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Introduction

It is believed that edible oils and fats with high levels of unsaturated fatty acids are susceptible to oxidation. Soybean
oil as one of the four important edible oils has high content of polyunsaturated fatty acids and so prone to oxidation.
Generally, lipid oxidation leads to deterioration of nutritional quality and organoleptic properties of edible oils and fats
as well as accelerate the development or progression of cancer, mutagenesis, carcinogenesis, aging and cardiovascular
diseases through the formation of free radicals. Therefore, edible oils and fats fortification with antioxidant compounds
in order to protect them against oxidation is essential. In recent years, numerous studies were carried out on exploration
of natural and safe antioxidant compounds due to the consumers concerns about potential health risk of synthetic
antioxidants, such as butylatedhydroxyanisole (BHA), butylatedhydroxytolene (BHT), tert-butylhydroquinone (TBHQ)
and propylgallate (PG). In this regard, TBHQ as the most powerful synthetic antioxidant is prohibited as food additive in
Japan, Canada and Europe. Ferulago angulata Boiss which called chavir or chavil belongs to the family of Apiacea
consisting of 35-40 species that 8 species grow in Iran. It was reported that Ferulago species are used in folk medicine
for their tonic, digestive, sedative, aphrodisiac properties from ancient times. Therefore, in the current study, the oxidation
development of soybean oil enriched with F. angulata essential oil (EO) during accelerated storage was investigated.

Materials and Methods

EO from freeze dried aerial parts of F. angulata was extracted through hydrodistillation using Clevenger type
apparatus. Gas chromatography-mass spectrometry (GC-MS) was used to identify main components of the EO. Total
phenolic and flavonoid content of the EO were assessed using Folin—Ciocalteu and aluminium chloride colorimetry
methods, respectively. Antioxidant activity of EO was measured through 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and
reducing power (RP) tests. Then, the EO of F. angulata at three concentrations, i.e. 200 ppm (SO-200), 400 ppm (SO-
400), and SO-Mixture (100 ppm TBHQ + 100 ppm EO) were added to soybean oil. The synthetic antioxidant of TBHQ
at the concentration of 200 ppm was added as control. The effect of EO from freeze dried aerial parts of F. angulata on
oxidative stability of soybean oil stored under accelerated conditions at 65 °C for 24 days was evaluated through acidity,
peroxide (PV), p-anisidine (p-An) and TOTOX values.

Results and Discussion
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Extraction yield, total phenolic and flavonoid contents of EO of F. angulata were 2.5% v/w, 188 mg GAE/g and 70.90
mg QE/g respectively. Furthermore, DPPH free radical scavenging activity and RP were 55.45-13.21% and 3.61-2.72 in
the concentration range of 1.6-4.6 mg/ml of EO, respectively. Based on GC-MS analysis, the EO contains 41 natural
compounds, representing 96.97% of the total EO. F. angulata EO could effectively reduce the acidity, PV and p-An
values. For control sample, the maximum values of acidity, PV peroxide, p-An and TOTOX were 1.52 mg KOH/g, 10.60
meq O2/kg, 12.48 and 33.68 respectively after 24 days under accelerated conditions. While these values were 0.085 mg

KOH/g, 4.5 meq O2/kg, 9.16 and 18.16 respectively for the soybean oil containing the lowest concentration of EO of F.
angulata.

Conclusion

The results confirmed the instability of soybean oil during storage as well as the ability of EO from F. angulata for
soybean oil protection against oxidation. As a result, EO from aerial parts of F. angulata could be suggested as a natural
and effective antioxidant to be used instead of TBHQ as a synthetic antioxidant for soybean oil stabilization.

Keywords: Accelerated storage, Essential oil, Ferulago angulata, Oxidation stability, Soybean oil
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cos (LI e bgw 89y pileST Céiy n o3lessl b,
15 J1b o dulie g wgrdi 43,3 5O (slod y3 oad gy balys

b e TBHQ (st oaiylus]

LS9, 9 dlge
sl gl ulge

slooss (5 —33) (235 Aoy > s ol Jlsn ol
U2ss ALB V8 5 a0 YY) olisle S liwl jd eVl ol e
e VEOA glasyl o g (Byd Job ddd VY g do )0 ¥ Jlos
s oo O L olSitlol 4 JUal 51 e 5 oslaen (1 o
LS S5 g (298 g ym 2B g oad ddial bgw (g S
tlbons g 5 I Ml 05 agg oliile S S50 6l IS 51 tylus]
oS g Gloll S o (SloS 1 Sl a5 4 gl a2y VL L
5 4 S el ol

252 s alall (s Sda
el YF Gao dy g olgn plisl oljl O 0 dasxie jolatads
olSuwd Lawgs s g b 031> 41,8 yogaudis a3 VA Ldio (slod jo
(CHRIST, Alpha 2-4 LD Plus, Germany)  sslazsl 8 Sais
s JLid b g oo 43 )3 Ar ito (slod 3 5 ccl YF Cto
NOENY Joleo oo cagl) (slgime & sy B )l o/ VD il
Slol 6l ookl b e b KB 5 59 b g o
sskaie 4 9 0l 39 (GOSONIC, Shenzhen, China) Sl
oo b S5l eSS (65090 a0 olitwd 9 S5 03Il b ol Gis
9 01,38 (Damavand Test Sieve LTD., Iran) YA »lskul
e glod ) g (gl Ay Cusho) g Igp 4y pglie (slodusS 19y
Hemmati ) ad (o )leS (bl glyzciol ()loj b waubis a3 VA
J(etal., 2021

gigﬁﬁngxﬁdlﬁﬂﬁlwulcl,;.\.u.;'“ |
wais gy 4 e olea el SS9 I il Zl el
4 (o2l i) VY @) o le) b osgls ol 'l L

1- Hydrodistillation
2- MS library
3- National Institute of Standards and Technology
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Jobe 0l ol 5 (2l 4 il e e ¢ 2k 4 DPPH
sl o il g DPPH

(RPY) Suiis slual ¢ yu8 () jae hiaiic
lsp sl bl (SaisS clsl )08 e (6 uSojll polatody
Blid olty 3l 31 I o ¥ U bl i ) I o ¥ pn
Qo> Vo) Wil (658 mawly i eo ¥ g (P15 PH Yge 1Y)
2y B glod 3 daBy Ve o 4y 5 ub bl (e
Sl S 65 e Vo 03,5 ()35 4lp S ogpades
Jgloee 1yl dee ¥ oad L3I ] @y (oo (99 2o p3 V) el
5 (oo = 39 oy +/V) ML Sl oo o/ Load agg
Lo )3 (61050 4883 Vel 9 48 bole jlaie Of yid e ¥
ol I ool b yiegll Voo zge Jobo > Ol e S0
(SPECORD 250, Jena, Germany)  J e g— bl 8 geiwwcinds
sl l )38 5 6 3YL e oxiad i sYL Qs liee b 81,8

.(Oyaizu, 1986) cul (Suss

Ok 9y Ulnlus) Sl 1 psa Ll B b5
o gy o Loy 583 50 (3 s g

9 (50-200) Plg_s"g_s" Voo clbale 90 0 ypo> u"‘?h’ raL\Jl u,.ulwl
Yoo lise 4 TBHQ (g oyl 05 4 (50-400) pl o 0 ¥+
O 0dd 4l bgw 89y 4 Ixe pboay (SO-TBHQ) pl g
5 03938 Lwgendis a0 ¥e glod (3 0abluS T Ms (S S5 mun
)1 gl Wged g S diges e (92933 (g bgw (159,
sy Sa (SO-MIX) TBHQ plig o Vv 5 ngz (eilel el
53 o3l 3y90 oanluST A 93 eSSl b g i il 3l
Gl 04 001> 75 ) Jodo 50 axlllas )50 (glojlons 05 428 )5 s
Lybo igdas 5l do (slaoau L] 0 b Lgws (469) &S0l 1 o
K.J 85, ) 051 »9 ..\..w).) Al yd (s s™ B Lgl.bd)]a’ a90° KW
50y VY Gl 4 g wgedw 4550 £0 les L (Pars Azma, Iran
2 M ol S b Polee bod (nl )3 (19) ) Jg) K2 )
Igbal & Bhanger, ) sas (5, (Cuwl ol Jasee baylyis
R wdlsd il o slaje) 3 ShleST Cd iy 5 (2007
85 )8 b)) )90 o)l 9 o g

3- Reducing Power

— sl miwcad oSiwd l edlatel b gegl YEO e Jsbo
2,5 <sld (SPECORD 250, Jena, Germany)  Jye)s
omlel IS Jeid ©luS 5 slgie (Singleton & Rossi, 1965)
3 dpaol SIB Joleo 2,5 dio bl o 3 jlailial  ocis ) ealizal b

25 ol el o5 50

(TFC') IS (5l 55935 Colass 5 (51 gine (s

o plal il JS (35939 LS 5 (slgiome (s sl
soate cpds A8 oMl parsegll WIS (S (o) I e
bglors duod B s Co i 5ig,Sue YO b uilwl jidg S YO
ol 4 203 Ve poiagll I8 52dg S VO B 5 5l e
Y0 5 2w yids S B+ ddydd iy CusdS 3l Ly w3,5 sl
e a5 oloy 2l e V/0 & Jobro woes g a8lil bglses 4
el oK I edlatwl b jegil BV zse Job s
L5 <sl,8 (SPECORD 250, Jena, Germany) (S ye e il
hoslazwl b S (sa8999M8 LS 5 (gleio (Jia et al., 1999)
ool )5 2 53 (s 598 Jolae S (o o 3 ikl gt
)5 ole

— 38 g Vo) ul3T sladlsauly (SuS lgs &8 Ghai
(DPPHT) a3l j38 =y -

DPPH 3lj] (ela JI6o, (SuiiS)loo 08 o jslitods
SIE o YIV OF) el dilie glaclile ) m) e ¥l
DPPH Jgibl Jybea y2lsbo ¥ b s 4 (b 1 ¢S sk
BU1 slod p3 4By Yo e &y bglses i bglses (Y50 Jio +/Y)
ol OV gge Jsb o ol il e 5 285 )18 S Lo
SPECORD 250, ) 5 yo 55 yikial b geivscigo oS 5 slizusl
S5 sl ool Hlee oo (Uly s <sls (Jena, Germany
Xieetal., ) 15,5 ol V dayly 3,k 5l dsy Cows ,y DPPH
lg5 lon b 1Cs0 slol s 3131 elaJISe3, Slae 5,08 (2012
S5 4 p5Y 0,5y DPPH o3l cla JIGal, aops 0+ e
S e b 13l a8 ICso i dn n &5 el
Al o i ol el 160,
DPPH 53l (cla JIS0), Jloo (%) = 22740 5 100 (1)

Ao

1- Total flavonoids content (TFC)
2- 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
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Table 1- Code of treatments studied in current research

a5 Aged
Code Sample
Control 29580 $55 8 (94 bgw 529,
Js Soybean oil without any additives
$0-200 r»e w"l“" Flu‘-.'-u‘-.'- Yoo 65L> l’?"’ OE9)
Soybean oil containing 200 ppm F. angulata essential oil
$0-400 257 ool pliai Yoo gl Lgw 0059,
Soybean oil containing 400 ppm F. angulata essential oil
50-TBHQ TBHQ (i oanlusSTas pliga Yoo syl bgw o)
Soybean oil containing 200 ppm synthetic antioxidant TBHQ
TBHQ pliaia Vor 50 olol pliace Vo v sl s o089,
s0-MIX

Soybean oil containing 100 ppm F. angulata essential oil and 100 ppm
synthetic antioxidant TBHQ

duoloe ¥ abayl 3l o3linl b Sy sae bl aobl o S5y 48,
A GE ey PSS 5 ST (Ylg Slidee s g
meq VXNx1000
PV (E) ZT (Yl)
» PErae Slgwsd w2 i 4 M g NV by ol
sy bgw 9y oy g e Sllgwgs ddle i il oo e
A8l (oo p)S

¥ o 30Tl sas (5 ya8e il

Cd 18-90 o,les & AOAC >,luilisl gub cptysl-1)L sae
bl > b gpSoilul Grlus 49l SV game yioxis jolate 4
35 Jitte 5 oo YO ple ) o b & (g, 45503 5 Y
S b 39 Joloxe Sl il e & s dpms o 42 STl L
015 4 (o> - iy 2oy +IV0) ezl Sl i Lo
SIS SoU e 50 ddds Ve e 4y g bglse sl Sl jo
Sloolaiwl b jiegil YO+ zgo Jsb j0 la i coles jo b
SPECORD 250, Jena, )  Jjye)p— il giwcads olSiwd
oSlss) il o O (g9l> &S sals gl .0 il )3 (Germany
5 ookl b o ssl=,b sae i ¢ pS oIl lie Lol cov e
(AOAC, 1990) 1 apusloes ¥ dlay),
p— AnV = 25%(1.245—Ap) (\c)

A ¢ ozl =L b (STls 5l ey o9y ol As byl ol
sl p)S w589y (59 M g Sald Lged >

(TOTOX") Js (hsleast sas (5,80 jhail

3- Total oxidation value (TOTOX)

Lo O 9 ol &8 pudoy sLagaA Ll o 53
sl (5 8o il

Lopl Oljee Gdgrded 423 5 (iU pegls (ow)p solated
Cd 3d-63 o)l 4 AOCS 5jlulial L gilas Lgw oo,
sl e VYO iges 1 p,5 Y+ 4 (AOCS, 1990) 15 (5 S0l
dS gy b ool (15 (Pl +oalle UK g ngnl) S
SS g3 b Jsloe 05 a8lal s Jib G pme g 3 il ety
b Ggel i 9 0 5t Al Jugpgil JSI 53 5¥50 +/) eauliy
Olpee 8l deldl 4l Ve cse ay Hlasl 5508 S90S 2l

ACidity (mg;OH) — (VXCI;(/SG.l) (Y)

SS9y Loles oximd i ui i 4 W o C oV dlaly oyl jo

Sl cas sl g Aged ol S slp (Spas maly
2 09y ¥903 (139 9 5 2 9o s pualy MuSTgpae clale
bl o p)S e

't aas (5 S jlul
P9y 4SSy D3 loluST adgl ¥ g (L)) jslates;
655071351 Cd 8-53 o )las 44 AOCS 3kl l 5illae g (¢ s2og0s
b &gas 5l o5 0 (b 0,5 5 uy yolate (py (AOCS, 1990) wis
Sl Sl Caond ¥) Pl il oo Vo pogades 20 ¥+ (sl
Sty gilce 10 s 33,5 L ] & (p g lS o Y
(b Sl ol )3 5355 08 )y 0 8] (] @ Elel sl
Ml gurgs b s g 15 L] ol et O il o Yo adds
Coled 50 00,5 15 W 0y S5y opdy o I B oy /o) el

1- Peroxide value (PV)
2- p-anisidine
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Lo (glod )0 odd Sis pon il j3 0dd lwlid S5 op
ol o,lil 3 g & Hsb len .(Sadeghi et al., 2016) >4
S5 5 odal Candts Luilel S g (oS sla (S yd olds 399
bulpd gy @bl ol b 5l 6 Wy alis olS
ool gl gy g (13,5 S (o) auilyp g cudly ceuidls
(Hassanpour aghdam et al., 2010) .l

VoA Glsy e gl ol ISy W
» > Bornyl Acetate 4 f-Pinene .Myrcene (Terpinene
Song et) k)b Job B ilusT s cld Sul slaclale
Lo cyled Lwly opl > (al., 2001; Hosseini et al., 2011
p- 5 Bornyl Acetate O-Cymene Cyclofenchene L S
Haznedaroglu et al., 2001; ) cuwl s, <lil 4 Pinene
.(Darderafshi et al., 2014, Shahbazi et al., 2015

Olysa @adgaM o (Joib LSy pla Jlbcans; ClSy
L5 G Sk jon Jsme o pllS 456 sbedgbie jl Si>
U G LS 5 (oS (Slgime homiw At LS (o2 LuS]
9 I3 OleS 5 Glgize (e a5 b (L5 JS (6595928 5 (J5id
Lol by 4 0ad Sid pgx (g plal Guilul S (43939
£ 53 deol SIS Jsleo £S5 o VAAEIVY Joleo i &
bbge bl 57 )3 (i 39S ) (e Ve A/ g il
Trans-f- Thymol w-Pinene ,lx cadsnys bS5 de
» O-Cymene o Carvacrol (Terpinene-4-ol Ocimene
Vg s Cgmie (J9id OlaS 5 Ao 145 s> (lgn plal il
Slaog)S it b 4 GLS) a5 Lol bl olyse
olaleST 5l Jols s JS0al) b STy 4 0B Sy
Ll il (55 b iy e g oo bl e (LS slaisds,
0355 oo bS] s 1l g (glo s la STy gad G
OhlSer 5 bl (slasdlas > (Dehghan et al., 2019)
Glxie (Joid 0l 5 0959 10,8 4ledl (Hashemi et al., 2015a)
o L )l Y W gl i 5 W) s oy igige
heleSTas b o gt dom)l obS bl )3 (J1¥ o

old s o> olS loa plul uslel LiolusT 0o b
S JBosly (S8 lon 518 ioxiw by 93 4 3bosl gy 4
s 05,5 g ySoslul (SaiS clal ¢y o 3 DPPH
e 0 por bl el &S ol o] 5 (S sel cund 4
Uil b &Sl ol clale 4 atwly DPPH »ljl (cla 150,
o clab liee i oo g2 25 o FIF B VE 51 bl clalé

2- Tukey's test

Egoro o.\;.mb‘_',uu’ LY Jf u-u)LM{‘ O‘.o.h L u~59’93 dde
(Nyam et al., 2013) s aubxo

TOTOX =2PV +p-AnV )
Sl Jalos g @ 505

L g (ol SelS )b B 53 il gy clislel b
ol sl Jlos g wiod lp Copd ©jge IS5 A
4 by Sile duglis 5 (One-way ANOVA) 46,k S, il ls
S3dle s 5l ookl b aoyd A0 lseb! o )3 ¥ S5 oy90jl oo,
N5l 5 oslizl b o lges . odlizl 1§ a5 MINITAB
g el LS5 aw jd layge;l aldS ad gaoy Yo Y asus S
Wb )15 e Bzl Sl < yguo s laosld

SR 15 lea plel puiled S g oaS sla STy
Sobaail by, g ousd

P9y & ok SUiS pox 2lga pluil Sl sl gl Sl 3l
OhlSed 5 (Balo oS Jbb 3 5gr 5ol (0> duo > YD (goless]
Sid digas j uill glyseinl 033L 500 (Sadeghi et al., 2016)
L2505 i35 5ol (S59 Moyd 10 ]y lasre (sled y> o

Uh9) & odd Suid pex 2loa plul I sel cond 4 il
ly bl S 788/AY gg0mme 13 48 59 S 5 BV (gl (soless]
Ll polie g os plolis olews GlS 5 aad o S
lolid (oliosd SluS 5 ool g 93 b g Cusl b 0251 ¥ Jpur
ol &3l lasro (glod jd ol i o> oled plil bl 45 o
b duwslde (Sadeghi et al., 2016) . )\Kea § Bolo bws
B bt CLS S (il 9o dasMe &5 j5bplen
i golessl gy s odds S o oled pluil uoll saiad
{/¥\/#0)  Cyclofenchene  Jols
{7%vIyY) Bornyl Acetate (/ZA/A\) O-Cymene (/.Y-/\+)
p-Copaene- (/Y/Ya) Trans-Verbenol (/Y/va) Myrcene
5 (ZY/VY) y-Terpinene (%Y/aY) Limonene (%Y/YY) 4a-ol
5 Blo adlas > ol Jbs > oyl aib e (XY/0A) p-Pinene
wlowd cuS 5 £e IS sl 4 (Sadeghi et al., 2016) S

by o S5 1y sl IS ZREIAY ggemme 3 oS ad olelis
sdes (AY+/VY) Cis-Ocimene  slows oS 5 oS canl S3 4 p5¥

