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Abstract
The aim of current study was to conducted in the poultry farm of the Department of Animal Production in the College of
Agricultural Engineering Sciences - University of Baghdad (Abu Ghraib site) for 42 days from 27/9/2019 to 11/8/2019 to study
the effect of low-protein level and replacement of protein concentrates by methionine, threonine, lysine, arginine, choline and
carnitine in broiler diets on blood parameters and Intestinal morphology. Amino acid mixture Consists of methionine, lysine,
threonine, arginine, choline and carnitine (17, 16.6, 16.6, 16.6, 16.6 and 16.6 %) respectively. Then added to the broiler diets by
ratios as follows: T1, is a control treatment containing the Protein concentrate at 5% (starter period, growth period and
finisher period), T2 a second control treatment containing a 5% Protein concentrate and low protein 2% in (starter period,
growth period and finisher period), T3 withdrew the Protein concentrate and low protein 2% level in all stages (starter period,
growth period and finisher period) and the mixture is added 1%, T4 withdraw the Protein concentrate and low protein 2% in
all stages (starter period, growth period and finisher period) and add the mixture 1.5%, T5 withdraw the Protein concentrate
and low protein 2% in all stages (starter period, growth period and finisher period) and the mixture is added 2%. The result of
blood parameters showed decrease Significant on triglycerides for T4 compared with T1 but no significant differences T3, T4
and T5 compared with controls treatments T1 and T2 in total protein and uric acid. Intestinal Morphology result showed was
a significant difference in thickness of the mucous layer for T3 and T5 compared with T2 and no significant crypt depth
between all treatments, but showed significant difference for T2 compared with T4 in villus length.
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Introduction
The accuracy in meeting broiler nutritional protein

requirement, as well as the search for an ideal profile of
amino acids (AA) to obtain the maximum protein utilization
of protein has guided the research in this area. New
formulation approaches started to be applied when
measuring AA in feeds became feasible, allowing the
transition from using crude protein values to the use of
total AA. Subsequently, feed formulations for poultry
recommended of digestible (dig) AA values, based on
the ideal protein concept; this was aided by the
development and availability of synthetic AA. On the other
hand, the genetic progress of broilers, including gender
and strain, can influence the ideal AA ratio needed; any

alteration in the proportion of body protein, feathers and
maintenance requirements may result in changes in the
ideal AA ratios (Hackenhaar and Lemme, 2005). Feeding
high amino acid density diets improves feed conversion
and increases weight gain and breast meat yield of broiler
chickens (Kidd et al., 2004).

Methionine has a vital role in the metabolic
functioning which is why it is also known as functional
amino acid (Bunchasak, 2009). It plays a vital role in the
production of energy through the synthesis of protein,
Also, a methyl group that is provided by sulfur-adenosyl
methionine is required for many metabolic reactions such
as epinephrine, carnitine, choline and creatine synthesis
(Binder, 2003; Elnesr. 2019) L-Met is directly used by



the animal as a precursor for protein synthesis and
metabolized through the trans-sulfuration pathway to
produce cysteine and glutathione (Fang et al., 2010).

Threonine is amino acid that has functions of the
thyroid gland, protect the intestinal mucosa and improves
the absorption of nutrients, it was addition to broiler diets
to improve body weight (Sturkie, 1986; Schutte and Pack
and 1995; Leclercq et al., 1998; Si et al., 2001). Low
protein level and adding amino acids reduces energy for
digestion and improves absorption, which improves broiler
performance also reduces the cost of feed and improves
environmental conditions, The aim study to find the effect
of low protein diets and replace protein concentrates by
amino acid mixture on broiler diets in broiler performance.

