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ABSTRACT 

Amaferm, a fermentation extract of Aspergillus oryzae, 

was fed as a top dressing to dairy cows at 0, 1.5, 3, 6g/d. in 

two lactation trials. Trial I, conducted during winter-spring, 

1989, for 80d, used forty Cows in early lactation. Trial II, 

with twenty-four mid-lactation cows, received similar 

treatments for 60d in the summer of 1989. Measurements for 

both trials included milk yield, feed intake, body weight and 

rectal temperature. Respiration rates were determined for 

trial II and digestion coefficients for CP, NDF and DM were 

determined using Cr203 as a digesta marker for trial I. 

In trial I, cows fed 1.5g and 3g Amaferm/d had a 

higher DMI (P<.06) than cows receiving 0 or 6g Amaferm/d. 

Respiration rates were significantly higher (P<.05) for 3g 

Amaferm/d cows. Other parameters were not affected by 

treatment. These results contrasted previous studies in which 

3g Amaferm/d stimulated milk production. 
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CHAPTER 1 

INTRODUCTION 

Improved production in dairy cattle has been obtained 

through advances in nutrition, genetics, herd health and other 

means. Originally, cows were shifted from all forage diets to 

a mixture of forage and concentrate. The concentrate provided 

the dairy cow with more energy and nutrients needed to meet 

the increased requirements for producing more milk. Addition 

of high levels of concentrate to diets for high producing 

dairy cows, however, has decreased fiber utilization, with a 

consequent decrease in milk yield and fat content. The use of 

fungal additives has improved fiber utilization and milk 

production, probably by altering the rumen environment. 

A variety of fungal additives are currently being 

researched. The most common include two fungal cultures: one 

from Saccharomyces cerevisiae and the other from Aspergillus 

Oryzae. These cultures are processed by different companies 

and have the following trade names: Diamond V, Diamond V 

Mills, Cedar Rapids, IA; YeaSacc, Alltech Biotechnology 

Center, Nicholasville, KY, (both are yeast cultures); and 

Amaferm, Biozyme Enterprises, Inc., St. Joseph, MO. Although 

reference will be made to the other fungal cultures, this 
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thesis deals with Amaferm and its effect on production and 

digestibility of lactating Holstein cows. 

A variety of parameters within the rumen have been 

altered, though not always consistently, by addition of fungal 

cultures to ruminant diets. Both S. cerevisiae and A. oryzae 

have been shown to stimulate VFA production in vitro (Martin 

and Nisbet, 1989). Other studies by Adams et al. (1981) and 

Harrison et al. (1988) reported the addition of S. cerevisiae 

in vitro and in vivo either did not affect or reduced acetate 

to propionate ratios. It was reported that S. cerevisiae 

lowered rumen ammonia (Harrison et al., 1988), while A. oryzae 

slightly increased rumen ammonia concentrations (Gomez-

Alarcon, 1990). Perhaps the most significant and consistent 

findings associated with fungal cultures, is an increase in 

number of total anaerobic, and to a greater extent, 

cellulolytic bacteria in the rumen (Harrison et al., 1988; 

Dawson, 1987; Wiedmeier et al., 1987; Frumholtz et al., 1989). 

Frumholtz et al. (1989) showed in a rumen simulator that 

Amaferm prevented a drop in post feeding rumen pH. Martin and 

Nisbet (1989) reported that extracts from A. oryzae and S. 

cerevisiae significantly increased lactate uptake by the 

rumen bacteria, Selemonas ruminantium. Low ruminal lactate 

concentrations might account for the more stable pH, thus 

increasing the rumen bacterial population. These findings 

relative to the alteration of microbial digestion within the 
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rumen suggest a possible mode of action for fungal cultures, 

and create increased interest in the use of fungal cultures as 

feed additives for enhancement of nutrient digestibility 

within the ruminant. 

The objective of this study was to determine the 

effect of feeding varying amounts of Amaferm on milk yields 

and composition, feed intakes, digestibilities and parameters 

related to heat stress alleviation. 
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CHAPTER 2 

LITERATURE REVIEW 

Funaal Additives 

The use of additives in feed rations for ruminants is 

not an uncommon practice. Researchers and farmers are very 

familiar with terms such as brewers yeast, a protein source 

for ruminants. Compounds such as ionophores and sodium 

bicarbonate have been used to manipulate the rumen environment 

by altering microbial activity to enhance production. The use 

of fungal additives, however, is a relatively new phenomenon. 