Trans-B-Ocimene

1- Analysis of Variance
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ol gl el Candey yid Juo oS Lo O/SVFE/VO L ol il Lo y> 00/F0 B YVVY I DPPH sljl o JIal, (Sucs
cullid e puilul clale (il b oS e e ol oldlas bwgy DPPH sljl (sla JIGsl, (SaiiS Jlee cullad oo .l
.(Hashemi et al., 2015a, b) 1L o Ll 31 3 bl aioluST 0 1Cs0 (! o (golazsil (ig;y dy 0id Sid g (lop plail uill

SOloodl gy 1 pgn Bl SWid oled oIl 5l ouel Cuwd 4y (pilur! (ot bowd oS 53 =Y Jgun
Table 2- Chemical composition of the essential oil obtained from the freezed-dried aerial parts of F. angulata

FD Ambient FD Ambient
Coz;‘)scnﬂnd 0355 S Temp.” Coz;}oend 0355 S Temp.”
e ezl e (slo s e e (slos
Cis-Ocimene - 30.17 S-Bourbonene - 0.28
Cyclofenchene 21.65 - Myroxide 0.45 -
. tetrakis (1-
a-Pinene 0.31 154 methylethylidene)- 0.43 -
Trans-p-Ocimene 20.10 5.70 Linallol 0.44 0.26
v-Terpinene 2.77 5.57 m;\t‘ﬁ;}’ééfa)niate 0.42 -
Germacrene-D 1.38 5.03 S-Cubenone - 0.23
Limonene 2.92 4.88 a-Amorphene - 0.22
O-Cymene 8.88 - Terpinene-4-ol 0.29 0.17
Bornyl Acetate 7.23 4.57 S-Elemene - 0.16
Trans-Verbenol 3.29 - a-Cadinol - 0.15
Myrcene 3.75 3.62 [-Bisabolene - 0.14
S-Copaene-4a-ol 3.27 - Borneol 0.57 0.14
p-Pinene 2.58 - Epi-a-Cadinol - 0.13
Camphene 1.69 241 Cis-Jasmone - 0.12
R-Ocimene 1.39 - v-Elemene - 0.11
Noe-Allo-Ocimene 0.60 1.87 Cuparene - 0.10
B-Phellandrene - 1.84 a-Cadinene - 0.10
a-Terpinolene 1.30 1.70 Ledene - 0.09
Bicyclogermacrene - 1.29 Thymol 0.18 -
5-Cadinene - 1.18 a-Terpineol 0.21 0.09
Verbenone 0.99 - Tricyclene - 0.09
8-3-Carene - 0.71 Verbenene - 0.09
Germacrene-B - 0.63 Palmitic acid - 0.08
p-Menthane 0.85 - Trans-Sabinene hydrate 1.93 0.07
p-Cymene 0.51 0.56 a-Muurolene - 0.07
Viridiflorine 0.82 - Pinocarvyl Acetate 0.36 0.06
Spathulenol - 0.54 Iso-Spathulenol - 0.06
a-Terpinene - 0.53 a-Humulene - 0.06
Cis-Verbenol 0.81 - Butanoic Acid, 3- methyl - 0.05
S-Cadinene 0.64 - y-Curcumene - 0.05
a-Naginatene 0.57 - Trans-S-Farnesene - 0.05
a-Phellandrene 0.93 0.52 a-Cedrene - 0.04
a-Acorenol 0.49 - Elemo - 0.03
a-Thujene 0.40 - a- Campholeneal - 0.03
a-Copaene 0.55 0.33 p-Cymene-8-ol - 0.03
Geranyl Isovalerate - 0.30 Geraniol - 0.03
anthenyl Cis-Chrys 0.28 - Carvacrol - 0.03
propionate
Italicene 0.23 a-Cubebene - 0.03
Methyl Eugenol 0.21 0.30 Myrtenal - 0.02
Trans-Caryophllene 0.30 0.28 Methyl cyclohexane - 0.01
Total identified (%) 96.97 96.84

.Sadeghi et al., 2016 g jl 43,5 , o o3ls”
“Data adopted from Sadeghi et al., 2016.

ol oy 3l & 31} ), Sl Bk ) cadsiad 5 Jsd Sl e Ll b 5 36 Wlgie el oy
SN e el L3 uman (Samadloiy et all., 2008) 5 Jod bS5 il 0o el & 1 asl S cadeisdls
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osbol Sl el ¥ee g Viee (99581 S diged b duslie ) 39,
doyd FIYA o OVIBO (i3m0 4 iy 4 Canilyy pogn olen plul
2 2980 dasMe &S oo lan led (65T gl ol €y )
odaline Slsly Sl ze adlas 5j50 wilwl clale edgue
(S0-MIX) (g3t g (rub 0anluST a5 bolses y3438] 4! yudi
bow 9y oilas] Cdpin 5l a0y BAFY e & cudly
sdnltio Sl b 5 (i Sl 465 gp g wld 6,Sol>
g, plalusT adgl sl tiSTy £93g jl caniloe S jobody 03,55
il gl Ll by s 4 alS Jlbtunj Ol bwg
b g sl bawgs 331 ela JGaly (S0 Jlae y8 by e S
sas el gl 5o (Sadeghi et al., 2016) ,Sen o (Bolo
ol Sis £ U.’be rO].-\J‘ d.uLwl b ol )‘.bl) b9~u O’éﬁ) J.m.Sl).:
V=551 pl oo O+ VYO clale dgamme )3 5 baso (glod jo
GNP eSS 0y9> (bl 3 PSS 2 (gt (Yl Sl
2> wlon pluil Gulel yobs imeh zubs b awglis jo aS 5,8
OhlSen g lamsy Lwly cpl ,o (Sadeghi et al., 2016) sl
JW5 5 Cowgy (uilel 139331 31 o)y L (Dehghan et al., 2019)
Q¥ 5l ol ke l33I b oS sl by g, g3l lil
L oS og Jb o coplcdly ials awsly sae e 2oy O
ey oSSy Bl Gl8l Loy Ve a (il clale yil38l
9 olaw J38 (Dehghan et al., 2019) cél, yol58l 484, (iulus]
Uibeh > (Ghezelsoflo & Sayyed-Alangi, 2017)  Sillagw
L 258 88 il pligg Ve clale wdl s olie
)3 0ad @y blpd o bgw (189) laluST e )3 (ogllae
oyl (Keshvari Fard et al., 2020) |,\Sen 5 5,8 (558
Voo e B g () &0 (ilh gl il 39381 &5 3,
PV Sl 5 J 395 0 2Ty 206 il s plegscs
DO Jes SlaSly a5 asld LusSae de jlade oyl I
I3 5085 0355 (o Liges (55 T 306 (i i il

.(Keshvari Fard et al., 2020) sl

3 ol wlgs o il clale iol3él L DPPH Il cla 501,
< gl JUsl g )39y cslapdl b by Sl (giloolil s il 8l
ool ol Suis slsl clld i a5L DPPH sl JIS5ol,
Fogli Voo e Jsbo p> (bl ol liee 9 LB @ il g2
bl e oal sl iy el Cawndts YEV-YIVY 039050 5
b ol (nl g dlbe (S8 clol om0 lon b (23039l
Slgs e sl bl ) Jld o bS5 sialus] as s
GBI A0 b Ssle p b e SlaS 5 b sl
Mohammadi & Arabshahi-) wle g 1) (isluST 4503

.(Delouee, 2017

b Liges (9 sl w3 g3 192 gl G380 A
ouds aus g Joal pudi Caadi (5 lagSa Baae
it w518 Y same cplgl aaST s e 5 as]y,
Sgd e pEgy '(SAE A caw g oMl apd lubl
SYL STy sae a5 4o (Dobarganes & Velasco, 2002)
(il el dls e )3 el 568 ialuST gyl oams i
alsyo SET b oSl o5 el ot g,0m g sl 5
e slacbale (3¢38l Wb b o il Ll i Ll
STy d3e (69, » TBHQ (gitw sanlus] 0o g pos ol
Obis ) JSb )3 0ad @y bl ot (65 e bigw ()
Sljlas o (o)l me glds &S Cawl S 4 p3Y il 0 02l
Mze BUB] K> (0>4/40) 10,5 osalie adllas )90
d9>9 ) ng) u»l.w‘ 2 D dgdaio J).u.{ L g0l L L&’)qu (p<‘/‘0)
odnlin Jlb badiged (coled dpuSTy dae joolie (0 uiylj8l g, S
Olesds bawSlyge LSl cle o GuliEl ) oS col
] (60055 i ) b 5005 0,9 (3 STy 208 331
595 3ol €8l i3l (655 b b 3193 5o, b ol 51 e 9 092
SrmMe cud b anSly e (5l 0)9> (bl T eadjly
olee (6155 0590 (glatl 10 Lguw (€95 duwS Ty dae bl il 58]
5 oo 85 39 0y S 2 55 Y15 S o0 Y
U8 diged dewSTy dae 00l @y bl Con (651055 e, YF
PSS 52 3] Yly (ST e VoIS INY Sl e
80-400 $0-200 (sladiges dpuSly dae &S Jb 1> sy €9,

1- Rancidity
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Fig. 1. Peroxide value of soybean oil containing F. angulata essential oil and synthetic antioxidant TBHQ stored under
accelerated conditions for 24 days
Control: Soybean oil without any additives, s0-200: Soybean oil containing 200 ppm F. angulata essential oil, s0-400: Soybean oil
containing 400 ppm F. angulata essential oil, so-TBHQ: Soybean oil containing 200 ppm synthetic antioxidant TBHQ, so-MIX:
Soybean oil containing 100 ppm F. angulata essential oil and 100 ppm TBHQ.
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Fig. 2. P-anisidine value of soybean oil containing F. angulata essential oil and synthetic antioxidant TBHQ stored under
accelerated conditions for 24 days
Control: Soybean oil without any additives, s0-200: Soybean oil containing 200 ppm F. angulata essential oil, s0-400: Soybean oil
containing 400 ppm F. angulata essential oil, so-TBHQ: Soybean oil containing 200 ppm synthetic antioxidant TBHQ, so-MIX:
Soybean oil containing 100 ppm F. angulata essential oil and 100 ppm TBHQ.
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Fig. 3. Acid value of soybean oil containing F. angulata essential oil and synthetic antioxidant TBHQ stored under accelerated
conditions for 24 days
Control: Soybean oil without any additives, s0-200: Soybean oil containing 200 ppm F. angulata essential oil, s0-400: Soybean oil
containing 400 ppm F. angulata essential oil, so-TBHQ: Soybean oil containing 200 ppm synthetic antioxidant TBHQ, so-MIX:
Soybean oil containing 100 ppm F. angulata essential oil and 100 ppm TBHQ.
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Fig. 4. TOTOX value of soybean oil containing F. angulata essential oil and synthetic antioxidant TBHQ stored under
accelerated conditions for 24 days
Control: Soybean oil without any additives, s0-200: Soybean oil containing 200 ppm F. angulata essential oil, s0-400: Soybean oil

containing 400 ppm F. angulata essential oil, so-TBHQ: Soybean oil containing 200 ppm synthetic antioxidant TBHQ, so-MIX:
Soybean oil containing 100 ppm F. angulata essential oil and 100 ppm TBHQ.
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Introduction

Oxidation reactions and microorganisms’ activity are considered as the most important factors affecting the quality of
food products. Recently, in the light of the inefficiency of some chemical preservatives against microorganisms and the
presence of toxic residues in food products, the use of natural antimicrobials and antioxidants has been increased. Natural
antimicrobial compounds have the potential to control microbial contamination and reduce the use of antibiotics. Plant
essential oils are natural compounds with the potential to be used as active ingredients in the food, pharmaceutical, and
cosmetic industries. Various studies have shown that essential oils have antifungal, antibacterial, antiviral, and antioxidant
activity. The essential oils are considered as superb preservatives with various biological functions. Essential oils are
generally recognized as safe product (GRAS) which can be used as an alternative to synthetic additives.

Grapefruit (Citrus paradisi) peel and fruit contain active ingredients such as acids, flavonoids, vitamin C, and
potassium, and its essential oil is composed of terpenic hydrocarbons, such as citral, limonene, citronelal, and geraniol.
Although plant essential oils have antimicrobial and antioxidant properties, one of the main problems of these natural
compounds is their high volatility and instability. In this context, nanoemulsion formulations are frequently used to
increase the stability and efficiency of these biologically active compounds. This study is therefore aimed to
nanoemulsifying the grapefruit essential oil and evaluate its antioxidant and antimicrobial properties.

Materials and Methods

B-carotene, linoleic acid, ABTS (2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt), and
DPPH (2,2-diphenly-1-picrylhydrazyl) were purchased from Sigma-Aldrich Co. (USA). Mueller Hinton Broth (MHB)
and Mueller Hinton Agar (MHA) were supplied from Merck Co. (Darmstadt, Germany). Grapefruit peel was dried at
ambient temperature and then powdered. The obtained powder was then transferred to a Clevenger device containing 750
ml of distilled water to perform the distillation extraction (3 h). The resulting grapefruit essential oil was stored at 4 °C
until use. Grapefruit essential oil was prepared using the hydrodistillation method, and then nanoemulsified. The
antioxidant activity of the nanoemulsified essential oil was investigated by DPPH and ABTS radical scavenging activity
and beta-carotene/linoleic bleaching test. The nanoemulsified essential oil or methanolic (control) was mixed with DPPH
solution and the mixture was then stored at ambient temperature for 30 min, in a dark place. The control sample was
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prepared by methanol. The absorbance of the samples was measured at 517 nm. To determine the ABTS-RS activity, the
nanoemulsified essential oil was briefly charged with methanolic ABTS radical cation solution and the resulting mixture
was left at room temperature for 30 min. Afterward, the absorbance was read at 734 nm. A spectrophotometric method
was applied to monitor B-carotene/linoleate solution bleaching in the presence of the nanoemulsified essential oil. To do
this, the absorbance of the solution was recorded at 490 nm after 120 min against the control sample at time zero and
after 120 min. Antibacterial effect of the grapefruit essential oil nanoemulsion was also evaluated against Escherichia
coli ATCC 25922, Salmonella typhi ATCC 6539, Pseudomonas aeruginosa ATCC 27853, Listeria innocua ATCC
33090, Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 14579, Bacillus subtilis ATCC 23857, Streptococcus
pyogenes ATCC 19615, and Staphylococcus epidermidis ATCC 12228, based on disk diffusion agar, well diffusion agar,
minimum inhibitory concentration, and minimum bactericidal concentration.

Results and Discussions

The results showed that the nanoemulsion of grapefruit essential oil had a remarkable antioxidant effect of 42.27
mg/ml, 33.27 mg/ml and 54.54%, respectively, based on DPPH, ABTS, and beta-carotene-linoleic acid bleaching tests.
According to disk diffusion agar and well diffusion agar results, the lowest inhibition zone was related to E. coli and the
highest inhibition zone was observed in L. innocua. The minimum inhibitory concentration for L. innocua and S. aureus
(the most sensitive bacteria) was 25 mg/ml, and E. coli, S. typhi, and P. aeruginosa had the highest inhibitory
concentration. Also, the lowest bactericidal concentration was related to L. innocua and S. aureus bacteria and the highest
concentration was observed for E. coli, S. typhi and P. aeruginosa. The nanoemulsified essential oil generally exhibited
greater antibacterial activity against Gram-positive species. This could be mainly due to the difference in the cell wall
composition of Gram-positive bacteria in comparison to Gram-negative; Gram-positive bacteria have a thicker
mucopeptide layer in their cell wall, while Gram-negative bacteria have only a thin layer of mucopeptide and the wall
structure is mainly composed of lipoprotein and lipopolysaccharide, thereby leading to a higher resistant to antibacterial
agents According to the results, grapefruit essential oil nanoemulsion can be used as a natural antioxidant and
antimicrobial agent to control oxidation reactions and the growth of spoilage and pathogenic microorganisms.

Keywords: Antimicrobial activity, Antioxidant effect, Grapefruit essential oil, Nanoemulsion
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Table 1- The results of antioxidant activity of grapefruit essential oil nanoemulsion

Beta-carotene/linoleic acid (%) ABTS DPPH
(%) daw! Sl giad] 55 9,5- L (ICso: mg/ml) (ICso: mg/ml)
54.54 + 0.66 33.27 + 0.64 42.27 +0.59

Osedgalgil iy )3 Vb Cumlas cute p5 (681 oyl &
A5 pae gladlle jlad oy i g cp oS ) ©gjhce S il
L. 5 E. coli clacySh 3wy & 35 5T Sale (35,
pie gadlla Jad iy polie b ol b g e saalie iNNOCUA
g Fgeind Sad (g b duglie o BT Saly 2, 55 1)
B9y 2 LSl b eilel (gndgalpil pudtas wles Jd> 4
Uhey 94 o 3 a8l o] st s gl amd 3 5,51 Sals
S s Jl 13355l g (29,500 28 S (aind S
Olee crl > &5 w3 e L5 Lo 8L g9, 1y 395 1 S sl
@l » Sand (5)9abse (loj g lad cuabiud jlabd iilo gl S
Behbahani et al., ) wib o 50 (5000 Swd by jl Juol>

(2018

P il slapeslSo 3o ) (BLS (9,50 15 LS

polie (29,50 g (6396 53 9 cl jl g 0390 las 8L e 4
) Jolbs bs (Yazdi et al., 2013) wisl o diodj)) s
odd o3> L ¥ Jodo 55,51 Sals 5 50mnd Saawd sla g0l
U (Sl dla yad ey 93 b 13 a5 30 o sdalide ol
S. LS. aureus SL > gy ,S ikl amdgelail
3] 48l B. subtilis L B. cereus (s,iSL ,» 4 epidermidis
AWM a6 ,iSh plo o &S Jb 0 sl o 005 b (6> bize
O5oatsd SKauwd gy »d Jodo & dagi b g o odalive (6> cize
4 borye (e VIF+) a3, pis dla b ofie 08 ]
it p)5 &3S ol (YL Canslio 1 L S 039y E. COl (5 Sy
A3 (i Cptdie Oeoned Sl SMF omdgelgl ply
A3 o ol Lo innocua (¢ xS'b )0 (o Joo VW04 ) )y pas dla

ST Saly o )T 5aasd Suansd ol 2 ©g 8 )5 (bl amnd 9ol (29500 Wb Cllad s Y Jgur
Table 2- The results of antimicrobial activity of grapefruit essential oil nanoemulsion based on disc diffusion agar and well
diffusion agar methods

Microorganism

Disc diffusion agar (mm)

Well diffusion agar (mm)

s 50 (iocsko) 57 53pi> s (ioke) 61 Sale
E. coli 7.30+0.25¢ 8.00+0.19¢
S. typhi 8.10+0.32 ¢ 8.30 +0.26 %
P. aeruginosa 9.00 £0.41 9.50 +0.50
L. innocua 13.50 £0.522 13.80£0.572
S. aureus 11.30£0.27° 12.10£0.39°
B. cereus 9.80+0.45¢ 10.20+0.47°¢
B. subtilis 9.60£0.37°¢ 10.00£0.37 ¢
S. pyogenes 10.10 + 0.46 b¢ 10.90 + 0.55 b¢
S. epidermidis 11.20+0.33° 12.00 +0.50 °
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Table 3- Minumum inhibitory concentration (MIC) and minimum bacricidal concentration (MBC) of grapefruit essential oil
nanoemulsion

Microorganism MIC (mg/ml) MBC (mg/ml)
PRI PO NS oo B Jlos oSS ke Sl
E. coli 200 > 400

S. typhi 200 > 400
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S. epidermidis 50 400
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Introduction

Bran-enriched bread is a source of dietary fibers and other nutritional compounds; However, wheat bran also contains
phytic acid, asparagine, a high ratio of insoluble to soluble fiber, insoluble arabinoxylans, and glutathione that cause
nutritional and technological problems in the product. Therefore, to produce bran-enriched bread, it is necessary to use
pre-processed wheat bran. Despite the modifications made in wheat bran to improve its nutritional and functional
properties, wheat bran-rich cereal products have a dark color, rough texture, and small loaf volume. To improve the
quality of bran-enriched bread, common additives in the bakery industry such as enzymes, alcoholic sugars, emulsifiers
can be used. Xylanase is one of the important classes of hemicellulase enzymes that delays the aggregation of amylose
chains, and consequently, bread staling. Moreover, the xylanase enzyme increases the loaf volume by converting water-
insoluble arabinoxylans into soluble ones. SSL emulsifier can interact with gliadin protein and prevent its participation
in crosslinking bonds, which softens the bread crumbs. Polyols can reduce water activity and improve the softness of
bread. Sorbitol is commonly used in starch-based foods to improve their quality by modifying starch gelatinization and
retrogradation. So far, no article has been presented on the simultaneous effect of enzyme, alcoholic sugar, and emulsifier
improvers on bread enriched with processed wheat bran. In addition, the amount and composition of improvers used in
combination with each other can cause various effects on different properties of bread. This study aims to improve the
technological, physicochemical, and finally stalling of optimal bread enriched with 15% of pre-processed wheat bran
while benefiting from the nutritional properties of wheat bran.

