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Twenty four multiparous and twelve primiparous Holstein 

cows were assigned at calving to four treatments in a 2X2 

factorial design. Factors were: 1) grain processing:dry 

rolled sorghum (D) vs. steam flaked sorghum (S) ; 2) rumen 

inert fat: supplemented (F) vs. non supplemented (C). The F 

diets were supplemented at 2.5% of dry matter (DM) as Ca-

soaps. The S diets increased (Pc.02) milk production 12%, 

while F diets decreased (Pc.28) milk 5%, due to a 16% decrease 

(P<.01) in feed intake. However, F diets increased (P<.01) 

efficiency of feed utilization 15%, partially sustained by 

greater (P<.08) body weight losses. The DF diet decreased 

milk protein 0.21% compared to the DC diet, but the S diets 

had similar milk protein content regardless of fat 

supplementation. Milk protein yields were higher (P<.01) for 

S diets. The S diets decreased (P<.03) milk fat percentages 

but yields were not affected. The S diets had higher (P<.01) 

digestibilities for DM, CP, GE, and starch than D diets. 

Digestibilities of CP and GE were higher (P<.05) for F than C 

diets. Steam flaked sorghum grain maintained milk protein 

percent in lactation diets supplemented with Ca-Soaps of fatty 

acids. 
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CHAPTER 1 

INTRODUCTION 

After calving the cow's appetite is depressed, and it is 

not until after the peak of lactation that intakes are 

maximized. During this period the cow is in negative energy 

balance and mobilizes body tissues to supply high energy 

demands for milk production. In an effort to compensate for 

the energy deficit more grain is often included in the ration 

and the ratio roughage:concentrate is decreased; however, this 

can have a negative effect on the rumen microbial population. 

Feeding of fat to increase total energy intake by increasing 

energy density of the diets is becoming a common practice 

among dairy farmers. Added fat has been shown to improve 

lactation performance; however, depressions in milk protein 

concentration have been reported (Palmquist and Jenkins, 1980; 

DePeters et al., 1989). Post ruminal supply of amino acids 

has been shown to alleviate milk protein depression in fat 

supplemented diets (Chow et al., 1990; Canale et al., 1990; 

Cant et al., 1991). 

Studies conducted at the University of Arizona have shown 

higher milk protein percentages and yields by increasing 

ruminal starch degradation through steam flaking of sorghum 

grain, compared to dry-rolled sorghum (Oliveira, 1991; Poore, 
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1990; Theurer et al.,1991). 

The objective of this study was to determine effects of 

steam flaked sorghum grain in lactation diets containing added 

fat on milk protein content and yield in lactating dairy cows. 
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LITERATURE REVIEW 

FAT IN LACTATION DIETS 

Fat supplementation to lactating cows is becoming a 

routine practice for many dairy farmers. Peak energy intake 

lags behind peak energy output in early lactation; and, as a 

consequence, cows are in a negative energy balance. Negative 

energy balances can result in lower lactation persistency, 

poorer reproduction efficiency, and higher incidence of 

ketosis due to excessive body fat mobilization. 

Lactating cows often are fed large amounts of high starch 

grains to increase ration energy density in an attempt to meet 

heavy energy demands. However, the amount of grain that can 

be fed is limited because cows require minimum amount of fiber 

for rumination and maintenance of proper rumen function. 

Fat supplementation can be used to increase the energy 

density of diets for milking cows and generally has a 

beneficial effect on production. Effects on rumen 

fermentation often determine the level and type of fat that 

will be fed. A stable rumen environment is necessary to 

maximize intake, fiber and N utilization, and fat should not 

inhibit microbial protein synthesis. Feeding systems have 

been developed using supplemental fat in lactating cows diets 
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to increase energy intake with no negative effect on rumen 

function (Palmquist, 1988). 

Lipid metabolism in the rumen 

In diets without supplemental fat, fatty acid content 

rarely exceeds 2.5-3% of DM. According to Howke and Silcock, 

(1969), fatty acids occur in feeds as esterified 

triacylglycerols, galactolipids, and phospholipids, and are 

hydrolyzed rapidly in the rumen by lipolytic bacteria. Upon 

release from the glyceride fatty acids in the rumen become 

associated with feed particles and unsaturated fatty acids can 

be biohydrogenated. However, saturation is normally not 

complete and a variety of fatty acids result from incomplete 

biohydrogenation. Biohydrogenation of unsaturated fatty acids 

is dependent upon a free carboxyl group, so lipolysis as the 

initial step is obligatory. 

Kepler et al. (1966) showed in Butyrivibrio fibrisolvens 

that biohydrogenation is a multi-step process. Kemp et al. 

(1975) and Sachan and Davis (1969) identified several other 

microorganisms, which biohydrogenate a variety of unsaturated 

fatty acids to isomers in the rumen. In polyunsaturated fatty 

acids with A9,12 or A9,12,15 unsaturation, the first step forms a 

conjugated cis-trans double bond mediated by a A1z-cis,A11-

trans isomerase. Subsequent hydrogenation occurs at the 9-cis 

double bond. Hydrogenation of the A11-trans double bond is 



12 

apparently rate-limiting (Palmquist and Jenkins, 1980). The 

predominant end products of biohydrogenation in the rumen are: 

stearic(80%) and A11-trans octodecanoic acids(12%) 

(Bickerstaffe et al., 1972). 

When fats of relatively high saturation such as tallow 

are fed to ruminants, the scenario changes very little. 

Similarly, when unsaturated oils are fed in whole seeds, 

release of the oil, hydrolysis of the triglyceride and 

biohydrogenation of fatty acids remain in reasonable balance. 

However, when free unsaturated oils are fed, lipolysis 

releases unsaturated fatty acids at a rapid rate. As a 

result: 1) the capacity to biohydrogenate unsaturated fatty 

acids is exceeded; unsaturated intermediate (trans A11-18:1) 

fatty acid accumulates; 2) concentrations of free, unsaturated 

fatty acids which are toxic to gram-positive bacteria,(which 

include most of the cellulolytic and methanogenic bacteria) 

increases. Similarly, protozoa in the rumen are killed. This 

toxicity reduces fiber digestion and the acetate:propionate 

ratio in the rumen, thus lowering milk fat percentage. 

Effects of fat on fiber digestion 

Most data support an the inhibitory effect of fat on 

fiber digestion. Ward et al. (1957) showed that addition of 

fat to ruminant diets depressed fiber digestibility. 

Henderson, (1973) and Maczulak, (1979) demonstrated that fatty 
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acids inhibit rumen bacteria in pure culture. Unsaturated 

fats are more toxic to rumen microbes than saturated 

(Galbraith and Miller, 1973; Henderson, 1973; and Maczulak, 

1979). 

Depression in fiber digestibility due to feeding fat can 

be reversed by addition of metal cations. El Hag and Miller 

(1972) , showed digestibility of cellulose and hemicellulose in 

malt distiller's grains was improved by addition of calcium 

chloride to diets. The high lipid content of malt distiller's 

grain caused the initial reduction of fiber digestibility. 

Palmquist and Jenkins (1982), reported that divalent cations 

react with fatty acids to form of insoluble soaps, that are 

not inhibitory to rumen microbiota. Digestibilities of 

dietary fiber improved as Ca-soaps replaced corn oil in 

substrates incubated in vitro for 24 hours (Palmquist and 

Jenkins, 1982). 

Most whole or processed oilseeds can be fed to ruminants 

because the oil is released slowly enough for biohydrogenation 

to occur (Steele et al., 1971; Steele, 1984). However, free 

vegetable oils should not be used, because of their negative 

effects on rumen fermentation. Knapp and Grummer(1990) fed 

4.9% of the DM as fat from roasted soybeans to lactating cows 

and noted no adverse effect on rumen pH, VFA or in situ forage 

DM disappearance. In a trial conducted by Scott et al., 

(1990) there were no differences in rumen pH or in situ forage 
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DM and NDF disappearance in cows fed .82 kg per day of fat 

from raw, roasted or extruded soybeans. Moreover, there were 

no adverse effects on rumen VFA from feeding fat at .32 kg per 

cow per day (1.6% DM) from extruded (Schingoethe et al., 1988) 

or raw (Perry and Macleod, 1968) soybeans. Feeding fat at 

3.4-4.0% of ration DM from raw whole cottonseed or soybeans or 

the free oil of each source increased molar percentage 

propionate and reduced acetate:propionate ratios. Adverse 

effects were more pronounced for free oil than the whole seeds 

(Mohamed et al., 1988). Story et al., (1973) fed tallow to 

cows at 6% of the ration DM and found little influence on 

rumen VFA. Tallow or an animal-vegetable fat blend fed at up 

to 5% of ration DM had little influence on rumen VFA 

(Palmquist and Conrad, 1980). Feeding an animal-vegetable 

blend fat at 1.7 kg per cow per day (8.4% of ration DM) 

increased molar percentage propionate and reduced 

acetate:propionate ratios compared to a ration containing 0 or 

2.5% of the animal-vegetable blend (Palmquist and Conrad, 

1978). Adverse effects of whole oilseeds and tallow on rumen 

pH, VFA or fiber digestion are minimal in lactating dairy 

cows, probably because the slow release of the fat from whole 

oilseeds and the relatively saturated fatty acid profile of 

tallow, make them somewhat ruminally inert. 
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Rumen Inert Fats 

Ruminally inert fats are those that do not inhibit 

metabolism of protozoa or gram-positive bacteria. Several 

ruminally inert fat sources are commercially available for use 

in ruminant diets. However the principle by which they are 

ruminal inert is quite variable. Megalac (Church and Dwight 

Co.) is comprised of Ca-salts of fatty acids of palm oil and 

is insoluble in the rumen. In Booster Fat (Balanced Energy 

Co.) sodium alginate encapsulation is used to achieve 

ruminally inert properties. Fatty acids from various 

hydrolyzed fats make up Alifet (Alifet USA) , Carolac (Carolina 

By-products), Dairy 80 (Morgan Mfg) and Energy Booster (Milk 

Specialties Co.). These products are highly saturated, which 

increases ruminal inertness. 

