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Summary

The experiment was conducted on forty five broiler chickens at-4 weeks of age, for a period of three
weeks, to assess the effect of complete replacement of fish meal with processed fish wastes (fish waste acid
silage and surimi waste powder) on the blood protein, lipid and antioxidant status in broiler chicken, even
though an earlier study indicated that this replacement induced normal growth rate and feed efficiency in
broilers. The quality of the meat and involvement of liver enzymes were also assessed in the study. At three
weeks of age, they were randomly divided into three groups viz., Gl, Gll and GllII of 15 birds each. Two
experimental diets (D2 and D3) were prepared by replacing 100 percent of dried unsalted fish (animal
protein) in the finisher ration of the control diet (D1) by processed fish waste acid silage (D2) and surimi
waste powder (D3). All diets were made isocaloric'and-isonitrogenous. Gl, Gll and GlII were fed with D1,
D2 and D3 diets, respectively from the 4th to the 7th week of age. Blood samples were analysed to evaluate
the status of proteins, lipids, liver enzymes, antioxidants and minerals. Meat sample from the pectoral region
was utilized for assessing the meat quality. The serum total protein, albumin and globulin were similar in all
the groups and they expressed a positive correlation with age. Except for a decrease in HDL-cholesterol in
GlI birds, the total lipids, triglycerides, total cholesterol and VLDL-cholesterol were similar in all the groups
at the end of the study. The liver enzymes (ALT and AST) expressed a similar level in all the groups but
increased with increase of age. The antioxidants (SOD, Catalase, GSH and LPO) indicated an increased level
with increase of age, but were similar in all the groups. The major elements (Na, K, Ca and Mg) and iron
were similar in all the groups and were within the normal levels. The results indicated that processed fish
wastes could be used for complete replacement of animal protein requirements in broiler feed, as it
adequately meets the nutritional requirements, alleviates stress, has no toxicity and also maintains the meat
quality.
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Introduction annually in India, and of this waste, surimi
waste comprises about 2000 tonnes
The poultry industry has undergone a (Raghavan, 2007). The by-products from the
revolutionary change within the last three fishing industry and fish farming have been
decades and has become the most dynamic shown to be a valuable animal protein
sector of the livestock industry. Poultry meat source. Hence, studies were conducted to
and eggs are an important part of the diet of replace the animal protein source in poultry
the average family. Fish farming produces food with locally processed fish wastes, so
large amounts of by-products during its as to reduce feed cost and mitigate pollution
commercial processing, which are potential without compromising the growth and
sources of pollution if dumped at sea or wellness of the birds (Darsana et al., 2009).
discarded offshore. It is estimated that one Fish waste acid silage (fish waste mixed
million tonnes of fish wastes are produced in 3 per cent (w/v) formic acid and dried)
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and surimi waste powder (fish waste cooked
in 20 per cent (w/v) water and dried) are two
products developed from fish waste obtained
during the processing of Nemiterus
japonicas, Japanese thread fin bream, by the
Central Institute of Fisheries Technology
(CIFT), Kochi. Our previous study (Darsana
et al, 2009) reported that complete
replacement of the animal proteins (fish
meal) in the finisher ration of broiler chicken
with processed fish wastes reduced the feed
cost without compromising the nutritional
status, feed efficiency and overall
performance, but no information is available
concerning its influence on protein, fat and
mineral metabolism. Besides, its influence
on antioxidant enzymes, liver enzymes,
proximate composition and the cholesterol
content of meat are also lacking. The present
study was undertaken to address the
influence of 100 per cent replacement of fish
meal in the finisher ration of broiler chicken
with fish waste silage/surimi waste powder
on the above parameters.

