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Gembloux, Belgium

(Received 25 February 2008; Accepted 12 August 2008)

The objective of this experiment was to compare the nutritional properties of potato protein concentrate, a by-product of the
starch industry produced entirely in Europe, with that of soybean meal (SBM), for growing cattle. The experiment was conducted on
double-muscled Belgian Blue bulls, fitted with rumen, duodenal and ileal cannulas, according to a 4 3 4 Latin square design. They
were fed three different iso-N and iso-net energy diets formulated according to the Dutch feed evaluation system, differing in the
nature of the main protein source, which was either SBM (‘SBM’ treatment), potato protein concentrate (PPC, ‘PPC’ treatment) or
an iso-N mixture of these two protein sources (‘mixed’ treatment). A fourth treatment consisted of ‘PPC’ supplemented by 9.5%
digestible proteins supplied by duodenal perfusion of sodium caseinate (CAS, ‘PPC 1 CAS’ treatment). No significant difference was
observed in the ruminal fluid pH, whereas both ‘PPC’ and ‘PPC 1 CAS’ had the effect of reducing the ruminal ammonia nitrogen
(N-NH3) concentration. No significant difference was observed in the apparent intestinal digestibility of the dry matter (DM), organic
matter (OM) or N. Outflows of non-NH3-N, microbial proteins and dietary proteins from the rumen were similar for ‘PPC’, ‘SBM’
and ‘mixed’, and increased with CAS infusion by 20%, 17% and 27%, respectively. On the basis of in vivo observations, the
degradability of SBM and PPC proteins was estimated at 0.60 and 0.43, respectively, corresponding to the values quoted in the
literature. The supply of digestible essential amino acids (EAA) was significantly greater with ‘PPC 1 CAS’ and did not differ among
‘SBM’, ‘mixed’ and ‘PPC’. This illustrates the difficulty of altering the amino acid (AA) pattern of digestible protein by the nature of
the protein of dietary origin when an animal is fed a high nutritional value diet. N retention was not affected by replacing SBM
with PPC, but increased by 10% with CAS infusion. On the basis of the plasma AA pattern, the supply of digestible Met was
probably limiting with ‘SBM’, ‘mixed’ and ‘PPC’. The CAS perfusion supplemented all AA, including Met, leading to increased N
retention. This improvement was limited, however, and N utilisation remained unchanged between treatments. In conclusion,
despite a more favourable EAA pattern, PPC offered no advantage compared with SBM for growing bulls when diets were
formulated according to the Dutch feed evaluation system.
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Introduction

According to the National Institute of Statistics (INS, 2006),
more than half the total number of dairy cows and suckling
cows in Belgium belong to the Belgian Blue breed. About
one-third of Belgian beef is produced by fattening the

Belgian Blue bull and a good proportion of the residual
production comes from culled Belgian Blue cows (Cabaraux
et al., 2005; Cuvelier et al., 2006).

Since the creation of the Belgian Blue Herd-Book in 1973,
breed selection has become increasingly oriented towards
meat type and has succeeded in producing animals with
highly developed hindquarters, expressing the double-
muscled gene. This has the advantage of producing animals- E-mail: froidmont@cra.wallonie.be
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with a high carcass yield and carcasses with a high proportion
of muscle (78.1%), minimal fat (7.5%) and minimal bone
(13.4%) (Michaux et al., 1983). Owing to these specific
features, however, the Belgian Blue bull is demanding in
terms of feeding, having specific needs with regard to
digestible proteins and net energy (De Campeneere et al.,
2001a), along with reduced intake capacity compared with
animals with a normal conformation (Fiems et al., 1997). An
earlier study (Rondia et al., 2006) showed that a conventional
diet based on soybean meal (SBM) and maize silage, for-
mulated to meet the needs of the Belgian Blue bull according
to Dutch standards, failed to supply the essential amino acids
(EAA). Feeding a supplement enriched with certain EAA
increased the animals’ mean daily weight gain by 250 g/day
and improved the use of dietary N. Unfortunately, many
amino acids (AAs) are likely to be co-limiting in cattle bred for
meat production (Merchen and Titgemeyer, 1992; Zinn and
Shen, 1998). In addition, the type of AA used in the sup-
plement made them uncompetitive economically. It would be
interesting to find protein sources offering better biological
value than conventional protein sources in order to optimise
the diet formulation for such cattle.

Under many feeding conditions, most of the digestible
protein is supplied by micro-organisms in the rumen (Clarck
et al., 1992). These proteins have a good AA pattern, but
lack Met and Lys (Richardson and Hatfield, 1978; Storm and
Ørskov, 1984), compared with the composition of the ideal
protein. At most, they result in a mean daily weight gain of
1 kg/day (Titgemeyer and Merchen, 1990). SBM is one of the
main protein sources fed as a supplement to Belgian Blue
bulls and, like all leguminous proteins, contains little Met and
is largely degraded in the rumen (0.67, Sauvant et al., 2002).
Proteins from cereal co-products are richer in Met, but quite
often have a low Lys content. Among the other protein
sources produced in Europe, potato protein concentrate (PPC)
is distinguished by its high Met and Lys content, reaching
2.2% and 7.6% of CP, respectively (Sauvant et al., 2002). The
production comes entirely from European countries and was
estimated to be 80 000 T in 2007. In sacco measurements
indicate that this protein source has the advantage of being
hardly degraded in the rumen (0.43, Sauvant et al., 2002;
0.28, Krzywiecki et al., 2003), and ought therefore to be a
very good complement to protein of microbial origin. Several
studies have mentioned the high biological value of PPC for
children (Lopez de Romana et al., 1981), piglets (Kerr et al.,
1998) and calves (Montagne et al., 2001 and 2003). A
comparison of its EAA pattern with SBM shows that PPC is
proportionally richer in seven of the nine EAA (Sauvant et al.,
2002). Its nutritional value for beef cattle has not hitherto
been studied in detail.

