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Overview

Effect of SC fermentation product (NutriTek®) on feed intake parameters, 
lactation performance, and metabolism of transition dairy cattle:  
Summary of journal article1

•	 Sixty-four prepartum Holstein cows (50 multiparous, 14 primiparous) were used in a  
randomized complete block design. 
-  	Cows were blocked by parity, expected calving date, and previous 305-d  
	 Mature Equivalent (ME) yield and then randomly assigned to one of the  
	 following treatments: 
	 »  Control (n = 30) 
	 »  NutriTek (16.0 ± 0.7 g/d prepartum and 18.9 ± 0.5 g/d postpartum; n = 34)  
	     fed -29 +/-5 to 42 d relative to calving 

•	 The TMR was formulated for an expected average DMI of 24.5 lbs/d prepartum and  
44 lbs/d postpartum.  
-  	NutriTek was incorporated into a TMR at 19 g/d. 
-  	Diets were formulated to meet NRC (2001) requirements for a 1433 lbs Holstein cow; the  
	  lactation diet was formulated to support 99 lbs/d of milk production at 44 lbs/d of DMI.

Table 1: Lactation Diet

The primary objective 
of this study was to 

determine the effect of 
NutriTek® on feeding 
behavior during the 

transition period in dairy 
cows; the secondary 

objective was to 
evaluate the effects 
on milk production 
and composition, 

energy balance, and 
metabolism. The study 

was conducted at 
Kansas State University. 
(Olagaray et al., 20191)

DAIRY

•	 Cows were milked twice daily, and milk weights were recorded at each milking. Milk samples  
were collected at each milking two days per week and analyzed for:  
-  Concentrations of fat, true protein, and lactose 
-  Somatic Cell Counts

•	 Fat and energy-corrected milk and somatic cell linear score were calculated. 

•	 Body condition scores were recorded weekly.

•	 Body weight was measured at enrollment, after calving, and at 42 DIM.

Nutrients, % DM Prepartum Base Diet Postpartum Base Diet

DM, % as fed 63.3 59.7

CP 12.9 17.0

ADF 25.0 17.8

Ash-free NDF 43.1 31.3

Starch 15.3 22.6

Crude Fat 5.1 6.3

1Olagaray, K. E., S. E. Sivinski, B. A. Saylor, L. K. Mamedova, J. A. Sauls-Hiesterman, I. Yoon, and B. J. Bradford. 2019. Effect of 
Saccharomyces cerevisiae fermentation product on feed intake parameters, lactation performance, and metabolism of transition 
dairy cattle. J. Dairy Sci. 102:8092-8107.
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Results

Feeding Behavior: Feeding behavior of the intake was different between groups although no difference was 
detected in DMI between treatment groups.  NutriTek® supplemented cows increased meals per day with less 
time between meals which may be linked to a stable rumen fermentation and pH.

Production Responses: NutriTek supplemented cows increased milk fat concentration. The greatest 
response of milk fat yield was during week 4 and 5 of lactation. There were no significant changes in 
body condition scores or body weight loss.

Figure 1: Meal count per day and the interval between the meals

Table 2: NutriTek Production Response Compared to Control

Overview - continued

Control 
NutriTek

Control 
NutriTek

NutriTek Control SE Diff Diet effect, P-value

DMI, lb/d 45.5 45.3 1.14 0.2 0.84

Milk, lb/d 88.6 91.1 2.77 -2.5 0.43

Fat, % 4.32 3.96 0.11 0.36 0.01

Protein, % 3.12 3.03 0.04 0.09 0.16

3.5% FCM, lb/d 101.1 96.6 4.18 4.5 0.32

ECM, lb/d 99.5 96.6 3.65 2.9 0.41

•	 Blood samples were taken from each cow during wk -4, -2, 1, 2 and 5 relative to calving to  
measure free fatty acids, glucose, insulin, and total plasma cholesterol.

•	 Cow health was evaluated daily by visual inspection, rectal temperature measurement, and  
assessment of urine acetoacetic acid concentration.  Disorders monitored were subclinical  
ketosis, milk fever, displaced abomasum, retained placenta, metritis, and mastitis. 

•	 Results were analyzed using the MIXED procedure and models included fixed effects of  
treatment, time (repeated measures when applicable), parity, and their interactions with  
random effects of block and cow.
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Summary

Metabolic Measures: 

•	 NutriTek supplementation did not alter energy metabolites (plasma free fatty acids,  
β-hydroxy butyrate (BHB), insulin or glucose), BCS, and body weight during the  
transition period.  Fat mobilization as indicated by liver triglycerides was not altered  
by NutriTek® supplementation.

•	 Liver metabolic signals were slightly influenced by NutriTek supplementation:  
-  Tendency for greater abundance mRNA of phosphoenolpyruvate carboxykinase  
	 (PCK1, P= 0.08), which is the gene coding for the enzyme that is primary control  
	 point for glucose production (gluconeogenesis). 
-  Supplementation with NutriTek led to shifts in cholesterol metabolism, tending  
	 to decrease hepatic cholesterol and increase plasma cholesterol.

•	 NutriTek supplementation did not alter incidence of clinical ketosis.  At days 10 to 20 of  
lactation, multiparous cows fed NutriTek had increased levels of of plasma BHB and  
reported sub-clinical ketosis incidence as determined by urine ketones greater than  
40 mg/dL.  Along with other measures of metabolism and liver enzymes, this may be a  
typical response in a normal, high producing cow.

Transition cows supplemented with NutriTek (4 weeks prior to calving and 6 weeks after 
calving) consumed more meals per day with less time between meals (Figure 1).  NutriTek 
appeared to contribute to the rumen dynamics to stabilize fermentation patterns and pH 
which influences feeding behaviors of dairy cows.  NutriTek fed cows were supported in a 
manner to produce additional milk fat yield during the transition period (Figure 2).

Results - continued

Figure 2: Milk yield and fat
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ABSTRACT

The transition period in dairy cattle is characterized 
by many stressors, including an abrupt diet change, 
but yeast product supplementation can alter the ru-
men environment to increase dairy cattle productivity. 
Saccharomyces cerevisiae fermentation product (SCFP) 
was fed from −29 ± 5 to 42 d relative to calving (RTC) 
to evaluate the effects on feed intake, milk production, 
and metabolism. Treatments were control (n = 30) or 
SCFP (n = 34) incorporated into a total mixed ra-
tion. Cows were individually fed 3×/d prepartum and 
2×/d postpartum. Blood samples were collected once 
during each of the following time points RTC: d −28 
to −24 (wk −4), d −14 to −10 (wk −2), d 3 to 7 
(wk 1), d 12 to 16 (wk 2), and d 31 to 35 (wk 5). 
Liver biopsies were taken once between d −19 and d 
−12 (wk −3) and at 14 d in milk. Cows were milked 
2×/d, and samples were taken 2 d/wk for composition 
analysis. Dry matter intake did not differ by treatment, 
but SCFP increased meals per day and decreased time 
between meals. Body weight (measured at enrollment, 
d 0, and d 42 RTC) and body condition score (scored 
weekly) were not affected by treatment. Milk, energy-
corrected milk, and fat-corrected milk yields did not 
differ by treatment. Milk fat concentration was greater 
for SCFP, with significant differences in wk 4 and 5. 
Milk lactose concentration tended to be greater for 
the control and milk urea nitrogen tended to be lesser 
for the control, but there were no treatment effects 
on milk protein concentration or somatic cell count. 
Assuming equal digestibility, energy balance deficit 
was greater for SCFP than for the control (−6.15 vs. 
−4.34 ± 0.74 Mcal/d), with significant differences in 
wk 4 and 5. Plasma concentrations of free fatty ac-
ids, β-hydroxybutyrate, glucose, and insulin did not 
differ with treatment, but cholesterol was greater for 

