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1. 2,2-Diphenyl-1-picrylhydrazyl
2. Brand-Williams
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Table 1 Results of analysis of variance of effect of Thymus essential oil and methods of storage on
characteristics of grapes cv.‘Fakhri’

Mean Square

Source DF Weight TA TSS Texture Smell and  Antioxidant Cluster
loss (%) (%) (%) flavor (%) wood
Treatment method (a) 1 6.664°  0.065  0.234™ 24.083"  10.547°  101.355" 0.333™*
Concentration(b) 31862107 0.0327  12.728" 116.3137  47.5897  1062.668"  6.347"
axb 3 0.431° 0.005°  0.036™  0.097"* 8.894™ 28.1537 0.375™*
R(axb) 24 0.13 0.001 1.991 0.521 0.484 1.345 0.309
Storage time(c) 5 9154917 0.088" 48.6477 80.658  142.5477 2731.408"  66.296
axc 5 0.668  0.002” 33797  3.296" 1.247" 18.300™ 0.046™*
bxc 15 21.507°  0.0047 1.348" 11.1507  3.8727 106.587" 0.560"
axbxc 15 0.124™  0.0017 03117  0210™ 1.011" 12.588™ 0.054"*
Error 120 0.073 0.0004  0.128 0.179 0.23 0.605 0.142
cv - 4.228 2.715 1.61 5.216 6.604 2.173 14.26

* ** and ns represent significant differences at level of P<0.05, P<0.01 and not-significant, respectively

B Immersion

Ffomigant

%
= g
= “h
H
>
=
] 150 300 430

concentration (ubh)

Fig 2 Interaction of methodxconcentration weight

changes

ARN%

R Immersion

o
Lo
4

it
£

Weight index (gr)
n =

Efumigant

45 60 63
Storagetime {day)

Fig 1 Interaction of methodxstorage time weight
changes



g 8 5 oAbt s 53 55 sl Luilel LG

J:Qa])ﬁw}r]aujwum

Ll ol ol e 5 48 IS 1 mbe LG 4
b bl S Sl eSS Ste Jsb s bl O
b otsl Gl e 3L ol Sadl R
5 O L Osm ke b 00 e i SR ol
bts als Col a5 5 J S 1) Jhe Sl 5 & 5
S ladend Odeey Ol L3 ool ol A w0 JT gladnd
ol Al e Sals dadd 4 0 LS L e 5
s 2l eed e il L i dal, JlalS
oS e & gy Oy 53 > I sladea
Oders b 5800 3 T sladul o 5 3L e 4l
CBISLAS S e s [NE]ssd s S e
st Jless sla SOl s ambe BB anded Ol Olej
o5k

C«.E_DUG.A uw.hj}g u.;l BE) okl edaline @LU L» PLY CJL:J«ALS

Sols e « Origanum vulgare L.l |
S5 ke BB il i S s [VE] sl
GRS 5l s Ol bl Lol Jlad sl S5
033 53 SWLLL dewl s JS Aol Ol [TO]Sl
Slosme andonl Ol Oloy 28 Ll 501 el
Rl Lol Sle Glae g 4y S (0 A L dall
e boger 53S0 5 Ol 18 BB andonl (3L ralS
LMVl SLULE daad o oz JT gladn! )y~

JS leaﬁ Juob- .>|y Y-y

S sl Bl Sully aps ) dade S Jols b
Oy o3 les chle s gy, @B aw bl
el o Sl gme 1) Jleas| mhan s (@XbXC) LU
Bl L, IS e el slge Ol Slaslil oy b
e 53 53 5 el jlad s Il as sl LIS s
arys YO/Y) sy miy bl 4l Sl o 5 (gosabse
S L Sl 0 55 s sls e sl 5 (S
55 JS Jsbos dols slse I3 p meS (Y sds) S
tor oleg ChlE o sFN Say a4 by N0 5,

S w&f LE L] YY/0 L§‘>J“° )UJ.G b JI:JJJ ﬂjﬁjgz?‘

A

— [
= e =

ATkt Rnvclenss (g

ware

Staragefime ()

