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Chapter 1
INTRODUCTION

Rural India plays a significant role in animal production and allied activities. It
is estimated that livestock including poultry contribute to 15-20 % of the income of
73 % of the rural households in the country. The livestock and poultry are concentrated
with the poor section of the society. They provide economic security and social status to
the family. Among animal production practices, poultry plays an important role in
improving the family income. It also meets the food requirement (Tanuja, 1998 ).
Compared to other livestock, poultry can be intensely reared by small and marginal
farmers and even by land less. Duck and poultry provide the most economic, quality
animal protein for common man. These factors contribute to the growth of poultry
industry in India.

Poultry including duck rearing is reasonably well developed in Kerala.
According to the Livestock Census of 1996, Kerala has 11.87 lakhs of ducks ( showing
an increase of 4.4 % over the previous 1987 Census ). This accounts for about 7% of
the total duck population of the country ( Anon, 1999 ). The climatic condition, the
topographic features, abundance of backwaters, presence of low- lying marshy lands
and kole lands make Kerala ideal for duck rearing, in spite of its high density of
population and limited land area. Alleppey, Emakulam and Kottayam are the main
duck rearing districts of Kerala.

Ducks are hardy in nature, comparatively more resistant to common avian
diseases and can withstand extremes of climatic condition. They can easily be brooded
and reared in marshy riverside, wet lands, which are not conducive for other poultry.
In Kerala ducks are usually raised by small farmers as a means of livelihood. However,



large scale duck farming is not common. Ducks are let loose during day time in back

waters and canals and they feed on various aquatic fauna and flora . Thus the average
farmers spend very little money towards feeding of ducks. A general practice
followed in Kerala, is to let the birds in to post harvested paddy fields. Hence the
flocks are in continuous move from field to field in districts of Kottayam, Alleppey,
Ernakulam and Thrissur.

Duck plague with high mortality was reported from Kuttanad area of Alleppey
district from 1976 onwards. Inspite of regular vaccination out break occurred in
different parts of the district. It was suspected that some factors which induce
immunity break down may contribute to the disease out break. One of the suspect for
the immunity break down in ducks in Kuttanad is the exposure of ducks to highly
polluted soil, water in rivers, canals and ponds consequent to indiscriminate use of

insecticides, fungicides and weedicides as part of agronomic practices.

Among fungicides, copper and zinc compounds are widely employed in
agriculture and veterinary practice. The popular copper compounds in use include
Cheshnut compound, Bordeaux mixture, copper carbonate, copper sulphate, copper
naphthenate and copper oxychloride. Among the best known compounds, Bordeaux
mixture is widely used against fungal diseases of crop plants especially rubber, coconut
and pepper and also against snails.It contains 1-3% copper. These compounds drain into
the rivers during rain and settle in stagnated back waters. Successive nontoxic doses of
copper have cumulative effect in animals and is eliminated from the body very
slowly. Even though it is an essential mineral element in animals and birds, excess

copper is toxic, as it binds with SH group of enzymes inhibiting their action.

Zinc compounds are also widely used in agriculture in the organic form as
fungicides in paddy cultivation. Like copper compounds these also pollute the soil and
water by its residue. It is an essential trace element for normal growth and



development in mammals and birds. It accumulates in the body due to its long
biological half life. Even though it is an essential trace element, excessive intake leads
to toxicity in mammals and birds. When present in excess amounts it inactivates the
enzymes by binding with SH groups.

Different locations in Alapuzha were prospected as a part of the investigation
programme on duck mortality in Kuttanad area. Discussions were made with the local
veterinary surgeons and Animal husbandary officers. Various areas frequented by
flocks of ducks in and around Alapuzha were located and from them five sites,
Kalarcode, Pallathuruthy, Kidangara, Chempumpuram and Pulimkunnu were selected
for further investigation.

These places were visited for a period of one year, at four months intervals
starting from April 1995 .Samples of water, sludge, small plants usually eaten by ducks,
small fishes and mussels were collected during the visit observing sampling rules.
Samples were analysed as per the procedure described by Anderson (1972 ) and Capar
(1977). The heavy metal ( copper and zinc ) contamination in these areas are shown in
Table 1 (under results).

The highest level of copper, 67.83 ppm was observed in the mud sediment
collected from Kidangara . However, the highest concentration of zinc,198 ppm, was
noted in fish from Pulimkunnu .

In the light of the above observations the present project was undertaken to
investigate the toxicity of these two heavy metals viz. copper and zinc which form the
important ingredient of fungicides widely used in Kuttanad, on the health status of

ducks and their role on immune system in ducks.






Chapter 2

REVIEW OF LITERATURE
2.1 COPPER

2. 1.1 Role of high dietary copper on growth and reproduction in birds.

Goldberg et al. (1956) recorded progressive loss of body weight in adult hens
when they were fed with 50, 75 and 100 mg copper as copper acetate daily for first,
second and third week respectively . Mayo et al. (1956) also noted an inhibition of
growth at fourth week of age when diet was supplemented with 520 ppm copper as
copper sulphate. At eighth week when copper was included as copper bound casein
instead of copper sulphate, significant increase in growth was noted. The experiment
conducted by Mehring et al. (1960) revealed that addition of copper to the feed up to
the toxic level improved the feed efficiency of chicks up to the age of tenth week. The
effect of various levels of copper and iron on growth, body weight and survival of
chicks was studied by Lin et al. (1965). From their experiment they noticed that copper
at 80 ppm or above depressed growth rate when iron level in the feed was maintained
at a level of 40 ppm or above.

The depression of growth in birds due to 910-1000 ppm copper in the ration
was found to be reduced after the addition of EDTA at 308 m.mol./kg of diet (Vohra
and Kratzer, 1968).They could improve the survival and weight gain, but could not get
any improvement with EDTA on 1620 ppm of copper. They also found that 3240 ppm
of copper is lethal. Growth depression in birds fed on 500 ppm dietary copper was
noticed by Hill (1974) and also by Jensen and Maurice (1976). Jensen and Maurice
(1976) could prevent the growth depression caused by S00 ppm copper by addition of
0.4 % dl methionine to the diet. Poupoulis and Jensen (1976) noticed an improvement
in body weight gain and feed efficiency with 250 ppm copper in the feed. But the
growth rate and feed efficiency was supressed by 500-1000 ppm copper.
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Jackson (1977) studied the influence of feed, supplemented with
120,240,480,960 and 1920 ppm copper for a period of 35 days in adult fowl. They
noticed a suppression of feed intake and egg production with two highest levels of
copper .As per the observation of Griminger (1977) 500 or 1000 ppm copper
sulphate supplemented diet had no influence on body weight, egg production and
feed intake in adult hen. But copper sulphate at 0.5 % of the ration reduced the feed
intake to less than 1/3 of the normal and stopped egg laying completely. He noticed
that more than 0.2 % copper sulphate in the feed caused loss of body weight and egg
production. In turkey poults also copper supplementation reduced the growth
( Christmas and Harms,1978) .Turkey poults were fed with 500 and 750 copper
supplemented diet with or without 0.4% methionine in sulphur amino acid deficient
diet. Methionine stimulated the growth, and addition of copper reduced the body
weight. Copper at 120 ppm in the ration of turkey stimulated the growth rate
(Guenthner et al.,1978 )

A depression of body weight by supplementing the diet of hens with 600-800
ppm  copper was observed by Jackson et al. (1979). In turkey poults feed was
supplemented with 0, 500, and 700 ppm copper sulphate with and without 0.4%
methionine and fed for 24 days of age (Christmas and Harms, 1979 ) . The results
showed that addition of methionine increased growth. Addition of copper at either
level greately reduced 21 day bodyweight in proportion to the level fed It also
reduced feed consumption. Jackson et al (1979) reported that lower levels (100
and 200 ppm) of copper enhanced feed and water intake and higher levels (600and
800 ppm) of copper depressed the body weight.

Jensen and Maurice (1979) reported a significant reduction in growth rate and
feed efficiency by feeding chicks with 500 or 700 ppm copper . Stevenson and
Jackson (1980) also noticed a significant reduction in body weight, feed intake and
egg production in laying birds fed with a diet containing 500, 1000, and 2000 mg



added copper per kg feed and fed for 8 weeks. They noticed a reversal of this on
withdrawal of copper supplemented diet and on feeding the control diet. An adverse
effect on feed intake, egg production and body weight was also noted in hens by
Jackson and Stevenson (1981) when they fed 0.2 and 1.0 g copper sulphate per kg
feed for 280 days. Atlavin and Apsite (1982) observed a decreased growth rate in
white leghorn chicken when they were fed with 1000 ppm copper sulphate
supplemented diet.

In the experiment conducted by Southern and Baker (1982) in coccidia
infected chicks, a decrease in weight gain and feed efficiency was recorded when
infected chicks were fed with copper supplemented ration ( 500- 750 ppm ).
A decrease in feed intake and weight gain was also recorded by Andrews et al.
(1988) when they fed 500 ppm copper supplemented diet to chicks.In turkey also a
reduction in body weight was noted by Potter and Koru (1989) when turkey was
maintained on a copper supplemented diet (200, 400, 600, 800, and 1000 ppm ) .They
also noticed an increase in mortality rate in 1000 ppm group. Stahl et al. (1989 ) fed
laying hens with 250 u g copper / g of feed with or without the addition of 10 ug
zinc / g Egg production, feed conversion, feed intake, body weight, egg weight,
fertility and hatchability were observed and no significant difference was noticed in
the treated group.

Day old broiler chicks were fed with 480 ppm copper and different levels of
calcium per kg diet (Leech, 1990) A substantial reduction in body weight was noted .
The differences were least with 1% dietary calcium . Rosenblum et al. (1990)
observed that, when the diet of chicks was deficient in calcium, the sensitivity to
copper toxicity is increased They fed different combinations of calcium carbonate and
copper sulphate to day old male broiler chicks . The addition of 480 mg copper per kg
diet resulted in a reduction in body weight at the deficient and marginal level of



calcium. The differences were least with 1% dietary calcium. They concluded that the
influence is mediated via intestinal absorption rather than through influence of copper

excretion.

Anjum et al. (1992) observed a reduced feed intake and an increased water
intake, but no effect on body weight, when broiler chicks were fed with diet containing
500 -1000 ppm copper sulphate. Ward et al. (1994) studied the influence of 204
ppm dietary copper for 5 days on growth, water intake and haemoglobin in poultry.
They observed that feed and water intake were not affected, but supplementation of
copper to water at this level reduced the growth and feed consumption. Gilbert et al.
(1996) also noted a reduction in feed intake and egg production when 51 week old
adult leghorn hens were fed with ration containing 1477 mg copper per kg.

2.1.2 Influence of sulphur containing aminoacids on copper toxicosis.

Jensen and Maurice (1976) noticed severe gizzard erosion and growth
depression with 500 ppm copper in the ration of chicks . They could prevent growth
depression, observed with 500 ppm copper by adding methionine (0.4%). Neither
methionine nor cysteine significantly reduced the severity of gizzard erosion.
Christmas and Harms (1978) studied the inter relationship of copper sulphate,
methionine and potassium magnesium sulphate in turkey poults and broiler chicks.
Turkey poults were fed with 500 — 700 ppm copper sulphate with or without 0.4%
supplemented methionine in sulphur aminoacid deficient diets. In another trial, broiler
chicks were fed graduated levels of supplemented methionine or one or two levels of
potassium magnesium sulphate with or without 750 ppm copper for three weeks. In
turkey addition of copper reduced body weight and feed consumption in proportion to
the level of copper fed . Increased gizzard erosion and bleaching of gizzard
were observed. Methionine stimulated the growth and partially reversed the effect
of copper supplementation. In broiler also methionine increased the growth rate.



Copper supplementation at 750 ppm level decreased the performance of chicks. Both
0.4 and 0.8 % of methionine partially offset this effect. Feeding of potassium
magnesium sulphate did not improve chick performance .

When chicks were fed a diet supplemented with copper at a level of 250,500
and 750 ppm 1n the ration, enlarged proventriculus and erosion of gizzard lining was
noticed ( Jensen and Maurice, 1978). They also noticed that addition of 0.4%
methionine to the diet was unable to prevent gizzard erosion and abnormality of
proventriculus But growth depression and reduced feed efficiency caused by 500
ppm copper was completely counteracted . Addition of 0.4 % methionine to the diet
with 750 ppm copper did not significantly counteract the growth depression and

reduction in feed efficiency.

Turkey poults were fed with a basal corn-soya diet which contained 26%
protein and 0.765 % sulphur aminoacid ( SAA ). It was supplemented with 0, 500,
and 700 ppm of copper as copper sulphate, with or without 0.4% supplemental
methionine (Christmas and Harms,1979 ). The addition of copper at both the levels
reduced the feed consumption. Supplementation of methionine to the copper treatment
partially offset the effect of copper resulting in high weight and feed efficiency. Jensen
and Maurice (1979) observed that addition of copper at 500,0or 750 mg/kg to a diet
deficient in SAA for chicks caused a reduction in growth rate and feed efficiency.
Addition of dl methionine to the diet (0.4%) prevented the reduction in feed efficiency
with 500 ppm copper but not with 750 ppm copper. The increase in hepatic copper
level by 500-750 ppm is reduced by 0.4% added methionine.

Robbin and Baker (1980) revealed that copper addition to the ration at a level
of 250 and 500 ppm caused erosion of gizzard and deposition of copper in gizzard
lining of chicks . Copper concentration in the liver of chicks fed 250 mgkg

was reduced by one half when the SAA level exceeded the requirement.



Excess copper reduced the availability of sulphur compounds containing free SH
group which resulted in growth depression .From their experiment they recommended a
level of 0.64% SAA for 250 ppm copper, 0. 77 % for 500 ppm copper and 0.59 %
for zero copper supplementation in diet to prevent bad effect.

Growth retardation in chicks were also noted by Ekperigin and Vohra (1981)
when the diet was supplemented with 0, 500, and 1000 ppm copper along with 0, 0.4,
0.8 and 1.5 % of 1 methionine for 1-4 weeks. Growth was retarded after one week by
all levels of supplementary methionine and by 500 and 1000 ppm excess copper. The
growth retardation caused by 500 ppm excess copper was alleviated by 0.4 %
supplemented methionine. Baker et al. (1982) demonstrated the interaction of copper
snd sulphur aminoacids. They noticed that at upper level of copper ingestion (250
mg/kg and higher ) it binds with sulfthydryl compounds such as cysteine and reduces
glutathion. Dietary SAA requirement was increased in chicks fed at a copper level of
250 — 500 mg /kg . Hepatic copper deposition is enhanced by copper feeding.

Experiments were conducted in chicks by Southern and Baker (1982) to find
out the effect of dietary methionine on Eimeria acervulina infection in chicks fed
excess copper. Duodenal coccidiosis and supplementation of copper ( 500 —-750
mg/kg ) depressed weight gain and feed efficiency. Supplementation of copper
increased concentration of copper in the liver and gall bladder. Coccidiosis resulted in
two to four fold increase in copper in these tissues. Excess supplementation of
methionine to feed ( 0.5 % ) had little effect on toxicity in either healthy or infected
chicks.

Kashani et al. (1986) studied the effect of added copper or methionine to
diets of turkeys. Copper was added 0 or 120 ppm along with diet providing 75, 85
and 100 % requirement of SSA as supplemented by dl methionine. In another
experiment four levels of copper 0, 60, 120 and 240, ppm added to diets containing
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SAA 75, 100, or 125 % . Sixty ppm of copper improved 8 week body weights , but
120- 240 ppm was growth depressing up to 8 weeks of age. Increasing the methionine
content of the diet to 100 % level consistently improved the weight gain of younger
birds. The improved body weight from methionine addition for the older turkeys
(16-24 weeks), however, was significant only in the first experiment. Copper did not

influence the methionine requirement in this experiment.
2.1.3 Pathological changes due to excess copper in birds.

Goldberg et al. (1956) fed adult hens with copper 50, 75 and 100 mg daily
for first, second and third week respectively. Hundred mg was continued until the
birds developed anaemia or toxicity or death. They noticed a progressive loss of weight
and anaemia concomitant with clinical signs of toxicity like reticulocytosis,
erythrophagocytosis and haemosiderosis with Kupffer cells.Mayo et al. (1956 )
conducted experiment in chicks with purified diet and the same supplemented with
324, 520, and 1270 ppm copper up to fifth weeks of age . They noticed a faster
growth in chicks fed with unpurified diet than chicks fed with purified diet with
supplemented copper at all levels . Chicks fed 324 ppm copper caused muscular
dystrophy. When copper was included as copper bound caseine instead of copper
sulphate an increase in growth rate was noted but the incidence of muscular dystrophy
remained the same . In chicks fed with 1270 ppm copper a high incidence of mortality

was noticed.

Chicks were fed with a diet containing 0-1180 ppm copper (in the form of
copper oxide)up to tenth week of age to find out the toxic level of copper in growing
chicks by Mehring et al (1960). Body weight, feed efficiency and mortality were
noted . The results showed that the minimum toxic level of copper is 500 ppm . In the
case of turkey poults experimental diet with 50 ppm copper fed from 1-4 th week of
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age was proved to be toxic (Waibel et al, 1964 ). The effect of various levels of
copper and iron on growth and survival of chicks were studied by Lin et al (1965).
From their studies it was noticed that up to 4 th week of age neither copper (5 — 160
ppm ) nor iron (40 —1600 ppm ) was toxic. Wiederanders ( 1968 ) suggested that the
metabolic and excretory pathways for copper in the turkey and other fowls were
different from those of the mammals as evidenced from the studies in heavy copper
loading in turkeys.

Bubien et al. (1971) studied the acute and chronic copper poisoning in
chicken. They administered a single large dose ( 0.8 g) of copper sulphate or a series of
small dose (0.01 —0.04 or 0.08 g ) daily for 60 days or 0.16 g daily for 30 days .
Death was noticed in most of the birds, given 0.8 g, in 48 hours. In chronic poisoning
0.8 g daily was tolerated for 60 days with out any apparent symptoms except a slight
reduction in growth rate with 0.16 g daily. Icterus and hepatic lesions were absent even
with the highest dosage when hepatic copper exceeded 1000 ppm.

Toxic effect could not be observed by Kamel et al. (1971), when they injected
0.0713 g/kg copper sulphate (1/10 of LD 50) into crop of fowls for 40 days. The
relationship between copper and selenium was revealed by Jensen (1975). He
observed a high mortality, muscular dystrophy and exudative diathesis in chicks fed a
diet supplemented with 800 or 1600 ppm copper. Adding 0.5 ppm selenium to the
basal diet containing 0.2 ppm, prevented the mortality and selenium deficient signs.
Results suggested that higher copper induced selenium deficiency in chicks, when a

diet relatively low in this element was fed .

Rangachar and Hegde ( 1975) conducted experiments in chicks to find out the
effect of 100 and 200 ppm copper sulphate fed for 120 days on prothrombin

time. Atthese levels there was no influence on prothrombin time. Experiments were
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conducted in day old chicks by Poupoulis and Jensen (1976 ) by feeding 250 — 500
ppm copper supplemented diet for 4 weeks. They analyzed the fatty acid composition
and found that it was not affected significantly. Studies were conducted by Guenthner
et al. (1978) in turkey poults by feeding them with 60, 120 and 240 ppm copper
supplemented diet . They observed no effect with 60 ppm copper, 10% increase in
growth with 120 ppm , and no toxic action with 240 ppm .

Jackson et al. (1979) observed a depression of body weight in hens while
feeding a diet with 600 and 800 ppm copper . Gross and microscopical examination of
specific tissues revealed no pathological effect although gizzard and intestinal weight
were increased and caecal weight was decreased . The liver copper conc. was found to
be raised sharply by adding higher levels of copper. Rangachar and Jayaprakash (1979)
noted an increase in haemoglobin synthesis when 10 weeks old chicks were reared on

a diet supplemented with 100 ppm copper and zinc for 75 days.

Laying hens were fed for 48 hours with 250, 500, 1000 and 2000 ppm copper
supplemented diet ( Stevenson and Jackson, 1980 ). They noticed a reduction in Liver,
Kidney, oviduct and ovarian weight per unit body weight by copper in the diet and the
effect increased with period of time on the diet . The gizzard weight per unit body
weight was increased by dietary added copper. The copper conc. in the liver were
increased by dietary level of added copper . They also observed a negative linear
relationship between liver lipid concentration and the level of added dietary copper .
On the highest treated group the liver copper level continued to increase for 48 days
but with 500 and 1000 mg added copper per kg a maximum level was reached after
12-24 days .

Latymer and Coates (1981) studied the role of copper supplementation on
pantothenic acid in chicks by supplementing 250 mg copper per kg of feed .The results
showed that high dietary supplementation of copper sulphate induced pantothenic acid
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deficiency through interference in the biosynthesis of Co.A. Radzanowska (1989)
noted an adverse effect on haemopoietic system,liver and kidney when adult chicks
were fed with a diet containing 1000 mg/kg copper for 6 weeks. Ward et al. (1994)
investigated the effect of 204 ppm copper supplemented diet on haemoglobin level.
The result showed no significant changes between treated and control group

2.1.4 Gross and histopathological lesion in copper toxicosis.

Kamel et al (1971) administered copper sulphate at a dose of 0.5-1 g per
kg body weight in chicks. On post mortem they noticed lesions were mostly confined
to kidney and intestine in those died in 24 hour The presence of acute tubular
nephrosis and necrotic changes were noted . In those birds which died in 2 — 7 days
the lesions were mainly in the liver which showed atypical acute toxic dystrophy and
kidney showed advanced degenerative changes. Those birds which were sacrificed at
20 - 40 day had acute and chronic hepatitis.  Poupoulis and Jensen (1976 ) observed
that 500-1000 ppm copper in the feed caused gizzard erosion in all treated birds. The
addition of 0.35 % cholic acid to the diet significantly decreased the gizzard erosion
with 250 — 500 ppm supplemented copper. Jensen and Maurice (1976) also noted
gizzard erosion in chicks fed with 500 ppm copper in the feed.

Addition of 120-250 mg copper per kg of feed in broiler ration resulted in
the distension of caeca ( Jensen and Maurice, 1978 ).The contents of caeca were dark
and pasty. Adding monensin, sod. gentian violet or ferrous sulphate alone or in
combination with copper to the ration did not significantly change the appearance of
caeca. Copper concentration in the caecal content reached a level above 5000 mg/kg,
suggesting that the effect of copper on the caeca may be related to an inhibition of
normal fermentation. Gross appearance of gizzard lining and proventriculus was

also changed by adding 240 mg/kg copper to the diet. Gizzard erosion was reported in
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turkey poults also by Christmas and Harms ( 1979 ) when they fed a ration containing
500 — 700 ppm copper sulphate for 24 days .

Stevenson and Jackson (1980) could not observe any significant change in
the haemoglobin level or pcv and serum copper of birds fed with 500, 1000 and 2000
ppm copper supplemented diet for 8 weeks and then fed with normal diet.
Shivanandappa et al. (1983) studied the acute oral toxicity of copper sulphate and
copper oxychloride in cocks. The median lethal dose (LD 50) for copper sulphate and
copper oxychloride was found to be 693 and 1263 mg/kg body weight respectively.
Severe diarrhoea, delayed mortality ( 3-6 days ) and increased liver weight were
characterestic of copper oxychloride. In both the cases a dose dependent testicular
atrophy was noticed. Histochemicaly the interstitial (Ieydig ) cells and seminiferous

tubule showed intense accumulation of cholesterol positive lipid:.

Gizzard lesions were noticed by Wight et al. (1986) when they incorporated
2000 to 4000 ppm copper sulphate in the diet of fowl. Copper sulphate 0.05 to 0.2 %
was added to the ration of broiler chicks and fed for 3 weeks to find out the influence
on oral lesion (Jensen et al, 1991 ) They noticed a significant increase in gizzard
erosion and incidence and severity of oral lesion. A linear increase was noticed with
increasing copper concentration. They suggested that copper sulphate supplementation
should be considered as one of the possible causesof oral lesion seen during post
mortem examination of avian species. Anjum ef al. (1992) fed week old broiler chicks
with diet containing 500 — 1000 ppm copper sulphate per kg . They could not observe
any change in clinical appearance, weight of liver, or in gizzard and heart . The liver
was pale and showed mild degenerative changes . The gizzard showed erosion of
varying degrees. Erythrocyte count showed an increased trend. They concluded that
dietary copper sulphate up to a concentration of 1000 ppm had no effect on

performance of broilers.
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The interaction between crude proventricular homogenate or filtered
homogenate and copper sulphate (1g/kg ) added diet was studied in female day old
broilers by Bayyare et al. (1995). The result showed that there was no interaction
between homogenate and copper.There was a reduction in feed conversion efficiency
in broiler homogenate and copper sulphate . Natural exposure to low level of the
infectious agent present in the homogenate may interact with excess dietary copper
sulphate resulting in increase in proventricular size and decreased in body weight and
feed conversion efficiency. Gilbert et al. (1996) noticed severe oral ulcers of pharynx
in layer birds when the diet was supplemented with 1477 ppm copper and fed for one

week.

2.1.5 Role of copper on the enzymes in birds.

Rucker et al. (1969) studied the role of copper on some of the enzyme
systems of birds. They fed a copper deficient diet to chicks and noticed a marked
reduction in cytochrome oxidase activity ,but the catalase activity was not changed .
Stevenson and Jackson (1980 ) investigated the role of supplemented copper on
aspartate amino transferase (AST) level in serum . Laying hens were fed with a diet
containing 500, 1000 and 2000 mg added copper per kg feed for 8 weeks. The results
showed that the level had no significant effect on AST

2.2.6 Role of copper on the immune system of birds.

Rangachar and Hegde (1974) studied the response of chicks to Salmonella
gallinarum . The chicks were fed with 100 ppm copper supplemented diet. The results
showed a greater primary response to Salmonella gallinarum in treated group than
controls. Rangachar et al (1978) noticed no significant influence on the synthesis of
immunoglobulin Ig G by feeding 10 weeks old cockerels with 100 ppm copper or
zinc or both supplemented diet for 3 -5 months. Stahl e al (1989 ) studied the
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antibody response of laying hen , feeding with a diet supplemented with 250 ppm

copper, no difference was seen with the control birds
2.1.7 Role of dietary copper on the tissue copper accumulation.

The copper content of hepatic tissue of ducklings and chicks were assessed by
Owood and Worden (1973) after feeding 200 ppm copper. The highest copper
content recorded in chicks liver was 23 ppm after 28 days on diet containing 200
ppm copper. The maximum copper content recorded in the liver of ducklings on this

diet was 140 ppm.

The mean plasma copper values for chicken were recorded at different age
groups by Panic et.al (1974) after feeding a normal diet. The values for different age
groups were as follows- 84 day old pullets — 10.0 pug/100 ml, 94 day old pullets —12.3
ug/100ml,at onset of laying —22.5 ug/100ml, 8 month old hens —27.6 pg/100mi, 12
month old hens — 26.5 ng/100ml, 24 month old hen stopped laying 13.6ug/100ml,
cocks aged 84 days -9.6 ng/100ml,cocks aged 94 days —10.2 ug/100ml and cocks aged
210 days —12.2 nug/100ml.

Markarova (1978) reported that the plasma copper level of chicken will
increase with age and that the peak concentration of copper was found at 60 days,
during his study for a period of 15 —210 days. Jackson et al (1979) reported that by
adding 600 — 800 ppm copper to diet caused a sharp rise in the liver copper
concentration . An increase in liver copper level after feeding a high copper diet was
also observed by Jensen and Maurice (1979) . They also noticed that the rise was
significantly reduced on addition of 0.4% methionine to the copper supplemented diet .
Martynyvk et al. (1980) estimated the copper content of poultry meat by atomic
absorption spectrophotometry and colorimetry. The values were 0.61 —4.2 and 0.59 —
4.5 mg/kg respectively.
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Starvation of birds significantly reduced the serum level of copper (Richard
et al., 1980). However, the copper level in the liver, pancreas and duodenum was
increased. Re-feeding resulted in a decline in copper level in liver and pancreas. A
copper binding protein metallothionine was increased during fasting which was
responsible for the increased concentration of copper. Metallothionine may function as
a conservation mechanism to prevent the loss of copper during tissue catabolism.
Robins and Baker (1980 ) noticed a reduction in the copper level of liver, when sulphur
containing amino acid was added to copper supplemented diet of chicks. A relationship
between dietary copper and the concentration of copper in the liver or plasma was also
recorded by Ekpergin and Vohra (1981) .They also noted a lowered level of copper in

the plasma and in the liver when excess methionine was included in the ration.

In coccidia infected birds a 2-4 fold increase in deposition of copper in liver
was noticed by Southern and Baker (1982) ,when they fed 500 — 750 ppm copper
supplemented diet in coccidia infected chicks. Southern and Baker (1983) observed an
increase in liver copper concentration by excess feeding of dietary copper and also by
coccidiosis , but a decrease is noticed by excess zinc addition to the ration. They have
given 250 mg/kg copper in the diet. Andrews et al . (1988) found that addition of 500
ppm copper to corn -soya bean meal diet of chicks increased the liver and pancreas

copper content.

Dressel et al. (1988) estimated the iron ,copper and zinc content of turkeys and
geese liver . The liver copper content of slaughtered and naturally died Geese were
98.5+ 94.8 and 318.5 £ 118.5 ng/g of dry matter respectively. The copper content in
the liver of slaughtered turkeys was 36.3 £ 8.9. Copper content of liver, spleen, kidney,
lung, heart, brain and breast muscles of Mallard and hybrid ducks were estimated by
Proske er al. (1991). The age of the birds ranged from hatching to 22 weeks old.

At hatching the liver copper level was low and increased from six weeks onwards.
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Conversely in the spleen the copper concentration at the time of hatching was high
which decreased rapidly during second week, and increased slightly when 16 weeks

old . The concentration of copper was the highest in the liver of adult ones.

The liver and plasma copper concentration were investigated by Ward er al.
(1994) after feeding poults with 204 ppm copper in the ration for 5 days It was found
that liver copper concentration was increased in poults fed supplemented dietary

copper, but plasma copper concentration was not affected by dietary copper.

2.2 ZINC

2.2.1 Role of high dietary zinc on body weight and reproduction in birds.

Roberson and Schaible (1960) conducted experiment to find out the upper
limit of zinc which can be tolerated by the chicks . They added zinc oxide, zinc
carbonate and zinc sulphate at a level ranging from 0-1500 ppm to the feed and fed
for four weeks to, day -old chicks. The results showed that the carbonate and sulphate
adversely affected growth and feed efficiency at 500 ppm and above . Mortality was
not heavy except at 3000 ppm of zinc carbonate. In the studies conducted by Vohra and
Kratzer (1968) the tolerance limit of zinc in poultry was found to be 2000 ppm. Zinc
at 4000 ppm reduced weight gain which was counteracted by adding EDTA.
Mortality could be observed only at 10000 ppm of supplemented zinc.

Gasaway and Buss (1972) fed diet supplemented with 3000 — 12000 ppm
zinc to domestic Mallard ducks ( Anas platyrhynchos ).They noticed a reduction in feed
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intake and body weight, which showed a proportional decrease as the level of zinc in
the diet is increased .The ratio of adrenal and kidney weight to body weight was
increased, but no change was observed in liver body weight ratio . Reduction in size of
the gonads was also noticed. Hill (1974) observed that zinc at 200 ppm level in feed
decreased the growth rate in chicks . Herland et al. (1975) did their work in day old
chicks by giving diet supplemented with 25-30 mg/kg or 75 mg/kg of zinc for first
week . In the second week the zinc level in the feed was reduced to deficient level. This
showed a better growth rate than that of control group in which high level was not
reduced in the second week. They concluded that bone stored the zinc consumed in
excess of requirement, which may be available for utilization during subsequent period

of deprivation in growing animals.

Kincaid et al. (1976 ) observed that the weight gain in broiler chicks was not
reduced by 2400 ppm of added zinc in the diet. They have opined that the homeostatic
mechanism of young chicks is effective up to 1200 ppm dietary zinc. A reduction in
feed intake, egg production and body weight was noticed by Hermayer et al. (1977)
when the feed was supplemented with zinc exceeding 794 ppm. A reduced egg
production was also recorded by Palafox and Ho (1979) . In their experiments hens
and pullets were fed with diet containing 200 ppm zinc from 0 -5 days and then
control diet from 5 days to 12 weeks, they noticed a reduction in fertility and
hatchability also.

