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Introduction: Todays, low-crude-protein (LP) diets are interested in poultry nutritionists and the
poultry feed industry as well. One important concern using LP diets is occurring poor performance
in broilers which has been reported by some authors. Dean et al. (2006) studied different dietary
manipulation tools for improving performance in LP diets and found that glycine (Gly) has a basic
role; as the supplementing 2.44 % Gly+Ser in the LP diet led to the equal performance with the diet
containing standard CP level. Threonine can be used as procures of glycine. Therefore, Gly
supplementation increases the amount of Thr available for the physiological processes. On the other
hand, Thr at the levels more than required level could serve as a source of Gly+Ser in LP diets
(Ospina-Rojas et al. 2013b). Based on this information, the objective of the present study was to
evaluate Gly requirements in LP diets with different levels of digestible (dig) Thr, and their effects
on supplementation in comparison with recommended levels of crude protein (RCP) diet on
performance and carcass traits in broiler chickens from 8 to 28d of age.

Materials and methods: A four hundred and sixty-two male Ross-308 broilers distributed in a
completely randomized design in a (3x 2) +1 factorial arrangement (3 levels of dig Gly+Ser, 2
levels of dig Thr in LP diets and 1 recommended CP (RCP) diet ) with 6 replicates with 11 birds per
replicate. Factorial arrangements of The LP diets (18.3% CP) were 3 levels of digestible Gly+Ser
(1.41, 1.51, and 1.61%) and two levels digestible Thr (0.76, 0.86%, corresponding to 100 and 110
% of Thr requirements, respectively). A RCP diet was formulated to be adequate in essential AA
except for Gly, as recommended by Rostagno et al. (2011). L- Glu acid was used as nonspecific
nitrogen for the need to the synthesis of Non-essential amino acids. Other six experimental diets
with different levels of Gly and Thr were obtained by supplementing the basal diet with Gly and
Thr as replacement of L-Glu acid. Body weight and feed intake were recorded at the beginning and
the end of the experimental period 8 to 28 d of age. Mortality was recorded daily and corrected to
its effect on feed intake. Data were analyzed using a completely randomized design as a factorial
arrangement with R software (3.6.2) software (Team. 2020). Also, the fixed effects were expressed
as Least Square Means (LSMEANS=SE), and to compare the mean of treatments, the Tukey-
Kramer test was used.
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Results and discussion: In the present study, dig Gly supplementation at levels higher than 1.41%
in the LP diets showed a significant improvement (P<0.01) in the body weight gain index of
broilers. This is in agreement with the study of Namroud et al. (2008) who reported that in LP diets
below 19% CP supplemented with large amounts of essential amino acids, the concentration of
ammonia in blood increases and leads to negative effects on tissue metabolism and reduced appetite
and growth of poultry, so the addition of Gly and Glu increases the production of uric acid from
ammonia and improves performance. In this study, the main effect of supplementation of different
levels of dig Thr in LP diets did not significantly effect on performance of broilers (P>0.05). The
interaction effects between levels of dig Gly and Thr were significant (P<0.05) on BWG and were
the highest in the diets with a high levels of dig Gly (1.51, 1.61 %) and Thr (0.86 %) in comparison
to the diets containing 1.41 and 0.76 % dig Gly and Thr (i.e., BWG 1146 vs.919g, respectively).
These results are in agreement with the reports of Ospina-Rojas et al. (2013b) and Hillar et al.
(2019), they suggested that in LP diets supplemented with Gly+Ser and Thr, the catabolic enzymes
(Thr aldolase and Thr dehydrogenase) convert the excess Thr to Gly, so the energy used in the
synthesis of Gly endogenous (9ATP/mol) is used to improve performance. In our study, there were
not found significant (P>0.05) differences in BWG, FI and FCR between RCP diet and LP diets.
The results show that the growth performance of the birds fed LP diets was similar with the birds
fed the RCP diet, this finding may be due that the LP diets only contained 2 % CP lower but the
content of digestible essential amino acids similar in comparison with RCP diet These results are
consistent with the report of Van Harn et al. (2018). In our study, the main effect of Gly
supplementation in high levels (1.51, 1.61 %) significantly (P<0.001) increased in the percentage of
breast meat, these results are consistent with studies Kriseldi et al. (2017) that showed Gly amino
acid has an important role in the synthesis of creatine. Energy metabolism in muscle tissue is
affected by creatine. The interaction effect between levels of dig Gly (1.51, 1.61 %) and Thr (0.86
%) in comparison to the diet containing 1.41 and 0.76 % dig Gly and Thr were significant increased
(P<0.05) on breast and thigh meat percent. By increasing the dig Gly concentration in LP diets, the
amount of Thr available for protein synthesis such as breast tissue increases.

