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ORIGINAL PAPER

Effect of dietary sulphur amino acid levels and guanidinoacetic acid
supplementation on performance, carcase yield and energetic molecular
metabolites in broiler chickens fed wheat-soy diets

Heydar Zarghi , Abolghasem Golian and Forouzan Tabatabaei Yazdi

Faculty of Agriculture, Department of Animal Science, Ferdowsi University of Mashhad, Mashhad, Iran

ABSTRACT
The aim of the present study was to evaluate the effects of dietary total sulphur amino acids
(TSAA) levels and guanidinoacetic acid (GAA) supplementation on performance, carcase yield
and energetic molecular metabolites in heart and breast muscle of broiler chickens fed wheat-
soy diet. A total of 450, male one-day-old Ross-308 broiler chicks were assigned in a 3� 3 fac-
torial arrangement of nine treatments, five replicates and 10 birds each. Dietary treatments
included three graded levels of supplementary TSAA (þ0.4 g/kg per level) resulting in a defi-
cient, adequate and plus level of recommended by strain, with three levels of GAA (0, 0.6 and
1.2 g/kg) and were fed for 35 days. Dietary TSAA levels only enhanced performance during the
starter period (p< .05). At adequate TSAA level, weight gain (WG) and feed conversion ratio
(FCR) in the grower phase were positively affected by supplementing GAA at 1.2 g/kg (p< .05).
The FCR during the overall experimental period was significantly lower when feeding GAA at
0.6 and 1.2 g/kg compared to non-supplemented (p< .05). Heart and breast muscle ATP/AMP
ratio and breast muscle ADP and PCr concentration and PCr/CrN ratio in the birds fed 1.2 g/kg
GAA diet were significantly higher than non-supplemented (p< .05). It is concluded, effects of
dietary GAA supplementation were influenced by dietary TSAA level, this indicates to need for
proper dietary sulphur amino acid formulation by GAA supplementation. Dietary GAA supple-
mentation could improve broiler chicken’s growth performance via regulating some aspects of
energy metabolism.

HIGHLIGHTS

� Guanidinoacetic acid plays a critical role in energy homeostasis.
� The effect of dietary Guanidinoacetic acid supplementation may influenced by the dietary
sulphur amino acids.
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Introduction

Guanidinoacetic acid (GAA) is a natural precursor for
creatine (Cr) which plays a critical role in cell energy
homeostasis (Tabatabaei Yazdi et al. 2017). In muscle
cell Cr is involved in energy metabolism through the
creatine-phosphocreatine shuttle, which is that of a
cellular energy transport system (Cr-PCr shuttle).
Phosphocreatine (PCr) is a phosphorylated Cr molecule
that serves as a rapidly mobilisable reserve of high-
energy phosphates in skeletal muscle and myocardium
to recycle adenosine triphosphate when required on
short notice (Wyss and Kaddurah-Daouk 2000). In fast-
growing animals such as broiler chickens, the require-
ment for Cr is proportionally greater because of their

high need to supply Cr for muscles in the generation
ATP from PCr and to replace Cr losses in the creatinine
(CrN) form (Brosnan et al. 2009). Supplementation of
broiler chickens diets with GAA (as Cr precursor) might
restore the Cr load in tissues (Nain et al. 2008; Ringel
et al. 2008; Michiels et al. 2012).

The beneficial effects of supplemental GAA to
poultry diets have been demonstrated in many experi-
ments (Abudabos et al. 2014; Tabatabaei Yazdi et al.
2017; DeGroot et al. 2018; Majdeddin et al. 2019;
Michiels et al. 2012). It has been assumed that per-
formance enhancements derive from various benefits,
including the restoration of Cr levels in tissues
(Michiels et al. 2012), and arginine sparing effect
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(Dilger et al. 2013; DeGroot et al. 2018), stimulation of
myogenic differentiation and muscle growth (Wang
et al. 2018), stimulation of hormonal release and neu-
romodulation and an adjustment of oxidant-antioxi-
dant status (Ostojic et al. 2016). Since GAA is
endogenously converted to Cr by methylation, this
requires the presence of a methyl group donor, it was
hypothesised that the effects of dietary GAA supple-
mentation might determine the methionine provision
in vegetable-based diets (Majdeddin et al. 2018). On
other fracases, methionine deficiency may limit the
availability of methyl groups for GAA methylation
(Lemme, Gobbi, and Esteve-Garcia 2010). The objective
of the current study was to evaluate the effects diet-
ary total sulphur amino acids (TSAA) levels and GAA
supplementation on growth performance, carcase
yield and energetic metabolites in heart and breast
muscle of broiler chickens fed wheat-soy diet.