Materials and Methods

In this study, the effect of sodium stearoyl-2-lactylate emulsifier (0-0.8%), xylanase enzyme (0-0.05%), and sorbitol
sugar alcohol (0-6%) as improving agents on The physicochemical and technological parameters of bread enriched with
15% pre-processed wheat bran were investigated based on the response surface method in the form of a rotatable central
composite design. After that, design-expert software determined the optimum percentage of improvers to achieve the
minimum amount of firmness and cohesiveness of bread and the maximum amount of specific volume, moisture of bread
crumbs, lightness of bread crust, and solidity of bread pore structure. Finally, optimal and control samples were compared
using the Differential Scanning Calorimetry and Scanning Electron Microscopic experiments.
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Results and Discussion

The experiments showed the bread's firmness under the influence of SSL emulsifier and sorbitol alcoholic sugar and
chewiness, by adding SSL emulsifier and xylanase enzyme decreased significantly. All three improvers caused a
significant increase in the specific volume of bread. The pore characteristics of bread crumbs, such as solidity and
circularity, were significantly improved by adding an SSL emulsifier, and roundness was considerably enhanced by
adding sorbitol alcohol. The brightness of bread crust was also increased significantly by the SSL emulsifier and xylanase
enzyme. In addition, the Xylanase enzyme improved the moisture content of bread by substantially increasing the
moisture content of bread crumbs, and alcoholic sugar and SSL emulsifier with a significant reduction in crust moisture.
Moreover, the chewiness of bread on the first day after baking, specific volume, moisture of bread crust on the third day
after baking, and the solidity of bread crumbs were significantly improved due to the interaction of SSL emulsifier and
sorbitol alcohol. Also, the interaction of the xylanase enzyme and SSL emulsifier improved the specific volume, moisture
of the bread crumbs on the first day after baking, the lightness of the bread crust, the pore area fraction, and the circularity
of the bread crumbs. Finally, the optimal formula was obtained, including 0.563% of SSL emulsifier, 0.040% of xylanase
enzyme, and 2.356% of alcoholic sugar sorbitol. The results showed a significant decrease in enthalpy and an increase in
the initial gelatinization temperature in the optimal sample compared to the control ones. Also, a weaker gluten network,
more swelling, and amounts of starch granules in the microstructure of sample bread were observed.

Conclusion

In conclusion, SSL emulsifier by interaction with amylose and amylopectin in starch granules, sorbitol alcohol via
interacting with water molecules surrounding starch chains or by bonding between starch chains in amorous regions, and
xylanase enzyme through reducing rate of crystallization can reduce the gelatinization of starch granules, enthalpy, and
finally the retrogradation process of amylopectin and stalling rate of bread with their synergic effects. In this research,
we formulate the wheat bran-enriched bread that not only benefits from the nutritional features of wheat bran but also
preserves the quality characteristics of bread.

Keywords: Differential Scanning Calorimetry, improving agents, Response Surface Methodology, Scanning Electron
Microscopy, Wheat bran enriched-bread.
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1- High Performance Liquid Chromatography (HPLC)
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8- Pore number

9- Pore area fraction
10- Circularity

11- Roundness

12- Solidity
13-MATLAB
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1- Weight loss

2- Hardness

3- Springiness

4- Chewiness

5- Cohesiveness

6- Differential Scanning Calorimetry (DSC)
7- Scanning Electron Microscopy (SEM)
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4- R-squared (R2)
5- Adjusted R-squared (Adjusted-R2)
6- Coefficient of Variation (C.V.)
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1- Design Expert software
2- Central Composite Rotatable Desigh (CCRD)
3- Lack of fit
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Table 2- Physicochemical properties of processed wheat bran (mean + standard deviation)

Properties Processed wheat bran sample
S 50511 3,90 b S iag 20 (55913 gaw diged
Crude fiber (%)
(3> R 10.075+0.085
)0 >y
Soluble fiber (%)
(3> o) oo yud 14.35+0.0150
P ? i
Insoluble fiber (%)
(3> s ) Jplonels 44.516+0.0160
> d
pH (%) 5.403+0.005
(253 cens ) PH
Protein (%) 15.883+0.015
(3253 cus ) w9
Fat (%) 7.190+0.020
(vo3d e ) 22
Ash (%)
(33 o) S 7.033+0.035
Phytic acid (mg g%)
(33 o) S 14.41+0.410
Iron (mg 100g?)
(25 V" 2 5 (o cow ) 0l 23.840+0.030

Hardness 1 = +2.39 — 0.3175 * A — 0.0749 « B — 0.0786 * C — 0.1474 = AB — 0.2346 = AC + 0.0889 * A —

0.2443 = B% — 0.0653C?

()

Hardness 3 = +2.80 — 0.1634 x A + 0.0199 * B — 0.2144 » C — 0.1728 = AC + 0.1419 * BC — 0.0641B?
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Chewiness 1 = +0.0044 — 0.0006 * A — 0.0003 * B — 0.0003 * C — 0.00003AB + 0.0005 * AC — 0.0008 = BC

+ 0.0004 * A2 — 0.0003 * B> — 0.0002

()

Chewiness 3 = +0.0056 — 0.0002 * A — 0.0003 * B — 0.0003 * C — 0.0001AB + 0.0002 * BC — 0.0006 x B2

—0.0006 * c?
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Springiness 1 = +6.87 — 0.04294 * A + 0.0011 * B — 0.2035 = C + 0.0865AC — 0.1159 * B2

(v)
Springiness 3 = +6.87 — 0.2391 * A — 0.0863 * B — 0.1599 = C — 0.1189BC — 0.1025 * B? — 0.0821C?
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Fig. 1. The interaction of variables for textural properties of bread on the first and third day after baking
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Specific Volume = +2.53 + 0.0348 * A + 0.1118 * B + 0.0591 * C — 0.1000 = AB + 0.0375 * AC + 0.0512 = A?

+0.0819 * B?
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Fig. 2. The interaction effect of variables on the parameters of specific volume, weight loss and moisture of crust and crumb
of bread
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Fig. 3. The interaction effect of variables for the color of the bread image and the pore characteristics of bread crumb
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Table 6- Thermal properties of optimal and control samples (mean + standard deviation)

Initial Gelatinization Initial Gelatinization
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The presence of numbers with the same letters in each column indicates that there is no significant difference between the two

samples (p < 0.05).
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Fig. 4. SEM images of optimal and control samples from left to right respectively
(Red circles represent starch granules).
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Introduction

Quinoa, which is known as the mother grain,has higher protein content than common cereals and possesses a large
lysine content. Quinoa is composed mainly of carbohydrates (60-75%), of which 10-13% is dietary fiber. Quinoa also has
a slightly higher protein content (12-16%) compared with cereal grains and fat content (5-9%) that is rich in unsaturated
fatty acids. Quinoa seeds contain similar or slightly higheramounts of bioactive compounds such as polyphenols (2.7-3.8
o/kg). Moreover, quinoa is gluten-free, thus providing the ability to enhance the selection of gluten-free products
forconsumers with celiac disease, but this type of characteristicis challenging to development of bakery products from
quinoa with desirable physicochemical properties. Processing of cereal grains and pseudo-cereals into products that
deliver a nutritive valueto consumers represents a considerable opportunity for large scale food processing. There
havebeen some reported studies on roasting, extrusion, steam pre-conditioning and pearling of quinoafor further uses.
Extrusion cooking is a promising technology for improvement of functional properties of quinoa flour. The Evaluation
of physicochemical properties and microstructure of Expanded quinoa as affected by extrusion conditions was the main
goal of this project.

Material and Methods

In this study, a parallel twin-screw extruder (Jinan Saxin, China) with die diameter of 3 mm was applied. The effects
of extrusion process parameters including feed moisture content (14 and 16%) and die temperature (130, 150 and 170 °C)
on final moisture content, bulk density, water absorption index (WAI), color parametersL* (lightness), a*(redness),
b*(yellowness), hardness, and microstructure of Expanded quinoa were studied. Extrusion was carried out using a co-
rotating twin screw extruder with L/D ratio of 10:1 and die diameter of 4 mm. The feed rate of flour and the screw speed
were set at 40 kg/h and 200 rpm, respectively. The physicochemical properties were measured using standard methods.
The hardness measurement was performed by a texture analyzer. The cylinder steel probe (2 mm diameter) was set to
move at a speed of 1 mm/s The samples were punctured by the probe to a distance of 10 mm . The color parameters of

the samples were determined by the Hunterlab machine. The morphology of samples was assessed using a scanning
electron microscopy (SEM).
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Results and Discussion

A comprehensive study on impacts of extrusion processing conditions on quinoa flour was conducted. The effect of
process variables on the physicochemical attributes of the extrudates was observed. the expanded quinoa with higher feed
moisture content had greater moisture and those extruded at higher die temperatures showed lower moisture content
(p<0.05). Moisture can reduce the shear force as a plasticizer and increase the amount of moisture absorption of the
product. While increasing the die temperature, the effect of shear force on starch dextrification increases and reduces
moisture absorption (p<0.05). WAI was significantly influenced by extrusion variables. In fact, feed moisture content and
die temperature both positively changed the WAI of quinoa flour so that all extruded samples had significantly higher
WAL than the untreated sample (p<0.05). Moreover, the sample with the higher feed moisture content (24%) treated at
the highest extrusion temperature (170 °C) showed the largest and lowest water absorption and Hardness respectively
(p<0.05). Another important feature of expanded quinoa is the lightness index, the results revealed that extrusion cooking
caused a reduction in L* and enhancements in a* and b*. While changes in color parameters were more pronounced at
more severe die temperature, higher feed moisture content counteracted the effects of cooking temperature on the color
of the products. As expected from changes in the abovementioned color parameters, the sample with lower feed moisture
content (16%) treated at the highest extrusion temperature (170 °C) experienced the greatest color change (AE). The
texture profile analysis (TPA) indicated that higher feed moisture content yielded extrudates with harder texture whereas,
extrusion at higher temperature resulted in lower hardness. The scanning electron micrographs showed that the native
quinoa flour encompassed both small- and large-sized starch granules while the extruded sample mainly consisted of
disaggregated particles. Furthermore, extrusion cooking of samples with higher feed moisture content caused formation
of more uniform starch aggregates with smoother surfaces.
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Fig. 1. The effect of die temperature and feed moisture on final moisture content of extruded quinoa product
Different English letters indicate statistically significant differences at the 95% confidence level.
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Fig. 2. The effect of die temperature and feed moisture on bulk density of extruded quinoa product
Different English letters indicate statistically significant differences at the 95% confidence level.
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Table 1- Water absorption index of extruded quinoa product
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Different English letters indicate statistically significant differences at the 95% confidence level.
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Fig. 3. The effect of die temperature and feed moisture on the texture hardness of snacks produced from extruded quinoa
flour samples
Different English letters indicate statistically significant differences at the 95% confidence level.
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starch particles and PB: protein part)
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Introduction

Gelatin is one of the most widely used colloidal proteins, which has unique hydrocolloidal property. Gelatin is derived
from collagen by changing the thermal nature. This product is widely used in food, pharmaceutical, biomedical, cosmetic
and photography industries. Global gelatin demand for food and non-food products is increasing. Two important
properties of nanoparticles are: Increasing the surface-to-volume ratio of nanoparticles causes the atoms on the surface to
have a much greater effect on their properties than the atoms within the particle volume. The effects of quantum size,
which is the second feature. Methods for preparing nanoparticles from natural macromolecules: In general, two major
methods for making protein nanoparticles have been reported Emulsion-solvent evaporation method and sedimentation
or phase separation method in aqueous medium. Numerous methods have been reported for the preparation of
nanoparticles from natural macromolecules. The first method is based on emulsification and the second method is based
on phase separation in aqueous medium. In the first method, due to the instability of the emulsion, it is not possible to
prepare nanoparticles smaller than 500 nm with a narrow particle size distribution. Therefore, coagulation method or anti-
solvent method which is based on phase separation was proposed to prepare nanoparticles from natural macromolecules.

Materials and Methods

Type B (cow) gelatin was purchased from processing company with Bloom 260-240 food and pharmaceutical Iran
solvent gelatin solution of 25% aqueous acetate glutaraldehyde from Iran Neutron Company. Two-stage anti-solvent
method was used to produce gelatin nanoparticles. Then, to form nanoparticles, acetone was added dropwise while stirring
until the dissolved acetone begins to change color and eventually turns white, which indicates the formation of
nanoparticles. Finally, glutaraldehyde solution was added for cross-linking and finally centrifuged.

Results and Discussion

The results showed that with increasing gelatin concentration, nanoparticle size and PDI increased significantly.
According to the announced results, the solvent has a direct effect on the size. Therefore, the best mixing speed is
determined to achieve the smallest particle size. Zeta potential is the best indicator for determining the electrical status of
the particle surface and a factor for the stability of the potential of the colloidal system because it indicates the amount of
charge accumulation in the immobile layer and the intensity of adsorption of opposite ions on the particle surface. If all
the particles in the suspension are negatively or positively charged, the particles tend to repel each other and do not tend
to accumulate. The tendency of co-particles to repel each other is directly related to the zeta potential. Fabricated gelatin
nanoparticles have a stable structure, and are heat resistant. These nanoparticles are ready to be used to accept a variety
of aromatic substances, compounds with high antioxidant properties, a variety of vitamins and heat-sensitive substances.
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Conclusion

The results of this study showed that the optimal conditions for the production of a particle of 88.6 nm at 40 ° C, the
volume of acetone consumption was 15 ml, concentration 200 mg and speed 1000 rpm, and the morphology of gelatin
nanoparticles have resistant, spherical polymer structure and mesh with a smooth surface that can be clearly seen under
an electron microscope.

Keywords: Gelatin, Nanoparticle, Optimization, Two-step desolvation method
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Table 1- Effect of gelatin concentration on nanoparticles size

8,3 o3l

Particle size (nm)

Polydispersity index (PDI)

Concentration of Gelatin (mg)
200 222.79+2.83
300 259.7¢+2.75
400 321.1°+2.76
500 362.3* +2.69

0.1119+0.02
0.204° +0.03
0.323°+0.02
0.3462 +0.03

Data are presented as mean values * standard deviation.
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Data with different superscript letter show statistical difference at p<0.05.
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Table 2- Effect of volume of acetone consumed on nanoparticles size

B pan gl
Acetone consumable (ml)

5,5 0101

Particle size (nm)

Polydispersity index (PDI)

15 206°¢ + 3.03 0.081% + 0.003
20 2145+ 4.29 0.090° + 0.004
25 218% + 3.36 0.101¢ +0.002
30 226%+2.83 0.1122+0.01

Data are presented as mean values * standard deviation.
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Data with different superscript letter show statistical difference at p<0.05.



FPA  o1id aobeo yo soliiwl gl 103 M 59y 45 (i ¥5 1y 9l uudgi 150 g plod yguilondws

Ao S 1y (gjSumy S 5 Led ol 3 05V &1 09 il 3 030l (59 4 Lew s
O b 4 b (olidw LuSila Jldlo 1l oo 38l Les oS By g (S 5 Y am oolatulyyae odle 4SSl 4y dngi b
2wy o5 4 b RIS 35 A jeSny lojen g AS (e o 5 A (956 Syl il 3 gyl cla el plosl 11 s
b P65 esllas ojlulay ey oS il a2y ¥eoslo @3 0lul 1 yige Jolos oS Lod ¢ suBig g S 5 5 Lt
4 Cod Lod cpl 3 P> 05 lgisa gl (19,5 48l g B9 0 5 oS laisdy o5 Bl an > Fr glod F Join illas ]
dpbe s 55l e wgey @ pxie YL glale S e 3 g M e SL3gl ag glp by o goslas
ol jde S ¢l (Elzoghby, 2013; Nejat et al., 2017) cusls )3 0)lal goy gyl sine 55l Lod .8y 515 o3liulyge
by oY) (Y el er 4wl gedee b)) el il 3 PDI g o3l dos Liglsél b S g psboas
(Jahanshahi, 2008) Sy 3,5 il 433 YO (lod )3 0,3 93l aes a8 woly lis

8,3 0311 g bod 1=V Joua
Table 3- Effect of temperature on nanoparticles size

b 0,3 o3l S il g sl
Temperature (eC) Particle size (nm) Polydispersity index (PDI)

40 201.3°+ 3.04 0.080°+ 0.003

50 232.32+5.37 0.142" + 0.004

60 240.32+ 7.64 0.185% + 0.006
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Data are presented as mean values * standard deviation.
Data with different superscript letter show statistical difference at p<0.05.
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Table 4- Effect of stirring speed on nanopatrticles size

SR CS g 8,3 831 S il gy 2L
Stirring speed (rpm) Particle size (nm) Polydispersity index (PDI)
800 169.42£4.20 0.066° = 0.003
900 113.7° +5.02 0.069° + 0.004
1000 88.6° £ 3.53 0.043¢ = 0.006
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Data are presented as mean values * standard deviation.
Data with different superscript letter show statistical difference at p<0.05.
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Introduction

Strawberry and grapes are generally infected with pathogenic fungi (e.g., Aspergillus niger, Botrytis cinerea, Rhizopus
stolonifera, etc.). Synthetic fungicides are commonly used as the first line of defense against post-harvest pathogens on
packaging lines. However, disposal of toxic waste is a costly process and the hazardous waste causes serious
environmental problems. In addition, fungal pathogens have shown a worrying trend of resistance to these fungicides,
thus shortening the shelf life of products. Compounds that can be equally effective in controlling pathogens, but
preventing or minimizing the waste problems will be inevitable. The large volume of internationally processed
agricultural products, as well as the increasing demand for organically produced fruits, emphasizes the need to replace
synthetic fungicides with safer and biodegradable alternatives. Natural plant-derived products effectively meet this
criterion and have great potential to influence modern agricultural research. Catechins and other polyphenols in green tea
show strong antioxidant activity. Also, the antimicrobial activity of green tea extract against Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, and Candida albicans has been reported. Therefore, the present study
was performed to prepare the ethanolic extract of green tea and to determine the content of total phenol, total flavonoids,
antioxidant activity, and its antifungal effect against Aspergillus niger, Botrytis cinerea, and Rhizopus stolonifer (causing
rot in strawberry and grapes).

Materials and Methods

Fresh green tea leaves were dried at room temperature and then powdered. Then, ethanol (70%) was added to the
powdered leaves (solvent to powder ratio of 10:1 v/w) and the mixture was refluxed for 120 min. The resulting mixture
was filtered through a filter paper and then concentrated under vacuum and finally dried in an oven.

Total phenol content (by Folin-Ciocalteu reagent at 756 nm), total flavonoid content (spectrophotometrically at 510
nm), antioxidant activity (by DPPH and ABTS radical scavenging methods), and antifungal effect (by disk diffusion agar,
well diffusion agar, minimum inhibitory concentration, and minimum fungicidal concentration) of the extract were
evaluated.
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Results and Discussion

The extract contained 175.60 mg GAE /g total phenol and 47.53 mg QE/qg total flavonoids and its antioxidant activity
using DPPH and ABTS free radical assays was 78.89% and 86.57%, respectively. The results of antifungal activity
showed that the diameter of the growth inhibition zone increased significantly with increasing the concentration of the
extract, and Botrytis cinerea and Rhizopus stolonifer were the most sensitive and resistant fungal strains to the extract,
respectively. The minimum fungicidal concentrations for the strains of Botrytis cinerea and Rhizopus stolonifer were 64
and 512 mg/ml, respectively.

