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Effects of supplementary choline on quail meat and fatty liver

Siileyman Erciiment Onel"”, Sana Sungur?, Mikail Baylan®

" Mustafa Kemal University, Samandag Vocational School, Department of Plant and Animal Production, Hatay, Turkey.
2 Mustafa Kemal University, Science and Letters Faculty, Department of Chemistry, Hatay, Turkey.
3 Cukurova University, Faculty of Agriculture, Department of Animal Science, Adana, Turkey.

ABSTRACT - The objective of this study was to investigate the effects of supplementary choline on amount of choline
passing to quail meat and reduction of fat deposition in liver. A hundred and thirty-six one-day-old Japanese quails were divided
into eight equal groups of 17 quails each. The experiment was designed based on completely randomized design in two controls
and six treatment groups: high stocking density, basal diet, control group (HSD; control 1); normal stocking density, basal diet,
control group (NSD; control 2); HSD, basal diet + 900 mg kg ™' choline (A); NSD, basal diet + 900 mg kg™' choline (B); HSD,
basal diet + 1800 mg kg™' choline (C); NSD, basal diet + 1800 mg kg™ choline (D); HSD, basal diet + 3600 mg kg™ choline (E);
and NSD, basal diet + 3600 mg kg™ choline (F). Feeds and water were supplied ad libitum. Continuous light was provided.
Quails were kept in cages of 50 x 100 c¢m in size. The choline content of quail meat increased with increasing amount of added
choline to feed. The highest choline content (439.2 and 561.2 mg kg™') in quail meat was detected in E and F groups which fed
the 3600 mg kg choline supplemented diet. The total lipid content of liver in E and F groups was reduced by 42% compared
with the control groups. We recommend the use of supplementary choline that can improve the amount of choline passing to
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quail meat and reduction of fat deposition in liver.
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Introduction

Choline, which is usually related to vitamins, is a
water-soluble micronutrient. Sometimes it is classified
among the vitamin B group and defined as a naturally
occurring compound. However, occasionally, it is not
related to vitamins and is considered as an important
nutrient due to its nutritional value. Choline has received
great importance in the last years because it prevents liver
fattening, supports brain development, and is crucial in
the neural conduction. Choline has an essential role in
the synthesis of the phospholipids and beta-lipoproteins.
It enables the transportation and burning of fats, which
are also related to its preventive effect in fatty liver. In
experimental animals, choline insufficiency caused liver

fattening and loss of hepatocytes, atherosclerosis and heart
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diseases, growth and bone development anomalies, and
impairment in kidney functions (Phillips, 2012).

The effect of choline on the brain development has been
confirmed with recent studies. The infants, who received
sufficient choline supply during the intrauterine period
and in the first years of their life, have a better memory
development, especially regarding the term and focusing
memories (Zeisel, 2006). There are studies reporting that
sufficient choline supplementation during the intrauterine
period activates the long-term learning-memory information
originating from the hippocampus. Laboratory studies have
shown that normal development in the memory region
cannot be achieved in rats fed inadequate choline amount
(Mellott et al., 2007; Ueland, 2011). Therefore, sufficient
choline supplementation in the intrauterine period and in the
first two years of life is crucial. It has been reported that the
progression of the senile memory losses and Alzheimer’s
disease could be regressed with nutrition rich in choline
(Zeisel, 2004).

High blood levels of homocysteine cause atherosclerosis
and increase the risk of cardiac disorders. Studies have
shown that choline decreases the homocysteine levels and
has preventive effects on cardiovascular diseases along
with therapeutic properties. Experiments conducted with
rats revealed that choline insufficiency increased the risk
of getting cancer. Many studies have revealed associations
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between choline metabolism and cancer (Nakagami et al.,
1999; Xu et al., 2008; Torio et al., 2010).