The main aims of this study were as follows:

1. To compare the nutritional value, based on in vivo
measurements, of PPC and SBM for growing double-
muscled Belgian Blue bulls.

2. To gauge the ability of PPC to improve the EAA pattern
of the digestible protein compared with SBM when used

at practical incorporation rates in diets formulated
according to the Dutch feed evaluation system.

3. To assess the need to improve the EAA pattern of the
digestible protein under these feeding conditions.

Material and methods

Animals
Four Belgian Blue bulls (initial body weight (BW): 315 6

21.9 kg, final BW: 379 6 30.4 kg), fitted with a ruminal
cannula (67 mm i.d.) and a T-type cannula in the proximal
duodenum and the terminal ileum, were individually
penned (1.5 m 3 2.5 m). The experimental protocol was
approved by the Walloon Agricultural Research Centre
Animal Care and Use Committee, and followed the ethical
policy of the journal.

Treatments
Three iso-N and iso-net energy diets were formulated to
supply the animals with 112 g of true digestible protein in
the small intestine, according to Dutch standards (DVE) and
1.96 Mcal of net energy for fattening (NEF) in line with the
Dutch feed evaluation system (Van Es and Van der Honing,
1977; Tamminga et al., 1994). The diets differed in terms of
the origin of the greater part of the protein, which was
supplied by SBM (‘SBM’ treatment), PPC (‘PPC’ treatment –
Tubermine�R GP, Roquette, Lestrem, France) or an iso-N
mixture of these two protein sources (‘mixed’ treatment’;
Table 1). The SBM and/or PPC were added to the diet in
order to provide 30% of the dietary DVE. The rumen
degradable protein balance according to Dutch standards
(OEB) of the diets was 0 g/kg dry matter (DM), reflecting
a perfect balance in the supply of fermentable nutrients.
The diets were formulated to supply similar amounts of
acid detergent fibres (ADF), neutral detergent fibres (NDF)
and crude fibres, and also to provide 95 g of DVE per
1.65 Mcal of NEF, a ratio considered optimum for the
Belgian Blue bull during the growing period (De Campeneere
et al., 2001a).

A fourth treatment (‘PPC 1 CAS’) consisted of ‘PPC’ sup-
plemented by 9.5% theoretical DVE supplied by continuous
duodenal perfusion of sodium caseinate (CAS; Table 1). This
treatment was included in order to assess the need to
improve the EAA pattern of the digestible protein under our
experimental conditions. CAS was chosen for the high bio-
logical value of its proteins and complete digestibility in
the small intestine (Froidmont et al., 2000). The treatments
were implemented according to a 4 3 4 Latin square design.

The intake level was fixed at 81 g/kg0.75 per day at the
start of the experiment. The diets were fed twice a day
(0800 and 2000 h) in equal amounts and fresh water was
available at all times. Throughout the experiment, chromic
sesquioxide (10 g/meal) was administered in the rumen just
before the meals in order to determine the nutrient flows
in the digestive tract. Refusals were collected daily before
the morning feed, weighed and then dried at 608C.
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Experimental protocol and sample collection
The perfusion solution was prepared daily by mixing CAS
(69.0 g/day on average) with warm water. The weight of the
solution was adjusted to exactly 6 kg. It was changed each
morning and administered with the aid of a peristaltic
pump (Watson-Marlow, model 502S, Zwijnaarde, Belgium)
adjusted to deliver the whole solution continuously at a
constant rate over 231

2 h.
Each experimental period consisted of 5 days for diet

adaptation and 10 days of sampling. Samples of the diets
were obtained for each period and kept at an ambient
temperature until analysis. Faeces were collected daily for
the first 7 days of sampling, sampled (approximately 400 g
of DM) and then frozen until analysis. Over the same
period, all the urine was collected with the aid of a collector
similar to that described by Veenhuizen et al. (1984), and
weighed and sampled (100 ml) daily before freezing. During
collection, the urine was regularly acidified (2 N H2SO4) to
keep the pH always below 3 and thus prevent ammonia
volatilisation. On sampling day 8, duodenal and ileal sam-
ples (approximately 400 ml) were collected 0, 3, 6 and 9 h
after the morning meal and frozen at 2208C. Blood was
taken from the jugular vein 3 h after the morning feed,
using tubes containing EDTA as an anti-coagulant (Becton
Dickinson Venoject Vacutainer, EDTA K3 Sol, NJ, USA).
On sampling day 9, free bacteria present in the duodenal

content, sampled as on the preceding day, were isolated as
described by Poncet and Rémond (2002) and pooled per
animal before freezing and analysis. The last sampling day
was devoted to ruminal fluid collections (approximately 1 l)
0, 2, 4, 6, 8 and 10 h after the morning meal.

