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Extended Abstract

Background: In ovo feeding of nutrients into the egg can reduce nutrient limitations within the
egg, thereby improving embryo quality and chick growth. Therefore, significant attention should
be given to the growth and development of the embryo to maximize performance after hatching.
Additionally, providing nutrients to the embryo (embryo nutrition) may enhance growth
performance and help overcome developmental limitations during the late embryonic period and
early life of the chick. Administering certain nutrients during the incubation period can improve
metabolism in chick embryos and yield beneficial effects on post-hatching performance. L-
carnitine is a dipolar compound soluble in water, and its in ovo injection may benefit chickens
due to their limited capacity to synthesize L-carnitine. Betaine, a derivative of the amino acid
trimethylglycine, acts as a methyl group donor, and its beneficial effects on the performance of
various bird species have been documented in numerous studies. This study aimed to investigate
the effects of in ovo feeding of L-carnitine and betaine, either alone or in combination, on
hatchability, carcass traits (drumstick, breast, liver, and egg yolk), blood indices (cholesterol,
triglycerides, and total protein), and the expression of growth-associated genes (liver IGF-1 and
muscle MyoD and MyF5) in chicks.

Methods: A total of 630 fertile eggs (Ross 308 strain from a 34-week-old breeder flock) were
randomly assigned to six treatments, with five replicates and 21 eggs per replicate. The mean
weight of the eggs was 56.64 + 1.18 g. Treatments included a control group (non-injected), dry
punch, physiological saline injection (100 pL), in ovo injection of L-carnitine (8§ mg), in ovo
injection of betaine (2.5 mg), and in ovo injection of both L-carnitine and betaine (8 mg L-
carnitine + 2.5 mg betaine). Treatment solutions were injected into the amniotic sac on day 14 of
incubation. A total of 100 pL of the injection solution was injected with an insulin syringe into the
upper third of the egg, reaching a depth of 19 mm. The injection solution was maintained at 30°C,
while the environmental temperature was kept at 35°C, with each treatment lasting approximately
15 minutes. After injection, the injection site was sealed. The eggs were then placed in an
incubator set at 37.5°C and 61% humidity. Infertile eggs and those with dead embryos were
transferred to the laboratory for examination of embryonic mortality. After hatching, the chicks
were weighed using a digital scale with an accuracy of 0.01 g to determine post-hatch weight.
Two chicks from each replicate were selected and slaughtered to assess carcass traits (drumstick,
breast, liver, and egg yolk). Blood samples were taken from the neck to determine blood
parameters (cholesterol, triglycerides, and total protein). The liver and breast muscle of the one-
day-old chicks were collected to measure relative gene expression. Relative gene expressions
were quantified using Real-Time PCR with gene-specific primers. Data obtained from gene
expression were analyzed using the Livak method. The remaining chicks were reared for seven
days, during which weight gain, feed consumption, and feed conversion ratio were determined.
Data were analyzed using the general linear model procedures of SAS 9.1.
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Results: The results indicated that in ovo injection of 8 mg L-carnitine decreased mortality and
increased hatchability (p <0.05). However, injection of 2.5 mg betaine increased embryo mortality
during the final stage of incubation and decreased the percentage of hatched chicks (p <0.05). In
ovo injection of L-carnitine and betaine, both alone and in combination, reduced serum
triglyceride and cholesterol concentrations (p <0.05) but did not significantly affect total protein
concentration (p >0.05). Furthermore, in ovo injection of L-carnitine and betaine, alone or in
combination, increased the percentage of breast and thigh yield in newly hatched chicks (p <0.05).
However, there was no effect on yolk sac and liver weights (p >0.05). The injections did not
influence the functional characteristics of the chickens at 7 days of age (p >0.05). Additionally, L-
carnitine and betaine, either alone or in combination, increased the relative expression of the IGF-
1 gene in the liver and the MyoD and MyF5 genes in the breast muscle of hatched chicks (p
<0.05).

