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Nutrition and Physiology

Effects of different levels of dietary digestible amino acids on nitrogen retention and excretion 
in Topigs pig hybrids 

A. Ilchev*, G. Ganchev

Department of Morphology, Physiology and Animal Nutrition, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. A balance trial was performed with three groups of Topigs hybrid pigs (n=3). Pigs received complete compound feeds. For the second (control) group 
digestible amino acid content was according to hybrid's nutrition standards (as per Guideline for feeding Topigs sows, 2001. Topigs International, BV). Groups I 
and III received a ration with digestible amino acid content lower or higher by 15%, respectively, compared to controls. Dietary digestible amino acids in rations 
for Topigs finisher pigs were more than the animals were able to utilize. Therefore, more extensive research for revision of nutrition norms is needed. The 
reduction of digestible amino acids in feeds by 15% did not have a negative effect on nitrogen retention and improved its utilization by 11.7 % compared to 
animals fed as per guidelines. The lower digestible amino acid content reduced the nitrogen output with urine by more than 30% (Р<0.05). Water consumption 
and urine output were directly related to dietary nitrogen concentration. Increasing the content of digestible amino acids resulted in higher levels of these 
indices. About 63% of dietary nitrogen remained non-utilized and is lost with excreta. The reduction of digestible amino acids in diets by 15% decreased 
nitrogen output by 6.35 %.
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Kempen, 2000; Ferket et all., 2002; Stalder, 2004). This guarantees Introduction
higher productivity but worsens feed conversion ratio and 
contaminates the environment (Stalder, 2004).Modern pig hybrids were selected for intensive muscle growth 

Kornegay and Harper (1997) observed that the reduction of and good utilization of nitrogen from feeds (Coffey, 1996; Simpson, 
norms and increasing the feed conversion ratio by 0.25 units could 2004; Stalder, 2004). The genetic and nutrition improvements over 
lower nitrogen output by 5% tо 10%. Van Heugten and van Kempen the last 20-25 years during the finisher stage increased daily weight 
(2000) calculated that the increase in feeding efficiency by 0.1 unit gain to 950–1000 g (Schriftenreihe Warenteste – 29, 2008), and feed 
(reduction of feed spent for unit gain from 3.0 to 2.9 kg) resulted in efficiency per 1 kg weight gain decreased from 4.0 to 2.85 kg (Coffey, 
lower nutrients excretion by 3.3% with equal weight gain and 1996). The intensive growth of animals shortens the production 
retention. That is why Sutton (2004) assumes that the new cycle. In general, new hybrids attain a body weight of 105-110 kg for 
investigations in pig breeding industry should be focused on less than 150 days of age under industrial production systems. For 
determination of minimum requirements of available amino acids of this growth intensity during the finishing period, the lean growth was 
the main genetic lines of contemporary pig hybrids and their effect on about 400 g/day (Schriftenreihe Warenteste – 29, 2008). Also, the 
nitrogen retention and excretion.nitrogen retention for this growth was high – 25-26 g/day. These 

The new pig hybrids have been introduced in Bulgaria since production results are obtained under optimal rearing conditions and 
2000. By now, their share is about 40% of the total population in the a balanced nutrition. According to Stalder (2004), balanced nutrition 
country (Stoykov et al., 2007; Stoykov and Katsarov, 2010). Topigs implies not only satisfying the needs of animals for nutrients, but also 
has been reared in Bulgarian since 2002. Up to date, there are no compliance with environmental protection issues. Therefore, the 
investigations on the effect of feeding on nitrogen retention and major part of new researches on protein nutrition of pigs are focused 
excretion in this pig hybrid. on decrease of the nitrogen waste (Valaja, 1993; Canh, 1998; 

