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CHAPTER 3

Objective 2: Determination of the changes in carbohydrate
profile and protein content of wheat and bengal gram in regponse
to the procegs of germination

Introduction

The sum total of physieél and chemical changes which take
place during malting is termed as 'modification' which éause
transformation of a tough grain into a friable malt (Pomeranz
i972). The process of malting involves steeping followed by’
germination and kilning of a grain. Dufing the process of malting,
modification in a grain is brought about by the activation and
elahoration of hydrolytic enzymes, which degrade complex
carbohydrate and protein fractions of a grain (Briggs et al 1981,
Briggs and MacDonald 1982).

Seedling weight and malting loss

Kneen et al (1942) had determined the changes in total,
green and dry weight of wheat grains germinated over a period of
4 days at 20°C, 6 days at 15°C, 10 days at 10°C and 24 days at
5°C,. 1t was observed that irrespective of the germination
temperature, green weight increased and the dry welght decreased
with the increase in germination period. After 4 days of
germination, at 20°C, the green weight increased by 34.7 g, from
30.0 to 64.7 g and the dry weight decreased by 7.7 g, from 26.7
to 19.0 g. The reduction in germination temperature by 5°C after

4 days of germination led to a relatively smaller inerease in
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green weight than that observed at.20°C (31.8 Vs 34.7 g). The
increase in gérmination pgri?d from 4 to 6 days at 15°C increased
' the green weight by 59.5 g. But there were no marked chénges in
dry weight over the germination period of 6 days..at‘10°0, the
green weight increased by 23.1 g (from 30.07to 53.1 g) after 4
days, by 30.0 g (from 30.0 to 60.0 g) after 6 days and by 69.2 g
(f:om 30.0 to 99.2 g) after 10 days of germination. 4s was ‘
observeﬁ in grains germinated at 15°C, no appreciable changes in
dry weight were observed at 10°C. At each germination period the
increase in green weight was lower at 5°C than at 10°C. The green
weight increased from 30.0 to 49.8,_50.7, 53.5 and 95.5 g after
4, 6, 10 and 24 days of germinafion, respectively. The drj weight
was found to decrease from 26.7 %o 22.7 g after 24 days of
germinatioﬁ. This decreaée of 4.0 g in dry weight‘after 24 days
of germination at 5°C was lower than that (7.7 g) observed at
20°C after 4 days of germination, thereby indicating that
regardless of germination.perioﬁ losses in dry weight increase&
with increase in germination témperature which can be attributed

to faster growth rate of seeds at higher temperatures.

Malting loss is the percentage reduction in dry weight
occurring in the convérsion\of a grain to a finighed malt. The
nalting losses aré attribqted tollosges due to leaching during
stgeping, losses due to ithe formation of carbon dioxide and water,

and loases due to separation of rootlets (Briggs et al 1981).

- Malting yields of 3 varieties of wheat at 3, 5 and 7 days
of malting were recorded by Sethi and Baing (1978). 'In one-
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variety, the malt yields, respectively, ﬁere 87.6, 85.7 and
85.5%. In the second vafiety,‘the malt yield after 3 days of
mal%ing, was 85.8%, after 5 days of malting was 84.7% and after’
7 days of malting was 82.1%. In the third variety, the malt
yield wasg 92.7% after 3 days of malting which decreased to
89.9% and to 87.8% after 5 and 7Ydays of malting réspectively.
In all the 3 varieties of wheat decreases:in malt yields with
inerease in germination time\were observed. Singh et al (1983)
bhad observed that the malting yielﬁ of Triticum dicocum khapli
‘wheat was 93.5% after 3 days, 91.0% after 5 days and 90.0 after
7 days of malting. The malting yields of wheat ranged from 85.8
to 93.5% after 3 days, from 84.7 to 91.0% after 5 days and from
82.1 to 90.0% after 7 days of malting.

Gupta et al (1985) reported that malting losses in 2
varieties of triticale increased with tﬁe duration of germingtion
éeriod from 2 to 6 days and the level of steeping moisture firom
38 to 42%. A variety of steeped triticale having 38% moisture
exhibited a malting -loss of 2.6 to 7.8%.wﬁen the germinatibn
period was increased from 2 to © days. But in the same variety
of triticale having 48% moisture the malting loss was.higher,

- it was 3.3 to 12.3%. Likewise, in another variety of triticale
the malting loss ﬁas‘between 3.3 and 5.8% when the moigture
content was 38%, and 6.1 and 10.1% when the ﬁoisture content was
42%, Barlier, Wu (1982) had demonstrated a weight loss of 10% in
triticale after 3 days of germination which increased to 15 and
2%% when the germination period was increased to 6 and 8 days,

respectively.
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Similar observations have been made{i:;bo;n (Singh and Bains
1984). The authors had malted 2 varieties ;f corn and found that
malt yield in both the varieties decreased with the increase in
germination period. In one variety of corn, the malt yield was
94.8% after 3 days of germination which decreased to 93.6 and
88.6% after 5 and 7 days of germi&ation, respectively. In another
variety of corn, the malt yield decreased from 95.0 (3 days of
germination) to 92.7% when the germination period waé increased
t0 5 days and to 89.8% when the germination period wés further

increased by 2 days.

Earlier, malt ylelds of 2 varieties of barley were recorded
by Singh and Bains (1977). In one variety of barley, the malt
yield decreased from 87.2 to 80.6% and in the other variety it
decreased from 88.8 to 84.8% when the germination period was
increased from 3 to 9 days. These data indicated that the
increase in the number of germination days increase malting
losses. Pathirana et al (1983) have observed that malting losses
were'directly proportional to the number of days a grain was
allowed to germinate. However, the relationship between the
stéeping period and malting loss was not clear although the results
did indicate that longer steeping periods led to faster rates of
germination and congequently higher malting losses. -

Malleshi and Desikachar (1979) had malted 9 varieties of
ragi and found that the malt yields ranged from 62.8 to 70.8%
exhibiting malting losses of 29.2 to 37.2%. Malleshi (1983) had

demongtrated that the malting losses in miliets, maize, sorghum,
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rice, wheat and triticale after 48 h of germination ranged from

2.9 %0 5.5% and after 96 b of geruination from 6.8 to 16.2%.

In 17 varieties of sorghum, Jayatlsaa et al (1980) had
observed that maltxng losses ranged from 4.2 to 19.4% after 4
days of germination and from 8.4 to 30.3% after 6 days of
germination thereby indicating thatmwériety of a gréin influenced

malting loss. .

Malting and carbohydrates

Ag early as in 1934; Acharya had concluded through a geries
of experiments on gorghum mélt that the enéyge diastase was
responsible for the hydrolysis‘of starch and that it had 2 main
components, alpha and beta amylaseg. The alpha amylase acted on
the amylopectin and the beta amyiase'on'the amylose fraction of
starch. About 8 years later, Hildebrand and Burkert (1942)
explained that the alpha amylase ruptured the gtarch molecule at
moré or less central linkages producing degradation products of -
relatively high molecular weigﬁf. The hydrolytic producte of

beta amylase were predominantly of low molecular weight.

Many studies have been conducted on the development of
enzymes during germination, MacLeod et al (1964) followed the
development of hydrolytic engymes - notably alpha amyiase, \
endo-beta glucanase and proteinase in‘germinating‘barley. It was
noticed that -the ehdo-beta—glucanase formation_precgded the
formation of alpha amylase which, in turn, preceded tae formation

of protease. They also determined the time of initiation of the
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enzymesin.ﬁhe germinating barley grain and found that the
enzymes, endo-beta-glucanase, alpha amylase and protease were
initiated at 24, 29 and 30 h of germination, respectively. The
authors explained that as one of #the cytases, viz., endo;beta-
glucanasge was mobilised before the 1n1t1atlon of alpha amylase
activity, the carbohydrate of the wall was partially degraded
before the starch granules in the endosperm were attacked by

amylolytic enzymes.

~

That a new kind of alpha amylase with different electro~
phoretic pattern than the original amylase develops during
germination of wheat was reported by Olered and Jonsson (1970).
They observed that dﬁring the initial stages of_germination, the
amylase activity increased owing to the combined action of both

the original amylase and the new form.

Kruger (1972) determined the changes in the amylases of
hard red spring wheat during germination. He found that alpha
—amylase appeared after 2 days of germination and steadily
increased in amount with the increase in germination time. Two
sets of amylases were found, one éet of 3 isoénzymes was electro-
phoretically idenﬁical to those found in immature kernels whergas
éecon& gset of 4 sldﬁer isozymes was found oﬁly in germinated
grain. Amylase formation in germinated seeds was fougd to ocedr

by de novo synthesis. The electrophoretic identity between the

faster set of germinated alpha amylases and the alpha amylases
in immature kermels suggested that they might be related. The

authors were of the view that the amylases. of the immature
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kernels were regenerated during gerﬁination foming the electro-
phoretically faster set of germinated alpha amylases, while
de novo sjnthesis,was responsible for the electrophoretically
sloyer set of alpha amylases. He also obgerved that the main |
beta amylase components of wheat began to disappear at 2 days
of germination and %otally_disappeared after 4 ﬁays’of germination.
Instead, a new electrophoretically gslower beta amylase was formed,
which increased in activity withthtime of germlnatlon. The author
oplned that the ooincldent disappearance of the- sound beta
amylase with the appearance of the germinated beta amylase might
indicate that at least part of the formation of the new amylase

is by transformation of one into the other.

. Within the vaiious components of the germinated grain, the
- distribution of amylases has also been investigated. Briggs
(1964) determined the origin and distribution of alpha emylase
in va;ious parts of germinatéd and dehusked whole barley. It was
observed that in malt about 7% of the alpha amylase ﬁas 1ocated‘
in the embryo and 93% in the endosperm, of the latter about 6.5%
was of embryo origin and the remaining 86.5% originated in the
aleurone layer. It was also noticed that during germingtion, the
alpha amylase increased more rapidly in the proximal part of the
endo sperm than in the distal part. The rapid increase in alpha
amylase in the proximal part of the éndosperm was attributed to
the progressive diffusion of gibberéllin’from the embryo which

u
stimulated the aleurone layer to release enzymes.‘fgﬁﬁgfizgaz§%\\
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‘Kneeh et al (19425 observed that the appearance of sprouts
was preceded by a considerable development of alpha amylase in
wheat gfain.‘The‘authors demonstrated that as growth progreésed.
( the enzymic development roughly paralleled sprout elongation.
They also found a relationship between temperature and degree of
germination. It was observed that particularly in the early
stages of éeedling development, the lower the germination
temperature the higher was the amount of active alpha.-amylase
per millimeter of sprout 1ength But the time duration required
for the produetion of both sprouts and enzyme at lower
temperature was highér than that observed at higher temperature;
However, in the later stages of germination the temperature
effect was found o be-minimﬁm as seedlings with equal sprout
lengthé had approximately equal alpha .amylase activity. Similar
effects of germination temperature and time on amyiase activity
in bajra (Pennisetum typhoidéum) have been shown by Singh and
Tauro (1977). -

Kneen in 1944 confirmed thelr prevmous findings that the
degree of germlnatzon of a grain is determined byfincrease in
alpha amylase content. In various cereals such as barley, wheat,
rye (Secale gcereale), oats, maize, sorghum end rice, the alpha
amylase activity increased during germination‘of these gréins;
However, when the alpha amylase act1v1ty at a given sprout
length of one grain was compared to that of another grain having
_the same sprout length, it was observed that the amylase
broduction was not proportional to the sprout length. The
germinated oat which had the longest sprouts (25 to 35 mm) renked

i



fifth in alpha amylase production showing less than one-third
the activity of alpha amylase in wheat grains having a sprout
length of 20 to 30 mm. Lack of correlation between the degree
of germingtion and alpha amylase acfivities in wheat and rye has

also been reported by Olered and Jonsson (1970).

