi_ojagh@yahoo.com : S.sg 2SI Cewy

Al el e S olE23I s pole suSLails ¢ Dt SV gama (5315 09,5 Sl -3

u|).:| ‘ul...m.lf ‘ulf)f 6“"‘“9 @L;.A 9 65)5&:5 P}l.c oKidls S o 9 SNy 00l ‘LF')L"“" «_:Yya;m 6)51)5 oj)f skl -4

95/7/5 : i s 70,5 95/3/15 150, 5 o

° -

®

RS R me.‘usf u.)‘ B U’JYL) @‘M‘u’_«j u.JLxé 4 e ol )JS)M U».qu); O O¢>g0 Jl.:d w..l) 6L®M J” 9 4§Q|m
0l g 0l (pig p adgi adlas (il 3l Bas 09l se eolaiul Jld g slaasiy adei (gl 0sdll cols S lsie a4 olde Olls
dlign o (ST (Bl Sl (s b ag Ll 0 albs 5 o5 clio] 5 claal

oolazwl b O] GSIA,,,..SIU’_‘J Caolt 1 aSU Lol judg,0un Oy dder (g slwdigs abs,; Y sli| g sleol ags 51 o Zlbu;”’é‘,o
@l S g 1Sy ley )l az 0 PH S Jlea (siledings Cu 85 bl (635 10 oS e )b Al p b maw )
Sl cudled (6T o3Il 5l eolanwl b oads js o il p ‘_,’JL).,MSL,’_‘J le g oy oy Jsb ol a8 § IS @ g
s (5 S o3l FaS sl a8 ygeil 5 0T sla IS0l

0325 Job g SlannST 5T Caols e 3 Lytasgw & oo 5l Cand 5 23STy o > a8 PH sla picte 51 G o L5004l
0/982 ey 9 YU B gy el )l 90l G ceniiins LS| e 352 (pl b .(p<0/05) So1 e sire sy
o bt 4 a2 Loy STy ulyd (o G o Jie 093 oUls 51 (S (o 02w Jsb) 01967 5 (SlasT T cusls)
(10 Q‘)) ool 298 G 0,055 Jobo g 0/1 ol Sals &Had 81/43 DPPH o1 sla JIGol, lae codlad ol lo ags

w3l oo 00l el yad Getisn SIS SlaShs 05 oo Wl 1) (28 (et & 4zl (ST T coled il b BLs,| o D S Ao

Selg ST T cllad calls )5 (55« oxbaw Gl g, sl OUT3g

oo @

bgw gp opd (551 wiile (olde Slge oud dgyune
@by Vgame (ugn g e 03 03)) (wFsp
clld () whols gl |, SlawST ol ol
Jels 4 oses jobo 4y oad g e (g (Sl ]
Sy Bl ol o dezse Jlb ey slaasy
loasty cnl 0 Shoe )3 e Hlom 951 o arsel (sloen
St Ol Sleogas )0 5 w3l Sl 0sd o0 Cgmne
5l 5 laJsSlga o3l 55y 2 6ol b 1y Conl ogm

e b1 5T g5, 5 Sliios o3 glalo 4o

el 00,87 095 4 Lo Bblie 5l gl o 1) (o0L;
4 glanSt glaccwl I 2S5l cax laplans
gl 5 gmnlannST angs 00 adgs ofil gla IS0l alansly
€559 3 SrSolr ln Gmizmen 5 JL8 Uiars b G5eS]
by sy soon] B alex 5l e SYS! glgl
a3t ol (5 )lews atile gmae WS 5 Cloall wzubs
sdee job 4SSl ST GlS 5 ax 31 .(1) el snis

GeS9n 097y el bl 0y s 5 eege )0


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

Ol 5 Kby dlows Lo 005 3gy0m i (sjloatane

100

52 200 510 oy el ulal a5 wsl oo (albacares
aly o e Al Jolae o3, (Jlo po plabe o5 s o5
o2 (1385 olpl ol L')LA)’L.») Sl ools plais| og>
o Sasldes mbo (o LS 0 5 as YL L e
13.(9) awab amsls Jlss a1, oluls 5 ok Olyee wilgs
Lyls 5t ol guiss o ot @) Clae 4 azgs L
ST T pled g s ojlul  sdsaue alise
Thunnus) 4\.”.3&))' U" ;LAM}‘ 9 9[.»0‘ 0l ).Jjj..\...ﬁ Q"’bﬁ)"

