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SUMMARY

The object of the study was to verify effect of fibre on redistribution of N 

between faeces and urinary at different levels of nitrogen content in the diet. 

Two dietary protein concentrations high protein 18.8% (HP) and low 

protein 14.0% (LP) and two crude fibre levels, high fibre 4.46% (HF) and low 

fibre 3.25% (LF) were tested in 4 x 4 Latin square design. Eight pigs (29.9± 1.7 

kg) were housed in metabolic cages for 10 days. Faeces and urine were 

separately collected from 7 to 10 day. 

Nitrogen excretion was affected with the inclusion of 37% beet pulp in the 

diets (HF vs. LF). In all groups shift from urinary to faecal excretion was 

detected. Highest significant difference was (faecal N) in the group HPHF 

+34,4 % (P <0.05).Different N content in the diet at the approximately same 

fibre content caused different distribution of nitrogen in the faeces, urine, and 

total N income. Increasing the nitrogen content in the diet of 34% (HP vs. LP) 

increased amount of nitrogen in the faeces to 20.7% (HPLF vs. HPHF).

Nitrogen retention, expressed as a percentage of N intake was reduced in 

pigs fed the low-protein diets and it was affected by fibre addition to the LPHF 

diet -3.3 %. However, fibre addition to the HPHF diet affected positively N 

retention, +11.0 % (P <0.05).

The fibre content and crude protein in the diet have an effective influence 

on the distribution and excretion of N.
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INTRODUCTION

Increasing attention has been paid in the past decade to dietary fibre in 

swine nutrition due to its multiple functionalities. The presented study examines 

the influence of dietary fibre on the digestive processes and the consequences 

on pig protein and energy nutrition, health concerns and environmental issues. 

Dietary fibre is resistant to digestive secretions and is potentially available for 

bacterial fermentation in the intestines of monogastric animals. The bacterial 

growth supported by the fermentation induces a shift of N excretion from urine 
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to faeces (Nahm, 2003; Aarnink et al., 2007). Beside the fermentability, the 

physical properties of dietary fibre such as the viscosity and the solubility 

influence the digestion, the satiety and the transit time (Williams et al., 2001; 

Montagne et al., 2003). Dietary fibre is indeed as possible mean (causes, 

changes) to reduce nitrogen losses of production units and to improve pig 

intestinal health and animal welfare (Basset-Mens et al., 2005).

Objective

The presented study examines the influence of dietary fibre fermentation in 

the pig intestines on digestive processes. The object of the study was to verify 

effect of fibre on N redistribution between faeces and urine at different levels of 

nitrogen content in the diet.

MATERIAL AND METHODS

Eight (2 × 4) crossbred gilts progeny of Large White sows and Landrace 

boar of the Institute herd (starting weight 29.9±1.7 kg) were housed in 

metabolic cages.

After a 5-day recovery and habituation period before each of the two 

period, the pigs were randomly assigned to four dietary treatments according to 

a 4 × 4 Latin square design. Two dietary protein concentrations - high protein 

(HP) 18.8% and low protein (LP) 14.0% and two fibre levels - high fibre (HF) 

4.46%; low fibre (LF) 3.25% crude fibre were applied using 2 × 2 factorial 

arrangement.

Diets composed mainly from wheat, maize, soybean meal and in some 

models also sugar beet pulp. Diets were supplemented with lysine, methionine, 

tryptophan, threonine, isoleucine or valine to fit requirement an ideal amino 

acid profile. The same energy level in the diet was supplemented by rapeseed 

oil (Table 1). The pigs were fed in two equal feed doses at a daily rate of 90 

g/kg

0.75

. Within the experiment there were four consecutive periods each 

consisting of a 6-day preliminary period followed by a 2 × 48 hour collection 

period (7 to 8 day and 9 to 10 day). During the collection period, samples of 

urine and faeces were separately collected. Urine was collected via catheters, 

weighed and a 10 % aliquot was stored at -20°C. Faeces were collected, pooled, 

and stored at -20°C until analyses. 

