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Table 5: Results of kinetic parameters of fish oil containing hydroalcoholic extract of Nanochloropsis algae
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Table 6: Results of measurement of oxidation indices in tuna oil containing hydroalcoholic extract of V. oculata

(39) &I 099

Sl
Y4 fa Y Yo YA Al ¥ \4
PV(meq kg
YA - £ vy A P £ 8B fvave e 2C vory £ - 20 e ne®® ypvrz s whe 2o 3 M vy aaly
veng £ - OA AN -0 OB vonas -y PC s & e P2 Vv & . ve DE i+ oy OF Ay - P8 vivy & .ov OH ot pad va-ppm
vove s e A vormy £ -1 B Ve £ oy € \sirr & e €0 e+ e 8 s o F visa £ -y @ L, ot oadl as-ppm ez 9 15 936
v e 94 Vv v 9B mrs 8 vy e @R sivs & o °F sve e 6F ofax-no G ofy £ ¢ o ooy d Vo--ppm
vy 5 A AN s -y OB vovr & e 6C Vi 50 P voaaz o 8 i zve9F maz-ny P8 svaz oy M ovyead BHT
TBA mg MDA kg*)
0o A vian & -y 28 virs & .f.x 8 VA ooy 20 v & .68 Jae s 5.+ 8C 5oy 8H e @ anls
WA 5 DA ot a8 Ve ey PC AN ey OB g5y OF FIFRRES RFRRL R va-ppm
Ve £ g A Vet ey B Jae gy € ve g P IR vr ey OF ey 96 Vet OH T 00 PPM s bS5l
et one A oty 9B ne x5 6C g5z .90 oy .5 98 NI vy 98 Vot ae.p. o Vvoo-ppm
vr & oy 9A Vi OB A £ .5 9C gsnt oy P ve gy DB ov & g OF At DG PRLL IETORLY BHT
p-anisidine mg kg7
vorr vy A vevve v 38 vrve & a8 vors v 30 VHIYE £ - jor3E RPRL Npv & -y 3G sive 2 vy 81 ot o0 aald
¥ & -3 A e -or OB Vo £y € Vi £ e 0 vowas - OF s e OF sivy £ 50 PC one £ s O st oer© va-ppm
Yree £ oy CA Wi e 4B VA - 9C Wiy oma 9P ang v CE via £ -5y F vy £ vy 98 iy p 9 v ox as-ppm 9 59U
VAN £ oy BA VEA £ 55 B Vi & e €€ e a®® saaz o oy £ - por 9F vy £ e 80 Y 2 eH reas Vvoo-ppm
vriav £ ¢ 9 Vs ox 8 wiry 2 v PC vong £ P e OE visy # vy F oy £ ¢ G w7y £ - pys O vy g @ BHT
Totax valve
VAsiaY £ Yjag A Veaas 2 a0 28 W £ vvs 8€ ety 80 fon 2 YR frioa £ var & YAV £ -6 3G veios & -vr 8 vy # ! asly
qner 2 vias DA vomag 10 0B s+ ax C ava s .0 PP frvr s aa OF vamas -pvr OF vy £ -5 PG wp v o wirs e va-ppm
A £ vire A suras . r 9B sviea s var 9€ frivv ey 0 veis £ v O vamy £ v 6F Vs # vy 96 oy ons H Ve £ 5 2 as-ppm 9 S 93
555 & 00 9 reor s €8 vare s 2260 vrior  -vs 90 Vv e 08 w2 vy 6F VAT £ o 8 Ay £ - dH iy £ s D! voe-ppm
ATiFY £ vs A vois £ +1xA B avionx vas € svirs £ s 20 nieaz e o voma £ s 9F s £ -va °C Va4 s O ot ae 3 BHT

(P<e120) Sl (IS5 slajg) (e o sine IS gime 0 530 il 2l B9 >
(P<-1+0) sl BHT 5 Sl o)l i lacdile e )l sine US| tne ) SiogS alicn o g >

VA= & ol oloy e s whiss G115 Jod

30,5 138 ad 8o YV . wado YV
5hoslatwl p aS (YA oK g OMIidi adlas yo
232 Gliee b plxil 0S8y ol Wy sl
Uiyl ojlas cdale 1381 L DPPH ofjT sla JISol,
30 @3> Gl Yl as IS 4 cdl gl s
22 Oliee oS g il pp S hee Ve e cdale
Sl e 08 B ) S e B0 e
e g Vo) ol )5 il ax 0 00 5l s 4 2l 5l gleos
e cdld pals 4 e (S sl ax
Ghd  oleS| SVgame i DPPH sl IS0,
Nigdh o S 5 wilygni Sl S Balyd o
S5l sla sty 1als lp 1) anwe) ggdge ool a5
chale goldl b og ojls puitine alaly aiges  SlowS]
BEERETINC JE AU T JNWNPWR T e JET N g6

