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Introduction 
 

Bitter gourd (Momordica charantia L.) is an 

important vegetable of Cucurbitaceae family, 

grown across many states in India. It is known 

for its nutritional and medicinal value 

(Sandhya et al., 2000). Bitter gourd is 

climacteric in nature and it exhibit marked 

changes in physiological aspects during the 

entire period of maturation and ripening 

(Kays and Hayes, 1978). The rise in 

respiration and evolution of ethylene are 

accompanied by losses in quality and reduced 

shelf life (Zong et al., 1995). The postharvest 

losses mainly occur due to extrinsic factors 

 

 

 

 

 

 

 

 
viz. temperature, humidity, concentration of 

gas and air circulation that influence the 

postharvest physiology and concomitant 

changes in the chemical composition during 

storage. Due to lack of appropriate 

postharvest handling management, the 

vegetables not only lose the quality but also a 

substantial loss in marketability. So, the major 

challenge is to develop techniques that will 

effectively extend the shelf life while 

ensuring the quality of the vegetables. Most 

of the horticultural products release ethylene 

after they are harvested. Ethylene is a 
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The present study was undertaken to evaluate the influence of laboratory made ethylene 

absorbents particularly Silica gel-permanganate and Celite-permanganate mixture on 

postharvest quality of bitter gourd cv. Meghna-2 under ambient storage conditions 

(temperature 27.2-31.4°C and 69-72% RH) packed in 50µ polypropylene bags (20cm x 

17cm size). The experiment was laid out in completely randomized design with seven 

treatments and replicated thrice. The fruits stored with Celite-KMnO4 mixture maintained 

higher sensory score of 6.00 in storage. The physiological loss in weight of fruits with 

Celite-KMnO4 mixture documented minimum weight loss of 2.04% at the end of storage. 

The fruits treated with Celite+KMnO4 (8 g/kg) recorded no spoilage (0.00 %) respectively 

up to 4 days in storage followed by gradual rise.Celite+KMnO4 8g/kg showed higher 

disease reduction index (100.00 respectively) up to 4 days of storage period. The 

chlorophyll content remained high till expiry of  storage period with maximum retention of 

chlorophyll a (9.00 mg/g), chlorophyll b (4.29 mg/g) and total chlorophyll (13.29 mg/g) in 

Celite+KMnO4 (8 g/kg) mixture respectively. Hence, it was concluded that bitter gourd 

fruits packed with polypropylene films along with Celite-permanganate mixture can 

successfully preserve the major postharvest attributes stored at ambient conditions. 
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phytohormone that initiates and accelerates 

ripening, produces softening, degradation of 

chlorophylls that inevitably leads to 

deterioration of fresh vegetables quality and 

finally consumer’s preference in purchasing 

such vegetables. The threshold level of 

ethylene concentration in air for physiological 

activity is 0.1 µLL
-1 

(Kader, 1985). So, the 

control of ethylene in stored conditions plays 

a key role in prolonging the postharvest life 

which could be achieved through ethylene 

absorbents. The mechanism of action of 

ethylene absorbents is based on the use of 

potassium permanganate (KMnO4), which 

oxidizes ethylene to carbon dioxide and water 

(Prasad and Kochhar, 2014). This can be 

accomplished by using potassium 

permanganate impregnated onto porous inert 

minerals such celite, vermiculite, alumina, 

zeolite and clay (Wills and Warton, 2004). 

The preparation and application of Silica gel-

potassium permanganate and Celite-

potassium permanganate mixture is relatively 

easy and has the benefit of low cost. Studies 

have shown that KMnO4 applications delay 

softening and increase postharvest life 

(Correa et al., 2005; Hassan and Hassan, 

2014). Potassium permanganate formulations 

are available commercially as Purafil, 

Ethysorb, Bloomfresh etc., Besides, 

polypropylene packaging provides modified 

atmosphere which provide shelter against 

environmental factors involved in quality 

degradation and enhances shelf life. To work 

out ways for retaining shelf life of bitter 

gourd fruits, the present study was scheduled 

to investigate the influence of Silica gel-

permanganate and Celite-permanganate 

mixture on postharvest attributes at ambient 

conditions. 

 

Materials and Methods 

 

The experiment was carried out in the 

laboratory conditions of the Department of 

Post Harvest Technology of Horticultural 

Crops, Bidhan Chandra Krishi 

Viswavidyalaya, West Bengal, India. For the 

present experiment, fresh fruits of bitter gourd 

cv. Meghna-2 were used. Uniform fruits 

without injuries were sorted out and washed. 

