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Abstract

Muji, S., M. Kamberi, A. Kryeziu, R. Kastrati and N. Mestani, 2018. The effects of phytase in nitrogen and phos-
phorus excretion of laying hens fed reduced protein levels. Bulg. J. Agric. Sci., 24 (2): 310–316

Poultry are fed higher levels of dietary protein than most other farm animals. Due to the limited potential to use plant 
phosphorus, inorganic sources of this mineral are usually used. Though nitrogen (N) and phosphorus (P) are essential for all 
animals’ proper performance, they are also main pollutants responsible for environmental eutrophication. The reduction of pro-
tein level and addition of (NATUPHOS BASF®) phytase in diets of laying hens was studied as a possible way to reduce N and 
P excretion. Corn-soybean meal laying-hen diet with two crude protein (CP) (14% and 17%) and two phytase levels (0 and 600 
FTU kg-1) was fed during eight weeks. Supplemental phytase decreased the total content of excreta N (1.07±0.05, 0.96±0.03, 
1.24±0.02, and 1.07±0.06, for hens fed 14% CP- phytase, 14% CP + phytase, 17% CP – phytase, and 17% CP + phytase, re-
spectively). Total excreta P was also affected (1.68±0.02, 1.54±0.04, 1.61±0.03, 1.58±0.03). The experiment’s results indicate 
that the addition of 600 FTU to corn soybean meal-based layer diets containing 14% CP may signifi cantly decrease the levels 
of total excreta N and P without any adverse effects on laying hens’ performance. 
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Introduction

Laying hens’ high egg output requires a proper nutri-
ent supply. Nitrogen (proteins) and phosphorus are of main 
macronutrients to support laying hens’ overall performance. 
Poultry are fed rations containing mainly plant feedstuffs 
(cereals and oilseed meals) with most of the phosphorus 
present in the form of phytates. Because poultry lack prop-
er degrading enzymes, phytates are considered very strong 
anti-nutritive factors due to their chelating abilities, not just 
for phosphorus but also for other nutrients (Pereira et al., 
2017). That is why the use of feed enzymes in poultry di-
ets to enhance nutrient utilisation and performance has be-
come commonplace (Selle and Ravindran, 2007). Rations 
with lower protein content may not only contribute to lower 
feed prices but also the excretion of nitrogen, phosphorus 

and other potential environment pollutants (Nahm and Carl-
son, 1998) may be lower. The vast majority of nitrogen, 
expelled via the excreta, originates from feed but may also 
come from endogenous sources of microorganisms and the 
digestive tract. Non-digestible feed nitrogen and endogenous 
nitrogen, is excreted mainly as true proteins. Nitrogen in the 
urine is usually excreted as urea in cattle, sheep and pigs, and 
as uric acid in poultry. After excretion, faeces and urine are 
usually blended and the degradation of nitrogen-containing 
compounds is due to the presence of a large number of mi-
croorganisms in the faeces. Ammonia is the main product of 
decomposition and can be converted into nitrates and nitrites 
during the phase of deposition or after its use as fertilizer. 
It is potential source of pollution and is directly related to 
the nitrogen content in the faeces (Summers 1993; Meluzzi 
et al., 2001). Improving the effi ciency of phytic phosphorus 
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reduces the need to add phosphate to the diet but can also 
lower phosphorus content in feed without damage to health 
and poultry production indicators (Van der Klis et al., 1997; 
Keshavarz, 1998). Two of the main sources of pollution of 
agricultural origin are nitrogen and phosphorus in excreta. 
The presence of these nutrients in manure and slurry contrib-
ute to their build up in the soil and via leaching, they pollute 
water sources (Williams, 1996) creating serious problems in 
many areas of intensive animal production. Approximately 
32% of feed nitrogen is lost to the atmosphere as ammo-
nia N, while another 43% remains in the manure (Patterson 
and Lorenz, 1997). Phosphorus is a limiting nutrient in algal 
growth and undigested dietary P, excreted through poultry 
manure, can stimulate algal growth that depletes dissolved 
oxygen in surface water (Scott et al., 1999). Faecal phos-
phorus consists of undigested portions of phytate-bound and 
non-phytate P from plant sources, undigested portions of P 
from animal by products and mineral supplements and sur-
plus amounts of bio available P in excess of animal needs. 
That is why a successful solution to the overall problem of P 
excretion must consider each of these factors as an area for 
improvement. 

