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Simple Summary: Crude protein is an essential nutrient in poultry feed. Reducing the use of crude
protein not only reduces the feed cost, but also minimizes pollution during poultry production.
Thus, finding the minimum protein requirement in broiler diet without compromising broiler
growth is the objective in the present study. Supplementing essential amino acids including
methionine and lysine to the low-protein diet showed comparable growth performance and carcass
yield to the regular protein diet. Thus, reducing the crude protein level is possible if the essential
amino acid balance is adequate for broiler growth.

Abstract: The objective of this study was to evaluate the effect of low-protein diets with amino acid
supplementation on growth performance, carcass yield, meat quality and nitrogen excretion of
broilers raised under hot climate conditions during the finisher period. In trial 1, broilers from 28 to
49 days of age were fed 18% crude protein (CP) as a positive control or 15% CP supplemented with
(1) DL-methionine (Met) + L-lysine (Lys), (2) Met + Lys + L-Arginine (Arg), or (3) Met + Lys +
L-Valine (Val). In trial 2, broilers from 30 to 45 days of age, were fed an 18% CP diet as a positive
control or 15% CP supplemented with Met, Lys, Arg, Val, L-Isoleucine (Ile) or combination with
glycine (Gly) and/or urea as nitrogen sources: (1) Met + Lys, (2) Met + Lys + Arg, (3) Met + Lys + Val,
(4) Met + Lys + Ile, (5) Met + Lys + Arg +Val + Ile + Gly, and (6) Met+ Lys + Arg + Val + Ile + Gly +
urea. Protein use was improved by feeding low-protein amino acid-supplemented diets as
compared to the high-protein diet. Feeding 15% crude protein diet supplemented with only
methionine and lysine had no negative effects on carcass yield, CP, total lipids and moisture% of
breast meat while decreasing nitrogen excretion by 21%.
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1. Introduction

In hot climates, the growth of broilers is usually slow, as high temperature adversely affects
feed intake, and high-protein diets, used to sustain animal growth, may impair broiler tolerance to
heat stress due to the high heat increment induced by protein metabolism [1,2]. Decreasing dietary
protein levels of broiler diets could be a good strategy, but the amino acid requirements for broiler
chicks must be satisfied by supplementing synthetic amino acids to the basal diets. In this way it is
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possible to achieve several goals: (1) minimize the excess of amino acid input and thus nitrogen
pollution; (2) improve the bird tolerance to hot climate; (3) obtain satisfactory growth performance;
all this can increase the profit for the poultry industry [3-5].

Environmental pollution due to nitrogen excretion is an important issue in poultry houses and
results in negative impacts on the health of workers and birds, soil, and ground water [4,5]. Thus,
reducing dietary protein levels with proper amino acid supplementation has been of great interest
[2,4,6-14]. It is well recognized that methionine (Met) is typically the first limiting amino acid in
practical broiler diets, whereas lysine (Lys) is the second in broiler diets. However, this depends on
the ingredient composition of the diets [4,15,16]. There are several commercially available synthetic
amino acids, such as methionine, lysine, threonine (Thr), tryptophan (Trp), and arginine (Arg)
[4,12,17] that can be used to fulfill amino acid requirements in low-protein diets.

Fancher and Jensen [6], feeding female broilers on low-protein, corn/soybean meal diets
supplemented with synthetic amino acids from 3 to 6 weeks of age, found worse performance in
comparison to a higher-protein finisher diet. Liu et al. [18] reported that a decrease in protein level
from 22.5% to 20% impaired body weight gain from 1 to 21 days of age. Along the same line,
Holsheimer and Janssen [19] reported that Thr, Trp and Arg were limiting in diets containing 17%
CP supplemented with Met and Lys when compared to 20% CP diet during 3-7 weeks of age. They
also indicated that 0.77% Thr and 0.22% Trp were enough in finisher broiler diets during 3-7 weeks
of age. Han et al. [7] observed that broiler chicks fed low-protein diets (16% CP) supplemented with
Met, Lys, Arg, valine (Val), and glutamic acid during 3-6 weeks of age had high body weight and
better feed conversion ratio (FCR) than those fed a 20% CP diet while maintaining similar body fat
content. Moreover, Laudadio et al. [8] indicated that female broiler chicks fed 17% CP diet
supplemented with Met plus cysteine (Cys) showed higher body weight than chickens fed 20% CP
during 3-7 weeks of age. Lipstein et al. [20] and Lecercq et al. [21] reported that low-protein diets
supplemented with Met and Lys prevented increased carcass fat deposition during the finisher
period. However, severely low crude protein diets may increase abdominal fat deposition in carcass
[22,23]. A 3% reduction in CP compromised body weight and feed conversion during 21-42 day of
age but the supplementation of Val+le (isoleucine)+Arg+Gly was able to restore both [24].

Broiler chicks consume the highest proportion (~60%) of their feed during the finisher period,
when they are more susceptible to heat stress because of their bigger body size. However, few
studies have been performed to evaluate the effects of low-protein diets supplemented with multiple
key synthetic amino acids on growth performance and carcass yield, under hot climate during
finisher period. Thus, the objective of this study, organized in two different trials (Trial 1 and 2) was
to evaluate the effect of low-protein diets supplemented with different levels of various essential
amino acids on body weight gain, feed conversion ratio, nitrogen excretion, carcass yield, and inner
organ weight of broilers during the finisher period and farmed under hot climate conditions.

