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ABSTRACT: A total number of 360 Domyati ducklings, one-day-old were randomly
taken, weighed and divided into four treatments of equal three replicates each. The main
objective of the present study was to investigate the effect of dietary betaine (B)
supplementation at levels of 0, 0.5, 1.0 and 1.5 g/kg diet on growth performance, some
blood parameters , serum constituents and carcass quality as well as economic efficiency
during the studied growth period (1- 84 day of age ) under summer conditions.

Dietary betaine supplementation resulted in a significant improvement in final body
weight at 84 day of age and body weight gain during the whole experimental period (1-84
day) as compared to the control. Feed consumption was significantly decreased by
supplementing different betaine levels, while, feed conversion ratio was significantly
improved as compared to the control group during the overall experimental period.
Viability of ducklings was significantly improved due to betaine treatment during the whole
experimental period. Serum total protein and albumin (A) levels were significantly
increased by supplementing different betaine levels, while, serum globulin (G) and A/G
ratio were significantly improved by supplementing 1.0 and 1.5 g B/kg diet as compared to
the control. Serum total lipids, triglycerides and total cholesterol constituents were
significantly decreased by supplementing different betaine levels, whereas, triiodothyronine
and thyroxin concentrations were not significantly affected as compared to the control
group. Lymphocytes (L) count was significantly higher, whereas, heterophils (H) and H/L
ratio were significantly decreased by supplementing different betaine levels as compared to
the control group.
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Supplementing different betaine levels resulted in a significant increase in
eviscerated carcass and total edible parts percentages, whereas, abdominal fat was
significantly decreased as compared to the control group. Breast yield percentage was
significantly improved by supplementing 1.5 g B/kg diet, whereas, skinless breast and thigh
percentages were significantly improved by supplementing different betaine levels as
compared to the control group. Skin percentage of thigh or total skin yield was significantly
decreased by dietary betaine supplementation as compared to the control group. Protein
content of both breast and thigh meat was significantly increased by supplementing
different betaine levels, whereas, ether extract content was significantly decreased by
supplementing 1.0 and 1.5 g B/kg diet as compared to the control group. Drip loss of
carcass and thigh meat was significantly decreased by supplementing different betaine
levels, while, it was not affected in breast meat compared to the control group. Economic
efficiency and net return were improved by supplementing different betaine levels as
compared to the control group during the whole experimental period. Dietary betaine
supplementation up to 1.5 g B/kg diet could be used to maximize viability, growth
performance, carcass traits and meat quality as well as economic efficiency of Domyati
ducklings under summer conditions.

Heat stress is a condition that occurs
when an animal is exposed to above
optimal temperatures and humidity. Heat
stress is a major problem that adversely
affects on performance and physiological
traits of poultry which induce many
physiological, endocrine and productive
responses (Khan et al., 2012). Heat stress
causes many physiological changes such as
acid-base imbalance (Imik et al., 2013),
electrolytes imbalance (Borges et al., 2004)
and increased respiration rate (Renaudeau
et al.,, 2011), which lead to decreased
performance (Quinteiro-Filho et al., 2012)
and even increased mortality (Sandhu et al.,
2012). Also, the effect of heat stress on

INTRODUCTION

Egyptian duck production was 42.0
thousand tons representing about 1.7%
from the world production in 2006 (Soltan
et al., 2014). It is becoming specialized and
attention focused lately to increase meat
production especially from local breeds
(Kout EI kolub et al., 2010; Awad et al.,
2011). Domyati ducks is one of the local
duck breeds which reared for diverse
production situations and it's more
favorable to the Egyptian consumer (Awad
etal., 2014).

Generally, ducks are genetically
predisposed to the fatness. Excessive
carcass fat accumulation particularly in

subcutaneous and visceral areas is one of ?égﬂinut:?e\aﬁlvesintamo arggjor meftaactfglrisé
the major concerns for ducks producers. e L. ; .
J P modifications (Lin et al. 2006). High

This fat is generally undesirable for .
environmental temperatures may cause

consumers and represents a waste product
from ducks as well as it is unattractive to
consumers who are concerned about the
negative effects of saturated fat intake on
health (Arslan et al., 2003).

water imbalance and osmotic change in
cells from dehydration. It is known that
changes in cell water volume can affect cell
activity (Sahin et al., 2009).
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Many feed additives have positive
effects on heat stressed poultry. These
additives include electrolytes and vitamins
(Imik et al., 2013), as well as betaine (Attia
et al., 2009). Because, betaine is not present
in large quantities in poultry feedstuffs
such as corn and soybean, the dietary
betaine supplementation is necessary to
improve the productive performance and
reduce the negative impact of heat stress on
viability and immune response by
improving cell osmoregulation (Graham,
2002; Wang et al., 2004 and Attia et al.,
2005). Thus, Betaine is a multi-nutritional
agent that may help birds to resist poor
management and heat stress (Awad et al.,
2014). Additionally, it has many benefits in
improving carcass yield (Neoh and Ng,
2012), increasing breast percentage and
decreasing abdominal fat (Jahanian and
Rahmani, 2008) as well as decreasing
mortality rate (Lukic et al., 2012). Other
studies have indicated that betaine can
cause improved growth, feed efficiency and
breast yield (Waldroup et al., 2006 and Rao
et al., 2011), improved performance under
heat stress and improved dressing
percentage (Sayed and Downing, 2011).
The objective of this study was to
investigate the potential effect of dietary
betaine supplementation to relief the
adverse effects of heat stress on growth
performance, meat quality and blood
parameters as well as economic efficiency
of local Domyati ducklings under summer
conditions.

