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Abstract: The effects of in ovo feeding of L-Glutamine (GLN) at 17th day of mcubation on hatchability traits,
hatching time and chick weight at hatch (CWT and CWT%, expressed as an absolute value and as a percentage
of egg weight, respectively) of Ross meat-type breeder eggs were studied at 26 and 32 weeks of age in trials
1 and 2, respectively. The treatments were a non-injected control, a positive control where saline was injected
or saline with GLN at 5, 7.5 and 10 mg/egg. In ovo feeding of GLN did not mfluence hatchability traits, CWT,
CWT% and hatching time. In ove feeding of 10 mg GLN/egg increased percentage of hatched chicks at 468 h
of incubation and reduced percentage of hatched chicks at 492 h of incubation when compared with those of
the control treatments. Age of birds did not influence hatchability traits and percentages of hatched chicks at
468 and 492 h of mcubation and CWT%. Eggs produced at 26 weeks of age had lower weight, percentage of
hatched chicks at 504 h of incubation, hatching time and CWT when compared with those produced at older
age. Tt is concluded that in ovo of up to 10 mg GLN/egg at 17th day of incubation of layer-type breeder eggs
did not influence hatchability traits, chick weight at hatch and hatching time and eggs produced at older age

had higher egg weight, chick weight at hatch and hatched later than those produced at younger age.
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INTRODUCTION

The growth of chicken embryo 1s completely reliant
on the nutrient content of the egg for energy production
and tissue synthesis. Providing sufficient available
nutrients in the egg will enable a good starting point for
the hatching chicks. /r ove admimstration of liquid
nutrients of carbohydrates, amino acids, proteins and
L-carnitine few days before hatching improved chick
hatching weight and reduced time required to reach target
market weight (Uni et af., 2005; Shafey et al., 2009, 2010,
2012). The embryo utilizes amino acids for tissue growth
at a much higher rate during the latter half of incubation.
However at this stage of incubation, some amino acids
may be deficient to meet embryonic requirements for
development especially in small size eggs (Ohta et al.,
199%; Sunny and Bequette, 2010). Small size eggs produce
embryos with higher rates of gluconeogenesis earlier in
the development stage resulting from diverting greater
supplies of amino acids and consequently produce
smaller size embryos when compared with those produced
from large size eggs (Sumy and Bequette, 2010). Deficient
supply of amine acids could reduce embryonic growth
and development. The synthesis of such amino acids

may result from other amino acids such as Glutamine
(GLN), a non-essential amino acid that 1s found in lngher
levels m muscles and plasma. It 18 an important energy
substrate for rapidly dividing cells (Smith, 1990). Tt plays
an essential role in several important metabolic pathways
(Marliss et al., 1971; Smith, 1990), regulates nutrient
metabolism, gene expression and protein synthesis
{(Wu, 2009) and mmproves the humoral immune response
{(Newsholme, 2001). Therefore, it is important to ensure
adequate amount available of this amino acid to meet the
increased physiological demands of the embryo,
especially in the last stage of incubation.

In ovo feeding of GLN to chicken embryos has been
investigated by Pedrosol et al (2006) who found that
in ovo feedng of GLN did not mfluence chick weight
at hatch but reduced hatching time. However,
Tavassoli ef al. (2011) reported that in ove administration
of GLN mcreased chick weight at hatch. Also, in ovo
feeding of GLN and carbohydrates to duck embryos
improves small intestine development and pectoralis
mass and weight gain in the early days of post-hatch
(Chen et al, 2009). Several factors may influence the
amount of available nutrients in the egg and
consequently the outcome of in ovoe administration of
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nutrients. These factors include egg size. This study was
designed to examine the effects of in ovo feeding of GLN
onn hatchability performance, hatching tine and
chick weight at hatch from meat-type breeder eggs
at 26 and 32 weeks of age.

