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1 . Generally recognized as safe
2 . Zingiberaceae
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of cucumbers stored at 10 °C and relative humidity
of 85%



"W 05U )ld by 5l o s Shg (S 9 Sl yoe 3 Juz) g 0j e la bl (9l Jolo Jite (S 98 a0l p Jlb sla iy ]

- B Gl by ol las aals Gpan b aesles
Gom 9 O SRRl AL G L Gluligy Hseda w
¥ QRGO B K-V L B P 1 Ve i RV P Toy
Ooan 5 ¥l b s sael ciwns @l b @l
5 ODAS b sad o hdig slasba sl (Y4VA)
1 e sud ool i) cad sad 5 lu
QS Lo ol pae sk 4 DY pedls opaa
LA sad . 50 aald G gad 4 bg e (50l slad
b P* jadla (ol Gae Hob 4 gl sla
Olas pola) w3l s s (il gy slad sl L cnd
Sasilinl 55 Sy 0 Lo gaye Yiaiad 5T Jalo 4S ol
2 el su s Qg S5 5 o 3 Jmas g 83
S el o BBias sl oo sladipad (o G
Sad ks saalie 5ol Jae oplas b Ladls ks
sad suly Glas ¢ JSa Ho aliae slads g s,
slass, alad 5o oo (Pre b 4 aald G sa ol
Laslas ple € o 3S oLl cud )l
sola 5 sad A LiEs gl o ale las
ol HI3 51 a5 65 50 slagull Alide £ gl

(P> /v 0) ais saalie (sl e ol Sl

I

7z
7 b b b b P
62 I b b
/ b, & b q
v d 1 5 e H ’A
7 .9 Rt 2878 o4 ‘N
" 1
Z bSctH b H 7B 7B
‘R zi08 144 9 ‘0 HE%h I 2 ‘K
/8 E2 R A # -] A |
7 I; B ANIAB A G i 78
7R HE“B SREZR 70 SHEZR QEH S N K
AN (BN B 178N [ A 7 78
78 SHEZR SHECE 7N AN 4 N ‘R
AN 4R 28 HECR SRR S N R
AN IZ IR NI AR | 4R N X
AN 7N AN AN 4B N ‘A
‘R Qg B 78 SEEZH SHECH N | “
¥ (AN A 78 SEEZH JHECN S | i N BN A
trol  CMC 1% CMC 1.5% CMC 1% + CMC 1% + CMC 1% + CM % MC 5% CMC 1.5% CMC 1.5% CMC 1.5%
SEO SEO JEO JEO +SEO +SEO +JEO +JEO

250PPM 1000PPM 250PPM 1000PPM 250PPM 1000PPM 250PPM 1000PPM

SDayl mDay4 mDay8 »Dayl2 @Day16

V#0499 Jsbo 4o Al sla 4 gad D adld-v s

Vo °C slos ya syl 09,
Figure 3- b* value of different samples over 16 days
of storage at 10 °C and relative humidity of 85%

Sl (i gy HBA LW Hu 68, LIS bl aliae mlars
ot o 1ad s saaldne S8 yiel b Ll 51 gl e
9 8500 puilal g8 58 30k w3 suldinl w0
oba wdl St JES e (p) o e Vo) duaa)

Sl 89 53 A S5

Firmness (N)

Y] T T T T T T T T
0 2 4 6 8 10 12 14 16
Time (day)
—&— Control —8—CMC 1% CMC 1.5%

CMC 1% +SEO 250 —@—CMC 1% + SEO 1000 —&— CMC 1% +JEO 250
—8—CMC 1% + JEO 1000 —@— CMC 1.5% + SEO 250 —@— CMC 1.5% + SEO 1000
—8—CMC 1.5% +JEO 250 —@—CMC 1.5% + JEO 1000

