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ABSTRACT 

Two production trials were conducted for 84 d each. 

The first with 22 Holstein cows in late lactation. The 

second with 46 Holstein cows in early lactation. Treatments 

were C (control) and AO (A. oryzae 3g/d). Diets were for 

production trial 1 a 1: 1 forage: concentrate ratio; for 

trial 2 was 2:3. 

Milk production in trial 1 was higher (P>.05) in AO 

fed cows during the first weeks of the trial. In trial two 

AO cows consistently produced more milk (P<. 03) • Rectal 

temperatures during hot weather (over 35 0 C) were 

consistently lower in AO fed cows, though not significant 

(P>. 10) . 

Two digestibility trials followed the production 

trials. For all digestion trials, Cr203 was used as digesta 

marker. In trial one AO tended to increase digestibility of 

DM (P>.10). In trial two digestibilities of DM, NDF and ADF 

were higher in AO fed cows (P<.05). 

Three other trials were conducted with mature 

Holstein cows fitted with ruminal and duodenal cannulae. 

The first trial tested two levels of forage (1: 2 vs 2: 1; 

forage to concentrate) and C vs AO in a 4X4 latin square 

design. AO increased (P<.05) ADF digestibility in the high 

concentrate diet. No changes (P>.10) in rumen pH, 
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concentrations and proportions of VFA, and ammonia 

concentrations resulted from AO treatments. 

In the second trial C, AO and SC (Sacharomyces 

cervesiae :; g/d) were compared in a repeated 3X3 latin 

square design. A 1:2 forage to concentrate diet was fed to 

six lactating cows. Both AO and SC increased (P<.05) rumen 

NOF digestibility. 

The third trial compared C vs AO in a swithchback 

design with four lactating cows fed a 2:3 forage to 

concentrate diet. AO increased (P<.05) rumen fiber 

digestion. AO did not affect rates of passage of corn or 

alfalfa hay; or the potentially digestible OM of milo, 

alfalfa hay or wheat straw. AO did increase (P<.05) 

digestion rate of alfalfa OM. 

digestibility. That effect 

In vitro AO increased OM 

can be reproduced by 

incorporation of the additive at the time of inoculation. 
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CHAPTER 1 

INTRODUCTION 

Milk production has undergone major changes in the 

last 30 years. In 1954 milk production per cow in the U.s. 

averaged 2575 kg (Etgen and Reaves, 1978) compared to 6061 

kg expected in 1988 (Mix, 1987). This increase is due to 

genetic progress, improved management practices and, to a 

large extent, changes in the nutrition of the dairy cow. 

Probably the most important of these changes is an increase 

in the proportion of concentrates in the diet. 

Dairy cattle have been shifted from a high forage 

diet to a low forage-high concentrate diet. Cows fed only 

forages would be limited to lactations of 4500 kg (Emery, 

1976). Concentrates contain more energy for production than 

forages, thus they have been used to increase the nutrient 

supply to the lactating dairy cow. However, when feeding 

large amounts of concentrates several problems arise. Lower 

concentration and production of butterfat, reduced fiber 

utilization and the fat cow syndrome are probably the most 

obvious. 

Nutrition research has 

feeding practices to control 

capacity of the cow to produce 

been 

these 

directed to 

problems. 

develop 

Yet the 

milk has not been exhausted, 
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and challenge to increase the milk production is still 

important. 

The amount of milk produced depends directly on the 

amount of absorbed nutrients (Tyrrel and Moe, 1975). Hence, 

we could increase the production by increasing feed intake 

or by increasing nutrient utilization. These two aspects 

are currently the subject of much active research. In the 

future it is not likely that major changes in the diet of 

the cow will happen again. But we can expect an increase in 

efficiency of feed utilization of diets currently in use. 

By the turn of the century cows in the US are expected to 

average 7425 Kg per lactation (Mix 1987); that amount could 

increase to 9281 kg with the use of such practices as 

recombinant bovine somatotropin. 

As the demand for nutrients increases, feed 

addi ti ves that aid in more nutrients being extracted from 

the feeds become more important. In beef cattle considerable 

benefit has been achieved with the use of ionophores, but 

their use in dairying is undesirable as they adversely 

change quality of milk. 

with dairy cattle it is necessary to generate ways 

to increase the utilization of the different nutrients of 

the feed without upsetting the rumen environment or 

generating imbalances in the products of digestion that 

could adversely affect the milk production. Fiber 

utilization seems to be prime target for this objective 
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since it is the nutrient most underutilized in diets rich in 

concentrates. 

The obj ecti ve of this study was to determine the 

possibility of improving the milk production in Holstein 

cows by increasing nutrients available for milk synthesis 

through oral ingestion of a culture of Aspergillus oryzae. 

Other objectives were to evaluate the effects of this 

additive on nutrient digestibility and the rumen 

fermentation. 
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CHAPTER 2 

LITERATURE REVIEW 

Aspergillus oryzae 

Aspergillus o:r.yzae is a heterothropic, absorptive 

fungi of the class Ascomicetes, subclass Plectomycetes, 

family Eumicota, order Eurotiales (Ingold, 1984). It was 

isolated from rice and is used in the production of soy 

sauce. 

Harold E Kistner (1962) developed a two stage 

fermentation process to commercially produce cultures that 

have a growth-activating substance for yeast from a selected 

strain of A. oryzae. These cultures are commercialized under 

a trade name of AMAFERM (Biozyme Enterprises Inc., st 

Joseph, Mo). The cultures of A. oryzae for feeding purposes 

will be referred in this dissertation as AO. The 

fermentation process includes the growth of the A. oryzae in 

a nutritionally balanced medium using wheat bran and mineral 

salts, followed by a second fermentation deprived of 

nitrogen. Under these conditions, a growth factor for yeast 

is produced (Kistner, 1962). 

Microbes growing in stressful conditions like in the 

second fermentation produce different kinds of compounds to 

secure their survival or as a result of metabolic exhaustion 
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(Guirard and Snell, 1981). Chitinase (Kistner, personal 

comunication) and Kojic acid (Onions et aI, 1981) are some 

compounds produced from A. oryzae under these circumstance 

but others may be awaiting discovery. These compounds might 

exert effects upon other organisms or may be the direct 

reason for the action of AO in animal diets. 

Fungal Additives 

Fungi have been in the life of ruminants from the 

days they evolved. They are part of the surrounding 

environment, sometimes as symbiotes, sometimes as a threat 

due to toxins. Toxic fungi are probably the best known to 

man because of adverse economic and health effects. Rumen 

fungi evolved with ruminants and probably contributed to 

their survival, however scientists did not discover their 

existence until recently. Their impact on the rumen 

environment is yet to be quantified. 

Some scientists have attempted to use fungi that 

grow on lignified materials for a dual purpose: to generate 

biomass; and to delignify potential roughage sources. 

The use of fungi for fermentation purposes has been 

part of human culture. Fungi grown in controlled 

environments for the purpose of synthesis of factors that 

enhance animal performance has gained attention in recent 

years. 

Studies on the use of fungal cultures in animal 

nutrition were initiated in the early 1960s. These studies 
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were aimed to increase cellulose utilization, but lost 

momentum with the popularization of high concentrate diets, 

because fiber utilization was somewhat neglected. In the 

1970s, trials with fungal cultures were begun in an attempt 

to increase cellulolysis of silage. Today the interest for 

this type of additive has increased because adequate fiber 

digestion improves utilization of the whole diet. 

Many feed additives of microbial origin have come 

onto the market and are called "probiotics". Since these 

additives are the dry products of microorganisms which grew 

on a medium and microbial-type residues of metabolism, it 

seems a more appropriate name would be microbial cultures 

(Matthews, 198R). The feed industry has called for more 

research with microbial cultures and has gained support from 

the FDA and companies hoping to commercialize microbial 

cultures. A primary concern of users of these products is a 

lack of research published in scientific literature. 

In searching for information about fungal additives, 

this author came across to a variety of bulletins and 

pamphlets with interesting data that apparently never were 

published in a formal publication. 

Published results on fungal cultures 

Leatherwood et al (1960) using an enzyme preparation 

from ~. niger increased in vitro cellulose digestibility. 

However no effect was found in the growth of calves fed the 

additive or in the DM digestibility with sheep. Owen and 
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Appleman (1977) added AO and a lactic culture to alfalfa 

silage. Recovery of DM was 71.8% for the treated silage 

compared to 67.5% for the control. Cows fed the treated 

silage increased fat corrected milk and feed efficiency. 

Autrey et al (1974) improved the quality of corn 

silage by adding cellulases from Trichoderma viride, 

apparently due to enhanced cellulose breakdown in the silo. 

Daniels and Hashim (1977) increased in vitro 

digestibility of rice hulls with a fungal additive. Corn and 

soybean meal did not respond to the additive. In vivo 

digestion of DM in a 50% rice hulls diet was increased by 

the fungal addition. using the same fungal preparation Van 

Horn et al (1979) reported no effect on cow performance. 

Digestion of OM in the rumen increased but not in the total 

tract. Apparently the lower tract digestion compensated for 

the rumen effect. 

Harrison et al (1987a) reported an increase in 

cellulolytic bacteria by feeding yeast cultures. Other 

findings in the rumen include a decrease in rumen pH, lower 

ammonia concentrations and a lower acetate to propionate 

ratio. Further work with yeast (Harrison 1977b) indicated a 

reduction in fiber digestion probably due to a reduced rate 

of cellulose digestion. Arambel e"t al (1988) did not show 

an effect on milk production or feed digestibility due to 

feeding yeast cultures. 
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Harris et ale (1983) added AO to sugar cane silage. 

The AO-treated silage increased butterfat percent and fat 

corrected milk. The same paper reported no effect in cow 

performance when feeding the AO directly to cows. 

Van Horn et al (1984) fed AO to lactating cows. Milk 

production increased 7% and feed intake 4%, apparently due 

to a 5% increase in DM digestibility and a 12% increase in 

ADF digestibility. 

Huber and Higginbotham (1985) used a preparation of 

AO, yeast, vitamins and minerals (Vitaferm) in cows fed two 

levels of forage. The additive increased milk production at 

the low level of forage. An interesting finding was that 

when ambient temperatures exceeded 37oC, the treated cows 

had significantly lower temperatures, but no effect was 

found during milder weather. Using the same fungal 

preparation (Wanderley et aI, 1985) rumen fungi were 

observed colonizing feed particles obtained at the duodenum 

of treated cows. These fungi were not seen in control cows. 

From the same study an increase in ADF digestibility and 

microbial protein synthesis was reported. 

Marcus et al (1986) also used vitaferm in a trial at 

a large commercial dairy farm. Fat corrected milk increased 

6% in treated over control cows. Some beneficial effect on 

reproductive performance was reported and rectal 

temperatures tended to be lower in treated animals during 

hot weather. 
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Kellems et al. (1987) reported a 9% increase in milk 

yield of early lactation cows and a 6% in mid lactation cows 

fed AD. No effects in reproduction were found. A more 

recent study from. the same group (Kellems et al., 1988) 

showed variable responses in productive performance when AD 

or vitaferm were included in complete lactation diets. 

Weidmeier et al. (1987) showed that AD produced 

increases in DM digestibility, particularly hemicellulose. 

Increased numbers of cellulolytic bacteria were found in AD 

fed animals. Yeast and the combination of AD-Yeast also 

increased DM digestion and cellulolytic bacteria numbers. 

No effects were found in rates of liquid or particulate 

passage; nor in VFA concentrations or proportions. 

In vitro work by Arambel et al., (1987) suggested 

that donor animals have to be adapted to the AD to reproduce 

the increases in digestibility observed in vivo. 

Summary of reports 

The above information indicates that fungal 

additives may be of some benefit when added to silage. Three 

tests showed some benefit, but the most controversial 

question deals with milk production. In six out of ten 

trials, milk production increased in response to fungal 

additives. However cows responded differently depending on 

the stage of lactation with early lactation cows showing the 

greatest response. 
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Conflicting results were also found with in vivo 

digestibility effects. Two trials showed no difference due 

to fungal treatments; though in one of them increased rumen 

disappearance of OM was observed. One of the trials with no 

response and another which showed a negative effect to the 

additives were conducted with yeast cultures. Conflicting 

resul ts with yeast were also found in rumen measurements. 

Three trials report increased in vivo digestibility, 

particularly in the fibrous fraction of the diet. 

Two trials showed immediate response to fungal 

additions for in vitro digestibility determinations but a 

later report indicates that donor animals have to be adapted 

to the fungi. 

In three trials where observations of the rumen 

microbes were made, the fiber-digesting populations 

increased with the fungal cultures. Thi~ aspect is of 

significant importance because changes in popUlations of a 

given microbial group reflect a major change in the rumen 

environment. 

