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Abstract - Ruminal nitrogen degradation and intestinal digestibility (ID) of the undegraded nitro-
gen of three sunflower meals were determined on three wethers fitted with rumen cannulae and T-type
duodenal cannulae using nylon bags. Meals were obtained from semi-dehulled seeds by conven-
tional hexane extraction (samples SD1 and SD2) or from whole seeds by a discontinuous procedure
of pressing and hexane extraction (sample W), which causes a superior thermal effect. Therefore, effec-
tive degradability of nitrogen for the W sample (0.537) was lower (P < 0.001 ) than for conventional
meals. Between the latter, SD2 had a lower value (P = 0.019) than SD1 (0.776 and 0.812, respectively).
ID decreased in all meals (P < 0.001) as the ruminal incubation time (t) increased. This evolution could
be described accurately by an exponential curve as ID = s + he-kit. A method is proposed for estimating
the proportion of undegraded ruminal nitrogen digested in the intestines (Di) from 1 ) the above equa-
tion, 2) the undegradable (r) and the insoluble and potentially degradable (b) nitrogen contents of the
feed and the degradation rate of the last fraction (kd), and 3) the rumen outflow rate of particles (k,).
The Di value is shown to be: 1.71I !h

The percentages of nitrogen from digested feed in the intestines obtained with this method were
15.1, 17.2 and 39.0 for SD1, SD2 and W, respectively. Resulting effective ID values of undegraded
nitrogen were 0.804, 0.767 and 0.844. Undigested nitrogen after ruminal and intestinal incubations
decreased in linear and quadratic form in all meals as ruminal incubation time increased. &copy; Inra/
Elsevier, Paris
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Résumé &horbar; Estimation avec sachets de nylon de la digestibilité dans l’intestin des matières azo-
tées du tourteau de tournesol. Proposition d’une méthode mathématique. La degradabilité de
l’azote dans le rumen et la digestibilité dans l’intestin de l’azote non dégradé de trois tourteaux de tour-
nesol ont été mesurées en sachets de nylon sur trois moutons munis d’une canule du rumen et du duo-
dénum. Les tourteaux ont été obtenus par extraction conventionnelle à l’hexane à partir de graines semi-
décortiquées (échantillons SD1 et SD2) ou bien par un procédé discontinu de pression et extraction
à l’hexane sur graines entières (échantillon W), qui produit un plus grand effet thermique. En consé-
quence, la dégradabilité de l’azote pour l’échantillon W (0,537) a été plus faible (p < 0,001) que
pour les tourteaux conventionnels. Parmi ceux-ci SD2 a montré une valeur plus faible (p = 0,019) que
SD1 (0,776 et 0,812, respectivement). L’augmentation du temps de séjour dans le rumen (t) a entraîné
pour tous les tourteaux une diminution (p < 0,001) de la digestibilité dans l’intestin (ID), qui a pu être
convenablement décrite par une courbe exponentielle : ID = s + he-kit. Une méthode pour établir la
proportion d’azote non dégradé digéré dans l’intestin (D!) a été développée à partir : 1 ) de l’équation
précédente, 2) des proportions dans l’aliment d’azote potentiellement dégradable (b) et indégradable
(r), et du taux de degradation (kd) de la fraction b et iii) du taux de sortie de particules du rumen
(k!). D; est alors égale à : ..

Le pourcentage d’azote de l’aliment digéré dans l’intestin determiné avec cette méhode a été de
15,1, 17,2 et 39,0 pour SDI, SD2 et W, respectivement. Les valeurs correspondantes de la digestibilité
intestinale de l’azote non dégradé dans le rumen ont été de 0,804, 0,767 et 0,844. L’azote non digeré
dans le rumen et l’intestin a montré une diminution linéaire et quadratique en fonction du temps de
séjour dans le rumen. &copy; Inra/Elsevier, Paris
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1. INTRODUCTION

