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Abstract

Introduction: Virgin olive oil has high oxidative stability due to its special compounds, including large amounts of
monounsaturated fatty acids (MUFASs) and a wide range of natural antioxidants. However, virgin olive oil is easily
oxidized due to the presence of polyunsaturated fatty acids (PUFAs), mainly linoleic and linolenic acids. Lipid
oxidation is the main cause of poor food quality; for this reason, the use of antioxidants is essential to prevent the onset
and progression of oxidative damage and increase the shelf life of oils and fats. Because lipid oxidation occurs
following a complex set of processes and no antioxidant alone can stop all the oxidation steps and keep oxygen away, a
mixture of antioxidants can be used to create a synergistic effect. Spirulina is a dry biomass of Artrhrospira platensis
cyanobacteria. Flavonoids, p-carotene, vitamin A and a- -tocopherol in spirulina are largely involved in the high
antioxidant activity of this microalgae. The Moringa oleifera plant belongs to the Moringaceae family, the genus
Moringa and the species Oleifera. This plant is considered as a high-potency natural antioxidant because it is rich in
tocopherols, carotenoids, vitamin C, flavonoids and phenolic compounds. Therefore, the aim of this study was to
investigate the synergistic and symbiotic effect of spirulina and M. oleifera extracts as natural antioxidants to increase
the oxidation stability and shelf life of virgin olive oil.

Materials and Methods: To prepare the extracts of s. platensis and M. oleifera plant, both plants were dried in the
shade at 30°C for 24 hours in the presence of air, then ground into a powder. Then, 5 g of s. platensis and M. oleifera
powders were extracted with two solvent of ethanol (96%) and methanol. Antioxidant activity was evaluated by
measuring the effect of free radical scavenging of ethanolic extracts of Algae Spirulina and Acacia on the synthetic
radical DPPH. Determination of total phenol and flavonoid content of all extracts was performed using Folin-Ciocalteu
reagent and aluminum chloride colorimetric method, respectively. Polyphenolic compounds of the extracts were
identified by HPLC. Extracts were added separately (1000 ppm each) and in combination (500 ppm each) to 100g of
virgin olive oil and a sample containing the synthetic antioxidant TBHQ and a sample of virgin olive oil were
considered as control. Peroxide index, refractive index and color evaluation (L*, a*, b*) of virgin olive oil samples were
measured. Statistical analysis was performed using SPSS software version 19 and the results were expressed as mean +
standard deviation.

Results and Discussion: Based on the results obtained from ethanolic and methanolic s. platensis extracts, the
highest amount of total phenol in ethanolic extract was equal to 67.19+4.5 mg GA/g and the highest amount of
flavonoids in methanolic extract was equal to 12/1+40/267 mg QU/g. In the study of the content of total phenol and
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flavonoids in ethanolic and methanolic extracts of M. oleifera plant, there was the highest levels of total phenols and
flavonoids in ethanolic extracts of this plant, respectively, 43.43+0.71 mg GA/g and 23.78+1.57 mg QU/g. The results
showed that the active compounds in the extracts of S. platensis and M. oleifera are polyphenolic compounds of
rosmarinic acid, catechin, quercetin, vanillin, hesperidin, hesperetin. Changes in peroxide value from the time of
production and addition of the extract for 8 hours at 2 hour intervals were investigated. According to the results, the
lowest amount of peroxide value (0.38+0.005 meq O2/kg) was related to the sample containing M. oleifera extract at the
third storage time. The highest amount of peroxide value was observed in the control and the sample containing TBHQ
in the range of 15 meq Oz/kg. Generally, Changes in peroxide value were reduced significantly in the 3 samples
containing the extract compared to the control sample and the sample containing TBHQ (p<0.05). The presence of
extracts in virgin olive oil reduced the parameters of L*a*b*, but the sample containing S. platensis extract was no
significant difference from the control sample (p >0.05). According to the results of peroxide index of samples
containing extracts, it can be stated that by recognizing the antioxidant effects of S. platensis and M. oleifera extract,
they can be used for industrial use and replacement with synthetic antioxidants.

Keywords: Virgin olive oil, Spirulina platensis, Moringa oleifera, Synergitic, Antagonistic, Antioxidant.
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Table 1- Specifications of extra virgin olive oil before treatment
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Table 2—- Results of physicochemical properties of spirulina algae and leaves of Moringa oleifera before extraction

M.oleifera leaf plant powder  Spirulina algae powder Parameters
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2 0olydS e oy Gk Sl o] e g 2930 (JS3))
sy s able sl o diges il el cuus
() J&) (Khalighi-Sigaroodi et al., 2012) b1 g0 cuvda