Schauff and Clark, (1990) fed 1.4 kg of Megalac per cow 

per day (7.2% of DM) and showed no adverse effect on rumen pH 

or VFA. Grummer, (1988) and Scauff and Clark, (1989) added 

Megalac at 3% and Energy Booster at 3.5-5.0% of ration DM to 

diets for dairy cows without adversely affecting rumen pH or 

VFA. Further, there was no influence of Megalac or Energy 

Booster on in situ DM or fiber disappearance. Palmquist et 

al., (1989) fed fat at .68 kg per cow per day (4.3% of DM) 

from Megalac, Alifet, Energy Booster, Booster Fat or an 

animal-vegetable blend and showed no adverse effect on rumen 

VFA. 
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Intestinal Digestion of Fat 

Fatty acids associate with feed particles in the rumen 

and become saturated through microbial biohydrogenation. In 

the acidic duodenum, they dissociate from feed particles by 

the detergent action of bile salts. Lysolecithin and oleic 

acid formed by the action of pancreatic phospholipase on 

ruminal and bile phospholipids are also important in 

solubilization of fatty acids. 

Borsting and Weisbjerg, (1989) suggested that bile salts 

did not limit absorption of fat in high fat diets. Grummer et 

al. (1987) showed increased digestibilities of triglycerides 

in the presence of lecithin infused into the intestine. 

Chilliard et al., (1991) demonstrated no effect on fat 

absorption of adding .6% lecithin to 1.5 kg/d of rapeseed oil 

infused duodenally in dairy cows. In those studies, true 

digestibility of ingested plus infused fatty acids linearly. 

Palmquist, (1991) compared digestibility of several commercial 

fats and found a curvilinear relationship, with digestibility 

decreasing with increased intake. 

Degree of saturation influences postruminal fatty acid 

digestibility. F.A. digestibilities were reduced from 98 to 

34% when soybean oil (12% saturated) was compared to 

hydrogenated tallow (96% saturated) in sheep (MacLeod and 

Buchanan-Smith, 1972) . Apparent digestibility of fatty acids 

was reduced from 68 to 47% when yellow grease (43% saturated) 
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was compared to hydrogenated yellow grease (99% saturated) in 

lactating cows (Jenkins and Jenny, 1989) . Steele and Moore, 

(1968) showed a decrease in digestibility of saturated fatty 

acids as chain length increased, suggesting an influence of 

melting point. Similar fat digestibilities were observed for 

Megalac (57% saturated; 4% stearic and 35% oleic) and Energy 

Booster (86% saturated; 35% stearic and 13% oleic) (Grummer, 

1988). Palmquist et al., (1989) reported similar fatty acid 

digestibilities for Alifet, Booster Fat, Energy Booster, 

Megalac and animal-vegetable blend. In summary, in the small 

intestine unsaturated fatty acids are more digestible than 

saturated fatty acids, shorter chain fatty acids are more 

digestible than longer chain and digestion tends to be higher 

when supplementation in moderate. 

Fat supplementation and lactation performance 

Fat supplementation increases energy density of diets. 

It also allows optimization of the forage: concentrate ratio 

without compromising energy density of diets. The beneficial 

effects of fat supplementation are particularly useful when 

cows are in negative energy balance. 

Palmquist and Jenkins, (1980) reported studies conducted 

by Maynard, Loosli and associates from late 1920*s to mid 

1940's in which a consistently greater response on milk 

production (2 to 10%) was shown for cows fed concentrates 
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which provided 4 to 7% fat than for controls fed 1 to 3% fat. 

Palmquist and Conrad, (1978) reported that when ether extract 

of diets was increased from 3 to 6% there was an increase in 

FCM yield of 7 to 15%. Danish workers (Danfaer, 1981; 

Ostergard et al., 1981) developed two curvilinear functions 

describing the relationship between dietary fat and milk 

yield, which showed that response to fat was greater for cows 

in early (1-12 wk) than later (11-27 wk) lactation, and that 

maximal response was reached at higher fat intakes. 

High amounts of dietary fat in early lactation may not 

always be beneficial (Palmquist, 1991). In studies by 

(Ruegsgger and Schultz, 1985; Driver et al., 1990; Jerred et 

al., 1990), milk yield of cows supplemented with fat lagged 

behind that of controls. However, peak and total milk yields 

usually favored fat supplemented cows. Jarred et al., (1990) 

documented that the lag was associated with lower DM intakes, 

even though energy intakes were equal. Baysingar et al. 

(1989) showed that cows fed basal ration containing 15% whole 

cottonseed responded to additional fat (450 g/d poultry fat) 

after 80 DIM. Milk yield of fat supplemented cows less than 

40 DIM was 10% lower than controls. Moreover, a yield 

response occurred only in cows producing more than 36 kg/d. 

The negative response of cows in early lactation may be caused 

by reduced intake of DM and/or essential nutrients associated 

with an inability to metabolize large amounts of fatty acids. 
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Data from several studies summarized by Shaver(1991) 

shows that fat supplementation from different sources improves 

lactation performance. The average response to feeding fat at 

about .68 kg/d (3-3.5% of DM) from whole cottonseed (WCS) in 

four trials (Smith et al., 1981; DePeters et al., 1985; 

Palmquist, 1987; Horner et al., 1986) was + .23 kg/d for milk 

and +1.31 kg/d in FCM when compared to control diets. When 

fat was supplemented at .54 kg per cow per day (2.5-3% of DM) 

from roasted SB, average response in five trials (Ruegsegger 

and Schultz,1985; Driver et al., 1990; Voss et al., 1988; 

Faldet,1989; Knapp and Grummer, 1990) was +1.9 kg/d in milk and 

+1.86 kg/d in FCM compared to control diets. The average 

response to feeding yellow grease at about .81 kg per cow per 

day (3.5% of DM) in two trials (DePeters et al., 1987; 

DePeters et al., 1989) was +4.35 kg/d in milk and +3.72 kg/d 

in FCM. 

Feeding tallow at .45 kg per cow per day (2-3% of DM) the 

first 100 days of lactation increased FCM 1.18 kg/d. Average 

response for four trials (Wrenn et al., 1978; Banks et al., 

1976; Storry et al., 1973; Clapperton and Steele, 1983) to 

feeding tallow at 4 to 5% of ration DM was +1.72 kg/d in milk 

and +1.95 kg/d in FCM compared to control diets. Average milk 

yield response to feeding animal-vegetable blends at 2.5% of 

ration DM was +1.9 kg compared to controls (Heinrich et al., 

1981; Palmquist and Conrad, 1978). Feeding fat at 2 to 3% of 
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ration DM from Megalac increased milk yield and FCM an average 

of 1.4 kg/d and 1.8 kg/d, respectively (Canale et al., 1990; 

Schneider et al., 1988; Robb and Chalupa, 1987; Ferguson et 

al., 1988; Klusmeyer et al., 1989; Erikson et al., 1989; 

Schauff and Clark, 1990; Grummer, 1988; Schauff and Clark, 

1989). 

Average response (Grummer, 1988; Schauff and Clark, 

1989;Skaar et al., 1989) to feeding fat at 2.5-5% of ration DM 

from Energy Booster was +.77 kg/d for milk and .59 kg/d for 

FCM compared to control diets. Addition of .36 kg/d of fat 

from Megalac to a diet containing .45 kg of fat from WCS 

increased FCM 1.63 kg (Downer et al., 1987). However, 

addition of .23 kg/d of fat from Megalac to a diet containing 

.68 kg of fat from WCS did not affect milk yield (Kent and 

Arambel, 1988). 