2. Materials and Methods

2.1. Animal Husbandry:

Broiler chicks were reared in battery-brooders (35 cm length x 25 cm width x 30 cm height) with
23:1 light-dark cycle at day 1, gradually reduced to 18:6 light-dark cycle. Birds were fed from tube
feeders and drank from automatic nipple drinkers. Mash diets and water were offered ad libitum
throughout the trials. Birds were vaccinated against Newcastle disease virus with Hatchner (B1) at 7
days old and Lasota at 20, 30 and 45 days of age. The average indoor ambient temperature and
relative humidity were (mean + standard deviation): 34 + 6 °C and 54 + 9% in Trial 1 and 35 + 5 °C
and 57 = 11% in Trial 2, respectively. The experimental protocol was approved by the Animal and
Poultry Production Scientific and Ethics Committee of Damanhour University. The care and
handling of the animals were performed so as to maintain their rights, ensure their welfare, and
cause minimal stress, according to International Guidelines for research involving animals
(Directive2010/63/EU).
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2.2. Experimental Design and Diets

Trial 1 comprised 7 groups (each with 25 Hubbard male broilers, 5 replicates of 5 birds) which
had the same feed ingredients and only differed in the protein source and the type of amino acid
included. Two different CP diets were formulated based on the protein source: vegetable diets with
corn soybean meal (groups 2, 3 and 4) or animal protein diets with fish and meat meals (groups 5, 6
and 7). From 28 to 49 days of age, the groups were submitted to the following dietary treatment: 18%
CP (group 1); 15% CP supplemented with Met and Lys (group 2 and group 5); 15% CP
supplemented with Met, Lys and Arg (group 3 and group 6); 15% CP supplemented with Met, Lys,
Arg and Val (group 4 and group 7). In trial 1, the amounts of Met and Lys supplemented were 0.20%
and 0.28% for vegetable diets (group 2, 3 and 4), and 0.19% and 0.26% for animal diets (groups 5, 6
and 7), respectively. The supplemented amounts of Arg, Val and Ile were 0.17%, 0.15% and 0.0% for
the vegetable protein diet (group 2, 3 and 4), and 0.22%, 0.15% and 0.05% for the animal protein diet
(groups 5, 6 and 7), respectively.

Trial 2 comprised 7 groups (25 male Hubbard broilers, 5 replicates of 5 birds per group) which
had the same feed ingredients and only differed in the type of amino acid included. From 30 to 45
days of age, the groups were submitted to the following dietary treatments: group 1 as positive
control with 18% CP; 15% CP supplemented with Met at 0.19%, Lys at 0.25% (group 2); 15% CP
supplemented with Met at 0.19%, Lys at 0.25% and Arg 0.21% (group 3); 15% CP supplemented with
Met at 0.19%, Lys at 0.25% and Val at 0.10% (group 4); 15% CP supplemented with Met at 0.19%, Lys
at 0.25% and Ile (group 5); 15% CP supplemented with Met at 0.19%, Lys at 0.25%, Arg at 0.21% Val
at 0.10%, Ile and Gly as an amino nitrogen source (group 6); and 15% CP supplemented with Met at
0.19%, Lys at 0.25%, Arg at 0.21% Val at 0.10%, and Ile (as a nitrogen source to equalize nitrogen
content between the positive control diet and the 15% CP diet; group 7).

The diets (Trial 1 and 2) were formulated based on Nutrient Requirements of Poultry from
National Research Council (NRC) [25] tabulated values for feedstuffs (Table 1). Met and Lys levels of
the low protein 15% CP diets were equal to those of the positive control diet. Amino acids were
supplemented and analyzed by Evonik (Degussa-Hiils AG, Frankfurt am Main, Germany). Amino
acids were supplemented to meet NRC amino acid requirements [25] for broiler chicks.

Table 1. Composition, and calculated and analyzed nutrients of diets in trial 1 and 2.

Ingredients, % Trial 1 Trial 2
! 18% 15% Animal 15% Plant 18% 15%
Yellow corn 71.63 73.00 73.00 66.86 7240
Soybean meal 21.00 15.00 20.00 2471 16.90
Fish meal (72% CP herring)  2.00 1.73 0.00 2.00 2.00
Meat meal 2.00 1.73 0.00 0.00 0.00
Soybean oil 0.50 1.45 1.70 1.65 156
Bone meal 1.40 1.68 2.38 1.70 1.88
Lime stone 0.82 0.72 0.63 0.75 0.72
Vit + Min premix ! 0.25 0.25 0.25 0.25 0.25
NacCl 0.30 0.30 0.30 0.30 0.30
DL-methionine 0.10 0.19 0.20 0.11 0.19
L-lysine 0.00 0.26 0.28 0.06 0.25
Sand 0.00 3.69 1.26 1.61 355
Total 100.0 100.0 100.0 100.0 100.0
Calculated values, %
ME kcal/ kg 3008 3000 3041 3000 3004
Tryptophan 0.23 0.18 0.19 024 019
Ca 1.01 1.01 1.01 0.91 0.91
Available P 0.41 0.41 0.41 0.37 0.37
Determined values 2, %
Crude protein 19.04 15.54 15.18 18.63 15.23
Methionine 0.30 0.25 0.24 0.31 0.26

TSAA 0.92 0.70 0.68 059 051
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Lysine 0.92 0.70 0.72 09 074
Arg 1.02 0.84 0.81 1.03 0.86
Val 0.89 0.69 0.71 082 071
Ile 0.71 0.62 0.60 073  0.59

! Premix provides per kg of diet: vitamin A, 8000 international units (IU); vitamin E, 9 mg;
menadione (as menadione sodium bisulfite), 150 IU; Vit. D3, 1,000 ICU; riboflavin, 4.0 mg; Ca
pantothenate, 10 mg; nicotinic acid, 12 mg; choline chloride, 300 mg; vitamin B12,2 mg; vitamin B6,
1.2 mg; thiamine (as thiamine mononitrate), 2.0 mg; folic acid, 40 mg; d-biotin, 0.05 mg. Trace
minerals (mg per kg of diet): Mn, 75; Zn, 40; Fe, 40; Cu, 3; Se, 0.15; iodine, 0.8 and 500 mg an
antioxidant. 2 Calculated based on the analyzed amino acids of feed ingredients except for
tryptophan, which was not determined.