Conclusion

The results of the present study showed that the ethanolic extract of green tea could be considered as potential source
of natural antioxidant and antifungal agents. The presence of phenolic and flavonoid compounds may be responsible for
the antifungal and antioxidant effects of the extract. However, due to the fact that this study was performed with the crude
extract of green tea, it is difficult to identify compounds responsible for antifungal and antioxidant activity. On this point,
only the separation of the components of the extract allows the detection of antifungal and antioxidant compounds. This
study provides a basis for further researches, in particular the use of these antioxidants and antifungal compounds. Green
tea extract is especially suitable for products with high sensitivity to lipid oxidation and infection with molds.
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Iranian Food Science and Technology
Research Journal
Vol. 19, No. 3, Oct.-Nove. 2023, p. 477-489

: olrl @Ia gluo g pole Gleirgly 4 pid
A FYV-FAQ . 0 1FeY (LT — 40 oF 0lod N4 ol

5SS e Cdld 5 0T F1 g sew sl JoUl oslas olund B S5 o)
S oy sld o) it s g Ldiew et g 2ul sl ] SaiS

Gy S5

Tala g e =T Glgngy 0005k s = bl pam ) ilanas

VBNV L s f b
VE/ YA 16 K55k s

dASe

sloolazwl I L5b Jleais] ibligy callaol @il il 5)50 0 (SIS Judo & (LS slaojlas 5 b (sla 005,055 5l oolatnl @tsiS and K> Jobs 5o
Y gamo 55k (2al33l el AL qoabs (I3 sl oS & eIl b ite o sl o)l el dB)S 8 g5 )90 (ogimn slros 1SS
ol lp Sk ©ppo e Sy ojlas ()8 2o 5 S8l Cld ) Ban b adllae pl cplpls ol 485 18 eolinal )50 (N3 il
DPPH sljT 1531, lae cslasbgy bl ) (STl 51 S a853sM6 (IS S5t slsimo 9 10,5 lsiiol Jibl Mo SaS L a0 (sl 0 las it
(eialoteol oszaies § htisws sty ity 20l oshpsl) 15550 5 (S5 RO og0 dlud bole (28 slasysw iy o ol (28 25 b 5 (ABTS
Wo/S MY GAE/G ssl> slas 33,5 oy (S8 clale Jolas 5 LSS loe clale Jolis 5T ol 5T o)5pmind Sgd clog, illae
D91 Mo yd MOV o YAIAA i s ABTS 4 DPPH sljl (cla 0ol ol jo o) (S8, loe cdlsd g 540 S aSgioMs ¥V/OY Mg QE/G 5 IS Jgid
& pdisloi] usia iy g Dt iz 9 Moo Il ojlas e LIBIL ()l dne jolar 13y pae Al jlad oS oy (L5 (2B ws Cld gl
i gl sisiis g e sy Sdge ly (S8 clale JBlis 39 0)las 4 s (258 ladige cppslie 5 (nFsles oS
M Y gaze Bl ploj (I3l jgate & plgicea ]y jaw sl Jll o)las oS amd oo (i dalllas (] @S g oo )3 p)S (e DVY 5 #F
905 odlatwl

PSP SCHKVS RPN JEVERCIN | P P WK ] OV P Jog -G S WP S SO P I X W R4 Y1 1Y

HF by & Stn olayeilS Lkl g 455 S5 doddo
) ot aYlo o1yl s (Baena et al., 2022) k)b 1, 5,800 o5l sblie o o Soidden sl s 4 Spes
Liwd Mg ol ddhie g3 jiSe Ber g Yoo b ocudpa & pel sascie YL (Tang et al., 2020) s oY (slaiss

Ol (Mo (ljod anbo wlio g (55,9L5S pole oKl o 55ygliS” Sl ¢ SLEL i g ple 09,5 bokiusl -
Ol Mo i jod b mlio 5 (6555LiS psle oKl ( oliE mlio o ool pole 0aSuisly ¢ plie mlio wdize 5 pole 09,5 ()l luiils =Y 5 ¥
(Email: Rahmati@asnrukn.ac.ir : s ssuw g —#)
DOI: 10.22067/ifstrj.2022.76184.1163


mailto:Rahmati@asnrukh.ac.ir
https://doi.org/10.22067/ifstrj.2022.76184.1163
https://orcid.org/0000-0003-1222-4215
https://orcid.org/0000-0002-1447-5088

VoY T — a0 oF oylocd 8 il oyl ol (I @abio g pole slesiungfy 4 pis  FAW

awsls (gl JyS ) ply @ Wy & SluS 5 a8 e
S a5y B o b 08 (6ol o> Mo 51 ol il
aVlo &5 (55)5liS Y gao j (0L e Dy Mled Miadd )]
ly L& Gl eimes 9 gdioe sl (Mol gaw 5
Sl B (sl & b SHE oki 5 slboss
du ) 3, 18T iy S g Sl SlacnSols b oguas
.(Plooy et al., 2009

slre ol 350 55k 4 GlalS 5l ead gnde (b Y gae
Ogk » NISEE lp 3b5 Yl Jeiliy 5 L3S oo 03,91
Jb o als clajiSes] jloolil )y oyyde (g5y5liS la
SN game Sl clilone Sl ol slalil | (S oy 4 pol
2 oS edl ply ) Camjlae o ol slaodygls 5 s55lis
tbord o2l 15l Sy (alS dlge sl 0l o
390 23 0835 3 Ygesn (LS (S AS Al 1815 K o 55
Al-Samarrai ) g 0 408 Celw K> (B > (25
(ol gyl wile plewdsnd GluS 5 249 H(et al., 2012
olas 13 (9,5 15 Cullad gl 5 25T g
J(Persaud et al., 2019) ol oais )55 LS

Jlo i cpdis 4 e > (Camellia sinensis) gl cuodd
e gl g ol (Sl )3 3929 (Sl odas g9 93 33,5 o b S
IS plie g diten (Mo 0-)) B (ol g2 2
(3L palie (g5l ian (gla 20 3929 5 IS (slaag ST
5 (Jss2) 0lS  JStne (103 YV b 0) g8 Sgo by o5
ol ol (gl 1 i jow gl 0 &S Cunl SJB sl slassly
st J3i8y 303 V5 (55l 5 (sl o3 oS (IS 1o &
) 3 Sl (29, Lelgd At L sl ol e 2 &S
S 4 o sl 52818 5 (:805) o sloasgST s 4 Jy
(I ) Y sl sl el oS
YB35l uools 4l CuS 5 ke 5 OYE oS B
oI ) Dede s SYE eSS S o euls JE
2o OO U FA) juw sl> oSy 55 35350 I aslS (VI
Ho et al., 1997; Perva-Uzunali¢ et ) cul (b Jsd L S 5!
Collsd sl )3 3290 Gagid sk ple 5 sl (al., 2006
Dufresne &) xmd o ol 35 5l g Sl ol

7- Imazalil

8- Thiabendazole
9- Pyrimethanil
10- Prochloraz
11- Guazatine

5 Jo> Jsb > g B axwy (Tehranifar & Sarsaefi, 2000)
s Blg o LEl Y guamo (5loopdd 5 Cudly I o
ol hioawr puaiy yigs gy B opl dlos 51008 sl (g0b 5 (ool
Lo diogee (slasslons e (5035208 5 (3 el Vel o
ore L Fpcwl e gl ol Y gaxe 4
Cunl (K809 (6 S S Jolds sty 1 (00 (slos o
.(Marquenie et al., 2002)

LGS oleis a4 o aske SY/D 290 iVl ug b oS
Gib g 25800 aBlS Gl P ogme SV gaze (S5
ool e 3 39S A an ol (YY) 6 )5S
Ol (Eb Y gae pad 4y 40 (5 Y+OFAY &Vl ulg b )65l
cixe dlgo 3l Ly 4SSl .(Mohseni et al., 2018) sl )I,3
s 3555l a5 oyl g Il damgs S o pnolig
@Bl (S5 et ile Liliee Y 4y Lol il (0l lou ilgd
©pf g (2B Sty e (i) oM SIS (e lalS
Shwgr 6559 2byl5b 050 3 el 03y Lials ) ol o Bl
ciSin (oladl wl)lud sbnl 6y gl Jole plsie 4 (28
B 5l asyd ¥ UV oS conl oid 005 (paesd ol 0l (o lwlids
9300 O 3 el Sl e (208 (Sdwsy ool i 4 595 g
Slo g wiins slog B bawgs cigis > 4 buas (5)B Sipus
bl J& g Joo g cutlyyy plin 3 s j 325 Sl ogee cigis b
Fosd SIS catbyy 5l s Lisslon lag )b o et 9o
Sozli gl sl & og ) Uae)l5 sl ipgen 31 910 )Ls 4953 0gse
Epiislyiol ogspy (pslS] pache s Thaiw et iy
(Solairaj et al., 2020) o e o “LL,/ L, 6,I]

8 dslias i Aoty Y e 15l o ghno (clo iS5
A e b odgl plyie @ ages VealilyS 5 gl
g o ol (gAndituy bolad g9y culby 5l sbapisl
ol o b (55 e 2 85 ] 45l 5o 5l Jsloe
(55 oila By 683 | B gy sl iz o a5l Y0+
sldl; o cul auiay (ab]d ow sladl; ady Ned e
(ol pogMe WS o Dbl sis lereciuu ; MU ST ylas
ol Al p cwglie I GlaiS LSS Ky (2B slag sl
s 1y Y gz jos Jsb degis j 5 Wlosls L |, WS 7,6

1- Aspergillus carbonarius
2- Aspergillus niger

3- Botrytis cinerea

4- Penicillium expansum
5- Rhizopus stolonifer

6- Alternaria alternata
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Fig. 1. Total phenol and flavonoid contents of green tea ethanolic extract
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Fig. 2. Antioxidant activity of green tea ethanolic extract
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Fig. 3. Antifungal activity of green tea ethanolic extract, based on disk diffusion agar method
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Fig. 4. Antifungal activity of green tea ethanolic extract, based on well diffusion agar method
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Table 1- The results of minimum inhibitory concentration (MIC) of green tea ethanolic extract on microorganisms tested,
based on microdilution broth method
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Fig. 5. Antifungal activity of green tea ethanolic extract, based on minimum fungicidal concentration method
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Background and objective

It was shown that contamination of agricultural pasturage with fertilizers, application of sewage and effluents in
irrigation, use of pesticides and air pollution have led to the entrance of chemical contaminants, including metals, into
plants. On the other hand, food processing is (handling, processing, transportation) considered as an important way of
food contamination. Vegetable oils are essential in human dietary which is introduced as crucial sources of energy, fat
soluble vitamins, and essential fatty acids. Sesamum indicum L., known as sesame seed, has been cultivated in Asian
countries from ancient times as vegetable oil for cooking and seasoning ingredients. In recent years, the sesame oil has
been considered due to its high antioxidant activities and nutritional properties. Due to the use of sesame seeds extracted
oil in two form of ardeh oil and sesame oil, the amounts of mineral elements (phosphorus, potassium, iron, nickel, cobalt,
manganese, calcium and magnesium) in sesame seeds and its extracted oils (ardeh oil and refined sesame oil) were
investigated.

Materials and Methods

In order to determine the mineral concentration, refined sesame oil and ardeh oils were prepared from an imported
sesame seed. In order to prepare the sesame oil, sesame seeds were put into a cold presser and the oil was extracted under
low pressure. The Ardeh oil was prepared by adding water to sesame paste in the ratio of 2.2:10 and oil was separated by
centrifugation. The sesame seeds and oil samples (refined sesame oil and ardeh oils) were digested by microwave
digestion method in presence of 5 ml 65% nitric acid and 2 ml of hydrogen peroxide (H202). The digested samples were
then filtered through 0.45 um filter membrane. Then, the concentrations of phosphorus, potassium, iron, nickel, cobalt,
manganese, calcium and magnesium in sesame seeds, ardeh oil and refined sesame oil were examined using Inductively
Coupled Plasma - Optical Emission Spectroscopy (ICP — OES).

Results
In the present study, the limit of detection (LOD) for each studied mineral elements were determined as nickel: 4
mg/kg, magnesium: 0.00066 mg/kg, manganese: 0.000134 mg/kg, phosphorus: 0.384 mg/kg, cobalt: 0.594 pg / kg, iron:
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0.000797 mg/kg, potassium: 0.00394 mg/kg, calcium 0.005 mg/kg. According to the results, the highest amounts of
mineral elements were detected in sesame seeds. The achieved results showed that the method of sesame oil extraction
can reduce the mineral elements in the final sesame oils. The amounts of mineral elements in sesame seeds were estimated
as P > Ca > K> Mg > Fe >Mn > Co > Ni. The pattern of mineral elements in Ardeh oil was reported as P > Fe > K> Co
> Mg > Ni > Mn > Ca. The reduction pattern was reported as P > K > Fe > Ni > Co > Mn > Ca > Mg in refined sesame
oil. As can be seen the order of mineral elements was changed in two oil samples and sesame seed. It was shown that
except for K and Ca, all mineral elements in ardeh oil were higher than refined sesame oil. As can be seen, the refining
process was effectively reduced the metals in oil samples. On the other hand, high amount of mineral elements in sesame
seed in comparison to extracted oils could be attributed to lack of processing methods which are present in oil production
in both methods.

Conclusion

It should be considered that presence of different metals in vegetable oils could facilitate the oil deterioration and
oxidization as well as oil shelf life reduction. Since the most of the sesame lots in Iran are imported, it is necessary to
monitor the amount of mineral elements.

Keywords: Ardeh oil, Mineral elements, Sesame oil, Sesame seed



Iranian Food Science and Technology
Research Journal
Vol. 19, No. 3, Oct.-Nove. 2023, p. 491-499

_ olnl Iaé @l g pale Sledgly 4wt
i FAV-FAQ . o 1FoY (LT — oo F 0 lod 1A >

adnas deS g o 053)4.3&1 JWES| 5 doeS 4ls s PRy CW‘ Ol ye0 By

fLGJ‘ —i‘é\.;s W—Y&L» By rL> |JL~ —rdk?‘gﬂ g;.é'w s&‘.\o}- —Y‘_;J.?Lg.o ‘_;AJS| bl —“5}:9'3) é‘}? Ao
#*0, .DL.J).\.,E ].l'

VB0 18 s b
VB CFIYA 16 K55k s

VENPIYA oy e st

oSy
Shasiwl €9, il oaliiw! 4y dogily .l 48 )5 1,8 dn g7 3 )90 (slasdas oles o YU ujl.\,,\..flg'ﬂ Canols > 4 douS 89, 5l ol p3] gl Jlo )
(4 5 g 03) () o 51 Jlaseial (29 5 28 Wl 3 Sme polie polie 3l adlllas )3 oS (g 5 03] (iEg) Syge 93 4 1S 4l
4 it jl oLl L badiges S angd (Sh)ly 4o il £95 Sl ahial ouS (49 9 03] (sE9) Aiged ¢ Fme dlge [y polate 4. C8)S B )y 350
0313 )51 (5 yi09,Sse /¥ (Ko s il il 0sd wum (slodiges b it 3nS Tl 1) Sloo ¥ g el S0t 1 o 0 9> )3 5299)S0e 39,
o803 1 o2litiol ; o s 00 dpdus JiS (55, 9 03] (pg) oS i )3 ke 5 aedS (iSe LS (S ol ol pind G s 1
ol e oB8 i sie Jold (g 3y90 polis ly el 2> ol polb adlllae )3 .85 JE )y 3y90 (2] i (Slowdly isigk) ICP-OES
D91 pSokS 1 p)5 9,50 +/OAF 2L o ¥ 1SS 2,5 ohS oS due /e o0 S oo o ¥AY tliy co /e 0 VAY 1ol ¢ o /YAY yad o0 WY 15K
2 S polie galS 4 e 1508 Al S e, B ol ol b (¢ pSojlul ouS al (> Sume yolie palie p YL sdel vy gl eluly
i3 45 035 (05 IS SIS <5t <l St Sy SpdS s g 4 5 a5 5 s o bl sl oa Jlamid oy
2 US55 oal polie Grizen b 03] (eSS 0dd dudual S (i) 31 VL 03] gy 13 Sme polie oled e quradS g sl (slittisl 4y o7 0
s BAS G pane oDl bais jglate 4 el (13, o) (slaasuS i aS Sloul b osd eSS jlxe do 5 5V g y90 (sladiges olos

sl (§y908 (Ane dlga (e
e polis WS xS (85, w3yl (165, 55 (S8l

o9y & ede Pedaliacea odlgls 5| als ous (al., 2013 i sl glys £y giie Slge (gols bsis, 5 by

s, mield o o papanie § (S ol Jlase ol csipil @l oy oo glodSlos I o)y oo

aly I Jlascwl (g, (Rahimi et al., 2020) >4 oo o guuro 15 035 6y9pd wpr Sl 5 > 9 Jsbre oyl

pole olSiily wuiligy 0aSLiily ¢ olig Slge iesl § Cudling 09,5 diE el 5 oMo Sladng 3 ye boliwl ¢ Hluily @i gal LEI Cuia —F ¢ ¥ )
onl @ f (Bgko e (b

(Email: khalili.elham@ssu.ac.ir : Jsiuwes sdiwys —%)

Sl 355 505 3,5 b oSS ¢ Kb el 0Kl i Hlgo &S yiS g Cudligy og,S el —¥

olnl @ o (Boko dred (Sbjy pole olutily cubligg oAty csTglgrndnl g slel 09,5 (oD laosly (ilu Juo Sl 3 pe o luils ¥

Ql),{\ ‘C)§ ‘Ql){; oKisls c‘ﬁ‘;\.é Bluo g psle 095 o) besly =0
DOI: 10.22067/ifstrj.2022.76047.1161


mailto:khalili.elham@ssu.ac.ir
https://doi.org/10.22067/ifstrj.2022.76047.1161
https://orcid.org/0000-0001-5309-3333

1Y LT — jo0 Foylois A Al oyl | (o 10E aulo idgh & pis  YAY
O — 0 Vo) orlgllee & IPFE S 93 A

De) aiisly awils 3929 (3lao Cl> 4y (129, 3 4 53 9 0 (489,
(Leonardis et al., 2000
clale )5 IS5 g 58ie el sy e Lilod ()95 polis
s jlolge cpl palie dosliz g At (6)925 % slp omb b
S35 ol 8 s llasl 31 lg5 o 038 9o Jad B
Slgi oo 19y (bligg OMSLe g (19) CudsS «gilwo > bl
Ramezani et) 5,5 jasciv (gy9ps polic polie s &b
ooy s & p3ye ilod 3l ela Sl o 45 bl 5 (al., 2021
9 CusS (owp Onlpll ol 0ad il ddal (9h g Pl sl
Fho droly  sligg Glaal 4 o 0 Wlg o g,y opl coda
G 5l ail azily cute 5 )3l oMy paiitane jobods 5 039
et 35 eyl ead Jlasiul ouS gy Bas KD
Gyl 5 43)S )5 drgs )90 Yl 3 sl 3 Sl o )lgls
ok E9090 gy il m GBIl ) e g ale glacglis
0lie awyy pols Baind B cplpls Al o odlgls o o
oS’ 5 poolty pml (LS hnd G it (JS no Do
oAb &l WS g 03] Ojgo &y (Jlastiul (184 9 oS 4l

Cw!

