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Abstract

This study examined the effects of various levels of dietary encapsulated
choline chloride (ECC) on growth performance, carcass characteristics, serum
and liver lipids content in Ross 308 broilers. A total of 480 day-old broilers
were assigned to eight dietary treatments with six replicates of 10 birds each
from 1 to 21 days of age. Eight experimental diets were provided from a basal
non-added choline chloride diet as follow: six diets were made by the addition
of ECC at the rate of 300, 600, 900, 1200, 1500 and 1800 mg/kg and a negative
and a positive control diet with zero and 1500 mg/kg commercial choline
chloride (CCC), respectively. The body weight gain, feed intake, choline
chloride (CC) intake, live body weight, as well as carcass, breast muscle, thigh
muscle, and liver weights were linearly (P < 0.05) related to the dietary levels
of ECC. Dietary supplementation of ECC at the levels of 1200 and 1500 mg/kg
decreased (P = 0.014) liver total lipid percentage, compared to those fed the
negative control diet. The birds fed diets containing 900 and 1200 mg ECC/kg
had lower liver triglyceride concentration than those fed negative control diet
(P = 0.001). Furthermore, supplemented ECC at the levels of 1200 and 1800
mg/kg, led to an increase (P = 0.006) in the concentration of phospholipid in
the liver. The ECC requirements were estimated at 1335.1, 1371.6 and 1353.3
mg/kg of diet for maximizing body weight gain, carcass weight, and breast
weight, respectively (P < 0.001). It is concluded that the ECC may be used as
an alternative to CC in the diet at the rate of 1500 mg/kg with no adverse effect
on productive performance, breast and thigh muscle weight, and liver fat
content in broilers.

Introduction

There are several main reasons to use

Choline is a vital dietary nutrient for the building and
maintenance of cell membranes. It helps for normal
maturation of the cartilage matrix of bone as well as
the prevention of perosis in poultry (Jukes, 1940).
Choline prevents abnormal lipid accumulation in the
liver of broilers (Hassan et al., 2005).

The typical form of choline or commercial
choline chloride (CCC) is widely used in poultry diet
formulations. Among the disadvantages of the CCC,
the formation of trimethylamine in the
gastrointestinal tract of broilers is more concerning
(Zeisel et al, 1989). Also, CCC may decrease
vitamin B and C dispersion in the mixing proses by
the increase of free water amount of feed ingredients

(Pesti et al., 1980).

encapsulation technology in animal feed such as:
improving the survivability and stability of materials
against environment conditions (light, oxygen, and
humidity), avoiding caking properties and easier to
mix with other materials (Vilstrup, 2001). There are
various methods employed in choline encapsulation
among them encapsulation of CC with proteins and
fats provides protection in simulated gastrointestinal
conditions, and therefore, it is a good way of
delivering viable CC to the intestine (Messman et al.,
1996).

Choline requirements in broilers are dependent on
protein, sulfur amino acid contents of the diets and
the age of the chickens (Pesti ef al., 1980). The NRC
(1994)  recommendation  established  choline
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recommended level at 1300 and 1000 mg/kg of the
diet of broilers for 0-21 and 22-42 days of age.
However, Aviagen Ross 308 recommendation (2014)
determined 1700, 1600 and 1500 mg choline/kg of
diet for broilers during 0-10, 11-24 and 25-42 days of
age.
So far, there is no document on the effect of
encapsulated choline chloride (ECC) in poultry.
Therefore, the purpose of this study was to
investigate the effects of ECC as an alternative to
commercial choline chloride (CCC) on performance,
organ characteristics, liver lipids content, blood
parameters and choline requirement in broiler
chickens during 1 to 21 days of age.

Materials and Methods

Birds and management

All procedures of this study were approved by the
Ferdowsi University of Mashhad Animal Care and
Use Committee (Protocol No. 29818). Four hundred
eighty 1-day-old broilers chicks (Ross x Ross 308,
1:1 mixed-sex, male: female), were obtained from a
commercial hatchery (Fariman hatchery Inc.,
Mashhad, Iran), weighed and randomly assigned to
eight dietary treatments with six replicates of 10 birds

each. Each floor pen of 0.8 x 0.8 x 1.0 m (L x W x
H) was covered with litter and equipped with a
hanging feeder and two nipple drinkers. Feed and
water were provided on ad-libitum basis, and
experimental diets were prepared in mash form. The
temperature was initially set at 32°C on day 1 and
reduced by 3.5°C/week to reach a constant
temperature of about 21°C on day 21. The lighting
program consisted of 24 L:0 D from 1 to 7 days, and
23 L:1 D until 21 days.