2.3. Growth Performance and Carcass Yield

Chicks were weighed at the beginning, at 28 days of age in Trial 1 and at 30 days in Trial 2, and
at the end at 49 days of age for Trial 1 and 45 days of age for Trial 2. Average initial body weights in
Trial 1 and 2 were (mean + standard deviation) 1,008 + 10 g and 1,164 + 12 g, respectively. In both
trials there were no differences among groups for initial body weight and the Body Weight Gain was
calculated as the difference between final and initial body weight. Additionally, for both trials, the
amounts of administered and residual feed were weighed on the same day as the weighing of the
birds, and total feed and protein intakes were calculated as the difference between administered and
residual feed. Feed and protein conversion ratios were calculated by dividing feed and protein
intake by body weight gain. In Trial 2, at 40 days of age, represented samples (500 g) of excreta (n=>5
per treatment) as one sample per replicate were collected and cleaned from feathers, feeds and
scabies, and then moisture and nitrogen contents were determined according to the Association of
Official Agricultural Chemists (AOAC) [26]. A total of 35 broilers at the end of Trials 1 and 2 were
slaughtered for carcass evaluation. In Trial 1, moisture, crude protein, ether extract, and ash of the
skinless boneless breast meat (pectorals major) from the slaughtered birds were further determined
in pooled triplicate samples according to AOAC [26]. The crude protein, ether extract, and ash
content were divided by dry weight for breast meat chemical characteristics.

2.4. Statistical Analysis:

Data from each trial were analyzed using the general linear model procedure of Statistical
Analysis Software [27] using a one-way analysis of variance. The experimental unit was the
replicate. Mean differences were tested using student Newman Keuls Test [27] to evaluate the
differences among means at P <0.05.

3. Results

In general, broilers in both trials showed signs of heat stress, including panting, lying down,
and flapping their wings to dissipate heat, but differences in behavior responses were not
quantitative among different treatments (data not shown).

In Trials 1 and 2, during the whole finishing period, there were no significant differences among
groups for body weight, weight gain, feed intake and feed conversion ratio (Tables 2 and 3).

Table 2. Growth performance from 28 to 49 day of age (Trial 1).

Groups P

ftem 1 2 3 4 5 6 7 SEMT Value
Body weightat28d, g 1009 1006 1011 1005 1002 1018 1006 15.3 0.99
Body weightat49d, g 1964 1940 1970 1938 1947 1970 1853 28.7 0.88
Body weight gain, g 955 934 959 933 945 952 947 21.1 0.78
Feed intake, g 2212 2223 2257 2263 2223 2226 2226 12.7 0.15
Protein intake, g 409.2+ 3334 3385° 3394 3335b 3339b 3339° 1.96 0.01
Feed conversion ratio, g/g 2.32 2.38 2.35 2.43 2.35 2.34 2.35 0.11 0.74

Protein Conversion Ratio, g/g 0.428 a 0357t 0353b 0364P 0.353P 0351 0.353°P 0.009 0.01
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ab: Means within a row not sharing a common a superscript differ significantly P < 0.05, based on
Duncan's test; ! SEM, standard error of the mean.

Table 3. Growth performance from 30 to 45 day of age (Trial 2).

Groups
1 2 3 4 5 6 7
Body weight30d, g 1155 1176 1167 1153 1171 1160 1166 25.1  0.99
Body weight45d, g 1959 1977 1992 1988 1981 1993 1971 372 0.99

Item SEM P Value

Body weight gain, 804 801 824 835 810 834 806 258 0.95
Feed intake, g 1717 1756 1763 1782 1796 1763 1753 234 0.38
Protein intake, g 3092 263b 264c 267b 269b 265b 263 3.05 0.01

Feed conversion ratio, g/g  2.14 219 214 213 222 211 217 0085 0.98
Protein conversion ratio, g/g 0.384 2 0.329° 0.321 > 0.320 > 0.333 > 0.317" 0.326 * 0.014  0.01
Excreta nitrogen, % 403 318 325 347 379 371 390 054 0.17
Excreta dry matter, % 21.0 209 218 211 216 222 227 1.6 0.46

a< Means within a row not sharing a common a superscript differ significantly P < 0.05, based on

Duncan’s test.

However, in both trials the 15% CP diet groups with amino acid supplementation showed
lower (P <0.05) protein intake and protein conversion ratio (PCR) compared to group 1 (Tables 2 and
3).

In Trial 1, there were no differences among groups for carcass yield, body organs and breast
meat chemical compositions (Table 4). In Trial 2 (Table 5), the supplemented groups 2, 3 and 4
showed a significantly higher (P < 0.05) gizzard percentage compared to groups 1 and 7. Groups 2, 3
and 7 showed a lower (P < 0.05) spleen percentage compared to group 1 (Table 5). However, there
were no differences among the other carcass traits.