Analyses of diet, urine and faeces samples for dry matter, total N and fibre 

were performed in accordance with standard methods of AOAC (1984). Feeds 

and faeces sample were analysed for dry matter (DM) after drying at 105°C for 

8 hours. Crude protein (N×6.25) was determined by the Kjeldahl method using 

a Kjell-Foss 16200 auto analyser (method 978.02).The ADF and NDF contents 

were determined using an The Fibertec™ 2010 fibre analyzer Tecator, Hoganas,

Sweden (method 2002.04). Chemical analyses were conducted in duplicate.  
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Table 1. Composition of basal diets 

Ingredient (g/kg diet) LPLF LPHF HPLF HPHF

Wheat 300.00 300.00 300.00 280.00

Maize 552.00 388.00 426.00 276.00

Soybean meal 86.90 88.80 223.00 231.00

Beet pulp - 150.00 - 150.00

Rapeseed oil 8.30 22.60 9.60 23.90

L-isoleucine 0.90 1.00 - -

L-lysine.HCl 5.80 5.70 1.70 1.40

DL-methionine 0.90 1.20 - -

L-threonine 2.20 2.40 0.30 0.40

L-tryptofan 0.40 0.50 - -

L-valine 0.90 1.10 - -

Monocalcium phosphate 14.10 14.10 12.70 12.70

Limestone 11.00 7.90 10.70 7.60

Salt 3.90 3.50 3.80 3.40

Vit.-min. premix

1

3.00 3.00 3.00 3.00

Analyzed nutrient contents (g/kg air-dry)

Dry matter 883.5 887.5 886.3 890.1

Crude protein 139.2 140.8 183.8 192.9

Crude fibre 30.4 45.6 34.6 43.6

LP- low protein, HP- high protein, LF- low fibre, HF- high fibre

1

 Supplied per kg of diet: vit. A 9 000 IU, vit. D3 1 50 – tocopherol 35.0 mg, vit. B1 1.7 

mg, vit. B2 6.0 mg, vit. B6 2.5 mg, Ca-panthothenate 15.0 mg, niacin 38.0 mg, vit. K3 2.0 mg, 

biotin 0.12 mg, cyanocobalamin 0.03 mg, choline 156 mg, Fe 103.0 mg, Zn 116.5 mg, Mn 49.0 

mg, Cu 40.0 mg, I 1.2 mg, Co 0.4 mg, Se 0.3 mg,

The experimental data were subjected to ANOVA. The differences between 

means were assessed using Student’s t-test and were considered significant at 

P<0.05. The data were fitted to linear regression equations with faecal N 

excretion regressed on fibre intake.

RESULTS AND DISCUSSION

Data provided by chemical analysis are summarized in Tab. 2 and Fig. 1. 

Nitrogen excretion was affected with the inclusion of beet pulp in the diets. 

Switch from urinary to faecal excretion was detected in all animals, the largest 

and significant in the HP diet group (P <0.05). The reduction for urinary 

nitrogen was -17.1% (LPLF vs. LPHF) and -13.2% (HPLF vs. HPHF). Total N 

excretion -6.4% (LPLF vs. LPHF) and -1,4% (HPLF vs. HPHF) was detected. 

Faecal N excretion was increased for +12.1% (LPLF vs. LPHF) and +34.4% 

(HPLF vs. HPHF). Our result with low protein diets is consistent with the 

findings of Galassi et al. (2007). On the typical average weight (150 kg) of the 

traditional Italian heavy pig (CP 14.0 % and CF 4.1 %) was N faecal excretion 

12.3 % as compared to control group (CP 13.5 and CF 3.2%). In the diet with 
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higher protein content and increasing fibre (CF 6.7%) found the reduction of 

faecal N to19.3%. 

Table 2. Effects of dietary protein (low and high) and fibre level (low and high) on N 

balance in growing pigs

Items
LPLF SEM LPHF SEM

HPLF SEM
HPHF SEM

N intake [g/d] 31.48±0.33

a

28.20±0.46

a

38.30±0.45

b

42.33±0.29

b

Faecal N [g/d] 4.63±0.22

a

5.19±0.19

ab

4.66±0.19

ab

6.26±0.19

b

Urinary N [g/d] 8.02±0.20

a

6.65±0.25

a

14.20±0.24

b

12.33±0.24

b

Total N excretion [g/d] 12.65±0.25

a

11.83±0.27

a

18.86±0.28

b

18.60±0.23

b

N retention [%] 59.899±0.24

a

57.72±0.23

a

50.44±0.11

b

55.99±0.20

a

Urinary/Faecal N 1.80±0.11

a

1.30±0.11

b

3.14±0.12

c

2.05±0.13

a

Crude fibre intake [g/d] 42.40±0.41

a

58.62±0.66

b

46.75±0.50

a

62.19±0.34

b

Different letters (a, b, c,) on the same row indicate that treatment means are significantly different 

at P < 0.05
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Figure 1. Distribution of nitrogen intake into the faeces and urine and nitrogen retention 

(expressed as % of nitrogen intake)

