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Abstract: The zero energy cool chamber (ZECC) is used as storage for the extension of the shelf life of stored fruits and
vegetables. However, there are limited researches on the use of ZECC for storage of mangos in Nepal. Therefore, the
present study was conducted to qualify the quality and storability of mangos in different storage structures such as ZECC,
room, and freeze conditions. We measured the physiological loss of water (PLW), TSS, and vitamin C of mango under
different storage conditions. This study was conducted at Agricultural Engineering Division, Khumaltar, Lalitpur, Nepal.
Mangos were purchased from local market. They were stored in three different storages such as in ZECC, room condition,
and freeze conditions. The results showed that on eighth days of storage the highest PLW (%) was recorded for the room
storage and the lowest was recorded for ZECC condition. The TSS and vitamin C significantly increased on the eighth
day of storage compared to the first day for all types of storage. On the tenth day of storage, vitamin C was decreased
compared to the eighth day in both ZECC and freeze conditions. The PLW was higher in freeze storage condition
compared to that of ZECC condition. We concluded that mangos stored in ZECC can be stored until the eighth days of
storage after considering both quality and PLW. Our result suggested that ZECC can maintain mango’s quality and
extend its shelf life therefore it can be used as a temporary storage structure for fruits like mangos.
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1. Introduction

Mango (Mangifera indica L.) is originated from eastern India, Assam and Burma [1]. It is one of the important tropical
fruits of Nepal which is cultivated in 9% of the total fruit cultivated area [2]. Mango is cultivated in about 14 thousand
hectares with an average annual production of 100 thousand tons [3]. The local cultivars of mango are Sindhure, Kali,
Supare, and Lohare from the lower hills, and Chinia, Sipiya, Chausa, and Safeda from the Terai and hills region [4]. To
meet the consumers’ demand the production of mango is increasing day by day [5]. After harvesting, the storage of
mango is a major problem due to lack of purchase capacity of farmers of an expensive cooling system in a country like
Nepal. Besides, there is a lack of electricity in rural areas.

Zero Energy Cool Chamber (ZECC) can be a possible solution for storage as it does not requires electricity. Also, they
are eco-friendly and require low cost for its construction [6, 7, 8]. ZECC is a simple type of storage structure which is
used to store fruits and vegetables and consists of outer and inner brick walls with a gap between two walls which is
generally filled with sand. Water is sprinkled on the sand for the cooling purposes [7]. Ganesan et al., (2004) [9] reported
that the shelf life of eggplants was enhanced up to nine days by storing them in ZECC storage. Similarly, several other
researchers reported that storing fruits and vegetables in ZECC increases their shelf life. For example, Narayan et al.,
(2002) [10] conducted research on banana; Prabha et al., (2006) [11] conducted research on lemon; Singh et al., (2010)
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[12] conducted research on aonla fruit; Islam et al., (2012, 2013) [6, 7] conducted research on tomato; Murugan et al.,
(2011) [13] conducted research on grapes; Sharma et al., (2010) [14] conducted research on apple in ZECC conditions.
All of them confirmed that the storage of fruits and vegetables in ZECC condition increases their shelf life. Dirpan et al.,
(2017) [15] reported that ZECC with watering 20 liters of water per day decreases temperature and increases relative
humidity inside ZECC which helps to maintain the quality and storability of fruits and vegetables inside the ZECC. There
is limited research on the quality and storability of mangos stored in the ZECC storage condition. Therefore, this study
was conducted to qualify the quality and storability of mango inside the ZECC.

2. Material and Methods

2.1. Experimental design

This research was conducted at Agricultural Engineering Division, Nepal Agricultural Research Council, Khumaltar from
June to July 2019. Zero Energy Cool Chamber (ZECC) was constructed by materials such as bricks, sand, bamboo, straw,
gunny bag, etc. The double wall was erected and leaving a gap of 7.5 cm between two walls. The gap between the two
walls was filled with river sand. House was constructed with bamboo and wheat straw to protect the ZECC from rainfall
and sunlight. Mango was collected from the local market. Mango was washed with tap water to remove field heat soon
after sorting for uniform size and undamaged product. About fifteen kilograms of mango with no fungal infection were
selected, labeled and weighed initially. Finally, mangoes were stored into three different storage conditions such as
ZECC, room, and freeze conditions.

2.2. Information about storage container

Three perforated crates made from high-density polyethylene were used to store mango. Mangos were placed inside the
perforated plastic crates and stored inside ZECC, freeze and room conditions for evaluation of its quality.

2.3. Effects of storage types on quality of mango

2.3.1. Effects of storage types on physiological loss in weight (PLW) of mango

The physiological loss in weight was measured using an electric balance with an accuracy of 0.01 g. The PLW was
measured by using the following formula:

Physiological loss in weight (PLW), % = (X;-X) x 100 .......... (N
where, X; = Initial weight (g) X = Weight (g) at the end of storage time.
2.3.2 Effects of storage types on total soluble solids (TSS) of mango

The TSS was measured by using Abbe refractometer with a measurement accuracy of ° Brix +0.1%, and three replicates
of TSS samples.