In four trials a more favorable environment for 

fiber digestion or increased fiber digestion in the rumen 

were reported to result from fungal cultures. Data from 

yeast studies are more difficult to interpret; on the one 

hand, cellulolytic bacteria increased but ruminal conditions 

such as lower pH and reduced acetate to propionate ratios 
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indicate a less active fiber digestion. Further work with 

yeast cultures should clarify this matter. 

Two reports indicate that AD may lower rectal 

temperatures when the ambient temperature increases. These 

effects are not discussed herein, but deserve thorough 

investigation. Two papers address the reproductive 

performance and one reports improvement in AD fed cows. 

This summary suggests that fungal additives exert a 

positive effect upon fiber digesting microbes and increase 

animal production. 

Next is a short review of digestion of fiber in the 

rumen and the contribution of rumen microbes in areas where 

fungal cultures may be involved. 

Microbial Digestion of Dietary Fiber 

Dietary fiber and microbial digestion are both 

complex subjects. Is not the scope of this thesis to 

thoroughly review these, but to highlight some of the 

aspects of fiber digestion in the rumen that may aid in 

understanding mechanisms by which fungal cultures could have 

an enhancing effect. 

Fiber is produced by the plants for structural 

support and is defined as the plant material that cannot be 

digested by enzymatic secretions of mammals (Van Soest, 

1982). Fiber constitutes the cell wall which is mainly 

comprised of the carbohydrates cellulose and hemicellulose 
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plu~ other compounds such as lignin, silica, wax, etc (Van 

Soest 1975). 

For many ruminants fiber provides the most of their 

energy requirements through the rumen fermentation. 

Ruminants evolved through a symbiotic relationship of a 

microfloral complex that exists in the rumen. Very often, 

the amount of fiber digested in the rumen will determine the 

survival and productivity of an animal. Fiber digestion is 

accomplished by a harmonious orchestration of environmental 

factors that favor the growth of fiber digesting 

micr:>organisms. 

The nutritive value of dietary fiber depends on its 

fermentability. However, fiber is a heterogenous product 

with physical, chemical and morphological differences which 

originated from genetic differences and growing conditions. 

These differences have a determinant effect on fiber 

digestion by rumen microorganisms (Akin et al., 1983). 

The rumen microorganisms are ciliated protozoa, 

bacteria, fungi and bacteriophages. Their numbers per g of 

rumen contents may be as high as 5X106 for protozoa 

(Hungate, 1966) 2X1010 for bacteria (Bryant, 1959) 3XI04 

for fungi (Orpin, 1977) and 1X108 for bacteriophages 

(Klieve and Banchop, 1988). However, absolute numbers and 

relative proportions of species may have little significance 

as they are the result of selection for maximum biochemical 
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work due to the nature of feedstuffs ingested by ruminants 

(Hungate, 1966). 

Many ecological interrelationships between rumen 

microbes have been documented. These can be implied by the 

fact that a single species of rumen microorganisms grown in 

pure culture does not produce the same end products of the 

rumen fermentation; instead, it produces many sUbstances 

that are not observed in vivo (Bryant, 1977). Also, there 

is a difference in ability to ferment carbohydrates (Bryant, 

1977) . Thus, rumen organisms depend on each other to 

survive. Co-cultures of pure strains have illustrated these 

interrelationships. When Bacteroides succinogenes and 

Selenomonas ruminantium were grown in cellulose, ~. 

ruminantium grew even though it was unable to degrade 

cellulose (Scheifinger and Wolin, 1973). It used 

cellulodextrins and succinate generated by ~. succinogenes. 

Succinate was then converted to propionate, which is a more 

common product of the rumen fermentation. 

Methanogens co-cultured with hydrogen-producing 

bacteria decreased production of ethanol, propionate, 

succinate and lactate; whereas, acetate increased (Wolin, 

1979). 

Hydrogen tr'ansfer to methanogens provides additional 

substrate for methane production. Methanogens were thought 

to depend on formate, but much more methane is produced in 

vivo than could originate from formate (Hungate, 1966). 
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An interesting example is the tricul t1.lre work of 

Mountfort et al. (1982). They cUltivated Neocallimastix 

frontalis, a rumen fungi, with Methanobrevibacter and 

Methanosarcina barkeri on cellulose and produced methane. 

The fungi produces formate, acetate, lactate, ethanol, H2, 

and C02 in pure culture. These products were used by the 

methanogens to produce methane. Another important effect 

is that product removal enhances growth as some products may 

be inhibitory or toxic to the fermenting organisms. 

Predation and competition are other ecological 

relationships. A single protozoa can ingest as many as 

12,000 bacteria in an hour (Coleman, 1964). No evidence for 

a selective pattern of protozoa predation has been shown, 

but it is likely that free floating bacteria will be 

engulfed first. 

Bacteriophages do 

(Lockington et al., 1988). 

infect bacteria selectively 

Over twenty six different types 

of bacteriophages have been identified (Klieve and Bauchop, 

1988). These authors suggest that bacteriophages may 

contribute significantly to bacterial lysis in the rumen. 

Cell losses by engulfment or infection reduce microbial 

yields. 

In some cases versatility and specialization to 

utilize substrates defines the competiveness of an organism 

to survive. Modulation of growth rate adds another feature 

to secure microbial survival. The growth strategies of ~. 
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ruminantium as described by Russell (1988) is a most 

interesting example. Many rumen bacteria are able to 

ferment soluble carbohydrates. Selenomonas ruminantium 

competes for those with high affinity for a variety of 

sugars and high maximum growth rate. 'l'he product of this 

rapid fermentation is lactate. When sugars are exhausted, 

it ferments lactate to acetate and propionate at a slower 

growth rate. This regulation maximizes the amount of ATP 

produced per unit of time. 

other organisms have specialized in the fermentation 

of a given substrate and reduce their maintenance 

requirements by reducing their metabolic machinery. Two 

such organisms are Bacteroides amylophilus and Ruminococcus 

albus. They use starch and cellulose, respectively, but are 

not able to grow in glucose (Bryant, 1977). 

Protozoa are not essential for cell wall degradation 

(Hungate, 1975; Amos and Akin 1978) and their contribution 

to forage digestion has been questioned (Bauchop, 1979; 

Eadie and Gill, 1971). The contribution of bacteriophages 

to fiber digestion would have to come from a secondary event 

such as selective infection of cellulolytic competitors or 

when used to incorporate new genetic material through 

genetic engineering. 

Apparently, fiber digestion depends on the growth of 

cellulolytic bacteria and fungi. The contribution of each 

group independently is hard to define as they share many 
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features, but may have different ecological niches. 

Microorganisms like B. albus, B. flavefaciens and ~. 

succinogenes are the most important fiber digesting bacteria 

(Bryant, 1973). They have a complete array of enzymes to 

attack complex carbohydrates (Hungate, 1966; Ljungdahl and 

Eriksson, 1985), B. succinogenes is capable to digest the 

most resistant substrates (stewart et al., 1981), probably 

by strong adhesion to par.ticles (Minato et al., 1966). Loss 

of capsule in B. albus results in reduced capacity to digest 

fiber (l'lood and Wilson, 1984). Adhe!:"ent capsules have an 

important role in fiber digestion and can be manipulated 

(see below) . 

Rumen fungi have zoospores that seek a site to 

colonize; they then encyst and invade the plant tissue by 

thallus and rhizoids (Bauchop, 1981). Rumen fungi have been 

shown to have all the necessary machinery for cell wall 

digestion (Mountfort and Ashner, 1985; Lowe et al., 1987; 

Barichievich and Calza, 1988). 

Electron microscopy studies indicate that fungi 

prefer the more rigid lignocellulosic tissues of fiber (Akin 

et al., 1983). That cellulolytic bacteria and rumen fungi do 

not compete for a given particle site was demonstrated by 

Akin and Rigsby (1987). In their stUdies the mestome sheath 

was partially degraded by fungi, but not by cellulolytic 

bacteria. Another ecological contribution of fungi is that 

they readily colonize lignocellulosic substrates (Akin et 
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al., 1983) making these hard-to-digest tissues more 

accessible and fragile to bacterial attack. Some plant 

components were found to increase zoosporogenesis (orpin, 

1977), which may be a way to manipulate rumen fungi. 

The growth of rumen microbes can be manipulated not 

only by the substrates available for growth, but also by 

direct intervention on the rumen environment. 

Inhibition of methane synthesis is associated with 

increases in propionate synthesis and energy retention. 

Chlorinated hydrocarbons (Van Nevel et al., 1970) and 

ionophore antibiotics (Dellinger and Ferry, 1984) both 

reduce ruminal methanogenesis. The former by a direct toxic 

effect on methanogenic bacteria and the latter by selective 

inhibition of fomate and hydrogen producing organisms. 

Cellulolytic bacteria require branched-chain 

volatile fatty acids (Bryant, 1973), and under certain 

feeding circumstances, addition of these acids enhances the 

rate of fiber digestion and microbial protein synthesis 

(Russell and Sniffen, 1984; Gorosito et al., 1985). 

Buffers, another common feed addi ti ve, have been 

used to alleviate a low ruminal pH. A drop in pH is 

commonly associated with increases of starch in the diet 

(Hoover, 1986) and has a selective inhibitory effect on the 

growth of some microorganisms (Russell and Dombrowsky, 

1980). Inhibition of microbes by pH is selective, since 

different species have different pH tolerances. 
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Cellulolytic bacteria are the most sensitive species 

to low pH. (Russell and Dumbrowsky, 1980). Rumen protozoa 

are affected by the high starch-low forage-low pH complex. 

At low pH rumen protozoa tend to decrease in numbers (Purser 

and Moir, 1959; Whitelow et al., 1972). Direct effect of pH 

on fungal metabol ism is yet to be studied; but from the 

available data it appears that fungi benefit from hydrogen 

removal from the medium, thus resulting in more extensive 

cellulose digestion (Bauchop and Mountfort, 1981; Mountfort 

et al., 1982). 

Phenolic compounds in low concentrations, such as 

hydrocinnamic acid and phenylacetic acid can stimulate 

cellulolysis by rumen bacteria (Stack and Hungate, 1984; 

Stack et al., 1983) and rumen fungi (Fedorak and Westlake, 

1986; Akin and Rigsby, 1987), but are toxic at high 

concentration6. At low concentrations, these compounds 

appear to stimulate adherence of bacteria to fiber particles 

particularly for B. albus (Stack and Hungate, 1984). 

There is much to learn about compounds that change 

metabolism in microbes. Very often products are used before 

a complete understanding on their mode of action is known. 

Such is the case with fungal additives. To understand how 

they cun increase animal productivity, we need to learn how 

these additives are working and under what circumstances one 

might expect a productive response. 



CHAPTER 3 

MILK PRODUCTION AND OTHER PRODUCTIVE 
PARAMETERS IN DAIRY COWS FED 

A. 9 r yzae ADDITIVE 

Summary 

29 

Two production trials were conducted at the Dairy 

Research center of the University of Arizona to evaluate the 

effect of feeding AO on milk production in dairy cows. In 

both trials treatments were C, control (90g/d of milo) and 

AO, A. oryzae cultures (3g + 87g of milo daily). 

In the first trial 24 mid to late lactation cows 

were paired for production after a 10 d pretreatment period 

and assigned to the treatments. In the second trial 20 

primiparous and 26 multiparous cows in early lactation were 

paired for production during a 14 d pretreatment period and 

one cow from each pair was assygned at random to the C or AO 

treatment by number of lactations. Trials lasted 84 d. 

In the first trial, AO numerically increased milk 

production, fat-corrected milk, and feed intake. These 

differences were not significant (P>.10). However in the 

first weeks of the trial, significant milk production 

differences (P<.05) were recorded, with AO being higher than 

C. 
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Overall milk composition, rectal temperatures and 

respiration rates were not affected by the AO treatment. 

However differences in rectal temperature (P>.05) were 

observed in individual weeks when ambient temperatures were 

highest. 

In the second trial, AO increased milk production 

(P<.03) with less change in FCM (P>.10). The AO supplement 

also improved feed efficiency (P<.03) without feed intake 

change. No interactions between treatment and number of 

lactations were observed. As in trial 1, no effect was 

detected in milk composition and rectal temperatures, but 

analyzing rectal temperatures by week, measurements taken 

during the summer showed that 10 of 12 AO cows tended to be 

lower. 

The different response between trials is probably 

due to stage of lactation and feed intake. In trial 2 cows 

were recently fresh and mean feed intakes were over 3.9% of 

body weight, while cows on trial 1 were in mid to late 

lactation and consumed less than 3.0% of their body weight. 

Apparently AO can increase the productivity of dairy 

cows more when they have higher physiological demands. 

Improved feed utilization by AO fed cows could explain their 

responses in milk production. 

Introduction 

Cows of superior genetic capaci ty under improved 

management practices have higher nutrient demands because of 
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higher milk production. These nutrients have to come from 

very digestible diets. More precise diet design can help to 

maximize nutrient utilization. Herrera and Huber (1987) 

obtained higher milk production when starch and protein of 

rapid degradability in the rumen were combined. 