Sais GleS 5 olilinl ove wwdpa Vo Vo gl S
slooslac 53 (o foS (wlaly 135993 5 del SIE olsl
2w G5 1y i Lyl el J3bl 5 Jylis
IS Js Oy cnote 0 g Gillae el Cusdas s ol
9 PYINAE ¥/ov mg GA/Q Sp Ll Ldgyuul (Joibl ojlas 1
Mg e b Uyl (Joslio o)l )3 13599 (lise (325 S
Jod lgime lise (wyp 5o Wl YEVI¥-E V/VY QU/g Sp
b gllae S oS Jslie 5 i ojlas > 155iss¥6 5 IS
ISl oas > 355593 5 JS st olise s & Joi
YY/VAE VoY mg QU/g Mo ¢ FY/¥YE /YY) Cui e olS oyl
Cpols Ca o plxl Gla gy olil 2 (i (CuBld 3924
oot )5 olS g gyl Silr sloojlas Slius] 1l
sl 299 (VEFAAY mg/ml) &5 olS il oylas ;> IC50
ook by E)55 ol ojlac a5 e Uiyl cnl g
! Uy ol S 0)lme @y s Sl 5T bl

PV=[(S - B) x N x 1000]/ M (v)
:L.)]' )\) 45
439& f’; Veoo 2 quél u.l.uo o> .\mSI)) e PV
059

Oy Bged (gl 0ad eolaiw] s Cldgwss s Lo :S
Lol diges (gl oad oolaiwl it Sldlgwss i Lo :B
e OlWgugss Joloeo ailoi:N

P25 e 2 0f9) 039 M

2 e zee Jobo b g s Cod 03lo So Gl o5
Coys 6pSoilnl can cwl oo ] 3 9 Ceyw 4
oliwd joudis Cuomd (S pud (gpSojll Gl LB S
L o 3 p5 4 e b (o5 RX5000 Atago) iesisl,
L 03ld ol 9 o.))f e u?“*" o).laﬁ A Lo u9]o).a Al <S5
by yogiSTya,y olSiwd (3,5 3yluliwl l dey s 5 Suis U
g 4 oSyl (59,50 (3E9) Hged 05k 93 b Sy latio
23,5 sl dged sl o S e as > YO gl jo
{(Iran, 2011)

(L=a%.b*) ;S g o9, SWaiged S5, (2L
CoieS 5l (AT 3 caol s (Shy ceete s K
slolis ey of 5l BAESB a5 Conl oads did bl Jouasw
Cha WS odlatel gliedlge Bpdpse b bk Gy
Afshari gy (wlel p L*¥a*D* hg, b ladises S5y (5,503l
o) pldl cas 3,8 pbl (Y+3)Y) Farahnaky 4 Jouybari
o9y Sbdiges (opl5 CR-400 Monilta) zwcSs) Lawys 905!
Sl alie gladns Soo8 mawe glad)ls 10 (golun Hlude 4 |,
bogs (55 b &y Lo 3 g 25y b 6lis) o iz Ll
Slixe) L aig0d (S5 (slojiolly g oS08 ()30 S (pay90
3055 jo K3) A% (3] Voo (o) + 51 (oaloum i,
0% 5,5 5 T 55) ¥ 5 (5 5) 8% g (305 53) +a*
s g 3 3 eslizal b (oo 55) 0% 5 (335 )
L TBHQ U o)las (g5 sladiges SOy OWB] L 505
Afshari-Jouybari ) sel cossas ¥ abal, 5l eslil b sals 45ges

.(& Farahnaky, 2011
AE = [(AL*) %+ (Aa*) 2+ (Ab*)?] 2 (v)
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Table 5- Antioxidant properties of methanolic and ethanolic extracts of Spirulina

Abundance Antioxidant properties
ol 2 oS 51 Olno g

Methanolic extract of Spirulina platensis

1C50 (mg/ml)

(3 o 2 05 o) 1C50
Total phenol* (mg GA/g of spirulina)
32.35£ 123 (Gdg sl @5 51 dguiloSIIS Jolso 0,5 o) * S Joi
Total Flavonoid* (mg QE/g of spirulina)

267.4+1.12 . s " = . T
® (Wl 05 2 (i 555 J3lae 0,5 (o) * S Auigigo
Ethanolic extract of Spirulina platensis
1C50 (mg/ml)
8452.75

(sl ko 2 0,5 Slue) 1C50
Total phenol* (mg GA/g of spirulina)
67.19x 457 (Wdg ! 05 1 el I Jolno 0,5 oe) * S J5id
Total Flavonoid* (mg QE/g of spirulina)

103.06+ 4.91 (U ol 0,5 32 (oot 558 Jolao 05 lao) S aigingls

ol 04 (5,155 1S5 90 53 (Hlre Gl yzl . Sko) sy Wnodly
# Data were reported in terms of (mean + standard deviation) in two replications.

(Moringa oleifera) & ;5 ol8 Jailil 5 Joilio o lac (olumnST T Sluogas - Joda
Table 6- Antioxidant properties of methanolic and ethanolic extracts of Moringa oleifera

Abundance Antioxidant properties
Sl 1 5 o gus
Methanolic extract of Moringa oleifera
b0l Jgilio ojlas
1C50 (mg/ml)

(3 ko 2 5 o) 1C50
Total phenol* (mg GA/g of M.oleifera)

+ . e = = = . ..
3648+ 0.08 (135 055 52 sl I Jolno 0,5 sh) *JS Jgid
14174 0.07 Total Flavonoid* (mg QE/g of M.oleifera)

s (2135 £55 5 o 355 J3lo 0,5 Juo) * S 33 gigoWd

Ethanolic extract of Moringa oleifera
CiE oS Jebloslac
146982 1C50 (mg/ml)
(3 o 2 5 o) 1C50

