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Abstract

The percentage of feed protein escaping rumen degradation was measured by the in situ
method (%EPsiru) for 29 compound feeds, untreated and formaldehyde-treated soybean meal
and 12 forages: 3 grass silages. 2 maize silages, fresh grass, grass hay, fodder beets, fresh
potatoes, ensiled beet pulp, chopped ear corn silage and brewers’ grains. The loss of particles
through the bag pores was determined as the difference between the washable fraction (W)
and the fraction, soluble in borate-phosphate buffer at pH 6.7 (S). W-S was most pronounced
for compound feeds (on average 14.4%-units), for brewers’ grains and maize silages. A cor-
rection of %EPsitu, assuming that W-S degrades like the potentially degradable fraction. ap-
peared however not appropriate. Solubility in borate-phosphate buffer after 1 h, enzymatic
degradability by protease from Streptomyces griseus or ficin after 1, 6 and 24 h and NIRS
(for compound feeds alone) were examined as routine method to predict %EPsifu. With the
buffer and with S. griseus the effect of pH (6.7 vs. 8.0) and at pH 8.0 the effect of the amount
of substrate (500 mg sample vs. 20 mg nitrogen (N)) was tested. With ficin, 500 mg samples
were incubated at pH 6.7. Predictions were better when compound feeds and forages were
considered separately. However, the best in virro method was different for the two feed cate-
gories, being solubility in buffer for the compound feeds and enzymatic degradation of a
constant amount of protein with S. griseus at pH 8.0 for forages. NIRS showed potential to
predict %EPsitu of compound feeds, but needs more reference samples. The Dutch fecd ta-
bles appeared more accurate than the best in vitro method for compound feeds, but seemed
too rough for some forages like fodder bects, maize silage and ear corn silage.

Kevwords: rumen cscape protein, in situ, solubility, enzymatic methods, NIRS, tables

Introduction

In the new Dutch protein evaluation system for cattle (Tamminga et al., 1994) the
percentage of feed protein escaping rumen degradation (%EP) has to be known. The
in situ procedure, by which feed samples are incubated during different times in the
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rumen of cows or sheep, is accepted as reference method. Besides the need for fis-
tulated animals, the method is laborious, time-consuming and expensive and not
suited for feed evaluation in practice. Therefore, tables are available with mean val-
ues for most compound feed ingredients and forages and regression equations
based on chemical composition and harvest day for grass products (Anonymous,
1992, 1996). However, due to the variability within feeds the use of tabular values
may give rise to serious errors. As a solution in between, different in vifro methods,
with either buffer solutions (Crooker et al., 1978; Waldo & Goering, 1979;
Krishnamoorthy et al., 1982), rumen fluid (Broderick, 1987) or commercial en-
zymes (Poos-Floyd et al., 1985; Aufrére & Cartailler, 1988) as inoculum, were de-
veloped. Solubility methods are very simple, but are poorly related to %EPsitu,
when feedstuffs of different nature are pooled (De Boever et al., 1984). Rumen flu-
id and enzymatic methods offer the advantage that degradation can be followed in
time and yield data suitable for modelling. However, methods based on rumen fluid
are less suited for practice and suffer from problems with re-utilization of degration
products when used fresh or with a substantial loss of proteolytic activity when
making an enzyme preparation (Broderick, 1987; Mahadevan et al., 1987). Feed
evaluation in practice increasingly makes use of near infrared reflectance spec-
troscopy (NIRS) as a fast and ecologically sound technique. Up to now, experience
with NIRS to predict protein degradability is limited to forages (Waters & Givens,
1992; Antoniewicz et al., 1995).

This study aims to examine the accuracy of solubility, enzymatic methods, using
either a bacterial or a vegetal protease and NIRS to predict the %EPsitu of com-
pound feeds and some forages. Besides, the effect of a correction for loss of parti-
cles when applying the bag technique was investigated.

Material and methods
Feeds

In totally 43 feeds were examined. comprising 29 compound feeds, untreated and
formaldehyde treated soybean meal and 12 fresh or ensiled forages. The compound
feeds were composed at the institute for experiments with dairy and finishing beef
cattle. Their ingredient composition is given in a previous paper (De Boever et al.,
1995). The forages concerned three grass silages (A, B and C), fresh grass, grass
hay, two maize silages (A and B), chopped ear corn silage, ensiled pressed beet pulp,
ensiled brewers” grains, fresh potatoes and fodder beets. The grass products originat-
ed from mixed pastures with predominantly Lolium perenne. Grass for silage A was
cut on 18 May 1992 and prewilted for one day. Grass for silages B and C as well as
for hay was from the same parcel cut on 10 May 1993; one third was respectively en-
siled directly (without preservative), ensiled after one day prewilting and pressed af-
ter 7 days drying in the field and further dried in the barn. Maize silage A was from
cultivar Aladin and B from cultivar Magister, both harvested in 1993 at the mature
grain stage.
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Rumen in situ method

In situ protein degradation was measured in 1992 (16 compound feeds), in 1993 (13
compound feeds, 2 soybean meals, grass silage A, beet pulp and fodder beets) and in
1994 (other forages). In 1992 two and in 1993 and 1994 four Holstein-Friesian cows,
with a moderate to high milk production were used. The animals were fed according
to their requirements with maize silage and concentrates in a ratio of about 65/35
(DM-basis) and in two equal amounts at 8.00 a.m. and 8.00 p.m.