3wy Sy50 wWSwebign w3l 5l eoliul L (albacares
JOrRy
Lovgy golge o

pl> oole laie a4 albo,; o5 ol slasl g slaol (0lgo
@y ad ekl )0 (F (ol g S g A1l sl
‘nﬁ.l.c 9 G’...Jo é’l—».ﬁ IRUSRRY olim)l.o)—‘ D deZnie D0
LAl ools JLa.u‘ (u‘)." ‘)9.;) S w).' olKiils LS-lli)é
Sloy U g wud bolee 5 0,5 MlS cligS 7y2 10 ediges
Pl 08,5 (6, ol 5 il ax 0 =20 sles 4o b pas
cJls L Bacillus sp s 5SU 5l oas zlyenl uSalig
pliog S5 (Sanle jl o8 5 il ozl 15 a3l
1250 4 slos o Ginleil oy b g 4 olnl 5o (S Leils)
D (5,55 oS il

ladigas Siolejl ploxil (sly: touuls 3adg ot (g dod
5O s 9 N0l glsjolezml o5 Gle ax 0 4 sles o
1 G Ao 6)-‘-‘-’&-‘-" 250 6&‘00.])‘ 3O LS")f 50 6&‘00}‘..\3‘
Liugi oo ags bglre aiod bglre ,hie ol L 2
58 aids 2 o 4 (IKA 125, German) | 5Ljgen olSiws
00 JWirt ol 4 e g e (e sl
20 Cow a4 o5 Sle 4,0 85 sles jo (U3l slaps
Sz B ey ab ool I3 ol plex o ko
o ed S8 bl o WSaligy mpl b gjleate
i ol 1 Jyur

3t At (sl ooliil 9 )50 Zglans § Jiis slo S 6.1 Jguar
oSabgy @Bl b g yune Lulps

s ohaloj| gk ol
101 (o) F le a>,0) 60 45 35 Lo
+1.0 -1 (cels) 321 ol
+10 -1 975 pH
+1.0 -1 3241 (%) 1 gms 4 o 3T s

sdal Cawd w4 glaoiis plple @)l leesds Jg,0ue
(3) 5o glie (65,3 elaws 5 J5SUge Jilds

Slsie 4 qeale Sluls ol b 4 5 olié Sluls
oolitul Jlad oy ot oddsi sl el ool S
» Jsb o258 sl Jlys Jd canss sloosiy 09d o
Sege oy J3s 0 a5 Wls arse] sl 20 - 2 sgas
s Sl o LlaisS oo Jlael So3els 58 (sblie oni;
SEsSen e b Sl (See g siies Jlad e Livs
SpailE s See b g 95290 )l lage sl ool L
it 5l ey igd ST es slahsy 5 Sdston
9 4y Qd 0y, ;o Wl Sy S lasiy
2139 (Sielend Slg Wed 9> 0Ly 3)ly i
(4) aisS Jleel ki 8,50 bl

3l el oad sdgyuns (g n 0B ojlal a5 ek lea
My sly gl e e 5ol Sluls 5 ol
w3l e Bkl aes Jad canj sleay
g od lgydes uiign adgi ln FRe () So wlgies
ool ylid Slidss abl Oluls pl sdse slge ;| solazul
(oSeligy V) 058 clide b slompl &5 ol
2L clide b oslompl 4 cows (Glisn 5 mli)te
Sl s [ rmp 59eS 5 rm5) o9l 5 (cbL)
3 i 6ylnl 4 lgi oo dlex o 5l a8 s (g iy
0 Ll (Sedskisy cwlio Dlogas 9 YL gl pH 5 &)l >
JAS Je) oads JyuS Lulyd 5o mpl (3953 (5) e
adg lp |y arey wlgs oo (g 2Ty oy o PH oo
ezl g ais ool d Sglite Jlad cu; ol b sloasiy
s (o oS lagy ST aS Cewl cpl Cenl 13555 0 Coreal
bslompms oSt 5l cunlion Sgbioe ooliiul
Slead g 5lgn S WSeligy (6) wioS gl
Oeiey ddei e 4 4 il e Bacillus subtilis ¢ =S
4 o e (L g obgS loy 5o Vb jlgpune ax o b
355 o B oolinul 5)50 00,8 b 4y K00 slaes ]
@

Pl Sldiss (npe 9 (Fsslasl )l (S o5 (ale
@by slalie 503 cou 0wl (uS e glao]
San Jyame sy Sz o olge 51 B cel (T 3
LB e 0 b ol b 0,8 &g 6yl 00 SSTa
ailes i35l oS DYgame lais 4 Oluls 5500 w2y
35 (8) witb o pislilinl ps g clinl (o ol s
Thunnus ) albs,5 o5 als leale o5 sle 455 et


