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Abstract

Four experiments were designed to investigate the apparent ileal digestibility of raw pea (Pisum sativum) and two of its
components — an isolate of its proteins and a concentrate of its proteinaceous antinutritional factors (ANFs). Three varieties of
peas were used: spring varieties Finale and Solara, and winter variety Frijaune. Pea protein isolates, devoided of pea carbohydrates
and characterized by low trypsin inhibitor activities, were produced from Finale and from Frijaune. Two concentrates of ANFs
were used; one from Finale and Frijaune (1:1) (batch a), one from Frijaune (batch b). The trypsin inhibitor activity was three
times higher in batch b than in batch a. Eleven semi-synthetic diets containing the pea protein isolate, the pea ANF concentrates
or raw peas were fed to piglets (10-15 kg live weight) fitted with post-valvular T-caecum cannula. For the raw pea diets, the
apparent ileal N digestibility coefficients were 69.1% (Finale) and 69.5% (Frijaune). For the diets based on pea protein isolate,
they were 83.7% (Finale) and 85.4% (Frijaune). Incorporation of 2.9% ANF concentrate (batch a) reduced the N digestibility
coefficient of the diet based on Finale pea protein isolate from 83.7% to 79%. Addition of 0.6% of the other ANF concentrate
(batch b) reduced the N digestibility coefficient when the diet was based on Solara raw pea ( — 3 units) and not when based on
pea protein isolate.

Keywords: Pig; Pea; Digestibility; Antinutritional factor; Protein

1. Introduction

White-flowered peas (Pisum sativum) are consid-
ered to be valuable dietary protein source for both ani-
mals and humans. Nevertheless, growth performance
of piglets have been shown to be depressed when the
diets, balanced in essential amino acids, contained 40%
spring peas (Jondreville et al., 1992), or 15,30 or 45%
spring peas (Bengala Freire et al., 1989). However, in
other experiments, incorporation of 30% spring peas in
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piglet diets balanced in amino acids did not affect
growth performance (Gatel et al., 1989; Grosjean et
al., 1991). Among pea constituents, several may be
responsible for the reduced growth performance.
Starch has been sometimes considered as a possible
negative factor (Longstaff and McNab, 1987; Bengala
Freire et al., 1988) in relation to its low susceptibility
to hydrolysis (Colonna and Mercier, 1979; Colonna et
al., 1992). The alpha-galactosides, soluble carbohy-
drates present in peas at a level of about 5% ( Quemener
and Mercier, 1980), may also play a negative role
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(Cristofaro et al., 1974; Saini, 1989) as they would not
be hydrolysed in the small intestine. However, it was
found that addition of isolated pea carbohydrates did
not affect the N apparent ileal digestibility of pea pro-
tein isolate (Huisman et al., 1990). Besides these con-
stituents, protease inhibitors (Valdebouze et al., 1980;
Griffiths, 1984) and lectins (Meehan et al., 1982) are
considered as antinutritional factors (ANFs) for their
possible negative effects on protein digestibility (Let-
erme et al., 1990).

The objective of this study was to understand the
effect of proteinaceous ANFs on the digestion of raw
white-flowered pea or pea protein isolate in piglets,
through digestibility experiments.

2. Materials and methods

Four experiments with piglets were carried out to
measure the apparent ileal digestibility of diets con-
taining high levels of either raw peas or pea protein
isolate, for the spring variety Finale in Expt. 1 and for
the winter variety Frijaune in Expt. 2. The influence of
adding pea ANF concentrate to Finale pea protein iso-
late diet on digestibility was measured in Expt. 3. The
interaction between ANFs and pea protein sources (pea
protein isolate or raw pea) on digestibility was tested
in Expt. 4.

2.1. Origin of the pea protein sources

Three varieties of peas were used: spring peas Finale
in Expt. 1, winter peas Frijaune in Expt. 2, spring peas

Table 1
Chemical composition (g/100 g raw product) of pea protein sources
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Solara in Expt. 4. Their compositions are reported in
Table 1. The raw pea meals were obtained by grinding
in a hammer meal through a 2.5-mm screen.

Two protein concentrates (one from Finale, one
from Frijaune) were included in the raw pea diets in
order to provide the same amount of native pea protein
as in a 60% pea diet. These concentrates consisted in
the light and fine fraction of particles separated from
pea meal by an air-classifier set at a cut point of approx.
15 pm, according to van der Poel et al. (1989).

Three pea protein isolates of different origins and
processes were used. Two protein isolates, one from
Frijaune and one from Finale, were prepared at INRA
research centre at Nantes (France) by acid precipita-
tion at pH 4.5, according to Guéguen (1983). The other
protein isolate, produced by ultrafiltration, was
obtained from Nutrio in Denmark (P-Pro 2000 pea
protein isolate).