Fatty liver syndrome is a metabolic disorder (without
any relation to infection) and is mostly encountered in
poultry, especially in hens bred in cages. As these animals
cannot move enough to burn the calories they take, they
are more affected by this syndrome. As a result of the liver
injury caused by this syndrome and bleeding, egg yield is
substantially decreased. Bleeding occurs mostly during
egg laying. During the pushing for egg laying, the liver,
which has already become rather brittle, easily tears. If
the tears occur on large blood vessels, sudden death as a
result of bleeding may emerge. The economic loss due to
the decrease in egg yield along with the animal deaths is an
important problem to focus on. Choline has a considerable
potential regarding the control of the liver fattening. The
addition of herbal and lipotropic supplements to the feed
decreases the adverse metabolic consequences of the high-
calorie diet in poultry, as these additives decrease the fat
accumulation in the liver (Wen et al., 2014; Khosravinia
et al., 2015). Therefore, L-carnitine, gemfibrozil, vitamin E,
and vitamin B12 are added to the feed to decrease the liver
fattening in poultry (Farrokhyan et al., 2014).

In the literature, many studies have revealed that
growth performance, feed efficiency, and some blood
parameters of poultry could be influenced by dietary
supplementation of commercially available herbal and
synthetic choline-containing compounds or lipotropic feed
additives (Ebrahimnezhad et al., 2011; Fouladi et al., 2011;
Alagawany et al., 2015). However, in the literature, there is
no previous research related to quail meat rich in choline.
The objective of this study was to investigate the effects of
supplementary choline on the amount of choline passing to
quail meat and reduction of fat deposition in liver.

Material and Methods

One hundred thirty-six one-day-old Japanese quails
(Coturnix coturnix japonica) were divided into eight
groups with 17 quails per group. Each group was randomly
assigned. All of the quails were weighted individually
at the time of placement in the cages and average body
weights did not differ. Feeds and water were supplied
ad libitum. Continuous light was provided. The quails
were kept in cages of 50 x 100 cm in size with a normal
stocking density (quail/160 cm?) and high stocking density
(quail/90 cm?). The quails in control groups were given a basal
diet. The quails in other groups were given the same basal
diet supplemented with choline at 900 mg kg™, 1800 mg kg™,
or 3600 mg kg™ ' (Table 1).

The groups were as follows: high stocking density,
basal diet, control group (HSD - control 1); normal stocking
density, basal diet, control group (NSD - control 2); HSD,
basal diet + 900 mg kg choline (A); NSD, basal diet +
900 mg kg! choline (B); HSD, basal diet + 1800 mg kg™
choline (C); NSD, basal diet + 1800 mg kg™ choline (D);
HSD, basal diet + 3600 mg kg' choline (E); and NSD,
basal diet + 3600 mg kg™! choline (F).

Body weight development, body weight gain, and feed
intake of quails in different groups were recorded weekly.
At the end of the fifth week, four quails (two males and
two females) from each group were randomly selected and
slaughtered. The liver of each quail was removed. Both
liver tissues and meat samples were kept at —18 °C until
analysis.

All reagents used were of analytical-reagent grade and
had a purity of at least 99.5%. Calibration standards were
prepared in the range of 5.0-250 mg L™'. The correlation
coefficient of linear function was 0.9971. The calibration
curve was created from six calibration standards.

The work was conducted in accordance with ethical
standards and approved by the Ethic Committee on Animal
Use, certified by case number 2015/04/3.

Five grams of the sample were mixed with 30 mL 1.0 M
HCI in a 100-mL conical flask. The flask was placed into
water bath at 70 °C for 3 h and shaken occasionally. After
cooling at ambient temperature, pH value was adjusted
to 3.5-4.0 with 50% NaOH. The mixture was filtrated and
filtrate was collected after discarding the first 5-10 mL.
Three milliliters of the filtrate was mixed with 3 mL of
chromogenic reagent (75-100 units phospholipase D,

Table 1 - Composition of basal diet

Ingredient Amount (g/kg)
Corn 508.0
Wheat 71.0
Wheat berry 45.0
Soybean meal 275.0
Fishmeal 55.0
Vegetable oil 15.0
Limestone 10.0
Dicalcium phosphate 7.5
Sodium chloride 2.5
Vitamin-mineral premix' 5.0
Calculated composition

Crude protein 221.0
Metabolizable energy (MJ/kg) 12.6
Calcium 9.0
Phosphorus 6.0
Lysine 11.0

