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Fig. 2. The stress-time curve obtained for samples in a
constant strain
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a grape sample



VAN £90 Jluwows oF 0 kot A Al (5 39Lis acpmiilo s pis YO

bame (glod 93 )3 (5,58 553l (595 1 (RS Slage]]

2 o1 oaly )15 (gladiges &S glowl by g Sl

O 3 9 2535 3ls WIS 0233153 oy &2 ey 1 B Laeo (sl

S )90 023 9, B osel cawday (glaodls )55 g Juloo cais,

5 ally 455 ) Jobs s el 5 5 dlie ol 5

9 hord (K ol p SIS 0y sk g Ld ligke
ol o o0l i Y oo 3 (6,58 465 Sl

Cgb,y wo 3 9 (059 8l ws yy sty

O SRS 0y8d Job pd a8 ol LS W Sl dulis ol
2 20> B gmaw )3 ()l dne MBI a3 5 w2y (Jol sl
29 baiged Cugb) a0 palie )3 w2 g iy SOl ol
Dide ookl I3 gae pil 1 o Ken o (Bgtame Cal azils
Job 2 39,0l 68 49Kl Cugby doyd 5 ()39 <l ) liste
(Mostofi et al., 2011) wles,8 5,135 (6Ll 9

Jopd B paw jd (o) b Cigldy &S ME astine ek
ol (23t 5 1ol (sladige b 09 Al ke pdlie oy
0dd i sdiges (yjg bl polde .l aLsld d95g l5m> b
Lanls KuSK b b bre Gold e Y o9 ) Gl L
P b e M ao)d Y g /0 sl ey doyd (ym peimed
W3,5 odaliie Cugby o pd (ke yudlie o yd O e

0;9 lp b dw &5 Wb o Sy pb bl @yl
ald) (3 ibe bl fwrd 5 0oy prie o) IS
g 2 (Jbu g o) (olod Sl g3 5 (103 ¥ 9 ) /0
Joia) a8 85 o > albaw Jlite Sl gy lp b VY
Sl e (s 90y i) By b (5l 0)93 <> 4w (¥
€p) By b (OS5 sl I jlaz o235 ey Jgl s,
9 5 00y0 Y 5 ) oy /0 wals b (gly s ia (Ch 9C3
o3l Ligled Sl g Lagme clod el (to ot1) Chgys b Led el
ol ol

diges 0 Ve/FF 59 <l doyd oy i &S O ol mls
Lo (glod )3 00l (6)IaSS o) + /B g Lol (e idyy
592) A1 59y o 48 ol i gl (F US) cal o3gr o ) )3
booad (o by sladiges ) (g 8l e oy yieS (o3
Jbsu gled 10 a3 YWY o YIVY i pds doyn ¥ g ) e
il g pSaia psbodr (ligha Jidg & A5 asuie Cuwl 03y,
o jl (Shod Sbajidy & 1o WS s pSole boge ()9
O sl Blo Jpaze (S oyt S 0bml b gt
Mostofi et al., 2011; Maciel et al., ) $45 o Jguao >

) (g S 9l Sl pSaps 5 (Jlot) Szo¥l)l))
(¥ JSCs) (Mohsenin, 1986) Ll oo (Jlods] j9Saug

oy Golkea b Tra Jloj ol by (ol 5l eolamal L
g duoloe (¥) ddlre 5l odlazul b ioloj] 3590 (sladiges (ol yis
(Mohsenin, 1986) 13,5 asle (¥) doles 3l slol is Jde
s plol Yoy (sl )15 a3 layges]

t,—t

Trer = Ino, — Ino, (f)

0 g4l cons o oloj t o ol i oy Trey alasly ol 5o
Uil o aoxio 0l Jad Cuoud 1 4la5 500 dlads g3 j3 i
Los Jol ebre ks g asl o o5 I ol (oo o
i ol 4 bl sty pod lul A loj pgd ilome s
oles o3l g oad (o Lslis (oo o, S5 a5l Gy
bwgy g dBl dadls o yi dlasd pl 0 bl e vy ool i
95 el 5 0 (0) ol

—t -t —t
o(t) = o'leT‘rell + gzeTrelz + -4 o'neTreln + g, (())

alass Ci 4(MPa) > t uLo) 0 (.)““" (S(t) A.Ly‘) d’l 5
Treli (MPa) cus G5 jeome b cibre bglad )8

G g (P G5 0 5 () e bl lagle;
sl (MPa)

Laoals Jalat g asjas g ol £ b £ 65

LS b I8 53 ST gail Cpgots g ool
ol ((Sugd slaygS s plodl )15 aw > (ol
5 38,5 )8 (yp 3)9 LS 59y B G599, 5 SHlSe
wald g o) ¥ ) /0 gla e pdaw ¥ yd (2 gy e
(3,5 Bl 423 V) larxo 9 423 ¥ ()05 slod (yriron
IBM l58lp,5 51 onliul L odol cawdds (sloodls .50 _owyp
duwlio 8,8 ), B | o g 4 s 550 SPSS Statistics 19
5 Cdpin Oygo S glatels K yg05] 5 ookl b b pSike
30,5 wuy EXCel 2013 15810 5 51 edlatnl b bojlages cules o

