academic]ournals

Vol. 9(5), pp. 562-571, 30 January, 2014
DOI: 10.5897/AJAR2013.8240

ISSN 1991-637X ©2014 Academic Journals
http://www.academicjournals.org/ AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Optimization of irradiation and storage temperature for

delaying ripening process and maintaining quality of
Alphonso mango fruit (Mangifera indica L.)

M. K. Yadav'* and N. L. Patel?

1Department of Horticulture, N. M. College of Agriculture, Navsari Agricultural University, Dandi Road, Navsari-
396450, India.
*ASPEE College of Horticulture and Forestry, Navsari Agricultural University, Dandi Road, Navsari
-396450, India.

Accepted 9 January, 2014

Alphonso mango fruit has high nutritional values, pleasant flavor, delicious taste as well as beautiful
appearance and hence is known as the king of mango verities. The experiment was arranged from the
2008 and 2010 with 16 treatment combinations of irradiation dose (that is, 0.00, 0.20, 0.40, and 0.60 kGy)
and stored at different storage temperatures viz., ambient at 27 £ 2°C and 60 to 70% RH, 9°C and 90%
RH, 12°C and 90% RH, and Control atmospheric storage (12°C, O, 2%, CO, 3% and RH 90%). The fruits
were exposed to gamma radiation from the source of “°Co. The two years collective data indicated that,
the significantly minimum percent reduction in physiological loss in weight, reduced ripening percent,
increased marketability of fruits, maximum total soluble solids, total and reducing sugars, and ascorbic
acid content and minimum acidity were noted in 0.40 kGy gamma rays irradiated fruits stored at 12°C as
compared to the other irradiated or unirradiated fruits stored at ambient condition and other storage
environment. Suggestions were made for maximizing maintained physiological changes and quality by

use of irradiation and adequate storage facilities for hygiene produce.
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INTRODUCTION

Asia accounts for 77% of global mango production and
the Americas and Africa account for 13 and 19%,
respectively (Pereira et al., 2010). India is the global
leader in mango production (Tharanathan et al.,
2006).The significant mission of any post harvest skill is
to be raising the method by which decline of produce is
controlled as much as possible during the stage between
collect and consumption. Mango (Mangifera indica L.,
family Anacardiacae) is a tropical fruit and classified as
climacteric fruit and ripens rapidly after harvest. Mango is
generally harvested when physiologically mature and is

allow ripening under suitable conditions of temperature
and humidity. Therefore, if freshly harvested fruit is
allowed to ripen at normal ambient conditions, ripening
processes increase rapidly within few days, and quality
point of view, it is not good. Mango is susceptible to
chilling injury and an optimum temperature of 12 to 13°C
is generally recommended (Gomez-Lim, 1993, Yimyong
etal., 2011).

Irradiation is a physical process for the treatment of
foods akin to conventional process like heating or
freezing. It prevents food poisoning, reduces wastage to
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contamination, and at the same time preserves quality
(Mahindru, 2009). However, issues related to quarantine
and quality are the major stumbling blocks to trade, both
national and international (Yadav et al., 2010). Therefore,
the new knowledge is critical because it is important to
maintain a balance between the optimum doses required
to achieve safety and the minimum change in the
sweetness of the fruit. In view of the aforementioned fact,
it becomes quite clear that, investigation for mango fruit is
very important for not only increase the soluble solids but
also to control the conversion of starch into sugars for
long time. The loss in sweetness of fruits is likely to
reduce the marketability and quality of fruit drastically.
Alphonso mangoes from India have captured sizeable
Indian market and have very good export potential, but
the protocol for their irradiation and post harvest storage
yet needed to be standardized. In this paper the results of
studies for standardization protocol of irradiation and
storage are presented and discussed.

