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Abstract
The present study was conducted to investigate the effects of GAA addition to corn-soybean meal based diets on productive performance, blood
biochemical parameters and reproductive hormones of laying hens. Two hundred laying hens were used in a completely randomized design with
5 treatments and 4 replicates (n=10 birds). Birds received basal diets containing 0 (negative control), 0.057, 0.114 and 0.171% GAA/kg of diet. A diet
containing 2% meat meal was also considered as positive control. The data for productive performance was recorded during 84 d and blood samples
were collected to evaluate the blood biochemical parameters including triglycerides, high and low density lipoproteins, aspartate aminotransferase
and alanine aminotransferase and nitric oxide and reproductive hormones (LH and FSH) at 42 and 84 d. Results showed that GAA addition to diet
had not significant effects on productive performance but 0.171% GAA addition reduced egg weight (P<0.05) compared with control groups. Also,
0.114% GAA addition to diet increased levels of LH and FSH compared with control groups at 42 and 84 days. It can be concluded that GAA addition
to diet is not appropriate strategy for improving performance of laying hens.
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Mısır-Soya Küspesi Diyetine Eklenen Guanidino Asetik Asitin Yumurta
Tavuklarının Üretim Performansı, Kan Biyokimyasal Parametreleri ve
Üreme Hormonlarına Etkisi
Özet
Bu çalışma GAA’nın mısır soya fasulyesi ağırlıklı rasyonlara eklenmesinin üretim performansı, kan biyokimyasal parametreleri ve yumurta tavuklarının
üreme hormonları üzerindeki etkilerini araştırmak amacıyla yürütülmüştür. Çalışma tamamen rastgele edilmiş bir tasarım ile 5 grup ve 4 alt grup (n =
10 tavuk) iki yüz yumurta tavuğu ile yürütülmüştür. Tavuklar 0 (negatif kontrol), 0.057, 0.114 ve %0.171 GAA/kg içeren bazal rasyon ile beslenmiştir.
Ayrıca rasyonda %2 et unu içeren bir de pozitif kontrol grubu oluşturulmuştur. Üretim performans verileri 84 gün boyunca kaydedildi ve trigliseridler,
yüksek ve düşük yoğunluklu lipoproteinler, aspartat aminotransferaz, alanin aminotransferaz, nitrik oksit ve üreme hormonları (LH ve FSH) başta
olmak üzere kan biyokimyasal parametrelerini değerlendirmek için 42 ve 84. günlerde kan numuneleri alındı. Sonuç olarak GAA’nın tavuk rasyonuna
ilave edilmesiyle, üretim performansı üzerinde anlamlı bir etkisinin olmadığı, %0.171 GAA katkısının kontrol grubuna kıyasla yumurta ağırlığını
azalttığı (P<0.05) görüldü. Ayrıca, rasyonda %0.114 GAA ilavesi ile kontrol gruplarına kıyasla LH ve FSH düzeylerinde artış görülmüştür. GAA’nın
rasyona eklenmesinin yumurta tavuklarında performansını arttırmak için uygun bir strateji olmadığı sonucuna varıldı.

Anahtar sözcükler: Kreatin, Guanidin asetik asit, Yumurta tavuğu, Nitrik Oksit, Üretim performansı, Üreme hormonları

INTRODUCTION
Guanidine acetic acid (GAA) is synthesized from arginine
and glycine and it is precursor for creatine synthesis [1].

 İletişim (Correspondence)
 +98 912 3221336, Fax: +98 214 4804181
 m.chamani@srbiau.ac.ir

