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ABSTRACT 

Ruminal and postruminal starch and organic matter 

digestibilities were determined in a 3x3 latin square 

design digestion trial. Six abomasally-fistulated steers 

(average weight 437 kg) were fed diets containing 83.1% 

barley, 79.6% corn and 81.1% sorghum grain. Chromium oxide 

was added to the diets at .2% as an indicator to determine 

digestibilities of the three grains by the ratio technique. 

Each trial included a 6-day total fecal collection and 

abomasal sampling (12 hr intervals advanced 2 hr daily). 

Corn and sorghum grain diets contained more starch (56.8 and 

57.3 vs 51.2%) compared to the barley diet. There were no 

differences (P > .05) in organic matter intake, organic 

matter intake based on metabolic body weight, percent ruminal 

organic matter digestion or the amounts of organic matter 
r 

entering the duodenum among the three grains. Postruminal 

organic matter digestion was higher (P < .05) for the corn 

diet compared to the sorghum grain and barley diets. Total 

daily starch intake and daily starch intake based on meta

bolic body wieight were similar among diets. Ruminal, post

ruminal and total starch digestibilities were greater . 

viii 



(P < .05) for the barley and corn diets compared to the 

sorghum grain diet. Thus, more sorghum grain starch escaped 

rumen degradation and was digested in the small intestine 

than corn or barley starch. 



CHAPTER 1 

INTRODUCTION 

The ruminant animal occupies a unique position in 

livestock production primarily because of it's relationship 

with the microorganisms of the reticulorumen. The fermenta

tion of B-linked polysaccharides produce substrates that can 

be used by the host animal. Nitrogen from non-protein 

nitrogen can be used in the construction of microbial cells. 

The ruminant animal can also utilize and convert into human 

food materials that cannot be directly consumed by humans. 

The ruminant animal is primarily a roughage consumer. 

This is especially true in the developing and underdeveloped 

countries of the world. Efforts to increase the efficiency 

of ruminants in the industrialized world has resulted in in

creased usage of concentrates in the diet. The main sources 

of concentrates are the cereal' grains. These grains are rich 

in starch (which provides more readily available energy com

pared to roughage diets) and are the least expensive source 

of energy for diets in the United States. 

The extent of starch digestion by the ruminant is 

greatly influenced by rumen microbial fermentation with sub

sequent production of volatile fatty acids and to a lesser 

extent by intestinal enzymatic starch digestion with the 

1 
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production of glucose (which should be a more efficient way 

of utilizing the starch). 

Improvement of any aspect of ruminant efficiency may 

help eliminate dependence of livestock on any specific manage

ment regimen and thus help reduce the deterioration of range 

lands and improve nutritional status in the underdeveloped 

world. 

The objectives of this study were to determine ruminal 

and postruminal digestion of starch from barley, corn and 

sorghum grain by beef steers. 



CHAPTER 2 

LITERATURE REVIEW 

Starch Digestion by Ruminants 

Early experiments in the area of starch utilization 

by ruminants were triggered by the desire of researchers to 

develop a feed to be used as a milk replace for early weaned 

calves. Attempts were made to determine the capability of 

calves to digest starch in the intestine (Kartchner, 1972): 

Dollar and Portter (1957), Siddon, Smith, Henschel, Hill and 

Porter (1969) and Larsen, Stoddard, Jacobson and Allen 

(1956) reported that young ruminants can utilize maltose and 

glucose postruminally, but the digestion of starch post-

ruminally occurs in very small amounts. 

Wright, Grainger and Marco (1966) using wethers fed 

high concentrate rations found that the small intestine was 

able to rapidly degrade starch and maltose. Starch is a 

material of great nutritional and industrial importance. 

There is a great deal of information about starch; however, 

there are still many problems that remain to be solved with 

regards to maximum starch utilization by ruminants. 

Starch is present in most green plants as small 

granules in leaves, stems, roots, fruits and seeds 

(Badenhinzer, 1969). Starch is usually considered as a food 

3 
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reserve for future plant use. The major component of cereal 

grains is starch and it also constitutes most of the nitrogen 

free extract (NFE) of the grains. Barley, corn and sorghum 

grain contain 74, 81 and 80% nitrogen free extract (N.R.C. 

1971) respectively. Because starch is the predominant source 

of energy in high concentrate rations, the widespread use of 

grains has created the need for more information on how it is 

utilized by ruminants (Karr, Littleand Mitchell, 1966). 

Cereal grain starches are composed of glucose units 

(approximately 25% amyloses and 75% amylopectins). Amyloses 

are linged by a - 1, 4 bonds while amylopectins have a - 1, 

6 linkages which causes branching in the starch molecule 

(French, 1973). 

Starch solubility prevents isolation, purification 

and nutritional challenges for researchers. Starch oligosc-

charides, maltose and maltotriose are very soluble in water, 

however, the physical state of the starch chain can vary a 

great deal including non hydroscopic tendencies (French, 

1960). As the starch chain elongates from 70 to 150 glucose 

units, it becomes difficult to dissolve without chemical 

agents like sodium hydroxide (NaoH). The solubility of starch 

can also be enhanced by the introduction of a few branch 

points as in amylopectin or glycogen and thus, disrupting 

the regularity of the amylose chains (French, 1973). 
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Several rumen microorganism are capable of cleaving 

the al, 6 bonds of amylopectins. After cleaving the al, 

6 linkages, the short linear chains are then converted 

to linear oligosaccharides by amylases (Whelan, 1971). 

Phillipson and McAnally (1942) outline the fate of starch 

consumed by ruminants as follows: (1) Subjected to bacterial 

fermentation in the rumen 'and cecum, (2) ingestion by the 

rumen protozoa and (3) bypass into the abomasum where it is 

digested as in nonruminant animals. 

Ruminant starch digestion appears to be influenced 

by the degree of adaptation to a given diet which influences 

rumen microflora and small intestinal enzymes (McAllan and 

Smith, 1974). 

In an experiment conducted by Karr et al. (1966), 

steers were fed four rations containing 20, 40, 60 and 80% 

corn. Starch digestion in the rumen was shown to be 64.2, 

72.6, 67.2 and 63.0% for the 20, 40, 60 and 80% corn rations, 

respectively. Digestibility of starch in the small intestine 

was 92.7, 85.4, 78.3 and 64.8 while the large intestine 

showed digestibilities of 53.8, 78.5, 76.3 and 82.7%, re

spectively for the rations increasing in corn. The results 

indicated that as the level of starch increases in the diet, 

the percent starch digested in the rumen decreases, and post-

ruminal starch digestion becomes more significant. 
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Tucker, Mitchell and Little (1968) fed lambs 908 g 

per day of rations containing 20, 40, 60 and 80% corn for 14 

days in order to determine ruminal and postruminal starch di

gestion. The apparent digestion coefficient for starch in 

all four rations averaged 74.2% and did not differ with corn 

level. Increasing the dietary starch significantly (P < .05) 

increased the amount of starch presented to the small in

testine (42.2 vs. 83.4% in the 20 and 80% corn rations). 

