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ABSTRACT A study was conducted in a completely 
randomized design to evaluate the performance, excre-
ta characteristics, and some blood nitrogen metabolite 
concentrations of 28-d-old male broilers fed 4 experi-
mental diets in which CP was decreased in a stepwise 
manner from 23 to 17%. The other 4 diets were formu-
lated to have 19 and 17% CP, in which 2 of them con-
tained an additional 10% of particular essential amino 
acids (EAA) and 2 were supplemented with Gly and 
Glu. Ileal digestible quantities of all EAA were almost 
equal in the diets, and total amount of each EAA was 
maintained at or above NRC requirements. Decreasing 
dietary CP below 19% depressed performance and ap-
petite and increased fat deposition in the whole body 
and abdominal cavity significantly. Adding the Gly and 
Glu mixtures to low-CP diets improved performance 
and decreased fat deposition. Uric acid, moisture, and 
acidity of excreta were decreased by reduction of di-

etary CP; excretory ammonia level was increased in 
17% CP diets. Blood ammonia level was increased and 
plasma uric acid was decreased with reduction of CP 
to 17%. Supplementing Gly and Glu increased plasma 
and excretory uric acid level in spite of decreasing blood 
ammonia concentration. The aminostatic hypothesis 
cannot explain the sharp reduction in appetite in this 
experiment, because alteration of dietary CP had no 
significant influence on most plasma free amino acid 
levels. Therefore, reduction of CP to 19% not only does 
not impair performance but also decrease nitrogen, 
ammonia, and pH of excreta that may improve upon 
litter and air quality. Adding large amounts of crystal-
line EAA to diets with low intact CP increased blood 
and excretory ammonia concentration, which due to its 
negative effects on tissue metabolism may be the main 
cause of retarded growth and appetite in decreased CP 
diets below 19%.
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INTRODUCTION
Attempts to decrease CP content of broiler diets have 

been successful to a point, but most researchers agree 
that reduction of CP has some noxious effects on per-
formance and appetite. This failure is seen even with 
providing all requirements for those amino acids con-
sidered as essential. Failure to obtain optimum result 
in performance may be attributed to one or more of 
the following factors: lack of nitrogen pool to synthe-
size nonessential amino acids (NEAA); insufficiency 
of body capacity to meet all NEAA requirements espe-
cially Gly, Ser, Pro, and Glu; decreased level of potas-
sium or altered ionic balance; and imbalances among 
certain amino acids such as Arg to Lys, Lys to Thr, be-
tween branched-chain amino acids, and Trp to large 

neutral amino acids. But, a majority of these factors 
cannot explain completely the main reason for failure 
in performance.

Based on the assumption that the nonessential ami-
no nitrogen may likely become a limiting factor in the 
low-CP diets and the NEAA limitation is particularly 
significant in regard to the effects upon the carcass fat-
ness, many researchers had added NEAA to low-CP 
diets. Fancher and Jensen (1989a) concluded that the 
decreased growth associated with low-CP diets was not 
due to insufficient NEAA. They further (Fancher and 
Jensen, 1989b,c) demonstrated that the performance 
of broilers was impaired when feeding a low-CP diet 
despite the fact that Met, Lys, Thr, Arg, Trp, and po-
tassium content were equal to a high-CP diet. Wal-
droup et al. (2005) reported that supplemental Gly to 
a low-CP diet improved BW significantly, although not 
completely restoring performance equal to that of diets 
with 22 or 24% CP. Schutte et al. (1997) recommended 
1.9% of total Gly and Ser when birds were fed low-CP 
diets fortified with essential amino acids (EAA). On the 
other hand, some researchers suggested that feeding 
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a greater rate of EAA to NEAA in low-CP diets tends 
to improve performance and prevent excess fat deposi-
tion (Yamazaki et al., 1998); however, there are some 
antithetical findings that reject this positive influence 
(Yamazaki et al., 2006).

The addition of crystalline amino acids often results 
in a reduction of feed intake (Han and Baker, 1993; 
Carew et al., 1998; Si et al., 2004). Some studies (Kum-
ta and Harper, 1962; Peng and Harper, 1970) proposed 
an aminostatic hypothesis, namely that amino acid lev-
els or patterns in plasma may serve as a signal to an 
appetite-controlling mechanism. It is possible that not 
only the levels of amino acids but also the levels of their 
metabolites serve as signals to regulate feed intake. In 
rats, the level of blood urea has no effect on feed intake 
(Kumta and Harper, 1961). Ammonia is inevitably lib-
erated in protein metabolism, but it is very toxic to liv-
ing cells, and the sensitive mechanism(s) in animals 
keep it below a toxic level. Excess or imbalanced di-
etary amino acids split into C-skeletons and ammonia, 
which is converted to uric acid by birds. Decreasing 
feed intake to limit the absorption and catabolism of 
excess amino acids may be one mechanism to decrease 
the intracellular concentration of ammonia. Another 
way is induction of activities of enzymes involved in 
ammonia detoxification (Noda, 1975). According to 
Noda (1975), the blood ammonia level is an important 
factor in regulation of appetite in rats, but there is no 
reliable research to investigate this controlling mecha-
nism in broiler chicks or the effective dietary factors on 
blood ammonia level.

