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Summary &horbar; Ruminal protein degradation of soybean meal and field pea were compared using 2
analytical methods: in situ and a laboratory analysis with a proteolytic enzyme extracted from Strep-
tomyces griseus. The degradation of total nitrogen in nylon bags of the feeds was measured between
0 and 48 h in the rumen of 2 cows (theoretical degradability: 70.0% for soybean meal and 94.7% for
field pea). Electrophoresis of proteins of feeds and in situ residues, in sodium dodecyl sulfate-poly-
acrylamide gel (SDS-PAGE) showed that both species have the same type of proteins (7S and 11 S)
which were degraded in a similar manner in the rumen. The 7S fraction was degraded rapidly whereas
the 11 S fraction was more resistant. The electrophoretic profiles showed that protein components
were less degraded after enzymatic than in situ degradation. In the supernatant after enzymatic hydro-
lysis, protein and peptides were found in large concentrations and a-amino nitrogen and ammonia in
low concentrations. It was difficult to simulate the in vitro activity of enzyme complexes in the rumen and
the results must be confirmed by direct measurement of the rumen liquid.
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Résumé &horbar; Étude de la dégradation dans le rumen de 2 Légumineuses : tourteau de soja et pois.
Nous avons étudié la dégradation dans le rumen des protéines du tourteau de soja et du pois en uti-
lisant 2 méthodes : la méthode in situ et une méthode de laboratoire avec une enzyme protéolytique,
extraite de Streptomyces griseus. La dégradabilité en sachets de nylon de l’azote total a été mesurée
entre 0 et 48 h (dégradabilité théorique de 70% pour le tourteau de soja et de 94,7% pour le pois), dans
le rumen de 2 vaches. L’électrophorèse sur gel de polyacrylamide en milieu dénaturant (SDS-PAGE)
a permis de séparer les protéines des aliments et des résidus de sachets. Les principales protéines des
2 aliments sont des protéines de type 7S et 11 S, chacune se dégradant dans le rumen de façon ana-
logue pour les 2 aliments. Les fractions 7S se dégradent rapidement tandis que les 11 S sont plus
résistantes à la dégradation. Les profils électrophorétiques des résidus enzymatiques indiquent que les
protéines sont dégradées plus lentement in vitro que dans le rumen. Après hydrolyse enzymatique, on
observe dans les surnageanis des teneurs élevées en protéines et peptides et des teneurs faibles en
acides a-aminés et en ammoniac. Il est difficile de simuler in vitro l’activité des enzymes du rumen et
ces résultats restent à confirmer in vivo, dans le jus de rumen.
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INTRODUCTION

In ruminants, the quantity of amino acids
that reaches the small intestine depends on
microbial protein synthesis and feed pro-
teins escaping ruminal degradation. The
degradation of feeds proteins can be
affected by the nature of proteins in the feed
(Mahadevan ef al, 1980; Wallace ef al,
1987).

In France, the theoretical nitrogen
degradability (DT), on the basis of the PDI
(protein digestible in the intestine) system, is
computed from dietary nitrogen degrada-
tion kinetics in nylon-bag incubation in the
rumen (Verite et al, 1987). It can also be

predicted in the laboratory using a com-
mercial enzyme (Streptomyces griseus
extract) (Aufrere ef al, 1991 ). However, the
2 global methods do not take into account
the nature of dietary protein and do not
explain discrepancy in feed proteins degra-
dation in the rumen.

Ruminal degradation of protein of 2
legumes (soybean meal and field pea) were
compared using the 2 methods. The quan-
tity of non-degraded proteins was measured
and characterised by electrophoresis.

MATERIALS AND METHODS

Feeds

This study was performed using a commercial
soybean meal and a field pea. Samples were
ground through a 0.8 mm screen. Total nitrogen
(as a percentage of dry matter) of the feeds was
determined by the Kjeldahl method (1985).

Enzymatic incubation

Samples were incubated with pronase (proteo-
lytic enzyme extracted from S griseus type XIV
Sigma No P 5147) in a borate phosphate buffer

pH 8 for 1, 2, 4, 8 and 24 h at 40°C as described
by Aufrbre and Cartailler (1988). The degrad-
ability after 1 h is used in the French PDI system
(Aufr6re et al, 1991). Four replicates were used for
each time point. Samples were then centrifuged
at 2 100 g for 5 min and filtered through Durieux
2B filter paper. The filtrates of 2 replicates rep-
resenting each incubation period were used to
determine degraded nitrogen by the Kjeldahl
method, while the filtrates of the 2 other repli-
cates were treated with cold trichloroacetic acid
20% (w/v) to precipitate soluble true protein. They
were then centrifuged at 20 000 g for 30 min. Sol-
uble non-protein nitrogen in the supernatant was
determined by the Kjeldahl method and true pro-
tein in the precipitate was calculated by differ-
ence. The results were expressed in % of total
nitrogen of the feed (% Nt).

