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ABSTRACT 

Three experiments were conducted to determine effects of 

corn grain processing on lactational performance and nutrient 

utilization in dairy cows; and to evaluate feeding value of 

Amaferm (a culture of Aspergillus oryzae) for lactating cows. 

In trial I, 40 lactating Holstein cows were allotted to 

five Dietary treatments containing 40% corn grain as finely

ground (FG), coarsely-ground (CG) , steam-flaked (SFL, 309 

giL), steam-flaked (SFM, 361 giL), or steam-rolled (SR, 490 

giL). The SFM increased milk yield 1.6 kgld more than FG, and 

an average 2.5 kgld more than CG, SFL, or SR. Diets with FG 

increased efficiency of feed utilization 16% because of the 

lower DMI. Diets with SFL had lower milk fat content than CG 

or SR. Starch digestibility in the total digestive tract was 

higher for FG, SFL, or SFM than for CG or SR. 

In trial 2, 32 Holstein cows were used in a 2x2 factorial 

arrangement of treatments for 70d. The four diets were: 1) 

steam-flaked corn (SFC, 361 giL) + 3 gld Amaferm 2) SFC 

without Amaferm, 3) stearn-rolled corn (SRC, 490 giL) + 3 gld 

Amaferm, and 4) SRC without Amaferm. Intake was not affected 

by processing of grain or addition of Amaferm. Compared with 

rolled, flaked corn increased milk yield 2.1 Kg/d, milk 

protein percentage .09%, milk protein yield 8.5%, lactose 

-- ----- -----
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yield 5.4%, and efficiency of feed utilization 8%. Addition of 

Amaferm had no significant effects on lactational performance, 

rectal temperatures or respiration rates of lactating cows 

during the hot summer conditions of the study. 

In trial 3, 5 cannulated lactating Holstein cows were 

used in a 5 x 5 Latin square design. Dietary treatments were: 

l)FG; 2)CG; 3)SFL; 4)SFM; and 5)SR. Diets with SR had lower 

DMI than CG. Diets with FG, SFL, or SFM had lower ruminal pH 

than CG or SR. Rumen NH3 concentrations were higher for FG and 

CG than for SFL, SFM and SR. Total VFA concentrations were 

higher for FG and SFL than for SR. The C2 :C3 ratio was lower 

for SFL and SFM than for CG, FG and SR. Diets containing FG, 

SFL, and SFM resulted in higher total tract starch 

digestibilities than that with SR. 



CHAPTER 1 

INTRODUCTION 
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Corn grain is the most common energy source for dairy 

cows in the u.s. and accounts for about 80% of total grain 

used. A corn kernel contains an average 72% starch 

(Huntington, 1992), which is the primary dietary nutrient to 

enhance the energetic density of diets and to promote high 

production. However, starch in the form of granules is 

embedded in a protein matrix which limits starch digestion in 

the animal digestive tract. Proper processing methods are 

needed to maximize starch utilization by ruminants. However, 

over-processing may result in excessively fast fermentation of 

starch and disturb the rumen environment. Processing by 

grinding or applying moisture, heat or pressure destroys the 

physical barrier of kernels that resists rumen bacterial 

attack (McAllister et all., 1990b) and makes the starch 

structure more susceptible to enzymatic hydrolysis (Rooney and 

Pflugfelder, 1986). 

starch is both fermented by the bacteria in the rumen to 

volatile fatty acids (VFA) and digested by enzyme in the small 

intestine to glucose. The rumen is the major site of starch 

digestion (Theurer 1986) . Extensive processing improves starch 

digestibility both in the rumen and post-rumen, but increased 
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degradation in the rumen decreases that digested post

ruminally (Theurer, 1986). It has been suggested that starch 

is 42% more efficiently used if digested in the small 

intestine than in the rumen (Owens et al., 1986). However, 

current data (Huber et. ai, 1994) has shown that shifting 

starch digestion to the rumen by steam-flaking vs. dry-rolling 

of sorghum increases milk yield an average of 2.4 kg/d, milk 

protein content by .1 percentage units, and efficiency of feed 

utilization about 10%. Theurer et al. (1991) and Chen (1994) 

reported that NEL of sorghum grain was increased 21 to 25% by 

steam-flaking compared with dry-rolling. The following reasons 

may explain the controversy between the theoretical 

calculations for starch utilization and observed results of 

research. Firstly, increasing starch availability in the rumen 

increases propionate yield which supplies more glucose to the 

mammary gland for milk synthesis (Theurer et al., 1995). 

Furthermore, increasing starch fermentation in the rumen 

stimulates microbial synthesis of more high quality of protein 

for digestion in the small intestine (Oliveira et al., 1992; 

Poore et al., 1993). Shifting a greater amount of starch 

digestion to small intestine would limit rumen fermentation. 

Secondly, limitations to starch digestion in small intestine 

in ruminants may exist (Orskov, 1986) because of the 

following: a low pH in the proximal small intestine (Ben

Ghedalia et al., 1974), non-inducible pancreatic a-amylase 

----- ------
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activity (Harmon, 1992), and the absence of sucrase activity 

(Huber et al., 1961j. Thirdly, glucose absorbed from small 

intestine is mostly utilized by the tissues of portal-drained 

viscera (Huntington and Eisemann, 1988) resulting in a 

negative or zero net-flux of glucose to the liver. 

Grinding, rolling, flaking and early harvesting are the 

most common methods used for corn grain processing in the 

u.s .. Data summarized from twenty individual studies showed 

that total tract digestibilities of starch in both beef and 

dairy cattle averaged 98% for Steam-flaked corn, 91% for 

ground corn, 93% for dry-rolled corn and 90% for whole corn. 

However, few studies had been conducted to directly compare 

the effect of these processing methods in lactating dairy 

cows. The objectives of this study were: 1) to compare the 

effects of grinding (fine and coarse), steam-flaking (309 giL 

and 361 giL) or steam-rolling corn grain on the lactational 

performance of dairy cows. 2) to determine the effects of 

processing corn 

digestibilities in 

on rumen 

the total 

fermentation and nutrient 

digestive tract. and 3) to 

determine possible interactions between addition of Amaferm 

and processing of corn which might affect cow performance and 

result in differing availabilities of starch in the rumen. 



CHAPTER 2 

LITERATURE REVIEW 

STRUCTURE OF CORN KERNELS 

Kernels 
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Corn grains are naked caryopses, and are tooth-shaped or 

round. Compared with other cereal grains, corn kernels have a 

large particle size with an average grain weight of 324 g per 

1000 grains ( sorghum: 23 g per 1000 grains ), with a length 

of 8-17 mm and width of 5-15 mm ( Kent, 1975 ). The kernels 

consist of three major components: the pericarp, the endosperm 

and the embryo. The pericarp is the outermost layer which 

protects the endosperm and embryo. The embryo initiates 

germination under proper conditions. The endosperm is for 

storage of the principle energy component, starch. A corn 

kernel contains about 72% starch on a dry matter basis 

(Huntington, 1992). Most of the starch is located in the 

endosperm. The endosperm is composed of the outer aleurone 

layer and the inner starchy layer which contains a peripheral, 

a corneous, and a floury endosperm ( Huntington, 1992; Rooney 

and Pflugfelder, 1986; Kotarski, 1992. ). Starch in the form 

of granules is embedded in a protein matrix. The crown region 

of a corn kernel, opposite from the end with the embryo, is 

called the floury endosperm. It contains loosely packed starch 

and about half the protein of the horny region near the embryo 

----- ------
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(Kent, 1975). 

starch 

Starch is a polymer of glucose. Based on linkages between 

glucose units, starch is divided into two major types of 

molecules; amylose and amylopectin. Amylose is a linear chain 

of glucan with a - 1,4 bonds and molecular weights from 105 

to 106 • In addition to the a - 1,4 bond, amylopectin contains 

about 5% of a - 1,6 branch points with molecular weight from 

107 to 109 ( Kotarski, 1992; Galliard and Bouler, 1987; Rooney 

and Pflugfelde, 1986 ). Galliard and Bouler (1987) compared 

starch composition from several cereal grains, and found that 

corn starch contained 26 31% amylose and 69 74% 

amylopectin, but varied with the different species. Corn 

starch also contains some other minor components: .2 - .4% 

protein and .5 - .9% lipid. They (Galliard and Bouler, 1987) 

stated that starch properties were determined by both the 

alignment and association of polymer chains, and interactions 

between starch and minor components. Rooney and Pflugfelder 

(1986) pointed out that starch granules consisted of a 

crystalline area composed mainly of amylopectin and an 

amorphous area, rich in amylose. Amylose and amylopectin 

molecules are held together by hydrogen bonding. While water 

moves freely through the amorphous area, the crystalline area 

is water insoluble. However, amylose has less swelling 

--- - --- ---
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capacity than amylopectin. Swelling and enzymatic hydrolysis 

of starch is limited because of the intermolecular hydrogen 

bonding between the amylose and amylopectin molecules. 

McAllister et al ( 1990Ci 1991; 1993. demonstrated, in 

vitro, in vivo and with scanning electron microscopy, that 

protein and structural carbohydrate within the kernel might be 

more important in determining the extent of ruminal starch 

digestion than the chemistry or physical form of the starch, 

because the protein matrix of corn, especially in the horny 

endosperm, limits access of ruminal bacteria to starch 

granules and resists digestion by ruminal microorganisms. 

CORN PROCESSING 

The maj or purpose of processing grain is to increase 

nutrient availability and profits. Extensive corn processing 

by mechanical, heat or moisture treatments destroys the 

physical structure of kernels and changes the chemical 

properties of the starch. 

Mechanical breakdown by chewing and machine processing 

can make the pericarp and endosperm layers more accessible 

when exposed to bacteria and enzymes. The pericarp layer of 

whole kernels is resistant to bacterial attachment, So the 

first and critical step initiates digestion of corn starch in 

the rumen (McAllister et aI, 1994). Beauchmin et al (1994) 

----------
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demonstrated that less than 30% of the DM from whole grains of 

corn disappeared during 96 h of ruminal incubation. However, 

digestion of corn DM increased by 69% after ingestive 

mastication, which broke the majority of the corn kernels into 

small pieces. 

Processing with heat and moisture changes the properties 

of the starch resulting in gelatinization, retrogradation and 

dextrinization ( Kotarski et al. , 1992; Rooney and 

Pflugfelder, 1986 ). During gelatinization, the starch 

granules absorb water and swell, and organization within the 

crystallites is destroyed. The intermolecular hydrogen bonds 

in the crystalline areas are broken down, which causes 

irreversible release of part of amylose and amylopectin, and 

makes the starch more susceptible to enzymatic hydrolysis. 

Retrogradation is the opposite of gelatinization, during which 

hydrogen bonds between amylose and amylopectin are reformed, 

and bound water is released; hence digestibility of starch may 

decrease. During dextrinization in which dextrin is formed, 

the starch is partially solubilized in water and becomes more 

viscous. 

Methods of Processing 

Processing methods for grain were described by Hale and 

Theurer (1972). The most common methods for processing corn in 

---------- -- -----
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the united states are grinding, rolling, flaking and early 

harvesting. 

Grinding is the cheapest and simplest method of 

processing corn for the ruminants. By means of a hammer mill, 

grinding reduces the particle size of corn grain which 

increases its surface area for contact with microbes and 

digestive enzymes in the rumen. Particle size after grinding 

varies from fine to coarse, usually measured by sieving 

through screens of known sizes. 

Rolling of corn reduces the particle size by passing it 

through two closely fitted rollers. While dry rolling refers 

to the crushing without steam; steam rolling exposes the grain 

to steam (10 - 20 min.) before rolling. 

steam flaking is the process in which corn grain is 

exposed to longer steam treatment (30 50 min.) that 

increases gelatinization. A chest is usually situated above 

the rollers to hold corn grain which is uniformly subjected to 

hot steam at atmosphere pressure for 30 to 50 min. The steam 

is produced by a boiler with pressures 80 psi and temperatures 

of about 300 of. The corn then passes through rollers which 

are adjusted at a tolerance to result in the desired flake 

density. Different flake densities can be achieved by 
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adjusting the opening between rollers. After steam flaking, 

corn grain contains 16 to 20 % moisture. 

High moisture corn results when corn is harvested at an 

earlier stage of maturity than if permitted to fully mature in 

the field. The moisture content is 25 to 32%, and it is 

usually storied in a silo structure. 

ANIMAL PERFORMANCE 

More research on the processing of corn and sorghum 

grains has been reported in beef than dairy cattle. In the 

1960's and 70's, research on processing corn grain and its 

effects on dairy cow performance focused primarily on 

comparisons among whole shelled, ground, cracked, and high 

moisture corn. since then, few studies have compared dry or 

steam-rolled with steam-flaked corn, nor has there been 

investigation of steam-flaked corn at varying densities. 

Dairy cows 

Milk yield, milk composition and feed efficiency 

(FCM/DMI) are the major parameters which should be considered 

when effects of corn processing on dairy cow performance are 

examined. Hale (1980) reviewed three studies on the effects of 

corn processing on the dairy cow performance, and concluded 

that high moisture corn was a good grain source for dairy cows 

----------
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due to no undesirable effect on milk fat and milk yield, and 

improved efficiency. Clark et al (1972) compared high moisture 

shelled corn with ground dry corn and found no significant 

difference on milk yield, 4% FCM and milk fat percentage. 

However, the efficiencies of FCM production were higher for 

high moisture shelled corn. Clark et al (1973) also reported 

higher FCM and feed efficiencies for high moisture corn when 

ground dry corn , high moisture corn, and high moisture corn 

treated with propionic acid were compared. Similar results 

were shown by Chandler et al (1975) who compared high moisture 

with dry corn, but after adjusting for crude fiber percentage 

of OM as the covariate, there were no differences in milk 

yield, FCM, or milk fat percentages. In a study comparing 

ground corn with high moisture corn in four cannulated cows, 

Aldrich et al. (1993) found no significant difference on milk 

yield or milk fat percentage. However, milk protein percentage 

was higher for the high moisture corn, and 4%FCM was higher 

for ground corn. Ohiman and Satter (1995) compared rolled dry 

shelled corn, coarsely or finely ground shelled corn and high 

moisture ear corn, and found no significant differences in 

milk yield, fat and protein percentage, or FCM/DMI. 

Based on these reports, it appears that high moisture corn is 

as good, if not better than dry ground corn for performance of 

dairy cows. 

----------------
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Moe et al (1973) conducted two trials comparing ground 

corn with whole corn, and ground with cracked corn. He found 

that milk yield and milk protein percentages were slightly 

higher for ground corn than for whole or cracked corn. 

However, milk fat percentage was higher for whole than ground 

corn. In a comparison between finely ground, coarsely ground, 

and whole corn, Moe et al (1977) found that milk yield 

increased as the particle size of corn grain decreased; thus, 

finely ground corn resulted in higher milk yield than the 

coarsely ground, which was better than whole corn. Moreover, 

as particle size of corn grain decreased, milk fat percentages 

decreased. Mitzner et al (1994) reported that milk yield was 

higher but milk fat and protein percentages were lower for 

finely ground than for rolled corn. These data clearly 

demonstrate that as the particle size of corn grain is reduced 

by mechanical action, milk yield is improved, but milk fat 

percentages are decreased. 

Joy et al (1993) compared dry-rolled with two densities 

of steam-flaked corn ( 309 giL and 387 giL ) in cannulated 

cows in a 3x3 Latin square design. No differences in milk 

yield, 4%FCM or milk fat, and protein % were shown. The diet 

with steamed-flaked at 387 giL slightly improved feed 

efficiency (FCM/DMI). However, diets contained only 24% corn 

grain, which might not be sufficient to change the performance 
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of high producing dairy cows. Similar results were reported by 

Varela et al (1993) who compared finely ground, steamed

rolled(536 giL), and steam-flaked corn at densities of 385 giL 

and 309 giL. In contrast, using four cannulated Holstein cows 

with 4x4 Latin square design, Plascencia and Zinn (1995) found 

that milk yield was higher for steam-flaked than dry-rolled 

corn. But there were no differences in percentages of milk 

protein or solid non-fat. Chen et al (1994) reported that milk 

yield was higher for steam-flaked than for steam-rolled corn, 

but FCM, FCM/DMI, milk fat and protein percentages were not 

different. 

