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ABSTRACT

Starch is the major energy component of grains. The variability of wheat and maize starch degradation in the rumen influences the
fermentation process and nutrient digestibility in ruminants. We studied effects of feeding diets with different starch sources on
fermentation in the rumen and apparent nutrient digestibility. The experiment was performed on four Black-Spotted bulls (mean
live weight of 525 kg) fitted with rumen fistula. The basis of the diets was maize silage and alfalfa hay supplemented with wheat
meal (W), or maize meal (M) in the diet. The ratio of starch to crude fibre (CF) was the 2.1:1 and the proportion of CF was main-
tained at 17% (DM) in both diets. Rumen fluid was collected prior to the morning feeding and 1, 2, 4 and 6 hours after feeding over
three days. In the experimental period, two 96 h quantitative collections of faeces were done. Differences between treatments were
evaluated by #-test using the Statgraphics, Version 5.0 software. Statistical significance of differences was declared at P < 0.05 and
P <0.01. Starch origin affected rumen fermentation significantly. Concentrations of propionic, butyric and lactic acid were higher
with wheat than with maize meal. Large amounts of fermentable starch included in rations reduced rumen pH as a consequence of
increased concentrations of propionic, butyric and lactic acid. Nutrient digestibility was influenced by different starch sources. The
apparent digestibility of the dry matter (76 £ 2%), crude protein (67 + 0.9%), CF (64 + 1.9%), nitrogen-free extract (82 + 1.5%) and
organic matter (76 + 1.3%) was significantly higher when experimental ration was supplemented with wheat meal.
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INTRODUCTION intestine is important for energy supply in high-yielding

dairy cows consuming large amounts of dietary starch

Carbohydrates are an important component from various feedstuffs. Depending on the starch source

of dairy cow diets. The variability of non-structural
carbohydrate degradation in the rumen influences the
fermentation process (Kovacik et al., 2003; Kopcekova,
et al., 2008), passage of nutrients into small intestine
(Cerestiakova et al., 2006) and nutrient digestibility
in ruminants (Pajta§ and Simko, 2003). The energy
efficiency of starch fermented in the rumen to volatile
fatty acids is lower than that of starch absorbed in the
small intestine (Weurding and Poel, 1998). Therefore,
the increase in starch content and its flow into the small

and amount, approximately 50-95% of dietary starch is
fermented to volatile fatty acids (Sniffen et al., 1992).
Starch fermentation in the rumen results in approximately
a 40% decline in caloric efficiency compared to
enzymatic starch digestion in the small intestine (Owens
etal., 1986). The rate and extent of starch digestion in the
rumen are affected by the structure of starch in individual
types of grain (French, 1973; Kotarski et al., 1992). In
addition, there are large differences among cereals in
starch degradability within the rumen. According to many
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authors, wheat starch degradability in the rumen is higher
than that of maize starch (Lebzien and Engling, 1995;
Zebrowska et al., 1997; Kop&ekova and Ceresiidkova,
2003; Cerestidkova et al., 2006).

The objective of the present work was to determine
the influence of two starch sources (wheat and maize)
on rumen fermentation and the apparent digestibility of
nutrients.

MATERIALS AND METHODS

Four bulls of the Black-Spotted cattle breed
with average live weight of 525 + 32 kg were used in
the experiment. Animals were fitted with a large rumen
cannula (Bar Diamont, Inc., USA). The bulls were fed
individually two times daily at 06.30 and 18.30 h. Water
was available ad libitum. Two diets supplemented with
wheat or maize meal were examined in the experiment
(Table 1). The experimental rations contained maize silage,
alfalfa hay and the same amounts (3.4 kg DM) of maize
(M) or wheat (W) meal. Contents of dry matter, energy
and nutrients in the diets are shown in Table 1. The ratio
of starch to CF was held constant in both diets (Table 2).
Each experimental period lasted three weeks. After eleven
days of adaptation, two 96 h quantitative collections of
faeces were done. From every 24 h-collected samples
after homogenization the subsample (3% of total amount
of faeces per animal) was taken for chemical analyses.
Ruminal fluid was collected prior to the morning feeding
and 1, 2, 4 and 6 hours after feeding on days 5, 6 and 7.