Increasing concentrate above 30% reduces fiber 

digestibility (Orskov, 1986), resulting in an estimated 10% 

loss in TDN (Mertens, 1976). Reduced fiber digestion in 

high grain diets results from adverse environmental 

conditions for cellulolytic bacteria in the rumen, as well 

as sUbstitution of the forage fiber with less digestible 

grain fiber. 

Several products to alleviate decreased rumen 

cellulolysis have been used in high concentrate diets for 

dairy cows such as buffers and diets of poor buffering 

capacity (Davis, 1964). This effect relates to a high 

sensitivity of cellulolytic bacteria to low rumen pH 

(Russell and Dombrowsky, 1980). Mixtures of branch chain 

fatty acids including isoacids, have increased milk 

production (Cook and Towns, 1987) perhaps because isoacids 

are required by cellulolytic bacteria for optimum growth 

(Bryant, 1973). 

A fungal culture (plus yeast vitamins and minerals) 

increased milk production in cows fed normal amounts of 

grain (Huber and Higginbotham, 1985) but not at high forage 

intakes. The objective of this study was to evaluate the 
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effect of AO on milk production, milk composition, body 

weights, rectal temperatures, and related parameters when 

fed as an additive in diets of cows at various stages of 

lactation during periods of moderate and high environmental 

temperatures. 

Materials and Methods 

Trial 1. Twenty four Holstein cows in mid to late 

lactation were used in a 84 d production trial from July to 

September of 1985. Prior to the trial cows were adapted to 

experimental pens during a two week pre-treatment period. 

The experimental pens housed 12 cows each in an open 

lot (600 m2 ) and provided 48 m2 of concrete flooring at 

feeders. The two shade areas in each pen were 72 m2 , one was 

over the feeders and the other in the middle of the pens. 

Feeding was ad libitum through electronic gates (American 

Calan Inc., Norwood, NH) to monitor individual feed intake. 

Weigh backs were recorded daily and amount of feed offered 

was adjusted to 10% in excess of appetite. Water and trace 

mineralized salt blocks were available at all times. Cows 

were milked twice daily at 0500 and 1700 h and milk yields 

were recorded every milking. 

Representative samples of milk from PM and AM 

milkings from each cow were collected and composited weekly, 

and analyzed at the Arizona DHIA laboratory (Phoenix, Az) 

for butterfat, protein, lactose and total solids by 

infrared analysis. 
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After pre-treatment cows were paired by production 

level and number of lactations and assigned randomly to two 

treatments; C (90 g/d milo) and AD (39/d AO + 87g/d milo), 

which were incorporated as top dressing to the AM feeding to 

insure total consumption of the additive. The C and AO cows 

were placed in different pens to monitor by group water 

intake. The diet consisted of 50% forage and 50% concentrate 

(table 1). Other measurements were rectal temperatures by a 

digi tal readout thermometer and respiration rates using a 

wrist watch. Cows were weighed twice at the beginning and 

end of the trial and once every 14d. Diets were sampled 

twice weekly and composited every two weeks for analysis of 

DM, OM, CP (AOAC, 1984), NDF and ADF (Van Soest, 1985). 

statistical analysis were conducted following the 

BMDP (1985) procedures for the model: 

Yijk=U+Ti+COVj+Eijk 

This model accounts for a treatment effect (Ti), 

for a covariate effect (COVj) and random error (Eijk). 

Trial 2. Forty six Holstein cows, 20 primiparous and 

26 multiparous, were started on a production trial between 3 

and 5 weeks postpartum. All cows calved between January and 

June of 1987. They wr.:re selected by lactation number and 

ease to adapt to experimental pens. Management was similar 

to that of trial 1 except for the diet that consisted of 40% 

forage and 60% concentrate (table 2). At the end of a 14 d 

pretreatment period cows were paired by production level and 



TABLE 1. INGREDIENT COMPOSITION OF DIET FOR TRIAL 11 

Alfalfa hay 50 $l, o 

Barley, flaked 20 % 

% Corn, shelled 

Protein mix2 

5 

20 % 

1 

2 

Calculated composition: 16% CP; 1.5 Mcal NEL; .95% 
Ca; .5% P. 

Protein mix components: cottonseed meal; Ground milo; 
Dehydrated alfalfa; Wheat bran; urea; Biophos; Trace 
minerals; Vit A, D and E. 
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TABLE 2. INGREDIENT COMPOSITION OF DIETS USED IN TRIAL 21 

Alfalfa hay 20 % 

Alfalfa cubes 15 % 

Cottonseed hulls 4 % 

Commercial concentrate2 46 % 

Cottonseed, whole 15 % 

1 Calculated composition: 18% CP; 1.65 Mcal NEL; .8% Ca; 
.35% P. 

2 Commercial concentrate components: Shelled Corn; 
Cottonseed meal; Ground milo; Dehydrated alfalfa; Wheat 
bran: urea: Biophos: Trace minerals; vit A, D and E. 

35 
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randomly assigned to the same treatments as in trial 1. In 

contrast to trial 1, cows were housed in pens in a random 

manner and group water intakes were not measured. 

Milk production and feed intakes were recorded daily 

and milk composition determined as in trial 1. Feed 

composition, body weights and rectal temperatures were 

measured as in trial 1. statistical analysis were 

conducted with BMDP (1985) procedures for the model 

Yijkl=U+Ti+Lj+TLij+COVk+Eijkl 

This model accounts for the effects of the treatment 

(Ti) i lactation (Lj) i treatment by lactation interaction 

(TLij)i covariate (Covk) and random error (Eijkl)' 

Results and Discussion 

Table 3 shows the composi tiCinal analyses of basal 

diets from both trials. Eventhough that of trial 1 had 10% 

more forage, it contained less NDF and ADF. This is because 

diets in trial 2 had cottonseed products which increased 

fiber content, but NEl was higher for trial 2 diets. 

Cow performance for trial 1 is summarized in table 

4. Pretreatment milk yields show similarity of treatment 

groups. During treatment the AO cows produced 4% more milk 

than controls, but differences were not significant. 

Similarly, FCM yields, feed intake and feed efficiency were 

not significatively affected by the treatment. 

In trial 2, no interaction between lactation number 

and treatment was detected for any parameter studied, so 
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TABLE 3. COMPOSITION ANALYSIS OF DIETS FOR TRIALS 1 AND 2 

Trial 1 2 

--------%-------
DM 88.8 93.9 

OM 91.8 94.5 

CP 16.9 18.0 

NDF 37.9 43.1 

ADF 23.3 29.4 



TABLE 4. EFFECT OF AO ON COW PERFORMANCE IN TRIAL 11 

C AO SEM 

------Kg/d------
Pretreatment milk 27.2 27.8 

Treatment milk 22.3 23.2 0.70 

FCM production 20.5 21.4 0.79 

Feed intake 19.1 19.9 1. 75 

Milk/Feed 1.19 1.18 0.05 

1 covariate adjusted means; 84 d trial duration, 12 
cows/treatment. C: control; AO: A. oryzae (3g/d). 

38 
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averages for primiparous and multiparous cows within 

treatments are combined. Table 5 summarizes the results 

from this trial. Groups were similar in milk production 

during pretreatment, but during the treatment cows fed the 

AO produced 7% more milk than controls (P<.03). Feed intake 

and FCM were also higher for AO cows (P<.10) as was feed 

efficiency (P>.03). 

Early lactation cows in trial 2 responded better to 

AO supplementation than those in late lactation. Similar 

resul ts have been reported elsewhere (Wallentine et al., 

1986; Marcus et al., 1986; Kellems et al., 1987), but in 

those trials feed intakes were not reported; but a~ in our 

trials, we assume that cows in early lactation had higher 

feed intakes. For instance, the later lactation cows in 

trial 1 consumed about 3% of their body weight as OM; this 

contrasts with about 4% in trial 2. Waldo and Jorgensen 

(1981) calculated that variations in feed intake accounted 

for 50 to 75% of the differences in cow productivity. 

The feed intake pattern in trial 2 is interesting in 

that AO fed cows reached maximum consumption by week 4, 

while C cows required 10 weeks to peak. Intakes were higher 

on AO (P<.05) in weeks 4 and 5, respectively (24.6 vs 26.4 

and 24.4 vs 26.1 Kg/d). Thus, the AO cows would be in 

energy balance sooner after calving than controls. This 

advantage will be discussed later in regard to the 

reproductive performance of these cows. 
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TABLE 5. EFFECT OF AO ON COW PERFORMANCE IN TRIAL 21 

C AO SEM 

-------Kg/d-------
Pretreatment milk 37.1 37.9 

Treatment milk1 37.3a 39.8b 1.10 

FCM production1 34.1c 35.9d 1. 06 

Feed intake 25.1 25.6 0.71 

Milk/Feed 1.49a 1.57b 0.03 

1 Covariate adjusted means; 84 d trial duration, 23 
cows/treatment. 

a,b Values are statistically different (P<. 03) . 

c,d Values are statistically different (P< .10) . 
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No changes (P<.10) were observed in any milk 

components due to the treatment (table 6). The differences 

.in FCM yields reported here and in other trials (Kellems et 

al., 1987; Van Horn et al., 1984; Marcus et al., 1986; 

Wallentine et al., 1986) resulted from increased milk 

yields. Only the work of Harris et ale (1983) showed that AO 

increased percent butterfat. 

In trial 1 weekly milk production (table 7 and 

figure 1) was consistently higher with the AO treatment but 

differences were significant only for weeks 2 (P<.05) and 8 

(P<.10), which coincided with highest ambient temperatures. 

In the work of Wallentine, et ale (1986) the largest 

differences between the control and the AO cows were also 

observed when ambient temperatures were highest. 

Differences between treatments in weekly milk 

production for trial 2 (table 8 and figure 2) were of larger 

magnitude than in trial 1 and only for weeks 2, 10 and 11 

they were not significant (P>.10). The interaction of 

ambient temperature with AO treatment could not be 

elucidated as in trial 1 because cows commenced treatment 

from February to June. 

In trial 1 and the study of Wallentine et ale 

between treatments in weekly milk 

towards the end of experimental 

(1986), differences 

production diminished 

periods. However, in trial 2, AO treated cows consistently 

produced 6 to 7% more milk than controls. 



TABLE 6. EFFECT OF AO ON MILK COMPOSITION IN TRIALS 1 
AND 21 

Trial 1 Trial 2 

C AO SEM C AO SEM 

-----%---- -----%----
Butterfat 2.97 2.93 .15 3.07 2.91 .10 

Protein 3.15 3.20 .16 3.02 2.99 .03 

Lactose 4.78 5.01 .10 4.99 5.03 .05 

SNF 8.59 8.76 .26 8.78 8.85 .09 

1 None of the differences was significant (P<.10) 
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TABLE 7. WEEKLY MILK PRODUCTION FROM 'I'RIAL 11 

Week 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

C AO 

------Kg/d-----

24.6 

22.7 

24.5 

24.5 

22.8 

23.3 

22.6 

20.2 

19.6 

21. 0 

20.1 

20.3 

24.9 

24.6 

25.5 

25.7 

23.8 

24.4 

23.3 

21.7 

21.0 

22.01 

20.61 

20.31 

SEM 

.74 

.63 * 

.55 

.68 

.68 

.67 

.75 

.73 t 

.81 

.08 

.27 

.37 

-------------------.. .. ---.--u:----
1 

t 

* 

covariate adjusted means, 12 cows/treatment. 

Treatment difference (P<.10). 

Treatment difference (P<.05). 

43 



MILK Kg/d 
30 

28 

24 

22 

20 

I -- CONTROL + AO I 

18~------------'--------------------
P 1 2 3 4 5 6 7 8 9 10 11 12 

WEEK 

44 

FIGURE 1. EFFECT OF AO ON WEEKLY MILK PRODUCTION DURING 
TRIAL 1. (C· AO +) 
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TABLE 8. WEEKLY MILK PRODUCTION FROM TRIAL 21 

Week C AO SEM 

-----Kg/d------

1 38.5 40.5 .75 ** 
2 39.5 40.8 .92 

3 39.1 41.3 1.02 * 
4 38.4 41.3 1.06 ** 
5 38.6 41.7 1.21 * 
6 38.5 40.7 1.23 t 

7 38.3 41.0 1.21 * 
8 37.8 40.4 1.33 t 

9 37.2 39.7 1.40 t 

10 36.0 38.5 1.65 

11 36.3 38.4 1.47 

12 35.4 38.1 1.47 t 

1 Covariate adjusted means, 23 cows/treatment. 

t Treatment difference (P< .10) . 

* Treatment difference (P<. 05) . 

** Treatment difference (P<. 01) • 
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FIGURE 2. EFFEC~ OF AO IN WEEKLY MILK PRODUCTION DURING 
TRIAL 2. (C· AO +) 
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Mean rectal temperatures and respiration rates for 

trial 1 (table 9) were not different (P>.10) due to 

treatment. Even though both groups gained weight, AO cows 

had numerically higher gains. Wallentine et al. (1986) 

reported a larger difference in weight gain (270 vs 390 g/d 

for C and AO) resulted from AO feeding. 

