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Introduction: Arginine, as a precursor of nitric oxide, one of the main vasodilators, plays a significant role
in inhibiting the pathogenesis of ascites (Khajali et al., 2014). Adding arginine to the diet can increase
endothelial nitric oxide synthase activity, subsequently increasing nitric oxide production and reducing
hematocrit. By reducing blood viscosity and pulmonary vascular resistance, the right ventricle of the heart will
require less force to pump blood to the organs (Delfani et al., 2023). One of the most important applications of
arginine in the body is its use in the production of guanidinoacetic acid, which is a precursor for creatine
synthesis in the body (DeGroot et al., 2018). Guanidinoacetic acid is produced during the transfer of the amidino
group from the amino acid arginine to the amino acid glycine by the enzyme arginine-glycine
amidinotransferase, along with the amino acid ornithine (Kodambashi Emami et al., 2017; Asiriwardhana and
Bertolo, 2022). Guanidinoacetic acid is the only precursor of creatine in the bodies of vertebrates (Kodambashi
Emami et al., 2017). Adding guanidinoacetic acid to the diet can conserve arginine by providing creatine,
especially in young growing chicks that have a higher need for creatine for rapid muscle growth (Asiriwardhana
and Bertolo, 2022). To ensure optimal growth performance and various physiological responses, sufficient
amounts of arginine in the diet of birds are essential. However, the level of arginine required for optimal growth
is not sufficient for the activity of macrophages and the pulmonary vascular epithelium to produce maximum
nitric oxide (Khajali and Wideman, 2010). Despite the beneficial effects of arginine in reducing the incidence of
pulmonary hypertension syndrome (Khajali and Wideman, 2010), arginine supplementation in the diet is costly.
Using an alternative compound such as guanidinoacetic acid, due to its diverse effects and lower cost compared
to creatine and arginine, is more desirable in the diet of broilers (Khajali and Lemme, 2020). Therefore, the aim
of this study is to investigate the effects of replacing different levels of guanidinoacetic acid with arginine on
performance, carcass characteristics, susceptibility to ascites, and some blood parameters of broilers reared under
cold stress conditions.

Materials and Methods: A total of 200 male Ross 308 broiler chicks with an average weight of 42 + 1.5 ¢
were used. The chicks were individually weighed at 11 days of age and divided into 20 experimental units in
such a way that there was no difference in the initial weight of the experimental units. The current study was
conducted in a completely randomized design with 4 treatments, 5 replicates, and 10 chicks per replicate. The
experimental period started at 12 days of age and lasted until 42 days of age. Body weight gain, feed intake, feed
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conversion ratio, and ascites-related mortality were measured throughout the entire period (12-42 days of age).
On day 42, one chick from each replicate (five chicks from each treatment) was randomly selected and
slaughtered. Carcass components including carcass, breast, leg, and internal organs including heart, gizzard,
pancreas, proventriculus, bursa, abdominal fat, pancreas, spleen, duodenum, jejunum, and ileum were weighed
and their ratios to live weight were calculated. Additionally, after removing the heart, the right ventricle was
separated from the septum between the ventricles. After washing, the weight of the right ventricle and total
ventricles was measured using a digital scale with an accuracy of 0.001 g to calculate the ascites index. On day
41, blood samples were taken from the wing vein of two chicks per replicate (10 chicks from each treatment).
The blood samples were placed in tubes containing the anticoagulant heparin. A portion of the blood samples
was centrifuged at 2500 RPM for 10 minutes to separate the plasma for measuring nitric oxide levels, and the
remaining samples were sent to the laboratory for analysis of blood characteristics including partial pressure of
oxygen, partial pressure of carbon dioxide, pH, hemoglobin concentration, percentage of red blood cells, and red
blood cell count. All data were analyzed using the ANOVA option of the general linear model of SAS software.
Significant differences between treatment means were determined by Tukey's multiple range test. Differences in
means were regarded as significant at P < 0.05.

