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ABSTRACT

An experiment was conducted to find out the effect of supplementing different levels of
linseed oil in the laying hens’ diet on hen day egg production, body weight change, egg
shape index and economics of feeding, during a period of 16 weeks. One hundred forty
White Leghorn layers were randomly allocated into seven experimental groups having 5
replications of 4 birds in each and sited in individual cages from 22 to 38 weeks of age.
The laying hens of control group (T;) were fed a basal diet formulated as per BIS (2007)
standards. The layers of treatment groups T,, Ts, T4, Ts, T and T, were fed basal diet
supplemented with linseed oil at levels of 1, 2, 2.5, 3, 3.5 and 4%, respectively. The results
of the study unveiled that laying hen fed diets of 2.5% linseed oil (T,) had (P<0.05) higher
hen day egg production as compared to basal diet as well as the other dietary treatments.
The results indicated a significant (p<0.05) increase in body weight in layers fed @ and
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production. 4% linseed oil as compared to control. Birds fed linseed oil had significant (p<0.05)
A 77 increase in egg length and egg width in treatment group Ts, Te and T; as compared to

control diet. But feeding of different levels of linseed oil in the diet of laying hens did not
Accepted: affect egg shape index. The results showed that feed cost value per dozen egg production
17 September 2017 decreased in treatment groups T, (2.5% linseed oil) as compared to all other dietary
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treatments. Birds fed linseed oil had significant (p<0.05) decrease in palmitic (C: 16),
10 November 2017

stearic (C: 18) and oleic acid (18:1) being lowest in T; (4% linseed oil). Linoleic acid
(C18:2) linolenic acid (18:3) and arachidonic acid (C20:4) significantly (p<0.05) increased
being highest in T; (4% linseed oil) and lowest in T; (control). Thus, from the present
study it can be concluded that supplementation of linseed oil at different levels in laying
hens’ diet significantly (P<0.05), decrease average feed cost per dozen egg production and
significantly (P<0.05) increase in hen day egg production, omega-3 fatty acid and body
weight, whereas no effect of linseed oil supplementation on shape index.

Introduction

Indian poultry industry is one of the fastest
growing segment of the agricultural sector
today in India. As the production of
agricultural crops has been rising at a rate of
1.5 to 2% per annum while the production of

eggs and broilers has been rising at a rate of 8
to 10% per annum today India is world’s fifth
largest egg producer and the eighteenth
largest producer of broiler. Driving this kind
of expansion the contributing factors are
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growth in per capita, a growing urban
population and falling poultry prices. A very
significant feature of India’s poultry industry
is its transformation from a mere backyard
activity into a major commercial activity in
just about four decades which seems to be
really fast. The kind of transformation has
involved sizeable investments in breeding,
hatching, rearing and processing. Indian
farmers have moved from rearing non-
descript birds to today’s rearing hybrids and
pure breeds

The Indian poultry industry has grown largely
due to the initiative of private enterprise,
minimal government intervention and very
considerable indigenous poultry genetics
capabilities and  support  from the
complementary veterinary health, poultry
feed, poultry equipments and poultry
processing sectors. India is one of the few
countries in the world that has put into place a
sustained specific pathogen free (SPF) egg
production project.

Linseed oil is highly unsaturated. It is rich in
linolenic acid, which contains 3 double bonds
with its first double bond 3 carbons from the
terminal end (omega-3). The beneficial
effects of consuming omega-3 fatty acids
from fish include reducing heart disease,
reducing circulating cholesterol levels and
suppressing inflammation in humans (Klatt,
1986). This has prompted studies on the effect
of feeding linseed oil or feedstuffs containing
it to poultry as a means of increasing linolenic
acid in eggs and poultry meat. As early as
1950, Chu and Kummerow reported that
feeding a high level (25%) of linseed oil to
chickens caused increased linolenic acid in
the fat of the skin and gizzard. Kummerow et
al., (1948) also reported that feeding linseed
oil to turkeys increased the iodine number of
the fat and it was less stable to oxidation.
Klose et al., (1952) showed that including 2%
of linseed oil in a turkey ration caused a large