Studies have shown that by 50% of daily creatine
requirements is supplied through de-novo synthesis and
the rest part by the feed [2]. It has been known lack of
creatine in corn-soybean meal based diets [3,4]. It seems
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that lack of creatine reduces cell performance and finally
productive performance in animals because of its role in
metabolism.
Studies have shown that GAA addition to diets increases its
conversion to creatine and this conversion was evidenced
by increase in muscle and blood creatine [5-7]. GAA addition
to diet is beneficial because it has much amounts arginine
which may be spared [8,9]. Studies have shown that GAA
spares arginine in deficient-arginine diets and it additionally
improves growth performance in enough-arginine diets [7].
Earlier studies have shown the importance of arginine for
nitric oxide and protein synthesis, growth and development
in vertebrata [10,11]. Nitric oxide releases gonadotropinreleasing hormone (GnRH) by activating pituitary nitric
oxide synthase which finally influences FSH and LH
hormones [12]. Studies have indicated that FSH is involved
in the recruitment of new follicles into the ovarian hierarchy
and also the maturation and rapid growth of these new
follicles [13,14]. A study has shown that FSH and LH hormones
increase oviduct secretions and egg weight and also
improve feed conversion ratio in laying hens [15]. It was
reported a positive correlation between LH and ovulation [16].
Considering sparing effect of arginine by GAA, Basiouni [17]
stated that arginine increases LH hormone secretion and
subsequently improves productive performance in laying
hens. On the other hand, arginine reduces abdominal lipid
and balances lipid storage by nitric oxide synthesis [18].
Yang et al.[19] showed that dietary inclusion of arginine
significantly reduced levels of liver aspartate aminotransferase in laying hens, implicating that arginine reduces
liver damages. GAA is able to sparing body pool of
arginine which is used for creatine synthesis [20] since it
is converted to creatine in bird’s kidney and liver [21]. Any
study has been not still investigated effects of GAA on
productive performance and reproductive hormones in
laying hens. This study was conducted to investigate of
several hypotheses including 1) GAA, as creatine precursor,
acts and may improve energy requirements, if needs are
faulted. 2) GAA is consisted of arginine and glycine and
considering previous studies; does it spares and produces
arginine in laying hens? 3) Considering relation between
GAA and nitric oxide and as well as effects of nitric oxide
on reproductive hormones and lipids, does it improves
lipid and reproductive hormones by nitric oxide? Thus, the
present study was conducted to investigate the effects of
GAA addition to corn-soybean meal based diets (lack of
creatine) on productive performance, blood biochemical
parameters and reproductive hormones of laying hens.

MATERIAL and METHODS
Animal and Feed Material
All the used experimental protocols were approved by the
guidelines of the Animal Ethics Committee of Science and
Research University (Tehran, Iran). This experiment was

conducted in house hen poultry farm placing in Shahryar
town (Tehran-Iran). Two-hundred Hy-Line W-36 laying
hens, 29 weeks of age and with mean body weight of
1410±100 g, were allocated to a completely randomized
design with 5 treatments and 4 replicates (n=10 birds).
One week adaption period was considered and birds
were 30-old-week of age in start of experiment. The
experimental period was lasted for 12 weeks. The rearing
conditions were similar for all birds. Laying hens were kept
in a layer house with 2 hens in each battery cage (50×50
cm) and each 5 cage were considered as a replicate. The
birds were maintained under 16L:8D lighting program
at all the experiment. Housing temperature and relative
humidity were kept at 18°C and 45-50%, respectively.
Water and feed were ad libitum supplied at all the study by
drinkers and feeders, respectively. CreAmino®, produced
by Evonic Industry Co, was used as GAA source which was
containing 96% GAA, 1% water and 1% starch. Nutritional
matrix of CreAmino® was as follows; 100% digestibility,
221% crude protein, 77% arginine and 83.000 kcal/kg
AMEn. Birds received basal diets supplemented with
different levels of GAA (0, 0.057, 0.114 and 0.171%). Two
control diets, negative and positive, were also considered.
Experimental treatments were as follows; 1) corn-soybean
meal based diets without supplement as negative control,
2) corn-soybean meal based diets containing 0.057% GAA,
3) corn-soybean meal based diets containing 0.114% GAA,
4) corn-soybean meal based diets containing 0.171%
GAA and 5) diets containing 2% meat meal as positive
control. Experimental diets were prepared on the basis
Hy-Line W-36 catalogue. The ingredients and composition
of the basal diet are presented in Table 1. The proximate
analyses of some nutrients were performed according to
Association of official Analytical Chemists, or AOAC [22].
The amounts calculated of GAA were firstly mixed small
amounts of the basal diet as a small batch, and then added
to the calculated amount of the basal diet to obtaining
a homogenous diet. The feed was prepared in mash form
for all birds at same place.
Productive Performance
Egg production (EP), feed intake (FI), and egg weight (EW)
was daily recorded during 1-84 days of trial, from each
cage and egg mass (EM: EP×EW/100) feed conversion ratio
(FCR: FI/EM) and were biweekly calculated. Body weight
(BW) was measured at start and end of trial to measure
the changes.
Blood Sampling and Measurement of Hormones
At 42 and 84 days of trial, blood samples (3 ml) were
collected from 1 bird each replicate and centrifuged
at 2500×g for 15 min. Levels of LH (CAT No. ZB-0014Ch9648), FSH (CAT No. ZB-0012-Ch9648), nitric oxide (CAT
No. ZB-NO-48A, V406), aspartate aminotransferase (CAT No.
ZB-0143-Ch9648) and alanine aminotransferase (CAT No.
ZB-0131-Ch9648) were measured using ZellBio® GmbH
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commercial kits and by ELISA method as recommended
by Producer Company. The serum concentrations of triglycerides, high and low density lipoprotein were measured
by Pars Azmun commercial kits (Tehran-Iran).

