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1- Puncture test
2- Load cell
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Fig.1. Stress- strain diagram of a typical coated strawberry sample in puncture test
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Table 1- ANOVA results ofstorage time and treatment and their interactions on the yield stress, yield strain and energy
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(129
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039 yiio FESIAN 5 YYE/YY 0,28 )3 aoli ogee (olol 25 oo
Olej e b d ol 4B FFIVY ()] W SSle i de
Gglate 0dle SVl L 58y (Sig phow 4 diay (o lwl i3
olej sl iy ool SVl Cols dx yp a5 g by il o
L (Van Vliet, 1999) 55 salgs Ll on 1y 65V olol i
2o oy dges slp 2l gloj i Y Joio 4 a2
G oy cusdS b wisb e 4l ¥AA/NY B YOF/FY (sodgime
iges sl )55 ol oS oy sl il il s jsbay
=i | glasgad o0 ¥ Sl Lol 4Bl yials cuns 4y sals
3 Jools (e g (JguSle Jao il ool 048 o)) Jia
slpodly duslie cops aad o i 1) slol (i oy (y90)]
OsSlae ddy ) yladie (225 (Slaodld 5 Jae bawgs od (i
doleo Laylass (gl (RY) (e 00 9 (RMSE) s ey
Saod lp obl layasls ol e ¥ Jgds 4 dngi b ud)S
clbao ol S5l g il e R7>0.96 s RMSE<0.76 s jlos
(o RMSE 4 YU R? oy 4 dsgi b o &l)) o oS ol
Al o (275 laodly b cuslize g 009y isucols,
Syt 3,15 (St 35 Jpuaeo Cagloy 4 sl 15
8 bl G e (Jgame (05 £ )3 5 Caghy oliee Gial331 L
Shss sl juss (Hassanpour et al., 2011) Lb o ials
S jl g Cugby (Rl glo ogee o (59 2 w0 o SIS L
Cl 068 2 o5 Pl 3l gk (izman 5 g0 Sl (1
S o xS sl eSS (b ) ok o)) il a9 ) g
o)y edel Cewdas gls 4 495 L ((Bravin et al., 2004)
b PGS disel sl Lol T ey Gl pas addllas
il o 5 35 o b 1y gm0 StV Sy i 53l
5 i g L e Polodte by o ool

SIS (55 P Ol yads

5 sy Ota 3 il ly 40325 5 ool s 3l
LY Joie 0 (S50 (S (555 1 Jabodsto ik
blod | Sise w8 (65,50 Gliee 0 jlows ool 5l icasl oads 00l
Sl i 5o, U (SisuuS (65, callae oyl )3 oel cunday
o jlwo D bL U e g cudly (pialS X9y yio e (g
Ol el (gl ZEIOR g 4> e diged slp ZVAVY (5o
A g0l ) Sy uS (65,0 Hlde 1Sl (C-Y JSi) el
e FIVY sals gly g ol Caody o duo (g0 OIVY s g
Gl glinl > &S ,\JUA S s Glyass cpl e e Jus
805 Bl > ()b sbml sl b 3)90 45 (6505 e
obes el 3 9305 sl Jto Ly oad jloss saaiges sl
» aldio dg) 3 (YY) ()l 5 ol i ol yiaS (515455
pandS 0,8 ide 8l Cot (gl Canss (655l Oy
weles kS il aSages i)l3S 1 Sleylsl by al 9
W3ga ol A5 4 bl Al ) (g i

Jue Cdlaa (il pob) il sl jal g caal il slagle
(Jyuste

sLaghall p s ploj 5 G235 0eSile polia ¥ g
(V) adasly 5l oolawl U a8 JouSle S dw Jdo SoiwY1gSs g

Dby (o g b ke (0,85 oare (gl 1y Cuwl 0ad dwle
Gilworidd (b yd el Cundd guls 4 angi b amd e olis



ITUIU SUUOYMLVIE a4 7

QB o Jluos o) 6 ko o Al ¢ 5ol g oymivlo s o Y OA

.(Maftoonazad and Ramaswamy, 2005) >,ls clles

‘\k/‘\‘

—&— Coated with cellulose

A —— Control

(392) 53> &5 )le;
Storage time (day)

3 opizee 500 zols b gplicwl cpl cwl edg (S5,8c0g5 Sleyll

(392) 53> &5 le;
Storage time (day)

8
=) 7 L
) 6 -

=

Energy of rupture (N.mm)
e

(e Lo yaian)
W2 e O o)

0 1 1

(@]

0 2 4

6

(o d oy afs ol
| )3’.’]\_.,)]- 4 ul&)

Storage time (day)