Table 4. Carcass yield, body organs percentage and breast meat chemical composition (Trial 1).

Groups
1 2 3 4 5 6
Carcass yield
Dressing !, % 622 619 622 62.0 632 634 625 097 0.17
Breast + wings, % 234 233 225 244 23.6 224 221 077 0.40
Thigh +legs, % 21.7 223 220 21.6 21.6 23.6 22.6 0.67 0.40
Abdominal fat, % 1.71 1.82 1.83 1.81 1.80 2.19 1.93 024 0.36
Liver, % 242 267 224 218 2.14 231 229 044 0.10
Heart, % 0.64 0.65 0.64 0.69 0.62 0.65 0.65 0.041 0.93
Pancreas, % 0.23 0.25 0.22 0.21 0.24 0.24 0.23 0.012 043
Spleen, % 0.131 0.125 0.108 0.161 0.125 0.134 0.149 0.013 0.14
Chemical characteristics of breast meat
Moisture, % 742 744 738 751 749 74.6 749 242 0.58
Crude protein, % 82.7 814 814 82.0 819 820 820 173 0.74
Ether extract, % 13.1 134 13.8 13.0 132 13.6 13,5 0.74 0.68
Ash, % 42 52 48 50 49 44 45 012 0.39

1Head, giblets, feet and eviscerate were not included.

Item SEM P Value

Table 5. Carcass yield of broiler chickens (Trial 2).

Groups
1 2 3 4 5 6 7
Dressing!, % 624 637 618 608 612 632 600 096 0.11
Breast + wings, % 30.5 31.1 302 292 304 324 296 071 0.07
Thigh +legs, % 329 348 321 321 317 318 314 089 0.16
Abdominal fat, % 171 180 210 184 145 133 1.62 025 0.39
Liver, % 1.84 195 222 209 202 193 199 013 049
Heart, % 044 046 051 047 042 044 045 0.03 043

Item SEM P Value




Animals 2020, 10, 973 6 of 11

Gizzard, % 1.54% 2.00* 1902 1.882 1.832F 1.762» 153 0.10 <0.01
Pancreas, % 021 018 0.20 0.19 0.20 0.18 0.19 0.015 0.69
Spleen, % 0.129 2 0.083 < 0.087 b 0.124 2> 0.115 < 0.121 2 0.088 < 0.012  0.03

2~ Means within a row not sharing a common a superscript differ significantly P < 0.05, based on

Duncan's test; ' Head, giblets, feet and eviscerate were not included.
4. Discussion

4.1. Growth Performance, Feed/Protein Conversion Ratio and Nitrogen Excretion of Broiler Chicks

Our previous studies showed that broiler growth was low at high temperature (34 + 6 - 35+ 5
°C and 54 + 9 and 57 + 11% Relative Humidity) [1,2]. In the present study, the results from Trials 1
and 2 indicated that reducing the CP level from 18% to 15% with the supplementation of amino acids
under hot climates and during the finisher period reduced the overall protein intake of broilers
without detriment to growth performance. In both trials, the low final body weight compared to
Attia et al. [28] could be attributed to the high ambient temperature and humidity (34 and 35 °C and
54% and 57%, respectively). Heat stress in tropical and subtropical regions not only causes economic
effects in the form of retarded growth performance, but also induces animal health and welfare
concerns [29]. The hot temperatures during the daytime retarded the growth of 7-week-old broilers
under 2 kg in both trials. Extreme environmental conditions should be avoided in general through
ventilation or reducing stock density; however, hot climate conditions are unavoidable in tropical
areas. The results in the current study indicate that satisfactory broiler growth and feed conversion
could be achieved with a reduction by 16.6% (from 18% to 15%) of the crude protein content of the
diet in finishing broilers raised under hot climate conditions, but the low-protein diet must be
supplemented with adequate amounts of Met and Lys, and the same results were also obtained with
only vegetable or partially animal protein sources in the diet.

Several studies have suggested that reducing protein levels in diets with adequate
supplementation of indispensable amino acids will not compromise broiler growth performance
during the finisher period [10-14]. Recent research indicates that in broilers from 1 to 35 days of age,
the CP of the diets can be reduced from 210 to 180 g/kg without detriment to broiler performance,
but further reduction from 180 to 165 g/kg of diet CP worsened FCR, although the level of essential
amino acids was maintained [30]. Additionally, van Harn et al. [31] observed that, in broilers from 1
to 35 days of age, during the finisher period, the crude protein of the diets could be reduced by 2.2—-
2.3 percentage points (from 19.8%) without negative effects on bird performance if the essential
amino acids were correctly balanced, but further decrease could penalize some carcass traits.
Chrystal et al. [30] attributed these results to a possible deficiency of non-essential amino acids such
as glycine and serine at the lowest level of diet CP. As animal age increases in the present trial (28-49
and 30-45 day of age for Trials 1 and 2, respectively), the requirements of birds for non-essential
amino acids could be satisfied even while reducing the protein content of the diet to 15%. The
retarded growth performance under hot climate also contributed to the change in requirements.
However, the current results could not distinguish the confounding effects of heat stress and
reduction of protein. It is interesting to observe that, under hot climate conditions, reducing the CP
level to 15% with key amino acid supplementation can maintain the same growth performance of
finishing broilers as 18% CP.