SN Joli ogas Jsusle Joo —F JS5

Fig. 3. The Maxwell general model includes n elements



Yo

il 3 (Silo (S b (Plo3 1 olign Sidey wil

B bty s =Y Jgan

&

=

P (Sl 5 (oD o (Supd ol o S Slej g Led < SlisRe

Table 1- Analysis of Variance (ANOWVA) effect of chitosan coating, temperature and storage time on physical, chemical and mechanical properties of Falhri
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Table 2- Comparison of the mean interactions of the period x temperature x coating on the physical and chemical

properties
)L@.} pH TSS AE b L C«.g,]o)-.\.:o)b 039 "“3, 250
Treatment Humidity Weight loss
dicity 3.47 14.92' 0.00" 3.49" 45,59 0.4767° 0.00'
dycyty 3.47 15.45' 0.00" 4.21% 42.53' 0.4567° 0.00'
dycsty 3.47 25.66" 0.00" 3.55%" 45.41°%¢ 0.4467% 0.00'
dyicaty 3.47 20.64%" 0.00" 3.31 43.27" 0.4833¢ 0.00'
dyicit, 3.47 18.32 0.00" 3.65%" 44.94% 0.5133* 0.00'
dicyt, 347 18.46’ 0.00" 2.06' 46.24% 0.4767° 0.00'
dicst, 3.5 19.17' 0.00" 3.6 44.54" 0.5233" 0.00'
dicuty 3.5 19.43' 0.00" 3.589" 46.66° 0.5133* 0.00'
dycity 3.61% 21.28" 1.8 3.57% 449 0.4033¢ 5.04°
dycyty 3.53" 20.33" 16" 4.7° 41.11™ 0.4067¢ 5.08°
dycsty 3.559" 23.23¢ 2.44° 4.62° 43.33" 0.3867" 4.99°
dycaty 3.7° 26.93° 0.79¢ 3.63%" 43" 0.4433° 4.81°
d,ycit, 3.5" 18.3' 0.84¢ 4.28° 44,83 0.5033° 1.61°
d,c,t, 3.64° 21.44' 0.53%" 251" 45,98™ 0.4567¢ 2.15'
dycst, 3.49 19.23' 0.82¢ 3.91° 43.979 0.5167° 1.05"
dycyt, 3.76° 21.77" 1.56" 3.71% 45.33% 0.5033" 0.94"
dycity 3.72° 26.26° 5.53a 473 40.67™ 0.3567' 9.2¢
dscyty 3.59° 18.13' 5.27° 5.28° 37.83° 0.3067! 10.66°
dscsty 3.57 17.4% 4.64° 5.32? 41.29 0.3433% 9.89"
dscaty 3.72™ 20.63%" 3.18“ 3.87° 40.45" 0.4167" 10.39°
dscqt; 3.55%" 17.91% 2.89°¢ 4,13% 42.48' 0.4767° 2.99°
dscyt, 3.82° 25.43° 3.33¢ 2.7 43.02" 0.4567¢ 2.92¢
dscst, 3.549" 17.82% 2.6% 4.1° 41.85% 0.44° 2.23'
dscyt, 3.82° 24.61° 3.43° 417 42.42" 0.4833° 217"
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Mean with the same letters are not significantly different (P<0.05)
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Fig. 4. Changes in sample weight during the storage
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Table 3- Comparison of the mean effect of chitosan coating on mechanical properties
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Coating concentration Fbreak Frmax
U ok 335 3.97°
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o> + 10 c ab
2.88 3.74
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doyd ) a ab
3.39 3.52
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doy ¥ c b
2.89 3.33
2%
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Mean with the same letters are not significantly different (P<0.05)
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Table 4- Comparison of the mean interactions of the period x temperature on the modulus of elasticity in 10 days
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Treatment

A1 Jguro
Elasticity modulus

dity
dit;
dyty
dyt;
dsty
dst;

0.0146®
0.0132%®
0.0071°
0.0152%
0.0088°
0.0213°
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Mean with the same letters are not significantly different (P<0.05)
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Table 5- Comparison of the mean interactions of the temperature-coating on mechanical properties in 10 days
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Treatment Fnax Elasticity modulus

1ty 5.41° 0.0093°
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oty 4.53* 0.0091°

oty 4.1° 0.01°

C3ty 3.94%® 0.0126%

Csty 3.69° 0.0134%

C4t1 4.4730 00185ab

Caty 4.37% 0.0217?
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Fig. 10. Experimental data and results obtained from the Maxwell three-element model
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Table 6- Stress and relaxation time values in the three-component viscoelastic elements of the Maxwell model

bl oo o
Relaxation time (s) Stress (kpa)