In trial 2 (table 10) no differences (P<.10) in mean 

rectal temperatures and body weight changes were found due 

to treatment. 

When considering rectal temperatures in Trial 1 for 

individual weeks, cows fed AO were lower (P<.05) for 4 of 10 

weeks (figure 3). Differences for other weeks were not 

significant but wera lower for AO cows. In trial 2 

temperatures recorded in the summer months are presented 

(figure 4). Mean temperatures recorded before June 16 were 

always below 39 0 C and considered to be within the 

physiological range for cows in thermal neutrality 

(Anderson, 1977). Ten of 12 AO cows had lower temperatures 

than paired C cows; though these differences were not 

significant (P>.10). These results are in contrast to those 

of Wallentine et al. (1986) who reported higher temperatures 

in AO cows, regardless of season. Another study by our 

group (Marcus et al., 1986) in a commercial dairy showed 

lower temperatures in AO cows. Further work was conducted to 

study the effect on body temperature and is addressed in 

next chapter. 



TABLE 9. EFFECT OF AO ON MEAN RECTAL TEMPERATURES, 
RESPIRATION RATES AND BODY WEIGHTS FOR 
TRIAL 11. 

C AO SEM 

Rectal temperature °c 39.2 39.0 0.07 

Respiration rate min. 66.9 62.6 2.78 

Initial weight, kg 631 637 39.8 

Body weight change, g/d 402 443 38.0 

1 Trial duration 84 d, 12 cows/t.reatment. 
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TABLE 10. EFFECT OF AO ON RECTAL TEMPERATURES AND BODY 
WEIGHT FOR TRIAL 21. 

C AO SEM 

Rectal temperature °c 39.0 38.7 0.16 . 

Initial weight, kg 620 647 49.8 

Body weight change, g/d 243 188 15.1 

1 Trial duration 84 d, 23 cows/treatment. 
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TRIAL 1. 
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Cows in trial 2 gained less body weight than those 

in trial 1 because higher milk yields resulted in a less 

positive energy balance. Generally, as a cow progresses in 

lactation, nutrient supply matches more closely her 

requirements with extra nutrients used to replenish body 

reserves. 

The response to AO in milk production depends upon 

the nutritional needs of the cow and upon interaction of 

factors that affect nutrient availability. The possibility 

of a direct metabolic effect by AO is supported by changes 

observed in body temperatures; though, in accordance with 

known literature, the primary effect is likely to occur in 

the digestive tract. The following chapters will address 

this hypothesis. 



CHAPTER 4 

EFFECT OF A. oryzae ON THE 
FEED DIGESTIBILITY IN LACTATING 

DAIRY COWS 

Summary 
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Two digestibility studies were conducted immediately 

after the lactation trials described in chapter 3, to 

evaluate the effect of feeding an A. oryzae extract on the 

feed utilization by dairy cows. The first trial used 22 of 

the cows assigned to C and AO supplements for lactation 

trial 1, and the second trial used 34 cows from lactation 

trial 2, in groups of 12, 10, and 12. In both trials cr203 

was used as a digesta marker. In trial 1 Cr203 was fed as 

top dressing (24g/d) for 14 d. In trial 2 Cr203 was dosed in 

gelatin capsules (20g/d) for 10 d. Fecal grab samples were 

collected twice daily the last 7 d of trial 1 and the last 5 

d of trial 2. 

Two additional studies were conducted in conjunction 

with the lactation trial 2 mentioned in chapter 3. In one, 

the headgates of 12 cows (6 from each treatment) were 

electronically wired to continuously monitor feeding 

behavior. In the second, 6 additional cows from each 

treatment were fitted with ear thermotransmiters to 

continuously lnonitor the tympanic temperatures. 
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Results from digestion trial 1 show numerically 

higher digestion coefficients for AO-fed cows, thougb 

differences were not significant (P>.10). In digestion trial 

2, AO statistically increased (P<.05) feed intake and 

digestibilities of DM, OM, CP, NDF, and ADF. Largest 

increases in digestibility wer~ in the fibrous fractions of 

feeds. 

In the two additional studies, meal size and number 

did not change due to the AO treatment and no significant 

differences (P>.10) in tympanic temperature were detected. 

However, AO treated cows always had lower mean temperatures 

than C cows through the 168 h of observations. 

Analysis of the reproductive data from cows from 

trial 2 (chapter 3) showed a reduction (P<.08) in days open 

for the primiparous cows due to AO, though no effect was 

observed in multiparous cows. It is suggested that AO cows 

were in better energy balance, and that heifers benefit most 

from this effect. 

Increases in milk production due to AO observed in 

lactation trials resulted principally from increased 

nutrient digestibility, but some studies have also shown 

higher feed intakes. The increase in nutrient supply also 

was reflected in improved reproductive performance. possible 

explanations for the effect of AO on body temperatures are 

discussed. 
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Introduction 

Practices to increase fiber digestion in high 

concentrate diets include the addition of buffers and 

isoacids. The effects of these additives have been reviewed 

recently (Downer and Cummings, 1987; Cook and Towns, 1987). 

Early work showed that buffers may increase digestibility 

(Lassiter and Cook, 1963; Nicholson et al., 1963) as well as 

FCM production (Davis, 1964). However, their utilization has 

been questioned when used in diets where legume forages 

exceed 40% of the DM because of the high buffering capacity 

o.E legumes (Mertens, 1979). Isoacids have been shown to 

increase fiber digestibility (Gorosito et al., 1985) and 

milk production (Papas et al., 1984). Apparently the 

response td isoacids is conditioned to the nature of the 

protein in the diet. In vitro digestion of forrnaldehyde

treated soybean was restored to that of untreated soybeans 

by addition of isoacids (Varga et al., 1982). 

Fungal cultures used to increase milk production 

appear to increase feed digestibility. Results from other 

laboratories (Weidmeier et al., 1986; Van Horn et al., 1984) 

show higher digestibility of DM due to AO supplementation, 

but did not agree regarding fiber digestion. 

The obj ecti ve of this work was to determine the 

effect of AO on digestibility of the different nutrient 

components. Also further study on the effects of AO on body 



56 

temperature, feeding behavior and reproductive performance 

were of interest. 

Materials and Methods 

Trial 1. Twenty two Holstein cows in late lactation 

were used for a digestibility trial. Cows came from 

lactation trial 1 refereed in chapter 3 and were already 

adapted to experimental conditions and treatments. Diet 

(table 1) and feeding management were as described for that 

trial except that feeds and weighbacks were sampled daily. 

Throughout the 14 d trial, rations were top-dressed with 24 

g of Cr203 in two doses to insure full consumption of the 

marker. Fecal grab samples were collected twice a day during 

the last 7 d, stored at -50 C until composited for analysis. 

Samples of feeds, orts and feces were dried at 550 C and 

ground with a Wily mill to pass a 2 mm screen. 

Chemical analyses were: Cr203 by atomic absorption 

spectrometry using a multielement hallow cathode lamp at 

357.9 nm with an air:acetylene flame after digestion with 

sulfuric acid and re-digestion with periodic acid. Percent 

DM, OM and CP by AOAC (1984) procedures. NDF and ADF as 

indicated by Van Soest and Robertson (1986). 

Data were analyzed as a randomized 

using the procedures of Steel and Torrie 

block design 

(1980) because 

there was no logical covariate for these parameters. 

Trial 2. Thirty-four cows were used in this trial. 

All cows had just completed lactation trial 2 and were 



57 

handled in three separate groups of 12, 10 and 12 each. 

Diet (table 2) was the same used in the lactation trial 2. 

A single dose of Cr203 (20 g/d) was given to each 

cow in a gelatin capsule at 800 h for 10 d. Samples were 

collected and processed as in trial 1: except that fecal 

grab samples were collected at 1000 h once daily during the 

last 5 days of the trial. 

Data was analyzed as randomized blocks with a 2x3 

factorial arrangement of treatments; two levels of AO (0 and 

3g/d) and 3 groups of cows placed on treatment at different 

times (steel and Torrie, 1980). 

Trial 3. six cows receiving AO and 6 controls from 

lactation trial 2 (chapter 3) were fitted with tympanic 

temperature probes for continuous monitoring of body 

temperature. Cows were adapted to experimental treatments 

and were selected randomly. Ear proves were kept in the cows 

for 10 d. 

The temperature transmitters (Model TTE-IG, Stuart 

Enterprises, Grass Valley, Ca) were placed deep in the ear 

canal and fixed with adhesive foam and used pulse interval 

modulation for maximizing transmission life. Data was 

collected by a receiver and sent to a computer terminal with 

calibration curves for each transmitter. Data was stored on 

a magnetic disk. Ambient temperatures were also recorded 

during the experimental period. Temperature data was 
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summarized for each cow for a 24 h period and results 

analyzed statistically (Steel and Torrie, 1980). 

Trial 4. The eating patterns of 6 C and 6 AO cows 

from lactation trial 2 (chapter 3) were evaluated by placing 

electronic interrupters on Calan gates. The Cows had been 

adapted to experimental treatments and were randomly 

selected. The interrupters were connected to a receiver that 

recorded the time when a gate was open or closed. When gates 

were open for less than 1 min, it was not considered a meal; 

when gates were closed for over 3 min, it was considered the 

end of a meal. Wiring of gates did not interfere with the 

gate function or the animal behavior. The experimental 

period was 23 d. Statistical analyses were made by standard 

procedures. (Steel and Torrie, 1980). 

Trial 5. The reproductive efficiency of the cows 

from lactation trial 2 (chapter 3) was analyzed for days 

open and services per conception. Cows from the first 

lactation trial were not evaluated for reproductive 

performance because by the time the treatments were 

initiated many had already conceived. Cows evaluated 

included those that had not begun cycling at the beginning 

of the trial and those that had no preexisting reproductive 

problems. Four cows were also eliminated as they were used 

in an unrelated estrus synchronization test • Reproductive 

management was the same as for the remainder of the herd. 

Heat detection was twice-daily. Chalk was applied at the 
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base of the tail for visual aid in heat detection. When in 

estrus, cows were artificially inseminated. Data was 

analyzed by standard procedures and differences were tested 

by the students "t" test (Steel and Torrie, 1980). 

Results and Discussion 

Diet composition and chemical analyses of feeds for 

the digestibility trials are in tables 1, 2 and 3 (Chapter 

3). In trial 1 (table 11) AO numerically increased 

digestion coefficients for all feed components, but 

differences were not significant (P>.10). In the discussion 

of the lactation trial it was suggested that at that level 

of feed intake (about 3% of bodyweight) the rumen conditions 

did not impose a maj or constraint to digestion. This is 

supported by the relatively high digestion coefficients 

observed for both treatments. 

In the second trial digestion coefficients for all 

feed components were relatively inferior to those from the 

first trial (table 12). Tyrrel and Moe (1975) suggested a 

decrease of 4% digestibility 

maintenance intake. Differences 

exceed that estimation. 

for every increment 

between trials 1 and 

in 

2 

In the second trial AO resulted in increased (P<.05) 

feed intake and digestibilities of DM, OM, CP, NDF and ADF. 

These results are in agreement with others using AO (Van 

Horn et al., 1984; Weidmeier et al., 1987) • Cultures of 

Saccharomyses cervesiae have also increased in vivo 



TABLE 11. EFFECT OF AO ON NUTRIENT DIGESTIBILITY IN 
TRIAL 11. 

C AO SEM 

Feed intake (% bwt) 2.95 2.99 .15 

Digestibility % 

Dry Matter 77.6 79.4 1.52 

Organic Matter 78.5 79.9 1.21 

Crude Protein 81.4 82.9 1. 36 

NDF 68.4 70.5 2.34 

ADF 62.4 63.7 3.12 

1 None of the differences were significant (P< .10) . 
11 cows/treatment. 
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TABLE 12. EFFECT OF AO ON NUTRIENT DIGESTIBILITY IN 
TRIAL 21. 

C AO SEM 

Feed intake (% bwt) 3.9Sa 4.20b .os 

Digestibility (%) 

Dry Matter 64.0a 71.9b 2.10 

organic Matter 6S.3 a 72.9b 2.00 

Crude Protein 70.Sa 77.6b 1.90 

NDF SO.7a S7.1b 2.10 

ADF 40.3 a 4S.6b 2.S0 

1 17 cows/treatment. 

a,b significantly different (P<.OS). 
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digestibility of diets (Van Horn et al., 1979; Daniels and 

Hashim, 1976). 

