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Class of Identified compounds
compounds

Rosmarinic acid
Veratric acid
Vanillic, homovanillic, hydroxybenzoic, syringic;Hydroxy cinnamic, tranlydroxy
cinnamic, 2hydroxy cinnamic, and ferulic acids
Phenolic acids ~ Gallic acid
Protocatechuic acid
Gallic, chlorogenic, caffeic, vanillic, syringipscoumaric, ferulic, and rosmarinic acids
Protocatechuic and vanillic acids
4-Hydroxy benzoic, caffeiqy-coumaric, chlorogenic, and rosmarinic acids

Diosmetin, diosmin, diosmifi-glucoside
6 , -tinfdroxy-7 , -dinNjthoxyflavone

5-Desmethoxynobiletin, 5;8ihydroxy-7 , 8 -t&rainethdxXyflavone, thymonin,
sideritiflavone

5-Hydroxy-3 Nj, 4téjantethakyflavone and thymonin

Flavonoids
Naringenin, luteolin
Apigenin, rutin, catechin
Chrysoeriol, 5, &ihydroxy-7 , 8 stetraniifhoxyflaMpe and nodifloretin
Rutin, quercetin, luteolin
Lignans Spicatolignan A and spicatolignan B
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Table 2- Total phenolic compounds and extraction yeild oMentha puleguimextracts
SamplExtraction yiel(Total phenolic content (mg of gallic acid/g of dry extr

40-10 12/04+ 0/05¢ 330+ 0/00°
40-20 16/00+ 0/01° 329+ 4/00°
50-10 18/07+ 0/03" 364+ 2/00°
50-20 20/03+ 0/02* 268+ 2/00°
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Figure 1- Percentage of inhibition of DPPH free radicals in leaf extracts of peppermint
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Figure 2- Oxidative stability index (OSI) of mint leaf extracts
Similar letters in each concentration indicate no significant difference (P> 0.05)
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Size (d.nm): % Intensity: St Dev {d.nm):
Z-Average (d.nm): §2.22 Peak 1: 105.1 100.0 5545
Pdl: 0.233 Peak 2: 0.000 0.0 0.000
Intercept: 0.921 Peak 3: 0.000 0.0 0.000
Result quality : Good

Size Distribution by Intensity
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Figure 3- Size and particle size distribution of naneemulsion (w/o/w) coated with Allysum homolocarpum
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Size (d.nm}): % Intensity: St Dev (d.nm);
Z-Average (d.nm): 156.3 Peak 1 1323 T2.6 58.08
Pdl: 0582 Peak 2: 7597 209 2454
Intercept: 0.924 Peak 3: 5359 33 3409

Result quality : Good

Size Distribution by Intensity

Intensity (Percent)
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Figure 4- size and particle size distribution of naneemulsion (w/o/w) coatedwith chitosan

Size (d.nm): % Intensity: St Dev {(d.nm):
Z-Average (d.nm): 107.5 Peak 1: 1368 889 101.5
Pdl: 0.352 Peak 2: 2016 111 1308

Intercept: 0.940 Peak 3: 0.000 0.0 0.000
Result quality : Good

Size Distribution by Intensity
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Figure 5- size and particle size distribution of naneemulsion (w/o/w) coatedvith chitosan- Allysum
homolocarpum
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Mean (mV): Area (%) Width (mV):
Zeta Potential (mV): -32.8 Peak 1: -3238 100.0 9.30
Zeta SD {mV): 9.30 Peak 2: 0.00 0.0 0.00
Conductivity (mSicm): 0.0522 Peak 3: 0.00 0.0 0.00
Zeta potential out of range Conductivity is out of range - check cell or sample

Zeta Potential Distribution

Tatal Counts

-100 0 100 200
Apparent Zeta Potential (m\)

¢¢VvHUCE AuUy°é EEWBACAATA X A(BYCEXE: 06CAEywa ~
Figure 6- zeta potential of naneemulsion (w/o/w) coated withAllysum homolocarpum