Laboratory analyses
Concentrate, hay and feed refusals gathered per animal for
each sampling period were ground through a 1 mm screen
(Fritsch, Pulverisette 14, Idar-Oberstein, Germany) before
the DM, ash and N (Association of Official Analytical
Chemists, AOAC, 990.03, 1990), crude fibre (AOAC, 962.09,
1990), ADF (AOAC, 973.18, 1990) and NDF (Van Soest
et al., 1991) analyses were conducted. The diet ingredient
samples were also analysed using NIRS (FOSS NIRSystems,
MD, USA, local procedure of WINISI 1.5 software for con-
centrate, global procedure of WINISI 1.5 software for hay)
in order to deduce the theoretical NEF, DVE and OEB
content (Centraal Veevoederbureau, CVB, 2000).

After freeze-drying and grinding (1 mm), the DM, ash, N
(AOAC, 990.03, 1990) and chromic sesquioxide (François
et al., 1978) were determined in the faeces. After thawing
the samples, total N (AOAC, 990.03, 1990) was also deter-
mined in the urine samples.

The pH of ruminal fluid was measured (Combo, Hanna,
Temse, Belgium) just before filtration (250 mm). A 250 ml
sample was then retained for subsequent analyses and the
rest was returned directly to the rumen. After centrifugation
(1.200 g 3 10 min), the supernatant was acidified with
H2SO4 to pH 3 for ammonia nitrogen (N-NH3) determination
(AOAC, 941.04, 1984).

Duodenal and ileal samples were freeze-dried, ground
through a 1 mm screen and pooled per animal and experi-
mental period before the DM, ash, N (AOAC, 990.03, 1990),
N-NH3 (AOAC, 941.04, 1984), chromic sesquioxide (François
et al., 1978) and purine (Valkeners et al., 2006) were deter-
mined. A sub-sample of the intestinal content was ground to
0.5 mm to determine the AA after acid hydrolysis (25 mg of
sample in 15 ml of HCl 6 N at 1108C for 21 h), following an
HPLC method (Cohen and Strydom, 1988). Met and Cys were
determined separately after protection by performic oxidation
(Cohen and Strydom, 1988). The N (AOAC, 990.03, 1990) and
purines (Valkeners et al., 2006) were measured on bacteria
samples. Their organic matter (OM) content was also deter-
mined on bacteria pooled per diet.

The blood was centrifuged at 2.600 3 g for 15 min imme-
diately after collection. The plasma was extracted and frozen
in order to analyse free AA (Cohen and Strydom, 1988) after
precipitating the proteins with NaOH and filtering at 0.2 mm.

Calculations and statistical analyses
Statistical analyses were conducted following the GLM
procedure in the Statistical Analysis System Institute Soft-
ware (SAS, 2004, version 9.1.3), using an ANOVA model
corresponding to a Latin square design. Three effects (animal,
period and treatment) were considered for intake, the ruminal
degradability of the nutrients, the microbial proteosynthesis

Table 1 Composition and nutritional value of diets and nature of
treatments

Treatments

SBM Mixed PPC PPC 1 CAS

Ingredients (g/kg DM)
Meadow hay 263.0 306.5 350.0 350.0
Maize 250.0 240.8 231.6 231.6
Winter barley 178.4 189.2 200.0 200.0
Wheat 20.2 40.0 59.9 59.9
Dehydrated beet pulp 122.0 76.2 30.4 30.4
SBM 128.0 64.0 – –
PPC – 30.0 60.0 60.0
Urea – 1.78 3.56 3.56
Oil 20.0 30.0 40.0 40.0
Minerals and vitamins 18.4 21.5 24.6 24.6

Duodenal perfusion (g/day DM)
CAS 0 0 0 69.0

Nutritional value of diets
CP (g/kg DM) 149.5 147.6 150.5 150.5
Crude fibre (g/kg DM) 125.5 130.3 124.0 124.0
NDF (g/kg DM) 276.8 281.5 278.7 278.7
ADF (g/kg DM) 157.5 159.4 150.9 150.9
NEF (Mcal/kg DM) 1.94 1.96 1.98 1.98
DVE (g/kg DM) 111.8 112.9 113.9 113.9
OEB (g/kg DM) 0 0 0 0

SBM 5 soybean meal; PPC 5 potato protein concentrate; CAS 5 sodium
caseinate; NEF 5 net energy for fattening; DM 5 dry matter; DVE 5 true
digestible protein in the small intestine according to the Dutch standard; OEB 5

rumen degradable protein balance calculated according to the Dutch standards.
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yield, the supply of digestible nutrients, the nutrient digest-
ibility, the plasma AA content, the N balance components and
the rumen fermentation parameters at each sampling hour.
Least-square means were presented and the statistical inci-
dence of ‘SBM’ v. ‘mixed’, ‘PPC v. mixed’, ‘SBM’ v. ‘PPC’ and
‘PPC’ v. ‘PPC 1 CAS’ was evaluated by using orthogonal
contrasts.

The nutrient flows in the duodenum and ileum and the
faecal output were calculated with reference to chromic
sesquioxyde. The proportion of microbial N flowing in the
duodenum was calculated by dividing the duodenal
purine : N ratio by the corresponding purine : N ratio of
duodenal bacteria. The apparent degradability of a nutrient
was calculated by relating the amount of this nutrient
apparently disappearing from the rumen (intake – total
duodenal flow) to the intake of this nutrient. The true
degradability of a nutrient was calculated by relating the
amount of this nutrient really disappearing from the rumen
(intake – total duodenal flow 1 microbial duodenal flow)
to the intake of this nutrient.