SLa,LA Sl s Clide slayiudige I -Y JSid

TAD s Cuagloy 9 Vo °C $lou Hu sudd (5 lagks
Figure 2- Effect of different coatings on the

firmness of cucumbers stored at 10 °C and relative
humidity of 85%

I o S,
GBS L8 GEdy wose 09 (page bl (S5,
slassae 5o g0 slad 4 QL e s 55 seoe
SES 5o & 0y sland g8 o,K end cnils s 856
S oba oS planT Hhasls s aa K Sa Jad s
=S Ol e ol K an S LIS a2 850
Ssae (553 5 O Jsb oo dia 58wl e wil g
OB (Bore 5o e 5 st Al Ly i)
S0 W sk Lo eS8 e S e L8 8, S,
Ot Wl (aae o K e olasia (5,laS
2 S e 518 0,5 S, Haeh g S S5 g Jas g K
dan 5o 0% (adla  USs Ho sael i @l Lol
ol 3l Sl € il Gl le)y Jsb Lo e sal
ob adlbiee HLA gy Suw S JualS 5,5 K,

08 GRS ) Ky eead A b g sladi sl din



VY Jlo /Y oplouds ¥V Al / olis mlio sba jingh 4 pis

08 8550 ol s s (S ws sla S35 .05l
GBS (Y AA) (amd 5 (Ssoadi s Lo 55 (5] dallls
550 (YY) OolSan 5 S, 55550 dalllae ulial s oad
WJoas 5 oSl 5 (VL slsime o Dl s 4
Glag s a8 oo Glis 1) (YL (uShe aus cullas
bS5 51 oYL puolie Gues blo oo o el
e ol (e 5 JsSsl (JsSlols wule s
" sl o b s plolasSl as o See
WJsi3sl 5 Jsad JaSlools wile SLS 5 a,IE
soas o plad HEalu Hu Jd slaes S sl
"o ) 055k LASS e (58 (5 See ws el A
ol 5 sliie b GESIy Jals 4 Gaines Lo .08
S om S ol Soe el Jola sl
sola slagidisy wise olul ol glagid g
Oles Job 09 1 (musSee LL (poteS Juasy il
O Juas)y puelad oS ws el 8 wals las
(7¥8) O e LS5 ol gie @ pomaiy W paa
2 (YD GIoISen 5 (Sl i) 0 g o a0l s
ale oS 5uulie b olS 3l o158 aa ol wiy
ss sla S35 pals Gl o 50 ] i 5 5 oy W
NV OLKaa 5 (5 sl saiw) ool sad (3,18 (SS
2ol o La it gy i 31(YAY GlSan 5 g0 pune
A9 Ol g3 8 e Heaal] 55 G bsase (050 W
O S wabie s3I (2 Ol kalbd Bl suk
@l 5o e sade 5 SIS wib ) sl bl
Ol ol adi sl O3Sl 4 S ede 5 SS S
Fee yade 5 S adiy S 5o (5850 Lok 4 bl i
L slaguolul s dle @ (YA LK 5 (Slo) ol
ol 5 olse o Jld glagid g JGale Ho 4, LK
laosSae adiy 5l g susad Joe g8 CusSie ws
Age oo Laguwilal 3508 Ysans ablad oo 585l
e 5 85y G golall Sl Bls 4 plie

Ol gy LBALL Lol aolS a5 ol sgans

Vo °C sloa ya (s lugSa 0395V 0,99

Figure 4- Brightness (L*) of different samples over
16 days of storage at 10 °C and relative humidity of
85%
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Figure 5- Mold and yeast counts of different
samples over 16 days of storage at 10° C and
relative humidity of 85%
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Figure 6- pH values of different samples over 16
days of storage at 10 °C and relative humidity of
85%

EY

o
o
o

W oo

o
Ho

aha Aty

§xc

N

H

el

N
S

]

=3
=3
ALY

-
o
m—

-
Ho

oS
o
e o

Total acidity (%)