Based on these last two reports, one might conclude that 

diets containing steam-flaked corn result in higher milk yield 

than those with dry-rolled or steam-rolled corn. Furthermore, 

the different densities of flaking seem to have varying 

effects; but further studies are needed to confirm or deny 

such a conclusion. Based on net energy value of corn grain fed 

to lactating cows as estimated by Moe et al (1973 and 1977) 

and Plascencia and Zinn (1995), it appears that processing 

improves net energy value. 

Beef cattle 

Average daily gain, DMI, and Ratio of feed to gain (feed 

efficiency) are the important parameters used to evaluate beef 
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cattle performance. Owens and Secrist (1996) reviewed the 

papers relative to effect of cereal grain processing on beef 

cattle performance with 383 comparisons in 16,303 cattle. ADG 

was the highest for whole corn (3.20 Ib./day), followed by 

dry-rolled (3.15 Ib./day), steamed-rolled (including steamed

flaked) (3.12 Ib./day), and high moisture corn(3.03 Ib/day). 

OMI was the highest for dry-rolled corn (21. 0 Ib. /day) , 

followed by high moisture (19.9 Ib./day), whole (19.2 

Ib./day), and steamed-rolled (including steam-flaked) corn 

(18.2 Ib./day). Feed efficiency was the best for steam-rolled 

(including steam-flaked) corn (5.82), followed by whole 

(6.07), dry-rolled (6.68) and high moisture (6.69) corn. They 

concluded that in general, more extensive processing reduced 

AOG and OMI, but improved feed efficiency except for whole 

corn, which showed better efficiency than dry-rolled and high 

moisture corn. 

Beauchemin et al (1994) pointed out that it was 

unnecessary to physically process corn grain because corn 

kernels were extensively damaged during mastication and also 

because processing increased feed costs. Stock et al (1991) 

compared dry-rolled corn with high moisture corn, and found no 

difference in OMI, AOG, and feed efficiency. 

Chester-Jones et al (1991) showed that steers fed whole 
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corn gained significantly faster (7.2%) than those fed rolled 

corn, and there was no difference in DMI or feed efficiency. 

Zinn (1987) indicated that steam-flaked corn (340 g/L), 

compared to dry-rolled corn, improved feed efficiency 6.8% and 

feed intake 5.4%. There was no difference on ADG. Turgeon et 

al. (1983) compared whole, cracked, finely ground, a mixture 

of whole and cracked, and a mixture of whole and finely-ground 

corn. There were no differences in OMI, AOG, and feed 

efficiency. In a comparison of steam-flaked corn and whole 

corn with 224 steers, Galyean et al (1993) found that there 

was no difference between flaked and whole corn in AOG (1.5 

kg/d). However, OMI was lower for steam-flaked than whole corn 

(8.25 vs. 9.02 kg/d), and feed:gain was lower for steamed

flaked than for whole corn (5.49 vs. 6.13). In contrast, 

Ramirez et al. (1985) showed that steamed whole corn resulted 

in higher OMI than dry whole corn and stearn-flaked corn. AOG 

was higher for steam-flaked and steamed whole corn than whole 

corn. Feed efficiency was higher for steam-flaked corn than 

for dry whole or steamed whole corn. Hale (1982) reviewed the 

influence of various processing methods on performance by beef 

cattle, and indicated that AOG was higher for early harvested 

and reconstituted corn grain (1.29 kg/d) than for dry-rolled 

corn (1.25 kg/d), flaked corn (1.25 kg/d), or whole shelled 

corn (1. 25 kg/d). However, flaking of corn decreased feed 

intake 8.1% and improved feed efficiency 8.1%. 
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Based on reviews and reported research, it has been 

clearly shown that extensive processing of corn grain has 

little effect on ADG, but tends to reduce feed intake and 

improve feed efficiency. steam-rolled (including steam-flaked 

corn) has a higher Metabolizable energy value (3.65 Mcal/kg) 

for feedlot cattle than whole corn (3.34 Mcal/kg), high 

moisture corn (3.24 Mcal/kg), or dry rolled (3.09 kg/kg) 

(Owens, 1995). However, this advantage is compromised by the 

lower feed intakes, which result in little effect on ADG. 

Therefore, processing facilities, feed cost, and herd turnover 

rate should be considered to determine the most advantageous 

type of corn processing. 

STARCH DIGESTIBILITY 

Most of the studies reported in the literature on corn 

processing and starch digestibility are with beef cattle. 

starch digestibilities are lower in dairy than beef cattle 

because of the higher intakes. This applies particularly to 

ruminal effects, although pattern of change in beef and dairy 

cattle are similar. In an excellent review, Theurer (1986) 

summarized most of the research reported from 1976 to 1986 on 

effects of corn processing en starch utilization by ruminants, 

and concluded that processing increased starch digestibility 

in the rumen, intestine and total digestive tract. It was also 

pointed out that the major site of cereal grain starch 
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digestion is usually in the rumen, and extent of ruminal 

digestion was highly correlated with total tract digestibility 

of starch. 

beef cattle 

Ruminal, post-ruminal and total tract digestibilities of 

starch in beef cattle were summarized from data by many 

authors (Aguirre et al 1984; Cole et al, 1976; Galyean et al, 

1976, 1979; Lee et al, 1982; Murphy et al. 1994; Rameriz et al 

1985; Spicer et al 1986; Streeter et al 1989; Stock et al. 

1990, 1991; Turgeon et al 1983; and Zinn 1987, 1990, 1991, 

1993, 1995). From these papers, ruminal starch digestibility 

for whole corn ranged from 52% to 75% with an average of 64% 

(4 trials); in dry rolled corn from 66% to 86% with an average 

77% (7 trials); for ground corn from 90% to 93% with an 

average of 92% (1 trial with 3 particle sizes), for high 

moisture corn from 63% to 89 % with an average of 76% ( 1 

trial with comparisons between ground high moisture and 

propionate-treated high moisture corn), and for stearn-flaked 

corn from 80% to 92% with an average of 85% (9 trials). 

Compared with whole corn, processing increased ruminal starch 

digestibility about 30%, regardless of the processing method. 

Post-ruminal starch digestibility for whole corn ranged 

from 48% to 79% with an average of 67% (3 trials), for dry 
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rolled corn from 63% to 94% with an average of 77% (6 trials), 

for high moisture corn from aa% to 91% with an average of 90% 

(1 trial), and for steam-flaked corn from 83% to 97% with an 

average of 91% (11 trials). Compared with whole corn, 

processing increased post-ruminal starch digestibility about 

29%, regardless of the processing method. 

starch digestibility in the total digestive tract of 

whole corn ranged from 77% to 94% with an average of 90% (6 

trials), for dry rolled corn from 91% to 99% with an average 

of 94% (9 trials), for ground corn 94% 1 trial with 3 

particle sizes), for high moisture corn from 95% to 99% with 

an average of 97% (4 trials), and for steam-flaked corn from 

97% to 100% with an average of 99% (10 trials). Compared to 

whole corn, processing increased starch digestibility in the 

total digestive tract about 7%, regardless o~ the processing 

method. 

Overall, in beef cattle, ruminal starch digestibilities 

were the highest for ground corn followed by steam-flaked, 

dry-rolled, high moisture corn and whole corn. However, the 

post-ruminal and total tract starch digestibility were the 

highest for steam-flaked corn followed by high moisture, dry

rolled, ground, and whole corn. 
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Dairy cows 

Few studies have been conducted to compare digestibility 

of corn processed by different methods in lactating cows. 

Ruminal, post-ruminal and total tract starch digestibilities 

are summarized from data by Aldrich et al (1993), Mitzner et 

al (1994), Chen et al (1994), Overton et al (1995), and 

Placencia and Zinn (1995). 

Ruminal starch digestibility was the highest for high 

moisture corn (79%) followed by steam-flaked (60%), dry-rolled 

(47%) , and ground corn (42%) . Post-rumina 1 starch 

digestibility was the highest for Steam-flaked corn (90%) 

followed by ground (81%), high moisture (60%), and dry-rolled 

(49%) corn. Total tract starch digestibility was the highest 

for steam-flaked (97%) followed by high moisture (93%), 

ground (86%), and dry-rolled (77%) corn. Compared with dry

rolled and ground corn, high moisture and steam-flaked corn 

were about 56% higher in ruminal starch digestibility and 17% 

higher in total tract starch digestibility. 

Overall, digestibilities of starch in ruminal, post

ruminal and total digestive tract were lower for dairy than 

beef cattle. Ruminal starch digestibilities for steam-flaked, 

dry-rolled, and ground corn were 42%, 64%, and 118% lower in 

dairy cm-/s than in beef cattle. However, ruminal starch 
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digestibility for high moisture corn in dairy cows (79%) was 

close to that observed for beef cattle (76%). Post-ruminal 

starch digestibilities for dry-rolled and high moisture corn 

were 57% and 49% lower in dairy cows than that in beef cattle. 

Total tract starch digestibilities for dry-rolled, ground, and 

high moisture corn were 23%, 10%, and 5% lower in dairy cows 

than in beef cattle. Post-ruminal and total tract starch 

digestibilities for steam-flaked corn in dairy cows were about 

equal to those in beef cattle. 

CURRENT THEORY ABOUT STARCH UTILIZATION BY RUMINANTS 

Argument 

Starch is a primary source of energy for ruminants, and 

accounts for over 30% of OMI for lactating cows and up to 60% 

of OMI for finishing beef cattle. Starch is fermented in the 

rumen to produce volatile fatty acids (VFAs), which, combined 

with VFA from other sources, supply 40 to 80% of total energy 

required by ruminants. Starch which escapes ruminal 

fermentation is partially digested to glucose in the small 

intestine. But the rumen is the major site of starch digestion 

in ruminants (Theurer, 1986). Owens et al. (1986) hypothesized 

that shifting starch digestion from the rumen ~o the small 

intestine improved energy utilization for ruminants because 

digestion to glucose for absorption from the small intestine 

was theoretically more efficient than conversion to VFAs for 
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absorption from the rumen. Based on a regression equation from 

40 different experiments with beef cattle, Owens et al. (1986) 

suggested that starch was 42% more efficiently used if 

digested in the small intestine than in the rumen. Nocek and 

Tamminga (1991) also suggested that starch digestion in the 

small intestine was energetically more efficient than in the 

rumen for lactating cows. However, Huber et al (1994) 

summarized 11 experiments with 424 cows fea steam-flaked vs. 

dry-rolled sorghum, and concluded that shifting starch 

digestion to the rumen increased milk yield, milk protein 

yield and percentage, and feed efficiency. Theurer (1991) also 

pointed out that there was no sUbstantial evidence to support 

the hypothesis of Owens et al (1986) 

starch fermentation in the rumen 

Ruminal bacteria playa major role in starch fermentation 

in the rumen. Bacteroides, Eubacterium, streptococcus, 

Butyrivibrio, Ruminobacter, Selenomonas, Succinovibrio, 

Succinomonas and Lactobacillus have been identified as 

amylolytic bacteria (Bergman,1990i Kotarski et aI, 1992). 

Species such as Bacteroides amylophilus, streptococcus bovis, 

Succinomonas amylolytica, Bacteroides ruminicola predominate 

in the rumen with high concentrate diets. However, B. 

ruminocola is more prevalent with a low grain diet (Yokoyama 

and Johnson, 1988). with amylolytic enzymes such as a-amylase, 
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maltohexahydrolase, maltotetrahydrolase, B-amylase, a-

glucosidase and glucoamylase produced by bacteria (Kotarski et 

aI, 1992), starch is readily degraded to glucose; which, 

through the glycolytic pathway , is catabolized to pyruvate 

(Bergman, 1990). pyruvate is then converted to VFAs. Hence 

acetate (C 2 ), propionate (C 3), and butyrate (C 4 ) are the major 

end-products from starch fermentation in the rumen. 

Rumen molar ratios of acetate to propionate and total VFA 

yield vary with the composition of diets. Rapid starch 

fermentation with high concentrate diets results in a 

decreased ruminal pH, which stimulates growth of propionate

producing microorganisms (Bergman, 1990), depresses 

methanogenic bacteria and shifts ruminal fermentation patterns 

(Owens and Goetsh, 1988). Propionate concentrations increased, 

and the molar ratios of C2/C3 decreased when processed grain 

were fed and starch availability in the rumen was increased ( 

Johnson et al., 1968; Murphy et al., 1982; Zinn, 1987; Moore 

et al., 1992; Huber et aI, 1994; and Plascencia and Zinn, 

1995). Propionate is the only VFA that significantly 

contributes to glucose synthesis through gluconeogenesis, and 

is quantitatively the most important precursor of glucose in 

ruminants (Bergman, 1990). Approximately, 50 - 60% of glucose 

comes from propionate. Lactose, synthesized from glucose, is 

the major osmotic regulator in the mammary gland and controls 
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the volume of milk produced. Since all lactose in milk comes 

from glucose through gluconeogenesis in liver, shifting 

fermentation patterns by increasing starch availability in the 

rumen results in higher propionate production, thus supplying 

more glucose to mammary gland for milk synthesis. Furthermore, 

increasing the extent of ruminal fermentation of dietary 

starch may result in more energy for synthesis of milk 

(Theurer, 1995) by increasing glucose and acetate which are 

oxidized by mammary tissue. 

Carbohydrate is the main energy source for growth of 

ruminal microorganisms (Hoover and Miller, 1992). Increasing 

starch fermentation in the rumen supplies more energy for 

microbial synthesis resulting in greater quantities of high 

quality microbial protein flowing to the small intestine. By 

using different sources of cereal grains to regulate ruminal 

starch availability, Spicer et al. (1986), Mecarthy et al. 

(1989) and Overton et al. (1995) showed that greater ruminal 

starch digestibility increased microbial Nitrogen flowing to 

the duodenum. Similar results also have been demonstrated by 

comparing differently processed grains, which increased 

ruminal starch fermentation (Poore et al., 1990; and Plascecia 

and Zinn, 1995). In a study by Wu et al., (1994), ruminal 

glucose infusion resulted in higher milk protein percentages 

than duodenal infusion of propionate. stokes et al. (1991a) 
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showed that there existed a strong positive regression 

relationship between ruminal microbial yield and increasing 

non-structural carbohydrate in in vitro substrates from 25% to 

54% of OM. These results may partially explain the increase in 

milk protein percentage observed for flaked compared with dry

rolled grains. 

The conclusion, shifting the site of starch digestion 

from rumen to the small intestine might be at the expense of 

maximal ruminal fermentation. In contrast, increasing starch 

fermentation in rumen supplies more energy for rumen microbes 

and increases high quality microbial protein flowing into 

small intestine, which results in higher milk protein 

percentages and yields. Furthermore, increased propionate 

production in the rumen results in more gluconeogenesis and 

increased amounts of glucose flowing to the mammary gland, 

which stimulates higher milk production. 

starch digestion and glucose absorption in the small intestine 

in ruminants 

Pancreatic a-amylase is the major enzyme in the small 

intestine for hydrolysis of starch to dextrins, maltotriose, 

and maltose. However, a-amylase can not cleave the a-l,6 

branch linkage and the final glucosyl oligosaccharide 
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surface 

oligosaccharidases produced by the brush border of the 

intestine. This enzyme family includes glucoamylase, a

dextranase, and sucrase (Gray, 1992). Glucoamylase can remove 

single glucose resides from the nonreducing end of the a-1,4 

chain, and initially is the most efficient enzyme in starch 

hydrolysis. a-Dextranase is the only enzyme to cleave the a-

1,6 branching link. Sucrase is a highly efficient a-1,4 

glucosidase for cleaving two or three glucose residues. 