increase in the linolenic acid in the depot fat,
a marked reduction in the induction period for
fat oxidation and a marked fishy odor of the
tissue. Egg shape index is defined as the ratio
of width to length of the egg, and it is an
important criterion in determining egg
quality. Domestic hen eggs that are unusual in
shape, such as those that are long and narrow,
round, or flat-sided, cannot be placed in grade
AA (nearly perfect) or A (slightly worse than
AA) since an egg is generally oval in shape
(72-76). Round eggs and unusually long eggs
have poor appearances and do not fit well in
egg cartons; therefore, they are much more
likely to be broken during the shipment than
the eggs of normal shape (Sarica and
Erensayin, 2009).

Materials and Methods

A total of one hundred and forty single comb
White Leghorn hens of commercial strain, 22-
23 weeks of age, in the first phase of their
production cycle with an average weight of
1737 + 44.28 g were randomly divided in to
seven treatment groups, having five
replications with four birds in each
replication. The laying hens of control group
(T1) were fed a basal diet formulated as per
BIS (2007) standards, its ingredient and
composition has been given in Table 1. The
layers of treatment groups T, T3, T4, Ts, Ts
and T; were fed basal diet supplemented with
linseed oil at levels of 1%, 2%, 2.5%, 3%,
3.5% and 4%, respectively. Hens were fed the
experimental diet for sixteen weeks of
experimental period beginning at 22 weeks of
age and continued up to 38 weeks of age. The
hens were offered feed and water ad libtum
through linear feeder and waterers. Chemical
composition (%DM basis) and metabolizable
energy (Kcal/Kg) of feed ingredients used in
formulating the experimental diets and
Composition and mixing rate of feed
additives/ supplements and has been given in
table 2 and 3 respectively. The data were
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analyzed using completely randomized design
(Snedecor and Cochran, 1994).

Analysis of feed ingredients

Feed ingredients used in the diet formulations
were analyzed for the proximate nutrients
(AOAC, 2007). The chemical composition of
different feed ingredients is presented in
Table 2.

Experimental diets

The basal diet of laying hens was formulated
as per BIS (2007) standards. The ingredient
composition and chemical composition of the
layers’ control ration (T1), has been given in
Table 3.

Treatments

T1: Basal diet (Control) as per BIS (2007)
specifications.

T,: Basal diet+ 1 % Linseed oil

Ts: Basal diet +2% Linseed oil

T,: Basal diet + 2.5% Linseed oil

Ts: Basal diet +3.0 % linseed oil

Te: Basal diet + 3.5% linseed oil

T,: Basal diet + 4.0% linseed oil

Feed additives and supplements were
premixed and then mixed with weighed
quantity of feed ingredients to make a
homogenous mixture of rations.

Percent hen day egg production

Egg production were recorded daily, separate

record for individual bird were maintained for
entire experimental period i.e. 22-38 weeks of

age of laying hens. Per cent hen day egg
production was calculated by using following
formula:

Total no. of eggs produced during the period
Per cent hen day
Egg production = %100
Total no. of hen days during the period

Shape index

The width and length of each egg was taken
using Vernier caliper. Shape index was
calculated as per the formula.

Maximum width of egg
x100

Shape index =
Maximum length of egg

Feed cost per dozen of egg production

Average feed cost per dozen of egg was
calculated from the amount of feed (in Kg)
consumed during the period multiply by cost
of per kg feed.

Fatty acid profile

For fatty acid profile the yolks from three
eggs were separated for each replicate,
pooled, homogenized and fat separation by
the method of Angelo et al., (1987). Methyl
ester was prepared by the method of Luddy et
al., (1968) and then fractionation of methyl
ester by using gas chromatograpy.