Arginine plays roles in different metabolic,
pathophysiological and immunological in poultry (Cline
et al., 2016) to the lack of a functional urea cycle
(Takenaka et al., 2000). Broilers are not able to
synthesize endogenous L-arginine and therefore it is
considered as an essential amino acid. Indeed, chickens
exclusively rely on the dietary sources of arginine and
hence a proper amount of it should be provided with
the diet’s. L-arginine can be converted into citrulline
and nitric oxide by the enzyme nitric oxide synthase
(Cline et al., 2016). Nitric oxide has shown marked
vasodilator properties and it could enhance blood flow
to the breast muscle alleviating the hypoxic condition
usually observed in breasts affected by severe woody
breast (WB) or white striping (WS) myopathies (WU,
2014; Mutryn et al., 20015).

Choline, is a water soluble colorless compound with
vitamin-like properties as not a metabolic catalyst but
forms an essential structural component of body tissues
(McDonald et al., 2011). Choline is ubiquitously
distributed in all plant and animal cells, mostly in the
form of the phospholipids, phosphatidylcholine
(lecithin), lysophosphatidyl- choline,
cholineplasmalogens and sphingomyelin - essential
components of all membranes (Zeisel, 1990) Choline
degrades in hot alkali creating trimethylamine. Choline
has ability to form salts with many organic and inorganic
acids. It is well soluble in water and ethanol, but not in
ether. Choline is chemically a strong alkali and
hygroscopic nature. Cholines is amino ethyl alcohol
and have three methyl groups on the nitrogen atom,
chemically termed as (2- Hydroxyethyl)
trimethylammonium. Chemical formula of choline is
C5H14NO+ and of choline chloride is (HOCH2CH2N
(CH3)3HCl) (Chan, 1991).

L-carnitine is a vital micronutrient required for lipid
metabolism and energy production for poultry.
Furthermore, dietary L-carnitine supplementation may

Table 1: Composition and nutrient content of the starter diet (day
0–10).

Ingredients Treatments
 T1  T2  T3 T4 T5

Maize 47.7 48.8 43 42.9 45
Wheat 10 15.2 17.8 17 13.4

Soybean 44 % 33 27.3 31.9 32.1 32.5
Protein concentrate 1 5 5 - - -

Oil 2 1.4 2.6 2.8 3
Limestone 1.1 1.1 1.2 1.2 1.2

DCP 2 0.7 0.7 2 2 2
Vitamins and minerals 0.2 0.2 0.2 0.2 0.2

Salt 0.3 0.3 0.3 0.3 0.3
Amino acids 3 - - 1 1.5 2

Total 100 100 100 100 100
CP% 23 21 21 21 21

M. Energy (kcal/kg) 3000.5 3006.51 3008.22 3002.79 3001.88
Methionine 0.51 0.48 0.32 0.32 0.32
meth+Cys 0.86 0.82 0.66 0.66 0.66

Lysine 1.32 1.17 1.11 1.11 1.12
Threonine 0.87 0.76 0.78 0.77 0.78

Calcium 0.92 0.91 0.99 0.99 0.99
Available phosphorus 0.47 0.46 0,46 0,46 0.47

T1, was first control treatment containing the Protein concentrate
at 5% in all periods, T2 a second control treatment containing the
Protein concentrate at 5% and low protein 2% in all periods, T3
withdrew the Protein concentrate and low protein 2%  level in all
periods and added the mixture 1%, T4 withdraw the Protein
concentrate and low protein 2%  in all periods and add the mixture
1.5%, T5 withdraw the Protein concentrate and low protein 2% in all
periods and added the mixture 2%. 1-BROCON - 5 SPECIAL W
Protein concentrate added in broiler diets each Kg contains: 40%
crude protein, 5% fat, 2.26% fiber, 5% calcium, 4.68% phosphorus,
3.85% lysine, 3.7% methionine, 4.12% methionine + cysteine, 2.4%
sodium, 2107 kilograms of energy represented / Kg . 2- DCP : Di-
calcium phosphite 3- amino acids : methionine 33.4%, lysine 33.3%
and threonine 33.3%. broiler diets chemical analysis according to
NRC 1994.

have a beneficial effect on broiler nutrition status, mainly
due to its sparing effect on its precursor’s lysine and
methionine. Providing sufficient amount of L-carnitine to
broilers resulted in more efficient utilization of dietary
energy and protein (Ossininezhad et al., 2011). L-
carnitine acts by reducing the availability of lipids for per-
oxidation through transportation of fatty acids into the
mitochondria for -oxidation to produce ATP energy
(Ossininezhad et al., 2010).