Fig 3 Interaction of concentrationxstorage
timeweight changes

\

ek BB Ayl -Y-Y
S sl Ol by s ) Jsde Sl Jol b
Sl by L3 e chle 53 Ay, W an il
sl 3l s Sl pms 1) Szl a3 (@XbXC)
- e D 580 e el LG andnl Sl s
525 0by SBI8L Sy el Y mhae e SuS Ll
Sosb 43S i Sldde pl (V035)) Slobil s, o5
oo by aiesle BB apded Olpe op S 88
oA lEs a4 wals les chle s gk
ke HB el Ul it 5 (R o) 0/ 5)
Ads S tor goled chle L a5 Sy 4 by
sdalie (il ooV e e/p 8) oV Slie 4 N0 555 p3 2
sV oles ShlE s sk s e (Tdodx)
e 2 R U S PP P A SR A PICWR XD
(Uald) i 5 V00 (golas bl b Jy awalns o Jlax|
Chle aw oSS R, s il gl pee Sl
BN Lg)b&;u <ol J;:JJ.:JL:J}JKQA £or Xov Mo gl
Sule dals Jls Ly A edalie Yo Jlasd C]a...a
St 4 Aok 4 (Ydr) dadls (g)ls pme

Sl ets Consl el g (65 94b 58 DI A L S S

1. Titratable Acidity



Vv ols 22 VA o0 MY ol

SISl ras 53 3as N0 5 W b0 X Sl Obe
el S ) S Gosk 4 dadls ol pme DslE
@ ar sl sl Ol (gopabse Jrss 4 e VL Sl
53 A el Olis (Lol Ol s (oles lle) 0 IS
e bl el o VL (055, Sl 555 o A
bode oS torchle w b o b i
bodalisles a byye Sl S 5 Aode el
0 580 Sl el s st gsde Laxtld
bbb ool 2y s S 200 oles Sl
A0 S8 4 e sl il T e e 3 S
oy 3L o g 3l Ll T il e e
i el 038 b dald g 4 Ced a0
o8 dsb SRl el e 0L sl Gl
S clors gkt s, e S e s Sl
oelel el ey b St By 00 dep e SR 4
O 03 sl 035 el cpl s Loyl Oles Jsb s o s
O oled ey 4 Cod 25 A5 S B0l Bl
Lo b 0 oS il 5800 s Sloylil 5o 1y 36
s Oapm be b8 OWols bl clle 5l
L 2 oge COL b 4D 53 5 Ay Bl 4 S
0SS esen e RAS AE AIS as  cel sl
Sl ol an 2SGs Jk sbeen AL SGlOUH (b
ot Sl g OAD 5 8IS asie oS Sl ol
olms Gl Sl L w5 0dd ey il
ol ol ol 5 wle il Aas o 0L gl o ool s
NS EIP U ALY IR BN P S
o5 Soanilalsls 0L 5 o 5en 55 » e oslae
B Cxse lg s el 2l 6 L b Sas
et o mlE LSl els Jpame UL

DVt e

Chle an fx b 5 osdbss Sy 50 s e (Ydod)
X0 glaoles 53 i Ay S b0 X d0r ool
Izl mhaw 3 (gyls e sl 55 N0 1 0
3 Sl ol Sras 3 e (Ydsas) wmiln SasGl
O3ls s 5l e sl el Ay e b (g ab g
OF o5 a5 S anded 03, VU cpman 5 55800 g
@B Sl el S Jslee el slpe I 51 Sl
5500 53 S sls OLis (Y1) OLKan 5 Olaslr sl rays,
Slge malssl analis (REl 5 esm 05y 1S,150 s &
L oS Aile baa T O3ls s 51 Wse Jplows el
@l sk [V sl Sltes L Sl Sl ol =
Lol Slge Olpe L3 Rl Lpy ek plal slatass
Lo s sdalie 5800 e pes Oley S8 LIS gl
C.LJ IYA] das o Ol cilbs ol Jiags, cu
D oS oy g S olas 5 el DI Las
bl b ok Jleg slaad = ols OLES 5 85 515 e
S S S lome ol 31n (I3 e 5lae
o Sagn b LS SAb el glaad s
A S Gl SR ey e V] ik e
0Lz il il 1 aslizal b a3 il 035 5501 (505
S anl Gl Jaloee dalr slge Ol Oy 28 L osls
o ash @b b oy el L Of Slade oy ri

D] sl calas

= b -y

o gt Sl s —V—E-Y

S sl Ol Golls e ) e Sl Jel il
5 @)Ll Oley s e i, Wl s blaw
1) Jlesl a3 (bXC) Slo,lol 0l s (solew lale

