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Table 1- compounds of Mentha pulegium's extract

Class of
compounds

Identified compounds

Rosmarinic acid
Veratric acid

Vanillic, homovanillic, hydroxybenzoic, syringic, 4-hydroxy cinnamic, trans-hydroxy
cinnamic, 2-hydroxy cinnamic, and ferulic acids

Gallic acid
Protocatechuic acid

Phenolic acids

Gallic, chlorogenic, caffeic, vanillic, syringic, p-coumaric, ferulic, and rosmarinic acids

Protocatechuic and vanillic acids

4-Hydroxy benzoic, caffeic, p-coumaric, chlorogenic, and rosmarinic acids

Diosmetin, diosmin, diosmin-7-glucoside
6,4'-trihydroxy-7,3'-dimethoxyflavone

5-Desmethoxynobiletin, 5,6-dihydroxy-7,8,3’,4'-tetramethoxyflavone, thymonin,

sideritiflavone

5-Hydroxy-3',4',6,7-tetramethoxyflavone and thymonin

Flavonoids
Naringenin, luteolin
Apigenin, rutin, catechin
Chrysoeriol, 5, 6-dihydroxy-7, 8, 3', 4'-tetramethoxyflavone and nodifloretin
Rutin, quercetin, luteolin
Lignans Spicatolignan A and spicatolignan B
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Scavenging Effect% = (ADPPH_AS/ADPPH) X
100
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Table 2- Total phenolic compounds and extraction yeild of Mentha puleguim extracts

SampleExtraction yieldTotal phenolic content (mg of gallic acid/g of dry extract)

40-10 12/04 + 0/05 ¢
40-20 16/00 + 0/01 ©
50-10 18/07 + 0/03°
50-20 20/03 + 0/02 ®

330+ 0/00°
329 + 4/00°
364 +2/00
268 + 2/00 ¢

Means with different letters within column indicate significance difference at P < 0.05
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Figure 1- Percentage of inhibition of DPPH free radicals in leaf extracts of peppermint
similar letters in each concentration indicate no significant difference (P> 0.05)
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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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Figure 3- Size and particle size distribution of nano-emulsion (w/o/w) coated with Allysum homolocarpum
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Figure 4- size and particle size distribution of nano-emulsion (w/o/w) coated with chitosan
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Figure 5- size and particle size distribution of nano-emulsion (w/o/w) coated with chitosan - Allysum
homolocarpum
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Zeta Potential (mV): -32.8
Zeta SD (mV): 9.30
Conductivity (mSicm): 0.0522

Zeta potential out of range

Mean (mV): Area (%) Width (mV):
Peak 1: -32.8 100.0 9.30
Peak 2: 0.00 0.0 0.00
Peak 3: 0.00 0.0 0.00

Conductivity is out of range - check cell or sample
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Figure 6- zeta potential of nano-emulsion (w/o/w) coated with Allysum homolocarpum

Zeta Potential (mV): -3.54
Zeta SD{mV): 3.72
Conductivity (mSicm): 0.108

Zeta potential out of range

Mean (mV): Area (%) Width (mV):
Peak 1: -3.54 100.0 372
Peak 2: 0.00 0.0 0.00
Peak 3: 0.00 0.0 0.00

Conductivity is out of range - check cell or sample

400000

300000

200000

Tatal Counts

100000

Zeta Potential Distribution

0+

-100 0 100
Apparent Zeta Potential (m\)

200

O)9%S Ohdign b 0T/ 08 95/ o & ganel 90l 930 (S35 Jansliliy -V Jsut
Figure 7- zeta potential of nano-emulsion (w/o/w) coated with chitosan

Zeta Potential (mV): -G.84
Zeta 5D (mV): 593
Conductivity (mS/cm): 0.0865

Zeta potential out of range

Mean {(mV): Area (%) Width (mV):
Peak1: -6.84 100.0 593
Peak 2: 0.00 0.0 0.00
Peak 3: 0.00 0.0 0.00

Conductivity is out of range - check cell or sample
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Figure 8- zeta potential of nano-emulsion (w/o/w) coated with chitosan and Allysum homolocarpum
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Table 3- Mean particle size, polydispersity index (PDI) and zeta potential values of nano-emulsions with different

coatings

(samples 1 to 3, is related to nano-emulsions with Allysum homolocarpum, chitosan and mix coatings, respectively).