MATERIALS AND METHODS

This study was carried out at
El-Serw Water Fowl Research Station,
Animal Production Research Institute,
Agricultural Research Center, Ministry of
Agriculture, Egypt. It was conducted in
summer 2013. Three hundred and sixty-
one-day-old unsexed Domyati ducklings
were taken, weighed and distributed into
four experimental groups. Each group

contained 90 ducklings and equally
subdivided into three replicates. Ducklings
were reared under similar hygienic and
managerial conditions. Feed and fresh
water were available all the time through
the experimental period. Ducklings were
fed a starter diet from hatch up to 28 days
and a finisher diet from 29 — 84 days of
age. The composition and calculated
analysis of the basal diets are shown in
Table 1. Basal experimental diets were
prepared and divided into four parts then
supplemented with graded levels of betaine
(0, 0.5, 1.0 and 1.5 g / kg diet) and fed to
ducklings from one-day until 84 day of age.

Data collection and
parameters:

estimated

1. Body weight of ducklings was
recorded at one day, 28, 56 and 84
days of age. Feed consumption and
mortality were recorded weekly for
each replicate during the
experimental period. Body weight
gain and feed conversion ratio were
calculated through the periods 1- 28,
29-56, 57-84 and 1-84 days of age,
whereas, viability percentage was
calculated during the overall
experimental period.

2. Blood serum biochemical analysis:
At day 70, blood samples were
collected in centrifugation tubes from
the wing vein from three ducklings of
each sex (male or female) per each
treatment without anticoagulant and
kept at room temperature for one
hour to clot. The samples were
centrifuged at 3500 rpm for 15
minutes to separate clear serum. After
that, serum total protein, total lipids ,
triglycerides, total cholesterol,
thyroxine (T4) , triiodothyronine (Ts)
and liver enzymes activities (AST and
ALT) were calorimetrically determined
using available commercial Kits.
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3.

Slaughter traits: At day 84, three
ducklings of each sex (male or
female) per each treatment group
were randomly taken for slaughter
test. Ducklings were fasted for 12
hours  before slaughtering and
individually weighed pre-
slaughtering and post complete
bleeding. Then, scalding, feather
picking and evisceration were
performed and different body parts,
organs and abdominal fat were
dissected and weighed. Relative
carcass traits were expressed to live
weight. Breast and thigh were cut
(with or without skin) from the
carcass and weighed, then their
relative yields were expressed to
carcass weight.

Drip loss: In order to determine drip
loss for carcass parts, parts were
placed in duly identified polyethylene
bags, sealed at atmospheric pressure,
and frozen for 48 hours at -4°C. After
this time, parts were again weighed
(Bridi et al., 2003). Drip loss was
calculated as the difference between
initial weight and final weight, and
expressed as a percentage. Carcass
drip loss was calculated as the drip
loss of all carcass parts.

Meat chemical analysis: Breast and
thigh meat (with skin) samples were
taken, chopped, dried and used for
chemical analysis according to the
official methods (AOAC, 1995).
Economic efficiency and net return
were calculated based on the prices of
betaine (40 LE/ one kg ) and one kg
of live body weight (17.0 LE)
prevailing during year 2013.

Statistical analysis: Data  were
analyzed by the analysis of variance
according to SAS (2004) and

significant differences among means
were detected by the Duncan’s
Multiple Range Test (Duncan, 1955).

The following model was used:
Yij=un+Ti+eiy where:

Yij = an observation, p = overall mean,
Ti = effect of treatment (i=1, 2, 3, 4) and
eiy = Random error

RESULTS AND DISCUSSION
Growth performance:

Dietary betaine supplementation (B)
had significant effect on live body weights
of Domyati ducklings at 28, 56 and 84 days
of age (Table 2). Supplementing different
betaine levels had significantly heavier
body weight of ducklings by 4.52 - 13.87
% as compared to the control group (un-
supplemented) at 84 day of age. Body
weight gain (BWG) of ducklings was
significantly improved by supplementing
1.5 g B/kg diet at 1-28, 29-56 and 1-84
days of age as compared to the control
group (Table 2). Generally, BWG was
significantly improved by 4.59, 4.87 and
1407 % for ducklings fed diets
supplemented with 0.5, 1.0 and 1.5 g B/ kg
diet, respectively as compared to the
control during the overall experimental
period (1-84 days of age). This
improvement may be due to an increase in
the serum concentrations of insulin-like
growth factor-1 (IGF-1), which is known as
a potent growth promoter in broilers (Zhan,
2000), or betaine had a major role to
stimulate growth hormone secretion (Wang
et al.,, 2004). Moreover, betaine may
increase re-methylation of homocysteine
through methionine synthase (Pillai et al.,
2006) and methionine as well as choline
sparing effects (Patil et al., 2007), or it may
reduce energy expenditure (Moeckel et al.,
2002), promote cell proliferation (Eklund et
al., 2005) and made the birds able to retain
water allowing more energy for growth
(Jahanian and Rahmani, 2008). These
results are in agreement with those
obtained by Wang et al. (2004) who found
that dietary betaine supplementation up to
1.5 g/kg had significantly increased live
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body weight and weight gain during starter
and grower periods of ducks. Farooqi et al.
(2005) reported that dietary betaine
supplementation (1.0 g/kg) resulted in more
average body weight gain in broiler under
heat stress. Also, dietary betaine
supplementation had positive effects on
live body weight of broiler (Hamidi et al.,
2010 ; Sayed and Downing , 2011)) and
turkey (Zayed, 2012) under heat stress.
Similarly, Khattak et al. (2012) reported
that betaine supplementation (1.2 g/kg) to
broiler diet improved growth performance
and decreased mortality rate under hot (30—
41°C) and humidity (45-93% RH)
conditions. In contrary, Rafeeq et al.,
(2011); Lukic et al. (2012) showed that
betaine supplementation had no positive
effects on weight gain.