The use of microbial phytase in poultry diets can be used 
as a tool to reduce the excretion of nitrogen. In a series of 
published papers, microbial phytase demonstrated the ability 
to hydrolyse phytic acid and thus increase the availability 
of related nutrients therein. In digestibility trials of P with 
laying hens, Waldroup (1999) conclude that 300 FTU kg are 
equivalent to 1.0 gram P of monocalcium phosphate that can 
be comparable with 0.1 gram of P per day, per hen.

The positive effects of the use of phytase on the perfor-
mance of poultry can be seen not only in a reduced need for 
inorganic phosphorus but also in reducing the need for other 
nutrients (minerals, proteins and amino acids) due to an in-
crease in their metabolic availability and digestibility (Yi et 
al., 1996; Sebastian et al., 1996; Keshavarz, 2000; Ravindran 
et al., 2000; Lei, Stahl, 2000). This proves that phytase can 
have a positive effect on the release of proteins captured to 
protein-phytate complex and improve the digestibility of ami-
no acids. (Hsu et al., 1998; Ravindran et al.; 1999; 2000 and 
Nahm, 2002) reported that the level of nitrogen excretion has 
a decreasing tendency in lower protein diets, indicating a bet-
ter utilisation in comparison with diets with a higher amount 
of protein. In future, economic reasons will also lead to the 
need to reduce nitrogen excretion. Under these conditions, it 
will be necessary to reduce the level of total protein in the 
diet (Huyghebaert 1996; Leeson et al., 1998). As reported by 
Pereira et al. (2017), inclusion of the phytase enzyme (500 
FTU/kg) ensured comparable egg-quality results of hens fed 
dietary crude protein levels of 17 and 15%. These authors do 

not recommend diet with 13% crude protein with or without 
phytase inclusion for commercial brown-egg layers. Meluzzi 
et al. (2001), in experiments with Hi Line Brown hens, fed a 
diet containing 17%, 15% and 13% crude protein and an ad-
equate supply of amino acids, reported 50% reduced nitrogen 
excretion via the faeces when the diet contained low protein. 
Nevertheless, they recognised that the poultry’s desired per-
formance could be maintained for only eight weeks, thanks 
to the pullets’ good condition during the breeding period. 
Keshavarz and Jackson (1992) have tried to fi nd an answer 
concerning the effect of various levels of crude protein (CP) 
in feeds for pullets up to 18 weeks (16%, 13.5% and 11.5% 
CP) and for laying hens (14%, 13% and 12% CP) through 
the addition of certain essential amino acids. They concluded 
that it is possible to maintain a satisfactory performance in 
growing chickens, despite low levels of protein, if a required 
amount of amino acids is offered: this could not be achieved 
with hens fed a standard diet. However, in experiments with 
White Leghorn hens, Jacob et al. (2000) stated that it is pos-
sible to reduce the level of total protein from 17% to 13.5% 
without adverse effects on the egg production and feed con-
version with a substantial reduction of nitrogen excretion via 
excrement. In an experiment with broilers, the same authors, 
(Jacob et al., 2000b), noted that the addition of a phytase, or 
phytase in combination with pentosanase, in a diet positively 
infl uences the daily nitrogen excretion. When phytase was 
added in the diet with 22.5% protein, with the same content of 
non-phytate phosphorus (0.45% and 0.60%), reduction of ni-
trogen excretion of 9% and 22% was observed. Sebastian et al. 
(1996) noted that the optimum retention of nitrogen was partly 
a result of the decomposition of the protein-phytate complex 
after addition of the phytase. This study’s objective was to 
evaluate the infl uence of phytase on decreasing the content 
and total excretion of nitrogen and phosphorus from the ex-
creta of laying hens fed rations with different levels of crude 
protein content