Palmquist, (1991) challenges the concept that fat 

supplementation is only valuable during the energy deficit 

period of early lactation. Ferguson et al., (1988) fed .45 

kg/d of Ca-Soaps for 150 days and showed that persistency of 

milk production was improved both during the feeding trial and 

throughout the entire lactation. Compared to controls 

multiparous cows produced 2.5 kg/d more FCM after removal of 

fat from diets. Schneider et al., (1988) reported a 2.4 kg/d 

increase in FCM when Megalac was added to the diets at .4 kg/d 

for 100 to 135 days. Robb and Chalupa, (1987) fed .4 kg/d of 
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Megalac for 150 days and found a 3 kg/d increase in FCM. 

Jerred et al., (1990) reported a 1.31 kg/d increase in 

FCM when prilled fat was fed at 5% of ration DM from 5 to 100 

DIM; but cows fed supplemental fat did not respond until WK 6, 

and actually produced less milk during the first 3 WK of 

lactation than cows fed no supplemental fat. Cows 

supplemented with fat produced 2 kg/d more FCM during the 

latter weeks of the trial than cows that were not 

supplemented. A delay in response to fat supplementation was 

also reported by Ruegsegger and Schultz, (1985); Mattias 

(1982) and Hoffman et al., (1990). Palmquist, (1991) 

suggested that if excess dietary fat is provided during rapid 

adipose tissue mobilization, the cow must decrease feed intake 

to regulate plasma fatty acid concentrations which limit 

intake of other nutrients . 

Schneider et al., (1988) reported that multiparous cows 

showed greater response in milk production than primiparous 

cows (2.76 vs 1.63 kg/d) when .4 kg/d of Megalac was added to 

diets. Robb and Chalupa, (1987) fed Megalac at .4 kg/d and 

showed higher FCM responses for multiparous than for 

primiparous cows (3.6 vs 1.27 kg/d). Pitcher et al., (1991) 

showed that response of primiparous cows to supplemental Ca-

soaps was less than for older cows. Hence, if supplemental 

fat is used, response in primiparous cows might be expected to 

be less than in multiparous. 



2 2  

Effects on milk composition 

Milk Fat 

Unsaturated oils have been shown to reduce milk fat 

percentage due to interference with rumen metabolism and fiber 

digestion (Palmquist and Jenkins, 1980), while whole 

oilseeds, tallow, animal-vegetable blend, and inert fats may 

actually increase milk fat content. Palmquist, (1991) 

summarized 50 studies and reported that when fat feeding 

management was optimal, a positive relationship of .172 milk 

fat percentage units per .45 kg of supplemented fat was found. 

King et al., (1990) reported an increase of .33% of milk fat 

per kg of hydrogenated fatty acid supplemented to cows on 

pasture. Feeding Ca-soaps at .45 kg per cow per day increased 

milk fat percent .05 in eight university trials and .066 in 

seven field trials (Church and Dwight Ltd Co. Research 

Summary,1988). Palmquist, (1991) reported that in cellular 

studies conducted by Hansen and Knudsen (1987), palmitic acid 

stimulated synthesis and incorporation of fatty acids into 

milk fat by promoting initiation of FA esterification; whereas 

oleic acid inhibited synthesis of all FA except butyric. The 

increase in trans 18:1 absorption, either from diet or ruminal 

synthesis, may inhibit mammary synthesis of short chain fatty 

acids (FA) in milk (Seiner and Schultz, 1980; Banks et al., 

1984, 1990? Teter et at., 1990). Bauman and Davis, (1974) 

reported that increasing mammary uptake of long chain FA from 
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the diet inhibits de novo synthesis of short chain FA in the 

mammary tissue and that the long chain FA of the synthesized 

milk fat are changed by mammary tissue in their composition. 

On a low fat diet milk fat will have high a 16:0 content from 

de novo synthesis of FA. Most supplemental fats are high in 

18-carbon FA, which are biohydrogenated in the rumen and are 

absorbed as stearic acid, which is partially desaturated to 

oleic acid which replaces part of the 16:0 FA in the 

intestinal and mammary tissues. The content of long chain FA 

in milk fat reflects the relative amounts of 16:0 and 18-

carbon FA in the diet (Palmquist,1991). 

Milk Protein 

High fat diets have been associated with decreased milk 

protein concentration. Wu and Huber (1991), reviewed and 

summarized results of 39 trials reported from 1970 to 1991. 

In these studies, fat content of the control diets was about 

2%, while in most of the supplemented diets fat concentration 

was from 5 to 8%. A high frequency of lowered milk protein 

percentage was found when cows were fed with added fat. In 

most cases the decrease in milk protein concentration was 7 to 

8%. The depression effect and magnitude of the depression was 

similar for all fats. The depression in concentration of milk 

protein caused by supplemental fat was more pronounced in mid 

than in early lactation and in multiparous than in primiparous 
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cows. Casein, which comprises 77 to 81% of total milk N, is 

the major protein fraction depressed by dietary fat. Casein 

content of milk is highly important in cheese production. 

The mechanism by which dietary fat affects milk protein 

is not well understood. It has been hypothesized that protein 

absorption may be decreased due to decreased ruminal protein 

synthesis; fat induced insulin resistance which may affect 

mammary amino acid uptake (Palmquist and Moser, 1981); fat 

might induced a somatotropin deficiency (Casper and 

Schingoethe, 1989); altered mammary blood flow with reduced 

uptake of amino acids (DePeters and Palmquist , 1990); and 

altered mammary metabolism (Cant et al., 1991). 

Milk protein content can be increased by raising the 

plasma concentrations of amino acids. Cant et al.,(1991) 

infused casein (400 g/d of Na caseinate) into the rumen or 

abomasum of mid lactation heifers fed low (2%) or high fat 

(5%) diets. Milk protein was 2.96% for the high fat and 

ruminal infusion treatment, compared with 3.09% for low fat 

and ruminal infusion. Abomasal infusion in cows fed high fat 

diets increased milk protein to 3.04%. Chow et al. (1990) 

added 0 or 55 g/d of ruminally protected lysine and methionine 

to diets containing 0 or 3.9% of added fat. Milk N was 

decreased by added fat from .466 to .449%, but it was restored 

to control values by added lysine and methionine. The 

addition of amino acids to the diets without added fat did 
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not change milk N percentage, suggesting that the amino acids 

were limiting for milk protein synthesis when cows were fed 

high fat diets. Canale et al., (1990) reported that the 

addition of ruminally protected lysine and methionine to high 

fat diets maintained milk protein percentages. DePeters and 

Palmquist (1990) , added 2.9% fat and used 3.5% of fish meal as 

an alternative protein source in a corn silage-alfalfa hay 

based diet for lactating cows. Milk protein percentage was 

lowered by added fat, while fish meal appeared to have a 

positive effect. Fish meal increased profiles and amounts of 

intestinal amino acids that might have helped in maintaining 

normal milk protein concentrations. All the experiments 

discussed above employed latin square designs: hence, 

lactation performance was evaluated only in short term trials 

with limited cow numbers. In summary the use of high quality 

rumen undegradable protein or increasing the supply of amino 

acids which are potentially limiting for milk protein 

synthesis appears to alleviate the decrease in milk protein 

concentrations associated with high fat diets. 



26 

STARCH UTILIZATION BY LACTATING DAIRY COWS 

Starch represents about 70 to 80 % of the DM in most 

cereal grains. The livestock industry depends heavily upon 

cereal grains as major sources of energy and protein. The 

structure and composition of cereal starch and its 

interactions with proteins play a major role in the 

digestibility of starch by ruminants (Rooney and Pflugfelder, 

1986). 

Starch exists as highly organized granules, in which 

amylopectin and amylose molecules are held together by 

hydrogen bonding. Amylose is a linear polymer of d-glucose 

units linked by alpha-1,4 glycosidic bonds. The proportion of 

amylose in starch ranges from 0 to 80% depending on the plant 

species and genetic variation within species. Amylopectin is 

a much larger, branched polymer and is the most abundant 

component of normal starches. It consists of linear chains of 

alpha-1,4 linked units of glucose with alpha-1,6 branched 

points every 20 to 25 glucose residues and comprises 70 to 80% 

of most cereal starches. Starch granules are pseudo-crystals 

that have organized(crystalline) and non-organized(amorphous) 

regions. Amylopectin, is primarily crystalline and is 

resistent to water entry and enzyme attack. The amorphous 

region (gel phase) of starch which is rich in amylose and less 

dense than the crystalline area through which water moves 

freely. Amylase attack on starch granules begins in the 
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amorphous region, while hydrolysis of crystalline regions 

occurs more slowly (Rooney and Pflugfelder, 1986). 

Degradability of starch is affected by the ratio of 

amylose to amylopectin. The greater the amylose fraction the 

lower the starch digestibility. No clear explanation has been 

found for this, but it may be related to an amylose-

restrictive role in granule swelling and enzymatic hydrolysis 

(Rooney and Pflugfelder, 1986). 