! The premix provided the following, per kilogram of diet: retinyl acetate, 1.8 mg;
cholecalciferol, 0.025 mg; o-tocopherol acetate, 1.25 mg; menadione sodium
bisulfate, 1.1 mg; thiamine, 1.1 mg; riboflavin, 4.4 mg; niacin, 35 mg; Ca-
pantothenate, 10 mg; prodoxine, 2.2 mg; folic acid, 0.55 mg; cyanocobalamin,
0.02 mg; manganese, 74 mg; zinc, 45 mg; copper, 4 mg; iron, 12.5 mg; iodine,
0.3 mg; selenium, 0.15 mg.
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100-120 units choline oxidase, 250-280 units peroxidase,
15 mg 4-aminoantipyrine, and 50 mg phenol was
dissolved and filled to 100 mL with 0.05 M Trizma buffer).
The mixture was placed into water bath at 37+2 °C for 15
min. After cooling at room temperature, the absorbance of
solution was measured at 505 nm against water by UV/Vis
spectrophotometer. Choline concentration in samples was
determined as choline hydroxide (mg/100 g) by the following
equation (Woollard and Indyk, 2000):

Choline hyd ‘d—Ax v X100
oline hydroxide = = X -0 W’

in which A = net absorbance of sample; S = slope of standard
graph; V = volume in mL of hydrolysates; W = weight in
grams of sample; 100 = conversion to 100-g basis; and
1000 = conversion of pg to mg.

The total lipid content of liver tissue was determined
according to the Folch et al. (1957) method. Liver
samples were grounded and homogenized. Two grams
of homogenized sample were blended for 2 min with
chloroform-methanol mixture (2:1; v/v) in proportion of
10 mL of solvent mixture per gram of tissue in a blender.
The slurry was filtered. After adding 8 mL of 0.4% CaCl,
solution to the filtrate, the content was well mixed. After
phase separation, the upper layer (methanol and water)
of the solution was removed by siphoning so as not to
contaminate the chloroform layer. The chloroform in
organic phase was evaporated for 10 min at 60 °C. After
cooling at room temperature, lipid was weighted. Lipid
content (%) was calculated from the weight of the dried
lipids (g of lipid/g of liver x 100).

All analyses were performed with SPSS version
22.0 for Windows (Chicago, IL, USA) and P<0.05 was
considered as statistically significant. Data was expressed
as the mean + standard deviation (SD). Data were analyzed
with variance (ANOVA) and then with Bonferroni’s post
hoc test. As the null hypothesis was rejected, two groups
were compared with non-parametric Mann-Whitney U test
for independent groups.
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Results

There was no statistical difference between the control
groups 1 and 2 and groups A and B regarding dietary choline
supplementation on body weight development of quails
(Table 2). However, there were significant differences
(P<0.001) between the groups C and D and groups E and F.
It was found that the quails reared in high stocking density
gained more weight than those in normal stocking density
only in groups C and E. There was no effect of the dietary
choline supplementation on body weight development of
quails.

There was no statistical difference between control
groups for feed intake (Table 3). When the results obtained
on feed intake were evaluated statistically, it was found that
there were significant differences (P<0.001) between the
groups (A and B; C and D; E and F). In the quails reared in
high stocking density, a higher feed intake was observed.
From the statistical analyzes of feed conversion ratios, it was
observed that there were significant differences (P<0.001)
between the groups (control 1 and control 2; A and B; C and
D; E and F) (Table 4). There was no effect of the stocking
density on feed conversion ratios. From the data, it can be
concluded that the dietary choline supplementation does
not have any effect on both feed intake and feed conversion
ratio.

The effect of the dietary choline supplementation
at different levels (900, 1800, 3600 mg kg™') on choline
content of quail meat was investigated. The choline content
of quail meat was increased statistically in groups fed the
choline-supplemented feed compared with the control
groups (Table 5). The choline contents in quail meat were
determined to be between 307.2 and 371.2 mg kg™ 'in groups
A and B which fed 900 mg kg™ choline-supplemented
diet, 373.2 and 399.2 mg kg 'in groups C and D which
fed 1800 mg kg™' choline-supplemented diet, 439.2 and
561.2 mg kg'in groups E and F which fed 3600 mg kg!
choline-supplemented diet. The highest choline content

Table 2 - Effect of the dietary choline supplementation on body weight development of quails