Mean {(mV): Area (%) Width (mV):
Zeta Potential (mV): -3.54 Peak1: -354 100.0 372
Zeta SD (mV): 3.72 Peak 2: 0.00 0.0 0.00
Conductivity (mSicm): 0.108 Peak 3: 0.00 0.0 0.00
Zeta potential out of range Conductivity is out of range - check cell or sample

Zeta Potential Distribution
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Figure 7- zeta potential of naneemulsion (w/o/w) coated with chitosan

Mean {(mV): Area (%) Width (mV):
Zeta Potential (mV): -G.84 Peak 1: -6.84 100.0 5.93
Zeta 5D (mV): 5.93 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0865 Peak 3: 0.00 0.0 0.00
Zeta potential out of range Conductivity is out of range - check cell or sample

Zeta Potential Distribution

250000
200000
150000

Tatal Counts

=100 0 100 200

Apparent Zeta Potential (m\)

¢ ¢ v HCEIVADAPCT C{Ci Ut EBEEASAwWr AR WEBUAWEL xp CEY wo -

Figure 8( zeta potential of naneemulsion (w/o/w) coated with chitosan anéllysum homolocarpum
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Table 3- Mean patrticle size, polydispersity indeXPDI) and zeta potentialvalues of naneemulsions with different
coatings
(samples 1 to 3, is related to nammulsions withAllysumhomolocarpumchitosan and mix coatingeespectively.

Sample Particle size (nm) PDI Zeta Potential
(Mv)
1 82.22+0/05 0.233+0/02 (32.5@:0/00
2 156.30+0/19 0.582+0/08 -3.54+0/00
3 107.50+0/05 0.352+0/06 -6.84+0/02

Each value in the table represents the mean + standard deviation of triplicate analysis. Different superscripts within the
same line represent significant difference at P<0.05.
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Table 4- Characteristics of naneemulsions wih different coatings
(Treatment 1 to 3, respectively, is related to ramulsions withAllysum homolocarpumnd chitosan and mix coatings)

Treatment Viscosity Brix PH Emulsification Separation
efficiency (%)
1 158/45+0/08 15 6/43+0/0G 90/03v0/03 2 2/03+0/04
2 120/71+0/19 1% 4/26+0/00 86/130/11° 3/43+0/08
3 138/66+0/05 15 4/19+0/0% 80/06+0/05 8/47+0/04

Eachvalue in the table represents the mean + standard deviation of triplicate analysis. Different superscripts within the
same line represent significant difference at P<0.05.
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Figure 9- Peroxide number changes in sampleduring 18 days of incubation at 65 ° C
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similar letters in each concentration indicate no significant difference (P> 0.05)
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-

a°pEREAI c¢cAvI OO O6%opi yAuy DAy % 0y Y% Wx %CCA
Ai ¢AvycgAry ABEAAB WAz “e AT £ Cevit s
6AQ0) ¢LAv ¢ wky ABGAAVIANREY winay ®CaeCi O60%opi YWY BAU

y &yCEk | a°E ACel g¢talwt AACHA 2 YvA§ Ay 6y % %HCCaAatg )°
0°E 1980 & Ads ) BEREAV BWLH° )8 AW © &0 %Y%vAEyiw . U %0
wéAA Gayy %t PalES GAO ARtailcay Ya odyds YadwRBy Lébi CEE W E
) Ewz Cu dyY% EpP @ ¢waf WA% naf Evakp o gty Bvid BR%~ ° EaxeA
Az OAz %0 +$#P%° EBREVY vIWwANY - A@Avw: B vEoy . i A« 1
6CC{E£ y 1 CHUECMWUWAT T Clob o Bkl O AMAT AE vef i AkA oG wE
| HHOREE - ¥ 1+(00AB2I-$ Az GpAcz aecwoy ¢v )°Ewz Cu

lvej avwlyY 0! %) cCARORAPWEYy wB AKA D W% 3 A% 0! y Adv

i w{Ci %f 6Co6r Az Ai ¢awey % CAatv Al A cAva oGatvmml VY Y%
Uayhy Kawd 8y % )t Az AyA- awi@RA vimsnawew BRY p %! 0vR CAB
(y¥% v A~ a°EALAWEA-ABW EyWwyBWEL GvACU #vz CAED & § ¢



