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Abstract:The present study aimed to study the effects of betaine (lg/kg diet), vitamin C
(200mg/kg diet) or folic acid (Img/kg diet) supplementations either alone, together or in
combinations to the diet on productive and reproductive traits, digestibility nutrient, and
economic efficiency of Matrouh poultry strain from 24-36 weeks of age under Egyptian hot
summer condition (from June to Sepiember2008).

A total number of 240 laying hens and 48 cocks of Matrouh strain (local strain)
were randomly distributed into eight equal groups (30 hens and 6 cocks/ each). Each group
was nearly equal in average body weight. The averages minimum and maximum ambient
temperatures ranged between 23.6 and 34.7 °C and relative humidity from 31.8 10 80.7%.,
during the experimental period. -

Results obtained showed that the body weight at 32 or 36 weeks, feed conversion,
egg production and egg mass were significantly (P<0.05) improved with the diet
supplemented with betaine alone or in combination with vitamin C or folic acid as
compared to control group.

Supplementation of betaine, vitamin C or folic acid together or in combinations
significantly increased (P < 0.05) shell thickness, Haugh units, shell to egg weight, sperm
motility, hemoglobin, total protein, globulin, antibody titer against SRBC'S and
significantly decreased (P < 0.03)} dead spermatozoa, serum glucose, cholesterol, HDL and
tri-glycerdes as compared with control group. The digestion coefficient of crude protein
and ether extract were significantly (P<0.05) increased with the diet supplemented with
betaine alone or together with vitamin C or folic acid or in combinations as compared to
the control group. The best economic efficiency was obtained with layers fed diet
containing of betaine plus vitamin C and follow in combinations of betaine, vitamin C and
Jolic acid as compared to other groups.

In conclusion, combinations of betaine (1g /kg diet), vitamin C (200mg/kg diet) and
Jolic acid (1 mg /kg diet) improved the most productive and reproductive traits of Matrouh
strain under Egyptian hot summer.
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INTRODUCTION

Nowadays in Egypt there is
necessity of increasing animal production
to fulfill the insisting demand of animal
protein. It is noticed that the price of animal
protein is getting higher during the last few
years. So, the increase in animal protein
production may come from the poultry.
Poultry feeding and management could be
considered very reasonable in cost if
compared with the other animals. One of
the problems . challenging in poultry
industry is the high ambient temperature,
which persists for almost 5 months of the
‘year (May to September) in Egypt, as it is
can compromise the ability of birds to
maintain homeostasis (Kadim er al., 2008),
It depresses body weight, egg production,
weight, quality .and hatchability and
increase of mortality Pavlik et al. (2009).
Heat stress begins when the ambient
temperature becomes higher than 27°C and
is readily apparent above 30°C (Bollengier-
lee et al, 1998). Various techniques are
being practiced by the farmers to minimize
the heat stress, such as adding antioxidant,
vitamins or minerais such as betaine,
vitamins C, E and folic acid, zin¢ and
chromium (Sahin et al,, 2002).

Betaine has been well-established as
a labile methyl donor and as an
osmoprotectant, which is synthesized via the
oxidation of betaine aldehyde formed by the
irreversible oxidation of choline in the
mitochondria of the liver and renal tissues
(Ratriyanto et al., 2009). Betaine is added to
the feed of laying hens at a level of 600 ppm
to significantly improve laying performance.
So, it consequently contributes to enhanced
productivity which could have an important
economic value (Park er al, 2006). The
addition of betaine to the feeds in particular
improves  performance  under  stress
conditions that affect cell osmolarity.
Furthermore, betaine promotes intestinal
microbes against osmotic variations and
improves microbial fermentation activity,

which in turn, may enhance nutrient
digestibility (Ratriyanto et al., 2009).

On the other hand, vitamin C is an
indispensable micronutrient required to
maintain the physiological processes of
poultry (McDowell, 1989). Kutlu and Forbes
(1993) reported that ascorbic acid reduces the
synthesis of corticosteroid hormones in birds.

“Similarly, Sahin et al. (2002) reported that

low concentrations of adrenocorticotropic
hormone (ACTH) in quail reared at 32°C and
fed a diet supplemented with vitamin C than
in the heat-stressed controls. By decreasing
synthesis and secretion of corticosteroids,
vitamin C alleviates the negative effects of
stress (McDowell, 1989). Desoky (2008)
found that dietary supplementation of
vitamin C (200 mg vitamin C/kg diet) or
vitamin E (150 mg vitamin E/kg diet) alone
or combined showed high ability of
alleviating the negative effect of heat stress
and improved egg production.

In addition, folic acid plays an
important role in amino. acid and DNA
metabolism and its deficiency causes severe
defects in DNA replication and repair
(McDowell, 1989). Folic acid is also required
for the methylation of homocysteine to form
methionine (McDowell, 1989). Folic acid
deficiency in growing of Japanese quail diet
decreases live weight gain and feed
efficiency, and increase of mortality, leg
weakness and cervical paralysis (McDowell,
1989).

This study was carried out to
establish dietary supplementation of betaine,
vitamin C and folic acid, alone or together or
in combinations on productive and
reproductive traits, digestibility nutrient, and
economic efficiency of Matrouh strain, under
hot summer conditions. .