MATERIALS AND METHODS
Fruits and irradiation treatment

The experiment was set from 2008 to 2010 at Department of
horticulture, N. M. College of Agriculture, Navsari Agricultural
University, Navsari, Gujarat. Export grade mangoes of cv. Alphonso
were harvested from the University orchard. The selected mangoes
from class | as per the quality parameters specified and described
in “post harvest manual for mangoes” published by Agricultural
Production and Export Development Authority (Anonymous, 2007).
These fruits sorted by uniformity in size, maturity, and freedom from
defects. The fruits were kept in plastic crates with cushioned
material and transported to cold storage of Post Harvest
Technology Unit, Navsari Agricultural University, Navsari (Gujarat)
India. Than after, fruits were again sorted to remove those with
spotty and having bad appearance. The individual fruit weight was
from 250 to 350 g. The selected fruits were washed with chlorine
water and after drying, the fruits were packed in corrugated Fiber
board boxes cushioned (CFB) with tissue paper. The dimension of
CFB box was 370 x 275 x 90 mm and gross weight of box with
fruits was 3.0 kg. One box having nine fruits for each treatment and
each treatment replicated thrice as per experimental design. The
packed boxes kept in cold storage at 12°C for 8 h for pre-cooling
treatment. The time gap between harvesting and pre-cooling was
not more than 6 h.

After pre-cooling, fruits were transported to irradiation treatment
in air conditioned vehicle. It was carried out at ISOMED plant,
Board of Radiation and Isotope Technology, Bhabha Atomic
Research Centre, Mumbai (India). The fruits were exposed to
gamma radiation for different doses from the source radio isotope
0Co with energy 1.33 MeV. There were four irradiation doses that
is, 11-0.00 kGy (Unirradiated), 1,-0.20 kGy, I5-0.40 kGy, and I4-0.60
kGy. The time gap from pre-cooling to irradiation was not more than
9 h. After irradiation, fruits immediately transported to cold storage
of university in air conditioned vehicle.

Storage conditions
The boxes were kept in storage at different temperature as per s

torage temperature treatments viz., ambient at 27 + 2°C and 65 *
5% relative humidity (S1), 9°C and 90% relative humidity (Sz), 12°C
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and 90% relative humidity (S:) and Control atmospheric storage at
12°C, Oz 2%, CO; 3%, and 90% relative humidity (S1). Post harvest
biochemical changes of these fruits were studied by measuring the
total soluble solids, sugars, acidity and ascorbic acid content of
fruits.

Measurement protocols
Determination of physiological parameters

Physiological loss in weight (PLW) (%): Four fruits from each
treatment were weighted on 1st day of treatment and subsequently
their weight was recorded from 4 to 6 day interval up to the end of
shelf life. The PLW was expressed in percentage and calculated as
follows;

Wi —W>
PLW % = — x 10C
W1

where, W, = initial weight and W, =final weight (Shankar et al.,
2009).

Ripening percent: Ripening was measured by the 10 number of
fruits having change in colour from greenish to yellow and soft in
texture were counted from the 4th day of storage to the 6th day
intervals up to the eating ripeness and expressed in percentage
over total number of fruits taken for study.

Marketable fruits percent: The number of good quality and visibly
sound fruits that can be marketed were counted and expressed as
percentage over the total number of fruits at prescribed interval up
to 90% fruits has marketability.

Quality parameters

Total soluble solids were tested by using a digital hand
refractometer PAL-1 (Atago, Japan). Sugar's percentage was
determined by titrimetric method of Lane and Eynon described by
Rangana (1986). The method is based on the principle that, invert
sugar or reducing sugar reduced the copper in the Fehling's
solution to red insoluble cuprous oxide. Non-reducing sugars were
calculated by subtracting reducing sugar from total sugars. Method
for titrable acidity by Rangana (1986) was adopted for estimation of
titrable acidity. Ascorbic acid (mg/100 g) determination by the 2, 6-
dichloroindophenol titrimetric method described by Rangana (1986)
was adopted for estimation of the ascorbic acid content of fruits.

Statistical analysis

Two years thrice replicated data obtained from the experiment was
analyzed using ANOVA for completely randomizes deign with
factorial concept. Significance differences among treatments were
compared using the Fisher's analysis of variance at the 5%
probability level, technique as described by Panse and Sukhatme
(1967). The data were subjected to appropriate transformation
(arcsine) to meet the assumptions of normality.

RESULTS AND DISCUSSION
Physiological loss in weight

The data indicated that, the physiological loss in weight of
fruits increased with the advancement of storage period
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and significantly influenced by irradiation and storage
temperature. It was evident from the Table 1 that, the
shelf life of fruits exposed with 0.40 and 0.60 kGy
irradiation and stored at 9°C was extended more than 34
days. The minimum reduction in PLW was recorded in
the fruits exposed with 0.40 kGX irradiation and stored at
9°C (15S,) that is, 5.50% at 34" day, 4.45% at 28" day,
3.23% at 22" day, 2.35% at 16" day, 1.43% at 10" day,
and 0.53% at 4™ day of storage. The physiological loss in
weight of fruits was possibly on account of loss of
moisture through transpiration and utilization of some
reserve food materials in the process of respiration
(Mayer et al., 1960).

