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  ABSTRACT 

  This experiment was conducted to evaluate ruminal 
digestion responses to Saccharomyces cerevisiae fer-
mentation product (SCFP) supplementation and to 
determine if responses are influenced by voluntary feed 
intake. Fifteen ruminally and duodenally cannulated 
Holstein cows with a wide range in preliminary dry 
matter intake (pDMI; 20.1 to 31.0 kg/d) measured dur-
ing a 14-d preliminary period were used in a crossover 
design experiment. Treatments were SCFP and control 
(a mix of dry ground corn and soybean meal), top-
dressed at the rate of 56 g/d per head. The base diet 
contained 28% NDF, 30% starch, and 16.5% CP and 
included corn silage, alfalfa silage, high-moisture corn, 
protein supplement, and a mineral and vitamin supple-
ment. Treatment periods were 28 d, with the final 8 
d used for sample and data collection. Voluntary dry 
matter intake was determined during the last 4 d of the 
preliminary period. Ruminal digestion kinetics were de-
termined using the pool-and-flux method. Main effects 
of SCFP treatment and their interaction with pDMI 
were tested by ANOVA. An interaction was detected 
between SCFP treatment and pDMI for ruminal diges-
tion rate of starch; SCFP increased the rate of starch 
digestion compared with the control for cows with 
pDMI below 26 kg/d and decreased it for cows with 
higher pDMI. This resulted in an interaction between 
treatment and pDMI for turnover rate of starch in the 
rumen and true and apparent ruminal starch digestibil-
ity because passage rate of starch from the rumen was 
not affected by treatment (mean = 24.3%/h). Ruminal 
pH (mean = 6.0), dry matter intake, milk yield and 
component percentages were not affected by treatment 
or its interaction with pDMI. Supplementation of SCFP 
reduced the rate of ruminal starch digestion for cows 
with higher feed intake, which could help stabilize the 
ruminal environment when large amounts of starch are 
consumed to support higher milk production. 
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  INTRODUCTION 

Saccharomyces cerevisiae fermentation product 
(SCFP, residual yeast cells, fermentation metabolites, 
and growth media) has been supplemented in dairy 
cow diets for decades to benefit ruminal fermentation 
and productive performance. A recent meta-analysis 
(Rabiee et al., 2008) indicated positive productive 
performance with SCFP. The soluble growth factors 
in SCFP have been shown to stimulate growth of pure 
cultures of ruminal bacteria that digest cellulose and 
utilize lactate in vitro (Callaway and Martin, 1997). 
Supplementing growth factors, such as organic acids, 
B vitamins, and AA, might shift microbial populations 
in the rumen, providing greater benefits under some 
conditions compared with others. 

  The mechanism(s) of action of SCFP have not been 
clearly established. Specific hypotheses by which SCFP 
benefit production include (1) stimulating growth of 
fiber-digesting bacteria (Callaway and Martin, 1997), 
thus increasing digestibility and clearance of fiber from 
the rumen and possibly DMI; (2) stimulating growth 
of lactic acid bacteria, thus decreasing accumulation 
of lactate (Nisbet and Martin, 1991); and (3) increas-
ing microbial protein flow to the duodenum (Yoon and 
Stern, 1996; Hristov et al., 2010). In addition, SCFP 
tended to increase amylase concentration in the rumen 
(Hristov et al., 2010) and increased ruminal starch di-
gestibility might improve milk yield in some cases. 

  We recently conducted an experiment to evaluate 
effects of SCFP on animal responses to a fermentable 
carbohydrate challenge (Longuski et al., 2009). The 
SCFP treatment increased yields of milk fat and 3.5% 
FCM compared with the control treatment during the 
fermentable starch challenge but no treatment differ-
ences were observed for these variables when the less 
fermentable diet was fed. The interaction with ruminal 
starch fermentability indicates a likely effect on rumi-
nal fermentation. 

  Inconsistent responses for SCFP treatment among 
experiments might be because SCFP has different 
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effects for cows varying in DMI and milk yield. We 
have previously reported that intake, digestion, and 
production response to various dietary treatments is 
dependent upon DMI (Voelker-Linton and Allen, 2008) 
and milk yield (Oba and Allen, 1999a; Bradford and 
Allen, 2004) of cows. Erasmus et al. (2005) reported 
that DMI response to SCFP supplementation was de-
pendent upon DMI of cows, with a reduction in DMI 
for cows consuming less than, and an increase in DMI 
for cows consuming more than 23.8 kg of DM/d. Our 
objective was to evaluate the effects of SCFP on ru-
minal fermentation using cows with a wide range in 
DMI. We hypothesized that effects of SCFP on ruminal 
fermentation of carbohydrates depended upon DMI of 
lactating cows.

MATERIALS AND METHODS

Cows, Treatments, and Diets

Experimental procedures were approved by the Insti-
tutional Animal Care and Use Committee at Michigan 
State University (East Lansing). Sixteen multiparous 
Holstein cows from the Michigan State University 
Dairy Cattle Teaching and Research Center were as-
signed randomly to treatment sequence in a crossover 
design experiment with one 14-d preliminary period and 
two 28-d experimental periods. Cows were cannulated 
ruminally and duodenally before calving. Surgery was 
performed at the Department of Large Animal Clini-
cal Science, College of Veterinary Medicine, Michigan 
State University. These cows were 169 ± 84 (mean ± 
SD) DIM at the end of the preliminary period and were 
selected to provide a wide range and uniform distri-
bution of DMI and milk yield. One cow was removed 
from the study on d 20 of the first period because of a 
malfunctioning duodenal cannula that impaired flow. 
The status of 15 cows during the final 4 d of the 14-d 
preliminary period is reported in Table 1; DMI ranged 
among cows from 20.1 to 31.0 kg/d (mean = 25.1 kg/d) 
and 3.5% FCM yield ranged from 20.0 to 51.4 kg/d 
(mean = 40.6 kg/d).

Throughout the experiment, cows were housed in tie-
stalls. Treatment sequence was alternately assigned to 
stalls and cows were then randomly assigned to stalls 
and, therefore, treatment sequence. Treatments were 
Diamond V XP Yeast Culture (SCFP; Diamond V Mills 
Inc., Cedar Rapids, IA) and a mix of dry, finely ground 
shelled corn and soybean meal (control, CON). Prior 
to the experiment, treatments were weighed to within 
one-tenth of a gram to the target weight of 56.0 g and 
individually stored in air-tight bags. Treatments were 
top-dressed daily and partially mixed into the TMR in 
the feed manger.

Cows were moved to an exercise lot twice daily (0230 
and 1330 h) before milking in a parlor (0400 and 1500 
h). Stalls were equipped with lock-out devices that 
were manually closed when cows were away from stalls 
for exercise and milking and during feeding. Orts were 
removed and weighed at 1000 h, after which base diets 
were delivered to individual stalls, treatments were top-
dressed, and feed doors were reopened at 1130 h. Water 
was available ad libitum throughout each day via indi-
vidual water cups in each stall and in the exercise lot. 
Cows had access to feed for approximately 19 h per day.