Table 1. Composition of experimental diets
Ingredient
(%)

Negative 0.057% 0.114% 0.171% Positive
Control
GAA
GAA
GAA
Control

Corn

63.60

63.54

63.48

63.42

64.00

Soybean meal

23.00

23.00

23.00

23.00

21.00

GAA

0.00

0.057

0.114

0.171

0.00

Meat meal

0.00

0.00

0.00

0.00

2.00

Soybean oil

1.20

1.203

1.206

1.209

0.80

Dicalcium
phosphate

1.20

1.20

1.20

1.20

1.20

Limestone

9.60

9.60

9.60

9.60

9.60

Salt

0.20

0.20

0.20

0.20

0.20

Soda

0.25

0.25

0.25

0.25

0.25

Potassium
carbonate

0.25

0.25

0.25

0.25

0.25

Premix1

0.50

0.50

0.50

0.50

0.50

Methionine

0.16

0.16

0.16

0.16

0.16

Lysine

0.02

0.02

0.02

0.02

0.02

Choline chloride

0.02

0.02

0.02

0.02

0.02

Statistical Analysis
A completely randomized experimental design (CRD) were
applied and the data were subjected to statistical analysis
using analysis of variance (ANOVA) appropriate for a. When
significant effects were detected by ANOVA, treatment
means were compared using Duncan’s multiple range
test. All statistical analyses were performed with SAS [23].
Differences were considered significant at P<0.05. All of
the parameters were analyzed as follows;
Yij = μ +Ti +eij
Where Yij is the individual observation, μ is the overall
mean, Ti is the effect of treatment, and eij represents the
random error.

RESULTS

Nutrient analysis (calculated)
ME, kcal/kg

2571.39

Crude protein, %

15.93

15.93

15.93

15.93

15.93

Crude fiber, %

15.93

15.93

15.93

15.93

15.93

NFE, %

3.90

3.90

3.90

3.90

3.90

202.15

202.15

202.15

202.15

202.15

Ca, %

3.89

3.89

3.89

3.89

3.89

Available P, %

0.29

0.29

0.29

0.29

0.29

Sodium, %

0.16

0.16

0.16

0.16

0.16

Methionine,%

0.39

0.39

0.39

0.39

0.39

Lysine, %

0.74

0.74

0.74

0.74

0.74

Methionine+
cysteine,%

0.62

0.62

0.62

0.62

0.62

Threonine %

0.53

0.53

0.53

0.53

0.53

Anion-cation,
kg/mEq

Tables 2, 3, 4, 5 and 6 show the effects of GAA addition to
diet on productive performance. During experiment and
in total, the added different levels of GAA to diet did not
change FI, FCR, EP and EM in comparison with positive and
negative controls (P>0.05); showing that dietary inclusion
of meat meal and GAA have not significant effects on
FI, FCR, EP and EM of laying hens. EW was reduced from
2th week to 12th week in laying hens fed the 0.171% GAA
compared with other groups (P<0.05). Dietary inclusion of
0.114% GAA to diet significantly (P<0.05) increased levels of
LH and FSH compared with negative and positive controls
at 42 and 84 d (Table 7). Blood biochemical parameters
were not influenced by GAA addition supplement (P>0.05;
Table 8).

2571.39 2571.39 2571.39 2571.39

DISCUSSION

Provided per kilogram of diet: Vit. A, 5000 IU; Cholecalciferol, 750 IU;
Vit. E, 7.5 mg; Menadione, 0.63 mg; Thiamine, 0.25 mg; Riboflavin, 1.60
mg; Pyridoxine, 0.500 mg; Vit. B12, 4.0 μg; Niacin, 12.5 mg; Calcium
pantothenate, 1.8 mg; Butylated hydroxytoluene, 63 mg, Iron, 44 mg;
Iodine, 1.2 mg; Cobalt, 0.36 mg; Selenium, 0.24 mg
1

Findings showed that GAA addition to diet had not
significant effects on productive performance but 0.171%
GAA addition decreased egg weight from 2th week to

Table 2. Effects of GAA addition to diet on FI (g) of laying hens at different periods
Groups

Negative Control

Positive Control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

1-14d

87.75±4.65

86.49±5.61

86.25±6.01

86.31±5.73

81.75±3.53

0.844

0.321

15-28d

89.38±3.77

86.75±5.70

86.75±3.37

87.50±2.87

85.50±4.50

0.457

0.656

29-42d

86.38±4.30

85.38±6.20

81.50±5.42

86.63±3.24

82.38±4.37

0.129

0.737

43-56d

87.00±2.77

84.63±5.52

83.00±4.20

85.75±2.52

87.25±1.98

0.131

0.707

57-70d

91.21±2.02

a

a

89.09±3.12

b

84.50±4.50

a

88.00±3.42

a

88.50±2.13

0.003

0.589

71-84d

93.88±5.79

92.34±4.51

88.19±4.55

92.63±3.10

93.23±3.86

0.093

0.719

1-84d

89.26±2.55

87.40±4.37

85.03±3.71

87.80±1.26

86.43±1.61

0.347

0.675

SEM: standard error of means. Superscripts (a, b) shows significant differences at each row (P<0.05). The data are presented as mean ± standard deviation
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Table 3. Effects of GAA addition to diet on EP (%) of laying hens at different periods
Groups