The physiological loss in weight of mango fruit was
significantly influenced by the various exposed dose of
gamma rays and different storage temperature. The
irradiation significantly reduced physiological loss in
weight during storage period over control which might be
attributed to reduction in utilization of reserve food
material in the process of respiration (Purohit et al.,
2004). The delay in respiration rate as a result of
irradiation was also reported by Singh and Pal (2009) in
guava (Psidium guajava L.). Similar findings were also
observed by Prasadini et al. (2008) and by El-Salhy et al.
(2006) in mango.

Similarly, in the different storage conditions, the highest
physiological loss in weight was observed in fruits
subjected to ambient temperature and this was largely
due to water loss through lenticles of fruits, which permit
free water vapor movement (Salahddin and Kedar, 2006).
Lower physiological loss in weight was noted in
temperatures which might be due to lesser water vapour
deficit compared to ambient condition and the low
temperature which had slowed down the metabolic
activities like respiration and transpiration (Mane and
Patel, 2010). The observation accordance with the results
in mango (Waskar and Masalkar, 1997), in banana
(Nagaraju and Reddy, 1995), and in guava (Gutierrez et
al,. 2002). The significantly minimum reduction in
physiological loss in weight of mango fruits subjected to
irradiation and stored at various temperatures that is, at 9
and 12°C and in CA (12°C) might be due to the mutual
complementary effect of irradiation and low temperature.

Ripening percent

Irradiated fruits significantly delayed the ripening process
over unirradiated fruits irrespective of storage condition
(Table 2) and not fully ripe up to 34" day of storage at
9°C. Rest of the treatments had more ripening and the
other was discarded due to the lost of their shelf life. The
fruits exposed to gamma rays (0.20 and 0.40 kGy) and
stored at 9°C were showed at 86.21 and 84.23%
ripening, respectively at 9°C (S3) on 34 days of storage.
Rest of the treatments had high ripening or discarded due
to complete of their shelf life. Ripening percentage is a

physiological process which designates the period from
harvest until the fruits attain the stage of maximum
consumer acceptability. The unirradiated mangoes had
early ripeness whereas, gamma rays exposed mangoes
that had a significantly delayed in ripening. The possible
mechanisms that have been postulated include:

a) Irradiations results in decreased sensitivity to ripening
action of ethylene.

b) Alteration in carbohydrates metabolism by regulating
certain key enzymes, which interfere with production of
ATP which is required for various synthetic processes
during ripening (Udipi and Ghurge, 2010). Same findings
were noted by Farzana (2005) in mango and by Aina et
al. (1999) in banana. The decrease of ripening percent
and increase in days for ripening at low temperature may
be due to desirable inhibition of enzymatic activities
leading to reduction in the respiration and ethylene
production. These results were supported by Mann and
Singh (1975) in mango and by Deka et al. (2006) in
banana. The minimum and delayed ripening in fruits due
to exposed to gamma rays and storage temperature at 9
and 12°C and in CA (12°C) storage compared to fruits
unirradiated and kept at ambient temperature in present
study might be due to the joint balancing effect of
irradiation and low temperature.

Marketable fruits percent

During storage, few treatments had 100% values for
marketability and few had 0.00% marketability due to
induction of senescence (Table 3). Irradiation significantly
influenced the marketable fruit compared to unirradiated
fruits at all conditions of the storage.

The highest marketable fruit (96.46%) was recorded in
fruits exposed to 0.40 kGy gamma irradiation and kept at
12°C storage (IsSs) at 34 day of storage, and the rest of
treatments had lower marketability or discarded due to
the end of their shelf life. The marketable fruit was
significantly influenced by various doses of gamma
irradiation and storage temperatures. The possible
reasons might be that, irradiation maintained water
content in the fruit and low temperature coupled with high
humidity in cold storage maintained the health of the
fruits. These results were in conformity with the findings
of El-Salhy et al. (2006) with respect to irradiation and
Mane and Patel (2010) with respect to low temperature in
mango.