Results and Discussion
Hen day egg production

The percent hen day egg production, for the 7
periods (22-24, 24-26, 26-28, 28-30, 30-32,
32-34, 34-36 and 36-38 weeks of age) of 2
weeks each and cumulative production of 1-8
periods (22-38weeks), are presented in Table
5.
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The cumulative hen day egg production
values were 60.69, 58.25, 63.78, 69.90, 61.08,
60.62 and 58.29 percent in treatment groups
T1, Ta, T3, T4, Ts, Tg and T+, respectively. The
results of the study unveiled that laying hen
fed diets of 2.5% linseed oil (T,) had (P<0.05)
higher hen day egg production as compared to
that of hens fed maize based basal diet as well
as the other treatment. Similarly the results of
study (during 22-24weeks) indicated that,
when diets of layers were supplemented with
2.5% of the linseed oil there was a significant
(P<0.05) positive effect on per cent hen day
egg production in comparison to control
group and other levels of linseed oil.

The similar trends of hen day egg production
were found during 28-30 and 30-32 weeks of
age of laying hens. The minimum hen day egg
production (ranged from 50.35% in T; to
52.07% in T;) was found at age of 36-38
weeks of age and maximum (75.71% in T,) at
22-24 weeks of age in different dietary
treatments.

In nutshell, the data of the study revealed that
feeding of hens with 2.5% linseed oil had
significantly (P<0.05) higher percent hen day
egg production, followed by hens fed with 2%
linseed oil compared to control group and
other dietary treatments, however, treatment
groups Ty, T, Ts, Te and T7 did not show any
significant  (P<0.05) difference among
themselves. These finding are in agreement
with the findings of Beynen (2004), Celebi
and Utlu (2006), (Augustyn et al., 2006) and
Aziza et al., (2013). On contrary, Van Elswyk
(1997 b), Ansari et al., (2006) and Svedova et
al., (2008) reported that linseed oil
supplementation in ration of layer decreases
egg production.

Galobart et al., (2001) reported no influence
of feeding 5 % linseed oil on the egg
production of hens. Grobas et al., (2001)
found that the hens fed 5 or 10 % linseed olil

produced similar number of eggs when
compared to the hens without
supplementation during a period of 12 weeks.
Novak and Scheideler (2001) reported that
egg production was not significantly different
(P < 0.05) for the hens fed 10% flax seed
compared to those on the diet with 0 %
flaxseed.

Body weight changes

The mean body weights of the experimental
laying hens at the beginning of the experiment
and at the end of the experiment are presented
in Table 6. The results of the study depicted
that all the experimental birds under different
dietary treatments were in positive weights.

The collective mean values (22-38 weeks) of
body weight gain of layers were 0.15, 0.17,
0.20, 0.26, 0.19, 0.23 and 0.32kg in treatment
groups Ty, Ty, T3, T4 Ts, Te and Ty,
respectively. The statistical analysis of the
data revealed that significant effect on the
body weight gain of hens was observed by
dietary supplementation of basal ration with
different levels of linseed oil as compared to
the non-supplemented control diet. Body
weight gain was maximum in T; and
minimum in T;.

The results of the study depicted that all the
experimental birds under different dietary
treatments were in positive weights. The
statistical analysis of the data revealed that
significant effect on the body weight gain of
hens was observed by dietary
supplementation of basal ration with different
levels of linseed oil as compared to the no
added control diet. More the level of
supplementation more was the gain.

This might be due to higher content of rations
supplemented with linseed oil. Although, no
literature was present in context of layer’s
growth performance.
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Table.1 Ingredient and chemical composition of ration for layers of control group

Feed ingredients Percentage
Maize 50
Groundnut cake 7
Soybean Meal 13
DORP 12
Rice Polish 5

Fish Meal 6
Mineral Mixture 3

Salt 0.5
Shell Grit 3.5
Chemical composition %DM basis
CP 19.04
CF 6.74
EE 3.61
NFE 62.81
Ash 7.80
Metabolizable energy*(Kcal/Kg) 2697.17

* calculated value (BIS, 2007), Feed additive included Spectromix-10g (Each g contained vitamin A- 82,500 1U,
vitamin D3 12,000 1U, vitamin B2- 50mg, and vitamin K- 10mg.), Spectrimix-BE-10g (Each g contained vitamin
B1-80mg, vitamin Bg — 16mg, Niacin- 120mg, vitamin By,- 80mg, Calcium Pantothenate- 80mg, vitamin E -160mg,
L-lysine HCI- 10mg, DL-Methionine -10mg, and Calcium- 260mg) per 100 Kg of ration.