The basal negative control diet was formulated
according to the Aviagen Ross 308 recommendation
(Aviagen, 2014) based on corn and isolated soybean
protein (Tablel) except for methionine that was
10% lower than Aviagen recommendation. Iso-
lated soybean protein was used to formulate a basal
diet with choline deficiency, which it’s analyzed
choline content was 44.8 mg/kg. Eight experimental
diets were prepared with the addition of 6 graded con-
centrations of powder ECC (300, 600, 900, 1200,
1500 and 1800 mg/kg) and negative (N-Con) and pos-
itive (P-Con) control. The negative control diet did
not have CC supplementation and positive
control  diet supplemented by 1500 mg CC/kg as a
powder format (75% CCC, Nutrex Nv, Lille, Belgium)

Table 1. Ingredients and calculated composition of basal diet.!

Item Amount
Ingredient (%, as-fed basis)
Corn grain (7.8% crude protein) 64.0
Isolated soybean protein (79.8% crude protein) 19.3
Corn starch 10.0
Soybean oil 1.75
Limestone 1.50
Dicalcium phosphate 2.00
Sodium chloride 0.40
Vitamin premix? 0.25
Mineral premix? 0.25
DL-Methionine 0.10
L-Lysine HCL 0.15
Sand 0.30
Total 100
Calculated composition
Metabolizable energy, kcal/kg 3238
Crude protein, % 23.0
Calcium, % 0.92
Available phosphorus, % 0.49
Digestible lysine, % 1.30
Digestible methionine, % 0.42
Digestible methionine + cystine, % 0.73
Digestible threonine, % 0.87

'Eight hundred kg of basal diet was provided and divided into eight equal parts; one parts kept as a negative control, 1500 mg
commercial choline chloride (Nutrex Nv, Lille, Belgium)/kg was mixed with another part as a positive control diet and six other
parts were mixed with encapsulated choline chloride at the rate of 300, 600, 900, 1200, 1500 and 1800 mg/kg, respectively.

2 Provides per kg of diet: vitamin A (retinol), 8,800 IU; vitamin D3 (cholecalciferol), 3,300 IU; vitamin E (pL-a-tocopheryl
acetate), 18.5 IU; vitamin K3 (menadione), 2.2 mg; vitamin B (thiamin), 2.2 mg; vitamin Bz (riboflavin), 5.5 mg; vitamin
B3 (niacin), 28.0 mg; vitamin Bs (pantothenic acid), 6.6 mg; vitamin Be (pyridoxine), 3.5 mg; vitamin By (folic acid), 0.7
mg; vitamin B2 (cyanocobalamin), 0.02 mg; vitamin Hz (biotin), 0.05 mg; antioxidant 1.0 mg.

3 Provides (mg/kg of diet): Mn (manganese sulfate) 88.0, Fe (iron sulfate) 55.0, Zn (zinc sulfate) 88.0, Cu (copper sulfate)
5.5, Se (sodium selenite) 0.3.
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The CCC was encapsulated (powder form) in the
Research Institute of Food Science and Technology
(Mashhad, Iran) and was approved by the Intellectual
Property Center of Iran (Patent No. 90158). The
calculated and analyzed CC in the eight diets are

Table 2. Amount of choline chloride experimental diets.

shown in Table 2. Choline contents of the
experimental diets were measured by high-
performance liquid chromatography (HPLC; Camag
Co., Muttenz, Switzerland) according to the method
of Tao et al. (1984).

Diets ! Choline chloride supplemental (mg/kg) Choline chloride concentration (mg/kg)
N-Con 0 24
ECCs00 300 323
ECCeoo 600 634
ECCooo 900 930
ECCi200 1200 1233
ECCisoo 1500 1520
ECCisoo 1800 1810
P-Con 1500 1290

! N-Con, negative control diet; ECC, encapsulated choline chloride; P-Con, positive control diet with 1500 mg
commercial choline chloride (75% choline chloride, Nutrex Nv, Lille, Belgium)/kg.

Measurements

Birds and feed were weighed on days 1 and 21 for
determination of the body weight gain (BWG), feed
intake (FI), choline chloride intake (CCI), choline
chloride intake per unit of body weight gain (CCIL:
BWG). Mortality was recorded daily and feed
conversion ratio (FCR) corrected by mortality. The
FCR was expressed as FI divided by BWG.

