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Abstract

Four dairy cows with large rumen cannulae were fed totally mixed diets twice daily.
Diets contained equal amounts of hay crop silage and maize silage to a total of
about 43 % of dry matter (DM) intake. About 35 % of DM intake was derived
from the by-product ingredients maize gluten feed, beet pulp, and brewers’ grains;
the balance was mixed ingredients. Diets were formulated to contain either wet en-
siled (WET) or dry (DRY) by-product ingredients without (MINUS) or with
(PLUS) a supplement (ISOPLUS™) containing the branched-chain volatile fatty
acids (isoacids) isobutyrate, 2-methyl butyrate, and 3-methyl butyrate, as well as
valerate. Measurements were made from weeks 12 to 28 of lactation to determine
effects of treatments on whole tract digestibility, kinetics of rumen ingesta turn-
over, as well as plasma concentrations of insulin and somatotropin.

Whole tract apparent digestibility of organic matter (OM) and most OM compo-
nents was either higher (P < 0.05) or tended (P < 0.10) to be higher with WET
diets. Estimated true digestion of dietary N and OM were also higher (P < 0.05)
with WET diets but the extent was less pronounced than for apparent digestibility,
and differences were small. Whole tract digestibility of OM components were not
influenced by supplementation with ISOPLUS™. Rumen bacterial OM pool was
larger (P < 0.05) and rumen bacterial N pool tended (P < 0.10) to be larger with
DRY diets but this was not reflected by increased rate of rumen digestion of neutral
detergent (ND) fibre. Rumen pool sizes of N and OM components were not influ-
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enced by addition of ISOPLUS™. Rates of rumen digestion and passage of ND
fibre were not influenced by diet form or addition of ISOPLUS™. There was no in-
fluence of diet form or supplementation with ISOPLUS™ on plasma concentra-
tions of insulin or somatotropin.

Introduction

Branched-chain volatile fatty acids (isoacids) are either required by, or stimulate
the growth of many rumen bacterial species, particularly those that ferment cellu-
lose (Bryant, 1973). Russell & Sniffen (1984) demonstrated differences in isoacid
requirements of cellulolytic and non-cellulolytic bacteria when they showed that
bacteria isolated from the rumen of a cow fed a 60 % concentrate diet did not re-
spond to isoacid addition whereas rumen bacteria isolated from the same cow fed
an all-hay diet responded with increased bacterial protein synthesis. Stimulatory
acids are not the same in all studies. In the study of Russell & Sniffen (1984), bacte-
rial protein synthesis was stimulated with 2- and 3-methyl butyrate but not isobuty-
rate or valerate alone. Bentley et al. (1955) found that valerate, caproate, isobuty-
rate, and 3-methyl butyrate increased rate of cellulose digestion in vitro. Gorosito
et al. (1985) stimulated rate of in vitro digestion of cell wall, isolated from several
feedstuffs, by addition of isobutyrate, 2- or 3-methyl butyrate, but valerate was
without effect. Stern et al. (1985) demonstrated increased neutral detergent (ND)
fibre digestion in vitro with addition of isobutyrate and 2- and 3-methyl butyrate. It
seems clear that bacterial protein synthesis and/or fibre digestion can be stimulated
in vitro with addition of various combinations of isoacids and valerate. Improved
digestibility of dry matter (DM) and/or ND fibre components due to isoacid addi-
tion has been reported for cattle fed straw-urea diets (Hemsley et al., 1963; Cline et
al., 1966), although this is not always the case (Umunna et al., 1975). Production
responses to dietary addition of isoacids and valerate have also been recorded in
dairy cattle, mostly with diets in which part of the dietary nitrogen (N) was from
urea (Papas et al., 1984; Pierce-Sandner et al., 1985). Evidence for a stimulatory
effect on digestion in vivo as a mechanism whereby increased production occurs on
diets containing protein is however not available. Indeed available information sug-
gests that addition of mixtures of isoacids and valerate to practical dairy diets has no
influence on apparent digestion of DM and N (Felix et al., 1980; Fieo et al., 1984)
or acid detergent (AD) fibre (Fieo et al., 1984). However in neither of these studies
was isoacid supplementation associated with increased productivity. It may be that
isoacids, or their constituent amino acids, have a beneficial influence on intermedi-
ary metabolism, possibly by stimulating production of somatotropin (Fieo et al.,
1984; Brondani & Cook, 1985). Exogenous somatotropin supplementation has
been shown to stimulate milk production in dairy cows (Peel et al., 1983) and it is
possible that at least a part of the production response as a result of the addition of
isoacids observed in dairy cattle fed practical diets is by an extra-ruminal mecha-
nism.

