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ABSTRACT

The objective of this experiment was to evaluate the 
effect of feeding total mixed rations (TMR) that differ 
in structural and nonstructural carbohydrates to dairy 
cows in early and late lactation on short-term feed 
intake, dry matter intake (DMI), rumen fermentation 
variables, and milk yield. A 5 × 5 Latin square experi-
ment with 15 dairy cows was repeated during early and 
late lactation. The 5 treatments were a TMR with (all 
on dry matter basis) 55% roughage (a 50:50 mixture 
of corn silage and grass silage) and 45% concentrate (a 
50:50 mixture of concentrate rich in structural carbohy-
drates and concentrate rich in nonstructural carbohy-
drates; treatment CON), a TMR with the concentrate 
mixture and 55% grass silage (RGS) or 55% corn silage 
(RCS), and a TMR with the roughage mixture and 
45% of the concentrate rich in structural carbohy-
drates (CSC) or the concentrate rich in nonstructural 
carbohydrates (CNS). Meal criteria, determined using 
the Gaussian-Gaussian-Weibull method per animal 
per treatment, showed an interaction between lacta-
tion stage and treatment. Feed intake behavior vari-
ables were therefore calculated with meal criteria per 
treatment-lactation stage combination. Differences in 
feed intake behavior were more pronounced between 
treatments differing in roughage composition than be-
tween treatments differing in concentrate composition, 
probably related to larger differences in chemical com-
position and particle size between corn silage and grass 
silage than between the 2 concentrates. The number of 
meals was similar between treatments, but eating time 
was greater in RGS (227 min/d) and lesser in RCS 
(177 min/d) than the other treatments. Intake rate 
increased when the amount of grass silage decreased, 
whereas meal duration decreased simultaneously. These 
effects were in line with a decreased DMI of the RGS 
diet vs. the other treatments, probably related to the 
high neutral detergent fiber (NDF) content. However, 

this effect was not found in CSC, although NDF con-
tent of the TMR, fractional clearance rate of NDF, and 
fractional degradation rate of NDF was similar between 
CSC and RGS. Rumen fluid pH was lesser, and molar 
proportions of acetic acid and of propionic acid were 
lesser and greater, respectively, in RCS compared with 
all other diets. Milk production did not differ between 
treatments. There was no effect of type of concentrate 
on milk composition, but diet RCS resulted in a lesser 
milk fat content and greater milk protein content than 
diet RGS. Lactation stage did affect short-term feed in-
take behavior and DMI, although different grass silages 
were fed during early and late lactation. The results 
indicate that short-term feed intake behavior is related 
to DMI and therefore may be a helpful tool in optimiz-
ing DMI and milk production in high-production dairy 
cows.
Key words:  dairy cow, feed intake behavior, rumen 
fermentation, milk yield

INTRODUCTION

In dairy cows, DMI is critical to achieve high milk 
production. In general, DMI does not meet the energy 
requirements for maintenance and production in high-
productive early lactating animals. This results in a 
negative energy balance accompanied by an increase in 
the incidence of metabolic diseases and a reduction in 
reproductive performance (van Knegsel et al., 2005). 
A better understanding of factors affecting DMI pro-
vides opportunities to increase DMI and thereby milk 
production (Grant and Albright, 1995), potentially 
increasing profitability of dairy farming. The study of 
short-term feeding behavior may assist in understand-
ing variation in daily DMI (Tolkamp et al., 2002). In 
particular, understanding of the factors limiting DMI 
due to short-term constraints (e.g., rumen fill) and ru-
men pH dynamics (resulting in subacute rumen acido-
sis, for example) are of relevance.

Cows eat in discrete meals alternated with periods 
of ruminating and idling (noneating behavior). These 
meals are separated by the meal criterion, which is the 
length of the longest interval still considered an inter-
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val within meals (Tolkamp et al., 1998). Hence, daily 
DMI can be described in terms of the number of meals 
per day, the length of meals, and the intake rate (IR) 
during meals (Dado and Allen, 1994). Manipulation of 
any of these variables may result in a change in DMI. 
This might be caused by several management factors 
including feeding space (DeVries et al., 2004), animal 
factors like lameness, and potentially also by the ration 
fed. A direct effect of the intake pattern on DMI could 
occur if, for example, a few large meals decreased ru-
men pH more severely than many small meals. Due to 
interference with rumen fermentation, this might affect 
the profile of supplied nutrients.

Much research was carried out on dietary factors af-
fecting DMI. One of these factors is the type of silage 
fed to dairy cows. Deswysen et al. (1993) evaluated the 
effect of corn silage vs. grass silage on eating behavior 
in heifers and found that intake was greater with corn 
silage than with grass silage, associated with a shorter 
eating time and fewer meals, implicating a greater IR 
within meals with corn silage. Similar results on eating 
behavior were found by Dulphy et al. (1980) in sheep, 
although DMI in this experiment was less on corn si-
lage than on grass silage. The short-term feed intake 
behavior results in these experiments are potentially 
related to the greater NDF and lesser starch content in 
grass silage in comparison to corn silage (Dulphy et al., 
1980). Not only is fermentation rate of NDF in the ru-
men generally slower than fermentation rate of starch, 
also, particle size distribution in grass silage differs from 
that in corn silage, with a greater proportion of large 
particles in grass silage (Bruining et al., 1998). This 
results in less clearance of OM (through degradation 
and passage) of grass silage than of corn silage. In early 
to midlactating dairy cows, increasing NDF content in 
the diet corresponded to increased time spent eating 
at the expense of time spent ruminating (Beauchemin, 
1991), although in this experiment, forage:concentrate 
ratio was not kept constant between treatments.

High-producing dairy cows are often fed concentrates 
to supply sufficient energy and nutrients to meet their 
requirement. Differences in concentrate chemical com-
position, similar to differences in roughage chemical 
composition, resulted in altered feed intake behavior, 
although the effects may be limited, because only small 
differences in particle size occur in pelleted concentrates. 
When feeding diets containing 75% basic TMR plus 
an additional 25% pelleted concentrate high in starch 
or high in NDF to 24 lactating dairy cows, Miron et 
al. (2004) found that the number of meals and total 
time spent eating per day were greater on the NDF-rich 
concentrate. The intake per meal and the rate at which 
cows consumed feed were greater in the treatment with 
high starch concentrate.

In most of the experiments evaluating the effect of 
lactation stage on DMI, the effect of lactation stage was 
confounded by changes in the diet (Kertz et al., 1991). 
When feeding the same diet throughout the lactation, 
dairy cows were found not to regulate feed intake accu-
rately according to their requirements for maintenance 
and milk production (Coppock et al., 1974; Olden-
broek, 1984). Effects of lactation stage on short-term 
feed intake behavior are hardly studied. From early to 
peak lactation, DeVries et al. (2003) found an increase 
in meal duration and frequency, although the effects 
seemed to stabilize at the end of their study period 
(between 35 and 94 DIM). In contrast, Friggens et al. 
(1998) did not find an effect of lactation stage on short-
term feed intake behavior except for the time spent 
eating per day.

