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WEET PEPPERS (Capsicum annuum L. testy red F1, hybrid) were 

grown at Ismailia Governorate during the two successive seasons of 

2011/2012 and 2012-2013. Marketable fruits (3/4 red color) were used to 
study the effect of hot water at  25, 45 and 55ºC and Chitosan (0, 0.5 and 

1%) treatments on the postharvest appearance, compositional quality as 

well as reducing chilling injury symptoms. Samples were stored at 

refrigerated storage (5 or 8ºC and 90-95% RH) for 28 days and were 

monitored weekly. Pepper fruits stored at 8ºC did not show any pitting and 
seed darkening during all the storage periods, whereas this  symptoms 

were noticed in fruits stored at 5ºC after 14 days and became pronounced 

as the storage period extended. All tested treatments were effective in 

reducing weight loss, decay, shriveling, texture loss and chilling injury 

compared with untreated fruit during cold storage. Sweet peppers treated 
with hot water at 45ºC and chitosan at 0.5 or 1% did not develop any 

chilling injury symptoms (expressed as pitting, calyx and seed darkening) 

during 21 days of storage at 5ºC, but after 28 days of storage traces of 

these symptoms were detected. Moreover the previous treatment 

maintained fruit texture, total carotenoids content and reduced decay 
incidence throughout all the storage periods. Therefore, hot water at 45ºC 

and chitosan at 0.5 or 1% are promising treatments for reducing chilling 

injury and maintaining quality of sweet peppers during 28 days of storage 

at 5ºC and 90-95 RH%.                                     

 
Keywards: (Capsicum annuum L.), Temperature, Hot water, 

Chitosan, Storage, Quality, Chilling injury. 

  
Sweet bell pepper is  one of the most important and popular vegetable crops grown 

for both local consumption and export. Bell peppers contains impressive list of plant 

nutrient that are found to have disease preventing and health promoting properties. 

(Howard et al., 2000). Major physiological and biochemical changes occur in pepper 

after harvest due to metabolic activities, which result in quality and nutritional value 

degradation as well as hastening senescence and decay. Moisture loss results not only 

in appreciable weight loss but also in less attractive fruit due to poorer texture and 

wilted tissues, which lower the fruit quality. (Hardenburg et al., 1990 and Kader, 

2002). Cooling is the primary mean of maintaining sweet pepper quality, where it 
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lowers metabolism and decreases water loss, thus it prolong shelf life (Hardenburg  et 

al., 1990, Kader, 2002 and Bayoumi, 2008). Sweet pepper fruit, being of tropical 

origin, are susceptible to chilling injury, if held at temperature lower than 7ºC for 

more than 3 days (Kader, 2002 and Falliket et al., 2009). Lower temperature also 

accelerates incidence of surface mold and decay (Kader, 2002 and Lim et al., 2007). 

Pepper optimal storage conditions are a moderate temperature and a high humidity 

(95-98%) so as to avoid chilling injury. At 7 to 10ºC sound healthy peppers can be 

held for up to 3 weeks, depending on cultivar, state of maturity when picked, and 

post-harvest treatment used (Kader, 2002). Postharvest heat treatments were used to 

minimize moisture loss and decay(Maalekuu  et al., 2003), maintain fruit firmness 

(Fallik et al., 1999 and Abdalla, 2013), retard fruit wilting and maintain fruit 

appearance (Maalekuu et al., 2005), inhibit color development, extend shelf life 

(Gonzalez-Aguilar et al., 1999) and reduce chilling injury (CI) symptoms (Ilic et al., 

2012). Heat treatments offer an ample potential for maintaining fruit quality, which 

affect fruit tolerance to lower temperature and hence reduce the development of CI 

symptoms of sweet pepper during cold storage Bar-Yosef et al., 2009 and Fallik et 

al., 2009).Another important technique that was not investigated intensively, but 

found to have a remarkable effect on maintaining quality and reducing CI symptoms 

is chitosan. Chitosan is a commercial product, It includes chitosan 90-95%. (2-

Amino-2-deoxy-beta-D-glucosamine) EL-Badawy (2014). Chitosan treatment has 

been shown to be a useful tool for enhancing quality maintenance, by retarding water 

loss, fruit softening and delay of ripening (Dong et al., 2004). Chitosan treatment 

reduce decay incidence (Raymond et al., 2012), inhibits fruit respiration (Xing  et al., 

2011),maintains color , extends the shelf life (Fard  et al., 2010) and reduces CI 

symptoms in fruits(MengMeng et al., 2012). The effectiveness of chitosan and hot 

water treatments, alone or in combination to maintain quality and control of storage 

decay of sweet cherries was investigated by Chiloo and Asghari (2011) who found 

that a combined treatment of 0.5% chitosan and hot water at 50ºC for 5 and 10 min 

was the best in controlling decay after 30 days of storage. The present study aims at 

investigating the effect of hot water and chitosan treatments on the maintenance of 

pepper postharvest quality, as well as investigating their impact on reducing CI 

incidence. 

 
Materials and Methods 

 
Sweet pepper (capsicum annum L.) hybrid testy were grown under plastic 

house conditions in private farm at Ismailia Governorate. Seeds were sown in the 

nursery on 8
th

 and 14
th

 of September in 2011 and 2012 seasons, respectively, and 

seedling were transplanted on 24
th

 of October in both seasons. The growing 

plants were subjected to regular inter cultural practices as well as diseases and 

pest control programs recommended by the Ministry of Agriculture for sweet 

pepper production. Storage experiment was carried out during the two successive 

seasons at in the laboratory of Vegetable Handling Research Department., at 

Giza Governorate. Sweet peppers were harvested at 3/4 red color stage and 

transferred directly to the postharvest laboratory. The marketable and uniform 

fruit were randomly dipped in hot water at 25ºC tap water, (control), 45ºC and 
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55ºC for 3 mints each. Then the samples were allowed to dry. Hot water treated 

peppers were sprayed with chitosan at 0.5% and 1% (5 g and 10 g /liter) or with 

tap water (control). Samples of each treatment were randomly packed in 

polystyrene trays, labeled and weighted. Treatments were arranged in a 

completely randomized design with three replicates (trays), each contained three 

fruit. All treatments were stored at 5ºCor 8ºC and 90-95% RH for 1, 2, 3 or 4 

weeks, respectively. All pepper treatments of the two seasons were devoted to 

the following physical and chemical analyses before and after storage. Pepper 

fruit were transferred from cold storage chambers to room temperature (25ºC). 