Undried samples of the compound feeds and soybean meals were ground to pass a
5-mm sieve. Forages were preserved in a frozen state (except grass hay and fodder
beets) after being minced (except beet pulp, ear corn silage and brewers’ grains) fol-
lowing different procedures. Grass products were chopped with a paper-cutter in
picces of about | cm; frozen maize silage was further reduced in size with a dish-
cutter (Hobart type 84415, Ohio, USA), frozen potatoes were mechanically smashed,
lyophilized beets were ground with a Brabender mill without sieve. About 5 g dry
matter (DM) (= 10 g DM for the prolonged incubation) was weighed in sealed nylon
bags of 10 x 8 cm (Nybolt, polyamide, porosity 26%, mesh size 40 um, Zurich,
Switzerland). All the feeds were incubated during 0, 3, 6, 12, 18, 24 hours and 12-14
days; the forages were further incubated for 48 and 72 hours. To obtain enough
residue, the number of bags increased from two for 3h to six for 24h and longer. All
incubations started after the morning feeding with exception of the 18h-bags, which
were inserted after the evening feeding. In 1992, all incubation intervals up to 24
hours were done for two feeds on the same day, whereas in 1993 and 1994 feeds
were simultaneously incubated following a random distribution of intervals over
days. The prolonged incubation occurred afterwards. After incubation, bags were
washed in a washing machine with cold water during 50 min. (no spinning).
Residues were dried in a ventilated oven at 60-70°C and weighed. They were pooled
per time and per cow, ground through a 1 mm-sieve and analyzed for DM, ash and N.
The crude protein (CP) degradation characteristics were derived after averaging the
in situ values over cows. The potentially degradable CP fraction was calculated as D
=100 - W — U, with W: the washable fraction and U: the undegradable fraction after
prolonged incubation. The degradation rate (k,) was estimated by iteration from the
first order model of @rskov & McDonald (1979). The %EPsitu was calculated using
equation (1) (@rskov & McDonald, 1979).

%EP = U + (k/(k, + k,)) x D (1)

In this equation, k, is the rumen passage rate, assumed to be 4.5% h™' for roughages
and 6% h™' for concentrates (Tamminga et a/., 1994); in our study a k, of 4.5% h™'
was applied for the grass products and maize silages and a k, of 6% h™' for the re-
maining feeds. For the ensiled feeds 5% of W was supposed to be undegradable
(Tamminga et al., 1994). Because there are indications that W overestimates the real
soluble fraction, particularly for concentrates (Cone ef al., 1995; De Boever et al.,
1995; Dewhurst et al., 1995), %EPsitu was also corrected for loss of particles.
Therefore, the soluble fraction (S) was measured after soaking for lh in a borate-
phosphate buffer at pH 6.7 (see further). The corrected %EPsitu was calculated with
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equation (1), but using corrected values for D and U, obtained with equations (2) and
(3), respectively (Lopez et al., 1994):

Dc=D/(1-A) with A=W ~S/(100-S) (2)

Uc=100-Dc-S (3)

According to this correction, which does not affect the estimate of the degradation
rate k,, W — S is assumed to degrade with the same rate as D.

The residues in the bags after incubation were not corrected for possible contami-
nation with microbial matter. More or a similar residu during the first hours of incu-
bation than after simply washing was observed for the two maize silages, beet pulp
and fodder beets. However, a correction, as proposed by Michalet-Doreau & Ould-
Bah (1989) seemed not appropriate here because their washing procedure was less
intensive than in this study.

Solubility and enzvimatic methods

For the in vitro experiments, samples were dried and ground through a 1 mm screen.
Nitrogen solubility was measured by incubation during 1h in 0.1 M borate-phos-
phate buffer at 40°C (Cone et al., 1995). Using the same buffer, enzymatic degrad-
ability was determined after 1, 6 and 24 h incubation with either a bacterial protease
from Streptomyvces griseus (type XIV, Sigma P-5147, St Louis, MO, USA) or a vege-
tal protease ficin (from fig tree latex. Sigma EC 3.4.22.3, F-4165, St Louis, MO,
USA), as described by Aufrére & Cartailler (1988) and adapted by Cone et al.
(1995). With the buffer alone and with S. griseus, the effect of pH (6.7 vs. 8.0) and at
pH 8.0 the effect of the amount of substrate (20 mg N vs. 500 mg sample) was test-
ed. In the case of ticin, 500 mg samples were incubated and the pH of the buffer was
6.7. The amount of enzyme per sample corresponded to | mg for S. griseus and 5 mg
for ficin. After incubation, tubes were centrifuged for 5 min at 1500 x g and N was
determined in 10 ml of the supernatant. To correct for the enzyme residue in the su-
pernatant, two blanks, containing 50 ml protease-buffer without sample, were incu-
bated for 1 h in each run. All in vitro tests were carried out in duplicate in two runs;
when disappearance values differed by more than 10%, a third determination was
carried out. The repeatability of the in virro tests was calculated as the mean stan-
dard error (SE) between replicates.

Similarly to %EPsitu, %EPvitro was calculated for the four enzymatic procedures
using equation (1) and D = 100 — S — U, with S being the corresponding buffer solu-
ble fraction (0 h incubation) and U the residue after 24h incubation.

NIRS-analysis

Because NIRS-calibration needs sufficient samples preferably belonging to the same
product group. analysis was only carried out for the 29 compound feeds. With an
Infra-alyzer 500 spectrophotometer (Bran&Luebbe, Norderstedt, Germany) the
spectrum was taken from 1100 to 2500 nm in steps of 4 nm. The air-dry samples
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were scanned in closed cups on two days and the scans were averaged. A calibration
for %EPsitu was developed by means of partial least-squares regression
(Unscrambler version 5.01, Camo, Trondheim, Norway). The calibration was tested
by cross-validation.

Chemical analvses

The content of DM was determined by drying at 103°C for 3h. Crude ash content
was obtained after ignition in a furnace at 550°C. N was analyzed with a Kjeltec-ap-
paratus (Tecator, Hogands, Sweden) and CP was calculated as N x 6.25. Crude fat
(Cfat) was extracted with petroleum ether during 6h. Neutral detergent fibre (NDF)
was determined according to Wainman et al. (1981), pretreating compound feeds
and starch-containing forages with a-amylase. Starch (STA) was obtained after hy-
drolysis with amyloglucosidase (Van Gelder ef al., 1992).

Results
Chemical composition and in situ CP degradation characteristics

The chemical composition and protein degradation characteristics of the feeds are
given in Table 1. The compound feeds showed a wide variation in chemical composi-
tion. Per kg DM, CP ranged from 156 to 357 g, Cfat from 11 to 87 g, ash from 68 to
117 g, NDF from 120 to 310 g and starch from 33 to 407 g. The treated soybean
meal contained 4%-units more protein and 5%-units less cell-walls. CP-content of
the grass silages and hay were similar but lower than that of fresh grass. The NDF-
content of the hay was clearly higher than that of the other grass products. Despite a
higher DM-content at harvesting, maize silage A contained more NDF and less
starch than B.

