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Abstract: An experiment was conducted to determine effects of dietary Arginine (ARG) on growth performance
and blood serum parameters in broiler chickens. A corn-soybean meal based diet containing different levels of
ARG (0,0.67,1.37,2.07 and 2.77) for the starter (0, 0.53,1.1, 1.68 and 2.25) for the grower and (0, 0.52,1.04,1.56
and 2.08) for the finisher was used. In a completely randomized design with five treatments of five replicates
each and 10 chickens per replicate, 250 Cobb 500 male broiler chickens from 0-49 days of age were used. Growth
performance (body weight gain, feed intake and feed: gain ratio) and blood serum (albumin, total protein,
glucose, cholesterol, triglyceride, urea, uric acid, aspartate ammo-transferase, alanine ammo-transferase, alkalin
phosphatase, lactic dehydrogenase and creatine kinase) parameters were measured at 27 and 49 days of age.
Increase of dietary ARG increased (p<0.05) body weight gain, feed intake, albumin, creatine kinase, glucose,
urea and uric acid and decreased (p=0.03) aspartate amino-transferase and cholesterol. Tt was concluded that
dietary ARG might have positive effects on health status of the broiler chickens.
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INTRODUCTION

Uricotelic species (i.e., birds) cammot synthesize
Argimne because they have an incomplete urea cycle.
Past research has clearly demonstrated the importance of
providing chickens adequate dietary ARG to support
growth responses (Cuca and Jensen, 1990). Arginine, like
most amine acids, is traditionally noted for its role in
protein  synthesis. Many studies recognized the
mnportance of ARG on growth, immunity (Kidd et al,
2001), wound healing (Evoy ef al., 1998) and greater
muscle mass and rapid healing from injury (Cooper and
Kenneth, 1996). Arginine is a potent scavetagogue for
growth hormone, nsulin and insulin-like growth factor-1.
Above all, msulin and growth hormone regulate the
metabolism of glucose and amino acids in major tissues
including skeletal muscle, adipose tissues liver and
heart (Meijer and Dubbelhis, 2004). Argimne 1s famous
for 1ts role in enhancing the ovulation process of the
hens through boosted release of Luterinzing Hormone

(LH), which is necessary for ovulation chickens
(Najib and Basiouni, 2004). The plasma concentration of
ARG decreased significantly in relation to protein
malnutrition, fasting, trauma, bum injury, mflammation
and liver transplantation. Under these conditions, ARG
must be offered m the diet to support both the nitrogen
balance and health status of ammals. ARG 1s believed to
be important for efficient muscle metabolism, owing to its
role in transport, storage and elimination of nitrogen
(Flynnl ef af., 2002). Gonzalez-Esuerra and Leeson (2006)
observed improved performance in birds fed with high
levels of ARG, when acutely and chronically heat
stressed. Najib and Basiouni (2004) improved status of
egg production of the laying hens by increasing dietary
ARG. Under most circumstences ARG will not be limiting
due to its high concentration in widely used soybean meal
supplements. However, it might be of concern, when other
dietary high proten supplements replace soybean meal,
but a more precise requirement for dietary ARG by
broilers has not been established. Therefore, the primary
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objective of the current study was to determine the
dietary ARG concentration required for the maximum
performance of broilers utilizing the Body Weight Gain
(BWG) and Feed Intake (FI) as the performance
parameters. The effects of ARG on several blood
parameters were also measured.

MATERIALS AND METHODS

Five different dietary levels (A-E) of ARG for three
age group periods (starter, grower and fimisher) of
broiler chickens were used. There were (Table 1) five
levels of ARG for the Starter (S) 0-21 days of age (3-A,
O-control; S-B, 0.67; 3-C, 1.37; 5-D, 2.07 and 3-E 2.77),
five levels for the Grower (G) 21-42 days of age (G-A,
O-control, G-B, 0.53; G-C, 1.1; G-D, 1.68 and G-E, 2.25)
and five for the Finisher (F) 42-49 days of age (F-A,
O-control; F-B, 0.52;, F-C, 1.04, F-D, 1 56 and F-E, 2.08). All
diets met the National Research Council (1994)
recommendations for broilers. One-day-old Cobb 500 male
broiler chickens (250) were utilized in the experiment
consisting of 5 treatments with 5 replicates and 10
chickens per replicate each. Birds were housed randomly
in pen, so that initially each bird occupied approximately
0.11 m* of floor space. The pens were floor pens with
Birds were maintained under continuous
light and the environmental temperature in the barn was

wood  litter.