The objective of this experiment was therefore to 
evaluate the effect of different silages (grass and corn 
silage) and different concentrates (high in NDF or high 
in starch content) in TMR fed to dairy cows in early 
and late lactation on short-term feed intake, daily in-
take, rumen fermentation variables, and milk yield. We 
hypothesized that increasing the amount of structural 
carbohydrates (NDF) in the TMR at the expense of 
nonstructural carbohydrates would result in longer 
and larger meals, slower rate of fermentation of the 
feed in the rumen, thus resulting in a reduction of ru-
men fermentation of the TMR. We also hypothesized 
that inducing this difference through the composition 
of the concentrate, rather than through the silage fed, 
would result in smaller differences between treatments. 
No effect of lactation stage on intake behavior was ex-
pected.

MATERIALS AND METHODS

Animals and Experimental Design

Two 5 × 5 Latin square experiments were conducted 
to evaluate the effect of 5 treatments using 15 dairy 
cows during early (experiment 1: between February 
20 and June 11, 2004) and late lactation (experiment 
2: between August 27 and December 14, 2004). Both 
experiments were approved by the Institutional Animal 
Care and Use Committee of Wageningen University. 
Each period in the Latin square design lasted 3 wk, 
with the first 2 wk for adaptation. The treatments were 
as follows: i) a basic TMR with (all on DM basis) 55% 
roughage (27.5% corn silage and 27.5% grass silage) 
and 45% concentrate (a 50:50 mixture of a concentrate 
rich in structural carbohydrates and a concentrate rich 
in nonstructural carbohydrates; treatment CON), ii) a 
TMR with 55% corn silage and 45% of the concentrate 
mixture (treatment RCS), iii) a TMR with 55% grass 
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silage and 45% of the concentrate mixture (treatment 
RGS), iv) a TMR with 55% of the roughage mixture 
and 45% of the concentrate rich in nonstructural car-
bohydrates (treatment CNS), and v) a TMR with 55% 
of the roughage mixture and 45% of the concentrate 
rich in structural carbohydrates (treatment CSC). The 
proportion of feed ingredients in each of the diets was 
based on DM content of silages obtained before the 
start of the experiment. The ingredient composition of 
concentrates and the proportion of feed ingredients in 
the different treatments based on actual DM content 
during the experiments are presented in Tables 1 and 

2. The chemical composition of the concentrate and 
silages is presented in Table 3.

The 15 Holstein-Friesian cows, of which 5 were pre-
viously fitted with a rumen cannula (10 cm i.d.; Bar 
Diamond Inc., Parma, ID) in the dorsal sac, were 
grouped according to parity, DIM, milk yield during 
the previous lactation, and presence of a rumen cannula 
and were randomly assigned to the treatments. At the 
start of experiment 1 and 2, cows (5 primiparous, 10 
multiparous) were 61 ± 5.9 and 245 ± 6.2 DIM (values 
expressed as means ± SE), respectively. The same cows 
were used during both experiments, with 1 exception, 
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Table 1. Ingredient composition of the concentrates used in the TMR and of the concentrate fed during 
milking in the milking parlor (concentrate MP) 

Ingredient (% as fed)

Concentrate rich 
in nonstructural 

carbohydrates (g/kg)

Concentrate rich 
in structural 

carbohydrates (g/kg)
Concentrate 
MP (g/kg)

Corn 25.0 — —
Barley 11.8 — —
Wheat 10.0 — —
Soy hulls — 15.0 —
Lupins <33.5% CP — 15.0 —
Palm kernel expeller 
<22% crude fiber — 12.0 —

Corn gluten feed — — 19.3
Coconut expeller — — 2.5
Sunflower seed, extracted — — 2.8
Rapeseed meal 17.8 7.0 3.0
Soybean meal (Mervobest) 6.2 4.5 17.8
Soybean meal solvent extracted 5.3 5.1 38.0
Molasses 7.5 7.5 5.0
Citrus pulp 10.6 12.9 —
Beet pulp 2.5 17.0 —
Vinasses — — 7.0
Palm oil 0.1 1.0 —
Fat, animal origin — — 1.0
Limestone 1.0 0.3 1.8
Sodium bicarbonate 1.0 1.0 —
Mineral-vitamin mixture1 0.8 0.8 1.0
Sodium chloride 0.2 0.2 0.6
Magnesium oxide 0.2 0.2 —
Monocalcium phosphate 0.1 0.7 0.2

1Contained per kilogram of mix: 93 g of Ca, 400 g of Mg, 5 mg of S, 4 g of Cu, 3.3 g of Mg, 322 mg of I, 97 
mg of Co, 80 mg of Se, 2,600,000 IU of vitamin A, 580,000 IU of vitamin E (Premix 2033, PreMervo, Utrecht, 
the Netherlands).

Table 2. Proportion of feed ingredients in each of the treatments during early lactation (experiment 1) and late lactation (experiment 2) 

Item

Early lactation1 Late lactation

RGS CSC CON CNS RCS RGS CSC CON CNS RCS

Grass silage (%) 58.7 28.8 30.3 31.8 0.0 54.8 26.8 26.8 26.9 0.0
NDF concentrate (%) 20.5 45.5 21.2 0.0 22.0 22.8 44.6 22.4 0.0 22.0
Starch concentrate (%) 20.8 0.0 21.5 39.9 22.2 22.4 0.0 22.0 44.4 21.6
Corn silage (%) 0.0 25.7 27.0 28.3 55.9 0.0 28.6 28.8 28.7 56.4

1RGS = TMR with 55% grass silage and 45% of the concentrate mixture; CSC = TMR with 55% of the roughage mixture and 45% of the con-
centrate rich in structural carbohydrates; CON = TMR with 55% of the roughage mixture and 45% of the concentrate mixture; CNS = TMR 
with 55% of the roughage mixture and 45% of the concentrate rich in nonstructural carbohydrates; RCS = TMR with 45% of the concentrate 
mixture and 55% corn silage.



because 1 cow was culled between experiments. This 
cow was replaced by a cow of equal parity and DIM in 
experiment 2. At the end of the second period of experi-
ment 2, data from 1 cow were excluded after repeated 
stealing feed from an incorrect treatment.

Treatments and Feeding

The cows were housed in a free-stall barn with an 
allowance of more than 1 cubicle per cow. The cubicles 
were bedded daily with sawdust on top of rubber 
mattresses. Individual eating behavior was continu-
ously monitored throughout the study using feed bins 
(Nedap-Agri, Groenlo, the Netherlands) equipped with 
automated intake registration. Cows in each treatment 
had access to 2 feed bins. Weight changes of the bins 
(±0.1 kg) were recorded, and time of start and end per 
visit was used to calculate intake and IR per visit. The 
bins were calibrated at the start of each period. Feed 
intake registration failed for 1 group during period 3 in 
experiment 1 (treatment RGS) and all groups during 
2 d in period 2 in experiment 2 due to a registration 
problem with the computer, without affecting feed 
intake behavior. Water was available from 3 water 
troughs ad libitum.