L iy, 9 2lge
ey )Ligd) 0545950 Ol a4l 23U 3,90 dlgo 9 il jap
(52995l st 01803 @i O 03 £0) Larle S 525 s

ICP-OES 6lSt3 S5 o0 yoo sl

2 e g 0 (6 )lgs AuS Aild lanl 03, (49, diged dxkd
CEIGS, Cusgy s 53 gl & Gio CubS Jlam g osibnd O
Saicl (flagos ) ups g (5 gy o803 3l lasoris’ s
Olowl 4 359 03le] g a4t p B3 )3 45uS Coles > b 4o,
03| JS g oabal corbodls g1 (slaasuS Olawl olKiws ,3 505
@ )5 aw ol I VY 3905 03] p,5 LS so (6l5) L ey
20,5 el bM! cels S dgas 5 adlsl Sbglse b
oy ool b g b o) 5 4 00)) Ol )3 sl (ygpmilpusges
(INSO, 2016) 15 (sjbolis oy

olad 3)ly g 9 (5xlogr Ml )3 WaaoiS oS’ (5£9 ) antS
2 g odylg Hlidced douS gy olSiwd (pl 40 A0S e plS
(INSO, 2014) 15 45iuas 5 15kl iyl Sy 43

S 58y 9 03] (9 19299550 le 83 L ndiged muin
G903 5 o 1D dndige muian jolaiods g oA (5yglaen oA driucs
b Wy g9 Sule pegaste (el B (9) Gigen ()
Sl pl oo B g 0250003 )18 390 5 )3 aiged gsl> S
535 03538 o] 53y 5l e ¥ 5 e S5

o2 2y g muo Bjlas gl ( STyes edlaiwl yy ogMe douS
o1inlS ygmad (i 31 lanig) ol (sl el ogdle bl e
o1 ()5S oloywrs S eanSeladlre (o Lis g Joyuls
gl olpl sl b (Tenyang et al., 2017) ¢l
b9y S o Pl ixio g (S by 93 4 S Al I e
S oy ) ko )> xS &b I g gl el el pows e
bl Ol Jlsl b 89y &l (285 plen &5 AL
okl b g (539581 95y 1 g)le 3y oy I ol (589,
Ao Sl dlge (lise cpyidn ol Nlgoe g 03 (olewd
Martinez et ) wib gluslwe ©n sladul g E ol oomen
xS 9y Mg Sl e3)) jl Vsane (i B9y o (@l 2017
ol (b5l & @lo sl (closygl b 03] a8 o edlizul
3 ] e Cad 4 oS aild (3,5 Gluol g b g (g S Congy
o M o)) 5l g 5 b blee p)5 dagd O b 3] gy
gl gy P81 b e (o o ) eslitul b el )3 295
5 ity cbaly o)slp Gilike sl (INSO, 2016) 55
015 Jlasmtol 529 15 3y Sorl o S gy (glotiy] 3
36y ) 9 CulS dgre 4 pxie $)lge 3 Ol (pl &5
Kheirati ) 1sl 4315 ol yod 4 1y Jguaseo S tnlS coul Sas
opodes 3l (S oy oamlawsT (Rounizi et al., 2021
S8l ploj 59y p Nlge &5 Cwl () Cario O
Jolos 36 o (o) GgralinST A8l aLdly ate 13U g
(ol el gl e Oy lasl e ablen (oo
oS! (F jgas 5 (S8 5 Gane dge) Sane LS
o3l L (gausie wllllae (Tenyang et al., 2017) cuwl (2l
s 5l o) and 09 izen g 4oxS Al (59l B ogod 45
Makinde ) 13 Sse 2l Jpame Cluogad p Sl xS
Ol oS jslailen (& AKiNoso, 2013, Tenyang et al., 2017
5 Sl 5 lie (2l Jpame CulsS 3 pre Jelgs (S S
Gl jgas (sixio @olyz )3 0590l Milise (9 3 (Sxe Slge
sy A3 oSS |y (damelinsj g (bl Slue 5l (So
5 03l 3)50 Ol g 395 (SB- py 0gMe (AL slagyy) > il
5 W5 o) GSiSs sk o (Sogdl b 5l wsiygles
Oz g gy sled g glsdel aulp by dedily (gyglaen
Farzin & ) aa3 oo &) o sjlwopdd 5 (sindinns dlgo 5 bopiss
Cuwl S pizmen (Moassesi, 2014, Pehlivan et al., 2008
(Silogics 9 4l (s pS) Sldos ) Ay anls Jsb p> il
2,1y «591% b 53 3lil 390 (5318 Sljaas ok Sl izeen 5



YA aphai a5 00,l (pgy 4 oo JULiil g aamiS il 55 Fumo 3ol (ylimo (g2 31 )50 9 (S3uisy (ST

9 Sl 5 (005 st 9 A 5 (61 5)) gl sl sloai] B
OSes (S3lo0ydd g (shidiun (Sygl P DS (Sogll ien
g 039l @ljlé 4 ol

3390 yolic (gl LOD b Lmeds b liwe il adllas
o [ PP e p S oS 2 pS9)See ¥ i Jold adlas
SYAY 13hd p S 5LS  p)S (o o/ oo WY 13500 o SobS” 1 p)S
o0l @ SskS 2 p)So)See DAY LS o SelS 25 e
2opSke [T ey @ SkS n p)S de [eeeVAY
Joiz )3 &5 polailon 392 p)55LS o p)S (Sleo o+ 40 dS p S5hS
Oy il b ouS alby jo alisee Mol (lise Dgd oo ot liie )
Mmool Llod I MBI ol g 039 ol duhal ¢ o3
VOF /A ke 4 JSdre odle liee oyt ASL e (P<0.05)
Ol (25008 g 0391 doxiS Aild 13 pand ay bgyyo p S5k 0 p)S i
903)] 19y 13 wanlS g oAb 4kl (49 )3 mjste 4 bgaye e
& ol 0 03 ppest olKiuwd LOD jl jieS™ oS ol uouiS™ €4,
o3l gy ) (e polis (led (lise uanlS g el (sl
A 03] (35 oA Akl AoS 9, 5l 5V

< popelS’ < jhd Ojpo d wouS Al > Sare dlge yolie
A 035 (a3 S < LS < 5i8e < ol < e < il
Ouyuie (Tenyang et al., 2017) o) en 5 KL adllas )
ol oo g paandS 1) auS Al sladiged O Jdxe odle 500
Nzikou ) ghlen 5 sl Gaios )3 b (315 mjute g yiud
oy a7 4y pB douiS &by 50 Sume Dlge oy i (JM, 2010
OhlSen g (ol adlllas 53 05 (A5 mades g wanedS e o ¢y
Oliwye )0 ol CuliS dzuS b Jaxe GluST 5 i o i
OlSan g deo 345 )3 0 (5155 ol 5 i qosedS (e5m
il gble o & 15 Ly (Mohammed & Hassan, 2018)
e LS 5 ol 5 5K e jre phud qualS el Gl
ol dalllas 5 g e osnlio 45 jslailan Cusl s8]
ol douiS s )3 Sdme dlge e oy piig

9 el pud qupndS jelas (Gaae Slge I 095 gite oS Al
Sl a8 009 (Same g o> £ U F (g9l wuS sladily (cuwl 4]
FRIPOVA LT EPISE I INWEST D APIPOVI LS N WEST I A KT PR N
Cand | (spuSCuwgy b g diild 3939 &> Cowgy ) yildy oS aild
2 pedS 50 pols aalllas 4o (Mbaebie et al., 2010) 4, .
A 035 (eSS AoS &l I eSS (89 9 03] (489 sladiges
b eelS 8 Cand 4 Sl 03] gy 5> SR
ool e 45 Cul sdBodsd Dgb o3> Carud (6 pSCung

doliyy b 00> )8 5150,k 3 muan Jos pbul cps bdiges
a0 We glod ;0 ddBd Vo Cygo 4 559,00 (sladiges puin
a3 YA+ 50 4dds O ol )8 ol 4> WO+ pd adds & ol 5 ol
20,8 Jleel 0,8 ol as > Veor glod j> adds Ve g 0,5 il
Ol s sladlg) > ol Jslore qpian Clles I
15 08l yidbe Vo w4y e O 1 ooliul | 5 ayy o
i glowdly giwcib) ICP-OES olSiws ) (32)5 St o
Zhu et al., 2011, Kheirati Rounizi et ) ab edls Jlas! (ol
(al., 2021

5 o0 pin cdigas ICP-OES U gaxe polic il,
o> &y (o 9 A3 0313 e (S pteg S /D (SSp po yil
Sbgsedsk » )9 @i (i olol 2 B0 5,5 ICP-OES
Khalili Sadrabad etal., ) sl (g pSojlil 1) I3l yolae calises
(2018

SPSSYY J5ble s 3)ly syslans 5 s Wodls :aodls jJUT
o Gl oo ilio ¢ Silio ¢ sioss (el yadlis ) oslizl | g 0l
SS9y Sobe) y8E ) Slp Ab Lo Dy el
S5 osp 290 slapsio | o pn Gl 5 Jials
5 o3lizl ANCOVA uillssS

St yohaie 4 gy 3l 5l (oolaw clled (gl Sane dlge s

O U155 & (S5 s)luk e ()95 (o (Sfelsn 3 Nes
OzKkan & ) cuwl diusly alists  Jaxe dlge oy Job dbx! (gl
0% S5 Sl (e (BLS slasty) Al e (189) CuksS (e
4 Wlgi e oS AL e g 59y ome 2] Oigzmen 3B sla
Szydtowska-Czerniak et al., ) sus” Jos s o olsis
do 5l i el o oplpls (2013, Ramezani & Rezaei, 2018
G & e Sl o LSl old and (19) > (Sane g
() CulsS LS 0gde g 0ad (49 5 sl sl ST
Sedaghat ) sl awsly jae Bl 0aiS Gpas codw (g9 5
L olol «SB > a5y b olalS (Boroujeni et al., 2017
Soslaen 9 Mg ol GbSiSs  (Sogll wwlols ) by
Caodl WS Cla 1y Saxe dlge g i l3ld ailgr oladils
Shes 2l Jd 4 dlgie il 4 fg) slaals (5o
Job 52 0a8)55 3)l9e ogMe GlalS | ol sy, ails

1- Limit of Detection


javascript:;

1Y LT — jo0 Foylois A Al oyl | (o 10E aulo i & pis YA
O — 0 Vo) orlgllee & IPFE S 93 A

GBS ) 5 & 1) Sl 5 e (JS paredls’ (550
Widged gy (e ) (Bpan

@2lS lapgs) yiud i (el (sl S350 50518 £ it
(Lamas et al., 2014) cuwl £,55LS ;5 p,5 Juo Vo 5l jiaS &
208 il )3 5Ki 5 (59 e 0] b cpgujie qursliy yolie
o Y/ES AAY YN0 AVFA DYS FFUA DYO/A ol pls
(Elleuch etal., 2007) s 03) a5 Sid o3lo p)5 Voo 35 )5

ME/KE o> 1 0I5 bl SS9 03] (€9, AU 1D Furo dgo (il —) Jgua

Table 1- concentration of mineral elements in sesame seed, Ardeh and refined sesame oil (mg/kg)

Fxo 3lgo aS &l 03, (x€9, EVCISIRE SN Y
Mineral elements Sesame seed Ardeh oil Refined sesame oil
M
( . 9) 3331.5 +36.92 3.03 +0.4° >0.00066°¢
2 e
(Mn) 26.3 + 3.62 0.3+0.1° 0.32 +£0.05°
e 3+3. 3+0. 32 +0.
P
)L)é 15060.9 +877.4%8  60.42 + 4.9 40.15 £ 3.01¢
(ND 4.82 £0.242 2.95 +0.86° 2.73+0.23°
S .82 +0. .95 +0. 73 +0.
K
( & 8921.8 £ 149.68 6.4 +1.04° 13.15 +2.18¢
(Fe) b
ol 109.9 £ 35.112 154+14 7.8+2.1°
(Co) 24,71 £ 8.878 3.38£0.5° 1.68 +0.47°¢
s 71+8. .38+0. .68 £ 0.
(Ca)‘ 9663.37 + 28.35% > 0.005° > 0.005°
. .37 £28. . .

S ¢ [+ YA PPM 2oty ¢/« + +YAY PPM oyl o+ /ORF PPO LS o /YAF PPM 20 ¢/« + + YYF PPM 15iKio o/« + +5F PPM 102 50 F PP : U5 : LOD

«/[«<d ppm

LOD: Ni: 4 ppb, Mg: 0.00066 ppm, Mn: 0.000134 ppm, P: 0.384 ppm, Co: 0.594 ppb, Fe: 0.000797 ppm, K: 0.00394 ppm, Ca: 0.005

ppm.

Different letters in each row indicated the significantly at 0.05 level.
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Introduction

Rice as a staple food, especially in Asian countries, can be a major source of heavy metals. Heavy metals also enter
the soils where crops grow naturally and / or through human activities. Metals are absorbed and accumulated in the edible
parts of the plant and enter the food chain. Toxic metals, which are present in nature due to industrialization, have polluted
the environment, including soil, air, water and food, and have adverse effects on human health through food chains. The
Codex Organization has set maximum levels for these elements in various cereals to protect trade and health. Nitrate and
nitrite are naturally present in soil, water and food. But today, foods have higher levels of nitrate and nitrite. Excessive
use of nitrogen fertilizers to achieve higher yields and improper disposal of human and animal wastes may lead to nitrate
accumulation in agricultural products. Very few studies have been performed on the measurement of heavy metal and
nitrogen indices in replanted rice. The aim of this study was to measure the amounts of heavy metals (lead, cadmium and
arsenic) and the amounts of nitrate and nitrite in first harvest rice and re-harvest rice and compare it with the standard
values of the World Health Organization.

Methods and Materials
In this study, a total of 18 rice samples were prepared from three selected farms in the first and second cultivation
times and the amount of nitrite, nitrate and heavy metals lead, cadmium, arsenic and mercury were evaluated.

Results and Discussion

The results showed that in all farms in the second crop the concentration of lead decreased significantly (P<0.05).
The concentration of lead in all treatments of the first crop Has been more than allowed and in the second cultivation, the
treatment of field number one and two, is more than allowed (P<0.05). The concentration of cadmium in all treatments is
within the allowable range and in the second crop compared to the first crop of fields number one and three has a
significant decrease and in field number two has increased significantly (P <0.05). The highest amount of cadmium is
related to field treatments number three. The highest amount of arsenic was observed in the first crop of farm number one
and it is more than the allowable limit and in other treatments the amount of arsenic was less than the allowable level and
in all three farms the concentration of arsenic in the second crop was significantly reduced compared to the first crop.
Regarding mercury, in fields number one and two, with the change of cultivation, the amount of mercury increased
significantly and in field number three, there was a significant decrease (P <0.05). Mercury concentration is less than the
allowable limit only in the second culture sample of farm number three. Nitrite and nitrate concentrations were also low
in all treatments and were considered zero. Experiments showed the amount of nitrite and nitrate in all samples to be
negligible and undetectable. Due to the fact that the detection limit of the method (LOQ) used to measure nitrate and
nitrite is 100 ppb, the amount of nitrate and nitrite in all samples can be less than 100 ppb. The permissible level of nitrate
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in food products and rice grains is set at 50 mg/kg according to national standard 16596. The results of the samples showed
that all 18 samples had lower amounts of nitrate than the allowable limit. Therefore, rice samples prepared from the first
and second crops, their nitrate content is less than the allowable limit and have a complete degree of health.

Conclusion

According to the results obtained, all rice cultivated in the first and second crops have some arsenic, cadmium and
lead, but the amount measured in some samples is less and in others, more than specified in the national standard of Iran.
their consumption may be dangerous for consumers. These results also indicate that due to the stability of the field and
plant type, there is a positive and significant relationship between the amount of heavy metals studied in rice and the time
of cultivation, and this requires further studies on heavy metal contamination in the region. Take place. Therefore, with
the conducted studies, it can be concluded that there are concerns in the consumption of rice cultivated in the city of
Mazandaran province, in terms of the possibility of endangering the health of consumers.
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Table 1- Average squares of heavy metals affected by agricultural land and type of cultivation in rice crop
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Table 2- Evaluation of average of heavy metals lead, Arsenic, Cadmium and Mercury in rice with standard allowable limit
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Introduction

Potato strips are one of the most widely consumed products, and due to their high oil content, they have caused public
health concerns. Therefore, efforts to reduce oil absorption can alleviate these concerns to some extent. Edible coating is
an effective way to reduce oil uptake, because the oil absorption is a surface phenomenon. Edible coatings should adhere
well to the surface of the product and provide a uniform and complete coverage for the product. Preventing the migration
of oxygen, carbon dioxide, aromas, oils, moisture, improving the appearance of food and mechanical properties. In this
study, the possibility of reducing oil absorption in French fries was investigated using okra mucilage and chitosan as
edible coatings.

Material and Methods

The okra was washed and then cut into about 1 cm pieces and poured into containers with lids. Then water in a ratio
of 2:1 weight of okra was added to the container and completely covered its surface. The okra were refrigerated for 72
hours until the mucilage was completely extracted. Then the mucilage was smoothed. This solution was considered as
100% mucilage solution. To prepare a 50% solution of okra mucilage, 100% solution was mixed with an equal amount
of distilled water and filtered. To produce a solution of 0.75 and 1.5% of chitosan, 7.5 and 15 g of chitosan powder was
dissolved in 1000 ml of 1% acetic acid and then adjusted to pH 5. Then 5 g of glycerol was added as a plasticizer. The
potato slices were first blanched in 0.5% calcium chloride solution at 90°C for 5 minutes. Then, they were immersed in
coating solutions at 60°C for 5 minutes. After coating, the potato strips were fried at 180°C using a fryer and then various
characteristics including coating percentage, oil absorption, and moisture content, texture firmness, peroxide value, acid
number, color indices and sensory properties were examined. Design Expert 8.0.7.1 software was used to analyze the
results and to draw the curves.

Results and Discission

The results showed that the increasing the amount of chitosan led to better coating formation in comparison with
okra. The highest coverage was observed in the concentration of 1.2% chitosan and 0% okra mucilage (2.38%) and the
lowest was observed in the control sample (0.11%). It was also observed that with increasing the concentration of chitosan
and okra mucilage, the amount of oil absorption decreases. However, the amount of oil absorption in high concentrations
of okra mucilage increased slightly. The highest oil uptake in the control sample was 20% and the lowest was observed
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in the sample of fried strips covered with 41% okra mucilage and 1.5% chitosan at 15.44%. The obtained model of
oxidation index was not significant. The effect of okra mucilage and chitosan concentration on the texture of the samples
(p <0.05) and the color indices of a* (p<0.01) and L* (p <0.05) were significant. For sensory attributes, the highest and
the lowest taste score was observed for samples coated with 100% okra mucilage and 0.75% chitosan and samples coated
with 18% okra mucilage and 0% chitosan respectively.

Conclusion

The aim of this project was to reduce the oil absorption of fried potato strips by coating them with chitosan and okra
mucilage. Optimization to minimize the consumption of okra and chitosan mucilage showed that coating with 74% okra
and 0.89% chitosan is suitable for coating potato slices. The desirability of this optimization was 71%, which is a
reasonable percentage.
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Fig. 1. Interaction effect of okra and chitosan concentrations on the coating percentage of potato slices
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Introduction

Due to the importance of product appearance quality in product grading and the impact of factors such as area,
uniformity, and various defects on the product quality, and also, the ability to recognize these features at a very low cost,
image processing techniques, is one of the methods used to evaluate food quality. Therefore, in this study, a non-
destructive image processing method was used to investigate the factors affecting the color and shrinkage of apple slices
during drying.

Materials and Methods

Golden delicious apples were used in this research. The central part of the apple (including the rivet, seeds, and tail)
was removed by a kernel separator and sliced into 3, 5, and 7mm thickness and approximately 7 mm diameter slices using
a hand slicer without separating the skin. Three temperatures of 60, 70, and 80 °C were used to dry the samples. To
determine the moisture content of a sliced apple, the samples were first weighed on a digital scale, then placed in a dryer,
and the experiment was continued until the samples reached equilibrium mass. Due to the high importance of moisture
ratio in controlling the drying process, moisture rate (MR) and moisture content (MC) were calculated, and samples were
taken to investigate the amount of surface shrinkage, general color changes and browning index. After extracting L*, a*,
and b* values, total color changes and browning index (to show the intensity of brown color in the product) for all samples
before and after drying were calculated and evaluated to describe color changes after drying.