CI symptoms were evaluated after 5 hours from transferring peppers to room 

temperature. The degree of CI was judged by estimating the surface pitting area, 

calyx and seed darkening. 

 

Weight loss was estimated according to the following equation: 
 

Weight loss % = 
Initial weight of fruits – weight of fruits at sampling date 

× 100 
Initial weight loss 

 
Decay was measured on a scale of 1= none, 2= slight, 3= moderate, 4= severe, 

5= extreme. (Risse & Miller, 1986). 
 
Gloss:   5= none, 4= slight, 3= moderate, 2= severe, 1= extreme. 
 
Shriveling:1= none, 2= slight, 3= moderate, 4= severe, 5= extreme. 

(Risse & Miller, 1986). 
 
Fruit texture was measured using fruit texture analyser Model GS-, serial No 

FTA2 expressed as Lb /inch
2
 

 
Surface pitting area was determined using the following system: 
      Score 1= no abnormality, 2= trace, 3= slight, 4= moderate and 5= severe as     

described by Wang and Qi (1997). 
 
Calyx darkening was estimated according to the following  
      Score: a scale of 1 to 5, with 1= no abnormality, 2= trace, 3= slight, 4= 

moderate and 5= severe as described by Wang and Qi (1997).  
 
Seed darkening was estimated according to the following a scale of 1 to 5, with  
      1= no abnormality, 2= trace, 3= slight, 4= moderate and 5= severe as 

described by Wang and Qi (1997).  
 
Total carotenoids content (mg/100g fresh weight) was determined according to 

A.O.A.C. (1990). 
 
Total soluble solids percentage (TSS) % was measured from the fresh materials 

using PR-101 digital refractometer 
 
Statistical analysis 

Data were subjected to statistical analysis for calculation of means, variance and 

stander error according to MSTATC software. Mean separations were estimated by 

calculating LSD value at 5% level according to Snedecor and Cochran (1980). 
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Results and Discution 

 

Data presented in Table 1 show the influence of hot water treatments, 

chitosan and storage temperature on weight loss of sweet pepper fruits during 

storage in the two seasons (2011/2012 and 2012/2013). In general, stored pepper 

showed significant weight loss as the storage period extended, the highest weight 

loss values were obtained at the end of storage. Similar results were reported by 

Fallik et al. (1999). There were significant differences between hot water, 

chitosan treatments and storage temperature in weight loss in every storage 

period. Moreover, all treatments retained their weight during storage as 

compared with untreated control. After 28 days of storage, sweet peppers treated 

with hot water at 45ºC + chitosan at 0.5% and stored at 5ºC had the lowest 

weight loss (4.52%) followed by hot water at 45ºC+ chitosan at 1% and stored   

at 5ºC (4.73%) with significant differences between them. However, the highest 

weight loss 6.41% was obtained from untreated control either for hot water or 

chitosan treatments and stored at 8ºC in the first season. In general, in all 

treatments and control, sweet peppers stored at 5ºC exhibited the least loss in 

weight, while, peppers stored at 8ºC had the highest. These results in agreement 

with those obtained by Djioua et al. (2010) in fresh-cut mangoes and Chailoo 

and Asghari (2011) in sweet cherry. Weight loss is natural consequence of the 

catabolism of horticultural products, and attributed to respiration and other 

senescence related metabolic processes during storage (Watada and Qi, 1999). 

The favorable effect of chitosan treatment in reducing weight loss may be due to 

the formation of thin layer covering the fruit, which prevents moisture loss, 

reduces gas exchange and subsequently inhibits metabolic activities, resulting in 

lowering weight loss (Raymond et al., 2012). 

 
The results in Table 2 demonstrate the influence of hot water, chitosan and 

storage temperature on decay of sweet peppers during storage in the two seasons. No 

decay was observed in all treatments in peppers stored for 7 or 14 days. However, 

after 28 days of storage there were significant differences between all treatments and 

control. Also, no decay was observed in sweet peppers treated with hot water at 45ºC 

+ chitosan at 0.5 or 1% and stored at 5ºC or 8ºC, and hot water at 55ºC + chitosan at 

0.5% and stored at 8ºC, while untreated control stored at 5ºC had the highest 

incidence of decay.These results agree with those of Chailoo and Asghari (2011) 

who found that chitosan and hot water treatments were effective in reducing decay of 

sweet cherries during storage. Also, Djioua et al. (2010) reported that the 

antibacterial action of chitosan coating of 0.25% was more effective when applied 

with heat treatment at 50ºC for 30 min. to reduce  decay of mangoes during 

storage.Chitosan coating and hot water treatments induce resistance in the host by 

increasing chitinase and b – 1 , 3 glucanase in strawberries (Fajardo et al ., 1998) and 

phenylanine ammonia - lyase (PAL) activity in table grapes (Romanazzi et al., 

2002). Moreover, they increase the level of 6 – methoxy – mullein , the 

principatphytonlexin of carrots (Reddy et al., 1999). Physical treatments elicit 

responses in harvested commodities, increasing enzymatic activity (e-g .PAL, and 

peroxidase) related to host resistance against pathogens (Wilson et al., 1994).  
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TABLE 1. Effect of hot water, chitosan treatments and storage temperature on 

weight loss % of sweet pepper fruits (Testy red F1 Hybrid) during cold 

storage period in 2011 / 2012 and 2012 / 2013 seasons. 

 

Treatments 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 
W

a
te

r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 0.00 a 0.00 a 0.69  c 1.30  a 1.86  d 2.62  a   3.94 g 4.92 a 5.24 g 6.41 a 

0.5% 0.00 a 0.00 a 0.55 cd 1.20 ab 1.49  g 2.51  ab 3.61 i 4.74 bc 5.03 ij 6.00 c 

1% 0.00 a 0.00 a 0.57 cd 1.23 ab  1.80  de 2.50  ab 3.74 h 4.87 ab 5.11 h 6.20 b 

45°C 

0 0.00 a 0.00 a 0.50 cd 1.10 ab 1.72  d-g 2.42  a-c 3.41 j    4.61 e 4.91 k 5.84 d 

0.5% 0.00 a 0.00 a 0.40   a 1.00   b 1.54  fg 2.21  c   3.20 l 4.42 f 4.52 n 5.52 f 

1% 0.00 a 0.00 a 0.42  d 1.06   b  1.62  e-g 2.30  bc 3.30 k 4.46 f 4.73 m 5.64 e 