43.43+ 0.71 Total phenol* (mg GA/g of M.oleifera)

ek (2555 05 2 Sl SYE Jsleo 05 o) *JS Jgid

Total Flavonoid* (mg QE/g of M.oleifera)

23.78+ 1.57

(£235 55 32 oo 355 Jolao 05 o) *JS Adgigold

sl o 5,55 )1)SS 95 3 (Hlre Byl £ 1 Sko) sy laodly
% Data were reported in terms of (mean + standard deviation) in two replications
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y= 1855+ 28l
R*=0.9953

0 10 20 30 40 50 60
Concentration (mg/lit)

(wow! SJIE) DPPH (g, 4y 8,lsibin] goio -y JSWi
Fig. 1. Standard curve by DPPH method (gallic acid)

12 12

Methanolic Extract Ethanolic Extract
, HIC E) -

W y=12mx- 001 08
08 RI=0.991 i
04 04 ¥ = 13.544x - 0,0003
R*=0994
l.l O
0 042 Y 0,06 0.08 0 an 0.04 0,06 0.08
Concentration (mg/ml) Concentration (mg/ml)

S| S bl g paaeasnli Ly pennr] Sl IS Sl 9id Ol 53 3 jliliw] (gizie —F IS0
Fig. 2. Standard curve of total phenolic compounds of spirulina platensis based on gallic acid

15 Methanolic extract Etanolic extract

4

15 -~ 1
. 1 /

! y=0.028 a8

o

= 00247 < 0.0867 » y=0.0604x + 0.0235
Ri= 0.9886 7~ '

3 7 R*=0.9989
0s 3 0 >
a
0| . . " v 0 :
0 ¥ 40 60 ¥ (L] 0 5 " 15 N b »
Couceatration (mp'sl) Concentration (mg/ml)

i 535S ol 2 iy Ly o] Sl (G 25P99Y0 LS 5 31wl Giomho - JSUS

Fig. 3. Standard curve of flavonoid compounds of spirulina platensis based on quercetin
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by dan > DPPH G0, jlee 9 I8 lgiee o )b
cpl 5o gl (r=+/22Y P <-/+0) ol L awyp 90 Sy
2 J8l) e byl and o Lt yal ol o aizils Bl 3590
baye Jsid (uSgpm Glrog)s chle 4 cul (Sae o)las
Sl &5 Wlools i Slalllas 1 6k a5 bl )0 o] sl
ot Slaslml cdld o aag B ol 4 s L
WS o Joe 50 sl AT JI3]) (sloosiiS oo lgisar 5 )00
s Wl e o Conl ] S50y Sl Sy W 4 Baee oS
0 Qe ol Gl Joal; (silo s 5 e 0 e
sl bawSly a0 b alaw 5 S5 hes! b JsSse
sl

&S s Mgl clocdplie (Slsid g AS5igsd LSy
Sy My Jae o b & gl 3 oblS bug
clled wilodls )15 2) ol (sblie el e
; Karageorgou et al., Lalas & Tsaknis, 2002) _slsumsST 51
Jé Cu; sladdgiggMs (2017; Igbal & Bhanger, 2006
{(Bamagous et al., 2018) _wbssxs (Lin et al., 2018)
olbywis o (Guillen-Roman et al., 2018) oL Sbas
Cawl 04 4135 (Cuellar-Nunez et al., 2018)

YYIVA pols dallas 3 Joibl o)lac 3 L359aMs IS lude
e caslll iz )3 331 Aigad 25 g2 oS Jolos 5 o
Xiang et al., ) 4+ mg/g QE z,;5 olS o,lac )3 dsigsMe
9 (Cuellar-Nunez et al., 2018) A~ mg/g QE sgu> (2017
Gl ods y)155 (Sreelatha & Padma, 2009) YV mg/g QE
FYIFY adllae cpl 3 555 olS Jobl ojlac o JS' Jgid jlado
$500 Sllllas > 45 gy Wges p,5 1 dewl S Joleo )5 Lo
Xiang et ) Y+ ++ mg/g GAE s3> oLS (-l ojlae Ssid )50
{Cuellar-Nunez et al., 2018) 4-+ mg/g GAE al., 2017
s (Guillen-Roman et al, 2018) \¥#- mglg GAE
5wl oas o5 (Baldisserotto et al., 2018) oY mg/g GAE
Mo titan Sl sl Jsine gl 4 bl
Ol £5)5 ol ojlac )3 25290 (sl ly S5l ool Camrey
cal oV Slst sl el bl oS opl &S sy
- oSl 51 g alS clao lac (Sreelatha & Padma, 2009)
od b el sl S wiles o LSl el suie sla
b S bl 109,051 cdabloe ji (yial38l £l5,) w5l
(PhD, 1999) 1S Jos sl sl olyica ladine 398
Jolss b lopaanSI ] oS5 o ol 03 SIS oipen
ol 5l i o g ol Ll catyly gl Ao Ao il

