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Energy is the first-limiting nutrient for cows grazing pasture therefore, energy 

supplementation is necessary for high producing animals. In pasture-based systems, the 

concentrate is fed twice a day in the dairy parlour during the milking procedure. Consumption 

of large amounts of fermentable carbohydrates results in a drop in rumen pH and this may 

induce rumen acidosis. This may lead to reduced intake, lower fibre digestion and depressed 

milk yield. Supplemental yeast offer great possibilities in stabilising the rumen fermentation 

patterns and, therefore, improving dry matter intakes (DMI). This may increase milk 

production, milk composition parameters, rumen volatile fatty acid concentrations (VFA) 

which leads to higher profits.  

Investigating these responses, a trial was conducted, where live yeast (Levucell SC 10 

ME-Titan) was supplemented to Jersey cows grazing ryegrass/kikuyu pastures, 

supplemented with 6 kg (as is) dairy concentrate per day split over two milking periods.  

Thirty multiparous high-producing Jersey cows between 30 and 120 days in milk (DIM) 

were selected, blocked and randomly allocated to control (no yeast) or live yeast treatment 

groups. Ten fistulated lactating cows were added in a cross-over design (two periods and two 

treatments) and all 40 cows strip grazed Italian ryegrass (Lollium multiflorum) and kikuyu 

pastures as one group. A new pasture strip was allocated after each milking and pasture was 

measured using a rising plate meter (RPM).  
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CHAPTER 1 

Introduction 

 

Commercial and emerging dairy farmers are under financial pressure as a result of low 

milk prices and increased input costs. Milk production from grazed forage systems is a low-

cost, economical feeding system compared to that of a total mixed ration (Bargo et al., 2002a; 

White et al., 2002). White et al. (2002) found that a pasture-based system can be competitive, 

with a confinement system on the basis of having lower feed costs, culling costs and other 

economic factors (labour for animal care, manure handling and forage management), even 

when milk production is lower on pasture-based systems.  

Profitable milk production in the Southern Cape region of SA are dependent on pasture-

based systems consisting of predominately kikuyu (Pennisetum clandestinum) and ryegrass 

(Lolium multiflorum) (Meeske et al., 2006). These grazing systems are intensive and require 

high input costs (Botha, 2003). 

Energy is the first-limiting nutrient for cows grazing pasture necessitating energy 

supplementation for high producing animals (Kolver and Muller, 1998; Bargo et al., 2002a; 

Bargo et al., 2003). Nutritionists are continuously seeking new and innovative ways to 

manipulate the diet of the dairy cow to increase and optimize milk production.  

In pasture-based systems, the concentrate is fed during the milking procedure, since 

the practical reality of a pasture situation requires this feeding pattern. The ideal system 

would, however, have concentrates fed together with roughages throughout the day. The 

amount of concentrate fed daily can vary between zero and eight kilograms (Pulido et al., 

2009). Pulido et al. (2009) fed grazing cows six kilograms of concentrate daily either once, 

twice, three or four times in equal amounts. No additional benefit was found feeding more 

than twice daily. Consumption of large amounts of fermentable carbohydrates may lead to 

rumen acidosis (Slyter, 1976), since such feeding practices can cause the rumen pH to 

decrease to a value of 5.6 or lower (Chiquette, 2009; Thrune et al., 2009). The time period 

during which the rumen pH is below a value of six may be as long as nine hours per day 

(Bach et al., 2007) possibly resulting in subclinical acidosis (Bach et al., 2007; Desnoyers et 

al., 2009b). Subclinical acidosis is characterized by a pH between 5.2 and 5.6 while a rumen 

pH below 5.2 is indicative of an extreme acute form of rumen acidosis (Chiquette, 2009; 

Thrune et al., 2009). Acidosis effects may lead to reduced intake, lower fibre digestion 

(Owens et al., 1998) and depressed milk yield. Subclinical acidosis, with its associated 

negative effects, such as rumenitis, reduced feed intake, abomasal ulcers and laminitis has 
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been suggested as one of the most important nutritional diseases burdening dairy cattle 

production (Enemark, 2008).  

Direct-fed microbials have become increasingly popular since the ban of antibiotics 

from the animal feed industry in the European Union (EU) (1st January 2006). Thrune et al. 

(2009) states that these direct-fed microbials are recognised in the Food and Drug 

Administration (FDA) as being safe to implement. Direct-fed microbials include specific and 

non-specific yeasts, fungi and bacteria (Oetzel et al., 2007).  The most studied form of yeast 

is Saccharomyces cerevisiae, which is available in both viable and non-viable yeast cultures 

(Guedes et al., 2008). Live yeast has the potential to stabilise rumen pH (Chaucheyras-

Durand et al., 2008; Desnoyers et al., 2009a), as well as stimulate enzymatic and cellulolytic 

rumen activities (Harrison et al., 1988; Guedes et al., 2008). Yeast products offer great 

possibilities for stabilising the rumen fermentation patterns and, thereby, improving DM 

intakes (Desnoyers et al., 2009a). This may increase milk production, improve milk 

compositional parameters and increase ruminal volatile fatty acid concentrations (VFA), all of 

which could result in higher profits (Desnoyers et al., 2009a). 

The dairy industry, as well as animal feed manufacturers, needs controlled studies to 

determine whether supplementation of yeast will be cost-effective. This study aims to 

contribute to the understanding of factors limiting milk production in pasture-based systems. 

The extensive research carried out with yeast supplementation and the results have been 

limited to total mixed ration system. There has been no such research done on pasture-based 

animal production systems, therefore future research should focus on supplementation of 

pasture-based systems.  

The aim of this project was to determine the effect of supplementing live yeast to 

lactating Jersey cows grazing ryegrass/kikuyu pasture during spring. 

The following hypotheses were tested in this study: 

Ho = Supplementing live yeast to Jersey cows grazing ryegrass/kikuyu pasture will 

increase productivity. 

H1 = Supplementing live yeast to Jersey cows grazing ryegrass/kikuyu pasture will have 

no effect on productivity. 

 
 
 



4 

 

CHAPTER 2 

 

LITERATURE REVIEW 

SUPPLEMENTING YEAST TO LACTATING JERSEY COWS 

GRAZING RYEGRASS/KIKUYU PASTURES 

 
 
 







7 

 

based fed cows with a recorded total DMI of  21 kg DMI/day (12.9 kg DM was of pasture and 

8.7 kg was concentrate) was lower compared to cows consuming a complete TMR (26.7 kg 

DMI/day) or a partial TMR (pTMR) (25.2 kg DMI/day) (Bargo et al., 2002b). The pTMR 

consisted of cows consuming a combination of both pasture and a part TMR.  

Milk production responses differ as a result of varying DM intakes between the systems, 

and generally follow a similar trend to DM intakes for which the milk production is lower for 

pasture-fed animals. This is supported by Kolver and Muller (1998) who reported milk yields 

of 44.1 kg/day for TMR fed cows compared to grazed cows producing 29.6 kg/day. 

Additionally, work done by Bargo et al. (2002b) reported milk production highest for TMR fed 

cows (38.1 kg/day) compared to the pasture and concentrate fed cows (28.5 kg/day), and 

intermediate between the two was the cows receiving a pTMR (32 kg/day). A lower milk 

production found in a pasture-based system is 61% accountable to the lower DM intakes 

simultaneously measured (Kolver, 2003).  

Milk compositional differences exist between the feeding systems. Milk protein content 

was lower for grazing cows (2.61%) compared to the TMR fed cows (2.80%) (Kolver and 

Muller, 1998; Bargo et al., 2002b). Bargo et al. (2002b) reported that cows receiving pasture 

and concentrate had lower milk fat percentages compared to TMR or pTMR fed cows. In 

general compared to a TMR, higher milk protein and fat percentages on pasture would be 

measured due to the lower milk yields, due to the presence of a dilution effect from higher 

milk yields found in TMR systems. However, contradictory to this, Bargo et al. (2002b) 

reported lower milk protein and milk fat percentages on pasture-based systems. This was due 

to the higher dietary energy intakes, highly digestible good quality pasture, and the 

concentrate fed twice a day separately to forages. 

The energy requirements of grazing animals are not clearly defined (Caton and 

Dhuyvetter, 1997), this may be due to the fact that the additional energy required for grazing 

activities above maintenance vary widely, and the energy that would normally be used for 

production of milk is partitioned to these activities. The production differences for grazing 

versus TMR fed cows can be explained by the low energy intake of cows on pasture. The 

differences in intake of nett energy for lactation (NEL) for a pasture and concentrate; a pTMR 

and a complete TMR were 147.7, 168.2 and 182.8 MJ/day, respectively (Bargo et al., 2002b) 

and that the energy needed for maintenance, grazing and walking activities is higher (Bargo 

et al., 2002b; Kolver, 2003). In a study by Robbins (1993) cited by Caton and Dhuyvetter 

(1997) it was found that energy costs for grazing animals (over and above that for just 

standing) is approximately 83 to 1255 KJ per animal per kg of DM ingested, this large range 

is contributed to time spent eating (which is longer for grazing animals and is dependent on 
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production coincides with the level of intake (Forbes, 2007) and assessing the pasture is of 

utmost importance because one can more correctly match animal requirements and pasture 

production to reach precise supplementary feeding. 

Intake and its regulation are affected by many factors. These factors are animal, feed or 

environmentally related which either impose physical or chemical constraints on the animal as 

stated by Mertens (1987) describing that intake regulation is influenced over the short and 

long term. Short-term regulation which refers to the events effecting the frequency, size and 

pattern of meals that occur within a day. These events are the endocrine and nervous stimuli. 

The integration of all these factors from their different sources contribute to the variable 

stimuli the animal receives, the physiological, and behavioural responses and feedback 

mechanisms that follow result in stimulating or depressing intake (Forbes, 1996). Forbes 

(1996) further reports that the various sources of the stimuli act together and effects can be 

additive. This is explained by Adams and Forbes (1981) cited by Forbes (1996), the infusion 

of sodium acetate in the rumen, and simultaneous infusion of sodium propionate in the 

hepatic portal vein of sheep additively depressed intake by 60%, where added separately it 

was depressed by 44 and 19%, respectively. When acetate was infused in the rumen and a 

balloon was inflated in the rumen, the separate effects caused a reduction in intake of 12 and 

18%, respectively, but the simultaneous effect of both in the rumen reduced intake by 50%. 

Long-term intake regulation refers to a longer period of time for which daily intake is 

determined, when the animals requirements for maintenance and production are relatively 

constant (Mertens, 1987). 

The methods used to predict voluntary feed intake, are either described under static 

models, dynamic models or estimates received from In vivo measurements of intake (Pienaar 

and Roux, 1989). 

Static models are used when a dietary feed component such as ME or NDF are 

described or expressed as a function of intake. The concepts of long-term intake regulation 

forms the foundation on which static models are derived (Mertens, 1987). The advantage 

thereof is that diets are balanced with the use of linear programming and least cost computer 

techniques, where the desired intake is obtained from a specific composition of the diet 

(Pienaar and Roux, 1989). 

Dynamic models depict the rumen digestion kinetics and flow (Pienaar and Roux, 

1989). Dynamic models are either mathematical models, which involve algebraic formulas or 

simulation models, which may only be operated on a computer, due to its specific simulation 

language (Pienaar and Roux, 1989). The attributes of such models allows the inclusion of 

many more variables, and the outcome thereof is more reliable compared to static-models. 
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To achieve maximum DM intakes on pasture, the quality and quantity of pasture 

available to the animals must be optimum (Bargo et al., 2003). Pasture intake is effected by 

PA and is regulated by the structure of the herbage (Peyraud et al., 1996). Herbage intake 

increased with sward surface height and daily herbage allowance, and further stated that 

defoliated sward height is a major factor affecting the intake of herbage (Tharmaraj et al., 

2003). Increasing the herbage allowance by 1 kg DM, the daily DMI increased by 0.13 kg DM 

(Wales et al., 1999). Pasture allowance is therefore a tool to manipulate the DMI of cows on 

pasture, and a relationship therefore exists between the two parameters (Stockdale, 1985; 

Dalley et al., 2001). Dalley et al. (2001) observed that the rate of intake increased (1.9 vs. 1.5 

kg DM/hour) in response to increased PA (60 vs. 45 kg DM per cow per day), which may be 

responsible for the higher DMI observed. Increasing the frequency of pasture allocation had 

no effect on the DMI or milk production of early lactation cows, which would not validate the 

extra time and labour input needed to relocate cows (Dalley et al., 2001). Dalley et al. (2001) 

concludes that the single method to increase the pasture DMI of early lactation cows is to 

increase the PA. 

Dry matter intake without concentrate supplementation increased (from 17.7 to 20.5 

kg/day) when PA increased (from 25 to 40 kg DM/cow per day) (Bargo et al., 2002a). On the 

contrary a high PA (40 kg pasture/cow/day) with concentrate supplementation resulted in 

lower DMI on pasture when compared to the lower PA (25 kg pasture/cow/day) with 

supplementation (Bargo et al., 2002a). This is because with concentrate supplementation, the 

SR increases, with a subsequent decrease in pasture DM intake. This illustrates that SR is a 

factor to consider. Bargo et al. (2003) reported from previous studies that the SR increases 

with increasing PA. This is concurrent with a study that measured a SR of 0.1 at the low PA 

level and 0.5 at a higher level of PA (Meijs and Hoekstra, 1984).  

Milk responses due to supplementation decreased as the SR increased at higher PA 

(Bargo et al., 2003). Wales et al. (1999) proposed that supplements are best used when 

pasture height is short as this will lead to lower substitution levels and it will optimise the 

returns in milk production. When feeding concentrates, the milk yields were higher at lower 

PA, than at higher PA (Grainger and Mathews, 1989). Manipulating the PA is a means to 

increase milk production in early lactation cows grazing irrigated pasture (Wales et al., 2001). 

 

2.7 Energy supplementation and substitution rate 

Grazing cows are supplemented to achieve higher DM intakes which could increase the 

total energy intake compared to pasture-only diets (Reis and Combs, 2000; Bargo et al., 

2003). The significant mobilisation of body reserves for cows consuming pasture emphasises  
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The SR is additionally effected by the type of roughage due to its digestibility, fill unit 

and its overall energy balance (Faverdin et al., 1991). This is observed when maize silage 

was fed; the SR was 0.7, which is higher than that obtained with grass silage (0.53) and hay 

(0.44). Faverdin et al. (1991) concluded that SR values become more relevant the higher the 

energy balance. Caton and Dhuyvetter (1997) reported that the substitution coefficient 

increases as the forage CP increases. The total OM intake as well as the portion of OM 

digested in the intestines increased, while the forage OM decreased due to grain 

supplementation (Reis and Combs, 2000). The SR increases as a result of high pasture 

digestibilities (Kellaway and Harrington, 2004). Stockdale (2000b) found that substitution 

increased by 0.16 kg DM/kg DM of concentrate in less digestible (grass-dominant pastures) 

opposed to more digestible (white clover-dominant) pastures.  

Season is an additional factor affecting substitution, where a substitution of 0.11 kg 

DM/kg DM of concentrate was lower in summer than in spring, and 0.11 kg DM/kg DM lower 

in autumn than in summer. The regression equation including season is described by 

Stockdale (2000b) is as follows:  

 

Substitution = - 0.34+0.16 (± 0.035) PI + 0.16 (± 0.053) species + 0.11 (± 0.024) season + 

0.03 (± 0.014) concentrate intake. 

 

Species equates to a value of 0 and +1 for clover and grass, respectively, where the season 

equates to +1, 0 and -1 for spring, summer and autumn, respectively.  

The relationship that exists between milk response and SR is inverse or negative; the 

higher the milk response from supplementation, the lower the SR (Bargo et al., 2003).  

The varying milk responses observed for concentrate supplementation on pasture, is 

mainly due to the rate of substitution (Kellaway and Porta, 1993; Kellaway and Harrington, 

2004). A milk response of 1 kg milk/kg DM of cereal grain supplemented in the diet was 

acceptable for cows grazing perennial ryegrass pastures, therefore grain supplementation is 

a means to increase milk production in early lactation dairy cows (Wales et al., 2001). Cereal 

grain based concentrates fed twice daily up to 3 kg DM/day resulted in a milk response of 1.1 

kg FCM/kg DM cereal-based concentrate (Walker et al., 2001). Responses diminished when 

the concentrate level increased, and cows were fed more than 3 kg DM/day (Walker et al., 

2001). In a pasture-based system, the milk production response tends to drop, when animals 

substitute pasture for concentrates (Stockdale, 2000), this may be that the highly fermentable 

concentrate effects pasture intake which impacts milk production. The frequency of 

concentrates fed affected their performance and was negative when given four times 
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The theory proposed in an experiment to investigate the effects of yeast on lactate 

uptake and growth by Selenomonas ruminantium (S. ruminantium), is that the yeast 

stimulates this bacteria. S. ruminantium is a gram-negative bacterium which ferments lactate. 

Therefore, the yeast indirectly stabilised the rumen pH and its fermentation by improving the 

ability of the rumen bacteria to utilise lactic acid (Nisbet and Martin, 1991; Wallace, 1994). 

Quigley at al. (1992) elaborates and states that the lactate utilisers in the rumen are 

stimulated and respond to a specific substance known as L-malic acid which is contained in 

large amounts in a yeast culture that may be responsible for the reduced ruminal 

concentrations of lactate (Quigley et al., 1992; Wallace, 1994).  

Amylolytic bacteria are another group of bacteria which are affected by the presence of 

yeast in the rumen. Amylolytic bacteria proliferate due to yeast supplementation (Arakaki et 

al., 2000). Enjalbert et al. (1999) explains that yeast prevents the decrease in amylolytic 

bacteria post-concentrate feeding, because the protozoal concentrations that proliferate and 

that are stimulated by yeast, are able to store starch and postpone bacterial fermentation.  

The cellulolytic bacteria, which are the predominant fibre-digesters, promote higher 

intakes due to their increased activity in response to yeast supplementation, illustrated in 

Figure 2.1. Yeasts ability to improve the fibre digestion in stimulating cellulolytic bacterial 

numbers (Stella et al., 2007) and their ruminal activities is well documented (Dawson et al., 

1990; Newbold et al., 1996). A study conducted in horses where yeast was supplemented 

showed that the yeast increased most enzymes involved in plant cell-wall digestion, which 

would then lead to better fibre digestibilities (Jouany et al., 2009). Another study involving 

yeast supplementation in horses suggested that the dietary acid detergent fibre (ADF) fraction 

was improved due to the positive effects of yeasts on the microflora to improve their activity in 

digesting nutrients (Jouany et al., 2008). Supplementing lambs with yeast to investigate its 

effect on the colonization of the rumen of the newborn animals, found that yeast stimulated 

the growth of cellulolytic bacteria (Chaucheyras-Durand and Fonty, 2002).. 

Protozoa populations form an integral part in the digestive process of fibre (Ishler et al., 

1996). The exact functions of protozoa micro-organisms remains uncertain, their numbers 

vary with the digestibility of the diet, and are numerous when the digestibility is high (Ishler et 

al., 1996). Supplemented yeast increased the protozoa concentrations (Carro et al., 1992; 

Plata et al., 1994; Mathieu et al., 1996); a possible reason for this may be that yeast 

increases the bacterial counts in the rumen. Higher bacterial numbers due to their growth is 

used as a source of protein and energy for protozoal growth (Ishler et al., 1996; Arakaki et al., 

2000). The protozoa establishment for lambs receiving the yeast supplement, a product 

Levucell SC occurred earlier (Chaucheyras-Durand and Fonty, 2002). 
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Figure 2.1 Representative scheme of the mode of action of S. cerevisiae (Wallace, 1994) 

 

A firm understanding that yeast stimulates the microflora and fauna is evident but 

certain mechanisms are responsible for this. These mechanisms involve oxygen-scavenging, 

produced acids, growth and stimulatory factors which the yeast may be responsible for. 

Respiratory activity of yeast in ruminal fluid drives its ability to stimulate the viable count 

of bacteria (Wallace, 1994). Oxygen molecules which are toxic to the ruminal anaerobes 

(Russell and Hespell, 1981; Wallace, 1994; Rode, 2000), are removed by the yeast at various 

times in the feeding cycle. To investigate this proposed idea that the yeast removes the 

oxygen in the rumen that may indirectly protect the anaerobic bacteria from the damage that 

oxygen molecules may have was carried out by Newbold et al. (1996). This theory was tested 

with different strains of yeast. The results showed that the rate of oxygen disappearance 

increased around 46 to 89% when yeast products were added to the rumen fluid In vitro at a 

rate of 1.3 mg/L (Newbold et al., 1996). The investigated strains NCYC 240 and NCYC 1026 

in rusitec stimulated the total and cellulolytic populations of bacteria, though when oxygen 

was excluded, the NCYC 240 increased cellulolytic bacterial numbers while ceasing to 

stimulate total bacterial numbers (Newbold et al., 1996). Chaucheyras-Durand and Fonty 

(2002), Mathieu et al. (1996) and Marden et al. (2008) later found that oxygen-scavenging 

was due to the reduced redox potential of the ruminal fluid. This would create more 
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favourable environmental conditions in the rumen for anaerobic microflora (Mathieu et al., 

1996; Chaucheyras-Durand and Fonty, 2002). Marounek and Wallace (1984) investigated the 

influence of the Eh (redox potential) on the metabolism and growth of rumen bacteria (S. 

ruminantium, Bacteroides amylophilus, Bacteroides succinogenes and Streptococcus bovis) 

in batch culture. The study found that the growth yield and ratios of fermentation end-

products produced by these bacteria, were unaffected by changing redox potentials induced, 

although the growth rate of these bacteria were effected when the redox potential values 

were above 0 mV (Marounek and Wallace, 1984). It was therefore found that the high Eh was 

not the toxic factor affecting the microbes, but the oxygen present (Marounek and Wallace, 

1984). 

The second proposed mechanism to be investigated was that the presence of malic 

and dicarboxilyic acids produced by the yeast may have a favourable effect in stimulating 

bacterial growth of some rumen micro-organisms (Newbold et al., 1996) and was carried out 

in comparing the effects of malic acid and a yeast on fermentation responses. It was found 

that malic acid did not stimulate the total number of bacterial organisms, where yeast 

inclusion did (Newbold et al., 1996). Therefore the mechanism by which the yeast stimulates 

the bacterial ruminal population is in itself respiratory mediated and not malic acid orientated 

(Newbold et al., 1996). However, Martin and Nisbet (1992) suggested that the malate content 

in the extract of A. oryzae and S. cerevisiae may be involved in the stimulation of lactate 

utilisation by S. ruminantium (Martin and Nisbet, 1992). 

Soluble growth factors (i.e. organic acids, branched-chain VFA, vitamins and AA) 

supplied by yeast may stimulate the growth of bacteria that utilise lactate, digest cellulose and 

protein (Wiedmeier et al., 1987; Callaway and Martin, 1997). A rumen fungal strain of 

Neocallimastix frontalis was stimulated In vitro (by which its zoospores had germinated), by 

two strains of S. cerevisiae by Fonty and Chaucheyras-Durand (2006). Sacharomyces 

cerevisiae supplied thiamine which had been required by the rumen fungi for 

zoosporogenesis. 

Yeast through selectively stimulating certain species of anaerobic bacteria, have been 

speculated to manipulate the AA profile of microbial protein (Harrison et al., 1988; Dawson et 

al., 1990; Erasmus et al., 1992). Erasmus et al. (1992) further states that this may apply 

dominantly to the specific bacteria under investigation, such as Selenomas ruminantium, 

Butyrivibrio fibrisolvens, Bacteroides amylophilus, and Bacteroides ruminicola due to the large 

differences in AA concentrations (Erasmus et al., 1992). The specific AA were Threonine 

(Thr), Valine (Val), Met, Isoleucine (Ile), Leucine (Leu), Lys and Phenylalanine (Phe) 

(Erasmus et al., 1992). A population shift of rumen bacteria therefore occurs and is reflected 
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in the AA profile of the total bacterial mass that has been altered due to the stimulatory effect 

of the yeast on the growth of specific bacterial species (Erasmus et al., 1992). The duodenal 

flow of Met was significantly higher for yeast supplemented cows, at 58 g/day compared to 

the control at 41 g/day (Erasmus et al., 1992). The Lys was numerically higher for the yeast 

supplemented cows at 140 g/day compared to the control of 116 g/day (Erasmus et al., 

1992). Increased supply of these AA can increase milk protein content, yield, milk production 

and feed intake (National Research Council, 2001). This is of value to nutritionists, as it 

provides a means of possibly altering the duodenal AA profile, without inclusion of expensive 

rumen undegradable protein sources (Erasmus et al., 1992). However, different results were 

found by Putnam et al. (1997) in which neither a shift of the AA profile, or the ratio of microbial 

protein to total protein passing to the duodenum occurred. Further experimentation to enrich 

the current research in which these theories and mechanisms can be accepted or ruled out is 

essential.  

The mechanisms by which yeast affects the ruminal microorganisms has been 

discussed above. To conclude that supplemental yeast stabilises rumen pH, reduces ruminal 

lactate production, stimulates amylolytic, cellulolytic and proteolytic bacterial rumen activities. 

 

2.9 The rumen environment 

The rumen, also known as the fermentation chamber is inhabited by bacteria, fungi and 

protozoa which are specific to the type of diet being fed (Ishler et al., 1996; Rode, 2000). The 

rumen contents is not a uniform composition not only as a result of varying feed types 

ingested at any given time, but the feed is distributed in such a way that it forms stratified 

layers (Ishler et al., 1996). These layers range from the recently ingested material that are 

present as a floating mat and as the process of fermentation and digestion progresses, the 

particles hydrate, become more dense and move through the mat once reduced in size 

progressively to the bottom of the rumen (Ishler et al., 1996). Food particles broken down 

through the process of rumination and microbial activities then leave the rumen and pass 

through the orifice to the lower GIT (Ishler et al., 1996).  

Bacterial numbers range from 1010 to 1011 cells/g of rumen contents (Ishler et al., 1996). 

The bacteria may be classified into different groups with respect to their structure and shape 

(cocci, rods and spirilla), size (starting at 0.3 to 50µm) and the type of substrate they ferment 

and utilise (Ishler et al., 1996). Plant material colonised by the bacteria, consist of cellulose, 

hemicellulose, starch, sugars, intermediate acids, protein and lipids (Ishler et al., 1996). 

These structures are utilised by bacteria to produce energy, VFA and microbial protein (Ishler 
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et al., 1996). There are specific classes of bacteria, which perform different functions, and 

some may be classified in more than one type namely: 

Cellulolytic species (Bacteroides succinogens, Ruminococcus flavefaciens, 

Ruminococcus albus and Butyrivibrio fibrisolvens); Pectinolytic species (Butyrivibrio 

fibrisolvens, Bacteroides ruminicola, Lachnospira multiparus, Succinivibrio dextrinosolvens, 

Treponema bryantii, Streptococcus bovis); Ureolytic species (Succinivibrio dextrinosolvens, 

Selenomonas sp, Bacteroides ruminicola, Ruminococcus bromii, Butyrivibrio sp, Treponema 

sp); Sugar-utilising species (Treponema bryantii, Lactobacillus vitulins, Lactobacillus 

ruminus); Proteolytic species (Bacteroides amylophilus, Bacteroides ruminicola, Butyrivibrio 

fibrisolvens, Streptococcus bovis); Lipid-utilising species (Anaerovibrio lipolytica, Butyrivibrio 

fibrisolvens, Treponema bryantii, Eubacterium sp., Fusocillus sp., Micrococcus sp.); 

Hemicellulolytic species (Butyrivibrio fibrisolvens, Bacteroides ruminicola, Ruminococcus sp.); 

Amylolytic species (Bacteroides amylophilus, Bacteroides ruminicola, Streptococcus bovis, 

Succinimonas amylolytica); Methan-producing species of bacteria (Methanobrevibacter 

ruminantium, Methanobacterium formicicum, Methanomicrobium mobile) the hydrogen gas 

together with the carbon dioxide to produce methane (Ishler et al., 1996). These bacteria 

promote growth of other bacteria when hydrogen is removed and stimulate the hydrogen-

producing bacteria which all results in higher yields of microbial cells, which is a protein 

source for the ruminant (Ishler et al., 1996). Acid-utilising species (Megasphaera elsdenii, 

Selenomonas ruminantium); Ammonia-producing species (Bacteroides ruminicola, 

Megasphera elsdenii, Selenomonas ruminantium) source Church, D. C., Ed. The ruminant 

Animal: Digestive Physiology and Nutrition. Englewood Cliffs, N.J.: Prentice Hall, 1988. (Ishler 

et al., 1996). 

Bacteria function over a range of microbial conditions which are dictated by the diet 

which ultimately fluctuates pH levels (Ishler et al., 1996). The pH of the rumen digesta of a 

cow on a well-balanced diet should range between 5.8 and 6.4, which should include the 

range of all microbial species (Ishler et al., 1996). The two most commonly mentioned groups 

of bacteria that operate at different pH levels, are the fibre-digesters and starch-digesters 

(Ishler et al., 1996). The fibre-digesting bacteria, function optimally at a pH that ranges from 

6.2 to 6.8, and generally a drop below 6, sees the reduction in cellulolytic and methanogenic 

bacteria (Ishler et al., 1996). The starch digesters function at a pH level ranging from 5.2 to 6, 

which indicates their acid tolerant nature (Ishler et al., 1996). 

The protozoa concentration in the rumen is approximately 105 to 106 cells per gram of 

rumen contents (Ishler et al., 1996). Protozoa numbers under a pH of 5.5 are greatly reduced 
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(Ishler et al., 1996). They grow and engulf bacteria, their exact role in the rumen is unclear 

though they play an important role in fibre digestion (Ishler et al., 1996). 

Fungi degrade cellulose and xylans (Ishler et al., 1996) 

Microbes present in the rumen exist in what could be simplified and divided into three 

phases. The first phase is the liquid-associated phase (which consists of 25% of the microbial 

biomass) in which rumen bacteria freely move and feed on the soluble constituents in the 

rumen such as soluble proteins and carbohydrates (Ishler et al., 1996). The second phase is 

the solid-associated phase, in which 70% of the microbial biomass are closely associated 

with the less soluble constituents of starches, fibre and protein particles (Ishler et al., 1996). 