There are a variety of fungal cultures, such as 

Aspergillus Oryzae, Aspergillus niger and Saccharomyces 

cerevisiae, that have been used as a supplementary feed for 

lactating dairy cows. These fungal preparations have been used 

to enhance cellulose digestion within the rumen, resulting in 

enhanced feed utilization and improved ruminant productivity 

such as has been reported with the use of probiotics. Although 

extracted fungal additives do contain some live cells, it has 

yet to be established if live cells are necessary to elicit a 

response. Therefore, fungal cultures or additives are not 

defined as a probiotic. 
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Research with fungi began as early as 1925 with work 

by Eckles and Williams (Williams and Newbold, 1990) when dairy 

feed was supplemented with yeast. Since that time, brewers 

yeast has been successfully used in ruminant diets; however, 

occasional problems associated with ethanol toxicity from high 

levels of yeast have been reported. This led to further 

research involving lower levels of live yeast or dead yeast 

and this renewed interest in fungal additives with the hope of 

eliciting a response via the use of extracted cultures 

containing a small amount of live cells, thus avoiding 

toxicity. 

Amaferm (Biozyme Enterprises Inc., St. Joseph, MO), is 

the trade name for the culture containing the fungi, 

Aspergillus oryzae. Kistner (1962) developed a two stage 

fermentation process to commercially produce strains of A. 

oryzae as a growth factor for yeast. Amaferm, is one such 

culture. 

Although, it has become common to incorporate high 

levels of concentrate in diets for high producing dairy cows, 

it is still important to consider fiber utilization, as 

improved utilization in this area will enhance overall diet 

digestibility. Renewed interest within this area became 

evident when Leatherwood et al. (1960) published results 

showing enhanced in vitro cellulolytic activity with the 

fungal culture A. niger. Since that time, a variety of studies 
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have evaluated fungal cultures in ruminants. The following is 

a summary of the effects of fungal cultures on ruminant 

productivity and feed digestibility. 

Production Responses Related to Fungal 

Additives Incorporated in Ruminant Diets 

Although, the focus of this paper is fungal cultures 

and their effect on dairy cattle, research has not been 

limited to just this area. Other ruminants, such as calves, 

growing steers and sheep have been studied. Williams and 

Newbold (1990) summarized work done by Wells and Mason in 1976 

in which no improvement in weight gain or carcass quality of 

wether lambs supplemented with Diamond V Yeast culture 

(Diamond V Mills, Cedar Rapids, IA), containing Saccharomyces 

cerevisiae. Intensively reared steers fed a 50:50 concentrate/ 

forage diet showed increased feed intake (P<.05) and a 

tendency towards increased liveweight gain and feed efficiency 

when supplemented with YeaSacc (Alltech Biotechnology Center, 

Nicholasville, KY) a fungal culture containing S. cerevisiae 

(Adams et al., 1981). Young calves with YeaSacc added to 

starter diets maintained higher feed intakes and liveweight 

for eighty-four days, but differences were not significant 

(Williams and Newbold, 1990). Wiedmeier, in 1989 (Williams and 

Newbold, 1990) found daily weight gains of beef cows and 

calves was improved when fed poor quality pasture plus 

Amaferm. 



13 

In general, dairy cattle supplemented with fungal 

cultures have tended to have improved milk yields, but 

response was variable. Huber and Higginbotham (1985) showed an 

increase in milk yield when cows were supplemented with a 

mixture of Amaferm, yeast, vitamins and minerals (Vitaferm) at 

moderate levels of forage, but no response when the diet 

contained high forage. The level of forage in the diet appears 

to affect response to fungal cultures, as it was later 

reported that treatment effects were greater when concentrate 

to forage ratios in diets were increased from 50:50 to 60:40 

(Gomez-Alarcon, 1991; Williams et al., 1990). Stage of 

lactation also appears to affect response. Kellems et al. 

(1987) reported a 9% increase in milk yield for early 

lactating cows and a 6% increase for mid-lactation. Other 

studies have shown response to fungal cultures was more if the 

cows were in early lactation (Gomez-Alarcon, 1991; Gunther, 

1989). 