Material and methods

Birds, housing and care

A total of 450, male one-day-old broiler Ross 308
chicks were obtained from a commercial hatchery and
randomly assigned to 45 pens of 10 birds each. Each
pen was one square metre space and, floors were cov-
ered with wood shaving. The house temperature

during initially three days was maintained at 32–34 �C
and then was gradually decreased 0.5 �C per day to
reach a constant temperature of 20–22 �C on d 24 and
was kept constant thereafter. The relative humidity
was 50–60% and the lighting programme was 23 L:1 D
during the whole experimental period. Animals and
housing facilities were inspected three times daily.

Experimental diets

Prior to the trial, samples of the main ingredients (soy-
bean meal: DM, 893; CP, 455; EE, 15; and ash, 75 g/kg;
and wheat: DM, 889; CP, 110; EE, 35; and ash, 20 g/kg)
were analysed for proximate composition. The amino
acid compositions of wheat and soy meal were deter-
mined by NIR. These values were used in a least-cost
formulation for the experimental diets. Diets were for-
mulated, based on the nutrient requirements of Ross-
308 rearing guideline for target live weight 1.7–2.5 kg
(Aviagen 2018). A completely randomised design
experiment with 9 treatments and 5 replicates per
treatment was run as a 3� 3 factorial arrangement
comprised of three levels of supplemental Met
(MetAMINO, >99%, Evonik Degussa GmbH, Hanau-
Wolfgang, Germany) and three levels of supplemental
GAA (CreAMINO, >96% GAA, Evonik Degussa GmbH,
Hanau-Wolfgang, Germany). As cystine was equal

Table 1. Feed ingredients and nutrient composition of experimental diets.a.0

Period
Starter (d1–10) Grower (d11–24) Finisher (d25–35)

TSAAb Deficient Adequate Plus Deficient Adequate Plus Deficient Adequate Plus

Ingredient, g/kg as-fed basis
Wheat 452.7 452.1 451.6 642.9 643.3 643.6 698.1 698.5 698.9
Soybean meal 435.8 436.0 436.1 291.1 290.4 289.8 239.4 238.7 238.0
Soybean oil 69.4 69.4 69.4 31.0 30.9 30.8 29.4 29.3 29.2
DL-Methionine 3.3 3.7 4.1 2.2 2.6 3.0 1.5 1.9 2.3
L-Lysine-HCl 0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Limestone 14.7 14.7 14.7 14.1 14.1 14.1 13.5 13.5 13.5
Dicalcium phosphate 15.6 15.6 15.6 11.0 11.0 11.0 9.7 9.7 9.7
Vitamin premixc 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Mineral premixc 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Common salt 2.5 2.5 2.5 2.2 2.2 2.2 2.9 2.9 2.9
Enzymed 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Calculated composition, g/kg as-fed, except for ME
ME, MJ/kg 12.7 12.7 12.7 12.8 12.8 12.8 12.9 12.9 12.9
Crude protein 253.6 253.6 253.6 213.0 213.0 213.0 197.0 197.0 197.0
Calcium 10.5 10.5 10.5 8.7 8.7 8.7 8.1 8.1 8.1
A. Phosphorus 5.0 5.0 5.0 4.3 4.3 4.3 4.0 4.0 4.0
Sodium 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lysine 14.4 14.4 14.4 12.9 12.9 12.9 11.6 11.6 11.6
Methionine 5.6 6.0 6.4 5.1 5.5 5.9 4.7 5.1 5.5
Methionineþ Cystine 10.4 10.8 11.2 9.5 9.9 10.3 8.7 9.1 9.5