The increased digestibility in trial 2 was of a 

greater magnitude for the fibrous portion of the diet than 

for other components. Van Horn et ale (1984) also reported 

that AO supplementation resulted in twice as much 

improvement in ADF than in DM digestibility. Chapter 5 

addresses AO effects on fiber digestion in greater detail. 
/ 

Data from trial 3 are summarized in figure 5. No 

statistical differences were detected when analyzing the 

data for mean, maximum and minimum temperatures. However, 

temperature curves for treatments were parallel, with AO 

cows about o. 30 C less than C cows during the entire day, 

except the early morning hours when ambient temperatures 

were lowest. The cyclicity of the temperatures is related to 

the ambient temperature. This test was conducted at the 

beginning of the summer; attempts to repeat the test failed 

due to malfunctions in the equipment. 

Rectal temperature data (Chapter 3) and that of 

Huber and Higginbotham (1985) and Marcus et ·al. (1986) 

strongly suggest that AO lower body temperatures of cows 

during heat stress. These data tend to support, but do not 

firmly establish an effect of AO on body heat regulation. 

Besides the direct temperature comparisons between 

treatments, a thermoregulatory effect for the additive is 

supported by the fact that the higher milk yields and fiber 
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digestibilities of AO cows in trial 2 would be expected to 

increase body temperature during periods of heat stress, but 

evidence for a lowering effect has been observed, 

repeatedly. 

An explanation for reduced temperatures by feeding 

AO might be the presence of a compound from the cells or the 

fermentation products of A. oryzae that affects 

thermoregulation centers in the brain. Moreover, compounds 

that affect thermoregulatory centers might be produced by 

the animal in response to certain physiological factors 

(Meyers, 1974); such compounds are biogenic amines, peptides 

and prostaglandins. Exogenous substances which also induce 

hypothermia are anesthetics, opiates and other drugs. Meyers 

(1974) listed over 20 different compounds, which 

originated from plants, microorganisms and synthetic means 

and induce hypothermia, 

The review of Kaul and Daftari (1986) describes 

several compounds isolated from marine organisms that induce 

hypothermia. Under thermal stress the thermoregulatory 

centers of the hypothalamus are more sensitive to drugs that 

cause hyper and hypothermia (Meyers, 1974). This could 

explain why in hot weather AO cows had lower temperatures 

but not in milder weather. Further research is needed to 

define the AO relationship to thermoregulation. 

In trial 4 (table 13) no differences in feed intake, 

meals per day, eating time or calculated measurements 



TABLE 13. EATING BEHAVIOR OF COWS FED A. oryzae1 • 

C AO SEM 

Feed intake Kg/d 21.24 21. 70 .24 

Meals/d 9.11 8.97 .54 

Eating time, h 3.70 3.56 .19 

Time/meal, min 24.55 24.25 1.58 

Feed/meal, kg 2.40 2.51 .13 

1 Results are means of 6 observations during 23 days. 
None of the differences are significant (P<.10). 
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related to eating behavior resulted from feeding the AO 

additive. The reason for studying feeding behavior was 

because AO cows achieved maximum intake more rapidly 

(Chapter 3) and had less day to day variation. In contrast, 

C cows reached maximum intakes more slowly and were quite 

erratic. 

Concerning reproductive performance, only 26 cows 

were evaluated (table 14). In multiparous cows no 

differences (P>.10) were found. In primiparous cows the 

number of days open were less in AO cows (P<.08). 

Heifers may benefit more than older cows from AO 

since demands for growth increase nutrient needs about 20% 

(NRC, 1978). The AO helped heifers reach a positive energy 

balance faster than their C counterparts as maximum feed 

intake occurred 6 wk earlier. Butler (personal 

communication) calculated that for every Mcal/d of negative 

energy balance in the first few weeks of lactation, 

ovulation was delayed 2.7 d. Marcus et al. (1986) reported 

an improvement in reproductive performance in a large herd 

fed the AO additive. Increased feed utilization of cows fed 

hO results in more nutrients available for productive 

purposes. studies of AO effects on rumen digestion are in 

the following chapter. 



TABLE 14. EFFECT OF AO ON REPRODUCTIVE 

C 

Serv/conc P 3.9 

M 2.S 

Days open P lSSa 

M 127 

1 Number of observations: 
primparous (P) = 16 
multiparous (M) = 10 

a,b Significantly different (P<.OS). 
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CHAPTER 5 

RUMEN DIGESTIBILITY OF FEED COlJIPONENTS 
AND EFFECT OF A. oryzae 

ADDITIVE ON RUMEN FERMENTATION 

Summary 

68 

Three trials were conducted to evaluate the effect 

of A. oryzae on nutrient utilization by mature Holstein cows 

fitted with ruminal and duodenal cannulae. In the first 

trial four dry cows were used to test diets at two levels of 

forage, low (L) vs high (H) and AO (3g/d) vs C, in a Latin 

square design. The second trial compared C to AO and 

Saccharomyces cervesiae (SC) at 3 g/d. six lactating cows 

were used in a repeated 3x3 Latin square design. For the 

third trial, four lactating cows were used in a switchback 

design to compare C to AO. The last two trials were 

conducted with djets containing 60% concentrate and 40% 

forage. Additionally, an in vitro trial was conducted in 

conjunction with trial 3 to determine effects on DM 

digestibility. Rumen fluid was obtained from cows adapted or 

non adapred to AO. 

In each trial AO significantly affected (P<.05) 

total tract digestibility of fiber fractions, except on the 

high forage ration in trial 1. Apparent rumen 

digestibilities suggest that the increase in fiber digestion 
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occurred in the rumen. AO had no effect (P>.10) on VFA and 

ammonia concentrations, nor in the rate of passage of corn 

or alfalfa. AO treatment caused a faster rate of 

fermentation of alfalfa (P>.05) in the rumen but not of 

milo or wheat straw. 

The in vitro study also showed that AO increased DM 

digestibility. Previous adaptation of the donor animal to AO 

was not required to stimulate DM digestibility. 

These results indicate that a primary way AO affects 

cow performance is through stimulation of microbial 

digestion of fiber in the rumen. 

Introduction 

Work reported in the previous chapters and in the 

literature indicate that cows fed AO increase milk 

production due to increased feed utilization. However, 

little information is available on mechanisms of action for 

this additive. Fungal additives have been shown affect fiber 

digestion. When added to ensilage prior to ensiling, 

cellulases from 1. viride reduced the cellulose of plant 

material making it more digestible (Autrey et al., 1975). In 

vitro and in vivo fungal additions increased cellulose 

digestion of hay and rice hulls (Letherwood et al., 1960; 

Daniels and Hashim, 1976). Apparently the increase in 

digestion occurs in the rumen. Van Horn et ale (1979) 

reported a 29% increase in apparent OM rumen digestion with 

AO addition to diets, which could be the result of improved 
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microbial growth. Weidmeier et al. (1987) reported an 

increase in cellulolytic bacteria when AO was fed. 

The objective of this work was to evaluate the 

effect of AD associated with the rumen fermentation. 

Materials and Methods 

Trial 1. Four Holstein cows, 2 dry and 2 lactating, 

fitted with ruminal and duodenal cannulae were used in a 

Latin square design with a 2x2 factorial arrangement of 

treatments. The factors were AD vs C; and low (L) vs high 

(H) forage in the diet. Forage levels were about 2:1 and 

1:2 concentrate to forage. Periods lasted for 21 d. Table 15 

describes diet composition. The treatments AD (3 g/d AD + 

87 g sorghum grain) and C (90 g sorghum grain) were dosed as 

described in chapter 3. 

Cannulated cows for trials 1 and 2 received similar 

management. They were housed in individual pens with 

concrete floors and had free access to water, feed and a 

mineralized salt block. Feed was provided at 10% in excess 

of voluntary intake in two meals (0430 and 1640 h) and 

weighbacks were measured prior to the morning feeding. 

Milking was at 0500 and 1700 h. Cows were adapted to 

treatments for 7 d, after which feed intake and production 

of milking cows was recorded. 

During the last 10 days of the period, Cr3D2 was 

given twice daily in gelatin capsules for 24 g/d doses. 

Fecal samples were collected twice daily the last 5 d of 



TABLE 15. INGREDIENT COMPOSITION OF EXPERIMENTAL 
RATIONS FOR TRIAL 1. 

Forage Level Low High 

% DM -----

Alfalfa hay 22 63 

Cottonseed hulls 11 

Milo, flaked 57 22 

Soybean meal 5 5 

Cottonseed, whole 3 

Molasses 3 6 

Mineral mix1 1 1 

1 Mineral mix: Dicalcium phosphate, 0.3%; Salt, 0.3%; 
Trace minerals, 0.05%; vitamin A., 7000 IU. 
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each period and duodenal samples every 4 h during the last 3 

days. Fecal and duodenal samples were frozen immediately 

and stored until further analysis. The last day of each 

period rumen samples were collected every 2 h for 12 h, 

starting before the morning meal. After measuring the pH, 

rumen samples were frozen and stored. 

Samples of feed, orts, feces and digesta were dried 

at 550 C in a forced air oven, ground in a Wiley mill to pass 

a 2 mm screen and analyzed for OM, CP, NDF, ADF, Cr302 as 

described in chapter 4. Purines in digesta and in rumen 

bacteria were determined by the method of Zinn and Owens 

(1984). Thawed rumen samples were centrifugated at 800 x 9 

for 5 min at 4oC. The supernatant was analyzed for ammonia 

and VFAs. This fraction was further centrifuged at 16300 x g 

for 20 min at 40 C to separate the bacterial cells. The ratio 

of purines to protein in bacterial cells was used to 

calculate the microbial mass in digesta. 

Trial 2. six Holstein cows in mid to late lactation 

fitted with duodenal cannulae were used in a replicated 3x3 

latin square design. Treatments consisted of C, AO and 

Saccharomyces cervesiae (SC, 3 g/d + 87 g sorghum grain ). 

Treatment administration of AO and C and cow management was 

as described previously. The diet contained a 2:1 

concentrate to forage ratio (table 16). 

Experimental periods were 28 d (7 d adjustment and 

21 d treatment). Data for feed intake and milk production 



TABLE 16. INGREDIENT COMPOSITION OF EXPERIMENTAL RATION 
FOR TRIAL 2. 

% of DM 

Flaked milo 50 

Molasses 9 

cottonseed meal 6 

Whole cottonseed 4 

Alfalfa hay 30 

Mineral mix1 1 

1 Mineral mix: Dical, 0.3%; Salt, 0.3%; Trace minerals, 
0.05%; vito A, 7000 IU. 
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cows 

from 8 to 25 d. 

received Cr203 
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During the last 10 d of treatment, 

as in trial 1. Fecal and digesta 

samples were collected as in trial 1. Because all cows were 

not. equipped with rumen fistulas, ruminal samples were 

collected only from two cows per treatment and used to 

measure content of CP and purines in rumen bacterial cells 

as described previously. Sample handling and analyses were 

similar to trial 1. 

Trial 3. Four lactating Holstein cows fitted with 

rumen cannulae were used in a crossover design to 

study the effect of AO on certain rumen kinetics. Two of the 

cows also had duodenal cannulae, so rumen digestibility 

estimates were made. The diet contained 60% concentrate and 

40% forage (table 17). Period duration, feeding, milk 

production evaluation, and Cr203 administration were as in 

trial 2. 

To determine feed passage rates, 300 g of ytterbium 

treated corn (Yb-corn) and 150 g of Dysprosium treated 

alfalfa (Dy-alfalfa) were introduced to the rumen of each 

cow at 0800 h on day 23. Marked feeds were prepared by 

soaking according to the procedures of Goetsch and Galyean 

(1983). Fecal samples were collected at 0, 8, 12, 16, 20, 

24, 32, 40, 48, 60 and 72 h; frozen at -SoC and stored until 

analysis. After thawing, samples were dried and ground as in 

trial 1, and analyzed for markers using the acid-digested 

filtrate of the ashed sample by atomic absorption 



TABLE 17. INGREDIENT COMPOSITION OF EXPERIMENTAL RATION 
FOR TRIAL 31 • 

% of DM 

Alfalfa hay 25 

Alfalfa cubes 10 

cottonseed hulls 4 

Commercial concentrate2 46 

Whole cottonseed 15 

1 Calculated nutrient composition: 18% CP; 1.66 Mcal/ 
kg NEL; 0.5% Ca; 0.3% P. 

2 Ingredients: shelled corn, cottonseed meal, almond 
hulls, ~ehydrated alfalfa, wheat bran, urea, biphos, 
trace minerals, vitamins A,D,E. 

75 



76 

spectrometry as indicated by Moore (1987). Calculations of 

passage rates were according to the model of Grovum and 

Williams (1973) for the descending part of the fecal decay 

curve. composite fecal samples were analyzed for OM, CP, NDF 

and ADF as described in trial 1. 

For rates of digestion, triplicate nylon bags (8 x 

25 cm; 50 urn pore size) containing 4 g of either milo, 

alfalfa hay or wheat straw were incubated in the rumen 

starting day 23 of the experimental period for 3, 6, 12, 

18, 24, 36, 48, 72 or 96 h. Incubations were started so all 

bags would be removed from rumens at the same time. After 

removal, bags were gently washed several times with tap 

water until the wash water became clear. Non-incubated bags 

containing the feed samples were washed similarly to 

determine amount of soluble material. Residue in bags after 

96 h incubation was considered non-digestible. The 

difference between an insoluble and a non-digestible 

component was considered the potentially digestible for 

which the rates of digestion were calculated (MehrE:!z and 

Orskov, 1979). 

