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Introduction: The commercial availability of crystalline amino acids (AAs) has reduced dietary
costs by lowering crude protein (CP) levels without negatively affecting broiler performance. With
lysine, methionine, and threonine available as feed-grade AAs for dietary supplementation,
attention has now shifted to satisfying the requirements of the fourth limiting AA in broiler diets.
Literature suggests that valine (Val) is the fourth limiting AA in corn—soybean meal-based diets for
growing chicks (Baker et al., 2002; Corzo et al., 2007, 2008, 2009; Rostagno et al., 2011). An
inadequate dietary supply of VVal impairs body weight gain and feed conversion ratio (Anderson and
Warnick, 1967; Farran and Thomas, 1992).Most research has estimated Val requirements for
commercial male broilers (Tavernari et al., 2013; Corzo et al., 2008, 2009; Baker et al., 2002);
however, these results have been recommended for both sexes. The NRC (1994) recommends a
Val-to-lysine (Lys) ratio of 82% for the starter phase. Tavernari et al. (2013) reported that the
optimal digestible Val-to-Lys ratio for male Cobb x Cobb 500 broilers is 77%. Reports on the Val
requirement in female broiler diets are scarce. Some studies suggest that females may have lower
AA requirements to support maximum growth (Chamruspollert et al., 2002; Wang et al., 2016;
Dozier et al., 2008). Thus, applying male-based recommendations to females may result in
unnecessary costs due to Val overfeeding. Therefore, the aim of the present study was to determine
the digestible Val-to-Lys requirement for female Cobb 500 broilers in the starter phase.

Materials and Methods

To estimate the digestible Val-to-Lys ratio requirement, a dose—response trial was conducted with
540 female broiler chickens allocated to one of six treatments, each with six replicate pens of 15
birds. Six different digestible Val-to-Lys ratios (0.70, 0.75, 0.80, 0.85, 0.90, and 0.95) were
formulated. A Val-deficient diet was prepared to meet the nutritional requirements suggested by
Rostagno et al. (2011), except for Val and Lys levels. Lys was provided at a sub-limiting level (90%
of digestible Lys, i.e., 1.05%). To create isonitrogenous diets, crystalline L-glutamic acid in the
basal diet was replaced by crystalline L-Val.Body weight and feed intake were recorded at the
beginning and end of the experimental period (8 to 21 d) after a 6-h fasting period. Mortality was
recorded daily and adjusted for feed intake. Feed conversion ratio (FCR) was calculated as the ratio
of feed intake to weight gain. Performance data were analyzed using ANOVA for a completely
randomized design with the GLM procedure of SAS software. Means were compared with Tukey’s
test at the 5% level. Linear and quadratic broken-line models were used to estimate the digestible
Val-to-Lys requirement based on weight gain and FCR.

Results and Discussion

The results showed that weight gain and FCR were significantly affected by dietary treatments (P <
0.05), while feed intake was not. Val intake increased linearly with increasing digestible Val-to-Lys
ratio (P < 0.01). Weight gain and FCR responded quadratically (P < 0.01), with the 0.80 ratio
yielding the greatest weight gain, not significantly different from 0.85 and 0.90. Birds fed the Val-
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deficient diet (0.70 ratio) had the highest FCR and lowest weight gain.
Since feed intake did not differ among diets, improvements in FCR appeared to result from
increased weight gain. Requirement estimates based on performance criteria were derived using
broken-line models (Robbins et al.,, 2006). The quadratic broken-line model gave higher
requirement estimates than the linear model. The linear model estimated Val-to-Lys requirements at
0.760 (weight gain) and 0.757 (FCR), while the quadratic model estimated 0.784 and 0.777,
respectively. Thus, the requirement of digestible Val-to-Lys ratio to support maximum growth
performance in female Cobb 500 broilers was 0.78. This aligns with Baker et al. (2002), Rostagno
et al. (2011), and Tavernari et al. (2013), who suggested ~0.77 for male broilers. These findings do
not support the NRC (1994) recommendation of 0.82.

Conclusion

The present study suggests that a digestible Val-to-Lys ratio of 0.78 optimizes growth performance
in female Cobb 500 broilers. Val requirements in females do not differ from males.

Keywords: Amino acid requirement, Valine, Broken-line models, Female broiler
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Table 1. The ingredients and nutrients composition of the basal diet (8 to 21 d)

Ingredients?

