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ABSTRACT: This study evaluated the sparing effect of betaine supplementation to low

methionine laying hen diets on productive performance, egg quality, and nutrient
digestibility. A total of 250 Lohmann Brown laying hens, 25 weeks age were randomly
distributed into 5 treatments of 50 hens in 5 replicates. Five tested diets were formulated
T1: 0.45% methionine with no betaine supplementation which basal considered as a
control diet, T2: 0.40% methionine with 0.75¢g betaine/kg, T3: 0.40% methionine with
1.5g/ betaine/kg, T4: 0.35% methionine with 0.75g betaine/kg, and T5: 0.35%
methionine with 1.5g betaine/kg. Betaine supplementation to low methionine diets
affected significantly (P<0.05) on FI, FBW and BWG. No significant differences
(P>0.05) in EP, EW, EM, FCR, SW, AYW, HU, and EYC due to treatment effect. There
was a significant difference (P<0.05) among groups on ST due to betaine
supplementation to low methionine diet compared to no betaine control diet. Moreover,
hens fed 0.35 and 0.40% methionine with betaine supplementation improved (P<0.05)
immunoglobulin titre (Ig) compared to those fed on the control diet. Betaine
supplementation to low methionine diets had significantly (P<0.05) affected on NB and
all nutrients digestibility except CF digestibility compared to no betaine diet (T1).
Methionine levels effect had effect (P<0.05) on FI, FCR, FBW, BWG, ST, EYC, and Ig
titre. Decreasing methionine level up to 0.35% did not significantly (P<0.05) affected on
all nutrients digestibility, except CP digestibility and NB which were affected
significantly. Betaine levels effect significantly affected (P<0.05) on FI, HU, EYC, and
Ig titre, while no effect (P>0.05) due to betaine levels on EP, EW, EM, FCR, FBW,
BWG, SW, ST, and AYW. It could be concluded that betaine supplementation had a
role-sparing effect with a low methionine diet especially at level 0.35% without any
negative effect on laying productivity, egg quality, and immune response.
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INTRODUCTION
Essential sulfur amino acid methionine

plays critical roles in methylation
reaction, protein accretion (Vazquez-
Anon et al, 2006), productive

performance promotion (Ai and Xie, 2005
and Zhan et al., 2006), and immune
response enhancement (Zhang and Guo,
2008). Reducing the dietary methionine
level from 0.36 to 0.23% in laying hen
diets at 54 to 72 age weeks lead to lower
egg production and smaller egg size
(Keshavarz, 2003). Methionine
supplementation as DL-Methionine, DL-
2-hydroxy-4-methylthio butyric calcium,
and coated DL-Methionine enhanced the
production and egg quality of broiler
breeders (Xiao et al., 2017). Many aspects
of a methionine deficiency on avian
metabolism have been studied such as its
interaction with choline, betaine, folic
acid, and vitamin B, (Carew et al., 2003).
Micronutrient betaine (chemically known
as trimethylglycine) plays two roles in
cells; stabilizing osmolyte and donating
methyl group to other biomolecules
(Craig, 2004). Betaine can potentially
eliminate the need for creatine,
methionine, and choline as methyl-group
donors (Singh et al., 2015). Moreover,
betaine donates the methyl radicals for the
remethylation of  homocysteine to
methionine and to formulate creatine,
carnitine, and phosphatidylcholine
through the S-adenosyl methionine
pathway. A methyl group is transferred
from betaine to dimethylglycine through
the enzyme betaine homocysteine methyl
transferase. It also contains three methyl
groups that allow effective spare of
dietary methionine. Homocysteine forms
methionine either through betaine or 5-
methyl tetrahydrofolate (Alirezaei et al.,
2011). Being a methyl group donor,
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betaine  may  sometimes  replace
methionine in a reaction  with
homocysteine (Maidin et al., 2021). Thus,
methionine could be used more for its
growth function (Paniz et al., 2005) and
dietary betaine can be substitution by 30%
of dietary methionine in broiler diets
(Sahebi-Ala et al. 2021). Betaine
supplementation in laying hen diets
improved (P<0.05) egg production
performance (Xing and Jiang, 2012).
Moreover, enhanced significantly
(P<0.05) egg laying rate, but did not
affect (P>0.05) on feed intake and egg
weight (Omer et al., 2020). Using betaine
in poultry, fish, and pigs diets as feed
additive (Eklund et al., 2005) and the
reducing effects of heat stress in broiler
chickens (Haldar et al., 2015). Adding
betaine up to 1000mg/kg to Lohmann
laying hens did not significantly (P>0.05)
affected on egg production, feed intake,
egg mass, shell density, shell strength,
shell mass, shell thickness, and shell
percentage (Maidin et al., 2021). Attia et
al. (2016) showed that significant
increased (P<0.05) of laying rate, egg
mass, and feed intake of laying hens and
improve the feed conversion ratio while,
the egg weight was not significant affect
for betaine supplementation (1g/kg) group
compared to control laying hens at critical
heat stress. The present study was to
investigate the effect of dietary betaine
supplementation with decreasing
methionine levels on egg production, egg
quality, immunoglobulin  titer, and
nutrients digestibility of Lohmann Brown
laying hens. Therefore, a study was
conducted to determine the best level of
betaine in low-methionine diets to achieve
sparing effect to realize optimum
productive performance and egg quality of
laying hens.
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MATERIAL AND METHODS

The experiment, the laboratories work and
feed mixing processing were conducted at
Animal Production Department, Faculty
of Agriculture, Cairo University, Giza,
Egypt

Birds and management

Two hundred and fifty Lohmann Brown
laying hens (25 week age) were randomly
distributed into 5 treatments of 50 hens in
5 replicates of 10 hens each. Birds were

housed in battery cages, kept under
similar environmental and managerial
conditions  throughout the  whole

experimental period (16 weeks). Feed and
water were offered ad-libitum throughout
the experimental period from 25 to 40
week of age, under a total of 16 hours of
light per day regimen.