These findings concurred with those of Karr et al. (1966) 

and the conclusion that digestion of starch may be inadequate 

in the small intestine for optimum utilization. 

Pancreatic amylase is largely responsible for starch 

hydrolysis in the small intestine of most species. The 

relative concentration of amylase in the bovine pancreatic 

juices has been reported by Keller, Cohen and Neurath (1958) 

to be much lower than in secretions from the monogastric 

(Porcine) pancreas. This is one possible explanation for the 

limited ability of ruminants to digest starch postruminally. 

Clary, Mitchell and Little (1967) reported that there 

was an increase in pancreatic amylase secretion in sheep as 

the level of corn was increased in the ration. They also 

observed a decrease in amylase secretion as the amount of 

corn was decreased. Though there is an increase in pancreatic 

amylase as the amount of starch presented to the small in

testine increases, under feedlot conditions, intake might be 
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so high that the amount of feed escaping rumen fermentation 

cannot be adequately digested in the small intestine. 

Traditionally carbohydrate digestion in the ruminant 

occurs largely due to rumen fermentation with subsequent pro

duction of volatile fatty acids, lactic acid, methane and 

carbon dioxide. Hogan and Phillipson (1960) reported 70% dis

appearance of digestible dry matter before the pylorus with 

animals fed roughages. 

MacRae and Armstrong (1969) conducted seven experi

ments with sheep to determine intestinal digestion of carbo

hydrates. Each sheep was fitted with a re-entry canula in 

the proximal duodenum. They were fed diets ranging from all 

hay to all barley and also diets comprised of one part hay 

to two parts flaked maize. Alpha-glucose entering and leaving 

the small intestine and feces were determined. When whole 

barley was the major feed constituent, 6.0 + 0.8% of the 

ingested polymers of glucose entered the small intestine and 

were almost completely digested there. The same value was 

significantly lower than observed with the hay and flaked 

maize diets (10.4 + 1.3%). The results also showed 71-85% 

digestible starch disappearance before the small intestine 

and appreciable amounts being digested in the large intestine. 

Karr et al. (1966) reported that significantly (P < .05) 

was excreted in the feces that with rations of lower starch 

content. 
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Mayes and Orskov (1974) estimated the quantities of 

starch degradation products present at the terminal ileum 

when maize starch was infused continuously for four weeks in 

the abomasum of sheep of different ages. The amount of daily 

. 75 
infusion ranged from 27.1 to 04.2g/kg" (body weight) for 

twenty-seven or twenty-eight days. The possibility of 

adaptation was measured by comparing the mean proprotion of 

total a-glucoside passing the terminal ileum during the ten 

initial and final days of infusion. For lambs five to nine 

75 
weeks old, 37, 264, 78 and 20, 347 and 36g/kg" of glucose, 

dextrin and glucan passed the terminal ileum during the 

initial and final ten days, respectively. From this result, 

there was no evidence of adaptation to diet as proposed by 

other researchers (Clary, Mitchell and Little, 1967; White, 

Williams and Moris, 1971). 

Mayes and Orskov (1974) also reported that the mean 

proportion of a-glucoside passing the terminal ileum as 

.75 
glucose, dextrin and glucan was 45, 323, 59g/kg" of infused 

starch, and disappearance from the small intestine was 940 

. 75 
and 537g/kg of over all infused glucan and a-glucoside. 

The low utilization of a-glucoside was due to poor digestion 

of dextrin and glucose. 

Not much attention has been given to the large in

testine with regards to starch digestion when compared to 
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the rumen and small intestine. However, there is ample evi

dence that the large intestine is capable of digesting sub

stantial amounts of starch when cracked corn is fed to 

ruminants at high levels. Under these conditions, large 

amounts of starch escape rumen fermentation and digestion in 

the small intestine of early weaned lambs (Orskov, Fraser and 

Kay, 1969; Blaxter, 1967). 

Orskov, Fraser, Manson and Mann (1970) determined the 

capacity of the large intestine of sheep to digest starch. 

An infusion of 20g of starch into the caecum was given in 

daily increments until 300g was infused daily. When more 

than 138g of starch was infused, a large amount of undigested 

starch appeared in the feces indicating a limited capacity 

for the fermentation of large amounts of starch in the large 

intestine. 

In summary, most of the studies cited in this review 

are in agreement that the major route of starch digestion is 

through rumen fermentation. There is also a general consensus 

that the amount of intake and the form of the feed will 

greatly influence rumen fermentation and subsequently in

crease or diminish the importance of postruminal starch 

digestion. 

There is a disagreement concerning a required period 

of adaptation which was evidenced in the data reported by 

some researchers. The amount of feed intake in experimental 
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animals needs to be more closely equated with amounts fed 

under feedlot conditions. 

Effect of Grain Processing on 
Ruminant Starch Digestion 

Several methods of processing cereal grains for live

stock have consistently shown improvement in energy utiliza

tion (Riggs, Cross, Butler, Sorenson, Magee and Walters, 1959; 

Garrett, 1965; Hale, Cuitun, Saba, Taylor and Theurer, 1966). 

Most methods of estimating the effect of processing on starch 

utilization can be classified into (1) performance and ef

ficiency of feed utilization, (2) in vitro studies measuring 

the degree of enzymatic degradation and microbial fermenta

tion and (3) the determination of ruminal and postruminal 

digestion through digestion trials (Garcia, 1977; Kartchner, 

1962). 

Habers (1975) reported some of the changes which occur 

in starch granules subjected to various processing methods. 

Steam flaking alters starch granules but leaves them intact. 

Popping changed the starch granule into interconnecting thin 

lattices while the effect of micronizing is similar to steam 

flaking. 

McNeill, Potter, Riggs and Rooney (.1975) showed that 

there are differences in carbohydrate profile and carbohydrate 

solubilities of grains processed by different methods. Using 
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the birefringence techniques, they found that micronized and 

steam flaked grains showed evidence of complete gelatinization 

and extensive swelling. Reconstituted and ground grains 

showed little loss of starch granule structure. When sub

jected to enzymatic actions, the steam flaked product was 

more suseptible to a-amylase which is an indication of the 

effect of processing method on the disruption of the protein 

matrix surrounding the starch granule in the endosperm. This 

is in agreement with Hale (1973) who reported that there is a 

correlation between the disruption of the protein matrix and 

starch digestibility depending on the processing method 

applied. 

McNeill, Potter and Riggs (1971) fed steers 83.25% 

sorghum grain rations processed by (1) dry ground, (2) 

steam-flaked, (3) reconstituted in the whole kernel form 

then ground and (4) micronized. There was no significant 

(P > .05) effect on total carbohydrate digestibility due to 

processing; significantly (P < .05) more of the total car

bohydrate from steam flaked and reconstituted grains was 

digested in the rumen while larger quantities from micronized 

and dry ground grains reached the lower tract. 