Sample Particle size (nm) PDI Zeta Potential
(Mv)
1 82.22+0/05° 0.233+0/02¢ -32.50+0/00?
2 156.30+£0/192 0.582+0/05% -3.54+0/00¢
3 107.50+0/05" 0.352+0/00° -6.84+0/01°

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 nano-emulsions with different coatings
(Treatment 1 to 3, respectively, is related to nano-emulsions with Allysum homolocarpum and chitosan and mix coatings)

Treatment Viscosity Brix PH Emulsification Separation
efficiency (%)
1 158/45+0/05? 152 6/43+0/00? 90/03+0/032 2/03+0/04¢
2 120/71+0/19¢ 152 4/26+0/00° 86/13+0/11b 3/43+0/05P
3 138/66+0/05° 152 4/19+0/01° 80/06+0/05¢ 8/47+0/04°

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 10 - Changes in the number of thiobarbituric acid samples during 18 days of incubation at 65 ° C
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Figure 11- Changes in the conjugate number of samples during 18 days of incubation at 65 ° C
similar letters in each concentration indicate no significant difference (P> 0.05)
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Figure 12 - Release of phenolic compounds during 18 days of incubation at 65 ° C
Similar letters in each concentration indicate no significant difference (P> 0.05)
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Table 5- The values of L, a* and b* of samples
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L a b
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63.67%-4.47°20.16°
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Free extract
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Blank

63.76°-2.73918.92¢
63.43%-4.71°21.73%
63.75%-4.88%21.09°

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
Similar letters in each concentration indicate no significant difference (P> 0.05)

—yL; GaJLo.a.c (SJLA Q..CJJ Lgad I g Laclale
Logl S kg boead Slagad,
S9 4 S (i inlaST ol (Gl S/ (5]
\/\) (SJ‘JgﬁLLA; XL Olf‘f’; BL C.ul‘..\ ;&J L;Z\.A.T.n\sg
wanSlyy sue Cpoida JIS g Cga (Do
ala Gl s ga S5 £ade Gliss s sl SoH i
Gl (BT canls sag sl Slasdo 8l

.Afa)gﬁxal.fguganLAr.

S dala
soline chle (a3l 4€ wa S sualie dallle 5ol
BT smals Bl cage pl (g 00 bl
e cpl 31 i el 5 b Lol wa S lasus]
Sl 5 &as A o sad SO Yo b e L
0290 eulas) goluly il GulS casls gl Glhee
S A sad Slig,sb sl ola s

Gt o3 gy W) geslac ol hisw o)



\\c'\JLu)/Y D)Lo.w\”" Ab/&‘&@udmu@9):4£)uu 5&).@'&)‘6‘3:’.)]9 N

ouldiul v, 90 o)

Gosld s (OIHSAS 53 B0 S o5l ugs AYAY (o Slain 5 ¢ dalsn G glom s Plela el sl @ s 53l
VY10 (V)€ cpuae o s slKaals

(5)“3‘:‘ o l:i\}a.u u:‘f‘:‘JJ:} d\,\’)ﬂ‘d"\)& Gl éa.;a u‘):\A ‘)3:‘[3 AYao oo J‘jl @LJ.:[SJ & L;/:\.Lc.‘ ‘C&\}ALA oo U'.‘L)\); d (5‘).\5‘
NY-YY e 32 s slacs s ols woliliad erly mhacs (3 5 suliiol b oT 5o 055 & sacal 5ol

awlyd g able 51l Glsie G coed LS fas (S5l SmaS pwoy ITAE @ ald Sl 5 5 LIS e s 80
AYTY () ¥ o 2aE s sleposlis weliliad (015 (golad fae b T s 5 slaal

