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Introduction

Today, carrots are widely used in freshly cut products, including ready to eat salads, however, its shelf life is reduced
due to the damage caused on the texture of the product which accelerate the reduction of nutritional value as well as the
growth of microorganisms, (Azizian et al., 2020). To increase the shelf life of freshly cut products, it is recommended to
use coatings on the surface of these products. Alginate is a hydrophilic biopolymer and having unique colloidal
characteristics, it demonstrates a suitable coating function. Olivas et al. (2008) showed that by coating fresh apple slices
with alginate and antimicrobial agents increased the shelf life of apple and decreased weight loss. Among the native plants

of Iran, we can mention the Oliveria plant, which belongs to the Amblifra family. The aerial parts of this plant have a
significant amount of essential oils (EOs). Researches by Amin et al. (2005) on the antimicrobial properties of Oliveria
essential oils have shown a broad-spectrum antimicrobial activity against all studied organisms, and this effect is
comparable to that of commercial antibiotics. Packaging with modified atmosphere is one of the best ways to increase the
shelf life of fruits and vegetables. The purpose of this study was to investigate the effect of alginate and Oliveria essential
oils on the physicochemical and microbial characteristics of grated carrots in polypropylene packages with modified
atmosphere during storage.

Methods

Essential oil of Oliveria plant was extracted, dehydrated by sodium sulfate and placed in sealed glass container and
stored at 4°C until using. Carrots prepared from Wilmoren cultivar. An industrial crusher crushed the carrots, and samples
were coated by treatment solutions. Two treatments of coating were prepared, one as control with 0% and the other one
with 1.5% alginate with stirring and moderate heat (50-60°C) (Lu et al., 2009). Then the Oliveria EO was added to the
alginate solution at the specified concentration. The resulting solution was deaerated at 25°C.

T1: control sample (without coating)

T2: 1.5% alginate

T3: 150 ppm Olivieria EO

T4: 250 ppm Olivieria EO

T5: 1.5% alginate and 150 ppm of Olivieria EO
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T6: 1.5% alginate and 250 ppm of Olivieria EO
After weighing (250 g), the grated carrots (control and coated) were placed in 10 g polypropylene packages of suitable
food grade in dimensions of 50 x 190 x 144 cm and the package was injected with 5% O, 5% CO; and 90% N2. The

packages were then stored in the refrigerator for 12 days at 4+1°C. All experiments were performed on days 1, 3, 6, 9,
and 12.

Evaluation of Chemical, Microbial and Sensory Characteristics

A pH meter used for pH determination (Rad et al., 2020). The acidity measured based on Rocha et al. (2007) method.

The weight was reported using pre and post-storage weight. The carotenoid concentration calculated by Rocha et al.
(2007) method. Total soluble solids determined by refractometer (Rad et al., 2020). Ascorbic acid content measured by
Falahi et al. (2013) method. The L*, a*, b* and WI (white index) indicators of grated carrots evaluated by Hunter lab
system. A 5-point hedonic test was used to assess sensory attributes(Ajnevardi et al., 2002). The internal gas concentration
evaluated by Ullsten & Hedenqvist (2003) method. Total count microorganisms, mold, and yeast were counted according
to the method of Azizian et al. (2020).

Data Analysis

This study was conducted in a completely randomized design with factorial form to investigate the effect of
independent variables of type of alginate coating (2 levels), essential oil (3 levels) and time (5 levels) on the
physicochemical properties of grated carrots (3 replications) and total counting, mold and yeast (2 replications). Mean
comparison was performed using LSD test at 5% probability level and SPSS software was used to statistically analyze
data.

Result

The results showed that the level of acidity, carotenoid and acid ascorbic, the amount of L* and sensory (color, quality,
flavor, odor) scores reduced during time. By contrast the level of pH, weight loss, the amount of a*, b*, CO,, TSS and
total counts increased (P<0.05). Also, with increasing the concentration of essential oils and alginates, the amount of
acidity, carotenoids, ascorbic acid, L* increased and pH, weight loss, TSS, a*, b*, COzand total count decreased (P<0.05).
Escherichia coli, mold and yeast count of the samples did not show any growth from the mentioned treatments until the
12t day. Overall, the Oliveria essential oil and alginate were effective in improving the properties of grated carrots under
the modified atmosphere during storage.