Aside from the level of forage in the diet, Williams 

et al. (1990) reported a diet X treatment interaction (P<.06) 

in which the type of forage significantly affected response to 

YeaSacc. In cows fed hay, YeaSacc did not effect milk yields 

but there was increased butterfat concentration, whereas, the 

opposite effect was observed in cows fed straw supplemented 

with YeaSacc. A high concentrate diet supplemented with 

YEASACC also was shown to increase (P<.05) milk protein 
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content over the control, unsupplemented diet. Gomez-Alarcon 

(1991) reported a tendency toward lower milk butterfat for 

Amaferm supplemented cows compared to controls, regardless of 

diet. Also milk protein % was higher for Amaferm-treated cows 

fed 50:50 concentrate:forage diet and a lower protein content 

for treated cows fed a 60:40 concentrate to forage diet was 

observed (none of the differences were significant). 

Two studies reported no response with fungal cultures. 

(Arambel and Kent, 1988; Harris et al., 1983). In the Florida 

study (Harris et al., 1983) eight cows per treatment were fed 

Amaferm with a 1:3 concentrate to forage diet. Milk yields and 

DMI were slightly higher for control than treated cows, though 

differences were not significant. Arambel and Kent (1988) had 

similar results, in that cows supplemented with Diamond V, 

were lower than controls for feed intake and milk yields (37.9 

and 36.5 kg milk/d, respectively). 

The effect of fungal cultures on body weight has not 

been consistent (Gomez-Alarcon, 1988). Williams et al. (1990) 

reported that cows supplemented with YeaSacc gained slightly 

more weight than the control. However, differences were not 

significant. 

Results of feed intake are quite consistent, with 

supplemented animals generally having higher intakes. (Huber, 

1990; Van Horn et al., 1984; Bax, 1988; Gomez-Alarcon, 1991; 

Williams et al., 1990) . Studies reporting increased dry matter 
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intakes also showed improved milk yields. The additional feed 

consumed on diets supplemented with fungal cultures provided 

sufficient energy to produce the average 5% more milk 

(Williams and Newbold, 1990; Bax, 1988). 

Also associated with Amaferm is lower rectal 

temperatures under high ambient temperatures. Gomez-Alarcon 

(1991) reported heat stress related data on two trials. Trial 

I, not conducted under heat stress environment, showed overall 

amaferm treated cows to have numerically lower rectal 

temperatures and respiration rate values compared with non-

supplemented animals, however, differences were not 

significant (P>.10). Differences were significant for only 4 

of the ten weeks. In trial 2, for 10 of the 12 weeks of the 

heat stress months, cows again had numerically lower rectal 

temperatures, but differences were not significant (P>.10). 

Although reduced temperatures were not consistent with this 

study, other studies have shown significantly reduced rectal 

temperatures with fungal culture supplementation (Marcus et 

al., 1986; Huber, 1990). 

Effects on Nutrient Digestibility 

Originally, it was reported that fungal cultures 

affected total tract digestibility of nutrients. Van Horn et 

al. (1984) showed significant increase in DM and ADF 

digestibility (P<.05) and a tendency for increased OM 

digestibility for cows receiving A. oryzae supplementation to 
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diets containing high levels of bi-products. Wiedmeier (1987) 

confirmed these results when cows were supplemented with 

Amaferm or Diamond V, or a combination of the two, by showing 

improved digestibility of CP, hemicellulose and DM of diets 

containing 50:50 concentrate to forage. Other Data has shown 

no effect on the overall nutrient digestibility (Adams et al., 

1981; Arambel and Kent, 1988; Harrison et al, 1988; Williams 

and Newbold, 1990; Huber, 1990; Gomez-Alarcon, 1990). Work by 

Gomez-Alarcon (1990), probably best explains this 

contradiction. The studies included three separate trials. In 

trial I, four ruminally fistulated and duodenally cannulated 

cows were used in a 2X2 factorial arrangement of treatments. 

Factors were low vs high forage and A. oryzae culture vs 

control diets. In trial 2, six duodenally cannulated cows, fed 

a high concentrate diet, were assigned to a 3X3 factorial 

where control, Amaferm and S. cerevisiae were the factors. In 

trial 3, four rumen cannulated cows were used in a crossover 

design to study the effects of A. oryzae on rumen kinetics. 