The different TMR were mixed 3 times a week or 
more frequently if necessary to prevent storage prob-
lems caused by warm weather. After mixing, TMR were 
stored in a cooling unit at 4°C and fed daily ad libitum 
(±10% orts as fed) during morning milking. Cows were 
milked twice daily at 0730 and 1930 h. During each 

milking, all cows received 1 kg as fed of a protein-rich 
concentrate (Table 1) to prevent protein deficiency of 
cows fed the RCS treatment. The chemical composition 
of the TMR fed is presented in Table 4.

Sampling and Analyses

Feed Samples and Chemical Analyses. A repre-
sentative sample of individual feedstuffs and of TMR 
was taken twice every period. The feedstuff samples 
were pooled per feedstuff per experiment, whereas the 
TMR samples were pooled per treatment per period. 
All samples were oven-dried for 24 h at 70°C. Feed 
samples were ground to pass through a 1-mm sieve and 
analyzed for DM, inorganic matter (ash), CP, crude fat 
(CF), NDF, ADF, acid detergent lignin (ADL), and 
sugars as described by Abrahamse et al. (2008), and 
starch was analyzed using enzymatic hydrolysis (ISO 
15914; ISO, 2004). Net energy for lactation was calcu-
lated using the feed unit lactation system (VEM; Van 
Es, 1975), and intestinal digestible protein (DVE) and 
degraded protein balance were calculated according to 
(Tamminga et al., 1994). Data used for these calcula-
tions were obtained from the concentrate supplier (con-
centrates) and near-infrared reflectance spectroscopy 
carried out by Blgg in Oosterbeek, the Netherlands 
(silages).

DMI and Feed Intake Behavior. After manually 
screening the DMI data to detect registration errors, 
visits to the feed bins were grouped into meals on the 
basis of the estimated meal criteria (i.e., the longest 
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Table 3. Chemical composition of the silages and concentrates fed during early lactation (experiment 1) and late lactation (experiment 2) (g/
kg of DM unless otherwise stated) 

Item

Early lactation Late lactation

Grass  
silage

Corn 
silage

NDF 
concentrate

Starch 
concentrate

Concentrate 
MP1

Grass  
silage

Corn 
silage

NDF 
concentrate

Starch 
concentrate

Concentrate 
MP

DM (g/kg) 437.9 340.9 891.8 890.4 901.7 326.0 337.9 908.1 892.6 900.1
OM 899.5 965.4 920.8 924.5 895.8 896.0 946.3 916.9 924.3 897.1
CP 137.0 69.9 193.5 201.0 368.0 195.0 79.4 194.4 191.1 359.3
Crude fat 28.6 27.5 40.0 24.8 41.1 41.5 29.9 41.4 22.2 41.3
NDF 543.9 420.8 315.8 145.8 188.6 472.4 375.4 322.1 145.1 183.3
ADF 344.9 259.4 253.5 114.1 150.1 275.8 215.6 251.3 104.9 122.1
ADL2 38.3 21.0 25.1 21.0 30.7 21.5 17.6 30.0 20.3 23.4
Sugars 46.9 7.4 113.9 112.0 113.2 24.4 5.8 102.5 97.9 109.0
Starch —3 300.5 17.0 303.5 28.0 — 326.0 10.2 300.8 38.2
NEL

4 (MJ/kg of DM) 5.4 6.6 7.3 7.4 7.4 6.0 6.4 7.4 7.3 7.4
DVE5 59.0 50.0 125.5 126.3 210.4 67.0 48.0 128.3 126.0 210.4
OEB6 0.0 −31.0 15.3 18.5 115.8 31.0 −27.0 14.0 12.1 115.8

1Concentrate fed in the milking parlor.
2Acid detergent lignin.
3Not determined.
4Net energy for lactation calculated with VEM (feed unit lactation) system (Van Es, 1975).
5Intestinal digestible protein (Tamminga et al., 1994).
6Degraded protein balance (Tamminga et al., 1994).



interval not separating 2 meals). Meal criteria were es-
timated for each individual cow per dietary treatment 
during early and late lactation using the frequency 
distribution of log-transformed intervals between vis-
its. A 3-population model was used, with 2 Gaussian 
distributions to describe within-meal intervals and a 
Weibull distribution to describe between-meal intervals 
(Tolkamp et al., 1998; Yeates et al., 2001). Eating time 
was calculated as meal duration minus intervals within 
meals. Some variables were analyzed per day as well as 
per meal (DMI, number of visits, eating time), whereas 
others were only analyzed per meal (IR, meal duration) 
or per day (number of meals).

Rumen Fluid. During the last day of each period, 
rumen fluid samples from the rumen-cannulated ani-
mals were taken after every visit to the feed bins be-
tween morning and evening milking. During the first 
2 h after each visit, rumen fluid was sampled every 15 
min, thereafter every 30 min. Sampling was performed 
by taking equal amounts from the front and middle 
of the ventral sac and from the cranial sac, using a 
solid, perforated plastic tube (85 cm long; 2.5 cm in 
diameter). Rumen pH was measured immediately after 
sampling using an electronic pH meter (pH electrode 
HI 1230, Hanna Instruments B.V., IJsselstein, the 
Netherlands). Time below pH 5.8, indicative of rumen 
acidosis (Kolver and de Veth, 2002), was calculated as 
the sum of the time pH was below 5.8 per cow per 

day (min), assuming a linear increase or decrease be-
tween 2 consecutive samplings per cow. After rumen pH 
measurement, 2 subsamples of rumen fluid were taken, 
acidified with phosphoric acid or TCA, and stored at 
−20°C pending VFA and NH3-N analyses, respectively, 
as described by Taweel et al. (2005).

Rumen Evacuations. The fistulated cows were 
deprived from feed for 12 h after the evening milking 
on the last day of each period. Rumen evacuations were 
carried out before and after fasting to determine rumen 
pool sizes and to calculate the fractional clearance rate 
(Kcl). The cows were brought to a tie-stall where rumen 
evacuations were carried out using the methodology 
described by Taweel et al. (2004), with 1 modification. 
The contents of the 10% sample fraction were squeezed 
through cheesecloth, and from the remaining solid ma-
terial, a representative sample was taken. The original 
rumen contents were reconstituted by adding rumen 
fluid proportional to the weight of the squeezed solid 
and fluid. Rumen pool sizes of the different components 
(DM, OM, NDF, ADL, and CP) were calculated as the 
product of the total DM weight of the rumen content, 
and the content of each of the components at both 
evacuations. Rumen pool sizes before fasting were used 
for statistical analyses on rumen pool sizes, whereas 
values of both evacuations were used to calculate Kcl 
based on the assumption of first-order kinetics using 
the equation RP(t) = RP(0) × e−Kcl × t, where RP(0) and 

Journal of Dairy Science Vol. 91 No. 12, 2008

ABRAHAMSE ET AL.4782

Table 4. Chemical composition of the different TMR fed during early lactation (experiment 1) and late lactation (experiment 2) (g/kg of DM 
unless otherwise stated) 

