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Table 1: Average Particle Size (Z-Average) and polydispersity index (PDI) of nanoemulsion obtained from
DLS.

Treatment Z-Average (d.nm) PDI
NanoEm-Thy 0.5% 60.45+2.1 0.5
NanoEm-Thy 0.5% + Ch 0.5% 77.61+1.9 0.45
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Fig 1. Influence of thymol (Thy), thymol nanoemulsion (NanoEM-Thy) and thymol nanoemulsion + chitosan
(NanoEM-Thy + Ch) on strawberry fruit inoculated with B.cinerea. Fruit stored at 25 °C up to 7 days. The same
letters are not significantly different (p < 0.01) according to the LSD test.
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Fig 2. Weight loss (A), firmness (B), Soluble solids content (C) and titratable acidity (D) in strawberry fruit
untreated or treated with thymol (Thy), thymol nanoemulsion (NanoEM-Thy) and thymol nanoemulsion +
chitosan (NanoEM-Thy + Ch). Fruit stored at 4 £ 1 °C up to 15 days. Data represent the means = SE, n = 3.

b osen 035 S Wl (g ol b 5 i
[19] Wleds (13455 6 95

A

WU ok esls b s slae s dan 53 oz bt
ol bcedls pmals W, (1385 0y55 Ik L3 iy
Jsedd Ol 50l 530 (oS 5 Dlad 53 o 3L i J
Sl (I 6,53 b (6 S e e L D13 5S ol e 4
st gles 53 (oIS 55510 51 S (susbar 23l
Loodd slad looses 5o Zdl mde o 2l o gandes
Y/80) Ao s +/0 U135 5aS + Ao s /0 Jgas O gend gl 56
V) Aals slae sen 53 by i Ol s oy ieS 5 (3 5
V0) Aoy +/0 Jgad Lol slas Sy 5 (0550
(Y US8) s sdalin (o 55

— 5 e S S s el S il e
duwﬂ e IS o5 b Vieme ol S
Sl Je 055 5 3B SV Ly ile G seSi
—o o b (e RS 5 ok o)l o S el
A o S L Al e [33] 552
[34] 5550 koo o510 oSy 3o (slae 3T e
LS |y ogpe O p Ly (St sba gy (IS sk 4
A2 g gmiles ol s 4 Vel oS S e
LAl & e oS el Lo 5 o o W38 Ui
Corse AT 5 5 okd et ala Sl (S sl la e
s S 53 [35] 55d o Jgame 5 8Lk il 5l
5055 B L et BLIL S5 0se L
[36] 5,15 S sy

w53 5 J sk (Sl jLis i b aLS la Sl
oyon Shipy b 53 G 1B Ly SRS J S
ol o a0 Oy S 3,8 &S Sl sl 5158 [37] X1
Slas bis (G el o folan oS ol

0333 b 15155 0500 LU gk B Culg 55 5 Sulel

56

Moy 5 e 035 S2alS Ao s ()16 o550 b
ool e g e Sl gb s s s S s 4 Bdes
23] 5)ls (Ko 5 S Casby 5 Lo 4 &S AL
5 gz § 50 4 At 055 A Lo s Olje men
[24] A3l Sslize K155 e Jguame il Sl past
535300 03s Sl 4 Vb el (S35 6 g
Sl iy [25] Al Al s kS O amgd
O3l sz Sl pl 53 (Spd Ble S osbml b (STH s
3 S Sl sl g Gy Sl il 5 2ok
O35 o) e Sl JalS G (S S slaest s S
16, 23] 5 e