Bessel and Lantzsch (1980) in their studies in white leghorn hens, given a diet
to which 5000 — 20000 ppm zinc was added and fed for 2, 4, 6, and 8 days. They
noticed a reduction in egg number and feed consumption with increased zinc content
of the feed and also by increased duration of the treatment. Kibakin et al. (1980)
concluded that 80 ppm zinc in the ration gave the highest values for egg yield and
quality. Studies were conducted by Palafox and Ho (1980) in white leghorn laying

pullets and hens to find out the effect of zinc toxicity inthe performance in the birds.



20

Zinc, fed at 20 mg/g of diet for 5 days, showed that it significantly affected the
fertility and hatchability of eggs. A reduction in body weight gain and number of eggs

was also noticed.

A retardation of body weight gain was also reported by Paya (1980), when he
fed day old Habbard chicks with diet supplemented by adding 1500 mg zinc per kg
feed. He also noticed a reduction in the weight, length and width of femur. Southern
and Baker (1983) found that zinc at 4000 mg/kg in ration reduced both feed efficiency
and body weight gain. His experiment was aimed to find out the zinc toxicity, zinc
deficiency and zinc copper inter relationship in Eimeria acervulina infected chicks. He
found that coccidial infection had an ameliorative effect on zinc toxicity

Charles and Cunningham (1987) noticed a marked reduction in feed intake
when they maintained white leghorn on diet supplemented with 20000 ppm zinc for 4
or 10 days. The egg production and body weight loss were not significantly affected .
A reduction in feed intake by 4000 ppm zinc diet was noticed by Andrews et al
(1988). They got a significant reduction in body weight gain . Pimental et al. (1991)
reported a suppression of body weight when chicks were fed with a diet containing less
than 28 ug/g of diet.

2.2.2 Effect of high zinc on hormones and enzymes of birds.

The effect of zinc on testicular hormones was studied by Eltohamy et al.
(1980).Zinc ammonium sulphate solution 100ug per kg body weight was injected once
daily for four weeks intra muscularly 1n intact and caponised cockerels A decrease in
weight of testis, an inhibition of spermatogenesis, disturbed testicular hormone
production and increase in pituitary gonadotropic cell activity were observed. No
discernible effect of zinc injection on pituitary and adrenal cells of caponised birds
was observed. Paya ( 1980 ) noted an increase in alkaline phosphatase activity

with increased zinc in day old chicks fed with 80 ppm zinc supplemented diet.
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Schuster and Hindmursh (1980) suggested that measure of plasma alkaline phosphatase
level can be used as a tool to assess the zinc status of birds. They showed a low plasma

alkaline phosphatase activity in birds with low zinc status.

A reduction in amylase activity was recorded by Lu and Comb (1986) when
they fed, chicks with 1000ppm zinc supplemented diet. They measured the amylase
activity of duodenal luminal content after 8-15 days. The starch digestibility was
reduced by 20-40% . In 1989 they also observed that even 500ppm zinc in the ration
decreased the pancreatic amylase activity ,by reducing the synthesis . They have the
opinion that zinc induced intracellular membrane damage might have reduced the
amylase synthesis. Dean et al. (1991) in their investigation by feeding 5280 ppm zinc
supplemented diet to, day -old chicks for 1-2 weeks, recorded an impairment in the post
natal growth and multiple endocrinopathy. They concluded that depressed level of

circulating thyroid hormones might be the cause for impaired growth in birds.
2.2.3 Zinc toxicity and inter relationship with other metals.

The growth in poults due to 4000 ppm zinc in the diet was overcome by
15.4 or 30.8 mmol EDTA (Vohra and Kratzer, 1968),but the effect of 8000 ppm zinc
could not be overcome by EDTA. They observed no mortality even at 10000 ppm zinc
in the diet. Supplementing the diet with 2000 and 4000 ppm zinc Southern and Baker
(1983) noted that the excess dietary zinc decreased tissue copper deposition, but excess
copper did not affect tissue zinc deposition in chicks. Park and Kim (1985) observed
that zinc supplementation could alleviate the toxicity caused due to nickel in the diet. It
was also noticed that copper supplementation can alleviate the nickel toxicity. They
could reverse the low zinc level in tibia and plasma by zinc supplementation. They

concluded that nickel toxicity was by interference with zinc metabolism.
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2.2.4 Role of zinc on the immune system of birds.

Rangachar et al .( 1978 ) studied the immunoglobulin level in cockerels fed
with copper and zinc at the rate of 100 mg/kg feed for 3-5 months. They could not
observe any significant change in immunoglobulin IgG level. Fowls which were
maintained on zinc deficient diet was immunized with bovine albumin I/p injection or
by a combination of ocular drop and i/p injection (Burns, 1983). The birds showed no
antibody response as judged by immuno electrophoresis and immuno fluorescence,
where as, birds on zinc sufficient diet had serum antibody and anti bovine serum
albumin cells in the Harderian glands, payers patches, spleen and thymus, which

indicated that zinc is essential for the immune system.

Shoyinka and Daudu (1986) also reported that the antibody response to Bl
vaccine and Komarov vaccine were higher in cockerels fed with 200 mg zinc per kg
feed than either 50 mg zinc or 400 mg zinc in the feed. Pimentel and Cook (1988)
observed that zinc deficiency had no effect on primary humoral immune response to
sheep RBC. In chicks zinc supplementation at a level of 30, 40, 50, 60, 70 and 80 ppm
did not influence primary and secondary immune response to sheep RBC or delayed
hypersensitivity to phytohemagglutinin —-P or human gamaglobulin. Decreasing the
level of dietary zinc to 8 ppm did not alter immune parameters. In contrast chicks ted
58 ppm zinc had a marked reduction in primary and secondary humoral immune

response.

In another experiment by Stahl er al. (1989) chicks were fed on diet
containing zinc 28, 38, 48,68, and 178 pg/g of feed and they were evaluated for zinc
related feather frawing and immune status . It was noticed that 38 ng/g is necessary for
maximal immune response. They have suggested that supplementation of hens diet
with zinc 150 pg/g may be excessive and causes marginal immune suppression of

young chicks. The results of the study by Pimentel et al. (1991) revealed that zinc
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at a level of 8-88 ng/g of diet had no influence on the immune response. Zinc was fed
to chicks at a level of 8-88 ug/g of diet for 4 — 7 weeks. The immune response was
studied against sheep RBC and phytohemagglutinin-P by hemagglutination and
delayed type skin hypersensitivity test . Zinc at 8 ug/g of diet had smaller bursa of

fabricius and thymus .

Kidd et al. (1992) evaluated the immune status of chicks by feeding 72 and
152 ppm zinc oxide or organic zinc-methionine ( ZM ) supplemented diet to dams and
to chicks for the first one month . The results indicated that supplementation of ZM in
hens diet increased cellular immunity response in progeny and an increase in primary
antibody titers to Salmonella pullorum antigen. Kidd et. al. (1993) recorded an
increase in basal hypersensitivity to phytohemagglutinin-p in the progeny of hens fed
with supplemental ZM in corn soyabean meal. It also increased the antibody titers in
the progeny. Kidd er al. (1994) studied the influence of diet containing ZM on
in vitro and in vivo uptake of E. coli by mononuclear phagocytic system in female
turkeys .The turkeys were maintained on a ration supplemented with 40 ug ZM for
1 — 3 weeks of age so that the basal diet contained 130 pg zinc/g and ZM diet
contained 165 pug zinc/g .The number of phagocytized E.coli per macrophage did not
differ significantly. The clearance of F.coli from blood was significantly improved in
ZM higher zinc group.

2.2.5 Gross and histo- pathological changes in the organs of birds in zinc
toxicity.

It was reported by Gasaway and Buss (1972) that feeding of 3000 to 12000
ppm of zinc supplemented diet to domestic Mallard ducks ( Anas platyrhynchos )

caused yellowish red colouration of kidney.It was suggested that this can be used for



24

diagnosis of zinc toxicosis in Mallard ducks . A reduction in size of pancreas and
gonads was also noticed. In an acute and chronic toxicity studies of zinc in birds
conducted by Sofeietti and Bestettl (1975) , they found that high level of zinc as zinc
sulphate or zinc oxide was moderately toxic and caused gastric ulcer ,pancreatic lesion

and colloid goiter.

Dewar et al. (1983) fed chicks with diet containing 2000, 4000 and 6000
ppm of zinc. All of them grew poorly and showed gizzard erosion and lesion of the
exocrine pancreas. Dissecting aneurysm occurred in a few chicks on 6000 ppm group .
The gizzard lesion varied from excessive desquamation of epithelial cells, heterophils
and erythrocytes into an abnormaly spongiform koilin to erosion of koilin glands . The
pancreatic lesions were detected only microscopicaly and consisted of delution of
acinar,luminocytoplasmic vaculation, cytoplasmic globule formation and necrosis of

the exocrine cell with inter parenchymal fibrosis.

Lesions in pancreas and gizzard were also recorded by Wight et al. (1986) in
hens fed with diet containing 20000 —25000 ppm zinc as zinc oxide . Breeding et al.
(1992) could not observe any lesion in chicks fed with 2800 ppm zinc in the form of

zinc sulphate.
2.2.6 Tissue zinc concentration.

Makarova (1978) assessed the zinc level in serum of normal white leghorn
hens of 15 — 210 days of age. The values were increased with age. Peak concentration
was reached when egg laying was 1n full swing. Relatively low serum zinc values were
noted in hens with disturbed egg laying. Makarova and Chekalova (1979) stated that
during the growth of ovarian follicle, the zinc content of the blood was closely

correlated with the albumin fraction of blood serum. The zinc content increased from
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162 — 445 ug/ 100 ml . Oh et al. (1979) studied concentration of zinc in liver, kidney,
pancreas and intestine of chicks after feeding 500 - 4000 and 1000 — 16000 ppm zinc
in the ration .The concentration of zinc was maximum in metallothionine. Results

revealed the involvement of metallothionine in zinc homeostasis.

In turkev poults serum concentration of zinc was significantly reduced by
starvation (Richard et al, 1980) The level of zinc increased in liver,duodenum,
pancreas and kidney on fasting. Refeeding resulted in a decline of zinc level in these
tissues. Analysis of metal bound zinc in the cytoplasmic fraction of these tissues
indicated that metallothionine, a zinc copper binding protein is increased during
starvation and declined with refeeding. Metallothionine acted as a conservation

mechanism to prevent the loss of zinc and copper during tissue catabolism.

Bettger et al. (1981) fed 1,5,10,20 and 100 ppm zinc supplemented diet to
chicks. The plasma zinc concentration observed was 0.2, 0.4, 0.6, 1.0 and 1.3 pg/ml.
The haematocrit values were 39, 36, 33, 30 and 29 respectively. The plasma zinc conc.
dropped significantly within 12 hours after a zinc deficient diet. Dressel et al. (1988)
studied the zinc level in various tissues of slaughtered ducks and those which have a
natural death and of slaughtered turkeys. The zinc content in the liver of slaughtered
ducks was 154.1 + 27.4 compared to 91.1 * 23.1 in slaughtered turkeys. The difference

in values was attributed to the effect of inflammation and infection.

Iron, copper and zinc content of liver, spleen, kidney, lung, heart, brain and
breast muscle was estimated in growing Mallard and hybrid ducks by Proske et al.
(1991) . The zinc content was low at hatchability and increased from 6 weeks
onwards. In the spleen there was higher concentration of zinc at hatching when the

spleen was extremely small (0.03 g). Concentration decreased rapidly during the
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second week after hatching and increased slightly at 16 weeks onwards. Concentration

of zinc was the highest in the liver of adult duck.

Improvement in the performance of the Ascaridia gallinarum infected chicks fed
with basic salt of zinc at the rate of 30 ug zinc per kg body weight was noticed by
Morros et al. (1995).

2.3 MANCOZEB

2.3.1 Toxic action of Mancozeb and related compounds in animals and
birds.

Begliomini et al. (1967) noted a reduction in weight gain in broiler chicks
when they were fed with 0.01 - 0.1 % Ziram in the feed. They noticed a delay in the
onset of laying and reduction in egg production by 28 % in group fed with 0.1 %
Ziram. On postmortem  examination they could observe enteritis, renal and
hepatotropy, bone fragility and extreme deficiency of calcium. Acute and chronic
toxicity study of Zineb in fowls were made by Soffietti and Bestettle (1975) . Zineb
was given by stomach tube as a single dose for acute test and as 1% of feed for 31
weeks in chronic test. Clinical and histo pathological studies were made and was found
that Zineb was almost non toxic except for causing cloudy swelling of hepatocytes and
kidney cells.

Soffietti (1978) fed day old chicks with a diet containing 2% Zineb for 24
months and noticed that after one month of feeding birds developed goiter which grew
progressively. After ten months one thyroid weighed over 43 g. Histological
examination revealed desquamation in the alveoli and hyperplasia of the follicular

epithelia, assuming a papillomatous appearance. Intestinal haemorrhage and sclerosis
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of intra follicular walls were also noted. Carlonebbia et al. (1991) studied the toxicity
of Zineb in calves with immature rumen function. Zineb was administered at a dose of
200 mg/kg body weight daily for 80 days. The treated calves had unthrifty appearance
and reduction in body weight gain, remarkable impairment in thyroid function was also

recorded .

The influence of Mancozeb on human erythrocyte carbonic anhydrase
isoenzyme and bovine erythrocyte carbonic anhydrase were determind in vitro by
Celik et al. (1996). They observed no effect of Mancozeb on these enzymes. The
toxicity of Mancozeb was tested in rats by Hore et al (1997) . The fungicide was
given at a rate of 400 mg/kg body weight orally every moming for 49 days. The
treated rats showed reduced body weight, reduced appetite and had an abnormal
huddled posture. The PCV, TEC, HB and TLC values were low.The animals developed
a normocytic normochromic anaemia. The pathological examination of the 2 rats that
died during the experiment at 22 and 35 days showed congestion, haemorrhage on

heart and spleen , sinusoidal congestion of the liver and haemorrhages in the kidney.

Kara and Celik (1997) studied the in vitro effect of Mancozeb on human
serum enzymes, aspartate amino transferase, serum glutamyl pyruvic transferase,
alkaline phosphatase, delta glutamyl transferase,lactate dehydrogenase, amylase and
myocardial creatinkinase. 'Ihey found that it strongly inhibited these enzymes except
lactate dehvdrogenase.
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MATERIALS AND METHODS.

Based on the results of the studies conducted in Kuttanad area, a controlled study
in ducks was taken up in the College of Veterinary and Animal sciences Mannuthy, to
assess the chronic toxicity of these two heavy metals and one organic fungicide

Mancozeb ( a combination of Maneb and Zineb ).

One hundred and fifty six. one month oid clinically healthy White Peckin ducks
( Anas platyrhyncos domesticus ) obtained from the Kerala Agricultural University
poultry and duck farm were used for the study. The study was conducted in three

phases with copper, zinc and Mancozeb supplemented diet

3.1 Lay out of the experiment.

Phase one — After wing banding and recording the initial body weight, sixty
ducklings were devided into four groups ( L, IL, III and IV ) of fifteen each in such a
way that difference among the groups were fairly similar. The birds were reared under
same management condition in deep litter system with ration having the composition

given below

Composition of the ration.

Maize 410 kg
Gingly o1l cake 130 kg
Fish 190 kg
Rice polish 200 kg

Salt 25 kg
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Mineral mixture  17.5 kg
Shell grit 50 kg

Total 1000 kg

Group I, I and III served as the treatment groups and they were fed on a ration
supplemented with 100, 200 and 300 ppm of elemental copper respectively (as copper
sulphate ) dissolved in water. The feed was moistened with the copper sulphate
solution, so that to get a uniform distribution of copper sulphate in the feed .Group
IV served as control and fed on the same diet of treatment group without copper

supplementation.

Phase two- In the second phase forty eight ducklings of one month age were
used. They were divided into four groups of 12 each in such a way that the difference
among the groups were similar. Group I, II and IIT were served as treatment groups and
they were fed on diet supplemented with 100, 200 and 300 ppm elemental zinc
respectively (as zinc sulphate ) .The feed was moistened with the zinc sulphate solution.
Group IV served as control and fed on the same diet of treatment groups with out

supplementation of zinc.

Phase three- In the third phase also forty eight ducklings of one month age were
use. They were divided into four groups of twelve each. First three groups were fed on
ration added with 1000, 1500 and 2000 ppm Mancozeb respectively as Dithane M 45.
( zinc manganese ethylene bis dithiocarbamate). A suspension was made in water and
moistened the feed with the suspension. Group four served as controls fed with the

same diet of treatment group without the addition of Mancozeb.
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3.2 Details of the study.
3.2.1 Body weight: Body weight of the ducks was recorded at fifieen days intervals

until they were sacrificed after six months.

3. 2. 2 Haemogram : Erythrocyte count, Leucocyte count , Haemoglobin ,
Erythrocyte sedimentation rate, Packed cell volume and Differential count were

recorded at monthly intervals.

Blood samples were collected from the jugular vein, with anti coagulant
NaEDTA for the routine haematological tests and without anticoagulant for collecting
serum . A fresh smear was also prepared without adding anticoagulant for the

differential count.

3. 2.2.1 Erythrocyte count : The method described by Sastry, G.A. (1989)
was followed. The diluent medium consisting of sodium citrate 2%,gentian violet
0.1% in Ringer sol., brilliant crysyl blue 0.1% in Ringer sol. and neutral formalin
mixed in the ratio 5:10:5:1.

Ringer solution-Sodium chloride,0.7 g,Sodium bicarbonate 0.03 g, Pot. Chloride 0.026
g and Calcium chloride 0.003 g in 100 ml distilled water.

Neutral formalin-_Disodium hydrogen phosphate (Na2 H PO4) 7.83 g, Sodium
dihydrogen phosphate (NaH2 PO4 2H20) 5.673 g in 100 ml formalin and make up the
volume to 1000 ml with distilled water.

For both erythrocyte and leucocyte count , same diluting pipette and same

diluting solution were used.
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3.2.2.2 Ervthrocyte sedimentation rate: ( ESR) The ESR was estimated as per
the method described by Wintrobe ( 1981 ).

3.2.2.3 Packed cell volume: (PCV) The PCV was estimated as per the method
described by Wintrobe ( 1981 ).

3.2.2 .4 Haemoglobin: For estimation of haemoglobin cyan methaemoglobin

method described by Miale ( 1972 ) was followed.

3.3 .2.5 Leucocyte count : The method described by Sastry, G.A. (1989) was
followed.

3 .2.2 6 Differential count : Modified copper peroxide method of Valsala ( 1968 )
was followed.

Reagent ‘A’ Copper sulphate solution 0.5 % in water.

Reagent ‘B’ Benzidin reagent -Rubbed 0.2 g benzidin with few drops of water in a
mortar and to this 200 ml of distilled water was added . The solution was filtered and
added 4 drops of 3% hydrogen peroxide.

Technique-Solution ‘ A’was applied to fresh dry smears and allowed to act for %-1min,
poured it off and applied sol. ‘B’ allowed to act for }2-1 min poured it off. Flushed with
distilled water drained and allowed to dry. Counter stain with Wright’s stain for 10 min.

Washed dried and examined under oil immersion.

3.2.3 Enzyme profile.

Collection of serum -Blood was collected from jugular vein, into a clean dry
glass tube of 15 mm diameter. It was allowed to stand in a slanting position
undisturbed for one hour at room temperature for clot formation. Then the clot was

carefully detached from the wall of the tubes with the help of a glass rod and allowed to
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stand at room temperature for one more hour for serum separation .Then the tubes were
centrifuged at 2000 rpm for 5 min to get the serum separated. The serum was aspirated
with an aspiration needle and preserved in deep freezer for enzyme study.

3.2.3.1 Aspartate amino transferase (AST / SGOT ) : The method of Reitman’s
and Frankel’s ( 1957 ) was followed. AST kit supplied by Glaxo was used for the
study. The procedure laid down in the literature provided along with the kit was
followed . The concentration of the enzyme was calculated from the calibration curve

prepared earlier.

3.2.3. 2 Alanine amino transferase ( ALT / SGPT ) : The method of Reitman’s
and Frankel’s ( 1957 ) was followed. ALT kit supplied by Glaxo was used for the
study. The procedure laid down in the literature provided along with the kit was
followed . The concentration of the enzyme was calculated from the calibration curve

prepared earlier.

3.2.3.3 Alkaline phosphatase : Alkaline phosphatase kit provided by Glaxo was
used. The concentration of enzyme was calculated by comparing with phenol standard
provided with the kit.

3.2.4 Immune status of birds.

3.2.4.1 Antibody titre: All the birds, used for the experiment, were vaccinated
with Egg Drop syndrome-76 (ED-76) virus vaccine produced in the Department of
Microbiology. Two vaccinations were done on 15™ day and on 90™ day from the
beginning of the experiment. All the birds, on one phase of study, were vaccinated on
the same day. The serum samples from six birds each from the groups were collected

fifteen days after the vaccination and there after at every fifteen days intervals to asses
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the antibody titre. The non haemolysed serum samples collected in serum vials and
stored in deep freezer until use (within 3-4 days after collection) The antibody titer was
assessed by haemagglutination and Heamagglutination inhibition  test.
Haemagglutination test was first performed with washed chicken RBC to find out the
virus titer, and then haemagglutination inhibition was performed to find out antibody
titre in the serum of experimental birds as per the methods described by Poultry
biologics ( 1963 ).

3.2.4.2 Cell mediated immunity (Phytohaemagglutinin-P test): PHA-P from
Sigma chemicals was used for the study. Five microgram of PHA-P (in 0.1 ml distilled
water) was administered intradermally( 0.05 ml ) at two sites on the wing web . All the
birds were injected and the area was marked. Injection was repeated at half months
intervels . The skin thickness was measured using a Venier calipers at 0,24,48 and 72

hours after injection, the readings were recorded ( Rajan, et. al, 1986 ).

3.2.5 The element content in the serum: The copper, zinc and manganese content
of the serum from six birds each, from all batches were noted at monthly intervals. The
element content was estimated using Atomic absorption spectrophotometer,after

diluting appropriately with distilled water (Anderson,1972 ).

3.2.6 Gross and histo-pathological lesion: All the birds were sacrificed after six
months of the experiment. After sacrificing by cuuing the jugular vein the carcas:
was opened and observed for any gross lesion. Internal organs like liver, kidney,
muscle, bursa and available thymus were collected and examined for gross lesion.
Gross weight of the liver, and spleen were recorded. Samples from liver, kidney.
spleen, bursa and thymus were taken and preserved in formalin. Tissues were
processed by routine paraffin embedding technique. ( Armed Force Institute of
Pathology , 1968 ). Paraffin sections were cut at 5-6 microns thickness and were stained
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routinely with haematoxyline and eosin method of Harris as described by Disbery and
Rack ( 1970).

3.2.7 FElement content in the tissues : Samples from liver, kidney and muscle
were taken for estimating the element ( copper, zinc and manganese )content. The
samples were dried in a hot air oven and powdered in a mortar and pestle. Five g each
of the tissue samples were digested with triacid digestion and the element was estimated

with atomic absorption spectrophotometer ( Anderson, 1972 and Capar, 1977 ).
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RESULTS

4.1 COPPER

4.1.1 Body weight.
The mean body weight of ducks (g) fed on diet supplemented with 100, 200,

300 and O ppm copper is shown in table 2 .The body weight was recorded at 15 days
intervals. All the birds fed on copper supplemented diet showed a mean body weight
higher than that of the controls, even though all are not significant, of the corresponding
period. The group I showed a significantly ( significantly ) higher body weight than
that of the controls on 60™, 105", 120™ and 135" day (vide table 2). While the group II
showed significantly higher body weight only on 135" and 165" day. The mean
values on 105™, 120" and 165" day of the group III also were significantly higher than
the corresponding values of controls. In group I the values ranged from 1206.67+ 38.38
to 1836.67 £ 33.97,group II from 1006.67 + 81.34 to 1743.33 + 44.15,group III from
1013.33% 63.89 to 1826.67 £ 46.77 and group IV from 1106.67 * 55.61 to 1710.00 *

35.92.

4.1.2 Erythrocyte count.
The mean erythrocyte count (x 10000 per cmm) of four groups of ducks at

monthly intervals is shown in table 3 .The mean value of group I in second and fifth
month were significantly higher than the corresponding values of the control birds. In
group II significantly higher value was noticed in the fifth month and lower value on
the sixth month . Group III showed significantly lower values on fourth, fifth and sixth
month. The mean erythrocyte count ranged from 281.20 + 7.23 to 349.13 £ 11.36 in
group I, 292.27 + 10.37 to 328.00 * 8.89 in group II, 255.67 £ 6.69 to 314.8 £5.17 in
group III and 275.87 £7.44t0343.67 £ 11.74 in group IV.
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Table 1 Copper and zinc content ( ppm on dry matter basis ) in biological
samples collected from Kuttanad area.
Location Copper Zinc
Water Mussels Plants Sedi- Water Mussels Plants Sedi-
& Fishes ments & fishes ments
Kalarcode 0.00 12.8 30.00 5500 002 14100 15366 16550
Pallathuruthy 000 1266 2033 3180 013 16080 14166 91.00
Chempumpuram 0.01 15.66 19.00 4916 000 18566 86.00 126.00
Kidangara 000 1433 2166 6783 003 15780 100.66 155.30
Pulimkunnu 0.02 14.5 3230 4266 034 198.00 15530 111.66




Table 2 Mean body weight of Ducks ( g ) at 15 days intervals, fed on diet supplemented with copper.

Days

Group 15 30 45 60 75 90 105 120 135 150 165 180

| 120667 154667 1760.00 1820.00* 1826.67 1836.67 1810.00* 1783.33* 1766.67* 1713.33 1563.33 1556.67
+38.38 136.34 134.91 1+41.40 130.03 +33.97 136.25 $+40.73 +35.41 +33.62 126.93 +22.29

fl 1006.67 1373.33 1580.00 1733.33 1723.33 174333 172667 1700.00 1720.00* 1673.33 1606.67* 1556.67
181.34 170.69 1+55.38 +50.40 +40.79 14415 4222 139.94 +35.79 +31.57 128.40 +34.80

fl 1013.33 1373.33 165333 1733.33 1760.00 1826.67 1788.67* 1713.33* 1696.67 1633.33 1580.00* 1500.00
+63.89 $72.68 +10459 154.92 145.04 146.47 +42.67 1+42.39 +33.97 1+31.87 +29.19 141.40

# IV 1106.67 1440.00 158667 168667 1690.00 1710.00 1653.33 1600.00 1603.33 1586.67 1493.33 1446.67
1+55.61 163.84 +43.22 1+36.34 +37.86 135.92 $32.90 130.47 $32.90 1+33.62 1+20.62 125.57

CD(0.05) 131.34 109.76 10957  97.88 75.11
N=15

# control

* Sig.at 5% level (P<0.05)

** 8Sig. at 1% level (p<0.01)

e



Table 2.1 ANOVA table (M.S.8),influence of dietary level of copper on the body weight of Ducks at 15 days intervals.

Source of df Days

variation 15 30 45 60 75 90 105 120 135 150 165 180

Group 3 132666.667 100444444 104611111 131777.778 51444444 58152778 73486.117 §5597.222 70777.778 44166.667 35152.778 41833333
Error 56 57238095 58785714  64101.190 32214.286 22601190 24678.571 22500000 22422619 17892857 16023810 10535714 15235714
F value 2318 1.709 1.622 4001* 2276 2.356 3.266" 3817* 3956* 2756 3337° 2737

8¢



Fig.1

Mean body weight ( g ) of Ducks at 15 days intervals, fed on diet supplemented with copper.
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Table 3  Mean Erythrocyte count ( x 10000 per cmm ) of Ducks at monthly

intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6
| 322.40 349.13* 289.20 308.13 34467 347.47
+8.81 +11.36 +7.23 15.21 +10.18 +6.36
] 29227 296.73 293.20 301.40 328.00*™ 303.73*
+10.37 1+6.69 +5.65 +4.80 +8.89 +10.53
i 31480 300.20 293.563 269.20™ 255.67** 301.87™
+5.17 +6.12 16 .43 +5.73 +6.69 +4.35
#1I1V 308.93 293.47 275.87 305.07 289.53 343.67
+5.40 +5.03 +7.44 +6.80 +7.99 +11.74
CD (0.05) 21.965 16.108 24.178 24 878
N=15
# control

Table 3.1 ANOVA table (M.S.S), influence of dietary level of copper on the

Erythrocyte count of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 2458.844 10383.794 1171.528 4884.061 8086.511 6541.000
Error 56 903.783 901.086 679.969 484619 1091.757 1155.888

F value 2.720 11.524* 1.723 10.078*

7.407*  5.659*
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4.1.3 Haemoglobin.

The mean haemoglobin value (g percentage) of four groups of ducks at
monthly intervals is shown in table 4. All the mean values of the treated groups were
lower (not significant ) than the corresponding values of the controls. The mean values
of the group I in the first, second and fourth months were significantly lower than that
of the corresponding control values. In group II values in the first and fourth month and
in the group III values in the first, second, fourth and fifth month were significantly
lower than that of the controls. The mean haemoglobin values of group I ranged from
10.71 £ 0.16 to 13.13 + 0.09, Group II from 10.65 + 0.16 to 12.90 + 0.14, Group III
from 9.94 £0.12 to 12.67 £0.40 and group IV from 11.21 £0.12 to 13.07 £ 0.10.

4.1.4 Erythrocyte sedimentation rate.

The mean erythrocyte sedimentation rate (mm/hr)of four groups of ducks at
monthly intervals is shown in table 5. The mean values were not significantly different
except for the group I and II in second month in which the values were significantly
lower . The mean values of the group one ranges from 0.11+ 0.01 t0 0.19 £ 0.01, group
II from 0.12 £0.01 t0 0.13 £ 0.01, group III from 0.11 £ 0.01 to 0.19 £ 0.01 and group
IV 0.11 £0.01 t0 0.2 £ 0.04.

4.1.5 Packed cell volume.

The mean packed cell volume (percentage) of four groups of ducks at monthly
intervals is shown in table 6. Even though all the values were less than the
corresponding values of the controls, none of the value was significantly lower. The
values of group I ranged from 39.93 1 1.03 to 41.13 + 0.43, group II from 39.40 £ 0.87
to 41.00+ 0.57, group III from 39.93 £ 0.95t041.13 + 1.12 and group IV from 40.67 +
0.89 to 42.80 £ 0.93.



Table4 Mean Haemoglobin level ( g percentage ) of Ducks at monthly
intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6

| 10.71* 11.80"* 1212 11.95*  13.13 1255
1$0.16 1$0.15 1+0.19 $0.17 10.09 10.14

I 10.65™  12.41 12.50 11.82*  12.86 12.90
10.16 $0.12 10.14 $0.12 +0.11 10.14

t 9.94* 11.26™ 12.51 1177 11.82* 12.67
10.12 10.17 10.17 10.11 10.17 10.40

#1IV 11.21 12.75 12.69 12.50 13.01 13.07
+0.12 10.17 10.36 10.21 0.19 +0.10

CD (0.05) 0.401 0.439 0.654 0.446 0.706
N=15
# control

Table 41 ANOVA table (M.S.S), influence of dietary level of copper on the
haemoglobin level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Group 3 4.068 6.563 2.265 1.698 5.408 0.816
Error 56 0.301 0.361 0.799 0.373 0.931 0.771

F value 13.530** 18.167*  2.834* 4.546** 5.807* 1.057
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Table5 Mean Erythrocyte sedimentation rate ( ¢ m /hr. ) of Ducks at
monthly intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6
! 0.19 0.11* 0.12 0.12 0.14 0.12

10.01 10.01 10.01 10.01 10.01 10.01

I 0.21 0.13* 0.13 0.12 0.12 0.13
$+0.01 $+0.01 +0.01 10.01 10.01 10.01

i 0.19 0.16 0.13 0.12 0.11 0.12
+0.01 10.01 +0.01 10.01 10.01 10.01

#1v 0.2 0.18 0.13 0.11 0.12 0.13

£+004  +0.01 +0.01 1001  +0.01 +0.01
CD (0.05) 0.032
N=15
# control

Table 5.1 ANOVA table (M.S.S), influence of dietary level of copper on the
Erythrocyte sedimentation rate of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 0.002 0.014 0.000 0.000 0.002 0.000
Error 56 0.002 0.002 0.002 0.002 0.002 0.002

F value 1.047 7.321* 0.083 0.104 1.105 0.117
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Table6 Mean packed cell volume ( percentage) of Ducks at monthiy
intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6
40.53 40.27 43.13 40.13 40.87 39.93
+0.87 +0.69 10.43 +0.92 +1.02 +1.03
] 39.80 40.53 41.00 40.80 39.40 40.53
+0.64 +0.84 +0.57 +1.02 +0.87 +1.31
1"l 40.27 39.93 40.67 39.93 40.80 41.13
+0.51 +0.95 +0.72 +1.00 +1.09 +1.12
#iv 4113 40.67 42 80 42.27 42 .20 41.27
+0.42 +0.89 +0.93 +0.67 +0.96 +1.10
CD (0.05)
N =15
# control

Table 6.1 ANOVA table (M.S.S), influence of dietary level of copper on the
packed cell volume of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Group 3 4644 7.156 13.644 16.728 19.617 13.533
Error 56 6.014 10.838 7.169 12.536 14.645 19.631
F value 0.772 0.660 1.903 1.334 1.339 0.689
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4.1.6 Leucocyte count.