Fermentation of feeds during ensiling decreases levels of protein N and increases
levels of ammonia and free amino acids which are rapidly fermented in the rumen
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(MacDonald, 1982). If ensiled forages are supplemented with ensiled by-product
ingredients, it is possible that levels of branched-chain amino acids in dietary pro-
tein will be low enough to cause a deficiency of slowly released branched chain car-
bon skeletons for rumen bacterial growth.

The objectives of this study were to determine:
1) if replacement of dry by-product ingredients with wet ensiled by-product ingre-
dients in the diet of dairy cows modifies digestibility of dietary components, rumen
pool sizes of N and organic matter (OM) components, kinetics of ND fibre diges-
tion and passage from the rumen, and plasma concentrations of somatotropin and
insulin, and
2) if supplementation with isoacids plus valerate (ISOPLUS™; Eastman Chemi-
cals, Kingsport, TN, USA) influences these parameters differently in the two diets.
The preceding paper in this series (Robinson et al., 1987b) reported parameters of
rumen fermentation as well as milk production and composition. This study was
completed concurrent with a production study utilizing 56 lactating dairy cows (de
Visser & Tamminga, 1987).

Experimental methods

The design of the experiment, basal rations, treatments, experimental periods, and
statistical analysis have been described in detail in the previous papers in this series
(de Visser & Tamminga, 1987; Robinson et al., 1987b). Four Friesian dairy cows
were utilized in a 2 X 2 factorial arrangement of treatments with two forms of the
diet, wet by-product ingredients (WET) or dry by-product ingredients (DRY),
either with (PLUS) or without (MINUS) a commercial supplement of isoacids and
valerate (ISOPLUS™). Periods were 28 days in duration and the first period
started approximately 12 weeks post-partum.

Digestibility trials were carried out over the 72-h period from 09 h 00 on day 21 of
each period. Faecal collection was semi-quantitative and therefore faecal DM flow
was corrected for incomplete marker recovery. The marker used was chromium
(Cr) mordanted straw ND fibre and its recovery averaged 89.7 + 8.8 %. Faecal
bacteria were isolated by differential centrifugation. Based on the chemical compo-
sition, and the diaminopimelic acid concentration, of isolated faecal bacteria, fae-
cal OM and N was separated, by calculation, into bacterial and non-bacterial frac-
tions. A more detailed description of the procedures involved is given elsewhere
(Robinson et al., 1987a).

Rumen ingesta mass and composition were estimated by manual evacuation on
three occasions per period at 21 h 00 on day 24, 11 h 00 on day 25, and 01 h 00 on day
26 by procedures described elsewhere (Robinson et al., 1987¢). Kinetics of rumen
ND fibre intake, passage, and digestion were calculated as:

— rate of intake (k;) = 100 (ND fibre intake, kg/d)/(ND fibre pool, kg)
- rate of passage (k) = 100 (faecal ND fibre flow, kg/d/0.85)/(ND fibre pool, kg)
— rate of digestion (}(S) = ki—k,

In sacco rumen DM disappearance from WET and DRY brewers’ grains, maize

gluten feed, beet pulp, forages, and the concentrates were estimated in each cow
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between experimental Periods 2 and 3 when cows were fed the midpoint diet (half
WET and half DRY diets with half the level of ISOPLUS™ added to PLUS diets).
The procedure used was similar to that described by Robinson et al. (1986a). Times
of incubation were 0, 6, 12, 18, 24, and 48 h. Upon removal from the rumen, bags
were rinsed in a washing machine at 20 °C and dried at 60 °C. Disappearance of
DM from bags was described by a logistic model similar to that used by Robinson et
al. (1986a):