Conclusion

The study showed that Oliveria EO and alginate added to grated carrots in modified atmosphere packaging during
storage was effective in reducing respiration, water loss, microbial load and increased the shelf life. Treatment containing
1.5% alginate and 250 ppm Oliveria EO showed the best chemical, microbial and sensory characteristics. The results
indicated that by packing under modified atmosphere and coating by alginate and Oliveria EO, a new carrot product
provided to the market with maintaining durability and quality characteristics during storage.
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Table 1- Mean comparison of Alginate and Oliveria decumbens Essential Oil on physiochemical properties and total count of
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).Zol)l,! (59)) u"’)
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1 3 6 9 12
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(22)3) 22 250+ 0.012  2.4440.04b  2.23+013°  1.95+0179  1.55+0.22¢
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(3 2 5 9,500) 1595918
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a* 28.3240.01¢ 29.37+0.18¢ 30.80+0.51¢ 31.97+0.77°  33.06+1.10
o b 500+£0.00°  4.98+0.13%  4.42+050°  3.07+0.58°  2.20+0.55¢
Taste acceptance
> ) 50040000  5.00+0.00°  453+050°  3.45+0.50°  2.83+0.42¢
Color acceptance
(o she 500+£0.00°  5.00+0.00°  4.42+050°  2.63+0.49°  2.10+0.57¢
Flavor acceptance
Clghe 500+40.00°  5.00+0.00°  455+050°  2.8740.72°  2.35+0.48¢
Total acceptance
5 Sl s
(22) 2SSl St 524+0.16°  17.37£0.26° 27.86+0.48° 38.33+058>  47.63+0.29%
CO:2 (%)
(”’”)g”(j.j ') e 5.00£0.00°  0.00+0.00° 0.00+0.00P 0.00+0.00° 0.00+0.00b
2 (1]
(P51 A5 JSuis oy )R K Siled 5504 0000 00040000  0226037°  1.05£044°  1.82+0.61°

Total count (Log cfu/g)

L jle Gl il 2 Sikie olash
(P <0.05) 5950 LSD (y3051 Llod 1 5ls  sime O3] o dsliio pué g y> b slael -
Numbers are mean * standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05

b bl i odaliie ()9 (80 6515 ol gy ) aeiges ples 5
35 My bgne Rl 58 he adld IS loj 38
(SRS sbjg) (oleT 53 9 boylosd (oled )3 (priren (PH/Y)
035 Dl Ol plwnsS o Guilel 5 Sl clale il L
i oyt 4 GMisS & (P<-1+Y) il (g )bine Ll
0355 odnlie (FAY) anld diged 5 (£S5 VY 59, )5 (g paels

(P<-141)

039 shals
Oiy JAS (b g sdvdien Shal p e Sl (S
= .(Larsen & Wold, 2016) il o 055 (sla g jmw 5 oguo
Jlize Il pizmen g ooy (oibyy (ulul I &5 b ol
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ol Blize Sl (P<e41) 390 o dme 359 Sl Slpuis
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Table 2- Mean comparison of Alginate and Oliveria decumbens Essential Oil on pH, acidity, ascorbic acid content, total
soulable solid and weight loss of grated carrot