The ruminal degradability of the N supplied by the SBM
and PPC was assessed by the difference method. In the
case of ‘SBM’ and ‘PPC’, therefore, the duodenal supply of
dietary N (DDN) from the SBM or PPC was determined by
deducting from the total DDN flow the portion provided by
the other ingredients (Eq. (1)). This was estimated by taking
into account the daily quantity of N supplied by each raw
material other than SBM and PPC and the theoretical
ruminal N degradability (RND) of their respective fractions
(Eq. (2)). The values of these RND were 0.67 (Baumont
et al., 2007), 0.43, 0.71, 0.76, 0.52 and 1.00 (Sauvant et al.,
2002) for hay, maize, winter barley, wheat, dehydrated beet
pulp and urea, respectively. Total DDN was estimated by
deducting the microbial N flow assessed using the purines
as a bacterial marker and the endogenous N flow (1.9 g/kg
DMI – National Research Council, NRC, 2001) from the
total duodenal N flow (Eq. (3)). According to Hvelplund
(1985), intestinal protein perfusion does not alter the
endogenous protein secretions:

DDNSBM ðor PPCÞ ¼ DDNtotal � DDNother ingredients: ð1Þ

All values in g/day.

DDNother ingredients ¼
X
ðRND � N intakeÞother ingredients:

ð2Þ

All values in g/day except for RND.

DDNtotal ¼ Ntotal � Nmicrobial � Nendogenous: ð3Þ

The RND of the SBM (or PPC) was then calculated
according to Eq. (4):

RNDSBM ðor PPCÞ ¼ DDNSBM ðor PPCÞ=N intakeSBM ðor PPCÞ: ð4Þ

All values in g/day except for RND.

According to Dutch feeding standards (Tamminga et al.,
1994), the DVE content of a diet corresponds to the sum of
digestible proteins of dietary (DVBE) and microbial (DVME)
origin in the small intestine minus its contribution to faecal
endogenous protein losses (DVMFE). The DVE supply with
the different diets was calculated from in vivo measure-
ments according to Eq. (5):

DVE ¼ DVBEþ DVME� DVMFE ðall values in g=kg DMÞ:

ð5Þ

In the DVE/OEB system (Tamminga et al., 1994), DVMFE
are fixed at 75 g/kg indigestible DM. DVME corresponds to
the duodenal flow of microbial proteins multiplied by their
true digestibility in the small intestine (0.85) and their AA
content (0.75). The DVBE represents the duodenal flow of
dietary proteins corrected by their true digestibility (0.80).

The OEB value represents the balance between the N
and the energy available for microbial proteosynthesis in
the rumen. According to Tamminga et al. (1994), 150 g of
microbial proteins per kg of truly fermentable organic
matter (FOM) are synthesised in the rumen. Thus, the OEB
value of the diets was estimated from in vivo measure-
ments using Eq. (6), where the difference between N intake
and total DDN represented the N used for microbial proteo-
synthesis in the rumen:

OEB ¼ ðN used for micro� organismsÞ

� ðFOM� 150=1000Þ: ð6Þ

All values in g/kg DM.

Results

Rumen fermentation parameters
Treatments did not influence the pH of the rumen fluid at
any time after the meal, but induced some variations in the
N-NH3 concentration (Table 2). The main difference identi-
fied by the contrasts analysis concerned the lower N-NH3

concentration with ‘PPC’ compared with ‘SBM’ at several
sampling times.

Intake, degradability and digestibility of nutrients
Due to refusals, DM intake decreased by 3% with the PPC-
based treatments (Table 3) and significantly affected the
nutrient intake, even if absolute differences were slight. No
effect of treatments was observed in rumen degradability,
but infusing CAS in the small intestine tended to decrease N
degradability. The nutrient digestibility in the small intestine
remained unchanged, whereas faecal N digestibility was
increased by PPC-based treatments.

The origin of N outflow from the rumen, corresponding to the
duodenal flow without taking the infusion into account, did not
differ among ‘SBM’, ‘mixed’ and ‘PPC’ (Table 4). Surprisingly,
the CAS infusion increased the rumen N outflow while acting as
much on the dietary N than on the microbial N component
(P , 0.1), and thus induced a significant increase in the
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digestible N supply. The microbial proteosynthesis yield per
unit of FOM did not differ among treatments.

The degradability of SBM and PPC proteins calculated
according to Eq. (4) was 0.60 and 0.43, respectively. These
values accord with those proposed by Sauvant et al. (2002),
0.63 and 0.43, respectively, but are higher than those quoted
by Krzywiecki et al. (2003), 0.54 and 0.28, respectively.

On the basis of the microbial and dietary protein flows in
the duodenum, the digestible protein supply according to

the Dutch protein evaluation system (Eq. (5)) was estimated
at 81, 80, 87 and 110 g/kg DM intake for ‘SBM’, ‘mixed’,
‘PPC’ and ‘PPC 1 CAS’, respectively.