-
Al o )0 el o0l S5 als e g0 5l Lol asllias
Sl 5l Mlgyoee ojlas gl ag Luld
09358 3B 9 i 10 5 (gmp 0550 e s AS b
gl ol by el ésy 4 ejlas
Woojled gesl cd)S )18 aslllae 9550 (gnlinnS]
ool Comns )5 Sl ax 0 Ve Les wasdo VY. k)
oxlas 03l VL (o5 5 sl e To POl a4y St
oley sl cwsls ol sl JWGol, e a5l
ol ol 4 e a8 80 VY. 4 Vel 2l sl
doyd gl ojlae alwsas oyl sla JIGol, lee
Obey RIB L ojlas )0 Serge Jgb DlaS 5 el
Nahvi (Rusak et al., 2008) wb o Liol58l 25l
zl el gjlwag asdllas o (Y+1#) Babakhani 4
Sargassum ) loged Sl SlaSlas oluS s
=S ey o &> S8, L angustifolium
Sl 5 Ol Yo gzl lagle; )0 a5 2o )5 (lye

\Al


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

PV RSO KV 1 PSR JC UL
033158 S (o0 G| datne Dalias 1) €9, 0
Stes oSy g 0ee ooy adsl lust 1 ol
o bt pgs dl> e 50 5 Wlbl Sl 5 cnl &S
S dangS daasall b golge i
sal ) bgesY g baghed dayal dacn Sy,
0 s s Jeles Olye 4 Slge cnl oS s
Of9y 2z Sladeal Ll aiiloe zrhe Y game
ol gl> 4 ol olis leble o Sluls 5l ol
Olyee &y allsd wig b elidlnd @z slaneul (sob;
Lyld 0 6, Sygo 4o a5 ceul aoys YAISD
Taati Keley et ) ousl o 3t o] o gulonsT aclusl
dastiine del S35i5al555 50 SYL polis .@l., 2018
Sldiss ea> s 4 el lale o olgils Lol
syt LSl ygumlonST EPA g DHA o oL ailSgo
sladllas o (Mahmoodi et al., 2017) wdl o 5!
5 EPA (lie o (e 855 womanl oy 5 500
W35 akia woys YOINEY o $1\Y o jay DHA
olped 4 8y ordsalyil Goyb 5l aslllas cnl o
Pl gnlanST (hals a4y G 45205 (055 )5S

(Shehzad et al., 2021) s 5
olud lade (5,5 05luil Cp 00,8 job 4 4T Liules]
g TBA a3l wed oo a3 )5 S b oy colus]
«yol> aslllas o (Chouliara et al., 2004) <ol PV!
sljle plad )0 55, OF U (o)l Gloy Sl b
o il Ll TBA 5 amSly olsee ojlae (ol
Slade Lal38l &g, 55 (Vo VA) o), Ken g OMidi anlas
wale (21l 5 o saslie Gles b TBA 5 w1,
L aS il ol joras 1) wouiS 4e9, dunSTy e ials
CLLE IR L osealinS] e RS 4 azg
by p S Vore 4 YO 5 (ISl 00 0 )las
Jsd bl e o8 Slsspn yol> adlhe laazil
Bl g, o IFOMA & laliul Gl 5 oSty
oS5k 5 oWly STlee Yo ogame b conds dghas
b) aals lews o a5 (BIMDO, 1998) el ooy pues

1 Peroxide Value
Yo

Vieira ) ws o lag Sl Sil> JSGsl, ls codled
(et al., 2001

(Y-\Y) o,Ken 4 Babakhani Lashkan adla. o
Sl ojlas Al s ole 3239,5Le s 5
S lgs Lol 00,57 8,20 Sargassum angustifolium
Olse 5 e hie Jale Lo Gl o 4 1) YL
&y biged (13,5 S g iS g Vb slod jo 45 wis S
L as aos o ol 1) zl5eiul oo3l g9090 () 5 0ols
B8 Slez e pol> adlhe slaazil