Negative Control

Positive Control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

1-14d

88.04±7.93

82.11±7.77

89.64±3.70

88.21±2.82

87.14±2.95

0.091

0.926

15-28d

86.07±9.12

83.69±5.25

87.23±4.31

86.07±4.41

85.71±4.48

0.656

0.900

29-42d

86.43±8.11

84.94±7.28

86.19±4.68

86.13±6.39

85.60±5.10

0.979

1.12

43-56d

82.32±7.12

82.38±5.03

81.43±2.16

84.46±5.31

87.50±4.56

0.132

0.841

57-70d

84.11±10.23

84.40±4.89

84.59±2.23

83.04±8.16

85.71±4.18

0.952

0.998

71-84d

74.82±12.17

75.45±7.07

74.90±10.18

73.75±9.89

80.18±9.94

0.731

1.53

1-84d

83.63±7.93

82.11±2.35

83.95±2.58

83.61±5.50

85.30±3.63

0.942

0.991

SEM: standard error of means. The data are presented as mean ± standard deviation

Table 4. Effects of GAA addition to diet on EW (g) of laying hens at different periods
Groups

Negative Control

Positive Control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

1-14d

55.60±0.75

a

55.61±1.09

55.87±0.89

55.14±0.32

53.94±0.80

0.0003

0.164

15-28d

55.80±0.96

a

29-42d

a

a

a

b

55.53±0.77

56.12±0.72

56.34±0.62

54.87±1.18

0.019

0.154

a

56.44±1.02

56.22±1.09

56.47±0.59

56.97±0.84

54.82±1.00

0.0006

0.178

43-56d

56.39±1.42

a

56.30±1.12

56.85±0.59

56.97±0.76

55.04±0.71

0.003

0.141

57-70d

57.27±1.03a

57.57±0.99a

57.82±0.71a

58.21±0.98a

55.16±0.72b

0.0009

1.74

71-84d

58.03±1.11a

58.03±1.18a

57.96±1.36a

58.93±0.975a

56.80±0.836b

0.0124

1.53

1-84d

56.58±0.90a

56.54±0.99a

56.82±0.57a

57.09±0.56a

55.26±0.670b

0.036

0.209

a
a
a

a
a
a

a
a
a

b
b
b

SEM: standard error of means. Superscripts (a, b) shows significant differences at each row (P<0.05). The data are presented as mean ± standard deviation

Table 5. Effects of GAA addition to diet on EM (g/hen/d) of laying hens at different periods
Groups

Negative Control

Positive Control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

1-14d

48.96±4.69

45.66±2.56

50.08±3.34

48.63±2.67

47.00±3.35

0.469

0.537

15-28d

48.02±5.22

46.47±3.34

48.95±2.75

48.23±2.40

47.02±2.51

0.814

0.400

29-42d

48.78±4.68

47.75±3.10

48.67±4.21

49.06±2.93

46.92±4.85

0.441

0.619

43-56d

46.42±4.04

46.21±2.55

46.29±3.25

48.11±1.45

48.16±2.46

0.446

0.455

57-70d

48.16±5.61

48.58±2.37

48.90±2.53

48.33±1.64

48.13±4.17

0.991

0.536

71-84d

43.41±6.75

43.78±5.31

43.33±3.46

43.46±5.85

45.54±3.14

0.908

0.826

1-84d

47.30±4.40

46.40±1.90

47.70±1.18

47.62±1.84

47.13±2.74

0.982

0.535

SEM: standard error of means. The data are presented as mean ± standard deviation

Table 6. Effects of GAA addition to diet on FCR of laying hens at different periods
Groups

Negative Control

Positive Control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

1-14d

1.79±0.17

1.89±0.25

1.72±0.15

1.77±0.10

1.73±0.10

0.304

0.026

15-28d

1.86±0.20

1.86±0.13

1.77±0.11

1.81±0.15

1.81±0.17

0.398

0.028

29-42d

1.77±0.12

1.85±0.10

1.77±0.10

1.76±0.12

1.75±0.13

0.121

0.038

43-56d

1.87±0.15

1.83±0.12

1.79±0.11

1.78±0.07

1.81±0.09

0.280

0.018

57-70d

1.89±0.23

1.83±0.11

1.72±0.11

1.82±0.14

1.83±0.10

0.656

0.023

71-84d

2.16±0.32

2.10±0.22

2.03±0.31

2.13±0.28

2.04±0.28

0.883

0.044

1-84d

1.88±0.16

1.88±0.07

1.78±0.10

1.84±0.10

1.83±0.10

0.911

0.020

SEM: standard error of means. The data are presented as mean ± standard deviation
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Table 7. Effects of GAA addition to diet on reproductive hormones (mIU/mL) and nitric oxide (NO) (µmol/mL) of laying hens at 42 and 84 d
Groups