Treatment Day Temperature [ 03 (A o T T, T
1 25 1375 1069 1483 2.838 15.057 89.118  229.152
3 1 4 1.393 1353 1.853 2.633 13.567 78211  209.456
N;“f; f)autj:g 25 1.063 0939 1.043 2553 8.749 87.745  225.259
5 4 1498 1005 177  2.434 10.427 83.866  201.705
10 25 0.765 0576 1054 2.324 8.166 92.898  216.164
10 4 1.081 0815 1516 2.374 10.303 76.712  200.907
1 25 1135 1.033 145 2.494 16.416 76.915 245972
1 4 1.235 1139 1554  2.405 13.679 71.233  240.265
O'”*»g 5";” /o 5 25 1.815  1.73 2.02 2.82 11.885 84.381  246.234
7 5 4 1.871 1701 2.023 2.868 10.363 84.319  342.405
10 25 1.775 1607 1.803 2.414 9.541 79.978  235.142
10 4 1.818 1077 2.096 2.7 9.788 60.388  239.707
1 25 1536  1.02 1.778 2.892 14.819 71.001  300.132
oy 1 4 1.226 1037 1424  2.467 13.876 75.891  225.891
oo e 5 25 1.761 1658 2174  2.93 13.704 72531  304.17
1% 5 4 1.839 1752 2036 3.198 11.864 91.128  297.423
10 25 1.721 1627 2029  2.499 8.339 85384  285.142
10 4 1.839 1739 2.093 2.795 9.369 71363  229.568
1 25 1337 1281 1678 249 15.063 85.77  253.496
e sy 1 4 1.344 1187 1576  2.483 14.002 82487  257.329
g e 5 25 1731 1649 1943 2636 14.428 9149  258.039
2% 5 4 1.708 1613 1912 2.856 12.663 94935  257.504
10 25 1.033 116 2157 2.374 9.945 80.315  261.04
10 4 1.492 1334 2067 2.664 12.244 89.709 271676
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Introduction

Grape fruit set its fruits and shortly after planting and due to high nutritious value and excellent food quality
has been welcomed by many people in the world, but considering its soft tissue and high softening velocity and
sensitivity to fungi attack it is known as an extensively vulnerable fruit. One of the most important ways to
maintain fruit quality, decrease vulnerably and assist more appropriate storage, is the use of coating method and
proper packing of agricultural products and combining these procedures to decrease damages in storage. Edible
coatings provide a replacement and fortification of the natural layers at the product surface to prevent moisture
losses, gas aromas, and solute movements out of the food, while selectively allowing for controlled exchange of
important gases, such as oxygen, carbon dioxide, and ethylene, which are involved in fruit respiration. Chitosan
is the most common polysaccharide-based coatings. Chitosan films have been successfully applied as edible
material in films and coatings for the quality preservation of different fruit. In this study, the effects of the
application of chitosan edible coatings and storage time on some physical, chemical, mechanical and rheological
properties of grape were investigated during storage.

Materials and Methods

Grape fruits were screened for physical damages, fungal infections, and size homogeneity after harvesting
from the farm. Then fruits were divided into without coating and fruits with coating. Fruits being coated,
prepared in chitosan emulsion and submerged for two minutes and kept at 20°C for one hour for drying the
surface coating via airflow. In order to calculate the weight loss, three containers of each grape fruits (treatment
and control) collected and after weighing and averaging weight loss were compared to initial weight during
storage expressed as a percent. Color intensities were determined using colorimeter samples. In order to
determine soluble solids from each sample, refract meter was used and pH amount of each sample was
determined. Mechanical traits and fruit stiffness were measured through penetration test using materials test
machine Zowick/ Roell having 500 N loadcell in line with the small diameter with concave probe (5 mm
diameter), the penetration depth of 2 mm and loading rate of 10 mm s™. Mechanical traits including stiffness and
elasticity module calculated from the force-deformation curve. Viscoelastic materials have the properties of both
viscous and elastic materials and can be modeled by combining elements that represent these characteristics. A
viscoelastic model, called the Maxwell model which can predict behavior was evaluated.

Results and Discussion

In this current study, the application of chitosan coating significantly reduced the fresh grape decay. Fruit
decay of grape increased with storage time, but the coating reduced the rate of decay with the length of storage.
According to the results, the application of these coatings has a positive impact on yield stress and energy of
rupture product texture during the storage. Results of variance analysis showed that temperature, coating and
storage time has a significant effect (1% level) on some of the engineering properties of the grape. Storage time
has a significant effect on elasticity, while the coating does not have a significant effect on this parameter.
Finally, results showed that the application of chitosan coating has an effect on relaxation time and stress. So
during storage of coated samples these parameters decreased compared to uncoated.

Conclusions
Edible films and coatings may reduce the moisture transfer, the rate of oxidation and respiration which are
considered important to prolong the shelf-life of these products. This investigation showed that the chitosan
coatings are effective for grape shelf life extension and retarded the senescence process compared with control.
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The coat has been as a physical barrier for the gas exchange between the fruit and the environment. It was
demonstrated that the coating reduced the loss of firmness and delayed the softening of fruit and texture change.
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