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

101

ds 53 (Ef9) g & ol s 5 GaSTy e o)l
(2 Jgoz) was a5 15 @ (-1 50 541) (solus rlan
5 ek Sl el 5 Jloy 2 ol eolisd L pH
b plosl 150 1pm Ll S, 5lsSil olSiuws o 5,000
G3ledled jf S oad s e ladised wnlid L o
ax,0 90 oT plem> 0 4B 15 woe a4y wSaligp oo
5 Baiged (ol 8w I ey ol ool ol > o5 Sl
a>,0 10 sles o 5 aads 20 cow a4 e leo
(2l g 555l oz sk 46000 g 0 L 5 o5 il

(2) was 5ondy yiiles

58550 PH Sl sl 5 Jlo i 2 5500 51 oolicial L
IS HglsSSl ol )5 g oo g o las
oLl ,8 .0 el 150 rpm 90 L (COMECTA, Spain)
O3 JLed i g 00 s e aigel ooyl a8
Goe a5 il ax,0 90 OT ples jo WSl oo 3]
ok ools 8 aids 15
b sdspsen llid sileai (g3l dae Sldales]
Response surface ) RSM mul maw g, 5 eslaiwl
Central ) CCD (535 5o S o z,b 4y »» ( methodology

ax,0 PH 956 o> .oi el (composite design

STl ols (e 5 ey o3l Jis (slo aie 00 GaaS sl § Giulejl 25k .2 Jou

run Coded levels of variable Response
X1 Xo X3 X4 PCL DPPH FRAP
1 1 1- 1/99 3416 0/09
2 0 0 2 0 2/61 42/91 0/07
3 1- 1 1- 172 40/93 0/09
4 0 0 0 0 2111 5112 01
5 1 1- 1- 1- 2/02 27148 0/08
6 0 0 0 2- 2/55 51/07 01
7 1 1- 1- 2/6 39/86 0/05
8 0 2- 0 0 2124 42/1 0/09
9 0 0 0 2/25 44129 0/08
10 -1 -1 -1 2/98 81/43 01
11 -1 -1 -1 -1 2/83 76194 0/08
12 -1 1 -1 -1 1/76 39/61 0/08
13 -1 1- 1 272 54/28 0/07
14 0 0 2- 0 2/4 51/16 0/08
15 1 -1 1 2/96 61/84 0/09
16 -1 1 1 1/76 39/18 0/08
17 -1 1 1 -1 207 47107 0/08
18 1 -1 1 -1 2/86 51/26 0/08
19 0 0 0 0 2/06 51/07 0/07
20 0 0 0 2 2/68 60/52 0/08
21 2 0 0 0 2/19 10/33 02
22 0 2 0 0 1/53 37128 0/05
23 0 0 0 0 2/09 49/41 0/08
24 1 1 1 1 211 44139 0/09
25 1 1 -1 1 1/84 31/33 01
26 -1 -1 -1 1 2/85 8213 0/07
27 1 -1 -1 1 2/41 3812 0/08
28 2- 0 0 0 2/89 55/5 0/15



http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

Ol 5 Kby dlows Lo 005 3gy0m i (sjloatane

102

Sz il edilgs 1Y olSiws aliwg 45 yiegils 700
wile o SanShl &yud iglidl Sl STy bl
(13)

o2 Gl Al (it (6xlo] Jedxd g 4y 55
che @bl 25k 5y onl 5leog by blis 5 Lol Ul
Dol e (gl e il anlllae ol o 0 il gl
& (X)) oyl cons 5 (3X) obej (2X) Les (2X) pH
3y (-1 0 #1) chow 4w o Jie gloscs olge
Ohgy 5 oslitel 3y90 Jaa (1 Jgaz) <5 15 Lalesl
gl (hgy 5o Blios pgd 4z 0 (5 Al boges Gy grlaw
TS sphe diypes e aidly e o sl il
"o Ol Al ke o 55, 2 1) by Jlie 5 (Lo
Wil oy dolae Oy a0 prio iz Jow ¢ lad

(4 aa)
Y=by+Zbx; + ZbiiXiz-l‘ Zbinin e

coye Do owsd co i Aol Y 93k dole o
Xi ol oo Joo Lawgi ool 9,515l o by g bji < by ol
saims s a5 wiilce Jites slopiie ) oxhaw X
Gk 2 Xag X Xp X1 Jlite g pgs ax o (s ol

riie wy b3S e Cajenls b 5l @S nl o
5w dw 50 sl a9 Gloj e PH Jols Jiiuws
Srdy S5 ambre 1) T 5 e abis 0 S5 4
Silotinge 5 bl » Ll 3t o) e (013
(14) (2 Jpaz) b szl 555 sl
badl e
Sl ST (plgs 5 uSoliyy 3T 1 55l re
5 (SonS l Caols soje polie ot o3lail g
03,51 2 Jgazr ;0 S gl piie I Sglite glocS 5
olas 1) b pite ool 31 il lg 50UT 3 Jgam el s