Part of the filtrate was used to measure ammo-

nia after acidification with trichloracetic acid 20%

(w/v) (Conway, 1957) and a-amino nitrogen
according to the method described by Palmer
and Peters (1969). The amount of peptides was
calculated by subtracting the amount of total nitro-
gen in the filtrate from the amount of protein
(expressed %N), N NH3 and N a-amino nitrogen.
Nitrogen solubility was measured in a phosphate
buffer at pH 6.9 according to the method of
Durand cited in Vérité and Demarquilly (1978).

In situ degradation

The in situ nitrogen degradability was measured
using the nylon-bag procedure standardised by
Michalet-Doreau et al (1987). Bags (pore size of
46 pm) were cut to an internal size of 6 x 11 cm,
and closed with 2 stitches, and contained approx-
imately 3 g of sample. They were incubated in
the rumen of 2 cows fed at maintenance a diet

containing 70% hay and 30% concentrate on a
dry-matter basis. For each feed, 3 bags were
removed from the rumen of cows (6 replications)
after 2, 4, 8, 16 and 24 h, and kept at -15°C
before analysis. Bags were rinsed with cold water
until the rinse water was clear. They were then
beaten for 7 min in a ’stomacher’ (Merry and
McAllan, 1983), prior to further washing and dry-
ing at 80°C for 48 h. The stomacher permitted
separation of bacteria from the rumen content.
Michalet-Doreau and Ould Bah (1989) showed
that beating in a stomacher results in reduction of
microbial contamination. Residual nitrogen was
determined according to the Kjeldahl method. An



exponential model (Qlrskov and McDonald, 1979)
was fitted to the data:

This model supposes the existence of a solu-
ble fraction (a), a potentially degradable fraction
(b) and a non-degradable fraction (100 - (a + b));
c represents the fractional rate of digestion of b.

Estimates of a, b and c were obtained by fitting
the model, using a non-linear regression procedure
based on Marquardt’s method (Marquardt, 1963),
using the NLIN procedure of the statistical analy-
sis system (SAS Institute, 1985). In order to com-
pare nitrogen degradabilities of feeds in the rumen,
a fractional passage rate out of the rumen of 0.06

per h was assumed (Verite et al, 1987). Ruminal
degradability of nitrogen was calculated using the
equation of 0rskov and McDonald (1979):

Protein separation procedures

The separation methods used are based on dif-
ferences in protein solubility according to the pH
of the extraction solution. For soybean meal, the
procedure of Thanh and Shibasaki (1976) was
used. The proteins were extracted with 0.03 M
Tris-HCI buffer (pH 8) containing 10 mM of (3-
mercaptoethanol (meal/buffer 1/15 (w/v)). After
centrifugation (12 000 g, 20 min), the supernatant
pH was adjusted to 6.6 with 2 N HCI. The 11 S
globulins precipitated and were separated from
the 7S globulins after dialysis against Tris-HCI
buffer (63 mM pH 6.6) at 4°C for 3 h and cen-
trifuged (12 000 g, 20 min). The supernatant pH
was then adjusted to 4.8 which caused precipi-
tation of the 7S globulins. These were separated
by centrifugation (12 000 g, 20 min).

The method of Gueguen and Barbot (1988)
was used for field peas. Each extraction (1 h)
was performed at 20°C using 1 g of flour and 10 0
ml of buffer. Three successive extractions in phos-
phate buffer (pH 7, NaH2po4, 0.1 M) + K2SO4
(5% w/v) for 1 h were carried out. The extracts
were then centrifuged (4 500 g, 20 min). The
albumins and globulins were separated by dia-
lysis in distilled water for 96 h, followed by cen-
trifugation at 12 000 g for 20 min. The globulin
precipitate was redissolved in Mcllvaine buffer at
pH 7 (82.4 ml Na2HP0402H20 0.2 M + 17.6 ml
0.1 M citric acid containing 0.15 N NACI). The pH

was adjusted to 5.5, the vicilins precipitated and
were separated by centrifugation at 27 000 g for
20 min. Legumins in the supernatant were pre-
cipitated at pH 4.8 and separated by centrifuga-
tion (27 000 g for 20 min).

