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ABSTRACT

The seven days old chicks Gallus domesticus (Vencobb broilers) were fed with a diet supplemented
with 5% dose of coconut oil, sunflower oil and fish oil for period of 30 days. The coconut oil contains around
26% of monoenoic acid and 61% saturated fatty acid. Sunflower oil contains 58% of linoleic acid (omega 6
fatty acid), while the fish oil contains about 20% monoenoic fatty acids, 10% linoleic acid and 35% of long
chain polyunsaturated fatty (omega 3 fatty acids). Dietary supplementation of these oils greatly influenced
the activities of liver function and cardiac function enzymes as well as tissue fatty acid profiles of the chicks.
Supplementation of sunflower oil and fish o1l enhanced the level of omega 6 (linoleic, arachidonic acids) fatty
acids respectively in liver and serum. A reduction in the serum LDL cholesterol and increase in HDL cholesterol
was noticed in the chicks fed with a diet supplemented with fish oil and sunflower oil, best results were
obtained with the supplementation of fish 0il. The cardiac and liver function test confirmed the well being of
the chick supplemented with fish oil.
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INTRODUCTION '

Both linoleic (9,12, Octadecaenoic acid) and linolenic (9,12,15 Octadecatrienoic acid) acids cannot be
synthesized de novo by animals' but ate very essential for animals to be in physiologically well being state.
These two fatty acids undergo further elongation and desaturation to produce various PUFAs of both 3
and w6 series. PUFA further metabolize to produce large amounts of prostaglandins and thromboxanes of
diene and triene series, which are the key regulatory factors to maintain the animals in well being state”.

Klinger® suggested that dietary lipid effect several hematological factors of culture channel cat fish.
Fish fed with fish o1l diet had significantly lower hematocrits, higher thrombocyte count and higher serum
iron concentration. Dietary lipid affects the fatty acid composition of blood leucocytes and plasma eicosanoid
concentration in European Sea Bass®.

1% conjugated linoleic acid supplemented diet significantly increase the body mass gain along with the
increased ratio of HDL — Cholesterol and total cholesterol ratio in rat®. Lopez® reported that high fish oil
concentration decreases the saturated and monoenoic fatty acid content in the thymus sample. Production
of platelet thromboxane A2 and aortic prostacyclin decreased in rat with higher intake of n3 fatty acid’.
Castillo® showed that fish oil produced a significant reversion of the hyper cholesterolemia previously
induced by coconut oil feeding. Fish oil also produces a clear decrease in plasma triacylglycerine level. PUFA
reduces the incident of NEC (nectorzing enterocolitis) by modulating PAF (platelet activating factor) metabolism
and endotoxin trans location. Dietary administration of y- linolenic acid increased in vitro production of
prostaglandin E1 derived from dehomo y- linolenic acid but did not significantly influenced the production
of prostaglandin — E2 derived from Arachidonic acid in rat®.

There is obsolute dearth of knowledge about what is the exact quantity of the linoleic and linolenic acid
should be there in the diet in order to maintin animal in a well being condition. Although the poultry science
in India and other countries is well established with regard to improvement of the meat and production of
eggs through dietary manipulation, feed formulation of the poultry has not been aimed to improve the health
of the consumer (human beings) as well as poultry bird itself. Hence, the present study was undertaken to
enrich poultry meat with specified PUFA; so that the changes in the types of PUFA in the tissues of bird may
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offer potential benefits to the chicks by modulating eicosanoid production which would help themto be ina
“well being state” and so also the human beings.

In the present research work, the emphases were laid on the quality of lipid in a diet and efforts were
taken to see the effect of dietary lipids on health status of the poultry bird during post hatching development.

MATERIALSAND METHODS

After obtaining the approval of animal ethics committee of Goa University. the day old broiler chicks
(Vencobb broiler), Gallus domesticus were obtained from a local hatchery (Mandovi Hatcheries, Goa, India).
The chicks were acclimatized to laboratory conditions before feeding experimental dict. Based on the fatty
acid composition, three commercial oils viz., coconut oil, sunflower oil and fish oil were selected for the study
(Table 1). The proximate composition of commercial feed and experimental feed as well as their fatty acid
composition were analyzed in the laboratory (Table 2 & 3). The seven days old chicks were divided into four
groups. Group I chicks were maintained with the commercial feed (which served as control), remaining
groups were fed with a diet containing 5% of coconut oil, sunflower oil and fish oi] along with the commercial
feed for a period of 30 days. The coconut oit and sunflower oil were procured from the lecal market. The fish
(Sardine) oil was obtained from M/s. Sigma Chemical Co. USA. The chicks were sacrificed after 30 days (when
they were grown to 38 day old) of feeding. Since our aim was 10 find out the effect of the supplemented lipid
sources on the health status of the birds. the chicks were fed with grower feed only throughout the experiment.