SCFP. Liver triglyceride increased and liver cholesterol 
decreased with time. Liver triglyceride did not differ 
by treatment, but liver cholesterol tended to be lesser 
in SCFP. Relative mRNA abundance of cholesterol-
related genes (SREBF2, HMGCS1, HMGCR, MTTP, 
SPOB100, APOA1), FGF21, and CPT1A did not dif-
fer by treatment, but PCK1 tended to be greater for 
SCFP. The ketogenic transcript HMGCS2 was greater 
for SCFP, which aligns with SCFP increasing incidence 
of subclinical ketosis; however, BDH did not differ be-
tween treatments. In conclusion, SCFP supplementa-
tion increased meals per day with less time between 
meals, increased milk fat concentration, altered choles-
terol metabolism, and increased incidence of subclinical 
ketosis, but early-lactation milk yield and metabolism 
were generally unaffected.
Key words: Saccharomyces cerevisiae fermentation 
product, transition cow, feeding behavior

INTRODUCTION

Feeding yeast culture products to dairy cattle can 
alter the rumen environment to increase populations 
of microbes associated with fiber digestion (Mullins et 
al., 2013), increase lactic acid utilization, and increase 
ruminal pH (Piva et al., 1993). Milk production re-
sponses have been variable, with reports of increased 
milk production in some studies (Zaworski et al., 2014; 
Acharya et al., 2017; Dias et al., 2018a) but not others 
(Dann et al., 2000; Schingoethe et al., 2004; Yuan et al., 
2015a). Possible explanations for varying production 
responses to Saccharomyces cerevisiae fermentation 
product (SCFP) include differences in dietary NDF 
concentration (Robinson and Erasmus, 2009), forage:​
concentrate ratio (Piva et al., 1993), DMI and level of 
milk production (Allen and Ying, 2012), and stage of 
lactation (Poppy et al., 2012) across studies.

Saccharomyces cerevisiae fermentation products have 
been particularly advantageous during periods of stress, 
reducing fluctuations in rumen pH during SARA (Li et 
al., 2016) and increasing DMI during the transition pe-
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riod (3 wk before and after calving; Poppy et al., 2012). 
The meta-analysis by Poppy et al. (2012) determined 
that early-lactation SCFP supplementation increased 
DMI by 0.62 kg/d and ECM by 1.65 kg/d. Mechanisms 
behind these responses to SCFP supplementation dur-
ing the transition period are not fully known but could 
be attributed to altered rumen microbial population 
and thus changes in ruminal VFA production (Poppy et 
al., 2012), altered feeding behavior (DeVries and Che-
vaux, 2014; Yuan et al., 2015a), or improved immune 
function (Zaworski et al., 2014).

The SCFP evaluated in this study is a new product 
that contains added antioxidants and polyphenols. 
Based on previous SCFP studies and the anti-inflam-
matory and antioxidant effects of polyphenols (Middle-
ton et al., 2000), we hypothesized that feeding this 
SCFP product during the transition period would alter 
feeding behavior. The primary objective of this study 
was to determine the effect of this new SCFP product 
(NutriTek, Diamond V, Cedar Rapids, IA) on feeding 
behavior during the transition period in dairy cows; 
the secondary objective was to evaluate the effects on 
milk production and composition, energy balance, and 
metabolism.

MATERIALS AND METHODS

Experimental procedures were approved by the Kan-
sas State University Institutional Animal Care and Use 
Committee (protocol no. 3759.2).

Cows and Treatments

Sixty-four prepartum Holstein cows (50 multiparous, 
14 primiparous) were used in a randomized complete 
block design. Cows were blocked by parity, expected 
calving date, and previous 305-d ME yield and then 
randomly assigned to treatment within block. Treat-
ments were either control (n = 30) or SCFP (16.0 ± 
0.7 g/d prepartum and 18.9 ± 0.5 g/d postpartum; n = 
34; NutriTek, Diamond V) incorporated into a TMR. 
The TMR was formulated for an expected average 
DMI of 11.1 kg/d prepartum and 20 kg/d postpartum. 
Differences between expected and observed intakes 
resulted in slight deviations from the manufacturer’s 
recommended SCFP dose of 19 g/d. Across the entire 
period, SCFP consumption averaged 17.4 ± 0.6 g/d. 
We evaluated the power of the study to detect dif-
ference in Ig response to ovalbumin vaccination, our 
key measure of adaptive immune function (results not 
shown here). We used variance data from our past work 
(Yuan et al., 2015b) and found that 60 cows (30/treat-
ment) would provide 90% power to detect a 0.06 dif-
ference in optical density for anti-ovalbumin IgG. This 

magnitude matches the difference in means observed in 
our previous study (Yuan et al., 2015b) and at 15% of 
the mean optical density reflects sufficient sensitivity to 
detect a meaningful difference in antibody production. 
Treatments were fed from −29 ± 5 to 42 d relative 
to calving (RTC). Time points referencing time RTC 
refer to days before expected calving date for prepar-
tum data and days relative to actual calving date for 
postpartum data. Average BCS (3.61 ± 0.06) and BW 
(689 ± 13 kg) were not different between treatment 
groups at enrollment (P ≥ 0.41).

Diets were formulated to meet NRC (2001) require-
ments for a 650-kg Holstein cow; the lactation diet was 
formulated to support 45 kg of milk production/d at 20 
kg of DMI/d. Feed ingredient samples were collected 
once weekly, composited by 4 mo (12-mo experiment), 
and analyzed by wet chemistry methods for DM, NDF, 
starch, CP, ether extract, and ash content (Dairy One, 
Ithaca, NY). Dry matter content was determined by 
oven drying for 3 h at 105°C. Crude protein was deter-
mined (Etheridge et al., 1998) by oxidation and detec-
tion of N2 (Leco Analyzer, Leco Corp., St. Joseph, MI). 
Concentrations of ash-free NDF and ADF (Van Soest 
et al., 1991) were determined using an Ankom Fiber 
Analyzer (Ankom Technology, Macedon, NY) and filter 
bags with a pore size of 25 µm. Sodium sulfite was 
added to the detergent solution for the ash-free NDF 
analysis. Crude fat was determined by ether extraction 
(method 2003.05; AOAC International, 2012). Ash con-
centration was determined using AOAC International 
(2012) method 942.05. Chemical analyses of individual 
feed ingredients were used for determination of TMR 
nutrient composition (Table 1).

To evaluate adaptive immunity, cows were injected 
on d 7 and 21 RTC with an innocuous protein, oval-
bumin (0.5 mg; Sigma-Aldrich, St. Louis, MO) along 
with 0.25 mg of Quil-A adjuvant dissolved in 1.0 mL of 
saline (vac-quil; Invivogen, San Diego, CA). Results for 
this protocol are not presented here.

Data and Sample Collection

Prepartum cows were fed treatment diets 3×/d 
(0900, 1300, and 1700 h) using an electronically gated 
feeding system (Roughage Intake System; Insentec 
B.V., Marknesse, the Netherlands). All cows on a given 
dietary treatment were allowed access to 4 feed bins 
assigned to that treatment, and no more than 6 animals 
shared those 4 bins at any given time. After calving, 
cows were moved to a tiestall facility where they were 
fed individually twice daily (0500 and 1700 h). Both 
feeding systems electronically recorded individual feed 
consumption and meal patterns. As-fed feed intake was 
recorded daily and adjusted by TMR DM for determi-
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nation of meal and daily DMI. Analysis of individual 
feeding behavior data was performed according to Yuan 
et al. (2015a). Specifications for feeding behavior pa-
rameters such as a minimum intermeal interval of 12 
min and minimum meal weight of 0.4 kg were based 
on Mullins et al. (2012). Meals considered biologically 
infeasible (eating rate >1.8 kg/min) were removed 

before analysis of meal weight, length, and count. In 
addition to electronically recorded DMI determination, 
feed refusals and water intake were measured daily 
postpartum.

