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Abstract: The main goal of the current study was to investigate the effects of feeding low protein (LP)
diets on the performance parameters and excreta composition of broiler chickens. In total, 288 male
Ross 308 day-old chickens were divided into two dietary treatment groups using six replicate pens
with 24 chickens each. No LP diet was fed in the starter phase. The protein reduction in the grower
and finisher phases were 1.8% and 2% respectively. Beside the measurements of production traits, on
day 24 and 40 representative fresh excreta samples were collected, their dry matter, total N, NH4

+-
N and uric acid-N contents determined, and the ratio of urinary and fecal N calculated. Dietary
treatments failed to cause significant differences in the feed intake, growth rate, and feed conversion
ratio of animals. LP diets decreased the total nitrogen and uric acid contents of excreta significantly.
The age of birds had also significant effect, resulting more reduction in the grower phase compared
with the finisher. The ratio of urinary N was higher at day 40 compared with the age of day 24. The
urinary N content of broiler chicken’s excreta is lower than can be found in the literature, which
should be considered in the ammonia inventory calculations.

Keywords: low protein diet; broiler chickens; N excretion

1. Introduction

Air quality is receiving more attention worldwide. Among air pollutants ammonia is
one of the most dangerous gases, contributing to biodiversity loss, general acidification of
the environment and new type of deforestation [1]. Ammonia released into the atmosphere
is linked to the formation of small particles with a diameter less than 10 micrometers (par-
ticular matter, PM10) [2], which can cause serious human respiratory damage (WHO, 2013).
Agriculture is the main source of ammonia emission. According to the latest Hungarian air
pollutant inventory report, agriculture is responsible to 92% for the total national emissions,
of which about 66% takes the animal production and the ammonia emitting from the
manure [3]. According to the National Emission Ceiling Directive 2016/2284, all member
countries of the European Union must reduce their national emissions of air pollutants [4].
Hungary must decrease the ammonia emission by 32% until 2030, compared with 2005-year
baseline. This obligation force urgent actions both on national and farm level.

Intensive poultry production using genotypes with high growth rate and egg pro-
duction, resulting improved N-retention and less excretion. Dietary protein quality is a
critical regulator of poultry growth, reproductive performance, and plays important role
in the development of the gastrointestinal tract [5]. Protein-rich components are the most
expensive ingredients in broiler diets and the member states of the European Union are
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dependent on the overseas soybean import [6]. A major concern for the modern poultry
industry is to reduce feed cost and to optimize the protein supply of animals. Feeding low
protein (LP) diets with increased crystalline amino acids could be a solution. Numerous
experiments have been performed on the effect of feeding reduced protein diets on poultry
growth, but the results are often contradictory [7]. Experiments in which the control and
reduced protein diets had the same digestible lysine content and the diets complied with
the recommendations of the “ideal protein principle” were able to achieve a 2% protein
reduction without compromising the production traits [8]. Feeding LP diets has also been
reported to decrease the N in excreta, thus reducing the N loss to the environment [9–11].
This is an important result, because intensive animal production systems, in particular
pig and poultry farming are responsible for the emission of several air pollutants [12].
The main emitted gases are carbon monoxide, carbon dioxide and ammonia [13]. During
the metabolism, the animal is utilizing only the 30–50% of the consumed nitrogen. The
excreted part, mainly the urinary N is the potential source of NH3 emission.

Several factors can influence this process, for example the species, age, live weight
of animals or the protein content and amino acid composition of the diet, the housing
conditions or manure management [14]. The largest proportion of nitrogen content of the
chicken urine consists of uric acid and ammonia [15]. These two compounds take the total
ammoniacal nitrogen (TAN), which is used in the so-called TAN-based flow models in the
ammonia emission calculations [16].

The decomposition process of uric acid is carried out by urease enzyme which cat-
alyzes the hydrolysis of urea into ammonia and carbon dioxide in aqueous medium,
allowing ammonia volatilization to the atmosphere [17]. Several previous studies have
shown a reduction in nitrogen excretion by about 10% with a percentage point decrease in
the dietary crude protein content of broiler diets [18].