Materials and Methods

Animals and diets 
In this experiment, 144 Hisex Brown laying hens, aged 

33 weeks at the start of the experiment, were used. The pre-
paratory period has lasted two weeks and it is used to form 
uniform groups (p > 0.05) in body weight and egg produc-
tion. During the pre-experimental period, the hens were fed 
a standard diet for this category. Experimental treatments 
consisted of 36 hens (three replicates with 12 hens). In the 
experimental period, four diets (treatments) with two levels 
of crude protein (14 and 17%) and two levels of Natuphos 
5000 phytase (0 and 600 FTU kg) were used. Diets (Table 



312 Skender Muji; Muhamet Kamberi; Alltane Kryeziu; Ragip Kastrati; Nuridin Mestani

1) were formulated to contain all necessary nutrients (NRC, 
1994). Diets based on corn and soybean meal, known as raw 
materials with low content of available phosphorus, were 
formulated using UFFDA software from the University of 
Georgia, USA (Pesti and Miller, 1993). 

Excreta collection and analysis
During the entire experiment, all excreta produced each 

day was collected and mixed thoroughly. Approximately 
10% was dried at 70°C for 12 hours, using a forced-air dryer, 
followed by other 12 hours at room temperature. To avoid 
N losses during drying, two grams of fresh excreta were 
taken every 13th and 14th day of the experimental phase to 
determine the content of total N using the Kjeldahl method 
(AOAC, 2000). The determination of total phosphorus was 
conducted spectrophotometrically, using the ammonium 
vanadate-molybdate method (ISO 6491, 1998). The amount 
of excreted N and P was calculated from the total amount of 
excreta produced and put in relation with the total egg mass 
expressed as grams of mineral (in dry matter basis) per kilo-
gram of eggs produced. The egg mass was calculated from 
the total number of eggs laid and their weights. 

Statistical methods
The data was statistically analysed by the (SAS Insti-

tute’s GLM procedure, 1985). When a signifi cant probability 
value (P < 0.05) was detected, means were subjected to Dun-
can’s New Multiple-Range Test. 

 
Results 

Nitrogen content and excretion
The level of protein in the mixture has signifi cantly 

affected average N content in the hens’ raw excreta. The 
faeces from hens fed with lower crude protein content 
and phytase contained 0.96% total phosphorus, which is 
22.58% less compared with treatment fed normal protein 
content where 1.24% phosphorus was found (Table 2). 
Feeding hens with mixtures different in available phospho-
rus and phytase content with the same protein content, de-
spite some reduction, did not result in statistically signifi -
cant differences in the total excretion of nitrogen expressed 
in grams per kilogram of egg mass produced (Kamberi et 
al., 2017). However, when lower amounts of protein were 
given and phytase was used (Treatment 2), a signifi cant de-

Table 1
Composition and calculative nutritional value of experimental diet
Raw materials and nutrient composition Mixture A % Mixture B %

TREATMENTS
1 2 3 4

Ground corn 70.64 70.64 59.25 59.25
Soybean meal, 44% SP 18.11 18.11 27.08 27.08
Sunfl ower oil 0.49 0.49 3.00 3.00
Limestone 7.35 7.35 7.37 7.37
Dicalcium phosphate 2.06 2.06 1.91 1.91
Kitchen salt 0.3 0.3 0.3 0.3
Mineral-Vitamin premiks 1.00 1.00 1.00 1.00
DL-Methionine 0.05 0.05 0.09 0.08
NatuphosR Phytase – + – +
Total 100.00 100.00 100.00 100.00
Nutritional value
ME, MJ kg-1 12.13 12.25
Crude protein, % 14.00 17.00
Ca, % 3.30 3.30
Total  P, % 0.70 0.70
Available P, % 0.428 0.47
Lysine, % 0.671 0.88
Met + Cys, % 0.531 0.64
Na % 0.145 0.142
Mg, % 0.11 0.12
Zn, mg 85.46 85.13
Cu, mg 13.19 15.36
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crease of nitrogen in hens’ raw excreta, at all stages of the 
experiment, was observed.