Possible limitations to starch digestion in the small 

intestine in ruminants may exist. Theurer (1986) calculated 

from individual studies published before 1986 that 34%, 27%, 

and 7%, respectively, of dietary starch intake from sorghum, 

corn, and barley grain escaped ruminal fermentation and passed 

to the small intestine in sheep and cattle, regardless of type 

of processing. A high-producing lactating cow fed 40% corn 

grain with 25 kg of OM intake per day consumes approximately 

7 kg of starch, of which 1.89 kg (27%) passes into the small 

intestine. A similar amount of starch enters the small 

intestine in the finishing beef cattle fed 90% corn grain at 

10 kg/d OMI. However, it has been suggested that the upper 

limit for optimal digestion of starch in the small intestine 

ranges from .48 to .96 kg/d for beef cattle (Kreikemeier et 

al., 1991), and is about 1.3 kg per day for dairy cows 
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(Pherson and Knutsson, 1980). Harmon (1992) summarized 11 

experiments and reported that an average of 47 - 80%, 17 -

76%, and 74% of the starch entering the small intestine from 

corn, sorghum, and barley, respectively, was digested there; 

he further (1992) suggested that the major limitation to 

starch digestion was in the small intestine. Orskov (1986) 

concluded that limited capacity for starch digestion in the 

small intestine restricted the benefits of increasing 

intestinal digestion of starch by ruminants. Huntington (1994) 

pointed out that the lack of adequate pancreatic amylase 

activity was the primary reason limiting digestion of starch 

in the small intestine. By abomasal infusion with glucose, 

corn dextrin, and corn starch, Kreikemeier et al. (1991) found 

that increasing the amount of infused carbohydrates increased 

the amount of disappearance from the small intestine. However, 

the rate of disappearance decreased as infusion rate 

increased. with an infusion rate of 20 grams per hour, nearly 

100% of all three carbohydrates disappeared from the small 

intestine. At an infusion rate of 60 g/hr., disappearance was 

only 70% for glucose, 63% for starch, and 87% for dextrin. 

Physiological characteristics in ruminants may contribute 

to the limitation of starch digestion in the small intestine. 

Firstly, pH in the proximal portion (greater than 7 m from the 

pyloric sphincter) in ruminants is much lower than that in 
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non-ruminants, because of the continuous digesta flow from the 

abomasum (Ben-Ghedalla et al., 1974 j • wnile the duodenal pH is 

near 3.0, the optimum pH for a-amylase activity is 6.9 

(Russell et al., 1981). Secondly, ruminants do not exhibit 

defined cephalic and gastric phases of pancreatic regulation 

(Croom et al., 1992). Thirdly, pancreatic a-amylase 

activities do not increase as starch intake increases, which 

generally relates more to other factors such as dietary energy 

intake (Harmon, 1992), short- chain fatty acids produced in 

the rumen (Croom et al., 1992), and protein flowing into the 

small intestine (Taniguchi et al., 1992, 1993). Fourthly, 

sucrase activity does not exist in the small intestine of 

ruminants (Huber, 1961), which is a major enzyme for 

intestinal degradation of disaccharides. 

Glucose absorbed from small intestine is mostly utilized 

by portal-drain viscera tissues (PDV). There is always a 

negative or zero net-flux of glucose to the liver (Huntington 

and Reynolds, 1986). 

In conclusion, it appears that a limitation of starch 

digestion in the small intestine does exist, although all the 

reasons for this effect have not yet been clarified. 

Therefore, it is unlikely that increasing intestinal digestion 

at the expense of ruminal fermentation of starch by ruminants 
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would be beneficial. Maximizing and/or optimizing ruminal 

fermentation by increasing available starch for rumen microbes 

will improve ruminant performance. 

FUNGAL CULTURES AND THEIR NUTRITIONAL VALUE IN RUMINANTS 

Certain strains of fungi have been identified in the 

rumen along with bacteria and protozoa, the major 

microorganisms. However, most fungi enter the rumen via feed, 

and are considered transient and nonfunctional. Recently, it 

has been found that some anaerobic fungi are normal 

inhabitants of the rumen and may contribute up to 8% of the 

microbial mass when animals are fed high-roughage diets 

(Church, 1988). These fungi have high xylanlase activity. It 

has been suggested that the fungi preferentially colonize and 

degrade structural ligocelluloses, cellulose and xylans in the 

plant cell wall; and facilitate ruminal bacteria in accessing, 

attaching and degrading materials otherwise unavailable to 

them (Offer, 1990). 

At present, there are two major fungal additives being 

used in the feed industry. these are culture of Saccharomyces 

cerevisiae (yeast) and Aspergillus oryzae. One purpose of 

supplementing fungal cultures to human and animal diets has 

been to supply vitamins, enzymes, nutrients and other 

co factors which may improve host animal performance. However, 
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it has been found that certain fungi survive for limited 

periods in the rumen environment and stimulate rumen bacterial 

growth, thus improving ruminal fermentation of substrate. The 

fungi which will be emphasized in this review is Aspergillus 

Oryzae. 

Aspergillus oryzae (AO) 

Aspergillus oryzae (AO) organisms have been isolated from 

rice, and classified into the class Ascomicetes, subclass 

Plectomycetes, family Eumicota, order Eurotiales (Ingold, 

1984). Aspergillus oryzae is an aerobic fungi that produces 

various enzymes including cellulases, hemicellulases, and 

esterases (Roper and Fennel, 1965). Amaferm is a commercial 

product grown from an A. oryzae culture, which is manufactured 

by Biozyme Enterprise Inc., st Joseph, MO. 

Lactational responses to the supplementation of Amaferm 

in a dairy cow diets have shown considerable variation. 

positive performance has been shown in some studies, while 

others have reported little effect. The physiological status 

of cows such as stage of lactation, environmental conditions 

such as ambient temperatures, or concentrate content of diets 

may have contributed to these variable responses to Amaferm. 

Huber (1996) summarized 17 lactation studies in which Amaferm 

increased milk yields an average of .7 kg/day. In 11 out of 17 
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comparisons, milk yield was higher for cows fed AO than 

controls, it was lower for AO in 5 comparisons. Another 

benefit from feeding cows AO is decreased rectal temperature 

during summer heat stress, which was shown in 10 of 18 

comparisons (Huber 1996) with one comparison higher for AO 

group, and no change in 7. 

Microbial growth in the rumen 

From the review of Dawson (1992), it has been shown that 

addition of fungal cultures increases viable counts of 

bacteria in the rumen, especially those associated with fiber

digestion and lactic acid utilization. Research by Dawson 

(1992) indicated that the live yeast cells or heat labile 

components of the yeast culture were essential for stimulating 

growth of cellulolytic bacteria. Research by Nisbet and Martin 

(1991) showed that a fermentation product found in filter

sterilized, cell-free extracts stimulated growth of a lactic 

acid-utilizer. Varel and Kreikemeier (1994) demonstrated in 

situ that Amaferm increased number of ruminal anaerobic 

bacteria, and of Ruminococcus albus from 21. 7 to 33.3% of 

total cellulolytics in cows fed bromergrass, but there was no 

effect in cows fed alfalfa. 

Fiber digestion and feed intake 

The most consistent effect of Amaferm supplementation in 
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cattle diets has been to stabilize the rumen environment and 

to improve fiber digestion. In vitro research by Dawson (1992) 

showed that live yeast cells did not increase the total 

cellulose degradation by cellulolytic bacteria. Also the lag 

time for fiber digestion was reduced. A similar result was not 

obtained with water soluble extracts from yeast. A reduction 

in the lag phase of degradation can lead to increase in feed 

intake, even though the total feed digestibility may not 

increase. However, after summarizing 17 comparisons Huber 

(1996) concluded that AO resulted in only an average of 1% 

higher intake than controls; thus, mean differences in OMI 

were negligible. 

An in vitro experiment by Beharka and Nagaraja (1993) 

showed that addition of Amaferm increased NDF and ADF 

degradation of bromegrass hay and alfalfa hay, but not of pure 

cellulose, low endophyte fescue, wheat straw, corn silage, or 

prairie hay. However, the positive effects on fiber digestion 

disappeared after adding penicillin and streptomycin, which 

suggested that improving fiber degradation by supplementing 

Amaferm was mediated via stimulation of rumen bacterial 

activities. Varel and kreimeier (1994) reported no Amaferm 

effects on rate or extent of fiber degradation in situ when 

bromegrass or alfalfa was fed. Martin and Nisbet (1990) 

reported no effects of Amaferm on in vitro fermentation of 
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bermudagrass, and a high level of Amaferm (1.0 giL) decreased 

digestibilities of ADF and NDF by 8.1 and 10.4%, respectively. 

It has been reported that addition of Amaferm improved in vivo 

fiber digestibilities in the rumen (Gomez-Alarcon et al., 

1990) and in the total digestive tract (Weidmeier et al., 

1987; Gomez-Alarcon et al., 1990, 1991). In contrast, no 

effect on fiber digestion in response to Amaferm was observed 

by Sievert and Shaver (1993), Oellermann et al. (1990) or 

Firkins et al. (1990). 

Rumen pH 

It has been hypothesized that all the effects of 

supplementing fungal cultures on ruminal fermentation resulted 

from alleviating pH depressions or increasing pH in the rumen. 

These effects might be associated with a reduction in lactic 

acid and oligosaccharide concentrations, thus improving 

bacterial viability (Dawson, 1992). Waldrip and Martin (1993) 

reported that Amaferm provided growth factors such as amino 

acids and B vitamins to support growth of M. elsdenii cultured 

on a lactate substrate. This is the bacterial species which is 

the dominant in metabolism of DL-Iactate in the rumen, and 

ferments up to 97% of ruminal lactic acid (counotte et. aI, 

1981). Moreover, Nisbet and Martin (1990, 1991, 1993) 

demonstrated that yeast and fungal cultures stimulated lactate 

utilization by another important ruminal bacterium, 
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Selenomonas ruminantium HD4. 

In summary, lactational responses to Arnaferm 

supplementation are quite variable, but are generally 

positive. Increased fiber digestibilities, deceased rectal 

temperatures in response to heat stress, and larger counts of 

cellulolytic bacteria have been reported. For cows under 

metabolic stress, positive responses reported from feeding 

Arnaferm have been 1) Reduction in lactic acid production, 

perhaps from increasing the rumen pH and stabilizing the rumen 

environment; and 2) stimulation of rumen bacterial viability, 

especially of cellulolytic and lactic acid-utilizing bacteria. 

Reduction of the lag time of fiber degradation in rumen may 

increase feed intake. However, more research is needed to 

determine which fungal cultures affect ruminal fermentation 

and animal performance and how they work. 
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CHAPTER 3 

COMPARATIVE STUDY ON THE EFFECTS OF GROUND, STEAM-FLAKED AND 

STEAM-ROLLED CORN GRAINS ON PERFORMANCE OF LACTATING COWS 

ABSTRACT 

Five types of processed corn were compared to determine 

effects of corn processing on lactational performance and 

nutrient digestibilities in dairy cows. Forty lactating 

Holstein cows (160 DIM) were randomly divided into five groups 

on the basis of pretreatment milk yields and fed diets of 40% 

corn grain and 35% alfalfa hay for 56 days. Dietary treatments 

were 1) FG: finely-ground corn (580 giL); 2) CG: coarsely

ground corn (618 g/L); 3)SFL: steam-flaked corn at the lower 

density (309 g/L); 4) SFM: steam-flaked corn at medium density 

(361 g/L); and steam-rolled corn (490 g/L). The SFM diet 

resulted in significantly higher milk yield (37.1 kg/d) than 

CG (34.7 kg/d), SFL (34.8 kg/d), and SR (34.3 kg/d), but only 

numerically higher than FG (35.5 kg/d). Efficiency of feed 

utilization was greater for FG than other treatments because 

of the lower DMI. Fat content of milk was higher for CG and SR 

than SFL, but fat yield was higher for SFM than SFL because of 

higher milk yield. Protein and SNF content, and protein, 

lactose and SNF yields of milk did not differ between 

treatments; nor did body condition scores and body weight 

changes. Apparent starch digestibility in the total digestive 
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tract was higher (P<.Ol) for FG (95.8%), SFL(97.5%) and SFM 

(95.7%) than for CG (87.4%) or SR (91.3%), and higher (P<.05) 

for SR than eG. Digestibilities of ADF and NDF had a similar 

pattern, being highest for SR followed by CG, SFM, FG, and 

SFL. Rank of digestibilities in OM and CP, from high to low, 

were: SR, FG, CG, SFM, and SFL. Lactational performance in 

cows was improved by feeding steam-flaked corn of medium flake 

density when compared with flake of higher or lower density or 

to coarsely ground corn grain. 

(Key words: corn, processing, lactating cows) 

Abbreviation key: FG = finely-ground corn; CG = coarsely

ground corn; SFL = steam-flaked corn at lower density (309 

giL); SFM = steam-flaked corn at medium density (361 giL); SR 

= stearn-rolled corn (490 giL) 

INTRODUCTION 

Corn grain is the most common energy source for dairy 

cows in the u.s. and accounts for about 80% of total grain 

used. Various processing methods have enhanced corn 

utilization, the most common are grinding in the northeast and 

stearn-rolling in southwestern. 

Different methods for processing corn for dairy cow diets 

have been studied, but few have compared the feeding value of 
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ground or rolled with flaked corn. In comparisons between 

finely-ground, coarsely-ground, and whole corn; milk yield 

increased and milk fat percentage decreased as the particle 

size of the grain was reduced by mechanical breakdown ( Moe et 

al., 1973, 1977; Mitzner et al., 1994). No differences on milk 

yield, 4% FCM, fat, and protein content of milk was found 

between dry-rolled and steam-flaked corn at the densities of 

309 and 387 giL, respectively (Joy et al., 1993); or between 

finely-ground, steam-rolled, and steam-flaked corn at the 

densities of 580, 385 and 309 giL, respectively (Varela et 

al., 1993). Compared with dry-rolled corn, steam-flaked corn 

improved milk yield, but not milk composition, and more 

extensive flaking decreased fat content of milk (Plascencia 

and Zinn, 1995). Steam-flaked corn resulted in higher milk 

yield than steam-rolled corn, but there were no differences in 

FCM, feed efficiency, or fat and protein content of milk (Chen 

et al., 1994). Data from individual studies by Aldrich et al 

(1993), Mitzner et al (1994), Chen et al. (1994), Overton et 

al. (1995), and Placencia and Zinn (1995) showed that steam

flaking of corn grain increased starch digestibility in the 

rumen, in the intestine and in the total digestive tract. 

Moreover, the energy content (NE1 ) of the flaked corn was 

increased. 

The obj ecti ve of this study was to compare effect of 
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grinding (fine and coarse), stearn-flaking (309 giL and 361 

gjLj or steam-rolling (490 g/Lj corn gra~n on lactational 

performance and nutrient digestibilities in total digestive 

tract in lactating cows. 

MATERIAL AND METHODS 

Particle Size of Corn Grain 

Particle size was measured as follows: samples of the 

processed corn grain (100 g) were placed on the top screen 

(largest mesh size) of a Ro-Tap@ Testing Sieve Shaker (Model 

B, C-E Tyler Combustion Engineering, Inc., Bessemer City, NC), 

and shaken for 5 min. Amount of grain held on each screen was 

collected, weighed, and used for particle size calculations. 

In vitro Starch Hydrolysis 

Total starch content was measured as described by Poore 

et al. (1993). Samples of corn grains were ground to pass a 1 

mm screen in a cyclone grinder (Udy corporation, Ft. Collins, 

CO), and then autoclaved for 1 hr. in a 20% CaC12 solution. 