Arginine or Valine supplementation in 15% CP animal/vegetable diets over Met and Lys did
not show any additive impact in growth performance. In the literature, the availabilities of Val and
Arg in fish meal were low (67.3% and 62.6%, respectively); thus, supplementation of Val and Arg
was necessary to maintain optimum growth performance in the fish meal-containing diet [32,33].
Wide variations in amino acid digestibility have been reported in animal source proteins,
particularly in terms of batch-to-batch differences [34]. The differences in responses to Arg or Val
addition may be due to the difference in dietary protein sources, inclusion levels and amino acid
requirements for broiler males and females [35-38]. It has been suggested that the protein and/or
amino acid levels of the diets, strain, and the age of the birds may affect the response to the level of
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amino acid addition [7,39]. The supplementation of Met, Lys, Thr, Arg and Val was found to
improve the growth of broilers [39], and the supplementation of Met, Lys, Arg, Val and Thr plus
glutamic acid to 16% CP diet during 3-6 weeks of age also increased growth performance [36].

In the 14% CP soybean meal diet, the limiting amino acids were Met, Lys, Thr and Val [40],
whereas Met, Lys, Thr, Arg, Val and Ile were limited in the 12% CP diet [41]. It has also been
reported a low-protein diet (17%) with balanced Lys, Met, Thr and Trp levels had the same
performance as a 19% CP diet during 22 to 56 days of age [42,43]. However, the present research
indicates that 15% CP diet supplemented with Met + Lys showed no significant differences in
growth and FCR compared to the positive control diet. Therefore, our trial suggests that limiting
amino acids are related to CP percentage, environmental temperature and ingredient composition
(availability of amino acids) of the experimental diets.

In the present study, soybean meal, a high-quality protein ingredient [34], has been used as
primary protein source. The lack of response to Ile in Trial 2 indicated that this amino acid is not
limiting in 15% CP diet under heat stress and/or there might be the antagonism between Ile and
leucine, because both are branched-chain amino acids [17,44,45]. This inconsistency among many
studies may be attributed to diet composition, amino acid content and availability in ingredients,
age of birds, and environment conditions (temperature and humidity).

Glycine as a source of amino nitrogen or urea, as a nitrogenous source had no additive
influence on the growth of broilers in Trial 2, indicating that the 15% CP diet supplemented with Met
and Lys furnishes adequate amounts of dispensable amino acids for broiler growth during 3045
days of age under a hot climate. Awad et al. [46] reported that the addition of glycine did not
compensate the depressed growth performance in broilers under hot climate. The lack of responses
to glycine as a nonessential amino acid on improving broiler performance is in contrast to the
finding of Dean et al. [47]. Supplementation of glycine enhanced growth performance of broilers fed
a low protein amino acid-supplemented diet because low-protein diets are low in nitrogen sources
for making non-essential amino acids and other essential nitrogen compounds in the body [47]. Urea
in non-ruminant animals had no nutrient values [48,49]. Thus, further studies are needed to evaluate
the amino acid requirements under different conditions involving ingredients and rearing
conditions.

The present results indicated that the diet containing 15% of CP supplemented with Met and
Lys may satisfy all amino acid requirements for optimal broiler growth under hot climate. Some
studies have shown that broilers eat more feed to satisfy their protein or amino acid needs under hot
climate [9,50,51]. The feed conversion ratios in this study are similar to other studies showing that
there were no significant differences in feed intake and efficiency of feed use among birds fed a low
protein and a high-protein diets [8,51-53].

The present results indicated that protein intake was high, and protein/gain ratio was poorer in
the 18% CP group than the groups fed low-protein amino acid-supplemented diets. Aletor et al. [50]
indicated that a lower dietary protein level improves the protein use due to the lower protein
turnover rate. There was a numerical 21.1% reduction in nitrogen excreted when 15% CP
supplemented with Met and Lys in the present study. These results are in agreement with several
studies reporting that low-protein amino acid-supplemented diets had no negative effect on broiler
performance, while reducing nitrogen excretion by 33.6% [24,43,52,54,55]. The reduction of nitrogen
excretion also influences ammonia volatilization in poultry houses: supplementing amino acids in
low-protein diets reduced ammonia volatilization by 45% in poultry [4,5,56].

In general, due to the limits of the experimental conditions, it is not clear that the amino acid
requirement change was triggered by heat stress or a decrease on performance or both; thus, further
research is needed.

4.2. Carcass Yield, Body Organs and Chemical Composition of Breast Meat

Carcass yield results in the current study indicate that Met and Lys supplementation in 15% CP
diet provides sufficient amount of amino acids for maintaining optimum growth and development
of body organs compared to 18% or 18.5% CP diets under hot climate. Alleman and Leclercq [51]
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reported that reducing CP content from 20% to 16% during 23-44 days of age had no negative effect
on breast muscle percentage. However, several researchers have concluded that lowering the
protein level in diet, maintaining appropriate levels of essential amino acids (Arg, Ile, Val and Trp)
allowed normal protein gain, but increased fat deposition in both fat and lean lines of broilers,
revealing that protein or lipid deposition was potentially controlled independently [8,57,58].

In agreement with the present results, Aletor et al. [50] found that decreasing dietary CP
percentage while satisfying the amino acid requirements of broilers had no detrimental effect on
relative weights of breast or thigh, which is similar to the present findings. However, in contrast to
the present results, there were significant increases in the relative weights of liver and abdominal fat
which may indicate higher lipogenetic activity in the body. Other studies have shown a significant
increase in abdominal fat deposition when broilers or ducks were fed low-CP diets [22,23,59].
However, according to the current study, under hot climates, broilers may use amino acid and
protein from low-CP diets better than those under the normal temperature conditions.

