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Introduction: Melon (Cucumis melo L.) is one of the most important fruits that is consumed all over the world.
The fresh cut fruit and vegetable industry is one of the relatively new and growing sectors of the fresh food
products industry. Fresh-cut fruits, in addition to ease of consumption, bring benefits such as higher added
value, reduction of waste and losses, increased product variety, improved security and quality, and less work in
stores. Quality retention and shelf-life extension of fresh-cut fruits are crucial for industry because of their
economic impact. Fresh-cut fruits and vegetables with high pH and water activity are considered to be highly
perishable when they are not subjected to preservative processes and delay undesirable biological and
biochemical changes. A recent approach to prolong the shelf life of fresh-cut fruit and vegetables is the use of
edible coatings either alone or combined with modified atmosphere packaging. Numerous studies on improving
the shelf life of fresh-cut fruits are extensive with the application of modified atmosphere packaging, and edible
coatings and films. Chitosan, a polysaccharides-based edible coating, has been used individually or in
combination with nanocomposite and other biological materials such as extracts or essential oils of various
plants. On the other hand, edible films and coatings, due to their high ability to carry active compounds
including antimicrobial compounds, can increase product shelf life and reduce the risk of pathogen growth on
fresh-cut surfaces. Thymol (2-isopropyl-5-methylphenol) is a monoterpenoid phenol with the molecular formula
C4H100 and isomer of carvacrol, which is slightly soluble in water with neutral pH, but is very soluble in
alcohols and other organic solvents. MA packaging technology has been representatively used to maintain
quality of fresh-cut products during preservation by carbon dioxide elevation and reduction in oxygen levels.
Materials and methods: Melon fruit was harvested with full maturity at the right time. The outer surface of the
fruit was disinfected with sodium hypochlorite solution (200 ppm) and cube slices with dimensions of 4x4x4
cm® and an approximate weight of 9 g were prepared from it. To prepare the coating solution, 1 or 2 g of
chitosan with 0.5 g of tween 80 was dissolved in 100 g of 1% acetic acid solution and thymol was added to the
solution at 3 concentrations (zero, 0.25 and 0.5%). The final pH of the product was adjusted to 5.6 using NaOH
0.1 M. Then the solution was homogenized with a magnetic stirrer (1500 rpm) for 2 min. Fruit slices were
immersed in each of the solutions separately for 2 min. After coating and removing excess solutions, the fruit
slices were dried at room temperature for 8 min. Then, 30+2 g of treated and the control samples (uncoated)
were weighed inside a polyethylene container and covered with a double-layer film (with a total thickness of 85
pm with an outer layer of polyethylene and an inner layer of polyamide) were packed in a modified or natural
atmosphere. Atmosphere change was done using a MAP device equipped with a gas injection system. The
levels of CO,, O, and N, inside the package immediately after sealing were 10, 5 and 85%, respectively. Fresh-
cut packages were kept at 4+2°C for 8 days. All physicochemical (O, and CO, levels, weight loss, TSS. TA,
ascorbic acid, color and firrmness) charactrestics were performed during storage time (immediately after
harvesting, after 4 and 8 days). At the end of the storage time, microbial contamination (total count, mold and
yeast count) and sensory characteristics were evaluted.
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Results and discussion: The results of analysis of variance showed a significant effect of the type of packaging
atmosphere on the level of O, and CO, gases inside the packages (p<0.05). The results showed the CO, and O,
levels, repectively increased and decreased inside the different fresh —cut melon packages during storage at 4°C
under natural and modified atmospheres. However, in the samples coated with chitosan and thymol, the
intensity of O, reduction and CO, increase was less than the uncoated samples (control). This phenomenon is
probably due to the gas blocking properties of the chitosan coating and the antimicrobial properties of thymol,
which reduce oxygen consumption and carbon dioxide production by reducing the respration rate. At the end of
8 days of storage, the weight loss in the samples coated with chitosan and thymol and stored under modified
atmosphere was much less than the control sample (0.34% compared to 13.60%). Chitosan coating and
packaging under modified atmosphere provide relative semi-permeable barriers against oxygen, carbon dioxide
and moisture, and as a result, weight loss is reduced by decreasing respration rate and moisture loss. Increasing
the concentration of chitosan and packaging under modified atmosphere caused an increase in the amount of
soluble solids, titratable acid, ascorbic acid, and firmness of the melon slices, but increasing the concentration of
thymol had no significant effect on these quality characteristics. The color indices of green-redness (a*), blue-
yellowness (b*), brightness (L*) and browning index (BI) were also affected by the type of packaging and
chitosan concentration. Evaluting the interaction effect of storage time with chitosan concentration showed that
the amount of a* and b* indexes in the samples coated with 1% chitosan after 4 days of storage was not
significantly different from the first sample. However, after 8 days of storage, these indexes decreased
significantly. The interaction effect of chitosan and thymol concentration showed that melon slices treated with
1% chitosan with 0.25% or 0.5% thymol had the lowest microbial load. Coating with chitosan and thymol and
the same type of packaging had a significant effect on all sensory attributes of melon slices (color, texture,
smell, taste and overall acceptance) (P<0.05). Generally, the panelists preferred 1% chitosan over 2% in overall
acceptanc.