Table.2 Chemical composition (%DM basis) and metabolizable energy (Kcal/Kg) of feed
ingredients used in formulating the experimental diets

Ingredients CP CF EE Ash ME* Cost/100kg
Maize 9 2 4 15 3300 1719
GNC 44 10 1 8 2400 2959
Soyabean meal 44 6.5 0.8 6 2250 3643
Rice polish 12.7 5 14 8 2700 1287
DORP 16 14 0.5 12,5 1800 894
Fish meal 45 1 7 22 2180 5373
* calculated value (BIS, 2007)
Table.3 Composition and mixing rate of feed additives/ supplements
Additives/suppliments Composition Mixing
rate/qtl
Spectromix Powder E_ach g contained vitami_n A? 82,500 IU, vitamin D3-12,000 1U, | 10 g/ quintal
vitamin B2- 50mg, and vitamin K- 10mg.
Each g contained vitamin B1- 80mg, vitamin Bg -16mg, Niacin-
Spectromix-BE powder 120mg, vitamin B1o- 80mg, Calcium Pantotherjatg- 80mg, vitamin | 10 g/ quintal
E -160mg, L-lysine HCI- 10mg, DL-Methionine -10mg, and
Calcium- 260mg
Mineral mixture for poultry: composition (w/w): moisture- 3%
(maximum), Calcium- 32% (minimum), Phosphorus- 6%
Mineral mixture (m!n@mum), Manganese- 0.27% (_minimum), Iot_jine- 0.01% 3Kg/quintal
(minimum),  Zinc- 0.26% (minimum), Fluorine- 0.03%
(maximum), Copper- 0.001% (minimum) and Iron- 0.001%
(minimum).
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Table.4 Chemical composition of ration for layers of different treatment groups

Chemical % DM basis

composition T1 T2 T3 T4 T5 T6 T7

CP 19.04 19.10 19.07 19.06 19.08 19.05 19.03
CF 6.74 6.23 6.16 6.03 5.78 5.66 5.47
EE 3.61 4.25 4.67 5.34 5.73 6.19 7.05
Ash 7.80 8.04 7.93 8.11 8.02 7.89 7.96
NFE 62.81 62.38 62.17 61.39 62.58 61.21 60.49
ME* Kcal/Kg | 2697.17 | 2757.59 | 2816.83 | 2846.01 | 2874.92 | 2903.54 | 2931.89

* calculated value

Table.5 Mean values of percent hen day egg production during progressive age (weeks) under
different dietary treatments

weekdl T T, T, T, Ts T T, cD
62.44° | 61.78° | 65.07 75.71° | 61.88° | 67.857 60.30°
22-24 +1.66 +4.61 +5.07 +2.16 +5.26 +4.11 +3.07 1139
24 _ 96 73.92° | 6250° | 7250 | 74.28° | 7142 | 67.857 67.50 10.94
+1.75 +3.95 +5.58 +2.80 +5.21 +1.60 +3.54 '
26 _ 28 61.78° | 51.42° | 69.64° |6535° |63.21° |[56.78% 64.64° 12.67
+6.84 +4.13 +4.66 +2.44 +4.47 +1.91 +5.03 '
2830 58.92° | 56.07° |57.50° [69.92° |59.64° | 60.00" 62.14° 10,91
+5.11 +2.01 +3.50 +5.24 +4.32 +1.66 +2.85 '
30_32 60.00° | 59.28° |59.28° | 70.35° |58.21° | 57.14° 55.00° 8.15
+2.37 +2.14 +4.57 +2.86 +1.21 +3.19 +2.14 '
334 58.57° | 59.64° | 67.14° | 70.71° |58.92° | 59.64° 53.56" 6.50
+1.73 +2.56 +2.37 +1.92 +2.39 +2.43 +2.19 '
3436 57.85° | 61.42° | 61.42° |69.64° | 61.07° |62.14° 52.85° 6.77
+2.80 +2.68 +2.68 +1.13 +3.50 +1.99 +1.21 '
36538 5207 |5393° |57.78° [6321" |54.28° |5357" 50.35° 6.23
+2.88 +1.82 +2.01 +2.08 +1.34 +3.04 +1.19 '
Mean 60.69 | 5825° | 63.78° [69.90° |61.08° |60.62 58.29° 366
+1.48 +1.18 +1.53 +1.09 +1.42 +1.14 +1.32 '