Conclusions: It can be concluded that dig Gly supplementation in LP diets significantly improves
BWG of broiler chickens. Also it seems interactions between dig Gly and Thr supplementation in
diets allow reduction of dietary CP from 20.39% to 18.32% for broilers from 8 to 28 days of age,
while maintaining growth performance similar to the RCP diet. However, to support maximum
growth, it is recommended that the requirement for dig Thr in the LP diets be higher than 0.86%.
Keywords: Broiler, Glycine, Protein, Performance, Threonine
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Tablel. Ingredients and nutrients composition of low (basal) and recommended levels of crude protein diets
(RCP) from 8 to 28 days of age

Ingredients (%) Basal diet RCP diet
Corn grain 67.19 53.19
Soybean meal (45% CP) 26.00 35.7
Soybean oil 1.0 1
Dicalcium Phosphate 1.56 1.3
Corn starch - 4.9
Sodium bicarbonate 0.34 0.33
Salt 0.24 0.24
Salinomycin 0.05 0.05
Calcium carbonate 0.96 1.3
"Mineral+Vitamin premix 0.5 0.5
23L-Glutamic acid 98% 0.5 -
L-Lysine HCI1 74.42% 0.52 0.21
L-Glycine 98% 0.0 -
L-Arginine 98% 0.23 -
L-Threonine 96% 0.20 0.08
L-Valine 98% 0.19 -
L-Isoleucine 98% 0.14 -
DL-Methionine 99% 0.36 0.28
L-Tryptophan 99% 0.02 -
Calculated nutrient composition%

AMEn, kcal/kg 3038 3030
CP 18.32 20.39
Ca 0.81 0.91
Avail. Phosphorus 0.39 0.35
Sodium 0.20 0.20
Potassium 0.67 0.81
Chlorine 0.19 0.19
DCAD mEq/kg 222 222
Dig Lys 1.17 1.17
Dig Met 0.59 0.55
Dig Met+Cys 0.84 0.84
Dig Phe 0.77 0.94
Dig Phe+Tyr 1.32 1.61
Dig Thr 0.76 0.76
Dig Trp 0.20 0.23
Dig Val 0.90 0.92
Dig Arg 1.27 1.30
Dig Gly+Ser 1.41 1.72
Dig His 0.43 0.509
Dig Ile 0.78 0.80
Dig Leu 1.38 1.58
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!The vitamin and mineral premix provided per kilogram of diet: vitamin A (retinal acetate), 42,300 IU; riboflavin, 6.6
mg; biotin, 4 mg; vitamin D3 (cholecalciferol), 12,600 IU; niacin, 8 mg; vitamin E (DL-a- tocopheryl acetate), 28 IU;
vitamin K3 (menadione), 3 mg; d-pantothenic acid, 24 mg; pyridoxine, 2.5 mg; choline chloride, 700 mg; I (calcium
iodate), 0.85 mg; F (ferric sulfate), 25 mg; Cu (copper sulfate), 8 mg; Mn (manganese oxide), 89 mg; Zn (zinc oxide),

158 mg; Se (selenium premix), 8 mg.

2 Except L-Lys HCI, DL- met and L- Thr, Other AAs used at the present study were supplied from AJINOMOTO

ANIMAL NUTRITION EUROPE, Paris, France.