Hydrolysis was in a 60°C water bath with amyloglucosidase 

(Diazyme L-200 enzyme, Mile Inc., South Bend, IN). Glucose 

concentration was measured by the immobilized glucose oxidase-

peroxidase method (YSI Model 2700 SELECT Biochemistry 

Analyzer, Yellow springs Instrument Co., Inc., Yellow Springs, 

OH). Rate of starch hydrolysis (percent digested) was 

---- ----------------
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determined by incubating samples with amyloglucosidase for 30 

min.. The procedure was similar for total starch analysis 

except samples were not autoclaved. Amount of hydrolyzed 

starch during the 30 min period was expressed as a percentage 

of the total starch content of grain. 

Lactational Trial 

Forty lactating Holstein cows were randomly assigned to 

five diets containing 40% corn grain and 35% alfalfa hay for 

56 d of treatment, following a 14-d pre-treatment period in 

which cows were fed the regular herd ration. A completely 

randomized block design was employed with blocks based on pre

treatment milk yields. Treatment groups were balanced for 

parity and DIM. Dietary treatments were: 1) FG: finely-ground 

corn (580 giL); 2)CG: coarsely-ground corn (618 giL); 3)SFL: 

steam-flaked corn at lower density (309 giL); 4)SFM: steam

flaked corn at a medium density (361 giL); and 5)SR: steam

rolled corn (490 giL). 

Ingredient and nutrient composition of diets are in Table 

3-1 and Table 3-2 respectively. The ground corn was prepared 

by rolling corn grain through a roller mill. One pass through 

the mill was sufficient for coarsely ground corn, but it took 

2 passes to achieve the finely ground state. Distribution of 

particle size of grains are in Table 3-3. Steam-flaked corn 

----- ------
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was prepared by subjecting to steam at atmospheric pressure 

for 40 min and then passing through rollers adjusted to result 

in steam-flaked corn at densities of 309 giL or 361 giL. 

steam-rolled corn was prepared by steaming for 25 min. and 

then rolling to density of 490 giL. 

Cows were housed in pens of 12 each. Feed was offered ad 

libitum as a TMR. Amount of feed offered and refused (orts) 

were weighed once daily. Feed intakes were determined daily 

for individual cows using electronically controlled Calan 

gates (American Calan, Inc., Northwood, NH). The TMR was 

sampled once weekly, and samples composited for the entire 

experiment were dried at 100 DC for 24 hr for OM 

determination, from which OM intakes were calculated. Cows 

were milked three times daily (08:30, 16:30 and 24:30). Milk 

was sampled one day each week with samples from the three 

milking composited and sent to Arizona OHI laboratory in 

Phoenix, AZ. for analysis of fat, protein, lactose, total 

solid and somatic cell counts by infrared techniques. Milk 

production, milk composition and feed intake were 

statistically analyzed using pre-treatment values as 

covariates. 

Cows were weighed for 2 consecutive days at the beginning 

and end of treatment, and once weekly during treatment. Cows 



49 

also were scored for body condition (on a scale of 1 to 5 with 

.25 unit spacing) prior to and at we·:kly intervals during 

treatment. 

Digestion Trial 

During the last 14 d of the lactation trial, all diets 

were mixed to contain .1% cr20 3 as an indigestible marker. For 

the last 5 days, orts (weighback) were totally collected, 

weighed and sampled; samples of TMR were collected daily; and 

grab samples of feces were taken twice daily at 0800 and 1600 

h. Samples of feed, orts and feces were kept frozen at -10°C. 

until analysis. After the total collection was completed, 

subsamples from TMR and orts were dried at 55°C for 48 hr., 

and fecal subsamples for 72 hr. in preparation for chemical 

analysis, Samples were then ground through a 2 mm screen in 

the Willey mill (Arthur H. Thomas Co., Philadelphia, PA), and 

a 1 mm screen in a cyclone mill (Udy co., Fort Collins, CO). 

All samples of feed, orts and feces were analyzed for DM and 

OM (AOAC, 1990), CP(N-C-S Analyzer, NA 1500; Carlo Erba 

strumentazione, Strada Rivoltana, Italy) (Kerese, 1984) 

starch(Poore et al., 1993), ADF(Goering and Van Soest, 1970), 

NDF (Robertson and Van Soest, 1981), and Cr203 (Fenton and 

Fenton, 1979). Total tract digestibilities of the above feed 

components were calculated by the chromium ratio technique 

(Church, 1988) and statistically analyzed for treatment 

- ---- ----- ~---- -
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effects. 

Data were analyzed as a completely randomized block 

design using the General Linear Models (GLM) procedure of the 

SAS (1985) program according the following statistical model: 

y .. k = " + T· + B· + Ck + E·· k ~J ,.. ~ J ~J 

Yijk = response variable 

Jl. = overall mean 

Ti = treatment effect (processing) 

Bj = block effect 

Ck = covariate (pre-treatment data) 

E i j k = res i d u a 1 

RESULTS AND DISCUSSION 

err a r 

Particle size distribution of the five types of processed 

corn are in Table 3-3. The largest fraction of FG was retained 

on screen with a mesh size of 1.00 mm; most CG on a 2.00 rom 

mesh; and most SFL, SFM, and SR on a 4.00 rom mesh. For 

example, 46% of FG, 80% of CG, 87% of SFL, 95% of SLM and 97% 

of SR were remaining on screens with a mesh size 1.00 rom .. In 

vitro starch partial digestion rate~ (30 min) as shown in 

table 3-4 were 31.9% for FG, 33.8% for CG, 37.9% for SR, 57.3% 

for SFM, and 62.1% for SFL. These results agree with Theurer 

(1986), Nocek (1987), ALdrich et ale (1993), and Lykos and 

----- ------
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Varga (1995), who have all shown that processing of corn by 

moisture, heat, and pressure or a combination of these 

resulted in additive effects on starch digestibility greater 

than those resulting from a reduction in the particle size 

alone. These increased digestibilities are attributed to 

disrupting the protein matrix around the starch and to an 

increase in starch gelatinization, which makes starch more 

susceptible to the enzymatic hydrolysis (Kotarski et al., 

1992; and Rooney and Pflugfelder, 1986). Furthermore, starch 

digestibilities are increased as flake density is decreased 

(Zinn, 1990). Decreasing particle size by grinding did not 

increase in vitro starch hydrolysis , which was inconsistent 

with the reports by Moe et al. (1973; 1977), Cone et al. 

(1989), and Lykos et ale (1995). Moisture uptake (table 3-4) 

by the corn because of flaking averaged 4 percentage units, 

which was within the range of 3 to 5 percentage units 

previously shown (Beeson, 1972; Johnson et al., 1968; Zinn, 

1990 a, b; and Plascencia and Zinn, 1995). 

Intake of DMI was lower (P<.Ol) for finely ground than 

for the other types of processed corn (table 3-5). The reason 

for this is not known. However, it might be related to the 

dustiness of the diet which contained about 90% OM. Similar 

results were observed by Chandler et ale (1975), but not by 

Clark et ale (1972, and 1973), and Mitzer et ale (1994). 
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Milk yields were higher (P < .01) for cows fed SFM, than 

for those fed CG, SFL and SR with an average increase of 2.5 

kg/d; also, cows fed SFM were 1.6 kg/d higher than cows fed 

FG, but the difference was not significant. The higher milk 

yield for the SFM treatment was associated with a greater 

amount of ruminally degradable starch ( Theurer et al., 1991b; 

Moore et al., 1992; Simas et al., 1992; Oliveira et al., 1993; 

Chen et al., 1994). It has been suggested that increasing 

ruminally degradable starch improves lactational performance 

by increasing VFA and rumen bacterial yield (Theurer, 1986; 

Oliveira et al., 1990; Poore et al., 1993). However, excessive 

degradation of starch in the rumen was shown to negatively 

affect rumen fermentation and to decrease milk yield (Moore et 

al., 1992; Chen et al., 1994). Yield of 3.5% FCM was higher 

for cows fed SFM than SFL (P<.05), but no significant 

difference was observed between these and other treatments. 

Cows fed FG had higher efficiency of conversion of feed to 

milk (FCM/OMI) than those fed other diets because of lower OMI 

(P<.Ol). Thus, FG may have resulted in a greater net return 

than other grains because of a lower feed costs. 

Fat percentage of milk was lower for cows fed SFL than SR 

(P<.05), and tended to be lower than CG (P<.07), which might 

be associated with the higher starch hydrolysis rate of SFL. 

Ruminal propionate concentrations increased and the molar 
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ratios of C2 /C3 decreased when starch availability in the 

rumen increased (Johnson et al., 1968; Murphy et al., 1982; 

Zinn, 1987; Moore et al., 1992; and 

Moreover, it has been hypothesized 

Huber et al., 1994). 

that higher ruminal 

propionate increases gluconeogenesis, stimulates insulin 

secretion, inhibits fatty acids released from adipose tissue 

to mammary gland, and results in lower fat percentage of milk. 

Protein percentages of milk were not affected by dietary 

treatments in this study. However, Theurer (1995) reviewed 

literature showing that increased starch fermentation in the 

rumen resulted in increased microbial protein synthesis, which 

was associated with a greater synthesis of protein by the 

mammary gland. The increased protein content of milk resulting 

from steam flaking of grains has been confirmed by Moore et 

al. (1992); Oliveira et al. (1993); Poore et al. (1993); 

Theurer et al. (1991); and Chen et al. (1994), but not by 

Ohiman (1995), Joy (1993), Varela et al. (1993), or Placencia 

and Zinn (1995). Changes of body weights and body condition 

score were not affected by the corn processing methods (table 

3-5) . 

starch digestibilities for the FG (95.8%), SFL (97.5%) 

and SFM (95.7%) diets were higher (P<.Ol) than that for CG 

(87.4%) and SR (91.3%), and was higher (P<.05) for SR than CG. 

----- ----- -
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The FG was comparable to SFM (Table 3-6). These results agree 

with data from Chen et al. (1994) who reported starch 

digestibilities of 91.8% for a SR diet and 95.9% for a diet 

containing SFM. Data summarized from Aldrich et al. (1993), 

Aquirre et al (1984), Chen et al. (1994), Cole et al. (1976), 

Galyean et al. (1976), Lee et al. (1982), Murphy et al. (1994) 

Mitzner et al. (1994), Overton et al. (1995), Placencia and 

zinn (1995), Ramerize et al (1985), stock et al. (1991), 

Spicer et al. (1986), Steeter et al. (1989), Turgeon et al. 

(1983) and Zinn (1982, 1990, 1991, 1993, 1995), showed that 

total digestive tract digestibilities of starch, including 

those for both beef and dairy cattle, were about 98% for diets 

containing Steam-flaked corn, 91% for ground corn of various 

particle sizes, 93% for dry-rolled corn and 90% for whole 

corn. These studies confirmed Theurer's (1986) conclusion that 

steam flaking of cereal grains (particularly sorghum and corn) 

increases starch digestibilities in the total digestive tract 

of cattle. 

Digestibilities of ADF and NDF were similar to each 

other; but differed between treatments and corresponded 

numerically to starch digestibilities; with highest values fJr 

SR, followed by CG, SFM, FG, and SFL (Table 3-6). 

Digestibilities of OM and CP were highest for SR, followed by 

FG, CG, SFM, and SFL (Table 3-6). In general, SFL resulted in 

- --- ---------
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lower digestion of OM, CP, ADF, and NDF; but higher starch 

digestibility than other processing methods. While the SR and 

CG diets were higher in digestibilities of OM, CP, ADF, and 

NDF, they were lower in starch digestibilities. These results 

are not consistent with previous studies with corn or sorghum 

by Oliveira et al. (1993); Poore et al. (1993); Chen et al. 

(1994); Simas et al. (1992) and Theurer (1991), who suggested 

that steam flaking of corn and sorghum increases r1lminally 

degradable starch, enhances rumen fermentation and increases 

digestibility of grain fiber. However, increasing ruminal 

starch degradability may decrease ruminal pH (Zinn, 1987), but 

data from other experiments have not consistently shown this 

effect (Placencia and Zinn, 1995; Chen et al. 1994; and Simas 

et al., 1992). A lower ruminal pH may depress fiber digestion 

(Sutton et al., 1987) in the rumen. Furthermore, starch per 

se, independent of changes in a ruminal pH, was associated 

with a decrease in ruminal fiber digestion (Hoover, 1986). 

Grant and Mertens (1992) demonstrated that a low pH in in 

vitro studies decreased fiber digestion rate and increased lag 

time of digestion; and that starch per se accentuated this 

effect because its rapid fermentation of starch stimulated 

certain strains of bacteria which inhibit fiber breakdown 

(Simpson, 1984; Simpson et al., 1977; smith et al., 1973) 

-- ----- ------
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CONCLUSIONS 

In cows fed diets with 40% processed corn grain, steam-

flaked corn of a medium densi~y (360 g/L) resulted in the best 

lactational performance. Hmvever, finely-ground corn showed 

better feed efficiency (FCM/DMI) because of lower DMI. steam

flaked corn at lower density (309 g/L) resulted in decreased 

milk fat percentages and lower digestibilities of OM, CP, ADF, 

and NDF; but higher starch digestion. On the other hand, 

steam-rolled corn and/or coarsely-ground corn showed higher 

digestibilities of OM, CP, ADF, and NDF; but lower starch 

digestion than other treatments. Starch digestion in the total 

digestive tract was negatively associated with the 

digesitibilities of OM, CP, ADF, and NDF in this study, but 

this aspect merits further clarification. 
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TABLE 3-1. Ingredient comQosition of diets. 

Dietl (% of DH; 

Ingredient FG CG SFL SFM SR 

Corn grain 40.0 40.0 40.0 40.0 40.0 

Alfalfa hay 35.0 35.0 35.0 35.0 35.0 

Whole cottonseed 10.0 10.0 10.0 10.0 10.0 

Cottonseed hulls 6.0 6.0 6.0 6.0 6.0 

Soybean meal 6.1 6.1 6.1 6.1 6.1 

Molasses 1.0 1.0 1.0 1.0 1.0 

MgO 0.3 0.3 0.3 0.3 0.3 

NaHC03 0.6 0.6 0.6 0.6 0.6 

Minerals and vitamins2 1.0 1.0 1.0 1.0 1.0 

1 Dietary treatments: FG = finely ground corn (580 gIL); CG = 

Coarsely ground corn (618 gIL); SFL = thin steam-flaked corn 

(309 gIL); SFM = medium steam-flaked corn (361 gIL); and SR = 

steam-rolled corn (490 gIL). 

2 caC03 30%; Dicalcium phosphate, 50%; trace mineralized salt, 

20%; vit A, 13,216 IU/kg; vit D, 1322 IU/kg; vit E, 66 IU/kg. 

----------
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Table 3-2. Nutrient com12osition of diets. 

Dietl 

Item FG CG SFL SFM SR 

NEL , Mcal/kg2 1. 67 1. 63 1. 69 1. 69 1. 69 

OM, % DM 93.3% 93.4% 93.2% 92.4% 93.1% 

CP, ~ 
0 DM 15.3% 14.7% 15.3% 15.5% 14.8% 

Starch, % DM 34.5% 32.0% 34.0% 28.6% 34.2% 

ADF, % DM 18.5% 22.1% 17.9% 23.0% 21. 5% 

NDF, % 31. 0% 35.1% 29.0% 33.8% 34.7% 

1 Dietary treatment: FG = finely ground corn (580 giL); CG = 

coarsely ground corn (618 giL); SFL = stearn-flaked corn at 

lower density (309 giL); SFM = stearn-flaked corn at medium 

density (361 giL); and SR = stearn-rolled corn (490 giL). 

2 Calculated based on NRC, 1989. 
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Table 3-3. Particle size distribution of processed corn. 