There are lots of scientific data on the ratio of excreted urinary and fecal nitrogen in
mammals. However, since birds excrete feces and urine as a mixture, only few data exist
on the urinary N content of poultry excreta and how this ratio change with the intensity
of production, the age of birds, the dietary protein content and protein quality. The aim
of this study was therefore to evaluate the effect of feeding LP diets on the performance
parameters and proportion of the different nitrogenous compounds of chickens’ excreta
at two different age categories. The novelty of the trial is that the protein reduction of LP
diets was in a range that can be applied in the practice. Furthermore, low protein diet effect
on the excreta composition was studied not only at the end of the production, but also at
day 24.

2. Materials and Methods
2.1. Birds and Experimental Design

The animal experiment was approved by the Institutional Ethics Committee (Animal
Welfare Committee, Georgikon Campus, Hungarian University of Agriculture and Life
Sciences, Deák Ferenc Street 16, 8360 Keszthely, Hungary). A total of 288 one-day-old
male broilers (Ross 308) were allocated randomly to one of the 12 pens at a stocking rate
of 24 birds per pen (10 bird/m2). Each treatment was replicated 6 times. Chopped wheat
straw was used as litter material.

2.2. Feed

Three phases fattening was used. The starter diet (0–10 days) was fed in mash, the
grower (11–24 days) and finisher diets (25–40 days) in pelleted form. In the starter phase no
LP diets were fed. The protein content of the control and LP diets in the grower phase were
21.31% and 19.49%; in the finisher phase 20.43% and 18.38%. Ad libitum feed and water
were offered throughout the experiment. The composition and the measured nutrient
contents of the experimental diets are shown in Tables 1 and 2. LP diets in the grower
and finisher phase contained less soybean meal, but more sunflower meal and DDGS,
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compared with the control diets. Beside methionine, lysine, threonine, and valin, LP diets
contained also crystalline isoleucine and arginine.

Table 1. Composition of experimental diets (g/kg as fed).

Ingredient
Starter Grower Finisher

Control LP Control LP Control

Corn 370 436 409 473 436
Wheat 100 100 100 100 100

Extracted soybean meal 356 113.5 243 77.2 217
Sunflower meal 50 150 100 150 100

DDGS corn 30 100 50 100 50
Sunflower oil 49.0 56.1 58.8 56.7 61.4

MCP 9.95 5.52 6.80 4.48 5.70
Limestone 18.6 17.3 16.4 16.8 15.8

L-lysine 3.71 8.48 4.06 8.27 3.42
DL-methionine 2.94 2.36 2.12 2.13 1.82

L-threonine 0.87 1.62 0.72 1.54 0.53
L-valine 0.47 1.07 0.12 0.90 -

L-isoleucine - 1.17 - 1.32 -
L-arginine - 0.42 - 0.59 -

Premix 5.00 4.00 4.00 5.00 5.00
Salt 2.85 2.36 2.67 2.35 2.67

Sodium bicarbonate 0.71 0.18 0.64 0.21 0.66
Phytase (Quantum blue) 0.10 0.10 0.10 0.10 0.10
Xylanase (Econase XT25) 0.10 0.10 0.10 0.10 0.10

Total 1000 1000 1000 1000 1000
Premix was supplied by UBM Ltd. (Pilisvörösvár, Pest megye, Hungary). The active ingredients contained in the
premix were as follows (per kg of diet): Composition of the starter—grower premix—retinyl acetate—5.0 mg,
cholecalciferol—130 µg, dl-alpha-tocopherol-acetate—91 mg, menadione—2.2 mg, thiamine—4.5 mg, riboflavin—
10.5 mg, pyridoxin HCL—7.5 mg, cyanocobalamin—80 µg, niacin—41.5 mg, pantothenic acid—15 mg, folic
acid—1.3 mg, biotin—150 µg, betaine—670 mg, Ronozyme® NP—150 mg, monensin-Na—110 mg (only grower),
narasin—50 mg (only starter), nicarbazin—50 mg (only starter), antioxidant—25 mg, Zn (as ZnSO4·H2O)—
125 mg, Cu (as CuSO4·5H2O)—20 mg, Fe (as FeSO4·H2O)—75 mg, Mn (as MnO)—125 mg, I (as KI)—1.35 mg,
Se (as Na2SeO3)—270 µg. Composition of the finisher premix—retinyl acetate—3.4 mg, cholecalciferol—97 µg,
dl-alpha- tocopherol-acetate—45.5 mg, menadione—2.7 mg, thiamine—1.9 mg, riboflavin—5.0 mg, pyridoxin
HCl—3.2 mg, cyanocobalamin—19 µg, niacin—28.5 mg, pantothenic acid—10 mg, folic acid—1.3 mg, biotin—
140 µg, l-ascorbic acid—40 mg, betaine—193 mg, antioxidant—25 mg, Zn (as ZnSO4·H2O)—96 mg, Cu—9.6 mg,
Fe (as FeSO4·H2O)—29 mg, Mn (as MnO)—29 mg, I (as KI)—1.2 mg, Se (as Na2SeO3)—350 µg.