Other factors which affect starch utilization by animals 

are protein bodies and the protein matrix. Electron 

microscopic studies have revealed the presence of protein 

bodies contained in the mature endosperm of cereal grains 

(Rooney et al., 1983). Those present in corn and sorghum are 

of low degradability, retarding enzymatic hydrolysis of starch 

due to tight packing of starch granules and protein bodies 

(Delfino, 1986). Starch granules are built on protein 

matrices that surround the endosperm of all grains. The 

nature of these matrices affects the digestibility of the 

attached starch. Digestibility of sorghum and corn protein 

matrices is lower than wheat, barley, and oats (Sniffen, 

1980), indicating an important role of protein digestibility 

in sorghum feeding value. Although sorghum is fed primarily 

for its energy from starch, the endosperm protein matrix must 

be disrupted if the nutritive potential of sorghum is to be 

realized. 
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Grain Processing 

Holmes et al.f (1970) demonstrated that starch 

degradability of sorghum improved only after the protein 

matrix was destroyed. Grinding and dry-rolling results in 

little improvement in sorghum because the protein matrix and 

protein bodies are left intact. Disrupting and exposure of 

starch granule for digestion is facilitated by heat, moisture 

and pressure. McNeill et al., (1971) compared different 

methods of processing sorghum and concluded that any method 

that disrupts the protein matrix increases starch utilization. 

Starch granules undergo gelatinization when sufficient 

energy is applied to break the intramolecular hydrogen bonds 

in crystalline areas. During gelatinization, the starch 

granules absorb water, swell, exude part of the amylose, and 

became more susceptible to enzyme degradation. Gelatinization 

starts in the amorphous areas, but penetration of heat and 

moisture into the crystalline regions occurs more slowly. It 

is a synergistic process, in that the stress generated by 

swelling of the amorphus areas aid in disrupting the 

crystallites . 

Heat, moisture, and mechanical action are all used in 

combination to process starchy materials. Steam-flaking 

involves movement of water and heat into the kernel, causing 

swelling of starch. Rolling the hot, moist grain tears apart 

some of the swollen granules, forming a paste that binds the 
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material into a strong flake. Hence, the surface area and 

enzyme susceptibility of the starch are greatly increased by 

steam flaking. 

Starch Digestion 

The major site of starch digestion of sorghum grain is 

the rumen. Grain processing affects the extent of starch 

digestion at all sites of the digestive tract. In a review by 

Theurer (1986), the average ruminal starch degradation of dry-

rolled and steam flaked sorghum for beef cattle was 57 and 

76%, respectively; and for total tract was 91 and 98%. Starch 

escaping ruminal degradation averaged 43 and 24%. Studies 

conducted at the University of Arizona (Poore, 1990 and 

Oliveira, 1991) determined that sorghum grain processing 

affects ruminal and intestinal digestion of starch by 

lactating dairy cows. Data pooled by Theurer (1991) showed 

that average ruminal starch degradability was 54 and 78% for 

dry-rolled and steam flaked sorghum, respectively? intestinal 

digestibility was 62 and 68% and total tract digestibility, 84 

and 98%. Also, there was less starch digested in the 

intestines for the steam flaked diets (1.3 vs. 2.0 kg/d). 

Amounts of starch digested in the rumen and total tract were 

higher for the steam flaked than dry rolled diets (3.6 vs 5.0 

kg/d) and (5.7 vs 6.4 kg/d). 

Although the rumen is the major site of starch digestion, 
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Orskov (1986) argues that with barley diets, the capacity of 

the rumen in mature animals to ferment starch when the rumen 

pH is optimal exceeds the metabolic capacity of the animal to 

utilize the resulting VFA. 

Cameron (1991) suggests that losses during starch 

fermentation in the rumen, problems of maintaining an 

appropriate rumen pH, and the problem of high propionate 

absorption for dairy cows, might mean that increasing ruminal 

starch degradation in dairy cows is not advantageous. 

Increased starch digestion in the small intestine is 

theoretically beneficial to ruminants (Waldo, 1973; Orskov, 

1986; Owens et al., 1986); but according to these authors, 

limits of amylase action and glucose absorption place a 

ceiling on starch digestion in the small intestine. Owens et 

al.(1986) discussed factors that limit intestinal starch 

digestion. These were: 1) limited activity of amylase, 

maltase or isomaltase due to inadequate enzyme production, an 

improper pH or the presence of enzyme inhibitors (Karr et al., 

1966; Clary et al., 1969; Van Ellen et al., 1978; Russel et 

al., 1981); 2) limited absorption of released glucose from the 

small intestine (Ridges and Singleton, 1962; White et al., 

1971); 3) insufficient time for complete starch hydrolysis and 

4) inadequate access of enzymes to starch granules due to 

insolubility or impermeability of the starch granule (Moe et 

al., 1973; Moe and Tyrrell, 1977). All these factors were 
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discussed and Owens concluded that, although limits to 

digestion and absorption from small intestine can be 

demonstrated by infusing starch and glucose into the duodenum, 

enzymatic capacity did not limit intestinal starch digestion 

since no plateau in amount of starch disappearing from small 

intestine was detected with typical diets. However, the 

extent of starch digestion was incomplete and grain processing 

increased the extent of starch digested in rumen and small 

intestine. 

Starch fermentation in the large intestine results in 

production and absorption of VFA's. Starch fermentation in the 

cecum results in synthesis of microbial protein from N in the 

digesta and entrance into the large intestine from the blood 

of increased amounts of urea N. The microbial N is excreted 

in the feces resulting in a reduction in the urinary N. This 

leads to the a reduction in the apparent digestibility of 

dietary N (Orskov, 1986). Hence, fermentation of large 

amounts of starch in the large intestine is usually 

undesirable. 

Lactational performance 

Effect of site of starch digestion on lactational 

performance is a major indicator as to whether or not 

manipulating site of starch digestion is useful. The 

influence of site of starch digestion on milk production in 
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dairy cows has not been adequately defined (Theurer, 1991). 

Sorghum grain has not been extensively used in commercial 

dairies because producers have generally felt that performance 

of cows on high sorghum diets was inferior to that of cows fed 

corn or barley (Theurer, 1992). Also, if the sorghum grain is 

flaked, it can reduce milk fat content, which still is in same 

regions the base for the pricing of milk. 

Theurer(1991) summarized data from four trials with 

lactating cows conducted at the University of Arizona to 

determine the effect of sorghum grain processing on 

lactational performance of Holstein cows. These trials 

compared steam flaking (330 to 390 g/1) to dry-rolling of 

sorghum grain and are summarized as follows: Poore, (1990) 

fed dry-rolled or steam flaked sorghum and showed that steam 

flaking increased (P<.05) total starch digestibility, milk and 

milk protein yields but it decreased milk fat percentage 

without altering milk fat production. Moore et al., (1990) 

fed dry-rolled and steam flaked sorghum (390 and 290 g/1) and 

found that steam flaking improved (P<.05) starch digestibility 

and milk and milk protein yields. Oliveira, (1991) fed steam-

rolled corn, dry-rolled sorghum, steam flaked sorghum (360 

g/1) and a mixture 50:50 dry-rolled and steam flaked sorghum. 

Dry-rolled sorghum had the lowest starch digestibility, 

whereas steam flaked sorghum the highest. Milk protein 

percent and yield were higher (Pc.05) for steam flaked vs. 
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dry-rolled sorghum. Theurer et al., (1991) fed either dry-

rolled or steam flaked sorghum at 43 and 35% of diets DM and 

demonstrated increased starch digestibility and milk and milk 

protein production from flaking. Benefits were greater for 

the high grain diets. Milk fat yield increased with flaking, 

eventhough percentage milk fat was decreased. The NEL for 

steam flaked sorghum grain was estimated to increase 20% when 

compared to dry-rolled sorghum. 

To summarize these studies, steam flaking of sorghum 

increased milk production (8 to 10%) and milk protein yield 

(10 to 16%) compared to the dry-rolled form. Flaking of 

sorghum grain depressed milk fat percentages, but due to 

higher milk production, milk fat yield was not altered and NEL 

for steam flaked sorghum was increased 20%. Steam flaked 

sorghum grain increased digestible starch intake 12% and 

efficiency of production 7%. 

Theurer, (1991) also summarized data from 2 metabolic 

studies (Poore, 1990; Oliveira, 1991) conducted at the 

University of Arizona and concluded that steam flaking of 

sorghum grain increases total tract starch digestibility (95% 

vs. 76%), and thus increases total digestible starch intake 

about 25%. steam flaking vs. dry-rolling of sorghum also 

results in a greater proportion of the starch being degraded 

in the rumen (78% vs 54%) and less total starch being digested 

in the small intestine (1.3 vs 2.0 kg/d) . The 25% or more 
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increase in ruminally degraded starch by flaking results in 

about an 8% more NEL (Theurer, 1991) . Total non ammonia crude 

protein reaching small intestine is increased about 12% (3.4 

vs. 3.8 kg/d) by flaking sorghum grain. Most of the increased 

protein flow to small intestine is bacterial protein, which 

increased about 25% (2.4 vs. 1.9 kg/d) with steam flaked vs. 

dry-rolled sorghum. 

