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1. Background and objectives 

Ammonia emission is a major air quality concern at regional, national, and 

global levels and animal production is the main source of ammonia 

emission. The emissions from farm animals are a critical factor. It is 

estimated that 80-90% of ammonia (and nitrogen) emissions in the 

European Union are related to animal husbandry. In the case of Hungary, 

this value is around 70%, and the pig sector is responsible for 21% 

(LOVAS 2015). To improve air quality in the EU, the Directive 2016/2284 

has been developed to reduce the national emissions of certain atmospheric 

pollutants. According to this, the member states must reach certain 

reduction. In Hungary after 2030, 32 percent reduction in ammonia 

emissions is expected compared to that of 2005 (NEC 2016). 

There are a number of feeding options available to reduce N-excretion in 

animals. This can be achieved by multi-phase feeding (BOISEN et al. 1991, 

KOCH 1990, VAN DER PEET-SCHWERING and VOERMANS 1996) or 

by feeding low protein (LP) diets with crystalline amino acid 

supplementation (BAT 2015, BITTMAN et al. 2014, CHAN et al. 1998a, 

CARTER and KIM 2013, DUBLECZ 2011, GATEL and GROSJEAN 

1992, KERR 2003, NIYAZOV and OSTRENKO 2020, POWERS et al. 

2007, SCHUTTE et al. 1993, LI et al. 2015, WANG et al. 2018). Various 

studies have shown that if crystalline amino acid supplementation takes 

place, the crude protein content of feed can be reduced by 30-40 g/kg 

without affecting the performance of the animals (NIYAZOV and 

OSTRENKO 2020, CHAN et al. 1998b, DOURMAD et al.1993, LENIS 

and SCHUTTE 1990, HAN and LEE 2000, KERR et al. 2003, 

CARPENTER et al 2004, ZHAO et al. 2019). According to the literature 

data, 1% protein reduction can decrease ammonia emissions by about 10% 
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(DUBLECZ 2011, WANG et al. 2018, FVM 2008, GAY 2008, 

FIGUEROA et al. 2000), but there is limited information on the impacts of 

the genotype and the age of fattening pigs when LP diets are fed. 

Presumably the relationship between the protein reduction and the 

excretion of the different N forms are not linear. There are also limited 

information available on that. Nitrogen balance studies have also shown 

that crude protein reduction has greater effect on urinary than faecal N 

excretion (CHAN et al. 1998a, PORTEJOIE 2004, O’CONNELL et al. 

2006, O’SHEA et al. 2009). The main source of the so called total 

ammoniacal nitrogen (TAN) is the urinary N, mainly urea (HUTCHINGS 

2015).  

Additional feeding options that affect ammonia emissions are to reduce the 

proportion of urinary N excretion or decreasing the pH of the urine 

(BITTMAN et al. 2014, DUBLECZ 2011, GAY 2008, AARNINK and 

VERSTEGEN 2007). Reducing the amount of N excreted in the urine can 

be achieved by increasing the amount of fermentable non-starch 

polysaccharides (NSP) in the feed. Such carbohydrates promote the 

bacterial fermentation in the colon and this way more ammonia is 

converted into faecal bacterial protein, which is more slowly converted to 

ammonia in the manure (O’SHEA et al. 2009, AARNINK and 

VERSTEGEN 2007, LOW 1985, PHILIPPE et al. 2011, PHILIPPE et al. 

2015). However, higher NSP levels above a certain level can also have 

negative effects by reducing the digestibility of nutrients (BITTMAN et al. 