Feed consumption (g /duck/28 days)
was significantly decreased by feeding diet
supplemented with 1.5 g B/kg by about
1245 and 16.19% as compared to the
control during 29-56 and 57-84 days of
age, respectively (Table 2). Also, it was
significantly decreased by 6.95, 7.81 and
11.63 % for ducklings fed diet
supplemented with 0.5, 1.0 and 1.5 g B/kg
as compared to the control during the
overall experimental period. These results
are in disagreement with those obtained by
Pirompud et al. (2005) who revealed no
significant differences in feed intake of
birds fed diet supplemented with betaine
under tropical conditions. Also, El-
Husseiny et al. (2007) reported that feed
consumption of  broilers was not
significantly affected due to dietary betaine
supplementation as compared to the
control.

Feed conversion ratio  was
significantly improved as a result of dietary
betaine supplementation during different
experimental periods (Table 2). It was
significantly improved by 10.96, 12.06 and
2237 % for ducklings fed diet
supplemented with 0.5, 1.0 and 1.5 g B/kg,

respectively as compared to the control
during the overall experimental period.
This improvement may have been
attributed to the involvement of betaine in
protection of intestinal epithelium against
osmotic  disturbance, improvement of
digestion and absorption conditions in the
gastrointestinal tract (Konca and Kinkpinar,
2008). Moreover, betaine may be reduces
energy expenditure for pumping ions in
cells exposed to hyperosmotic media
(Moeckel et al., 2002), or it may promote
cell proliferation by using the spare energy
(Eklund et al., 2005). Furthermore, betaine
may be essential to support intestinal
growth, function, increased cell
proliferation and improves microbial
fermentation activity, which in turn, may
enhance nutrient digestibility (Ratriyanto et
al., 2009). These results are in agreement
with those obtained by Waldroup et al.
(2006), Pillai et al. (2006), Honarbakhsh et
al. (2007) and Rao et al. (2011) who
reported that betaine supplementation
resulted in improving feed efficiency. In
addition, Enting et al. (2007) reported that
betaine supplementation with 1.0 and 2.0
g/kg diet resulted in a significant
improvement in feed conversion ratio as
compared to the control. Attia et al. (2009)
showed that supplementing 1.0 g
betaine/kg diet resulted in a significant
improvement in feed conversion ratio than
the control

Viability rate (%) was significantly
improved by 5.46 and 9.09 % of Domyati
ducklings fed diet supplemented with 1.0
and 1.5 g B/kg compared with those fed the
control diet, while it was insignificantly
better by 3.63 % for the group fed 0.5 g
B/kg diet during the whole experimental
period (Table 2). These results may be due
to the function of betaine which may serve
to alleviate heat stress in ducklings, or it
may suppress insulin-like growth factor
binding protein-1 (IGFBP-1) secretion in
the livers as an indicator of the reduction in
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catabolic functions which resulting from
stress, infection and immune deficiency
(Jones and Clemmons, 1995) or it may be
helped duodenal epithelial cells to maintain
water  balance  under  hyperosmotic
conditions by reducing the water flux from
the cells (Kettunen et al., 2001). These
results are in agreement with those
obtained by Zhan (2000) who reported that
betafin (betaine) addition significantly
improved the immune response and
alleviated the adverse effects on body
temperature. Also, Zayed (2012) reported
that betaine supplementation by different
levels to turkey diet resulted in the highest
viability values. Khattak et al. (2012)
reported that betaine supplementation (1.2
g/kg) to broiler diet decrease mortality
under hot (30-41°C) and humidity (45—
93% RH) conditions.

Blood serum constituents:

Blood serum  constituents of
Domyati ducklings are presented in Table
3. All studied blood serum constituents
were significantly affected due to dietary
betaine  supplementation  except of
triiodothyronine (T3) and thyroxine (Ta).
However, serum total protein and albumin
were significantly increased by increasing
dietary  betaine  supplementation  as
compared to the control, while globulin
was significantly increased by feeding diet
supplemented with 1.0 and 1.5 g B/kg only.
Albumin / Globulin ratio (A/G) was
significantly improved by feeding 1.5 ¢
B/kg diet compared with those fed the
control diet, whereas, it was insignificantly
improved by feeding diet supplemented
with 0.5 and 1.0 g B/kg. These results may
be due to the function of betaine which
may act to support an increase in muscle
cell proliferation, increase availability of
methionine, making it available for protein
synthesis rather than being used as a methyl
donor (Zhan, 2000). The improvement in
serum total protein, albumin and globulin

due to betaine supplementation indicating
its role as a methyl donor for protein
metabolism (Remus et al., 2004). These
results are in agreement with those
obtained by Mathews and Southern (2000)
who  found that dietary betaine
supplementation increased plasma total
protein and albumin of broilers under heat
stress. Also, Rao et al. (2011) reported that
betaine supplementation enhanced the
concentrations of protein and globulin in
serum of broilers.