The mean values in same row with different superscripts differ significantly (P< 0.05)

Table.6 Body Weight changes (Kg) of layers during the experimental period under different
dietary treatments

Treatments Initial Body Weight | Final Body Weight | Body Weight gain(g)
T. 1.78% +0.05 1.94 +0.05 0.15% +0.01

T, 1.78% +0.06 1.95 +0.06 0.17° £0.02

Ts 1.81% +0.06 2.01 +0.05 0.20°°+0.03

T, 1.75% +0.04 2.01 +0.05 0.26™ +0.02

Ts 1.77* £0.04 1.95 +0.05 0.19° +0.02

Te 1.67% +0.04 1.89 +0.04 0.23°¢ +0.02

T, 1.62° +0.06 1.94 +0.05 0.32% +0.05

CD 0.14 NS 0.07

2010



Int.J.Curr.Microbiol.App.Sci (2017) 6(11): 2005-2016

Table.7 Mean values of egg width (cm) during progressive age (weeks) under different dietary

treatments
Weeks/
Treatment Ty T2 Ts Ta Ts Te Tr CD
b ab a a a ab a
Y 3.79 3.88 3.95 3.97 3.97 3.93 4.00 0.14
+0.05 +0.03 +0.02 +0.07 +0.04 +0.04 +0.07
2426 4.06 4.07 4.16 4.06 4.13 4.18 4.16 NS
+0.02 +0.02 +0.03 +0.02 +0.04 +0.07 +0.08
26 28 4.11° 4.15® 4.20%® 4.11° 4.25% 4.27% 4.31% 0.19
+0.03 +0.02 +0.04 +0.02 +0.10 +0.06 +0.12 '
b ab a a a a a
2830 3.97 4.13 4.15 4.16 4.20 4.28 4.24 0.16
+0.06 +0.03 +0.02 +0.06 +0.04 +0.04 +0.11
303 4.14 4.20 4.18 4.17 4.20 4.23 4.22 NS
+0.03 +0.05 +0.05 +0.02 +0.04 +0.02 +0.03
b b ab b ab ab a
334 4.13 4.14 4.24 4.13 4.22 4.27 4.35 0.14
+0.04 +0.02 +0.04 +0.08 +0.03 +0.06 +0.04
b ab a b ab a a
3436 4.04 4.13 4.22 4.03 4.19 4.28 4.23 0.16
+0.05 +0.06 +0.01 +0.02 +0.04 +0.11 +0.05
3638 4.08 4.08 4.10 4.18 4.24 4.19 4.22 NS
+0.06 +0.06 +0.02 +0.04 +0.04 +0.12 +0.09
Mean 4.04¢ 4.10% 4,15 4.10% 4.17%® 4.20%® 4.22% 0.06
+0.02 +0.02 +0.02 +0.02 +0.02 +0.03 +0.03 '

The mean values in same row with different superscripts differ significantly (P< 0.05)

Table.8 Mean values of egg length (cm) during progressive age (weeks) under different dietary

treatments

ﬂ‘ﬁ%em T, T, Ts T, T, T, T, CD

24 543° | 528° | 5.46% 5.32% 5.56" 5.55° 5.49% 0.24
+0.05 | £0.03 | +0.02 +0.11 +0.11 +0.14 +0.03