Jo il clile ials St oSl o Aol dlgo
~ T I TORPL S T W8 =J) S o e
(ppr_n)‘;,m; ULJT’”HH‘ olej Weight loss Ascorbic acid Acidity pH gt
Oliveria decumbens ~ Alginate(%) — Day (%) (%) (%) Total
Essential Oil (ppm) soulable solid
1 0.00+0.00¢ 28.31+0.00° 2.68+0.00? 6.22+0.00" 8.6+0?
3 0.9440.02k 29.70+0.07° 2.4740.01°  6.32+0.01mk 8.94+0.022
0 6 1.79+0.01" 31.57+0.41" 2.15+0.01! 6.55+0.01°¢ 9.56+0.022
9 3.86+0.03° 33.07+0.02¢ 1.84+0.02" 6.78+0.03" 10.85+0.042
0 12 4.63+0.03? 34.87+0.042 1.32+0.01" 6.91+0.022 12.61+0.822
1 0.00+0.00¢ 28.32+0.00° 2.68+0.00? 6.22+0.00" 8.6+0°
3 0.82+0.02' 29.47+0.03° 2.43+0.01%¢  6.31+0.01mk 8.88+0.16°
15 6 1.50+83.01 31.19+0.38 2.27+0.079  6.46+0.019% 9.37+0.28°
9 2.60+2.03¢ 32.71+0.02¢ 1.93+0.01'™  6.51+0.02¢ce 10.47+0.032
12 3.49+0.03¢ 33.87+0.02° 1.53+0.024 6.55+0.02° 11.55+0.042
1 0.00+0.00¢ 28.32+0.00° 2.68+0.00? 6.22+0.00" 8.6+0?
3 0.63+0.02™ 29.37+0.05% 2.43+0.02%¢  6.33+0.01mk 8.9+0.01°
0 6 0.95+0.01* 30.89+0.01k 2.24+0.01"  6.39+0.01i" 9.23+0.022
9 1.89+0.029 32.04+0.01° 1.96+0.01%  6.47+0.01%% 10.31+0.042
150 12 2.94+0.03¢ 33.05+0.02¢ 1.56+0.02%  6.53+0.01% 11.32+0.042
1 0.00+0.009 28.31+0.00° 2.68+0.00? 6.22+0.00" 8.6+0?
3 0.38+0.02° 29.23+91.05 2.41+0.02  6.31+0.01™ 8.88+0.022
15 6 0.65+0.01™ 30.46+0.01™ 2.26+0.02f  6.36+0.01ik 9.12+0.022
9 1.47+0.01 31.34+0.04' 1.98+0.01¢  6.40+0.0%" 10.12+0.05%
12 2.03+0.03f 32.29+0.03¢ 1.5740.01°  6.42+0.029" 10.88+0.032
1 0.00+0.00¢ 28.32+0.00° 2.68+0.00? 6.22+0.00" 8.6+0°
3 0.56+0.01" 29.26+0.037 2.45+0.02%  6.30+0.01™ 8.89+0.01°
250 0 6 0.82+0.03' 30.67+0.02' 2.36+0.019"  6.39+0.01ih 9.24+0.227
9 1.81+0.01" 31.74+0.03¢ 2.08+0.03k 6.44+0.019 10.24+0.062
12 2.64+0.04¢ 32.70+0.05¢ 1.79+0.02>  6.51+0.01%® 11.17+0.05%
1 0.00+0.00¢ 28.31+0.00° 2.68+0.00? 6.22+0.00" 8.6+0°
3 0.31+0.00° 29.20+0.01" 2.47+0.01°  6.30+0.01™ 8.82+0.022
15 6 0.54+0.01" 30.06+0.01" 2.38+0.01¢"  6.32+0.01mk 9.03+0.03?
9 1.18+0.03 30.90+0.03% 2.17+0.03"  6.34+0.01imk  10.02+0.02%
12 1.76+0.01" 31.58+0.01" 1.91+0.02™  6.36+0.01ik 10.62+0.042

Al e (OS5 dw) Hlae Gl ol E 1 Sle lael
(P £0.05) 345,00 LSD 905 Llod I I sxo 3] comr drliio pé g > L sl
Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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(P<143) o «sibgs bl 51 &8 ol it s al., 2020)
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Table 3- Mean comparison of Alginate and Oliveria decumbens Essential Oil on total soulable solid and carotenoid of
grated carrot

Ol s o) uiluo! e byl el Joloxa ol g0 985S
Oliveria decumbens Essential Oil (ppm) Alginate(%0) Total soulable solid Caretenoid (mg/l)
0 0 10.11+0.03% 34.55+0.03¢
15 9.77+0.03° 34.57+0.03¢
150 0 9.67+0.03% 34.71+0.03
15 9.52+0.03¢% 35.05+0.03%
250 0 9.63+0.03¢% 34.85+0.03%
15 9.42+0.03¢ 35.29+0.032
il o (S5 aw) Hlne lysul E 1 Sile ol
(P <£0.05) 395 0 LSD (901 Llod I ls sxe M) coms sliiapud g b slael
Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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Table 4- Mean comparison of Alginate and Oliveria decumbens Essential Oil on color change, and CO:

concentration of grated carrot

o il il o] il ok; ) yund
(PPM) (3L oS UL%}"" e (535) QCRWICA PN a* b* L*
Oliveria decumbens ~ Alginate(%) 7 GOSN
Essential Oil (ppm) Day €Oz (%)