The purpose of this study was to investigate the effect of various Stalder, 2004; van Horn and Powers, 2004).
dietary levels of digestible amino acids in compound feeds on The options for reduction of nitrogen excretion are different, but 
nitrogen balance in finisher Topig pigs. two of them are currently used (Mindy, 2005): 1. Increase in the 

production rate of animals – the higher the production per animal, the 
lower the maintenance costs and protein needs per unit production. 
Thus, each animal product could be produced with lower amount of Мaterial and methods
consumed and excreted nitrogen. 2. Reduction of dietary protein 
level to minimum requirements for a specific productivity. The A balance feeding trial was carried out in the Experimental Farm 
feeding standards are developed by research teams and are offered of Trakia University, Stara Zagora with three groups of 3 Topigs 
to farmers. However, they are frequently "overformulated" and thus, hybrid pigs in each. The trial consisted of 5 days preliminary and 5 
far from the minimum needs of animals (van Heugten and van days experimental period. Castrated male pigs of the Tempo line 
* e-mail: atilbg@abv.bg
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with initial average body weight of 81 kg were used. They were plastic bottles and stored in a refrigerator until analyzed. 
reared in individual metabolic cages that facilitated the separate Analyses
collection of urine and faeces. All samples were run in duplicate. The total nitrogen 

Feeds and nutrition content in feeds, faeces and urine were assayed as per АОАС 
Feeding was carried out with complete compound feeds. For (2007). Data about feed and water consumption, amounts of faeces 

the second (control) group digestible amino acid content was and urine, nitrogen retention and output were calculated. Statistical 
according to the hybrid's nutrition standards (as per Guideline for analysis was performed with Statistica 6 software. 
feeding Topigs sows, 2001. Topigs International, BV). Groups I and 
III received a ration with digestible amino acid content lower or 
higher by 15%, respectively, compared to controls (Table 1). During 

Results and discussionthe experiment the animals received feed ad libitum. Feed was 
offered twice – at 8:30 a.m. and 4:30 p.m. The remainder was 

Feeding guidelines for Topigs finisher hybrid pigs are gathered every day prior to the morning feeding. Water was given in 
distinguished with a relatively high digestible lysine content (0.71 %) ordinary troughs allowing free access to drinking water. The ambient 
and low digestible phosphorus content (0.19 %). The amount of the temperature in the premise where the pigs were kept was 
other essential amino acids in rations using compound feeds was in maintained between 21 and 22°C.
compliance with lysine content and the ideal protein concept. Having Determination of output 
in mind the results obtained by us from balance feeding trials with the Faeces. Faeces were collected in the morning prior to feed 
DanBred pig hybrid (Ilchev et al., 2008a, 2008b; Ilchev et al. 2010a, offering. Two samples were collected for analysis on a daily basis. 
2010b) we assumed that Topigs pigs could not utilize efficiently the The first (5% from the total amount) was utilized for determination of 
high level of digestible amino acids in finisher feeds. To check this nitrogen content in fresh faeces, and the second (10% from the total 

0 hypothesis, we tested the effect of three dietary levels of digestible amount) was dried at 60-65 С in a dryer. Fresh faeces were kept in 
0 amino acids: normal – as per feeding guidelines (100 %), low (85 %) freezers at -17 С until analyzed. By the end of the trial, samples from 

and high (115 %). These levels were achieved by inclusion of each animal were combined and after thorough homogenization, a 
different protein components and synthetic amino acids in feeds pooled sample was taken for analysis. Dried faeces of each pig were 
(Table 1). The use of synthetic amino acids ensured a relatively low collected in individual polyethylene bags. At the end of the 
dietary crude protein level – from 12 tо 17 %. Nevertheless, nitrogen experiment, they were milled on a laboratory mill with 1-mm sieve 

openings and a pooled sample was taken for analysis. retention remained high and did not differ significantly from what was 
Urine. Excreted urine was collected in plastic containers with expected (24-25 g N/day). This confirmed the opinion of many 

100-200 ml 10% H SO  (about 5% of urine amount). The urine specialists that the use of synthetic amino acids for balancing of 2 4

compound feeds could reduce significantly the dietary protein volume was measured every morning and 10% was retained for 
content without worsening the production traits (Kerr, 1995; van analysis. Urine samples from each pig were collected in individual 