S iy ot SIS (o pa 03 ol 515
Lile Lo gen Sl ey b 3 O35 3l Ol a8
b [28] S e 5 [27] L1 [26] T 23] S ey
L Al lamilal cpizman ol 5525 (S o)
JAS e S I 2T 4 5 el DA lS
Sheslatal ciass 55 [29] Wsd o Jswame O35 oS
2 S 3 Sk SAn s b o pe Jsa 5 530
2 osdhe [30] dxeel ol dali o g 4 o 501 0 gue
o300 035 O gr Jolss 5130 s S ST sl
@ OGRS by 208 Bt e ol ey b
RS Shes Sle oo 53 Gpls bl o as
[32] o (e 0555 (b 055 3l j2als sl
Olse Shst sl il ol 0LE 035 Ll b
Jos o e @ Cusby 22 a5 (S5 Sl
it A g Dl s 51 Ol OF 4 3 503 S
e Oseed 5ol 5L Slaslad 1 eslinal (ol 03l Ll
— e Sl Rl )3 (g 5 S e A Ll o O 5AS ol jen 4
e Al il (KB 0se e Sl sy e
CAd Sl L S5 sl &S o) s Jlel Gl

4. Ruta graveolens



VEOF e YN 0,95 0T 6Ll

Qlﬂl L;l"lb Gw‘gf_y\&&bu

todoys 20 dped Ol gl 5 o) 2/0 ses
Ot e sl s Ll sl 253l ds s +/0 Ol 28
Cils 555 G Ogamsl 15 BB adend Ol e 55 (013 oxa
(Y JS8) 0t odalicn (613655 0535 OLL

s andnl alS i 4 S s seadlas s
5O g D i daali S A0 8 S s b
Sk 5 e 53 I sladenl G a5 0500 3 Sl
IS am s bandlas cpl 5o adl &S cosl ot 2158
Ol e 5 cnle oo Slg sl eslial b S Ol
145, 46] 1 edslin ks, e dagB ol
sy SR A 53 8 el s IS izmas
5 lb e RS ananl Col Sl O3S L sl esls
omame [2] disls o kS Sl EalS w1, 0F s
5055l 3 O Sl S5l 6,8 sl 5 andenl 2 pate
Gl ol Ja15S pdosl lad Lol Jls i 5
ol b v_i_).eg)y” 050 A s S b 5 [47]
A eSS 0553 Isb s andeal (5l (65 e 005
48] ol axils 55 LG

5w b Ogesl Y-Y-0

3503 A5 e IS sla pesus 5 SIS Cumex
«dls 3,5 b awslie 53 35 YV Log CRU/G ils
530S Sl e 5 S Camaxr (1345 058 OLY o
Jyedd Osed 5ol 5l 5 Aoy 0/0 s cdald slajlas
bl Tl S5 53 e 4 el 5 3L ol s s 00
+ ho)d /0 s Osed sal il Sle 5o 5 mils )3
330 0 sl s 5 K8 Cumem o Ao s +/0 Ol 2S
sdalie (gyls gan BV Sl 0,33 10 S, 5 ho
0555 OLL 5o IS (sl jeds 5 S Comazr 0 S AL
/0 s O g 50l 56 L ok Hled (slao sn 53 (50134
X3 S sdaline (£ LOog CRU/Q) Ao ys +/0 Ol 528 + Lo s

(F 52

57

S el sl 1S imen [38] s5d e SIS
cli 2alS 5 b SICMC L 555851 0 gme a3 g
Seses mlow S5 ol Sbap s A3, 18 5 26
S Jol s [39] S o (S sl 0 5ee 3L O p 3
Jpad O gad 301 50 Sl 3l eslinal &S sls GLLS g5 (ol
o gen o B 4y WIS e DS LS 5 5 5 ol &
S ol S SaS S e b S pes
A E ST PR PR WIPICHOE IR U FIWACH JUVF
Clled el 5 p S LSIes 5 O3St sk, JUEE

S ol ko o)l g3 sdiSay s (a5

J gl daol 5l o V=YY
Lﬁ)kaéM)Dé)‘J.@i}OJJJ&JPMJAE-J‘}AQ‘_}:A
slsa Ol 55 (Gl gme Ml 5 dls b s W,
G 53 OLL 5 Cudlsy Say G ke b