.MOGA

5 eI b (s b yie 51 Guilyly 5IUT.3 Jgur

] a)‘l..\.i‘
@IWI@] ol e Ay o)l
S5y et P sae Sy el P sas
Lack of fitness 0/0551 0/3609
R-Squared 0/9825 0/9677
Adj R-Squared 0/9740 0/9353
Pred R-Squared 0/9558 0/8143

POL ity o5 Jsb Ioiging 05355 Jb (6503t
Rasco 4 Kristinsson 9, 4 (Peptide chain length)
4250 5l pj abaly Glhe g,y onl 5808 55kl (10)
oolainl Wity 0y (o E Jsb dmle Sy gy
00,0 > 2 (DH) 5gamm az o alaly cnl o008
] 00 00y )15
100

PCL= 1 (1 akyl)

Merritty Hoyle ig, @l g 0 a0 (5,505l
Cond Mo, (5 S 03] ovgy el lie ol ‘nl:{d‘ (11)
10 (TCA) sl Sl 5,5 (55 50 Jslome slaatis
Sl oe Lged )3 S92z g0 Slaceyn JS 4 o)
(2 )

Aged gloptisp JS

DH

oy I DPPH o131 sl JI9 1) ylen cadlzd g S0 jlul
5 05 4 Jyilie 5l eolial L ,Yge 0/16 DPPH glacs
51 il See 900 L aigei o 5l s See 500 e
- digai ol 43S S5 s 361 sles 45 5 bsle DPPH
@ a8 Sgls opl b b 4 Gayb ples 4 8 S
2 3l ais 30 5l a0, eolitl Jhie O 5l diged (sl
zoe Jsb o 5 ob sy, 4l 96 coly laals o dises
codled (12) s sailgs 15V oSy alpasg 4y yiogils 517

ol dlne 5 alal) 4 a5 L DPPH sla JI00)5 e

(3 abyl,)
el iz ]S 24100
JS od

(wo53) DPPH JIS30l, (3355 collad =
GrSoilul cqz> FRAP ol Suals wjud oyge)l
100 Jol oo jg,ee slacutigy Sowls o8
250 L 1) aigai I plaS o Jsle dised s )Sis
2,550 250 5 (pH= 6/6) ,¥50 012 wlind 31, g Seus
30 s 4y bglvo .o bglos aopo 1 rasly sl (69
s § 005 (5,l0055 ol 5 il a0 50 sles [0 aids
o, aslol T 4 (%10) sl Sl 65 yidg 5 250
Crols p jekaie 4 ai8s 10 e 41650 g je0 b Lol
250 L 5 ob fesisyile cibljsm 5l s See 250
oy 01 ol wlls 2y See 80 5 jlie O 125 See
G ol s 4 gl e Lyl (S5 ol )
225 G 5 0 (55055 G ol gz 40 10 c
zoe Jsb o 5 ob sy, 4l 96 coly laals o dises


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

103

5] Cod 9 PH Jlite 31 (o -1) JSo ol oo 2l
Az baes e ol Gl il cdled e 650,
slos 4o G’»Lx..,_mfl‘_s_';_ﬂ Cdled ol olidl ol S @
Ol = 1y oo g Les Jslize jliols Luals (02-%1/5)
5 PH) col ons 1) (C'l) L AR @\Mlsﬂ cedles
BRI P ESS N [t N P LR ES v (el oass
Al SloST T b ol 5l ol 5 ol ax 0 47
4S5 )5k A d9h g0 03938l Lol (nl e 2 s e
150 Ol 5o adllas ol o ‘5314..,.“51‘5';_;1 Codled o iy
Ol as s blate p1(sm1) U [ .08, camlivs aids

wl_v 9 6;).0 alags o ol 00l 00l L)L“" LS'NJ;‘ u...ma 9

i 3 (44-41) &), > a0 0 TS PH 4 aids 120
Sl 5T ccdlad e o s (12-01/5) w351

ol

S0.00  41.25

STl s ol 4 bgpe g )S ) dlolas
Silp ) Sz & (4) ally 4 4z b oy o5luil 5 (A)
W
(5 alal)
Y (o) = 24153 — 305X, — 423X, — 0/095X; — 2126, —
2302A + L9OXX, + 0BX X, + 306X.A + 022X,Xs +