Materials and Methods
Bird management: A total of 225 one-day old

unsexed chicks (Ross 308) with initial body weight in
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range from 40 to 42g. The chicks were randomly
distributed to five treatments with three replicates per
treatment by 15 chicks in each replicated. Broilers housed
on litter floor system, floor pens measuring 1.9×2.0 m, all
chickens received ad libitum access to feed and water
throughout the experimental period. The temperature was
set at 33°C at first three days of age and then decreased
by 1°C every 2 days until a permanent temperature of
24°C was reached. All birds were vaccinated for
Newcastle disease virus on days 10, 20 and 30, for
Gambaro disease on days 14 of age.

Diets and Diet Analysis: The experimental diets
were formulated According NRC (1994) at three-phase
feeding program ross nutrition specification 2019: A diet
of starter period (0 – 10 day-old) was shown in table 1,

the diet of grower period (11-24 day-old) was placed
in table 2 and finisher period (25-42 day-old) was shown
in table 3.
Intestine histological Measurements

Gut morphology examinations were carried out
according to the method described by Iji et al., (2001)
with minor modifications. Ileal samples were immersed
in formaldehyde before fixation in Bouin’s solution and
paraffin-embedded. Each sample was sectioned at a
thickness of 7 mm, stained with alcian blue/
haematoxylin-eosin and examined by light microscopy.
The slides were viewed on a Zeiss Axiophot
microscope. Visual measurements of villus height, crypt
depth, goblet cell number and epithelium thickness were
made at 100 to 200 magnifications using imaging
software (Image Pro Plus, Version 4.1.0.9, Media
Cybernetics, Silver Spring, MD, USA).
Statistical Analysis

This experiment had a completely randomized
(CRD) design, All data were statistically analyzed using
Statistical Analysis System (SAS) software (SAS
Institute, Cary, North Carolina, USA) (2001).
Significant differences among the treatment group
means were evaluated using Duncan’s multiple range
test in all cases, significance was set at P < 0.05.

Result and Discussion
Blood parameters

The data in table 5 showed no significant
differences between T3, T4 and T5 compared with
control treatments T1 and T2 in Total protein and Uric
acid. In triglycerides was a significant difference (<0.05
P) for the treatment T4 and T5 compared with T1 and
was no significant difference between other treatments.

Methionine reduce level of fats in body through
the events of changes in the composition of fats and

analysis of fats in addition to its main role in the metabolism
of fats in the liver and the transfer to body tissues, or that
the taurine that is manufactured by sulfur amino acids
has a role after operations The translation of proteins
performs the regulatory modification of the effect on
phosphorus or the proteins associated with phosphorus
and the removal of phosphorus, which has a role in
reducing energy (Takahashi and Akiba, 1995; Mochizuki
et al., 1998; Oda, 2006). Low protein diet reduce the
effectiveness of the ACC gene, which reduces the level
of fat in the body, since increasing the effectiveness of
this gene leads to an increase in the formation of fatty
substances in the body by increasing the rate of formation
of fatty acids by stimulating this gene to malonyl-CoA

Table 2: Composition and nutrient content of the grower diet (day
11–24).

Ingredients Treatments
 T1  T2  T3 T4 T5

Maize 60.3 65.1 44.8 44.5 45.6
wheat - 1.4 19.3 18.6 16.5

Soybean 30 24.6 28.1 28.3 28.6
Protein concentrate 1 5 5 - - -

oil 2.7 1.9 3.5 3.8 4
Limestone 1.1 1.1 1 1 1

DCP 2 0.5 0.5 1.9 1.9 1.9
Vit 0.2 0.2 0.2 0.2 0.2
Salt 0.2 0.2 0.2 0.2 0.2

Amino acids 3 - - 1 1.5 2
Total 100 100 100 100 100
CP% 21.52 19.5 19.51 19.51 19.5