Three pea ANF concentrates were produced by ultra-
filtration and diafiltration, at INRA-Nantes, from the
whey fractions left from the preparation of the pea
protein isolates produced by precipitation, which were
shown to contain rather high amount of trypsin inhib-
itors and lectins (Guéguen, 1983). Two ANF concen-
trates were prepared (one from Finale, one from
Frijaune), and mixed together as 1:1 (batch a). A sec-
ond ANF concentrate was prepared from Frijaune
(batch b). The compositions of both batches are
reported in Table 1. The trypsin inhibitor activity was
three times higher in batch b than in batch a.

Product Raw pea AC conc.? Pea protein isolate ANF concentrate
Origin: FI FR SO FI FR FI FR Com. batch a batch b
DM 87.1 87.1 nd 92.0 914 96.5 95.9 94.4 nd nd

cp® 237 21.9 20.0 55.2 534 89.5 883 878 67 70
TIA® 1.2 55 1.3 22 24 0.6 1.6 1.0 50 163
Lectins® 35 3.6 nd nd 2.8 14 1.6 6.6 102 52

FI, FR , SO: Finale, Frijaune and Solara varieties; com: commercial pea protein isolate; batch a: 50% from FI+ 50% from FR; batch b: 100%

from FR; nd: not determined.

“AC conc.: protein concentrate obtained by air-classification of pea meal.

°CP: crude protein.
“TIA: trypsin inhibitor activity, in mg inhibited trypsin/g product.
“Lectins: in mg/g product.
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2.2. Diets

Diet compositions are given in Table 2 (Expts. 1, 2
and 3) and in Table 3 (Expt. 4).

Expt. 1: The objective was to compare raw pea and
pea protein isolate from Finale. Three diets were for-
mulated based on either fish meal and casein (control
diet C1) or raw pea and air-classified pea protein from
spring pea Finale (RP1) or pea protein isolate from
spring pea Finale (PP1).

Table 2

Expr. 2: The objective was to compare raw pea and
pea protein isolate from Frijaune. Three diets were for-
mulated based on either fish meal and casein (control
diet C2) or raw pea and air-classified pea protein from
winter pea Frijaune (RP2) or pea protein isolate from
winter pea Frijaune (PP2).

Expt. 3: The objective was to study the effects of
ANF concentrate added to a pea protein isolate diet. To
a basal diet based on Finale pea protein isolate (diet
PP1) was added 2.9% ANF concentrate from Finale

Composition (g/100 g feed) of the diets fed to piglets in Expts. 1, 2 and 3

Expt. 1,2 1 1,3 2 2 3
Diet: Ci,C2 RP1 PP1 RP2 PP2 PP1+
Fish meal 6.9 - - - - -
Casein 125 - - - - -
Finale raw pea - 25.0 - - - -
Finale air-classified pea protein - 18.6 - - - -
Frijaune raw pea - - - 25.0 - -
Frijaune air-classified pea protein - - - 17.8 - -
INRA pea protein isolate (Frijaune) - - - - 17.9 -
INRA pea protein isolate (Finale) - ~ 18.4 - - 16.4
Pea ANF concentrate (batch a) - - - - - 29
Maize starch 51.8 30.0 52.2 30.7 52.7 513
Cellulose (Arbocell B 800) 5.0 3.0 4.8 3.0 4.8 4.8
CaCO, 1.2 1.5 1.5 15 L5 1.5
CaHPO, 2.0 2.0 24 2.0 24 24
KHCO, 1.7 0.5 1.1 0.5 1.1 1.1
DL-methionine 0.06 0.28 0.37 0.29 0.38 0.37
L-threonine - 0.06 0.16 0.06 0.14 0.16
L-tryptophan - 0.06 0.06 0.06 0.06 0.06
Chemical composition: analysed (% DM)
Net energy (Mcal/kg DM)* 0.27 0.27 0.26 0.27 0.27 0.27
Crude protein 19.0 18.8 193 18.3 184 195
Crude fibre® 5.6 5.7 55 5.7 55 5.6
Methionine + cystine 0.70 0.77 0.73 0.69 0.71 0.72
Lysine 1.32 1.06 1.17 1.05 : 1.14 1.15
Tryptophan 0.21 0.20 0.21 0.20 0.21 021
TIA® ad 0.7 0.1 1.9 04 1.2
Lectins® nd 2.3 04 1.9 0.5 2.7

All diets contained in addition (g/100 g feed): dextrose (15.0), sunflower oil (2.0), vitamin/ mineral mix (1.0), NaCl (0.5), NaHCQ, (0.4),

chromic oxide (0.1).