aEach diet was prepared in one batch, which was divided into three equal portions and GAA was added to each part at rate of zero, 0.6 and 1.2 g/kg
and mixed to provide the nine dietary treatment for each feeding period.
bTotal sulphur amino acids levels: Deficient, 0.4 g/kg less than requirement for total sulphur amino acid; adequate, equal to requirement for total sulphur
amino acid; Plus, 0.4 g/kg more than requirement for total sulphur amino acid (Ross 308 target live weight 1.7–2.4 kg, Aviagen, 2018).
cProvided (per kilogram of diet): vitamin A (all-trans-retinol), 11,000 U; vitamin D3, 4500 U; vitamin E (a-tocopherol), 65 U; vitamin K3 (Menaquinone),
3mg; thiamine, 2.5mg; choline, 1600mg; riboflavin, 6.5mg; pantothenic acid, 18.0mg; pyridoxine, 3.2mg; cyano-cobalamin, 0.02mg; niacin, 60mg; bio-
tin, 0.18mg; folic acid, 1.9mg; I, 1.25mg; Cu, 16mg; Se, 0.30mg; Co, 1.0mg; Mn, 120mg; Zn, 110mg; Fe, 20mg; and ethoxyquine, 33mg.
dEndo feed W, provided 600 units per kilogram of diet xylanase and 220 units per kilogram of diet b-glucanase; GNC Bioferm Inc., Saskatoon, Canada.
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across groups, the three levels of supplemental Met
correspond to three levels of TSAA, that is, deficient,
0.4 g/kg less than a requirement; adequate, equal to
requirement; and in plus, 0.4 g/kg more than the
requirement of recommended by Ross strain (Aviagen
2018). The three supplementary levels of GAA were 0,
0.6 and 1.2 g/kg, corresponding to levels most often
used in broiler studies and allowed by most feed
ingredient legislation across the globe (Majdeddin
et al. 2019). Ingredient and diet compositions are pre-
sented in Table 1. All birds had free access to mash
feed and water throughout the whole experimen-
tal period.

Performance traits

Live body weight (LBW) at 1, 10, 24 and 35 d of ages
by weighing pen live birds and feed intake during
starter (d1–10), grower (d11–24), and finisher (d25–35)
periods by weighing the offered and residual feed at
the beginning and end of each period for every repli-
cate pen were recorded. The growth performance as
mean LBW, weight gain (WG) and feed (FI) intake
were calculated during starter, grower, finisher and
overall (d1–35) periods. Daily chick mortality was
weighed, recorded and used to correct the growth
performance. The FCR (adjusted for mortality and cal-
culated as total feed intake divided by total gain
including the weight of lost birds) and viability during
the overall period (d1–35) were calculated as 100-mor-
tality (%). Similarly, the European Production Efficiency
Factor (EPEF) was calculated as: [viability d1–35 (%) �
LBW at d35 (kg) � 100]/[age (35) � FCR d1–35].

Slaughter and sampling procedures

At the end of the experimental period, after 6 h of
removal of feeders, one chicken/pen (five/treatment),
close to the average pen weight was selected. Birds
were gently handled in a calm manner prior to
decapitation. After bleeding, the carcase was obtained
by removing, feathers, feet, skin and visceral organs.
Weight of the carcase and part (breast, legs and frame
defined carcase without the breast and legs) yield and
abdominal fat were expressed as a percentage of live
body weight (Zarghi et al. 2020). In order to measure
molecular concentrations of energetic metabolites in
heart and breast muscles, about 1 g of heart and
breast (1.5 cm deep in the right pectorals tissue)
muscle were collected and wrapped in an aluminium
foil and kept in �80 �C freezer for later (determined

ATP, ADP, AMP, PCr and CrN concentration) analysis
(Tabatabaei Yazdi et al. 2017).

