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The transition period is a time of increased nutritional demands and risk to 

metabolic and infectious diseases in dairy cows due to a suppressed immune 

system. These problems lead to reproductive challenges, increased culling rates, 

and decreased milk production postpartum, which leads to decreased profits. 

Feeding yeast (Saccharomyces cerevisiae) or its fermentation product during the 

transition period may counteract some of those challenges by improving appetite, 

nutrient utilization, and immune function. The objective of this study was to 

evaluate the effects of a single and a double dose of Saccharomyces cerevisiae 

fermentation product (Diamond V Original XP™; XP) on the risk of metabolic 

and infectious diseases, reproductive function, and variable net gain in 

multiparous Holstein dairy cows on a commercial dairy. 

A total of 160 multiparous Holstein cows, housed in the same pen, were 

fed a supplementation mixture of 0 (n = 54), 56 (n = 52), or 112 g/d (n = 54) of 

XP, corn, and molasses, provided as a top dressing starting 28 d before the 

expected calving date and ending 28 d postpartum. The supplement consisted of 

0, 56, or 112 g of XP mixed with 84 g of molasses and 168, 112, or 56 g of corn 



meal, respectively. The incidence and duration of retained placenta, metritis, 

mastitis, ketosis, laminitis, udder edema, spent time in the hospital pen, or was 

sold or died in the first 100 d postpartum were recorded. Somatic cell count was 

analyzed from DHIA records. Body condition scores (BCS) were recorded 

weekly -28 to 28 d with relation to calving, plus at 7 and 14 wk postpartum. To 

indicate ovarian activity, serum progesterone concentrations were determined at 

28, 35, 42, and 49 d postpartum. Conception rates, number of services, and days 

open were recorded as indicators of reproductive success. Variable net gain was 

defined as the difference between total costs/losses and total income. Total 

costs/losses included expenses for XP, medical treatment, and milk profit lost due 

to discarded milk and culling, whereas total income was calculated from milk and 

cow cull sales.  

Feeding XP improved supplement intake at parturition (P = 0.02) and 

decreased the incidence and treatment length of clinical mastitis (P = 0.02 and P = 

0.08) and somatic cell scores in milk (P = 0.08). Feeding a double dose of XP 

additionally tended to decrease the incidence and duration of udder edema (P = 

0.09 and P = 0.07) and days lost due to early culling or death (P = 0.05). Serum 

progesterone concentrations were higher at d 42 and 49 postpartum in cows fed 

XP (both P = 0.04), whereas indicators of reproductive success were not 

significantly altered. A double dose compared with a single dose of yeast 

fermentation product increased variable net gain during the supplementation 

period in 2
nd

 lactation cows by decreasing costs (both P = 0.05). Our results 

suggest that feeding Saccharomyces cerevisiae fermentation product during the 



transition period may improve appetite, mammary health, ovarian activity and, 

ultimately, profit margins in multiparous dairy cows. 
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INTRODUCTION 

Over the past few decades, Holstein dairy cows have been bred for maximum milk 

yield, successfully resulting in increased milk production, but being mirrored by increased 

metabolic challenges and decreased reproductive efficiency. The net energy requirement has 

increased and feed intake is often not enough to keep up with the metabolic demands of milk 

production (Eastridge, 2006). Between 1970 and 2000, milk production per cow has 

increased by roughly 2,300 kg/lactation (5,000 lb/lactation) while conception rates dropped 

leading to an increased number of services per conception (Lucy, 2001). Increased milk 

production leads to higher profits for producers, however costs associated with medical 

treatment due to metabolic and infectious diseases can decrease the overall profit (Kossaibati 

and Esslemont, 1997). Metabolic and infectious diseases that arise from increased nutritional 

needs can inhibit production and lead to long-term health and reproductive problems for the 

animal resulting, ultimately, in loss in profit for the producer. Cow health is not primarily 

considered unless there are economic impacts as dairy farmers often want a ―low-cost‖ and 

―easy-care‖ way of producing milk (Mulligan and Doherty, 2008). 

The transition period (roughly three weeks prior to calving through three weeks after 

calving) is a particularly challenging time where adequate nutrition is greatly beneficial to 

the animal’s health postpartum (Mulligan and Doherty, 2008). Inadequate nutrition during 

this period can result in increased rate of metabolic diseases and decreased reproductive 

efficiency (Goff, 2006; Straten et al., 2008). When the energy demands of milk production 

are not met in early lactation, the cow can suffer significant loss of body condition score 

(BCS), which leads to health and reproductive problems (Pryce et al., 2001; Beever, 2006). 

High-producing dairy cows are at a risk of extreme negative energy balance (NEB) in early 
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lactation due to the stress from calving and the energy demands from milk production (Goff 

and Horst, 1997). Studies have shown that postpartum NEB more significantly affects 

multiparous cows than their primiparous counterparts (Straten et al., 2008). Differences in 

parity can also be reflected in decreased net profits because older dairy cows are more 

susceptible to infectious and metabolic diseases (Rabelo et al., 2003). 

Severe NEB alters metabolic and endocrine pathways necessary for oocyte 

maturation, ovulation of viable oocytes, and survivability of early embryos as reviewed by 

Leroy et al. (2008). Some metabolites associated with NEB have been shown to have 

negative correlations to reproductive success postpartum. Increased concentrations of serum 

non-esterified fatty acid (NEFA) can increase calving-to-first-ovulation interval (Westwood 

et al., 2002), have negative effects on fertility, progesterone production and sensitivity, and 

potentially lower pregnancy rates (Jorritsma et al., 2003). High concentrations of plasma urea 

N have been shown to be detrimental to developing follicles and embryos due to increased 

ammonia concentrations, specifically in the uterine environment (Butler, 2003). However, 

Rastani et al. (2006) concluded that there is not necessarily a direct correlation between 

circulating urea N and NEB. Several studies have shown a negative impact of high 

concentrations of urea N (measured in plasma, serum, or milk) on uterine health and 

pregnancy rates involving a decrease in uterine pH and immune function (Melendez et al., 

2003).  

Proper nutritional management can provide adequate energy during early lactation 

and lead to a carry over effect resulting in improved energy status (Mulligan and Doherty, 

2008) and reproductive performance (Gong, 2002). In the last 25 years, research involving 

ways to benefit the rumen environment, therefore increasing energy absorption and 
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utilization from feedstuffs, has developed strategies of using additives such as rumen buffer, 

ionophores, and yeast (Eastridge, 2006). Fermented yeast culture has emerged as a cost-

effective product that has many benefits to ruminants (Hutjens, 2003). Using Saccharomyces 

cerevisiae and its fermentation products to change the composition of the rumen environment 

to maximize feed efficiency has become a natural alternative to antibiotics (Hutjens, 1996). 

This change of the rumen environment leads to a more stable pH (Williams et al., 1991), 

reduces ammonia concentrations (Hristov et al., 2010), improves fermentation, and fiber and 

dry matter digestion (Piva et al., 1993; Bruno et al., 2009), and improves dry matter intake 

(Williams et al., 1991; Dann et al., 2000; Ramsing et al., 2009).  

One prominent yeast fermentation product used as feed additive in the animal 

industry is Original XP™ (Diamond V, Cedar Rapids, IA). Feeding trials in layer hens 

(Tangendjaja and Yoon, 2002), fish (Barnes et al., 2006), shrimp (Burgents et al., 2004), and 

dairy calves (Magalhães et al., 2008) have shown the potential for yeast culture 

supplementation to reduce mortality. Despite not being live yeast cells, the fermentation 

product still maintains the ability to promote digestive properties and immune function 

within the gut (Jensen et al., 2008). In cattle, yeast culture products have been shown to 

improve milk production (Shaver and Garrett, 1997; Desnoyers et al., 2009; Ramsing et al., 

2009), dry matter intake (Wohlt et al., 1991; Dann et al., 2000; Ramsing et al., 2009), and 

animal growth in steers (Williams et al., 1991), calves (Magalhães et al., 2008), and lambs 

(Cole et al., 1992).  

The costs of running a dairy have increased and the price increase of milk has not 

been proportionate. Producers need to maintain healthy herds to maintain a steady income 

from the milk produced. For example, a study conducted in Sweden estimated that clinical 
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mastitis, can be a very expensive disease, resulting in up to $735 loss per lactation (Hultgren 

and Svensson, 2009). A study that analyzed the effects of feeding XP to dairy calves 

increased net gain by $48.00 per calf due to decreased morbidity and mortality rates 

(Magalhães et al., 2008). Using XP as a daily prebiotic has the potential to show an increase 

in net gain, despite the added daily cost to the producer. 

Monitoring the health of a commercial dairy herd has been made easier in recent 

years, and our study took advantage of those resources to provide on-farm insight. Our study 

was designed to investigate the effects of feeding Saccharomyces cerevisiae fermentation 

product (XP) in a commercial setting as a field feeding trial. Our intent was to minimize 

interference with normal farm operation. There were some disadvantages with this setting 

such as lack of managerial, feed ration, and medical protocol control. This product is 

intended for use on a commercial dairy so it was our goal was to simulate this scenario. We 

were able to account for all of the variation by providing records and maintaining a large data 

set. Our study focused on diseases encountered postpartum to try to evaluate the potential 

health benefits of the product in this setting. The statistical model enabled us to provide 

validation to the trial in this less controlled environment, despite the fact there were several 

confounding factors that could not be controlled. 

This document discusses how we tested the hypothesis that feeding various dosages 

of Saccharomyces cerevisiae fermentation product during the transition period has the 

potential to improve health and reproductive parameters, as well as cost of production, in 

multiparous Holsteins on a commercial dairy. We fed a total of 160 multiparous Holstein 

cows a supplement that consisted of 0, 56, or 112 g/d Original XP™ for the duration of 4 

weeks prior, through 4 weeks after calving. We collected data to analyze for health and 
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immune function (health events and somatic cell count), reproductive function (postpartum 

serum progesterone, conception and pregnancy rates, and days open), and variable net gain 

(variable income and costs incurred). Much work has been done analyzing the milk and 

intake effects of XP, however, not much has been reported with respect to animal health and 

the costs associated with this particular feed additive. It was evident that although our 

findings present new information about the product, further research is still needed to 

investigate the mechanism by which some of the effects occur. 
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ABSTRACT  

Increased nutritional demands and suppressed immune function increase the risk for 

metabolic and infectious diseases in dairy cows during the transition period. These problems 

increase with parity number and result in significant losses in milk production and early 

culling. Supplementation of Saccharomyces cerevisiae fermentation product (Diamond V 

Original XP™; XP) may support immune function and greater nutritional demands; hence, 

XP may decrease the risk of infectious and metabolic diseases. Doubling feeding rates of XP 

may provide greater health benefits to dairy cows. The objective of the current study was to 

evaluate whether feeding a single or double dose of XP during the transition period (-4 to 4 

wks postpartum) may decrease the risk of metabolic and infectious diseases in multiparous 

dairy cows. Multiparous Holstein cows, housed in the same pen, were given a supplement 

containing 0 (n = 54), 56 (n = 52), or 112 g (n = 54) of XP daily during morning lock-up as a 

top dressing to their TMR. The supplement consisted of 0, 56, or 112 g of XP mixed with 84 

g of molasses and 168, 112, or 56 g of corn meal, respectively. Intake of the supplement was 

monitored. The incidence and treatment period of ketosis, retained placenta, metritis, 

mastitis, udder edema, and was recorded for each cows in the first 100 d postpartum. Somatic 

cell score was analyzed from DHIA records taken twice weekly on non-consecutive days for 

the first 4 wks postpartum. Feeding XP improved supplement intake at parturition (P = 0.02) 

and decreased the incidence and treatment length of clinical mastitis (P = 0.02 and P = 0.08) 

and somatic cell scores in milk (P = 0.08). Feeding a double dose of XP additionally tended 

to decrease the incidence and duration of udder edema (P = 0.09 and P = 0.07) and days lost 

due to early culling or death (P = 0.05). We conclude that supplementation of Saccharomyces 

cerevisiae fermentation product (XP) may support mammary health and act as an appetite 
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stimulant in transition dairy cows. Higher XP doses may provide greater health benefits 

during the early postpartal period. 

Key Words: dairy, health, metabolism, Saccharomyces cerevisiae fermentation product, 

yeast culture. 

 

INTRODUCTION 

The transition phase (-3 to 3 wks postpartum) is a critical time period in the lives of 

dairy cows. Besides setting up the trajectory for milk production, cows in the peripartal 

period are highly susceptible to diseases, resulting in approximately 10% of cows dying or 

being culled in the first 4 wks postpartum (Pinedo and DeVries, 2010). A major reason for 

the increased disease susceptibility is that the immune function is suppressed during the last 2 

wks pre through 2 wks post calving (Nonnecke et al., 2003; Ohtsuka et al., 2006). Thus, feed 

supplements that can improve immune function in the peripartal period are needed. 

Saccharomyces cerevisiae, also known as baker’s yeast, and its fermentation products 

are relatively cheap feed additives ($0.05-0.07 per cow and d) that can benefit the animal’s 

health and improve production during lactation (Eastridge, 2006). S. cerevisiae and its 

fermentation products alter the ruminal fermentation and, thereby, buffer the rumen pH and 

improve nutrient utilization (Hutjens, 1996). One prominent product used as feed additive in 

the animal industry is Original XP™ (Diamond V, Cedar Rapids, IA). Daily supplementation 

with 56 g of Diamond V XP yeast culture has been shown to improve feed efficiency, dry 

matter intake, and milk production in dairy cows by approximately 2% (Robinson and 

Erasmus, 2009). Results in dairy calves, pigs, and chicken suggest that XP may promote 

immune function (Magalhães et al., 2008; Gao et al., 2009; Shen et al., 2009) by acting as an 
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immunomodulator, improving recognition and activation of the adaptive immune system 

(Jensen et al., 2008). Few studies have reported the effect of XP feeding during the transition 

period on disease risk in dairy cows (Table 1) and found no statistical significant differences 

(Dann et al., 2000; Bruno et al., 2009b); however, the former studies were limited by sample 

size (n = 19) or by a lack of individual feeding. 

 The objective of this study was to evaluate of feeding Saccharomyces cerevisiae 

fermentation product (XP) to multiparous Holstein cows during the transition period (-4 to 4 

wks postpartum) on health and metabolic parameters. It was hypothesized that an increased 

dose would provide greater health benefits than a single dose of the product. Our hypothesis 

was that feeding XP would decrease the incidence and treatment period of metabolic and 

infectious diseases in multiparous dairy cows during the transition period. 

 

METHODS 

Animals, housing, and feeding 

All procedures were approved by the Oregon State University Institutional Animal 

Care and Use Committee (#ACUP 3991). In this study, 160 multiparous Holstein cows were 

blocked by parity (2, 3, 4 or higher) and randomly assigned within parity to receive either 0, 

56, or 112 g of XP daily beginning 4 wks before the expected calving date and ending 4 wks 

after calving. Cows that were fed less than 2 wks before calving, had an incorrect breeding 

date, or became seriously ill before calving were withdrawn from the study so that the final 

number of cows per group were 0, 56, and 112 g of XP were 54, 52, and 54 cows, 

respectively. The supplement was a mixture of molasses, ground corn, and Saccharomyces 

cerevisiae fermentation product (XP; Diamond V Mills XP, Cedar Rapids, IA) (Table 2). 
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The supplement was top-dressed individually to each cow during the morning feeding, when 

cows were locked in head stanchion lock-ups for a period of 30 to 45 min. 

Prepartum, the cows were housed in a straw-bedded free stall barn with head gates 

and were fed once a day in the morning their typical dry-cow ration that had been formulated 

according to NRC recommendations (Table 2). After one third of the study, 14 g/d of 

Diamond V XPC (n = 64 cows), which is equivalent in potency to 57 g/d of Diamond V XP, 

was removed from the mineral mix. After calving, all cows were housed in two free stall 

barns (one for the first 24 hr and for sick cows, the other for healthy cows) and received ad 

libitum water and a typical NRC recommended total mixed ration (TMR) for high-producing 

cows once (in the morning in for the first third of the study) or twice a d (morning and 

evening in the later two thirds of the study). Cows were milked for the first 4 wks postpartum 

four (first third of the study) or six times a d (later two third of the study) and after the first 4 

wks postpartum three times a d. When cows were sick or their milk had to be discarded 

because of withdrawal time after medical treatment, they were milked twice a d. 

Data Collection 

Intake of the supplement was daily monitored and given a score on a 5-point scale (0 

= no supplement consumption, 1 to 4 = partial consumption, 5 = complete consumption). 

Because the number of cows with partial consumption was small, we categorized supplement 

intake into complete and incomplete consumption. Cows were also scored daily by one of 

two persons for vaginal discharge on a scale of 0 to 4 based on odor, consistency, and color 

of discharge [1 = no discharge observed; 1 = liquid or mucoid discharge that has normal odor 

and is clear; 2 = liquid or mucoid discharge that has normal odor and is slightly discolored; 3 

= liquid or mucoid discharge that has normal odor and white-yellow color; 4 = thick 
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discharge that has normal odor and whitish-yellow color)] during the morning feeding for the 

first 28 d postpartum. A score of 3 or 4 was considered as metritis. At the same time, the 

evaluators scored udder edema on a scale 0 (no edema) to 10 (severe edema) (Tucker et al., 

1992). Because the edema score varied among days, edema scores were averaged weekly and 

the weekly edema score was categorized into no edema and edema using an average score of 

at least 3 (swelling of the lower half of the udder) as cut-off point. The cut-off point was 

chosen because it could be easily distinguished from no edema.  

Since the commercial dairy had no automatic milk meters, a certified milk tester came 

twice weekly on non-consecutive days to measure milk production and its components [fat, 

protein, lactose, and somatic cell count (SCC)] for one milking. After the supplementation 

period, milk production and its components was measured every 5 wks by a certified milk 

tester for the majority of milkings per d. 

Health Management 

 Cows were checked at least once daily in the morning for health problems and were 

treated according to a standard operating procedure (SOP), which was based generally on the 

symptoms (lethargic, infections, or both), severity (mild, moderate, and severe), urinary 

ketone bodies [over 40 mg/dL acetoacetate based on Ketostix
®
 strips (Bayer Corporation, 

Elkhart, IN)], visible signs of pain, and elevated temperature (over 40°C). Cows were 

palpated once weekly for retained placenta and metritis. Diseases were determined, treated, 

and recorded by the herdsman (Dairy Comp. by Valley Agricultural Software). The number 

of days a cow spent in the hospital compared with the fresh pen was recorded. A cow was 

considered ―Not Healthy‖ if she spent time in the hospital pen after 2 d postpartum. 
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At the day of calving, if cows had injured a nerve or tendons or blood was in milk, 

they received 15 mL i.m. of Dexamethasone solution. If cows appeared lethargic, defined by 

cold ears, or had twins, cows remained in the hospital pen and received i.v. 0.5 L CMPK 

(calcium-magnesium-phosphorus-potassium-dextrose solution; Aspen Veterinary Resources
®
 

Ltd, Liberty MO) and 0.5 of dextrose (50% dextrose; Veterinary Resources
®
 Ltd, Liberty 

MO) and orally a 10 gal drench [2 lbs Fresh Cow Drench (TPi, Madera CA) and 8 ounces of 

propylene glycol dissolved in 10 gal water]. If cows were not eating, they received in addition 

i.m. 20 mL of Vitamin B complex (Aspen Veterinary Resources
®
 Ltd, Liberty MO) and orally 

2 capsules of Pecti-cap (BIO-VET, Inc., Blue Mounds, WI). 

For pain management, cows received in mild cases 15 mL i.m. of Dexamethasone 

solution (Aspen Veterinary Resources
®
 Ltd, Liberty MO) and in more severe cases 30 mL 

i.m. of Banamine
®
 injectable solution (50 mg flunixin meglumine/mL; Aspen Veterinary 

Resources
®
 Ltd, Liberty MO) and orally three tablets of Asprin Bolus

®
 (15.6 g acetyl 

salicylic acid/per tablet; 240 grains; bolus acetylsalicyclic acid; Merrick’s Inc., Middleton, 

WI). The same dose of aspirin was used also for management of elevated body temperatures. 

Cows with retained placenta, defined as fetal membranes not expelled within 24 h 

after parturition, remained in the hospital pen and were infused with 57 g tetracycline HCl 

powder (324 g tetracycline/lb; IVX Animal Health, Inc., St. Joseph, MO) in 1 L of water 

every 4 to 8 d until the placenta was expelled. Between the uterine infusions, cows received 

40 mL of Penicillin G Procaine (Aspen Veterinary Resources
®
 Ltd, Liberty MO) for up to 7 

d, and then were treated with 30 g sulfadimethoxine (Sulfasol soluble powder; Med-

Pharmex
®
, Pomona, CA) for up to 7 d. Cows with metritis, defined by an odorous vaginal 

discharge, purulent, and whitish-yellow color, were treated in mild cases with 5 mL of 
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PGF2α [LUTALYSE (Dinoprost Tromethamine) injection; 25 mg LUTALYSE
®
 STERILE 

SOLUTION, Pfizer Animal Health; New York, NY] once. Moderate cases were injected 

once daily with 30 mL of Excenel RTH
®
 (50 mg ceftiofur HCl/mL; Parmacia & Upjohn, 

New York, NY) for 5 d followed 4 d after the final Excenel treatment with an injection of 5 

mL PGF2α. Severe cases were moved in the hospital pen and were treated the same program 

as cows with retained placenta. 

If cows appeared to be ketotic, defined by urinary acetoacetate concentrations of at 

least 40 mg/dL, cows were moved to the hospital pen and received orally the fresh cow 

drench, i.v. 0.5 L of dextrose, and, if the cow was not eating, i.m. 20 mL of Vitamin B 

complex and orally 2 capsules of Pecti-cap. Treatment was repeated after 4 d if needed. A 

similar protocol was used if cows appeared weak (cold ears, rapid weight loss, lethargy) but 

the reason for it was unknown. If cows had milk fever, defined by cold ears and an inability 

to stand, cows received i.v. 0.5 L of Milk Fever CP™ (calcium borogluconate, 26% w/v; 

dextrose: 15% w/v; magnesium borogluconate: 6% w/v; Aspen Veterinary Resources
®
 Ltd, 

Liberty MO) and were moved to the hospital pen. If cows had a displaced abomasum (DA), 

cows were moved to the isolation pen for surgery. All DA’s were left DA’s. Cows were 

moved after surgery to the hospital pen and received the same treatment as ketotic cows. To 

prevent infections, cows received in addition i.m. 40 mL of penicillin for up to 7 d, and then 

were i.m. injected with 30 g sulfadimethoxine for up to 7 d. 