0.4

]
~

AR RSSSELERRRN NSNS SN Y
s ol

S !
ANUALLUMLNUUNNNNNNNNE @
ATTLLLLLLLVLLLRNLLRNAN @

ol
=i
(SES T

)
o
ARLLULUUUULLLNLLNOAAY ©
XXX o
—— O
e
——

o

&

,O/
23
2
3
%
3
QOA
0,
2,
%
%
Q
%‘.’o
%

K o ot oo Se o g o
<« o Y o A 4 A N
S & S & Horizontal (Category) Axis |§

Job yu Alide sla d gal 5]y JS disanl - V IS
s gy 91 7C slos ju 059,17 leSa 0,90
7AD
Figure 7- Total acidity of different samples over 16

days of storage at 10°C and relative humidity of
85%
8559 Job o Aliae lads sab J slas ol ol go (0
«< )JL;LAA C.u-u‘ sady QJJJT A JS...’L L 6\)‘@
el ulse Ol ae (s 1agSS 550 sk L0 8 g oo 43Nl
@8l Glal ) Laslas dan 5o (a5 &g 4 Jslae
bl o 8 gre Gl Olhae (I3 4 b saye T Juls S
L gad 5l S aald & gad 5l Ol 581 0ol i 58
sela ulge Oliee S (oo ©oum sad A8 g
slass, o8 ol (Pre sk 4 aald G sas (5158 Jslae
© oS SLL Dus e s @8l Gl bias

Sse iy LRI dals s wsa Olae ot



Score

WY 05U )ld by 5l o s Shg (S 9 Sl yoe 3 Juz) g 0j e la bl (9l Jolo Jite (S 98 a0l p Jlb sla iy ]

B0 53 S | (558 Hliel (V/0 5 ) ) 38, LIS wbile
09 Sl (o5 Sae w4 bg e Wil g ge OF Juls &S
telio ol (oSS ops0 @IS L e 5o
oalla Sl Jite oS50 S Judisy gosla sladisa
YL Sliel loae Juasy 5850 slaguwlal sl
s s olas 1 olel gsla sdiss sl
aa ol 3 Jads 4 Gl gy 50 8550 5 Juas slaulal
Ol gy e se 5 Ko B8, LIS slaguwlal (o5 Sae
©ooate € WS laanilE )l She cullas (gl
Dedee oSS a0 Jsb Lo Lba ondS laa
8550 ol 5o sola slagidis b slad g enlis
olal sla lagidisy sl YL Sl duass
"o S o Glas 1) Jaasy Gl b anlie jo 6 5
8500 bl 3 (68 (pssSee s Sl 4 b gy 5o il 3
o030l il b mli Gol adl Jaad) 4
bl gola slagid g YL s Sl S o S
s clille sty GLas 1, LA cud Lia Ly 85
S s 50 b Gl gl slaised G Gxinas
o0 Lo, sl ks 5l caliae Gl go ),
el puleal o ads saaliie (ol Fae o ol8 )
oleal 55l S slon o (a5 S G g 0l sy
oba oIS (s plie il K Glsie G )0

.JJ.AIL;A JL@—‘\-A-:ZI:\J_:

5
5 a
4 b aaI
' 351 sfl
3.5 JE B
3 *
i f
| #
2.5 g g
2 1 (| .
a | $
< ld 8 g
1% I ; g
05484 | |
0 12 | 3
Control A 1% CMC1% CMC CcMC cMC CMC
£EO +JEO +JEO 1.5% + 1.5% + 1.5% + 1.5% +

1000  SEO 250 SEO 1000 JEO 250 JEO 1000

& color odor taste

total acceptance

Alids glads gad 5]y o bl Ealis -4 S
Figure 9- Results of sensory evaluation for different
samples

