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Abstract Effect of zero energy cool chamber (ZECC)
along with post-harvest treatments including CaCl,, mus-
tard oil and K SO, separately on shelf-life and fruit quality
attributes of Indian gooseberry or aonla (Emblica officinalis
Gaertn) during storage under semi-arid ecosystem of Gu-
jarat was studied. Increase in physiological loss in weight
(PLW), spoilage loss, total soluble solids, total sugar and
reducing sugars, reduction in titratable acidity and ascorbic
acid were observed during storage period in all the treat-
ments. Fruits treated with 1.5% CaCl, and stored in ZECC
recorded least PLW (16%), spoilage loss (16.5%), respira-
tory activity (83 mg CO, /kg/h) and exhibited 11 days of
shelf-life, while untreated control had 6 days economic life.
It was closely followed by 1% CaCl, + ZECC treatment.
Fruits stored in ZECC recorded 9 days shelf-life. Highest
respiration rate was in control (88.1 mg CO, /kg/h) on 13
day of storage. It may be concluded that 1.5% CaCl, and
storage in ZECC treatment was found most efficient to re-
tain the fruit quality attributes till 13" day of storage under
semi-arid environment of western India.
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Introduction

The aonla or Indian gooseberry (Emblica officinalis
Gaertn.) is highly nutritive and is the richest source of
vitamin-C among the fruits except Barbados cherry (Malpi-
ghia glabra L) (Singh and Pathak 1987). Its cultivation has
recently gained significance in Gujarat owing to its adapt-
ability to varied agro-climatic conditions, comparative tol-
erance to various pests and diseases and high remunerative
returns. Though, the fruits of aonla are firm and can easily
be transported to the distant market, its storage stability
needs to be explored particularly under harsh ecosystem of
Gujarat. Effect of CaCl, or K SO, treatment and storage on
quality of ber fruits is reported in Part I of the paper. This
paper reports some aspects on quality of aonla fruits.

Materials and methods

Hand picked mature and healthy aonla fruits of uniform
size, free from pest and diseases, injuries, bruises and blem-
ishes were selected from the experimental orchard of the
laboratory during the year 2006 and 2007 and subjected to
post-harvest treatments. The treatments were control (T)),
ZECC (T,), CaCl, 1% (T,), CaCl, 1.5 %; (T,), CaCl, 1% +
ZECC (T,), CaCl, 1.5% + ZECC (T,), mustard oil 2% oil
emulsion (T.), mustard oil 2% oil emulsion + ZECC (T)),
K,SO, 2% (T,), and K,SO, 2 % + ZECC (T, ). The experi-
mental design and fruit quality analysis are as described in
the previous paper.

Results and discussion

There was a sharp increase in PLW of fruits stored at room
temperature where as the increase in PLW was very slow
in fruits stored in ZECC (Table 1). CaCl, 1.5 %+ ZECC
(T,) was the most effective treatment in retaining the fruit
weight in all the days of observations and showed only 16%
PLW on day 13 of storage followed by CaCl, 1.5 %+ ZECC
(16.5%) (T,). The highest PLW (25.1%) was recorded in
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the control (T,) on the day 13 of storage. Kumar and Nath
(1993), and Dhemre and Wasker (2003) also recorded simi-
lar trends during storage of aonla and mango fruits in ZECC.
Spoilage of aonla fruits started on the day 5 of storage in all
the treatments except CaCl, 1.5% + ZECC (T,) where it
started on day 7 of storage (Table 1). The minimum spoil-
age loss was recorded in CaCl, 1.5 % + ZECC (T6) which
was closely followed by CaCl, 1% + ZECC (T,) while the
maximum was in the control (T,) on day 13 of storage. The
fruits treated with CaCl, 1 or 1.5% proved to be superior to
the fruits treated with mustered oil 2% emulsion (T, T,)and
K,SO, 2% solution (T,, T ).

On the basis of spoilage within 12%, the maximum eco-
nomic shelf-life (11 days) was exhibited by CaCl, 1.5%+

ZECC (T). The untreated control (T,) recorded 6 days of
shelf-life.