If cows were lame, the hoof was trimmed. Depending on severity, a wrap or a block 

was applied. If there was significant swelling, cows were injected in mild cases with 20 mL 

of Ceftioflex
®
 (ceftiofur sodium sterile powder; Med-Pharmex

®
, Pomona, CA) or Excede 

(200 mg ceftioflur/mL; Parmacia & Upjohn, New York, NY) for 1 to 3 d. In more severe 
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cases, cows were moved into the hospital pen and received i.m. 40 mL of penicillin for up to 

7 d, and then were i.m. with 30 g sulfadimethoxine for up to 7 d. If the cows were in pain, 

they received Banamine and aspirin for 1 to 3 d as previously described.  

Mastitis, defined by flakes in milk, was monitored at every milking. If flakes were 

detected, a milk sample was collected and on-farm culturing with blood agar was performed. 

If growth was detected or the quarter was tender, cows were moved to the hospital pen. If the 

quarter was tender but no growth was detected, 10 mL of Spectramast
®
 (12.5 mg/mL 

ceftiofur hydrochloride/mL; Parmacia & Upjohn, New York, NY) was injected in each 

affected quarter for 7 d. The same treatment was used for any gram negative infection. If 

cows had a gram positive Streptococcus ssp. infection, cows were injected for 7 d with 10 

mL of Pirsue (5 mg Pirlimycin hydrochloride/mL; Parmacia & Upjohn, New York, NY) in 

each affected quarter. If cows had a gram negative Staphylococcus aureus infection, each 

affected quarter was injected for 7 d with 10 mL of Spectramast
®
 and later in the study for 3 

d with 10 mL of HETACIN-K (6.25 mg/mL hetacillin potassium equivalent to 6.25 mg 

ampicillin; Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO). The withholding time 

for Hetacin-K and Spectramast is 4 d and for Pirsue, 3 d. Ceftioflex in mild cases and 

banamine and aspirin in more severe cases were used for pain management. Banamine has a 

withholding time for milk of 3 d. The times and reasons for cows exiting the study are shown 

in Table A1. 

Statistical Analysis 

We used SAS version 9.2 (SAS, Inc., Cary, NC, USA) software for statistical 

analysis. Data with binary outcome such as incidence rates of health disorders were analyzed 

using multivariate logistic regression (LOGISTIC procedure). Fixed effects in the statistical 
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model were treatment (0, 56, 112 g/d XP with 0 g/d XPC, 0, 56, 112 g/d XP with 14 g/d XPC 

prepartum) and parity (2, 3, or 4 and more lactations). Treatment length was analyzed using 

the non-parametric Kruskal Wallis test (NPAR1WAY procedure). The effect of XP 

supplementation was evaluated by comparing the estimated means of the XP-supplemented 

group with the mean of the control groups within each XPC group and combined. The effect 

of XP dosage was assessed by comparing the estimated mean of the single dose group with 

the mean of the double dose group within each XPC group and combined. No statistically 

significant interactions between XP and XPC supplementation were observed. Averages 

shown are means ± SEM. Statistical significance was declared at P ≤ 0.05 and a tendency at 

0.05 < P ≤ 0.15. 

 

RESULTS 

On the day of calving, more cows consumed the supplement containing XP than the 

group not receiving the supplement (P = 0.02). The supplement consumption was highest in 

cows fed the double dose (P = 0.20; Table 3), which was statistically significant in cows 

starting their third lactation or higher (P = 0.02; results not shown). The increase in 

supplement consumption coincided with an increase in serum glucose and urea N 

concentrations on the day or calving (P = 0.03 and P = 0.009) and urea N concentration at 1 

d postpartum (P = 0.008) in XP-fed cows (results not shown). 

 Cows fed XP had a lower incidence of clinical mastitis (odds ratio = 0.01; 95% 

confidence interval = 0.00, 0.38; P = 0.02; Table 3) and a shorter treatment period of mastitis 

in days (P = 0.07; Table 4) and proportion on the study (P = 0.08; Table 5). The incidence 

rates and duration of clinical mastitis were even lower, although not statistically significant, 
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in cows fed the double dose (Tables 3 through 5). Similarly, SCC tended to be lower in 

cows fed XP (P = 0.08) with the lowest numbers in cows fed the double dose of XP (Table 

6; Figure 1). Feeding a double dose compared to a single dose of XP additionally tended to 

decrease the incidence (P = 0.09; Table 3) and duration (in weeks: P = 0.07; Table 4) of 

udder edema, which was statistically significant for incidence rates in cows in their third 

lactation or higher (P = 0.03; results not shown). 

 Incidence and duration of retained placenta, metritis, ketosis, and laminitis were not 

significantly altered by XP-treatment (Tables 3 through 5). Other illnesses such as displaced 

abomasum (2, 1, and 0 cows fed 0, 56, and 112 g/d XP and no XPC prepartum; 1, 1, and 1 

cow fed 0, 56, and 112 g/d XP with XPC prepartum) and milk fever (one cow fed 56 g/d XP 

with XPC prepartum) were too rare to statistically analyze. Twinning was distributed as 

follows: 5, 4, and 3 cows fed 0, 56, and 112 g/d XP with no XPC prepartum and 2, 2, and 0 

cows fed 0, 56, and 112 g/d XP with XPC prepartum. One cow in each group required 

calving assistance except for three cows fed 112 g/d XP and no XPC prepartum including 

one with a twisted uterus. Of the summary measures, cows fed a double dose of XP were less 

likely to be culled or died during the supplementation period compared to cows fed a single 

dose (P = 0.11; Table 3), which was significant if one counts the days lost due to early 

culling or death (P = 0.05; Table 4). 

 

DISCUSSION 

The transition phase (-3 to 3 wks postpartum) is characterized by increased nutritional 

demands and suppressed immune function (Nonnecke et al., 2003). Feed supplements that 

can improve nutrient utilization and immune function in the peripartal period are needed. 
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Supplementation of Saccharomyces cerevisiae fermentation product to multiparous dairy 

cows during the transition period improved appetite at the day of calving and decreased the 

risk and severity of clinical mastitis with greater benefits at the higher dosage. Thus, feeding 

yeast fermentation product, especially at the higher dosage, may support mammary health 

and act as an appetite stimulant in transition dairy cows 

Feeding XP, especially at the double dose, increased supplement intake at calving 

(Table 3), potentially indicating increased consumption and the potential for improved health 

associated with intake. Similarly, we (Ramsing et al., 2009) as well as others (Robinson and 

Garrett, 1999; Dann et al., 2000) reported that feeding XP improved DMI intake in the 

peripartal period. Improved DMI in the peripartal period is critical because calving and the 

change from prepartum to postpartum diet decreases feed intake and negatively affects 

nutrient availability from feed. This effect is even stronger in older cows. We previously 

reported that yeast fermentation product improves feed intake by increasing meal number 

(Ramsing et al., 2009). We hypothesize that XP may act as an appetite stimulant because of 

its sweet smell and taste, which warrants further investigation. 

Increased supplement concentrations were paralleled by higher serum glucose and 

urea N concentrations. Increased glucose (Straten et al., 2009; Hristov et al., 2010) and urea 

N (Bruno et al., 2009b) in response to XP feeding have been previously reported. Yeast 

fermentation product increases ruminal synthesis of propionate and ammonia (Sullivan and 

Martin, 1999; Miller-Webster et al., 2002), the precursor of serum glucose and urea N, 

respectively. High circulating concentrations of urea N (cut-off: 20 mg/dL) are associated 

with decreased fertility, pregnancy rates, and immune function (Elrod and Butler, 1993; De 
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Wit et al., 2001; Melendez et al., 2003). Urea N concentrations in our study were between 10 

and 15 mg/dL and well below the threshold. 

Feeding XP during the transition period decreased incidence and treatment duration 

of clinical mastitis as well as somatic cell counts (SCC) in milk during the first 4 wks 

postpartum with greater benefits at the higher dosage (Tables 3 through 6; Figure 1). This 

may indicate that feeding a XP during the transition period may improve mammary health. 

Previous studies did not report similar changes in milk SCC in response to feeding yeast 

fermentation product (Dann et al., 2000; Lehloenya et al., 2007; Bruno et al., 2009; Table 1). 

Part of the differences in results may be associated with a higher dosage of XP used (112 g/d) 

in our study (Table 1) because we did not observed a significant effect when comparing the 

single dose (56 g/d; results not shown). The immune function, especially the adaptive 

immunity, is suppressed during -2 to 2 wks postpartum (Nonnecke et al., 2003; Ohtsuka et 

al., 2006), which explain the higher SCC in milk and increased risk of clinical mastitis in the 

first weeks postpartum. Yeast fermentation product XP improves in a dose-dependent 

manner immune function in vitro by acting as an immunomodulator, improving recognition 

and activation of the adaptive immune system (Jensen et al., 2008); thereby providing 

potential biological mechanisms by which XP may improve mammary health. Yeast 

fermentation product feeding may attenuate the release of histamine, which induces swelling 

and udder edema alleviating discomfort. The incidence (Table 3) and duration of udder 

edema (Table 4) decreased in response to feeding 112 g XP/d, especially in cows in their 

third lactation or higher (results not shown), which have a greater pro-inflammatory response 

than younger cows. Future studies are warranted to evaluate the potential mechanism by 

which feeding XP may improve mammary health. 
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Incidence and duration of other metabolic and infectious disorders such as milk fever, 

retained placenta, metritis, ketosis, displaced abomasum, and laminitis were not significantly 

altered by XP-treatment (Tables 3 through 5). Our results are consistent with the literature 

(Table 1). Bruno et al. (2009a) reported an improvement in locomotion score, which, 

however, did not alter the incidence of clinical laminitis significantly. 

Feeding daily 112 versus 56 g of XP decreased the days lost due to early culling or 

death (Table 4). Early culling or death results in significant losses in profits, as 

approximately 10% of cows die or being culled in the first 4 wks postpartum with the number 

increasing with parity and heat stress (Pinedo and DeVries, 2010). Magalhães et al. (2008) 

reported that feeding XP to dairy calves at 2% of grain dry matter decreased mortality rates. 

This concentration was much higher than what was used in our study (approximately 0.2 and 

0.4% of grain dry matter for 56 and 112 g/d of XP). Oetzel et al. (2007) reported no 

significant effects of feeding live yeast on culling rates; however, one of the control groups 

had a culling rate of 19%, while the two yeast groups had a culling rate of 5 and 2.5%, and 

first lactation cows were included in the analysis. Therefore, feeding XP at 112 g/d during 

the transition period may decrease early postpartal losses in multiparous cows. 

There are several limitations in this field study. Diseases and disorders were 

diagnosed by the farm manager and not by a licensed veterinarian and, therefore, some 

misclassification is likely. However, such misclassification is unbiased and will increase 

variability. Therefore, the ―real‖ effect is most likely larger. Ideally, such a field study is 

conducted with a larger number of cows on multiple farms to improve external validity. 

However, the incidence rates of diseases and disorders in our study were similar to what has 

been generally reported (Kelton et al., 1998). Therefore, we can assume that the results of our 
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study can be generalized to other commercial dairies. There were some concerns with a field 

study at a commercial dairy such as lack of managerial, feed ration, and medical protocol 

control. However, to be efficient in a commercial setting, the effect of feeding XP should be 

general and not depend on specific management conditions. To minimize biased estimates, 

we tested for potential confounding factors and accounted for those being associated with 

both XP-feeding and outcome in the statistical model. Furthermore, we randomly assigned 

cows to treatments and blocked for parity. 

 

CONCLUSION 

Increased nutritional demands and suppressed immune function increase the risk for 

metabolic and infectious diseases in dairy cows during the transition period. Therefore, a 

feed supplement that improves feed intake and immune function is warranted. Based on our 

results, we suggest that supplementation of Saccharomyces cerevisiae fermentation product 

XP may support mammary health and act as an appetite stimulant in transition dairy cows. 

Higher XP doses may provide greater health benefits during the early postpartal period. 

Further research is required to assess the potential mechanisms by which XP improve the 

health in transition dairy cows. 
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APPENDIX A 

Table A1.  Cows that left study postpartum 

Treatment (Amount of XP in g/d) 

0 (n = 54) 56 (n = 52) 112 (n = 54) 

DIM Reason DIM Reason DIM Reason 

0 to 28 d postpartum:     

2 Cesarian (died) 1 Uterine prolapse (died) 4 Weak (died) 

3 Injuries from tetany 2 Toxic mastitis 19 Toxic mastitis (died) 

3 Weak 4 Chronic mastitis 21 Toxic mastitis 

14 Chronic mastitis 17 Injuries from tetany   

15 Fatty liver (died) 15 Weak   

  15 Chronic mastitis   

  17 Lame   

  17 Weak   

29 to 100 d postpartum:     

34 Non-healing wound 29 Fatty Liver 30 Weak 

47 Toxic mastitis 32 Weak (died) 35 Stomach ulcer (died) 

49 Chronic mastitis 53 Lame 48 Toxic mastitis 

65 Chronic mastitis 57 Toxic mastitis 56 Lame 

    63 Toxic mastitis 

    89 Lame 
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TABLES 

Table 1.  Literature summary of the effects of feeding Saccharomyces cerevisiae or its 

fermentation product during the transition period on disease risk in dairy cows 

Author N per 

group 

Amount 

(g/d) 

Feeding 

Period (DIM) 

Mastitis 

SCC 

Other Diseases 

Live yeast:      

Nocek and 

Kautz (2006) 

16/16 0/90 -21 to 70 No effect on 

SCC 

No effect on retained placenta, 

metritis, ketosis, and displaced 

abomasum. 

Oetzel et al. 

(2007) 

83/80 0/2 -10 to 23 N.R.
1
 Tended to decrease antibiotic 

treatment. No effect on displaced 

abomasum and culling 

Yeast fermentation product:
 2
    

Dann et al. 

(2000) 

18/18 0/60 -21 to 140 No effect on 

SCC 

No effect on incidence of ketosis, 

milk fever, mastitis, and retained 

placenta 

Lehloenya et 

al. (2008) 

10/11 0/56 -14 to 210 No effect on 

SCC 

N.R. 

Bruno et al. 

(2009) 

359/358 0/30  20 to 140 No effect on 

SCC
 

Tended to improve locomotion 

score but not clinical lameness 

Our study 54/52/54 0/56/112 -28 to 28 Decreases No effect on milk fever, ketosis, 

DA, retained placenta, metritis, 

laminitis, and culling rate 
1 
N.R.: not reported 

2
 Yeast fermentation product: Dried Saccharomyces cerevisiae fermentation product 
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Table 2.  List of ingredients and chemical composition of total mixed ration (TMR) fed pre- 

and post-partum (1a). Ingredient make up of the daily supplement for the different treatment 

groups (1b) 

a.   

Item Amount 

 Prepartum Postpartum 

Ingredient, % of DM 

Grass Silage  2.13 
Alfalfa Hay (20%CP) 13.42 19.26 

Corn Silage 27.77 20.93 

Triticale Hay (9%CP) 13.69  
Beet Pulp 3.41  

Mineral Premix1 4.95  

Molasses Mineral2  2.96 
Magnesium Oxide  0.18  

Corn (Green Screens) 18.15  

Corn (High Moisture Ear Corn)   20.00 
Corn Distillers Grain  12.33 

Canola Meal 8.06 6.40 

Wheat Distillers Grain  6.69 5.97 
Bakery By-Product  6.39 

EnerGII Regular3  1. 74 

Limestone (ground) 1.82 0.94 
Sodium Bicarbonate 1.85 0.94 

Chemical composition, % of DM 

Forage 75.91 42.32 
Crude Protein (CP) 12.72 17.33 

Rumen Undegradable Protein (%CP) 29.04 36.85 

Rumen Degradable Protein (%CP) 70.96 63.15 
Acid Detergent Fiber 30.71 18.27 

Neutral Detergent Fiber 46.77 29.99 

Sugar 6.45 6.57 
Starch 13.28 23.59 

Lipids (Ether Extract) 3.47 6.18 

Ash 9.16 8.67 
Net Energy Lactation (Mcal/kg of DM) 1.63 1.70 

1 Contains (DM Basis) 15.4% CP, 15.3% Non Protein Nitrogen, <0.01% Crude Fiber, 69.0% Ash, 13.6% Ca, 2.8% P, 16.2% Cl, 6.8% 

Mg, 0.003% K, 2.0%S, 3.4 ppm Co, 307 ppm Cu, 20.5 ppm I, 25.8 mg/kg Eithylenediamine dihydroiodide, 155 ppm Mn, 6.20 ppm Se, 

605 ppm Zn, 2182.6 KIU/kg Vitamin A, 93.0 KIU/kg Vitamin D, 3375.3 IU/kg Vitamin E, 23948.1 mg/kg Choline, 20247.4 mg/kg 
Niacin, 0.002 % Lysine, 0.001% Methionine, 542.3 mg/kg Monensin 

2 Contains (DM Basis) 21.2% CP, 8.5% Non Protein Nitrogen, 0.14% Crude Fat, 0.02% Crude Fiber, 18.4% Ash, 42.3% Total Sugar, 

0.83% Ca, 0.49% P, 0.91% Na, 5.33% Cl, 0.43% Mg, 4.0% K, 0.92%S, 3.9 ppm Co, 420 ppm Cu, 275 ppm Fe, 60.2 ppm I, 806 ppm 

Mn, 8.25 ppm Se, 1987 ppm Zn, 167.6 KIU/kg Vitamin A, 41.7 KIU/kg Vitamin D, 826.7 IU/kg Vitamin E, 0.09% Lysine, 0.02% 
Methionine 

3 Contains (DM Basis) 90.4% fat, 9.6% from Inman (Clackamas, OR) 

b. 
   

Group S. cerevisiae (g) Corn (g) Molasses (g) 

Control (0 g/d XP) 0 168 84 

1XP (56 g/d XP) 56 112 84 

2XP (112 g/d XP) 112 56 84 
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FIGURES 

 

 

Figure 1.  Effect of feeding various dosages of Saccharomyces cerevisiae fermentation 

product (XP) between -4 and 4 wks postpartum on median and interquartile ranges of 

somatic cell count (SCC; in cells/μL) in multiparous dairy cows.  
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Table 3.  Effect of feeding various dosages of Saccharomyces cerevisiae fermentation product (XP) between -4 to 4 wk postpartum on 

incidence of health disorders and mortality in multiparous cows. 

Disease 0 g/d XPC P – value1 14 g/d XPC P - value Overall 

N (% treated) 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage XP Dosage 

Day (0-28) N = 32 N = 33 N = 31   N = 22 N = 19 N = 23     

Fresh2 13 (40.6) 13 (39.4) 15 (48.4) 0.8015 0.4825 6 (27.3) 12 (63.2) 7 (30.4) 0.1237 0.0343 0.4765 0.2008 

Appetite D03 14 (43.8) 11 (33.3) 6 (19.4) 0.0709 0.1970 12 (54.5) 8 (42.1) 8 (34.8) 0.2360 0.5861 0.0174a 0.2039 

Ketosis 7 (22.6) 8 (25.0) 10 (32.3) 0.5871 0.5229 6 (27.3) 7 (36.8) 5 (21.7) 0.8763 0.2757 0.8738 0.6519 

Ret. Placenta. 3 (  9.4) 9 (27.3) 8 (25.8) 0.0637 0.8767 3 (13.6) 3 (15.8) 3 (13.0) 0.9145 0.7806 0.1544c 0.7504 

Metritis 14 (45.2) 20 (64.5) 20 (64.5) 0.0830 0.8793 13 (59.1) 10 (52.6) 14 (60.9) 0.8736 0.6413 0.2092 0.6489 

Mastitis 5 (16.7) 3 (  9.4) 3 (  9.7) 0.2768 0.9611 6 (28.6) 4 (21.1) 1 (  4.3) 0.0735 0.1298 0.0155a 0.2312 

Edema4 15 (48.4) 20 (62.5) 19 (61.3) 0.2392 0.9338 7 (33.3) 9 (47.4) 4 (17.4) 0.7797 0.0415 0.7493 0.0890b 

Laminitis 6 (20.0) 8 (25.0) 5 (16.1) 0.9914 0.3977 1 (  4.8) 2 (10.5) 3 (13.0) 0.4578 0.6809 0.4095 0.9034 

Other Illness5 6 (20.0) 3 (  9.4) 2 (  6.5) 0.0909 0.6715 3 (14.3) 6 (31.6) 4 (17.4) 0.3944 0.3017 0.2947 0.3314 

Treated6 24 (75.0) 30 (90.9) 27 (87.1) 0.0685 0.6098 18 (81.8) 17 (89.4) 18 (82.6) 0.6642 0.6089 0.1916 0.4708 

Hospital7 17 (53.1) 21 (63.6) 19 (61.3) 0.3970 0.8089 13 (59.1) 10 (52.6) 14 (60.9) 0.8768 0.5560 0.5758 0.7610 

Died/Sold 4 (12.5) 6 (18.2) 2 (  6.5) 0.8530 0.1581 1 (  4.5) 3 (15.8) 1 (  4.3) 0.6247 0.3314 0.9752 0.1071b 

Day (29-100) N = 28 N = 27 N = 31   N = 21 N = 16 N = 22     

Mastitis 5 (17.9) 3 (11.1) 4 (12.9) 0.4956 0.7672 6 (28.6) 2 (12.5) 4 (18.2) 0.2313 0.6387 0.1981 0.5833 

Laminitis 9 (32.1) 8 (29.6) 9 (29.0) 0.9268 0.9246 5 (23.8) 1 (  6.3) 8 (36.4) 0.4895 0.0871 0.5147 0.0586a 

Treated 14 (50.0) 9 (33.3) 13 (41.9) 0.3373 0.3846 8 (38.1) 3 (18.8) 10 (45.5) 0.4880 0.1082 0.2579 0.0690b 

Hospital 9 (32.1) 6 (22.2) 9 (31.0) 0.5757 0.4649 8 (38.1) 3 (18.8) 5 (22.7) 0.1562 0.7676 0.1982 0.4998 

Died/Sold 2 (  7.1) 3 (11.1) 4 (12.9) 0.4801 0.7592 2 (  9.5) 1 (  6.3) 2 (  9.1) 0.8193 0.7566 0.6147 0.6698 
1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15. 
2 Fresh cows were treated because they had twins (5, 7, and 4 cows fed 0, 56, and 112 g/d XP and no XPC prepartum; 2, 2, and 0 cows fed 0, 56, and 112 g/d XP with XPC prepartum), complications 

during the birthing process (1, 1, and 1 cow fed 0. 56. and 112 g/d XP and no XPC prepartum; no cows fed 0, 56, and 112 g/d XP with XPC prepartum), were obese (1, 1, and 3 cows fed 0. 56. and 112 
g/d XP and no XPC prepartum; 0, 2, and 0 cows fed 0, 56, and 112 g/d XP with XPC prepartum).or were weak (6, 4, and 7 cows fed 0, 56, and 112 g/d XP and no XPC prepartum; 4, 8, and 7 cows fed 

0, 56, and 112 g/d XP with XPC prepartum). 
3 Appetite measures number of cows not consuming all of their supplement. 
4 Edema indicates a weekly average edema score of at least 3, according to Tucker et al. (1992). 
5 Other illness include milk fever and displaced abomasum (one cow fed 56 g/d XP with XPC prepartum), downer cow syndrome (one cow fed 0 g/d XP with XPC prepartum), displaced abomasum (2, 

0, and 0 cows fed 0, 56, and 112 g/d XP and no XPC prepartum; 1, 1, and 1 cow fed 0, 56, and 112 g/d XP with XPC prepartum); weakness (3, 3, and 1 cow fed 0. 56. and 112 g/d XP and no XPC 
prepartum; 2, 4, and 3 cows fed 0, 56, and 112 g/d XP with XPC prepartum). 
6 Number of cows medically treated. 
7 Number of cows that had to be moved to the hospital pen to recuperate. 
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Table 4.  Effect of feeding various dosages of Saccharomyces cerevisiae fermentation product (XP) between -4 to 4 wk postpartum on 

treatment period for health disorders in multiparous dairy cows. 