Results from the three studies show that although there was no 

significant change in total tract nutrient digestibilities, 

ruminal digestibilities were enhanced (P<.05) by fungal 

culture addition for CP, NDF and ADF. Dry matter intake 

differed in all trials. Williams and Newbold (1990) theorized 

that these results may indicate that fungal additives are 

affecting ruminal but not total tract digestion of nutrients. 
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Summary of Reports 

Addition of fungal cultures to diets for intensively 

reared steers tends to improve weight gains. Wether lambs did 

not respond to Diamond V supplementation, while calves fed 

Amaferm cr YeaSacc gained more weight than controls. Milk 

yield response from dairy cattle supplemented with fungal 

cultures was influenced by forage type and level (with higher 

concentrate yielding more response), as well as the stage of 

lactation (early lactation elicited the greatest response). 

Milk yield has been reported as directly correlated to DMI. 

Cows with higher intakes yield more milk. Williams and Newbold 

(1990) hypothesized this as a mode of action for higher milk 

yields for cows fed fungal cultures containing S. cerevisiae; 

however, Amaferm may have an additional effect since Amaferm 

treated cows had lower rectal temperatures when ambient 

temperatures were high. Data shows that fungal additives due 

not usually affect overall digestibility of nutrients, but do 

increase fiber breakdown in the rumen. 
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CHAPTER 3 

RESPONSE OF LACTATING COWS TO VARYING AMOUNTS OF AMAFERM 

Summary 

Two production trials were conducted at the University 

of Arizona Dairy Research Center to determine effects of 

feeding varying amounts of Amaferm to lactating cows on 

intakes, milk yields, and composition and body temperatures. 

The four treatments for both trials were added to diets as a 

top dressing at 0, 1.5, 3 or 6 g/d of Amaferm. Trial I was 

conducted in spring, 1989, for 80d, using forty early -

lactation Holstein cows. Trial II was conducted in the summer 

of 1989, for sixty days, with twenty-four mid-lactation cows. 

Each trial included a ten day pre-treatment period. 

For trials I and II there were no differences between 

treatments in milk production, milk composition, body weight 

gains or rectal temperatures. In trial I, DMI was 

significantly higher (P<.06) for cows receiving 1.5 and 3 g/d 

of Amaferm compared with the control or 6 g/d treatments; with 

1.5 g eliciting the greatest response. Respiration Rates, 

determined in trial II, were highest (P<.05) for cows fed the 

3 g of Amaferm/d. 
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Introduction 

High concentrate is now incorporated in dairy rations 

to enhance milk yields. To optimize nutrient availability, the 

decreased cellulose digestibility, often associated with high 

concentrate diets, needs to be alleviated. Addition of Amaferm 

to dairy rations stabilizes the rumen environment (Harrison et 

al., 1988) and enhances cellulolytic bacteria numbers. These 

effects might explain the observed increase in milk production 

reported in some studies (Huber, 1990). However, little has 

been done to ascertain optimal amounts of Amaferm for 

lactating cows. The objective of this study was to compare the 

addition of four levels of Amaferm in diets for high producing 

dairy cows in early to mid lactation. 

Materials and Methods 

Trial I: 

Forty Holstein cows in early lactation were assigned 

to treatments in a randomized block design. The experimental 

period lasted 80d, from March to May, 1989, with lOd of pre-

treatment (PT) used for covariate adjustment of means. Cows 

were housed in pens of twelve cows each (600m2) . Shade was 

provided over the feeding area and in the middle of each pen. 

Cows had free access to water and trace mineralized salt 

blocks. Feed was offered daily and feed intakes of individual 

cows were determined with electronic gates. (American Calan 

Inc., Norwood, NH). Orts for each cow were recorded daily and 
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amount of feed offered was adjusted to 10% in excess of 

appetite. 

Cows were milked twice daily, 0500 and 1700, and milk 

yields were recorded. Milk was sampled weekly for two 

consecutive milkings and composite samples were analyzed by 

infrared analysis at the Arizona DHIA laboratory in Phoenix, 

AZ for fat, protein, lactose, SCC and SNF. Body weights and 

Rectal temperatures were recorded after the P.M. milking once 

weekly for two consecutive weeks at the beginning and end of 

the trial, and bi-weekly during treatment. 

After PT, cows were assigned to four randomized blocks 

corresponding to the four treatments. Blocks were based on 

milk production during PT and balanced for days in milk. 