1 5.37+0.00° 28.31+0.00° 35.53+0.00¢f 52.32+0.002

3 18.8+0.02' 29.70+0.02° 33.88+0.02 51.25+0.02%

0 6 30.43+0.02 31.57+0.02" 35.59+0.02f 49.07+0.02

9 40.70+0.04 33.07+0.04¢ 36.96+0.04¢ 47.20£0.04™

0 12 49.77+0.822 34.87+0.822 38.85+0.822 46.08+0.82"

1 5.32+0.00% 28.3240.00° 35.52+0.009f 52.3240.002

3 18.50+0.16™ 29.47+0.16P 33.64+0.16K 51.44+0.16%¢

15 6 30.27+0.28 31.19+0.28 34.98+0.28" 49.66+0.28

9 40.57+0.03f 32.71+0.03¢ 35.99+0.03¢ 47.40+0.03™

12 49.53+0.04° 33.87+0.04° 38.04+0.04° 46.28+0.04"

1 5.13+0.00% 28.32+0.00° 35.53+0.009f 52.33+0.00?

3 18.27+0.01" 29.37+0.01% 33.42+0.01™ 51.61+0.01d

0 6 30.32+0.02) 30.89+0.02k 34.62+0.02 49.98+0.02"

9 40.57+0.04 32.04+0.04 35.53+0.049f 47.96+0.04'

150 12 49.23+0.04° 33.05+0.04°¢ 36.88+0.04°¢ 47.20+0.04™

1 5.23+0.00% 28.31+0.05° 35.53+0.059f 52.33+0.00?

3 18.20+0.01" 29.23+0.00" 33.33+0.00™ 51.80+0.01°

15 6 30.00+0.01k 30.46+0.02™m 33.85+0.02K 51.03+0.22f

9 40.20+0.019 31.34+0.02 35.07+0.02" 49.60+0.06'

12 48.90+0.01¢ 32.29+0.05¢ 36.17+0.05¢ 48.58+0.05k

1 5.17+0.019 28.32+0.00° 35.52+0.009f 52.33+0.00?

250 0 3 18.2340.01" 29.26+0.02% 33.39£0.02" 51.69+0.02%

6 30.20+0.01! 30.67+0.03' 34.52+0.03' 50.46+0.029

9 40.20£0.01¢ 31.74+0.029 35.35+0.029 48.97+0.05)

12 49.00+0.01¢ 32.70+0.04¢ 36.58+0.04¢ 47.74+0.03'

1 5.13+0.011 28.31+0.00° 35.53+0.009f 52.33+0.00?

3 18.03+0.01° 29.20+0.02" 33.27£0.02™ 51.85+0.02°

15 6 30.00+0.01k 30.06+0.03" 34.05+0.03 51.35+0.03¢

9 39.93+0.01" 30.90+0.02k 34.71+0.02 50.68+0.029

12 48.30+0.01° 31.58+0.04" 35.55+0.049f 49.79+0.04"

sl e ()5 dw) Hlre Bl ool Sl s
(P £0.05) ¢l LSD (44051 Llod 51l gime <dMis| ,Solis aylita pué g y> b slael
Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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Fig. 1. Mean comparison of Alginate and Oliveria decumbens Essential Oil on total Count of grated carrot

do el 286 cladiges jd jeShe sl (P<4/+)) cdl
ol (gl (sladiges & s (Sl BB 5 (golo) oliwns
2 omoxed (P<e[eV) 2gr 5V (gl bme job 4 JliwnsS )
oiels K Sled ol byl cbale Gl L s ol
GRS WY 9y 0 &S IS a4 (P<+/+V) 0,8 g (gl size
S ol PPM YO+ (ol Wiges 53y (aSLE (e pieS
I).s.o u})uwu) 9 ul.u).” o yd Vo 9 uw;
S () JS0) (P<-141) 33 )5S gliiss Jo ol 5 ol

2B ges

950 sl 9T i
@39S b (aand
1S Ghled

S miomad 5 oo cyivbay il 1 48 ol s gl
—olel g plemoids lojmolel (hbgm il bl
(P 1en) 352 Jpme (IS Sjlod  lojm il

et 48505 L5 S5 53 e 9 (bl el 3T blizo

bosine G 65 gloj G L g (olas 5 IS



AL o loingSs i Sloogas 1 oobuadeS Jal bl g Sls 3T (STyss (icdbgr 351 eyl Ko g mn

Sl ()5 Sl e oo g5 1) Sl g o oS
& b (S Cwols ol & ash oLt s 5 o) s
(Mogharabi et )5ea g i sadlae s )b o] clale

cuily calhe g opl 5l odelcanda ol b al., 2020)