Olej s oles (F30) £S5 Lol sl Hls sme

0> e, e ey 95 e A bz Cla..q 05 Sl sme



s B 5 Sk sy 55 53 sl bl

DMie L s 5w s by ok oles Bss 50 2
Aoy b (Y sdr) A edalin Y5 Y/0 (g3l el
Slacbhle 5 osab s led Lo 3 sl Selal LG
S o2b 5 5 o S A A S RO T
orlasl bl s oS o5k @ e i S )«
S Somb Gusabs s Sy Lol gsds el
Soled Sias 5 53 Sl 0bey csd8 L (Y sus)
5 ke Sl el VL slackle sk 5 s5ab st
A el 4SSl e G5) p sl b
5o 03081 ol 5l e sl il (VL e e o
O 5 4 5 G3lpn o kS 315 ot 5 0l Laam [543 L
Bl .csls )jf.;l 050 (S92 dc«rlulj V"’J’ 3 ke
deelge Sl e b ill fin b LS 5 (g5 s

ST el | DYATICEL slee ol Sl eslial s last
Sslize i OV pame oab 5 e b LT 5l eiledl
S sle (V035,) Lol 5, o T s [Tl
SalS 5 ZB Sy Jsw dals chlE L g ek
A s S torchle b o s Dl 5L 055
b s e pald op Soml padael oab 5 Jlae s 0
SaShas 5158 ieas s el olis ol L
LS als OLES dall @ s (5 ok Ol Lo jlas
NI o s ol il

KWK I RO R

S8l i oty 4 ) sl Sl ool gl
SLeolil obes s ol clale 55 iy, w8 aw iz

S b oaul e s gme 1) Jlexs| e s (axbxc)
T P Pu AV N Py LN tp PR K e
gor e 5 gy5ab s Jles sy 5o (V0555 Sleolsl 55,
oo 05 (Vdsda)dma s IV Jliie 1) 25 S
SMde g pmd il S0 G B 5 pr s oles
L ez s 3 (6l e 3l oS ey 70/

ol sy 33 o S QLD (gusab s )

\Ye

Textureindex, . .

w0 W1SD w300 450
I
22 aa 433 b b X

L - E C e
0 ; s efz 1E
§ £ ha ;
6
4
2
0

0 13 30 45 60 a3
Stroragetime {day)

Fig 4 Interaction ofconcentrationxstorage time

®Immersion ¥ Funugant

o
1
1

-
<

Texture index
[P U v T ]

Ll

O 15 30 45 G0 G35
Storagetime (dav)

Fig 5 Interaction of method X storage time

e A
R [N A O W PR B RIS B R
Ol 3 ol cble 3 g, sl e |line
Wl ol lspme Y ezl mha s (@XDXC) Sl
5 Goabs ol ras s e sy Sbesl sl 5ss
53 ol mae sl 1)y s Sea 800 ST claclile
o s 48 )5k a4 adls bajled 48 L) sl
(Jgds) Gl s A 54/0 Cj s e 2U55l (5de
G3de jatla i 53 Jo5 Ly, Sl ode Jsb s
53 aS sk as edalie gab 5y o L3
3 = e bl e N0 (o) Sl s,
Vor wlle 5 st ds oled s an b ope b
ol 5 VIO e atla e bl s S



=

.

CXhussbey A0 Tonckenss
e

[ —

AR AR J]JJ.>' NA e)jéc\\T e)l.o_«.i:

Sl osls s 5l wle i T bl (VU glaclale
S O Slosed 3l Ble OF w5 4 5 3pd Ak g
Sla bl sl Olis Lo jia sy ol i o ad
S S F LSS 5 Sy OAS Gle s Aile S5 5 b
Aol e Al K o 4Bl e el 5 Jgedd il
sgme S S OAd (Slosgd J s ST U3y 5
Cled a8l S pieed) 5 Jsasd Sled L3 5 el 538550
PRSP NT | L P PRCINE SUPTH G
sla,y s SO, 5 alb (s S 255 ol Kea
SoESS 8553 Jsb o3 dals 5 ilud Lodd esls iy
Sl ol S L s Ll OLES Sls e o5l
s ilals 2 ISeS sl Ol Sldllas s s [YE]5 00
3 laShs S5 Cose L ol
St Lo, S s ) Lag s 5 boser abiand 50 508
23 M b 3 L el e a5 [T Tl
OLLSan 5 5l rasn mls [FEIAS o aim 5 Ll
Sloyed 5 o Sl Jyas 5 Jsoisl 45 sl oLas(Ye )
5 S peilul [ols3lul o b a1y ad o s OAS
£ O slosgd alS e 5 Jsad (J 555l oomen