Item

Treatment1 Lactation stage

RGS CSC CON CNS RCS Early Late

Determined
 DM (g/kg) 514.9 475.6 482.2 480.8 446.0 487.6 472.2
 OM 904.5 916.5 920.9 921.8 940.3 921.3 920.3
 CP 175.4 151.1 150.7 153.1 128.4 143.2 160.3
 Crude fat 34.1 34.7 31.9 30.1 29.6 29.9 34.3
 NDF 402.9 399.1 368.3 335.9 327.1 390.3 343.0
 ADF 259.3 263.5 235.9 212.0 206.9 253.3 217.7
 ADL2 26.6 26.3 24.7 23.3 21.4 28.0 20.9
 Sugars 60.0 53.9 55.4 54.4 47.1 60.2 48.1
 Starch 62.0 97.1 150.9 194.5 251.7 138.5 163.9
Calculated3

 RNSP 170.1 180.6 163.7 153.8 156.3 159.2 170.7
 NEL

4 (MJ/kg of DM) 6.4 6.6 6.6 6.7 6.9 6.6 6.7
 DVE 91.6 87.4 87.7 88.1 83.9 86.6 88.8
 OEB 15.3 2.5 3.0 3.6 −9.2 −0.9 7.0

1RGS = TMR with 55% grass silage and 45% of the concentrate mixture; CSC = TMR with 55% of the roughage mixture and 45% of the con-
centrate rich in structural carbohydrates; CON = TMR with 55% of the roughage mixture and 45% of the concentrate mixture; CNS = TMR 
with 55% of the roughage mixture and 45% of the concentrate rich in nonstructural carbohydrates; RCS = TMR with 45% of the concentrate 
mixture and 55% corn silage.
2Acid detergent lignin.
3Calculated values based on the ratio of different roughage and concentrate ingredients in the TMR and the data in Table 3. RNSP(residual, 
nonstarch polysaccharides) is calculated as OM − CP − crude fat − NDF − sugars − starch; NEL (in MJ/kg of DM) is calculated with the 
VEM system (Van Es, 1975); DVE = intestinal digestible protein (Tamminga et al., 1994); OEB = degraded protein balance (Tamminga et al., 
1994).
4Net energy for lactation calculated with VEM (feed unit lactation) system (Van Es, 1975).



RP(t) = the rumen pool sizes (kg) immediately before 
and after overnight fasting, respectively, and t = the 
time (h) between both evacuations.

In Situ Incubations. To evaluate rumen degrada-
tion of OM, N, NDF, and starch, in situ rumen incuba-
tions were carried out in a separate experiment between 
February 10 and March 12, 2005, using 5 nonlactating 
Holstein-Friesian cows and 1 cow in early lactation. 
One of the nonlactating cows delivered 4 d before the 
end of the incubations. Before the start of the in situ 
rumen incubations, cows were adapted during 2 wk to 
the CON treatment. Incubations were performed ac-
cording to the all-out method described by Tas et al. 
(2006) with some modifications. Only concentrate and 
silage samples of experiment 2 were incubated in the 
rumen. Pelleted concentrates were ground to pass a 
3-mm screen (type ZM 100, Retsch, Haan, Germany), 
whereas grass and corn silage samples were cut with a 
paper cutter at a length of 0.5 to 1 cm before incuba-
tions. Polyamide bags (8.5 × 16.5 cm; pore size 40 μm; 
PA 40/30, Nybolt, Zurich, Switzerland) were filled with 
approximately 5 g of DM and incubated for 2, 4, 8, 12, 
48, 72, and 336 h. Bags for the short-term incubations 
(2 to 48 h) were randomly distributed over 3 cows, 
whereas bags for the long-term incubations (336 h) were 
randomly distributed over the other 3 cows (including 
both lactating cows). After incubations, bags were im-
mediately placed in ice water to stop fermentation and 
later rinsed with tap water. All bags were washed in a 
washing machine during 45 min with 55 L of cold water 
without centrifuging. After freeze-drying, residues of 
silages were ground to pass a 1-mm screen (type ZM 
100, Retsch), and all residues were pooled per feed per 
incubation time and analyzed for DM, ash, N, NDF, 
and starch as described above. Data were fitted to the 
nonlinear first-order model of Robinson et al. (1986) 
using the PROC NLIN procedure of SAS (version 9.1, 
SAS Institute Inc., Cary, NC), and the effective de-
gradability (ED) was calculated according to Tas et al. 
(2006) assuming a fractional passage rate of 0.045/h for 
silages and 0.060/h for concentrates (Tamminga et al., 
1994). Effective degradability of each TMR was calcu-
lated from the ED of the individual feeds, corrected for 
the contents of each of the chemical components.

Milk Yield and Composition. Individual milk 
yield was recorded throughout the experiment. During 
the last 2 d of each measurement period, milk samples 
were taken during 4 consecutive milkings per cow and 
stored and analyzed for fat, protein, lactose, and urea 
content as described by Abrahamse et al. (2008). The 
fat- and protein-corrected milk (FPCM, kg/d) was 
calculated as: [0.337 + 0.116 × fat (%) + 0.06 × pro-
tein (%)]× milk yield (kg/d).

Statistical Analyses

The effect of lactation stage was confounded with 
the effect of different grass and corn silages used in 
experiment 1 and 2. In the description of statistical 
analyses, this is taken together as the effect of lacta-
tion stage. Results are presented as means with their 
SEM. Amount of FPCM, content of milk components, 
and rumen variables were averaged per cow per period. 
Consequently, data were analyzed as a replicated 5 × 
5 Latin square using the MIXED procedure of SAS 
(version 9.1, SAS Institute Inc.) with model effects for 
treatment, lactation stage, and period and the random 
effect of cow. A similar model was run for meal criterion 
data, with the exception that cow was a fixed effect. 
The interaction between treatment and lactation stage 
was included in the model for meal criteria and milk 
components, but it was excluded from the model for all 
other variables due to lack of significance (P > 0.05). 
The number of meals, eating time, DMI, and milk yield 
of each cow were calculated per day. Consequently, data 
were analyzed as a replicated 5 × 5 Latin square with 
model effects for treatment, lactation stage, period, 
day, and the interaction between lactation stage and 
treatment as fixed effects and cow as random effect, 
using the MIXED procedure of SAS. Day was used as a 
REPEATED model statement (Littell et al., 1998) with 
a first-order autoregressive covariance structure [AR(1)] 
(Tempelman, 2004). Differences were considered signifi-
cant at a probability of P < 0.05, and posthoc analyses 
were carried out using the Tukey test to test pairwise 
comparisons.

RESULTS

Chemical Composition of TMR

Formulation of the different TMR resulted in an 
expected decrease in NDF and increase in starch and 
sugar content between treatments that differed in si-
lage component (order RGS − CON − RCS) and in 
concentrate component (order CSC − CON − CNS; 
Table 4). In addition, due to the lesser CP and CF 
content of the corn silage than the grass silage, CP 
and CF decreased in the order RGS − CON − RCS. 
The decrease in CP resulted in a decrease in DVE and 
degraded protein balance between treatments differing 
in silage components.