Energy 3100.04 3101.12 3103.6 3103.59 3100.24
Methionine 0.49 0.47 0.29 0.30 0.30

Lysine 1.24 1.09 1.01 1.01 1.02
Threonine 0.82 0.74 0.72 0.72 0.72

calcium 0.87 0.86 0.89 0.89 0.89
available phosphorus 0.44 0.43 0.44 0.44 0.44

T1, was first control treatment containing the Protein concentrate
at 5% in all periods, T2 a second control treatment containing the
Protein concentrate at 5% and low protein 2% in all periods, T3
withdrew the Protein concentrate and low protein 2%  level in all
periods and added the mixture 1%, T4 withdraw the Protein
concentrate and low protein 2%  in all periods and add the mixture
1.5%, T5 withdraw the Protein concentrate and low protein 2% in all
periods and added the mixture 2%. 1-BROCON - 5 SPECIAL W
Protein concentrate added in broiler diets each Kg contains: 40%
crude protein, 5% fat, 2.26% fiber, 5% calcium, 4.68% phosphorus,
3.85% lysine, 3.7% methionine, 4.12% methionine + cysteine, 2.4%
sodium, 2107 kilograms of energy represented / Kg . 2- DCP : Di-
calcium phosphite 3- amino acids : methionine 33.4%, lysine 33.3%
and threonine 33.3%. . broiler diets chemical analysis according to
NRC 1994.
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(Hillgartner et al., 1996). Wu et al., (2011) explained
that adding arginine contributes to lowering the lipid level
by reducing the activity of malate dehydrogenase,
glucose-6-phosphate dehydrogenase and fatty acid
synthetase in the liver. Choline has a role in metabolism
of fats by entering lecithin, thereby reducing the level of
triglycerides in the blood (Corbinand and Zeisel; 2013).
Carnitine promotes the oxidation of long-chain fatty acids
in addition to its role in transporting smooth medium fatty
acids in the liver into mitochondria (Van Kempen and
Odle, 1993; Zou et al., 2008).

The result was agreement with (Sigolo et al., 2017)
when reducing the protein level in the broiler diet in total
protein and uric acid level but not agree in triglycerides.
The results agreement with (Agbede and Aletor, 2003)

in Total protein, and the results did not agree with
(Tufarelli and others, 2020) found when studying the
effect of adding methionine, lysine, and carnitine in a
synergistic manner at different levels to the broiler diet,
to the broiler diet in uric acid, triglycerides, and total
protein. The results were inconsistent with
(Hosseintabar et al., 2015) in uric acid and triglycerides
when adding lemethionine, lysine and carnitine in a
synergistic manner at different levels to the broiler diet
and agree with the same researcher with total protein.
The result agrees with (Rezaeipour and Gazani, 2014)
by reducing the level of triglycerides when adding
threonine and The results were not consistent with
(Yang et al., 2016) when adding arginine to the diets
of laying hens in triglycerides.
Intestine histological

Table 5 showed significant differences for T2
compared with T4 in villi length. Also the result showed
no significant differences for T3, T4 and T5 compared
with control treatments T1 and T2 in crypt depth. In
mucous thickness layer the result showed significant
differences for T3 and T5 compared with control
treatments T2.

The reason for the increase in the thickness of the
mucous layer may be due to the glutathione, which
synthesizes the amino acid methionine and threonine,
which increases the thickness of the mucous layer and
the muscle layer of the intestine (Kidd et al., 1999;
Dozier et al., 2001; Hong et al., 2018.). Perhaps the
reason for the increase in the thickness of the mucous
layer is due to the amino acid threonine, mucous is a
glycoprotein substance that includes threonine, serine
and proline synthesis, threonine constitutes (28 - 40%)
of the composition of the mucous substance (Carlstedt
et al., 1993). Threonine plays a vital role in increasing
the size and numbers of cells secreting mucosal goblet
cells and that raising the level of threonine encourages

Table 3: Composition and nutrient of the finisher diet (25–42 d of
age).