Conclusion: The results showed that the physicochemical, sensory and microbial characteristics of fresh melon
slices decrease during the storage period. Coating fresh-cut melons with chitosan and thymol due to its gas
barrier and antimicrobial properties helped to preserve the quality and also prevent some undesirable changes.
The integration of coating and packaging under modified atmosphere caused more maintaining the quality of
fresh- cut melons. So that coating with chitosan 1% chitosan with thymol 0.5% and packed under modified
atmosphere reduces microbial spoilage and preserves more qualitative features, color components and sensory
attributes in fresh -cut melons.
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Fig 1. Mean comparisons of interaction effect of variables (chitosan concentration, thymol concentration, type of packaging atmosphere and
storage time) on the changes in O, level inside the different fresh —cut melon packages (in the treatments, the letters C and T indicate

coating with chitosan and thymol, respectively, and the numbers indicate the concentration of these compounds). Error bars shows standard
deviation (SD). Non-similar letters indicate a significant difference according to the Duncan test (P<0.05).
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Fig 2. Mean comparisons of interaction effect of variables (chitosan concentration, thymol concentration, type of packaging atmosphere and
storage time) on the changes in CO; level inside the different fresh —cut melon packages (in the treatments, the letters C and T indicate

coating with chitosan and thymol, respectively, and the numbers indicate the concentration of these compounds). Error bars shows standard
deviation (SD). Non-similar letters indicate a significant difference according to the Duncan test (P<0.05).
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Fig 3. Mean comparisons of interaction effect of variables (chitosan concentration, thymol concentration, type of packaging atmosphere and
storage time) on the amount of weight loss (%) of fresh —cut melon (in the treatments, the letters C and T indicate coating with chitosan
and thymol, respectively, and the numbers indicate the concentration of these compounds). Error bars shows standard deviation (SD). Non-
similar letters indicate a significant difference according to the Duncan test (P<0.05).
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Table 1. Mean comparisons of interaction effect of variables (chitosan concentration, thymol concentration, type of packaging atmosphere
and storage time) on the amount of TSS (%) of fresh —cut melon

Packaging type Modified atmosphere | Natural atmosphere
Harvesting time= 9.75+ 0.12
Storage time (day) O(after packaging) 4 8 O(after packaging) 4 8
C0TO 9.73+0.06° 7.25 +0.08° 7.05+0.12° 9.81+0.06° 7.870.03° 8.12+0.04™
CO0T.25 9.72+0.06° 7.82+0.12° 7.98+0.05™ 9.80+0.04% 8.72+0.09" 8.15+0.01'
COT.5 9.75 +0.04° 8.35+0.14™  8.15+ 0.0 9.74+0.08° 8.97 +0.09°  8.45 +0.04"
C1T0 9.74+0.06° 8.37+0.097  8.25+0.04" 9.75+0.06° 8.67+0.027 837+0.13%
C1T.25 9.71+0.07° 8.63+0.11"  837+0.05 9.73+0.07° 8.95+0.05° 8.62+0.047
C1T.5 9.78+0.05° 8.87+0.23"% 856 +0.017 9.76+0.05% 9.05+0.05° 8.57 +0.03%
C2T0 9.74+0.05° 852+0.03" 8.13+0.04" 9.73+0.08° 8.77 +0.01° 8.48+0.06™
C2T.25 9.80+0.04? 8.87 +0.09°®  8.88 + 0.05% 9.74+0.07° 9.01+0.00° 8.83 +0.04%
C2T.5 9.7620.04° 9.01+0.06°  8.75+0.06% 9.79+0.03% 9.11+0.10° 9.03+0.05°