(Y K5 wis sdaline

s LS o5 4 e Sl ol Jde Ll s
Gy a3 5 b Jgee S il I glaa
SSAD S 53 [A0] Kzes oS e (5 g I J pares
i Aol 3 53 J gl ol 3l ge el 151 30 (5o gun oS
RS O Oln Loline 5 558 o0 B pume idls 51 g
LBl 55 Ol s e [A1] S s 10y
G 3 [82] 55 WSS Sl el lg e of 5
FAS @ Jos 5 el 5sdn b S Ol o bl
S oo Iy S J sk o)l s 2 55 5 0 g0 Doy LS
0> CMC 5 0l38 by 5,8 [43]l o )58l
) Olon Lo o ks 2 b Gy b 5 AS s
[44] 6433 8 510655 0555 Jsb 53 J ks ol 515a

s S an el Y-V

Lol slas Slaoses 5o 4 doops /YY) 5 0/



s 3y bl e gol 56 slagibel 1 b

BIBICOV I RTSRW W

_ m0 (day) O3 (day)
~ LSD ,,,=0.38
T . @6 (day) 09 (day)
S5 7 D12 (day) @15 (day)
56 i -
2 5 =17 i i
5 4]
23
2 24
= Control Thy 0.5% NanoEm-Thy NanoEm-Thy
E 0.5% 0.5% + Ch 0.5%

Treatment

Fig 3. Total yeast and mold in strawberry fruit untreated or treated with thymol (Thy), thymol nanoemulsion
(NanoEM-Thy) and thymol nanoemulsion + chitosan (NanoEM-Thy + Ch). Fruit stored at 4 + 1 °C up to 15 days.

Data represent the means = SE, n =3

00 b s S mm 3 Sl Alg e Spos
Oidsy ) el pizman [2] XS (oSS (oIS
JU el o U s s S s g5, CMC
sl ids oplsby [55] ws S Lol a5 e s
5 LBl S b 5 ) Sl ciles L STy
oo il e s 5 sl s Lt s s Jals
il daly Jls 4 1 (Ko 5ol

S S et

Jyed Ogomd 5ol 5L Sl esliial & 5ls 0L o= Jlass,
o8 LIS e CH i LS 5 o b ol «
Cdls 3l e Sluls Rl 5 CldS Lis 5 e
Aol 3 ol ol sl il S0 o
&oles Jole B. cinerea g ale adllas 5,40 glayles
sls ol b3l Ll s (S 3oy g aS S
Cisls RS (s 55 ssba 1 B A slag e oS
ol ot &0 Jgad O gend 5ol 35U oS 5 Sl a0l w5l Lol
B. cinerea 6 13, 53 1, S50 Aoy o 2is CH
poallae s slles SIS el mls s
b KA e lrdan 5 AS (S Slaatls
o gm0 055 idlS doys o miio a5 5l Ol (1SS o5
—o 300 33 g 53 £ Slad 3 (IS 55500 b

58

5 kS S JYs G Seee Sl S e 5 S
Sled 4 (A5 g s Sl e Sluls 553
5o Ll g 0 m e 53 LOT SEalS cnluly 55 0
53 [49] s5s OV s 8Ll (i3 5 kS Lai>
Ol 3 5 Lo o (55, Ol A, i
5 Vske 5 5l s ol 2ol amd pe sl s
CehS Rl 5 sl R (Sl oslns o
— 55 0 gme (513455 [B0] cukls dalpx JLisas | J seames
—t s L OB L ol e 5y (S

[51] sl
S 038 jsba Jd S gla il ol
O3 eslanad sy b OV same Loyl e 20580
Sl Ll SLs 5 (Bas ol 0,8 e
el 0d 218 Ol 5 51 e g1l e aLS
oS S s B Al gla bl e [52]
L ol Gl 5 a0 b a1 g sy 5 st
3,8 Liast 53 [B3] das LialS OKILl 5 4
ol B s dS LS 5 J e ol S s
sy > [54] s S K A8 ese Sl jes
o3 S5 VRS Gl S sy Sl eslid K3



