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Abstract

Broiler chicken have not been able to meet their demand for energy through the de novo 
synthesis of creatine due to formation of creatinine resulting in creatine losses. Creatine is 
vital in energy metabolism by supplying phosphate groups to adenosine diphosphate and 
converting them to adenosine triphosphate. Creatine is synthesized through a two-step 
pathway in the body. Firstly, L-arginine and glycine are condensed to guanidinoacetic acid 
(GAA) and L-ornithine in the kidney and pancreas. A methyl group is added to GAA at the 
amidino group by S adenosylmethionine to form creatine through a catalyst called enzyme S-
adenosyl-L methionine: N-guanidinoacetate methyltransferase. The second reaction takes 
place in the liver. Therefore, there is need to introduce dietary GAA which can be efficiently 
converted into creatine, hence increasing the creatine load in the muscle thereby leading to 
an improved performance and energy utilization in broiler chicken. Due to the high cost of 
creatine, Guanidinoacetic acid (GAA) has been considered as a cheap alternative to direct 
creatine supplementation. It was hypothesized that dietary guanidinoacetic acid (GAA), the 
precursor of creatine (Cr), would be beneficial to broilers chicken owing to improved 
cellular energy status and arginine sparing effects.

Effet de la Supplémentation en Acide Guanidinoacetique sur la Performance et 
l'Utilisation de l'Energie des Poulets de Chair (Une Revue)

Résumé

Les poulets de chair n'ont pas été en mesure de répondre à leur demande d'énergie grâce à la 
synthèse de novo de créatine en raison de la formation de créatinine entraînant des pertes de 
créatine. La créatine est vitale dans le métabolisme énergétique en fournissant des groupes 
phosphate à l'adénosine diphosphate et en les convertissant en adénosine triphosphate. La 
créatine est synthétisée par une voie en deux étapes dans le corps. Premièrement, la L-
arginine et la glycine sont condensées en acide guanidinoacétique (AGA) et en L-ornithine 
dans les reins et le pancréas. Un groupe méthyle est ajouté à l'AGA au niveau du groupe 
amidino par la S adénosylméthionine pour former de la créatine grâce à un catalyseur 
appelé enzyme S-adénosyl-L méthionine : N-guanidinoacétate méthyltransférase. La 
deuxième réaction a lieu dans le foie. Par conséquent, il est nécessaire d'introduire d'AGA 
alimentaire qui peut être efficacement converti en créatine, augmentant ainsi la charge de 
créatine dans le muscle, conduisant ainsi à une amélioration des performances et de 
l'utilisation de l'énergie chez le poulet à griller. En raison du coût élevé de la créatine, l'acide 
guanidinoacétique (AGA) a été considéré comme une alternative bon marché à la 
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supplémentation directe en créatine. Il a été émis l'hypothèse que l'acide guanidinoacétique 
(AGA), le précurseur de la créatine (Cr), serait bénéfique pour les poulets de chair en raison 
de l'amélioration du statut énergétique cellulaire et des effets d'épargne de l'arginine.
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Introduction
In body cell processes energy in form of 
adenosine triphosphate (ATP) is required 
for maintenance and growth. Creatine 
phosphate is a reserve of high-energy 
phosphate for ATP formation (Boney et al., 
2019). Creatine is a necessary component in 
energy metabolism, supplying phosphate 
groups to adenosine diphosphate (ADP) 
and converting them to ATP used for 
maintenance and growth. Creatine is not 
only important in energy metabolism but 
also plays a vital role in formation of 
muscles and other tissues in growing 
animals such as broiler chickens as 
observed by Wallimann et al. (2007). 
However, de novo synthesis of creatine is 
not able to adequately fulfil the demands of 
energy metabolism, especially in broiler 
chickens (Delanghe et al., 1989; Brosnan et 
al., 2009 in Ali, 2020) due to creatine losses 
in form of creatinine. Thus, Brosnan et al. 
(2009) reported that there may be a need to 
provide creatine to the growing tissues 
making the requirement for creatine 
proportionally greater in growing animals 
than in adults. Lemme et al. (2007a) 
therefore, revealed that there is a need for 
replacement through endogenous synthesis 
or intake of creatine as almost 1.7% of the 
creatine cycle-1 pool in an adult mammal is 
irreversibly converted to creatinine and 
excreted every day. 