S3lotint )t S Sy Pl 4y S o0le S
doyd Comd onl Gl ghi geime gl
Jele 595 45 sas o GI3H 1, Jysb LS 5 g
a3 oo il | ol sl JISGsl, e bl il
sole S oYL &Bly o (Pinelo et al., 2005)
Sl Jalz ool e cpyiiws sl Pl a4y S
@ e Pl cas liél (Spigno et al., 2007)
ool US cnl 5o 1y s DPPH Jlgo codled 2yl
Babakhani adlas ,o b oo iol33l ojlac 3
ojlac zlsl Lyll 5 (V4Y) o, Ken 4 Lashkan
>3l o lac Sargassum angustifolium s>
Ol (YL lils Pl Sl Yo ) s b
S5 STl )l e g 0m J5b SlaS s
awolie o Cod ol jo o1 Sl G, Saus gus
SLS i i il agdly 5 090 VL lacas plo L
Gl s &2 Pl 03 033381 b Pl 55 Jlabes
Sdlad 035l ol anlllas o 09,00 SVL gl E 5
oole & Pl s jo (3l ojlae Slans|
Voobamlie 0 08 5o pdidee Yol S5
Gal331 b ey oo Jliias o 030 VL 0,5 58 s i s
zhicl wulp o P obly Ses sole YL
Babakhani adlas ;o 4l ol 45wl oo 2als
ol g euls valine 5 (YY) oK 4 Lashkan
gl ;o Pl lg prels o Sis ool e
A Sl 5l Jgd olS 5

(2,0 AVYE) oYL do o v pzanl LBy ol
Ngn b oz slaneul s yj g5 (ale w5 )


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

e v Jeal

) st an ol e slaamily L a5 59 oolil
S (lo f5) s a5 oy Yaio! (yizren
5l Jols (WY 9o sliae hls lvaneS ) Ol pwlsS
lge 3,8 o 418 LSl ASUlg aue o)las iiSen
b o5t oS5 5 (Sopd Ble S plsie 4 o)lgao
suleoe JpS 1) lest 255 6nFolr ates
oL, g Jafarpour adllas ,o (Chen et al., 2013)
Er JRS 5 ol ol o |y (S J5 el
Al She oo gy iullST

509 1P Gl s Sl (SUlg 0 0l (0553
A RS RVO S BECTPRC IRV KVOW. S RGO [PY-
Cad, b oolaiwl 090 ool il 35,5 i 2 5 Sl
Veoo slacdale BN ..))L) RSENTE u.»‘..\mflu_bT
Dy g Sl Sl ) e S
duslio jo a5 Wols las 1,y as o AD/ITO u>_;l..\,t....SlG:.ﬂ
SLSen 5 Alavi adllas ;5 0g 5YL (5+/YF) BHT L
ol Clile (ulidl 5 gy 4 YIS g8l 55 (YY)
&ilwolyl 5h b 1) el ol aS an IP ildl o
8 aedls YIS 51 Jlb s LS5 VL e
il Gobo 5 s 9, 5L 3590 50 Wlgi o

Sl o jlas canSil s sl b 4 azgs b
alie 1 (YL ShanST 25T & j08 5 sbilis e
dw 0 (Sl ojlac was o las a5 ausls BHT
‘5,59-4)),..J » rajf‘_,’l.un Vooo 5&&‘ Joo clhalke
asl S oSy okl iy e
ojlac 15l cwyp ,0 (VA o, Ken 5 Golmakani
suilons 5,lul » Arthrospira platensis  s.l>
Clupeonella cultriventris ) LS _ale (45,
gl 01,8 aulidl iy, oo orews (Caspia
Jele 1) Sl 50 35750 J5ib ST il Slse jp2
(Sl olas 0 9mee lass S
az o, slasl Glpy giise 6[.@@‘\.\**»5‘6».’—‘
@ O ol Golo b @Bly o g aiten elodl e

2 pS ke (VO 55, B) YO+ (g5l jled jo 5 (V) o,
) BHT 5 2 5 o8 koo 000 (55l Jlocs 55 5 52
3 STy i 055 Heee jlme e3gazme 51 (FY 5,
P e e N
il 18 5l 00gae

v Ll e Sl ol AVE el
Gy omls ol emdly o amse ol 1, e ISl
SleSy e Vb s b gldl sladsSlse (5505l
Frankel, ) 5550 bgiye bdsrmelSisy 5o JeisesS
&S Cwl 92 GemwlaS] samolis a5 (2012
Of9y ladiged jo |, TBA 5 asTy b aline g0y,
s AV olie 55 g oSl dae (&dly yo ol lis albe
Sl S bglst sl cdale 4 TBA
clale bol,5 lydl 1,5 (Chouliara et al., 2004)
s3> 5 OlmeST T Ll (o Gl amsi o
i3l el a5 azl e sl ojlae oYU (slaclile
50 035L S Tas aS 09l so Jobs > 4y o ole;
AV jlre 0> S 0 azg o 1) akBs VY. e
Sl 02l ol 0 SLS p p Sl Yoo Slas
ple ;0 0F 59, 40 vals Jles ;>4 a5 (Codex, 2001)
abls 18 s laslinl eogass o g, a3,