MATERIALS AND METHODS

The experimental work of this study
was carried out at Inshas Poultry Research
Station, Animal Production Research
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Institute, Egypt, during summer season {from
June to September, 2008). The average
minimum  and  maximum  ambient
temperatures ranged between 23.6 and 34.7
°C, relative humidity from 31.8 to 80.7% and
temperature-humidity index (THI) from
21.64 to 33.52% under Inshas, Sharkia
Governorate located in the eastemn part of
Nile Delta (30° N), Egypt as show in Table 1.
THI was estimated according to the formula
by Marai et al. (2000) as follows:

THi=db’C-{(0.31-0.31 RH) (db’C -
14.4)}, where db°C = bulb temperature in
Celsius and RH= RH%/100.

A total number of 240 laying hens
and 48 cocks of Matrouh local strain at 24
weeks of age were randomly distributed
into 8 treatment groups (30 hens and 6
cocks / each treatment). All birds were
housed individually in one cage. Each cage
was provided with an individual feeder and
one automatic pipette drinkers. The
experimental groups were, nearly equal in
average body weight (1413.50+ 8.24 gm)
in laying hens. The experimental period
extended from 24 to 36 weeks of age. The
experimental design is shown in Table (2).
Birds were fed ad-libitum and fresh water
was available all the time, during the
experimental period. The photoperiod
during the experimental period was fixed at
16h. The composition and chemical
analysis of the experimental laying diet are
presented in Table (3).

Individual body weight of laying
hens was recorded at 24, 28, 32 and 36
weeks of age. While, egg number, egg
weight and mortality rate were recorded
daily and feed intake was -calculated
weekly. Egg mass was calculated by
multiplying egg number by average egg
weight. Feed conversions (g feed/g egg
mass) were also calculated.

Monthly, 5 eggs from each treatment
was broken at the same day to determine egg
quality traits. Egg shape index (%) was
estimated as the ratio of the egg maximum
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width to its length, shell thickness in mm.
Arc-sine transformations were done for
percentage of egg shape index and Haugh
unit score was calculated for each individual
egg according to Haugh (1937) and, yolk,
albumin and shell percentage before
stimulation of the data. Semen was collected
from cocks and artificially inseminated to
hens (cock/°hens) two times per week. Also,
monthly semen samples were individually
collected by the massage method from all
cocks. A small droplet from each cock semen
was placed on a warm slide, covered with a
cover slide and examined for sperm motility
microscopically at 100x magnification
(Melrose and Laing, 1970). Eosin-Nigrosine
stain was used to determine the percent of
morphologically dead spermatozoa (Lake
and Stewart, 1978). Sperm-cell concentration
was determined using the spectrophotometer
density meter technique with diluted semen
samples (1:250) as described by Lake and
Stewart (1978).

At the end of experimental period
blood samples were collected from 3 hens
per treatment {5 ml/ hen) from the brachial
vein and transferred into tube. No
coagulated blood was used for hemoglobin
determination. Serum  samples were
assigned for determination of total protein,
albumin, glucose, cholesterol, high density
lipoprotein cholesterol (HDL) and tri-
glycerdes mg/dl using the suitable
commercial chemical kits. Globulins were
estimated by subtraction of albumin value
from total protein value of each sample. At
34 weeks of age, nine birds from each
treatment were immunized by
intravenously injection with 1.0 mi of
suspension of sheep red blood cells
{(SRBC’S) 7% in sterile saline (Yamamoto
and Glick, 1982). Seven days following
antigen challenge, blood samples were
collected. Approximately 2.0 ml of blood
was drawn from the brachial vein of each
bird. It was allowed to clot to provide
serum for antibody titer. Humoral immune



response to SRBC’S was measured using
micro haemagglutination technique.

At the end of the experimental period,
3 birds from each treatment were randomly
chosen and individually housed in metabolic
cages to determine the digestibility
coefficient of nutrients of the experimental
diets. The proximate analyses of feed and
dried excreta were determined according to
the official methods, A.Q.A.C. (1990). Fecal
nitrogen was determined according to
Jakobson et al. (1960). Urinary organic
matter was calculated according to Abou. —
Raya and Galal (1971).

The economical efficiency (EE) of
the experimental treatments was estimated
depending on feeding cost and price of egg
produced.

The data pooled through the
experiment were proceed by General Linear
Model procedures (GLM) described in SAS
User’s Guide (SAS, Institute, 2003).
Mortality percentages were analyzed by
using Chi - square test. Differences among
treatment means were separated by Duncan's
new multiple-range test (Duncan, 1955).