Diets

The experimental diets were formulated to
meet the nutrient requirements according
to recommended allowances of the
Lohmann Brown breed. The control diet
was formulated to contain 2800 Kkcal
ME/kg, 1850% CP, and 0.45%
methionine without betaine
supplementation. Accordingly, a total of 5
experimental diets were formulated (2
methionine levels x 2 betaine levels = 4 +
control diet = 5 diets). The treatments
were control diet (T1), 0.40% methionine
and 0.75g Dbetaine/kg (T2), 0.40%
methionine and 1.5g betaine/kg (T3),
0.35% methionine and 0.75g betaine/kg
(T4), and 0.35% methionine and 1.5g
betaine/kg (T5). The dietary betaine
supplementation was added as a Betafin
S6 source (Danisco Animal Nutrition,
Finnfeeds Finland Limited,
Sokeritehtaantie, Naantali, Finland). All
experimental diets and their calculated
chemical analysis (Table 1) were
formulated to be isocaloric (2800 kcal
ME/kg) and isonitrogenous (18.5% CP) to
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meet all the essential  nutrient
requirements for laying hens (NRC,
1994).

Measurements

At the beginning of trial, all birds of each
treatment were weighed and at the end of
experimental period to calculate final
body weight gain (BWG). Feed intake
(o/hen/day), egg production (hen-day %),
egg mass (g) were calculated every 4
weeks interval during the experimental
period. Egg production (EP), egg weight
(EW), and feed intake (FI) were used to
calculate the amount of feed (kg) which
was required to produce one kg of eggs
per hen to calculate feed conversion ratio
(FCR; kg. feed : kg. eggs). Egg shell
thickness (ST) was determined using a
dial pipe gauge digital. Haugh units were
calculated based on the height of albumen
determined by a micrometer and egg
weight (Eisen et al., 1962). Egg yolk
visual color was determined by Laroch’s
fan with 15 degrees of egg yolk color
(Haughman Laroch’s fan). Serum total
immunoglobulin titres were determined
according to Zipp et al. (1983).
Digestion coefficient and
balance

At the end of experimental period, 40
weeks of age, a total of 60 hens 12 from
each treatment were randomly taken for
carrying digestion trial to estimate the
nutrients  digestibility, and nitrogen
balance.  Excreta  were  collected
quantitatively every 24 hours, during a
three days collection period. Nutrients
proximate analysis of the feed and dried
excreta was determined by A.O.A.C.
(2000) and Faecal nitrogen by Jakobsen et
al. (1960).

Statistics

Data were processed utilizing SAS
software (SAS, 2004) implementing the
General Linear Model procedures (PROC

nitrogen
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GLM) of SAS. Data were tested by one-
way analysis of variance for treatments,
methionine, and betaine effects. Means
differences were obtained using a least
squares means statement, if ANOVA was
significant, means were then separated by
Duncan’s multiple range test (Duncan,
1955) and differences were significant at
(P<0.05).
RESULTS AND DISCUSSION

Laying hen’s performance

Statistical analysis for laying hens
performance is illustrated in Table 2.
There  were  significant  (P<0.05)

differences between low methionine diets

with betaine supplementation versus
control group for final body weight
(FBW; P<0.0001), body weight gain

(BWG; P<0.0001), and feed intake (FI;
P<0.0001). The laying hens fed T4 diet
gave the highest values of FBW (1900g),
BWG (432g), and FI (117.74g), while
those fed T3 recorded the lowest values of
FBW (1800g) and BWG (332g) compared
with the other groups including control
diet (T1) which less consumed FlI
(107.93g/hen/day). No significant
difference (P>0.05) between the control
diet and T3 group in FI was observed.
Laying hens fed low methionine diets
with betaine supplementation (T2-T5)
significantly (P<0.001) consumed more
feed than those fed control diet (T1). No
significant differences (P>0.05) among
low methionine diets compared to control
methionine group in egg production (EP;
P=0.708), egg weight (EW; P=0.730), egg
mass (EM; P=0.842), and feed conversion
ratio (FCR; P=0.177). The observations in
current study for Lohmann Brown laying
hens performance were somewhat
consistent with Park and Rya (2011)
observed that EP, EW, and EM increased
(P>0.05) with laying hens fed 0.6g/kg
betaine, also FI and FCR were not
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significantly (P>0.05) affected due to
betaine supplementation. Laying rate, EM,
FCR, and BWG improved (P<0.05) and
FI affected (P<0.05) with laying hens fed
on diets containing betaine up to 1g/kg
compared to control group, while, EW
was not affected significantly (Attia et al.,
2016). Likewise, FI and BW were
significantly (P<0.05) increased with 1,
1.5, and 2 g/kg betaine supplementation to
broiler diets and FCR improved (P<0.05)
with 2g/kg diet (Chand et al., 2017).
Broilers BWG and FI increased linearly
(P<0.05) with betaine supplementation at
levels 0.50, 1.00 and 2.00g/kg diet, while
no significant (P>0.05) effect on FCR was
observed (Liu et al., 2019). At 4 weeks of
starter period for laying hens, BW and FI
increased (P<0.05) and uniformity
improved (P>0.05) with laying fed 12 and
18 mg betaine/kg diet (Wahid et al.,
2021). Moreover, BWG and Fl were
significantly (P<0.05) increased with
broilers fed 2g/kg betaine compared with
those fed basal diet without methionine
addition (Savaram et al., 2022). However,
laying hens fed 0.7 and 1.5g/kg dietary
betaine increased (P<0.05) daily eggs
number and improved (P>0.05) EW and
EM (Gudev et al., 2011). In quails fed
diets including 0.6 and 1.2 g/kg dietary
betaine improved (P<0.05) EP, EM, and
FCR, increased (P<0.05) FI, and
decreased (P<0.05) EW (Ratriyanto et al.,
2017). Recently, no significant (P>0.05)
differences in FI, FBW, and EW, while
EP improved (P<0.05) due to 5g/kg
betaine supplementation to laying hen
diets (Omer et al., 2020). In the current
study, the improvement in BWG with low
methionine (0.35 and 0.40%) and different
levels of betaine (0.75 and 1.50g/kg) due
to increased nutrient digestibility (Table
4) and important role of betaine as a
methyl donor in many reactions including
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DNA and RNA methylation and protein
synthesis, besides the methyl groups
sparing function (Savaram et al., 2022).
Hens receiving the low methionine diet
with betaine supplementation consumed
significantly (P<0.0001) more feed than
those receiving the control diet. Hens
increased Fl to meet their increased
methionine  requirement.  Increasing
dietary supplementation of methionine
slightly decreased the amount of feed
consumed in control group.