Sz sl 055 ol 08, 55 TBA a5 (izren
Ly g Wl asilen GlapuST sl GLaS 5 9 5l (AU
C ooy ool coniilisin S oSS (39,18
@S> 0 &8 cul Sgd L LS 5 g U B
Deng and Chow, ) wisl wls sgzs obye Lise b
(Y2 o, Ker 5 Boran adlas ulsl, (2010
2 a2dles folle 5 Lo V-A sogaze ;0 TBA
SRS S IR NISPINANSTINCARINE R
o3gaze (pl j0 jlxe eogaze (o ale pled a5 ol
sl I8

Sl 0, a5 wols plas (YY) o, Ksa 4 Colla
G2l g GglannST il )0 26 4 0B Ly e
e olse a4 Wlgoe 5 Sl wnSTy OS5 LSS
by 029, B8l Gl sl ael 5 plaesT (1

1 Anisidine Value
\id


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

AOAC., 1990. Official methods of analysis.
AOAC, Arlington, VA: Washington DC,
USA.

AOAC., 2002. Official methods of analysis of
the association of the official analysis
chemists. Association of Official Analytical
Chemists, (14th ed.), Washington, DC New

Babakhani Lashkan, A., Rezaei, M., Rezaei,
K. and Seifabadi, S.J., 2013. Use of
Sargassum brown algae extract
(Angustifolium  Sargassum) as  an
antioxidant in keeping minced meat of
common Kilka Cultiventris clupeonella in
the refrigerator. Shilat Magazine. Iranian
Journal of Natural Resources, 6: 1-13.

Belkouch, M., Hachem, M., Elgot, A., Van,
A.L., Picq, M., Guichardant, M. and
Bernoud-Hubac, N., 2016. The pleiotropic
effects of omega-3 docosahexaenoic acid
on the hallmarks of Alzheimer's disease.
The Journal of Nutritional biochemistry,
38: 1-11. DOl:
10.1016/j.jnutbio.2016.03.002

Bimbo, A.P., 1998. Guidelines for
Characterizing Food-Grade Fish OQils.
International News on Fats. Fish Oils, 9:
473-48. DOI: 10.3390/foods10071566

Boran, G., Karach, and Boran M., 2006.
Food Chemistry.p. 94 L4 693698

Brand-Williams, W., Cuvelier, M.E. and
Berset, C., 1995. Use of a free radical
method to evaluate antioxidant activity.
LWT-Food Science and Technology, 28(1):
25-30. DOI: 10.1016/S0023-
6438(95)80008-5

Yy

' henSoh T a8 4 bas 1) o (S sl 0o,
g oy Jol> olae 4 0, Slee Sllg a5 WS
Sl @Sy g ol ) b JIGol) sl b as e
Khatoon et ) s5,5 o ol3T JSGol, (sl sy STy
Ol 5o Solay as ol las s .@l., 2014
Sol> (9, Aiged Ho ouwlonnST b s e sle )b
..\J‘BJLSA ..\.ml.w l.v ML‘LA )J Wsl,ls?.'l.‘ s.i».l? D)L.a.c
05 Bl 05y )0 S ST OleS 5 jeas 5l 56
GadPgh SlaS 5 jeax ) wdl ead JeSe
5 (e, Sl > 0 YUYY mg/gGAE)
(9 S 56 > 4o F/F0 MY/GQE) cusgigdls
g STl cudlad lil cow Geg) oS5 59
L oawolie o boyles pl GammlonnST ol Lo jo glas
(Y18 oLen g AlaVi adlas ;o .ol oo vals
lly Jole 1) Sl (o G;\.\,,M.Sls';fl SluSp jpas
3,5 (Byre GaelaanST pln 0 Gy ) 05l

O zhawl gles w@ads VY- by oy las asdl
Vo) Sid ool 4 Plo cas g ol F il 4z o
olas glpiml ly lald e (05 2 Al
Cdob GVl b s lSSE Sl IS e
Ol g el s Lo il g SlasT
u,...J‘)B‘ o) C‘)Ml uLA) 9 S oole L) J)‘[? M
20,8 o 7l gl (Sl ojlac QIWIG‘;}T Codlad
Sl slae 5 oS Ve S i
PR PR KVOWC 1 JS{ BRCOUN [PY: R A YOV LN
sl ety bl e co> BHT 5 sals L awlis
S p-anisidine 3 TBA oSy, Slons]