Disease 0 g/d XPC P – value1 14 g/d XPC P - value Overall 

Days ± SEM 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage XP Dosage 

Day (0-28) N = 32 N = 33 N = 31   N = 22 N = 19 N = 23     

Ketosis 1.0 ± 0.5 0.7 ± 0.3 0.7 ± 0.2 0.6787 0.5170 0.7 ± 0.3 1.2 ± 0.6 0.6 ± 0.3 0.9076 0.3492 0.6962 0.9038 

Ret. Placenta 1.1 ± 0.5 2.0 ± 0.5 1.6 ± 0.5 0.1247c 0.2119 1.0 ± 0.5 1.5 ± 0.6 1.2 ± 0.5 0.5119 0.4631 0.1065b 0.1351c 

Metritis 3.3 ± 1.0 6.3 ± 1.3 4.8 ± 1.2 0.0876b 0.6105 3.0 ± 1.0 3.6 ± 1.3 3.8 ± 1.3 0.8524 0.6997 0.1235c 0.7904 

Mastitis 0.6 ± 0.3 0.5 ± 0.4 0.9 ± 0.5 0.4198 0.9247 1.9 ± 0.8 0.9 ± 0.7 0.1 ± 0.1 0.0632b 0.4119 0.0694b 0.6678 

Edema (wks)2 1.0 ± 0.2 1.6 ± 0.3 1.6 ± 0.3 0.1063b 0.9485 0.8 ± 0.3 1.5 ± 0.4 0.2 ± 0.1 0.9225 0.0117a 0.2310 0.0740b 

Laminitis 0.2 ± 0.1 0.6 ± 0.3 0.7 ± 0.5 0.5070 0.4022 0.3 ± 0.3 0 0.1 ± 0.1 0.7235 0.1065b 0.4829 0.8735 

Other Illness3 0.3 ± 0.3 0.0 ± 0.0 0.1 ± 0.1 0.4548 0.9639 0.0 ± 0.0 0 0 0.1671 1.00 0.2044 0.9784 

Treated4 4.9 ± 1.1 7.9 ± 1.3 7.1 ± 1.2 0.0764b 0.6170 5.9 ± 1.5 6.5 ± 1.4 5.5 ± 1.4 0.7644 0.8453 0.1133c 0.4339 

Hospital5 5.3 ± 1.3 8.8 ± 1.6 7.5 ± 1.5 0.2621 0.7630 8.5 ± 2.1 7.7 ± 2.1 7.4 ± 1.8 0.6430 0.6463 0.5809 0.8538 

Died/Sold6 2.6 ± 1.3 3.1 ± 1.3 1.1 ± 0.9 0.9515 0.1538c 1.1 ± 1.1 2.7 ± 1.6 0.3 ± 0.3 0.5137 0.1886 0.7563 0.0501a 

Day (29-100) N = 28 N = 27 N = 31   N = 21 N = 16 N = 22     

Mastitis 0.6 ± 0.4 0.1 ± 0.1 0.9 ± 0.5 0.6516 0.4091 1.5 ± 0.7 1.6 ± 1.5 1.4 ± 0.7 0.3942 0.9651 0.3301 0.5055 

Laminitis 0.6 ± 0.3 0.5 ± 0.2 0.7 ± 0.3 0.8894 0.7597 0.3 ± 0.1 0.1 ± 0.1 0.9 ± 0.4 0.8475 0.0843b 0.8815 0.1860 

Treated 1.3 ± 0.4 0.6 ± 0.2 1.6 ± 0.6 0.6472 0.3267 1.7 ± 0.7 1.8 ± 1.6 2.3 ± 0.8 0.8318 0.2807 0.6259 0.1269c 

Hospital 2.2 ± 0.8 0.9 ± 0.4 2.5 ± 0.9 0.6045 0.3126 3.8 ± 1.3 1.8 ± 1.5 2.9 ± 1.3 0.1787 0.6935 0.1781c 0.2977 

Died/Sold 12.3 ± 4.6 17.3 ± 5.2 12.1 ± 4.6 0.6512 0.3794 7.9 ± 4.5 13.6 ± 6.4 5.2 ± 3.5 0.7287 0.4132 0.5540 0.2179 
1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15. 
2 Edema indicates an average weekly edema score of at least 3 (1992) 
3 Other illness include milk fever and displaced abomasum (one cow fed XPC, 56 g/d XP), downer cow syndrome (one cow fed 0 XPC, 0 g/d XP), displaced abomasum (two cows fed 0 XPC, 0 g/d 

XP; one cow fed XPC and 0 g/d XP; one cow fed XPC and 56 g/d XP, one cow fed XPC and 112 g/d XP); weakness (one cow fed 0 XPC, 0 g/d XP; one cow fed 0 XPC, 56 g/d XP; one cow fed 0 
XPC and 112 g/d XP; one cow fed XPC and 0 g/d XP). 
4 Number of day cows were medically treated. 
5 Number of days cows had to spent in the hospital pen to recuperate. 
6 Number of missed days because cows got prematurely sold or died. 
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Table 5.  Effect of feeding various dosages of Saccharomyces cerevisiae fermentation product (XP) between -4 to 4 wk postpartum on 

the proportion of treatment days for health disorders and proportion of days missed in multiparous dairy cows 

Disease 0 g/d XPC P – value1 14 g/d XPC P - value Overall 

%Days ± SEM 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage XP Dosage 

Day (0-28) N = 32 N = 33 N = 31   N = 22 N = 19 N = 23     

Ketosis 4.2 ± 2.1 4.7 ± 2.2 4.7 ± 2.3 0.5975 0.5925 2.4 ± 1.1 6.8 ± 2.9 2.2 ± 1.0 0.7685 0.2222 0.5662 0.7232 

Ret. Placenta 8.3 ± 3.7 7.3 ± 1.8 5.8 ± 1.9 0.2514 0.2042 3.7 ± 1.7 7.0 ± 2.7 4.3 ± 2.0 0.4423 0.3376 0.1610 0.0988b 

Metritis 11.9 ± 3.6 23.0 ± 4.7 17.3 ± 4.2 0.0808b 0.5476 10.6 ± 3.7 12.8 ± 4.7 13.5 ± 4.5 0.8524 0.6997 0.1184c 0.7397 

Mastitis 2.4 ± 1.3 4.8 ± 3.3 4.0 ± 2.7 0.4366 0.9892 6.7 ± 2.9 5.2 ± 4.3 0.6 ± 0.6 0.0668b 0.4119 0.0773b 0.6205 

Laminitis 0.6 ± 0.2 3.9 ± 2.0 2.6 ± 1.9 0.5070 0.3968 1.1 ± 1.1 0 0.5 ± 0.3 0.7235 0.1065b 0.4753 0.8695 

Other Illness2 2.3 ± 2.2 0.2 ± 0.2 3.2 ± 3.2 0.4759 0.9639 0.2 ± 0.2 0 0 0.1671 1.0000 0.2132 0.9784 

Treated3 23.7 ± 5.0 37.0 ± 6.2 29.2 ± 5.3 0.1400c 0.3769 20.9 ± 5.3 28.9 ± 6.2 19.9 ± 4.9 0.5682 0.3526 0.1224c 0.1603 

Hospital4 26.6 ± 5.9 40.3 ± 6.5 29.5 ± 5.7 0.4291 0.3957 32.9 ± 7.4 35.7 ± 9.0 27.5 ± 6.7 0.7445 0.7060 0.6955 0.3402 

Died/Sold5 9.2 ± 4.6 10.9 ± 4.6 4.0 ± 3.1 0.9515 0.1538c 4.1 ± 4.1 9.8 ± 5.6 0.9 ± 0.9 0.5137 0.1886 0.7563 0.0501a 

Day (29-100) N = 28 N = 27 N = 31   N = 21 N = 16 N = 22     

Mastitis 2.3 ± 1.3 0.4 ± 0.3 3.2 ± 1.7 0.6516 0.4091 5.2 ± 2.5 5.8 ± 5.3 4.9 ± 2.4 0.3942 0.9651 0.3301 0.5055 

Laminitis 2.2 ± 1.0 1.8 ± 0.7 2.5 ± 1.2 0.8894 0.7597 1.1 ± 0.5 0.4 ± 0.3 3.1 ± 1.3 0.8475 0.0843b 0.8115 0.1860 

Treated 3.7 ± 1.2 2.2 ± 0.8 5.7 ± 2.0 0.6472 0.3267 6.1 ± 2.7 6.3 ± 2.2 8.3 ± 2.9 0.8318 0.3938 0.6259 0.1269c 

Hospital 4.5 ± 1.5 5.8 ± 3.9 10.0 ± 4.3 0.7843 0.3547 10.8 ± 5.2 2.8 ± 2.2 4.7 ± 2.0 0.1540c 0.2807 0.2636 0.3547 

Died/Sold 17.0 ± 6.4 24.0 ± 7.3 16.8 ± 6.4 0.6512 0.3794 10.9 ± 6.3 18.9 ± 8.8 7.2 ± 4.8 0.7287 0.7244 0.5540 0.2179 
1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15. 
2 Other illness include milk fever and displaced abomasum (one cow fed XPC, 56 g/d XP), downer cow syndrome (one cow fed 0 XPC, 0 g/d XP), displaced abomasum (two cows fed 0 XPC, 0 g/d XP; 

one cow fed XPC and 0 g/d XP; one cow fed XPC and 56 g/d XP, one cow fed XPC and 112 g/d XP); weakness (one cow fed 0 XPC, 0 g/d XP; one cow fed 0 XPC, 56 g/d XP; one cow fed 0 XPC and 
112 g/d XP; one cow fed XPC and 0 g/d XP). 
3 Percent of day cows were medically treated. 
4 Percent of days cows had to spent in the hospital pen to recuperate. 
5 Percent of days missed because cows got prematurely sold or died. 
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Table 6.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) on somatic cell counts (SCC; in ln cells/μL) in dairy 

cows (appetite measures number of cows not consuming all of their supplement). 

SCC 0 g/d XPC P – value1 14 g/d XPC P - value Overall 

  0 g/d XP 56 g/d XP 112 g/d XP XP Dosage 0 g/d XP 56 g/d XP 112 g/d XP XP Dosage XP Dosage 

 N = 31 N = 30 N = 30   N = 22 N = 19 N = 22     

Overall 5.23 ± 0.09 5.12 ± 0.10 5.01 ± 0.10 0.1603 0.3980 5.05 ± 0.11 4.88 ± 0.12 4.96 ± 0.11 0.3586 0.6349 0.0834b 0.9630 

Week 1 5.49 ± 0.08 5.50 ± 0.09 5.24 ± 0.08 0.2560 0.0376a 5.19 ± 0.11 5.21 ± 0.12 5.23 ± 0.11 0.8253 0.8737 0.5424 0.2782 

Week 2 5.15 ± 0.12 5.06 ± 0.12 5.00 ± 0.12 0.4058 0.7249 4.92 ± 0.12 4.85 ± 0.14 4.82 ± 0.12 0.5860 0.8584 0.2557 0.8990 

Week 3 5.11 ± 0.12 5.06 ± 0.12 4.88 ± 0.12 0.3302 0.2860 5.02 ± 0.14 4.72 ± 0.17 4.91 ± 0.14 0.2687 0.4051 0.1360c 0.9822 

Week 4 5.17 ± 0.14 4.87 ± 0.15 4.90 ± 0.14 0.1034b 0.8919 5.05 ± 0.16 4.73 ± 0.19 4.87 ± 0.16 0.2220 0.5798 0.0338a 0.4982 

1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15          
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ABSTRACT 

Excessive weight loss during the transition period results in delayed reproductive function in 

lactating dairy cows. This experiment was designed to investigate the effects of 

Saccharomyces cerevisiae fermentation product (Diamond V Original XP™; XP), which 

may attenuate weight loss; thereby, improving reproductive function. Due to the increased 

demands during the transition period, doubling feeding rates of XP may provide a greater 

benefit to dairy cows. The objective of the current study was to evaluate whether feeding a 

single or double dose of XP during the transition period may improve reproductive function 

in lactating dairy cows. Multiparous Holstein cows, housed in the same pen, were given a 

supplement containing either 0 (n = 54), 56 (n = 52), or 112 g (n = 54) of XP daily during 

morning lock-up as a top dressing to their TMR. The supplement consisted of 0, 56, or 112 g 

of XP mixed with 84 g of molasses and 168, 112, or 56 g of corn meal, respectively. 

Supplement feeding started 28 d before predicted calving (at least 14 d prepartum) and ended 

28 d postpartum. Body condition scores (BCS) and serum NEFA concentrations were 

measured weekly during the supplementation period as indicators of energy balance. In 

addition, BCS were recorded 7 and 14 wk postpartum. To indicate ovarian activity, serum 

progesterone concentrations were determined at 28, 35, 42, and 49 d postpartum. Conception 

rates, number of services, and days open were recorded as indicators of reproductive success. 

Between d 28 and 49 postpartum, progesterone concentrations (P = 0.02) and BCS (-0.10 ± 

0.05; P = 0.07) decreased in control cows but remained similar in cows that were fed XP 

during the transition period. As a result, XP-fed cows, regardless of dosage, had higher 

progesterone concentrations at both 42 and 49 d postpartum compared to control cows (both 

P = 0.04). Feeding XP did not significantly change indicators of reproductive success. 
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Feeding a double dose of XP did not further improve reproductive function compared to a 

single dose. Our results suggest that feeding Saccharomyces cerevisiae fermentation product 

during the transition period may stimulate ovarian activity in lactating dairy cows. 

Key Words: dairy, reproduction, Saccharomyces cerevisiae fermentation product, yeast 

culture. 

 

INTRODUCTION 

Genetic selection for milk production has resulted in large increases in average milk 

production per cow (+2,300 kg/lactation between 1970 and 2000), which has created 

nutritional challenges in early lactation to satisfy energy requirements (Lucy, 2001). 

Reproductive efficiency was, for a long time, not considered when bulls were selected for 

breeding, leading to decreased conception rates and increased number of services per 

conception between 1970 and 2000 by approximately 1.2 (Lucy, 2001). Excessive weight 

loss during early lactation, has been recognized as one of the major reasons for delayed 

postpartum ovarian activity and decreased conception rates. Severe negative energy balance 

(NEB) negatively impacts metabolic and endocrine pathways necessary for synthesis of 

reproductive hormones, oocyte maturation, ovulation of viable oocytes, a functional corpus 

luteum, and survival of early embryos (Leroy et al., 2008a). 

Early lactation diets have to be formulated to provide adequate energy and nutrients 

to achieve resumption of ovarian function within a reasonable time period (Gong, 2002). 

Feed additives, such as live yeast (Saccharomyces cerevisiae) and its fermentation products, 

may be a safe and cost-efficient way to improve nutrient utilization in early lactation 

(Hutjens, 1996; Desnoyers et al., 2009) and, thereby, improve reproductive efficiency. One 
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prominent yeast fermentation product used as a feed additive is Original XP™ (Diamond V, 

Cedar Rapids, IA), which can decrease body weight losses during the first 42 d postpartum 

(Dann et al., 2000). Few studies have reported the effect of yeast and its fermentation 

products on reproductive function (Dann et al., 2000; Lehloenya et al., 2008; Bruno et al., 

2009; Kalmus et al., 2009; Al Ibrahim et al., 2010). Feeding yeast did not significantly affect 

indicators of reproductive function (Table 1), which can be partly explained by the low 

animal numbers per group (20 or less per group) or lack of individual feeding (Bruno et al., 

2009). 

The objective of this study was to examine whether feeding a daily dose of 56 or 112 

g of Saccharomyces cerevisiae fermentation product (Diamond V Original XP™; XP) during 

the transition period may affect energy balance (using BCS and serum NEFA as indicators), 

ovarian activity (using serum progesterone concentrations as an indicator), and reproductive 

efficiency (using conception rates, number of inseminations per cow, and days open as 

indicators). Our hypothesis was that XP supplementation would improve energy balance and, 

thereby, accelerate resumption of ovarian activity and improve reproductive efficiency with a 

greater benefit with an increased XP dosage. 

 

MATERIALS AND METHODS 

Animals, housing, and feeding 

All procedures were approved by the Oregon State University Institutional Animal 

Care and Use Committee (#ACUP 3991). In this study, 160 multiparous Holstein cows were 

blocked by parity (2, 3, 4 and higher) and randomly assigned within parity to receive either 0, 

56, or 112 g/d of XP beginning 4 wks before the expected calving date and ending 4 wks 
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after calving. Cows fed less than 2 wks before calving, had an incorrect breeding date, or 

became seriously ill before calving were withdrawn from the study so that the final number 

per group were 54, 52, and 54 cows for 0, 56, and 112 g of XP, respectively. The supplement 

was a mixture of molasses, ground corn, and Saccharomyces cerevisiae fermentation product 

(Table 2) and was top-dressed individually to each cow during the morning feeding, when 

cows were locked in head stanchion lock-ups for a period of 30 to 45 min. Five control cows, 

eight single dose XP cows, and three double dose XP cows died or were culled within the 

first 28 d postpartum and three control cows, two single dose XP cows, and three double dose 

XP cows between 29 and 49 d postpartum. The times and reasons for cows exiting the study 

are shown in Table B1. 

Prepartum, the cows were housed in a straw-bedded free stall barn with head gates 

and were fed once a day in the morning their typical dry-cow ration that had been formulated 

according to NRC recommendations (Table 2). After one third of the study, 14 g/d of 

Diamond V XPC (n = 64 cows), which is equivalent in potency to 57 g/d of Diamond V XP, 

was removed from the mineral mix. Postpartum, all cows were housed in two free stall barns 

(one barn for the first 24 hrs and when cows were sick and one barn for healthy cows) and 

received ad libitum water and a typical NRC recommended total mixed ration (Table 2; 

TMR) for high-producing cows once (in the morning in the first third of the study) or twice a 

d (morning and evening in the later two thirds of the study). Cows were milked for the first 4 

wks postpartum four (first third of the study) or six (later two third of the study) times per d 

and after the first 4 wks postpartum three times a d. When cows were sick, they were milked 

twice per d, and the milk had to be discarded because of medication used. 
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Data Collection 

Three evaluators independently determined body condition scores (BCS) on a five 

point scale from 1 = emaciated to 5 = extremely obese (Edmonson et al., 1989). Starting 

before the first supplement feeding, scores were evaluated weekly through the supplement 

feeding period, and at 7 and 14 wks postpartum. Since the commercial dairy had no 

automatic milk meters, a certified milk tester came twice weekly on non-consecutive days to 

measure milk production and its components [fat, protein, lactose, and somatic cell count 

(SCC)] for one milking. After the supplementation period, milk production and its 

components was measured every 5 wks by a certified milk tester for the majority of milkings 

per d. Animals were checked twice a day for diseases. Medical treatments were administered 

and recorded by the herd manager and categorized by disease in Dairy Comp. (Valley Ag. 

Software Inc., Tulare, CA). Any medical treatments were administered based on a standard 

operating procedure. 

Prepartum blood samples were drawn weekly starting at the first supplement feeding 

until close to calving, when samples were taken every other day. Postpartum blood samples 

were taken at day 0, 1, 3, 7, 14, 21, 28, 35, 42, and 49 postpartum. Blood samples were 

collected from the tail within 5-10 min of supplementation using 10 mL vacutainer tubes (BD 

Vacutainer
®
 Plus Plastic Serum Tubes, BD Diagnostics, Franklin Lakes, NJ) and placed on 

ice immediately after collection. Serum was separated after centrifugation at 1600 x g for 20 

min and frozen at -80°C until analysis. 

Serum Analysis 

Concentrations of glucose (Stanbio Glucose Procedure No. 1075; Stanbio Laboratory, 

Boerne, TX), non-esterified fatty acids (NEFA) (ACS ACOD method, WAKO Diagnostics, 
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Richmond, VA), blood urea nitrogen (Stanbio Urea Nitrogen Liqui-UV
®
 Test), and β-

hydroxybutyrate (BHBA) (Stanbio BHBA LiquiColor
®
 Procedure No. 2440) were measured 

according to manufacturer’s instructions using a FLUOstar Omega microplateautoreader 

(BMG Labtech Inc, San Fransisco, CA) on samples from d -28 (at first supplement feeding; 

baseline sample), -21 (-26 to -18), -14 (-17 to -11), -7 (-10 to -5), -3 (-4 or -3), -1 (-2 or -1), 

0, 1, 3, 7, 14, 21, and 28 postpartum. 