Methionine level had affect (P<0.05) on
FI (P<0.0001), FCR (P=0.038), FBW
(P<0.0001), and BWG (P<0.0001), while
no effect (P>0.05) on EP (P=0.313), EW
(P=0.446), and EM (P=0.480). The FCR
improved (P>0.05) with 0.27%methionine
laying hens group in comparison with
those fed 0.46%methionine diet, while
EP, EM and EW significantly (P<0.05)
decreased (Liu et al., 2022). Methionine
supplementation at level 0.51% in laying
hen diets had significantly (P<0.05) lower
EW while, EM and FI significantly
(P<0.05) increased compared to control
diet (Moghadam et al., 2021).

Betaine  supplementation to  low
methionine diets significantly affected
(P<0.05) on FI, FBW and BWG, however,
no significant effect (P>0.05) on laying
hens EP, EW, EM, and FCR. No effect
(P>0.05) due to betaine levels on EP
(P=0.436), EW (P=0.354), EM (P=0.724),
FCR (0.334), FBW (P=0.439), and BWG
(P=0.439), while Fl (P=0.049)
significantly affected. Somewhat, there
was insignificantly (P>0.05) increased in
FBW (P=0.91) and decreased in EW
(P=0.310) due to betaine supplementation
up to 0.05g/kg in laying hen diets
(Abobaker et al., 2017).

Egg quality and immunoglobulin titre
Statistical analysis for egg quality is
presented in Table 3. For external egg
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quality, no significant (P>0.05) effect of
betaine  supplementation to  low
methionine diets on shell weight (SW,
P=0.306) between dietary betaine groups
and control group (T1, no betaine
supplementation). A significant difference
(P<0.05) among groups on shell thickness
(ST; P=0.007) due to betaine
supplementation to low methionine diet
compared to no betaine control diet. Shell
thickness significantly decreased (P<0.05)
by adding 1.50g/kg betaine to 0.40%
methionine diet (T3), but no significant
difference in ST between the other groups
and control group. For internal egg
quality, no significant  differences
(P>0.05) in albumin and yolk weight
(AYW; P=0.484), Haugh unit (HU;
P=0.084), and egg yolk color (EYC;
P=0.076) between low methionine diets
with betaine supplementation and control

group. Moreover, AYW and HU
insignificantly (P>0.05) improved due to
betaine supplementation in all low

methionine diets (T2 — T5) compared to
no betaine supplementation diet (T1,
control group). The results in egg quality
inhere were confirmed by Gudev et al.
(2011) showed that the SW, AYW, HU,
and EYC score did not significantly
(P>0.05) affected by 0.7 and 1.5g/kg
betaine supplementation in laying hen
diets, while ST improved (P<0.05) in
betaine groups. In quails, egg ST, egg
shell breaking strength, albumin height,
HU, and EYC were not significantly
(P>0.05) affected by 0.6g/kg betaine
supplementation (Park and Rya, 2011)
and yolk and albumen percentage and egg
shell percentage were not affected
(P>0.05) by 0.0, 0.7, 1.4 and 2.1g/kg
betaine supplementation (Ratriyanto et al.,
2018). However, supplementation 0.6 and
1.2 g betaine/kg to quail diets improved
(P<0.05) yolk weight and SW and
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decreased (P<0.05) albumin weight, while
betaine  supplementation  did  not
significantly improved ST (Ratriyanto et
al., 2017). In current study, added
betaine at levels 0.75 and 1.5g/kg to
0.35% low methionine diets improved ST
due to the calcium losses on the low
methionine diet (0.35%) and were lower
than the intermediate (0.40%) and control
methionine (0.45%) diets. High egg ST
quality due to high calcium intake because
of high feed intake in 0.35% low
methionine diets with 0.75 and 1.5¢g
betaine/kg diet (Table 2). Moreover, the
reason for reduced shell quality is due to
increased egg size, distribution a constant
amount of shell over larger egg.
Methionine level significantly affected
(P<0.05) on ST (P=0.005), however, no
effect (P>0.05) on SW (P=0.085).
Moreover, methionine addition had
significantly (P<0.05) effect on EYC
(P=0.048), while no difference in both
AYW (P=0.233) and HU (P=0.440). As
the same trend, methionine
supplementation at levels 0.51%
decreased (P<0.05) ST, while HU had not
affected (P>0.05) due to methionine
addition to laying hen diets (Moghadam et
al.,, 2021). The ST was significantly
(P<0.05) lower with 0.27% methionine
group compared to control group (0.46%
methionine), while HU and EYC hadn’t
affected (P>0.05) by methionine levels
(Liu et al., 2022).

No significant differences (P>0.05) due to
betaine effect on SW (P=0.143) and ST
(P=0.176). There were significant
differences (P<0.05) in HU (P=0.034) and
EYC (P=0.048), while no difference
(P>0.05) in AYW (P=0.182) due to
betaine effect up to 0.75 g/kg. Moreover,
betaine supplementation at level 0.05g/kg
had not significantly (P>0.05) affected on
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yolk weight (P=0.450) in laying hens
group (Abobaker et al., 2017).