The mean leucocyte count (x 100 per cmm) of four groups of ducks at monthly
intervals are shown in table 7. The mean values of the group I in the first, second and
fifth month were significantly lower than the corresponding values of the control birds.
The mean values of other groups were not significantly different from the control
values. The mean leucocyte count ranged from 233.87 £ 6.17 to 308.07 + 6.78 in group
I, 271.80 £ 5.23 t0 351.80 £ 14.86 in group II, 271.93 *+ 6.45 to 330.93 + 11.38 in group

I11, and 280.40 +£4.90 t0 336.07 £ 12.95 in group IV.

4.1.7 Differential count
4.1.7.1 Lymphocyte.

The mean counts of lymphocyte (percentage) of four groups of ducks at
monthly intervals are shown in table 8 . Significantly higher values were noticed in the
third month for group one and two .In the sixth month all the treated groups showed a
significantly lower value In fifth month also the mean count of all the treated groups are
less but not significant. The lymphocyte count of group I ranged from 58.53 + 0.83 to
69.33 £ 0.93, group II from 59.47 + 1.06 to 70.07 £1.33, group III from 57.20 £ 1.07 to
66.73 £1.02 and group IV from 61.20 + 1.61 to 67.67 £+ 1.00.

4.1.7.2 Heterophil .

The mean heterophil counts (percentage) of four groups of ducks at monthly
intervals are shown in table 9. None of the value except in the third month of group I
and II was significantly lower from those of controls. All the values in fifth and sixth
month were more than the corresponding control values. The values of group 1 ranged
from 22.00 £ 0.73 to 31.20 £ 1.05, group II from 21.87 + 1.07 to 29.87 £ 0.94, group III
from 23.80 £ 0.98 t0 31.27 £ 1.05 and group IV from 23.40 % 0.62 to 29.80 + 0.85.
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Table 7 Mean Leucocyte count (x100/cmm) of Ducks at monthly
intervals, fed on diet supplemented with copper.
Group Months
1 2 3 4 5 6
I 295633 233.87**  282.87 262.80 27213 308.07
19.74 16.17 +7.23 19.19 17.84 16.78
I 338.27 27180 304.13 181.67 351.80 335.53
+7.87 15.23 14.62 11227 $14.86 +10.36
i 300.33 290.07 282.87 27193 33093 319.47
18.22 16.19 15.83 16.45 +11.38 +7.70
#IV 336.07 280.40 299.40 28193 326.73 316.67
$12.95 +4.90 15.562 15.21 18.21 16.38
CD (0.05) 28.06 16.012 31.022
N=15
# control

Tyable 7.1 ANOVA table { M.S.S), influence of dietary level of copper on the
Leucocyte count of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 7810.156 11413.089 1842.061 1250.328 17333.467 1678.333
Error 56 1470617 478.833 517.479 1139279 1797.286 949960

F value

5311**  23.835* 3.560 1.097 9.644™ 1.767




Table8 Mean Lymphocyte count ( percent of total leucocytes ) of Ducks
at monthly intervals, fed on diet supplemented with copper.
Group Months
1 2 3 4 5 6
58.53 61.73 67.73** 69.33 65.73 62.20**
10.83 +0.97 10.95 10.93 1+1.60 11.22
H 62.53 59.47 67.13** 70.07 64.13 66.40**
1+1.56 1+1.06 +1.14 +1.33 +1.50 11.12
i 58.93 57.20 62.73 66.73 65.53 63.20**
+1.14 +1.07 +1.00 +1.02 +1.28 10.66
#I1V 61.27 61.20 63.47 67.67 67.00 67.27
+1.20 11.61 +1.10 +1.00 +0.76 10.88
CD (0.05)Transforme: 2.014 1.987 1.696
values.
N=15
# control
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Table 8.1 ANOVA table ( M.S.S, Transformed values ), influence of dietary level of

copper on the Lymphocyte count of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 19.497 21.723 35.429 13.626 7.258 32.419
Error 56 7.814 7.577 7.379 6.707 9.384 5.377
F value 2.495 2.888* 4.801* 2.032 0.774 6.028**
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Table 9 Mean Heterophit count ( percent of total leucocyte ) of Ducks
at monthly intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6

I 31.20 2067 2213* 22.00 2527 26.73™
+1.05 +1.21 10.77 10.73 1+1.53 +1.09

I 28.00 29.87 23.47** 21.87 2547 26.40*
+1.07 +0.94 1+1.07 +1.07 11.20 10.99

i 30.73 31.27 25.80 23.80 25.00 26.67*
11.06 +1.05 +0.79 1+0.98 10.98 +0.73

HiV 29.80 28.40 26.60 23.40 23.67 23.40
10.85 11.48 +0.95 +1.01 10.74 10.62

CD (0.05)Transformed 1.705 1.653
values

N=15

# control

Table 9.1 ANOVA table ( M.S.S, transformed values ) influence of dietary level
of copper on the Heterophil count of Ducks at monthly intervais.

Source of df Months

variation 1 2 3 4 5 6
Group 3 12.132 8.831 28.632 6.663 3.958 23.814
Error 56 5.937 8.515 5.433 6.256 8.495 5.107

F value 2.043 1.037 5270 1.065 0.466  4.663*
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4.1.7.3 Eosinophil

The mean eosinophil counts (percentage) of four groups of ducks at monthly
intervals are shown in table 10. No significant difference in eosinophil count was
observed. The values of group I ranged from 4.27 £+ 0.35 to 5.80 £ 0.28, group II from
4.47 £ 0.27 to 5.67 £ 0.31,group III from 4.87 + 0.29 to 5.47 £ 0.46 and group IV

varies from 4.47 +0.39 t0 5.27 £ 0.65.

4.1.7.4 Monocyte.

The mean monocyte counts (percentage) of four groups of ducks at monthly
intervals are shown in table 11. None of the values were significantly different from
that of the controls. All the values were higher than controls except second month of
group 1. The values of group I ranged from 3.00 * 0.04 to 5.33 £ 0.06, group II from
3.2710.35t0 4.53 £ 0.41, group III from 3.40 £ 0.39t0 5.40 £ 0.19 and group IV from
2.8710.40t0 4.27 £ 0.48.
4.1.7.5 Basophil.

The mean basophil counts (percentage) of four groups of ducks at monthly
intervals are shown in table 12. None of the values were significantly different from
that of the controls. All the values in fifth and sixth month were lesser than that of the
corresponding control values. In group I the values ranged from 0.67 + 0.19 to 0.87 *
0.29, in group II from 0.27 £ 0.11 to 0.93 £0.23, in group III from 0.73 £0.28 to 1.20 *
0.22 and in group IV from 0.67+0.23 t0 0.93 + 0.21.

4.1.8 Enzyme content
4.1.8.1 Aspartate Amino Transferase ( AST).

The mean serum AST values (i.u/ml) of four groups of ducks at monthly
intervals are shown in table 13. In group I significantly lower value was noticed in the

third and the fifth month. In group Il significantly Lower value was noticed in the



Table 10

Mean Eosinophil count ( percent of total leucocytes ) of Ducks
at monthly intervals, fed on diet supplemented with copper.

Group

Months

1 2 3 4 5 6

#IV

4.27 4.80 4.93 4.93 4.60 5.80
10.35 +0.36 10.25 10.32 10.29 10.28

453 5.60 5.07 4.47 5.67 5.33
10.34 +0.31 +0.27 $0.27 10.39 10.32

5.33 5.47 5.27 4.87 5.13 5.07
10.51 10.46 +0.37 $+0.29 10.31 10.51

4.47 5.27 493 5.27 5.00 5.00
10.39 10.65 10.44 1+0.30 1+0.35 10.43

CD (0.05)
N=15
# control

Table 10.1 ANOVA table (M.S.8, transformed values ), influence of dietary level
of copper on the Eosinophil count of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5

Group 3 5.274 3.411 6.726 2.919 4746 4177
Error 56 4877 5.823 3.230 2.393 2.919 3.916

F value

1.082 0.586 0.225 1.220 1.626

1.067




Table 11 Mean monocyte count ( percent of total leucocytes ) of Ducks at
monthly intervals, fed on diet supplemented with copper.
Group Months
1 2 3 4 5 6
! 5.33 3.00 4.27 3.27 3.73 4.20
10.06 10.04 1027 10.28 +0.37 1+0.20
] 400 433 427 3.27 453 400
10.34 +0.39 10.45 1+0.35 10.41 10.22
] 413 5.40 5.00 3.40 3.73 413
+0.52 +0.19 +0.45 +0.39 10.23 10.24
#I1V 3.73 4.27 4.00 2.87 3.67 3.53
$0.27 +0.48 10.28 10.40 1+0.40 10.34
CD(0.05)transformed  1.831

value
N=15
# control

Table 11.1 ANOVA table (M.S.S, transformed value ), influence of dietary level
of copper on the Monocyte count of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Group 3 12.703 38.172 4.946 2.956 5.269 4.036
Error 56 5.929 6.261 3.878 7.002 4969 2.433
F value 2142 6097 1.275 0.422 1.180 1.659




Table 12 Mean Basophil count (percent of total leucocytes ) of Ducks
at monthly intervals, fed on diet supplemented with copper.
Group Months
1 2 3 4 5 6

l 0.67 0.87 0.73 0.80 0.87 0.80
$0.19 1+0.19 10.18 $0.22 +0.29 10.26

I 0.93 0.93 0.47 0.27 0.40 0.80
1+0.23 +0.23 +0.22 +0.11 10.16 10.20

t 0.93 0.73 1.20 0.93 0.80 0.87
10.25 10.28 10.22 +0.25 10.22 10.29

#IV 0.73 0.80 0.67 0.73 0.93 0.93
+0.21 +0.3 +0.23 +0.23 +0.21 +0.21
N =15
# control

Table 12.1 ANOVA table ( M.S.S, transformed values ), influence of dietary level
of copper on the Basophol count of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5 6
Group 3 1.692 1.808 10.431 7.402 5817 0.577
Error 56 4798 6.004 4.543 4.551 4.957 5.751

F value 0.353 0.301 2.294 1.627 1173 0.100




Fig.2 Mean differential count ( percentage ) of Ducks at monthly intervals, fed on diet supplemented with copper.
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Fig.2 Mean differential count ( percentage ) of Ducks at monthly intervals, fed on diet supplemented with copper.

Group | Group I Group il Group 1V

Third |
month

Fourth
month

]m1.2m3u4.ﬂ LE1I2EI3E:14I5] (E1I2D3D4l5—! [51.253;34 .57

1 Lymphocytes, 2 Heterophils, 3 Eosinophils, 4 Monocytes, 5 Basophils

vS



Fifth
month

Sixth
month

Group |

R

#")'+++‘v‘+++

e

s

e

iessedis
St
oy

R
e
&5

25

s
£odies

¢
2

iy
T
2

-
<2

%

Group il

Group I

Fig.2 Mean differential count ( percentage ) of Ducks at monthly intervals, fed on diet supplemented with copper.

Group IV

B182030485]|

l@1m20304m5]

B1E820304M5)|

o
ket
T
A,
H

ek T
KRNI

[D1m20304m5]

Lymphocytes, 2 Heterophils, 3 Eosinophils, 4 Monocytes, 5 Basophils

gs




56

Table 13  Mean serum Aspartate Amino Transferase level (I.units/mi ) of
Ducks at monthly intervals, fed on diet supplemented with copper.

Groups Months
1 2 3 4 5 6

23.20 16.80 820™ 1560 827 1427
11.26 11.01 10.41 10.65 10.46 1+1.00

Il 26.20 18.67 9.13 16.33 9.73*  14.87
+1.13 10.89 10.41 10.93 10.75 10.82

1] 25.27 18.60 10.07 13.13 18.73 15.53
+1.73 11.01 10.43 11.00 11.62 10.94

#IV 24.87 16.53 10.07 15.80 13.33 12.67
1.51 $+0.63 10.27 10.85 10.49 +1.19

CD (0.05) 1.088 2.696
N=15
# control

Table 13.1 ANOVA table(M.S.8),influence of dietary level of copper on the serum
Aspartate Amino Transferase level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 23572 19528 11978 30.372 325617 22533
Error 56 30.419 11.698 2.214 11.305 13574 14.960

F value 0.775 1.669 5409 2687 23.989* 1.506




Fig.3 Mean serum Aspartate Amino Transferase level of Ducks at monthly intervals, fed on diet
supplemented with copper.
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fifth month .In group III the values were significantly higher in the fifth month . The
values of group I ranges from 8.20 + 0.41 to 23.20 + 1.26, group II from 9.13 + 0.41 to
26.20 £ 1.13, group III from 10.07 £ 0.43 to 25.27 £ 1.73 and group IV from 10.07 £
0.27t024.87+ 1.51.

4.1.8.2 Alanine Amino Transferase (ALT).

The mean serum ALT values ( 1.u/ml ) of four groups of ducks at monthly
intervals are shown in table 14. In group I for the first three months all the three groups
showed a higher values than the controls even though all are not significant. In the
fourth month groups I & II and in the sixth month all the treated groups showed
significantly lower values than that of controls. The values of four groups ranged from

5.53 £0.71 t0 20.33 £ 0.51, 5.07 £ 0.44 to 19.80 £ 0.55, 9.80 + 0.94 to 22.40 + 1.52
and 6.93 £0.37 to 17.33 +0.72 respectively.

4.1.8.3 Alkaline phosphatase.

The mean levels of alkaline phosphatase ( KA units) of four groups of ducks at
monthly intervals are shown in table 15. All the values of treated birds were higher
than the corresponding values of the controls. In group I mean values of the first ,the
second the third and the sixth month were significantly higher . In group II all the
values were significantly higher except in the fourth month. In group III significantly
higher values were noticed in the first, the third, the fifth and the sixth month. The
mean values of group I ranged from 5.29 + 0.44 to 34.13 £ 1.41, group II from 5.91 +
0.85 to0 29.99 + 1.30, group III from 6.59 * 0.29 to 28.47 £ 1.27 and group IV from
3.13 £0.43t0 20.93 + 1.96.
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Table 14  Mean serum Alanine Amino Transferase level (I.units/ml ) of
Ducks at monthly intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6

! 20.33* 1293 10.93* 9.93* 9.27 5.63*
1+0.51 +0.61 +0.57 10.64 10.42 +0.71

I 19.80* 13.67 10.93* 1020 927 5.07*
$0.85 10.42 10.89 10.69 10.76 10.44

] 20.73** 18.80** 11.00** 22.40* 11.00 9.80*

10.99 £0.72 10.68 +1.62 +0.94 10.94

#IV 17.33 12.53 6.93 15.13 8.80 13.6
10.72 10.65 10.37 11.29 1+0.59 .77

CD (0.09) 2.042 1.734 1.847 3.124 2.085
N=15
# control

Table 14.1 ANOVA table ( M.S.S ), influence of dietary level of copper on the
serum Alanine Amino Transferase level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Group 3 34950 127.528 60683 510639 14106 241444
Error 56 7786 56,140 6.371 18.226 7.798 8119

F value 4.489** 22.715** 9.524* 28017 1.907 29.738**




Fig. 4 Mean serum Alanine Amino Transferase level of Ducks at monthly intervals, fed on diet
supplemented with copper.
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Table 15  Mean serum Alkaline Phosphatase level (KA units) of Ducks at
monthly intervals, fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6

34.13* 26.45** 2531 21.37 5.29 7.19*
11.41 10.95 12.25 10.91 10.44 10.42

I 29.99* 2499* 1936 2272 873 H591™
+1.30 $0.81 10.82 12.31 +1.34 10.85

I 28.47* 19.09 13.88* 2155 6.59* 691*
1.27 10.89 11.22 11.60 10.29 +0.49

#iV 15.15 18.63 9.03 20.93 3.80 3.13
11.03 +1.02 +0.34 1+1.96 10.31 10.43

CD (0.05) 3.572 2.606 3.853 1.656 1.656
N=15
# control

Table 15.1 ANOVA table (M.S.S ),influence of dietary level of copper on the
serum Alkaline Phosphatase level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 1011.72 55067 692822 102122 64524 51.438
Error 56 23.87 12.689 27.736 47.046 8.104 5125

F value 42.385** 4.340* 24979 2171 7.962*> 10.037*




Fig .5 Mean serum Alkaline Phosphatase level of Ducks at monthly intervals, fed on diet

supplemented with copper.
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4.1. 9 . Phytohaemaglutinin —P (PHA-P) skin sensitivity test.

The mean wing web thickness ( mm) of ducks subjected to PHA-P skin
sensitivity test at one and a half months intervals are shown in table 16 . None of the
values were significantly different from that of controls. All the values at 24 hours were
higher than the corresponding values of the controls. The skin thickness of group I
ranged from 0.44 +0.02 to 1.43 £ 0.05, group II from 0.43 + 0.01 to 1.36 * 0.03. group
HI from 0.45 £ 0.01 to 1.41 £0.03 and group IV from 0.44 £ 0.01 to 1.29 £ 0.03.

4.1.10 . Antibody titre.

The mean antibody titre of four groups of ducks at fifteen days intervals are
shown in table 17. None of the values were significantly different from that of the
corresponding control values. The values of group I ranged from 384.000 £ 57.243 to
188406.667 + 82005.796, group II from 384.000 + 57.243 to 104448.000 + 50780.489,
group III from 256.000 £ 57.248 to 51882. 667 + 8890. 407 and for group IV from
597.333 £ 142. 790 to 49152.000 + 7327.148.

4.1.11 . Copper content in the serum .

The mean values of copper content in the serum (ppm) of four groups of ducks
at monthly intervals are given in the table 18. The mean values increased from first to
sixth month m all the groups. In group III from fourth month onwards the mean values
were significantly higher than the corresponding control values. In group I the values
ranged from 0.213 £ 0.03 to 0.593 £ 0.03, in group II from 0.180 *+ 0.01 to 0.682 +
0.05, in group III from 0.163 + 0.02 to 1.057 £ 0.18 and in group IV it ranges from

0.153 £0.02 t0 0.398 £ 0.03.



Table 16 Mean wing web thickness (mm) of Ducks, in PHA-P skin sensitivity test at one and a half months intervalis,
fed on diet supplemented with copper.

Group One and a half month Three month Four and a half month Six month
Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr
| 0.48 1.36 0.88 0.49 0.44 143 085 0.47 0.48 143 1.06 0.51 0.47 141 0.97 0.49
$001 2005 003 1002 1002 2005 1004 002 2002 005 004 001 2001 2005 1004 2002
il 0.47 1.36 0.92 0.51 0.45 135 085 0.57 0.43 1.33 1.09 0.49 0.47 1.31 0.83 0.49
$0.01 $0.03 003 1001 2002 004 1004 003 2001 005 2005 002 2001 005 2005 0.02
] 0.46 1.41 0.96 0.49 0.46 136 087 0.51 0.45 1.37 1.05 0.51 0.47 1.29 0.85 0.48
001 003 003 002 1002 006 1003 002 001 004 004 003 001 2006 003 2002
v 0.46 1.27 0.87 0.47 0.45 120 087 0.51 0.46 1.24 1.06 0.47 0.44 1.19 0.93 0.49
$001 005 003 002 002 003 1002 1002 002 005 1004 001 2001 005 004 002
CD(0.05) 0.0685  0.033 0.1
N=15
# control

12°]



Table 16.1 ANOVA table (M.S.S), influence of dietary level of copper on the PHA-P sensitivity test on Ducks at 45 days intervals.

Source of df

One and a half month

Tthree month

Four and a half month

Six month

variation Ohr 24hr 48hr 72hr| Ohr _24hr 48hr 72hr{ Ohr 24hr 48 hr 72hr| Ohr 24hr 48 hr 72hr
Group 3 0001 0045 0024 0004 0001 0.050 0.028 0025 0.007 0091 0035 0006 0004 0.122 0.061 0.000
Error 56 0002 0024 0011 0004 0004 0033 0.014 0008 0002 0031 0027 0008 0002 0068 0021 0005
F value 0670 1926 2123 1000 0301 1512 2013 3.150* 3.218* 2491 1304 0797 1653 1788 2978* 0086

S9



Table 17 Mean antibody titre in Duck serum at 15 days intervals, fed on diet supplemented with copper.
Group Days
15 30 45 60 75 90 105 120 135 150 165
! 1792.000 1578.667 2474667  640.000 384.000 183406 667 2218667 1365333  1962.667  2048.000  2133.333
524 644 +554.667  +1170654 128000  £57.243 82005796 615347 215875  1501.946  1647.634  653.232
[ 1194 667 1280.000  2304.000  640.000 384.000 104443000 1621333 1365333 1450667  2048.000  1706.667
+170.667 £256.000  £1195276  +128000  +57.243 150750489 535632 215878 1535632  457.947 1215678
1 1536.000 853.333 597.333 426 667 256000 51882667 3072000  5461.333= 2560000  3498.667  5963.000
+228 973 +107.937 $85.333 +53.970 +57.248 8830407 457,947 2222602 512000  +1093466 +2416.327
#Iv 2560.000 1706.667 938.667 981 333 597333 49152000  1408.000  1536.000 1365333  1194.667  2213.667
512 000 215878 4244357 250973  £142790 17327148 308265 228973 215878  170.667 1615357
CD(0.05,log values) 0.258

N= 6
# control

99



table 17.1 ANOVA table ( M.S.S), influence of dietary level of copper on the antibody titre of Ducks at 15 days

intervals.
Source of df Days
variation 15 30 45 60 75 90 105 120 135 150 165
Groups 3 0096 0091 0272 0091 0125 0256 0195 0356 0106 0126 0173
Emor 20 0048 0065 0104 0056 0045 0351 0084 0046 0.065 0083 0.129
F value 1979 1395 2609 1622 2797 0732 2327 7.732*™ 1628 1515 1.341

19



Fig. 6 Mean antibody titre in Duck serum at 15 days intervals, fed on diet supplemented with copper.
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Table 18 Mean serum copper level (ppm) of Ducks at monthly intervals,
fed on diet supplemented with copper.

Group Months
1 2 3 4 5 6
0.213 0.360 0.373 0.480 0.583 0.595
+0.03 1+0.01 10.04 +0.03 +0.03 +0.03
I 0.180 0.368 0.400 0.450 0.657 0.682
4+0.01 +0.04 +0.04 +0.03 +0.08 +0.05
] 0.163 0.457 0.487 0.680** 1.057** 0.983*
+0.02 +0.05 +0.05 +0.07 +0.18 +0.19
#1IV 0.153 0.307 0.333 0.363 0.383 0.398
+0.02 1+0.02 +0.03 +0.02 0.02 0.03
CD (0.05) 0.132 0.293 0.299
N=6
# control

Table18.1 ANOVA table ( M.S.S),influence of dietary level of copper on the serum
copper level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 0.004 0.023 0.025 0.103 0.479 0.355
Error 20 0.003 0.008 0.009 0.012 0.059 0.062
F value 1.352 3.071 2.800 8.962** 8.071** 5775




Fig.7 Mean serum copper level of Ducks at monthly intervals, fed on diet supplemented with copper.
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4.1.12 Copper content in tissues.

The mean copper levels (ppm on dry matter basis) in liver, kidney and muscle
tissues of four groups of ducks are shown in table 19.The mean copper content of these
tissues of all the treated groups were higher than that of the controls. But a
significantly higher value was noticed only in the liver tissue of the group Il and III and
kidney tissue of all the treated groups.

4.1.13 Weight of liver and spleen.
The mean weight of liver (g) and spleen (mg) of four groups of ducks is shown
in table 20. The mean weight of liver of treated group was more than that of the

controls, but none of the value was significantly different from the controls.

4.1.14 Gross and histo-pathological changes.
4.1.14.1 Gross lesions.

Gross lesions could not be seen in the internal organs of any of the birds.

4.1.14. 2 Hist- pathology.

The histo-pathological lesions are shown in Fig. 8a to 8d. In the liver tissue no
significant lesion could be detected . Mild depletion of lymphoid cells in the peri
arteriolar aggregations and mild reduction in the number of Malphegion corpuscles
were noted in the spleen of birds in group III. In bursa of fabricius moderate to severe
depletion of lymphoid follicle were detected in all groups. In group III extensive
fibrosis was found around cystic follicles. Other lymphoid organs did not reveal any
lesion. Focal necrosis of tubular epithelium and desquamation of cells were noted in the
kidney of birds in group II and III.. Thickening of blood vessels, vacuolation of tubular
epithelium, diffuse calcification of endothelium and congestion of small blood vessels

were also seen in the kidney.



Table 19 Mean copper content ( ppm on dry matter basis ) of Liver, Kidney
and Muscle of Ducks after six months of feeding on diet
supplemented with copper.

Group Liver Kidney Muscle
I 658.667 43.833* 22.000
58.800 -+1.600 12 634
I 822.333* 40.167* 30.667
172.164 12 809 15.484
I 1021.333** 44.000* 25.000
+52.829 13.466 +1.984
#IVv 523.333 29.833 20.833
136.243 14.765 12.287
CD (0.05) 166.600 9.911
N=6
# control

Table 19.1 ANOVA table (M.S.S ), influence of dietary level of copper On the
tissue copper content of Ducks after six months of feeding.

Source of df Liver Kidney Muscle
variation

Groups 3 276817 .500 265.819 115.819
Error 20 19147.467 67.725 69.208

F value 14.457* 3.925* 1.673
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Fig. 8 Mean copper content ( ppm on dry matter basis) of liver,kidney and muscle of
Ducks after six months of feeding on diet supplemented with copper.
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Table 20 The mean weight of Liver (g) and Spleen (mg) of sacrificed Ducks
after six months of feeding on diet supplemented with copper.

Group Liver Spleen
| 46.000 568.000
12 832 1+38.345
I 49.000 683.333
12.845 152.479
I , 47.200 613.333
18.480 +56.735
#iv 45.867 656.667
+3.429 +42.781
N =15
# control

Table 20.1 ANOVA table (M.S.S), influence of dietary level of copper on the
weight of Liver and Spleen of Ducks after six months of feeding.

Source of df Liver Spleen
variation

Group 3 31.617 38384.444
Error 56 134.967 34353.393

F value 0.234 1.117
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Fig. 8a Duck kidney - group III —treated with copper, destruction of endothelium and
Vascular sclerosis. H&E X 160

Fig. 8b Duck bursa - group L, 11, Il & IV - treated with copper, fibrous tissue
proliferation H&E X 160
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Fig. 8c Duck thymus - group I, II, Ill, & IV-treated with copper, depletion of
lymphoid element H&E X 160
Fig. 8d Duck bursa- group I, 11, 111 & IV -treated with copper, depletion of lymphoid

element and moderate fibrous tissue proliferation H&E X 160



Fig Vi



4.2. ZINC

4.2.1 Body weight..

The mean body weight of ducks fed on diet supplemented with 100,200,300 and
0 ppm zinc is shown in table 21and Fig.9. The body weight was recorded at 15 days
intervals. Even though not significantly different, the mean body weight of group 1 on
30,45 and 60™ day is more than that of the controls and all other values were lesser. All
mean values of group II except on 15" day were'higher than the control values. In
group III all values were lower than the control values. In group I the values ranged
from 983.33 £72.65 to 1812.50 £ 69.12, in group II from 1008.33 + 85.69 to 1925.00
+ 49.43.in group III from 966.67 + 68.90 to 1779.17134.52 and group IV from

1025.00 £92.22 to 1858.33 +46.81

4.2.2 Erythrocyte count.

The mean erythrocyte count of four groups of ducks at monthly intervals is
shown in table 22. None of the values were significantly different from those of
controls. In group III all the values except in the second month were lower than the
control values. In group I the values ranged from 297.42 + 8.87 to 337.92 + 10.37,
group II 303.00 + 7.37 to 325.25 + 10.74, group III 275.67 £ 6.65 to 316.50 * 8.43 and
group IV from 297.17 £6.25 t0 319.67 £ 7.47.

4.2.3 Haemoglobin.

The mean haemoglobin value of four group of ducks at monthly intervals is
shown in table 23 . In group I the values in the month of first second and fourth were
significantly higher than the controls. In the other two groups the values are not
consistent. In group I the values ranged from 11.5 +£0.22 t0 12.65 +0.18 group II from



Table21 Mean body weight of Ducks ( g ) at 15 days intervals, fed on diet supplemented with zinc.

Days
Group 15 30 45 60 75 90 105 120 135 150 165 180
| 983.33 1408.33 1616.67 1800.00 180833 181250 1779.17 1750.00 1679.17 1650.00 1637.5 1625.00™*
+72.65 +78.29 +66.10 +63.96 +65.67 +69.12 +53.81 +54.35 +47.85 154.35 +44 86 +53.83
] 1008.33 1366.67 162500 1816.67 1870.83 192500 1908.33 1900.00 184583 1791.67 1808.33 1791.67
+85.69 +61.96 +59.19 +47 .41 +43.72 +49.43 +43.00 +47.67 +43.72 +37.86 +43.38 +31.28
I 966.67 1358.33 147500 1583.33 167500 1750.00 177917 1779.17 1879.17 162500 1608.33 1591.67**
168.90 +52.89 +60.77 +72.65 +62.00 +50.00 +33.41 +34.52 +34.52 +25.00 +28.09 +37.86
# IV 102500 134167 157500 174167 1808.38 1858.33 1858.33 181667 174583 174583 1729.17 1750.00
+92.22 +57.02 +55.22 +54.30 +51.04 +46.81 +38.84 +44.09 +43.28 +37.16 +38.66 +46.87
CD(0.05) 171.876 121.306 113.872 105632 123.384
N=12
# control
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Fig. 9

Mean body weight (g) of Ducks at 15 Days intervals, fed on diet supplemented with zinc.
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Table 21.1 ANOVA table (M.S.S),influence of dietary level of zinc on the body weight of Ducks at 15 days intervals.

Source of df Days

variation 15 30 45 60 75 90 105 120 135 150 165 180

Group 3 8055556 9652778  56875.000 135763.889 B817118.750 65468.750 48402.778 50746528 74444444 74357639 99305556 14319.444
Error 44 77613636 48049242 43844697 43693182 38025568 35733.802 22111742 25089962 21799242 19180871 16505682 22518939
F value 0.104 0.201 1.297 3.107* 2.149 1.832 2189 2.023 3415* 3877t 6.016"* 4943

8.



Table 22 Mean Erythrocyte count (x10000 perc m m) of Ducks at

monthly intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 5 6
| 297.42 31833 32092 312560 33792 308.17
18.87 16.64 16.24 17.36 +10.37 10.85
I 305.00 303.00 30658 31550 32525 303.50
+12.06 17.37 +9.63 16.83 +10.74 +12.29
n 296.25 31650 31158 309.92 316.08 275.67
583 18.43 +4.02 49.60 14.84 16.65
#1IV 29717 31200 31833 309.83 31967 305.17
625 19.60 +4.17 16.97 17.47 5.72
N=12
# control
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Table 22.1 ANOVA table (M.S.S), influence of dietary level of zinc on the

Erythrocyte count of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 379.694 1852.083 507.854 86.076 1098.243 2734.750
Error 44 890.837 785.174 488850 724650 905.563 975.205
F value 0.426 2.359 1.039 0.119 1.213 2.804
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Table 23 Mean Haemoglobin level (g percentage) of Ducks at monthly
intervals, fed on diet supplemented with zinc.
Group Months
1 2 3 4 ) 6
! 11.50** 1224 1.9 12.65* 12.26 12.21
1022 $0.20 +0.21 10.18 10.16 +0.27
I 11.25" 11.14 11.42 11.60 12.42 12.30
10.18 10.18 10.08 10.24 10.18 10.28
" 11.05 11.62 11.97 12.24 12.06 11.45
10.13 +0.20 +0.14 10.24 $0.19 10.27
#IV 1055 11.17 11.99 11.82 12.07 11.67
1018 10.20 10.11 10.24 1+0.31 10.26
CD(0.05) 0507 0.556 0.643
N=12
# control

Table 23.1 ANOVA table ( M.S.S ), influence of dietary level of zinc on the

Haemoglobin levels of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 1.948 3.620 1.989 2.599 0.271 1.942
Error 44 0.380 0.458 0.835 0.612 0.571 0.864
F value 5127  7.911* 2.382 4.245* 0.476 2.247
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11.14 £ 0.18 to 12.30 £ 0.28, group III from 11.05 £ 0.13 to 12.24 £ 0.24 and group I\
from 10.55 £ 0.18 to 12.07 £ 0.31.