L 0w A wl &« * CE& WAy URavpE ¢ wa ¢ G &0 Q -

WAy AdiwY, Az ORz-%k Ve @@Ay )NRGIES G@&p bu 1B OLLAAG Wy WiaLh
wéAA Uay ¥ &S ATHLOv W aviaEgv Aet j w{ Ci %E %Y  awnwlyY
Uay¥% oy¥% AzwEu 0] Az 0A®E; ayx arwi W{ Cf JeAa G v
0Cay %oi ¢vAntINHAK{ A i Aduek; A2 WECIV B OISV AZA K CYCE
dy¥% Ai °yl%ui C%AR GCp Ay °iyé vav A YEYAD ARG £~ i Ag
a°E CywEA-~ACY O0AwWRpAGW:d BB SEA WS waiAK L@ Gay
¥ Cea D BEOAT Aczw i 1A 044 +Gpee © bwz wEAA Gay e CE/SwWA vWwAaRWS Y
tezwOu WwWAYyj] eG@eBD 28Myy Wz wARCaldwow2ciwe¥E BSywEA

Yy CEvVvI W%l i5ve{jAEYY Az a¥%vAEer yli i

WAY AU g LI ¥E (0 wejl® «
Table 5- The valuesof L, a* and b* of samples

Samples L a b
Encapsulated extract witllysum homolocarpum 63.67-4.4720.16
Encapsulated extract with chitosan 63.45-4.4220.13
Encapsulated extract withllysum homolocarpurohitosai63.39-4.3920.14
Free extract 63.76-2.73'18.92
TBHQ 63.43-4.71°21.73
Blank 63.75-4.8821.09

Each value in the table represents the mean + standard deviation of triplicate analysis. Different superscripts within the
same line represent significant difference at P<0.05.
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Figure 13- Changes in the color index of soybean oil samples at 65 ° C for 18 days
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Introduction: Oxidation of lipids occurs during storage and processing of food products due to the
presence of a significant number of double bonds, which in addition to reducing their nutritional
quality, leads to the production of free radicals and hydroperoxidesseTfiee radicals cause
spontaneous oxidation and the production of undesirable chemical compounds, resulting in bad taste
in food. The most important vegetable oil produced in the world is soybean oil Which has high
unsaturated compounds and are Its dxidaprobability is high. Today, plant extracts rich in
antioxidants are used as a source of nutrients that are effective in reducing oxidative stress
(Farahmandfar 1391Mentha pulegiuns a medicinal plant of thieabiataefamily (Lamiaceagthat

has anbxidant activity and we used extract of this plant which extracted by ultrasound in this study
(Kamkar et al. 2010). One of the most widely used methods in food formulation to deliver the active
ingredient like this extract to the target product is treeai®emulsiorbased delivery systems and the

most common of them are nanoemulsion systémsvater / oil / water emulsions, two general
mechanisms for the release of bioactive compounds occur: 1) Release through the internal connection
between the interhaaqueous phase droplets and the surface cells formed by the rupture of the
membrane between the internal aqueous phase and the surface cell, 2) Release of soluble materials
trapped in the internal aqueous phase through diffusion from the internal agueseasinto the
external aqueous phase without membrane rupture due to density diffeviagsagsiand Garti

1986). Therefore, when phenolic compounds are added to oils as natural antioxidants, controlling
their release during storage, plays an importalet in their antioxidant activityThe materials used

for the encapsulation wall must be food grade, biodegradable and capable of forming a barrier
between the internal phase and the environment. In this study, chitosan gurliysuin
homolocarpunseed wee used as wall covering materials. There are several methods for micro
coating food, and freezdrying is one of the most common methods which was also used in this study
because it causes less damage to the material than other techniques perforrhedtatniigratures,

and mainly aroma, flavor and other nutrients remain unchaigednain purpose of this research is

to extract the extract of Mentha pulegium by ultrasound method andemaapsulation of this
extract with chitosan andlllysum homolocampm gum coatings (independently and in combination
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with a ratio of 1. 1)when they are added to oils as natural antioxidants, controlling their release
during storage, plays an important role in their antioxidant activihally, we studied the effect of
extract and encapsulated extrantoxidativestability in soybean oil