The vitamin/mineral mix provided (mg/kg feed): Retinol 2.7, cholecalciferol 0.045, pL-a-Tocopherol 40, menadione 3, riboflavine 5, nicotine
acid 30, p-pantothenic acid 15, choline chloride 120, cyanocobalamin 0.04, ascorbic acid 50, CuSO,-5H,0 20, ZaSO,-H,0,Mn0O 70, 200,

FeSO, - TH,0 400, CoSO, - TH,0 2.5, Na,SeQ; - 5H,0 0.2, K1 0.5.
*Calculated values from dutch CVB tables.

®TIA: trypsin inhibitor activity, in mg inhibited trypsin/g feed.
“Lectins: in mg/g feed.
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Table 3
Composition (g/100 g feed) of the diets fed to piglets in Expt. 4
Diets PP4 PP4*™* RPP4 RPP4* RPPA**
Solara raw pea - - 30.0 30.0 30.0
Commercial PPI 15.0 15.0 9.3 9.3 9.3
INRA PPI (50% FI+50% FR) 4.0 40 24 24 24
Pea ANF concentrate (batch b) - 0.6 - 04 0.6
Maize starch 514 50.8 29.2 28.6 28.8
KHCO, 1.1 1.1 0.6 0.6 0.6
DL-methionine 0.38 0.38 0.35 0.35 0.35
L-threonine 0.15 0.15 0.13 0.13 0.13
L-tryptophan 0.07 0.07 0.07 0.07 0.07
Chemical composition: calculated (% DM)
Net energy® (Mcal/kg DM) 0.27 0.26 0.26 0.26 0.26
Crude protein (analysed) 18.6 19.2 18.1 184 18.6
Crude fibre 5.7 5.7 7.8 7.8 7.8
Methionine + cystine 0.75 0.74 0.78 0.78 0.78
Lysine 1.33 1.32 1.38 1.38 1.39
Tryptophan 0.23 0.23 0.25 0.25 0.25
TIAP 0.1 0.8 04 0.9 1.1
Lectins® 1.5 1.9 1.9 2.5 34

PPI: pea protein isolate: FI, FR: spring pea Finale and winter pea Frijaune.

All diets contained in addition (g/100 g feed): dextrose (15.0), sunflower oil (2.0), cellulose-Arbocel B 800 (5.0), vitarnin/mineral mix
(1.0), NaCl (0.5), CaCOs (1.6), CaHPQ, (2.4), NaHCO, (0.4), chromic oxide (0.1).

*Calculated vatues from dutch CVB tables.
®Measured TIA: trypsin inhibitor activity, in mg inhibited trypsin/g feed.
“Measured lectin content: in mg/g feed.

and Frijaune (1:1, batch a) (diet PP1*). The ANF
concentrate could not be added at a higher level than
2.9% because of limited quantities available, although
the aim was to reach the same trypsin inhibitor activity
as in the RP2 diet.

Expt. 4: The objective was to study the effects of
ANF concentrate added to a pea protein isolate diet or
to araw pea diet. A first basal diet based on commercial
peaprotein isolate (PP4 diet) was made, to which 0.6%
ANF concentrate from Frijaune (batch b) was added
(PP4™* diet). A second basal diet based on Solara
raw pea and commercial pea protein isolate (RPP4
diet) was made, to which either 0.4% or 0.6% ANF
concentrate from Frijaune (batch b) (RPP4™* diet,
RPP4™ ™ diet, respectively) was added. Two incorpo-
ration levels of ANF concentrate were used in order to
balance with the PP4* * diet on TI activity or on the
amount of ANF concentrate.

The diets were semi-purified and contained 16% to
18% crude protein exclusively from pea proteins except
for the control diets. They were balanced in net energy

according to CVB tables (1988) and in amino acids
using synthetic amino acids. Purified wood cellulose
was added to balance the crude fibre content.

Chromic oxide was included at a level of 0.1% in the
diets as a digestibility marker.

The feed was pelleted (2.5 mm diameter) without
steamn but with addition of 2.5% water, at an average
temperature of 50 to 55°C.

2.3. Animal procedures

Piglets (74 total, five or six animals per treatment)
of the crossbred Dutch Landrace X Yorkshire, obtained
from one breeding farm, were allocated to the diets
according to live weight and litter. The mean live
weights of the animals per treatment group were similar
within each experiment.

The piglets were housed individually in metabolism
cages designed for ileum cannulated piglets. After 1
week of cage adaptation, at an age of 5 weeks and a
live weight of 9 kg, they were surgically fitted with a
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post-valve T caecum cannula at the terminal end of the
ileum according to van Leeuwen et al. (1990), and
allowed to recover for up to 2 weeks.