55°C 

0 0.00 a 0.00 a 0.60 cd 1.20  ab 1.81  de 2.50  ab 3.61 i 4.75 cd 5.10 hi 6.06 c 

0.5% 0.00 a 0.00 a 0.50 cd 1.10  ab 1.62 e-g 2.30  bc 3.42 j 4.62 e 4.82 l 5.84 d 

1% 0.00 a 0.00 a 0.54 cd 1.16  ab 1.74 d-f 2.40  a-c 3.54 i 4.70 d 5.00 j 5.71 e 

2012  ̸  2013 

Control 

25ºc 

0 0.00 a 0.00 a 0.87 cd 1.48 a   2.76 de 3.36 a 4.78 e 6.00 a 5.94 f 7.61 a 

0.5% 0.00 a 0.00 a 0.55 gi 0.88 c   1.93 i    2.69 e 3.83 j 4.54 fg 5.17 jk 6.13 e 

1% 0.00 a 0.00 a 0.69 e  1.05 b   2.43 h  3.11 b 4.50 g 4.91 d 5.66 h 6.32 d 

45°C 

0 0.00 a 0.00 a 0.42 j-l 0.58 f-h 2.51 g  3.12 b 4.49 g 5.00 c 5.22 j 6.52 c 

0.5% 0.00 a 0.00 a 0.36 l   0.48 ij 1.68 lm 2.78 d 2.64 l 3.82 j 4.28 o 5.14 k 

1% 0.00 a 0.00 a 0.40 kl 0.53 hi   1.79 jk 2.90 c 2.20 m 4.10 h 4.57 n 5.32 i 

55°C 

0 0.00 a 0.00 a 0.77 d 1.00 b   2.61 f  2.83 cd 4.60 f 5.83 b 5.64 h 6.94 b 

0.5% 0.00 a 0.00 a 0.45 jk 0.62 e-g 1.86 ij 1.75 kl 3.54 k 4.10 h 4.76 m 5.78 g 

1% 0.00 a 0.00 a 0.64 ef 0.66 e    1.59 n  1.61 mn 3.92 i 4.61 f 5.00 l 5.95 f 
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TABLE 2. Effect of hot water, chitosan treatments and storage temperature on 
decay (score)* of sweet red pepper fruits (Testy red F1 Hybrid) during 

cold storage in 2011/2012 and 2012/2013 seasons.  

  

Treatments 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 
W

a
te

r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 a 1.00 d 3.66 a 2.00 b 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 b 1.00 d 2.00 b 1.33 d 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 b 1.00 d 2.00 b 1.33 d 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.66 c 1.66 c 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.00 e 1.00 e 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.00 e 1.00 e 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 c 1.00 d 2.00 b 1.66 c 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.33 d 1.00 e 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.66 c 1.33 d 

2012  ̸  2013 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.66 a 1.00 d 4.00 a 2.66 b 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 c 1.00 d 2.33 c 1.66 e 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 b 1.00 d 2.33 c 1.66 e 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 c 1.00 d 1.66 e 1.33 f 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.00 g 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.00 g 1.00 g 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 b 1.00 d 2.33 c 2.00 d 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.66 e 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 d 1.00 d 1.66 e 1.66 e 
*Decay Score:   1= none, 2= slight, 3= moderate, 4= severe, 5= extreme. 

 
The influence of hot water, chitosan and storage temperature on gloss of sweet 

peppers during storage in the two seasons is illustrated in Table (3). Results proved 

that sweet peppers in all treatments did not exhibit any changes in their gloss 

among different treatments within 7 days of storage at 5 and 8ºC. However, after 

28 days of storage there were significant differences between all treatments and 

untreated control in gloss. Sweet peppers treated with hot water at 45ºC and treated 

with chitosan at the two concentrations and stored at 5 and 8ºC showed the highest 
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value of gloss, while untreated control stored at 5ºC showed the lowest gloss. 

These results are agreement with Chailoo and Asghari (2011) on sweet cherry , In 

general, in all treatments and control sweet peppers stored at 8ºC had the highest 

value of gloss scores, while those stored at 5ºC gave the lowest ones. These results 

are in agreement with those obtained by Rodriguez et al. (2005) who found that hot 

water treatments were greatly beneficial in improving visual quality of peppers. 

Raymond et al. (2012) reported that the cut peppers coated with chitosan at 1% and 

2% had higher L color value during storage probably due to the added glossiness 

of the coating. On the other hand, the surface lightness of the control treatment 

clearly reduced after storage for 5 day. 

 
TABLE 3. Effect of hot water, chitosan treatments and storage temperature on gloss 

(score)* of sweet red pepper fruits (Testy red F1 Hybrid) during cold 

storage in 2011/2012 and 2012/2013 seasons.   

 

Treatments 

 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 
W

a
te

r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 5.00 a 5.00 a 5.00 a 5.00 a 3.00 f 4.00 d 2.00 f 3.00 e 1.00 g 2.00 f 

0.5% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 d 4.67 b 3.00 e 3.00 e 2.00 f 3.00 c 

1% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 d 4.67 b 3.00 e 3.00 e 2.00 f 3.00 c 

45°C 

0 5.00 a 5.00 a 5.00 a 5.00 a 4.00 d 4.00 d 3.00 e 3.33 d 2.33 e 3.00 c 

0.5% 5.00 a 5.00 a 5.00 a 5.00 a 4.33 c 5.00 a 3.67 c 4.33 a 3.33 b 3.67 a 

1% 5.00 a 5.00 a 5.00 a 5.00 a 4.33 c 5.00 a 3.67 c 4.00 b 3.33 b 3.67 a 

55°C 

0 5.00 a 5.00 a 5.00 a 5.00 a 3.33 e 4.00 d 3.00 e 3.33 d 2.33 e 2.67 d 

0.5% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 d 4.67 b 3.33 d 3.67 c 3.00 c 3.33 b 

1% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 d 4.67 b 3.33 d 3.67 c 3.00 c 3.33 b 

2012  ̸  2013 

Control 

25ºc 

0 5.00 a 5.00 a 5.00 a 5.00 a 3.00 e 3.67 d 2.00 f 3.00 e 1.00 g 2.67 d 

0.5% 5.00 a 5.00 a 5.00 a 5.00 a 3.67 d 4.33 b 3.00 e 3.67 cd 2.00 f 3.00 c 

1% 5.00 a 5.00 a 5.00 a 5.00 a 3.67 d 4.33 b 3.00 e 3.67 c 2.00 f 3.00 c 

45°C 

0 5.00 a 5.00 a 5.00 a 5.00 a 3.67 d 4.00 c 3.00 e 3.67 c 2.66 d 3.00 c 

0.5% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 c 5.00 a 3.67 c 4.67 a 3.33 b 3.67 a 

1% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 c 5.00 a 3.67 c 4.67 a 3.33 b 3.67 a 

55°C 

0 5.00 a 5.00 a 5.00 a 5.00 a 3.67 d 4.00 c 3.00 e 3.33 d 2.33 e 3.00 c 

0.5% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 c 5.00 a 3.33 d 4.00 b 3.00 c 3.33 b 

1% 5.00 a 5.00 a 5.00 a 5.00 a 4.00 c 5.00 a 3.33 d 4.00 b 2.67 b 3.33 d 
                     *

Gloss Score:    5= none, 4= slight, 3= moderate, 2= severe, 1= extreme. 
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Data presented in Table 4 show the influence of hot water, chitosan and 

storage temperature on shriveling of sweet pepper during storage period. Sweet 

peppers appeared normal without any symptoms of shriveling among different 

treatments within 7 and 14 days of storage at 5ºC or 8ºC. However, after 28 days 

of storage there were significant differences between all treatments and untreated 

control in shriveling (symptoms). Sweet peppers dipped in hot water at 45ºC and 

sprayed with chitosan at the two concentrations and stored at 5ºC or 8ºC 

provided the lowest value of shriveling, while untreated control stored at 5 or 

8ºC had the highest values. These results are in agreement with those obtained by 

Maalekuu et al. (2005), who found that sweet peppers treated with hot water at 

55ºC for 15 sec. significantly reduced shriveling and maintained their appearance 

during storage. Also, Rodriguez et al. (2005) reported that the overall visual 

quality significantly improved by hot water treatment at both 2 and 8ºC storage 

conditions for the 28 day storage. For chitosan treatment, Raymond et al. (2012) 

indicated that chitosan treatment reduced respiration rate and improved external 

appearance of green pepper during storage at 5ºC. Also, Fard  et al. (2010) found 

that treating green peppers with chitosan delayed the change in external quality, 

reduced water loss during storage and maintained quality of the fruit. Regardless 

of the treatments results revealed that the lower the temperature of storage, the 

less the percentage of shriveled fruits is achieved. Sweet peppers stored at 5ºC 

were much better in reducing shriveling. Freshness of fruits and vegetables can 

be preserved by reducing respiration rate and transpiration in order to avoid rapid 

quality deterioration, and that is commonly achieved by reducing storage 

temperature. (Kader, 2002 and Hardenburg  et al., 1990). 
        

The results in Table 5 indicate that fruit texture decreased progressively as 

the storage period was prolonged. Similar results are reported by Nora (2013) 

and Abdalla (2013) on sweet peppers. Data also showed that significant 

differences were found between hot water and chitosan treatments on fruit 

texture after 28 days of storage. However, sweet peppers dipped in hot water at 

45ºC and chitosan at 0.5 or 1% and stored at 5ºC or 8ºC had significantly greater 

fruit texture with no significant differences between fruit stored at 5ºC or 8ºC as 

compared with the other treatments and the untreated control. Hot water at 55ºC 

+ chitosan at the two concentrations and storage at 5 or 8ºC were less effective in 

reducing the loss of texture. Comparing the effect of hot water and chito san in 

maintaining hardness, of mango fruit stored at low temperature, Djioua et al. 

(2010) found that hot water dips at 50ºC for 30 min. was more effective than 

chitosan coating (0.25%) during storage at 6ºC. However, hot water and chitosan 

treatment reduced the hardness loss during storage compared with chitosan alone 

or control. The mechanism by which pre-storage heating may affect the cell 

structure and thus maintain fruit firmness was explained by Vicente et al. (2003) 

who  found that heat treated strawberries (45ºC for 3h.) showed delay in 

softening by reduction of endo-1,4-B-D glueanse, B-xylosidasepolyglactonase 

and B-glactosidase activities, while pectin methyl esterase activity was 

enhanced. This heat treatments effect on cell wall degrading enzymes could slow 

down pectin solubilisation by reducing pectin cleavage and by increasing the 

amount of putative sites for calcium bridge formation in the cell wall. The 
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relatively greater texture of sweet peppers dipped in hot water is probably due to 

recrystallization or "melting" of the wax layer which scaled barely visible cracks 

(Fallik et al., 2005). Xing et al. (2011) found that chitosan treatment of peppers 

had significantly lower malondialdehyde (MDA) contents and relative leakage 

rates, as an indicator of membrane integrity, than the control fruit, indicating that 

higher membrane integrity was maintained. 
 

TABLE 4. Effect of hot water, chitosan treatments and storage temperature on 

shriveling (score)* of sweet red pepper fruits (Testy red F1 Hybrid)  

during cold storage in 2011/2012 and 2012/2013 seasons. 
 

Treatments 

 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o
t 

W
a
te

r 

C
h

it
o
sa

n
 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 d 2.66 a 3.00 b 3.66 a 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 e 2.00 c 2.66 c 2.66 c 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 e 2.00 d 2.66 c 2.66 c 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 e 2.00 d 2.33 d 3.00 b 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 g 1.33 f 1.66 f 1.66 f 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 g 1.66 e 1.66 f 1.66 f 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 d 2.33 b 2.33 d 2.66 c 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 f 1.66 e 2.60 c 2.33 e 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 f 1.66 e 2.00 e 2.33 e 

2012  ̸  2013 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 b 2.66 a 3.33 b 3.66 a 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 c 2.33 b 2.33 e 3.00 c 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 d 2.00 c 2.66 d 3.00 c 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 d 2.33 b 2.66 d 3.00 c 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 f 1.33 e 1.66 g 2.00 f 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 f 1.66 d 1.66 g 2.33 e 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 c 2.66 a 2.66 d 3.00 c 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 e 1.66 d 2.00 f 2.66 d 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 e 2.00 c 2.00 f 2.66 d 
* Shriveling Score: 1= none, 2= slight, 3= moderate, 4= severe, 5= extreme. 
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TABLE 5. Effect of hot water, chitosan treatments and storage temperature on fruit 
texture (p/En²) of sweet pepper fruits (Testy red F1 Hybrid) during cold 

storage in 2011/2012 and 2012/2013 seasons. 
 

