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SUMMARY
It has been suggested that inadequate ratios of Trp to large neutral amino acids (LNAA; sum

of Ile, Leu, Val, Phe, and Tyr) may inhibit feed intake of animals fed low CP diets. This study
was conducted to examine this relationship as a potential contributor to the reduced performance
of broilers fed low concentrations of CP. Using corn and soybean meal of known composition,
diets were formulated to provide a minimum of 100 and 110% of NRC [1] amino acid requirements
with 22, 20, 18, or 16% CP. The dietary electrolyte balance was maintained at a minimum of 250
mEq/kg. The Trp:LNAA ratio (Trp as percentage of LNAA) ranged from 4.14 to 4.72% in these
diets; additional diets were supplemented with Trp to attain Trp:LNAA ratios of 5.0 to 6.0%.
Each treatment plus a positive control 23% CP diet were fed to 6 replicate pens of 6 male chicks
from 1 to 21 d. Performance of chicks fed the 22% CP diets, with either 100 or 110% of NRC
amino acid recommendation, did not differ significantly from that of chicks fed the 23% CP positive
control diet. A further reduction of CP to 20% or less resulted in significant reduction in BW and
increased feed conversion ratio. Increasing minimum amino acids from 100 to 110% of NRC did
not help overcome this reduction in performance and, in fact, may have contributed to reduced
performance of chicks fed diets containing 16% CP. The ratio of Trp:LNAA had no significant
effect on any of the parameters measured; therefore, the reduced performance at lower CP
concentrations does not appear to be a deficiency of Trp or due to an imbalance among these
amino acids.
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DESCRIPTION OF PROBLEM

Attempts to reduce overall CP content of
broiler diets have been successful to a point,
but most researchers agree that at some reduced
level of CP the overall performance of the bird
suffers even though theoretically one has met
all requirements for those amino acids consid-
ered as essential. Failure to attain optimum per-
formance may be attributed to a number of fac-
tors, including reduced levels of potassium or
altered ionic balance, lack of sufficient nitrogen
pool to provide for synthesis of dispensable or
nonessential amino acids, and imbalances
among certain amino acids, such as Arg:Lys or
branched-chain amino acids.

Inadequate ratios of Trp to large neutral
amino acids (LNAA) may be a factor inhibiting
feed intake of animals fed diets low in CP [2,
3, 4, 5, 6, 7, 8]. Trp serves as a precursor to
serotonin, a neurotransmitter highly involved in
feed intake regulation. In pigs, LNAA have been
shown to compete with Trp for its passage
through the blood-brain barrier, prior to seroto-
nin synthesis in the brain; the resulting decrease
in hypothalamic serotonin concentration below
a threshold level was associated with lower feed
consumption and decreased growth rates [7].
Peisker et al. [9] suggested that low Trp:LNAA
ratios did not support maximum performance in
young piglets; however, this may have been due
to a deficiency of Trp per se rather than a true
effect of Trp:LNAA ratios.

Another factor that must be considered in
attempting to reduce CP concentrations by
amino acid supplementation is that little research
has been done with practical type diets to assess
the requirements for many of the essential amino
acids, other than Met, Lys, and Thr. The objec-
tive of the present study was to evaluate the
possible effects of concentrations of essential
amino acids and Trp:LNAA ratios on perfor-
mance of broilers fed diets formulated primarily
of corn and soybean meal supplemented with
crystalline amino acids.

MATERIALS AND METHODS

Diet Formulation

Corn and soybean meal were sampled prior
to diet formulation to determine moisture and
CP content. Based on the results of these assays,

the amino acid concentrations suggested for
these ingredients by NRC [1] were adjusted pro-
portionally. In all diets, several stipulations were
established. The dietary electrolyte balance ((Na
+ K) − Cl) was set at a minimum of 250 mEq/
kg as suggested by Mongin [10]. Sodium and
chloride were maintained at a ratio of 1:1 as
suggested by Hurwitz et al. [11] with a minimum
sodium level of 0.25% as suggested by Mura-
kami et al. [12]. A positive control diet was
formulated that provided 23% CP and a mini-
mum of 110% of recommended [1] amino acid
concentrations (diet 1, Table 1). Diets were then
formulated in which the CP was fixed at 22, 20,
18, and 16%. Within each of the CP series, diets
were formulated in which the minimum concen-
trations of essential amino acids were either 100
or 110% of NRC recommendations. The CP and
ME contributions of the amino acids [1] were
considered in formulation. The composition of
the diets is shown in Table 1.

