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Tablel- Comparison of osmotic dehydration in samples coated by different active coatings

Biopolymer type
Osmosis Pectin
uncoated

12.63+0.55Cc -

- 22.41+0.62Aa*
- 24.13+1.08Ab
- 26.2+1.25Ac

- 23.09+0.9Aab
- 25.2+1.16Abc
- 27.66+0.47Ac
- 22.61+0.69Aab
- 25.03+0.25Abc
- 27.2+0.8Ac

Additive type
CMC Systeine Ascorbic
20.23+0.75Ba 0 0
22.2+0.97Bb 0.3 0
24.13+0.93Ac 0.5 0
20.84+2.7Ba 0 0.5
22.25+1.17Bab 0.3 0.5
25.06+0.81Bc 0.5 0.5
21.32+0.95Aab 0 1
23.07+1.01Bbc 0.3 1
25.26+1.5Bc 0.5 1

The large different letters show significant difference (P< 0.05) in Duncan test.
The small different letters show significant difference (P> 0.05) in Duncan test.
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Table2- Comparison of osmotic dehydration efficiency coefficient in coated samples and control samples

Osmosis
uncoated

6.2+0.61C

Biopolymer type

Pectin

18.38+1.31*
19.33+0.6Ab
20.94+0.16Aab
18.84+0.69Ab
20.23+0.33Aab
21.95+0.43Abc
18.22+0.73Aab
19.87+0.57Ab
21.76x1.24Ac

CMC

15.58+0.54Bb
16.67+0.6Bb
18+0.38Bab
15.61V0.38Bb
16.83+£2.11Bab
18.44+1.74Bab
16.18+0.92Aab
17.49+2.54Bb
18.52+2.27Aab

Systeine

0
0.3
0.5

0
0.3
0.5

0
0.3
0.5

Additive type
Ascorbic

o o
Lntnooo-

0.5
1
1
1

= The large different letters show significant difference (P< 0.05) in Dunkan test.
= The small different letters show significant difference (P> 0.05) in Dunkan test.
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Table 3- Types of treatments selected for final drying of grapes

Cysteine Ascorbic acid Pectin CMC Treatment

0 0 0 1 1
0.5 0 0 1 2
0 0.5 0 1 3
0.5 0.5 0 1 4
0 0 1 0 5
0.5 0 1 0 6
0 0.5 1 0 7
0.5 0.5 1 0 8

Osmosis 9

uncoated

Control 10
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Table4- Measured color parameters

Samples(w/w%) L a
Control 20.66d 12a
Osmosis uncoated 27cd 4.66b
CMC 3lc 19.33c
CMC-cysteine(0.5) 40.66b 21.33c
CMC —ascorbic(0.5) 40b 13a
CMC-cysteine(0.5)- 51.35ab 17.33ac
ascorbic(0.5)
Pectin 34.66bc 15.33a
Petin- cysteine(0.5) 42.33b 17.6¢
Pectin-ascorbic(0.5) 40b 3.3
Pectin-cysteine(0.5)- 52a 5.33a

ascorbic(0.5)

b LO

20.61b 83.68
31.66a
30a
31.33a
43.66a
41a

A0 b0
-19.25 71.26

33.66a
30.33a
35.6a
40a

= The different letters show significant difference (P< 0.05) in Dunkan test.
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Figure 2- Mean vitamin C: control (1), no osmotic
coating (2), carboxymethylcellulose (3),
carboxymethylcellulose - cysteine 0.5% (4),
carboxymethylcellulose - ascorbic 0.5% (5),
Carboxymethylcellulose-cysteine 0.5-ascorbic 0.5%
(6), pectin (7), pectin-cysteine 0.5% (8), pectin-

ascorbic 0.5% (9), pectin-cysteine 0.5% - Ascorbic
0.5% (10).

= The different letters show significant difference (P< 0.05)
in Dunkan test.