Results and Discussion

The drying kinetics results showed that the drying process significantly depends on the thickness of the samples.
According to drying curves, at the early stages of drying, the decrease in humidity occurs more severely and the graph
has a steeper slope, but as the process continues and the moisture content of the product decreases, the slope of the curve
decreases. In the early stages of drying, due to the presence of water inside the fresh fruit cells, there is a pressure balance
between the fruit and the surrounding environment, which causes the fruit to remain swollen. However, as the drying time
progressed, contractile stresses are created, which cause superficial shrinkage. In this study, it was observed that
increasing the thickness from 3mm to 7mm, reduced the final shrinkage on the surface of apple slices by 11% at 60 °C,
12% at 70 °C, and 13% at 80 °C. After moisture leaves the surface of the product and heat penetrates into the product,
moisture begins to leave the product by conducting interstitial convection. When moisture moves to the surface, the
mechanical balance and consequently the textural structure of the sample is disturbed due to the creation of different
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spaces in thickness. According to the results, increasing drying time and thus decreasing the moisture content, increases
the percentage of apple shrinkage. On the other hand, at a certain thickness, with increasing temperature, the percentage
of shrinkage changes in the thickness of the product decreases. Therefore, at thicknesses of 3, 5, and 7 mm, the increase
in temperature from 60°C to 80°C, decreased the amount of shrinkage thickness by 16, 12, and 8%, respectively. Itis in
higher thicknesses that react with heat and change the color of the fruit due to the Maillard reaction. After complete drying
of apple samples, the highest amount of color change was related to the thickness of 7 mm and a temperature of 80°C,
which was equal to 1.254. Also, the lowest rate of discoloration of apple slices in a thickness of 3 mm and a temperature
of 60 °C was 0.889. The browning index (Bi) in the high thickness of apple slices is less affected by the process
temperature due to the increase in moisture level. For this reason, the rate of browning was very low among the
experimental samples and the highest rate of browning was related to the thickness of 7 mm and the temperature of 80 °C
was 585/2559. Also, the lowest rate of browning of apple slices was observed in the thickness of 3 mm and the temperature
of 60 °C was 584.254.

Conclusion

Finally, it was found that the thickness and temperature factors can have an effect on the quality of product during
drying process. The results of this study can provide a cheap and fast way to control the quality of fruits during drying
and help producers of these products select the main process factors that affect the final quality.

Keywords: Browning, Drying, Image processing, Machine vision, Shrinkage
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Table 1- Analysis of variance of apple slices moisture Ratio, surface and thickness shrinkage, color change and browning
index according to temperature, thickness and the interaction of thickness and temperature

©lrpe 5nSle
Mean Squares
i e WP by S gl Safp Cabio SaSye S b b Slosed
g 2 &3l Moisture Surface Thickness Color Browning
ouree df rate shrinkage shrinkage change index
Temp:Drature 2 0.209** 81.01* 664.634** 0.153634** 0.00001122"
Tf::ll::ss 2 0.393** 819.717** 930.416** 0.014543"™ 0.00000206"™
Caoles x Lod
Temperature x 4 0.014** 6.494" 41.526%* 0.097973%* 0.00000376™
Thickness
Eurari)r 45 0.003 11.636 1.881 0.007854 0.00000355
Coeff Var - 3247 10.07 2.08 8.67 0.0003

dd o Uiy Mo B g doyd Ve g b pxe BB 55 4y % g
**and* show significant differences at the level of 1% and 5%, respectively.

B85 Ao loj 30 sugby smS o Led g Cholbed e 3T pSlae dunlio (49031 i -Y Jgua
Table 2- Test results comparing the average interaction of thickness and temperature on moisture content at 80min

Thickness (mm)
Temperature (°C) La 3 5 7
60 0.105¢ 0.258° 0.482%
70 0.006° 0.089¢ 0.304°
80 0.002¢ 0.025¢ 0.19°

A3 oo (i3 1y sl sine pas (g g o ya )y alie By ik
*The same letters in each row and column have no meaning.
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Fig. 2. Moisture Content (MC) and Moisture Rate (MR) with respect to time for samples with thicknesses of 3, 5 and 7 mm
(a, b and c) at three temperatures of 60, 70 and 80 °C



VFeY oLl -

oo F ojlos % Al ol gl 2108 @buo g pole sleitrgy @ pis QY'Y

@b Gl Jgae (J313 L8 (alS 55 5 Cush) spme
Lame g 0550 (o )Li8 ol S ol ogee Joloo (19,0 Ol 0529 >
SV b bl 0gd o 0500 (1 bilo pysie el aS 35 2g5g L3l bo]
ool 9,0 3l o @gd S & Jpame a8 Sts o 0
o D08 o ol sla i slol el (L3 jlid ials
bz o g B8l (5 )libbs Sl Sl corge (2Bl sla i
428 2391 08 ol JsSs0 b ol 51 B 6 &S e (o ppuns
(Taghinezhad et al., 2020) >4 0 (SS9 j9p el &
B o oo ¥ 5l Coolousd il 381 &S 545 o0 odmliie ¥ S dsds g5l
Ol @ o sladdyg led (SWS9y2 Rl cage e ¥
Joyd Wadsn Ve glod )0 o yd WWeds 0 5 glod ;0 o yd V)
A5 01)S ol 4 A gled o

#K» (Roosata pour et al., 2015) ,\Ken 5 gluwg,
o GIBSUES 2 lga (S SUES glod g s Sl
1 b il cubis il & S, doud ol 4 e
&S Cowl LS peS (SuS gy g diih by due juww Colue (ials
b callas a5 oyl (slaadly b

Cuolus g lod Jatme y3l eV Jodo 50 oadedls ylis guls dsas g5l

(Ceolbus x Lod) Lod 5 coles blate 5l cpioren 5 s (sladdyg
aw 2 4> A ol loj 53 badiged load )5 Cush) (e
Dlite 31 i b dme ddz gl a5 Cunl b pime duoyd S Jloss
GBM3) JBlas yg0j] 5l oolitel b o puSile duslis dod § ceolbus
a8y Ae lojciie )0 a8 dad o L Y Jads 43 (LSD) o ixe
sbod 4 bgiye cu sladiged )3 oxilo Bl Cush) (lise (it
Gl 0390 IFAY 1o 4 o Lo ¥ Cuolus g 01,8 olus a3 5+
@ bgrpe o sladiged 53 083la b Cagb) Jlade (g yieS (izren
d /oY lime 4 e Juo ¥ Clius g 01,8 e a3 Ar gled

RV I

Tl Sasg,2
b o sladigad jl (S (o (SaS52 lie T g
&S Cuwl asuie O il dxy Ve glod g yio Lo O culbus
(ol Cwbus G cal 003 )5 B3l el Hl58le 5 bawes
ol Uy 4 ploj cuddS L caw sladdyy (SuSerr e

OMWISUES Kgy Jgb 45 a2 )3 Ve (slod g o e 0 Cuolud 13 o (S5 92 - g
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Table 5- Test results comparing the average interaction of thickness and temperature on color change
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Introduction

Oxidation of lipids results in changes that may affect the nutritional quality, wholesomeness, colour, flavour and
texture of food. The aim of this study was to investigate the type and amount of phenolic compounds in ethanolic extract
of aloe vera gel as a source of natural antioxidant and its effect on the oxidative stability of soybean oil.

Using synthetic antioxidant due to the possibility of toxic and carcinogenic effects is limited. Thus, it is important to
find an alternative to synthetic antioxidants by natural antioxidant. Different intrinsic and extrinsic factors may initiate
the oxidation of lipids. The initial products of oxidation are tasteless and odorless and after degradation and production
of secondary products, the off-flavors and off-odors will appeared in edible oils. This is a great concern in food industry,
because it decreases the shelf life of food products. Free radicals are produced during chain reactions in lipid oxidation
process. To avoid this, synthetic antioxidants are usually used which are sensible to heat and are hazardous to human
health and may cause cancer. Polyphenols have antioxidant activity and absorb free radicals. Thus, the vegetable oils rich
in polyphenols can affect human health. In this research, we aimed to investigate the application of natural extract of aloe
vera gel as a natural antioxidant to avoid soy oil oxidation and to compare it with synthetic antioxidants.

The rate of oxidation reaction can be delayed by adding antioxidants. Consumers today tend to use natural antioxidants

instead of synthetics. The overall purpose of this study was to investigate the effect of adding ethanolic extract of aloe
vera gel as natural antioxidant on improving the stability of soybean oil.

Materials and Methods

The compounds in ethanolic extract of aloe vera gel were determined using GC / MS. The antioxidant activity was
evaluated by the method of DPPH. For this purpose, ethanolic extracts of aloe vera gel were added to soybean oil in four
different concentrations (500, 1000, 1500, 2000 ppm) and peroxide value, acidity, thiobarbituric acid, total phenol,
oxidative stability to Rancimat method, fatty acid profile and sensory evaluation were performed on soybean oil samples
and compared with the control sample containing 120 ppm BHA and soybean oil sample without adding antioxidants
during 30, 60 and 90 days of storage at 25 ° C.

Results and Discussion
The results showed that by increasing the concentration of aloe vera extracts from 500 to 2000 ppm, the oxidation
rate decreases during 90 days of storage, the amount of peroxide, thiobarbituric acid and acidity of soybean oil containing
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2000 ppm ethanolic extract of aloe vera gel was lower than the control sample containing 120 ppm BHA. The total phenol
content and free radical scavenging and stability to oxidative degradation by Rancimat method in soybean oil sample
containing 2000 ppm aloe vera ethanol extract was higher than soybean oil samples containing BHA120 ppm. Evaluation
of sensory properties showed that no significant difference was observed between the sensory properties of the oil sample
containing 2000 ppm ethanolic extract of aloe vera gel and the control soybean oil sample of BHA120 ppm.

Conclusion

Considering that the sample of soybean oil containing 2000 ppm ethanolic extract of aloe vera gel had higher phenol
content and free radical scavenging and more antioxidant properties than the control sample, it did not differ significantly
from the control sample. Qualitative and health properties were selected as the superior treatment. The results of this
study showed that the ethanolic extract of aloe vera gel can be used as a natural antioxidant instead of conventional
synthetic antioxidants in the oil industry and to prevent oxidative spoilage of the oil in a desirable way. Therefore, it might

be employed as a natural antioxidant in foods, particularly those containing edible oils.
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Table 1- Chemical composition of aloe vera gel extract

Olus (w2,3) ¢yl3a0 &5k oo
Compounds Level Retention time (min)

Paraoxin 5.666+0.041 3.10
1, 5 Hepta DN- 4- N 1.366+0.047 3.86
Tricycline 1.166+0.057 7.86
Tridekan 3.200+0.000 8.33
2-Hydroxyethyl propionate 1.466+0.056 11.16
8-Methyl octa-hydro coumarin 1.233+0.050 12.95
Hexadecanoic acid methyl ester 4.033+0.052 16.56
Hexa decanoic acid 9.166+0.054 18.1
7-Tetradekan 1.000+0.000 19.92
Methyl eruption 2.266+0.051 20.43
Lopeol 1.366+0.044 20.62
Pirokaktol 9.166+0.046 21.15
Oleic acid 6.866+0.048 21.96
Cinnamic acid 3.266+0.052 22.78
15,12,9- Octa-de-tri-anoic acid methyl ester ~ 5.066+0.055 23.66
Paracoumaric acid 8.733+0.053 24.82
Skovaln 8.033+0.046 31.67
Octadecan, 2- Methyl ester 2.466+0.040 33.2
Karron 15.100+0.048 36.78
Cytosterol 9.366+0.049 39.2
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Table 2- Investigation of antioxidant properties of ethanolic extract aloe vera gel
Total phenol (mg/g)

192.667+0.025

(oas 5 53 SIS sl 5 L) IS U3
DPPH radical inhibitory power (ug / ml)

(s 2,5 9,548) DPPH IS0l (53258 ) oo )05 )l

86.533+0.451

The amount of flavonoids in aloe vera gel extract (mg QE/g)

()5 3PS ke) 1y Bl J 0jliac 53 asgigMé i

151.900+0.361

5595 9 OsmelisnS] 1 wlo o8 1L sl Jsibl ojlas 53 YU
Gged (swl 220 liae &5 2 plo VG ) i)l »
1T sl wiges b il Loy aom bl o)lae sobs sl
baigel dod (gipl e Glie ()RS5 0)93 (b 5 35 (e
9 d¥baawl piccen .(Salehi et al., 2014) cél )38l
Sl (wyp 4 (Esfandiarifard & Ziaolhagh, 2021) ssdlislus
szl y (2, Sl 5 Lgus ) 1 pgo oy sl las Sl ]
Ol 9y Sodiged 4 ojlas cpl (39581 b & Wage5 ()15
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@ baiged 45 ) il el Olise ()05 0095 (o 3 &S 5,8
sl Cppliio pils 3udns uls b as 5,8 oy ilidl go yus
Of9) el Aty FYAY 0)lod 4 1l Lo 5kl 5l
&S b s sl Geod gl &S Cawl 0dd pund uopd /Y Lgus
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il g D55 o 2T ety 4y oy clbisl ] 45 L5l o
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sl e (Shahidi, 2005) xa e 2al3l (g8 (sl e 1S
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Table 3- Evaluation of MgKOH / g acidity changes of soybean oil containing different concentrations of ethanolic extract of
aloe vera gel during 90 days of storage and control !

Type and concentration of antioxidant

Storage timeat25° C
3,5 (w4253 Y0 glod ;3 (5l ploj e

Ol | 51 clils g g4 Day 30 Day 60 Day 90
\RTY! £ 39 A+ ey

500 ppm extract+ oil 0.200 + 0.000°C 0.326 + 0.005"® 0.573 + 0.005PA
1000 ppm extract+ oil 0.170 + 0.000¢¢ 0.266 + 0.005¢B 0.503 + 0.005¢A
1500 ppm extract+ oil 0.163 + 0.005¢¢ 0.240 + 0.000¢%B 0.453 + 0.005¢0A
2000 ppm extract+ oil 0.146 + 0.005%C 0.226 + 0.005¢B 0.413 + 0.005%A
120 ppm BHT+ oil 0.160 *+ 0.000¢€ 0.246 + 0.005% 0.496 + 0.005¢A
Oil (without antioxidant) 0.373 + 0.005°€ 0.693 + 0.00528 1.133 +0.057%4

We ppM BHT (5> 5 a1l g0 Lgw (29 2 Sals

sl 035 0305 L Jlne Blppil E 3 Sols &g & gl

Al ge gy e BB (Sl S48 wiglate By >
Al ge cady by me M) Sl S5 gl gy

Control 1: Soybean oil without antioxidants and containing 120 ppm BHT

Results are shown as mean * standard deviation.

Small lower case letters indicate a significant difference in each column.
Different uppercase letters indicate a significant difference in each row.
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Table 4- Evaluation of MgKOH / g Total phenol changes of soybean oil containing different concentrations of ethanolic
extract of aloe vera gel during 90 days of storage and control !

3,5 w423 Y0 (5lod 53 (6 )laeSS ploj e
Storage timeat25° C

Ol 5T clalg g £o9

Type and concentration of antioxidant Yo 50y LYY e 39,
Day 30 Day 60 Day 90

500 ppm extract+ oil 103.333 +0.5779 98.67 + 1.53°8 72.333 +0.5774C

1000 ppm extract+ oil 125.333 £ 0.577¢A 111.67 + 1,538 93.333 £ 0.577¢

1500 ppm extract+ oil 137.667 + 0.577PA 126.67 + 0.5838 99.333 + 1.155C

2000 ppm extract+ oil 140.333 £ 0.5773A 129.00 + 1.0038 102.333 £ 0.577%

120 ppm BHT+ oil 137.333 + 1.155%A 127.33 + 0.5828 99.667 + 0.577%C

Oil (without antioxidant) 0.000 + 0.000%4 0.000+0.0009A 0.000+0.000¢A

We pPM BHT (ol 5 olapnsliil g bgw 85,2 S0l
sl 01 033 (L5 Hlne Byl (1 Sile S pg 4 ol
Al ge gy gme BB (Sl 68 wigliie By >
Al e () yp ) I gime BB Silis S5 glie gy
Control 1: Soybean oil without antioxidants and containing 120 ppm BHT
Results are shown as mean * standard deviation.

Small lower case letters indicate a significant difference in each column.
Different uppercase letters indicate a significant difference in each row.
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Table 5- Evaluation of DPPH (%) changes of soybean oil containing different concentrations of ethanolic extract of aloe vera
gel during 90 days of storage and control !

3,8 Slw a3 Yo slod 43 (5,1 loj oo

Olw‘uzi s 5 g4

Storage timeat25° C

Type and concentration of antioxidant A ISTY) e ey e 39,
Day 30 Day 60 Day 90

500 ppm extract+ oil 49.000+0.0009A 32.333+0.577% 17.333+0.577¢C

1000 ppm extract+ oil 53.333+0.577°A 43.000+1.000°8 28.667+0.577%C

1500 ppm extract+ oil 61.000+1.0000A 51.667+0.5778 37.333+0.5773C

2000 ppm extract+ oil 63.000+1.00024 54.333+0.57728 39.000+1.000a¢

120 ppm BHT+ oil 60.333+0.5770A 52.333+0.577%B 38.333+0.577%C

Oil (without antioxidant) 0.000+0.000°A 0.000£0.000°A 0.000+0.0009A

We ppM BHT (5l 5 olnsTil (gt Lgw o) 2l
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Control 1: Soybean oil without antioxidants and containing 120 ppm BHT

Results are shown as mean * standard deviation.

Small lower case letters indicate a significant difference in each column.
Different uppercase letters indicate a significant difference in each row.
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.(Rouzbehan et al., 2008)
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Table 6- Evaluation of Peroxide (Meq/kg) changes of soybean oil containing different concentrations of ethanolic extract of
aloe vera gel during 90 days of storage and control !

3,5 (Gl 42 )3 70 (5lod 13 ()l (loj e

Ol ST CE g £99 Storage time at 25 ° C
Type and concentration of antioxidant Yo 59, e 39, Qe 39,
Day 30 Day 60 Day 90
500 ppm extract+ oil 3.0660.051"° 5.966+0.052%8 8.3660.055"*
1000 ppm extract+ oil 2.766+0.115% 5.500+0.000%® 7.833+0.056
1500 ppm extract+ oil 2.4650.052%C 5.033+0.054% 7.266+0.052°4
2000 ppm extract+ oil 2.200+0.100%¢ 4.766+0.057™® 6.833+0.055"
120 ppm BHT+ oil 2.46620.053% 5.266+0.059%8 7.6330.051%
Qil (without antioxidant) 3.566+0.057%° 7.566+0.058%® 11.166+0.058*

We pPM BHT (s 5 lapnsliil g bgw 85, 2 20l

Ll 005 03> UL"'"’ jiress dl).'ml + u,.i:t.e Sygo & CJLJ

Al ge gyl gme BB (Sl S8 wiglite By >
Al ge ) yb ) I e BB Silis S5 glate gy
Control 1: Soybean oil without antioxidants and containing 120 ppm BHT
Results are shown as mean + standard deviation.
Small lower case letters indicate a significant difference in each column.
Different uppercase letters indicate a significant difference in each row.
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.(Mohammadi et al., 2016)
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Table 7- Evaluation of mg MDA/kg TBA changes of soybean oil containing different concentrations of ethanolic extract of
aloe vera gel during 90 days of storage and control !

Ol 5 B g £95

3155 (Flw 42370 (5lod 13 ()l ploj e
Storage timeat25° C

Type and concentration of antioxidant Yo 39, A LTY) e 39y
Day 30 Day 60 Day 90

500 ppm extract+ oil 0.216 + 0.005°¢ 0.566 + 0.005" 0.743 +£0.011°4

1000 ppm extract+ oil 0.170 + 0.010%¢ 0.426 + 0.011°® 0.620 + 0.010%A

1500 ppm extract+ oil 0.136 + 0.005% 0.363 + 0.005%® 0.553 + 0.005%

2000 ppm extract+ oil 0.126 + 0.005% 0.356 + 0.011% 0.513 + 0.005A

120 ppm BHT+ oil 0.126 + 0.005% 0.363 + 0.005% 0.540 + 0.010%

Oil (without antioxidant) 0.340 + 0.010%¢ 0.920 + 0.010%® 1.200 + 0.000%A

We pPM BHT (ol 5 olapnsliil g bgw 85,2 20l

Gl o 03> i Hlme Bzl E Sk &g 4 s
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Control : Soybean oil without antioxidants and containing 120 ppm BHT

Results are shown as mean * standard deviation.