Chemical composition of feeds was determined by
Weende analysis (the Regulation of the Slovak Ministry
of Agriculture no. 2145/2004-100). Starch content was
determined by the enzymatic method according to
Salomonsson et al. (1984). Rumen pH was measured
immediately after each sampling, VFA concentration was
determined using gas chromatography on a 1.8 m column
with 10% SP1200 and 1 % H,PO, on Chromosorbe WAW
80/100 mesh with isocaprylic acid as an internal standard
(GC Carlo Erba). Ammonia concentration was measured
by the Conway method (Voight and Steger, 1967).
Differences between treatments were evaluated by #-test
using Statgraphics, Version 5.0. Statistical significance of
differences was declared at P < 0.05 and P <0.01.

RESULTS AND DISCUSSION

In our experiment the proportion of wheat meal
and maize meal in the dry matter of the feed rations was
34% (Table 1). Intake of dry matter, energy and nutrients
from the rations is shown in Table 2. The ratio of starch
to fibre was held constant at 2.1:1 and the percentage of
CF was maintained at 17 % (DM).

Large amounts of fermentable starch included in
rations reduce ruminal pH as a consequence of increased

Table 1: Feed and nutrient composition of the
experimental diets

Diets

Ingredient W M

kg DM % kg DM %
Maize silage 5.0 50 4.7 47
Alfalfa hay 1.6 16 1.9 19
Wheat meal 34 34 - -
Maize meal - - 34 34
Total 10.0 100 10.0 100

Chemical composition of experimental feeds

Feed n=6 Maize Alfalfa Wheat Maize
silage hay meal meal
DM  gkg'FM 356 888 881 892
NEL MlJkg'DM  6.29 4.65 8.80 9.00
NEV Mlkg!'DM  6.28 4.26 9.54 9.78
PDI  gkg'DM 52 107 94 66
CP gkg! DM 86 178 149 90
Fat g.kg! DM 31 22 17 41
NFE gkg' DM 624 382 776 825
Starch g.kg' DM 273 36 612 701
CF g.kg! DM 213 319 33 29
OM  gkg'DM 954 901 976 985
Ash  gkg' DM 46 99 24 15

DM - dry matter; FM — fresh matter; NEL — net energy of lactation;
NEV — net energy of gain; CP — crude protein; NFE — nitrogen-free
extract; CF — crude fibre; OM — organic matter; PDI — protein digestible
in intestine

Table 2: Daily intake (g) of dry matter, energy and
nutrients from the experimental diets

Diet
Intake
W M
DM g 8958 9261

Eﬁ NEL MJ 61.9 63.0

[}

& NEV MJ 63.2 64.7
PDI g 664 627
Crude protein g 1079 977

% Fat g 225 292

‘& Nitrogen-free extract g 5711 5844

Z  Starch g 3115 3386
Crude fibre g 1501 1592
Organic matter g 8516 8704

ratio of starch to fibre 2.1:1 2.1:1
percentage of fibre 16.8 17.2

DM - dry matter; NEL — net energy of lactation; NEV — net energy of
gain; PDI — protein digestible in intestine
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concentrations of propionic, butyric and lactic acid (De
Visser et al., 1980; Kovacik et al., 2002; Plaizier et al.,
2008). Propionic acid, which is produced by starch
fermenting bacteria (‘“rskov, 1986; Cerediidkova et al.,
20006), reached a maximal concentration within one hour
after feeding. The diet with wheat meal caused an increase
in the concentration of butyric acid. The concentration of
butyric acid was significantly higher with wheat meal
than with maize meal. In sacco results with maize grain
show a slower degradation of the crude protein compared
to other cereals (Tamminga et al., 1990; Zebrowska et al.,
1997; Ceresnakova et al., 2000). In contrast, the increased
loss of N from the wheat meal resulted in increase in
N-NH, concentration in the rumen fluid throughout the
observation period.

The impact of maize and wheat meal on total tract
apparent digestibility of nutrients is shown in Figure 1.
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Fig. 1: Total tract apparent digestibility of

nutrients (%), *P <0.05; **P <0.01

Table 3: Changes of pH in the rumen fluid

Nutrient digestibility was influenced by different starch
sources. The apparent digestibility of the dry matter
(76%), crude protein (67%), fibre (64%), nitrogen-free
extract (82%) and organic matter (76%) was significantly
higher when feeding a wheat meal was performed. The
apparent digestibility of starch was not significantly
influenced by different starch sources. In both cases, starch
digestibility was 98% despite different starch intakes (in
diet I¥ starch intake was 3115 g per day, in diet M 3386 g
per day). From previous research, we know that apparent
digestibility of starch is not significantly affected by the
diet at low intakes. Reynolds et al. (1997) did not detect
any influence on starch digestibility with rations providing
a starch intake of 4-11 kg per day. Also, Beckman and
Weiss (2005) did not detect significant differences in starch
digestibility when the intake of starch in rations varied.
De Visser (1980), Klejmenov et al. (1986) and Robinson
et al. (1987) reported that by increasing the ratio of starch
in feeding rations the digestibility of organic matter and
crude protein increases. However, the source of starch in
the diet may influence this response.