Statistical analysis for immunoglobulin
titre (lg) is illustrated in Table 3.
Treatment effect had significantly
(P<0.05) on Ig titre (P<0.0001). Hens fed
0.35 and 0.40% methionine with betaine
supplementation  improved Ig titre
compared to those fed on control diet (no
betaine supplementation). Moreover,
there were significant differences in Ig
titre due to be methionine effect
(P=0.005) and betaine supplementation
(P=0.005). The improvement in Ig titre
due to betaine supplementation with
different methionine levels in present
study were similar to those found by
Chand et al. (2017) antibody titer was
improved (P<0.05) with broilers fed 1.0,
1.5 and 2.0g/kg betaine groups. Betaine

supplementation in poultry diet has
several biological benefit in lipid
metabolism, anti-oxidation, anti-

inflammation, and immunity (Zhang et al.,
2016 and Wang et al., 2020). Lymphocyte
proliferation was improved (P<0.05) with
broilers fed 2g/kg betaine diet when
compared to those fed basal diet without
methionine addition (Savaram et al.,
2022). Serum total Ig decreased (P<0.05)

with  increasing dietary  methionine
concentrations in Brown layers diets
(Balnave, 2000).The improvement of

immune response of laying hens might be
due to increased digestibility and
utilization of methionine (Augustine and
Danforth, 1999) and other nutrients like
carotenoids, lysine, protein, and fat
(Remus et al., 1995), which are known to
influence immune responses (Latshaw,
1991). Moreover, through its methyl
donating property, betaine might have
spared the dietary methionine from methyl
donor function and the dietary methionine
was available for other vital functions like
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protein synthesis and immune modulation
(Kidd et al., 1997).

Nutrients digestibility and nitrogen
balance

Statistical ~ analysis ~ for  nutrients
digestibility and nitrogen balance (NB)
are listed in Table 4. Betaine

supplementation to low methionine diets
(T2 — T5) had significant (P<0.05)
affected on nutrients digestibility of DM
(P=0.006), oM (P=0.009), CP
(P<0.0001), EE (P<0.0001), and NFE
(P=0.002) compared to no betaine diet
(T1). No significant difference in CF
digestibility (P=0.114) due to treatment
effect. The laying hens fed T5 tested diet
were the highest (P<0.05) DM
digestibility while, those fed T3 diet were
the lowest (P<0.05) value of OM%. Crude
protein digestibility was significantly
(P<0.05) decreased with T2 (97.07%) and
T3 (97.29%) but, not significantly
differences between T4 and T5 in
comparison with T1 group. The betaine
laying hens groups were increased
(P>0.05) in CF% digestibility when
compared to T1 group. The EE
digestibility was increased (P<0.05) in T2
group by 0.27%, but decreased (P<0.05)
with T3 and T4 by 2.63 and 0.46%,
respectively. No significant difference
between T1 and T5 in EE digestibility.
Laying hens in T4 group significantly
increased (P<0.05) NFE digestibility by
2.60% compared to those in T1 control
group while, the other betaine groups
were not significantly affected. Nitrogen
balance significantly (P<0.0001)
increased in T4 and T5, but T3 group not
affected (P>0.05) when compared to the
control  group  (T1). Decreasing
methionine level up to 0.35% not
significantly (P>0.05) on all nutrients
digestibility, except CP digestibility
(P<0.0001) and NB (P<0.0001) which
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affected significantly. Betaine
supplementation  didn’t  significantly
(P>0.05) effect on of DM (P=0.068), CP
(P=0.499), CF (P=0.533), and EE
(P=0.072) digestibility and NB (P=0.085),
while digestibility of OM (P=0.008) and
NFE (P=0.010) affected significantly.
Nutrients digestibility of DM, CP, EE, and
CF, were significantly  (P<0.05)
differences with quail fed diets containing
0.6 and 1.2 g/kg dietary betaine, while
NFE digestibility was not significantly
affected (Ratriyanto et al., 2017).
However, digestibility of DM, EE, CF and
NFE digestibility not affected (P<0.05) by
betaine supplementation up to 1g/kg in
laying hen diets (Attia et al., 2016)
Moreover, digestibility of DM and CP
didn’t significantly (P>0.05) differ among
broiler diets due to betaine
supplementation up to 1.2 g/kg with
different levels of dietary CP (Park and
Kim, 2019). The CF digestibility not
significantly (P<0.05) affected, while
nitrogen retention was significantly
(P<0.05) increased with 0.50, 1.00, and
2.00 g/kg betaine supplementation in
broiler diets (Liu et al. (2019). The
improvement of nutrients digestibility
might be due to the role of betaine which
has osmoprotective properties that help to
increase  proliferation of intestinal
structure (Eklund et al., 2005).

Conclusion and application

Based on the significant interactions
among dietary methionine and betaine in
the current study, the data indicated that
using 0.75 and 1.5g/kg betaine
supplementation with low levels of
methionine (0.35 and 0.40%) in feeding
Lohmann Brown laying has improved
productive performance, egg quality,
immunoglobulin  titre, and nutrients
digestibility. These positive effects may
be attributed to the methionine sparing
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effect as a result of dietary
supplementation of betaine when added to
low methionine diets (0.35 and 0.40%).
This means that an inadequate methionine
supply to the diet can be compensated by
an increase in betaine supplementation.
Furthermore, decreasing dietary
methionine with betaine supplementation
up to 1.5g/kg resulted in a better nitrogen

balance and lower nitrogen excretion
which in turn would have a positive
impact on the environment. Consequently,
environmental contamination with
nitrogen and its by-products may be
reduced with the ultimate benefit of
producing more friendly environment and
healthier products.

Table (1): Composition and chemical analysis of basal diets

Methionine levels

ltems

0.45% 0.40% 0.35%
Ingredients
Yellow corn 48.94 49.42 48.71
Wheat bran 5.03 4.64 5.15
Vegetable oil 4.55 4.43 4.63
Soybean meal (44%) 30.79 30.87 30.92
Limestone 8.28 8.28 8.28
Dicalcium phosphate 1.65 1.65 1.65
Salts (NaCl) 0.30 0.30 0.30
Vitamin and mineral premix 0.30 0.30 0.30
DL-methionine 0.16 0.11 0.06
Total 100.00 100.00 100.00
Calculated analysis
Crude protein (%) 18.50 18.50 18.50
Metabolizable energy (kcal/kg) 2800 2800 2800
Total methionine (%) 0.45 0.40 0.35
Methionine + Cysteine % 0.75 0.70 0.65
Lysine (%) 1.00 1.00 1.00
Calcium (%) 3.60 3.60 3.60
Available phosphorus (%) 0.45 0.45 0.45

“0.45% methionine diet considered as a control diet.