RESULTS AND DISCUSSION
Productive performance:

Results in Tables (4, 5 and 6)
showed the effect of dietary
supplementation of either betaine, vitamin
C, folic acid or their mixtures during
summer months on performance of
Matrouh layers. Final body weight, egg
production and egg mass were significantly
(P<0.05) increased and feed conversion
was improved with the diet supplemented
with betaine compared with the control
group from 24-36 weeks of age. Also, body
weight at 32 or 36 weeks, feed conversion ,
egg production and egg mass were
significantly (P<0.05) improved with the
diet supplemented with betaine, vitamin C
and folic acid together or in combinations
compared to the control group during the
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most of experimental periods. However,
feed intake and egg weight did not
influence by  experimental  dietary
supplementation or their mixtures during
all the experimental periods. These results
are in agreement with that Tollba er al.
(2007) who found that significantly
(P<0.05) increased in live body weight of
brides (from 12 to 16 wks) fed diets
supplemented with betaine during hot
climate stress. The improving performance
due to betaine supplementation could be
attributed to several reasons, ¢.g. as methyl
donor group, its diverse physiological
properties that could improve gut
environment and thus enhance the ability of
the chicks to withstand coccidial infection,
reduce intestinal membrane damage,
dehydration, diarrhea and mal-digestion
and\or absorption (Kettunen et al. 2001). In
addition, Sayed and Downing (2011) found
that the addition of betaine at an inclusion
rate of 500 mg/L in drinking water
improved body weight of broiler chicks
under heat stress. Moreover, Ajakaiye et al,
(2010) reported that increased feed intake
and live weight gain in broilers and
transported layer hens supplemented with
vitamin C and/or E, during the hot summer
season, respectively. The  observed
reduction in live weight particularly in
control group could probably be due to the
combinations of high ambient temperature
and relative humidity which aggravated the
intensity of cell damage in the birds. The
increase in egg mass is due to an
improvement in egg number. In this respect
results reveal that no significant effect of
treatments on egg weight, since the
enhanced egg mass values are due to higher
egg number, being more in females fed
diets supplemented either betaine, vitamin
C, folic acid or their mixtures. Furthermore,
Pavlik et al. (2009) reported that reduced
feed intake was the major cause of poor
live weight, and reduced egg morphometric
profiles, because enhanced enzymatic and
non-enzymatic antioxidants systems were
duly overwhelmed at both high ambient



temperature  and  relative  humidity.
Ajakaiye et al. (2011} found that the White
Leghorn layers fed diets supplemented with
either! 50 mg vitamin C, vitamin E/kg diet
or their mixtures recorded significantly
(P<0.05) higher live body weight than
those fed the control. These results are in
agreement with those obtained by
Kanazawa (2007) found that heat stress
induces  oxidative damage through
producing free radicals such as O and OH
that caused pro-inflammatory cytokinez,
IL-1, IL-6, and TNFa. and producing free
radical increases the expression of vascular
endothelial growth factor (VEGF). Pro-
inflammatory cytokinez and VEGF causes
heart failure and blood circulation
dysfunction leading to death (Vila et al
2007). Moreover, El-Gendi et al. (1999)
who reported that pullets fed diets
suppiemented with vitamin C had the
highest feed consumption, egg mass and
egg weight when compared with control.
The beneficial effect of vitamin C
supplementation may be attributed to
activating thyroid gland which influenced
by the feed intake (El-Fiky, 1998). As well
as effects of vitamin C on feed conversion
may be due to that vitamin C helps to
decrease body temperature and plasma
corticosterone concentration.

Folic acid in pouitry diets led to0 a

positive role on improving egg production

and feed conversion efficiency (Liu and Feng
1992). Folic acid status is linked to increase
serum levels of the sulfur amino acid
homocystine due to the role of folic acid that
play as co-factor in the remethytation of
homocystine to form methionine (House et
al, 1999). In addition, folic acid plays an
important role in amino acid and DNA
metabolism and its deficiency causes severe
defects in DNA replication and repair
(McDowell, 1989). Sahin ef al (2003)
noticed that supplementing a combination of
vitamin C and folic acid may offer a practical
protective in preventing heat stress related to
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depression in performance of broiler
Japanese quail.

Egg quality:

Egg quality and egg components of
Matrouh layers as affected by either dietary
supplementation of betaine, vitamin C, folic
acid or their mixtures during hot summer
condition are presented in Table (7).
Supplementation of betaine, vitamin C or
folic acid together or in combinations were
significantly increased (P < 0.05) the shell
thickness, Haugh units and shell to egg
weight compared to the control group. It is
worth noting that, egg shape index, yolk (%)
and albumin (%) were not significantly
affected by dietary supplementation of
betaine, vitamin C and folic acid alone,
together or in combinations. These resuits
agreed with those of Pavlik et al. (2009) who
found that exposure of hens to high
temperatures resulted in significant decrease
in egg quality (shell weight, shell thickness,
and specific gravity) when the birds were
exposed to heat stress. These finding could
be due to the reduction in feed consumption.
The adverse effect of high environmental
temperature on egg shell quality has been
well documented (Mahmoud et al. 1996).
The decrease in shell quality in the current
study may be partially due to a reduction in
plasma calcium. It has been reported that
plasma calcium level was significantly
decreased in laying hens (Mahmoud et al.
1996) when the birds were exposed to high

- temperatures.  Also, Cheng et al (1990)

reported that shell weight per unit surface
area showed a  small  increase  with
supplementary ascorbic acid (0, 100, and 200
ppm) and values (in Haugh units) were
increased by ascorbic-acid at a level of 2060
mg/kg with low relative humidity. Desoky
(2008) found that dietary supplementation of
vitamin C (200 mg vitamin C/kg diet) or
vitamin E(150 mg vitamin E/kg diet) alone or
combined showed high ability of alleviating
the negative effect of heat siress and
improved egg quality. Ajakaiye ef al. (2011)

found that egg yolk and egg albumen weights



in groups administered with vitamins E and
C+ E were significantly high as compared
with the control group.