Table 1. Ingredients content and nutritive value of used compound feeds 

Ingredients, % Level  of CP

85 % 100 % 115 %

Level  of CP

85 % 100 % 115 %

1 kg compound feed contains

Parameters

Corn

Wheat

Barley

Soybean meal

Sunflower meal

Wheat bran

Sunflower oil

L - Lysine

DL - Methionine

L - Threonine

Salt

Limestone

Dicalcium phosphate

Vitamin premix

Total

ME MJ/kg

CP, %

Total amino acids, %

Lysine

Methionine

Methionine + Cystine

Threonine

Tryptophan

Digestible amino acids, %

Lysine

Methionine

Methionine + Cystine

Threonine

Tryptophan

Ca, %

P available, %

21.24

20.00

40.00

5.00

6.00

3.00

2.10

0.30

-

0.04

0.22

1.10

0.50

0.50

100.0

17.19

15.00

40.00

9.00

8.00

5.00

3.20

0.30

-

0.04

0.22

1.10

0.45

0.50

100.0

7.48

15.00

40.00

13.00

10.00

8.00

4.00

0.30

-

0.05

0.22

1.10

0.35

0.50

100.0

13.10

13.40

0.70

0.24

0.51

0.43

0.29

0.62

0.21

0.41

0.34

0.21

0.60

0.19

13.10

15.10

0.82

0.28

0.58

0.49

0.29

0.71

0.24

0.46

0.40

0.22

0.60

0.19

13.08

17.00

0.94

0.32

0.65

0.56

0.25

0.82

0.28

0.50

0.47

0.21

0.61

0.19



Heugten and  van Kempen. 2000; Sutton, 2003; Simpson, 2004). These results are similar to what was reported by Ferket (2002) and 
Low protein levels are also beneficial with regard to the considerable Rotz (2004) stating that pigs excrete about 15–20% of dietary 
reduction of nitrogen excretion and environmental protection. nitrogen intake.

Data obtained in this research showed that dietary amino acid The apparent nitrogen digestibility was neither altered with 
levels did not influence feed consumption (Table 2). The amount of increasing the amount of amino acids. The average experimental 
faeces increased in parallel to protein content but differences were value was over 80 %. Most significant differences between groups 
not statistically significant due to the low number of experimental were observed with regard to urine nitrogen output and the total 
animals. However, there were statistically significant differences nitrogen output. The reduction of digestible amino acids in the feed 
between groups with respect to water intake and urine output. The of group I reduced the urine nitrogen content by more than 30% (Р 
reduction of digestible amino acids in the ration of group I had a <0.05). Тhis reflected upon the total nitrogen output, which in this 

negative impact on water consumption. Pigs from groups II and III group was by 26 % lower than that of controls (Р<0.05). The 
drank on average 2.3 l of water per kg feed vs 1.8 l for group I. difference in nitrogen retention was however only 5% and 

The lower water intake reflected on urine output, with statistically insignificant. The results indicated that the nutrition 
statistically significant differences between groups I and III (Р guidelines for the Topigs hybrid during the finishing period exceeded 
<0.05). The increased urine output is in general attributed to the high the ability of pigs for efficient utilization. So, the increased dietary 
dietary protein level as the excess nitrogen is excreted with urine digestible amino acids in the ration of group III resulted only in 
(Ferket, 2002; Simpson, 2004). The results allowed to assume that enhanced nitrogen output without a significant effect on nitrogen 
the dietary nitrogen for pigs from group II and particularly group III, retention. The average daily nitrogen output with urine and faeces 
was higher than the real needs, hence the increased urine output. was 42.25 g, i.e. 63 % оf the dietary intake. In group I, the total output 