The third phase (which consists of 5% of the microbial biomass) microbes may attach to the 

rumen walls epithelial cells or to protozoa (Ishler et al., 1996). These phases being either the 

liquid or solid vary in terms of their retention time and passage rate through the rumen, these 

processes conduct the bacterial reproduction time and therefore their turnover rate (Ishler et 

al., 1996). This further influences the type of bacteria one would expect to be associated in 

either phase, as to maintain a constant balance of bacteria being produced and removed 

from the rumen (Ishler et al., 1996). The slower growing and producing bacteria are 

associated with the solid phase in which particles are retained longer and have a slow 

passage rate (Ishler et al., 1996). The liquid- or fluid-phase have associated bacteria which 

are fast growing and producing and leave the rumen after a shorter retention and therefore 

have higher passage rates (Ishler et al., 1996). 

Gases produced as a result of fermentation are largely made up of carbon dioxide 

(65.5%) and methane (26.8%) in proportions dependant on the type of fermentation and 

ecology of the rumen (Ishler et al., 1996). N, oxygen and hydrogen make up approximately, 7, 

0.5 and 0.2% (Ishler et al., 1996). 

Ruminal papillae on the mucosal surface are highly vascularised which aid in 

maximizing absorption. The papilli characteristics are a function of the type of forage, the 

feeding pattern and digestibility (Ishler et al., 1996). The changes in the diet of the ruminant 

constitute the ruminal papillae and ecosystem having to gradually adapt sufficiently, which is 

recommended over a period of two to three weeks (Ishler et al., 1996). 

Volatile fatty acids such as acetic acid (50-60%), propionic (18-20%), butyric (12-18%), 

iso-butyric, valeric and isovaleric are produced from fermentation of both structural and non-

structural carbohydrates (Ishler et al., 1996). The VFA suffice 80% of the animals energy 

requirements (Ishler et al., 1996). The VFA proportions between diets with varying forage to 

concentrate ratios remains stable, but varies with the pH level (Ishler et al., 1996). The main 

site of VFA absorption is the rumen, and maintaining a continuous supply of VFA by the 
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further acetate produced. The removal of hydrogen gas is accomplished in two was, by either 

producing propionate, which is a usable energy source or methane which is not, and energy 

is lost. When the pH declines, it affects the fibrolytic and methane producing organisms. 

Therefore high concentrate diets result in propionate dominantly produced with lower acetate 

levels (Rode, 2000). High propionic acid produced from starch fermentation may overload the 

liver to metabolise these substrates and lead to lower milk and fat yields (Orskov, 1986). The 

cow spends less time eating and ruminating such highly fermentable diets and saliva 

production is therefore reduced, this all contributes to the drop in pH and reduced fibre 

digestion (Orskov, 1986). The rumination behaviour in the goats was observed and found that 

the rumination duration time decreased as the concentration of the diet increased (Desnoyers 

et al., 2009b). Starch in the diet, increased the lag time for fibre digestion In vitro, which 

decreased the potential extent of digestion without effecting the rate of digestion (Mertens 

and Loften, 1980). 

To improve the efficiency of feed used, it is important to increase the efficiency of 

ruminal fermentation and digestion (Eastridge, 2006).  

 

2.10 Factors effecting yeast supplementation responses 

Yeast supplementation will be discussed with respect to the following factors; diet and 

pasture; animal related factors such as carcass quality, body condition score (BCS), feed 

efficiency and BW; strain variation; stage of supplementation; yeasts interaction with other 

additives or substances; and, responses to supplementation. Piva et al. (1993) states that the 

cows response to supplementation of yeast depends on the lactational phase, the type of diet 

in terms of the forage to concentrate ratio and specifically roughage supplied and feeding 

technique. 

 

2.10.1 Diet and forage : concentrate ratio 

The diet has a substantial influence on the microbial species, numbers and their 

dominant activity in the rumen. Yeast and its influence is effected by the quality and 

composition of feed as reflected in In vitro (Zelenák et al., 1994). Lack of response of yeast 

was found with yeast supplemented steers on low quality pasture such as tropical pastures 

consisting of 72.3 % star grass (Cynodon plectostachyus), 14.4 % Paspalum conjugatum , 

8.9 % Brachiaria mutica and 4.4 % other (Cabrera et al., 2000).  

It is well known that concentrate supplementation reduces the pH, and Thrune et al. 

(2009) demonstrated that a diet fed consisting of 40% concentrate and 60% forage (corn 

silage 40.3%, alfalfa hay 17.3% and wheat straw 1.8%) with supplemented yeast resulted in 
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this level (60:40) for hay. The milk yield was not significantly affected, but the milk fat tended 

to increase when straw was fed with a yeast supplement.  

Increasing the grain (concentrate) level at a rate of 2.5 kg per day for 4 days for 

Holstein heifers initially on an all forage diet created a dietary challenge reported by Moya et 

al. (2009), which increased the dietary upsets by 83.3%. The use of yeast reduced the 

strength of the foam formed in the rumen (Moya et al., 2009). This suggests the possible 

advantage of reducing the incidence of bloat possible with diets having high concentrate to 

forage ratios (Moya et al., 2009). In vitro studies investigating the effect of yeast 

supplementation of three different diets differing in their concentrate to forage ratio (high 

forage 70:30, a medium diet 50:50 and a high concentrate 30:70), revealed that yeast effects 

on fermentation is dependent on the diet, where high concentrate diets resulted in more 

dominant effects with yeast supplementation (Carro et al., 1992). These effects stems from 

the increased microbial growth and activity of yeast when high concentrate diets were fed. 

The high concentrate diet and yeast resulted in increased degradabilities of DM and NDF, 

VFA and methane production and protozoa numbers, while ammonia production was reduced 

(Carro et al., 1992). Lascano and Heinrichs (2009) fed corn silage based diets across a range 

of concentrate to forage ratios (20:80, 40:60 and 60:40) with yeast supplementation and 

recorded increased microbial activity and growth, in which the fermentation rate was 

improved (Lascano and Heinrichs, 2009). Guedes et al. (2008) fed maize silage based diets 

and agreed with this as higher fibre degradation occurred in the rumen, with reduced 

possibility of developing rumen acidosis. When animals are fed a high grain diet and a low pH 

in the rumen is produced, it was proven that despite the low pH the animals are able to adapt 

and avoid the subsequent drop in fibre digestibility and intake, and that added yeast will be of 

little value in adapted animals (Beauchemin et al., 2003). 

Moloney and Drennan (1994) have proved that yeasts (Yea-Sacc) positive attributes 

and effects on N metabolism were accountable to the N content of the basal diet. When the 

substrate starch and cellulose was incubated in both a yeast adapted and yeast unadapted 

rumen inoculums, results showed higher microbial N synthesis for both substrates in the 

yeast adapted inoculums (Kamalamma et al., 1996). This is in agreement with a study where 

goats where goats were fed a low-N diet with yeast supplementation, which resulted in the 

more efficient use of NH3-N incorporated into microbial protein (Giger-Reverdin et al., 1996) 

and in Holstein cows a tendency towards a yeast and CP level interaction, that suggested a 

greater effect of yeast at the lower CP level (Putnam et al., 1997). According to Giger-

Reverdin et al. (1996), autolysis of yeast in the forestomach, the micro-organisms would use 
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supplemented steers compared with the control with gain to feed ratios of 151.8 and 158.6 

g/kg DMI, respectively (P < 0.01) (Hinman et al., 1998).  

However, contradictory findings in studies monitoring growth parameters in steers were 

found and the higher feed to gain ratios which contributes to decreased efficiencies were 

attributed to the yeast supplemented steers having significantly higher intakes and similar 

ADG compared with the control (Mir and Mir, 1994). The feed efficiency was not different 

between the treatments of supplemented yeast and control heifers (Lascano et al., 2009b).  

 

2.10.2.4 Body weight 

Animals lost BW less rapidly post-calving for Jersey cows supplemented with diamond 

V XP yeast culture (Dann et al., 2000) and for Holstein cows supplemented with a live yeast 

Biosaf Sc 47 (Grochowska et al., 2009). Conversely goats fed a yeast culture (Yea-Sacc8217) 

experienced greater BW losses compared to the control (Hadjipanayiotou et al., 1997).  

The lack of effect of yeast supplementation on BW has previously been recorded with 

differing yeast products on the market such as the use of diamond V XP yeast culture 

(Arambel and Kent, 1990; Robinson, 1997; Magalhaes et al., 2008), Yea-Sacc1026 

(Kamalamma et al., 1996; Lascano et al., 2009b), Amaferm or Vitaferm (Kellems et al., 1990) 

and Biomate Yeast Plus (Kung et al., 1997) fed group of cows or heifers were not significantly 

different. This was similar for the total BW gain in dairy calves which was unaffected by yeast 

treatment of S. cerevisiae (Quigley et al., 1992; Pinos-Rodríguez et al., 2008) or S. boulardii 

(Pinos-Rodríguez et al., 2008). The large inconsistency in effects between different products 

on the BW may be explained by Wohlt et al. (1998) and Kung et al. (1997). Wohlt et al. (1998) 

showed that the BW was not affected by the level or the amount added/removed of a yeast 

supplement ,and Kung et al. (1997) showed that stage of lactation particularly early- to mid- 

lactation dairy cows had no significant difference in the BW change between yeast and 

control treatment groups (Kung et al., 1997). The explanation thereof is that BW is largely 

influenced by many factors such as genetics and the diet, which may override the effects of a 

yeast additive. 

 

2.10.3 Strain variation 

Yeast products available in the animal feed industry are numerous. These products 

differ according to their strain of S. cerevisiae, the concentration of viable yeast cells, the 

growth medium, and the recommended dosages of the specific product. Products have been 

compared to each other in published research. Lascano and Heinrichs (2009) chose a 

dosage level that was constant across differing intakes to account for animals having higher 
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2000), higher (Roa V et al., 1997) and lower (Moloney and Drennan, 1994; Vaneeta et al., 

1998; Lascano and Heinrichs, 2009) ruminal NH3-N concentrations, higher ruminal VFA 

concentrations (Roa V et al., 1997; Vaneeta et al., 1998; Lascano and Heinrichs, 2009), 

higher ruminal butyric acid percentages (Roa V et al., 1997) and lower peak (Erasmus et al., 

1992) and mean (Vaneeta et al., 1998) ruminal lactic acid concentrations higher ruminal NDF 

and CP digestion (Roa V et al., 1997), lower CP digestibilities in low quality diets (Moloney 

and Drennan, 1994),. It can be concluded from these studies that the strain Yea-Sacc1026 has 

the ability to modify the ruminal bacterial population and increase the total celulolytic bacterial 

numbers. 

 

2.10.3.4 Diamond V XP 

Diamond V XP (Diamond V Mills, Inc., Cedar Rapids, IA) yeast cultures which has been 

researched in studies with Jersey cows (Dann et al., 2000), Holstein cows (Erdman and 

Sharma, 1989; Arambel and Kent, 1990; Harris et al., 1992; Yoon and Stern, 1996; Robinson, 

1997; Shaver and Garrett, 1997; Robinson and Garrett, 1999; Schingoethe et al., 2004; 

Erasmus et al., 2005; Cooke et al., 2007; White et al., 2008; Grochowska et al., 2009; 

Longuski et al., 2009), non-lactating cows (Wiedmeier et al., 1987; Enjalbert et al., 1999), 

heifers (Olson et al., 1994; Moya et al., 2009), Angus Hereford cross (Lehloenya et al., 2008), 

Angus cross (Hinman et al., 1998), Awassi lambs (Haddad and Goussous, 2005), steers 

(Olson et al., 1994) and In vitro (Miller-Webster et al., 2002). The dosage levels across 

previous research ranged from 3 (Haddad and Goussous, 2005), 6 (Haddad and Goussous, 

2005), 14 (Moya et al., 2009), 28.4 (Olson et al., 1994), 50 (Enjalbert et al., 1999), 56 (Cooke 

et al., 2007; Lehloenya et al., 2008; White et al., 2008; Longuski et al., 2009), 57 (Harris et 

al., 1992; Yoon and Stern, 1996; Robinson, 1997; Shaver and Garrett, 1997; Robinson and 

Garrett, 1999; Miller-Webster et al., 2002), 60 (Dann et al., 2000; Schingoethe et al., 2004; 

Grochowska et al., 2009), 85 (Hinman et al., 1998) to 90 (Wiedmeier et al., 1987; Arambel 

and Kent, 1990) grams of yeast culture per day. The CFU/g specified in previous studies was 

2 x 106 (Arambel and Kent, 1990) and 4 x 107 (Robinson and Garrett, 1999). The significant 

(P < 0.05) effects of Diamond V XP yeast cultures on the production parameters across 

previous research has found lower DMI (Harris et al., 1992), higher milk yields (Shaver and 

Garrett, 1997), higher FCM yields (3.5%) (Longuski et al., 2009), lower (Shaver and Garrett, 

1997) and higher (White et al., 2008) milk fat percentages, lower milk protein percentages 

(Shaver and Garrett, 1997; White et al., 2008). The effects of supplementation on the 

digestibility of feed components have resulted in higher In vitro DM digestibility (Miller-

Webster et al., 2002), higher total tract DM, NDF, OM and CP digestibility (Haddad and 
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Goussous, 2005). The ruminal parameters due to supplementation resulted in higher VFA 

concentrations (Miller-Webster et al., 2002), lower ruminal acetic acid percentages (Miller-

Webster et al., 2002), higher ruminal propionic acid percentages (Miller-Webster et al., 2002), 

higher ruminal valerate percentages (Miller-Webster et al., 2002) and decreased incidence of 

bloat (Moya et al., 2009). 

 

2.10.3.5 Biomate Yeast Plus 

Biomate Yeast Plus® (Chr. Hansen BioSystems, Inc., Milwaukee, WI) contains a yeast 

culture, alpha-amylase, protease and lipase. Biomate Yeast Plus has been used in research 

with Holstein cows (Wohlt et al., 1991; Kung et al., 1997; Wohlt et al., 1998; Soder and 

Holden, 1999) and In vitro (Kung et al., 1997) with dosages ranging from 10 (Wohlt et al., 

1991; Kung et al., 1997; Wohlt et al., 1998) to 20 (Kung et al., 1997; Wohlt et al., 1998; Soder 

and Holden, 1999) grams per cow per day. The CFU/g specified in previous research for 

Biomate Yeast Plus was 3.5 x 109 (Kung et al., 1997) and 5 x 109 (Wohlt et al., 1998). The 

significant (P < 0.05) effects of Biomate Yeast Plus on production parameters are increases 

of DMI between week 5 and 18 of lactation (Wohlt et al., 1998) and increased milk yield 

between week 5 to 18 (Wohlt et al., 1998). The changes in ruminal parameters due to 

Biomate Yeast Plus supplementation such as higher CP and ADF digestibilities (Wohlt et al., 

1998) and lower ruminal valerate percentages (In vitro) have been reported. 

 

2.10.3.6 A-Max 

The yeast culture A-max XTRA (Varied Industry Co., Mason City, IA) is a product 

derived from S. cerevisiae. Bruno et al. (2009) had supplemented this product to Holstein 

dairy cows at a level of 30 grams per cow per day and found that significantly higher milk 

yields and milk fat percentages were measured. A-Max yeast concentrate (Saccharomyces 

cerevisiae yeast culture) an additional product from Varied Industry Co., Mason City, IA, that 

was added to continuous cultures In vitro which resulted in significantly higher DM digestions, 

VFA concentrations, valerate and propionate percentages, and lower acetate percentages 

(Miller-Webster et al., 2002). The CFU/g of A-Max yeast culture was not specified in previous 

research. 

  

2.10.3.7 Strain comparisons 

Previous research was done with the use of two or more yeast products and different 

strains of yeast, and their effects were compared. Newbold et al. (1995) studied In vivo and In 

vitro the activity of different strains of Saccharomyces NCYC 240, NCYC 694, NCYC 1026, 
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can withstand temperatures as high as 89/90 °C. Levucell SC 10 ME - Titan is the micro-

encapsulated yeast product which is similar to Levucell SC 10 ME but can withstand more 

extreme temperatures (Personal communication, 2010, R. Venter, Vitam International, 

richardtv@vitam.co.za). Yeast products are therefore pelleted, top dressed (Wohlt et al., 

1991; Nocek et al., 2003) or dosed intra-ruminally (Miranda et al., 1996; Desnoyers et al., 

2009b). 

 

2.10.4 Stage of supplementation 

Yeast supplementation has been carried out with animals differing in age such as with 

young ruminants, and/or with lactating cows at differing stages of the lactational cycle. Piva et 

al. (1993) stated that the cows response to yeast supplementation is effected by the animals 

stage of lactation. Nutrient requirements of cows in differing stages of lactation vary and the 

utilisation and efficiency in partitioning nutrients differ. This enables researches to investigate 

whether yeast supplementation pre- or postpartum would have a beneficial effect on 

production. For simplicity the lactational cycle was split into the transitional, early-, mid- and 

late-lactational periods which correspond to the periods 3 weeks pre- to 3 weeks post-partum, 

0 to 100 days, 100 to 200 days and 200 days and more in the lactational cycle, respectively. 

No significant interaction between yeast supplementation and stage of lactation or lactation 

number was evident (Swartz et al., 1994). 

 

2.10.4.1 Young ruminants   

In the past, research on yeast supplementation has been conducted with young 

ruminants such as lambs and dairy calves. Tripathi and Karim (2010) supplemented yeast to 

feedlot lambs, and concluded that S. cerevisiea, of the three supplemented yeast cultures, 

had the best potential to promote growth, and was successful as an alternative to the use of 

growth promoters. Additional positive attributes is greater N, Zn and Fe balances which were 

found when lambs were supplemented with yeast (Cole et al., 1992). The benefits of 

supplementing a live yeast (Levucell SC) was that in lambs, the functionality of the rumen 

was improved and accelerated to form a stable rumen ecosystem in the young animal 

(Chaucheyras-Durand and Fonty, 2002). Pinos-Rodriguez et al. (2008) supports this and 

elaborates in stating that the process of rumen development in calves is facilitated by the fact 

that rumen epithelial growth requires energy sources such as butyrate and to a lesser extent 

propionate. Pinos-Rodriguez et al. (2008) compared the yeast strains S. boulardii I-1079 and 

S. cerevisiae, to investigate when in the young ruminants life would yeast supplementation of 

these strains best support development and growth. They recommended the strain S. 
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boulardii I-1079 for non-ruminants and young ruminants early in life as it would promote and 

support better DM intakes, rumen fermentation processes and growth, while the effects of the 

strain S. cerevisiae would be beneficial to the non-ruminant as weaning approaches and 

when the rumen is nearly fully developed. Butyrate concentrations in the ruminal fluid were 

lower for S. bouldarii supplemented calves compared to S. cerevisiae, a possible explanation 

for this may be because of the increased uptake of ruminal butyrate by ruminal epithelium, 

which helps in developing the rumen, improving its functionality and enhancing its stability in 

a young ruminants gastro-intestinal tract (Pinos-Rodríguez et al., 2008). Magalhaes et al. 

(2008) demonstrated that S. cerevisiae supplemented to Holstein calves improved fecal 

scores with reduced watery feces, fever, and diarrhoea and health problems. The mortality 

rate decreased past 13 days of age, which increased income per calf. Quigley et al. (1992) 

reported contradictory results in that there was no effect on the rate of gain or intake of 

supplemented yeast to dairy calves.  

 

2.10.4.2 Prepartum, transition period and postpartum 

Cows supplemented with yeast during the transitional period (-2 days, 0 day (calving), 1 

day after calving) observed higher intakes and concluded that parturition stress could be 

lessened by yeast supplementation (Kim et al., 2006). This was observed in other studies 

(Dann et al., 2000). A S. cerevisiae supplement included from 14 days prepartum to 14 days 

postpartum resulted in no difference between treatments for pre- or postpartum DMI, milk 

production or milk composition (Robinson, 1997; Kim et al., 2006). Higher fibre digestibilities 

were measured for the yeast supplemented cows both pre- and postpartum (Robinson, 

1997). An experiment conducted to evaluate the effects of supplemental yeast, starting from 

28 days prepartum and continuing through week 13 of lactation, found no effect of yeast 

supplementation on both pre and postpartum DMI or milk yield and composition (Soder and 

Holden, 1999).  

 

2.10.4.3 Early lactation (0 to 100 days in milk) 

Yeast supplementation for animals in early lactation had increased milk yield (Bruno et 

al., 2009) and FCM yield (Longuski et al., 2009). Bruno et al. (2009) reported that cows 

supplemented with yeast produced more milk with no effect on the DMI and, this may be due 

to the typical effect of temperature on DMI for heat stressed cows. In another study, yeast 

supplemented cows in early lactation (75 + 25 DIM) showed a tendency for higher milk 

production and FCM compared to the control (Kung et al., 1997). In contrast, a number of 

studies did not show any effect of yeast supplementation on production parameters (Arambel 
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and Kent, 1990; Williams et al., 1991; Wohlt et al., 1991; Erasmus et al., 1992; Swartz et al., 

1994; Putnam et al., 1997; Doreau and Jouany, 1998; Marden et al., 2008; Desnoyers et al., 

2009b; Kalmus et al., 2009; Longuski et al., 2009). 

 

2.10.4.4 Mid-lactation (100 to 200 days in milk) 

Mid-lactation Holstein were supplemented with yeast and positive effects in terms of 

higher FCM (Piva et al., 1993; Moallem et al., 2009) and milk yield (Piva et al., 1993; Shaver 

and Garrett, 1997; Moallem et al., 2009) were recorded. Conversely when mid-lactation 

Holstein cows were supplemented with yeast, DMI decreased according to Besong et al. 

(1996) and Harris et al. (1992) (early to mid-lactational cows) with tendencies towards lower 

DMI (Kung et al., 1997). The lack of an effect of yeast on FCM (Erdman and Sharma, 1989; 

Kamalamma et al., 1996; Shaver and Garrett, 1997; Schingoethe et al., 2004; White et al., 

2008), milk production (Erdman and Sharma, 1989; Harris et al., 1992; Kamalamma et al., 

1996; Kung et al., 1997; Cooke et al., 2007) or DMI (Erdman and Sharma, 1989; Piva et al., 

1993; Kamalamma et al., 1996; Schingoethe et al., 2004; White et al., 2008) has been 

recorded in a number of studies.  

 

2.10.4.5 Late-lactation (200 days and more in milk)  

Late-lactational cows showed no effect of yeast on DMI (Bach et al., 2007; Thrune et 

al., 2009). Milk yields were not recorded in these studies, which may indirectly reflect the fact 

that yeast will exert a larger effect when animals are either earlier or just in mid-lactation, 

where the DMI could be manipulated. For many of the commercial products, the 

recommendation is early to mid lactation supplementation, anyway. 

 

2.10.5 Interaction of yeast with other additives or substances  

The simultaneous inclusion of yeast and additives such as selenium, sodium 

bicarbonate, fungal additives (A. oryzae), specific bacteria, enzymes or monensin are 

currently an active field of research in order to investigate if any antagonistic or synergistic 

relationships exists. 

A selenium-yeast supplement (Sel-Plex produced from S. cerevisiae CNCM I-3060) 

was supplemented and the ruminal digestive micro-organisms and/or enzymes were 

stimulated by the selenium-yeast at a dose of 300 mg/kg DM of feed and suggested that with 

such products, the milk could be enriched with selenium, which has beneficial effects for the 

consumer. (Wang et al., 2009). 
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improved for each type of straw (rice straw, wheat straw, maize stover and maize stover 

silage) was observed (Tang et al., 2008). 

A yeast supplement and monensin added simultaneously resulted in a significantly 

higher MUN compared to the control cows (Erasmus et al., 2005) and no effect on the 

protozoa (Arakaki et al., 2000). 

The effects of supplementing a combination of yeast and various additives yielded 

inconsistent results, which demonstrate that multiple factors are present which is variable 

between studies and have a significant influence on responses. In addition, yeast may be in 

competition with other additives for substrate usage which will not reflect the full effect of 

either additive. 

 

2.10.6 Responses to supplementation 

The specific conditions under which supplemental yeast has a significant and 

favourable effect for production and ruminal parameters are difficult to quantify across 

published research as each study was carried out under different dietary and management 

conditions (Piva et al., 1993; Moallem et al., 2009). In the following discussions (2.10.6.1.1-

2.10.6.5.2.6) significance were applied at levels P < 0.05 and tendencies at level 0.05 < P < 

0.1.  

 

2.10.6.1 Milk yield and DMI production responses 

2.10.6.1.1 Significantly higher dry matter intakes and milk yield responses  

Milk yield responses tend to follow DMI and a possible interaction between the DMI 

potential and the milk production responses exists (Erasmus, 2000). Yeast supplementation 

during the hot season increased the daily DMI, which was on average 2.5% higher compared 

with the control (24.7 kg and 24.1 kg, respectively) (Moallem et al., 2009). This lead to 4.1% 

higher mean milk yields for the yeast supplemented cows (37.8 vs. 36.3 kg/day) (Moallem et 

al., 2009). The 4% FCM was 6.1% (2 kg) greater than the control group of cows, being 34.8 

and 32.8 kg, respectively which was produced at a higher efficiency due to yeast 

supplementation (Moallem et al., 2009). The increase in DMI and milk yield are consistent 

with observations by Stella et al. (2007), Desnoyers et al. (2009a), and Abd El-Ghani (2004) 

who conducted a study with Zaraibi goats. Abd El-Ghani (2004) states that this was due to 

the fact that yeast stimulated rumen microbes, which increased fibre digestion and 

subsequently increased intake, which drives milk production. Stella et al. (2007) suggested 

that the effects observed was as a result of creating an opportunity for which the yeast is able 

to stabilise the rumen pH and stimulate cellulolytic bacterial numbers, which was observed by 
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milk yields were reached at 43 DIM for yeast supplemented cows, as opposed to 57 DIM for 

the control. The effects of yeast on DMI have been unfavourable as significantly lower DMI 

were observed (Harris et al., 1992; Besong et al., 1996). Besong et al. (1996) increased the 

inclusion of the liquid yeast (control, 20% and 40%) in the diet which caused a linear 

decrease in DMI. Yeast supplemented to early to mid-lactation Holstein cows showed a 

significantly lower DMI compared to the control being 22.0 and 22.9 kg/day, respectively, 

which was unexpected as higher NDF digestibilities were measured (Harris et al., 1992) 

 

2.10.6.1.3 Significantly higher and lower milk yields  

Higher milk (Piva et al., 1993; Shaver and Garrett, 1997; Masek et al., 2008; Bruno et 

al., 2009) and FCM (Williams et al., 1991; Piva et al., 1993; Giger-Reverdin et al., 1996; 

Longuski et al., 2009) yields resulted from yeast supplementation. These studies included 

diets that had relatively low (30:70) (Shaver and Garrett, 1997) medium (50:50) (Piva et al., 

1993; Bruno et al., 2009) to high (60:40) (Williams et al., 1991) concentrate to forage ratios, 

with highly fermentable carbohydrates (Shaver and Garrett, 1997; Longuski et al., 2009). 

Masek et al. (2008) does not specify the concentrate to forage ratio, just that 1 kg/day of a 

corn and barley concentrate was supplemented to ewes, compared to the 0.3 kg/day lucerne 

and available mixed pasture they consumed. This is a relatively high concentrate to forage 

ratio, which showed that with yeast supplementation of 6 g/ewe/day resulted in higher daily 

milk yields. Longuski et al. (2009) reported an interaction between yeast and a fermentable 

carbohydrate (high moisture corn) which was the concentrate used by Shaver and Garrett 

(1997), and was not significant for ground corn. The findings from Bruno et al. (2009b), 

Williams et al. (1991), Longuski et al. (2009), Piva et al. (1993) and Masek et al. (2008) could 

be owed to the kinetics of the digesta in the rumen, where yeast may be more effective in 

increasing the FCM or milk yield when a higher percentage or fermentable concentrate is 

included. This suggests that yeast increases mobilisation of the animals reserves and the use 

of the NEFA and beta-hydroxy butyrate (BHB) by the udder to produce in milk the long chain-

fatty acids measured (Giger-Reverdin et al., 1996). It may also be due to an increase of 

plasma BHB from pre-cursors of produced rumen acids, the plasma BHB are responsible for 

the production of the short chain fatty acids and corresponding higher FCM yields (Giger-

Reverdin et al., 1996). 

Bruno et al. (2009b) had proved that a significant response for milk yields were 

achieved for heat stressed cows, which in general under such conditions without 

supplementation of yeast would compromise the milk production. Significantly lower milk 
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and were reached earlier, when cows were supplemented with a yeast culture, with 29.5 

kg/day reached at week seven compared to the control group of 28.7 kg/day reached at week 

11 of the lactation cycle, this may be contributed by the fact that DMI was significantly higher 

for the first six weeks (Wohlt et al., 1991). 

Yeast supplement had no effect on DMI pre-partum and on the post-partum DMI and 

milk yield (Robinson, 1997; Wohlt et al., 1998; Soder and Holden, 1999; Nocek et al., 2003; 

Erasmus et al., 2005) or the DMI and milk yield for studies with primiparous and multiparous 

cows (Erdman and Sharma, 1989; Putnam et al., 1997; Robinson and Garrett, 1999; Cooke 

et al., 2007; Longuski et al., 2009). The DM intake tended to increase (P < 0.062) by an 

average of 1.2 kg/day in a study done by Williams et al. (1991) and 1.4 kg/day (P < 0.1) by 

Erasmus et al. (1992) for Friesian dairy cows with no significant difference between 

treatments for milk yield (Erasmus et al., 1992). The latter study however, was conducted with 

only 4 fistulated cows. 

Heat stressed cows were fed a yeast supplement with no difference for DMI or ECM 

observed between the treatments (Bruno et al., 2009). A similar study in the summer months 

carried out by Schingoethe et al. (2004) showed that yeast had no effect on the DMI, milk 

yield and yields of FCM and ECM (Schingoethe et al., 2004). The lack of response observed 

for ECM is because of the lower milk fat concentration measured in the yeast fed cows 

(Bruno et al., 2009). The ECM tended to increase for yeast supplemented multiparous cows 

(Cooke et al., 2007). The DMI, milk yield and FCM yield were similar between treatments 

when a yeast supplement was compared to the control (Arambel and Kent, 1990; Swartz et 

al., 1994; Kamalamma et al., 1996; Kung et al., 1997; White et al., 2008). Swartz et al. (1994) 

ran the study over seven herds with varying management and nutritional environments, 

investigating two yeast products and the lack of response could be due to the huge variation, 

although effects within herds were not significant. 