C)'.C'JJ Ls.aiﬂL.uS‘ (5‘)‘%‘,': d‘):l..ts‘)d‘(_.i:)g S)gam@bi\,é‘}:\‘)\,su‘a‘)bm‘):ﬁu o .\\”\V ) (5‘)‘;\5 bJ‘:)ka.CLA.A.u‘J%GAu_.:I
FY-YYy ‘(\O)VO ‘Lﬁ“l.c' C:;u.lo 9 ‘:\5.‘:. ‘l:\‘}‘.u
.\-0—‘\\” t(\_\)Q\ &Lﬂ‘ﬁ@t\.ﬁc\,e\}‘& ‘l:‘J-'-‘-'Q-E‘-j‘)L;‘i';'L-“S‘ (SJ‘Afl;‘JJﬁJLLé‘):‘u“J:‘-‘-"C)}'JJ

020 i) olaly 5 (pliand s 5s (Sola slas SHAYAY G ol (G385 5 5 GOLS suly daelawsl (o (651 A oida
Olol (21ae plus g asle slagha gl ©odd (adid 5 sole @) s lalllae b, dlie Sl ml,y a6, S G6)
yya —YYu(i)

Galas 3 sliial U (Menthaspicata) glas o2 55 Sliisasn, TR0 @ mae 5 7 a Culad slas Gl (o sl Cpeun
Aya-eN e ‘U‘J"..‘ UT."“\:' @Lu.a 9 ‘;\9.‘.(; GLAL}Z.AJ:}& Dl o C)L.a‘

MQ:Q‘JJéJ‘J}‘x}}AJ—o‘&&W‘)‘»\YQ\ xJ‘:JSAL;fLA‘)J‘:&‘ekﬁ&é\y@‘C}SLﬁfﬂ‘%bJ‘}x}E:‘aﬁAuﬁj&
o315 5 OBAs3 wrds s LIS — GLSLLIS i3 sb gyla sut sl Glol 5o Ll S35l LS5 5 B
YVYY-Yoo :(i)\ ‘@‘J'C @Lua K) {-\\912 o4

(SJ‘A JJ...HES‘,;U C;l:u.a\}a.a&):\ ‘5‘).9.4.:2 MJJ;JL;AL:Z- ‘Ci‘..s éa.:.a\;;‘ AYav ‘:) 6‘)3.@‘ 6_.:35‘) ®) 6\)[..15 b.J‘:) J*.;:.Lm.u\ o QL.Q.AJ
A\a—-\oV :(\O)Vc\ ‘Lﬂ“‘l}' C:nl.u.a 9 ‘;\51.:. ‘Jl:ﬁ‘)e S 93 u,‘.ul.‘.u‘

OS SEA L sk 4ad s pmsres 020 LS LSS aanlie ATAY (i 5 D saeas G b o sl 552
AVe-ayv ‘(Y)Y (‘_ﬁl.'s}_ @l;...a 9 ‘:\9.‘:. BE GJJTJSJ L)MJ:)E LEgW-A) c‘deé?;I‘ ‘_)S &.‘1‘.‘&\9 U_‘.Zu.’in‘,!

09 b sauluSlas Sl gie @ diay i cuw gy (5 sk Sldiga s 5 sslac AT ‘t‘,gﬁw\,a;;xlhﬁm\,,
Ol (2l plus gasle oo S e slen 5 o o Alall G 6 S Gl gl b ol 2 9,5
JVA-Y -V

G5 (Cnond sadl s gm0 Ploslil sae 5 @S B 5 OGS (Shsa Ghdisy 586 ATAE (S el d g Gnely b (Sas s
AY-\oY x(\/\)o ‘Ls'gl" k) LS""JJ CAYJ.A.A.‘.\.@ (5‘)\9]“).5 9 A:\.‘\,S



NI e 8399 0LS S 3131 oylae b (5] pd dagad— 958 g (65l dogB ¢ yl595S (slb rowo b odd SUigsay93b oyl iy 5l dunlie

sl g5laly s T 586 5 55,5k ) gol SaS s oAt 5 BLe £luatal Gy, su 3 Jels (Melissaofficinalis)