The gizzard and spleen percentage differences were unexpected in the current study. Further
studies are necessary to explain this change. The protein level in finisher diets for broiler chickens
could be reduced from 18% to 15% without adverse effect on broiler growth performance during 28—
49 days of age under hot climates if Met and Lys are supplemented to meet requirements while
decreasing nitrogen excretion by 21%. Therefore, protein use and economic efficiency in birds fed
15% CP diet supplemented with Met and Lys were improved because dietary protein input was
lower compared to the high-protein control diet. Furthermore, the non-significant influences on
carcass yield, abdominal fats, and total lipids of meat indicated that these traits are not compromised
feeding the low-protein diet supplemented with Met and Lys.

5. Conclusions

Under hot climate conditions and during the finisher period, feeding a low-protein diet fortified
with essential amino acids improved protein use and deceased nitrogen excretion without negative
effect on performance and carcass yield of broiler. Thus, in the above-mentioned environmental
conditions, the protein level of the finishing broiler diets can be reduced from 18% to 15% with an
adequate supplementation of only methionine and lysine.

Author Contributions: Conceptualization, Y.A.A. and F.B.; methodology and data collection, and formal
analysis, M.A.A.-H.; writing—review and editing, W.K.XK. and J.W.; resources, writing—original draft
preparation, review and proofreading, Y.A.A.,, M.A.A.-H. and F.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This article was funded by the Deanship of Scientific Research (DSR), King Abdulaziz
University, Jeddah. Therefore, the authors appreciate the technical and financial support of the DSR.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Attia, Y.A.; Bohmer, B.M.; Roth-Maier, D.A. Responses of broiler chicks raised under constant relatively
high ambient temperature to enzymes, amino acid supplementations, or diet density. Archive Fiir
Gefliigelkunde 2006, 70, 80-91.

2. Attia, Y.A,; Hassan, R.A,; Tag El-Din, A.E.; Abou-Shehema, B.M. Effect of ascorbic acid or increasing
metabolizable energy level with or without supplementation of some essential amino acids on productive
and physiological traits of slow-growing chicks exposed to chronic heat stress. ]. Anim. Physiol. Anim. Nutr.
2011, 95, 744-755.

3. Dozier, W.A,; Kidd, M.T.; Corzo, A. Dietary amino acid responses of broiler chickens. . Appl. Poult. Res.
2008, 17, 157-167.

4. Kim, ].H,; Patterson, P.H.; Kim, W.K. Impact of dietary crude protein, synthetic amino acid and keto acid
formulation on nitrogen excretion. Int. J. Poult. Sci. 2014, 13, 429-436.



Animals 2020, 10, 973 9 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chalova, V.I; Kim, J.H,; Patterson, P.H.; Ricke, 5.C.; Kim, W.K. Reduction of nitrogen excretion and
emissions from poultry: A review for conventional poultry. World’s Poult. Sci. . 2016, 72, 509-520.
Fancher, B.L; Jensen, L.S. Dietary protein level and essential amino acid content: Influence upon female
broiler performance during the grower period. Poult. Sci. 1989, 68, 897-908.

Han, Y.; Suzuki, H.; Parsons, C.M.; Baker, H. Amino acid fortification of a low-protein corn and soybean
meal diet for chicks. Poult. Sci. 1992, 71, 1168-1178.

Laudadio, V.; Dambrosio, A.; Normanno, G.; Khan, R.U.; Naz, S.; Rowghani, E.; Tufarelli, V.; Bunchasak,
C.U,; Tanaka, S.K; Ohtani, S.; et al. The effect of supplementing methionine plus cystine to a low-protein
diet on the growth performance and fat accumulation of growing broiler chicks. Asian-Australas. |. Anim.
Sci. 1997, 10, 185-191.

Alleman, F.; Michel, J.; Chagneau, A.M.; Leclercq, B. The effects of dietary protein independent of essential
amino acids on growth and body composition in genetically lean and fat chickens. Br. Poult. Sci. 2000, 41,
214-218.

Aletor, V.A; Hamid, LI; Niess, E.; Pfeffer, E. Low-protein amino acids-supplemented diets in
broiler-chickens: Effects on performance, carcass characteristics whole-body—composition and efficiencies
of nutrient utilization. J. Sci. Food Agric. 2000, 80, 547-554.

Aletor, V.A,; Roth, F.X,; Paulicks, B.R.; Roth-Maier, D.A. Growth, body-fat deposition, nitrogen excretion
and efficiencies of nutrients utilization in broiler-chicks fed low-protein diets supplemented with amino
acids, conjugated linoleic acid or an -glucosidase inhibitor. Archive Gefliigelk 2001, 66, 21-30.

Laudadio, V.; Dambrosio, A.; Normanno, G.; Khan, R.U.; Naz, S.; Rowghani, E.; Tufarelli, V. Effect of
reducing dietary protein level on performance responses and some microbiological aspects of broiler
chickens under summer environmental conditions. Avian Biol. Res. 2012, 5, 88-92.

McGill, E.; Kamyab, A.; Firman, ].D. Low crude protein corn and soybean meal diets with amino acid
supplementation for broilers in the starter period. 1. Effects of feeding 15% crude protein. Int. ]. Poult. Sci.
2012, 11, 161-165.

