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Biochemical changes in seeds of Karanj ( Pongamia
pinnata Merr, ) during infestation by fungi
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Karanj (Pongamia pinnata, Merr) seeds were found to be associated with several fungi
during 1 yr. of storage. Dominant among them were Aspergillus fumigatus, A. flavus, A. niger,
Fusarium solani and Paecilomyces variotii.

Biochemical changes of Karanj seeds during fungal infestation were noted for 1 yr. at 1 mo
intervals. They became more pronounced with increase in duration of seed fungal association.
This manifested in decrease of the total sugar contents (2.17-34.78%), glucose (2.63-32.47%,)
and starch (32.0-62.0%,). Total sugar and starch contents diminished more than glucose.
In contrast to carbohydrates amount of protein diminished more prominently within four
months of seed infestation being 33.129%,. Later on the decrease of seed protein stabillzed to
25%. Parallel to protein diminution there was an increase in total amino acid output, the level
of such an increase was highest being 30.329, within 3 mo of seed infestation.
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INTRODUCTION 4

Karanj (Pongamia pinnata Merr.) is a tree commonly found throughout the plains
of India. The plant is economically very important as its leaves are used as
manures, fruits as edible, and seed oil as medicine. Seed oil is used in the
treatmant of rheumatism and infection of skin such as cutaneous infection, herpes
and scabies. (Chopra et al, 1956 ; Singh et al., 1983).

The plant is found to be attacked by several microorganisms (Butler and Bisby,
1980). It has been found that seeds, stored for extraction of oil, are infested by
fungi and literature reveal that there is no scientific information on the infes-
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tation of karanj seeds by fungi and also on the biochemical changes which take
place™ in seeds during fungal infestation. In the present investigation an
attempt has been made to identify the fungi which become associated with
karanj seeds during storage and also to evaluate the biochemical changes‘which
take place in the infested seeds.

MATERIAL AND METHODS

The seeds of Karanj ( Pongamia pinnata Merr. ) stored in gunny bags in brick
built warehouses were obtained from the Forest Department ("Minor Forest
Product Division ), Government of Bihar, Hazaribag. Sample of seeds were
taken each month from the same place of storage. The stored seeds were
brought to laboratory and isolation of fungi were done from the seed surface

and from inside the seed at 1 month intervals for 1 year.

Biochemical analysis of non-infested fresh seeds was first undertaken in June
1987. This served as control. Thereafter analyses of fungi infested seeds were
done each month upto May, 1988. Changes in sugar, glucose, starch, protein
and total aminoacids contents were determined.

For estimation of total soluble sugar 1 g of seed powder was mixed with 10 ml
of ethanol. The extraction was done on water bath. On cooling it was strained
through two layers of cheese cloth and again re-extracted for 3 min in hot
ethanol (80°C). The alcohol soluble substances were thus removed. Both
the powder and filtrate were separated by passing through Whatman filter paper
No. 41. The amount of total soluble sugai in mg was estimated by the anthrone
method of Dubois er al. (1951). Estimation of glucose in 1 g of Karanj seed
was done by titration method. Karanj seed powder (40 g ) was taken in
250 m! conical flask and dissolved in 100 ml of distilled water having 5 ml of
NaCl. It was then boiled for 30 min in water bath. The flask was cooled, the
solution was filtered with Whatman filter paper, No. 41, the filtrate was washed
with 50 m! of distilled water and boiled for 30 min. It was again filtered and
kept in the same 250 ml flask. NaOH (5 ml) was then added and the volume was
made upto the mark. It was them titrated against Fehlings solution. Standar-
dization of Feh'ing’s solution was done by titrating it against freshly prepered
solution with known amount of glucose (1.25g in 250 ml distilled water ).
This process was repeated thrice. The calculation was es follows