Type of Screen mesh size, mm 

* 4.00 2.00 1. 00 .85 .60 .425 .25 corn pan 

-------------- % retained on screen ---------------

FG .71 9.93 35.80 10.04 14.61 9.98 8.57 10.37 

CG 11.72 39.55 29.00 3.07 3.86 3.58 3.56 5.67 

SFL 45.37 27.93 13.72 2.05 3.25 2.82 2.56 2.31 

SFM 63.87 25.30 5.76 .75 1.12 .99 .99 1. 22 

SR 81. 03 12.34 3.39 .46 .66 .64 .66 .84 

* Corn processing methods were: FG = finely ground corn (580 

giL); CG = Coarsely ground corn (618 giL); SFL = thin steam

flaked corn (309 giL); and SFM = medium steam-flaked corn (361 

giL); and SR = steam-rolled corn (490 giL). 

- --- ----- ------
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Table 3-4. Effect of processing on characteristics of corn, 

and starch h~drol~sis in vitro. 

Type of corn1 

Item FG CG SFL SFM SR 

OM, % 88.1 88.3 84.4 83.9 84.2 

Density, giL 580.0 618.0 309.0 361. 0 490.0 

Starch, %DM 73.4 69.8 70.1 73.5 77.9 

Starch hydrolysis, 

% total starch2 31.9 33.8 62.1 57.3 37.9 

1 Corn processing methods were: FG = finely ground corn; CG = 

Coarsely ground corn; SFL = thin steam-flaked corn (309 giL); 

and SFM = medium steam-flaked corn (361 giL); and SR = steam

rolled corn (490 giL). 

2 Starch partial hydrolysis rate in vitro (30 min.). 

- --~- ----- ---
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Table 3-S.Effect of corn 12rocessing on lactating 12erformance. 

Diets l 

Item FG CG SFL SFM SR SEM 

DMI, kg/d2 23.1b 27.Sa 27.8 a 26.0a 26.7a .8 

Milk, kg/d3 3S. Sab 34.7b 34.8b 37.1a 34.3b .8 

3.S%FCM, kg/d3 31. 9ab 32.0ab 30.6b 33.Sa 32.3 ab .9 

FCM/DMI 1 1. 39 a 1.17b 1.18b 1.20b 1. 23 b .04 

Milk components 

Fat, %4 2.94 ab 3.06a 2.78b 2.96ab 3.12a .1 

Fat, kg/d3 1.02ab 1. OSab .96b 1. 09a 1.07ab .OS 

Protein, 9,-
0 2.97 2.99 3.00 2.9S 3.03 .03 

Protein, kg/d 1. OS 1. 03 1. 04 1. 09 1. 03 .02 

Lactose, %3 4.94ab 4.91 ab 4.94ab 4.86b 4.98a .03 

Lactose, kg/d 1. 26 1. 70 1. 72 1. SO 1. 71 .04 

SNF, % 8.49 8.58 8.49 8.42 8.53 .08 

SNF, kg/d4 3.02ab 2.97 ab 2.95ab 3.12 a 2.93 b .07 

BWC, g/dS -139.7 lS.6 -171.0 -79.1 62.S 100.0 

BCSC6 -.02 .03 .08 .17 .16 .08 

1 Diet treatments: FG = finely ground corn (S80 giL); CG = 

coarsely ground corn (618 giL); SFL = steamed-flaked corn at 

lower density (309 giL); SFM = steam-flaked corn at medium 

density (361 g/L); and SR = steamed-rolled corn (490 g/L). 

a,b means in the row not showing the same superscripts are 

different. 

--- ---- ----- -



2 P < .01. 

3 P < .05. 

4 P < .06. 

5 Bwe = body weight change. 

62 

6 Bese = body condition score change (scale from 0 to 5; .25 

interval) . 
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Table 3-6. Effect of corn processing on digestibilities of 

nutrients in total digestive tract of lactating cows 

Dietl 

Item2 FG CG SFL SFM SR SEM 

OM, ~ 
0 74.4 ab 72.7b 69.1c 71. 5 bc 77.7 a 1.2 

CP, % 71.9b 71.1b 65.3 c 67.7c 75.6a 1.2 

Starch, ~3 
0 95.8 a 87.4c 97.5 a 95.7a 91. 3 b 1.1 

ADF, ~ 
0 46.1 c 56.3 ab 30.3 d 54.4b 64.1a 2.9 

NDF, ~ 0 54.4c 62.8b 41.0d 57.0bc 69.3 a 2.2 

1 Diet treatment: FG = finely ground corn (580 giL); CG = 

coarsely ground corn (618 giL); SFL = steamed-flaked corn at 

lower density (309 giL); SFM = steamed-flaked corn at medium 

density (361 giL); and SR = steamed-rolled corn (490 giL). 

2 OM = organic matter; CP = crude protein; ADF = acidic 

detergent fiber; and NDF = neutral detergent fiber. 

a, b, c, d means not showing the same superscript in the same row 

are different (P < .05) . 

3 a,b and a,c P < • 01i b,c P < .05 . 
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CHAPTER 4 

EFFECT OF FEEDING AMAFERM DURING HOT WEATHER ON PERFORMANCE 

OF DAIRY COWS FED DIETS OF STEAM-FLAKED OR STEAM-ROLLED CORN 

ABSTRACT 

The objective OF this study was to determine the 

interaction between Amaferm (a culture of Aspergillus oryzae, 

AO) and processing of corn in high producing dairy cows during 

hot summer weather. steam-flaked corn (SFC) , compared with 

steam-rolled corn (SRC) , has higher ruminal starch 

degradability and might result in more acidosis. Amaferm 

reportedly enhances lactate turnover and stabilizes the rumen 

environment; It was hypothesized that acidosis would be 

alleviated by addition of Amaferm to diets of cows fed SFC. 

Thirty-two Holstein cows with an average of 92 DIM were fed a 

pretreatment diet for 21 days followed by a 70 d experimental 

period in a completely randomized block design with a 2 x 2 

factorial arrangement of treatments. The four diets were: 1) 

SFC + 3 gjd AO, 2)SFC, 3) SRC + AO, and 4) SRC. Intake was not 

affected significantly by processing of grain or addition of 

AO. Flaked compared with rolled corn increased milk yield 2.1 

Kgjdjcow (40.2 vs. 38.1 kg, P < .02), percentage of milk 

protein (3.20 vs. 3.11%, P < .01), yield of milk protein (1.28 

vs. 1.18 Kgjd, P < .01), yield of milk lactose (1.95 vs. 1.85 

Kgjd, P < .05). and efficiency of conversion of feed to milk 
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(FCM/DMIi 1.34 vs. 1.24, P < .06). There was a tendency (P < 

.17) for milk fat percentage to decrease more in cows fed SFC 

than SRC. The addition of AO had no significant effect on milk 

yield, percentage and yield of milk fat, but there was a 

tendency for milk protein percentage to increase (3.17 vs 

3.12%, P = .12). Milk SNF percentage was increased (P < .05) 

by both AO and SFC. There was no effect of treatment on the 

rectal temperatures and nor respiration rates measured at 0700 

AND 1400 h weekly; though high mean values (39.50C and 84 

breaths/min, respectively) for these measurements indicated 

that cows were thermally stressed. These data showed improved 

milk yield from steam flaking of corn, but not from Amaferm 

addition and the interaction of these factors was not 

significant. 

(Key words: Amaferm, steam-flaked corn, dairy cows) 

Abbreviation key: SFC = steam-flaked corn; SRC = steam-rolled 

corn; FCM = 3.5% fat correct milk; DMI = dry matter intake, AO 

= amaferm. 

INTRODUCTION 

Feeding 3 g/cow/d of Amaferm (a culture of Aspergillus 

oryzae) to lactating cows has been shown to increase milk 

yields, feed efficiency and tolerance to heat stress in some 

(Gomez-Alarcon et al., 1990; Harris et al., 1983; Huber, 1990; 
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Wallentine et al., 1986) but not all studies (Denigan et al, 

1992; Higginbotham, 1993; Kellems, 1990). Mode of action of 

the Amaferm in ruminant nutrition has been associated with 

increased numbers of cellulolytic bacteria (Weidmeier et al., 

1987) and fiber digestibility (Gomez-Alarcon et al., 1990). 

Mode of action for Amaferm in increasing digestibility has not 

been totally clarified, but increased conversion of ruminal 

lactic acid to propionate and acetate (Nibet and Martin, 

1990), resulting in a more stable rumen environment (pH, etc) 

has been proposed. These actions of Arnaferm might partially 

explain why greatest effects on milk yields were shown when 

cows were fed highly fermentable diets plentiful in 

concentrate (Gomez-Alarcon et al., 1990; Williams and Newbold, 

1990; Huber, 1990) , or were in early lactation (Wallentine et 

al., 1986). 

The 11 Recent experiments with 424 Holstein cows there 

was shown increased milk, milk protein yield and percentage, 

and higher efficiency of conversion of feed to milk when 

rolled grains were replaced with stearn flaked grains (Huber et 

al., 1994). The flaked grains resulted in a marked increase in 

ruminal (76% vs. 51%), intestinal (89% vs. 63%) and total 

digestive tract (98% vs. 83%) digestibilities of starch. A 

decrease in ruminal pH (Robinson et al, 1986; Sutton et al., 

1987; Stokes et al., 1991), digestion of fiber and milk fat 

---------.~. ----
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percentage (Robinson et al., 1987; sutton et al., 1987) have 

often resulted from increasing dietary non finer 

carbohydrates in diets for lactating cows. A combination of 

Amaferm and flaked grain may allow for maximal utilization of 

dietary energy without causing acidosis, because conversion of 

the naturally occurring ruminal lactate to VFA would be 

enhanced by Amaferm. 

The objectives of this study were to evaluate effects of 

steam flaking corn and supplemental Amaferm on the lactational 

performance of dairy cows and determine possible interactions 

between added Amaferm and corn processed to result in 

different availabilities of starch in the rumen. 

MATERIAL AND METHODS 

Thirty-two lactating Holstein cows averaging 92 DIM and 

milk yields of 46.8 kgjd were assigned to four treatment diets 

on the basis of milk production for a 21 d pretreatment period 

during which cows were fed the regular herd ration. Diets 

containing 40% corn grain and 35% alfalfa hay were fed during 

70 day treatment period. A randomized completely block design 

with a 2 x 2 factorial arrangement of treatments was employed 

and pre-treatment milk yields were used for covariate 

adjustment of treatment means. Treatment groups were balanced 

for parity and DIM. 

----------- -- ---
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Dietary factors studied were: a) steam-flaked vs. steam

rolled corn, and b) addition or non-addition of Amaferm. 

Dietary treatments were: 1) SFA: steam-flaked corn (361 giL) 

with Amafermi 2) SFN: steam-flaked corn (361 giL) without 

Amafermi 3) SRA: steam-rolled corn (490 giL) with Amafermi and 

4)SRN: steam-rolled corn (490 giL) without Amaferm. 

Ingredient and nutrient composition of diets are in Tables 4-1 

and 4-2. Amaferm was premixed with grains (about 50 g grain 

per cow as a carrier), and top dressed on the total mixed 

ration (TMR) so that each cow received 3 g/d. Steam-flaked 

corn was prepared by subj ecting corn grain to steam at 

atmospheric pressure for 40 min. and then passing through 

rollers adjusted to result in a density of 361 giL. Steam

rolled corn was prepared by steaming 25 min. and rolling to a 

density of 490 giL. 

Cows were housed in pens of 8 each and fed a TMR for ad 

libitum intake. Feed offered and refused (orts) was weighed 

once daily for individual cows using electronically controlled 

Calan gates (American Calan, Inc., Northwood, NH). The TMR was 

sampled once weeklYi samples were composited for the entire 

experiment and dried at 100°C for 24 hr. calculation of OM 

for calculating OM intake. Cows were milked three times daily 

(08:30, 16:30 and 24:30). Milk was sampled from the three 

consecutive milkings weekly, composited and sent to Arizona 

----- ------ ~~ 
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DHI laboratory (Phoenix, AZ) for analysis of fat, protein, 

lactose, total solids and somatic cell counts by infrared 

techniques. Milk production, milk composition and feed intakes 

were analyzed by using pre-treatment values as covariates for 

these measurements. 

Cows were weighed for 2 consecutive days at the beginning 

and end of treatment. Also, they were scored for body 

condition (on a scale of 1 to 5 with .25 unit spacing) prior 

to and weekly during treatment. 

Rectal temperatures and respiration rates were determined 

weekly for all cows at 07:00 and 14:00 h during pre-treatment 

and treatment. The experiment was conducted from June to 

September during the hot summer period in Tucson, AZ. Cows 

were housed in pens with evaporative coolers engaged, which 

alleviated, but did not prevent heat stress. However, cooling 

probably allowed for maintenance of higher milk yields than if 

only shades were employed. 

Data were analyzed by using the General Linear Model 

(GLM) procedure of the SAS program (1985). The statistical 

model was as follows: 



Yijk1 = response variable. 

~ = overall mean. 

Pi = effect of processing. 

Aj = effect of Arnaferm. 

(P x S)ij = interactions between Pi and Aj 

Ck = covariate (pre-treatment data) 

Eijk1 = residual error 

RESULTS AND DISCUSSION 
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Ory matter intakes and lactational performance are in 

Table 4-3. Intake of OM was not affected by either corn 

processing nor Amaferm addition. It has been proposed that 

some of the effects of Amaferm addition are to increase OMI 

and the supply of additional energy, by stabilizing the rumen 

environment and increasing fiber digestion (Williams and 

Newbold, 1990). However, based on 17 comparisons, Huber (1996) 

concluded that cows fed AO consumed only an average of 1% more 

OM than controls. No interactions of Amaferm addition and corn 

processing on OMI were observed. 

Milk yield and 3.5% FCM were not significantly changed by 

the addition of Amaferm. It has been reported that cows fed 

Arnaferm were higher milk yields than control groups in some 

(Harris et al., 1983; Wallentine, 1986; Kellems et al., 1987; 

Gomez-Alarcon et al., 1990), but not other studies (Kellems, 

----- ------
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1990; Denigan et al., 1992; Higginbotham, 1993). In a total of 

17 comparisons, Huber (1996) indicated that 65% of the 

experiments showed higher milk yields for Amaferm groups and 

29% were lower. 

Milk yield but not FCM was higher (P<. 02) for Steam

flaked corn than steam-rolled corn, and efficiency of 

conversion of feed to milk (FCM/DMI) tended to be higher for 

steam-flaked treatment (P<.06). These results are consistent 

with a previous study in our laboratory (Chen et al., 1994). 

No interactions between Amaferm addition and corn processing 

were observed for milk yields. 

Amaferm addition did not affect fat%, fat yield, protein 

yield, lactose%, lactose yield, SNF yield or SCC of milk. Milk 

SNF% was higher for cows fed Amaferm than for controls 

(P<.04), and protein percentages of milk tended to be higher 

(P<.12). Huber et al(1994) reviewed six trials and concluded 

that Amaferm addition did not affect percentages of milk fat, 

protein and lactose. These conclusions were supported by 

Williams and Newbold (1990). It has been suggested that 

Amaferm addition resulted in alleviation of depressed ruminal 

pH, and increased fiber digestion in cows fed highly 

fermentable diets (Dawson, 1992). If this were the case, 

increased ruminal propionate concentrations and fat 

----- ------
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percentages in milk should result from Amaferm addition. Such 

effects were reported in some (Marcus et al., 1986; Harris and 

LobO, 1988), but not in other studies (Huber, 1994; William 

and Newbold, 1990; Higginbotham et al., 1993). Moreover, milk 

fat content was not affected in this study. 