The OEB contents of the diets, calculated with Eq. (6) on
the basis of an in vivo measurement of N used by micro-
organisms, amounted to 7.6, 22.4, 16.0 and 26.0 g/kg
DM for ‘SBM’, ‘mixed’, ‘PPC’ and ‘PPC 1 CAS’, respectively,
and were close to the balance expected from standard
values (CVB, 2000).

Table 2 Evolution of pH and NH3-N (mg/dl) concentration of rumen fluid after the meal (postprandial hours) depending on treatments

Treatments Contrasts

SBM Mixed PPC PPC 1 CAS P s.e. SBM v. mixed PPC v. mixed SBM v. PPC PPC v. PPC 1 CAS

pH
0 7.28 7.45 7.49 7.48 0.412 0.04 0.252 0.738 0.157 0.926
2 7.03 6.85 6.93 7.02 0.224 0.04 0.082 0.385 0.294 0.331
4 6.75 6.64 6.60 6.65 0.751 0.05 0.450 0.814 0.333 0.763
6 6.69 6.65 6.91 6.82 0.252 0.06 0.753 0.086 0.136 0.512
8 6.99 6.96 7.16 6.99 0.180 0.05 0.708 0.057 0.098 0.094

10 7.13 7.19 7.23 7.08 0.559 0.04 0.638 0.718 0.416 0.207

N-NH3
0 15.50 13.79 8.37 8.09 0.012 1.08 0.373 0.023 0.007 0.810
2 21.63 21.21 14.39 20.02 0.512 1.55 0.937 0.231 0.207 0.313
4 14.42 16.14 8.26 8.19 0.037 1.57 0.517 0.020 0.049 0.979
6 8.42 5.64 3.50 4.17 0.060 0.73 0.110 0.200 0.016 0.669
8 7.19 4.66 3.85 7.00 0.027 0.59 0.036 0.425 0.012 0.015

10 12.32 6.27 4.93 5.11 0.012 1.04 0.638 0.719 0.416 0.207

SBM 5 soybean meal; PPC 5 potato protein concentrate; CAS 5 sodium caseinate.

Table 3 Intake and digestibility of DM, OM and N according to treatments

Treatments Contrasts

SBM Mixed PPC PPC 1 CAS P s.e. SBM v. mixed PPC v. mixed SBM v. PPC PPC v. PPC 1 CAS

Intake (g/day)
DM 6006 6002 5796 5842 0.001 42.9 0.979 0.001 0.001 0.017
OM 5644 5624 5453 5492 0.001 39.7 0.680 0.001 0.001 0.012
N 143.9 141.9 141.7 141.9 0.052 1.04 0.026 0.808 0.018 0.816

Apparent rumen degradability
DM 0.27 0.31 0.29 0.24 0.726 0.02 0.551 0.546 0.922 0.659
OM 0.36 0.38 0.38 0.32 0.696 0.03 0.663 0.664 0.950 0.504
N 20.11 20.07 20.12 20.28 0.091 0.02 0.616 0.317 0.535 0.087

True rumen degradability
DM 0.44 0.48 0.45 0.45 0.900 0.02 0.524 0.660 0.910 0.967
OM 0.50 0.53 0.51 0.49 0.923 0.02 0.639 0.790 0.890 0.766
N 0.60 0.57 0.59 0.50 0.162 0.02 0.369 0.613 0.768 0.078

Apparent intestinal digestibility1

DM 0.39 0.38 0.43 0.41 0.371 0.02 0.978 0.138 0.142 0.304
OM 0.39 0.38 0.44 0.41 0.309 0.02 0.907 0.107 0.121 0.318
N 0.59 0.60 0.65 0.66 0.361 0.01 0.884 0.190 0.162 0.806

Apparent fecal digestibility
DM 0.67 0.68 0.67 0.68 0.447 0.01 0.574 0.473 0.864 0.146
OM 0.70 0.70 0.70 0.71 0.460 0.01 0.565 0.827 0.737 0.249
N 0.60 0.63 0.64 0.68 0.001 0.01 0.019 0.165 0.001 0.003

1Expressed in relation to the duodenal flow.
PPC 5 potato protein concentrate; SBM 5 soybean meal; CAS 5 sodium caseinate; DM 5 dry matter; OM 5 organic matter.
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Nitrogen balance
The N supply was greater with ‘PPC 1 CAS’ due to the CAS
perfusion (Table 5). For a valid treatment comparison,
excretions of N in the faeces and urine were expressed in
relation to the N supply. The proportion of N excreted in the
faeces was higher with ‘SBM’. Conversely, the proportion of
N excreted in the urine was lower with ‘SBM’ and higher
with CAS infusion. Daily N retention was similar for ‘SBM’,
‘mixed’ and ‘PPC’, but increased with CAS infusion. No
significant differences were observed in the utilisation of
supplied and digested N with treatments.

Supply of digestible AAs and plasma AAs
Supplies of digestible EAA were similar for ‘SBM’, ‘mixed’ and
‘PPC’. CAS infusion significantly increased the supply of all

EAA (Table 6). Except for Val (‘SBM’: 5.7% v. ‘PPC’: 6.2% of
total AA) and Phe (‘PPC 1 CAS’: 1.1% v. ‘PPC’: 1.2% of total
AA), the EAA pattern of the digestible protein did not vary with
treatments (P . 0.05, data not shown). Table 7 shows that the
plasma EAA contents remained relatively stable in the case
of ‘SBM’, ‘PPC’ and ‘mixed’ and that the increased plasma
content noted with ‘PPC 1 CAS’ varied according to the AA.