Group' 0-7 days 7-14 days 14-21 days 21-28 days 28-35 days 0-35 days
Control 1 27.28+0.10 54.43+0.18 72.71+0.28 57.39+0.20 46.63+0.14 258.32+1.60
Control 2 23.65+0.09 49.82+0.16 70.24+0.27 59.21+0.22 49.88+0.16 252.80+1.58
A 28.12+0.10 55.53+0.18 70.93+0.27 68.40+0.26 35.52+0.11 258.50+1.60
B 27.49+0.10 53.72+0.17 69.82+0.27 59.88+0.22 49.66+0.16 260.58+1.64
C 28.1840.10 56.67+0.19 72.1940.28 66.73+0.25 51.36+0.16 275.14+1.72¢*
D 26.19+0.10 53.99+0.17 68.62+0.26 60.82+0.22 51.86+0.16 261.49+1.65

E 29.05+0.11 55.15+0.18 69.64+0.27 60.98+0.22 58.23+0.21 273.06+1.70d*
F 27.90+0.10 53.03+0.17 67.36+0.25 57.25+0.20 47.63+0.15 253.17+1.58

HSD - high stoking density; NSD - normal stocking density.

! Control group 1: HSD, basal diet; Control group 2: NSD, basal diet; A: HSD, basal diet + 900 mg kg™’ choline; B: NSD, basal diet + 900 mg kg™' choline; C: HSD, basal diet +
1800 mg kg ™! choline; D: NSD, basal diet + 1800 mg kg ™' choline; E: HSD, basal diet + 3600 mg kg ' choline; F: NSD, basal diet + 3600 mg kg ™' choline.

a: Control groups 1 and 2; b: groups A and B; c: groups C and D; d: groups E and F.

R. Bras. Zootec., 46(8):645-651, 2017



648 Onel et al.

in quail meat was detected in E and F groups which fed
3600 mg kg choline-supplemented diet. The choline
content of quail meat increased with increasing amount of
added choline to feed (Figure 1). There was no influence
of stocking density on the choline content of quail meat.
When the results were statistically evaluated, it was found
that there were significant differences (P<0.001) between
the groups (control 1 and A; control 1 and C; control 1 and
E; A and C; A and E; C and E; control 2 and B; control 2
and D; control 2 and F; B and D; B and F; D and F).

The total lipid content of liver tissue was decreased
statistically in groups fed the choline-supplemented feed
compared with the control groups (Table 5). The total
lipid contents of liver tissues were determined to be
between 42.28% and 51.21% in control groups; 26.12%
and 35.74% in groups A and B, which fed 900 mg kg™
choline-supplemented diet; 20.69% and 25.76% in groups
C and D, which fed 1800 mg kg' choline-supplemented
diet; and 17.84% and 25.14% in groups E and F, which fed
3600 mg kg choline-supplemented diet. The total lipid
content of liver tissue decreased with increasing amount
of added choline to feed (Figure 2). There was no influence
of stocking density on the total lipid content of liver tissue.
When the results obtained were evaluated statistically, it

Table 3 - Feed intakes of different experimental groups (gram)

was found that there were significant differences (P<0.001)
between the groups (control 1 and A; control 1 and C;
control 1 and E; A and C; A and E; C and E; control 2 and B;
control 2 and D; control 2 and F; B and D; B and F; D and F).

Discussion

The concentration of supplemental choline had no
beneficial effect on performance, body weight gain, feed

600
500
400
300
200

100

Choline content of quail meat (mg/100 g)

0 900 1800 3600
Dietary choline supplementation (mg/kg)

Figure 1 - Amount of chloline in quail meat.

Group' 0-7 days 7-14 days 14-21 days 21-28 days 28-35 days P-value 0-35 days
Control 1 68.60+0.24 110.55+0.50 148.76+0.72 204.22+1.06 253.35+1.64 <0.001 785.49+2.68
Control 2 40.65+0.14 120.02+0.54 155.74+0.80 203.07+1.06 263.78+1.66 <0.001 783.27+2.68
A 60.64+0.22 116.01£0.51 171.81+0.94 223.62+1.10 257.31+1.64 <0.001 829.40+2.86
B 79.53+0.27 95.97+0.38 155.12+0.80 206.73+1.07 277.28+1.68 <0.001 814.64+2.84b*
C 66.02+0.24 115.34+0.53 162.77+0.86 224.35+1.10 259.64+1.65 <0.001 828.13+2.86
D 67.96+0.25 104.58+0.48 155.53+0.80 197.22+1.08 271.49+1.67 <0.001 796.79+2.68c*
E 57.60+0.18 107.7940.50 166.51+0.86 208.65+1.07 266.95+1.66 <0.001 807.50+2.84

F 49.18+0.15 100.66+0.46 144.31+0.70 206.76+1.07 261.38+1.65 <0.001 762.30+2.66d*

HSD - high stoking density; NSD - normal stocking density.