 

2.10.6.2 Milk composition 

2.10.6.2.1 Milk fat 

Milk fat yield (kg) was significantly higher for a yeast supplemented group of cows in the 

hot season which may be due to the simultaneous higher milk production measured (Moallem 

et al., 2009). The milk fat yield increased from 1.3 to 1.47 kg/day (P < 0.05) for the yeast 

supplemented group when high moisture corn grain was fed (Longuski et al., 2009). Longuski 

et al. (2009), therefore concluded that the milk fat depression occurring due to a high 

fermentable starch inclusion can be lessened with yeast supplementation. Yeast 

supplementation increased milk fat yield significantly in studies by Kalmus et al. (2008) and 

 
 
 



47 

 

Piva et al. (1993) with yields 0.78 vs. 0.9 kg/day for the control and yeast supplemented 

groups of the latter study. Milk fat percentage was significantly higher in goats (Abd El-Ghani, 

2004) and Holstein cows (White et al., 2008) due to yeast supplementation. The goats milk fat 

percentage was significantly higher at the six grams per day dosage level compared to the 

three grams supplemented group and the control (Abd El-Ghani, 2004).  

Milk fat percentage was significantly (P = 0.001) lower for yeast supplemented lactating 

animals in heat stressed (Bruno et al., 2009) and mid-lactation (Shaver and Garrett, 1997) 

Holsteins. The significantly lower milk fat percentage found in the studies by Bruno et al. 

(2009) and Shaver and Garret (1997) were due to higher milk yield responses obtained for 

yeast supplemented cows which caused a dilution type effect, as milk fat yield was not 

different between treatments. This was the reason for lower milk fat percentages that were 

observed for dairy goats (Abd El-Ghani, 2004; Stella et al., 2007). Stella et al. (2007) reported 

that the milk fat was 4.32% for yeast and 4.46% for the control. Abd El-Ghani (2004) reported 

that the dosage level of goats had effected the milk fat response with lower milk fat 

percentages measured when three grams per day was supplemented, compared to both the 

control and higher dosage level. 

The meta-analysis carried out by (Desnoyers et al., 2009a) showed that milk fat 

percentage tended (P < 0.1) to increase by 0.05 percentage units as a result of yeast 

supplementation 

 

2.10.6.2.2 Milk protein  

Yeast supplementation has the potential to increase the protein percentages (Nocek et 

al., 2003; White et al., 2008) and protein yields. Milk protein yields were significantly greater 

at 1.17 kg/day for the yeast fed cows compared with the control which produced 1.14 kg/day 

(Shaver and Garrett, 1997). This was similar to studies of Bruno et al. (2009) and Kalmus et 

al. (2009). The significant response may be due to the fact that yeast supplementation 

increases the digestive processes which occur in the rumen, and subsequently increase the 

nutrients available for absorption which is used for milk production (Bruno et al., 2009). The 

higher microbial protein produced to be metabolised in the duodenum could possibly 

contribute to the higher protein output from the mammary gland (Bruno et al., 2009; Kalmus 

et al., 2009). The efficiency of protein utilisation is additionally increased as a result of yeast 

supplementation, as Bruno et al. (2009) had suggested as lower Blood urea N in the study 

was recorded.  
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Protein percentages as a result of yeast supplementation were significantly lower due to 

the dilution effect of higher milk yields, this was found in studies by Abd El-Ghani (2004) and 

Shaver and Garret (1997). 

 

2.10.6.2.3 Milk lactose 

The significantly higher lactose percentages and yields were measured in studies by 

Moallem et al. (2009) and Bruno et al. (2009b), respectively. These studies were conducted in 

the hot season (Moallem et al., 2009) or when cows were experiencing heat stress (Bruno et 

al., 2009). Despite the harsh environmental conditions these studies had additionally 

recorded higher milk yields due to yeast supplementation. It is well known that lactose is a 

driver for higher milk yields, which supports the findings. Therefore yeast supplementation 

has the potential to partition nutrients so that larger quantities of nutrients are available for 

milk synthesis (Bruno et al., 2009). 

 

2.10.6.2.4 Non-significant effects on the milk composition 

A lack of the effect of yeast supplementation has been recorded for milk, lactose yield 

(Stella et al., 2007; Moallem et al., 2009), lactose % (Arambel and Kent, 1990; Erasmus et al., 

2005; Stella et al., 2007; Bruno et al., 2009; Longuski et al., 2009), protein yield (Williams et 

al., 1991; Swartz et al., 1994; Soder and Holden, 1999; Cooke et al., 2007; Stella et al., 2007; 

White et al., 2008);  protein % (Erasmus et al., 1992; Robinson and Garrett, 1999; Nocek et 

al., 2003; Erasmus et al., 2005; Stella et al., 2007; Desnoyers et al., 2009a; Moallem et al., 

2009), fat yield (Swartz et al., 1994; Putnam et al., 1997; Shaver and Garrett, 1997; Soder 

and Holden, 1999; Cooke et al., 2007; Bruno et al., 2009); fat % (Erasmus et al., 1992; Harris 

et al., 1992; Swartz et al., 1994; Kung et al., 1997; Robinson and Garrett, 1999; Erasmus et 

al., 2005; Moallem et al., 2009). Erasmus et al. (2005) states that the possible reason for the 

similar affects between treatments and the lack of a significant effect of the yeast on the fat % 

was that the NDF level of the diet was sufficient. Efficiency of milk production was found to be 

higher in the yeast supplemented group of cows compared to the control (Cooke et al., 2007; 

Moallem et al., 2009), due to an increase tendency of a higher milk fat yield and energy 

corrected milk yield (Cooke et al., 2007). 

Similar findings in that milk composition was unaffected by treatment is supported by 

Dann et al. (2000) and Kamalamma et al. (1996). Milk protein, lactose, ash, DM or urea 

concentrations were not affected by yeast supplemented goats (Giger-Reverdin et al., 1996; 

Hadjipanayiotou et al., 1997). The reason for a lack of response found in the study of 

Hadjipanayiotou et al. (1997) may be due to the yeasts inability to remain viable at 85 °C 
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when pelleted, but this had been ruled out since conditions had been met in which the 

viability due to the pelleting had not been compromised. Conditions such as prolonged 

storage at high temperatures and when moisture pick-up is large which is stipulated by Lewis 

(1990) cited by Hadjipanayiotou et al. (1997) is what will affect the yeasts viability. 

 

2.10.6.3 Effects on rumen fermentation 

2.10.6.3.1 Ruminal volatile fatty acids  

Ruminal VFA concentration was significantly higher for yeast supplemented animals in 

both In vivo (Roa V et al., 1997; Vaneeta et al., 1998; Enjalbert et al., 1999; Guedes et al., 

2008; Marden et al., 2008; Desnoyers et al., 2009a; Lascano and Heinrichs, 2009) and In 

vitro studies (Sullivan and Martin, 1999; Miller-Webster et al., 2002).  

VFA concentrations are influenced by the time after feeding. This is illustrated with the 

highest VFA concentration with yeast supplementation compared to the control measured 

one hour (Enjalbert et al., 1999) and six hours post-feeding (Abd El-Ghani, 2004). Although 

the VFA concentrations measured at time zero, had shown that the VFA concentrations were 

significantly different which may have contributed to the effect (Enjalbert et al., 1999; Abd El-

Ghani, 2004). Andrighetto et al. (1993) stated that the greatest variation in VFA can be up to 

three hours post-feeding (even between animals consuming identical diets) when intense 

fermentation is taking place, and further emphasises that time of sampling is a factor to 

consider when comparing concentrations. This is demonstrated by Doreau and Jouany 

(1998) when three sampling times (09h00,11h00 and 15h00) had similar VFA concentrations 

in two of the samples and the 15h00 sample for the yeast fed cow had significantly higher 

ruminal VFA concentrations. The sudden increase in VFA concentration four hours post 

feeding for yeast fed cows could represent the S. cerevisiae short lived mode of action 

(Doreau and Jouany, 1998).  

Studies conducted using two or more yeast supplements and comparing their effects on 

the ruminal VFA concentration will be discussed here. See section strain variation for more 

information on the commercial products mentioned here after. Significantly higher ruminal 

VFA concentrations were measured for Levucell compared to the Yea-Sacc1026 

supplementation in a study with Suffolk ewes. These differences may be attributed to the 

lower CFU/g dosed of the Yea-Sacc1026 (1×108) compared to Levucell (20×109) (Arcos-García 

et al., 2000). A live yeast such as Biosaf Sc 47 resulted in higher ruminal VFA concentrations 

compared to the control of 99.4 mM and 85.3 mM, respectively (Marden et al., 2008) which 

was similar in the study by Guedes et al. (2008) with a live yeast. The In vitro study 

comparing the effect of the commercial yeast products, Diamond V-XP and A-Max, proved 
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that both yeast products significantly increased the ruminal VFA concentrations compared to 

the control, with Diamond V XP producing significantly higher concentrations compared to the 

A-Max (Miller-Webster et al., 2002). Yeast supplementation in other studies with different 

strains of a live yeast or yeast culture has shown no effect on the ruminal VFA concentration. 

The VFA concentrations remained unaffected when a live yeast was supplemented to both 

(In vitro) continuous cultures and in In vivo studies with steers (Dawson et al., 1990). 

Furthermore Dawson et al. (1990) showed that there was no significant difference between 

live yeast and dead yeast supplementation In vitro with respect to the VFA concentration. 

There was a tendency (P = 0.1) for a lower ruminal VFA concentration in Holstein cows 

supplemented with live yeast (Thrune et al., 2009). No differences for ruminal VFA 

concentrations between treatments of two supplemented strains of yeast, S. cerevisiae and 

S. bouldarii in calves (Pinos-Rodríguez et al., 2008) or yeast strains NCYC 240, 1026 and 

Yea-Sacc1026 in sheep (Newbold et al., 1995). 

The comparison of effects of yeast supplementation at differing dosages by Andrighetto 

et al. (1993) of 20 and 40 g had shown that there was no difference between the dosage 

levels, but both resulted in significantly higher ruminal VFA concentrations compared to the 

control. Desnoyers et al. (2009a) is in agreement and reported that increasing the yeast 

supplementation dosage levels, would linearly increase the ruminal VFA concentration. This 

was similar to the In vitro study of Sullivan and Martin (1999) with the addition of 0.35 g/L and 

0.73 g/L of a yeast supplement fermented on coastal Bermuda grass hay, and thereafter 

measured that the total VFA concentration increased compared to the control, with no 

significant difference when comparing just the two levels. Andrighetto et al. (1993) had owed 

the higher ruminal VFA concentration to the effect of the yeast in increasing microbial 

activities. Guedes et al. (2008) had found differences in dosage levels, with the live yeast 

Levucell SC 10 ME resulted in significantly higher ruminal VFA concentrations for the dosage 

level of 1 g per cow per day. 

Diet influences the effect of yeast addition on total VFA concentrations, such as in a 

study with differing concentrate to forage ratios (Lascano and Heinrichs, 2009). This is 

supported by Roa V et al. (1997) with higher VFA concentrations measured for alfalfa (88.2 

vs. 74.3 mM) and coffee hull (69.6 vs. 51.7 mM) diets, compared to the control with no effect 

with yeast supplemented in a cornstalk fibre source diet. No difference were found between 

treatments for  the concentration of total ruminal VFA  (Piva et al., 1993; Mir and Mir, 1994; 

Plata et al., 1994; Besong et al., 1996; Doreau and Jouany, 1998; García et al., 2000; 

Erasmus et al., 2005; Longuski et al., 2009) even after a fermentable starch challenge 

(Longuski et al., 2009), high starch diets (Medina et al., 2002) or diets either high or low in CP 
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(Moloney and Drennan, 1994; Yoon and Stern, 1996; Putnam et al., 1997). The In vitro 

addition of 0.35 g/L and 0.73 g/L of a yeast treatment fermented on ground corn, maltose or 

lactate had no effect on total VFA concentration (Sullivan and Martin, 1999). Total VFA were 

unaffected by yeast supplementation in calves (Quigley et al., 1992), non-lactating Holstein 

cows (Wiedmeier et al., 1987) or In vitro (Kung et al., 1997). 

 

2.10.6.3.2 Ruminal propionic acid  

Ruminal propionic acid percentages and concentrations increased due to yeast 

supplementation in studies for heifers (Miranda et al., 1996; Lascano and Heinrichs, 2009), 

early (Marden et al., 2008) and mid (Besong et al., 1996) lactation cows, sheep (García et al., 

2000), in non-lactating cows (Guedes et al., 2008) and In vitro (Dawson et al., 1990; Miller-

Webster et al., 2002). In contrast ruminal propionic concentrations were significantly lower for 

yeast supplemented calves (Quigley et al., 1992) at 32 days of age (Pinos-Rodríguez et al., 

2008) and steers (Mir and Mir, 1994). Ruminal propionic concentrations and percentages are 

affected by sampling time as indicated by Guedes et al. (2008) with the highest propionate 

concentrations measured two to four hours after feeding (Guedes et al., 2008). Calves fed a 

yeast supplement had significantly reduced ruminal propionate concentrations at four hours 

post-feeding compared to the control (Quigley et al., 1992). Molar propionate percentage 

increased just before feeding as a result of yeast supplementation, with no significant 

difference observed after feeding (Enjalbert et al., 1999).  

Increasing the inclusion rate of a liquid yeast culture (20 vs. 40%) (Besong et al., 1996) 

or live yeast (0.3 vs. 1 g) (Guedes et al., 2008) had linearly increased the ruminal propionic 

acid concentration compared to the control.   

The inclusion of a live yeast such as Biosaf Sc 37 (Marden et al., 2008) and Levucell 

SC 10 ME (Guedes et al., 2008) increased the propionic concentration compared with the 

control of 25.8 vs. 18 mM and 22.15 vs.31.7 mM, respectively. This was similar to the In vitro 

supplementation of a live yeast compared to a dead yeast culture, resulting in significantly 

higher propionic acid percentages (Dawson et al., 1990). Although, the In vitro study 

comparing the effect of two commercial yeast cultures, Diamond V-XP and A-Max, has 

proved that both yeast products produced significantly higher propionate concentrations, with 

Diamond V XP producing significantly higher concentrations compared to the A-Max (Miller-

Webster et al., 2002). Marden et al. (2008) and Guedes et al. (2008) illustrated that the 

simultaneous decrease in lactic acid concentration and the increase in propionic 

concentrations may be a result of the greater conversion of lactic to propionic acid, which was 

as a result of the live yeast stimulating lactic acid-utilising bacteria. However, propionate 
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concentration was increased by S. cerevisiae (10 g) and A. oryzae (3 g) cultures (Miranda et 

al., 1996), as yeast in previous research has found to stimulate lactic acid-utilising bacteria 

such as Selenomonas ruminantium (which increase propionate production) (Nisbet and 

Martin, 1991). 

Yeast addition in diets irrespective of the ratio of forage to concentrate (20, 40 and 60% 

concentrate) resulted in significantly higher propionate concentrations compared to the 

control, which was attributed to the production and utilisation of fermentation end-products 

(Lascano and Heinrichs, 2009). This was inconsistent with results for steers receiving a yeast 

supplement and fed a high grain based diet, after which significantly lower ruminal propionic 

acid percentages were measured (Mir and Mir, 1994). Miranda et al. (1996) demonstrated 

that propionate concentration was increased by S. cerevisiae and A. oryzae cultures at a 

dietary NDF level of 37%, with an interaction between the NDF level and cultures. 

The In vitro supplementation of S. cerevisiae at 0.73 g/L increased the propionate 

concentration when alfalfa hay was the substrate, and similarly the propionate concentration 

increased when coastal Bermuda grass hay was fermented at both (0.35 and 0.73 g/L) 

treatment levels (Sullivan and Martin, 1999).  

The lack of effect of yeast supplementation on the ruminal propionic acid percentages 

and concentration has been recorded in studies for dairy cows (Piva et al., 1993; Putnam et 

al., 1997; Doreau and Jouany, 1998; Robinson and Garrett, 1999; Erasmus et al., 2005; 

Thrune et al., 2009), sheep (Andrighetto et al., 1993; Newbold et al., 1995; Arcos-García et 

al., 2000; García et al., 2000) and steers (Dawson et al., 1990; Moloney and Drennan, 1994; 

Roa V et al., 1997; Lehloenya et al., 2008). A tendency (P = 0.06) towards higher propionate 

concentrations were measured for yeast supplemented Holstein steers (Plata et al., 1994). 

The In vitro addition of 0.35 g/L and 0.73 g/L of a yeast treatment fermented on ground corn, 

maltose or lactate had no effect on the propionate concentration (Sullivan and Martin, 1999). 

This was found in other In vitro studies (Newbold et al., 1995; Kung et al., 1997). 

 

2.10.6.3.3 Ruminal acetic acid 

Yeast supplementation had significantly increased the ruminal acetic acid 

concentrations for calves (81.1 vs. 15.39 mol/L), sheep (Quigley et al., 1992), cows (Marden 

et al., 2008), non-lactating cows (Guedes et al., 2008), horses (Medina et al., 2002) and In 

vitro (Miller-Webster et al., 2002). In contrast a lack of effect of supplemented yeast in dairy 

cows (Wiedmeier et al., 1987; Erasmus et al., 1992; Doreau and Jouany, 1998; Erasmus et 

al., 2005; Thrune et al., 2009), sheep (Andrighetto et al., 1993; Newbold et al., 1995; Arcos-

García et al., 2000; García et al., 2000) and steers (Dawson et al., 1990; Olson et al., 1994; 
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Plata et al., 1994; Hinman et al., 1998; Lehloenya et al., 2008) have been recorded. These 

findings could suggest that a significant difference would be difficult to acquire as yeast has 

been investigated to grow on acetate as a sole carbon source, and may be produced in 

amounts due to fibre digestion, that is then removed by yeast for growth (Chu et al., 1981). 

Acetate concentration was higher for live yeast supplemented cows compared to the 

control, 59.1 vs. 53.2 mM (Marden et al., 2008) and 62.73 vs. 57.5 mM (Guedes et al., 2008), 

respectively. However, this is does not hold true when comparing a control, live yeast and 

dead yeast in the In vitro study which reported that neither were different with regards to the 

acetate concentration measured (Dawson et al., 1990). In other In vitro studies comparing the 

effect of the commercial yeast cultures, Diamond V-XP and A-Max, proved that both yeast 

products produced significantly lower acetate concentrations, 47.1 and 53.2 mmol/100 mmol, 

respectively compared to the control (57.3 mmol/100 mmol) (Miller-Webster et al., 2002). 

Increasing the dosage of a yeast product had increased acetic acid concentrations as 

recorded by Guedes et al. (2008), although Besong et al. (1996) found that increasing the 

inclusion rate of a liquid yeast, created a tendency for the acetate concentration to decrease 

(P = 0.06). 

Yeast addition in all the diets irrespective of the ratio of forage to concentrate in the diet, 

resulted in higher ruminal acetic acid concentrations (Lascano and Heinrichs, 2009). This was 

observed in the cecum and colon of a high starch and high fibre based diets in yeast 

supplemented horses (Medina et al., 2002). Medina et al. (2002) suggested that the addition 

of yeast promotes higher fibrolytic bacteria, though no subsequent increase in cellulolytic 

bacterial numbers was detected (Medina et al., 2002). However, Andrighetto et al. (1993) 

states that in yeast supplemented sheep the ruminal acetic acid concentrations were 

maintained and stabilized despite the lower pH, which may be due to the fact that yeast 

stimulates cellulolytic processes in the rumen. This could be the reason why the In vitro  

concentrations of acetate increased, when 0.73 g/L of yeast was supplemented on coastal 

Bermuda grass hay (Sullivan and Martin, 1999). The effect of differing fibre sources with 

yeast supplementation had no effect on acetic acid concentration when yeast was 

supplemented on either alfalfa hay, cornstalk or coffee hulls compared to their controls (Roa 

V et al., 1997) or ground corn, maltose or lactate (Sullivan and Martin, 1999). The lack of 

effect of yeast on acetic acid concentrations were observed in other In vitro studies (Newbold 

et al., 1995; Kung et al., 1997). 
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2.10.6.3.4 Ruminal butyric and valeric acid 

Yeast supplementation has increased ruminal butyric (Roa V et al., 1997; Guedes et al., 

2008; Pinos-Rodríguez et al., 2008; Thrune et al., 2009); valeric (Dawson et al., 1990); and In 

vitro butyric (Sullivan and Martin, 1999) and valeric (Sullivan and Martin, 1999; Miller-Webster 

et al., 2002) acid percentages. Iso-valerate and iso-butyrate were significantly higher for yeast 

supplemented dairy heifers (Lascano and Heinrichs, 2009). 

Live yeast supplemented to calves and cows has increased the ruminal butyric acid 

concentrations. Calves supplemented with live yeast (S. cerevisiae) at 32 days of age had 

significantly (P < 0.001) higher butyric acid concentrations compared to the control and S. 

bouldarii supplemented calves (Pinos-Rodríguez et al., 2008). This was similar for cows 

supplemented with a live yeast measuring 9.7 vs. 10.4% (Thrune et al., 2009) and 10.95 vs. 

11.73 and 12.3% (Guedes et al., 2008). However, the yeast culture supplemented by Roa V 

et al. (1997) consuming coffee hulls as a fibre source and, Sullivan and Martin (1999) In vitro 

at the 0.73 g/L level on coastal Bermuda grass hay, measured significantly higher butyric acid 

concentrations. 

Moreover, higher ruminal valeric concentrations were also measured in live yeast and 

yeast supplemented animals such as Jersey steers consuming a high forage diet (Dawson et 

al., 1990) and In vitro on ground corn substrates for the 0.35 g/L treatment level and at the 

0.73 g/L level on coastal Bermuda grass hay, respectively (Sullivan and Martin, 1999). 

The In vitro study carried out by Miller-Webster et al. (2002) recorded significantly 

higher valerate concentrations when yeast cultures Diamond V-XP and A-Max were added 

compared to the control. Furthermore Biomate Yeast Plus addition (200 mg) into continuous 

cultures resulted in significantly lower valerate concentrations compared with the control (20 

mg) (Kung et al., 1997) 

The lack of an effect of yeast supplementation on the butyrate concentrations and 

percentages in steers (Olson et al., 1994; Plata et al., 1994; Roa V et al., 1997), sheep 

(Newbold et al., 1995; Arcos-García et al., 2000; García et al., 2000) and dairy cows 

(Wiedmeier et al., 1987; Piva et al., 1993; Doreau and Jouany, 1998; Marden et al., 2008; 

Lascano and Heinrichs, 2009) have been previously reported. Although a tendency towards 

lower ruminal butyrate concentrations in steers (Williams et al., 1991) and in calves, the 

tendency towards higher butyrate concentrations existed (Quigley et al., 1992). 

Valeric acid concentration and percentages in dairy cows (Williams et al., 1991) and 

dairy calves (Quigley et al., 1992) were similar between yeast and control treatments. 

However, valerate concentrations tended (P = 0.07) to increase for yeast supplemented dairy 

heifers (Lascano and Heinrichs, 2009).  
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The occurrence of both butyric and valeric acid concentrations being unaffected by 

yeast supplementation in dairy cows (Erasmus et al., 1992; Besong et al., 1996; Yoon and 

Stern, 1996; Putnam et al., 1997; Enjalbert et al., 1999; Robinson and Garrett, 1999; 

Erasmus et al., 2005; Longuski et al., 2009), steers (Mir and Mir, 1994; Moloney and 

Drennan, 1994; Hinman et al., 1998; Lehloenya et al., 2008), sheep (Andrighetto et al., 1993) 

and In vitro (Newbold et al., 1995; Kung et al., 1997; Miller-Webster et al., 2002) has been 

recorded.  

 

2.10.6.3.5 Acetate to propionate ratio 

The acetate to propionate ratio in S. cerevisiea supplemented calves were significantly 

higher (1.7 compared to the control 1.4), and were not different to S. boulardii supplemented 

calves (Pinos-Rodríguez et al., 2008). Conversely, yeast supplementation had significantly 

decreased the acetate to propionate ratio in steers (Williams et al., 1991; Hinman et al., 1998) 

and in cows with increasing yeast inclusion levels (Besong et al., 1996; Guedes et al., 2008). 

Guedes et al. (2008) states that the inclusion of yeast and its mode of action increases the 

glucogenic potential of the diet, which is represented by the higher ratio of propionic acid to 

acetic acid. This was shown In vitro with a live yeast (Dawson et al., 1990) or yeast culture 

(Sullivan and Martin, 1999; Miller-Webster et al., 2002), which illustrates the result of a lower 

ratio is due to higher propionic acid concentrations. The ratio was significantly (P < 0.01) 

reduced from 3.3:1 to 2.8:1 in steers supplemented with yeast, without the effect on the VFA 

(42 and 40.43 mM/L) P > 0.05 (Hinman et al. 1998) and (78 and 73 mM/L) (P > 0.05) 

(Williams et al. 1991) for control and yeast, respectively, which indicates the effect on the 

fermentation stochiometry that yeast may have (Williams et al., 1991; Hinman et al., 1998).  

Yeast supplementation had failed to affect the acetate to propionate ratio in various 

studies (Erasmus et al., 1992; Yoon and Stern, 1996; Erasmus et al., 2005; Lehloenya et al., 

2008; Desnoyers et al., 2009a; Longuski et al., 2009; Moya et al., 2009). Even though the 

acetate and propionate molar concentrations increased significantly, the acetic to propionic 

acid ratio were not different between treatments (Lascano and Heinrichs, 2009). 

 

2.10.6.3.6 Ruminal lactic acid 

Yeast supplementation has the potential to decrease the mean or peak concentration of 

lactic acid measured after feeding in cows (Williams et al., 1991; Erasmus et al., 1992; 

Guedes et al., 2008; Marden et al., 2008), buffalo calves (Vaneeta et al., 1998) and horses 

(Medina et al., 2002). 
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Marden et al. (2008) supplemented a live yeast (Biosaf Sc 47) and demonstrated  a 

67% decrease from the lactate compared to the control (Marden et al., 2008). Similarly yeast 

supplementation has significantly lowered the mean ruminal lactic acid concentration or, the 

lactic acid concentrational peaks, evident after concentrate feeding. Williams et al. (1991) had 

shown that the mean lactic acid concentration had decreased from 3.55 to 1.43 mM due to 

yeast supplementation; as well the L-lactic acid peak found two hours after feeding a 

concentrate was inhibited. A possible explanation why the addition of yeast promotes 

stabilised lactate ruminal concentrations, may be that yeast competes with other micro-

organisms for the uptake of oligosaccharides, which results in the decrease of total 

oligosaccharides in the rumen liquor. The oligosaccharide is then converted to glucose (which 

is the substrate the yeast utilises for growth) and utilised, resulting in less highly fermentable 

substrate present in the rumen liquor, which is coupled with less lactic acid production 

(Williams et al., 1991). This is concurrent with studies by Erasmus et al. (1992) and Guedes 

et al. (2008). The peak lactic acid concentration found two to three hours after feeding had 

significantly decreased from 1.93 to 1.73 mM (Erasmus et al., 1992) and reducing the extent 

of its increase, that would normally occurred after feeding for up to four hours (Guedes et al., 

2008) or in the case of horses (consuming a high starch diet) in the cecum and colon, were 

significantly lower with supplemented yeast compared to the control which was evident from 

two until ten hours post-feeding (Medina et al., 2002).  

The lack of the effect of yeast supplementation on the ruminal lactic acid concentrations 

is represented in cows (Erasmus et al., 1992; Longuski et al., 2009; Moya et al., 2009) or 

steers (Mir and Mir, 1994; Lehloenya et al., 2008), with a tendency to decreased on average 

by 0.9 mM units in a meta-analysis (Desnoyers et al., 2009a). 

The mean lactic acid measured as either the L- or D-lactate, for which yeast had no 

effect on either concentration (Quigley et al., 1992; Putnam et al., 1997). This coincides with 

Newbold et al. (1995) as the L-Lactate concentration was not different between strains NCYC 

240, 1026 and Yea-Sacc compared to the control. The lactic acid concentration was not 

different between treatments, however, the incidence of acute ruminal acidosis was lower for 

steers receiving yeast supplementation possibly supporting the assumption that yeast 

promotes lactic acid utilisation in the rumen (Mir and Mir, 1994). The In vitro study 

supplementing yeast showed that the substrate maltose which was proposed to induce high 

lactate concentrations, although the added yeast had no effect on the lactate concentrations 

between the treatments (Sullivan and Martin, 1999) or strains of yeast (In vitro) NCYC 240, 

694, 1026, 1088 and Yea-Sacc with no difference in L-Lactate concentration compared to the 

control (Newbold et al., 1995). 
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2.10.6.3.7 Ruminal ammonia nitrogen  

Yeast supplementation has increased the NH3-N concentrations in calves (between 18 

and 60 days of age) (Pinos-Rodríguez et al., 2008), sheep (Arcos-García et al., 2000; Kamel 

et al., 2004), cows (Miranda et al., 1996; Roa V et al., 1997) and in In vitro studies (Kung et 

al., 1997).  

Higher NH3-N concentrations were found in studies when live yeast (S. cerevisiae) 

CNCM I-1077 (Pinos-Rodríguez et al., 2008) and a yeast culture Yea-Sacc1026 (Arcos-García 

et al., 2000) were supplemented. However, the yeast culture (Yea-Sacc1026) supplementation 

resulted in significantly higher ruminal NH3-N concentrations than what was measured with 

the live yeast (Levucell) supplement. The higher NH3-N concentrations should be absorbed 

due to the large concentration gradient created, but this was not the case as, the lower pH of 

the rumen and pKa value resulted in similar absorptions. Furthermore, the difference in the 

NH3-N concentrations may be a product of higher proteolytic bacterial populations (Arcos-

García et al., 2000). The higher proteolytic bacterial population caused by yeast 

supplementation is supported by other authors (Kung et al., 1997; Moallem et al., 2009). In 

addition, significantly lower NH3-N concentrations were observed in buffalo calves (Vaneeta 

et al., 1998) 

Yeast may influence other bacterial populations which promote increased incorporation 

of NH3-N into microbial protein as yeast may either effect the protein degradation by 

increasing or decreasing it (Moallem et al., 2009). Moallem at al. (2009) had stated this after 

the study had resulted in significantly lower ruminal NH3-N concentrations for the yeast 

supplemented animals (12.61 mg/dL compared to the control (15.19 mg/dL). This is in 

agreement with Erasmus et al. (1992), Enjalbert et al. (1999) and Lascano and Heinrichs 

(2009), who added that previous research for the addition of yeast causing a lower NH3-N is 

due to either yeast stimulating NH3-N uptake by bacteria, or alternatively stimulating 

cellulolytic bacterial growth. 