Electrophoresis

The proteins of feeds, purified fractions and
residues of enzymatic and in situ incubations
were fractionated by sodium dodecylsulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) mod-
ified by Laemmli (1970). The residues of enzy-
matic and in situ incubation were treated with
extraction solution (1 M Tris-HCI, pH 6.8, 15%
(v/v) glycerol, 3% (w/v) SDS, pyronin, 7.5% (v/v)
(3-mercaptoethanol) in the proportion of 750 wl
for 1 mg of nitrogen (based on the method of Kjel-
dahl). They were treated for 2 h, heated for 5 min
at 100°C, centrifuged for 5 min at 600 g, and then
the supernatant solution was fractionated by SDS-
PAGE. The gels (1.5 x 60 x 180 mm) consisted of
stacking gel (125 mM Tris-HCI, pH 6.8, plus
3.75% acrylamide - bisacrylamide (10%, 30:0.8,
plus 12.5% 1 M Tris-HCI pH 6.8), 0.1 % (w/v)
SDS, 0.075% (w/v) ammonium persulfate, 0.1%
(v/v) tetramethylethylenediamine) approximately
50 mm high, layered over a separating gel which
contained 12.5 or 15% acrylamide-bisacrylamide
(30:0.8) for soybean meal and field pea, respec-
tively. The separating gel contained 33.3% acry-
lamide-bisacrylamide, 37.5% 1 M Tris-HCI pH
8.8 and 0.1% (w/v) SDS, polymerised with
0.075% (w/v) ammonium persulfate and 0.1%
(w/v) tetramethyl-ethylenediamine, for soybean
meal. For the field pea, the separating gel con-
tained 40% acrylamide-bisacrylamide; other com-
ponents were in the same proportion.

Electrophoresis was carried out for approxi-
mately 4 h at 200 V, after which the gels were
stained with 0.2°/ Coomassie Brillant Blue 250
R in 10% (v/v) acetic acid and 25% (v/v) propanol
for 30 min at 20°C to detect protein bands, and
destained in 10% (v/v) acetic acid and 35% (v/v)
ethanol.

The molecular weights of subunits were deter-
mined with a standard protein solution consist-
ing of lactalbumin (Mr = 14 200), trypsin inhibitor
(Mr = 20 100), trypsinogen (Mr = 24 000), car-
bonic anhydrase (Mr = 29 000), glyceraldehyde-
3-phosphate dehydrogenase (Mr = 36 000) oval-
bumin (Mr = 45 000), bovine serum albumin (Mr =
66 000), phosphorylase B (Mr = 97 400), (3-galac-



tosidase E coli (Mr = 116 000), myosin rabbit
muscle (Mr = 205 000).

RESULTS AND DISCUSSION

Protein separation

Separation of soybean meal proteins by
denaturing electrophoresis indicated that
globulins, the most important fraction in
legumes, comprised of 7S (conglycinin) and
11 S (glycinin). Field pea protein separation,
in agreement with the observations of Rao
et al (1987) and Spencer et al (1988), gave
similar fractions, convicilin and vicilin, cor-

responding to the 7S fraction, and legumin
corresponding to the 11 S fraction (fig 1 ).
Cheftel et al (1985), Gueguen and Azanza
(1985) and Carter etal (1992) also showed
the existence of analogies between the 2
legume species, which both belong to the
papillionaceae subfamilly. Pion (1981) and
Lailbs (1993) obtained little difference in
their amino-acid content. However, the legu-

min/vicilin ratio varied according to geno-
type (Rao and Pernollet, 1981). ).

Comparison of the in situ degradation
of the 2 feeds

The 2 feeds showed both different degrad-
abilities (Deg), 68.5% for soybean meal,
90% for field pea, and degradation profiles.
The soluble fraction (a) of soybean meal
was small (22.4% Nt) whereas that of field
pea was large (73.0% Nt), which agrees
with the enzymatic degradability results after
1 h (26.7% for soybean meal, 60% for field
pea), with solubility in a pH 6.9 phosphate
buffer (12.8% for soybean meal, 79.5% for
field pea) and with results of Fan and Sosul-
ski (1974). The low solubility measured for
soybean meal was caused by an increase of
temperature during processing. This result
is caused in both crosslinking within and
between proteins and binding between alde-
hyde groups of carbohydrates and amino
groups (Finley and Friedman, 1973). The
potentially degradable fraction (b) of soy-



bean meal was higher (77.6%) than that of
field pea (26.9%) but was degraded more
slowly (c = 0.095/h and c = 0.259/h, respec-
tively). These results agreed with those of
Madsen and Hvelplund (1985) and with
results obtained from samples of the same
species but of different origin (Aufrere et al,
1991 ).