Total erythrocytes and leucocytes were counted using Neubauer chamber. The blood hemoglobin was
estimated by using Sahli's hemoglobinometer. The fatty acid profiles of liver and serum analysed using Gas
Chromatogram (Chemito make model 8610) equipped with flame ionizing detector and 10% DEG (Di ethylene
glycol) packed column. The identification of the obtained peeks was done with the prepared standard
chromatogram of the known fatty acids.

Serum lipid profiles including total cholesterol, total triglycerol, HDL cholesterol. LDL-cholesterol, VILDL
— cholesterol were also recorded uvsing the diagnostic kits M/s. Crest Biosystems. Goa India). The liver
function test and the cardiac function test were also performed by measuring the activity of serum and
hepatic Alkaline Phosphatase [EC 3.1.3.1}, Lactate Dehydrogenase [EC 1.1.1.27]. Glutamate Oxaloacetate
Transaminase {EC2.6.1.1], Glutamate Pyruvate Transaminase [EC 2.6.1.2]."

RESULTS AND DISCUSSION

PUFA in the cell is required for the production of chemical messengers that initiate or control wide range
of physiological functions including cell growth and divisions, control of blood pressure, coagulation of
blood, immunosensitive reaction, tissue inflammation etc." PUFA reduces the incidence of narcotizing
enterocolitis by modulating platelet activating factor and endotoxin translocation'” No statistically significant
‘changes were observed in the level of hemoglobin concentration after 30 days of feeding the diet supplemented
with coconut oil and sunflower oil (Figure 1). It was also observed that there was a significant decrease in the
count of total erythrocytes of the chicks supplemented with coconut oil (62%, p<0.005) and sunflower oil
(70%, p<0.005) along with the commercial feed. The leucocyte count was decreased significantly (40%,
p<0.005) in the chicks supplemented with coconut oil, while the changes are insignificant in the chicks
supplemented with sunflower oil for 30 days, This indicates an anaemic condition and defective
immunoprotective mechanisms in the chicks. The 26%, (p<0.005) increase in leucocyte count with fish oil

“supplementation without altering hemoglobin concentration and total erythrocyte count (Eigure I) confirms
earlier observation of Klinger." Enhanced leukocyte count in the blood may be correlated with increased
immunoprotective condition with the supplementation of fish oil. The role of dietary fatty acids mainly o6
and ®3 individually or jointiy plays a significant role in the action of different antigen to produce antibodies,
which ultimately affect the immuno response mechanism of a growing layer hen."”
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Table 1: Relative composition of fatty acid profiles of different lipid sources used inthe
experiment (Mean values of three estimates)

. Relative Composition

Fatty Acid Coconut oil Sunflower oil Fish oil
14:0 14.78 2.51 7.23
16:0 28.32 15.23 16.55
16:1 16.27 2.61 6.32
18:0 18.37 8.26 17.38
18:1 10.27 6.26 14.25
18:2 8.35 58.38 9.07
183 1 - 1.08 2.56

Others 3.64% 5.67% 26.64*

*-n3 and n6 polyunsaturated fatty acids of C-20 C-22 series
$ - Unidentified fatty acids of C-16 and C-14 series

Table 2: Proximate composition of feeds used in the experiment
(Mean values of three estimates)

Parameters Dry matter | Crude fat Ash Fiber % crude
protein

Control feed 92.09 6.50 11.48 2.83 36.28
(commercial)
Feed+ 5% 92.91 9.50 9.54 3.18 35.70
coconut oil
Feed+5% | 9325 10.60 10.48 2.54 36.53
sunflower oil
Feed + 5% 93.70 10.50 10.13 2.68 35.75
fish oil

As far as human nutrition is concerned, not the dietary cholesterol, but the intake of fat in terms of
saturated fatty acids, monounsaturated fatty acids and polyunsaturated fatty acids is to be looked forward.
Both dietary cholesterol' and fatty acid pattern with regards to total n3/n6 ration PUFA. the dietary lipid
fractions are in a close relationship to serious chronic diseases in humans. *