Cows were milked 2×/d (0400 and 1600 h) and milk 
weights were recorded at each milking. Milk samples 
were collected at each milking 2 d/wk and analyzed 

Table 1. Ingredient and nutritional composition (% of DM unless otherwise noted) of the prepartum and 
postpartum diets

Item

Prepartum

 

Postpartum

Control SCFP1 Control SCFP

Ingredient    
  Lower quality alfalfa hay (22.1% CP) — 9.57
  Higher quality alfalfa hay (23.9% CP) — 9.57
  Grass hay 38.61 1.66
  Corn silage 21.15 24.06
  Wet corn gluten feed2 18.09 23.56
  Cottonseed — 3.98
  Ground corn 7.73 7.69 17.16 17.11
  Micronutrient premix3,4,5,6 14.42 14.48 10.42 10.48
Nutrient
  DM, % as fed 63.3 59.7
  CP 12.9 17.0
  ADF 25.0 17.8
  Ash-free NDF 43.1 31.3
  NFC 30.1 37.6
  Starch 15.3 22.6
  Crude fat 5.1 6.3
  NEL,

7 Mcal/kg 1.42 1.66
1Saccharomyces cerevisiae fermentation product.
2Sweet Bran (Cargill Inc., Blair, NE).
3Prepartum control micronutrient premix consisted of 37.5% SoyChlor (anionic feed supplement, West Central 
Cooperative, Ralston, IA), 34.3% soybean meal, 7.51% calcium propionate, 6.44% calcium sulfate, 5.36% Ca 
salts of long-chain fatty acids (Megalac R, Arm & Hammer Animal Nutrition, Princeton, NJ), 2.68% Reashure 
(28.8% choline chloride, Balchem Corp., New Hampton, NY), 2.14% vitamin E (20 kIU/g), 1.29% stock salt, 
1.03% Niashure (65% niacin, Balchem Corp.), 0.54% magnesium oxide, 0.33% 4-Plex (Zinpro Corp., Eden 
Prairie, MN), 0.21% vitamin A premix (30 kIU/g), 0.19% selenium, 0.15% Zinpro 120 (Zinpro Corp.), 0.10% 
Rumensin 90 (Elanco Animal Health, Greenfield, IN), 0.09% Biotin 100 (ADM Alliance Nutrition, Quincy, IL), 
0.06% vitamin D premix (30 kIU/g), and 0.02% ethylenediamine dihydroiodide premix (3.65% I).
4Prepartum SCFP micronutrient premix consisted of 37.2% SoyChlor (anionic feed supplement, West Central 
Cooperative), 34.0% soybean meal, 7.44% calcium propionate, 6.37% calcium sulfate, 5.31% Ca salts of long-
chain fatty acids (Megalac R, Arm & Hammer Animal Nutrition), 2.66% Reashure (28.8% choline chloride, 
Balchem Corp.), 2.12% vitamin E (20 kIU/g), 1.27% stock salt, 1.02% Niashure (65% niacin, Balchem Corp.), 
0.94% SCFP (NutriTek, Diamond V, Cedar Rapids, IA), 0.53% magnesium oxide, 0.33% 4-Plex (Zinpro Corp.), 
0.21% vitamin A premix (30 kIU/g), 0.19% selenium, 0.15% Zinpro 120 (Zinpro Corp.), 0.10% Rumensin 90 
(Elanco Animal Health), 0.09% Biotin 100 (ADM Alliance Nutrition), 0.06% vitamin D premix (30 kIU/g), 
and 0.02% ethylenediamine dihydroiodide premix (3.65% I).
5Postpartum control micronutrient premix consisted of 59.9% expeller soybean meal (SoyBest, Grain States 
Soya, West Point, NE), 12.0% limestone, 10.5% sodium bicarbonate, 7.48% Ca salts of long-chain fatty acids 
(Megalac R, Arm & Hammer Animal Nutrition), 2.40% magnesium oxide, 1.50% stock salt, 1.50% trace min-
eral salt, 1.50% potassium chloride, 1.50% vitamin E (20 kIU/g), 0.94% Biotin 100 (ADM Alliance Nutrition), 
0.25% selenium premix (0.06%), 0.23% 4-Plex (Zinpro Corp.), 0.15% vitamin A premix (30 kIU/g), 0.12% 
Zinpro 120 (Zinpro Corp.), 0.06% Rumensin 90 (Elanco Animal Health), 0.04% vitamin D premix (30 kIU/g), 
and 0.01% ethylenediamine dihydroiodide premix (3.65% I).
6Postpartum SCFP micronutrient premix consisted of 59.4% expeller soybean meal (SoyBest, Grain States 
Soya), 11.9% limestone, 10.4% sodium bicarbonate, 7.42% Ca salts of long-chain fatty acids (Megalac R, Arm 
& Hammer Animal Nutrition), 2.37% magnesium oxide, 1.48% stock salt, 1.48% trace mineral salt, 1.48% 
potassium chloride, 1.48% vitamin E (20 kIU/g), 0.93% Biotin 100 (ADM Alliance Nutrition), 0.87% SCFP 
(NutriTek, Diamond V), 0.25% selenium premix (0.06%), 0.23% 4-Plex (Zinpro Corp.), 0.15% vitamin A pre-
mix (30 kIU/g), 0.12% Zinpro 120 (Zinpro Corp.), 0.06% Rumensin 90 (Elanco Animal Health), 0.04% vitamin 
D premix (30 kIU/g), and 0.01% ethylenediamine dihydroiodide premix (3.65% I).
7NEL = 0.703 × ME (Mcal/kg) − 0.19 + {[0.097 × ME (Mcal/kg) + 0.19]/97} × [ether extract (%) − 3].
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for concentrations of fat, true protein, lactose (B-2000 
Infrared Analyzer; Bentley Instruments, Chaska, MN), 
MUN (MUN spectrophotometer; Bentley Instruments), 
and somatic cells (SCC 500; Bentley Instruments) by 
MQT Labs (Kansas City, MO). Somatic cell linear score 
(SCLS) was calculated as described by Schukken et al. 
(2003): SCLS = log2[SCC(1,000 cells/mL)/100] + 3. 
Energy-corrected milk was calculated as (0.327 × milk 
yield) + (12.95 × fat yield) + (7.65 × protein yield), 
and FCM was calculated according to NRC (2001) as 
(0.432 × milk yield) + (16.216 × fat yield).

Body condition score was recorded weekly by 3 
trained investigators. Body weight was measured at 
enrollment (d −29 ± 5 RTC), after calving, and at 42 
DIM. Prepartum energy balance was calculated accord-
ing to NRC (2001) as net energy (NE) intake − (NE 
maintenance + NE pregnancy), where NE intake is DMI 
× NEL of prepartum ration, NE maintenance (Mcal/d) 
is BW0.75 × 0.08, and NE for pregnancy (Mcal/d) is 
{(2 × 0.00159 × days pregnant − 0.0352) × [(mature 
weight × 0.06275)/45]}/0.14. Postpartum energy bal-
ance was calculated as NE intake − (NE maintenance 
+ NE milk), where NE intake and NE maintenance 
were calculated as described above but used NEL of 
postpartum diets, and BW was adjusted with a con-
stant weekly rate of BW loss between d 0 and 42 DIM. 
Net energy in milk was calculated as 0.75 × ECM.

A total of 5 jugular blood samples (60 mL) were 
taken from each cow throughout the experiment. The 
days (RTC) of sampling were as follows: d −28 to −24 
(wk −4), d −14 to −10 (wk −2), d 3 to 7 (wk 1), d 
12 to 16 (wk 2), and d 31 to 35 (wk 5). From the 60-
mL sample, 50 mL was used for neutrophil isolation 
and oxidative burst assay (results not shown), and the 
remaining 10 mL was allocated to 2 tubes containing ei-
ther K3EDTA or sodium fluoride. Evacuated containers 
were immediately placed on ice. Plasma was separated 
by centrifugation (1,500 × g for 15 min) and stored in 
microcentrifuge tubes at −20°C until analyses. Plasma 
samples were analyzed for free fatty acids (FFA; NE-
FA-HR; Wako Chemicals USA Inc., Richmond, VA), 
BHB (kit no. H7587-58; Pointe Scientific Inc., Canton, 
MI), and glucose (kit no. 439-90901; Wako Chemicals 
USA Inc.) by enzymatic assays. Insulin was measured 
by a bovine-specific sandwich ELISA (no. 10-1201-01; 
Mercodia AB, Uppsala, Sweden). Total plasma choles-
terol was measured using a fluorometric assay kit (item 
no. 10007640; Cayman Chemical, Ann Arbor, MI).