8K a4 bsse Sidw HLA S S ol
Jub s 0l o D g8 a5, Jolid 4S il o500 0
S J e D b 55K 5 0058 0500 s S J e @
Julo o gley Jsb Lo LA &) col 8530 Haw—uy)
5 BL) wlge S 055 @ Saw 3 Jabe CaAS
ok ) aline glaslas ol aawmlBo (Y414 al Sl
S g 5wl s 5l 1) Sl (S (K5, 50
=SS oble oo bsud a0 (b sladisa o
L oad s Ghidgy slads sai oo oLas 1 Slsles Jite
O B usas nS 1 Shiel Ga SYL 8550 il
oba OBl (153l 5y pas il gy cafie 31 aadllas
Aliae ladigad g9 0 bogsyo B caas o las 1,
Ggad o O uy 5 sl Gigas gl 1) Shiel G ieS
oalld sl Jfe (S5 S L sud pa0 Gidisy sla
Lo a3 ol 50 S iy 0 b g yo T e o ul oLt
o OBalS &el 132 & Guil) aliine 09580 Lo
0T mn sl S5y Bia 58 ssdi o (2oSe b
03958 Gl sl (Ve o€ o) wasge L8 HBE e
S Bia la,al, 3 S Lghdg o ol
SIS Gusas Jalaie 5 0T WL @uulo8 dals 4 il
© e b ines ol Jpane s ol 5 o
s GISel ol Hu Ml Jite (oS5 S (VL cabla
» ool ol 3 GEalS s se pla B b g JolS
OBoady 4 by ye B asls sy s s (alsa
sad suly plas A K& o 5o aline glayles K
ORieS walls G sad o gl g0 daade S shilan ol
Gosk ol L daliae glajlas Gle 5ol ol
/0 5SS &5 gad (l (515 o S slaslial S o<
S5 Cnl Gose By o e SSiles S el caay
S Obel Jals cadily oo (o o0 slay sSB L
8545 5 (5903) (S, Slwis 4 b s e walil € gal (6l
Saoll 5 gl ol @il s 4 (Sa e (pad !
ohdi g sladi s wals Ggad B Gy il e (SS

99 58 53 oalls 3ol Jie S5 S b sad a0



VY Jlo /Y oplouds ¥V Al / olis mlio sba jingh 4 pis

b g Slaydy WYY

it (€ 935S (i gy cdalllas ol o 458, LIS AR
Voo g Yoo mhain g 58 5o 8]0 puilal (s sla sl
Olds Hlia cudS Bia jo o 3YL cdas il ol (o (o
rarbisn S Slsbe Jite oS S Sl e S b oly
San BN a8 galy ol aabe OF Lo Jslas
soxe o 5 il O (51 GBS a5 sud G
o L sy s aallie ol ol e walpa5 3L
Sslee Jiie g S slaghitgy 5 suliical 4 sa
Gy Hla cdS Bda 5y (JSile 51 850 el sl
Ol 53] 0 30 (55 5 Gtany T8 e s AL

Sadioe oo | sba (5 )8l sae

S dauls
=SS wls Jlb slagid s ol dallas Gl o
> o3 8550 5 Juad) slaguwilal s sla Bl gl Jais
S50 solSS a0 Jsb 5o 3B Ll sla S
as slagiad gy 5l sl o550l 28 S L3 w5
Lolal sd auls I8 ok e e (2osSue
AL 5o (eudS S Dpdipe dsed b SLS 3
0 S ple Sy USES L 00 S sl J s
LS5 sads S 5l Wil 5 aold Jelse il
S Gl 5 Sely (il gy S G908 3 (paoSe ws

s g (e o B 5d oo Jpans sLBBL G

ouldicgl v,y 90 C'-‘u‘“

5 pelS 5l s sla alid (S5 sla (S35 5 oulad usl) s38l 5800 AYA: g callail e 00l 508 ¢y (Sl g a5

NOE=VEN (VYN colie pulin (slaia 55 s -3 shos Yl S50 - IS a5 (b -Gl
Burt S, 2004. Essential oils: their antibacterial properties and potential application in foods — a review.
International Journal of Food Microbiology 94: 223-253.

Cagri A, Ustunol Z and Ryser ET, 2004. Antimicrobial edible films and coatings. Journal of Food Protection
67(4): 833-848.

Combrinck S, Regnier T and Kamatou GPP, 2011. In vitro activity of eighteen essential oils and some major
components against common postharvest fungal pathogens of fruit. Industrial Crops and Products 33: 344—
349.

