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Abstract: Indian ber cv. ‘Gola’ was harvested at color turning stage and stored at control, 15°C and 10 °C for 35 days of 

storage. Analytical determination was made at 7 d interval.  Storage temperatures were found effective to inhibiting ethylene 

production and maintain lower physiological activities during storage, especially when stored at 10 °C. Weight loss, 

firmness, chilling incidence and ripening index were significantly reduced by lower storage temperature. Overall, this study 
suggested that lower temperature could increase storage period of Indian ber fruit with optimum quality parameters and 

lowest chilling incidence.  
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INTRODUCTION 

 

ndian jujube (Ziziphus mauritiana Lamk) is a 

highly appreciated fruit by consumers due to 

delicious taste and a good source of nutritional 

properties such as amino acids(serine, glutamic acid, 

asparagine, glycine, and threonine), minerals like ca, 

mg, iron and phosphors, vitamins (vitamin C, A and 

B complex) sugars, organic acids and different 

polyphenols (Shobha and Bharati, 2007). However, 

the short shelf life and quick degradation in health 

promoting compounds after harvest is an important 

issue for its distribution in international trade (Jat and 

Lakhawat, 2021). Therefore, appropriate horticultural 

technologies with cold storage are needed. In this 

sense, researchers have tried different technologies 

like MAP storage, CA storage, different coatings and 

wrapping materials and application of different 

agrochemical results in improvement of shelf life of 

this fruit. However, the efficacy of these postharvest 

measures are still limited and having problems with 

high weight loss, decay, microbial infection and fruit 

cannot be stored more than 1 week at ambient 

temperature (Rache, et al., 2019). As an alternative to 

replace these high cost technologies, a lower 

temperature storage technology are used to increase 

the shelf life of Indian jujube and maintain 

postharvest quality with high consumer acceptability 

and without leaving residues any on the fruit surface.   

 

MATERIALS AND METHODS 

 

Fruit material and experimental design  

Jujube fruit cv. ‘Gola’ were harvested at 

commercially matured stage from Research orchard 

Bikaner, On arrival, fruits were divided into three 

lots (150 fruits/ lots) and were subjected different 

storage temperature (control, 15 °C and 10 °C). Each 

fruit lots were packed into 5 LDPE bags (10 fruits 

per bag in triplicates) and stored for 35 days.   

Analytical determinations 

Physiological parameters 

Weight loss of each fruit packages were calculated as 

per cent with respect to the initial weight (0 rd). 

Respiration rate (RR) and ethylene production rate 

(EPR) were determined by using a “Digital 

Dansensor PBI Gas Analyzer (model 6600) from 

Systech Instruments,Thame, OX, UK and "Gas Alert 

Micro 5 PLD PV pump module" (Voilen, Canada), 

respectively. For this purpose, ten fruit were placed 

in a "2 L glass jar" hermetically sealed with rubber 

stopper for 1 hrs and fruit RR and EPRwere 

quantified by inserting a needle into the headspace of 

glass jars according to previous report (Jat and 

Lakhawat, 2021).  

Firmness and chilling injury 

Firmness content of three fruits per treatment in 

triplicates was determined using a Texture Analyzer 

(Model TA. XT Plus, Stable Micro Systems Limited, 

United Kingdom) and results were expressed as 

N/nm. Chilling injury index (%)of fruit were 

critically analyzed by 10 panelist based on 4 rating 

scale; 0, no pitting sign; 1, ˂ 25% fruit skin show 

pitting sign; 2, ˃25%, but ˂ 50%, fruit skin show 

pitting sign; 3, ˂75%, but ˃50%, fruit skin show 

pitting sign and 5, ˃ 75%, fruit skin show pitting 

sign),according to equation suggested by Ding et al. 

(2001). 

 
Sensory attributes  

Decay (% ) 

Decay (%) of fruit were evaluated to observe the 

impact of irradiation on the preference of the product 

by the consumer. For this purpose, we assessed 10 

fruit per treatment in triplicate. Fruits sowing 

infection by fungus mainly Rhizophus and 

Colllletotrichum species, which makes the fruit soft 

and affected fruit develop bad order were considered 

decayed and discarded. Decay was expressed as a 

percentage. 
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Taste and total flavor 

The taste and flavour (sweetness, sourness and 

aroma) of fruit were assessed by a penal of five 

judges. Penal assessed fruit-based on taste and 

aroma. The score was determined on a 0-10 scale 

after arranging the rating offered specialists. 

       Category   Mark ̸ Range     

        Excellent          7-10 

        Very good          5-6.9 

        Good          2-4.9 

         Poor          0-1.9 

Overall organoleptic evaluation 

The organoleptic-assessment of ber fruit was made a 

decision by the visual observation and based on 

palatability, scored from 1 to 9 on the Hedonic rating 

scale. For this purpose, a board of five judges, who 

analyzed the surface and pulp colour, texture, 

sweetness and overall acceptance of the fruit. The 

organoleptic-evaluation of fruit was examined as 

long as 35th days at seven days interim of storage 

period (Amerine, 1965). 