Table 2. Measured nutrient contents of the experimental diets (%).

Ingredient Starter Grower Finisher

Control Control LP Control LP

AMEn (MJ/kg) 12.65 13.00 13.00 13.20 13.20
Crude protein 23.95 21.31 19.49 20.43 18.38

Crude fat 7.03 8.68 8.81 8.01 8.05
Crude fiber 4.7 5.84 6.79 5.99 6.44

Ca 1.05 0.94 0,97 0.9 0.87
P 0.75 0.77 0,74 0.71 0.67

Lys 1.47 1.19 1.22 1.11 1.17
Met 0.60 0.53 0.56 0.51 0.51
Cys 0.36 0.33 0.31 0.32 0.30

Control—commercial maize-based diet; LP—Low protein diet.

2.3. Measurements

During the 40 day long fattening period, the weight gain, feed intake, and feed
conversion were measured at pen basis at the end of each period (10th, 24th, and 40th day)
and for the whole fattening.
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On day 24 and 40 about 200 g fresh excreta samples were collected from each pen on
nylon foils. Samples were mixed thoroughly, frozen, and stored at −20 ◦C until further
processing. From these samples their dry matter, total N, NH4

+-N, and uric acid-N contents
were measured. The dry matter content of excreta samples was measured in exicator (100
◦C for 24 h). The urinary N was calculated as the sum of uric acid-N and NH4

+-N as
described by O’Dell et al. (1960). Total N was determined according to the Kjeldahl method
with a Foss-Kjeltec 8400 Analyzer Unit (Nils Foss Allé 1, DK-3400 Hilleroed, Denmark). The
determination of NH4

+-N content of the excreta was carried out according to the method
of Peters [19]. The uric acid measurement based on the method of Marquardt et al. [20].
All N parameters were adjusted to dry matter basis.

2.4. Statistical Analyses

All data were analyzed using the Statistical Package for Social Science (SPSS) software
version 22.0 (IBM Corp., Armonk, NY, USA). The performance parameters were analyzed
by t-test, while the N contents of excreta by multivariate test of the general linear model, us-
ing the main factors of age and dietary treatments. Differences were considered significant
at a level of p ≤ 0.05.

3. Results

The effects of dietary treatments on growth performance of broiler chickens are
presented in Table 3. Evaluating the dietary treatments in the grower and finisher phase,
feeding LP diets slightly decreased the daily gain, feed intake, and increased the feed
conversion ratio of chickens, but the differences were not significant.

Table 3. Effects of dietary treatments on the performance parameters of broiler chickens.

Control LP Pooled SEM p-Values

Daily gain

Starter 237.6 227.3 3.696 0.112
Grower 901.8 842.3 10.386 0.500
Finisher 1593.9 1538.3 17.206 0.983

Cumulative 2495.8 2380.7 24.168 0.756

Feed intake

Starter 314.5 301.4 3.455 0.346
Grower 1370.2 1332.0 17.079 0.753
Finisher 2770.0 2786.0 28.394 0.815

Cumulative 4140.3 4118.9 42.244 0.963

Feed conversion ratio

Starter 1.32 1.33 0.030 0.757
Grower 1.52 1.58 0.023 0.405
Finisher 1.74 1.81 0.022 1.240

Cumulative 1.66 1.73 0.020 1.264
Control—commercial maize-based diet; LP—low protein diet; SEM—standard error of the mean.