2014, SZABÓ and HALAS 2011). So, there are no such fermentable NSP 

levels and NSP sources defined, that are effective in ammonia emission 

without affecting the production traits.   
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The pH of urine depends on the ratio of acidic and basic substances 

excreted from the body (BITTMAN et al. 2014, DUBLECZ 2011, 

PHILIPPE et al. 2011, SZABÓ and HALAS 2011). The acidity of the urine 

can be acidified, for example, by adding acidifying Ca salts (CaSO4, CaCl2, 

Ca-benzoate) to the feed instead of the basic calcium carbonate (CaCO3) 

(BITTMAN et al. 2014, DUBLECZ 2011, PHILIPPE et al. 2011, SZABÓ 

and HALAS 2011, NØRGAARD et al. 2010). In this case, the pH of the 

urine decreases by 1.6–1.8%, resulting in a 26–53% reduction in NH3 

emissions from urine and slurry (DUBLECZ 2011). The above-mentioned 

alternatives of CaCO3 however, can also cause electrolyte imbalances and 

this way reduced feed intake and impaired growth.   

In the course of this research our goal was to gain more accurate data on 

the N metabolism of the most common pig genotypes of the country and to 

use these results to improve the accuracy of the recent ammonia inventory 

calculations. Our further objective was to find out differences between the 

N-retention and excretion of fattening pigs of different live weight 

categories. Among the nutritional strategies the effects of feeding low 

protein diets, using 6 fattening phases instead of the most common 4 

phases, feeding sugar beet pulp as a fermentable fibre source and Ca-

benzoate as a potential acidifier of the urine was examined. Beside the 

individual treatments their combination was also investigated. In our 

animal trials it was an important condition, that the treatments should have 

been fit into the practical range, without affecting the growth of the 

animals. 
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2. Materials and methods 

2.1. First trial 

In the first experiment, we examined the impacts of age, genotype and 

feeding low-protein diets on the N-balance parameters of fattening pigs. 

We carried out our experiments according to the methodology of Nitrogen 

balance studies formulated by Czakó J. (REGIUSNÉ MŐCSÉNYI, 1982).   

2.1.1. Animals, housing and treatments 

Altogether 60 weaned male piglets, 30–30 of two genotypes were selected 

to have similar live weight and placed into 6-floor pens of 10 pigs per pen. 

The size of pens was 3.5 x 3.4 m. Wheat straw was used as bedding 

material, and the pens were equipped with self-feeders and drinkers. The 

manure was removed daily. Half of the piglets were Hungarian Large 

White (HLW), belonging to the late-maturing types of meat-type pigs, with 

high growth potential until a high body weight. The remaining 30 animals 

were crossbred pigs (Topigs 20 x Danbred Duroc) (DB) and represented 

the early maturing types of meat pigs, with more intensive growth potential 

and higher protein requirements in the early phases of fattening. Four 

phases fattening was carried out in the live weight categories of 20–30 kg, 

30–40 kg, 40–80 kg and 80–110 kg. Starter, grower I, grower II and finisher 

diets were fed between days 53–71 and 72–80 and; 81–127 and 128–162, 

respectively. The diets of both groups were composed according to the 

requirements (Magyar Takarmánykódex 2004) of the intensive crossbred 

(DB) and semi-intensive Hungarian Large White (HLW) genotypes. Diets 

were formulated on a standardized ileal digestible (SID) amino acid basis. 

The SID amino acid contents of feedstuffs were evaluated by NIR. Besides 

a normal crude protein-containing control diet (C), two low-protein (LP) 
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diets were fed. The protein reductions in each phase were 1.5 (T1.5) and 

3% (T3). The diets contained maize, wheat and extracted soybean meal as 

main ingredients. All feeds contained crystalline lysine, methionine and 

threonine. Tryptophan supplementation was needed only in the low-protein 

diets. As the protein content of the diets reduced, the proportion of maize, 

sunflower oil and crystalline amino acids increased, while the amount of 

extracted soybean meal decreased. The proportion of soybean meal in T3 

diets was on average 10% lower, compared with the control diets. The diets 

were formulated to be isocaloric, and the main difference in their nutrient 

content was only in crude protein. 

