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Table 1- Ingredient composition and nutrient concentrations of the starter and grower diets of broilers

Ingredients (%)

Starter (d 1-10)

Grower (d 1-24)

Corn grain

Corn gluten meal
Soybean meal

Anchovy fish meal

Fatty acid

Dicalcium phosphate
Sodium bicarbonate
Common salt

Calcium carbonate
Vitamin and Mineral premix
DL-Methionine
L-Lysine HCI

Vitamin D3

Vitamin E

Choline chloride
Anti-coccidial powder
0.05% antifungal powder

Nutrient concentration (%)

Metabolizable energy (kcal/kg)
Crude protein

Lysine

Methionine

Available phosphorus

Calcium

Sodium

Chloride

51.55
1
38.6
2.5
1.4
2
1.2
0.18
0.06
0.6
0.33
0.25
0.1
0.1
0.08
0.05

3000
215
1.33
0.55
0.5

0.2
0.2

58.69
25
29.8
4
0.8
1.75
1.1
0.17
0.5
0.32
0.27

0.05
0.05

3050
195
11
0.52
0.45
0.9
0.18
0.18

Duodenum

ovo feeding

1% L-arginine in  0.5% L-arginine in
ovo feeding

Control

Jejunum

SE g e i

Figure 1- Duodenum, jejunum, ileum tissues in different in ovo injections of L-arginine treatments (black arrow
indicates mucosal thickness, yellow arrow indicates crypt depth, white arrow indicates villus height and red arrow

indicates villus thickness).



VY Lo /Y opleds YF als / cald pole (cla yimgsy oy i

e 008 oS dbgns (pon (e Gy Ol (e
e 005 S b 05 ol pud 5y S
o108 Laslass 580 el (saae Gl (el 055 5 oulSSL
Al sala pua sy @B (Ysaa) P>/ 0) w8
o Floll solylallae S 550k 4 05 LaRAS nle b
sEropdS Gusd 320 BasS GBS (YY) LK
059 2 a8l B Cadal 4 3ol Alide slacis
039 <Oy (e (58 Ak 805l S cu gy 4 o
OblSes 5 Plaa 8 .cudils uS el 055 5 e
—(s9 At glacuis £ 50a33 (550 G235 L (Y4VY)
Srwsy Y o G5 Ol el @ Gnsted)
ol s 000 5 e et (55 @Y sudbieas
29 05,1 VU b 31 Lagha g3y sl . S GBIR
9 sl sl W0 S GBS ad, s s ) (2138 e e
310F Do €0 (03,1 Hagn3 L (Y218 5 YY) o) ,lS0n
ol slise s sud dum 5 peia Bl (05,1 w50 VA
52 il 331 551 (Ol 0 35T s SRl 381) Gl lie
B o307 ousid) € wialy G315S 5 su S sualie |, aui
Sulaa w51 5 Galn Gadal Qla s e S s 0
stlie GiuledT 5o 50 (Y4 +4) GllKans 5 5l 8 uiS s
aan L8 0 05,T mla o b ol3e slas sua oS wials oLis
@l &S (woss VYA 5 VAR AJOA N/EA A/YA)
AIYIY A/NAY AN Y G553 4 ool 0 03,0 slacas
da o o (dems0 VYT gl euls SlaEe) V/EYY 5 VYN
alid s dgaale (5 (b (I8l se g (el
L(YoV:) OlolSan 5 gsbin ot Lads suad sae Sl 5 s
deopa VEe gAY N A G5,T Clid - slac dwlie
G on5,T U o wals olas (Va4e NRC alalaal
A80 oo il 38 | dus 5 O, dauabe wd; ol P Hsb
Do 50 8329 © ORI Gal L30T el GBI
S0 ,S GEOIS (YY) OKan 5 55 il oo (il 8] Sidu
059 S 5 O s) 0oy Sayl se o83l JeSe &S