The average effect of two yeast supplements (Yea-Sacc1026 and Levucell CNCM I-1077) 

tended to increase the NH3-N concentration, compared to the control (Arcos-García et al., 

2000). This was similar to the In vitro study comparing live and dead yeast, which revealed 

that neither differed from the control for the NH3-N concentrations (Dawson et al., 1990) 

which were similar to other studies comparing different strains of yeast (Newbold et al., 1995) 

and products, where the In vitro supplementation of a Diamond V-XP and Amax yeast culture 

tended (P = 0.08) towards higher NH3-N concentrations (Miller-Webster et al., 2002).  

The flow, degradation and rate of AA, non-ammonia nitrogen (NAN) and total N through 

and in the GIT with yeast supplementation has been reviewed by previous authors with 
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conflicting results. It was suggested that yeast supplementation has the potential to alter the 

bacterial protein AA profile due to the fact that a significant effect was exerted on the 

duodenal AA profile and flow of Met in the GIT (Erasmus et al., 1992). A higher bacterial N 

flow supported the fact that higher duodenal NAN flows had a tendency to be higher in yeast 

supplemented cows (Erasmus et al., 1992). Similarly, Putnam et al. (1997) reported that NAN 

(non-microbial) flow to the duodenum tended to be higher for yeast supplemented cows, 

although the flow of essential AA and AA profiles of duodenal digesta and microbial proteins 

were not affected. Yoon and Stern (1996) found that the total N and NAN flow to the 

duodenum had decreased (due to tendencies towards higher CP degradabilities in the 

rumen) without a difference in bacterial N flow, but rather owing to a decrease in dietary N 

flow and endogenous N flow. Lehloenya et al. (2008) illustrated that feeding yeast did not 

affect the duodenal and microbial N flow. Microbial N flow, non-microbial N flow and NH3-N 

were unaltered by yeast (CNCM I-1077) supplementation in the diet even though In situ N 

disappearance of soyabean meal was significantly higher at four hours and tended to be 

higher at eight hours (Doreau and Jouany, 1998). A bakers yeast supplementation showed 

no effect for the rate of N degradation (Kamel et al., 2004). 

Yeast supplementation and its effect or lack of effect on the diet has been reviewed 

(Glade and Biesik, 1986; Moloney and Drennan, 1994; Olson et al., 1994; Roa V et al., 1997; 

Medina et al., 2002; Lascano and Heinrichs, 2009). This as represented by Roa V et al. 

(1997), with higher ruminal NH3-N concentrations for alfalfa hay 36.3 vs. 27.7%, coffee hulls 

36.4 vs. 26.9% and cornstalk 36.5 vs. 28.2% compared with the control, respectively (Roa V 

et al., 1997). Yeast  added to a urea-containing diet in horses, found that the yeast stimulated 

conversion of recycled urea to microbial protein and AA, the higher microbial activities 

enhanced ammonia and AA production from the fact that the fecal N absorbability increased 

by 47% (Glade and Biesik, 1986).  

Moloney and Drennan (1994) reported that a high fibre-low protein diet was not affected 

by yeast inclusion in terms of ammonia concentrations in the rumen, but the NH3-N 

concentration was significantly reduced when yeast was added to the low fibre-high protein 

diet. They furthermore revealed that yeasts effect on N metabolism is affected by the time 

after feeding and N content of the basal diet. This was similar to a study with horses 

consuming a high starch diet revealing significantly lower cecal NH3-N concentrations for 

yeast supplemented animals five hours post-feeding compared to the control with no effect 

found for horses consuming a high-fibre diet (Medina et al., 2002).  

Lascano and Heinrichs (2009) on the other hand, found that the addition of yeast in all 

the diets irrespective of the ratio of forage to concentrate in the diet, resulted in significantly 
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lower NH3-N concentration compared to the control, which simultaneously coincides with the 

significantly higher VFA concentration also recorded by Enjalbert et al. (1999). This indicates 

that the lower NH3-N concentration measured was not limiting bacterial growth, but may be 

attributed to higher concentrations of cellulolytic and total bacteria (Lascano and Heinrichs, 

2009).  

Supplementing different levels of a yeast supplement has affected the NH3-N 

concentrations. In vitro NH3-N concentration was highest with the higher yeast 

supplementation level suggesting that the degradation of protein had been extensive and it 

was proposed that yeast stimulates proteolytic bacterial activity (Kung et al., 1997). 

Furthermore, Kamel et al. (2004) concluded that the daily microbial N synthesis was 

significantly higher with the highest level of bakers yeast supplementation with a significant 

correlation between microbial N synthesis and SI (synchronization index) (Kamel et al., 2004). 

The ratio between the hourly release of N and OM in the rumen is calculated and is known as 

the SI, the values for the control (berseem hay), control and low bakers yeast ,and control 

and high bakers yeast were 0.059, 0.61 and 0.72 (P < 0.05), respectively (Kamel et al., 

2004), therefore more energy was available to the microbes for their growth when HBSC was 

supplemented, on condition that N had unaffected release (Kamel et al., 2004) 

The sampling time and the subsequent analysis of the ruminal fluid for NH3-N 

concentration, is a product of time of sampling after feeding. Generally, the NH3-N 

concentration, increased two hours (Guedes et al., 2008) and/or three hours post-feeding and 

decreased again at six hours post-feeding (Abd El-Ghani, 2004). However, with yeast 

supplementation lower ruminal NH3-N values were found three hours post feeding for dairy 

cows (10.31 and 14.85 mg/dL) (Enjalbert et al., 1999), four hours for steers (Moloney and 

Drennan, 1994) and for buck at three to six hours post-feeding (Abd El-Ghani, 2004). 

Moloney and Drennan (1994) confirmed that a time by yeast interaction had occurred.  

Conversely, Miranda et al. (1996) measured significantly higher NH3-N concentrations 

three hours post-feeding for Yea-Sacc1026 and A. oryzae, which was 19.15 and 18.44 mg/ dL, 

respectively compared to the control (15.0 mg/dL).  

Ruminal fluid NH3-N concentrations collected two or four hours after feeding, showed 

that there was no significant difference between yeast and control treatment with steers (Mir 

and Mir, 1994) or for dairy calves (Quigley et al., 1992), respectively. 

The lack of effect of a yeast supplement is supported by others (Wiedmeier et al., 1987; 

Piva et al., 1993; Olson et al., 1994; Erasmus et al., 2005; Guedes et al., 2008; Longuski et 

al., 2009). 
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agreement with Callaway and Martin (1997) who suggested that yeast stimulated bacteria 

that utilise lactate and digest cellulose due to yeast addition of soluble factors such as B 

vitamins, AA and organic acids for their growth.  

Failure to increase cellulolytic bacterial populations with supplemental yeast are 

reported by other authors (Dawson et al., 1990; Erasmus et al., 1992; Mir and Mir, 1994; 

Newbold et al., 1995; Yoon and Stern, 1996). The In vitro supplementation of dead yeast 

cells (121 °C for 15 minutes) had a similar effect on the cellulolytic bacterial numbers 

compared to the control, this may which suggest the either some heat liable component or a 

component only present in live yeast cells stimulates the increase in cellulolytic numbers, and 

is absent in dead cells (Dawson et al., 1990). This was demonstrated by Vaneeta at al. (1998) 

when autoclaved yeast had failed to affect microbial numbers, and that live yeast cell 

numbers or heat liable components present in the yeast supplements, are what is responsible 

for the influence on microbial bacterial numbers. Strains of yeast such as NCYC 694 and 

NCYC 1088  supplemented In vitro did not differ compared to the control with respect to the 

total number of viable and cellulolytic bacteria measured (Newbold et al., 1995). Newbold et 

al. (1995) suggested that the difference between strains in their ability to stimulate microbial 

organisms may be attributed to the fermentation and assimilation of carbohydrate and N 

sources between strains. However, if the negative associated affect of concentrate 

supplementation becomes too large for the yeast to eliminate, it will fail to effectively stimulate 

the cellulolytic bacterial populations as in the study by Mir and Mir (1994).  

Yeast affected a range of bacteria In vitro which are the major species found naturally in 

the rumen, such as S. ruminantium HD4 and H18, Megasphaera elsdenii B159 and T81, 

Fibrobacter succinogenes S85 and Ruminococcus albus B199 which were all stimulated by 

the addition of a yeast (Callaway and Martin, 1997). This resulted in S. ruminantium HD4 

increasing the acetate and total VFA concentration, additionally the propionic and total VFA 

concentrations increased through the action of S. ruminantium H18 (Callaway and Martin, 

1997). 

Yeast supplementation has influenced the ruminal protozoal concentrations in lambs 

(Chaucheyras-Durand and Fonty, 2002) , steers (Plata et al., 1994), sheep (García et al., 

2000) and heifers (Miranda et al., 1996). Protozoa populations in the rumen of yeast 

supplemented young ruminants such as lambs were more diverse and had established 

themselves earlier (Chaucheyras-Durand and Fonty, 2002). Chaucheyras-Durand and Fonty 

(2002) highlights that the functionality of the rumen was improved and accelerated to form a 

stable rumen ecosystem, as yeast favours earlier microbial ecosystem maturation in the 

young animal. The lower redox potential in lambs supplemented with yeast confirms its 
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oxygen-scavenging activity which creates a better anaerobic environment (Chaucheyras-

Durand and Fonty, 2002). Plata et al. (1994) showed that for yeast supplemented to older 

ruminants, the ruminal protozoal concentrations were significantly (P = 0.002) higher with 

counts of 341.8 × 103/ml vs. 254.1 × 103/ml. Additionally, Miranda et al. (1996) demonstrated 

that the Entodiniomorphid counts at a NDF level of 27% were higher for S. cerevisiae and A. 

oryzae cultures compared to the control, as there was an interaction between such cultures 

and NDF level for Entodiniomorphid counts, and as the NDF increased to 37% the counts 

decreased compared to the control. In contrast the ruminal protozoal concentrations 

significantly decreased as a result of live yeast supplementation measured in the study of 

Garcia et al. (2000), 39.7 × 104/ml compared to the control of 69.4 × 104/ml. However, in other 

studies yeast supplementation failed to effect the protozoa concentrations (Yoon and Stern, 

1996; Doreau and Jouany, 1998; Arcos-García et al., 2000) and for supplemented strains of 

NCYC 240, NCYC 1026 and Yea-Sacc to supplemented sheep (Newbold et al., 1995; 

Arakaki et al., 2000). 

 

2.10.6.5 Digestion 

The effects of supplemental yeast on digestion will be evaluated in this section, with the 

effects of yeast on both total tract digestibility as well as ruminal degradability/digestibility. 

Williams and Newbold (1990) cited by Erasmus et al. (1992) states that the total tract 

digestibility measurements carried out in experiments to show the effects of yeast 

supplementation may give an inaccurate depiction of yeast supplementation and its effects as 

the yeast may function in altering the site of digestion. 

 

2.10.6.5.1 Total tract digestibility  

Yeast supplementation has significantly influenced total tract digestibility of the following 

dietary nutrients, namely, DM, OM, CP, NDF, ADF and Hemicellulose. 

The total tract DM digestibility has significantly increased with yeast supplementation for 

lambs supplemented with (3 g/day) Diamond V XP (Haddad and Goussous, 2005), heifers 

(Lascano et al., 2009b) and steers (10 g/day) (Mir and Mir, 1994) and higher In vitro DM 

digestibilities were observed (Tang et al., 2008). The lack of an effect of yeast on the total 

tract DM digestibility has been recorded in previous research (Harris et al., 1992; Doreau and 

Jouany, 1998; García et al., 2000; Abd El-Ghani, 2004; Cooke et al., 2007; Moallem et al., 

2009; Tripathi and Karim, 2010). 

The total tract OM digestibility increased due to yeast supplementation in the meta-

analysis conducted by Desnoyers et al. (2009a), in heifers (Lascano et al., 2009b) and in 
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lambs supplemented with (3 g/day) Diamond V XP (Haddad and Goussous, 2005) as well as 

In vitro OM disappearance (Tang et al., 2008). Total-tract OM digestibility increased and this 

effect linearly increased with yeast dose, however, the positive effect on digestibility was 

negatively correlated with percentage of concentrate and positively correlated with DMI, NDF 

level and CP content in the diet (Desnoyers et al., 2009a). The lack of an effect of yeast on 

total tract OM digestibility has been recorded in previous research (Moloney and Drennan, 

1994; Doreau and Jouany, 1998; Arcos-García et al., 2000; Abd El-Ghani, 2004; Lehloenya 

et al., 2008; Moallem et al., 2009) (Tripathi and Karim, 2010). 

Total tract CP digestibility increased for cows supplemented with (10 g/day) Yea-Sacc 

(Erasmus et al., 1992) and Biomate Yeast Plus (Wohlt et al., 1998), lambs with (3 g/day) 

Diamond V XP (Haddad and Goussous, 2005) and steers with a yeast supplement (10 g/day) 

(Mir and Mir, 1994).  

On the contrary the lack of an effect of yeast on the total tract CP (Wiedmeier et al., 

1987; Arambel and Kent, 1990; Harris et al., 1992; Andrighetto et al., 1993; Hinman et al., 

1998; Cooke et al., 2007; Moallem et al., 2009) or N digestibility (Lascano et al., 2009b) has 

been recorded in previous research . 

The cellulose, hemicelluloses and lignin (NDF) are structural carbohydrates, which are 

more resistant to digestion in the rumen. The total tract NDF digestibility increased in lambs 

supplemented with (3 g/day) Diamond V XP (Haddad and Goussous, 2005), cows with 

Biomate Yeast Plus (Wohlt et al., 1998), (5 g/day) Biosaf Sc 47 (41.6 % vs. 29.6 %) (Marden 

et al., 2008), heifers supplemented with Yea-Sacc (Lascano et al., 2009b). The total tract ADF 

digestibility increased for cows supplemented with (10 g/day) Yea-Sacc (Erasmus et al., 

1992) or (5 g/day) Biosaf Sc 47 (32.3 % vs. 18.1 %) (Marden et al., 2008) and lambs 

supplemented with (6 g/day) Diamond V XP (Haddad and Goussous, 2005). Marden et al. 

(2008) concluded that with live yeast supplementation a better fibre digestion was achieved 

as lactate accumulation was prevented mediated through a lower ruminal Eh and rH (Clarks 

exponent).  

Hemicellulose digestibility (Glade and Biesik, 1986; Wiedmeier et al., 1987; Jouany et 

al., 2008) was significantly higher for yeast supplementated animals (horses and cows) 

compared to the control, this is supported by the significantly higher cellulolytic bacterial 

population measured for yeast supplemented cows (Wiedmeier et al., 1987).  

The lack of an effect of yeast on the total tract NDF (Wiedmeier et al., 1987; Wohlt et 

al., 1991; Harris et al., 1992; Mir and Mir, 1994; Doreau and Jouany, 1998; Cabrera et al., 

2000; Moallem et al., 2009), ADF (Arambel and Kent, 1990; Moloney and Drennan, 1994; 

Arcos-García et al., 2000; Cooke et al., 2007; Lehloenya et al., 2008; Lascano et al., 2009b; 
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Moallem et al., 2009), cellulose (Wohlt et al., 1991; Wohlt et al., 1998; Cooke et al., 2007) and 

hemicelluloses (Wohlt et al., 1991; Wohlt et al., 1998; Cooke et al., 2007; Tripathi and Karim, 

2010) digestibility has been recorded in previous research. 

The above effects are a function of diet which has an influence on yeast failing to effect 

the nutrient digestibility, and is common when high concentrate diets (Arambel and Kent, 

1990; Abd El-Ghani, 2004) or when corn gelatinized diets (Cooke et al., 2007) are fed. 

Similarly for steers fed 88% barley and potato-based concentrate and alfalfa and corn silage 

based roughage, yeast had no effect on the total tract digestibilities (Hinman et al., 1998). 

This was evident in other studies such as that reported by Mir and Mir (1994) with steers 

consuming either an alfalfa or corn silage diets and for cows fed a corn silage based diet 

(Wohlt et al., 1991). Tang et al. (2008) revealed that the total tract In vitro DM and OM 

digestibility of forages was higher for all types of cereal straws namely, rice straw, wheat 

straw, maize stover and maize stover silage. A study conducted with live yeast 

supplementation to horses concluded that regardless of the diet, the yeast had the potential 

to improve the cellulose digestibility (Jouany et al., 2008). 

The inclusion of a yeast supplement interacted significantly with diet type in terms of CP 

digestibility, which was not affected in low fibre-high protein diets but CP digestibilities 

decreased significantly when the high fibre-low protein diet was fed (Moloney and Drennan, 

1994). Yeast supplemented steers on tropical pastures, had no improvement in total tract 

digestibility of NDF or ADF (Cabrera et al., 2000). An In vitro gas production technique was 

used to determine the effects of yeast on In vitro fermentation parameters of rice straw, wheat 

straw, maize stover and maize stover silage with a decreased lag time for each type of straw 

(Tang et al., 2008). 

The ADF and CP digestibilities were higher for the group of cows supplemented with 

yeast and proved that comparing a 20 or a 10 g/day level of yeast did not result in higher 

digestibilities (Wohlt et al., 1998).  

Yeast supplementation in both the commercial product of Levucell and Yea-Sacc1026 

failed to effect the diet digestibility of the above stated nutrients (Arcos-García et al., 2000). 

DM, OM, NDF and ADF digestibilities were all unaltered by yeast supplementation CNCM I-

1077 in the diet for early lactation Holstein cows (Doreau and Jouany, 1998). Neutral 

detergent fibre and DM digestibility in Levucell supplemented sheep were not different 

compared to the control or to sheep supplemented with  monensin and Levucell 

simultaneously (García et al., 2000). Crude protein digestibilities tended to increase with both 

the separate and the combined fungal supplementation of yeast (90 g/day) and A. oryzae, 

with the combination resulting in the largest increase (Wiedmeier et al., 1987).  
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the ruminal DM disappearance at the 12, 24, 72 and 96 hour incubation periods, though at 48 

hours the yeast supplemented animals tended to be superior compared to the control, with 

Levucell being significantly higher at 48 hours compared to the Yea-Sacc in terms of DM 

digestibility (Arcos-García et al., 2000). Similarly, In vitro DM digestibility after 24 and 48 

hours were not different between various strains of yeast (NCYC 240, NCYC 694, NCYC 

1026, NCYC 1088 and Yea-Sacc) (Newbold et al., 1995). 

 

2.10.6.5.2.2 Organic matter 

The OM ruminal digestion increased for steers grazing mixed prairie grass with yeast 

supplementation (Olson et al., 1994) and when higher levels of bakers yeast was 

supplemented (Kamel et al., 2004).  

Lehloenya et al. (2008), Yoon and Stern (1996), Doreau and Jouany (1998), Kamel et 

al. (2004) and Miller-Webster et al. (2002), demonstrated that supplementing yeast had no 

effect on OM digestibility in the rumen. 

Desnoyers et al. (2009a) reported that the OM digestibility increased due to yeast 

supplementation, and the positive effect of yeast was increased with the NDF level of the diet 

and decreased with the level of concentrate include. 

 

2.10.6.5.2.3 Crude protein or nitrogen 

The ruminal N degradation of soybean meal was significantly higher at four hours and 

tended to be higher at eight hours (Doreau and Jouany, 1998). The higher ruminal N 

degradation suggests that the proteolytic bacteria were stimulated by the supplemental yeast, 

which implies that the proteolytic bacteria, had increased their activity and numbers due to the 

presence of yeast in the rumen, which is known to stimulate such activities (Doreau and 

Jouany, 1998). Similarly Roa V et al. (1997) showed that yeast supplementation increased 

the potentially digestible CP from 85.7 to 90.2% when total mixed diets with alfalfa hay were 

fed to steers (Roa V et al., 1997). However, CP (Hadjipanayiotou et al., 1997) and N (Kamel 

et al., 2004) digestion in other studies were not affected by yeast supplementation. 

 

2.10.6.5.2.4 Neutral detergent fibre 

Yeast supplementation had increased ruminal NDF digestion at 24 hours (43.4 vs. 36.9) 

(P = 0.01) due to the fact that a significant protozoa concentration was measured in steers 

(Plata et al., 1994). Roa V et al. (1997) suggests that the effect of direct-fed microbials is 

dependent on the fibre source, as in the case of Roa V et al. (1997) for total mixed diets with 

alfalfa hay (55.0 vs. 46.6%).  
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result of the increase in total bacterial numbers (Newbold et al., 1995) or, as a result of 

specific bacteria such as Fibrobacter succinogenes and Ruminococcus flavefaciens 

(Callaway and Martin, 1997). In a study reported by Kamel et al. (2004) the increased 

inclusion of bakers yeast supplementation increased the rate of OM degradation (0.065, 

0.071 and 0.075 per hour) for the control (Berseems hay), lower and higher yeast inclusion, 

respectively. 

The increase in rate of digestion can be viewed alternatively as a reduction in lag time. 

The lag time is the time required for the attachment of bacteria to their substrates for efficient 

inoculation (Milligan et al., 1986). Yeast tended to decrease the lag time for fibre digestion in 

steers (Williams et al., 1991) and In vitro for different types of straw (Tang et al., 2008).  

The lack of an effect of yeast supplementation on the rate of digestion has been 

reported in previous studies (Wiedmeier et al., 1987; Miranda et al., 1996; Roa V et al., 1997). 

The degradation rates of potentially digestible DM (PDDM), NDF (PDNDF), and CP (PDCP) 

were not affected by either the inclusion of a yeast culture or the type of fibre source (alfalfa 

hay, coffee hull and cornstalks) (Roa V et al., 1997). This was further supported by Miranda et 

al. (1996) who found that ruminal starch digestion was unaffected by either fungal culture 

(Yea-Sacc1026 or A. oryzae) or NDF level which suggest the rate of starch digestion does not 

depend on a forage-associated rumen environment (Miranda et al., 1996). The increased 

tendency towards higher DM intakes (P < 0.1) due to yeast supplementation observed by 

Erasmus et al. (1992), was most probably the cause of higher rates of digestion although it 

was not directly measured. 

Ruminal and total-tract digestion as a result of yeast supplementation has yielded 

contradictory results. This is due to the varying digestibility and quality of test feedstuff, the 

nature of the basal diet, the retention time and hence the incubation periods. The CFU/g of 

yeast varies between strains coupled with the specified dosage size and rate of the yeast 

supplement is an additional factor to consider when quantifying results. 

 

2.10.6.6 Health 

Yeast supplementation and its positive, negative or lack of effect on production and 

ruminal parameters is well documented. The longevity health and well-being of the animal 

may be compromised due to the constant drive for high productivities, where eventually a 

physiological limit or threshold is reached. Yeast supplementation may assist in, increasing 

the health and immune function of the animal.  

The gut has acquired a flushing effect, in that any harmful substances such as toxins 

and pathogens are bound and absorbed to the yeast cell wall fractions in the gut, which 
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protect the animal from potential harm (Stone, 2006). Moreover, the yeast cell wall consists 

mostly of beta-glucans and mannans. Beta-glucans is a structure consisting of glucose 

molecules linked together with Beta 1,3 and 1,6 bonds. Beta-glucan activates the 

macrophages by stimulating the immune system (Stone, 2006). The probiotic effect is 

contributed by the mannans which are a chain of mannose sugars consumed by the 

beneficial bacteria in the gut thereafter promoting growth of the beneficial bacteria which 

naturally suppresses and inhibits the growth of the harmful bacteria in the gut (Stone, 2006). 

Greater stability of the intestinal flora was found in a study conducted with yeast 

supplementation in Saanen goats, in that E. coli fecal counts were reduced and lactobacilli 

counts increased (Stella et al., 2007). This precedes the subsequent digestive disorders 

which may be created, yet as observed in calves receiving yeast CNCM I-1077 

supplementation, the occurrence of diarrhoea and pneumonia was narrowed (Pinos-

Rodríguez et al., 2008), this is similar to the study by Magalhaes et al. (2008). Conversely, 

Cole et al. (1992) measured no significant effect supplemental yeast on calve performance or 

health, though morbid calves required reduced days of antibiotic therapy, and calves 

compromised with disease had maintained higher DMI and weights. Magalhaes et al. (2008) 

showed demonstrated lower mortality rates, which might have been due to improved N, Zn 

and Fe metabolism (Cole et al., 1992). This is echoed in the study by Piva et al. (1993) who 

had measured improved blood plasma Zn levels (p = 0.14) suggested that yeast may supply 

the Zn that plays a role in reproductive performance (Piva et al., 1993). 

Reproductive performance was unaffected by either the Amaferm or Vitaferm 

supplementation (Kellems et al., 1990). Similar findings of yeast having no significant effect 

on reproductive performance have been reported by Kalmus et al. (2009), and explains that 

in order to successfully measure the effect on reproductive performance, large cow numbers 

are required. However, Harris et al. (1992) proposed that the lower blood urea N value for 

cows supplemented with yeast may contribute to increased conception rates (Harris et al., 

1992). 

Yeast supplementation to heat stressed cows (Shwartz et al., 2009) or cows with 

digestive upsets (Moya et al., 2009), have shown that body temperatures in the former and 

foam strength of rumen fluid in the latter study were reduced. 

 

2.10.6.7 Milk sensory and manufacturing characteristics 

Milk flavour was enhanced by the inclusion of a liquid yeast supplement to a TMR 

probably due to the antioxidant properties of riboflavin (Besong et al., 1996). This was 
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evaluated with lower off-flavours assessments for yeast supplemented milk, and would 

therefore lead to a increased shelf-life when yeast was fed to cows (Besong et al., 1996). 

Milk manufacturing is able to benefit from cows supplemented with yeast, as in a study 

done by Piva at al. (1993), measured the dairy processing characteristics, found that yeast 

showed a tendency to produce a higher creaming capacity with a higher curd firming rate. 

 

2.11 Conclusion of Literature review 

From this extensive review, it is clear that many factors such as dietary ingredients, 

forage to concentrate levels, levels of starch, strain of yeast, CFU per gram yeast product, 

levels of yeast supplementation, animal species, stage of lactation, frequency and amount of 

concentrate fed influences the response obtained from yeast supplementation. Responses 

can either be effects on production parameters or rumen fermentation. The variable and 

inconsistent responses, complicates the process of making steadfast conclusions and 

recommendations for yeast supplementation. Results from research therefore suggests that 

positive responses could be expected when feeding high levels of starch during early 

lactation, and during adaptation periods, when dietary changes takes place, when high levels 

of concentrate are fed (slug feeding) and when cows are expected to feed selectively, such 

as when cows are under heat stress. No comparative study could be found where yeast 

products were supplemented to grazing cows receiving concentrate post milking.  

The use of Meta-analyses to interpret yeast effects on productivity would be more 

reliable, and such results as done by Desnoyers et al. (2009a) covered 110 papers, 157 

experiments and 376 treatments for yeast supplementation. Such analysis, removes the 

inconsistency between experimental studies, and may be the key to forming clear cut 

recommendations and more such analysis would supplement and concrete the information 

available on the effects of yeast supplementation at present. 

In Appendix A, the information and results from reviewed studies involving yeast 

supplementation are summarized in Tables A8 to A13. The aim of this study was to 

investigate the effects of live yeast on the supplementation on the production of lactating 

Jersey cows grazing ryegrass/kikuyu pastures. The materials and methods conducted during 

the study will be discussed in the Chapter 3. 
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CHAPTER 3 

 

MATERIALS AND METHODS 
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Figure 3.1 Jersey cows with a yellow tag represented the cows in the yeast treatment group 

which facilitated in sorting cows from the group herd into their treatment groups. 

 

3.1.4 Feeds 

The concentrate was formulated, mixed and pelleted at Nova Feeds (Nova Feeds 

George, Industrial Area, George Western Cape, South Africa). The ingredient and chemical 

composition of the concentrate is shown in Table 3.1 and 3.2, respectively. The control and 

yeast treatment concentrate had the same nutrient composition with the yeast added to the 

yeast treatment before pelleting. The cows were sorted and separated at each milking into 

their two respective groups. Cows received 6 kg concentrate (as is) daily, fed in equal 

portions in the milking parlour during milking. The 20 troughs on either side of the 20 point 

swing over parlour accommodated all 40 cows. The troughs were cleaned before feed was 

administered. Three kilograms of the control and yeast treatment concentrates were manually 

weighed with a Bizerba scale (model FC.15 with 0.001 g accuracy), and placed in separate 

plastic bags. The yeast treatment concentrate was fed on the left side of the milking parlour, 

and the control treatment was fed on the right side of the milking parlour. This was kept 

consistent throughout the trial period to avoid cross contamination of concentrates. 
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in Figure 3.2. The Levucell SC 10 ME is a micro-encapsulated formulation for premix and 

pelleted feeds. The yeast treatment group had the yeast pelleted together with the dairy 

concentrate at a concentration of 167 g of the yeast per ton of concentrate i.e. 0.167 g/kg. 

This supports the requirement of an intake of 1 g yeast per cow per day as specified by 

Lallemand. The yeast has a concentration of 1×1010 CFU/g. The cows in the yeast treatment 

group therefore ingested 1×1010 CFU of yeast per day and the concentrate contained 1.67× 

106 CFU yeast per gram of dairy feed concentrate.  

 

 

Figure 3.2 The yeast product before pelleted together with the dairy concentrate ingredients 

 

3.1.6 Pasture 

Approximately seven hectares (ha) of an Estcourt type soil (Soil Classification Working 

Group, 1991) under permanent irrigation with kikuyu as a pasture base was used in the study. 

Italian ryegrass (Lollium multiflorum) of the cultivar Jeane was oversown (20 kg seed/ha) into 

kikuyu pasture using an Aitchinson planter. The pasture was divided into 41 pasture strips 

with the dimensions of ± 15 ×123 m. The divided strip would facilitate specific pasture 

allocation. Fertiliser was applied post-grazing at 56 kg N (limestone ammonium nitrate) per 

ha. Fresh clean water was available ad libitum to the cows on pasture. The cows were 

allocated a new pasture strip twice a day after milking. Water toughs were placed at a range 

of approximately 100 m walking distance.  
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numbered and placed in a plastic bag. All the sample bags were transferred to corresponding 

labelled paper bags and the wet material was weighed (Precisa 3100C scale, with accuracy 

to 0.01 g). All wet pasture samples were weighed and placed in an oven at 60 °C for 72 hours 

(Botha, 2003). The bags were removed from the oven after drying and were weighed 

(Sartorius L420P scale, with accuracy to 0.001 g). Pasture samples were taken on average at 

12:00 weekly, starting on the 10th September 2009, and pooled for every two weeks, to result 

in six pasture samples. 