Results and Discussion: The results of this experiment showed that supplementation with 0.5% arginine
or 0.18% guanidinoacetic acid significantly improved feed conversion ratio compared to the control group. In
addition to its role in preserving arginine and glycine for other metabolic pathways, guanidinoacetic
acid plays a crucial role in nitric oxide synthesis and improves energy efficiency through ATP
production via the creatine-phosphocreatine shuttle (Khalil et al., 2021). Additionally, increasing the
level of guanidinoacetic acid supplementation linearly increased breast muscle yield and decreased relative
weights of the small intestine, duodenum, and ileum. Khajali and Wideman (2010) stated that increasing arginine
availability resulting from adding guanidinoacetic acid to the diet promotes cell proliferation and protein
synthesis, which plays an important role in improving carcass traits. Supplementing with 0.18% guanidinoacetic
acid also led to reductions in relative heart weight and the ratio of right ventricle weight to total ventricles
compared to the control group. Nitric oxide concentration also significantly increased with supplementation of
0.18% guanidinoacetic acid and 0.5% arginine compared to the control group. Arginine is an essential substrate
for nitric oxide synthesis produced by endothelial cells lining blood vessels. Nitric oxide acts as a potent
vasodilator, expanding smooth muscle cells of blood vessels and regulating or inhibiting the production of
vasoconstrictors such as endothelin-1 and serotonin, thereby reducing pulmonary vascular resistance (Khajali et
al., 2011; Delfani et al., 2023). Reduced synthesis and availability of nitric oxide are contributing factors to
increased pulmonary hypertension (Fathima et al., 2024). Hypoxic vasoconstriction of pulmonary arteries can be
alleviated by increasing the synthesis of nitric oxide, which acts as a vasodilator (Khajali et al., 2014).

Conclusion: Generally, the results of the current study indicate that guanidinoacetic acid can effectively
substitute arginine in the diet of broiler chickens raised under cold stress conditions.
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Table 1- Ingredients and chemical composition of basal diets (%)

She oo (S9y VoY) oite] (5395 YF=1Y) (559, YY-Y0) SLL
Ingredients Starter (1-10 d) Grower (11-24 d) Finisher (25-42 d)
I 55.75 50.49 62.87
Corn
(02 202 ¥B) L oS 38.89 35,51 30.56
Soybean meal (45% CP)
bgw %9) _ 0.72 1.82 2.07
Soybean oil
o S 52 2.38 2.13 1.93
DiCalcium phosphate
eld L9 0.80 0.74 0.68
Calcium carbonate
AR
elng JoSe 0.25 0.25 0.25
Vitamin premix
Y .
e S 0.25 0.25 0.25
Mineral premix
S 0.34 0.34 0.34
Salt
2590 0 = 0.19 0.13 0.13
L- lysine HCL
odge ~Jlm 3 0.32 0.27 0.24
DL- methionine
odfp = 0.12 0.08 0.06
L- threonine
(Mo ) odidpwle (gine dlgo cuS )
Calculated nutrient composition (%)
(pSsks )3_ SIS pudgilio LB (551 2900 3000 3100
Metabolizable energy (kcal/kg)
(22) £ 089 2223 20.81 18.89
Crude protein (%)
(3073) el 0.93 0.84 0.77
Calcium (%)
(o) ot S8 28 0.46 0.42 0.36
Available phosphorous (%)
(1222) 055 1.36 1.27 113
Arginine (%)
(o) 025 1.24 111 1.00
Lysine (%)
(32)3) Cysammo + (gt 0.92 0.84 0.78
Methionine + cysteine (%)
S Jolss (¢S5 55 Vg (ST (L) 233 1 190
Dietary electrolytes balance (mEqg/kg)
PS5 YIFE B olisg 5 IV K bty 25 <IN E oliyg 2,5 VIV D3 ppslizg (el a5y Aeeeee A btz el 2oy Yo e 1ol rolizg JoSa pS5lS o