Compared with steam-rolled corn, steam-flaked corn 

resulted in higher milk protein% (P<.Ol), protein yield 

(P<.OOl), lactose yield (P<.04), SNF% (P<.03), and SNF yield 

(P<.Ol). Milk fat percentages tended to be lower for cows fed 

steam-flaked than steam-rolled corn (P<.08), which might be 

associated with greater starch hydrolysis in rumen for the 

steam-flaked corn. Responses in protein content and yield of 

milk to the corn processing are consistent with the review by 

Theurer (1995), who proposed that extensive processing of 

grain resulted in increased microbial protein synthesis, which 

protein is available for mammary synthesis of protein. These 

findings were supported by Moore et al.(1993), Poore et al. 

(1993), Theurer et al. (1991), and Chen et al.(1994). 

Again, no interactions between Amaferm addition and corn 

processing were observed. Neither were there significant 

differences between treatments in changes in body weight or 

body condition scores, but there was a tendency for cows fed 

SRC to gain less BW and have more negative BCS changes. This 
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might be because of less efficient extraction of energy from 

SRC than SFC. 

Rectal temperatures and respiration rates of cows are in 

Table 4-4. No differences across treatments and no 

interactions between Amaferm addition and corn process ing were 

observed. Rectal temperatures and respiration rates were 

higher for cows at 14:00 than at 07:00 h (103.1 vs. 101.9 OF; 

84 vs. 72 counts/min), suggesting that cows were suffering 

heat stress in the hot afternoon. It has been previously 

reported that Amaferm addition resulted in reduced rectal 

temperatures of cows during periods of hot ambient temperature 

(Gomez-Alarcon et al., 1991; Huber et al., 1985; Marcus et 

al., 1986; Higginbotham et al., 1993), but studies by Denigan 

et ale (1992) and Kellems et ale (1990) did not support this 

observation; and in one report, cows fed Amaferm had higher 

rectal temperatures than the control group (Wallentine et ale , 

1986). A mechanism for the influence of Amaferm on a cow's 

tolerance to heat stress has not been proposed. 

CONCLUSIONS 

Compared with stearn-rolling, stearn-flaking of corn 

improved lactational performance of cows in terms of milk and 

milk component yields. Amaferm addition did not positively 

affect lactational performances or tolerance of cows to heat 
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stress, as indicated by no effect on rectal temperatures or 

respirational rates, no were any interaction between corn and 

Amaferm significant. 

----- ------



Table 4-1. Ingredient composition of diets. 

Ingredient SFN 

Corn grain 40.0 

Alfalfa hay 35.0 

Whole cottonseed 10.0 

Cottonseed hulls 5.0 

Soybean meal 7.0 

Molasses 1.0 

MgO 0.3 

NaHC03 0.7 

Minerals and vitamins2 1.0 

Dietl (% of OM) 

SFA 

40.0 

35.0 

10.0 

5.0 

7.0 

1.0 

0.3 

0.7 

1.0 

SRN 

40.0 

35.0 

10.0 

5.0 

7.0 

1.0 

0.3 

0.7 

1.0 

SRA 

40.0 

35.0 

10.0 

5.0 

7.0 

1.0 

0.3 

0.7 

1.0 
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1 Dietary treatments were: 1) SFA: steam-flaked corn (361 giL) 

with Amaferrni 2)SFN: steam-flaked corn (361 giL) without 

Arnafermi 3)SRA: steam-rolled corn (490 giL) with Amaferm; and 

4) SRN: steam-rolled corn (490 giL) without Arnaferm. 

2 CaCo3, 30%; Dicalcium phosphate (biophos), 50%; trace 

mineralized salt, 20%; Vit A, 13,216 IU/kg; Vit D, 1322 IU/kg; 

Vit E, 66 IU/kg. 

---------
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Table 4-2. Nutrient composition of diets. 

Dietl 

Item SFA SFN SRA SRN 

NEL , Mcal/kg2 1. 72 1. 72 1. 72 1. 72 

OM, 9,. 
0 OM 92.7% 92.7% 92.2% 92.2% 

CP, 9,. 
0 OM 17.8% 17.8% 17.2% 17.2% 

Starch, %DM 28.5% 28.5% 27.5% 27.5% 

ADF, % OM 21. 6% 21. 6% 22.4% 22.4% 

NDF, 9,. 
0 OM 29.4% 29.4% 31. 7% 31. 7% 

1 Dietary treatments were: 1) SFA: steam-flaked corn (361 giL) 

with Amafermi 2) SFN: steam-flaked corn (361 giL) without 

Amaferm i and 3) SRA: steam-rolled corn at (490 giL) with 

Amafermi and 4) SRN: steam-rolled corn (490 giL) without 

Amaferm. 

2 Calculated from NRC, 1989. 

-- ----- ----
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Table 4-3. Effect of corn processing and Amaferm addition 

on lactating gerformance. 

Diets l P < 

Item SFA SFN SRA SRN SEM p2 A2 PxA 

DMI, kg/d 26.3 27.7 28.3 28.3 .9 .18 .43 .48 

Milk, kg/d 39.7 40.7 37.6 38.7 .8 .02 .22 .95 

3.5%FCM, kg/d 34.7 36.6 34.4 34.9 1.0 .31 .23 .53 

FCM/DMI 1. 34 1. 34 1. 22 1. 27 .05 .06 .68 .59 

Milk components 

Fat, ~ 
0 2.73 2.B6 2.91 2.98 .09 .OB .25 .74 

Fat, kg/d 1. OB 1.17 1.11 1.13 .04 .98 .20 .46 

Protein, % 3.21 3.1B 3.14 3.07 .03 .01 .12 .54 

Protein,kg/d 1. 28 1. 29 1.18 1.19 .03 .001 .72 .99 

Lactose,% 4.86 4.B6 4.89 4.80 .03 .65 .20 .19 

Lactose,kg/d 1. 93 1. 97 1. 82 1. 86 .05 .04 .52 .85 

SNF, ~ 
0 8.49 8.44 8.43 8.30 .04 .03 .04 .31 

SNF, kg/d 3.38 3.42 3.17 3.20 .07 .01 .63 .91 

SCC3 145 91 280 182 68 .14 .26 .74 

BWC, g/d4 25.4 42.2 -17.8 21.4 17.5 .08 .12 .54 

BCSCS .00 .00 -.16 -.06 .07 .13 .51 .51 

1 Dietary treatments were: 1) SFA: stearn-flaked corn (361 giL) 

with Amafermi 2) SFN: stearn-flaked corn (361 giL) without 

Amafermi 3)SRA: stearn-rolled corn (490 giL) with Amafermi and 

4) SRA: stearn-rolled corn (490 giL) without Amaferm. 2 P = 

----------------
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Processing effect; A = amaferm effect; PxA = interaction of 

• 'l .. 
Amaferm and processlng. - see: somatic cell counts. ' awe = 

body weight change. 5 BeSe = body condi tion score change 

(scale from 0 to 5; .25 interval). 

- --- ----------
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Table 4-4. Influence of corn processing and Amaferm addition 

on rectal temgeratures and resgiration rates. 

Diets l P < 

Item SFA SFN SRA SRN SEM p2 A2 PxA 

Temperature (OF) 

07:00 3 101. 9 101.9 101.9 101.8 .12 .98 .81 .64 

14:00 103.1 103.3 103.2 102.8 .23 .34 .50 .23 

Respiration rate (counts/min. ) 

0700 71.9 73.3 71.8 70.1 2.1 .44 .96 .48 

1400 85.4 84.5 86.3 80.8 2.5 .58 .22 .34 

1 Dietary treatments were: 1) SFA: steam-flaked corn (361 giL) 

with Amafermi 2)SFN: steam-flaked corn (361 giL) without 

Amafermi 3)SRN: steam-rolled corn at (490 giL) with Amafermi 

and 4) SRA: steam-rolled corn (490 giL) without Amaferm. 

2 P = Processing effecti A = amaferm effecti PxA = interaction 

of Amaferm and processing. 

3 Time of measurement (h). 

- ---~ ----- -----



CHAPTER 5 

EFFECTS OF CORN PROCESSING ON RUMEN FERMENTATION AND 

NUTRIENT DIGESTIBILITIES IN LACTATING COWS FED GROUND, 

STEAM-FLAKED AND STEAM-ROLLED CORN GRAINS 

ABSTRACT 

80 

Five lactating Holstein cows fitted with cannulas in the 

rumen and proximal duodenum were used in a 5 x 5 Latin square 

design experiment to determine the effect of corn processing 

on ruminal fermentation and nutrient digestibilities. Cows 

were fed basic diets containing 40% corn grain and 35% alfalfa 

hay. Dietary treatments were: 1) FG: finely-ground corn (580 

giL); 2) CG: coarsely-ground corn (618 giL); 3)SFL: steam

flaked corn at a low density (309 giL); 4) SFM: steam-flaked 

corn at a medium density (361 giL); and 5) SR: steam-rolled 

corn (490 giL). Diets with SR resulted in lower DM intake than 

CG (P<.05), but there was no significant difference between 

other treatments. Compared with the SR diet, FG, SFL, and SFM 

decreased ruminal pH (P<. 05), and there was no difference 

between CG and other treatments. Ruminal ammonia nitrogen 

concentrations were significantly higher (P < .01) for ground 

(FG and CG) than flaked (SFL and SFM) and rolled corn. Total 

ruminal VFA concentrations were higher for FG and SFL than for 

SRi and FG resulted in higher ruminal acetate than SFL, SFM or 

SR. Steam-flaking resulted in higher propionate concentrations 

--- ----- - ---
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than CG or SR. Ruminal molar ratios of acetate to propionate 

were lower for steam-flaked than ground or steam-rolled diets. 

Diets with FG, SFL, or SFM resulted in higher (P < .05) starch 

digestibilities than that with SR. Digestibilities of NDF were 

lower (P < .05) for FG and CG than for SFM and SR. Also, FG 

resulted in lower (P < .01) ADF digestibilities than SR. Diets 

with SR had lower (P < .05) crude protein digestibilities than 

those with SFL and SFM, and lower OM digestibilities than CG 

(P < .05), SFL or SFM (P < .01). There were no treatment 

effects for milk and 3.5%FCM yields, or for fat, protein and 

lactose percentages of milk. Neither were milk protein, fat, 

lactose and SNF yields affected by treatment. Percentages of 

milk SNF were higher (P < .05) for SFM than for SR. It was 

concluded that extensive corn processing, either by fine

grinding or stearn-flaking, increased starch digestibilities in 

total digestive tract and decreased pH in rumen. Steam-flaking 

but not fine-grinding changed rumen fermentation patterns by 

decreasing the molar ratio of acetate to propionate. 

(Key words: corn, processing, lactating cows) 

Abbreviation key: FG = finely-ground corn; CG = coarsely

ground corn; SFL = stearn-flaked corn at a lower density (309 

giL); SFM = stearn-flaked corn at a medium density (361 giL); 

SR = steam-rolled corn (490 giL) 
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INTRODUCTION 

Corn grain processing improves the feeding value of corn 

for dairy cows, mainly by increasing starch digestibility in 

the rumen and total tract; and thus supplying more energy for 

lactation purposes (Theurer, 1986). However, few studies have 

been conducted to directly compare the effect of ground, 

rolled and flaked corn in dairy cow diets on rumen 

fermentation and digestibility of nutrients. 

studies comparing finely-ground, coarsely-ground, and 

whole corn ( Moe et al., 1973,1977; Mitzner et al., 1994). in 

diets for lactating cows showed that as particle size of the 

grain was reduced, milk yield and total tract digestibilities 

of OM, OM cell solubles and ether extract were increased; but 

milk fat percentage and AOF digestibility decreased. No 

difference on milk yield, 4% FCM, fat, and protein content of 

milk was found between dry-rolled and steam-flaked corn (Joy 

et al., 1993); or between finely-ground, stearn-rolled, and 

steam-flaked corn (at densities of 385 giL and 309 giL) 

(Varela et al., 1993). Steam-flaked corn improved milk yield, 

but did not affect milk composition compared with dry-rolled 

corn in a report by Plascencia and Zinn (1995); and extensive 

flaking decreased milk fat. Steam-flaked corn resulted in 

higher milk yield than stearn-rolled corn, but there were no 

difference in FCM, feed efficiency or fat and protein content 

----- ------
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of milk (Chen, et al., 1994). Data from individual studies by 

Aldr ich et al (1993 j, Mitzner et al (1994 j, Chen et al. 

(1994), Overton et al. (1995), and Placencia and Zinn (1995) 

have shown that more extensive processing of corn grain 

increases starch digestibility in the rumen, intestine and 

total tract; thus improving the energy value (NE l ) of corn 

grain. 

The objective of this study was to determine effects of 

processing corn by grinding, steam-flaking or steam-rolling on 

ruminal fermentation and nutrient digestibilities of lactating 

cows. 

MATERIAL AND METHODS 

Five lactating Holstein cows fitted with ruminal and "T"

shaped duodenal cannulas were used in 5 x 5 Latin square 

design experiment. Cows were randomly assigned to five diets 

with 40% corn grain and 35% alfalfa hay for 5 periods of 12 

days each following a 14-day pre-treatment period in which 

cows were fed the regular herd ration. Dietary treatments 

were: 1) FG: finely-ground corn (580 giL); 2)CG: coarsely

ground corn (618 giL); 3)SFL: stearn-flaked corn at a lower 

density (309 giL); 4) SFM: stearn-flaked corn at a medium 

density (361 giL); and 5)SR: stearn-rolled corn (490 giL). 

Coarsely ground corn was prepared by passing the grain once 
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through a roller mill adjusted to obtain about 8 particles per 

kernel. To obtain the finely-ground material, corn was passed 

through the roller mill two times. steam-flaked corn was 

prepared by subjecting corn to hot steam in a steam chamber at 

atmospheric pressure for 40 min. steam was produced by a 

boiler at pressures of 100 psi and at temperatures of 120 to 

135 DC. After steaming, corn was passed through rollers 

adjusted to produce flakes of 309 gIL or 361 gIL. steam-rolled 

corn was prepared by steaming 25 min. and rolling to a 

density of 490 gIL. Particle size was measured with sieves in 

the following manner. Samples of processed corn (100 g) were 

placed in the top screen (largest mesh size) of a Ro-Tap@ 

Testing Sieve Shaker (Model B, C-E Tyler Combustion 

Engineering, Inc., Bessemer City, NC), and agitated for 5 min. 

The amount of grain remaining on each screen was collected, 

weighed, and calculated as percent recovered. 

Starch analysis was follows: samples of corn were ground 

to pass a 1 mm screen in a cyclone grinder (Udy Corporation, 

Ft. Collins, CO), and then autoclaved for 1 hr. in a 20% CaC12 

solution. They were then incubated in a 60 DC water bath with 

amyloglucosidase (Diazyme L-200 enzyme, Mile Inc., South Bend, 

IN). Glucose concentration was measured using the YSI Model 

2700 SELECT Biochemistry Analyzer (Yellow Springs Instrument 

Co, Inc., Yellow Springs, OH). Rate of starch hydrolysis 

- ---- ----- ------
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(percent digested) was determined by incubating samples with 

amyloglucosidase for 30 min .. The procedure was the same as 

for total starch analysis except that samples were not 

autoclaved. 

Cows were housed in individual pens with shades. On a 

daily basis, feed was offered ad libitum at 10:00 h as a TMR, 

amounts were adjusted to 10% in excess of appetite, and 

intakes were recorded for each individual cow. All diets were 

mixed to contain 1 9.-• 0 as an indigestible marker to 

estimate nutrient digesitibilities according to Church (1988) . 

The TMR was sampled once weekly, and samples were composited 

for the entire experiment and were dried at 100°C for 24 hr. 

to determine DM for calculating DM intake. 

Cows were milked twice daily (04:30 and 16:30) and milk 

yields were recorded. Milk was sampled each milking for last 

three days of each treatment period, and daily composites were 

sent to Arizona DRI laboratory for analysis of fat, protein, 

lactose, total solids and SCC by infrared techniques (AOAC, 

1990), SNF was determined by difference. 