Small lower case letters indicate a significant difference in each column.
Different uppercase letters indicate a significant difference in each row.
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Table 8- Evaluation of rancimat changes of soybean oil containing different concentrations of ethanolic extract of aloe vera
gel during 90 days of storage and control !

3,5 (Flw 42370 (5lod 53 ()l ploj e

oS8 S 5 £

Storage time at25° C

Type and concentration of antioxidant \EBTY e 39, e 39,
Day 30 Day 60 Day 90

500 ppm extract+ oil 5.640 + 0.010%* 4.363 + 0.005%® 2.643 + 0.005°%¢

1000 ppm extract+ oil 6.303 + 0.005% 5.420 + 0.0108 3.223 + 0.0054¢

1500 ppm extract+ oil 7.126 + 0.005% 5.903 + 0.005°8 4.116 +0.011¢

2000 ppm extract+ oil 7.520 +0.000% 6.240 + 0.010%® 4.430 + 0.010%¢

120 ppm BHT+ oail 7.233 + 0.005A 5.916 + 0.005°8 4.143 + 0.005°¢

Oil (without antioxidant) 3.403 + 0.005™ 2.166 + 0.057°8 1.106 + 0.005%

W ppm BHT (g5l 5 a1l gt Lgw ooy, a0l
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Control 1: Soybean oil without antioxidants and containing 120 ppm BHT

Results are shown as mean % standard deviation.

Small lower case letters indicate a significant difference in each column.
Different uppercase letters indicate a significant difference in each row.
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Introduction

Cronobacter sakazakii is an opportunistic pathogen, which has been linked to the contamination of powdered infant
formula, and associated with outbreaks leading to fatalities in neonatal intensive care units. Few studies have explored
the direct interaction between probiotics and C. sakazakii. In this study, the effect of a Lactiplantibacillus plantarum
strain (M17) along with the standard strain Lactobacillus plantarum (ATCC 8014) and the well-characterized probiotic
strain Lactobacillus rhamnosus GG on the adhesion of C. sakazakii to intestinal epithelial cells was analyzed.

Materials and Methods

Acid and bile tolerance of M17 was evaluated in the presence of pepsin and pancreatin. L-arginine hydrolysis was
investigated using an arginine-including medium. Auto-aggregation and co-aggregation assays were performed by
absorbance measurement. Minimum inhibitory concentrations of the antimicrobials recommended by the European Food
Safety Authority were established. Total lactic acid and the ratio of D/L lactate isomers were determined with a Megazyme
enzymatic kit. The ability of the isolate to produce biogenic amines was tested by qualitative and quantitative monitoring.
Hemolysis was assessed phenotypically on MRS agar enriched with sheep blood. The strain was tested for its capability
to adhere to mucin and Caco-2 cells. The antagonistic effects of the strain against C. sakazakii were further evaluated in
vitro on mucin and cultured Caco-2 cells. The LAB strain was added simultaneously with, before, and after C. sakazakii
to Caco-2 cells for competition, exclusion and displacement assays, respectively. Data analysis was performed in R using
one-way analysis of variance, and the experimental groups were compared with the controls using Tukey’s test. P values
<0.05 were considered statistically significant.

Results and Discussion

There was no significant difference in the survival rate of M17 and L. plantarum ATCC 8014 at pH = 4. After 2 h of
incubation at pH = 2.5, the survival rate of L. plantarum ATCC 8014 was estimated to be higher than strain M17, but this
difference was not significant. After 4 hours of incubation at pH = 8, M17 showed a higher survival rate than L. plantarum
ATCC 8014, and this difference was significant after transfer from pH = 4. These results confirm the appropriate viability
of M17 in the gastrointestinal tract. Both M17 and L. plantarum ATCC 8014 developed the color yellow in the L-arginine
hydrolysis assay, which confirms the safety of these strains. The percentage of auto-aggregation for M17, L. plantarum
ATCC 8014, and Lactobacillus rhamnosus LGG was estimated at 24.38, 25.28, and 32 after 6 hours, respectively, and
no statistically significant difference between the two isolates were noticed. Given the auto-aggregation and co-
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aggregation parameters of M17, this strain may constitute a defense mechanism against C. sakazakii. Strain M17 showed
resistance to kanamycin and clindamycin antibiotics. With intrinsic resistance, the risk of transferring resistance genes is
not only speculative, but practically impossible. Intrinsic resistance of lactic acid bacteria may be considered desirable
because it ensures their survival when the host is treated with antibiotics. Both D and L isomers of lactic acid were
produced by the studied strains. In humans, D(-)-lactic acidosis is a rare metabolic complication that has only been
reported in individuals with short bowel syndrome). Clinical studies have shown that the consumption of probiotic
bacteria producing D(-)-lactic acid is safe for children and does not cause a long-term increase in blood D(-)-lactic acid.
The reference L. plantarum strain and M17 did not produce biogenic amine precursors, and had no R-hemolytic activity.
Mucin adhesion assay exhibited that M17 has less adhesion (12.10 + 1.14 %) than L. plantarum ATCC 8014 (13.33 +
2.30 %) and LGG (15.93 £ 2.06 %) although these differences were not statistically significant. However, the amount of
adhesion for the positive control sample Escherichia coli K12 (25.19 + 4.40 %) was significantly higher than those of the
other strains. Compared to the positive control, M17 had a significantly lower adhesion rate (6.8 + 1.41) to CaCo-2 cells.
This value was estimated at 13.77 + 3.53 % for the reference strain and 21.6 + 7.54 % for Lactobacillus fermentum PCC
(positive control). In antagonistic assays, M17 was able to reduce the adhesion of C. sakazakii to mucin and CaCo-2 cells
in all three methods of exclusion/inhibition, competition and displacement. Statistical analysis of the results does not
show a significant difference between M17 and LGG. Therefore, the performance of M17 is similar to that of the standard
probiotic LGG.

Conclusion

Lactic acid bacteria with acceptable ability to adhere to epithelial cells can be suitable for colonization in the intestine.
They can act as a barrier to fight pathogens through various competitive mechanisms, such as co-aggregation with
pathogens and adhesion. The M17 strain has an acceptable immune profile and probiotic properties because it shows an
acceptable antagonistic activity against C. sakazakii invasion.
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s i () 3,918 3l (Azizi et al., 2017) )\ Ken 9 (sjje
S Gged (wyiwd 2 wlis il jslaie 4 b gilwlis JUse
S9) 2298 lgime g b 031> )18 21,5 ol a3 ¥e (slad
FA Gt 4y g 05 03l S (o] oS ye) HBT MRS oS laxe
&S Wl 3ol Kb Ve (slod 5 (s5lgn o ksl o el
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S 5535 oISt (55 (y9unSIS 3550 31 (TS ST,
(&l Jb ygkate & .05 (£ sy 5 CCUG 28860 s i 0locs by
BHI cuiS Lo 3 ailbd cuiS &g & STilTo 1i5Tsig 5
@lSul, 0x0id) 5T VRBG cuiS e (g5) o 5 &y
5 s o e 3 odlinad b Slds sy oo Ll > (ol
Charchoghlyan et al., ) w5 osls cusS YV°C slos 58
(2016

dash (G Juo g8 puplicolsp3sY aalaa Gl b))
Ssolins
SlbMol b Kos et al., 2000 g, 5l Gislejl cpl bl sl
ATCC ANY oy lidly wslaobsisY (35Sl 51 0 oslizsl S
Ol & (0] o 5 ale sl Glojlo jload (5l 3)
Qg5 1l ¢ pazsee S5 4 .93,5 o3l Liales] opl 3 Aali diges
MRS ;5 cels V¥ Gs 4 oslal 5% Y 5 wals b
93,5 o )0 ¥ slod o cudS lame S 00 S el
(ol Sigma 3_30K) 5euts il 488> Vo ke 4 YAV XG0
0315 gutitunds ;b dw 4 +/0 NACI sl Joloeo 31 o3litol b puseo
ol dtad sla sl (igmiliwgn Sl 6t (oo 93 (slapoes A5

Pagotto & , 2009) xS Jugws 1) ji8lsig)S (sldy Mlev 0
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Y 8L b 550 Sl 4 Bl e 9 S pe e Lol e
GurtlerDrudy et al., 2006 <Lai, 2001) cusl o5 i)l ~A
a5, (Nazarowec-White & Farber, 1997 <t al., 2005
s Sxge JWlighl gk by & Sk w2l 5 G
Sl 5,8kes 55 IS 5 gei 3 b 4 orie il (6 jlow ¢yl
wlie Glaouay &5 Bl odby ol cldlles I (golass 59 o
sladshe 5l ygee g dles > (STibLo 5pig X 9 A (21
OB i3 oo S5 ) e S dw &S jhe (S e JUligl
.(Mohan Nair et al., 2009) >

K4 Wl oo SS b > (Sfslong S Lo g0
9 45 S8 5Ll Sl g o8 2l 3 15 (5lon )] il
(Kent et al., 2015) ua> jialS 1) jb axsls (g)low 4 Mol Hlas
) o) Glapus)lgSee plyis 4 pob Jb > b SSgng 0
Qe oMo gy ¢ B ol )3 ool plSin & &4 L9 o iy
CODEX <Guarner & Schaafsma, 1998) 1,135 . e 55
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A3 o Ui (2l dlge 13 043 (Sl g Sy 3 Slas 5 ols
5 D85 (Seiglgise] sl ) Lare B B STgngy oS
o S8l ) s HB b A5 oo g A8 o i i
5 sols (FAO/WHO, 2006b) sl azsls 8358 )3 Ssie sl
osbawlasyY oS 2oy ol (Hunter et al., 2009) 4, Ken
38T 31 (36 o) w35y JW) ol ol 5] o005
e So 3 (Il i5Tig )5yl domel 53 0 g5 S i
Hunter ) .8 oo gk 019,50 colpSgptl 4 Mo (9o g
!y (Collado et al., 2008a) ,Sen 4 93Y4S (et al., 2009
ol 5l o Lo bloa 4 (STl Ls j5T97,8" St L ablia
Joli adllas (pl) 5315 15 Galeil 3590 1) Sppyy clotrg
355 'LGG

Copmoz Sy slp Medgul ) (I Blge (3)5 wal )3 jglaie &
slalesl Gl b Sgugpm sl sls oy (el O] dun
(Arboleya et al., 2012) 34 0 oy Ll Lisw  seMw
A g o B b b Sismgyn sloigw oy Loled culle
298 03> Gl (63)90 Cpge 4 ljee Cdle p dge o
ool alse Soangp slas xSt (Campana et al., 2017)
Sldllae ¢ Jls ol b odiad 05l sly 555k slee 41 556 4 Slosds

1- Lactobacillus rhamnosus (LGG)
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4l Ve gl pmiliwge 03,5 > bacxe (ODgs. +/¥=/Y)
O oy aebieSSl el £ e 4y 3BT slod j3 g 00 WSS9
2 ode g odd atdby oYL Gemlusgw 1Y Ml el (o 5
Thermo Fisher Genesys 30) us (¢pSojlul jiogl £o-
Jgeyp 3ab (AULO-A%) ingsl 395 oy (Il Scientific
(Campana et al., 2017) 15,5 auwlxo )
Auto-A% =Y — (AJAg) X V- Q)
o gloj 3 e Ao g dilies (slagloj o i Al o &S
3 o) Sl ol e8] sl Ghegsl 295 e 4 .l
S S
gl | gl ¥ polie gl oo yge3l gl
1+8) Johos 35kl Bl b 525030, 5 poplelisisY ol Sl
Vo Sde dy ()l S +/0 A cells/ml Aggonm = +/Y0
O S e LT glod o cslis £ se 4 g 0 STy a5l
Ogeilewgw I s ¥ jlie gol sladiges (3518
390 8l (lsie 4 (ATCC AVF) g, L3 pupleabsis¥ (s 5T
Al oYU amslbusgw 1Y Ml el jo 53 .85 41,5 solatw!
F o (L i5TpigsS s pophaslsisV) o s G 5 005
Sl p pigsl w2l xS (gwp GeewbeSSl Cole
Gl g S5 (GamlisSSl Celu £ 5 ) ol pliee (23]
9 oms S @ 8L Gapgmlge Gl g belse
Ay g Ax ol 0 a5 W duslre yj dble B gl wp Mo
9 esbulsSY bala iagsl (ol snmdo i iy 4
slalis oS5 Ghegsl AKX +Y) g ks 4 5Tles
ol )5 ¥ 5 o ialefl won sl iSTpin, 5 pophlpisY
(Campana et al., 2017) sai
((Ax +Ay)/2)-Alx+Y)

%Coaggregation = x 100

Ay + Ay /2 (Y)

uplicul gisy aalan (S5 930 ST Cpeales
Bl @ Caglie gy Jsl bbd 1 uglusbgsy abe
M8 oy 39 s Jlil JB S Sl @l loSSgn
905l ol g Camlun/Cuoglio s Jols by, (wlol .cd)S
s oslae py (Potka et al., 2016) cul ydsldg,So
15 5 8T MRS cutS Lo 55 el FA So &y uplaslaisV
gm0 5 (gliSalbhe,S )5 e 4y Yo cled
dgo goal 5yl hlgiin (wlol p iules]l ! 4> odlitwl 3)90
V¥ MO/L) emsleblS (AWYA MQ/L) pslolis byl olie
Oemmlog syl FF MO/L) dSGLol 55 o(YOF MO/L) (poanns Lo gty yias!

Jsbe | JSto one 036 i oo Vgl oyl (slocSodls
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J(Carvalho et al., 2009
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CulS by oplaolsiSY il bawgs osta5yl= ) g (o2
glo boe 4 (29,800 (gmilwgw | yidg)Sen Ve b (IS Sy
» el YF Gt 4 g Jatie cpingyl- ) aiel sl Ty sob>
Iranian National Standard ) us (¢)liSalke,S YVOC (clos
Voo oIS abkeS e bl 5 e (No. 19459, 2014
0313 51,8 s Bpme (sl (Slo L (g9, it lame Sl yidgSue
oL 3o 4 blo (26,0 STy dbul i3S (pwyp S5y S
r8599] pesS 3l ) Gloil ol 3 el JgiB B i (SogS
A ool Cute J S laie 4y (ATCC YOAYY)

oupbicols gisY aalsa b yiSb e gl LT
Qg cpBgsl pa g (gl 393 10> (0 VL b slaage
(Collado et al., 2008b) g o0 Cguzs 3y (Sismgs b
Del ) ohiSan 5 5y J> (bgy ololy ahir imgsl 58 90
o (Tomas et al., 2005) |,Ken 5 wlogi 4 (Re et al., 2000
o &y upbawlaSY 4laz 035 plnil p5 gy & (Jia e
&.&4@9)315)53«30 Lylys 3 elpy MRS 5 YA°C (clos o el VF
Lot uw Wi 00l S SO g (ghlen o b 5l edlael b
5 5ot xSl YO+ 1PM oy b addd Vo e 4 (ol S cuss’



V¥ T =y o o)louds 98wl eyl (210 @iluo g pole sleingh 4 pis  OFY

a5l ol)S 5l dad YV (glod 43 595 B e & (04 gl dgdzee
S aw b yiolej] s saalie S5 yus celo Y ja g 505
b jglaie 4y (Pérez Martinez et al., 2012) w5 plosl Jataw
oo Lo 31 2 oo VY 59,0 gy Ko sloppel g5
olo 5 outs il A+ ex g ;0 AbBd Yo ke 4 g (S yglaer B
Gypits) slodly) )3 jagsSes VY (slayild 5l oslizl b o)
(Bl 42> Ve (olod )3 (ilognia loj b g ibd s byl
5 odlil b gy dlge Sjom (slacmel clalé s o)laSs ol
Redruello et al., ) o,5en ¢ obg), bgy wlel » UPLC
Cliol glid /¥ pm) s ) glo b (spSejlul (2013
Aol oIS 930 53 2l Ve g (SHleils S g VWR (ol
MooV Sygr 3L 1 jidgSee WO & g 1D 35, Yoo </

S5 Il 9 iy Ko ¥ ol o o 8L (Yoo +/-Y)
a0V 30 g b uSS)g bolbke @bl (DEEMM) wlglle i
O b 45S5] 428 FO e 4 Lawl el ples j> 515 ol
b s 4655 el ¥ do 4 01,8 il d > Ve (slod )3 adiges
488> Vo) B oaty Sl Luew diged g Jled e DEEMM
slie Sl eolanwl b g (31,8 ol an 0 ¥ gled 9 AF++x g o
8 (VWR) oy e Sy 53 (VWR cyias oo +/YY) PTFE
L (03 il d pd VF) oids gidio diges I yilg o Y jlaie LA
H-Class Acquity UPLCTM i) UPLC I3l ;I oolac!
23359 al)l K 6 4 Juate (Sl wmg il Waters
mm /Y pm Acquity BEH C18) s < b cjiogls YA
ol ()1 gy b oS (Bl 42> YD )5 (5515 /AN
s o .c8)S 1,8 oo 540 (Redruello et al., 2013) Lawgs
L5 g (S5l «SleisS) gyl laws 1 g wingy HPLC oy
M (S)ladls calSl) 5d 505 5 gizel S 5 WAL 5 il
390 disal S5 T 4y bgpye Sy plos b aplSsleg s 03
Sdo 3 (S5gm el V g pogel ose izel sl YV Jols) (g
N38la s 51 eolasil b ool Cuwd &y (gl Jsl8g s 5 Wi lax> ad,8> V-

.(Mgller et al., 2020) x5 5JUT (55lg & aes) Empower

Saislgen cudlad (b))
allin 3,50 Sy, 4tz Sigad ol 3,51y poiic
Iranian National ) c.é py g0 VAT 35kl sllae yisles]
oslawlaisY alas jelaie opy (Standard No. 19459. 2014

o)l oglawlsSY o (ATCC YOAYY) Lushs  pugS 55 shsli]
V) diawsS 55 ol BT cuiS lae (59, » (ATCC A+ V¥)

(V8 MY/IL) b (oxol (MY MYIL) Cpamlalacds” (V5 mg/L)
0903l plas 22 (PF ML) JsSidol S5 5 (V7 MYIL) (pruslogSg
ot (ool ) iyiel (Sole 3 g o ol o b
plosl ISO/IDF IS5, b silas baSip ol ol slacdale
Silan o bl P YYOC (lod jd el YA o 4 ey i
255 5 2y e ool 0330 bl 2 B0l (5 ISl S
ol y3 (Polka et al., 2016) i onlgs  souix odaliv b diges

Slsie 4 (ATCC AVY) g, 53 pushobois¥ (s 58, 51 ol
23,5 oolatwl dals

il SISY (5La 50 953l il g3 (il
3 Se g et 5| hols sl g 55 SV sl g
ANY o) lidl poglawlsiSY) 3als Lges 5 LuslwlsSTY 4l
SeSY-D) 5l S b 395 wsllas Lyl j3 03,8 05, (ATCC

03,5 et Jatwe J1LS0 Aw ) (mj R0 cdow! SSY-L/ sl
235 (e JEws 22 {mh) + % +
.(Mufioz-Quezada et al., 2013)