83 e Gl Gas ey (5 4 G dpale

ShHsd Jpas cu pd 9 SlHsa Sy dada s ()9
S da o (O Sed )5, Sy dasa OO B osled
S g 0550 YE 9V dasa (0 e a3 OO & 8580
B 8351 e 033 o8 B3 slasles SSB as
Oil38) € wals Glis @l puaea (P>4/00) wis K
2 Shisd Jsas cusd 5 Shsa Boas il 005
mbesl slaslas 586 cas (K5, YE BN Sl a3k
OB 5 B b Al (Y Joua) (P>2/0) wa S 13
€00 ¢33 0509 33 L (Y IV) OLlKea 5 $K Gala
Ol 5 8555 S e Ods ol 583,T s ya )
OIoSan 5 SLL s S GBS, (S50 V B oo Gl
3ol amsa +/o Jslae Sil e +/0 3,5 L (Y4\Y)
A S slada sa i s0p pupes 9 i 6559 VA D) 50
0% O 000 Ll e Ble Hu G5y Ol Y 5, B
8099 Gl b ©lous Gos U8l s BEose f0ss VY Do
sa5l 5 Shss Jsas Jla ol b wia S GBI,
e 233 G0 3o olad L0 cald (B yas ShHa
OIS (Y+AQ) OlSan 5 canal ol o8 K5 18 30
3ol Glide lacuid (2 50ad3 (5,9 Fao3 S wa S
9 Shu ol asa o s el S Gaodd @
RS Guos B0 ol e 58B aae (YY) l,Kes
o Shod Gums g ladasa o) O3 52 0551 (& e
S s s ool b oS IS Soas YV B
A3 Oeos 32,58 slas Sl Ho ol are sk 4 S
salydallae o wali a5 8 5 Somb o3l 2
0903 3203 S oS GBS (YY) GlLKea 5 3l
B ol —d) & on3,T —J) Gt slacius (& eads
029 08 Goliare Gl Case ws s AV e
0509 G2o b (V1Y) QLK 5 Slaa 58 ad lada s
Oeodl 4 Onatiedl s Aliae lacis (£ 5epaS

WS GBS 0555 S s 00y ol il
iy alie
058) SS90 Ve LEES o Y olis slageals iy

&bﬁ(ﬁ*ﬂﬁdjj(@&édjl{tédﬁwﬁ:uyw



AY S5 slaaz gy Saof 039y Cl g (ot slaazinld Y Cliv 5y I (e 635 090 B0

b el e S sy Gk s PO slipeala
(7 ssn) (P> /+0) it S i otelesT sl
Sop gl gl plas aanylee wsl awlis cdl mln
5SS Fae 4 5o LB, cand o S Bae Sy sl
w18 K 5155 anbeT slasles 486 @ad blas celis
) i saaline 350 wmse Y Hlas Ho jals Gasie
@il aan)l s @il e S ki S s (Y Jsaa
(Y Jooa ) P>/ 0) 28 K5 5158 pinbe 3T slaslass 530
Slagane 5806 s w55 @bl bl il b
5 oS Hhd e S Fac Gy gl s piubesT slajles
SF doan ) (P>+/+0) ol ol 1, blas el
ligg 52 o3, dl A £ glais (2 50035 G558 2o
2o a5 b s S Gae 4 o el cd 5 5
O3oTdl a0 ) 5 /0 o 9o 5 5 (P<e/v0) g sl
@ (Vdsan) aiils aals g K & cand i muly
(S Bae Sy plEsl ol ol g sl 28l plin il
ol blae cwelis 5 o S Gae © S glE)) cus
Josa ) dP>+/-0) w8 &5 5158 ciule)l slaslas 530
05098 3203 B s 1) a il 5o g Gl @l (¥
Jo slass S 4 s (3Tl sess VR epas
B3 (Y Jgan ) P/ 0) ol plass sals 5 03,57 w5
G laslas 5380 cal (g Hla are Hsb 4 a bl o S
5 (PS/y) @88 L8 oudul-dl (@oepds aue
i sualiie 505, 1=Jl s 58 +/0 85 S 59 lule (p 3aS
(¥ Jsaa)

3 sae Gadin Baob 5 30T S cil s (el e
5 ol Sl slag sessa sil—maly] Ko as ddea
Lagael (o ad g5 d(adiy O soo08 5 Ol s—radl) (528 508
So Sl 5 (el 5 avre sl (a3 )
Nl GolKan 5 (Susa) wan oo s |y GBW 5y 0w
LYoV eomls s anlon 5 V-8 lolKea 5 500058
3 s Sl 55 35T (& e aAS a9 B3 s 0
15 (S0 Ve so ey lagaal s 5005 Lls Sae