S 3 edal oy s [YOTl 635 e 5 WSS

Sl Cillas DL S L sl

Fig 6 Interaction effect of methodx concentration
in cluster wood

1. De Sousa
2. Valero

'Y

Go)dals oles glackle 3 ol 5 (g)sab s
AR bl i s Al S Y o
L ks s cwd pdusl Geslad (YJsae)usln ol
A Lais ) SISt g1 e b i el ardls o
ol 5 A0 Glell Sas 2l 5s sk
Golass Gras am b oS5 Gl St ST s b
G s U)ol )y Se tor bl s s
TN e ) ) S oo ble L g sa b
b b Sl ol b a8 5 (Ydsus)s
Hap s, Slasll olas sk s bae g Sls| T
Gl sl ol 53 ol clailons s 4 ol ool &S il
s ot il L aS sy slT Ladosly 5l b
DSOS 5 (5 a3 [Fr]asl
Vb s ol e sk 4 GleS| STegd bas K S
Ol sy L odd Jlas Slao g 5 Bl [2alS (6,16 55
S L5 S his dald 4 o ) 555 Glas! sl el b
V]l Sl en ol mls b

43 g O losg 2L5L,-Y

A sl Ol bl sV Jsd Sl el s
53 (bXe) SLeyl 0las L3 olas hale w8 55 i
Sl Jsl 55 53 cmal sdd Sls s 1.0 Jlazs] Cla.N
L ol e Sl 5 e DS ol o g (Gho 5500)
L) ol el Lol sl 3,5
Odd slosgd Ll jlade Sleylil Oly 38 L.V ISs)
AL S s b a0l S o
Gt s S S0) b olad CBle @ b e L
cbleas by gode Herld e p teS 50 sde
@S O JSi)s s YAl 1) 25 See £00 (oless
osle Il 2w s sl elad 5518 sl olis

oo B a o fae adpt o DS losed



g 8 5 oAbt s 53 55 sl Luilel LG

J:Qa])ﬁw}r]aujwum

Table 2 Effects of concentration, method and storage time(axbxc) on some quantitative and

qualitative traits of grapes cv. Fakhri’