JA-YY ‘(/\)Y ‘@ch uf\gS 6“6‘)\9& alilinad :Lﬁj‘u L}'&JJ

5ot lal dilin b ja sly ssliac 5o duas)y 0255 Slisde, VAL @ LB 5 sued 5158 0boT @ Blhe (She ue
yy-y x(\ )\qu:s‘;\.é @l;...a K} ‘AJ.LC. s bj:‘ﬁ coi‘)lu.SJJl‘LA

L.'°—‘-‘i"‘:‘4:‘C)J:‘-‘-“-‘JA‘LSJL‘;'E‘J:‘ui'L"%Ju:‘:‘:JJ:}‘C)-&JJ‘WJ‘SC-“Au‘J:‘-‘J;‘SG\YM ;Cé%o‘}ndwwb&xd&ux
\‘\o\—\'\/\‘Yl‘u:\‘.ﬁ:@La.c\,e\,lc‘)dcs‘)j]'\glduujjgg‘)aﬁ:oﬁm‘}

AOCS, 2007. Official methods and recommended practices of the American Oil Chemist’s Society ,7th
Edition. Champaign: American Oil Chemists-Society.

AOAC, 2005. Official methods of Analysis, 15th Edition. Association of official analytical chemist.

Abootalebian M, Keramat J, Kadivar M, Ahmadi F, Abdinian M, 2016. Comparison of total phenolic and
antioxidant activity of different Mentha spicata and M. longifolia accessions. Annals of Agricultural
Science 61: 175-179.

Avyala-Zavala JF, Wang SY, Wang CY and Gonzélez-Aguilar GA, 2004. Effect of storage temperatures on
antioxidant capacity and aroma compounds in strawberry fruit. LWT-Food Science and Technology
37:687-695.

Azwanida NN, 2015. A Review on the Extraction Methods use in Medicinal Plants, Principles, Strength and
Limitation. Medicinal Aromatic Plants 4(3).

Ahmed GHG, Fernandez-Gonzalez A and Garcia MED, 2020. Nano-encapsulation of grape and apple pomace
phenolic extract in chitosan and soy protein via nanoemulsification, Food Hydrocolloids 108: 105806.

Brahmi F, Khodir M, Mohamed Ch and Pierre D, 2017. Chemical Composition and Biological Activities of
Mentha Species, Chapter 3.

Ballesteros LF, Ramirez MJ, Orrego CE, Teixeira JA and Mussatto SI, 2017. Encapsulation of antioxidant
phenolic compounds extracted from spent coffee grounds by freeze-drying and spray-drying using different
coating materials, Food Chemistry 237: 623-631.

Bail S, Stuebiger G, Krist S, Unterweger H and Buchbauer G, 2008. Characterisation of various grape seed
oils by volatile compounds, triacylglycerol composition, total phenols and antioxidant capacity. Food
Chemistry 108: 1122-1132.

Chen Z, Bertin R and Froldi G, 2013. EC50 estimation of antioxidant activity in DPPH_ assay using several
statistical programs. Food Chemistry 138: 414-420.

Chandrasekara A and Shahidi F, 2010. Content of insoluble bound phenolics in millets and their contribution
to antioxidant capacity. Journal of Agricultural and Food Chemistry, 58(11): 6706-6714.

Celli GB, Ghanem A and Brooks MSL, 2015. Optimization of ultrasound-assisted extraction of anthocyanins
from haskap berries (Lonicera caerulea L.) using Response Surface Methodology. Ultrasonics
Sonochemistry 27: 449-455.

Chranioti Ch., Nikoloudaki A., Tzia C. (2015). Saffron and beetroot extracts encapsulated in maltodextrin,
gum Arabic, modified starch and chitosan: Incorporation in a chewing gum system. Carbohydrate Polymers
127:252-263.

Cai YZ, Sun M, Xing J, Luo Q and Corke H, 2006. Structure-radical scavenging activity relationships of
phenolic compounds from traditional Chinese medicinal plants. Life Science 78: 2872-88.

Carneiro HCF, Tonon RV, Grosso CRF and Hubinger MD, 2013. Encapsulation efficiency and oxidative
stability of flaxseed oil microencapsulated by spray drying using different combinations of wall materials.
Food Engineering 115:443-451.