Serum total lipids, triglycerides and
total  cholesterol  were significantly
decreased by supplementing different
betaine levels to the diets (Table 3). The
decrease values were 11.75, 18.70 and
25.76% in total lipids, 10.32, 14.49 and
21.55 % in triglycerides, and 8.87, 12.51
and 20.63%in total cholesterol for
ducklings fed diet supplemented with 0.5,
1.0 and 15 g B/kg, respectively as
compared to the control. These results may
be due to betaine which plays a major role
in lipid metabolism, which associated with
an enhanced synthesis of methylated
compounds in liver and muscle such as
carnitine and creatine (Zhan et al., 2006).
Carnitine is directed to the transport of
long-chain fatty acids across the inner
membrane of mitochondria where fatty acid
oxidation takes place and it’s regulate fat
metabolism  (Wang et al., 2004).
Accordingly, increased hormone-sensitive
lipase activity (Zhan et al., 2006) following
dietary betaine supplementation which
resulted in reducing lipid deposition
(Eklund et al. 2005).These results are in
agreement with those obtained by Jahanian
and Rahmani (2008) who found that
betaine enhanced lipase activity and
decreased the concentration of plasma
triglycerides and cholesterol in broilers and
geese (Su et al.,, 2009) compared with
control under hot summer condition.

On the other hand, liver enzymes

(ALT and AST) were significantly
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decreased by supplementing 1.0 and 1.5 ¢
B/kg as compared to the control. This may
be due to the decrease of serum
triglycerides and cholesterol content. These
results are similar to those obtained by
Attia et al. (2005) who reported that
supplementing 1.0 or 2.0 g betaine/ kg
broiler diet during the starter-grower period
(1 to 56 days of age) resulted in a
significant decrease in serum alanine
aminotransaminase ~ (ALT),  whereas,
Zayed (2012) reported that liver enzymes
AST and ALT were insignificantly
decreased due to betaine supplementation
to turkey diet.

Both serum T3 and T4 constituent
were not significantly affected, although
Ta/T4 ratio was significantly higher by
feeding diet supplemented with 1.5 g B/kg
as compared to the control. These results
are in the line with Tollba et al. (2007) who
showed that T3 (trilodothyronine) hormone
concentration in blood serum was increased
without significant effect due to dietary
betaine supplementation under summer
conditions. However, Zou et al. (1998)
reported that the dietary betaine
supplementation increase serum levels of
some hormones such as luteinizing
hormone, follicle-stimulating hormone,
triiodothyronine, thyroxine, oestradiol and
progesterone. It is of interest to mention
that T3 /T4 ratio is an indicator of peripheral
conversion of Tz to T4 via
monodeiodination process. In this concern,
our study stated that about 23% of T4 is
converted to T3z in the last treatment group
(1.5 g B/ kg) compared with 20% for the
control group. This may explain the
observed improvement in productive
performance of treated groups compared
with those of the control.

Heamatological parameters:

Results of Table 3 show that
heterophils and lymphocytes (%) and their
ratio were significantly affected due to

dietary betaine supplementation. However,
white blood cells count (WBC) was not
affected; it was tend to decrease as a result
to dietary betaine  supplementation
compared with those of the control.
Ducklings fed diets supplemented with 1.0
and 1.5 g B/kg had significantly the lowest
value of heterophils by 25.75 and 34.66 %
as compared to the control, whereas
lymphocytes value was significantly higher
by 5.94, 11.39 and 15.85% for ducklings
fed diet supplemented with 0.5, 1.0 and 1.5
g B/kg compared to the control,
respectively. Heterophils/Lymphocytes
ratio was significantly decreased by 10.0 ,
30.0 and 44.0% for the groups fed diets
supplemented with 0.5, 1.0 and 1.5 g B/kg
compared with the control, respectively.
These results may be due to betaine
supplementation which enhanced the
lymphocyte proliferation (Rao et al., 2011).

Also, betaine led to a decrease in
hetrophile/lymphocyte ratio (H/L) and
body temperature under heat stress

(Khattak et al., 2012).
Carcass traits:

All studied carcass traits (expressed
as percentages of LBW) of Domyati
ducklings at 84 days of age were
significantly affected due to betaine
supplementation except for liver, heart and
total giblets (Table 4). Eviscerated carcass
was significantly improved by 8.34, 13.73
and 16.92 %, whereas, total edible parts
was significantly higher by 8.15, 12.54 and
15.63 %, respectively for the groups fed
diet supplemented with 0.5,1.0 and1.5¢g
B/kg as compared to the control. It is
worthy to note that abdominal fat
percentage was significantly decreased by
25.0, 38.16 and 53.95% for the groups fed
diets supplemented with 0.5, 1.0 and 1.5 g
B/kg diet as compared to the control,
respectively.