 

3.2.1.4 Concentrate sampling 

The sampling started on Monday the 7th of September 2009, where samples were 

continually taken every Wednesday, Friday and Monday thereafter. The sampling of both the 

control concentrate and the yeast treatment concentrates were done, by taking 350 g grab 

samples of each from the open pelleted concentrate bags to be used on that day. The 

samples were labelled and pooled for two weeks. This resulted in six sub-samples of 

concentrate sample taken over two weeks. There were, therefore, six concentrate samples of 

both the control and yeast supplemented concentrates at the end of the trial. 

 

3.2.1.5 Milk sampling 

Composite milk samples were taken every two weeks starting on Monday the 21st of 

September 2009 (after an adaption period of 20 days) and ended on the 23rd of November 

2009. The milk samples of 30 cows were taken at each sampling period. A composite milk 

sample (24 ml) of morning and afternoon milkings were sampled. This equated to a volume of 

16 ml and 8 ml of milk sampled at the morning and afternoon milkings, respectively. These 

volumes represent the interval of 16 and 8 hours between milkings (a millilitre sampled every 

hour). The same procedure of milk collection was carried out for each cow in the experimental 

group. The milk collecting procedure was as follows: the milk collecting bottles were removed 

once the cow was done being milked; the milk collecting bottle was swirled round twice and 

turned over twice before transferred into milk sample bottles to allow for even distribution of 

milk fat and milk contents. A total of five milk samples were collected over the experimental 

period for each cow. 

 

3.2.2 Rumen study 

3.2.2.1 Cows 

The rumen-fistulated cows which had a mean 14 day milk yield of 18.5 ± 1.95 kg (SD) 

(September to the 14 September 2009) and were 105 ± 67.6 (SD) DIM on the 1st September 
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Figure 3.4b The final product to be inserted through the cannula of the cow 

 

3.2.2.3 Rumen fluid sampling 

Rumen fluid samples were extracted at 08:00, 14:00 (before milking), 20:00 and 02:00 

on the 28th of September 2009 during the first period and on the 27th of November 2009 

during the second period. Fistulated cows, were safely restrained, their cannula plug removed 

and a handheld suction pump was inserted into the contents in the rumen. The pump is 

manipulated to remove the liquid portion of the contents into a sample bottle. The fluid was 

drawn with a large pump to create a vacuum in the jar so that the fluid could easily be 

obtained. This is illustrated in Figures 3.5a and b. The rumen samples from all ten fistulated 

cows were collected in separate containers labelled one to ten to represent the ten fistulated 

cows. Once the sample was obtained the pH was measured immediately with a portable pH 

meter (WTW pH340i pH data meter/ data logger connected to a WTW SenTix 41 pH 

electrode). The electrode of the portable pH meter was placed in the container immediately 

after collection to measure pH. The pH might change when rumen digesta is exposed to 

oxygen, so it was important to take the reading just after collection. The rumen samples in the 

ten collected bottles were filtered through two layers of cheese cloth to remove solid particles 

as illustrated in Figure 3.6. Two laboratory sample bottles per cow were labelled 

corresponding to the fistulated cow number, the time of sampling, the date and whether the 

sample will be analysed for VFA or NH3-N determination. Of the filtered liquor, 15 ml was 

drawn with a syringe and placed in one of the sample containers used per cow to be 

preserved with 2.5 ml of a 50% sulphuric acid (H2SO4) solution for NH3-N determination. Then 

18 ml of the filtered rumen liquor was placed in the second sample container, which was then 

preserved with 2 ml of a 25% ortho-phosphoric acid (H3PO3). The 20 sample bottles were 

frozen and sent for laboratory analysis. The sample bottles used are illustrated in Figure 3.7. 
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Figure 3.5a Insertion of the suction pump into the rumen 

 

 

 

 

Figure 3.5b Manipulating the suction pump, used in retrieving rumen fluid samples for 

collection 

 

 

 

 

Figure 3.6 The rumen fluid filtered through cheese cloth to remove larger particles 
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Figure 3.7 Illustrates the empty rumen fluid sample bottles for NH3-N and VFA for cow 1 at 

the various sampling times 

 

3.2.2.4 In sacco 

Approximately 10 kg wet mass of ryegrass/kikuyu pasture was cut with pasture clippers 

at a height of 30 mm (when 1.2 ton DM/ha of ryegrass was available above 30 mm). The 

freshly cut ryegrass was placed in several brown paper bags (12.6 cm x 20.7 cm x 40 cm). 

The brown paper bags were placed in an oven and dried at 60 °C for 72 hours (Botha, 2003). 

The dried ryegrass was removed from the bags and cut into average lengths of five 

millimeters using a sharp scissors. The averaged length of a sample of 100 ryegrass pieces 

was 6 and 7 mm for period 1 and period 2, respectively. The ryegrass was then accurately 

weighed to three decimals on a Sartorius L420P scale in sample sizes of approximately five 

grams, which were placed in Dacron bags and recorded. The empty Dacron bags with 

dimensions of 10 cm by 20 cm and a pore size of 53 microns (Vanzant et al., 1998) were 

labelled, and weighed (Sartorius L420P scale, with accuracy to 0.001 g) prior to ryegrass 

insertion. A cable tie was used to seal the bag and the weight of the whole unit (bag, grass 

and cable tie) was measured and recorded. The In sacco method used stockings to insert the 

bags into the rumen (Cruywagen, 2006). This method facilitates bag retrieval and prevents 

unnecessary exposure to oxygen for bags intended for later removal. Since oxygen exposure 

affects microbial degradation. Six Dacron bags were placed in stockings (three bags per 

stocking) and the two stockings inserted in each of the ten fistulated cows. The entire process 

is illustrated in Figures 3.8 (a, b, c and d) and Figure 3.9. Three bags were removed after a 

12 and 24 hours of rumen incubation. The removed bags were then washed in clean water 

for 15 minutes until the water ran clear. The Dacron bags were dried at 60 °C for 72 hours 

(Botha, 2003). The bags were weighed back on a three decimal Sartorius L420P scale and 

recorded. 
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Figure 3.8a Dried and cut ryegrass/kikuyu grass inserted into Dacron bag 

 

 

Figure 3.8b Dacron bag weighed 

 

 

Figure 3.8c Dacron bag sealed with a cable tie 
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Figure 3.8d Dacron bags placed into a stocking 

 

 

Figure 3.9 Insertion of the six In sacco Dacron bags in their stockings into the rumen through 

the cannula of each cow 

 

3.3 Laboratory analysis 

3.3.1 Production study 

3.3.1.1 Pasture analysis 

The six pasture samples collected over the experimental period were milled (SWC 

Hammer mill, 1mm sieve) and analysed at UP-Nutrilab (Department of Animal and Wildlife 

Sciences, University of Pretoria, Pretoria) for DM (AOAC, 2000, procedure 934.01), IVOMD 

(Tilley and Terry, 1963), Ash (AOAC, 2000, procedure 942.05), CP (N was determined using 

a Leco N analyser, model FP-428, Leco Corporation, St Joseph, MI, USA and CP (calculated 

as N × 6.25 (AOAC, 2000, procedure 968.06)), NDF (filter bag technique with the Ankom2000 
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The model used in the rumen study was: 

 

Yik = µ + Ti + Pk+ eik 

 

Where Yik, is the dependent variable which is the observation of the ith treatment and 

for the kth period, µ is the overall mean, Ti is the treatment effect from the ith treatment group 

i.e. contol or yeast, Pk is the effect of the kth period (k = 1, 2), and eik is the random error. 

Repeated measures analysis of variance with the GLM model was used for repeated time 

effects. 
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CHAPTER 4 

 

RESULTS 
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CHAPTER 4 

Results 

 

4.1 Production study 

4.1.1 Climatic conditions 

The mean minimum, maximum and overall daily temperatures for the experimental 

period for September to November 2009, and the 44 year long-term means as of the 1st of 

January 1967 to the 12 December 2010 (Council, 2009) are illustrated in Table 4.1. The 

mean monthly values for maximum, minimum and mean overall temperature for the study are 

within ranges of the mean long-term temperatures. The mean total rainfall for October and 

November during the study were slightly lower compared to the long-term mean rainfall, due 

to the drought experienced in George. This however, did not impact the study negatively, as 

water was available to irrigate pastures throughout the study. 

 

Table 4.1 Mean maximum, minimum and daily temperatures (°C), and mean total rainfall 

(mm) for the months of September, October and November 2009 during the study and 

the 44 year long term means in George. 

Month 

Mean maximum  

Temp (°C)  

Mean minimum  

Temp (°C) 

Mean 

Temp (°C) 

Mean total  

rainfall (mm) 

Study LT Study LT Study LT Study LT 

September 18.8 19.1 8.5 8.5 13.6 13.8 72.9 53.7 

October 20.8 20.2 10.7 10.4 15.7 15.3 69.6 79.3 

November 22.6 21.6 11.8 12.0 17.0 16.8 43.0 74.8 

Temp = temperature 

LT = Long term 

 

4.1.2 Pasture management 

Pasture management necessitates accurate pasture height measurements and 

subsequently correct pasture allocation for the grazing herd of cows. The regression 

calibration equation used during the trial was the following; Y= (H) 65 - 360. The mean pre-

grazing RPM reading was 28.9 ± 7.55 (SD) (n = 108) and the mean post-grazing RPM 

reading was 11.8 ± 2.16 (SD) (n = 108). The mean pasture available before grazing was on 

average measured to be 1521 ± 490.0 kg DM/ha (SD) (n = 108). This equates to a mean PA 

of 8.9 ± 1.84 kg DM/cow/day (SD) (n = 108) with 357 ± 73.76 kg DM/day (SD) (n = 108) 

available to graze. The residual pasture mass was on average 404 ± 140.29 kg/DM/ha (SD) 
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(n = 108). Therefore the mean pasture removed was 1117 kg DM/ha (n = 108). The PA was 

adjusted according to pasture height before and after, ensuring post-grazing RPM heights 

were kept between 10 and 15. This ensures that ryegrass quality and growth is not 

compromised for the next grazing cycle, simultaneously ensuring enough pasture was 

available for cows to consume. The pasture intake was measured as 5.15 ± 1.89 kg 

DM/cow/day (SD) (n = 108). 

The calculated regression equations were pooled and averaged to obtain the following 

regression throughout the trial; Y= (H) 86.187 - 296.35 (n = 11). The mean pasture available 

for grazing was on average measured to be 2197.99 ± 649.77 kg DM/ha (SD) (n = 108). This 

equates to a mean PA of 12.89 ± 2.50 kg DM/cow/day (SD) (n = 108), with 515.67 ± 100 kg 

DM/day (SD) (n = 108) available to graze. The residual pasture mass was on average 716 ± 

186.02 kg/DM/ha (SD) (n = 108). The mean pasture therefore removed was 1481 kg DM/ha 

(n = 108). The estimated pasture intake is 6.83 ± 2.50 kg DM/cow/day (SD) (n = 108). 
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Figure 4.1 Regression equation illustrating the relationship between the rising plate meter 

(RPM) reading and the pasture yield (kg DM/ha) and the equation constructed for the 

experimental study for September, October and November: Y = 86.187X - 296.35, (R2 = 0.68; 

n = 99) 

 

4.1.3 Pasture and concentrate analysis 

The chemical composition of dairy concentrates and ryegrass/kikuyu pasture are shown 

in Table 4.2. The control and yeast concentrate consisted of identical ingredients and the 
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Figure 4.2 The crude protein (CP), neutral detergent fibre (NDF) and In vitro organic matter 

digestibility (IVOMD) on a DM basis of the grazed ryegrass/kikuyu pasture sampled weekly and 

pooled for every two weeks during the experimental study. Week 2 = sampled on the 10 and 17th 

of September 2009, week 4 = sampled on the 24 of September and 10 October 2009, week 6 = 

sampled on the 8th and 15 of October 2009, week 8 = sampled on the 22nd and 29th of October 

2009, week 10 = sampled on the 5 and 12th of November 2009 and week 12 = sampled on the 

19 November 2009. 

 

4.1.4 Milk yield and analysis 

The milk yield and analysis from composite sampling of milk is presented in Table 4.3. 

Milk yield and 4% FCM did not differ significantly between treatments (P > 0.05). Milk protein 

and lactose percentages, as well as the SCC was unaffected by yeast supplementation. Milk 

fat% was significantly higher (P < 0.05) for the yeast supplemented cows at 4.24% compared 

to the control group of cows at a fat% of 3.99. 

 

4.1.5 Body condition score and body weights 

Body condition score, BW and the resulting changes is represented in Table 4.3. The 

BW and BCS at the beginning, the end and the change of the study was not different 

between the treatment groups (P > 0.05). 
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Table 4.3 Effect of live yeast supplementation on milk yield, milk composition, somatic 

cell count, body weight and body condition score of cows grazing ryegrass/kikuyu 

pasture supplemented with 6 kg of dairy concentrate (as is) per day (n = 15) 

 

Parameter 
Experimental treatment1 

SEM2 P value 
Control Yeast 

Milk yield (kg/day) 20.1 19.7 0.534 0.59 

4 % FCM3 (kg/day) 20.1 20.3 0.513 0.72 

Milk fat (%) 3.99a 4.24b 0.080 0.04 

Milk protein (%) 3.51 3.58 0.049 0.31 

Milk Lactose (%) 4.68 4.73 0.033 0.28 

MUN (mg/dL) 10.7 11.0 0.390 0.58 

SCC x 1000 254 155 76.466 0.38 

BW beginning (kg) 335 331 6.232 0.65 

BW end (kg) 371 369 2.320 0.59 

BW change (kg) +37.8 +36.4 2.259 0.67 

BCS beginning 2.08 2.09 0.032 0.77 

BCS end 2.27 2.23 0.052 0.65 

BCS change +0.185 +0.149 0.050 0.62 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton fed a 

1g/cow/day. 

2
Standard error of the mean, FCM - 4 % Fat-corrected milk; MUN - Milk urea N; SCC - Somatic cell count; BW - 

Body weight; BCS - Body condition score (scale 1-5). 

3
4% FCM (kg) = (0.4 × kg of milk) + (15 × kg of milk fat) (National Research Council, 2001) 

a, b 
Means in the same row with different superscripts differ (P<0.05) 

 

4.2 Rumen Study 

The ruminal parameters such as the total and individual VFA concentration (mmol/L), 

individual VFA molar percentages, NH3-N (mg/dL) and pH measurements for the control and 

yeast treatments are represented in Table 4.4 which are the means over both periods 

combined. The mean acetic and total VFAs concentrations (mmol/L) for the control treatment 

was higher (P < 0.05) compared to the yeast treatment. The pH measurements were taken 

both with the logger pH and portable pH meter. 
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Table 4.4 Effect of live yeast supplementation on the mean daily ruminal volatile fatty 

acids production, ammonia nitrogen concentration and pH of cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg of dairy concentrate (as is) per day (n = 

10) 

 

Parameter 
Experimental diets1 

SEM2 P value 
Control Yeast 

Total VFA (mmol/L) 106.3a 99.3b 2.030 0.04 

Acetic acid (mmol/L) 65.8a 61.3b 1.283 0.04 

Propionic acid (mmol/L) 24.7 23.3 0.513 0.09 

Butyric acid (mmol/L) 13.4 12.5 0.442 0.23 

Valeric acid (mmol/L) 1.60 1.36 0.097 0.11 

Iso butyric acid (mmol/L) 0.835 0.779 0.037 0.32 

Total VFA molar %     

Acetic acid % 62.0 61.8 0.348 0.69 

Propionic acid % 23.3 23.4 0.433 0.91 

Butyric acid % 12.4 12.7 0.286 0.53 

Valeric acid % 1.49 1.35 0.066 0.17 

Iso butyric acid % 0.788 0.791 0.030 0.94 

NH3-N (mg/dL) 10.1 9.54 0.642 0.58 

pH     

Portable mean 6.01 6.06 0.044 0.52 

         Logger mean 6.09 6.11 0.069 0.84 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P<0.05) 

 

The total ruminal VFA concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 

20:00 are averaged over both periods combined and are presented in Table 4.5. The total 

ruminal VFA concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 is illustrated 

in Figure 4.3. At 08:00 and 14:00 the control treatment groups VFA concentration was higher, 

and at 20:00 the yeasts VFA concentration was higher (P < 0.05). 
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Table 4.5 Effects of live yeast supplementation on the total mean ruminal volatile fatty 

acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 99.0 99.6 2.091 0.83 

08:00 102a 83.4b 3.783 0.01 

14:00 99.6 90.0 4.164 0.14 

20:00 125 124 1.964 0.88 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P < 0.05) 

 

 

Figure 4.3 Ruminal concentration of total VFA (mmol/L) of cows supplemented with live yeast 

and grazing ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day 

(n = 10) 

 

The ruminal acetic acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 

20:00 are averaged over both periods combined, and are represented in Table 4.6. The mean 
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ruminal acetic acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 is 

illustrated in Figure 4.4. The mean ruminal acetic acid concentration differed between the 

control and yeast treatment group at 08:00, with the controls acetic acid value higher (P < 

0.05). 

 

Table 4.6 Effects of live yeast supplementation on the mean ruminal acetic acid 

concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 62.8 63.3 1.489 0.80 

08:00 63.1a 51.3b 2.356 0.01 

14:00 63.0 56.6 2.607 0.12 

20:00 74.5 74.1 1.284 0.84 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P < 0.05) 
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Figure 4.4 Ruminal concentration of acetic acid (mmol/L) for cows supplemented with live 

yeast and grazing ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) 

per day (n = 10) 

 

The ruminal propionic acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 

and 20:00 are averaged over both periods combined, and are represented in Table 4.7. The 

mean ruminal propionic acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 

20:00 is illustrated in Figure 4.5. The control had a higher (P < 0.05) ruminal propionic acid 

value at 08:00 for the mean over both periods combined. 
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Table 4.7 Effects of live yeast supplementation on the mean ruminal propionic acid 

concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 21.8 22.2 0.722 0.72 

08:00 24.3a 19.1b 1.028 0.01 

14:00 21.8 20.5 0.797 0.28 

20:00 30.8 31.2 1.131 0.80 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P < 0.05) 

 

 

Figure 4.5 Ruminal concentration of propionic acid (mmol/L) for cows supplemented with live 

yeast and grazing ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) 

per day (n = 10) 

 

The ruminal butyric acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 

20:00 are averaged over both periods combined, and are represented in Table 4.8. The mean 
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ruminal butyric acid concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 is 

illustrated in Figure 4.6. No differences between the control and yeast treatment group were 

found. 

 

Table 4.8 Effects of live yeast supplementation on the mean ruminal butyric acid 

concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 12.1 11.9 0.276 0.62 

08:00 12.4 11.1 0.671 0.22 

14:00 12.8 11.1 0.792 0.18 

20:00 16.2 16.0 0.318 0.75 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 
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Figure 4.6 Ruminal concentration of butyric acid (mmol/L) for cows supplemented with live 

yeast and grazing ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) 

per day (n = 10) 

 

The ruminal valeric acid concentrations (mmol/L) measured at 02:00, 08:00, 14:00 and 

20:00 are averaged over both periods combined, and are represented in Table 4.9. No 

differences between the control and yeast treatment group were found. 
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Table 4.9 Effects of live yeast supplementation on the mean ruminal valeric acid 

concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 1.49 1.42 0.158 0.75 

08:00 1.42a 1.08b 0.085 0.025 

14:00 1.30 1.04 0.110 0.13 

20:00 2.22 1.90 0.220 0.34 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P < 0.05) 

 

The ruminal iso-butyric acid concentrations (mmol/L) measured at 02:00, 08:00, 14:00 

and 20:00 are averaged over both periods combined, and are represented in Table 4.10. No 

differences between the control and yeast treatment group were found. 

 

Table 4.10 Effects of live yeast supplementation on the mean ruminal iso-butyric acid 

concentration (mmol/L) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 0.816 0.791 0.0346 0.62 

08:00 0.902 0.765 0.0586 0.14 

14:00 0.769 0.700 0.0606 0.44 

20:00 0.854 0.858 0.0479 0.96 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

 

The ruminal NH3-N concentration (mg/dL) measured at 02:00, 08:00, 14:00 and 20:00, 

are averaged over both periods combined, and are represented in Table 4.11. The mean 
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ruminal NH3-N concentration (mg/dL) measured at 02:00, 08:00, 14:00 and 20:00 is illustrated 

in Figure 4.7. No differences between the control and yeast treatment group were found. 

 

Table 4.11 Effects of live yeast supplementation on the mean ruminal ammonia nitrogen 

concentration (mg/dL) measured at 02:00, 08:00, 14:00 and 20:00 for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 7.06 6.29 0.4744 0.29 

08:00 13.2 11.4 1.203 0.31 

14:00 7.32 5.93 0.907 0.31 

20:00 12.7 14.6 1.446 0.38 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P<0.05) 
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Table 4.12 Effects of live yeast supplementation on the mean ruminal pH measured at 

02:00, 08:00, 14:00 and 20:00 for cows grazing ryegrass/kikuyu pasture supplemented 

with 6 kg dairy concentrate (as is) per day (n = 10) 

 

Time 
Experimental diets1 

SEM2 P value 
Control Yeast 

02:00 6.20 6.17 0.0284 0.55 

08:00 6.11 6.20 0.0544 0.26 

14:00 6.04 5.90 0.1038 0.38 

20:00 5.70a 5.94b 0.0550 0.02 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P < 0.05) 

 

 

Figure 4.8 The ruminal pH for cows supplemented with live yeast and grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 10) 
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Figure 4.9 The mean ruminal pH of the control and yeast treatment group over a 4 day period 

for Jersey cows grazing ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate 

(as is) per day (n = 10) 

 

The mean percentage In sacco disappearance of NDF, OM and DM of ryegrass, at 12 

and 24 hours of ruminal incubation are averaged over both periods combined, and are 

represented in Table 4.13. This is also illustrated in Figure 4.10. The mean NDF, OM and DM 

disappearance was higher (P<0.05) for the yeast treatment group of cows after a 12 and 24 

hour incubation compared to the control group. The mean NDF disappearance of ryegrass in 

cows supplemented with yeast increased by 12.0% and 6.3% compared to the control at the 

12 and 24 hour incubation periods, respectively. 
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Table 4.13 Effects of live yeast supplementation on the mean percentage disappearance 

In sacco of neutral detergent fibre (NDF), organic matter (OM) and dry matter (DM) of 

ryegrass/kikuyu, at 12 and 24 hours of ruminal incubation for cows grazing 

ryegrass/kikuyu pasture supplemented with 6 kg dairy concentrate (as is) per day (n = 

10) 

 

Parameter 
Experimental treatments1 

SEM2 P value 
Control Yeast 

NDF 12h 46.6a 52.2b 0.963 0.004 

NDF 24h 65.1a 69.2b 1.142 0.04 

OM 12h 60.5a 64.3b 0.697 0.01 

OM 24h 76.1a 78.4b 0.723 0.05 

DM 12h 63.8a 67.2b 0.632 0.01 

DM 24h 77.9a 80.0b 0.660 0.05 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

2
Standard error of the mean 

a, b 
Means in the same row with different superscripts differ (P < 0.05) 

 

 

Figure 4.10 The effect of yeast supplementation on the mean DM, OM and NDF In sacco 

percentage disappearance of ryegrass/kikuyu pastures at 12 and 12 hours of rumen 

incubation, for Jersey cows grazing ryegrass/kikuyu pasture supplemented with 6 kg dairy 

concentrate (as is) per day (n = 10) 
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4.3 Yeast Analysis 

The yeast was added at 167 g/ton and pelleted. One gram of the yeast contains 1×1010 CFU. 

Therefore a gram of dairy concentrate should contain 1.67 × 106 CFU. The analysis for yeast 

count on the dairy concentrate samples is represented in Table 4.14. 

 

Table 4.14 Yeast analysis of the dairy concentrate of the control (Y7-Y12) and yeast (Y1-

Y6) treatment 

Dairy concentrate Yeast (CFU/g of dairy concentrate) 

Y1 300000 

Y2 85000 

Y3 1500 

Y4 25000 

Y5 70000 

Y6 75000 

Y7 <10 

Y8 <10 

Y9 <10 

Y10 <10 

Y11 <10 

Y12 <10 

 

The results confirm that the control treatment did not receive any added yeast product. A 

discussion of the results, as presented in this chapter will follow in Chapter 5. 
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CHAPTER 5 

 

DISCUSSION 
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5.1.4 Milk yield, Dry matter intake, Milk composition, Milk urea nitrogen and Somatic cell 

count 

5.1.4.1 Milk yield and dry matter intake 

Milk production, 4% FCM yields and DMI were similar between the control and yeast 

treatment cows. This is in agreement with published research (Erdman and Sharma, 1989; 

Shaver and Garrett, 1997; Robinson and Garrett, 1999; Soder and Holden, 1999; Bach et al., 

2007; Kalmus et al., 2009).  

Higher milk yields have been reported after yeast supplementation; which may be due 

to the fact that higher DMI responses were recorded (Abd El-Ghani, 2004; Stella et al., 2007; 

Desnoyers et al., 2009a; Moallem et al., 2009). Furthermore, results from the meta-analysis 

carried out by Desnoyers et al. (2009a) revealed that the effect of yeast supplementation on 

milk yield increases with DMI, concentrate level, NDF and CP proportion in the diet. Stella et 

al. (2007) found in Saanen dairy goats, that the inclusion of a 47% concentrate, which is 

highly fermentable may give added yeast the opportunity to stabilise rumen pH and stimulate 

cellulolytic bacterial numbers. 

Dry matter intake was significantly higher for yeast supplemented dairy cows (Wohlt et 

al., 1991; Dann et al., 2000; Desnoyers et al., 2009b) and steers (Mir and Mir, 1994; Hinman 

et al., 1998). Dann et al. (2000) and Wohlt et al. (1991) found that peak milk yield was 

achieved sooner with yeast supplementation, peak milk yield tended to be higher (P = 0.1) 

and was reached earlier, which can be attributed by the fact that DMI was significantly higher 

for the first 6 weeks of lactation (Wohlt et al., 1991).  

Higher milk yields without a simultaneous increase in DMI have been previously 

reported due to yeast supplementation (Williams et al., 1991; Piva et al., 1993; Shaver and 

Garrett, 1997; Bruno et al., 2009; Longuski et al., 2009). The findings from Williams et al. 

(1991), Longuski et al. (2009) and Piva et al. (1993) could be owed to the kinetics of the 

digesta in the rumen, with varying forage to concentrate ratios as well as the fermentability of 

the concentrate, where yeast may be more effective in increasing the FCM when a higher 

percentage of fermentable concentrate is included. 

Although results were variable it would seem that an increase in milk production is 

normally accompanied by an increase in DMI and when cows were fed high concentrate 

diets. In our study it was not possible to accurately measure DMI but was most probably not 

sufficient to cause an unfavourable rumen environment that would have enabled the live 

yeast supplement to elicit a response. Unfortunately no published pasture data could be 

found to compare our results. 

 
 
 





119 

 

5.1.4.3 Milk protein 

The milk protein percentage was similar between treatments. A lack of response for the 

milk protein composition is in agreement with other authors (Robinson and Garrett, 1999; 

Dann et al., 2000; Nocek et al., 2003; Erasmus et al., 2005; Bruno et al., 2009; Desnoyers et 

al., 2009a).  

Milk protein content is largely influenced by the forage to concentrate ratio, and the 

amount and source of both dietary fat and protein (Sutton, 1989; Jenkins and McGuire, 

2006). Decreasing the forage to concentrate ratio to 10% or less forage in the diet DM, would 

increase the milk protein content by 0.4 percentage units (Jenkins and McGuire, 2006). This 

is not practical as forage should be included in at least 40% of the diet to avoid the risk of 

metabolic disorders. However, Jenkins and McGuire (2006) concluded that energy intake and 

not the percentage of forage in the diet was the reason the protein content in the milk was 

influenced. Diets differing in protein levels, with either a high or low protein level did not 

influence the effect of supplemented yeast on milk protein percentage (Putnam et al., 1997). 

Sutton (1989) supports this by stating that dietary protein has little effect on the milk protein 

concentration compared to the milk fat concentration, and effects are largely inconsistent. 

Jenkins and McGuire (2006) elaborates on this and states that the inability of dietary protein 

content and fractions to manipulate the milk protein is due to the lower transfer efficiency of 

dietary protein to milk which is around 25 to 30%. Therefore to quantify the lack of effect of 

milk protein content between treatments, the energy intake and its subsequent conversion to 

ruminal propionate is assessed. Jenkins and McGuire (2006) reported that cows will produce 

more milk protein due to the greater production of propionate and microbial protein when 

rapidly fermentable carbohydrates are fed. The reason may be that microbes require energy 

to capture NH3-N and AA, and convert it into microbial protein, and/or that higher propionate 

is produced in the rumen, which increases the incorporation of protein in milk. The similar milk 

protein content measured in the present study is due to the similar ruminal propionate 

concentrations between treatment groups. This was observed in other studies by Robinson 

and Garret (1999), Erasmus et al. (1992), Longuski et al. (2009), Piva et al. (1997), Putnam et 

al. (1997) and Erasmus et al. (2005). Besong et al. (1996) however, showed that although 

higher propionate concentrations were observed for yeast supplemented cows, the milk 

protein percentage was similar. 

Cows supplemented with yeast tended to produce milk with higher protein percentages 

(Erdman and Sharma, 1989; Cooke et al., 2007) or higher protein yields for yeast 

supplemented cows consuming a high concentrate diet (Williams et al., 1991). 
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Contrary to studies when there was no significant responses, Nocek et al. (2003) found 

that a direct-fed microbial containing yeast fed starting at pre-partum and continuing post-

partum, significantly increased the protein percentage from 8 days post-partum to 70 days in 

lactation. This is in agreement with studies reported by White et al. (2008). Similarly in studies 

where milk protein yield was measured, it was found that yields were higher due to yeast 

supplementation (Shaver and Garrett, 1997; Bruno et al., 2009; Kalmus et al., 2009). Yeast 

supplementation increases digestion in the rumen, and subsequently increases the nutrients 

available for absorption, which are used for milk production (Bruno et al., 2009). The higher 

protein output from the mammary gland could be a result of higher microbial protein produced 

and available to be metabolized in the duodenum (Bruno et al., 2009; Kalmus et al., 2009). 

Additionally, the efficiency of protein utilization is increased as a result of yeast 

supplementation, as Bruno et al. (2009) has suggested because lower blood urea N in the 

study was recorded.  

Yeast supplementation in studies of Abd El-Ghani (2004) and Shaver and Garrett 

(1997) resulted in significantly lower milk protein percentages. The supplemented goats 

produced milk with a significantly lower protein percentage with a dosage level of 6 g of yeast 

per day (Abd El-Ghani, 2004) and Shaver and Garret (1997) owe the decreased milk protein 

percentages to the dilution effect of a simultaneous higher milk yield recorded.  