Treatments 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o
t 

W
a
te

r 

C
h

it
o
sa

n
 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 3.33 a 3.33 a 3.00 bc  2.90 c     2.81 b-f 2.60 f    2.40 j  2.53 ch 1.80 j  2.24 ch 

0.5% 3.33 a 3.33 a 3.14 ab 3.10 a-c 2.87 a-d 2.74 c-f 2.48 hi 2.65 ef 2.00 I  2.35 ef 

1% 3.33 a 3.33 a 3.13 a-c 3.12 a-c 2.70 d-f 2.62 ef 2.45 ij 2.61 ef 2.00 I  2.31 e-g 

45°C 

0 3.33 a 3.33 a 3.16 ab 3.10 a-c 2.94 a-c 2.82 b-f 2.50 hi 2.74 cd 2.32 ef 2.54 b    

0.5% 3.33 a 3.33 a 3.29 a   3.19 ab 3.10 a   3.00 ab 2.81 bc 2.91 a  2.59 ab 2.65 a    

1% 3.33 a 3.33 a 3.25 a   3.11 a-c 3.00 ab 2.94 a-c 2.65 ef 2.82 b  2.55 b   2.60 ab 

55°C 

0 3.33 a 3.33 a  3.08 a-c 2.98 bc 2.90 a-d 2.70 d-f 2.53 gh 2.60 fg 2.20 h  2.35 ef 

0.5% 3.33 a 3.33 a 3.20 ab 3.17 ab 2.90 a-d 2.85 b-e 2.68 de 2.76 bc 2.38 de 2.46 c    

1% 3.33 a 3.33 a 3.18 ab 3.10 a-c 2.80 b-f 2.80 b-f 2.64 ef 2.68 de 2.30 fg 2.44 cd 

2012  ̸  2013 

Control 
25ºc 

0 4.41 a 4.41 a 4.06 cd 3.83 f 3.85 c-f 3.62 f 3.20 f 3.30 ef 2.50 h 3.00 ef 

0.5% 4.41 a 4.41 a 4.10 c 3.92 e 3.94 a-d 3.71 d-f 3.40 c-f 3.48 a-e 2.83 fg  3.18 c-e  

1% 4.41 a 4.41 a 4.11 bc 3.87 ef 3.90 b-e 3.70 e-f 3.38 c-f 3.45 b-e 2.76 g 3.14 c-e 

45°C 

0 4.41 a 4.41 a 4.18 b 4.00 d 4.00 a-c 3.80 c-f 3.49 a-e 3.55 a-d 2.86 fg 3.21 b-e 

0.5% 4.41 a 4.41 a 4.26 a 4.11 bc 4.15 a 3.92 a-e 3.66 ab 3.70 a 3.36 a-c 3.50 a 

1% 4.41 a 4.41 a 4.30 a 4.12 bc 4.10 ab 3.80 c-f 3.67 ab 3.68 ab 3.35 a-c 3.43 ab 

55°C 

0 4.41 a 4.41 a 4.10 c 3.91 e 3.90 b-e 3.72 d-f 3.35 d-f 3.45 b-e 2.72 ch 3.10 de 

0.5% 4.41 a 4.41 a 4.18 b 4.10 c 4.00 a-c 3.80 c-f 3.56 a-d 3.60 a-c 3.18 c-e 3.30 a-d 

1% 4.41 a 4.41 a 4.09 c 4.00 d 4.00 a-c 3.81 c-f 3.41 c-f 3.52 a-e 3.00 ef 3.20 b-e 

 
Concerning the influence of hot water, chitosan and storage temperature on 

pitting of sweet peppers during storage period, data in Table 6 indicate that fruits 

stored at 8ºC did not show any pitting during all storage period. This disorder 

occurred only in sweet peppers stored at 5ºC after 14 days of storage and became 

pronounced after 28 days of storage. However, sweet pepper fruits treated with hot 

water at 45ºC + chitosan at the two concentrations and kept at 5ºC did not develop 

any pitting after 21 days of storage and gave non to traces of pitting on the surface 

after 28 days of storage. On the other hand, sweet peppers treated with hot water at 

55ºC + two concentrations of chitosan and stored at 5ºC resulted in traces of pitting 

at the end of storage period (28 days), while untreated control had severe incidence 

during the same period. These results are in accordance with those obtained by Lim 

et al. (2007) as they found that sweet peppers stored below 7ºC had CI within several 

days. The optimum storage temperature recommended is between 8 – 10 ºC for 

sweet pepper (Kader, 1986, Kehr (2002). Abdul Hakim (1997) indicated that hot 
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water at 46ºC for 90 min could allow longer storage of mature green tomato by 

lowering CI, CO2, ethylene production, and electrolyte leakage. Lurie et al. (1986) 

reported a correlation between the development of heat shock protein during 

storage and prevention of CI, expressed as pitting on the surface of the fruit. 

Sapitnitskaya et al. (2006).suggested that postharvest heat treatments induced fruit 

tolerance to cold temperature and reduced the development of chilling injury CI 

symptoms during cold storage. 

 
TABLE 6. Effect of hot water, chitosan treatments and storage temperature on 

pitting(score)* of sweet pepper fruits (Testy red F1 Hybrid) during cold 

storage in 2011/2012 and 2012/2013 seasons. 

   

Treatments 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 
W

a
te

r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 3.00 a 1.00 c 4.00 a 1.00 f 5.00 a 1.00 g 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 2.33 b 1.00 c 3.00 b 1.00 f 3.66 b 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 2.33 b 1.00 c 3.00 b 1.00 f 3.66 b 1.00 g 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c 1.00 c 2.33 d 1.00 f 3.00 d 1.00 g 

0.5

% 
1.00 a 1.00 a 1.00 a 1.00 a 1.00 c 1.00 c 1.00 f  1.00 f 1.33 f  1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c 1.00 c 1.00 f  1.00 f 1.33 f  1.00 g 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c 1.00 c 2.66 c 1.00 f 3.33 c 1.00 g 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 c 1.00 c 1.33 e 1.00 f 2.00 e 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c 1.00 c 1.33 e 1.00 f 2.00 e 1.00 g 

2012  ̸  2013 

Control 
25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 2.66 a 1.00 b 3.66 a 1.00 c 4.33 a 1.00 d 

0.5

% 
1.00 a 1.00 a 1.00 a 1.00 a 2.00 a 1.00 b 3.00 ab 1.00 c 4.00 ab 1.00 d 

1% 1.00 a 1.00 a 1.00 a 1.00 a 2.00 a 1.00 b 3.00 ab 1.00 c 4.00 ab 1.00 d 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 b 1.00 b 2.67 b 1.00 c 3.33 b 1.00 d 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 b 1.00 b 1.00 c 1.00 c 1.33 d 1.00 d 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 b 1.00 b 1.00 c 1.00 c 1.33 d 1.00 d 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 b 1.00 b 3.00 ab 1.00 c 3.67 ab 1.00 d 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 b 1.00 b 1.33 c 1.00 c 2.33 c 1.00 d 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 b 1.00 b 1.33 c 1.00 c 2.33 c 1.00 d 
*
Pitting Score:1= no abnormality, 2= trace, 3= slight, 4= moderate and 5= severe. 
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Table 7 present the influence of hot water, chitosan and storage temperature 

on calyx darkening. No calyx darkening  were observed in all treatments and 

control after 7 and 14 days of storage at 5ºC and 8ºC and after 21 days at 8ºC. 