The common base diet contained corn silage (67% of 
forage DM), alfalfa silage (33% of forage DM), high-
moisture corn, SoyPLUS (West Central Soy, Ralston, 
IA), soybean meal 48, limestone, and a premix of min-
erals and vitamins. The base diet was formulated for 
28% NDF and 17% CP. Forage samples were collected 
twice weekly and analyzed to adjust diets to account 
for DM, NDF, and CP fluctuation. Ingredients and nu-
trient composition of the experimental diets are shown 
in Table 2.

Data and Sample Collection

Diets were fed as TMR once daily at 110% of ex-
pected intake. The amount of feed offered and refused 
(orts) was weighed daily for each cow. Samples of all 
dietary ingredients (0.5 kg) and orts (12.5%) were col-
lected daily from d 11 to 14 during the preliminary 
period and d 21 to 25 during each experimental period. 

Table 1. Characterization of 15 cows during the final 4 d of the 14-d preliminary period, when cows were fed 
a common diet 

Parameter Mean SD Minimum Maximum

Parity 3.2 0.9 2 5
BW,1 kg 598 47 526 695
BCS 2.38 0.51 1.75 3.50
DIM 169 84 65 368
Milk, kg/d 41.1 11.4 19.2 58.3
3.5% FCM, kg/d 40.6 9.2 20.0 51.4
DMI, kg/d 25.1 2.8 20.1 31.0
1Rumen-empty BW.
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Samples were frozen immediately after collection at 
−20°C and combined to 1 composite sample per period 
before analysis.

Milk yield was measured and milk was sampled at 
each milking on d 11 to 14 of the preliminary period 
and on d 21 to 25 of the experimental periods. Two 
milk samples were taken at each milking on collection 
days from each cow; 1 sample was analyzed for fat, true 
protein, lactose, and SCC and the other was analyzed 
for FA profile. Rumen-empty BW was measured after 
evacuation of ruminal digesta on d 14 of the prelimi-
nary period and d 28 of each experimental period. Body 
condition score was determined on the same days as 
BW by 4 trained investigators blinded to treatments 
(Wildman et al., 1982; 5-point scale, where 1 = thin 
and 5 = fat).

Chromic oxide was used as a marker to calculate fe-
cal output to determine total-tract digestibility. Gelatin 
capsules (1.5 oz.; Tropac Inc., Airfield, NJ) containing 
5 g of chromic oxide and ground spelt hulls (Wiley mill, 
2-mm screen; Arthur H. Thomas Co., Philadelphia, 
PA) were dosed through the ruminal cannula at 0730, 
1530, and 2330 h (total of 15 g of Cr2O3 /d) from 14 
to 25 d with a priming dose of 2× on d 14. Duodenal 
samples (1,000 mL), fecal samples (500 g), ruminal di-
gesta samples for microbial isolation (1,000 mL), and 
rumen fluid samples for pH and concentrations of VFA, 
lactate, and ammonia (100 mL) were collected every 
15 h from d 21 to 25 of each experimental period so 
that 8 samples were taken for each cow in each period, 

representing every 3 h of a 24-h period to account for 
diurnal variation. For microbial isolation, rumen fluid 
and particulate phase samples were collected from the 
reticulum near the reticular-omasal orifice, transported 
to the laboratory, and processed immediately after 
collection. Ruminal digesta were blended for 30 s and 
filtered through 1 layer of nylon screen. The sample 
was centrifuged at 500 × g for 15min. The supernatant 
was centrifuged at 9,000 × g for 15 min and the pellet 
was washed with 0.9% NaCl and centrifuged at 18,000 
× g for 15 min. The pellet was resuspended with a 
small amount of distilled water and frozen at −20°C. 
Rumen fluid for pH, VFA, lactate, and ammonia was 
obtained by combining digesta from 5 different sites in 
the rumen and straining it through nylon mesh; fluid 
pH was recorded immediately and samples were stored 
at −20°C.

Feeding and ruminating behavior was observed for 
24 h on d 26 of each treatment period. Cow activities 
were manually recorded in real time every 5 min. Meal 
frequency, intermeal interval, ruminating bouts, and 
time were determined using Igor Pro Carbon (version 
4.07; WaveMetrics Inc., Lake Oswego, OR).

Ruminal contents were evacuated manually through 
the ruminal cannula at 1530 h (4.5 h after feeding) on 
d 27 and 42 h later at 0930 h (2 h before feeding) on 
d 28 of each experimental period (days in this experi-
ment began at 1130 h). Total rumen content mass and 
volume were determined. To ensure accurate sampling, 
every tenth handful of digesta (10%) was separated for 
a subsample throughout evacuation. This subsample 
was squeezed into primarily solid and liquid phases. 
Both phases were weighed and sampled (350 mL) for 
determination of nutrient pool size. All samples were 
stored at −20°C.

Sample Analysis and Calculations

Milk yield recorded at both milkings were summed 
for a daily total, which were averaged for each period. 
Milk samples were analyzed for fat, true protein, lac-
tose, and SNF concentrations, as well as SCC with 
infrared spectroscopy (AOAC, 1990) by Universal Labs 
(East Lansing, MI).

Forages and orts were ground with dry ice in a Wi-
ley mill (6-mm screen), subsampled, and lyophilized 
(Tri-Philizer MP; FTS Systems Inc., Stone Ridge, 
NY) for analysis of DM concentration. Dried forage 
and orts were reground in a Wiley mill (1-mm screen). 
Concentrates were ground in a cyclone mill (2-mm 
screen, Udy Mill; Seedburo Equipment Co., Chicago, 
IL). Frozen duodenal samples for each cow period (n 
= 8) were finely chopped using a commercial food 
processor (84142 Food cutter; Hobart Manufacturing 

Table 2. Ingredients and chemical composition of the ration (as 
analyzed) 

Composition Value

Ingredient, % of DM
 Corn silage 37.1
 High-moisture corn 23.5
 Alfalfa silage 18.6
 Soybean meal (48% CP) 10.8
 SoyPLUS1 5.0
 Vitamin mineral mix2 4.0
 Limestone 1.0
Chemical composition
 DM, % 49.6
 OM, % of DM 92.6
 NDF, % of DM 28.0
  % of forage NDF 23.6
  % of NDF from forage 84.3
 iNDF,3 % of DM 11.6
 iNDF, % of NDF 41.4
 CP, % of DM 16.5
 Starch, % of DM 30.1
1West Central Soy (Ralston, IA).
2Vitamin mineral mix contained (DM basis) 17.6% sodium bicarbon-
ate, 15.1% magnesium sulfate, 7.5% salt, 6.0% dicalcium phosphate, 
2.5% trace mineral premix, 0.4% vitamin A, 0.4% vitamin D, 0.2% 
vitamin E, and 50.2% dry ground corn as a carrier.
3Indigestible NDF.
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Co., Troy, OH) and subsampled in the frozen state to 
obtain representative samples. Duodenal, ruminal, and 
fecal samples for nutrient and chromium determination 
were lyophilized (Tri-Philizer MP; FTS Systems Inc.) 
and ground as above. Dried ruminal solid and liquid 
samples obtained by rumen emptying were recombined 
according to their original ratio. Dried, ground duode-
nal and fecal samples were combined on an equal DM 
basis into 1 sample per cow per period.