\\c'\JLu)/Y D)Lo.w\”" Ab/&‘&@udmu@9):4£)uu 5&).@'&)‘6‘3:’.)]9 ING

Desobry S A, Netto FM and Labuza TP, 1997. Comparison of Spray-drying, drumdrying and freeze-drying
for b-carotene encapsulation and preservation. Food Science 62:1158-1162.

Delfanian M, Esmaeilzadeh Kenari R and Sahari MA, 2016. Utilization of Jujube Fruit (Ziziphus mauritiana
Lam.) Extracts as a Natural Antioxidants in Stability of Frying Qil. International Journal of Food 19(4):
789-801.

Dickinson E, 2003. Hydrocolloids at interfaces and the influence on the properties of dispersed systems. Food
Hydrocolloids 17:25-39.

Ezhilarasi P, Karhik P, Chhanwal N and Anandharamakrishnan C, 2013. Nanoencapsulation techniques for
food bioactive components: a review. Food and Biprocess Technology 6: 628-647.

Farhoosh R and Moosavi SMR, 2007. Rancimat test for the assessment of used frying oils quality. Journal of
Food Lipids 14(3): 263-271.

Faridi Esfanjani A, Jafari SM, Assadpour E 2017. Preparation of a multiple emulsion based on pectin-whey
protein complex for encapsulation of saffron extract nanodroplets. Food Chemistry 221:1962-1969.

Fanga Z and Bhandari B, 2010. Encapsulation of polyphenols e a review. Trends in Food Science and
Technology, 21:510-523.

Gibis M, Rahn N, Weiss J, 2013. Physical and Oxidative Stability of Uncoated and Chitosan-Coated
Liposomes Containing Grape Seed Extract. Pharmaceutics 5(3): 421-433.

Ghafoor K, Chol YH, Jeon JY and Jo JH, 2009. Optimization of Ultrasound-Assisted Extraction of Phenolic
Compounds, Antioxidants, and Anthocyanins from Grape (Vitis vinifera) Seeds. Journal of Agricultural
and Food Chemistry 57: 4988-4994.

Guimaraesr Sousa MJ, Carvalho AM and Ferreira ICFR, 2010. Targeting excessive free radicals with peels
and juices of citrus fruits: Grapefruit, Lemon, Lime and Orange. Journal of Food and Chemical Toxicology
48: 99-106.

Guerra-Rosas MI, Morales-Castro J, Ochoa-Martinez LA, Salvia-Trujillo L, & Martin-Belloso O, 2016. Long-
term stability of food-grade nanoemulsions from high methoxyl pectin containing essential oils. Food
Hydrocolloids 52: 438-446.

Gehan IKhM, Entsar IR, Mohamed EIB, 2018. Preparation and Characterizations of Chitosan/Citral
Nanoemulsions and their Antimicrobial Activity. Applied Food Biotechnology 5 (2):69-78.

Hesarinejad MA, Razavi SM and Koocheki A, 2015. Alyssum homolocarpum seed gum: Dilute solution and
some physicochemical properties. International Journal of Biological Macromolecules 81:418-426.

Huang X, Kakuda Y & Cui W, 2001. Hydrocolloids in emulsions: particle size distribution and interfacial
activity. Food hydrocolloids 15(4-6): 533-542.

Hossain MB, Brunton NP, Patras A, Tiwari B, O’Donnell CP, Martin-Diana AB and Barry-Ryan C, 2012.
Optimization of ultrasound assisted extraction of antioxidant compounds from marjoram (Origanum
majorana L.) using response surface methodology. Ultrasonics Sonochemistry 19(3): 582-590.

Igbal S, Haleem S, Akhtar M, Zia-ul-Hagq M and Akbar J, 2008. Efficiency of pomegranate peel extracts in
stabilization of sunflower oil under accelerated conditions. Food Research International 41(2): 194-200.

Inglett GE, Chen D, Berhow M and Lee S, 2011. Antioxidant activity of commercial buckwheat flours and
their free and bound phenolic compositions. Food Chemistry 125(3): 923-929.

