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Abstract: The aim of this study was to determine the effect of different sources of vegetable protein in diets
for growing-finishing pigs on total protein digestibility, and on the levels of nitrogen retention, utilization and
excretion to the environment. Digestibility and balance trials were conducted twice, on 24 growing-finishing
pigs weighing 40 kg (fed grower diets) and 75 kg (fed finisher diets). The animals were placed in individual
metabolism cages and were divided into three groups, as follows: SBM (control) group fed a diet in which the
only protein source was genetically modified soybean meal, and two experimental groups fed diets containing
alternative sources of vegetable protein: RSM+FB group (00-rapeseed meal + faba bean seeds) and RSM+FP
group (00-rapeseed meal + field pea seeds).

It was found that 00-rapeseed meal and faba bean seeds (RSM+FB) used as a substitute for soybean meal
(SBM) in diets for growing-finishing pigs significantly decreased total protein digestibility, increased fecal
nitrogen excretion, and reduced nitrogen retention and utilization. The combination of 00-rapeseed meal and
field pea seeds (RSM+FP) improved nitrogen balance parameters in pigs, compared with the RSM+FB group,
and the obtained values were similar to those noted in the SBM group. The use of alternative dietary vegetable
protein sources in pig production reduced urinary nitrogen excretion. It was estimated that an average pig fed
grower and finisher diets with 00-rapeseed meal and faba bean seeds excreted in feces and urine 7.0/3.1 % and
3.6/2.6 % N more, in comparison with an average pig fed control diets with soybean meal and diets with
00-rapeseed meal and field pea seeds, respectively.

Keywords: sources of vegetable protein, protein digestibility, nitrogen balance, nitrogen excretion to the
environment, growing-finishing pigs

High production levels and high population density on commercial pig farms
constitute a potential threat to the environment, mostly due to high emissions of NH3,
methane and phosphorus. In view of the above, this study investigated the implementa-
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tion of environment-friendly pig production technologies aimed to reduce the load put
on the environment by the unused excess and indigestible nutrients.

From the perspective of pig nutrient requirements, protein contained in rapeseed
meal is characterized by a highly desirable amino acid composition. This protein
contains less lysine and more methionine, cystine, threonine and tryptophan, compared
with protein derived from soybean meal and legume seeds [1, 2]. The ileal and fecal
digestibility of protein and lysine derived from rapeseed meal is lower, in comparison
with other high-protein feeds [3]. However, rapeseed protein has a high biological value
due to good proportions of amino acids [4]. Protein contained in faba bean and field pea
seeds has a high lysine content and low concentrations of methionine and tryptophan
[5]. The lysine to methionine and cystine ratio in this protein is 1:03 [6], while the
proportion between these amino acids in diets for growing pigs should be in the
1:0.65–0.70 range [7]. Therefore, the above feed components cannot be the only source
of supplemental protein in pig diets – they should be offered together with high-protein
feeds with an increased methionine content or supplemented with crystalline methio-
nine. 00-rapeseed meal may be a good supplement to protein derived from legume seeds
in diets for growing-finishing pigs. The combination of rapeseed meal and faba bean or
field pea in pig nutrition can be beneficial due to their complementary protein amino
acid composition. All of these feed components are also easily available on the
domestic market. However, they contain numerous anti-nutritional factors whose
presence may exert a negative effect.

The aim of this study was to determine the effect of different sources of vegetable
protein in diets for growing-finishing pigs on total protein digestibility, and on the
levels of nitrogen retention, utilization and excretion to the environment.

Materials and methods

Two digestibility and balance trials were conducted to determine total protein
digestibility (by the simple balance method) and nitrogen balance in pigs fed complete
grower and finisher diets. A six-day experimental period proper was preceded by an
eight-day adaptation period. The experiment was performed on 24 young hybrid (Polish
Large White x Polish Landrace) x Duroc) boars with average body weight of
approximately 40 kg at the beginning of experiment I, and approximately 75 kg at the
beginning of experiment II, divided into three experimental groups. The animals were
placed in individual metabolism cages, with free access to water, and were fed
a restricted ration of complete grower and finisher diets whose composition is presented
in Table 1.