Due to stability issues and high cost of 
creatine, Guanidinoacetic acid (GAA) has 
been considered as an alternative to creatine 
supplementation (Baker, 2009). The GAA, 
the only precursor of creatine, synthesized 
in the kidney from glycine and arginine 
(Michiels et al., 2012) and the liver via the 
a c t i o n  o f  g u a n i d i n o a c e t a t e  N -
methyltransferase (Baker 2009), plays an 
essential  role in cellular  energy 
metabolism. The feed-grade GAA provided 
commercially has a better potential to be 
included in practical broilers' diets because 
it is more stable and cost-efficient than 
creatine and arginine (Dilger et al., 2013). 
In a study conducted by Ale Saheb Fosoul et 
al. (2018), GAA inclusion in diets with 
lower energy content improved overall 
body energy retention as fat or protein, 
contributing to much better understanding 
of energy utilization in broiler chickens. 
Besides improving energy utilization, 
Murakami (2014) detected increase in the 
availability of creatine in eggs and muscle 
of progeny meat-type quail breeders fed 
dietary GAA supplementation, which 
results into better reproductive parameters 
and postnatal progeny performance. 
Likewise, more recent research results have 
shown that dietary GAA inclusion to broiler 
diets was reported to elevate creatine 
content in breast muscle (Majdeddin et al., 
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2018; Majdeddin et al., 2019), enhance 
muscle energy homeostasis (DeGroot et al., 
2019) thus, influencing energy utilization, 
net  energy production,  intest inal  
morphology, feed conversion ratio (FCR), 
and consequently growth performance of 
broiler chickens (Lemme et al. 2007b). In 
particular, Arafa et al. (2019), revealed 
GAA supplementation level (0.0, 0.06 and 
0.12%) showing significant effect on all 
blood plasma parameters of broiler 
chickens, including levels of total protein, 
albumin, globulin, total lipid, triglyceride 
and cholesterol. 

In addition, there are numerous studies 
conducted to investigate the effects of GAA 
supplementation to plant-based broiler 
diets with varying energy contents (Lemme 
et al., 2007b; Ringel et al., 2007; Michiels et 
al., 2012; Dilger et al., 2013; Mousavi et al., 
2013), whereas Lemme et al. (2010) 
concluded that creatine deficiency may be a 
limiting factor for performance, especially 
in birds-fed diets exclusively based on 
vegetable ingredients. Michiels et al., 
(2012) further corroborated that this 
deficient may increase the requirements of 
arginine and glycine and amino acids 
necessary for creatine endogenous 
synthesis. However, research results on the 
effects of GAA on energy utilization are 
inconclusive necessitating the need for 
further study. Therefore, the objective of 
this study was to review the response of 
broiler chickens to dietary GAA 
supplementation on performance and 
energy utilization. 

Broiler Chicken
Broiler is bred for meat production and 
could reach slaughter weight within a short 
period of time; between four and seven 
weeks (krutchten, 2002; Bessei, 2006). 
Barred Plymouth Rocks was one of the 
early pure breeds improved to produce a 

breeding line of all white birds; likewise, 
Vantress was developed from dominant 
white Cornish males. In 1980's leaner and 
higher yield broiler were produced due to 
cont inuous improvement  in  feed 
conversion and live span based on selection 
at a more intense level. Physiology, well-
being, carcass and meat quality evaluation 
of broiler chickens were of current concern 
to breeders.

Among many other factors, feeding and 
housing are important factors given high 
consideration in the production of broiler 
chicken (Odubote, 2015). It is inferred that 
balanced feed and appropriate housing unit 
had helped broiler chicken in term of 
productivity, weight, and egg production. 
From this, it was later submitted that the 
Nigerian indigenous chickens could also 
benefit likewise if subjected to similar 
conditions. Broilers of both sexes are 
usually raised together under an intensive 
condition for their meat.

Apart from fast growing broilers, there are 
other types that get to slaughter weight at 
around 12 and 16 weeks of age. Those are 
referred to as slow growing free range and 
organic strain. The white feather and yellow 
skin colour of broiler birds were genetically 
analyzed and the conclusion revealed that 
the feather colour and the skin pigmentation 
were because of hybridization of domestic 
bird with grey jungle fowl (Eriksson et al., 
2008). 

