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ABSTRACT

Two hundred and forty Hubbard Classic broiler chicks were used in a 35 day trial at Chittagong Veterinary
and Animal Science University farm, Bangladesh to study the effects of supplemental choline chloride on
performance parameters, carcass characteristics and their association in commercia broiler. All birds had
free access to ad libitum feeding. Birds were fed four types of diet i.e. diet without choline chloride (T),
diet containing 0.1 g / 100 g choline chloride (T4), 0.2 g/ 100 g choline chloride (T,) and 0.3 g / 100 g cho-
line chloride (T3). Results indicated that weight gain differed (P<0.05) at 5" week irrespective of the level
of supplemental choline. Similar to weight gain, feed intake also differed (P<0.05) at 5™ week. However,
feed conversion ratio differed from the 3% to the 5" weeks. Weight gain and feed intake were positively
correlated and feed conversion ratio was negatively correlated with carcass parameters. It could therefore be
inferred that increasing levels of supplemental choline may progressively improve weight gain, feed effi-

ciency and carcass characteristicsin commercial broiler.

WA 0105 broiler, carcass characteristics, choline chloride, performance parameters.

INTRODUCTION

Choline was first isolated from ox bile in 1849. Its nutri-
tional significance has been recognized since 1930 and now
it is a vital dietary supplement for birds (Garrow, 2007,
Scott et al. 1982). Supplementation of choline in broiler
diet improves feed intake (Swain and Johri, 2000), feed
efficiency (Baker et al. 1999) and weight gain (Baker et al.
1983; Pesti et al. 1980). Choline acts as a constituent of
lecithin to maintain cell structure, norma maturation of
cartilage and prevention of perosis (Jukes, 1940). Cholineis
an emulsifier which mobilizes fat from the liver to cells to
prevent abnormal accumulation of fat within hepatocytes
for healthy liver and gallbladder (Artom, 1953a; Artom,

1953b; Artom, 1953c). Choline is a precursor for acetyl
choline, which acts as a neurotransmitter for the sympa-
thetic nervous system. Despite a wide range of physiologi-
cal activities, many studies (Artom, 1956; Hudgins et al.
2000; Griffith et al. 1969; Pearce, 1975; Whitehead and
Randall, 1982) show that there are a number of complica
tions, contradictions and uncertainties regarding the specific
role of choline, particularly to promote growth and improve
carcass parameters. Additionally, these findings in many
cases are severa decades old which do not address the pre-
sent scenario of high energy high protein feed formulation,
which leads to unusual deposition of abdominal fat in broil-
er harmful for human health. Therefore, it appears that the
role of choline isrestricted to afew in vivo and in vitro dat-
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ed clinical studies with small sample sizes and low doses of
supplemental choline. Hence, the current study aims to re-
establish the effects of high levels of supplemental choline
chloride on weight gain, feed intake and feed efficiency and
carcass characteristics for the modern strains of commercial
broiler.

MATERIALS AND METHODS

Experimental birds

240 day old, unsexed, commercia broiler chicks were pur-
chased from the chicken hatchery for the study purpose. A
broiler shed (300 sft) was prepared. The floor of the shed
was subdivided into twelve compartments and birds were
randomly allocated there. Birds were brooded under single-
tired electric brooder at 95 °F, 90°F, 85 °F and 80 °F for the
1%, 2™ 39 and 4™ week respectively. Birds were reared on
rice husk litter. Room temperature and humidity was main-
tained using 200 watt incandescent lamps and exhaust fans.

Diets

Experimental diets were dry mash type (Table 1). Birds had
unrestricted access to feed and water by plastic hanging
feeders and bell type drinkers, except when they were
starved for 4 h before daughter. All diets were prepared
with maize, rice polish, soybean oil, soybean meal, protein
concentrate and other trace nutrients (NRC, 1994). Choline
chloride was tested by non aqueous titration method. Con-
centration of cholinein choline chloride was 58.3 g/ 100 g.
The standard premix was mixed with a small quantity of
rice polish before incorporation into the experimental diets.
All diets were analyzed in triplicate for moisture, ME, CP,
CF, EE, Ca, P, lysine and methionine as per AOAC (1990).
All birds were supplemented iso caloric and iso nitrogenous
diets. Choline chloride was supplemented at 0 g/ 100 g, 0.1
g/100g,0.2g/100gand 0.3g/100gfor Ty, T4, T, and
T3 treatment groups respectively. Nutrient density in the
experimental diet was maintained as per Singh (1980).