The application of new systems for the
evaluation of protein in ruminants should
be based on suitable estimations of both
ruminal nitrogen degradability and intestinal
digestibility (ID) of the undegraded nitro-
gen of feedstuffs. The values of ruminal

nitrogen degradability of feeds are com-
monly obtained by the 0rskov and McDon-
ald [17] procedure, based on nylon bag incu-
bation and rumen passage rate data. The

nylon bag technique has also been used to
obtain estimations of ID of undegraded
nitrogen [12, 25]. In comparison with other
methods used to estimate intestinal

digestibility, the mobile nylon bag technique
has the advantages of 1) its adaptability
which allows it to be used in systematic
studies with a large number of feeds and 2)
its relative simplicity. The technique may
be simplified even more by doing away with

the incubation in the abomasum, as sug-
gested by Yang and Poncet [28], after veri-
fying with different forages and concen-
trates that this incubation does not have any
effect on the quantity of total nitrogen that
has disappeared up to the ileum. Similarly,
in other studies [4, 23] it was observed that
pepsin-HCl preincubation does not affect
the values of intestinal nitrogen digestion.
Likewise, the small difference observed in
concentrates for the nitrogen disappearance
in bags recovered from the terminal ileum or
from the faeces [12, 22, 28] justifies the
simplication of this technique without cre-
ating an important error. Assays with mobile
nylon bags are, however, scarce and a
greater effort is still needed to determine
the possible factors that can affect this deter-
mination before the method can be used rou-

tinely for testing digestibility. Among these
factors, the incubation time of the feed in
the rumen is important, because the ID of



different feeds can be affected by the time
spent in the rumen and the associated
degrading effects [7, 19, 26, 28].

The aims of this work were 1) to deter-
mine the effects of the time spent by feed
particles in the rumen on ID of undegraded
nitrogen with three different sunflower
meals, and 2) to establish a dynamical model
for the estimation of the effective value of
ID.

2. MATERIALS AND METHODS

2.1. Protein sources

Two meals (SD1, SD2) from semi-dehulled
sunflower seeds obtained from the same com-

pany and extracted by a conventional hexane
extraction method were used. Another type of
meal (W) obtained from whole sunflower seeds
and with another origin was also used. Meal W
was obtained by a discontinuous procedure of
pressing and hexane extraction, with storage in
great piles between both processes, which
extended the period of time in which the material
was exposed to the high temperatures resulting
from the pressure process. All samples were
ground with a blade mill (Retsch Ultracentrifugal
ZM1; F. Kurt Retsch Gmbh & Co., Haan, Ger-
many) through a 2-mm screen for nylon bag
assays and through a 1-mm screen for chemical
composition analyses (table !.

2.2. Animals and feeding

Three wethers fitted with rumen cannulas and
T duodenal simple cannulas were used for all
the trials. The animals were housed in meta-
bolism cages and fed a 2:1 hay to concentrate
diet for 20 days before starting and throughout
the experimental period. The diet included
grass-legume hay and a concentrate mixture
(0.515 barley grain, 0.16 corn grain, 0.14 wheat
bran, 0.125 sunflower meal, 0.04 soybean meal,
0.02 minerals). The hay was obtained from the
second cut of a temporary grassland, composed
of Festuca pratense, Dactilis glomerata, Med-
icago sativa and Trifolinm repens. It presented a
3:1 grass to legume ratio and crude protein (CP)
and neutral detergent fibre (NDF) contents (of
DM) of 14.8 and 55.7 %, respectively. The diet
provided 15.4 % of CP (of DM) and was offered
at an intake level of 40 g DM-kg-I LW °v5 in
two equal portions at 8 and 16 h.

2.3. Ruminal incubation
and degradability

Bags of 11 x 7 cm (inner dimensions) were
made by heat-sealing (Preci-Pack P30N, Dover
Pack S.A., Barcelona, Spain) from nylon blutex
cloth with a pore size of 46 J..lm (Reference 120T,
Tissages Tissues Techniques, Villeneuve la
Garenne, France). The bags were filled with
approximately 3 g (air-dry basis) of feed sam-
ples and incubated in the rumen of each animal
for intervals of 2, 4, 8, 16, 24, 48 and 72 h. The
specifications of the bags and incubations agree
with those of the Inra standard method [15]. Two
series of incubations with duplicate bags were
conducted for each feed. At each series of incu-
bation, all bags were placed simultaneously in
the rumen just before the sheep were offered
their first meal of the morning. After collecting
bags from the rumen, they were washed with tap
water, three times for 5 min, in a turbine washing
machine. For each sheep and incubation time,
one bag of each incubation series was dried for
48 h at 80 °C in a forced air oven and analysed
for DM and nitrogen. The other bag was stored at
- 20 °C, freeze-dried and used for intestinal
digestibility studies.