Jad g oSl cuzaa

Sl ladiges plad 13 255 o0 0bline ¥ S5 10 &S 4sSSlar
4 s Sl gl igad ¢ puill 286 5 lngS” S il
2l ()l gxe iglds Judg,Soles oyl jae Llod I ol 3] a3l a5ges
o Geilel (gols sladiges (oled jd oS (glaisS 4y (P<:/:))
& Cams ST 7 VD ool sladiges ¢ wilul 356 g liungS
(1S 5 (PA1o) 331 Ll Iy (g8 JbgySole o] 66 &g
g ObugS” ol uilil PPM YO+ (g5l diged 1 Jidg)Solw (ljae
(P<<+/14%) 15,5 samlio <l 31 7V /0

35 r

25

9 ObrsS Jo il (09Ssetd Caols byt 0 jlaias
Sanchez-Gonzélez etal., ) wsl (Sagll ials 5 o coe
S 5wl b oS Sl 5 gy bl (B)b 51.(2011
I esiler GlapusillySee 1y 5l S5l 5 Silgro bane
d9d 0 (6Bl yose i)l cel 5 00)S (6,5 sl dlud by
Collsd e Lo 5lod 5 oy3amS] olsxe (Sandhya, 2010)
cl i 4 spsbas ud JS,b il g pSeets
S d9bien il OS] ml lacdale ) bl b ySbas

g (Atress et al., 2010) 4, Sen 9 Atress zbs b glao

o0 9 SaS Cumea

sy S5 b baiges yosie 9 S5 (h)led I Jol> gl
C,‘.éfobl'go u]“l‘ul” 5 Wl uL.MJ l) VY )'9)5’).05@9;%5

Ol s S o 5 g 0391 055 b (yls Ygano o} Jguarmo oS
sl WSl (4518 Sl 5 g (p)S dST (3 9 Bras jaS]

--0--Control J_is
e @ees Al 1.5% ul_u)j\

--O-- E0150pl il

d
g = .
G 15} E0250pl il
3 o
j- =2 e —8— Al 1.5%E0150pl 5 o
voe 1r by 3l
o= — & - Al 1.5%E0250p1 5 (il
o \_|L\:\)l\
= =
[&] et
N ST SRR Z
a o0 : |
3 5 7 11 13
-05 -
(s ol

Time (Days)

B 0y 9B 0 Jadg Sulus il y g bt gS S bl g ol T indgy ol 31 (yuiiluo dunes o —F S5
Fig. 2. Mean comparison of Alginate and Oliveria decumbens Essential Oil on psychrophilic Count of grated carrot



VFoY (60— 53T b olouds 1A wler )l ] (2108 aobio g pole Lo}y 4y pid P

QLB |y e g (9,50 caliard Cloogad (e PPM YO & 35 Ao
oasgol jhnall b gistig oS 5L &S 35 ) (S @B ol iags W bl 9381 3l ol sl tmed, (claazil
S Jyasme ol sgliunsS o il g5 Sl B9 5 b 3 Mol o] b sladig 5 sadods) gsn 4 ol 5
s @) olal Bpae il 4 |y Graselel sades; @mn 5 5SS yoe il ol o)l (it (aalS 53 (gl
MK b 3 1y 353 (&S Cluogad 5 5 Buk &S g)sba Jo il g 30)0 V0 o 3T Bges 9 39 oo (o29,5%0 Hb LialS
Ales Laos
&be

10.

11.

12.

13.

14.

15.

16.

17.

18.

Acevedo, C.A., Lopez, D.A., Tapia, M.J., Enrione, J., Skurtys, O., Pedreschi, F., ... & Osorio, F. (2012). Using RGB
image processing for designing an alginate edible film. Food and Bioprocess Technology, 5, 1511-1520.
https://doi.org/10.1007/s11947-010-0453y

Amin, G., Sourmaghi, M.S., Zahedi, M., Khanavi, M., & Samadi, N. (2005). Essential oil composition and
antimicrobial activity of Oliveria decumbens. Fitoterapia, 76(7-8), 704-707.