DMR = S-exp(-oot) + D/(p-exp(kt) + (1-p)) + U

where:
DMR = residual DM (% of total DM)
S = size of soluble DM fraction (% of total DM)
D = size of degradable DM fraction (% of total DM)
U = size of undegradable DM fraction (% of total DM)
k = rate constant for degradation of DM incorporating rate of DM degradation and
rate of bacterial growth (h™")
p = dimentionless parameter incorporating rate of bacterial growth and the size of
the degradable DM fraction
Samples of blood were collected by jugular puncture on six occasions per cow on
Days 27 and 28 of each period. Times of collection were 14 h 30, 17 h 00, 24 h 00, 05
h 30,08 h 00, and 12 h 00 =15 min. Samples were collected to heparinized Vacutai-
ners™ (Becton-Dickinson & Co., Rutherford, NJ, USA), centrifuged immediate-
ly, and plasma frozen for later assay. Samples were assayed commercially for insu-
lin and somatotropin (Bergschot Centrum voor Onderzoek/Analytical Services
b.v., Bergschot 69, 4817 PA Breda, Netherlands). Insulin was assayed by a kit sup-
plied by Immuno Nuclear Corporation (‘Insulin by RIA’, Catalogue No 0600). For
analysis of somatotropin a pure bovine growth hormone (bGH) preparation was
labelled with Na J-125 lactoperoxidase, and hydrogen peroxide. Immediately be-
fore each determination series the label was cleared on Sephadex G100 and diluted
to =150 000 cpm/ul. Samples and standard were incubated for 24 h with anti-serum.
After adding the label the material was incubated for another 40 h after which free
and bound hormone were separated with double-antibody-solid-phase (DSAP).
Other analytical procedures have been described (Robinson et al., 1986b;
1987a).

Results
Intake and digestion

Intake of DM, OM, and its components are in Table 1. Intake levels attained in this
study were slightly lower than anticipated and about 15 % lower than those
achieved in the production study for weeks 12 to 18 of lactation (de Visser & Tam-
minga, 1987). Statistically significant differences in intake of dietary DM and OM
components do not reflect differences in voluntary intake, but differences in the
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Table 1. Feed intake and apparent whole tract digestibility.

DRY WET SE
MINUS PLUS MINUS PLUS
Dry matter
intake, kg/d*! 16.93% 17.97° 17.269 16.67° 0.13
digestion, % 64.65 64.89 67.53 67.10 1.64
Organic matter
intake, kg/d* 15.20¢ 16.24° 15.55¢ 14.95¢ 0.11
digestion, %* 67.23 66.99 70.73 70.33 1.67
ND fibre
intake, kg/d 7.26 6.99 7.42 7.06 0.25
digestion, % 60.30 56.23 62.80 61.08 3.16
AD fibre
intake, kg/d 3.83 3.72 3.92 3.80 0.21
digestion, % 57.05 52.60 59.95 60.15 3.84
Starch
intake, kg/d® 1.38 1.64 1.49 1.59 0.12
digestion, % 95.25 94.95 95.35 96.55 1.74
Nitrogen
intake, g/d° 0.49¢ 0.55¢ 0.53¢ 0.50° 0.01
digestion, %* 62.74 59.98 67.08 68.41 222
Crude fat
intake, kg/d 0.78 0.67 0.80 0.74 0.07
digestion, % 81.28 73.39 80.79 83.00 5.55

! a: significant (P < 0.05) difference due to form of the diet; b: significant (P < 0.05) difference due to
isoacids; c: significant (P < 0.05) form X isoacid interaction.
2 Means within WET or DRY with different superscripts differ (P < 0.05).

amount of feed offered (see Robinson et al., 1987b).

Digestibilities of dietary components (Table 1) are similar to values for dairy
cows fed at comparable levels of intake (Tamminga et al., 1979; Robinson & Snif-
fen, 1985; Robinson et al., 1987a). Digestibility of OM and N was lower with DRY
diets and digestibility of DM and AD fibre tended (P < 0.10) to be lower.

Faecal nitrogen and organic matter fractions and flows

Composition of faecal bacteria (Table 2) are comparable to those reported for
other dairy cows (Robinson et al., 1987a). Total N content of bacteria was higher
for bacteria from faeces of cows fed DRY diets.