Similarly, to the production parameters, dry matter content of the excreta was not
influenced by the treatments either (Table 4). As expected, feeding LP diets decreased the
total N, NH4

+-N and uric acid N contents of excreta. However, the decrease was significant
only at day 24. Comparing with the control, the main effects of LP diets were significant
decrease in all investigated N compounds. The decrease in total, uric acid, NH4

+, fecal
and urinary N were 32%, 28%, 31%, 35%, and 30% respectively. The excreta of the 40-day
old birds contained significantly lower amounts of total, uric acid, fecal, and urinary N,
compared with the 24-day old chickens. The decreases were in this case 23%, 18%, 29%,
and 15%. The age effect on the NH4

+-N was not significant (Table 4). In the case of the
total, uric acid, fecal and urinary N significant age x dietary treatment interactions were
found. Its reason was the significant age effect on these parameters in the control group,
which was not the case in the LP diet treatment.
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Table 4. The amount of the total-N, NH4
+-N, uric acid-N, and dry matter content of the excreta.

Treatments
Dry Matter Total-N NH4

+-N Uric Acid N Fecal-N Urinary-N

% mg/g DM

day 24 C 16.18 46.70 a 3.86 a 15.34 a 27.50 a 19.20 a

LP 17.00 28.24 b 2.59 b 9.53 b 16.13 b 12.11 b

day 40 C 16.81 32.25 b 3.47 ab 11.44 b 17.35 b 14.90 b

LP 18.10 25.50 b 2.68 b 8.99 b 13.83 b 11.67 b

Diet effect

Diet
C 16.49 39.48 a 3.65 a 13.39 a 22.43 a 17.05 a

LP 17.54 26.87 b 2.63 b 9.26 b 14.49 b 11.89 b

Age effect

Age day 24 16.58 37.47 a 3.23 12.43 a 21.81 a 15.66 a

day 40 17.45 28.87 b 3.07 10.21 b 15.58 b 13.29 b

Pooled SEM 0.378 2.129 0.164 0.639 6.940 3.779

Diet 0.179 * 0.000 * 0.001 * 0.000 * 0.001 * 0.000
Age 0.262 * 0.005 0.561 * 0.012 * 0.004 * 0.000

Age x Diet 0.760 * 0.045 0.359 * 0.048 * 0.056 * 0.061

Control—commercial maize-based diet; LP—Low protein diet; SEM—standard error of the mean; a, b means with different superscripts are
significantly different (p < 0.05). *: significant at the p < 0.05 level

As it can be seen in Figure 1, the protein content of the diets did not modify the ratio
of urinary and fecal N in the excreta. On the other hand, the excreta of the 24-day old
animals contained less urinary N. This difference was significant (p = 0.027).

Figure 1. Effects of dietary protein content (A) and age of chickens (B) on the ratio of fecal and urinary nitrogen content of
excreta. Control—commercial maize-based diet; LP—Low protein diet; SEM—standard error of the mean; a, b means with
different superscripts are significantly different (p < 0.05).
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One percent dietary protein reduction decreased the N excretion of chickens more at
day 24, compared with the values at day 40 (Figure 2). The reason for this is the better
feed conversion, higher N-retention of the younger animals. This means no constant
factors can be used when the effects of LP diets are used for correcting the N-excretion
and TAN-excretion of the animals. It should be also considered that the applied protein
decrease means different relative protein reduction in the different phases—in the grower
phase the relative protein reduction was 8.5%, while in the finisher period 10.0%.

Figure 2. Effect of 1% dietary protein reduction on the decrease of excreted N of broiler chickens.

4. Discussion

Ammonia emission of poultry production is a real concern for all EU member countries
and introduction of the best available practices are crucial its reduction. Nutrition has
a big potential and feeding LP diets is one of the most effective options to reduce the
emission. The main goal in this aspect is to find out the rate of protein reduction, which
does not negatively affect the production traits and can even decrease the feeding costs [8].
Research on this often ends in unexpected results. Some experiments showed that the too
high reduction cause depressive effect on performance parameters even with amino acid
supplementation [21,22]. The discrepancies in responses often observed in the literature in
chicks fed with low-protein amino acid-supplemented diets are related to the degree of
CP reduction, the number of crystalline amino acid supplemented, the modified amino
acid, the energy: protein and energy: amino acid ratios, the age of birds and the feedstuffs
used [23]. Due to the changing amino acid ratios in reduced protein diets, certain amino acid
deficiencies are to be expected [24]. In the case of avian species usually sulfur-containing
amino acids are the first limiting, due to feather formation, but in LP diets lysine, threonine,
valine, isoleucine, and arginine should also be supplemented [7]. In this experiment, the
daily gain, feed intake, and feed conversion ratio of animals were the same with reduced
CP diets. It means that the amino acid content of LP diets covered the requirements of the
animals. These findings agree with other previous results [24], that in the case of broilers,
2% protein reduction can be achieved without impacts on the production results.