At the end of the experiment (d 21), 2 male
chickens from each replicate of treatments (total
12/treatment) were randomly selected, and their
blood samples were taken from the brachial vein. The
blood samples were centrifuged at 2,000 x g for 5
min at 4°C, and sera were collected and frozen at -
20°C until use. Serum triglyceride and phospholipid
concentrations were assessed using an automatic
biochemical analyzer (A15; BioSystems, Barcelona,
Spain) with commercial assay kits according to the
manufacturer’s instructions (Pars Azmoon Co. Kkits,
Tehran, Iran), and were reported as milligram per
deciliter (mg/dL).

Following blood sample collection, birds were
sacrificed by cervical dislocation and then carcass
and internal organs including breast muscle, thigh
muscles, liver, and heart were removed and weighed.
Organ weights were expressed as a percentage of live
body weight. The liver samples were frozen at -20°C
for further analysis. Total lipid and triglyceride
contents of liver were measured according to Folch et
al. (1957) method. The determination of total liver
phospholipid contents by a molybdenum blue
colorimetry method was conducted according to
Rizki et al. (2006) method. The concentrations of
total liver triglyceride and phospholipids were
displayed as milligrams per gram of wet weight of
liver and the total lipid of the liver was expressed as a
percentage of liver weight.

Statistical analysis

First, the data were tested for normality by
UNIVARIATE plot normal procedure and analyzed
by the PROC GLM of SAS (Version 9.4; SAS
Institute Inc., Cary, NC, USA). Duncan’s test was
performed for comparison of the means (Duncan,
1955). The differences between means were
considered significant when P < 0.05. Linear and
quadratic effects were determined for the relationship
between increasing concentrations of CC in the diets
and response parameters through PROC REG of SAS
(SAS Institute, 2003). Preplanned orthogonal contrast
analysis was conducted to compare the positive
control diet (1500 mg/kg CC) with each of the dose-
response diet (1500 mg/kg ECC). The linear broken-
line method was used to estimate the ECC
requirement by using the NLIN procedure of SAS
when a significant break-point was observed
(Robbins et al., 2006).

Results and Discussion
Growth performance
It was thought that animals can synthesize enough
choline from other nutrients to meet their requirement
for this important substance (Zeisel and Blusztajn,
1994). It is reported that CC supplementation in the
feeds is crucial for the improvement of body functions
and the growth of broilers (Emmert and Baker, 1997).
The effects of dietary treatments on the
performance of broilers during 1-21 days of age are
presented in Table 3. The BWG, FI, CCI, and CCI
per BWG were affected (P < 0.05) by different
dictary levels of CC and progressive additions of
ECC linearly altered (P < 0.05) these parameters. The
linear responses of FI, CCI and CCI per BWG to
ECC supplementation revealed that the highest
responses achieved with 1800 mg ECC/kg was
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supplied (P < 0.05). Dietary supplementation of ECC
at the levels of 1500 and 1800 mg/kg and also, 1500
mg CC/kg increased BWG, compared to birds fed the
un-supplemented CC diet (P < 0.05). The results were
in line with the reports of Emmert and Baker (1997)
and Dilger et al. (2007), who found a linear response
(P < 0.05) graded increase supplementation of CC in
the chicks fed the choline-deficient basal diet,
indicating the positive role of supplemental choline
on BWG. Igwe ef al. (2015) conducted a study on
mix-sex broilers over 8 weeks and their results
demonstrated that the highest BWG and FI were
observed in birds receiving 2000 mg CC/kg diet (P <
0.05). However, Calderano et al. (2015) reported
that there were not any significant differences
between the sources or levels of CC supplementation
on the performance of broilers. This variation in the
effects of supplemental choline on performance is
due to the different levels of supplemental choline as
well as the content of choline in the basal diet.

Broilers fed a diet containing 1500 mg/kg ECC
had higher (P < 0.001) CCI and CCI per BWG when
compared with those fed the positive control diet
(1500 mg CC/kg) from 1 to 21 days of age. The
reason might be due to an improvement in FI capacity
and BWG in the new generation of broilers, thereby
total CCI and CCI per unit of BWG may have
increased in this study. Menten et al. (1997) reported
that adding 1000 mg/kg of CC to the basal diet
containing 1140 mg of choline caused a significant
increase in FI.