Jamshidi M, Esmaeilzadeh Kenari R, Motamedzadegan A and Biparava P, 2020. Encapsulation of
Unsaponifiable Matter of Rice Bran Qil Bychitosan and Lepidium perfoliatum Seed Gum: Characterization
and Antioxidant Activity, Journal of the American Qil Chemists' Society 7(21):1-9.

Jafari SM, Assadpoor E, He Y and Bhandari B, 2008. Encapsulation efficiency of food flavours and oils during
spray drying. Drying Technology 26:816—835.
Joye 1J, Davidov-Pardo G and McClements DJ, 2015. Encapsulation of resveratrol in biopolymer particles

produced using liquid antisolvent precipitation. Part 2: Stability and functionality. Food Hydrocolloids 49:
127-134.

Jivan MJ, Yarmand M and Madadlou A, 2014. Encapsulation of date palm pit extract via particulation of starch
nanocrystals in a microemulsion. Food Science and Technology 49:920-923.


https://www.researchgate.net/journal/0003-021X_Journal_of_the_American_Oil_Chemists_Society

oy e 8399 0LS S 3131 o5lae b (65l ps dagad— 35S g (g3l dogB ¢ yl595S (sld Rowo b ok Slbos 3L oyl iy Sl dunlie

Kamkar A, Jebelli Javan A, Asadi F and Kamalinejad M, 2010. The antioxidative effect of Iranian Mentha
pulegium extracts and essential oil in sunflower oil. Food and Chemical Toxicology 48: 1796- 1800.

Koocheki A, Taherian AR, Razavi SMA, Bostan A, 2009. Response surface methodology for optimization of
extraction yield, viscosity, hue and emulsion stability of mucilage extracted from Lepidium perfoliatum
seeds. Food Hydrocolloids 23: 2369-2379.

Khoshakhlagh Kh, Koocheki A, Mohebbi M and Allafchian A 2017. Development and characterization of
electrosprayed Alyssum homolocarpum seed gum nanoparticles for encapsulation of D-limonene. Colloid
and Interface Science 490:562-575.

Logani MK Davies RE, 1980. Lipidoxidation: biologicaleffects and antioxidants (Review). Journal of Lipids
15: 485- 495.

Lesmes U, and McClements DJ, 2012. Controlling lipid digestibility: Response of lipid droplets coated by p—
lactoglobulin— dextran Maillard conjugates to simulated gastrointestinal conditions. Food Hydrocolloids
26: 221-230.

Hoorasfand Z, Ghanbarzadeh S and Hamishehkar H, 2015. Preparation and Characterization of Rutin-loaded
Nanophytosomes. Pharmaceutical Sciences 21:145-151.

Liu XD, Atarashi T, Furuta T, Yoshii H, Aishima S, Ohkawara M and Linko P, 2001. Microencapsulation of
emulsified hydrophobic flavors by spray drying. Drying Technology 19:1361-1374.

Mohammadi A, Jafari M, Assadpoor E and Esfanjani A, 2015. Nano-encapsulation of olive leaf phenolic
Compounds through WPC-pectin complexes and evaluating their release rate. International Journal of
Biological Macromolcules 82: 816-822.

Maghsoudlou E, Esmaeilzadeh Kenari R and Raftani Amiri Z, 2016. Evaluation of Antioxidant Activity of Fig
(Ficus carica) Pulp and Skin Extract and Its Application in Enhancing Oxidative Stability of Canola Oil.
Journal of Food Processing and Preservation 41(4).

Manconi M, Mura S, Sinco C, Fadda AM, Vila AO and Molina F, 2009. Development and characterization of
liposomes containing glycols as carriers for diclofenac. Colloids and Surfaces A 342:53-58.

Monjazeb Marvdashti M, Koocheki A and Yavarmanesh M, 2017. Alyssum homolocarpum seed gum-
polyvinyl alcohol biodegradable composite film: Physicochemical, mechanical, thermal and barrier
properties. Carbohydrate Polymers 155: 280-293.

Mirmajidi Hashtjin A and Abbasi S, 2015. Nano-emulsification of orange peel essential oil using sonication
and native gums. Food Hydrocolloids 44:40-48.