For the in vitro trial, the Tilley, Terry (1965) 

technique was used with urea added to the buffer. Triplicate 

sample tubes containing .5 g of either milo, alfalfa hay or 

wheat straw were incubated with rumen contents from C cows 

with or without added AO (25 mg/l) or in contents from AO 

cows. Microbial incubation was 48 h and th~ acid-pepsin 
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incubation was for 24 h; both at 40° C. Samples were 

filtered in pre-weighed Gaush filters with glasswool. 

Results from the three trials were analyzed for 

analyses of variance and orthogonal contrasts according to 

procedures of Steel and Torrie (1980). 

Results and Discussion 

The trials differed greatly in dry matter intakes os 

cows (table 18). Two of 4 cows in trial 1 were dry and 

consumed only about 1.0% of their body weight. Cows in trial 

2 consumed 2.5% of body weight while those in trial 3 

consumed 3.5%. As intake increased, variability in the 

studied parameters decreased. Lactation performance was the 

main reason for the different intakes in the trials. 

None of the trials were designed to evaluate the 

effect of the additives on milk production, considering the 

stressful management and sampling schedules of cows and the 

short length of experimental periods. However, in trial 2 

cows produced 17.8, 16.8 and 15.8 kg/d for the C, SC, and AO 

treatments, respectively. 

kg/d and AO cows 29.3. 

In trial 3, C cows produced 28.4 

Total tract digestibilities for the three trials are 

summarized in table 18. Differences within each trial in DM 

digestibility were small and significant (P<. 05) only for 

trial 3. Similar trends were observed for digestibility of 

OM and CPo Greatest differences were observed for 
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TABLE 18. EFFECT OF AO ON FEED INTAKE AND TOTAL TRACT 
DIGESTIBILITY OF NUTRIENTS. SUMMARY OF 3 TRIALS. 

Trial 1 
L C 

L AO 

H C 

H AO 

SEM 

Trial 2 
C 

SC 

AO 

SEM 

Trial 3 
C 

AO 

Treatments: 

a,b,c 

Feed 
intake 

DM OM CP NDF ADF 

Kg/d ----------------%----------------------

10.9 72.6 74.6 67.9 50.2a 34.1a 

12.6 72.4 74.2 69.9 54.8b 38.5b 

11.5 67.8 74.7 74.4 66.8c 52.1c 

9.4 71.2 72.9 73.5 67.3c 51.9c 

3.3 4.3 1.5 5.6 1.3 1.1 

16.1 66.1 67.1 69.5a 47.5a 18.0a 

16.7 66.8 69.5 72.3b 51.3b 32.2b 

17.0 66.7 69.2 71.8b 50.2b 32.8b 

0.7 1.3 0.9 .8 1.6 5.6 

23.6a 63.8a 66.0 74.1 39.6a 21. 3a 

26.2b 67.9b 69.3 76.1 47.0b 30.0b 

C = control~ AO = A. oryzae; 
L = low forage; H = high forage; 

SC = Saccharomyces cervesiae 

Means in the same column within a trial 
with different superscripts are different 
(P<.05). 
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degradabilities of NDF and ADF in all trials. In trial 1, 

ADF and NDF digestion were higher (P<.05) for the high than 

low forage diet, and AO had no effect (P>.10) on high 

forage. Lower fiber digestion might be expected in low 

forage diets since a major proportion of that fiber is from 

grain and grain fiber is generally lower than forage fiber 

in digestibility (Van Soest, 1986). 

In the low forage diet, AO partially restored fiber 

digestibility with increases of 9% (P<.05) for NDF and 13% 

(P<.Ol) for ADF. 

These results support the data of Huber and 

Higginbotham (1985) where AO increased milk production of 

cows fed normal forage but not high forage diets. 

In trial 2 SC and AO treatments increased (P< . 05) 

CP, NDF and ADF digestibilities. Weidmeier et ale (1987) 

observed increases above controls in digestibility of OM, CP 

and hemicellulose with SC and AO. Later work from the same 

group (Arambel, and Kent, 1988) showed no response to SC. 

The work of Harrison et ale (1987a) indicated a depression 

in NDF and ADF digestibility with a yeast-type extract. 

other fungal additives have increased fiber digestibility in 

steers and cows (Daniels and Hashim, 1976; Van Horn et al., 

1979) • 

Table 19 summarizes the rumen digestion results from 

the three trials. These results were calculated from the 

composition and flow of nutrients to the duodenum. Due to 
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TABLE 19. EFFECT OF AO ON RUMEN DIGESTIBILITY OF DM, 
NDF, AND ADF, TRUE OM FERMENTATION (FOM) AND 
MICROBIAL YIELDS (Yom). SUMMARY OF 3 TRIALS. 

DM NDF ADF FOM Yom 

-------------------%----------------------
Trial 1 

L C 48.5 43.1 30.4 64.3 .183b 

L AO 45.1 44.6 36.2 67.8 .206c 

H C 63.9 66.2 47.5 79.6 .134a 

H AO 62.5 67.3 45.7 83.4 .195bc 

SEM 8.1 9.3 9.7 7.8 .010 

Trial 2 
C 26.1a 40.9a 16.4 58.0 .192 

SC 37.7ab 53.1b 29.3 54.7 .197 

AO 42.8b 56.6b 30.8 58.9 .188 

SEM 5.7 4.2 11.3 8.9 .020 

Trial 3 
C 25.2 27.7c 19.5c 53.0 .171 

AO 26.9 37.6d 27.4d 53.7 .181 

SEM 2.1 3.4 1.6 3.5 .010 

Treatments C = control: AO = A. oryzae: 
L = low forage: H = high forage: 

SC = Saccharomyces cerevisiae 

a,b,c,d Means in the same column with different 
superscripts within a trial are different (P<. 05) . 
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diurnal changes in digesta flow, variability is large 

anddifferences difficult to detect. Previous work from our 

laboratory (Wanderley et al., 1985) showed that when total 

digesta was not collected, Cr203 was a suitable marker using 

the sampling schedule indicated previously. In trial 1 no 

differences in DM, NDF and ADF rumen digestibility were 

detected (P>.10). But AO numerically increased ADF 

digestibilities by 20%. No other important effects due to AO 

were observed. 

In trial 2, SC and AO increased (P<.05) DM and NDF 

digestibilities; also, a numerical increase in the ADF was 

observed. The effects of AO in the rumen fiber digestion 

were more evident in trial 3. NDF digestibility increased 

(P<.05) 35% and ADF 40% (P<.05). 

Fermentation of OM after correction for microbial 

mass (FOM) was not significantly affected by treatments in 

any of the trials. In trial 1 a significant increase in 

efficiency of microbial yield (Yom) was observed (P<. 05) 

for the AO treatment at both forage intakes. Weidmeier et 

ale (1987) showed an increase in microbial numbers with the 

use of fungal cultures. In trials 2 and 3 however, no 

significant effect in microbial yields was observed. 

Analysis of the rumen contents from trial 1 are in 

Table 20. Neither the pH nor the total VFA were affected by 

AO. There was a trend towards a higher pH and lower VFAs 

with high forage. On a few sporadic occasions the pH was 



TABLE 20. EFFECT OF AO ON RUMEN FERMENTATION PRODUCTS. 

Low Forage High Forage 

C C AO SEM 

Rumen pH 6.1 6.3 6.7 6.6 .2 

Total VFA roM 84.2 90.8 72.7 78.1 7.6 

Acetate % 62.0 60.9 66.8 64.2 4.3 

Propionate % 23.6 22.8 21.4 22.1 1.6 

Butyrate % 9.6 12.0 10.1 11.3 0.9 

Rumen NH4 mg/dl 20.6 35.1 22.6 25.4 6.8 

1 None of the differences were significant. 2 cows per 
treatment. 
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below 6.0, considered the borderline for impaired rumen 

function (Hoover, 1986). 

The proportions of VFAs did not change with the AD 

treatment. These results are in agreement with others for 

AD (Weidmeier et al. 1987) but different from those observed 

with yeast supplementation (Harris 1987). 

Rumen ammonia was relatively high for all treatments 

particularly low forage - AD, but variation was too high to 

detect any significant effect. Van Horn et al. (1979) and 

Harris et al. (1987) reported reductions in rumen ammonia 

with other fungal additives. However Arambel et al. (1987) 

reported that AO increased ammonia production in vitro; as 

well as increased branched chain VFA. They suggested that 

AD increased protein degradation and these VFA are common 

products of protein degradation (Allison & Bryant 1963). 

Boing (1983) observed that A. oryzae has proteolytic 

activity. 

In trial 3, dynamics of the rumen digestion was 

studied by determining the effect of AD treatment on rates 

of passage and fermentation. In table 21, no differences in 

rates of passage of corn or alfalfa were observed due to AD 

addition. These data agree with weidmeier et al. (1987) for 

AD and SC. 

Rates of corn passage were almost twice as fast as 

for hay. Owens a~d Goetsch (1986) concluded in an extensive 

review that concentrate passed the rumen 1.86 times faster 



TABLE 21. INFLUENCE OF A. oryzae ADDITION ON RATES 
OF PASSAGE FROM THE RUMEN OF CORN AND 
ALFALFA HAY DM1. 

C AO 

-----%h-1------

Corn 9.14 10.23 

Alfalfa 4.15 3.56 

1 Markers: ytterbium for corn 
Dysprosium for alfa~.fa. 

SEM 

1.89 

0.22 
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than forage wh.en forage intakes were similar to this study. 

Though passage rates reported here are relatively high for 

both forage and concentrate, they are influenced greatly by 

labelling techniques and method of calculation (Owens and 

Goetsch, 1986). 

The AO treatment had no effect on the amount of 

potentially digestible DM (table 22) which appears inherent 

to the nature of the feedstuffs (Hoover, 1986). Digestion 

rates of the potentially digestible DM were similar for C 

and AO treatments for milo and wheat straw (P>.10), but with 

alfalfa hay, AO increased (P<.05) the rate of DM digestion 

from 7.8 to 8.8% h-1 , reflecting more active metabolism of 

microbes growing on alfalfa which probably relates to the 

increased NDF and ADF digestibilities in the rumen of AO 

treated cows. Weidmeier et al. (1987) showed an increase in 

numbers of cellulolytic bacteria with AO addition and 

Harrison et al. (1987a) had similar findings with yeast 

supplementation. Increased numbers of fiber digesting 

organisms may explain the increase in ra~e of alfalfa 

digestion. The AO effect may not be limited to bacteria. 

Microscopic observations in this laboratory (Wanderley et 

al., 1985) revealed the presence of fungi attached to feed 

particles collected at the duodenum of AO cows but no fungi 

were observed in duodenal contents of C cows. Rumen fungi 

have a complete array of enzymes to digest fibrous materials 

(Mountfort and Ashner, 1985; Lowe et al., 1987; Barichievich 



TABLE 22. POTENTIALLY DIGESTIBLE AND RATE OF DIGESTION 
OF DRY MATTER IN MILO, ALFALFA AND WHEAT STRAW 
AS DETERMINED IN RUMEN IN SITU STUDIES1. 

Milo Alfalfa Wheat 
hay straw 

Soluble fraction % 57.7 61. 3 51.9 

Potentially digestible % 
c 91.6 58.2 44.1 

AO 92.1 59.2 46.2 

SEM 0.8 0.4 1.8 

Digestion rate %h-1 

1 

a,b 

C 6.62 7.79a 5.65 

AO 6.66 8.80b 4.88 

SEM 0.11 0.27 0.74 

Three cows per treatment, incubated nylon bags in 
triplicate for 3, 6, 12, 18, 24, 36, 48, 72, or 96 h. 

Means within the same parameter and column with 
different letters are different (P<.05). 
Treatments C= control: AO= A. oryzae. 
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and Calza, 1988). Grass digestibility in vitro increased to 

70% in a system containing fungi in 48 h incubations (Akin 

et al., 1983). In a subsequent paper (Akin and Rigsby, 

1987) it was indicated that fungal populations can be 

suppressed by bacteria, suggesting that in vivo fungal 

activity may be limited. Microscopic evaluations revealed 

that fungi can attack and weaken the most resistant plant 

tissues more effectively than bacteria, thus having an 

important role in fiber digestion and in securing themselves 

an ecological niche. A possible reason for the lack of 

response to AO treatment in rate of digestion in wheat straw 

is that this feed was not a component of the basal diet. 

Alfalfa and wheat straw have different cation exchange 

capacities (Allen et al., 1986) which characteristically 

plays an important role in selecting the type of microbes 

which attach to a given particle. 