Treatments were: 

0 = 90g GM/d (control) 

1.5 = 1.5g Amaferm/d + 88.5g GM/D 

3 = 3g Amaferm/d + 87.Og GM/D 

6 = 6g Amaferm/d + 84.Og GM/D 

GM = Ground Milo 

The Amaferm was mixed with GM and half the daily 

allotment was added as top dressing to the ration twice daily 

at the A.M. and P.M. feedings. The diet was high in energy 

(60% concentrate and 40% forage) and met or exceeded all NRC 

(1989) requirements (Table 1). 
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Table 1 

COMPOSITION ANALYSIS OF DIET 

Ingredient % f DM 

Alfalfa Hay 20 
Alfalfa Cubes 15 
Cottonseed Hulls 4 
Whole Cottonseed 15 
Concentrate1 46 

Nutrients 

Dry Matter 95.84 
Crude Protein2 20.83 
ADF 23.89 
NDF 36.77 

Commercial dairy concentrate (Min. 14% CP) 
Calculated as % Nitrogen of DM X 6.25 

Trial II: 

Twenty-four Holstein cows in mid-lactation were 

assigned to a randomized block design, similar to trial I, for 

60 days, during June and July, 1989. Treatments, measurements 

and management of cows were similar to trial I, except 

respiration rates were recorded with the use of a wrist watch 

while the cows were at rest during mid-afternoon. Respiration 

rates were taken once for two consecutive weeks at the 

beginning and end of the trial and bi-weekly during treatment. 

Pre-treatment period, block assignments, diets, feeding 

systems and housing were similar to trial I, as were 
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determination of feed intake, milk yield, body weight and milk 

composition. 

Results and Discussion 

Cow performance data for trials I and II are 

summarized in table 2. Although milk yield for treatments in 

trial I was similar, DMI was different (P<.06) . Cows receiving 

1.5g Amaferm/d had higher DMI than those fed 0 or 6 g 

Amaferm/d (P<.06). Treatment 0 showed highest feed 

efficiencies than all other treatments, but differences were 

not significant. In trial II no significant differences 

between treatments were observed for milk production or DMI. 

Lowest feed efficiencies were shown for treatments 3 and 0. 

The feed intake pattern found in trial I is similar to 

that previously reported (Gomez-Alarcon et al., 1991), with 

cows receiving Amaferm having a higher DMI. Although, not 

analyzed in this study, a higher DMI has been reported to be 

associated with diet composition interaction with Amaferm 

(Williams and Newbold, 1990). Gomez-Alarcon (1991) reported 

cows consuming high concentrate diets were higher in DMI and 

milk yields when fed Amaferm but those on lower concentrate 

did not. Williams and Newbold (1990) calculated that the extra 

energy derived from the additional intake of feed accounted 

for the increased milk production elicited by fungal cultures. 

However, because rectal temperatures have been shown to be 
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affected by Amaferm, as discussed later, there is probably an 

additional benefit of AO in heat stressed cows. 

Table 2 
INFLUENCE OF AMAFERM LEVEL ON COW PERFORMANCE 

Level of Amaferm 
(g/day) 0.0 1.5 3.0 6.0 sem 

Trial I 

MILK (kg) 3 0.88 
DMI1 (kg) 22 . 58a 

MILK/DM 1.37 

Trial II 

30.75 30.75 
25 . 87b 24 . 09a,b 

1.19 1.28 

30.82 1.15 
23.22a 0.85 
1.33 

MILK (kg) 26.21 25.79 25.70 25.96 0.40 
DMI1 (kg) 25.48 22.69 25.38 23.92 0.77 
MILK/DM 1.03 1.14 1.01 1.09 

a,bmeans within a row with different superscripts are different 
(P<.06). 
1DMI = dry matter intake 

There was no difference between treatments for any of 

the milk constituents in either trial (Table 3). Most studies 

have found that fungal additives do not alter milk 

composition. However, Harris et al. (1983) showed increased 

butterfat with addition of Amaferm and Williams et al. (1990) 

reported an increased butterfat with YeaSacc; but, a 

significant diet X treatment interaction (Pc.061). was 

reported. Treated cows fed hay showed no effect on milk yield, 

but increased in butterfat, while treated cows fed straw 

increased milk yields, but decreased butterfat. Williams and 
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Table 3 

INFLUENCE OF AMAFERM LEVEL ON MILK COMPOSITION 

Level of Amaferm 
(g/day) 0.0 1.5 3.0 6.0 sem 

Trial I 

SNF (%) 8.40 8.50 8.50 8.32 0.10 
FAT (%) 3.74 3.88 3.71 3.85 0.16 
PROTEIN (%) 2.92 2.96 3.03 2.92 0.05 
LACTOSE (%) 4.83 4.92 4.77 4.76 0.07 

Trial II 

SNF (%) 9.20 9.11 9.00 8.99 0.21 
FAT (%) 3.97 3.63 3.89 4.18 0.24 
PROTEIN (%) 3.42 3.23 3.21 3.29 0.11 
LACTOSE (%) 4.73 4.82 4.71 4.60 0.11 

Newbold (1990) also reported higher milk protein due to 

YeaSacc in cows fed concentrate. 