Calculations were made of the balance be-
tween Trp and LNAA for the basal diets; these
ranged from 4.14 to 4.72% Trp as percentage
of LNAA. Additional diets were obtained by
supplementing aliquots of these diets with suffi-
cient Trp to produce Trp:LNAA ratios of 5.0
and 6.0%. This resulted in a 4 × 2 × 3 factorial
arrangement of treatments with 4 concentrations
of CP, 2 concentrations of amino acid fortifica-
tion, and 3 Trp:LNAA ratios. Along with the
positive control diet, this resulted in a total of
25 diets. Each of the test diets was fed to 6
replicate pens of 6 male broilers in battery
brooder pens; the control diet was fed to 18
replicate pens of 6 male broilers in each pen.

Birds and Housing

Day-old male chicks of a commercial broiler
strain [13] were obtained from a local hatchery
where they had been vaccinated in ovo for Mar-
ek’s disease and had received vaccinations for
Newcastle disease and infectious bronchitis
posthatch via a coarse spray. They were ran-
domly assigned to compartments in electrically
heated battery brooders with raised wire floors.
Six chicks were placed in each of 162 compart-
ments. The experimental diets, offered in mash
form, and tap water were available for ad libitum
consumption. Fluorescent lamps provided 24-
h lighting.
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TABLE 1. Composition (g/kg) of diets with different levels of CP and amino acids

22% CP 20% CP 18% CP 16% CP
Positive

Ingredient control 100 110 100 110 100 110 100 110

Yellow corn 509.83 540.38 540.96 598.75 601.82 660.00 674.09 737.07 777.45
Dehulled soybean meal 378.96 353.78 352.56 301.67 295.54 243.37 223.72 165.61 109.92
Poultry oil 68.91 64.02 63.72 55.04 54.09 45.34 41.65 31.45 19.38
Dicalcium phosphate 20.32 20.48 20.50 20.85 20.91 21.28 21.45 21.87 22.36
Ground limestone 10.73 10.76 10.76 10.81 10.80 10.85 10.86 10.90 10.92
Sodium chloride 3.45 3.45 3.45 3.41 2.89 2.67 1.96 1.66 0.49
Sodium bicarbonate 2.07 2.02 2.02 1.97 2.73 2.96 3.97 4.30 5.96
Potassium sulfate 0.00 0.00 0.00 1.78 2.05 4.04 4.84 7.08 9.36
Trace mineral mixA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Broiler vitaminsB 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
DL-Met (98%) 2.73 2.11 3.03 2.72 3.71 3.41 4.58 4.35 5.98
L-Thr 0.00 0.00 0.00 0.00 0.83 0.88 2.04 2.19 3.99
L-Lys HCl 0.00 0.00 0.00 0.00 1.63 2.20 4.37 5.17 8.75
L-Arg 0.00 0.00 0.00 0.00 0.00 0.00 1.74 2.40 5.63
L-Val 0.00 0.00 0.00 0.00 0.00 0.00 1.01 1.43 3.69
L-Ile 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.97 3.12
L-Trp 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.34 0.85
L-Phe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 3.89
L-Leu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.24
Gly 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.07
L-His 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95
Total 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00

AProvided per kilogram of diet: Mn (from MnSO4�H2O) 100 mg; Zn (from ZnSO4�7 H2O) 100 mg; Fe (from FeSO4�7 H2O)
50 mg; Cu (from CuSO4�5 H2O) 10 mg; I (from Ca (IO3)2�H2O) 1 mg.
BProvides per kilogram of diet: vitamin A (from vitamin A acetate) 7,714 IU; cholecalciferol 2,204 IU; vitamin E (from
DL-α-tocopheryl acetate) 16.53 IU; vitamin B12 0.013 mg; riboflavin 6.6 mg; niacin 39 mg; pantothenic acid 10 mg; choline
465 mg; menadione (from menadione dimethylpyrimidinol) 1.5 mg; folic acid 0.9 mg; thiamin (from thiamine mononitrate)
1.54 mg; pyridoxine (from pyridoxine hydrochloride) 2.76 mg; DL-biotin 0.066 mg; ethoxyquin 125 mg; Se 0.1 mg.