Total soluble solids

The data revealed that, total soluble solids in fruits were
significantly affected by irradiation, storage temperature,
and their interaction. It was evident from the data
presented in Table 4 that significantly, the maximum total
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Table 1. Optimization of irradiation and storage temperature for maintaining physiological loss in weight of Alphonso mango.
Physiological loss in weight days after storage (%)
Source 4 10 16
Iy I2 I3 ly Mean I l2 I ly Mean It I2 I3 ly Mean
0.00 10.31 10.83 11.50 8.16
St 3.54 2.82 2.68 2.79 2.95 12.21 747 7.18 7.26 8.53 (1.65) (18.72) (19.20) (19.81) (14.84)
3.19 297 2.35 3.10 4.30
) 0.89 0.73 0.53 0.78 0.73 2.36 1.87 143 2.05 1.93 (10.28) 0.91) (8.82) (10.13) (.79)
3.88 3.10 2.58 3.38 3.24
Ss 0.92 0.80 0.66 0.88 0.81 2.56 2.00 1.65 2.23 211 (11.34) (10.13) (9.23) (10.58) (10.32)
10.11 5.28 5.23 5.48 6.54
Ss 2.73 2.34 1.74 240 2.30 712 3.52 3.39 3.62 4.41 (18.53) (13.27) (13.20) (13.52) (14.63)
4.30 5.42 5.25 5.87
Mean 2.02 1.67 1.40 1.7 6.06 3.72 341 3.79 (10.45) (13.01) (12.62) (13.52)
Source I S XS I S XS I S IXS
S.Emz 0.002 0.004 0.004 0.003 0.003 0.006 0.005 0.005 0.011
CD (P=<0.05) 0.005 0.016 0.011 0.009 0.009 0.017 0.016 0.016 0.031
Source 22 28 34
I I2 I3 ly Mean I Iz I3 ly Mean I I2 I3 ly Mean
s 0.00 13.49 12.66 13.83 9.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! (1.65) (21.54) (20.84) (21.83) (16.46) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
s 4.66 4.24 3.23 4.37 412 6.43 5.47 445 5.78 5.53 7.74 7.00 5.50 7.10 6.84
2 (12.45) (11.87) (10.35) (12.05) (11.68) (14.68) (13.52) (12.16) (13.90) (13.57) (16.36) (15.33) (13.56) (15.44) (15.17)
S 483 4.38 343 463 4.32 6.95 5.70 4.62 5.99 5.82 0.00 7.23 5.72 7.52 5.12
’ (12.68) (12.07) (10.67) (12.42) (11.96) (15.27) (13.80) (12.41) (14.15) (13.91) (1.65) (15.59) (13.83) (15.91) (11.74)
s 13.33 7.33 6.96 8.00 8.91 0.00 9.31 9.21 9.51 7.01 0.00 0.00 0.00 0.00 0.00
¥ (21.40) (15.69) (15.28) (16.42) (17.20) (1.65) (17.75) (17.65) (17.95) (13.75) (1.65) (1.65) (1.65) (1.65) (1.65)
Mean 5.70 7.36 6.61 742 3.350 512 457 5.32 1.94 3.56 2.81 3.66
(12.05) (15.29) (14.53) (15.43) (8.31) (11.78) (10.97) (11.92) (5.33) (8.95) (7.67) (8.66)
Source I S XS | S IXS I S IXS
S.Em+ 0.004 0.004 0.009 0.004 0.005 0.009 0.003 0.003 0.006
CD (P<0.05) 0.013 0.013 0.026 0.013 0.014 0.026 0.009 0.010 0.019

Figure in parenthesis indicates ARC SINE transformed value. Where, I= Irradiation, S= Storage temperature.

soluble solids (17.69%) were recorded in fruits
exposed to treatment I3 (0.40 kGy) followed by

treatment I, (0.20 kGy). The minimum total soluble

solids (16.60%) were observed

in treatment

1,(0.00 kGy). The higher total soluble solids in
medium and lower dose irradiated fruits indicating
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Table 2. Optimization of irradiation and storage temperature for maintaining ripening of Alphonso mango.