Buchanan-Smith, Totusek and Tillman (1968) fed 78.26% 

(1) finely ground, (2) coarsely ground, (3) steam processed 

and rolled and (4) reconstituted and rolled sorghum grain 
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rations for cattle and sheep. Digestion coefficients were 

determined for dry matter, organic matter, nonprotein organic 

matter, starch, energy and starch plus reducing sugars. Ap

parent digestibility of dry matter, organic matter and non

protein organic matter were higher (P < .05) for steam 

processed, reconstituted and rolled grain rations compared 

to the coarsely and finely ground sorghum grains. The di

gestibility of starch was not affected (P < .05) by treat

ment but the combination of starch and reducing sugars lowered 

the digestibility (P < .05) of coarsely ground when compared 

to reconstituted sorghum grain. 

Using steers in a 4x4 latin square, Husted, Hale 

and Theurer (1966) studied the digestibility of 77% milo 

rations in which the grain was processed by one of the fol

lowing methods: (1) dry rolled, (DR), (2) steam-processed-

flaked (SPF) , (3) steam processed cut .(SPC) and (4) water 

soaked cut (SC) treatments. The digestibility of gross 

energy (GE) and nitrogen free extract (NFE) of the steam 

processed and flaked grain was greater (P < .05) than for 

any of the other treatments. The GE digestibilities for DR, 

SPF, SPC and SC were 63.6, 75.5, 63.2 and 64.9, and NFE di

gestibilities were 70.9, 83.8, 73.3 and 75.4 respectively. 

The results showed that the mechanical pressure of flaking and 

heat treatment are vital for increasing energy availability of 
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milo for feeding livestock. A similar trial by Husted et al., 

(1968) gave similar results. 

Anderson and Richardson (1981) used lambs fed 80% 

grain rations to determine the digestibility and feedlot per

formance of reconstituted or sodium hydroxide treated sorghum 

grain in ruminants. The sorghum grain used was (1) dry 

rolled, (2) reconstituted and rolled, (3) sodium hydroxide 

(NaoH) treated and rolled and (4) sodium hydroxide (NaoH) 

treated whole grain. The results showed 74.4, 74.0, 70.5 and 

70.2% dry matter digestibilities respectively for the four 

rations. The average daily feed (kg), average daily gain (kg) 

and feed efficiency for treatments 1, 2, 3 and 4, respectively 

were 1.18, .19, 6.30; 1.09, .18, 6.56; 1.09, .18, 6.35; and 

1.13, .13, 6.36. Feedlot performance parameters were not 

significantly different (P > .05). 

Lofgreen, Kiesling and Elliot (1980) compared steam 

flaked, dry rolled and whole shelled corn in a conventional 

milled diet for finishing steers. A 67.4% corn diet was fed 

to steers in this trial for 171 days. The daily feed intakes 

for steam flaked, dry rolled and whole shelled diets were 

9.43, 10.11 and 9.94 kg (P < .05) per head, respectively. 

Daily grains were 1.32, 1.29, 1.26 kg and feed to gain ratios 

were 7.14, 7.84 and 7.89 kg feed per kg gain for these diets. 

The data indicates that steam flaking improved digestibility 
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and performance compared to whole shelled corn. Dry rolling 

improved dry matter digestibility compared to whole shelled 

corn but did not improve performance. 

In other digestibility studies conducted by Gill, 

Owens, Martin, Hiller, Zinn and Williams (1980), steers were 

phase fed steam flaked (79% of ration dry matter), high 

moisture corn (79% of ration dry matter) and whole shelled 

corn (88% of ration dry matter). After seventy days on trial, 

steers were then switched among the differently processed 

grains, and fed for another sixty-three days. For the first 

seventy days steers on whole shelled corn gained 13% more 

rapidly (1.94 vs. 1.72 kg/day) and 18% more efficiently than 

those fed steam flaked or high moisture corn. At the end of 

the last sixty-three days, steers on high moisture and whole 

shelled corn had similar gain and feed efficiencies while 

steers on steam flaked corn grained 17% less rapidly and 9% 

less efficiently. Feed efficiency was superior with growing 

steers fed whole shelled corn while both high moisture and 

whole shelled corn improved efficiency with finishing steers. 

Goodall, Horton and Beckner (1981) fed 180 yearling 

steers 85.4% steam flaked or dry rolled corn finishing 

rations for 140 days. Average daily gain feed consumption 

and feed efficiency for steers on dry rolled or steam flaked 

corn, respectively were 1.50, 1.59; 8.32, 7.97 and 5.53, 5.01. 
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The results showed an increase in average daily gain and a 

decrease in food consumption and feed efficiency for steam 

flaked compared to dry rolled corn (P > .05). 

Gaylean, Wagner and Johnson (1976) studied the site 

and extent of starch digestion in steers fed processed corn 

rations in a 4x4 latin square. Processing treatments 

were: (1) dry rolled (DR), (2) steam flaked (SF), (3) high 

moisture harvesting-ground prior to ensiling (GHM) and (4) 

high moisture harvesting-whole corn treated with propionic 

acid prior to storage (AHM). Ruminal starch digestibilities 

were 89.3, 82.9, 77.8 and 62.8% respectively for GHM, SF, DR 

and AHM. AHM had lower starch digestibility (P < .05) than 

all other treatments while DR was (P < .05) lower than GHM. 

There was no significant difference in intestinal starch di

gestion in the total tract which was 99.1, 95.8 and 96.3 for 

GHM, SF, AHM and DR respectively. 

In summary, all the literature cited above are in 

general agreement that (a) grain processing increases starch 

digestiblity by ruminants, (b) there are differences among 

processing methods with regards to their effect on starch di

gestibility, and (c) processing has more effect on sorghum 

grain utilitization compared with corn and barley. 

Although the rumen is generally considered the major 

site of starch digestion, there is a disagreement on the 



amount of starch digestion. Starch digestion in the small 

intestine is theoretically considered more efficient than 

rumen fermentation. 

Comparison of Barley, Corn and Sorghum 
Grain Digestibility Values 

There are conflicting opinions about the feeding 

values of barley vs sorghum grain. Baker (1943), Thalman 

(1943), Weber, Aicher and Kessler (1947), Garrett, Lofgreen 

and Meyers (1964) and Garrett (1965) have indicated that 

sorghum grain is similar in feeding value to barley and corn 

for fattening cattle. Morrison (1956) reported that milo is 

superior to barley on a TDN basis. Hale, Hubert, Cadena and 

Taylor (1962); Hale, Saba, Hubbert and Taylor (1963) showed 

that feeding barley to cattle results in higher feed ef

ficiency and rate gain than feeding sorghum grain. 