Discussion

Rumen fermentation parameters
The postprandial pH of the ruminal fluid did not differ with
treatments. The values were surprisingly high and should
be viewed with caution. They suggest, however, that the

Table 4 Origin of duodenal N flows, digestible N supply and efficiency of rumen proteosynthesis according to treatments

Treatments Contrasts

SBM Mixed PPC PPC 1 CAS P s.e. SBM v. mixed PPC v. mixed SBM v. PPC PPC v. PPC 1 CAS

Outflow from the rumen (g/day)
Total N 158.7 154.1 160.2 190.9 0.041 5.44 0.516 0.315 0.617 0.019
Microbial N 72.1 64.0 74.5 87.4 0.050 3.38 0.172 0.102 0.508 0.094
Non microbial N 68.9 73.9 68.6 84.9 0.141 2.95 0.363 0.419 0.981 0.055
Dietary N 57.5 62.3 57.4 73.1 0.146 2.92 0.373 0.469 0.959 0.059
Endogenous N1 11.4 11.6 10.9 11.6 0.457 0.13 0.621 0.185 0.317 0.204
NH3-N 17.7 16.2 17.1 18.6 0.099 0.52 0.084 0.107 0.915 0.268
Non-NH3-N 141.0 137.9 145.0 174.0 0.023 5.01 0.632 0.365 0.594 0.016

Duodenal flow (g/day)
Perfused N 0 0 0 10.8 0.001 1.15 1.000 1.000 1.000 0.001
Non-NH3-N 141.0 137.9 145.0 184.8 0.008 5.96 0.634 0.366 0.593 0.005

Digestible N (g/day) 93.8 92.0 105.9 131.7 0.028 5.24 0.802 0.160 0.210 0.038

Microbial synthesis
g N/kg apparent FOM 37.2 31.2 37.6 50.1 0.371 3.34 0.538 0.422 0.766 0.342
g N/kg true FOM 25.8 22.2 25.8 30.3 0.462 1.75 0.471 0.352 0.727 0.540

1Estimated at 1.9 g/kg DMI (NRC, 2001).
SBM 5 soybean meal; PPC 5 potato protein concentrate; CAS 5 sodium caseinate; FOM 5 fermentable organic matter.

Table 5 Nitrogen balance according to treatments

Treatments Contrasts

SBM Mixed PPC PPC 1 CAS P s.e. SBM v. mixed PPC v. mixed SBM v. PPC PPC v. PPC 1 CAS

N flows
N supply (g/day)1 143.9 141.9 141.7 151.5 0.001 1.13 0.030 0.794 0.020 0.001
Faecal N (g/day) 56.9 52.6 50.3 48.9 0.001 0.68 0.010 0.165 0.001 0.326
Faecal N/N supply 0.40 0.37 0.35 0.32 0.001 0.01 0.019 0.165 0.001 0.003
Urinary N (g/day) 38.4 44.4 42.9 49.9 0.001 1.13 0.006 0.538 0.037 0.001
Urinary N/N supply 0.27 0.31 0.30 0.32 0.001 0.01 0.003 0.578 0.019 0.157

Nitrogen retention
g/day 48.6 45.0 48.5 53.6 0.08 1.15 0.147 0.191 0.921 0.040
g/g N supply 0.34 0.32 0.34 0.35 0.165 0.01 0.294 0.172 0.727 0.431
g/g N digested 0.55 0.50 0.53 0.52 0.264 0.01 0.079 0.278 0.405 0.799

1Corresponding to N intake and N infused.
SBM 5 soybean meal; PPC 5 potato protein concentrate; CAS 5 sodium caseinate.
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rumen environment favoured cellulolytic bacteria in all
treatments.

The main difference in rumen parameters concerned the
lower N-NH3 concentration in rumen fluid with ‘PPC’ v. ‘SBM’.
This suggests that protein supplied by ‘PPC’ might have been
less degraded in the rumen despite the diets being balanced in
terms of OEB supply. However, this hypothesis is not con-
firmed to the look of the microbial and the dietary N outflows
from the rumen that did not differ between these treatments.
The interpretation of N-NH3 concentration seems to be difficult
in this case. Logically, the CAS infusion had no effect on the
N-NH3 concentration of the ruminal fluid.

Except for ‘PPC’, more than 6 h after the meal, the N-NH3

concentrations were almost always greater than 5 mg/dl,
which is considered sufficient to meet the available N needs
of the ruminal micro-organisms and ensure efficient ruminal
proteosynthesis (Dehareng and Ndibualonji, 1994).

Intake, degradability and digestibility of nutrients
PPC is likely to contain protease inhibitors and glycoalk-
aloids (Smith et al., 1996) that can interfere with appetence
(Tuśnio et al., 2007). Intake was lower with PPC-based
treatments, but the absolute differences were slight
(Table 3) and probably not related to the presence of anti-
nutritional factors, as stated by Montagne et al. (2003) who
used the same PPC source as in this trial.