4.2.4 Erythrocyte sedimentation rate.

The mean erythrocyte sedimentation rate of four group of ducks at monthlv
intervals is shown in table 24. None of the values were significantly different from that
of controls. The values of group I ranged from 0.10 £0.01 to 0.12 20.01, group II from
0.11 £0.01 to 0.12 +0.01, group III from 0.10 £ 0.01 to 0.13 + 0.01 and group IV from

0.11 £0.01t0 0.12 £ 0.01.

4.2.5 Packed cell volume

The mean packed cell volume of four groups of ducks at monthly intervals is
shown in table 25. In the sixth month mean values of all the groups were significantly
higher than control values. In the fourth month all the values were significantly lower
than that of the controls. The values of group I ranged from 39.82 + 0.99 to 43.08
0.62, group II from 40.25 + 0.88 to0 43.75 £0.79, group III from 39.75 £ 0.65 to 42.33
0.72 and group IV from 39.67 £0.72 to 40.75 £ 0.59.

4.2. 6 Leucocyte count.

The mean leucocyte count of four groups of ducks at monthly intervals is
shown in table 26 . In group 1 the mean values in the third and fifth months werc
significantly higher than the controls . In groups II and III all values except those in the
month of first and second were higher than the controls . Significant difference was
noticed only in the third, fifth and sixth months of group IILIn group I the mean values
ranged from 294.42 +9.13 to 344.08 £ 18.14, in group II from 285.08 + 9.50 to 340.25
+ 8.87, in group III from 283.33 + 6.56 to 380. 53 +22.29 and group IV from 270.75
14.46 10 329.50.1 6.65.



Table 24 Mean Erythrocyte sedimentation rate (mm/hr) of Ducks at

monthly intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 S 6
I 0.12 0.1 0.1 0.10 0.1 0.1
10.01 10.01 10.01 10.01 +0.01 10.01
I 0.12 0.12 0.1 0.1 0.12 0.1
+0.01 +0.01 1+0.01 +0.01 +0.01 +0.01
1l 0.13 0.1 0.1 0.12 0.10 0.1
10.01 1+0.01 +0.01 +0.01 10.01 0.01
#IvV 0.11 0.12 0.1 0.12 0.12 0.1
+0.01 +0.01 1+0.01 +0.01 +0.01 10.01
N=12
# control

Table 24.1 ANOVA table ( M.S.S), influence of dietary level of zinc on the
Erythrocyte sedimentation rate of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5 6
Groups 3 0.001 0.000 0.001 0.001 0.001 0.000
Error 44 0.001 0.001 0.000 0.001 0.001 0.001
F value 0.376 0.237 0.0600 0.791 0.791 0.000




Table 25 Mean packed cell volume ( percentage ) of Ducks at monthly
intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 5 6

! 39.82 40.42 43.08 43.75* 41.50 42.67*
+0.99 +0.72 +0.62 +0.58 +0.73 +0.33

Il 42 58 40.25 42.08 4175 40.75 43.75*
+0.47 +0.88 +0.89 +0.70 +0.84 +3.79

IH 41.25 40.67 41.67 39.75 4217 42 .33**
+1.07 +0.51 +0.55 +0.65 +0.56 +0.72
#iv 39.92 40.75 40.08 39.67 41.5 40.33
+0.63 +0.59 +0.57 +0.72 +0.67 +0.51
CD(0.05) 2.189 1.754

# control

Table 25.1 ANOVA table (M.8.8), influence of dietary level of zinc on
packed cell volume of Ducks at monthly intervals.
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the

Source of df Months

variation 1 2 3 4 5 6
Groups 3 111.556 0.632 14.021 65.806 4.021 24 410
Error 44 8.250 5729 5.441 7.087 5.998 4.551
F value 13.552** 0.110 2.577 9.285* 0.670 5.363**




Table 26 Mean Leucocyte count (x 100 perc mm ) of Ducks at
monthly intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 5 6
249.92 310.83 374.92* 29442 344.08* 368.33*
+5.44 £10.14 116.45 +9.13 +18.14 +11.52
I 302.33 309.75 33658 28508 326.67**  340.25
18.46 +8.72 15.09 +9.50 +20.10 18.87
1§ 283.33 299.25 367.92** 29225 32217** 380.53*
16.56 19.38 +9.13 +12.66 £1594 12229
#IV 303.33 32825 32175 27542 270.75 329.50
7.05 16.93 19.50 +11.26 +14.46 16.65
CD(0.05) 30.881 49.251 39.071
N=12
# control

Tabie 26.1 ANOVA table (M.8.S), influence of dietary level of zinc on the

L.eucocyte count of Ducks at monthly intervals.
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Source of df
variation

Months

1

2

3

4

5

Groups 3

Error 44

F value

1.758

581.248 944.509

1.834

1022.021 1732.187 7678.31

1410.61

5.443**

3990.97 63645.389 11038.611

1873.48 3588.125

2.130

17.738**

2258.110

4.888**




4.2.7 Diftferential count.
4.2.7.1 Lymphocyte.

The mean counts of Lymphocyte of tour groups of ducks at monthly intervals
are shown in table 27 and Fig.10.The mean values in the first month of groups [ & [I
and in the second month of group II & III were significantly higher than the control
values. The mean values of group I ranged from 59.03 + 1.58 to 65.17 + 1.90. group
II from 60.83 *+ 0.67 to 68.75 10.69, group Il from 57.00 + 1.34 to 65.75 £ 1.57 and

group IV from 56.58 + 1.55 t0 63.50 + 1.83.

4.2.7.2 Heterophils.

'The mean Heterophil counts of four groups of ducks at monthly intervals are
shown in table 28and Fig.10. In the first month the mean values of group I & II and
in the second month the mean values of'  group L1I & III showed significantly lower
values than that of controls. There was no significant difference for any other values.
The mean values of group I ranged from 23.42 = 1.02 to 30.00 * 1.75, group II from
21.08 £0.72 to 28.42 £ 0.92, group III from 23.58 + 1.46 to 32.50 + 1.36 and group 1V

from 26.42 + 1.61 to 33.17 £ 1.66.

4.2.7.3 Eosinophils

The mean Eosinophil counts of four groups of ducks at monthly intervals arc
shown in table 29and Fig.10. None of the values were significantly different from that
of controls. The mean values of group I ranged from 5.33 + 0.56 to 7.03 +0.38, group
IT from 4.83 £ 0.29 to 6.00 £ 0.52,group III from 5.00 + 0.35 to 6.92 + 1.10 and group
IV from 5.00 £ 0.30 to 6.33 £ 0.54.

4.2.7.4 Monocytes

The mean Monocyte counts of four groups of ducks at monthly intervals are



Table 27 Mean Lymphocyte count ( percent of total leucocyte ) of
Ducks at monthly intervals, fed on diet supplemented with zinc.
Group Months
1 2 3 4 ) 6
61.33** 64.75 62.50 59.03 64.58 65.17
+1.04 1.2 1+1.40 1+1.58 +1.93 +1.90
I 60.83** 68.76™ 61.92 61.83 62.83 64.51
067 +0.69 +1.70 2 .41 1+1.36 13.02
(I 57.00 6575 61.00 65.33 61.58 57.33
+1.34  £1.57 +1.71 11.64 1.72 +2.52
#1V 56.58 61.51 63.50 62.17 63.08 63.33
155 1160 +1.83 +1.65 +1.55 +1.48
CD(0.05) 1984 2249
( Transformed values)
N=12
# control

Table 27.1 ANOVA table ( M.S.S transformed values), influence of dietary level of
zinc on the Lymphocyte count of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5

Groups 3 25.240 38.433 4.654 27.836 6.788 54 257
Error - 44 5.824 7.483 11.899 14.401 11.915 22.547
F value 4.334** 5136* 0.391 1.933 0.570




Table 28 Mean Heterophil count (percent of total leucocyte) of Ducks
at monthly intervals, fed on diet supplemented with zinc.
Group Month
1 2 3 4 ) 6
I 26.83* 23.42* 2583 30.00 25.33 25.58
055 1$1.02 +1.02 +1.75 11.42 1+1.91
I 28.42* 21.08*  26.83 28.17 26.67 26.83
1092 $0.72 11.49 12.36 1.31 +2.91
1l 3260 23.58**  28.67 25.42 26.42 2258
11.36 11.46 11.66 1+1.54 1.21 12.45
#IV 33.17 2725 26.50 28.17 26.42 27.08
+1.66 143 1+1.32 +1.16 +1.61 11.46
CD(0.05) 2099 2243
(Transformed values)
N=12
# control

87

Table28.1 ANOVA table ( M.S.S, transformed values ), influence of dietary level

of zinc on the Heterophil count of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 43.759 34.139 6.988 17.606 1.962 46.490
Error 44 6.518 7.441 9 867 14.426 9.998 23.677
F value 6.714** 4588** 0.708 1.220 0.196 1.964




Table 29 Mean Eosinophil count (percent of total leucocyte) of Ducks
at monthly intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 5 6
6.67 7.03 6.67 6.50 6.21 5.33
048  +0.38 +0.67 +0.45 +0.62 +0.56
I 5.67 6.00 5.83 5.92 5.58 483
1047 10.52 +0.53 +0.50 10.36 10.29
[ 6.08 6.92 6.33 5.00 6.67 6.00
$0.48 +1.10 1+0.47 1+0.35 10.80 10.28
#IV 5.75 6.33 5.83 5.00 6.08 5.58
#0043 1054 +0.44 +0.30 1+0.38 +0.29
CD(0.05,transformed values) 1.440
N=12
# control

Table 29.1 ANOVA table (M.S.S§ transformed values ), influence of dietary level of

zinc on the Eosinophil count of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5 6
Groups 3 3.551 3.722 2.504 9.703 49 403 4.921
Error 44 4062 7.587 5.224 3.066 55758 2.677
F value 0.874 0.491 0.479 3.165* 0.886 1.838




Table 30 Mean Monocyte count ( percent of total leucocyte ) of Ducks

at monthly intervais, fed on diet supplemented with zinc.

Group Months
1 2 3 4 5 6
4.33 3.67 4.33 3.58 3.50 3.33
031 1028 10.45 10.34 10.38 +0.33
H 4.25 3.33 4.67 3.58 417 3.00
1065 +0.43 10.36 10.47 10.32 10.35
i 4.00 3.08 3.33 3.50 4.42 2.83
10.41 10.45 +0.31 10.50 0.36 10.47
#IV 3.83 4.25 3.58 3.90 3.75 3.42
032  +0.37 +0.38 10.36 $+0.35 1+0.38
N=12
# control

Table 30.1 ANOVA table ( M.S.S, transformed values), influence of dietary level of

zinc on the Monocyte count of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5 6
Groups 3 1.271 8.870 10.232 0.331 4687 3.397
Error 44 4881 4790 4015 6.171 3.332 55662
F value 0.260 1.852 2.548 0.054 1.407 0.611
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shown in table 30 and Fig . 10. None of the values were significantly different from
that of the controls. The mean values of group I ranged from 3.33 £ 0.33 to 4.33 £ (.45,
group II from 3.00 £ 0.35 to 4.67 £ 0.36, group III from 2.83 + 0.47 t0 4.42 £ 0.36 and
group IV from 3.42 £0.38 t0 4.25 £ 0.37.

4.2.7.5 basophils

The mean Basophil counts of four groups of ducks at monthly intervals arc
shown in table 31 and Fig.10. None of the values were significantly different from that
of the controls. The mean values of group I ranged from 0.63 + 0.26 to 1.23 £ 0.3%
,group II from 0.81 £0.22 t0 0.98 £ 0.31, group III from 0.65 + 0.16 to 1.29 £ 0.20 and
group I'V from 0.63 £ 0.11 to 0.88 + 0.22.

4.2.8 Enzymes
4.2.8.1 Aspartate Amino Transferase( AST).

The mean serum AST values of four groups of ducks at monthly intervals are
shown in table 32 and Fig.11. Group I showed a significantly lower value in the first.
second and fourth months. In the fifth and the sixth months all the groups showed a
higher value than that of the controls, but signiticant difference was noticed only n the
sixth month. A significantly lower value was noticed in the second and the fourth
month of group 1I and the first and the second month of group III. The values of
group [ ranged from 11.17 £ 0.37 to 14.83 £ 0.72, group Il from 13.42 +0.73 to 1692
+0.70, group III from 12.03 £ 0.72 to 16.25 £ 0.59 and group IV from 9.67 £ 0.26 to
20.25 £0.58.
4.2.8.2 Alanine Amino Transferase (ALT).

The mean serum ALT levels of four group of ducks at monthly intervals are

shown in table 33 and Fig. 12.The group I showed a significantly reduced value than



Table 31  Mean Basophil count (percent of total leucocyte) of Ducks at
monthly intervals, fed on diet supplemented with zinc.
Group Months
1 2 3 4 5 6
0.98 1.23 0.63 0.92 0.65 0.71
026 1038 10.26 +0.18 +0.16 10.16
I 0.94 0.98 0.92 0.83 0.81 0.85
+0.21 1+0.31 +0.32 $0.15 +0.22 +0.19
i 0.83 0.81 0.65 0.75 0.88 1.29
1028 +0.22 10.16 +0.11 10.22 1+0.20
#IV 0.79 0.88 0.63 0.85 0.71 0.71
1019 #0022 1+0.11 +0.19 +0.16 +0.16
N=12
# control

Table 31.1 ANOVA table ( M.S.S, transformed values), influence of dietary level of

zinc on the Basophil count of Ducks at monthly intervals.
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Source of df Months

variation 1 2 3 4 5 6
Groups 3 0.897 1.492 1.392 0.323 0.865 8.283
Error 44 59063 7.672 5.072 3.176 4.401 3.656
F value 0.150 0.195 0.274 0.102 0.197 2.266




Fig. 10 Mean differential count ( percentage) of Ducks at monthly intervals, fed on diet supplemented with zinc.
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Table 32 Mean serum Aspartate Amino Transferase level (I.units per mi)
of Ducks at monthly intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 5 6

11.147* 1483 12.00 12.92*  13.58 11.78**
037 072 +0.39 10.53 1+0.69 10.39

i 11.58** 13.42*»  13.92 13.67**  15.50 16.92*
095 #0.73 +0.63 1+1.08 10,75 +0.70

I 12.03** 156.26™ 13.33 16.25 14.17 12.58**
10.72  +0.08 10.70 10.59 +1.07 +0.66

#IV 14.25 20.25 13.00 16.92 12.58 9.67
+0.73 +0.58 +0.48 +0.83 +0.51 +0.26
CD(0.05) 2055 2.048 2.248 1522
N=12
# control

Table 32.1 ANOVA table (M.S.S), influence of dietary level of zinc on the serum
Aspartate Amino Transferase level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 76.389 106.576 7.743 45.354 17.806 111.576
Error 44 6.250 6.206 3.809 7.472 7.330 3.426

F value 12.222* 17172** 2033  6.070* 2.429 32.566**




Fig

. 11 Mean serum Aspartate Amino Transferase level of Ducks at monthly intervals, fed on
diet supplemented with zinc.
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Table 33 Mean serum Alanine Amino Transferase level (1.units per ml) of
Ducks at monthly intervals, fed on diet supplemented with zinc.
Group Months
1 2 3 4 5 6
11.42 13.05* 12256  4.00* 8.17 9.58**
1038 077 +1.35 10.46 10.47 10.60
i 12.75* 1617 16.25 6.58 9.25 11.05*
+1.24 075 1+0.85 1+0.86 +0.75 1+0.51
1] 18.42**  16.42 15.00 8.83 12.83** 10.58*
$0.70 +0.71 +0.75 10.63 10.66 10.57
#1V 1492 16.08 15.50 7.33 9.92 7.7
249  $1.08 +1.06 +0.40 +0.79 +0.57
CD(0.05) 2113 2389 2.927 1.741 1.938 1.609
N=12
# control

97

Table 33.1 ANOVA table (M.S.S), influence of dietary level of zinc on the serum

Alanine Amino Transferase level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 455417 51.243 37.500 36.688 47 .806 36.354
Error 44 25.025 8.449 12.670 4.483 5557 3.828
F value 18.200** 6.065** 2.960* 8.184* 8.603** 9.498**




Fig. 12 Mean serum Alanine Amino Transferase level of Ducks at monthly intervals, fed on
diet supplemented with zinc.
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controls in the first to the fourth months. In group II significantly Reduced valuc was
noticed only in the first month. In the sixth month all the treated groups showed a
significantlv higher value than the controls. In group III in addition to the sixth the
first and the fifth month also showed a significantly higher values. In group I the values
ranged from 4.00 + 0.46 to 13.05 £ 0.77, in group 11 from 6.58  0.86 to 16.25 £ 0.85.
in group III from 8.83 + 0.63 to 18.42 + 0.70 and in group IV from 7.17 £ 0.57 1o

16.08 £1.08.

4.2.8.3 Serum alkaline phosphatase.

The mean level of scrum alkaline phosphatase of four groups of ducks at
monthly intervals are shown in table 34 and Fig.13.Group I showed significantly
higher values in the second. the third and the fifth month and a lesser value in the sixth
month. Group II also showed significantly higher valucs in all the observations except
in the sixth month which showed significantly lesser value . The group III showed
significantly higher value in the second, the fourth, the fifth and the sixth month. The
values ot group I ranged from 12.66 + (.26 to 26.06 £ 0.92, group II from 14.69 £ 1.41
to 33.23 + 1.30, group III from 17.60 + 2.54 to 26.88 + 2.09 and group IV from

892+1.24 to 25.16+2.17.

4.2.9 Phytohaemaglutinin-p skin sensitivity test.

The mean wing web thickness of four groups of ducks subjected to PHA-P
skin sensitivity test at 12 months intervals are shown in table 35 and Fig.14. None ot
the values except 72 hour value of group I & II at 1%2 month and 48 hour reading of
group | at third month were significantly different. The values of the group I ranged
from 0.33 £0.01 to 1.15 £ 0.10,group II from 0.34+0.01 to 1.14 £ 0.07, group III from
0.33+£0.01to 1.07 £ 0.03 and group LV from .33 £ 0.01 to 1.13 £ 0.05.
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Table 34 Mean serum Alkaline phosphatase level ({ KA units per mi) of
Ducks at monthly intervals, fed on diet supplemented with zinc.

Group Months
1 2 3 4 ) 6

26.06 20.58* 21.59** 1266 19.26™* 18.68**
#0092 $1.39 1+2.01 +0.26 11.49 +0.53
Il 33.23* 27.45* 2617*™* 1469 21.21* 16.19*
+1.30 +0.62 +1.71 +1.41 11.83 10.64
[ 26.88 26.17* 18.47  17.60* 22.88** 19.74*
209 +0.38 1+1.03 12.54 +1.23 11.65
#1V 2516  17.21 16.86 8.92 12.72 11.44
217  +1.01 +1.16 +1.24 11,35 +0.98
CD(0.05) 4.863 2663 4.366 4634 4.247 2.978

N=12
# control

Table 34.1 ANOVA table (M.S.S), influence of dietary level of zinc on the serum
alkaline phosphatase level of Ducks at monthly intervals.

Source of df
variation

Months

1

2

3

4

&) 6

Groups 3
Error 44
F value

123.957

34.975

3.544*

10.488

5.720*

28.201

7.148*

59.989 201.570 255940

30.402

8.419**

237.743 416.347

26.686 13.120

8.909** 31.734*




Fig. 13 Mean serum Alkaline Phosphatase level of Ducks at monthly intervals, fed on diet

supplemented with zinc.
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Table 35 Mean wing web thickness of Ducks, in PHA-P skin sensitivity test at one and a half months intervais,
fed on diet supplemented with zinc.

Group One and a haif month Three month Four and a half month Six month

Ohr _24hr 48hr 72hr| Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72 hr

| 0.48 107 070 051~ 040 088 063 048 0.34 1.15 0.72 0.50 0.33 1.13 0.77 0.36
001  #007 004 002 002 004 005 003 2002 001 2005 004 001 009 1006 1002

I 0.48 1.14 082 052 038 097 077 0.44 0.34 1.05 0.61 0.48 0.35 1.08 0.77 0.40
001  £0.07 005 003 003 003 2003 002 2001 1010 2006 004 002 004 2004 1003

W 0.47 1.01 0.84 0.65 043 084 078 0.50 0.33 0.89 0.64 0.45 0.35 1.07 0.75 0.38
001 006 006 004 002 004 004 003 2001 005 007 003 002 003 2003 1002

1Y 0.48 1.1 0.88 0.70 040 089 075 0.46 0.33 0.82 0.60 0.40 0.34 1.13 0.78 0.41
1001 006 2003 1005 2002 005 2003 001 001 002 006 1003 001 005 003 :0.03

CD(0.05) 0.101 0.107
N=12
# control

20l



Table 35.1

ANOVA table (MSS), influence of dietary level of zinc on the PHA-P sensitivity test on Ducks at 45 days intervals.

Source of df One and a half month Three month Four and a half month Six month

variation Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72 hr
Group 3 0000 0040 0074 0111 0005 0030 0056 0.007 0001 0175 0034 0022 0001 0012 0002 0.006
Error 44 0002 0059 0029 0015 0006 0021 0017 0006 0003 0067 0042 0017 0004 | 0040 0024 0.008
F value 0163 0678 2711 7.211*" 0882 1433 3305" 1164 0396 2609 0813 1314 0216 0295 0094 0.766

€0l
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4.2.10 Antibody titre.

The mean antibody titre of four groups of ducks at 15 days intervals are shown
in table 36 and Fig.14. The mean values of group II on 105 day and values ol
group 1T on 105" . 135™ | 150" and 165" day were significantly higher than th.
control values. Other values are not significantly different. The mean values of group i
ranged from 138.667 + 25.689 to 9557.333 £ 2284.640, group II from 202.607 £ 66.954
to 12629.333 + 4800.556,group III from 154.667+ 73.166 to 105130.667 = 37505.684
and group IV from 106.667 + 31.642 to 15018.33 3+ 3909.696..

4.2.11 Zinc content in the serum.

The mean zine content in the serum of four group of ducks at monthly intervals
are shown in table 37 and Fig.15. The mean values of group LII & III in the fourth .the
fith and the sixth months showed significantly higher values than that of controls
Other values showed no significant difference The mean values of group I ranged fron:

2.77 +0.14 t0 8.07 £ 1.05, group 11 from 2.78 + 0.08 to 9.55 + 1.12, group I1I from 2.60
+0.23t017.54 %+ 1.51 and group IV from 2.54 £ 0.31 to 3.99 +0.40.

4.2.12 Zinc content in tissues.

The mean zinc values in liver, kidney and muscle tissues of four groups of
ducks are shown in table 38 and Fig.16. None of the values are significantly ditferent
from the comrols  except group I which showed higher values .The zin¢ content of
liver, kidney and muscle tissues ot group I showed higher values than that ot the

controls.



Table 36 Mean antibody titre in Duck serum at 15 days intervals, fed on diet supplemented with zinc.
Group Days
15 30 45 60 75 90 105 120 135 150 165
| 640.000 362 667 202 667 138 667 181333 9557333 8730667 3754667 1450667 3669333 3840000
+128 000 +69 456 +66.954 +25.689 34728 +£2284.640  +431.756 1079391  +277825 2551167  +2521.308
I 618.667 362 667 256 000 245 333 202 667 8874.667 12629333 5632000 1058333 7680000  8192.000
+182.272 69 456 +57 245 +62.743 +66.954  +1644.079 14800558  $2390.562 15021198 12941216  12747.680
(h 448.000 256.000 202.667 213333 154667 11605333 23893333 30720.000 105130667 45056.000** 68266667
£131.161 +57.243 166 945 169 456 +73.166 2222602 15637686 18444120 37505684 19864.474 20905427
#V 256.000 384.000 245333 128.000 106667  13653.333 13072000 15018333 3840000 9556 667  12458.667
157.243 +140.217 84 932 +28.622 +31.642 $#4050.233  +1121.736  £3909.696  +1397.468 4778619 16435288
0.452 0585 0.565 0601

CD(0.05)(log value)
N=6

# control

L]
i

o~
)



Fig.14 Mean antibody titre in Duck serum at 15 days intervals, fed on diet supplemented with zinc.
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Table 36.1 ANOVA table ( M.S.S ), influence of dietary level of zinc on the antibody titre of Ducks at 15 days intervals.

Source of df Days

variation 15 30 45 60 75 90 105 120 135 150 165
Group 3 0176 0.030 0.030 0.074 0104 0034 0413 1131 3.323 1907 2245
Error 20 0.091 0.074 0095 0079 0097 0058 0131 0141 0236 0220 0.249
F value 1944 0408 0317 0937 1072 0584 0314 8.012* 14103* 8677 9.010*

ot

J



Table 37 Mean serum zinc level (ppm ) of Ducks at monthly intervals,
fed on diet supplemented with zinc.
Group Months
1 2 3 4 5 6
2.77 2.95 3.53 7.02* 7.15™ 8.07**
+0.14 +0.08 +0.06 10.83 11.08 11.05
I 2.78 3.12 3.66 8.70™ 9.13** 9.55**
+0.08 +0.22 10.27 11.50 +1.70 $1.12
i 2.60 3.42 3.46 9.05*  12.18* 17.54**
023 #0.19 $0.09 +0.67 11.62 11.51
#1V 254 2.96 3.37 3.44 3.58 3.99
$0.31  +0.20 +0.16 $+0.16 +0.14 +0.40
CD(0.05) 2.72 3.526 3.248
N=6
# control
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Table 37.1 ANNOVA table (M.S.8), influence of dietary level of zinc on the serum
zinc level of Ducks at monthly intervals.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 0.086 0.317 0.545 42.436 77.918 193.192
Error 20 0.264 0.202 0.741 5102 9.570 7.275
F value 0.328 1.569 0.735 8.318** 8.142* 26.557*




Fig .15 Mean serum

zinc level of Ducks at monthly intervals, fed on diet supplemented with zinc.
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Table 38 Mean zinc' content (ppm on dry matter basis) of Liver,Kidney and Muscle
of Ducks after six months of feeding on diet supplemented with zinc.

Group Liver Kidney Muscle
[ 148.167** 170.667 150.167
+7.247 +19.073 +8.693
Il 107.833 131.833 142 667
16.586 +9.245 16.582
m 116.167 128.667 174.333
15.884 +5.626 +15.790
#1v 110.833 152.333 149.667
14,945 +6.778 +10.862

CD(0.05) 18.361

# control

Table 38.1 ANOVA table (M.S.8),influence of dietary level of zinc on the
tissue zinc content of Ducks after six months of feeding.

Source of df Tissues

variation Liver Kidney Muscle
Groups 3 2075.722 2299.26 1150.375
Error 20 232.367 789.842 729.042
F value 8.933** 2.911 1.578
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Fig. 16 Mean zinc content (ppm on dry matter basis) of liver, kidney and muscle of
Ducks after six months of feeding on diet supplemented with zinc.
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Table 39 Mean weight of Liver (g) and Spleen (mg) of sacrificed Ducks
after six months of feeding on diet supplemented with zinc.

Group Liver Spleen
| 48.583 854.167
+4.509 155.207
I 54833 979.167
+3.545 1118.467
I 51.083 1085.833
+3.158 1124244
#1V 50.333 875.000
+4.532 76.005
N=12
# control

Table 39.1 ANOVA table (M.S.8), influence of dietary level of zinc on the weight
of Liver and spleen of Ducks after six months of feeding.

Source of df Liver Spleen
variation
Groups 3 . 8325 136407.639
Error 44 190.277 114876.705

F value 0.438 1.187
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4.2.13 Weight of liver and spleen.
The mean weight of liver and spleen of four groups of ducks is shown in tablc
39. The mean weight of liver and spleen of group I was lower and group II & IIT was

higher than that of the control

4.2.14 Gross and histo-pathological changes.
4.2.14.1 Gross lesions.
Gross lesions could not be noted in any of the birds except for diffuse petechiae

in the liver of one bird in the group II1.

4.2.14.2 Histo-pathology.

The histo-pathological lesions are shown in Fig.16a to 16d. Mild lymphoid
infiltration was observed in the liver tissue of the birds belonging to group IIl. However
no microscopic lesions could be detected in the liver tissue of birds in the other groups
Group 11 birds also exhibited mild depletion of lymphoid cells and moderate fibrous
tissue replacement in the medullary area of the spleen. In all the groups mciudmy
control, thymus tissue showed moderate fibrous tissue proliferation. Dittuse
calcitication of endothelium and congestion of the small blood vessels were noted in the
kidney of birds in group Il and IIl. Depletion of lymphoid follicle in the bursa was
observed in all the groups.
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Fig. 16a Duck kidney- group III - treated with zinc, tubular degeneration , necrosis
and calcification H&E X 250

Fig. 16b Duck bursa-g roup I, 11, 111 & I'V-treated with zinc, extensive fibrous tissue
proliferation and depletion of lymphoid element H&E X 160
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Fig. 16c Duck caecal tonsil - group Il - treated with zinc, depletion of lymphoid
element H&E X 160

Fig. 16d Duck thymus - group I, II, 11l & IV - treated with zinc, moderate fibrous
tissue proliferation and depletion of lymphoid element  H&E X 160
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4.3 MANCOZEB

4.3.1 Body weight.

The mean body weight of ducks fed on diet to which Mancozeb was added at
the rate of 1000, 1500, 2000 ppm are shown in Table 40 and Fig.17. The mean body
weight of the group I showed no significant change from the control. All the mean
values (except on 15™ day) of the group II and the group III was lower than that of the
controls but significant reduction was noticed only on 90™ , 105" ,120™ ,135™ ,and
150" . day . The mean value of group I ranged from 1200.00 + 71.77 to 1750.00 +
41.57 , group Il from 1183.33 + 44.10 to 1620.83 £ 49.03 g, group Il from 1191.67
46.81 to 1700.00 + 53.03g, and group IV (control) from 1158.33 + 52.89 to 1800.00 +
32.57g.

4.3.2 Erythrocyte count.

The mean erythrocyte counts of four groups of ducks at monthly intervals are
shown in table 41 . The mean value of the group I was significantly high in fourth and
fifth month and low in third month . In the group II significantly higher value was
noticed 1n the first month and low value in the third month . In the group III all the
values except in sixth month was high even though significant increase was noticed
only in the first and the second month . The mean value of group I ranged from 272.92
* 8.82 to 326.75 £ 8.11, group II from 267.42 + 10.43 to 301.92 + 9.54, group Il

284.00 = 7.98 to 338.00 £ 5.68 and group [V from 258.33 +6.48 t0 322.08 £9.14.

4.3.3 Haemoglobin.

The mean haemoglobin values of four groups of ducks at monthly intervals
are shown in table 42. In the group I significantly higher value was noticed in the fifth
month and significantly lower value was noticed in the third and the fourth month. In

the group II also the same trend was seen. Inthe group III significant reduction was



Table 40

Mean body weight of Ducks ( g ) at 15 days intervals, fed on diet added with Mancozeb.