Progesterone concentrations (Immulite
®
 Progesterone; Siemens Healthcare 

Diagnostics, Deerfield, IL) were measured according to manufacturer’s instructions using an 

Immulite 1000 Immunoassay System (Siemens Healthcare Diagnostics) on samples from 28, 

35, 42, and 49 d postpartum. The inter- and intra-assay coefficient of variations were below 

7%. The limit of sensitivity was 0.2 ng/mL. For statistical analysis, progesterone 

concentrations below the sensitivity limit were set at 0.1 ng/mL. Resumption of luteal 

activity was defined as a single day’s sample measuring > 0.85 ng/mL serum progesterone. 

Reproductive Management 

Cows were started on a presynchronization program for timed artificial insemination 

starting 50 d postpartum. The presynchronization program consisted of two injections of 25 

mg of PGF2α [LUTALYSE (Dinoprost Tromethamine) injection; 25 mg LUTALYSE® 

STERILE SOLUTION, Pfizer Animal Health; New York, NY] 2 wks apart. After the second 

injection of 5 mL of PGF2α, estrus was checked twice daily and determined based on the 

removal of tail chalk applied using paintsticks (All-weather Paintstik; LA-CO, Chicago IL). 

When estrus was observed, cows were artificially inseminated in the following 12 h by the 

herd manager or assistant herd manager. Cows not detected in estrus within 2 wks were 

started on an Ovsynch, timed artificial insemination program, consisting of an injection of 2 
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mL of GnRH (gonadorelin diacetate tetrahydrate; 100 μg Cystorelin
®
; Merial LLC, Duluth, 

GA), followed 1 wk later by another 5 mL of PGF2α injection, followed 3 d later by a second 

dose of 2 mL of GnRH, and a timed breeding 24 hr later. All cows that remained on the farm 

until 100 d postpartum were inseminated the first time between 65 and 91 d postpartum using 

a variety of bulls (n = 51). 

Pregnancy checks were performed 6, 17, and 29 wk post-insemination using 

palpation by a registered veterinarian, students of veterinary medicine, or the herdsman. 

Cows were injected with 2 mL of GnRH 14 d before the pregnancy check to start 

immediately the ovsynch program described in the previous paragraph if a cow was 

diagnosed as open. If a cow was observed to be in heat after a confirmed pregnancy 

diagnosis, she was re-checked and if not pregnant, recorded as aborted, and re-bred following 

an ovsynch program. All cows were bred when in heat unless they were sold within the next 

5 wks. In wk 34 postpartum, cows were moved in a pen with two bulls to impregnate open 

cows. Dates of services and pregnancy checks, bull ID, and name of the service technician 

were recorded by the herdsman in Dairy Comp. 

Statistical Analysis 

 Statistical analyses were conducted using SAS version 9.2 (SAS, Inc., Cary, NC, 

USA) software. Serum NEFA concentrations were log10 transformed to achieve a normal 

distribution of the concentrations. Data with binary outcome such as conception rates and 

onset of luteal function were analyzed using Fisher’s Exact test or the GENMOD procedure 

using the binary distribution and the logistic link function. Number of inseminations per cow 

was analyzed using the GENMOD procedure using the negative binomial distribution and a 

log link function. To account for cows that were sold early, we also examined number of 
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inseminations per cow using the LIFETEST procedure, censoring cows at their last 

insemination before they were sold. Days open were also examined using the LIFETEST 

procedure. Cows were censored at their last insemination except for one control cow that was 

not bred after d 200 postpartum and was censored at d 200 postpartum. Serum progesterone 

and NEFA concentrations and BCS were analyzed using the MIXED procedure. A 

completely unstructured variance-covariance structure was assumed for repeated measures 

over time within the same cow. To obtain the correct degrees of freedom, the 

KENWARDROGER option was invoked. The KENWARDROGER option consists of the 

Satterthwaite adjustment for degrees of freedom with a Kenward-Roger adjustment on 

standard errors, which can be used for repeated measures studies. 

Fixed effects in the statistical models (except for Fisher’s Exact test) were treatment 

(0, 56, 112 g/d XP), parity (2, 3, 4 or more lactations), birth difficulties (no or little 

assistance, twins or hard pull), prepartal XPC use (yes, no), and the interaction between 

treatment and XPC use. Additional fixed effects in the MIXED procedure were day 

postpartum at time of sampling and the interaction between treatment and day postpartum at 

time of sampling and for NEFA concentrations weather at sampling day [0, 1 or 2; 

temperature heat index on sampling day calculated according to NOAA (1976)]. 

The effect of XP supplementation was evaluated by comparing the estimated means 

of the two XP-supplemented groups with the mean of the control group. The effect of XP 

dosage was assessed by comparing the estimated mean of the single dose group with the 

mean of the double dose group. For evaluating the effect of BCS loss on reproduction 

function, changes in BCS from -1 to 5 and -1 to 7 wks postpartum were categorized in less 

than one and at least one and added as fixed effect in the model. For the comparisons, the 
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ESTIMATE statement in the GENMOD and MIXED procedure was used, which refers to a 

χ
2
 and a Student’s t–test, respectively. In the LIFETEST, we used the non-parametric log-

rank test or Wilcoxon test. The P – values obtained with the log-rank test and the Wilcoxon 

test were similar and the P – values obtained with the log-rank test are shown. The P – values 

for the effect of XP on numbers of insemination were similar when the GENMOD or 

LIFETEST procedure was used and only the P – values from the GENMOD procedure are 

shown. Averages shown are means ± SEM except for serum NEFA, progesterone, and BCS 

scores, which are least-squares means ± SEM. In the results section, treatment and treatment 

by day effects are only shown because no significant treatment by XPC effects were 

observed. Statistical significance was declared at P ≤ 0.05 and a tendency at 0.05 < P ≤ 0.15. 

 

RESULTS 

Serum progesterone concentrations during peak lactation were affected by XP feeding 

during the transition period (Figure 1). Cows that were fed XP had significantly higher 

progesterone concentrations at d 42 and 49 postpartum compared to control cows (both P = 

0.04). Between d 28 and 49 postpartum, average progesterone concentrations decreased in 

control cows (-0.74 ng/mL; P = 0.02), while progesterone concentrations remained similar in 

56 g/d XP cows (+0.15 ng/mL; P = 0.63) and 112 g/d XP cows (-0.15 ng/mL; P = 0.62) 

(Figure 1). 

The decrease in progesterone concentrations in the control group coincided with a 

decrease in BCS (-0.10 ± 0.05; P = 0.07), while BCS remained similar in XP-fed cows (-0.04 

± 0.04; P = 0.39; Figure 2). There was a significant time effect on BCS (P < 0.0001). During 

the supplementation period, changes in BCS were similar in cows fed XP or not, with cows 
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losing on average more than 1.00 BCS point (Figure 2). The BCS remained low at d 49 

postpartum, and cows had only regained on average a quarter BCS point by d 100 postpartum 

(Figure 2). 

Similarly, serum NEFA concentrations were not significantly affected by XP 

supplementation during the supplementation period (Figure 3). However, NEFA 

concentrations tended to be lower at d 3 (P = 0.07) and d 21 postpartum (P = 0.09) and were 

overall numerically lower in XP fed cows (P = 0.26; control: 5.77 ± 0.03; single dose: 5.74 ± 

0.03; double dose: 5.73 ± 0.03 log10 μEq/L). There was a significant time effect from 

calving to d 28 postpartum (P < 0.0001). Serum NEFA concentrations increased during the 

wk after calving with smaller increases in XP-fed cows and then slowly decreased through d 

28 (Figure 3). 

Other indicators of reproductive function were not significantly affected by XP 

feeding (Table 3-4, Figure 4). The number of cows with active luteal tissue increased 

between d 28 and 49 postpartum although to a smaller extent than we had expected (Figure 

4). Cows that lost 1.00 or more BCS points during the first 4 wk postpartum had lower 

progesterone concentrations and delayed resumption of ovarian activity than cows that lost 

less than 1.00 BCS points (Table 4). Compared to the control group, 10% more XP fed cows 

had started ovulating (38% vs. 28% in control group). At 49 d postpartum, 52 ± 7%, 55 ± 

8%, and 62 ± 7% of the cows had starting ovulating in 0, 56, and 112 g/d groups, 

respectively (Figure 4), indicating a 10% greater ovulation rate. 

Conception rates were not significantly affected by XP feeding (Figure 5) as were 

days open (Figure 6) and number of inseminations per cow (Figure 7). Most cows 

conceived between 100 and 200 d postpartum. Control cows conceived primarily between 
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100 and 150 d postpartum, while XP-fed cows conceived similarly between 100 and 200 d 

postpartum (Figure 5). No significant treatment differences in conception rates were 

observed at any lactation stage. On average, cows were open for 134 ± 5 d with no 

significant treatment differences observed (127 ± 9, 142 ± 9, and 133 ± 8 d postpartum for 

cows receiving 0, 56, and 112 g/d of XP, respectively). The SEM indicates that we had the 

statistical power to detect 15% treatment differences in days open if present. Cows had, on 

average, 2.62 ± 0.15 (pregnant cows) and 2.89 ± 0.15 (all cows) services with no significant 

treatment differences (control cows: 2.44 ± 0.26 and 2.78 ± 0.27; single dose: 2.88 ± 0.30 

and 3.10 ± 0.31; double dose: 2.55 ± 0.23 and 2.82 ± 0.22) (Figure 7). The SEM indicates 

that we had the statistical power to detect 20% treatment differences in service number if 

present. 

 

DISCUSSION 

We investigated whether daily feeding 56 or 112 g of Saccharomyces cerevisiae 

fermentation product (XP) during the transition period would improve energy balance and, 

hence, accelerate resumption of ovarian activity and improve reproductive efficiency with a 

greater benefit at the increased XP dosage. Feeding XP did not significantly change 

resumption of ovarian activity, conception rates, number of services, or days open. However, 

cows, that had received XP, maintained BCS and progesterone concentrations between 28 

and 49 d postpartum, while progesterone concentrations and BCS tended to decrease in 

control cows. As a result, cows that been fed XP had higher progesterone concentrations at 

both 42 and 49 d postpartum. Our results suggest that feeding yeast fermentation product 

during the transition period may stimulate ovarian activity in lactating dairy cows. 
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Few studies reported on feeding either live yeast (Kalmus et al., 2009; Al Ibrahim et 

al., 2010) or yeast fermentation product (Dann et al., 2000; Lehloenya et al., 2006; Bruno et 

al., 2009) on reproductive function in lactating dairy cows. Limitations of those studies are 

the low animal number (20 or less per group), which limit the statistical power to detect 

differences if present (Table 1). Another limitation in the only large study was that cows 

were not individually fed (Bruno et al., 2009), which results in variability of consumed 

amount of yeast product. Therefore, it comes as no surprise that no significant effects of 

feeding yeast on indicators of ovarian activity and reproductive function were observed 

(Lehloenya et al., 2008; Bruno et al., 2009; Kalmus et al., 2009; Al Ibrahim et al., 2010). 

However, feeding live yeast tended to increase preovulatory estradiol concentrations and first 

postpartum ovulatory follicle (Al Ibrahim et al., 2010), suggesting a potential beneficial 

effect of feeding yeast on ovarian activity. 

In our study, cows that had been fed yeast fermentation product had higher 

progesterone concentrations at 42 and 49 d postpartum cows, the latter being the starting date 

of the synchronization program (Figure 1). Increased progesterone concentrations before the 

start of the ovsynch program are associated with increased conception rates (Murugavel et 

al., 2003), indicating the importance of our finding for reproductive performance. 

Unfortunately, none of the other yeast feeding studies reported progesterone concentrations 

at various time points postpartum (Table 1). 

In other studies, progesterone concentrations were measured in blood (Lehloenya et 

al., 2008) or milk (Kalmus et al., 2009) to determine onset of luteal activity, which was, 

similar to our results (Table 3; Figure 4), not significantly altered by yeast feeding. Using a 

continuous variable such as progesterone concentration for a binary outcome, such as ovarian 
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activity, decreases the statistical power of the variable and thereby decreases the probability 

to detect a significant effect if present. 

Formerly XP-fed cows maintained BCS and progesterone concentrations between 28 

and 49 d postpartum, while progesterone concentrations and BCS tended to decrease in 

control cows (Figures 1, 2). Body weight losses 2 wks before insemination are associated 

with decreased progesterone concentrations and decrease the odds to conceive (Folman et al., 

1973). A smaller decrease in body weight within the first 6 wks postpartum had been 

reported previously in XP-fed Jersey cows (Dann et al., 2000). Most studies, however, did 

not observe a significant effect of feeding yeast or its fermentation products on body weight 

or BCS (Lehloenya et al., 2008; Bruno et al., 2009; Kalmus et al., 2009; Al Ibrahim et al., 

2010). 

Cows lost in our study, on average, more than 1.00 BCS point during the first 4 wks 

postpartum (Figure 2). Such dramatic BCS losses increase days open by 12 d and number of 

services per conception by 0.2 (Gillund et al., 2001). We did observe similar changes in cows 

that lost 1.00 or more BCS points during the first 7 wks postpartum (Table 4). Losses of 

BCS by more 1.00 BCS point during the first 4 wks postpartum were associated primarily 

with lower progesterone concentrations and delayed resumption of ovarian activity (Table 

4). Our results support the hypothesis that dramatic body weight loss in the transition period 

is associated with suppressed ovarian activity, which can be detrimental to developing 

follicles and embryo quality (Goff, 2006; Leroy et al., 2008b). 

Excessive body weight loss can impair reproductive efficiency through elevated 

NEFA concentrations (Jorritsma et al., 2003a; Leroy et al., 2005, 2008a; Shehab-El-Deen et 

al., 2010). Elevated NEFA concentrations may prolong the recovery of the uterine 



 45 

environment and resolution of uterine infections (LeBlanc et al., 2004), which can result in 

lower conception rates and more days open (Reist et al., 2003). Elevated NEFA 

concentrations can disrupt the sensitivity and reaction of the follicle to any surge from 

luteinizing hormone (LH; the hormone primarily responsible for ovulation) (Jorritsma et al., 

2003b; Leroy et al., 2005) and delay the first postpartum progesterone surge up to 11 days 

(Gardener et al., 1999). Non-esterified fatty acids in the follicular fluid can be incorporated 

into the follicle, inhibit function and proliferation of granulosa cells, and negatively impact 

oocyte maturation (Leroy et al., 2005; Vanholder et al., 2005). These actions can result in 

atresia of the follicle or the ovulation of an underdeveloped ovum (Webb et al., 2004). High 

NEFA concentrations can decrease the synthesis of, and sensitivity to, reproductive 

hormones, including progesterone (Yung et al., 1996) and LH (Canfield and Butler, 1991) 

within the follicle, which can result in increased duration of the dominant follicle presence, 

delayed ovulation, and, consequently, increased number of services per conception (Canfield 

and Butler, 1991; Austin et al., 1999). Even if a mature follicle manages to ovulate, there is a 

chance that increased NEFA concentrations can decrease cleavage rates and blastocyst 

survivability (Leroy et al., 2005) and decrease the longevity of blastocysts during the 

cryogenic freezing process (Shehab-El-Deen et al., 2009). Differences in ovulation rate don’t 

always correlate with increased NEFA concentrations, however, other NEB indicators, such 

as elevated concentration of β-hydroxybutyrate and urea N, can influence ovarian activity 

through inducing apoptosis (Taylor et al., 2003). 

We did not observe any significant treatment differences in serum NEFA 

concentrations during the first 4 wks postpartum, although we observed, at several time 

points, a tendency that yeast feeding may decrease NEFA concentrations (Figure 3). The 
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lack of treatment effect on NEFA concentrations can explain partly why indicators of 

reproductive efficiency were not altered by yeast feeding (Table 2; Figures 4 through 6). 

Many factors besides body weight loss affect reproductive function including infections, 

semen quality, timing of insemination, and service technician, which could not be controlled 

for on a commercial dairy. The time period beside XP feeding and conception might be too 

long to show any beneficial effect of XP feeding on reproductive efficiency. However, other 

studies that had fed yeast fermentation products up to 140 d postpartum did not observe any 

significant differences either (Dann et al., 2000; Bruno et al., 2009). 

Treatment differences in progesterone concentrations were observed in our study after 

commencement of XP feeding at 28 d postpartum, which raises the question how XP could 

have influenced progesterone concentrations. There are two potential explanations. It is 

possible that XP feeding causes a time delayed effect on ovarian function. This explanation is 

supported Britt (1992) who hypothesized that excessive weight loss during early lactation 

may impair long term synthesis of reproductive hormones. The other explanation is a carry-

over effect of XP feeding on energy balance and ovarian function through improved nutrient 

utilization. Control cows continued to lose BCS between 28 and 49 d postpartum, while 

formerly XP-fed cows stopped losing BCS after the end of the feeding period (Figure 2). No 

treatment group differences were observed for milk production in the month post XP feeding 

(results not shown), suggesting improved nutrient utilization in formerly XP-fed cows. It is 

well established that yeast and its fermentation products change microbial populations in the 

rumen and thereby improve organic matter digestibility (Desnoyers et al., 2009; Robinson, 

2009). If microbial populations remain stable after XP feeding, beneficial effects of XP 

feeding on organic matter digestibility could be observed beyond the supplementation period. 
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Chemical analysis of blood samples between 28 and 49 for cholesterol (precursor of estradiol 

and progesterone) and indicators of energy status will help us to evaluate our proposed 

mechanism. 

 

CONCLUSION 

In the last decades, reproductive efficiency within commercial dairies has declined. 

Feed additives, including feeding Saccharomyces cerevisiae fermentation product, are a cost-

efficient option to improve nutrient utilization in early lactation and thereby may improve 

reproductive function. Although feeding yeast fermentation product during the transition 

period (-4 to 4 wks postpartum) did not improve indicators of reproductive efficiency, we 

observed higher serum progesterone concentrations at 42 and 49 d postpartum in cows that 

had been fed yeast. Our results suggest that feeding Saccharomyces cerevisiae fermentation 

product during the transition period may stimulate ovarian activity in lactating dairy cows 

during peak lactation. 
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APPENDIX B 

Table B1.  Cows that left study postpartum. 

Treatment (Amount of XP in g/d) 

 0 (n = 54)  56 (n = 52)  112 (n = 54) 

DIM Reason DIM Reason DIM Reason 

0 to 28 d postpartum:     

2 Cesarian (died) 1 Uterine prolapse (died) 4 Weak (died) 

3 Injuries from tetany 2 Toxic mastitis 19 Toxic mastitis (died) 

3 Weak 4 Chronic mastitis 21 Toxic mastitis 

14 Chronic mastitis 17 Injuries from tetany   

15 Fatty liver (died) 15 Weak   

  15 Chronic mastitis   

  17 Lame   

  17 Weak   

29 to 49 d postpartum:     

34 Non-healing wound 29 Fatty Liver 30 Weak 

47 Toxic mastitis 32 Weak (died) 35 Stomach ulcer (died) 

49 Chronic mastitis   48 Toxic mastitis 

50 to 100 d postpartum:     

65 Chronic mastitis 53 Lame 56 Lame 

  57 Toxic mastitis 63 Toxic mastitis 

    89 Lame 

101 to 150 d postpartum:     

131 Pneumonia (died) 123 Chronic mastitis 106 Lame 

146 Toxic mastitis 126 Chronic mastitis 142 Toxic mastitis 

151 to 200 d postpartum:     

156 Chronic mastitis   158 Chronic mastitis 

167 Low milk   185 Cancer 

Over 200 d postpartum:     

207 Lame 203 Chronic mastitis 237 Low milk 

226 Jaw abscess   245 Low milk 

243 Low milk   248 Low milk 

282 Low milk   248 Lame 

    250 Low milk 
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TABLES 

Table 1.  Literature summary of the effect of feeding Saccharomyces cerevisiae or its 

fermentation product on reproductive function in lactating dairy cows. 

Author N per 

group 

Amount 

(g/d) 

Feeding 

Period (DIM) 

Progesterone Other Reproductive Indicators 

Live yeast:      

Kalmus et al. 

(2009) 

17/22 0/10 -14 to 98 No effect on 

ovulation rate 

N.R.
1 

Al Ibrahim et 

al. (2010) 

20/20 0/2.5 pre 

10 post 

-14 to 70 N.R. Tended to increase pre-ovulatory 

estradiol peak and size of first 

ovulatory follicle. No effect on onset 

of first ovulation, size of first 

dominant follicle, and number of 

follicular waves 

Yeast fermentation product:
 2
    

Dann et al. 

(2000) 

18/18 0/60 -21 to 140 N.R. No effect on days to first breeding 

and service number per pregnancy 

Lehloenya et 

al. (2008) 

10/11 0/56 -14 to 210 No effect on 

ovulation rate 

N.R. 

Bruno et al. 

(2009) 

359/358 0/30  20 to 140 N.R.
 

No effect on conception rates, days 

open & pregnancy losses 

Our study 54/52/54 0/56/112 -28 to 28 Higher at 42 and 

49 DIM; no 

effect on 

ovulation rate 

No effect on conception rates, 

services per cow, and days open 

1 
N.R.: not reported 

2
 Yeast fermentation product: Dried Saccharomyces cerevisiae fermentation product 
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Table 2.  List of ingredients and chemical composition of total mixed ration (TMR) fed pre- 

and post-partum (1a). Ingredient make up of the daily supplement for the different treatment 

groups (1b). 

a.   