DMI and Feed Intake Behavior

Meal criteria differed between lactation stages, but 
there was no effect of cow, treatment, and period (P > 
0.05; Table 5). A significant interaction between treat-
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ment and lactation stage (P = 0.024) was found, caused 
by a greater meal criterion in early lactation than in 
late lactation for CSC and CNS. Due to the interaction 
between treatment and lactation stage, individual meal 
criteria per treatment for both experiments were used 
to calculate meals.

The DMI was lesser (P < 0.001) in RGS compared 
with the other treatments, and DMI was slightly lesser 
(P = 0.017) in late lactation than in early lactation 
(Table 5). The calculated energy balance (using the 
Dutch feed evaluation system for energy; Van Es, 1975) 
was positive for each treatment in both lactation stages. 
There were differences between treatments, with a more 
positive energy balance in RCS than in RGS (23.7 vs. 
4.9 NEL/d) and a more positive energy balance in late 
lactation than in early lactation (30.8 vs. 1.6 NEL/d; 
results not shown). The number of meals was similar 
between treatments, whereas in late lactation, the num-
ber of meals was greater (P < 0.001) than in early 
lactation (7.7 and 7.2 meals per day, respectively; Table 
5). Eating time in RGS (227 min/d) was greater, and 
that in RCS (177 min/d) was lesser (P < 0.05) than 
in all other treatments. Moreover, eating time in early 
lactation (231 min/d) was greater (P < 0.001) than 
in late lactation (178 min/d). However, an interaction 
between treatment and lactation stage was observed (P 
< 0.001) in the number of meals and in eating time per 
day (Figure 1). In early lactation, the number of meals 
in RGS (6.6/d) was lesser (P < 0.001) than in RCS 
(7.8/d), whereas in late lactation, diet did not affect 
the number of meals. Dietary effects on eating time per 
day were also more pronounced in early lactation than 
in late lactation. In early lactation, eating time per day 
in RGS was greater (P = 0.002) and in CNS and RCS 
lesser (P = 0.002 and P < 0.001, respectively) than 
in CON, whereas in late lactation, only eating time in 
CON was greater (P < 0.020) from that in CNS.

Within a meal, number of visits, eating time, and 
meal duration were all lesser (P < 0.001) and IR was 
greater (P < 0.001) in late lactation than in early lacta-
tion. The number of visits per meal, eating time per 
meal (the net time spent eating during meals), and 
meal duration (the total time spent on eating behavior, 
including within-meal intervals) differed between treat-
ments (P < 0.05). Intake rate per meal showed the 
largest differences between treatments with a greater 
IR in RCS and CNS (P < 0.01) than in the other diets 
and a greater IR in CON and CSC (P < 0.001) than 
in RGS.

The interaction between treatment and lactation 
stage was significant for all intake variables per meal. 
The number of visits per meal was lesser in RCS in 
early lactation than in CNS and CON (P < 0.005), 
whereas in late lactation, it was similar between treat-
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ments. Eating time and meal duration per meal were 
longer in RGS in early lactation than in CNS, CSC, 
and CON (P < 0.001), whereas in RCS, it was shortest 
(P < 0.001), although in late lactation, it only differed 
between CON and CNS (P = 0.047; not shown in Fig-
ure 1). The differences in IR between diets were rather 
similar in early compared with late lactation. However, 
in late lactation, IR per meal in CNS was greater (P < 
0.05) than in CON, CSC, and RGS, whereas in early 
lactation, IR per meal in CNS was only greater than in 
RGS (P < 0.001) and lesser than in RCS (P < 0.001; 
Figure 1).

Although investigation of the effects of parity on DMI 
and milk production was not part of the objectives of 
this article, short-term feed intake behavior differed (P 
< 0.05) between primiparous and multiparous cows. In 
comparison to primiparous cows, multiparous cows had 
a greater DMI and number of meals per day, and eating 
time per meal was lesser, although IR was not increased 
as compared with primiparous cows. This resulted in a 

greater milk production per day in multiparous cows 
than in primiparous cows, although other milk vari-
ables were similar between different parities (data not 
shown).

Rumen Variables

The effect of treatment and lactation stage on rumen 
pH, VFA concentration, NH3-N, and molar proportions 
of different VFA is presented in Table 6. In general, ru-
men variables from cows fed the RCS diet differed from 
the other treatments, with small differences between the 
latter diets. Rumen pH was lesser (P < 0.05), and the 
duration of ruminal pH <5.8 was longer (P < 0.01) for 
RCS than the other diets. The nonglucogenic:glucogenic 
VFA ratio was lesser for RCS (P < 0.05), mainly due 
to the lesser molar proportion of acetate (P < 0.01), 
and greater molar proportions of propionate (P < 0.05) 
and valerate (P < 0.05). Rumen NH3-N concentrations 
decreased when grass silage was replaced with corn 
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Figure 1. (A) Number of meals and (B) eating time per day, and (C) number of visits and (D) intake rate per meal of dairy cows fed dif-
ferent carbohydrate sources during early (black bar) and late (gray bar) lactation. Means with different letters differ within the variable tested 
(P < 0.05). RGS = TMR with 55% grass silage and 45% of the concentrate mixture; CSC = TMR with 55% of the roughage mixture and 45% 
of the concentrate rich in structural carbohydrates; CON = TMR with 55% of the roughage mixture and 45% of the concentrate mixture; CNS 
= TMR with 55% of the roughage mixture and 45% of the concentrate rich in nonstructural carbohydrates; RCS = TMR with 45% of the 
concentrate mixture and 55% corn silage.



silage with no effect of concentrate type. Late-lactating 
animals had a lesser pH (P = 0.022) than early lactat-
ing animals, but the duration of ruminal pH <5.8 did 
not differ between early and late lactation. Total VFA 
(P < 0.001) and NH3-N concentration (P < 0.001) were 
greater in late lactation, but VFA molar proportions 
did not differ, except for lesser isobutyrate proportions 
in late lactation than in early lactation (P = 0.029).

Prefasting rumen pool sizes differed (P < 0.05) 
between treatments, except the pool size of NDF and 
OM (Table 7). Rumen fractional clearance rates were 
similar between treatments, except for the rumen Kcl 
of NDF that was lesser in RCS than in RGS and CSC. 
Rumen pool sizes were lesser (P < 0.01), and fractional 
clearance rates were greater (P < 0.05) in late lactation 
as compared with early lactation.

Estimates of degradation characteristics of silages 
and concentrates fed during experiment 2 are presented 
in Table 8. Effective degradability of N and NDF of 
the different treatments decreased, whereas the ED 
of starch increased and the ED of OM (EDOM) was 
similar when concentrations of corn silage in the TMR 
increased. Similar results were found with increasing 
concentrations of starch concentrate, although the ED 
of starch decreased and EDOM increased slightly. Also, 
the differences were smaller than when silage compo-
nents were changed in the TMR.

