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It has been well known that branched-chain amino acids (BCAA; Val, Leu and Ile) are not only substrates for building block protein,
but they are also involved in intracellular signaling pathways on protein anabolism and stimulatory effects on protein synthesis by
modulating the activation of mTOR and its downstream effectors (Suryawan et al., 2008). BCAA concentrations quickly increase in
the bloodstream after protein intake and are readily available for protein synthesis in skeletal muscle, as BCAA do not have to
first-pass hepatic metabolism as other AA (Brosnan and Brosnan, 2006).
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BCAA catabolism

All three of the BCAA share common enzymes in their catabolism, as the branched-chain AA aminotransferase (BCAT) enzyme and
the branched-chain a-keto acid dehydrogenase (BCKD) complex (Brosnan and Brosnan, 2006). The BCAT reaction takes place in
muscle and involves a reversible transfer of Leu, Val, and Ile to their corresponding branched-chain a-keto acids, a-ketoisocaproate
(KIC), a-ketoisovalerate (KIV), and a-keto-B-methylvalerate (KMV), respectively (Fig. 1). The KIC, the a-keto acid of Leu, activates the
BCKD complex (Harris et al., 2005), which increases an irreversible catabolism of both Val and Ile. The a-keto acids of Val and Ile, KIV
and KMV, also activates the BCKD complex, but at a lower efficacy than that of KIC (Brosnan and Brosnan, 2006). Consequently,
excess Val or Ile leads to small reductions in plasma concentrations of the other two BCAA (D'Mello and Lewis, 1970; Smith and
Austic, 1978), indicating that Val, Ile and/or their a-keto acids do not significantly increase overall BCAA catabolism.
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Figure 1. Catabolic pathway of BCAA. KIV, a-ketoisovalerate; KMV, a-keto-B-methylvalerate; CoA-SH, reduced
coenzyme A; IB-CoA, isobutyryl-CoA; MB-CoA, a-methylbutyryl-CoA; IV-CoA, isovaleryl- CoA; R-CoA, acyl-CoA.
(Adopted from Brosnan and Brosnan, 2006)
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High leucine levels affect the optimal dietary valine and isoleucine levels
in broilers fed low-protein diets

The three BCAA exhibit antagonistic interactions among each other when either are provided in excess (Harper et al., 1984), but Leu
has the most pronounced effects. Diets high Leu have been shown to increase required optimum levels of the other two BCAA in
birds (Smith and Austic, 1978), pigs (Langer et al., 2000) and rats (May et al., 1991). In a previous study, Ospina-Rojas et al., 2017

found that higher Val was needed to optimize the feed intake as dietary Leu increased in broilers fed low-protein diets (Fig. 2),
indicating that excess Leu stimulates the Val catabolism.

0.930 - Optimal dietary Val level = 0.8486 + 0.037"Leu; R?= 0.82
S 0.920 ,00C
] bt
] = 0.910 - Leote
© T °
> 2 | o®
- 0.900 oot
S E * e
2 =5 0.890 - o’
T D o’
T & e’
E 0.880 - .
5
0.870 ‘ ‘ ‘ ‘ ‘ \
0.80 1.00 1.20 1.40 1.60 1.80 2.00

Dig Leu levels (%)

Figure 2. Effects of Leu levels on dietary optimal levels of Val for feed intake in broilers fed low-protein diets.
(Adopted from Ospina-Rojas et al., 2017)

Additionally, a strong relationship between dietary Leu and Val levels was reported on the gain:feed ratio of broilers fed low-protein
diets from 1 to 21 d of age (Ospina-Rojas et al., 2019). According to the fitted surface-response model, gain:feed was optimized at
low-protein starter diets for broilers with a Leu level of 1.27%, and Val level of 0.91% (Fig. 3), suggesting a Leu:Val ratio of 100:72.
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Figure 3. Effect of the standardized ileal digestible (SID) Leu and Val content
in low-CP diets on gain:feed of broiler chickens from 1 to 21 d of age.
(Adopted from Ospina-Rojas et al., 2019)