Item Amount 

 Prepartum Postpartum 

Ingredient, % of DM 

Grass Silage  2.13 
Alfalfa Hay (20%CP) 13.42 19.26 

Corn Silage 27.77 20.93 

Triticale Hay (9%CP) 13.69  
Beet Pulp 3.41  

Mineral Premix1 4.95  

Molasses Mineral2  2.96 
Magnesium Oxide  0.18  

Corn (Green Screens) 18.15  

Corn (High Moisture Ear Corn)   20.00 

Corn Distillers Grain  12.33 

Canola Meal 8.06 6.40 

Wheat Distillers Grain  6.69 5.97 
Bakery By-Product  6.39 

EnerGII Regular3  1. 74 

Limestone (ground) 1.82 0.94 
Sodium Bicarbonate 1.85 0.94 

Chemical composition, % of DM 

Forage 75.91 42.32 
Crude Protein (CP) 12.72 17.33 

Rumen Undegradable Protein (%CP) 29.04 36.85 

Rumen Degradable Protein (%CP) 70.96 63.15 
Acid Detergent Fiber 30.71 18.27 

Neutral Detergent Fiber 46.77 29.99 

Sugar 6.45 6.57 
Starch 13.28 23.59 

Lipids (Ether Extract) 3.47 6.18 

Ash 9.16 8.67 
Net Energy Lactation (Mcal/kg of DM) 1.63 1.70 

1 Contains (DM Basis) 15.4% CP, 15.3% Non Protein Nitrogen, <0.01% Crude Fiber, 69.0% Ash, 13.6% Ca, 2.8% P, 16.2% Cl, 6.8% 

Mg, 0.003% K, 2.0%S, 3.4 ppm Co, 307 ppm Cu, 20.5 ppm I, 25.8 mg/kg Eithylenediamine dihydroiodide, 155 ppm Mn, 6.20 ppm Se, 

605 ppm Zn, 2182.6 KIU/kg Vitamin A, 93.0 KIU/kg Vitamin D, 3375.3 IU/kg Vitamin E, 23948.1 mg/kg Choline, 20247.4 mg/kg 
Niacin, 0.002 % Lysine, 0.001% Methionine, 542.3 mg/kg Monensin 

2 Contains (DM Basis) 21.2% CP, 8.5% Non Protein Nitrogen, 0.14% Crude Fat, 0.02% Crude Fiber, 18.4% Ash, 42.3% Total Sugar, 

0.83% Ca, 0.49% P, 0.91% Na, 5.33% Cl, 0.43% Mg, 4.0% K, 0.92%S, 3.9 ppm Co, 420 ppm Cu, 275 ppm Fe, 60.2 ppm I, 806 ppm 

Mn, 8.25 ppm Se, 1987 ppm Zn, 167.6 KIU/kg Vitamin A, 41.7 KIU/kg Vitamin D, 826.7 IU/kg Vitamin E, 0.09% Lysine, 0.02% 
Methionine 

3 Contains (DM Basis) 90.4% fat, 9.6% from Inman (Clackamas, OR) 

b. 
   

Group S. cerevisiae (g) Corn (g) Molasses (g) 

Control (0 g/d XP) 0 168 84 

1XP (56 g/d XP) 56 112 84 

2XP (112 g/d XP) 112 56 84 
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Table 3.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) on 

reproductive parameters in multiparous dairy cows. 

 Feed Additive (Amount of XP in g/d) P - value1 

Number of cows 

Percent of group (±SEM) 
0 56 112 56/112 vs. 0 56 vs. 112 

Ovarian activity resumed2:      

28 d postpartum N = 49 N = 43 N = 50   

Number 16 11 18 0.8520 0.3699 

Percent of group (±SEM) 32.66 (6.70) 25.58 (6.65) 36.00 (6.79) 0.8517 0.4512 

35 d postpartum N = 48 N = 42 N = 50   

Number 19 14 22 1.00 0.3914 

Percent of group (±SEM) 39.58 (7.06) 33.33 (7.27) 44.00 (7.02) 0.9124 0.3690 

42 d postpartum N = 40 N = 42 N = 50   

Number 24 19 29 0.8596 0.2952 

Percent of group (±SEM) 50.00 (7.22) 45.24 (7.68) 58.00 (6.98) 0.8990 0.2667 

49 d postpartum N = 48 N = 42 N = 50   

Number 25 23 31 0.4773 0.5283 

Percent of group (±SEM) 52.00 (7.21) 54.76 (8.45) 62.00 (6.86) 0.3662 0.8468 

Conception rates:      

First Service N = 44 N = 37 N = 44   

Number conceived 12 7 9 0.3732 1.00 

Percent of group (±SEM) 27.27 (6.71) 18.52 (6.44) 20.45 (6.08) 0.1998 0.9646 

100 d Postpartum N = 44 N = 37 N = 44   

Number conceived 13 9 10 0.5217 1.00 

Percent of group (±SEM) 29.55 (6.88) 24.32 (7.05) 22.73 (6.32) 0.2781 0.9414 

150 d Postpartum N = 43 N = 37 N = 43   

Number conceived 26 20 19 0.2575 0.5013 

Percent of group (±SEM) 60.47 (7.46) 54.05 (8.19) 44.19 (7.57) 0.2684 0.4633 

200 d Postpartum N = 41 N = 37 N = 40   

Number conceived 29 30 28 0.6621 0.2994 

Percent of group (±SEM) 70.73 (7.11) 81.08 (6.44) 70.00 (7.25) 0.5641 0.3139 

Overall: N = 44 N = 37 N = 44   

Number conceived 36 33 33 1.00 0.1513c 

Percent of group (±SEM) 81.82 (5.81) 89.19 (5.10) 75.00 (6.53) 0.8856 0.1620 

Services per conception:      

All cows bred N = 44 N = 37 N = 45   

Services per cow (±SEM) 2.78 (0.27) 3.1 (0.31) 2.82 (0.22) 0.4161 0.3291 

Cows pregnant at 200 d 

postpartum N = 36 N = 33 N = 33   

Services per cow (±SEM) 2.53 (0.26) 2.88 (0.29) 2.59 (0.23) 0.4499 0.2305 

Days open:      

Days postpartum (± SEM) 127 (9) 142 (9) 133 (8.0) 0.5263 0.8883 
1 The P-values in the rows with number refer to Fisher’s Exact Test and the P-values in the rows with percentages refer to the 

multivariate-adjusted χ2–test.  a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15 
2 The first ovulation post-calving was determined by the first detection of serum progesterone concentrations above 0.85 ng/mL. 
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Table 4.  Effect of weight loss on reproductive parameters in multiparous dairy cows 

 BCS loss in first 4 wk postpartum P - value1 BCS loss in first 7 wk postpartum P - value1 

Number of cows < 1 1 or more  < 1 1 or more  

Progesterone conc. in ng/mL:       

28 d postpartum N = 76 N = 66  N = 72 N = 70  

Mean (±SEM) 1.78 (0.23) 0.44 (0.25) <0.0001a 1.60 (0.24) 0.73 (0.25) 0.0079a 

35 d postpartum N = 76 N = 64  N = 69 N = 70  

Mean (±SEM) 1.76 (0.25) 0.73 (0.28) 0.0040a 1.54 (0.27) 1.06 (0.27) 0.1821 

42 d postpartum N = 76 N = 64  N = 69 N = 70  

Mean (±SEM) 1.40 (0.22) 0.99 (0.24) 0.1760 1.53 (0.23) 0.92 (0.23) 0.0421a 

49 d postpartum N = 76 N = 64  N = 67 N = 70  

Mean (±SEM) 0.99 (0.19) 0.86 (0.22) 0.6287 1.07 (0.20) 0.81 (0.21) 0.3198 

Ovarian activity resumed2:    
   

28 d postpartum N = 76 N = 66  N = 72 N = 70  

Number 33 13 0.0038a 27 18 0.1513c 

Percent of group (±SEM) 43.42 (5.68) 19.70 (4.90) 0.0339a 37.50 (5.71) 25.71 (5.22) 0.1199a 

35 d postpartum N = 76 N = 64  N = 71 N = 70  

Number 40 15 <0.0001a 34 21 0.0374a 

Percent of group (±SEM) 52.63 (5.72) 23.44 (5.30) 0.0383a 48.57 (5.93) 30.00 (5.48) 0.0319a 

42 d postpartum N = 76 N = 64  N = 71 N = 70  

Number 49 23 0.0012a 43 29 0.0276a 

Percent of group (±SEM) 64.47 (5.49) 35.94 (6.00) 0.0176a 61.43 (5.80) 41.43 (5.89) 0.0390a 

49 d postpartum N = 76 N = 64  N = 71 N = 70  

Number 53 26 <0.0001a 46 33 0.0404a 

Percent of group (±SEM) 69.74 (5.27) 40.63 (86.14) 0.0160a 65.71 (5.67) 47.14 (5.97) 0.0327a 

Conception rates:       

First Service N = 71 N = 54  N = 63 N = 62  

Number conceived 18 10 0.3949 17 11 0.2898 

Percent of group (±SEM) 25.35 (5.16) 18.52 (5.04) 0.2735 26.98 (5.59) 17.74 (5.90) 0.0518a 

100 d Postpartum N = 71 N = 54  N = 63 N = 62  

Number conceived 21 11 0.3036 21 11 0.0645b 

Percent of group (±SEM) 29.58 (5.42) 20.37 (5.22) 0.2474 33.33 (5.94) 17.74 (5.90) 0.0136a 

150 d Postpartum N = 69 N = 54  N = 61 N = 62  

Number conceived 38 27 0.5905 35 30 0.3683 

Percent of group (±SEM) 55.07 (5.99) 50.00 (6.80) 0.3061 57.38 (6.33) 48.39 (6.35) 0.1962 

200 d Postpartum N = 68 N = 50  N = 58 N = 60  

Number conceived 49 38 0.6768 42 45 0.8353 

Percent of group (±SEM) 72.06 (5.44) 76.00 (6.04) 0.5282 72.41 (5.87) 75.00 (5.59) 0.9565 

Overall: N = 71 N = 54  N = 63 N = 62  

Number conceived 59 43 0.6474 51 56 1.00 

Percent of group (±SEM) 83.10 (4.45) 79.62 (5.48) 0.8563 80.95 (4.95) 82.26 (3.75) 0.7464 

Services per conception:       

All cows bred N = 73 N = 56  N = 63 N = 66  

Services per cow (±SEM) 2.89 (0.21) 2.89 (0.23) 0.6867 2.84 (0.22) 2.94 (0.21) 0.3168 

Cows pregnant N = 59 n = 43  N = 51 N = 51  

Services per cow (±SEM) 2.66 (0.21) 2.56 (0.21) 0.4499 2.55 (0.23) 2.69 (0.20) 0.1374c 

Days open:       

Days postpartum (± SEM) 133 (7) 136 (7) 0.7653 127 (7) 141 (7) 0.3326 
1 The P-values in the rows with number refer to Fisher’s Exact Test and the P-values in the rows with percentages refer to the multivariate-

adjusted χ2–test.  a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15 
2 The first ovulation post-calving was determined by the first detection of serum progesterone concentrations above 0.85 ng/mL. 
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FIGURES 

 
Figure 1.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during 

the transition period (-28 to 28 d postpartum) on serum progesterone concentrations in 

multiparous Holstein dairy cows. Cows fed XP had higher progesterone concentrations at 

d 42 and 49 (both, P = 0.04). Value N is a reflection of the number of cows in each group 

at 28 d postpartum. 
a
 P ≤ 0.05. 
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Figure 2.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during 

the transition period (-28 to 28 d postpartum) on body condition scores (BCS) in 

multiparous dairy cows. There was a significant time effect (P < 0.0001), as BCS 

dropped by more than 1 BCS point during the first 4 wks postpartum. In control cows, 

BCS continued to drop until 7 wk postpartum (-0.10 ± 0.05; P = 0.07), while no 

significant changes in BCS were observed in XP-fed cows (-0.04 ± 0.04; P = 0.39). The 

BCS was still 0.75 BCS lower by wk 14 postpartum. There was no significant difference 

between the treatment groups. Value N is a reflection of the number of cows in each 

group at 4 wk postpartum.  
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Figure 3.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during 

the transition period (-28 to 28 d postpartum) on concentrations of serum non-esterified 

fatty acid (NEFA; log10 Eq/L) in multiparous dairy cows. Serum NEFA concentrations 

tended to be lower at d 3 (P = 0.07) and d 21 postpartum (P = 0.09) and were overall 

numerically lower in XP fed cows. There was a significant time effect (P < 0.0001), as 

NEFA concentrations increased during the week after calving with smaller increases in 

XP-fed cows and then slowly decreased. Value N is a reflection of the number of cows in 

each group on the day of calving. (
 a
 P ≤ 0.05; 

b
 0.05 < P ≤ 0.10; 

c
 0.10 < P ≤ 0.15; SEM 

= 0.06 log10 Eq/L). 
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Figure 4.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during 

the transition period (-28 to 28 d postpartum) on resumption of ovarian activity in 

multiparous dairy cows. The number of cows that had started ovulation increased 

between d 28 and 49 postpartum with 10% more XP fed cows resuming ovarian activity. 

At d 49 postpartum, 10% more 2XP-fed cows had starting ovulating than control-fed 

cows; however, those differences were not statistically significant. Value N is a reflection 

of the number of cows in each group at 28 d postpartum. 
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Figure 5.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) to 

multiparous dairy cows during the transition period (-28 to 28 d postpartum) on 

conception rates at various lactation stages. Most cows conceived between 100 and 200 d 

postpartum; XP-fed cows conceived similarly between 100 and 150 d and 150 and 200 d 

postpartum, while control cows conceived primarily between 100 and 150 d postpartum. 

There were no statistically significant differences between treatments at any lactation 

stage. Value N is a reflection of the number of cows in each group at first service. 

 



 61 

 
Figure 6.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) to 

multiparous dairy cows during the transition period (-28 to 28 d postpartum) on days 

open of the pregnant cows. On average, cows were open for 134 ± 5 d with no significant 

treatment differences observed. Value N is a reflection of the number of cows pregnant at 

200 d postpartum. 
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N = 0 g/d XP 56 g/d XP 112 g/d XP 

All 44 37 45 

Pregnant 36 33 33 

 

Figure 7.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) to 

multiparous dairy cows during the transition period (-28 to 28 d postpartum) on service 

number per cow overall (All) and by those confirmed pregnant at 200 d postpartum 

(Pregnant). Cows had on average 2.62 ± 0.15 (pregnant cows) and 2.89 ± 0.15 (all cows) 

services with no significant treatment differences. N–values reflected the number of cows 

per group.  
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ABSTRACT 

Feeding 56 g/d of Saccharomyces cerevisiae fermentation product (Diamond V Original 

XP™; XP) improves milk production in most studies, suggesting increased profit margin. A 

double dose of XP may further increase profit. This study focused on the cost benefits 

associated with feeding a single or double dose of XP on a commercial dairy. Multiparous 

Holstein cows were fed a supplementation mixture of 0 (n = 32), 56 (n = 33), or 112 g/d (n = 

31) of XP, corn, and molasses, provided as a top dressing starting 28 d before the expected 

calving date and ending 28 d postpartum. During the supplementation period, milk yield and 

composition were measured twice weekly from the afternoon milking on non-consecutive 

days. The incurred cost included expenses for XP, medical treatment, and milk profit lost due 

to discarded milk and culling. Income was calculated from milk and cow sales. The 

difference between incurred costs and income was defined as net gain. Because we could not 

measure feed intake or hours of labor, general feed and labor costs were not included in the 

calculation. Overall, supplementation with XP did not significantly increase net profit, 

however, a double versus a single dose of XP decreased total daily cost by $2.00/cow (P = 

0.06) and tended to increase daily milk income by $1.65/cow (P = 0.17), resulting in a 

greater daily net profit of $2.73/cow (P = 0.15). The daily net profit was significantly greater 

in second lactation cows ($5.99/cow; P = 0.05). Although there were several potential 

confounding factors that could not be controlled on the commercial dairy, our results support 

the original hypothesis that higher dosages of XP during the peripartal period may further 

increase profit. 

Key Words: dairy, cost analysis, economic additive, Saccharomyces cerevisiae fermentation 

product, yeast culture. 
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INTRODUCTION 

Over the last few decades Holstein dairy cows have been bred for maximum milk 

production leading to increased nutritional requirements. Metabolic and infectious diseases 

that arise from these increased nutritional needs can inhibit production. Cow health is not 

primarily considered unless there are economic impacts as dairy farmers often want a ―low-

cost‖ and ―easy-care‖ way of producing milk (Mulligan and Doherty, 2008). Increased milk 

production leads to higher profits for producers, however costs associated with medical 

treatment due to metabolic and infectious diseases can decrease the overall profit (Kossaibati 

and Esslemont, 1997). Clinical mastitis, for example, can be a very expensive disease, 

resulting in up to $735 loss per lactation (Hultgren and Svensson, 2009). Feed additives, 

defined as supplements added to the feed of livestock to promote production, may be a cost 

effective and safe way to improve nutrient utilization in dairy cows. 

Saccharomyces cerevisiae, also known as baker’s yeast, and its fermentation products 

are relatively cheap feed additives ($0.05-0.07 per cow and d) that can benefit the animal’s 

health and improve production during lactation (Eastridge, 2006). S. cerevisiae and its 

fermentation products alter ruminal fermentation and, thereby, buffer the rumen pH and 

improve fiber digestibility (Hutjens, 1996), which, in turn, reduces the risk of infectious and 

metabolic disease, and improve dry matter intake (DMI) and milk production (Erasmus et al., 

2005; Desnoyers et al., 2009). One prominent yeast fermentation product used as feed 

additive in the animal industry is Original XP™ (Diamond V, Cedar Rapids, IA). Original 

XP, when added at 56 g/d to the total mixed ration (TMR), can improve DMI and milk yield 

in transition dairy cows (Dann et al., 2000; Ramsing et al., 2009). Only a limited number of 

studies examined the effect of feed additives on profit margins in dairy cattle. Daily milk 
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production has to increase 0.23 kg per cow when 56 g/d of XP is fed to break even (Shaver 

and Garrett, 1997). Feeding XP improved profit in raising dairy calves by $48.00 per calf by 

decreasing morbidity and mortality rates (Magalhães et al., 2008). 

 The objective of this study was to investigate the effects of feeding a daily single (56 

g) or double (112 g) dose of XP during the transition period on the variable costs associated 

with high-producing dairy cows, which, to our knowledge, have not been examined. Our 

hypothesis was that feeding XP will improve profit margin on a commercial dairy herd by 

increasing income from milk production and decreasing costs associated with disease and 

early culling. A double dose of XP may further benefit the health of the cows during the 

transition period, leading to an increase in profits from milk production and a decrease in 

health-associated costs. It is important to note that our study did not include costs for feed, 

labor, replacements, utilities, housing, vaccinations and breeding and synchronization. 

 

MATERIALS AND METHODS 

Animals and Study Design  

All procedures were approved by the Oregon State University Institutional Animal 

Care and Use Committee (#ACUP 3991). In this study, 96 multiparous Holstein cows were 

housed in free-stalls at a commercial dairy and were milked six times a d for the first 4 wk 

postpartum and after that three times a d; when cows were sick, they were milked two times a 

day. Cows were blocked by parity (2, 3, or 4 and higher) and randomly assigned within 

parity to receiving daily either 0, 56, or 112 g of XP beginning 4 wks before the expected 

calving date and ending 4 wks after calving. Cows fed less than 2 wks before calving, had an 

incorrect breeding date, or became seriously ill before calving were withdrawn from the 
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study. The final number of cows for 0, 56, and 112 g of XP were 32, 33, and 31 cows, 

respectively. Cows were fed a common total mixed ration (TMR; Table 1a) twice daily. The 

supplement was top-dressed individually to each cow during the morning feeding, when 

cows were locked in head stanchion lock-ups for a period of 30 to 45 min. The supplement 

was a mixture of molasses, ground corn, and Saccharomyces cerevisiae fermentation product 

(XP). Since the commercial dairy had no automatic milk meters, a certified milk tester came 

twice weekly on non-consecutive days to measure milk production and its components, 

including somatic cell count (SCC), for one milking. After the supplementation period, milk 

production and its components was measured every 5 wks by a certified milk tester for the 

majority of milkings per d. Four control cows, five single dose XP cows, and two double 

dose XP cows died or were culled within the first 28 d postpartum and two control cows, four 

single dose XP cows, and four double dose XP cows between 29 and 100 d postpartum 

(Table C1). 

Calculating cost and income  

The cost analysis was limited to the first 100 days in milk (DIM; annotate with a 

subscript T) and stratified into during (0 to 28 DIM; annotated with a subscript 28), and after 

feeding period (29 to100 DIM; annotated with a subscript 100). A series of equations were 

used to calculate NET GAIN for each of the groups on a per cow and day basis (Figure 1). 

To calculate TOTAL COSTS/LOSSES (TL), we added supplement cost [daily cost of the 

supplement (SC) multiplied by the number of days (d) a cow was fed the supplement], sum 

of cost of any diseases (DC), lost profit due to milk that was discarded because the cow was 

sick (DM), and lost profit from lost milk production due to culling (LM). TOTAL INCOME 

(TI) was calculated as sum of income from milk sales (MI) and income from sales of cull 
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cows (CI; if a cow died, CI was to equal zero). The Net Gain (NG) was calculating by 

subtracting TOTAL COSTS/LOSSES from TOTAL INCOME. Cost of feed, vaccinations, 

housing, utilities, breeding, and labor were not factored in. 

Daily supplement cost was estimated at $0.05 per 56 g XP, as is advertized by 

Diamond V, which translates into $0.05 and $0.10 per cow and d for 56 and 112 g of XP, 

respectively. Medical treatments were administered and recorded by the herd manager and 

categorized by disease in Dairy Comp. (Valley Ag. Software Inc., Tulare, CA). Any medical 

treatments were administered based on a standard operating procedure (Appendix C). Costs 

of medical treatments were calculated by multiplying treatment cost by the duration of the 

treatment. Treatment costs were provided by the dairy manager. Culled animals were 

estimated to bring a profit of $200/cow. Milk income was based on the average amount 

Oregon farmers received for their milk per hundred weight for the 2008 through 2009 

production year ($18.31/cwt; Oregon Agriculture and Fisheries Statistics). Lost milk income 

due to culling or medical treatment requiring milk discarding was calculated by multiplying 

days of lost profitability with average production of a cow in the control group. 

Statistical Analysis  

 Statistical analyses were performed using SAS version 9.2 (SAS, Inc., Cary, NC, 

USA) software. Cost, income, and profit variables were analyzed using PROC GLM. Fixed 

effects in the model were XP-treatment (0, 56, and 112 g/d), parity (2, 3, and 4 or more 

lactations), weather at calving [0, 1, or 2; temperature heat index on calving day calculated 

according to NOAA (1976)], birth difficulties (no or little assistance, twins or hard pull), and 

antibiotic treatment with withdrawal period during the feeding study (yes, no). For subgroup 

analysis, the data were stratified by parity (2, 3 or more lactations), medical treatment during 
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the feeding study requiring milk discarding (none, treated without penicillin, treated with 

penicillin), and average milk SCC count in wk 4 of lactation (SCC ≤ 99 cells/µL, SCC 100 to 

249 cells/µL, SCC ≥ 250 cells/µL). 

The effect of XP on cost, income, and profit variables was evaluated by comparing 

the estimated values of the combined 56 and 112 g/d group with those of the 0 XP group. 

The effect of XP dose on cost, income, and profit variables was evaluated by comparing the 

estimated values of the 112 g/d group with those of the 56 g/d group. Data are reported as 

least square means ± SEM. Statistical significance was declared at P ≤ 0.05 and a tendency at 

0.05 < P ≤ 0.15. 