With different N content in the diet and approximately same fibre content 

different distribution of nitrogen in the faeces, urine, and total income was 

found. Increasing the nitrogen content in the diet up to +34.4% (LP vs. HP) and 

4.46% crude fibre (HF), increased N intake to 50.1%, the amount of nitrogen in 

the urine to 85.3% and the amount of nitrogen in the faeces to 20.7%. Diets 

with 3.25% crude fibre (LF), increased N intake 21.2%, nitrogen in the urine to 

77.0% and the amount of nitrogen in the faeces only to 0.8%. Nitrogen 

retention, expressed as a percentage of N intake was reduced in pigs fed with 

the low-protein diets and it was affected by fibre addition to the LPHF diet -
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3.3%. However fibre addition to the HP diet has influenced positively N 

retention: +11.0% (HPLF vs. HPHF) (P <0.05). The significant difference is 

likely caused by changes in the observed values of nitrogen intake (in the LP 

diet -10% and +10% for the HP diet). The basis for comparison is the group 

with a lower content of crude fibre. Zervas and Zijlstra (2002) were found 

greater decrease, in crude protein content of 18.5% and the addition of sugar 

beet pulp was N retention reduced to 12.0% compared to the control group. 

LP+HP
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Figure 2. Relationship between crude fibre intake and faecal nitrogen excretion

Regression analysis showed that faecal N (y) was a linear function of fibre 

intake (x) (Fig. 2). The relationship was described with an equation: y = 

0.0648x + 1.8199; (R

2

 = 0.321). The slope of the regression equation showed 

that each gram of fibre intake increased 64.8 mg N in faeces.

These results are consistent with those obtained in a previous experiment at 

our Institute (Brestenský et al., 2007) and by other researchers (Noblet and 

Bourdon, 1997; Ramonet et al., 2000).

CONCLUSIONS

These results suggest that reduction of protein content is an effective way 

to reduce nitrogen excretion, especially urinary nitrogen. Use of fibre sources 

high in fermentable carbohydrates can shift nitrogen excretion from urine to 

faeces, thereby reducing chances of ammonia emission.

Influence of protein and energy nutrition on health and environmental 

issues in various production systems still require further academic discussion.



P. Patráš et al.10

REFERENCES 

AOAC, 1984 - Official Methods of Analysis, Association of Official Analytical 

Chemists, 14th ed. Washington.

Aarnink, A.J.A. & Verstegen, M.W.A., 2007 - Nutrition, key factor to reduce 

environmental load from pig production, Livest. Sci., 109, 194-203.

Basset-Mens, C. & van der Werf, H.M.G., 2005- Scenario-based environmental 

assessment of farming systems: the case of pig production in France. Agric. 

Ecosystems Environ, 105, 127-144

Brestenský.M., Heger.J., Nitrayová.S., Patráš.P., 2007 - Ammonia emissions 

from pigs husbandry, possibility for their reduction. 

9.3.2007, 77, 10, 9-10 ISSN 1335-440X.

Galassi, G., Malagutti, L., Crovetto, G.M., 2007 - Growth and slaughter 

performance, nitrogen balance and ammonia emission from slurry in pigs 

fed high fibre diets. In: Italian Journal of Animal Science. 6, 3: 227-239.

Nahm, K.H., 2003 - Influence of fermentable carbohydrates on shifting nitrogen 

excretion and reducing ammonia emission of pigs, Crit. Rev. Environ. Sci. 

Technol., 30, 165-186

Montagne, L., Pluske, J.R. & Hampson, D.J., 2003 - A review of interactions 

between dietary fibre and the intestinal mucosa, and their consequences on 

digestive health in young non-ruminant animals, Anim. Feed Sci. Technol., 

108, 95-117

Noblet, J. & Bourdon. D., 1997 - Valeur énergétique comparée de onze matiéres 

premiéres chez le porc en croissance et la truie adulte. Journées Rech. 

Porcine en France, 29, 221-226

Ramonet, Y., Robert, S., Aumaître, A., Dourmad, J.Y., Meunier-Salaün, M.C.,

2000 - Influence of the nature of dietary fibre on digestive utilization, some 

metabolite and hormone profiles and the behaviour of pregnant sows. 

Anim. Sci. 70, 275-286

Williams, B.A., Verstegen, M.W.A. & Tamminga, S., 2001 - Fermentation in 

the large intestine of single-stomached animals and its relationship to 

animal health. Nutr. Res. Rev. 14. 207-227.

Zervas, S. & Zijlstra, R.T,  2002- Effects of dietary protein and fermentable 

fiber on nitrogen excretion patterns and plasma urea in grower pigs. J. 

Anim. Sci. 80:3247- 3256.