Conclusion: The results of this research indicate that L-carnitine may reduce embryo mortality
during incubation by mitigating oxidative stress, thereby increasing the hatching rate. Overall, the
findings suggest that in ovo injection of L-carnitine and betaine can stimulate IGF-1 secretion and
subsequently enhance the expression of muscle regulatory genes (MyoD, MyF5), promoting the
proliferation and maturation of satellite cells during the embryonic stage. Therefore, L-carnitine
and betaine can be recognized as positive stimulants of the IGF-1 signaling pathway, contributing
to muscle growth and overall chicken development.
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Table 2. Characteristics of primers used in this research
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GAPDH 182 F: TGAAAGTCGGAGTCAACGGAT KO01458

R:ACGCTCCTGGAAGATAGTGAT
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Table 3. The effect of in ovo injection of L-carnitine and betaine on hatchability (%) and fetal death in broiler chickens

SbL 4ol gwr e g Sy b Ere 035l oyeld dren S o 035 Jl peld aren s
Fetal death in the final stage Hatching from fertilized egg Hatching from setter egg Treatment
9.05% 90.94° 85.71° B Os

Non injected control

1257¢ 87.42¢ 85.71° Sds 5,5

Dry punch

15.23° 84.76¢ 84.76° Ol dgSn Vee )55

Injected 100 pl Salin

4.76° 95.23° 95.23 o)l _Jlp Sl A 55

Injected 8 mg L-Carnitin

20.00° 80.00¢ 80.95¢ O p S e /B35

Injected 2.5 mg betaine
Y0+ )S Sl psS oo A Bo)5
18.28 81.71° 80.95° ok p)S (ke

Injected 8 mg L-Carnitine+2.5 mg
betaine

oSSl 3wl gllas
SEM

Jles! sllas

P-value

0.8988 0.8988 0.8247

<0.0001 <0.0001 <0.0001

o o ) .(l_:’<~_/_~£)) ..\wl:un b (1 Sko (e 0 gime BB onind yLis (gt yd )d lued e Bgy>th 5@
a-b: Means within each column with different superscripts are significantly different (P < 0.05)

. SIS g )0 Fu)d e d2ex (g 2 08 9 sl (£ e (9950 ByF 8B T g
Table 4. The effect of in ovo injection of L-carnitine and betaine on post-hatch weight in broiler chickens

(p5) &r0 055 &gl 0135 (p)5) 02 )5 4292 (i o
Egg weight (gr) Chick weight (gr) Treatment
57.34 40.27 S BuF o9

Non injected control

56.62 40.16 Sl B35

Dry punch

'L»,I.J)fwo\n R

56.62 40.45 ol d5)Ss B
Injected 100 pl Salin

56.70 40.80 oS _JleSike A 5255
Injected 8 mg L-Carnitin

56.65 41.44 ol p S ke V1055
Injected 2.5 mg betaine

57.00 40.33 O p)S e VIO +0yi )5 Sl p)S e A 325

Injected 8 mg L-Carnitine+2.5 mg betaine
5Sbe 5 laibusl (sllas

. 4
0.3366 0.4033 oy
0.3764 0.2000 Jleiol sl

P-value

(P<l+0) ail o b Sikeo (s ) gime MR 0nidd Ui (gt o 3 Glued pE B9y b ga
a-b: Means within each column with different superscripts are significantly different (P< 0.05)

95 dgr )3 (Siey V3 63, Mes sl yiall p ke 9 ) Sl (£ 0055 0900 G1F 5B 0 Jgi>
Table 5. The effect of in ovo injection of L-carnitine and betaine on performance parameters of 7 days in broiler

chickens
(p51655) Sy ka5 s (5 /39 103 2) 03 el (5 /39 fox5) SThg S e oS
Feed conversion ratio (gr/gr) Weight gain (bird/day/gr) Feed intake (bird/day/gr) Treatment
1.32 14.32 19.62 o BnF o9
Non injected control
1.34 14.55 19.54 S &y F
Dry punch
'L.»)';.J)S...a\n _—
1.33 14.73 19.65 ol ilgSe Ver )5
Injected 100 pl Salin
PRk A B0yF
1.32 14.92 19.79 BRI
Injected 8 mg L-Carnitin
1.30 15.09 19.66 0l pS ko VIO G5
Injected 2.5 mg betaine
JpS oA 5
5 Y0 + i S
1.32 14.78 1952 Pr ke “’M’L)