Measurements

Birds were group weighed by pen at 1, 7,
14, and 21 d. Feed consumption during each
period was determined. Mortality was checked
twice daily; all birds that died were weighed,
and the weight used to adjust feed conversion
[gram feed consumed/(weight of live birds +
weight of dead birds)]. All diets were analyzed
in duplicate for CP and total amino acid concen-
trations by a commercial laboratory specializing
in amino acid analysis [14]. At d 18, excreta
were collected for a 24-h period, freeze dried,
and analyzed in quadruplicate for total nitro-
gen content.

Statistical Analysis

Pen means served as the experimental unit.
Data were first analyzed using single-degree
comparisons of performance of chicks fed the
test diets to that of the positive control. Follow-
ing that, the positive control group was removed

from analysis, and the data analyzed as a com-
plete factorial arrangement with main effects of
CP, amino acid level, Trp:LNAA ratios, and all
possible 2-way and 3-way interactions. Mortal-
ity data were transformed to √ n + 1 prior to

analysis; data are presented as natural numbers
in tables. The data of excreta nitrogen content
were subjected to regression analysis using the
PROC REG function of SAS software [15].
Statements of probability are based on P ≤ 0.05.

RESULTS AND DISCUSSION

Analyzed CP and amino acid values are pre-
sented in Table 2. Though analyzed CP values
were higher than calculated, analyzed value of
individual amino acids were in good agreement
with calculated ones. Therefore, discussion of
concentrations of amino acids or ratios of amino
acids in the results is based upon calculated val-
ues, since these were derived from a database
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TABLE 2. Nutrient analysis of diets with different levels of CP and essential amino acids

Positive 22 CP 22 CP 20 CP 20 CP 18 CP 18 CP 16 CP 16 CP
Nutrient (%) control 100% 110% 100% 110% 100% 110% 100% 110%

CP (C)A 23.00 22.00 22.00 20.00 20.00 18.00 18.00 16.00 16.00
CP (A)B 25.20 24.50 23.10 20.50 22.20 20.00 19.10 16.70 16.20
Met (C) 0.64 0.56 0.66 0.60 0.69 0.63 0.74 0.68 0.81
Met (A) 0.63 0.55 0.61 0.59 0.67 0.63 0.69 0.64 0.75
Lys (C) 1.33 1.26 1.25 1.10 1.21 1.10 1.21 1.10 1.21
Lys (A) 1.23 1.16 1.16 1.14 1.23 1.11 1.21 1.10 1.22
Trp (C) 0.27 0.26 0.26 0.24 0.23 0.21 0.22 0.20 0.22
Trp (A) 0.26 0.24 0.24 0.21 0.22 0.21 0.22 0.20 0.20
Thr (C) 0.93 0.89 0.89 0.80 0.88 0.80 0.88 0.80 0.88
Thr (A) 0.92 0.86 0.85 0.85 0.91 0.77 0.84 0.78 0.84
Ile (C) 1.18 1.12 1.12 1.00 0.99 0.88 0.88 0.80 0.88
Ile (A) 1.17 1.01 1.06 0.93 0.97 0.83 0.84 0.78 0.73
His (C) 0.59 0.56 0.56 0.51 0.50 0.44 0.42 0.36 0.39
His (A) 0.61 0.60 0.60 0.59 0.58 0.49 0.47 0.42 0.44
Val (C) 1.24 1.18 1.18 1.07 1.05 0.94 0.99 0.90 0.99
Val (A) 1.15 1.03 1.05 1.01 0.99 0.84 0.96 0.99 0.77
Leu (C) 1.95 1.89 1.89 1.75 1.73 1.59 1.53 1.37 1.32
Leu (A) 1.90 1.79 1.82 1.81 1.75 1.51 1.51 1.33 1.27
Arg (C) 1.71 1.63 1.62 1.46 1.44 1.27 1.38 1.25 1.38
Arg (A) 1.56 1.42 1.44 1.41 1.38 1.13 1.22 1.05 1.20
Phe (C) 1.25 1.20 1.19 1.08 1.07 0.95 0.90 0.79 1.03
Phe (A) 1.14 1.06 1.07 1.04 1.02 0.84 0.82 0.73 0.91
Met + Cys (C) 0.99 0.90 0.99 0.90 0.99 0.90 0.99 0.90 0.99
Met + Cys (A) 0.98 0.89 0.95 0.93 1.00 0.93 0.98 0.91 0.99
Phe + Tyr (C) 2.14 2.05 2.05 1.85 1.83 1.63 1.54 1.34 1.47
Phe + Tyr (A) 1.94 1.76 1.79 1.72 1.66 1.42 1.38 1.16 1.28
Gly + Ser (C) 2.17 2.07 2.06 1.86 1.84 1.62 1.54 1.31 1.38
Gly + Ser (A) 2.10 1.95 1.95 1.94 1.91 1.58 1.55 1.31 1.40
Total EAAC 14.53 13.83 13.89 12.56 12.69 11.38 11.58 10.32 11.10
EAA as % of CPD 53.60 53.63 53.74 53.73 53.93 53.91 54.31 54.45 56.04
Total LNAAE 6.52 6.25 6.24 5.68 5.60 5.03 4.94 4.41 4.66
Trp as % of LNAAF 4.20 4.19 4.18 4.15 4.14 4.10 4.45 4.53 4.72
Na + K − Cl, mEq/kg 261.98 252.15 251.10 250.00 250.00 250.00 250.00 250.00 250.00