Samples were analyzed for DM, ash, NDF, indigest-
ible NDF (iNDF), ADF, ADL, CP, starch, and gross 
energy (GE). Ash concentration was determined after 
5 h combustion at 550°C in a muffle furnace. Concen-
trations of NDF were determined according to Mertens 
(2002) and ADF and ADL according to Goering and 
Van Soest (1970). Indigestible NDF was estimated as 
NDF residue after 240-h in vitro fermentation (Goer-
ing and Van Soest, 1970); flasks were reinoculated at 
120 h to ensure a viable microbial population. Ruminal 
fluid for the in vitro incubations was collected from a 
nonpregnant dry cow fed dry hay only. The fraction 
of potentially digestible NDF (pdNDF) was calcu-
lated by difference (1.00 – iNDF). Crude protein was 
analyzed according to Hach et al. (1987). Starch was 
measured by an enzymatic method (Karkalas, 1985) 
after samples were gelatinized with sodium hydroxide. 
Glucose concentration was measured using a glucose 
oxidase method (PGO enzyme product no. P7119; 
Sigma Chemical Co., St. Louis, MO), and absorbance 
was determined with a microplate reader (SpectraMax 
190; Molecular Devices Corp., Sunnyvale, CA). Gross 
energy was assayed by bomb calorimeter (Parr Instru-
ment Inc., Moline, IL). Concentrations of all nutrients 
except DM were expressed as percentages of DM de-
termined by drying at 105°C in a forced-air oven for 
8 h.

Purine concentration was used as a microbial marker 
to determine the flow of microbial N, OM, and starch 
to the duodenum. Microbial pellets obtained by dif-
ferential centrifugation of ruminal digesta proximal 
to the ruminoreticular orifice (described above) were 
ground with a mortar and pestle and analyzed for CP, 
ash, and starch as described above. Microbial pellets 
and duodenal digesta were analyzed for total purines 
by spectrophotometer (Beckman Instruments Inc., Ful-
lerton, CA) at 260 nm according to Zinn and Owens 
(1986). Ammonia concentration was determined for 
centrifuged duodenal samples according to Broderick 
and Kang (1980) to estimate NAN and nonammonia, 
nonmicrobial N (NANMN) flow to the duodenum. 
Rumen fluid was also analyzed for ammonia concen-
tration and concentration of major VFA and lactate 
were analyzed by HPLC (Waters Corp., Milford, MA) 
according to Weimer et al. (1999).

Diet ingredients, duodenal digesta, and feces were 
analyzed for concentrations of chromium. Samples 
were digested with phosphoric acid (Williams et al., 
1962), and chromium was quantified by flame atomic 
absorption spectrometry (SpectraAA 220; Varian, 
Victoria, Australia) according to the manufacturer’s 
specifications. Duodenal flux was calculated for DM, 
OM, iNDF, pdNDF, starch, microbial N, NANMN, and 
ammonia N, using acid detergent sulfuric acid lignin 
as a flow marker (Cochran et al., 1986). Duodenal 
flow of microbial OM was determined using the ratio 
of purines to OM (Oba and Allen, 2003c), and true 
ruminally degraded OM was calculated by subtracting 
duodenal flow of nonmicrobial OM from OM intake. 
Ruminal pool sizes (kg) of OM, NDF, iNDF, pdNDF, 
starch, microbial N, and NMNAN were determined by 
multiplying the concentration of each component in 
rumen samples by the ruminal digesta DM mass (kg). 
Dry matter and nutrient intakes were calculated using 
the composition of feed offered and refused. Ruminal 
digestibility was determined for each fraction. Turnover 
rate in the rumen, passage rate from the rumen, and ru-
minal digestion rate of each component were calculated 
by the pool-and-flux method according to Oba and Al-
len (2003b). Yield of milk and milk components, milk 
composition, and changes in empty BW and BCS were 
calculated. Preliminary dry matter intake (pDMI) was 
calculated as the mean DMI on d 11 to 14 of the 14-d 
preliminary period.

Milk samples were composited based on milk fat 
yield and centrifuged at 17,800 × g for 30 min at 8°C. 
Fat cake (300–400 mg) was extracted according to Hara 
and Radin (1978) and methyl esters were formed ac-
cording to Christie (1982) as modified by Chouinard et 
al. (1999). Fatty acids were quantified by GC (model 
8500; PerkinElmer Corp., Norwalk, CT), using a SP-
2560 capillary column (100-m × 0.20-mm i.d. with 
0.02-μm film thickness; Supelco Inc., Bellefonte, PA). 
The oven temperature was 140°C for 5 min, and was 
then ramped up 4°C/min to 240°C and held for 15 min. 
The helium flow was 20 cm/sec.

Energy values were calculated as follows:

Digestible energy (DE) intake = GE intake  

× GE digestibility;

the NEL intake was calculated from DE through ME 
according to NRC (2001);

Milk NEL (Mcal/d) = MY (kg) × [0.0929 × (fat %)  

+ 0.0563 × (true protein %) + 0.0395  

× (lactose %)] (NRC, 2001);
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the NEL BW gain was calculated according to NRC 
(2001); and

NEL available for maintenance = NEL intake  

– NEL milk – NEL BW gain.

Statistical Analysis

All data were analyzed by using the fit model proce-
dure of JMP (version 8; SAS Institute Inc., Cary, NC). 
To determine differences between treatments and evalu-
ate interactions of treatment with DMI, where pDMI 
(calculated as the mean of DMI values on d 11 to 14 of 

Table 3. Milk production and composition, feed intake, and BW change of cows for Saccharomyces cerevisiae fermentation product (SCFP) and 
control (CON) treatments and interaction with DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Yield, kg/d
 Milk 36.1 36.5 3.0 0.64  NS2 NS NS NS NS
 FCM (3.5%) 34.8 36.1 2.5 0.16 NS 0.01 NS NS NS
 Milk fat 1.19 1.26 0.09 0.11 NS 0.01 NS NS NS
 Milk protein 1.11 1.13 0.08 0.43 NS 0.02 NS 0.10 NS
 Milk lactose 1.66 1.69 0.16 0.64 NS 0.05 NS NS NS
 SNF 1.97 2.00 0.19 0.65 NS 0.05 NS NS NS
Milk composition, %
 Fat 3.49 3.59 0.24 0.28 NS NS NS NS NS
 Protein 3.14 3.16 0.09 0.70 NS NS NS NS NS
 Lactose 4.52 4.53 0.01 0.81 NS 0.04 NS NS NS
 SNF 5.37 5.37 0.13 0.88 NS 0.05 NS NS NS
 MUN, mg/dL 11.8 12.3 0.37 0.21 NS NS NS NS NS
DMI,3 kg/d 24.6 25.5 0.9 0.25 NS <0.01 NS NS NS
3.5% FCM/DMI3 1.45 1.46 0.07 0.81 NS 0.09 NS 0.05 NS
BW change, kg/28 d 10.6 12.7 4.7 0.79 NS NS NS NS NS
BCS change/28 d 0.12 0.21 0.06 0.34 NS NS NS NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
3Determined using 55°C DM.