195X, X4 + 423X,A + 226X,A — 0/4X,2 + 0/49X,% — 0/17X32 -
0/52X 2

(6 akl))
Y o gy = 2013 = 011X, — 044X, + 017X, + 0/038X, +
01061 XX, + 0/13X; X5 + 011X, X, — 0/08X3X, + 0/11X,% —
0/18X,2 + 0/05X3% + 0/13X >

ot B3l b ST g5 Jon (1) (St
Gy poe Lasls uien (0/982) wal caws 4 SV
Sl e Joe ol slm (—ilesl slasols Ly Jow
(p<0/05)
S dled oo ;o i slo piie Jolite ]
(i -1) Jsa ol oo &l (1) U o SlowansT 25
el PH o ST T el e 45 ams o oL
e )3 (87-41) ;50500 &)l azys 4o 5 (7/5-6/25)

S

(E/S) ooyl s Blie 511 PH 5 (51,5 26le) Los Jlie 511Gl (%) SloeS | ol codlad e o s (sl i bilicte 1.1 JSC
(5335 o) (EI9) (gm T o 5 (01,5 ls) Loo izt ji1is asdo) (asSTy oo 5 (o, gl) oo iz 11z PH 5 (555l (o)


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

Ol 5 Kby dlows Lo 005 3gy0m i (sjloatane

104

PRPNET] RUO SOV Il JSRPL g ES RV SN ST NE )
b oo Rl oy il b ausg o sy Jsb bej

0,225 Job g (SloaS] BT clad o abal, 3 IS

S Jlad op s & Blg jo o mo o a Sl ) go iy

sl W3-216 g0y 0025 Jsb 4 bgsye SlanST 1

Slad sl (o 0y Job (n eS A4S (JLa e

b oo 140 51 e oS ol
100 -

*

B st 51 clad
8 8
L
Y 4
0’
*» z..
e

Ny
o
1

o

hsas oy Jsb
S 02355 Jsb g (ST T eollad o bLs |3 Sl

o3l aoys 1) Jis (slo it Jlite 51(2) S5

1 PH 5 L lice 31 (Gi1-2) S5 om0 e s st
adai y0 cou | Cand 9120 gadais jo o)le3) was o Gl
L ISt ay azs b (as a8 L )0 (555 0 5 2ab %2
81,5 lw a>,0 93/75 L 50/6 51 &)y > axyo ialsil
oS Jlo o el aidl i (RalS sy o Job
Ol a0, Jsb 2 1) (gmgmine 5B PH Sl i
3 i 025 Job m PH g ey blie ji1ams cod
S ATI5 galais 1o Las) cl o0 ool olas o2 S
(a4 3 515 50 o535 pa g coli 2 alais 5o oo T s
GhelS plej Gl b oty oy Job JSb 4 4z
osalie sl cnl 59, PH jlaie ;36 a5 Jl> jo 2o
(o2 S 5 PH Jlise DIl o2 5 -2 ol IS 0
B2 o Ol a0 Jsb 2 |y ol S (e
Job 2 Jso oo 3T s y0 aimo e i oSS

Sl ol 69y e PH 50 0iil so a8 a0 5025

S e 3liz PH g (aids) oloy blite 1o PH 5 (31,5 5l) Los line 311l %) oty o5l Jaiews sl i Jiline 31,2 JSCi
(S35 so2) (E/S) (ool s 5 () ooy blite 31is e PH 5 (539 soz>) (E/S) (on