The fruits were washed with 100 ppm 

chlorine water for 10 minutes using sodium 

hypochlorite (4.4 % w/w, as a source of 

chlorine).  The fruits were surface dried by 

keeping under fan in an airy place. The fruits 

were packed in 50micron (µ) polypropylene 

bags of 20 cm x 17 cm size containing Silica 

gel-permanganate and Celite mixture-

permanganate 2g, 4g and 8g per kg of fruits 

respectively. The bags were sealed and kept 

in storage room. The temperature and relative 

humidity of the atmosphere during the study 

period ranged from 27.2-31.4°C and 69-72% 

respectively. There were seven treatments 

viz., T1- Control, T2- Silica gel + KMnO4- 2 

g/kg, T3- Silica gel + KMnO4- 4 g/kg, T4- 

Silica gel + KMnO4- 8 g/kg, T5- Celite + 

KMnO4- 2 g/kg, T6- Celite + KMnO4- 4 g/kg, 

T7- Celite + KMnO4- 8 g/kg. The Silica gel-

permanganate mixture was prepared in the 

laboratory by mixing 120 mL of 0.1 M 

KMnO4 with 100 g of 16-mesh silica gel and 

drying the slurry at 110°C for 16 hours 

(Forsyth et al., 1967). Celite mixture-

permanganate mixture was prepared by 

spreading 500g KMnO4 on 375g of celite in a 

dish and adding 600 mL of water so that the 

permanganate would permeate the celite 

(Abeles et al., 1971). The analysis of data 

obtained in experiments was analyzed by 

Completely Randomized Design with three 

replications, by adopting the statistical 

procedures of Gomez and Gomez (1984). The 

means between treatments were compared by 

Duncan’s multiple range tests (DMRT) 

(Duncan, 1955). 

 

Sensory evaluation 

 

During the period of study, observations on 

sensory properties were estimated byusing9-
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point Hedonic scale for their sensory 

characteristics like appearance, texture and 

overall acceptability (Kaur and Aggarwal, 

2015). The scores were assigned from 

extremely liked (9) to disliked extremely (1). 

 

Physiological loss in weight (PLW) 

The weight of individual fruit in the 

experiment was taken on the day of 

observation and the percentage of loss in 

weight on the day of observation was 

calculated on the basis of the initial weight 

and expressed in percentage. 

PLW (%) = 

 

 x 100 

 

Spoilage 

 

Spoilage percentage was observed after every 

48 hours and was calculated as described 

below (Bhat et al., 2014). 

 

Spoilage (%) =  

 

 x 100 

 

Disease reduction index (DRI) 

 

The disease reduction index was estimated 

from the numbered fruits of each 

experimental lot at each date of observation 

and disease reduction index was calculated by 

the following formula (Gutter, 1969). 

 

DRI =  

 

 x 100 

 

Chlorophyll content 

 

Chlorophyll a, b and total chlorophyll was 

extracted in 80% acetone and absorption was 

measured at 663 nm and 645 nm by 

spectrophotometer (Systronics 

Spectrophotometer 166) and expressed as mg 

chlorophyll per gram of fresh tissue at regular 

time interval. Using the absorption 

coefficients, the amount of chlorophyll is 

calculated using the following equations 

(Sadasivam and Manickam, 1996): 

 

mg chlorophyll a/ g tissue = 

 

12.7 (A663) – 2.69 (A645) x  

 

mg chlorophyll b/ g tissue =  

 

22.9 (A645) – 4.68 (A663) x  

 

and mg total chlorophyll/ g tissue =  

 

20.2 (A645) + 8.02 (A663) x  

 

where,  

A = absorbance at specific wavelengths 

V = final volume of chlorophyll extract in 

80% acetone 

W = fresh weight of tissue extracted. 

 

Results and Discussion 

 

The sensory properties analyzed on the basis 

of sensory score are presented in table 1. On 

2
nd

 day of storage, all treatments scored fairly 

high sensory properties except control. The 

value of sensory evaluation reduced gradually 

from 4
th

 day onwards. However, the sensory 

score decreased in all treatments which were 

fair to non-acceptable after 6 days in storage. 