More recently, Raynes and Briggs (1985) iﬁvestiéated the
effect of factors other tﬁan temperature on prodﬁc%ion of alpha
amylase during germination of barley grain. The agthora observe&‘
no relationship between grain nitrogen qontent and slpha amylase
yleld. But it was noticed that heavier/larger grains produced
more alpha amylase 'per grain. However, smalleg/lighter grains
sometimes had larger alpha amylase con%ents than the larger grains
per unit weight of flour. The authors further explained that the
eqdogenous gib?erellin levels and the enzyme forming capacities
of grain were also important factors in determining the alpha

amyiase yields.

Earlier, Atanda and Miflin (1970) had shown that the levels
of alpha amylase activity differed considerably in 20 different
_varieties of barley germinated for 3 to 4 days. It was observed |
" that alpha amylése activity ranged from 75 to 337 units/seed.
Such variations in amylase activity due to varietal differences
have been demanstrafed by many investigators in wheat, barley,
jowar, bajra, ragi, corn and triticéle (Shands et al 1942, Jain
~and Date 1975, Pal et al 1976, Sethi and Bains {978, HMalleshi
and Desikachar 1979,‘Singhrand Bains 1984, Gupta et al 1985).
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Studies have been conducted to determine the changes in
starch éf gemminated grains. Greenwood and Thomson (1959) compared
the starches of unmalted and malted barley grains. The authors
had observed a decrease in the starch content which was attributed
to the loss in amylopectin component. The malted barley starch
possessed a higher amylose content, smaller granules and needed
a higher gelatinisation temperature than that of the original
barley. The higher gelatinisation temperature of the mélted
barley, according to the authors, was related to both its smaller

granular size and its higher amylose content.

Lineback and Ponpipom (1977) through scanning electron
photomicroscopy observed that the endosperm of ungerminated
wheat contained large and small starch granﬁles embedded in a
cementing matrix. After 2 days of germination, enzymétic erosion
of wheat starch granules in the(endosperm became visible. 1t was
also observed that the starch granules near the aleurone layers
of the kernel were attacked more severely than starch granules
in the inner endosperm. The starch granules isolated from wheat
germinatéd for 4 days showed enzymatic erosion on surfaces and
along the equatorial groove. Most of the enzyme attack was
confined to the larger granules, which suggested tpat these were

more susceptible to amylolytlc degradation than smaller ones.

Earlier, Dronzek et.al (1972) had also studied the changes
in starch granules during germination of wheat. They found that
at an early stage of germination most of the enzyme attack was

confined to the large starch granules. However, after 8 days of
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germination, both the large and small starch granules were
severely erpded. It was also observed that’tne“staréh granules
near the aleurone layer of the kernel wefe aftacked more severely
than those in the imner endosperm which suggested taat in the
germina%ad wheat the amylase activify,was higher in the aleurone
than in the inner endosperm. Howeve:, even after 8 days of
germinétion, all the starch granuleé were not eroded by the
amylase as there were still a large number of intact starch

granules. , : .

MacGregor and Matsuo (1982) explored the site of starch

" degradation in wheat kernels during in;tial staggs of germination.
It was obéerved tﬂat starch deéradétién started at the gpdospe;m—
embryo junction, usually close t6 the yentrai cfease, and moved
along the junction to the dorsal edge of the kermel. This
degradation was preceded by extensive breakdown of cell wall
material and the protein matrix of the endosperm. The authors
were of the opinion that the site of initial alpha amylase
synthesis in germiﬁating cereal grains was the embryo and not

the aleurone layer. They also believed that the aleurone-
synthegized alpha amylase may not be responsible for stapch
degradation during malting and that the scutellar epithelium was
mainly responsible for the synthesis of alpha amylase during

initial stages of germination.

On the other hand working with germinated barley grain,
MacLeod and Palmer (1966) had reported that isolated scutellum

had a very limited ability to produce alpha amylase and its
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powers of enéyme secretion were largely restrictéd to the
peripheral regions where aleurone cells were present. According
to the énthors the stimulus which initiated enzyne fﬁrmation in
the aleurone was largely derived from the nodal region of the
embrﬁo especially from the base of the node where éubsidiary X
rootlets were formed.‘Thé translocation of the enzyme inducing
hormone from embryo ﬁo aleurone, took place through the apical
half of the scutellum in which vascular tissue deveiqped. Later,
Palmer (1982) Bupéorted the results of Méc@eod and Palmer (1966).
In germinating barley, Palmer (1982) observed that the enzymic
modification of the endosperm was under aleurone rathef than
scutellar control. The author also found_ouﬁ that excised barley
embryos could produce alpha amylasé because -the peripheral areas
\ of the scutellar tissue contained a1eurone'ce11s while the
élgurone-free tissue of the squtellum was incapable of producing

- glgnificant quantities of alpha amylase.

Fretzdorff et al- (1982) worked with kilned barley malt and
observed that the hydrolysis of cell walls,lproteins and starch
was most extensive in the starch endospérm area adjacent to the
scufellar epithelium. It was observed that hydrolysis occurred
in areas adjacent to the aleurone layers and that the hydrolysis
decreased as distance increased from the embryo to the distal
~end and from the aleurone layer -to the. centre of the starchy
endosperm. Although no rigid sequence of hydrolysis was observéd,
generally, hydrolysis of the cell wall was more extensive than
protein hydrolysis, and hydrolysis of starch seemed to take

place gradually in the later stages of malting and kilning.
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Small granules of starch were hydrolysed more exten31ve1y than -
1axge granules. Earlier, Palmer (1972) had also observed that,
during maltinb, amylase had limited actlon on large sized starch
granules of barley endosperm but rapidly degraded the small
granules. In contrast, the small grenules of starch of wheat
endosperm were found to be resistant.to enzymnic attack. It was
also seen that corroded starch granules were mainly found in the -
proximal (embryo) half of the endosperm where levels of alpha

- amylase were much higher than at the distal end.

Glennie et al (1983) studied the patterns of modifibafion
that occurréd in the endosperm duripg gérmination of sorghumk
grain.-The authors observed that endésperm modification began
at the endosperﬁ scutellar interfaee and subsequently moved into
the endosperm, with slight modlflcaxlon of the perlpheral
endosperm. The protein matrlx was found to dlsappear first and
after it was disrupted, the starch granules an@ protexn bodies
were degraded simultaneously. The starch granules were modified
* by pitting rather than by surface erosion as their interiors had
become hollow, while their forms were retained. The cell walls
were the only part of the endosperm that‘remained visually
unchanged after germinétion ,they retained their structure even
after the endosperm was exten31vely modified and the cells had-
lost their contents. It was also observed that the aleurone cel1s
did not appear_to be active in enzyme ‘production, rather:.the
scutellum fulfilled thié role. In the same year, Aisien and Palmer
(1983) reported that the whole body of-scufelluﬁ was capa?ie of

© producing alpha amylase in germinating sorghum, while in the
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germinating barley, MacLeod and Palmer (1966) and Palmer (1982)
had reported that the enzymic modification of the endosperm was

under gleurone rather than scutellar control.

Changes in stérch and sugars during germination have also
been determined. Lineback and Ponpipom (1977) estimated alpha
amylase activity in wheat grains before and éfﬁer soakiné and in
flours‘made from wheat germinated for 2 to 14 days and related
the effects of enzjme activity to démage@ starch and free sugar
contents. After soéking, the alpha amylase activity of wheat
decreased to about one half of that originally present in the
dormant grains which was attributed to leaching of the enzyme
.during soaking. The activity of alpha amylase in flohp of
| germinated.wheat increaséd and tended to parallel the increase
observed in free sugars till 8 days of .germination pexriod.
Thereafter, until the end of 14 days of germination period, the
enzyme activity remained constant. The damaged starch and freée
sugar contents of flour prepared from gérminated wheat increased
with the increase iﬁ germingtion time, Earlier, similar results
for alpha amylase activity, damaged starch and free sugar contents
of 2 to 8 -days germinated whéat were observed by Dronzek et al

(1972).