Design of the experiment

The experiment was carried out following completely ran-
domized design (Gomez and Gomez, 1984; Winer et al.
1991). Birds were weighed randomly and divided into four
treatment groups designated as Ty, T1, T, and Ts. Each
treatment was divided into three replicates having 20 birds
per replicate.

Dressing the carcass

Feed and water were withdrawn 4 h before slaughter. From
all replicates, a total 192 birds were slaughtered at 4™ and
5™ weeks of age by cervical dislocation. Carcass weights
were recorded after removal of feather, feet, head and vis-
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cera. Hot carcass weight was recorded immediately after
evisceration (Jones, 1984).

Abdominal fat, consisting of fat surrounding the gizzard,
proven triculus and in the abdominal cavity was removed
and weighed immediately. The weight of heart and liver
were recorded.

Statistical analysis

Individual pens of the birds were treated as experimental
unit. Data related to weight gain, feed intake and FCR were
analyzed using ANOVA by using Stata (2009) and SPSS
(2007). Correlation co-efficient matrix was calculated using
SPSS 16.0. Means showing significant differences were
compared by Duncan’s New Multiple Range Test (Duncan,
1955). Statistical significance was accepted at P < 0.05.

RESULTS AND DISCUSSION

Live weight gain

From 1% to 4™ weeks, weight gain did not differ (P>0.05)
irrespective of the level of choline supplementations (Table
2). However, unlike the 1% to 4™ weeks, rate of gain dif-
fered (P<0.05) at 5" week of age. Mean values for weight
gain at the 5™ week were 67.8, 68.6, 72.4 and 68.7 g/bird/d
for Ty, T1, T2 and T3 treatment groups respectively. At 5
week, weight gain was maximum (72.4 g/bird/d) in birds
fed diet supplemented with 0.2 g / 100 g choline chloride
(T,) and minimum (67.8 g/bird/d) in birds fed diet supple-
mented without choline chloride (To). It was evident that
supplementation of choline substantially increased weight
gain in broiler. The result is in agreement with Pesti et al.
(1980) that supplemented choline in absence of methionine
and obtained similar results. However, this finding is con-
tradictory with other researchers (Swain and Johri 2000;
Tsiagbe et al. 1987) who did not find any effect of choline
supplementation on weight gain. Rama Rao et al. (2001)
reported that while level of supplemental choline chloride
increased from 0-1520 mg/kg the efficiency of ME
(MJegg) and CP (g/egg) improved from 2.6 to 2.4 and 41.8
to 39.2 in broiler breeder. In another study, Emmert and
Baker (1997) used a choline-deficient basal diet and found
an almost linear response to the incremental supplementa-
tion of choline chloride up to 1115 mg/kg feed in chicks
from 10-22 days of age, which indicates the positive role of
supplemental choline in weight gain of birds. However, in
the same study, increasing choline chloride up to 2000
mg/kg resulted in further weight gain to a lesser extent and
levels in excess of this had no benefit. The effects of cho-
line chloride over supplementary betaine in chicks have
also been studied (Emmert and Baker, 1997). A choline free
basal diet was used. Adding choline chloride had an almost
linear effect on weight gain.
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Composition of the rations

. Ty T, T, T3

Ingredient (g/100g) — — — -
Starter Finisher Starter Finisher Starter Finisher Starter Finisher