Treatment

Smell and TA% TSS Antioxidant Storage ) Treatment
flavour (gr/100ml) (Brix®) % time(c) day conce?ﬁjllt)lon(b) method(a)
10a 0.85ab 20.35uv 46.05a 0 0 Immersion
9.75ab 0.82bcdefg 21.35qrs 43.76¢ 15 0 Immersion
8fgh 0.76klmno 22.775hijk 27.99n 30 0 Immersion
5.51lmn 0.71rstu 23.65def 18.66p 45 0 Immersion
4.250p 0.64w 24.92ab 14.01qr 60 0 Immersion
2.5r 0.59x 25.2a 12.10s 65 0 Immersion
10a 0.82bcdefg 20.42uv 45.66a 0 150 Immersion
10a 0.79fghijklm 20.97rstu 45.43a 15 150 Immersion
8.75cdef 0.75mnop 21.470pqr 41.46de 30 150 Immersion
8fgh 0.71qrst 22.37jkl 34.77jk 45 150 Immersion
6.5jk 0.68tuvw 23.6ef 27.98n 60 150 Immersion
5.5Imn 0.66vw 24.3bcd 25.960 65 150 Immersion
9.5abc 0.83abcde 20.25v 46.13a 0 300 Immersion
8.5defg 0.81cdefghij 20.7stuv 45.21ab 15 300 Immersion
7.75gh 0.78ghijklmn 21.2qrst 40.57ef 30 300 Immersion
6.75ij 0.76klmno 22.3jklm 38.02gh 45 300 Immersion
5.75klm 0.740pqr 23.47efg 31.041 60 300 Immersion
5.25mn 0.72pgrs 23.85cde 28.26n 65 300 Immersion
8fgh 0.84abc 20.47uv 46.10a 0 450 Immersion
9bcde 0.81bcdefgh 20.65tuv 45.77a 15 450 Immersion
7.5hi 0.79fghijklm 21.17qrst 42.51cd 30 450 Immersion
5.51lmn 0.77ijklmno 22.25jklm 33.53k 45 450 Immersion
4op 0.76lmno 23.27efgh 31.661 60 450 Immersion
2.5r 0.76lmnop 23.5efg 29.06mn 65 450 Immersion
10a 0.84abcd 20.92rstu 46.40a 0 0 Fumigant
8fgh 0.81cdefghij 21.37qr 43.85bc 15 0 Fumigant
5.75klm 0.80defghijk 22.45jkl 36.011j 30 0 Fumigant
4.75n0 0.75nopq 23.17fghi 29.29mn 45 0 Fumigant
3.75pq 0.68stuv 24.5bc 14.98q 60 0 Fumigant
3qr 0.67uvw 25.2a 12.99rs 65 0 Fumigant
10a 0.86a 20.95rstu 46.24a 0 150 Fumigant
10a 0.82bcdefg 21.50pqr 45.25ab 15 150 Fumigant
9.25abcd 0.81cdefghi 22.05lmnop 42.19d 30 150 Fumigant
8.25efgh 0.79efghijkl 22.5jkl 35.19j 45 150 Fumigant
7.75gh 0.78hijklmno 22.7hijkl 28.51n 60 150 Fumigant
7.5hi 0.75nopq 22.87ghij 26.260 65 150 Fumigant
10a 0.83abcde 21.27qrst 45.89a 15 300 Fumigant
8.75cdef 0.82bcdefg 21.67mnopq 41.17de 30 300 Fumigant
7.75gh 0.77jklmno 22.17klmn 37.36hi 45 300 Fumigant
6.5k 0.76lmnop 22.55ijkl 31.061 60 300 Fumigant
5.75klm 0.740pqr 22.67hijkl 28.36n 65 300 Fumigant
10a 0.84abc 21.45pqr 46.18a 0 450 Fumigant
9.5abc 0.86a 21.32qrs 45.37a 15 450 Fumigant
8.5defg 0.85abc 21.52nopqr 42.44cd 30 450 Fumigant
6.25jkl 0.82abcdef 22.12klmno 39.30fg 45 450 Fumigant
5.25mn 0.79efghijkl 22.42jkl 35.705 60 450 Fumigant
3.75pq 0.76klmno 22.55ijkl 30.26lm 65 450 Fumigant

Means in each column with at least one similar letters are not significantly different at the 1% probability level
using LSD multiple range test.
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The use of chemical compounds to prevent corruption and increase the shelf life of
agricultural products, including grapes, has many applications. Due to the harmful
effects of these compounds on human health and also the tendency of people to
use organic products, today the use of low-risk and alternative methods has
increased. The use of antimicrobial, antibacterial and antifungal compounds, such
as natural essential oils, can be a good way to increase the shelf life of crops. In
this study, the effect of thyme essential oil on increasing the shelf life of Fakhri
cultivar grapes by two methods of immersion (direct contact) and fumigant
(indirect contact) in concentrations (0, 150, 300 and 450 ul / 1) In the cold storage
with a temperature of 1£2° C and a relative humidity of 90% was tested for 60
days. Traits such as percentage of changes in fruit weight, titratable acidity, total
soluble solids, sensory evaluation including fruit texture firmness, Smell and
flavor, antioxidant capacity and browning of cluster wood were evaluated. The
least percentage of changes in fruit weight and titratable acidity were observed at a
concentration of 450 ul /1 of thyme essential oil. The control treatment had the
highest amount of total soluble solids in fruits (25.2 degrees Brix). Also, the
results of sensory evaluation of fruit texture firmness showed that the fumigant
method was better than the immersion method with gradual release of essential oil
to maintain the firmness of fruit texture better. Sensory evaluation of grape fruit
Smell and flavor and taste showed that at high concentrations of essential oil, the
sensory evaluation index was lower. Antioxidant capacity was declining in the
whole process and fumigant and immersion methods were not significantly
different from each other. The results of evaluation of browning of cluster wood
showed that the two methods of fumigant and immersion were not significantly
different from each other in maintaining the green color of cluster wood, but
showed better performance than the control treatment.
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