Piendl (1971) studied the effect of germination time on the
carbohydrates of 4 varieties of barley malt. A considerable
increése in hexoses and sucrose was observed during the first
7 days of germination. The increase tended to slow down after

7 days of germination until the experimental period of 10 days.
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' Varietal differences were 6béerved in the pfoduction‘of these
sugars at differént germination periods. von Holdt and Brand
(1960) obéerved that the starch content of sorghum decreased
while the fructose, glucose, éuérose, maltose and maltose
oligosaccbarides increased progressively with the increase in
germination time from 2 to 7 days. The authors observed that the
loss of starch was very much greater than the increases in sugars
and lower oligosaccharide contents. Therefore, it was concluded
that there was a considerable net loss of carbohydrate in the
malting of sorg@um. The authors furt&er poinfed out that as the
~breakdown of starch during germination was rapid, the production
of sugars probably always exceeded the consumption, so that

there was no lag period before the sugaf content of the‘grain

started to increase.

digien and Ghosh (1978) monitored the changes in starch
and soluble carbohydrates in sorghum germinated for 60 h. The
authors 6bserved that the starch content decreased from 80
(initial value) to 74% in first 12 h of germination and to 66%
after‘24 h of germination. Thereafter, the decrease in starch
content was relatively low és the starch content of 60.h
germinated sorghum was 62%. The contents of soluble carbohydrates
increased from zerc (initial value) to 2.0%.after 12 h of
germination and to 3.1% after 24 h of germination. The increase
in genmiﬁation period from 24 to 60 h brought about é relatively
smaller increasge in soluble cérboh&drate contents. It was 4.9%

~—

in grains germinated for 60 h.
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Similar observations that during germination gtarch content
of the grains decreased and sugar content increased have been
made by Chavan et al (1981) and Taur et al (1984a) in different
varieties of sorghum germinated for O to 120 h. The dgta

presented below indicates that the reduction in starch content

Changes in starch and reducing sugar contents of sorghum

éermination Low tannin High tannin Mean values of 5

time varieties of
O I ) e ) S
, : ‘{Taur et gl 1984a)
Starch Reducing Starch Reducing Starch Reducing
sugars sugars sugars

(%) (mg/g) (%) (mg/g) (%) (mg/g)

0 770 - 0.7 7241 5.7 5.4 1.1

24 75.0 1.2 69.6 4.4 73.0 1.9
48 . 65.0 26,0  60.1  26.2  63.4  26.1
72 48.4-  9T.5  54.6  49.0  47.4  90.4
96 52,0  105.0  48.4 3.5 32.8  98.3

120 22,5  120.0 32,0 80.2 2%3.8  109.1

and elevation in reducing sugar content was higher in lbw tannin
than in ﬂign tannin variety of sorghum. The decrease in starch
content in 120 h germinatéd gsorghum as observed by Chavan et al
(1981) and Taur et al (1984a) ranged from 56 to T1% and increase
in reducing sugar content about 20 to 170 fold.
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Malleshi (1983) had observed that during the germination
period of 96 h the starch content of finger millet (Bleugine
goracana) decreased from 65.5 to 53.0 g/100g. On the other hand,
the free sugar content increased from 1.1 {(ungerminated value) to
5.9 g/100g. Likewise, decréases in the starch content and increases
in the free éugar content were observed in 48 h germinated pearl

millet (Pennigetum typhoideg) end foxtail millet (Setarig italics).

Faparusi (1970) classified sugars into 3 groups in relation
to germination period. Those sugars which decreased in concentra-
tion on the first day of germination and then showed a rapid
increase in concentration on the second day until the third day
followed by no further substantial increase were the glucose an&
sucrose; those which showed a steady increase in their concentra-
tions until the second day, after which there was a relatively
sharp increase in the‘concentratian but did not increase after
)the third day were the fructose, maltose, isomaltose and
maltotriose; and sugars wiaich did not show any increase in their
concentrations were the raffinose and stachyose. The author
explained that the initial £all in the concentratiéns of some
of the sugars could be due to the increase in metabolic
activities of the graing on gteeping and germination and the

utilization of the sugars in the metabolic processes.

Aigien (1982) examined the utilization of soluble
carbohydrates during germination and seedling growth of sorghum.
A detalled time course study of sucrose, raffinose, glucose and

fructose contents of the scutella from gemminating intact
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sorghum grains showed that the sucrose declined rapidly within
12 h after initial wetting of the grains. Between 12 and 36 h
of germination, this rapid decline in sucrose was arrested before
re-gynthesis ﬁrom translocated pioducts of endogperm degradation
resulted in its recovery. The raffinose content also declined
rapidly within 18 h after wetting but was recovered by 24 h. In
contrast to the rapid decline in levels of-sucrose and raffinose,
glucose aﬁd fructose levels remained low duripg the entire
germination phase of 24 h. 4ll the sugars accumulated once the
24 h gérmination period was completed. A similar time coﬁrse
inveatigationffor maltose; maltotriose and glucose levels in the
endogperm showed %hat glucose was the main sugar produced during
germination and seedling developﬁent although the other 2 sugars
(maltosé and maltotriose) were present in lower quantities. The
: detefﬁination of invertase activity in the axes of sorghum grain
embryos sgowed thét'the enzyme was initiaily present in the
ungerminated grain but its activiiy increaéed‘during 24 h of
germination which was seen to be associated with low sucrose

level.

Similar changes in carbohydrafe contents have also been
observed in germinated pulses. Azhar et al (1972) examined
changes in carbohydrates during germination of bengal gram.
‘They observed that 50% of the dry weight of the seeds was
constituted of starch‘and that this.was reduced to about 20% h
after 7 days of germination. There was a sharp rise in the

concentration of goluble sugars mainly hexoaes,'on the third day
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of germination‘followed by ‘a decrease to make the level slightly

A

lower than thai observed on the second day. The pattern of
changes in free hexose concentrations was similar to the changes
in total goluble sugars. The reducing sugar content declined on
the fourth day by about 15% and then began to rise to reach a
level comparable to the content observed on the second day. The
concentration of keto sugars remained almost constant up to the

sixth day and then dropped by nearly 50%.

Jaya and Venkatarsman (1980) observed decreasesin the starch
concentration of bengal gram with progressive germination (see

below). The reducing sugar content increased on germination with

Carbohydrate composition of germinated bengal gram

a 3

Germi- Total Soluble carbohydrates Pento- Starch Cellu~ -

Uiie  hyiza. Iotl Bedu- Non- %% licose
(o) tes - cing

‘ (8/100g),
0 61.2  14.9 2.2 12,7 47 40.5 1.1
48 60.0 18.3 - 5.7 12.6 5.0 %6.0 0.7
96 52,9  21.9 12,5 9.4 5.1 25.2 0.7

a corresponding decrease in non-reducing sugars. The changes in

carbohydrate profile were more mérked during the latter 48 h than
| the first 48 h of gérﬁination period.'This was attributed to the
initial lag period before alpha amylase was activated in

germinated bengal gram grains, In 96 h germihated bengal gram,



bY
64

the starcﬁAcontent had decreased by 38% and total sugar content
‘increased by 47%. The reducing sugar content however, in 96 h
germinated bengal gram was elevated by 468% over its initial

value.

‘Udayasekhara Rao and Belavady (1998) had determined the
changes only in fruétose, glucose and sucrose contents of bengal
gram after 72 h of germination. It was observed that from the
. values of ungerminated grains, fructose increased from 0.25 to
0.85 g/100g, glucose from'p.i o 0.45 g/100g and sucrose from
1.6 to 2.9 g/100g.

Aman (1979) had also monitored the changes in starch and
sugar contents over a germinatioﬁ period of 72 h in mung bean
and bengal gram. Ip mung beans, the starch content decreased by
13% from the initial value of 42%. The content of fructose
increased to 0.7% froﬁ traces in ungerminated seeds,after 48 h
of germination and to 0.8% after 72 h of germination. Likewise,
the contents of glucose and sucrose increased to 0.7 and 5.1%
from their initial (0 h) values of 0.1 and i.B%, respectively,
after 48.-h of germination and4thérga£ter decreased to 0.4 and
' 3.8%, respectively. In bengal gram, a negligible decrease (1%)
was observed from the initial starch content of\34§1%. The
fructose and glucose can%ants increased from 0.1 to 0.5% after
24 h of germination, then decreased to 0.1% after 48 h of 1
germinaficn and only traces were observed affer 72 h of germination.
Likewise, thé contents of sucrose increased from 4.3 to 5.3% after

24 h of germination, then decreased to 4.9% after 48 h of
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germination and remained constant until 72 h of germination.

El-Shimi et al (1980) investigated the changes in total
starch, sucrose and fructose in 8 days germinated bfoad beans
(Vicia faba). The total starch content decreased by 24% from
the initial value of 50% after 2 days of germination. Thereafter
a progresgive decrease t& 18.8% was observed up to 8 days of ;
germination. The sucrose content of broad beans increased from
3.7 t0 6.5% after 2 days of germination, thereafter it showed a
progressive decline to 1.5% after 8 days of germination. Likewise,
fructose increased from zefo (ungerminated value)Lto 0.85% after
4 days of germination end then deereased to zero after 8 days of

\

germination.

Variations in éugar content of the great northern beans
(Bhaseolus vulgarig) with incregse in genmination period have
bgén monitored by Sathe et al (1983). They have reported that
the toﬁal sugars (mg/g) decreased from 13343 $o 101.9 in 2 days
of germination,and later increased to 118.5 after 5 days of
germinétian period. Sucrose on the other hand, showed a different
pattern, it' decreased from 52.1 %o 47.8 ﬁg/g on the second day of
germination, increased to 59.5 mg/gfonmwhird day of germination,
again decreased t6‘27.0 mg/g on the fourth day and increased to
37.6 mg/g on the fifth day of germination.

1

y

El-lMahdy and El-Sebaily (1983) determined the changes in
carbohydrates of 96 h germinated fenugreek (Trigoﬂellg‘foengg
graecum) seeds, a leguminous herb. It was observed that the

reducing sugars increased from 0.15 (ungerminated) to 3.19% in
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germinated fenugreek seeds. Likewise, total reducing sugars after
acid inversion increased from 2.89'(wngerminatéd) t0-9.52% after
96 hdgermination in fenugreék seeds. In contrast, the starch ,
content decreased from 20,6 (ungerminated) to 15.6% in 96 h
germinated fenugreek seeds. The étarch breakdown was atitributed
to the increasesin'am&lase and phosphorylase activities‘in

regpiratory metabolism.

S

Shiroya (1963) studied the changes in fructose, glucose
and gucrose with the increase in sprout 1eng%h of germinated
cotton seeds. The fructose content increased from 0.5 to 2 mg/g
to 2 to 5 mg/g when the sprout length increased from zero
(ungerminated) to 0.1 cm and remained constant till the spr&ut
length was 5 cm. On the other hand glucose content increased
from 0.25 to 0.5 mg/g to 0.5 to 2 mg/g whan—the sprout length

increased from zero to 0.1 cm and to 2 to 5 mg/g when the sprout
length increased to one centimetre. Furthef increase in sprout
length %0 5 cm brought about no difference in glucose éontent.
In contrast, sucrose content decreased from 2 to 5 mg/g to 0.5
to 2 mg/g when the sprout length was 0.1 cm and theﬁ increased
to 5 to 10 mg/g when the sprout length became one centimetre
and thereafter no change in sucrose content was observed with

increase in sprout length to 5 cm.

Malting and proteins _
Hwang and Bushuk (1973) investigated the effects of 2 days

of soaking and of various germination periods on endosperm
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,prdteins of ied spring wheat. It was noticed that during
sprouting the amount of high molecular weight components
(gradually decreaged while the amounts of smaller molecular weight
components increased. Basedlon sdlubility fractionation, the
authors demonstrated that in flour made from germinated wheat,
there was a marked decrease in the amount of insoluble protein
component end increase in the number of amino groups which were
related to the increase in' proteolytic activity. HQwever, 2 days
of soaking had no effect on ér&teolytic activity while 2 days of
germination produced a relatively~small increase., But the protéo-
lytic activity of the flour increased 7 and 17 fold during 4 and
8 days of germination, respectively. Barlier, Hildebrand and
Burkert (1942) had reported that during the process of germination
. the proteidase activity of wheat increased approximately six

times in 4 days and 10 times in 7 days.