Table 4. Rumen pools of cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and interaction with 
DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Wet weight, kg 84.0 86.9 4.6 0.10 0.04 0.12 0.57 0.09 0.14
Volume, L 95.8 93.3 4.0 0.23  NS2 0.10 NS NS NS
Density, kg/L 0.82 0.86 0.01 0.09 0.11 NS NS 0.05 NS
Rumen pool, kg
 DM 10.76 11.22 0.71 0.12 NS 0.10 NS 0.10 NS
 OM 9.86 10.33 0.68 0.10 NS 0.11 NS 0.10 NS
 NDF 6.39 6.64 0.49 0.19 NS 0.15 NS 0.09 NS
 pdNDF3 3.21 3.22 0.30 0.88 NS NS NS 0.09 NS
 iNDF4 3.18 3.41 0.22 0.09 NS 0.13 NS 0.10 NS
 Starch 0.52 0.55 0.04 0.62 NS 0.03 NS NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
3pdNDF = potentially digestible NDF.
4iNDF = indigestible NDF.
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the 14-d preliminary period) was used as the covariate 
for treatment responses, data were analyzed according 
to the following model: Yijk = μ + Ci + Pj + Tk + PTjk 
+ pDMI + TkpDMI + pDMI2 + TkpDMI2 + eijk, where 
Yijk is the dependent variable, μ is the overall mean, Ci 
is the random effect of cow (i = 1 to 15), Pj is the fixed 
effect of period (j = 1 to 2), Tk is the fixed effect of 
treatment (k = 1 to 2), PTjk is the interaction of period 
and treatment, pDMI is the linear effect of pDMI, Tkp-
DMI is the interaction of treatment and pDMI (linear), 
pDMI2 is the quadratic effect of pDMI, TkpDMI2 is the 
interaction of treatment and pDMI (quadratic), and eijk 
is the residual error. Statistical significance for TkpDMI 
and TkpDMI2 indicated that treatment differences were 
related to pDMI. Covariate and interaction terms were 
removed stepwise from the model if P > 0.15. Linear 
and quadratic effects of pDMI were removed from the 
model if their corresponding interactions were removed. 
Treatment effects and their interaction (linear and qua-
dratic relationships) were declared significant at P ≤ 
0.05 and P ≤ 0.10, respectively. Tendencies for treat-
ment effects and their interactions were declared at P 
≤ 0.10 and P ≤ 0.15, respectively.

RESULTS

No main effects of treatment or interactions with 
pDMI were detected for DMI, yield of milk or milk 
components, milk composition, FCM/DMI, or change 
in BW or BCS (Table 3). The SCFP tended to increase 
the rumen pool size of iNDF and density of digesta in 
the rumen (3.41 vs. 3.18 kg and 0.86 vs. 0.82 kg/L, 

respectively; both P < 0.10; Table 4) compared with 
CON and tended to interact with pDMI (P = 0.14 
quadratic) to increase pool size of wet digesta for cows 

Table 5. Feeding behavior and chewing activity of cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) 
treatments and interaction with DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Meals
 Bouts/d 9.1 9.3 0.4 0.78  NS2 0.12 NS NS NS
 Length, min/bout 26.7 26.2 1.5 0.78 NS NS NS NS NS
 Interval, min 147 141 7 0.48 NS 0.08 0.09 NS NS
Eating time
 Min/d 241 242 15 0.94 NS 0.09 NS NS NS
Rumination
 Bouts/d 14.6 14.8 0.6 0.70 0.06 NS NS NS NS
 Length, min/bout 35.6 36.2 1.6 0.76 NS NS NS NS NS
 Interval, min 59.3 59.0 2.1 0.89 0.01 NS NS NS NS
Ruminating time
 Min/d 512 527 14 0.14 NS NS NS 0.14 NS
Idle time
 Min/d 687 671 22 0.40 NS 0.07 NS NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.

Figure 1. Interaction of control (CON; open circles, dashed line) 
and Saccharomyces cerevisiae fermentation product (SCFP; closed 
circles, solid line) with preliminary DMI (pDMI) for intermeal interval 
(P = 0.09 linear). The pDMI on the x-axis are the mean DMI of in-
dividual cows during the final 4 d of the preliminary period when all 
cows were fed a common diet. Intermeal interval decreased linearly as 
pDMI increased for SCFP (P = 0.02) but no relationship was observed 
for CON (P = 0.47).
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between approximately 23 and 30 kg of pDMI/d and 
decrease pool size for cows outside this range. The 
SCFP did not affect wet weight or volume of digesta or 
pool sizes of DM, OM, NDF, pdNDF, or starch in the 
rumen compared with CON, nor interact with pDMI 
to affect these pools. Although SCFP did not affect 
DMI compared with CON, it interacted with pDMI to 
affect intermeal interval (P = 0.09; Table 5), which was 
longer for cows with lower pDMI and shorter for cows 
with higher pDMI when offered the SCFP treatment 
compared with CON (Figure 1). Intermeal interval 
decreased linearly from approximately 180 to approxi-
mately 110 min/d as the pDMI of cows increased from 
approximately 20 to 31 kg/d for SCFP (P = 0.02) but 
was not affected by pDMI for CON (P = 0.47). No 
other effects of SCFP on feeding or ruminating behav-
ior were detected.

Flow data using Cr2O3 was not reasonable and we 
evaluated several intrinsic flow markers as an alterna-
tive, including 240-h in vitro iNDF, ADL, and peroxide 
ADL and ADL peroxide (Cochran et al., 1988). We 
obtained similar results for these markers and chose to 
use ADL as a flow marker.

No main effects of treatment or interactions of treat-
ment and pDMI were detected for rumen turnover rates 

or times for NDF, pdNDF, or iNDF; rates of passage of 
pdNDF or iNDF; rate of digestion of pdNDF (Table 6); 
or ruminal, postruminal, or total-tract digestibility of 
NDF or pdNDF (Table 7). Postruminal digestibilities 
of pdNDF were negative because artifact pdNDF was 
produced postruminally or from errors in measuring 
flow to the duodenum; therefore, these data were omit-
ted.