Sl aa 5 A0 Gl bl ad @l G s b
s e 5B Pl (BT Gus LIS a8 5 el
Oelisg Olome wolge dar Huaiidls & (aalisg Oloe
S oald Gsad 5 sud Sl 9 Hladidi s s &
YL sl sad Saa 2 S glea Glsa b Lo

Goddsdh Glome ¥ 0¥ S il ol sug

90 -+ g4
80
70 -
60 | ¢
50 -
40 |
30
20 |
10 -

b c bc

2EUEYD 10[02 EIRAQ

Samples

(1) 98LE i phaddis K1) (IS sk ()l jue (aSiles -\ JSub
(7) H oo Jito (oS 93 58 (¥) ol Jacsl (i 93 ¢ 93
() 3059 +/0 (riiuusis — gl Jiio ouusS 93 58
() s g +/0 Sn s g8l — Hglow Jio oS g3 S
V0SSl = [0 (paiienn — 3 glos S (oS 93 5
(A) oy + /0 Gaiiesns — (aiSy (V) (3Sy (F) wuo ya
11O (e =SSy (1) 3853 + /0 Sy g8l — (S

(V1) sy +/0 Sy gSeuT —

Figure 1- Mean raisin total color change: control
(1), no osmotic coating (2), carboxymethylcellulose
(3), carboxymethylcellulose - cysteine 0.5% (4),
carboxymethylcellulose - ascorbic 0.5% ( 5),
Carboxymethylcellulose-cysteine 0.5-ascorbic 0.5%
(6), pectin (7), pectin-cysteine 0.5% (8), pectin-
ascorbic 0.5% (9), pectin-cysteine 0.5 - Ascorbic
0.5% (10).

* The different letters show significant difference (P< 0.05)
in Duncan test.
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Figure3- Mean raisin rehydration rate: control (1),
no osmotic coating (2), carboxymethylcellulose (3),
carboxymethylcellulose-cysteine 0.5% (4),
carboxymethylcellulose-ascorbic 0.5% (5),
carboxymethylcellulose-cysteine-0.5% ascorbic
0.5% (6), pectin (7), pectin-cysteine 0.5% (8),

pectin-ascorbic 0.5% (9), pectin- Cysteine 0.5 -
Ascorbic 0.5% (10).