 

RESULTS 

 Overall, supplementation with XP did not increase NET GAIN to the degree of 

statistical significance (Table 2; Figure 2). Supplementation with 112 g of XP tended to 

increase during the supplementation period daily NET GAIN compared to 56 g of XP 

($+2.73 per cow; P = 0.15; Figure 2) because daily TOTAL COST tended to be decreased ($ 

-2.00 per cow; P = 0.06) and daily milk income was numerically increased by $1.65 per cow 

(P = 0.17; Table 2). 

 After stratification by parity, the greatest benefit of 112 compared with 56 g/d of XP 

was observed in second-lactation cows, which, during the feeding period, had a $5.99 higher 

daily NET GAIN per cow (P = 0.05; Table 3; Figure 3a). Daily TOTAL COSTS were $3.10 

lower (P = 0.05) and the daily milk income tended to be $2.93 higher (P = 0.13; Figure 3a), 

leading to this NET GAIN increase. No significant differences in cost and income items were 

observed between XP-supplemented and not supplemented cows (Table 3). Supplementation 



 70 

with XP and its dosage did not significantly affect COSTS, INCOME, and NET GAIN in 

cows with three or more lactation (Table 3). 

 After stratification by medical treatment, no treatment group differences were 

observed for cows that were not treated or were treated with penicillin, the major cost item in 

our analysis (Table 4). In cows that were sick but were not treated with penicillin, 112 

compared with 56 g/d of XP tended to increase daily NET GAIN ($ +11.88 per cow; P = 

0.07; Figure 3b). The greater NET GAIN was a combination of smaller COSTS/LOSSES ($ 

-5.09 per cow and d; P = 0.07) and higher INCOME ($ +5.79 per cow and d; P = 0.08). 

 Since we had observed a significantly lower SCC in wk 4 of lactation in cows that 

received XP versus those that did not receive XP (unpublished observation), we also 

stratified by SCC in wk 4 of lactation (Table 5). In cows with SCC below 100 cells per μL in 

wk 4 of lactation, XP, especially 112 g/d of XP, decreased, during the supplementation 

period, daily treatment costs per cow compared to the control ($ +3.63 vs. $ +2.70 and $ 

+2.07 for 56 and 122 g/d of XP; P = 0.01). In contrast, cows with somatic cell counts above 

250 cells per μL, XP tended to decrease daily INCOME ($ +15.02 and $ +11.37 for 56 and 

122 g/d of XP vs. $ +16.08 for 0 XP; P = 0.10) and NET GAIN during the supplementation 

period ($ +7.68 and $ +5.72 for 56 and 122 g/d of XP vs. $ +13.32 for 0 XP; P = 0.08; 

Figure 4c). In cows with cell counts below 100 cells per μL, a double dose of XP increased 

during the supplementation period daily NET GAIN by $5.62 per cow compared to a single 

dose (P = 0.04: Figure 4a), which was achieved by decreasing daily TOTAL COST ($ -3.37; 

P = 0.01) and by tending to increase milk income ($ +2.99; P = 0.09; Table 5). 
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DISCUSSION 

Overall, supplementation with XP did not significantly increase NET GAIN, 

however, a double versus a single dose of XP improved, especially in second lactation cows, 

NET GAIN by decreasing COST and increasing milk income. Similar benefits were 

observed in cows low in SCC in wk 4 of lactation and cows medically treated without 

penicillin, indicating health benefits with higher dosages of XP. Despite several potential 

confounding factors that could not be controlled on the commercial dairy, our results support 

our original hypothesis that higher dosages of XP during the peripartal period may decrease 

treatment cost and increase milk income and, thereby, improve profitability of commercial 

dairies. 

Formulating a special transition diet can help prevent metabolic and infectious 

diseases in dairy cows during the transition period (Hutjens, 1996). Hutjens (2003) suggested 

feeding yeast culture as a relatively inexpensive feed additive to improve health and 

therefore, decrease costs spent on medical treatments of metabolic and infectious diseases. 

Besides decreasing treatment costs and the resulting milk losses, feeding yeast culture 

increases milk production in early lactation (Williams et al., 1991; Dann et al., 2000; Bruno 

et al., 2009; Desnoyers et al., 2009; Ramsing et al., 2009), which will further improve NET 

GAIN. Diamond V XP recommends a single daily dose of 56 g, which only costs $0.05. We 

hypothesized that doubling the daily dose to 112 may provide an extra health benefit to 

animals during the transition period with minimal increase in feed cost ($0.05 per cow), 

which would translate into less treatment costs, more milk income, and increased profit for 

producers. 
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 Little information is available that estimates the effect of feeding XP to lactating 

dairy cattle. Shaver and Garrett (1997) estimated that daily milk production has to increase 

by 0.23 kg when 56 g/d of XP is fed to break even. Feeding XP improved profit in raising 

dairy calves by $48.00 per calf by decreasing morbidity and mortality rates (Magalhães et al., 

2008). Parity is associated in dairy cows with decreased net profits because older dairy cows 

are more susceptible to infectious and metabolic diseases (Rabelo et al., 2003) that 

subsequently negatively impact milk production (Table 3). Feeding 112 rather than 56 g/d of 

XP to second lactation cows increased profits (Table 3A; Figure 3a), which suggests 

additional economic benefits of feeding 112 g/d of XP to less susceptible younger cows. 

It is well established that metabolic and infectious diseases decrease profits of 

commercial dairies (Guard, 1994; Kelton et al., 1998). For example, clinical mastitis can 

decrease profits by $735 per lactation and cow (Hultgren and Svensson, 2009). In our study, 

the largest contributor to cost was penicillin treatment because of its high dosage cost, the 

long treatment period, and the withdrawal period for milk (Appendix C). Although penicillin 

treatment proved to be highly effective for treatment, as indicated by the similar net profit of 

not-treated and penicillin-treated cows after the feeding period, penicillin caused significant 

profit losses during treatment (Table 4). Thus, feed additives that could decrease the use of 

antibiotics without adversely impacting the long-term health of dairy cows are warranted to 

improve profits on dairies. The positive impact that feeding 112 compared to of 56 g/d of XP 

had on NET GAIN in sick cows treated without penicillin (Table 4B; Figure 4b) suggests 

that higher dosages of XP may boost immune function (Jensen et al., 2008) and improve 

profitability in sick cows, which has to be evaluated further under controlled conditions. 
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One would assume that cows with lower SCC would have both higher milk 

production and lower cost due to reduced medical treatment and culling. Feeding 112 rather 

than 56 g/d of XP tended to increase NET GAIN (Table 5A; Figure 5a), which suggests 

additional economic benefits of feeding 112 g/d of XP to healthy cows. 

Our study was conducted on a commercial dairy as a field feeding trial with minimal 

interference with normal farm operations. Using a large commercial dairy that kept excellent 

treatment records allowed us to do a cost-benefit analysis of feeding XP for a commercial 

dairy. There are drawbacks with feeding trials on commercial dairies as one cannot control 

confounding factors such as changes and variability in managerial, feed ration, milking 

frequency, and medical treatment protocols, which increase the residual error. To account for 

the greater variability, we increased the animal number per treatment to 32 to have sufficient 

statistical power to detect significant differences. There might be concern that the 56 g/d XP 

group had numerically lower NET GAINS than the control group (Tables 2 to 5). We did not 

statistically test whether COSTS, INCOME, and NET GAIN differed between the control 

group and either 56 or 112 g/d of XP because we had only 2 degrees of freedom for 

orthogonal contrasts available, which were used to estimate the overall effect of XP and the 

dosage effect of XP. However, 112 g/d XP usually resulted in numerically higher net gains 

than the control group during the supplementation period (Tables 2 to 5). Our cost estimates 

do not include costs for feed, labor, vaccinations, replacements, utilities, synchronization for 

breeding, and breeding; however, those cost items will be unlikely to change significantly 

treatment differences. 
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CONCLUSION 

Few papers have been published investigating the effect of feed additives on profits. 

Our results suggest that there is an economic advantage to feeding 112 g/d of XP during the 

transition period by decreasing medical treatment costs and milk losses and increasing 

income from milk produced. Thus, feeding 112 g/d of XP during the transition period may 

improve profits of dairy operations. The potential economic benefits of supplementing S. 

cerevisiae fermentation product (XP) will resonate strongly with producers which makes this 

research important to the dairy industry. 
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APPENDIX C 

Standard Operating Procedures of Commercial Dairy 

Cows were checked at least once daily in the morning for health problems and were treated 

according to a standard operating procedure (SOP), which was based generally on the 

symptoms (lethargic, infections, or both), severity (mild, moderate, and severe), urinary 

ketone bodies [over 40 mg/dL acetoacetate based on Ketostix
®
 strips (Bayer Corporation, 

Elkhart, IN)], visible signs of pain, and elevated temperature (over 40°C). Cows were 

palpated once weekly for retained placenta and metritis (more often palpated) when the cows 

strained. Diseases were determined, treated, and recorded by the herdsman (Dairy Comp. by 

Valley Agricultural Software). The number of days a cow spent in the hospital compared 

with the fresh pen was recorded. A cow was considered ―Not Healthy‖ if she spent time in 

the hospital pen after 2 d postpartum. 

At the day of calving, if cows had injured a nerve or tendons or blood was in milk, 

they received 15 mL i.m. of Dexamethasone solution. If cows appeared lethargic, defined by 

cold ears, or had twins, cows remained in the hospital pen and received i.v. 0.5 L CMPK 

(calcium-magnesium-phosphorus-potassium-dextrose solution; Aspen Veterinary Resources
®
 

Ltd, Liberty MO) and 0.5 of dextrose (50% dextrose; Veterinary Resources
®
 Ltd, Liberty 

MO) and orally a 10 gal drench [2 lbs Fresh Cow Drench (TPi, Madera CA) and 8 ounces of 

propylene glycol dissolved in 10 gal water]. If cows were not eating, they received in addition 

i.m. 20 mL of Vitamin B complex (Aspen Veterinary Resources
®
 Ltd, Liberty MO) and orally 

2 capsules of Pecti-cap (BIO-VET, Inc., Blue Mounds, WI). 

For pain management, cows received in mild cases 15 mL i.m. of Dexamethasone 

solution (Aspen Veterinary Resources
®
 Ltd, Liberty MO) and in more severe cases 30 mL 
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i.m. of Banamine
®
 injectable solution (50 mg flunixin meglumine/mL; Aspen Veterinary 

Resources
®
 Ltd, Liberty MO) and orally three tablets of Asprin Bolus

®
 (15.6 g acetyl 

salicylic acid/per tablet; 240 grains; bolus acetylsalicyclic acid; Merrick’s Inc., Middleton, 

WI). The same dose of aspirin was used also for management of elevated body temperatures. 

Cows with retained placenta, defined as fetal membranes not expelled within 24 h 

after parturition, remained in the hospital pen and were infused with 57 g tetracycline HCl 

powder (324 g tetracycline/lb; IVX Animal Health, Inc., St. Joseph, MO) in 1 L of water 

every 4 to 8 d until the placenta was expelled. Between the uterine infusions, cows received 

40 mL of Penicillin G Procaine (Aspen Veterinary Resources
®
 Ltd, Liberty MO) for up to 7 

d, and then were treated with 30 g sulfadimethoxine (Sulfasol soluble powder; Med-

Pharmex
®
, Pomona, CA) for up to 7 d. Cows with metritis, defined by an odorous vaginal 

discharge, purulent, and whitish-yellow color, were treated in mild cases with 5 mL of 

PGF2α [LUTALYSE (Dinoprost Tromethamine) injection; 5 mg LUTALYSE
®
 STERILE 

SOLUTION, Pfizer Animal Health; New York, NY] once. Moderate cases were injected 

once daily with 30 mL of Excenel RTH
®
 (50 mg ceftiofur HCl/mL; Parmacia & Upjohn, 

New York, NY) for 5 d followed 4 d after the final Excenel treatment with an injection of 5 

mL PGF2α. Severe cases were moved in the hospital pen and were treated the same program 

as cows with retained placenta. 

If cows appeared to be ketotic, defined by urinary acetoacetate concentrations of at 

least 40 mg/dL, cows were moved to the hospital pen and received orally the fresh cow 

drench, i.v. 0.5 L of dextrose, and, if the cow was not eating, i.m. 20 mL of Vitamin B 

complex and orally 2 capsules of Pecti-cap. Treatment was repeated after 4 d if needed. A 

similar protocol was used if cows appeared weak (cold ears, rapid weight loss, lethargy) but 
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the reason for it was unknown. If cows had milk fever, defined by cold ears and an inability 

to stand, cows received i.v. 0.5 L of Milk Fever CP™ (calcium borogluconate, 26% w/v; 

dextrose: 15% w/v; magnesium borogluconate: 6% w/v; Aspen Veterinary Resources
®
 Ltd, 

Liberty MO) and were moved to the hospital pen. If cows had a displaced abomasum (DA), 

cows were moved to the isolation pen for surgery. All DA’s were left DA’s. Cows were 

moved after surgery to the hospital pen and received the same treatment as ketotic cows. To 

prevent infections, cows received in addition i.m. 40 mL of penicillin for up to 7 d, and then 

were i.m. injected with 30 g sulfadimethoxine for up to 7 d. 

If cows were lame, the hoof was trimmed. Depending on severity, a wrap or a block 

was applied. If there was significant swelling, cows were injected in mild cases with 20 mL 

of Ceftioflex
®
 (ceftiofur sodium sterile powder; Med-Pharmex

®
, Pomona, CA) or Excede 

(200 mg ceftioflur/mL; Parmacia & Upjohn, New York, NY) for 1 to 3 d. In more severe 

cases, cows were moved into the hospital pen and received i.m. 40 mL of penicillin for up to 

7 d, and then were i.m. with 30 g sulfadimethoxine for up to 7 d. If the cows were in pain, 

they received Banamine and aspirin for 1 to 3 d as previously described.  

Mastitis, defined by flakes in milk, was monitored at every milking. If flakes were 

detected, a milk sample was collected and on-farm culturing with blood agar was performed. 

If growth was detected or the quarter was tender, cows were moved to the hospital pen. If the 

quarter was tender but no growth was detected, 10 mL of Spectramast
®
 (12.5 mg/mL 

ceftiofur hydrochloride/mL; Parmacia & Upjohn, New York, NY) was injected in each 

affected quarter for 7 d. The same treatment was used for any gram negative infection. If 

cows had a gram positive Streptococcus ssp. infection, cows were injected for 7 d with 10 

mL of Pirsue (5 mg Pirlimycin hydrochloride/mL; Parmacia & Upjohn, New York, NY) in 



 79 

each affected quarter. If cows had a gram negative Staphylococcus aureus infection, each 

affected quarter was injected for 7 d with 10 mL of Spectramast
®
 and later in the study for 3 

d with 10 mL of HETACIN-K (6.25 mg/mL hetacillin potassium equivalent to 6.25 mg 

ampicillin; Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO). The withholding time 

for Hetacin-K and Spectramast is 4 d and for Pirsue, 3 d. Ceftioflex in mild cases and 

banamine and aspirin in more severe cases were used for pain management. Banamine has a 

withholding time for milk of 3 d.
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Table C1.  Cost of Drugs and Procedures 

DRUG Size of Dose Size of bottle Cost of Bottle ($) Cost/ Dose ($) 

Aspirin 3 boluses 50 bolus .537/bolus 1.61 

Banamine 30 mL 100 mL 17.00/bottle 5.10 

Vet-assisted birth    100.00 

C-section (surgery)    250.00 

Calcium borogluconate 500 mL 500 mL 2.76/bottle 2.76 

CMPK (Cal-Dex) 500 mL 500 mL 4.70/bottle 4.70 

Dexamethazone 15 mL 100 mL 5.75/bottle 0.86 

Dextrose 500 mL 500 mL 2.12/bottle 2.12 

Displaced abomasum    100.00 

Fresh cow drench +25 % 

propylene glycol 2lb +8 oz Prop   2.78 

Excede 20 mL 100 mL 155.90/bottle 31.18 

Excenel 30 mL 100 mL 65.98/bottle 19.79 

Gonadatropin releasing 

hormone 2 mL 10mL 10.50/bottle 2.10 

HETACIN-K 1 10 mL syringe 12/box 22.50/box 1.88 

Naxcel (Ceftiofluor) 20 mL 100 mL 45.00/bottle 9.00 

Penicillin 40 mL 500 mL 16.88/bottle 1.35 

Prostaglandin F2 alpha 5 mL 100 mL 45.90/bottle 2.30 

Pirsue 1 10mL syringe 12/box 42.90/box 3.58 

Pecti-Cap (vitamin) 2 capsules 40 capsules/ box 45.70/box 2.29 

Hypertonic Saline 1 L 1 L 3.40/bottle 3.40 

Spectramast 1 10mL syringe 12/box 41.89/box 3.49 

Sulfadimethoxine 2 capsules 7/pack (25/box) 212.50/box 17.00 

Flush with tetracycline 

hydrochloride 2 oz (0.125 lbs) 5lb 65.61/container 1.64 

Basic trim n/a
1 

n/a n/a 8.00 

Foot wrap n/a n/a n/a 14.00 

Foot block n/a n/a n/a 20.00 

Vitamin B-complex 20 mL 500 mL 10.82/bottle 0.43 
1 
n/a: not applicable     
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Table C2.  Cows that left study postpartum 

Treatment (Amount of XP in g/d) 

 0 (n = 32)  56 (n = 33)  112 (n = 31) 

DIM Reason DIM Reason DIM Reason 

0 to 28 d postpartum:     

2 Cesarian (died) 1 Uterine prolapse (died) 4 Weak (died) 

3 Injuries from tetany 2 Toxic mastitis 19 Toxic mastitis (died) 

14 Chronic mastitis 17 Injuries from tetany   

15 Fatty liver (died) 17 Lame   

  17 Weak   

29 to 100 d postpartum:     

47 Toxic mastitis 29 Fatty Liver 30 Weak 

49 Chronic mastitis 32 Weak (died) 35 Stomach ulcer (died) 

  53 Lame 48 Toxic mastitis 

  80 Toxic mastitis 56 Lame 
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TABLES   

Table 1.  List of ingredients and chemical composition of total mixed ration (TMR) fed pre- 

and post-partum (1a). Ingredient make up of supplement mixture for the different treatment 

groups (1b). 

a.   

Item Amount 

 Prepartum Postpartum 

Ingredient, % of DM 

Grass Silage  2.13 
Alfalfa Hay (20%CP) 13.42 19.26 

Corn Silage 27.77 20.93 

Triticale Hay (9%CP) 13.69  
Beet Pulp 3.41  

Mineral Premix1 4.95  

Molasses Mineral2  2.96 

Magnesium Oxide  0.18  

Corn (Green Screens) 18.15  

Corn (High Moisture Ear Corn)   20.00 
Corn Distillers Grain  12.33 

Canola Meal 8.06 6.40 

Wheat Distillers Grain  6.69 5.97 
Bakery By-Product  6.39 

EnerGII Regular3  1. 74 

Limestone (ground) 1.82 0.94 
Sodium Bicarbonate 1.85 0.94 

Chemical composition, % of DM 

Forage 75.91 42.32 
Crude Protein (CP) 12.72 17.33 

Rumen Undegradable Protein (%CP) 29.04 36.85 

Rumen Degradable Protein (%CP) 70.96 63.15 
Acid Detergent Fiber 30.71 18.27 

Neutral Detergent Fiber 46.77 29.99 

Sugar 6.45 6.57 
Starch 13.28 23.59 

Lipids (Ether Extract) 3.47 6.18 

Ash 9.16 8.67 
Net Energy Lactation (Mcal/kg of DM) 1.63 1.70 

1 Contains (DM Basis) 15.4% CP, 15.3% Non Protein Nitrogen, <0.01% Crude Fiber, 69.0% Ash, 13.6% Ca, 2.8% P, 16.2% Cl, 

6.8% Mg, 0.003% K, 2.0%S, 3.4 ppm Co, 307 ppm Cu, 20.5 ppm I, 25.8 mg/kg Eithylenediamine dihydroidide, 155 ppm Mn, 6.20 

ppm Se, 605 ppm Zn, 2182.6 KIU/kg Vitamin A, 93.0 KIU/kg Vitamin D, 3375.3 IU/kg Vitamin E, 23948.1 mg/kg Choline, 
20247.4 mg/kg Niacin, 0.002 % Lysine, 0.001%Methionine, 542.3 mg/kg Monensin 

2 Contains (DM Basis) 21.2% CP, 8.5% Non Protein Nitrogen, 0.14% Crude Fat, 0.02% Crude Fiber, 18.4% Ash, 42.3% Total 

Sugar, 0.83% Ca, 0.49% P, 0.91% Na, 5.33% Cl, 0.43% Mg, 4.0% K, 0.92%S, 3.9 ppm Co, 420 ppm Cu, 275 ppm Fe, 60.2 ppm I, 

806 ppm Mn, 8.25 ppm Se, 1987 ppm Zn, 167.6 KIU/kg Vitamin A, 41.7 KIU/kg Vitamin D, 826.7 IU/kg Vitamin E, 0.09% 
Lysine, 0.02% Methionine 

3 Contains (DM Basis) 90.4% fat, 9.6% from Inman (Clackamas, OR) 

b. 
   