 

5.1.4.4 Milk lactose 

The milk lactose percentages did not differ between the control and yeast 

supplemented animals. This was expected, as stated by Sutton (1989) that lactose 

concentrations are generally not effected by dietary changes and if changes occur due to 

dietary changes, they are small and inconsistent and are of no value. Jenkins and McGuire 

(2006) supports Sutton (1989) and additionally reported that changes in lactose 

concentrations are only brought about by severe feeding situations. 

 

5.1.4.5 Milk urea nitrogen 

Animals in agriculture contribute to N pollution, via urea excreted due to the over 

feeding of protein and the subsequent decrease in efficiency of N utilization (Jonker et al., 

1998). Urea excreted in the urine is directly proportional to both the amount of urea in the 

blood and the milk of the cow (Jonker et al., 1998). Therefore urinary N excretion can be 

predicted from the MUN level. 

The MUN concentration was not different between the control and the yeast treated 

cows in our study, values were a mean 10.72 and 11.04 mg/dL, respectively. Bargo et al. 
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(2002a) concluded that MUN levels decrease as concentrate supplementation increased 

irrespective of the PA. This was due to the fact that supplementation increased the proportion 

of true protein in total protein, which would proportionally decrease the NPN content of milk 

and subsequently MUN (Bargo et al., 2002a). The values obtained with supplementation 

were 11.1 and 11.6 mg/dL in the Bargo et al. (2002a) study, which are slightly higher 

compared to the values recorded in the current study. The target MUN values of 10 to 16 

mg/dL when cows were fed according to NRC (2001) recommendation, indicate that MUN 

levels in the present study are within this range (Jonker et al., 1999). The MUN levels in the 

present study therefore indicated that dietary protein was not limiting results and was not fed 

in excess. 

 

5.1.4.6 Somatic cell count 

The SCC was similar between treatments (P = 0.62). It was however, not expected to 

be affected by live yeast supplementation. 

 

5.1.4.7 Body weight  

The BW at the beginning, the end, and the BW change of the yeast supplemented cows 

during the study did not differ from the control, similar to previous studies (Erdman and 

Sharma, 1989; Kamalamma et al., 1996; Kung et al., 1997; Erasmus et al., 2005; Lascano et 

al., 2009b). Yeast supplementation had no effect on the mean BW or its change (Robinson, 

1997), not only post-partum, but Wohlt et al. (1998) also found no effect of level of yeast 

supplementation on BW. This was confirmed by Kung et al. (1997) who fed Biomate Yeast 

Plus at both a level of 10 and 20 g/day, with no effect on BW. Jersey cows, showed beneficial 

effects in that supplemented cows lost BW less rapidly (42 DIM) post-calving (Dann et al., 

2000). From this study it was furthermore concluded that the different rates of weight loss 

between treatments were owed to the different DM intakes observed during the first 42 DIM. 

The NRC (2001) states that changes in tissue weight are not reflected by the changes in BW, 

this is because in early lactation the increase in DMI and hence gut fill masks the decrease in 

tissue mass due to tissue mobilisation. Therefore BW is difficult to quantify, and is not a true 

reflection of tissue mass, as gut fill makes up 15% of the BW. This contributed to the lack of a 

response on BW in our study. 

Alternatively, there are studies which reported that yeast had positively influenced 

growth parameters; for example yeast culture improved ADG of steers by 6.9% (Hinman et 

al., 1998). Yeast culture improved the total ADG of finishing Awassi lambs (266 vs. 212 

g/day) with only 3 g/day (Haddad and Goussous, 2005) but ADG in other feedlot lambs by 
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level ranging from 5.2 to 6.0, which indicates their acid tolerant nature (Ishler et al., 1996). 

The first-limiting nutrient for microbial growth is energy, and when large amounts of energy 

become available the microbes deal with the carbohydrate overload in different ways (Rode, 

2000). The bacteria may either store the excess carbohydrates as intra- or extracellular 

polysaccharides or shift their fermentation pathway. The shift will be towards microbes 

producing lactate instead of acetate or propionate (Rode, 2000). 

The extent of the pH decrease in the presence of produced acids is dependent on the 

rate at which the acids are produced, the total amount produced, the rate of absorption of 

acids across the rumen wall and the buffering capacity of the salivary secretions to neutralize 

the acid (National Research Council, 2001).  

The mean pH was not different between the control and yeast treatment groups. No 

differences in ruminal pH that were reported studies could be an effect of the stage of 

lactation, ration or source and type of supplemented yeast (Thrune et al., 2009). Feeding 

system has no effect on the mean ruminal pH, which was similar for the pasture and 

concentrate, pTMR and full TMR, therefore studies across feeding systems are comparable 

(Bargo et al., 2002c). The ruminal pH was not different between yeast and control treatments 

in In vitro studies (Newbold et al., 1995; Kung et al., 1997), in cow studies (Besong et al., 

1996; Miranda et al., 1996; Putnam et al., 1997; Doreau and Jouany, 1998; Robinson and 

Garrett, 1999), in sheep studies (Newbold et al., 1995; García et al., 2000) and also in studies 

with steers (Dawson et al., 1990; Olson et al., 1994; Lehloenya et al., 2008). Ruminal pH did 

not differ between yeast supplemented and control cows during a fermentable starch dietary 

challenge (Longuski et al., 2009) or when different quality diets, differing in their forage to 

concentrate ratio were consumed (Moloney and Drennan, 1994; Lascano and Heinrichs, 

2009). The mean rumen pH in a group of goats fed a high concentrate (50%) diet was not 

affected by the supplemented yeast, but tended to decrease the minimum rumen pH 

(Desnoyers et al., 2009b). This was owed to the fact that the feeding behaviour of the yeast 

supplemented goats to select and ingest less fibrous portions of the diet and thus animals 

coped better with the high concentrate diets they were consuming (Desnoyers et al., 2009b). 

The concentrate to forage ratio in the present study, was approximately 34:64, this level of 

concentrate may not have been sufficient to elicit a significant response in ruminal pH 

between treatment groups. The concentrate percentage of the total diet in previous studies, 

for which significant responses (higher and lower) were observed, ranged between 15 and 

52% although 15% was the one extreme and excluding  the latter the range averaged 

approximately 47% which is higher than the percentage measured in our study. Bargo et al. 

(2003) concluded that the relationship between pH and the amount of concentrate fed is 
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complex due to the large inconsistencies observed for grazing cows supplemented with 

various amounts of concentrate. Enjalberta et al. (1999) supplemented yeast to non-lactating 

dairy cows, and found no difference between treatment groups for the ruminal pH, which were 

both above 6; this is similar to that found in the present study. Enjalberta et al. (1999) claimed 

that the possibility of a significant difference was masked by the high pH of the control.  

Different strains of yeast or other fungal supplements in studies by Pinos-Rodríguez et 

al. (2008), Wiedmeier et al. (1987), Miranda et al. (1996), Yoon and Stern (1996) and 

Newbold et al. (1995) were similar in their effects on ruminal pH. 

In continuous culture studies, when comparing both a live yeast and a killed yeast with 

each other and/or to the control, no differences in ruminal pH were found (Dawson et al., 

1990). The same was found in other In vitro studies on different substrates (Sullivan and 

Martin, 1999) and strains (Newbold et al., 1995). In vitro fermentors have high buffering 

capacity so studies used to measure yeast effects on pH may be inappropriate (Kung et al., 

1997).   

Ruminal pH measured is time dependent, logger pH values measured over four days 

have revealed that the lowest and highest pH measured for control cows was 5.83 at 19:30 

and 6.45 at 05:30, respectively (Guedes et al., 2008). The yeast supplemented cows 

revealed that the lowest and highest pH measured was 5.84 at 19:00 and 6.50 at 05:30, 

respectively. This is in agreement with Guedes et al. (2008) who found that for the two 

treatment groups that generally just before feeding the ruminal pH is the highest. The lower 

ruminal pH values are measured two and four hours after feeding (Williams et al., 1991; 

Guedes et al., 2008; Marden et al., 2008), in the case of this study it was approximately four 

to five hours after the afternoon feeding.  

The 20:00 sampling time yielded a significantly higher ruminal pH for the yeast 

supplemented cows compared to the control. Contradictorily S. cerevisiae supplemented to 

steers had no effect on pH measured at either 3, 6, 9 or 12 hours after feeding, with no effect 

for the hours the pH is below six compared to the control (Plata et al., 1994) or on non-

lactating dairy cows when measured one, three and five hours after feeding (Enjalbert et al., 

1999). Bargo et al. (2002c) compared the effect of three different feeding systems on ruminal 

pH patterns and concluded that a TMR feeding system measured provided the most constant 

pH measurements compared to both a pTMR or pasture and concentrate, which should be 

considered when comparing daily ruminal pH variations. This was expected because with a 

pasture and concentrate feeding system, as in this study, the daily concentrate intake 

remains constant, and the pasture intake varies. Therefore the concentrate to forage ratio 

fluctuates daily and depends on the pasture DMI (Bargo et al., 2002c). 
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concentrations were, namely 10.10 and 9.54 mg/dL for control and yeast treatment, 

respectively.  

The ruminal NH3-N concentration was significantly higher on a pasture and concentrate 

feeding system (19.96 mg/dL) compared to the pTMR (10.75 mg/dL) and TMR (9.74 mg/dL) 

(Bargo et al., 2002c). The ruminal NH3-N in the present study for the control and yeast 

treatment is lower than that for the same feeding system reported by Bargo et al. (2002c) and 

the values are closer to the pTMR and TMR feeding system. The explanation could stem from 

the differences between the studies such as the larger Holstein cows (BW, 653 ± 79 kg) 

(Bargo et al., 2002c) compared to smaller Jerseys in the current study. The Holstein cows 

consumed more DM per day (22.6 ± 1.4 kg) and the pastures CP percentage was higher at 

26.3% (Bargo et al., 2002c) compared to an estimated total DMI of 15.8 kg/day and pasture 

CP percentage of 23.3% in the present study. The high fibre-low protein diet was not affected 

by yeast inclusion in terms of NH3-N concentrations in the rumen, but the NH3-N 

concentration was significantly reduced when yeast was added to the low fibre-high protein 

diet  (Moloney and Drennan, 1994). This reveals that yeasts effect on N metabolism is related 

to the time after feeding as well as the N content of the basal diet (Moloney and Drennan, 

1994).  

Ruminal NH3-N concentration is dependent on sampling time (Bargo et al., 2002c; 

Marden et al., 2008). The ruminal NH3-N concentration (mg/dL) measured in the current study 

at 02:00, 08:00, 14:00 and 20:00, averaged over both periods combined did not differ 

between treatment groups. It is generally found that peak NH3-N concentrations are found 

around two to four hours after feeding (Guedes et al., 2008; Marden et al., 2008). In the study 

reported by Abd El-Ghani (2004) the lower concentrations were found around six hours-post 

feeding. In the current study, peak values reached for the control (13.2 mg/dL) and yeast 

(14.6 mg/dL) cows were at two hours post morning feeding and milking (08:00) and five hours 

post afternoon feeding (20:00), respectively. In the study reported by Bargo et al. (2002c) the 

peak NH3-N concentrations were measured after concentrate ingestion and when cows were 

placed back on the paddock which was at 13:00 (20.7 mg/dL) and 21:00 (25.8 mg/dL). Those 

values are much higher compared to the values measured in the present study. However, 

samples of NH3-N in the present study were taken at set time intervals and periods, and the 

concentrations of NH3-N outside those specific samples are unknown and could represent 

higher or lower values. Yeast supplemented goats yielded significantly lower ammonia 

concentrations at three to six hours post-feeding (Abd El-Ghani, 2004); in cows significantly 

lower ruminal NH3-N concentrations were measured three hours post-feeding (Enjalbert et al., 

1999); and steers yielded lower NH3-N concentration at four hours post-feeding (Moloney and 
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Drennan, 1994). However, Mir and Mir (1994) found that there was no significant difference 

for samples collected two hours after feeding in steers, similar to Quigley et al. (1992) who 

found no difference four hours after feeding in dairy calves. 

Yeast culture supplementation increased ruminal NH3-N concentration in sheep (Arcos-

García et al., 2000), calves (Pinos-Rodríguez et al., 2008) and cows (Roa V et al., 1997). 

Yeast supplementation may therefore increase the microbial protein production, which was 

illustrated when the daily microbial N synthesis was significantly higher, with the highest level 

of bakers yeast supplementation (Kamel et al., 2004). The microbial N synthesis and 

Synchronisation index (SI) are significantly correlated and therefore it was concluded that 

more energy was available to the microbes for their growth when the highest level bakers 

yeast was supplemented, on condition that N had not affected release (Kamel et al., 2004). 

This suggests that yeasts effects has the potential to alter the AA profile of microbial 

protein due to the fact that a significant effect was exerted on the duodenal AA profile and 

flow of Met in the GIT (Erasmus et al., 1992). The increase in NH3-N has been suggested to 

be due to the fact that yeast stimulates the proteolytic activity of certain bacteria (Kung et al., 

1997). In horses fed diets containing urea, it was shown that yeast supplementation 

stimulated conversion of recycled urea to microbial protein and AA (Glade and Biesik, 1986). 

In contrast it was also recorded that yeast supplementation may significantly decrease 

ruminal NH3-N concentration. This has been observed in studies with cows where Moallem et 

al. (2009) concludes that yeast influences either the protein degradation by increasing or 

decreasing it, and/or larger quantities of NH3-N is incorporated into microbial protein. 

Enjalbert et al. (1999) and Erasmus et al. (1992) confirm the theory that increased microbial 

activity and hence incorporation of NH3-N into microbial protein was the reason for lower NH3-

N measured. Similarly in another study, the yeast addition, irrespective of the ratio of forage 

to concentrate in the diet, resulted in significantly lower NH3-N concentration compared to the 

control, which simultaneously coincides with the significantly higher VFA concentration 

(Lascano and Heinrichs, 2009). This indicates that the lower NH3-N concentration measured 

was not limiting bacterial growth, but may be attributed to higher concentrations of cellulolytic 

and total bacteria (Lascano and Heinrichs, 2009). Lascano and Heinrichs (2009) states that 

previous research for the addition of yeast causing a lower NH3-N is due to either yeast 

stimulating NH3-N uptake by bacteria, or alternatively stimulating cellulolytic bacterial growth. 

Cellulolytic bacteria, primarily use NH3-N as their N source, where amylolytic bacteria 

possess proteolytic activity and therefore prefer the use of AA (Bach et al., 2005). 

When starch and cellulose substrates were incubated in both a yeast adapted and 

yeast unadapted rumen inoculums (In vitro), results showed higher productions of microbial N 
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synthesis for both substrates in the yeast adapted inoculum (Kamalamma et al., 1996). This 

higher bacterial N flow supported the tendency of higher duodenal NAN that was observed in 

yeast supplemented cows which then affected the duodenal AA profile and flow of Met in the 

GIT (Erasmus et al., 1992). Conversely, Putnam et al. (1997) found that NAN (non-microbial) 

flow to the duodenum tended to be higher for yeast supplemented cows, while the flow of 

essential AA and AA profiles of duodenal digesta and microbial proteins were not affected. 

Yoon and Stern (1996) found that the total N and NAN flow to the duodenum had decreased 

(due to tendencies towards higher CP degradabilities in the rumen) without a difference in 

bacterial N flow, but rather owing to a decrease in dietary N flow and endogenous N flow. 

Lehloenya et al. (2008) and Doreau and Jouany (1998) showed that feeding yeast did not 

affect the duodenal N and microbial N flow even though In situ N degradation of soyabean 

meal was significantly higher at four hours and tended to be higher at eight hours (Doreau 

and Jouany, 1998). Supplementing yeast had no effect on bacterial N flow in the study by 

Moloney and Drennen (1994) although a tendency was reported towards higher duodenal 

bacterial N flows in late July (Olson et al., 1994). The In vitro supplementation of a Diamond 

V-XP and Amax yeast culture products tended (P = 0.08) towards higher NH3-N 

concentrations compared to the control (Miller-Webster et al., 2002). 

Concurrent with the results of no difference found between treatments in the present 

study, it is supported by other authors (Wiedmeier et al., 1987; Yoon and Stern, 1996; 

Putnam et al., 1997; Robinson and Garrett, 1999; Erasmus et al., 2005; Guedes et al., 2008). 

Olson et al. (1994) found numerically lower (P > 0.05) NH3-N concentrations in yeast fed 

steers and suggested a more rapid fermentation rate could explain why increasing the dietary 

soluble N concentrations with yeast culture supplemented steers did not result in higher 

ruminal ammonia concentrations. The In vitro study comparing live and killed yeast revealed 

that neither differed from the control for the NH3-N concentrations (Dawson et al., 1990) 

which applied to another study comparing different strains of yeast (Newbold et al., 1995). 

 

5.2.2.2 Ruminal volatile fatty acids 

The ruminal VFA were similar between cows in our study and a study reported by 

Bargo et al. (2002c) comparing different feeding systems (pasture and concentrate, pTMR 

and TMR), which therefore indicates that results across studies can be compared if similar 

amounts of concentrates are fed. The ruminal VFA measured on average over both periods 

combined in our study were significantly lower for the yeast supplemented cows (99.27 

mmol/L) compared to the control (106.31 mmol/L). This may be attributed to the significantly 

higher mean quantity of acetic acid produced by the control cows, with no difference in the 
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acetic acid molar percentage. This is contradictory to other studies where a significantly 

higher production of total VFA was found due to yeast supplementation (Roa V et al., 1997; 

Guedes et al., 2008; Marden et al., 2008; Desnoyers et al., 2009a). The higher VFA 

production may be indicative of higher microbial activities (Andrighetto et al., 1993). 

The inconsistency of the significant differences between the treatments for the mean 

VFA concentration may be because on any given diet the concentration of VFA at a specific 

time, is dependent on the rate of fermentation and absorption, as well as the volume of rumen 

liquor (Balch and Rowland, 1957). These factors can vary largely between animals. 

In our study the mean ruminal VFA was a product of rumen samplings at four time 

periods (02:00, 08:00, 14:00 and 20:00) over two periods. Abd EI-Ghani (2004) found that 

time of sampling after feeding had a significant effect on the VFA concentration and is in 

agreement with other studies (Andrighetto et al., 1993; Doreau and Jouany, 1998). In our 

study a significantly higher mean ruminal VFA concentration was measured for the control 

treatment at 08:00 which is approximately two hours post-concentrate (3 kg as is) 

consumption. The greatest variation in VFA concentrations can be up to three hours post 

meal ingestion when intense fermentation is taking place (Andrighetto et al., 1993). This is 

further evident from the VFA concentrations measured in this study at the various sampling 

times split into both periods. The fermentation pattern of cows on pasture is different to cows 

consuming TMR which have forages of uniform composition. This is due to the fact that as 

cows graze a specific paddock, the ratio of leaf to stem is reduced, which will alter the 

fermentation pattern and hence VFA production (Holden et al., 1994). 

 

5.2.2.3 Ruminal acetate 

Acetic acid is the dominant acid produced in the rumen of animals consuming high fibre 

diets (Ishler et al., 1996). The molar percentage of acetate was significantly higher for dairy 

heifers consuming a low concentrate diet (80 forage: 20 concentrate) compared to high 

concentrate (40 forage: 60 concentrate) diets, 63.2 and 59.3%, respectively (Lascano and 

Heinrichs, 2009). The acetic acid produced is absorbed and used to synthesise fatty acids, 

which are deposited as fat in adipose tissue or to produce milk fat (Ishler et al., 1996). The 

ruminal acetic acid produced for the two treatment groups in the current study did not differ, 

with molar proportions of 62.0 and 61.8%, for the control and yeast treatment, respectively. 

The acetic acid percentages in the present study, is similar to that measured by Bargo et al. 

(2002c) namely 63.1% (results between the three different feeding systems were similar and 

therefore averaged) and is close to the expected range described by Ishler et al. (1996) of 50 

to 60%. The similar ruminal acetic acid percentages between treatments in the present study 
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were not expected, because significantly higher NDF disappearances and milk fat 

percentages were observed for the yeast supplemented cows. Ishler et al. (1996) states that 

the fatty acid deposited in the milk is as a result of the absorbed ruminal acetic acid produced 

from the fermentation of fibre in the diet. A lack of response in acetate concentration due to 

yeast supplementation was recorded for dairy cows (Erasmus et al., 1992; Piva et al., 1993; 

Putnam et al., 1997; Robinson and Garrett, 1999; Longuski et al., 2009; Thrune et al., 2009), 

calves (Pinos-Rodríguez et al., 2008), sheep (Andrighetto et al., 1993; Newbold et al., 1995; 

Arcos-García et al., 2000; García et al., 2000) and steers (Mir and Mir, 1994; Olson et al., 

1994; Hinman et al., 1998; Lehloenya et al., 2008). These findings, which are similar to the 

current study suggest that a significant difference would be difficult to acquire as yeast has 

been investigated to grow on acetate as a sole carbon source (Chu et al., 1981). This implies 

that acetate produced over and above the control by specific rumen microflora due to fibre 

digestion (assuming yeast influence on improving fibre digestion increases acetate 

concentration), may be removed by yeast for growth, and therefore differences in 

concentration between treatment groups are difficult to detect (Chu et al., 1981). At lower pH 

values, cellulolytic bacteria cease to function optimally and hence fibre digestion and acetic 

acid production is compromised (Ishler et al., 1996). However, Andrighetto et al. (1993) found 

that despite the significantly lower pH in yeast supplemented sheep, acetate concentrations 

were maintained and stabilised, and did not differ compared with the control this may be due 

to the fact that yeast stimulates cellulolytic processes in the rumen. The In vitro addition of a 

yeast supplement to different substrates such as ground corn, maltose or lactate had no 

effect on the acetate concentration (Sullivan and Martin, 1999). An In vitro study comparing a 

control, live yeast and dead yeast, reported that neither were different with regards to the 

acetate concentration measured (Dawson et al., 1990). This was also found in other In vitro 

studies (Newbold et al., 1995; Kung et al., 1997). 

The highest acetic acid concentration for the control and yeast supplemented cows 

were measured at 20:00, which is approximately five hours post-feeding. The highest acetate 

concentrations were affected by sampling time, and where found two to four hours after 

feeding (Guedes et al., 2008). The mean ruminal acetic acid concentration measured at 

08:00 were significantly lower (P < 0.05) for the yeast supplemented group.  

Higher ruminal acetic acid concentrations for yeast supplemented calves (Quigley et al., 

1992), cows (Guedes et al., 2008; Marden et al., 2008) and In vitro studies (Sullivan and 

Martin, 1999) have been recorded .  

Higher acetate concentrations were measured for yeast supplemented heifers 

irrespective of the forage to concentrate ratio, with no effect on the acetate percentage 

 
 
 





134 

 

the present study were slightly higher for the control and yeast (23.3 and 23.4%) treatments 

when compared to results reported by Bargo et al. (2002c) (19.42%) but are still within the 

normal range to be expected (Ishler et al., 1996).  

Bargo et al. (2002c) had fed cows (according to Bargo et al. (2002b) who fed 8.7 kg 

DM/cow/day concentrate) a higher level of concentrate compared to that in the present study 

of approximately 5.3 kg DM/cow/day, and the lower propionic acid percentage measured by 

Bargo et al. (2002c) compared to that measured in the present study, was not expected. This 

could support the fact that the concentrate to forage ratio may have not been a factor which 

had affected the propionic acid percentages. The high variation between the fistulated cows 

in the present study could contribute to the inability to detect significant differences between 

treatment groups. The cow in early lactation is in a negative energy balance, and propionate 

is the glucose precursor, which is used for energy. Therefore ruminal propionate is readily 

absorbed through the rumen wall which could explain why differences between treatments 

may not be easily detectable. This is supported by Balch and Rowland (1957) who suggested 

that rapid fermentation and absorption is supported by high concentrate diets. 

Yeast supplementation had resulted in higher propionate concentrations when a live 

yeast supplement was fed to cows (Guedes et al., 2008; Marden et al., 2008). This was 

evident with the In vitro supplementation of a live yeast culture compared to a killed yeast 

culture, which resulted in significantly higher propionic acid detection (Dawson et al., 1990). 

Guedes et al. (2008) and Marden et al. (2008) illustrated that with live yeast supplementation 

the simultaneous decrease in lactate and increase in propionate concentrations may be a 

result of the greater conversion of lactate to propionate. Commercial yeast cultures, Diamond 

V-XP and A-Max, proved that both yeast products produced significantly higher propionate 

concentrations In vitro, with Diamond V XP producing significantly higher concentrations 

compared to A-Max (Miller-Webster et al., 2002).  

Yeast addition in diets irrespective of the ratio of forage to concentrate, resulted in 

significantly higher propionate concentrations compared with the control (Lascano and 

Heinrichs, 2009). In vitro supplementation of S. cerevisiae at 0.73 g/L increased the 

propionate concentration when alfalfa hay was the substrate, and similarly the propionate 

concentration increased when coastal Bermuda grass hay was fermented at both treatment 

levels (Sullivan and Martin, 1999).  

Guedes et al. (2008) reported that the highest propionate concentrations were affected 

by sampling time, and were found two to four hours after feeding for a control (0h, 15.6; vs. 

2h, 28.3; and 4h, 26.5 mmol/L), a 0.3 g (0h, 15.4; vs. 2h, 29.3 ; and 4h, 28.5 mmol/L) and a 1 

g (0h, 24.3; vs. 2h, 38.5 ; and 4h, 36.6 mmol/L) yeast treatment level. Similarly the highest 
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propionic concentrations were found approximately five hours post-afternoon feeding for both 

treatment groups in the current study (control, 36.6 and yeast, 32.6 mmol/L). Though two 

hours post-morning feeding, showed that the control (28.2 mmol/L) had significantly higher 

ruminal propionic concentrations compared with the yeast (19.6 mmol/L) supplemented cows.  

Similar to yeast effects on acetate production, many factors affect propionic acid 

production and no clear conclusion could be made on the effect of yeast on propionate 

production. 

 

5.2.2.5 Ruminal butyrate and valerate 

Butyric acid is converted to beta-hydroxybutyrate by the rumen epithelium during 

absorption and provides energy to the rumen wall during this conversion (Ishler et al., 1996). 

Beta-hydroxy butyrate is a ketone used to produce fatty acids, which are stored in the 

adipose tissue (Ishler et al., 1996).  

Ruminal butyrate and valerate concentrations were not different between the control 

and yeast supplemented cows in the present study. This is supported by Bargo et al. (2002c) 

who reported that ruminal butyrate and valerate percentages were similar for cows on three 

different feeding systems, and averaged 12 and 2.03%, respectively. This is in range with 

what had been found in the current study for ruminal butyrate (control, 11.17% and yeast, 

12.35%) and valerate (control, 1.87 and yeast, 1.6%). The lack of an effect on ruminal 

butyrate and valerate concentrations in yeast supplemented animals was found in previous 

studies with dairy cows (Yoon and Stern, 1996; Putnam et al., 1997; Enjalbert et al., 1999; 

Robinson and Garrett, 1999; Erasmus et al., 2005; Longuski et al., 2009), steers (Mir and Mir, 

1994; Moloney and Drennan, 1994; Hinman et al., 1998; Lehloenya et al., 2008) and sheep 

(Andrighetto et al., 1993). 

Significantly higher butyrate concentrations were measured in yeast supplemented 

calves at 18 (estimation from the figure of 11 vs. 5%) and 32 (estimation from the figure of 18 

vs. 8%) days of age (Pinos-Rodríguez et al., 2008). The same was found in other studies with 

cows as reported by Guedes et al. (2008) (11.73 and 12.3 vs. 10.95), Roa V et al. (1997) 

(15.23 vs. 13.15) and Thrune et al. (2009) (10.4 vs. 9.7). No effect of yeast supplementation 

on butyrate levels were measured in studies with steers (Olson et al., 1994; Plata et al., 

1994), sheep (Newbold et al., 1995; Arcos-García et al., 2000; García et al., 2000) or dairy 

cows (Wiedmeier et al., 1987; Piva et al., 1993; Doreau and Jouany, 1998; Marden et al., 

2008; Lascano and Heinrichs, 2009). The butyrate concentration was not different for steers 

consuming either alfalfa hay or corn stalk as a fibre source and supplemented with 10 g/day 

of a yeast culture (Roa V et al., 1997). In vitro addition of 0.35 g/L and 0.73 g/L of a yeast 

 
 
 



136 

 

treatment fermented on ground corn, maltose or lactate had no effect on butyrate 

concentration (Sullivan and Martin, 1999). This was evident in other In vitro studies (Newbold 

et al., 1995; Kung et al., 1997; Miller-Webster et al., 2002). Yeast supplemented steers had a 

tendency for lower ruminal butyrate levels (Williams et al., 1991) and for calves the tendency 

towards higher butyrate concentrations existed (Quigley et al., 1992).  

Higher valerate concentrations were measured in Jersey cows on a high fibre diet 

(Dawson et al., 1990) and In vitro (Sullivan and Martin, 1999; Miller-Webster et al., 2002). 

With no effect of yeast supplementation on the ruminal valerate concentration in other studies 

(Williams et al., 1991; Quigley et al., 1992). The valerate concentration tended (P = 0.07) to 

increase for yeast supplemented dairy heifers (Lascano and Heinrichs, 2009).  

Highest butyrate concentrations were measured two to four hours after feeding 

(Guedes et al., 2008). The highest concentration of butyrate and valerate measured in both 

treatment groups in the current study was measured approximately five hours post-afternoon 

feeding. There existed a significantly lower ruminal valeric acid concentration two hours post-

morning feeding for the yeast supplemented cows compared with the control. Similarly In vitro 

yeast supplementation into a continuous culture, measured significantly lower valerate 

concentration with 200 mg Biomate Yeast Plus, compared to the 20 mg and control treatment 

(Kung et al., 1997). 

The percentage of butyrate and valerate of the total VFA is small, and often significant 

differences from changes in butyrate and valerate levels due to yeast supplementation, 

compared to the control, do not occur.  

 

5.2.3 In sacco disappearance 

The In sacco disappearance of DM, NDF and OM in ryegrass/kikuyu pastures at 12 and 

24 hours incubation was higher (P < 0.05) for the yeast supplemented cows, compared with 

the control.  