2.1.2. Sampling 

In each age category, 6 pigs per pen with similar live weight were selected 

and transferred to a different room containing specific balance cages. The 

cages were equipped to collect separately the total amounts of urine and 

faeces. The amount of daily feed was calculated as 95% of the ad libitum 

feed intake. Daily ratios were distributed in two equal portions and given 

to the animals at 7.00 a.m. and 3.00 p.m. Water was provided ad libitum. 

In the balance cage room, heat blowers were used for heating and an 

exhaust air chimney for ventilation. The room temperature was 18 ± 2 °C. 

Nine hours of the daily light period was applied with 80 lux. The NH3 and 

CO2 air concentrations were measured daily with a Draeger equipment 

(Draeger x-am 5600). The ranges of CO2 and NH3 air concentrations were 

400–1100 and 0–2.6 ppm, respectively. The balance experiment took 7 

days. After 2 days adaptation in the subsequent 5 days, the total amounts 

of faeces and 100 mL of urine were collected daily and stored at - 20 °C. 

To reduce the nitrogen loss from the urine, 20 mL of 5% sulfuric acid was 
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poured into the urine containers. Before the analytical procedure, daily 

faeces and urine samples from every pig were mixed, homogenized, and a 

representative sample of about 500 mL urine and 500 g faeces was used for 

nitrogen analysis.  

2.1.3. Chemical analyses 

From the faeces and urine samples, their N contents were determined 

according to the Kjeldahl method with a Foss–Kjeltec 8400 Analyzer (Nils 

Foss Allé 1, DK-3400 Hilleroed, Denmark), and the most important N-

balance parameters were calculated. TAN percentage was calculated as the 

ratio of urinary N in the total N-excretion. 

2.1.4. Feed Analyses 

The experimental diets were analysed for dry matter (152/2009/EK III. 

appendix A), crude protein (152/2009/EK III. appendix C), crude fat (MSZ 

6830-19:1979), crude fibre (152/2009/EK III. appendix I), raw ash 

(152/2009/EK III. appendix M), amino acid (159/2009/EK III. appendix 

F), N (MSZ EN ISO 5983-2), total P (ISO 6491:2001) and Ca (ISO 

6869:2001) content.  

2.1.5. Statistical Analyses 

All data were analysed using the SPSS 22.0 software. The general linear 

model and univariate ANOVA was used with genotype, live weight and 

dietary protein content as main factors. Levene’s test was used to test the 

equality of error variances. If the homogeneity of variance was adequate, 

Tukey’s tests were used for runs with the same number of elements, while 

Hochberg's and Gabrielle's tests were used for different numbers of 

elements. If the Levene’s test was significant Dunnett T3 post hoc test was 
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used. Linear regression was used to investigate the effect of N-intake on N-

excretion within the genotypes and diet groups. Besides the significant 

effect of the main factors, their determination on the investigated 

parameters was also investigated using the partial Eta squared values of the 

univariate ANOVA. Our TAN results were also compared with the 70% 

default value, currently used in the Hungarian ammonia emission inventory 

calculation. The significance of these differences was investigated with 

one-sample T-test. 

2.2. Second trial 

In the second experiment the effect of different feeding factors and their 

combinations on the N-balance parameters of fattening pigs was examined. 

This experiment was also carried out according to the methodology of 

nitrogen balance studies developed by Czakó J. (REGIUSNÉ MŐCSÉNYI, 

1982). 

2.2.1. Animals, housing and treatments 

During the experiment, the control groups contained twenty, while the 

different treatment groups 10-10 crossbred (Topigs 20 x Danbred Duroc) 

(DB) weaned male piglets. The animals were selected to have similar live 

weight and placed into 8 floor pens of 10 pigs per pen. The conditions of 

the keeping were completely identical to those described in Chapter 2.1.1. 