# The different letters show significant difference (P< 0.05)
in Dunkan test.
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Introduction: Grape (Vitis vinifera), a member of Vitaceae family, has many varieties of which
have nutritional importance. Chemical composition of grape is dependent on the type of cultivar,
planting conditions and degree of ripeness. Per FAO report, grape (100 grams of fresh fruit)
contains 81.6 grams moisture, 16.7 grams sugar, 0.4 grams fat, 80 international vitamins units, 0.05
mg B1, 0.03 mg B2, 2 mg sodium and 0.6 mg iron (Yu et al. 2000). Among many food processing
methods, dehydration is one of the oldest and commonly practiced preservation techniques.
Dehydration would reduce weight and volume thus requiring less packaging and storage. Raisins,
dehydrated grapes, are good source of fibers, polyphenols, vitamin D, iron and calcium (Rankin et
al 2008). Recently, osmotic dehydration has replaced the conventional process due to its high speed,
low energy cost and reduction of damage to product tissue, good taste, and color (singh et al 1999).
However, the process has few drawbacks (e.g., penetration of large amounts of osmotic dissolving
material into the food leading to resistance of food for water disposal in subsequent drying
processes and changes the sensory and nutritional properties of the product) limiting its practice.
Application of edible coatings prior to osmotic dehydration has been suggested to prevent the
adverse effects of the process on foodstuff (Fissot 2012). (Khen 2007). Pectin and cellulose
derivatives (structural polysaccharides in fruits and vegetables) can be used as edible coatings for
preservation of fruits and vegetables. In order to increase the efficiency of edible coatings,
antimicrobial, antioxidant and other active substances can be added to the formulations (active
coatings). Perez-Gago et al. studied the effect of type and concentration of antioxidants alone and in
combination with edible coatings (including whey protein and natural wax) on freshly peeled
apples. Later, Garcia et al. investigated the effect of chitosan coating on osmotic dehydration of
sliced papaya. They investigated the rate of dehydration and mass transfer in sucrose osmotic
solution (40 ° Bx) in fruit to solution ratio (1 to 60), osmotic dehydration (WL), solids adsorb (SG)
and weight loss, and. Correspondingly, chitosan coating improved osmotic and WL process
efficiency while reducing SG. In a similar study, Singh et al. investigated the effect of sodium
alginate coating (0.5-5%) and temperature on osmotic dehydration (by sucrose solution), quality
parameters of dried pineapple and mass transfer kinetics. The results showed that the dehydration
time for uncoated samples was less than the coated samples at all three temperatures (55 °C, 65 °C,
75 °C). Moreover, coating resulted in reduced activation energy, high re-dehydration while
preserving the color of product compared with the uncoated samples. Antioxidants can increase
quality and shelflife of food product when are used in edible coating and films. Ascorbic acid, as an
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antioxidant, can be added to the coating material to prevent browning reactions while compensating
for vitamin C lost during the process. Studies have demonstrated that the active edible coating
containing antioxidants, such as vitamin C and cysteine, are more effective in prevention of
enzymatic browning in peeled fruits than antioxidants alone. Moreover, numerous studies have
shown that the application of edible coating in osmotic dehydration process of different fruits can
decrease solid gain (SG) while improving the efficiency of process. The application of coating on
food prior to osmotic dehydration process is one of the common techniques used to decrease the
solid gain. The aim of this study was to investigate the effect of different coatings on the efficiency
of osmotic dehydration and sensory-nutritional quality of raisins. In this context, two types of
coatings (pectin and carboxymethyl cellulose based) in combination with two types of antioxidants
and reducing ingredients (ascorbic acid and cysteine) were used for pre-treating the Shahroodi
grapes prior to osmotic process.

Material and methods: For osmotic dehydration, a combination of fixed osmotic solution similar
to the natural composition of fruits (containing fructose, calcium, and citric acid) was used (with
sample to solution ratio of 1 to 10). Optimum samples (coating contained cysteine 0.5% and
ascorbic acid 0.5%) were selected based on maximum osmotic efficiency coefficient and osmotic
dehydration and minimum amount of solid gain. Osmotic dehydrated samples were placed in hot air
oven for supplemental drying. The effect of coating and osmosis pre-treatments on quality
characteristics of raisins (vitamin C, color, and rehydration rate) was investigated.

Results and discussion: The lowest osmotic dehydration percentage (12.6%) was observed in the
uncoated sample and the highest osmotic dehydration percentage (27.66%) was related to the
pectin-based coated sample (containing ascorbic 0.5% and cysteine 0.5% (w/w)). The lowest
osmotic re-hydration percentage (20.23%) was observed in the CMC-based coated sample. The
lowest osmotic coefficient of efficiency (6.20%) was related to the uncoated sample. Among the
coated samples, the highest osmotic dehydration efficiency coefficient of 21.95% was related to the
sample pectin-based coated (containing ascorbic acid 0.5% and cysteine 0.5% (W/W)). The lowest
osmotic dehydration efficiency coefficient of

15.58% was observed in the CMC-based coated sample. The coated sample showed lower color
change (AE) than the uncoated samples. Among the coated samples, the highest amount of vitamin
C was related to pectin-based coated sample (containing ascorbic acid 0.5% and cysteine 0.5%
(W/W)) and the lowest was related to the CMC-based coated sample.

Conclusion: The use of edible CMC- and pectin-based coatings can effectively increase osmotic
dehydration efficiency coefficient. The coated osmotic dehydrated samples showed higher vitamin
C and lower rehydration ratio in comparison with the control and uncoated samples. Coating and
osmosis reduced the overall color change of the final raisins.
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