Other parameters measured in both trials included body 

weights and rectal temperatures with respiration rates 

determined only for trial. II. Amaferm did not significantly 

affect body weights or rectal temperatures. Wallentine et al. 

(1986) showed that Amaferm stimulated feed intake, causing 

treated cows to gain more weight than controls. In trial I, 

(see table 4) cows fed A. oryzae had numerically greater 

increases in body weight than controls, but differences were 

not significant. Williams and Newbold (1990), reported that 
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Table 4 

INFLUENCE OF AMAFERM LEVEL ON BODY WEIGHT 

Level of Amaferm 
(g/day) 0.0 1.5 3.0 6.0 sem 

Trial I 

PRE-TMT3 (kg) 632.15 632.06 620.41 608.34 
TMT MEAN (kg) 652.04 656.92 645.13 640.20 24.48 
BW4 CHANGE (kg/d) 0.25 0.31 0.31 0.40 0.07 

Trial II2 

PRE-TMT (kg) 579.55 619.85 644.44 615.33 
TMT MEAN (kg) 598.43 636.01 654.29 636.71 33.76 
BW CHANGE (kg/d) 0.31 0.27 0.16 0.36 0.12 

^0 day trial, 10 cows/treatment 
260 day trial, 6 cows/treatment 
3TMT = Treatment 
4BW = Body weight 

intensively reared cattle supplemented with YeaSacc did not 

show a significant change in body weight, but there was a 

tendency for treated animals to have higher weight gains than 

controls in the early phases of the study. Gomez-Alarcon 

(1988) also found that all groups fed Amaferm gained weight in 

two lactation trials and treatments did not differ. 

Addition of A. oryzae extract to the diet has been 

shown to reduce rectal temperatures under high ambient 

conditions (Huber, 1990). Since trial I was conducted during 

the cooler months, a lack of response to Amaferm on rectal 

temperatures is not surprising, (Table 5). However, trial II 
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Table 5 

INFLUENCE OF AMAFERM LEVEL ON 

CONDITIONS RELATED TO HEAT STRESS 

Level of Amaferm 
(g/day) 0.0 1.5 3.0 6.0 sem 

Trial I 

RT1 (°C) 38.76 38.79 38.92 38.64 0. 07 

Trial II 

RT1 (°C) 39.27 39.17 39.30 39.28 0.13 
RR/min* 69.7C 66.3C 85. 8d 70. 6C 3.50 

(P<.05). 
1RT = rectal temperature 
2RR/min = respiration rate per minute 

was conducted during the summer months when ambient 

temperatures exceeded 37°C and Amaferm did not affect average 

rectal temperatures for the over all trial or on specific days 

as reported by Gomez-Alarcon (1991) . Respiration rate (RR) was 

an additional parameter observed for trial II to further test 

the effects of feeding Amaferm on heat stress. Significantly 

increased (P<.05) RR relative to other treatments were 

observed for 3g/d Amaferm. Wallentine et al. (1986) reported 

that early lactation cows fed Amaferm had higher respiration 

rates and rectal temperatures than controls (P<.05) when 
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ambient temperatures exceeded 32.2°C. The opposite effect was 

found for cows in late lactation. 

Production responses to fungal cultures have been 

variable. Most research shows that these additives increase 

milk production either significantly, such as with Amaferm 

shown by Gomez et al. (1991), or have a tendency to improve 

milk yield as reported by Huber (1990) . On the other hand, 

Arambel et al. (1988) reported Diamond V had no effect on milk 

yield, similar to results shown in these trials. The 

conditions under which fungal cultures are effective have not 

been well defined; therefore, inconsistent results are not 

entirely unexpected. It has been hypothesized that Amaferm may 

cause higher milk yields by increasing feed intake (Williams 

and Newbold, 1990; Gomez-Alarcon, 1991) but such was not 

observed in the present study. Cows receiving 1.5g/d Amaferm 

in trial I ate more DM than other treatments, yet had lowest 

milk yields. An alternative hypothesis, which will be further 

discussed in the subsequent chapter on feed digestibility 

effects, is that Amaferm might alter the site of digestion, as 

postulated by Gomez-Alarcon (1990). 
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CHAPTER 4 