McGill, E.; Kamyab, A.; Firman, ].D. Low crude protein corn and soybean meal diets with amino acid
supplementation for broilers in the starter period. 2. Effects of feeding 13% crude protein. Int. |. Poult. Sci.
2012, 11, 166-171.

Scott, M.L.; Nesheim, M.C.; Young, R.J. Nutrition of the Chicken, 3rd ed.; M. L. Scott and Associates: Ithaca,
NY, USA, 1982.

Fernandez, S.R.; Aoyagi, S.; Han, Y.; Parsons, C.; Baker, D.H. Limiting order of amino acids in corn and
soybean meal for growth of the chick. Poult. Sci. 1994, 73, 1887-1896.

Baker, D.M. Problems and pitfalls in animal experiments designed to establish dietary requirements for
essential nutrients. . Nutr. 1986, 116, 2339-2349.

Liu, N.; Wang, ].Q.; Gu, K.T.; Deng, Q.Q.; Wang, ].P. Effects of dietary protein levels and multienzyme
supplementation on growth performance and markers of gut health of broilers fed a miscellaneous meal
based diet. Anim. Feed Sci. Technol. 2017, 234, 110-117.

Holsheimer, J.P.; Janssen, W.M.M.A. Limiting amino acids in low protein maize-soybean meal diets fed to
broiler chicks from 3 to 7 weeks of age. Br. Poult. Sci. 1991, 32, 151-158.

Lipstein, B.; Bornstein, S.; Bartov, I. The replacement of some of the soybean meal by the first limiting
amino acids in practical broiler diets. 3. Effects of protein concentration and amino acid supplementation
in broiler finisher diets on fat deposition on the carcass. Br. Poult. Sci. 1975, 16, 627-635.

Leclercq, B.; Chagneau, A.M.; Cochard, T.; Khoury, J. Comparative responses of genetically lean and fat
chickens to lysine, arginine and non-essential amino acid supply. I. Growth and body composition. Br.
Poult. Sci. 1994, 35, 687-696.

Sterling, K.G.; Costa, E.F.; Henry, M.H.; Pesti, G.M.; Bakalli, R.I. Responses of broiler chickens to
cottonseed and soybean meal-based diets at several protein levels. Poult. Sci. 2002, 81, 217-226.

Xie, M; Jiang, Y.; Tang, J.; Wen, Z.G.; Zhang, Q.; Huang, W.; Hou, S.S. Effects of low-protein diets on
growth performance and carcass yield of growing White Pekin ducks. Poult. Sci. 2017, 96, 1370-1375.
Ospina-Rojas, I.C.; Murakami, A.E.; Duarte, CR.A.; Eyng, C.; Oliveira, A.L.; Janeiro, V. Valine, isoleucine,
arginine and glycine supplementation of low-protein diets for broiler chickens during the starter and
grower phases. Br. Poult. Sci. 2014, 55, 766-773.

National Research Council, (NRC). Nutrient Requirements of Poultry, 9th ed.; National Academy of Sciences,
National Research Council: Washington, DC, USA, 1994.



Animals 2020, 10, 973 10 of 11

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Association Official Analytical Chemistry (AOAC). Official Methods of Analysis, 19th ed.; Association
Official Analytical Chemistry: Washington, DC, USA, 2007.

SAS Institute. SAS® User’s Guide for Personal Computer; SAS Institute Inc.: Cary, NC, USA, 2007.

Attia, Y.A,; Al-Harthi, M.A,; Hassan, S.5. Turmeric (Curcuma longa Linn.) as a phytogenic growth
promoter alternative for antibiotic and comparable to mannan oligosaccharides for broiler chicks. Rev.
Mex. Cienc. Pecu. 2017, 8, 11-21.

Quinteiro-Filho, W.M.; Ribeiro, A.; Ferraz-de-Paula, V.; Pinheiro, M.L.; Sakai, M.; Sa, LRM.D.;
Palermo-Neto, J. Heat stress impairs performance parameters, induces intestinal injury, and decreases
macrophage activity in broiler chickens. Poult. Sci. 2010, 89, 1905-1914.

Chrystal, P.V.; Moss, A.F.; Khoddami, A.; Naranjo, V.D.; Selle, P.H.; Liu, S.Y. Impacts of reduced-crude
protein diets on key parameters in male broiler chickens offered maize-based diets. Poult. Sci. 2020, 99,
505-516.

Van Harn, J.; Dijkslag, M.A.; van Krimpen, M.M. Effect of low protein diets supplemented with free amino
acids on growth performance, slaughter yield, litter quality, and footpad lesions of male broilers. Poult. Sci.
2019, 98, 4868-4877.

Smith, R.E. Assessment of the availability of the amino acid in fish meal, soybean meal and feather meal by
chick growth assay. Poult. Sci. 1968, 47, 1624.

Miller, D.; Kifer, R.R. Factors affecting protein evaluation of fish meal by chick bioassay. Poult. Sci. 1970,
49, 999-1004.

Ravindran, V.; Hew, L.; Ravindran, G.; Bryden, W. Apparent ileal digestibility of amino acids in dietary
ingredients for broiler chickens. Anim. Sci. 2005, 81, 85-97.

Han, Y.; Baker, D.H. Effects of sex, heat stress, body weight and genetic strain on the lysine requirement of
broiler chicks. Poult. Sci. 1993, 72, 701-708.

Han, Y.; Baker, D.H. Lysine requirement of fast and slow growing broiler chicks. Poult. Sci. 1991, 70, 2108—
2114.