Weight of glucose in 250 ml = 1.26g
V,=volume of Fehling’s solution = 25 ml
V, =volume of glucose used = 25.1 ml
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d 250 ml of glucose = 1.25¢
1 ml of glucose solution - 145
25 ml of Fehling solution required
glucose = 25.1 X.005 = 0.1255 g
After standardization of Fehling solution this unknown solution of seed powder
7 was titrated with standardised Fehling’s solution and result was calculated,
o and has been listed in Table 1.
3 Weight of seed powder—W =40 g
Volume of glucose in powder solution—V =250 ml|
Volume of Fehling solution—V, =25 m|=0.1255
| % Volume of unknown solution used=V,
: Percent of glucose in 1 ml of seed powder solution
. ~ ViXVX100
WXV,
The amount (mg) of glucose in healthy and infested seed powder solution
were estimated at 1 mo intervals. The results are the average of three replicates.
For estimation of strach 1 g of seed powder was mixed with 125 ml of 80%
ethanol and extracted on water ba_th for 10 min. The sample was cooled, and
' it was then centrifuged for 15 min at 2000 g in a centrifuge.
I [ The centrifuged sample was decanted and the supernatant was kept in 50 ml
4 beaker. The extraction process was repeated thrice. The residue, which

contained the starch, in each case was pooled together. To this pooled residue
5 ml of water was added in the centrifuge tube. Further 6.5 ml of 529
perchloric acid was added while stirring. The supernatant liquid was decanted
intoa 100 ml volumetric flask. In the centrifuge tube 5 ml of water was
added and centrifugation was repeated thrice. It was then transferred into a
: volumetric flasks and volume was made upto 100 ml with water and filtered
, through Whatman paper no. 41. The first few ml of filtrate was discarded and
the rest of this sample was analysed by the anthrone method. To each 1 ml of
: freshly prepared extract, 4 ml of anthrone reagent was added and boiled for
{ 10 min in a water bath. After cooling the absorbance of blue green solution
! was measured in a Systronics (India) Colorimeter at 625 nm. The glucose
¥ equivalents as obtained through standardization was converted by a conversion
factor of 0.9 to get the value of starch as per method adopted by Clegg (1956).
The starch content was determined in mg/g of freshly harvested healthy seeds,
which served as control. The loss in amount of starch and decrease (};) in fungi

infested seeds were determined monthly for 1 year.
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Estimation of protein in Karanj seed powder of both healthy and infested
seads were done separately. One g of seed powder was taken in 250 ml
conical flask containing 10 ml of 80%; ethanol and boiled for 10 min in a water
bath. The extract was cooled in a pan of cold water. It was again crushed
in a mortar and pestle for 15 min. The homogenised seed power was filtered
through two layers of cheese cloth, and re-extracted for 3 min using 3 ml of
hot 80%, ethanol. The extract was cooled and again passed through cheese
cloth and filtered through Whatmen filter paper no. 41. The alcohol insoluble
extract contained protein along with many other macromolecules. For complete
removal of alcohol soluble molecules the alcohol insoluble residue was taken
up in 10 ml of hot ethanol and centrifuged for 20 min at 2000 g, and the super-
natant was discarded. The pellets were retained.

Prior to estimation, the protein present in the seed powder was separated from
other interfering substances by precipitation. For this the pellets were sus-
pended in 5 ml of 5% trichloroacetic acid at 2°C for about 25 min in an ice
bath. Protein content was determined by colorimetric method of Lowry ez al.
(1951). The protein sample was suspended in 1 mlof TN NaQOH at 100°C for
5 min. Five ml of alkaline copper reagent was added to the sample and the
mixture was allowed to stand at room temperature for 15 min. Qne drop of
Folin-Ciocalteau reagent was added to the sample and the contents of the tube
were mixed rapidly. The absorbance of the chromogen was measured at 720
nm in Systronics (India) Colorimeter. A standard using known amounts of
bovin serum albumin was prepared. The amount of seed protein was then
determined by matching Q. D. value against astandard protein curve. The
amount of protein was taken as mg/g of freshly harvested healthy seed, which
served as control. Protein content in fungi infested stored seeds, loss 9%
was estimated at monthly intervals for 1 yr. Extraction of aminoacid in
1 g of seed powder was carried out similarly as described in the case of
of protein. However, here the extract was made free from alcohol before
total amino acid was determined. For this the extract was taken in 250 ml
beaker and evaporated to 80—90% of the original volume on a water bath.
A little of distilled water was added and mixture evoporated further for removal
of alcohol. It was filtered through Whatman filter paper no. 41 and the filtrate
diluted with distilled water to get 1 ml of the extract which represents 1 g of
seed powder. One ml of the extract was taken to which a drop of methyl red
indicator was added and the content neutralized with 0.1 N NaOH. Ninhydrin
reagent was then added and mixed thoroughly. The content was heated on
water bath for 20 min. To this 5 ml of diluent solution having equal volumes
of glass distilled water and n-propanol were added. The mixture in the tube
was cooled down in running tap water. The purple coloured chromogen was
taken and absorbance noted at 570 nmin Systronics Colorimeter. The
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absorbance of matching value of glycine standard ( in mg ) was taken and the
amount of total amino acid content of the seed powder determined. The total
amino acid content of freshly harvested healthy seeds served as control. The
amount of amino acid taken for fungi-infested seeds was determined monthly
and the increase (%) noted following Moore and Stein (1948).