After the recovery period, the piglets were adapted
to the experimental feed during 10 days in Expts. 1 and
4. In Expts. 2 and 3, 7 days of feed adaptation were
allowed as not enough feed could be made for a 10-day
adaptation.

Piglets were fed dry pellets at restricted daily energy
allowance (2.6 maintenance requirement; ARC,
1981), in two equal meals per day (08:00 and 20:00
h). Water was available ad libitum through a nipple
drinker.

Ileal chyme was quantitatively collected in plastic
bags, 12 h per day (08:00-20:00 h) during five con-
secutive days (van Leeuwen et al., 1990). The bags
were changed every hour and weighed before being
immediately stored at — 20°C. At the end of the collec-
tion period, the animals weighed 15 to 17 kg.

2.4. Chemical analysis

Prior to chemical analysis, the chymes collected per
animal were pooled, homogenized, sub-sampled and
freeze-dried. Feed and digesta were ground through a
I-mm mesh screen.

Dry matter content was determined by drying the
samples to constant weight at 105°C. Nitrogen was
analysed according to AOAC (1980). Trypsin inhibi-
tor activity was determined using the Kakade method
as modified by van QOort et al. (1989). Lectin content
was measured according to an ELISA technique
(Hameretal., 1989). Chromic oxide content was deter-
mined following hydrolysis in a mixture of perchloric
and nitric acids and measuring the Cr®** by flame
atomic absorption spectrometry.

2.5. Calculations and statistical procedures

Digestibility coefficients (DC) were calculated from
nutrient concentrations in the diets and in digesta sam-
ples. The amounts of collected digesta were corrected
using the chromium (Cr) recovery factor.

The following equations were used:

%CR, X C

Cr recovery factor (%) = %CR, X’

where %CR_ =% of Cr in wet chyme, C =amount of
collected chyme (g), %CR;=% of Cr in the feed,
F=amount of feed intake (g) at 8:00.

Ceor = (C/(Cr recovery factor) ) X 100,
where C.,, = corrected amount of chyme (g)

%X XF-%X, X Coor
%X X F

where %X = % of nutrient X in feed, %X, = % of nutri-
ent X in wet chyme.

When calculating the digestibility of N, corrections
were made assuming that synthetic amino acids were
completely absorbed in the small intestine (Huisman
et al., 1986). The N apparent DC were calculated for
each diet, and corresponded actually to the N apparent
DC of the respective protein sources. The results are
given as means with their standard errors.

A one-way analysis of variance was carried out sep-
arately for each experiment, using the SPSS/PC soft-
ware package (Norusis, 1988). The significance of
differences between treatment means was tested using
the least significance difference test (Snedecor and
Cochran, 1980). All statements of significance were
based on a probability of less than 0.05.

Correlation and linear regression calculations were
also performed (SPSS package). Two explaining var-
iables were considered: TIA and lectin contents of the
diets. Three dependent variables were taken into
account: daily weight gain (DWG), N ileal DC, dry
matter ileal DC. For these variables, the means obtained
for each treatment group were taken into account, with-
out correction for the experiment.

>

DCX

3. Results

Trypsin inhibitor activity (TIA) and lectin content
of the diets are given in Table 2 (Expts. 1, 2 and 3)
and in Table 3 (Expt. 4). TIA of the diets based on pea
protein isolates (PP1, PP2, PP4) were low ( <0.4 mg
trypsin inhibited/g feed). TIA of the diets based on
raw pea (RP1, RP2, RPP4) ranked from 0.4 to 1.5 mg,
depending on the pea variety. TIA of the diets enriched
in ANFs (PP1*, PP4** RPP4™, RPP4* *) ranked
from 0.8 to 1.2 mg. As the commercial pea protein
isolate contains more lectins than the INRA pea protein
isolate, the PP4 diet had a higher lectin content than the
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Table 4

Feed intake, daily weight gain, chyme production and apparent ileal digestibility of dry matter (DM) and nitrogen (N) in piglets of 10 kg body
weight fed pea diets (Expts. 1 and 2) (mean and standard error between brackets)