Garrett et al. (1964) made a comparison of the net 

energy values of barley and milo for fattening cattle using 

all concentrate and a 50:50 mixture of the barley and sorghum 

grain. Net energy values were determined by the increment 

method. Average net energy values (NEp) Mcal/100 lb. DM 

w e r e  5 6 + 4 ,  f o r  b a r l e y ;  5 9 + 4 ,  f o r  m i l o  a n d  5 9 + 4  

Meal for the 50:50 mixture. The NE
m+p (Mcal/100 lb.) at 

ad libitum feeding levels were: barley 64+3; milo 

71 + 3; 50:50 mixture, 68+3 Meal, per 100 lb. of dry 

Matter. There were no significant differences between these 



net energy values. Feedlot response of the cattle fed ad 

libitum a ration containing 70% of either barley, sorghum or 

50:50 mixture of these grains indicated that these rations 

were approximately equal in net energy content. These re

sults indicate that barley and milo are similar in feeding 

value. Hall, Absher, Totusek and Tillman (1967) compared the 

net energy value of finely ground sorghum and corn grins in 

steers fed a basal diet of 88% corn or sorghum grain. There 

was no difference (P > .05) in gain or feed/gain ratio at 

any level of feed intake. Differences in net energy values 

for maintenance and production (NE , ) 152 + 8 and 
m+p — 

156 + 16 Mcal/100 kg. for corn and sorghum grain were not 

statistically significant (P > .05) at any level of intake. 

Hale et al. (1966) evaluated in fattening steers a) 

steam processed and flaked milo versus steam processed and 

flaked barly and b) steam processed flaked milo and barley 

versus the respective dry rolled grains. The percent grain 

in the diet was 58% for the milo diet and 68% for the barley 

diet. This variation made it possible to compare the two 

grains on an equivalent nitrogen free extract basis because 

barley has a higher fiber content. The results showed that 

there was no difference (P > .05) in the average daily 

gain (kg) between steam processed and flaked barley versus 

steam processed and flaked milo (1.4 vs 1.5 kg/daily). 
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However, average daily feed intake was greater (P > .05) 

for the steam processed and flaked milo diet (11.3 kg/daily) 

than for the barley diet (10.0 kg/daily). Steam processing 

and flaking milo improved daily gain and feed intake over the 

dry rolled milo ration by 0.12 kg and 0.45 kg, respectively. 

Feed requirements were reduced 38 kg per 100 kg of gain due 

to processing. Steam processing and flaking barley in

creased daily gain and feed intake over dry rolled barley by 

0.1 and 0.86 kg, respectively. Flaking had no effect on 

feed efficiency of the barley ration. Feed requirements were 

10.5% less for steam processed flaked barley compared to dry 

rolled milo. These results indicate that proper processing 

can greatly reduce differences in digestibility between 

barley and sorghum grain with greater benefits being observed 

with milo. 

Brown, Tillman and Totusek (1968) used twenty-four 

lactating cows in two switch back feeding trials to compare 

steam processed and pelleted barley versus milo. They con

cluded that gain source had no effect on milk yield or percent 

fat and solids-non-fat regardless of the method of processing. 

They also reported that processing had no significant effect 

on the distribution of volatile fatty acids in the rumen. 

In another trial, Tommervik and Waldern (1969)com

pared the feeding values for wheat, corn, barley, milo and 
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oats using four lactating heifers. The rations contained 96% 

grain. Their data indicated that there were no differences 

(P > .05) in daily milk yield, fat-corrected milk, solids-

non-fat or milk protein between treatments. These data are 

in aggreement with the results of Brown et al. (1968). 

Keating, Saba, Hale and Taylor (1965) conducted digestion 

trials with cattle to determine the digestibility of milo 

and barley in a 50% roughage ration and 85% concentrate 

ration. Trials were also conducted with lambs to determine 

the digestibility of all barley and all milo rations. Re

sults from this study showed that (A) the digestion coef

ficients for dry matter (73% for milo and 70% for barley) and 

(B) nitrogen free extract (83% and 82% for milo and barley) 

were not different (P > .05) in the 50% roughage rations. 

However, the TDN was higher for milo. In the 85% concentrate 

rations, digestibilities of dry matter and starch were higher 

(P < .05) for the barley diet (78 and 90%) than for the milo 

diet (63 and 79%). The results obtained with lambs on the 

all barley and all milo rations showed the digestibility of 

dry matter and starch to be higher (P < .05) for milo (87 

and 95%) than barley (76 and 88%). These results suggest 

that digestibility values for sheep and cattle are not 

interchangeable. 

In a digestion trial comparing corn, wheat, barley 

and milo, Oltjen, Kozak, Putnam and Lehmann (1967) reported 
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that total digestibility of dry matter, crude protein, 

urinary nitrogen and nitrogen retention were all significantly 

lower when steers were fed a 92% milo ration compared with 

the wheat, corn or barley rations. Total ruminal dry matter 

was less (P < .05) for corn (1.8 kg) vs wheat, barley and 

milo (2.8; 3.5 and 3.1 kg, respectively). Dry matter di

gestibility was less (P < .05) for steers fed the sorghum 

grain diet (72%) compared to corn, barley and wheat diets 

(83, 84 and 88%, respectively). Total volatile fatty acid 

concentration was higher (P < .05) on the wheat and barley 

than on the milo and corn rations. 

Brown, Tillman and Totusek (1968) found that level 

of feed intake (maintenance, intermediate and high) for steers 

did not significantly alter digestibilities of dry matter, 

organic matter and energy when fed either corn or sorghum 

grain diets. However, the digestibility of organic matter 

(84 vs 80%) and protein (53 vs 37%) were greater (P < .05 

and P < .01, respectively) for corn than for the sorghum 

grain diet. 

Garcia (1977) determined the digestibility of dry 

rolled and steamed processed-flaked sorghum grain. The re

sults of his study showed digestion coefficients of 71 and 

73% for total organic matter and 87 and 93% for total starch 

digestion for dry rolled and steamed processed flaked sorghum 

grain, respectively. Kartchner (1972) reported total starch 



digestiblity of 95-97% for steam processed flaked sorghum 

grain, and Hinman and Johnson (1974) reported similar values 

(99-100%). Gaylean et al. (1976) reported 99% starch di

gestibility for steam flaked corn and 96% digestibility for 

dry rolled corn. Waldo, Keys and Gordon (1971) and Tucker, 

Mitchell and Little (1968) found 100% starch digestibility 

for ground corn. The results of Muntifering, Theurer and 

Noon, (1981) for whole corn (84% organic matter and 97% total 

starch digestion) are in general agreement with Waldo et al. 

(1971) and Tucker et al. (1968). Orskov, Frazer and Kay 

(1969) and MacRae and Armstrong (1969) found 100% starch di

gestibility for rolled barley diets fed to sheep. While Topps, 

Kay and Goodall (1968) obtained 61% dry matter and 99% total 

starch digestion for rolled barley. 