“Vitamin and mineral premix at 0.3% of the diet supplies the following per kg of the diet: vit.A
8000000 I.U., vit.D3 2400000 I.U., vit. E 14000 mg, vit. K3 2000 mg, vit. B; 2000 mg, vit.B,
5000 mg, vit.Bs 2000 mg, vit.B;, 10 mg, pantothenic acid 8000 mg, niacin 27000 mg, folic acid
500 mg, biotin 34 mg, manganese 54 g, zinc 50 g, iron 27 g, copper 7 g, iodine 2 g, selenium 0.2
g, cobalt 0.20 g
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Table (2): Effect of experimental diets on laying hens performance

Fl EM FCR
Items (E/E) (g/hen/d I:Eg;/ (g ofegg/ | (g feed: F(Bg \)N BE/E;/)G
ay) hen/day) g egq)
T1 (0.45% Methionine + 0.00 betaine g/kg) 90.58 | 107.93% | 58.61 53.10 2.03 1850.00° | 382.00°
T2 (0.40% Methionine + 0.75 betaine g/kg) | 87.12 | 110.73° | 59.81 52.11 2.13 1845.00° | 377.00°
T3 (0.40% Methionine +1.5 betaine g/kg) 86.21 | 108.46° | 60.58 52.23 2.08 1800.00° | 332.00°
T4 (0.35% Methionine + 0.75 betaine g/kg) | 83.68 | 117.74% | 59.43 49.73 2.37 1900.00° | 432.00°
T5 (0.35 % Methionine + 1.5 betaine g/kg) | 83.77 | 114.14" | 60.20 50.43 2.26 1890.00° | 422.00°
SEM 3.40 0.33 1.00 2.16 0.12 0.00 0.00
P-value
Treatment effect 0.708 | <0.0001 | 0.730 0.842 0.177 <0.0001 | <0.0001
Methionine effect 0.313 | <0.0001 | 0.446 0.480 0.038 <0.0001 | <0.0001
Betaine effect 0.436 0.049 0.354 0.724 0.334 0.439 0.439

T: treatment, EP: Egg production, FI: feed intake, EW: egg weight, FCR: feed conversion ratio, FBW: final body weight,
BWG: body weight, FBW: final body weight, FI: feed intake, FCR: feed conversion ratio, P-value: probability value

a., b...and e mean values with different superscript letters in the same column are significantly different (P<0.05).

Table (3): Effect of experimental diets on egg quality and Immunoglobulin titre

Exgeurglai\ :yegg Internal egg quality .
Items SW ST | AYw N ve Ig titre

@) | (um) | (9)
T1 (0.45% Methionine + 0.00 betaine g/kg) | 6.55 | 0.42% | 52.06 | 64.69 | 8.16 5.00°
T2 (0.40% Methionine + 0.75 betaine g/kg) | 6.09 | 0.39% | 53.72 | 66.20 | 7.67 6.00°
T3 (0.40% Methionine +1.5 betaine g/kg) 6.03 | 0.38° | 54.54 | 64.14 | 7.92 5.00°
T4 (0.35% Methionine + 0.75 betaine g/kg) | 6.31 | 0.42% | 53.12 | 68.06 | 7.92 6.00°%
T5 (0.35 % Methionine + 1.5 betaine g/kg) 6.20 | 0.41° | 54.01 | 64.73 | 7.83 6.00°%
SEM 0.16 | 0.01 | 0.90 | 0.90 0.10 0.00
P-value
Treatment effect 0.306 | 0.007 | 0.484 | 0.084 | 0.076 | <0.0001
Methionine effect 0.085 | 0.005 | 0.233 | 0.440 | 0.048 0.005
Betaine effect 0.143 | 0.176 | 0.182 | 0.034 | 0.048 | 0.005

T: treatment, SW: Shell weight, ST: Shell thickness, AYW: Albumin and yolk weight, HU: Haugh unit,
EYC: Egg yolk color, Ig: Immunoglobulin titre. P-value: probability value
a and b mean values with different superscript letters in the same column are significantly different (P<0.05).
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Table (4): Effect of experimental diets on nutrients digestibility and nitrogen balance

Digestibility coefficient of nutrients (%) )

Items Nitrogen

balance

DM oM CP CF EE NFE

T1 (0.45 Methionine + 0.00 Betaine g/kg) 7252° | 81.79® | 98.12* | 28.13 | 88.82" |82.15° | 61.82°
T2 (0.40 Methionine + 0.75 Betaine g/kg) 71.93° | 82.99° | 97.07° | 2851 | 89.06* | 82.94" | 64.01°
T3 (0.40 Methionine +1.5 Betaine g/kg) 72.44° | 80.47° | 97.29" | 27.80 | 86.48" |82.44™ | 62.37°
T4 (0.35 Methionine + 0.75 Betaine g/kg) 72.35" | 82.38" | 98.25° | 28.71 | 88.41° | 84.28° | 67.43°
T5 (0.35 Methionine + 1.5 Betaine g/kg) 73.68" | 81.60™ | 98.22* | 28.92 | 88.77° | 81.24° | 67.69°
SEM 0.11 0.23 0.04 0.18 0.03 0.24 0.23
P-value
Treatment effect 0.006 0.009 <0.0001 | 0.114 | <0.0001 | 0.002 <0.0001
Methionine effect 0.118 0.923 | <0.0001 | 0.093 | 0.210 | 0.772 | <0.0001
Betaine effect 0.068 0.008 0.499 | 0.533 | 0.072 | 0.010 0.085

T: treatment, DM: dry matter, OM: organic matter, CP: crude protein, CF: crude fiber, EE: ether extract, NFE: nitrogen

free extract. P-value: probability value

a, b, c and d mean values with different superscript letters in the same column are significantly different (P<0.05).