The experimental diets were fed in 3 phases (30-40 kg; 40-80 kg; 80-110 

kg). The different treatment groups were as follows: 

- control (average protein, maize, soybean meal based diet) (C) 

- 2% reduced crude protein diets with crystalline amino acid 

supplementation (P) 

- feeds containing sugar beet pulp (10%) (S) 
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- mixing of Ca-benzoate to partially replace CaCO3 (0,5%) (B) 

- reduced crude protein content + sugar beet slices (PS) 

- reduced crude protein content + Ca-benzoate (PB) 

- reduced crude protein content + Ca-benzoate + sugar beet slices 

(PBS) 

 

2.2.2. Sampling 

In the second feeding phase, 12 animals from the control group and 6 

animals from the other treatment groups were transferred to specific 

balance cages. The methodology of the nitrogen balance tests was identical 

to that described in Chapter 2.1.2. An additional test was performed in this 

trial, which was the measurement the pH of the fresh urine. The fresh urine 

required for this was collected during the morning feeding. The pH 

measurements were performed with an Adwa Waterproof AD12 type 

instrument. 

2.2.3. Chemical and feed analysis 

The analysis during the second trial was the same as described in the 2.1.3. 

and 2.1.4. chapters. 

2.2.4. Statistical analysis 

The statistical evaluation was performed using the SPSS 22 program. One-

way analysis of variance was used to test whether there was a significant 

difference between the treatments for each parameter (p<0.05). If the 

homogeneity of variance was adequate the Tukey, if the Levene’s test was 

significant, the Dunnett T3 post hoc test was used. 
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2.3. Third trial 

In the third experiment, the effect of the number of fattening phases on the 

production traits and N-balance parameters of fattening pigs was examined. 

2.3.1. Animals, housing and treatments 

During the experiment, to the different feeding groups 35-35 crossbred 

(Topigs 20 x Danbred Duroc) (DB) weaned male piglets were selected to 

have similar live weight and placed into 5-5 floor pens of 7 pigs per pen. 

The housing and care of the animals were identical to those described in 

the case of group housing described in Chapter 2.1.1. During their feeding, 

in the case of the control groups four phases (20-30 kg; 30-40 kg; 40-80 

kg; 80-110 kg), while in the case of the experimental groups, 6-phase 

feeding (20-30 kg; 30-40 kg; 40-60 kg; 60-80 kg; 80-100 kg; 100 kg-) were 

used. 

2.3.2. Sampling 

The feed consumption was measured on pen basis every day, while the live 

weight of the animals was measured every week on Monday. Live weight 

was measured using a digital animal scale with an accuracy of 0.1 kg. From 

the data the weight gain and the feed conversion ratio were calculated. The 

N-retention of the animals was calculated from the values of N-intake and 

weight gain for the given phase. The average N content of the pig carcass - 

in accordance with the international literature - was taken into account as 

2.56% (DÄMMGEN et al. 2013). 

2.3.3. Chemical and feed analysis 

The analysis during the third trial was also the same as described in the 

previous 2.1.3. and 2.1.4. chapters. 
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2.3.4. Statistical analysis 

The obtained data were evaluated using the SPSS 22 program using a two-

sample T-test (Independent Samples T Test) (p<0.05). 
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3. Results and discussions 

The results of the most important N-balance parameters received during the 

first experiment are shown in Table 1.  

Table 1. N-flow parameters of fattening pigs as influenced by live weight, 

genotype and dietary protein content. 

