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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, 
and the balance was mixed ingredients. Diets were formulated to contain either wet 
(WET) or dry (DRY) by-product ingredients with (PLUS) or without (MINUS) a 
supplement containing the branched-chain volatile fatty acids (isoacids) isobuty-
rate, 2-methyl butyrate, and 3-methyl butyrate, as well as valerate. Measurments 
were made from weeks 12 to 28 of lactation to determine effects of treatments on 
feed intake, parameters of rumen fermentation, and milk production and composi­
tion. 

Cows ate DRY diets more rapidly than WET diets. Diurnal patterns in rumen pH 
and concentrations of ammonia, lactate, acetate, propionate, butyrate, and vale­
rate were not influenced by form of the by-product ingredients or supplementation 
with isoacids. Diurnal patterns for all volatile fatty acids were characterized by in­
creased concentrations in response to feeding. In addition, diurnal patterns for iso­
acids were more pronounced for PLUS vs. MINUS diets and for WET vs. DRY 
diets. This was characterized by higher peak values after-feeding and similar, or 
lower, values prior to feeding. Milk production and composition was not influenced 
by treatments. 

* Current address: Department of Animal Science, University of Alberta, Edmonton, Alberta, T6G 
2P5, Canada. 
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Introduction 

Maize gluten feed, beet pulp, and brewers grains are by-product feedstuffs that can 
be fed to ruminants either wet or after dehydration. Dehydrated product is some­
times more convenient to use, especially by feed compounders. However in recent 
years there has been a trend to increased utilization of wet ensiled by-product ingre­
dients to eliminate increasingly costly dehydration. Recently reported information 
suggests that brewers' grains (Murdock et al., 1981; Polan et al., 1984) and maize 
gluten meal (Firkins et al., 1985) have roughly equal feeding value for ruminants if 
fed wet or dehydrated. 

Winter rations for dairy cattle in the Netherlands commonly contain a high pro­
portion of fermented forage, generally as wilted grass silage, although in recent 
years there has been a move to increased utilization of maize silage. Silo fermenta­
tion decreases levels of protein nitrogen (N) and increases levels of ammonia and 
free amino acids (McDonald, 1982) which are rapidly fermented in the rumen. If 
ensiled forages are supplemented with wet ensiled by-product ingredients, versus 
dry by-products, it seems more likely that levels of branched-chain amino acids in 
dietary protein will be low enough to result in a deficiency of slowly released 
branched-chain carbon skeletons which are required by, or stimulate the growth of, 
many species of rumen microorganisms (Hungate, 1966). Production responses to 
dietary supplementation with branched-chain volatile fatty acids (isoacids) have 
been reported for dairy cattle fed diets with some N from urea (Papas et al., 1984; 
Pierce-Sandner et al., 1985). However the influence of level of ensiled ingredients 
in diets for dairy cattle in response to isoacid supplementation has not been investi­
gated. 

The objectives or 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 rumen fermentation and/or influences milk 
production, and 
2) if supplementation with isoacids plus valerate (ISOPLUS™; Eastman Chemi­
cals, Kingsport, USA) influences rumen fermentation and/or milk production dif­
ferently in the two diets. 

This study was completed concurrent with a production study utilizing 56 lactat-
ing dairy cows (de Visser & Tamminga, 1987). 

Experimental methods 

Cows, diets, and design 
Four Dutch Friesian dairy cows fitted with a large rumen cannula (10 cm i.d., Bar-
Diamond Inc., Parma, ID, USA) were in a 2 x 2 factorial arrangement of treat­
ments. The four cows averaged 541, 551, 558 and 573 kg during the study and were 
not pregnant. 

Cows were tethered in tie-stalls and had free access to block salt and water. They 
were offered a totally mixed ration in two meals at 15 h 00 (60 % of total feed) and 
06 h 00 h (40 %). Cows were fed diets presented in Table 1 with concentrates de-
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Table 1. Ingredient profile of mixed diets as well as chemical composition. 