AC = calculated from NRC [1] adjusted to moisture and CP content of intact ingredients.
BA = analyzed value from Ajinomoto Heartland LLC, Chicago, IL.
CEAA = essential amino acids. Sum of Met, Lys, Trp, Thr, Ile, His, Val, Leu, Arg, Phe, Cys, and Tyr. Result is based on
calculated values for appropriate amino acids.
DBased on calculated values for appropriate amino acids and CP.
ELNAA = large neutral amino acids. Sum of Leu, Val, Ile, Phe, and Tyr. Result is based on calculated values for appropriate
amino acids.
FResult is based on calculated values for appropriate amino acids.

consisting of hundreds of samples rather than
individual assays.

Performance of birds fed the diets with 22%
CP with either 100 or 110% of NRC [1] recom-
mended amino acid concentrations did not differ
significantly from that of chicks fed the 23% CP
positive control diet for BW, feed conversion,
or mortality at any age (data not shown). There-
fore, the performance of birds fed the diets with
22% CP was considered valid as a standard of
comparison for the various dietary factors evalu-
ated in the trial.

The effects of dietary CP, amino acid level,
and TRP:LNAA ratio on BW are shown in Table
3. The Trp:LNAA ratio had no significant effect
on 21-d BW, and there was no interaction be-
tween Trp:LNAA ratio and the CP or amino
acid content of the diet. The CP content, but not
the amino acid status, of the diet significantly
influenced BW; however, there was a significant
interaction between these 2 factors. Overall,
birds fed diets with less than 22% CP and a
minimum of 100% of NRC-recommended
amino acid concentrations weighed significantly
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TABLE 3. Effects of dietary CP, amino acid status, and ratio of Trp to large neutral amino acids (LNNA) on 21-d
BW of male broilers

Dietary CP content

Trp:LNAA Amino 21-d BW (g)
ratio acid
(%) (% of NRC)A 16% 18% 20% 22% Mean

< 5B 100 608 653 666 751 669
110 546 648 730 747 667

Mean 577 650 698 749 668

5 100 606 634 656 724 655
110 533 668 701 751 663

Mean 570 651 678 738 659

6 100 598 648 669 737 663
110 548 673 716 703 660

Mean 573 661 692 720 661

Mean 100 604c 645b 663b 737a 662
110 542d 663b 715a 734a 664

Mean 573z 654y 689x 735w

P ≥ F
Factor

CP 0.0001
Amino acid (AA) 0.88
Trp:LNAA (Trp) 0.56
CP × AA 0.0001
CP × Trp 0.77
AA × Trp 0.79
CP × AA × Trp 0.63
CV 6.84

a–dWithin comparisons, means with common superscripts do not differ significantly (P < 0.05).
w–zWithin row, means with common superscripts do not differ significantly (P < 0.05).
AMinimum level of essential amino acids as percentage of NRC [1].
BThis diet not supplemented with additional Trp. See Table 2 for exact ratios within each level of CP. Supplemental Trp
added to attain ratios of 5 and 6.

less than those fed the diets with 22% CP at all
ages (data for 7 and 14 d not shown for brevity).
However, when the minimum amino acid con-
tent of the diet was increased to 110%, perfor-
mance of birds fed 20% CP diet did not differ
significantly from that of the birds fed the 22%
CP diet. Increasing the minimum amino acid
concentrations in diets containing 18% CP was
of no benefit. When diets contained 16% CP,
increasing the minimum amino acid concentra-
tions actually resulted in a reduction in BW.