Kay, Maclead and Pavlicevic (1972) showed that dry 

matter digestibility for steers fed wheat, maize, barley and 

oats were 81, 80, 77 and 70%, respectively. Ruminal starch 

digestibility was less (P < .05) for corn (61%) compared 

to wheat (83%), barley (81%) and oats (73%). Muntifering, 

Theurer and Noon (1981) also reported 61% ruminal starch 

digestion for corn. 

In summary, although few studies have directly com

pared the digestibilities of barley, corn and sorghum grains 

by ruminants, the results suggest that sorghum grain is less 
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digestible than barley or corn. However, when all the grains 

are processed, a greater benefit is realized with sorghum 

grain than with either barley or corn. 

The Use of Indicators to Measure Extent 
and Site of Starch Digestion 

To measure the digestibility of nutrients in different 

parts of the gastro-intestinal tract, requires the use of 

markers that are non absorbable, non digestible, closely ad

here to and flow at the same rate as the element being 

studied. Many kinds of markers have been used to determine 

the rate of flow and digestiblity of food elements in animals. 

Among these are: Chromium oxide, lignin and the rare earth 

elements. 

According to Faichney (1974), the digestibility of a 

nutrient in the digestive tract is greatly influenced by the 

rate of flow and digesta retention time. The use of an ap

propriate marker is a very important step in an experiment. 

The usefullness of some indicators (markers) can be very 

limited because of their tendencies to flow independently in 

the gastro-intestinal tract instead of with the elements they 

are supposed to estimate (Faichney, 1972). 

Lignin and chromium oxide have been extensively used 

in digestion trials but both have factors which impair their 

use as markers. Chromium oxide often has a faster rate of 
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passage through the digestive tract than the feedstuff 

(Johnson, Dinusson and Bolin, 1964). Theurer (1970) cited 

that the lack of uniformity of excretion may be a limiting 

factor in the use of chromium oxide as a marker. However, 

Corbett, Greenhalgh and MacDonald (1958) devised a method by 

impregnating chromium oxide on a paper which provides a more 

even release of chromium oxide compared to the powder form 

mixed in the diet. 

Lignin is a natural component of feedstuff. Elam, 

Reynolds, Davis and Everson (1962) and McCann (1967) reported 

low digestibility compared to total collection when ligin was 

used as a marker. Waldo et al. (1971) cited that the use of 

lignin as a marker in high concentrate rations will greatly 

exaggerate any error in analysis. However, Drennan, Holmes 

and Garrett (1970) have reported that lignin gave better 

ruminal and postruminal digestibilities when compared with 

chromium oxide as an indicator. 

The rare earth elements, which are analyzed by neutron 

activation, have proved to be excellent markers (Ellis, 1968). 

These elements are indigestible by animals and are tightly 

bound to plant materials (Garner, Jones and Ekman, 1960). 

These unique qualities insure a close association with 

indigestible feed residues through the gastro-intestinal 

tract. 



In summary, there are many problems in the use of 

chromium oxide and lignin as markers to estimate the di-

gestiblity of food elements in different segments of the 

digestive tract. It is the opinion of this author that 

activated rare elements should be employed more often in 

digestion trials as indicators. 



CHAPTER 3 

EXPERIMENTAL PROCEDURE 

Six corssbred steers averaging 437 kg were permanently 

fitted with abomasal cannulae as described by a modification 

of the method of Dougherty (1955). The steers were allowed 

to recover from surgery (one steer, fourteen months; five 

steers, five months) and were adapted to management pro

cedures and consumption of high concentrate diets (Tables 1 

and 2). All steers were confined to individual concrete 

floor pens as described by Mehen (1966). 

Using a replicated 3x3 latin square design, the 

steers were randomly assigned to the three treatments (Table 

3). The corn and sorghum grain were dry rolled for use in 

all three trials. The barley was dry rolled during trial 1 

and steam processed, flaked in trials 2 and 3. The steers 

were fed the diets ad libitum for an average adjustement 

period of thirty-four days. 

The steers were fed twice daily at 7:30 a.m. and 

3:30 p.m. A seven day preliminary period was allowed during 

which the steers were fed about 94% of their daily feed in

take measured during the last seven days of the adjustment 

period. Sham collection of feces and abomasal fluid was 

25 
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Table 1. Diet composition (trial l).a 

Ingredient Corn Sorghum Grain Barley 

Corn 78.50 

Sorghum grain 79.90 

Barley 83.10 

Corn gluten meal 4.60 3.20 

Cottonseed hulls 9.80 10. 00 10. 00 

Molasses 6.10 5.00 5.00 

Salt 0.50 0.50 0.50 

Limestone 1.00 0.90 0. 90 

Didalcium phosphate 0.30 0.30 0.30 

Cr2°3 0.20 0.20 0.20 

Chemical analyses % 

Dry matter 90.63 91.16 92.00 

Organic matter 94.21 94.16 93.48 

Ashb 5.26 5.23 6.00 

Starch0 56.91 55.23 48.91 

Q 
Vitamin A added at 2, 200 IU/kg diet • 

^Dry matter basis. 

cOrganic matter basis. 
< 
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Table 2. Diet composition (trials 2 and 3).a 

Ingredient Corn Sorghum Grain Barley 

Corn 80.80 

Sorghum grain 82.30 

Barley 83.10 

Corn gluten meal 2.30 0.80 

Alfalfa 5.00 5.00 5.00 

Cottonseed hulls 5.00 5.00 5.00 

Molasses 5. 00 5. 00 5.00 

Salt 0.50 0.50 0.50 

Limestone 0.90 0.90 0.90 

Dicalcium phosphate 0.30 0.30 0.30 

Cr2°3 0.20 0.20 0.20 

Chemical analysis % 

Dry matter 90.03 89.21 90.15 

Organic matter 95.05 95.23 94.66 

Ash 4.96 4.77 5.33 

Starchc 56.88 56.46 53.59 

Vitamin A added at 2,200 IU/kg diet. 

^Dry matter basis. 

cOrganic matter basis. 



Table 3. Experimental Design. 

28 

Trial Barley 

2* 

5 

Diet 

Corn 

1 

4 

Sorghum Grain 

3 

3 

4 

5 

6 

1 

2 

1 

6 

2 

3 

4 

5 

*Steer number. 

conducted several times daily during the final two days of 

the preliminary period. 

There was a six day collection period during which 

total fecal collection, abomasal sampling (twelve hour inter

vals advanced two hours daily), feed samples and refused 

feed were taken each day. Sampling procedures and prepara

tion of composites for individual steers were similar to 

those outlined by Rahnema (1977). 

Total daily fecal output for each steer was mixed 

and a 5% sample aliquot was dried in a forced air oven at 

50°C for forty-eight hours. Abomasal samples were immediately 
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frozen with dry ice to prevent enzymatic degradation and 

stored in a freezer at -2 0°C until ready for analysis. 