Semen physical characteristics:

Sperm motility, dead spermatozoa,
and sperm cell concentration of Matrouh
cockerels as affected by  dietary
supplementation of either betaine, vitamin C,
folic acid or their mixtures during hot
summer condition are presented in Table (8).
Supplementation of betaine, vitamin C or
“folic acid together or their combinations were
significantly (P < 0.05) increased sperm
motility and decreased dead spermatozoa
compared with the control group. While,
supplementation of betaine, vitamin C and
folic acid in combinations were significantly
increased (P < 0.05) sperm cell concentration
as compared with control group.

These results are in agreement with
Hood (1999) who reported that heat exposure
caused an increase in the percentage of dead
sperm (29.1%) and a decrease in the sperm
quality index (SQI) (10.2%). Whoever,
Monsi and Onitchi (1991) suppletnented the
feed of heat-stressed broiler breeders with 0,
125, 250 or 500 ppm of ascorbic acid and
who found that semen volume, total sperm,
and motile sperm per ejaculate were
significantly increased due to the addition of
ascorbic acid. Noll (1997) reported that
improved sperm cell concentrations in males
and more eggs per hen when turkey breeder
diets were supplemented with 200 mg per kg
of vitamin C. This improved reproductive
performance was noted in spite of
environmental temperature fluctuations. In
addition, Wallock et al. (2001) reported that
folic acid might be vital to proper sperm
development because it is required for the
production of DNA.

Immune response to sheep red blood
cells (SRBC’S):

Results of immune response to
sheep red blood cells (SRBC’S) are
presented in Table (8). Supplementation of
either betaine, vitamin C, folic acid or their
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mixtures was significantly increased (P <
0.01) antibody titer against SRBC’S
compared with those fed the control diet.
These results agree with the findings of
Zulkifi ef al. (2000), who showed that heat
stress caused a reduction in antibody
synthesis. Nasecem er al (2005) reported
that ascorbic acid improved immune
response in birds under heat stress and
disease condition. This reduction could be
indirectly due to an increase in
inflammatory cytokines under stress which
stimulates the hypothalamic production of
corticotrophin releasing factor (Sapolsky ef
al., 1987). Corticotropin releasing factor is

known to increase adrenocorticotropic
hormone from the pituitary;
adrenocorticotropic hormone = then

stimulates corticosterone production from
the adrenal gland, which inhibits antibody
production (Gross, 1992).

Blood hematological and biochemical
parameters:

Blood hematological, biochemical
parameters of Matrouh layers as affected
by dietary supplementation of either
betaine, vitamin C, folic acid or their
mixtures during hot summer condition are
presented in Table (9). Supplementation of
betaine, vitamin C or folic acid together or
in combinations significantly increased (P
< 0.05) hemoglobin, total protein and
globulin and significantly decreased (P <
0.05) serum glucose, cholesterol, high
density lipoprotein cholesterol (HDL) and
tri-glycerdes compared with the control
group in layer. It is of interest to note that,
supplementation of betaine, vitamin C and
folic acid alone had no significant effect on
serum albumin, glucose, cholesterol, HDL
and tri-glycerdes concentration (Table 9).

Increasing hemoglobin, total protein
and globulin may indicate that an
enhancement of immunity occurred
corresponding to feeding betaine, vitamin
C and folic acid as a result of improving
feed  conversation, absorption  and
utilization of nutrients. The use of Vitamin



C has proved to reduce the serum
cholesterol level and to alleviate the effects
of heat stress in broiler quails (Gursu ef al.,
2004). These results agree with the findings
of Tollba er al (2007) who reported that
the improvement in serum total protein,
albumin and globulin due to betaine and/or
choline supplementation indicating further
evidence about the role of methyl donor
groups in protein metabolism. Similarly,
Sahin et al. (2002) reported that serum
glucose, cholesterol, and trygliceride
decreased, whereas total protein, albumin
concentrations  increased when  diet
suppiemented with vitamin C and folic
acid. Moreover, Kutlu and Forbes (1993)
reported that vitamin C supplementation to
the diet increased plasma protein
concentration whereas blood glucose and
cholesterol concentrations, markedly
" decreased in heat-stressed (36°C) broilers.
A likely mechanism by which vitamin C
causes a reduction in corticosterone
concentration is through inhibitory effect of
vitamin C on glucocorticoid synthesis, and
it has been postulated that the improved
performance of poultry results from a
decrease in protein-derived
gluconeogenesis  (McDowell, 1989).
Increases in concentrations of glucose may
be attributed to increased  glucocorticoid
secretion, which increases glucogenesis
(McDowell, 1989). Dietary vitamin C may
reverse these changes, presumably by
reducing the secretion and/or synthesis of
glucocorticoids. In addition, the magnitude
of the results was greater when betaine,

vitamin C and folic .acid were
supplemented  together, indicating a
possible additive effect of the three

supplements. The similar effects of betaine,
vitamin C and folic acid on most of the
parameters could be due to the similarity
between the role of betaine, vitamin C and
folic acid as antistress agents. These
compounds may act by different
mechanisms or may have complementary
roles as additive effects as we found.
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Digestion coefficient:

The digestion coefficient of
nutrients for the experimental - diets is
presented in Table (10). The digestion
coefficient of crude protein (CP) and ether
extract(EE) were significantly (P<0.05)
increased with the diet supplemented with
betaine alone or together with vitamin C or
folic acid or in combinations as compared
to the control group. El-Husseiny et al.
(2007) reported that OM, CP, EE, CF and
NFE  digestion  coefficients  were
significantly (P<0.05) increased with
increasing betaine or folic acid levels in the
diets of broiler chicks.

It is worth to note that betaine,
vitamin C and folic acid supplementation
had no significant effect on nitrogen-free
extract (NFE), TDN and ME when
compared with the control group. These
results are in agreement with those of Abd-
Elsamee ef al. (2007) who found that Vit. C
has been demanded as an antioxidant that
scavenges the free radicals generated by
heat stress in cell membranes and can
protect the liver and other organs against
oxidative damage. Therefore, supplemental
Vit. C is necessary to maintain cellular
metabolic function that greatly affects
digestion and metabolism of nutrients.

Economic efficiency:

Data presented in Table (11)
indicated that the best economic efficiency
was obtained with layers fed diet
containing of betaine plus vitamin C and
follow in combinations of betaine, vitamin
C and folic acid as compared to other
groups and may be due to the better
performance of this treatment. These
results are generally in partial agreement
with those reported by El-Husseiny et al.
(2007} who mentioned that the highest
economic efficiency was listed when diet
contained the highest levels of betaine (0.5,
0.75 or 1.0 gm betaine/kg diet) and folic
acid (0.5, 0.75 or 1.0 mg/ kg diet folic acid)
in broiler chicks.



in conclusion:

from the nutritional  and
physiological points of view it could be
concluded that the using of combinations of
betaine, vitamin C and folic acid, in birds
diets caused on improve in the productive,
reproductive performance and economic

efficiency under Egyptian hot summer
condition. As well as the potential
beneficial these effects could be due to

their high ability of attenuating the
oxidative damage induced by high
temperature. ‘

Table (1). Microclimatic data during the whole experimental period, under environmental

condition, -

Summer Averages 't'emperature Averages Averages

month T (¢ T % RH (%) = x (THY =T
Min Max Min Max Min Max

June 22.5+0.37 35.0:0.40 25.7+1.11 75.5+1.66 20.63 33.44
July 23.7+0.21 34.1£0.29 | 34.7x1.08 | 83.1x1.16 21.82 33.07
August 24.5+0.21 35.1+0.22 34.9+1.14 | B83.6:0.93 22.46 34,05
Average 23.640,17 34,7+0.18 | 31.840.78 | 80.7+0.82 21.64 33.52

*=Minimum, **Maximum, RH=Relative humidity, THI=Temberature-humidity index

Table (2): Experimental design of the Matrouh layers strain fed basal diet and  betaine,
vitamin C or folic acid or their combination.
Treatment groups{kg/ diet
Groups Control group Betaine Vit%minpc( . LFolic acid
1 Basal diet - - -
2 Basal diet I gm - -
3 Basal diet - 200mg -
4 Basal diet - - Img :
5 Basal diet 1gm 200mg -
6 Basal diet 1 gm - Img
7 Basal diet - 200mg Img
3 Basal diet dgm 200mg Img
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Table (3): Composition and chemical analysis of the experimental diet fed during the

laying period.
Ingredients ~ Yo
Yellow corn (8.5 %) -~ 63.14
Soybean meal (44 % ) 27.10
Limestone (CaCo3) 7.58
Di-calcium phosphate 1.50
Di-Methionine 99% 0.06
Salt (NaCl) 0.35
Vit + Min. premix* 0.30
Total 100.00

Chemical analysis:-
a-Calculated analysis **:-

ME, Kcal/Ks. 2722
Calcium, % 333
Available phosphorus, %. 0.40
Lysine, Y. 0.88
Methionine, % 0.34
Methionine + cystine Y. 0.64
Crude protein, Y. 171.33
b-Determined analysis ***;-
Crude protein,%. 16.76
Crude fiber,%. 398
Ash Y. 638
EE 2.45

* Premix provides by kg: Vit A, 5500 IU; Vit E, 11 1U; Vit D3, 1100 [U; riboflavin, 4.4 mg; Ca pantothenate,
12 mg; nicotinic acid, 44 mg;: choline chloride, 191 mg; vitamin B12, 12.1 vg; vitamin B6, 2.2mg; thiamine
(as thiamine mononitrate), 2.2 mg; folic acid, 0.55 mg; d- biotin, 0.11 mg. Trace mineral (mg /kg dict): Mn,
60; Zn, 50; Fe, 30; Cu, 5; Se, 0.3

** Calculated according to NRC (1994),

*** Determined according 1o the methods of AOAC (1990).
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Table (4): Effects betaine, vitamin C and folic acid on body weight and feed intake of the Matrouh layers from 24 to 36 weeks of age.