Materials and Methods

Forty five, day old broiler chickens
(Vencob strain) purchased from Coastal
Krishna Hatcheries Thrissur, Kerala, India,
were reared under standard managemental
condition in a battery brooder. They were
given a commercial broiler starter ration of
Bureau of Indian Standards’ (BIS, 1992)
specification for the first three weeks. At
three weeks of age, they were randomly
divided into three groups ie., Gl, GIlI and
GIHIl comprising 15 birds each. Two
experimental diets (D2 and D3) were
prepared by replacing 100 percent of the
dried unsalted fish in the finisher ration of
the control diet (D1) by processed fish waste
acid silage (D2) and surimi waste powder
(D3), and were fed to birds in Gll and GllI,
respectively. The birds in GI were fed with a
standard broiler ration of BIS specification
(D1). The proximate analysis of the
processed fish waste acid silage and surimi
waste powder was carried out and all of the
diets were formulated to be isocaloric and
isonitrogenous.  Blood samples  were
collected from the wing vein, with or
without anticoagulants, at weekly intervals
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from the 4th to the 7th week of age from all
of the groups. After the final blood
collection, the birds were sacrificed by
cervical dislocation and a piece of meat (10
g) was excised from the cranial aspect of the
pectoral region for proximate analysis and
cholesterol estimation.

Serum total proteins were estimated by
Biuret method (Henry et al., 1957), serum
albumin by the method of Doumas et al.
(1971) and the serum globulin  was
calculated as the difference between the
serum proteins and the albumin contents.

The serum total lipids (Phosphovanillne
method, Zoeliner, 1962), serum HDL-
cholesterol (Phosphotungstate magnesium
chloride method, Bachorik et al., 1976);
serum total  cholesterol (CHOD-PAP
method, Richmond, 1973) and serum
triglycerides (Schettler and Nussel, 1975)
were determined. The serum VLDL-
cholesterol was calculated using the
Friedewald equation (Friedewald et al.,
1972). The liver function was determined by
evaluating serum ALT and AST by UV-
kinetic method (Bergmeyer, 1974) using
Automatic Biochemistry Analyser
(Shinnowa BS-3000P). The antioxidant
status was evaluated by determining the
activities of the blood catalase (Aebi, 1974),
serum reduced glutathione (GSH, Moron et
al., 1979), blood superoxide dismutase
(SOD, Winterbourn et al., 1975) and serum
lipid preoxidation (LPO, Ohkawa et al.,
1979) wusing Automatic  Biochemistry
Analyser (Shinnowa BS-3000P). The serum
mineral  profiles  (sodium, potassium,
calcium, magnesium and iron) were
estimated using the Atomic Absorption
Spectrophotometer  (Perkin  Elmer-2330).
The quality of the meat was evaluated
through proximate analysis (AOAC, 1990)
and meat cholesterol content (HOD-PAP
method, Richmond, 1973).

The data were analysed by analysis of
variance and paired t-test (Snedecor and
Cochran, 1994) for test of significance using
the statistical package (SPSS 10.0)

Results

The proximate analysis indicated the
content of moisture (18% and 5.29%), dry


www.SID.ir

Iranian Journal of Veterinary Research, Shiraz University, Vol. 13, No. 3, Ser. No. 40, 2012

matter (82% and 94.17%), total ash (35.40%
and 40.19%), acid soluble ash (0.514% and
0.341%), crude protein (50.3% and 49.54%)
and crude fat (6.28% and 6.55%),
respectively in processed fish waste acid
silage and surimi waste. The ingredients of
the diets (D1, D2 and D3) are presented in
Table 1. The serum total proteins, albumin
and globulin concentrations are presented in
Table 2. The total proteins and albumin
levels expressed no significant (P>0.05)
difference between any of the groups, but
the levels increased significantly (P<0.05)
with the increase of age in all of the groups.
Though at the fourth week of age the
globulin content in GII and GlII was similar
and significantly (P>0.05) lower in Gl, the
levels later increased and there was no
significant (P>0.05) difference between any
of the groups. A significant (P<0.05)
increase with an increase in age was also
demonstrated in the case of globulin.