VEUE g YY) 6595 07 6l

&lﬂl L;l‘j'b @L«p}f‘y\&&u

10 Jgast O pmed il 5l ik ol pliy l els j2alS
Al Olgieds Ll o Ao ys +/0 O35S + Ao

e 63 584 u.ijﬁq;}? 0 g0

CLA -0

[1] Shahbazi, Y. 2018. Application of carboxymethyl
cellulose and chitosan coatings containing Mentha
spicata essential oil in fresh strawberries.
International Journal of Biological Macromolecules,
112: 264-272.

[2] Gol, N.B., Patel, P.R. and Rao, T.R. 2013.
Improvement of quality and shelf-life of strawberries
with edible coatings enriched with chitosan.
Postharvest Biology and Technology, 85: 185-195.

[3] Dhital, R., Mora, N.B., Watson, D.G., Kohli, P.
and Choudhary, R. 2018. Efficacy of limonene nano
coatings on post-harvest shelf life of strawberries.
LWT- Food Science and Technology, 97: 124-134.

[4] Huang, R., Li, G.Q., Zhang, J., Yang, L., Che, H.J.,
Jiang, D. H. and Huang, H. C. 2011. Control of
postharvest Botrytis fruit rot of strawberry by volatile
organic compounds of Candida intermedia.
Phtopathology, 101(7): 859-869.

[5] Robledo, N., Vera, P., Lépez, L., Yazdani-
Pedram, M., Tapia, C. and Abugoch, L. 2018. Thymol
nanoemulsions incorporated in quinoa
protein/chitosan edible films; antifungal effect in
cherry tomatoes. Food Chemistry, 246: 211-219.

[6] Javanmardi, Z., Koushesh Saba, M., Nourbakhsh,
H. and Amini, J. 2023. Efficiency of nanoemulsion of
essential oils to control Botrytis cinerea on strawberry
surface and prolong fruit shelf life. International
Journal of Food Microbiology, 384, 109979.

[7] Donsi, F., Annunziata, M. Sessa, M., and Ferrari,
G. 2011. Nanoencapsulation of essential oils to
enhance their antimicrobial activity in foods. LWT-
Food Science and Technology, 44(9): 1908-1914.

[8] Froiio, F., Mosaddik, A., Morshed, M.T., Paolino,
D., Fessi, H., and Elaissari, A. 2019. Edible polymers
for essential oils encapsulation: Application in food
preservation. Industrial & Engineering Chemistry
Research, 58(46): 20932-20945.

[9] Ghosh, V., Mukherjee, A. and Chandrasekaran, N.
2013. Ultrasonic emulsification of food-grade
nanoemulsion formulation and evaluation of its

59

—SU L et Sl laege L3 OF S 5 dals gl
sdalie Lo ys +/0 Ol saS + doys /0 J el O gend 5!
+ A3 /0 Jgad O gaed 30l 50 Sl ol e De Ll
Ly Olgee 5 A ogee i bis o Ls )5 +/0 Ol3 1S

SFAp osba S e b 1y bl S
bactericidal activity. Ultrasonics Sonochemistry,
20(1): 338-344.

[10]Chang, Y., McLandsborough, L. and
McClements, D.J. 2013. Physicochemical properties
and  antimicrobial  efficacy @ of  carvacrol
nanoemulsions formed by spontaneous
emulsification. Journal of Agricultural and Food
Chemistry, 61(37): 8906-8913.

[11] Anton, N., and Vandamme, T. F. 2009. The
universality of low-energy nano-emulsification.
International journal of pharmaceutics, 377(1-2): 142-
147.

[12] Chalfoun, N. R., Castagnaro, A. P., and Ricci, J.
D. 2011. Induced resistance activated by a culture
filtrate derived from an avirulent pathogen as a
mechanism of biological control of anthracnose in
strawberry. Biological Control, 58(3): 319-329.