Sweet peppers treated with hot water at 45ºC + chitosan at 0.5 and 1% and kept 

at 5ºC did not develop any calyx darkening after 21 days of storage and gave non 

to traces of this character after 28 days of storage. Sweet peppers which dipped 

in hot water at 45ºC + two chitosan concentrations and stored at 8ºC appeared 

normal without any symptoms of calyx darkening after 28 days of storage. These 

results are in agreement with those of Shehata et al. (2009), which revealed that 

sweet peppers dipped in hot water had none to slight discoloration after 9 days of 

storage at 4ºC. Kehr (2002) reported that hot water treatments at 60ºC for 1 min. 

reduced the development of CI and maintained the appearance of sweet peppers 

during cold storage. The favorable effect of hot water treatment in reducing CI 

may be due to that heat treatment induces the production of heat shock proteins 

(HSP) which are involved in chilling prevention (Sabehat  et al., 1996, Porat et 

al., 2000 and Zhang et al., 2005).High relative amount of HSP in peppers 

enabled a better defense mechanism against CI (Bar-Yosef et al., 2009). 

Concerning the effect of chitosan treatment, MengMeng et al. (2012) reported 

that treating summer squash fruit with chitosan coating could postpone the 

appearance of   CI symptoms. 

 

Results of seed darkening are given in Table (8) peppers  stored at 8ºC did not 

show any seed darkening during all storage periods. Concerning the peppers 

stored at 5ºC, significant differences in seed darkening between all treatments 

and control was detected after 21 and 28 days of storage. However, peppers 

treated with hot water at 45ºC + chitosan at the two concentrations and stored at 

5ºC did not show any seed darkening till 21 days of storage and had non to traces 

of this character after 28 days of storage. These results are in agreement with 

those of, Abd-EL-Rahman (1990) who found that sweet peppers stored at 10ºC 

did not develop any symptoms of CI till the end of storage period (30 

days).According to Kader (1986) the optimum storage temperature of sweet 

peppers range between 8-10ºC. Pre-storage heat treatments have been reported to 

induce fruit tolerance to cold temperature and to reduce the development of CI 

symptoms of sweet pepper fruits during cold storage (Bar-Yosef et al., 2009 and 

Mencareli et al., 1993).Hot water treatments of 53ºC for 3 min. for mandarin 

fruit reduced catalase activity during cold storage which was associated with 

increased CI (Sala and Lafuentc, 2000) suggested that hot water treatment (53ºC) 

for 3 min. reduced catalase activity which was  associated with the increase in CI  

symptoms during cold storage of mandarin. Concerning the effect of chitosan, 

MengMeng et al. (2012) found that chitosan reduced the occurrence of summer 

squash CI during storage. 
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TABLE 7. Effect of hot water, chitosan treatments and storage temperature on calyx 

darkening (score) * of sweet pepper fruits (Testy red F1 Hybrid) during 

cold storage in 2011/2012 and 2012/ 2013 seasons. 

 

Treatments 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o
t 

W
a
te

r 

C
h

it
o
sa

n
 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 3.00 a   1.00 c 4.33 a      2.33 c-e 

0.5

% 
1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 ab 1.00 c 3.33 b    1.83 ef 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 ab 1.00 c 3.00 bc 1.83 ef 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 ab 1.00 c 2.66 b-d 1.66 ef 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c   1.00 c 1.66 ef 1.00 f   

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c   1.00 c 1.66 ef  1.00 f          

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 ab 1.00 c 3.00 bc  2.00 d-f    

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 b 1.00 c 2.66 b-d 1.66 ef 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 b 1.00 c 2.33 c-e 1.66 ef 

2012  ̸  2013 

Control 

25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.66 a   1.00 c 4.00 a 2.33 cd 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 ab 1.00 c 3.33 ab 1.66 d-f 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 ab 1.00 c 3.00 bc 1.66 d-f 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 ab 1.00 c 3.00 bc 1.66 d-f 

0.5

% 
1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c   1.00 c 1.33 ef 1.00 f    

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 c   1.00 c 1.33 ef 1.00 f    

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 ab 1.00 c 3.33 ab 2.00 de 

0.5
% 

1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 bc 1.00 c 2.00 de 1.33 de 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 bc 1.00 c 2.33 ef 1.33 cd 
*
Calyx darkening Score:1= no abnormality, 2= trace, 3= slight,4= moderate and 5= severe. 
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TABLE 8. Effect of hot water, chitosan treatments and storage temperature on seed 
darkening (score)* of sweet pepper fruits (Testy red F1 Hybrid) during 

cold storage in 2011/2012 and 2012/2013 seasons. 

 

Treatments 
 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 

W
a

te
r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 
25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 3.33 a 1.00 g 4.66 a 1.00 h 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 c 1.00 g 3.33 c 1.00 h 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 d 1.00 g 3.33 c 1.00 h 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 c 1.00 g 3.66 b 1.00 h 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 g 1.00 g 1.33 g 1.00 h 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 g 1.00 g 1.66 f 1.00 h 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.66 b 1.00 g 3.66 b 1.00 h 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.33 f 1.00 g 2.00 e 1.00 h 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 e 1.00 g 2.33 d 1.00 h 

2012  ̸  2013 

Control 
25ºc 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 3.00 a 1.00 e 4.33 a 1.00 g 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 c 1.00 e 3.00 d 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 c 1.00 e 3.33 c 1.00 g 

45°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.00 c 1.00 e 3.66 b 1.00 g 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 e 1.00 e 1.33 f 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 e 1.00 e 1.33 f 1.00 g 

55°C 

0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 2.33 b 1.00 e 3.66 b 1.00 g 

0.5% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 d 1.00 e 2.00 e 1.00 g 

1% 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.66 d 1.00 e 2.00 e 1.00 g 
*
Seed darkening Score:1= no abnormality, 2= trace, 3= slight,4= moderate and 5= severe 