MATERIALS AND METHODS

A total of 550 fresh laid eggs produced by a
layertype breeder, Ross flock at 26 weeks of age
(Al-Wady Company, Al-Riyadh, Saudi Arabia) were used
m the fust trial. Eggs were numbered, weighed
individually and distributed into weight classes. HEggs
were set in a Maino, force-draft incubator (Model TI,
Maine Enrico, Co., Rome, Italy) and mcubated at 37.5°C
(99.5°F) and 55% relative humidity. Eggs were turned
every 2 h. Eggs were examined by candling at 1 7th day of
incubation and infertile eggs and eggs containing dead
embryos were removed. After examination, 375 eggs were
evenly assigned mto 25 replicates of 15 eggs of equal
weight per replicate. Five replicates were randomly
assigned to each of the 35 experimental treatments.
There were two control treatments: non-injected
(negative control) and injected with 0.9% sterilised saline
(positive control) and 3 experimental treatments in which
sterilised saline containing GL.N at 50, 100 or 150 mg/egg.
The wide end of the eggshell was disinfected with 70%
1sopropyl alcohol and pierced for an injection hole. The
0.5 mlL of solution was injected into the amniotic fluid
using a 25 mm 21-G needle. After injection, the hole was
sealed with melted paraffin wax and the eggs were
returned to the incubator. Eggs were transferred to
separate compartments in the hatching tray on the
morning of day 19 of incubation, for chick identification at
hatch. The hatching tray was divided into hatching
compartments using thin sheets of mesh wires. The
hatching compartment was set at 37°C (98.6°F) and 65%
relative humidity until the end of day 21 of incubation, at
which time; chicks, pips (unhatched eggs with live or
dead chicks) and dead embryos (unhatched eggs
with unbrolken shell) were counted. Percent hatchability
was calculated on the basis of the number of hatched
chicks as a percentage of the in ove treated eggs per
replicate. Hatching time was recorded every 12 h. Chicks
were observed at 12 h intervals from 444-504 h of
incubation and hatching weight was recorded to the
nearest 0.1 g.

The incubation trial was repeated with 400 fresh laid
eggs produced at 32 weeks of age from the same flock.
After candle examination of eggs at 17th day of
mcubation, 300 eggs were evenly assigned to 20
replicates of 15 eggs of equal weight per replicate. Four
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replicates were randomly assigned to each of the 5
experimental treatments. Measurements of percent
hatchability and hatchability failures (pips with live
embryos, pips with dead embryos, dead embryos), chuck
weight at hatch expressed as an absolute value or as a
percentage of egg weight, hatching period were
determined in trials 1 and 2.

Data analysis: There were no significant differences
among the in ovo treatments in the hatchability traits,
hatching time of eggs and chuck weight at hatch so data
from trials 1 and 2 were combined together for final
analysis. Data were armranged in a 5x2 factorial
arrangement for in ovo treatment and trial as main effects
and their mteraction fitted mto the model. All percent data
were transformed using arc sine square root percentage
transformation before analysis. When significant variance
ratios were detected, differences between treatment means
were tested using the Least Significant Difference (LSD)
procedure. All statistical analysis was performed using
the Statistical Analysis System (SAS, 2006).

RESULTS AND DISCUSSION

The effects of in oveo feeding of GLN and trial on
hatchability and hatchability failures, hatching time and
chick weight at hatch are shown m Table 1-3, respectively.
In ovo feeding of GLN did not sigmificantly influence
hatchability, hatchability failures, chick weight at
hatch, percentage of hatched chicks at 504 h of
incubation and hatching time. In ove feeding of 10 mg
GLN/egg sigmficantly (p<0.05) mecreased percentage of
hatched chicks at 468 h of incubation and reduced
percentage of chicks hatched chicks at 492 h of
incubation when compared with those of the control
(negative (non-injected) and positive (saline injected),
respectively) or in ovoe feeding of 5 mg GLN/egg
treatments.

There was no significant difference between the two
trials (26 and 32 weeks of age, trial 1 and 2, respectively)
in hatchability, hatchability failures and chick weight at
hatch when expressed as a percentage of egg weight and
percentages of hatched clucks at 468 and 492 h of
incubation. Eggs produced at 26 weeks of age (trial 1) had
significantly (p<0.01) lower weight, percentage of hatched
chicks at 504 h of incubation, hatching time and chick
weight at hatch as an absolute value when compared with
those produced at 32 weeks of age (Trial 2).

The potential use of in ovo administration of GLN in
chicken eggs has been investigated by Pedrosol et al.
(2006) who reported that in ovo feeding of up to 30 mg
GLN/egg at 16th day of mcubation did not mfluence
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Table 1: Mean percent of hatchability and hatchability failures of meat-type breeder eggs subjected to in ovo administration of T-Glutamine (GLN) during the

late stage of incubation!