Osawa WO, Sahoo P K, Onyari JM and Mulaa FJ, 2016. Effects of antioxidants on oxidation and storage
stability of Croton megalocarpus biodiesel. International Journal of Energy and Environmental
Engineering 7(1): 85-91.

Razavi SMA, Farhoosh R and Bostan A, 2007. Functional properties of hydrocolloid extract of some Iranian
seeds. Journal of Food Research 21 (3), 379-389.

Rumbaoa C and Gernomio D, 2009. Phenolic content and antioxidant capacity of Philippine potato (Solanum
tuberosum) tubers. Food Composition and Analysis 22: 546-550.

Rosenberg M and neu TY, 1996. Microencapsulation of volatiles by spray-drying in whey protein-based wall
systems. International Dairy Journal 6:273-284.

Soottitantawata A, Bigeardb F, Yoshiia H, Furutaa T, Ohkawarac M and Linkod P, 2005. Microencapsulation
of I-menthol by spray drying and its release characteristics. Innovative Food Science and Emerging
Technologies 6:107-114.

Solans C, Izquierdo P, Nolla J, Azemar N and Garcia-Celma MJ, 2005. Nano-emulsions. Current Opinions in
Colloid and Interface Science 10:102-110.

Sciarini LS, Maldonado F, Ribotta PD, Perez GT, Leon AE, 2009. Chemical composition and functional
properties of Gleditsia triacanthos gum. Food Hydrocolloids 23: 306-313.

Saviz A, Esmaeilzadeh Kenari R and Khalilzadeh Kelagar MA, 2015. Investigation of cultivate cone and
ultrasound on antioxidant activity of Fenugreek leaf extract. Journal of Applied Environmental and
Biological Sciences 4: 174-18



\\c'\JLu:/Y D)Lo.w\”" b/&‘&@@dhu&Qfﬂw 5d)flLf‘£)‘qu«)b OA

Saguy IS, Shani A, Weinberg P and Garti N, 1996. Utilization of Jojoba QOil for Deep-fat Frying of Foods.
LWT - Food Science and Technology 29: 573-577.

Sun T and Ho CT, 2005. Antioxidant activities of buckwheat extracts. Food Chemistry 90(4): 743-749.

Shahidi F, 2005. Bailey’s industrial oil and fat products. New Jersey: John Wiley and Sons.

Taghvaei M, Jafari SM, Mahoonak AS, Nikoo AM, Rahmanian N, Hajitabar J and Meshginfar N, 2014. The
effect of natural antioxidants extracted from plant and animal resources on the oxidative stability of soybean
oil. LWT-Food Science and Technology 56: 124-130.

Tomsik A, Pavli¢ B, Vladi¢ J, Rami¢ M, Brindza J and Vidovi¢ S, 2016. Optimization of ultrasound-assisted
extraction of bioactive compounds from wild garlic (Allium ursinum L.). Ultrasonics Sonochemistry 29:
502-511.

Triantaphyllou K, Blekas G, Boskou D, 2001. Antioxidative properties of water extracts obtained from herbs
of the species Lamiaceae. International Journal of Food Sciences and Nutrition 52: 313-317.

Vajic UJ, Grujic-Milanovic J, Zivkovic J, Savikin K, Godevac D, Miloradovic Z, Bugarski B and Mihailovic-
Stanojevic N, 2015. Optimization of extraction of stinging nettle leaf phenolic compounds using response
surface methodology. Industrial Crops and Products 74:912-917.

Yanishlieva NV, Marinova E and Pokorny J, 2006. Natural antioxidants from herbs and spices. European
Journal of Lipid Science and Technology 108(9): 776-793.

Yousefi M, Khorshidian N, Mortazavian AM and Khosravi-Darani K, 2019. Preparation optimization and

characterization of chitosan-tripolyphosphate microcapsules for the encapsulation of herbal galactagogue
extract, International Journal of Biological Macromolecules 140:920-928.