Expt. | Expt. 2
Diets: Cl RP1 PP1 C2 RP2 PP2
Feed intake (g/d) 527 525 528 560 552 548
(19) (25) 9 (34) (24) (23)
N intake (g/d) 14.3 13.8 14.8 14.7 14.2 14.5
(0.5) 0.7) (0.3) 0.9 (0.6) (0.6)
Weight gain (g/d) nd nd nd 3232 239° 290°
(4) 4) 4)
Collected ileal chyme
Cr recovery % 95.0 100.4 92.8 96.1 105.2 99.6
24) (6.2) (3.3) 3.7) (4.8) (2.3)
gwet/12h 291* 741° 3332 240° 529° 2082
(35) (56) (38) (22) (22) (49)
% DM 11.3 9.3 11.0 13.3 11.9 120
(0.9) (0.8) (1.0) (0.9) (0.5) (1.1)
gdry/12h 31.6* 66.8° 3492 31.3* 62.6" 33.32
(1.0) 2.7 (1.6) (L5) (4.2) (2.6)
Apparent ileal digestibility coefficients (%)
DM ' 85.8* 73.9° 84.2° 86.3° 76.8° 86.9*
(0.3) (0.3) (0.9) 0.7 0.5) (04)
N 824 69.1° 83.7* 83.1° 69.5° 854"
(1.0) (1.8) (1.6) (1.0) (1.7) (0.9)

C1 and C2: control diets; RP1: Finale raw pea diet; RP2: Frijaune raw pea diet; PP1: Finale pea protein isolate diet; PP2: Frijaune pea protein

isolate diet.

nd: not determied because the body weight data at the beginning of the adaptation period were not recorded in Expt. 1.
Values within experiment and line with different superscripts differ (P < 0.05).

PP1 and PP2 diets (1.5 mg vs. 0.5 mg, respectively).
The raw pea diets and the ANF-concentrate enriched
diets contained from 1.9 to 3.4 mg lectins/g feed.

The daily weight gains of the piglets, calculated dur-
ing the feed adaptation + collection period, are reported
in Tables 4 and 5. The average daily weight gain was
276 g/d (SE: 5). Compared to the results with pea
protein isolates, daily weight gains were significantly
lower when the diets were based on raw peas or some-
times when ANF concentrates were added to the diet.

No feed refusals were observed. The daily intakes of
feed were similar within the Expts. 1, 2 and 3 (Tables
4 and 5). However, the piglets of Expt. 4 had lower
intake of feed (475 vs. 544 g/d) and of N (12.7 vs.
14.7 g/d) than the piglets of Expts. 1, 2 and 3, because
they had a lower live weight (9 kg vs. 12 kg) (Table
5).

Chromium recovery was high (mean: 98%; SE: 1.0)
(Tables4 and 5), indicating adequate cannulation tech-
nique for ileal chyme collection under these experi-
mental conditions.

The results concerning the raw pea diets are reported
in Table 4. Compared to the diets based on casein + fish
meal or pea protein isolate, the raw pea diets gave 2-
or 3-timés more chyme at the end of the ileum, with
DM contents tending to be lower (P =0.24 and 0.42 in
Expts. 1 and 2, respectively). The mean apparent ileal
digestibility coefficients of N and DM were the lowest
in raw pea diets: 69 and 75%, respectively. The N
apparent digestibility was not influenced by pea variety
(RP1 and RP2).

For the pea protein isolate diets or the control diets,
in all experiments (Tables 4 and 5), the total chyme
production over 5 days ranged from 230 to 330 g per
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Table 5
Feed intake, daily weight gain, chyme production and apparent ileal digestibility of dry matter (DM) and nitrogen (N) in piglets of 10 kg fed
pea diets (Expts. 3 and 4) (mean and standard error between brackets)

Expt. 3 Expt.4
Diets: PP1 PP1+ PP4 PP4+™* RPP4 RPP4* RPP4++
Feed intake (g/d) 558 557 475 473 473 475 480
(8) (10) (€19) (22) 27 (23) 2n
N intake (g/d) 15.6 15.7 12.8 13.2 123 126 12.7
0.2) 0.3) (0.9) 0.6) 0.7) (0.6) (0.6)
Weight gain (g/d) 2777 229° 281% 289 270 297* 253¢
6) ) 3 (2) “4) D (6)
Tleal chyme
Cr recovery % 94.7 89.5 922 98.7 100.3 102.9 99.1
(3.7) (3.0) 2.1 2.2) (14) 24 3.0
gwet/12h 278 396 229* 220° 372° 382° 398"
(31) (39) 2n an (18) N a9
% DM 12.3 9.4 12.3 134 12.1 12.3 12.0
(1.6) (0.8) (0.8) (0.7) (0.8) (0.4) 04)
gdry/12h 31.2* 36.2° 27.3* 29.1* 44.3% 46.7° 47.6°
0.7) (1.1) (0.8) 0.7) (L.1) (L.7) (1.6)
Apparent ileal digestibility coefficients (%)
DM 86.8° 84.1° 86.2° 86.3° 79.1° 77.9¢ 78.5%
0.4) (0.3) (0.1) (0.1) (0.5) (0.3) (0.3)
N 86.0° 78.9° 84.7* 8427 80.8° 79.4% 71.9°
(1L.0) (L3) 0.7) (0.6) (1.0) (05) (0.8)

PP1: Finale pea protein isolate diet; PP1 +. PP1 diet+2.9% pea ANF concentrate (batch a); PP4: commercial pea protein isolate diet; PP4™:
PP4 diet + 0.6% pea ANF concentrate (batchb); RPP4: 30% Solara raw pea + 12% pea protein isolate diet; RPP4*: RPP4 diet +0.4% pea ANF
concentrate (batch b); RPP4™ *: RPP4 diet +0.6% pea ANF concentrate (batch b).