Diet form DRY WET SE 

Ingredients (DM basis, %) 
Grass silage 19.8 23.0 
Maize silage 20.9 22.2 
Concentrate1 59.3 24.9 
Wet maize gluten feed - 9.8 
Wet beet pulp - 15.1 
Wet brewers' grains - 5.0 

Mixed diet chemical analysis (n = 10) 
Dry matter (103 °C, %) 57.8 36.9 4.6 

Chemical composition (% of DM) 
Organic matter 90.2 89.9 0.7 
Neutral detergent fibre 43.6 43.7 3.8 
Acid detergent fibre 23.5 23.6 2.4 
Soluble sugars2 7.6a3 3.7b 2.6 
Starch 8.3 8.9 0.8 
Total nitrogen 2.86 2.95 0.25 
Ammonia nitrogen 0.13 0.13 0.04 
Crude fat 4.3 4.1 0.7 

1 De Visser & Tamminga (1987). 
2 40 % ethanol-extractable sugars. 
3 Means on a line with different superscripts differ (P < 0.05). 

scribed by de Visser & Tamminga (1987). The amount of feed offered was steadily 
increased to maintain about 5 % refusals. Cows were examined from week 12 
through 28 of lactation. As cows approached the intensive measuring period in ex­
perimental period 1, the amount of feed offered was adjusted to maintain about 200 
to 500 g dry matter (DM) refusals per day. Refused material was placed in the ru­
men at 14 h 00 from days 21 to 25 as previously described (Robinson et al., 1986). In 
Period 1 cows attained an intake of 18.3 ± 0.4 kg/day. In subsequent periods we 
aimed to reduce DM intake by 0.8 kg/day. The objective of this approach was to ex­
amine parameters of animal digestive function under equal intakes among treat­
ments. The accompanying production study (de Visser & Tamminga, 1987) was de­
signed to measure potential differences in intake due to treatments. As all cows did 
not calve at the same time, all were not examined in each experimental period. 
There were five measurement periods with 1, 2, 4, 4, and 3 animals respectively. 
Due to time constraints it was not possible to include a 6th measurement period and 
as a result two (one WET PLUS and one DRY MINUS) of the possible 16 cow 
periods were not completed; both were in experimental period 4. 

Experimental periods 
Each experimental period lasted 28 days. Cows were fed the Median diet on days 1 
through 8 and experimental diet on days 9 through 28. 
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Table 2. Outline of rumen fluid sampling and assays. 

Time of the day Days 22 to 23 Days 28 to 29 

pH lactate VFAs NH3 all 

14 h 50 X X X X 
15 h 30 X X X 
16 h 00 X X X X 
17 h 00 X X X X X 
19 h 00 X X X X 
21 h 00 X X X X 
24 h 00 X X X X X 

05 h 50 X X X X 
06 h 30 X X X 
07 h 00 X X X X 
08 h 00 X X X X X 
10 h 00 X X X X 
12 h 00 X X X X X 
14 h 50 X X X 

Sampling and analysis 
Patterns of feed intake were estimated over two 24-h periods from 15 h 00 on days 
22 and 28. Uneaten feed was weighed at 17 h 00, 21 h 00, 01 h 00, 06 h 00, 98 h 00, 12 
h 00, and 14 h 00. Concentrations of varius soluble metabolites in rumen fluid and 
pH were also measured in both 24-h periods. Samples of rumen fluid were collected 
as previously described (Robinson et al., 1986) at times shown in Table 2. 

Daily milk production was recorded on days 15 to 28 of each period. Milk sam­
ples collected from PM milkings of days 19, 21, 26, and 28 and AM milkings of days 
20, 22, 27, and 29 were preserved with sodium azide and refrigerated at 4 °C until 
assay. 

Analyses were completed as previously described (Robinson et al., 1986). All 
DM was determined at 103 °C. 

Statistical analysis 
Aspects of rumen metabolite concentrations as well as milk production were tested 
as a 2 x 2 factorial arrangement of treatments utilizing Genstat (Alvey et al., 1982). 
Where significant (P < 0.05) isoacid x form interactions occurred, differences 
among means within WET or DRY diets were separated as described by Steel & 
Torrie (1960) for Factorial experiments. 

Diurnal rhythms in pH and rumen metabolites (except lactate) were fitted by 
polynomial analysis considering the day to begin at 15 h 00 and to be composed of 
two sectors: 