Ripening days after storage (%)

Source 4 10 16
I lo I3 l4 Mean Iy lo I3 l4 Mean l1 l2 I3 la Mean
93.96 0.00 0.00 0.00 23.49 0.00* 71.68 69.95 72.96 53.57
S1 000 000 000 000 000 ' 7573y (165 (1.65) (1.65) (20.17) (1.65) (57.82) (56.73) (58.64)  (43.7)
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
Mean 8.36 0.00 0.00 0.00 23.49 0.00 0.00 0.00 0.00 17.95 17.49 18.12
(10.12) (1.65) (1.65) (1.65) (20.17) (1.65) (1.65) (1.65) (1.65) (15.69) (15.42) (15.90)
Source | S I XS | S I XS | I XS
S.Em+ 0.003 0.003 0.004 0.007 0.007 0.002 0.010 0.010 0.019
CD (P<0.05) 0.010 0.010 0.014 0.021 0.021 0.007 0.028 0.029 0.055
22 28 34
Source
I I» I3 la Mean I I I3 Iy Mean I I I3 Is Mean
S 0.00* 0.00* 0.00* 0.00* 0.00 0.00* 0.00* 0.00* 0.008 0.00 0.00* 0.00* 0.00* 0.00* 0.00
! (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
S 0.00 0.00 0.00 0.00 0.00 65.38 29.98 28.39 47.16 42.73 0.00* 86.21 84.23 97.81 66.91
2 (1.65) (1.65) (1.65) (1.65) (1.65) | (563.94) (33.18) (32.19) (43.35) (40.66) @(1.65) (68.29) (66.65) (81.56) (54.47)
S 0.00 0.00 0.00 0.00 0.00 74.75 33.16 28.98 57.47 48.59 0.00* 97.08 96.40 98.16 72.91
s (1.65) (1.65) (1.65) (1.65) (1.65) | (59.81) (35.14) (32.55) (49.56) (44.27) @ (1.65) (80.25) (79.08) (82.31) (60.75)
S 77.30 69.53 65.00 73.26 71.27 0.00* 0.00* 0.00* 0.00* 0.00 0.00* 0.00* 0.00* 0.00* 0.00
4 (61.52) (56.47) (53.71) (58.84) (57.63) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
Mean 19.33 17.38 16.25 18.32 35.03 15.79 14.34 26.16 0.00 45.82 45.16 48.99
(16.62) (15.36) (14.67) (15.95) (29.26) (17.91) (17.01) (24.06) (1.65) (37.90) (37.23) (41.74)
Source I S IXS I S IXS | S I XS
S.Em+ 0.01 0.02 0.02 0.09 0.04 0.02 0.03 0.03 0.06
CD (P<0.05) 0.03 0.06 0.06 0.27 0.14 0.05 0.09 0.09 0.17

Figure in parenthesis indicates ARC SINE transformed value 2 * indicate fruits completely discarded Where, | = irradiation, S = storage temperature.

the induction of ripening process due to irradiation

(Sudto et al.

2005). These

results were

in

accordance with the findings of El-Salhy et al.
(2006) in mango, Wall (2007) in banana, Singh