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

105

aalllas ,0.(10) 50,5 o o5 (63,5,LS Loles b Jslxe
slod 5 o) Glidl L S (gauiiy 0y Job pol>
0 g9, 5 tle a0 60 54235120 b s 5 @ jg,00n
Oley imlidl @8l jo aS W F Jol> lawgie 6@‘}5] S
ol ackle ol dlay o> (:\_9..3.> 180l_';) JUTPREN:S
gy iy alS el g 00y )5 oals agi slaaiy
(19) MQGA U’“"‘)B‘ ‘) 6..\.......) o)..:u) J5.‘o 9 AW
G‘-““—{u—“‘&j—"%‘u—J 03D uLm.‘3Ji..uC.;Lu
9 G 0255 Jobo el 90 (r (serdie bLS)|
u_..u‘ U] [ RS- uLm) U”‘ 9 o)l_\.; Q9.‘>5 ‘;‘Mlsu] u...!l.!d
Sz shol jle (laie @ $ilg5 ool gy 0 a2y Jobo oS
STl ol L (sloais o3gp0um (ratigy algs
Pls Ol 5o 0 oy G b Sy &8ly yo il
5 Rajapakse .S o ol |, ogo s o] Slows] sl
4\1_.5.(: 00y ).Js)..\_& Q’“‘bﬁ)—’ = AJJLEA ).) (20) ul)liw
Cool> odae JJoa S 00,5 flee Sy pls
Glawl g oy jeam 4 by e ool ol SlownST
..\_A.u)‘;‘o )_Iaa 4 ‘U"‘ » 09)19 ol @9*'[5 9 ).v)ini AMA—‘
PRURICI e SRR RS P IS VN IRV g | IR g
‘23) ..\_;)‘0 o..x_g‘.c a4 &5_»03.9 U”‘ )o ‘) ‘SA.AJLA.AJ‘ U’““L' LSA")"]
)LA.»_' u‘g_..c A 10 u‘) 0d— 00)51 C"L"’ 4 d>gf L; (21
Sl adled o YL 6lls oy d A S A g
8 YL e g 81/43 DPPH o1 sla o,
A izl 298 o o Jsb L0 Sacals
oOLa._».u‘ 00— ).Jj)..\.a& u.Jus).w \.\.Jj_» )l JM UJ))W
e 5 i Glalidl olie Slge Xy i Sl Al
i 5l Gl s T ojlal (el 3o )b 5 LS 5
aS ol lis ol aslllas ail ! sy ele> g
uj_l 4_”_.'.5))’ u_: GQLA sl.......‘>‘ 9 sL:.o‘ oAl }...lﬁ)..\...b u.a.i.!ﬁj.‘
d_l...?bc .la.zlj_w )Q 9 A_....:L:‘;A uw‘wl 693 OJ.L.LS )Lerc
Camnnd g PH Lo (Lo (slo 525 )-*-’l—’ S g i
Sabite golaw hls sload g 0m slo (putiyn ouis]
Al L Bl yl 59000, 0wy SlausST T olss ||
a8 il Gty 0050 Jobo 5l g ol T cullad
0 ) 4_:.,,.@]..\#.»\(511535%;)3 S oo Wyl 1) Lol s

RPN oo

WL T
5 So e U as el ol osims (a6 5 alad,
o= (p<O/05) ssl o o e o ks e o Lo i
SheS1 T olss (e alaly a5 wits (pl Sk laala,
p9d a3 £95 5| mlgyien sla el b oty o s Job
it 5 539 Y 3 Jou> 4 4z Lol oo
o 253 Job) 0967 5 (sl T cisls) 0/982
Lyl i e 5o Joe 093 Ul L S (ot

Db oo ST
asS el u] 0_DO QL....Q (l J&..u) o..\.,o] Cowd C"L‘”

Ol L osds 5udg e a1 (ST Colled e
aalol Ly g aid) 5YL aids 150 ol L 5dg,oun oo
Cdled e GpalS s uls o Gliee 51 ooy Gl
3 b 0l e sl ey Gl L (SlonST )
g5 00l y il R Sl g yaee ke Céyiy
iy 5l B 0y S el by 4 a5 iy
G2l g 5o adgl Jolhe jo end JSas Sl
aelonl Hslo g slass il jo s (15) 0,5 o Ll
1y oSl clad s poem oy Jsb o oo 5 o
a0 9 PH ol Lals L (16) wes o 53 50 cou
(H1/8) omor 3T e i 5 assgita Jlaio jo &)l >
i ols oLt 1, igl3él W, SlaaST il codlad e
g,ms Luls a8 ol lid 55 (2) ol Kea ¢ Chabeaud
PR SOOI P S NT VN (S e L)
S e bl 0 )35 e SlannST T slavsy oy
Slos ST T Sl s oo 4 oliiassd
5 aa3s 150 \Ls; 6/25 pH ol 8 il as> o 41/25
el Caws L U155l s
Sz aiy ojlal (2 JS) eas il s 4 azg5 L
38 513 (ol s 5 oy )l 4z S A 3
il e pladl L pH ,esUs 515 as Jlsye
ey ol S wiols L (17) o Ses 5 5ol j0ains
P9 a0 @l LSLS jdgpae 5l ol (o o)
O S e oSl oo T ST 0l 5 eyl eolled
ey bl h g ane Sad g ol 4 (i 0 )
)0 (S 39 o0 sy iem 45 (g p £95 g il cdale
s Ol JAS L & el (6,555 oty 02 J5b (18)
o=l s 0,5 S olr e waad s jaes Sl ol
Sl oty slonl an e Sy jame ol ulislas


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

1.