RESULT

Karanj seeds were infested with several fungi, dominant among them being
Aspergillus fumigatus, A. flavus, A. niger, Fusarium solani and Paecilomyces
variotii. Presence of these fungi affected biochemical properties of Karanj
seeds. The results showing changes in total sugar, glucose, starch, protein

and amino acids contents of healthy and fungi-infested Karanj seeds have been
included in Tables 1 and 2.

Continued fungal activity in the seeds lowered the total sugar content during
1 yr. of infestation ( Table 1). Healthy Karanj seed powder contained 46.0
mg/g of total sugar. During the next 11 mo acontinued decrease in the
amount of total sugar occurred. The per cent decrease in total sugar content
initially and within a month of fungal infestation upto 2.17%,. The loss
increased gradually and in a linear fashion upto 34.78%, at the end of the year.
Initially the healthy Karanj seed had 11.7 mg of glucose per g of seed (Table 1).

Table 1. Total sugar (mg). glucose (mg), and starch (mg) contentin 1g Karanj seeds
powder and their decreases during 1 yr. of fungal infestation
Total Sugar *  Glucose __ Strach
Amount Decrease Amount Decrease Amount Decrease
Months (mg) %) (mg) (%) (mg) %)

June ‘87 46 00 —_ 11.70 — 25.00 —
July 45.00 . 11.40 2.56 17.00 32.00
August 42.00 8.69 10.90 6.83 17.00 32.00
September 40.00 13 04 10.80 7.69 17.00 32.00
October 37.00 19.56 10.30 11.96 17.00 32.00
November 37.00 1956 9.80 16.23 13.00 48.00
December 37.00 19.56 9.50 18.80 13.00 48.00
January 88 2400 26.08 8.50 27.35 13.00 48.00
February 34.00 26.08 8.20 29.91 9.50 62.00
March 34.00 26.08 8.10 30.76 9.50 62.00
April 30.00 34,78 8.00 31.62 9.50 62.00

May 30.00 34.78 7.90 32.47 9.50 62.00
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After 11 mo the fungi-infested seeds had only 7.9 mg of glucose. Diminution

in glucose content of infested seed increased from 2.56% to 32.47%, at the -
end of the year ( Table 1). Loss of glucose was gradual and linear parallel to
increase in duration of fungal seed association.
Decrease in starch content over 1yr. period was very high being 62%.
Initially after 1 mo of seed fungi association loss in starch content was 32.0%
( Table 1).
Protein content of the freshly harvested healthy seed was initially 80.00 mg'g
(Table 2). Upto 1 mo of fungal infestation there was no change in the
amount of protein of the seeds. But within 4 mo of seed fungal association 4
loss protein content was maximum being 44.37%. During 5thto 12th month
period slight buildup of protein was recorded in fungi-infested seeds. But $
still a loss of 25 per cent in protein content could be recorded atthe end of
the year.
Table 2. Protein and total Amino acids (mg) content in 1g of Karanj seeds powder