Chittenden et al (1978) studied the changes in free amino
acids in the aleurone layer endosperm and‘embryo of the'
germinated wheat grain. The total free amino acidsin.thg aleurone
layer and starchy endosperm increased from the onset of
germination up to the fifth or sixth day of germination.
Similarly, in the embryo, ihe levels of free amino acids
increased from the onset of germination, and after the second day
the rate of increase was dramatic so-that by the sixth day the
levels were much higher than those observed in the aleurone
layer as well as in the stérchy endosperm. Regarding individual

amino acids, it was observed that glutamine was the prominent

!
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‘amino acid in both the aleurone layer and starchy endosperm of

. the ungerminated and the germinated grain. Although proline was
present in relativeiy small amounts in the ungerminated grain

it increased to levels approaching those of glutamine by the
fourth day of germination. Changes in the pyoportions of other
amino acidg were less marked. In the embryo of the germinafing
grain, glutamine, aloné with agparagine, alanine and proline

was also the major amino acid. In contrast to the changes in

the free amino acids in the aleurone layer and starchy ehdosjerm,
there was a large increase in the proportion of asparagine in
the embryo during germingtion so thét by'the fourth day it
accounted for 45% of the total free amino' acids.By the sixth day
there was furfher increase in asparagine so that it accounted

for more than 60% of the total free amino acids.

Taylor (1983) observed that in malted sorghum, the nitrogen
of the kernel was transferred to the roots~and shoots. Prolamines,
~the magjor group of stcragé proteins, were degraded directly to
small‘peptides and amino aqids without the formation of
polypeptide intermediates. There was a decline in glutelin
proteing whereas gome albumin plus globulin proteins increased
" in quantity. In the roots and shoots there was a congiderable
increase in both protein nitrogen and non-protein nitrogen as a'
result of the translocation of the products of storage protein .
‘breakdown from the kernel. Several fold increases in ail the
essential amino acids were observed although the 2 most important
free amino acids of sorghum malt were asparagine and glutamine,

as in germinated wheat.



| m
\ | 69

As early as in 1929, Bighop had observed that there was an
. active breakdown of the proteins of barley during germination.
The 2 insoluble proteins of the endosperm, hordein and glutelin,
" were broken down at about the same rate to give salt soluble
products. Later, the rate of disappearance of glutelin and
hordein fell off and the amount of glutelin increased slightly.
The falling off in’the rate of disappearance of glutelin and its
- subsequent increase suggestéd to the autﬁors that thére was a
resynthesis of this protein in the embryo. The breakdown of
hordein and glutelin gave rise chiefly to the simpler nitrogen
compounds comprised in the term 'non protein' nitrogen. In
addition, albumin{ glob&lin and proteose were found increased

although not markedly in the germinating grain.

Pomeranz‘(1974) had observed that degradation of protein
matrix in response to malting was influenced by the protein
content of barley. In the low protein barley, the degradation
of protein matrix was extensive while in the high protein barley,
much of the protein matrix was found to be largely'intact and as
a matter of facf gome protein was retained in the férm of a

éontinuous thick film covering the starch granules.

Chrigpeels and Boulfer (1975) determined the role of.endo-
peptidase in the control of storage protein metabolism in the
cotyledon of germinéting fng beéns, TPne autodigestive proteo~
lytic activity of the exiracts of cotyiedons of mung beans was
found to increase 4 to 5 fold during germihation. The increase

occurred after a lag period of 2 days during the next 2 to 3

-~
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‘days of germination and coincided with the period of rapid
storage protein breakdown., Similar resultstére reported by

Harris and Chrispeels (1975), the proteolytic activity was closely

paralleled by a 10 fold increaée in endopeptidase activity.

Juo and Stotzky (1970) observed changes in protein spectra
of red kidney beans (Phaseolus vu;garis) during germination. In
~ ungerminated beans globulins, albuming and basic proteins were
found in the ratio of 3:2:1. ‘The globulin fraction constituted
a major portion of the reserve proteiﬁs and was hydrolysed rapidly
during germination. More than 90% of the basic ﬁroteins disappeared
after 12 days of germination. Although the decrease in total
albumin was not as mérked as in the other 2 fractions, a number
of compohents of this fraction,disapbeared during thé early
gtages of germination, but several new componen%s‘were detected
after about 8 days of germination. The apparent synthesis of -
new globulin components during germination was also observed,

but no synthesis of basic proteinswas detected.

Krishnamurthy and Venkataraman (1983) observed changes in

- the reserve proteins of green gram (Phaseolus gureusg) during

germination, Gel filtration and polyacrylamide gel electro-
phorésis indicated the degradation of the high mcleculér weight
profeins to low molecular weight proteins. The results also
suggésted that there'was formation of the new proteins during

germingtion consequent to the degradationxof'atored proteins.

In great northern beans, Sathe et al (1983) observed that

during germination, there was a progressive decrease in the



major storage protein subunits. The degradation rate of the major
gtorage protein subunits was slower up to 2 days compared to
that at the end of the third, fourth and fifth day of germination.
There were increases in total soluble amino acids and total

gsoluble essential amino acids at the end of 5 &ays of germination.

Beevers and Guernsey (1966) arid Beevers (1968) followed the

changes in major nitrogenous components during the germination

of pea (Pisum sativum) seed. During the period of rapid axis
growth, 3 to 8 days following germination, fhe nitrogen content
of cotyledons declined rapidly with an accompanying increase of
ni%rogen in the developing axig. While the total nitrogen content
per seedling remained constant for the firs? 8 days of
germinatioh and then slowly declined which was attributed to the
incomplete recovery of the root material of older seedlings. The
aécummlatiqn of nitrogen in tné cotyledons as well as in the
axis'indicated that the mobilization of nitrogen was facilitated

by proteolysis and translocation of the products.

Small apparent increases in protein content of cereals and
pulses during the process of germination and malting have been
reported. Dalby and Tsai (1976) had demonstrated that the
protein content of wheat germinated for 5 days had increasqd'by
15% froh its pre-germination value of 13%. ﬁa.nhotra, et al (1977)
" had exhibited an increase of 11% (from 13.6 to 15.1%) while
Hamad end Pields (1979) had shown that the protein content
increased by only 4% (from 10.2 to 10.6%) in 5 days germinated

wheat. In cereals other than wheat such as*bariey;rice, maize,
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triticale and oats (Tsai et al 1975, Hamad and Fields 1979, Ram

et al 1979, Wa 1982, Wu 1983), also, small increases in protein

have been demonstrated.

Palmer et al (1973) have put forward the idea that the
nitrﬁgen content of kidney beans, on g dry weight basis,
increased with germinatlon probably as a result of utilisation
of some of the energy reserves of the seed. It was observed that
the nitrogen content of the beans increased from 3.9 (contro;)
%0 4.1% after 4 days and to 5.0% after 8 days of germination.
On the other hand, Kylen and McCready (1975) have attributed
the increase in protein content of the germinaﬁéd grains of
aifalfa (Medicago sativa), lentil (Lens esculenta), mung bean
and éoya bean, partly to a loss of leachable sugars and seed
coats during the sprouting procedure, and partly to the protein

synthesis.,

Changes in reserve proteins of cowpea (Vigna sinensis),
bengal gram and green gram quring 72‘h of germination were
studied by Ganesh Kumar and Venkataramen (1975). The 72 h
germinated seeds ﬁpfe also analysed for.total nitrogen content,
The anélysis both. by sedimentation and gel electrophoresis
indicated breakdown of the proteins during germination although
the changes we?e not drastic. The réduction‘in total nitrogen
wgs found to be progressive with the increase in germination
period. The tptal nitrogen content of bengal gram as a result of
72 h of germination had decreased from 3.8 to 3.4% and that of
cowpea and green gram had deéreased from 3.5 to 3.1% and 4.4 to

4,1% respectively.
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Later, Ganesh Kumar and Venkataraman (1978) reported similar

changes in the proteins of 12 days germinated bengal gram. It
was observed that the major cotyledon proteins in ungerminated
.bengal gram seeds were,salt soluble globulins which accounted
for 80'to»90% of the total proteins. The globulins comprised of
108 and 7S fractions. On germination, the presence of fractions
of ;ower sedimentation coefficient indicated degradation of

these components.

Jaya and Venkataraman (1980) have reported changes in the
nitrogenous constituents of bengal gram during germination. In
the seedlings, the total nitrogen remained constant whereas the
nitrogen in the catyledons decreased with the increase in
germination period. But the protein nitrogen both in the seedlin%s
and in the cotyledons decreased with concomitant increase in the
non protein nitrogen, alpha-amino and amide nitrogeﬁ during a

germination period of 96 h.

In other legumes such as, navy beans (Phaseolus vulgaris)
(Kadake and Bvans 1966), yellow beans, faba beans (Vicia faba)
and lentils (Hsu et al 1980), increases in protein content have

- also been observed.

Kilning and compositional changes ,
| Kilning is a procedure by which a dry product is produced
which is étable'dufing storage. It also adds ‘character' to the
- malt, alters its colour an@ flavour and reduces its engyme

potential (Briggs et al 1981).
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Bathgate (1973) had explained that in kilned malt, changes
cccurred in 3 phases, viz., a 'germinati?e‘ phase, an ‘enzymic',
phase and finally a 'chemical"phaée. The first stage of kilning
was regarded as a continuation of the germination of the grain
for a limited fime while the moisture content was sﬁill high and
the temperature relatively low (about 50°C). In this phase
a;though the real growth soon étop?ed but the malt grain retained
some germinative power as long as the final curing temperature
was not excessgive. In the enzymic phase, some of the enzymes
 were inactivated while the activities of some of these continued,
changes in carbohydrate compogition and structure (Pomeranz 1972)
and proteiné and amino acids were obsgerved. In the chemica; phase,
the reactions predominantedthe transformations which occur during .
the final temperature conditioning or ‘curing' of malt (usually |
between 80 and 100°C). These reactions producedmost of the
coloured matter and aroma substances essential for good malt
character. The co;oured products of kilned malt have been
described aé being principally of three types, viz., 'melanoidins',

'caramelized sugars' and 'oxidised polyphenols'.

The literature presented herein highlight the point that
during the process of germination high molecular compounds as
éomplex carbohydrates and proteins are broken down into simplér
forms due to the enhanced activities of amylases and proteases
(Kneen et al 1942, Kneen 1944, Beevers and Guernsey 1966, Dronzek
et al 1972, Hwang and Bushuk 1973, Lineback and Ponpipom 1977) .