Ingredients Treatments
 T1  T2  T3 T4 T5

Maize 58.6 62.3 55.3 58.9 60.9
wheat 4.1 6.7 10.9 6 3

Soybean 26.2 20.7 25.1 25.7 26
Protein concentrate 1 5 5 - - -

oil 4.1 3.3 4.4 4.6 4.8
Limestone 1.2 1.2 1.1 1.1 1.1

DCP 2 0.4 0.4 1.8 1.8 1.8
Vit 0.2 0.2 0.2 0.2 0.2
Salt 0.2 0.2 0.2 0.2 0.2

Amino acids 3 - - 1 1.5 2
Total 100 100 100 100 100
CP% 20.02 18 18 18 18

Energy 3204.65 3203.52 3201.07 3204.65 3200.15
Methionine 0.47 0.45 0.28 0.29 0.45

Lysine 1.13 0.99 0.92 0.93 0.94
Threonine 0.76 0.67 0.66 0.67 0.67

calcium 0.88 0.87 0.89 0.89 0.89
available phosphorus 0.41 040 0.42 0.42 0.42

T1, was first control treatment containing the Protein concentrate
at 5% in all periods, T2 a second control treatment containing the
Protein concentrate at 5% and low protein 2% in all periods, T3
withdrew the Protein concentrate and low protein 2%  level in all
periods and added the mixture 1%, T4 withdraw the Protein
concentrate and low protein 2%  in all periods and add the mixture
1.5%, T5 withdraw the Protein concentrate and low protein 2% in all
periods and added the mixture 2%. 1-BROCON - 5 SPECIAL W
Protein concentrate added in broiler diets each Kg contains: 40%
crude protein, 5% fat, 2.26% fiber, 5% calcium, 4.68% phosphorus,
3.85% lysine, 3.7% methionine, 4.12% methionine + cysteine, 2.4%
sodium, 2107 kilograms of energy represented/Kg. 2- DCP : Di-
calcium phosphite 3- amino acids : methionine 33.4%, lysine 33.3%
and threonine 33.3%. . broiler diets chemical analysis according to
NRC 1994.

mRNA to increase gene expression to MUC2, which
leads to an increase in the thickness of this layer in the
gut of poultry (Chen et al., 2017).

The results not agreement with (Ojediran et al., 2017)
when reduce the protein level in the broiler diet in the
length of villi and agreed in the depth of crypts for the
same researcher. The results do not agree with what he
reached (Samiru et al., 2019) when add different sources
of methionine on The length of villi, and the results not
agree with (Samiru et al., 2019) in the depth of crypts
when adding lysine to the flesh of broilers. The results
not agree with (Najafi et al., 2017) when adding threonine
to the diet in the length of villi but agreement in depth of
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crypts.

References
Agbede, J.O. and V. A. Aletor (2003). Evaluation of Fish Meal

Replaced with Leaf Protein Concentrate from Glyricidia in
Diets for Broiler - Chicks: Effect on Performance, Muscle
Growth, Haematology and Serum Metabolites,
International Journal of Poultry Science, 2(4): 242-250.

Binder, M. Information for the Feed Industry. Degussa feed
additives; Hanau-Wolfgang, Germany (2003). Life cycle
analysis of DL-methionine in broiler meat production; pp.
1–8.

Bunchasak, C. (2009). Role of dietary methionine in poultry
production. J. Poult. Sci. Assoc., 46: 169–179. doi: 10.2141/
jpsa.46.169.

Carlstedt, I., A. Herrmann, H. Karlsson, J. Sheehan, L. Fransson
and G.C. Hansson (1993). Characterization of two different
glycosylated domains from the insoluble mucin complex
of rat small intestine. J. Biol. Chem., 268: 18771–18781.

Chan, M.M. (1991). Choline and Carnitine. In Machlin, L.J.
(Editor) “Handbook of Vitamins”, Second edition, Marcel
Dekker, Inc., N.Y. Pp 537-556.