The TSS of fruits increased during storage irrespective
of post-harvest treatments (Table 2). The TSS was maxi-
mum (13.9%) in the control (T,) and minimum with CaCl,
1.5 %+ ZECC (T,) on the last day of storage. Increase in
TSS during storage was associated with the transformation
of pectic substances, starch, hemi cellulose or other poly-
saccharides in soluble sugar and also with the dehydration
of fruits (Bhullar et al. 1981, Hoda et al. 2000). Singh et
al. (1987) reported similar results in grapes when stored in
ZECC. Titratable acidity of fruits decreased continuously
during storage regardless of post-harvest treatments. The
minimum acidity (1.36 %) was in control (T,) on the last

Table 1 Physiological loss in weight (PLW), spoilage loss and economic shelf-life (ESL) of aonla fruits during 3—13 days (D) of

storage
Treatments (T) PLW, % Spoilage loss, % ESL, days
3 5 7 9 11 13 5 7 9 11 13
T, (Control) 43 81 120 16.1 20.0 25.1 7.5 13,5 140 20.0 35.0 6
T, ZECC 34 638 92 11.8 13.0 17.5 20 51 101 16.0 21.0 9
T, CaCl, 1% 35 69 94 12.1 14.1 18.9 30 60 108 172 215 9
T,CaCl, 1.5 % 34 69 92 122 14.0 18.8 30 55 107 17.0 212 9
T, CaCl, 1% + ZECC 23 53 85 102 126 16.5 12 35 88 132 170 9
T, CaCl, 1.5% + ZECC 22 51 8.0 100 12.1 16.0 00 30 75 11.0 16.0 11
T, Mustard oil 2% emulsion 36 69 101 12.0 148 19.0 30 75 131 182 221 7
T8 Mustard oil 2% emulsion+ 31 638 9.0 11.5 13.1 17.4 20 50 95 154 200 9
ZECC
T,K,SO, 2% 35 69 100 122 147 19.1 30 72 130 18.0 22.0 7
T, K,SO, 2%+ ZECC 31 638 9.0 113 132 17.5 20 50 95 155 202 9
C D (p=0.05) T=0.15,D=0.18, D x T=0.24 T=0.08, D=0.13,D x T=0.23

ZECC: Zero energy cool chamber

Table 2 Changes in total soluble solids (TSS) and titratable acidity during 1-13 days (D) storage of aonla fruits

Treatments
(T) TSS, % Titratable acidity, %

1 3 5 7 9 11 13 1 3 5 7 9 11 13
T, 9.5 10.0 1.1 119 12.0 13.1 13.9 1.90 1.80 1.70 1.60 1.50 1.40 1.36
T, 9.3 9.5 10.5 112 11.8 122 132 1.92 1.85 1.75 1.70 1.58 1.52 1.44
T, 9.1 9.7 10.7 114 11.8 124 13.1 1.90 1.84 1.74 1.68 1.54 1.50 1.42
T, 9.1 9.6 10.6 11.3 119 123 131 1.90 1.84 1.75 1.67 1.54 1.50 1.42
T, 9.2 9.4 10.1  11.0 11.1 119 123 1.92 1.89 1.80 1.73 1.68 1.61 1.59
T, 9.1 9.3 10.0 10.8 11.0 11.8 122 1.90 1.90 1.82 1.75 1.70 1.63 1.60
T, 9.2 9.8 109 1.7 119 12,5 13.0 1.90 1.84 1.75 1.63 1.52 1.48 1.40
T, 9.0 9.4 104 11.1  11.6 121 12.8 1.91 1.86 1.79 1.64 1.59 1.52 1.47
T, 9.0 9.8 10.8 1.7 119 125 13.0 1.92 1.84 1.75 1.63 1.52 1.48 1.40
T, 9.2 9.4 104 11.1 117 121 12.8 1.90 1.87 1.79 1.64 1.59 1.52 1.48
CD T=0.08, D=0.13, D x T=0.22 T=0.01,D=0.02 D x T=0.03
(p=0.05)

T,-T,,: As in Table 1
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Table 3 Changes in total sugar and reducing sugar during 1-13 days (D) storage of aonla fruits

Treatments
(T) Total sugar (%), in days after harvest Reducing sugar (%), in days after harvest

1 3 5 7 9 11 13 1 3 5 7 9 11 13
T, 6.1 6.9 7.1 7.5 7.9 8.1 8.2 4.2 4.5 4.6 4.8 5.0 5.3 5.4
T, 6.1 6.5 6.7 7.0 7.4 7.6 7.7 4.1 43 4.5 4.7 4.8 5.0 52
T, 6.3 6.5 6.8 7.0 7.5 7.1 7.7 4.1 44 4.6 4.8 49 5.1 53
T, 6.2 6.5 6.7 7.0 7.5 7.6 7.7 4.0 4.4 4.6 4.8 4.9 5.1 5.3
T, 6.0 6.3 6.6 6.9 7.1 7.2 7.6 4.0 42 4.4 4.6 4.7 4.9 5.1
T, 6.1 6.2 6.5 6.8 7.0 7.2 7.5 4.1 42 4.3 4.5 4.7 4.8 5.0
T, 6.1 6.6 6.7 7.0 7.5 7.7 7.8 4.1 4.4 4.6 4.8 5.0 52 5.4
T, 6.1 6.4 6.7 6.9 7.3 7.4 7.6 4.1 43 4.5 4.7 4.8 5.0 52
T, 6.1 6.6 6.8 7.0 7.6 7.7 7.8 4.0 44 4.6 4.8 49 5.1 53