The evolution of nitrogen disappearance (p)
with an incubation time (t) was described for
each animal using the model proposed by 0rskov
and McDonald [17]: ] :



In this model, the constant a represents the
soluble or very fast degradable fraction and b
represents the non-soluble degradable compo-
nent, which disappears at a constant fractional
rate kd per unit of time. The fraction of undegrad-
able nitrogen (r) was estimated as 1 - (a + b).

The rumen outflow rate (k ) used to estimate
degradability values was determined by supply-
ing a pulse dose (50 g) of labelled sunflower
meal SD2 (the same as that included in the con-
centrate) immediately before the first morning
meal in the stall of each animal. Previously, this
meal was washed with a commercial detergent in
an automatic washing machine to eliminate the
soluble components and labelled with ytterbium.
Labelling was carried out by immersion for 24 h
as described by Gonzalez et al. [10] using a dose
of 20 mg Yb.g-’ of feed. A total of 18 samples of
faeces for each animal was taken from the rec-

tum, the first before supplying the marker and
the rest at intervals of 4, 6 and 12 h during the
periods of 12-36, 36-72 and 72-120 h post-
dosage, respectively. These samples were dried,
milled and analysed for ytterbium. The evolu-
tion of ytterbium concentrations in the faeces
with time was fitted with the model proposed by
Grovum and Williams [11] and the rate constants
derived from the decreasing phase of concentra-
tions were used as k values for all the meals
tested. Effective degradability (P) was estimated
according to 0rskov and McDonald [17] as:

2.4. Intestinal digestibility

The freeze-dried residues obtained from rumi-
nal incubations for each tested feed and incuba-
tion time were pooled and resulting samples were
analysed for DM and nitrogen. After pooling,
six subsamples of 0.2 g were taken and placed in
heat-sealed nylon bags of the above-indicated
material having an approximately round shape
(diameter 3 cm). A total of 45 bags, two bags
from each feed and for each rumen incubation
time and three additional empty bags (used as
blanks), was inserted using a spindle through the
duodenal cannula into the small intestine of each
animal. Nine bags were inserted at random per
sheep per day at a rate of one bag every
15 min. Once recovered from the faeces, the bags
were mechanically washed, as indicated for the
bags incubated in the rumen, and then destined,
intact, to nitrogen analysis. Blanks containing a
known weight of nylon were used to correct for

nitrogen content. The disappearance in the
intestines of undegraded nitrogen was calculated
as the amount of nitrogen lost from the bag
divided by the amount of nitrogen in the bag
before the intestinal passage. The undigested
nitrogen content was calculated as the percentage
of nitrogen of the original sample remaining in
the bags after ruminal incubation and intestinal
passage.

2.5. Chemical analyses

Samples of tested feeds were analysed for
DM, ash, CP (Nkjeldahl x 6.25) and ether extract
by AOAC methods [2] and for NDF, acid deter-
gent fibre (ADF) and acid detergent lignin (ADL)
according to the Robertson and Van Soest pro-
cedures [20]. In tested feeds, the NDF residues
were used for the analyses of neutral detergent
insoluble nitrogen (NDIN) and the ADF analyses
were made directly and in two duplicate series for
the subsequent determination of ADL and acid
detergent insoluble nitrogen (ADIN), respec-
tively. Rumen incubation residues and intestinal
mobile nylon bags were analysed for nitrogen
by the Kjeldahl method. Samples of faeces
collected for transit studies were incinerated at
550 °C and then boiled with a solution of
1.5 M HN03 and KCI (3.81 g-L-1). The resul-
tant solutions were analysed for ytterbium by
atomic absorption spectrometry (Smith-Hieftje
22, Thermo Jarrell Ash Corp. Massachusetts,
USA) including, in the standards, the predosed
sample of faeces (in equal weight to that
employed in problem samples) to avoid inter-
ferences of the mineral matrix.