initially set at 31°C and was gradually reduced to 20°C by
week 7. Feed and water were provided ad-libitum
throughout the experiment. Chickens were vaccinated for
Marek's, infectious bursal and mnfectious bronchitis
diseases at the hatchery and then at 7 and 14 days of age
for Newcastle disease. Body weight gain and FI were
recorded weekly and adjusted for the three periods
(starter, grower and fmisher). At 27 and 49 days of age,
two chickens was randomly selected from each replicate
in each treatment and blood samples were collected from
the wing vein by Terumo Syringe with needle (0.7%32 mm).
Blood samples (ten samples for each treatment) were
allowed to cloth and then centrifuged and serum was
separated and stored at -20 EC until analyzed for serum
parameters (albumin, total protein, glucose, cholesterol,
triglyceride, urea, uric acid, Aspartate Amino-Transferase
(AST), Alanine Amino-Transferase (ALT), Alkalin
Phosphatase (ALP), Lactic Dehydrogenase (I.DH) and
Creatine Kmase (CK)) using automatic analyzer
according to the recommendation of the manufacturer
(Aravind et al., 2003).

A completely randomized experimental design was
used. All data were statistically analyzed using the
General Linear Models (GLM) procedure of SAS software
(SAS, 1996) for analysis of variance. Duncan (1935)
multiple range test was used to determine differences
among treatment means. Means were considered different
at p<0.05.

Table 1: Composition of experimental diets of broiler chickens during 0-49 days of age

Starter (S) Grower (G3) Finisher (F)
Ingredients S-A S-B 5-C 5-D S-E G-A G-B G-C G-D G-E F-A F-B _F-C FD F-E
Comn grain 54.4 54.4 544 544 54.4 67.9 67.9 67.9 67.9 67.9 71.1 711 711 711 711
Soybean meal 353 353 353 353 353 22.6 22.6 226 226 22.6 20,03 20.03 20.03 20.03 20.03
Fish meal 1.09  1.09 1.09  1.09 1.09 4.3 4.3 4.3 4.3 4.3 2.5 25 25 2.5 2.5
Dicalcium phosphate 135  1.35 1.35 1.35 1.35 0.54 0.54 0.54  0.54 0.54 055 055 035 055 055
Limestone 1.17 117 117 1.17 1.17 1.19 1.19 1.19 1.19 1.19 112 112 112 112 1.12
Vitamin - mineral mix! 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 05 05 0.5 0.5
Vegetable oil 2.8 2.8 2.8 2.8 2.8 - - - - - - - - -
Salt 0.4 0.4 0.4 0.4 0.4 0.24 0.24 0.24 024 0.24 0.2 02 02 02 0.2
DL-methionine 0.14 0.14 0.14 0.14 0.14 - - - - - - - - -
Arginine 0 0.67 1.37 207 2.77 0 0.53 1.1 1.68 2.25 0 052 1.4 1356 2.08
Wheat bran 2.8 2.13 143  0.73 0.003 2.6 2.07 1.5 0.92 0.35 3.9 347 295 243 1.9
Calculated analysis
ME? (kealkg™") 2900 2900 2900 2900 2900 2900 2900 2900 2900 2900 2900 2900 2900 2900 2900
Crude protein (%) 208 208 208 208 20.8 182 182 18.2 18.2 18.2 18.3 163 163 163 163
Crude fiber (%) 370 3.70 370 3.70 3.70 3.20 3.20 320 320 3.20 3.0 305 305 305 305
Linoleic (%) 2.2 2.2 2.2 2.2 22 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.7 1.7 1.7
Ca (%) 0.91 0.91 0.91 0.91 0.9 0.82 0.82 0.82 082 0.82 072 072 072 072 072
Available P (%0) 0.41 0.41 0.41 0.41 0.41 0.32 0.32 032 032 0.32 027 027 027 027 027
Na (%) 0.18 0.18 0.18 0.18 0.18 0.14 0.14 0.14 0.14 0.14 011 011 011 ©11 011
Arginin (%) 1.34 201 268  3.35 4.02 1.10 1.65 220 275 3.30 100 150 200 250 3.00
Lysine (%) 1.15  1.15 1.1 1.15 1.15 1.00 1.00 1.00 1.00 1.00 085 085 08 085 085
Methionine + Cystine (%) 0.82  0.82 0.82 0.82 0.82 0.65 0.65 0.65  0.65 0.65 0.58 058 038 058 058
Tryptophan (%) 0.30  0.30 0.30  0.30 0.30 0.24 0.24 0.24 024 0.24 021 021 021 021 021

'Supplied/kilogram of diet: vitamin A, 10000 IU; vitamin D5, 9790 IU; vitamin E, 121 IU; B,,, 20 pg; riboflavin, 4.4 mg; calcium pantothenate, 40 mg;
niacin, 22 mg; choline, 840 mg; biotin, 30 pg; thiamine, 4 mg; zinc sulphate, 60 mg; manganese oxide, 60 mg, *Metabolizable energy
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RESULTS

Compared to control, in all periods the values of FI,
BWG and Feed Gain Ratio (FCR) have gradually mereased
(p=10.001) due to increased level of dietary ARG (Table 2).
There was no abnormal behavior observed in birds
receiving different levels of supplementation and FI and
BWG were enhanced linearly with increased dietary ARG.
This linear enhancement was continuous up to group D,
but in group E a negative effect (p<<0.05) was observed.
However, compared to control dietary ARG mcreased
(p=<0.05) FCR in each treatment; the highest being in
treatment C. The highest FI and BWG were mn treatment D.