Broilers are known with various behaviours 
which make them look older than their 
actions. The drastic accumulation of weight 
made them to be slowed down in the 
manner they perform daily activities that 
involving walking or flying (locomotion), 
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compared to other birds of lighter weight 
(Week et al., 1994). The mystery behind the 
fast weight accumulation apart from the 
genetic factor is the high protein content of 
their feed. The feed conversion ratio of 
1.91, 1.72 and 1.38 to a kilogram of body 
weight had been recorded in U.S., Canada 
and New Zealand commercial broiler farms 
(U.S. broiler performance, 2019: Ontario 
Canada FCR, 2015, NZ FCR, 2015).

Broiler production has made many people 
become economically stable while citizen 
of the world, collectively, had been fed with 
several kilogram at affordable rate and 
shortest possible time compare to other 
types of farm animals. More advantages 
could be derived from this poultry bird if 
more effort could be put into its production, 
especially in the developing countries of the 
world.

Guanidinoacetic Acid
Guanidinoacetic acid (GAA; otherwise 
re fe r red  to  as  g lycocyamine  o r  
guanidinoacetate) is the natural antecedent 
of creatine, and it is being researched as a 
nutritional agent in feed.  Glycocyamine (or 
guanidinoacetate) is a metabolite of glycine 
wherein the amino group has been changed 
over into a guanidine by guanylation (move 
of a guanidine bunch from arginine). In 
vertebrate living being, it is then converted 
into creatine by methylation.

Guanidinoacetic acid serves as a substrate 
for the biosynthesis of creatine (CREA). 
The phosphorylated nature of CREA helps 
to quickly mobilize a reserve of high energy 
phosphates in skeletal muscle to reuse 
adenosine triphosphate (ATP) and refill 
energy levels. Studies from Khajali et al. 
(2020) showed that GAA also has 

numerous functions in addition to energy 
utilization. The feed additive has true 
thermal stability, which permits it to be 
adequately utilized in pelleted diets. GAA 
has high bioavailability, is cost-effective, 
and replaces nutritional arginine (ARG) 
and strength.

Digestion and absorption of GAA are 
comparable to other amino acids. 
Supplementation with 0.6–1.2 g/kg will 
build the muscle CREA by 14–21%, 
respectively. Utilization levels (retained 
within the body and intake) within the range 
of 76.2% and 100% were reported in diets 
deficient in arginine, while this declines 
with increasing arginine supplementation. 
(Khajali et al., 2020) 

Creatine is closely involved in energy 
metabolism through the CREA and 
phosphocreatine structure. It is a crucial 
cellular energy source for immediate 
regeneration of ATP to fulfill the enhanced 
energy demands of intense activities of 
tissues, especially muscle cells (Michiels et 
al., 2012; Zhang et al., 2017). It has been 
reported that CREA is a natural regulator of 
energy homeostasis, may buffer energy 
concentration in tissues with important and 
unsteady energy demands, particularly in 
muscles and brains (Ostojic et al., 2013). 
Guanidinoacetic acid is the most effective 
immediate precursor of CREA within the 
body and could be naturally occurring in 
vertebrate animals (Dilger et al., 2013).

Notably, GAA is more chemically stable 
and more effective than CREA at improving 
tissue CREA storage (McBreairty et al., 
2015). The GAA was reported to be more 
suitable than CREA as a new natural feed 
additive. It has also been demonstrated that 
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diets supplemented with GAA increased the 
contents of CREA and phosphorus creatine 
in the muscle and enhanced the state of 
energy metabolism (Degroot, 2015). 
Khajali et al. (2020) proposes that a 21-day-
old chicken of 985 g and average body 
weight with a daily weight gain of 75 g 
would require 169 mg of creatine.

Efficiency of Energy Utilization in 
Broilers
Most of the dietary energy comes from 
plant sources in the form of starch from 
cereal grains. These cereal grains provide 
the energy component which accounts for 
60 to 70% of the nutrient requirement of 
poultry. In poultry research studies, 
Metabolizable Energy (ME) and Net 
Energy (NE) are usually used to measure 
energy availability to and utilization by the 
birds. Metabolizable energy can be 
accurately determined from the difference 
between the gross energy of the feed and the 
gross energy of excreta derived from such 
feeds (NRC, 1994). Metabolizable energy 
has been commonly accepted and 
extensively used to compare energy values 
of feedstuffs and diets for poultry and 
energy requirements are commonly 
expressed in this form. Net energy is a more 
accurate measure of energy utilization, as it 
measures the amount of gross energy that is 
used for productive purpose. It can be 
measured in several ways, including direct 
and indirect calorimetry, which are 
expensive. The comparative slaughter 
technique is cheaper and often mimics the 
natural rearing environment more than does 
calorimetry (Sakomura et al., 2003)

Performance of Broiler Chicken on 
Different Metabolizable Energy and 
Balanced Protein Concentration
Amino acids and energy are requirement for 
skeletal muscle protein deposition, 
especially as glucose (Jeyapalan, 2007). 