Category Marks  

Like extremely  9 

Like very much  8 

Like moderately  7 

Like slightly  6 

Neither like nor dislike 5 

Dislike slightly  4 

Dislike moderately  3 

Dislike very much  2 

Dislike extremely 1 

Statistical analysis  

All the parameters were analyzed in triplicates under 

completely randomized block design (CRD). 

Recorded data were analyzed using analysis of 

variance (ANOVA) with the help of SPSS software 

and mean were analyzed by using DMRT at (p<0.05) 

level.  

 

RESULTS AND DISCUSSION 

 

Weight loss 

Low-temperature storage of fruit also helped in 

reducing weight loss significantly. At 35th day of 

storage, the minimum PLW in ‘Gola’ (10.11%) was 

recorded at 10°C, while, maximum (12.54%) at 

15°C. No fruits were survived after 21st day of 

storage at ambient temperature. The efficacy of 

storage temperature in reducing PLW and increasing 

storage period of fruit in comparison to control 

(ambient = 22±2ºC) as observed in present study can 

be corroborated by the results of Bal et al. (2010) in 

ber fruit. The possible reason for reduction in weight 

loss in fruit by lowering metabolic activity rate at 

which water is lost depends on the water pressure 

gradient between the fruit tissue and the surrounding 

atmosphere (Meena et al., 2009). 

Respiration and ethylene production rate  

The response of different storage temperature 

(ambient, 15 and 10°C) on respiration rate (ml CO2 

kg-1 h-1) and ethylene production rate up to 35th day 

of storage are illustrated in Table 4.1. The findings of 

present investigation showed that respiration rate was 

highly influenced by storage temperature. The 

respiration climacteric top was observed on 7th, 14th 

and 21st day of storage under ambient, 15 and 10°C 

temperature, respectively. Respiration rate of jujube 

fruit was continuously decreased after reaching 

climacteric peak till the end of storage.  Similar 

trends of ethylene production were observed during 

storage. At the end of storage, the maximum 

respiration rate and ethylene production rate in 

‘Gola’ (41.40 ml CO2 kg-1 h-1 and 42.54 µl C2H4 kg-1 

h-1, respectively) were recorded at 10 °C as compared 

to 15°C. The positive impact of storage temperature 

in respiration rate and ethylene production over 

control as observed in present study are agreement 

with the results of Prasanna et al. (2000) in custard 

apple. It is possible that low temperature 

significantly reduced the respiratory activities of 

fruit, resulting lowering the metabolic processes and 

ACC, ACO, PG, PME enzymes activity (Jat et al., 

2012).  

Firmness (N/nm) 

Jujube is a soft fruit that suffers from a rapid loss of 

firmness, which contributes to its short shelf-life and 

susceptibility to fungal attack (Pareek et al., 2009). 

Fruit firmness inber fruits continuously decline from 

beginning of experiment to the end of storage period 

i.e. up to 35th day of storage. However, the rate of 

reduction in firmness was significantly slower in fruit 

stored at lower storage temperature. Moreover, on 

35th day of storage, the maximum firmness in ‘Gola’ 

(43.45 N) was recorded at 10 °C whereas, minimum 

in 10°C.  No fruits were survived after 21st day of 

storage at ambient temperature due to high decay 

loss. In previous study, it has been reported that 

polygalacturonase and pectin methyl esterase 

activities are associated with Indian jujube fruit 

softening (Sharma et al., 2000). Therefore, it is 

possible that the higher retention of fruit firmness in 

Indian jujube by low temperatures was related to the 

inhibition of PME and PG activities and hence of cell 

wall degradation. The change in PG activity seems to 

correlate with the solubilisation of pectin in Indian 

jujube fruit (Kovacs et al., 2010).  

Chilling injury index  

Indian jujube is a subtropical fruit and susceptible to 

low temperature injury. The results of present 

investigation showed that chilling symptoms were 

not appeared in fruit stored at ambient temperature 

(21 ± 2°C) whereas, it was seen on 28th days of 

storage in fruit stored at 15°C and 10°C. Moreover, 

the intensification of CI symptoms was significantly 

(p≤0.05) lower in fruit stored at higher temperature. 

In addition, the highest CI index in ‘Gola’ (0.95) was 

recorded at 10°C, as compared to minimum at 15°C 

(0.61). Results are conformity with Singh and Rao 
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(2005) in papaya fruit. The accumulation of 

anthocyanins and flavonoids in the peel of fruit is 

protects against the chilling injury, probably because 

of the antioxidant capacity of these polyphenols 

inhibiting lipid peroxidation resulting low chilling 

incidence (Gonzalez-Aguilar et al., 2003). 

Sensory attributes 

Low Temperature could be attributed to slow the rate 

of respiration and transpiration in fruit which help in 

maintaining higher sensorial score during storage. 