Liver biopsies were collected by percutaneous biopsy 
according to Mullins et al. (2012) once between d −19 
and −12 RTC (allowing prepartum biopsies to occur 
only 1 d/wk) and at 14 DIM for analysis of transcrip-
tional and metabolic responses to treatment. Liver tis-
sue was immediately frozen in liquid nitrogen. Samples 

were stored in 1.5-mL microcentrifuge tubes either 
alone for triglyceride (TG) and cholesterol analysis or 
with 1 mL of TriZol (ref. no. 15596018; ThermoFisher 
Scientific, Waltham, MA) for mRNA analysis; both 
were stored at −80°C until analysis. Liver TG content 
was measured as described by Yuan et al. (2013), and 
cholesterol concentrations were measured using an 
enzymatic assay (no. ab65390; Abcam, Cambridge, 
MA). Concentrations are expressed both relative to wet 
weight and relative to total protein content. Liver total 
protein concentration was evaluated by the Bradford 
method using a colorimetric kit (kit no. 23236; Thermo 
Scientific Pierce, Rockford, IL).

Hepatic transcripts evaluated include fibroblast-
growth factor-21 (FGF21), carnitine palmitoyl-
transferase 1A (CPT1A), phosphoenolpyruvate 
carboxykinase (PCK1), sterol regulatory element 
binding factor 2 (SREBF2), microsomal TG transfer 
protein (MTTP), apolipoprotein B 100 (APOB100), 
3-hydroxy-3-methylglutaryl-coenzyme A reductase 
(HMGCR), 3-hydroxy-3-methylglutaryl-coenzyme A 
synthase 1 (HMGCS1), apolipoprotein A 1 (APOA1), 
3-hydroxy-3-methylglutaryl-coenzyme A synthase 2 
(HMGCS2), BHB dehydrogenase (BDH), and inter-
nal control genes β-actin (ACTB) and 40S ribosomal 
protein S15 (RPS15). The RNA was isolated from 
liver tissue using the Direct-zol RNA mini prep kit (cat. 
no. r2072; Zymo Research, Irvine, CA). Quantitative 
real-time PCR was performed as previously described 
(Yuan et al., 2013). Briefly, 2 µg of total RNA per sam-
ple was used as a template for the reverse transcriptase 
reaction using random primers (High-Capacity cDNA 
RT kit; Bio-Rad Laboratories, Hercules, CA). Quality 
of RNA (integrity number = 7.62 ± 0.14 for a random 
subset of 12 samples) was verified with an Agilent 2100 
Bioanalyzer (Agilent Technologies, Santa Clara, CA). 
Quantitative real-time PCR was run in duplicate using 
5% of the cDNA product on 96-well plates with 200 
nM of gene-specific primers (Table 2) and SYBR Green 
master mix (cat. no. 172-5120; BioRad Laboratories). 
All target genes in samples were normalized against the 
control genes ACTB and RPS15; cycle threshold (Ct) 
values of these targets were not affected by treatment 
(P ≥ 0.40). Messenger RNA abundance was calculated 
as (2 × PCR efficiency)−ΔCt (Pfaffl, 2001), and results 
were scaled such that the wk −3 control mean equaled 
1 for each transcript.

Cow health was evaluated daily by visual inspec-
tion, rectal temperature measurement, and assessment 
of urine acetoacetic acid concentration (KetoCare, 
TRUEplus; Trividia Health, Fort Lauderdale, FL). 
Cows were monitored for disorders including subclini-
cal ketosis (SCK), milk fever, displaced abomasum, 
retained placenta, metritis, and mastitis. Subclinical 
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ketosis was defined as urine acetoacetic acid concentra-
tion >40 mg/dL, and other diseases were diagnosed 
according to the definitions of Kelton et al. (1998). 
Cows diagnosed with SCK were treated for 3 d with 
300 mL of propylene glycol (Oral Keto Energel, Aspen 
Veterinary Resources Ltd., Greely, CO).

Cow Exclusion Criteria and Attrition

A total of 90 cows were enrolled in the study, but 
data were used from just 64 cows, 59 of which com-
pleted the entire study. Five cows were removed from 
the study due to periparturient health issues that devel-
oped >4 DIM (n = 2) or because of administration of 
an initial adjuvant for ovalbumin injection that caused 
a dramatic febrile response (n = 3); for these cows, all 
prepartum data were used in analyses. The remaining 
cows that did not complete the study were removed due 
to >15% consumption of the incorrect diet prepartum, 
generally by overpowering the pneumatic gates (n = 
13), inability to adjust to the feeding system (n = 1), 
calving with <14 d on treatment diets (n = 3), twin 
calving (n = 4), calving paralysis (n = 1), chronic peri-

parturient illness developed <4 DIM (n = 3), and death 
<4 DIM (n = 1).

Statistical Analysis

Results were analyzed using the MIXED procedure 
of SAS (SAS Institute, Cary, NC). Models included 
fixed effects of treatment, time, parity, and 2- and 
3-way interactions with treatment and the random ef-
fects of block and cow. Interactions with parity were 
tested and removed from the model when P > 0.20. 
Repeated measures within cow were modeled with au-
toregressive or heterogeneous autoregressive covariance 
structures when data points were equally spaced, se-
lected based on the least Bayesian information criterion 
value. Unequally spaced data points (e.g., plasma data) 
were modeled with spatial power covariance structures. 
Prepartum data for DMI and feeding behavior were 
analyzed separately from postpartum data due to the 
different housing systems used. Milk and DMI data were 
summarized by week for statistical analysis. Outliers 
were excluded when the studentized residual exceeded 
an absolute value of 4, which represents less than 0.01% 

Table 2. Gene primers for quantitative reverse-transcriptase PCR of liver samples 

Trancript1   Primer   Primer sequence (5′ to 3′)   Accession no.2 Efficiency (%)

FGF21 Forward GCCAGGCGTCATTCAGATCT AC_000175.1 92
Reverse GAAAGCTGCAGGCTTTGGG

CPT1A Forward CTTCCCATTCCGCACTTTC DV820520 100
Reverse CCATGTCCTTGTAATGAGCCA

PCK1 Forward CGAGAGCAAAGAGATACGGTGC NM_174737.2 103
Reverse TGACATACATGGTGCGACCCT

SREBF2 Forward GATGCACAAGTCTGGCGTTC NM_001205600.1 70
Reverse GTCGATGCCCTTCAGGAGTT

HMGCS1 Forward ACAGTGAGGTGGGTAACTTTGA NM_001206578.1 90
Reverse GCTGCTTTCTTGCCTAAACTGT

HMGCR Forward GCTGCTGGTCGACCTTTCTA NM_001105613.1 70
Reverse TCCCACGAGCAATGTTCTCC

MTTP Forward TGGGTGTCACTTCGAAAGCC NM_001101834.1 70
Reverse GCTCCAGTTTCTGCCTCGAT

APOB100 Forward CTGGAGAGTGGAACGGATGC XM_015473552.1 95
Reverse GCACGTGGTCTGTCTGATGT

APOA1 Forward GGAGAGCCTCAAGGTCAGCATC NM_174242.3 73
Reverse ATCTCACTGGGCGTTCAGCTT

HMGCS2 Forward GGCGTCCCGTTTAAAGATATG XM_010803104.3 64
Reverse AGTTGAAAGAGGGCAGACGTT

BDH Forward AGGGTCTTCGAGAAGGAAACG NM_001034600.2 138
Reverse GGTTCCCAAAACAAACTGGCG

ACTB Forward ACGACATGGAGAAGATCTGG NM_173979.3 83
Reverse ATCTGGGTCATCTTCTCACG

RPS15 Forward GGCGGAAGTGGAACAGAAGA NM_001024541.2 97
Reverse GTAGCTGGTCGAGGTCTACG  