Theqalpha'and beta amylases which are synthesized during

germination of a grain are responsible for the hydrolysis of
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starch. 4s a result, progressive reduction in starch and increase .
in the reducing sugars with increase in germination time of a
grain have been reported (Aghar'et al 1972, Jaya andg?enkataraman
1950, Chavan et a1:1981, Aisien 1982, Sathe et ai,1983, Taur

et al 1984a). Small increases in protein coﬁtent on germination
of grains havé also been reported (Palmer et al 1973, Kylen and
McCready 1975, Harrison and Vanderstoep 1984). |

The present study was planned to monitor the changes in
carbohydrate profile and protein contenf of wheat and bengal gram

graing soaked for 12 h and germinated for a period of 24 to 72 h.

Materials and methods

Malting of grainsg

One hundred grams of wheat and bengal gram were soaked
gseparately in different bowls of same size and shape, in thrice
their volume of distilled wa%er for 12 h. After draining the
water, the grains were rubbed lightly on a dry muslin cloth to
remove the film of water adhering to the grains. The grains were
then wrapped in a'moist muslin cloth and kept separately in
plastic bowls for germination at room temperature of 27°C (24 to
31°C). The bowls were kept under a wiremesh covered with a wet
cloth %o minimizé moisture evaporation. The muslin cloth
containing the grains and covering the wiremésh Werg wetted
every 12 h. The grains were removed after 24, 36, 48, 60 and 72 h
of ggrmination.-The grains, after germination, were weighed to

obtain theégreen weight. Seeds that had not germinated or with
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relatively very small sprouts were diséarded énd_théir weight was
substracted from the green weight. The sprout lengthsof 20
randomly picked up germinated grainé ﬁere recordéd.AAfter drying
for 2 h under the fan, the germinated graing were oven dried at
70 + 5°C forlQ t0 11 h. The dried grains with rootlets were
cooled and weighed to obtain thé»dry weight. Grains with gootlets
were milled and whole flour (100% extractian)‘was"analysed for

starch, total and reducing sugars, and protein conitents.

Analytical_procedurg

Starch @ Infert sugar reducesthe coprer in Feﬁlings solution to
red, insoluble cuprous oxide. The sugar content in a food semple
ig egtimagted hy:determining the volume of the standard glucose
solution required to complé?ely'reduce a megsured volume of
Fehlings solution.

Twenty five millilitresof distilled wgter was adéed to 2 g
of flour in a plastic centrifuge tube. The conten#s were stirred
and centrifuged at 3000 rpm for 20 min and the supernatant was
discarded. The process was repeated twice using 95% ethanol
followed by 50% ethanol. The pellet was digested in a boiling
water bath for 3 h in 30 ml of 20% hydrochloric acid. The contents
were then neutralized with 10 N sodium hydroxide, volume was made
up to 60 ml and the contents filtered through a Whatman No. 1
filter paper. 4n aliquot of 2 ml of the filtrate was used for
énalyéis of reducihg sugars by the method of Lane and Eynon
(1923) as described by Ranganna (1977).
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Reducing sugars ¢ Fifty millilitres of distilled water was added
to 2 g of flour in a conical flask. The contents were kept
overnight in a refrigerator, the volume was made up to 60 ml and
the contents were filtered through Whatman No. 1 f£ilter paper.
An aliquot of 10 ml of the filtrate was analysed fér reducing
sugars by the method of Lane and Bynon (1923).

Total sugars s To 25 ml of the filtered extract (used for the
estimation of reducing sugars), 10 ml of 50% hydrochloric acid
was added. The contents were allowed to gtand at room temperature
for 24 h. The solution was neutralized with 10 N sodium hydroxide
and the volume was made up to 40 mi. An gliquot of 10 ml of the
filtrate was taken for determination of total sugars by the

method of Lane and Eynon (1923).

A

The sample aliquot was taken in a conical flask containing
5 ml each of commercially obtained Fehlings solutions A and B
and approximately 10 ml of distilled water with 3 drops of one
percent methylene blue indicator. The conical flask was heated on
a buznér until the contents came to a boil. Standard glucose
solution (2 mg/ml) was added from the burette drop by drop wntil
the contents of the flask turned brick red. A blank with 5 ml
each of Fehlings solutions 4 and B and 15 ml of distilled water
was titrated against the standard glucose solution. The titre

value of the sample was subgtracted from the blank titre value.
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Calculations 3

o ) 100 g 1
BT-8T x C x V1 X S x 7000

il

Reducing sugars
(/100 g)

VI v 00

Total sugars BT—STxGx?—x-‘n—-xl—g—axTé%-b—XOﬂS

(g/100 g 1 1
Starch = BI=-ST x C x %? X 19%_& b'd 1800'x 0.90
(8/100 g) 1
where : BT = blank titre (ml)
ST = sample titre (ml)
C = concentration of the standard glucose
solution (mg)
v = total volume after extraction (ml)
v, = aliquot taken for titration (ml)

volume of the extract teken for inversion (ml)
VI = total volume after inversion (ml)
weight of the sample taken for analysis (g)

-
fi

147
i

ratio of the formula weight of anhydrogluccse
unit of sucrose to the molecular weight of
glucose

0.90 = ratio of the formula weight of .anhydroglucose
unit of starch to the molecular weight of
glucose

0.95

i

Protein : The various nitrogenous compounds are converted into
ammonium sulphate by boiling with concentrated sulphuric acid.
The ammonium sulphate formed is decomposed with an alkali (sodium
hydroxide), and the ammonia liberated is absorbed in excess
neutral boric acid solution and then titrated with standard acid.

The method followed was as given in Rangamma (1977).

Approximately 1 g of flour was digested with 25 ml of

concentrated sulphuric acid and a pinch of catalyst (potagsium
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sulphate, copper sulphate and selenium dioxide in the ratio of
100:2032.5 g). After digestion the contents were transferred to

a volumetric flask and the volume was made up to 100 ml with
distilled water. Ten millilitres of 40% sodium hydroxide was
added to the Kjeldahl trap to which one millilitre of the digested
sample was added. The contents were vigorously boiled and the
released ammonia was collected in 10 ml of 4% boric acid solution
contaiﬁing a mixed indicator (0.1% bromocresol green and 0.1%
methyl ‘red in 95% alcohol in the ratio of 5:1). The contents

were titrated against 0.01 N hydrochloric acid. A blenk with

25 ml of concentrated sulphuric acid and the catalyst was carried

through the entire procedure.

Calculation 3

Protein = §T-BI xﬁx%—-xlo-g—ﬁx 6.25 x-:‘-(])-lé-é-x 0.14 mg
(g/100 g) . 1 ~ nitrogen

‘where $¢ ST gample titre
-~ BT = Dblank titre

N = normality of hydrochloric acid (0.01 N) -
V = total volume after digestion (ml) )
Y1 = aliquot taken for distillation (ml)

8 = weight of the sample taken for analysis (g)
1 ml of 0.01 N HC1 = 0.14 mg nitrogen
Protein = nitrogen x 6.25 |

Statistical analysis
Differences among the means were tested at 5% of significance

level by student's 't' test (Snedecor and Cochran 1968).
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Results and discussion

Malfing losses, changes in carbohydrate profile and protein
contents were determined in 12 h soaked wheat and bengal gram

graing over a germination period of 72 h.

Seedling weight and sprout length

Wheat ¢ Table 5 displays changes in weight and sprout length of
wheat at different stages of malting after various germination
periods. The green weight of wheat increased from 100 g of the
initial value to about 145 g after 24 h of germination period.
But as the germination period progressed by 12 h, at each point
of time until 72 h, the green weight increased but at a rate
markedly slower than/;hat observed after 24 h of the germination
period. However, after 48 h of germingtion the green weight of
wheat increased to about 150 g as against that of 145 g observed
after 24 h of germination (Table 5). With a further prolongation
in germination time to 72 h, the green weight increased to

153 g. The changes observed in green weight of wheat over a
germination period of 72 h were in accordance to that observed
by Kneen et al (1942)~a1though the actual values were smaller
than those reported by them. In their‘experiment,the increase

in green weight wag progressive up to 60 h of germination pexriod
and the weights ranged from 164 g to 190 g although after 60 h
of germination the gréen weight decreased from 190 g to 184 g.
In the present study it was progressive up to 72 h and the weights
ranged from 145 to 153 g (Table 5). The differences observed in

the actual green weights between the present study and that of
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Pable 5. Changes in weight and sprout length of wheat grains
during different stages of malting at different
germination periods

Germination period

(k) _
24 36 48 60 72
Weight of raw 100 100 100 100 100
grains (g) .
Weight of 144.8  148.5  150.3  150.8  153.0
germinated :
grainsg, green’
weight (g)
Weight of malted = 94.6 94.6  94.2 92.5 92.4
grainsg, dry ,
weight (g)
Malting loss 5.4 5.4 5.8 7.5 7.6
(g)
Spmut length 0.50 1.49 1.62 1.94 2.04
| £0.029 0,136  £0.127 20.187  x0.241

cm
(Mean 1 SE)
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Kneen et al (1942) might have been due to varietal variations in
the wheat grains used which might have resulted in tﬁe variations
in water uptake and seedling growth. In addition, germination a
temperature might have also affegted the gréen weights as Kneen
et al (1942) had germinated their grains at 20°C while in the
‘present study the germination temperature was 27°C (24 to 31°C).

i

On drying, the loss in weight from the green weight of 24 h
germinated wheat was 35% (Table 5). It increased progressively
from 35 to 40% with the increase in germination period from 24
to 72 h. Earlier, Kuneen et al (1942) had demonstrated a
progfessive increase in weight loss from 45 to 54% on drying of
whgat germinated for 0 to 72 h. They had observed a 45% loss in
green weight of wheat grains germinated for 24 h in comparison
t0 35% observed in the present study. This greater loss in weight
observed by Kneen et al (1942) could be due to higher green
weight of the wheat grains as compared'to that observed in the

present study (164 Vs 145 g).

Table 5 shows that the malt yleld was_ between 92.4 and
94.6% in wheat grains germinated for 24 to 72 h. In 3 varieties
of wheat, Sethi and Bains (1978) had obtained malt yields of
85.8, 87.6 and 92.7% after 72 h of malting.'In the present study,the
malt yield after 72 h of germination was 92.4% which was:
comparable with the value of 92,7% reported by Sethi and Bains
(1978) and that of 93.5% reported by Singh et al (1983).