Amounts (%)

Digestible amino acid: Lys

Yellow Corn
Soybean meal (46% CP)
Dicalcium phosphate
Calcium carbonate
Soya oil
Salt
Sodium bicarbonate
Vitamin and mineral Premix?
L-Glutamic acid (98%)
L-Lysine HCL (99%)
DL-Methionine (99%)
L-Threonine (98.5%)
L-Arginine (98%)
L-Isoleucine (92%)
L-Tryptophan

Calculated nutrient composition
AME, (kcal/kg)
Crude protein (%)
Calcium (%)
Available phosphorus (%)
Sodium (%)
Chlorine (%)
Calculated digestible amino acid content (%)
Arginine
Glycine + Serine
Histidine
Isoleucine
Leucine
Lysine
Methionine

65.80
27.35
1.62
0.97
0.7
0.25
0.2
0.4
1.57
0.33
0.29
0.20
0.20
0.11
0.01

2991
19
0.8
0.4

0.17

0.20

1.25 1.18
1.37 1.30
0.43 0.41
0.78 0.74
1.39 1.32
1.05 1.00
0.52 0.49
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Methionine + Cysteine
Threonine

Phenylalanine
Phenylalanine + Tyrosine
Tyrosine

Tryptophan

Valine

0.79 0.75
0.76 0.73
0.78 0.74
1.39 1.32
0.61 0.58
0.20 0.19
0.74 0.70

L All of the used crystalline amino acids in the experiment were supplied by Ajinomoto Animal Nutrition Europe,

France.

2 The vitamin contained per kg of diet: vitamin A (retinal acetate), 43,200 1U; thiamin, 1.44 mg; riboflavin, 6.6 mg;
niacin, 8 mg; d-pantothenic acid, 24 mg; pyridoxine, 2.4 mg; biotin, 4mg; vitamin K (menadione), 3.2 mg; vitamin D3
(cholecalciferol), 12,800 1U; vitamin E (dl-a-tocopheryl acetate), 28 1U; choline chloride, 800 mg.

The mineral contained per kg of diet: Mn (manganese oxide), 98 mg; Zn (zinc oxide), 156 mg; Fe (ferric sulfate), 28
mg; Cu (copper sulfate), 8 mg; I (calcium iodate), 0.83 mg; Se (selenium premix) , 7 mg.

Table 2. Amino acid analysis of experimental diets

Experimental diets (digestible valine to digestible lysine)

Amino acid 0.70 0.75 0.80 0.85 0.90 0.95
Valine 0.82 0.88 0.92 0.98 1.03 1.08
Lysine 1.15 1.17 1.16 1.17 1.17 1.17
Arginine 1.35 1.34 1.34 1.34 1.35 1.35
Histidine 0.46 0.47 0.46 0.47 0.48 0.47
Isoleucine 0.87 0.89 0.89 0.86 0.87 0.89
Leucine 1.45 1.49 1.46 1.46 1.46 1.46
Methionine 0.54 0.54 0.54 0.56 0.53 0.54
Methionine + Cysteine 0.79 0.80 0.82 0.82 0.79 0.80
Threonine 0.87 0.88 0.87 0.86 0.85 0.87
Phenylalanine 0.84 0.85 0.84 0.88 0.87 0.87
Tryptophan 0.21 0.22 0.22 0.22 0.22 0.22

The analyzed total amino acid values are shown as percentage of the diets. Representative samples were analyzed

by Ajinomoto Eurolysine S.A.S., using HPLC method
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Table 3. The effect of the digestible Val: Lys ratio on performance of female Cobb broilers (d 8-21)

R _ Val intake  Feed intake Body weight gain FCR!
Digestible Val: Lys o) o) @ (9/0)
0.70 6.8f 925 611° 1.51°
0.75 7.2° 920 628° 1.462
0.80 7.7° 921 6342 1.45°
0.85 8.3¢ 926 632% 1.47¢
0.90 8.7 923 6292 1.472
0.95 9.1° 916 628° 1.462
SEM 0.03 3.2 1.3 0.01
P-Value
ANOVA 0.001 0.331 0.001 0.001
Linear 0.001 0.479 0.001 0.001
Quadratic 0.338 0.446 0.001 0.001

ab Means within a column with different superscripts differ at P < 0.05.

! Feed conversion ratio
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Figure 1. Estimation of optimum ratio of digestible valine to lysine for maximum weight gain of female
Cobb 500 broilers using linear broken-line model
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Figure 2. Estimation of optimum ratio of digestible valine to lysine for minimum FCR of female Cobb
500 broilers using linear broken-line model
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Figure 3. Estimation of optimum ratio of digestible valine to lysine for maximum weight gain of female
Cobb 500 broilers using quadratic broken-line model
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Figure 4. Estimation of optimum ratio of digestible valine to lysine for minimum FCR of female Cobb
500 broilers using quadratic broken-line model
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Table 4. The regression equations, coefficients of determination, and optimum digestible Val: Lys of the 8-21
d old female broilers

Parameter Equation® R-square? Digestible Val to
Lys ratio
Linear broken-line
Weight gain Y=631.1 - 327.78 x (0.76 — X) 0.94 0.76
FCR Y=1.4597 + 0.933 x (0.757 — X) 0.93 0.757
Quadratic broken-line
Weight gain Y=631.1 - 2769 x (0.784 — X)? 0.94 0.784
FCR Y=1.4597 + 9.01 x (0.777 — X)? 0.94 0.777

Prediction equation based on digestible Val to Lys ratio.
2R-square: coefficient of determination
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