Cline, P.M., T.C. Tsai, A.M. Stelzleni, C.R. Dove and M. Azain
(2016). Interaction of dietary energy and protein on growth
performance, carcass characteristics and digestibility in
finishing barrows when fed at a constant digestible lysine
to metabolizable energy ratio. Livest. Sci., 184: 1–6.

Corbinand, K.D. and S.H. Zeisel (2013). Choline Metabolism
Provides Novel Insights into Non-alcoholic Fatty Liver
Disease and its Progression. Curr. Opin Gastroenterol.,
28(2): 159–165.

Dozier, W., E. Moran and M. Kidd (2001). Comparisons of male
and female broiler responses to dietary threonine from 42
to 56 days of age. The Journal of Applied Poultry
Research, 10: 53-59.

Elnesr, S.S., H.A.M. Elwan, Q.Q. Xu, C. Xie, X.Y. Dong and X.T.
Zou (2019). Effects of in ovo injection of sulfur-containing
amino acids on heat shock protein 70, corticosterone
hormone, antioxidant indices and lipid profile of newly
hatched broiler chicks exposed to heat stress during
incubation. Poult. Sci., 98: 2290–2298. doi: 10.3382/ps/
pey609.

Fang, Z., K. Yao, X. Zhang, S. Zhao, Z. Sun, G. Tian and K.
Zhang (2010). Nutrition and health relevant regulation of
intestinal sulfur amino acid metabolism. Amino Acids, 39:
633–640. doi: 10.1007/s00726-010-0502-x.

Hackenhaar, L. and A. Lemme (2005). Como reduzir o nível de
proteína em dietas de frangos de corte, garantindo
performance e reduzindo custos. Anais do 7; Simpósio
Goiano de Avicultura; 2; Simpósio Goiano de Suinocultura
; Goiânia, Goiás. Brasil. p. 85-95.

Hillgartner, F.B., T. Charron and K.A. Chesnut (1996).
Alterations in nutritional status regulate acetyl-CoA
carboxylase expression in avian liver by a transcriptional
mechanism. Biochem. J., 319: 263–268.

Hong, P., S. Consultant and C.J. Cheiljedang (2018).
Physiological functions of methionine in poultry. https://
www.allaboutfeed.net/Feed-Additives/Partner/2018/1/
Physiological-functions-of-methionine-in-poultry-
232599E/.

Hosseintabar, B., M.Sc, M. Dadashbeiki, DVM, M. Bouyeh,
Ph.D, A. Seidavi, Ph.D, R.V.D. Hoven and Ph.D., S. Gamboa
(2015). Effect of different levels of L-carnitine and lysine-
methionine on broiler blood parameters. Rev. MVZ
Córdoba, 20(3): 4698-4708, ISSN: 0122-0268.

Iji, P.A., R.J. Hughes, M. Choct and D.R. Tivey (2001). Intestinal
structure and function of broiler chickens on wheat-based
diets supplemented with a microbial enzyme. Asian-Aust.
J. Anim. Sci., 14: 54-60.

Kidd, M.T., C.D. McDaniel, S.L. Branton, E.R. Miller, B.B. Boren
and B.I. Fancher (2004). Increasing amino acid density

Table 4: Effect of feeding broilers on low protein diets by
withdrawal protein concentrates and fortified with
different essential amino acids, choline and carnitine
on Blood biochemical parameters.

Treatments Total protein Uric acid triglycerides
T1 4.05±0.05 87.00±8.00 87.00±8.00 A
T2 4.30±0.10 68.50±0.50 68.50±0.50 BC
T3 4.40±0.36 82.25±2.69 82.25±2.69 AB
T4 4.50±0.12 58.33±5.24 58.33±5.24 C
T5 4.83±0.46 67.33±6.33 67.33±6.33 BC

significant N.S N.S 0.05
T1, is a control treatment containing the Protein concentrate
at 5% ,T2 a second control treatment containing a 5% Protein
concentrate and low protein 2%, T3 withdrew the Protein
concentrate and  a 2% low protein level in all periods and the
amino acids mixture is added 1%, T4 withdraw the Protein
concentrate and low protein level 2% in all periods and add
the amino acids mixture 1.5%, T5 withdraw the Protein
concentrate and  low protein level 2% in all periods and the
amino acids mixture is added 2%.