Adding phytase demonstrated statistically signifi cant effects 
in the third and fourth phase, since the nitrogen content in the 
treatment 2 was signifi cantly lower than in treatment 1. The use 
of phytase has also affected the reduction of nitrogen in the fae-
ces of hens fed with 17% crude protein. Thus, in the third and 

fourth phase, the excreta of hens fed with a diet without phytase 
contained 1.08% and 1.50% of nitrogen, compared with treat-
ment 4 hens, where 0.88% and 1.28% nitrogen is found. The 
average values of nitrogen content in fresh faeces were 1.7%, 
0.96%, 1.27% and 1.07%, respectively, for treatments 1-4. 

As presented in the second part of the Table 2, where 
the amount of nitrogen expressed in grams per kilogram of 

 Table 2
The effect of CP and phytase levels on Nitrogen content (%) and excretion (Mean ± SEM)
Treatment CP and Phytase level Nitrogen content in dry faeces, (%)

Phase 1 Phase 2 Phase 3 Phase 4
1 14%CP/0FTU 0.99±0.07 1.17±0.09 0.93±0.07ab 1.20±0.10b

2 14%CP/600FTU 0.93±0.09 1.03±0.04 0.79±0.06b 1.09±0.03b

3 17%CP/0FTU 1.18±0.02 1.18±0.05 1.08±0.08a 1.50±0.08a

4 17%CP/600FTU 0.95±0.14 1.19±0.07 0.88±0.01ab 1.28±0.09ab

Pr > F 0.2378 0.3436 0.0475 0.0354
Main effect
Crude Protein CP (%)
14 0.96±0.05 1.10±0.05 0.86±0.05 1.14±0.05b

17 1.07±0.08 1.18±0.04 0.98±0.06 1.39±0.07a

Added phytase (FTU kg-1)
0 1.09±0.05 1.18±0.05 1.01±0.06a 1.35±0.09a

600 0.94±0.07 1.11±0.05 0.83±0.03b 1.19±0.06b

Analysis of variance
Pr > F Pr > F Pr > F Pr > F

CP 1 0.2590 0.2408 0.0861 0.0151
Phytase 1 0.1412 0.3428 0.0201 0.0758
CP * Phytase 1 0.3353 0.2985 0.6148 0.4995
Treatment CP and Phytase level Excretion of N (g DM) per kg of egg mass

Phase 1 Phase 2 Phase 3 Phase 4
1 14%CP/0FTU 9.45±0.12 10.68±0.34a 9.97±0.39a 10.28±0.96
2 14%CP/600FTU 8.13±0.75 6.11±1.36b 8.28±0.34b 8.70±0.32
3 17%CP/0FTU 8.68±0.93 8.37±0.82ab 8.10±0.31b 8.89±0.62
4 17%CP/600FTU 9.23±0.78 8.78±0.29ab 7.95±0.37b 7.83±0.27
Pr > F 0.5811 0.0279 0.0126 0.1099
Main effect
Crude protein, (%)
14 8.79±0.45 8.40±1.20 9.13±0.44 9.49±0.57
17 8.96±0.55 8.57±0.40 8.03±0.22 8.36±0.38
Added phytase (FTU kg-1)
0 9.07±0.45 9.53±0.65a 9.04±0.47a 9.58±0.60
600 8.68±0.54 7.45±0.86b 8.12±0.24b 8.26±0.27
Analysis of variance

Pr > F Pr > F Pr > F Pr > F
CP 1 0.8202 0.8354 0.0147 0.1003
Phytase 1 0.6007 0.0354 0.0321 0.0618
CP * Phytase 1 0.2249 0.0165 0.0630 0.6765

SEM – standard error of the mean, CP-Crude protein,
Average values within the same column with different superscript differ signifi cantly, df – degrees of freedom
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egg mass produced is shown, there is signifi cant reduction in 
excreted nitrogen. The effect of phytase in reduction of the 
N was observed after 4 weeks of feeding experimental diets. 
Hens fed 17% CP excreted 27% more N compared with hens 
fed 14% CP with the addition of phytase. The difference in 
the reduction is much more expressed when comparing low 
CP diets without and with phytase. Hens of treatment 1 ex-
creted 42.79% more nitrogen than hens of treatment 2 when 

measured as the amount of nitrogen per mass of eggs pro-
duced. 