In the present study, we tried to stabilize all impor-
tant dietary variables that usually tend to alter with 
decreasing CP including electrolyte balance, Lys:Arg 
ratio, and standardized ileal digestible EAA levels in 
the dietary treatments to examine the effects of CP 
reduction on quality and quantity of performance and 
excreta characteristics. In addition, to study the influ-
ence of dietary CP and amino acid levels on the rate of 
ammonia production, the blood and excreta ammonia 
level were measured. Another objective of this study 
was to check the validity of the aminostatic hypothesis 
under our experimental condition.

MATERIALS AND METHODS

Birds and Housing
Day-old male Ross 308 broiler chicks obtained from 

a local hatchery were housed in electrically heated bat-
tery cages (0.197 m2 per bird) and had free access to 
water and a commercial starter diet for 10 d. On d 10, 
birds (215 ± 15 g) were allotted to 1 of the 8 feeding 
treatments on the basis of BW. Each dietary treatment 
was applied to 8 replicates of 6 chicks, randomly. The 
experimental birds were given ad libitum access to 
water and diet. The ambient temperature was gradu-
ally decreased from 35 to 24°C over the period of 1 to 
28 d of age. The birds were exposed to a 23L:1D cycle. 

All procedures were approved by the Animal Care and 
Welfare Committee of Tehran University.

Diet Formulation
Corn, dehulled soybean meal, and corn gluten meal 

were sampled before diet formulation to determine CP 
as Kjeldahl nitrogen × 6.25, moisture, and total amino 
acids content (Degussa AG, Rodenbacher Chaussee 4, 
Hanau-Wolfgang, Germany), after which the contents 
of true digestible amino acids were calculated from 
standardized ileal digestibility coefficients listed by 
Lemme et al. (2004). The amount of calcium (meth-
od 968.08), phosphorus (method 965.17), potassium 
(method 966.03), sodium (method 966.03), and chlo-
ride (method 943.01) was analyzed by AOAC (1995) 
procedures in all feeding ingredients. Each ingredient 
sample was analyzed in triplicate. The dietary electro-
lyte balance was set at 280 mEq/kg. All diets were for-
mulated to be isoenergetic (3,175 kcal/kg of MEn). The 
amount of dietary calcium, available phosphorus, and 
sodium was maintained equal in all treatments (Table 
1). Four levels of CP were used in this study including 
23, 21, 19, and 17% with almost equal ileal digestible 
amounts of all EAA. Total EAA concentrations in all 
treatments were maintained at or above NRC (1994) 
recommended levels (Table 2). In addition, one series of 
19 and 17% CP diets were supplemented with Gly and 
Glu to bring them to the amount of high-CP diets. An-
other series of 19 and 17% CP diets were supplemented 
with 10% additional EAA (Lys, Thr, Arg, Trp). Diets 
were supplemented with complete vitamin and trace 
mineral mixes. The l-Lys HCl, dl-Met, and l-Thr used 
in the diets were feed grade, whereas all other crystal-
line amino acids as well as K2CO3 were reagent grade 
(minimum 98% purity) and purchased from Degussa 
Iran AG (Tehran, Iran).

Blood Samples
At the end of the experiment, 2 blood samples were 

taken per replicate from the brachial vein and placed 
into evacuated heparinized tubes. Samples were put on 
ice immediately and processed within 1 h of collection. 
Plasma was obtained by centrifuging the blood sam-
ples at 3,000 × g for 15 min at 4°C. Plasma aliquots 
were kept frozen at −70°C until analyzed, and concen-
trations of free plasma amino acids were measured 
with a model 3A30 Carlo Erba Amino Analyzer (Carlo 
Erba-Fisons, Rodano, Milan, Italy) as described previ-
ously (Marchesini et al., 1987). Blood ammonia level 
was determined with coupled enzymatic assay (Ishi-
hard et al., 1972) 1 h after sampling. Plasma uric acid 
was measured by the method of Liddle et al. (1959) by 
enzymatic (uricase) spectrophotometry. Briefly, this 
enzyme catalyzed the oxidation of uric acid to allant-
oin with subsequent production of H2O2. This method 
is based on the fact that uric acid has a ultraviolet ab-
sorbance peak at 293 nm, whereas allantoin does not. 
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The difference in absorbance before and after incuba-
tion with uricase is proportional to the uric acid con-
centration.

Excreta Samples
At 22 d of age, excreta were collected by replicate 

for 8 h and homogenized using a PT 10/35 polytron 
mixer (Brinkmann Instruments, Westbury, NY). Be-
fore recording the pH values of the samples on a Sen-
tron model 2001 pH meter (Sentron, Gig Harbor, WA), 
the electrode was rinsed with distilled water and dried 
with soft paper tissue.