During the last 3 days of each period, orts (weighback) 

were totally collected, weighed and sampled. Samples of each 

TMR were collected daily, and grab samples of feces from each 

- ---- ----- ------
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cow were taken twice daily at 0800 and 1600 h. Samples of 

feed, arts and feces were kept frozen at -10°C for chemical 

analysis. Ruminal samples were taken four times daily for 

three successive d according a schedule which included samples 

at all even hours. Each ruminal sample (about 30 ml) was 

measured for pH immediately after collection, and stored at -

20 DC for analysis of ammonia nitrogen (Chaney and Marbach, 

1962) and VFAs (Erwin et al., 1961) using GLC (model 3300; 

Varian Associates Inc., Wanut Creek, CA). After total 

collection, subsamples from TMR and orts were dried at 55 DC 

for 48 hrs, whereas, subsamples of feces were dried for 72 

hrs. Dry samples were ground through a 2 mm screen in a Wiley 

Mill (Arthur H. Thomas Co., Philadelphia, PA), then through a 

1 mm screen in a cyclone mill (Udy Co., Fort Collins, CO). 

All the samples from feed, orts and feces were analyzed for OM 

and OM (AOAC, 1990), CP(N-C-S Analyzer, NA 1500; Carlo Erba 

Strumentazione, Strada Rivoltana, Italy} (Kerese, 1984), 

starch(Poore et al., 1993}, ADF(Goering and Van Soest, 1970}, 

and NDF (Robertson and Van Soest, 1981), and Cr203 (Fenton and 

Fenton, 1979). Apparent nutrient digestibilities were 

calculated from ratios of Cr concentrations to nutrients in 

feed and feces. 

Data were analyzed as a 5 x 5 Latin square design using 

the General Linear Models (GLM) procedure of the SAS program 

--- ----- -----



(1985). The statistical model was as follows: 

~ijkl = Po + Ti + Cj + Pk + Eijk1 

Yijk1 = response variable, 

Po = overall mean, 

Ti = treatment effect (corn processing methods) , 

Cj - cow effect, 

Pk = period effect, 

Eijk = residual error. 

RESULTS AND DISCUSSION 
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Particle size distribution of processed grains are in 

Table 5-1. About 48% of the FG was retained on the screen with 

a mesh sizes < 1.00 mm, while over 75% of CG was retained at 

mesh size of 1.00 mm or greater. Most of the SFL, SFM and SR 

remained at mesh sizes of 2.00 mm or greater. 

In vitro rates of partial starch digestion (30 min) are 

in table 5-2. Values were 30% to 35% for FG, CG and SR, 53.4% 

for SFL, and 61.9% for SFM. The results agree with those of 

Theurer (1986), Nocek et ale (1987), ALdrich et ale (1993), 

and Lykos et ale (1995), who indicated that processing of corn 

with a combination of moisture, heat and pressure resulted in 

additive effects on starch digestibilities beyond those shown 

by reduction in particle size alone, because the protein 

matrix around the starch granule is disrupted, increasing 

----- ------
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starch gelatinization and susceptibility to enzymatic 

hydrolysis (Kotarski et al., 1992; and Rooney and Pflugfelder, 

1986). Partial starch digestibility was higher for SFM than 

SFL in this study, which result was inconsistent with Zinn 

(1990), who showed that in vitro starch digestibility 

increased as the flake density decreased. Decreasing particle 

size by grinding did not increase in vitro partial starch 

degradability, which result was inconsistent with reports by 

Moe et ale (1973; 1977), Cone et ale (1989), and Lykos et ale 

(1995). The reason we showed no difference between FG and CG 

was that both grains were ground to pass the 1 rom screen 

before in vitro hydrolysis; thus, equalizing particle size 

before analysis. Moisture uptake averaged 4.7% for SFL and 

SFM, which is within the range of 3 to 5% reported by others 

(Beeson, 1972; Johnson et al., 1968; Zinn, 1990 a, b; and 

Plascencia and Zinn, 1995), but moisture uptake of SR was 

considerably higher (9.3). 

Ingredient and nutrient composition of diets are in 

Tables 5-3 and Table 5-4. All nutrients were within the normal 

range for diets containing FG, CG, SFL, and SFM, except starch 

was lower, and ADF and NDF higher for the SR diet. 

Dry matter intakes is in Table 5-5. There were no 

treatment differences between FG, CG, SFL, and SFM, but, cows 
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fed SR had lower OMI (P < .05) than the other treatments. 

These results are not consistent with the lactation study 

(Chapter 3), in which OMI was significantly lower (P < .05) 

for FG than for CG, SFL, SFM, and SR. Results similar to ours 

were reported by Placencia and Zinn (1995) in comparing dry

rolled with steam-flaked corn; and by Chen et al (1994) and 

Simas et al (1992) in comparing dry-rolled with steam-flaked 

sorghum. No differences in OMI were observed in two studies 

(Chapter 4; and Varela et al., 1993) between steam-flaked and 

steam-rolled corn. In contrast, cows fed dry-rolled sorghum 

had higher OMI than those fed steam-flaked sorghum (Moore et 

al., 1992; Poore et al.,1993; Santos et al., 1994). 

Ruminal pH, ammonia nitrogen concentrations, and VFA 

profiles are in Table 5-6. Statistical differences were 

declared significant at P < .05 for ruminal pH and ammonia 

concentrations, but P < .1 for VFA changes. Ruminal pH was 

lower (P < .05) for FG, SFL and SFM than for SR, which might 

be associated with total starch intake of cows. Starch intake 

for cows fed SR (3.5 kg/d) was lower than those with CG (5.5 

kg/d), FG (5.2 kg/d), SFL (5.1 kg/d), or SFM (5.2 kg/d). 

Furthermore, the higher pH also might be related to lower 

(P<.05) starch digestibility for SR diet compared with FG, 

SFL, or SFM (Table 5-6). It is believed that increasing starch 

digestibility in rumen leads to a lower ruminal pH because of 
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faster and more extensive rumen fermentation; however, most 

studies have not observed such an effect (Moore et ai, 1992; 

Olivera et al., 1993; Chen et al., 1994; Simas et al ., 1995; 

Placencia and Zinn, 1995). 

Patterns of ruminal pH for 24 h are shown in Table 5-7. 

As expected, pH declined after feeding. Changes with time were 

similar for the FG, CG, SFL, and SFM diets. but, values. 

declined at a slower rate for SR than other treatments. 

Rumen Ammonia nitrogen concentrations were significantly 

higher (P < .01) for ground (FG and CG) than steamed rolled or 

flaked corn (SFL, SFM, and SR). These differences can not be 

explained completely by difference in crude protein intake, 

which were quite variable between treatments. The lower 

ammonia concentrations for flaked vs. rolled corn might be 

associated with greater ruminal starch degradation resulting 

in increased utilization of nitrogen by the microbes (Placenia 

and Zinn, 1995; Poore et al., 1990) for the flaked but not the 

rolled diets. However, not all experiments have reported 

increased microbial protein with flaked grains (Chen et al., 

1994; Simas et al, 1995). Ruminal ammonia changes for the 24 

hours are in Table 5-8. All diets shared similar patterns; 

but, concentrations sharply declined for FG, and increased for 

SFL around feeding time. The reason and such changes in 

--- ----- ------
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ruminal ammonia concentrations is not clear. 

Total VFA concentrations were higher for FG and SFL than 

for SR, but no differences among the other dietary treatments 

were observed. Acetate concentrations were higher for FG than 

for SFL, SFM, and SR, and propionate concentrations were 

higher for SFL and SFM than for CG and SR. Butyrate was lower 

for SR than for other diets. Molar ratios of acetate to 

propionate were lower for SFL and SFM than for FG, CG, and SR, 

Previous studies (Chen et al., 1994; Moore et al., 1992; 

Theurer 1991) showed that diets with steam-flaked grain 

resulted in increased ruminal VFA concentrations, which were 

associated with greater starch degradation in rumen of cows 

fed steam-flaked grains. Ruminal fermentation patterns are 

affected by substrate composition, and carbohydrate 

degradation in the rumen (Murphy et al., 1982). Increasing 

ruminal starch availability usually results in higher 

propionate concentrations and lower molar ratios of acetate to 

propionate (Johnson et al., 1968; Zinn, 1987; Moore et al., 

1992; Olivera et al., 1993; Poore et al., 1993; Chen et al., 

1994; Placencia and Zinn, 1995). Findings from this study were 

generally consistent with these reports. However, it appears 

that the FG diet was different from the other treatments. The 

higher total VFA concentrations in the rumen of cows fed the 

FG diet resulted from higher acetate instead of propionate 

----- ------
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concentrations, and molar ratios of C2/C3 for FG were not 

different from CG and SR. 

For the minor VFAs, valerate concentrations were lower SR 

than for other diets, which might be associated with lower 

starch intake. 2-Methylbutyrate concentrations were higher for 

FG and CG than SFM, and isobutyrate concentrations were higher 

for FG and CG than for SFM, or SRi Isovalerate concentrations 

were higher for FG, CG, and SFL than for SFM and SR. Reasons 

for changes in concentrations of these minor VFAs in the rumen 

are not well understood. 

Apparent nutrient digestibilities in the total digestive 

tract are Table 5-9. Starch digestibilities for FG(95.5%), 

SFL(97%) and SFM(94.5%) were significantly higher (P<.05) than 

for SR (84.2%); and CG (89.7%) was intermediate. These results 

agree with the data of Chen et ale (1994) who reported that 

diets with steam-flaked corn resulted in higher starch 

digestibilities than those with steam-rolled corn. Data 

summarized from Aguirre et al 1984; Cole et aI, 1976; Galyean 

et aI, 1976, 1979; Lee et aI, 1982; Murphy et ale 1994; 

Ramirez et al 1985; Spicer et al 1986; Streeter et al 1989; 

Stock et ale 1990, 1991; Turgeon et al 1983; and Zinn 1987, 

1990, 1991, 1993, 1995) showed that total tract 

digestibilities of starch for both beef and dairy cattle 

----- ----
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averaged about 98% for Steam-flaked corn, 91% for ground corn 

of various particle sizes, 93% for dry-rolled corn and 90% for 

whole corn. Theurer's review (1986) showed that extensive 

processing of cereal grains increased starch digestibilities 

in the total tract, and that starch digestibilities increased 

as particle size of corn grain decreased or when the grain was 

subjected to treatment with heat, moisture and mechanical 

pressure. 

Digestibilities of ADF and NDF shared similar patterns, 

being highest for SR, followed by SFM, SFL, CG, and FG (table 

5-9) in that order. Digestibilities of ADF were higher (P<.05) 

for SR than for FG, and digestibilities of NDF were higher 

(P<.05) for SR and SFM than for FG and CG. Digestibilities of 

OM and CP were higher for SFL and SFM than SR. In general, 

diets with SR resulted in higher total digestive tract 

digestion of ADF, and NDF; but lower crude protein and starch 

digestibilities than the processing methods. These results 

were not consistent with previous studies with corn or sorghum 

reported by Oliveira et ale (1993); Poore et ale (1993); Chen 

et ale (1994); Simas et ale (1992) and Theurer (1991), who 

suggested that steam flaking increased digestibility of the 

grain fiber. 

However, increasing ruminal starch degradability may 
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decrease ruminal pH (Zinn, 1987), although data from some 

experiments do not consistently show this effect (Placencia 

and Zinn, 1995; Chen et ale 1994; and Simas et al., 1992). A 

lower ruminal pH has been shown to depress fiber digestion 

(Robinson et al., 1987; Sutton et al., 1987). Furthermore, 

starch per se, independent of a ruminal pH change, was 

associated with decreased fiber digestion in the rumen 

(Hoover, 1986). Grant and Mertens (1992) demonstrated that low 

pH in in vitro decreased fiber digestion rate and increased 

lag time. Moreover, they showed that starch per se accentuated 

these effects because rapid fermentation of starch stimulated 

certain strains of bacteria which inhibited fiber digestion 

(Simpson, 1984; Simpson et al., 1977; Smith et al., 1973). The 

low fiber digestibilities exhibited by some treatments in this 

study could not be explained by differences in starch 

digestibilities or ruminal pH. 

Milk yield, 3.5% FCM and feed efficiency (FCMjDMI) were 

not affected by the dietary treatments. These results were 

different from previous studies ( Theurer et al., 1991b; Moore 

et al., 1992; Simas et al., 1992; Oliveira et al., 1993; Chen 

et al., 1994 and 1995), which showed that the higher milk 

yields of cows fed flaked grains were associated with a 

greater amount of ruminally degradable starch. However, short

term Latin square studies with cannulation probably present 

----- ------
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too much stress on cows for lactational effects to be 

meaningful. Increasing ruminally degradable starch improves 

lactational performance by increasing VFA and bacterial yield 

(Theurer, 1986; Oliveira et al., 1990; Poore et al., 1993). 

However, an excess of ruminally degradable starch resulting 

from too fine a flake might negatively affect ruminal 

fermentation and decrease milk yields (Moore et al., 1992; 

Chen et al., 1995). 

Fat, protein, and lactose percentages, and fat, protein, 

lactose and SNF yields of milk were not affected by dietary 

treatment. It has been shown that propionate concentrations 

increase and molar ratios of C2 /C 3 decrease when starch 

availability in the rumen is increased (Johnson et al., 1968; 

Murphy et al., 1982; Zinn, 1987; Moore et al., 1992; and 

Huber et al., 1994). Such effects have been hypothesized to 

increase gluconeogenesis and stimulate insulin secretion, 

which, in turn, inhibits fatty acid (FA) release from adipose 

tissue, thus resulting in a lower percentage of fat in milk. 

Furthermore, Theurer (1995) showed that increasing starch 

fermentation in the rumen increased synthesis of microbial 

protein, which was available for mammary synthesis of protein. 

Increased microbial protein from more ruminally degradable 

starch has been demonstrated by Oliveira et ale (1993) and 

Poore et ale (1993), but not by Ohiman et ale (1995), Joy et 

-- --- - ------ ---- - --- ---
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al. (1993), Varela et al. (1993), or Placencia and Zinn 

(1995) . 

CONCLUSIONS 

Extensive processing of corn grains by fine grinding, or 

steam-flaking resulted in lower ruminal pH and higher starch 

digestibilities in the total digestive tract of lactating 

cows. Processing methods also changed ruminal fermentation 

patterns, with steam-flaking resulting in lower ratios of 

acetate to propionate. 

. .. --- - --- - -- ---
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Table 5-1. Particle size distribution of processed corn. 

Type of Screen mesh size, mm 

1< 
4.00 2.00 1. 00 .85 .60 .425 .25 corn pan 

------------- % retained on screen ----------------

FG 5.07 12.90 34.26 8.21 12.17 9.04 8.70 9.64 

CG 2.71 39.61 33.89 3.96 5.78 4.91 4.63 4.51 

SFL 65.69 21.46 6.52 .77 1. 25 1.11 1. 31 1.46 

SFM 66.29 20.92 6.95 .77 1. 20 1. 03 1. 20 1. 65 

SR 84.23 8.37 3.23 .70 1.11 .99 .81 .57 

1< Corn processing methods were: FG = finely ground corn (580 

giL); CG = coarsely ground corn (618 giL); SFL = thin steam

flaked corn (309 giL); and SFM = medium steam-flaked corn (361 

giL). SR = steam-rolled corn (490 giL). 

----------- - ----
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Table 5-2. Effect of processing on characteristics of corn, 

and starch h~drol~sis in vitro. 