Table 1: Ingredient composition of
experimental diets
Ingredient (%) D1 D2 D3
Maize 61.1 63.5 62.2
De oiled rice bran 9.3 4.8 4.1
Soya bean meal 18.4 20.5 22.3
Unsalted dried fish 10 - -
Acid silage (fish waste) - 10 -
Surimi waste power - 10
Dicalcium phosphate 0.8 0.8 0.8
Methionine 0.3 0.3 0.3
Salt 0.006 0.016 0.025
Total 100.00  100.00  100.00
Added g/100 kg feed
Vitamin mixture 10 10 10
L Lysine 100 100 100
Choline chloride 102 120 120
Coccidiostat 50 50 50
Toxin binder 250 250 250
B-Complex powder 50 50 50
The levels of serum total lipids,
triglycerides, total cholesterol, HDL-

cholesterol and VLDL-cholesterol are given
in Table 3. The total lipids and triglycerides
revealed no significant (P>0.05) difference
between any of the groups. Both of these
constituents increased significantly (P<0.05)
with the increase of age, but the elevated
triglyceride level in GIIl  was only
numerically higher at the fifth week of age
compared to the previous week. Throughout
the study the total cholesterol content did not
express any significant (P>0.05) difference
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between any of the groups, but did increase
significantly (P<0.05) with the increase of
age. Except for a significant (P<0.05)
decrease in the HDL-cholesterol level in Gl
compared to Gl at the end of the study, the
levels were not significantly (P>0.05)
different between any of the groups during
the rest of the study period. The VLDL-
cholesterol level was not significantly
(P>0.05) different between any of the
groups, but expressed an increase with the
increase of age.

The ALT (Fig. 1) and AST (Fig. 2)
concentrations were similar in all the groups
throughout the study period. These enzymes
expressed a significant (P<0.05) increase
with the .advancement' of age. The
antioxidant status in terms of activities of
SOD, catalase; GSH and LPO (Table 4)
indicated a significant (P<0.05) increase
with the increase of age and they were
similar in all of the groups.

The blood mineral status of the birds is
given in Table 5. The major elements (Na,
K, Ca and Mg) and iron expressed no
significant (P>0.05) difference between any
of the groups, except for an increase and
then a fall in magnesium during the fifth and
sixth week of age, respectively in the Gl
and GIII birds. But at the end of the study,
all of the groups had a similar mineral
concentration and were significantly
(P<0.05) higher than the concentration at the
beginning of the experiment.

The mean values of the meat crude
protein, crude fat and total ash expressed no
significant (P<0.05) difference between the
control and the treatment groups (Fig. 3).
The meat cholesterol content of GI, Gll and
GlII (72.07 £2.53, 73.00 + 2.51 and 72.00 +
1.75 mg/dl, respectively) expressed no
significant (P<0.05) between them.

Discussion

Unsalted dried fish is added as a source
of animal protein in the poultry diet (D1).
The crude protein content of the processed
fish waste acid silage and surimi waste was
higher than that of unsalted dried fish (45%),
but the crude fat content was marginally
lower than that of unsalted dried fish (7%).
These values indicated that the processed
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Table 2: Effect of dietary supplementation of processed fish waste on blood protein (g/dl) profile of broiler chicken (mean + SE, n = 15)

Age (wks) Age (wks) Age (wks)
Group 4 5 6 7 4 5 6 7 4 5 6 7
Total protein Albumin Globulin
Gl 1.95 2.20% 2.54% 3.05% 1.24° 1.184 1.3%4 1594 1.07° 1.02 1.23%4 1.45%4
+0.12 +0.16 +0.12 +0.12 +0.04 +0.07 +0.06 +0.05 +0.08 +0.01 +0.06 +0.06
Gl 1.69% 2.05% 2.34% 2.86% 1.16% 1.074 1174 1.49°4 0.80° 0.99% 1174 1.374
+0.11 +0.11 +0.13 +0.11 +0.04 +0.06 +0.07 +0.07 +0.06 +0.06 +0.06 +0.05
Gl 1.67° 2.01% 2.46% 3.01% 1.19° 1.024 1.28%4 1.16% 0.83° 0.99% 1.18¢4 1.39%
+0.09 +0.09 +0.11 +0.11 +0.04 +0.04 +0.05 +0.05 +0.06 +0.06 +0.06 +0.07