The remaining sample per replicate was placed in 
a −30°C freezer. After 1 wk, the samples were freeze-
dried and then milled using a 0.5-mm sieve. Nitrogen 
content of the samples was then determined using the 
procedure (Kjeldahl) described by AOAC (1995). A part 
of freeze-dried samples was prepared and extracted 
with lithium carbonate (Hevia and Clifford, 1977) in 
duplicate to use in determining uric acid content by 
enzymatic spectrophotometer (Spectrophotometer, Hi-
tachi 0404-006, Hitachi Ltd., Tokyo, Japan; Liddle et 
al., 1959). To determine ammonia content of excreta, 
frozen samples were scanned in the near-infrared on 
a Foss NIRSystems model 6500 scanning monochro-
mator (Foss NIRSystems, Silver Spring, MD; Reeves 
and VanKessel, 2000). Samples were thawed and then 

scanned in airtight polyethylene bags to determine 
ammonia concentration. All samples were scanned in 
duplicate.

Carcass Characteristics  
and Whole-Body Analyses

At the end of the experimental period (d 28), 2 birds 
per replicate (with a BW close to the replicate mean), 
were slaughtered by cervical dislocation. The birds 
were killed 22 h after their last meal (with free access 
to water). One of the slaughtered birds was used to 
determine carcass characteristics. The data on breast 
muscle, thigh muscle, abdominal fat, and organs 
weight (i.e., liver, intestine, proventriculus + gizzard) 
were recorded at this stage. The other killed chick per 
replicate was stored in an airtight polyethylene bag at 
−22°C for later determination of whole-body composi-
tion. The whole body of the killed chicks was thawed 
overnight at room temperature, homogenized with 
Waring blender (Waring Products Division, New Hart-
ford, CT) for 2.5 min, and sampled according to proce-
dures described by Barker and Sell (1994). Whole-body 
DM (Barker and Sell, 1994), nitrogen content, and fat 
content were analyzed in triplicate subsequently (Nu-
trition and Chemical Laboratory of Tehran University, 
Karaj, Iran). Whole-body CP was calculated as Kjel-
dahl nitrogen × 6.25.

Table 1. Ingredient composition of experimental diets (%) 

Ingredient

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7 Diet 8

(23% CP,  
100% amino 

acids1)

(21% CP,  
100% amino 

acids)

(19% CP,  
100% amino 

acids)

(17% CP,  
100% amino 

acids)

(19% CP,  
100% + Gly, 

Glu)

(17% CP,  
100% + Gly, 

Glu)

(19% CP,  
100% + 10% 

EAA)

(17% CP,  
100% + 10% 

EAA)

Yellow corn 50.83 54.91 59.85 63.86 58.70 60.99 59.06 63.04
Soybean meal 38.99 35.21 30.15 25.22 30.31 25.87 30.29 25.46
Corn gluten meal 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Corn oil 5.61 5.46 4.98 4.88 5.28 5.52 5.22 4.99
Dicalcium phosphate 1.95 1.97 2.01 2.05 2.01 2.18 2.01 2.05
Calcium carbonate 1.06 1.05 1.02 0.99 1.02 0.99 1.02 0.99
Sodium chloride 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Potassium carbonate 0.00 0.19 0.48 0.78 0.48 0.77 0.55 0.84
dl-Methionine 0.19 0.24 0.29 0.32 0.29 0.35 0.29 0.32
l-Lys HCl 0.00 0.07 0.22 0.37 0.22 0.39 0.36 0.51
l-Thr 0.00 0.05 0.10 0.17 0.10 0.17 0.17 0.24
l-Arg 0.00 0.00 0.05 0.20 0.05 0.22 0.17 0.32
l-Trp 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.04
l-Ile 0.00 0.00 0.00 0.19 0.00 0.19 0.00 0.22
l-Val 0.00 0.00 0.00 0.10 0.00 0.10 0.00 0.13
l-Glu 0.00 0.00 0.00 0.00 0.49 1.12 0.00 0.00
l-Gly 0.00 0.00 0.00 0.00 0.20 0.26 0.00 0.00
Trace mineral premix2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix3 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100 100 100 100

1Amino acids status: 100% total essential amino acids maintained at or above NRC (1994); EAA = essential amino acids.
2Trace mineral premix added the following (mg/kg) to the diet: Mn (MnSO4⋅H2O), 110.60; Zn (ZnSO4·7H2O), 110.40; Fe (FeSO4·7H2O), 50; Cu 

(CuSO4·5H2O), 8.30; I [Ca (IO3)2·H2O], 1.08; Se, 0.30; Co, 0.1; Mo, 0.05; a minimum of 6.98 mg of Ca and a maximum of 8.02 mg of calcium per 
kilogram of diet. The carrier was calcium carbonate, and the premix contained less than 0.7% mineral oil.

3Vitamin premix added the following to the diet (per kg of diet): vitamin A (retinyl acetate), 11.023 IU; vitamin D (cholecalciferol), 118 IU 
; vitamin E (dl-α-tocopheryl acetate), 23.54 IU; menadione (menadione dimethylpyrimidinol), 1.47 mg; B12, 0.0151 mg; riboflavin, 5.895 mg; 
niacin, 42.93 mg; d-pantothenic acid, 12.11 mg; choline (choline chloride), 477.7 mg; folic acid, 1.15 mg; pyridoxine (pyridoxine hydrochloride), 
4.17 mg; thiamin (thiamin mononitrate), 1.23 mg; d-biotin, 0.075 mg.
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Statistical Analysis

Data were analyzed using the general linear model 
ANOVA (SAS Institute, 2004) in a completely random-
ized design. Means were compared using Duncan’ mul-
tiple range test. In all cases, significance was set at P 
< 0.05 or P < 0.01.