sly 3l b 5l e DPPH K6l jlee cllid
cldld cwl als glaojlac  Slus) sl clld s
4295 DPPH (g, (wll 2 Uy sl (Joibl ojlas Sl 5]
SpSojlul (YeV) oh)Ken g Zhang lawg ol Cauogi by,
cled oy b aojlas SluwS| sl B adlas ool > a3
AC50 .5 plosl (IC50) oylas 3131 IS0l so s 0+ SiiS )lgo
g sl 31 la IS0l 1o )3 B e g oylas 5L 350 il
Cilsee (gloojlas )3 SlawST Bl J Al oz 53 elil
590 cdale (Bl yuio (slodle iusluSTus Cusls dx ya 0L 0
Dy o yioS i1 el JIGoly 1oy B0 e cgr odle o s
2 oyl LUy 5l ol dilie (glaojlas  SliwS] 5T el
ol B3l a0y oo oz S L g @l ob
addlas oyl 5> odel Cavday a4 ang3b (Szabo et al., 2007)
e L] Saiyy olas > (VL Slius] 3l
ShanSl sl gl ane; > ooaie Glidlbs ol oad oanlie
; Abu Zaid et al., 2015) cusl 43,8 g Uiy gl 0)luas
.(Dartsch, 2008

9 (bwsSd B (elig 45959)8 5ol iDLy i
ol b oluS s cpl (Abu Zaid et al., 2015) cul Jidg,8
-0l dizlis DPPH (ol JISGol,y ials™ (o 5g,00n slial  SUlgs
o093 &S wisly (Y43YF) o, en o Egea (L et al., 2009)
SlaS 5 Gl el bargld @ il Ldyp] JoSe
Loyl 3590 ¢l 3 99800 gyl (Sl Gl Jouily 5 5 SJgid
5 gyl 15T b s el e sl is, )
axgie gl w58 exlatwl DPPH l51 JIGol) jlee o9y dles
533 DPPH oo, b sl il polss g 6 Ll
.(Egea et al., 2014)

25 8 gl sl ol s & 53 ol 5
w85 5155 addlas 3)50 las yShglw > a8l Sl jew 9 laogse
Lidg ps] 0395 Cansj & Jo> 3k (Colla et al., 2007) cowl
e oae) S b S5 5 5l e B ke i
£S5t SJE Jolas 5,5 Lo SYNA gl olae  YYIYD
P9 LS 5 Gl ot @ b Gl A (LS ) (o)las
ISl ojlae > skt 5 3 el SIS Jlas .5 e V)
L @l (gousio Gldllas sl 0uds yusi o)las £, 0 43l 4
(Y-10) o, Kan 5 ADU Zaid 3,15 3535 yols adlllas (claasil,
O odd A Wyl 3 (Joid laS 5 lgiee o bl
Cosl 0335 5,5 1 el SIE oo pS ke YEIVO —F-/5D
- s=o byl (YY) o) Ken 4 Sahu (Abu Zaid et al., 2015)
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oy Jl debs ol wyp jl & bojlas )3 oad olulis
03)sl V' Jodo 5> cawl ool sty HPLC olSiwd 4 oo jlas
g0 Sgid CluS i plSgileg)S 0 o ¥ cla S5 55 sl 0l
sl 015 &) )55 okS o s Lyl (slaojlas 5
Sgd GloS 5 b dlayly 1o ooy el bla o (goaxi0 Olllas
oS sl 035 U5 538 olS 5 Lyl Sl 5 0 bl
GOV Wt B B S B I FWSS, (ES R N PR B P S 20
o] 5 ol pre (2l 025j @lio Jl (S 2l oSl
ol Lo (Sdne Slge (ppimen g bapelig Sl (298 Jlaw aite
@b b ol by s w5 e s
Slinlas ool sl il Lile gy Slas 5| (glasgane
Dhargalkar & ) was e pldl 1) jeegins o (oljolbymwis
30 by S oS cul ol 5l Sl sl (Pereira, 2005
(Kuda et al., 2002) cosl Slausl sl olS 5 5l o8 aie
bS5 5l (B (Nidejed Glusgad 3y5e 10 (gdaxio Cldlllas
Uyl b Sila 5> GlansS1ial g ugnsns G5l
M Ldy el (Ozdemir et al., 2004) cuwsl osd 5 yoio
oglbyes jop 3l grSsle aile Slop QU5 o] slaojlas |
SIS 5 g5 Jssinds s G (o im] e S8
Belay ) el odly oyl 1y anddl 1 250 el ol )5 g85 9 omw
b awglio 55 5V adgs cud )b s &y Ldgyeml (et al., 1993
Shse Sl 5l g mie (LSl el Blie Jyese gl
sloogyS (sl Wyl 290 Coguome (s3i9gM 5 (Jgid
lagypigM 5 ngghe (9ol ailo lardgigsMs I il
5 lesd ol lodpins Gl (b ladyd cnl ol
AT sla Sl e 5 (Tl slacllad dlon 51 (So55)s
ooy S SJsid (lsime Cslite e ¢yl s9de 5yl |,
(e Jeloe 4 plge 1) Silapy ol dlise gl
M s cusS bulpd g e laygsl ((SO5gle s
oes o Seghiri (Kepekci & Saygideger, 2012)
P e OlS s 9 ololis ,> (Seghiri et al., 2019)
HPLC- Sl odlial L a3gig9Mls g Sgid a8 Ve ggoona
ol Ly Silajyy 00d zlpl o )las 5| DAD/MS
sl cus bl 4 an SUgd sl Hlde S
; Kepekci & Saygideger, 2012) cuwl psio gl
.(Pagnussatt et al., 2014