Values within experiment and line with different superscripts differ (P <0.05).

12 h, at 11-12% dry matter content. The digestibility
coefficients of the control and pea protein isolate diets
(Tables 4 and 5) were about 84% for N and 86% for
DM. The N digestibility of the pea protein isolate diets
was not affected by pea variety (Table 4), or by the
process applied to obtain the isolate (precipitation or
ultrafiltration, Tables 4 and 5).

The RPP4 diet of Expt. 4, containing 30% raw pea
and 12% pea protein isolate, gave intermediate results
(Table 5).

The addition of 2.9% pea ANF concentrate (batch
a) to pea protein isolate in Expt. 3 (PP1* diet)
increased the amounts of dry chyme (+16%), and
decreased the ileal digestibility coefficients of N and
DM by 7.1 points and 2.7 points, respectively (Table
5).

In Expt. 4 (Table 5), addition of 0.6% pea ANF
concentrate (batch b) to pea protein isolate (PP4™ +

diet) did not affect DM and N ileal digestibility. How-
ever, when 0.4% or 0.6% were added to ‘30% raw
pea+ 12% pea protein isolate’, the N and DM apparent
ileal digestibility were reduced, significantly in the case
of 0.6% for N digestibility ( —2.9 units). There was
no interaction between the effects of protein source and
the effects of addition of 0.6% ANF concentrate on DM
digestibility (P=023) and on N digestibility
(P=0.14). The amounts of chyme were not affected
by the addition of ANF concentrates.

The highest coefficient of linear correlation calcu-
lated between “TIA or lectin content in the feed” and
‘DWG, DCpy or DCy’” was —0.66 (TIA and DCl,
n=13). Removing one observation decreased this
coefficientto — 0.52, indicating the absence of valuable
correlation between these variables in these experi-
ments. The correlation between lectin content and DCy
was —0.50.
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4. Biscussion

The main goal of the experiments was to investigate
in piglets the digestibility of raw pea in relation to two
of its components — an isolate of its proteins (devoided
of carbohydrates and antinutritional factors) and a con-
centrate of its antinutritional factors. The digestibility
coefficients of N were measured as apparent values.
This means that no distinction was made between die-
tary and non-dietary N in the chyme. Considering the
levels of dietary protein concentration as sufficient and
their low variations between diets, the interpretation of
the results can be done with the apparent values.

The apparentileal digestibility coefficients of the raw
smooth peas were low, and similar for Frijaune and
Finale varieties (Table 4), although the former had a
higher trypsin inhibitor activity. Large differences in N
digestibility between varieties of peas ( Pisum sativum)
fed to pigs have been reported in the literature (Green,
1988; Buraczewska et al., 1989; Gdala et al., 1992).In
agreement, Perez and Bourdon (1992) reported two
classes of N apparent faecal digestibility coefficients:
75-88% for winter pea and 82-89% for spring pea.
Jondreville et al. (1992) found apparent ileal N digest-
ibility values ranging between 61 and 80% for spring
and winter peas, using the end-to-end ileo-rectal anas-
tomosis method. The digestibility coefficients meas-
ured in the present study are consistent with the
literature data.

The apparent ileal N digestibility increased by 15
units when the protein source consisted of a pea protein
isolate devoided of pea carbohydrates and of pea ANFs,
instead of raw pea ( Expts. 1 and 2, Table 4).

As a consequence of the preparation process, the
proportion of biologically active proteins, called albu-
mins, over the total proteins, was only 10% in the pea
protein isolate instead of 20-30% in raw pea (Guéguen
and Barbot, 1988). If the albumins are poorly digesti-
ble, as suggested in a study with radiolabelled pea lec-
tins that partly passed undamaged the small intestine
of rats (Aubry and Boucrot, 1986), the proteins of pea
protein isolate may therefore be more digestible than
the raw pea proteins. However, the commercial pea
protein isolate was as digestibile as the other pea protein
isolates although it contained more lectins.

The two fractions removed from the pea seeds —
carbohydrates and ANFs — may be considered as

responsible for the differences in digestibility coeffi-
cients between raw peas and pea protein isolates.