1FGF21 = hepatic fibroblast growth factor-21; CPT1A = carnitine palmitoyltransferase 1A; PCK1 = phos-
phoenolpyruvate carboxykinase; SREBF2 = sterol regulatory element binding factor 2; HMGCS1 = 3-hydroxy-
3-methylglutaryl-coenzyme A synthase 1; HMGCR = 3-hydroxy-3-methylglutaryl-coenzyme A reductase; 
MTTP = microsomal triglyceride transfer protein; APOB100 = apolipoprotein B 100; APOA1 = apolipopro-
tein A 1; HMGCS2 = 3-hydroxy-3-methylglutaryl-coenzyme A synthase 2; BDH = BHB dehydrogenase; ACTB 
= β-actin; RPS15 = 40S ribosomal protein S15.
2From NCBI Nucleotide Database (https:​/​/​www​​.ncbi​​.nlm​​.nih​​.gov/​nucleotide/​).

https://www.ncbi.nlm.nih.gov/nucleotide/
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of a normal population. Hepatic transcript abundance 
for all genes except SREBF2 were log-transformed be-
fore analysis to achieve a normal residual distribution, 
with results presented after back-transformation. Sig-
nificance was declared when P < 0.05, and tendencies 
were declared at 0.05 ≤ P < 0.10. When treatment 
interactions were P < 0.05, the slice option of SAS 
was used to test treatment effects at each measurement 
time or within parity.

RESULTS AND DISCUSSION

DMI and Feeding Behavior

Unsurprisingly, primiparous cows consumed less DM 
than multiparous cows both prepartum (10.3 vs. 13.0 
± 0.6 kg/d; P < 0.01) and postpartum (18.4 vs. 22.9 
± 0.62 kg/d; P < 0.001). Parity effects on prepartum 
feeding behavior included greater meal weight for mul-
tiparous cows (1.48 vs. 1.12 ± 1.3 kg; P < 0.01) and 
a longer intermeal interval for multiparous cows (0.82 
vs. 0.74 ± 0.02 h; P = 0.04). Postpartum meal length 
was shorter (22.7 vs. 27.0 ± 1.4 min; P < 0.05) and 
intermeal interval was longer for primiparous cows than 
for multiparous cows (1.85 vs. 1.57 ± 0.76 h; P = 0.07).

As shown in Table 3 and Figure 1A, DMI increased 
with the progression of lactation (P < 0.001); however, 
DMI did not differ with SCFP supplementation (P > 
0.69). In agreement, the only other 2 published stud-
ies evaluating this product (to our knowledge) did not 
observe an effect on DMI in transition cows (Shi et al., 
2019) or mid-lactation cows (Acharya et al., 2017).

Despite no overall effects on DMI, SCFP supplemen-
tation did modulate feeding behavior both pre- and 
postpartum in the present study. All feeding behavior 

parameters except intermeal interval (P = 0.28) were 
influenced by day RTC (P < 0.01; Table 3). Supplemen-
tation with SCFP tended to increase prepartum meal 
count (P = 0.06; Figure 1A) and decreased the time 
between meals (P = 0.03; Figure 1C), specifically dur-
ing the 10 d preceding calving. A treatment × day RTC 
interaction for meal weight (P = 0.03) indicated that 
control cows consumed larger meals from d −7 to −4 
RTC. These data suggest that SCFP cows consumed 
lighter meals more often, with less time between meals, 
leading up to calving. Interestingly, a prepartum treat-
ment × parity interaction for meal count and intermeal 
interval (P ≤ 0.03) suggested that this altered feeding 
behavior with SCFP mainly applied to primiparous 
cows. Meal count was greater (9.7 vs. 8.5 ± 0.4/d) and 
intermeal interval was lesser (0.65 vs. 0.82 ± 0.04 h) for 
primiparous SCFP than for control cows, but both were 
similar for multiparous SCFP and control cows (8.8 vs. 
8.9 ± 0.2/d and 0.82 vs. 0.81 ± 0.02 h). Postpartum, 
SCFP cows continued to consume more meals (P = 
0.04) with a tendency for less time between meals (P = 
0.07). Meal size and length did not differ by treatment 
(P ≥ 0.20).

Such modulation of feeding behavior has also been 
documented in previous transition cow studies supple-
menting either yeast culture (Yuan et al., 2015a) or 
active dry yeast (Bach et al., 2007; DeVries and Che-
vaux, 2014). The more frequent meals may contribute 
to improved rumen function. In yeast-supplemented 
late-lactation cows with increased meal frequency, ru-
men pH was also greater (Bach et al., 2007). DeVries 
and Chevaux (2014) debated that although yeast 
supplementation could modulate feeding behavior and 
that such alterations can stabilize rumen pH and fer-
mentation, it is also possible that feeding behavior is a 

Table 3. Feed intake, water intake, and feeding behavior parameters for control cows and cows supplemented with a Saccharomyces cerevisiae 
fermentation product (SCFP) from −29 ± 5 d relative to calving through 42 DIM

Item

Treatment (Trt)
Pooled  
SEM

P-value

Control SCFP Trt Time1 Trt × time Parity Trt × parity

Prepartum measure                
  DMI, kg/d 11.52 11.72 0.50 0.70 <0.001 0.76 <0.01 >0.20
  Meal count, no./d 8.66 9.27 0.22 0.06 <0.001 0.44 0.52 0.03
  Meal weight, kg 1.31 1.29 0.06 0.75 <0.001 0.03 <0.01 >0.20
  Meal length, min 28.28 29.49 0.94 0.28 <0.001 0.03 0.91 >0.20
  Intermeal interval, h 2.26 2.09 0.05 0.03 0.28 0.10 0.04 0.01
Postpartum measure                
  Water intake, L/d 104.3 109.7 3.7 0.16 <0.001 0.60 <0.001 >0.20
  DMI, kg/d 20.58 20.69 0.52 0.84 <0.001 0.75 <0.001 >0.20
  Meal count, no./d 11.32 12.60 0.45 0.04 <0.001 0.66 0.45 >0.20
  Meal weight, kg 2.00 1.91 0.12 0.59 <0.001 0.34 0.28 >0.20
  Meal length, min 23.81 25.90 1.30 0.20 <0.001 0.81 <0.05 >0.20
  Intermeal interval, h 1.81 1.62 0.09 0.07 <0.001 0.55 0.07 >0.20
1Time is by week for DMI and by day relative to calving for feeding behavior parameters.
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secondary effect in these circumstances. In such case, 
yeast supplementation may result in more consistent 
VFA production and improved fiber digestibility and 
therefore a more rapid return to eating. Through either 
mechanism, stabilization of rumen pH by SCFP (Shen 
et al., 2018) would support its supplementation during 
the transition period when cows are at high risk for 
experiencing low rumen pH (Penner et al., 2014).

BW, Body Condition, Milk Production,  
and Energy Balance

Cows experienced the typical decrease in BCS and 
BW during the transition to lactation (P < 0.001); 
however, there was no effect of treatment or treatment 
× time for either (P > 0.50). On average, from the time 
of enrollment through 42 DIM cows lost 0.7 BCS units 
(from 3.6 to 2.9), and from calving through 42 DIM 
BW decreased by 46 kg (from 646 to 600 kg). As shown 
in Table 4 and Figure 2A, milk production expressed as 
milk, ECM, or FCM yield was unaffected by treatment 
(P ≥ 0.32). Several studies have failed to observe effects 
of SCFP on milk yield (Dann et al., 2000; Yuan et al., 
2015a), whereas others have reported positive effects 
(Ramsing et al., 2009; Zaworski et al., 2014; Acharya 
et al., 2017; Dias et al., 2018a). The variation in pro-
duction responses has been attributed to differences in 
DIM (Poppy et al., 2012), dietary NDF concentration 
(Robinson and Erasmus, 2009), and product evaluated 
(Yuan et al., 2015a). Studies also differ in power to 
detect treatment effects on milk yield. Milk fat con-
centration increased (P = 0.01) and milk fat yield 
tended to increase (P = 0.10; Figure 2B) for SCFP 
cows, with significant differences in wk 4 and 5 (Figure 
2B). We observed no differences for milk protein yield 
and content, lactose yield, or milk somatic cell linear 
score (P > 0.15). Milk lactose concentration tended to 
be greater for the control (P = 0.06), and MUN con-
centration tended to be greater for SCFP (P = 0.06). 
Although the net economic impacts depend on market 
conditions, one partial budget analysis that accounted 
for milk income and costs of feed, SCFP, and ketosis 
treatment suggested that responses to SCFP supple-
mentation in this study generated a positive financial 
return (Olagaray et al., 2019).