During the experimental period proper, the entire amounts of feces and urine were
collected. 5 % samples of the total amount of feces excreted daily were collected,
preserved with sulfuric acid and assayed for total nitrogen content. Urine collected into
containers was preserved with sulfuric acid, to ensure pH below 2, and 5 % samples
were assayed for total nitrogen content [8]. Nitrogen losses to the environment were
estimated based on nitrogen intake and fecal and urinary nitrogen excretion.
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Table 1

Chemical composition and nutritive value of complete diets grower and finisher [%]

Specification

Diets for growing pigs Diets for finishing pigs

SBM*
RSM
+FB

RSM
+FP

SBM*
RSM
+FB

RSM
+FP

Source of vegetable protein

Soyabean meal 19.50 6.00 6.00 13.50 — —

Rapeseed meal “00” — 15.00 15.00 — 15.00 15.00

Field bean var. “Nadwiœlañski” — 10.00 — — 10.00 —

Field pea var. Albatros — — 15.00 — — 15.00

Other raw materials mixtures

Barley 57.20 45.79 45.69 63.93 52.45 52.45

Wheat 20.00 20.00 20.00 20.00 20.00 20.00

Vitamin and mineral supplement** 3.15 3.15 3.15 2.45 2.45 2.45

L-lysine [HCl, 78 %] 0.15 0.06 0.06 0.12 0.10 0.10

Nutritive value [g/kg]

Crude protein 171.00 170.80 172.70 153.10 153.70 153.10

Digestible crude protein 141.00 128.00 131.00 129.00 122.00 123.00

Lysine 9.46 9.52 9.44 7.97 8.22 7.97

Methionine + cystine 5.96 6.62 6.65 5.00 6.10 6.16

Threonine 6.25 6.74 6.73 5.43 5.94 5.93

Tryptophan 2.09 2.11 2.09 1.62 1.84 1.44

Metabolizable energy [MJ/kg] 13.05 12.47 12.82 13.26 12.77 12.75

Lysine/metabolizable energy [g/1 MJ ME] 0.72 0.76 0.74 0.60 0.64 0.63

** SBM – postextractive soybean meal – control; RSM+FB – postextractive 00-rapeseed meal + field bean;
RSM+FP – postextractive 00-rapeseed meal + field pea.
** Limestone – 1.30/0.90, dicalcium phosphate – 0.60/0.60, salt – 0.25/0.25, mineral-vitamin premix
grower/finisher – 1.00/0.70 %.

The digestible protein content of experimental diets was determined based on the
digestibility coefficients calculated during digestibility trials. The levels of lysine,
methionine, cystine, threonine and tryptophan in diets were calculated based on the
concentrations of the above amino acids in feed raw materials used for diet formulation.
The amount of metabolizable energy was determined based on the chemical com-
position of diets, the findings of Sobotka [9], and an equation developed by Hoffman
and Schieman and modified by Muller and Kirchgessner [6].

The results regarding protein digestibility and nitrogen balance were verified
statistically by a one-factor analysis of variance (ANOVA) and Duncan’s multiple range
test, using STATISTICA 8.1 software [10].

Results and discussion

As shown in Table 2, the source of dietary vegetable protein affected total protein
digestibility and nitrogen balance parameters in pigs.
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Table 2

Digestibility of protein and utilization of nitrogen from grower and finisher concentrates differing
in dietary protein source

Specification

Source of vegetable dietary protein

Concentrates for growing pigs Concentrates for finishing pigs

SBM*
0+0

RSM+FB
15+10

RSM+FP
15+15

SBM*
0+0

RSM+FB
15+10

RSM+FP
15+15

Digestibility of coefficient [%]

Crude protein [N × 6.25] 82.4Aa 75.2Ba 79.1ABb 84.1A 79.6B 80.2B

Daily nitrogen balance [g/day]