Daily fecal samples, freeze dried abomasal samples, 

refused feed and feed samples were ground through a thirty 

mesh screen using a laboratory Wiley mill. All composite 

samples were stored in plastic vials. 

The determination of dry matter and ash on these com

posites was conducted according to AOAC procedures (1970). 

Starch content of feed, refused feed, abomasal and fecal 

composites were measured by the acid hydrolysis techniques 

of the AOAC (1960) as modified by Kartchner and Theurer 

(1980). Chromium oxide was determined by the perchloric 

acid oxidation procedure of Kimura and Miller (1957). Ruminal 

and postruminal dry matter, organic matter and starch di

gestibilities were determined using the chromium oxide ratio 

technique. 

Data were analyzed as replicated 3x3 latin square 

design by analysis of variance, using the Student-Newman-

Keuls' multiple range test procedure for judging significance 

of a set of differences (Steel and Torrie, 1960). 



CHAPTER 4 

RESULTS AND DISCUSSION 

The barley, corn and sorghum grain diets averaged 

51.2, 56.8, 57.3% of starch, respectively (Table 4). Starch 

consumption was adjusted for starch composition of feed weigh-

back for individual animals on each treatment. Variation in 

starch content within diets (Appendix A, Table A-3) is at

tributable to the difficulty of obtaining uniform feed samples 

due. to the presence of cottonseed hulls in the diets. Average 

fecal starch content of steers fed the sorghum grain diet was 

greater (P < .05) than for steers fed the corn and barley 

diets (7.1 vs 3.6 and 2.1% on organic matter basis; Table 4). 

The mean ash contents of abomasal and fecal samples 

were approximately three times that of the barley diet and 

twice that of the corn and sorghum grain diets (Table 4). 

Therefore, the interpretation of the starch parameters were 

made on organic matter basis. 

Chromium oxide recovery for the barley, corn and 

sorghum grain diets averaged 94% (Appendix A, Table A-6). 

Workers from this station, Kartchner (1972), Garcia (1977) 

and Muntifering (1980) have reported 87-103, 72-97 and 

92-100% chromium oxide recoveries which are similar to the 

results of the present study. 

30 
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Table 4. Mean percent composition of ash, starch and 
chromium oxide in the feeds, abomasum and feces 

(trials 1, 2 and 3).ab 

Item Barley Corn Sorghum Grain 

Ash (Dm basis) 

Feed 5.67 

Abomasal content 15.80 

Feces 14.25 

5.11 

12.45 

11.82 

5.04 

12.80 

10.92 

Starch (OM basis) 

Feedc 51.17 

Abomasal content 11.19 

Feces 2.10* 

56.80 

16.32 

3.58C 

57.31 

20.42 

7.106 

Chromium Oxide (OM basis) 

Feedc 0.18 

Abomasal content 0.33 

Feces 0.90 

0 . 2 0  

0.31 

1.14 

0.21 

0.29 

0.92 

aEach value is the mean of six animal observations/treatments 
for barley and corn; five animal observation/treatments for 
sorghum grain. 

Individual values presented in the Appendices. 

cAdjusted for composition of weigh back. 

'Means among diets with unlike superscripts are different 
(P < .05). 
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Daily organic matter intake, intake based on metabolic 

body weight, percent ruminal organic matter digestion and the 

amounts of organic matter entering the doudenum were not dif

ferent (P > .05) among the three dietary treatments (Table 

5). However, there was a tendency for organic matter intakes 

of steers fed the sorghum grain diet to be lower than steers 

offered barley and corn diets. Percent ruminal organic matter 

digestion tended to be higher for the barley than for the 

sorghum grain diet (44 vs 31%). 

Postruminal organic matter digestion was higher 

(P < .05) for corn (72%) compared with sorghum grain and 

barley diets (64 and 62%). Steers fed corn or barley had 

greater (P < .05) total organic matter digestibilities 

(81 and 79 vs 76%) than when fed sorghum grain. The data 

showed no difference in total digestion between barley and 

corn (P > .05). 

Several researchers have previously reported that 

sorghum grain (organic matter) digestibility was lower than 

barley (Hale et al. 1963, 1966; Keating et al, 1965; Osman, 

Theurer, Hale and Mehen, 1970). Totusek, Stephens, Walters 

and Waller (196 3) and Richardson, Smith and Cox (1956) also 

reported that the digestibility of sorghum grain organic 

matter was lower than corn in agreement with results from 

this study. The lower digestibility for sorghum grain versus 

barley and corn may be due to the protein matrix surrounding 
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Table 5. Mean ruminal, postruminal and total organic matter 
digestion (trials 1, 2 and 3) as influenced by 

grain source.a,b 

Organic Matter 
Parameters Barley Corn Sorghum Grain 

Intake, g 6403 

Intake, g/kg"^ 67.3 

Ruminal digestion, % 44.3 

Ruminal digestion, g 2837 

Entering doudenum, g 3566 

Postruminal ( 

digestion, % 62.0 

Postruminal 
digestion, g 2216 

Total digestion, % 79. 0C 

Total digestion, g 5431 

6385 

64.0 

31.7 

2022 

4363 

71.6 
d 

3123 

80. 6( 

5145 

6174 

65.2 

30.8 

1892 

4282 

64.l' 

2837 

76. 5C 

4709 

Each value is the mean of six animal observations/treatments 
except sorghum grain where it is five animal observations/ 
treatments. 

Individual values are presented in the Appendix. 

c d 
' Means among diets with unlike superscripts are different 
(P < .05). 

the starch molecule which renders sorghum grain starch less 

accessible to microbial degradation and enzymatic hydrolysis 

(Wagner, 1981). 

Total daily starch intake (3270 vs 3632 vs 3535g) 

and daily starch intake based on metabolic body weight (34 

vs 36 vs 38g/kg .75) were similar among diets (Table 6). 
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Table 6. Mean ruminal, postruminal and total starch di-

gestion (trials 1,2,3) as influenced by grain 
source. 

Starch 
Parameters Barley Corn Sorghum Grain 

Intake, g 3270 3632 3538 

. 75 
Intake, g/kg" 34.3 36.3 37.6 

Ruminal digestion, % 87.69° 83.72° 75.23d 

Ruminal digestion, g 2865 3033 2655 

Entering duodenum, g 405° 598° 889d 

Postruminal 
digestion, % 92.90° 93.79° 87.25d 

Postruminal 
digestion, g 377° 565° 785d 

Total digestion, % 99.15° 99.08° 97.22d 

Total digestion, g 3243 3598 3440 

aEach value is the mean of six animal observations/treatments 
except sorghum grain where it is five animal observations/ 
treatments. 

^Individual values are presented in the Appendices 

c,dMeans among diets with unlike superscripts are different 
(P < .05). 