Negative control

Positive control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

LH

5.37±0.24b

5.31±0.33b

5.44±0.29b

6.55±0.83a

5.71±0.45ab

0.014

0.142

FSH

4.93±0.34

4.84±0.58

5.33±0.25

5.92±0.70

4.84±0.58

0.041

0.139

NO

216.80±24.72

272.80±58.09

232.80±17.15

0.113

7.84

42 d

b

b

216.00±14.17

ab

a

225.00±19.97

b

84 d
LH

7.12±0.37b

7.52±0.88b

7.97±0.42ab

8.76±0.43a

7.96±0.47ab

0.009

0.166

FSH

6.61±0.43

7.06±0.33

7.36±0.21

8.16±0.79

7.10±0.58

0.009

0.155

NO

142.30±56.96

155.80±53.66

153.50±63.61

207.30±33.15

168.10±35.50

0.353

12.49

c

b

b

a

b

SEM: standard error of means. Superscripts (a-c) shows significant differences at each row (P<0.05). The data are presented as mean ± standard deviation.
Each IU LH and FSH is 0.13369 and 0.1138 mg, respectively
Table 8. Effects of GAA addition to diet on lipid profile (mg/dL) and enzymes (ng/mL) of laying hens at 42 and 84 d
Groups

Negative control

Positive control

0.057% GAA

0.114% GAA

0.171% GAA

P

SEM

255.10±19.00

257.30±40.80

0.0749

6.78

42 d
Triglycerides

279.4±23.39

235.10±16.38

224.70±24.00

HDL-C

40.15±3.73

41.65±2.92

35.83±3.52

41.48±4.68

39.63±6.45

0.381

1.00

LDL-C

84.48±24.72

82.48±14.17

76.60±12.17

84.58±18.09

76.35±17.15

0.685

6.82

AST

175.80±67.31

158.00±66.99

111.50±39.91

147.80±7.50

135.30±34.73

0.445

10.88

ALT

48.25±2.63

51.00±8.90

44.75±3.20

51.00±6.63

53.50±4.93

0.298

1.33

227.00±42.84

242.40±34.66

0.404

9.02

84 d
Triglycerides

246.70±18.14

280.40±36.47

233.35±57.69

HDL-C

42.70±6.01

42.23±2.93

40.38±6.50

38.60±4.96

37.20±3.53

0.492

1.09

LDL-C

88.25±10.10

94.33±8.76

86.77±17.33

77.25±12.33

79.40±9.40

0.303

3.77

AST

69.75±16.74

64.25±15.84

58.00±15.12

51.75±28.76

56.75±11.59

0.582

4.41

ALT

46.50±5.00

46.75±0.957

46.75±4.99

45.25±3.77

47.75±3.59

0.931

0.805

SEM: standard error of means. Superscripts (a-c) shows significant differences at each row (P<0.05). The data are presented as mean ± standard deviation.
AST: aspartate aminotransferase, ALT: alanine aminotransferase

12th week in laying hens (P<0.05) compared with other
groups. Our results are in agreement with the reports of
other studies that showed GAA addition to diets had not
significant effects on FI of broiler chicks [24,25]. However,
Michiels et al.[7] observed only slightly increase in FI of
broiler chicks fed with GAA. It seems that GAA addition
has not significant effect on FI in all birds. FCR was no
influenced by GAA treatments and positive control (2%
meat meal); showing that creatine supplementing from
each source had not significant effect on the mentioned
parameter. Tossenberger et al.[24] stated that GAA addition
to diet had not significant effect on FCR of broiler chicks.
Other studies have shown that GAA addition to diet
lowered FCR in broiler chicks [2,5,25-27]. Metwally et al.[28]
showed that GAA addition to diet could spare 50 kcal
metabolizable energy and 0.5% crude protein. Ringle et
al.[25] showed that GAA addition to corn-soybean meal diets
may have beneficial effects in improving growth and FCR.
Studies have shown beneficial effects of GAA on FCR, but
all the studies are conducted in broiler chicks. So far, any