Greater milk fat content in early lactation can indi-
cate greater fat mobilization; however, lack of effects on 
BCS and timing of the milk fat response (wk 4 and 5) 
make that unlikely. Cows are at greater risk for ruminal 
acidosis after parturition (Penner et al., 2007). Supple-
mentation with SCFP has been shown to attenuate the 
associated decrease in milk fat content (Li et al., 2016); 
however, the timing of our observed response does not 
appear to align with this mechanism. Recent analysis 

Figure 1. Dry matter intake (A), meal count (B), and intermeal in-
terval (C) for control cows and cows supplemented with Saccharomyces 
cerevisiae fermentation product (SCFP) from −29 ± 5 d relative to 
calving (DRTC) through 42 DIM. An effect of time was present both 
prepartum and postpartum for all measures (P < 0.001). (A) Dry 
matter intake did not differ by treatment (P ≥ 0.75). (B) The SCFP 
cows tended to consume more meals per day prepartum (P = 0.06) 
and increased meals per day postpartum (P = 0.03). Prepartum SEM 
= 0.22, postpartum SEM = 0.45. (C) Supplementation with SCFP 
decreased time between meals prepartum (P = 0.03) and tended to 
decrease intermeal interval postpartum (P = 0.07). Prepartum SEM = 
0.05, postpartum SEM = 0.09.
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of a feeding behavior database revealed that milk fat 
yield was associated with meal frequency (+0.02 kg/
meal; Johnston and DeVries, 2018). As discussed previ-
ously, cows with greater meal frequency in response to 
SCFP supplementation also exhibited increased rumen 
pH (Bach et al., 2007). Even without changes in feeding 
behavior, SCFP increased rumen pH and reduced ru-
minal lactate concentrations (Dias et al., 2018b). Sac-
charomyces cerevisiae fermentation product is believed 
to contain growth factors that stimulate ruminal mi-
crobial growth, especially for lactate utilizers (Callaway 
and Martin, 1997; Chaucheyras-Durand et al., 2008). 
Therefore, through its effects on microbial populations, 
SCFP can increase rumen pH. Greater rumen pH pre-
vents shifts in the rumen biohydrogenation pathways 
(Bauman and Griinari, 2001), decreasing risk of milk 
fat depression. Fiber-digesting bacteria that largely 
produce acetate are also more productive and prolific 
at greater rumen pH. Wiedmeier et al. (1987) observed 
an increase in cellulolytic bacterial populations with 
SCFP, which could lead to increased acetate supply. 
Acetate is one of the main lipogenic precursors for de 
novo fatty acid synthesis, and increasing its supply via 
enhanced cellulolytic bacteria productivity could be 
partially responsible for our observed increased milk 
fat content. The recent experiment by Urrutia et al. 
(2017) supports this hypothesis as increased ruminal 
acetate supply via ruminal infusion increased milk fat 
concentration through increased C16 and de novo fatty 
acid yields. Although rumen function influences milk 
fat, the time effect makes explanations for this effect 
puzzling.

Energy balance calculated assuming equal digestibil-
ity differed by parity (P < 0.01), week (P < 0.001), and 
treatment (P = 0.03). A parity × week interaction (P 
< 0.001) indicated tendencies for greater energy bal-
ance during wk −4 and −3 RTC but significantly lesser 
energy balance during wk 1 to 5 RTC for multiparous 
compared with primiparous cows. Overall, energy bal-
ance was less in multiparous compared with primiparous 
cows (−7.02 vs. −3.47 ± 0.83 Mcal/d, P < 0.01). En-
ergy balance was less for SCFP cows (−6.15 vs. −4.34 
± 0.74 Mcal/d), but despite this, body condition loss 
did not differ between treatments. This incongruence 
between calculated energy balance and BCS change 
could indicate greater diet digestibility or metaboliz-
ability with SCFP or both. It is known that SCFP can 
affect diet digestibility (Allen and Ying, 2012; Dias et 
al., 2018a), providing a plausible mechanism by which 
NE harvest could be improved.

Metabolic Signaling

Temporal patterns for plasma FFA, BHB, insulin, 
and glucose reflected the typical metabolic and endo-
crine changes during the transition period (P < 0.001). 
The metabolic profile was not altered by SCFP supple-
mentation (P > 0.35; Figure 3). Several cows were 
treated for SCK around the time of blood sampling, 
and therefore their BHB results could be biased by the 
administration of glucogenic precursors. Thus, cows 
treated within 1 d of sampling were excluded from the 
BHB analysis presented in Figure 3B. The analysis was 
also performed with all cows included. Similar to previ-

Table 4. Lactation performance and energy balance for control cows and cows supplemented with a Saccharomyces cerevisiae fermentation 
product (SCFP) from 29 ± 5 d prepartum to 42 DIM

Item

Treatment (Trt)
Pooled 
SEM

P-value1

Control SCFP Trt Week Trt × week

Milk, kg/d 41.35 40.23 1.26 0.43 <0.001 0.24
Milk fat, % 3.96 4.32 0.11 0.01 <0.001 <0.05
Milk fat, kg/d 1.64 1.77 0.08 0.10 <0.001 0.09
Milk protein, % 3.03 3.12 0.04 0.16 <0.001 <0.01
Milk protein, kg/d 1.24 1.21 0.04 0.48 <0.001 0.61
Milk lactose, % 4.93 4.87 0.02 0.06 <0.001 0.70
Milk lactose, kg/d 2.04 1.97 0.06 0.29 <0.001 0.41
MUN, mg/dL 11.51 12.42 0.38 0.06 <0.001 0.21
Milk somatic cell linear score2 2.32 1.94 0.28 0.29 <0.001 0.55
ECM, kg/d 43.89 45.21 1.66 0.41 <0.001 0.09
FCM, kg/d 43.90 45.93 1.90 0.32 <0.001 0.20
BW change,3 kg −41.2 −44.5 7.9 0.74 — —
BCS change4 −0.61 −0.73 0.07 0.22 — —
Energy balance, Mcal/d −4.34 −6.15 0.74 0.03 <0.001 0.20
1Parity was significant for all parameters except milk protein concentration (P = 0.10) and MUN (P = 0.86), and none had a parity × treat-
ment interaction (all P > 0.14).
2Somatic cell linear score = log2(SCC/100) + 3.
3Body weight change from calving through 42 DIM.
4Body condition score change from enrollment (d −29 ± 5) to 42 DIM.
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ous results, there was no effect of treatment (P = 0.57) 
or treatment × week interaction (P = 0.12). Minimal 
alterations to metabolism have been reported by other 
studies investigating yeast culture supplementation 
in transition cows (Ramsing et al., 2009; Zaworski et 
al., 2014; Yuan et al., 2015a). Most notable was that 
yeast supplementation increased plasma BHB with a 
quadratic dose effect in Yuan et al. (2015a). Potential 
explanations provided by authors included increased 
ruminal butyrate production or increased hepatic ke-
togenesis. The latter was consistent with a tendency 
for increased plasma FFA concentration and decreased 
(quadratic dose effect) plasma glucose.

Hepatic Metabolism

Liver TG increased from prepartum to postpartum, 
but there was no effect of SCFP (P > 0.40; Figure 
4A). Liver TG was greater in multiparous cows than in 
primiparous cows (1.14 vs. 1.01 ± 0.01% of wet weight; 
P = 0.01). Typically, lipid mobilization is greater in 
multiparous cows; thus, it is logical that we observed 
greater liver TG in multiparous cows.