Hatch of fertile Early embryo Late embryo Pipped with live Pipped with dead
Main effects eges (%) deaths (%) deaths (%0) embryvos (%6) embry os (%6)
In ove administration of GLN (T, mg/egg )
Control (=) 93.6+1.59 4.7+1.14 1.6t1.61 0.0+£0.00 0.0+£0.00
Control (+)* 92.2+1.61 6.2+0.83 0.0+£0.00 0.0+£0.00 1.5+£1.00
5 89.343.28 5.9+1.13 3.6+£1.88 1.2£1.00 0.0+£0.00
7.5 88.541.29 7.3£0.93 2.2+0.93 0.0+£0.00 1.9£0.87
10 88.8+2.36 7.7+£1.34 2.7+1.35 0.0+£0.00 0.8+0.80
Trial (R)
1 (26 weeks of age) 89.1+1.82 6.5+0.87 3.3+1.12 0.4+0.41 0.6+0.44
2 (32 weeks of age) 91.440.96 6.3+0.56 1.1+£0.71 0.1+0.16 1.1+0.44
Source of variation
T NS NS NS NS NS
R NS NS NS NS NS
TxR NS NS NS NS NS

"Values are Mean+SE; *GL.N was dissolved in distilled sterilized saline water (0.9%NaC1); *Non-injected control eggs; “Eggs were subjected to iz ove injection
of sterilized distilled saline water (0.9% NaCl); *Eggs obtained from a Ross flock at the age of 26 and 32 weeks for trial 1 and 2, respectively; NS =Non

Significantly different (p>0.05)

Table 2: Mean percent of hatched chicks during after 468, 492 and 504 h of incubation and hatching time of meat-type breeder eggs subjected to in ovo
administration of L-Glutamine (GLN) during the late stage of incubation'

Percentage of hatching chicks after hours of incubation

Main effects 468 492 504 Hatching time (h)
In ove administration of GLN (T, mg/egg)’

Control (- 41.5+7.06" 55,745,690 2.8+1.87 489.8+0.62
Control (H)* 38043 97 58,713 1.8+0.80 487.7+2.24
5 42.354.04° 56.7=4.13® 1.0+0.70 498 6+0.25
7.5 50.7£3.31% 46.9+3. 72 1.7+0.74 485.7+3.53
10 57.72.98% 414272 1.04+0.66 488.7+0.23
Trial (R)

1 (26 weeks of age) 48.0+£2.82 51.6+2.86 0.0+0.00 486.2+1.90
2 (32 weeks of age) 45.0+£3.00 52.0+2.80 2.8"+0.72 489.9"+(.81
Source of variation

T * * NS NS

R NS NS *# NS

T=R NS NS NS NS

"Walues are MeantSE; *GLN was dissolved in distilled sterilized saline water (0.9% NaCl); *Non-injected control eggs; “Eggs were subjected to ir ove injection
of sterilized distilled saline water (0.9% NaCl); *Eggs obtained from a Ross flock at the age of 26 and 32 weeks for trial 1 and 2, respectively; N§ = Non
Significantly different (p>0.05); *Significantly different (p<0.05); **Significantly different (p<0.01)

Table 3: Chick hatching weight express as an absolute and percentage
values (chick hatching weight*100/egg weight) of meat-type
breeder eggs subjected to i1 ovo administration of L-Glutamine
(GLN) during the late stage of incubation'

Main effects FEgg weight (g)  Chick weight (g) Chick weight (%)
In ove administration of GLN (T, mg/egg

Control (-)* 60.42+0.37 40.98+0.32 67.78+0.30
Control (H)* 60.31+0.34 40.84+0.25 67.74+0.28
5 60.07+£0.39 40.90+0.34 68.05+0.34
7.5 60.06£0.37 40.80+0.31 67.95+0.32
10 60.56+0.36 41.03+£0.35 67.73+£0.34
Trial (R)

1 (26 weeks of age) 58.52+0.12 39.74+0.13 67.91+0.16
2 (32 weeks of age) 63.90+0.19™ 43.30™+0.23 67.73+0.27
Source of variation

T NS NS NS

R . o NS

T=R NS NS NS

"“Walues are MeantSE; *GLN was dissolved in distilled sterilized saline
water (0.9% NaCl); *Non-injected control eggs, “Eggs were subjected
to in ovo injection of sterilized distilled saline water (0.9%% NaCl); *Eggs
obtained firom a Ross flock at the age of 26 and 32 weeks for trial 1 and 2,
respectively; NS = Non Significantly different (p>0.05); "Significantly
different (p<:0.05); “*Significantly different (p<0.01)