adl asls
—J) Al Fslas (£ 50adS (550 33,58 @l Gulwl
BUN 5 ol 0ufis5n SoE (JosinlS clale 5 03,0
cble «€ Ja Lo (P>e/00) s Lo Sae ooy
I3 piledl slasles 586 @S ayw wwK s
deo o ¢[00 ey Ho Hlale G i (P<-/+y) =38
o @l bl (Ydsas) waS saalie ou3)l
32058 S90S GBS (V- AV) BN eolylallase (ha 3y
el = 35 - J) Alde slacind (2 50adS 5550
ssb Ly Osa asw syl chle we 08 Y ph B
NV YY) LKaa 5 canal sl ol (alS gls Sne
elE sa 3ol Galnal < wols las (Y-via
65 pleawdly cble Al case SaS gladasa
OLlKer 5 Slhasd ad eyl 5 JsAwl sl
—(59 Al slacuisd & 50Tal3 (550 LIS L (Y- V)
JS Oy wble 5 ol 8) 31 Gada-d) 4 Gsaied)
o pow aosl 5 w5 cble (nalK 5 oy
Eop33 Ga08 B3 sala (Bas3 so wa S B8
w3 clle (Rl e e 3Ll Glids £l
S385K (38 ook 3 el (See S ad olewd
cale GBI Galnls 5 sa w8 Rl 5o o3l
saale - ¥ S 5 55565) adls s Jlae) w553

(Y1o ol,\Ken
slasles 580 cad (ol (Pae sk 4 a5 e GO0
dmya [0 Slati 53 0oy et 5 @8 S L8 pdule]
sl € il s o0l (P<+/0) it saalie oy3,]



VY Lo /Y opleds YF als / cald pole (cla yimgsy oy i

Table 2- The impact of L-arginine in ovo feeding on growth performance, carcass traits, and blood

metabolites of broiler chickens.

Different levels L-arginine in ovo feeding

Traits* 0.5% 1% Control P-value
Performance

Chick weight (d 1, g/bird) 39.67+0.38 38.76+0.41 39.31+0.42 0.26
Chick weight to egg weight ratio (%) 71.21+0.68 69.39+0.73 70.51+0.75 0.19
Chicken weight (d 10, g/bird) 226.77+20.88 219.45+20.88 218.50+20.88 0.95
Chicken weight (d 24, g/bird) 821.44424.89 830.03+24.89 854.64+24.89 0.63
Daily weight gain (d 1-24, g/bird/d) 31.86+1.06 31.57+1.06 33.47+1.06 0.42
Feed intake (d 1-24, g/bird) 54.43+3.27 62.79+3.27 66.27+3.27 0.08
Feed conversion ratio (d 1-24) 1.63+0.06 1.83£0.06 1.77+0.06 0.10
Carcass traits (d 24, %)

Relative weight of scalped carcass 71.52+0.55 71.79+0.55 71.64+0.55 0.94
Carcass yeild 59.14+0.45 58.71+0.45 58.07+0.45 0.25
Relative weight of breast 24.08+0.30 24.40+0.30 23.55+0.30 0.14
Relative weight of thigh 16.67+0.31 16.97+0.31 16.87+0.31 0.78
Relative weight of abdominal fat 0.37+0.04 0.35+0.04 0.39+0.04 0.67
Relative weight of gizzard 2.64+0.08 2.47+0.08 2.47+0.08 0.07
Relative weight of heart 0.67+0.02 0.650.02 0.62+0.02 0.26
Relative weight of liver 2.31+0.07 2.28+0.07 2.26x0.07 0.87
Relative weight of pancrease 0.37+£0.02 0.33+0.02 0.33+0.02 0.22
Relative weight of proventriculus 0.49+0.01 0.47+0.01 0.47+0.01 0.62
Blood metabolites

Cholesterol (mg/dl) 132.98+5.93 123.70+5.13 127.1745.63 0.50
Glucose (mg/dl) 219.94+8.03 212.27+6.95 208.83+7.62 0.60
Total protein(g/dl) 2.72+0.12 2.62+0.11 2.46+0.12 0.30
Triglyceride (mg/dl) 33.22+1.62° 29.08+1.04% 25.11+1.53° <0.01
Blood urea nitrogene (BUN, mg/dl) 1.61+0.15 1.52+0.13 1.26+0.14 0.22

* Data are included least square meansz=standard error. > Means within the same line with different superscripts
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Table 3-The impact of L-arginine in ovo feeding on small intestine weight and length parameters and small
intestine histology of 24-day old chickens.