Group S. cerevisiae (g) Corn (g) Molasses (g) 

Control (0 g/d XP) 0 168 84 

1XP (56 g/d XP) 56 112 84 

2XP (112 g/d XP) 112 56 84 
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Table 2.  Overall effect of feeding Saccharomyces cerevisiae formation product on COSTS, 

INCOME, and NET GAIN in multiparous Holstein dairy cows 

 Treatment (Amount of XP in g/d) P-values1 

Item 

0 

N= 32 

56 

N = 33 

112 

N = 31 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement Cost 0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   2.96 (0.31)   2.94 (0.31)   2.54 (0.31) 0.5224 0.3218 

Discarded milk   3.04 (0.33)   3.48 (0.34)   3.19 (0.34) 0.4346 0.5149 

Lost milk income   1.81 (0.67)   2.39 (0.67)   0.98 (0.68) 0.8706 0.1096c 

Total   7.81 (0.81)   8.89 (0.82)   6.90 (0.82) 0.9254 0.0609b 

29-100 DIM:       

Total cost of disease   0.21 (0.08)   0.08 (0.08)   0.28 (0.08) 0.7247 0.0427a 

Discarded milk   0.28 (0.14)   0.07 (0.14)   0.33 (0.14) 0.6070 0.1522c 

Lost milk income   3.27 (1.09)   4.94 (1.10)   3.35 (1.10) 0.4810 0.2651 

Total   3.76 (1.10)   5.09 (1.10)   3.95 (1.11) 0.5392 0.4280 

TOTAL COSTS/LOSSES   4.89 (0.93)   6.15 (0.94)   4.78 (0.94) 0.5872 0.2591 

INCOME          

0-28 DIM:       

Milk income 14.49 (0.91) 13.53 (0.91) 15.18 (0.92) 0.8746 0.1656 

Cull income   0.42 (0.31)   0.93 (0.31)   0.02 (0.31) 0.9311 0.0262a 

Total 14.91 (0.81) 14.46 (0.81) 15.20 (0.81) 0.4701 0.4840 

29-100 DIM:       

Milk income 14.83 (1.20) 13.26 (1.21) 14.42 (1.22) 0.6115 0.9948 

Cull income   0.20 (0.15)   0.28 (0.15)   0.29 (0.15) 0.4883 0.4365 

Total 15.03 (1.15) 13.54 (1.15) 14.71 (1.16) 0.4883 0.4365 

TOTAL INCOME 14.99 (0.98) 13.80 (0.99) 14.85 (0.99) 0.5469 0.4152 

NET GAIN      

0-28 DIM   7.11 (1.45)   5.57 (1.46)   8.31 (1.46) 0.9200 0.1506c 

29-100 DIM 11.27 (2.18)   8.45 (2.20) 10.75 (2.20) 0.5015 0.4199 

TOTAL NET GAIN 10.11 (1.86)   7.65 (1.87) 10.07 (1.87) 0.5547 0.3188 
1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15 



 84 

Table 3.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) on COSTS, 

INCOME, and NET GAIN in dairy cows stratified by lactation number [A) Second 

Lactation, B) Third and greater Lactations] 

A) Second Lactation Feed Additive (Amount of XP in g/d) P-values1 

Item 

0 

N = 9 

56 

N = 9 

112 

N = 8 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   4.98 (0.44)   4.76 (0.55)   4.14 (0.56) 0.2537 0.2122 

Discarded milk   3.36 (0.67)   3.05 (0.84)   2.66 (0.85) 0.4695 0.6104 

Lost milk income   0.16 (1.01)   1.92 (1.27)  -0.29 (1.28) 0.5303 0.0562a 

Total   8.49 (1.37)   9.81 (1.73)   6.71 (1.74) 0.8725 0.0479a 

29-100 DIM:       

Total cost of disease   0.03 (0.14)  -0.05 (0.18)   0.14 (0.18) 0.8887 0.2299 

Discarded milk   0.01 (0.23)  -0.02 (0.29)   0.06 (0.29) 0.9441 0.7498 

Lost milk income  -0.14 (1.66)   2.00 (2.09)  -1.09 (2.11) 0.7305 0.1021c 

Total  -0.11 (1.72)   1.93 (2.17)  -0.89 (2.19) 0.7251 0.1507c 

TOTAL COST/LOSSES   2.30 (1.45)   4.14 (1.83)   1.24 (1.85) 0.7961 0.0807 

INCOME            

0-28 DIM:       

Milk income 13.49 (1.67) 12.47 (2.11) 15.35 (2.13) 0.8072 0.1294c 

Cull income 0.00 0.00 0.00 . . 

Total 13.49 (1.67) 12.47 (2.11) 15.35 (2.13) 0.8072 0.1294c 

29-100 DIM:       

Milk income 15.63 (1.95) 13.92 (2.46) 16.00 (2.48) 0.7433 0.3439 

Cull income  -0.09 (0.36)   0.14 (0.45)  -0.26 (0.45) 0.9503 0.3208 

Total 15.54 (1.77) 14.06 (2.24) 15.74 (2.26) 0.7284 0.3998 

TOTAL INCOME 14.97 (1.61) 13.61 (2.04) 15.63 (2.06) 0.8383 0.2687 

NET GAIN      

0-28 DIM   5.00 (2.72)   2.65 (3.43)   8.65 (3.47) 0.8177 0.0549a 

29-100 DIM 15.65 (3.29) 12.13 (4.14) 16.63 (4.18) 0.7100 0.2268 

TOTAL NET GAIN 12.67 (2.87)   9.48 (3.62) 14.40 (3.66) 0.8062 0.1323c 

B) Third and greater 

Lactations 
Feed Additive (Amount of XP in g/d) P-values1 

Item 
0  

N = 23 
56  

N = 24 
112  

N = 23 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   2.55 (0.39)   2.97 (0.40)   2.69 (0.40) 0.5371 0.5894 

Discarded milk   2.89 (0.42)   3.58 (0.42)   3.33 (0.43) 0.2483 0.6512 

Lost milk income   2.15 (0.88)   2.10 (0.89)   1.13 (0.89) 0.6008 0.4073 



 85 

Total   7.58 (1.03)   8.74 (1.04)   7.32 (1.04) 0.7091 0.3019 

29-100 DIM:       

Total cost of disease   0.28 (0.10)   0.11 (0.10)   0.31 (0.10) 0.4994 0.1346c 

Discarded milk   0.38 (0.18)   0.08 (0.18)   0.37 (0.19) 0.4556 0.2337 

Lost milk income   3.86 (1.46)   4.88 (1.47)   4.05 (1.47) 0.7218 0.6691 

Total   4.53 (1.45)   5.07 (1.46)   4.73 (1.47) 0.8270 0.8579 

TOTAL COST/LOSSES   5.39 (1.23)   6.10 (1.24)   5.45 (1.25) 0.7850 0.6933 

INCOME            

0-28 DIM:       

Milk income 14.94 (1.11) 13.88 (1.12) 14.70 (1.13) 0.6143 0.5811 

Cull income   0.47 (0.43)   1.11 (0.44)  -0.04 (0.44) 0.8842 0.0489a 

Total 15.40 (0.97) 14.99 (0.97) 14.66 (0.98) 0.6078 0.7958 

29-100 DIM:       

Milk income 14.85 (1.60) 13.41 (1.61) 13.99 (1.62) 0.5382 0.7892 

Cull income   0.25 (0.17)   0.26 (0.17)   0.36 (0.17) 0.7587 0.6566 

Total 15.10 (1.53) 13.67 (1.54) 14.35 (1.55) 0.5423 0.7420 

TOTAL INCOME 15.18 (1.29) 14.04 (1.30) 14.43 (1.31) 0.5294 0.8202 

NET GAIN      

0-28 DIM   7.82 (1.78)   6.25 (1.79)   7.34 (1.80) 0.6207 0.6466 

29-100 DIM 10.57 (2.93)   8.60 (2.95)   9.62 (2.97) 0.6691 0.7941 

TOTAL NET GAIN   9.80 (2.47)   7.94 (2.49)   8.98 (2.50) 0.6418 0.7522 

1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15     
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Table 4.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) on COSTS, 

INCOME, and NET GAIN in dairy cows stratified by medical treatment [A) Not Treated, B) 

Treated with Penicillin, C) Treated with Penicillin] during the feeding study requiring milk 

discarding 

A) No Medical Treatment Feed Additive (Amount of XP in g/d) P-values1 

Item 

0 

N = 15 

56 

N = 12 

112 

N = 12 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease    0.26 (0.14)   0.15 (0.14)   0.15 (0.13) 0.4132 0.9892 

Discarded milk   0.04 (0.06)   0.01 (0.06)   0.06 (0.05) 0.9198 0.4421 

Lost milk income 0.00 0.00 0.00 . . 

Total   0.29 (0.17)   0.25 (0.17)   0.39 (0.15) 0.8455 0.4764 

29-100 DIM:       

Total cost of disease    0.20 (0.08)   0.16 (0.08)   0.21 (0.07) 0.8776 0.6015 

Discarded milk   0.09 (0.22)   0.12 (0.22)   0.44 (0.20) 0.3739 0.2290 

Lost milk income   2.52 (1.04)   1.55 (1.05)   2.52 (0.94) 0.6188 0.4237 

Total   2.81 (1.08)   1.83 (1.09)   3.17 (0.98) 0.7592 0.2925 

TOTAL COST/LOSSES   2.10 (0.78)   1.39 (0.79)   2.39 (0.71) 0.7683 0.2745 

INCOME            

0-28 DIM:       

Milk income 17.94 (1.16) 17.82 (1.17) 18.57 (1.05) 0.8115 0.5796 

Cull income 0.0 0.0 0.0 . . 

Total 17.94 (1.16) 17.82 (1.17) 18.57 (1.05) 0.8115 0.5796 

29-100 DIM:       

Milk income 16.05 (1.41)  17.12 (1.42)  15.18 (1.28) 0.9386 0.2466 

Cull income   0.51 (0.24)   0.32 (0.24)   0.55 (0.21) 0.7204 0.3916 

Total  16.56 (1.24) 17.43 (1.25) 15.74 (1.12) 0.9847 0.2481 

TOTAL INCOME 16.95 (1.09) 17.54 (1.10)  16.53 (0.98) 0.9309 0.4318 

NET GAIN      

0-28 DIM 17.65 (1.19) 17.57 (1.19) 18.18 (1.07) 0.8373 0.6592 

29-100 DIM 13.75 (2.14) 15.60 (2.16) 12.57 (1.94) 0.8682 0.2303 

TOTAL NET GAIN 14.84 (1.69)  16.15 (1.70) 14.14 (1.53) 0.8476 0.3116 

B) Medical Treatment without 

Penicillin 
Feed Additive (Amount of XP in g/d) P-values 

Item 

0 

N = 11 

56 

N = 10 

112 

N = 10 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   2.65 (0.96)   3.48 (1.20)   2.69 (1.02) 0.6481 0.4912 

Discarded milk   1.14 (1.12)   1.99 (1.39)   1.84 (1.19) 0.4843 0.9112 
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Lost milk income   5.26 (2.31)   7.20 (2.88)   2.85 (2.46) 0.9195 0.1198c 

Total   9.05 (2.71) 12.76 (3.37)   7.56 (2.88) 0.6798 0.1124c 

29-100 DIM:       

Total cost of disease   0.21 (0.17)   0.24 (0.21)   0.40 (0.18) 0.5168 0.4053 

Discarded milk   0.63 (0.31)   0.38 (0.39)   0.46 (0.33) 0.5096 0.8253 

Lost milk income   8.69 (3.17)  13.59 (3.94)   6.91 (3.37) 0.6197 0.0820b 

Total   9.53 (3.09) 14.21 (3.85)   7.77 (3.29) 0.6337 0.0859b 

TOTAL COST/LOSSES   9.39 (2.75)  13.80 (3.43)   7.71 (2.93) 0.6180 0.0688b 

INCOME            

0-28 DIM:       

Milk income 10.61 (2.36)   8.15 (2.94) 12.87 (2.51) 0.9650 0.0988b 

Cull income   0.47 (1.00)   1.64 (1.24)  -0.84 (1.06) 0.9471 0.0421a 

Total 11.08 (2.03)   9.79 (2.53) 12.03 (2.16) 0.9335 0.3569 

29-100 DIM:       

Milk income   8.83 (3.26)   4.77 (4.07) 12.04 (3.47) 0.8944 0.0670b 

Cull income   0.57 (0.33)   0.75 (0.41)   0.64 (0.35) 0.7097 0.7787 

Total   9.41 (3.18)   5.52 (3.97) 12.68 (3.39) 0.9225 0.0645b 

TOTAL INCOME   9.87 (2.70)   6.71 (3.37) 12.50 (2.88) 0.9203 0.0780b 

NET GAIN      

0-28 DIM   2.03 (4.44)  -2.98 (5.53)   4.47 (4.73) 0.7720 0.1649 

29-100 DIM  -0.12 (6.20)  -8.69 (7.73)   4.91 (6.60) 0.7738 0.0713b  

TOTAL NET GAIN   0.48 (5.39)  -7.09 (6.72)   4.79 (5.74) 0.7605 0.0701b 

C) Medical Treatment with 

Penicillin 
Feed Additive (Amount of XP in g/d) P-values 

Item 
0 

N = 6 
56 

N = 11 
112 

N = 9 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES      

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:      

Total cost of disease   6.36 (0.59)   5.48 (0.56)   5.26 (0.58) 0.2011 0.7283 

Discarded milk   7.18 (0.42)   7.40 (0.40)   7.15 (0.41) 0.8603 0.5847 

Lost milk income 0.00 0.00 0.00 . . 

Total 13.54 (0.88) 12.97 (0.83) 12.59 (0.86) 0.4982 0.6924 

29-100 DIM:      

Total cost of disease   0.58 (0.22)  -0.07 (0.21)   0.18 (0.21) 0.0668b 0.2949 

Discarded milk   0.66 (0.29)   0.16 (0.27)   0.20 (0.28) 0.1960 0.8965 

Lost milk income   0.11 (1.82)   0.72 (1.72)   0.29 (1.78) 0.8665 0.8252 

Total   1.35 (2.08)   0.81 (1.96)   0.66 (2.03) 0.8163 0.9483 

TOTAL COST/LOSSES   4.77 (1.60)   4.21 (1.51)   4.00 (1.56) 0.7474 0.9032 

INCOME          

0-28 DIM:      

Milk income 15.08 (1.76) 14.81 (1.66) 14.08 (1.72) 0.7767 0.7013 

Cull income 0.00 0.00 0.00 . . 

Total 15.08 (1.76) 14.81 (1.66) 14.08 (1.72) 0.7767 0.7013 

29-100 DIM:      
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Milk income 18.26 (2.25) 17.10 (2.13) 16.82 (2.20) 0.6531 0.9081 

Cull income   0.04 (0.35)   0.47 (0.33)  -0.14 (0.35) 0.7857 0.1211c 

Total 18.30 (2.07) 17.57 (1.96) 16.67 (2.03) 0.6588 0.6935 

TOTAL INCOME 17.40 (1.84) 16.80 (1.73) 15.94 (1.79) 0.6636 0.6722 

NET GAIN      

0-28 DIM   1.54 (2.40)   1.85 (2.27)   1.49 (2.35) 0.9676 0.8916 

29-100 DIM 16.94 (3.87) 16.76 (3.65) 16.01 (3.78) 0.9105 0.8597 

TOTAL NET GAIN 12.63 (3.18) 12.58 (3.00) 11.94 (3.11) 0.9284 0.8543 

1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15     
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Table 5.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) on COSTS, 

INCOME, and NET GAIN in dairy cows stratified by somatic cell count (SCC) 

concentrations in milk in wk 4 postpartum [A) SCC < 100 cells/µL milk , B) 100 ≤ SCC ≤ 

249 cells/µL milk, C) SCC > 249 cells/µL milk] 

A) SCC < 100 cells/µL milk Feed Additive (Amount of XP in g/d) P-values1 

Item 

0 

N = 9 

56 

N = 9 

112 

N = 8 56/112 vs 0 56 vs 112 

 Least Squares Means (SEM)   

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   3.63 (0.42)   2.70 (0.41)   2.07 (0.37) 0.0106a 0.1854 

Discarded milk   2.85 (0.42)   2.81 (0.41)   2.40 (0.37) 0.6153 0.3867 

Lost milk income   3.72 (1.08)   4.31 (1.06)   1.89 (0.96) 0.6147 0.0516a 

Total 10.19 (1.15)   9.91 (1.12)   6.54 (1.02) 0.1360c 0.0115 a 

29-100 DIM:       

Total cost of disease   0.25 (0.13)   0.09 (0.12)   0.35 (0.11) 0.8153 0.0690b 

Discarded milk   0.22 (0.17)   0.12 (0.16)   0.37 (0.15) 0.8827 0.1940 

Lost milk income   5.20 (1.60)   5.65 (1.56)   3.98 (1.42) 0.8330 0.3613 

Total   5.67 (1.62)   5.85 (1.57)   4.70 (1.43) 0.8320 0.5312 

TOTAL COST/LOSSES   6.93 (1.38)   6.99 (1.35)   5.21 (1.23) 0.5972 0.2606 

INCOME            

0-28 DIM:       

Milk income 13.81 (1.53) 12.75 (1.49) 15.74 (1.35) 0.8028 0.0881b 

Cull income   0.86 (0.39)   1.02 (0.38)   0.27 (0.34) 0.6253 0.0904b 

Total 14.67 (1.41) 13.77 (1.37) 16.01 (1.25) 0.8913 0.1651 

29-100 DIM:       

Milk income 13.46 (1.88) 12.68 (1.83) 13.57 (1.67) 0.8742 0.6771 

Cull income   0.29 (0.23)   0.36 (0.22)   0.37 (0.20) 0.7639 0.9843 

Total 13.75 (1.79) 13.04 (1.74) 13.94 (1.59) 0.8980 0.6598 

TOTAL INCOME 14.01 (1.59) 13.25 (1.55) 14.52 (1.41) 0.9443 0.4832 

NET GAIN      

0-28 DIM   4.48 (2.35)   3.85 (2.29)   9.47 (2.09) 0.4154 0.0386a 

29-100 DIM   8.09 (3.31)   7.19 (3.23)   9.24 (2.94) 0.9727 0.5872 

TOTAL NET GAIN   7.08 (2.89)   6.26 (2.82)   9.30 (2.56) 0.8304 0.3558 

B) 100 ≤ SCC ≤ 249 

cells/µL milk 
Feed Additive (Amount of XP in g/d) P-values 

Item 

0 

N = 13 

56 

N = 14 

112 

N = 14 56/112 vs 0 56 vs 112 

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   2.42 (0.62)   2.89 (0.59)   2.37 (0.86) 0.7646 0.6121 

Discarded milk   3.22 (0.63)   3.49 (0.60)   3.27 (0.87) 0.8231 0.8338 

Lost milk income   0.60 (0.62)   0.38 (0.59)   0.12 (0.86) 0.6226 0.8020 
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Total   6.23 (1.43)   6.85 (1.36)   5.94 (1.99) 0.9182 0.7017 

29-100 DIM:       

Total cost of disease   0.10 (0.13)   0.11 (0.13)   0.15 (0.18) 0.8164 0.8544 

Discarded milk   0.39 (0.27)   0.05 (0.25)   0.37 (0.37) 0.5522 0.4683 

Lost milk income   1.88 (1.73)   1.58 (1.65)   0.16 (2.41) 0.6095 0.6213 

Total   2.37 (1.83)   1.75 (1.74)   0.68 (2.54) 0.5800 0.7266 

TOTAL COST/LOSSES   3.45 (1.55)   3.18 (1.47)   2.15 (2.15) 0.6569 0.6922 

INCOME            

0-28 DIM:       

Milk income 14.57 (1.35) 15.18 (1.28) 15.93 (1.87) 0.5228 0.7391 

Cull income 0.00 0.00 0.00 . . 

Total 14.57 (1.35) 15.18 (1.28) 15.93 (1.87) 0.5228 0.7391 

29-100 DIM:       

Milk income 16.63 (2.00) 17.00 (1.89) 18.00 (2.77) 0.7019 0.7652 

Cull income   0.17 (0.23)  -0.09 (0.22)  -0.13 (0.32) 0.2835 0.9064 

Total 16.80 (1.91) 16.91 (1.82) 17.86 (2.66) 0.7882 0.7665 

TOTAL INCOME 16.18 (1.67) 16.43 (1.58) 17.32 (2.32) 0.7138 0.7485 

NET GAIN      

0-28 DIM   8.34 (2.40)   8.33 (2.28)   9.99 (3.34) 0.7659 0.6789 

29-100 DIM 14.44 (3.57) 15.17 (3.39) 17.18 (4.96) 0.6688 0.7351 

TOTAL NET GAIN 12.73 (3.07) 13.25 (2.91) 15.16 (4.26) 0.6717 0.7081 

C) SCC > 249 cells/µL milk Feed Additive (Amount of XP in g/d) P-values 

Item 

0 

N = 10 

56 

N = 10 

112 

N = 9 56/112 vs 0 56 vs 112 

COSTS/LOSSES           

-28 to 28 DIM:      

Supplement cost  0.00 0.05 0.10  < 0.0001a  < 0.0001a 

0-28 DIM:       

Total cost of disease   1.06 (1.01)   1.85 (1.16)   2.37 (1.10) 0.3056 0.6822 

Discarded milk   1.35 (1.29)   2.63 (1.48)   3.52 (1.41) 0.1911 0.5841 

Lost milk income   0.34 (1.73)   2.76 (2.00)  -0.42 (1.89) 0.6300 0.1572 

Total   2.76 (2.41)   7.34 (2.78)   5.65 (2.63) 0.1334c 0.5787 

29-100 DIM:       

Total cost of disease   0.45 (0.20)   0.26 (0.23)   0.30 (0.22) 0.4001 0.8664 

Discarded milk   0.75 (0.52)   0.29 (0.60)   0.74 (0.56) 0.6440 0.4919 

Lost milk income   0.72 (3.68)   7.66 (4.24)   1.11 (4.01) 0.3240 0.1687 

Total   1.92 (3.56)   8.20 (4.10)   2.15 (3.88) 0.3637 0.1872 

TOTAL COST/LOSSES   2.15 (2.66)   7.96 (3.06)   3.13 (2.90) 0.2108 0.1601 

INCOME            

0-28 DIM:       

Milk income 16.34 (2.00) 13.55 (2.31) 13.54 (2.19) 0.1732 0.9981 

Cull income  -0.27 (1.18)   1.47 (1.36)  -2.17 (1.29) 0.9417 0.0237a 

Total 16.08 (1.70) 15.02 (1.96) 11.37 (1.86) 0.1025b 0.1019b 

29-100 DIM:       

Milk income 16.01 (3.18)   9.04 (3.66) 14.91 (3.47) 0.2138 0.1547c 

Cull income   0.20 (0.59)   0.80 (0.68)   0.35 (0.64) 0.5178 0.5455 
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Total 16.20 (2.98)   9.84 (3.43) 15.26 (3.25) 0.2286 0.1601 

TOTAL INCOME 16.17 (2.30) 11.29 (2.65) 14.17 (2.51) 0.1461c 0.3249 

NET GAIN      

0-28 DIM 13.32 (3.56)   7.68 (4.10)   5.72 (3.88) 0.0758b 0.6623 

29-100 DIM 14.29 (6.45)   1.64 (7.43) 13.12 (7.03) 0.2901 0.1689 

TOTAL NET GAIN 14.02 (4.86)   3.33 (5.61) 11.05 (5.31) 0.1710 0.2173 

1a P ≤ 0.05; b 0.05 < P ≤ 0.10; c 0.10 < P ≤ 0.15     
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FIGURES  
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Figure 1.  Equations used to derive the NET GAIN of feeding Saccharomyces cerevisiae 

fermentation product (XP) to dairy cows during the transition period (-4 to 4 wks 

postpartum). SC= Supplement cost, DC= Total cost of disease treatment, DM= Cost of 

discarded milk, LM= Income lost due to loss of milk production from culling, TL= TOTAL 

LOSSES; MI= Income from milk, CI= Income from cull sale, TI= TOTAL INCOME; NG= 

NET GAIN; d= days fed supplement  
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Figure 2.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during the 

transition period (-4 to 4 wks postpartum) on NET GAIN in multiparous Holstein dairy cows. 