N intake 60.2 60.1 60.8 68.6 68.7 68.6

Fecal N excretion 10.6B 14.9Aa 12.7Ab 10.8B 14.2A 13.6A

Fecal N excretion / N intake [%] 17.6 23.7 20.5 15.7 20.6 20.3

N digested 49.6a 45.3b 48.1b 57.8b 54.5a 55.0a

Urinary N excretion 25.3 23.5 24.3 33.2 31.4 30.8

Urinary N excretion /N intake [%] 42.0b 39.1a 39.9ab 48.4b 45.6a 44.9a

Retention 24.3 b 21.8 a 23.8 b 24.4 23.1 24.3

Nitrogen utilization [%]

Digested / intake 82.4Aa 75.2Ba 79.1ABb 84.2A 79.5B 80.2B

Retention / intake 40.4a 36.2 b 39.1ab 35.5a 33.7b 35.4ab

Retention / digested [PVB]** 49.0 48.1 49.5 42.2 42.4 44.2

* See Table 1; ** apparent biological value of protein; a, b – p £ 0.05; A, B – p £ 0.01.

The substitution of 00-rapeseed meal and faba bean seeds for genetically modified

soybean meal in RSM+FB grower and finisher diets (in 78 % and 100 % respectively)

caused a highly significant decrease in total protein digestibility. The combination of

00-rapeseed meal and field pea seeds (RSM+FP) improved protein digestibility,

compared with diets containing 00-rapeseed meal and faba bean seeds, while the values

of protein digestibility obtained for diets with soybean meal (SBM) were slightly

higher. The above was most probably due to the presence of anti-nutritional factors in

the analyzed sources of vegetable protein.

At comparable nitrogen intake, pigs fed grower and finisher diets with 00-rapeseed

meal and faba bean seeds (RSM+FB) or with 00-rapeseed meal and field pea seeds

(RSM+FP) excreted highly significantly more nitrogen in feces (14.9/14.2 g and

12.7/13.6 g respectively) than pigs fed control SBM diets with genetically modified

soybean meal (10.6/10.8 g). It should be stressed, however, that 00-rapeseed meal and

field pea seeds proved to be better substitutes for soybean meal protein than 00-rapeseed

meal and faba bean seeds. This resulted from differences in total protein digestibility in

these feed components. Lower urinary nitrogen excretion (statistically non-significant

differences) was noted in pigs fed grower and finisher RSM+FB and RSM+FP diets,

compared with animals receiving SBM diets. This suggests that protein derived from

rapeseed meal and legume seeds had more desirable proportions of essential amino
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acids. Also Gatel and Grosjean [11] and Shriver et al [12] reported that supplementing
protein with lysine and methionine in diets for pigs reduced urinary nitrogen excretion.

The results of table Table 3 shows that the source of dietary vegetable protein had
little affected on the elimination nitrogen to the environment.

Table 3

Nitrogen excretion levels as dependent on the source of vegetable dietary protein
in the growing-finishing pigs [g]*

Specification
SBM**

0+0
RSM+FB

15+10
RSM+FG

15+15

Diets for growing pigs [40 kg BW]

N intake 842.8 841.7 851.1

Fecal N excretion 148.4 208.6 177.8

Urinary N excretion 354.2 329.0 340.2

Total N excretion 502.6 537.6 518.0

Nitrogen excretion levels as dependent on the source protein

[g] 0.0 +35 +15.4

[%] 100 107.0 103.1

[g] — 0.0 –19.6

[%] — 100 96.4

Diets for finishing pigs [75 kg BW]

N intake 960.2 964.0 960.2

Fecal N excretion 151.2 198.8 190.4

Urinary N excretion 464.8 439.6 431.2

Total N excretion 616.0 638.4 621.6

Nitrogen excretion levels as dependent on the source protein

[g] 0.0 +22.4 +4.4

[%] 100 103.6 101.0

[g] — 0.0 –16.8

[%] — 100 97.4

* Analysis performed during digestibility and balance trials; ** see Table 1.

Increased fecal nitrogen utilization in pigs receiving vegetable protein sources
alternative to soybean meal resulted in slightly lower nitrogen retention and worse
nitrogen utilization in relation to nitrogen intake. It was estimated that an average pig fed
grower and finisher diets with 00-rapeseed meal and faba bean seeds excreted in feces and
urine 7.0/3.1 % and 3.6/2.6 % N more, in comparison with an average pig fed control
diets with soybean meal and diets with 00-rapeseed meal and field pea seeds respectively.