Table 23 presents the results from the in vitro 

studies. The C treatment had lower (P<.Ol) digestion 

coefficients for milo, alfalfa hay and \'lheat straw than 

treatments where AO was added to rumen inocula from control 

cows or rumen inocula came from cows fed AO. The magnitude 

of the response to AO in both conditions was the same. 

However, a greater response was observed with the forages 

than with the milo. Arambel et ale (1987) reported that in 

order to reproduce the AO effect in vitro, the rumen 

inoculum had to be obtained from adapted animals. However, 



TABLE 23. EFFECT OF AO ON IN VITRO DIGESTIBILITY OF OM. 

C C+AO AO SEM 

-----------%-----------
Milo 84.6a 91.1b 91.0b 1. 51 

Alfalfa Hay 50.4a 61.8b 59.4b 1.51 

Wheat straw 49.6a 65.8b 66.8b 1.51 

a,b Means in the same row with different letters are 
different (P<.Ol). 

88 



89 

other authors have observed a positive response by direct 

addition of fungal cultures to in vitro systems (Autrey et 

al., 1975; Daniels and Aashim, 1976; Latherwood et al., 

1960). If the effects of AO can be reproduced in vitro, the 

possibility of studying the mechanism of increased digestion 

becomes more practical. These results and those discussed 

previously suggest that AO affects fiber digestion 

differently in the different feedstuffs, and that immediate 

response might be obtained by addition of AO to ruminant 

diets. 
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CHAPTER 6 

GENERAL SUMMARY AND CONCLUSION 

From the results reported in -this study and those in 

the literature, it is apparent that AO can positively affect 

milk production, but response depends on production level of 

cows. In comparing results of trials 1 and 2, as well as in 

the work of Wallentine et ale (1985), Marcus et ale (1986) 

and Kellems et ale 

greater response to 

lactation. 

(1987), cows in early lactation gave a 

the AO than those in mid or late 

Magnitude of response is apparently related to feed 

intake and or level of milk production. In trial 2, FCM 

yields were increased 2.5 kg/d by AO and intakes were about 

4% of body weight. As intake increases to meet production 

demands, digestibility of the diet decreases at a reported 

rate of 4% TDN for every increment of maintenance (Tyrrel 

and Moe, 1975). Frequently this effect is overlooked 

because the NRC recommendations (1978) take into account for 

this phenomena. The digestibility depression results from a 

competi tion between rate of digestion and passage rates. 

Furthermore, when large amounts of concentrates are fed, the 

depression is enhanced because the fiber in grain is more 

susceptible to the depresed digestibility than fiber in 
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forage (Van Soest, 1986). Under these circumstances the 

faster rate of digestion of alfalfa hay in cows fed AO (as 

observed in situ) may alleviate the depression in 

digestibility. 

Digestibility increases from AO were more dramatic 

in the rumen than in the total tract which implies a 

compensatory effect in the hindgut. Siciliano and Murphy 

(1988) showed a more active cecal-colonic digestion with 

high concentrate than high forage diets. We propose that a 

more extensive rumen breakdown of fiber by cows receiving AO 

resulted in less hindgut fermentation of partially digested 

feeds. 

At the observed pH of 6.2 in trial 1 (chapter 5), 

fiber digestion may have been limited (Terry et al., 1969); 

it is suggested that AO might provide metabolic stability to 

cellulolytic enzymes and/or bacterial cells in the rumen 

allowing them to be less sensitive to a low pH. certain 

rumen bacteria are less sensitive to pH than others (Russell 

and Dombrowsky, 1980). One common feature is that when 

cells adapt to faster growth they become less sensitive to 

pH. The observed digestion rates suggest a faster growth 

rate of bacterial species colonizing the hay particles in 

cows fed the AO additive. 

Our results and those of Weidmeier et al. (1986) and 

Wanderley et al. (1985) suggest that AO may have a selective 

effect upon cellulolytic bacteria and/or rumen fungi. 
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Hydroxycinnamic acid and phenyl acetic acid have a 

stimulatory effect on cellulolysis by rumen bacteria (starch 

and Hungate, 1984; Stack et al., 1983) and by rumen fungi 

(Fedorak and Westlake, 1986). Perhaps a similar product is 

present in AO. stressed cells produce different kinds of 

products to secure their survival. In the initial synthesis 

of AO, cells are forced to ferment carbohydrate in the 

absence of nitrogen to maximize the fermentation products of 

A. oryzae (Kistner, 1962). Future work should screen the 

various components of the AO culture and extract using in 

vitro techniques to determine their effect on cellulose 

digestibility. 

That AO may be providing a limiting nutrient to the 

animal is not likely, since AO has increased fiber digestion 

on a variety of diets. Diets for these trials were 

formulated to supply cows with recommended nutrients 

according to the NRC (1978). The possibility that A. oryzae 

colonies are established in the rumen is quite unlikely due 

to the aerobic nature of this species (Ainsworth, 1979). 

Moreover, it was observed that as soon as the AO was 

wi thdrawn from lactation diets, CO\,lS reverted to control 

levels of milk production. If A. oryzae were growing in the 

rumen, it would take some time before its effects would 

disappear. 

A. oryzae might be selectively inhibiting growth of 

species which compete with cellulolytic bacteria, but if 
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this were the case microbial cell yields would probably 

al tered. Our data showed little effect of AO addition on 

microbial yields. 

The data presented here defines the applicability of 

a fungal product shown to manipulate the rumen fermentation. 

There are many rumen modifiers on the market which might be 

useful in feeding dairy cows, but it is only until we 

understand their mechanism of action and under what 

circumstances they are effective that claims can be 

adequately evaluated. Hopefully, this work has aided in 

~derstanding the action of the fungal culture of A. oryzae 

in ruminant digestion, and will stimulate further work 

towards more clearly defining its specific contribution on a 

chemical basis. 



94 

CHAPTER 7 

CITED LITERATURE 

Akin, D.E, and H.E. Amos. 1975. Rumen bacterial degradation 
of forage cell walls investigated by electron 
microscopy. Appl. Microbiol. 29:629. 

Akin, D.E., G.L.R. Gordon, and J.P. Hogan. 1983. Rumen 
bacterial and fungal degradation of Digitaria 
pentzii grown with or without sulfur. Appl. 
Environ. Microbiol. 46:738. 

Akin, D.E., and L.L. Rigsby. 1987. Mixed fungal populations 
and lignocellulosic tissue degradation in the bovine 
rumen. Appl. Environ. Microbiol. 53:1987. 

Allen, M.S., M.I. McBurney, and P.J. Van Soest. 1986. 
Cation exchange capacity of plant cell walls at 
neutral pH. J. Sci. Food Agric. 36:1065. 

Allison, M.J., and M.P. Bryant. 1963. Biosynthesis of 
branched-chain amino acids from branched-chain fatty 
acids by rumen bacteria. Arch. Biochem. 101:269. 

Amos, H.E., and D.E. Akin. 1978. Rumen protozoal 
degradation of structurally intact forage tissues. 
Appl. Environ. Microbiol. 36:513. 

Anderson B.E. 1977. Temperature regulation and 
environmental physiology. In Dukes' Physiology of 
Domestic Animals. 9th ed. M.J. Swenson ed. Cornell 
University Press, Ithaca, N.Y. 

Arambel, M.J., R.D. Weidmeier, and J.L. Walters. 1987. 
Influence of donor animal adaptation to added yeast 
culture and/or Aspergillu cellulases in rice hull 
based diets for ruminants. J. Dairy Sci. 60:1563. 

Davis, C.L., R.E. Brown, and D.C. Beitz. 1964. Effect of 
feeding high-grain restricted-roughage rations with 
and without bicarbonates on the fat content and milk 
produced and proportions of volatile fatty acids in 
the rumen. J. Dairy Sci. 47:1217. 



95 

Dellinger, C.A., and J.G. 'Ferry. 1984 Effect of monensin on 
growth and methanogenesis of Methanobacterium 
formicum. Appl. Environ. Microbiol. 48:680. 

Downer, J.V., and K.R. Cummings. 1987. Sodium bicarbonate: 
a teen year review of lactation studies. J. Dairy 
Sci. 70 (Suppl. 1):198 (Abstr.) 

Eadie, J.M. and J.C. Gill. 1971. The effect of the absence 
of rumen ciliate protozoa on growing lambs fed on a 
roughage-concentrate diet. Brit. J. Nutr. 26:155. 

Emery R.S. 1976. High energy feeds for milk production. in 
M.S. Weinberg and A.L. Scheffner (eds) , Buffers in 
Ruminant Physiology and Metabolism. Church and 
Dwight Co., Inc., New York, NY. 

Etgen, W.M., and P.M. Reaves. 1978. Dairy Cattle Feeding 
and Management, 6th ed. John Wiley and Sons, New 
York, N.Y. 

Fedorak, P.M., and D.W.S. Westlake. 1986. Fungal metabolism 
of n-alkylbenzenes. Appl. Environ. Microbiol. 
51:435. 

Goering, H.K., and P.J. Van Soest. 1970. Forage fiber 
analysis. Agric. Handbook No. 379. Agric Res. Serv., 
US Dep. Agric., Washington, DC. 

Goetsch, A.L. and M.L. Galyean. 1983. 
phenanthroline, Dy and Yb as particulate 
beef steers fed an all-alfalfa hay diet. 
Int. 27: 171. 

Ruthenium 
markers in 
Nutr. Rep. 

Gorosito, A.R, J.B. Russell, and P.J. Van Soest. 1985. 
Effect of carbon 4 and carbon 5 volatile fatty acids 
on digestion of plant cell wall in vitro. J. Dairy 
Sci. 68: 840. 

Grovum, W.L., and V.J. Williams. 1973. Rate of passage of 
digesta of sheep. 4. Passage of marker throughthe 
alimentary tract and the biological relevance of 
rate constants derived from the changes in 
concentration of marker in feaces. Brit. J. Nutr. 
30:313. 

Guirard, B.M. and E.E. Snell. 1981. Biochemical factors in 
growth, ~n Gerhardt, P. and R.N. Costilow (ed), 
Manual of Methods for General Bacteriology. American 
Society for Microbiology. Washington, DC. 



96 

Harris B., H.H. Van Horn, K.E. Manookian S.P. Marshal, M.J. 
Taylor, and C.J. wilcox. 1983. Sugarcane silage, 
sodium hydroxide and steam pressure-treated 
sugarcane bagase, corn silage, cottonseed hulls, 
sodium bicarbonate, and Aspergillus oryzae product 
in complete rations for lactating cows. J. Dairy 
Sci. 66: 1474. 

Harrison, G.A., R.W. Hemken, K.A. Dawson, R.J. Harmon, K.E. 
Newman, and M.C. Morehead. 1987a. Yeast culture 
supplement in diets of lactating cows. I. Effects on 
rumen fermentation patterns and microbial 
populations. J. Dairy Sci 70(Suppl. 1):218 (Abstr.) 

Harrison, G.A., R.W. Hemken, K.A. Dawson, R.J. Harmon, K.E. 
Newman, and M.C. Morehead. 1987b. Yeast culture 
supplement in diets of lactating cows. II. Effects 
on liquid dilution rate and apparent digestibility. 
J. Dairy Sci. 70 (Suppl. 1) :218 (Abstr.) 

Herrera, R.S., and J.T. Huber. 1987. Synchronization of 
protein and starch degradability in lactating dairy 
cows. J. Dairy ~ci. 70 (Suppl. 1):114. (Abstr.) 

Hoover, W.H. 1986. Chemical factors involved in ruminal 
fiber digestion. J. Dairy Sci. 69:2755. 

Huber, J.T., and G.E. Higginbotham. 1985. Influence of 
feeding vitaferm, containing an enzyme-producing 
culture from Aspergillus oryzae , on performance of 
lactating cows. J. Dairy Sci. 68 (Suppl 1):122. 
(Abstr. ) 

Hungate, R.E. 1966. The Rumen and its microbes. Academic 
Press, New York, NY. 

Hunga te, R. E. 1975 . The rumen microbial ecosystem. in 
Annual Review of Ecology and Systematics, Vol. 6. 
Annual Reviews Inc., Palo Alto, CA. 

Ingold C.T. 1984. The Biology of Fungi. 5th ed. Hutchinson 
& Co. (Publishers) Ltd. London. 

Kaul, P.N., and P. Daftari. 1978. Marine pharmacology~ 
Bioactive molecules from the sea. Ann. Rev. 
Pharmacol. Toxicol. 26:117. 



97 

Kellems, R.O., N.P. Johnston, M.V. Wallentine, A. 
Lagerstedt, D. Andrus, R. Jones, and J .T. Huber. 
1987. Effect of feeding Aspergillus oryzae on 
performance of cows during early lactation. J . 
Dairy Sci. 70 (Suppl.):219. (Abstr.) 