   
N intake 

(g/day) 

Faecal N 

(g/day) 

N 

digestibility 

(%) 

Urinary N 

(g/day) 

TAN 

(%) 

Total N 

excretion 

(g/day) 

N retention 

(%) 

Live 

weight 

20-30 

kg 

38.22d 5.53d±0.24 85.47a±0.4 10.38c±0.65 61.50ab±1.15 15.91c±0.62 58.67a±1.07 

 30-40 

kg 

43.98c 7.25c±0.24 83.51b±0.4 10.32c±0.64 57.56b±1.13 17.56c±0.61 60.33a±1.05 

 40-80 

kg 

63.00b 9.86b±0.25 84.56ab±0.4 16.81b±0.69 61.31ab±1.21 26.67b±0.65 58.96a±1.13 

 80-

110 

kg 

73.28a 12.61a±0.25 82.92b±0.4 24.49a±0.67 65.04a±1.81 37.10a±0.64 50.22b±1.10 

Diet C 62.92a 10.64a±0.21 83.31b±0.4 19.62a±0.57 63.34a±1.01 30.27a±0.54 53.24b±0.94 

 T 1.5 52.80b 7.98b±0.21 85.26a±0.4 14.45b±0.58 62.53a±1.02 22.43b±0.55 59.10a±0.95 

 T 3 48.14c 7.81b±0.21 83.77b±0.4 12.42c±0.57 58.19b±1.00 20.23c±0.54 58.80a±0.93 

Genoty

pe 

DB 60.87a 9.67a±0.17 84.16a±0.3 20.09a±0.46 66.27a±0.80 29.75a±0.43 51.63b±0.75 

 HLW 48.37b 7.95b±0.18 84.07a±0.3 10.91b±0.48 56.44b±0.85 18.87b±0.46 62.47a±0.79 

 Poole

d 

SEM 

1.564 0.327 0.266 0.803 0.850 1.049 0.890 

p-values 

Live weight 

(LW) 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Genotype (G) 0.0001 0.0001 0.824 0.0001 0.0001 0.0001 0.0001 

Diet (D) 0.0001 0.0001 0.001 0.0001 0.001 0.0001 0.0001 

GxLW 0.0001 0.0001 0.001 0.0001 0.001 0.0001 0.0001 

GxD 0.0001 0.0001 0.0001 0.276 0.042 0.016 0.479 

LWxD 0.0001 0.0001 0.061 0.009 0.037 0.0001 0.413 

GxLWxD 0.0001 0.0001 0.0001 0.013 0.001 0.001 0.05 

a–d: Mean values in one column within a main effect not sharing a common letter differ significantly 

(p < 0.05) 

DB: Topigs 20 x DanBred Duroc; HLW: Hungarian Large White; C: control diets  
T1.5: Low protein diet with 1.5% protein reduction; T3: Low protein diet with 3% protein reduction. 

Based on our results, it can be stated that all the investigated main factors, 

the genotype, the age of pigs and the protein content of the diets have 

significant effects on the N-balance of fattening pigs. Among the N-balance 

traits, N-digestibility was hardly influenced. The urinary N ratio of the total 

excreted N, which is responsible mostly for the ammonia emission from 
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the manure, showed the highest variance in response to the treatments. The 

TAN content of excreted N until 80 kg live weight is about 60% but 

increases afterward to 65%. In our balance trial, HLW pigs of the semi-

intensive genotype were more favourable from the N-and TAN excretion 

point of view, which means less ammonia emission. Regarding the dietary 

treatments, compared with the control the TAN, was decreased only at a 

3% protein reduction from 63.3% to 58.2%. Remarkably, a 10% difference 

was found in this trial between the TAN of the two different genotypes. 

The reason for this was mostly the significantly higher urinary N excretion 

of the DB pigs. Feeding pigs an LP diet is one of the most efficient ways 

to mitigate ammonia emission. From our results, however, it can be 

concluded that the effect of dietary protein reduction is not linear (Figure 

1.).  

Figure 1. Effects of feeding LP diets on the reduction in urinary N 

excretion.  

T1.5: Low-protein diet with 1.5% protein reduction; T3: Low-protein diet with a 3% protein 

reduction. 
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In the case of 1.5% dietary protein, a decrease of 17.6% TAN and ammonia 

emission reduction can be calculated for each percentage protein decrease. 