! Control group 1: HSD, basal diet; Control group 2: NSD, basal diet; A: HSD, basal diet + 900 mg kg' choline; B: NSD, basal diet + 900 mg kg™' choline; C: HSD, basal diet +
1800 mg kg ™' choline; D: NSD, basal diet + 1800 mg kg ™' choline; E: HSD, basal diet + 3600 mg kg™ choline; F: NSD, basal diet + 3600 mg kg ™' choline.

a: Control groups 1 and 2; b: groups A and B; ¢: groups C and D; d: groups E and F.
*<0.001.

Table 4 - Feed conversion ratios of different experimental groups (FI/ADG)

Group' 0-7 days 7-14 days 14-21 days 21-28 days 28-35 days P-value 0-35 days
Control 1 2.51+0.04 2.03+0.04 2.04+0.04 3.56+0.05 5.43+0.07 <0.001 3.04+0.05
Control 2 1.72+0.03 2.41+0.04 2.2240.04 3.43+0.05 5.29+0.07 <0.001 3.10+0.05a*
A 2.16+0.04 2.09+0.04 2.42+0.04 3.27+0.05 7.24+0.09 <0.001 3.21+0.05b*
B 2.89+0.04 1.79+0.03 2.22+0.04 3.45+0.05 5.58+0.07 <0.001 3.13£0.05
C 2.34+0.04 2.03+0.04 2.25+0.04 3.36+0.05 5.06+0.07 <0.001 3.10+0.05¢*
D 2.59+0.04 1.94+0.03 2.27+0.04 3.24+0.05 5.23+0.07 <0.001 3.05+0.05
E 1.98+0.03 1.95+0.03 2.39+0.04 3.42+0.05 4.58+0.06 <0.001 2.96+0.04
F 1.76+0.03 1.90+0.03 2.14+0.04 3.61+0.05 5.49+0.07 <0.001 3.01+0.05d*

FI - feed intake; ADG - average daily gain; HSD - high stoking density; NSD - normal stocking density.
! Control group 1: HSD, basal diet; Control group 2: NSD, basal diet; A: HSD, basal diet + 900 mg kg' choline; B: NSD, basal diet + 900 mg kg™ choline; C: HSD, basal diet +
1800 mg kg ! choline; D: NSD, basal diet + 1800 mg kg ' choline; E: HSD, basal diet + 3600 mg kg ' choline; F: NSD, basal diet + 3600 mg kg ' choline.

a: Control groups 1 and 2; b: groups A and B; c: groups C and D; d: groups E and F.
*<0.001.
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intake, and feed conversion ratio values of quails compared
with the control groups. The increase in body weight
gain and feed intake of poultry has been found by many
researchers after the addition of dietary choline (Hassan
et al., 2005; Alagawany et al., 2015). On the contrary,
Rafeeq et al. (2011) and Ebrahimnezhad et al. (2011)
reported that dietary choline at different inclusion levels
had no significant effect on body weight gain and feed
intake in poultry.

Results of numerous papers clearly indicate negative
effects of high stocking densities not only on production
performances and parameters of quality, but also on
parameters considered reliable indicators of poultry health
and welfare (Guardia et al., 2011; El-Gogary and Azzam,
2014). However, in this study, stocking density did not
have a significant effect on quail performance, body weight
gain, feed intake, and feed conversion ratio values.

In this study, quail meat enriched in choline, which
is an extremely beneficial substance for health, was
obtained. Choline has a crucial importance in respect to
the brain development in children and the development
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of the longevity functions (Zeisel, 2006). In cases of
choline insufficiency, diseases such as liver fattening,
renal impairment, and even cancer may emerge (Garrow,
2007). Studies have shown that problems in liver, kidneys,
and pancreas and disorders of memory and growth might be

Total lipid content of liver tissue (%)
[ 53
wn

[

encountered in chronic choline insufficiency (Phillips, 2012).