The effects of different levels of ARG on blood
serum parameters in broiler chickens are summarized
i Table 3-5. Argmine supplementation of control diets

significantly increased the serum concentration of

glucose, albumin, CK and uric acid at 27 and 4% days of
age. Dietary ARG had no affect (p>0.05) on total
triglyceride, total protein, ALT, ALP and L.LDH at 27 and
49 days of age. The use of ARG at 27 and 49 days of age
decreased (p<<0.05) cholesterol. At 27 days of age dietary
ARG did not affect (p>0.05) urea, but mcreased (p<0.03)
urea 1n chickens at 49 days of age. At 27 days of age
dietary ARG decreased (p<0.05) AST, but had no effect
(p=0.05) at 49 days. For glucose and albumin, the best
results were achieved on 27 and 49 days of age in groups
D and E. In case of cholesterol, the best result at 27 days
of age were in group D and in 49 days of age it was in
groups D and E. Creatine kinase, urea and uric acid were
increased learly with increased dietary ARG. Dietary
ARG had no effect (p=0.05) on serum ALT, ALP, L.LDH,
triglycerides and total protein, however, it could improve
this parameters.

Table 2: Effects of dietary arginine on Feed Intake (FI), Body Weight Gain (BWG) and Feed Conversion Ratio (FCR) of broiler chickens from 0-49 days of

age
FI (g, days) BWG (g, days) FCR (days)
Treatments 0-21 21-42 4249 0-49 0-21 21-42 4249 0-49 0-21 21-42 4249 0-49
A 865 2152* 1209 4057 542+ 861* 578 1902¢ 1.60 2.52% 2,12 215
B 9940 24390 1511° 49740 625 9340 6620 2143 1.61 2.63* 2,300 2.34¢
C 1118 3014 1685° 5885 897 1037° T2 2367 1.61 3.23° 234 2.7
D 1303 3241° 1976 6503 802 1144° 852 2623 1.63 2.84° 2.3 2.51¢
E 1197 31094 1831¢ 6265 746 10874 7T 2515 1.62 2.88° 238 2.53
SE 9 22 13 42 9 11 15 27 0.02 0.03 0. 0.04
P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.92 0.001 0.001 0.001
R? 0.72 0.77 0.77 0.81 0.46 0.42 0.20 0.39 0.00 0.10 0.01 0.02

Table 3: Effects of dietary arginine on the serum concentration of Glucose (GLU), Total Protein (TP), Albumin (ALB) and Creatine Kinase (CK) in broiler

chickens at different days of age

GLU (mg dL™!, days) TP(g dL™!, days) ALB (g dL™!, days) CK (UL, days)

Treatments 27 49 27 49 27 49 27 49

A 127 2140 224 2.31 0.9% 1.05* 1323 1470
B 159 222+ 217 2.63 0.94 1.50® 1304 148(¢
C 146 214 2.38 2.63 137 1.78® 1341° 1387
D 176* 227 2.43 2.87 227 1.98 1385%® 1521*
E 175° 256° 2.38 2.67 2.62° 2098 1426 1456®
SE 14 5 0.11 0.32 0.17 0.21 24 16

P 0.05 0.001 0.54 0.70 0.001 0.04 0.03 0.04
R? 0.08 0.62 0.02 0.02 0.64 0.36 0.19 0.39

Table 4: Effects of dietary arginine on the serum concentration (mg dL.™!) of Triglyceride (TRIG), Cholesterol (CHOL), Urea (URE) and Uric Acid (UA) in

broiler chickens at different days of age

TRIG (days) CHOL (days) URE (days) UA (days)

Treatments 27 49 27 49 27 49 27 49

A 125.6 125.3 164° 173% 2.5 2. 4.05° 4.71°
B 126.2 1253 133 163+ 2.4 3.3 4.20F 5.53
C 124.8 124.3 160° 160 2.5 3.6% 4.45° 5.66"
D 125.0 124.3 118" 147 2.5 8 4,50 5.70r
E 125.8 124.5 1322 141° 2.5 8 4,720 6.10¢
SE 0.9 1.2 16 9 1.3 1.3 0.06 0.34
P 0.13 0.93 0.05 0.04 0.88 0.001 0.001 0.01
R? 0.08 0.003 0.14 0.34 0.002 0.57 0.62 0.49