This decrease is lower (12.2%) at a 3% dietary protein reduction. It should 

be considered if the effects of LP diets on ammonia emissions are 

calculated. The measured N-balance parameters - N-excretion, TAN-

content of the excreted N and N-retention of pigs - are more favourable 

than the default values which can be found in the official recommendations 

(Figure 2-3.). Using the more detailed, national, measured parameters can 

help to reach the ammonia mitigation goals of the EU member states. 

Figure 2. Total N-excretion (kg/animal/year) as influenced by genotype, 

age, and dietary crude protein content.  

 

The currently used default values are visible above the red lines. 

a-c: The different letters indicate a significant difference within the given factors (p < 0.05) 

A” genotype: Topigs 20 x Danbred Duroc; „B” genotype: Hungarian Large White; Treatment 1: -
1,5% crude protein; Treatment 2: 3% crude protein  
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Figure 3. Total ammoniacal nitrogen (TAN) content of the total excreted 

nitrogen (%) as influenced by genotype, age, and dietary crude protein 

content.  

 

The currently used default value is visible above the red line. 

a, b: The different letters indicate a significant difference within the given factors (p < 0.05) 

A” genotype: Topigs 20 x Danbred Duroc; „B” genotype: Hungarian Large White; Treatment 1: -

1,5% crude protein; Treatment 2: 3% crude protein  

In the second experiment, beside feeding LP diets (2% reduction in 

protein), the effects of using benzoic acid, sugar beet pulp and their 

combinations were studied. The results of this trial can be found in Table 

2. In this trial the balance experiment was carried out in the 55-66 kg live 

weight category. Feeding sugar beet pulp at 10% inclusion rate decreased 

N-digestibility, but resulted the lowest urinary N-excretion and TAN %. It 

means, sugar beet pulp, and its fermentable fibre content can push the N-

excretion of animals toward the faecal excretion. Feeding the LP diet in this 

trial decreased the TAN excretion by about 10%. Benzoic acid at 0.5% 

inclusion rate failed to modify the N-balance parameters and the pH of the 

urine. The modulatory effects of the treatments were not additive.  
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Table 2. N-flow parameters of fattening pigs as influenced by different 

feeding factors and their combinations. 
Treatments C P B S PB PS PBS 

Faecal N  

(g/day) 

7.57 

±0.43 

9.13 

±0.43 

7.27 

±0.23 

9,56 

±1,08 

9.00 

±0.53 

7.29 

±0.39 

8.76 

±0.51 

N Digestibility 

(%) 
86.58a 

±0.73 

83.41ab 

±0.78 

85.72a 

±0.44 

81,1b 

±2,13 

83.43ab 

±0.74 

83.31ab 

±0.90 

84.15ab 

±0.93 

Urinary N 

(g/day) 

24.5a 

±1.52 

19.38ab 

±2.15 

20.5ab 

±1.77 

14,83b

±1,00 

21.73ab 

±1.87 

14.3b 

±1.03 

17.01b 

±0.53 

Total N 

Excretion 

(g/day) 

32.07a

±1.72 

28.51ab 

±2.09 

27.77ab 

±1.87 

24,39b

±1,02 

30.74ab 

±1.99 

21.60b 

±1.13 

25.77ab 

±0.92 

TAN (%) 76.14a

±1.18 

67.04abc

±2.95 

73.40ab 

±1.54 

60,98c

±3,94 

70.29abc 

±2.03 

66.00bc 

±1.85 

66.10bc 

±1.18 

N Retention 

(%) 

43.50

±2.11 

48.19 

±3.79 

45.45 

±3.67 

51,80±

2,01 

43.62 

±2.36 

50.56 

±2.58 

53.37 

±1.66 

Urine pH 8.66a±

0.09 

7.71b 

±0.16 

8.49a 

±0.07 

8,87a 

±0,11 

7.68b 

±0.09 

8.65a 

±0.06 

8.63a 

±0.07 

a–c: The different letters indicate a significant difference within the given parameter (p < 0.05) 