Days
Group 15 30 45 60 75 90 105 120 135 150 165 180
| 1200.00 141250 1541.67 1 60000 1658.33 1768.33 1750.00 1733.33 1683.33 1604.17 1566.67 1516.67
+71.77 157.45 +51.43 +45.23 +41.67 +39.33 +41.57 +30.98 +40.52 +28.51 +35.53 +30.36
i 1183.33 1408.33 1566.67 187050 1620.83 1566.67* 1516.67** 1504.17** 1483.33** 1479.17* 148750 1462.50
14410 +41.20 +33.33 +40.42 +49.03 +46.60 +50.50 $42 84 +40.52 +37.16 +35.95 $36.48
i 1191.67 142083 1600.00 164583 1700.00 1595.83* 1516.67** 1508.33** 1481.67** 149583 1529.17 1466.67
+46.81 +47 .85 +47.67 +53.11 +53.03 +59.82 150.50 +39.33 $37.35 3560 1£112.84 1+36.06
# IV 1158.33 149583 1687.50 1737.50 1800.00 173750 1658.33 1641.67 1608.33 1591.67 1600.00 1579.17
+52.89 +41.04 +40.88 $36.48 +32.57 +38.99 +48.40 4212 +43.45 +35.80 +38.92 +36.65
CD(0.05) 14.000 133720 136.489 111.371 115.394 98.080
N =12

# control

Stl



Table 40.1 ANOVA table (M.S.8),influence of dietary level of Mancozeb on the body weight of Ducks at 15 days intervals.

Source of df Days

variatior 15 30 45 60 75 90 105 120 135 150 165 180
Group 3 13888889  20468.750 48663.194  55468.750 71579.861 83680.556 157430556 14824653 111666.667 49635417 28194 444 35625.000
Error 44 36250000 26917.614 23101326 23489583 26055.871 26448864 27556.815 18347.538 19696970 14228220 17717.503 14687500
F value 0383 0.760 2.107 2.361 2747 3.164* 5713 8.080™* 5.669™" 3489 1.591 2426

a9l



Fig

.17 Mean body weight (g) of Ducks at 15 days intervals, fed on diet added with Mancozeb.
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Table 41 Mean Erythrocyte count (x10000 per ¢ m m) of Ducks at monthly
intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6

2729 27875 27775 326.75*™ 303.08* 278.83
18.82  1/7.51 1+6.94 18.11 19.32 19.28

I 299.50* 30192 267.42* 295.83 280.33 296.42
16.40 19.54 +10.43 15.37 15.07 14.86

M 284.00" 309.33* 338.00 295.50 297.67 301.83
798  17.32 15.68 19.37 14.01 16.50

#IV 2583 287.83 322.08 284 275.42 304.83
1648 435 19.14 19.01 $10.79 18.11

CD(0.05) 21.34 21.118 23.519 23.13 22.296
N=12
# control

Table 41.1 ANOVA table ( M.S.S), influence of dietary level of Mancozeb on the
Erythrocyte count of Ducks at monthly intervals.

Source of  df Months
variation 1 2 3 4 5 6

Groups 3 3635.910 2270.139 13926.076 4032.354 2132.028 1623.354

Error 44 673.831 659.670 818275 791384 735345 653.044

F value 5.396** 3.441*  17.019*  5.095* 2.899* 2.486




Table 42 Mean Haemoglobin level (g percentage ) of Ducks at monthly
intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
11.14 10.73 11.09** 11.66** 12.20** 11.89
10.18 10.16 10.156 10.14 10.21 +0.14
Il 10.79 11.62 11.20*  11.45* 11.82* 11.98
+0.22 10.22 +0.20 10.12 +0.15 +0.23
Hi 1061 10.39* 11.91 11.83* 11.88** 12.33
10.21 +0.16 10.11 10.20 10.27 +0.16
#IV. 10563 11.22 11.98 12.34 11.15 11.83
+0.15 $0.20 +0.15 10.20 +0.18 +0.25
CD(0.05) 0.52 0.488 0.486 0.587
N=12
# control

119

Table 421 ANOVA table ( M.S.S), influence of dietary level of Mancozeb on the
Haemoglobin level of Ducks at monthly intervals.

Sourceol df Month

variation 1 2 3 4 5 6
Groups 3 0.848 3.504 2.578 1.74 4852 0.606
Error 44 0.443 0.4 0.298 0.349 0.511 0.477
F value 1.961 B.764** 8.653* 4.980** 9.494* 1.269
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noticed 1n the second and the fourth month and an increase in the fifth month . The
mean value of the group I ranged from 10.73 + 0.16 to 12.20 + 0.21, group II from
10.79 + 0.22 to 11.98 + 0.23, group III from 10.39 + 0.16 to 12.33 1+ 0.16 and group I'V from
10.53 + 0.15 to 12.34 + 0.20.

4.3.4 Erythrocyte sedimentation rate.

The mean erythrocvie sedimentation rates of four groups of ducks at monthly
intervals are shown in table 43. The mean values were not significantly difterent trom
that of the controls. The mean values of group I ranged from 0.10 £ 0 10 0.12 £ 0.01.
group 11 from 0.10 £0 10 0.13 £0.01, group III from 0.10 £ () t0 0.13 % 0.01 and group
IVfrom0.10£0100.14 2 0.01.

4.3.5 Packed cell volume.

The mean packed cell volume of four groups of ducks at monthly intervals
are shown in table 44. The mean value of group I in the third month is significantly low
and in the fifth month is significantly high. In group II, significantly higher value was
noticed in the third month and lower value in the fifth month. In group 111 in the first
month signiticantly higher value was noticed and 1n the third month significantly lower
value was noticed. The mean value of group I ranged from 36.17 £ 0.51 to 45.92 &
0.23, group II from 35.00 £+ ().48 to 47.67 £ 0.26, group 11l from 37.17 £ 0.47 to 45.50
10.31 and group IV from 35.00 £0.35t045.17 £ 0.42.

4.3.6 Leucocyte count.

The mean leucocyte count of four groups of ducks at monthly intervals arc
shown in table 45. The mean values of group I showed significant increase n the
fourth month and significant decrease in the first month, other values showed an

increase trend even though not sigmficantly different. Inthe group II all the values



Table 43 Mean Erythrocyte sedimentation rate (cm/hr) of Ducks at

monthly intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6

0.12 0.11 0.12 0.11 0.1 0.10
+0.01 1+0.01 +0.01 10.01 10.01 1+0.00
f 0.12 0.11 0.11 0.11 0.13 0.10
1+0.01 +0.01 +0.01 10.01 +0.01 +0.00
i 0.11 012 0.11 0.10 0.13 0.10
10.01 +0.01 10.01 10.00 1+0.01 +0.00
#1V 0.11 0.14 0.1 0.10 0.12 0.10
10.01 1+0.01 10.01 10.01 10.01 1+0.00

N=12

# control
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Table 43.1 ANOVA table (M.S.S), influence of dietary level of Mancozeb on the

Erythrocyte sedimentation rate of Ducks at monthly intervals.

Sourceof  df Months

variation 1 2 3 4 5 6
Groups 3 0.000 0.003 0.000 0.000 0.001 0.000
Error 44 0.001 0.001 0.001 0.001 0.002 0.000
Fvalue 0.237 2.048 0.208 0.333 0.475 0.000




Table 44 Mean packed cell volume ( percentage ) of Ducks at monthly
intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
36.17  39.50 41.08** 4417 45.92* 44.58
10.51 10.40 +0.23 1+0.21 +0.23 10.40
I 35.00 3950 47 67* 4475 41.83** 45.50
1048 1066 +0.26 +0.13 +0.32 1+0.34
M 3717 40.83 43.33** 44 67 44.50 45.50
1047  10.67 10.36 10.14 +0.29 10.31
#1v 3500 3875 4517 4450 44.00 44.50
035 #0048 +0.42 10.26 10.58 10.36
CD(0.05) 1.296 0.926 1.091 1.000

N=12
# control
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Table 44.1 ANOVA table (M.S.S), influence of dietary level of Mancozeb on the
packed cell volume of Ducks at monthly intervals.

Source of  df Months

variation 1 2 3 4 5 6
Groups 3 13.111 3.021 34132 0.799 34.410 6.187
Error 44 2.485 3.816 1.271 0.445 1.763 1.498
F value 5.276* 2.364 26.858** 1.794 19.515** 4.13*
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Table 45 Mean Leucocyte count (x100 perc m m ) of Ducks at monthly
intervals, fed on diet added with Mancozeb .

Group Months
1 2 3 4 5 6

l 301.00" 348.67 438.75 43817 38592 361.67
2227 $15.16 121.43 £10.83 19.83 $12.14

i 465.08* 463.17** 46233 431.33*™  365.50 366.25
126.08 116.90 110.14 111.92 +9.90 15.26

- 491.00* 439.67* 467.33  40058* 324.42** 332.83
1714  130.46 $19.38 120.67 16.84 +11.00

#IV 3837 33392 434.92 344.00 361.25 351.08

18.80 13.18 11.31 9.15 7.69 7.38
CD(0.05) 56.61 57 269 39.5632 24.681 26.671
N=12
# control

Table 451 ANNOVA table (M.S.S), influence of dietary level of Mancozeb on the
Leucocyte count of Ducks at monthly intervails.

Source of  df Months

variation 1 2 3 4 5 6

Groups 3 1626946 114699.7 3903.389 22100.910 7870.132 25677 .47

Error 44  47/41.263 4851.498 3195.830 2311.756 901.070 1052261

F value 34.294*  23.642* 1.221 9.560*  8.734* 24.402*




showed an increase trend but significant increase was noticed only in the first second
and fourth months . In group III significant Increase was noticed in the first, second
and fourth month and decrease was noticed in the fifth month. The mean value of
group I ranged from 301.00 +22.27 to 438.75 + 21.43, group II from 365.50 + 9.90 1o
465.08 + 26.08,group III from 324.42 + 6.84 to 439.67 + 30.46 and group IV from
33392+ 13.181t0434.92 £ 11.31.

4.3.7 Differential counts
4.3.7.1 Lymphocytes.

The mean lymphocyte counts of four groups of ducks at monthly intervals arc
shown in table 46 and Fig.18. The mean value of group I did not differ significantiv
from group IV except in the third month. Group IIl also showed significantly lower
value in the third month. All other values were not significantly different from that of
controls . The mean values of group one ranged from 66.75 + 1.21 to 7542 £ 1.23
group II from 68.67 £ 1.00 to 73.58 +£2.24, group III from 68.00 £1.68 to 74.83 + 1.51
and group IV from 67.67 £ 1.33 to 74.83 + 0.64.

4.3.7.2  Heterophils.

The mean heterophil counts of four groups of ducks at monthly intervals are
shown in table 47 and Fig.18. None of the value was significantly different from that of
the controls except the value of the group I in the first month, which i1s significantly
higher . All the values in the fourth, the fifth and the sixth month showed a decreasing
trend than control values. The mean values of group I ranged from 15.17 + 0.92 to
23.83 £ 1.08, group Il from 15.92 % (0.84 to 21.00 £0.44, group III from 16.17 = 1.70 10
22.08 £0.60 and group IV from 19.00 £0.72 to 22.08 £ 0.65.
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Table 46 Mean Lymphocyte count ( percent of total leucocyte ) of Ducks
at monthly intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
66.75 71.67 68.17** 70.33 75.42 7458
+1.21 +1.56 +1.25 +1.00 +1.23 +1.04
f 68.67 69.08 71.75 69.33 72.83 73.58
+1.00 +0.85 10.94 +1.05 +1.59 12.24
1 68.00 71.58 68.33** 71.83 7483 72.00
1+1.68 +1.36 .72 10.66 +1.51 +0.98
#IV 7183 67.67 71.58 68.58 74.83 69.92
+0.75 +1.33 +0.73 +1.15 10.64 .77
CD(0.05, transformed values). 1.676
N=12
# control

Table 46.1 ANOVA table (M.S.S, transformed values), influence of dietary level of
Mancozeb on the Lymphocyte count of Ducks at monthly intervais.

Source of df Months

variation 1 2 3 4 5 6
Groups 3 21.421 18.644 18.252 9.131 15.016 20.423
Error 44 7.63 7.99 4.159 4537 8.446 12.178
F value 2.808 2.333 4.388** 2.013 1.778 1677
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Table 47 Mean Heterophil count ( percent of total Leucocyte ) of Ducks
at monthly intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 S 6
23.83* 19.33 21.75 18.92 16.17 18.67
+1.08 1+1.33 +0.99 1+0.54 +0.92 +1.15
I 21.00 19.75 18.67 20.08 156.92 18.50
10.44 10.66 +0.54 +0.70 +0.84 +1.18
i 2175 19.50 22.08* 19.33 16.17 18.67
+1.43 +1.25 +0.60 10.63 +1.70 +0.88
#1vV 19568 22.08 19.75 21.42 19.00 20.50
+0.81 +0.65 +0.57 +1.12 +0.72 10.04
CD(0.05, 1.950 1.410

transformed values)
# control

Table 47.1 ANOVA table (M.S.S, transformed values ), influence of dietary level of
Mancozeb on the Heterophil count of Ducks at monthly intervals.

Source of  df Months

variation 1 2 3 4 5 6
Groups 3 17.913 10.905 15.948 6.995 20.859 7101
Error 44 5.626 6.494 2.941 3.584 8.281 7.105
F value 3.184* 1.679 5.422** 1.952 2519 1.281




£
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4.3.7.3 FEosinophils.

The mean eosinophil counts of four groups of ducks at monthly intervals are
shown in table 48 and Fig.18. None of the value was significantly different from
controls. The mean value of group [ ranged from 333 £ 028 to 583 + (.41
group Il from 5.33 £ 0.36 to 7.58 £ 1.14, group III from 4.92 £ 0.36 t0 6.58 £ (.58
and group IV trom 4.92 £0.54106.33 £0.61

4.3.7.4 Monocyte.

The mean monocyte counts of four groups of ducks at monthly intervals are
shown in table 49 and Fig.18. No significant difference could be noticed between
treated and control group. The mean values of group I ranged from 2.75 + 0.25 to 4.5%
+ 0.51, group II from 1.83 £ 0.21 to 3.75 £ 0.55, group III from 2.92 £ 0.23 t0 3.75 2
0.35 and group IV trom 2.92 £0.23 10 3.83 £ 0.32.

4.3.7.5 Basophil

The mean basophil counts of four groups of ducks at monthly intervals arc
shown in table 50 and Fig. 18. No significant difference is noticed between the treated
and the controls. The mean value of group I ranged from 0.56 + 0.11 to 1.17 £ 0.23.
group II from 0.63 £ 0.11 t0 0.92 + 0.18 , group III from 0.56 £ 0.11 to 1.17 £ 0.26 ana
group IV from 0.63 +0.11t00.92 £0.18.

4.3.8 Enzymes
4.3.8.1 Aspartate Amino Transferase( AST).

The mean serum aspartate amino transterase level of four groups of ducks ai
monthly intervals arc shown in table 51 and Fig.19. The mean values of all the groups
showed a decreasing tendency than that of the controls from the third month onwiird:.

Only significant reduction was noticed in the fourth month (all groups) and in the



Table 48 Mean Eosinophil count ( percent of total leucocyte ) of Ducks

at monthly ‘intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
! 5.83 5.42 5.58 5.08 5.25 3.33
10.41 10.42 10.43 10.40 10.65 10.28
H 6.58 6.83 5.33 6.03 7.58 5.42
+0.87 10.79 10.36 +0.74 +1.14 +1.27
HI 6.58 5.25 5.92 5.25 492 6.00
+0.58 +0.35 +0.53 +0.35 1+0.36 +0.28
#1V 5.00 6.33 525 5.67 542 492
10.37 10.61 +0.37 10.43 +0.29 10.54
CD(0.05,transformed values) 2.42
N=12
# control
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Table 48.1 ANOVA table ( M.S.S, transformed values ), influence of dietary level
of Mancozeb on the Eosinophil count of Ducks at monthly intervals.

Sourceof df Months

variation 1 2 3 4 5 6
Groups 3 8.785 8.648 1.454 2.932 20.129 28.437
Error 44 5.408 5017 3.297 4.342 7.708 8.673
F value 1.624 1.724 0.441 0.675 2.611 3.279*




Table 49 Mean Monocyte count ( percent of total leucocyte ) of Ducks
at monthly intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
3.17 3.00 3.75 458 3.08 2.75
+0.44 +0.37 +0.49 +0.51 1+0.40 +0.25
(1 292 3.42 3.75 3.75 3.00 1.83
+0.42 +0.36 +0.55 +0.28 #0.25 +0.21
1M 3.17 3.25 2.92 3.00 3.00 3.75
+0.27 +0.33 +0.23 +0.37 +0.37 +0.35
#1IV 3.08 3.42 2.92 3.83 3.17 3.33
+0.34 10.34 10.23 +0.32 +0.37 +0.54
CD(0.05,transformed values) 0.674 1.796
N=12
# control
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Table 49.1 ANOVA table ( M.S.S, transformed values ), influence of dietary level
of Mancozeb on the Monocyte count of Ducks at monthly intervals.

Source of  df Months

variation 1 2 3 4 5 6
Groups 3 0.551 1.340 5.082 11.815 0.173 24514
Error 44 4527 3.705 4.632 4147 4.349 4772
F value 0122 0.362 1.097 2.849* 0.040 5137*
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Table 50 Mean Basophil count ( percent of total leucocyte } of Ducks
at monthly intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
0.56 075 0.83 1.17 0.85 0.77
+0.11 +0.11 £0.15 +0.23 +0.19 $0.16
I 0.92 0.75 0.63 0.85 0.79 0.77
10.18 +0.11 +0.11 10.19 +0.19 10.15
[ 0.63 0.56 0.83 0.73 1.17 0.67
+0.11 +0.11 $0.15 10.20 +0.26 10.20
#IV 0.63 0.63 0.79 0.75 0.75 0.92
+0.11 1$0.11 10.19 10.10 +0.23 10.18
N=12
# control

Table 50.1 ANOVA table ( M.S.S, transformed values ), influence of dietary level
of Mancozeb on the Basophil count of Ducks at monthly intervals.

Source of  df Months

variation 1 2 3 4 5 6
Groups 3 2.904 1.549 1.236 3.786 3.816 1.843
Error 44 2.601 2.113 3.105 4.056 5.086 3.655
F value 1117 0.733 0.398 0.933 0.750 0.504




Fig.18 Mean differential count ( percent) of Ducks at monthly intervals, fed on diet added with mancozeb.
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Fig 18 Mean differential count ( percent) of ducks at monthly intervais, fed on diet added with mancozeb.

Group | Group 1l Group 1 Group 'V
e em e o e —_H-——-—! } — - iy E T T T T T T T T e e e e e e _“i [—» e - —
i t
; !
|
!
}3
Fifth i
month
|
S . L — | e o
[mmm o4 -5< " 'in_1n2mm4-5J P mmzusmu& : D1 20304 M5
S T T T
— e _
Sixth
month
|
_____ —— ? : : e e e -
15192 03 04 m5 . @112"[1_3»;14 ISA o mmﬁm D4I5‘ P |m1-2 a3 m l5

1 Lymphocytes 2 Heterophlls 3 Eosmophns 4 Monocytes 5 Basmphils

el



Table 51 Mean serum Aspartate Amino Transferase level (I.units per mi )
of Ducks at monthly intervals, fed on diet added with Mancozeb .
Group Months
1 2 3 4 5 6
2267 1417 16.17 14.83** 32.50 23.17
10.87 10.85 12.68 +1.31 12.29 +1.09
] 26.50* 17.256™ 16.08 22.83** 24.75* 23.33
12.63 10.60 +1.05 2.4 1+1.49 12.01
i 2275 16.67* 16.58 17.33*  18.00** 24.25
11.17 10.64 13.51 11.29 +1.87 12.16
#1V. 1933 11.25 17.50 33.42 34.75 28.58
+1.28 10.31 12.69 11.80 13.84 +1.13
CD(0.05) 4.655 1.799 5.017 7.223
N=12
# control

134

Table 51.1 ANOVA table (M.S.S),influence of dietary level of Mancozeb on the serum

Aspartate Amino Transferase levelof Ducks at monthly intervals.

Sourceof  df Months

variation 1 2 3 4 5 6
Groups 3 102.910 243.278 203.056 816.521 701.500 77722
Error 44 32.059 4792 83.511 37.384 77.170 33.534
F value 3.210* 50.771* 2.431 21.841**  9.090** 2.318




Fig. 19 Mean serum Aspartate Amino Transferase level of Ducks at monthly intervals, fed on
diet added with Mancozeb.
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fifth month ( group II and IIT ). The mean values of all the groups were higher than the
control values in the first and the second month. The mean values of group I ranged
from 14.17 £ 0.85 to 32.50 £ 2.29, group II from 16.08 £ 1.05 to 26.50 £ 2.63. group
[T trom 16.58 +3.51 10 24.25 £2.16 and group IV from 11.25 £0.31 to 34.75 £ 3.84.

4.3.8.2 Alanine Amino Transferase( ALT).

The mean serum alanine amino transferase level ot four groups of ducks at
monthly intervals are shown in table 52 and I'ig.20. The mean values of all the groups
in the fifth and the sixth month showed a significantly lesser value than the controls. All
other values were higher than the values of the controls. Significant difference was
noticed only in the third and the fourth month of group I .first to fourth month of group

I1 and first to third month of group IIl . The mean values of group I ranged from 7.83 +
0.89 to 20.67 £ 1.33, group II from 7.00% 0.51 to 22.17 + 1.84, group III from 6.58 *
(.57 10 27.42 + 3.00 and group 1V from 3.37 £ 0.31 t0 8.52 + 1.43.

4.3.8.3 Serum alkaline phosphatase.

The mean serum alkaline phosphatase level of four groups of ducks at monthly
intervals are shown in table 53 and Fig. 21.The mean values of group I showed
significantly lower value in the tourth and the sixth month and significantly higher
value in the second. third and tifth months. Group Il showed significantly higher value
in the second month and lower value in the fourth and sixth month. Group III showed
significantly higher value in the second month and lower value in the first and sixth
month. The mean value of group one ranged from 0.75 + 0.44 to 45.46 £+ 1.93, group 11
trom 0.77 £ 0.08 to 46.48 + 1.05 ,group III from 0.46 + 0.05 to 36.83 = 2.53 and group
IV from 0.87 £ 0.06 to 42.88 + 2.09.
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Table 52 Mean serum Alanine Amino Transferase level (1.units per ml) of
Ducks at monthly intervals, fed on diet added with Mancozeb .

Group Months
1 2 3 4 5 6

{ 15633 12.00 7.83* 20.67** 15.00** 9.17*
+1.13  10.88 1+0.89 +1.53 +1.91 +0.68
I 18.42*  22.47* 8.03** 21.58* 13.17 7.00*
+1.37 +1.84 +0.69 +1.53 +1.70 +0.51
i 16.75* 27.42* 7.25* 14.17 9.75 6.58**
+1.81 +3.00 10.64 +1.70 +1.14 +0.57
#IV 1225 6.92 3.42 10.58 8.52 3.37
1.4 +1.01 +0.31 £1.39 1+1.43 +0.87
CD(0.05) 413 537 2.073 4.896 6.305 1.915

N=12
# control

Table 52.1 ANOVA table (M.S.S), influence of dietary level of Mancozeb on the
serum Alanine Amino Transferase level of Ducks at monthly intervals.

Source of  df Months

variation 1 2 3 4 5 6
Groups 3 82076 6217250 57.076 333.611 15837.63 2069.472
Error 44 25.229 42670 5.358 35.458 58.809 5.428

F value 3.253*  145.704** 10.653**  0.409** 269.308** 381.257**




Fig. 20 Mean serum Alanine Amino Transferase level of Ducks at monthly intervals, fed on
diet added with Mancozeb.
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Table 53 Mean serum alkaline phosphatase level ( KA units per ml ),of
Ducks at monthly intervals, fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
4546 3090  2259* 8.66** 0.75 6.04**
+1.93 +1.51 12.12 10.84 +0.04 10.37

I 46.48 24.60* 10.49 10.79** 0.77 7.26™*
+1.06 099 +0.88 1+0.70 1+0.08 10.45

m  36.83* 30.89** 8.66 11.50 0.46 5.40**
1263 1291 10.67 +0.57 +0.05 10.29

#IV 4288 18.92 8.30 12.87 0.87 10.56
12.09 1+0.89 10.35 10.46 1+0.06 11.16

CD(0.05) 5.622 5.036 3.462 1.916 0.648 1.897
N=12
# control

Table 53.1 ANOVA table (M.S.S),influence of dietary level of Mancozeb on the serum
alkaline phosphatase level of Ducks at monthly intervais.

Source of  df Months

variation 1 2 3 4 5 6

Groups 3 225175 398.431 552202 36.904 125131 63.186

Error 44 46.766 37.516 17.732 5.433 0.622 5328

F value 4.826* 10.620*™ 31.142** 6.793** 201.044** 11.860**




Mean serum Alkaline Phosphatase level of Ducks at monthly intervals, fed on
diet added with Mancozeb.
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4.3.9 Phytohaemagglutinin-p ( PHA-P) skin sensitivity test.

The mean wing web thickness of duchs  subjected to PILA-P sk scisitiviiy
test at ['2 months intervals are shown in table 54. Only verv few values arc
significantly different from controls. The mean values of group I ranged from 0.32 +
0.01 to 1.5 £0.08, group II from 0.33 £0.01 to 1.3 £ 0.04, group III from 0.32 £ 0.01 to
1.24 £0.04 and group IV from 0.33 = 0.01 to 1.43 £ 0.08.

4.3.10 Antibody titre.

The mean antibody titre of four groups of ducks at 15 days intervals are
shown wi table 55 and Fig.22. In  the group I and II the mcan values were not
sigmticantlv different from that ot the controis .In group il signilicantlv higher vaiue
was noticed only on 45" 60™ and 75", day. Other values were not significantly
ditfcrent. 'The mean value of group [ ranged irom 069.333 + 12.844 10 4266.667 2
1036.464. group 11 tfrom 96.000 £ 14.311 to 3754.667 £ 1415.608, group L1l from 80.00
* 16.000 to 4736.000 % 2623.844 and group IV from 61.333 £ 15.686 to 3328.00 +
1150.577.

4.3.11 Zinc content in the serum.

The mean zinc levels in the serum of four groups of ducks at monthlv intervals
are shown in table 56 and I'1g.23. The mean value of the group I and II showed no
significant difference except in the fourth month in which significantly lower valuc was
noticed. In the group III significantly higher value was noticed in 2%, 24, &% apg ¥
month . In {ifth and sixth month all the values are higher than the that of the controls.
The mean value of the group I ranged from 2.80 *+ 0.20 to 7.59 £ 0.84, group II from
2.89 £ 0.31 to 939 £ 0.93, group III from 4.10 £ 0.66 to 12.69 = 1.03 and group 1V

trom 2.39 £ 6.18 to 7.00 £ (3.52.



Table 54 Mean wing web thickness of Ducks, in PHA-P skin sensitivity test at one and a haif months intervals,
fed on diet added with Mancozeb.

Group One and a half month Three month Four and a half month Six month
Ohr 24hr 48hr 72hr| Ohr 24hr 48 hr 72hr] Ohr 24hr 48hr 72hr| Ohr 24hr 48hr 72hr
1 0.35 1.50 0.88 0.41 032  1.05* 062 0.30 033 083 053 0.34 0.33 102 074 037
001  £008 004 002 001 2003 006 1001 001 005 003 001 001 2004 003 2002
I 0.36 1.31 0.81 0.43 033 08 070 0.38 0.33 075 072 0.35 033 083 0.64 0.39
001 004 004 002 001 2003 004 2002 001 005 003 2002 001 2003 002 1002
] 035 124 068 0.37 033 08 063 0.35 0.32 078  0.63 0.35 033 084 0.66 0.33
$0.01 004 004 002 001 2005 004 2001 001 005 004 2002 001 2003 003 2001
1Y 0.36 1.43 0.76 0.40 033 080 065 0.38 0.33 072 053 0.36 033 095 0.59 0.36
$0.01  $008 006 002 001 003 003 002 001 005 003 1002 1001 003 003  £0.02
CD{U.05] 0176  0.140 0.100 0138  0.093 0.082
N=12
# control

rAd



Table 54.1 ANOVA table (MSS), influence of dietary level of mancozeb on PHA-P sensitivity test on Ducks at 45 days intervals.

Source of df One and a half month Three month Four and a half month Six month

variation Ohr  24hr 48hr 72hr {Ohr 24hr 48hr 72hr[Ohr 24hr 48hr 72hr {Ohr 24hr 48hr 72hr
Group 3 0000 0165 0.085 0.009 0.001 0089 0.016 0.002 0001 0110 0.089 0001 0.000 0.019 0.047 0.01
Error 44 0003 0046 0.029 0005 0002 0015 0.022 0004 0002 0.028 0.013 0.004 0.002 0019 0010 0.01
F value 0.103 3.579* 2970 1.799 0.363 5822**0.703 0667 0.363 3.925 7.350**0.137 0.124 1.430 4.496™* 1.44

%4}



Table 55

Mean antibody titre in Duck serum at 15 days intervals,fed on diet added with Mancozeb.

Group Days
15 30 45 60 75 90 105 120 135 150 165
[ 554 667 256.000 149333 106.667 80.000 69.333 1194667 2133333 4266667 3072000 2048000
+102.755 +57 245 +35 697 13492 $13.492 +12 844 1285580 653232 11036464  £1121736  1457.947
[ 469 333 448 000 341333 192.000 149.333 96.000 1877.333 3754667  2901.333 2645333  2030.667
42 667 +131161 138913 28622 135697 +14.311 +707.804  £1415608 1165042 11140406 1223574
1l 1024.000 853.333° 384000 234667  117.333 80.000 2218667 4736000 2133333  981.333 768.000
+228 973 +277 825 +57 243 21333 +10.667 +16.000 411020  $2623844 653232 4339730 280434
#IV 725333 277.333 192.000 128.000 66.667 61.333 3328000 1536000  1664.000  981.333 896.000
+291 261 51377 +28 622 +28622 14557 +15686 1150577  £60.868 575288  1250.973 1262322
CD(0.05)(log value) 0.341 0.293 0.205
N=6
# control

vl



Fig. 22 Mean antibody titre in Duck serum at 15 days intervals, fed on diet added with Mancozeb.
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Table 55.1 ANOVA table( M.S.S ), influence of dietary level of mancozeb on the antibody titre of Ducks at 15 days

intervals.
Source of df Days
variation 15 30 45 60 75 a0 105 120 135 150 165
Group 3 0.111 0247 0227 0165 0165 0065 0165 0126 0215 0376 0.376
Ermor 20 0.062 0080 0059 0029 0057 0053 0119 0228 0152 0129 0129
F value 1789 3.082* 3.846* 5598** 2911 1.238 1.391 0552 1418 2914 2914

ori



Table 56 Mean serum zinc level (ppm) of Ducks at monthly intervals, fed on

diet added with Mancozeb.

Group Months
1 2 3 4 5 6
3.02 2.80 3.48 5.85** 556 7.59
+0.22 +0.20 10.35 10.47 +0.27 +0.84
I 3.43 2.89 3.92 5.86** 7.00 9.39
+0.23 +0.31 +0.22 +0.50 +0.80 +0.93
1l 410 4.95* 7.19* 7.32* 9.10** 12.69*
+0.66 +2.38 +0.54 +0.49 +0.89 +1.03
# IV 3.46 2.59 3.86 4.04 5.33 7.00
+0.40 +6.18 +0.44 10.46 +0.36 +0.52
CD(0.05} 0.555 1.194 1.483 1.883 2510
N=6
# control

147

Table 56.1 ANOVA table (M.S.S) influence of dietary level of Mancozeb on the serum
zinc levels of Ducks at monthly intervals.

Sourceof  df Months

variation 1 2 3 4 5 6
Groups 3 1.193 7.293 22.167 8.986 18.103 39.23
Error 20 1.048 0.456 0.983 1.516 2.445 4.346
F vaiue 1.138 16.018* 22.556**  9.928** 7.403** 9.028*




Fig. 23 Mean serum zinc level of Ducks at monthly intervals, fed on diet added with Mancozeb.
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4.3.12 Zinc content in the tissues.
The mean zinc levels in the liver. kidnev. and muscle ot tour groups oi duck.
sacrificed atter six month of feeding with mancozeb added dict arc shown in table 3%
and Fig.24.. None of the value was significantly different from that of the controls. The

group I showed more zinc in the liver tissue but group Il and 11l more zine n imuscie .

4.3.13 Manganese content in the serum.

The mean manganese levels in the serum of four groups of ducks at
monthly intervals are shown in table 57and Fig.25. The mean value of the group !
showed no significant difference. In group II the values are significantly higher in 3™
and 4" month. Other values were not significantly different from that of the controls
The mean value of group I ranged from 0.050 £ 0.01 to 0.160Q + 0.02 , group I from
0.120 £0.04 to 0.260 + 0.03 .group III trom 0.130 £ 0.01 to 0.340 £ 0.03 and group I\

from 0.090 £ 0.02 to 0.160 10.01.