The different dietary amino acids concentration had a was 59 %, and in group III – 66 %. Our results confirmed the opinion 
significant effect on nitrogen intake (Table 3). The higher digestible of many scientists that the major part of dietary nitrogen intake was 
amino acids level increased considerably this parameter (Р <0.05). not utilized by animals but lost with excreta, posing a risk for 
The differences between groups I and II were similar to anticipated environmental pollution (Rotz, 2004; Ferket, 2002).
levels (14.8 %), and between groups II and III – lower (11.3 %). The The retention of nitrogen is a summary parameter for feeding 
different nitrogen intake had no effect in output with faeces. On efficiency (Figure 1). The results showed that pigs from group I were 
average, faecal daily output was 12.95 g N/ day, without significant most efficient in this regard. The average retention in them was 41% 
inter-group differences. This makes 19% of dietary nitrogen intake. on average. In group II, the utilization of nitrogen was lower by 12 % 

a, b – equal letters designate statistically significant differences

a57.40 ± 1.41

12.03 ± 1.73

79.16 ± 2.49
a21.72 ± 0.91
а33.76 ± 1.03

23.63 ± 1.10
a41.16 ± 1.46

I
( 85 %)

Parameters

Intake N, g/day

Fecal N, g/day

Digestibility N, %

Urinary N, g/day

Total excreted N, g/day

Retained N, g/day

Retention N, %

a76.03 ± 0.93

13.21 ± 0.46

82.60 ± 0.54
a37.20 ± 0.99
а50.45 ± 1.22

25.58 ± 1.76
a33.61 ± 2.03

III
( 115 %)

Table 3. Nitrogen balance

Groups

a67.41 ± 0.98

13.62 ± 2.34

79.85 ± 3.14
a28.93 ± 2.23
а42.55 ± 1.32

24.85 ± 1.44

36.86 ± 1.97

II
( 100 %)

209

Parameters

Feed intake, kg/day

Water intake, l/day

Faeces, kg/day

Urine, l/day

Groups

2.70 ± 0.04
ab4.95 ± 0.28

1.67 ± 0.10
a1.78 ± 0.19

I
( 85 %)

2.80 ± 0.08
a6.55 ± 0.30

1.92 ± 0.09

2.51 ± 0.31

II
( 100 %)

2.80 ± 0.07
b 6.32 ± 0.19

2.09 ± 0.24
a2.88 ± 0.20

III
( 115 %)

Table 2. Feed and water intake and amounts of excreted faeces and urine during the feed balance trial

a, b – equal letters designate statistically significant differences

Mean SEM ± 

Mean SEM ± Mean SEM ± Mean SEM ± 

Mean SEM ± Mean SEM ± 
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and in group III – lower by 22 %. The differences between groups I nonruminants. Journal of Animal Science, 80 (E. Suppl. 2), 
and III were statistically significant (Р <0.05). E168–E182.

Guideline for feeding Topigs sows, 2001. Topigs International, 
BV.
Ilchev A, Ganchev G, Pavlov D, and Chobanova S, 2008a. 

Conclusion
Investigation of the effect of different levels of protein in diets on 
retention and excretion of nitrogen at pig through growing period. 

The quantities of digestible amino acids in the feeds of Topigs International Scientific Conference, Stara Zagora, June 5-6, CD, 
pig hybrids during the finisher period of rearing are higher than the Proceeding book, Animal studies, 3, 1-7 (Bg).
abilities of animals to utilize them efficiently. This implies more Ilchev A, Ganchev G, Pavlov D, Valkova P and Nikiforov I, 2008b. 
extensive research for revision of nutrition requirements for this pig Investigation of the effect of different levels of protein in diets on 
hybrid retention and excretion of nitrogen at pig through finishing period. 