Sector 1: 15 h 00-06 h 00 
Sector 2: 06 h 00-15 h 00 

Relationships between time and metabolite concentrations, including pH, by indi­
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vidual cow period in both sectors were fitted to linear, quadratic, cubic, and quartic 
components. While sectors were fitted individually, common times between sectors 
(i.e. 15 h 00 and 06 h 00) were forced to equivalency. This was accomplished by 
Splines analysis in the statistical package Genstat (Alvey et al., 1982). Thus, pa­
rameters of the model described eight characteristics of the diurnal pattern for each 
cow period. They were the value at 15 h 00 and 06 h 00, as well as the linear, qua­
dratic, cubic, and quartic components of the relationships between time and meta­
bolite concentrations in each sector. Fitted lines were used to calculate weighted 
means, range (fitted maximum minus fitted minimum) and, where appropriate, to­
tal hours below a specified value. The eight parameters of the model fitted for each 
cow period for each parameter were tested by analysis of variance (Anova) tech­
niques, described above, to determine effects due to form of the by-products and 
addition of isoacids. Those with significance of P < 0.10 were included in a regres­
sion equation to predict levels of soluble metabolites for each time of sampling for 
each combination of form of by-product ingredients and addition of isoacids. Lac­
tate was fitted similarly, except with four sectors (see Robinson et al., 1986 for de­
tails). 

Two of the possible 16 cow periods were not completed due to time constraints. 
One was WET PLUS and the other DRY MINUS; both were in Period 4. Missing 
values were estimated by Genstat Anova in both cases and predicted values are in­
cluded in reported means. 

Results 

Intake and milk production 
WET and DRY diets were designed to have similar composition with the exception 
of proportion DM. However forage proportion of WET diets was slightly lower 
than for DRY diets (40.7 vs. 45.2 % of DM, Table 1). WET diets also had a lower 
proportion of soluble sugars, probably reflecting fermentative losses in the silo. 
Due to unexpected DM proportions of wet by-product ingredients the actual level 
of ISOPLUS,m in the dietary DM was 26 % higher for the WET PLUS than for the 
DRY PLUS diet (4.48 vs. 3.56 g ISOPLUS™ per kg total mixed ration DM). Rate 
of feed intake was rapid for all diets (Table 3). Cows consumed feed more rapidly 
when fed dry diets and cows fed ISOPLUS™ consumed feed less rapidly within 
DRY diets but more rapidly within WET diets. Actual DM consumption is in Table 
4. Differences among treatments, although statistically significant, were moderate 
and reflect differences in amounts of DM offered due to variable DM proportions 
of mixed diets and unequal representation of treatment combinations within collec­
tion periods (see 'Experimental methods'). DM and organic matter intakes do not 
include volatile components lost in drying. This might be expected to be about 
0.5 % in DRY diets and 1 % in WET diets. 

Mean and 4 % fat corrected milk production were not influenced by either treat­
ment (Table 4). Milk protein and fat percentages were also not influenced. Patterns 
are very similar to those observed in the accompanying production study (de Visser 
& Tamminga, 1987). 
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Table 3. Feed intake pattern. 

Time of the day Residue (% of fed, as weighed) SE Time of the day 

DRY WET 

MINUS PLUS MINUS PLUS 

17 h 00d2 22.1al 37.2b 43.2a 31.5" 3.8 
21 h 00e 3.2 2.9 14.5 13.7 3.2 
01 h 00e 1.2 1.6 8.3 9.1 1.8 
06 h 00e 0.0 0.7 2.0 4.5 1.0 

08 h 00 6.6 18.3 23.1 18.3 5.1 
12 h 00e 0.4 4.8 8.0 

00 00 

2.5 
14 h 00 0.3 2.1 1.3 3.7 4.5 

1 Means within WET or DRY with different superscripts differ (P < 0.05). 
2 c: Significant (P < 0.05) difference due to form of the diet; d: significant (P < 0.05) form x isoacid in­
teraction. 

Table 4. Dry matter intake as well as milk production and composition. 

Dry matter intake, kg/d2 

Yield per day 
Total milk, kg 
FC milk, kg 
Fat, g 
Protein g 

Composition (glkg) 
Fat 
Protein 

DRY 

MINUS 

16.93al 

24.5 
25.1 
1022 
766 

41.9 
31.3 

PLUS 

17.97 

23.7 
24.3 
987 
753 

41.6 
31.7 

WET 

MINUS 

17.26a 

24.2 
24.8 
1009 
763 

41.6 
31.5 

PLUS 

16.67b 

22.8 
24.2 
1007 

724 

44.1 
31.8 

SE 

0.13 

1.1 
1.0 
51 
36 

2.0 
0.7 

1 Means within WET or DRY with different superscripts differ (P < 0.05). 
2 Significant (P < 0.05) form x isoacid interaction. 