4.3.14 Manganese content in the tissues.
The mean manganese levels in the liver, kidney and muscle of four groups oi
ducks sacriticed after six months of teeding with mancozeb added diet are shown 1

table 59 and Fig.26. None of the value was significantly different from that of the

controls. In all the groups liver tissuc showed more manganese than kidney or muscic.

4.3.15  Weight of liver and spleen.
The mean weight of liver and spleen of four groups of ducks sacrificed after six
months of feeding with mancozeb added diet are shown in table 60. The mean weight ot

liver in group I was significantly higher than that of the controls. The mean weight of



Table 5§ Mean zinc content (ppm on dry matter basis) of Liver Kidney and Muscle
of Ducks after six months of feeding on diet added with Mancozeb.

Group Liver Kidney Muscle
I 163.333 127167 153.833
+11.584 +14.747 19.505
I 198.000 116.500 302.667
+16.459 +4.994 +56.292
Hi 188.000 135.500 328.667
14 932 +7.076 +86.794
#1V 128.833 119.000 178.000
124.283 +3.985 +14.981
N=6
# control

Table 581 ANOVA table (M.S.S),influence of dietary level of Mancozeb on
the tissue zinc content of Ducks after six months of feeding.

Source of df Tissues

variation Liver Kidney Muscle
Groups 3 4409.264 444 708 46110.15
Error 20 1528.208 462,792 16517.48
F value 2.885 0.961 2.792

150
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Fig24 Mean zinc content (ppm on dry matter basis) of liver, kidney and muscle of
Ducks after six months of feeding on diet added with Mancozeb.
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Table 5§° Mean serum manganese level (ppm) of Ducks at monthly intervals,

fed on diet added with Mancozeb.

Group Months
1 2 3 4 5 6
I 0.110 0.050 0.080 0.160 0.133 0.130
+0.02 10.01 10.02 10.02 10.01 10.02
i 0.120 0.120 0.213*  0.260* 0.236 0.190
+0.04 +0.04 +0.04 +0.03 +0.06 1+0.02
1 0.130 0.160 0.253** 0.340* 0.154 0.160
+0.01 +0.03 +0.03 +0.03 +0.02 +0.02
#1vV 0090 0.120 0.108 0.160 0.131 0.130
+0.02 10.02 1+0.02 10.01 +0.02 +0.02
CD (0.05) 0.093 0.076
N=6
# control

152

Table 5ﬂ1 ANOVA table (M.S.S), influence of dietary level of Mancozeb on the
serum manganese level of Ducks at monthly intervals.

Source of  df Months

variation 1 2 3 4 5 6
Groups 3 0.001 0.013 0.040 0.048 0.015 0.002
Error 20 0.004 0.005 0.006 0.004 0.007 0.002
F value 0.283 2.812 6.673* 12.752** 2.250 0.747




Fig. 25 Mean serum manganese level of Ducks at monthly intervals, fed on diet added with Mancozeb.
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Table 59 Mean manganese content (ppm on dry matter basis) of Liver, Kidney and
Muscles of Ducks after six months of feeding on diet added with Mancozeb.

Group Liver Kidney Muscle
I 59.000 56.167 39.833
+5.026 1+1.662 +2.690
1 62.667 53.167 43.500
+2.095 +2.332 +1.670
1l 58.500 55.333 46.333
+1.335 +0.955 +1.665
#IV 60.167 52.667 43.667
+2.213 +1.499 +1.584
N=6
# control

Table 59.1 ANOVA table (M.S.8),influence of dietary level of Mancozeb on the tissue
manganese content of Ducks after six months of feeding.

Sourceof  df Tissues

variation Liver Kidney Muscle
Groups 3 20.722 17.000 42778
Error 20 54.483 17.017 22.950

F value 0.380 0.999 1.864
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Fig.26 Mean manganese content (ppm on dry matter basis) of Liver, Kidney and
Muscle of Ducks after six months of feeding on diet added with Mancozeb.
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Table 60 Mean weight of Liver (g) and Spleen (mg) of sacrificed Ducks
after six months of feeding on diet added with Mancozeb.

Group Liver Spleen
I 37.917* 812.500
+1.668 $23.132
I 34,667 808.333
+2.300 +37.857
] 28.250 575.000**
+0.889 +39.168
#IVv 30.167 720.833
+1.983 +51.296
CD(0.05) 5.098 111.600
N=12
# control

Table60.1 ANOVA table (M.S.S), influence of dietary level of Mancozeb on the
weight of Liver and Spleen of Ducks after six months of feeding.

Source of  df Tissues

variation Liver Kidney
Groups 3 229.167 148194.444
Error 44 38.398 18399.62
F value 5.968** 8.054**

156
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Fig. 26a Duck liver- group I, II & Ill-treated with Mancozeb, extensive vacuolation
H&E X 160

Fig. 26b Duck liver - group I, II & III-treated with Mancozeb, vacuolation and
leucocytic infiltration H&E X 160
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Fig. 26c Duck kidney-group I, Il & Ill-treated with Mancozeb, hyalin degeneration
and endothelial calcification H&E X 250

Fig. 26d Duck kidney-group I, Il & Ill-treated with Mancozeb,degenerative necrosis,
vascular sclerosis and infiltration with mononuclear cells H&E X 250
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Fig. 26e Duck bursa- group I, U, Il & IV - treated with Mancozeb, fibrous tissue
Proliferation H&E X 160

Fig. 26f Duck spleen-group I, Il & Ill-treated with Mancozeb, depletion of germinal
Center and vascular sclerosis H&E X 160






spleen m group tJ1 was signiiicantlv lower than ihat oi the conirois. bt group 11 voun

liver and spleon showed decreased weight than other groups.

4.3.16 Gross and histo-pathological lesions.
4.3.16.1 Gross lesions.

In the group I and II liver, showed focal area of sub capsular hacmorrhage and diifuse
greyish streaks of necrosis in the borders. In group III liver showed diffuse whitish area and
linear streaks and focal areas of petechiae. In two birds haemorrhage and haematoma were
noticed. Out of twelve livers examined ten were affected . In the control group ne lesion
could be detected. In the spleen of birds in treated groups, petechiac and  suffusion in
the parenchyma were noticed. In the group I and 11 kidney showed no gross icstuii.
the group III kidney showed focal areas of petechiae. Haemorrhagic streaks were tonmnd

1

in the thigh muscles of the same group. In control animal no Iesion could be detectd!

4.3.16.2 Histo-pathology.

Histo-pathological lesions are shown in Fig. 26a to 261 .Severe tatty changes.
focal area of necrosis, infiltration of lymphoid and mononuclear cells and congestion -
dilated blood vesscls were scaii u ihe liver tissue of all the treated groups. Granwha
degencrative changes ot hepatic cells were evident in some sections of hver
Disruption of the hepatocytes and haemorrhage in between hepatic cods were ab
detected in group II1. Dilated blood vessels, loosely arranged lymphoid cells, depletion
of germinal center, thickening of the blood vessel wall and fibrous tissue hyperplasia
were found in the spleen of all the treated groups. Moderate degree of fibrous 1i=ene
proliferation, depletion of lymphoid cells as evidenced by lack of lymphoblastic activin
and tendency for tormation of corpora amylacia were scen in the thymus of ail the
treated groups. Vacuolation of tubular epithelium. haemorrhage at interstitial tisais
calcettication of endothelium of small arterioles and homogenous pink stained materiais
were noted in the tubular lumen in the kidnev of all the treated groups. Depletion of

lymphotd follicle was noticed in the bursa of all the treated groups.
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Chapter 3
DISCUSSION

5.1 COPPER
5.1.1 Body weight

The mean body weight ofi tour groups of ducks reared on feed supplemented
with copper 1s presented in Table 2 and IFig. 1. The mean copper content of the contro!
feed 1s 28 ppm. The group 1. which 1s fed with 100 ppm supplemented copper showed
an increase in growth rate up to 90 days of experiment i.e. four months ot age
( the experiment was started in ducklings of one month age ). From 90™ day onwards a
gradual decrease is seen up to 180™ day of the experiment. The same trend is seen in
other groups also as evidenced trom the table and chart. Hence it can be concluded thai
these levels of copper have no influence on the period of peak gain in body weight.
Though it was not significant, all the treated birds showed higher body weight than the

control except for the first month.

Literature on the effect of copper on body weight in ducks is scarce. In pouitry
Poupoulis and Jensen ( 1976 ) reported an increase in body weight by feeding 250 ppm
copper for four weeks. Similar observation was also reported by Mehring et al. ( 1960 )
and Jackson et al (1979 ). But Lin et al. ( 1965 ) reported a reduction m growth ratc
in poultrv when thev fed copper at R0 ppm or above along with 40 ppm or above ron
for four weeks. Ward er al. (1994 ) observed that 204 ppm copper {or five davs in focd
did not produce any effect on growth. Jackson and Stevenson ( 1981 ) noticed a
reduction in body weight when 200 ppm copper was added in the feed . Stahl er .
( 1989 ) also reported a reduction in body weight gain with 250 ppm copper

supplemented diet.
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Higher levels of copper ( above 500 ppm ) reduced the feed intake and growti

according to Jensen and Maurice ( 1976 . 1979 ) . Jackson ( 1977 3. Jackson or o
(1979 ), Atlavin and Aspite ( 1982 ), Southern and Baker ( 19382 ), Androws { TORE Y

TLeech et al ( 1990 ) and Gilbert et al. ( 1996 ). But Grimmger ( 1977 jcouild
not observe any reduction in body weight gain by 500 ppm copper in the ration

Anjum ef al. ( 1992 ) also made similar observations.

In turkey also an increase in growth rate by 120 ppm copper in the diet was
observed by Guenthner ef al. ( 1978 ). But more than 500 ppm reduced the weight gain,
observed by Christmas and Harms ( 1978. 1979 ) and Potter and Koru ( 1989 ).

The present study in ducks fed with 100-300 ppm copper supplemented dict.
though not significant shows an increase in body weight gain. The body weight gain ot
group LILII and IV are 694, 737. 813. and 594 g respectively which indicate that
copper 100-300 ppm has a stimulating trend on body weight gain in ducks.

5.1.2 Haemogram
5.1.2.1 Ervthrocyte count

'The mean erythrocyte count of four groups of ducks is presented in Table 3 In
group IEven though ail are not signilicant. a higher crythrocyte count s seuii
throughout the experiment. It shows that 100 ppm copper supplemented diel
stimulates the erythropoiesis with no other adverse effect, on feeding for six months. In
group II eventhough a stimulation of erythropoiesis is seen up to fifih month and a
reduction in the number of ervthrocyte is seen towards the end of the treatment period.
At this stage the serum level of copper is found to be more than 0.68 ppm ( Table 1R
In group III a reduction in erythrocyte count 1s seen from fourth month onwards  when

the serum level of copper exceeds 0.68 ppm. Table 1¥ ). In the mitial pertod this groun



also showed an increasing tendancy. when copper 1s graduallv accumulated in the
system starts showing adverse effect on erythropotesis. Stevenson and Jackson (1980)
could not observe any change in haemogram with 1000 ppm copper in the feed for 2
months. But Radzanowsk ( 1989 ) noted an adverse effect on haemopoiesis with 1000
ppm copper fed for 1| Y2 months . Anjum ez al. ( 1992 ) observed a stimulation of
crythropoiesis with 5S00-1000 ppm copper sulphate ( copper is only 40% ) in broiler

chicks of one week age.

Several factors like age, sex, change in climate, muscular activity ete. influence
the ervthrocvte count. Sreeraman et a/l. ( 1979 ) reported a normal ervthrocvie count ol
3.02 m/cmm m ducks. Surendranathan ( 1966 ) recorded 2.96 and 2.42 m/cram tor
adult male and female ducks respectively. In the present study the erythrocyte count of
control group ranges from 2.75 to 3.43 myemm ( on an average 3.02 ) The overall mean
of the observations taken al monthhy intervals for group 1, 11, and Il are 3 25. 3.02 and
2.89 m/cmunr . This shows a tendency for decreasing  the number of erythroeyte as the

level of copper 1s increased.

6.1.2.2 Haemoglobin

The mean haemoglobin level ot ducks is depicted in Table 4. The treated animals
shows a decreasing tendency of haemoglobin values. It is evident from the data that
100, 200, and 300 ppm of copper supplementation in the feed did not atfect the
haemoglobin icvel significantly. Goldberg er al. ( 1956 ) got an adverse eftect on
Liaemopoietic system of chicks fed with 100 ppm copper in the feed for a long period
(‘until the birds developed toxicity ) Radzanowska ( 1989 ) also got sinilar observatons
when adult hens were fed with 100 ppm copper supplemented diet tor 6 weeks.
Rangachar and Jayaprakash ( 1979 ) observed a stimulatory effect on hacmaglobm

synthesis when 10 weeks old birds were ted with 100 ppm copper supplemented dict
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for 75 days along with 100 ppm zinc. but at 105 days copper and zinc did not influence

the haemogram of chicks.

It 1s also evident from the table that haemoglobin s increased as age advances.
[t is in agreement with the observation of Sreemivasan and Rao ¢ 1965 ). In 1-2 vear
old male ducks thev got 12.69 g% of hacmoglobin which is partially in agreement
with the result of the present study. The haemoglobin percentage of controi group
varies from 11.21 to 13.07 g% which is also in agreement with the observation ot
Surendranathan ( 1966 ). He reported haemoglobin level of 13.27 g% in males and
12.3 g% in females. Sreeraman er al. (1979 ) also reported a hacmoglobin valuc ol

13.83g% 1n adult male ducks.

§.1.2.3 FErythrocyvte sedimentation rate ( ESR)

The mean ervthrocvte sedimentation rate is shown in Table 5. Sigmiticant
ditference was not noticed between treated and control values. This indicates that the
level ot copper used 1 the present experiment does not have any intluence on the ESR
of ducks. Erythrocvte sedimentation rate can mainly be influenced bv manv factore
like pathological conditions, alterations in specific gravity of plasma, change in
viscosity - x17e of the corpuscles and fibrinogen content of plasma. The ESR of control
animal in the present study varies from 0.11 to 0.20 mm / hr . This is in agreement
with the observation ol Sreeraman e al. ( 1979 ). In the present study vounger birds
show a higher ESR values and as age advances 1t decreases. Similar observation was
also made by Surendranathan ( 1966 ). He recorded 0.29 mm / hr for one month old

and 0.13 mm / hr for adult female ducks.

§.1.2.4 Packed cell volume ( PCV)
The packed cell volume of ducks 1s shown i Table 6. There 1s no significant

difference in these values between control and treated. indicating that PCV ¢ noy
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intfluenced by copper supplementation al tiese feveis. | he values lor controi dirds vairy
trom 41.13 to 42.20% which 1s partially in agreement with the observation ot

Surendranathan ( 1966 ) who got 40.70% for male and 38.10% for fvmale ducks.

5.1.2.5 Leucocyte count

The mean leucocyte count is presented in Table 7. There is no significant
difterence in values of treated groups from those of controls. The results indicate that
copper ( 100-300 ppm) in the feed has no influence on the leucocyte count of ducks. In
the present investigation, the leucocyte count of control birds ranges from 28.0 to 33.0
thousands/cmm. which is in agreement with the tindings of Surendranathan ( 1966 ). He
observed 31.49 and 28.96 thounds/cmm for male and female ducks respectively.
Several factors like folic acid deficiency , viracmia, age, inflammation, bacterial
disease. tissue necrosis. environment and time of the dav can cause iluctuanons n:

leucocvie count.

S.1.2.6 Differential count
5.1.2.6.1 Lymphocyte

The lvmphocvte percentage of all groups of ducks is shown in Table ¥ and
Fig.2. In the third month group I and II showed a significant increase and in the sixth
month group I and III showed a significant reduction in lymphocyte count. As age
advances, an mcrease of lymphocyte percentage is seen in all the groups. Even though
there is an increase in the percentage of lymphocytes of group I and 1I n third month
and a decrease 1n the percentage of lymphocytes of all the group in sixth month. thesc
values are in the normal range. Hence this can not be considered as pathological  The
value of control birds vary from 61.2 1o 67.6 ®o. This tallies with the observations of

}

Surendranathan  ( 196¢ ). He recorded 68 %o lvmphoceyvie in males and 62.6 "o i
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females. [le also noticed an increase in lymphocvie count as age advances. Devanand

( 1991 ) observed 69 % lvmphocyte in adult desi ducks.

5.1.2.6.2 Heterophils

The mean heterophil percentage of four groups of ducks is depicted in Table ©
and i, 2. In eroup L and 11 there was a significant reduction in heterophil percent. bui
at «ixth month a signmificant increase s also scen in all the treated aroupe Vi
proportionate incrcase is due to a reduction in lvmphocyte count.  The values for
control birds varv trom 23.4 to 29.8 percent. A sunilar observation was made i

Surendranathan ( 1966 ) and Devanand ( 1991 ).

§.1.2.6.3 Kosinophils

The mean eosinophil count of four group of ducks is shown in Table 10 and
I'1g.2. No significant difference could be noted between control and treated birds. The
values for control birds varv from 4.5 to 5.3 percent which tally with the observation of
Surendranathan ( 1966 ) and Devanand ( 1991 ) who got 4.6 and 4.8 percent cosinophi!

respectively in ducks,

5.1.2.06.4 Monocyte

The mean monocvte count ot ducks 1§ shown i Table 11 and ko 2 thoneh
there was an increasing tendency in the monocyte percentage in all the treated group.
none of the value is significantly differenmt from that of controls. The monocyi
percentage of control group ranges from 2.87 to 4.27. However Surendranathan « %66

observed a value of 7.5 percent in dest ducks.
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5.1.2.6.35 Basophils

The mcan basophil percentage of four groups of ducks is shown in Table 12 and
Fig.2. Note ol the values are sigmiicantly different trom those ot controils. Lhe basopiu:
percentage of control group ranges from 0.67 to 0.93 a similar observation was made bv
Surendranathan ( 1966 ). The results of the present study indicates that copper
supplementation at 100 to 300 ppm 1n the {eed does not influence the differenti

leucocyte count of ducks.

5.1.3 Kknzyme profile
5.1.3.1 Aspartate Amino Transferase ( AST )

The AST level of four groups of ducks is shown in Table 13 and Fig.3. Onlv
very tew values show significant difference trom controls. In group 1 sigmticantis
lower value was noticed in the third and fifth month, 8.20 and 8.27 units as compared to
control values ( 10.0 and 13.3 ). Group II also showed a significantly lower value m
tifth month 9.73 and 13.3 umits for treated and controls respectively. Birds fed with the
hichent winount { 300 ppiu ol copper showed a signilicantly lugher salue ( 157 5 dian
that of controls ¢ io.o jn fith month.  Usually damage to hearl, liver, skeletai miuscics.
kidnev and brain tissues, hacmolyvsis and stress  causes an increase m the serum AN
level in duchs. In tissue injury there will be 2 to 4 fold increase of enzyme level m the
seruni ( Coles, 1986 ). Henee 1t 1s evident that copper 100 to 300 ppii does not cause
anv apparent damage to these tissues, Stevenson and Jackson ( 1980 ) also could not
observe any clfeet on thiese ciizymies in hens , fed with 300, 1000 and 2000 ppm coppu
for e1ght weeks.
5.1.3.2 Alanine Amino iransierase ( Al.T)

The mean AL'T level of treated and control birds is shown i Table 14 and Fie o

In the first five months all the treated groups except group I and II in the fourth month
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showed a tendency Lor higher values. In the sixth month all the treated groups showed

lower valves S unite Ythan that ot controls ¢ 13.6 units ).

The ALT level will vary with species, in ducks, kidney has the maximum ¢ ci.
ervthrocyte also has substantial amount. Heart, skeletal muscle, liver and lung have inw
ALT level. Membrane damage to these organs causes 3 to 8 fold increasc in the leve!
of this enzyme ( Coles. 1986 ). Since the difference seen i the present expernneni i
below three told during the entire treatment periods. it indicates that there is no damage

to these organs.

5.1.3.3 Alkaline Phosphatase (ALKP )

The mean ALKP level of ducks is depicted in Table 15 and [iw. 30 Al i
treated birds show an increasing tendency ot the enzvme level when comnared wan
thosc of controls.  Wide variation is seen between normal individual of the nane
species, and with repeated samphing trom the same bird. If there 1s 4 fold increase 10
ALKP 1t 15 suggestive of some 1nvolvement of bone. Intestinal distorbances i
inappetance reduces the level of ALKP. ( Coles,1986) In the present experiment the
greater variation seen 1s in the third month i.e. 25.31 against 9.03 in controls. It is onlv
less than 3 fold increase. suggestive of no damage to skeletal svstem.  The increased
level of treated birds mav be due te growth greater than control birds as cvidenced by

the body weight.

5.1.4 Phytohacmaggiutinin-1* test. { PHA-P)

The menn wine web thickness of ducks injected with PHA-P test 15 shown n
Table 16. Sigmificant difference is not seen between control and treatment and reveals
that copper 100 1o 300 ppm docs not have any sigimficant change in cell mediaicd

immunity.
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5.1.35 Antibody titre.

'The mean antibody titre in the serum of ducks is detailed in Table 17 and tie 6
No sigiticant difforence could be observed  between teated and control. This 1=
agreement with the obeervation of Stahl er al. ( 1989 ). who could not eet anv reenoncs
in antibody production with 150 ppm copper supplemented diet for 3 weeks. However
the present observation is not in agreement with the findings ol Rangachar and Hogde
( 1974 ). who reported a greater primarv response to Salmonelia ealiinarum witly i

N ¥ N ~ S )TQ N N N M T T
ppm coppui suppivneited dict, Rangachar of 2l { 1978 ) noticed o significar® nores

in the synthesis o ig G by feeding 100 ppm copper or zine or boih for 3-5 motuhs in
poultrv.  From the tigure it 1s evident that feed supplemented with 100 ppm  copper
produces an increase ( not significant ) in  antibody response after booster dose of
vaccine. On increasing the copper level in the feed a corresponding reduction in the

stimulation of antibodv level is also noticed.

5.1.6 Copper content in the serum.

RN

The copper content in the serum of birds is shown in Table 18 and g 7
copper level 1s mereased from one month to the sixth month of treatment i W01 i
ueatment groups.  [ie  merease was greater m the  groups fed with more copper.
sigmticant increase could be oheorved only i 4% S and 6" month m sransiit e

0 ppin copper L Redationship between dictary copper and concentration of

mn
i

with 3

copper 1 plasma was also recorded by Ekpergin and Vohra ( 1981 ).

Paiic ef wl. (1974 ) observed a plasma level of 0.12 ppm in hens and 0.1 ppni in
cochs. at ¥4 dav. led with a normai diet. However mn the present study, on 90" day the
control ammals showed a level of 0.3ppm copper in the serum. The present observation
t» not in agreement with the observation of Ward et al. ( 1994 ), who could net get aa-

change n plasma copper concentration when copper at 204 ppm was ted to chicks. In

the serum ol control group also a gradual mcrease in the copper content is seen.
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Markarova « 1978 ) also reported that the plasma copper level of chicks will be

mureased with age,

5.1.7 ¢Copper content in the tissues,

The mean copper content of the liver, kidney and muscle tissucs is shown i
Table 19 and Fig 8. Liver tissue shows the greater concentration ol copper than kidiey
and muscle. All the treated groups show a higher value in a dose dependent manner. but
significantly higher vaiue 1s noticed 1n liver tissue ot group 1l and Iil. Jackson er ai.
( 1979 ) noticed a sharp risc in liver copper concentration by feeding 600 suii pjit,
copper for 336 dav. Similar observation was also made bv Jensen and Mauriey
19790\ relationship between dictary copper and the concentration of copper in the
liver was aiso recorded by Fkpergin and Volira  '9%1 3 Southern and e - 10007

and Proske et al. ( 1991 ).

Owood and Worden (1973) noted 140 ppm copper in the liver of ducklings atter
feeding 200 ppm copper in the feed for 28 davs. In the present studv after teeding 200
ppm copper. mean liver copper fovel was elevated to 822 ppm after six months. The
ltver copper level recorded afier teeding 30 ppm copper ( control group ) for six months

was 323 ppm.

In Kidney also signiiicantly higher concentration of copper is seen i all weaied
birds. ven though there s no stombicant difference, a higher level is noticed m muscie
tissues of 2l treated birds. In the muscle tissue of the control birds the copper content 1<
208 ppm. Marnynavk ¢ ol ( 1980 ) recorded 0.61 to 4.2 ppm copper i chicka.
Thev stated that duck and quatl meat containg more copper. While hens and brovier

chicken contamn fesser copper.



5.1.8 Weight of organs.

The mean weight of liver and spleen of sacniticed ducks 1s shown in Table 26
There 15 no significant difference between the treated and controls reviaiing .
copper supplementation ( 100-300 ppm ) will not significantly affect the weight ot Tiver

and spleen.

5. 1.9 Gross and histo-pathological changes.

[ iterature is scamy  on the histo-pathology of copper toxicity in birds  In the
present mvyestigalion copper suppictiemauon ( (00-300  ppm i the feed  ior sia
months was unable to produce anv erogs lesions in the liver. kidnev spteen and musele
This 1s in agreement with  the observations of Anjum ¢t «f ( 1992 ), who ceuld i
observe any change in clinical appearance of internal organs ot one week old chicks icu

with diet contaiming 500 — 1000 ppm copper.

Histo-pathologicaly  no lesions could be detected m the liver of any  birde,
However. Kamel ef a1/ ( 1971 ) noticed acute toxic dvstrophy of hiver in chicks died m
2-4 duvs afta admiaasuation:  of copper sulphate .5 10 1 g per Kg body woight

Anmum e/ al ( 1992 ) also observed mild degenerative changes m hiver when one weck

old chicks were ted with dizt comaming 500 - 1000 npm copper

Focal vacuolation and necrosis ot tubular epithelium were noted i the kwdney o
birds 1in group U1 ( Fig.8a ). Thickening and congestion of small blood vessels were
also noticed. Kamel et al ( 1971 ) also observed acute tubular nephrosis and necrotic
changes i the kidney of chicks sacrificed at 24 hours after the administration ot copper
sulphate. at the rate of .5 to | g per Kg bodv weight. Those chicks died in 2 - 7 dave

also showed advanced acgencrative chainges in the Kidney.
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i dhe spicen. imiid depiction oi” Iviphoid el the pert arteniolar avereeation

were dotected i groun 1T % reduction 1n the fvmphoeyte count ot the blood. collected
Just betore siaughter, correlates with the depletion. This depletion of lymphoid element
18 not an indication  of anv sigmiicam suppression of immune system as there is i

difference in the antibody titer at thie etnes

in all the birds. including controls. thvmus showed moderate tibrous tissuc
proliferation.  In the bursa. depletion of Ivmphoid follicle was noticed in alt the hirds
{ Fig. 8b to 8d.)These changes are not suggestive of any pathological condition as thesc

organs arc in the process of regression.

5.2. ZINC
5.2.1 Body weight

'The mean body weight of four group of ducks fed with 100, 200 and 300 ppm
zine supplemented diet and control diet are shown in Table 21 and Fig. 9. In all the
groups body weight is inereased up to 20-105" day and later there is a decrease There
iy 10 signilicant difference between the treated and the controls except for the L
observation (130" dav ) in Group [ and 1. in which a signiticantly lower value 1s seen
‘The mean value of group 1l showed a decreasing tendency in body weight gamn Ihrough
out the experiment. Group I also showed a decreasing tendency in body weight gain
atter 75" day. However group 11 showed an mcreasing tendency in body weight gain

atter 15" day.

‘The present observation 1s in agreement with those ot several authors who could
observe a reduction m body weight gain bv feeding 7inc at a level higher than 300 ppm
Robertson and Schaible ( 1960 ) noticed a reduction in growth rate aid feed efficiena
mn dayv old chicks onlv by feeding 300 ppm or more zin¢e m the ration tor 4 weeks.

Sumilar observation was also made by Vohra and Kratzer ( 1968 ) Hermever (1977 )



Pava ( 1950 3 Sowhiorn and Baker ¢ 1983 3 Charles ef a0 1987 s and adreves o
( 198K

In Mallard ducks zine at a level of 3000 ppm in the feed reduced the weight gain
(Gasawav and Buss. 1972). From the studies of Kincaid et al. { 1970 ), they conciudea
that homeostatic mechamsm of voung chicks 1s etfective up to 1200 ppm ol dietar

ZINC.

The present study reveals that zinc up to  a level of 380 ppm of feed « 30
supplemented and 80 in the control feed ) had no significant influcnce on the bod:

wetght eain in dicks

5.2.2 laemogram

3.2.2.1 Erythrocyte count

The mean onvdrocyte count i given o Table 220 There is no stgoificas
ditterence between treated and controls. However m group [ all the mean values show
an mcreasing tendency and group Il show a decreasing tendencv. It indicates that
supplementation of tfeed with 100 ppm zine 1s 1deal for a higher ervthrocyvte count. T
ervthrocyvte count ot control birds ranges from 2.97-3.19 npvemm  which s
agreement with the oheommtion ~F Srxvaman of 2/ (1970 Y wwho got an average 4 3 00
moemm.  Surendranatlian (1700 ) iccorded 2.96 and 242 mocoun in adult aide o
remale ducks respecuvely. The overail mean ol groups i. UL I and iV are 5.io0 5 o
304 and 2H0 mvomm respectively . alse shows a better performance ot group | than

others. It can be conciuded that 1U9 ppin supplementation of zine in the ration has «

comparatively favourable witfucnce on the erythroporetic system

5.2.2.2 Haemoglobin
[he mean haemoglobin level of ducks at monthly mtervals are shown m lablc

Ny

23 The group L fed with 100 ppm zmc¢ supplemented diet showed a significantly higher



value m st second and fourth month  and i group I sigmiicantly lngher vatue onis
m the frst momhi. the overall average of group L 11 HI and IV are 1246 11 o3
i1.73 and 1 LA44 g orespectively. It is concluded that feeding ducks with 100 ppm zine
suppiemented diet had a favorable mfluence on haemoglobin production than othic
eroups  The mean hacmoglobin level of control group 1s 1144, Tius 15 not m
wgievibenn wial Uic observation of Surendranathan ( 1966 ) whio got haerogiobin viiue
ol 12.2 m dest ducks.  The difference mav be due to the variation i the species ui

ducks or a diticrence m the munerale 10 the teed.

§.2.2.3 Ervthrocyte sedimentation rate ( KSR )

The mean erythrocyte sedimentation rate of ducks are shown in Table 24. No
significant difterence 1s scen between the treated and the controls. The over all mew:
ESR of control bird is 0.115 cm/hr  This is in agreement with the observation
of Sreeraman ef «/. ( 1979), who reported an ESR of 0.1 in adult male ducks
Devanand | 1991 1 recorded an ESK of 0.12 in adult dest ducks.  This indicates thai

Zne at thie fevel ¢ 1002300 nnm oy has no inthyence on the KSR ot ducks,

A, 2. 4.4 Packed cell volume ( POV )

e niean pachad oJH onane sUducks at monthly mtervals are shown m Takle
the treated groups shiov o osigntficandy higher value by the last month of
experiment. There is a tendencv among treated animals to have a high PCV value. The
POV of control birds vary Arom 2967 to 41 30 %6 The over all mean 1« 4037 s o
n agreement with die vbservaiion ol Surendranathan { 1966 ), who gol o wivan vadue

39.40 %o 1n dest ducks.