The reduction of dietary digestible amino acids by 15% had no International Scientific Conference, Stara Zagora, June 5-6, CD, 
negative impact on nitrogen retention and improved its utilization by Proceeding book, Animal studies, 3,1-7 (Bg).
11.7 % compared to animals fed as per guidelines. The lower Ilchev A, 2010a, Balance of nitrogen in growing and fattened pigs 
digestible amino acids level reduced the urine nitrogen output by depending on the amino acids level in the ration. Journal of Animal 
more than 30 % (Р <0.05). Water consumption and the amount of Science, 1, 63-68 (Bg) .
urine were directly dependent on dietary nitrogen concentrations. Ilchev A, 2010b, Investigation of the effect of different nitrogen 
They increased in parallel to dietary digestible amino acids. levels in the rations on the economic parameters of pig farming from 

The average nitrogen losses with excreta were 63% of dietary DanBred hybrid. Journal of Animal Science, 1, 69-73 (Bg).
intake. The reduction of dietary digestible amino acids level by 15% Kerr B and Easter R, 1995. Effect of feeding reduced protein, amino 
resulted in decreased nitrogen excretion by 6.35%. acid-supplemented diets on nitrogen and energy balance in grower 

pigs. Journal of Animal Science, 73, 10, 3000–3008. 
Kornegay E and Harper A, 1997. Еnvironmental Nutrition: Nutrient 
Management Strategies to Reduce Nutrient Excretion of Swine. The References
professional Animal Scientist, 13, 99-111. 
Mindy J, 2005. Nutritional and Feeding Strategies to Minimize АОАС International, 2007. Official Methods of Analysis of AOAC 
Nutrient Losses in Livestock Manure, College of Agricultural, Food International (18 Edition, Rev. 2), Association of Official Analytical 
and Enviromental Sciences, University of Minnesota, Extension Chemists International, Gaithersburg, MD, USA.
Service.Canh T, Aarninka A, Schutted J, Suttone A, Langhoutd D and 
Rotz C, 2004. Management to reduce nitrogen losses in animal Verstegen M, 1998. Dietary protein affects nitrogen excretion and 
production. Journal of Animal Science, 82, E119-137.ammonia emission from slurry of growing–finishing pigs. Livestock 
Simpson G, 2004. Nutritional Strategies to Decrease Nutrients in Production Science, 56, 181–191.
Swine Manure. Factsheet, Queen's Printer for Ontario.Coffey M, 1996. Environmental challenges as related to animal 
Schriftenreihe Warenteste-29,2008. Nordrein-Westfalen, agriculture – Swine. In: Nutrient Management of Food Animals to 
Nevinghoff 40, CD.Enhance and Protect the Environment (Ed. E. T. Kornegay), 29-39.
Stalder K, Powers W, Burkett J, Pierce J, Lyons T and Jacques Ferket P, van Heugten E, van Kempen T and Angel R, 2002. 
K, 2004. Reducing the environmental impact of swine production Nutritional strategies to reduce environmental emissions from 
through nutritional means. Alltech UK, Stamford, UK, Nutritional 

Figure 1. N retention

 

N retention

23.63 24.85 25.58

41.16

36.86
33.61

I II III

groups

R
et

en
tio

n 
N

 (g
/d

a
y,

 %
)

retened N, g/day

retention N, %



211

biotechnology in the feed and food industries. Proceedings of protein content with supplementation of synthetic lysine and 
Alltech's 20th Annual Symposium: re-imagining the feed industry, threonine in barley-rapeseed meal-peal diets for growing pigs. 
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Bulgaria for the period 2007 - 2009. 13, 245–261. 
Stoykov A and Katsarov V, 2010. Pig farming, Academic Edition van Horn H and Powers W, 2004. Agricultural and environmental 
AU Plovdiv, ISBN-978-954-517-009-7. issues in the management of animal manures. Perspectives in 
Sutton A, 2003. Nutrition and feed management strategies to World Food and Agriculture 2004 (C.G. Scanes and J.A. 
reduce nutrient excretions and odors from swine manure. IWA. Miranowski, eds). Iowa State Press, Ames, IA, 161-186.
Conference, Seoul, Korea. van Heugten E and van Kempen T, 2000. Understanding and 
Sutton A and Richert B, 2004. Nutrition and feed management applying nutrition concepts to reduce nutrient excretion in swine. 
strategies to reduce nutrient excretions and odors from swine North Carolina Cooperative Extension Service, Publication No. AG-
manure. Water Science and Technology, 49, 5-6, 397-404. 608, 1-15.
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