The lowest score was recorded in control 

(2.00) and fruits stored with Celite + KMnO4-

8 g/kg scored 6.00 which were significantly 

superior to other treatments. The maintenance 

of sensory qualities during storage can be 

attributed towards the modified atmosphere 

created by PP 50 µ thick packs and Celite-

KMnO4mixture. The ethylene has double 
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bond which makes it a very reactive 

compound that can be degraded in many 

ways. KMnO4oxidizes the ethylene produced 

by the fruit during ripening, thus, extending 

the pre‑ climateric period and the postharvest 

life (Resende et al., 2001). 

 

The physiological loss in weight of bitter 

gourd fruits increased with enhancement in 

the duration of storage whether stored with or 

without ethylene absorbents (Table 2). The 

weight loss increased significantly in all 

treatments with duration of storage. By end of 

6
th

day, maximum weight loss of 3.71% was 

observed in control and minimum loss of 

2.04% was documented in T7 (Celite + 

KMnO4 8 g/kg). The fruits stored with 

ethylene absorbents particularly with Celite-

KMnO4 mixture documented lower weight 

loss at different stages in storage compared to 

fruits stored without ethylene absorbents and 

marketability of these fruits were almost lost 

after 6 days in storage.  

 

The reduction in weight loss is due to the 

barrier properties of PP 50 µ packages which 

limit the permeability of CO2, O2 and water 

vapour followed by ethylene oxidizing 

property ofCelite-KMnO4 mixture. For the 

oxidizing property of KMnO4to be effective it 

needs to have a high surface area exposed to 

the atmosphere and Celite on which KMnO4 

was absorbed has high surface area compared 

to silica gel (Wills and Warton, 2004). The 

slow release of free water due to application 

of KMnO4 reduced the metabolism as well as 

the rate of transpiration which in turn reduced 

the weight loss. These results can be 

correlated with findings of Dutta et al., 

(1991), Emadpour and Rezaee (2008) and 

Zomorodi (2005).  

 

The data presented in table 3 on spoilage of 

bitter gourd fruits as affected by different 

concentrations of silica gel and Celite with 

KMnO4 documented increased spoilage of 

fruits with escalation in storage time. All the 

treatments along with control showed no 

spoilage up to 2 days in storage. However, 

towards the end of 6
th

 day, highest spoilage 

was observed in T1 (control) (93.46 %) and 

lowest(70.18%) in T7 (Celite + KMnO4 8 

g/kg). The results specified more spoilage in 

control and Silica gel-KMnO4 mixture treated 

fruits. The growth of a number of postharvest 

pathogens like the development of the 

decaying fungi like Penicillium and Botrytis 

cinerea is directly stimulated by ethylene. In 

addition, several postharvest plant pathogens 

produce ethylene and this ethylene may 

compromise the natural defenses of the plant 

tissues (Barkai-Golan, 1990; Saltveit, 1999). 

Thus, the modification of atmosphere by 

plastic films and oxidizing agent during 

storage involves reduction in transpiration 

losses, which might have sustained the 

desiccation by retardation of enzymatic 

activities, respiration and ethylene production, 

thus checking pathogen load and maintaining 

shelf life of fruits (Emadpour and Rezaee, 

2008).  

 

The data on the effect of ethylene absorbents 

on the incidence of diseases in bitter gourd 

fruits revealed that application of silica gel-

KMnO4 mixture and Celite-KMnO4 mixture 

recorded no diseases up to 2 days in storage. 

 

However, the maximum DRI was recorded as 

28.94 in Celite + KMnO4 8 g/kg (T7) followed 

by the least index of 0.00 in control by the 

expiration of storage period. All the 

treatments have showed a steady loss of 

protective ability to reduce the decay caused 

by spoilage organisms (Table 4). Application 

of KMnO4 reduced spoilage due to its 

antifungal activity (Lal and Dayal, 2014) and 

enhances shelf-life of fruits by absorbing 

evolved ethylene, slowing ripening process 

and decreasing spoilage (Giraldo et al., 1977).  
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Table.1 Changes in the sensory properties of bitter gourd fruits in storage as affected by the ethylene absorbents 

 

Treatments 

Sensory properties 

Days in storage 

2 4 6 

T1 6.33 a 5.00 a 2.00 a 

T2 7.33 ab 5.33 ab 2.67 ab 

T3 7.67 bc 5.67 ab 3.00 ab 

T4 8.33 bcd 6.33 ab 4.00 bc 

T5 8.00 bcd 6.00 ab 3.67 bc 

T6 8.67 cd 6.67 bc 4.67 cd 

T7 9.00 d 8.00 c 6.00 d 

C.D. (0.05) 1.091 1.391 1.494 

SEm ± 0.356 0.454 0.488 

(Means in the column followed by the same alphabet do not differ significantly by DMRT at 5%) 