[13] Huang, R., Li, G.Q., Zhang, J., Yang, L., Che,
H.J., Jiang, D. H. and Huang, H. C. 2011. Control of
postharvest Botrytis fruit rot of strawberry by volatile
organic compounds of Candida intermedia.
Phtopathology, 101(7): 859-869.

[14] AOAC. 1995. Official Methods of Analysis. 16th
ed. Association of Official Analytical Chemists,
Virginia, USA.

[15] Selcuk, N., and Erkan, M. 2015. The effects of 1-
MCP treatment on fruit quality of medlar fruit
(Mespilus germanica L. cv. Istanbul) during long term
storage in the palliflex storage system. Postharvest
biology and technology, 100: 81-90.

[16] Sogvar, O.B., Koushesh Saba, M., Emamifar, A.
and Hallaj. R. 2016a. Influence of nano-ZnO on
microbial growth, bioactive content and postharvest
quality of strawberries during storage. Innovative
Food Science and Emerging Technologies. 35: 168-
176.

[17] Yuliani, S., Wahyuningsih, K., Herawati, H., and
Noveriza, R. 2023. Spontaneous Emulsification of
Citronella Oil: Effect of Processing Conditions and
Production Scale. In IOP Conference Series: Earth
and Environmental Science (Vol. 1172, No. 1, p.
012053). IOP Publishing.



TSRO I S PO PO LI PO I IR i

RIPCOVIPRP SR |

[18] Rasti, F., Ahmadi, E., Safari, M., Abdollahi, A.,
Satvati, S., Ranjbar, R., and Osanloo, M. 2023.
Anticancer, antioxidant, and antibacterial effects of
nanoemulsion of Origanum majorana essential oil.
Iranian Journal of Microbiology, 15(4): 565-573.

[19] Robledo, N., Lopez, L., Bunger, A., Tapia, C.,
and Abugoch, L. 2018. Effects of antimicrobial edible
coating of thymol nanoemulsion/quinoa
protein/chitosan on the safety, sensorial properties,
and quality of refrigerated strawberries (Fragariax
ananassa) under commercial storage environment.
Food and Bioprocess Technology, 11: 1566-1574.

[20] Saki, M., ValizadehKaji, B., Abbasifar, A., &
Shahrjerdi, 1. 2019. Effect of chitosan coating
combined  with  thymol essential oil on
physicochemical and qualitative properties of fresh
fig (Ficus carica L.) fruit during cold storage. Journal
of Food Measurement and Characterization, 13: 1147-
1158.

[21] Meng, F. B., Gou, Z. Z., Li, Y. C., Zou, L. H.,
Chen, W. J., and Liu, D. Y. 2022. The efficiency of
lemon essential oil-based nanoemulsions on the
inhibition of Phomopsis sp. and reduction of
postharvest decay of kiwifruit. Foods, 11(10): 1510.

[22] Yousef, N., Niloufar, M., & Elena, P. 2019.
Antipathogenic effects of emulsion and nanoemulsion
of cinnamon essential oil against Rhizopus rot and
grey mold on strawberry fruits. Foods and Raw
materials, 7(1): 210-216.

[23] Hernandez-Munoz, P., Almenar, E., Valle, V.
Del, Velez, D. and Gavara, R. 2008. Effect of chitosan
coating combined with postharvest calcium treatment
on strawberry (Fragaria x ananassa) quality during
refrigerated storage. Food Chemistry, 110(2): 428—
435.

[24] Ergun, M. and Satici, F. 2012. Use of Aloe vera
gel as biopreservative for ‘Granny Smith’and ‘Red
Chief’apples. Journal Anim Plant Science, 22(2): 363-
368.

[25] Aday, M.S., Caner, C. and Rahvali, F. 2011.
Effect of oxygen and carbon dioxide absorbers on
strawberry  quality. Postharvest Biology and
Technology, 62(2): 17

[26] Panahirad, S., Naghshiband-Hassani, R., Bergin,
S., Katam, R., and Mahna, N. 2020. Improvement of
postharvest quality of plum (Prunus domestica L.)
using polysaccharide-based edible coatings. Plants,
9(9): 1148.