RESULTS

During the 10 to 19-d period, performance was sig-
nificantly influenced by dietary CP (Table 3). Fortify-
ing a low-CP diet with excess EAA resulted in more 
reduction in BW, feed intake, and less favorable feed 
conversion ratio (FCR). Adding Gly and Glu (diet 5 and 
6) significantly improved BW and feed intake and did 
not influence FCR compared with the same treatments 
without balanced Gly and Glu (diet 3 and 4). During 
the period of 19 to 28 d of age, some kind of compensa-
tory growth was activated in the birds given 19% CP 
with or without balanced Gly and Glu (diet 3 and 5). 

But the chicks on all other low-CP treatments (diets 4, 
6, 7, and 8) had a lower performance versus 23 or 21% 
CP diets. At the end of experiment, the greatest BW 
were obtained with birds fed diets with at least 19% CP 
(diets 1, 2, 3, and 5) apart from a 19% CP diet with an 
excess amount of EAA. Addition of an excess amount 
of EAA to low-CP diets (diets 7 and 8) decreased per-
formance compared with regular low-CP diets (diets 3 
and 4). On the other hand, supplementing low-CP diets 
with Gly and Glu improved performance significantly.

Table 4 summarized the effect of the dietary treat-
ments on breast, thigh, and some visceral organ 
percentages. Nonsignificant difference of dietary 
treatments was observed on breast, thigh, and proven-
triculus + gizzard percentages. The percentage weight 
of liver was influenced (P < 0.05) by the dietary CP 
and amino acids profile. Decreasing CP increased liver 
percentage weight. Supplementation of Gly and Glu to 
low-CP diets significantly decreased liver percentage 
weight compared with regular low-CP diets (diets 3 
and 4) and low-CP diets with an excess amount of EAA 
(diets 7 and 8).

Table 2. Nutritional composition1 of experimental diets 

Item

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7 Diet 8

(23% CP,  
100% amino 

acids2)

(21% CP,  
100% amino 

acids)

(19% CP,  
100% amino 

acids)

17% CP,  
100% amino 

acids)

(19% CP,  
100% + Gly, 

Glu)

(17% CP,  
100% + Gly, 

Glu)

(19% CP,  
100% + 10% 

EAA)

(17% CP,  
100% + 10% 

EAA)

AMEn (kcal/kg) 3,175 3,175 3,175 3,175 3,175 3,175 3,175 3,175
CP (N × 6.25) (%) 23.12 21.00 19.00 17.00 19.56 18.19 19.31 17.37
Ca (%) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Available P (%) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Na (%) 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Na + K − Cl (mEq/kg) 280 280 280 280 280 280 280 280
Total and standardized ileal digestible amino acids3

 Lys (%) total 1.32 1.28 1.25 1.22 1.24 1.22 1.31 1.30
 Lys (%) digestible 1.11 1.09 1.09 1.09 1.09 1.09 1.20 1.20
 Met (%) total 0.55 0.58 0.60 0.62 0.60 0.62 0.60 0.62
 Met (%) digestible 0.50 0.53 0.55 0.57 0.55 0.57 0.55 0.57
 Met + Cys (%) total 0.94 0.92 0.91 0.88 0.90 0.89 0.89 0.88
 Met + Cys (%) digestible 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81
 Arg (%) total 1.50 1.49 1.47 1.44 1.46 1.42 1.45 1.42
 Arg (%) digestible 1.28 1.24 1.23 1.23 1.23 1.23 1.35 1.35
 Thr (%) total 0.84 0.83 0.83 0.82 0.83 0.82 0.82 0.81
 Thr (%) digestible 0.72 0.71 0.71 0.71 0.71 0.71 0.78 0.78
 Leu (%) total 1.94 1.83 1.79 1.77 1.77 1.77 1.77 1.77
 Leu (%) digestible 1.70 1.61 1.59 1.57 1.57 1.57 1.57 1.55
 Ile (%) total 0.99 0.91 0.87 0.86 0.86 0.85 0.86 0.85
 Ile (%) digestible 0.82 0.79 0.78 0.78 0.78 0.78 0.78 0.78
 Val (%) total 0.92 0.91 0.89 0.88 0.89 0.89 0.88 0.88
 Val (%) digestible 0.82 0.80 0.79 0.79 0.79 0.78 0.79 0.79
 His (%) total 0.58 0.56 0.52 0.45 0.50 0.45 0.50 0.50
 His (%) digestible 0.55 0.53 0.49 0.43 0.48 0.43 0.48 0.43
 Phe (%) total 1.10 1.00 0.95 0.89 0.90 0.89 0.90 0.89
 Phe (%) digestible 1.01 0.92 0.87 0.80 0.81 0.80 0.81 0.80
 Trp (%) total 0.27 0.25 0.24 0.23 0.24 0.23 0.26 0.25
 Trp (%) digestible 0.23 0.22 0.21 0.21 0.21 0.21 0.23 0.23
 Tyr (%) total 1.04 1.02 0.99 0.95 0.96 0.92 0.96 0.94
 Tyr (%) digestible 0.98 0.96 0.93 0.89 0.90 0.86 0.90 0.88
 Gly + Ser (%) total 1.96 1.86 1.60 1.44 1.90 1.90 1.57 1.41
 Glu (%) total 5.98 5.76 5.46 4.93 5.93 5.92 5.31 4.77