The SCFP interacted with pDMI to affect ruminal 
digestion rate of starch (P < 0.01 linear; Table 6); 
SCFP increased the rate of starch digestion compared 
with CON for cows with pDMI below approximately 
26 kg/d and decreased it for cows with higher pDMI 
(Figure 2). The digestion rate of starch in the rumen 
decreased linearly from approximately 50 to approxi-
mately 15%/h as pDMI increased from approximately 
20 to 31 kg/d for SCFP (P < 0.01) but was not affected 
by pDMI for CON (P = 0.45). This resulted in an in-
teraction between treatment and pDMI for turnover 
rate of starch in the rumen (P = 0.03 linear; Table 
6) and true and apparent ruminal starch digestibility 
(P < 0.10 quadratic; Table 8) because passage rate of 
starch from the rumen was not affected by treatment 
(mean = 24.3%/h; Table 6). True and apparent rumi-
nal starch digestibility and amount digested per day 

Table 6. Rumen kinetics for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and interaction with DMI 
measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Ruminal turnover rate, %/h
 DM 8.97 9.03 0.47 0.87  NS2 NS NS 0.10 NS
 OM 8.19 8.19 0.44 1.00 NS NS NS 0.09 NS
 NDF 3.83 3.84 0.24 0.93 NS NS NS 0.03 NS
 pdNDF3 4.75 4.80 0.43 0.84 NS NS NS 0.02 NS
 iNDF4 3.11 3.02 0.17 0.59 NS NS NS 0.08 NS
 Starch 53.0 53.7 3.7 0.84 NS NS 0.03 NS NS
Ruminal turnover time, h
 DM 11.6 11.6 0.7 0.93 NS NS NS 0.12 NS
 OM 12.8 12.8 0.8 0.96 NS NS NS 0.12 NS
 NDF 27.7 27.7 2.0 0.98 NS NS NS 0.08 NS
 pdNDF 23.6 22.9 2.1 0.52 NS NS NS 0.08 NS
 iNDF 33.6 34.7 2.0 0.52 NS NS NS 0.10 NS
 Starch 2.06 2.02 0.14 0.79 NS 0.95 0.07 NS NS
Ruminal passage rate, %/h
 Starch 24.1 24.5 3.48 0.88 NS NS NS NS NS
 pdNDF 1.80 1.92 0.30 0.67 NS NS NS 0.04 NS
 iNDF 4.60 4.51 0.28 0.74 NS NS NS 0.13 NS
Ruminal digestion rate, %/h
 pdNDF 2.94 2.88 0.28 0.86 NS NS NS 0.12 NS
 Starch 28.9 29.3 2.96 0.86 NS 0.22 <0.01 NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
3Potentially digestible NDF.
4Indigestible NDF.
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were increased by SCFP compared with CON for cows 
with lower pDMI, but decreased by SCFP compared 
with CON for cows with higher pDMI (interaction P 
< 0.10 quadratic). Starch flow to the duodenum was 
subsequently decreased by SCFP compared with CON 
for cows with lower pDMI, but increased by SCFP 
compared with CON for cows with higher pDMI (P = 
0.04 linear; Table 8). No effects of treatment or inter-
actions with pDMI were observed for apparent total-
tract starch digestion (amount or digestibility) because 
of compensatory starch digestion postruminally. The 
SCFP interacted with pDMI to affect apparent postru-
minal starch digestion (P = 0.07 quadratic) opposite 
to the effects on ruminal starch digestion; postruminal 
starch digestion (amount and percentage of intake) was 
decreased by SCFP compared with CON for cows with 
lower pDMI but increased for SCFP compared with 
CON for cows with higher pDMI.

The SCFP treatment interacted with pDMI to af-
fect ruminal true and apparent digestibility of OM and 
amounts of OM digested per day (P < 0.08 quadratic; 
Table 9). These effects were similar to those observed for 
ruminal digestion of starch; digestibility and amounts 
digested per day were increased by SCFP for lower-

producing cows and decreased for higher-producing 
cows. Opposite interactions were observed for postru-
minal digestibility and amounts digested per day for 
OM (P < 0.04 quadratic); SCFP increased postruminal 
OM digestibility and digested amounts per day for cows 
with higher DMI, but decreased them for cows with 
lower DMI (Table 9). Compensatory digestion of OM 
postruminally resulted in a slight increase in total-tract 
OM digestibility for SCFP compared with CON, with 
a greater difference as pDMI increased (interaction P 
= 0.04 linear; Table 9). Figure 3 shows the interactions 
between treatment and pDMI for apparent ruminal, 
postruminal, and total-tract OM digestibility. Similar 
relationships were observed for true OM digestibility.

The SCFP did not affect N intake or apparent total-
tract N digestion compared with CON but interacted 
with pDMI for apparent total-tract N digestibility (P 
= 0.09 linear; Table 10), with a slight decrease (<2 per-
centage units) for cows with lower pDMI and a slight 
increase (<3 percentage units) for cows with higher 
pDMI compared with CON. The SCFP increased rumi-
nal ammonia concentration (P = 0.02) compared with 
CON but interacted with pDMI; ruminal ammonia 
concentration was increased for cows with pDMI in 

Table 7. Neutral detergent fiber digestion by cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments 
and interaction with DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

NDF
 Intake, kg/d 5.58 5.74 0.20 0.36  NS2 <0.01 NS NS NS
 True ruminal digestion
  kg/d 0.97 0.87 0.08 0.28 NS NS NS 0.11 NS
  % 17.8 15.3 1.5 0.19 NS NS NS NS NS
 Passage to duodenum, kg/d 4.61 4.87 0.21 0.22 NS <0.01 NS NS NS
 True postruminal digestion
  kg/d 0.39 0.55 0.10 0.24 NS NS NS NS NS
  % of intake 6.89 9.52 1.64 0.24 NS NS NS NS NS
  % of duodenal passage 7.81 11.1 2.1 0.24 NS NS NS NS NS
 True total-tract digestion
  kg/d 1.34 1.43 0.07 0.46 NS NS NS NS NS
  % 24.7 24.9 1.1 0.86 NS NS NS NS NS
Potentially digestible NDF
 Intake, kg/d 3.28 3.38 0.11 0.34 NS <0.01 NS NS NS
 True ruminal digestion
  kg/d 2.08 2.06 0.15 0.90 NS 0.03 NS NS NS
  % 64.1 60.6 4.2 0.53 NS NS NS NS NS
 Passage to duodenum, kg/d 1.21 1.32 0.15 0.57 NS NS NS NS NS
 True total-tract digestion
  kg/d 1.72 1.82 0.09 0.24 NS NS NS NS NS
  % 52.6 54.1 2.4 0.39 NS NS NS NS NS
Indigestible NDF
 Intake, kg/d 2.29 2.35 0.08 0.41 NS NS NS NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
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the middle of the range, but decreased for cows with 
higher and lower DMI (P < 0.01, quadratic). However, 
ammonia flow to the duodenum was not affected by 
treatment. Treatment interacted with pDMI to affect 
flow of NAN to the duodenum as both amount per 
day (P = 0.08 quadratic) and as a percentage of N 
intake (P = 0.02 quadratic), and flow of NANMN as 
a percentage of N intake to the duodenum (P = 0.01 
quadratic; Table 10); SCFP reduced flows compared 
with CON for cows with pDMI in the middle of the 
range but increased flows compared with CON for cows 
with higher and lower DMI. Treatment did not affect 
the flow of microbial N to the duodenum but tended 
to interact with pDMI to affect efficiency of microbial 
N production (MNE), measured as microbial N flow 
per kilogram of true ruminally degraded OM (P = 0.11 
quadratic; Table 10). The SCFP treatment increased 
MNE for cows with higher DMI and decreased MNE 
for cows with lower DMI compared with CON. The 
SCFP interacted with pDMI to affect postruminal di-
gestibility of NAN as a percentage of NAN flow to the 
duodenum (P = 0.04 quadratic), decreasing digestibil-
ity for cows with DMI in the midrange and increasing 
digestibility for cows with higher or lower DMI. This, 
and the interaction between treatment and pDMI for 
NAN flow to the duodenum, resulted in a similar inter-
action between treatment and pDMI for postruminal 
digestion of NAN as both amount (P = 0.03 quadratic) 
and as a percentage of N intake (P = 0.02 quadratic).