“0y3d g gl bl gy (6)Sed (Jod g 438 390
.(Rodriguez-Amaya, 2003) cul cglate (gl

LS L o5 wtun olosd lgo | 95 o plionigid
Shated plp 3 9 Sgdoe Wy gl b gl pudglie G5k
A olS Jreddgi g A8 )3 g WS (e clablre oS b (Bge
ol olews Hi3le 4 avgsl (Samanta et al., 2018) .,
S 5 3,8 i Sl 4203 4w &y gy |y Boalbandgnd
g badgggdls Jold &5 WJsid 5 (ny 055 0jsrs sl
Heneman & Zidenberg-) cuwl b ws) 5 «SJsid slasw!
13 8555 ol il sl is jl obj wllllas L(Cherr, 2008
Wile (plagyizy | &5 45 ©jg0 (plendgid OLS 5 ogad
Wang et al., ) cwl s pbsl ab (5 @iy, Sy
5 ol Sy ¢ Jlte yobay (Onsare & Arora, 20152017
355993 VF Jolas Jols Loals 5 gt (sli 81 50 00 ey
booher Vbl QLB L gl HS5lys elSius b
» (Makita et al., 2016) >o (UHPLC) o> (rwtb
FPle o)las )3 ASgigeMs 5 5 Joib chale e il adllae
59 YF/\Y mg/g QE 4 Y&/¥A mg/g GAE cwipa )58 olS
chale 4. (V++Y) Becker 4 Siddhuraju  asdllas > oS
SIS 5l 2oy Ar Jgilie o)las 1> ASgiggdo 5 JS Sgid
5y VF/-¥ mglg QE 4 WY mg/lg GAE wyja
WsigaMd lie b jlade ol &S (Siddhuraju & Becker, 2003)
2ok Suid @l Sy dge iy Jlgen pils adllas
odd (6pS0slac celo A=Y+ e 4 (Fee M) O L &S i
mg/g 4 ¥/0A mg/g GAE . pdy W3g959Mé ¢ JS b (slyls
» wolws oyl (Sreelatha & Padma, 2009) »s Y/Y QE
Cusl (S )55 olS oS ) o Jgid g adgigeMs (slyie
Sy sk g G900 e Uhy) (S E98 came A3y > 4
eV chl wilge Jgbl oo s Jsbie en e S) sl
P S gl Jpbl Jaiss glsnl | SJgs 5 a59599306
g o 03litl (51038 5oy oy 5T 2l Pl sl 5o
Canl o Sl gy g ooy Ui |y asee slas Jgilie 1
(M’hiri et al., 2015)
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Table 7- Type and percentage of phenolic compounds identified in S. platensis and M. oleifera extracts
The amount of compounds (mg/lit)

Phenolic compounds (3 2 055 o) LS 35 50 Retention time (min)
SWgid S 5 M. oleifera extract S. platensis extract (ai35) (5 35L b
Lo el ojlas il Uy el 0 )bas
ow2ss Catechin 12.98 ND 8.3
O 395 Quercetin 2.04 ND 21.6
oty Vanilin 0.42 ND 135
O e Hesperedin 3.50 ND 18.5
Oy Hesperetin 6.37 ND 22.4
Rosmarinic acid
sl S o, 5.79 4.62 19.2

# ND= Not Detected

£l 15

Fogpl ¥Y e zoo Job )3 (rusaundidy Ly s/ 0 s diged HPLC 01,5559 ,S - £ JSWo
Fig.4. HPLC chromatogram of Spirulina Platensis extract sample at 320 nm

1l ]

sl Y'Y zg0 Job ;3 &35 oL o lac aiged HPLC ol Sgileg,S -0 S
Fig.5. HPLC chromatogram of Moringa oleifera extract sample at 320 nm
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Table 8- Comparison of phenolic compounds detected in Spirulina platensis extract in different studies with the present study

Spirulina platensis extract
L g ] Sl 5, las

phenolic amount of Reference
compounds compounds .
Sdgd bS5 S ol &
Catechin 584.53 Seghiri et al., 2019
o ND yobs adlllas current study
llic acid 396 De Souza et al., 2015
Ga o2 213 Seghiri et al., 2019
el S ND ol adllas current study
Quercetin 0.04 Seghiri et al., 2019
Croinnt 3395 ND ol asllas current study
Vanilin 16.24 Seghiri et al., 2019
oely ND ol asllas current study
Rosmarinic 0.18 Seghiri et al., 2019
acid
Sl Sty lo, 5.79 ol adlle current study
Caffeic acid 347 De Souza et al., 2015
] S8 ND o> adlle current study
Salicylic acid 54 De Souza et al., 2015
o] Salunnnd Lo ND ol aalllas current study
~ Trans- 0.08 Seghiri et al., 2019
Cinnamic acid 35 De Souza et al., 2015
Spoligus— ol 3
! ND ol adlle current study

yols andllao b cilises Wladlao )3 &) 567005 o bac 43 suud lwld SJgid OluS 357 a0 duglile -4 Joua
Table 9- Comparison of phenolic compounds detected in Moringa oleifera extract in different studies with the present study
Moringa oleifera extract