The treatment which had no choline
supplementation (negative control) in our study had
numerically the highest FCR which shows poor
utilization of the feed but it was not significant; this is
also in agreement with other reports of researchers
who did not find any effect of different
supplementation levels or sources of choline on FCR
and mortality (Hassan ef al. 2005; Waldroup and
Fritts, 2005). Similar to our results, Farina et al.
(2017) reported that supplementation of choline at the
level of 600 mg/kg in the corn and soybean isolated
protein diet containing 304 mg choline/kg for broiler
chickens could improve BWG but did not affect the
FCR during 1-21 days of age. Similar results were
obtained by Molitoris and Baker (1976). In another
study, Swain and Johri (2000) used a diet containing
1300 mg CC/kg and did not find any response in FCR
at 0-42-d of age. The variations in response to an
addition of CC in the broiler diets may be due to
differences in the amount of sulfur amino acid such
as methionine in the diet (Farina ef al., 2017).

Carcass characteristics
The effects of dietary treatments on carcass part
yields of broilers at 21 days of age are presented in

Table 4. The weight of heart as well as yields of the
carcass, breast muscle, thigh muscle, liver, and heart
were not affected (P > 0.05) by different dietary
levels of CC levels. Similarly, Khosravinia et al.
(2015) and Selvam et al. (2018) reported an
improvement in BWG and FCR of broilers by dietary
supplementation of CC and lecithin extract in a
period of 42 days. The live body weight, as well as
weights of the carcass, breast muscle, thigh muscle,
and liver, were affected (P < 0.05) by different
dietary CC levels and progressive additions of ECC
linearly altered (P < 0.05) live body weight and breast
muscle weight. Furthermore, an increase in
supplemental ECC quadratically altered (P < 0.05)
carcass weight of broilers at 21 days of age. Dietary
supplementation of ECC at the level of 1500 mg/kg
decreased (P = 0.043) liver weight, compared to birds
fed un-supplemented CC diet and increased (P =
0.048) live body weight compared to those fed ECC
at the level of 300 mg/kg. The birds fed 1500 mg
ECC or CC had the greater carcass, breast and thigh
weights in comparison to the birds fed 300 mg ECC
(P < 0.05); indicating that the ECC or CC might have
positively altered the muscle development. Similarly,
Waldroup and Fritts (2005) observed improvement in
the breast weight at 42-day broilers with 1000 mg/kg
of CC supplementation on a diet containing 1193
mg/kg of CC, without changing the weight gain and
carcass yield.

Choline deficiency causes fatty liver syndrome in
poultry (Selvam et al., 2018). In this study, birds fed
a diet with choline-deficient in a negative control diet
had a larger liver, due to increased accumulation of
triglycerides in the liver. The chickens used in this
study showed a markedly lower liver weight by
supplemental ECC, particularly at the level of 1500
mg/kg of diet; thus, the use of ECC in this work was
therapeutic. Harms and Russell (2002) reported that
CC supplementation in diets of broilers decreased
liver weight.

Liver and serum lipids

Broilers fed diets containing graded concentrations
of ECC had higher (P < 0.05) total lipid and
triglyceride concentrations in the liver as well as,
decreased (P < 0.05) phospholipid concentration at 21
days of age (Table 5). Dietary supplementation of ECC
at the levels of 1200 and 1500 mg/kg decreased (P =
0.014) liver total lipid concentration, compared to birds
fed un-supplemented CC. The birds fed 900 and 1200
mg ECC had lower triglyceride concentration in the
liver than the birds fed un-supplemental CC diet (P =
0.001). However, supplemented ECC at the levels of
1200 and 1800 mg/kg, led to an increase (P = 0.006) in
liver phospholipid concentration of broilers at 21 days
of age.
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Table 3. Growth performance and choline chloride intake (CCI) of broilers fed graded additions of
encapsulated choline chloride from 1 to 21 days of age.!