C: control; P: -2% crude protein; B: +0,5% benzoic acid; S: + 10 g/kg fermentable NSP; PB: reduced 

crude protein content + benzoic acid; PS: reduced crude protein content + fermentable NSP; PBS: 

reduced crude protein content + benzoic acid + fermentable NSP 

In Hungary, N-excretion is currently calculated as 12.5 kg/animal/year for 

pigs over 50 kg in the national ammonia inventory. The N-excretion of the 

animals in the control group was close to this value, but it can be seen that 

by changing the composition of the feeds or using feed supplements, these 

N-excretion data become significantly more favorable (except for treatment 

PB) (Figure 4.). During the inventory calculation, we currently calculate 

with 70% TAN for all age groups and utilization types for pigs. Except for 

the PBS treatment our results hardly differ from this value(Figure 5.). 
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Figure 4. Total N-excretion (kg/animal/year) as influenced by different 

feeding factors and their combinations. 
 

The currently used default value is visible above the red line. 

a, b: The different letters indicate a significant difference (p < 0.05) 

C: control; P: -2% crude protein; B: +0,5% benzoic acid; S: + 10 g/kg fermentable NSP; PB: reduced 

crude protein content + benzoic acid; PS: reduced crude protein content + fermentable NSP; PBS: 

reduced crude protein content + benzoic acid + fermentable NSP 

Figure 5. Total ammoniacal nitrogen (TAN) content of the total excreted 

nitrogen (%) as influenced by different feeding factors and their 

combinations. 

 

The currently used default value is visible above the red line. 

a–c: The different letters indicate a significant difference (p < 0.05) 

C: control; P: -2% crude protein; B: +0,5% benzoic acid; S: + 10 g/kg fermentable NSP; PB: reduced 

crude protein content + benzoic acid; PS: reduced crude protein content + fermentable NSP; PBS: 

reduced crude protein content + benzoic acid + fermentable NSP 
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The third trial was focusing on the effects of using different number of 

fattening phases (Table 3). The common 4 phases feeding was compared 

with a 6-phase fattening. The more diversified nutrient supply resulted less 

N-intake and more favourable, about 3.8% higher N retention in the 6-

phase group. No significant differences in the production traits (feed intake, 

growth rate and feed conversion) were found. Multi-phase feeding can also 

decrease the feed prices. Using more diets can generate additional logistical 

costs, however, it can be compensated by the lower feed prices. 

Table 3. Effect of multiphase feeding on the N-flow parameters 

 

  1. phase 2. phase 3. phase 4. phase 
whole 

fattening 

N intake 

(kg) 

4-phase 

treatment 
0.61±0.02 0.27±0.00 2.53a±0.01 3.52a±0.03 6.93a±0.04 

6-phase 

treatment 
0.60±0.02 0.27±0.00 2.48b±0.01 3.31b±0.03 6.66b±0.02 

N 

retention 

(kg) 

4-phase 

treatment 
0.28±0.01 0.12±0.01 1.01±0.01 1.18±0.01 2.59±0.03 

6-phase 

treatment 
0.27±0.01 0.13±0.01 1.00±0.01 1.19±0.03 2.59±0.02 

N 

retention 

(%) 

4-phase 

treatment 
46.36±2.18 45.09±3.21 39.84±0.52 33.64b±0.34 37.46b±0.46 

6-phase 

treatment 
44.59±1.65 48.01±3.45 40.55±0.49 35.84±0.68a 38.88a±0.35 

a, b: The different letters indicate a significant difference (p < 0.05) 
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4. Conclusion 

From our results, it can be concluded that there are many feeding options 

available to reduce N and TAN excretion in fattening pigs. Based on our 

tests, among these options, feeding diets with reduced crude protein 

supplemented with crystalline amino acids is the most effective. Our results 

make it possible to clarify the effect of feeding protein-reduced feeds on 

the excretion of N and TAN in fattening pigs. The generally applied and 

accepted 10% N- and TAN excretion reduction per 1% dietary protein 

reduction is acceptable for Danbred fattening pigs, although there are 

significant differences between the excretion values of each weight 

category. However, in the Large White animals, belonging to the "B" 

genotype, a 1% reduction in dietary protein results in a 20% reduction in 

excretion. For this genotype, a reduction exceeding 1.5 already causes a 

smaller, 10% reduction in excretion. 