The double dose of XP (112 g/d) tended to increase NET GAIN during XP supplementation 

compared with the single dose (P = 0.15). 
a
 P ≤ 0.05; 

b
 0.05 < P ≤ 0.10; 

c
 0.10 < P ≤ 0.15. 
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Figure 3.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during the 

transition period (-4 to 4 wks postpartum) on NET GAIN in multiparous Holstein cows 

stratified by parity (a) In second lactation cows, 112 g/d of XP increased NET GAIN during 

XP supplementation compared to 56 g/d of XP (P = 0.05). (b) No treatment differences were 

observed in cows with 3 or more parities. Value N is a reflection of the number of cows 

pregnant at 28 d postpartum. 
a
 P ≤ 0.05; 

b
 0.05 < P ≤ 0.10; 

c
 0.10 < P ≤ 0.15.  
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Figure 4.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during the 

transition period (-4 to 4 wks postpartum) on NET GAIN in multiparous Holstein cows 

stratified by medical treatment during the feeding study requiring milk discarding (none, 

treated without penicillin, treated with penicillin). (a) There were no treatment differences in 

the not-treated cows. (b) In treated cows that did not receive penicillin, 112 g/d of XP tended 

to increase NET GAIN compared to 56 g/d (P = 0.07). (c) No treatment differences were 

observed in cows that received penicillin. Value N is a reflection of the number of cows 

pregnant at 28 d postpartum. 
a
 P ≤ 0.05; 

b
 0.05 < P ≤ 0.10; 

c
 0.10 < P ≤ 0.15.  
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Figure 5.  Effect of feeding Saccharomyces cerevisiae fermentation product (XP) during the 

transition period (-4 to 4 wks postpartum) on NET GAIN in multiparous Holstein cows 

stratified by somatic cell count (SCC) concentrations in milk in wk 4 postpartum. (a) In cows 

with SCC below 100 cells/µL milk in wk 4 postpartum, 112 g/d of XP increased NET GAIN 

during XP supplementation compared to 56 g/d of XP (P = 0.04). (b) No significant 

treatment differences in NET GAIN were observed in cows with SCC between 100 and 249 

cells/µL milk. (c) XP supplementation tended to decrease NET GAIN in cows with at least 

250 cells/µL milk in wk 4 postpartum (P = 0.08). 
a
 P ≤ 0.05; 

b
 0.05 < P ≤ 0.10; 

c
 0.10 < P ≤ 

0.15.



 97 

REFERENCES 

Al Ibrahim, R. M., M. A. Crowe, P. Duffy, L. O’Grady, M. E. Beltman, and F. J. Mulligan. 

2010. The effect of body condition at calving and supplementation with Saccharomyces 

cerevisiae on energy status and some reproductive parameters in early lactation dairy 

cows Anim. Reprod. Sci. 121:63-71. 

Austin, E. J., M. Mihm, M. P. Ryan, D. H. Williams, and J. F. Roche. 1999. Effect of 

duration of dominance of the ovulatory follicle on the onset of estrus and fertility in 

heifers. J. Anim. Sci. 77:2219-2226. 

Barnes, M. E., D. J. Durben, S. H. Reeves, and R. Sanders. 2006. Dietary yeast culture 

supplementation improves initial rearing of McConaughy strain rainbow trout. 

Aquaculture Nutr. 12:388-394. 

Beever, D. E. 2006. The impact of controlled nutrition during the dry period on dairy health, 

fertility and performance. Anim. Reprod. Sci. 90:212-226.   

Britt, J. H. 1992. Impacts of early postpartum metabolism on follicular development and 

fertility. Proc. Annu. Conv. Am. Assoc. Bovine Pract. 24:39-43. 

Bruno, R. G. S., H. Rutigliano, R. L. Cerri, P. H. Robinson, and J. E. P. Santos. 2009a. Effect 

of feeding yeast culture on reproduction and lameness in dairy cows under heat stress. 

Anim. Repro. Sci. 113:11-21. 

Bruno, R. G. S., H. Rutigliano, R. L. Cerri, P. H. Robinson, J. E. P. Santos. 2009b. Effect of 

feeding Saccharomyces cerevisiae on performance of dairy cows during summer heat 

stress. Anim. Feed Sci. Technol. 150:175-186. 

Burgents, J. E., K. G. Burnett, and L. E. Burnett. 2004. Disease resistance of Pacific white 

shrimp, Litopenaeus vannamei, following the dietary administration of a yeast culture 

food supplement. Aquaculture 231:1-8. 

Butler, W. R. 2003. Energy balance relationships with follicular development, ovulation, and 

fertility in postpartum dairy cows. Livest. Prod. Sci. 83:211-218. 

Canfield R. W., and W. R. Butler. 1991. Energy balance, first ovulation and the effects of 

naloxone on LH secretion in early postpartum dairy cows. J. Anim. Sci. 69:740-746.  

Cole, N. A., C. W. Purdy, and D. P. Hutcheson. 1992. Influence of yeast culture on feeder 

claves and lambs. J. Anim. Sci. 70:1682-1690.  

Crowe, M. A. 2008. Resumption of ovarian cyclicity in post-partum beef and dairy cows. 

Reprod. Dom. Anim. 43 (Suppl. 5):20-28. 

Dann, H. M., J. K. Drackley, G. C. McCoy, M. F. Hutjens, and J. E. Garrett. 2000. Effects of 

yeast culture (Saccharomyces cerevisiae) on prepartum intake and postpartum production 

of Jersey cows. J. Dairy Sci. 83:123-127. 



 98 

Desnoyers, M., S. Giger-Reverdin, G. Bertin, C Duvaux-Ponter, and D. Sauvant. 2009. Meta-

analysis of the influence of Saccharomyces cerevisiae on ruminal parameters and milk 

production on ruminants. J. Dairy Sci. 92:1620-1632. 

De Wit, A. A. C., M. L. F. Cesar, and T. W. M. Kruip. 2001. Effect of urea during in vitro 

maturation on nuclear maturation and embryo development of bovine cumulus-oocyte-

complexes. J. Dairy Sci. 78:345-370.  

Eastridge, M. L. 2006. Major advances in dairy cattle nutrition. J. Dairy Sci. 89:1311-1323. 

Edmonson, A. J., I. J. Lean, L. D. Weaver, T. Farver, and G. Webster. 1989. A body 

condition scoring chart for Holstein dairy cows. J. Dairy Sci. 72:68-78. 

Elrod, C. C., and W. R. Butler. 1993. Reduction of fertility and alteration of uterine pH in 

heifers fed excess ruminally degradable protein. J. Anim. Sci. 71:694-701. 

Erasmus, L. J., P. H. Robinson, A. Ahmadi, R. Hinders, and J. E. Garrett. 2005. Influence of 

prepartum and postpartum supplementation of a yeast culture and monensin, or both, on 

ruminal fermentation and performance of multiparous dairy cows. Anim. Feed Sci. and 

Technol. 122:219-239.  

Folman, Y., M. Rosenberg, Z. Herz, and M. Davidson. 1973. The relationship between 

plasma progesterone concentration and conception in postpartum dairy cows maintained 

on two levels of nutrition. J. Reprod. Fert. 34:267-278. 

Gao, J., H. J. Zhang, S. G. Wu, S. H. Yu, I. Yoon, D. Moore, Y. P. Gao, H. J. Yan, and G. H. 

Qi. 2009. Effect of Saccharomyces cerevisiae fermentation product on immune functions 

of broilers challenged with Eimeria tenella. Poultry Sci. 88:2141-2151. 

Gardner, N. K., C. K. Reynolds, R. H. Phillips, A. K. Jones, A. K. Jones, and D. E. Beever. 

1999. Effects of different diet supplements in the pre- and post-partum period on 

reproductive performance in the diary cow. In: Diskin, M.G. (Ed.), Fertility in the High 

Producing Dairy Cow. BSAS Occasional Symposium No. 26, vol. 1, pp. 313–322. 

Gillund, P., O. Reksen, Y. T. Grohn, and K. Karlberg. 2001. Body condition related to 

ketosis and reproductive performance in Norwegian dairy cows. J. Dairy Sci. 84:1390-

1396. 

Goff, J. P. 2006. Major advances in our understanding of nutritional influences on bovine 

health. J. Dairy Sci. 89:1292-1301. 

Goff, J. P. and R. L. Horst.1997. Physiological changes at parturition and their relationship to 

metabolic disorders. J. Dairy Sci. 80:1260-1268. 

Gong, J. G. 2002. Influence of metabolic hormones and nutrition on ovarian follicle 

development in cattle: practical implications. Domest. Anim. Endocrinol. 23:229-241. 



 99 

Guard, C. L. 1994. Costs of clinical disease in dairy cows. In Proc. Annu. Cornell Conf. Vet., 

Ithace, NY. Cornell Univ., Ithaca, NY. 

Hristov, A. N., G. Varga, T. Cassidy, M. Long, K. Heyler. S. K. R. Karnati, B. Corl, C. J. 

Hovde, and I. Yoon. 2010. Effect of Saccharomyces cerevisiae fermentation product on 

ruminal fermentation and nutrient utilization in dairy cows. 93:683-692. 

Hultgren, J., and C. Svensson. 2009. Lifetime risk and cost of clinical mastitis in dairy cows 

in relation to heifer rearing conditions. J. Dairy Sci. 92:3274-3280.  

Hutjens, M. F. 1996. Practical approaches to feeding the high producing dairy cow. Anim. 

Feed Sci. Technol. 56:199-206. 

Hutjens, M. F. 2003. Economics of feed additives. Penn State Dairy Cattle Nutrition 

Workshop. dasweb.psu.edu/pdf/hutjens1.pdf.  

Jensen, G. S., K. M. Patterson, and I. Yoon. 2008. Yeast culture has anti-inflammatory 

effects and specifically activates NK cells. Compar. Immun. Micro. Infect. Dis. 31:487-

500. 

Jorritsma, R., T. Wensing, T. A. M. Kruip, P. L. A. M. Vos, and J. P. T. M. Noordhuizen. 

2003a. Metabolic changes in early lactation and impaired reproductive performance in 

dairy cows. Vet. Res. 34:11-26. 

Jorritsma, R., M. W. de Groot, P. L. A. M. Vos, T. A. M. Kruip, T. Wensing, and J. P. T. M. 

Noordhuizen. 2003b. Acute fasting in heifers as a model for assessing the relationship 

between plasma and follicular fluid NEFA concentrations. Theriogenology. 60:151-161.  

Kalmus, P., T. Orro, A. Waldmann, R. Lindjarv, and K. Kask. 2009. Effect of yeast culture 

on milk production and metabolic and reproductive performance of early lactation dairy 

cows. Acta Vet. Scand. 51:31-38. 

Kelton, D. F., K. D. Lissemore, and R. E. Martin. 1998. Recommendations for recording and 

calculating the incidence of selected clinical diseases of dairy cattle. J. Dairy Sci. 

81:2502-2509. 

Kossaibati, M. A., and R. J. Esslemont. 1997. The costs of production diseases in dairy herds 

in England. Vet. J. 154:41-51.  

LeBlanc, S. J., T. Herdt, W. Seymour, T. Duffield, and K. Leslie. 2004. Factors associated 

with peripartum serum concentrations of vitamin E, retinol, and beta-carotene in Holstein 

dairy cattle and their association with periparturient disease. J. Dairy Sci. 87:609-619.  

LeBlanc, S. J. 2008. Postpartum uterine disease and dairy herd reproductive performance. 

Vet. J. 176:102-114.  

Lehloenya, K. V., D. R. Stein, D. T. Allen, G. E. Selk, D. A. Jones, M. M. Aleman, T. G. 

Rehberger, K. J. Mertz, and L. J. Spicer. 2008. Effects of feeding yeast and 



 100 

propionibacteria to dairy cows on milk yield and components, and reproduction. J. Anim. 

Physiol. Anim. Nutr. 92:190-202. 

Leroy, J. L. M. R., T. Vanholder, B. Mateusen, A. Christophe, G. Opsomer, A. de Kruif, G. 

Genicot, and A. van Soom. 2005. Non-esterified fatty acids in follicular fluid of dairy 

cows and their effect on developmental capacity of bovine oocytes in vitro. 

Reproduction. 130:485-495. 

Leroy, J. L. M. R., G. Opsomer, A. van Soom, I. G. F. Goovaerts, and P. E. J. Bols. 2008a. 

Reduced fertility in high-yielding dairy cows: Are the oocyte and the embryo in danger? 

Part I: The importance of negative energy balance and altered corpus luteum function to 

the reduction of oocyte and embryo quality in high-yielding dairy cows. Reprod. Dom. 

Anim. 43:612-622. 

Leroy, J. L. M. R., A. van Soom, G. Opsomer, I. G. F. Goovaerts, and P. E. J. Bols. 2008b. 

Reduced fertility in high-yielding dairy cows: Are the oocyte and the embryo in danger? 

Part II: Mechanism linking nutrition and reduced oocyte and embryo quality in high-

yielding dairy cows. Reprod. Dom. Anim. 43:623-632. 

Lucy, M. C. 2001. Reproductive loss in high producing dairy cattle: Where will it end? J. 

Dairy Sci. 84:1277-1293. 

Magalhães, V. J. A., F. Susca, F. S. Lima, A. F. Branco, I. Yoon, and J. E. P. Santos. 2008. 

Effect of feeding yeast culture on performance, health, and immunocompetence of dairy 

calves. J. Dairy Sci. 91:497-1509. 

Melendez, P., A. Donovan, J. Hernandez, J. Bartolome, C. A. Risco, C. Staples, and W. W. 

Thatcher. 2003. Milk, plasma, and blood urea nitrogen concentrations, dietary protein, 

and fertility in dairy cattle. J. Am. Vet. Med. Assoc. 223:628-634. 

Miller-Webster, T., W. H. Hoover, M. Holt, and J. E. Nocek. 2002. Influence of yeast culture 

on rumnial microbial metabolism in continuous culture. J. Dairy Sci. 85:2009-2014. 

Mulligan, F. J., and M. L. Doherty. 2008. Production diseases of the transition cow. Vet. J. 

176:3-9. 

Murugavel, K., J. L. Yaniz, P. Santolaria, M. Lopez-Bejar, and F. Lopez-Gaitus. 2003. Luteal 

activity at the onset of a timed insimeination protocol affects reproductive outcome in 

early postpartum dairy cows. Theriogenology 60:583-593. 

NOAA. 1976. Livestock hot weather stress. United States Dept. of Commerce, Natl. Oceanic 

and Atmospheric Admin., Natl. Weather Service Central Region. Regional Operations 

Manual Letter C-31-76. 

Nonnecke, B. J., M. R. Foote, J. M. Smith, B. A. Pesch, and M. E. Van Amburgh. 2003. 

Composition and functional capacity of blood mononuclear leukocyte populations from 

neonatal calves on standard and intensified milk replacer diets. J. Dairy Sci. 86:3592-

3604. 



 101 

Oetzel, G. R., K. M. Emery, W. P. Kautz, and J. E. Nocek. 2007. Direct-fed microbial 

supplementation and health and performance of pre- and post dairy cattle: a field trial. J. 

Dairy Sci. 90:2058-2068.  

Ohtsuka, H., C. Watanabe, M. Kohiruimaki, T. Anod, D. Watanabe, M. Masiu, T. Hayashi, 

R. Abe, M. Koiwa, S. Sato, and S. Kawamura. 2006. Comparison of two different 

nutritive conditions against the changes in peripheral blood mononuculear cells of 

periparturient dairy cows. J. Vet. Med. Sci. 68:1161-1166.  

Oregon Agriculture and Fisheries Statistics. United States Department of Agriculture, 

National Agriculture Statistics Service, and Oregon Department of Agriculture. 2009. 

www.oregon.gov/ODA/docs/pdf/pubs/agripedia_stats.pdf. 

Pinedo, P. J.v and A. DeVries. 2010. Effect of days to conception in the previous lactation on 

the risk of death and live culling around calving. J. Dairy Sci. 93:968-977. 

Piva, G., S. Belladonna, G. Fusconi, and F. Sicbaldi. 1993. Effects of yeast on dairy cow 

performance, ruminal fermentation, blood components, and milk manufacturing. J. Dairy 

Sci. 76:2717-2722. 

Pryce, J. E., M. P. Coffey, and G. Simm. 2001. The relationships between body condition 

score and reproductive performance. J. Dairy Sci. 84:1508-1515. 

Rabelo, E., R. L. Rezende, S. J. Bertics, and R. R. Grummer. 2003. Effects of transition diets 

varying in dietary energy density on lactation performance and ruminal parameters of 

dairy cows. J. Dairy Sci. 86:916-925. 

Ramsing E. M., J. A. Davidson, P. D. French, I. Yoon, M. Keller, and H. Peters-Fleckenstein. 

2009. Effects of yeast culture on peripartum intake and milk production of primiparous 

and multiparous Holstein cows. Prof. Anim. Sci. 25:487-495. 

Rastani, R. R. Pas, N. E. Lobos, M. J. Aguerre, R. R. Gurrmer, and M. A. Wattiaux. 2006. 

Relationships between blood urea nitrogen and energy balance or measures of tissue 

mobilization in Holstein cows during the periparturient period. Prof. Anim. Sci. 

22:382-385. 

Reist, M., D. K. Erdin, D. von Euw, K. M. Tschümperlin, H. Leuenberger, H. M. Hammon, 

C. Morel, C. Philipona, Y. Zbinden. N. Künzi, and J. W. Blum. 2003. Postpartum 

reproductive function: association with energy, metabolic and endocrine status in high 

yielding dairy cows. Theriogenology 59:1707-1723.  

Robinson, P. H. 2009. Yeast products for growing and lactating ruminants: a literature 

summary of impacts on rumen fermentation and performance. Cooperative Extension, 

University of California - Davis, Davis. CA. Available at 

http://animalscience.ucdavis.edu/faculty/robinson/Articles/FullText/Web200901.pdf. 

 



 102 

Robinson, P. H., and L. J. Erasmus. 2009. Effects of analyzable diet components on 

responses of lactating dairy cows to Saccharomyces cerevisiae based yeast products: a 

systematic review of the literature. Anim. Feed Sci. Technol. 145:185-198. 

Robinson, P. H., and J. E. Garrett. 1999. Effect of yeast culture (Saccharomyces cerevisiae) 

on adaptation of cows to postpartum diets and on lactational performance. J. Anim. Sci. 

77:988-999. 

Shaver, R. D., and J. E. Garrett. 1997. Effect of dietary yeast culture on milk yield, 

composition, and component yields at commercial dairies. Prof. Anim. Sci. 13:204-207. 

Shehab-El-Deen, M. A., J. L. M. R. Leroy, D. Maes, and A. Van Soom. 2009. Cryotolerance 

of bovine blastocysts is affected by oocyte maturation in media containing palmitic or 

stearic acid. Reprod. Dom. Anim. 44:140-142. 

Shehab-El-Deen, M. A., J. L. M. R. Leroy, M. S. Fadel, S. Y. A. Saleh, D. Maes, and A. Van 

Soom. 2010. Biochemical changes in the follicular fluid of the dominant follicle of the 

high producing dairy cows exposed to heat stress early post-partum. Anim. Reprod. Sci. 

117:189-200. 

Shen, Y. B., X. S. Piao, S. W. Kim, L. Wang, P. Liu, I. Yoon, and Y. G. Zhen. 2009. Effects 

of yeast culture supplementation on growth performance, intestinal health, and immune 

response of nursery pigs. J. Anim. Sci. 87:2614-2624. 

Straten, M. van, N. Y. Shpigel, and M. Friger. 2008. Analysis of daily body weight of high-

producing dairy cows in the first one hundred twenty days of lactation and associations 

with ovarian inactivity. J. Dairy Sci. 91:3353-3362. 

Sullivan, H. M., and S. A. Martin. 1999. Effects of a Saccharomyces cerevisiae culture on in 

virto mixed ruminal microorganism fermentation. J. Dairy Sci. 82:2011-2016. 

Tangendjaja, B., and I. Yoon. 2002. Effect of yeast culture on egg production and mortality 

in layer chickens. Poult. Sci. 80(Suppl. 1):89. 

Tucker, W. B., G. D. Adams, M. Lema, M. Aslam, I. S. Shin, P. LeRuyet, and D. L. Weeks. 

1992. Udder edema scoring. J. Dairy Sci. 75:2382-2387. 

Vanholder, T., J. L. M. R. Leroy, A. Van Soom, G. Opsomer, D. Maes, M. Coryn, and A. de 

Kriuf. 2005. Effect of non-esterified fatty acids on bovine granulosa cell steroidogenesis 

and proliferation in vitro. Anim. Reprod. Sci. 87:33-44.  

Webb, R., P. C. Garnsworthy, J. G. Gong, and D. G. Armstrong. 2004. Control of follicular 

growth: Local interactions and nutritional influences. J. Anim. Sci. 82:E63-E74. 

Westwood, C. T., I. J. Lean, and J. K. Gavin. 2002. Factors influencing fertility of Holstein 

dairy cows: A multivariate description. J. Dairy Sci. 85:3225-3237. 



 103 

Williams, P. E., C. A. Tait, G. M. Innes, and C. J. Newbold. 1991. Effects of the inclusion of 

yeast culture (Saccharomyces cerevisiae plus growth medium) in the diet of dairy cows 

on milk yield and forage degradation and fermentation patterns in the rumen of steers. J. 

Anim. Sci. 69:3016-3026. 

Yung, M. C., M. J. Vandeharr, R. L. Fogwell, and B. K. Sharma. 1996. Effect of energy 

balance and somatotropin on insulin-like growth factor I in serum and on weight and 

progesterone of corpus luteum in heifers. J. Anim. Sci. 74:2239-2244. 

 

 

 

 


