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Abstract

Two good qualities of mango cultivars namely Fazli and Khirshapat, harvested at the full mature stage i.e. begining of ripening, have been
stored at -5°C, 4°C and 25+2°C for 10 days and the changes in the content of amylase, invertase, B -galactosidase, starch, total sugar, reduc-
ing sugar and non-reducing sugar of the pulp were analyzed after 2-days regular interval of time. The activities of all the enzymes exam-
ined in the study were found to be higher in mango-pulp at 25°C as compared to those in 4°C or -5°C. The activities of amylase and inver-

tase decreased after 8-days of storage while that of § -galactosidase increased with the increasing days of storage mango pulp.

Total sugar and non-reducing sugar content of mango were increased gradually while starch content was decreased sharply with the increas-
ing days of storage of mature mango. Changes in carbohydrate during storage of mango was found to be associated with the content of amy-
lase, invertase and B -galactosidase. At -5°C the enzymes as well as carbohydrate content of storage mango pulp changed slightly upto 4-

days and thereafter the enzyme became fully dormant.
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Introduction

Mango (Mangifera indica L) is said to be the king of tropi-
cal fruits because of its high palatability, excellent taste,
flavour and exemplary nutritive value.

Mango pulp contains amylase, invertase and high percentage
of starch (Gangwar, et. al., 1973). Starch accumulation is the
main activity of fruit for 90 days on the tree and accounts for
14% of the fresh weight of Alphonso mangoes at harvest but
almost disappears within 8 days of storage (Caygill, et. al.,
1976). Amylase and invertase in the mango pulp play an
important role during the development of mango (Tandon,
et. al., 1983).

The hydrolysis of starch during fruit ripening by hydrolytic
enzymes has been reported for pear (Pech and Latehke,
1972). Changes in amylase activity in mango fruits during
development and after being exposed to chilling tempera-
tures, have been reported (Mattoo and Modi, 1969b).

B -galactosidase are widely distributed in various plant tis-
sues including developing fruits (Bartley, 1974). The activi-
ties of P -galactosidase was increased remarkably during the

ripening of apple (Bartley, 1974). Fruit softening during
ripening is complex process that presumably involves struc-
tural changes in the walls of fruit cells. It is thought that
these changes are brought about through the action of cell
wall hydrolases degrading various wall polymers (Fischer
and Bennett, 1991) although other mechanisms may be
involved (Gross, 1990).

The present work constitutes a study on the changes in the
content of carbohydrate and the activities of amylase, inver-
tase and P -galactosidase during storing under different tem-
peratures.

Materials and Methods

Two varieties of mango namely, Fazli and Khirshapat were
selected for the present study. The mangoes were collected
from Bangladesh Horticultural Research Station, Kazla,
Rajshahi.

Preparation of crude enzyme extract:

Mango pulp (10g) was grinded in a mortar with cold 0.1 M
phosphate buffer of respective pH (for amylase, pH 6.7 and
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for invertase, pH 7.0), 0.1M Na-citrate buffer pH 4.6 for} -
galactosidase and finally crushed into paste using a homog-
enizer. The temperature was maintained at 4°C by putting
ice in the outer chamber of the homogenizer. The suspension
was then filtered through few layers of cheese cloth in the
cold room. The filtrate was collected and clarified further by
centrifugation in a refrigerated centrifuge at 8,000 rpm for
15 minutes at 4°C.

Assay of amylase, invertase and 3 -galactosidase activities

Amylase activity was assayed by the method described in
Laboratory Mannual in Biochemistry (Jayaraman, 1981).
One percent starch solution was used as substrate (1 gm in
100 mL of 0.1M phosphate buffer, pH 6.7). The amylase
activity was measured by estimating the release of amount of
maltose calculated from the standard curve prepared with
maltose. One unit of amylase activity was defined as the amount
required for liberating 1 mg of maltose in 15 minutes at 37°C.

Invertase activity was assayed by the method as described in
Method of Physiological Plant Pathology (Mahadevan and
Sridhar, 1982), using sucrose as substrate. The invertase
activity was measured by estimating the release of amount of
glucose calculated from the standard curve prepared with glu-
cose. One unit of invertase activity was defined as the amount
required for liberating 1 mg of glucose in 15 minutes at 37°C.

B-galactosidase activity was determined by measuring the
amount of galactose released from methyl--galactopyra-
noside. The reaction mixture consisted of 0.5mL of 0.1M
sodium citrate (pH 4.0), 0.5 mL of diluted enzyme and 0.5
mL of 13 mM substrate. After incubation for 15 minutes at
37°C, the reaction was terminated by the addition of 2 mL of
0.2M sodium carbonate. Amount of reducing sugar released
was estimated by dinitrosalicylic acid (Miller, 1972). One
unit of B -galactosidase activity was defined as the amount
of enzyme that catalyzed the liberation of 1 mg of galactose
in 15 minutes at 37°C and the amount of galactose released was
calculated from the standard curve prepared with galactose.

Estimation of starch content

The starch content of the mango pulp was estimated by the
anthrone method as described in Laboratory Manual in
Biochemistry (Jayaraman, 1981). The amount of starch pres-
ent was calculated from standard curve of glucose.

Determination of total sugar content

Total sugars content of mango pulp was determined colori-
metrically by the anthrone method (Jayaraman, 1981).
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Extraction of sugar from mango pulp was done following the
method of Loomis and Shull (1937) and the amount of total
sugar present was calculated by constructing a standard
curve with glucose.