IR e 8399 0LS S 3131 oylae b (5] pd dagad— 958 g (65l dogB ¢ yl595S (slb rowo b odd SUigsay93b oyl iy 5l dunlie

Journal of Food Research, 2022,32(3):29-60
https://foodresearch.tabrizu.ac.ir

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)

DOI: 10.22034/FR.2022.42566.1770

Comparison of free and encapsulated extracts of Mentha pulegium's leaves in
Allysum homolocarpum, chitosan and chitosan- Allysum homolocarpum on
oxidative stability of soybean oil during 18 days incubation conditions

H Tarighati?, Z Raftani Amiri>*and R Esmaeilzadeh Kenari?

Received: November 18, 2020 Accepted: April 5, 2021

MSc, Department of Food Science and Technology, Sari Agricultural Sciences and Natural
Resources University, Sari, Iran

2Professor, Department of Food Science and Technology, Faculty of Agricultural Engineering,
Sari Agricultural Sciences and Natural Resources University, Sari, Iran

“Corresponding Author: Email: zramiri@gmail.com, z.raftani@sanru.ac.ir

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 hydroperoxides. These free 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 oxidation probability is high. Today, plant extracts rich in
antioxidants are used as a source of nutrients that are effective in reducing oxidative stress
(Farahmandfar 1391). Mentha pulegium is a medicinal plant of the Labiatae family (Lamiaceae) that
has antioxidant 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 the use of emulsion-based delivery systems and the
most common of them are nanoemulsion systems. In water / oil / water emulsions, two general
mechanisms for the release of bioactive compounds occur: 1) Release through the internal connection
between the internal aqueous 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 aqueous phase into the
external aqueous phase without membrane rupture due to density difference (Magdassi and Garti
1986). Therefore, when phenolic compounds are added to oils as natural antioxidants, controlling
their release during storage, plays an important role in their antioxidant activity. The 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 gum and Allysum
homolocarpum seed were used as wall covering materials. There are several methods for micro-
coating food, and freeze-drying 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 performed at higher temperatures,
and mainly aroma, flavor and other nutrients remain unchanged. The main purpose of this research is
to extract the extract of Mentha pulegium by ultrasound method and nano-encapsulation of this
extract with chitosan and Allysum homolocarpum 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 activity. Finally, we studied the effect of
extract and encapsulated extract on oxidative stability in soybean oil

Material and methods: In the first part of this study, the leaf extract of Mentha pulegium was
extracted by ethanol-water 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 by folin-ciocalteu method and their
antioxidant activity  was evaluated by DPPH free radical scavenging
(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 ppm). The initial water/oil emulsion (w/0) was
prepared by mixing Mentha pulegium extract, emulsifier (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 that, mean particle size,
polydispersity index (PDI) and zeta potential values of nanoemulsions by Dynamic Light Scattering
and also pH, brix, EE (%) were measured. These nanoemulsions were dried by freezing dryer. In the
next part of this study, nanocoated extracts and free extracts of Mentha pulegium leaves 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 in soybean oil was investigated at 65 ° C during 18 days of incubation
by measuring peroxide (PV), thiobarbituric acid (TBA) and Conjugated diene value (CDV). Also,
the release rate of phenolic compounds in oil and the color index of oil samples during incubation
were measured.

Results and discussion: The 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 of analysis 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 treatment of 10-50 with a
percentage of inhibition of 86.01%. Particle size of nanoemulsions coated by Allysum homolocarpum,
chitosan and Allysum homolocarpum/chitosan combination are 82.22, 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 diene value. The oxidative stability of soybean oil
containing encapsulated extract was higher than soybean oil containing free in all concentrations. The
sample of oil containing encapsulated extract coated with Allysum homolocarpum/chitosan
combination showed higher oxidation stability than chitosan and Allysum homolocarpum coatings
alone which was not significantly different from 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
compounds 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 with Allysum homolocarpum /chitosan 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 of peroxides, thiobarbituric acid and conjugated diene, and nanocoating improved the
antioxidant properties of Mentha pulegium leaf extract. Oxidative stability of soybean oil containing
nano-coated extract was higher than soybean oil containing free Mentha pulegium extract in all
concentrations. Increasing the concentration of Mentha pulegium extract 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.
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