The washable CP-fraction (W) of the compound feeds varied considerably from
23.2 to 63.6%. The W-fraction of the two soybean meals was relatively low and com-
parable. Within the forages, W was lowest (24.7%) for beet pulp and highest for fod-
der beets (79.7%). Of the grass products, W was clearly lower for hay and fresh
grass than for the silages. Concerning the maize products, W increased from ear
corn silage over maize silage A to silage B. The undegradable CP-fraction (U) of all
but two compound feeds and the two soybean meals was lower than 3%. The highest
U was found for the two maize silages, while that of the other forages varied be-
tween 4.4% for fodder beets and brewers’ grains and 9.2% for beet pulp. The degra-
dation rate of the potentially degradable CP-fraction (k,) ranged from 0.8% h~! for
the treated soybean meal to 10.6% h! for the fresh grass. %EPsitu varied from 17.7
to 43.1% for the compound feeds and from 10.8 (fodder beets) to 49.6% (beet pulp)
for the forages. The formaldehyde treatment almost doubled %EPsitu of soybean
meal.

To correct for the loss of particles during the washing procedure, the solubility of
CP in borate-phosphate buffer at pH 6.7 (Table 2, 0 h) was measured. This method
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Table 1. Chemical composition, in situ CP degradation characteristics and rumen escape protein.

Feed

F88--19
F88-21
F88-24
F90-21
F90-22
F90-23
F90-24
F91-21
F91-22
F91-23
F91-24
F91-25
F91-26
Fo1-27
F91-28
F91-29
F85-08
F92-05
F92-27
F92-46
F92-47
F92-48
F92-49
F92-50
F92-51
F92-52
F92-53
F92-54
F92-35
Soybean meal
Soyb. m. form.
Beet pulp
Fodder beets
Grass silage A
Grass silage B
Grass silage C
Grass hay
Grass fresh
Maize silage A
Maize silage B
Potatoes

Ear corn silage
Brewers' grains

DM
g'ke

882
878
870
873
887
889
897
876
871
878
894
871
871
888
885
877
884
879
870
869
868
863
863
874
876
888
891
897
897
860
866
203
130
376
204
366
914
165
383
357
201
614
240

CP! Fat Ash  NDF® STAf
g'kg DM

189 43 92 310 72
193 31 82 152 361
357 53 115 156 62
200 53 87 304 128
213 35 8S 269 135
252 40 93 275 33
211 87 89 291 81
239 11 74 121 340
241 21 68 120 353
225 30 80 221 43
278 51 93 276 37
276 54 79 291 64
245 36 73 207 226
156 40 97 258 218
179 43 96 263 193
210 43 98 224 213
187 38 94 241 145
235 53 91 245 92
348 48 17 173 50
163 22 81 282 233
205 34 90 297 138
232 24 90 256 123
163 35 71 155 407
188 61 76 297 150
224 60 81 301 94
263 42 101 175 141
241 45 102 197 11
221 44 101 203 71
197 45 100 246 85
483 17 72 131 13
521 14 75 83 8
L6 7 69 431

85 5 87 111

144 39 119 487

144 43 267 426

167 38 160 468

168 25 116 572
218 27 138 463

65 21 51 420 309
70 24 46 363 362
109 2 107 287 641
87 30 24 222 536
302 83 42 559 15

49.1
60.2
593
33.2
39.6

6
d

%/h

EP’

%

30.2
259
31.4
304
325
36.7
33.6
343
40.0
38.1
37.5
33.2
335
25.7
24.0
26.7
29.2
30.3
35.0
232
35.6

17.7
29.5
37.3
28.7
31.2
35.8
36.2
45.0
78.5
49.6
10.8
22.7
28.9
27.5
32.8
259
40.9
34.0
20.2
48.2
34.1

EPc?

%

34.6
34.8
32.4
35.5
42.4
39.5
39.9
37.4
44.2
45.4
43.0

41.1
13.6
47.0
49.4

Epmbq
o,

37.9
34.7
37.3
35.2
41.1
42.6
41.5
359
40.7
37.8
38.6
389
378
3.0
31.1
31.8
334
33.9
40.1
28.6

4 s

crude protein : * neutral detergent fibre ; * starch
washable fraction ; ¥ undegradable fraction ; ¢ degradation rate ;

% escape protein calculated with equation (1)

© w
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was found most appropriate by Krishnamoorthy et al. (1982). The so-called real sol-
uble CP-fraction S was clearly lower than W for the compound feeds. The difference
amounted on average to 14.4%-units, varying from 2.5 (F88-24) to 22.6% (F92-55).
When %EPsiru was corrected for the loss of particles (%EPc in Table 1), values in-
creased on average 8.2%-units, with a minimum of 1.0% and a maximum of 16.6%.
W equalled S for soybean meal, but was 7.8%-units higher for the treated meal.
Within the forages, the difference W — S was only positive for beet pulp, the two
maize silages and particularly for brewers’ grains (+ 31.7%-units), whereas more CP
was solubilised than washed out for the other feeds.

In vitro methods to predict % EPsitu

In Table 2, the percentage CP solubilised in buffer (0 h) and after incubation with
protease (during 1, 6 and 24 h), according to respectively three and four procedures,
is presented. Generally, solubility of 500 mg samples in buffer at pH 8.0 resulted in
higher values than in buffer at pH 6.7 (on average 1.5%-units) or compared with in-
cubating 20 mg N (on average 1.9%-units). With S. griseus more protein was solu-
bilised than with ficin, amounting on average to 2.3, 14.4 and 20.8%-units after 1, 6
and 24 h, respectively. Measuring solubility in buffer alone was better repeatable
than when protease was added. For treated soybean meal and some forages, CP-dis-
appearance after 1 h incubation in buffer with protease was sometimes lower than in
buffer alone, particularly at pH 8.0. This discrepancy can be ascribed to the repeata-
bility error of the method and of the blanks. Repeatability was highest for the proce-
dure with S. griseus at pH 6.7 and a 500 mg sample and lowest for that with S.
griseus at pH 8 and a 20 mg N sample.