Ey38 oS o)lbas
phenolic amount of Reference
compounds compounds .
SIHOLSy  ObSH olpe &
) 10.08 Oyeniran et al., 2020
Catechin
s 1298 current study
ol adlllas
534.4 Verma et al., 2009
Gallic acid 83.59 Oyeniran et al., 2020
] SJE current study
ND ol aalllae
807 Verma et al., 2009
Quercetin 92.73 Oyeniran et al., 2020
Ot 3395 204 current study
: ol adlllas
Vanilin current study
bl 0.42 ol adllas

Hesperedin 3.50 current study
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R ol adlllas
Hesperetin current study
355y 6.37 ol adllas
Rosg;?ginic 570 current study
Al S 5l . ol adllas
Chlorogenic 488.5 Verma et al., 2009
acid 57.24 Oyeniran et al., 2020
Sl Sig 5 ND yobs adlae
189.1 Verma et al., 2009
Ellagic acid 45.83 Oyeniran et al., 2020
Sl S 31 current study
ND ol adlllan
497.6 Verma et al., 2009
Kaempferol 58.15 Oyeniran et al., 2020
Jgols current study
ND ol adlllan
190 Verma et al., 2009
Rutin 17.05 Oyeniran et al., 2020
ws current stud
ar9) ND ‘ y
ol dadllas
L 10.47 Oyeniran et al., 2020
Caf'cle';i:{? current study
el S ND oo adlllas
Ferulic acid 128.2 Verma et al., 2009
en: l;ja . current study
Sl Sulg A ND ol adllas

d9dee b Toleba 5 ' 0ljsls slaoys LS > o cul
wshol Syl Sy )k, L(Petersen & Simmonds, 2003)
slie » paasy Jlie 0958l dlge lgeds &S Cul (g)b,
Jes b o] S0 @lpl g 43,3 1,3 oslatul 3y90 (glail e
Martinez-Tome et al., ) col oad o3 coms (SlasT 1
6 oS Hhe S lasd Sl e ! Sii)lj, (2001
31l ]l > bbb 5 g NO g aeaSTpgu (gl jiin
B oS ooy las byl Hlee (slapulSo (S s o s STy
Qi et ) cusl iy Ggpdhysind Jloo 2Ll 2 e s>
[al., 2005
S Wi Glagl glacdplie SUgs 5 559N OlS 5
Sgbe Wy e o Lld 4 gl 3 LS L
cllad wilodls )15 2 ol (sblie el e
; Lalas & Tsaknis, Karageorgou et al., 2017) _sluwsST 1

1 Boraginaceae
2 Lamiacea

lositins 45 Wik J1 clocaS 5 o alS 4l eyl

Mis) adsl Glacpbi & Cund ovmy ohesd 3L
Al e Wligyaps sk (S5 el el a5 (el (sladonl
O et der el Silejy 5 laadgigge da il
2 &S Cuwl Joid sl LS 5 SO ol S lojy distwd laeuS
9 005 Joo Cldlas g op8has pugngis g olS
Petersen ) asb oo 15,65 5 oYU Sl sl Lolgs 5l miocan
S oh Glesa sl Sy jles, (& Simmonds, 2003
390 ol B Sl ol Jbbay g ond Cguoms ogilly
Sl 22 s ol byl o S ol ol aB)S)))8 dag
By ol wine )0 @y dex I gylen Il Gley
Petersen & Simmonds, ) 3gu co odlitwl aST ¢ ©lpis i
S1T ol b g S5 Sy el Sl (2003
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<l Vanilla planifolia ol &y > aub jsbas (CsHsOs)
Ois b Jed wluS s s 51 (Walton et al., 2003) sgi 0
ol |y (9Ssens 5 Sl cools il o8 Joge
Iy ehie slge 605l laicds oolatwl Juwilty gy0pl 5l A
seSL ply o edle ol (Davidson & Naidu, 2000) syl
9038 Jee (Ble p)S g Cute p)S (oS Slge dlud ol
baoxe 5 0500 0)92 53 Wyesee 9 LSS ply 53 4 0l ooly (L
(Fitzgerald et al., 2003) ol p3e 2Eiolojl A,

s )3 & Sl (GjoSlS WgiggMe S (s ppud
Tirkey et ) cosl samwy Ol @ cuS 5 ol Sl 5T 51 sasie
o1 88l oy IS 3l dls JoSJse ol (al., 2005
2 80 el ol 5 a8 oo plose Al glanjeSlS 505 51,
o o Silepals s JSe 5 (S el e 5 col
i g M 4 s ST B bl S jsboay 20,8
5 (St ol )lsls SVl gl 5 JouS5)dn slog,S
ewgdy Py lablee jzas (Ghorbani et al., 2016)
oo slol ol 3 5 01 S8 AT claJIS0l, 0,8 st
Pradeep et al., ) ol oas o3ls L o 3l pt (sl lannST 5]
clablee > cpdy s a5 Wladl s lddse wgMeads (2008
48 Gl 022 3o (]S A S B0 GgmelizeSTy Sl opgjoed
danogty 03 15 3amS1 N S JIG3)) Hlee e 4 Vias!
(Bonina et al., 1996) cuol uaulyd b