5.2.2.5 lLeucocyte count
"The mean leucocyvte count ot ducks treated with zinc 1s shown i Tabie 20 iven

though all arc not significant, treated groups are showing a tendency for higher value



However. in group I and 111 the value at 3™, 5" and 6™ month is significantly higher.
This reveats that fonconoers 1o stimminted by all thees Tovels of vie supplomentar e
i the feed. The leucocyte count of group IV ranpoed fom 2708 00 3700
thousands cinim. wilich is M agreement. with tile  observativit ol Sirenaranatiidil

( 1960 3 who eot 31 49 and 28, 96 in male and female adult ducks respectively

.2.2.6 Differential count

th

¥ ]

.2.2.6.1 Lymphocyte

The mean lvmphocyvte count of four group of ducks at monthly itervals are
detailed in Table 27 and Fig. 10. In the first month groups [ and II. and in the second
month groups II and III onlv show s & stpmficanth higher values, Tt s cvidcnd o0 o
data that zine at 100 10 300 ppm an the feed 1s not having anv influence on lvmphocvic

st oon dueks Veonee advoners anm

rease 1 porcentage of Lymphocevie 15 seen e
A e croups, The evarail mcan value of conirol group vary from 56.58 to 53.505 7o
The value s shghtiv less than that observed by Devanand ( 1991 ) who got 69 “6 and

Surendranathan ( 1960 ) who got 68%0 and 62 %o in male and female ducks respectively

5.2.2.6.2 Heterophils

The mean heterophil count of ducks 15 shown in Table 20 and Fig. 10. Groups !
and 11 show a sigmficantiy lowa ncteroplul percentage 1n the first and sceond niontii,
However eroup I shows a significantiy lower value only 1n the second month o
other value s significantly different from contrels. As there 1s no significant difforenee
m the total leucoeyte count during ths period the chances of immune suppicssioli i
not seen. The mean heterophil percent of control group vary trom 26.42 to 3317 i
1s In agreement with the observation of Devanand (1991 ) who uot a heterophil covnt
27.6%0 m dest ducks. Surendranathan (1966 ) got a vaiue of 22%0 and Zo%s i i i

sonioyvmg lemale ducks respaeiively.
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5.2.2.6.3 tosinophils

‘The mean cosinophil count of ducks 1s depicted in Table 29 and g "0 [here
(v no signtficant dilference detweent treated and control groups. "The mean vaiue o
control group ranged trom 5.00 to 6.33%. which is in agreement with observation of
Surendranathan ( 1966 ) he recorded an eosinophil percent ot 5.2 in adult ducks.
Srecraman ¢ af. ( 1979 ) observed an eosinophil count of 7% in male Mallara duvie.
Fabar  TOXI oo 40 e cosinophts e ducks.
3.2.2.0.04 MOBOCY e

The mean monosvte cotm <t Bae oy of ducka e arven in hable 0 and v
10. Significant difference s nioi shoorved Detween the reated and control. The valuc
tur control bieds ranged troin 342 to 4.25. which 1s slightlv less than that observea i

Surendranathan (1966 ) and Sreeraman ef al. ( 1979 ).

§.2.2.6.5 Basophils

‘T'he mean basophil count of ducks fed with zine supplemented diet and control
diet 1s detailed in Table 31 and Fig.10. None of the values were significantly different
from those o the controis. The mean value of the group TV ranged trom 0.63 10 0 &%
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.2.3 .1 Aspartate xnno | raasterase ¢ ANT )

The mean AST level of four group of ducks is shown in Tuble 32 and Fig 11
The mean AST level of treated groups in first and second month was significantly less
than that of the control values. indicating that no tissue damage has occurred by these

levels of zine. By sixth month. as zinc lovel is increased in the serum and tiscies ar



imcrease 1 the fevei of AN T was noted. Data of 7zinc status o s o dic Seadiis
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5.2. 4.2 Alanine Amino Transferase ( ALLT)

The mean AT eveds of four groups of ducks at monthly mtervals arce shovwn u
Table 33 and Fig. 12. Group I showed a significantlv lower value 1n second. third and
fourth month. Group II also showed a significantly lower valae in tirst wonth, {5 b
month all the treated group showed a significantly higher value. Through out iic oo
of expermment group (Il showed a tendency for higher ALT level than control
However significant  difference was noticed only in the first, the tifth and the sixth
month. This shows that higher levels of zinc adversely affects the ALLT level. since by
sixth month all the groups are showing  signiticantlv higher enzvme values
Cunmwdation o zinc e tie tissues o serwn also influcnice the ALT levels. Anage
advaliees o giduddi feducton o Ladoioievel is noticed 1 both control and ircaicd
groups.  In membrane damage 2 1 to ¥ foid mncrease mn enzvme level e seen ¢ Caloc
1986 ). In the present study nene o the vaies were near the 3 told increase i the
serum fevel of AL indicaung that ne memibrane damage s induced by feeding lugiior

levels of zme up 1o 300 ppm in the diet.

5.2.3.3 Alkaline phosphatase ( ALLKP )

‘The mean alkaline phosphatase level are depicted in Table 34 and bre T2 1
shows that all the values of treated groups are higher than the control groups, even
though au are not sigmitcant. ‘There s a gradual reduction in ALKP level as the hirds
advances m age. Scrum Al KP fevel relates to the rate of growth of bone tissues Thre
may be the reason for the reduction in ALKP as the age advances. There is a drop b
the fevel or enzyme wr all the treated groups e urth month.  Intesunal distarbances

or mappetance  reduced the level of ALKEY ( Coles, 1980 ). For an mvolvement of ainy



svstem there must be at least 3 told increase in the enzvme level. Since  there s no
such merease m the serum level of ALKP in the present studv. mdicates that 7ime

this level { 100 to 300 ppmi ) will have no pathological effect on such organs.

5.2.4 Phytohaemagglutinin —P test ( PHA-P )

‘The mean value of PHA-P test s shown in Table 35. From the daia it
evident that supplementation of zine 100 to 300 ppm in the diet will not signiticanth
alfect the cell mediated mnmumty. This is in agreement svith the obecr e
Pimentai and Cook ( 1988 ). who had observed no mfluence on the delaveu
hvpersenativity 1o PHEAP roet boaypnlementation of zine ¢ 30- RO ppm ) in the dhet o
hidh Phaeatdd o 2D 1291 a0 el stnadar observation |, when they ted ane T
weeks ai the rate o 3-8 ppun of feed in chicks, However Kidd e7 a/. { 1993 5 noticad wi
increase m basal hyper sensitivity o PHA-P in the progeny of hens ted i

supplemented zine-methionine 1 come-sovabean meal.

5.2 .5 Antibody titer
The valussol antibody titer are shown in Table 36 and Fig. 14. None of the valuus
were significantly difterent from controls, except 9 obscrvation ( 13 5t dav ) onwiras

of group L This indicated that 7inc at 200 ppm when fed beyond 4 months stimulatad

the anubody production mn ducks.

Buras ( 1983 ) stressed the need ot 7ine for immuane svstem. but Prmente! ane
Cook ( 1988 ) and Pmmentel et ai. ( 1991 ) could not observe any change m immunc
response when chicks were ted b zme deticient diet. The present observation s
agrecment with the oheervation ot Rangachar ef #/.¢ 1078 Y They could not ahserve anv
change i the immune globulin ievel by ieeding zine at the rate of 100 ppm i the Lo
for 3-> months mn cockrels.  Shovimka and Dandu ( 1986 ) gol maximumi antibody

response with 200 ppm zinc than with 50 or 400 ppm n the ration of chicks kidd er /.
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( 1992 and 1993 ) recorded an increase in antibody titer of progenv when dams were

fod with 77150 e zme supplemented ration as zine methionine for one month,

A 2.6 e content i the serum
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Steniticans ficher salue was noticed in all the treated groups only in the 47 3™ and
6" month. A gradual increase in the serum concentration of zinc 1 seen mn controf
group as age advances. In the treated group a more rapid increase proportional to the
level ted 1s seen. Thas tally, with the observation of Makarova { 1978 ) who noticed win
increase m zine fevel i serum as age mereased. and the peak  concentration was
recorded when cgg laving was i full svwing 7o, 527 months, Makarova and Chebal-
( 1979 ) lound that during egg laving the zinc content mn the serun is iiicicascd (o -4
ugmi. This 1 m agreement with the present observation n controls. 'The serum »inc
Iovel observed at 4% to 5 month was 3.44 to 3.99 pg/ml. Bettger et al. ( 1981
observed a plasma zinc level ot 1.3 pg/ml when 100 ppm zinc supplemented diet was
fod to chicks

o N A" 4 DR UNIPUIL NS MU LS
5 . SEEmem e et Y ThO GETuCK

LHe tican Zime content oi inver. hidiiey. and muscle o1 ducks 15 shown i 1 abic
3¥and Fig. 16, A steniticantly hrgher vatue 18 notced only 1 tic case of fiver i orong

e et ]
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the seruin sine tovel Ohoer o
stressed the mvolvement of metallothionine 1n zinc homeostasis. Richard er ul. ( 1980
opioned that metallothionine mav function as a conservation mechanism to prevent it
loss of zinc and copper during tissue catabolism. Thev noticed an increase in the level
ol anic v o and Kidiey on fasting, the turkey. Refeeding resulted in a decline m zine
level in these organs. 1t is revealed that during fasting a zinc copper bindine nrotemn

Y pocordod

metallothionme i wereased and decline with feeding. Dressel of ol ( 1088
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fiver zme concemranon ot 134.ippm 1n ducks.  fowever. m the oresent studv the
higher hiver zime concentration observed was 148, 1ppm in kidney o ftreated groups
The zinc content was not significantly different from controls. The highest lovel wa

seen with 100 ppm  and lower level with 300 ppm zinc supplemented diet.

In the muscle tissue also no significant difference was observed in zine Jevel
between the control and treatement groups. A higher concentration of zinc was noicd
with 300 ppm and lower concentration with 200 ppm zinc supplemented dict.revealing

the involvement of some regulatory mechanism in these tissues also.

5.2.8 Weight of organs
he mean weight of hiver and spleen are shown i Table 39 und Fig. 17 Thare

o

was no stemficant ditterence i the weight oi'these organs between treated and controls.

5.2.9 Qisto-pathowgics: exantilanon

In birds fed with zinc no gross lesions could be seen except tor dithuse
petechiae in the liver of birds in group Iil. Breeding et af ( 1992 ) could not obser¢
any lestons in chicks ted with 2800 ppm zinc in the diet. However Gasaway and Buss
( 1972 HYreported vellowish red colouration of kidnev when 3000 — 12000 ppm of 7mce

was fed to domestic Mallard ducks.

Birds belonging to group HI showed mild lymphoid infiltration in the liver. In
the spleen, mild depiction ol Tyimphotd codl s noiiccd, whidhwaesinot suggestive of aiis
umnune sunpresston as there wosno rediietion in the anubodv nroduction anrms i,
stage.  Congestion and ditthes salerficatnion of endothehum of small blood vessels
in the kidney were noticed m group I and il (111g.10a). Depletion of lymphoid ioliicic

in the bursa and Gibrous ussue proliferabon of thymus were noted n ail the birds



17%
(Fig.16b 10 16d). Tius can not be considered as pathological as these are normal [calures

ot reorequron

§.3 MANCOZEB
5.3.1 Body weiglid

Mean bodv weireht ot toar sroups ot ducks reared on feed added with viancorei
at the rate of 1000 TS00 and 2000 nmmy and saeteal Food woith ot Mancoreb g shown
in Table 40 and Ui 170 lo oroap 0 and 1 the body weight 1s lower than tic
corresponding controls, with significant ditference from 90" 10 133" dav o the
experiment. Group | fed with 1000 ppm Mancozeb showed no significant difference in
the body weight with controls. This mdicates that 1000 ppm Maincooch b o Lk

ettect on the growth ot ducks. Howcever 1300-2000 ppm causes adverse eficct on the

growth.

The weigiht of birds increased up to 90" 75" and 75" dav of the experiment in
group L 11 and I11 respectively. In control group this value is 75" day. indicating that
Mancozeb does not have any signiticant influence on the period of peak gain in body
weight of ducks. Literature on the influence of Mancozeb on bodv weight of birds are
scanty. Some stadies on related compounds have been conducted in other specics.
Begliomini of o/ v 1767 ) noticed a reduction in weight gain in broiler chicks wiiun
Ziram was ted at ihe rate of {000 ppm ot the teed. Hore ef ai. ( 1997 ) also noticed o
reduction 1 body weight in rats when Mancozeh was ted at a rate of 400 mg per Lo
body weight for 49 davs. Carlonebbia er al. { 1991 ) observed a reduction i bad,
weight in calves fed with Zineb at a rate of 200 mg per Kg body weight for 80 davs.

These observations. cven though related to other species, are in agreement with the

preseni findiags.



5.3.2 ilaemogram
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The enviinoovie count C midlions per enun ) of ducks treated with Mancoscls o
shown i ['able 41. "T'he overall mean value ot three treated and the control groups are
2.89. 2.90. 3.04 and 2.88 respectivelv. All the values fall in the normal range. This
indicates that there is no adverse effect on the erythropoisis in treated groups. Much
mvestigation has not been done on the eftect of Mancozeb on ervthrocvte of ducks.
Sreeraman ot al ( 1979 Yrecorded value of 3.02 and Surendranathan ( 1966 ) recorded
2.92 and 2.42 in adult male and female ducks respectively which 1s partiaiiy i

agreement with the present observation.

5.3.2.2 Haemoglobin

The mean haemoglobm levels { g Yo of ducks are shown in Table 420 Data
the present study bndicate that Muancozeb 1000, 1360 and 2000 ppm Joes not hase
significant eftect on the pacmogioinn Jevel m ducks. The overail mean hacmoglobin
level of Group L 1l and lIT are 11 45, 11,47 and 11.49 respectivelv and of control eronn
is 11.50. The mean hacmoglobin valuc observed in the present studv for control hand
varies from 10.5 10 12,3 winch  partially agrees with the observation by Sreenivasan
and Rao ¢ 1965 ). Sreeraman et al. ( 1979 ) and Surendranathan ( 1966 ). ‘Thev

observed haemoglobin level s of 12,8, 13.8 and 12.2 respectively.

5.3.2.3 Erythrocyte sedimentation rates ( ESR )
The mean ESR (. mm per hour ) is shown in Table 43. The mean viducs ware
not signiticantiy drtverent trom those ol conuois. reveaiing fhat reatment has no

wigmticant ¢ffect on the PSR of ducks.



5.3.2.4 Packed cell volume ( PCY

The mean packed coll voiume ( percent ) is detailed in Table 44.The overall
mean value of weated groups 1. 1L 11l and control are 41.90, 42.37. 42.60 and 41 .86
respectivelv. These values indicate that the treatment with Mancozeb has no influence
on packed cell volume. Howcever, Tore er al. ( 1997 ) noticed a reduction in PCV
when rats were ted with Mancozeb  1This mav be due to species ditterence. |'he packed
cell volume of control hirds 1s 41.86 which 1s not significantly different from the value

obscrved by Surendranathan ( 1966 ), who observed 40.7 in male desi ducks.

'th
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1he miean icucoeyie couni v iousands per cnum ) of ducks 1s shown m Labie «>.
Most of the values in the treated group show an increasing tendency in the number ot
leucocyte count. However towards the end of the experiment ducks in group 111 show a
reduction n the aumber ot lcucocvie indicating  adverse ettect of higher amount of
Mancozeb on leucocvie production. Hore ef al. ( 1997 ) also noticed a reduction n
total leucocyte count m rats fed with Mancozeb. The overall mean of treated group: L
I1, II and control group arc 37.9, 42.5, 40.9 and 36.8 respectively. The mean vaiue ui
control group s <lightlv higher than that observed by Surendranathan ( 1966 ) who got
31.49 and 28.96 in male and female ducks respectively. Krishnan Nair ( 1990 ) noticed
mean value of 24.8 10 36.1. However the present observation endorses the observation

of Sreenivasan and Rao ¢ 1963 ) who observed 37 4 in ducks,

3. 2.6 Differential count

¥4
*s

$§.3.2.06.1 Lymphocyic
The Ivmphocvie percentage 1s shown 1 Table 46 and Fig. 1¥. [t 1s evident ioin
the table that the lymphocvte percertace te not sigmificantly affected by the treatment,

Fhe overadi mean o group L ILTII and control are 71.15,70.82, 71.0 and 7077
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respectively. indicating no  significant  difference.  The control group shows

range of 67.67to 74 . 83 percent. This 1s in agreement with the value observed by

Dovanand « 1500 oy yonee sl 00 pereont i_~.;nphm.)k o adult dest dicks
Surendratinnan U065 cofiuad oo ociedi SPROCVIE I MAies and 02.60 percat 1.

females. nlen noticed an increase i lvmphocite counf as age advances. the precent

study also agrees witih thie above sbeervations.

5$.3.2.6.2 lleterophils

‘The mean heterophil percent 1s detatied in Table 47 and Fig. 18. 1t indicates that
the treatment does not have any influence on the heterophil percent in ducks., ‘the
overall mean of group I, 1, lII and control are 19.61. 18.98. 1941 and 20 3%
respectively. Only narrow difference is seen between groups. In control group tic v aiue
ranges trom 19.00 to 22.0%. which s partially in agreement with the previous
observations.  Surcadranathan { 1966 ) abserved 22 percent heterophil in malos and 77
percent i non laving temale ducks. Devanand ( 1991 ) got a heterophii percent ol 27.¢

in desi ducks.

5.2.6.3 Kosinophils

The Mean costnophil percentage of tour groups of ducks is shown in Table 4%
and Fig. 18 No significant diforence 15 sean between vonteod and treaied hinds T
Proves that cosiiteping parcentage 1s not miivenced by the treatment.  The overail mean
shows narrow difference. Inogroup L 1L I and 1V the values are 5.08. 6.29. 563 and!
5.43 respectively. The percentage of cosinophils for control birds varies from 4.92
6.33. This 1s partially in agreement with the observation ot Surendranathan ( Yoo )
who reported an cosmophil percentage of 2.40 1o 5.20 in different age groups. | ahir
( 1982 ) also noticed w value of 4.8 percent evsinophil in ducks. However, the presen
observation i sirenty fower than tie vaiue noied by Sreenivasan and Rao ¢ 1963 o

Srceraman <f 7/ 21079 they noticed an cosmnophil pereentage of 6 Qand 7 i dust -
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D040 Mpnecyies

The mean moseavte porcent of four groups of ducks is detailed m tabic 29 ang
Firg, 18 None ot the values are sigshcantly ditferent fromy controls. Hiwe averali mean
15 3.39. 3.11. 3.18 and 3.29 tor group 1. 1L, l1l and IV respectively which also mdicates
the non significance between control and treatment. The values ot control birds range
trom 292 to 3.83. ihe present observation is less than those obscrved by
Sarendranathan ¢« 1966 ) who reported a mean count of 7.5 percent in desi ducks.
S.3. 2. 0.5 Basophils

The mean basophit count o ducks gs chown m Table 80 and Fig 190 Ne
sorificant difference can be scen borween control and wreatment. The overall mcan 1

GRZ. T 077 and 075 vor gronp 1, i1 and control respectivelv,  In conwrols b

vl manees from 063 1o 0920 this o agreement with the observation of

1
H

surendranathan ( 1900 ) who observed a mican basophi percent of C.5 10 0.6 i dow!

ducks,

5.3.3 Enzyme profile
3.3.1 Aspartate Amino Transferase ( AST)

The AST levels of ducks fed with Mancozeb added dict are shown in Table 73
and lig. 9. In the first two months all the treated groups show higher levels of
enzyvmes and for the rest of the pertod a tendency for more reduced level than control 1s
noticed. Tlowey o, none of e values of treated groups are 2 to 4 010 tha the doriedd
values wheh vficaes no oapparent darnage o the bissnes, Studies of Mancozon om

A R [N A SN BT RN T P T S 1ver sam aivammescn  fc veep f1me mamsce ame -
SR S A Sad v st However i vitro studics i human serum o

racraad an adninitorcor s rovel by Mancozeb ( Rara and Celik, 1997).
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5.3.3.2 Alanine Amino Transferase ( AL1)

1

e mean AL fevels of four groups of ducks are shown in Table 52 and iz, 20
Fven though majority ol the vaiucs are significantly fugher than the controls. vl vne
value ( second month of group I ) shows more than 3 10 & told 1wrease than tiu

nortiai lovcl which idicates some damagg to the mcbrances ( Coles , 19806 ).

¥ {1

3.3 3 Alaline Phoaenhatase

Thie mean alkaiine piwsphiatase levels of four groups oi ducks are depion 1
fabte ~s and trg. 210 A (endency for higher enzvme fevels n freated groups than
controfs i noticed  for the tivst three months.  Except tor the last month ot the
experimicnt a gradual reduction in the enzyme level is seen from the first to the fifth
month. It can be due o normal reduction m the bone tissue Loriation as age advanoes,
During the fourth to the sixth month a tendency 1s seen to reduce the enzyme leve] than
controls. It may be duc o sntcstinal disturbanices or inappetance | Coivs, 17846
Studics on the cticet of Mancozeb on Alkahine Phosphatase ol birds are scamy
[However . Kara and Celik { 1997 1 nioticed a reduction m the  fevel of human sernm

Alkaline Phosphatase in vitro by Mancozeb.

2504 Phatohaemaglutinin P skin sensitivity test ( PIIA-P)
G oo Ten o e e VY s s Aol 15 abie . A

Oniv tow vatues show wiombionn chanee with controls, indicating that treatment had

onhy negiigivle willucice on the eeli iediated nmmunity.

5. 3. % Angibody titre
The mean antibody titre of four groups of ducks is shown in Tuble 37 and 7o
22 . From the data it can be concluded that Mancozeb does not have any unnuinc-

suppressant action,



5 .0 e content w the serum

| S

AN . ey .1 . B
v [E RIS VAR § I Y

oo e rias teveh ot the cxparimentat and conteol G
Tabie 2o ane tie 230 There s a eradual merease m the serum concentration ot Zine i

Al the oroune mehidimo controle. Ac qoe advances, nronartional 1o the level m rha tend
orouns mehidima controd LS Age 2 nees, nronorts

SRR T . v T s s o MU P PR o o S o
o Hli_jgui U Y B .- Ciite tiwalll 5;\/{51:.'3 N R 2 R T S TR T N VT S v (ORI N O IR

will increase the serum content ot zinc.

5.3.7 Manganese content in the serum

1The mean mangancse level in the serum of ducks 1s shown m Table 37 and Fig.
24 In all the treated groups. as nee advances there 1@ a tendency for inereased cormm
level of manganese. 1 e highest levei s seen by the fourth mont and then ihere is a
rednction probably dne to epe lavine  vom the data 1 can be concluded that it wiil

dovaanarr bat x dan thay s e vt it e v odien o
. . HDARN B Do PERRS RS S
)

8. 3.8 Zinc content in the fieeyes

Flc tncan 2ind conicin i 1ooe, maduey wad Mascele on treated group is showr
Table 38 and Fig 25 There s no cohcent ditference between e treaied uiey - u
controls. LAccumulation 1s more m the muscles than m the hiver or i the Kudney | in
aroun Dmore conentration noscen duihe hiver. It can be concluded that Mancoseb

dddition o b dien wiil merease the accumulation of zine in the Muscies.

5.3.9 Manganese content in the tissues

The mean manganese content 1« shown 1 Table 39 and Fig. 20, ‘There s no
ciepiticant diftference betweeen treated and controls. This indicates that Mancoreh
addition to the dict has no cifect on the manganese accumulation in Uic Lissuvs, it ali

the croups ncludme controle more conceniralion oF Manganese 15 sogi 1w et
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than in muscles. revealing that manganese will accumulate more in the fiver tssug than

m muscles.

5.5, 14 waeght ol liver and spleen

The mean weight of hiver and spleen is shown in table 60, The weight of Tiver i«
sigmbicanthv higher i group 1. than controfs. Lven though not sigmficant. group L
also chowe hieher liver weioht, However, group [ ( fed with 2000 ppm Mancozeh
shovas s reduced liver weight. The results indicate that 1600 and 1500 ppm Manco b

has no adverse ettect on hiver weight but 2000 ppm adversely aftects it.

-

i e e HT shows stenhicanthy boaver weizht than coutrols
= i o o &

However. group 1 and 11 show better weight ot spleen. This reveais that Juuy ppim

Mancozeb will have adverse ettect on the weight ot spleen.

5.3. 11 Gross and histo pathological examination

Birds fed with Mancozeb showed gross lesions i many of the interre!l oo
Focal arca of sub capsular haemorrhage and ditfuse grayish sireaks ol necrosis m uic
borders ot hver were noted m birds belonging to group I and I1. [iver tissue of biras

belonging to woeup 1T showed  linear streaks of petechiae. haemorrhawe o

HACTIGLO G Tl aGUTTON W ile FCsivns il grougs i,
e piv o and hadiiey alsafocat e of petedhiae were noted. Duning s peis

ammmal showed  stombicanthy hivher fovel off Aot and  Aikabine  poes phaiie.
P)uqhng'nun‘ or 20 VTOAT v natied spteritie ranal and honatotranby and home braariog

RS R R IS TR AN SN "ot YA et 7, oY Y I A ] 1
SR NN RN N R P P S S S e 1 NS I L NS AR S PR S W 8 COIT AT 10 A e

Tihe present hinding revealed that Mancozeb 1s tosic 1t fed for six months. at the raic o

1000 - 2000 ppm in the teed.
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Histo pathological crammation of liver. Kidnev, spleen thymus and huorea o
ircated birds showed iosiuus  Fig. 20 w0 Zoi ). Sveerote changes were ot it dhe iv ..
nssUe o et e ritbad bivdss hese chanees were more i group HI ¢ fed with more
Mancozek b Here or 40 £ 1007 4 noted emusordal congestton of Tivor conoectron e
1~ . - o1 B v 11 i e Lt oL 1 X - 1 - ooy . ‘
GAuiIGIT e e nd cpida b Dondiie - vnd o AT I Fde aaited boadilly, aadiivoZed o i s
400 mg per sg bhody werghit jlor 49 davs. In the present studv also. spleen showed
dilatation and thickening of blood vessels. fibrous tissue proliferation and depletion ot

germinal contre,

kxtensive vacuolation of tubular epithelium, haemorrhage in the mnterstetias
tissuc and calcification of cadothelivm of small arterioles were recorded in the kidnes
of treated birds. These changes are suggestive of Mancozeb toxiciiv. in thvmus and

bursa deplction of lymphoid element and tibrous tissue hyperplasia was scen.






Chapter 6
SUMMARY
An investigation into the toxicity of dietary levels of copper sulphate, zinc
sulphate and Mancozeb in ducks was carried out at the Department of Pharmacology

and Toxicology. college of Veterinarv and Animal Sciences. Mannuthy. One hundred

and fiftysix. one month old clinicaly healthy White Peckin ducks from the same hatch
sulphate. zinc sulphate and Mancozeb supplemented teed.

In phase one, sixtv ducklings were used. They were divided in to four groups of
tifteen cach. Group L II and Il were reared on feed supplemented with 100. 200 and
300 ppm clemental copper (as copper sulphate) respectively. Group TV was served as
control and reared on the same feed of experimental group with out copper

supplementation.

In phase two, tortyeight ducklings were used and they were divided mto four
groups of twelve each. The treatment groups L II and Il were reared on feed
supplemented with zine ( as zinc sulphate ) 100, 200 and 300 ppm respectively. Group
IV was served as control and fed with the same feed of experimental groups with out

zine supplementation.

In phase three. forty cight ducklings were used. The treatment groups I, IT and I1]
were reared on feed added with Mancozeb 1000, 1500 and 2000 ppm respectivelv i he
control group was reared on the same feed of experimental groups with out the addition

of Mancozceh.

The parameters observed include 1) Body weight at fortnight intervals 11! the

end ( six months ) of the experiments. 2 ) Haemogram which include total erythrocyte
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count, total and differenuial leucocyte count, haemoglobin. erythrocyte sedimentation
rate and packed cell volume. These were recorded at one month intervals. 3) Fnzvine
profile-include Aspartate amino transferase, Alanine amino transferase and Alkaline
phosphatase in serum at monthly intervals. 4) The cell mediated immunity ot bird.,
were assessed at ntervals of 45 days by PHA-P skin sensitivity test. £ Humora!
immuniiy nwas assessed by oestimating the antibody production against ED-76 viral
vaccine at 15 davs intervals by HA and HI test. 6) The element content in the scrum
was estimated at monthly intervals 7) The element content in the tissue was estimated
at the end of the experiment afier sacrificing the birds. 8) Gross lesions of the internal

organs and histo pathological lesions of lymphoid organs were noted .

The results revealed that the body weight of the birds were not significantly
affected by teeding copper ( 100. 200 and 300 ppm ) supplemented diet. However. all
the treated birds showed a tendency tor higher body weight gain than the controls. In
all groups including the controls peak gain in body weight was seen on the 90" day of
observation ( ie the 4™ month of age ) which was also not significantly affected by

copper.

Stimulation of ervthropoiesis in ducks reared on feed supplemented with iCu
ppm copper was observed. However. in group Il and 111 ( supplemented with 200 and
300 ppm copper respectively ) this effect was reversed, révealing that supplementation
of copper at 100 ppm level in the feed is ideal for ervthropoiesis if fed for a longer
period. The haemoglobin level was not signiticantly affected by copper at these
levels. However. a decreasing tendency in haemoglobin value was observed in treated
groups. The packed cell volume and leucocvte count were not significantly affected bv
these levels of copper. the varnation in the differential count noticed between groups

are within the normal ranges.



1T oG
NS

The enzvme  Aspartale amino transierase. . \lanmne amino iransferase and
Alkaline phosphatase were showed differences between treated and controls at certam
stages of experiment. This observation has no clinical significance, as these values have

not deviated from the normal range ( less than 3-4 times that ot the controls ).

The cell mediated immunity as evidenced by the PHA-P test did not show any
significant difference between treated and controls. The humoral immunitv assessed tn
HA and HI test was also not significantly different from controls. These data suggoste
that copper 100-300 ppm  supplementation in the feed has no significant mflucnee
the antibody production in ducks. However,an increasing tendencv was secn

eroup [ .after booster dose of vaccination.

The serum copper level showed proportionate increase with respect o the
duration of treatment and level of copper in the feed . Among tissues anaiveed for
copper content the liver showed greater concentration than the kidney and the muscle.
All the reated groups showed a dose dependent higher values. The weight ol the fiver

and spleen was not significantly altered by the treatment.

In tiver, kidney and spleen no gross lesion could be detected. Histo-pathologicai
examination showed tocal area of vacuolation and necrosis ot tubular epithehum and
thickening and congestion of’ small blood vessels in kidney of birds belonging to group

I In other birds no lesion could be detected.

Feeding of zinc at the rate of 100, 200 and 300 ppm as zinc sulphate in the dict
showed no significant mtluence on the body weight. However, group I1 ted with 200
ppm zinc showed an increasing tendency i body weight gain. Group ted with 160 and
300 ppm zine supplemented dict showed a decreasing tendency in body weight gair,

indicating that 200 ppm supplementation 1s ideal for growth.
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On ervthrocvie count no significant difference was noticed. However group |
showed an increasing and group III showed a decreasing tendency. 'This reveals that
100 ppm zinc supplementation is better for erythropoicsis. Hacemoglobin level alse
showed a flavourable mtluence mn group I ( fed on 100 ppm ) more than the othe
groups. The ervthrocyte sedimentation rate was not affected by zinc supplementation.
Packed cell volume of all the treated group showed an increasing tendency . All levels
of zinc supplementation showed a stimulating tendency on leucopoisis.  Differeniial

count was not affected by the trreatment.

Zinc supplementation at the rate of 100 - 200 ppm for six months or 300 ppm
tor one month showed an increasing tendency on Alanine amine transterase fevef 1he
alkaline phosphatase level also showed an increasing tendency in all the three groups
The Aspartate amino transferase level was not intluenced by these levels ol zmc in the
teed. This increase is not indicative of any tissue damage as differences are not enough
tor clinical significance. The cell mediated immunity showed no difference between
reated and control group.  However. 1n group 1l humoral immunity showed u

tavourable response after the fourth month.

The serum zine levels of control group showed a gradual mcrease as aow
advanced. In the treated group a more rapid increase ot the zinc level proportional to
the level fed was noticed . Tissuc coneentration of zine was significantiy higher i Live
of group I but 1t was not proportional to the serum zinc level. There was no signilican:
difterence in the kidnev and muscle zinc content between treated and controls  [he

weight ot the liver and splecn of treated groups was also not affected by treatment

One ammal i group [I showed diftuse petechiae and moderate nodulariy ot the
surface of the Tiver. Mild lvmphoid infiltration in the liver , mild depletion of lymplhioid

cells in the spleen were observed in group 11T . Congestion and diffuse calcitication of
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endotheliim ol smali blood vessels 1n the kidney of birds belonging to group 11 and [11

werce also noted.