Ebrahimi N, Ketabchi S and Rowshan V, 2017. Antibacterial effect and chemical composition of Satureja
bachtiarica. Plant Protection Journal 8(2): 117-127.

Eshghi S, Hashemi M, Mohammadi A, Badii F, Mohammadhoseini Z and Ahmadi K, 2014. Effect of
nanochitosan-based coating with and without copper loaded on physicochemical and bioactive components
of fresh strawberry fruit (Fragaria x ananassa Duchesne) during storage. Food and Bioprocess Technology:
1-13.

Fasihi H, Fazilati M, Hashemi M and Noshirvani N, 2017. Novel carboxymethyl cellulose-polyvinyl alcohol
blend films stabilized by Pickering emulsion incorporation method. Carbohydrate polymers 167: 79-89.

Fasihi H, Noshirvani N, Hashemi M, Fazilati M, Salavati, H and Coma, V, 2019. Antioxidant and
antimicrobial properties of carbohydrate-based films enriched with cinnamon essential oil by Pickering
emulsion method. Food Packaging and Shelf Life 19: 147-154.

Hashemi SMB, Khaneghah AM, Ghahfarrokhi MG and Es I, 2017. Basil-seed gum containing Origanum
vulgare subsp. viride essential oil as edible coating for fresh cut apricots. Postharvest Biology and
Technology 125: 26-34.

Maleki G, Sedaghat N, Woltering EJ, Farhoodi M and Mohebbi M, 2018. Chitosan-limonene coating in
combination with modified atmosphere packaging preserve postharvest quality of cucumber during storage.
Journal of Food Measurement and Characterization 12(3): 1610-1621

Mesomo MC, Corazza ML, Ndiaye PM, Dalla Santa OR, Cardozo L and Scheer AdP, 2013. Supercritical CO-
extracts and essential oil of ginger (Zingiber officinale R): Chemical composition and antibacterial activity.
The Journal of Supercrtitical Fluids 80: 44-49.



Yo 03U )bd by 5l o s Shg (S 9 Sl yoe 3 JumS g 0j0 slauilel (g9l Hole it (nSe)S ab g Jlb sla b ]

Mohammadi A, Hashemi M and Hosseini SM, 2015. Chitosan nanoparticles loaded with Cinnamomum
zeylanicum essential oil enhance the shelf life of cucumber during cold storage. Postharvest Biology and
Technology 110: 203-213.

Noshirvani N, Ghanbarzadeh B, Mokarram RR and Hashemi, 2017a. Novel active packaging based on
carboxymethyl cellulose-chitosan-ZnO NPs nanocomposite for increasing the shelf life of bread. Food
Packaging and Shelf Life 11: 106-114.

Noshirvani N, Ghanbarzadeh B, Gardrat C, Rezaei MR, Hashemi M, Le Coz C and Coma, V, 2017b. Cinnamon
and ginger essential oils to improve antifungal, physical and mechanical properties of chitosan-
carboxymethyl cellulose films. Food Hydrocolloids 70: 36-45.

Noshirvani N, and Fasihi H, 2018. Control of Aspergilus niger in vitro and in vivo by three Iranian essential
oils. International Food Research Journal 25(4): 1745-1752.

Olawuyi IF, Park JJ, Lee JJ and Lee, WY, 2019. Combined effect of chitosan coating and modified atmosphere
packaging on fresh-cut cucumber. Food science & nutrition 7(3): 1043-1052.

Ozturk M, 2012. Anticholinesterase and antioxidant activities of Savoury (Satureja thymbra L.) with identified
major terpenes of the essential oil. Food Chemistry 134: 48-54

Patel C, and Panigrahi J, 2019. Starch glucose coating-induced postharvest shelf-life extension of cucumber.
Food chemistry 288: 208-214.