Our findings of increased FGF21 relative mRNA 
abundance from prepartum to postpartum (P < 0.001), 
the time when energy balance was negative, correspond 
with upregulation during fasting (Fisher and Maratos-
Flier, 2016). Interestingly, relative abundance of FGF21 
was greater for primiparous cows than for multiparous 
cows (1.00 vs. 0.34 ± 0.59; P = 0.03). Relative mRNA 
abundance of PCK1 tended to be greater for SCFP (P 
= 0.08). Transcript abundance for the mitochondrial 
fatty acid transport enzyme CPT1A did not differ by 
treatment (P = 0.19) or week (P = 0.54) but was greater 
in multiparous cows (3.10 vs. 1.00 ± 1.39; P = 0.04). To 
our knowledge, this is the first study to investigate the 
effects of SCFP on these particular transcripts involved 
in lipid and glucose metabolism. Further investigation 
is required to explain the tendency for increased PCK1 
abundance that occurred in SCFP cows.

Cholesterol Metabolism

Interestingly, liver total cholesterol concentration 
decreased from wk −3 to 2 RTC (P < 0.001), and wk 2 
liver TG and cholesterol concentrations were negatively 
correlated (R2 = 0.18; P < 0.01). These results are con-
trary to the pattern reported previously in which he-
patic total cholesterol content increased from wk −3 to 
wk 1 with subsequent decreases (Schlegel et al., 2012). 
Similarly, Bobe et al. (2003) reported peak hepatic free 
cholesterol at 12 DIM, at which point it decreased to 
prepartum levels by wk 5. The different forms of liver 
cholesterol analyzed between our study and Bobe et al. 
(2003) could account for liver cholesterol concentrations 
increasing after parturition in Bobe et al. (2003) but 
decreasing in our study; however, Schlegel et al. (2012) 
also analyzed total cholesterol and reported time effects 
similar to those in Bobe et al. (2003). Liver cholesterol 
concentration tended to be lesser in SCFP than in the 
control (P < 0.10; Figure 4B). To our knowledge, this is 
the first study to investigate the effects of SCFP on he-
patic cholesterol content. Decreased hepatic cholesterol 
content could be the result of increased very low-density 
lipoprotein formation and lipid export; however, SCFP 
did not decrease liver TG content. Additional potential 
explanations for decreased cholesterol content include 

Figure 2. (A) Milk yield was not different between control cows 
and cows supplemented with Saccharomyces cerevisiae fermentation 
product (SCFP) from d −29 ± 5 relative to calving through 42 DIM 
(P = 0.43). There was an effect of week (P < 0.001) but no treatment 
× week interaction (P = 0.24). (B) Weekly milk fat yield was not dif-
ferent for cows supplemented with SCFP compared with control cows 
(P = 0.10). Milk fat yield differed by week (P < 0.001), and there was 
a tendency for a treatment × week interaction (P = 0.09). Treatment 
differences are indicated by *(P < 0.05) and †(0.05 ≤ P < 0.10). 
Values are least squares means; error bars represent standard errors.
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less cholesterol synthesis, less uptake into the liver, and 
increased transformation to bile acids (Schlegel et al., 
2012).

Effects of SCFP on cholesterol metabolism also 
included increased plasma cholesterol concentration 
throughout the study period (P = 0.02). Other studies 
evaluating effects of yeast products on plasma cholester-
ol reported no treatment differences (Piva et al., 1993; 
Yalcin et al., 2011); however, mid-lactation cows were 
used. Cholesterol metabolism is affected by nutrient 
and energy deficiency and therefore differs with stage 
of lactation (Gross et al., 2015). The change in plasma 
cholesterol, decreasing as parturition approached, with 
a nadir at wk 1 and a subsequent increase through wk 5 
(P < 0.001), was similar to previously reported patterns 
(Bernabucci et al., 2004; Schlegel et al., 2012; Kessler et 
al., 2014). Decreased plasma cholesterol concentrations 
within the first week of lactation could be the result of 
less liver synthesis of cholesterol, decreased very low-
density lipoprotein secretion from the liver, increased 

cholesterol uptake by the mammary gland (Kessler et 
al., 2014) and other tissues (Schlegel et al., 2012), and 
less reverse cholesterol transport (Kessler et al., 2014).

It has been suggested that plasma cholesterol con-
centration is mainly influenced by hepatic cholesterol 
synthesis (van Dorland et al., 2009). We investigated 
several gene transcripts involved in cholesterol me-
tabolism, including those involved in biosynthesis 
(SREBP2, HMGCR, HMGCS1), transport (APOA1, 
APOB100), and construction of lipoproteins (MTTP). 
The only transcript investigated that differed with time 
was APOA1, which increased from wk −3 to wk 2 (P 
< 0.001). Nascent high-density lipoprotein particles are 
formed by lipidation of APOA1 in the liver (Vaughan 
and Oram, 2006). Therefore, greater mRNA abundance 
postpartum when liver cholesterol content was lesser 
could suggest increased production of reverse cholesterol 
transport machinery and components. Previous studies 
have reported increased mRNA abundance of genes in-
volved in cholesterol synthesis at the onset of lactation 

Figure 3. Plasma concentrations of free fatty acids (A), BHB (B), glucose (C), and insulin (D) in cows supplemented with Saccharomyces 
cerevisiae fermentation product (SCFP) from d −29 ± 5 relative to calving through 42 DIM. Values are least squares means; error bars represent 
standard errors. Trt = treatment.
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(Schlegel et al., 2012; Weber et al., 2013; Kessler et al., 
2014), making it surprising that we did not observe any 
effects of time. It is possible our d 14 sample was too 
late to capture the expected postpartum increase in 
these transcripts. Relative mRNA abundance was not 
altered by SCFP supplementation for any of the genes 
(P > 0.10; Table 5).

Further investigation is required to understand the 
associations between plasma and hepatic levels of cho-
lesterol with dairy cow health and productivity. Over-
interpretation is a risk when examining changes in gene 
expression to provide explanation for systemic changes. 
Schlegel et al. (2012) observed no association between 
expression of hepatic enzymes of cholesterol synthesis 
and plasma cholesterol concentration; expression of 
HMGCR and HMGCS1 was greatest at wk 1 when 
plasma cholesterol concentration was least (Schlegel et 
al., 2012).

Health Outcomes

Incidence of common periparturient diseases occur-
ring throughout the study period is provided in Table 
6. No metabolic diseases recorded, except for SCK, dif-
fered by treatment (P > 0.10). Incidence of SCK was 
greater in cows supplemented with SCFP compared 
with control cows (38% vs. 12%, P = 0.02, Fisher’s ex-
act test), and days of glucogenic treatment were greater 
(1.7 vs. 0.4 ± 0.3 d; P = 0.01). Additional analyses 
were conducted to understand the observed increase 
in SCK incidence despite little evidence of an overall 
treatment effect on ketone concentrations in plasma or 
decreased energy balance during the window of time 
when ketosis was observed. The majority of ketosis di-
agnosis occurred between 10 and 20 DIM (n = 8; SCFP 
= 6, control = 2). Because of the timing, wk 2 data 
from all cows were used to try to understand potential 
mechanisms underlying this effect. Appropriate diagno-
sis of SCK by urine acetoacetic acid concentrations is 
supported by greater wk 2 plasma BHB concentrations 
in cows diagnosed with SCK compared with those that 
were not (2,068.3 ± 135.0 vs. 792.5 ± 62.3 μM; P < 
0.001). Analysis of wk 2 BHB concentrations indepen-
dently demonstrated a parity × treatment interaction 
(P = 0.02; Figure 5). Treatment did not affect wk 2 
plasma BHB in primiparous cows, but SCFP increased 
BHB concentrations in multiparous cows.