Material and methods: In the first part of this study, the leaf extract déntha pulegiunwas
extracted by ethanalater solvent (50:50) using an ultrasonic probe at 2 and 40 ° C for 10 and 20
minutes. The phenolic content of all extracts was measured bycfotialteu method and their
antioxidant activity was evaluated by DPPH free radical cavenging
(50,100.300,400,500,600,700,800,1000 ppm) and oxidative stability tests using rancimat (500 ppm)
and compared with TBHQ synthetic antioxidant (100 p@rg initial water/oil emulsion (w/0) was
prepared by mixing/lentha pulegiunextract, emulsi#r (Twin 80) and soybean oil in a ratio of 5:

33: 62%, respectively. Then, to prepare the final water /oil / water emulsion (w/o/w), the initial
emulsion was mixed with hydrated gum in a ratio of 75:25% (w/w). After thednparticle size,
polydispersityindex (PD) and zeta potential values of nanoemulsion®igamic Light Scattering

and also pH, brixcE %) were measured:hese nanoemulsions were dried by freezing dryer. In the
next part of this study, nanocoated extracts and free extradtemhapulegiumleaves each at
concentrations of 500 and 1000 ppm and synthetic antioxidant TBHQ at a concentration of 100 ppm
were added to soybean oil. The control sample was considered soybean oil without antioxidants. The
antioxidant effect of treatments iny®ean oil was investigated at 65 ° C during 18 days of incubation

by measuring peroxide (PV), thiobarbituric acid (TBA) @&whjugated diene valugCDV). Also,

the release rate of phenolic compounds in oil and the color index of oil samples duringioncubat
were measured.

Results and discussionThe extract was selected at a temperature of 50 ° C and a time of 10 minutes
due to the higher content of phenolic compounds and antioxidant activity to continue the experiments
of this study The results ofinalysis of variance showed that the effect of phenol concentration of
extracts on inhibition of free radicals was significant with increasing concentration. The highest
radical inhibition at a concentration of 500 ppm was related to the treatment5df With a
percentage of inhibition of 86.01%. Particle size of nanoemulsions coafdigsiym homolocarpum,
chitosanand Allysum homolocarpuphitosan combination ar82.22, 156.30 and 107.50 nm,
respectively At the end of the incubation period, the control sample showed the highest number of
peroxide, thiobarbituric acid and conjugated dieaéie The oxidative stability of soybean oil
containing encapsulated extract was higher than soybean oil contaieimgditeconcentrations. The
sample of oil containing encapsulated extract coated Witisum homolocarpufohitosan
combination showed higher oxidation stability than chitosanAdlygum homolocarpumoatings

alone which was not significantly differemom synthetic antioxidant TBHQ (p <0.05). Encapsulated
extract with the Combination coating had the highest release of phenolic compounds over time. The
results of analysis of variance showed the effect of wall type on the release rate of phenolic
compoung of nanoparticles and were significant (p <0.05).

Conclusion: The oxidative stability of soybean oil containing encapsulated extract was higher than
soybean oil containing free extract in all concentrations. The oil sample containing encapsulated
extract coated withAllysum homolocarpunichitosan combination coating had better oxidation
stability than the others. At the end of the incubation period (18 days), the control sample showed the
highest number geroxidesthiobarbituric acid and conjugated ke and nanocoating improved the
antioxidant properties dflentha pulegiunteaf extract. Oxidative stability of soybean oil containing
nanecoated extract was higher than soybean oil containingMreetha pulegiunextract in all
concentrations. Increasittige concentration dflentha pulegiunextract more than 500 ppm caused

the prooxidating properties of these compounds in soybean oil. Also, nanocoating of extract reduced
the increasing trend of color index in soybean oil.

Keywords: Alyssum homolocarpuyn€hitosanMentha pulegiumnNanoemulsion, Soybean oil