GlI: Control group, GllI: Acid silage, GIII: Surimi waste. In columns, means bearing same superscript (%, °) do not differ significantly at 5% level. In rows, means within
groups were compared between subsequent weeks and those bearing (*) differ significantly at 5% level

Table 3: Effect of dietary supplementation of processed fish waste.on blood lipids (mg/dl) profile of broiler chicken (mean + SE, n = 15)

Age (wks) Age (wks) Age (wks) Age (wks) Age (wks)

Group 4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7
Total lipids Triglycerides Total cholesterol HDL cholesterol VLDL-Cholesterol

Gl 375.80°  491.33**  622.67** 72513  60.13  68.60 75.00 85.07 7093  76.33*  8547*% 96.27a"  32.60°  40.80**  47.13*%  62.87%"  12.03* 13.72**  1501°  16.95"

+25.84 +31.61 +28.54 +24.99 +3.40 +2.75 +2.71 +3.27 +5.22 +4.62 +4.13 +5.30 +2.28 +1.65 +3.00 +2.02 +0.68 +0.55 +0.54 +0.67

Gll 407.13% 509.73**  622.07**  710.87**  64.20° 69.00* . 73.00*  88.07% 75.53* 82.73*%4 92.80 103.73 32.47° 39.33% 4727 54.27°A 12.85% 13.80% 14.60% 17.60°
+38.55 +28.27 +39.23 +38.65 +3.30 +3.29 +3.09 +4.49 +3.84 +4.21 +4.52 +6.92 +2.09 +2.84 +2.85 +2.30 +0.67 +0.66 +0.62 +0.90

Gl 416.13*  525.87** 633.60** 73353 56.13" = 60.27*°  66.37 77.13* 67.87%* 7853  87.13* 99.00a"  31.00° 3887  4647** 58.00™ 1123 12.05° 13.35"* 15434
+38.79 +43.38 +49.88 +31.66 +4.02 +2.88 +3.06 +2.50 +4.30 +5.12 5.21 5.21 +2.28 +2.76 +2.87 +1.84 +0.80 +0.58 +0.61 +0.50

GI: Control group, GlI: Acid silage, GII: Surimi waste. In columns, means bearing same superscript (¢, ®) do not differ significantly at 5% level. In rows, means within groups
were compared between subsequent weeks and those bearing () differ significantly at 5% level
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Table 4: Effect of dietary supplementation of processed fish waste on antioxidant status of broiler chicken (mean + SE, n = 15)

Age (wks) Age (wks) Age (wks) Age (wks)
Group 4 5 6 7 4 5 6 7 4 5 6 7 4 6 7
SOD (U/gHDb) Catalase (k/gHb) GSH (nmol/ml) LPO (nmol/ml)
Gl 234.47%  260.33*A  278.93%4  290.80% 11.60° 14.68%  17.04%  22.44%A 54.12° 62258 80.12a" 128.92a" 0.81° 0.90* 1.01* 1.11%
+8.24 +8.90 +9.76 +7.44 +0.77  +0.95 +1.11 +1.38  +042  10.32 +0.60 +0.32 +0.05 +0.04 +0.04 +0.05
Gl 238.07°  251.27% 27373  201.20® 988 11.96°  16.06%* 2096 52.12° 59.08%"  77.60%  127.60* 0.70* 0.80** 0.94% 1.04*
+9.14 +8.06 +8.62 +6.97 +0.44  +0.45 +0.76 +1.12  +0.18 10.53 +0.37 +0.33 +0.60 +0.06 +0.06 +0.06
Gl 237.13*  263.00**  281.13% 287.00° 9.74%  11.94% 1452 1870 53.20° 64.80** 80.80**  129.60**  0.70° 0.75%* 0.84* 0.92%
+7.81 +8.11 +8.33 +5.83 +041  +0.38 +0.72 099 . +0.20  +0.54 +0.56 +0.26 +0.06 +0.06 +0.05 +0.06