No effect of treatment was observed for ruminal pH, 
concentration of total VFA, propionate, butyrate, val-

Figure 2. Interaction of (CON; open circles, dashed line) and 
Saccharomyces cerevisiae fermentation product (SCFP; closed circles, 
solid line) with preliminary DMI (pDMI) for rate of starch digestion 
in the rumen (P < 0.01 linear). The pDMI on the x-axis are the mean 
DMI of individual cows during the final 4 d of the preliminary period 
when all cows were fed a common diet. The rate of starch digestion 
decreased linearly as pDMI increased for SCFP (P = 0.01) but no 
relationship was observed for CON (P = 0.26).

Table 8. Starch digestion by cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and interaction 
with DMI measured during the preliminary period 

Starch

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Intake, kg/d 6.16 6.38 0.24 0.25 NS2 <0.01 NS NS NS
Apparent ruminal digestion
 kg/d 3.60 3.85 0.46 0.23 0.09 0.31 <0.001 0.43 0.02
 % 57.1 59.6 6.8 0.43 0.13 0.81 <0.01 0.55 0.07
True ruminal digestion
 kg/d 3.84 4.10 0.45 0.24 0.09 0.25 <0.01 0.44 0.03
 % 61.0 53.4 6.7 0.46 0.13 0.85 <0.01 NS 0.10
Passage to duodenum, kg/d 2.67 3.00 0.33 0.14 NS 0.25 0.04 NS NS
Apparent postruminal digestion
 kg/d 2.22 2.25 0.44 0.91 0.15 0.28 0.02 0.62 0.12
 % of intake 36.8 34.3 6.7 0.47 0.14 0.78 <0.01 0.62 0.07
 % of duodenal passage 81.9 84.5 1.9 0.23 NS 0.84 0.04 NS NS
Apparent total-tract digestion
 kg/d 5.73 5.97 0.22 0.19 NS <0.01 NS NS NS
 % 93.2 93.7 0.4 0.44 NS NS NS 0.15 NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
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erate, or lactate (Table 11). However, SCFP tended 
to decrease concentration of isobutyrate (1.21 vs. 1.29 
mM, P = 0.10) and increased ruminal acetate concen-
tration for cows with midrange DMI and decreased it 
for cows with higher or lower DMI compared with CON 
(P = 0.03 quadratic). The SCFP also decreased concen-
trations of isovalerate and total branched-chain VFA 
compared with CON throughout the range in DMI but 
had less effect for cows with DMI in the middle of the 
range (P < 0.10 quadratic for both). The SCFP had 
little effect on milk FA profile (data not shown) and did 
not affect or interact with pDMI to affect specific FA of 
interest (Table 12).

The SCFP had no effect on measures of energy in-
take, partitioning, or efficiency of energy utilization, 
except for an interaction with pDMI for total-tract GE 
digestibility (P = 0.03 linear; Table 13). However, the 
difference in digestibility was very small (<0.5 percent-
age units) throughout the range in pDMI.

DISCUSSION

The most notable response observed in this experi-
ment was the interaction between treatment and pDMI 
for rate of starch digestion in the rumen and its sub-
sequent effect on apparent and true ruminal starch 
digestibility. This is a novel finding and might explain 

variation in production response to treatment among 
experiments reported in the literature. For instance, 
in our previous study (Longuski et al., 2009), SCFP 
prevented a decrease in milk fat yield of high-producing 
cows (~43 kg/d) when challenged by a highly ferment-
able starch source. Whereas the fermentable starch 
challenge decreased FCM and milk fat yields for the 
CON diet, a reduction in ruminal starch digestibility 
by SCFP might have allowed cows to benefit from the 
fermentable starch challenge.

We previously showed that increased ruminal starch 
digestibility can reduce DMI (Oba and Allen, 2003a; 
Bradford and Allen, 2004) by reducing meal size (Oba 
and Allen, 2003a). This reduction in DMI is likely re-
lated to increased propionate production in the rumen 
from greater starch digestion because propionate has 
been shown to be hypophagic in ruminants compared 
with other absorbed fuels (Allen, 2000). We hypothesize 
that the mechanism is related to stimulation of hepatic 
oxidation from increased propionate flux to the liver 
during meals, resulting in a satiety signal when diets 
contain more ruminally degraded starch (Allen et al., 
2009). Although DMI was not affected by treatment 
in this experiment, the interaction of SCFP and pDMI 
for ruminal starch digestion might explain the interac-
tion observed for intermeal interval. Greater ruminal 
starch digestibility for cows with lower pDMI, likely 

Table 9. Dry matter and OM digestion by cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and 
interaction with DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