el it Jao p 55k s " Ha S s ¥+ 5 B12 sy S ko 5 B uslig p.5 +/F B anbing )5 VIVE (ligity S 2,5 VAT B3 ling p,5 VWA B2 ol
pos )5 oA s p S IV s p )5 T onl 25 Y0 (59, 25 TYIM (400) 500 p 5 YUPA cylS 0sS 25 V-0
L Every kilogram vitamin supplement containing: vitamin A, 3600000 IU; vitamin Ds, 800000 1U; vitamin K, 0.8 g; vitamin B1, 0.7
g; vitamin Bz, 2.64 g; D- calcium pantothenate, 3.92 g; vitamin Be, 1.176 g; vitamin Bo, 0.4 g; vitamin Biz, 6 mg; Hz, 40 mg.
2 Every kilogram mineral supplement containing: choline chloride, 100g; manganese (oxide), 39.68 g; Zinc, 33.88 g; iron, 20 g;
copper, 4 g; iodine, 0.396 g and selenium, 0.08 g.
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Table 2- The effect of experimental diets on performance in broiler chickens under cold stress during 11-42 d

Mo sl Jolxe dld.la.?,\;% dhwlﬁi‘o
I lao gllas i
o e Treatmentst L /«5 gl Orthogonal polynomial
. Sl JLM>| contrasts
Variables ok
Vs Voles Yol ¥l SEM P-value ksl p9> 42 )3
Tl T2 T3 T4 Linear Quadratic
(p5) Shys Spae 4350 3849 3936 3952 201.74 0332 0204 0.418
Feed intake (g)
(%) 2 0is oI 1857 2029 1972 2025 76.37 0.374 0.096 0.708
Body weight gain ()
She s w)v . 2.342 1.91° 1.99 @ 1.95b 0.088 0.013 0.003 0.136
Feed conversion ratio
o)) W5 @S a3l
European production 162.11> 264.832 290.532 257.212 21.34 0.011 0.013 0.008
efficiency factor
(222) il 32500 15000 2200 17000 3.18 0007  0.010 0.880

Mortality (%)

AP< o1 0) sl eyl sien coglis (gly)s ccisdy yn 53 alitepd gy b sl ®P
Sty dleS Sl 1oyd /WA + 38li ¥ 5yl g SutwlgnaileS dwl oyd o/ 44 + sl ¥ o ¢y, doyd /0 + aals Yl el 1) leg’
ab Means within a row with different superscripts differ significantly (P<0.05).
1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic acid.

iyl 4 oyt i3l a8 azsly ol 55 (Wideman, 2010
2SS SRl g oy > StulginaleS sl (39381 51 86
A8 Clio d9uy )3 (soke B 45 39800 (g Fhw 5 Jolo
Lo pg35 5 posogs «Sal 039y (i (19 RS il dmls
OB Cod (ubsS ladr g ) SelwlgnslsS dl ile oS
= (Delfani et al., 2023) -}l San 5 SWs adllas > olopw
Comdg g da Cod )b s ) ol 48 el ond i )l3S
Al Ly oddandss (855 SOk 039 (odidgy 8l wlidesy,
Olial 53 eadosmliv Gl uiored Wl bl Sowlginaslss
9240 Sla g |y Sk 039y llisie sla iz (oo
29 0818 s gl o)l 4l el 50 Szl adlsS
Sgalio glojme plo sl 55551 352 003 53 el o
G Loy 50 35350 Sitwlgindslss duwl ¢ oplpogMe ol Cans
GIOVEr ) olSan 5 3sM5 2355 0 s (xS & SisS 035, §
gy Sy s 13 ol S JaSie 45 2l s (et al., 2013
Bl ilwil dgge el (oldgy <L sy Jsho (631 il
Sl el ymogMe 358 oo (bl Se Sl g 039 (i
St g Jgbos S5 (Sl (5555 el W0 SitlgiaalsS
Ale 5, L b ye slacdglio plw )b 5l (g
Ao iliel 1y ATP g 01,8 saub