Different levels L-arginine in ovo feeding

Traits* 0.5% 1% Control P-value
Small intestine weight and length

Relative weight of duodenum (%)  0.82+0.04 0.78+0.04 0.77+£0.04 0.70
Duodenum length(cm) 24.33+0.75 22.87+0.75 23.92+0.75 0.38
Relative weight of the jejunum (%) 1.63+0.062 1.36+0.06° 1.45+0.06 ° 0.02
Jejunum length (cm) 51.67+£1.32 48.37£1.32 50.67+1.32 0.21
Relative weight of ileum (%) 1.24+0.04 1.24+0.04 1.30+0.04 0.52
lleum length (cm) 50.75+1.55 50.00+1.55 53.17+1.55 0.33
Relative intestinal weight (%) 3.68+0.12 3.38+0.12 3.53+0.12 0.20
Length of small intestine (cm) 126.75+2.90 121.25+2.90 127.75£2.90 0.25
?,Z')a“"e length of small intestine , , g5, 5 14.1040.39 14.39+0.39 0.32
Small intestine histology

Duodenum

Villus height (um) 1122.00+47.79° 1311.75+47.79* 1179.75+#47.79®  0.05
Villus thickness(pm) 169.52+11.602 176.04+11.602 130.40+11.60P 0.04
Crypt depth (um) 198.86+9.58? 192.34+9.582 153.22+9.58° 0.02
Villus height/crypt depth ratio (%)  5.68+0.29° 6.85+0.292 7.71+0.292 <0.01
Crypt diameter (um) 61.94+5.95 68.46+5.95 65.20+5.95 0.75
Mucosal thickness (um) 1402.50+23.17" 1518.00+£23.172 1427.25+23.17° 0.01
Jejunum

Villus height (um) 1006.50+56.02 1056.00+56.02 932.25+56.02 0.33
Villus thickness(um) 153.22+10.592 149.96+10.592 104.32+10.59" 0.02
Crypt depth (um) 152.13+7.96 159.74+7.96 182.56+7.96 0.06
Villus height/crypt depth ratio (%)  6.62+0.402 6.65+0.402 5.15+0.40° 0.04
Crypt diameter (um) 58.68+5.36 74.98+5.36 78.24+5.36 0.06
Mucosal thickness (um) 1262.25+77.05 1311.75+77.05 1179.75+77.05 0.50
lleum

Villus height (um) 594.00+52.68 569.25+52.68 610.50+52.68 0.86
Villus thickness(um) 117.36+10.54° 159.74+10.542 114.10+10.54° 0.02
Crypt depth (um) 179.30+7.98 153.22+7.98 156.48+7.98 0.09
Villus height/crypt depth ratio (%)  3.30+0.31 3.75+£0.31 3.89+0.31 0.41
Crypt diameter (um) 55.42+4.31P 71.72+4.312 78.75+4.312 0.01
Mucosal thickness (um) 841.50+59.17 750.75+59.17 924.00+59.17 0.17

* Data are included least square meansSE. a,b,c Different superscripts within the same line means significant
differences (P<0.05).
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Introduction: At the last days of incubation, avian mortality commonly happens due to the lack of
enough nutrients and amino acids (Fardoost et al. 2019). However, in ovo injection or in ovo feeding
is considered a new technique for improving growth of chickens (Ebrahimi et al. 2017). Most studies
indicated improving effect of in ovo feeding of nutrients (especially amino acids) on small intestine
growth and histology as well as higher absorptive capacity of digestive system (Ebrahimi et al. 2017,
2018a,b; Elwan et al. 2019; Fardoost et al. 2019). Previous studies indicated an improving effect of
excess feeding of arginine on growth performance, carcass traits, blood metabolites, and intestinal
histology of broilers (Ebrahimi et al. 2013, 2014, 2016b). However, there are few records regarding
the impact of in ovo injection of arginine on intestine histology of chickens. Accordingly, the present
study was designed to evaluate the effect of in ovo injection of different levels of arginine on carcass
traits, blood metabolites, and small intestine histology of broiler chickens.

Materials and methods: For this reason, 300 fertile broiler breeder eggs were divided into three
treatment groups: 1- 0.5% L-arginine in ovo injection group (100 eggs), 2- 1% L-arginine in ovo
injection group (100 eggs), 3- control group included distilled water injected (sham-control subgroup,
50 eggs) and non-injected (control subgroup, 50 eggs). Eggs were then set into the incubator for the
first 18 days with the temperature of 37.8°C and six rotations per day. At d 14 of incubation, eggs
were injected into the amniotic fluid (Ebrahimi et al. 2017) as follows: 1- in ovo injection of 5 mg L-
arginine/ ml distilled water, 2- in ovo injection of 10 mg of L-arginine/ml distilled water, 3- control
group included sham-control (in ovo injection of 1 ml distilled water) and control (received no
injection). For in ovo injection, solution pH was set at 7.0. At d 18 of incubation, eggs were moved
into hatchery boxes. After hatching, chicks were reared for 24 days. During the experiment, chicks
received standard commercial diets based on Ross recommendations as starter (0-10 days) and grower
(11-24 days), (Table 1). At d 24, blood samples of three chickens per each replicate were collected,
centrifuged (3000 rpm for 20 minutes), and serum was separated to evaluate cholesterol, glucose,
triglyceride, uric acid, and total protein by the Enzymatic Colorimetric method (Ebrahimi et al. 2017).
Then, all birds were weighed, slaughtered, some carcass traits (scalped carcass, eviscerated carcass,