GI: Control group, GlI: Acid silage, GII: Surimi waste. In columns, means bearing same superscript (%, °) do not differ significantly at 5% level. In rows, means within groups

were compared between subsequent weeks and those bearing (*) differ significantly at 5% level

Table 5: Effect of dietary supplementation of processed fish waste on blood mineral of broiler chicken (mean + SE, n = 15)

Age (Wks) Age (wks) Age (wks) Age (wks) Age (wks)
Group 4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7
Na (mmol/l) K (mmol/1) Ca (mmol/l) Mg (mmol/l) Fe (umol/1)
Gl 117.12° 12330  129.11°  138.78%%  3.11°  3.24% 3.33° 3.63° 1.44° 1.634 1.75% 1.97%4 0.81% 0.82% 0.974 1.16% 29.36° 3210 3353  36.52%
+5.84 +6.24 +6.04 +6.70 +0.16  +0.05 £0.05 +0.16 +0.05 +0.06 +0.06 +0.05 +0.02 +0.08 +0.03 +0.05 +0.74 +1.01 +0.95 +1.18
Gl 118.97° 119.20°  129.96*  139.12**  3.17% 3172 3.34% 3.44%4 1.45° 1.61° 1.81%4 2.02%4 0.72% 0.90°* 0.88b 1.02%4 29.95°  3270* 3425 3592
£7.33 +6.59 +6.72 £6.81 +0.07 . +0.06 +0.07 +0.05 +0.03 £0.05 £0.06 £0.05 +0.01 £0.01 £0.02 £0.05 +0.96 +0.96 £0.97 £1.30
GllI 123.03° 126.64° 130.67° 14445  3.26% 337 3.39% 3.51% 1.45° 1.60% 1.79%4 1.934 0.79* 0.85% 0.84° 1.07* 31.39° 32.22°  3425%  36.36%
£9.17 +6.80 +6.50 £6.23 £0.04  £0.06 £0.06 +0.04 +0.04 £0.04 £0.08 £0.07 +0.03 £0.02 £0.02 £0.04 £1.10 £1.05 £1.21 £1.18

GI: Control group, GlI: Acid silage, GII: Surimi waste. In columns, means bearing same superscript (%, °) do not differ significantly at 5% level. In rows, means within groups

were compared between subsequent weeks and those bearing (*) differ significantly at 5% level
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Fig. 1. Effect of dietary supplementation of
fish wastes on serum ALT level in chicken
(n=15). Gl: Control group, GllI: Acid silage
group, and GlII: Surimi waste group
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Fig. 2: Effect of dietary supplementation of
fish wastes on serum AST level in <chicken
(n=15). GI: Control group, GllI: Acid silage
group, and GlII: Surimi waste group
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Fig. 3: Effect of dietary supplementation of
fish wastes on crude protein, crude fat and
total ash of chicken meat (n=3). Gl: Control
group, GlI: Acid silage group, and Glil:
Surimi waste group

fish wastes are a good and less expensive
source of animal protein.

The levels of serum proteins and
albumin were similar in all of the groups and
were in agreement with those reported in
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broiler chicken (Emadi et al., 2007;
Yohannan, 2007). The increase in
concentration with the increase of age was
similar to that observed in broiler chicken by
Peebles et al. (1997a). The globulin level
was within the normal range reported by
Nworgu et al. (2007) and it too increased
with the advancement of age. The
supplemented processed fish waste was
adequate enough to meet the normal protein
requirements of broiler chicken.