 
Data presented in Table 9 show the influence of hot water, chitosan 

and storage temperature on carotenoids of sweet peppers during storage. 
There was no significant difference in total carotenoids contents among 
treatments including control after 7 days of storage. However, after 28 
days of storage, the differences were significant. Sweet peppers treated 
with hot water at 45ºC + chitosan at the two concentrations (0.5 and 
1.0%) and stored at 5ºC had the highest carotenoids content compared 
with untreated control stored at 5 or 8ºC. Peppers treated with hot water 
at 45ºC + chitosan at 0.5 and 1.0% and stored at 5ºC had 2.94 and 2.90 
mg/100g F.W with no significant differences between them. In general 
sweet peppers stored at 5ºC had the highest total carotenoids content, 
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while those stored at 8ºC had the lowest content. These results agree with 
those of Fallik (2004) and Shehata et al. (2004) for hot water and Fard    
et al. (2010) and Xing et al. (2011) for chitosan. These results agree with 
Abd-EL-Rahman (1990) who found that sweet peppers stored at 1 and 
4ºC reduced the loss of color and delayed the degradation of green color 
during storage. Lowering the temperature of non-climacteric fruits like 
sweet peppers lowers their rate of ripening and deterioration (Kays, 1991) 
and maintains the retention of green color observed on peppers stored at 4 
and 6.5ºC (Nyanjage et al., 2005).  

 
TABLE 9. Effect of hot water, chitosan treatments and storage temperature on 

carotenoids content(mg/100g fresh weight)of sweet pepper fruits (Testy 

red F1 Hybrid)during cold storage in 2011/2012 and 2012/2013 seasons. 
 

Treatments 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 
 

W
a

te
r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Control 

25ºc 

0 2.50 a 2.50 a 2.62 ab 2.66 ab 2.75 c-f 2.87 a   2.80 e-g 2.70 h 2.30 h 2.22 I   

0.5% 2.50 a 2.50 a 2.60 ab 2.63 ab 2.70 f    2.80 a-d  2.73 gh 2.80 f-h 2.50 cd 2.62 cd  

1% 2.50 a 2.50 a 2.61 ab 2.63 ab 2.73 d-f 2.82 a-c 2.70 h   2.86 de 2.46 fg 2.40 g   

45°C 

0 2.50 a 2.50 a 2.61 ab 2.64 ab 2.75 c-f  2.85 ab 2.97 b   3.00 b 2.60 cd 2.50 ef 

0.5% 2.50 a 2.50 a 2.59 b 2.63 ab 2.69 f     2.80 a-d 2.86 de 2.94 bc 2.94 a 2.73 b   

1% 2.50 a 2.50 a 2.60 ab 2.64 ab 2.74 d-f 2.83 ab  2.87 c-e 3.16 a 2.90 a 2.62 cd 

55°C 

0 2.50 a 2.50 a 2.63 ab 2.66 ab 2.75 c-f 2.83 ab 2.93 b-d 2.99 b 2.55 de 2.48 ef 

0.5% 2.50 a 2.50 a 2.65 ab 2.67 a 2.72 ef 2.79 b-e 2.84 ef 2.95 b 2.79 b 2.65 c   

1% 2.50 a 2.50 a 2.62 ab 2.65 ab  2.70 f    2.80 a-d 2.85 e 2.94 bc 2.78 b 2.60 cd 

2012  ̸  2013 

Control 

25ºc 

0 2.70 a 2.70 a 2.72 fg 2.72 fg 3.32 g 3.52 cd 3.33 j 3.53 gh 3.18 k 3.30 j 

0.5% 2.70 a 2.70 a 2.78 b-f 2.77 c-g 3.48 de 3.71 a 3.48 hi 3.74 c 3.40 hi  3.33 ij 

1% 2.70 a 2.70 a 2.75 e-g 2.76 d-g 3.56 bc 3.46 d-f 3.60 eg 3.53 gh 3.40 hi  3.33 ij 

45°C 

0 2.70 a 2.70 a 2.77 c-g 2.73 e-g 3.43 ef 3.40 f 3.49 bc 3.44 i 3.50 fg 3.36 ij 

0.5% 2.70 a 2.70 a 2.84 a-c 2.84 a-c 3.50 c-e 3.43 ef 3.86 ab 3.89 a 3.90 a 3.60 de 

1% 2.70 a 2.70 a 2.84 a-c 2.83 a-d 3.50 c-e 3.46 c-f 3.82 ab 3.82 ab 3.83 a 3.64 cd 

55°C 

0 2.70 a 2.70 a 2.71 fg 2.70 g   3.53 cd 3.50 c-e 3.64 ef 3.58 eg 3.45 gh 3.36 ij 

0.5% 2.70 a 2.70 a 1.92 h   2.85 ab 3.63 b 3.56 bc 3.72 cd 3.65 de 3.70 bc 3.52 fg 

1% 2.70 a 2.70 a 2.87 a   2.80 a-e 3.40 f 3.53 cd 3.45 i 3.57 fg 3.72 b 3.55 ef 
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Significant differences were detected between hot water, chitosan treatments 

and different temperatures in total soluble solids content after 28 days of storage 

(Table10).  However, sweet peppers dipped in hot water at 45ºC and chitosan at 

0.5% stored at 5ºC exhibited highest TSS content compared with untreated 

control which stored at 5ºC or 8ºC. These results agree with those of Sakaldas 

and Kaynas (2010) who found that sweet peppers treated with hot water had 

higher TSS contents than the control.The higher levels of TSS in the sweet 

peppers coated with chitosan may be due to the reduction of the oxygen supply 

on the fruit surface, which reduced respiration, thus slowing the changes of TSS 

contents (Yonemato et al., 2002). 

 
TABLE 10. Effect of hot water, chitosan treatments and storage temperature on 

total soluble solids% of sweet pepper fruits (Testy red F1 
Hybrid)during cold storage in 2011/2012 and 2012/2013 seasons. 