Table 5 also includes the values for malting loss (weight
loss from raw weight). Coméaring the weights of raw and malted
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wﬁeat grains it was observed that on drying of wheat germinated -
for 24 to 72 h, there was a 5 to 8% loss in ﬁeight. Soméwhat
smaller losses (3 to 5%) in 3 varieties of wheat geiminated for
24 and 96 h have been reported by Nielson et al (1978). Malleshi
(1983) had demonstrated tﬁat malting loss in wheat germiﬁated
for 48 h was 4.8%. Barlier, Wu (1982) had observed a 10% loss

in weight of ¥riticale germinated for 72 h. In 1957, McConnell
had germinated C'% labelled wheat and observed 17% carbon loss
after 5 to 7 days of germination. The losses in dry weights have
been ascribed‘to the oxidation of substances and leakage of

materials from the seed (Dalby and Tsai 1976, Lorenz 1980).

The mean value for sprout length of wheat grains consistently
increased with the increase in germination time (Table 5). After -
24 h of germination the sprout length was 0.50 cm which exhibited a
% fold increase by the end of 36 h of germination. Thereafter,
the increase in sprout lehgth was of a smaller magnitude. It
remained less than 0.5 cm with e%ery.12 h increase in germination
period. By the end of 72 h of‘germination,the sprout length had
increased to 2304 cn from' 0.50 cm,observed after 24 h of
germination. Earlier, Inemdar (1980) had reported that the sprout
lengths of wheat germinated for 24 or 48 h was 1.10 cm‘and
1.94 cm, respectively. In 24 h germinated wheat the sprout
length of 0.50 cm observed in the present study was lower by
0.6 cm than that observed by Insmdar but the values observed for
48 h germinated wheat were comparable (1.62 Vs 1.94 cm). Kneen
et al (1942) had germinated wheat for 24 to 72 h and noted that
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the sprout length increased ﬁy one millimetre after every 12 h
'from 24 to 48 h of germination.period, thereaftef, a higher

" increase of 3 -mm during 48 to 60 h germination and of 2 mm
during 60 to 72 h germinat;pn was fecorded. In anothé:(study,‘
conducted after 2 years, Kneen (1944) had reported that the
wheat grains germinated for 48 h acquired a sprout length of

75 mm. The sprout length of wheat germinated for 48 h reported
by Kneen in 1944 was almost twice (7.5 mm Ve 3 to 4 mm) of that
 reported by Kneen et al in' 1942, The difference in the results
appeared to he due to the temperature at which wheat grains were
germinated as in 1942 wheat was germinated at 20°C while in 1944
.it was germinated at 30°C. In the presént\study, the sprout
length of wheat grains germinated at 27°C (24 to 31“6) for 48 h
was 1.62 cm which was higﬁer than -the values reported by Kneen
et al (1942) and Kneen (1944), the variatioﬁs in sprout length
could be due to varietal differences as suggéstéd by Ram et al
(1979). | ’

Bengal gram : The green weight of bengal gram germinated for 24
to 72 h increased from 100 g of ungerminated weight to 197.6 to
203.5 g (Table 6). The increase in green weight of bengal gram
graing was almost twice as compared to that observed in wheat
grains (Table 5) germinated for the same length of time (98 to
104% Vs 45 to 53%). |

* The higher increases in green ﬁeight of bengal gram in
relation to those of wheat could be due to the greater water

_ imbibition by the bengal gram grains in comperison to that by
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Table 6. Changes in weight and sprout length of bengal granm
during different stages of malting at different

germination periods

Germination period .

(h)

24 36 48 ' 60 72
Weight of raw 100 100 100 ~ 100, 100
grains (g) , )
Weight of 197.6  198.5  198.6  202.4  203.5
germingted )
grainsg, green
weight (g)
Weight of malted 92.0 91.3 90.2 90,2 89,7
grains, dry - ’
weight (g)
Halting loss 8.0 _ 8.7 9.8 . 9.8 10.3
(g) ' ] -
Sprout 19ngth 1.14 2.22 3.34 3069 4.94

cm
Mean + SE)
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the wheat grains as was reflected By thelr moisture contents after

12 h of soaking, 54 versus 35% (Tables 1, 3).

Oon dryiné, the deereaée in green weight of bengal gram was
. higher than that obsérﬁed‘in wheat grains, 8.0 to 10.3% versus
Bed to‘7.6% (Tables 5, 6). The greater loss of weight in'bengal
gram versus wheat was considered to be the consequence of greater .
water uptake during soaking period and its loss.on drying. The
5enga1 gram grains after malting weighed 8 to 10% less than
their initial raw weights (Table 6).‘The malting loss increased
with the increase in germination time. It was 8% in 24 h
‘germihated grains and 10% in 72 h germinated grains. It was also
noticed that malting loss did not vary markedly between bengal
gram and wheat grains after 72 h of germination (10 Vs 8%). The
malting loss might have been due to.;espiratian lossgs during
germination as suggested by Dalby and Tsai (1976) and Iorenz .
(1980). ' |

The mean value for gprout length of bengal gram was Te 14 cu
after 24 h of germination period (Table 6), Thereafter, an
increase of one centimetre was observed for every 12 h

enhencement of germination period until 48 h, Inamdar (1980) had
reported that the sprout lengths of bengal gram germinated for
24 and 48 b at 29’0 were 2.12 cm and 3.16 cm, respectively. The
sprout length of 1.14 cm in bengal gram observed in the presant
study was 0.98 cm lower than that observed by Inamdar (1980)
after 24 h of germination period. It may be worth repeating here
that a difference in sprout lengthéof wheat grainsgerminated for
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.24 h was also observed between the results of Inemdar's study
(1980) and the present study. However, after 48 h of gemmination
period the difference in sprout lengthe between her study and
the present study narrowed both in éheat (1.94 Vs 1.62 cm) and
in bengal gram (3.16 Vs 3.34 cm) grains.

Changes in starch;_total sugar and reducing sugar contents of

grains in response to germination for various periods

Wheat

Starch 3 Table 7 exhibits changes in carbohydrate profile of
wheat soaked for 12 h and germinated for various periods. The
starch content of wheat grains decreased significantly (Table 8)
- from its original value of 60.9 g/100g after 24 h of germination,
Thereafter, with the increaée’in germination period to 72 h, no
appreciable decreases in starch content were observed. 4 decrease
of smaller‘magniﬁude in mglted barley starch during the initial
stages ﬁf the germination period, has been reported by Greenwood
and Thomson (1959). '

Many investigators have monitored changes in gtarch content
in response to germination of grains. Opoku et al (1983) monitored
the changes in starch content of millet (Pennisetum gmericanum)
over a germination period of 96 h. They reported that the starch.
content of millet decreased by 15% (from 48 to 41 g/100g) after
the first 24 h of germination and by 27% (from 48 to 35 g/100g)
after 36 h of germination period. Thereafter, the decrease in

starch content was not so marked at each 12 h germination interval.



Table 7. Changes on inali;ing in carbohydrate profile of wheat

grains, soaked for 12 h and germinated for
different periods (Mean £ SE) 4

i

Germination ‘Starch Total sugars | Reducing sugars
I‘)ericzg) (g/100g)
0 60.9_1;0.161 3.6340, 102 1.28£0.038
24 50.3:0.6'%0 5.23;&0.536 3.1940.083
36 50. 1£1.755 5.8730.547 5.8640.054
48 49.840.684 | 7.5230.090 4.5640,005
60 49.440.517 5.0810.333 4.%240.116
72 49,040,332 5.06+0.302 4.4340.123

CoOs



Table 8. 't' values for the variables of Table 7
Comparisons Starch Total sugars Reducing -
sugars
.0 Vs 24 15,6347 '2,930" 20.989" "
24 Vs 36 _ 0.106 NS 0.836 NS 6.768
’ * %%
36 Vg 48 0.159 NS 2.978 12.500
48 Vs 60 0.467 NS 15,155 2,051 N8
60 Vs 72 0.651 N8 0.061 NS 0.651 Ng
0 Vs 36 6.143 © 4.029" 39,091
0 Ve 48 16,064 % 28.603 82,000
0 Vs 60 21.822""% 8.631° " 24,918 %
0 Vs 72 34,294 " 4,485 24,609
NS = DNon Significant
* = Difference between means 31gn1floant at 5% leVel'
-of significance
*¥% = Difference between means 51gn1flcant at 1% level
of gignificance
X% %

i

Difference between means significant at 0. 1%

level of gignificance
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During the entire germination period of 96 h a reduction of about
46% (from 48 to 26 g) was observed in the starch content of
millet (values taken from gréph). In the present study after an
initial decrease of 17% (from 60.9 to 50.3 g/100g) in the starch
content of wheat grains during the first 24 h of germination
(Pable 7), no further marked decreases were observe@ at each
supsequent 12 h germinétion periods, But the decrease in starch
content over a germination period of 72 h obse:ved in the present
study for wheat grains was lower than that observed by Opoku

et al (1983) in millet grains (20 Vs 38%).

Somewhat similar results were observed by Chavan et al (1981)
and Taur et al (1984a). They reported that the starch content of
sorghum decreased by 3% over 24 h of germination and by 16% over
48 h and by 38% over T2 hdgermination, Comparing the reduction
in starch content of 24 h germinated millet with that of 24 h
germinated sorghum it seemed that the reduction in the former
was about 5 times higher than that observed in the latter. However,
the decrease in starch content of 48 h germinated sorghum was
quite comparable with that of wheat germinated for the same length
of time (present study). But after 72 h of germination the decrease
in sorghum starch was almos® twice&thét observed in wheat starch
(38 Vs 20%). Earlier, Aisien and Ghosh (1978) had reported that |
the starch content of sorghum decreased by 11% in the first 12 h
of germination and by 18% in 24 h of germination. Thereafter, the
decrease in starch content was slow so that in the next 36 h the

- decrease was only 6%. These results support those of the present

(Raynes and Briggs 1985), grain variety (Shands et al 1942,
Atanda and Miflin 1970), starch composition and phyéical nature
of the starch granu;es (MacGregor and Matsuo 1982); All these

factors listed above could have contributed to the variations
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the increase in damaged starch content with subsequent germination

suggested that starch was gradually deg;aded as germination
proceeded. Likewise,:in the present study, progressive decrease -
'in starch content was observed with the increase in germination
period from 9 tg 72 h. 'During the entire germination period the
starch content decreased by 20% from 60.9 to 49.0gsThe decrease
in starch content was attributed to the increase in alpha amylase ‘
activity as opined by Dronzek et al (1972) and Lineback and
Ponpipom (1977).

Total sugars s The total sugar content of 24 h germinated wheat

was higher by 44% over the initial value of 3.6 g/100g (Table 7).
Increasing the germination period froﬁ 24 to 48,h, increased the
total sugar.content of wheat by another 44% (from 5.2 to 7.5 g/100g).
But total sugar content had significemntly (Table 8) increased

after 24 h of germination. Further increase in germination time

to 60 h caused no increase in sugar content. As a matter of fact,
the sugar content of 60 h germinated wheat had decreased
significantly (Table‘s). The total sugar content of 72 h germinated
wheat was comparable to that of 24 h germinéted wheat{ Recentiy,
Opoku et al (1983) had reported progressive increases in soluble
carbohydrates of millet with increase in germination time. But

the increase was fapid up to 48 h of germination. Likewise in

the present study the increase in total reducing sugar content

of wheat was found only up to 48 h of‘germination.