Dietary supplementation of betaine
may influence carcass and parts weights
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due to its methyl-group donor property,
which would increase methionine, cystine
and glycine for protein synthesis and also
contribute to reduce fat deposition in the
carcass through several metabolic routes
(McDevitt et al., 2000). Also, the addition
of betaine may produce lower viscera
weight due to the osmolytic effect of
betaine which helps maintained water and
ion balance at a lower energy cost. The
decrease in abdominal fat may be due to
betaine which had a major effect on lipid
metabolism as a result of enhancing
carnitine synthesis in liver and muscle
(Zhan et al., 2006) and lecithin synthesis
(Sunderson and Mackinly, 1990) which
were responsible for the transport of fatty
acids to the mitochondria where fatty acid
oxidation  occurs, accordingly, lipid
deposition were reduced (Eklund et al.,
2005). Moreover, betaine may improve
choline availability, thus providing more
choline for synthesis of VLDL which
prevents the deposition of fat in liver and
accelerates the removal of fat from the liver
(Yao and Vance, 1989). Also, betaine may
reduce the mRNA level for fatty acid
synthase and adipocyte type acid binding
protein (Xing et al., 2011). These results
are in agreement with those obtained by
Waldroup et al. (2006) and Konca and
Kinkpinar (2008) who reported that
supplementing betaine to broiler’s diet
(1 g/kg) had significantly increased carcass
dressing percentage at 42 days of age. Also,
Jahanian and Rahmani (2008) and Neoh
and Ng (2012) reported that dietary betaine
supplementation improved carcass Yyield
and decreased abdominal fat. In contrast,
Esteve-Garcia and Mack (2000) and
McDevitt et al. (2000) reported that
abdominal fat was decreased, although the
effect was not significant .

Carcass parts:

Relative weights of all carcass parts
(expressed as percentages of eviscerated

carcass weight) of Domyati ducklings at 84
days of age were significantly affected due
to dietary betaine supplementation except
of breast skin and thigh yield (Table 5).
Breast yield was significantly improved by
10.48%  for  ducklings fed  diet
supplemented with 1.5 g B/kg, while, it
was insignificantly higher by 4.33 and
6.15% for ducklings fed diet supplemented
with 0.5 and 1.0 g B/kg as compared to
those fed the control diet, respectively.
Breast skinless yield was significantly
improved by 7.76, 11.38 and 17.43 % for
ducklings fed diet supplemented with 0.5,
1.0 and 1.5 g B/kg as compared to those fed
the control diet, respectively. Thigh yield
was improved by 6.00, 6.11 and 7.97% but
without significant, whereas, thigh skinless
yield was significantly higher by 20.82,
27.93 and 32.51 % for ducklings fed diet
supplemented with 0.5, 1.0 and 1.5 g B/kg
as compared to those fed the control diet,
respectively. Dietary betaine
supplementation resulted in a significant
decrease in thigh skin percentage by 21.31
to 37.11 %, where this decrease was
reached to 9.88% of breast skin without
significant difference compared to the
control. Generally, total skinless breast and
thigh yield was significantly improved by
12.10, 16.87 and 22.43% by supplementing
0.5, 1.0 and 1.5 g B/kg diet, whereas, total
skin vyield for breast and thigh was
significantly decreased by 12.64 , 20.27
and 21.97% for the same groups,
respectively.

These results may be due to the
function of betaine which plays a major
role to increase breast meat percentage by
two primary metabolic roles, firstly as a
methyl group donor and secondly as an
osmolyte that assists in cellular water
homeostasis (Konca and Kinkpinar, 2008).
These results are in agreement with those
obtained by Honarbakhsh et al. (2007) who
revealed that dietary betaine (0, 0.075,
0.150 and 0.225%) supplementation
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resulted in significant increase in breast
weight percentage during grower and
finisher periods. Enting et al. (2007)
indicated that the addition of 1 and 2 g
betaine /kg diet significantly increased
breast meat percentage in male chickens
from 1744 to 1821 and 18.30,
respectively. Also, Waldroup et al. (2006)
and Rao et al. (2011) reported that betaine
supplementation improved breast yield
under heat stress. Jahanian and Rahmani
(2008) and Neoh and Ng (2012) reported
that  dietary betaine  supplementation
improved carcass yield and breast
percentage as well as decreased abdominal
fat.

Meat chemical analysis:

Results of meat chemical analysis of
both breast and thigh for Domyati
ducklings are presented in Table 6. Dry
matter and ash contents of both breast and
thigh meat were numerically increased by
dietary betaine supplementation. Crude
protein content of breast meat was
significantly increased by 2.12, 1.99 and
4.37 % for ducklings fed diet supplemented
with 0.5, 1.0 and 1.5 g B/kg as compared
to those fed the control diet, whereas it was
significantly higher by 6.49, 3.80 and 5.66
% in thigh meat for the same groups,
respectively. Ether extract content in breast
meat was significantly decreased by 10.42
and 16.67 % for ducklings fed diet
supplemented with 1.0 and 1.5 g B/kg as
compared to those fed the control diet,
whereas, it was significantly lower by
16.22 and 22.97% in thigh meat for the
same groups, respectively. These results
may be due to betaine supplementation
which might result in a decrease in the
lipogenesis rat of adipose tissue, resulting
from a reduction in the activities and gene
expression of lipogenic enzymes, as
evidenced by the decrease in fatty acid
synthase mMRNA expression (Huang et al.,
2008). Also, betaine plays a major role in

lipid metabolism in organisms through
carnitine synthesis (Zhan et al., 2006), it is
indirectly involved in the synthesis of
carnitine, which is required for transporting
long chain fatty acids across inner
mitochondrial membranes for oxidation.
These results are in agreement with those
obtained by Wang et al. (2004) who
showed that betaine supplementation
significantly decreased abdominal fat in
meat ducks.