and their changes during 1 yr. of fungal infestation

Protein Total amino acid

Months Amount (mg) Decrease (%) Amount (mg) Increase (%)
June 87 80.00 - 10.80 o~
July 80.00 nil 14.60 26.02 I
August 53.50 33.12 15.50 30.32 P
September 53.50 3312 15.50 30.32
October 44.50 44.37 14.60 26.02
November 50.00 37.50 13.90 17.26
December 53.50 3742 13.20 18.18
January ‘88 60.00 2500 12.40 12.90
February 60.00 25.00 12.40 12.90
March 60.00 25.00 12.40 12.90
April 60.00 25.00 11.60 6.89
May 60.00 25.00 11.60 6.89
Concomitant to protein loss increase in the amount of total amino acids was
found in fungus-infested seeds. At the end of 2 mo period 26.029; increase
in total amino acid was recorded, which gradually peaked with 30.32% after
4 mo infestation. The per cent increase in amino acid was, however, 6.89%,
only after 1 yr. period.
Interestingly during humid mensoon months of July and August decrease in
the amount of total sugar, glucose was low but starch was very high. On the ‘
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contrary, loss in protein content of the seeq was remarkably high during autumn
immediately after high humidity months of October and November,

DISCUSSION

In different seeds metabolic changes leading to post-infectional increases or
diminutions in the soluble sugar content during fungal infestation have been
recorded ( Agarwal, 1965 ; Prasad etal., 1976 ; Sinha and Prasad, 1977).
Bilgrami et al., (1979 a) found changes in the sugar content of maize seed due
to infection of Aspergillus parasiticus. Dubey er al. (1988) reported decrease
in total soluble sugars in wheat seeds infested with A. flavus and A. paraciticus.
Ghosh eral. (1981) found that long association of storage fungi, mainly
comprising species of Aspergillus and Penicillium, with wheat seed of cvs,
‘Sonalika’ ““Janak’’ and ‘U.P.262' caused considerable derease in the amount
of their total carbohydrate contents. These reports are corrobarated by to our
observation for Karanj seeds infested with five fungal forms, where loss of
total sugar during 1 yr. infestation was considerably high. However, Hilditch
(1949) reported meagre carbohydrate presence in oil seeds of linseed, poppy and
hemp. Changes in the amount of glucose during disease development,
specially in fruits and leaves, have been amply recorded. Generally the amount
of glucose shows decrease. Chaudhry and Prasad (1974) found depletion of
glucose, among others, in shoot tissue of pigeon infected with Fusarium
oxyporum f. udum. Contrary to the condition in leaf and other tissues accumu-
lation of glucose in seeds during fungal infestation have been recorded specially
in moong seeds infested with Curvularia lunata ( Prasad er al. 1976 ), mung
been seeds infested with Rhizoctonia solani ( Wu, 1973 ). In paddy and maize
changes in glucose content, during and after fungal infestation and infection
of A. parasiticus, were noted by Vidhyasekaran and Govindaswamy (1968) and
Bilgrami et al. (1979 a). Our results, however, indicate a gradual but consi-
derable loss in glucose content in Karanj seed during 1 yr. of fungal infestation.
Our findings of extensive decrease in starch during fungal infestation of Karanj
seeds conform to earlier reports. Depletion in the amount of starch occurred
in maize infested with A. parasiticus. ( Bilgrami et al., 1979 a), in paddy
infested with several fungi (Bilgrami eral., 1979 b ), in seeds of Cajanus cajan
infested separately with 4. flavus, A. niger, Alternaria alternata, Curvularia
lunata, Fusarium moniliforme and Drechlera hawaiiensis ( Sinha and Prasad,
1977 ;: Sinha eral., 1981 : Singh and Sinha, 1985), and coriander seeds
infested with 4. flavus and Curvularia pallescens ( Presad et al., 1988). Itis
apparent that Aspergillus niger, A. fumigatus, A. flavus, Paecilomyces variotii
and Fusarium solani cause considerable decrease in starch content of “Karanj’”
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seed during 1 yr. of their infestation. Continued loss in protein in fungus-
infested seeds was also evident being prominent immediately after high humid
months.

There are quite contradistinct reports about changes in protein content of seed
during fungal infestation. However, in all these reports an early utilization of
seed protein by invading microflora has been reported.

In corn and soybean seeds, during the growth of associated fungi, decrease
in the total protein content was reported by Nagel and Semeniuk (1947) and
Milner (1950) respectively.