To find the most accurate in vitro test, the percentage CP solubilised in buffer and in
buffer-protease after 1, 6 and 24 h of incubation as well as the calculated %EPvitro
were linearly regressed to %EPsitu. Regressions were calculated for all feeds and sep-
arately for the compound feeds and the forages. Because brewers’ grains heavily dis-
turbed the regressions, it was excluded. In Table 3, the determination coefficient (R?)
and the residual standard deviation (RSD) of the relationships are given. Besides, all in
vitro tests were regressed to %EPsitu, corrected for loss of particles. These regressions
had in a few cases similar but mostly higher RSD’s than the corresponding regressions
to the uncorrected %EPsitu and are therefore not shown. As an example, the RSD of
the regression of %EPvitro for S. griseus (pH 8.0 — 500 mg sample) to %EPsitu and
corrected %EPsitu amounted to 5.0 and 6.8%, respectively.

Considering all feeds, enzymatic degradability was better related to %EPsitu than
solubility in buffer. The % degraded protein after 6 h incubation gave a lower predic-
tion error than that after 1 or 24 h, but the best result was obtained when %EPvitro
was calculated from degradation and passage rate. Incubation of 500 mg samples
with §. griseus at pH 8.0 gave the best results (RSD=5.0%), followed by the version
with S. griseus at pH 6.7 (RSD=5.3%), then incubation with ficin (RSD=6.1%) and
finally the version with §. griseus and a constant amount of feed protein
(RSD=6.6%). The relationship between %EPvitro for S. griseus at pH 8.0 — 500 mg
sample and %EPsitu is also presented in Figure 1. The percentage EPvitro agrees
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Table 2. Mean %CP solubilised after incubation in protease during 0 (1 h in buffer alone), 1, 6 and 24h.

Method

Time in h

F88-19
F88-21
F88-24
F90-21
F90-22
F90-23
F90-24
F91-21
F91-22
F91-23
Fo1-24
Fo1-25
F91-26
F91-27
F91-28
F91-29
F85-08
F92-05
F92-27
F92-46
F92-47
F92-48
F92-49
F92-50
F92-51
F92-52
F92-53
F92-54
F92-55
Soybean meal
Soyb. m. for.
Beet pulp
Fodder beets
Grass sil. A
Grass sil. B
Grass sil. C
Grass hay
Grass fresh
Maize sil. A
Maize sil. B
Potatoes
Ear corn sil.
Brewers’ gr.

Mean SE!

S. griseus pH 8

500 mg sample

o DN

[SERNVET [N Iy (S

222
88.3
72.7
62.1
66.8
41.3
41.3
52.8
52.2
73.9
39.1

8.7

3.1

37.1
36.8
30.3
34.5
344
36.9
36.6
323
28.9
329
27.6
272

279
455
47.2
422
39.7
36.9
245
50.0
33.8
28.9
53.4
45.4
38.5
37.1
374
35.9
40.7
18.6

4.6
24.0
945
74.7
61.6
68.1
48.7
439
52.6
533
71.3
36.7
12.0

4.2

6

63.7
61.1
6l.6
57.4
66.1
67.3
69.4
598

39.3
97.2
84.4
73.1
77.8
62.1
60.0
64.0
66.2
76.8
48.9
238

3.1

85.1
81.4
81.5
68.3
69.2
76.5
80.5
82.8
61.1
45.8
3.2

S. griseus pH 8
20mgN

0

ro

3155
A dr — D — —

ORI E LS LS

KSR ST T SN (O R S R S I o T o T e S I R\ I

L D
o SN W
~N — = ™D

N2
D
<

1

L2 e P 1o Y
h \& O W

L%
00 0 ~1 O v oC — N Jan

[ N I I SV AR TP RN OO
N DD — oo

[IVRTER
“w O 0 Do ¢
—_—0t D N W

89.6

59.8
67.2
44.2
443
48.6
48.4
70.4
33.7
12.7

w
W

55.6
49.1
59.7
56.0
66.3
67.9
70.4
57.8

Wh W o b h U o O
EOLLRAESSES R
0N b 0 N DN W~ ]

¥
S

41.6
39.2
59.9
60.2
537
55.2
59.5
60.4
56.2
45.7

8.4
34.4
92.5
81.3
73.5
75.2
57.9
58.4
56.8
59.2
77.7
42.3
226

[¥S)
“n

S. griseus pH 6.7
500 mg sample

0

29.0
25.7
20.7
27.4
21.1

(ST IRV RV I SIS N S S )
OC W 00 OC ) W — K Mo W
2O NN D W — D

29.4
13.9
42.0
27.4

20.3

1.4

3.9
19.5
88.2
70.3
58.5
63.5
40.4
39.7
48.5
50.5
72.6
35.2

7.9

33

1

36.5
344
309
36.8
38.4

Fo 9 L Y LD I 0 W L
NS DU DWW
[ 3 SN =R |S R e BRI N

6

62.2
60.6
60.7
64.7
73.3
72.4
729
68.0
61.9
70.9
65.0
53.4
56.3
63.9
64.3
62.1
56.6
55.6
53.6
62.6
493
44.2
69.7
66.8
60.7
50.4
63.0
63.5
58.9
41.8
8.8
38.9
100.0
80.4
69.4
73.0
60.35
56.8
64.5
65.2
80.1
41.6
22.0

79.1
79.1
80.6
76.3
88.0
79.5
863
835
77.8
83.8
80.8
71.0
75.1
73.8
79.5
77.8
74.0
723
81.3
73.2
62.5
62.6
80.9
80.3
74.8
78.3
74.6
71.5
77.0
74.0
19.5
61.7
99.2
85.2
773
79.0
66.6
67.1
73.2
73.5
78.4
54.4
37.2

Ficin pH 6.7

500 mg sample

1

33.0
32.4
274
377
354
279
28.8
333
27.6
28.2
22.5
279
27.9
44.0
44.0
41.6
30.7
326
17.1
48.6
33.7
20.4
56.6
40.8
323
34.7
31.7
26.2
33.0
17.1
4.5
19.8
96.1
72.8
60.1
66.2
46.6
47.3
5L.8
49.8
77.6
34.8
9.9