Amodio Colelli, H., & Kader, A.A. (2007), A comparative study of composition and postharvest performance of
organically and conventionally grown kiwifruits, Science of Food and Agriculture, 87, 1236-1228.

AOAC. (1990). Association of Official Analytical Chemists. Chemical compositions, nutritional properties and
volatile compounds of guddaim (Grewia Tenax. Forssk) Fiori Fruits. In.

Atress, A., EI-Mogy, M.M., Aboul-Anean, H.E., & Alsanius, B.W. (2010). Improving strawberry fruit storability
by edible coatingas a carrier of thymol or calcium chloride, Horticultural Science & Ornamental Plants, 2, 88-97.
Ayhan, Z., Esturk, O., & TAS, E. (2008). Effect of modified atmosphere packaging on the quality and shelf life of
minimally processed carrots. Turkish Journal of Agriculture, 32, 57-62.

Ayranci, E., & Tunc, S. (2004). The effect of edible coatings on water and vitamin C loss of apricots (Armeniaca
vulgaris Lam.) and green peppers (Capsicum annuum L.), Food Chemistry, 87, 339-342.
https://doi.org/10.1016/j.foodchem.2003.12.003

Babalar, M., Asgarpour, A., & Asgari, M.A. (2015). The effect of pre and postharvest treatment of salicylic acid
and putrescine on some fruit quality of Granny Smith apple. Journal of Horticultural Science, 28(4), 479-486.
Badi, H.N., Naghavi, M., Asadi, S., Moghaddam, H., & Salami, A.R. (2021). Home Browse Journal Info Guide for
Authors Submit Manuscript Reviewers Contact Us The effect of deficient irrigation on growth period duration and
phenology of some Cannabis ecotypes, 23(3). https://doi.org/10.22067/ifstrj.v8i3.18476

Bahramian, F., & Javanmard, M. (2010). Shelf-life stability of fresh-cuts melon coated with whey protein stored at
low temperatures. Iranian Journal of Nutrition Sciences & Food Technology, 5(2), 53-62.

Batu, A., & Thompson, A.K. (1998). Effects of modified atmosphere packaging on post harvest qualities of pink
tomatoes. Turkish Journal of Agriculture and Forestry, 22(4), 365-372.

Becaro, A.A., Puti, F.C., Panosso, A.R., Gern, J.C., Branddo, H.M., Correa, D.S., & Ferreira, M.D. (2016).
Postharvest quality of fresh-cut carrots packaged in plastic films containing silver nanoparticles. Food and
Bioprocess Technology, 9, 637-649. https://doi.org/10.1007/s11947-015-1656-z

Burdon, J., McLeod, D., Lallu, N., Gamble, J., Petley, M., & Gunson, A. (2004). Consumer evaluation of “Hayward”
kiwifruit of different at-harvest dry matter contents. Postharvest Biology and Technology, 34(3), 245-255.
https://doi.org/10.1016/j.postharvbio.2004.04.009

Cho, S.S., & Dreher, M.L. (2001). Handbook of dietary fiber. 1, edn, USA: CRC Press, 15.

Dong, H., Cheng, L., Tan, J., Zheng, K., & Jiang, Y. (2004). Effects of chitosan coating on quality and shelf life of
peeled litchi fruit. Journal of Food Engineering, 64(3), 355-358. https://doi.org/10.1016/j.jfoodeng.2003.11.003
Esmaeili, Y., Zamindar, N., Paidari, S., Ibrahim, S.A., & Mohammadi Nafchi, A. (2021). The synergistic effects of
aloe vera gel and modified atmosphere packaging on the quality of strawberry fruit. Journal of Food Processing and
Preservation, 45(12), p.e16003. https://doi.org/10.1111/jfpp.16003

Esmaeili, Y., Paidari, S., Baghbaderani, S.A., Nateghi, L., Al-Hassan, A.A., & Ariffin, F. (2021). Essential oils as
natural antimicrobial agents in postharvest treatments of fruits and vegetables: a review. Journal of Food
Measurement and Characterization, 1-16. https://doi.org/10.1007/s11694-021-01178-0

Eshghi, S., Hashemi, M., Mohammadi, A., Badie, F., Hosseini, Z.M., Ahmadi, K., & Ghanati, K. (2013). Effect of
nano-emulsion coating containing chitosan on storability and qualitative characteristics of strawberries after
picking. Iranian Journal of Nutrition Sciences & Food Technology, 8(2), 9-19.