The apparent degradability of N in the rumen tended
to be lower with CAS infusion. As N intake was similar
for ‘PPC’ and ‘PPC 1 CAS’, the variation in apparent N
degradability with these treatments, i.e. 16.6% of the N
intake (23.5 g/day) can be wholly attributed to perfusion.
The fact that the quantity of N from the CAS was only
10.8 g/day suggests that continuous perfusion resulted in a
saving of ruminal N. This could be due to either a reduction
in N-NH3 transfers diffusing through the ruminal wall to the

Table 6 Digestible AA supplied by the treatments

Treatments Contrasts

SBM Mixed PPC PPC 1 CAS P s.e. SBM v. mixed PPC v. mixed SBM v. PPC PPC v. PPC 1 CAS

Arg 27.1 26.4 29.1 39.7 0.012 1.60 0.753 0.263 0.396 0.008
His 11.6 11.7 12.5 18.7 0.017 0.85 0.942 0.576 0.530 0.009
Ile 24.6 25.2 27.5 37.9 0.004 1.51 0.710 0.250 0.151 0.003
Leu 12.7 15.9 18.3 31.0 0.002 1.98 0.168 0.273 0.036 0.003
Lys 39.6 40.5 43.9 63.2 0.003 2.74 0.770 0.284 0.192 0.002
Met 13.3 13.4 14.5 20.6 0.023 0.83 0.907 0.475 0.412 0.014
Phe 56.4 58.1 62.0 82.1 0.014 2.88 0.716 0.402 0.250 0.010
Thr 23.0 22.3 25.4 36.3 0.003 1.77 0.688 0.120 0.208 0.002
Val 28.3 29.4 33.2 46.8 0.007 2.09 0.702 0.208 0.128 0.007P

EAA 236.6 242.9 266.4 376.5 0.005 15.8 0.746 0.257 0.166 0.004P
NEAA1 261.1 250.4 267.6 388.1 0.011 17.3 0.653 0.475 0.780 0.005P
TAA 497.6 493.3 534.0 764.7 0.007 32.9 0.919 0.360 0.409 0.004

1NEAA 5 Ala, Asp, Cys, Glu, Gly, Pro, Ser, Tyr.
SBM 5 soybean meal; PPC 5 potato protein concentrate; CAS 5 sodium caseinate; EAA 5 essential amino acids; NEAA 5 non-essential amino acids; TAA 5 total
amino acids.

Table 7 Plasma AA concentrations according to treatments

Treatments Contrasts

SBM Mixed PPC PPC 1 CAS P s.e. SBM v. mixed PPC v. mixed SBM v. PPC PPC v. PPC 1 CAS

Arg 79.5 68.2 69.8 81.9 0.395 3.62 0.254 0.867 0.320 0.224
His 39.8 37.9 36.1 43.5 0.052 1.55 0.390 0.431 0.127 0.012
Ile 89.2 86.4 87.1 98.7 0.125 2.90 0.571 0.876 0.678 0.051
Leu 99.4 101.0 107.7 126.0 0.009 3.67 0.786 0.259 0.177 0.014
Lys 58.6 58.0 57.3 76.4 0.225 3.55 0.947 0.943 0.890 0.088
Met 22.3 19.8 22.6 22.6 0.704 1.19 0.404 0.345 0.904 0.993
Phe 51.4 47.5 48.6 56.6 0.371 2.37 0.476 0.841 0.602 0.169
Thr 66.1 67.4 76.0 81.0 0.273 3.51 0.876 0.313 0.253 0.543
Val 207.9 232.6 260.6 279.6 0.003 8.70 0.074 0.051 0.004 0.149P

EAA 714.4 718.7 765.7 866.4 0.034 24.3 0.921 0.303 0.265 0.052P
NEAA1 953.5 960.6 976.3 1117.6 0.360 38.6 0.944 0.876 0.821 0.194P
TAA 1667.9 1679.2 1742.0 1831.1 0.121 35.2 0.861 0.348 0.275 0.198

1NEAA 5 Ala, Asp, Cys, Glu, Gly, Pro, Ser, Tyr.
SBM 5 soybean meal; PPC 5 potato protein concentrate; CAS 5 sodium caseinate; EAA 5 essential amino acids; NEAA 5 non-essential amino acids; TAA 5 total
amino acids.
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blood pool or to more efficient urea recycling in the rumen
(Sauvant and Van Milgem, 1995).

The increase in the total N outflow from the rumen with
CAS infusion confirms the assumption of a greater saving of
ruminal N. This is also the only possible explanation for the
simultaneous increase in the flows of microbial and dietary
proteins for the same N intake. Lapierre and Lobley (2001)
considered N movements through the digestive tract to be
twice as high as the N intake. This study also shows that
any change of diet is likely to have a considerable effect on
N recycling in the ruminant, due to the supply of either
energy or proteins, and that the extent of such changes
cannot always be predicted.

Nitrogen balance
Compared with the ‘mixed’ and ‘PPC’ treatments, ‘SBM’
induced a higher proportion of faecal N and a lower pro-
portion of urinary N related to N supply. This accords with
the differences observed in faecal N digestibility.

CAS infusion increased N retention by 5.1 g/day com-
pared with ‘PPC’, corresponding to a CAS N efficiency of
0.47. According to De Campeneere et al. (2001b), a 1 kg
weight gain contains 32.1 g N. The increase in N retention
with CAS perfusion, therefore, corresponded to a theoretical
mean daily weight gain of 160 g/day. The N efficiency of the
N supply and the digested N did not differ among treat-
ments, indicating that the digestible protein quality was
not modified.