Maize 57.4 62 57.4 62 57.4 62 57.4 62
Rice polish 49 3.7 4.8 3.6 4.7 35 4.6 3.4
Soybean oil 1.9 35 1.9 35 1.9 35 1.9 35
Soybean meal 26 215 26 215 26 215 26 215
Protein concentrate 75 7 75 7 75 7 75 7
Lime stone 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Dicalcium phosphate 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
DL-Methionine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cholene chloride - - 0.1 0.1 0.2 0.2 0.3 0.3
Vitamin B premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin A, D, Eand K 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Feedzyme 0 0 0 0 0 0 0 0
Common salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Tota 100 100 100 100 100 100 100 100
Analytical value
Metabolizable energy (kcal/kg) 3003 3153 3000 3150 3004 3155 3001 3152
Crude protein (g/100g) 221 20.0 221 20.0 221 20.0 221 20.0
Calcium (g/100g) 11 11 11 1.1 11 11 11 11
Phosphors (g/100g) 0.8 0.7 0.8 0.7 0.8 0.7 0.8 0.7
Avail phos (g/100g) 0.4 04 0.4 04 0.4 0.4 0.4 0.4
Lysine (¢/100g) 14 13 14 1.3 14 13 14 13
Methionine (g/100g) 05 05 05 05 05 05 05 05
Cyst + Meth (g/100g) 0.9 0.8 0.9 0.8 0.9 0.8 0.9 0.8
Tryptophan (g/100g) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Crude fibre (g/100g) 33 30 33 3.0 33 30 33 30
Ether extract (g/100g) 5.3 6.8 5.3 6.8 5.3 6.8 5.3 6.8

To: diet without choline chloride; T;: diet containing 0.1 g/ 100 g choline chloride; T,: diet containing 0.2 g/ 100 g choline chloride; T : diet containing 0.3 g/ 100 g choline

chloride.

Effect of supplementing choline on live weight gain (g/bird/day) in commercial broiler (n=240)

Dietary treatment groups

Weight gain (g/bird)

SE Significant

To T T, T3
Weight gain at 1% wk 16.2+0.71 16.5+0.96 17.0+1.05 16.5+0.43 0.62 NS
Weight gain at 2™ wk 43.6+0.73 44.0+1.13 44.9+2.22 43.9+1.59 1.17 NS
Weight gain at 39 wk 58.7+2.10 58.9+1.13 60.2+2.10 58.9+1.10 1.24 NS
Weight gain at 4" wk 66.0+1.01 67.1+1.05 68.4+1.09 67.8+1.02 0.69 NS
Weight gain at 5" wk 67.8°+1.01 68.6"+1.21 72.4%+1.39 68.7°+1.28 0.76 *
SE: standard error and NS: non significant.
" (P<0.05).

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

The addition of betaine at a concentration of 500 mg/kg
feed to the basal diet and to diets containing approximately
570 mg choline chloride/kg feed had no effect on perform-
ance of hird. It indicates that the essential requirement for
choline must be met before responses to betaine can be ex-
pected.

Feed intake

No variations (P>0.05) in feed intake were evident from 1%
to 4™ weeks irrespective of the level of choline supplemen-
tations in all dietary treatment groups (Table 3). Unlike
that, intake differed markedly (P<0.05) at 5" week of age.
Mean values for feed intake at the 5" week were 169.9,
168.2, 165.7 and 168.4 g/bird/d for Tq, T4, T, and T3 treat-

375

ment groups respectively (Table 3). At the 5™ week, feed
intake was maximum (169.9 g/bird) in birds fed diet with-
out choline chloride (To) and minimum (165.7 g/bird) in
birds fed diet supplemented with 0.2 g / 100g choline chlo-
ride (Ty).

Linear decrease of feed intake with increasing levels of
supplemental choline could be due to the reason that in-
creasing levels of choline supplementation improved the
efficiency of utilization of feed leading to gradual decrease
in feed intake. This result is consistent with Ohta and Ishi-
bashi (1995). However, in contrast to present study,
Tsiagbe et al. (1987) reported lower feed intake fed basal
diet. However, Swain and Johri (2000) did not find any
effect of supplemental choline on feed consumption.