DM2

 Intake, kg/d 22.4 23.2 0.8 0.27  NS3 <0.01 NS NS NS
 Apparent total-tract digestion
  kg/d 14.1 14.7 0.5 0.14 NS <0.0001 NS NS NS
  % 62.8 63.5 0.4 0.15 NS 0.55 0.03 0.02 NS
OM
 Intake, kg/d 18.7 19.3 0.7 0.28 NS <0.01 NS NS NS
 Apparent ruminal digestion
  kg/d 4.35 5.25 0.72 0.12 NS 0.87 0.05 0.91 0.02
  % 23.2 27.5 3.5 0.12 NS 0.38 0.06 0.99 0.02
 True ruminal digestion
  kg/d 8.30 9.32 0.64 0.08 NS 0.16 0.14 0.72 0.08
  % 44.5 48.4 2.8 0.09 NS 0.50 0.15 0.80 0.06
 Passage to duodenum, kg/d 13.9 14.6 0.8 0.28 NS 0.01 NS NS NS
 Apparent postruminal digestion
  kg/d 6.86 6.59 0.68 0.64 NS 0.05 0.05 0.89 0.04
  % of intake 37.3 33.6 3.3 0.15 NS 0.46 0.02 0.80 0.01
 Apparent total-tract digestion
  kg/d 11.1 11.7 0.4 0.13 NS <0.01 NS NS NS
  % 59.8 60.7 0.4 0.08 NS 0.32 0.04 0.09 NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2Determined using 105°C DM.
3NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
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increased propionate flux to the liver during and after 
meals, possibly increasing the interval between meals. 
Conversely, lower ruminal starch digestibility for cows 
with greater pDMI likely decreased propionate flux to 
the liver during and after meals, possibly decreasing 
the interval between meals. Meal size was not measured 
but no effect of treatment on calculated daily mean 
meal size was observed (data not shown). Although an 
interaction between SCFP and pDMI was not detected 
for ruminal propionate concentration, ruminal VFA 
concentration is not a predictor of rate of production 
and absorption (Oba and Allen, 2003a) and it is likely 
that greater ruminal starch digestion resulted in greater 
production and absorption of propionate (Sutton et al., 
2003). Failure to detect an interaction between SCFP 
and pDMI for DMI might be because different mecha-
nisms affected DMI among the cows in this experiment; 
ruminal distention becomes a more dominant mecha-
nism affecting DMI as milk yield and DMI increase and 
oxidation of fuels likely dominates for cows with lower 
nutrient demand (Allen, 2000; Voelker et al., 2002). 
The interaction of SCFP and pDMI on ruminal starch 
digestion and intermeal interval in the present experi-
ment is consistent with the observation by Erasmus 
et al. (2005) that DMI response to SCFP treatment 
increased with DMI among cows in that experiment; 
SCFP depressed DMI compared with CON for cows 
with lower DMI and increased DMI compared with 
CON for cows with higher DMI. Greater ruminal starch 
digestion among cows with lower intake combined with 
greater dominance of hepatic oxidation for control of 
DMI might have caused this response.

Saccharomyces cerevisiae fermentation product has 
been reported to stimulate growth of fiber-degrading 
bacteria (Wiedmeier et al., 1987; Harrison et al., 1988; 
Callaway and Martin, 1997) and increase digestibility 
of fiber both in situ (Yoon and Garrett, 1998), and 
in vivo (Wiedmeier et al., 1987). However, SCFP did 
not affect ruminal digestibility, turnover, or pool size 
of NDF, a potential mechanism by which SCFP might 
increase DMI (Oba and Allen, 1999b). Total-tract NDF 
digestibility was relatively low, likely because the for-
ages were highly lignified (diet lignin ~12% of NDF; 
Table 2).

Saccharomyces cerevisiae fermentation product has 
been reported to increase populations of lactate-degrad-
ing organisms (Nisbet and Martin, 1991), potentially 
increasing ruminal pH. However, treatment did not af-
fect ruminal concentration of lactate or mean ruminal 
pH in this experiment. The lack of effect of SCFP on 
ruminal pH is consistent with the complete absence of 
effects of treatment on responses affected by ruminal 
pH, such as ruminal digestion of NDF, milk FA profile, 
milk fat yield, and energy partitioning. Daily mean 

Figure 3. Interaction of control (CON; open circles, dashed line) 
and Saccharomyces cerevisiae fermentation product (SCFP; closed 
circles, solid line) with preliminary DMI (pDMI) for apparent digest-
ibility of OM: (A) ruminal (P = 0.02 quadratic), (B) postruminal (P 
= 0.01 quadratic), and (C) total tract (P = 0.04 linear). The pDMI on 
the x-axis are the mean DMI of individual cows during the final 4 d of 
the preliminary period when all cows were fed a common diet.
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ruminal pH was positively related to digestion rate of 
pdNDF (Oba and Allen, 2003b) and a reduction in pH 
is the main cause of altered biohydrogenation of FA by 
rumen microbes (Fuentes et al., 2009), resulting in milk 
fat depression. Further, certain trans FA produced by 

ruminal biohydrogenation can alter energy partitioning 
(Harvatine et al., 2009).

All interactions observed between treatment and 
pDMI for nitrogen metabolism in the rumen and postru-
minal digestion were quadratic; for cows with higher and 

Table 10. Nitrogen metabolism of cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and 
interaction with DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

N intake, g/d 542 561 20 0.27  NS2 <0.01 NS NS NS
Ruminal ammonia, mg/dL 12.2 13.6 0.8 0.02 NS 0.47 0.33 0.93 <0.01
Flow to duodenum
 Ammonia N, g/d 15.2 15.0 1.4 0.83 NS NS NS 0.09 NS
 NAN
  g/d 726 673 49.7 0.32 NS 0.01 0.68 0.69 0.08
  % of N intake 135 118 7.4 0.06 NS 0.41 0.51 0.68 0.02
 NANMN3

  g/d 321 303 26 0.57 NS 0.07 NS NS NS
  % of N intake 65.0 52.1 4.27 0.03 NS 0.86 0.91 0.70 0.01
  % of duodenal NAN 46.6 44.0 2.2 0.47 NS NS NS NS NS
 Microbial N
  g/d 362 375 25.3 0.64 NS 0.02 NS NS NS
  % of duodenal NAN 53.4 56.0 2.2 0.47 NS NS NS NS NS
  g/kg of TRDOM4 46.7 41.5 4.04 0.24 NS 0.36 0.42 0.73 0.11
NAN postruminal digestion
 g/d 511 455 45.5 0.23 NS 0.05 0.31 0.59 0.03
 % of N intake 94.3 79.0 7.47 0.07 NS 0.45 0.27 0.58 0.02
 % of duodenal passage 69.1 65.7 2.3 0.16 NS 0.62 0.12 0.58 0.04
N total-tract apparent digestion
 g/d 317 337 13 0.13 NS <0.01 NS 0.09 NS
 % 58.8 59.9 1.1 0.41 NS 0.90 0.09 NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
3NANMN = nonammonia, nonmicrobial N.
4TRDOM = true ruminally digested OM.