4 26 557° | 577 | 5.75% 5.66® 5.73% 5.87° 5.82° 0.22
+0.10 | #0.07 | +0.07 +0.04 +0.06 +0.07 +0.11

2628 562° | 572® | 578" 5.67% 5.76 5.85° 5.86" 0.1
+0.09 | £0.09 | +0.05 +0.10 +0.05 +0.03 +0.08

2830 568" | 571° | 583" 5.74% 5.81% 5.92° 5.95° 0.05
+0.13 | #0.04 | +0.07 +0.10 +0.09 +0.03 +0.10

3032 5.75 573 | 5.76 5.78 5.81 5.94 5.94 NS
+0.10 | #0.12 | +0.11 +0.08 +0.06 +0.04 +0.05

334 565" | 575" | 591% 5.71% 5.85°° | 5.91% 5.95° 0.19
+0.07 | #0.04 | +0.08 +0.08 +0.04 +0.08 +0.05

3436 556° | 5.65° | 576" | 580" | 589° 5.94° 5.93° 0.05
+0.08 | +0.04 | +0.08 +0.15 +0.10 +0.06 +0.07

3638 542° | 5607 |573" 5.68% 5.82% 5.86% 5.92° 0.18
+0.07 | #0.05 | +0.07 +0.08 +0.04 +0.07 +0.03

Mean 559° | 565" | 575" 5.67 5.78% 5.85° 5.86° 0.08
+0.03 | +0.03 | +0.03 +0.04 +0.03 +0.03 +0.03

The mean values in same row with different superscripts differ significantly (P< 0.05).
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Table.9 Mean values of egg shape index during progressive age (weeks) under
different dietary treatments

ﬁiﬂgem T T, T, T, Ts Te T, cD

2924 69.90 73.48 72.18 74.82 71.48 71.07 72.91 NS
+1.31 +0.60 +0.58 +1.12 +1.18 +1.74 +1.25

24 26 73.11 70.57 72.42 71.78 72.04 71.67 71.63 NS
+1.46 +0.63 +1.07 +0.89 +0.52 +1.07 +1.76

6. 28 73.20 72.63 73.01 72.58 73.88 72.98 73.76 NS
+1.05 +1.10 +0.43 +1.31 +2.18 +0.81 +2.92

2830 70.12 72.42 71.23 72.63 72.39 72.32 71.45 NS
+2.35 +0.46 +0.94 +2.04 +1.48 +0.47 +3.02

30 32 72.11 73.51 72.69 72.21 72.33 71.25 71.10 NS
+1.10 +0.98 +1.21 +0.97 +1.27 +0.69 +0.84

2 34 73.16 72.05 71.77 72.41 72.00 72.40 73.18 NS
+1.10 +0.80 +0.46 +1.96 +0.81 +1.39 +1.13

3436 72.79 73.76 73.36 69.72 71.24 72.13 71.37 NS
+1.71 +1.19 +1.19 +1.51 +1.14 +2.27 +0.87

3638 75.30° | 72.93® 71.66° 73.64% 72.89% 71.56° 71.28° 326
+0.56 +0.83 +1.00 +0.81 +0.76 +2.00 +1.29

Mean 72.46 72.60 7250 72.48 72.28 71.92 72.09 NS
+0.53 +0.32 +0.32 +0.50 +0.42 +0.47 +0.61

The mean values in same row with different superscripts differ significantly (P< 0.05). Economics of feeding linseed
oil

Table.10 Average feed cost (Rs) per dozen egg production during progressive age (Weeks)
under different dietary treatments

Weeks/

T T T T T T T
Treatment ! 2 3 4 > 6 !