Yeast supplementation increased the DM degradability of hay at 12 hours of rumen 

incubation, and there after no effect of yeast was found (Williams et al., 1991). DM 

disappearance was not affected by yeast supplementation according to Erasmus et al. (1992) 

for wheat straw, and Lascano and Heinrichs (2009) for a low (20%), medium (40%) or high 

(60%) concentrate based on ground corn and corn silage. The variable effect on the DM 

digestibilities of supplemented yeast cultures lies in the type of feed being digested. DM 

degradability of different feed resources such as barley grain, soybean meal, barley straw, 

barley hay, and lucerne hay in the rumen was not affected by yeast supplementation 

(Hadjipanayiotou et al., 1997). Similarly Moloney and Drennan (1994) found that the nature of 
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True ruminal OM digestion had increased in late June and July (early grazing season) 

for yeast supplemented steers grazing mixed prairie grass (Olson et al., 1994). From 3 to 48 

hours of rumen incubation of Berseem hay, the OM disappearance increased for the higher 

level of bakers yeast (22.5 g per day) supplementation compared with the control, with no 

effect between the levels (11.25 and 22.5 g per day) after 72 hours (Kamel et al., 2004). 

Organic matter disappearance was not affected by yeast supplementation in steers fed a 

sorghum silage-based TMR (Lehloenya et al., 2008) and dairy cows fed a maize-silage (60%) 

based diet (Doreau and Jouany, 1998). In vitro OM digestion was not affected by yeast 

treatment (Diamond V-XP & A-Max) compared with the control (Miller-Webster et al., 2002). 

Organic matter flow to the duodenum was lower, which further supports the fact that the OM 

digestion tended (P < 0.1) to be higher in the rumen with yeast supplementation (Yoon and 

Stern, 1996).  

Yea-Sacc1026 supplemented to Holstein steers found that the In situ NDF percentage 

disappearance of oat straw based diets tended to be higher after 6 hours of rumen incubation 

and persisted to be higher at 12 (28.6 vs. 20.2) (P = 0.06), 24 (43.4 vs. 36.9) (P = 0.01), 48 

(52.5 vs. 45.3) (P = 0.07) and 72 (60.4 vs. 48.6) (P = 0.08) hours compared to the control, 

respectively (Plata et al., 1994). These researches furthermore suggested that the increase in 

percentage NDF disappearance was due to a significantly higher protozoal concentration. 

Increasing the level of live S. cerevisiae supplementation from 0.3 g to 1 g/day significantly 

increased the degradation of NDF for the low fibre degradation group of maize silages 

compared to the control and the 0.3 g supplemented cows (Guedes et al., 2008). It was 

furthermore concluded that the yeasts response is affected by not only its inclusion level, but 

additionally by the initial digestibilities of the maize silages as yeast had no effect on the 

higher NDF fibre level. Roa V et al. (1997) suggests that the effect of direct-fed microbials is 

dependent on the fibre source. The potentially digestible (PD) NDF increased from 46.6 to 

55% when yeast (Yea-Sacc1026) was added to complete diets with alfalfa hay fed to steers 

(Roa V et al., 1997). In situ NDF disappearances being significantly (P = 0.002) higher for the 

Yea-Sacc1026 than for the Levucell at 48 hours (Arcos-García et al., 2000). The beneficial 

effect of live yeast supplementation in the present study may be similar to that suggested by 

Guedes et al. (2008) and Roa V et al. (1997) which are due to the relatively good quality 

ryegrass pasture and acceptable NDF levels associated. Yeast supplementation had not 

improved the NDF digestibilities in other studies (Miranda et al., 1996; Yoon and Stern, 1996; 

Doreau and Jouany, 1998; Enjalbert et al., 1999; Miller-Webster et al., 2002; Lehloenya et al., 

2008). 
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ECONOMIC EVALUATION 
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CHAPTER 6 

Economic Evaluation 

 

The economic implication of supplementing yeast to cows grazing ryegrass/kikuyu 

pasture is illustrated with application of the results from the current study to a hypothetical 

situation. This situation closely resembles the farming herd structure and mean milk price in 

the Southern Cape at the time that the study was conducted. An average herd size was 

assumed to consist of 280 lactating cows. The milk price was obtained by Nestle to determine 

the milk price within each experimental treatment represented in Table 6.1. According to the 

results obtained with regards to milk fat, it is clear that a milk payment scheme that favours 

higher milk fat content or yield, would increase the milk price obtained. In such situations 

yeast supplementation would be more favourable. Milk payments schemes are considered 

confidential by the milk buyers, therefore stating additional hypothetical situations was not 

considered necessary. 

 

Table 6.1 The milk price calculated according to the fat and protein percentages for cows 

grazing ryegrass/kikuyu pasture supplemented with 6 kg/day (as is) of a dairy concentrate 

and live yeast (1 g/cow/day)  

 

Parameter 
Experimental treatments1 

Control Yeast 

Milk yield (kg/cow/day)            20.08 19.67 

Milk yield (Kg/day) for 280 cows         5622 5508 

4% FCM3 (kg/cow/day)             20.05 20.32 

4% FCM (kg/day) for 280 cows            5614 5690 

Milk fat %                                  3.99 4.24 

Milk protein %                            3.51 3.58 

Milk lactose %                         4.68 4.73 

MUN (mg/dL)                              10.72 11.04 

Milk price (R2/L/day) 3.04 3.13 

1
Control: dairy concentrate containing no yeast; Yeast: dairy concentrate containing yeast at 167g/ ton 

or 1 g/cow/day 

2
R- South African rand 

3
FCM: fat corrected milk yield 
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study according to Hutjens (2003) would therefore not be feasible when a 5% return on 

investment is achieved. 
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CONCLUSION 
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CHAPTER 7 

Conclusion 

 

Cows grazing high quality pasture are often supplemented with high levels of 

concentrate after milking resulting in reduced performance due to lower rumen pH, reduced 

fibre digestibility and depressed dry matter intake. Supplementation with yeast has improved 

performance of TMR fed cows but limited data is available for grazing cows. 

Supplementation with live yeast (1 g of Levucell SC 10 ME-Titan) did not affect milk 

yield, 4% FCM, milk protein % or BW change (P > 0.05). Results for control and yeast 

supplemented cows were as follows; milk yield (20.1 and 19.7 kg/d), 4% FCM (20.1 and 20.3 

kg/d), milk protein % (3.51 and 3.56) and BW change (+37.8 and +36.4 kg/cow). Milk fat %, 

however, was increased (P < 0.05) by live yeast supplementation (3.99 and 4.24%), 

respectively. Using a generalized milk payment formula that takes milk solids into account, it 

could increase milk price from R 3.04 to R3.13/litre. The cost of the supplement, therefore, 

would largely determine the economic viability. 

In addition, an In sacco study revealed that NDF disappearance was 46.6 and 52.2% 

after 12 hours and 65.1 and 69.2% after 24 hours of rumen incubation for control and live 

yeast supplementated cows. Live yeast supplementation increased NDF disappearance at 12 

hours by 11.9% (P < 0.05). None of the other rumen fermentation parameters, however, were 

affected by live yeast supplementation. 

Results suggest that grazing dairy cows may benefit from live yeast supplementation 

through increased milk fat% and increased ruminal fibre digestibility. 

Future research could further investigate the effects of interfering factors on yeast 

supplementation through the use of meta-analyses, that would clearly define responses to 

yeast supplementation.  
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CHAPTER 8 

Critical Evaluation 

 

8.1 Production Study 

8.1.1 Cow numbers 

In the current study 30 cows were used in the production study (15 cows per treatments 

representing 15 blocks), and 10 cows were used in the rumen study (5 cows per treatment 

representing 5 blocks). If such a study was conducted in which the number of cows, blocks 

and therefore replicates is not limited to available facilities and cows, it would then increase 

the precision for treatment means that could possibly contribute to finding significant 

differences between treatments. Universities and research institutions are urged to maintain 

and increase the size of their dairy herds in order to conduct meaningful dairy cattle research.  

 

8.1.2 Pasture intake estimation 

The pasture height estimation was calculated from the use of the RPM. This method as 

stated previously is inaccurate. The practical reality of accommodating grazing cows on 

pasture makes it impossible to determine individual cow intake within a herd. Therefore a 

herd average would have to suffice from estimations using the RPM. Large variations which 

create large errors when using a RPM originate from the operator, technique or pattern of 

sampling, correct cutting of regressions which are representative to pasture grazed, climatic 

conditions etc. Intake drives production, and in research it remains a challenge to accurately 

estimate intake of individual cows on pasture. Additional research in this field is encouraged. 

 

8.1.3 Yeast dosage-supplementation 

The dosage level of supplemented Levucell was 1 g of yeast per cow per day, 

comparable to previous research where levels are as high as 10, 56 or 90 g, this level is low. 

Though levels are recommended on number of CFU which vary between products, which 

gives the differing dosage levels, it would have been interesting to investigate a higher 

inclusion level above the recommended 1 g per cow per day.  

 

8.1.4 Milk sampling 

The milking machine is set to test, which is a setting that governs the milk sampling 

process. At this setting the milking machine diverts a specific volume of milk per litre milk 

recorded by each animal. The diverted milk is collected in a milk sample bottle connected at 
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each milk-meter which may then be manually removed after which the composite milk sample 

is then taken. The flow rate of milk being collected at each milk-meter varied, which was 

evident by the extreme difference in certain milk volumes collected in the sampling bottles. 

This would create large errors in that a representative sample was not collected. Furthermore, 

simply pouring the milk into sample bottles creates variation in results as milk solids separate. 

To avoid this, once removing the each sampling bottle, the bottle was swirled and the mouth 

sealed (with the hand) and physically rotated and turned over back and forth, to distribute the 

milk solids before collecting the composite sample. 

 

8.2 Rumen Study 

8.2.1 In sacco disappearance incubation periods 

The incubation periods of 12 and 24 hours had resulted in creating a linear regression 

from two points. The results from the current study reveal the significant difference in the 

disappearance of DM, OM and NDF at both incubation periods differed significantly (P < 

0.05). The picture therefore described over the incubation period would be more informative if 

additional incubation periods were established. The additional periods of incubation (0, 2, 4, 

8, 12, 18, 24, 36, and 72 hours) would have been of value as degradation rate could then 

have been determined for different treatments. Including the additional time periods, the 

degradation rate could be more correctly estimated, established and compared between 

treatment groups. Alternatively a six hour time point would have enabled the use of the Van 

Amburgh rate calculator to estimate rate of NDF disappearance. The use of two time points 

was due to cost implications. 

 

8.2.2 Rumen sampling times 

There were four set times at which rumen samples was collected and this was repeated 

after the cross-over of treatments. The question then arises how representative is the rumen 

sampling? bearing in mind that the sample is collected from a rumen with an approximate 

volume of 150 litres for each Jersey cow. Are four samplings adequate to describe the 

fermentation patterns? More sampling times at least shortly after feeding, would better 

describe the effect of concentrate supplementation. This however, would increase labour and 

a corresponding increase in the budget. 

 

8.2.3 Rumen sampling acids 

The rumen samples were analyzed for VFA and not for lactic acid. The lactic acid which 

has a pKa value lower than the major VFA (propionate, butyrate and acetate) may have a 
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APPENDIX A 

Production Study 

Blocking of cows 

The 30 cows selected from the Outeniqua Research Farm were used in the production 

study. The cows considered for selection were kept between 60 and 120 DIM, the mean DIM 

of the herd was 83. The lactation numbers of the cows used were kept between two and six. 

Cows in their first lactation or cows too far in milk were not included, due to the less likelihood 

of a milk response. The cows were blocked according to lactation number, DIM and fat-

corrected milk yield. The treatment groups were randomly allocated within each block. This is 

represented in Table A1. 
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Table A1 The parameters for which the individual cows were blocked, with their 

treatments allocated 

 

Name
 

Lactation no. Calving date DIM
1
 Milk yield

2
 FCM

3
 Block Treatment

4 

BELL 145 3 2009/05/29 93 24.05 24.74 1 Y 

SYMB 67 4 2009/07/04 57 23.39 22.9 1 P 

FIRE 46 6 2009/05/19 103 23.19 26.71 2 P 

JAPN 64 5 2009/06/26 65 22.71 28.03 2 Y 

ALET 105 3 2009/07/17 44 22.76 23.65 3 Y 

GRET 31 6 2009/07/27 34 22.7 23.68 3 P 

MARL 70 5 2009/07/22 39 27.27 26.7 4 Y 

MART 155 4 2009/07/23 38 22.53 26.75 4 P 

GERL 24 3 2009/06/10 81 22.57 27.64 5 Y 

SYMB 65 4 2009/06/18 104 22.71 27.47 5 P 

GRET 52 2 2009/07/20 41 22.35 22.42 6 P 

MARL 87 2 2009/05/08 114 22.41 22.34 6 Y 

JAPN 82 3 2009/06/14 77 22.15 24.47 7 P 

MAGDA86 2 2009/07/21 40 21.84 24.04 7 Y 

LAUR 27 8 2009/06/08 84 21.46 25.03 8 Y 

MARL 47 8 2009/08/02 54 21.93 25.02 8 P 

GRET 49 2 2009/06/15 76 22.69 24.87 9 P 

MART 160 4 2009/05/16 106 21.26 24.61 9 Y 

LAUR 34 5 2009/04/23 129 20.83 19.26 10 P 

MARL 68 5 2009/05/03 119 20.81 19.94 10 Y 

BELL 135 4 2009/05/31 91 20.96 22.94 11 Y 

DORA 102 6 2009/05/14 108 20.68 23.56 11 P 

DONN 9 2 2009/06/11 80 20.61 22.28 12 Y 

DORA 137 2 2009/07/19 41 20.69 22.34 12 P 

ALET 113 2 2009/06/03 88 19.43 20.86 13 Y 

MART 175 2 2009/05/19 103 20.41 20.87 13 P 

ALTA 34 3 2009/05/08 114 20.18 19.48 14 P 

MAGD 81 4 2009/05/12 110 20.39 20.48 14 Y 

DORA 109 5 2009/05/02 120 18.97 22.56 15 Y 

JAPN 76 3 2009/04/14 138 19.89 23.23 15 P 

1
DIM- Days in milk as of the 31 of August 2009. 

2
Milk yield daily means from the 18 to the 24 August. 

3
FCM-

Fat corrected milk from the following calculation (0.4* kg Milk Yield) + (15* kg Milk fat)(National Research 

Council, 2001). 
4
Treatments; P- Control; and Y- Yeast. 
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Table A4 Chemical compositions on a 2 weekly basis of the supplemental control 

concentrate experimental diet 

 

Parameter Control 1 Control 2 Control 3 Control 4 Control 5 Control 6 

DM (g/kg as is) 883.90 884.38 883.31 882.46 882.55 885.23 

CP (g/kg DM) 103.63 103.56 103.66 105.69 102.47 103.88 

NDF (g/kg DM) 86.61 87.91 88.44 89.07 86.72 89.38 

ADF (g/kg DM) 33.24 35.52 32.12 32.25 35.51 36.93 

EE (g/kg DM) 33.03 34.19 33.46 38.48 35.65 30.19 

GE (MJ/kg) 17.17 17.14 17.16 17.20 17.25 17.14 

IVOMD (%DM) 93.3 94.2 91.9 91.1 93.9 94.2 

ME (MJ/kg) 13.1 13.2 12.9 12.8 13.3 13.2 

Ca (g/kg DM) 9.34 9.14 9.08 9.34 9.03 9.41 

P (g/kg DM) 9.24 9.10 9.21 9.19 9.24 9.24 

Ca:P 1.01:1 1.00:1 0.99:1 1.02:1 0.98:1 1.02:1 

DM - Dry matter; CP - Crude protein; NDF - Neutral detergent fibre; NDIN - Neutral detergent insoluble 

nitrogen; ADF - Acid detergent fibre; EE - Ether extract; GE - Gross energy; IVOMD - In Vitro organic 

matter digestibility; ME - Metabolisable energy; Ca - Calcium; P - Phosphorus 
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 Table A5 Chemical compositions on a 2 weekly basis of the supplemental yeast 

concentrate experimental diet  

 

Parameter Yeast 1 Yeast 2 Yeast 3 Yeast 4 Yeast 5 Yeast 6 

DM (g/kg as is) 882.60 885.79 882.82 887.11 884.61 881.40 

CP (g/kg DM) 104.25 104.06 103.59 105.59 105.19 106.94 

NDF (g/kg DM) 81.99 82.02 81.62 81.24 80.50 82.92 

ADF (g/kg DM) 30.99 31.11 32.69 31.34 35.13 33.27 

EE (g/kg DM) 33.19 31.64 34.20 35.29 30.80 30.92 

GE (MJ/kg) 17.18 17.10 17.00 17.26 17.06 17.21 

IVOMD (%DM) 94.1 92.8 92.4 91.2 90.5 90.8 

ME (MJ/kg) 13.3 13.0 12.9 12.9 12.7 12.8 

Ca (g/kg DM) 9.10 9.12 9.35 8.84 8.75 9.25 

P (g/kg DM) 9.12 9.22 9.12 8.78 8.98 6.83 

Ca:P 1.00:1 0.99:1 1.03:1 1.01:1 0.97:1 1.36:1 

DM - Dry matter; CP - Crude protein; NDF - Neutral detergent fibre; NDIN - Neutral detergent insoluble 

nitrogen; ADF - Acid detergent fibre; EE - Ether extract; GE - Gross energy; IVOMD - In Vitro organic 

matter digestibility; ME - Metabolisable energy; Ca - Calcium; P - Phosphorus 
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Table A6 Chemical compositions on a 2 weekly basis of the ryegrass/kikuyu pasture 

 

Parameter Pasture 1 Pasture 2 Pasture 3 Pasture 4 Pasture 5 Pasture 6 

DM (g/kg as is) 127.98 144.37 136.42 164.95 172.60 215.12 

CP (g/kg DM) 285.69 223.13 238.56 200.47 234.97 213.72 

NDF (g/kg DM) 527.83 498.19 499.88 508.46 548.35 488.92 

ADF (g/kg DM) 330.26 296.34 292.89 308.97 305.84 295.06 

EE (g/kg DM) 37.14 35.90 37.24 32.17 34.16 28.88 

GE (MJ/kg) 17.68 17.26 17.43 17.09 17.32 17.38 

IVOMD (%DM) 78.1 80.1 78.5 73.2 73.3 73.1 

ME (MJ/kg) 11.3 11.3 11.2 10.3 10.4 10.4 

Ca (g/kg DM) 4.09 3.61 4.04 4.06 4.20 4.10 

P (g/kg DM) 3.85 3.82 4.06 4.12 4.13 2.05 

Ca:P 1.06:1 0.94:1 1.00:1 0.99:1 1.02:1 2.00:1 

DM - Dry matter; CP - Crude protein; NDF - Neutral detergent fibre; NDIN - Neutral detergent insoluble 

nitrogen; ADF - Acid detergent fibre; EE - Ether extract; GE - Gross energy; IVOMD - In vitro organic matter 

digestibility; ME - Metabolisable energy; Ca - Calcium; P - Phosphorus 
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Table A8 Literature review represent ing the authors study where yeast was supplemented.  

No1 Authors Product Dose2 Ly/CY CFU/g Animal DIM Parity 

1 Abd El-Ghani (2004) - 
3 

CY - Zaraibi Goat - - 
6 

2 Andrighetto et al. (1993) Lisomix 
20 

CY - Sheep - - 
40 

3 Angeles et al. (1998) Yea-Sacc 1026 3 CY 1.00E+08 Ewe - - 

4 Angeles et al. (1998) Levucell 1 Ly 2.00E+10 Ewe - - 

5 Arambel and Kent (1990) Diamond V XP 90 CY 2.00E+06 Holstein cows (+) 56 - 

6 Arcos-García et al. (2000) 
Yea-Sacc 1026 3 CY 1.00E+08 

Suffolk ewe 
- - 

Levucell 1 Ly 2.00E+10 - - 

7 Bach et al. (2007) Levucell CNCM I-1077 5 Ly 2.00E+09 Large breed (+) 335±42 multi 

8 Besong et al. (1996) Liquid yeast 20 (%) CY - Holstein cow (mid) - 

9 Bruno et al. (2009) A-Max XTRA 30 CY - Holstein (+) 20 to 140 multi 

10 Cooke et al. (2007) Diamond V XP 56 CY - Holstein (+) 182±40 multi 

11 Dann et al. (2000) Diamond V XP 60 CY - Jersey - primi & multi 

12 Dawson et al. (1990) 

killed yeast 
0.002 

CY 0 
In vitro - - 

live yeast Ly 2.04E+09 

live yeast 9 Ly 2.04E+09 Jersey Steers - - 
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Table A8 continued 

No Authors Product Dose 
Ly/
CY 

CFU/g Animal DIM Parity 

13 
Desnoyers et al. 
(2009a) - - - 

- 
- - - 

14 
Desnoyers et al. 
(2009b) 

SC, CBS, 493.94 10 Ly 2.20E+10 
Saanen & Alpine dairy 

goats 
(+) 40±4 - 

15 
Doreau and Jouany 
(1998) 

CNCM I-1077 0.5 Ly 6.00E+10 Holstein cows (+) 14 
multi 

16 Enjalbert et al. (1999) Diamond V XP 50 CY - Holstein cows - multi 

17 Erasmus et al. (1992) Yea-Sacc 1026 10 CY 
- 

Holstein 
(+) 56 to 

94 - 

18 Erasmus et al. (2005) Diamond V XP - - - Holstein cow (-)21 multi 

19 
Erdman and Sharma 
(1989) 

Diamond V XP & NaHCO3 1% 
CY - Holstein cows (+) 154 - 

Diamond V XP 1% 

20 García et al. (2000) 
Levucell 1 

Ly 
2.00E+10 

Suffolk sheep - - Levucell and monensin (25 
mg) 

1 2.00E+10 

21 
Giger-Reverdin et al. 
(1996) 

Levucell S. cerevisiae I-
1077 

0.2 Ly 1.10E+10 Dairy goats (early) - 

22 
Grochowska et al. 
(2009) 

Biosaf SC 47 7 Ly - 
Holstein cow - multi 

Diamond V XP 60 CY - 

23 Guedes et al. (2008) Levucell SC 10 ME 
0.3 

Ly 1.00E+10 non-lactating cows - - 
1 
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Table A8 Continued 

No Authors Product Dose 
Ly/
CY 

CFU/g Animal DIM Parity 

24 
Haddad and Goussous 
(2005) 

Diamond V XP 
3 

CY - Awassi Lambs - - 
6 

25 Harris et al. (1992) Diamond V XP 57 CY - Holstein 
(early to 

mid) 
- 

26 Hinman et al. (1998) 
Diamond V  

XP 
85 CY - Angus crossbred - - 

27 Kalmus et al. (2009) 
Yea-Sacc 

1026 
10 CY - Holstein 

(-) 14 to (+) 
98 

multi 

28 Kamalamma et al. (1996) 
Yea-Sacc 

1026 
10 CY - 

Holstein cross & Jersey 
cross 

(mid) multi 

29 Kamel et al. (2004) 
Alexandria-

Eqypt 

11.25 
- - Sheep - - 

22.5 

30 Kung et al. (1997) 
Biomate Yeast 

Plus 

20mg/10 
gdiet CY 

3.50E+09 

In vitro - - 
200 mg 

10 CY Holstein cow (early) - 

10 
CY Holstein cow (mid) - 

20 

31 
Lascano and Heinrichs 
(2009) 

Yea-Sacc 
1026 

±8 CY - Dairy Heifers - - 

32 Lehloenya et al. (2008) Diamond V XP 56 CY - AngusxHereford - - 

33 Longuski et al. (2009) Diamond V XP 56 CY - Holstein (+) 96±14 multi 
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Table A8 Continued 

No Authors Product Dose 
Ly/
CY 

CFU/g Animal DIM Parity 

34 Marden et al. (2008) Sc 47 5 Ly - Holstein (early) - 

35 Mazek et al. (2008) 
Yea-Sacc 

1026 

3 
- - 

Istrian Sheep x Friesain 
dairy ewes 

- - 
6 

36 Miller-Webster et al. (2002) 

Diamond V 
XP 

57g/d/ 
2.3mg/gDM 

CY - 
In vitro - - 

A-Max X 
yeast 

57g/d/ 
2.3mg/gDM 

CY - 

37 Mir and Mir (1994)  10 - 5.00E+09 Steer - - 

38 Miranda et al. (1996) 
Yea-Sacc 

1026 
10 CY - Holstein heifers - - 

39 Moallem et al. (2009) 
Biosaf SC 

47 
1 g/4 kg DMI Ly 1.00E+11 Holstein 

(+) 114+-
54 

primi & 
multi 

40 
Moloney and Drennan 
(1994) 

Yea-Sacc 10 CY 6.50E+08 Fresian steers - - 

41 
Moloney and Drennan 
(1994) 

Yea-Sacc 10 CY 1.01E+09 Fresian steers - - 

42 Newbold et al. (1995) 

NCYC 240 500 mg/d 

CY 6.57E+04 

Rustec In vitro - - 

NCYC 694 500 mg/d 

NCYC1026 500 mg/d 

NCYC1088 500 mg/d 

Yea-Sacc 500 mg/d 

NCYC 240 2 

In vivo Sheep - - NCYC 1026 2 

Yea-Sacc 2 
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Table A8 Continued 

No Authors Product Dose 
Ly/
CY 

CFU/g Animal DIM Parity 

43 Nocek et al. (2003) DFM (yeast & E. faecium) 90 CY 
5.00E+0

9 
Holstein 

(-) 21 to (+) 
70 

multi 

44 Olson et al. (1994) Diamond V XP 28.4 CY - Beef steer - - 

45 Pinos-Rodríguez et al. (2008) 

Levucell  CNCM I-1077 1 Ly 
2.00E+1

0 
Holstein calve - - 

S. boulardii CNCM I-1079 1 Ly 
2.00E+1

0 

46 Piva et al. (1993) Thepax Dry 10 CY 
1.00E+1

0 
Holstein (+) 105±2 - 

47 Plata et al. (1994) Yea-Sacc 1026 10 CY - Holstein steers - - 

48 Putnam et al. (1997) Yea-Sacc 1026 10 CY - Holstein (early) primi 

49 Roa V et al. (1997) Yea-Sacc 1026 10 CY - Holstein steers - - 

50 Robinson (1997) Diamond V mills XP 57 CY - Holstein cows - - 

51 Robinson and Garrett (1999) Diamond V mills XP 57 CY 
4.00E+0

7 
Holstein - 

primi 

multi 
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Table A8 Continued 

No1 Authors Product Dose2 Ly/
CY 

CFU/g Animal DIM Parity 

52 
Schingoethe et al. 
(2004) 

Diamond V XP 60 CY - Holstein cows (+) 105 primi & multi 

53 
Shaver and Garrett 
(1997) 

Diamond V XP 57 CY - Holstein (+) 140 primi & multi 

54 
Soder and Holden 
(1999) 

Biomate Yeast Plus 20 
CY 

5.00E+09 
Holstein - primi & multi 

yeast 15 - 

55 Stella et al. (2007) 
Levucell CNCM I-1077 

SC 20 
0.2 Ly 2.00E+10 

Saanen dairy 
goats 

- - 

56 Swartz et al. (1994) 
Western 2x-2-2-5 114 

CY 
4.60E+07 

Holstein cow < (+)120 - 
Cellcon 114 4.40E+08 

57 Thrune et al. (2009) 
Levucell CNCM I-1077 

SC 20 
0.5 Ly 2.00E+10 Holstein (+) 344±60 multi 

58 White et al. (2008) Diamond V XP 56 CY - Holstein 
(+)179 to (+) 

191 
- 

59 Wiedmeier et al. (1987) Diamond V XP 90 CY - 
non-lactating 

Holstein 
- - 

60 Williams et al. (1991) Yea-sacc 1026 10 CY 5.00E+09 Holstein 
(+) 49 to (+)  

84 
multi 

61 Wohlt et al. (1991) Biomate Yeast Plus 10 Ly 5.00E+09 Holstein 
(-) 30 to (+) 

126 
primi 

62 Wohlt et al. (1998) Biomate Yeast Plus 
10 

CY 5.00E+09 Holstein - multi 
20 

63 Yoon and Stern (1996) Diamond V XP 57 CY - Holstein cows (+) 173 - 
1
No represents the study number and corresponds to a fixed author throughout the tables 

2 
Dose = g/day 

CFU = colony forming units; DIM = days in milk; Ly = live yeast; CY = yeast culture;(+)= postpartum; (-) = prepartum; multi = multiparous; primi = primiparous
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Table A9 Literature review of the studies diet  

No Dose 

Concentrate Roughage 

NE 

Total diet composition 

Resource-based % Resource-based % 
CP % NDF % ADF % 

Cont Yea Cont Yea Cont Yea 

1 
3 Maize,wheatbran & 

cottonseed oilcake 
60 Alfalfa & wheat straw 40 - - - - - - - 

6 

2 
20 

Barley 50 
Corn silage & ryegrass 

hay 
50 - 15.2 I 40.9 I 22.2 I 

40 

3 3 - - - - - 10.2 10.2 60.6 57.8 28.7 
25.
3 

4 1 - - - - - 10.2 10.2 60.6 59.8 28.7 29 

5 90 Rolled barley 60 
Alfalfa hay, alfalfa 

haylage & corn silage 
40 1.69 16.5 I 47.4 I 29.4 I 

6 
3 Sorghum grain & 

wheat bran 
50 Sugar cane tops 50 - 11.5 I 62.6 I 28.5 I 

1 

7 5 Corn grain 15 Ryegrass silage 85 - - - - - - - 

8 20(%) Mixed concentrate 45 Chopped alfalfa hay 55 - - - - - - - 

9 30 Corn grain mix 54 
Alfalfa hay, corn silage & 

wheat silage 
46 

2.81-
2.85 

- - - - - - 

10 56 
Steam flaked corn 
based concentrate 

43.1 
Alfalfa hay, corn silage & 

whole cotton seed 
56.9 - 18.0 18.0 38.9 39.1 17.5 

18.
0 

11 60 Ground corn shelled - 
corn silage & chopped 

alfalfa hay 
- - - - - - - - 

12 
0.002 Cracked corn 22.5 Fescue hay 77.5 - - - - - - - 

9 Cracked corn 22.5 Fescue hay 77.5 - - - - - - - 
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Table A9 Continued 