Sanchez-Gonzalez L, Pastor C, Vargas M, Chiralt A, Gonzalez-Martinez C, and Chafer M, 2011. Effect of
hydroxypropylmethylcellulose and chitosan coatings with and without bergamot essential oil on quality
and safety of cold-stored grapes. Postharvest Biology and Technology 60: 57-63.

Sarker A, Deltsidis A, and Grift TE, 2021. Effect of aloe vera gel-carboxymethyl cellulose composite coating
on the degradation kinetics of cucumber. Journal of Biosystems Engineering: 1-17.

Sivasothy Y, Chnog WK, Hamid A, Eldeem 1M, Sulainam SF, and Awang K, 2011. Essential oils of Zingiber
officinale var. rubrum Theilade and their antibacterial activities. Food Chemistry 124: 514-517.

Van Long NN, Joly C, and Dantigny P, 2016. Active packaging with antifungal activities. International
Journal of Food Microbiology 220: 73-90.

Wen P, Zhu DH, Wu H, Zong MH, Jing YR, and Han SY, 2016. Encapsulation of cinnamon essential oil in
electrospun nanofibrous film for active food packaging. Food Control 59: 366-376.



VY Jlo /Y oplouds ¥V Al / olis mlio sba jingh 4 pis ad o Slopdes  AVF

Journal of Food Research, 2022,32(2):123-138
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.2022.47564.1802

Effect of carboxymethyl cellulose based active coatings containing savory and
ginger essential oils on shelf life and some postharvest properties of fresh
cucumber

N Noshirvani'”and H Fasihi?

Received: December 23, 2021 Accepted: January 29, 2022

LAssistant Professor, Department of Food Science and Technology, Tuyserkan Faculty of Engineering &
Natural Resources, Bu-Ali Sina University, Hamedan, Iran

2 Researcher of Hamedan Agricultural Engineering and Natural Resources Research Group, Research &
Training Center, Agricultural Research, Education & Extension Organization, Hamedan, Iran;
Department of Medicinal and Aromatic Plants, University of Applied Science & Technology of Jihad-E
Agriculture, Hamedan, Iran

Introduction: Preparation of edible coatings is considered as one of the effective ways to increase
the shelf life of fresh fruits (Hashemi et al 2017). Edible films or coatings contain a continuous matrix
of protein, polysaccharide or lipid (Cagri et al 2004). The use of edible coatings has an effect on the
product by changing the atmosphere inside the package, reducing the microbial load and delaying
weight loss and respiratory reactions, as well as protection against physical damages. CMC, as a
cellulose-derived compound, is a biopolymer that has the ability to form gel and shows outstanding
film-forming properties. Also other properties such as water solubility, transparency, odorless,
tasteless, high viscosity, non-toxicity and flexibility with medium strength and permeability to
moisture and gases make it a suitable option for coating preparation (Fasihi et al 2017). Active
packaging involves the addition of specific compounds to the film or packaging coating or inside
packaging containers in order to increase the shelf life of the product. The most important benefit of
adding active compounds to films and packaging coatings is the slow release of antimicrobial
compounds from the packaging material, which results in high concentrations of the active compound
at the product surface for a long time. This method is more effective than adding antimicrobial agent
directly by spraying its solution on the surface of the product (Noshirvani et al 2017a). Spices and
herbs are widely used in the food industry as flavorings. Recently, a large number of spices or
essential oils have been identified as antimicrobial and antioxidant compounds. Many natural
compounds, such as essential oils and their constituents, are recognized by the US Food and Drug
Administration (GRAS) as healthy ingredients. Ginger and savory have outstanding antimicrobial
and antioxidant properties and many studies have been done on these properties. The use of savory
and ginger essential oils as strong antimicrobial compounds in the structure of active coatings can
improve the quality properties of fresh cucumber. The aim of this study was to prepare active coatings
based on CMC containing ginger and savory essential oils in two concentrations of 250 and 1000
ppm in order to preserve fresh cucumber.