('SID Leu and Val requirement estimates are 95% of the response. Color frames represent the gain:feed range in the Z-axis. Contour lines below the surface response
indicate a stationary point. The predicted maximum gain:feed (0.744g) was achieved at SID levels of Leu and Val of 1.27 and 0.91%, respectively, in low-protein diets.)
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Broilers fed high dietary protein content with AA levels above their minimum requirement did not exhibit reduced performance by
high Leu levels (Burnham et al., 1992; Waldroup et al., 2002), whereas the Leu antagonism has been more evident in low-protein
diets where some AA are at minimal dietary levels (D'Mello and Lewis, 1970; Allan and Baker, 1972; Smith and Austic, 1978;
Ospina-Rojas et al., 2017, 2019). Thus, the magnitude of reduced dietary protein may influence the bird's response to SID Leu levels.
The ideal BCAA ratios in diets with high-protein levels may be different from those in low-protein diets. Leucine as a large neutral
amino acid (LNAA) shares the same transporters with not only Val and Ile, but also other LNAA, such as Trp, Met, His, Phe, and Tyr
in sodium independent (L and y+L) and sodium dependent systems (Bo, Bo+) (Wu, 2013). High protein diets contain some essential
and nonessential AA at levels above the bird's requirements, which may reduce the Leu pool and the antagonistic effect of Leu on
BCAA metabolism by increasing the competition among Leu and other AA for transport across cell membranes or for entry into the
metabolic pathway. The initial BCAA transamination reactions are highly reversible; a high proportion of the branched-chain a-keto
acids formed can be reconverted to their respective BCAA and used in protein metabolism, unless Leu and KIC pools are high
enough to activate the BCKD complex and increase the irreversible oxidation of the branched-chain a-keto acids (Torres et al.,
1995).

Some feed ingredients have disproportionate higher Leu levels compared to Val and Ile, which may create a BCAA imbalance in
low-protein diets with a combination of some particular feed ingredients (Fig. 4). Corn’s SID Leu content is 11.6% relative to its
protein concentration, whereas this ratio is only 6.9% in soybean meal (Rostagno et al., 2011). Leucine concentration in sorghum is
three-fold higher than the Val and Ile levels. In addition, corn gluten meal contains high SID Leu level as a percentage of protein
content (17%) and low levels of Val and Ile (4%) (Rostagno et al., 2011). Low protein diets decrease levels of the primary protein
source and an increased proportion of dietary cereal ingredients, some of which have a high Leu level in relation to their protein
contribution. Hence, Leu antagonism effect on the other BCAA may be more significant for birds fed these low-protein diets.

Hle MWVal Leu

Sorghum*

DDGs*

Blood meal*

Corn gluten*

Corn*

0 1 2 3 4 5 6

“Analyzed values SID levels (%)
“Adapted from Rostagno et al., 2017

Figure 4. Standardized ileal digestible (SID) levels of Ile, Val, and
Leu in some ingredients used in broiler diets.

Inclusion level of corn increases as soybean meal levels decreases in a reduced-protein diet. As corn inclusion increases in low-pro-
tein diets, Val and Ile supplementation in these diets is important to support broiler growth by improving BCAA balance and
counteracting the activation metabolic pathways that oxidize all BCAA. Special attention should be paid to BCAA ratios in low-pro-
tein diets, especially those formulated with particular combinations of feed ingredients with marginally adequate levels of Ile and
Val and disproportionally high Leu levels. In some cases, relative Leu content could be high even in low-protein diets resulting in
low Val and Ile to Leu ratios that might increase optimal dietary Val and Ile levels. However, broiler recommendations of Val and Ile
are generally are kept at the same levels in a least-cost feed formulation. In this situation, higher dietary Val and Ile levels may be
required to avoid poor performance due to high Leu levels. Low-protein diets without Leu supplementation have resulted in good
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broiler performance when Val and Ile requirements were fully met (Ospina-Rojas et al., 2020). This suggest that Val and Ile supple-
mentation with adequate Leu:Val:Ile ratios could be a strategy to maintain broiler growth in low-protein diets by decreasing dietary
Leu content and improving BCAA balance. In a recent study, the optimal average ratios for Leu:Val:Ile in low-protein diets were
estimated at 100:69:62 from 1 to 14 d, 100:67:61 from 14 to 28, and 100:67:60 from 28 to 42 d (Ospina-Rojas et al., 2020).

Conclusion

The negative effects of high Leu levels are more pronounced in low-protein diets with marginal levels of Val and Ile. Higher dietary
Val and Ile levels are required to minimize the antagonistic effect of excess Leu on broiler performance. In addition to marginal
Gly+Ser levels, the antagonistic effect of BCAA could be the reason for why low-CP diets do not always result in bird performance
similar to that of birds receiving the control diet.
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