However, starch intake on the barley diet tended to be lower 

than the other two treatments (P < .06). Ruminal starch di

gestibility for steers on barley and corn diets were greater 

(P < .05) than for steers on the sorghum grain diet (88 and 

84 vs 75%). Although there was no significant difference 
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(P > .05) , between barley and corn ruminal starch digestion, 

the barley diet tended to be higher than the corn diet. Kay, 

Macleod and Pavlicevic (1972) also noted higher ruminal starch 

digestibility (based on chromium oxide ratio) with abomasally 

cannulated steers fed wheat and barley diets (82 and 81%) 

compared to corn diets (61%). Somewhat lower ruminal starch 

digestibility values for corn diets (78 and 79%) were reported 

by Gaylean, Wagner and Johnson (1976) using lignin as an in

dicator and Tucker, Mitchell and Little (1968) using the 

chromium oxide ratio method. Hinman and Johnson (1974) using 

the lignin ratio technique and Drennan, Holmes and Garret 

(1970) using the chromium oxide ratio method reported (77 and 

78%) ruminal starch digestibility for sorghum grain diets 

which is in close agreement with results from the present 

study. Orskov, Prazer and Kay (1969) and Macrae and Armstrong 

(1969) using the chromium oxide ratio method reported 93% and 

91% ruminal starch digestion for barley diets which is some

what higher than noted in this study. Garcia (1977) and 

Kartchner (1972) reported considerably lower ruminal starch 

digestibilities for sorghum grain diets (38% and 59%) re

spectively while Muntifering (1980) reported much lower 

ruminal starch digestibility values (61%) for whole shelled 

corn diet than the results obtained in the present study. A 

possible explanation for these apparent differences in 



digestibility values for given grains may be due in part to 

the collection techniques, indicator used and due to the 

fact that no direct comparison of the three grains was con

ducted in any of the degestion trials cited above. 

The amount of starch entering the small intestine was 

considerably higher (P < .05) for steers fed the sofghum 

grain diet (889 vs 958 and 405g/day) than for steers fed the 

corn and barley diets. There was no difference (P > .05) 

between corn and barley diets but the data showed the ten

dency for more corn starch entering the small intestine than 

barley starch (Table 5). 

Postruminal starch digestion was greater (P < .05) 

for corn and barley diets (94 and 93 vs 87%) than for the 

sorghum grain diet. Although the percent postruminal starch 

digestibility for sorghum grain was lower than the other 

diets, the amounts of starch digested postruminally by steers 

fed sorghum grain was much greater (P < .05) (785g/day) 

than when steers were fed corn or barley (656 and 377g/dav). 

The data indicated no statistical difference between corn and 

barley diets; however, there was a tendency for higher amounts 

of starch to be digested postruminally with the corn than with 

the barley diet. About 22% of the dietary starch from the 

sorghum grain diet was digested postruminally compared to 

16 and 12% for corn and barley diets. Using chromium oxide 



as an indicator, Garcia (1977) reported 87% and Kartchner 

(1972) found 92% postruminal starch digestion for sorghum 

grain which is in general agreement with results from this 

study. McNeill, Potter and Riggs (1971) reported a higher 

value (94% while Drenan et al. (1970) reported a lower post

ruminal starch digestion value for sorghum grain (71%) than 

the results observed in this study. Gaylean et al. (1976) 

obtained 85% postruminal starch digestion for corn which is 

similar to the results of the present study. 

The data indicate a high capacity for postruminal 

starch digestion. Little, Mitchell and Reitnour (1968) in

dicated that starch digestion in the small intestine may be 

limited when high levels of starch escape rumen fermentation 

as might be the case for high concentrat rations. However, 

there is also the tendency for higher fermentation in the 

large intestine to compensate for this overload. On the 

other hand, Kartchner (1972) found no difference (P > .05) 

in starch digestibility (87 vs 89%) in the small intestine of 

steers fed dry rolled sorghum grain when the amount reaching 

the small intestine was increased from 1.7 to 2.9 kg sug

gesting a high capacity for starch digestion in the small 

intestine. Garcia (1977) also indicated a high capacity for 

starch digestion in the small intestine which is in agreement 

with results from this study. 
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Total starch digestibility was higher (P < .05) for 

steers fed barley (99.2%) and corn (99.1%) diets than steers 

fed the sorghum grain (97.2%) diet (Table 5). Kartchner 

(1972) and Garcia (1977) found values ranging from 95-97% 

and 91-99% respectively for sorghum grain total starch di

gestibility depending on feed intake and grain processing 

method. Muntifering (1980) reported 97% total starch di

gestibility for corn while Gaylean et al. (1976), Waldo et al. 

(1971) and Tucker, Mitchell and Little (1968) have reported 

96-99% and 100% starch digestion values for this grain. Topps 

et al. (1968), Orskov et al. (196 9) and MacRae and Armstrong 

(1969) noted 100% total starch digestibility for barley. The 

results of these workers are in general agreement with the 

results of the present study. 



CHAPTER 5 

CONCLUSIONS 

(1) The rumen is the major site for digestion of starch and 

organic matter from barley, corn and sorghum grain. 

Less than one fourth of the dietary starch was digested 

postruminally in this study. 

(2) Barley starch was more suseptible to rumen microbial 

degradation followed by corn and sorghum grain starch, 

respectively. Differences between barley and corn were 

fairly consistent but not statistically different 

(P > .05). 

(3) Postruminal starch digestion was higher (P < .05) for 

barley and corn compared to sorghum grain. The amount 

of sorghum grain starch digested postruminally was 

greater than for barley and corn. Thus, postruminal 

digestion is more important for sorghum grain starch 

compared to the other two grains. 

(4) There is a high capacity for postrviminal starch digestion 

by cattle. The data in this study show nearly complete 

postruminal starch digestion for each diet. 
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APPENDIX A 

SUPPLEMENTAL DATA TO TABLES 1-8 
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Table A-l. Organic matter digestibility (%) per steer by 
treatment (chromivim oxide ratio). 