study is not conducted to investigate the effects of GAA
on productive performance of laying hens. However, exact
mechanism of the effects of GAA in broiler chicks is not still
known. It is shown that GAA addition to diet has beneficial
effects in improving the growth, muscle mass and creatine
synthesis [7]. This study was conducted in laying hens and
GAA had not significant effect on body changes. Weight
changes were by 30 g in all groups in the present study. It
seems that GAA induces its effects on FCR by increasing
muscle mass and subsequently improves FCR. Increase
in body weight in laying hens is not desirable and on the
basis our results, GAA has not any role in improving EP,
thus GAA cannot increase FCR in laying hens.
The second status was that GAA can spare arginine and
help to protein synthesis which finally increases EP and
EM. Bryant-Angeloni [29] showed that GAA synthesizes
protein by sparing arginine. Considering sparing effect
of arginine by GAA, Basiouni et al.[30] showed that dietary
inclusion of 1.5% digestible arginine to laying hen diet
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increased production from 52% to 67.86%. Silva et al.[31]
reported that dietary inclusion of arginine increased EP
in broiler breeders. Sparing effect of arginine by GAA may
be reason for improving performance in birds which it
was found in studies on broiler chicks [29]. In the present
study, it seems that GAA could not spare arginine and
subsequently did not influence EP. Other status was that
GAA addition to diet increases EP by increasing NO which
subsequently increases reproductive hormones [12] and the
hormones increase EP [15]. In the current study NO was not
affected by dietary treatments and EP was not increased.
However, an increase in FSH and LH was seen in 0.114 GAA
treatment which NO is not responsible for it, because NO
levels is constant.
EW was significantly reduced in laying hens fed the 0.171%
GAA compared with other groups. In other words, the
lowest levels of GAA had not significant effects on EW,
while the highest levels reduced it. EW is a parameter
which affects by diets protein and amino acid level [32]
and the arginine role is accepted as increaser the protein
synthesis [33]. The mechanism of action is not known.
Dietary inclusion of 0.114% GAA increased LH and FSH
compared with controls at 42 and 84 d. Investigation
of relation between nitric oxide and GAA was one of
purposes of the present study. It is well known that nitric
oxide releases gonadotropin-releasing hormone (GnRH)
by activating pituitary nitric oxide synthase which finally
influences FSH and LH hormones [12]. It can be found from
Table 7 that nitric oxide was numerically higher in 0.114%
GAA group, but the differences were not significant. It
seems that nitric oxide cannot be reason for increase in
reproductive hormones. Sharifi et al.[34] showed that arginine
addition to broiler chicks diets significantly increased
nitric oxide level. GAA is synthesized from arginine and
glycine, it was expected that GAA addition to diet increase
nitric oxide level, but such result was not found. It may be
attributed to the GAA bioavailability, bird type and age.
Results indicated that GAA addition to diet had not
significant effect on blood lipid profiles and liver enzymes.
Studies have not still investigated effects of GAA on blood
lipid profiles and liver enzymes. Considering studies on
arginine, Al-Daraji et al.[35] showed that dietary inclusion of
arginine reduced the serum concentration of triglyceride in
broiler chicks. Blood parameters are important, especially
in meat-type birds [36]. Studies have been shown that
increase in VLDL is criteria for showing the increased body
lipid [37]. Other study reported that the serum concentration
of triglyceride is criteria for showing body lipid [36]. In the
present study, lipid levels were not influenced by GAA.
Nitric oxide is known to have roles in lipid metabolism
and thus arginine reduces abdominal lipid and indirectly
balances lipid storage by nitric oxide synthesis [18]. In the
present study, since nitric oxide level was not affected
by GAA supplementing, thus it is reasonable that lipid

profile is not also affected. Considering liver enzymes
in serum, Yang et al.[19] showed that dietary inclusion of
arginine significantly reduced levels of liver aspartate
aminotransferase in laying hens. The increased aspartate
aminotransferase in blood is considered as index for muscle
and liver damages, which its levels are different in various
birds [38]. The increased alanine amino transferase level is
considered as index for tissue damages [38]. Thus, the increased
blood levels of these enzymes implicates on tissue and
liver damages. In the present investigation, the both levels
were not influenced by GAA addition; showing that GAA
has not positive or negative effects on liver enzymes.
In conclusion, the present study was conducted to
investigate the relation among GAA addition with nitric
oxide, reproductive hormones and lipid profile in laying
hens. Findings showed that GAA could not improve
performance, nitric oxide level and blood biochemical
parameters. Dietary inclusion of 0.114% GAA increased
LH and FSH. It can be concluded that GAA addition, as
a supplement at the used levels, cannot be used for
improving performance in laying hens receiving the cornsoybean meal based diets and it cannot appropriate source
to sparing arginine at these levels in laying hens. The use
of higher levels and also measuring creatine in muscle will
be suggested in future studies for understanding relation
GAA and creatine in laying hens.