To further investigate the SCK effect, we analyzed he-
patic mRNA abundance for 2 enzymes in the ketogenic 
pathway: HMGCS2, which facilitates the rate-limiting 
formation of hydroxy-3-methylglutaryl-coenzyme A, 
and BDH, which reduces acetoacetate to produce BHB 
(Hegardt, 1999). Aligning with incidence of SCK, 

Figure 4. Liver triglyceride (A), liver cholesterol (B), and plasma 
cholesterol (C) content in cows supplemented with Saccharomyces 
cerevisiae fermentation product (SCFP) from d −29 ± 5 relative to 
calving through 42 DIM. (A) Liver triglyceride concentration did not 
differ by treatment (P > 0.41). There was an effect of week (P < 
0.001) but no treatment × week interaction (P = 0.67). (B) Liver cho-
lesterol content tended to be less in SCFP cows compared with control 
cows (P < 0.10). There was an effect of week (P < 0.001) but no effect 
of treatment × week (P > 0.30). (C) Plasma cholesterol was greater 
for SCFP (P = 0.02) and differed by week (P < 0.001), but there was 
no treatment × week interaction (P = 0.20). Values are least squares 
means; error bars represent standard errors.
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HMGCS2 was greater for SCFP cows compared with 
control cows (P = 0.03). Despite this alignment of 
treatment effects, HMGCS2 did not differ by parity or 
time RTC (P > 0.35). Relative BDH abundance did not 
differ by treatment, time, or parity (P > 0.30). Previ-
ous studies have shown increased relative BDH abun-
dance in response to nutrition-induced ketosis (Loor et 
al., 2007); however, abundance of HMGCS2 and BDH 
has not always coincided with increased plasma BHB 
concentrations (van Dorland et al., 2009, 2014; Graber 
et al., 2010). In a study that examined cows with differ-
ent metabolic loads (defined by plasma BHB, FFA, and 
glucose concentrations), BDH2 and HMGCS2 did not 
differ between the 2 groups even though plasma BHB 

did (van Dorland et al., 2014). It is possible that small 
changes at the mRNA level, although not statistically 
significant for BDH, were sufficient to generate pheno-
typic changes (Graber et al., 2010). It is also possible 
that BHB synthesis is more heavily regulated by post-
translational mechanisms (Quant et al., 1990).

It is possible that the greater incidence of ketosis 
with SCFP contributed to our observed differences in 
cholesterol metabolism. Both SREBF2 and HMGCS1 
(cholesterol biosynthesis) were downregulated in cows 
during nutrition-induced ketosis (Loor et al., 2007). 
Because cholesterol synthesis and ketogenesis share 
a common pathway utilizing the enzyme HMGCS, it 
is unsurprising that the metabolism of the 2 may be 
related. Although SCFP did not alter SREBF2 and 
HMGCS1 mRNA abundance in this study, it is interest-
ing that the tendency for less liver cholesterol and in-
creased plasma cholesterol coincided with greater SCK.

Occurrence of ketosis is typically concerning be-
cause it is associated with depressed feed intake and 
decreased performance (Duffield et al., 2009; Ospina et 
al., 2010); however, recent BHB infusion data suggest 
that elevated BHB in early lactation may not necessar-
ily be problematic. Infusion of BHB for 48 h at rates 
that elevated plasma BHB to levels of SCK (1.5 to 
2.0 mmol/L) decreased plasma glucose concentrations 
but had no effect on DMI, milk yield, or ECM (Zarrin 
et al., 2013). Despite epidemiological evidence linking 
decreased cow performance with SCK (Ospina et al., 
2010), more recent studies have reported increased milk 
yield and fat concentration (Rathbun et al., 2017) and 
greater first test-day milk (Vanholder et al., 2015) in 
cows diagnosed with SCK during the first 2 wk of lacta-
tion. These observational studies point to greater early-
lactation milk yield for SCK cows, although associa-
tions with peak milk yield are more variable. This dis-
connect between epidemiological studies and responses 
to infused BHB may exist because most cases of SCK 
in transition cows are secondary to other events (e.g., 
mastitis or retained placenta) that may account for the 
negative effects on health and productivity (Ospina et 
al., 2010; Zarrin et al., 2013). Thus, the elevated BHB 
observed in cows diagnosed with SCK in the current 
study might not be detrimental to cow productivity.

Increased SCK could also be the result of shifts in ru-
men fermentation that resulted in greater plasma BHB. 
Greater supply of ruminal acetate increased plasma 
BHB (Urrutia and Harvatine, 2017), largely due to 
microbial conversion of acetate to butyrate and me-
tabolism of butyrate to BHB in the rumen epithelium 
(Sutton et al., 2003). As previously discussed, SCFP 
can modulate rumen fermentation toward increased 
acetate production. Ruminally infused butyrate also 
increased plasma BHB concentration that was ac-

Table 6. Disease incidence through 42 DIM for control cows and cows 
supplemented with a Saccharomyces cerevisiae fermentation product 
(SCFP) from 29 ± 5 d prepartum to 42 DIM

Item Control SCFP

At-risk1 30 34
Fever 9 5
Displaced abomasum 0 2
Retained placenta 2 0
Ketosis 4 12*
Mastitis 2 1
Other2 4 1
1Includes all cows that surpassed the exclusion criteria at calving. Cows 
excluded from analysis due to periparturient issues were included.
2Includes 1 case of peritonitis resulting in death (control), 3 foot in-
juries (2 control, 1 SCFP), and 1 diarrhea/digestive upset at calving 
(control).
*Fisher’s exact test: P = 0.02. No other conditions were significantly 
affected by treatment.

Figure 5. Analyzed independently, wk 2 BHB concentrations dem-
onstrated a significant parity × treatment interaction. Although sup-
plementation with a Saccharomyces cerevisiae fermentation product 
(SCFP) from d −29 ± 5 relative to calving through 42 DIM did not 
affect BHB in primiparous cows, SCFP increased BHB in multiparous 
cows. Values are least squares means; error bars represent standard 
errors.
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companied by a decrease in plasma glucose (Herrick 
et al., 2018). Although not measured in our study, it is 
possible that SCFP caused shifts in ruminal fermenta-
tion that partially contributed to increased systemic 
concentrations of BHB and thus increased incidence 
of SCK. Because only the greatest doses of ruminal 
acetate (15 mol/d; Urrutia and Harvatine, 2017) and 
butyrate (2 g/kg of BW; Herrick et al., 2018) infusion 
increased plasma BHB concentrations to levels near the 
1.2 mM cut-point for SCK (1.175 and 1.45 mM, respec-
tively), it is likely that any shifts in ruminal fermenta-
tion by SCFP would have only partially contributed to 
the increased ketone concentrations used to diagnose 
SCK. Likewise, if altered ruminal fermentation is a key 
underlying mechanism for responses to SCFP, it is dif-
ficult to explain why the timing of SCK and milk fat 
yield responses differed. Several possible explanations 
for increased incidence of subclinical ketosis with SCFP 
have been presented, but the exact mechanisms remain 
unknown.

CONCLUSIONS

Supplementation with SCFP during the transition 
period altered prepartum and postpartum feeding be-
havior, with increased meals per day and decreased time 
between those meals. Although no effects were detected 
for DMI, milk yield, milk protein, or somatic cell linear 
score, milk fat content was increased by approximately 
13% in cows receiving SCFP, with differences beginning 
after the time period that lipid mobilization is greatest 
during the transition period. Body weight, BCS, and 
energy metabolites were unaffected by treatment. Liver 
metabolic signals were mostly unaffected by treatment, 
but there was a tendency for SCFP to increase PCK1 
mRNA abundance. Supplementation with SCFP led to 
shifts in cholesterol metabolism, tending to decrease 
hepatic cholesterol and increase plasma cholesterol. 
Treatment also increased incidence of SCK and in-
creased the rate-limiting ketogenic enzyme HMGCS2 
but did not affect BDH, encoding the final enzyme in 
the ketogenesis pathway. Overall, SCFP supplementa-
tion during the transition period increased number of 
meals per day with less time between meals, increased 
milk fat concentration, altered cholesterol metabolism, 
and increased incidence of SCK, but early-lactation 
milk yield and metabolism were otherwise unaffected.
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