and Pal (2007) in guava, and Silva et al.(2010) in
Caja (Spondias sp.) fruit. Under various storage
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Table 3. Optimization of irradiation and storage temperature for maintaining marketing of Alphonso mango.
Marketable fruits days after storage (%)
Source 4 10 16
I lo I3 l4 Mean Iy lo I3 l4 Mean l1 lo I3 la Mean
S 0.00 0.00 0.00 0.00 8.36 97.66 100 100 100 99.41 0.00 100 100 100 75.00
! (1.65) (1.65) (1.65) (1.65) (1.65) @ (81.19) (88.31) (88.31) (88.31) (86.53) (1.65) (88.31) (88.31) (88.31) (60.90)
s 0.00 0.00 0.00 0.00 0.00 100 100 100 100 100 100 100 100 100 100
2 (1.65) (1.65) (1.65) (1.65) (1.65) @ (88.31) (88.31) (88.31) (88.31) (88.31) @ (88.31) (88.31) (88.31) (88.31) (88.31)
S 0.00 0.00 0.00 0.00 0.00 100 100 100 100 100 100 100 100 100 100
3 (1.65) (1.65) (1.65) (1.65) (1.65)  (88.31) (88.31) (88.31) (88.31) (88.31) @ (88.31) (88.31) (88.31) (88.31) (88.31)
s 0.00 0.00 0.00 0.00 0.00 100 100 100 100 100 100 100 100 100 100
4 (1.65) (1.65) (1.65) (1.65) (1.65) @ (88.31) (88.31) (88.31) (88.31) (88.31) @ (88.31) (88.31) (88.31) (88.31) (88.31)
Mean 8.36 0.00 0.00 0.00 99.41 100 100 100 75.00 100 100 100
(10.12) (1.65) (1.65) (1.65) (86.53) (88.31) (88.31) (88.31) (60.90) (88.31) (88.31) (88.31)
Source I S IXS I S I XS I S IXS
S.Emz 0.003 0.003 0.004 0.03 0.03 0.07 0.02 0.02 0.03
CD (P<0.05) 0.010 0.010 0.014 0.10 0.10 0.20 0.05 0.05 0.10
22 28 34
Source
l1 I I3 ls Mean I I I3 ls Mean I I I3 ls Mean
s 0.00 88.80 89.33 85.96 66.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! (1.65) (70.43) (70.91) (67.97) (52.74) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65) (1.65)
S 100 100 100 100 100 84.54 95.94 100 94.00 93.62 0.00 70.45 74.22 69.11 53.45
2 (88.31) (88.31) (88.31) (88.31) (88.31) | (66.82) (78.36) (88.31) (75.80) (77.32) (1.65) (57.05) (59.46) (56.21) (43.59)
S 100 100 100 100 100 98.44 100 100 100 99.61 74.16 94.13 96.46 92.00 89.19
3 (88.31) (88.31) (88.31) (88.31) (88.31) | (82.83) (88.31) (88.31) (88.31) (86.94) (59.42) (75.94) (79.12) (73.54) (72.00)
s 94.04 100 100 96.17 97.55 59.41 70.89 84.23 69.27 70.95 0.00 0.00 0.00 0.00 0.00
4 (78.85) (88.31) (88.31) (78.70) (82.79) | (50.41) (57.32) (66.57) (56.31) (57.65) @ (1.65) (1.65) (1.65) (1.65) (1.65)
Mean 73.51 97.20 97.33 95.53 60.60 66.71 71.06 65.82 18.54 41.15 42.67 40.28
(63.53) (83.84) (83.56) (80.82) (50.43) (56.41) (61.21) (55.52) (16.10) (34.07) (35.47) (33.26)
Source I S IXS I S I XS I S IXS
S.Em = 0.003 0.003 0.004 0.03 0.03 0.07 0.02 0.02 0.03
CD (P<0.05) 0.010 0.010 0.014 0.10 0.10 0.20 0.05 0.05 0.10

Figure in parenthesis indicates ARC SINE transformed value, | = irradiation, S= storage temperature.

conditions, the maximum total soluble solids
(18.04%) were recorded by fruits stored under

treatment S; (12°C) followed by treatment S, (CA
soluble solids

at 12°C).

The minimum total

(16.62%) were observed under treatment S; (9C).
The total soluble solids in fruits at ripening were



568

Afr. J. Agric. Res.

Table 4. Optimization of irradiation and storage temperature for maintaining quality of Alphonso mango.

Source TSS (%) Total sugars (%) Reducing sugars (%)

Iy A I3 I4 Mean I A I3 14 Mean I A I3 Is Mean
S; 15.86 17.13 17.36 16.14 16.62 13.12 13.76 13.87 13.48 13.56 3.45 3.93 4.12 3.67 3.79
S, 16.12 17.27 17.36 16.57 16.83 13.52 14.15 14.47 13.81 13.99 3.92 4.39 4.68 4.17 4.29
S;3 17.62 18.27 18.46 17.82 18.04 14.21 14.97 15.12 14.36 14.67 4.58 5.13 5.20 4.88 4.95
Sy 16.83 17.44 17.57 17.34 17.30 13.68 14.05 14.61 13.95 14.07 4.00 4.52 4.97 4.42 4.48
Mean 16.60 17.53 17.69 16.96 13.63 14.24 14.52 13.90 3.99 4.49 4.74 4.291
Source | S 1 XS | S I XS | S I XS
S.Em+ 0.009 0.009 0.017 0.007 0.007 0.014 0.004 0.004 0.009
CD (P<0.05) 0.026 0.025 0.049 0.021 0.021 0.041 0.013 0.013 0.026
Source Non-reducing sugars (%) Acidity (%) Reducing sugars (%)