1The AMEn, available P, and ileal digestible amino acid values were a calculated amount.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994); EAA = essential amino acids.
3Includes amino acids from intact protein and crystalline sources. Calculated using standardized ileal digestibility coefficients from Lemme 

et al. (2004). Crystalline amino acids were assumed 100% true digestible.
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Abdominal fat and whole-body fat were affected by 
dietary CP inversely (Table 5). High-CP diets generally 
produced carcasses that were lower in abdominal and 
total fat. Fortifying low-CP diets with Gly and Glu led 
to a reduction in whole-body fat content and also fat 
deposition in the abdominal cavity. Excess amounts of 
particular EAA had a similar effect on the fat deposi-
tion, but their effect was less than supplementation of 
Gly and Glu. No difference in percentage of whole-body 
CP was observed.

The nitrogen excretion significantly decreased (P 
< 0.01) as the CP level declined, but it was increased 
by adding a mixture of essential or nonessential (Gly 
+ Glu) amino acids at each level of CP (Table 6). In 
addition, the uric acid excretion was decreased by de-
creasing CP. Supplemental EAA or NEAA in the 19% 
CP diet increased uric acid excretion significantly, but 
in the 17% CP diet with an excess amount of EAA, no 
similar effect was observed. Ammonia excretion was 
influenced (P < 0.05) just in diets that had high lev-
els of crystalline EAA (diets 4, 7, and 8). A significant 
increase in excreta moisture was observed by raising 
dietary CP or amino acid content. On the other hand, 
pH of excreta decreased significantly by increasing di-

etary CP or amino acids content except 17% CP diets 
that had a raised pH.

Table 7 shows that the blood ammonia level was 
increased by reduction of dietary CP below 19% or 
addition of an excess amount of EAA mixture to the 
diet (diets 4, 6, 7, and 8). In addition, plasma uric acid 
was affected by dietary CP level. The greatest value 
of plasma uric acid was obtained from high-CP diets. 
Adding Gly and Glu to low-CP diets increased uric acid 
production, compared with 19 and 17% CP diets. Addi-
tional amounts of EAA in low-CP diets did not change 
the plasma uric acid concentration compared with 19 
and 17% CP diets. Free plasma EAA except Trp are 
shown in Table 8. Decreasing the CP level of the diet 
and excess amount of EAA or NEAA (Gly + Glu) did 
not significantly influence free plasma amino acid con-
centrations.

DISCUSSION
Decreasing dietary CP below a minimum level (in this 

experiment, 19%), even with maintained EAA levels, 
retarded growth and feed intake and increased FCR. 
This means that, in agreement with many researchers, 

Table 3. Effects of dietary CP level and supplementation with nonessential (Gly, Glu) and excess essential amino acids (EAA) on performance 
during 10 to 19 and 10 to 28 d of age1 

Diet:CP (%)
Amino acids 
status2

19-d BW  
(g)

10 to 19-d feed 
intake (g)

10 to 19-d  
FCR3 (g/g)

28-d BW  
(g)

10 to 28-d feed 
intake (g)

10 to 28-d  
FCR (g/g)

1:23 100% 668a 656a 1.517c 1,041a 1,376a 1.671c

2:21 100% 665a 651a 1.515c 1,039a 1,368a 1.670c

3:19 100% 631c 626b 1.580b 1,035a 1,374a 1.675c

4:17 100% 550e 506e 1.602b 859c 1,139d 1.771a

5:19 100% + Gly, Glu 640b 647a 1.582b 1,040a 1,370a 1.672c

6:17 100% + Gly, Glu 579d 553d 1.597b 962b 1,330b 1.778a

7:19 100% + EAA 614c 584c 1.595b 964b 1,309c 1.743b

8:17 100% + EAA 522f 502e 1.668a 811d 1,072e 1.779a

Significance level 0.01 0.05 0.01 0.05 0.05 0.01
 SEM 7 11 0.010 13 17 0.013

a–fValues within columns without a common letter differ significantly.
1Results are means of 8 replicates (6 chicks per replicate) per treatment.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994).
3FCR = feed conversion (total feed consumed/weight of birds).