Faecal N and OM fractions and flows are in Table 3. Faecal N and non-ammonia
N (NAN) excretion was greater with DRY diets. Faecal residual N was greater with
DRY diets both as g/d and as a proportion of N intake. Faecal OM excretion was
greater for DRY diets and ND fibre excretion tended (P < 0.10) to be greater. Res-
idual faecal OM was greater for DRY diets both as kg/d and as a proportion of ND
solubles intake.
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Table 2. Bacteria composition.

SE

2.3
0.75
0.58

DRY WET

MINUS PLUS MINUS PLUS
Faecal bacteria
total N, mg/g OM’ 83.6 87.6 82.6 79.6
DAPA, ug/g OM 4.83 4.58 3.47 491
N/DAPA, g/mmol 3.44 3.68 4.39 3.27
Rumen bacteria
total N, mg/g OM 90.8 88.4 93.8 93.9
DAPA, ug/g OM 4.20 4.24 4.05 4.32
N/DAPA, g/mmol 4.10 4.00 4.40 4.15
! Significant (P < 0.05) difference due to form of the diet.
Table 3. Faecal nitrogen and organic matter fractions and flows.

DRY WET
MINUS PLUS MINUS PLUS

Faecal nitrogen components
Total
% dry matter® 3.31 3.28 3.00 2.95
excretion, g/d* 198 208 168 163
Non-ammonia
excretion, g/d* 183 193 154 150
% of N intake? 37.1 34.7 28.9 30.3
Bacterial
excretion, g/d 107 104 97 79
% of faccal NAN 58.9 55.1 63.5 53.7
Residual
excretion, g/d? 90 92 53 71
% of N intake® 15.2 15.9 10.5 14.4
Faecal organic maiter components
Total
% dry matter® 83.4 84.9 81.2 80.9
excretion, kg/d* 5.00 5.37 4.55 4.45
ND fibre
excretion, kg/d 2.89 3.08 2.75 2.75
% faecal OM* 57.8 57.3 60.4 61.8
Bacterial
excretion, kg/d 1.28 1.19 1.18 1.00
% of faecal OM 259 22.4 25.8 22.6
Residual
excretion, kg/d® 0.82 1.10 0.63 0.70
% of ND solubles intake?® 10.2 11.8 7.8 9.0

15
6.7

22
1.7

0.9
0.26

0.16
1.6

0.18
3.7

! Significant (P < 0.05) difference due to form of the diet.
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Table 4. Total rumen contents.

DRY WET

MINUS PLUS MINUS PLUS
Non-dry matter, kg 69.6 69.9 69.3 67.6
Dry matter, kg 9.73 9.78 10.28 9.73
Percentage DM 12.3 12.3 12.9 12.5
Mat'?, kg 74.1 63.4 66.9 70.3
Bailable liquids“, kg 11.9 12.1 8.4 8.7
Percentage mat 85.0 84.7 89.2 87.7
Total ingesta®, kg 79.3 80.0 79.5 77.3

SE

4.6
0.60
0.4

8.1
32
4.5

5.1

! Mat is wet particulate material which could be removed from the rumen by hand.
2 Non-dry matter plus dry matter or mat plus bailable liquid may not equal total ingesta due to least

squares missing value estimation.

? Bailable liquid is liquid material remaining in the rumen after the hand removal of mat that was re-

moved with a 1-litre plastic cup.
¢ Defined in text.

Table 5. Rumen pool sizes of nitrogen and organic matter components.

DRY WET

MINUS PLUS MINUS PLUS
Rumen N pool sizes
Total NAN, g 359 368 355 338
Bacterial
total, g 163 177 156 135
% of rumen NAN 47.8 45.1 39.6 43.8
Residual
total, g 197 191 198 204
% of N intake'?2 39.9° 34.3¢ 37.4 41.0¢
Rumen OM pool sizes
Total
kg 8.56 8.71 9.14 8.63
ND fibre
kg 4.97 5.00 5.27 5.11
% rumen OM 57.9 57.5 57.8 58.6
Bacterial
kg? 1.83 2.01 1.66 1.45
% rumen OM? 21.2 22.6 18.2 16.8
Residual
kg! 1.77 1.7 2.21 2.07
% ND solubles intake? 21.6 18.8 27.4 27.2

SE

17

20
4.1

10
2.2

0.54

0.51
2.4

0.15
2.0

! Significant (P < 0.05) form X isoacid interaction.
2 Means within WET or DRY with different superscripts differ.
3 Significant (P < 0.05) difference due to form of the diet.
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Table 6. Kinetic parameters for ND fibre calculated from evacuation data.