Sy Ol yd (om0 52

Voo Jads j0 €9y ladised ;o aeuSTy due Ols ol
osbas (95380 5 Mg loj 5l STy dae Gl Caol o 1)
b illes 00,5 wyp Celw ¥V Joolgd 0 cels A loj code &
Meq ) swSly dde Gliee pyieS Vo Jods 3 oids &) mls
S3l> Lged 9 Wald diges 3 1Sy e (P O IS
25,5 saalie Y0 meq O2/Kg 3445w ;3 TBHQ

alyl (Lin et al,, 2018) Jké Cuwj slaidsgaMs « (2002
bSbas (Bamagous et al., 2018) obois 5 (yisu el
ol 0as yo)l58 (Guillén-Roman et al., 2018) b pwiis o
sladsdh opn » (V008) hea 5 Verma
oS Sy ojas ;> HPLC buwg oad plul Sluws] sl
S gl (gols olS pl ojlas &S WS e F)58
asgioed 5 (Sdgpp o SVl «Sja)ls sl SJE)
. (Verma et al., 2009) casl (059 5 cmiw5eS ¢ Jg,20lS)
S Sy & boye Yool Job oSy Glanslal cld
8 dbwlgy 5B OlS ol b e gl Sasils
0oL 3gyien oaiSshial Lol o plyisar 395 (SuuSilal
I gk Goo ol 5l 5 05 Jos iy o30S 00 b L
Caols ) badggoM es ygmlinST ladnl s plool
Oapaslis ol g 55llas wins (oldlus (g Seens
loadgiggde o pimte 3l 5 Ml Bl og loiasls sl e
-l el a5l el s g il digsie slede
Dalluge & Nelson, ) cwl &YB 4osE ol Sluws]
e Gy 5l peols & canl ol ol b yiaed (2000
53 909 @l 5l DNA g5lanst cawl ials ¢ o051 cla 501,
(Ishii et al, 2008) xS o (cpSols otdeanl (sla ol
-l S plgsa eyosls wleals L b yiegh wgMea
3 s el g 95lanST ol Yoo b (598 Glaas]
B> o Cogli Bo)b I 35 g WS o0 55 sl (Bl 0O
wlgice Oren Sedie (Bl Cliblre cage Jluuslul
1y M1 8l ol cllab o o35nl sloplanslnl olie
ool cul o )35 (Senanayake, 2013) was i3l
b bowdly Glans1 il b (b hanSIisl S plsea
g g Johw 31 sla JIG8), xeos LialS Cage g ool i3l
Jelge 51 51 gle glans] ool lulpd ialS b men
Crespy & Williamson, ) 258 0 bpgigegyS (595 ljoies
5 G glio oy 4 (Jyb SLS 5 e 5l (2004
dadlin S g Y- wSgnet b odily Lol od lglys

"R Gs; Oy swaiged (Meq O2/KY) spus Ty 308 il yudS Wigy oy =Y+ Joi
Table 10- Evaluation of the trend of changes in peroxide index (meq Oz/kg) of virgin olive oil sampless
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#%The similar small letters (a-d) in each row and the similar capital letters (A-D) in each column indicate no significant difference

(p <0.05) based on Duncan's test between data.

CuSi & bgrye Sy a8 W oly 0 K Jless!
A5 49l SlSs 4 gl has g baSlygyne 5 wsly
i il amd Al bawlis o bosS daasdl
Lk (Dehlei et al., 2016) cusl azaly JUos 4 |y dpuTy gt
seSyy e Y+ +A) hlSan 5 Tabeelowss oad &) s)liS
e ol ST slaagal g (lalS (13953 b g )
Slgan asdls yl 53 odol sy @l b )15 cal o5 wb
(Tabee et al., 2008) 5>
iy Lyl > rolo SloplanSI Bl ) S
€ onalizg <0315 coilisin S < Jadgils crig 5t o Wl wile
I lesSed &S5 ohaga 5 Silgid Sy (o LS 5 (g 8655
il g 3031 (la SIS0l Jlae st slo S om 2 b
(Samad et al., 2007) 5jlul oo ;b & 1) ymolinnsT 01,3 oyl
aS ol L ol g baylyid 50 STy dae Gl mlo
oylas (gob> sladiges 4y Cuns TBHQ (gols diges g dalis diges
SIgbl OlSy 4wy bl Gl gy cep b
S35 ol 5o Wyl oo 5 &5 oS olas 1> 35290
Cad b b oojlas gols sladiges 3 pmlinns] Cas iy ialS
hSen o MOrsy )1y euditune bls)l luS 5 ol GlawsT sl
A8l I3 5 aelins] oo & 535 S (V19
o ) (A5 Ble 420 YO o> )3 jo, YVO b) ysnj oo,
9250 Wl o)l £V eS| 5T el 5 J55 Slsims
by oblgi ooyl ply (Morsy et al., 2019) cuwl 9 diges 4
by omolienS] oy slagisly Copin 5 2lul ol
oluSy opl dems Uy 4 bies Lgymwl o £)58 ol o)las
S 5 bl 4 o1d ply eladlas o (Sed bk ) .cu
5 2lS loojlas 3 39250 o] il Y gamo 5 gy Jleb