Diurnal patterns in rumen fermentation 
Diurnal patterns for rumen pH, ammonia, and total volatile fatty acid (VFA) con­
centrations are shown in Fig. 1. Patterns were not influenced by form of the by­
products or addition of ISOPLUS™. The biphasic pattern characterized by greater 
and more sustained responses to the 15 h 00 feeding is consistent with the twice 
daily feeding system in which 60 % of feed was provided at 15 h 00. Sharp concen­
tration changes in response to feeding reflect rapid consumption of feed as noted 
above, and are perhaps more pronounced than might have been excepted for mixed 
diets fed twice daily. Diurnal patterns for acetate propionate, butyrate, and vale­
rate were not influenced by treatment (not shown). Diurnal patterns for isobuty-
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15 18 21 24 3 6 9 12 15 

TIME OF DAY (h) 

Fig. 1. Daily patterns of rumen pH, ammonia concentration and total VFA concentration. There were 
no differences in diurnal patterns due to form of the diet or inclusion of isoacids where P < 0.10. 

Netherlands Journal of Agricultural Science 35 (1987) 453 



P. H. ROBINSON, S. TAMMINGA AND A. M. VAN VUUREN 

0.2 

15 18 21 24 3 6 9 12 IS 

TIME OF DAY (h ) 

Fig. 2. Daily pattern of rumen isobutyrate, 2-methyl butyrate, and 3-methyl butyrate concentrations as 
influenced by form of the diet and inclusion of isoacids. Differences between lines represent differences 
in the parameters that describe the lines where P < 0.10. 1 = WET PLUS; 2 = WET MINUS; 3 = DRY 
PLUS; 4 = DRY MINUS. 
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rate, 2-methyl butyrate, and 3-methyl butyrate are shown in Fig. 2. WET diets had 
more pronounced diurnal patterns than DRY diets and, in general, diets supple­
mented with isoacids had more pronounced diurnal patterns of rumen isoacid con­
centrations than those without. This was characterized by higher peak values after 
feeding but similar, or lower, values before feeding. Diurnal patterns of isoacid 
concentrations in rumen liquor for dairy cattle have not previously been reported. 
In this study concentrations increased in a pattern similar to that for the major 
VFAs acetate, propionate, and butyrate. 

Mean and ranges for rumen metabolite concentrations 
Mean pH, pH range during the day and hours below pH 6.0 were not influenced by 
form of the diet or addition of isoacids (Table 5). Mean ammonia was higher for 

Table 5. Rumen pH, and concentrations of ammonia, lactate, and volatile fatty acids. 

DRY WET SE 

MINUS PLUS MINUS PLUS 

pH 
Mean 5.98 5.97 6.01 6.03 0.13 
Range 0.88 0.84 0.79 0.85 0.26 
Time (pH <6-0), h 11.8 14.2 12.3 14.2 5.4 

Ammonia 
Mean concn.c2. mM 9.9 9.9 11.3 11.0 0.8 
Range. mM 19.0 18.6 17.7 18.0 3.6 
Time (concn. <3.6 mM), h 3.6 6.7 0.4 0.6 2.4 

Concentration, mM 
Lactate, mean 2.7 2.0 1.8 3.0 1.2 
Lactate, maximum 20.3 14.0 15.4 15.6 6.9 
Total VFA, mean 125.4 125.2 126.9 128.5 6.8 
Total VFA, range 53.0 49.5 65.6 51.5 16.1 
Acetate, mean 80.0 78.2 81.1 82.5 4.1 
Acetate, range 29.0 28.2 29.1 30.5 3.8 
Propionate, mean 22.8 22.5 23.2 22.6 2.0 
Proprionate, range 12.5 11.2 11.0 10.5 1.2 
Isobutyrate, mean11' 0.78 1.12 0.97 1.26 0.09 
Isobutyrate, range1'1' 0.36al 0.97b 0.46" 0.78b 0.04 
Butyrate, mean1' 18.4 19.6 17.6 17.9 0.7 
Butyrate, range1 8.9 9.8 7.5 7.4 0.9 
2-methyl butyrate, mean 0.87 0.76 0.94 1.03 0.19 
2-methyl butyrate, range0 0.52 0.88 0.50 0.82 0.17 
3-methyl butyrate. meancd 0.52 0.65 0.65 0.84 0.05 
3-methyl butyrate, rangecdc 0.51" 0.76h 0.70 0.70 0.03 
Valerate, mean 2.04 2.41 2.22 2.44 0.28 
Valerate, range 1.44 2.00 1.74 1.80 0.28 

1 Means within WET or DRY with different superscripts differ (P < 0.05). 
2 c: Significant (P < 0.05) difference due to form of the diet; d: significant (P < 0.05) difference due to 
addition of isoacids; e: significant (P < 0.05) form x isoacid interaction. 