biew? Body weight Feed intake Cholipe chloride ' Cholline chloride Feed' Mortalit
iets . . intake intake: body weight conversion o
gain (g/day) (g/bird/day) (mg/bird/day) gain (mg/g) ratio (g/g) y (%)
N-Con 31.09¢ 52.200 11.70" 0.376" 1.692 1.67
ECCso0 31.16¢ 52.37° 19.53¢ 0.627¢ 1.680 1.67
ECCé0o 32.85b¢ 54,882 38.64° 1.176f 1.671 0.0
ECCono 32.27% 57.12% 57.12¢ 1.337¢ 1.667 3.33
ECCi200 35.072 57.96% 67.414 1.926¢ 1.656 5.00
ECCis00 35.622 57.562 84.61° 2.376° 1.616 1.67
ECCisoo 35.582 58.57° 97.23 2.7332 1.647 1.67
P-Con 35.412 57.83% 74.61¢ 2.107¢ 1.643 3.33
SEM? 0.548 1.271 1.392 0.038 0.034 1.768
P-Value
Model <0.001 0.002 <0.001 <0.001 0.855 0.635
Linear <0.001 0.046 <0.001 <0.001 0.344 0.225
response
Quadratic 0.068 0.528 - 0.098 0.464 0.228
response
P-Con vs. 0.781 0.878 <0.001 <0.001 0.718 0.509
ECCisoo

#h'Values within the same column with uncommon superscript letter significantly differ (P < 0.05).

! Each value represents the mean of 6 replicate pens with 10 broilers each.

2 N-Con, negative control diet with no added choline chloride; ECC, encapsulated choline chloride which subscript
number shows the added mg ECC/kg diet; P-Con, positive control diet with 1500 mg commercial choline chloride (Nutrex
Nv, Lille, Belgium)/kg.
3 SEM, standard error of the means.

Table 4. Processing yield of broilers fed graded additions of encapsulated choline chloride from 1 to 21 days of age.!

Live

Carcass Breast muscle Thigh muscle Liver Heart

Diets? Vlvj‘;(gn Weight  Yield Weight  Yield Weight  Yield Weight  Yield Weight  Yield

© ® o ® ® o ® o ® o
N-Con 765.00% 47513 62.15 152.53%  19.92 13937 18.21 263 295 522 068
ECCs00 723.33 453317 59.86 14453 19.99 119.58  16.53 21050 292 467 064
BCCso0 808.33% 495.08"  61.28 16543 2047 135770 16.84 23250 2.87 563 0.69
ECCoo 806.67% 504.12%  62.40 172.07*  21.24 140.72% 17.42 23.75% 2.95 5.02 0.62
ECCio  814.17% 500.87% 6145 166.22% 2034 143.53%  17.66 2047 2,63 520 0.64
ECCisoo  876.67° 52845° 6025 180.320 2047 149.55  17.09 2133 312 550  0.63
ECCiso0  785.00% 45870 59.00 16162 20.59 135700 17.36 2193 279 503 0.66
P-Con 854.17% 536.50°  62.81 19133 2239 14713 17.20 272 266 495 0.8
SEM 32.056 20031 1209 8979 0555 5856 0393 1371 0.120 0202 0.068

P-Value

Model 0.048 0013 0312 0021 0.066 0032 0137 0043 0.106 0384  0.157
E:;fs;se 0.032 0017 0498 0020 0.141 0.121 0394 0441 0394 0.586 0222
?e‘;gg;aszc 0.095 0042 0404 0070 0263 0252 0419 0.598 0470 0654 0340
E"CCCOEOES‘ 0.622 0778 0143 0391 0.119 0772 0832 0062 0.060 0190 0219

*bValues within the same column with uncommon superscript letter significantly differ (P < 0.05).

! Each carcass characteristics data is the mean of eighteen values.
2 N-Con, negative control diet with no added choline chloride; ECC, encapsulated choline chloride which subscript number shows the
added mg ECC/kg diet; P-Con, positive control diet with 1500 mg commercial choline chloride (Nutrex Nv, Lille, Belgium)/kg.
3 SEM, standard error of the means.
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Table 5. Liver and blood serum parameters of broilers fed graded additions of encapsulated choline chloride

at 21 days of age.!

Liver Serum
Diets? Total lipid Triglyceride Phospholipid Triglyceride Phospholipid
(% of liver) (mg/g) (mg/g) (mg/dL) (mg/dL)
N-Con 31.68* 7.28° 19.27° 30.36 96.53
ECCs00 28.89% 6.07% 21.03% 32.17 92.44
ECCsoo 25.92%¢ 5.58° 23.49%® 36.50 88.54
ECCo00 25.15% 5.19¢ 24.283b¢ 40.10 96.32
ECCi200 21.72¢ 5.13¢ 26.15° 35.90 84.14
ECCisoo 24.44¢ 5.54bc 25.24% 33.40 85.68
ECCisoo 23.63% 5.43® 27.92° 41.12 95.50
P-Con 25.68% 6.05% 25.24% 39.70 91.89
SEM 1.710 0.613 0.605 6.785 9.894
P-Value 0.014 0.001 0.006 0.293 0.215

&€ Values within the same column with uncommon superscript letter differ (P < 0.05).