SUMMARY 

Fat supplementation has shown beneficial effects on milk 

production, but milk protein percentage, primarily the casein 

fraction which is the most important N component for cheese 

production, has been decreased. Stimulation of fermentation 

through steam flaking of sorghum grain increases milk protein 

content perhaps by improving the serum AA profile due to 

greater microbial protein synthesis, or by sparing AA from 

gluconeogenesis due to more propionic acid production. It is 

hypothesized that the depression in milk protein content 

consistently observed when fat is supplemented might be 

alleviated by feeding steam flaked sorghum. 
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INFLUENCE OF STARCH DEGRADABILITY IN SORGHUM GRAIN ON 

LACTATIONAL PERFORMANCE IN HIGH PRODUCING COWS FED FAT 

SUPPLEMENTED DIETS 

SUMMARY 

A lactation trial was conducted to determine the effect 

of sorghum grain processing on milk production and composition 

in fat supplemented diets. Twenty four multiparous and twelve 

primiparous Holstein cows (5 to 96 DIM) were used in 2X2 

factorial arrangement of treatments. Factors were: grain 

source in diets as dry-rolled (D) or steam flaked (S) 

sorghum; with (F) and without (C) supplementation of 2.5 % of 

DM as fat. Added fat increased ether extract from 4.5 to 6.8% 

of diet DM. Milk yield determined for 91 d increased 12% for 

the steam flaked (P<.02) compared to the dry-rolled sorghum. 

Fat supplementation tended to decrease (P<.28) milk yield due 

to a 16% decrease in DMI (P<.003). Compared to C, F increased 

(P<.01) FCM/DMI by 15%. Higher efficiencies for fat 

supplemented diets were partially due to greater body weight 

losses (P<.08). Milk protein was .21% lower for DF than for 

DC but there was no significant decrease for SF compared to 

SC or DC. Protein yield was higher (P<.01) for the S than C 

diets. Milk fat percentage decreased (Pc.03) for S diets, but 
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fat yield was not affected. The S diets had higher 

digestibilities (P<.01) for DM, CP, GE , and starch than C 

diets. Digestibilities in F diets were higher (P<.05) for CP 

and GE, tended (P<.1) to be higher for DM, and NDF was not 

altered compared to C diets. 

INTRODUCTION 

Early lactation cows undergo a negative energy balance 

due to low feed intakes relative to the high energy demand for 

milk production. Feeding supplemental inert fat to dairy cows 

is a way to increase total energy intake in early lactation 

without disturbing rumen fermentation (Palmquist, 1988). 

Added fat has increased milk production, but depressed milk 

protein concentration (Palmquist and Jenkins, 1980; DePeters 

et al., 1989). Recent work at the University of Arizona 

(Theurer, 1991) has shown increased milk protein percentage, 

higher protein yields and greater efficiency of milk 

production by increasing ruminal starch degradation (50 

vs.85%) through steam flaking sorghum (grain weight 320 g/1) , 

compared to dry-rolled sorghum (568 g/1). The objective of 

this study was to determine the effects of sorghum grain 

processing on milk protein content and yield in fat 

supplemented diets for dairy cows during the first 13 weeks of 

lactation. 
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MATERIAL AND METHODS 

Twenty four multiparous and twelve primiparous Holstein 

cows from the research herd of the University of Arizona were 

used in a complete randomized block design with a 2x2 

factorial arrangement of treatments, with factors being: 1) 

grain processing: dry-rolled (D) vs. steam flaked (S) sorghum; 

2) supplemental fat: with (F) and without (C) added fat. 

Treatments were from 5 to 96 DIM. Allotment to treatment was 

based on average daily milk production from the previous 

lactation for multiparous cows and DHIA breeding index for 

primiparous cows. To obtain dry rolled sorghum, the grain was 

passed through a roller mill with rolls adjusted to obtain a 

coarse grind (569 g/1). For the steam flaked sorghum, the 

grain was steamed for 40-50 minutes and then flaked to a 

density of 320 g/1. Supplemental fat was Ca-soaps of long 

chain FA with the trade name of Megalac (Church and Dwight 

Co., Inc. Princeton, NJ) , Megalac contains 84% fatty acids and 

16% Ca. Diets not supplemented with fat contained a medium 

level of ether extract (4.5%) because of addition of 10% whole 

cottonseed. Fat diets were supplemented with 2.5% of the fat 

supplement, which increased ether extract from 4.5 to 6.8% of 

DM. 

Cows were fed ad l ib i tum in electronically controlled gates 

(American Calan, Inc. Northwood, NH). Diets were offered once 
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daily as a TMR with amounts adjusted daily to 10% in excess of 

appetite, and orts were weighed daily. Cows were weighed on 

two consecutive days at the beginning and end of the trial and 

once a week during treatment. Body condition was scored 

weekly according to the 1 to 5 scoring system developed by 

Wildman et al. (1982). Cows were milked twice daily at 0700 

and 1900 h and milk yields were recorded daily. Individual 

milk samples were collected for two consecutive milkings (am 

and pm) once weekly and analyzed for fat, protein, lactose and 

SNF by infrared procedures at the Arizona DHIA laboratory. 

Diets offered were sampled weekly and samples were composited 

for the entire experiment. Samples of orts for individual 

cows were also collected weekly and composited for the 13 

weeks of treatment. 

Samples of feed and orts samples were analyzed for DM and 

organic matter (OM) according to AOAC (1980) , for CP with a C-

N-S analyzer (model 1500, Carlo Erba Instr., Italy), for 

starch by the method of Poore et al., (1990), and for NDF 

according to Robertson and Van Soest (1977) using alpha-

Amylase (type XI-B from Bacillus sp., Code A3051, Sigma 

Chemical Co., St. Louis MO) as described by Poore et al., 

(1990). Gross energy content of samples was determined using 

an automatic adiabatic bomb calorimeter (model 1241, Parr 

Instruments Co., Moline, II) and a calorimeter controller 

(model 1710, Parr Instrument Co., Moline, II). 
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Blood was sampled from the coccygeal vein of each cow on 

weeks seven and thirteen in evacuated tubes containing Na-

oxalate. Samples were centrifuged at 2000xg for ten minutes 

and plasma was frozen at -5 C. Glucose was measured in plasma 

by the glucose oxidase method in an ASCI analyzer (model 27 

glucose analyzes, ASCI Inc., Yellow Spring, OH). 

Data were analyzed by the GLM procedure of the SAS program 

(1985) using the following statistical model: 

Yijk=M+Pi+Fj+(PF)ij+Bk+Eijk 

M=overall mean 

P̂ grain processing effect 

Fj=fat supplementation effect 

PFf j=interaction between Pf and Fj 

Bk=Blocking effect 

E?jk=random error 

For all the cows on trial, 0.1% Cr203 was added to the 

diets for 14 d of treatment. For the last 5 days, orts were 

sampled daily and grab fecal samples were taken just after the 

am and pm milkings. Fecal samples were frozen at -10 C, and 

later thawed and dried at 55 C for chemical analyses. Samples 

of feed, orts and feces for the digestion trial were analyzed 

similarly to the lactation trial for DM, OM, CP, NDF, starch 

and GE. Analysis of Cr203 in feed, feces and orts was 

according to the method of Fenton and Fenton (1979). Actual 

intake of Cr203 and nutrients was adjusted for the amounts 
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determined in orts. Digestibilities of nutrients were 

calculated from ratios of concentrations of Cr203 in feed and 

feces. Digestibility data were statistically analyzed for 

treatment effects according to the preceding statistical 

model. 

RESULTS 

The CP content of diets (Table 2) was not different, 

however, the values were higher than expected due to 

ammoniation of the whole cottonseed. Starch values for F 

diets were lower because fat was added to replace sorghum 

grain. Fat supplementation increased calculated ether extract 

and NEL values. Contents of NDF (analyzed) and ADF 

(calculated) were according to NRC (1989) recommendations. 

None of the interactions were significant, so only main 

effects will be mentioned. DMI was lower for F (P<.01) 

compared to C (22.4 vs. 18.7 kg/d? Table 3). Intake of DM as 

a percent of body weight was also depressed (P<.02) by fat 

supplementation. Total starch intake was also lower for F 

than C (P<. 01) , and cows fed S diets had higher starch 

(P<.01) and digestible energy intakes (P<.01) than those fed 

D diets. Digestible energy intakes were numerically (P<.15) 

lower for F than C diets. 