Measurement of ATP, ADP, AMP, PCr and CrN
in muscles

The concentrations of adenosine phosphate (ATP, ADP,
and AMP) and PCr and CrN in heart and breast muscles
were evaluated by reverse-phase-HPLC according to
methods published by Liu et al., (2006) and Tabatabaei
Yazdi et al. (2017). In brief, a frozen muscle sample
(200mg) was cut and homogenised for 1min in 1.0mL
of ice-cold 0.4M HClO4 and kept in an ice bath for
10min, then homogenate was centrifuged for 10min at
3600g, in the refrigerated centrifuge (4 �C). The super-
natant (850lL) was collected and adjusted to a pH of
6.5 with 850lL of 0.6M K2HPO4, and the mixture was
mixed (by vortex) for 20 s and centrifugation was
repeated for 5min. The supernatant (1.5mL) was col-
lected and stored at �20 �C and analysed within 24h.
The separation of muscle ATP, ADP, AMP, PCr and CrN
were performed using an Alliance HPLC system Waters-
2695 (Waters Corporation, Milford, MA), equipped with
an integrated auto-sampler. Chromatographs were
recorded with a Waters-2996 PDA UV detector. The
HPLC conditions were set as follows: (a) Purospher STAR
RP-18e column (250� 4.6mm i.d., 5lm) with a column
temperature of 30 �C, (b) Mobile phase, acetonitrile:
50mM KH2PO4 buffer solution (vol/vol ¼ 10:90, pH
adjusted to 6.5 for ATP, ADP, AMP and 6.8 for PCr and
CrN using 1M KOH) at a flow rate of 0.8mL/min, (c)
detection wavelength was 254nm; and the injection vol-
ume was 20lL, (d) sample and mobile phase water was
prepared using a Milli-Q water purification system
(Millipore Corp., Bedford, MA). Both of sample and
mobile phase solution were filtered with 0.45-lm
Durapore membrane polyvinylidene fluoride filters
(Millipore Corp), (e) Standard stock solutions (1000lg/
mL) were diluted to 5, 10, 20, 40, 80, 160, and 320lg/
mL in deionised water, (f) a volume of 20lL of each
standard sample was used for HPLC analysis, (g) the
standard curve and regression equation was established
between the chromatographic peak area (y-axis, mV
min) and standard sample concentration (x-axis, lg/mL),
and (h) the retention times for ATP, ADP, AMP, PCr and
CrN were 3.4, 3.7, 4.4, 3.5 and 4.2min, respectively (Liu
et al. 2006; Tabatabaei Yazdi et al. 2017). All standards
were purchased from Sigma-Aldrich Inc. The ATP, ADP
and AMP standard stock solutions of 1000lg/mL were
prepared by dissolving 50mg of ATP, ADP and AMP
standards in 50mL of per-chloric acid solution (0.4M
HClO4) and stored at 4 �C.
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Statistical analysis

The data were tested for main effects of diet TSAA lev-
els and GAA supplementation and for their interaction.
Analysis of variance was performed using a completely
randomised design experiment with a factorial
arrangement. All percentage data were transformed to
arc-sin before statistical analysis (Kaps and Lamberson
2017). All data were analysed by ANOVA using the
GLM procedure of SAS 9.1 software (SAS 2003). Means
were compared for significant differences using
Tukey–Kramer’s multiple range test (p< .05).

Results

Performance traits

Main and interactive effect of dietary TSAA levels and
GAA supplementation on average live body weight
(LBW), average daily weight gain (WG), average daily
feed intake (FI), feed conversion ratio (FCR), viability and
European production efficiency factor (EPEF) in male
broiler chickens during starter (d1-10), grower (d11–24),
finisher (d25–35) and whole (d1–35) experimental peri-
ods are shown in Table 2. Increasing levels of dietary
TSAA significantly improved growth performance in the
starter period (p< .05). Birds fed the TSAA deficient diet
performed less than birds fed diets with TSAA at
adequate and plus levels, so that difference between
TSAA deficient and TSAA plus levels was significant
(p< .05). The GAA main effect and TSAA�GAA inter-
action effects were significant for WG (p< .05) and FCR
(p< .01) in the grower period. Dietary supplementation
by 0.6g/kg GAA significantly increased WG and
decreased FCR compared non-supplemented diet
(p< .05). Dietary GAA supplementation main and
TSAA�GAA interaction effects were not significant on
performance during the starter and finisher periods. The
FCR during the overall experimental period was signifi-
cantly lower when feeding GAA at 0.6 and 1.2g/kg com-
pared to non-supplemented diet (p< .05). Additionally,
the EPEF value was significantly higher and FCR was sig-
nificantly lower in the birds fed the TSAA plus diet as
compared to adequate and deficient TSAA diet (p< .05).