4.6

6

41.1
45.0
41.7
50.0
47.1
43.8
429
48.0
41.0
39.5
30.5
37.1
38.7
50.8
52.6
504
423
44.1
29.6
56.5
395
34.6
63.0
49.1
389
48.0
45.7
43.8
39.9
37.0

6.3
253
98.2
76.6
62.3
66.8
49.7
54.0
54.8
52.7
80.4
34.6
13.7

32

wh
~
~

52.9

! Mean standard error between replicates
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Figure 1. Relationship between %EPsiru and %EPvitro for S. griseus at pH 8.0-500 mg sample (concen-
trates: @; forages: O).
%EPsitu = 0.755 X EPvitro + 7.6 (R* = 77.3; RSD = 5.0%).

fairly well with that in situ, as most feeds with no distinction between concentrates
and forages are closely situated around the bisector. Fodder beets with lowest and
treated soybean meal with highest %EPsitu was respectively underestimated and
overestimated by %EPvitro. Protein of brewers’ grains, not taken into account for the
regression, appears twice as resistant in vitro than in situ. In Figure 2, the relation-
ship between %EPvitro with ficin and %EPsitu is presented. With exception of fod-
der beets and potatoes, %EPvitro of all other feeds is higher than in situ. Moreover,
%EPsitu of compound feeds tends to be more overestimated than that of forages.

Splitting the feeds into compound feeds and forages decreased RSD for both cate-
gories. For compound feeds, all three versions of solubility gave a good indication of
%EPsitu with an equal RSD of 3.4%. The CP-solubility (S) of a 500 mg sample in
borate-phosphate buffer at pH 6.7 was related to %EPsiru following the equation:
%EPsitu = 48.80 — 0.624 x S. The relationships did not improve when protease was
added. Compared with solubility, the RSD was similar with ficin at all incubation
times and with S. griseus after | h incubation. However, at longer incubation with S.
griseus the relationship even became not significant (P>0.05).
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Figure 2. Relationship between % EPsitu and “EPvitro for ficin at pH 6.7 sample (concentrates: @; for-
ages: O).
%EPsit = 0.580 x EPvitro + 3.8 (R* = 66.1: RSD = 6.1%).

Similarly as to the pool of all feeds, enzymatic degradability was better related to
%EPsitu than solubility for forages. For the procedures with a 500 mg sample at pH
8.0 and 6.7, an incubation time of 6 h seemed optimal, whereas for the other two
procedures RSD decreased with longer incubation up to 24 h. However, for all four
enzymatic procedures a still better relationship was obtained when %EPvitro was
calculated, the best being the incubation of a constant amount of 20 mg N with §.
griseus at pH 8.0, followed by the procedure with ficin. For the former procedure the
relationship is: %EPsitu = 4.97 + 0.764 x %EPvitro with a RSD of 3.3%.

The use of tables and NIRS to predict % FPsitu

To look for the reliability of the studied in vitro methods in practice, their accuracy
was compared with that of the current use of tabular values. The tabular %EP of the
compound feeds was calculated from that of the ingredients incorporated
(Anonymous, 1996), whereas it was taken or calculated from the Dutch feeding table
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(Anonymous, 1992) for forages (Table 1). Compared with %EPsitu, the use of tables
resulted on average in a 5.1%-units higher value for the compound feeds and a 1.4%-
units lower value for the forages (Table 3). In an earlier study with the same com-
pound feeds, De Boever er al. (1995) showed that the differences were partly of sys-
tematic nature. Therefore, the tabular values were regressed to %EPsifu (Table 3).
For the pool of all feeds, the regression of the tabular %EP to %EPsitu resulted in a
RSD of 6.3%. The error was higher than that obtained with %EPvitro according to
the procedures with S. griseus — 500 mg sample at pH 8.0 or 6.7. Considering the
compounds separately, the tabular %EP was better related to %EPsitu than any of the
tested in vitro methods with a RSD of 2.8%. For the forages alone, the use of tabular
values gave clearly worse results (RSD: 8.9%), mainly caused by an underestimation

Table 3. Mean %CP solubilised after incubation in protease during 0 (1 h in buffer alone), 1, 6 and 24 h
and % escape protein calculated with equation (1), with NIRS (only compound feeds) and with tables
and linear relationship with %EPsitu.

Method All feeds Compound feeds Forages

(n=42) (n=29) (n=11)

Mean R? RSD Mean R- RSD Mean R? RSD
SoEPsitu 331 - - 32.0 - - 311 - -
S. griseus pH 8.0 — 500 mg sample
Oh 345 37.1 8.3 28.2 62.9 3.4 55.7 71.4 6.3
Ih 40.8 52.1 7.3 36.6 56.3 3.6 57.2 78.4 5.5
6h 60.3 70.6 5.7 59.8 19.0 5.0 68.2 81.3 5.1
24h 78.1 63.6 6.3 80.6 NS! - 77.4 66.0 6.9
%%EPvitro 33.8 773 5.0 333 21.7 4.9 29.1 81.8 5.0
S. griseus pH 8.0 -20mg N
Oh 32.6 40.8 8.1 27.2 62.3 3.4 51.4 79.2 54
th 37.7 48.0 7.6 333 48.7 4.0 545 81.4 5.1
6h 57.0 57.7 6.8 56.2 NS - 64.5 86.9 4.3
24h 72.9 44.5 7.8 75.0 NS - 71.8 87.9 4.1
%EPvitro 38.2 60.7 6.6 37.8 NS - 34.1 92.1 33
S. griseus pH 6.7— 500 mg sample
Oh 33.0 39.5 8.2 27.0 62.3 3.4 53.4 76.0 5.8
lh 40.7 543 7.1 36.7 63.1 3.4 56.5 78.8 5.4
6h 61.4 67.1 6.0 61.9 NS - 66.4 82.4 4.9
24h 74.9 61.3 6.5 77.1 NS - 74.2 71.7 6.3
%EPvirro 349 74.1 5.3 339 NS - 316 82.1 5.0
Ficin pH 6.7 — 500 mg sample
lh 384 49.7 7.5 334 61.3 34 56.6 83.7 4.8
6h 47.1 65.7 6.2 44.0 64.4 3.3 59.8 88.6 4.0
24h 54.1 65.1 6.2 51.4 54.0 3.7 65.0 88.8 4.0
%EPvitro 50.6 66.1 6.1 53.5 60.6 3.5 38.7 89.5 3.8
%EP —NIRS - - - 32.0 57.0 3.8 - - -
“%EP —table®  35.9 64.2 6.3 37.1 74.6 2.8 29.7 425 8.9

' not significant (P > 0.05)
* % escape protein, calculated with tables for concentrates (Anonymous, 1996) and forages (Anony-
mous. 1992).
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for ear corn silage (-18.2%) and maize silage A (-12.9%) and an overestimation for
fodder beets (+ 9.2%).