Netherlands Journal of Agricultural Science 35 (1987) 455 



P. H. ROBINSON, S. TAMMINGA AND A. M. VAN VUUREN 

WET diets and hours below 3.6 mM were fewer. Lactate mean and range were not 
influenced by either treatment. Major VFAs were not influenced by ISOPLUS™ 
supplementation, however butyrate mean and range was higher for DRY diets. 
Valerate mean and range tended to be higher for PLUS diets, probably reflecting 
inclusion of valerate in the supplement. Isobutyrate and 3-methyl butyrate means 
were higher for PLUS and for WET diets. Ranges were higher for PLUS diets but 
this was greater within DRY diets. The 2-methyl butyrate mean was not influenced 
by either treatment but the range was higher for PLUS diets. Rumen isoacid con­
centrations reported here are lower (Stern et al., 1983; Robinson et al., 1986) and 
higher (Staples et al., 1984) than previously reported for dairy cattle. 

Ranges for isoacid concentrations in Table 5 appear inconsistent with ranges 
shown in Fig. 2 in some cases. Values in Table 5 are the means of ranges determined 
individually by cow, representing both statistically significant and not significant 
differences. However visually observable ranges in Fig. 2 represent only statistical­
ly significant differences in the parameters that described the diurnal pattern. 

Discussion 

Isoacids in the rumen arise primarily from oxidative deamination of the corre­
sponding amino acid, almost exclusively from dietary protein. Rumen bacteria can 
utilize these carbon skeletons to re-synthesize the corresponding amino acid. Thus 
the carbon skeletons either fill a requirement or obviate the need for de novo syn­
thesis, and it is the cellulolytic bacteria which seem most likely to respond to isoacid 
supplementation (Bryant, 1973). Increased concentrations of isoacids in rumen 
fluid in response to feeding, on unsupplemented diets, suggests that oxidative dea­
mination of branched-chain amino acids exceeded the capacity of bacteria to utilize 
them after feeding. This suggests that at least a portion of the supplemented isoa­
cids were supplied above the microbial requirement and the excess accumulated in 
rumen fluid. Indeed total isoacid concentrations for the MINUS diets (2.37 mM) 
are above levels reported by Gorosito et al. (1985) and Russell & Sniffen (1984) to 
be required to maximize cell wall digestion or protein synthesis respectively. If sup­
plemented isoacids had been utilized by bacteria an increased production, and ru­
men concentration, of major VFAs, particularly acetate, and at least a trend to in­
creased milk production would have been expected. As this was not observed here, 
or in the production study (de Visser & Tamminga, 1987), it appears more likely 
that there was little, if any, net increase in rumen bacterial isoacid utilization when 
isoacids were supplemented. 

Increased rumen concentrations of isoacids in response to feeding observed in 
this study does not always occur and we have observed situations where concentra­
tions of isoacids decline after feeding concomitant with increased concentrations of 
major VFAs (Robinson et al., 1986). Clearly conditions where bacterial uptake of 
isoacids exceeds production would be situations where a response to exogenous iso­
acids might be expected. 

The finding that mean isoacid concentrations were, or tended to be, higher for 
WET diets was unexpected. As silo fermentation reduces the total amount of 
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branched-chain amino acids, as well as increasing the proportion of them as more 
rapidly fermented free amino acids, there was an expectation that mean concentra­
tions would be lower and range during the day might be increased. In fact the oppo­
site was observed and results suggest that WET diets would have been less likely 
than DRY diets to have responded to isoacid supplementation. It may be that a de­
ficiency of readily fermentable sources of energy was more limiting than isoacids to 
rumen microbial growth for WET diets. This is consistent with lower levels of solu­
ble sugars in dietary DM, and higher rumen ammonia concentrations, observed for 
WET diets. Van Soest (1983) has noted that rumen microbial yield is typically low­
er for ensiled diets than for mixed diets. 

Rumen isoacid concentrations increased after feeding for all diet combinations. 
However, diurnal patterns were more pronounced and more sustained for diets 
with wet ensiled by-product ingredients and for diets supplemented with isoacids. 
Mean rumen isoacid concentrations and daily concentration ranges tended to, or 
did, increase for WET vs. DRY diets and PLUS vs. MINUS diets. However fer­
mentation characteristics as judged by rumen pH, ammonia, lactate, and straight-
chain VFAs were not influenced, and we found no evidence to suggest a rumen-me­
diated response, either positive or negative, to dietary isoacid supplementation. 
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