Drip losses (%) of whole carcass
meat and thigh meat was significantly
lower for ducklings fed diet supplemented
with different betaine levels, whereas , it
was not affected in breast meat as
compared to those fed the control diet
(Table 6). This may be due to betaine
function which promoted high water
retention in broilers exposed to cyclic heat
stress (Mooney et al., 1998), and improved
the cell ability to maintain its structure and
function by regulating water in and out the
cell (Kidd et al., 1997). This result is in
agreement with those obtained by Hammer
and Baltz (2002) who reported that betaine
is considered to be the most effective
osmoprotectant among other organic
osmolytes such as glycine and glutamine.

Economic efficiency:

Calculations of economic efficiency
were listed in Table 7. Economic efficiency
(EE) values were 0.212, 0.394, 0.396 and
0.564 for Domyati ducklings fed diets
supplemented with 0.0, 0.5, 1.0 and 1.5 g
B/kg diets during the whole experimental
period, respectively. Relative EE values
were improved by 85.85, 86.79 and
166.04% for the groups fed 0.5, 1.0 and 1.5
g B/kg diet as compared to the control
group, respectively. The improvement in
total and net return may be due to decrease
feed consumption and increase body weight
per duckling. In accordance with the
obtained results, similar results were
reported by El-Husseiny et al. (2007) and
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Patil et al. (2007) who observed that
betaine supplementation to poultry diet
resulted in a highly economic efficiency
value as compared to the control group.
Zayed, (2012) reported that economic
efficiency was improved by feeding diet
supplemented with 0.75 and 1.5 g B/Kkg
diet for turkey under summer conditions.

CONCLUSION

Based on the present data, it is
concluded that dietary betaine
supplementation up to 1.5 g/kg had positive
effects on growth performance, carcass
traits, meat quality and economic efficiency
for Domyati ducklings under Egyptian
summer conditions.

Table (1): Composition and calculated analysis of the basal diets.

Starter
(1-28 day)

Finisher
(29-84 day)

Ingredients %

Yellow Corn 61.70
Soybean meal (44 %) 34.55
Di-calcium phosphate 1.60
Limestone 1.45
Vit. & Min. premix? 0.30
NaCl 0.30
DL. Methionine 0.10
Total 100.0
Calculated Analysis 2

Crude protein % 20.01
ME ( Kcal / kg ) 2841
Ether extract . % 2.86
Crude fiber % 3.94
Calcium (%) 1.04
Av. phosphorus (%) 0.44
Lysine % 1.17
Methionine % 0.45
Methio + Cyst % 0.78
Sodium 0.13
Price (LE/kg) ® 2.926

70.70
25.50
1.62
1.48
0.30
0.30
0.10
100

16.72
2941
3.07
3.07
1.03
0.43
0.92
0.40
0.69
0.13
2.792

1- Each 3 kg of the Vit and Min. premix manufactured by Agri-Vit Company, Egypt
contains: Vitamin A 10 MIU, Vit. D 2 MIU, Vit E 10 g, Vit. K 2 g, Thiamin 1 g,
Riboflavin 5 g, Pyridoxine 1.5 g, Niacin 30 g, Vit. B12 10 mg, Pantothenic acid
10 g, Folic acid 1.5 g, Biotin 50 mg, Choline chloride 250 g, Manganese 60 g,
Zinc 50 g, Iron 30 g, Copper 10 g, lodine 1g, Selenium 0. 10 g, Cobalt 0.10 g. and

carrier CaCO3 to 3000 g..

2- According to Feed Composition Tables for animal and poultry feedstuffs used in

Egypt (2001).

3- Price of one kg (LE) at time of experiment for different ingredients : yellow corn ,
2.20 ; Soy bean meal, 3.80; Di-calcium Phosphate,10.0 ; limestone, 0.10 ;
Vit&Min.,25.0 ; Nacl,1.0 and Meth.,40.0 .
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Table (2): Effect of dietary betaine supplementation on growth performance of
Domyati ducklings during growth period.