Table 11. Ruminal VFA concentrations and pH of cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) 
treatments and interaction with DMI measured during the preliminary period 

Item

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Total VFA, mM 146.1 145.2 2.5 0.54  NS2 NS NS 0.11 NS
 Acetate 80.8 82.2 1.9 0.15 NS 0.66 0.97 0.81 0.03
 Propionate 36.1 34.7 1.74 0.74 NS NS NS NS NS
 Butyrate 20.3 20.2 0.7 0.89 NS NS NS 0.13 NS
 Isobutyrate 1.29 1.21 0.05 0.10 NS NS NS NS NS
 Valerate 3.96 3.76 0.53 0.27 NS NS NS NS NS
 Isovalerate 2.42 2.43 0.17 0.91 NS 0.84 0.79 0.40 0.10
 Branched-chain VFA 3.71 3.67 0.20 0.79 NS 0.92 0.42 0.39 0.08
Lactate, mM 0.70 0.92 0.22 0.51 NS NS NS 0.11 NS
Acetate:propionate 2.35 2.34 0.13 0.90 NS NS NS NS NS
Ruminal pH 5.96 5.97 0.05 0.74 NS NS NS 0.08 NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
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lower pDMI compared with cows with midrange pDMI, 
SCFP decreased ruminal ammonia concentration and 
increased NAN and NANMN flows to the duodenum as 

a percentage of N intake and postruminal digestibility 
of NAN as a percentage of N intake compared with 
CON. A reduction in ruminal ammonia concentration 

Table 12. Milk FA profile for cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and interaction 
with DMI measured during the preliminary period 

FA, % of total

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

18:1 trans-10 2.47 1.77 0.900 0.35  NS2 NS NS NS NS
CLA3 (cis-9,trans-11) 0.56 0.54 0.041 0.68 NS 0.11 NS NS NS
CLA (trans-10,cis-12) 0.006 0.003 0.003 0.19 NS NS NS NS NS
18:1 trans 4.32 3.72 0.83 0.40 NS NS NS NS NS
18:1 cis 19.2 18.6 0.71 0.21 NS 0.02 NS NS NS
Total <C16 24.1 24.6 0.77 0.38 NS <0.01 NS NS NS
Total C18 35.4 34.4 1.31 0.19 NS <0.01 NS NS NS
Uns4 C18 27.5 26.3 1.28 0.13 NS 0.06 NS NS NS
Uns % in C18 77.3 76.2 1.26 0.26 NS NS NS NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
3Conjugated linoleic acid.
4Uns = unsaturated.

Table 13. Energy balance and efficiency of cows for Saccharomyces cerevisiae fermentation product (SCFP) and control (CON) treatments and 
interaction with DMI measured during the preliminary period 

Energy

Treatment LSM

SE

P-value1

CON SCFP Trt
Trt × 
period pDMI

Trt × 
pDMI

pDMI × 
pDMI

Trt × pDMI 
× pDMI

Intake, Mcal of GE2/d 93.7 96.8 3.47 0.29  NS3 <0.01 NS NS NS
Apparent total-tract digested
 Mcal/d 75.1 78.1 2.77 0.21 NS <0.01 NS NS NS
 % 80.3 80.7 0.23 0.16 NS 0.66 0.03 NS NS
Intake
 DE,4 Mcal/d 75.1 78.1 2.77 0.21 NS <0.01 NS NS NS
 NEL,

5 Mcal/d 42.0 43.7 1.55 0.20 NS <0.01 NS NS NS
Production
 Milk NEL,

6 Mcal/d 23.9 24.7 1.73 0.15 NS <0.01 NS 0.11 NS
 Empty BW change, kg/d 0.38 0.45 0.169 0.79 NS NS NS NS NS
 NEL

7 empty BW gain, /d 2.90 3.36 1.32 0.83 NS NS NS 0.14 NS
Balance
 NEL available for maintenance,8 Mcal/d 7.23 8.06 1.03 0.50 NS NS NS 0.15 NS
 Milk NEL, % of NEL intake 56.1 55.9 3.03 0.86 NS 0.09 NS 0.06 NS
 NEM, % of NEL intake 26.7 25.4 1.39 0.32 NS <0.01 NS 0.07 NS
Efficiency
 NEL milk/DE intake 0.313 0.312 0.017 0.91 NS 0.09 NS 0.06 NS
 NEL production/DE intake9 0.351 0.356 0.020 0.88 NS 0.06 NS NS NS
1P-values for treatment (Trt), Trt by period interaction (Trt × period), preliminary DMI (pDMI), Trt by pDMI interaction (Trt × pDMI), 
quadratic effect of pDMI (pDMI × pDMI), and Trt by quadratic effect of pDMI (Trt × pDMI × pDMI).
2GE = gross energy.
3NS = nonsignificant, with P > 0.15; term was removed from the statistical model. Linear and quadratic effects of pDMI were removed from the 
model if their corresponding interactions with Trt were removed, although P-values are included in the table.
4DE = digestible energy.
5NEL(intake) = DMI (kg) × [0.0245 × TDN(%)] (NRC, 1989).
6NEL(milk) (Mcal/d) = milk yield (kg) × (0.0929 × fat% + 0.0563 × true protein% + 0.0395 × lactose%) (NRC, 2001).
7NEL(empty BW change) calculated according to NRC (2001).
8NEL available for maintenance = NEL(intake) – NEL(maintenance) – NEL(milk), where NEL(maintenance) = 0.080 × BW0.75 (NRC, 2001).
9(NEL milk yield + NEL BW gain)/DE intake.
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might be from reduced proteolysis in the rumen, con-
sistent with the corresponding greater duodenal flows 
of NANMN and NAN. A reduction in proteolysis is 
more likely for cows with higher pDMI, for which SCFP 
reduced the rate of starch digestion and ruminal starch 
digestibility compared with CON, because some starch-
degrading bacteria (e.g., Streptococcus bovis) have high 
proteolytic activity (Russell et al. 1981), resulting 
in deamination of AA and production of ammonia. 
This is also consistent with the observed decrease in 
ruminal concentration of branched-chain VFA derived 
from deamination of branched-chain AA. Differences in 
ruminal ammonia concentration might also have been 
from incorporation of ammonia into microbial protein, 
microbial lysis, or predation of bacteria by protozoa. 
However, no effect of treatment or its interaction with 
pDMI was detected for duodenal flow of microbial N.

The interaction between treatment and pDMI ob-
served for efficiency of microbial N production is con-
sistent with the effects of treatment on rate of starch 
digestion in the rumen. We previously reported negative 
relationships between MNE and rate of starch diges-
tion (Oba and Allen, 2003c; Voelker and Allen, 2003), 
indicating that energy from starch fermentation might 
not be efficiently utilized for microbial growth as rate 
of starch digestion increases. This might be because of 
a deficiency of AA, peptides, or any unknown growth 
factors or because the rate of fermentation exceeded 
the maximum growth rate of the microbial population 
(Oba and Allen, 2003c).

CONCLUSIONS

Ruminal starch digestion response to SCFP varied 
across cows used in this experiment and the response 
was related to their daily feed intake. A reduction in 
rate of starch digestion and ruminal starch digestibility 
for cows consuming higher quantities of feed might al-
low lower-forage, higher-starch diets to be fed, decreas-
ing the filling effect of the diet and providing more 
glucose precursors for these cows with greater glucose 
requirements. Increased ruminal starch digestibility for 
cows with lower feed intake might allow lower-starch, 
higher-forage diets to be fed, possibly reducing diet cost 
without lowering milk yield. However, greater starch 
digestibility for lower-producing cows with adipose tis-
sue that is more insulin sensitive might partition more 
energy to body condition at the expense of milk yield 
if diets are not formulated to compensate. Further re-
search is needed on the mechanism by which this SCFP 
affects the populations of starch-digesting microbes in 
the rumen and its interaction with feed intake.
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