In the treatments, the letters C and T indicate coating with chitosan and thymol, respectively, and the numbers indicate the concentration of
these compounds. Non-similar letters in total data (means+ SD) indicate a significant difference according to the Duncan test (P<0.05).
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Table 2. Comparison of the average independent effect of chitosan coating, thymol concentration, packaging type and storage period on the
amount of titratable acidity, Ascorbic acid and firmness of fresh - cut melon

Independent effect of variables Variable levels titratable acid Ascorbic acid Firmness
(mg Malic acid / 100g) (%) (N)
0 (after packaging) 0.15+0.008 * 1056 £0.59* 2,51+ 0.09?%
Storage time (day) 4 0.11%0.002® 6.55+0.19° 1.70+0.13°
8 0.11 +0.003° 6.05+0.13° 1.64+0.09°
0 0.12+0.002 ° 7.50£0.13°  1.89+0.08°
b
Chitosan concentration (%) 1 013 £0.001° 7.88+0.16°  1.99+0.07°
2 0.12+0.003 7.77£0.19° 2.07+£0.07
natural atmosphere 0.12+0.001 P 7.61£0.05° 1.99+0.05°
Packaging type Modified atmosphere 0.13+0.004*  7.97+0.04% 2.17+0.01°

Non-similar letters in each column indicate a significant difference according to the Duncan test (P<0.05).
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Table 3. Comparison of average interaction effect of chitosan coating with storage period on color components and browning index of fresh
- cut melon

Chitosan concentration (%)

Storge time (day)

0 1 2

b* (harvesting time=17.05 + 0.12)

0 (after packaging) 16.70+0.38° 16.96+0.23% 17.21+0.47%
4 13.79+ 0.22° 17.17 £ 0.58% 13.79 + 0.47°

8 11.09+ 0.45¢ 9.52 +1.35° 12.62+0.36 €

a* (havesting time=10.83+0.03)

0 (after packaging) 10.82+0.59° 10.87+0.61° 10.84+0.51%
4 8.52 +0.95° 10.30 + 0.04% 8.31+0.69°

8 6.97+0.11 ¢ 7.43+0.23° 8.58 + 0.40°

L* (harvesting time=69.56+ 0.15)

0 (after packaging) 69.66+0.39% 69.97+0.28% 70.02+0.51%
4 67.41+0.89° 66.82+1.11 ™ 69.63+ 0.59°%

8 62.01 +0.38° 63.28 +0.90 ¢ 65.11+ 0.82 ¢

Bl (harvesting time=11.88+ 0.06)

0 (after packaging) 11.84+0.64° 11.85+0.59° 11.81+0.49%
4 9.71+ 0.45° 11.82+1.022 9.16 + 0.59°

8 8.64+ 0.14° 8.87+0.74 ™ 9.93+ 0.72°

Non-similar letters in each color components and Bl index indicate a significant difference according to the Duncan test
(P<0.05).
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Table 4. Comparison of the average independent effect of chitosan coating, thymol concentration and packaging type on microbial
contamination of fresh - cut melon

Independent effect of variables Variable levels Mold and Yeast Total count
(Log CFu/g) (log CFU/g)

Chitosan concentration (%o) 0 4.15+0.09° 6.98 +0.04°

1 3.38+0.11° 6.77+0.07°

2 3.33+0.08"° 6.71+0.08"

Thymol Concentration (%) 0 3.89+0.03% 6.88 + 0.04°
0.25 3.81+£0.02° 6.79 +0.05"

0.5 3.80 +0.02" 6.76 +0.03"

Packaging type natural atmosphere 3.91+0.04° 6.91+0.06 °
Modified atmosphere 3.78+.0.05°" 6.37+0.04°

Non-similar letters in each column indicate a significant difference according to the Duncan test (P<0.05).
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1. Listeria monocytogenes
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Fig 4. Comparison of the average independent effect of chitosan coating (a), thymol concentration (b) and packaging type (c) on sensory
attributes of fresh - cut melon
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