The serum total lipids were within the
normal range of broilers (Reddy, 2003).
Though Yohannan . (2007) observed a
fluctuating trend <in total lipids with the
advancement of age, this increase was
steady in the present study. Smitha (2005)
reported -that 100 percent replacement of
unsalted dried-fish with fermented fish waste
silage ona protein basis reduced the
triglyceride . level of broiler chicken.
According to Castillo et al. (1999), fish oil
fed chicken expressed reduced triglycerides.
The observation of no reduction in
triglycerides in the present study could be
due to the differences in processing and or
type of fish used for the study. An age
related increase in total cholesterol was
similar to the findings of Dhansing (2006),
and values were similar to the observations
of Peebles et al. (1997b) and Kannan et al.
(2005) in broiler chicken. The reduction in
HDL-cholesterol towards the end of the
study was similar to the reports of Castillo et
al. (1999), where chicken supplemented
with dietary fish oil expressed reduced
HDL-cholesterol levels. The age related
increase in HDL-cholesterol till the sixth
week of age were within the normal levels
observed by Yohannan (2007). Even though
Castillo et al. (1999) observed a decrease in
VLDL-cholestrol in fish oil supplemented
birds, such an observation was not evident
and all the groups had a similar
concentration. The differences in the
constituents of the fish oil and processed fish
wastes could have contributed to this
difference in the observations. The
observations indicated that the supplemented
processed fish wastes were adequate enough
to meet the normal lipid metabolism.

The serum ALT and AST levels were
within the normal limits as reported by Simi
(2007) and Yohannan et al. (2007), which
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indicated that the supplemented diet did not
adversely affect the function of the liver and
were not toxic.

Antioxidants help to stop cell destruction
caused by free radicals and the body’s
capacity to produce antioxidants s
hampered by improper nutrition. Besides,
stress reduces their level in the blood and
tissues. The SOD, catalase, GSH and LPO
involved with the antioxidant mechanism
increased with age and were similar in both
the control and the treatment groups. The
activities were within the normal limits
observed in broiler chicken (Reddy et al.,
2004; Ramnath et al., 2007), except for
LPO, which  expressed a  lower
concentration. The overall results indicated
that the replacement with processed fish
wastes did not hamper the normal
antioxidant production and was not inducing
any form of stress or strain to broiler
chicken.

Minerals form the structural components
of the body and are involved with the proper
functioning of body systems. The major and
minor elements of blood were similar in all
the groups towards the end of the study and
were in agreement with the concentrations
observed by Bowes et al. (1989), Kollanoor
(2004) and Francis (2005) in broiler chicken.
The dietary replacement of fish meal with
processed fish wastes was adequate enough
to maintain the normal mineral metabolism
in broiler chicken.

The level of crude protein, crude fat,
total ash and. cholesterol in the raw broiler
meat was similarin.both the control and the
treatment groups. The concentration of
crude protein ‘was in agreement with the
reported values of Stadelman et al. (1988)
and Dhansing (2006). The crude fat content
was lower and ash was similar to the
observations of Kalavathy et al. (2006) and
Stadelman et al. (1988), respectively in raw
broiler chicken meat. The meat cholesterol
level was within the reported values of
Dhansing (2006) and Anitha et al. (2007) in
broiler meat.

Though our previous study confirmed
that these replacements lead to a reduction in
the cost of poultry feed without affecting the
feed efficiency and body weight of the
broilers, the present results indicated that
they also  satisfy  the  nutritional
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requirements, have no toxicity, do not
induce stress and are capable of maintaining
the quality of broiler meat too. This practice
would also help the fish industry to increase
their income and provide a safe
methodology to mitigate pollution from fish
waste. Hence, the 100 percent replacement
of animal protein (fish meal) in the finisher
ration of broiler chicken with processed fish
wastes is a management practice that could
be advocated in the poultry industry. Further
study could also be carried out to investigate
the application of this practice in the
nutritional regime _of other domestic
animals.

Acknowledgements

We' gratefully . acknowledge Dr. A.
Jalaludeen, Director, Center of Advanced
Studies for Poultry Science, for providing
the necessary technical help and CIFT,
Kochi, for providing the processed fish
wastes. This research was funded by the
Kerala Agricultural University Research
Grant.

References

Aebi, H (1974). Methods of enzymatic analysis.
2nd Edn., New York, USA, Academic Press.
PP: 673-684.