Age Betaine, g/kg si
(day) 0.0 | 05 | 1.0 [ 15 9.
Body weight (g /duck)
One- day | 38.1+0.9 38.3+0.3 39.5+0.2 39.240.1 NS
28 649.9+17.7 ® | 660.3+20.9° | 714.0+42.0 ® |793.3+03.3% |0.05
56 1524.8+432.3°¢ | 1582.4+31.9 ¢ | 1662.3+7.8° [ 1766.7+17.62 | 0.01
84 2028.7+15.7°¢ | 2120.3+9.1° 2127.8439.3° |2310.0+10.02 | 0.01
Body weight gain (g/ duck / 28 days)
1-28 611.8+18.4° 622.0+20.8° | 674.5+41.9%® |754.1+3.2% |0.05
29-56 875.0+19.8° 022.1426.5%° | 948.3+41.3%® |973.3+18.6% |0.05
57-84 503.9+36.4 537.9+25.2 465.5+40.1 543.3+21.9 | NS
1-84 1990.7+16.1¢ | 2082.0+9.3° | 2087.6+38.8° |[2270.8+9.92 |0.01
Feed consumption (g /duck/28 days)
1-28 1594.8+46.9 1560.0+34.3 | 1568.4+58.3 1626.7429.6 | NS
29-56 3312.5+147.12 | 3034.9+72.8% | 3012.4+76.2% | 2900.0+54.0° | 0.05
57-84 4175.9+40.7% | 3817.0+29.6° | 3793.2+146.6° | 3500.0+45.0¢ | 0.01
1-84 9083.2+140.82 | 8451.8+70.4° | 8374.0+253.2° | 8026.7+29.6° | 0.01
Feed conversion ratio (g. feed /g BW gain)
1-28 2.61+0.042 2.51+0.062 2.34+0.08° 2.16+0.05° | 0.01
29-56 3.79+0.032 3.29+0.14 % 3.1940.21°2 2.984+0.06° | 0.05
57-84 8.29+0.522° 7.10+0.312° 8.22+0.43% 6.46+0.27° | 0.05
1-84 4.56+0.03 2 4.06+0.07° 4.01+0.05° 3.54+0.03¢ | 0.01
Viability, %
1-84 | 89.43+2.15¢ | 92.68+0.00" | 94.31+81.3% |97.56+1.41% |0.05

BW =body weight , NS= non-significant.
a,b : means in the same row bearing different superscripts are significantly different

(P< 0.05)..
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Table (3): Effect of dietary betaine supplementation on some serum constituents and blood
heamatological parameters of Domyati ducklings.

Betaine, g/kg .

Parameters 0.0 | 05 | 10 | 15 Sig.
Serum constituents
Total protein (g/ dl) 4.59+0.05¢ 4.82+0.04°¢ 5.16+0.07° 5.39+0.09° 0.01
Albumin (g/ dl) 2.27+0.03¢ 2.43+0.05° 2.62+0.02° 2.80+0.05% 0.01
Globulin (g/ dI) 2.33+0.03° 2.39+0.04° 2.54+0.07° 2.59+0.05% 0.01
AlG 0.98+0.02° 1.02+0.04% | 1.03+0.03%* | 1.08+0.01° 0.05
Total lipids (mg/dl) 726.7+15.6% | 641.3+7.51° | 590.8+12.6° | 539.5+17.7¢ | 0.05
Triglycerides (mg/dl) 107.42+1.69% | 96.33+1.12° | 91.85+1.67¢ | 84.27+0.98° | 0.01
Total cholesterol (mg/dl) | 157.85+2.73% | 143.85+0.87° | 138.10+1.06° | 125.29+0.80¢ | 0.01
AST (U/dl) 31.93+4.62°% | 30.07+1.76% | 21.97+2.19% | 21.67+3.84° | 0.05
ALT (U/dl) 25.09+4.51% | 24.80+4.36% | 18.33+0.89° | 17.67+3.19" [ 0.05
T3 (ng/ ml) 4.58+0.16 4.78+0.13 4.68+0.19 4.91+0.08 NS
T4 (ng/ ml) 22.70+0.34 | 22.61+1.08 | 21.44+0.80 | 21.62+0.73 NS
Tal T4 0.20+0.01° 0.21+0.01® | 0.22+0.003% | 0.23+0.01? 0.05
Blood heamatological parameters
WBC (x10%/mm?d) 31.67£0.88 | 30.00+£0.58 | 29.67+1.20 | 30.33+1.20 NS
Heterophils, % 33.67+0.58% | 28.67+0.88% | 25.00+0.88" | 22.00+0.58° | 0.01
Lymphocyte, % 67.33+0.88¢ | 71.33+0.67¢ | 75.00+0.58° | 78.00+0.58% | 0.01
H/L 0.50+0.002% | 0.40+0.01° 0.33+0.01° 0.28+0.014 0.01

NS= non-significant .

a,b ¢, d, :means in the same row bearing different superscripts are significantly different

(P< 0.05).

Table (4): Effect of dietary betaine supplementation on some carcass parameters* for
Domyati ducklings at 84 day of age.