It has been shown by Darcy et al. (1981) that the
type of starch associated with the protein source may
influence the apparent ileal digestibility of N. Non
starch polysacharides, especially large water-soluble
molecules like pectic substances, may also lower the
apparent ileal N digestibility by affecting digestive
enzyme activity and increasing pancreatic secretion
(Low, 1989; Ikegami et al., 1990). In another study,
the addition of purified pea carbohydrates to a pea pro-
tein isolate diet did not affect N apparent ileal digesti-
bility, but it decreased the DM digestibility by 3 units
and increased the amounts of ileal chyme produced
(+2510 +45%,350t0420g wetchyme/12h) (Huis-
man et al., 1990). A lower particle size of the carbo-
hydrate fractions compared to the raw pea meal may
have played a role in these effects.

The role of cell walls in the non-accessibility to cyto-
plasmic content may be an important factor in the lim-
itation of protein and starch digestibility of raw peas
(Carré et al., 1991). However, when isolated fractions
of peas are studied, this limiting factor is suppressed.

Other dietary constituents that may affect the appar-
ent N digestibility of the raw pea are ANFs, especially
the protease inhibitors. Increased secretion of pancre-
atic enzymes has been observed in several studies using
rats, mice and chickens fed diets including protease
inhibitors (Gertler and Nitsan, 1970; Laporte and Tré-
molieres, 1973; Roy and Schneeman, 1981; Temler et
al., 1984). If this was the case, higher endogenous N
would be present in the chyme, and therefore the appar-
ent N digestibility would be lower.

The ANFs influence in peas was studied by adding
pea ANF concentrates to a diet. The proteins of these
concentrates (about 70% crude protein; Table 1) were
mainly albumins, consisting partly of protease inhibi-
tors and lectins, as most of the other proteins, especially
the globulins, were precipitated during the isolation
process of the pea protein isolates.

Addition of 2.9% pea ANF concentrate to a pea
protein isolate diet reduced the apparent ileal N digest-
ibility by 7 units (Expt. 3), which was about half the
difference in N digestibility between the pea protein
isolate diet and the raw pea diet. However, in Expt. 4,
the addition of 0.6% pea ANF concentrate did not
change the digestibility of the pea protein isolate diet.
Between both experiments, the TIA levels in the ANF

elifssfi-_
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enriched diets were different (1.2 in Expt. 3 vs. 0.8 in
Expt. 4). If there is a feed TIA threshold level and if it
is higher than 0.8 units, then no effect would be found
in Expt. 4. Moreover, the ANF enriched diet in Expt.
3 contained more albumins due to a higher incorpora-
tion of ANF concentrate. Assuming that the albumin
proteins of the ANF concentrate were totally undig-
ested, the addition of 2.9% ANF concentrate would
decrease the N digestibility of the pea protein isolate
diet by 7 units as measured in Expt. 3. Grant et al.
(1986) found in rats a low nutritional value of soybean
whey protein fractions soluble at pH 4.8, equivalent to
the ANF concentrate used in this study, which could
not be correlated directly with the TIA of the fractions.

A low digestibility of the ANF concentrate itself
cannot be the only factor explaining the effects of ANF
concentrate on digestibility. As the effects of ANF con-
centrate differs according to diet composition (Expt.
4), the protease inhibitors may play a role, depending
on the presence or absence of certain constituents as
carbohydrates, on the digestibility of the basal diet. Yen
et al. (1977) showed that protease content of pancreas
from pigs decreased when TI rich diets were based on
raw soybean meal and not when isolated TI were added
to heated soybean meal. Likewise, mice fed a 24%
casein diet had the same daily weight gain whether a
TI fraction was added to the diet or not (Roy and
Schneeman, 1981). )

Pea lectins also could affect the digestibility. Their
role could be linked to their own low digestibility
(Aubry and Boucrot, 1986). On the other hand, they
could be toxic if they bind to the carbohydrate moiety
of the glycoproteins of the small intestinal brush border
membrane (Kik, 1991). Concerning pea lectins, con-
flicting views are reported in literature. Purified pea
lectins did not affect piglets and rats in any way (Grant
et al., 1983; Bertrand et al. 1988; Aubry and Boucrot,
1986). On the other hand, Jindal et al. (1982) observed
that they damaged the gutwall of rats.