The effects of dietary CP, amino acid status,
and TRP:LNAA ratio on feed conversion by
broilers is shown in Table 4. The TRP:LNAA
ratio had no significant effect on feed conver-
sion, with no significant interactions between
the TRP:LNAA ratio and the CP or amino acid
content of the diet. Both the CP content and
the amino acid status of the diet significantly

influenced feed conversion, but there was no
significant interaction between CP content and
amino acid status of the diet. Birds fed diets
with 110% of NRC [1] recommended amino
acid concentrations had significantly improved
feed conversion compared with those fed 100%
of the minimum recommendations. Birds fed
diets with 22% CP had better feed conversion
than those with 18 or 20% CP, which in turn
had better conversion than those with 16% CP.

Reducing the CP content of the diet to 16%
resulted in increased mortality at 21 d of age
compared with those fed 18 or 22% but not
those fed 20% (Table 5). There was a significant
interaction between Trp:LNAA ratio and amino
acid concentrations on mortality at 21 d; how-
ever, this followed no consistent trend. Mortality
is subject to considerable variation, and caution
should be taken in interpreting these data due
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TABLE 4. Effects of dietary protein, amino acid status, and ratio of Trp to large neutral amino acids (LNAA) on 0
to 21 d feed conversion by male broilers

Dietary CP content

Trp:LNAA Amino 0–21 d Feed:gain ratio (kg:kg)
ratio acid
(%) (% of NRC)A 16% 18% 20% 22% Mean

< 5B 100 1.572 1.469 1.473 1.369 1.471
110 1.586 1.473 1.407 1.376 1.461

Mean 1.579 1.471 1.440 1.372 1.466

5 100 1.597 1.547 1.511 1.394 1.512
110 1.608 1.432 1.443 1.346 1.457

Mean 1.603 1.490 1.477 1.370 1.485

6 100 1.561 1.553 1.473 1.365 1.488
110 1.557 1.474 1.439 1.352 1.455

Mean 1.559 1.514 1.456 1.359 1.472
Mean 100 1.577 1.523 1.485 1.376 1.490a

110 1.584 1.460 1.430 1.358 1.458b

Mean 1.580x 1.491y 1.458y 1.367z

P > F
Factor

CP 0.0001
Amino acid (AA) 0.009
Trp:LNAA (Trp) 0.42
CP × AA 0.14
CP × Trp 0.63
AA × Trp 0.32
CP × AA × Trp 0.78
CV 4.68

a,bWithin columns, means with common superscripts do not differ significantly (P ≤ 0.05).
x–zWithin rows, means with common superscripts do not differ significantly (P ≤ 0.05).
AMinimum level of essential amino acids as percentage of NRC [1].
BThis diet not supplemented with additional Trp. See Table 2 for exact ratios within each level of CP. Supplemental Trp
added to attain ratios of 5 and 6.

to the minimal number of birds involved in
the study.

Excreta nitrogen content as percentage of
dry matter significantly decreased in a linear
manner with the reduction of dietary CP, with
the dietary CP ranging from 16 to 23% (Figure
1). No higher order than linear regression was
demonstrated to fit the data. The regression
model (R2 = 0.82) is as follows:

Y = 0.263X − 0.883

where Y is excreta nitrogen content (percentage
of dry matter); X is the analyzed dietary CP (%).
For every 1% decrease of dietary CP, there was
about 0.3% less nitrogen excreted in the excreta.
This is in agreement with Schutte [16] and Si
et al. [17]. Schutte concluded that in broiler chick
diets based on corn-soybean meal with adequate
Lys and Met, the protein level could be reduced

1.5 to 2%, and the nitrogen excretion would be
reduced by 15 to 20%.