Ai, Q.; and Xie,

REFERENCES homocysteine in the rat cerebellum. J.
Abobaker, H.; Hu, Y.; Hou, Z.; Sun, Q.; Physiol. Biochem., 67:605-612.
Idriss, A. A.; Omer, N. A.; Zong, Y. Association of  Official Analytical
and Zhao, R. 2017. Dietary betaine Chemists (AOAC) 2000. Official
supplementation  increases  adrenal methods of analysis. 17th edition.
expression of steroidogenic acute AOAC, Washington, D.C., USA.

regulatory protein and yolk deposition
of corticosterone in laying hens. Poult.
Sci., 96:4389-4398. DOI:
http://dx.doi.org/10.3382/ps/pex241

X. 2005. Effects of
replacement of fish meal by soybean
meal and supplementation of methionine
in fish meal/soybean meal-based diets
on growth performance of the southern
catfish silurus meridionalis. J. World
Aquac. Societ., 36:498-507.

Alirezaei, M.; Jelodar, G.; Niknam, P.;

Ghayemi, Z.; and Nazifi, S. 2011.
Betaine prevents  ethanol-induced
oxidative stress and reduces total

Attia, Y. A.;

Abd El-Hamid, A. E;
Abedalla, A. A.; Berika, M. A;
Al-Harthi, M. A.; Kucuk, O.; Sahin,
K.; and Abou-Shehema, B. M. 2016.
Laying performance, digestibility and
plasma hormones in laying hens
exposed to chronic heat stress as
affected by betaine, vitamin C, and/or
vitamin E supplementation. Sprin. Plus,
5:16109. DOI:
https://doi.org/10.1186/540064-016-
3304-0

Augustine, P.C.; and Danforth, H.D.

150

1999. Influence of betaine and
salinomycin on intestinal absorption of
methionine and glucose and on the ultra




betaine, laying hens, shell thickness, digestion, immunoglobulin titer

structure of intestinal cells and parasite
developmental stages in chicks infected

with  Eimeria  acervulina.  Avian
Diseases, 43:89-97. DOI:
https://doi.org/10.2307/1592766

Balnave, D. (2000). Protein and

methionine requirements of imported
Brown layer strains. A report for the

rural industries research and
development corporation.
Carew, L.B.; McMurtry, J.P.; and

Alster, F.A. 2003. Effects of methionine
deficiencies on plasma levels of thyroid
hormones, insulin-like growth factors-i
and -ii, liver and body weights, and feed
intake in growing chickens. Poult. Sci.,
82:1932-1938

Chand, N.; Naz, S., Maris; H., Khan, R.
U.; Khan, S.; and Qureshi, M. S.
2017. Effect of betaine supplementation
on the performance and immune
response of heat stressed broilers. Pakis.
J. Zool., 49:1857-1857. DOl:
https://doi.org/10.17582/journal.pjz/201
7.49.5.1857.1862

Craig, S. A. 2004. Betaine in human
nutrition. Ameri. J. Clinic. Nutrit.,
80:539-549. DOI:
https://doi.org/10.1093/ajcn/80.3.539

Duncan, D.B. 1955. Multiple Range and
Multiple F-Test. Biometrics, 11:1-42.
DOI: https://doi.org/10.2307/3001478

Eisen, J.E.; Bohren, B.B.; and McKean,
E.H. 1962. The Haugh units as a
measure of egg albumen quality. Poult.
Sci., 41: 1461-1468.

Eklund, M.; Bauer, E.; Wamatu, J.; and
Mosenthin, R. 2005. Potential
nutritional and physiological functions
of Dbetaine in livestock. Nutrit. Res.

151

Revi., 18: 31-48. DOI:
https://doi.org/10.1079/NRR200493
Gudev, D.; Popova- ralcheva, S;

Yanchev, l.; Moneva, P.; Petkov, E.;
and Ignatova, M. 2011. Effect of
betaine on egg performance and some
blood constituents in laying hens reared
indoor under natural summer
temperatures and varying levels of air
ammonia. Bulg. J. Agr. Sci., 17:859-
866. Link:
https://www.researchgate.net/publicatio
n/266590883 Effect of betaine_on_egg
_performance_and_some_blood_constit
uents_in_laying_hens_reared_indoor_un
der_natural_summer_temperatures_and_
varying_levels_of _air_ammonia
Haldar, S.; Singh, A.; Ghosh, T.; and

Creswell , D. 2015. Effect of
supplementation of Betaine
Hydrochloride on physiological

performances of broilers exposed to
thermal stress. Open Acc. Anim. Phys.,

7 111-120 DOI:
https://doi.org/10.2147/OAAP.S83190
Jakobsen, P.E.; Kirston, S.G.; and

Nelson, H. 1960. Digestibility trials
with poultry. 322 bertning Bertning
fraforagslaboratoriet, Udgivet of stants.
Husedyrbugsudvalg Kabenhaven.

Keshavarz, K. 2003. Effects of reducing
dietary protein, methionine, choline,
folic acid, and vitamin B12 during the
late stages of the egg production cycle
on performance and eggshell quality.
Poult. Sci., 82:1407-1414.

Kidd, M. T.; Ferket, P. R.; and Garlich
J.  D. 1997.  Nutritinoal and
osmoregulatory functions of betaine.
World’s Poul. Sci. J., 53:125-139.


https://doi.org/10.1093/ajcn/80.3.539
https://doi.org/
http://dx.doi.org/10.2307/3001478
https://doi.org/10.2147/OAAP.S83190

Islam Ibrahim Omara et al.