2.6. Statistical methods

The different kinetics associated with the indi-
cated models were fitted using a non-linear
regression programme. Statistical analysis of the
degradation parameters and effective degrad-
ability of nitrogen in the rumen were made by
variance analysis with animals and meals as fac-
tors in the model. A split-plot design with meals
as whole plots and times of incubation as sub-
plots was used to conduct the variance analyses
of intestinal digestibility of nitrogen and undi-
gested nitrogen contents. In all cases, orthogonal
contrasts were made between SD and SD2 and
between the mean of these samples and sample
W. The effect of ruminal incubation time on ID
was established by an exponential equation (3)
(see Results) and by linear and quadratic effects
for undigested nitrogen.



3. RESULTS AND DISCUSSION

3.1. Ruminal degradation

The parameters of degradation kinetics
and effective degradability of nitrogen in
the rumen are shown in table II. The average
and the standard error of the mean (SE) of kP
values used to establish the effective degrad-
ability estimates were 4.99 ± 0.20 (%.h-1).
The potential extent of nitrogen degrada-
tion of SD1 and SD2 meals was the same, as
is shown by their similar undegradable frac-
tions (0.037 and 0.044, respectively). Nev-
ertheless, there were important differences
in their availabilities with time. Therefore,
the greater (P = 0.038) soluble fraction
observed for SD1 (0.365 versus 0.238 for
SD2) is associated with a compensatory
reduction (P = 0.035) in the potentially
degradable fraction (0.598 versus 0.718,
respectively). Consequently, this meal
showed a greater value of effective degrad-
ability (0.812 versus 0.776; P = 0.019), since
there was not any difference in the degra-
dation rate. The undegradable fraction
(0.072) and the degradation rate (4.2 %.h-1)
were respectively higher (P = 0.018) and
lower (P = 0.003) in meal W compared to
the other meals. Both differences, but mainly
the latter, were responsible for the lowest

(P < 0.001) effective degradability (0.537)
observed for this meal.

The differences in the degradation param-
eters could be explained by differences in
the industrial obtention procedures and in
the chemical composition of the samples.
Therefore, the high content of undegradable
nitrogen of meal W may be related to its
considerably high content of fibrous con-
stituents and to the high proportion of nitro-
gen bound to these fractions (table !. On
the contrary, the low degradation rate and
effective degradability found for this meal
may be mainly related to the long period of
time between the pressure and solvent
extraction process during which the meal
was exposed to high temperatures. Thus,
this meal would have similar characteris-
tics to expeller meals. Broderick and Craig
[6] suggested that heat decreases ruminal
nitrogen degradation by partially blocking
reactive sites for microbial proteolytic
enzymes and by partially reducing protein
solubility. Therefore, the pressure process
has a greater influence on the reduction of
ruminal degradation of nitrogen than the
solvent extraction process [5, 9]. The low
degradation rate observed for this meal is
very similar to that of a sunflower meal
treated with formaldehyde [8], which gives
additional evidence of protection by heat.



On the contrary, effective degradabilities of
conventional solvent-extracted meals (SD1,
SD2) agree with previous results [8, 14, 16,
24].

3.2. Intestinal digestibility and
mathematical model of calculation

The effect of the ruminal incubation time
on ID of undegraded nitrogen is shown in
table Ill. Residues of ruminal incubation of
meal SD2 for the time period of 16 h were
contingently lost and consequently intestinal
digestibility was not determined. The vari-
ance analysis of these data shows effects
(P < 0.001) for ruminal incubation time,
meals and the interaction meal x incubation
time. This interaction is basically due to the
different evolution of the disappearance of
nitrogen from mobile bags with conven-
tional meals (SD1, SD2) compared to that
with meal W. Therefore, SD1 and SD2
meals showed a more rapid decrease with
increasing rumen incubation times than meal

W. Average values for SD 1 (0.683) and SD2
(0.661) were similar (P = 0.158) and lower
(P < 0.001) than those obtained for W (0.672
versus 0.821).