No Dose 

Concentrate Roughage 

NE 

Total diet composition 

Resource-based % Resource-based % 
CP % NDF % ADF % 

Cont Yea Cont Yea Cont Yea 

13 - - - - - - 16.1 I 34.5 I - - 

14 10 Wheat, barley & maize 

20 
Lucerne hay, grass hay 

& sugarbeet pulp 
80 - - - 39.9 I 21.4 I 

50 
Grass hay & sugarbeet 

pulp 
50 - - - 34.7 I 15.9 I 

15 0.5 Wheat & barley 40 Corn silage 60 - 16.1 I 37.0 I 21.7 I 

16 50 Wheat grain 32 Corn silage 67 1.65 13.0 I 33.7 I - - 

17 10 - 65 
Wheat straw & alfalfa 

hay 
35 - 16.5 I 31.5 I 19.1 I 

18  
Flaked corn grain & rolled 

barley grain 
62 Alfalfa hay 38 1.59 18.1 I 31.2 I 19.2 I 

19 
1% 

- 60 Corn silage 40 1.78 17.0 
I 

- 
- 

9.90 
I 

1% I - I 

20 
1 

Sorghum grain 50 Alfalfa hay 50 - - - - - - - 
1 

21 0.2 Barley maize 25 
Alfalfa hay & sugar beet 

pulp silage 
75 - 

- - - - - - 

- - - - - - 

22 
7 

- - - - - - - - - - - 
60 

23 
0.3 

Barley, maize and wheat grain 52 
Maize silage & meadow 

hay 
58 - 13.4 I 37.4 I 20.2 I 

1 
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Table A9 Continued 

No Dose 

Concentrate Roughage 

NE 

Total diet composition 

Resource-based % Resource-based % 
CP % NDF % ADF % 

Cont Yea Cont Yea Cont Yea 

24 
3 

barley grain and corn 
grain 

80 
Alfalfa hay & 

chopped wheat 
straw 

20 - 16.1 I 24.4 I 13.0 I 
6 

25 57 Corn meal 50 Corn silage 50 - - - - - - - 

26 85 Barley & potato 88 Alfalfa & corn silage 12 - 12.3 12.1 27.0 28.2 12.9 
12.
5 

27 10 - - Grass silage - - 17.9 18.6 30.1 29.6 14.9 
13.
6 

28 10 - - Finger millet straw - - - - - - - - 

29 
11.25 

- - Berseem hay 100 - - - 55.4 I 38.2 I 
22.5 

30 

20 mg/10 g 
diet - 50 

Corn silage & alfalfa 
hay 

50 - - - - - - - 
200 mg 

10 
Wheat mildings & corn 

meal 
50 

Corn silage & 
chopped alfalfa hay 

50 
1.5
8 

15.1 I 36.4 I 21.0 I 

10 Wheat mildings & corn 
meal 

50 
Corn silage & 

chopped alfalfa hay 
50 

1.6
9 

17.0 I 41.3 I 23.7 I 
20 

31 ±8 Ground corn 
20,40,

60 
Corn silage 

80,60,
40 

- - - - - - - 

32 56 Ground corn 55.9 
Alfalfa & sorghum-

silage based 
44.1 - 16.7 I 40.6 I 25.5 I 

33 56 
Ground corn grain 

- Corn & alfalfa silage - - 17.0 I 25.0 I - - 
High moisture corn 
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Table A9 Continued 

No Dose 

Concentrate Roughage 

NE 

Total diet composition 

Resource-based % Resource-based % 
CP % NDF % ADF % 

Cont Yea Cont Yea Cont Yea 

34 5 
Wheat bran, corn grain & 

ground corn 
43 

Corn silage & 
dehydrated alfalfa 

57 1.60 18.7 I 37.8 I 19.9 I 

35 
3 

Corn & barley(1 kg) - 
Lucerne hay (0.3 kg) 

& graze 
- - - - - - - - 

6 

36 

57g/d/ 
2.3mg/gDM 

Ground corn 47 Corn silage & haylage 53 - 17.1 I 33.2 I 21.7 I 
57g/d/ 

2.3mg/gDM 

37 10  62 Alfalfa hay 38 - - - - - - - 

38 10 
Barley 60 Alfalfa hay 40 - 13.2 I 27.6 I - - 

Barley 40 Alfalfa hay 60 - 13.1 I 36.7 I - - 

39 1g/4kg DMI Ground corn grain 60 Wheat silage 40 1.75 16.5 I 31.7 I 16.0 I 

40 10 

Barley 40 
Chopped barley straw 

(high fibre & low 
protein) 

60 - 10.4 I 64.6 I 39.2 I 

Barley 80 
Chopped barley straw 

(low fibre & high 
protein) 

20 - 17.2 I 35.7 I 16.8 I 

41 10 

Barley 40 
Chopped barley straw 

(high fibre & low 
protein) 

60 - 10.4 I 64.6 I 39.2 I 

Barley 80 
Chopped barley straw 

(low fibre & high 
protein) 

20 - 17.2 I 35.7 I 16.8 I 
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Table A9 Continued 

No Dose 

Concentrate Roughage 

NE 

Total diet composition 

Resource-based % Resource-based % 
CP % NDF % ADF % 

Cont Yea Cont Yea Cont Yea 

42 - Barley 50 Grass hay 50 - 14.8 I 51.5 I 24.4 I 

43 90 Ground shell corn 55 Haylage & corn silage 45 1.86 18.6 I 29.5 I 17.6 I 

44 28.4 - - 
Grazing mixed-grass 

prairie 
- - - - - - - - 

45 
1 

Whole milk - Calf starter - - 19.3 I 32.9 I 11.6 I 
1 

46 10 Flaked corn 48 Corn silage & alfalfa hay 52 1.73 17.6 I 33.5 I 21.1 I 

47 10 Bakery waste 60/40/20 Oats straw 40/60/80 - - - - - - - 

48 10 Corn meal 56 
Corn silage, haycrop 

silage and hay(legume) 
44 

1.74 16.1 I 28.3 I 17.2 I 

1.71 18.8 I 26.2 I 16.9 I 

49 10 Sorghum grain 60 

Alfalfa hay 

40 - 14.0 I 

27.2 

I - - Alfalfa hay & cornstalk 30.1 

Alfalfa hay & coffee hulls 33.5 

50 57 
Ground barley and 

corn 
47 

Corn silage, timothy hay 
and timothy silage 

53 1.61 14.3 I 32.5 I 19.3 I 

51 57 Grain based 57 Corn & timothy silage 43 
1.71

5 
- - - - - - 
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Table A9 Continued 

No1 Dose2 

Concentrate Roughage 

NE 

Total diet composition 

Resource-based % Resource-based % 
CP % NDF % ADF % 

Cont Yea Cont Yea Cont Yea 

52 60 - 51 Corn silage & alfalfa hay 49 1.78 17.5 I 30.8 I 20.2 I 

53 57 High moisture corn 34 Alfalfa silage 66 - 18.8 
18.
8 

28.5 27.8 18.7 
18.
4 

54 
20 

Corn & barley 53 Alfalfa haylage & corn silage 47 1.63 16.5 
I 

33.2 
I 

20.5 
I 

15 I I I 

55 0.2 - 47 
Triticale silage, hay & dried beet 

pulp 
53 - 15.5 

15.
6 

38.1 37.9 - - 

56 
114 

Corn & oats 47 
Corn silage, legume haylage and 

alfalfa hay 
53 1.68 18 I 35.1 I 22.3 I 

114 

57 0.5 Corn grain 40 Alfalfa hay & corn silage 60 1.63 17.1 I 27.7 I 18.0 I 

58 56 Steamed & rolled corn 34 corn silage & alfalfa hay 66 - 17.4 
17.
7 

37.7 36.7 22.6 
22.
4 

59 90 
Rolled barley & wheat 

bran 
50 chopped barley hay & alfalfa hay 50 - 13.3 

13.
3 

42.8 42.7 25.0 
25.
0 

60 10 

Rolled barley 50 Hay 50 

- 

- - - - - - 

Rolled barley 50 Straw 50 - - - - - - 

Rolled barley 60 Hay 40 - - - - - - 

Rolled barley 60 Straw 40 - - - - - - 

61 10 - 50 Corn silage and hay 50 - 18.0 I - - - - 

62 
10 & 
20 

- - - - - - - - - - - 

63 57 Corn grain 50 Corn silage and alfalfa hay 50 1.57 15.2 I 32.3 I 17.7 I 
1
No represents the study number and corresponds to a fixed author throughout the tables 

2 
Dose = g/day 
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NE=Nett energy (Mcal/kg DM); CP= Crude protein; NDF=Neutral detergent fibre; ADF= Acid detergent fibre; Ly = live yeast; CY = yeast culture; I= Identical to 

the control 

 

Table A10 Literature review representing the dry matter intake, milk, fat -corrected milk yield and fat, protein and lactose 

milk percentages 

No Dose 
DMI DMI MY Milk yield FCM Milk fat% Milk protein% 

Milk 
lactose% 

Unit Cont Yea Unit Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

1 
3 

kg/d 1.09a 
1.21b 

kg/d 0.98a 
1.1b 

0.69a (7%) 
0.774b 

4.22a 
4.15b 

3.15a 
3.05 

4.85 
4.52 

6 1.25b 1.15b 0.819c 4.27c 2.98b 4.65 

5 90 kg/d 21.9 21.8 kg/d 37.9 36.5 
36.3 

(3.5%) 
35.5 3.33 3.37 2.97 2.94 5.13 5.03 

8 20% kg/d 23.6a 
23.4b 

kg/d 23.4 
23.4 

- 
- 

3.48 
3.58 

3.1 
3.11 

- 
- 

20.9b 23.5 - 3.33 3.15 - 

9 30 kg/d 26 25.8 kg/d 42.2a 43.4b - - 3.58a 3.48b 2.83 2.81 4.83 4.84 

10 56 kg/d 26.2 25.6 kg/d 37.4 38.2 - - 3.87 4.11 3.19 3.11 4.89 4.84 

11 60 kg/d 15.2 16.5 kg/d 22.9 23.5 - - 4.27 4.44 3.64 3.78 4.93 4.99 

13 - 
g/kg 
BW 

34.6a 35b 
g/kg 
BW 

46.5a 47.7b - - 3.8 3.85 3.2 3.19 - - 

17 10 kg/d 21.8 23.2 kg/d 18.9 20.1 - - 3.19 3.19 3.41 3.38 - - 

18 - kg/d 22.2 21.7 kg/d 36.3 37.9 - - 3.74 3.8 3.03 3.02 4.76 4.88 

19 
1% 

kg/d 19.6 
19.5 

kg/d 26.3 
25 

23.2 (4%) 
25 

3.42 
3.76 

3.44 
3.51 

- 
- 

1% 19 25.6 22.2 3.46 3.5 - 

21 0.2 kg 
87.4 86 g/kg 

MW 

0.137 0.177 
0.147 
(3.5%) 

0.199 4.26 4.51 3.32 3.4 4.98 4.95 

85.1 88.5 0.166 0.178 0.178 0.202 4.09 4.76 3.51 3.29 4.92 4.96 
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Table A10 Continued 

No Dose 
DMI DMI MY Milk yield FCM Milk fat% 

Milk 
protein% 

Milk 
lactose% 

Unit Cont Yea Unit Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

22 
7 

kg/d 20.7 
21 

kg/d 31.6 
32.4 

- 
- 

4.39 
4.34 

3.12 
3.17 

- 
- 

60 21.4 30.4 - 4.25 3.1 - 

24 
3 

kg/d 1.041 
1.106 

- - - - - - - - - - - 
6 1.051 

25 57 kg/d 22.9a 22b kg/d 25.3 26.5 - - 3.43 3.38 3.12 3.03 - - 

26 85 kg/d 9.64 9.83 - - - - - - - - - - - 

27 10 - - - kg/d 30.7 32.7 - - - - - - - - 

28 10 kg/d 11.16 11.16 kg/d 9.78 9.76 
9.36 
(4%) 

9.23 - - - - - - 

29 
11.25 

kg/d 1.406 
1.501 - - - - - - - - - - - 

22.5 1.498 - - - - - - - - - - - 

30 

20 mg 

- - - - - - - - - - - - - - 200 
mg 

10 kg/d 20.8 19.6 kg/d 32.9 33.4 
33.3 

(3.5%) 
33.4 3.58 3.5 3.13 3.1 - - 

10 
kg/d 22.8 

22.8 
kg/d 39.6 

40.5 
36.4 

39.3 
2.99 

3.3 
2.56 

2.6 
- 

- 

20 22.8 40.2 38 3.18 2.64 - 
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Table A10 Continued 

No Dose 
DMI DMI MY Milk yield FCM Milk fat% 

Milk 
protein% 

Milk 
lactose% 

Unit Cont Yea Unit Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

33 56 kg/d 
27.5 27.7 

kg/d 
43 42.6 41.6 (3.5%) 41 3.34 3.32 2.99 2.99 5.16 5.13 

25.4 26 43.6 44.8 39.8a (3.5%) 43b 3.03 3.31 2.92 2.94 5.13 5.1 

35 
3 

- - - kg/d 0.929a 
0.996 0.94a 

(6.5%) 

1.116b 
7.8 

7.7 
5.8 

5.7 
4.4 

4.4 

6 1.072b 1.221b 8 5.7 4.3 

39 
1g/4k
g DMI 

kg/d 24.1a 24.7b kg/d 36.3a 37.8b 32.8a (4%) 34.8b 3.49 3.63 3.2 3.24 4.86a 4.91b 

42 

2 

kg/d 1.5 1.5 - - - - - - - - - - - 2 

2 

43 90 kg/d 15.3 19.9 kg/d 34.93 36.17 na na 3.67 3.82 3.4 3.52 - - 

45 
1 

kg/d 0.842a 
0.911b - - - - - - - - - - - 

1 0.857ab - - - - - - - - - - - 

46 10 kg/d 21.1 22.8 kg/d 25.4a 26.2b 21.6a (4%) 23.6b 3.25 3.54 3.38 3.4 - - 

47 10 kg/d 8.41 8.49 - - - - - - - - - - - 

48 10 
kg/d 18.1 19.2 kg/d 31 32.1 26.5 (4%) 28.4 3.04 3.24 3.03 3.07 - - 

kg/d 18.3 19 kg/d 31.6 31.9 27.9 28 3.23 3.23 3.08 3.08 - - 
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Table A10 Continued 

No1 Dose2 DMI DMI MY Milk yeild FCM Milk fat% Milk protein% Milk lactose% 

Unit Cont Yea Unit Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

50 57 kg/d 17.38 17.62 kg/d 34.09 34.65 - - 4.17 4.33 3.26 3.19 4.51 4.6 

51 57 kg/d 
14.34 15.4 

kg/d 
25.36 27.81 - - 3.88 3.59 3.16 3 4.63 4.66 

19.45 20.76 38.6 40.35 - - 3.88 3.82 3.05 3.05 4.49 4.5 

52 60 kg/d 23.1 22.1 kg/d 34.9 35.4 31.2 (4%) 32 3.34 3.41 2.85 2.87 4.83 4.8 

53 57 - - - kg/d 36.7a 37.6b 34.5 (4%) 34.8 3.65a 3.55b 3.15a 3.13b - - 

54 
20 

kg/d 22.1 
21 

kg/d 40.2 
40.4 

38 (4%) 
35.8 

3.92 
3.82 

3.15 
3.13 

- 
- 

15 22.8 41.7 41.5 4.02 3.1 - 

55 0.2 kg/d 2.35a 2.71b kg/d 2.08a 2.38b - - 4.46a 4.32b 3.65 3.65 4.99 4.94 

56 
114 

kg/d - 
- 

kg/d 31.8 
31.8 

32.8 (3.5%) 
32.4 

3.69 
3.67 

3.15 
3.12 

- 
- 

114 - 31.6 32.4 3.76 3.17 - 

57 0.5 kg/d 16.9 16.7 - - - - - - - - - - - 

58 56 kg/d 26.2 26.4 kg/d 41.9 42.0 42.4 (3.5%) 43 3.61a 3.69b 3.21a 3.19b - - 

60 10 

kg/d 18.1 18.8 kg/d 23.4 23.3 21.1 20.6 3.44 3.35 

- - - - 
kg/d 15.7 16.5 kg/d 22.5 21.5 21.7 21.2 3.78 3.81 

kg/d 17.3 19.6 kg/d 23.3 27.4 21.5 24.5 3.45 3.26 

kg/d 17.8 18.7 kg/d 23.3 23.5 19.4 22.8 3.19 3.66 

61 10 kg/d 19.2 18.5 kg/d 26 27.2 - - 3.96 3.91 3.23 3.12 - - 

62 
10 

kg/d 24.1a 
25.4b 

kg/d 40.5 
41.8 

38.8 
42.6 

3.24 
3.64 

3.01a 
2.99ab 

- 
- 

20 25.1ab 42.8 41.9 3.43 2.83b - 
1
No represents the study number and corresponds to a fixed author throughout the tables 

2 
Dose = g/day 

DMI= Dry matter intake; MY = Milk yield; FCM = Fat-corrected milk yield; Cont= Control; Yea= Yeast 

a,b
 Means in the same study with different superscripts differ ( P < 0.05) 
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Table A11 Literature review representing the acetic, propionic, butyric vale ric and lactic acid percentages 

No Dose 
Acetic acid% Propionic acid% Butyric acid% Valeric acid% Lactic acid % 

Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

2 
20 

62.3 
63.5 

21.7 
21 

12.4 
11.5 

1.5 
1.9 

- 
- 

40 64.5 20 11.5 2 - 

3 3 66.6 67.4 21.3 21.4 11.8 11.2 - - - - 

4 1 66.6 67.5 21.3 21.1 11.8 11.4 - - - - 

6 
3 

66.6 
66.6 

22.2 
22.2 

11.3 
11.2 

- 
- 

- 
- 

1 67.3 20.4 12.3 - - 

8 20% 65.38 
64.09 

18.16a 
19.21b 

11.87 
11.8 

1.83 
1.99 

- 
- 

61.33 21.36b 12.69 2.09 - 

12 
0.002 (In vitro) 62.7 

63 
20.1a 

20.1ab 
11.6 

11.7 
1.4 

1.4 
- 

- 

62.3 20.9b 11.4 1.4 - 

9 72.3 72 15.2 15.1 7.3 7.6 2.5a 3.7b - - 

15 0.5 60.1 61.3 20.7 19.8 14.6 14.6 - - - - 

16 50 61.13 61.03 20.9 22.38 12.96 11.71 1.93 1.68 - - 

17 10 57.7 55.2 25.3 27 12.9 13.7 2.6 2.7 1.93a (peak) 1.73b  

18 - 65.9 68 29.6 35.1 11.1 11.9 2.3 2.8 - - 

20 
1 

71.4a 
71ac 

18.9a 
18.4ac 

9.5 
10.6 

- - - - 
1  66.3b 24.3b 9.2 

23 
0.3 

57.5a 
57.85b 

22.15a 
23.98b 

10.95a 
11.73b 

- - 2.1a 
0.83b 

1 62.73b 31.7b 12.3b 0.73b 

30 
20 mg/10 g diet 

55.1 
54.1 

22.9 
23 

15.3 
15.3 

3.2a 
3.2ac 

- - 
200 mg 54.9 22.4 14.5 3.1b 
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Table A11 Continued 

No Dose 
Acetic acid% Propionic acid% Butyric acid% Valeric acid% Lactic acid % 

Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

31 ±8 60.98 61.83 19.19 19.37 14.25 12.81 2.58 2.84 - - 

32 56 66.9 66.3 17.8 18.1 10.6 11.3 1.29 1.36 0.26 mM 0 mM 

33 56 
65.4 66.1 26.1 25.5 13.9 15.1 2.06 2.04 - - 

66.3 67.6 28.5 27.6 15.1 18.6 2.2 2.13 - - 

34 5 53.2a 59.1b 18a 25.8b 106 10.2 - - 16.5a 5.4b 

36 
- 

57.3a 
47.1b 

20.4a 
32b 

18.1 
16 

2.6a 
3.7b 

- - 
- 53.2c 23.6c 18.7 3b 

38 10 
71.4 71.7 16.2 15.9 12 12.2 - - - - 

72.4 72.8 15.4 16.3 11.6 10.3 - - - - 

39 1 g/4 kg DMI - - - - - - - - - - 

40 10 
68 69.1 17.7 16.9 11.5 11.1 2.8 2.6 - - 

61.6 62.5 17.6 18.4 16.7 15.3 4.1 3.9 - - 

42 

500 mg/d 

27.8 (mmol/day) 

28.2 

7.1 (mmol/day) 

7.8 

5.4 (mmol/day) 

5.5 

- 

- 

0.31m (mmol/dL) 

0.44 

500 mg/d 32.4 7.8 5.4 - 0.56 

500 mg/d 32.8 8.7 7.3 - 0.41 

500 mg/d 33.5 9 6.7 - 0.58 

500 mg/d 25.8 7.7 5 - 0.47 

2 

64.2 

63.8 

20 

17.8 

12.3 

14.5 

- 

- 

1.32 

1.29 

2 63.6 19.7 13.1 - 1.2 

2 62.7 20.6 13 - 1.32 
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Table A11 Continued 

No1 Dose2 Acetic acid% Propionic acid% Butyric acid% Valeric acid% Lactic acid % 

Cont Yea Cont Yea Cont Yea Cont Yea Cont Yea 

44 28.4 - - - - - - - - - - 

45 
1 

54.2a 
54.3ab 

- 
- - - 

- 
- - - 

1 57b - - - - - - 

46 10 60.2 63.7 24.3 23.3 11.1 10.3 - - - - 

47 10 60.3 58 20.7 22.2 18.9 19.6 - - - - 

48 10 
67.9 64.8 38.5 35.5 13.3 12.2 2.6 2.1 2 2.5 

67.6 63.6 35.9 37.9 13.4 12.9 2.9 3.2 1.9 1.9 

49 10 

63.39 65.31 21.4 22.9 15.21 11.79 - - - - 

66.6 67.51 19.96 18.7 13.43 13.79 - - - - 

65.76 65.54 21.08 19.4 13.15a 15.23b - - - - 

57 0.5 67.5 67 18.2 18.1 9.7a 10.4b - - - - 

59 90 69.3 68.8 14 13.8 12.4 13 - - - - 

60 10 - - - - 8.58 meq/L 6.96 - - 3.55 mM 1.43 mM 

63 57 63.5 63.9 19.6 19.3 12.9 12.7 1.48 1.49 - - 
1
No represents the study number and corresponds to a fixed author throughout the tables 

2 
Dose = g/day 

Cont= Control; Yea= Yeast 

a,b
 Means in the same study with different superscripts differ ( P < 0.05) 
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Table A12 Literature review representing the ruminal pH, ammonia nitrogen and volatile fatty acid concentrations  

No Dose 
Rumen pH NH3-N (mg/dL) VFA C (mM/L) 

Cont Yea Cont Yea Cont Yea 

1 
3 

6.52 
6.54 

21.12 
19.37 

95.07 
97.4 

6 6.57 19.71 102.53 

2 
20 

6.44a 
6.08b 

24.4 
22.5 

97.7a 
108.2b 

40 6.13b 24.1 111.7b 

3 3 6.81 6.51 11.01 10.16 82.8 87.9 

4 1 6.81 6.61 11.01 10.71 82.8 94.5 

6 
3 

6.05a 
5.85b 

9.24ab 
10.5a 

97.3ab 
105.6a 

1 5.96c 9.38b 107.6b 

7 5 5.49a 6.05b - - - - 

8 20% 6.23 
6.14 

- 
- 

117.7 
124 

6.13 - 125.8 

12 
0.002 (In vitro) 6.65 

6.61 
36.7 

36.1 
157.8 

160 

6.75 34.1 143.1 

9 7.04 6.97 - - 68.8 73.2 

13 - 6.31a 6.34b - - 95.2a (mM) 97.3b (mM) 

14 10 
6.16 6.16 - - - - 

6.12 6.14 - - - - 

15 0.5 6.31 6.35 10.16 10.73 76.67 81.18 

16 50 6.34 6.31 10.16 8.91 82.75 93 

17 10 5.99 6 10.7 9.6 - - 

18 - 5.79 5.69 12.99 10.81 - - 

20 
1 

6.45 
6.51 

- 
- 

61.8 
91.3 

1  6.42 - 79.7 

23 
0.3 

6.41a 
6.51b 

21.65 
22.15 

90.5a 
94.53ab 

1 6.55b 23.98 106.73b 
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Table A12 Continued 

No Dose 
Rumen pH NH3-N (mg/dL) VFA C (mM/L) 

Cont Yea Cont Yea Cont Yea 

30 
20 mg/10 g diet 

6.15 
6.14 

10.39ab 
10.4a 

113.3 
115.4 

200 mg 6.2 12.44b 114 

31 8 6.08 6.06 5.73a 3.41b 113.87a 123.66b 

32 56 6.37 6.32 14.32 13.86 112 114 

33 56 
6.04 6.04 7.11 8.07 110.7 112.2 

5.9 5.91 6.42 7.42 115.5 119.3 

34 5 5.94a 6.14b - - 53.2a 59.1b 

36 
- 

6.3ab 
6.17a 

5.53 
7.46 

- 
- 

- 6.37b 8.27 - 

38 10 
6.11 6.24 10.4 12.9 75.6 81 

6.53 6.48 13.4 12.7 78.2 76.6 

39 1 g/4 kg DMI 6.54 6.67 15.19a 12.61b - - 

40 10 
7.33 7.34 11.33 12.35 79.6 81.4 

6.91 6.99 21.02 19.02 110.3 107.3 

42 

500 mg/d 

7.1 

7.2 

43.8 

48.5 

- 

- 

500 mg/d 7.2 62.2 - 

500 mg/d 7.2 66.6 - 

500 mg/d 7.1 63.6 - 

500 mg/d 7.2 52 - 

2 

6.46 

6.53 

17.1 

17 

107 

109 

2 6.56 16.4 102 

2 6.53 16.4 105 
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Table A12 Continued 

No1 Dose2 Rumen pH NH3-N (mg/dL) VFA C (mM/L) 

Cont Yea Cont Yea Cont Yea 

44 28.4 6.2 6.2 - - - - 

45 
1 

5.6 
5.4 

- 
- 

81.5 
112.6 

1 5.3 - 103.7 

46 10 7.2 7.08 18.5 16 480 (mg/dL) 509 

47 10 5.96 5.98 - - 49.8 (mM) 54 

48 10 
6.04 6.05 7.48 8.05 - - 

6 6 10.82 10.99 - - 

49 10 

5.94 6.34 27.7a 36.3b 74.3a 88.2b 

6.06 6.48 28.2a 36.5b 53.6 63.1 

5.92 6.36 26.9a 36.4b 51.7a 69.6b 

57 0.5 6.32a 6.53b 13.6 14.4 122.4 107.3 

59 90 6.34 6.34 18.21 18.72 64.6 66.4 

60 10 - - - - 78 73 

63 57 5.96 5.98 12.9 15 124.9 120.4 
1
No represents the study number and corresponds to a fixed author throughout the tables 

2 
Dose = g/day 

Cont= Control; Yea= Yeast; NH3-N=Ammonia nitrogen; VFA= Volatile fatty acids 

a,b
 Means in the same study with different superscripts differ ( P < 0.05) 
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Table A13 Literature review representing the dry matter, neutral detergent, organic matter and  crude protein digestibility 

No Dose 

Digestibility % 

DM NDF OM CP 

Cont Yea Cont Yea Cont Yea Cont Yea 

1 
3 

tt65.84 
66.24 

tt61.32a (CF) 
65.24b 

tt71.65 
72.21 

tt69.67 
72.41 

6 64.24 66.21b 72.14 70.91 

2 
20 

tt73.7 
71.3 

64.1 
60.2 

77.2 
74.9 

77.2 
75.6 

40 73.1 64.3 76.8 77.7 

5 90 - - tt40.6 35.8 - - tt57.1 56.9 

10 56 tt62.36 60.86 tt40.5 40.71 - - tt67.51 63.44 

15 0.5 tt68.8 69.8 tt46.9 47.6 tt71.1 72.2 - - 

16 50 r40.3 r38.62 32.92 33.04 - - - - 

17 10 tt69.4 69.3 tt50.4 50.5 - - tt72.5a 74.5b 

20 
1 

tt0.72 
0.71 

tt0.67 
0.62 

- 
- 

- 
- 

1 0.73 0.64 - - 

23 
0.3 

- 
- 

rL24.7a/H39.3 
rL25.7b/H40.2 

- 
- 

- 
- 

1  rL30.6c/H41 - - 

24 
3 

tt63.2a 
67.6b 

tt52.1a 
56.1b 

tt64.5a 
68.3b 

tt58.9a 
65.3b 

6 66.9b 55.7b 67.5b 64.8b 

25 57 tt66.42 67.43 tt52.33 47.86 - - 62.33 63.01 
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Table A13 Continued 

No1 Dose2 

Digestibility 

DM NDF OM CP 

Cont Yea Cont Yea Cont Yea Cont Yea 

26 85 91.89 92.49 58.69 56.13 - - 74.87 73.23 

32 56 - - 57.5 66.4 45.8 58.5 56.1 66.5 

34 5 tt59 64 tt29.6a t41.6b tt62.2 t66.6 - - 

36 
57g/d/ 2.3mg/gDM 

66.6a 
71.6b 

44.5 
44.8 

49.7 
51.6 

- 
- 

57g/d/ 2.3mg/gDM 69b 46.6 49.3 - 

38 10 
- - r22.2 53.7 - - - - 

- - r56.9 59.7 - - - - 

39 1 g/4 kg DMI tt61.7 62.4 tt43.9 44.8 tt58.3 58.9 tt62.9 61.7 

41 10 
tt56.5 56.2 tt47.8 47.9 tt59.4 59.1 tt66.4 61.1 

tt72.4 73 tt46.3 46.8 tt74.7 75.3 tt76.1 77.2 

47 10 - - r48.6 (72h) 60.45 - - - - 

49 10 

- - r46.6a 55b - - r85.7a 90.2b 

- - - - - - - - 

- - - - - - - - 

58 56 tt59.5 59.5 tt34.6 37.8 - - - - 

59 90 tt77 79.1 - - - - tt79.5 82.2 

61 10 tt72.4 72.8 tt55.3 55.5 - - tt73.8 75.4 

62 
10 

74.1 
75.6 

57.6 
61 - - - - 

20 74.8 57.9 - - - - 

63 57 - - - - - - r42.2 46 
1
No represents the study number and corresponds to a fixed author throughout the tables 

2 
Dose = g/day 

DM= Dry matter; NDF= Neutral detergent fibre; OM= Organic matter; CP= Crude protein; CF= Crude fibre Cont= Control; Yea= Yeast; NH3-N=Ammonia 

nitrogen; VFA= Volatile fatty acids; tt= total tract; r= ruminal 

a,b
 Means in the same study with different superscripts differ ( P < 0.05) 

 
 
 