S35 9 sLagsel sl g5 (il
ol 15 > uslaolsSY Gladgw § Sy Uy
ool g po NS 92,53 daol el Cdlad 3939 4 o K5om
0SS Ky i el (&S ) Sl ol w9y ol
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o 4 0l LI (p59p5 g Oygl o ot gl )
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5 Gty JsiaySsesn Lasls (S5, i 5,8 edlisl (et al., 2020
4 NS )55 sl ginel S giae cllad plgie 4 i 4 3);
Sifom el S 5 (o YO+ oo 4y bgpje o8 oo Sl
oiwlejl oyl plol (¢l (Olasupo et al., 2001) cul yl / 0l
Cute S8 plyis & CECT YWY g uphaolislY a9 |
@ KUHB (opopll upbaolsSY a5 9 ool W ol
Pl poplwlsSY (polinsd Mg gl cute S8 e
5 odlisl M17 aylis 5 anls disel lsic 4 (ATCC A-\¥)
g See Voo y kings o0 S @l MRS ;3 M & oy g
el Sty Jg5 )8 5095 5 Alzel (slaspul (g5l dgum slalams 4
L) e JyzS codly) olan 4 ond il (cladly) .54
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sl sk (Iranian National Standard No. 19459. 2014)
Salx VW eds Glbris (> Saly > Joko Vo8 clale | Caco-2
VO Gde 4y g L aslS (S)leils «S'ye LCorning® Costar®)
Sad sl Jolo o ey ly gk ye el o)
Ode 4 Caco-2 sla Jolu ((Briske- Anderson, et al., 1997)
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bbb & (Vgohe Vo ales lale) i 3L 0235 )18
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UP9) 51 ealawwl L odiom> (gl g Sl slaay Sus s X-100
Loy Gygo 4 @l g oms MRS BT (g) ol (byled
Loyd) oad ALl slag Sl jlde 4y Cud ol slags ST
M5 ol (e a8Ls! gl xSL CFU [ asums slas 8L CFU
G PCC p4iio)8 yugluwlsisy 45w 3| (Campana et al., 2017)
.(Srimahaeak et al., 2021) .5 ool oo S lgis

slad slos a3 (Slsle yisligd g 55 (Sassua ) 5 ;S ol
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o3l b obuls o culsy wiis Joli SuiS o cslo g0l
9 MI7 a5 2L ySL slaggrailige 4 ploxl MIT 490
WA A b 03 rosgr Y g3 &S jobo led STl Lo ji5Tgig S
Il e VL Caco2 slaa¥ S Bls yge)l lp
&ty PBS b g g jled cel V Gde &y M17 (ygumibawgus
ol Juo Vel yo pl 40 Mg BBl odiwe e sl iSLL LA
Glod p el ¥l Jobo sV S5 4 STl Lo 557,573
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2 5 Jatie 5T sglo S o 4y 505 38 (Si5lgeed (S
Sl Bad asssl CFUMI 3les (dly conbio cutS Laslyis
() bl Gpmilg (om0 > sks «old) (90
O9eloSSl asloo ¥l g 2i8)S 1S MLT 5 STils s yiSThgig s
Lok JIY baY <6 CO2 70 L ol ko s )3 YV clos 5
O D505 30 (PBS 53 Z+/0) X=Ve o 95 b g eituns PBS
b 4 6ad (33) Gl ) by ©)g0 4 0ad 5 sl Jshe
oled (ly canlio cutS Lalpd 3 g e HBT gols cuiS

gl Wad ooy S sl a9 4 (48> (S lihwsS (5>
Obb 3l e 9 IS ABRe S caslio Ll g Lo )3 dig)ly &9 4
ol Glas dls dgvs 5 5 beul (g liSalbe,S ci
W) )18 oy 2y90 b IS SLE > (Sg3 slasle Sg)a
&S Cuwl by £95 g 5 Cute yiiSTg oaimd Lis CBlad dla g5

ol gllaols ool Hlas Sl

(ruge 43 (Sasun
9y S omege 4 St Jlal (SSe qw)p polate
Cpwge paie S5 4 .05 ool (Bengoa et al., 2018)
5 J> PBS jl oslizal b i) 3 o8 ¥ clale b (S4,0] doSw)
SlocSaly & JLail Gl g 5 255 (+/7Y M) (gl il
@l Suly Maxisorp Nunc) s el o pliel L Gl 48 el
2 cels G e 4l elaie s 13,8 3)ls ol )3 (Sl
¥ slod o el Vw5 435501 01,8 5l a0 VY gled
Glod > el ¥ Cde 4 dime aali STl b 00l 41,8 515 5l
b JB el gl e b s plool o] )5 ol a0 YY
g Sae Vool odlail b culy ccules ) wday Blas 4 o) plia]
CuiS (658 sladiges g o S§ .0 00l gutiiun Jb 50 PBS
438> 0 o 4 2T Bl ax > Ve 3 g Voo XQ 40 odd ol
5 031 guiins PBS Jglomo b )l 9 o LSUis ¢y g ¢jgats il
o3litul b o 5 2355 > PBS Jslows 2 (oo ) 13 (555 <y
» b ysh cble OD =00+ nM )5 5 (5 ptegbsiSenl (s,
3 s sSee Voo Grps 03,5 oalald (25 oy S5 sy V-
Celo ¥ Gae 4 e 35 S bSaly 4 555 p» Jole
Lok s bsaly b (o)l8 4SSl o5 sle 45,0 YV gled
CxSL L A odld g PBS Jolowo iy Sio Voo 5l ooliul
Yl ySuo Cumygd Ngd Bl Culy Wl 00,5 Iy Jlasl &5 o
iy ocSaly > gl 2 e & e L, X100 (505 ol §
SHSLL 00,8 4SSl ol )8 ol dajd VY 2 adda Ve do dy g M
25 b Sely el 1lgSie so bigd Al end Jate (gla
wgw 545 ool cuiS BT MRS el (go) 9 5 38, PBS
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O 9 DD 00l cusS oS e dayd ¥ p0 el FA e
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Glee JWb gl sl & MI7 wly Siwe gl



VY T — a0 oF oylocs 8 il oyl ol I mobio g pole slosdungly 4 i OFF

0525 93 5l oy Jeate slacs Bl g oAb aiud PBS L
2 st by Jite (e o b ads (Fe1) X\
A5 dgolone ¥ Jgo,8 jloalatul b ()39l sloe 203 g ploxil )15 4w

:(Collado et al., 2008b)

(% adherence of pathogen)-(% adherence of pathogen with probiotic)

% adherence of pathogen B

% inhibition =

)
Solol Jualosi g 4329

54,k Sy uilly 5T s ol R i b gyl (sl
e SRl sy sl (P < +1-0) (S5 oseil o] J> &y
225 28)5 )15 oliul 3)90 (St Giovie ) bylas o )
UlsS ol aylitio Lol 1 30 g (sliy 4 bgyyo (slmodls il o
A5 plosl GraphPad Prism 6 158l 5 5 ealawl b

=W
S99 0ol lulid

ATCC ANE pg LM osleaobisisY s MAT dylas (gl o)5eo
390 o)leS olKwd wlde ylyd cod aiele £ oy aols yo
5 4y il 3 )lsS oSz 3 lié a3 oS > 18,5 1E ;)
Jols 905l oyl (Grodner et al., 2021) 5> 5l loj ceelus
5 Sshie LS (pmy dae ol PH ply p Coglie
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Sl b eSSl oS le as 3 YV gloy o el ¥ o 4
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o A5 9SSl oS il dayd VY slod jo celo ) e
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2 5 St yge5l s b dpsls MIT7 45 (9381 5l ans g Ji3

(Campana et al., 2017) . pbx! S5 )l 5o iomiuw

e 90 43 (S5l Ji5Li 43 5,5 (Sass 5 5 58 ol
) g abulr ole 1> MIT a5 Ul (b)) pslate &
Sals . odlaiwl @l s S0 b (Collado et al., 2008b) s,
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3 g ySee Voo ot g (igmslisSl 1 e olee el ol
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Fig. 1. Effect of incubation of isolate M17 and L. plantarum ATCC 8014 in simulated gastric and intestinal juice for 6 hours
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Gelw T Sloj dold 43639, 9 0ur0 0w D ATCC A+ V€ 09, Uiy LpwsbuwlsSY g M1T sraslan Sloosij duoyd —) Jouaa
Table 1- Survival percentage of M17 and L. plantarum ATCC 8014 in simulated gastric and intestinal juice for 6 hours

dogw ML7 o9, ld posbawls (S (Y ATCC ANE 0,0y posbuwlssSy
Strain L. plantarum M17 L. plantarum ATCC 8014
pH 2.5 4 8 with initial 2.5 4 8 with 8 with
pH2.5 initial pH 4 initial pH initial pH
ol PHLA v Ly lpH LA 25 4
Y/ adgpHULA  adglpH LA
Yo ¥
Time .b; 2 2 6 2 2 6 6
(h)
odjcupe  90.55+1.71 101.76+5.22 89.01+6.43 100.91+4.86 95.79+2.67 100.52+2.60 87.86+5.92 88.63+2.32
7 . abcd a bed abed abc d cd
(%) sl
Survival
rate

(P < o) Wyl o i W] caglite (glacudgioy b ciudy ya 0 35390 (slaodls AP yizun Lao ol £ 1S5 ds b L yioxin (pSibie ¢p3lie
The data are represented as the mean + standard deviation with three replicates. a,b,c,d, the data in each row indicate significant
differences with different transcripts (P<0.05)

9 M17 wlis dges 95 yo a5 5 Lis aulllas ol )3 odal Cows
o woly ol 1y 5y) Koy ATCC ANF g liidl poslelsisyY
S5y oialejl ol 2 dlioe s 1Sl cnl g el 2 sl
VOAVY yoglsl posSpSphslio] (5 ySL) cuto 38 igas & bgyye
b S5 job 4 Jlate (2l (ATCC

rosbalsSY g adllas 3y50 lix ly Glagsl 595 a0
5148 05,5 5yl el £ 5l aw YOIVA g YEIYA G5 4 o LM
3959 M17 s g dali diged oy ()b sxe Solas (g)bl Llsd
iegsl wh g Giagsl 33 lajiell (g (P>1/00) cusly
Cudls ST Lo yi5Tgia o e y3 MAT &g i 3 blgs 51 L
S Olsie 4 LG (pupusisl posholyisY 31 Lo (Y Jyio)
A s 1y il 595 aUlg VL & 023, soliul ko
e gl 5| i LGG 9 M7 dygu 95 oy cslel LT (1Y7)
S Sy s M17 gw cplpls (P> +/+0) 3)lu )bl
Lol LGG 5 jlubi] g b dsliio yimngul ob g ingiilogs

=¥ 0 sl g bl 45 90 b (gl Glo o Mo pd iy
¥ 3 adlllas )90 465 93 w6y (dme Cogld5 13,5 541, PH
PH (ol ) 58 Sy o> 9 (P> +/+0) el dgp9 pH =
ML7 sy | yie ATCC ANY 29,3l yuplwlsSY Glo
3yl8kiwl o (P> +/+0) 295 )l xe ciglis oyl Jg 13,5 3yl
u»)lo.w i codno o).u.u LY w5l.o..o U?“’)T )I = AR AR u‘).sl L5L°
Iranian National Standard No. ) usb Vo7 5l 268" L5 o
Gl PH=A xSt jeas celo ¥ 5l w (19459. 2014
poplidl osleoksSY J1 g3V Sleoksy oy MIT7
PH =¥ 5l Jsl 51w S pl o ol ol |) ATCC A NY
Caglio p sl @l cpl () Jois) (P < +/+0) 340 o sime
ol (5165 0l&id byl yid 4y s MLT il Canlio
MI7 slir sl o)yt pskito 4 53)1= 1 dgriem (taloj]
PO 0,5 5 5y i b S Silol ol 0 plosl ol (s
@ led o SuSE yaul i 1) eal o S 508 4 ilate

T 55353, G LGG 5 MIT lbaygun ol o gl 355 0,3 =Y Jga
Table 2- Percentage of auto-aggregation and co-aggregation of M17 and LGG strains with C. sakazakii

el 51 e gl 295

sl N5 gy FTiB L S 5lgig 5 gl o2

Strain 4 gw d ]
Auto-aggregation after 6 h (%) Co-aggregation after 6 h (%)
M17 2438 +£4.562 18.09+1.96¢2
ATCC 8014 25,3 el 25.28 +4.06 13.22+1.92°
L. plantarum ATCC 8014
LGG 32.00+1.40¢% 21.71+1.72¢%

(P < 100) 3l s e 3B glite (slacubigioy b (ygtw yn 53 d93ge (slaosh PP i jlas CBlysul £ ST d b la iomie Sl ¢plie
The data are represented as the mean + standard deviation with three replicates. a,b, the data in each row indicate significant
differences with different transcripts (P<0.05).
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loSsn 5l il 5 ML7 dype b ol b 3l ol (2008)
Sy L Ceoglio 35 3l punloliidS 5 s LIS

ANY gy Dl uplewlisis™Y gy 005 )55 S8V il oo
ly 9 WAL £ /D) LGG 45w sly MAY £ +/¥Y ATCC
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(F J5i) 3555 455 (oo 2350 (slotiges o L 9 D SsY

Sl @byl Coglie Gl slajlre Gluyiy

Bl gy ol 5l ol cuoal Bl jla Sllges o Gl )0 S50
23 Slga b g b o933l (¢l (EFSA J 732:1-15)  Sigm il
European Food Safety ) cusl sad dbol ply )3 eslatwl 5)g0
e o0l S SSgm 3l (905l lp (2008 Authority
MIC (9051 polie guls .09 o ool JSuibel JS g ¢ plSoll 5
Ve 2l 3 slligiSY (slasge (Seise 5l Sl
p3lie 23 1o dygar ol 05 03,91 ¥ Jgan )3 0l ialejl Kgw

Signi gl plp P MIT g @ g0 09, lidly pupbearlisSY G5 5 Comlis (50 comed Y Jg>
Table 3- Antibiotic sensitivity of reference strain L. plantarum and M17
ANTIBIOTIC [MIC (uG/ML)]

wgw Ot (0! Ot ol O bl Camilog iz ! OmlolilS SOl JeSel S
Strain AMP GEN CAN ERY CLI TET CHL
Jlais abais 2 16 64 1 2 32 8
*breakpoint
oslslssY 0.25 <4 64 0.25 1 16 8
ol L.
plantarum
ATCC
14917
M17 0.5 16 128 0.5 4 16 8

ol 0 1)) 316kl guiile by gt o, i yusliwlsSYEFSA ouds apogs pdldo #
*Values are according to EFSA recommendations for heterofermentative L. plantarum strains

M17 g g po sLAiged (5l SSE &y 0 wdgi SESY sbaww! Jlude -£ Joua
Table 4- Lactic acid isomers produced by reference strain and M17

Q9w ! S5Y-D S| SESY-L S5 sl S5y
Strain D-lactic acid L-lactic acid Total lactic acid
. gL pes L gL 2 pes oL 2 pes
M17 53.70 7.80+0.64 46.30 6.73+0.34 14.54 + 0.99
ATCCANY o)l pushelsTY 1609 0334002 8311 1644029 1974031
L. plantarum ATCC 8014
LGG 1207 167+1.06 87.93 12.30+0.44 13.99 + 0.51

s 136 x>0 9 M17 diges EFSA iayl bl 3illas
5P pllis] Sa JiS Kges o Jlo 3 idg Slgenlty
S s 1y (Sidgen cullid ATCC YOAYY ugt)s/

ML7 a9 o5 3,5 408 35 (pwge & JLail (SS90 (o)
skl & s (YN £ VN P) (8 Stipy
£ ¥/:52) LGG o (AVWIYY £ Y/¥+2) ATCC ANF p,l5),
D395 I3 sime AW ] ()bl Llsd 51 4 s ya ool (£ V0/AY
) Cute JS iged 3 (St i o Jb onl L (P> +/-0)
b sy sime B! g)lol Llod 5l a8 053,5 3,91 0 (YO/VA /¥
D Jodz) (P < +/+0) 2 baaygus b

Copols S8V dl (5oL by S slocss! g
el Ssmon olpie & hie gladlgnl kS Cuns (asllae
0905l gls b Cute o8y e oS b Ll sy oyl ol e
35 35) KUHB copphl ushalsisY losssl
0dS AJy) CECT ¥yvy oy UU}L.WL},J/Y 9 (umL.a.w&s
Wged W ool Cote J S ol 4 dalllas opl 45 &S (u,..pl)...:
Ol a8 oo )> M1T gl g a2 jo 2g) LMl pushanlssY
¥ J58) 03,85 55 |y S el sl
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by Y LS5,155k by LGG dgus (¥ Jgis) 55 CaCo-2
(P> efe0) sy o Ui sl (SH)I5L hay b drgw 93
b e LGG 3,1kl SiSpmgys b aolite M1T 3,Skes o5 ! 5
LGG y M17 Sgmgn slodigmw (Stismer (S9,15k (o)
adllas )50 gladgu SUlG ol wls g <o) Gles B9y dw
2 pialed 1) cpwge & (ST ,i5T1aig,5" (Saims (als )
Q9w s M17 d90 (0 ()3 sime S5 bt gylal LT (A Jgia)
M17 5,Slac cgy cpl 1 (P> +/+0) am3pab i LGG 3Ll
silo LGG 5)linl Sifgurgys b olite

@ 8L (St ooy p EFSA ol Sl 51 S0 (S
3 Ui 905 cpl 5l edel Cawd 4 guls .ol CaCO-2 (sl Jobu
4 Cute JyuS b duslio > cadllas pl )3 0dd Ly dgpl oS
Jsko b (FIA £ VEY P) (gyia8 (S s0)d (g)ine S
Ggad glp lade pl (P < +[e0) cusb CaCo-2 sl
Ggai g (WY £ YOV ®) qaye pg it uslulssY
J9a) 3,5 354l (VV/E £ VIOF?) PCC ppita)s uslawlsisy
i
LGG s M17 Signg slodgu (Sdismer (S35)135L (o)
dy50 Sldrgw olgi Jl Ui ol ale 5 o) (Blo ) aw
Slodsko & Tl TS S inlS > adles

Crwgo 4 82 50 Srdigw 9 M7 digaw (Sdipusr 2o )d -0 Joi
Table 5- Mucin adhesion of M17 and reference strains

Strain age M17 ATCC 8014 05, iy  posbawlisiSy A L
i L. plantarum ATCC 8014 E. coli K12
7y - ..
(%) Opege & (St 1210+ 1.14 13.33+£2.30° 25.19 + 4.402

Mucin adhesion

CaCo-2 gladghw 4 22 0 S asgm 9 MI7 g (Tt 2003 -1 Jos>
Table 6- Caco-2 adhesion of M17 and reference strains

Strain & gw M17

ATCC 8014 09, Lidly (poplewlislSy  o5iio p8 poghanlisisy

L. plantarum ATCC 8014 L. fermentum PCC

(%) CaCo-2 adhesion s Jobs 4 Sxws 6.8+1.41°0

13.77 £3.53 216+754¢2

LGG g M17 sl gu 5l co CaCo-2 gl ohw a3 (576l 25lgig o5 St Lidl muopd - Jgao
Table 7- Reduction of C. sakazakii adhesion to CaCo-2 cells under the influence of M17 and LGG strains

oY
Sk Exclusion s C"*B_)_ _ el
Antagonism Competition  Displacement
method
ab
M17 19.10 +4.55® 460 9.86 +5.22°
&g 17.21
Strain a +7.412 +5.70%®
LGG 25.61+5.45 2342 1571

LGG g M17 slaasgus U COT g &1 (STl 555035 Sy (305 203 A Jgoo
Table 8- Reduction of C. sakazakii adhesion to mucin under the influence of M17 and LGG strains

S 105L ey Sk i, bl
Antagonism method Inhibition Competition Displacement
M17 1472+7.06° 17.31+3.90° 1244+4.81°
Strain
LGG 2447+281% 3565+6.232 17.53+4.32°




VoY T — a0 F ojlo I8 s oyl 2108 qoliw g pole Gleiuboly 4y OFA

KUHS (s i 52l )k (e shinly 55

CECT ¥AY) Gus o o shausla 53SY

ATCC A ¥ o5 3k o shauly 58V

M17

1 q
]

.

addlho 390 SIS ;> Swijon S el Mg oy Y S
odd 485 5l 53 e J )8 lgie 4y (el oS ) CECT Y gy puphiaolisiSY 5 (ol 0038 0)5) KUHB (opo bl osleolissY slos Sk

Fig. 2. Production of biogenic amines in the studied species
Lactobacillus parabucheneri KUH8 (histamine producer) and L. brevis CECT 4121 (tyramine producer) were used as positive
controls
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b ployd €08 (lijre o Gloj (> 1) 039) (SUismgSen (xbo
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S wbSL sledsS e o Wl o el AJgi ] o
rlple Bl glite (38l S S slhdge o (5> 5 gl
S Sloomsl W 5l 5xSole ly & Cosl dgaitio o 4
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