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Table 1 Mean comparison of puterscine treatments on cucumber fruits

Studied Indices

Total

Treats Weight Total soluble Titrable Firmness Total Ascorbic acid Sensor henols Antioxidant
loss solid acidity pH (Kgem?) Chlorophyll (mg100g indexy (r?w GA o capacity
(%) (°Brix) (%) g (mg g FW) IFW) 19FW) 9 (%DPPHSC)
- 4.2440.60 4.64+0.19a  0.80+0.03c 5.62+0.15 14.72+0.64 0.86+0.06 d 2.1740.31a 15.72+1.26 27.04+1.6¢c
Putrescine (0 mM)
a a c 10.35+0.48 ¢ c
Putrescine (0.5 4.05+0.58 4.57+0.18a  0.83+0.03b 5.58+0.15 15.45+0.57 0.95+0.05c 2.06+0.29a 15.82+1.23 27.51+1.57c
mM) b a b 10.72+0.47 ¢ c
Putrescine (1 mM) 3.85+0.55 4.41+0.15b  0.87+0.02a 5.42+0.15 16.67+0.48 1.05+0.04b 1.7540.25b 16.61+1.15 28.90+1.4b
c b a 11.33+0.41b b
Putrescine (2 mM) 3.63+0.52 4.21+0.13c¢  0.89+0.02a 5.36+0.15 16.95+0.45 1.12+0.03a 1.4240.20 ¢ 17.89+0.99 30.90+1.30 a
d b a 11.82+0.38 a a
In each column, means that have at least one letter in common, not significant difference at 5% according to LSD test
Table 2 Mean comparison of chitosan treatments on cucumber fruits
Studied Indices
Weight Total soluble Titrable . Total Ascorbic acid Total Antioxidant
Treats X - Firmness : Sensory phenols .
loss solid acidity pH (Kgem?) Chlorophyll (mg100g index (MgGA g capacity
(%) (°Brix) (%) g (mg g FW) IFW) P’FW) 9 (%DPPHSC)
. 4.83+0.66 5.96+0.18 14.82+0.63 9.69+0.54 c
Chitosan (0%)
a 4.73+0.19 a 0.82+0.03 b a c 0.89+0.06 d 2.25+0.31a 15.64+1.28 c 25.43+1.74 ¢
Chitosan 4.35+0.60 5.43+0.12 15.73+0.55 10.94+0.43 b 28.47+1.46
(0.5%) b 4.55+0.17 b 0.83+0.03 b b b 0.97+0.05¢ 2.03+0.28 b 16.34+1.18 b b
. 3.29+0.45 5.21+0.12 16.60+0.50 11.7240.34 a 16.92+1.11
Chitosan (1%)
c 4.29+0.14 ¢ 0.87+0.02 a C a 1.04+0.04 b 1.69+0.24 ¢ ab 30.12+1.34 a
Chitosan 3.30+0.49 5.38+0.13 16.63+0.50 11.87+0.36 a
(1.5%) c 4.27+0.14 ¢ 0.88+0.02 a b a 1.07+0.04 a 1.4240.21d 17.14+1.10a 30.32+1.30 a

In each column, means that have at least one letter in common, not significant difference at 5% according to LSD test

Table 3 Mean comparison of storage times on cucumber fruits

Studied Indices

Time Weight loss Total soluble solid Titrable acidity oH Firmness  Total Chlorophyll Ascorbic acid Sensory index Tc()rtTa:;grEngqls Aggg;;ﬁ;nt
- -2 -1 -1
(%) (°Brix) (%) (Kgem™) (mg g~FW)  (mgl00g~FW) W) (%DPPHSC)

0 0.00+0.00c 3.39+0.03 c 1.01+0.01a 4.60+0.03c 19.26+0.10a 1.32+0.01 a 13.70£0.11a 0.0+0.01c¢ 25.30+0.20 a 38.51+0.36 a
10 3.94+0.12b  4.37+0.04b 0.87+0.01b 5.41+0.08b 16.33+0.32b  0.97+0.03 b 11.18+0.27b 1.96x0.09b 15.25+0.25b 28.77+0.64 b
20 7.89+0.19a  5.62+0.07 a 0.67+0.01c 6.47+0.06 a 12.25+0.25¢c  0.68+0.03 c 8.29+0.22¢c  3.58+0.13a 8.98+0.29c 18.49+0.52 c
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In each column, means that have at least one letter in common, not significant difference at 5% according to LSD test

Table 4 Mean comparison of puterscine treatments on cucumber fruits at different times