2.3.3 Effects of storage types on vitamin C of mango

The vitamin-C content was determined by 2, 6-dichlorophenol-indophenol visual titration method [16]. Three replicates
of vitamin C were taken.
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2.4. Statistical analysis

The experiment was conducted in a completely randomized design with three replications. The data were analyzed using
one-way ANOVA followed by Tukey’s HSD test (p < 0.05). All analyses were done with STATISTIX 8 (Analytical
Software, Tallahassee, FL, US).

3. Results and Discussion
3.1 Room and Zero Energy Cool Chamber (ZECC) temperature during experiment

Room and Zero Energy Cool Chamber (ZECC) temperature during experiment is shown in Table 1. The room
temperature ranges from 29.4 to 31.7 ° C. However, the ZECC temperature ranges from 23.3 to 25.2 ° C.

Table 1: Room and ZECC temperature during

experiment
Room ZECC
temperature temperature

Month Day °C) (°C)
June 23 29.4 23.3
June 24 30.6 23.9
June 25 31.7 25.2
June 26 30.5 24.4
June 27 29.5 24.5
June 28 30.3 24.2
June 29 29.6 23.5
June 30 29.4 23.4
July 1 31.5 25.0
July 2 31.3 24.7
July 3 30.5 24.4

3.2. Effects of storages types on physiological loss in weight (PLW) of mango

The physiological loss in weight (PLW) of mangos stored inside ZECC, room, and freeze conditions are shown in Fig. 1.
We found significant differences in PLW (%) of mangos stored in the ZECC compared to mangos stored in room
condition. The PLW of mangos stored inside the ZECC were lower than those stored in room and freeze conditions. On
the eighth day of storage, the highest PLW was recorded for mangos stored in room conditions followed by freeze storage
condition. The lowest PLW was discovered for mangos stored in ZECC condition. On the tenth day of storage, the PLW
was 6.33% and 4.17% for mangos stored in freeze and ZECC conditions, respectively. On the tenth day of storage, the
mangos stored in room condition almost decay therefore we did not consider the PLW. Our results were in agreement
with Chien et al., (2007) [17] and Dirpan et al., (2018) [18] who reported that the mango with the higher moisture had
lower PLW and vice versa.
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Fig. 1: Effects of storage types on physiological loss in weight (PLW) of mango with storage days.

3.3. Effects of storage types on vitamin C and total soluble solids (TSS) of mango

The vitamin C of the mango in three different storage conditions is presented in Table 2. The range of vitamin C content
was from 37.12 to 95.88 mg/100g. The vitamin C content on the first day was 49.06 mg/100g which was similar to the
previous study [19]. The highest vitamin C (95.88 mg/100g) was found in ZECC treatment on the eighth day of storage;
however, the lowest (40.72 mg/100g) was recorded in ZECC condition on the tenth day. In general, vitamin C content of
the mango stored in ZECC conditions was significantly higher compared to the room storage condition (Table 2). This
might be due to the lower temperature and higher humidity conditions retards aging through reduced respiration rate and
other undesirable metabolic changes [18].

Table 2: Effects of storage on Vitamin C (mg/100 mg)
content of mango

1st da 8th da 11th da
Treatment y y y
ROOM 49064257  59.2+3.25°
condition -
Freeze _ 82.93+3.54 2 37.12+3.44 2
ZECC _ 05.88+4.39% 40.72+4.022

Same letters are not significantly different (p < 0.05) by
Tukey’s HSD test.

The total soluble solids content (TSS) content in ZECC, freeze, and room storage condition is presented in Table 3. The
TSS in this experiment ranges from 17 to 22 ° Brix (Table 3). There was no significant difference in TSS under ZECC,
freeze, and room storage conditions on the fifth day of their storage. On the seventh day of storage, we also did not find
any significant difference in TSS between ZECC and room storage conditions (Table 3).
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Table 3: Effects of storage types on TSS (° Brix)
content of mango

1st day 5th day 7th day
Treatment
ROOM 4704141 2141.41°
condition -
Freeze . 21.5+0.7% 22.0+141°%
ZECC i} 22.0+2.83% 20.0+2.83%

Same letters are not significantly different (p < 0.05)
by Tukey’s HSD test.

4. Conclusions

In study we clarify the quality and storability of mango under ZECC, freeze, and room storage conditions. Results
revealed that the storage and quality (vitamin C and ° Brix) of mango were increased in ZECC storage
conditions until eighth day of storage. Therefore, we concluded that ZECC can be used as storage structure for storage
of mango.
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