The bodv weight of ducks fed with 1000 ppm Mancozeb ( eroup T 1 was noi
affected. However, 1n groups IT and I fed with 1300 and 2000 ppm. the body werotn
was adversely affected. The erythroevte count, haemoglobin, cryvthroevte sedimenintion
rate and packed cell volume were not aftected bv the treatment. '|he icucocvic coutn vi
group I and II showed a tendency for stimulation for a short period. However. group 11!
showed an adverse effect . 'The differential count was not aftecteed by these lovels o
Mancozeb. The Aspartate amino transferase level of treated groups showed a tendency
to increase for the tirst two months, and then there was a decreasing tendency
However, tus fias no clinical importance as the increase is less than 2-4 fold. Clinieb
significant higher levei of Alanine amino transierase is nouced i group il which
indicates that 2000 ppm Mancozeb causes some damage to membranes. The Alkaline
phosphatase leve! of treated groups showed a tendency to increase for the first three

f

months. The humoral and cell mediated immunitv was not significanth alfceted bl

Mancozeb 1000 - 2000 ppm .

The serum zine concentration of the treated groups siiowed  anl ihicicas
nroportional to the level of Mancozeb in the feed and the duration of treatment. e
reveals that teeding of Mancozeb will increase the serum level of zine. The manging-.
level in the serum was also increased up to the fourth month and then there was a
reduction.  Accumulation of zinc in the tissue was not significantlv attected bv the
treatment. The accumulation of zinc was more in the muscle than i the kidnev or in the
liver. The manganese content i the tissue was also not significantly atfected . thouwh

more concentration of manganese was scen in the liver tissue.
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The weight of liver and spleen of ducks fed with 1000 and 1500 ppm Mancozeb

showed a tendency to increase, but group IIl showed a decrease in the weight of these

organs revealing that higher level of Mancozeb adversely affected the weight of the

organs.

Birds belonging to all treatment groups showed gross lesions in internal organs.

These include varying degrees of focal area of subcapsular haemorrhage, diffuse

greyish streaks of necrosis in the borders of liver, linear streaks of petechiae, and

haematoma in the liver, focal area of petechiac in the spleen and kidney.

Histopathologically necrotic changes were seen in the liver tissue. Kidney showed

extensive vacuolation of tubular epithelium, haemorrhage in the interstitial tissue and

calcification of endothelium of small arterioles.

Conclusion

1. The body weight gain of ducks was not significantly affected by rearing on feed
supplemented with 100, 200 and 300 ppm copper for six months. However, ail the
treated birds showed a tendency for higher body weight gain than controls.

2. For erythropoiesis, supplementation of copper at 100 ppm in the feed was found to
be better.

3. The haemoglobin level, packed cell volume and leucocyte counts were not
significantly affected by any of these levels of copper tested.

4. The enzyme, Aspartate amino transferase, Alanine amino transferase and Alkaline
phosphatase levels were having differences between groups ,but they were not
clinically significant.

5. The cell mediated and humoral immunity was not significantly affected by copper
up to 300 ppm in the feed. However, an increasing tendency for antibody production
was noticed in group fed with 100 ppm copper, after the booster dose of vaccination.
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6. Rearing of ducks on feed supplemented with zinc at the rate of 100, 200 and 300
ppm showed no significant influence on body weight gain. However, group fed with
200 ppm zinc showed a tendency for higher body weight gain.

7. The erythrocyte count and haemoglobin level was better in group fed with 100 ppm
zinc but not statistically significant.

8. The erythrocyte sedimentation rate and differential count was not affected by zinc at
these dose levels.

9. The leucopoiesis showed a stimulating tendency in all the treated groups.

10. The humoral immunity showed a favorable response after fourth month in group fed
with 300 ppm zinc.

11.1t can be inferred that copper and zinc supplemented up to 300 ppm in the feed will
not adversely affect the health status of the ducks.

12. The body weight of ducks fed with 1500 and 2000 ppm Mancozeb was adversely
affected.

13.The erythrocyte count, haemoglobin, erythrocyte sedimentation rate, packed cell
volume and differential counts were not affected by Mancozeb.

14.The serum level of Aspartate amino transferase and Alkaline phosphatase was not
affected by the dose levels of Mancozeb used. However, Alanine amino transferase
level showed a clinically significant increase at 200 ppm in feed indicating some
damage to cell membranes.

15.High levels of Mancozeb above 1500 ppm adversely affected the weight of the
internal organs. Gross and histopathological lesions were noticed in all the organs
examined in the treated groups. It can be inferred that Mancozeb above 1000 ppm
are deleterious to the health of ducks.






REFERENCES

Anderson. J. ( 1972 )Alomic absorption news 11, 88, Cited in AOAC ( 1980
Atone absorption method for tish. 13" cdrionpp-399

Andrews. G.A.. Giraldo, C. A .J .. Brown. D.R., Watkins. K.L.and Southern. 1.
.(1988) .Histidine-stimulated Tissue Zinc Accumulation and redistribution
in chicks. Poult. Sci. 6 (1) 47.

*Anjum, A.D. Amjum. M .S, Rizvi .I'.. Raza .'T and Arb. G.S. (1992) .Pathological
features of induced copper sulphate poisoning in broiler chicks . Pakistan
vel . 12 (1) 21-24.

Anon . (1999) Farm g uide 1999 of Farm information Bureau of Government of
Kerala. P- 76.

Armed Force Institute of Pathology .( 1968 ) Manual of Histology staming
methods. Mc Graw. ITill Book Company, New York, 3™ Ed. Pp. 12-184

*Atlavin, A.B. and Apsite, M.R. (1982) .Effect of copper and cobalt on 79 s
absorption in chickens. [zdatel stvo zinatue .124---130.

*Baker. D.H , Robins, K.R. and Wills, G.M. (1982). Aminoacid utilization (in
poultry) as influenced by antibacterial and anticoccidial drugs. Fedn. Proc.
41 (11): 2824-2827.

Bayyare. G.R.. Huft, W.E., Beasley, J.N., Balog.J.M. and Rath.N.C. (1995) The
effect of dietary copper sulphate in infectious proventriculitis. Poult. Sci
74 (12): 1961-1969.
* Beghomin AL Fravolini, A and Gralletts. 1., (1967). Effect of Ziram on broiler
towls and on laving fowls. before and during egg production. Tg. Sanita,
Fubbi, 23: 329-340.

*Bessel Woand Lantzsch 11119805 Investigation to induce laying pans by zinc
rich diets. Arcav fur geflugel kunds. 44 (3):133- 140,

Bettger.W.J..Savage. J.E. and Odell.B.1.. (1981). Extracellular zinc concentration
and water metabolism in chicks. J. Nutr. 111 (6): 1013-1019 .

Breeding.5.W. . Berrv \V.D. and Brake.J. (1992). Maintenance of’ duodenum

weight during molt induced by dietary zinc in a low calcium diet. Poult.
Sci. 71 (8): 1408-1410.



194

*Bubien. /.. Morand, M. Gastellu Magat.A. (1971). Experimental poisoning ot the
fowl with copper sulphate. Rev .med.vet. 122 :511-320.

Burmns, R.3. (1983). Anubody production supressed in domestic fowl by cinc
defictency . Fath. Avian. 12 (1):141-146.

Capar. S.G5. ( 1977 ) Atomic absorption spectrophotometric detertuination ol | .cad.
Cadnium. Zine and Copper in Clams and Oysters . AOAC 60. P-1400.

Carlo Nebbia, Enroco Ferrero, Federico Valenzq, Massino Castagnaro, Giovanni
Re and Saffietti, M.G. (1991). Pathological changes .tissue distribution
and extent of conversion to ethylene thiourea after sub acute administration
of Zinc ethylene -bis- dithiocarbamate (Zineb) in calves with immature
rumen function. Am. J. Vet. Res. 52 (10): 1717-1722.

*Celik. I., Camas, H.. Arslan, O. and Kufrevioglu, O. (1996). The effect of some
pesticides on Human and Bovine erythrocyte carbonic anhydrase enzvme
activities /i vitro. J. Enviy. Sci. Hith. Part-A. 31 (10): 2651-2657.

Charles. C M., Cormick  and  Cunningham D.L. (1987).Performance and
physiological profiles of high dietary Zinc and fasting as methods of
inducing a forced rest A direct comparison . J. Poult. Sci. 66 (6): 1007-
1013,

Christmas, R.B. and Harms. R.H. (1978). The effect of organic and morganic
sulphur on the detoxification of copper in the diets ot Turkey poults und
broiler chicks. Foult. Sci. 37 (2) : 1128,

Christmas. R.B. and Harms.R.H. (1979). The effect of supplemented copper and
methiomine on the performance of ‘turkev poults. Ponft. Sci. S8 (1) 382-
384

Coles, E.H. ( 1986 ).Vety. Chnical pathology. IV th edition, W.13. Saunders
company. Philadelphia. Pp 279-295

Dean,C.E., Hargis, B.M. and Hargis, P.S. (1991). Effect of zinc toxicity on
Thyroid function and histology in broiler chicks. Toxic. Lett. 57 (3): 309-
318.

Devanand, C.B. ( 1991 ) A comparitive studyv of Ketamine hydrochlonde and
Thiopentone sodium anacsthesta in birds, Thesis submitted to the Koerala
Agricultural Umiversity tor Master of Veterinarv Science.



195

Dewar, W.A.,Wight ,P.A.L., Pearson, R.A. and Gentle, M.J. (1983). Toxic etlect
of high concentration of Zincoxide in the diet of the chick and laying hen.
British Poult. sci 24 (3). 397-404.

Disbery. B.D. and Rack. J.H. ( 1970 ) Histological [aboratory Methods. ) and S
Livingston. Edinburgh. pp. ¥9-101.

Dresssel, v, KolbE .. T.co,M., SchuppelK.I'..  Rohland,D. and Nestler, K.
(1988) Content of Iron Copper and Zinc in various tissues of slaughtered
Geese and Ducks and those which died a natural death and of slaughtered
Turkey ManatShefte. Fur Veterinarmedizin.43 (15):551-554.

Ekperigin H.E.and Vohra,P. (1981). Influence of Copper supplementation on the
relationship between dietary methionin and free plasma methionin.
J. Nutr 111 (9): 1621-1629

Ekpergin, H.E. and Pranvohra. (1981). Influence of dietary excess methionme on

the relationship between dietary Copper and concentration of Copper and
[ron in organs of Broiler chicks J. Nutr. 111 (9): 1630-1640.

Eltohamy, M.M., Takahara,H. and Okamoyo,M. (1980).Effect of Zinc on wmtact
and castrated cockerel. British .Poult. Sci. 21 (5): 363-369.

*Gasaway.W.C. and Buss. 1O. (1972). Zinc toxicity in the mallard duck.
I Wildl Mgmt. 36(4): 1107-1117.

Gilbert, R W., Sander,J.E. and Brown LP. (1996).Copper sulphate Toxicosis n
commercial laying hens. Avian Dis. 40 (1): 236-239.

Goldberg. A., Williams,C.B..Jones.R.S.. Mitsuvangita.,  Cartwright G.E. and
Wintrobe.  M.M. (1956). Studies  on copper metabolism, NXIi-
haemolvuicanenmua i chickens induced by the administration of copper. .J.
lab.ClinMed. 48 :442-453.

Griminger.P. (1977). Effect of Copper sulphate on egg production and shell
thickness. Poult. Sci. 56 (1): 359-361

*Guenthner,E., Carlson, C.W. and Emerick, R.J. (1978). Copper salts for growth
stimulation and alleviation of aortic rapture losses in Turkeys. Poult Sci.
57 (5):1313-1324.



196

Harland, B.F., Spivey Fox, M.R. and Fry.E.B.Jr. (1975). Protection against Zinc
deficiency by prior excess dietarv Zinc in voung Japanese Quails. .J. Nuir,
103 (12):1509-1518.

Hermaver K1 . Stake. P.L. and Shippe,R.1.. (1977). Evaluation ol dietary Zinc.
Cadmium.Tin.Lead . Bismuth and Arsenic toxicity in hens. Fouif. Sc. . 56
(Sup) : 1727.

Hermayer K.L., Stake, P.E. and Shippe, R.L. (1977) Evaluation of dietary Zinc,
Cadmium, Tin, Lead, Bismuth and Arsenic Toxicity in hens. Poult.Sci. 56
(5):1721.

Hill,C.H. (1974 ) Influence of high level of minerals on the susceptibility of
Chicks to Salmonella Gallinarum . J. Nutr. 104 (10): 1221-1226.

Hore, S.K., Mati,S.K., Chauhan, H.V.S. Neelu-Gupta, Koley,K.M. and Gupta. N.

(1997). Fftect ot long term cxposure ot Mancozeb on Chinico-
hacmato-biochemical and pathological changes in Rats.  /ndian vet. J. 74
(1Y 26-28.

Jackson.N.  (1977). The eftect of dictary Copper sulphate on laymg
performance,nutrient intake and tissue Copper and iron levels of the mature
laving domestic fowl .British J. Nutr. 38: 93-100.

Jackson, N., Stevenson, M.H .and Kirkpatrick. M.G. (1979). Effect of protracted
feeding of Copper sulphate supplemented diets to laying domestic fowl on
egg production and on specific tissues with special reference to muneral
content British J. Nutr. 42: 253-266.

*Jackson. N. and Stevenson. M.H. (1981). Identification ot the component
responsible for the effect of added dietary Copper Sulphate in the temale
domestic fowl.  J. Sci. fd. Agric. 32 (11): 1047-1056.

*Jensen. [..S. (1975). Precipitation ot a Selenium deficiency by high dietary level
of Copper and Zinc in fowls. Proc. Soc.exp. Biol. Med. 149 (1): 113-116.

Jensen, L.S., Dunn,P.A. and Dobson, K.N. (1991). Induction of oral lesion in
broiler chicks by supplementing the diet with Copper. Avian Dis. 35 (2):
969-673

Jensen, I..S. and Maurice, D.V. (1976). Alleviation of Copper induced growth
depression by Methionine. Poult. Sci. 535 (6):2048-2049.



107

Jensen. [..S. and Maurice, D.V. (1978). Effect of high dictary Copper on the ceva
of chicks. Poult. Sci. 57 (1): 166-170.

JensenL.S. and Maurice, D.V. (1978). Effect of methionine on Copper - induced
growth depression and on gizzard erosion. Poult. Sci. 57 (2): 1530-1532.

Jensen. L.S. and Maurice. D.V. (1979). Influence of Sulphur amino acids on
Copper toxicity in chicks . J. Nutr. 109 (1): 91-97.

*Kamel, S.H., Ibrahim, T.M.,Awad,Y.L.. and Farid, A.F. (1971a). Consequence of
repeated administration of sublethal dose of Copper to fowls, Re o/ mes
ver. 147:393-403.

*Kamel. S.H., Khater, AR. and Fanid .A.T. {1971b). Pathological changes in
experimental Copper poisoning in chickens . Zentral blattnuy 1 eterina
medizine. 18 A( Hait-6): 465-474.

*Kara,M. and Celik, 1. (1997). The effect of some fungicides on activity of eight
serum enzymes in vitro. J. Envr. Sci. Hlth. Part-A. 32 (5): 1377-1382.

* Kashani, A.B., Samic,H., Emerick., R.J. and Carlson, C.W. (1986). Eftect of
Copper with three levels of Sulphur containing aminoacids in diets for
Turkeys. Poult.Sci . 65 (9):1754-1759.

*Kibakin ,V.V., Lapshina, [..N. and Lapshina, N.V. (1980). Use of Zinc i
teeding of'laving hens, Referativivi Zhurnal . 38 (12): 710.

Kidd M. T, Anthony. N.B. and Lee S.R. (1992). Progeny performance when
Dams and chicks are fed supplemental Zinc . Pouit.Sci. 71 (7): 1201-1206.

Kidd. M. T.. Anthony, N.B., New Berry, I.A. and Lcec S.R. (1993). Effect of
supplemental Zinc in either a com-soyabean or a Milo and corn-sovabean
meal diet on pertformance of voung broiler Breeds and their progeny
Poudt.Scr. 72 (8):1492-1499,

*Kidd,M.T., Qureshi,M.A.,Farket,P.R. and thomas, L.N. (1994). Blood clearance
of Escherichia coli and evaluation of mononuclear phagocytic system as
wtluenced by suppiemental dictary Zine - Methionine in young Turkevs.
Pondt.Sei. 73 (9): 1381-1389.

Kincaid.R.L..Miller. W.J Jensen.l..S..Mampton,D.[.. Neathery and MandGentrv.
D .I. .(1976) Eflect of lugh amount of dictary Zinc and age up on ussuc
Zinc in young Chicks. Poult. Sci. 55 (5). 1954-1957.



198

Krishnan nair,GG. ( 1990 ) Immunoglobulins in ducks and role of Bursa ot fabricius
m their production. Thesis submitted to the Kerala Agricultural University
for Ph D.Degree in Veterinary Microbiology.

LahirY. K. (1982). A note on the differential count of Duck, Crow and hen
Avian Res. 66 (1Y 14-16.

Latvmer, M.A. and Coates, M.E. (1981). The effect of high dictary supplements
of Copper sulphate on Pantothenic acid meatbolism in Chicks . British J.
Nutr.45: 431-439.

Leech, RM.Jr., Rosenblum,C.I. Amman,M.J. and Burdette, J. (1990). Broiler
Chhicks fed low calcium diets. 2. Increased sensitivity to Copper toxicity.
Poult. Sci. 69 (11): 1905-1910.

Lin. M.F., Creger,C.R. and Couch. J.R. ( 1965)Copper and Iron toxicity. Poull.
Sei. 44 (1): 310-312.

LuJ. and Comb, G.FJr. (1986). Effect of excess dietary Zinc on starch
digestibility and amylase activity of chicks. Poult. Sci. 65(suppl.1):83.

*Makarova,l..A. (1978). Concentration of Copper, Zinc and Iron in serum of hens
during  development.  Sbornik,Nauchnykh.  Tradou  Moskovskaya
Veterinarnoi Akademii.102: 5-8.

*Makarova. .. A. and Chekolova, T.M. (1979). Zinc content of the blood serum of
hens at different stages of ovarian function. Sbornik .Nauchnykh Trudov
Moskovskava Veterinarnava Akademiva . 106:28-30.

*Martvnvvk. 1.G. Sevostvanova.N.l. and Zotova, O.V. (1980). Comparitive
estimation of copper in poultry products. Myasnaya Industriya SSSR .4:
35-36.

Mayo, R.H., Hange,S.M.,Parker, H.E., Andrews, F.N. and Carrick, C.W. (1956).
Copper tolerence of young chicks. Poult. Sci 35 (5):1156-1157.

Mehring, A.L. Jr, Brumbaugh,J.H., Sutherland, A.J. and Titus, HW. (1960). The
tolerance of growing chickens for dietary copper. Poult. Sci. 39 (3): 713-
719.

Miale. J.B. ( 1972 Laboratorv Medicine Haematology. 4™ Ed. The C.V. Mosby
Company, Saint Louis, PP. 1216.



T O0

Morros G..M., Gabrashanka,M.,Lopez-Galvz,D. and Garcia-Martinez,O. (1995) .
Comparison of the effect of basic and neutral Zinc salt on chicks infected
with Ascaridia Galli. Parasitology Veterinary. 56 (1/3) 199-205.

Oh.S.H.. Nakane, H.. Deagen,J.T.. Whanger,P.D. and Harscott,G. (1979).
Accumulation and depletion of Zinc in Chick tissue,Mectallothionins
J.Nutr. 109 (10).:1720-1729.

* Owood. E.C. and Worden, AN. (1973). The influence of dietary Copper con.
On hepatic Copper in the Ducklings and Chicks. J. Sci. fd.. Agric. 24
(2):167-174.

Palafox. A1. and Ho. AE. (1979). Zinc toxicitv-Egg hatchabilitv. composition
and production. Powuli.Sci. 58 (5):1091.

Palafox ,A.L. and Ho, A.E. (1980). Effect of Zinc toxicity in laying white
leghorn pullets and hens . Poult. Sci. 59 (9): 2024-2028.

* Panic. C.B.. Istwani, A.G., Bezbradica. L.and Nedeljkovi, N. (1974).Copper
content in blood of poultry. Acta Ieterinaria Yugoslavia. 24 (3):111-116.

Park, J.H. and Kim.C.S. (1985). Nickel Toxicity and its interaction with Zinc,
Copper and Lead in growing chicks, Korean J. vet. Res. 25 (2): 145-148.

* Paya, A.B. (1980). Effect of Zinc and Cadmium on bone metabolism and their
interaction. .4dvances in Alimentacion Mejora Animal. 21 (5): 217-224

Poupoulis C. and Jensen L.S. (1976). Eflcct of lugh dietary copper on fatty acid
composition of the chick. Poult. Sci.55 (1): 122-129

Pimentel ,J.L.and Cook, M.E. (1988). Influence of Zinc deficiency on the
immune response of chicks. Poult. Sci. 61(supplement.1):139.

Pimentel, J.1.., Cook, M.E. and Greger, J.L.. (1991). Immune response of chicks
ted various levels of Zinc. Poult. Sci. 70 (4): 947-954.

Potter, L.M. and Koru, M.P. (1989). Toxicity of Copper in diets of voung turkey.
Poult. Sci. 68 (suppl. 1)115.

Poultrv biologics ( 1963 ). Publication No. 1038. National Academy of Sciene.
National Rescarch Council. Washungton, D.C.pp. 35-39.



200

*Proske. U.. Kolb. E. and Sestler, K. (1991). Iron Copper and Zinc content in
liver and spleen during growth of cross bred Catrine(muscovy duck) and
nekin ducks. Jena, Germany, Friedrich-schiller-universitat. 327-334.

*Radzanowska,G. (1989). Effect of ILead, Copper and Selentum on
haematological and biochemical indices of hens blood.
Zeszyty Noukowe Akademii Rolniczej we wroclawiu Zootechnika .31:5-27.

Rajan, A., Reddi, M.V., Sreckumaran, T., Valsala, K.V and Vijavan. N
( 1986 ).Lvaluation of the cell mediated immune response in goats using
PHA. Indian J. Pathol. Microbiol. 25, 79-80.

Rangachar, T.R.S. and Hegde, V.R. (1974). Copper suplimentation and
antyibody production in chicks. Mysore J. Agric. Sci. 8 (1): 147-150.

Rangachar,T.R.S. and Hegde, V.R. (1975). Effect of copper sulphate feeding
on prothrombin time in chicks. Mysore J. Agrel. Sci. (1): 129-132.

Rangachar, T.R.S.,Jayaprakash . and Thimmaiah. (1978). Immunological response
to Copper and Zinc supplementation in poultry. ndian J. Poult. Sci.
13 (1):39-43

Rangachar. T.R.S. and Javaprakash. (1979).  Effect of Copper and Zinc
supplementation on the haemogram of poultry . ndian . .J. Poult. Scr 14
(4): 189-193.

Reitman, S. and Frankel, S. ( 1957 ) Am. J.Clin.Path.28: 56. Cited by Bauer.].D.
Ackerman.P.G. and Toro. (. ( 1982 ). “Clinical laboratory methods™ . 8"
kd. The C.V. Mosby company, Saint [ouis.

Richard. M.P., Ross, W.C. and Frobish,L..T. (1980). The effect of starvation and
Refeeding on tissue Zinc and Copper levels in Turkeyv poults .J.Poult. Sci.
59 .(7): 1655.

Robbins, K.R. and Baker, D.H. (1980).Effect of sulfur aminoacid level and
source on the performance of chicks fed high levels of Copper. Poult. Sci.
59 (1): 1246-1253.

Roberson, R.H. and Schaible,P.J. (1960).The tolerance of growing chicks for high
levels of different forms of Zinc. Poult.Sci. 39 (4):893-896.



2M

Rosenblum. C.I., Amman M.]. and Burdetta. I. (1990).Broiler chicks fed low
Calcium diet , 2. Increase sensitivity to Copper toxicity. Poult. Sci. 69 (11):
1905-1910.

Rucker, R.B., Parker, ILE. and Rogler, J.C. (1969). Efiect of Copper deticiency
on chick bone collagen and selected bone enzyme. J. Nuir. 98 ( 1): 57-69.

Sastry G. A. ( 1989 ). Veterinary clinical pathology. CIBS publishers and
distributors pvt.Ltd.Delhi.pp 23-24.

Schuster, N.H. and Hindmarsh. M. (1980). Plasma Alkaline Phosphatase as a
screening test for low Zinc status in broiler hybrid Chicken affected with
“clubbed down . Australian Vet. J. 56 (10): 499-501.

Shivanandappa, T., Krishnakumari, M.K. and Majumder, S,K. (1983). Tesucular
atrophy in Gallus domesticus fed acute dose of Copper fungicide. Poulr.
Sci. 62 (2): 405-408.

*Shoyinka, S.V.O. and Daudu, C.S. (1986). Intluence of ration supplementation
with Zinc on New castle disease vaccination on cockerels. Bull. Anim.
Hlith. Prod. 34 (1):39-42.

* Soferet  M.G. and Bestewt] . GG. (19785). Toxicology of Zinc compound in fowls
with particular reference to gross and microscopical lesion Annali deila
facolto dimedicina Veterinaria di Torino. 22 : 27-49.

* Soffietti, M.G. (1978). Chronic toxicity of Zincb in fowls treated from birth .
Annali,della Facolto dimedicina Veterinaria di Torino . 25: 489-506,

* Soffieyyi, M.G. (1978).Determination of residues in muscles and organs of
fowls poisoned with Zineb. Annali, della Facolto dimedicina Veterinariu
di Torino 25:206-213.

Southern, 1..I.. and Baker, D.H. (1982). Eimeria aceruvulina nfection in chicks
fed excess Copper in the presence or absencs of excess dietary methionine.
S Anim. Sci. 34 (5): 989-997.

Southern. LL.L. and Baker, D.H. (1983).fimeria aceruvuling mtection and  Zine
Copper inter relationship in chicks. Poult. Sci. 62 (1): 401-404.

Southern. 1..1.. and Baker, D.H. (1983).Zinc toxicity, Zinc defficiency and Zinc
Copper inter relationship in Fimeria aceruvuling infected chicks. J. Nufr.
113 (3) : 688-696.



202

Sreenivasan, V.V. and Rao,S.B.V. ( 1965 ). Study on the normal haematology of
ducks.Indian vet.J. 42 ( 12 ) 918-924.

Sreeraman,P.K., Ahmed, N. M., Rao, R. P.and Sastry, G.A. (1979).
Haematology of Ducks. Indian ver..J. 56 :100-104.

Stahl. J.L.. Greger, J.L. and Cook .M.E. (1989). Lack of effect of {eeding high
Copper to breeding hens. J. Poult. Sci. 68 (suppl. 1) : 140.

*Stahl, J.L., Cook, M.E., Sunde,M.1.. and Greger,J.1. (1989). Enhanced humoral
immunity in progeny chicks from hens fed practical diet supplemented with
Zinc. Appl. Aoric. Res. Africa. 4 (2): 86-89.

Stevenson, M.H. and Jackson. N. (1980).Effect of withdrawal of Copper sulphatc
from the diet of the mature domestic fowl with special reference to
production and tissue mineral content . British J. Nutr. 43 (3): 551-560.

Stevenson. M.I1. and Jackson. N. (19R0). Effect of level of dietary Copper
sulphate and level of [eeding on the laying , domestic fowl with special
reference to tissue mineral content. BritishJ . Nutr. 43 (1): 205-211.

Stevenson. M.H. and Jackson, N. (1981). An attempt to distinguish between the
dircet and indirect effect, in the laying domestic fowl of added dietary
Copper sulphate. British.J. Nutr. 46 (1): 71-76.

Surendranathan, K.P. ( 1966 ). Studies on the hematological constituents of ducks.
Thesis submitted to the University of Kerala for M..Sc degree in the
Faculty of Veterinary Science.PP 10-60.

Tanuja, V.K. ( 1998 ) Women in Livestock production and Economics. Indian

e vy YT oo
LT \,.‘} 08 ()

Valsala. K. V. ( 1968 ) Reproducuve pathology in the hen. M Sc, Thesis submitied
to University of Kerala.

Vohra, P. and Kratzer. F.H. (1968). Zinc Copper  Manganese toxicity in
turkev poults and their alleviation by L D T A. Poult. Sci. 47: 699-704.

Waibel ,P.E.. Snetsinger, D.C. , Ball .R.A. and Sautter, J.H. (1964). Variation in
tolerance of Turkeys to dictary Copper. Poult. Sci. 43 (1): 504-506.



203
Copper and water Copper level on growth, water intake . plasma and liver
Copper cone. of poults. Pondl. Sci. 73 (8): 1306-1311.

*Wiederanders, R.L. {1968).Copper loading in turkey. Froc. Soc. exp. siol. Med.
128: 627-629.

Wight, P.AL. . Dewar, W.A. and Saunderson, C.L. (1986). Zinc toxicity in the
fowl. ultrastructural pathology and relationship to Selenium lead and
Copper. Avian vath. 15 (1): 23-38.

*Wintrobe, M.M. ( 1981 ) “Clinical haematology”. 5" Ed. Lea and Febegir,
Philadelphia.PP. 381.

* Originals not seen.



COPPER SULPHATE, ZINC SULPHATE
AND
MANCOZEB TOXICITY IN DUCKS

By
A. M. CHANDRASEKHARAN NAIR

ABSTRACT OF THE THESIS

Submitted in partial fulfilment of the
requirement for the degree

Boctor of Philosophy

Faculty of Veterinary and Animal Sciences

Kerala Agricultural Universify

- Bepartment of ﬁharmawlngg and Joxicology
COLLEGE OF VETERINRY AND ANIMAL SCIENCES
MANNUTHY, THRISSUR - 680651

1999



ABSTRACT

An mvestigation was undertaken to assess the chronic toxicily of coppe.
sulphate. 7inc sulphate and Mancozeb in ducklings. The experiment was carried out m
three phascs. In the first phase four groups of ducklings were used. Birds in cioup 0 1
and Il were reared on feed supplemented with 100, 200 and 300 ppm coppe:
respectively. Group IV was reared on control feed. In the second and third phases the
experiment was repeated with zinc and Mancozeb respectively. The latter was added at

a rate of 1000, 1500 and 2000 ppm to diet.

The body weight of the ducklings was assessed at fortnight intervals. The
ervthrocyte count, haemogiobin. ESR, PCV, total and differential leucocvie count.
serum AST, AL'T and Alkaline phosphatase were noted at monthly mtervals. The cell
mediated immunity was rccorded at intervals of forty five days. Humoral immunity
was assessed by estimating the antibody titer at 15 days intervals. The clement
content in the serum and tissue was also recorded. The gross and histo-pathological

lesions were noted at the end of the experiment after six months.

The results revealed that body weight of the ducklings was not sigmticantiy
influenced by feeding copper at the above levels. However, all the treated birds showed
a tendency tor higher body weight gain than controls. Ervthrocvie count was more i
the group fed with 100 ppm copper and less in the group fed with 200 and 300 ppm .
Alll the treated birds showed a tendency for low haemoglobin value. The PCV.ESR, totai

and differential leucocyte count were not significantly affected.

In all the groups the difference in the level of AST, ALT and Alkaline
phosphatase was not clinically significant. Cell mediated and humoral inmunity werc

not sigmficantly altered by copper at the above levels. The serum copper level showed



an icrease proportional o the duration of frenimaent and fovel of coppar v b o0

Liver showed more concentration of copper than kidnev and muscle. The birds in the

group 11l showed histo-pathological lesion in the kidney.

Zinc supplementation in the feed also has no significant influence on the Guc.
weight gain. However, the group fed with 200 PPM zinc showed a tendency towards an
increase of the body weight gain and the group fed with 100 and 300 PPM zinc showe?
a tendency towards a decrease in the body weight gain. The erythrocyte count anu
haemoglobin level showed an upward trend in group 1. ln all the treated croups
PCV, leucocyte count, serum ALT and Alkaline phosphatase showed an upward trend.

In group III humoral immunity showed a favourable response.

A rapid increase in the level of zine in the serum proportional to the level i the
teed and period of treatment was observed. The tissue zinc concentration Was
significantly higher in the liver in group I, but it was not proportional to the serum 7
Histopathologically. mild depletion of lymphoid cells in the spicen of group il
congestion and diftusc calcification of small blood vessels of kidnev in group II and 111

were noticed.

The body weight of birds reared on Mancozeb added diet was affected adverscly
in groups I and III. The leucocyte count was reduced in group III. The ervthrocvie
was increased significantly in group III.  Alkaline phosphatase was increased for the
first few months. Humoral and cell mediated immunity was not atfected. Serum zine
and manganese level showed an upward trend. The accumulation of zinc was more in
the muscles than in the kidney or liver. Most of the treated birds showed tocal arca o1
sub- capsular haemorrhage and streaks of necrosis in the borders of liver. Hisio-

pathologically necrotic changes were scen in the liver, Kidney and spleen
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