!

Reducing sugars ¢ The reducing sugar content of 24 h germinated .
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wheat increased significantly on malting (Tables 7, 8). The
increase was 149% over its initial value of 1.28 g/100g. The
increase in germination time from 24 to 36 and 48 h increased
the reducing sugar contents from 3;19 to 3.86 and 4.56 g/100g,
respectively ﬁTable 7). By the end of the 48 h of germination
period, the reducing sugar content had increased by 256% (1.28 to
4.56 g/100g) over its original value. Further increase in
germination period to 60 and 72 h brought about no appreciable
changes in reducing sugar contents of Wheat., although the valués
tended to be lower than that observed after 48 h of germination.
Earlier, Dronzek et al (1372) had reported that the free sugar
content of flour made from germinated wheat increased with the
increase in germination period from 2 to 8 days. The free sugar
content increased by 29%\(frqm 0.31 to 0.40 g/100g) after 48 h
and by 174% (from 0.31 to 0.85 g/100g5 after 96 h of germination
period. It was 2.16 g/100g after 8 days of germination. Lineback
and Ponpipom (1977) had recorded the increases in free sugar
content of wheat germinated up to 14 days and reported that the
free sugar content increased by 48% (from 0.52 to 0.77 &/100g)
after 48 h and by 333% (from 0.52 to 2.25 g/100g) after 96 h of
germination period. The free sugar content of 14 days germinated
wheat was 6.89 £/100g. In wheat germinated for 48 h, Lineback
and Ponpipom (1977) had reported a higher increase (48 Vs 29%)
in reducing sugars in comparison to that reported by Dronzek et‘al
(1972). In the present study (Table 7) the increase iﬁ reducing
sugars of 48 h germinated wheat was 256% as against 29 and 48%

reported by Lineback and Ponpipom (1977) and Dronzek et al (1972),
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respectlvely. The variatlons in reduc:.no sugarxr contents could be
due to varietal. dlfferences in the wheat gralns used in the
studies. Piendl (1971) had demonstrated that '4 varieties of
barley differed in production of sugaré-at different germination
périods. In addition, this greater increase in reducing sugar
‘content could be ﬁue to higher germinatiqn temperature (27 Vs 20
and 15°C) used in the Present study in comparison to those used
by Dronzek et al (1972) and Lineback and Ponpipom (1977). Moreover,
Kneen et al (1942) had demonstrated that the alpha amylase
aétivity increased wiﬁh the increase in germination temperature.
This higher inérease‘in amylase activity at high germination
temperature might have causeéd relatively éreater increase in' -

reducing sugars observed in the present stud&.

von Holdt and Brand (1960) had reported increases in
fructose, glucose, sucrose énéqmaltose canfents of sorghum with-
increase in genmina$ion period-to 7 days. Likewise, Malleshi
(1983) had observed increases in free sugers of finger millet with
increase in germination period to 4 days. Chavan et al (1981)
and Taur et al (1984a) had also observed progressive increases in
reducing sugar conteﬁfs of _sorghum grains‘with increase in

germination. period.

But decreases iﬁ sugar contents during the initial period
of'germination-hawe also been reported. Faparusi (1970) had
demongtrated that in sorghuﬁ grains the glucose and sucrose
concentrations decréased during‘the first 24 h of germingtion

and then increased with increase in germination period to 72 h.
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The authors attributed this decrease in sugars to tpe absence

of detectable amylase activity in the first 24 h of germination
and the utilization of ‘sugars for the metabolic activity of the
‘grain. In pearl millet, Lineback and Ponpipom (1977) had shown
that the free sugar content decreased from 0.59 (control) ‘to

0.46 and 0.43 g/100g after 48 and 96 h of germination respectively
-although it showed an increase to 0.66 and 109 g/100g after 144
ahd 192 h of germination, respectively. Aisiep and Gﬁosh'(1978)

had observed.increases in soluble carbohydrates until 48 h of
éermination in sorghum grains. There was no change in soluble
" carbohydrates during 48 end 54 h of germination although sn upward

trend in their concentrationswas obgerved after 54 h.

In malted sorghum, von Holdt and Brand (1960) had observed
that the loss of starch was very much greater than the increase
in the content of sugérs and concluded that there was a net loss
of -carbohydrates. The authors had further pointed out that the
breakdown of starch during germination of sofghum was rapid, the
production of sugais probably always exceeded the consumption so
that'there was no lag period before tﬁe sugar concentration of

thé grain started to increase.

In the present study, there was a répi& breakdown of starch
in the first 24 h of germination which would have resulted in an
increase in the sugar contents up to 48 h. 4s fu:ther breakdown
of starch was slow and the metabolic activity of the grains would
hgve increased due to germination, the consumption of‘sugars might

have outstripped the production of sugars from starch thereby
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decreasing their concentraﬁion. From Table 7, it can be obsexrved
that the total sugars after acid inversion had decreased
significantly while the redﬁcing sugars were not affected. It
could be possiblexthat the geminating wheat grain utilized

sucrose for respiration and synthesis (MacLeod et al 1953).

Bengal gram

Starch : Changes observed in carbohydrate prdfile of bengal gram
germingted for 24 to 72 h are exhibited in Table 9. The starch
éontent ofubengal gram grains, decreased progressively from the
initial value of 43.1 %o 37.9 g/100g with the increase in
germination period from O to 60 h although the decrease was
significant (Table 10) only after 24 h of germination (from 43.1
to0 42.1 g/100g). Thereafter no decreasesin starch content were
recorded with the increase in germinatién period. These resulté
swe in accordance with those reported by Azhar et al (1972),
‘Ganesh Kumar and Venkataraman (1976) and Jaya and Venkataramen
(1980). Azhar et al (1972) had monitored the changes in starph
conntent of bengal gram over a germina?ion period of 168 h: They '
had observed thét the starch content of 24 h germinated bengal
gram sgeeds decrgased by 6%,afrom 53.0 to 50.0 g/100g. After 24 h
of germination the decrease was 5% for every additional 24 h of
germination until 72 ﬁ of germination period. In the present
study with the increase in germination period fxpm 24 to 48 h,
the starch content decreased by 4% until 48 h of germination and
by additional 6% between 48 and 72 h of germination periods. Over

72 h of germination périod,the decrease in starch content in



1
§7

Table 9. Changes on malting in carboh,ydraté profile of bengal

gram graing, soaked for 12 h and gemiz}ated for
different periods (Mean % SE) ’

Germination Starch | Total sugars Reducing

= g e
0 ' 43,110,058 3.30+0.293 0.4830.021
24 | 42.140.334 3.96+0.074 0.94&0.035
36 41.64£1.014 - 4.02£0.124 1.30£0.108
48 40.%$0.029 . 4,17+0.084 1.47£0.050
60 37.940.567 . 1.2840.154 3.13;;:0.013
72 57,840,498 1.2420.050 41.19;';0.047'




Pable 10. 't' values for the variables of Table 8 -

Comparisons Starch Total sugars Reducing
. sugars
0 Vs 24 2.950% 2.185 NS 10.454""
24 Vs 36 0.468 5  0.41TN§  3.1%0
36 Vs 48 1.282 NS ~ 1.000 NS 1.518 Ns
48 Vs 60 4,225 16,514 9,714 Y
60 Vs 72 0.132 N8 0.255 NS 1.200 NS
¥
0 Vs 36 1,476 NS 2.264 NS 7.454
0 Vs 48 43.077 " 2.852" 27.500 "
! e E 2 2 3
o Vs 60 9. 125" 6.103" 25,000 "
0 Vs 72 10.579" 7.007" " 13.922" "

See Table 8 for foot note
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response to germination was 12% in the present study and 15% in
the study of Azhar et al (1972). The small differences in the
decrease in starch conteﬁt of bengal gram observed inhkpresent
study and that reported by Azhar et al (1972) might be due to the
differences in gmylase céntent and/or amylese activity of the
bengal gramsused in these studies. It has ﬂéen shown earlier that
varietal differences in a grain influence amylase production

(Shands et al 1942, Atanda and Miflin 1970).

Ganesh Kumar and Venkataraman (1976) and Jaya and
Venkataraman (1980) had also monitored changes in starch content .
of bengal gram over-a germination period of 96 h. Ganesh Kumar |
and Venkataraman (1976) observed no change in starch content of
bengal gram germinated for 24 h but afﬁer 52 h of germination,
the starch content had decreased by 28% from the initial starch
content of 40.5%. Jaya and Venkataresman (1980) had reported
decreases of 11 and 38% in the starch cogtent of bengal gram
from its original value of 40.5% after 48 asnd 96 h of germination,
respectively. The decreases in starch content after 48 (11 Ve 6%)
and 72 h (28 Vs 12%) of germination as reported by Jaya and
Venkataraman (1980) and Ganegh Kumar and Venkataraman (1976) were -
almost twice of those observed in the present study. Again, the
variations might be due to varietal differences of the grains

used which probably affected the amylase contents of the grains.

In contrast to the results observed in the present study
and those by Azhar et al (1972) and Jaya and Venkataraman (1980),
 Aman (1979) had observed only a decrease of 1% in the starch
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content of bengal gram over the germination period of 72 h.

‘In green gram, Jaya and Vénkataraman (1980) had‘observed é
much higher decrease in starch cantgnt as compared to that
observed in bengal gram after 48 h of gerﬁination\period (30 Vs
6%). These findings lend support to the fact that the h&drolysis

of starch in response to germination differs with grain type.

In mung beans, Aman (1979) had observed a decrease of 10%
in the starch content over its initial value of 42% during the
germination period of 48 h. El-Shimi et al (1980) had observed
a decrease of 24% in the starch content of broad beans from the
initial value of 50% after 48 h of germination while El-llahdy -
'and El-Sebaiy (1983) had analysed 96 h germinated fenugreek seeds
and found a decrease of 24% in their starch content from their
initial value of 20.6%. In the present study, the decrease in

gtarch over 72 h of germination period was 12%.