(T1- Control, T2- Silica gel + KMnO4 2 g/kg, T3- Silica gel + KMnO4 4 g/kg, T4- Silica gel + KMnO4 8 g/kg, T5- Celite + KMnO4 2 g/kg, T6- Celite + KMnO4 4 

g/kg, T7- Celite + KMnO4 8 g/kg) 
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Table.2 Changes in the physiological loss in weight of bitter gourd fruits in storage as affected by the ethylene absorbents 

 

Treatments 

Physiological loss in weight (%) 

Days in storage 

2 4 6 

T1 
0.77 c 

(1.33) 

1.27 c 

(1.51) 

3.71 d 

(2.17) 

T2 
0.72 c 

(1.31) 

1.22 c 

(1.49) 

2.54 c 

(1.88) 

T3 
0.65 c 

(1.28) 

1.18 c 

(1.48) 

2.53 c 

(1.88) 

T4 
0.43 b 

(1.20) 

1.02 b 

(1.42) 

2.26 b 

(1.81) 

T5 
0.64 c 

(1.28) 

1.13 bc 

(1.46) 

2.43 c 

(1.85) 

T6 
0.39 b 

(1.18) 

0.84 a 

(1.36) 

2.21 b 

(1.79) 

T7 
0.11 a 

(1.05) 

0.78 a 

(1.33) 

2.04 a 

(1.74) 

C.D. (0.05) 0.053 0.052 0.032 

SEm ± 0.017 0.017 0.011 

 

* figures in parenthesis indicates square root transformed values 

(Means in the column followed by the same alphabet do not differ significantly by DMRT at 5%) 

(T1- Control, T2- Silica gel + KMnO4 2 g/kg, T3- Silica gel + KMnO4 4 g/kg, T4- Silica gel + KMnO4 8 g/kg, T5- Celite + KMnO4 2 g/kg, T6- Celite + KMnO4 4 

g/kg, T7- Celite + KMnO4 8 g/kg) 
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Table.3 Influence of ethylene absorbents on spoilage of bitter gourd fruits 

 

Treatments 

Spoilage (%) 

Days in storage 

2 4 6 

T1 
0.00 a 

(0.81) 

18.87 d 

(25.73) 

93.46 d 

(75.83) 

T2 
0.00 a 

(0.81) 

17.40 d 

(24.64) 

88.56 c 

(70.24) 

T3 
0.00 a 

(0.81) 

13.18 c 

(21.24) 

80.65 b 

(63.89) 

T4 
0.00 a 

(0.81) 

8.61 b 

(17.06) 

82.22 b 

(65.06) 

T5 
0.00 a 

(0.81) 

11.45 c 

(19.75) 

81.92 b 

(64.82) 

T6 
0.00 a 

(0.81) 

7.98 b 

(16.37) 

72.34 a 

(58.26) 

T7 
0.00 a 

(0.81) 

0.00 a 

(0.81) 

70.18 a 

(56.88) 

C.D. (0.05) - 1.713 4.284 

SEm ± - 0.559 1.399 

 

* figures in parenthesis indicates square root transformed values 

(Means in the column followed by the same alphabet do not differ significantly by DMRT at 5%) 

(T1- Control, T2- Silica gel + KMnO4 2 g/kg, T3- Silica gel + KMnO4 4 g/kg, T4- Silica gel + KMnO4 8 g/kg, T5- Celite + KMnO4 2 g/kg, T6- Celite + KMnO4 4 

g/kg, T7- Celite + KMnO4 8 g/kg) 
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Table.4 Disease reduction index at different days in storage of bitter gourd fruits 

 

Treatments 

Disease reduction index 

Days in storage 

2 4 6 

T1 100.00 0.00 0.00 

T2 100.00 38.89 8.24 

T3 100.00 43.82 15.77 

T4 100.00 77.77 16.84 

T5 100.00 47.53 15.47 

T6 100.00 88.89 23.51 

T7 100.00 100.00 28.94 

(T1- Control, T2- Silica gel + KMnO4 2 g/kg, T3- Silica gel + KMnO4 4 

g/kg, T4- Silica gel + KMnO4 8 g/kg, T5- Celite + KMnO4 2 g/kg, T6- 

Celite + KMnO4 4 g/kg, T7- Celite + KMnO4 8 g/kg) 
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Table.5 Chlorophyll a, chlorophyll b and total chlorophyll content at different days in storage of bitter gourd fruits 