ol &S Wl ol 1y asTy sae (liel colog ojl pl b
(p<e/+0) cusly (gl gre BMB] Jol o) 4 s il58l
Olej 2 Gldsine ials (aLS (clao)las (gol> (19, sladiges
ol (i bojlas (938 Jsl loj 4 Cuns )l SbL
Obb oles y0 oylac (gols dges aw ya &S Jbb pl b {(p<+/+d)
Sdiges (p>+/+0) wisly KuSH b (g)b gxe OS] (5SS
S9b wged g Wb Lged b 6)leS bl oloj )3 0ylas ol
s g aald Jles (P</+0) wasl (gl bxe M TBHQ
Gjles b5 0 1Sy dae Jlude o 5YL )l TBHQ (g4l
& sze Y RN b yloj olod jd (xub dhdl%ﬁ‘uﬁi Sob>
TBHQ (s5l> a903 9 salis diges ¢ Jocpl b.(p <+/+0) 5> 3959
e Vol STy sae ol )l (SLL slaplej 5
2 g b pogns Jol 4y 2 51) p S5 > 20uly, S
YL Cuoglio oiad L yol oyl a5 cdls oI5y (dlaids oyl
S SlaghsIiml e GomlinnS] ply 3 5o ggnj 089,
Keramat & Golmakani, ) cuwl ool cusluilye alaw o
Sds 5y slaoylas 3938l b &S ol o] 5l Sk mls (2016
Do 50 AeSly Hlde (o 505 o9y 4 8155 ol 5 Ly
2 ATy dde 9wl tals Jald dged 4 Cans aoylas o>
oS ol e Lildl Blie 0 (syide Cwglie byjles oyl
OleSy 4 lge 1) bojlas 3958 51, STy el
S s aojlas 1 3390 uluSTas LS ple 5 SJgid
|y comnl i (oiluSTas Cools il b Kb olS s
Cad J L SJgd b GluS g 5l 48gy eslawsT glul
DS 3l odel ) Sl o)y ©pgots (ifgsen w3l S ol

A‘,fu.a d)fﬁb O?ﬁ“"b’ﬁ"“sl Lglo):.?d)’ L;Lmui;:fb



VE0) 5 —313 5 o o)l VA ala (ol pl (IS @leo g ool Sloddgly i TF

(sy pldw SlaS 5 50 Lwly cped jd (sladllas o iy lis
S50 a9y 5 (033 “VVA) dl Siizjloy el S8l
Iy Gaimpd O3l 5t (duoyd —VOMA) 2wl 28 5 sl

.(Hajimehdipoor et al., 2014) wlosl> )lis

ConSl g b Ol i (o 32

Wodsis 0 50 g ey CusS ups Ol b
Consid o b Ol s oS REN ul.m: @Lu Cowl 04 o313 uL‘*’
Soyp Boylas 19938 5 Cawl d)lsliwl 03gaze ;5 ajloy plas jo
sl 2318 Lite 43l 556l

Sonam & ) &S’ e 2wl oljelen @il il Calisee (aub Y gae
(Guleria, 2017
(YV¥) oo 9 Hajimehdipoor zls b sillae (yuizen
Sl e W5939g Mo 9 (Jgid SluS 5 5l (B i b g 93 ) ool
booms il |y alsblen ol Sl 4 g Sl sl ol
g el I (Gbgy Sy & cwl S5 4 Y (gl
Orw 355 g (39 edpmsl Syl el SBE ol Sy o)
aS Jo )b gl obaw S 5 4 cans i 2l Blen ]
5 ol odis sdmliie (¢ miwped S oS zua byl oUgs cuS )y )
Sjonn Sl A9 o AP 5 Jeb OS5 (Sp S

RO (9 L9 CunSl Cu pd Ol Mgy (owy =YY Jgo
Table 11- Investigation of the trend of changes in the refractive index of virgin olive oil samples
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Table 12- Investigation of color change trends (L *, a *, b *) of virgin olive oil samples

Sample -
Sample L Sample containing
) containing containing spirulina and Sample
Colorindex ~ Control sample  gpjirylina extract Motrmgta Moringa extract containing
) sl Sl digei Las cols digos e raf: . Las cols digos TBHQ
MRS IR gl diges PSS LR sl wiseTBHQ
Uadg yrs! &35 o bas SILERCI T
L* 57.86+ 1.05 56.57+ 1.74%® 53.00+ 1.25° 54.29+ 1.12% 56.71+ 0.80%
a* -5.00+0.00P -4.71+0.42° -2.29+0.282 -2.00+ 0.522 -4.29+ 0.36°
b* 37.29+1.682 35.29+1.39% 30.00+ 4.952 18.43+ 1.39P 30.71+ 2.232
AE 0 8.05+ 1.63° 16.10+ 2,112 19.99+ 1.682 8.40+ 1.97°

.Data are reported in terms of (meanz standard error) in two replications # .cusl oad (5155 )1,S5 95 5 (3,l0kl slas £ 1, Kke) sy lodls #
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=% The similar small letters (a-d) in each row indicate no significant difference (p <0.05) based on Duncan's test between data.
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