0 6.0 6.4 6.7 6.9 7.4 7.5 7.6 4.1 43 44 4.6 4.8 5.0 5.1

CD (p=0.05) T=0.14, D=0.53, D x T=0.73 T=0.07, D=0.06, D x T=0.13
T,—T,,: As in Table 1
Table 4 Changes in ascorbic acid and respiration rate during 1-13 days (D) storage of aonla fruits
Treatments
(T) Ascorbic acid, mg/ 100g Respiration rate, mg CO,/kg/h

1 3 5 7 9 11 13 1 3 5 7 9 11 13
T, 5902 520.7 460.6 4159 3905 3504 3404 72.1 74.0 75.1 79.1 821 850 88.1
T, 5924 546.8 490.7 460.6 4003 390.5 370.7 72.1 73.5 740 76.1 78.0 825 858
T, 590.5 540.6 480.6 438.6 3904 380.5 3609 72.0 73.6 742 765 785 835 86.1
T, 5904 5424 4829 4589 3927 3823 3628 720 73.6 74.1 762 781 83.0 86.0
T, 5934 550.5 508.6 478.8 4258 4054 390.0 72.1 73.1 735 745 77.0 81.0 84.0
T, 594.6 5554 5109 4803 430.7 4122 3902 72.0 73.0 734 741 76.0 80.0 83.0
T, 5903 5351 578.0 450.8 3804 3784 3353 72.1 73.8 745 77.0 79.0 839 86.2
T, 590.5 5484 502.5 470.6 4223 3952 380.5 72.0 73.3 73.8 752 776 82.0 855
T, 590.5 534.6 4755 4483 3783 370.1 3325 72.0 73.7 744 768 79.0 83.8 863
T, 5929 5475 5013 448.8 4232 3943 3828 720 73.2 737 751 775 81.8 855
CD (p=0.05) T=8.30, D=9.13, D x T=15.10 T=0.54, D=0.75, D x T=0.91

T,~T,,: Asin Table 1

day of storage, while the maximum was observed in CaCl,
1.5%+ ZECC (T,). The reduction in acidity during storage
might be associated with the conversion of organic acids
into sugars and their derivatives or their utilization in respi-
ration (Bhullar et al. 1981, Dhemre and Wasker 2003). The
treated fruits could maintain a higher level of acidity up to
last day of storage. Similar findings have been reported by
Singh et al. (1987), Dhemre and Wasker (2003) in grapes
and mango, respectively.

Total and reducing sugars increased during storage
in all the treatments (Table 3). It was maximum in control
(T,) and minimum in the fruits treated with CaCl, 1.5%+
ZECC (T,) on the last day of storage. An increase in
sugars during storage was probably due to conversion
of starch and polysaccharides in to soluble sugars and
dehydration of fruits (Hoda et al. 2000, Dhemre and Wasker
2003).

@ Springer

The ascorbic acid content of fruits decreased during
storage in all the treatments (Table 4). Maximum ascorbic
acid content was retained by the fruits treated with CaCl,
1.5% and stored in ZECC (T,) on the last day of storage,
closely followed by CaCl, 1% + ZECC (T,), while it was
least in control (T)). This finding is in agreement with Singh
et al. (2005, 2007) in aonla and ber. There was continuous
increase in respiratory activity till the last day of storage
(Table 4). The lowest respiratory activity (83.0 mg CO, /kg/
h) was noted in CaCl, 1.5% + ZECC (T,) followed by CaCl,
1% + ZECC (T,), while it was highest in control (T ) (88.1
mg CO, /kg/h) on the last day of storage.

Conclusion

The study clearly indicated that ZECC developed by
Roy and Khurdiya (1983) at IARI, New Delhi for the on
farm storage of fruits significantly contributed towards the
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retention of post-harvest quality attributes. On the basis of
fruit quality attributes, it may be concluded that the fruits
treated with CaCl, 1.5% and stored in ZECC (T) could be
stored up to 11 days under semi-arid ecosystem of Gujarat.
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