 

Treatments 
 

Storage period (days) 

0 7 14 21 28 

2011  ̸  2012 

H
o

t 
 

W
a

te
r
 

C
h

it
o

sa
n

 

5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 5°C 8°C 

Contr
ol 

25ºc 

0 9.06 a 9.06 a 8.83a-c 8.72 c 8.62 bc 8.41 d 8.33 gh 8.11 j 7.83 i 7.52 k 

0.5% 9.06 a 9.06 a 8.90 ab 8.84a-c 8.74 ab 8.60 bc 8.52 cd 8.38 h 8.16b-d 8.02 fg 

1% 9.06 a 9.06 a 8.92 ab 8.80a-c  8.70 ab 8.70 ab 8.57 bc 8.42 f 8.10 de 7.95 gh 

45°C 

0 9.06 a 9.06 a 8.91 ab 8.82a-c 8.75 ab 8.52 cd 8.53 c 8.31 gh 8.02 fg 8.11 cd 

0.5% 9.06 a 9.06 a 8.95 a 8.91 ab 8.82 a 8.72 ab 8.64 ab 8.43 ef 8.35 a 8.18 bc 

1% 9.06 a 9.06 a 8.90 ab 8.88a-c 8.74 ab 8.62 bc 8.51 cd 8.32 gh 8.20 b 8.03 ef 

55°C 

0 9.06 a 9.06 a 8.87a-c 8.80a-c  8.70 ab 8.53 cd 8.50c-e 8.20 i 7.93 h 7.65 j 

0.5% 9.06 a 9.06 a 8.92 ab 8.87a-c 8.85 a 8.72 ab 8.65 a 8.45 d-f 8.20 b 8.03 ef 

1% 9.06 a 9.06 a 8.90 ab 8.77 bc 8.70 ab 8.60 bc 8.52 cd 8.38 fg 8.10 df 7.92 h 

  2012  ̸  2013 

Contr

ol 
25ºc 

0 8.50 a 8.50 a 8.22a-c 8.11a-c 8.10b-d 8.00 d 7.61c 7.62 c 7.25d-g 6.80 j 

0.5% 8.50 a 8.50 a 8.40 ab 8.20 a-c 8.28 a-c 8.11b-d 7.90 c 7.52 c 7.50 bc 7.12 f-i 

1% 8.50 a 8.50 a 8.41 ab 8.16 a-c 8.20a-d 8.10b-d 7.84 c 7.41 c 7.45b-d 6.90 ij 

45°C 

0 8.50 a 8.50 a 8.35 ab 8.19 a-c 8.30 a-c 8.20a-d 8.78 a 7.84 c 7.40 c-e 7.20e-h 

0.5% 8.50 a 8.50 a  8.42 a     8.30 ab 8.36 a   8.20a-d 8.10 a-c 7.70c 7.88 a 7.30 c-f 

1% 8.50 a 8.50 a 8.31 a-c 8.20 a-c 8.32 ab 8.14a-d  8.08a-c 7.52 c 7.80 a 7.20e-h 

55°C 

0 8.50 a 8.50 a 8.27 a-c 8.00  c    8.12b-d 8.10b-d    8.64 ab 7.72 c 7.31 c-f 7.06 g-i 

0.5% 8.50 a 8.50 a 8.38 ab 8.17 a-c 8.30 a-c 8.07 cd 8.00 bc 7.62 c  7.65 ab 7.14 f-h 

1% 8.50 a 8.50 a 8.28 a-c 8.10 bc 8.17a-d 8.00 d 8.00 bc 7.41 c  7.52 bc 7.00h-j 
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Conclusion 

 

Sweet peppers treated with hot water at 45ºC + chitosan at 0.5 or 1% stored 

at 5ºC had less CI and better quality during storage. 
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المحافظة على جودة ثمار الفلفل الحلو: تأثير الماء الساخن 

 والشيتوزان

 
د حسينـنعمة محم

*
د فوزى عبد اللهـمحم، ممدوح 

**
، أحمد أبو اليزيد عبد الحافظ

**
   

و راوية البسيونى إبراهيم
*

 
*
معهد بحوث البساتين و  –قسم بحوث تداول الخضر  

**
كلية   –قسم البساتين  

 مصر.  –القاهرة –جامعة عين شمس  –الزراعة 

 
ول ( بقستتم بحتوث تتتدا(Testy F1أجريت  ترربتة تختتزين  متار الالاتت  الحلتو  تت   

مركتز البحتوث الزراعيتتة الم تزر بمزرعتة  ا تتة  –الخضتر بمعهتد بحتوث البستتاتين 

( حيتتتت  2012/2013 – 2011/2012بمحافظتتتتة اعلتتتتماعلية  تتتت ل مولتتتتم  )

تلوين لدرالتة تتي ير المعاملتة ب متس  متار الالات  بالمتا   3/4جمع  الثمار ف  مرحلة 

م( بالإضتافة للت  معاملتة المقار)تة )ال متس بمتا  الصت بور( وكت ل  ˚45،55السا ن )

٪( بالإضتتتافة للتتت  معاملتتتة 1، 0.5معاملتتتة الثمتتتار بمركتتتا التتتتيزو)ا  بزركيتتتز  )

المقار)ة )الرش بمتا  الصت بور( علت  جتواة مابعتد الحصتاا وأضترار البترواة للثمتار 

يتتوم،  28لمتتدة ٪ 95-90م ( ورطوبتة )ستتبية ˚8،  5المخز)تة علتت  ارجزتتر حتترارة )

وتم لحا عي ات ألبوعياً لقيالات جواة الثمتار المظهريتة والحستية والييميا.يتة. هت ا 

م لتتم تظهتتر عليهتتا أ  متتن ˚8وأوضتح  ال زتتا.ر أ  تختتزين  متتار الالاتت  علت  ارجتتة 

أعترا   الز قتر، للتوااا كت  متن اليتيب و البت ور و لت  طتول فزترة الزختزين، بي متتا 

يتوم متن  14م بعتد ˚5الالات  المخز)تة علت  ارجتة  ظهترت هت ة ارعترا  علت   متار

الزخزين. وأات معاملة الثمار بي   من الما  السا ن أو التيزو)ا  للت  تقليت  كت  متن 

معدل الاقد فر الو) ، )سبة الزتال ، اليرمتتة، فقتد القتوام وأعترا  أضترار البترواة 

لثمتتار بالمتتتا  مقار)تتة بالثمتتتار ال يتتر معاملتتتة  تت ل فزتتترات الزختتزين. أات معاملتتتة ا

٪( لزاتتتاا  ظهتتتور أعتتترا  أضتتترار 1أو  0.5م( متتتل التتتتيزو)ا  )˚45الستتتا ن )

البترواة )الز قر،التتوااا اليتيب والبتت ور( طتول فزتترات الزختزين علتت  ارجتة حتترارة 

 ٪.95-90م ورطوبة )سبية ˚5

 

 

 

 

 

 

 