Milk Production and Composition

Milk and FPCM yield were similar between treat-
ments (Table 9). Fat content was lesser in RCS than in 
RGS, CSC, and CON (P < 0.05). The effect of dietary 
treatment on milk protein content was dependent of 
lactation stage (treatment × lactation stage interac-
tion, P = 0.012). In early lactation, protein content in 
RCS was greater than in RGS (P < 0.001), whereas 
type of carbohydrate in the concentrate had no effect. 
In late lactation, milk protein content was similar 
between treatments. Milk and FPCM production was 
greater in early lactation than in late lactation (P < 
0.001). In early lactation, milk fat (P < 0.001) and milk 
protein content (P < 0.001) was lesser and milk lactose 
content greater (P < 0.001) than in late lactation. Milk 
urea was also lesser (P < 0.001) in early than in late 
lactation.

DISCUSSION

Meal Criteria Estimation

In recent literature on feed intake behavior in dairy 
cows, the intake pattern is separated into bouts or 
meals, based on frequency distributions of interval 
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lengths between feeding events. From such distribu-
tions, the meal criterion is estimated using log trans-
formations (Tolkamp et al., 1998; Yeates et al., 2001). 
The log-transformed intervals between visits to feeding 
bins used in these models are in better agreement with 
the satiety concept, implying that the initiation of a 
meal is not independent of the time since the last meal 
(Tolkamp and Kyriazakis, 1999).

When estimating the meal criteria, several factors need 
to be considered. The first choice is that of the model 
to fit the data. Estimation of meal criteria is done both 
with 2-population models [Gaussian-Gaussian (DeVries 
et al., 2003; Huzzey et al., 2005) and Gaussian-Weibull 
(Melin et al., 2005)] and 3-population models [Gaussian-
Gaussian-Weibull, GGW; Yeates et al. (2001); Melin 
et al. (2005)]. The choice between the different models 
in the current experiment was carried out according to 
Melin et al. (2005), using the minimum function value 
described by (Yeates et al., 2001). In agreement with 
results reported by Yeates et al. (2001) and Melin et 
al. (2005), the GGW model was found to fit the data 
best. Indeed, Weibull distributions are believed to be in 
better agreement with the satiety concept, because the 
probability of cows initiating a new meal is expected 
to increase with time since the last meal (Yeates et al., 
2001).

The second choice is to decide which meal criteria to 
use for grouping visits to the feeding bins into meals. 
Because in the present study, significant effects of lacta-
tion stage and treatment ×lactation stage interactions 
occurred, meal criteria per treatment-lactation stage 
combination were used to pool intake data. No consis-

tent effect of treatment on meal criteria estimation was 
found, similar to findings of Tolkamp et al. (2002), who 
tested if the ratio of concentrate to grass silage influ-
enced meal patterns in dairy cows. Also, Melin et al. 
(2005) found no differences in estimated meal criteria 
between cows milked 3 times daily vs. 6 times daily, 
when using the GGW model.

In our study, the effect of cow on meal criterion 
was not significant. DeVries et al. (2003) found no 
differences in intake behavior variables when a meal 
criterion was used estimated from intake data from all 
animals within periods or estimated from intake data 
per animal per period and hence used 1 meal criterion 
based on pooled data. However, Huzzey et al. (2005) 
found differences between these 2 methods and used 
meal criteria for individual cows. To test with a simi-
lar approach if the statistical method applied in this 
experiment resulted in satisfactory results, the meal 
criterion estimated using data of all animals per treat-
ment-lactation stage combination (pooled data, Mp) or 
using individual animal data (Mi) was used to calculate 
the number of meals per treatment. Both meal criteria 
resulted in similar numbers of meals per treatment [Mi 
= 0.95 (±0.02) × Mp + 0.27 (±0.13); r2 = 0.85], al-
though in the current experiment, in line with Huzzey 
et al. (2005), a significant relationship between meals 
calculated based on individual or based on combined 
meal criteria was observed; Huzzey et al. (2005) found 
a consistent deviation between both meal frequencies in 
the postcalving period. Thus, a significant relationship 
does not guarantee that the various short-term intake 
variables do not differ between both meal criteria esti-
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Table 7. Rumen pool sizes immediately before fasting and their fractional clearance rates of dairy cows fed different carbohydrate sources during 
early (experiment 1) and late (experiment 2) lactation 

Variable2

Treatment1

SEM

Lactation stage

SEM

P-value

RGS CSC CON CNS RCS Early Late Treatment Lactation stage

RDM (kg) 17.0ab 17.9b 16.7ab 16.1ab 14.5a 1.42 18.5 14.7 1.31 0.035 <0.001
ROM (kg) 15.3 16.3 15.2 14.8 13.4 1.32 16.9 13.3 1.21 0.054 <0.001
RCP (kg) 3.7c 3.4bc 3.2bc 3.0b 2.3a 0.28 3.4 2.9 0.26 <0.001 0.001
RNDF (kg) 8.0 9.2 8.6 8.4 8.3 0.75 9.9 7.2 0.70 0.163 <0.001
RADL (kg) 0.8ab 0.9b 0.8ab 0.8ab 0.7a 0.08 0.9 0.7 0.07 0.025 <0.001
KclDM (h−1) 5.4 5.7 5.4 5.2 4.9 0.42 4.7 5.9 0.39 0.089 <0.001
KclOM (h

−1) 5.5 5.7 5.4 5.3 5.0 0.43 4.7 6.0 0.41 0.098 <0.001
KclCP (h

−1) 5.2 5.8 5.2 5.4 5.9 0.42 5.0 5.9 0.35 0.387 0.003
KclNDF (h

−1) 5.0b 5.1b 4.7ab 4.4ab 3.9a 0.45 3.9 5.3 0.42 0.002 <0.001
KclADL (h

−1) 3.6 4.1 3.6 3.3 3.5 0.42 3.2 4.0 0.38 0.093 <0.001

a–cMeans in rows with different superscripts differ (P < 0.05).
1RGS = TMR with 55% grass silage and 45% of the concentrate mixture; CSC = TMR with 55% of the roughage mixture and 45% of the con-
centrate rich in structural carbohydrates; CON = TMR with 55% of the roughage mixture and 45% of the concentrate mixture; CNS = TMR 
with 55% of the roughage mixture and 45% of the concentrate rich in nonstructural carbohydrates; RCS = TMR with 45% of the concentrate 
mixture and 55% corn silage.
2RDM = rumen DM content; ROM = rumen OM content; RCP = rumen CP content; RNDF = rumen NDF content; RADL = rumen acid 
detergent lignin (ADL) content; KclDM = fractional clearance rate of DM; KclOM = fractional clearance rate of OM; KclCP = fractional clearance 
rate of CP; KclNDF = fractional clearance rate of NDF; KclADL = fractional clearance rate of ADL.



mation methods This is another reason to rather use a 
statistical test to determine effects on the meal criteria 
estimation and decide which meal criteria to use to 
calculate feed intake variables. The present statistical 
test enables the estimation of meal criteria based on 
the contribution of various sources of variation (animal, 
treatment, lactation stage).