Iy I I3 la Mean [ I I3 ls Mean I I I3 ls Mean
S; 9.67 9.82 9.74 9.80 9.76 0.262 0.215 0.193 0.244 0.228 9.12 9.20 9.45 9.12 9.23
S 9.60 9.76 9.79 9.79 9.63 0.240 0.194 0.182 0.230 0.211 9.14 9.41 9.53 9.23 9.33
S3 9.63 9.84 9.91 9.47 9.71 0.182 0.162 0.145 0.169 0.164 9.12 10.24 10.58 9.98 9.98
S 9.68 9.53 9.64 9.52 9.59 0.220 0.179 0.171 0.215 0.196 9.20 9.78 9.87 9.41 9.57
Mean 9.64 9.74 9.77 9.61 0.226 0.187 0.172 0.214 9.15 9.66 9.86 9.43
Source | S 1 XS | S I XS | S I XS
S.Em+t 0.005 0.005 0.011 0.0003 0.0003 0.0006 0.005 0.005 0.010
CDat5% 0.016 0.016 0.031 0.0008 0.0008 0.0017 0.015 0.015 0.029

Where, | = irradiation, S = storage temperature.
significantly higher in fruits stored at lower soluble solids was recorded in fruits exposed to fruits was significantly affected by irradiation,

temperature storage as compared to minimum at
ambient temperature (Table 4).This might be that,
the accumulation of total soluble substances due
to desired ripening. These findings were also in
accordance with the findings of Roy and Joshi
(1989) in mango, Plaza et al. (1992) in papaya,
and Hussein et al., (1998) in guava. Jointly the
maximum total soluble solids (17.36%) were
recorded in fruits exposed to gamma rays at 0.40
kGy and stored at 12°C (13S3).The minimum total
soluble solids (15.86%) were recorded in
unirradiated ambient stored (I,S,) fruits at the time
of full ripening (Table 4). The maximum total

various dose of irradiation and stored at 12 and
9°C and in CA (12°C) storage compared to
unirradiated fruits stored at ambient temperature
in present study might be due to the beneficial
effects of irradiation dose and storage
temperature.

Sugars (percent)
Effect of irradiation

The data revealed that, total sugar percent of

storage temperature and their interaction. It was
evident from the data presented in Table 4 that
significantly the maximum total sugars (14.52%)
were observed in fruits exposed to treatment I3
(0.40 kGy). The minimum total sugars (13.63%)
were observed in treatment I; (0.00 kGy). The
maximum reducing sugar percent (4.95) was
observed in fruits exposed to treatment I3
(0.40kGy) whereas, minimum reducing sugars
(3.795%) were observed in treatment I; (0.00
kGy). The maximum non-reducing sugars (9.77%)
were observed in fruits exposed to treatment I,
(0.60 kGy) followed by treatment 1, (0.20 kGy)



compared to minimum (9.61) in unirradiated. The higher
rate of increase in sugars content in irradiated fruits might
be due to maintained ripening and corresponding greater
conversion of starch into sugars. Irradiation might also
accelerate the rate of gluconeogenesis (Wall, 2007).
Similar findings had been observed by Beyers and
Thomas (1979) in mango and Kovacs et al. (1994) in

apple.

Effect of storage temperature

It was cleared from the data presented in Table 4 that
significantly maximum total sugar (14.61%) was recorded
by fruits stored under treatment S; (12°C), and minimum
(13.56%) were under treatment S;. The maximum
reducing sugar percent (4.95) was recorded in fruits
stored under treatment S; (12°C). The minimum reducing
sugars (3.79%) were observed under ambient
temperature (S;). The maximum non-reducing sugar
(9.71%) was recorded in fruits stored under treatment Ss
(12°C) compared to minimum (9.63%) were observed
under at 9°C (S4). The increase in the total and reducing
sugars were maintained till the end of shelf life in storage
temperature at 12 and 9°C and in CA (12°C) storage
might be due to suppression in the respiration rate and
enzyme activities and therefore, the conversion of starch
into sugars might had been at slower rate and reaching
maximum at the end of storage. Same trend of results
were noticed by Narayana and Singh (2000) in mango
and Purwoko et al. (2002) in banana.