embryonic mortality, hatchability and chick weight at
hatch but reduced hatching time. In the present study,
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in ovo feeding of up to 10 mg GLN/egg at 17th day of
incubation did not nfluence hatchability, hatchability
failures, hatching time of chicks and chick weight at hatch.
However, Tavassol et al. (2011) reported that irn ovo
administration of up to 10 mg GLN/egg at 16th day of
incubation had no effect on hatchability but 5 mg
GLN/egg increased chick weight at hatch. However, the
researchers did not report the weight of eggs used or the
relative weight of the hatching chick to egg weight in their
study. Differences mn results of chick weight at hatch and
hatching time among these studies are more likely related
to differences in the experimental procedures used in
these studies. These results may suggest that these traits
may be influenced by a number of factors including in oveo
feeding of GLN. Generally, the idea of in ovo feeding of
amino acids to embryos 1s to reduce the catabolism of
albumin derived amino acids for gluconeogenesis, thus
sparing them for muscle and tissue protein synthesis and
consequently improving body weight at hatch (Uni ef af.,
2005). In ovo administration of an amino acid mixture
increased amino acids content of the embryo (Ohta ef af.,
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1999) and yolk and weight of the hatched chicks
(Ohta et al, 2001) and consequently improved the
utilization of amino acids by the embryos (Al-Murrani,
1982). Nevertheless, age, strain, egg size or flock broiler
breeder conditions may influence the performance of
in ovo administration of nutrients. Therefore, it can be
suggested that the effect of in ovo GLN should be
examined considering those factors.

The difference mn egg weight between the two age
groups (26 and 32 weeks of age, trial 1 and 2, respectively)
was reflected on the absolute value of chick weight at
hatch and hatching time. Egg size has been shown to
correlate with chick weight at hatch and growth rate in
poults and chicks (Skoglund et al., 1952; Wilson, 1991,
Abiola, 1999, Applegate et al, 1999; Applegate and
Lilban, 1999; Lourens et al., 2006; Traldi et al., 2011).
Lourens et al. (2006) concluded that the differences in
body weight at hatch of chicks from small vs. large eggs
15 due to the surplus supply of nutrients in the large
eggs and the size of the residual yolk sac at hatch.
Consistent with this relationship, Speake et al. (1998)
observed an increase in subcutaneous fat n large egg
embryos compared to thewr smaller counterparts and
suggested that these larger fat stores could provide an
easily available energy source during the first 2 days of
post hatch when feed intake is limited. The chick weight
at hatch depends on the egg weight which is determined
mainly by strain and age of laying hens. However, relative
chick hatching weight to egg weight
significantly different between the 2 trials. The positive
correlation between egg weight and hatching tume was
reported by Smith and Bohren (1975) and Bohren (1978)
who reported shorter incubation period associated with
small eggs.

was not

CONCLUSION

Tt is founded that in ove of up to 10 mg GLN/egg at
17th day of incubation of layer-type breeder eggs did not
influence hatchability and hatchability failures, chick
weight at hatch, percentage of hatched chicks at 504 h of
incubation and hatching time. Eggs produced at 32 weeks
of age had a higher egg weight, chick weight at hatch and
hatched later than those eggs produced at 26 weeks of
age.

ACKNOWLEDGEMENT

Researchers extend thewr appreciation to the

Deanship of Scientific Research at King Saud

University for funding the research through the Research
Group Project No RGP-VPP-185.

138

REFERENCES

Abiola, 8.5., 1999. Effects of turning frequency of hen's
egg 1n electric table-type incubator on weight losses,
hatchability and mortality. Nig. Agric. I., 30: 77-82.

Al-Murrami, WK, 1982. Effect of mjecting amino acids
into the egg on embryonic and subsequent growth in
the domestic fowl. Br. Poult. Sc1., 23: 171-174.

Applegate, T.J. and M.S. Lilburn, 1999. Effect of turkey
(Meleagndis gallopavo) breeder hen age and egg size
on poult development. 1. Intestinal growth and
glucose tolerance of the turkey poult. Comp.
Biochem. Physiol. B, 124: 371-380.

Applegate, T.J., I.1. Dibner, M.L. Kitchell, Z. Uni and
M.S. Lilburn, 1999. Effect of twkey (Meleagridis
gallopave) breeder hen age and egg size on poult
development. 2. Intestinal villus growth, enterocyte
mugration and proliferation of the turkey poult. Comp.
Biochem. Physiol. B, 124: 381-389.

Bohren, BB., 1978 Performance of lines selected for
fast- and slow-hatching times and crosses among
them. Br. Poult. Sci., 19: 219-223.

Chen, W., R. Wang, H.F. Wan, X.I.. Xiong, P. Peng and
I. Peng, 2009. Influence of m ovo imection of
glutamine and carbohydrates on digestive organs
and pectoralis muscle mass m the duck. Br. Poult.
Sci., 50: 436-442.