DRY WET
MINUS PLUS MINUS PLUS
ND fibre flows
intake, kg/d 7.26 6.99 7.42 7.06
faecal, kg/d 2.89 3.08 2.75 2.75
duodenal, kg/d' 3.40 3.62 3.24 3.24
ND fibre rates (%/day)
kinluke 148 141 141 144
passage 69 73 62 66
dlgcsnon2 79 69 80 79

SE

0.25
0.16

! Faecal flow/0.85 (see text for rationale).

% Calculated by difference (k;,,,.-k

pussage) .

Table 7. Parameters of the model' used to describe in sacco rumen degradation of dry matter from WET

and DRY by-product ingredients?.

Form of the diet DRY
Soluble, % of DM? 233
Degradable, % of DM 54.6
Undegradable, % of DM 22.0
k', %/h 10.7
D 0.55

WET

26.2
52.3
20.2

11.2

0.47

SE

! Model described in text.
3
4

For degradable fraction.

° Brewers’ grains, maize gluten feed, beet pulp.
Significant difference due to form of the diet (P < 0.05).

Table 8. Plasma hormone concentrations.

DRY WET

MINUS PLUS MINUS PLUS
Insulin, #U/ml 14.0 16.1 15.4 16.0
Somatotropin ng/ml 34 3.1 33 3.4

SE

1.9
0.4

466
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Rumen pool sizes

Rumen pool sizes of DM, non-DM, mat, and bailable liquids are in Table 4. Mat
was defined as material removable from the rumen by hand whereas bailable
liquids was the residue which had to be bailed out with a small pail (see Robinson et
al., 1987a for details of the evacuation procedure). Values are comparable to those
previously reported for dairy cows at similar levels of feed intake determined by the
evacuation procedure (Hartnell et al., 1979; Shaver et al., 1985; Robinson et al.,
1987¢). Total rumen contents were not influenced by form of the diet or addition of
ISOPLUS™.

Composition of rumen bacteria is in Table 2. Total N, DAPA, and N/DAPA
were not influenced by form of the diet or addition of ISOPLUS™.

Rumen pool sizes of N and OM components are in Table 5. Rumen bacterial OM
pool size was greater with DRY diets and bacterial N pool size tended (P < 0.10) to
be greater. Residual OM pool size, both as kg and as a proportion of ND solubles
intake, was smaller with DRY diets. Residual N pool size as a proportion of N in-
take was greater without ISOPLUS™ addition within DRY diets but greater with
ISOPLUS™ within WET diets.

Kinetics of ND fibre flow

Duodenal ND fibre flow was estimated as faecal ND fibre flow/0.85. The rationale
for this estimate has been discussed elsewhere (Robinson et al., 1987¢). Rate con-
stants for ND fibre intake (k;), passage (k,), and digestion (k,) are similar to those
reported for dairy cows at similar levels of intake (Robinson et al., 1987¢) and were
not influenced by either treatment (Table 6).

Use of a first order model with lag (described by Robinson et al., 1986a) to de-
scribe loss of DM from nylon bags incubated in the rumen resulted in solutions with
bias. This confirmed previous work in our laboratory (van Noort, unpublished);
work which also suggested a logistic model (described by Robinson et al., 1986a)
consistently described DM disappearance free of bias. DM fraction sizes and rate
constants for degradation of the degradable fraction is in Table 7. WET ingredients
had a larger soluble fraction and tended (P < 0.10) to have a smaller degradable
fraction. However differences were small.