Phosphorus content and excretion
Since the most known effect of phytase is related to 

phosphorus release from phytate complex, the content and 
the excretion of P from hens fed different CP but same di-
etary P was also investigated (Table 3). Results show that 

Table 3
The effect of CP and phytase levels on phosphorus content (%) and excretion (Mean ± SEM)
Treatment CP and Phytase level Phosphorus content in dry faeces (%)

Phase 1 Phase 2 Phase 3 Phase 4
1 14%CP/0FTU 1.62±0.01 1.61±0.08 1.68±0.03 1.80±0.05a

2 14%CP/600FTU 1.58±0.05 1.21±0.16 1.59±0.02 1.80±0.04a

3 17%CP/0FTU 1.46±0.19 1.56±0.07 1.62±0.01 1.80±0.04a

4 17%CP/600FTU 1.51±0.03 1.60±0.03 1.62±0.07 1.60±0.05b

Pr > F 0.484 0.0567 0.4515 0.0297
Main effect
Crude Protein CP (%)
14 1.59±0.02 1.41±0.12 1.64±0.03 1.80±0.03
17 1.49±0.06 1.58±0.03 1.62±0.03 1.70±0.05
Added phytase, (FTU kg-1)
0 1.54±0.07 1.59±0.05 1.65±0.02 1.80±0.03
600 1.54±0.03 1.40±0.11 1.61±0.03 1.70±0.05
Analysis of variance

Pr > F Pr > F Pr > F Pr > F
CP 1 0.1886 0.1150 0.6766 0.0526
Phytase 1 0.9642 0.0982 0.2932 0.0526
CP * Phytase 1 0.4533 0.0577 0.2602 0.0591
Treatment CP and Phytase level Excretion of P (g DM) per kg of egg mass

Phase 1 Phase 2 Phase 3 Phase 4
1 14%CP/0FTU 9.45±0.12 10.68±0.34a 9.97±0.39a 10.28±0.96
2 14%CP/600FTU 8.13±0.75 6.11±1.36b 8.28±0.34b 8.70±0.32
3 17%CP/0FTU 8.68±0.93 8.37±0.82ab 8.10±0.31b 8.89±0.62
4 17%CP/600FTU 9.23±0.78 8.78±0.29ab 7.95±0.37b 7.83±0.27
Pr > F 0.5811 0.0279 0.0126 0.1099
Main effect
Crude protein, (%)
14 8.79±0.45 8.40±1.20 9.13±0.44 9.49±0.57
17 8.96±0.55 8.57±0.40 8.03±0.22 8.36±0.38
Added phytase, (FTU kg-1)
0 9.07±0.45 9.53±0.65a 9.04±0.47a 9.58±0.60
600 8.68±0.54 7.45±0.86b 8.12±0.24b 8.26±0.27
Analysis of variance

Pr > F Pr > F Pr > F Pr > F
CP 1 0.8202 0.8354 0.0147 0.1003
Phytase 1 0.6007 0.0354 0.0321 0.0618
CP *Phytase 1 0.2249 0.0165 0.0630 0.6765