https://doi.org/10.1007/s11947-010-0453y
https://doi.org/10.1016/j.foodchem.2003.12.003
https://doi.org/10.22067/ifstrj.v8i3.18476
https://doi.org/10.1007/s11947-015-1656-z
https://doi.org/10.1016/j.postharvbio.2004.04.009
https://doi.org/10.1016/j.jfoodeng.2003.11.003
https://doi.org/10.1111/jfpp.16003
https://doi.org/10.1007/s11694-021-01178-0

£47

e 2o 55 58 Sloguas (b oS Jal bl g Lo T (STye8 Sibgr 1]y K08 5 (o

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Falahi, E., Ghiasvand, A., Ebrahimzadeh, F., & Khalkhali Rad, A.H. (2013). The determination of vitamin C, organic
acids, phenolic compounds concentration of Red and Golden delicious apple grown in Lorestan province. Yafte,
15(2), 5-14.

Ghorbani, Z., Zamindar, N., Baghersad, S., Paidari, S., Jafari, S.M., & Khazdooz, L. (2021). Evaluation of quality
attributes of grated carrot packaged within polypropylene-clay nanocomposites. Journal of Food Measurement and
Characterization, 15(4), 3770-3781. https://doi.org/10.1007/s11694-021-00925-7

Ghorbani, Z., Zamindar, N., Jelvan, M., & Golabadi, M. (2020). Effect of Oliveria decumbens essential oils on
microbial characteristics of hamburger. Food Hygiene, 10(2 (38)), 77-93.

Gol, N.B., Patel, P.R., & Rao, T.V.R. (2013). Improvement of quality and shelf-life of strawberries with edible
coatings enriched with chitosan. Postharvest Biology and Technology, 85, 185-195.

Jobling, J. (2001). Modified atmosphere packaging: Not as simple as it seems. Good Fruit and Vegetables
Magazine, 11, 1-3.

Kim, S.A., & Rhee, M.S. (2015). Synergistic antimicrobial activity of caprylic acid in combination with citric acid
against both Escherichia coli 0157: H7 and indigenous microflora in carrot juice. Food Microbiology, 49, 166-172.
https://doi.org/10.1016/j.fm.2015.02.009

Larsen, H., & Wold, A.B. (2016). Effect of modified atmosphere packaging on sensory quality, chemical parameters
and shelf life of carrot roots (Daucus carota L.) stored at chilled and abusive temperatures. Postharvest Biology and
Technology, 114, 76-85. https://doi.org/10.1016/j.postharvbio.2015.11.014

Lu, F., Liu,D., Ye, X., Weli, Y., & Liu, F. (2009). Alginate—calcium coating incorporating nisin and EDTA maintains
the quality of fresh northern snakehead (Channa argus) fillets stored at 4 C. Journal of the Science of Food and
Agriculture, 89(5), 848-854. https://doi.org/10.1002/jsfa.3523

Manthe, B., Schulz, M., & Schnabl, H. (1992). Effects of salicylic acid on growth and stomatal movements of Vicia
faba L: evidence for salicylic acid metabolization, Journal of Chemical Ecology, 18, 1525-1539.

Mogharabi, A., Zamindar, N., Khosravi, E., & Ghorbani, Z. (2020). The effects of Oliveria decumbens essential oil
and chitosan on physicochemical, microbial and sensory characteristics of grated carrots in polypropylene packaging
under modified atmosphere during storage. Research and Innovation in Food Science and Technology, 9(2), 203-
220. https://doi.org/10.22101/JRIFST.2020.209697.1127

Norajit, K., Kim, K.M., & Ryu, G.H. (2010). Comparative studies on the characterization and antioxidant properties
of biodegradable alginate films containing ginseng extract. Journal of Food Engineering, 98(3), 377-384.
https://doi.org/10.1016/j.jfoodeng.2010.01.015

Oms-Oliu, G., Soliva-Fortuny, R., & Martin-Belloso, O. (2008). Edible coatings with antibrowning agents to
maintain sensory quality and antioxidant properties of fresh-cut pears. Postharvest Biology and Technology, 50(1),
87-94. https://doi.org/10.1016/j.postharvbio.2008.03.005