[27] Malekshahi, G., and ValizadehKaji, B. 2021.
Effects of postharvest edible coatings to maintain
qualitative properties and to extend shelf-life of
pomegranate (Punica granatum. L). International

60

Journal of Horticultural Science and Technology,
8(1): 67-80.

[28] Arnon, H., Zaitsev, Y., Porat, R. and Poverenov,
E. 2014. Effects of carboxymethyl cellulose and
chitosan bilayer edible coating on postharvest quality
of citrus fruit. Postharvest Biology and Technology,
87: 21-26.

[29] Gdmez-Contreras, P., Figueroa-Lopez, K. J.,
Hernandez-Fernandez, J., Cortés Rodriguez, M., and
Ortega-Toro, R. 2021. Effect of different essential oils
on the properties of edible coatings based on yam
(Dioscorea rotundata L.) starch and its application in
strawberry (Fragaria vesca L.) preservation. Applied
Sciences, 11(22): 11057.

[30] Valero, D., Valverde, J.M., Martinez-Romero,
D., Guillén, F., Castillo, S. and Serrano, M. 2006. The
combination of modified atmosphere packaging with
eugenol or thymol to maintain quality, safety and
functional properties of table grapes. Postharvest
Biology and Technology, 41(3): 317-327.

[31] Montero-Prado, P., Rodriguez-Lafuente, A. and
Nerin, C. 2011. Active label-based packaging to
extend the shelf-life of “Calanda” peach fruit:
Changes in fruit quality and enzymatic activity.
Postharvest Biology and Technology, 60(3): 211-219.

[32] zZhang, Y., Zhang, M., and Yang, H. 2015.
Postharvest chitosan-g-salicylic acid application
alleviates chilling injury and preserves cucumber fruit
quality during cold storage. Food chemistry, 174, 558-
563.

[33] Peretto, G., Du, W.X., Avena-Bustillos, R.J.,
Sarreal, S.B.L., Hua, S.S.T., Sambo, P. and McHugh,
T.H. 2014. Increasing strawberry shelf-life with
carvacrol and methyl cinnamate antimicrobial vapors
released from edible films. Postharvest Biology and
Technology, 89: 11-18.

[34] Hussain, P.R., Suradkar, P.P., Wani, AM. &
Dar, M.A. 2016. Potential of carboxy methyl cellulose
and vy-irradiation to maintain quality and control
disease of peach fruit. International Journal of
Biological Macromolecules, 82: 114-126.

[35] Sogvar, O.B., Koushesh Saba, M., Emamifar, A.
and Hallaj. R. 2016b. Aloe vera and ascorbic acid
coatings maintain postharvest quality and reduce
microbial load of strawberry fruit. Postharvest
Biology and Technology. 114: 29-35

[36] Caner, C., Aday, M.S. and Demir, M. 2008.
Extending the quality of fresh strawberries by
equilibrium  modified atmosphere  packaging.
European Food Research and Technology, 227(6):
1575-1583.



VEUE g YY) 6595 07 6l

[)lﬂl L;l‘j‘b @L«p}f‘y\&bbu

[37] Castillo, S., Perez-Alfonso, C.O., Martinez-
Romero, D., Guillén, F., Serrano, M. and Valero, D.
2014. The essential oils thymol and carvacrol applied
in the packing lines avoid lemon spoilage and
maintain quality during storage. Food Control, 35(1):
132-136.

[38] Grande Tovar, C.D., Delgado-Ospina, J., Navia
Porras, D.P., Peralta-Ruiz, Y., Cordero, A.P., Castro,
J.I. and Chaves Loépez, C. 2019. Colletotrichum
gloesporioides inhibition in situ by chitosan-Ruta
graveolens essential oil coatings: Effect on
microbiological, physicochemical, and organoleptic
properties of guava (Psidium guajava L.) during room
temperature storage. Biomolecules, 9(9): 399.