22 -24 45.54 47.44 50.72 43.01 39.61 50.65 60.89

24 - 26 41.34 54.72 49.55 47.66 49.38 52.43 53.80

26 — 28 48.17 60.59 50.52 54.47 58.85 49.52 52.97

28 - 30 53.20 57.59 62.93 53.47 57.92 58.46 5451

30-32 54.84 57.11 62.35 52.99 60.35 62.86 62.42

32-34 57.61 57.08 56.11 53.62 61.86 63.13 62.24

34-36 58.52 57.17 60.94 53.95 59.29 58.03 63.51

36 — 38 59.48 62.00 60.16 54.03 64.55 65.54 62.81

Mean 52.33 56.71 56.66 51.65 56.47 64.82 59.14

Profit/loss | O -4.38 -4.33 0.68 -4.14 -12.49 -6.81

2012
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Table.11 Mean values of different fatty acids % in egg yolk of layers under different treatments

C:16 C:18 Ci8:1 C18:2 C18:3 C20:4
Treatment | (palmitic (Stearic (Oleic (Linoleic | (Linolenic | (Archidonic | n6:n3
acid) Acid) acid) acid) acid) acid
34.21%+0.0 | 13.29°%+0.0 | 38.12%0.0 | 12.13%0.0 1. £
T1 1 1 1 1 529+0.01 0.74'+0.01 8.46
b b b f
T 33.501 +0.0 12.171 +0.0 37.40110.0 13.23110.0 2.71'+0.01 0.89°40.01 5.21
C C C e
T3 32.0%10.0 11.05410.0 37.452 +0.0 14.452 +0.0 4.10°40.01 0.93%+0.01 3.75
d C d d
T4 31.061 +0.0 11.00110.0 37.09110.0 14.61110.0 5 26%+0.01 0.98°+0 01 206
e d e C
TS 30.25210.0 10.162 +0.0 36.461iO.O 15.051i0.0 7.08%+0.01 1.00°+0.01 296
T f b
T6 29'32i0'0 9.03°+0.01 36'5210'0 15'681 0.0 1 g 3504002 | 1.08°+0.02 | 2.00
g g a
T7 28'354 0.0 | 5 19+0.04 36'101 0.0 16'121 001 9702001 | 1454001 | 1.79
CD 0.06 0.06 0.04 0.04 0.04 0.04

The mean values in same column with different superscripts differ significantly (P< 0.05).

Egg width and egg length

The collective mean values (22-38 weeks) of
egg width and egg length were 4.04, 4.10,
4.15, 4.10, 4.17, 4.20 and 4.22 cm (Table 7);
and 5.59, 5.65, 5.75, 5.67, 5.78, 5.85 and 5.86
cm (Table 8) in treatment groups Ty, Ty, T3,
T4 Ts, Te and To, respectively. The results
depicted that there was significant (P<0.05)
increase in egg width and egg length over the
different experimental periods and maximum
values were observed in the treatment group
(T7) of hens fed with highest level (4%) of
linseed oil during progressive weeks of age of
birds. The mean values of egg width during
26 32" and 38™ weeks and egg length in
32" weeks of age were found to be non-
significant. With respect to the whole period,
it was observed that there was significant
(P<0.05) increase in both egg width and egg
length under various linseed oil regimes (To,
Ts, T4, Ts, Tg and T;) as compared to the
control (T1) group. While, the maximum
increase was observed with the highest level
(4%) of linseed oil in T; treatment group,
followed by the hens in treatment group Te
fed with 3.5% of linseed oil. Thus, the result

findings clearly indicate that there is a notable
increase in egg width and egg length with the
increasing level of linseed oil in the ration of
layer hens. Although, no literature was
present in context of layer’s egg length and
egg width

Egg shape index

The cumulative average percent egg shape
index was 72.46, 72.60, 72.50, 72.48, 72.28,
71.92 and 72.09 in treatment groups Ty, To,
Ts, Ta, Ts, Te and T, respectively (Table 9).
The results of the study depicted that there
were no significant differences among
different dietary  treatments during
progressive weeks of age of hens as well as
with respect to the period except in 38" week.
Thus, it can be concluded that feeding of
different levels of linseed oil in the diet of
laying hens did not affect egg shape index.
Although, no literature was present in context
of layer’s egg shape index.