Table 4. Effects of dietary CP level and supplementation with nonessential (Gly, Glu) and excess essential amino acids (EAA) on the percent-
age weight of visceral organs, breast, and thigh (28 d of age)1 

Diet:CP (%)
Amino acids  
status2

Proventriculus  
+ gizzard

Small  
intestine Liver Thigh Breast

1:23 100% 4.2 4.8 2.4b 17.6 18.6
2:21 100% 4.0 5.2 2.4b 17.7 18.5
3:19 100% 4.4 5.3 2.6b 17.7 18.5
4:17 100% 4.1 5.0 3.0a 17.7 18.5
5:19 100% + Gly, Glu 4.4 4.9 2.5b 17.9 18.7
6:17 100% + Gly, Glu 4.4 4.8 2.7b 17.8 18.6
7:19 100% + EAA 4.0 5.3 2.5b 17.6 18.6
8:17 100% + EAA 4.4 5.0 3.2a 17.6 18.5
Significance level NS NS 0.05 NS NS
 SEM 0.04 0.04 0.02 0.09 0.10

a,bValues within columns without a common letter differ significantly.
1Results are means of 8 replicates (1 chick was slaughtered per replicate) per treatment.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994).
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crystalline amino acids are not able to completely re-
place CP in diets (Ferguson et al., 1998; Si et al., 2004; 
Waldroup et al., 2005; Yamazaki et al., 2006). These 
observations do not agree with the results of those who 
concluded that optimal performance can be achieved 
by just meeting the EAA needs (Parr and Summers, 
1991; Han et al., 1992). In most of the previous similar 
studies, there was a limiting minimum level for CP: re-
duction below this level affected performance sharply. 
This problem was observed in our study as well. No 
improvement in performance was noted by adding 
10% more of the particular EAA to the low-CP diets in 
agreement with Yamazaki et al. (2006). Glutamic acid 
and Gly supplementation of the low-CP diets contain-
ing the recommended amount of all the EAA improved 
BW, feed conversion, and feed intake and decreased 
body fat and abdominal fat deposition.

Deficiency of dietary protein is known to increase 
the fat deposition in broilers. Many researchers have 
reported the effect of supplementing several amino 
acids such as Met + cystine (Bunchasak et al., 1996), 
Arg (Leclercq et al., 1994), Trp, and Glu on decreasing 
carcass and abdominal fat and hepatic lipid content. 
However, the decrease was not obvious when supple-

mented beyond the requirement level. In our study, 
mixture of excess amounts of Lys, Trp, Thr, and Arg 
caused no reduction in fat deposition in abdominal cav-
ity and carcass. This result is in agreement with previ-
ous studies such as Yamazaki et al. (2006). Han et al. 
(1992) showed that NEAA nitrogen was necessary for 
optimal chick performance and body composition, be-
cause NEAA biosynthesis was also a limiting factor in a 
low-CP diet. A decrease in the liver triglyceride content 
and abdominal fat deposition due to supplementation 
of Gly and Glu to the low-CP diet has been reported by 
Bunchasak et al. (1998). Our results are in complete 
agreement with the above research; however, Moran 
and Stilborn (1996) noted that Glu supplementation 
had no decreasing effect on abdominal fat. One of the 
mechanisms involved in decreasing carcass fatness by 
feeding greater protein level diets is the associated in-
creased heat increment involved in deamination and 
transamination of surplus amino acids to other me-
tabolites and finally uric acid. Rosebrough et al. (2002) 
showed that increase of CP can dramatically decrease 
in vitro lipogenesis. They suggested that a combination 
of mRNA stability and posttranscriptional events in-
teract to regulate lipogenesis in the chicken.

Table 5. Effects of dietary CP level and supplementation with nonessential (Gly, Glu) and excess essential amino acids (EAA) on whole-body 
composition (28 d of age)1 

Diet:CP (%)
Amino acids  
status2

Whole-body composition
Abdominal  

fat (%)DM (%) Fat (%) Protein (%)

1:23 100% 28.40d 8.59e 16.40 1.65d

2:21 100% 28.52c 8.96d 16.32 1.72d

3:19 100% 28.96b 9.37c 16.34 1.91b

4:17 100% 29.14a 10.12a 16.24 2.09a

5:19 100% + Gly, Glu 28.59c 8.93d 16.41 1.77c

6:17 100% + Gly, Glu 29.03a 9.64b 16.29 1.94b

7:19 100% + EAA 28.93b 9.21c 16.38 1.81c

8:17 100% + EAA 29.08a 9.78b 16.22 2.00ab

Significance level 0.05 0.01 NS 0.01
 SEM 0.30 0.23 0.17 0.008

a–dValues within columns without a common letter differ significantly.
1Results are means of 8 replicates (1 chick was slaughtered per replicate) per treatment.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994).