[39] Tesfay, S.Z. and Magwaza, L.S. 2017.
Evaluating the efficacy of moringa leaf extract,
chitosan and carboxymethyl cellulose as edible
coatings for enhancing quality and extending
postharvest life of avocado (Persea americana Mill.)
fruit. Food Packaging and Shelf Life, 11: 40-48.

[40] Garcia, L.C., Pereira, L.M., de Luca
Sarantopoulos, C.I. and Hubinger, M.D. 2012. Effect
of antimicrobial starch edible coating on shelf-life of
fresh strawberries. Packaging Technology and
Science, 25(7): 413-425.

[41] Aday, M.S. and Caner, C. 2014. Individual and
combined effects of ultrasound, ozone and chlorine
dioxide on strawberry storage life. LWT-Food
Science and Technology, 57(1): 344-351.

[42] Sayyari, M., Babalar, M., Kalantari, S., Serrano,
M. and Valero, D. 2009. Effect of salicylic acid
treatment on reducing chilling injury in stored
pomegranates. Postharvest Biology and Technology,
53(3): 152-154.

[43] Guerreiro, A.C., Gago, C.M., Faleiro, M.L.,
Miguel, M.G. and Antunes, M.D. 2015. The use of
polysaccharide-based edible coatings enriched with
essential oils to improve shelf-life of strawberries.
Postharvest Biology and Technology, 110: 51-60.

[44] Arnon, H., Zaitsev, Y., Porat, R. and Poverenov,
E. 2014. Effects of carboxymethyl cellulose and
chitosan bilayer edible coating on postharvest quality
of citrus fruit. Postharvest Biology and Technology,
87: 21-26.

[45] Khalifa, 1., Barakat, H., EI-Mansy, H.A. and
Soliman, S.A. 2016. Improving the shelflife stability
of apple and strawberry fruits applying chitosan-
incorporated olive oil processing residues coating.
Food Packaging and Shelf Life, 9: 10-19.

[46] Maftoonazad, N., Ramaswamy, H.S,,

Moalemiyan, M. and Kushalappa, A.C. 2007. Effect
of pectin-based edible emulsion coating on changes in

61

quality of avocado exposed to Lasiodiplodia
theobromae infection. Carbohydrate Polymers, 68(2):
341-349.

[47] Magbool, M., Ali, A., Alderson, P.G., Zahid, N.
and Siddiqui, Y. 2011. Effect of a novel edible
composite coating based on gum arabic and chitosan
on biochemical and physiological responses of banana
fruits during cold storage. Journal of agricultural and
food chemistry, 59(10): 5474-5482.

[48] Asghari Marjanlo, A., Mostofi, Y., Shoeibi, S.
and Fattahi, M. 2009. Effect of cumin essential oil on
postharvest decay and some quality factors of
strawberry. Journal of Medicinal Plants, 3(31): 25-43.

[49] Romanazzi, G., Feliziani, E., Bafios, S.B. and
Sivakumar, D. 2017. Shelf life extension of fresh fruit
and vegetables by chitosan treatment. Critical reviews
in food science and nutrition, 57(3): 579-601.

[50] Al-Qurashi, A.D. and Awad, M.A. 2015.
Postharvest chitosan treatment affects quality,
antioxidant capacity, antioxidant compounds and
enzymes activities of ‘El-Bayadi’table grapes after
storage. Scientia Horticulturae, 197P: 392-398.

[51] Han, C., Zhao, Y., Leonard, S.W. and Traber,
M.G. 2004. Edible coatings to improve storability and
enhance nutritional value of fresh and frozen
strawberries (Fragaria x ananassa) and raspberries
(Rubus ideaus). Postharvest Biology and Technology,
33(1): 67-78.