It is interesting to speculate as to the reasons
for the reduced performance on the diets with
16% CP. The reduction does not appear to be due
to a deficiency of Trp per se or to an imbalance
between Trp and the LNAA. The percentage of
LNAA in the diet decreased with the ratio of
Trp to LNAA increasing slightly as the diet was
reduced in CP (Table 2). The ratio of essential
amino acids as a percentage of total protein re-
mained a rather constant proportion of the di-
etary CP. Bedford and Summers [18] suggested
an optimal essential: nonessential amino acid
balance of 55:45; a ratio close to that observed
overall CP concentrations in this study. Dietary
electrolyte balance was maintained at a mini-
mum of 250 mEq/kg over all diets as suggested
by Mongin [10], although a previous study in our
laboratory indicated that maintaining a constant
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TABLE 5. Effects of dietary protein, amino acid status, and ratio of Trp to large neutral amino acids (LNAA) on 0
to 21 d mortality by male broilers

Dietary CP content
Trp:LNAA Amino acid
ratio (%) (% of NRC)A 16% 18% 20% 22% Mean

< 5B 100 10.00 0.00 0.00 3.33 3.33b

110 16.66 0.00 3.33 0.00 5.00ab

Mean 13.33 0.00 1.66 1.66 4.16

5 100 3.33 0.00 10.00 3.33 4.16ab

110 3.33 4.00 4.00 0.00 2.83b

Mean 3.33 2.00 7.00 1.66 3.50

6 100 3.33 0.00 0.00 0.00 0.83b

110 13.33 4.00 13.33 4.00 8.66a

Mean 8.33 2.00 6.66 2.00 4.75

Mean 100 5.55 0.00 3.33 2.22 2.77
110 11.11 2.66 6.88 1.33 5.50

Mean 8.33x 1.33y 5.11xy 1.77y

P > F
Factor

CP 0.001
Amino acid (AA) 0.09
Trp:LNAA (Trp) 0.76
CP × AA 0.40
CP × Trp 0.07
AA × Trp 0.02
CP × AA × Trp 0.59
CVC 3.96

a,bWithin columns, means with common superscripts do not differ significantly (P ≤ 0.05).
x,yWithin rows, means with common superscripts do not differ significantly (P ≤ 0.05).
AMinimum level of essential amino acids as percentage of NRC [1].
BThis diet not supplemented with additional Trp. See Table 2 for exact ratios within each level of CP. Supplemental Trp
added to attain ratios of 5 and 6.
CThe CV of transformed means.

FIGURE 1. Observed (✳) and estimated (—) N content
(percentage of dry matter) from 24 h collection of
excreta from 18-d-old broilers fed diets varying in
analyzed CP content (means of quadruplicate
analyses).

dietary electrolyte balance was ineffective in
overcoming the adverse effects of reduced di-
etary protein [17].

Although most essential amino acid concen-
trations tend to decline toward their minimum
requirements as dietary CP concentrations de-
crease, 1 notable exception exists. As dietary
CP declines, the level of Met per se increased
considerably above its minimum requirement,
and especially when the minimum amino acid
concentrations are increased to 110% of NRC
[1] recommended concentrations. This increase
in Met is the result of meeting minimum needs
for TSAA by the addition of DL-Met, as supple-
mental cystine was not used in this study due
to its extremely high cost. Adverse effects of
excess concentrations of individual essential
amino acids on broiler performance have been
reported [19, 20, 21]. These reports considered
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the addition of 3 to 4% excess of the essential
amino acid needs; little or no information is
available regarding the use of lower concentra-
tions of amino acids. Methionine is known to
be one of the more toxic of amino acids when
fed in excess, and it is interesting to speculate
as to whether this increased level may inhibit
feed intake sufficiently on the low CP diets to
account for the reduced BW gains.

Although all the essential amino acids con-
centrations are above NRC [1] recommended
concentrations, most of them tend to decline
toward their minimum requirements as dietary

CONCLUSIONS AND APPLICATIONS

1. Overall, birds fed diets with less than 22% CP and a minimum of 100% of NRC-recommended
amino acid concentrations weighed significantly less than those fed the diets with 22% CP.

2. When the minimum amino acid content of the diet was increased to 110%, performance of
birds fed 20% CP diet did not differ significantly from that of the birds fed the 22% CP diet.

3. Increasing the minimum amino acid concentrations in diets containing 18% CP was of no benefit
and when diets contained 16% CP, increasing the minimum amino acid concentrations actually
resulted in a reduction in BW.

4. Within the range of concentrations evaluated in this study, the ratio of Trp to large neutral
amino acids (LNAA; sum of Ile, Leu, Val, Phe, and Tyr) had no significant effect on overall
performance and did not appear to contribute to reduced performance on amino acid supple-
mented diets low in CP.

5. More research needs to be done on requirements for individual amino acids other than Met,
Lys, and Thr in diets low in CP.
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