Table 6. Effects of dietary CP level and supplementation with nonessential (Gly, Glu) and excess essential amino acids (EAA) on excreta 
characteristics1 

Diet: CP (%)
Amino acids  
status2

Nitrogen3  
(mg/g)

Ammonia3  
(mg/g)

Uric acid3  
(mg/g)

Moisture  
(%) pH

1:23 100% 50.32a 11.87c 113.5a 24.59a 7.2a

2:21 100% 47.66b 11.85c 108.9b 24.01b 6.5b

3:19 100% 42.33d 11.80c 105.2c 22.53d 6.2c

4:17 100% 36.30g 13.07b 101.1d 21.72f 6.7b

5:19 100% + Gly, Glu 43.03d 11.86c 107.9b 22.67d 6.3c

6:17 100% + Gly, Glu 37.39f 11.92c 104.9c 22.04e 6.2c

7:19 100% + EAA 45.02c 12.36bc 105.9c 23.78c 6.6b

8:17 100% + EAA 40.14e 13.76a 102.0d 22.64d 6.7b

Significance level 0.01 0.05 0.05 0.01 0.05
 SEM 2.71 0.60 0.60 0.73 0.22

a–gValues within columns without a common letter differ significantly.
1Results are means of 8 replicates (6 chicks per replicate) per treatment.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994).
3Nitrogen, uric acid, and ammonia values expressed on a DM basis.
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Chicks fed the low-CP diets tend to excrete less ni-
trogen. Excreta nitrogen content as percentage of DM 
significantly decreased in a linear manner with reduc-
tion of dietary CP ranging from 17 to 23%. The regres-
sion model (R2 = 0.91) is as follows:

Y = 0.269X − 0.879

where Y = excreta nitrogen content (% of DM) and X 
= dietary CP (%). This is in agreement with Si et al. 
(2004). The increased nitrogen excretion that resulted 
from the amino acid mixtures, especially EAA mix-
tures, suggests that the supplements were not totally 
used to support protein accretion.

The increase of excreta acidity observed in low-CP 
treatments (except the 17% CP diet) might associate 
with drier excreta. The increase in pH of the excreta 
observed in the 17% CP diet might contribute to the 
increase of ammonia excretion. The lower pH decreas-
es the unionized ammonia available for volatilization. 
The ammonia gas concentration tends to increase with 
increasing moisture content of the excreta or litter (El-
liott and Collins, 1982; Ferguson et al., 1998), because 
the generation of a majority of microbe species depends 
on water, and thus, the increase of litter moisture acti-
vates them. Litter pH has been shown to be correlated 

with litter moisture content (Ferguson et al., 1998). In 
our study, this correlation was observed between pH 
and moisture of excreta as well, other than 17% CP 
diets. Elliott and Collins (1982) concluded that pH and 
moisture regulate the release of ammonia gas in poul-
try houses. In terms of reduction in ammonia gas pro-
duction, the effective factors are total nitrogen content, 
ammonia level, pH, and moisture content. Diminishing 
dietary CP from 23 to 19% while maintaining adequate 
EAA levels during 10 to 28 d of age results in not only a 
significant decline in nitrogen emission but also a prob-
able reduction in the ammonia volatilization because 
of reduction in pH and moisture. Contrary to expecta-
tions, reduction of dietary CP below the minimum level 
(19%) resulted in more ammonia.

Administration of a low-CP diet with a high level of 
synthetic EAA resulted in increasing blood ammonia 
level and decreasing plasma uric acid. Noda (1975) re-
ported that blood ammonia level may act as a signal to 
regulate appetite in rats. In addition, Lardy and Fedott 
(1950) observed that growth in rats was depressed af-
ter increasing the amount of ammonium salts added to 
the diet in place of NEAA. Russek (1971) reported that 
intraportal infusion of a small amount of ammonium 
salt strongly depressed the appetite of fasted dogs. Le-
ung and Rogers (1969) in addition to Peng and Harper 

Table 7. Effects of dietary CP level and supplementation with nonessential (Gly, Glu) and excess essential 
amino acids (EAA) on blood ammonia and plasma uric acid concentration (mg/100 mL)1 

Diet:CP (%)
Amino acids  
status2

Blood  
ammonia

Plasma  
uric acid

1:23 100% 0.63d 11.8a

2:21 100% 0.62d 11.9a

3:19 100% 0.63d 11.5ab

4:17 100% 0.68b 10.8c

5:19 100% + Gly, Glu 0.63d 11.9a

6:17 100% + Gly, Glu 0.65c 11.2b

7:19 100% + EAA 0.66c 11.6ab

8:17 100% + EAA 0.71a 10.7c

Significance level 0.05 0.05
 SEM 0.04 0.63

a–dValues within columns without a common letter differ significantly.
1Results are means of 8 replicates (2 chicks per replicate) per treatment.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994).

Table 8. Effects of dietary CP level and supplementation with nonessential amino acids (Gly, Glu; NEAA) and excess essential amino acids 
(EAA) on free amino acids of plasma (µg/mL)1 

Diet:CP (%)
Amino acids 
status2 Met Lys Arg Thr Ile Leu Val His Phe

EAA: 
NEAA

1:23 100% 32 239 24 348 35 59 95 28 26 0.45
2:21 100% 30 243 25 389 35 62 88 27 27 0.43
3:19 100% 34 245 23 350 37 62 89 26 29 0.43
4:17 100% 35 233 25 339 35 66 82 30 27 0.42
5:19 100% + Gly, 

Glu
33 238 26 310 38 61 84 28 27 0.45

6:17 100% + Gly, 
Glu

34 230 24 344 35 64 93 25 27 0.45

7:19 100% + EAA 34 251 27 391 37 60 93 28 26 0.42
8:17 100% + EAA 35 254 28 399 35 60 84 28 29 0.41
Significance level 0.1 NS 0.1 NS NS NS NS NS NS NS
 SEM 1.3 28.0 4.4 89.0 1.5 2.8 9.4 2.6 2.3 0.31