Lourens, A. R. Molenaar, H. van den Brand,
M.J. Heetkamp, R. Meijerhof and B. Kemp, 2006.
Effect of egg size on heat production and the
transition of energy from egg to hatchling. Poult. Sci.,
85: 770-776.

Marliss, EB., T.T. Aoki, T. Pozefsky, A.5. Most and
G.F. Cahill Jr., 1971. Muscle and splanchnic glutamine
and glutamate metabolism in post absortive and
starved man. J. Clin. Invest., 50: 814-817.

Newsholme, P 2001.  Why is L-glutamine
metabolism important to cells of the immune system
in health, postinjury, surgery or infection? J. Nutr.,
131: 25158-25225.

Ohta, Y., N. Tsushima, K. Koide, MK. Kidd and
T. Tshibashi, 1999. Effect of amino acid injection in
broiler breeder eggs on embryonic growth and
hatchability of chicks. Poult. Sci., 78: 1493-1498.

Ohta, Y., M.T. Kidd and T. Tshibashi, 2001. Embryo
growth and amino acid concentration profiles of

i

broiler breeder eggs, embryos and chicks after in
ovo admimstration of amino acids. Poult. Seci.,
80: 1430-1436.

Pedrosol, A A., L.S. ChavesII, K.L. de Almeida Martinez
LopesTl, N.S.M. Leandroll, M.B. Cafell and T.H.
Stringhini, 2006. Nutrient inoculation in eggs from
heavy breeders. Rev. Bras. Zootecn., 5: 2018-2026.



J. Anim. Vet. Adv., 12 (1): 135-139, 2013

SAS, 2006. Statistical Analysis System. Version 9.0.
Statistical Analysis Systems Inc., Cary, NC., USA.

Shafey, T.M., HA Al-Batshan and K.A. Al-Samawei,
2009. In ovo feeding of clhicken embyos. J. Saudi Soc.
Agric. Sci., 9 15-31.

Shafey, T.M., H.A. Al-Batshan, AN. Al-Owaimer and
K.A  AL-Samawei, 2010. Effects of in ovo
admmistration of L-carmtine on hatchability
performance, glycogen status and insulin-like
growth factor-1 of broiler chickens. Br. Poult. Sci.,
51:122-131.

Shafey, TM., MA. Alodan, IM. Al-Rugale and
MA. Abouheif, 2012, In ovo feeding of
carbohydrates and incubated at a high incubation
temperature on hatchability and glycogen status of
chicks. S. Afr. J. Amm. Sci., 42: 210-220.

Skoglund, W.C., K.C. Seegar and A.T. Ringrose, 1952.
Growth of broiler chicks hatched from various sized
eggs when reared in competition with each other.
Poult. Sci., 31: 796-799.

Smith, K.P. and B.B. Bohren, 1975. Age of pullet effects
on hatching time, egg weight and hatchability. Poult.
Sci., 54: 959-963.

Smith, R.J, 1990. Glutamine metabelism and 1its
physiologic importance. J. Parenter. Enteral. Nutr.,
14: 408-448S.

139

Speake, BK., AM. Murray and R.C. Noble, 1998.
Transport and transformations of yolk lipids during
development of the avian embryo. Prog. Lipid Res.,
37:1-32.

Sunny, N.E. and B.J. Bequette, 2010. Gluconeogenesis
differs in developing chick embryos derived from
small compared with typical size broiler breeder eggs.
I. Anim. Sci., 88: 912-921,

Tavassoli, M., S.N. Mousavi and M.R. Abedinm, 2011.
Effects of in ovo feeding of glutamine on
performance, small intestine morphology and immune
response of broiler chicks. T. Anim. Environ.

Traldi, AB., T F.M. Menten, C.S. Silva, P.V. Rizzo,
PW.Z. Pereira and J. Santarosa, 2011. What
determines hatchling weight: Breeder age or
incubated egg weight? Rev. Bras. Cienc. Avic,
13: 283-285.

Uni, 7., PR. Ferket, E. Tako and O. Kedar, 2005. In ovo
feeding improves energy status of late term chicken
embryos. Poult. Sci., 84: 764-770.

Wilson, HR., 1991. Interrelationships of egg size, clhick
size and posthatching growth and hatchability.
World Poult. Sci. 1., 47: 5-20.

Wu, G., 2009. Amino acids: Metabolism, functions and
nutrition. Amino Acids, 37: 1-17.