4.

5.

6.

7.

8.

9.

Ol 5 Kby dlows Lo 005 3gy0m i (sjloatane

106

References

Zhong S, Maa C, Lin YC, Luo Y. Antioxidant properties of
peptide fractions from silver carp (Hypophthalmichthys
molitrix) processing by-product protein hydrolysates
evaluated by electron spin resonance spectrometry . Food
Chem. 2011; 126: 1636-1342.

. Chabeaud A, Dutournié P, Guérard F, Vandanjon L,

Bourseau P. Application of Response Surface Methodology
to Optimise the Antioxidant Activity of a Saithe
(Pollachius virens) Hydrolysate. Mar Biotechnol. 2009; 11:
445-455,

Wiriyaphan C, Chitsomboon B, Yongsawadigul J.
Antioxidant activity of protein hydrolysates derived from
threadfin bream surimi byproducts. Food Chem. 2012; 132:
104- 111.

Vercruysse L, Van Camp J, Smagghie G. ACE inhibitory
peptides derivedfrom enzymatic hydrolysates of animal
muscle protein: A review. J Agric Food Chem. 2005; 53:
8106-8115.

-Diniz AM, Martin AM. Optimization of nitrogen recovery in

the enzymatic hydrolysis of dogfish (Squalus acanthias)
protein: Composition of the hydrolysates. Int J Food Sci
Nutr. 1997; 48: 191- 200.

Bhaskar N, Sudeepa ES, Rashmi HN, Tamilselvi A. Partial
purification and characterization of protease of Bacillus
proteolyticus CFR3001 isolated from fish processing waste
and its antibacterial activities. Bioresource Technol. 2007;
98(14): 2758-2764.

Dumay J, Allery M, Donnay-Moreno C, Barnathan G,
Jaouen P, Carbonneau ME, Berge JP. Optimization of
hydrolysis of sardine (Sardina pilchardus) heads with
Protamex: enhancement of lipid and phospholipid
extraction. 2009; 89: 1599 —1606.

Nguyen HTM, Sylla KSB, Randriamahatody Z, Donnay-
Moreno C, Moreau J, Tran LT, Berge JP. Enzymatic
Hydrolysis of Yellowfin Tuna (Thunnus albacares) By-
Products Using Protamex Protease. Food Technol
Biotechnol. 2011; 49: 48-55.

Ovissipour M, Abedian Kenari A, Motamedzadegan A,
Nazari RM. Optimization of Enzymatic Hydrolysis of
Visceral Waste Proteins of Yellowfin Tuna (Thunnus
albacares). Food Bioprocess Technol. 2012; 5: 696-705.

10. Kristinsson HG, Rasco BA. Fish protein hydrolysates:

Production, biochemical and functional properties. Crc Cr
Rev Food Sci. 2000; 40: 43-81.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hoyle NT, Merritt JH. Quality of fish protein hydrolysate
from Herring (Clupea harengus). J Food Sci. 1994; 59: 76-
79.

Morales FJ, Jimenez-Perez J. Free radical scavenging
capacity of Maillard reaction products as related to colour
and fluorescense. Food Chem. 2001; 72: 119-125.

Yildirim A, Mavi A, Kara AA. Determination of
antioxidant and antimicrobial activities of Rumex crispus
extracts. J Agric Food Chem. 2001; 49: 4083-4089.

Kargozari M, Moini S, Emam Djomeh Z. Prediction of
some physical properties of osmodehydratied carrot cubes
using response surface methodology. J Food Process Pres.
2010; 34: 1041- 1063.

Mehrgan Niko AR, Sadeghi Mahonak AR, Ghorbani M,
Taheri A, Alami M, Kamali F. Effect of hydrolysing
condition on antioxidant activity of protein hydrolysate
from Crucian carp (Carassius carassius). Iranian J Res
Innov Food Sci Technol. 2012; 2(4): 351-365[in Persian].

Wu HC, Chen HM, Shiau CY. Free amino acids and
peptides as related to antioxidant properties in protein
hydrolysates of mackerel (Scomber austriasicus). Food Res
Int. 2003; 36: 949-957.

Motamedzadegan A, Mortazavi A, Pour Azarang H,
Hamzeh N, Shahidi Yasaghi A, Ghorbani Hasansaraei A, et
al. Papain effect on the degree of hydrolysis and peptide
chain length myofibrillar proteins of kilka (Clupeonellu
grimmi). Iranian J Agr Sci Nat Resour.2008; 16(3): 20-
39[in Persian].