5. Conclusion

Four experiments using piglets fed diets containing
pea proteins showed lower apparentileal N digestibility
coefficients when the proteins consisted of raw peas
rather than pea protein isolates. The pea ANFs were
shown to be partly involved in this difference. It should

be determined whether the protein composition (albu-
mins) or the protein properties (TIA, lectins) of the
ANF concentrate were responsible. The ANF effects
differed according to diet composition. Experiments on
pancreatic enzymes should give indications on ANF
mode of action for different diets. The results also
showed that isolation technique is valuable to study the
relationship between biochemistry and nutrition but do
not take into account the microstructure of the feed. In
that respect, the physical role of cell walls and the
importance of the simultaneous presence of constitu-
ents would be interesting studies.
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Résumé

Le Guen, M.P., Huisman, J., Guéguen, J., Beelen, G. et Verstegen, M.W.A., 1995. Effets d'un concentré de facteurs antinutritionnels de pols
sur la digestibilité des protéines de pols chez le porcelet. Livest. Prod. Sci., 44: 157-167.

Quatre expériences ont été réalisées pour étudier la digestibilité iléale apparente du pois (Pisum sativum) et de deux de ses constituants — un
isolat de ses protéines et un concentré de ses facteurs antinutritionnels des protéines (ANF). Trois variétés de pois étaient utilisées: les varietés
de printemps Finale et Solara, et la variété d’hiver Frijaune. Les isolats de protéines de pois, débarrassés des glucides du pois et caractérisés par
de faibles activités antitrypsiques, étaient produits & partir de Finale et de Frijaune. Deux concentrés d’' ANF étaient utilisés, 1’un provenant de
Finale et de Frijaune (1:1) (lot a), I’autre de Frijaune (lot b). L activité antitrypsique €était trois fois plus forte dans le lot b que dans le lot a.
Onze régimes semi-synthétiques renfermant I’isolat de protéines de pois, les concentrés d’ ANF de pois ou le pois ou le pois étaient distribués a
des porcelets (1015 kg de poids vii) porteurs d’une canule en T placée aprés la valvule du caccum. Lorseque les régimes étaient constitués de
pois, les coefficients de digestibilité iléale apparente de N étaient de 69,1% (Finale} et 69.5% (Frijaune). Dans le cas des régimes a base d’isolat
de protéines de pols, Ils étaient de 83,7% (Finale) et 85,4% (Frijaune). L’incorporation de 2,9% de concentré d’ANF (lot a) réduisait le
coeffient de digestibilité de 1’azoie du régime a base d’isolat de protéines de pois Finale de 83,7 2 79%. L’addition de 0.6% de I’autre concentré
d&’ANF (lot b) diminualt le coefficient de digestibilité de 1’azote lorsque le régime était 4 base de pois Solara (-3 unités), et non lorsqu’il était
a base d’isolat de protéines de pois.

Kurzfassung

Le Guen, M.P., Huisman, J., Guéguen, J., Beelen, G. und Verstegen, M.W.A., 1995. Wirkung eines Konzentrats der antinutritiven Faktoren aus
Erbsen auf die Verdaulichkeit von Erbsenprotein bei Ferkeln. Livest.. Prod. Sci., 44: 157-167.

Vier Versuche wurden vorgesehen zur Bestimmung der scheinbaren ilealen Verdaulichkeit roher Erbsen (Pisum sativum) und von zwei
Bestandteilen derselben — ein Protein-Isolat und ein Konzentrat der Protein-dhnlichen antinutritiven Faktoren (ANF). Drei Erbsensorten
wurden verwendet: Die Sommersorten Finale und Solara und die Wintersorte Frijaune. Diese Proteinisolate, die von Kohlenhydraten getrennt
waren und sich durch niedrige Aktivititen der Trypsininhibitoren auszeichneten, wurden von Finale und von Frijaune hergestellt. Zwei
Konzentrate der ANF wurden verwendet; eins von Finale und Frijaune (1:1) (Charge a) und eins von Frijaune (Charge b). Die Aktivitit
des Tripsinhibitors war dreimal héher in Charge b als in Charge a. EIf semisynthetische Futtermischungen, die das Erbsenproteinisolat, die
Erbsen-ANF-Konzentrate oder rohe Erbsen enthielten, wurden an Ferkel gefiittert (10-15 kg Lebensmasse), welche mit post-valvuliren T-
Kaniilen im Caecum versehen waren. Fiir die Mischungen mit rohen Erbsen betrug die ileale Verdaulichkeit des N 69,1% (Finale) und
69,5% (Frijaune). Fiir Mischungen mit Erbsenproteinisolat betrugen sie 83,7% (Finale) und 85,4% (Frijaune). Zulagen von 2,9% ANF-
Konzentrat {Charge a) reduzierten die N-Verdaulichkeit in der Mischung mit Finale Erbsenproteinisolat von 83,7% auf 79%. Die Zulage
von 0,6% des anderen ANF-Konzentrates (Charge b) reduzierte die N-Verdaulichkeit, wenn die Mischung rohe Solare Erbsen enthielt (-

3 Einheiten) aber nicht bei Verwendung des Proteinisolates.