Table 5: Effect of feeding broilers on low protein diets by
withdrawal protein concentrates and fortified with
different essential amino acids, choline and carnitine
on intestinal morphology.

Treat- Villi crypt mocous
ments length depth thickness layer

T1 570.03±17.75 ab 80.66±2.01 108.45±3.98 a
T2 585.29±11.37 a 75.52±2.72 79.81±3.59 c
T3 540.37±11.00 ab 89.26±4.75 98.10±4.38 ab
T4 526.37±16.70 b 80.57±3.76 90.29±4.17 bc
T5 559.93±20.41 ab 81.09±3.48 94.19±3.52 b

significant 0.05 N.S 0.05
T1, is a control treatment containing the Protein concentrate
at 5%, T2 a second control treatment containing a 5% Protein
concentrate and low protein 2%, T3 withdrew the Protein
concentrate and  a 2% low protein level in all periods and the
amino acids mixture is added 1%, T4 withdraw the Protein
concentrate and low protein level 2% in all periods and add
the amino acids mixture 1.5%, T5 withdraw the Protein
concentrate and  low protein level 2% in all periods and the
amino acids mixture is added 2%.



7668 Mohammed Fares Al-Shamary and Hisham A. Saleh Al-Mashhadani

Acute Heat Stress. J. Poult. Sci., 56: 195-203.
Schutte, J.B. and M. Pack (1995). Sulfur Amino Acid

Requirement of Broiler Chicks from Fourteen to Thirty-
Eight Days of Age. 1. Performance and Carcass Yield,
poult sci., 74: 480-487.

Shoulders, M.D. and T.R. Raines (2009). “Collagen structure
and stability”. Annual Review of Biochemistry, 78: 929–
58. doi:10.1146/annu rev.biochem. 77.032207.120833. PMC
2846778. PMID 19344236.

Si, J., C.A. Fritts, D.J. Burnham and P.W. Waldroup (2001).
Relationship of dietary lysine level to the concentration
of all essential amino acids in broiler diets Poultry sci., 80:
1472-1479.

Sigolo, S., Z. Zohrabi, A. Gallo, A. Seidavi and A. Prandini
(2017). Effect of a low crude protein diet supplemented
with different levels of threonine on growth performance,
carcass traits, blood parameters and immune responses of
growing broilers. Poultry Science, 96: 2751–2760.

Sturkie, P.D. (1986). Avian Physiology, 4th ed. Springer: New
York, NY, USA.

Takenaka, A., N. Oki, S.I. Takahashi and T. Noguchi (2000).
Dietary restriction of single essential amino acids reduces
plasma insulin-like growth factor-I (IGF-I) but does not
affect plasma IGF-binding protein-1 in rats. J. Nutr., 130:
2910–2914.

Takahashi, K. and Y. Akiba (1995). Effect of methionine
supplementation on lipogenesis and lipolysis in broiler
chicks. Japan Poult Sci., 32: 99-106.

Tufarelli, V., H. Mehrzad-Gilmalek, M. Bouyeh, A. Qotbi, H.
Amouei, A. Seidavi, E. Paz and V. Laudadio (2020). Effect
of Dierent Levels of L-carnitine and Excess Lysine-
Methionine on Broiler Performance, Carcass
Characteristics, Blood Constituents, Immunity and
Triiodothyronine Hormone. Agriculture, 10: 138;
doi:10.3390/agriculture10040138.

Van Kempen, T.A. and J. Odle (1993). Medium-chain fatty acid
oxidation in colostrum-deprived newborn piglets:
stimulative effect of L-carnitine supplementation. J. Nutr.,
123(9): 1531-1537.