1Results are means of 8 replicates (2 chicks per replicate) per treatment.
2Amino acids status: 100% total essential amino acids maintained at or above NRC (1994).
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(1970) proposed the aminostatic hypothesis that as-
sociated appetite with pattern of plasma free amino 
acids. They suggested that imbalance pattern of blood 
amino acids may be detected in the brain and trigger 
some appetite-controlling mechanisms. But in our ex-
periment, there was not a significant difference among 
plasma-limiting amino acid levels or ratio of EAA to 
NEAA. The aminostatic hypothesis had not been ac-
cepted thoroughly by Yoshida (1970) and Noda (1975), 
and the validity of this theory was questioned by them. 
In our research, the blood ammonia level of broilers 
fed the low-CP diets, especially those receiving excess 
amounts of EAA in their diet, was significantly greater 
than other treatments. Our conclusion is that a greater 
amount of synthetic amino acids in low-CP diets is the 
main cause of high blood ammonia level because of its 
high absorption rate in contrast to intact protein. In 
this circumstance, probably low capacity to utilize all 
digestible plasma-free EAA in protein synthesis or uric 
acid formation induces a deviation to ammonia produc-
tion. In birds, ammonia is metabolized by conversion 
to uric acid; thus, enhancement of uric acid formation 
should be an effective factor in decreasing ammonia lev-
el. Formation of each molecule of uric acid represents a 
loss of 1 molecule of Gly for chicks (Sonne et al., 1946). 
Glycine not only participates in protein synthesis as 
a nonessential amino acid, but it is also required for 
DNA, RNA, creatine, and uric acid syntheses (Ngo et 
al., 1977). On this basis, the increasing level of plasma 
uric acid and reduction in blood ammonia in the birds 
fed the 17% CP diet that was supplemented with Gly 
and Glu may be due to greater amounts of Gly in the 
diet. In addition, feed intake was greater in treatments 
that were fortified with these NEAA. Therefore, Gly 
deficiency is probably one of the causes of an increase 
in blood ammonia level and reduction in appetite. Wal-
droup et al. (2005) reported that the 21-d BW and feed 
conversion of the broilers were severely influenced by 
dietary protein level and supplemental Gly, with a 
very significant interaction between protein level and 
Gly. They associated the failure in performance with 
the role of Gly in uric acid formation.

Ammonia has a small portion of total excretory nitro-
gen, but a significant shift was seen from uric acid to 
ammonia when the diet was low in protein. On the ba-
sis of previous research, excretory uric acid decreased 
with declining dietary CP. In our study, adding excess 
amount of EAA to the 17% CP diet increased nitrogen 
excretion but did not alter uric acid excretion rate. Our 
inference is that the low capacity of uric acid synthesis 
due to Gly deficiency and increased ammonia produc-
tion deviate the nitrogen excretion pathway to excrete 
intact ammonia molecules. Nevertheless, there is a 
strong correlation between blood ammonia and excre-
tory ammonia level.

Also in this experiment, liver percentage weight 
was increased in low-CP diets. Our conclusion is that 
increased blood ammonia level activates some mech-
anisms, one of which (conversion of ammonia to uric 

acid) mainly took place in the liver. Therefore, the in-
creasing weight of liver might be due to adaptation 
to elevated ammonia production, but further work is 
needed to detect enzymes activity associated with uric 
acid synthesis, especially xanthine oxidase. In addi-
tion, low BW may be due partly to the increasing ac-
tivities of enzymes involved in uric acid production. In 
mammals, increasing activity of urea cycle enzymes in-
terferes with growth rate (Schimke, 1963). Noda (1975) 
reported that the capacity of the liver to detoxify am-
monia may be a rate-limiting factor in the metabolism 
of imbalanced amino acid diets.

In summary, we have shown that feeding broiler 
chickens diets containing a high proportion of crystal-
line amino acids to maintain optimum recommended 
levels dramatically retarded growth and feed intake 
without changing the most plasma-free amino acid 
concentrations. On the other hand, increasing crystal-
line EAA proportion in low-CP diets elevates blood am-
monia level. Therefore, the limitation on replacing in-
tact protein with crystalline amino acids is partly due 
to increase of blood ammonia. The present results do 
not exclude the possibility that the pattern or concen-
tration of plasma-free amino acids may be detected in 
the hypothalamus (Panksepp and Booth, 1971) and its 
likely regulatory effects on appetite, but ammonia that 
is the common product of amino acids imbalance and 
toxicity, because of its neurotoxic effects, may act as a 
signal to regulate some physiological mechanisms per-
haps including appetite in chicks as well as rats. Nev-
ertheless, adding Gly to low-CP diets with a high por-
tion of crystalline amino acids, because of its important 
role in uric acid synthesis from ammonia in liver, may 
improve performance but not completely overcome the 
adverse effects of a high quantity of crystalline amino 
acids in low-CP diets.
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