Total sugars : Table 9 shows that the total sugar content of
bengal gram increased by 20% from its original value of 3.30
g/100g after 24 h of germznatlon. Thereafter, the rate of
increase in total sugar content was relatively slower and by the‘
end of 48 h of germination the total sugar content of bengal
gram was 4.17 g/100g which wes significantly (Table 10) higher
then the original value of 3.30 g/100g. 4fter 48 h of germination,
a signifz.cant decrease from 4.17 to 1.28 g/‘!OOg in total sugar
| content was observed. But no change in its content was observed

between 60 and 72 h of germination. Earlier, dghar et al (1972)
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Changes - tn [ N ‘
had monitored the [soluble sugar content of bengal gram in relation

to varioqs germination periods. The authors observed a sharp rise
in the concenfraxion of soluble sugars up to 72. h of gemination
which was followed by a decrease so that the level of soluble
sugars was slightly lower than that observed after 48 h of
germination. In the presént study,a similar pattern in total
éugaf content that it became lower than the initial value was

observed but the decrease was obgerved after 60 h of germination,

On the other hand, Jaya and Venkataramen (1980) had reported
progressgive increase inltotal soluble”carbohydrates in bengal‘
gram over a germinatibn period of 96 h. They observed increases
of about 23 and 47% after 48 énd 96 h of germination. The
magnitude of increases after 48 h of germination observed in the
present study and that by Jaya and Venkataraman (1980) were
comparable (26 Vs 23%) « However, Jaya and Venkataramen (1980)
had observed progressive increases in total. soluble carbohydrates
over a germinafion period of 96 h, but Azhar et al (1972) noticed
a decreasgse in soluble sugars after 72 h of gegmination while in
the present gstudy a decrease in total sugars was observed after

48 h of germination.

Reducing sugars The'reducing sugar content of bengal gram
increased progresgively with the increase in germination period
(Table 9) up to 48 h. The increase was significant only after
24 h germination period (Table 10). Thereafter the rate of

increase became smgller as the germmnatlon/ggg}&é;\;cgressed from
}*8 & Iyﬁ}?gf ){‘A‘




105

24 to 36 to 48 h. After 48 h of germination period, a significent
(Table 10) decrease in reducing sugars (from 1.47 to 1.13 g/100g)
was observed. Earlier Azhar et al (1972) had reported a decline
in the reducing sugar content of bengal gram by about 15% after
96 h of germination but it began to rise again to reach a level

comparable to that observed after 48 h of germination.

Amen (1979) had also observed decreases in the contents of
o} bengal Gram :

fructose, glucose and sucroselafter 24 h of germination period.
The contents of fructose and glucose increased from 0.1 to 0.5%
up to 24 h of germination, then decreased to 0.1% after 48 h of
germination and only traces were observed after 72 h of germination.
Likewise, sucrose increased from 4.3 to 5.3% after 24 h of
germination and then decreased to 4.9% after 48 h of germination

and remained constant until 72 h of germination.

Jyothi and Reddy (1981) had subjected ungerminated and
germinated bengal gram to alpha amylosis. The authors observed
that the yield of maltose increased progressively from 39.3
(ungerminated) to 48.0 mg/100 mg legume up to 36 h of germination
and thereafter tended to decline to 47.7 mg/{OO ng legume after
48 h of germination. Because a decrease in malfose yield was
observed after 48 h of germination by Jyothi and Reddy (1981) which
reflected a decrease in amylése activity, it is possible that
in the present study s similar decrease in amylase activity‘
occurred in the bengal gram grains resulting in a decrease in
total and reducing sugars. Jaya and Venkataraman (1980) also

observed a progressive increase in reducing sugars with the
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increase in gérmination time. They observed the increases of
about 159 and 468% in 48 and 96 h germinated seeds. Comparing
the results of the p;esent study with those of Jaya ahd
Venkatareman (1980) it appeared that the increase in reducing
sugar content observed in the present study was higher than that
reported by‘qua and Venkataraman (206 Vs 159%) after 48 h of

germination.

\

Pigure 6 presents the*changes in carbohydraxekprpfile of
wheat and bengal gram. The decrease in wheat gtarch was markedly
higher after 24 Q of germination than‘that of bengal gram starch
because the decrease was 17# in wheat starch and 2% in bengal
gram starch (Fig 6a). With the increase in gérmination period
from 24 to 72 h the decrease in wheat starch increased from 17
to 20% while théf of bengal gram starch from 2 to 12%. The
increase in total sugars was higher in wheat than in bengal gram.
The increase in total sugars (Fig 6b) was to the tune of 44% in
24 h and 107% in 48 h germinated wheat but thereafter up to 72 h
no increases were observed. Uﬁlike'bengal gram grains, the total
sugar content of wheat after 72 h of germiﬁation remained higher
than the original content of 3.30 &/100g (Table 9). The increase
in total sugars of bengal gram waes 20% after 24 h of germination
which increased to 26% after 48 h of germination and thereafter
showed a drastic decline so that the valuesafter 60 and 72 h of
germination weve lower than that of the original value (Table 9).
The inqreasesiﬁ reducing sugarsin wheat gxains weve also higher

‘than that observed in bengal gram grains (Fig 6¢). In wheat

-8
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Fig 6. Percent changes in (a) starch (b) total sugar
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of wheat and bengal gram grains over a
germination penod of 72 h
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grains, the incfease in reducing sugar was 149% after 24 h of
germination, 256% after 48 h of genminafion and 246% after 72 h
of gerﬁination; corrésponding*§alues for bengal gram were 96,
206 and 148%. Although the pattern in changes of starch, total
sugars and redﬁcing sugars in wheat and bengal gram was. more §r
less the same,—higher decreases in starch and higher increases in
sugars‘wéré observed in wheat in comparison o those of bengal

gram.

Effect of malting on the proteiﬂ content of grains soaked for

12 b and germinated for different periods

Wheat : The protein content (Table 11) of wheat grains germinated
for d@fferent periods incréased with the increase in germination
peribd from 24 to 72 h. This apparent increase was probably due
to loss in dry matter (Dalby and Psai 1976). However, a signi-
ficant increase in protein content over its initial value
occurréd only after 48 h qf germination period (Table 12). By
the end of 48 and 72 h of germination perioés the increases of
_about 7 (from 14.03 to 1%.02 g/100g) and 8% respectively (from
14.03 to 15.17 g/100g) in the protein content were observed.
These findings that the protein content increased with incfeage
iﬁ germination period, were in accofdance with‘tpose repﬁrted by
Raﬁhotig et al (1977). The authors had reported an increase of
about 5% from 13.58 to 14.28% in the protein content of 72 h
gerninated wheat. In the presenﬁ study, however a higher increase
(8 Vs 5%) in the protein content of 72 h germinated wheat grains
was observed. An even higher increase of 10% (from 14.1 %o 15.5%)
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Table 11. Changes on malting in protein content of wheat and
bengal gram soaked for 12 h and germinated for
different periods (Mean 3 SE)

Germingtion ’ Wheat . Bengal gram
period (¥ x 5.83) (N x 6.25)
(n) 1 (8/1008)
0 \ 14.0340.232 © 15.2840.087
24 A 14.57£0.050 15.3940.240
%6 14.7840.212 ' 15.7540.037
48 15,02+0.249 15.8140. 153
60 ‘ 15.0740.009 © 15.85£0.129

72 15.170. 147 ' 15, 98+0.260
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Table 12. 't' values for the variables of Table 11

Comparisons | ' Whe at- Benga,l 'gram
.0 Vs 24- 2.278 NS 0.431 NS
’24 Vs 36 0.963 NS 1.481 NS
36 Vs 48 0.734 NS 0.382 NS
48 Vs 60 0.201 NS 0.200 NS
60 Vs 72 0.680 NS 0.448 NS
0 Vs 36 2.589 NS - sa0ar™
0 Vs 48 2.912" 3,011
0 Vs 60 | 4.483 3.654"
4.145" 2.555 NS

0 Vs 72

See Iable 8 for foot note
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in 'protein coptent of Iriticum dicoccum wheét af ter the game
period-of germination (72 h) has been observed by Siﬁgh et al
(1983). Hamad and Fields (1979) reported that when the wheat
grains‘we?e germinated for 120 h, the protein content of the
flour increased apparently by only 4% from 10.23 to 10.64%. But
a much higher increase of 15% (from 13 to 15%) in crude protein
of 5 days germinated wheat (values $aken from graph) has also

been reported (Dalby and Tsai 1976).

Wa (1983) monitored the changes in,prote{n contént of ocats
germinated over é period of 192 h. He reéorted that the pgotein
content ini%ially decreased by é1% (from 17.8 to 14.1 g/100g)
after 24 h of germination, and later increased by 19% (from 14.7
to 17.5 g/100g) after 48 h of germination thus the value became
ccmparabie (17.5 Vs 17.8 g/100g) o that of the raw,éats. Beyond
48 h of germination, the protein content had inéreased by 6%
(17.5 to 18.6 g/100g) and 14% (from 17.5 to 19.9 g/100g) after
72 h and 192 h of geiminatian periods, respectively. The increase
of 6% observed in the protein content of oats éfter 72 h of
germination is comparable to the 8% increase observed in the
present .study in wheat graiﬁs. In millet, Opoku et al (1983) had
reported an increase of 20%( from 10 to 12%) after 24 h of | |
germination and of 40% after 36 h (10 to 14%) of gemmination
period. Beyond this period (36 h) the protein‘conteﬁt of the
millet remained constant. The findings reported by others and
those of thé present study show that during the process of
malting the protein’cdntent of a grain increases apparently and

the increase relates to the grain type and the germinaxiqn period.
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Bengal gram iable 11, algo includes values for protein content
of 12 h soaked bengal gram grains gexrminated for various periods.
Similar to that observed in wheat, the protein content of bengal
gram increased steadily from its initial value as the germination
progressed. By the end of 48 and 72 h of germination period,
increases of 3% (from 15.28 to 15.81 g/100g) and 5% (from 15.28
to 15.98 g/100g) were observed. The increase in protein content
of bengal gram from its original value was significant after 36 h
of germination period (Table 12). Azhar et al (1972) determined
the protein content of bengal gram seeds over a germingtion
period of 168 h. They had reported that within 120 h, the seedlings
showed an increase of 30% in their net protein content. Likewise
Jaya and Venkataraman (1980) had observed that the protein
content of 72 h germinated bengal gram increased by 3% after

24 h of germination, and by 8 and 10% after 48 and 72 h of
germingtion, respectively, from its original protein content of
20.2 g/100g seeds. In the present study, the magnitude of
increase in protein content of bengal gram in response to 72 h
of germination was lower, 5% versus 10%, as compared to that
reported by Jaya and Venkataraman (1980). This might be due to
the difference in activities of proteolytic enzymes present in

bengal grams.

Pigure 64 displays the changes in protein content of wheat
and bengal gram grains germinated over a period of 72 h. It was
obgerved that in both the grains the increase in protein content

was steady. The percent increase in wheat was 4% after 24 h of