Choline Supplementation on Performance Parameters of Broiler

Feed conversion ratio (FCR)

Feed conversion ratio didn’t differ (P>0.05) for the 1% and
2" weeks despite level of choline supplementations in all
dietary treatment groups (Table 4). However, it differed
(P<0.05) at the 3%, 4™ and 5™ weeks of age. FCR was most
superior (1.72) in birds fed diet supplemented with 0.2 g /
100g choline chloride (T,). Unlike T, comparatively poor
FCR (1.84) was found in birds fed diet without choline
chloride (T,). Supplementation of choline chloride substan-
tially improved feed efficiency in broiler from 1.84 to 1.72.
The result is consistent with Baker et al. (1999) who found
significant response in maize soybean based diet supple-
mented with choline chloride. Emmert and Baker (1997)
used a choline free basal diet and obtained amost linear
effect on feed efficiency. Response of commercial broiler to
different dietary choline chloride supplementation (0, 400,
800, 1600 mg/kg) was measured with typical corn / soy-
bean meal based diets (INRA, 1997). Feed conversion was
improved from 1.71 to 1.66 kg. In another study, Swain and
Johri (2000) supplemented methionine and choline either
individually or in combinations but did not find any impro-

vement in the efficiency of food utilization of broilers at 42
d. However, chicks fed on diets supplemented with 2000
mg/kg choline exhibited numerical improvement in the
values of food conversion efficiencies. Similar results were
obtained by Blair et al. (1986) and Tsiaghe et al. (1987).

Relationship between performance and carcass parame-
ters

Weight gain and feed intake were positively correlated on
4™ and 5™ weeks of age with all the carcass parameters
(Table 5 and 6). It clearly indicated that as either weight
gain or feed intake increased progressively, the weight of
shank, drumstick bone, thigh bone, dressed carcass, breast
meat, thigh meat, drumstick meat, skin, wing meat, heart
and lung also increased simultaneously in the same fashion.
Numerically, FCR had a negative relationship with weight
gain and feed intake. However, bhiologically it reveas that
increase in weight gain or feed intake improved FCR. From
correlation coefficient matrix (Table 7 and 8) it was evident
that all carcass parameters were positively correlated
among themselves.

Effect of supplementing choline chloride on feed intake (g/bird/day) of commercial broiler (n=240)

Dietary treatment groups

Feed intake (g/bird) SE Significant
T, T T, Ts
Feed intake at 1% wk 23.8+2.11 23.6£1.10 22.9+1.02 22.6£1.95 0.60 NS
Feed intake at 2™ wk 57.3£2.10 56.7+2.0 55.3+1.02 57.3£1.90 0.72 NS
Feed intake at 3 wk 96.9+2.02 95.742.01 91.2°+2.10 95.7+2.01 1.26 NS
Feed intake at 4" wk 127.8+£2.2 127.8+2.10 123.9+1.54 125.9+1.56 0.93 NS
Feed intake at 5" wk 169.9°+0.9 168.2°+0.87 165.7°+0.73 168.4%40.94 0.66 *
SE: standard error and NS: non significant.
* (P<0.05).
The means within the same row with at |east one common letter. do not have sianificant difference (P>0.05).
[t G Effect of supplementing choline chloride on FCR of commercial broiler (n=240)
Dietary treatment groups
FCR =ary group SE Significant
T T: T, Ts
FCR at 1% wk 1.08+0.02 1.06+0.05 1.01+0.04 1.02+0.03 0.01 NS
FCR at 2™ wk 1.24+0.02 1.21+0.02 1.16+0.02 1.21+0.03 0.01 NS
FCR at 3" wk 1.43%0.03 1.41%0.03 1.33°+0.01 1.40°£0.03 0.01 *
FCR at 4" wk 1.61%£0.02 1.58%0.05 1.49°+0.02 1.56%0.02 0.01 *
FCR at 5" wk 1.84%+0.07 1.817+0.08 1.72°+0.09 1.80°+0.06 0.01 *
SE: standard error and NS: non significant.
FCR: feed conversion ratio.
" (P<0.05) and " (P<0.01).
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
Association between carcass parameter and productive performance of broiler at 4" week (n=192)
Parameter Shank Drum Thigh Dressed Breast Thigh Drum Skin Wing Heart  Lung
(wt) bone (wt) bone (wt) (wt) meat (wt) meat (wt) meat (wt) (wt)  meat (wt) (wt) (wt)
Weight gain . " « - .
) 0.37 0.65 0.44 0.75 0.29 0.63 0.29 0.420 0.79 0.195 0.67
(o/bird/day)
Feed intake - - - . - " -
. 0.38 0.84 0.73 0.80 0.69 0.72 0.59 0.389 0.88 0.010 0.49
(g/bird/day)
FCR -0.38 -0.82" -0.72" -0.79” -0.68" -0.71" -0.59° -0427 -0.86" -0.004 -0.47
wt: weight.