&bo

Alavi, N. and Golmakani, M.T., 2017.
Improving oxidative stability of olive oil:
Incorporation of Spirulina and evaluation of

its synergism with citric acid. Grasas Y

Aceites, 68: 1-11. DOI:
10.3989/gya.0940162
1 Aryloxyl


https://doi.org/10.3989/gya.0940162
https://doi.org/10.3989/gya.0940162
https://doi.org/10.1016/j.jnutbio.2016.03.002
https://doi.org/10.3390/foods10071566
https://doi.org/10.1016/S0023-6438\(95\)80008-5
https://doi.org/10.1016/S0023-6438\(95\)80008-5
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

e v Jeal

Chen, Q., Mcgillivray, D., Wen, J., Zhong,
F. and Quek, S.Y., 2013. Co-encapsulation
of fish oil with phytosterol esters and
limonene by milk proteins. Journal of Food
Engineering, 117, 505-512.
DOI:10.1016/j.jfoodeng.2013.01.011

Chouliara, 1., Savvaidis, 1., Panagiotakis, N.
and Kontominas, M., 2004. Preservation
of salted, vacuum-packaged, refrigerated
sea bream (Sparus aurata) fillets by
irradiation: microbiological, chemical and
sensory attributes. Food Microbiology, 21:
351-359. DOI:10.1016/S0740-
0020(03)00065-0

Christie, W.W., 1973. Lipid analysis:
isolation, separation, identification and
structural analysis of lipids. Oxford:
Pergamon. p. 261-9.

Codex Alimentarius Commission, 2001.
Joint  FAO/WHO  Food  Standards
Programme. Codex Alimentarius: Fats, Qils
and Related Products, Vol. 8, Food &
Agriculture Organization, Rome, Italy.

Colla L, Bertol, C.D., Ferreira, D.J,
Bavaresco J. and Costa, J.A.V., 2017.
Thermal and photo-stability of the
antioxidant potential of Spirulina platensis
powder. Brazilian Journal of Biology, 77
(2): 332-339. DOI: 10.1590/1519-
6984.14315

Deng, R. and Chow, T.J., 2010.
Hypolipidemic, antioxidant, and
antiinflammatory activities of microalgae
Spirulina. Cardiovascular Therapeutics, 28
(4):33-45. DOI: 10.1111/j.1755-
5922.2010.00200.x.

Erickson, M.A., 2008. Lipid oxidation of
muscle foods. In: Akoh, C.C., Min, D.B.
(3rd Eds.), Food Lipids, Marcel Dekker.
New York. pp. 299-320.

Frankel, E.N., 2012. Lipid Oxidation.
Cambridge, UK, Woodhead Publishing
Limited. 470 p.

GOED (Global Organization for EPA and
DHA Omega-3s), 2018. About EPA and
DHA.
http://www.goedomega3.com/aboutepa-
and-dha, March 19, 2018

Golmakani, M., Moosavi-Nasab, M.,
Keramat, M. and Mohammadi, M.A.,
2018. Arthrospira platensis Extract as a
Natural ~ Antioxidant  for  Improving
Oxidative Stability of Common Kilka
(Clupeonella cultriventris caspia) Oil.
Turkish Journal of Fisheries and Aquatic
Sciences, 18:1315-1323. DOI:
10.4194/1303-2712-v18_11 08

Grassi, T., Sedlacek- Bassani, J. and
Ponsano, E., 2020. Oxidative stability of
tilapia feeds containing Saccharomyces
cerevisiae and Spirulina platensis. Animal
Production, 50:1-5. DOI: 10.1590/0103-
8478cr20190344

Haliloglu, H.I., Bayir, A., Sirkecioglu, A.N.,
Aras, N.M. and Atamanalp, M., 2019.
Comparison of fatty acid composition in
some  tissues of  rainbow  trout
(Oncorhynchus mykiss) living in seawater
and freshwater. Food Chemistry, 86: 55-509.
DOI:10.1016/j.foodchem.2003.08.028

Harith, Z.T., Yusoff, F. M. and Mohamed,
M.S., 2009. Effect of different flocculants