Steam flaked sorghum increased milk (P<.02) and FCM 

(P<. 13) yields (Table 3) an average of 4.0 and 2.2 kg/d 
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respectively. Fat supplementation numerically decreased milk 

production (Pc.27), probably because of the decreased intakes. 

Efficiency of feed utilization was significantly higher 

(P<.01) for the F than C diets (Table 3), in that DMI was 

about 20% lower for the F than C, but milk yield was only 5% 

lower. 

Fat supplementation numerically increased milk fat 

percentage (P<.25), but yields of fat were not different from 

the cows fed C diets (Table 4) due to lower milk production 

for F diets. The F diets tended to decrease milk protein 

percentages (pc.14) and yields (Pc.l). The depression in milk 

protein production was partially due to the numerically lower 

milk production on the F than C diets. 

Steam flaked sorghum decreased milk fat percentages 

(P<.03) but, did not affect fat yield due to the higher milk 

production on S than D diets. Milk protein percentages and 

yields were increased by .14% and .35 kg/d, respectively for 

cows fed S compared to D diets. Percent lactose and SNF in 

milk were not affected by dietary fat supplementation. Grain 

processing did not affect lactose percentage, however cows fed 

S diets tended to be higher (P<.09) than D cows in SNF 

percentages. 

Cows fed F diets lost (P<.08) more body weight (Table 5) 

during treatment than those fed C diets. The greater BW 

losses might partially explain the higher efficiencies of feed 
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utilization for the C than F cows. The S diets tended (P<.13) 

to increase body weight of cows and significantly increased 

(P<.02) body condition scores changes (BCSC). There was no 

effect of fat on BCS changes. 

Apparent digestibilities of S compared to D diets (Table 

6) were higher (P<.01) for DM, CP, GE and starch (Table 6); 

percentage differences for the main effects (S vs. D), were 

17, 9, 17 and 24 of the respective measures. There was no 

effect of S on NDF apparent digestibility. However, 

digestibility of NDF was lower for SC than DC and higher for 

SF than DF, but the interaction effect was not significant 

(P>.1). 

The F diets tended to be higher in apparent DM 

digestibilities (P<.09); and digestibilities of CP and GE 

were increased on the F compared to C diets (P<.05 and P<.02 

respectively). Fat addition did not affect apparent 

digestibilities of starch and NDF. 

On week 7 cows fed S diets had higher (Pc.01) plasma 

glucose levels than those fed D diets and fat supplementation 

decreased (P<.03) plasma glucose when compared to C diets 

(Table 7) . There was no grain processing or fat 

supplementation effect on plasma glucose for week 13. 
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DISCUSSION 

Palmquist, (1991), suggested that when supplemental fat 

is provided during rapid adipose tissue mobilization, such as 

occurs during early lactation, feed intake will decrease as a 

compensatory action in the regulation of plasma free fatty 

acids. This might explain the lower DMI on the F diets. 

Grummer et al., (1990) compared effects of different fat 

sources on intake and showed that cows beyond 100 DIM consumed 

a greater percentage (P<.05) of their DM as fat than those 

less than 100 DIM. Following an adaptation period, DM intake 

on Megalac was lower (P<.002) than for other rumen inert fat 

sources suggesting that Megalac is more inhibitory on DMI than 

other fats. Gagliostro and Chilliard, (1991) showed a DMI 

depression when oil was infused into the duodenum suggesting 

that depressed intakes with added fat are not totally due to 

a ruminal or a taste effect. 

In this study cows fed F diets had lower DMI which caused 

lower total starch and DE intakes; so, in order to maintain 

milk production, body tissue was mobilized to support the 

higher efficiencies and milk yield was not decreased 

significantly. 

Previous studies in our laboratory (Poore, 1990); Moore 

et al., 1990; Theurer et al., 1991; and Oliveira, 1991) 

reported higher efficiencies of feed utilization for the steam 

flaked sorghum than dry rolled sorghum. The present study did 
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not confirm these results; since FCM/DMI was numerically 

higher for SC, but lower on the SF. Moreover, the above 

mentioned reports did not show differences in DMI between dry 

rolled sorghum (DRS) or steam flaked sorghum (SFS); whereas, 

cows fed SFS in this study consumed about 8% more DM than 

those fed DRS (Pc.18). The reason for the numerically higher 

intakes for the S diets might be related to higher DM 

digestibilities and protection of the rumen environment by the 

use of buffers despite more ruminally available starch and 

decreased milk fat. Moreover it was observed that orts of 

cows fed the D diets contained more grain than orts of cows 

fed S diets; which suggests that cows fed DRS selected a 

larger proportion of hay and less grain. This effect is 

reflected in the significantly higher starch intakes for the 

S diets, while DMI was not significantly increased (P<.18). 

Similar to other findings, Poore (1990) and Theurer et 

al., (1991) reported that SFS increased milk and milk protein 

yields and decreased milk fat percentage compared to DRS; 

however, yield of milk fat was not affected. These yield 

increases are probably due to the 17% higher gross energy 

intakes on the S than D diets. 

The higher digestible energy intake (Herbein et al., 

1978) or more starch degraded in the rumen (Reynolds et al., 

1988), the greater will be the ruminal production of 

propionate, and its consequent absorption and conversion to 
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glucose in the liver. Previous studies in our laboratory 

(Poore, 1990; and Oliveira, 1991) showed a 25% increase in 

molar concentrations of ruminal propionate for cows fed SFS 

compared to DRS. 

Propionic acid has been shown to be the main substrate 

for gluconeogenesis in the liver, so more glucose might had 

been available to the mammary gland when highly degradable 

starch was fed. Glucose is the main precursor for lactose 

synthesis in the mammary gland, which is the most important 

osmotic regulator controlling milk volume. Hence, if more 

glucose is available from gluconeogenesis of propionate, there 

should result in an increase in milk production. Wu and Huber 

(1991) , propose that this was the primary mechanism to explain 

the higher milk production on the S than D diets. 

The higher milk protein yield for the S than D diets was 

due both to higher milk yields and increased protein 

percentages. A higher ruminal propionate production may have 

contributed to the higher protein percent in milk by sparing 

amino acids from gluconeogenesis which would be available for 

mammary synthesis of protein. Also, stimulation of rumen 

fermentation by steam flaking of sorghum increases microbial 

CP reaching small intestine, which would be available for 

absorption and transfer to milk (Oliveira, 1991; Poore, 1990) . 

Overcoming the depression in milk protein generally 

observed with feeding supplemental fat by feeding SFS compared 
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to DRS might be explained by increased absorption of ruminal 

propionate and greater synthesis of ruminal microbial protein. 

In both situations, the plasma amino acid profile would be 

improved. In studies by Cant et al., (1991); Canale et al., 

(1990); and Chow et al., (1990), milk protein depression on 

fat supplemented diets was partially alleviated by raising 

serum amino acid profiles through abomasal infusion of casein 

or feeding ruminal protected Lys and Met. 

Milk fat percentages were lower for S than D diets, 

probably because of a lowered acetate to propionate ratio 

despite the addition of NaHC03 and MgO (Poore, 1990; Oliveira, 

1991). The higher milk yield for S than D diets prevented a 

decrease in milk fat yield. The F diets had numerically 

higher milk fat percentages than C diets, probably due to 

incorporation of dietary lipids into milk fat, which is 

frequently observed in fat supplemented diets (Palmquist, 

1991). The similar fat yields for F and C diets was because 

of the numerically lower milk yield on F diets. 

The higher DM digestibilities (Table 6) for the S than D 

diets was mostly due to the greater ruminal starch digestion. 

The higher CP digestibilities for the S than D diets might 

have been because lesser amounts of starch reached the cecum 

and colon, resulting in a decrease in endogenous N being drawn 

into the lumen of the lower tract for synthesis of microbial 

protein which is excreted in the feces. Oliveira, (1991) 
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reported significantly higher pH values in the feces of cows 

feed SFS compared to DRS, indicating a reduction in 

fermentation in the lower digestive tract. 

Starch digestibilities were about 27% higher for the S 

than D diets, which is consistent with previous studies 

(Poore, 1990; Oliveira, 1991; Theurer et al., 1991). Because 

of the higher starch digestibilities, GE digestibilities were 

also higher for S than D diets, and less energy as starch was 

excreted in the feces. 

No significant decrease was observed on S compared to D 

diets for NDF digestibilities; however, values were quite low 

(43%) for all diets. The lack of decrease in NDF 

digestibilities for the SF compared to SC diet was probably 

due to a lower starch intake on SF. Even though starch on 

this diet was more degradable in the rumen; the amount, was 

probably not sufficient to depress NDF digestibilities. Also, 

diets were buffered which may have helped maintain a more 

stable rumen environment and allowed for normal fiber 

digestion. 