The possibility of NIRS to predict %EPsiru was investigated for compound feeds
(Table 3). A PLS-calibration based on 10 factors appeared less accurate (RSD:
3.8%) than measuring solubility.

Discussion
In situ CP degradation and correction for loss of particles

Although the in situ incubation of feeds in the rumen is accepted as the reference
method to determine %EP, the procedure has some deficiencies. Among them the
loss of particles through the bag pores and microbial contamination of the residue
are the most important (Van Straalen & Tamminga, 1990).

Following the Dutch DVE/OEB-system (Tamminga et al., 1994), the soluble CP-
fraction was determined as the loss of CP from bags after a rigorous washing proce-
dure. In a previous study with compound feeds (De Boever et al., 1995) serious
doubts were risen if all washout is really soluble. Therefore, the washable fraction
was compared with the fraction soluble in borate-phosphate buffer at pH 6.7. It has to
be remarked that this comparison was not pure, because samples were not dried and
coursely ground (concentrates) or chopped (forages) for the washing procedure, while
they were air-dried and finely ground for measuring solubility. The difference in sam-
ple preparation was thus more pronounced for forages than for concentrates. For all
compound feeds, W was higher than S, and the difference showed a large variation.
W-S was not related to starch or NDF-content, whereas a weak significant relation-
ship was found for CP-content (r = —0.46). Further examination revealed that the dif-
ference decreased with increasing inclusion percentage of soybean meal (r = -0.61),
for which W equalled S. On the other hand, W-S increased when more maize gluten
feed was incorporated (r=0.40). Besides the nature of the proteins in relation to solu-
bility, the variability in W-S between feeds could be caused by the difference in par-
ticle size after grinding. Because grinding ruptures more cell walls and thus frees
more protein than chopping, the lower W than S fraction, found for the grass prod-
ucts, fodder beets, potatoes and ear corn silage is understandable. However, this ef-
fect was not consistent for all forages as more protein washed out than solubised for
beet pulp, the maize silages and particularly brewers” grains. In the case of brewers’
grains, one may admit that W strongly overestimates the real soluble fraction and
that %EPsitu is seriously underestimated, considering the in vitro and in vivo trials
of Firkins et al. (1984) and Armentano et al. (1986).

To correct for the loss of particles, it was assumed that W-S degrades like the po-
tentially degradable fraction, as suggested by Lopez er al. (1994) and Madsen er al.
(1995). However, the relationships of all in vitro tests with the corrected %EPsisy
did not improve compared with the uncorrected %EPsity, even when compound
feeds, for which a correction seems more justified than for forages, were considered
separately. On average for all feeds, the correction increased %EPsiru with 17%
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from 33.2 to 38.7%. This is appreciably more than the overall correction made in the
Dutch protein system (factor 1.11) to convert %EP in situ to in vivo level (Tamminga
et al., 1994). So, the assumption that particles lost from the bags degrade like those
in the bags is pobably not correct. According to Dewhurst e al. (1995). the differ-
ence W-S would mainly be caused by a rapidly fermented traction, which is lost
from the bags before it is fermented, but also by loss of undegradable particles. How
to correct for that, is not evident and should be further investigated.

Prediction of % EPsitu

To find a routine method to predict %EPsiru, which is more reliable than the current
use of tabular values, a comparison was made of solubility, enzymatic degradability
and NIRS (only for compound feeds). From the above it is clear that the prediction
error of any routine method will be the result of imperfections of the examined as
well as the reference method. Moreover, the contribution of both may vary according
to the feed or product group, but is not measurable. Therefore, the criterion for pre-
diction accuracy was a minimal RSD.

From a literature study, the bacterial protease from S. griseus (Aufrére er al.,
1991) and the vegetal protease ficin (Kosmala et al., 1996) appeared promising al-
ternatives for rumen proteolytic activity. In order to derive degradation rate and cal-
culate %EPvitro, enzymatic degradability was measured at 1, 6 and 24 h of incuba-
tion. The procedure with S. griseus. described by Aufrére & Cartailler (1988), uses 1
mg of enzyme for a 500 mg sample at pH 8.0. As possible improvements suggested
by Cone et ul. (1995). the effect of two modifications was studied: a pH, similar as
in the rumen and a constant enzyme-protein ratio. Because in the procedure with
ficin (Kosmala et al., 1996) a too high enzyme concentration made modelling of the
degradation dynamics impossible, the enzyme-substrate ratio was reduced to 5 mg
per 500 mg sample.

The linear relationship between all in vitro tests and %EPsiru was heavily dis-
turbed by the sample of brewers’ grains (Figures 1 and 2) and was therefore exclud-
ed from the regression calculations. The different behaviour of brewers’ grains was
not only the result of a very low solubility but also of a much higher undegradable
residue after 24 h incubation with enzymes as compared with the in sifu results.
Cone et al. (1995) observed the same and were not able to reduce the U-fraction by
longer incubation (70 h) with S. griseus nor by a pretreatment with cellulase. This
could be an indication that undegradable protein leaves the bags or that the prote-
olytic activity of the proteases used is insufficient.