[52] Palhano, F.L., Vilches, T.T.B., Santos, B.R.,
Orlando, M.T.D., Ventura, J.A. and Fernandes,
P.M.B. 2004. Inactivation of colletotrichum
gleosporiodes spores by high hydrostatic pressure
combined with citral or lemongrass essential oil.
International Journal of Food Microbiology, 95: 61-
66.

[53] Romanazzi, G., Feliziani, E., Santini, M. and
Landi, L. 2013. Effectiveness of postharvest treatment
with chitosan and other resistance inducers in the
control of storage decay of strawberry. Postharvest
Biology and Technology, 75: 24-27.

[54] Amal, S.H.A., EI-Mogy, M.M., Aboul-Anean,
H.E. and Alsanius, B.W. 2010. Improving strawberry
fruit storability by edible coating as a carrier of thymol
or calcium chloride. Journal of Horticultural Science
and Ornamental Plants, 2(3): 88-97.

[55] Kowalczyk, D., Kordowska-Wiater, M., Zieba,
E. and Baraniak, B. 2017. Effect of carboxymethyl
cellulose/candelilla wax coating containing potassium
sorbate on microbiological and physicochemical
attributes of pears. Scientia Horticulturae, 218: 326-
333.



JEST No. 156, Vol. 21, February2025

ABSTRACT

Journal of Food Science and Technology (Iran)

~» Homepage:www.fsct. modares.ir

Scientific Research

Design of nanoemulsion systems of essential oil alongside chitosan to control gray mold

spoilage in strawberries

Leila Heidary?, Zahra Javanmardi®, Himan Nourbakhsh?*, Mahmoud Koushesh Saba3,

! Master's graduate, Department of Horticultural Science. Faculty of Agriculture, University of Kurdistan,

Sanandaj, Iran

2 Assistant professor, Food Science and Engineering Department, Faculty of Agriculture, University of

Kurdistan, Sanandaj, Iran

3 Associate professor, Department of Horticultural Science. Faculty of Agriculture, University of Kurdistan,

Sanandaj, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received:2024/1/23
Accepted:2024/6/1

Keywords:

Spontaneous nanoemulsion,
Botrytis cinere,
thymol,

spoilage index

10.22034/FSCT.21.156.49.

*Corresponding Author E-
h.nourbakhsh@uok.ac.ir

Strawberry is a perishable fruit and gray mold is one of the main
reasons which reducing its shelf life. Due to the limitations of using
chemical poisons, it seems necessary to use safe methods such as the
use of essential oils (EOs) and edible coatings to control this fungus
maintain the quality, and increase the storage period. However, the
high volatility of EOs and organoleptic effects on agricultural
products have hindered the direct application of EOs. This study is
designed to enhance the shelf life of strawberries by designing
nanoemulsion systems of EO with chitosan as follows: in the first
experiment, the effect of nanoemulsion of the thymol, one of the main
components of thyme, with a concentration of 5 g/L, alone and in
combination with chitosan (CH) biopolymer was investigated on
Botrytis cinerea. All treatments significantly reduced fungal growth
compared to the control sample. Also, combined treatment showed
the highest level of inhibition of B. cinerea. The second experiment
was performed to evaluate the quality changes and post-harvest
wastes of strawberries during storage. In this section, the fruits were
coated with thymol 0.5%, thymol nanoemulsion 0.5%, and thymol
nanoemulsion 0.5% + CH 0.5% and kept at 4 °C. Results presented
that the application of the applied treatments had a positive effect on
the physicochemical and biochemical indicators of strawberry fruit
during the post-harvest period and caused better preservation of
firmness, prevented weight loss and reduced microbial load. Also, the
lowest rate of weight loss, the highest rate of firmness, and the lowest
rate of growth of microorganisms were observed in covered fruits
with treatment of thymol nanoemulsion 0.5% + CH 0.5%. Finally, this
treatment can be suggested as a suitable cover to maintain the quality
and reduce post-harvest waste of strawberries.
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