YA


https://doi.org/10.1590/1519-6984.14315
https://doi.org/10.1590/1519-6984.14315
http://www.goedomega3.com/aboutepa-
https://doi.org/10.1590/0103-8478cr20190344
https://doi.org/10.1590/0103-8478cr20190344
http://dx.doi.org/10.1016/j.foodchem.2003.08.028
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

on the flocculation performance of
microalgae, Chaetoceros calcitrans, cells.
African Journal of Biotechnology 8 (21):
5971-5978. DOI:10.5897/AJB09.569

Jafarpour, A., Sharifi, A. and Hosseini,
M.H. 2017. Stability and control of
oxidation rate of rainbow trout oil in
nanocapsules containing clove essential oil
(Syzygium aromaticum). lranian Journal of
Fisheries, 26: 68-57. DOI:
20.1001.1.10261354.1396.26.6.7.4

Jalili, S.H., Farhoosh, R., Koocheki, A. and
Motallebi, A., 2019. Microencapsulated
Kilka fish oil stability using functional
properties of silver carp
(Hypophthalmichthys molitrix) skin
hydrolysate. Iranian Scientific Fisheries
Journal, 27: 76- 86. DOI:
10.22092/1SFJ.2019.118228

Karim, B., Rezaei, M. and Bahramifar, N.,
2016. A comparision of yield and quality of
the oil extracted from common kilka sprat
(Clupeonella cultriventris caspia,
Svetovidov, 1952) of the Caspian Sea with
methods of wet reduction, soxhlet,
supercritical fluid and ultrasound. Master's
thesis. Tarbiat Modarres  University,
Tehran, Iran.

Khatoon, H., Rahman, N.A., Banerjee, S.,
Harun, N., Suleiman, S., Zakaria, N.,
Lananan, F., Hamid, S. and Endut, A.,
2014. Effects of different salinities and pH
on the growth and proximate composition
of Nannochloropsis sp. and Tetraselmis sp.
isolated from South China Sea cultured
under control and natural condition.

va

International Biodeterioration and
Biodegradation, 95: 11-18.
DOI:10.1016/j.ibiod.2014.06.022
Lupoae, P., Cristea, V., Borda, D., Lupoae,
M., Gurau, G. and Dinica, R.M., 2015.
Phytohemical Screeninj: Antioxidant and
Antibacterial properties of Patampogeton
species order to obtain valuablr feed
additives. Journal of Oleo Science, 64:
1111-1123. DOI: 10.5650/jos.ess 15023.
Mahmoodi, V., Keramat, J., Hojjatoleslamy,
M. and Molavi, H., 2017. Fatty acid
profile and Quality of the oil extracted from
Tuna Fish (Katsuwonus pelamis, Thunnus
albacares) precooking liquid waste in
canning factorys. lranian Journal of Food
Science and Technology, 70: 293-304.
McCune, L.M. and Johns, T., 2017.
Antioxidant activity in medicinal plants
associated with the symptoms of diabetes
mellitus used by the Indigenous Peoples of
the North American boreal forest. Journal
of Ethnopharmacology, 82: 197-205. DOI:
10.1016/s0378-8741(02)00180-0.
Mousavipour, N., Bahaei, S., Moghimipour,
E. and Moosavi-Nasab, M., 2021. Effect
of Caulerpa sp. extract on improving the
oxidation intensity of rainbow trout waste
oil during storage at room temperature.
Journal of Fisheries, 74 (2): 165- 179. DOI:
10.22059/jfisheries.2021.321311.1240.
Nahvi, Z. and Babakhani, A., 2016.
Optimization of extraction of antioxidant
compounds of brown algae (Sargassum
angustifolium) with heat reflux. Aquatic


http://dx.doi.org/10.5897/AJB09.569
http://dorl.net/dor/20.1001.1.10261354.1396.26.6.7.4
https://dx.doi.org/10.22092/isfj.2019.118228
http://dx.doi.org/10.1016/j.ibiod.2014.06.022
https://www.sid.ir/en/Journal/JournalList.aspx?ID=3797
https://www.sid.ir/en/Journal/JournalList.aspx?ID=3797
https://doi.org/10.1016/s0378-8741\(02\)00180-0
https://dx.doi.org/10.22059/jfisheries.2021.321311.1240
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

e v Jeal

exploitation and breeding, 5: 14-1. DOI:
20.1001.1.2345427.1395.5.3.1.0.