Aggoor, F.AM.; El-Naggar, N.M.; Mehrez, A.Z,; Attia, Y.A.; Qota, EM.A. Effect of different dietary
protein and energy levels during roaster period on: 1-Performance and economic evaluation of broiler
chicks. Egypt. Poult. Sci. 1997, 17, 81-105.

Costa, M.].; Da Zaragoza-Santacruz, S.; Frost, T.].; Halley, J.; Pesti, G.M. Straight-run vs. sex separate
rearing for 2 broiler genetic lines Part 1: Live production parameters, carcass yield, and feeding behavior.
Poult. Sci. 2017, 96, 2641-2661.

Waguespack, A.M.; Powell, S; Bidner, T.D.; Payne, R.L.; Southern, L.L. Effect of incremental levels of
L-lysine and determination of the limiting amino acids in low crude protein corn-soybean meal diets for
broilers. Poult. Sci. 2009, 88, 1216-1226.

Warnick, R.E.; Anderson, J.O. Limiting essential amino acids in soybean meal for growing chickens and
the effects of heat upon availability of the essential amino acids. Poult. Sci. 1968, 47, 281-287.

Schwartz, R.W.; Bray, D.J. Limiting amino acids in 40:60 and 15:85 blends of corn: Soybean protein for the
chicks. Poult. Sci. 1975, 54, 1814.

Uzu, G. Limit of reduction of the protein level in broiler feeds. Poult. Sci. 1982, 61, 1557-1558.

Shao, D.; Shen, Y.; Zhao, X.; Wang, Q.; Hu, Y.; Shi, S.; Tong, H. Low-protein diets with balanced amino
acids reduce nitrogen excretion and foot pad dermatitis without affecting the growth performance and
meat quality of free-range yellow broilers. Ital. ]. Anim. Sci. 2018, 17, 698-705.

Jensen, L.S,; Mendonca, C.X. Amino acid nutrition of broilers during the grower period. In Georgia
Nutrition Conference for the Feed Industry; University of Georgia, GA, USA, 1988; pp. 76-83.

D’'Mello, J.P.E. (Ed.) Amino acid imbalances, antagonisms and toxicities. In Amino Acid in Farm Animal
Nutrition; CAB International: Wallingford, UK, 1994; pp. 63-98.

Awad, E.A.; Zulkifli, I.; Soleimani, A.F.; Loh, T.C. Individual non-essential amino acids fortification of a
low-protein diet for broilers under hot and humid tropical climate. Poult. Sci. 2014, 94, 2772-2777.

Dean, D.W.; Bidner, T.D.; Southern, L.L. Glycine supplementation to low protein, amino
acid-supplemented diets supports optimal performance of broiler chicks. Poult. Sci. 2006, 85, 288-296.
El-Boushy, A.R. Broiler growth response from practical low-protein diets supplemented with urea and
diammonium hydrogen phosphate. Neth. ]. Agric. Sci. 1980, 28, 147-155.

Kagan, A.; Balloun, S.L. Urea and aspartic acid supplementation of low-protein broiler diets. Br. Poult. Sci.
1976, 17, 403-413.



Animals 2020, 10, 973 11 of 11

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Aletor, V.A.; K. Eder; K. Becker.; B. R. Paulicks.; F. X. Roth.; and D. A. Roth-Maier. The effects of
conjugated linoleic acids or an alpha-glucosidase inhibitor on tissue lipid concentrations and fatty acid
composition of broiler chicks fed a low-protein diet. Poult. Sci. 2003, 82, 796-804.

Alleman, F.; Leclercq, B. Effect of dietary protein and environmental temperature on growth performance
and water intake of male broiler chickens. Poult. Sci. 1997, 38, 607-610.

Jacob, J.; Blair, R.; Ibrahim, S.; Scott, T.; Newberry, R. Using reduced protein diets to minimize nitrogen
excretion of broilers. Poult. Sci. 1995, 74 (Suppl. 1), 127.

Nahashon, S.M.; Bartlett, ].R.; Smith, E.J. Responses to dietary crude protein and energy levels by cross of
chickens involving White Plymouth Rock. Poult. Sci. 1995, 74 (Suppl. 1), 207.

Hegediis, M. Dietary factors influencing protein utilization: A review. Acta Vet. Hung. 1992, 40, 133-143.
Moran, E.T.; Bushong, R.D.; Bilgili, S.F. Reducing dietary crude protein for broilers while satisfying amino
acid requirements by least-cost formulation: Live performance, litter composition, and yield of fast-food
carcass cute of six weeks. Poult. Sci. 1992, 71, 1687-1694.

Keshavarz, K. Austic, RE. The wuse of low-protein, low-phosphorus, amino acid- and
phytase-supplemented diets on laying hens performance and nitrogen and phosphorus excretion. Poult.
Sci. 2004, 83, 75-83.

Leclercq, B. The influence of dietary protein content on the performance of genetically lean or fat growing
chickens. Br. Poult. Sci. 1983, 24, 581-587.

Cahaner, A.; Leenstra, F. Effects of high temperature on growth and efficiency of male and female broilers
from lines selected for high weight gain, favorable Feed conversion, and high or low fat content. Poult. Sci.
1992, 71, 1237-1250.

Smith, E.R.; Pesti, G.M.; Bakalli, R.I.; Ware, G.O.; Menten, J.FE.M. Further studies on the influence of
genotype and dietary protein on the performance of broilers. Poult. Sci. 1998, 77, 1678-1687.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