Plasma parameters

Results of plasma hormone assays are in Table 8. There was no influence of form of
the diet or addition of ISOPLUS™ on plasma concentrations of insulin or somato-
tropin. Insulin values are comparable to those reported by Hart et al. (1980) for
British Friesians, but somatotropin values are somewhat lower, perhaps reflecting
the higher productivity of cows in our study. Our results (Fig. 1) confirm the influ-
ence of stage of lactation on plasma somatotropin concentrations reported by Hart
et al. (1980).
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Fig. 1. Influence of stage of lactation on plasma somatotropin levels. 1: Hart et al. (1980); 2; this study.

Discussion

The increase, or tendency to an increase, in apparent digestibility of most dietary
OM constituents suggests a higher feeding value of WET diets. This is consistent
with results reported by Firkins et al. (1984) for steers and Firkins et al. (1985) for
sheep that indicated a tendency to increased digestibility of DM and ND fibre with
wet vs. dry maize gluten feed. However the increase in digestibility observed here
did not result in higher milk production (de Visser & Tamminga, 1987; Robinson et
al., 1987b), because DM intake was lower for WET diets. Why the apparent diges-
tibility differed between WET and DRY diets remains obscure. Results of de Vis-
ser & Tamminga (1987) showed that in wethers, fed at maintenance, dry maize glu-
ten feed was digested to a lesser extent than wet maize gluten feed, but that dry
brewers’ grains were digested better than wet brewers’ grains. In the mixed concen-
trate the observed differences would roughly compensate. Results in Table 7 show
that the undegradable DM was about 9 % higher for the DRY diet, whereas the
rate of degradation of DM was about 5 % lower. Table 6 shows that the rate of pas-
sage of cell wall components was also slightly higher, about 10 %, with the DRY
diet. Although none of these individual parameters differed significantly between
WET and DRY diets, in combination they could account for a difference in appar-
ent digestion of 3 to 4 percentage units and become statistically significant. With re-
spect to N the difference may have become even more pronounced because of a
higher microbial N synthesis in the rumen for cows fed DRY diets. This would re-
sult in more N-containing microbial debris being excreted in the faeces, causing the
apparent digestion of N to become even lower.

In another communication (Robinson et al., 1987c) we observed that within a
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single diet, over a wide range of intake levels, there was a strong positive relation-
ship between rate of ND fibre digestion in the rumen (k) and the proportion:

rumen bacterial OM pool size (kg)/rumen ND fibre OM pool size (kg)

Such a relationship did not occur here. Indeed the treatment combination with the
lowest k, was associated with the highest proportion of rumen bacterial OM to ru-
men ND fibre OM.

Reduction in residual OM and N pool size cannot be interpreted as a reduced
pool size of dietary ND solubles since protozoal OM pool size, which would be in-
cluded in residual N or OM, may have been influenced by diet changes (Meyer et
al., 1985).

Dietary crude protein levels in diets used in this study exceeded 18 % of DM. In a
previous paper in this series (Robinson et al., 1987b) we speculated that due of
these high protein levels, concentrations of isoacids in rumen fluid were high
enough on unsupplemented diets, presumably from degradation of dietary branch
chain amino acids, to prevent deficiency of branched chain carbon skeletons for
bacterial growth. Thus dietary addition of isoacids simply increased rumen concen-
trations of these acids and no statistically, or biologically, significant impact on
whole tract digestibility of OM constituents, kinetics of ND fibre digestion and pas-
sage from the rumen, or rumen pool sizes of bacterial OM and N occurred. These
results are consistent with lack of significant effect of ISOPLUS™ supplementation
on rumen pH, ammonia concentration, and concentrations of straight-chain VFAs
reported earlier for this study (Robinson et al., 1987b). They are also consistent
with other studies in vivo where diets containing protein have been fed (Felix et al.,
1980; Fico et al., 1984).

This study does not suggest a stimulatory affect of isoacids on plasma concentra-
tion of somatotropin. However lack of influence is consistent with lack of difference
in milk production reported previously for cows in the production study {de Visser
& Tamminga, 1987) as well as these cows (Robinson et al., 1987b).

More work is needed in this area and it would be of particular interest to measure
digestibility in vivo and plasma hormone concentrations under conditions where
supplementation with isoacids to practical diets significantly increased productivi-
ty, conditions not the case in reported in vivo studies, including this study.
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