Namiki, M., 2017. Antioxidant/antimutagens

in food science and nutrition. Critical
Reviews in Food Science and Nutrition, 29:
273-300. DOl:
10.1080/10408399009527528

Ohse, S., Derner, R., Ozorio, R., Correa, R.,

Furlong, E. and Cunha, P., 2015. Lipid
content and fatty acid profiles in ten species
of microalgae. IDESIA (Chile), 33: 93-101.
DOI:10.4067/S0718-34292015000100010

Omidi, S.H., Sarhadi, H. and Shahdadi, F.,

2018. Improvement of the Oxidative
Stability of Sesame Oil Using Spirulina as a
Natural Antioxidant. Journal of Nutrition
and Food Security, 3(4): 209-217.
DOI:10.18502/JNFS.VV314.165; Corpus ID:
91309199.

Oujifard, A., Bagheri, D. and Zamani, L.,

2021. Antioxidant effects of red alga
(Gracilaria corticata) ethanol extract on the
Shelf-life of Scomberomorus guttatus fish
fillet stored at 4 °C. Journal of Fisheries, 74
(2): 281-293. DOI:
10.22059/jfisheries.2021.317558.1223.

Pazouki, J., Alijani, A., Tehrani, D. and

Shokri, M., 2012. Gelatin and Oil
Extraction from Skin of Three Tuna Fish
Species of Persian Gulf. Fisheries Journal,
65: 15-25. DOI:
10.22059/JFISHERIES.2012.24866

Pinelo, M., Rubilar, M., Jerez, M., Sinerio,

J. and Josea, N.M., 2005. Effect of
solvent, temperature, and solvent-to-solid
ratio on the total phenolic content and

antiradical activity of extracts from
different components of grape pomace.
Journal of Agricultural and Food
Chemistry, 53: 2111-2117. DOI:
10.1021/jf0488110.

Rubio-Rodriguez, N., de-Diego-Rupérez, S.,

Beltran, S., Jaime, I., Sanz, M.T. and
Rovira, J., 2008. Supercritical fluid
extraction of the omega-3 rich oil contained
in hake (Merluccius capensis Merluccius
paradoxus) byproducts: study of the
influence of process parameters on the
extraction yield and oil quality. Journal of
Supercritical Fluids, 47: 215-226. DOI:
10.1016/j.supflu.2008.07.007.

Rusak, G., Komes, D., Likic, S., Horzicb, D.

and Kovac, M., 2008. Phenolic content and
antioxidative capacity of green and white
tea extracts depending on extraction
conditions and the solvent used. Food
Chemistry, 110:; 852-858. DOI:
10.1016/j.foodchem.2008.02.072

Salehi, P., Sonboli, A., Eftekhar, F., Nejad

Ebrahimi, S. and Yousefzadi, M., 2005.
Essential oil composition, antibacterial and
antioxidant activity of the oil and
variousextracts of Ziziphora clinopodioides
subs. Biological and Pharmaceutical
Bulletin, 28: 1892-6. DOIl:
10.1248/bpb.28.1892

Shehzad, Q., Rehman, A., Jafari, S.M., Zuo,

M., Khan, M.A., Ali, A.,, Khan, S,
Karim, A., Usman, M., Hussain, A. and
Xia, W., 2021. Improvimg the oxidative
stability of fish oil nanoemulsions by co-
encapsulation ~ with  curcumin  and


https://dorl.net/dor/20.1001.1.2345427.1395.5.3.1.0
https://www.tandfonline.com/toc/bfsn20/current
https://www.tandfonline.com/toc/bfsn20/current
https://doi.org/10.1080/10408399009527528
https://doi.org/10.1080/10408399009527528
http://dx.doi.org/10.4067/S0718-34292015000100010
https://dx.doi.org/10.22059/jfisheries.2021.317558.1223
https://dx.doi.org/10.22059/jfisheries.2012.24866
https://doi.org/10.1021/jf0488110
https://doi.org/10.1021/jf0488110
https://doi.org/10.1016/j.supflu.2008.07.007
https://doi.org/10.1016/j.supflu.2008.07.007
https://doi.org/10.1016/j.foodchem.2008.02.072
https://doi.org/10.1016/j.foodchem.2008.02.072
https://doi.org/10.1248/bpb.28.1892
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

resveratrol. Colloids and Surfaces B:
Biointerfaces, 199: 111481-111490. DOI:
0rg/10.1016/j.colsurfb.2020.111481

Spigno, G., Tramelli, L. and De Faveri,

D.M., 2007. Effects of extraction time,
temperature and solvent on concentration
and antioxidant activity of grape marc
phenolics. Journal of Food Engineering,
81: 200-208. DOI:
10.1016/j.jfoodeng.2006.10.021.

Taati Keley, M.H., Shabanppour, B. and

Ojagh, M., 2018. Production of DHA-
High Dosage Fish Oil from Tuna by-
Products by Coupling of Supercritical Fluid
Extraction (SFE) and Supercritical Fluid
Chromatography (SFC). Iranian Journal of
Nutrition Sciences and Food Technology,
13: 31-40.