! Each value represents the mean of duplicated analysis of 18 samples per each treatment.

2 N-Con, negative control diet with no added choline chloride; ECC, encapsulated choline chloride which subscript
number shows the added mg ECC/kg diet; P-Con, positive control diet with 1500 mg commercial choline chloride (Nutrex

Nv, Lille, Belgium)/kg.
3 SEM, standard error of the means.

The reduction of lipid and triglyceride contents in
the liver of broilers in the present study might be
attributed to the lipotropic effect of ECC (Workel,
2005). The results are supported by Devegowda et al.
(2011) who reported that fat content was decreased in
the abdomen and liver of the broilers when they fed
with choline fortified diets. Similarly, when 760
mg/kg choline was added to the broiler diet, their
liver fat content was diminished (Rao et al. 2001).
Choline can promote fat metabolism in two ways;
preventing the abnormal accumulation of fat by
improving it's transporting as lecithin or with
boosting the usage of fatty acids in the liver (Workel,
2005). The ECC did not affect phospholipid content
in the liver compared to CC which is in agreement
with findings of Wen et al. (2014) showed that
increasing diet choline reduced, total lipid and
triglyceride concentration in liver, but liver
phospholipid was linearly increased (P < 0.05) in
Pekin ducks from hatch to 21 days of age.

In their experiment, CC concentrations in the diets
of broilers did not affect the blood serum indices such
as triglyceride and phospholipid (P > 0.05) which is

in agreement with findings of Khose ef al. (2017) and
Fouladi et al. (2008).

Choline chloride requirements . .
Methionine and betaine that are dietary nutrients

involved in methyl groups, can affect the dietary
requirement of choline (Jukes et al., 1945). When
dietary choline is not sufficient, the high sensitivity to
the marginal levels of methionine and cystine may
happen (Baker and Sugahara, 1970). In this study
methionine content of the basal diet decreased to 90%
of Ross 308 recommendation (Aviagen International,
2014). Although, other methyl donor content such as
folic acid and betaine (3 methyl glycine, used as
methyl donor) levels in experimental diets provided
as recommended.

Pesti et al. (1980) demonstrated that regression
equations have the best way to estimate choline
requirements for broilers. In our study, required CC
to maximize BWG, carcass weight, and breast weight
in 21-day broiler chickens was estimated by linear
broken-line regression model at 1335.1, 1371.6 and
1353.3 mg/kg, respectively (P < 0.001; Table 6).

Table 6. Choline chloride requirement of Ross x Ross 308 broilers from 1 to 21 days of age based on linear

broken-line model analyses.

Estimated ECCI

95% confidence

Response criteria . 1 X N SEM? P-Value
requirement interval

Body weight gain, g 1335.1 1103.5 to 1566.7 1.476 <0.001

Carcass weight, g 1371.6 1104.2 to 1584.7 1.495 <0.001

Breast weight, g 1353.3 1099.8 to 1567.4 1.486 <0.001

' The linear broken-line model is y = L + U x (R — x), where L is the ordinate, R is the abscissa of the break-point, the
value of R is zero at values of x > R, and U is the slope of the line at values of x <R; ECCI, encapsulated choline chloride
intake. 2 The 95% confidence interval of the supplemental choline chloride requirement (mg/kg of diet).> SEM, standard

error of the means.

Lima (2012) estimated that chickens require 1013
mg CC/kg in 21-d Cobb 500 male broilers that fed a

basal corn-soybean meal diet with standard
methionine level (5.9 g/kg). Farina et al. (2017)
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reported that choline requirements for Cobb 500
broilers, based on the BWG, is 778, 632, and 645
mg/kg for the phases of 1-7, 1-35, and 1-42 days of
age, respectively. There is a dearth of research
investigating the influence of dietary choline
concentration and choline requirement of poultry;
thus, more studies are needed.

Conclusion

It is concluded that the ECC at the level of 1500
mg/kg in the corn and isolated soybean protein diet
can be substituted for the commercial type, without
an adverse effect on growth and lipids concentrations
in serum and liver of broilers at 1 to 21 days of age.
Encapsulation  technology decreased moisture
absorption of CC to nearly 70% (Aami Azghadi et

al., 2019). Regarding the hygroscopic property of
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