L slasdlas p> (Michiels et al., 2012) 4, g udizese

Sl p S oS 3 ) SN 5 +/F oo ol (13958
4 S 355,5 odmlidio Lgw—uyd aly g sloe 50 Sotwlginislss
Sewlgnislss sl (gilo oS paw (Rl 1L dipw dlas o3jl:
Ale ) ol Son 5 Jsab colio STl Gl s S5 o,
Ay awedjly s 158 35 (Saheb Fosoul et al., 2019
o lF o) Sitolgnagle gl (I8l zolaw (gjlo oS Jli>
09,53 .13,S 5)i5 lex beS sladng 40 (doyd VA 5 VY
0818 gtud Cuws yd Liul33l (DeGroot et al., 2018) |)\Ke 4
Sl iz 155 el (53l Jao & Gl 3 | i Ale ATP
Sl (g5l JoSo a3505 0dnliiio o> /VY g +/+F polaw )
2 53 lsgan gt 4 prie Mlgiien Vlazs] Stalgiv lsS
P9 s dhas 035l dgu crge 393 &5 9 (SMae laJsle
Bymo O porddy o Yoz aius 03l PEESR YWY R WA
05 45 w8l o StalsiyalsS sl (sl JoSo danlsiy 5]
B opd )3 (e e ile 505 (gl pre sl gyt
yna S y55 )3 o5, i J(Delfani et al., 2023) sl aalgs
B Gl 8] crgo o8 ol by i pmalobly Sy Sl
Oliveira) cuol sad Cpaze g oo i 450 (idlS g gy
Michiels et al., ) )L 5 (ubioue e (et al., 2022
o Sy adlsS sl (5l JaSn o 238 355 (2012
Gage &5 A5 ) rdgud] 4nd AS) (190)9m alewdly cdale 38l
Khajali and ) edsg g lealg 3 055 o rasenle digy A5,
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a8 s i 9 (P<+/+0) Lilidl led IS5 &y Lawdly s
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S me ialS sald 0g)5 4 Cuns SitwlgindileS sl do)yd
(OS] (S Ldd p SatwlgnasleS Sl doyy /YA g ¢/
sl (b me 3l (a3 PH g (S Sl (S jlid
e b ond gl JoSo slaoys b sadayiss 55, (P>+/40)
cbale 5l Sy ilsS awl doyd NAL g o5yl doyd +/0
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Table 3- Effects of experimental diets on carcass characteristics and relative weights of internal organs (percentage of body weight)
in broiler chickens under cold stress at 42 days of age

Solxle dlw» dLhduM'J'uﬁ

"l los .

o it Treatments* Sl oo s Jusl e OFIN000N! pOTyOME
Variables Vs Y s Y o ¥ SEM P-value s 1 JRRR

Tl T2 T3 T4 Linear Quadratic
() ¥ 63.08 64.63 63.94 65.88 1.040 0.315 0.119 0.715
Carcass (%)
(/)_Ol’ 18.84 19.88 19.38 20.50 0.809 0.531 0.227 0.799
Thigh (%)
() e 25.45 27.14 26.41 28.96 0.918 0.087 0.035 0.547
Breast
") i 1.32 1.15 1.06 1.21 0.074 0.152 0.219 0.017
Abdominal fat
(/_) ohsie 1.49 1.46 1.46 1.48 0.103 0.992 0.943 0.801
Gizzard (%)
) °m"w 0.362 0.348 0.352 0.374 0.019 0.754 0.642 0.469
Proventriculus (%)
() st 0.228 0.251 0.268 0.219 0.018 0.247 0.749 0.092
Pancreas (%)
(/_) . 2.07 2.03 1.98 2.05 0.104 0.943 0.940 0.574
Liver (%)
(%) s 0.149 0.181 0.169 0.173 0.009 0.114 0.107 0.501
Bursa of Fa (%)
() Joo 0.0902 0.072° 0.081% 0.080%® 0.003 0.018 0.044 0.316

Spleen (%)

(P< o [40) 5o s sine glis gyls i) 1o 53 Al Gy > b (ol uSile®®

Szl dileS Sl 1oyd /WA + 38l ¥ 5yl g SutwlgnaileS Sl 1oyd o/ +4 + 2ol ¥ o ¢yl duoyd /0 + aals Yl ki 1) lo”
ab Means within a row with different superscripts differ significantly (P<0.05).
1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic acid
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Table 4- The effects of experimental diets on the relative weights of different sections of the small intestine in 42-day-old broiler
chickens under cold stress

Solxile d]%» dlmwliip

"l Los .