Feed costs (Rs.) in terms of per dozen egg
production during progressive weeks of age
are given in Table 10. The cumulative mean

2013
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values of feed cost per dozen egg productions
were Rs. 52.33, 56.71, 56.66, 51.65, 56.47,
64.82 and 59.14 in treatment groups Ty, Ty,
Ts, Ta, Ts, Tgand T+, respectively. The results
showed that feed cost value for dozen egg
production decrease in treatment groups T,
(2.5% linseed oil) in comparison to T; (non
supplemented maize based control diet).
Thus, the result findings clearly indicate that
highest net profit was obtained in hens of
treatment group T4 only. Omar et al., (2014)
investigated that Using 1% Fish oil only or
1% Fish oil + 1% Linseed oil in laying hen
diets improved the economical efficiency
comparable to the control group. The best
feed cost/kg egg was recorded by the group
fed diet 1% Fish oil + 1% Linseed oil.

Fatty acid profile

The mean values of palmitic acid (C: 16), in
egg yolk were 34.21, 33.50, 32.00, 31.06,
30.25, 29.30 and 28.35 in treatment groups
T1, Ta, T3, T4, Ts, Tg and Ty, respectively
(Table 11). Results revealed that values of
palmitic acid decrease significantly (P<0.05)
with the increasing level of linseed oil. The
mean values of Stearic acid (C: 18) were
13.29, 12.17, 11.05, 11.00. 10.16, 9.03 and
8.19 in treatment groups Ty, Ty, T3, Ta, Ts, Te
and Ty, respectively. Study depicted that
stearic acid decreases significantly (P<0.05)
with the increasing level of linseed oil. Thus
saturated fatty acids (Palmitic and Stearic)
decrease with increasing level of linseed oil.
The mean values of Oleic acid (18:1) were
38.12, 37.40, 37.45, 37.09, 36.46, 36.56 and
36.10 for T, To, T3, Ta, T5, Te and T,
respectively. The present study showed that
there was significant (P<0.05) decrease in the
level of oleic acid as the level of linseed oil
increased. The mean values of Linoleic acid
(C18:2) were 12.13, 13.23, 14.45, 14.61,
15.05, 15.68 and 16.12 in dietary treatments
Ti, Ty, T3, T4, Ts, Ts and T, respectiVEly.
Study depicted that Linoleic acid increased

significantly (p<0.05) with the increasing
level of linseed oil. The mean values of
linolenic acid (18:3) were 1.52, 2.71, 4.10,
5.26, 7.08, 8.35 and 9.79 for Ty, Ty, T3, T4, Ts,
Te and T,, respectively. The present study
showed that there was significant (P<0.05)
increase in the level of Linolenic acid as the
level of linseed oil increased. The mean
values of Arachidonic acid (C20:4) in egg
yolk were 0.74, 0.89, 0.93, 0.98, 1.00, 1.08
and 1.45 in treatment groups Ty, Ty, T3, Ta,
Ts, Ts and Ty, respectively. Results reviled
that Arachidonic acid (C20:4) increased
significantly (P<0.05) with the increasing
level of linseed oil. The present study showed
that there was significant decrease in the n6:
n3 ratio from T; to T;. In agreement with
present findings, Aymond and Elswyk,
(1995), Ansari et al., (2006), Goncuglu and
Ergun (2004), Van Elswyk (1997), Yalcyn et
al., (2007), Galobart et al., (2001),. Grobas et
al., (2001), Shapira et al., (2008), Souza et
al., (2008), T. Sujatha and D. Narahari
(2011), Kirubakaran A. et al., (2011), Oliveira
et al., (2010) and Omar et al., (2014) reported
that linseed oil supplementation in ration of
layer increases PUFA and decreases n6:n3.
This decrease in saturated fatty acid in egg
yolk is due to the capability of hen to deposit
added polyunsaturated fatty acid instead of
saturated fatty acids.

It was concluded that supplementation of
different levels of linseed oil in hens’ diet
decrease average feed cost per dozen egg
production and significantly increase in hen
day egg production omega-3 fatty acid and
body weight. Decrease in n6: n3 ratio, which
indicates increase in beneficial fatty acid.

Whereas no effect of linseed oil

supplementation on shape index.
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