Flavor score was increased till climacteric top and 

thereafter decreased with senescence (35th day of 

storage). The maximum flavor score in ‘Gola’ (3.93) 

were recorded at 10 °C temperature, whereas, 

minimum (3.57) at 15 °C (Table 2). As for as taste 

score is concern, the taste score rise and fall 

coincides with ripening and senescence. On 35th day 

of storage, the maximum taste score (3.98) in ‘Gola’ 

was recorded at 10°C, and minimum (3.73) at 15 °C.. 
A significant variation in the overall organoleptic 

score was observed in cultivar i.e. ‘Gola’ during 35th 

day of storage. The maximum organoleptic score 

(4.32) in ‘Gola’ was recorded at 10°C, whereas, 

minimum at 15 °C. However, No fruits were 

survived after 21st day of storage.  The usefulness of 

storage temperature in maintaining higher sensorial 

attributes and prolonging the storage life of fruit in 

comparison to control (ambient = 22±2ºC) as 

observed in present study can be corroborated by the 

results of Kovacs  et al. (2010), Bal et al. (2010) and 

Tembo et al. (2008) in ber fruit stored at lower 

temperature. The possible cause behind this may be 

due to the lower storage temperature help in delaying 

ripening, synthesized much volatile compounds for 

better flavor, high firmness, colour and retained 

higher Acid:TSS ratio for good taste resulting higher 

ovar all sensorial score. The present findings were 

also supported by Bal, (1982) and Jawandha et al. 

(1980). Lower storage temperatures also help in 

reduction of phyto-chemical, ellagic acids formation 

which reduces bitterness score. The surface pitting 

was higher at low temperature because fruit are 

sensitive to chilling.injury.                                                                                                                     

 

CONCLUSION  

 

Being a climacteric nature of jujube fruit ripening 

increased from green mature to fully ripe stage, then 

again declined in over-ripe fruits. Further studies 

should be done to characterize the physiology of 

Indian jujube fruits. Research should include 

chemical and biochemical changes, physiology under 

different low temperature, packaging, handling and 

reliable maturity indices and international standards 

with respect to quality should be developed.

 

Table 1. Weight loss, respiration rate, ethylene production rate, firmness and chilling injury index of Indian ber 

fruit cv. ‘Gola’ at different storage regimes  
Storage temperature Storage period (d) 

 7 14 21 28 35 

Weight loss (% ) 

Ambient  

1.64 c   6.34 c 10.66 c 

— — 

15°C 
1.33 b 5.14 b 9.80 b 10.83 b 12.54 b 

10°C 

0.70 a 3.13 a 6.29 a 8.48 a 10.11 a 

Respiration rate (ml CO2 kg-1 h-1) 

Control 
73.71 c 48.84 a 39.54 a — — 

15°C 
64.64 b 70.05 c 55.94 b 45.83 a 38.48 a 

10°C 
60.34 a 62.19 b 65.77 c 48.10 b 41.40 b 

Ethylene production rate (µl C2H4 kg-1 h-1) 

Control 

76.92 c 50.03 a 42.17 a 

— — 

S15°C 

67.89 b 72.52 c  58.13 b 47.48 a 40.89 a 

10°C 

64.05 a 65.83 b 69.00 c 49.26 b 42.54 b 

Firmness (N/nm)  

Control 

72.15 a 60.54 a 35.68 a — — 
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15°C 

76.80 b 67.10 b 58.98 b 49.36 a 37.77 a 

10°C 
79.79 c 69.20 c 65.76 c 51.83 b 43.45 b 

Chilling Injury Index 

Control 

0.00 

0.00 0.00 — — 

15°C 0.00 0.00 0.00 

0.29 a 0.61 a 

10°C 0.00 0.00 0.00 

0.44 b 0.95 b 

Different superscript letters within a column are significantly different at p < 0.05. 

 ‘—’ denotes no fruit survive after 21 days of storage 

 

Table 2. Decay, total flavor, taste and overall acceptability of Indian ber fruit cv. ‘Gola’ at different storage 

regimes 

Storage temperature Storage period (d) 

 7 14 21 28 35 

Decay (%  ) 

Ambient  
0.00 19.88 25.58 a — — 

15°C 
0.00 0.00 10.76 b 11.42 a 20.45 a 

10°C 
0.00 0.00 7.53 c 9.88 b 14.71 b 

Total flavor  

Control 
7.15 a 5.83 c 3.92 c 

— — 

15°C 
5.45 b 7.02 a 5.30 b 4.87 b 3.57 b 

10°C 
5.08 c 6.87 b 7.35 a 5.63 a 3.93 a 

Taste score  

Control 
8.37 a 6.22 c 3.15 c 

— — 

15°C 
6.20 b 8.43 a 7.10 b 5.22 b 3.73 b 

10°C 
5.60 a 7.28 b 8.50 a 6.70 a 3.98 a 

Overall acceptability score 

Control 
8.30 a 6.35 c 3.96 c 

— — 

S15°C 
6.70 b 8.22 a 6.51b 5.54 b 3.95 b 

10°C 
6.30 c 7.76 b 8.40 a 6.35 a 4.32 a 

Different superscript letters within a column are significantly different at  p < 0.05. 

 ‘—’ denotes no fruit survive after 21 days of storage 
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