Means in each columns with different superscripts are significantly different (p<0.03)
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Table 5: Effects of dietary arginine on the activity (U7 L™") of serum alanine Amino-Transferase (ALT), Alkalin Phosphatase (ALP), Aspartate Amino-
Transferase (AST) and Lactic Dehydrogenase (LDH) in broiler chickens at different days of age

ALT (days) ALP (days) AST (days) LDH (days)

Treatments 27 49 27 49 27 49 27 49

A 39.0 46.0 389 427 267 335 1268 1325
B 37.0 45.3 389 449 275 332 1266 1336
C 35.0 42.3 386 431 1920 300 1250 1323
D 36.0 43.0 383 450 218 300 1262 1341
E 45.4 44.3 387 433 213 322 1261 1311
SE 0.1 1.30 26 13 12 17 16 24

P 0.68 0.36 0.60 0.59 0.001 0.36 0.09 0.87
R? 0.01 0.12 0.01 0.06 0.38 0.09 0.09 0.01

Means within columns with different sup erscripts are significantly different (p<0.05)

DISCUSSION

As expected, dietary ARG increased FT and BWG.
This is in agreement with Abdukalykova and Ruiz-Feria
(2006). Corzo and Kidd (2003) showed that high level of
dietary ARG had no effect on broilers during the total
growth period, except for the first 3 weeks of age.
Association of available ARG with microbial challenges
occurring at younger ages has been shown to have
affected growth performance and health status of the bird
(Kidd et al, 2001). Similar ARG observations were
reported by Chamruspollert et al. (2001), where a higher
requiremnent of ARG was needed for feed conversion than
that for BW@G. During the present study ARG
supplementation had no positive effect on FCR. Recent
data obtained in chickens showed that dietary ARG had
positive mfluences on the growth performance of birds
moculated with mfectious bronchitis virus (Lee ef al.,
2002) and Gonzalez-Esuerra and Lesson (2006) showed in
a heat-stress experiment that high levels of dietary ARG
umnprove BWG@G. Brake et af. (1998) in a sumilar experiment
observed improved growth performance in birds fed ARG:
LYS ratio at 1.37 vs. those fed ratios of 1.10 suggested by
National Research Council (1994). High levels of dietary
ARG ntake mncreased FI and egg production without any
significant effect on egg weight (Basioum et al., 2006).

Increasing dietary ARG in the present study resulted
in improvement in blood plasma parameters. Deficiency of
ARG mpaired insulin production, glucose production and
liver lipid metabolism (Balch et al., 1997), because it 1s
involved in the production of variety of enzymes and
hormones. Arginin facilitated the release of Growth
Hormone (GH) and stinulated the pancreas for insulin
production (Balch ef al., 1997). It also mcreased the levels
of glucose and GH (Braverman, 1997). An increase in
blood glucose may be an indication of metabolic
adaptation for gluconeogenesis m broilers experiencing
threatening conditions in maintaining amine acid
homeostasis (Corzo et ai., 2005).

Broilers with higher body weight were observed to
have a higher concentration of blood plasma total protein,
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when compared with the lighter broilers, possibly
associated with higher demand for lean tissue
maintenance and turn over (Corzo et al., 2005). Feeding
low protein and amino acid diets have been shown to be
associatiated with decreased total serum protein and
serum albumin m chickens. Dietary ARG can contribute to
a hormonal environment that produces mcreased protein
synthesis and muscle growth (Leveilla et al., 1960).

As a cholesterol fighter, a high ratio of ARG: LYS 1s
recommended (Braverman, 1997). Arginine aids in liver
detoxification by neutralizing ammonia and may be
beneficial n the treatment of liver disorders such as liver
ijury, hepatic curhosis and fatty liver degeneration
(Braverman, 1997; Balch et al., 1997), CK is an important
enzyme 1n such tissues (McLeish and Kenyon, 2005).
Creatine, which derived from ARG, plays important roles
inmuscle metabolism. Arginine is also the only amino acid
that provides the amidino group for synthesis of CK, a
major reserve of lgh energy phosphate for regeneration
of ATP in the muscle (Evoy et al., 1998). Therefore, ARG
plays a significant role in protein synthesis, urea cycle
metabolism, high-energy compounds synthesis, creatine,

creatine phosphate, polyamine synthesis and the
production of mitric oxide.
CONCLUSION

The use of ARG may improve the growth
performance and health status of broiler chickens.
Although, dietary ARG 1increased all blood parameters it
did not produce any toxic effects because all blood
parameters were in normal range.
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