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ALTERATIONS OF SOME CHEMICAL CONSTITUENTS IN BLOOD AND
LIVER OF JOWAR FED CHICKS
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Summary: The effect of feeding jowar (Sorghum vu/gare) was investigated in day old chicks for the
periods of 10 and 30 days. Similar chicks serving as controls were fed on Hindlever Poultry feed. The
jowar fed chicks showed marked reduction in growth. poor development of comb and feathers. and
symptoms of nicotinic acid deficiency. Biochemical investigations showed that plasma alpha-amino
nitrogen was significantly reduced in jowar fed groups, indicating the deficiency of utilisable proteins in
these chicks. The blood sugar levels in chicks fed on jowar for 10 and 30 days were significantly higher
as compared to the respective controls. Liver glycogen in 10 days jowar fed chicks was significantly
greater than in the control group. These observations have been explained to be due to reduced
utilization of glucose through glycolysis.
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INTRODU CTION

Jowar grain (Sorghum vulgare),though pellagragenic for man and other mammals
becauseof its high leucine and relatively low isoleucine content. is one ofthe cereals used as
a feed for poultry birds. No detrimental effect is observed in adult poultry birds fed on diet
containing jowar as a sole cereal. Newly born growing chicks being more susceptible to
niacin deficiency have been found in a few reports to show slower growth rate when fe'd on
diets containi ng more than 60 percent of jowa r (6.9). No svrnptorn of niaci n deficiency was
observed in these reports, unlike mammalian species in which experimental pellagra (black
rongue) can be induced by feeding diets of high jowar or leucine content.

It was, therefore, planned to perform certain experiments in growing chicks in respect
to feeding jowar as sole cereal diet. The long term effect of feeding jowar on growth, deve-
lopment. blood sugar level. liver glycogen and plasma alpha-amino nitrogen content was
determined in day old growing chicks.

MATERIALS AND METHODS

Day old male chicks raised on 'Deep Litter System' were used for the present series
of investigations. Ad libitum supply of feed and water was made available to all the chicks.
These chicks were divided into two groups. One group was kept on Hindlever chick mash
(control diet) and the other one on crushed jowar (experimental diet).

'Present address : Reader in Animal Husbandry, Faculty of Agriculture. B.H.U., VaraRasi-221 0005.
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Ten chicks each from control and experimental groups were sacrificed by decapitation
on 10th day of feeding and eight from each group on 30th day. Blood samples were collec-
ted and glucose was estimated by the method of Asatoor and King (2). Plasma was obtain-
ed by centrifugation of blood immediately after collection and alpha-amino nitrogen was
measured by the method of Cocking and Yemm(7). Fresh liver tissues collected immediate-
ly after killing the chicks were used to determine glycogen content by phenol and sulphuric
acid method as described by Montgomery (10). The skin along with feathers from aB
chicks were removed and weighed.

The results have been expressed a:>mean ±S.E., and analysed by the Student's '1'
test for sig nifica nee.

RESULTS

Body weight and general growth:

The weights of body and skin with feathers were significantly reduced in jowar fed
chicks of 10 as well as 30 days groups (Tab!e I). In day old chicks kept on jowar diet.

TABLE I: Effect of feeding jowar on growth. blood sugar. plasma alpha-amino
nitrogen and liver glycogen (Mean ± S.E.) in growing chicks.

10 days trial chicks 30 days trial chicks
Parameters

Control (n=10) Jowar fed (n=10) Control(n=8) Jowar fed (n=8)

37.5±1.34 193.7±16.32 50.6±1.21
<0001 P value <0001

5.003±0.16 27.513±2 83 5.057±0.23
<.0.001 P value <0.001

326. 75±21 .69 227±11 315.7±15.11
<0 001 P value <0.001

7. 30±0. 67 10.40±0 91 405±0.47
<0.001 P Value <0.001

2255.12±178 2900±346 8 2879±211 .68

<001 P value >005

1. Body weight (g) 67.8±1.68
P value

2. Weight of skin with feathers (g) 8.054±0.54
P value

3. Blood sugar (mg/l00 mt) 201±6.13
P value

4. Plasma alpha-amino nitrogen 15.1 ±1 .68
(mg/l00 ml plasma) P value

5. Liver glycogen 1494.6±126
(mgjl00 g wet tissue) P value

growth ceased from the very beqlnni ng and there was no gai n in weight duri ng the first week.
Thereafter, a slow gain was seen in the next 10 days followed by decline in weight in the
next week (Fig. 1). Jowar fed chicks appeared dull and showed poor appetite. Symptoms
of incoordinated gait, curled toe and inflamed mouth cavity. (dark red lining) were observed.
During the second and third week of jowar feeding the symptoms of deficiency became more
evident with brown beak, poor development of comb. scaly dermatosis. feather coat yello-
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Number 1
wish white and somewhat rough with ragged feather development (Fig.2). Four jowar fed.
chicks died during fourth week of feeding.
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Fig. 1 Growth performance of chicks on control and [owar diets.

Fig. 2: Photograph of the chick on jowar diet (experimental ration) showing symptoms of
nicotinic acid deficiency viz. retarded growth. ragged feather development and perosls.

Blood sugar. plasma alpha-amino nitrogen and liver qlycogen !

The levels of blood sugar in chicks fed on jowar diet for 10 and 30 days were found
to be significantly higher as compared to respective controls (Table I). Difference between

..
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the blood sugar of the two experimental groups however, was not appreciable. Similar was
the situation for the two control groups.