Conclusions

1. 00-rapeseed meal and faba bean seeds used as a substitute for genetically modified
soybean meal in diets for growing-finishing pigs negatively affected total portein
digestibility, fecal nitrogen excretion, nitrogen retention and utilization.
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2. The combination of 00-rapeseed meal and field pea seeds improved nitrogen
balance parameters in pigs, compared with diets containing 00-rapeseed meal and faba
bean seeds.

3. The use of alternative dietary vegetable protein sources in pig production reduced
urinary nitrogen excretion.

4. It was estimated that an average pig fed grower and finisher diets with 00-rapeseed
meal and faba bean seeds excreted in feces and urine 7.0/3.1 % and 3.6/2.6 % N more,
in comparison with an average pig fed control diets with soybean meal and diets with
00-rapeseed meal and field pea seeds respectively.
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WP£YW �RÓD£A BIA£KA ROŒLINNEGO NA WYDALANIE AZOTU
DO ŒRODOWISKA W TUCZU ŒWIÑ

Katedra ¯ywienia Zwierz¹t i Paszoznawstwa
Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: Celem badañ by³o okreœlenie wp³ywu ró¿nych Ÿróde³ bia³ka roœlinnego w mieszankach paszowych
dla tuczników na strawnoœæ bia³ka ogólnego, retencjê azotu i jego wykorzystanie oraz na iloœæ azotu
wydalonego do œrodowiska. Badania strawnoœciowo-bilansowe przeprowadzono dwukrotnie, na 24 tucz-
nikach utrzymywanych indywidualnie w klatkach metabolicznych, przy masie cia³a 40 kg (mieszanki grower)
i 75 kg (mieszanki finiszer), przydzielonych do trzech grup doœwiadczalnych: SBM (kontrolna) – ¿ywiona
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mieszank¹ wy³¹cznie z bia³ka pochodz¹cego z genetycznie modyfikowanej poekstrakcyjnej œruty sojowej

i doœwiadczalnych ¿ywionych mieszankami zawieraj¹cymi alternatywne Ÿród³a bia³ka roœlinnego: RSM+FB

(poekstrakcyjna œruta rzepakow¹ “00” + nasiona bobiku), oraz RSM+FP (poekstrakcyjna œruta rzepakowa

“00” + nasiona grochu).

Stwierdzono, ¿e u¿ycie w mieszankach paszowych dla tuczników poekstrakcyjnej œruty rzepakowej “00”

i nasion bobiku (RSM+FB) jako alternatywnego Ÿród³a bia³ka roœlinnego w odniesieniu do poekstrakcyjnej

œruty sojowej (SBM), statystycznie istotnie obni¿y³o strawnoœæ bia³ka ogólnego, zwiêkszy³o wydalanie N

w kale, zmniejszy³o retencjê N i jego wykorzystanie. Po³¹czenie poekstrakcyjnej œruty rzepakowej

z nasionami grochu (RSM+FP) poprawi³o analizowane parametry gospodarki azotowej w organizmie œwiñ

w porównaniu do grupy RSM+FB i by³y to tak¿e wartoœci zbli¿one do wyników bilansu azotu uzyskanych

w grupie SBM. Stosowanie alternatywnych Ÿróde³ bia³ka w tuczu œwiñ zmniejszy³o wydalanie azotu

w moczu. Oszacowano, ¿e tucznik ¿ywiony mieszank¹ grower/finiszer z udzia³em poekstrakcyjnej œruty

rzepakowej “00” i bobiku wydala³ w kale i moczu o 7,0/3,1 % wiêcej N do œrodowiska ni¿ tucznik z grupy

z poekstrakcyjn¹ œrut¹ sojow¹ i o 3,6/2,6 % w porównaniu do tucznika otrzymuj¹cego w dawce

poekstrakcyjn¹ œrutê rzepakow¹ ³¹cznie z grochem.

S³owa kluczowe: Ÿród³a bia³ka roœlinnego, strawnoœæ bia³ka, bilans azotu, wydalanie azotu do œrodowiska,

tuczniki

Effect of the Source of Vegetable Dietary Protein... 663