SUMMARY

Different starch sources (wheat and maize)
significantly changed ruminal pH, as a consequence
of increased concentrations of propionic, butyric and
lactic acid. The concentrations of propionic, butyric and
lactic acid were significantly higher with wheat meal
than with maize meal. The apparent digestibility of dry
matter, crude protein, fibre, nitrogen-free extract and
organic matter was significantly higher when wheat meal
was given. The apparent digestibility of starch was not
significantly influenced by different starch sources.

Diet

Hours after a.m. feeding _ W _ M (t —Iiest)
X s v X s
0 6.64 0.22 3.38 6.86 0.17 2.52 -
1 5.89 0.28 4.68 6.16 0.19 3.02 ++
2 5.78 0.23 3.94 6.03 0.22 3.57 +
4 5.43 0.31 5.78 6.08 0.19 3.18 ++
6 5.84 0.26 4.46 6.35 0.21 3.34 ++
X -average; s - standard deviation; v - coefficient of variation “P<0.05 “P<0.01
Table 4: Changes in acetic acid concentration in the rumen fluid (mmol/l)
Diet p
Hours after a.m. feeding _ W _ M (- test)
X s v X s
0 57.02 6.45 11.31 58.55 10.12 17.29 -
1 66.06 7.42 11.24 70.10 12.84 18.32 -
2 67.97 437 6.44 69.64 14.62 20.99 -
4 73.71 5.71 7.75 77.03 4.78 6.21 -
6 69.63 5.58 8.01 72.35 6.77 9.36 -
‘P <0.05 “"P<0.01
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Table 5: Changes in propionic acid concentration in the rumen fluid (mmol/l)

Diet

Hours after a.m. feeding w M P
— — (¢ — test)
X S v X S v
0 11.86 1.56 13.17 9.93 1.10 11.16 ++
1 19.44 2.29 11.80 16.70 1.28 7.66 ++
2 19.36 1.37 7.08 15.41 1.01 6.58 ++
4 18.19 1.39 7.62 14.07 1.12 7.94 ++
6 15.43 1.78 11.56 12.01 1.15 9.61 ++
“P<0.05 “P<0.01
Table 6: Changes in butyric acid concentration in the rumen fluid (mmol/l)
Diet P
Hours after a.m. feeding \W M
— = (¢ — test)
X S v < S v
0 11.08 1.33 11.99 8.49 1.25 14.69 ++
1 13.32 1.92 14.39 11.10 1.69 15.24 ++
2 13.93 1.02 7.32 11.84 1.21 10.17 ++
4 15.51 1.26 8.13 12.31 1.46 11.89 ++
6 14.32 1.95 13.59 11.68 1.51 12.96 ++
‘P<0.05 “P<0.01
Table 7: Changes in lactic acid concentration in the rumen fluid (mmol/l)
Diet P
Hours after a.m. feeding \Y M
— — (t— test)
X S v X S v
0 0.65 0.20 31.41 0.48 0.17 35.67 +
1 0.99 0.45 45.75 0.58 0.23 40.35 +
2 0.76 0.19 25.01 0.54 0.12 23.18 ++
4 0.68 0.15 21.42 0.43 0.17 40.32 ++
6 0.68 0.15 21.42 0.45 0.15 34.70 ++
‘P<0.05 “P<0.01
Table 8: Changes in ammonia-N concentration in the rumen fluid (mg/100 ml)
Diet P
Hours after a.m. feeding W M
— - (z—test)
X S v X s v
0 8.4 1.1 13.31 6.0 1.9 31.15 -
1 22.9 2.8 12.25 21.1 2.3 10.81 -
2 20.6 2.2 10.81 18.0 1.7 9.48 ++
4 10.1 2.5 24.97 5.5 1.8 31.85 ++
6 5.0 2.0 39.48 32 1.7 53.91 -

P<0.05 “P<0.01
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