Anitha, B; Moorthy, M and Viswanathan, K
(2007). Muscle cholesterol and serum
biochemical changes in broilers fed with
crude rice bran oil. Int. J. Poult. Sci., 6: 855-
857.

AOAC (1990). Official methods of analysis. 15
Edn., Vol. 2, Association of Official
Analytical Chemists, Washington D.C., USA,
P: 587.

Bachorik, PS; Wood, PD; Albers, JJ; Steiner, P;
Dempsey, M; Kuba, K; Warnick, R and
Karlsson, L (1976). Plasma high density
lipoprotein cholesterol concentrations
determined  after removal of other
lipoproteins by heparin/manganese pre-
paration or by ultracentrifugation. Clin.
Chem., 22: 1828-1834.

Bergmeyer, HU (1974). Outline of veterinary
chemical pathology. 3rd Edn., New Delhi,
India, Kalyani Publishers. PP: 309-310.

BIS (1992). Bureau of Indian standards.
Requirement for chicken feeds. 1S:1374.
Manak Bhavan, Bhahadursha Zafar Marg,
New Delhi, India. PP: 39-40.


www.SID.ir

Iranian Journal of Veterinary Research, Shiraz University, Vol. 13, No. 3, Ser. No. 40, 2012

Bowes, VA; Julian, RJ and Stritzinger, T (1989).
Comparison of serum biochemical profiles of
male broilers with female broilers and white
leghorn chicken. Can. J. Vet. Res., 53: 7-11.

Castillo, M; Amalik, F; Linares, A and Garcia
Peregrin, E (1999). Dietary fish oil reduces
cholesterol and arachidonic acid levels in
chick plasma and very low density
lipoprotein. Mol. Cell Biochem., 200: 59-67.

Darsana, MG; Sreekumar, KP and Jalaludheen,
A (2009). Effect of feeding processed fish
wastes on the growth and haematology of
broilers. Indian J. Poult. Sci., 44: 213-217.

Dhansing, LV (2006). Effect of garlic (Allium
sativum) powder and neem (Azadirachta
indica) seed cake on cholesterol content in
broiler chicken. MVSc. Thesis, Kerala
Agricultural University, India. P: 101.

Doumas, BT; Walson, WA and Biggs, HG
(1971). Albumin standards and the
measurement  of serum albumin  with
bromcresol green. Clin. Chem. Acta., 31: 87-
96.

Emadi, M; Kermanshahi, H and Maroufyan, E
(2007). Effect of varying levels of turmeric
rhizome powder on some blood parameters of
broiler chickens fed corn-soya bean meal
based diets. Int. J. Poult. Sci., 6: 345-348.

Francis, MJ (2005). Effect of dietary cation=
anion balance on growth performance: of
broiler chicken. MVSc. Thesis, Kerala
Agricultural University, India, P:58.

Friedewald, WT; Levy, RI and Fredrickson, DS
(1972). Estimation of the concentration of
low density lipoprotein cholesterol'in plasma,
without use of the preparative centrifuge.
Clin. Chem., 18: 499-502.

Henry, RJ; Soel, C and Berkmann, S (1957).
Interference with Biuret methods for serum
proteins-use of Benedicts qualitative glucose
reagent as a biuret reagent. Anal. Chem., 29:
1491-1499.

Kalavathy, RI; Abdulla, N; Jalaludhin, S; Wong,
MVC and Ho, YW (2006). Effect of Lacto
bacillus feed supplementation on cholesterol,
fatty acid content and fatty acid composition
of the liver, muscle and carcass of broiler
chicken. Anim. Res., 55: 77-82.

Kannan, M; Karunakaran, R; Balakrishnan, V
and Prabhakaran, TG (2005). Influence of
prebiotics supplementation on lipid profile of
broilers. Int. J. Poult Sci., 4: 994-997.

Kollanoor, JA (2004). Effect of dietary and
supplementation of phytase on growth and
mineral availability in broiler chicken.
MVSc.  Thesis, Kerala  Agricultural
University, India. P: 96.