Added fat increased GE and CP digestibilities and tended 

to increase DM digestibility probably due to a slower passage 

rate and lower intakes. There was no effect of supplemental 

fat on NDF digestibilities, suggesting the efficacy of the 

rumen inertness of Megalac. Even though DMI intakes were 

significantly lower for F diets, DE intakes were only 
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numerically decreased (P<.15), reflecting a high digestibility 

for the energy consumed as fat. 

For the S diets, probably more propionate was being 

produced, absorbed, and converted to glucose, which might have 

increased plasma glucose concentration on week 7. Fat 

supplementation has shown no effect on plasma glucose (Smith 

et al., 1981; Palmquist and Conrad, 1978; Gagliostro and 

Chiliard, 1991; and Palmquist and Moser, 1981). In our study, 

on week 7 glucose was reduced by fat supplementation, probably 

because fat was added to diets replacing sorghum grain, 

reducing availability of glucose precursors. 
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Table 1 - Ingredient composition of diets. 

Diets1 

Ingredient, % of DM DC and SC DF and SF 

Sorghum grain2 40.0 36.5 
Soybean meal 7.5 8.5 
Megalac 2.5 
Alfalfa hay 34.0 34.0 
Whole cottonseed 10.0 10.0 
Cottonseed hulls 3.0 3.0 
Molasses, dried 1.5 1.5 
Urea 0.6 0.6 
Minerals and vitamins3 2.0 2.0 
Buffer4 1.4 1.4 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 

2 - Processed as dry-rolled or steam flaked 

3 - CaC03, .66%; Biophos, .78%; Trace mineralized salt, .35%; 
Vit. A & D, .21% 

4 - NaHC03, 1%; MgO, .4% 
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Table 2 - Nutrient composition of diets. 

Diets1 

Nutrient, % DM DC SC DF SF 

Dry Matter 90 .2 89 .4 89 .8 89. 3 
Organic Matter 90 .4 88 .3 90 .6 89. 4 
Starch 27 .3 27 .6 21 .8 25. 3 
Crude Protein 20 .9 20 .6 20 .6 20. 6 
ADF1 20 .7 20 .7 20 .1 20. 1 
NDF 34 .4 31 .8 30 .2 30. 1 
NEL, Mcal/kg2 1 .  62 1 .  62 1. 74 1.74 
Ether extract2 4 .5 4 .5 6 .8 6. 8 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 

2 - Calculated from NRC (1989) 
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Table 3 - Effect of sorghum grain processing (P) and fat 
supplementation (F) on intakes, milk yield and efficiency of 
feed utilization. 

Diet1 (p<) 

Item DC SC DF SF SEM P F PXF 

Intake 
DM, kg/d 21.6 23.1 17.8 19.5 1.12 . 18 .01 .90 
% of BW 3.5 3.6 2.9 3.1 .02 .57 .02 .83 
DE, Mcal/d2 55.8 70.1 51.4 64.6 3.32 .01 .15 .87 
Starch, kg/d 5.6 6.8 3.1 4.6 .36 .01 .01 .63 

Milk, kg/d 34.3 39.3 33.4 36.5 1.63 .02 .27 .56 
FCM, kg/d3 31.6 34.5 31.2 32.8 1.42 .13 .48 .63 

FCM/DMI4 1.45 1.51 1.76 1.67 .09 .86 .01 .41 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 

2 - Digestible energy intake 
3 - 3.5% Fat corrected milk 
4 - kg FCM/kg DMI 
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Table 4 - Effect of sorghum grain processing (P) and fat 
supplementation (F) on milk composition. 

Diet (p<) 

Item DC SC DF SF SEM ~~P F PXF 

Fat, % 3 .16 2. 91 3.23 3. 05 .09 .03 .25 .75 
kg/d 1 .05 1. 1 1.05 1. 07 .05 .51 .78 .76 

Protein, % 2 .93° 3. 00a 2.79b 2. 99° .05 .01 .14 .22 
kg/d .98 1. 17 .91 1. 07 .05 .01 . 1 .78 

Lactose, % 4 .97 4. 88 4.92 5. 01 .06 .94 .49 .14 
SNF, % 9 .08 9. 2 8.91 9. 25 .13 .09 .63 .43 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 

a b - different (p<.06) 
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Table 5 - Effect of sorghum grain processing (P) and fat 
supplementation (F) on body weight and condition score 
changes. 

Diet1 (p<) 

Item DC SC DF SF SEM P F PXF 

DBWC2, kg/d 0 .16 -.2 -.02 .11 .13 .08 .92 
BCSC3 -.17 .08 -.19 -.03 .09 .02 .42 .63 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 

2 - Daily body weight changes 
3 - Body condition score changes 
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Table 6 - Effect of sorghum grain processing (P) and fat 
supplementation (F) on total tract apparent digestibilities of 
nutrients and gross energy. 

Diet1 (p<) 

Item DC SC DF SF SEM P F PXF 

Dry matter 55. 8 64. 9 59. 1 68. 6 1. 98 .01 .09 .90 
Org. matter 58. 3 68. 2 61. 5 72. 4 1. 84 .01 .06 .79 
C. Protein 63. 2 68. 7 65. 6 73. 2 1. 67 .01 .05 .52 
G. Energy 56. 2 66. 4 60. 8 70. 5 1. 83 .01 .02 .89 
Starch 76. 9 97. 5 79. 5 96. 9 2. 34 .01 .68 .52 
NDF 43. 5 40. 2 41. 0 46. 0 3. 73 .83 .67 .28 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 
Same diets as in lactation trial 
Digestibilities corrected for orts 
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Table 7 - Effect of sorghum grain processing (P) and fat 
supplementation (F) on blood glucose concentration. 

Diet1 (p<) 

Item ~DC SC DF SF SEM ~~P F PXF 

Blood Glucose 
mg/dl 

Week 7 68.4 77.1 66.1 71.4 1.74 .01 .03 .30 
Week 13 68.3 65.8 68.8 69.3 1.99 .63 .32 .46 

1 - DC: Dry rolled sorghum, no supplemental fat; SC: steam 
flaked sorghum, no supplemental fat. 
DF: Dry rolled sorghum, supplemental fat; SF: steam 
flaked sorghum, supplemental fat. 
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SUMMARY AND CONCLUSIONS 

An experiment was conducted to evaluate the influence of 

sorghum grain processing on milk production and composition in 

fat supplemented diets. Fat supplementation decreased (P<.01) 

DMI and affected several production parameters. Milk 

production decreased and cows lost more body weight when fed 

supplemental fat; however they had higher efficiencies of feed 

utilization. Added fat decreased milk protein percentage when 

sorghum was dry-rolled but not in cows fed steam flaked 

sorghum. Digestibilities: NDF and starch were not affected by 

fat, but those of DM, OM, CP and GE were increased. In 

agreement with previous studies in our laboratory, steam 

flaking of sorghum grain, increased milk, FCM and milk protein 

yields compared to dry-rolled grain. Percentages of protein 

and SNF in milk were also increased by steam flaking. 

Digestibilities of DM, OM, CP, GE, and starch but not NDF were 

increased by steam flaking compared to dry-rolling of sorghum. 

In conclusion, steam flaking of sorghum grain alleviated 

the milk protein depression observed in fat supplemented 

diets. 
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Appendix - Table A - Individual cow averages (91 days) for 
milk production (Milk), Fat corrected milk (FCM), dry matter 
intake (DMI), efficiency of feed utilization (FCM/DMI), daily 
body weight changes (BWC) and body condition score changes. 