Lactation Stage and Different Silages

In contrast to our hypothesis, lactation stage signifi-
cantly affected several feed intake behavior variables. 
When comparing both experiments described in the 
present study, the effect of lactation stage is confounded 
with the use of different silages and concentrate batches 
in early and in late lactation. Such confounding effects 
occur regularly when testing lactation stage effects (e.g., 
Kertz et al., 1991). Confounding effects of the animals 
used were limited, because all cows except one were used 
in early and in late lactation. Because the composition 
of the grass silage differed to a much larger extent than 
that of concentrates or corn silage (Table 3), potential 
confounding effects between lactation stage and feeds 
between experiments are expected to be caused mainly 
by grass silage. Storage of silage used in early lactation 

to be used also in later lactation was not feasible due 
to practical constraints at the research farm. However, 
even within silages over time, during storage of corn 
silage, the degradability of starch increases (Newbold 
et al., 2006), indicating that storage of silages between 
experiments would not have ensured similar availabili-
ties of nutrients to the animals. Treatment RGS (with 
grass silage as the largest component of the diet) indeed 
showed the greatest differences between early and late 
lactation in eating time and number of meals (Figure 
1). Moreover, the interaction between treatment and 
lactation stage in visits per meal and IR per meal in-
dicates a disturbing effect of grass silage between early 
and late lactation.

There was a tendency for an interaction between 
treatment and lactation stage in DMI per day. Intake 
was lesser in RGS than in all other treatments in early 
and late lactation, but the numerical difference between 
RGS and the other treatments was smaller in late lac-
tation than in early lactation (2.0 vs. 2.7 kg/d, respec-
tively). This larger difference in intake between RGS 
and the other treatments in early lactation coincided 
with greater DM, NDF, and ADL contents of grass 
silage in early compared with late lactation. Indeed, 
DMI is expected to be lesser when silages are greater in 
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Table 8. Estimates of OM, N, NDF, and starch degradation characteristics of the different silages and concentrates used during late lactation 

Variable2

Individual feedstuffs TMR1

Grass  
silage

Corn  
silage

NDF  
concentrate

Starch  
concentrate RGS CSC CON CNS RCS

UOM (%) 13.0 17.3 4.6 5.4
WOM (%) 36.4 45.7 39.1 46.2
DOM (%) 50.6 37.0 56.3 48.4
kdOM (h−1) 0.032 0.017 0.041 0.043
EDOM (%) 57.4 55.9 61.9 66.6 60.5 59.0 60.0 61.1 59.6
UN (%) 9.4 18.0 5.1 3.8
WN (%) 68.4 70.4 46.7 34.3
DN (%) 22.2 11.6 48.3 61.9
kdN (h−1) 0.048 0.009 0.035 0.029
EDN (%) 79.8 72.3 64.3 54.5 71.2 70.8 68.3 65.8 63.6
UNDF (%) 13.6 32.3 10.4 26.8
DNDF (%) 86.4 67.7 89.6 73.2
kdNDF (h

−1) 0.028 0.010 0.040 0.036
EDNDF (%) 33.0 12.7 36.0 27.6 33.1 28.7 26.8 24.5 20.0
WStarch (%) ND3 79.3 20.6 46.8
DStarch (%) ND 20.7 79.4 53.2
kdStarch (h

−1) ND 0.047 0.023 0.063
EDStarch (%) ND 89.9 42.4 74.1 73.34 88.24 82.94 80.64 85.54

1RGS = TMR with 55% grass silage and 45% of the concentrate mixture; CSC = TMR with 55% of the roughage mixture and 45% of the con-
centrate rich in structural carbohydrates; CON = TMR with 55% of the roughage mixture and 45% of the concentrate mixture; CNS = TMR 
with 55% of the roughage mixture and 45% of the concentrate rich in nonstructural carbohydrates; RCS = TMR with 45% of the concentrate 
mixture and 55% corn silage.
2U = undegradable fraction; W = washable fraction; D = potential degradable fraction; kd = fractional degradation rate; ED = effective degrad-
ability [ED = W + kd/(kd + kp) × D], where kp was assumed 0.045/h for silages and 0.060/h for concentrates (Tamminga et al., 1994). Effective 
degradability of TMR was calculated from the ED of individual feedstuffs, corrected for the concentration of each chemical component.
3Not determined.
4Assuming starch content of grass silage is zero.



NDF (Allen, 2000). In addition, a greater ADL content 
of silage decreases the digestibility of the diet, decreas-
ing fractional passage rate and DMI through effects on 
rumen fill (Jung and Allen, 1995).

Even under the hypothesis that grass silage did influ-
ence the experimental results, from Figure 1 it is clear 
that there were also differences in feed intake behavior 
due to lactation stage. Lactation stage significantly af-
fected all intake variables studied (Table 5), even for 
the diet without any grass silage (diet RCSl Figure 
1). Such effects of lactation stage on feed intake be-
havior have only been investigated to a limited extent. 
Friggens et al. (1998), when studying feed intake on 
a complete lactation in 20 cows, found a gradual de-
crease in DMI as the lactation progressed, after a steep 
increase at the start of the lactation. In line with the 
present results, the time spent eating was decreased 
with lactation stage. In contrast, DeVries et al. (2003) 
found an increase in time spent eating, only between 
period 1 (35 DIM) and period 2 (57 DIM) but not in 
periods after peak lactation. Moreover, in line with our 
results, DeVries et al. (2003) observed a greater number 
of meals per day in late-lactating cattle than in early 
lactating cattle.

To investigate the net effect of feed intake behavior 
without confounding effects of nutrient composition, 
digestibility, and particle size of the diet, it would be 
necessary to impose a specific feed intake behavior re-
gime on animals fed similar diets. An attempt to do so 
could be carried out using automatic feed bins allowing 
cows to eat only during certain times combined with 
registration of the actual intake and time.

Feed Intake Behavior in Different Treatments

Effects of NDF and starch in the diet on short-term 
feed intake behavior in ruminants have been studied 
before (Abijaoudé et al., 2000; Allen, 2000; Miron et 
al., 2004). However, a comparison of such effects upon 
changing the type of silage or the type of concentrate 
using the same concentrate:silage ratio within a single 
experiment has to our knowledge not been reported. In 
line with our hypothesis, the present results indicate 
that changing the composition of silage in the TMR 
has a larger effect on short-term feed intake behavior 
than changing the concentrate composition (Table 5). 
This may be related to the larger differences in NDF 
and starch content of the TMR between RGS and RCS 
than between CSC and CNS (Table 4), as well as to the 
differences in particle size between both silages (Allen, 
2000) that are not apparent in the pelleted concen-
trates.