Shokrpour  Roodbari R, Motamedzadegan A,
Hosseiniparvar SH, Ovissipour MR. The effect of neutrase
on degree of hydrolysis, nitrogen recovery and peptide
chain length of white cheek shark meat protein hydrolysate.
Iranian J Food Res. 2012; 32(22): 351-364[in Persian].

Pasdar N, Motamedzadegan A, safari R. The effect of
hydrolysis conditions on molecular size and grade protein
hydrolysate of Yellowfin tuna (Thunus albacara) head with
Alcalase. J Food Sci Technol Innov. 2012; 5(1): 55-62[in
Persian].

Rajapakse N, Mendis E, Byun HG, Kim SK. Purification
and in vitro antioxidative effects of giant squid muscle
peptides on free radical-mediated oxidative systems. J Nutr
Biochem. 2005; 16: 562-569.


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

107

21. Wu HC, Chen HM, Shiau SY. Free amino acids and
peptides as related to antioxidant properties in protein
hydrolysates of mackerel (Scomber australasicus). Food
Res Int. 2003; 36: 949-957.

22. Morales-Medina R, Tamm F, Guadix AM, Guadix EM,
Drusch S. Functional and antioxidant properties of
hydrolysates of sardine (S. pilchardus) and horse mackerel

(T. mediterraneus) for the microencapsulation of fish oil by
spray-drying. Food Chem. 2016; 194: 1208-1216.

23. Godinho I, Pires C, Pedro S, Teixeira B, Mendes R, Nunes
ML, Batista I. Antioxidant Properties of Fish Protein
Hydrolysates Prepared from Cod Protein Hydrolysate by
Bacillus sp. Appl Biochem Biotechnol. 2016; 178(6): 1095-
1112.


http://nsft.sbmu.ac.ir/article-1-2216-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-09 ]

Iranian Journal of Nutrition Sciences & Food Technology 108
Vol. 12, No. 3, Autumn 2017

Optimization of Protein Hydrolysates with Antioxidant Activity of Viscera Yellowfin
Tuna (Thunnus albacares) with the Protamex Enzyme

Pezeshk S', Ojagh SM*?, Rezaei M°, Shabanpour B*

1- PhD Student, Dept. of Fisheries, Faculty of Fisheries and the Environment, Gorgan University of Agricultural Sciences & Natural
Resources, Gorgan, Iran

2-*Corresponding author: Assistant Professor, Dept. of Dept. of Fisheries, Faculty of Fisheries and the Environment, Gorgan
University of Agricultural Sciences & Natural Resources, Gorgan, Iran. Email: mahdi_ojagh@yahoo.com

3- Prof., Dept. of Fisheries, Faculty of Marin Sciences, Tarbiat Modares University, Noor, Iran

4. Prof., Dept. of Fisheries, Faculty of Fisheries and the Environment, Gorgan University of Agricultural Sciences & Natural
Resources, Gorgan, Iran

Received 4 Jun, 2016 Accepted 26 Sept, 2016

Background and Objectives: Bioactive peptides in the protein hydrolysate lead to high antioxidant activity of these
proteins. Food waste can be used as a potential material for the production of bioactive peptides. The aim of this study
was to produce protein hydrolysate of yellowfin tuna viscera in optimal conditions and analyze its antioxidant activity.

Materials & Methods: After performing the preparation of viscera yellowfin tuna to optimize the production of
protein hydrolysates with an emphasis on the antioxidant properties using response surface method based on central
composite design. Four factors (pH, temperature, reaction time and enzyme to substrate ratio) were used for
optimization. Peptide chain length and antioxidant properties (measured by free radical scavenging activity and
reducing power assay test) of hydrolyzed protein were measured.

Results: The impact of each variable (pH, temperature, reaction time and ratio of enzyme to substrate) on the amount of
antioxidant properties and peptide chain length was significant (p <0/05). However, there was no direct correlation
between the two parameters. The high correlation coefficient 982.0 (antioxidant properties) and 967.0 (peptide chain
length) showed a good ability to be a model to predict reaction conditions. According to the results, the optimum
treatment for free radical scavenging activity DPPH was 43.81 (umol Trolox equivalents TE/g), FRAP 1.0 (Absorbance
at 700 nm) and peptide chain length was 98.2 (Run 10).

Conclusion: The most important role in regards to the antioxidant activity, are the inherent properties of protein
hydrolysates.

Keywords: Response surface methodology, Yellowfin tuna, Antioxidant activity, Protamex
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