cow# Fat1 Grain2 Block Milk FCM DMI FCM/DMI BWC BCSC 
kg/d kg/d kg/d kg/d 

6519 C DR 1 26.5 24.5 15.5 1.58 -0.73 -0.75 
52 C SF 1 45.9 39.4 20.3 1.94 -0.34 -0.25 
3959 F DR 1 40.7 39.2 22.9 1.72 -1.07 -0.25 
5239 F SF 1 38.8 34.8 19.5 1.78 -0.11 -0.50 
1111 C DR 2 37.3 33.3 23.9 1.39 -0.14 -0.25 
207 C SF 2 34.5 32.8 23.9 1.37 -0.11 0.25 
103 F DR 2 37.9 38.8 20.9 1.86 -0.87 -0.75 
169 F SF 2 35.0 31.9 16.5 1.94 -0.07 0.25 
313 C DR 3 46.5 42.4 25.6 1.66 -0.22 -0.50 
1151 C SF 3 43.7 40.6 27.9 1.45 0.10 0.00 
1197 F DR 3 36.9 33.5 16.4 2.04 -0.40 -0.25 
1159 F SF 3 47.1 41.8 20.5 2.04 -0.70 -0.25 
367 C DR 4 45.1 41.7 27.8 1.50 -0.11 -0.50 
320 C SF 4 40.4 37.9 27.3 1.39 0.00 -0.25 
252 F DR 4 41.8 36.9 14.4 2.57 -0.83 -0.75 
376 F SF 4 46.6 41.8 24.1 1.73 -0.17 0.00 
1200 C DR 5 40.1 37.8 20.8 1.82 -0.35 0.00 
1237 C SF 5 47.9 37.1 28.9 1.28 0.32 0.25 
264 F DR 5 37.5 33.5 18.6 1.80 -0.00 -0.50 
1248 F SF 5 38.3 34.4 21.3 1.62 -0.07 -0.25 
1229 C DR 6 34.9 34.6 22.9 1.51 0.28 0.00 
239 C SF 6 48.3 40.5 25.1 1.61 0.77 0.25 
1246 F DR 6 35.9 34.5 17.8 1.94 -0.13 -0.25 
1231 F SF 6 41.7 37.2 25.7 1.45 -0.13 0.00 
422 C DR 7 27.9 24.4 17.8 1.37 -0.05 0.25 
430 C SF 7 36.5 30.9 18.9 1.63 -0.06 0.00 
424 F DR 7 18.4 16.7 13.7 1.21 0.57 0.25 
1282 F SF 7 23.4 22.1 15.1 1.46 0.37 0.00 
1296 C DR 8 26.7 24.6 21.4 1.15 0.62 0.00 
435 C SF 8 25.9 22.8 16.2 1.40 0.51 0.50 
1300 F DR 8 25.1 22.6 15.4 1.47 0.51 0.50 
407 F SF 8 34.8 31.6 18.0 1.76 0.44 0.25 
1292 C DR 9 23.2 20.8 19.1 1.09 0.71 0.25 
441 C SF 9 30.3 28.4 18.8 1.51 0.21 0.00 
446 F DR 9 26.4 25.2 20.5 1.23 0.51 0.25 
1288 F SF 9 22.6 19.3 15.1 1.28 0.20 0.25 

1 - C : fat supplemented; F: fat not supplemented 
- DRrdry rolled sorghum; SF: steam flaked sorghum 
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Appendix - Table B - Individual cow averages (13 weeks) for 
milk protein percentage (P%), milk protein production (Pkg/d), 
milk fat percentage (F%), milk fat production (Fkg/d) , lactose 
(Lac%) and solid non fat (SNF%) percentages. 

cow# Fat1 GrainzBlock P% Pkg/d F% Fkg/d Lac% SNF% 
6519 c DR 1 2.85 0.74 3.29 0.83 4.62 8.51 
52 c SF 1 2.89 1.32 2.74 1.23 4.74 8.72 
3959 F DR 1 2.73 1.11 3.40 1.35 4.93 8.83 
5239 F SF 1 3.02 1.16 2.99 1.13 4.99 9.35 
1111 C DR 2 2.90 1.07 3.01 1.08 4.87 9.12 
207 C SF 2 3.22 1.13 3.23 1.11 4.96 9.31 
103 F DR 2 3.02 1.12 3.82 1.40 4.76 9.44 
169 F SF 2 2.78 0.98 3.29 1.06 5.12 8.99 
313 C DR 3 2.73 1.27 3.06 1.39 4.85 9.26 
1151 C SF 3 3.07 1.32 3.14 1.35 4.72 8.96 
1197 F DR 3 2.71 0.99 3.07 1.11 4.74 8.78 
1159 F SF 3 2.85 1.34 2.86 1.33 5.19 8.91 
367 C DR 4 3.13 1.40 3.19 1.39 5.23 9.69 
320 C SF 4 2.98 1.19 3.23 1.28 4.59 9.45 
252 F DR 4 2.38 1.04 2.70 1.17 4.68 7.93 
376 F SF 4 3.07 1.44 2.96 1.34 4.63 9.20 
1200 C DR 5 2.88 1.05 3.13 1.26 4.88 8.27 
1237 C SF 5 2.95 1.40 2.22 1.03 4.62 9.39 
264 F DR 5 2.80 1.04 2.91 1.07 5.12 8.44 
1248 F SF 5 3.03 1.16 2.99 1.12 5.03 9.63 
1229 C DR 6 2.97 1.04 3.58 1.22 5.00 9.10 
239 C SF 6 2.91 1.36 2.76 1.25 5.01 9.02 
1246 F DR 6 2.69 0.95 3.36 1.19 4.93 9.12 
1231 F SF 6 2.92 1.20 2.98 1.21 4.96 9.23 
422 C DR 7 2.87 0.78 3.00 0.79 5.06 9.34 
430 C SF 7 2.94 1.06 2.76 0.96 5.13 9.38 
424 F DR 7 3.04 0.53 3.26 0.56 5.09 9.69 
1282 F SF 7 3.30 0.74 3.41 0.77 5.05 9.81 
1296 C DR 8 3.07 0.80 3.15 0.82 5.11 9.19 
435 C SF 8 3.02 0.77 2.95 0.73 5.05 9.33 
1300 F DR 8 2.75 0.66 3.22 0.75 5.03 8.88 
407 F SF 8 2.99 1.00 3.24 1.06 5.10 9.20 
1292 C DR 9 2.99 0.68 3.03 0.68 5.07 9.23 
441 C SF 9 3.06 0.97 3.25 0.96 5.15 9.28 
446 F DR 9 2.97 0.78 3.39 0.87 5.00 9.09 
1288 F SF 9 2.95 0.65 2.76 0.61 5. 00 8.89 

1 - C : fat supplemented; F: fat not supplemented 
' - DRidry rolled sorghum; SF: steam flaked sorghum 
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Appendix - Table C - Individual cow averages for apparent 
total tract digestibilities for dry matter (DM), organic 
matter (OM), crude protein (CP), neutral detergent fiber 
(NDF), starch (Stch) and gross energy (GE) 

cow# Fat1 Grain2 Block DM% OM% CP% NDF% Stch% GE% 

6519 C DR 1 63.0 65.3 68.6 44.7 91.7 62.2 
52 C SF 1 66.9 69.5 70.1 45.5 97.5 67.7 
3959 F DR 1 66.4 67.9 69.8 47.8 86.7 66.4 
5239 F SF 1 79.8 82.3 83.8 67.4 98.4 81.7 
1111 C DR 2 63.8 66.1 67.9 57.1 86.5 64.3 
207 C SF 2 69.6 72.7 72.9 50.2 98. 0 71.2 
103 F DR 2 60.4 62.2 64.2 49.6 70.4 62.2 
169 F SF 2 66.5 70.4 69.4 44.2 95.8 67.8 
313 C DR 3 55.9 57.7 65.0 42.1 73.6 56.0 
1151 C SF 3 68.3 71.4 72.0 46.4 97.7 69.6 
1197 F DR 3 56.0 58.5 61.7 31.0 77.0 58.0 
1159 F SF 3 65.3 69.3 73.1 35.4 96.9 67.8 
367 C DR 4 53.7 56.1 64.4 33.7 62.6 54.8 
320 C SF 4 63.1 66.0 67.1 30.9 97.4 64.3 
252 F DR 4 80.6 81.2 82.3 71.9 93.6 80.5 
376 F SF 4 67.1 70.5 72.5 38.2 97.4 67.9 
1200 C DR 5 55.9 57.9 59.0 42.7 81.8 54.5 
1237 C SF 5 63.8 68.2 69.6 33.9 97.4 65.6 
264 F DR 5 47.9 52.1 60.6 17. 6 83.4 52.9 
1248 F SF 5 67.1 71.1 70.1 45.7 95.7 69.7 
1229 C DR 6 56.6 59.8 65.2 49.5 76.1 58.2 
239 C SF 6 65.4 68.9 71.1 43.2 97.8 68.6 
1246 F DR 6 54.8 58.0 62.4 31.9 81.4 57.2 
1231 F SF 6 66.4 70.2 70.4 43.9 96.9 68.9 
422 C DR 7 49.5 52.7 54.3 35.0 80.7 49.9 
430 C SF 7 61.8 65.3 68.3 29.9 97.8 64.9 
424 F DR 7 62.8 65.2 70.1 49.9 83.4 63.7 
1282 F SF 7 69.2 73.3 74.7 47.2 98.1 71.8 
1296 C DR 8 55.3 57.5 63.8 44.9 81.6 55.0 
435 C SF 8 62.5 64.6 59.4 42.3 96.6 61.4 
1300 F DR 8 51.5 53.6 57.1 36.1 66.3 53.6 
407 F SF 8 61.7 66.7 66.9 29. 6 96.0 64.1 
1292 C DR 9 48.6 51.3 60.7 41.9 58.0 50.4 
441 C SF 9 63.2 67.1 67.8 39.5 97.7 64.1 
446 F DR 9 51.2 54.7 61.6 32.9 73.1 52.3 
1288 F SF 9 74.1 77.8 77.9 61.9 97.2 75.2 

1 - C:fat supplemented; F:fat not supplemented 
2 - DR:dry rolled sorghum; SF:steam flaked sorghum 
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