Carcase traits and organ weights

The main and interactive effect of dietary TSAA levels
and GAA supplementation on carcase traits of birds
sampled on d 35 are given in Table 3. Relative breast
weight and legs (thighþ drumstick) weights signifi-
cantly increased with increasing dietary TSAA levels
(p< .05). In contrast, abdominal fat weight was Ta
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reduced (p< .01). Dietary supplementation by GAA did
not affect any of the carcase traits at d 35.

Energetic molecular metabolites

Main and interactive effect of dietary TSAA levels and
GAA supplementation on energetic molecular metabo-
lites in heart and breast muscle sampled at d 35 are
given in Table 4. There was not effect of dietary TSAA
levels on any of the heart and breast muscle energy
metabolites (ATP, ADP, AMP, PCr and CrN concentration
and ATP/AMP, PCr/CrN and PCr/ATP ratio), with the
exception of an effect on breast muscle ADP concentra-
tion and PCr/CrN ratio at d 35 (p< 0.05). The dietary
GAA supplementation main effects on all of the heart
muscle energetic molecular metabolites were not signifi-
cant, with the exception of an effect on ATP/AMP ration
(p< .05). By supplementing the diet with 0.6 and 1.2g/
kg GAA, heart muscle ATP/AMP ratio significantly
enhanced. The breast muscle ADP and PCr concentration
and ATP/AMP and PCr/CrN ratio were significantly
affected by dietary GAA supplementation (p< .05). By
supplementing the diet with 1.2g/kg GAA, breast muscle
ADP and PCr concentration and ATP/AMP and PCr/CrN
ratio significantly enhanced. No treatment interactions
were observed for any energetic metabolites.

Discussion

Performance traits

Increasing dietary TSAA levels did not affect FI. A defi-
cient supply of some AA can result in a reduction in
appetite Conde-Aguilera et al. 2013, and a deficient
Met supply has been reported to reduce feed intake
(Bunchasak 2009). The main reason to equalise feed

intake between treatments in this study was a pos-
sible interfering effect of the high level of wheat on
FI. In the endosperm cell wall of wheat, there are
structural carbohydrates (arabinoxylan), the anti-nutri-
tional effects of arabinoxylan related to its polymeric
nature and adhesion properties. Due to this property,
the contents of the intestine become a special soluble,
preventing the free movement of contains. In our
experimental conditions, increasing dietary TSAA levels
improved WG and FCR during the starter period and
overall FCR. But, the dietary TSAA levels did not affect
performance indices during the grower and finisher
periods. The sufficient level of TSAA used in this study
was calculated to meet the recommended require-
ment of strain (Aviagen 2018). The deficient level cor-
responded to approximately 95% of the supply of diet
TSAA, but this level was only marginally deficient level.
This may explain that the performance response to
the Met deficiency was moderate during the starter
and did not affect during the grower and fin-
isher periods.

Our results showed an improvement in overall FCR
of birds when GAA was added to the diets (Table 2).
Similarly, several other studies have shown that dietary
GAA supplementation improved FCR in broiler chick-
ens (Ringel et al. 2007; Michiels et al. 2012; Dilger
et al. 2013; Mousavi et al. 2013). A significant improve-
ment in FCR of broiler chickens by the addition of 0.6
and 1.2 g GAA/kg diet was approved (Lemme et al.
2007; Ringel et al. 2008). Supplementation of GAA in
all-vegetable diets improves performance (Michiels
et al. 2012). Other studies indicated that GAA supple-
mentation of up to 0.12% to all-vegetable diets
improved performance in male and female broiler

Table 3. Effect of dietary total sulphur amino acid (TSAA) levels and guanidinoacetic acid (GAA) supplementa-
tion on carcase traits in male broiler chickens on day 35.a