Type of corn1 

Item FG CG SFL SFM SR 

DM, ~ 
0 89.2 88.8 85.6 83.1 79.7 

Density, gIL 580.0 618.0 309.0 361.0 490.0 

Starch, % 70.2 66.4 67.2 68.4 71.2 

Starch hydrolysis, 

% total starch2 30.5 30.5 53.4 61.9 34.9 

1 Corn processing methods were: FG = finely ground corn; CG = 

coarsely ground corn; SFL = thin steam-flaked corn (309 gIL); 

and SFM = medium steam-flaked corn (361 gIL). SR = steam-

rolled corn (490 gIL). 

2 Starch partial hydrolysis rate in vitro (30 min.). 

----------
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TABLE 5-3. Ingredient com2osition of diets. 

Dietl (% of DM) 

Ingredient FG CG SFL SFM SR 

Corn grain 40.0 40.0 40.0 40.0 40.0 

Alfalfa hay 35.0 35.0 35.0 35.0 35.0 

Whole cottonseed 10.0 10.0 10.0 10.0 10.0 

Cottonseed hulls 6.0 6.0 6.0 6.0 6.0 

soybean meal 6.0 6.0 6.0 6.0 6.0 

Molasses 1.0 1.0 1.0 1.0 1.0 

MgO 0.3 0.3 0.3 0.3 0.3 

NaHC03 0.7 0.7 0.7 0.7 0.7 

Minerals and vitamins2 1.0 1.0 1.0 1.0 1.0 

1 Dietary treatments were: FG = finely ground corn (580 giL); 

CG = coarsely ground corn (618 giL); SFL = thin steam-flaked 

corn (309 giL); and SFM = medium steam-flaked corn (361 giL); 

SR = steam-rolled corn (490 giL). 

2 30%; Calcium phosphate (biophos) , 50%; trace 

mineralized salt, 20%; vit A, 13,216 IU/kg; vit D, 1322 IU/kg; 

vit E, 66 IU/kg. 
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Table 5-4. Nutrient com2osition of diets. 

Dietl 

Item FG CG SFL SFM SR 

NEL , Mcal/kg2 1. 67 1. 63 1. 69 1. 69 1. 69 

OM, % DM 92.3% 92.4% 92.0% 91. 8% 91.9% 

CP, 9.-
0 DM 16.0% 16.8% 15.1% 16.6% 15.6% 

Starch, %DM 29.6% 25.5% 27.5% 26.7% 22.1% 

ADF, 9.-
0 DM 20.1% 22.3% 21. 7% 20.1% 25.7% 

NDF, % 29.4% 34.7% 30.7% 33.1% 40.3% 

1 Dietary treatment were: FG = finely ground corn (580 giL); 

CG = coarsely ground corn (618 giL); SFL = stearn-flaked corn 

(309 giL); SFM = stearn-flaked corn (361 giL); and SR = steam

rolled corn (490 giL). 

2 Calculated from NRC, 1989. 

--_._----
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Table 5-5.Effect of corn processing on lactational 

gerformance. 

Diets1 

Item FG CG SFL SFM SR SEM 

DMI, kg/d 18.4ab 20.3 a 18.6ab 19.6ab 15.9b 1.4 

Milk, kg/d 22.3 26.9 23.7 24.9 21.5 2.3 

3.5%FCM, kg/d 21.1 25.7 22.5 22.9 20.8 1.8 

FCM/DMI 1.18 1. 26 1. 29 1.18 1. 93 .32 

Milk 

Fat, % 3.04 3.17 3.06 2.91 3.28 .19 

Fat, kg/d .71 .87 .76 .75 .71 .06 

Protein, ~ 
0 2.96 3.16 2.95 2.97 2.86 .11 

Protein, kg/d .67 .81 .69 .72 .60 .06 

Lactose, % 4.32 4.42 4.46 4.40 4.34 .09 

Lactose, kg/d 1. 01 1. 22 1. 07 1.12 .97 .11 

SNF, ~ 
0 7.87ab 7.97 ab 8.00ab 8.13 a 7.81 b .10 

SNF, kg/d 1. 81 2.16 1. 90 2.05 1. 70 .17 

SCC2 288 619 759 427 402 214 

1 Diet treatments: FG = finely ground corn (580 giL); CG = 

coarsely ground corn (618 giL); SFL = steamed-flaked corn at 

lower density (309 giL); SFM = steam-flaked corn at medium 

density (361 giL); and SR = steamed-rolled corn (490 giL). a,b 

means not showing the same superscript in the same row are 

different. p < .05. 2 sec: somatic cell counts. 

- ---- ---- -----
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Table 5-6. Influence of corn processing on ruminal pH, VFA 

molar grogortions. 

Dietl 

Item FG CG SFL SFM SR SEM 

pH2 6.03 b 6.13 ab 6.05b 6.01b 6.26a .07 

Ammonia N, mg/d13 15.74a 16.38a 11. 29b 9.74 b 9.70b .79 

VFA, rnM4 

Total 96.7a 90.5ab 93.2 a 90.8 ab 83.2b 3.8 

Acetate 54.3 a 51.3 ab 49.5b 47.1b 48.4b 1.8 

Propionate 23.2 ab 20.4b 25.5a 26.1a 19.5b 2.2 

Butyrate 13.9a 13.7a 13.1a 13.0a 11. Ob .6 

Isobutyrate 1.16a 1.14a 1.04ab .92 b .95b .04 

Methylbutyrate 1.02a 1.01a .95ab .80b .95ab .08 

Valerate 2.07 a 1.98a 2.14 a 2.01a 1. 57b .09 

Isovalerate 1. 01 a .97a .92a .79 b .73 b .04 

~2~3 2.42 a 2.53 a 2.04b 1. 86b 2.57a .18 

1 Diet treatment: FG = finely ground corn (580 giL); CG = 

coarsely ground corn (618 giL); SFL = steamed-flaked corn at 

lower density (309 giL); SFM = steamed-flaked corn at medium 

density (361 giL); and SR = steamed-rolled corn (490 giL). 

2 a,b means not showing the same superscript in the same row 

are different (P<.05). 

3 P<.Ol; 4 a,b means not showing the same superscript in the 

same row are different (P<.10). 

----- ------
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Table 5-7. Ruminal pH change (24 h). 

Time (hour) 

0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400 

FG 

5.87 5.98 6.13 6.22 6.39 6.20 6.12 6.04 5.86 5.98 5.86 5.78 

CG 

5.96 6.07 6.28 6.12 6.47 6.29 6.18 6.15 6.08 5.94 6.07 5.96 

SFL 

5.77 6.25 6.22 6.21 6.41 6.24 6.03 5.92 5.86 5.84 5.85 5.97 

SFM 

5.72 6.12 6.05 6.23 6.32 6.09 5.97 5.91 5.97 5.78 5.94 5.99 

SR 

6.05 6.37 6.17 6.38 6.39 6.46 6.44 6.14 6.31 6.12 6.04 6.23 

* Diet treatment: FG = finely ground corn (580 gIL); CG = 

coarsely ground corn (618 gIL); SFL = steamed-flaked corn at 

lower density (309 gIL); SFM = steamed-flaked corn at medium 

density (361 gIL); and SR = steamed-rolled corn (490 gIL). 

---- ---------------
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Table 5-8. Ruminal NH3~c=h=a=n~g~e~(~2~4~h~)~.~ ______________________ _ 

Time (hour) 

0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400 

FG 

16.1 18.6 19.5 13.5 19.7 16.4 14.3 12.1 14.1 12.1 15.2 17.6 

CG 

14.4 19.2 18.3 19.4 18.0 16.1 15.4 13.7 14.9 15.1 15.4 16.7 

SFL 

12.6 12.1 12.2 17.6 12.5 8.9 10.0 7.5 9.3 7.8 11.8 12.8 

SFM 

9.3 13.2 12.7 10.0 8.9 8.2 7.9 7.5 10.2 7.4 8.2 13.1 

SR 

11.4 11.0 14.1 10.0 11.2 11.2 7.5 7.3 10.1 6.0 7.1 9.1 

* Diet treatment: FG = finely ground corn (580 gIL); CG = 

coarsely ground corn (618 gIL); SFL = steamed-flaked corn at 

lower density (309 giL); SFM = steamed-flaked corn at medium 

density (361 giL); and SR = steamed-rolled corn (490 giL). 
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Table 5-9. Effect of corn processing on digestibilities of 

nutrients in total digestive tract. 

Dietl 

Item2 FG CG SFL SFM SR SEM 

OM, % 60.4 cb 56.4c 67.8 a 67.8 a 63.8b 2.2 

CP, 9.,-
0 63.2 ab 63.1 ab 68.4a 70.9 a 58.9b 3.1 

Starch, % 95.5a 89.7ab 97.0a 94.5 a 84.2b 2.8 

ADF, % 22.1 c 29. Sac 35.7ac 36.8ac 46.2 a 5.6 

NDF, % 24.2b 28.8 b 39.0ab 43.3 a 49.8a 5.1 

1 Diet treatment: FG = finely ground corn (580 giL); CG = 

coarsely ground corn (618 giL); SFL = steamed-flaked corn (309 

giL); SFM = steamed-flaked corn (361 giL); and SR = steamed-

rolled corn (490 giL). 

2 OM = organic matter; CP = crude protein; ADF = acidic 

detergent fiber; and NDF = neutral detergent fiber. 

a,b,c means not showing the same superscript in the same row, 

are different. ab p < .05; ac P<.Ol. 



CHAPTER 6 

SUMMARY AND CONCLUSIONS 

106 

Three experiments were conducted to determine effects of 

corn grain processing on lactational performance and nutrient 

utilization in lactating cows; and to evaluate the feeding 

value of Amaferm (a culture extract of Aspergillus oryzae) 

during hot summer conditions as well as interaction between 

Amaferm and degree of corn processing. Results from these 

studies are as follows: 

Lactational Performance: 

The influence of diets with different processing methods 

on the performance of cows are summarized only from 

experiments 1 and 2 because of short term treatment periods 

and cannulation stress on cows in experiment 3, in which 

nutrient digestion and ruminal fermentation were investigated. 

1) Milk yield: Diets with flaked corn at medium density 

(361 giL) resulted in the higher milk yields than other 

processing methods. This result was consistently shown in the 

experiment 1 and 2. 

2) Feed efficiency: Diets with finely-ground corn 

resulted in better efficiency of feed utilization (FCM/DMI) 

than those with corn of other processing methods because of 

--------- -
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lower OMI. Feed efficiency of diets with flaked corn at medium 

density (361 gIL) tended to be higher (P < .06) than those 

with rolled corn (490 gIL) in experiment 2 but not in 

experiment 1. 

3) Milk components: There were no significant treatment 

effects on the milk protein content in experiment 1, but in 

experiment 2, diets with flaked corn at medium density (361 

gIL) resulted in higher milk protein content than those with 

rolled corn (490 gIL). Milk protein yields were 60 and 100 gld 

higher for medium flaked than rolled corn in the respective 

experiments, with significant difference in experiment 2. Milk 

fat content was significantly lower for steam-flaked corn at 

the lower density (309 gIL) than that for steam-rolled corn, 

and tended to be lower than for coarsely-ground corn in 

experiment 1. Milk fat content for the steam-flaked corn diet 

at medium density (361 gIL) tended to be lower than the steam

rolled diet in experiment 2. Milk fat yield did not differ 

between diets containing flaked and rolled corn, but it was 

higher for cows fed the medium compared to the low density 

flake. 

Nutrient Oigesitibilities in total digestive tract: 

1) Starch: Fine-grinding and steam-flaking of corn at 

lower (309 gIL) and medium (361 gIL) densities resulted in 

----------
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greater starch digestion in the total tract than coarse

grinding and steam-rolling. 

2} Fiber: Diets with steam-rolled corn showed greater 

digestibili ties of ADF and NDF than those of the other 

processing methods. 

Ruminal fermentation: 

1} pH: Diets with finely-ground and steam-flaked corn at 

the lower (309 giL) and medium (361 giL) densities resulted in 

lower ruminal pH values than that with steam-rolled corn. 

2} NH3: Diets with corn grain processed by grinding 

(including finely-ground and coarsely-ground) resulted in 

higher ruminal ammonia concentrations than steam-flaked or 

steam-rolled diets. 

3} VFA: Diets with finely-ground and steam-flaked corn 

(309 giL) resulted in higher total VFA concentrations than 

those with steam-rolled corn. The finely-ground diet had 

higher ruminal acetate concentrations than the steam-flaked or 

steam-rolled. The steam-flaked diets resulted lower ruminal 

propionate concentrations and lower ratios of acetate to 

propionate than those with coarsely-ground or steam-rolled 

corn. 
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Amaferm: 

Addition of 3 g/d/cow did not result in any significantly 

positive effects on lactational performance, rectal 

temperatures or respiration rates of lactating cows during hot 

summer conditions. 

General conclusions: 

Previous studies showed that higher milk yields for the 

steam-flaked grains (361 giL) was associated with a greater 

amount of ruminally degradable starch (Theurer et al., 1991b; 

Moore et al., 1992; Simas et al., 1992; Oliveira et al., 1993; 

Chen et al., 1994 and 1995). It has been suggested that 

increasing ruminally degradable starch improves lactational 

performance by increasing VFA and bacterial yield (Theurer, 

1986; Oliveira et al., 1990; Poore et al., 

excessive ruminal degradation of starch 

1993). However, 

by extensive 

processing was shown to negatively affect ruminal fermentation 

and decrease milk yields (Moore et al., 1992; Chen et al., 

1995). In this study, although cows fed steam-flaked corn (361 

giL) were higher in milk yields than those receiving corn from 

other processing methods, this treatment was similar for 

ruminal pH value, total VFA concentrations and starch 

digestibilities in the total digestive tract to finely-ground 

and lower density steam-flaked corn (309 giL). Thus, it 

appears that increasing starch digestibility leads to lower 

---------
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ruminal pH, but this effect is not necessarily associated with 

changes in milk yields, at least when pH values are maintained 

at or about 6.0, as in this study. Furthermore, total VFA 

absorption from the rumen instead of VFA concentrations might 

better indicate the relative amount of dietary energy 

available for milk production. Theurer et al. (1991) reported 

that diets with steam-flaked sorghum significantly increased 

VFA absorption compared with dry-rolled sorghum. 

Higher milk protein percentages were associated with the 

increased starch availability in the rumen in many studies. It 

has been suggested that increasing starch fermentation in the 

rumen results in increased recycling of endogenous urea-N to 

the rumen and microbial protein synthesis, the latter being 

associated with greater synthesis of protein by the mammary 

gland. Whereas, increased absorption of propionic acid might 

spare amino acids from use for hepatic glucose synthesis, it 

does not seem to affect content of milk protein (Wu et al., 

1994). Previous studies showing increased milk protein from 

increased ruminal starch degradation have been reported by 

Moore et al. (1992); Oliveira et al. (1993); Poore et al. 

(1993) Theurer et al. (1991); and Chen et al. (1994), but not 

by Dhiman (1995), Joy (1993), Varela et al. (1993), or 

Placencia and Zinn (1995). In this study, a positive effect on 

milk protein content was shown in experiment 2, but not 
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experiment 1. These contrasting results may be associated with 

the physiological status of cows such as DIM or milk yield. 

Average milk yield was higher for cows in experiment 2 (39.2 

kg/d) than in experiment 1 (35.3 kg/d). Average DIM were 

longer for cows in experiment 1 (160 d) than 2 (92 d). 

However, the mechanism for the effect of grain processing on 

milk protein content is not completely understood. 

Digestibilities ADF and NDF were consistently higher for 

steam-rolled corn than for the other processing methods, which 

may be associated with a lower starch digestion and higher 

ruminal pH. 

In conclusion, processing of corn grain by steam-flaking 

to an optimum density (361 giL in this study) resulted in 

better lactational performance than processing by other 

methods. However, it should not be ignored that diets with 

finely-ground corn resulted in better efficiency of feed 

utilization, particularly when applied to the practical 

feeding condition. Profits are always a major consideration 

when deciding the best method for processing grain. 

----- ------
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