45
40
35,
30
20
15
10
0 900 1800 3600

Dietary choline supplementation (mg/kg)

(=]

Figure 2 - Total lipid contents of liver tissues.

Table 5 - Amount of choline in quail meat and total lipid content of liver of quails

Group' Sex Stocking density Choline amount in quail meat (mg/100 g)  Total lipid content of liver (%)  Final body weight (g)
Control 1 Female HSD 10.2 51.21 292.12
Control 1 Female HSD 9.2 45.99 258.12
Control 1 Male HSD nd 40.76 235.98
Control 1 Male HSD nd 50.55 269.61
Control 2 Male NSD nd 48.77 261.29
Control 2 Male NSD nd 43.16 255.84
Control 2 Female NSD 11.2 51.12 285.46
Control 2 Female NSD nd 42.28 245.78
A Female HSD 333.2 28.80 277.30
A Female HSD 353.2 35.44 293.79
A Male HSD 327.2 28.12 254.38
A Male HSD 351.2 32.39 287.67
B Male NSD 311.2 30.04 280.36
B Male NSD 307.2 26.12 218.29
B Female NSD 361.2 30.56 283.38
B Female NSD 371.2 35.74 304.42
C Female HSD 399.2 25.76 308.05
C Female HSD 387.2 23.31 283.34
C Male HSD 379.2 21.44 258.67
C Male HSD 373.2 21.10 256.81
D Female NSD 395.2 24.93 292.16
D Female NSD 393.2 22.93 268.08
D Male NSD 377.2 22.87 266.12
D Male NSD 375.2 20.69 247.58
E Female HSD 561.2 25.14 307.96
E Female HSD 481.2 19.84 282.10
E Male HSD 451.2 17.70 248.80
E Male HSD 439.2 17.54 235.61
F Female NSD 513.2 20.17 296.21
F Female NSD 509.2 19.91 286.96
F Male NSD 507.2 19.35 272.96
F Male NSD 491.2 17.84 262.29

nd - not detected; HSD - high stocking density; NSD - normal stocking density.

! Control group 1: HSD, basal diet; Control group 2: NSD, basal diet; A: HSD, basal diet + 900 mg kg ' choline; B: NSD, basal diet + 900 mg kg™' choline; C: HSD, basal diet +
1800 mg kg! choline; D: NSD, basal diet + 1800 mg kg ™' choline; E: HSD, basal diet + 3600 mg kg! choline; F: NSD, basal diet + 3600 mg kg' choline.

R. Bras. Zootec., 46(8):645-651, 2017
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During this study, quail meat rich in choline, which is very
beneficial considering healthy nutrition, was obtained, thus
allowing people to take advantage of it. In the literature,
there is no previous research related to quail meat rich in
choline. The biggest advantage of this study is that it is the
first study in the literature on the enrichment of quail meat
with choline.

Fatty liver syndrome is one of the most common
causes of mortality in poultry. The disease is characterized
by sudden death of poultry, resulting from liver rupture
and internal bleeding. The onset of fatty liver syndrome
in poultry is influenced by several nutritional, metabolic,
environmental, genetic, and hormonal factors. However,
it is most strongly believed to be linked with nutrition, as
97% of the affected birds were obese (Rozenboim et al.,
2016). In this study, fatty liver was minimized in quails.
The results obtained showed that choline has an important
potential in the control of fatty liver. Choline can be
referred to as a lipotropic agent due to its function of acting
on fat metabolism by hastening removal or decreasing
deposition of fat in liver. The nearest study to our study
in the literature was that by Fouladi et al. (2011). They
reported that choline supplement in levels of 500 mg kg™!
and 1000 mg kg™' significantly decreased the cholesterol
and triglyceride contents. Furthermore, they noted that the
choline supplement prevented the fatty liver syndrome. In
our study, the total lipid content of liver was reduced by
42% in E and F groups which fed 3600 mg/kg choline-
supplemented diet compared with the control groups.

Conclusions

We recommend the use of supplementary choline that
can improve the amount of choline passing to quail meat

and reduction of fat deposition in liver.
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