Considering all feeds, solubility was less well related to %EPsizu than enzymatic
degradability, which is in agreement with other studies (Aufrére et al., 1991; Cone et
al., 1996). The calculated %EPvirro gave a better prediction of %EPsitu than enzy-
matic degradability on distinct incubation times, mainly because the different pas-
sage rate for concentrates and forages could be taken into account. The rate of degra-
dation by enzymes seems less determining, as the variance in %EPsiru explained by
one incubation time could not significantly be improved by a second one. The
method with S. griseus at pH 8.0 was better than that with ficin at pH 6.7. The for-
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mer could not be improved by using a rumen similar pH. Optimizing pH for the ac-
tivity of S. griseus is obviously more important than simulating proteolytic circum-
stances in the rumen. Notwithstanding CP-content showed a wide variation, no ad-
vantage could be obtained by incubating a constant protein quantity. From Figure 1,
it appears that concentrates and forages, including the extremes, fodder beets and
treated soybean meal, are fairly close situated near the bisector. This is not the case
with ficin (Figure 2), where %EPsitu of concentrates tends to be more overestimated
than that of forages. With tabular values the error was higher than with the best en-
zymatic procedure (6.3 vs. 5.0%).

By considering compound feeds and forages separately the prediction could be
improved, but the best in vitro method was not the same for the two feed categories.
For the compound feeds, the use of enzymes appeared not advantageous compared
with solubility in borate-phosphate buffer, on the contrary. The relationship with en-
zymatic degradability worsened or even disappeared with longer incubation time,
suggesting that degradation of insoluble proteins by commercial proteases does not
simulate rumen proteolysis. This was recently confirmed by Luchini et al. (1996).
On the other hand, a two-term regression with solubility (S) and enzymatic degrada-
tion by S. griseus at pH 8.0 after 24 h (D,,) could lower the RSD further to 2.9%.
This equation is: %EPsitu = 78.37 — 0.684 x %S - 0.337 x %D,,. All other combina-
tions examined brought no significant (P>0.05) improvement. Considering effective
degradabilities of 10 concentrate ingredients calculated at an outflow rate of 5% h',
Susmel et al. (1993) obtained similar correlation coefficients with in situ data for
phosphate buffer (r=0.84) and S. griseus (r=0.85), which were clearly better than
those for centrifuged (r=0.77) or whole rumen fluid (r=0.78). In contrast, Aufrére er
al. (1991) found for the in situ effective degradability of 49 commercial compound
feeds a lower RSD with S. griseus during 1 h incubation than with solubility in bi-
carbonate-phosphate buffer: 2.5 vs 4.9%. In the French study more mixtures con-
tained protected-protein ingredients, of which %EP is underestimated by the solubil-
ity method. Another explanation could be the lower pH-stability of bicarbonate-
phosphate buffer as compared with borate-phosphate buffer (Krishnamoorthy et al.,
1982). NIRS showed some potential to predict %EPsitu of compound feeds as 57%
of the variance could be explained. However, considering the complexity of both the
parameter and the feed category much more samples are needed to derive a robust
calibration. Apart from a certain systematic error, tabular values (Anonymous, 1996)
appeared better related to %EPsitu than any of the studied in virro tests (RSD:
2.8%). This is somewhat understandable as tables are commonly based on nylon bag
incubations. On the other hand, tables are only usable when the ingredient composi-
tion is known. For unknown mixtures, a solubility test is preferable to enzymatic
degradation by S. griseus or ficin.

For the rather limited but heterogeneous group of 11 forages, best prediction was
obtained by incubating a constant protein quantity with S. griseus at pH 8.0, fol-
lowed by the procedure with ficin. The use of a constant enzyme-protein ratio main-
ly affected %EPvitro of the forages poor in protein like beet pulp, fodder beets, ear
corn silage and the two maize silages, which obviously is underestimated by incubat-
ing the same sample weight. The use of the Dutch tables (Anonymous, 1992) result-

304 Netherlands Journal of Agricultural Science 45 (1997)



METHODS TO PREDICT IN SITU RUMEN ESCAPE PROTEIN

ed in a high error of 8.9%. The lack of agreement was mainly caused by fodder
beets, the maize silages and ear corn silage. for which a mean value is probably to
rough. So, Klop & De Visser (1995) found for 24 maize silages a mean %EPsitu of
40%, varying from 32 to 53% and for 6 ear corn silages a mean value of 37%, rang-
ing from 24 to 55%.

Acknowledgements

The authors are gratetul to the personnel of the laboratory for the careful assessment
of the in situ and in vitro determinations.

References

Anonymous, 1992. Guide to calculate the feeding value of forages (In Dutch). Centraal
Vecvoederbureau, Lelystad, 121 pp.

Anonymous, 1996. Chemical composition, digestibility and feeding value of feedstuffs (In Dutch).
Centraal Veevoederbureau, Lelystad, 238 pp.

Antoniewicz. A.M., J. Kowalczyk, J. Kanski, Z. Gorska-Matusiak & M. Nalepka, 1995. Rumen degrad-
ability ot crude protein of dried grass and lucerne forage measured by in sacco incubation and predict-
ed by near infrared spectroscopy. Animal Feed Science and Technology 54: 203-216.

Armentano, L.E., T.A. Herrington, C.E. Polan, A.J. Moe, J.H. Herbein & P. Umstadt, 1986. Ruminal
degradation of dried brewers grains, wet brewers grains, and soybean meal. Journal of Dairv Science
69:2124-2133.

Aufrére, J. & D. Cartailler, 1988. Mise au point d'une méthode de laboratoire de prévision de la dégradabilité
des protéines alimentaires des aliments concentrés dans le rumen. Annales de Zootechnie 37: 255-270.

Aufrére, J., D. Graviou, C. Demarquilly. R. Vérité, B. Michalet-Doreau & P. Chapoutot, 1991.
Predicting in situ degradability of fced proteins in the rumen by two laboratory methods (solubility
and enzymatic degradation). Animal Feed Science and Technology 33: 97-116.

Broderick, G.A., 1987. Determination of protein degradation rates using a rumen in vitro system con-
taining inhibitors of microbial nitrogen metabolism. British Journal of Nutrition 58: 463—475.

Cone, LW, A.H. Van Gclder, A. Steg & A.M. Van Vuuren, 1996. Prediction of in situ Rumen Escape
Protein from in vitro Incubation with Protease from Strepromyces griseus. Journal of the Science of
Food and Agriculture 72: 120-126.