Acknowledgment
This work was supported by Science and Research Branch,
Islamic Azad University, Tehran, Iran

REFERENCES
1. Wyss M, Kaddurah-Daouk R: Creatine and creatinine metabolism.
Physiol Rev, 80 (3): 1107-1213, 2000.
2. Lemme A, Ringel J, Rostagno HS, Redshaw MS: Supplemental
guanidino acetic acid improved feed conversion, weight gain, and breast
meat yield in male and female broilers. In, Proc. XVI Eur Symp on Poultry
Nutrition, 26-30 August, Strasbourg, France, pp.1-4, 2007.
3. Stahl CA, Greenwood MW, Berg EP: Growth parameters and
carcass quality of broilers fed a cornsoybean diet supplemented with
creatine monohydrate. Int J Poult Sci, 2, 404-408, 2003. DOI: 10.3923/
ijps.2003.404.408
4. Brosnan JT, Wijekoon EP, Warford-Woolgar L, Trottier NL, Brosnan
ME, Brunton JA, Bertolo RFP: Creatine synthesis is a major metabolic
process in neonatal piglets and has important implications for amino
acid metabolism and methyl balance. J Nutr, 139, 1292-1297, 2009.
DOI: 10.3945/jn.109.105411
5. Abudabos AM, Saleh F, Lemme A, Hana AH: The relationship
between guanidine acetic acid and metabolisable energy level of diets
on performance of broiler chickens. Ital J Anim Sci, 13: 3269, 2014. DOI:
10.4081/IJAS.2014.3269
6. Carvalho CMC, Fernandes EA, Carvalho AP, de Maciel MP, Caires
RM, Fagundes NS: Effect of creatine addition in feeds containing animal
meals on the performance and carcass yield of broilers. Rev Bras Cienc
Avic, 15, 269- 275, 2013. DOI: 10.1590/s1516-635x2013000300015
7. Michiels J, Maertens L, Buyse J: Supplementation of guanidinoacetic
acid to broiler diets: Effects on performance, carcass characteristics,
meat quality, and energy metabolism. Poult Sci, 91, 402-412, 2012. DOI:

105
KHAKRAN, CHAMANI, FOROUDI
SADEGHI, AFSHAR
10.3382/PS.2011-01585

North Carolina, USA, 2001.

8. Baker DH: Advances in protein-amino acid nutrition of poultry. Amino
Acid, 37, 29-41, 2009. DOI: 10.1007/s00726-008-0198-3

24. Tossenberger J, Rademacher M, Németh K, Halas V, Lemme
A: Digestibility and metabolism of dietary guanidino acetic acid fed to
broilers. Poult Sci, 2016. DOI: 10.3382/ps/pew083

9. Waguespack AM, Powell S, Bidner TD, Payne RL, Southern LL: Effect
of incremental levels of L-lysine and determination of the limiting amino
acids in low crude protein corn-soybean meal diets for broilers. Poult
Sci, 88, 1216-1226, 2009. DOI: 10.3382/ps.2008-00452

25. Ringel J, Lemme A, Araujo LF: The effect of supplemental guanidine
acetic acid in Brazilian type broiler diets at summer conditions. Poult Sci,
87 (Suppl.1): 154, 2008.

10. Wu G, Morris SM Jr: Arginine metabolism: Nitric oxide and beyond.
Biochem J, 336, 1-17, 1998. DOI: 10.1042/bj3360001

26. Stead LM, Brosnan JT, Brosnan ME, Vance DE, Jacobs RL: Is it time
to reevaluate methyl balance in humans? Am J Clin Nutr, 83, 5-10, 2006.

11. Degroot AA: Efficacy of dietary guanidine acetic acid in broiler
chicks. Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Science in Animal Sciences in the Graduate College
of the University of Illinois at Urbana-Champaign, 2014.

27. Ringel J, Lemme AM, Redshaw S, Damme K: The effects of
supplemental guanidino acetic acid as a precursor of creatine in
vegetable broiler diets on performance and carcass parameters. Poult
Sci, 87 (Suppl 1): 72 (Abstr), 2008.

12. McCann SM, Mastronardi C, Walczewska A, Karanth S, Rettori V,
Yu WH: The role of nitric oxide in reproduction. Braz J Med Biol Res, 32
(11): 1367-1379, 1999. Doi: 10.1590/s0100-879x1999001100007

28. Metwally AE, Ibrahim D, Khater S: Effects of supplementing broiler
diets with CreAMINO® on broiler performance, carcass traits and the
expression of muscle growth related genes. Res Opinion Anim Vet Sci, 5
(11): 435-442, 2015.