U eie Treatments! oo oo s Jlats] s O”hogggﬁ'trg‘s’gnom'a'
Variables " Y s Y s ¥ s SEM P-value s ps 4y

Tl T2 T3 T4 Linear Quadratic
(2) Sosl 039, 3.65% 2.86" 3.23% 3.02 0.128 0.002 0.006 0.557
Small intestine (%)
() 4233153 0.6512  0.492¢  0584®  0.557¢ 0.022 0.001 0.013 0.506
Duodenum (%)
(%) p'593 1672 129 140 1.38% 0.91 0.049 0.057 0.310
Jejunum (%)
() 5! 1.322 1.072 1.252 1.08 0.069 0.048 0.043 0.637
lleum (%)

AP o 140) sl g o sine slis (ehls i) 1o 53 it Gy b (sl 3uSile P
Sty dleS Al o> </ VA + S0l F g sl g SitlginailsS Al o> +/+8 + sl ¥ Jlosd syl doyd +/0 + aals Y Hle wals 1) e
ab Means within a row with different superscripts differ significantly (P<0.05).
1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic
acid

390 ¥ om0 3 olope G5 0B (2855 sladage ) ol & Culus p tlof] slaoy 51-0 Jgua
Table 5 — Effect of experimental diets on susceptibility to ascites in broiler chickens under cold stress at 42 days of age

oo Solsio (glalonrsin (sladuslio

Lo L. -

i Treatmentst e b Orthogonal polynomial
Variables o Joz! contrasts

Vo Vol Yl ¥ ol SEM P-value ks gl pgd a5l

T1 T2 T3 T4 Linear Quadratic
() -5 0633 05100 0.501b  0.482b 0.030 0.011 0.005 0.170
Heart (%)
(F) oy JS & cooly s Cons 99 40 93030 5478 3.43b 0.748 0.001 0.001 0.605
RV/TV2 (%)
pH 726 731 7.33 7.36 0.030 0.154 0.030 0.569
Focds) o) pSligs i Lid
(o> 55.60 47.00 5360  50.80 0.59 0.144 0.208 0.900
CO2 (mmHg)
(o2 ocshe) oS (S5 L8 36.20 4060 36.80  39.60 2.26 0.470 0.273 0.675
O2 (mmHg)
(52 03 Jpoishoe) ST S0 23 26.90° 33462 28.00% 32.00° 1.37 0.070 0.019 0.358
NO (mmol/L)
(7) 09 528 sladss 3040 29.00 3000  26.40 1.59 0.319 0.111 0.442
Hematocrit (%)

. X)) €\t

(g fee V:7X) o8 SloslSdlad 5y 53 331 286 0.181 0.096 0.031 0.295
Red blood cell (x10°pl)
(5 (o 32 £5) ogSgon 12.84 1152 1204 1144 0.362 0.053 1.016 0.821
Hemoglobin (g/dL)
(7) ol il 8250 1500 2500  17.00 3.18 0.007 0.010 0.880

Ascites mortality (%)

(P< o [40) 5l 3 ine glis gyls i) po 53 Al By y> b (ol uSile®®
Szl dileS Sl 1oyd /WA + 38l ¥ 5l g SutwlgnaileS dwl oyd o/ +4 + sl ¥ o ¢yl duoyd /0 + aals Yl ki 1) lo”
gl ggazee (1jg & Casly ol (g e RVITV Y
ab Means within a row with different superscripts differ significantly (P<0.05).
1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic acid
2RV/TV: right ventricle to total ventricle ratio
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