About 10% - 30% increase in the relative concentration of saturated fatty acid and arachidonic acid
along with 30% - 55% decrease in monounsaturated fatty acid and long chain PUFA in liver and serum of
coconut oil supplemented chicks; or 10% - 33% increase in linoleic acid and arachidonic acid content of live
and serum at the expense of saturated, monounsaturated and w3 fatty acids of sunflower oil supplemented
chicks or the tremendous increase (91% to almost 5 fold) in w3 fatty acids viz., linolenic, eicosapentaenoic
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and docosahexaenoic acids at the cost of linoleic acid and arachidonic acid along with the saturated and
monounsaturated fatty acids in liver and serum of fish o1l supplemented birds (as summarized in tables 4 & 5),
are in accordance with the earlier observation of Byong'; Al Athari and Watkins'®; Phetteplace and Watkins'’;
Hargis'®; Cherian and Sim'°; Manilla®®; Mieczowska?'; Schiavone®. Shift in saturated fatty acids and
monounsaturated fatty acids towards the production of PUFAs of w3 series and / or

Table 3: Relative composition of fatty acid profiles of feed supplemented with different lipid sources used

in the experiment {Mean values of three estimates).

Relative Composition
Fatty Acid Control feed Feed + 5% Feed + 5% Feed + 5%
(commercial) Coconut oil | Sunflower oil Fish oil
14:0 7.50 10.87 5.00 7.26
16:0 16.00 22.36 15.50 15.26
16:1 2.30 14.37 2.20 4.32
18:0 8.30 12.32 8.00 6.36
18:1 2.50 8.37 4.74 10.26
18:2 55.50 35.37 56.78 22.36
18:3 0.50 --- 0.98 1.86
Others 7.408 5.24 6.80 32.32%

*- n3 and n6 polyunsaturated fatty acids of C-20 C-22 series
$ - Unidentified fatty acids of C-16 and C-14 series

Table 4: Fatty acid profiles (relative percent composition) of Liver total lipid of chicks supplemented with
5% dose of different oils along with the commercial feed for 30 days during post hatching development

(Mean values of 3 set of samples are presented)

Fatty acid Control Coconut Qil | Sunflower Qil Fish Oitl
16:0 29.80 33.00° 30.68 29.90
16:1 4.20 1.80° 4.20 320"
18:0 18.20 22.70° 11.24° 19.20°7
18:1 15.20 8.50° 14.37 12.30

18:2(®6) 15.30 14.44° 20.25% 11.30®
18:3(w3) 1.20 1.25° 1.40 4.10°
20:4(06) 10.20 13.38° 12.40°° 7.20°
20:5(w3) 2.40 1.45° 1.60° 4.60°
22:6(w3) 1.40 1.70° 1.06% 4.60°
Others 2.10 1.78 2.80 3.60
03 /w6 0.19 0.16 0.12 0.72

*These values are statistically significant (at p<0.05) over the same of control bird
® These values are statistically significant (at p<0.05) between the two treated groups of
chicks
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w6 series in different tissues due to intake of higher amount of linoleic acid (for the sunflower oil supplemented
diet) are in accordance with observation of Yau.”* Dietary supplementation of the fat modulates the

desaturation system of fatty acids in birds, which needs to be confirmed in future.

Polyunsaturated fatty acids of ®3 and »6 series influence the plasmna ratio of various lipoproteins
viz., Low density lipoprotein (LDL}) Cholesterol and High-density lipoprotein (HDL) Cholesterol. The serum
lipid profiles in the form of total cholesterol and total triglycerol concentration and in the form of HDL, LDL
and VLDL Cholesterol concentration are the key indicators to understand the health condition of animals.
Increasing HDL cholesterol and lowering LDL and VLDL cholesterol concentration in serum prevents
cardiovascular diseases.” High content of w3 polyunsaturated fatty acid in certain fish oil prevents the rat
from cardiovascular diseases {ike thrembosis and artherosclerosis.™ Dietary fatty acids influence the production
of the polyunsaturated fatty acids (mainly arachidonic acid, eisosapentaenoic acid. docosahexaenoic acid) in
varjous animal tissues as summarized in table 4 & 5 which is in accordance with the reports of earlier workers.

202122

About two-fold augmentation of LDL -cholesterol along with about 6% & 8 fold increase in HDL and
VLDL concentration respectively due to supplementation of coconut oil for 30 days (Table 6) is in accordance
with the data of Castillo.® Saturated fatty acids which constitute about 60% of total fat in coconut oil raises
plasma cholesterol by increasing LDL cholesterel concentration more than the HDL cholesterol.™ Increase in
CH:HDL ratio along with CH: TG ratio is detected due to the coconut oil supplementation (Table 6). This
indicates that the addition of coconut oil to the diet might lead to accumulation of hiver glycogen rather than
accumulating the fat in the tissue.

Around 45% increase (equivocal) in LDL Cholesterol concentration along with 93% decrease in
VLDL cholesterol (equivocal) and 33% (p<0.003) increase in HDL cholesterol with supplementation of 5%
sunflower oil for 30 days leading to reduction of CH: HDL ratio and augmentation of CH: TG ration (Table 6)
indicates the metabolization of cholesterol for the production of the lipoprotein by the action of LCAT
enzyme.