The evolution of ID values for 24 h

(samples SDl and SD2) or 48 h (sample W)
of rumen incubation time fitted well to an

exponential curve:

These periods are long enough in practi-
cal terms for us to consider the extent of the

degradation effects in the rumen; thus, con-
sidering the disappearance from the rumen
by degradation as well as by transit, the
potentially degradable nitrogen which
remained in the rumen represented only 0.47
and 0.57 % of total nitrogen in the feed for
SD1 and SD2 at 24 h and 0.86 % for W at
48 h.

Values of ID corresponding to enlarged
rumen incubation times, and therefore with

degradation values close to the potential
degradation extent, showed deviation from



the general tendency described by the expo-
nential curves. These deviations could be

explained by considering that in these
residues digestible nitrogen was mainly
derived from microbial contamination. Like-

wise, this hypothesis allows us to explain
that this fraction which was indigestible at
the ruminal level could be digested in a high
proportion in the intestine. Ruminal micro-
bial contamination of sunflower meal should
be high. Thus, using diaminopimelic acid
as a bacterial marker, Alexandrov [1]
observed that 42 % of undegraded nitrogen
after 48 h of incubation were of microbial

origin.
The equations obtained using mean val-

ues for each animal and each ruminal incu-
bation time were:

SD1: ID = 0.699 (± 0.01311 + 0.253
(± 0.0186) e-°v g6 (ot 0.034) t

n = 15; RSD = 0.0249
SD2: ID = 0.647 (± 0.0163) + 0.287

(± 0.0217) e-O.195 (± 0.033) t

n = 12; RSD = 0.0265
W: ID = 0.795 (± 0.0434) + 0.0763

(± 0.0389) e-o &dquo;46 (± 0.060) t

n = 18; RSD = 0.0339

The decrease in the ID of undegraded
nitrogen obtained with increasing rumen
incubation times indicated the progressive
enrichment in undigestible nitrogen com-
pounds of feed particles as a consequence of
the extent of rumen degradation. The impor-
tance of this effect in each meal was, how-

ever, different. Therefore, the low fractional
rate ki observed for meal W, (approximately
four times lower than for the other meals)
could be the consequence of its very low
ruminal degradation rate (kd, table II), that
would produce a slow and relatively low
enrichment in undigestible nitrogen com-
pounds. In this way, the characteristics of
rumen degradation kinetics, and especially
the magnitude of kd would produce an
important effect on the evolution of ID. In
addition, feed NDIN and ADIN contents
could also have an important effect as dis-
cussed below.

The utilisation of an exponential equa-
tion (3) to describe the evolution of the ID of
undegraded residues allows for the estima-
tion of the effective intestinal digestibility
from this function and from the post-rumi-
nal flow of undegraded nitrogen (U!). This
last function can be established considering
that undegraded nitrogen is defined by u = r
+ b e kd t and that the rumen outflow of any
feed constituent is defined by f = 1 - e kn t.

Thus, the corrected outflow rate from the
rumen of undegraded nitrogen is u (dfldt)
and its cumulative proportion up to time t
(Ut) can be calculated from:

As time from feeding increases, the frac-
tion of undegraded nitrogen leaving the
rumen (u) falls to zero, as does the rate of
passage (dfldt), and so the proportion of
undegraded nitrogen approaches closer and
closer to the final value:

Likewise, the corrected rate of digested
nitrogen in the intestine is ID(dU/dt), which,
in accord with equation (4), is equivalent to
IDu(df/dt), and their cumulative proportion
up to time t (D!!!!) can be derived from:

As mdicated above, as tne time from

feeding increases, the fraction of nitrogen
flowing into the intestine tends to zero, so
that the proportion of nitrogen from the feed
digested in the intestines tends to:
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From this value, the effective intestinal
digestibility of undegraded nitrogen (EID)
can be obtained as:

This proposed method allows practical
estimations of intestinal digestibility to be
obtained for those feeds showing variations
of this parameter with the rumen incubation
time. The first step in the development of
this model, that is the determination of the
ruminal outflow of undegraded nitrogen, is
analogous to that proposed by 0rskov and
McDonald [l7] for the calculation of nitro-
gen degradability in the rumen. Therefore,
equation (5), which describes the accumu-
lative outflow, is mathematically comple-
mentary to equation (2) obtained by these
authors for the estimation of degradability.
This method, based on solutions by inte-
gration, remains valid irrespective of the
form of the functions employed (u, f and
ID), because there is the possibility of
obtaining, in the case of the variation of any
of them, revised expressions to replace equa-
tion (7) for the estimation of the proportion
of nitrogen from the feed digested in the
gut.