Kellems, R.O., A. Lagerstedt, D. Andrus, M.V. Wallentine, 
R. Jones, and J.T. Huber. 1988. Effect of feeding 
amaferm and vitaferm on performance of holstein cows 
during a lactation cycle. J. Dairy Sci. 71 
(Suppl.) :220. (Abstr.) 

Kistner, H.E. 1962. Fermentation of sucrose by Aspergillus 
flavus-oryzae united states Patent Office. 
Washington, D.C. 

Klieve, A.V., and T. Bauchop. 1988. Morphological diversity 
of ruminal bacteriophages from sheep and cattle. 
Appl. Environ. Microbiol. 54:1637. 

Lassiter, J . W., and M. K. Cook. 1963. Effect of sodium 
bicarbonate in the drinking water of ruminants on 
the digestibility of a pelleted complete ration. J. 
Anim. Sci. 22:384. 

Leatherwood, J.M., R.D. Mochrie, and W.E. Thomas. 1960. 
Some effects of a supplementary cellulase 
preparation on feed utilization by ruminants. J. 
Dairy Sci. 43:1460 

Ljungdahl, L.G., and K.E. Ericsson. 1985 Ecology of 
microbial Cellulose degradation. in Advances in 
Microbial Ecology, Vol. 8. K.C. Marshall ed. Plenum 
Publishing Co. New York, NY. 

Lockington, R.A., T. Graeme, T. Attwood, and J.D. Brooker. 
1988. Isolation and Characterization of a temperate 
bacteriophage from the ruminal anaerobe Selenomonas 
ruminantium. Appl. Environ. Microbiol. 54:1575. 

Lowe, S.E., M.K. Theodorou, 
Cellulases and xylanase 
grown on wheat straw, 
cellulose and xylan. 
53:1216. 

and A.P. Trinci. 1987. 
of an anaerobic rumen fungus 
wheat straw holocellulose, 
Appl. Environ. Microbiol. 

Marcus, K.M., J.T. Huber, and S. Cramer. 1986. Influence of 
feeding vitaferm during hot weather on performance 
of lactating cows in a large dairy herd. J. Dairy 
Sci. 69 (Suppl.) :188. (Abstr.) 



98 

Matthews, A. 1988. Product evolution at work. Feed 
Management 39:(7)11. 

Mehrez, A.Z., and E.R. Orskov. 1979. A study of the 
artificial fibre bag technique for determining the 
digestibility of feeds in the rumen. J. Agric. 
Sci., Camb. 88:645. 

Mertens, D.R. 1976 Effects of buffers upon fiber digestion. 
in Regulation of Acid-Base Balance. W.H. Hale and P. 
Meinhardt eds. Church and Dwight Company, Inc. 
Piscataway, NJ. 

Meyers, R.D. 1974. Handbook 
stimulation of the Brain. 
Co., New York. 

of Drug and Chemical 
Van Nostrand Reinhold 

Minato, H., A. Endo, M. Higuchi, Y. Ootomo, and T.Vemura. 
1966. Ecological treatise on the rumen 
fermentation. I. The fractionation of bacteria 
attached to the rumen digesta solids. J. Gen. Appl. 
Microbiol. 12:39. 

Mix, L.S. 1987. Potential impact of the growth hormone and 
other technology on the United states Dairy Industry 
by the year 2000. J. Dairy sci. 70:487. 

Moe, P.W., and H.F. Tyrrell. 1977. Effects of feed intake 
and physical form on energy value of corn in timothy 
hay diets for lactating cows. J. Dairy Sci. 60:752. 

Moore, J.A. 1987. Rate of passage, rate of digestion, and 
rumen environmental changes as influenced by 
roughage source in 65 and 90% concentrate diets. PhD 
dissertation. Univ. of Ariz., Tucson. 

Mountfort, D.O., R.A. Ashne~, and T. Bauchop. 1982. 
Fermentation of cellulose to methane and carbon 
dioxide by a rumen anaerobic fungus in a triculture 
with Methanobrevibacter sp. strain RA1 and 
Methanosarcina barkeri. Appl. Environ. Microbiol. 
44:128. 

Mountfort, D.O., and R.A. Ashner. 1985. Production and 
regulation of cellulase by two strains of the rumen 
anaerobic fungus Neocallimastix frontalis. Appl. 
Environ. Microbiol. 49:1314. 

National Research Council. 1978. Nutrient requirements of 
dairy cattle. 5th ed. Natl. Acad. Sci., Washington, 
DC. 



99 

Nicholson, J.W.G., H.M. Cunningham, and D.W. Friend. 1963. 
Effect of adding buffers to all-concentrate rations 
on feedlot performance of steers, ration 
digestibility and intra-rumen environment. J. Anim. 
Sci. 22:368. 

onions, A.S.H., D. Allsopp, and H.O.W. Eggins. 1981. 
smith's Introduction to Industrial Mycology 7th ed. 
Edward Arnold (Publishers) Ltd. London. 

Orpin, C.G. 1977. The occurrence of chitin in the cell wall 
of the rumen organisms Neocallimastix frontalis, 
Piromonas communis and Sphaeromonas communis. J. 
Gen. Microbiol. 99:215. 

Orskov, E.R. 1986. Starch digestion and utilization in 
ruminants. J. Anim. Sci. 63:1624. 

Owen, F.G. and R.D. Appleman. 1977. Effect of an enzyme 
additive on preservation and feeding value of 
alfalfa silage. J. Dairy Sci. 54:804 (abstr). 

Owens, F. N., and A. L. Goetsch. 1986. Digesta passage and 
microbial protein synthesis. in Control of 
Digestion and Metabolism in Ruminants. L.P. 
Milligan, W.L. Grovum and A. Dobson eds. Prentice 
Hall, Englewood Clifs, NJ. 

Papas, A.M., S.R. Ames, R.M. Cook, C.J. Sniffen, C.E. Polan. 
1984 Production responses of dairy cows fed diets 
supplemented with ammonium salts of iso C-4 and C-5 
acids. J. Dairy Sci. 67:276. 

Purser, D.B., and R.J. Moir. 1959. Ruminal flora studies in 
sheep. IX. The effect of pH on the ciliate 
poplllation of the rumen in vivo. Austral. J. Biol. 
Sci. 12: 557. 

Russell, J.B. 1988. Ecology of rumen microorganisms: Energy 
use. in Aspects of Digestive Physiology in 
Ruminants. A. Dobson and M. J • Dobson eds. Cornell 
University Press. Ithaca, NY. 

Russell, J.B., and D.B. Dombrowsky. 1980. 
the efficiency of growth by pure 
bacteria in continuous culture. 
Microbiol. 39:604. 

Effects of pH on 
cultures of rumen 

Appl. Environ. 

Russell, J.B., and C.B. Sniffen. 1984. Effect of carbon-4 
and carbon-5 volatile fatty acids on growth of mixed 
rumen bacteria in vitro. J. Dairy Sci. 67:987. 



100 

Scheifinger, C.C., and M.J. Wolin. 1973. Propionate 
formation from cellulose and soluble sugars by 
combined cultures of Bacteroides succinogenes and 
Selenomonas ruminantium. Appl. Microbiol. 26:789. 

Siciliano, J.J., and M.R. Murphy. 1988. Influence of diet on 
the bovine cecal-colonic fermentation. J. Dairy 
Sci. 71(Suppl. 1) :252. (Abstr.) 

Stack, R.J., R.E. Hungate, and W.P. Opsahl. 1983. 
Phenylacetic acid stimulation of cellulose digestion 
by Ruminococcus albus 8. Appl. Environ. Microbiol. 
46:539. 

Stack, R.J., and R.E. Hungate. 1984. Effect of 
3-phenylpropanoic acid on capsule and cellulases of 
Ruminococcus albus 8. Appl. Environ. Microbiol. 
48:218. 

Stell, R.G.D., and J.H. Torrie. 1980. Principles and 
Procedures of statistics. MCGraW-Hill, New York, 

stewart, C.S., C. paniagua, D. Dinsdale, K.J. Cheng, and 
S.H. Garrow. 1981. Selective isolation and 
characteristics of bacteroides succinogenes from the 
rumen of a cow. Appl. Environ. Microbiol. 41:504. 

Terry, R.A., J.M.A. Tilley, and G.E. Outen. 1969. Effect of 
pH on cellulose digestion under in vitro conditions. 
J. Sci. Food Agric. 

Tyley, J.M.A., and R.A. Terry. 1965. A two stage technique 
for the in vitro digestion of forage crops. J. Brit. 
Grassland Soc. 18:104. 

Tyrrel, H.F., and P.W. Moe. 1975. Effect of intake on 
digestive efficiency. J. Dairy Sci. 58:1151. 

Van Horn, H.H., B. Harris, M.J. Taylor, K.C. Bachman, and 
C.J. wilcox. 1984. By-product feeds for lactating 
dairy cows: Effects of cottonseed hulls, corrugated 
paper, peanut hulls, sugarcane bagasse, and whole 
cottonseed with additives of fat, sodium 
bicarbonate, and Aspergillus oryzae product on milk 
production. J. Dairy Sci. 67:2922. 



101 

Van Horn, H.H., C.A. Zometa, C.J. Wilcox, S.P. Marshal and 
B. Harris. 1979. Complete rations for dairy catlle. 
VIII. Effect of percent and source of protein on 
milk yield and ration digestibility. J. Dairy Sci. 
62:1086. 

Van Nevel, C., D. Demeyer, and H.K. Henderick. 1970. Effect 
of chlorinated methane analogues on methane and 
propionic acid production in the rumen in vitro. 
Meded. Fac. Landbouwwet. Rijksuniv. 35:145. 

Van Soest, P.J. 1975. Physico-chemical aspects of fiber 
digestion. in Digestion and Metabolism in the 
Ruminant. I. W . Mac Donald and A. C. I . Warner eds. 
University of New England, Armindale. 

Van Soest, P.J. 1982. Nutritional Ecology of the Ruminant. 
O&B BOOKS, Inc., Corvallis, Oregon. 

Van Soest, P.J. 1986. The application of energy systems in 
ruminant nutrition. Proc. 7th Western Nutr. Conf. 
Saskatoon, Saskatchewan, Canada. 

Van Soest, P.J. 1987. Practical aspects of forage quality. 

Van 

Proc. Southwest Nutr. and Mgt. Conf., University of 
Arizona. 

Soest, P.J., and J.B. Robertson. 1986. 
forages and fibrous feeds. Cornell 
Ithaca, NY.

o 

Analysis of 
University. 

Varga, G.A., W.H. Ho over, L.L. Junkins, and B. Shriver. 
1982. Effects of urea and isoacids on in vitro 
fermentation of diets containing formaldehyde 
treated soybean meal. J. Dairy Sci. 65 (Suppl. 
1) : 125. (Abstr.) 

Waldo, D.R., and N.A. Jorgensen. 1981. Forages for high 
animal production: Nutritional factors and effects 
of conservation. J. Dairy Sci. 64:1207. 

Wallentine, M.V., N. P. Johnston, D. Andrus, R. Jones, J.T. 
Huber, and G.E. Higginbotham. 1986. The effect of 
feeding Aspergillus oryzae culture-vitamin mix on 
the performance of lactating dairy cows during 
periods of heat stress. J. Dairy Sci. 69 (Suppl 
1):189. (Abstr.) 



102 

Wanderley, R.C., J.T. Huber, C.B. Theurer, and M. Poore. 
1985. Ruminal digestion of protein and fiber in 
duodenally cannulated cows treated with Vitaferm. J. 
Dairy Sci. 68 (Suppl. 1):123. (Abstr.) 

Weidmeier, R.D., M.J. Arambel, and J.L. Walters. 1987. 
Effect of yeast culture and Aspergillus oryzae 
fermentation extract on ruminal characteristics and 
nutrient digestibility. J. Dairy Sci. 70:2063. 

Weller, W.E., C.H. Noler, and C.E. Coppock. 1975. Effect of 
forage to concentrate ratio in complete feeds and 
feed intake on digestion of starch by dairy cows. 
J. Dairy Sci. 58:1902. 

Whitelow, F.G., J.M. Eadie, S.O. Mann and R.S. Reid. 1972. 
Some effects of rumen ciliate protozoa in cattle 
given restricted amounts of a barley diet. Brit. J. 
Nutr. 27:425. 

Wolin, M.J. 1979. The rumen fermentation: Amodel for 
microbial interactions in anaerobic ecosystems. in 
Advances in Microbial Ecology. Vol. 3. M. Alexander 
ed. Plenum Publishing Corp. New York, NY. 

Wood, T.M., and C.A. Wilson. 1984. Some properties of the 
endo-(1->4) B-D-glucanase synthesized by the 
anaerobic cellulolytic rumen bacterium Ruminococcus 
albus. Can. J. Microbiol. 30:316. 

Zinn, R.A, and F.N. Owens. 1984. Rapid procedure for 
quantifying nucleic acid content of digesta. in 
Protein Requirements for Beef Cattle. F.N. Owens ed. 
Oklahoma State University. Stillwater, OK. 