EFFECT OF ASPERGILLUS ORYZAE ON 

FEED DIGESTIBILITY IN DAIRY COWS 

Summary 

A digestibility study was conducted during the last 

12d of lactation trial I (LTI). Digestibility parameters 

determined included DM, CP and NDF. The 40 cows of LTI, 

received 20 to 25g/d of Cr203 as a digesta marker which was 

mixed as 0.1% of the TMR. Fecal grab samples were taken twice 

daily, after the a.m. and p.m. milkings for the last 5d of 

dosing. 

Results show no significant differences due to Amaferm 

treatment in digestibility of NDF, CP or DM. For DM and NDF 

digestibility, treated cows had higher numerical values than 

controls, with cows fed 1.5g Amaferm/d consistently higher 

than other treatments. 

Introduction 

Previous trials using Amaferm have suggested that 

increased milk production was related to a higher feed intake 

and/or increased feed digestibility. Van Horn et al. (1984), 

showed higher DM and ADF digestibilities for Amaferm 
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supplemented cows over controls. Gomez-Alarcon et al. (1991) 

reported increased milk yields from feeding Amaferm, 

coinciding with a more rapid increase in feed intakes in 

early lactation and higher digestibilities of DM, OM, CP, NDF 

and ADF. Not all studies, however, showed increased total 

tract nutrient digestibilities. Williams et al. (1990) 

reported no effect on DM digestibility for cows fed S. 

cerevisae in a complete diet. These data support other reports 

in which no effect on digestibilities was found with the 

addition of fungal cultures. (Adams et al., 1981; Arambel and 

Kent, 1988; Harrison et al., 1988; Huber, 1990; Williams and 

Newbold, 1990). Gomez-Alarcon (1990) reported an increased 

rumen ADF digestibilities with duodenally cannulated cows 

supplemented with A. oryzae or S. cerevisae, but no consistent 

effect on total tract disappearance of ADF. 

The objective of this trial was to determine the 

effect of varying levels of Amaferm on total tract nutrient 

digestibilities. 

Materials and Methods 

Forty Holstein cows were adapted to treatment and 

management practices for 68d during LTI and were used for the 

digestibility study. Diet and feeding procedures remained the 

same as in LTI with the exception that feed offered and orts 

were sampled daily during the last 12d of LTI while cows were 

receiving Cr203. 
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For 12d, Cr203 was incorporated into the feed offered 

at 0.1% of the total mixed ration (TMR). Previously, 0.91 kg 

Cr203 was mixed with 136 kg of whole cotton seed (WCS) to 

ensure uniform mixing of Cr203 with the TMR, then the WCS was 

blended with 772 kg of the remaining TMR ingredients. 

Individual Cr203 intake varied according to amount of feed 

consumed, but averaged 20g/cow/d. Fecal grab samples were 

taken twice daily for the last five days of dosing and stored 

at -5°C until composited for analyses. Fecal samples were 

dried at 55°C for 48 hours. Feed, orts and fecal samples were 

then ground in a Wiley Mill through a 2mm screen in 

preparation for analyses. 

Composited feed offered, individual orts and fecal 

samples were chemically analyzed for Cr203 by atomic absorption 

spectrometry using a multielement hallow cathode lamp at 357.9 

nm with an air:acetylene flame. Samples were first digested 

with potassium sulfate and sodium selenite and then re-

digested with periodic acid. Analyses of NDF was according to 

Van Soest and Robertson (1986) and CP according to AOAC (1984) 

procedures. 