(C) S50 5513 (B) b 55 A) s 53 32 b S o 5 51 455 ol 51-F JSS

Fig.3. Effect of storage time and methylcellulose treatment on the yield stress (A), yield strain (B) and energy of rupture
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Table 2- Average values of stress and relaxation time in the Maxwell three-component model viscoelastic elements

o . (Jwly) s (4536) 2wl &5 o
< 9“1 1;9) Stress (Pa) Relaxation time (s)
ample a
P Y O (7] G3 G, Tren Tren2 Tras
Oligy b 2 11.65£0.66  2.00£0.21 1.32+0.24  5.86+0.03 382.82+69.9 11.04+0.12 1.96+1.15
3 m 5 11.44+0.47 2.3240.24  1.49+0.25 5.70+£0.04 354.61+52.14 9.96+0.55 1.18+0.31
Coated 8 12.59+0.17 1.62+0.10  1.00£0.07 5.30+0.03 499.14+36.0 10.35+0.22 0.88+0.24
with 11 12.20+0.44 1.84+0.24 1.17+£0.22  4.87+0.03 411.17+£52.56 11.63+1.15 1.22+0.12
cellulose
2 11.65£0.66  2.00£0.21 1.32+0.24  5.86+0.03 382.82+69.9 11.04+0.12 1.96+1.15
Sl 5 11.82+0.47 1.91£0.49 1.16£0.30 5.66+0.04 438.95+£89.58 9.49+0.79 0.96+£0.28
Control 8 12.60+0.21 1.63£0.09  0.99+0.10  5.24+0.03 466.91+44.68 10.99+0.98 1.10£0.29
11 11.51+£0.52 2.50+0.23 1.44+0.15 4.78+0.08 336.21+55.30 10.79+0.94 0.96+0.15
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Fig.4. Maxwell model and empirical curves for: Control (A) and Coated (B) samples
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model
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Fig.5. The sample of stress relaxation curve strawberry fruit at the beginning and end of storage time
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Introduction: The maintenance of the quality of fresh products is still a major challenge for the consumers.
The most important quality attributes contributing to the marketability of fresh fruit include appearance, color,
texture, flavor, nutritional value and microbial safety. Strawberry fruits should be firm but not crunchy.
Decreased quality during postharvest handling is most often associated with water loss and decay. The
postharvest life of strawberries can be extended by coating technique combined with refrigeration. Application
of edible coatings is a conventional method to increase shelf life and maintain fruit quality. Edible coatings can
provide an alternative to enlarge fresh fruits’ postharvest life. In this study, the effects of application of methyl
cellulose edible coatings and storage time on some mechanical properties, including: the yield stress, yield strain,
energy of rupture and modulus of elasticity and also, the viscoelastic behavior of the strawberry fruit was
investigated.

Materials and Methods: MC (Methocel, Dow Chemical Company, Midland, MI) coating was prepared by
solubilizing MC powder (3.0 g per 100 mL) in a water—ethyl alcohol mixture (2:1) at 75°C under the high
speedmixer (900 rpm) for 15 min. Coatings were used directly on the fruit surface. The physical and mechanical
characteristics of fruits were analyzed on 2, 5, 8 and 11 days of storage. The puncture test and relaxation test
were done using a texture analyzer (Zwick/Roell Model BT1_FR0.5TH.D14, Zwick GmbH Co., Ulm, Germany;
using Xforce HP model of loadcell with capacity of 500 N, by 2 mv/v characteristic). General Maxwell model is
widely used to analyze experimental results of the stress tests applied for relaxation. The obtained model
coefficients were determined and evaluated from relaxation stress curves. Residues were determined using the
sequential model. Usually, multicomponent models can properly describe the actual behavior of agricultural
products. Results of factorial experiment in a completely randomized design were analyzed. In this study, the
stress versus time graph was plotted and three-component Maxwell model coefficients were obtained.

Results and Discussion: In this current study, application of MC significantly reduced the fresh strawberries
decay. Fruit decay in strawberries increased with storage time, but the coating reduced 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. Average yield stress and rupture energy for the coated
samples and control were 0.11, 5.71 and 0.09, 4.12 MPa respectively. The effect of treatment and storage time
on the yield strain and elastic modulus were not statistically significant. The results show that provided Maxwell
model satisfactorily (RMSE<0.76 and R* >0.96) fits the experimental data. Also, with a retention time, the
elastic component of the model is relatively reduced and the application of the coating prevents the decrease in
relaxation time and improves the rheological properties of fruit. Relaxation time is different based on the
characteristics of the viscoelastic or viscous substances, but this time is wider in elastic material. The relaxation
time depends on the moisture content of the product, so the increase of humidity and soft, reduced relaxation
time. Coatings are effective physical barrier to moisture loss and slower rates of weight loss in coated fruits
because of the cover features for gas diffusion of stomata, the organelles that regulate the transpiration process
and gas exchange between the fruit and the surroundings.

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 MC coatings are effective for strawberries shelf life extension and retarded the senescence process in
compared with control. 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 loss of firmness and delayed the softening of fruit and
texture change. Fruit decay in strawberries increased with storage time, but the coating reduced rate of decay
with the length of storage. Finally the results showed that coating, may increase overall acceptability, and
increase the quality and shelf life of fruits.
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