SExperimental diets with different levels of dig Gly+Ser and Thr were obtained by supplementing the basal diet with

Gly and Thr as replacement of L-Glu acid 0.98%.
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Table2. Growth performance of broilers fed with the LP diets and RCP diet from 8 to 28 days of age (ME+SE).

Treatment BWG (g/b) FI (g/b) FCR

Dig Gly %

1.41 936+25.6° 1554+39.4 1.67+0.03
1.51 1038+27.0? 1646+41.3 1.59+0.04
1.61 1073+31.6* 1675+48.2 1.58+0.04
F Test 6.57** 2.23 " 0.89 ™
Dig Thr%

0.76 996+21.7 1587+33.2 1.61+0.03
0.86 1036+24.3 1663+37.1 1.62+0.03
F Test 1.48 231 0.26 ™
Dig Gly %xDig Thr %

1.41 0.76 919+36.5° 1473£55.7 1.65+0.05
1.51 0.76 1068+40.0% 1651+61.3 1.54+0.06
1.61 0.76 1000£36.5% 1637+55.7 1.64+0.05
1.41 0.86 953+36.5° 1635£55.7 1.71+0.05
1.51 0.86 1008+36.5% 1641£55.7 1.63+0.05
1.61 0.86 1146+51.6* 1712+78.1 1.534+0.07
F Test 3.05% 1.13 ™ 1.63 ™
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RCP diet vs Factorial

RCP diet 1033+43.8 1620+64.3 1.5620.05
Factorial 1002+18.9 1616+27.8 1.61+0.02
F Test 0.43 ™ 6.14m
CV (%) 10.6 8.6

ab Means within each column with different superscripts differ significantly at (P <0.05) by Tukey' Kramer test. F

Test: ns, non-significant; * P<0.05; ** P<0.01; *** P<0.001

.BWG= Body weight gain (g/bird), FCR= feed conversion ratio. Recommend CP diet (20.4% CP), Low protein diet

(18.2%).
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Table 3. Carcass traits of broilers fed with the LP diets and RCP diet at 35 days of age (ME+SE)

Treatment ! Carcass yield Breast (%) Thigh (%) Abdominal fat (%)
DigGly %
1.41 60.0+0.62 39.5+0.73° 30.1+0.64 1.9+0.14
1.51 59.9+0.85 45.14£1.042 30.60.74 1.8+£0.23
1.61 61.0+£0.78 41.9+0.8% 31.4+0.56 2.0+£0.17
F Test 0.43 s 9.65™" 1.32m 0.65 "
DigThr%
0.76 60.8+0.60 41.7+0.69 30.8+0.52 1.9+0.15
0.86 59.7+0.63 42.6x£0.77 30.6+0.56 1.9+0.17
F Test 1.31m 0.80 " 0.17 s 0.05™
DigGly %xDigThr%
1.41 0.76 60.0£0.91 39.8+1.04° 29.240.74° 1.8+0.20
1.51 0.76 60.2 £1.03 45.7+1.462 30.9+1.06% 1.7+0.28
1.61 0.76 61.4+0.98 39.7+1.04° 30. 4+1.05% 2.0+£0.20
141 0.86 59.6+0.85 39.2+1.03° 30.2+0.74% 2.0+£0.21
1.51 0.86 59.7£1.20 44.5+1.46% 30.7+1.05% 1.8+0.28
1.61 0.86 60.7+1.20 44.3£1.46% 32.7+0.85% 1.9+0.28
F Test 0.26 " 3.11% 3.25% 0.97 s
RCP diet vs Factorial
RCP diet 60.1+1.13 45.2+1.182 31.7+1.14 1.73£0.27
Factorial 60.5+0.39 41.3+0.60° 30.540.39 1.984+0.09
F Test 0.09"s 4.20% 0.89 s 0.73 ™
CV (%) 3.74 8.69 7.48 8.2

ab Means within each column with different superscripts differ significantly at (P <0.05) by
Tukey Kramer-test. F Test: ns, non-significant; * -P<0.05; ** P<0.01; ***- P<0.001.
ICarcass yield is expressed as a percentage of live weight, and breast, thigh, and abdominal fat are expressed as a

percentage of carcass weight
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