Injected 8 mg L-
Carnitine+2.5 mg betaine

OSSbe 3kl gllas
SEM

Jles! gl

P-value

0.0267 0.3066 0.1577

0.6214 0.5865 0.9169

(P<e40) aib oo Sl o Y gine BMAT o023 lis (g b )3 Jlused juf By th g
a-b: Means within each column with different superscripts are significantly different (P< 0.05)



90

alye o s g Sy 5)lail )5 Ll uome o 1SS 4l b

O8> Shedplie Clald (550l drgr bl 3k 5 i 51 (£ eSS (1953 B0F L

0395y (b5 (sladrgn (3 pyw olendgn laainld p (Sl 5 )= (5005 09)2 )5 WU F s>
Table 6. The effect of in ovo injection of L-carnitine and betaine on biochemical blood parameters in broiler chickens

(3 2 [05) I Oion (3 (s [ 5 o) Joyinl (5 (g [p5 k) 22yl (55 o
Total protein) g/d( Cholesterol (mg/dl) Triglyceride (mg/dl) Treatment
228 258.00° 66.40° o BUF o9

Non injected control

2.28 244.20° 55.00° S 315

Dry punch

242 234.00° 58.80° lle JgSee Vov Gy

Injected 100 ul Salin

1.96 190.600 61.00° ol _Jlp S ke A 5o

Injected 8 mg L-Carnitin

1.98 186.000 65.00° ol p S e ¥0G5

Injected 2.5 mg betaine

VIO +ois)S Jlp)S (oo A 32)5

1.98 140.00° 40.80° ol p)S e

Injected 8 mg L-Carnitine+2.5

mg betaine

0.1749 14.7450 3.7600 e 2,00kl g;;

0.2926 <0.0001 0.0009 Jlazs] slas

P-value

(Pl 0) 3l o b Siho o ne BN oaimd L ygiw 3D lusad pué By th 5@
a-b: Means within each column with different superscripts are significantly different (P< 0.05)

S5 sladsg> (0155 )9 Jopd) aBY sla Shg g (31 laplil g » (8l 5 ns) Sl (05T (9)0 GoyF p86 Y Jgi

0595
Table 7. The effect of in ovo injection of L-carnitine and betaine on carcass traits in broiler chickens
)
39 3 Ao >) A oo
Q90 ) * . 54 0d))

(o e T SRR o e o

0 Y O* 09 ) ) OGN 09 ) g} i i
Breast (%) Thi ‘ﬁ Liver (%) Yolk sac (%) Hatching body weight (gr) Treatment

)

1.78° 8.59¢ 2.62 9.04 40.57 o BuF osH
Non injected control
1.79 8.74° 2.42 8.78 40.22 SIS 525
Dry punch
b be Ol yidgySee Voo 5oy
1.78 8.86 2.32 9.01 4053 injected 100 il Saiin
S oS ke A iy
a ab o) _J e [T 354
2.03 9.36 2.57 7.10 40.62 vcted 8 mg L-Carmitn
1.95° 9.46° 2.60 6.74 40.65 (o8 p S e V0G5
Injected 2.5 mg betaine
V0 + 08 Sl )S ke A 205
1.95% 9.54° 2.50 6.63 40.62 ) ol p S e
Injected 8 mg L-Carnitine+2.5
mg betaine
0.0403 0.1709 0.1664 0.7800 0.5963 ke 2)luiked Sﬁ;
0.0007 0.0025 0.7611 0.0908 0.9958 Jloo! sllat
P-value

ccd

§

e

s

ccd

i

S 3F

® MyoD- Muscle

o o ) .(I?<~./.~A) ,\wbgo b (3 Skeo (e 0 gime BB 0nid LS (ygiw b 1D (Jlusod o8 By D ga
a-b: Means within each column with different superscripts are significantly different (P< 0.05)

c Cd

n

Ol Jolee 32y
IGF-1- Liver

o8 )
MYF5- Muscle

ol o) I

s aple <8l )3 (MYFS g MyoD) aseale (oo (slo)giSs 5 (lo o 0l 9 (i 8= 1 (£ yen58 0950 (32,5 30 =) S

0j9)S d2g> > 5o cdl » IGF-1 4

Figure 1. The effect of in ovo injection of L-carnitine and betaine on expression genes of Myogenic regulator factors
(MyoD, MyF5) in breast muscle and IGF-1 in liver of one day broiler chickens
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