Although effects of forage cell-wall constituents on 
voluntary DMI have been frequently studied (e.g., Al-
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len, 2000), experimental evidence on their effects on 
short-term feed intake behavior is limited. Dado and 
Allen (1995) studied the effects of a low-fiber diet 
(NDF 25% of DM) vs. a high-fiber diet (NDF 35% of 
DM) and found that eating time and ruminating time 
were increased in the latter treatment. However, in 
their experiment, the concentrate:forage ratio differed 
between treatments. Dulphy et al. (1980) reviewed ef-
fects of fresh cut forage cell-wall constituents on feeding 
behavior of wethers. Greater amounts of cell-wall con-
stituents decreased IR and eating time at the expense 
of ruminating time and also decreased the number of 
meals. Although in the present experiment diet did not 
affect the number of meals, the decreased IR at greater 
NDF and lesser starch contents between RGS, CON, 
and RCS, as well as the resulting longer meal duration, 
were in line with our hypothesis and with the results 
Deswysen et al. (1993) found with heifers fed grass 
and corn silage, even though the NDF content of grass 
and corn silage was lesser in the current experiment 
(grass silage 54.4 and 47.2% and corn silage 42.1 and 
37.5% in early and late lactation, respectively) than 
in the experiment by Deswysen et al. (1993; 63 and 
50%, respectively). The ratio between NDF content in 
grass silage vs. corn silage was similar between both 
experiments, varying between 26 and 29% greater NDF 
contents in grass silage than in corn silage.

The effects on short-term feed intake behavior vari-
ables were in line with a decreased DMI of the RGS diet 
vs. the other treatments, probably related to the greater 
NDF content. Nevertheless, in spite of the similar NDF 
content of RGS and CSC, DMI was not decreased in 
CSC compared with CON and CNS. The reason for 
this is not clear, because both the relative amounts 
of ADL and ADF in NDF, rumen Kcl of NDF, and 
ED of NDF degradation characteristics were similar. 
Apparently, the way of distribution of NDF (through 
silage or concentrates) affects the effects on short-term 
feed intake behavior. This could be due to effects on 
particle size, as shown with chopped alfalfa silage by 
Beauchemin et al. (1994), although Allen (2000) only 
found significant effects of chop length on DMI in 3 out 
of 20 comparisons.

Miron et al. (2004) studied the effects of replacing 
a concentrate high in starch by a concentrate high in 
NDF on short-term feed intake behavior. Concentrates 
were fed separately from a TMR in 3 meals per day. 
Meal duration was not affected by concentrate type, 
but eating time and number of meals per day were less-
er, whereas meal size was greater with the high-starch 
concentrate. Dry matter intake was lesser on the high-
starch diet than on the high-NDF diet, which is mainly 
attributed to greater NDF in vitro digestibility in the 
high-NDF concentrate and potential larger in vivo ef-

fects related to a lesser pH with the high-starch diet 
(Miron et al., 2004). In the present experiment, eating 
time (per day) and IR (per meal) differed between CSC 
and CNS, but DMI did not differ. This indicates that 
manipulating intake behavior does not necessarily lead 
to changes in DMI.

Rumen Fermentation

The TMR high in starch (RCS and CNS) were ex-
pected to have a lesser rumen pH than TMR high in 
NDF (RGS and CSC). However, effective OM degrad-
ability was hardly different between these treatments 
(Table 8). The DMI on the RGS treatment was lesser 
than on the RCS treatment (Table 5). Thus, although 
ED did not differ, the total supply of fermentable nu-
trients with RGS was lesser than with RCS, explaining 
the differences in pH and in the time pH was below 
5.8 (Table 6). Moreover, IR per meal was greater in 
RCS than RGS, also contributing to the difference in 
time that pH was below 5.8. In contrast, there were 
no differences in DMI or IR between CSC and CNS, 
and given the similar effective OM degradability val-
ues, no differences in pH between CSC and CNS were 
observed.

Between TMR differing in concentrate component 
(CNS vs. CSC), only numerical differences were found 
in the time pH of rumen fluid was below 5.8 and in 
average pH of rumen fluid (Table 6). This was in line 
with the absence of a difference in DMI (Table 5) and 
OM content of the 2 TMR (Table 4) and only very 
small numerical effects on EDOM (Table 8) between 
CNS and CSC.

Although pool size of OM in late lactation was more 
than 20% less than in early lactation (Table 7), rumen 
fluid VFA concentration was almost 20% greater in late 
lactation (Table 6). This was not due to a smaller rumen 
fluid volume during late lactation, because DM content 
of rumen contents was 18.6% in early lactation and 
17.2% in late lactation (data not shown). These results 
indicate that OM of the TMR in late lactation was 
fermented faster than in early lactation. From Table 7, 
it is clear that the greater Kcl of OM in late lactation 
is both the result of greater passage rate of material 
from the rumen, indicated by the Kcl of ADL, and from 
a greater fractional degradation rate of OM. Although 
no data are available on fractional degradation rate of 
OM in early lactation, faster fermentation of OM in the 
rumen may have increased VFA production rate to a 
greater extent than VFA absorption and passage rates. 
The absorption of VFA depends on the concentration 
of VFA in the rumen fluid, with in general an increase 
in the fractional absorption rate when pH decreases 
as VFA concentration in rumen fluid increases (Lopez 
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et al., 2003), although an interaction between pH and 
VFA concentration has been observed (Dijkstra et al., 
1993). Indicative of the build-up of the concentration 
of VFA in rumen fluid was the concentration of VFA in 
the rumen fluid at the start of the rumen evacuations: 
there was a difference between late lactation (140 mM) 
and early lactation (125 mM, P = 0.006).

Milk Production

The replacement of NDF with starch in feed is ex-
pected to decrease the molar proportion of acetate and 
increase that of propionate (Bannink et al., 2006). The 
increase in NDF when the amount of grass silage in the 
TMR was increased coincided with an increase in the 
concentration of acetate in rumen fluid. The decreased 
milk fat content in RCS (Table 9) is directly related 
to the lesser acetate:propionate ratio and lesser pH in 
the rumen (Table 6), and both have been related to a 
depression of milk fat content, albeit through different 
mechanisms (Bauman and Griinari, 2003).

In early lactation, milk protein content was greater 
in RCS than in RGS, whereas intake of CP (calculated 
from DMI and CP content of the TMR) was lesser in 
RCS than in RGS. In both treatments, the DVE re-
quirements were greater than DVE intake in early lac-
tation (DVE intake-DVE requirements were less than 1 
in both treatments, data not shown). The energetically 
more efficient microbial protein synthesis from corn si-
lage than from grass silage (Givens and Rulquin, 2004) 
might explain the increase in milk protein with RCS. 
In late lactation, RCS did not result in an increase in 
milk protein, because intake of DVE was greater than 
the requirements (DVE intake-DVE requirements were 
1.51 in RGS and 1.48 in RCS) in both treatments. In 
late lactation, milk protein was therefore more likely 
limited by the genetic potential for milk protein.

CONCLUSIONS

This study confirmed that short-term intake behavior 
is related to DMI and milk production but also showed 
that other factors play a role. The influence of type of 
roughage on short-term intake behavior was stronger 
than that of the type of concentrate.
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