Latshaw, J.D. 1991. Nutrition
mechanisms of immunosuppression. Vet
Immun. Immunopathol, 30:111-20.DOI:

https://doi.org/ 10.1016/0165-
2427(91)90012-2
Liu, W.; Yuan, Y.; Sun, C;

Balasubramanian, B.; Zhao, Z.,; and
An, L. 2019. Effects of dietary betaine
on growth performance, digestive
function, carcass traits, and meat quality
in indigenous yellow-feathered broilers
under long-term heat stress. Anim.,
9:506 DOI:
https://doi.org/10.3390/ani9080506

Liu, Y.; Wang, D.; Zhao, L.; Zhang, J.;
Huang, S. and Ma, Q. 2022. Effect of
methionine deficiency on the growth
performance, serum amino  acids
concentrations, gut microbiota and
subsequent laying performance of layer
chicks. Fronit.Vet. Sci., 9:878107 DOI:
doi: 10.3389/fvets.2022.878107

Maidin, M. B. M.; McCormack, H. A;

Wilson, P. W.; Caughey, S.D;
Whenham, N.; and Dunn, I. C. 2021.
Dietary  betaine  reduces plasma
homocysteine concentration and

improves bone strength in laying hens.
Brit. Poult. Sci., 62: 573-578 DOI:
https://doi.org/10.1080/00071668.2021.
1883550

Moghadam, M. H. B.;, Aziza, A. E.; and
Cherian, G. 2021. Choline and
methionine supplementation in layer
hens fed flaxseed: effects on hen
production performance, egg fatty acid
composition, tocopherol content, and
oxidative  stability.  Poult.  Sci.,
100:101299. DOI:
https://doi.org/10.1016/j.psj.2021.10129
9

152

National Research Council (NRC). 1994,
Nutrient Requirements of poultry. of
edition  National Academy  Press,
Washington, DC.

Omer, N. A;; Hu, Y.; |Idriss, A. A;
Abobaker, H.; Hou, Z.; Yang, S.;
Ma, W.; and Zhao, R. 2020. Dietary
betaine improves egg-laying rate in hens
through hypomethylation and
glucocorticoid receptor—-mediated
activation of hepatic lipogenesis-related
genes. Poult. Sci., 99:3121-3132 DOI:
https://doi.org/10.1016/j.psj.2020.01.017

Paniz, C.; Grotto, D.; Schmitt, G.C;
Valentini, J.; Schott, K.L.; Pomblum,
VJ.; and Garcia, S.C. 2005.
Pathophysiology of vitamin B12
deficiency and its laboratory diagnosis.
J. Bras. Patol. Med. Lab., 41: 323-334.

Park, J. H.; and Kim, H. 2019. The
effects of betaine supplementation in
diets containing different levels of crude
protein and methionine on the growth
performance, blood components, total
tract nutrient digestibility, excreta
noxious gas emission, and meat quality
of the broiler chickens. Poult. Sci.,
98:6808-6815 DOI:
https://doi.org/10.3382/ps/pez412

Park, J-H.; and Ryu, K-S. 2011.
Relationship between dietary protein
levels and betaine supplementation in
laying hens. J. Poult. Sci., 48:217-222.
DOI:
https://doi.org/10.2141/jpsa.010101

Ratriyanto, A. I.; Indreswari, R.l.; and
Nuhriawangsa, A.M.P.1. 2017. Effects
of Dietary Protein Level and Betaine
Supplementation on Nutrient
Digestibility and Performance of
Japanese Quails. Braz. J. Poult. Sci.,
19:445-454, DOI:


https://doi.org/10.3390/ani9080506
https://doi.org/10.1080/00071668.2021.1883550
https://doi.org/10.1080/00071668.2021.1883550
https://doi.org/10.3382/ps/pez412
https://doi.org/10.2141/jpsa.010101

betaine, laying hens, shell thickness, digestion, immunoglobulin titer

https://doi.org/10.1590/1806-9061-
2016-0442

Ratriyanto, A.; Indreswari, R.; Dewanti,

R.; and Wahyuningsih, S. 2018. Egg
quality of quails fed low methionine diet
supplemented  with  Dbetaine. In
Proceedings of the IOP Conference
Series:  Earth and  Environmental
Science, Banda Aceh, Indonesia, 142:
26-217. DOI:
https://doi.org/10.1088/1755-
1315/142/1/012002

Remus, J.C.; Virtanen, E.; Rosi, L.; and

McNaughton J. 1995. Effect of betaine
on nutrient utilization of 21 day-old
broilers during coccidiosis. In:10"
European  Symposium  of  Poultry
Nutrition., Antalya, Turkey, 371-372.

Sahebi-Ala, F.; Hassanabadi, A.; and

Golian, A. 2021. Effect of replacement
different methionine levels and sources
with betaine on blood metabolites,
breast muscle morphology and immune
response in  heat-stressed  broiler
chickens. Ital. J. Anim. Sci., 20:33-45
DOI:
https://doi.org/10.1080/1828051X.2020.
1868358

SAS 2004. User's guide. Statistic. SAS Inst.

Cary, N.C. Releigh.
https://support.sas.com/documentation/o
nlinedoc/91pdf/sasdoc_91/stat ug 7313
pdf

Savaram, V. R. R.; Mantena, V. L. N. R.;

Bhukya, P.; Paul, S. S.; and
Devanaboyina, N. 2022. Effect of
methyl donors supplementation on
performance, immune responses and
anti-oxidant variables in broiler chicken
fed diet  without  supplemental

153

methionine. Anim. Biosc., 35: 475-483.
DOI: https://doi.org/10.5713/ab.20.0812

Singh, A.; Ghosh, T.; Creswell, D.; and
Haldar, S. 2015. Effects of
supplementation of betaine
hydrochloride on physiological
performances of broilers exposed to
thermal stress. Open Access Anim.
Physiol., 7: 111-120.

Vazquez-Anon, M.; Gonzalez-Esquerra,
R.; and Saleh, E. 2006. Evidence for 2-
hydroxy-4 (methylthio) butanoic acid
and DL-methionine having different
dose responses in growing broilers.
Poult. Sci., 85:1409- 1420. DOI:
https://doi.org/10.1093/ps/85.8.1409

Wahid, Z. A.; Ratriyanto, A.; and
Prastowo, S. 2021. The effect of betaine
supplementation on performance of
laying hens in the tropical climate
during the starting period . IOP Conf.
Series: Earth and  Environmental
Science, Surakarta, Indonesia, 902:1-4.
DOI: https://doi.org/10.1088/1755-
1315/902/1/012043

Wang, H.; Li, S.; Xu, S.; and Feng, J.
2020. Betaine improves  growth
performance by increasing digestive
enzymes activities, and enhancing
intestinal structure of weaned piglets.
Anim. Feed Sci. Tech., 267:114545.
DOI:
https://doi.org/10.1016/j.anifeedsci.2020
114545,

Xiao, X.; Wang, Y.; Liu, W.; Ju, T
and Zhan, X. 2017. Effects of different
methionine sources on production and
reproduction performance, egg quality
and serum biochemical indices of broiler
breeders. Asian-Aust. J. Anim. Sci.,


https://doi.org/10.1080/1828051X.2020.1868358
https://doi.org/10.1080/1828051X.2020.1868358
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_ug_7313.pdf
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_ug_7313.pdf
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_ug_7313.pdf

Islam Ibrahim Omara et al.