SEM – standard error of the mean, CP – Crude protein,
Average values within the same column with different superscript differ signifi cantly, df – degrees of freedom
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laying hens of the fi rst treatment, except low production per-
formance, contained more total phosphorus in their excreta 
compared with all other treatments during all phases of the 
experiment. At the end of the experiment, average P con-
centration of excreta of hens fed low protein and no phytase 
was signifi cantly higher than of all other treatments (14% CP 
and phytase or 17% CP without and with phytase). However 
excreta of hens fed 14% CP and phytase contained less P. 
The amount of P excreted via excreta of hens fed low CP 
and no phytase was also signifi cantly higher than of all other 
treatments since in average they excreted (10.9 grams of P 
per every kg ) of egg mass produced. Hens of treatments 3 
and 4 were fairly uniform in terms of excreted total phospho-
rus with a slight average decrease in the fi nal phases of the 
experiment. Feed mixtures, into which 600 FTU kg phytase 
was added, resulted in the excretion of signifi cantly lower 
amounts of total phosphorus. Though protein level did not 
signifi cantly affected the amount of excreted P calculated 
per kg of egg mass, treatments without phytase however ex-
creted 9.30 g P kg of eggs in average which is 12.58% more 
than from treatments without phytase.

Discussion

Normal diets for laying hens are composed of quite a 
high protein amounts. As reported by Paterson and Lorenz 
(1993), 43.2% of the total amount of nitrogen from feeds can 
be excreted via faeces. As a way to reduce nitrogen excre-
tion to between 18%-35% (in laying hens) and 10%-27% (in 
broilers), (Nahm, 2002) suggests the use of synthetic amino 
acids in meals with reduced protein content. Enzyme phytase 
is also used as a dietary feed additive and with the breakage 
of phytate complex, not only increases the digestibility of 
phytate P but positively infl uences the digestibility of other 
nutrients (Englmaierova et al., 2012), including proteins 
(Dersjant-Li, 2015). The use of phytase in the diet of lay-
ing hens with different levels of protein has signifi cantly af-
fected the total nitrogen excretion. Diets with 14% CP and 
600 FTU added phytase, despite better egg production, re-
sulted in 20.85% less nitrogen excreted per kg of egg mass. 
Phytase reduced the excretion of nitrogen by 11.75% in diets 
with 17% crude protein. The main mean effects of protein 
levels show a reduction in nitrogen excretion of diets with 
the use of phytase for 4.17g and 16.32% for each kilogram of 
egg mass. Similar to this, Jacob et al. (2000b) reported sig-
nifi cant reduction of nitrogen excretion with the addition of 
phytase in the diets of White Leghorn laying hens at reduced 
protein level from 17% to 13.5%.

Yao at al. (2007) has found similar results and reported 
the enhanced utilisation of total phosphorus (tP) (p < 0.001) 

and CP (P = 0.060) in treatment with 500 FTU, compared to 
the control diet. 

According to the results of this research, phytase was ef-
fective in reducing the total phosphorus content of excreta 
from laying hens fed different protein diets, despite the same 
phosphorus content of the diet. Hens fed with 14% protein 
with added phytase excreted 8.33% less phosphorus com-
pared with hens fed 17% protein without phytase, although 
differences were not signifi cant. Mixtures used in this exper-
iment contained the same amount of total phosphorus. How-
ever, results show some infl uence of the treatment (levels of 
crude protein and phytase) on the total phosphorus excretion 
in dry faeces expressed in grams per kilogram of egg mass.

Our results do generally agree with other authors’ results. 
According to Heinzl (1996), the daily amount of phosphorus 
discharged from 0.46 g hen-1 (in the diet without phytase) 
can be reduced to 0.28 g if 300 FTU/kg are used. The same 
author notes that the total annual excretion of 1000 hens fed 
diets without phytase is 385 kg P and can be reduced to 234 
kg if phytase is added. Nahm (2002) also reported that the 
use of phytase can reduce phosphorus excretion by 25%-
35% from broilers and 25%-60% from pigs.

Conclusion

Results of this short eight week experiment, demonstrate 
that a signifi cant decrease of nitrogen (20.20%) and a no-
ticeable decrease of phosphorus excretion (8.20%) of laying 
hens and satisfactory performance may be achieved if diet 
with low (14%) CP content is complemented with 600 units 
of phytase per kg of the diet.
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