The estimates by the proposed method
of the EID of undegraded nitrogen and of
the percentage of nitrogen from the feed
digested or undigested in the gut are shown
in table N. The values of EID, ranging from
0.767 to 0.844 were close to the value of
0.85 determined for sunflower meals by the
method used in the PDI system [24]. The
results obtained also showed that ID of

undegraded nitrogen could differ between
samples of the same class of feeds (tables III
and 11!, so it would not be considered as a
constant value as already indicated [13].
The highest values of ID observed in meal
W showed a possible positive effect of the
obtention process, because it did not only

increase the concentration of the rumen

bypass protein, but also resulted in a high
value for its ID and, therefore, a higher nitro-
gen value of the feed. These results agree
with those of Stem et al. [21] who, for four
diets that included soybean meal or whole
soybeans with different treatments, observed
an increase of in vivo nitrogen intestinal
digestibility of the diet with a reduction of
the ruminal nitrogen degradability of the
soya source. In a study with brewer grains
dried at different temperatures, Pereira et
al. [18] also observed an increase in the
amount of digestible bypass nitrogen asso-
ciated with a reduction of ruminal nitrogen
degradability with the heat treatment inten-
sity.

The effect of the ruminal incubation time
on the undigested nitrogen contents after
ruminal and intestinal incubations is also
shown in table III. The variance analysis
of these data shows effects for meals

(P = 0.004), ruminal incubation time
(P < 0.001), and the interaction meal x incu-
bation time (P < 0.001). The undigested
nitrogen contents decreased in a linear and
quadratic form in all tested feeds with
increased rumen incubation times. The aver-

age value for W (6.69 %) was higher
(P = 0.002) than those of conventional meals
(4.53 % on average), and amongst these,
SD 1 presented a lower value than SD2 (3.67
versus 5.40 %, P = 0.017).



The decrease in undigested nitrogen val-
ues after ruminal and intestinal digestion
observed in all meals with increasing rumi-
nal incubation times should be related to the

progressive microbial degradation of com-
ponents inhibiting the enzymatic digestion of
protein in the small intestine such as nitro-
gen compounds bound to the cell wall.
Moreover, it may be noted that the ranking
of the obtained undigested nitrogen values is
in relation to the NDIN and ADIN contents
of meals. The progressive ruminal degrada-
tive actions on these components also influ-
ence gut digestibility values, underlining
the importance of considering the effect of
rumen microbial actions in the estimation
of intestinal digestibility. Thus, the deter-
mination of intestinal digestibilities of unde-
graded nitrogen based on estimations with
nylon bags made on the original feed as pro-
posed by Hvelplund et al. [13] can lead to
errors.

Although effective values of undigested
nitrogen (table I! are slightly higher than
the feed content of ADIN, the values of
undigested nitrogen corresponding to high
ruminal incubation times are lower than
these contents. With the exception of a pos-
sible subestimation by considering the dis-
appearance from the bag as degradation or
digestion, these results tend to show that
ADIN could be degraded to a certain extent
in the rumen. Part of the artificial ADIN

resulting from Maillard reaction products
may be degraded in the rumen [27]. In addi-
tion, Aufrere et al. [3] showed a partial rumi-
nal degradation of ADIN in feeds not
sujected to thermal treatment, such as green
or ensiled alfalfa.

4. CONCLUSIONS

The extent and duration of microbial
actions in the rumen are primary factors in
determining the ID of undegraded protein.
The method proposed here for calculating
this digestibility combines both the estima-
tions of degradation and passage rate in the

rumen with data from mobile bags, which
then represent a combination of the different
digestive occurrences. This method, based
on solutions by integration, spares the prob-
lems derived from the use of a fixed but

arbitrary time for ruminal preincubation and
it can be used as a screening method for
testing a large number of feeds and for the
study of the factors that determine ID in
ruminants.
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