Items Body weight (g}, ( weeks) Feed intak en/day), { weeks}
24 28 32 36 24-28 28-32 32-36 24-36

Control(Basal diet) 1412.0746.53 | 1463.73£17.94 | 1501.01%20.657 1524.86216.56° | 98.30%0.93 | 98.13:0.86 | 106.50+0,72 | 101.11+0.29
Betaine 1408.7726,87 | 1482501828 | 1545.59+19.16™% | 15862621844 | 98.27%0.74 | 100.17%0.78 | 103.67£0.60 | 100.70£0.15
Vitamin C 1412.1748.57 | 1478.18+14.50 | 1541.94£15.18™° | 1574.27x15.11% | 97.8320.65 | 99.43+1.31 103.7721.11 | 100.34+0.22
Folic acid 1414.3347.38 | 1477.97%15.14 | 1526.75¢18.24° | 1577.17419.52™ | 97.37+1.03 | 99.50+0.91 | 103.83%0.84 | 100.23:0.40
Betaine + Vitamin C - 1424.00+13.08 | 1509.17216.00 | 1598.80:16.97™ | 1625.17t18.82" | 97.40£0.70 | 99.37+1.04 | 104.2321.13 | 100.33+0.28
Betaine+ Folic acid 14073327.69 | 1501531742 | 1576671913 | 1597.67216.72" | 97.70:0.87 | 101.70+1.08 | 105.87£1.26 | 161.76=1.03
VitaminC+Folic acid 1416334924 | 1480.17£11.95 | 1565.33+15.48"™ | 1597.84215.99"° | 9730+1.10 | 101.3340.95 | 106.4721.17 | 101.700.76
Betaine +Vitamin C+ Folic acid | 14180021222 | 1517.67+16.62 1604.80+16.63" 1635.73419.02° | 97.40+0.78 | 100.2021.10 | 10547105 | 101.02+0.91
Sig. NS NS * * NS NS NS

Means having different letters at the same column are significantly (P<0.05) different.

*=P<0.,05; ** = P<0.01; NS= Not significant,

Table (5): Effects betaine, vitamin C and folic acid on feed conversion and egg production of the Matrouh layers from 24 to 36 weeks of age.

Items Feed conversion (g feed/g epg mass, { weeks) | Egg production (%), ( weeks)
24-28 28-32 32-36 24-36 | 24-28 28-32 32-36 24-36
ControX(Basal diet) 4.3320.12° | 3.78+0.04" | 3.753013" | 3.9420.06" | 53.4541.40° 58.21£1.15° | 60.48+1.92 | 57.3§+0.89°
Betaine 3.97£0.14> | 3.59£0.09"™ | 3.38+0.09> [ 3.63+0.07™ | 57.86+1.80" | 62.2621.73"™ | 65.48+1.87" | 61.87+1.23"®
Vitamin C 4.00£0.05™ | 3.6740.12"" | 3.48+0.05™ | 3.7130.13° | §7.1421.15"" | 60.4821.90% | 63.33x1.75° | 60.3221.11>°
Folic acid 4.1220.07"° | 3.6730.04™° | 3.5440.13"" | 3.76:0.08"° | 55.3621.56 | 60.12+1.14% | 62.38+1.95° | 5§9.2940.91
Betaine + Vitamin C 3.83:0.11% | 3.34+0.08° | 3.20::0.08° | 3.4430.03° | 59.40:1.75" | 66.3121.60" | 69.2921.86* | 65.00+1.68*
Betaine+ Folic acid 3.7850.10% | 3.46+0.06° | 3.2540.11™ | 3.48+0.04° | 60.12+1.17" | 65.4821.87*° | 69.17:1.33" | 64.9240.75"
VitaminC+Folic acid 3.89+0.11% | 3.53:0.08"™ | 3.42+0.10™ | 3.60:0.07™ | 58.45+1.17" | 64.05:1.73*° | 66.07+1.56*° | 62.86+0.90™
Betaine +Vitamin C+ Folic acid | 3.7420.12° 3.41:0.10% | 3232007 | 3442007 | 60.83x1.55° | 65.48:0.61 | 69.29:1.69" 65.20+1,00"
__S_ig. - * * *h * W * ik

Means having different letters at the same eolumn are significantly (P<0.05) different.
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* = P<0.05; ** = P<0.01; NS= Not significant.




Table (6): Effects betaine, vitamin C and folic acid on egg weight and egg mass of the Matrouh layers from 24 to 36 weeks of age.