As we reported previously (Aufrere et al,
1992), and in agreement with results of
Romagnolo et al (1990), electrophoretic
profiles showed that conglycinins of soy-
bean meal are degraded rapidly, whereas
glycinins are more resistant (the basic sub-
units are not degraded and the acid sub-
units are only degraded slowly) (fig 2). For
field pea (fig 3), the fraction most resistant
to degradation is composed of both acid
and basic legumin, whereas convicillin and
vicillin are completely degraded in the
rumen. Pernollet and Mosse (1983) have
proposed the hypothesis that legume seed
proteins are stored by 2 different systems
(reticular and vacuolar functions), which
could explain their difference in rumen
degradation.

Comparison between in situ
and enzymatic methods of estimation
of protein degradation

For both methods, the proportion of nitro-
gen disappeared from soybean meal
increased progressively with incubation time.
In contrast, the proportion of total field pea
nitrogen degraded after 1 h was large, but
then remained almost constant for the next
7 h (fig 4). Total nitrogen degradation was
similar for both methodologies, although in
situ degradation was slightly greater, as
shown in figure 4. The greater proportions of
protein disappeared after 24 h, which also
confirmed this: 94.8% Nt for soybean meal
and 99.6% Nt for field pea with in situ degra-
dation; and 75% Nt for soybean meal and
83% Nt for field pea, for enzyme degrada-
tion. These differences could have different

origins, for example, the ruminal environ-
ment is different from that of the laboratory
method, both regarding buffer and enzymes.
However, commercial protease from Strep-
tomyces griseus was chosen because it has
exo and endo peptidase activity and is com-



parable to protease from Ruminobacter in
most properties (Krishnamoorthy, 1982).

For soybean meal, the electrophoretic
profiles of enzymatic residues were different
from those of in situ residues at first, while
the patterns of degradation were compara-
ble for 8 and 24 h (fig 2). As mentioned
above, the 7S fraction was always rapidly
degraded, whereas the 11S fraction was
not degraded. In contrast, the electrophoretic
pattern of the enzymatic residue of field pea
was not the same as the in situ residue. The

protein fraction used in the enzyme reac-
tion was partially oxidised in subunits at Mr r
60 000, 45 000 and legumin. As indicated
previously (Aufrbre et al, 1991 although
the commercial enzymes used (protease
extracted from S griseus) are non-specific
and have a wide spectrum of activity, they
can only partly simulate the activity of
enzyme complexes in the rumen.

After enzymatic hydrolysis, the soluble
protein fraction from soybean meal repre-
sented about 60% of the total proteins after

1 h, with little further change. In contrast,
for field pea the solubilised fraction was also

65% after 1 h, but this decreased with incu-
bation time, probably because of protein
hydrolysis. The proportion of peptides
remained almost constant for soybean meal,
whereas for field pea this fraction increased
with incubation time. Depardon etal (1994)
used the same enzyme to show for soy-
bean meal that peptides of high Mr were
hydrolysed to small peptides during incu-
bation. The quantity of protein degraded to
ammonia was very low for both feeds (less
than 2%). a-Amino nitrogen was also low
for soybean meal (5%), and this fraction did
not vary with time, whereas for field pea,
this fraction was rather large and increased
with incubation time.

For soybean meal, the forms of solu-
bilised nitrogen did not change with incu-
bation time, the solubilised proteins
remained in the form of proteins and pep-
tides. For field pea, proteins were degraded
to peptides and amino acids. The small pro-



portion of ammonia indicates that the
enzyme used has only a weak deamination
activity compared with ruminal enzymes,
since it is known that rumen ammonia con-
centration is high.

In conclusion, the 2 feeds show great
similarity, since both contain the same types
of protein (7S and 11 S). The effect of the
technological treatment modifies the degra-
dation of the proteins in the rumen consid-
erably (DT 70% for soybean meal, 94.7%
for field pea) although they are degraded in
a similar manner in situ: the 7S fractions

are degraded rapidly, whereas the 11 S are
more resistant.

The use of an in vitro method allows

characterisation of solubilised forms of nitro-

gen. The results demonstrated that it is dif-

ficult to simulate the in vitro activity of
enzyme complexes in the rumen. Conse-
quently, these results must be confirmed by
direct measurements of rumen liquid.
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