Cone, J.W., A.H. Van Gelder & A.M. Van Vuuren, 1995. Further research on in vitro methods to deter-
mine the content of rumen bypass protein (In Dutch). Report 269. Institute for Animal Science and
Health (ID-DLO), Lelystad, 49 pp.

Crooker, B.A., C.J. Sniffen, W.H. Hoover & L.L. Johnson, 1978. Solvents for soluble nitrogen measure-
ments in feedstufts. Journal of Dairy Science 61: 437-447.

De Boever, J.L., J.V. Aerts. B.G. Cottyn, J.M. Vanacker & F.X. Buysse. 1984, The in sacco protein
degradability vs. protein solubility of concentrate ingredients. Zeitschrift fiir Tierphysiologie,
Tiererndhrung und Futtermitrelkunde 52: 227-234.

De Boever, J.L., J.M. Vanacker, D.F. Bogaerts & Ch.V. Boucqué, 1995. Protein evaluation of cattle
compound feeds: comparison of in sacco measurements and tabular values. Netherlands Journal of
Agricultural Science 43: 297-311.

Dewhurst, R.J., D.Hepper & A.J.F. Webster, 1995. Comparison of in sacco and in vitro techniques for
cstimating the rate and extent of rumen fermentation of a range of dietary ingredients. dnimal Feed
Science and Technology 51: 211-229.

Firkins, J.L., L.L. Berger, G.C. Fahey, Jr. & N.R. Merchen, 1984. Ruminal nitrogen degradability and
escape of wet and dry distillers grains and wet and dry corn gluten feeds. Journal of Dairy Science 67:
1936-1944.

Netherlands Journal of Agricultural Science 45 (1997) 305



J.L. DE BOEVER, B.G. COTTYN, I.M. VANACKER AND CH.V. BOUCQUE

Klop. A. & H. De Visser, 1995, Rumen degradation of fodder maize, husk cob meal and corn cob mix in
dairy cows (In Dutch). Report 262. Institute for Animal Science and Health (ID-DLO). Lelystad, 37
pp-

Kosmala, 1., A. Antoniewicz, J. De Boever, T. Hvelplund & J. Kowalczyk. 1996. Use of enzymatic solu-
bility with ficin (EC 3.4.22.3) to predict in situ feed protein degradability. Animal Feed Science and
Technology 59: 245-254,

Krishnamoorthy, U., T.V. Muscato, C.J. Sniffen & P.J. Van Soest, 1982. Nitrogen fractions in selected
feedstuffs. Journal of Dairy Science 65: 217-225

Lopez, S.. J. France & M.S. Dhanoa. 1994. A correction for particulate matter loss when applying the
polyester-bag method. British Journal of Nutrition 71: 135-137.

Luchini, N.D., G.A. Broderick & D.K. Combs, 1996. Characterization of the proteolytic activity of
commercial proteascs and strained ruminal fluid. Journal of Animal Science 74: 685-692.

Madsen. J.. T. Hvelplund, M.R. Weisbjerg. J. Bertilsson. I. Olsson, R. Sporndly, O.M. Harstad, H.
Volden, M. Tuori, T. Varvikko. P. Huhtanen & B.L. Olafsson, 1995. The AAT/PBV protein evalua-
tion system for ruminants. A revision. Norwegian Journal of Agricultural Sciences. Supplement 19,
37 pp.

Mahadevan. S.. F.D. Sauer & J.D. Erfle, 1987. Preparation of protease from mixed rumen microorgan-
isms and its use for the in vitro determination of the degradability of true protein in feedstuffs.
Canadian Journal of Animal Science 67: 55-64.

Michalet-Doreau, B. & M.Y. Ould-Bah, 1989. Estimation of the extent of bacterial contamination in bag
residues and its influence on in sacco measurements of forage nitrogen degradation in rumen. In:
Proceedings of the XVI International Grassland Congress, The French Grassland Society. Nice, pp.
909-910.

Orskov. E.R. & 1. McDonald, 1979. The estimation of protein degradability in the rumen from incuba-
tion measurements weighted according to rate of passage. Journal of Agricultural Science
(Cambridge) 92: 499-503.

Poos-Floyd. M.T., Klopfenstein & R.A. Britton, 1985. Evaluation of laboratory techniques for predict-
ing ruminal protein degradation. Journal of Dairv Science 68: 829-839.

Susmel P., C.R. Mills, M. Colitti & B. Stefanon. 1993. In vitro solubility and degradability of nitrogen
n concentrate ruminant feeds. Animal Feed Science und Technology 42: 1-13.

Tamminga S.. W.M. Van Straalen. A.P.J. Subnel, R.G.M. Meijer, A. Steg, C.J.G. Wever & M.C. Blok,
1994. The Dutch protein evaluation system: the DVE/OEB-system. Livestock Production Science 40:
139-155.

Van Gelder, A.H., E.M. Te Brinke, J.W. Cone, HJ. Van Lonkhuijsen, J.M. Jetten & W.J. Lichtendonk.
1992. Protocol for the analysis of non-starch polysaccharides (nsp) (In Dutch). Kwaliteitsreeks nr. 19,
Produktschap voor Vecvoeder, 's-Gravenhage, 52 pp.

Van Straalen, W.M. & S. Tamminga, 1990. Protein degradation of ruminant diets. In: J. Wiseman &
D.J.A. Cole (Eds.) Feedstuff cvaluation. Butterworths, London, pp. 55-72.

Wainman, F.W., P.J.S. Dewey & A.W. Boyne, 1981. Compound feedingstuffs for ruminants. Third
Report. Department of Agriculture and Fisheries, Feedingstutfs Evaluation Unit, Aberdeen, 49 pp.

Waldo, D.R. & H.K. Gocering. 1979. Insolubility of protein in ruminant feeds by four methods. Journal
of Animal Science 49: 1560-1568.

Waters, C.J. & D.I. Givens. 1992. Nitrogen degradability of fresh herbage: effect of maturity and
growth type. and prediction from chemical composition and by near infrared reflectance spectroscopy.
Animal Feed Science and Technology 38: 335-349,

306 Netherlands Journal of Agricultural Science 45 (1997)