Combined effect of irradiation and

temperature

storage

Results obtained during experimentation indicating (Table
4) significantly that, the maximum total sugars (15.12%)
were recorded in fruits exposed to gamma rays at the
dose of 0.40 kGy and stored at 12°C (I3S3. The minimum
total sugar (13.12%) was recorded in unirradiated
ambient stored (I,S;) fruits at the time of complete
ripening. The maximum reducing sugar (5.20%) was
recorded in fruits exposed to gamma rays at the dose of
0.40 kGy and stored at 12°C (I3S3). Results obtained
during experimentation indicating that, maximum non-
reducing sugar (9.91%) was recorded in fruits exposed to
gamma rays at the dose of 0.40 kGy and stored at 12°C
(IsS3) whereas, minimum non-reducing sugar (9.67%)
was recorded in unirradiated ambient (1,S;) stored fruits
at the time of full ripening. The maximum total and
reducing sugar were recorded in fruits exposed to various
doses of irradiation and storage temperature of 12 and
9°C and in CA (12°C) storage compared to unirradiated
fruits stored at ambient temperature in present study
which might be due to the beneficial effects of irradiation
dose and storage temperature. The total and reducing
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sugars increased during storage but the non-reducing
sugars did not exhibit same pattern during storage, since
it represented a product of subtraction of reducing sugars
from total sugars.

Titrable acidity

The data revealed that, acidity fruits was significantly
affected by irradiation, storage temperature and their
interaction. It was evident from the Table 4 that,
significantly minimum acidity (0.172%) was observed in
fruits exposed to treatment I3 (0.40 kGy) compared to
maximum (0.226%) was observed in treatment I, (0.00
kGy). The reduction in acidity by irradiation reflects a
possible decrease in organic acids (Wall, 2007). These
results were in accordance with the findings of Upadhyay
(1992) and El-Salhy et al. (2006) in mango and
Sornsrivichai at el. (1990) in apple. Under storage
conditions it is cleared from the Table 4 that, significantly
the minimum acidity (0.164%) was recorded in fruits
stored under treatment Sz (12°C). The maximum acidity
(0.228%) was observed under treatment S; (ambient
temperature). The lower acidity at low temperature might
be due to utilization of acids in the process of respiration
during ripening and reduced supply of sugars (Mane and
Patel 2010). Same findings noted by Plaza et al. (1992)
in papaya and Singh and Pal (2007) in guava. Combined
results obtained during experimentation indicating that,
significantly the minimum acidity (0.145%) was recorded
from fruits exposed to gamma rays at the dose of 0.40
kGy and stored at 12°C (13S3) whereas, maximum acidity
(0.262%) was recorded in unirradiated ambient stored
(1:S1) fruits at the time of full ripening. The minimum
acidity was recorded in fruits exposed to various dose of
irradiation and stored at 12 and 9°C and in CA (12°C)
storage as compared to unirradiated fruits stored at
ambient temperature in present study might be due to the
beneficial effects of irradiation dose and storage
temperature.

Ascorbic acid

Significantly the maximum ascorbic acid (9.86 mg/100g
pulp) was observed in fruits exposed to 0.40 kGy (ls), and
the minimum ascorbic acid (9.15 mg/100 g pulp) was
observed in treatment 1; (0.00 kGy) (Table 4). The higher
ascorbic acid due to irradiation was in accordance with
the findings of Dhakar et al. (1966) in mango and
Bhushan and Thomas (1990) in apple. Significantly the
maximum ascorbic acid (9.98mg/100g pulp) was
recorded in fruits stored under treatment S; (12°C) as
compared to minimum (9.23 mg/100 g pulp) was
observed under treatment S;. Also, significantly the
maximum ascorbic acid was recorded in fruits stored at
12 and 9°C temperature and in CA (12°C) storage
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whereas, minimum ascorbic was recorded under ambient
temperature stored fruits (Table 4). Same findings was
noted by Ray and Joshi (1989) in mango and Plaza et al.
(1992) in papaya.

RESULTS

Results obtained (Table 4) during the experimentation
indicates that, significantly the maximum ascorbic acid
(10.58 mg/100 g pulp) was recorded in fruits exposed to
gamma rays at 0.40 kGy and stored at 12°C (I5Ss)
whereas, minimum ascorbic acid (9.12 mg/100 g pulp)
was recorded in unirradiated ambient stored (1,S,) fruits
at the time of complete ripening. The fruits of Alphonso
mango subjected to 0.40 kGy gamma rays irradiation
subsequently stored at 9°C delayed the ripening process
which maintained lower percentage of physiological loss
in weight and ripening percentage, higher percentage of
marketable fruits, and increase the shelf life for longer
period. The data also indicated that, the maximum total
soluble solids, total, and reducing sugars, ascorbic acid,
and minimum acidity were noted in 0.40 kGy gamma rays
irradiated fruits were stored at 12°C as compared to
unirradiated fruits stored at ambient condition at ripening
stage.
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