The level of alpha-amino nitrogen in plasma was lower in experimental groups fed
for 1'0 as well as 30 days as compared to the corresponding controls (Table I). The
decrease was highly significant. The level of plasma alpha-amino nitrogen in 30 days
control group was found to be significantly decreased as compared to the 10 days control
group (P< 0.01). The values of alpha-amino nitrogen in 30 days experimental group
were significantly lower than that in 10 days experimental group (p<0.01).

The glycogen content in liver of jowar fed chicks for 10 days was found to be signi-
ficantly higher as compared to control group (Table I). The level of liver glycogen in group
fed on jowar for 30 days was not appreciably different from the control. On comparing
the two control groups. viz. fed for 10 and 30 days periods, it was observed that the con-
centration of liver glycogen was remarkably higher in 30 days control group. The level of
glycogen in 30 day jowar fed group was significantly greater than that in 10 day jowar fed
group.

DISCUSSION

Feeding of jowar without any added supplement to day old chicks in present
study resulted in the development of characteristic symptoms of nicotinic acid deficiency in
poultry birds(12). These signs and svrnptorns were more severe in chicks fed for 30 days
as compared to those for 10 days.

Jowar contains 1.4 g leucine and 0.46 g isoleucine per 100 g grain as calculated on
the basis of amino acid composition and protei n content of jowar (4) and, therefore, can be
considered suitable to fulfil leucine and isoleucine requirements of 1.4 percent arid 0.6
percent respectively (13). However, the total amount of diet consumed per day was much
lower in jowar fed chicks (12 g/head/day) as compared to controls (22 g/head/day).
Beinq low in protein content (8 to 11 percent) jowar could not fulfil the protein requirements
(20 percent) of growing chicks. The jowar fed chicks in present investigations suffered from
protein calorie deficiency and also from deficiency of certain vitamins such as vitamin A and
riboflavin which are lacking in jowar (4), The deficiency of protein and vitamins is well
known to make various species of animals more prone to develop niacin deficiency and
pellagra (12). The results presented here establish that jowar as the only source of food can
cause niacin deficiency in chicks. The question of protein deficiency vis-a-vis niacin deficie-
ncy in jowar is being further investigated in terms of the chicks being force fed total amount
of their protein requirement throuqh jowar.

J,he level of alpha-amino nitrogen in plasma of jowar fed chicks for 10 as well as 30
days periods was significantly lower than that of controls. This indicates a state of protein
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deficiency existed in jowar fed chicks. This is not surprising in view of insufficient protein
content of jowar e nd low feed intake as observed in these chicks. Other workers have shown
that marked reduction occurs in plasma levels of several amino acids on administering leu-
cine and tryptophan in ratios corresponding to that present in Jowar (1) .

The level of blood su'gar in chicks fed on jowar for 10 and 30 days was about one
and half times more than the chicks fed on control diet. No reports indicating the effect of
feeding jowar or amino acid mixture of composition simulating jowar. on blood sugar and
liver glycogen in any species have appeared so far. The alterations observed in blood sugar
levels of chicks can be explained on the basis of various factors that affect the input and
output of glucose in vascular compartment of chicks. The rise in blood suqar observed in
jowar fed chicks cou1d not be due to a reduction in the entry of glutose inside the cells. Had
it been so the level of liverglycogen in jovvar fed chicks would have been lower than
controls. as glycogenesis in liver depends upon the availability of glucose-6-phosphate and
hence on the entry of glucose in cells.

In present studies. increased rate of gluconeogenesis is not likely to be the reason
for increased blood sugar level observed in jowar fed chicks with high leucine content.
Gluconeogenesis is inhibited by quinolinic add (15) arid thismetabolite of tryptophan is
known to accumulate in rats(8) and in human volunteers (5) on administration of leucine.

The contribution of increased glycogenolysis (increased glucagon effect) in induc-
ing the hyperglycaemia observed in the present study can be excluded for the reason that
the level of liver glycogen in jowar fed chicks was not lower than the controls.

One of the probable cause for increase in the blood sugar level of jowar fed chicks
seemsto be the reduced utilization of glucose through glycolysis. Administration of leucine
to human volunteers has been shown to inhibit the glycolytic pathway and to stimulate the
hexose monophosphate shunt in erythrocytes as evidenced by low levels of lactic acid and
carbondioxide produced from glucose-1 _14C (3). In ch icks. however. the sitmulation of
hexose monophosphate shunt may not be able to compensate for the inhibition of glycolysis,
because this shunt in chicks is known to play only a minor role as compared to glycolysis
and tricarboxylic acid cycle in glucose metabolism (11).

From the results of the present study. it appears that 'the rate of formation of liver
glycogen is more rapid in jowar fed chicks than controls in the initial stages of feeding. possi-
bly due to hyperglycaemia. In later stages. the liver glycogen level in iowar fed and cont-
rol groups is not signifi'cantly different. though still much higher as compared to 10 day
fed chicks. The rise in glycogenesis in the control chicks can probably be ascribed to an
increased activity of hexokinase of chicks at this sta'ge of development (14). By the end of
feeding. the rate of glycogenesis in jowar fed chicks appears to adjust to the increased blood
sugar levels, so that glycogen levels in control and experimental chicks of 30 day group do
not differ significantly. These observations on liver glycogen indicate that the process of
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glycogenesis is not slowed down in jowar fed chicks. The altered amino acid levels do not
seem to have affected the synthesis of insulin and hexokinase sufficiently enough to reduce
the rate of glYcogenesis. This is not surprising since the amount of hE!'xokin~sein one week
old chicks is very low (14).
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