 

                    Pigment content (mg/g) 

Treatmen

ts 

Days in storage 

2 4 6 

Chlorophy

ll a  

Chlorophy

ll b  

Total 

chlorophy

ll  

Chlorophy

ll a  

Chlorophy

ll b  

Total 

chlorophy

ll  

Chlorophy

ll a  

Chlorophy

ll b 

Total 

chlorophy

ll  

T1 6.96 a 3.31 a 10.27 a 6.49 a 3.09 a 9.58 a 4.65 a 2.21 a 6.87 a 

T2 8.09 b 3.85 b 11.94 b 7.39 b 3.52 b 10.92 b 5.53 b 2.63 b 8.16 ab 

T3 8.77 c 4.18 c 12.95 bc 7.85 c 3.74 b 11.58 bc 5.79 b 2.76 bc 8.55 b 

T4 9.88 e 4.70 de 14.58 de 8.54 d 4.07 c 12.60 c 7.39 d 3.52 d 10.91 c 

T5 9.45 d 4.50 d 13.96 cd 7.85 c 3.74 b 11.59 bc 6.27 c 2.98 c 9.25 b 

T6 10.14 ef 4.83 e 14.97 de 9.23 e 4.40 d 13.63 d 8.54 e 4.07 e 12.61 d 

T7 10.37 f 4.94 e 15.31 e 9.92 f 4.72 e 14.64 e 9.00 f 4.29 e 13.29 d 

C.D. 

(0.05) 
0.345 0.286 1.082 0.281 0.237 1.010 0.303 0.287 1.388 

SEm ± 0.113 0.093 0.353 0.092 0.077 0.330 0.099 0.094 0.453 

(Means in the column followed by the same alphabet do not differ significantly by DMRT at 5%) 

(T1- Control, T2- Silica gel + KMnO4 2 g/kg, T3- Silica gel + KMnO4 4 g/kg, T4- Silica gel + KMnO4 8 g/kg, T5- Celite + KMnO4 2 g/kg, T6- Celite + KMnO4 4 

g/kg, T7- Celite + KMnO4 8 g/kg) 
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The desiccation of fruits was reduced due to 

decline in transpiration losses and pathogen 

development was checked, thus contributing to 

better shelf-life and quality fruits (Roy, 2001). 

These findings are in accordance to earlier 

reports of Emadpour and Rezaee (2008) and 

Zomorodi (2005). 

 

The change in chlorophyll content of bitter 

gourd fruits continued over the entire storage 

period (Table 5). The initial chlorophyll a, 

chlorophyll b and total chlorophyll of bitter 

gourd fruits were 10.62 mg/g, 5.05 mg/g and 

15.67 mg/g respectively. This preliminary 

pigment contents reduced significantly with 

storage time. At the end of storage, the highest 

retention of chlorophyll a (9.00 mg/g), 

chlorophyll b (4.29 mg/g) and total chlorophyll 

(13.29 mg/g) was described in T7 (Celite + 

KMnO4 8 g/kg) and lowest chlorophyll content 

(6.86 mg/g) was reported in T1 (control). The 

results indicated significant differences in 

chlorophyll contents of fruits stored with Celite-

KMnO4 mixture compared to silica gel-

KMnO4mixture.Bitter gourd is a climacteric 

fruit (Kays and Hayes, 1978) and climacteric 

fruits produce ethylene during maturity which 

results in protein synthesis and activating of 

chlorophyllase enzyme. Activity of 

chlorophyllase results in chlorophyll analysis 

and peel colour changes from green to yellow. 

KMnO4 absorbed ethylene and resulted in lower 

activity of chlorophyllase and consequent 

yellowing. Ethylene activity decreased by CO2 

aggregation in PP 50 µ bags which resulted in 

lower chlorophyllase enzyme action and 

chlorophyll degradation. The present result is in 

conformity to the earlier findings of Silva et al., 

(2015), Bal and Celik, (2010) and Thompson 

(2003). The results obtained from present study 

revealed that removal of ethylene with an 

absorbent is beneficial for preserving 

postharvest quality of bitter gourd fruits. Hence, 

it could be concluded that Celite-permanganate 

mixture has the potential to maintain sensory 

qualities, weight loss, decay incidences and 

pigment concentration of fruits packed in 

polypropylene bags under ambient conditions. 
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