Studied Indices

. . Total L.
Treats Ti Weight loss Total spluble Titrable acidity Firmness Total Ascorbic a(.:'d Sensory phenols Ant|OX|_dan
m (%) solid (%) pH (Kgem?) Chlorophyll (mg100g index (MgGA g capacity

0 (°Brix) 0 g (mg g FW) IFW) PFW) 9 (%DPPHSC)

Putrescine (0 mM) 0 0.00£0.00e 3.37+0.08 f 1.01+0.01a 4.59+0.08d 19.26+0.22a 1.33+0.01a 13.71+0.29a 0.00+0.00 g 25.35+0.43 a38.42+0.91a

Putrescine (0 mM) 10 4.24+0.25d 4.54+0.11d 0.82+0.02d 5.68+0.11b 14.36£0.53d 0.77+0.04d 9.11+0.46d 2.25+0.18d 14.36+0.34 d26.26+1.01 d

Putrescine (0 mM) 20 8.57+0.40a 6.04+0.12a 0.59+0.02g 6.63£0.12a 10.39+0.31 f 0.46+0.04 f 6.24+0.45f 4.36+£0.18a 7.36+0.33 g 16.26+£0.90 f

Putrescine (0.5 mM) 0 0.00£0.00e 3.40+0.06 f 1.00£0.01a 4.60+0.06d 19.26+0.24a 1.33+0.01a 13.75+0.26a 0.00+0.00 g 25.43+0.36 a 38.65+0.81 a
Putrescine (0.5 mM) 10 4.07+0.24d 4.46+0.08d  0.86+0.02cd 5.59+0.13b 15.56+0.44c¢ 0.90+0.03c  10.96+0.49 c 2.17+0.14 de 13.97+0.26 d26.76+0.98 d
Putrescine (0.5 mM) 20 8.09+0.39 ab 5.84+0.12 a 0.65+0.01f 6.54+0.11a 11.53+0.31f 0.62+0.04 e 8.12+0.44e 4.00+0.17 a 8.05+0.31 fg 17.11+0.79 f
Putrescine (1 mM) 0 0.00+0.00e 3.41+0.05f 1.01+0.01a 4.62+0.06d 19.27+0.16 a 1.32+0.01a 13.71+0.18a 0.00+0.00 g 25.25+0.50 a 38.43+0.62 a

Putrescine (1 mM) 10 3.86+0.25d 4.31+0.08de 0.89+0.02 bc 5.22+0.19c 17.53+0.53b 1.07+0.03b 12.15+0.55b 1.83+0.14 ef 15.55+0.40 ¢ 29.50+1.14 ¢

Putrescine (1 mM) 20 7.70£0.37 bc 5.52+0.10 b 0.71+0.02e 6.42+0.12a 13.21+0.33e 0.76+0.04d 9.30+0.37d 3.42+0.17b 9.02+0.41f 18.77+0.82 f

Putrescine 2 mM) 0 0.00+0.00e 3.38+0.05f 1.02+0.01a 4.60+0.06 d 19.27+0.20 a 1.32+0.01 13.62+0.17a 0.00+£0.00 g 25.17+£0.39 a 38.53+0.59 a

Putrescine (2 mM) 10 3.58+0.21d 4.17+0.07 e 0.92+0.01 b 5.15+0.19c 17.87+0.50b 1.15+0.03b 12.51+042b 1.58+0.16 f 17.11+0.47 b32.54+1.18 b

Putrescine (2 mM) 20 7.30+0.36 ¢ 5.10£0.08 ¢ 0.74+0.02e 6.34+0.13 a 13.71+0.39 de  0.89+0.04 ¢ 9.49+0.35d 2.67+0.18 ¢ 11.38+0.54 £21.63+1.05¢

In each column, means that have at least one letter in common, not significant difference at 5% according to LSD test
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Table 5 Mean comparison of chitosan treatments on cucumber fruits at different times