For efficient net protein deposition there is 
need for balance of protein and energy at 
sites of protein synthesis (Sonia et al., 
2017). For optimum maintenance and 
growth of animals there is need to gratify 
the availability of energy in feed and feed 
ingredients via apparent metabolisable 
energy (AME) (Sonia et al., 2017).

Increasing the energy and protein density of 
diets for broiler chickens has given 
inconclusive results. A pre-liminary study 
(Waldroup et al. 1990) found no effect of 
energy concentration of diets on growth 
performance or abdominal fat, although 
higher energy density increased dressing 
percentage in females, but not in males. 
Similarly, others found no effect of dietary 
energy level on carcass yield or abdominal 
fat (Nunes et al. 2012; Duarte et al., 2014). 
In contrast, Marcu et al. (2012a) reported 
improved growth performance and carcass 
yield for the main cuts of broiler chickens 
fed diets with high energy and protein 
levels. Marcu et al. (2013) found that it 
reducing nutrient levels decreased protein 
content and elevated fat content in pectoral 
muscle while increasing dietary energy and 
protein elevated breast weight and muscle 
mass, and reduced fat content. In contrast, 
Ferreira et al. (1997) produced meat with 
less fat in broiler chickens fed low energy 
diets, although growth was decreased. 
Genotype of broiler chickens is one of the 
several factors that could have influenced 
the results of growth performance, carcass 
yield of cuts or meat chemical composition 
of broiler chickens fed diets with different 
nutrient density. 

Maintenance Energy Requirements 
The metabolizable energy maintenance 
(MEm) according to National Research 
Council (1994), is the needs of all body 
functions and moderate activity. The 
metabolizable energy maintenance (MEm) 
requirements of poultries vary widely. This 
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variation could be attributed to genetic 
differences between broilers and laying 
hens exhibiting different growth potential 
and body composition. Maintenance energy 
requirement, as described by Wenk et al. 
(2001), is the state of the animal where its 
body composition remains constant and no 
production, work or activity done by the 
animal. According to Lopez and Leeson 
(2005) ,  the  main tenance  energy  
requirement has been determined by the 
linear regression of energy balance 
measurements (that is, linear relationship 
between retained energy RE and ME 
intake).  MEm represents a large portion of 
the metabolizable energy (ME) intake in 
broilers, being in the order of 42 - 44%, and 
is influenced by its method of expression. In 
growing broilers, MEm is expressed on a 
metabolic body weight basis, which is a 
function of body weight (BW) raised to 
0.75 power (Buyse et al., 1998). Broilers 
exhibit an outstanding ability to control 
their energy intake by adjusting their feed 
intake as diet energy concentration changes 
and the provision of dietary energy will 
influence the intake of all other nutrients. 
This difference directly influences the 
p a r t i t i o n i n g  o f  e n e rg y  b e t w e e n  
maintenance, fat and protein deposition 
and, by inference, efficiency of energy use. 

As broilers grow, accretion of body fat and 
body protein is impacted by nutrition, bird 
strain, sex, environmental conditions, body 
weight (BW) and associated degree of 
maturity, and by the interaction between 
some or all these parameters (Justina et al., 
2019). Diet composition can have a major 
impact on carcass composition through the 
deposition of nutrients as fat or protein. 
Better knowledge of energy requirements 
and actual efficiencies of energy utilization 
for protein and fat deposition are very 
important to formulate diets that promote 
reduction in body fat deposition. 
Conclusion

The current literature highlight how 
Guanidinoacetic acid has been considered 
a s  a n  a l t e r n a t i v e  t o  c r e a t i n e  
supplementation which can be vital in 
enhancing the performance and energy 
utilization of broiler chicken. This material 
is potentially safe and promising feed 
additives in improving the broiler 
performance. The role of Guanidinoacetic 
acid as a precursor for creatine is crucial 
because Guanidinoacetic acid is more 
chemically stable, has high bioavailability, 
is cost-effective, and replaces nutritional 
arginine. Therefore, there is need to 
encourage farmers to supplement GAA as 
feed additive in broiler diet for maximum 
performance and efficient utilization of 
energy.
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