Determination of reducing sugar content

Reducing sugar content of mango pulp was determined by
Dinitrosalicylic acid method (Miller,1972). Extraction of
sugar from mango pulp was done following the method of
Loomis and Shull (1937) and the amount of reducing sugar
present was calculated by constructing a standard curve with
glucose.

Determination of non-reducing sugar content

Non- reducing sugar content was calculated from the follow-
ing formula as reported by Ranganna (1979).

% Non- reducing sugar = (% Total sugar - % Reducing
sugar) X 0.95.

Results and Discussion

Two variety of mango harvested at the full mature stage i.e.
begining of ripening have been stored for 10 days at -5°C,
4°C and 25+2°C in the study. The changes in starch, sugars,
amylase, invertase and [} -galactosidase contents in the pulp
were analyzed. Fig. la, Fig. 1b and Fig. lc represent the
changes in the activities of amylase, invertase and [-galac-
tosidase of mango pulp after storing for 10 days respective-
ly. At -5°C the activities all enzymes were increasing slight-
ly upto 4-days and after this period the activities of the
enzymes remained almost constant while at 4°C the activi-
ties of enzymes were found to be increased gradually upto 10
days. On the other hand, at 25°C  -galactosidase activity
was increased gradually upto 10 days but the activities of
amylase and invertase were increased gradually upto 8 days
in the mango-pulp and the activities were found to be much
higher at this temperature as compared to those in 4°C and
-5°C. Strikingly the activity of the amylase decreased abrupt-
ly while that of invertase decreased moderately when the
mango were stored more than 8 days at 25°C. Further, the
activities of B-galactosidase was increased more rapidly with
the increasing days of storage.

The starch content of mango pulp was found to be disap-
peared significantly with the storage of ripening mango at or
above 4°C (Fig. 2a). At 25°C and 4°C starch content in the
pulp of both the varieties decreased drastically with increas-
ing days of storage and the starch content disappeared com-
pletely after 8-days of storage at 25°C while that decreased
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Fig. 1a: Changes in amylase activity during ripening of
mango fruit storage under different temperatures
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Fig. 1b: Changes in invertase activity during ripening of
mango fruit storage under different temperatures

3 —
. Fazil

= —m—25°C
=
o —h— 4"
8 C
% E —e—0C
m o Khirsapat
T 2 "
= = —F—
B 25'C
o3
o —A—4°C
o
m | "
> 0.5 —e—0°C
aal

0 1 1 1 1 1 1

0 2 4 6 8 10 12 14

Days after harvest
Fig. 1c : Changes in B -galactosidase activity during ripening of
mango fruit storage under different temperatures

about 82% after 10-days of storage at 4°C. On the other hand
, the starch content of mango-pulp decreased slightly upto 4-
days and thereafter remained unchanged even after storage
of 10 days at -5°C which shows good correlation with the
activities of amylase as the enzyme became fully inactive
after 4-days of storage. It was also reported that starch is the

main carbohydrate present in mature green mango fruits
(Matto, et. al. 1975) and during ripening of mango, the
starch in mango-pulp is being hydrolyzed (Matto and Modi,
1969b). The present data indicated that the content of starch
was disappeared completely after storage of ripening mango
at 25°C for 8-days and at the same time activities of amylase
was decreased to 45% of 10-days.

The total sugar (Fig.2b) as well as non-reducing sugar
(Fig.3a) content of mango pulp were increased gradually
when storage at 4°C and 25°C and after 10 days of storage
the total sugar and non-reducing sugar content of Fazli vari-
ety increased about 7.4%, 7.9% and 6.0%, 7.1% while that

of Khirsapat increased about 7.2%, 7.8% ,5.9%, and 7.1%
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Fig. 2a: Changes in starch content during ripening of
mango fruit storage under different temperatures

respectively. On the other hand, when the mango was kept
at-5°C, the total sugar and non-reducing sugar content
increased slightly upto 4 days and after this period no change
was observed.

As shown (Fig. 3b), the reducing sugar content of both the
varieties of mango pulp also increased gradually with
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Fig. 2b: Changes in total sugar content during ripening of
mango fruit storage under different temperatures
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increasing days of storage, upto 8- days at 4°C and 25°C.
Significantly, the reducing sugar content decreased sharply
after 8-days of storage at 25°C while that decreased moder
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Fig. 3a : Changes in non-reducing sugar content during ripening
of mango fruit storage under different temperatures

ately at 4°C. When storage at - 5°C, the amount of reducing
sugar in the pulp increased slightly upto 4-days and there-
after no change was observed . The decrease in reducing
sugar content after 8-days of storage at 25°C and 4°C might
be due to respiration and other energy consuming processes
of the over ripening of mango (Matto, et.al., 1975).
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Fig. 3b : Changes in reducing sugar content during ripening of
mango fruit storage under different temperatures

Conclusion

The changes in content of starch, total sugar, non-reducing
sugar and reducing sugar show good correlation with the
content of carbohydrate splitting enzymes such as amylase ,
invertase and [-galactosidase in mango-pulp with the
increasing days of storage of mature mango after harvest.
From the conducted experiments, it was observed that the
Fazli variety was more effective than the Khirshapat variety.
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