There are many factors that affect water intake of broilers, such as ambient temper-
ature, feed intake, dietary composition, form of the feed, crude protein content, mineral
metabolism, genetic factors, and the cation electrolyte balance of the feed [25–28]. Accord-
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ing to the literature data LP diets can increase the dry matter content of the excreta and
manure because of the lower water intake and urine excretion [28]. In this experiment
dry matter content of excreta was not affected by the treatments, probably because of the
limited, only 2% protein decrease. Similarly, in the study of van Emous et al. [29], when the
protein content of the diet was 1.5% less, LP diet did not affect water intake and dry matter
content of the manure, but the litter and manure samples of broilers had 8% lower total-N
and 13% lower ammonia-N content.

If LP diets are used, 1% protein decrease can result about 10% decrease in the N-
excretion [9]. In the study of Kerr [30], using amino acid supplemented LP diets with
poultry and swine, 1% protein decrease of the diet reduced the N excretion of both species
by 8.5% regardless of breed and body weight. Similar results have been published with
laying hens and broilers [11,31–33]. In this study the age of chicken had significant impact
on the N-excretion and on the ratio of the urinary and fecal N. In the case of 24-day old
birds 1% protein decrease resulted 17.6% decrease in the total N excretion with 19.2%
decrease in fecal and 16.5% in urinary N excretion. In the 40-day old chickens the decreases
of the previously mentioned parameters were 11.5%, 14.5%, and 7.5% respectively. This
means no constant values can be used in the N excretion calculations of LP diets. According
to the knowledge of the authors, it is the first result that proves this age effect. It is also
novel finding, that if LP diets are used, the decrease of fecal N is higher than the urinary N
decrease. In the calculation of potential ammonia emission, it should also be considered.

Nitrogen-containing compounds from animal production are converted to gaseous
ammonia by microbial activity [34]. Much of the ammonia released from manure comes
from the hydrolysis of urea [35], or in the case of birds from the breakdown of uric acid [36].

Based on the available research results, uric acid represents 50–60% of the total N
content of poultry excreta [37]. O’Dell et al. [15] found that the sum of uric acid and
NH4

+-N of the excreta gives approximately the total amount of urinary nitrogen in birds.
In poultry, feces and urine are excreted together in a mixture, resulting fecal and urinary
nitrogen separation difficulties. Our results prove, that the urinary N ratio of poultry
excreta is less than that can be found in the literature. Using the default value of 70%
TAN [16] of broiler chicken’s excreta overestimates the real TAN excretion and thus the
ammonia emission of poultry species. Interestingly dietary protein does not modify the
fecal and urinary N ratio (55–56% vs. 43–44%). The reason for this can be, that in the case
of LP diets the protein digestibility and protein utilization improves in the same manner.

Our results prove that not only the dietary factors, but also the age of birds influence
the composition of the broiler’s excreta. The urinary N ratio of excreta reflecting the
differences in the N utilization of broiler chickens between the different age categories. The
higher urinary-N content in the finisher phase means lower N-retention in this phase.

5. Conclusions

According to the results of this study 2% protein decrease of grower and finisher
broiler diets did not affect the production traits but can decrease the N excretion of birds
significantly. Feeding LP diets resulted into higher N-excretion reduction in younger
birds. One percent protein reduction can decrease the N-excretion of 24-day old birds
even by 17.6% and in the case of 40-day old animals by 11.5%. The protein content of diet
does not modify the fecal: urinary N ratio of excreta, but the urinary N content of the
40-day old birds exceeds that of the 24-day old group. Due to the intensive growth rate
and N-retention of broiler chickens, the urinary N ratio of excreta is lower, compared to
the literature.
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