Studied Indices

Treats  time Weight  Total soluble Titrable Firmness Total Ascorbic acid Sensory Total phenols Antioxidant
loss solid acidity pH (Kgem?) Chlorophyll (mg100g index (mgGA g capacity
(%) (°Brix) (%) g (mg g FW) 'Fw) 'F'W)  (%DPPHSC)
Chitosan (0%) 0 . 4.6120.08
0.00£0.00i 3.39+0.07g 1.01+0.01a e 19.27+0.23a 1.32+0.01a 13.71+0.20a 0.00+0.00 f 25.31+0.31 a 38.53+0.56 a
Chitosan (0%) 10 5.05+0.12 6.18+0.04
e 4.72+0.06d  0.83+0.02 c b 14.39+0.55d 0.83+0.05d 9.11+0.30 cd 2.50+0.15 cd 14.47+0.42 ¢ 23.72+0.76 d
Chitosan (0%) 20 9.44+0.19 7.10+0.06
a 6.08£0.13a  0.61+0.02 e a 10.81+0.43g 0.50+£0.06 f 6.24+0.24e 4.25+0.21a 7.15+0.38 e 14.04+0.65 g
Chitosan 0 4.61+0.06
(0.5%) 0.00+0.00i 3.38+0.05g 1.00+0.01a e 19.28+0.18a 1.32+0.01a 13.75+0.22a 0.00+0.00 f 25.20+0.51 a 38.49+1.00 a
Chitosan 10 5.36+0.09 15.05+0.55
(0.5%) 4.4440.10f 4.4740.04e 0.85+0.01 bc c 15.98+0.51¢c 0.94+0.05c 12.29+0.45b 2.17+0.11d bc 28.44+0.94 c
Chitosan 20 8.60+0.19 6.32+0.05 11.94+0.42
(0.5%) b 5.79£0.10b  0.65+0.02 e b fg 0.65+0.06 e  8.62+0.32d 3.92+0.21a 8.76+0.40d 18.49+0.56 f
Chitosan (1%) O . 4.61x0.06
0.00£0.00i 3.38+0.06g 1.01+0.01a e 19.28+0.20a 1.33+0.01a 13.71+0.21a 0.00+0.00 f 25.30 +£0.37 a2 38.52+0.64 a
Chitosan (1%) 10 3.34+0.10 4.88+0.13 15.52+0.47
g 4.16+0.05f 0.89+0.01 b d 17.48+0.56 b 1.04+0.05bc 14.23+0.35a 1.75+0.13e bc 31.39£1.01 b
Chitosan (1%) 20 6.52+0.17 6.14+0.06 13.04+0.45 20.46+0.74
d 5.3340.10c  0.71+0.02d b ef 0.7740.05d  9.38+0.21c 3.33+0.21b 9.93+0.65d ef
Chitosan 0 4.59+0.06
(1.5%) 0.00+0.00i 3.41+0.05 1.01+0.01 a e 19.23+0.22a 1.32+0.01a 13.62+0.28a 0.00+0.00 f 25.39+0.47 a 38.48+0.71 a
Chitosan 10 2.91+0.11 5.22+0.11
(1.5%) h 4.13+0.06 f  0.90+0.02 b c 17.46+0.52b 1.0840.04b 13.76+0.43a 1.42+0.10 e 15.95+0.54 b 31.52+0.92 b
Chitosan 20 6.99+0.17 6.33+0.04
(1.5%) c 5.2640.10c  0.72+0.03 d b 13.20+0.43e 0.82+0.05d 8.99+0.19 cd 2.83+0.18 ¢ 10.07+0.50 d 20.96+0.80 e

In each column, means that have at least one letter in common, not significant difference at 5% according to LSD test
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ABSTRACT

ARTICLE INFO

Cucumber fruits have a short shelf life in the post-harvest stage due to high
water content, high metabolic activity, and spoilage caused by the growth of
microorganisms. In this research, the effects of putrescine (0, 0.5, 1, and 2 mM)
and chitosan (0, 0.5, 1, and 1.5%) on some characteristics of cucumber fruit
during storage at 12+1 degrees Celsius during storage (0, 10, and 20 days) and
one day at 25 degrees Celsius was investigated. The results showed that chitosan
and putrescine significantly prevent weight loss, maintain total soluble solids,
titratable acidity, pH, firmness, total chlorophyll of skin, and ascorbic acid and
improve the sensory quality of cucumber fruit during storage. The lowest weight
loss and the highest firmness were obtained in the treatment of 1.5% chitosan
and 2 mM putrescine at 10 and 20 days of storage. Also, the highest amount of
soluble solids, titratable acidity, total chlorophyll, vitamin C, total antioxidant,
total phenol, and the lowest amount of pH, and decrease in sensory quality in 10
and 20 storage times related to the treatments of 1.5% chitosan and 2 mM
putrescine that showed a significant difference with the control treatment. 1%
and 1.5% chitosan coating treatments showed no significant difference in other
traits measured during storage, except for weight loss. It seems that pretreatment
of putrescine (2 mM) and chitosan coating (1 to 1.5%) can maintain the quality
of fruits for a more extended period while increasing the storage life of

cucumber.
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