Quitdo-Teixeira, L. J., Odriozola-Serrano, 1., Soliva-Fortuny, R., Mota-Ramos, A., & Martin-Belloso, O. (2009).
Comparative study on antioxidant properties of carrot juice stabilised by high-intensity pulsed electric fields or heat
treatments. Journal of the Science of Food and Agriculture, 89(15), 2636-2642. https://doi.org/10.1002/jsfa.3767
Rad, M., Ghafori, H., & Gholami, Z. (2020). Effect of edible coating containing carboxymethyl cellulose and sodium
metabisulfite on the shelf life of the button mushroom. Iranian Food Science and Technology Research
Journal, 16(5), 581-605. https://doi.org/10.22067/ifstrj.v16i5.83614

Rocha, A. M., Ferreira, J. F., Silva, A. M., Almeida, G. N., & Morais, A. M. (2007). Quality of grated carrot (var.
Nantes) packed under vacuum. Journal of the Science of Food and Agriculture, 87(3), 447-451.
https://doi.org/10.1002/jsfa.2723

Rojas-Grall, M.A., Tapia, M.S., Rodriguez, F.J., Carmona, A.J., & Martin-Belloso, O. (2007). Alginate and gellan-
based edible coatings as carriers of antibrowning agents applied on fresh-cut Fuji apples. Food Hydrocolloids, 21(1),
118-127. https://doi.org/10.1016/j.foodhyd.2006.03.001

Sanchez-Gonzélez, L., Vargas, M., Gonzalez-Martinez, C., Chiralt, A., & Chafer, M. (2011). Use of essential oils
in bioactive edible coatings: a review. Food Engineering Reviews, 3, 1-16. https://doi.org/10.1007/s12393-010-
9031-3

Sandhya, M. (2010). Modified atmosphere packaging of fresh produce: current status and future needs. LWT Food
Science Technology, 43, 381-392.

Srinivasan, D., Nathan, S., Suresh, T., & Perumalsamy, P.L. (2001). Antimicrobial activity of certain Indian
medicinal plants used in folkloric medicine. Journal of ethnopharmacology, 74(3), 217-220.
https://doi.org/10.1016/S0378-8741(00)00345-7

Ullsten, N.H., & Hedenqgvist, M.S. (2003). A new test method based on head space analysis to determine
permeability to oxygen and carbon dioxide of flexible packaging. Polymer Testing, 22(3), 291-295.
https://doi.org/10.1016/S0142-9418(02)00101-0


https://doi.org/10.1007/s11694-021-00925-7
https://doi.org/10.1016/j.fm.2015.02.009
https://doi.org/10.1016/j.postharvbio.2015.11.014
https://doi.org/10.1002/jsfa.3523
https://doi.org/10.22101/JRIFST.2020.209697.1127
https://doi.org/10.1016/j.jfoodeng.2010.01.015
https://doi.org/10.1016/j.postharvbio.2008.03.005
https://doi.org/10.1002/jsfa.3767
https://doi.org/10.22067/ifstrj.v16i5.83614
https://doi.org/10.1002/jsfa.2723
https://doi.org/10.1016/j.foodhyd.2006.03.001
https://doi.org/10.1007/s12393-010-9031-3
https://doi.org/10.1007/s12393-010-9031-3
https://doi.org/10.1016/S0378-8741(00)00345-7
https://doi.org/10.1016/S0142-9418(02)00101-0

VoY 60,57 B 0,lods N8 aler oyl pf (210 @loo g pole slestidghs a s FAY

39.

40.

41.

Xing, Y., Li, X,, Xu, Q., Yun, J., Lu, Y., & Tang, Y. (2011). Effects of chitosan coating enriched with cinnamon oil
on qualitative properties of sweet pepper (Capsicum annuum L.). Food Chemistry, 124(4), 1443-1450.
https://doi.org/10.1016/j.foodchem.2010.07.105

Zamindar, N., Ghorbani, Z., & Mosafa, L. (2020). Changes in the physicochemical and microbial properties of fresh-
cut cucumber during storage as affected by modified atmosphere packaging and films of polypropylene containing
clay nanoparticles. Iranian Journal of Nutrition Sciences & Food Technology, 15(1), 83-92.

Zhang, D., Quantick, P., Wiktorowicz, R., & Irven, J. (2000). Noble gases for modified atmosphere packagimg of
fresh fruits and vegetables. Critical reviews in Food Science, 3, 12-16.


https://doi.org/10.1016/j.foodchem.2010.07.105