30:828-833 DOI:
https://doi.org/10.5713/ajas.16.0404
Xing, J.; and Jiang, Y. 2012. Effect of
dietary betaine supplementation on
MRNA level of lipogenesis genes and on
promoter cpg methylation of fatty acid
synthase (fas) gene in laying hens. Afr. J.
Biotech., 11:6633-6640. DOI:

https://doi.org/10.5897/AJB11.3197

Zhan, X.A.; Li, JX.; Xu, Z. R.; and
Zhao, R. Q. 2006. Effects of methionine
and betaine supplementation on growth
performance, carcase composition and
metabolism of lipids in male broilers.
Brit. Poult. Sci., 47:576-80. DOI:
https://doi.org/10.1080/00071660600963
438.

154

Zhang, L.B.; and Guo, Y.M. 2008.

Effects of liquid DL-2-hydroxy-4-
methylthio butanoic acid on growth
performance and immune responses in
broiler chickens. Poult. Sci., 87:1370-
1376. DOl:
https://doi.org/10.3382/ps.2007-00366

Zhang, M.; Zhang, H.; Li, H.; Lai, F;

Li, X.; Tang, Y.; Min, T.; and Wu, H.
2016. Antioxidant mechanism of betaine
without free radical scavenging ability. J.
Agricul. Food Chem., 64:7921-7930.
DOI:

https://doi.org/10.1021/acs.jafc.6b03592

Zipp, V.; Frankena, AJ.;

Boneschancher, K., J.; and Nieuwland,
M.G.B. 1983. Genetic analysis of
primary and secondary  immune
responses in the chicken. Poult. Sci.,
62:565-572.


https://doi.org/10.5713/ajas.16.0404
https://doi.org/10.1080/00071660600963438
https://doi.org/10.1080/00071660600963438
https://doi.org/10.3382/ps.2007-00366
https://doi.org/10.1021/acs.jafc.6b03592

betaine, laying hens, shell thickness, digestion, immunoglobulin titer

ug)ﬂ\()aald' |

AN 1Y) e (o gal) Adadiall Gabill Eladl) 3 () Copbindl ABLEY (puday gail) i)
Ll 3agag
f Al gad ) dle ) Coladis axiall de 55 5e o lae mal ) 2D

e ¢ 3 ) dadall ¢ i ¢12613¢ 3_alal daala de) )3l IS ) gaall LY ad!
BB “;ﬂ\ cal) Lﬁju &)\.ﬁa 12618¢de! )3l &gnill S ja ‘tf.‘}f;'“ C\_u‘}(\ g gz cchlaldal) e\:iﬁuj AP ru..éz
‘)AAA

aad O alrs s dacall B35 5 ALY oY) e Galll zlaall @0le ) il dala) 53l Al jall s2a o
JS Cigia) Lmpad aulaa 5 ) Wilsdie gl 25 ae i Glaa gl 4alan 250 Caend Alaal) LS )
e ssind (oY Aallc Ay s 30 ued dae o3 8 5 ) Gl llg 4alan 50 e de sana
i sie %0,40 o < gind Al Aglall o(J sl L) Alall a5 Gl Alia) (s (i s %0,45
Al N Adlall ¢l aaS/an] 5 5 i sie %60,40 o (s siad A dalall iy aaS/ aa (0,75 ) ALl
p38/oa1,5 5 Oisdie %0,35 (e gia) Aud Al ARdall 5 (e 238/520,75 5 s %0,35 e gl
G0 (o8 B3l Jamas e Aleill munll ()35 o Lisine i i sl Aumidia 3530al) I Cpliall dla) i
Gl G Jleall osls 5 HU 5 Jlaally bl 0555 3,580 ()55 e SIS Lisine ity ol JsSLlly ansad)
8l Slows 3 aaalaall G s sime i jels J oSl de senall y Galinll Leal) Ciliaall 5 (48 il duaddiial)
OO ans Jat Sl el & il dga s adey A lEe (i giall Aimidiag Cplinll e & ginad) 330l
A yanally 48 Gal g sla 5 gaal S8 (e Ciean Gl A8lza] g (i s %0,40 5 0,35 e sdaall zlaal
e dS mad dabae o gine Sl (g gilal) Aumddia ($3Mall () Galiad) dila) J 5 530S Al e olasall
o ARl L jlae @Y B Galitue s Y Galitee @lall Gl @ saall 3alal) ¢ Al saldl
asaill Jalae «JsShall o S e Lsine i 0 glall il ginse (S A ganal) ) clind) e 4, gisall
iy 62\..'4..)45\ _)um UJS c'é_).ﬁaﬂ\ Slaw (N.u;j\ DY) ‘f 'SJQ)S\ L.u)la 6‘5‘1\.@_'\5\ e.méj\ SBY) s‘;}\éﬂ\
b Lo 4515al) LS jall amn Clalae e Lisina Jis ol 960,35 (N Gssiall (lisd) Gl s sl 53 sl
JsSlall e Ly gine i Cpplial) il giana Ly gine |0 jedal Cam Gam 5 sl 0 S s oL (45 i) it Jalna
GO comnll z) o il i) il gine edat ol Lain Cal s sha g3 saaY) it s dmndl Jliea (5l « HU
ol gy 5 a8l clew 3 pdEll Gy 5 A Hell 3aL I Jama ¢ AN Jygadll Jalas cdcan) ana ddianll
6 sie die Lald @) b 4 el el oy gaill HEE )00 Al (IS i) dila) o it il

Ao L) Alaiual) 5 Aanll 8258 ) 2 el 5l Gl (52 %0,35

155