Jtems Egg weight(g), { weeks) Egg mass(g/hen/ day), { weeks)

24-18 28.32 32-36 24-36 24-28 28-32 32-36 24-36
Control(Basal diet) 42.50+0.08 | 44.56:0.13 | 47.24:020 | 44.7620.10 | 22.72£0.57° | 25.942046° | 28.57+1.01° | 25.69:0.46°
Betaine 42.90+0.13 | 44.94+0.08 | 46,9610.22 | 44.93+0.11 | 24.83+0.83* [ 27.98+0.73*™ | 30.7420.79T | 27.80+0.56"°
Vitamin C 42.83+0.10 | 44.8320.10 | 47.090:0.24 | 44.92+0.12 | 24.47+0.47" | 27.1220.88™ | 29.82+0.76%° | 27.09£0.53™
Folic acid 42.76:0.15 | 45.09%0.13 | 47.07£0.23 | 44.98+0.09 | 23.6740.66™ | 27.11x0.50% | 29.37+1.03° | 26.66+0.40%
Betaine + Vitamin C 42.90:0.07 | 44,92+0.08 | 47.0620,20 | 44.96+0,05 | 25.48+0.77°" | 29.78+0.67" | 32.61x094* | 29.2240.77"
Betaine+ Folic acid 43.04+0.10 | 44.92+0.07 | 47.2130.25 | 45.06:0.11 [ 25.87+0.48" | 29.41+0.83*° | 32.6630.68* | 29.25:0.40°
VitaminC+Folic acid 42.82+0.10 | 44.85:0.12 | 47.19+0.29 | 44.95:0.09 | 25.03£0.51"" | 28.72+0.70™° | 31,19:0.92°F | 28.26+0.45°
Betaine +Vitamin C+ Folic acid | 42.93+0.06 | 44.91+0.10 | 47.19+0.24 | 45.0120.08 | 26.1120.67° | 29.40+0..69" | 32.70+0.86* | 29.35:0.50"
Sig, NS NS NS NS * * * *w

Means having different letters at the same column are significantly (P<0.05) different.

* = Pp<0.05; ** = P<0.01; NS= Not significant.

Table (7): Effects of betaine, vitamin C and folic acid on egg quality and egg components of the Matrouh layers.

Items Egg quality Egg components (%)
Eﬁ:‘;ﬂz‘ S'“': :::“L““s Haugh unit Yolk Albumin Shell

Control 80.32+1.52 | 0.390:0.006" 78.6340.56° 32.19+0.34 | 56.37+0,28 |  11.44x0.11°
Betaine 76.49+2,95 | 0.41220.007™ 80.29+1.02"" 32.08+0,51 | 56.06+0.63 | 11.86:0.13"
Vitamin C 79.7442.29 | 0.40820.008* 79,66+1.50™ 32.05+0.71 | 56.0840.62 | 11.87x0.16™
Folic acid 76.5341.03 | 0.404:0.008"° 80.80:0.92" 32.09+0.27 ] 55.9540.29 | 11.9620.15"
Betaine + Vitamin C 75.17+3.47 | 0.42840.009" 82.26+1.09" 31.85+0.56 | 55.64+0.74 | 12.510.29"
Betaine+ Folic acid 76.62+2.45 | 0.416£0.007° 81.6920.40" 31.91+0.30 | 55.84+0.48 | 12.25+0.36"
Vitamin C +Folic acid 78.62+1.78 | 0.420+0.007" 82.48:0.77" 31.6930.56 | 56.13:0.44 | 12.180.12*
Betaine + Vitamin C+ Folic acid | 75.90+1.87 | 0.428+0.006" 82.5040.63" 30.78+0.58 | 57.06+0.55 | 12.1620.16"
Sig, NS * * NS NS *

Means having different letters at the same column are significantly (P<0.05) different.

529

* = P<(.05: ** = P<0.01; NS= Not significant.




Table (8): Effects of betaine, vitamin C and folic acid on semen quality of the Matrouh cockerels and immune response of the layers.

Semen quality Immune
Items N response
' Sperm motility (%) | Dead spermatozoa (%) Sperm g(l 11;‘;;:[';"’"0" to SII;BC’S
Control 75.00+1,29° 16.2041.05° 3,74%0.21° 6.5740.29°
Betaine 80.00+7,29*° 12.80+0.83% 4.03+0.24 7.312021%
Vitamin C 79.00+1,53"° 12.40+0.92° 3.9240.17° 7.2940.44™
| Folic acid 78.00+1.63" 13.00+£1.13" 3.85+0.20° 7.2740.15™
Betaine + Vitamin C 83.00+1.00" 11.60+£0.99° 4,43:0.13" 8.2340.18"
Betaine+ Folic acid 82.00£1.63" 11.2020.87° 4.36+0.16™ 7.73+0.26*"
Vitamin C +Folic acid 81.00+1.53* 10.40+0.84° 4,34+0.10*° 7.83+0.20"°
Betaine + Vitamin C+ Folic acid 83.00+1.63" 10.00+0.93° 4.6840.14" 8.30+0.20"
L_S_ig' ] * * *N

Means having different letters at the same column are significantly (P<0.05) different.

* = P<(.05; ** = P<0.01; NS= Not significant.

Table (9): Effects of betaine, vitamin C and folic acid on blood hematological and biochemical parameters of the Matrouh layers.