Reduction in organic nitrogen content of seeds of Cajanus cajan due to storage
fungi was reported by Sinha eral. (1978). This reduction in the amount of
protein may be due to utilization of host protein by the invading fungi.

A remarkable change in the protein contents of seed during fungal infestation
has been reported ( Singh er al. 1973, 1974 ; Jamaluddin et al., 1977 ; Sinha
and Prasad, 1978 ). In ‘urad’ ( Phaseolus mungo L.) seeds grcdual decline in
the amount of protein during fungal infestation was reported by Jamaluddin
et al. (1977). Similar decline in protein content in Sesamum seed was found
during infestation of Aspergillus niger and Aliernaria alternata by Singh and
Prasad (1981). Different strains of Aspergillus flavu: during infestation of seed
of cowpea ( Vijaya Kumari and Karan, 1981 ) and gram ( Sinha and Chauhan,
1981 ) caused lowering in their protein content. Ghosh ez al. (1981) too reported
loss of protein in wheat seeds of cvs. ‘Sonalika’, ‘Janak’ and ‘U.P. 262 during
fungal infection in storage. An aflatoxin producing strain of Aspergillus flavus
during maize seed infestation caused protein depletion ( Bilgrami er al., 1981 ).
Ganerally infestion by fungi of paddy seeds ( Bilgramier al. 1979 a), moong
seed ( Bilgrami er al., 1974 ), and arhar seeds ( Sinhaer al., 1978 ) caused
protein loss in them. However, in urad seeds infestation of 4. flavus caused
no change in total nitrogen content ( Sinha er al., 1977 ). But protein diminu-
tion in p2anut seed shells due to infestation of A. ramarii, A. glaucus, and
Penictllium citrinum has been found by Ward and Diener (1961). A succession
of changes in protein profile and enzyme patterns of peanut seeds during
infestation of A. parasiticus were recorded by Cherry et al.. (1972). Diminution
in the amount of peanut seed protein too was found during infestation of this
fungus ( Cherry eral, 1974). The total nitrogen content of these seeds,
however, remained unchanged ( Cherry ez al., 1975 ).

Concomitant to and consequent upon protein loss in fungi-infested Karanj
seeds considerable increase in their total amino acids content was discernible
during 3-6 months of infestation. Several cases were reported regarding
changes in amino acid contents of the seed due to fungal infestation ( Prasad
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et al., 1976 : Bilgrami et al., 1976 ; Sinha and Prasad, 1977 ) in pulse seeds
infested with different fungi including Aspergillus flavus. Bilgrami ez al., (1981)
found remarkable changes in the quality and quantity of amino acids in maize
seeds infested with Aspergillus parasiticus. There was, at times, increase in
the amount of certain amino acids, in infested maize seeds. This was attributed
to enzymatic breakdown of seed protein. In the late phase of infestation,
however, the amount of amino acids, was low probably due to their consump-
tion by the invading fungi. Similar conclusion was drawn earlier by Bilgrami
et al. (1979 a) in paddy seeds during fungal infestation. In the seeds of 'urad’
and ‘moong’ as per report of Bilgrami er al. (1976), the infestation of 4. flavus
did cause differential accumulation or else utilization of amino acids which
qualitatively altered the pool constituents and composition. An overall increase
in common amino acid constituents was found in the grains of six paddy
varieties infected with Helminthosporium oryzae ( Vidhyasekaran er al., 1973 ).
In Penniserum typhoides seeds obtained from a Sclerospora graminicola infected
ear heads showad enhanced amino acid ( Arya and Tewari, 1978 ). In paddy
leaves too almost all the amino acids increased or decreased in irregular
rhythoms during pathogenesis of H. oryzae ( Chattopadhyay er wl., 1970). In
the leaves of susceptible rice cv. ‘Benibhog’ high buildup of amino acids was
recorded after infection of H. oryzae ( Purkayastha and Chattopadhyay, 1975 ).
All these reports and many others ( Prasad 1980, 1989 ) show that as found
hera in Karanj seeds the infestation jointly of A. niger, A. fumigatus, A. flavus,
Paecilomyces variotii, and Fusarium solani enhanced release and accumulation
of saveral amino acids in the pool which might be due to concurrent protein
breakdown.
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