TSAAb GAA, g/kg

Skinless carcase and part yield (g/100 g LBW)

Abdominal fatCarcase Breast leg Framec

Deficient 67.57 23.98b 23.57b 20.02a 1.57a

Adequate 66.64 25.43ab 24.95ab 16.26b 1.50ab

Plus 66.87 26.46a 25.57a 14.84b 1.46b

0.00 66.42 25.10 24.33 16.99 1.48
0.60 67.08 25.44 25.53 16.11 1.53
1.20 67.58 25.33 24.23 18.02 1.52

SEMd 1.26 0.96 0.64 0.55 0.05
Source of variation, Significance p-value
TSAA 0.50 0.03 0.02 0.01 0.01
GAA 0.38 0.26 0.22 0.32 0.33
TSAA�GAA 0.61 0.14 0.77 0.67 0.26

aThe values are means of 5 and 15 replicates per level of interaction and main factor, respectively.
bTotal sulphur amino acids levels: Deficient, 0.4 g/kg less than requirement for total sulphur amino acid; adequate, equal to require-
ment for total sulphur amino acid; plus, 0.4 g/kg more than requirement for total sulphur amino acid (Ross 308 target live weight
1.7-2.4 kg, Aviagen, 2018).
cFrame is the carcase without the breast and legs.
a,bMeans with a different letter within a column and within each effect are significantly different from each other (p< .05).
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chickens (Lemme et al. 2007). Furthermore, supple-
mentation of GAA to turkey’s diets also improved
growth performance (Lemme, Gobbi, Helmbrecht,
et al. 2010). This positive effect of GAA may be associ-
ated with its ability to increase the cells’ Cr level.
Because its deficiency may act as a limiting factor for
growth, especially in birds that fed solely with plant
ingredient because plant feedstuffs lacking in Cr
(Michiels et al. 2012). In contrast, Some researchers did
not find a significant effect of diet GAA supplementa-
tion on FCR of broiler chickens (Mousavi et al. 2013;
Majdeddin et al. 2018).

In our experimental condition, interaction effects
between dietary TSAA levels and GAA supplementa-
tion were significant for WG and FCR in the grower
period. Dietary supplementation by 0.6 g/kg GAA sig-
nificantly increased WG and decreased FCR compared
non-supplemented diet. It was clear that dietary sup-
plementation with 1.2 g/kg GAA had hardly lower WG
in deficient and slightly lower WG in plus diets com-
pared to the adequate and the dietary supplementa-
tion with 0.6 g/kg GAA had higher WG in deficient
diet, whereas in adequate diet WG increased by
increasing dietary GAA levels (Figure 1). Feed conver-
sion ratio significantly decreased by increasing 0.6 and
1.2 g/kg GAA for the adequate group, but in deficient
diet, FCR increased by increasing 1.2 g/kg GAA (Figure
2). This positive effect of GAA in the birds fed a diet
with sufficient and plus TSAA might be related to its
ability to increase muscle Cr levels (Wyss and
Kaddurah-Daouk 2000). Overall, the effects of dietary
GAA supplementation were influenced by the dietary
TSAA level indicates the need for proper sulphur
amino acid formulation in diets when feeding GAA.

Carcase traits

Increasing dietary TSAA levels improved relative breast
and legs (thighþ drumstick) weight and decreased
abdominal fat deposition, in agreement with our result
in this experiment, other researcher reported in broiler
chickens muscle growth significantly will improvement
in by supplementation SAA (Conde-Aguilera et al.
2013; Drazbo et al. 2015; Wen et al. 2017; Majdeddin
et al. 2019). The sulphur amino acids (MetþCys) are
typically the first limiting AA for protein deposition in
poultry diets. Met is an important methyl donor and
precursor for the biosynthesis of compounds such as
Cr, CrN, and polyamines (Baker et al. 1996; Conde-
Aguilera et al. 2013). It is well known that dietary Met
supplementation promotes growth by increasing pro-
tein synthesis (Majdeddin et al. 2019). Indeed, theTa
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addition of TSAA has been correlated with the ten-
dency to less total body fat (Rostagno et al. 1995). In
our experimental conditions, the dietary GAA supple-
mentation not effect on carcase traits, in accordance
with our result some researcher did not find a signifi-
cant effect of diet GAA supplementation on carcase
and part yield of broiler chickens (Mousavi et al. 2013;
Majdeddin et al. 2018). However, some experiments
reported supplementation of GAA in all-vegetable
diets improves carcase characteristics in terms of
breast meat yield (Michiels et al. 2012).