Dry Matter digestibility was determined by the 

dilution technique, where the concentration of chromium (Cr) 

in feed consumed was divided by chromium in feces. An average 

from the last five days of dosing was used to determine mean 
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feed consumed and refused; data were incorporated into the 

following model: 

% DM digestibility = 
% Cr in feed consumed 

1 -
% Cr in feces 

X 100 

For CP, NDF and DM digestibilities, Cr was corrected 

for concentrations in feed refused so only the actual Cr 

consumed was used in digestibility calculations. To determine 

percent CP digestibility and percent NDF digestibility, the 

following equation was used: 

Nutrient digestibility % = 100- (%DM Dig.) X 
(%nutrient in feces) 

( %nutrient in feed) 

Results and Discussion 

Diet composition analyses can be found in table 1 from 

the previous chapter. Cows receiving 1.5 g Amaferm/d were 

numerically highest in overall digestion coefficients for DM, 

CP and NDF (table 6); but, none of the differences was 

significant (P>.10) . Gomez-Alarcon et al. (1991) also reported 

no significant effect of Amaferm in his first digestibility 

study with cows in mid lactation, which were fed a 50:50 

concentrate to forage ration. In a second digestibility trial 

(Gomez-Alarcon et al., 1991) cows fed Amaferm in early lacta

tion (60:40, concentrate:forage) had significantly (P<.05) 
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higher digestibilities for DM, OM, CP, NDF and NDF than 

controls. Van Horn et al., (1984) showed that the A. oryzae 

extract significantly increased DM and ADF digestibilities in 

dairy cows and Wiedmeier et al., (1987) reported that S. 

cerevisae cabined with A. oryzae significantly enhanced DM, 

CP and hemicellulose digestibilities. 

On the other hand, others have shown no effect with 

addition of S. cerevisae or A oryzae on digestion coefficients 

in lactating cows (Gomez-Alarcon, 1991; Arambel and Kent, 

1988; Harrison et al., 1988) Although data reported for total 

tract digestibilities have not been consistent, metabolism 

trials (Gomez-Alarcon, 1990) with duodenally cannulated cows 

have clearly demonstrated that ruminal digestion of DM and NDF 

is enhanced by A. oryzae and S. cerevisae additions. Williams 

et al. (1990), theorized from previous work that fungal addi

tives may affect the site of digestion, and effect on total 

tract digestibilities may be masked by an increased hind gut 

digestion. A change in the site of digestion might also affect 

retention time of feed in the digestive tract and nature of 

absorbed products. More research is needed to understand more 

clearly the mode of action of fungal additives. 
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Table 6 
INFLUENCE OF AMAFERM LEVEL 
ON NUTRIENT DIGESTIBILITY 

Level of Amaferm 
(g/day) 0.0 1.5 3.0 6.0 sem 

DM (%) 56.7 60.34 56.78 58.05 1.91 
PROTEIN (%) 67.82 70.43 66.66 67.85 1.62 
NDF (%) 31.59 38.03 32.74 34.32 2.71 

None of the differences between treatments is significant 
(P>.10) 
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CHAPTER 5 

GENERAL SUMMARY AND CONCLUSION 

From results presented in the literature and in this 

study it is apparent that the conditions under which Amaferm 

increases milk production have yet to be clarified. It has 

been reported that early lactation cows respond better than 

mid or late lactation cows (Wallentine et al., 1986; Harris 

and Lobo, 1988; Gunther 1989; Gomez-Alarcon, 1991) and cows 

fed high levels of concentrate have greater response than low 

levels (Gomez-Alarcon, 1991; William et al., 1990). Both of 

these conditions were compared in our studies, yet a treatment 

response in milk yield was not seen, regardless of Amaferm 

level. Two other studies in which there was no response in 

milk production to fungal culture supplementation have been 

reported (Van Horn et al., 1983; Arambel and Kent, 1988). 

In this study, the lack of change in rectal tempera

tures and increased respiration rates for treated cows during 

times of heat stress contradicts previous work (Huber, 1990). 

Lower rectal temperatures have been observed for Amaferm-fed 

cows under conditions of high ambient temperatures. (Marcus et 

al, 1986; Huber, 1990; 1986; Gomez-Alarcon, 1991). Wallentine 

et al. (1986), however, did report higher respiration rates 



35 

and rectal temperatures for cows in early but not late 

lactation (P<.05) when ambient temperatures exceeded 32.2°C. 

The lack of Amaferm effect on digestibilities of DM, 

NDF and CP resembles the report of Gomez-Alarcon (1990) where 

total tract digestibilities were not affected by Amaferm 

addition, but significant increases in ruminal disappearance 

of CP, ADF and NDF were noted. 

Further work to understand conditions under which 

Amaferm best elicits a response is needed. Surely, continued 

research on the mechanism of action for this fungal culture 

will aid. Continued investigation into effects of fungal 

cultures on the rumen environment and shifts in the site of 

nutrient digestion should be conducted. 
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