Betaine, g/kg

Items 0.0 05 | 10 15 SIg.
LBW () 2233.0296.3 | 2225.0+92.0 | 2300.0453.2 | 2285.0+61.6 | NS
Carcass parameters, %
Eviscerated carcass | 62.13+2.55¢ | 67.31+0.79° | 70.66+0.34% | 72.64+1.27% | 0.01
Liver 2.17+0.15 |2.08+0.13 | 2.00+0.10 1.89+0.08 NS
Gizzard 3.16+0.15%® | 3.36+0.15% |2.81+0.15" |3.00+0.06% |0.05
Heart 0.68+0.03 | 0.72+0.03 | 0.78+0.08 0.73+0.01 NS
Total giblets 5.63+0.22 | 5.97+0.16 |5.60+0.20 5.71+0.13 NS
Total edible parts 67.76+2.73° | 73.28+0.85" | 76.26+0.39% | 78.35+1.36% | 0.01
Abdominal fat 1.52+0.24% | 1.14+0.08° | 0.94+0.08*° |0.70+0.04° |0.01

* Expressed as % of LBW ; LBW = Live body weight.
a,b,c :means in the same row bearing different superscripts are significantly different

(P<0.05).
NS= non significant.
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Table (5): Effect of dietary betaine supplementation on carcass parts’ for Domyati
ducklings at 84 day of age.
Betaine, g/kg .
Items 0.0 05 1.0 15 Sig.
Evisc. carcass () 1520.0+83.7 | 1549.2+90.0 | 1537.5+89.4 | 1595.8+97.5 | NS
Carcass parts, %
Yield ! 47.82+1.57° | 49.89+1.85® | 50.76+3.40% | 52.83+3.54% | 0.05
Breast | Skinless? 35.68+1.74° | 38.45+2.56° | 39.74+3.42% | 41.90+2.04% | 0.01
Skin 12.14+0.96 | 11.44+1.26 11.02+1.23 | 10.94+1.80 | NS
Yield 27.34+0.83 | 28.98+3.03 29.01+1.48 | 29.52+2.42 | NS
Thigh | Skinless? 17.7241.38° | 21.41+2.67* | 22.67+1.04% | 23.48+2.70* | 0.01
Skin 9.62+0.94* | 7.57+1.04° 6.33+1.41°° | 6.05+7.41° | 0.01
Total skinless breast | 53.40+2.85° | 59.86+3.52° | 62.41+3.41% | 65.38+2.73? | 0.01
and thigh yield
Total skin yield 21.76+1.54% | 19.01+1.75%® | 17.35+1.57" | 16.98+2.21¢ | 0.01

* Expressed as % of eviscerated carcass weight
1- Yield = meat with bone and skin ; 2- Skinless = yield without skin

a,b,c :means in the same

(P<0.05).
NS= non significant.

Table (6): Effect of dietary betaine supplementation on meat chemical analysis for both

row bearing different superscripts are significantly different

breast and thigh and drip loss of Domyati ducklings diets at 84 day of age.

Betaine, g/kg .
Parameters 00 05 10 15 Sig.
Dry Breast |25.31+0.16 |26.40+0.26 |26.26+0.86 |[26.64+0.30 | NS
matter | Thigh |26.05+1.24 |26.84+0.30 |26.76+0.40 |26.92+0.63 |NS
Protein | Breast 71.84+0.27¢ | 73.36+0.72° | 73.27+0.33° | 74.98+0.22% | 0.01
Thigh |67.37+1.98¢ | 71.74+0.552 |69.93+1.48" |71.18+2.09?2 | 0.01
Ether | Breast | 12.00+0.00* | 11.50+0.58% [ 10.75+0.14° | 10.00+0.29¢ | 0.05
extract | Thigh | 18.50+2.60% | 17.50+0.87%° | 15.50+0.58° | 14.25+2.17°¢ | 0.05
Ach Breast | 7.38+0.13 7.89+0.47 7.69+0.23 8.35+0.05 NS
Thigh | 7.12+0.47 7.3240.10 7.79+0.03 7.58+0.71 NS
Drip loss of meat (%)
Breast 1.34+0.35 1.17+0.24 1.08+0.38 0.99+0.12 NS
Thigh 2.83+0.49% |0.87+0.13° [ 1.05+0.16° | 0.51+0.17° |[0.01
Carcass 1.89+0.32% | 1.03+0.185" | 1.02+0.05" 0.81+0.28° [ 0.05

a,b,c :means in the same

(P<0.05). NS= non significant.
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Table (7): Effect of dietary betaine supplementation on economical efficiency of Domyati
ducklings at marketing ages.

Betaine, g/kg

Items 0.0 0.5 1.0 15
Price of one duckling at one day (LE)? 2.00 2.00 2.00 2.00
Total starter diet consumed (kg/duck) 1.895 1.560 1.568 1.627
Total finisher diet consumed (kg/duck) 7.488 6.852 6.806 6.400
Total feed consumed (kg/duck) 9.383 8.412 8.374 8.027
Total feed consumed cost (LE/duck)* 26.45 23.70 23.59 22.63
Total betaine consumed (g/duck) 0.00 4.21 8.37 12.04
Total betaine cost (LE)? 0.00 0.17 0.33 0.48
Total cost (LE) 28.45 25.86 25.93 25.11
Final body weight (kg) 2.029 2.120 2.128 2.310
Price of one kg BW (LE)? 17.0 17.0 17.0 17.0
Total return (LE) 34.49 36.05 36.18 39.27
Net return (LE) 6.04 10.18 10.26 14.16
EE? 0.212 0.394 0.396 0.564
Relative EE  %* 100.00 | 185.85 |186.79 | 266.04

L.E = Egyptian pound

1-According to price at the experimental time.

2-local price of ducklingl-d-old =2.0 LE; one kg of body weight = 17.0 LE; one kg of
betaine = 40 LE at the experimental time.

3- EE = economic efficiency = ( Net return LE / Total cost LE ).

4-Relative EE = assuming EE of the control equals 100%
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