Total

Iems Hemoglobin protein Albumin Globulin Glucose Cholesterol HDL Tri-Glycerdes
{g/d) (em/di) (gm/di) (g/dl) {gm/dl) (mg/dl) (mg/dl) {mg/dl)

Control 10.4320.36° 3.5540,23° | 1.57£0.40 | 1.98+0.19° 122.29+4.24" 169.53:8.35°% 124,88+5.99* 189.09+8.92*
Betaine 11862031 | 4.1820.18™ | 1.7120.31 | 2.4720.18" | 110632420 | 160.55:8.48°° | 106.7625.50" | 170.6126.85"
Vitamin C 10.99:0.39% | 4.1520.23% | 1.76+0.32 | 2.390.14°™ | [12.4625.26" | 166.02£7.54" | 116.1565.75"% | 182.62£10.89"
Folic acid 11.12+0.28™ 4.13:021% | 1.79£0.41 | 2.3430.21% 120.66+5.64 * 162.89:7.62™ | 113.8827.67™ | 181.33+6.62°
Betaine + Vitamin C 11962029 | 4.38:023" | 1.74+0.43 | 2.6440.22" 101.66=653" | 137.890+8.73% 98.892742 % 155.08+8.23%
Betaine+ Folic acid 12.1740.25" 4,66+0.22% | 1.84+0.19 | 2.82+0.18 100.49+5.77° | 138.28+7.13™ 93.28+6.37° 166.5426.45"
Vitamin C +Folic acid 1735031 | 4.374020° | 1.7130.31 | 2.66:0.20™ 100.09+:4.36° [ 137.112831% | 95.55:497% 152.87+5.94"
Betaine + Vitamin C+ Folic acid | 11.994).21% 4.89:025° | 1912024 { 298+0.17* 99,91+4.89° 132.03+7.30° 94,15£3.01° 153.05:6.54°
Sig. * » NS * * * * -

Means having different letters at the same column are significantly (P<0.05) different.
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* = P<(.05; ** = P<0.01; NS= Not significant.




Table (10): Effects of betaine, vitamin C and folic acid on digestibility trials of the Matrouh layers .

Items CP EE CF NFE TDN ME
Control 79.2040.177 | 77.2050.17° | 23.970.20 | 79.23:0.22 | 64.84+0.14 | 2710.35:6.02
Betaine 79.95:0.21"° | 78.33%0.19" | 24.23+0.20 | 79.47+0.19 | 65.20:0.09 | 2725.20+3.65
Vitamin C 79.30:0.23% | 77.37+0.19° | 23.98:0.19 | 79.30:0.23 | 64.94+0.17 | 2714.55+7.26
Folic acid 79.3740.27™% | 77.4320.17° | 24.0320.18 | 79.30:0.21 | 64.92+0.14 | 2713.78+5.74
Betaine + Vitamin C 79.4330,15" | 78.3740.22% | 24.2020.15 | 79.53+0.26 | 65.24%020 | 2727.12+8.52
Betaine+ Folic acid 79.88+0.15°™ | 78.07+0.19" | 24.07£024 | 79.63:0.18 | 65.26:0.06 | 2727.77+2.64
Yitamin C +Folic acid 79.97+0.18* | 78.00+0.15* | 24.00:0.23 | 79.4020.23 | 65.02+0.19 | 2717.8727.79
Betaine + Vitamin C+ Folic acid 80.10+0.17* | 78.13:0.18" | 24.03+0.20 | 79.43:027 | 65.16:0.15 | 2723.70+6.27
Sig. - * NS NS NS NS

Means having different letters at the same column are significantly (P<0.05} different. * = P<.05; ** = P<(0.01; NS= Not significant

Table (11): Economic efficiency of the Matrouh layers as affected by betaine, vitamin C and folic acid at 36 weeks of age.

: . . Betaine +
Items Control | Betaine | Vitamin C | Folic acid B'etau}e ¥ Bet-aine.-i- Vltafmn C Vitamin C+

_ Vitamin C Folic acid +Folic acid Folic acid
Egg number 48.20 51.97 50.67 49.80 54.60 54.53 52.80 54.77
Pricefegg (LE) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Total revenue (LE)' 24.10 25,99 25834 24.90 27.30 27.27 26.40 27.39
Total feed intake/hen(kg) 8.49 8.46 8.43 8.42 343 8.55 8.54 8.49
Price/Kg feed (LE) 1.71 1.74 1.73 1.73 1.76 1.76 1.75 1.78
Total feed cost (LE) 14.52 14.72 14.58 14,57 14.84 15.05 14,95 15.11
Fixed hen (LE)” 2.00 2.00 2.0 2.00 2.00 2.60 2.00 2.00
Total cost hen (LE) 16.52 16.72 16.58 16.57 16.84 17.058 16.95 17.11
Net revenue/hen (LE)’ 7.58 9.26 8.75 8.33 10.46 . 10.22 9.46 10.27
Economic efficiency (EED' 45,90 55.41 52,77 50.30 62.14 59.93 55.80 60.03

1- Total revenue = Egg number / hen X Pricefegg (LE)
3-Net revenue/hen (LE) = Total revenue - Total cost'hen.

2- Fixed hen (LE) = Rearing cost .
4-EEf = Net revenue/hen (LE) / Total costhen (LE}.
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