Wu, G. (2014). Dietary requirements of synthesizable amino
acids by animals: a paradigm shift in protein nutrition. J.
Anim. Sci. Biotechnol., 5: 34.

Wu, L.Y., Y.J. Fang and X.Y. Guo (2011). Dietary L-arginine
supplementation beneficially regulates body fat deposition
of meat-type ducks. British Poultry Science, 52: 221–226.

Yang, H.I., X.I. Ju, Z.I. Wang, Z.I. Yang, J.I.I.I. Lu and W. Wang
(2016). Effects of Arginine Supplementation on Organ
Development, Egg Quality, Serum Biochemical parameters,
and Immune Status of Laying Hens. ISSN 1516-635X, v.18/
n.1/181-186.

Zeisel, S.H. (1990). Choline deficiency. J. Nutr. Biochem., 1:
332-349.

improves live performance and carcass yields of commercial
broilers. Journal of Applied Poultry Research, 13(4): pp.
593–604.

Leclercq, B. (1998). Specific effects of lysine on broiler
production: comparison with threonine and valine. Poult.
Sci., 77: 118–123.

McDonald, P., R. Edward, C.A. Morgan and J.F.D. Greenhalgh
(2011). Animal Nutrition. Sixth Edition. Published by
Dorling Kindersley (India) Pvt. Ltd. Noida, India.

Mochizuki, H., H. Oda and H. Yokogoshi (1998). Increasing
effect of dietary taurine on serum HDL-cholesterol
concentrations in rats. Bio. Sci. Biotech Biochem., 62(3):
578-579.

Mutryn, M.F., E.M. Brannick, W. Fu, W.R. Lee and B. Abasht
(2015). Characterization of a\ novel chicken muscle disorder
through differential gene expression and pathway analysis
using RNA-sequencing. BMC Genomics, 16(399): https:/
/doi.org/10.1186/s12864-015-1623-0.

Najafi, R.I., R.I. Ahmar and G.N.I.I. Tazehkand (2017). Effect of
Different Dietary Threonine Levels on Optimal Growth
Performance and Intestinal Morphology in 1-14 Days Old
Ross 308 Broilers. Brazilian Journal of Poultry Science.
ISSN 1516-635X.

NRC (1994). Nutrient requirements of poultry. Ninth revised
edition, National Academy Press, Washington, D.C., USA.

Oda, H. (2006). Functions of sulfur-containing amino acids in
lipid metabolism. J. Nutr., 136(6S): 1666-1669.

Ojediran, T.K., T.O. Oloruntade, B.Y. Durojaye, R.O. Saka and
I.A. Emiola (2017). Blood parameters, carcass yield, organ
weight and villi morphometrics of broilers fed low protein
diet in excess of dietary lysine. Trakia Journal of Sciences,
2: pp 121-127.

Ossininezhad, M.M., M. Irani and A. Seidavi (2011). Dietary
effects of L-carnitine supplement on performance and
blood parameters of broiler chickens. J. Food. Agric.
Environ., 9(3&4): 475-481.5.

Nouboukpo, K.E., K. Tana, B. Kamers, N. Everaert and H.
Willemsen (2010). Effect of In vivo administration of L-
carnitine on hatching events and juvenile performance of
layer type chicken. Int. J. Poult. Sci., 9: 980-983.

Rezaeipour, V. and S. Gazani (2014). Effects of feed form and
feed particle size with dietary L- threonine supplementation
on performance, carcass characteristics and blood
biochemical parameters of broiler chickens. I. Journal of
Animal Science and Technology, 56: 20.

Roy, N., H. Lapierre and J.F. Bernier (2000). Whole-body protein
metabolism and plasma profiles of amino acids and
hormones in growing barrows fed diets adequate or
deficient in lysine. Can. J. Anim. Sci., 80: 585–595.

Samiru, S.W., E. Kim, H.M. Cho, T.K. Shin, B. Kim, M. Lee, S.
Seo, J. Heo and H. Choi (2019). Differential Effects of
Dietary Methionine Isomers on Broilers Challenged with