Venugopal, V., 2009. Marine products for

Vieira, T.M.F.S,,

AN

healthcare: ~ function and  bioactive
nutraceutical compound from the ocean.
CRC Press Taylor and Francis Group; Boca
Raton, FL, USA, pp. 23-50.

Marisa, A.B. and

Regitano-d, A., 2001. Canola oil thermal

oxidation during oven test and microwave
heating. LWT - Food Science and
Technology, 34: 215-221. DOl:
10.1006/fstl.2000.0735

Wanasundra, U.N. and Shahidi, F., 1996.

Stabilization of seal blubber and menhaden
oils by grean tea catechins extracts. Journal
of the American Oil Chemistts Society, 7:
1183-90. DOI: 10.1007/BF02523382.

Wang, X., Yang, X., Chen, S., Li, Q., Wang,

W., Hou, C., Gao, X., Wang, L. and
Wang, S., 2016. Zinc oxide Nanoparticles
affect biomass accumation and
photosynthes in Arabidopsis. Frontiers in
Plant Science, 6: 1-9. DOI:
10.3389/fpls.2015.01243

Zhang, B., Ma, L.K., Deng, S.G., Xie, C. and

Qiu, X.H., 2015. Shelf-life of pacific white
shrimp (Litopenaeus vannamei) as affected
by weakly acid ice electrolyzed waterice-
glazing andmodified atmosphere
packaging. Food Control, 51: 114-121.
DOI: 10.1016/j.foodcont.2014.11.016


https://doi.org/10.1016/j.colsurfb.2020.111481
https://doi.org/10.1016/j.colsurfb.2020.111481
https://doi.org/10.1016/j.jfoodeng.2006.10.021
https://doi.org/10.1016/j.jfoodeng.2006.10.021
https://doi.org/10.1006/fstl.2000.0735
https://doi.org/10.1006/fstl.2000.0735
https://doi.org/10.1007/BF02523382
https://doi.org/10.3389/fpls.2015.01243
https://doi.org/10.3389/fpls.2015.01243
https://doi.org/10.1016/j.foodcont.2014.11.016
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.5.9 ]

Iranian Scientific Fisheries Journal Vol. 31, No. 2

Oxidation control of tuna (Thunnus albacares) liver oil using Nannochloropsis oculata
extract by a response surface analysis

Sharifi Asl M.1: Roomiani L.%*

*|.roomiani@yahoo.com
1-Department of Chemistry Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz,
Iran
2-Department of Fisheries, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

Abstract

In this study, in the first phase, the optimum extraction conditions of the extract (temperatures
of 50, 70 and 90°C, duration of 20, 70 and 120 min and the ratio of dry matter to solvent of
10, 20 and 30 mL/g) algae Nannochloropsis oculata was examined. The antioxidant activity
of the algal extracts in the first phase was calculated by measuring the radical inhibitory
power of DPPH (2, 2-diphenyl-1-picrylhydrazyl). In the second phase, the effect of adding the
hydroalcoholic extract of N.oculata at 0, 350, 550 and 1000 mg/L in reducing the antioxidant
activity of tuna oil was investigated. Treatment time of 120 minutes, temperature of 70°C, and
dry matter to solvent ratio of 30 ml/g had the highest efficiency of the extract in terms of free
radical scavenging.. The storage time was 56 days and the parameters of peroxide, TBA, and
p-anisidine was measured in the tuna oil on 0, 7, 14, 21, 28, 35, 42, 49 and 56 days. The
highest antioxidant power was measured at 1000 mg/L (85.45+0.55%). The index values of
peroxide, TBA, and p-anisidine of the tuna oil had an increasing trend with increasing in the
storage time and reached its highest levels on day 56. The control group had the highest and
the fish oil treatment 1000 mg/L hydrochloric extract of N. oculata had the lowest levels of
oxidative indices. According to the results of treatments receiving hydroalcoholic extract of
algae Nanochloropsis protective factor and antioxidant power compared to BHT, which
shows that algal extract in all three concentrations of 350, 550 and 1000 mg/L can be well
replaced with synthetic compounds.

Keywords: Optimization, Antioxidant avtivity, Hydroalcohyl extract, Nanochloropsis
oculata, Yellowfin tuna oil

“Corresponding author


mailto:*l.roomiani@yahoo.com
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.5.9
https://isfj.ir/article-1-2563-en.html
http://www.tcpdf.org