Increasing the fermentable fibre content of the diet is an effective method 

to decrease the urinary N excretion., but in this case the digestibility of the 

nutrients can also decrease. It would therefore be worthwhile to test the 

effect of sugar beet pulp and other feeds rich in fermentable fibre under 

farm conditions, during fattening experiments, in order to see how it affects 

production parameters. Currently, there is not enough information 

available to consider the effect of the fermentable fibre content of feeds in 

reducing ammonia emissions. The effect of benzoic acid at a mixing ratio 

of 0.5% is not sufficient to change the pH of urine. It can be considered an 

important result that there is no meaningful interaction between the feeding 

of protein-reduced diets, the addition of benzoic acid and the feeding of 

sugar beet pulp when the treatments are used together. 
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In the case of using more fattening phases compared with the number of 

phases most often used in our country, the N intake of animals can be 

reduced without affecting the production parameters. Although this may 

generate additional logistics costs, it may even pay off economically due to 

the reduction of feed costs. However, it would be worth to repeat the tests 

with larger numbers of animals, also under farm conditions, because in this 

way it would be possible to find out whether the use of the method is plays 

off.  

In relation to the efficiency test of the mentioned methods, it is important 

to note that repeating the experiments, performing them with more animals, 

adapting them to practical conditions and performing farm tests are 

extremely important. Nevertheless, I believe that our results provide a great 

help in clarifying the Hungarian ammonia emission situation and in order 

to improve the accuracy of the Hungarian ammonia emission inventory. 

During our experiments, we determined the N-balance parameters of the 

most common breeds, generally used in Hungary in the different live 

weight categories. The data obtained during our tests show that it would be 

worth to take the different genotypes into account when calculating the 

inventory, and to use more weight categories when calculating the N- and 

TAN excretion of fattening pigs. 

It would also be necessary to review the recommendations of the Hungarian 

Feed Code, because the actual version was published in 2004, i.e. an 18-

year-old work. During this time, there has been so much progress both the 

science and practice of pig fattening that innovation is inevitable. It is 

important for farmers not only to get recommendations from the feed 
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manufacture and breeding companies, but also independent from 

recommendations/guidelines.  
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5. New scientific results 

1. The genotype of the fattening pigs, irrespectively form the age 

categories and protein content of the diets, has significant effect on 

the N-excretion of the animals. The Danbred pigs with higher 

growth potential excrete more urinary N, compared with the 

Hungarian Large White pigs. 

2. Feeding low protein diets decrease the both the faecal and urinary 

N excretion. However, the decrease in N-excretion is not linear. 

When higher protein reduction is used, the decrease in N-excretion 

is relatively lower. 

3. The measured N-excretion values below 80kg live weight and the 

total ammoniacal nitrogen (TAN) percentage of all live weight 

categories are lower, than the values used in the calculation of the 

Hungarian ammonia emission inventory.  

4. Feeding 10% sugar beet pulp, as fermentable fibre source, decrease 

significantly the urinary N excretion of the fattening pigs in the 40-

80 live weight category. 

5. Using Ca-benzoate, as a feed additive at 0.5% in the diets of 

fattening pigs in the 40-80 kg live weight category, does not 

decrease the pH of the urine. 

6. Using 6-phase fattening instead of 4 phases, the protein intake of 

pigs can be reduced without affecting the production traits. It results 

increased N-retention mostly in the live weight categories of 80-

100 kg and above 100 kg. 
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