‘Mixed’, ‘PPC’ and ‘SBM’ treatments were characterised by
equivalent digestible protein supplies, in terms of both quan-
tity and origin, as well as by identical performance levels.
At the supplementation rates used, PPC therefore offered no
advantages over SBM in terms of digestible protein supply.
Despite a more favourable EAA pattern, Taciak and Pas-
tuszewska (2007) showed no significant difference in the
biological value of PPC proteins compared with SBM proteins
in the rat. Oosting et al. (1994) showed the value of PPC in
increasing N retention in steers, but the quality of the digest-
ible proteins supplied by the ammoniated wheat straw rations
they used was inferior to that in our trial. In sheep, the same
team (Oosting et al., 1995) showed that PPC led to a greater
increase in N retention than casein supplementation of the
feed, due to its lower rumen degradability.

Supply of digestible AAs and plasma AAs
The higher supply of EAA by ‘PPC 1 CAS’ induced a higher
N retention. The EAA supply was similar for the other
treatments, thereby accounting for the lack of any differ-
ence in the respective N retention values.

At the supplementation rates used, it appears that the
differences in the AA pattern of SBM and PPC were not
enough to cause significant changes in the digestible
protein composition. Ludden and Cecava (1995) and
Cecava and Parker (1993) have already shown the difficulty
of altering the available AA pattern when the flow of
digestible proteins supplied by the basic ration is high.
Admittedly, the dietary protein flow represented no more

than 37% of the duodenum proteins and the SBM or PPC
provided only about one-third of that flow, despite being
the main protein source(s) in the diets. As for the other
parameters, the formulation of balanced diets in terms
of CP, DVE, NEF, OEB and fibres induced some variations
in their ingredient proportions that could slightly affect
the results, but it seems clear that PPC did not significantly
improve the digestible nutrients compared with SBM in
this trial.

Of all the AA, Met showed the greatest plasma
concentration stability from one treatment to another
(P 5 0.704) and remained unchanged between ‘SBM’ and
‘PPC’ and with CAS infusion. It was probably limiting under
our experimental conditions. Supplies of Met were 305,
298, 299 and 384 mg/g retained N for ‘SBM’, ‘mixed’, ‘PPC’
and ‘PPC 1 CAS’, respectively. Froidmont (2001) deter-
mined the digestible Met requirement of Belgian Blue
bulls as 330 mg/g retained N. The Met supplied by the treat-
ments without perfusion was very close to the need thus
determined. This study also determined Phe (503 mg/g
retained N) and Thr (,276 mg/g retained N) requirements,
which were largely met under our experimental conditions.

Conclusion

This study confirmed the low rumen degradability of PPC
based on in vivo assessments. Nevertheless, under our experi-
mental conditions, replacing SBM by PPC did not increase
the animals’ nitrogen retention, due to the limited effect on
the AA pattern of the digestible protein, and is therefore of
little interest. Although the diets were supposed to meet the
animals’ DVE and NEF needs according to the Dutch feed
evaluation system, it was found that a CAS supplement per-
fused into the duodenum, corresponding to 9.5% of the DVE
intake, increased the animals’ nitrogen retention. Perfusion did
not lead to better use of the animal’s total N intake, however,
suggesting that the Dutch feed evaluation system resulted in
N-efficient ration formulation. The results reveal the need for a
better understanding of the factors controlling N transfers
between the blood and the digestive tract and of their
significance in the supply of digestible proteins.
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Froidmont E, Beckers Y and Théwis A 2000. Determination of the methionine
requirement of growing double-muscled Belgian Blue bulls with a three-step
method. Journal of Animal Science 78, 233–241.

Hvelplund T 1985. Digestibility of rumen microbial protein and undegraded
dietary protein estimated in the small intestine of sheep and by in sacco
procedure. Acta Agriculturae Scandinavica (suppl. 25), 132–144.

Kerr CA, Goodband RD, Smith JW, Musser RE, Bergström JR, Nessmith WB Jr,
Tokach MD and Nelssen JL 1998. Evaluation of potato proteins on
growth performance of early-weaned pigs. Journal of Animal Science 76,
3024–3033.

Krzywiecki S, Bodarski R, Piechota A and Wertelecki T 2003. Rumen
degradability of some plant concentrates used as components of mixtures
for cattle. Annals of Animal Science 3(suppl. 2), 41–44.

Lapierre H and Lobley G 2001. Nitrogen recycling in the ruminant: a review.
Journal of Dairy Science 84(E. suppl.), E223–E236.

Lopez de Romana G, Maclean WC, Placko RP and Graham GG 1981. Fasting
and postprandial plasma free amino acids of infants and children consuming
exclusively potato protein. Journal of Nutrition 111, 1766–1771.

Ludden PA and Cecava MJ 1995. Supplemental protein sources for steers fed
corn-based diets: I. Ruminal characteristics and intestinal amino acid flow.
Journal of Animal Science 73, 1466–1475.

Merchen NR and Titgemeyer EC 1992. Manipulation of amino acid supply to
the growing ruminant. Journal of Animal Science 70, 3238–3247.

Michaux C, Stasse A, Sonnet R, Leroy P and Hanset R 1983. La composition de
la carcasse de taureaux culards Blanc Bleu Belge. Annales de Médecine
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