f Corresponding author: marzebrahimi@tabrizu.ac.ir. Postal Address: Department of Animal Science, Faculty of Agriculture,
University of Tabriz, P.O.Box # 5166616471, Tabriz, East Azerbaijan, Iran. Tel/Fax: +984133356004.
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breast, thigh, gizzard, proventriculus, pancreas liver without gall bladder, heart, duodenum , jejunum,
and ileum were weighed, and their relative weight to chicken body weight were calculated.

Also, length of duodenum , jejunum, and ileum was evaluated and their samples were stored in 10%
formalin for fixation to evaluate histological parameters (crypt depth, villus height, villus thickness,
mucosal thickness, and crypt diameter) using Hematoxylin - Eosin staining method (Ebrahimi et al.
2017). Then, villus height to crypt depth ratios were calculated. Afterwards, data were analyzed based
on a completely randomized design by the Proc GLM of SAS software (Ver 9.2). Also, Tukey-
Kramer test was used for comparing treatments and results presented as least square means * standard
error.

Results and discussion: Based on the results, in ovo injection of different levels of L-arginine did
not affect hatchability, day-old chick weight, chick weight to egg weight ratio, 24-day-old chicken
weight, feed conversion ratio, relative weight of all carcass traits, cholesterol, glucose, total protein
and blood urea nitrogen (P> 0.05), (Table 2). However, serum triglyceride was significantly affected
by experimental treatments (P <0.01) and the highest amount was observed in 0.5% L-arginine in ovo
injection group (Table 2). In a similar study, Gao et al. (2017) indicated that L- arginine in ovo
injection increased weight gain of broiler chickens. Furthermore, Abdolalizadeh Alvanegh et al.
(2017) reported the improving effect of in ovo injection of different ratios of L- arginine to L- lysine
on chick weight and their carcass traits. Also, they reported higher serum total protein level, while
lower blood urea nitrogen of broiler chicks with in ovo injection of different ratios of L- arginine to
L- lysine (Abdolalizadeh Alvanegh et al., 2017).

Present results indicated no significant effect of in ovo injection of L-arginine on most weight and
length parameters of small intestine length (P>0.05); however, relative weight of jejunum was
significantly affected by in ovo injection of L-arginine (P<0.05) and the highest amount was observed
in 0.5% L-arginine in ovo injection group (Table 3). Present results indicated no significant effect of
in ovo injection of L-arginine on duodenal crypt diameter; jejunal villus height, crypt depth and
diameter, and mucosal thickness; and ileum villus height, crypt depth, villus height/crypt depth ratio,
and mucosal thickness (P>0.05), (Table 3). However, significant effect of in ovo injection of L-
arginine was observed on duodenal villus height, villus thickness, crypt depth, villus height/crypt
depth ratio, and mucosal thickness; jejunal villus thickness and villus height/crypt depth ratio; and
ilium villus thickness and crypt diameter (P<0.05), (Table 3). Also, the highest amount in most
histological parameters was observed in 1% arginine treatment (Table 3). In a similar study, it was
reported that in ovo injection of L- methionine had a positive impact on small intestine length and
weight with improvement in villus height, crypt diameter, crypt depth, and villus height/crypt depth
ratio of duodenum and jejunum (Fardoost et al. 2019). Also, in ovo injections of L- lysine improved
histological parameters of duodenum, jejunum, and ileum (Ebrahimi et al. 2017). Ebrahimi et al.
(2018b) with in ovo injection of different DL- methionine to L- lysine ratios reported higher small
intestinal weight and length along with higher Villus height and Villus height to crypt depth ratio.
Conclusion:

Based on the overall results of the study, injection of 0.5% arginine showed a positive effect on the
growth and small intestine morphology of broiler chickens.

Keywords: Blood parameters, Broiler chicken, Carcass traits, In ovo injection, Intestine histology,
L-arginine.