Energetic molecular metabolites

In agreement with our result in this experiment, many
studies have confirmed the Cr loading effect of GAA
(Lemme et al. 2007; Ringel et al. 2007; Ringel et al.
2008; Michiels et al. 2012; Tabatabaei Yazdi et al. 2017;
Majdeddin et al. 2018; Majdeddin et al. 2019).
Addition GAA to fast-growing broiler chickens diet can
be useful to meet the needs of chicks to Cr (Brosnan
et al. 2009). Ringel et al. (2007) reported 66 to 75% of
Cr requirements are met endogenously, and the

Figure 1. Effect of dietary total sulphur amino acid (TSAA) levels and guanidinoacetic acid (GAA) supplementation on average
daily gain (ADG) of male broiler chickens for period’s d11–24. Bars with different superscripts are significantly different at p< .05.
Deficient, 0.4 g/kg less than requirement for TSAA; Adequate, equal to requirement for TSAA; and Plus, 0.4 g/kg more than require-
ment for TSAA. GAA supplementary levels were 0, 0.6 and 1.2 g/kg.

Figure 2. Effect of dietary total sulphur amino acid (TSAA) levels and guanidinoacetic acid (GAA) supplementation on feed conver-
sion ratio (FCR) of male broiler chickens for period’s d11–24. Bars with different superscripts are significantly different at p< .05.
Deficient, 0.4 g/kg less than requirement for TSAA; Adequate, equal to requirement for TSAA; and Plus, 0.4 g/kg more than require-
ment for TSAA. GAA supplementary levels were 0, 0.6 and 1.2 g/kg.
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remainder must be supplied by the diet. It is well
known, GAA is the single immediate precursor of Cr in
animal tissue (Michiels et al. 2012; Tabatabaei Yazdi
et al. 2017). Cr act as a key energy reserve in muscle
cells devoid from ATP, it helps to avoid the depletion
of cellular ATP through the immediate provision of
high energy phosphates to generate the ATP (Wyss
and Kaddurah-Daouk 2000). Our results in this experi-
ment showed by dietary GAA supplementation broiler
chickens heart muscle ATP/AMP ratio, breast muscle
ATP/AMP ratio and breast muscle ADP concentration
increased 60, 56 and 14%, respectively than chickens
fed non-supplemented diet. Also, breast muscle PCr
concentration and PCr/CrN ratio increased, via the
addition of GAA to diet. The increases in breast
muscle ADP and PCr concentration, and ATP/AMP and
PCr/CrN ratio may indicate that oxidative phosphoryl-
ation are elevated after GAA supplementation. Our
result in this study indicates that PCr increased buffer-
ing capacity for ATP hydrolysis and supports the idea
that Cr-loaded muscles have the capacity for increased
muscle work, which might be beneficial for skeletal
muscle growth. This indicated that GAA can serve as
an efficient Cr source that has the potential to rapidly
mobilise reserve of high-energy phosphate for ATP
formation. It may be speculated that the cellular
energy requirement is augmented during GAA supple-
mentation due to an anabolic effect of Cr
(Kreider 1999).

Conclusions

Under the conditions of fed broiler chickens with
wheat-soy diet, the effect of dietary GAA supplemen-
tation on performance traits was influenced by the
dietary TSAA level. The primary finding of this study
was that GAA is an efficient precursor to in terms of
Cr loading to improve energy homeostasis in heart
and breast muscle cells. Overall, in the broiler chickens
fed wheat-soy based diet positive outcomes of supple-
menting GAA might depend on the proper formula-
tion of other factors in the diet, not least to sulphur
amino acid provision.
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