Table 5: Fatty acid profiles (relative percent composition) of Serum total lipid of chicks supplemented
with 5% dose of different oils along with the commercial feed for 30 days during post hatching
development (Mean values of 3 set of samples are presented)

Fatty acid Control Coconut Oil Sunflower Oil Fish Oil
16:0 2267 2527 21.26 22.10
16:1 1.20 1.50 1.50 1.20
18:0 2345 24.27° 21.26™ 20.26°
18:1 11.35 8.86° 9.25% 10.50°

18:2(06) 26.37 26.16 29.35% 22.40°
18:3(03) 0.50 0.45 1.45 2.50°°
20:4(06) 10.34 10.37 12.34%® 8.20°
20:5(03) 1.06 0.75° 1.10 4.34°
22:6(03) 1.30 1.35 1.20 4.30%"
Others 1.76 1.02 2.29 4.20
o3/ 06 0.08 0.07 0.07 0.36

* These values are statistically significant {at p<0.05) over the same of control bird
® These values are statistically significant (at p<0.05) between the two treated groups of

chicks
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Table 6 : Changes in the serum lipid profiles of chick (Gallus domesticus) supplemented with 5% dase of
different oils along with the commercial feed during post hatching development (Mean values of six
samples and their standard error)

Lipid profiles Control Coconut Oil Sunflower Gil Fish Oil
Total CH 146.00 203.00 184.00 149.33
+1.09 +3.66 +573 +5.32

Serum TG 147.33 159.33 125.33 95.00
+2.75 +239 +385 +9.53

HDL CH 89.67 95.67 119.33 92.00
+3.48 +2.15 +2.02 +1.32

LDLCH 26.86 75.46 39.6 28.33
+1383 +525 - +6.74 +6.36

VLDLCH 29.47 31.87 25.07 19.00
+155 +248 +1.77 +1.90

CH:HDL 1.63 212 1.54 1.62

1.27 1.47 1.57

CH:TG 0.9

Around 35% - 40% (p<0.005) decrease in LDL and VLDL cholesterol with increase in HDL cholestero!
which result in decrease of CH: HDL ratio and increase of CH:TG ratio due to 5% fish oil supplementation for
30 days Table 6) clearly indicates that chicks do not have any severe health hazards. It is evident that even
5% supplementation of sunflower oil for a period of 30 days does not have any severe health hazards on birds
but at the same time, 5% supplementation of fish oil might be more beneficial to the birds to maintain
themselves in physiologically well being state. Daggy*® have already observed that long chain PUFA helps
in lowering the production rate of VEDL Cholesterol in rooster.

It is reported that dietary fish oil reduces plasma TG levels in normal and hyper triglyceredemic
individuals™’ especially in VLDL fractions. The protective effects of fish intake could be caused by n3 PUFA.
It is proposed that n3 PUFA may alter the lipoprotein metabolism.™

About 27% - 97% (p<0.005) increase in the activity of ALP in liver and serum (Figure II) and 12% -
36% (equivocal — p<0.005) depletion in liver GOT activity along with 3 fold (p<0.005) increase in liver LDH
activity with the supplementation of 5% coconut oil for 30 days (Figure II) indicates the poor health status of
the bird which might lead to necrosis of liver and cardiac tissues. About 18% (p<0.005) decrease in the
activity of ALP in liver and 36% (p<0.01) increase in the serum (Figure ) with 50% (»<0.005) decrease in liver
GOT activity and about 3.6 fold (p<0.005) increase in serum GOT activity along with 2 fold (p<0.G05) increase
in liver LDH activity with sunflower oil supplementation indicates necrosis of cardiac tissue. On the other
hand 16%- 17% (p<0.005) decrease in liver and serum ALP activity (Figure II), 18% - 56% (p<0.005) decrease
in liver and serum GOT activity and 16% (p<0.005) decrease in serum LDH activity (Figure 111} due to fish oil
supplementation indicate the well being state of the bird without any necrosis of liver and cardiac tissue. The
decreased activity of some liver and cardiac function enzymes may be cortrelated with shifting of metabolic
pathways, which needs to be confirmed in future. Dietary supplementation with palm oil, lowered creatine
. concentration in serum and activity of GPT in broiler chicken.

The available evidence indicates that 3 PUFA have distinct physiological functions. > From the

“present study it is recommended that the exogenous supplementation of 5% fish oil is better to maintain the

chicks in a healthy state. The amount and type of fat consumed is the focus of much interest in maintaining

the good health. Itis not the quantity, rather the quality of the fat intake that determines the “well being
state”.
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