13. Li Z, Johnson AL: Regulation of P450 cholesterol side-chain cleavage
messenger ribonucleic acid expression and progesterone production in
hen granulosa cells. Biol Reprod, 49, 463-469, 1993.
14. Imai K: Characteristics of rapid growth of the ovarian follicles in the
chicken. In, Mikami S, Homma K, Wada M (Eds): Avian Endocrinology:
Environmental and Ecological Perspectives. 117-124, Springer-Verlag,
New York, 1983.
15. Zuelke KA, Brackett BG: Increased glutamine metabolism in bovine
cumulus cell-enclosed and denuded oocytes after in vitro maturation
with luteinizing hormone. Biol Reprod, 48, 815-820, 1993.
16. Xiao-Ying D, Chu-Fen Y, Sheng-Qiu T, Qing-Yan J, Xiao-Ting Z:
Effect and mechanism of glutamine on productive performance and egg
quality of laying hens. Asian-Aust J Anim Sci, 8, 1049-1056, 2010. DOI:
10.5713/ajas.2010.90611
17. Basiouni GF: The effect of feeding an extra amounts of arginine to
Local Saudi Hens on luteinizing hormone secretion. J Biol Sci, 9 (6):
617-620, 2009.
18. Jobgen WS, Fried SK, Fu WJ, Meininger CJ, Wu G: Regulatory role
for the arginine-nitric oxide pathway in metabolism of energy substrates.
J Nutr Biochem, 17, 571-588, 2006. DOI: 10.1016/j.jnutbio.2005.12.001
19. Yang H, Ju X, Wang Z, Yang Z, Lu J, Wang W: Effects of arginine
supplementation on organ development, egg quality, serum biochemical
parameters, and immune status of laying hens. Braz J Poult Sci, 18, 181186, 2006. DOI: 10.1590/1516-635x1801181-186
20. Savage JE, O’Dell BL: Arginine requirement of the chick and
the arginine-sparing value of related compounds. J Nutr, 70, 129-134,
1960.
21. Van Pilsum JF, Stephens GC, Taylor D: Distribution of creatine,
guanidinoacetate and enzymes for their biosynthesis in the animal
kingdom. Implications for phylogeny. Biochem J, 126, 325-345, 1972. DOI:
10.1042/bj1260325
22. AOAC: Official methods of analysis, 18th edn., Association of official
analytical chemists, Washington, DC, 2004.
23. SAS software: SAS User’s Guide: Statistics, Version 9.2, SAS Institute,

29. Bryant-Angeloni KI: Dietary guanidino acetic acid spares arginine
and dietary L-homoserine spares threonine in the chick. MSc Thesis.
University of Illinois at Urbana-Champaign, 2010.
30. Basiouni, GF, Najib H, Zaki MM, Al-Ankari AS: Influence of extra
supplementation with arginine and lysine on overall Performance,
ovarian activities and humoral immune response in local Saudi hens. Int J
Poult Sci, 5, 441-448, 2006. DOI: 10.3923/ijps.2006.441.448
31. Silva LMGS, Murakami AE, Fernandes JIM, Dalla Rosa D, Urgnani
JF: Effects of dietary arginine supplementation on broiler breeder egg
production and hatchability. Braz J Poult Sci, 3, 267-273, 2012. DOI:
10.1590/S1516-635X2012000400006
32. Wu G, Bryant MM, Gunawardana P, Roland DA: Effect of nutrient
density on performance egg components, egg solids, egg quality, and
profits in eight commercial leghorn strains during phase one. Poult Sci,
86, 691-697, 2007. DOI: 10.1590/s1516-635x2012000400006
33. Sun F, Cai YH, Liu GH, Zhang S, Chang WH, Yan HH: The research
progress of arginine poultry nutrition. Feed Res, 6, 24-25, 2010.
34. Sharifi MR, Khajali F, Hassanpour H, Pour-Reza J, Pirany N:
Supplemental L-arginine modulates developmental pulmonary
hypertension in broiler chickens fed reduced-protein diets and reared
at high altitude. Poult Sci J, 3 (1): 47-58, 2015.
35. Al-Daraji HJ, Al-Mashadani AA, Al-Hayani WK, Al-Hassani AS,
Mirza HA: Effect of in ovo injection with L-arginine on productive and
physiological traits of Japanese quail. South Afr J Anim Sci, 42 (2): 139-145,
2012.
36. Tohala SH: The relationship between blood lipid profile and
performance of broilers fed two types of finisher diets. Iraqi J Vet Sci, 24,
87-91, 2010.
37. Whithead CC, Saunderson CL, Griffin HD: Improved productive
efficiency in genetically leanes broilers. Br Poult Sci, 27, 162, 1986.
38. Hochlitner M: Possible approaches to hematological investigation in
wild and pet birds. International Symposium uber die Erkrankungen der Zoo
und Wildtiere. 153-161, 1991.