Moron, MA; De Pierre, JW and Mannervick, B
(1979). Levels of glutathione, glutathione

193

reductase, glulathione-s-transferase activities
in rat lung and liver. Biochem. Biophys.
Acta. 582: 67-68.

Nworgu, FC; Ogungbenro, SA and Solesi, KS
(2007). Performance and some blood
chemistry indices of broiler chicken served
fluted pumpkins (Telfaria accidentalis)
leaves extract supplement. American-
Eurasian J. Agr. Environ. Sci., 2: 90-98.

Ohkawa, H; Ohishi, N and Yagi, K (1979).
Assay for lipid peroxides in animal. tissues
by thiobarbituric acid reaction. Anal.
Biochem., 95: 351-358.

Peebles, ED; Cheany, JD; Brake, JD; Boyle, CD;
Latour, MA and McDaniel, CD (1997a).
Effect of added lard fed to broiler chickens
during the starter phase. 1 Body and related
organ weights, feed conversion hematology
and serum glucose. Poult. Sci., 76: 1641-
1647.

Peebles, ED; Cheany, JD; Brake, JD; Boyle, CD;
Latour, MA and McDaniel, CD (1997b).
Effect of added lard fed to broiler chickens
during the starter phase. 2. Serum lipids.
Poult. Sci., 76: 1648-1654.

Raghavan, P (2007). Utilization of dried fish
waste and fermented fish waste silage in
Japanese quail (Coturnix cortunix japonica)
layer ration. MVSc. Thesis, Kerala
Agricultural University, India. P: 110.

Ramnath, V; Rekha, PS and Mejo, KR (2007).
Effect of ayurvedic supplementation (BR) in
heat  stressed chickens on  certain
haematological and biochemical variables.
Indian J. Anim. Sci., 77: 158-162.

Reddy, BS (2003). Effect of induced stress and
antistress agents on the physiological
parameters in broiler chicken. MVSc. Thesis,
Kerala Agricultura University, India. P: 150.

Reddy, BS; Yuvaraj, N; Babitha, V; Ramnath, V;
Philomina, PT and Sabu, MC (2004).
Antioxidant and hypolipidemic effect of
spirulina and natural caroteroids in broiler
chicken. Indian Vet. J., 81: 383-386.

Richmond, W (1973). Determation of cholesterol
by CHOD-PAP method. Clin. Chem., 19:
1350-1356.

Schettler, G and Nussel, E (1975). Photometric
determination of triglycerides. Arb. Med.
Soz. Med. Prov. Med., 10: 25-29.

Simi, G (2007). Effect of dietry supplementation
of turmeric (Curcuma longa) on production
performance of broiler chicken. MVSc.
Thesis, Kerala Agricultural University. P:
101.

Smitha, NF (2005). Growth performance of
broiler chicken fed on fermented fish waste
silage ration. MVSc. Thesis, Kerala
Agricultural University. P: 86.


www.SID.ir

Iranian Journal of Veterinary Research, Shiraz University, Vol. 13, No. 3, Ser. No. 40, 2012

Snedecor, GW and Cockran, WG (1994).
Statistical methods. 8th Edn. New Delhi,
India, Affiliate East-West-Press Ltd., PP:
586-587.

Stadelman, WL; Olson, VM; Shemwell, GA and
Pasch, S (1988). Egg and poultry meat
processing. England, UK, Chischester, Elis
Horwood Ltd., PP: 210-211.

Winterbourn, C; Hawkins, R; Brain, M and
Carrell, R (1975). The estimation of red cell

194

superoxide dismutase activity. J. Lab. Clin.
Med., 85: 337-344.

Yohannan, CV (2007). Physiological evaluation
of dietary supplementation of steroid
hormone and alpha tocopherol in broiler
chicken. MVSc. Thesis, Kerala Agricultural
University. P: 143.

Zoeliner, NZ (1962). Colorimetric estimation of
total lipids. Gen. Exp. Med., 135: 545.


www.SID.ir