Material and methods: CMC based active coatings containing two levels (250 and 1000 ppm) of
ginger and savory essential oils were prepared. In order to prepare coatings, CMC with two
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concentrations of 1 and 1.5% (w / v) was dissolved in distilled water and Tween 80 was added as
emulsifier (25% wi/w essential oil). Then different concentrations of savory and ginger essential oils
(250 and 1000 ppm) were added after passing through the filtered syringe. Cucumbers were immersed
in the solution for 3 minutes and then dried for 12 hours at 25°C. The samples were placed in
polyethylene bags and stored at 10°C. To prepare the control sample, fresh cucumbers were placed
in distilled water for one minute. The effect of coating on some properties of fresh cucumber such as
weight loss, pH, acidity, total soluble solids, color, microbial count and sensory properties of coated
cucumbers were examined during a 16-day storage period at 10°C. Fresh uncoated cucumbers were
considered as control sample.

Results and discussion: Based on the results, the use of active coatings containing ginger and savory
essential oils significantly reduced weight loss and microbial growth in cucumber. The content of
weight loss for the control sample was 13.6% after 16 days, while the samples containing the coating
showed less weight loss. Weight loss is one of the most important changes after fruit harvest due to
the migration of moisture from the surface of the fruit to the environment and its extent depends on
the difference in water vapor pressure between the fruit tissue and the surrounding atmosphere (Sarker
and Partners 2021). In addition, fruit respiration may lead to weight loss. Applying the coating on the
fruit surface acts as a barrier against the passage of moisture from the fruit to the environment and
reduces weight loss. Also, the reduction in fruit weight loss is probably related to the effects of the
coating as a semi-permeable barrier against oxygen, carbon dioxide, moisture and solids, and thus
will be associated with reduced respiration rate, weight loss and rate of oxidation reactions. The
results indicated that in the treatments that used savory essential oil, the microbial spoilage of the
fruit was reduced and the firmness of the fruit tissue was maintained. The treatment containing CMC
coating was better controlled weight loss due to fruit moisture retention and increased the firmness
of cucumber compared to the control sample at each stage of storage time. According to the results,
the yellow color in all samples increased over time, which indicates a decrease in the green color of
cucumber peel. However, the coated samples showed less yellow color than the control sample.
Therefore, the presence of coating seems to reduce chlorophyll degradation by delaying fruit ripening
and aging. The amount of total soluble solids, pH and acidity in the control sample changed more
than the samples containing the coating due to the high rate of metabolic activities. The results of
sensory evaluation indicated the lowest scores for control among the different samples, so that all
scores obtained for this sample were below 3.5, which indicates that this sample is unacceptable in
terms of the factors under study. The reason for the low score for the control sample is related to color
changes (yellowing and browning), shrinkage due to high moisture loss and mold contamination.
After the control sample, the samples coated with pure CMC in both concentrations used scored lower
because of the microbial growth in these two samples after the storage period. Comparison of samples
containing pure CMC coating and containing savory and ginger essential oils showed a higher score
for samples containing essential oil. The presence of ginger and savory essential oils in the coating
due to the antimicrobial effects of the essential oils used in the coating formulation prevents the
activity of microorganisms, which leads to maintaining the quality of cucumber during storage.
Comparison of samples with savory and ginger essential oils showed a higher score for savory
compared to ginger essential oil, which is related to the stronger antimicrobial effects of savory
essential oil than ginger.

Conclusion: Among the different coatings used in this study, the coating of CMC containing savory
essential oil at both 250 and 1000 ppm concentrations showed a higher effectiveness in maintaining
the quality of fresh cucumber. Due to the fact that CMC is a water-soluble biopolymer, so it is easily
washed before consumption and no trace of coating will remain on the surface of the fruit. Based on
the results, the use of CMC coating containing savory essential oil at both 250 and 1000 ppm
concentrations indicated lower weight loss, desirable stiffness, better preservation of color, good
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microbial quality and sensory properties which is associated to strong antimicrobial properties of
savory essential oil along with the presence of CMC coating.

Keywords: Cucumber, Antimicrobial coating, Carboxymethyl cellulose, Savory essential oil, Ginger
essential oil