" (P<0.05) and " (P<0.01).
FCR: feed conversion ratio.
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Association between carcass parameter and productive performance of broiler at 5" week
Shank Drum. Thigh Dressed Breast Thigh Drum Skin Wing Heart  Lung

Parameter (W)  bone(wt) bone(wt) (W)  meat(wt) meat(wt) meat(wt) (wf) meat(wt) (W)  (wi)

Weight gain 0.35 0.82" 0.69° 0.76" 067" 0.69" 057 043 085" 003 046

(g/bird/day)

Feed intake 0.34 076" 0.66 074" 0.62 0.64° 051 049 081" 004 041

(g/bird/day)

FCR 036  -083" -0.67' 0.75" -0.67" -0.68" 059* 042 085" 003 -046
wt: weight.

* (P<0.05) and ™" (P<0.01).
FCR: feed conversion ratio.

Correlation coefficient matrix of carcass parameter at 4" week (n=192)

Parameter Shank Drum Thigh Dressed Breast Thigh Drummeat  Skin Wing Heart Lung

(wt)  bone(wt) bone(wt)  (wt)  meat (W)  meat (wi) (wt) wt)  meat(wt)  (wi) (wt)
Shank (wt) 1 - - - - - - - - - -
Drum stick

032 1 ; . ; . ; ; . ; .
(wt)
Thigh bone

0.33 0.39 1 . ; . ; ; . ; .
(wt)
Dressed (Wt)  0.42 0.56 0.82" 1 - - - - - - -
Breast meat " .

0.55 0.59 0.67 0.42 1 - - - - - -
(wt)
(Tv\%gh meat 519 062" 0700  0770° 0577 1 . . ; . ;
('?M“J)m meat 54 061" 0.35 0.28 0.767" 0.36 1 ; - ; -
Skin (i) 0.19 0.00 032 0.39 0.18 0.26 0.14 1 . ; .
\(’\X,'tr)‘g mest 0.47 0.72" 0.72" 0.868" 057 071" 0.601" 051 1 ; .
Heart (i) 0.05 0.19 0.07 0.22 0.23 0.09 0.11 0.08 0.02 1 -
Lung (wt) 0.04 0.43 0.42 0.612" 0.18 0.68" 0.34 042 076" 0.06 1

wt: weight.

" (P<0.05) and ** (P<0.01).

Correlation coefficient matrix of carcass parameter at 5" week (n=192)

Parameter Shank Drum Thigh Dressed Breast Thigh Drum Skin Wing Heart Lung

(wt) bone (wt)  bone (wt) (wt) meat (wt) meat (wt) meat (wt) (wt) meat (wt) (wt) (wt)
Shank (wt) 1 - - - - - - - - - -
Drum stick
(wi) 0.31 1 - - - - - - - - -
Thigh bone 033 0.39 1 ) ) ) ) ) ) ) )
(wt) : :
Dressed (Wt)  0.41 0.56 0.82" 1 - - - - - - -
Breast meat " .

0.54 0.58 0.67 0.42 1 - - - - - -
(wt)
Thigh meat . " ox .

0.19 0.61 0.70 0.77 0.57 1 - - - - -
(wt)
(D\A;t‘;m meat g4 0.61' 0.36 0.27 076" 0.36 1 - - - -
Skin (wt) 0.19 0.00 0.32 0.39 0.18 0.26 0.14 1 - - -
\(’V\Ctr)‘g meat 0.47 071" 072" 0.86" 057 071" 0.60° 051 1 - -
Heart (wt) 0.05 0.19 0.07 0.22 0.23 0.09 0.11 0.08 0.02 1 -
Lung (wt) 0.04 0.43 0.42 0.613 0.18 0.68° 0.34 0.42 0.76" 0.06 1

wt: weight.

" (P<0.05) and ~ (P<0.01).

It indicated that either positive or negative change in any commercial broiler sustaining positive relationship among
component of the carcass exhibited same effect in other carcass parameters. It could therefore be concluded that
parts. choline chloride could be supplemented at a rate of 0.2 g/

100 g to improve carcass merit in commercia broiler.
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