Parameter Steer No. Barley Corn Sorghum Grain 

Total 1 

2 

3 

4 

5 

6 

76.71 

78.16 

8 0 . 0 2  

83.07 

71.35 

84.90 

78.12 

87.87 

83.70 

82.05 

81.68 

80.72 

76.92 

80.11 

71.93 

74.78 

78.85 

Ruminal 1 

2 

3 

4 

5 

6 

51.63 

35.63 

40.38 

57.34 

34.84 

46.03 

47.77 

46.87 

57.58 

41.02 

• 2.19 

• 1.08 

45.16 

12.83 

41.74 

39.10 

15.38 

Postruminal 1 

2 

3 

4 

5 

6 

51.85 

66.07 

66.49 

60.32 

56.03 

72.02 

58.10 

77.17 

61.58 

69.57 

82.07 

80.93 

57.92 

77.19 

51.82 

58.58 

75.00 



Table A-2. Starch digestibility per steer by treatment 
(chromium oxide ratio). 
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Parameter Steer No. Barley Corn Sorghum Grain 

Total 

Ruminal 

Postruminal 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

99.02 

99.31 

98.93 

99.26 

99.15 

99.23 

87.37 

84.13 

86.23 

90.43 

90.44 

87.01 

91.95 

95.70 

92.22 

92.26 

91.14 

94.10 

98.72 

99.26 

99.17 

99.10 

99.22 

99. 03 

8 8 . 0 0  

81.63 

85.67 

87.36 

87.19 

72.47 

89.32 

95.97 

94.23 

94.84 

93.90 

96.49 

97.92 

97.32 

96.53 

96.73 

97.61 

79.23 

67.00 

81.73 

78.63 

69.55 

86.52 

91.87 

81.00 

84.71 

92.14 
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Table A-3. Percent composition of starch in feed, ambomasal 
contents and feces per steer by treatment 
(OM basis). 

Parameter Steer No. Barley Corn Sorghum Grain 

Feed 1 

2 

3 

4 

5 

6 

50.07 

48.97 

51.10 

51.19 

55.64 

50. 07 

56.74 

56.54 

56.54 

56.79 

57.42 

57.27 

57.60 

57.60 

55.64 

57.45 

58.25 

Abomasal 
contents 1 

2 

3 

4 

5 

6 

12.56 

12.08 

11.80 

11.40 

7.20 

12.05 

13.06 

19.55 

19.10 

12.18 

18.44 

15.60 

21.81 

21.80 

17.45 

20.44 

20.60 

Feces 1 

2 

3 

4 

5 

6 

2.10 

1.53 

2.74 

2.24 

1.45 

2.54 

3.33 

3.45 

2.87 

2.69 

6 . 2 8  

2.87 

6.99 

7.77 

6.63 

7.55 

6.59 
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Table A-4. Percent chromium oxide in feeds, abomasal 
contents and feces per steer by treatment 
(Oil basis) . 

Parameter Steer No. Barley Corn Sorghum Grain 

Feed 

Abomasal 
contents 

Feces 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

.1751 

.2004 

.1738 

.1732 

.1986 

.1754 

.3620 

.3113 

.2915 

.4060 

.3048 

.3250 

.7518 

.9174 

.8700 

1.0233 

.6932 

1.1614 

0 . 2 2 8 2  

.1527 

.1527 

.2160 

.2290 

.2239 

.4369 

.2874 

.3600 

.3662 

.2241 

.2215 

1.0426 

1.2586 

.9369 

1.2033 

1.2503 

1.1614 

.2236 

.2236 

.2257 

.1923 

.2009 

.4077 

.2565 

.3874 

.3200 

.2374 

.9690 

1.1243 

.8040 

.7726 

.9500 
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Table A-5. Percent ash content in feed abomasal contents 
and feces per steer by treatment (OM basis). 

Parameter Steer No. Barley Corn Sorghum Grain 

Feed 

Abomasal 
contents 

Feces 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

5.33 

18.30 

18.50 

13.60 

14.60 

15.70 

14.10 

11.90 

15.50 

14.90 

14.10 

12.20 

16.90 

4.96 

13.90 

15.10 

12.70 

13.40 

9.70 

9.90 

11.10 

13.50 

11.60 

11.20 

12.00 

11.50 

4.77 

14.40 

15.00 

10.90 

11.40 

12.30 

11.00 

12.60 

10.60 

8 . 8  

11.60 
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Table A-6. Daily dry matter and organic matter intake (g) 
and total chromium oxide recovery per steer by 
treatment. 

Parameter Steer No. Barley Corn Sorghum Grain 

Dry matter, g 1 

2 

3 

4 

5 

6 

6688 

7290 

7488 

6757 

5335 

6672 

7295 

6698 

6698 

6323 

6697 

7203 

6566 

7256 

6376 

6651 

5923 

Organic 
matter, g 1 

2 

3 

4 

5 

6 

6225 

6848 

7073 

6295 

5736 

6242 

6857 

6387 

6387 

5707 

6082 

6887 

6280 

6958 

6006 

6056 

5573 

Cr 0_ 
w 3 

recovery, % 1 

2 

3 

4 

5 

6 

94 

93 

94 

109 

84 

72 

89 

117 

114 

87 

86 

96 

97 

101 

85 

92 

86 
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Table A-7. Percent organic matter in the feeds, abomasal 
contents and feces per steer by treatment. 

Parameter Steer No. Barley Corn Sorghum Grain 

Feed 

Abomasal 
contents 

Feces 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

93.07 

81.69 

81.45 

86.51 

85.40 

84.29 

85.45 

88.15 

84.57 

85.15 

85.95 

87.85 

93.04 

93.52 

86.13 

84.96 

87.30 

86.57 

90.35 

90.10 

88.94 

86.52 

88.39 

88.78 

88.00 

88.54 

94.70 

85.60 

84.94 

89.09 

8 8 . 6 6  

7.68 

89.02 

87.40 

89.40 

8 8 . 6 6  

88.39 
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Table A-8. Percent dry matter in feed abomasal contents and 
feces per steer by treatment. 

Parameters Steer No. Barley Corn Sorghum Grain 

Feed 91.08 90.33 90.35 

Abomasal 1 90.36 88.93 90.35 

2 93.67 93.54 91.37 

3 92.53 90.90 89.81 
> 

4 92.38 89.54 91.10 

5 91.15 94.39 90.82 

6 92.15 93.15 

Abomasal 1 93.42 93.32 92.44 

2 91.75 92.55 92.76 

3 92.79 92.66 90.68 

4 92.36 92.78 91.09 

5 93.07 92.63 92.16 

6 93.09 92.75 
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Table B-l. Individual steer parameters for organic matter 
and starch digestibility. 

Steer No. Parameter Diet 

Organic Matter 

Intake 

Intake g/kg*^ 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Starch Parameters 

Intake g 

Intake g/kg*^ 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Barley 

6225 

63 

51.63 

3214 

3011 

51.85 

1561 

76.71 

4775 

3117 

31. 

87.87 

2739 

378. 

91.95 

348 

99.02 

3086 

Corn 

6857 

58 

47.77 

3276 

3582 

58.10 

2081 

78.12 

Sorghum 
Grain 

6280 

62 

45.16 

2836 

3444 

57.92 

1995 

76.92 

4830 

38.91 3617 

33 

88.00 

3424 

467 

89.32 

417 

98.72 

3841 

36 

79.23 

2866 

781 

86.52 

676 

97.92 

3542 
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Table B-l. Individual steer parameters for organic matter 
and starch digestibility. 

Steer No. Parameter Diet 

Organic Matter 

Intake g 

Intake, g/kg"^5 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Starch Parameters 

Intake g 

Intake, g/kg"^ ̂ 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion g 

Postruminal digestion % 

Total digestion % 

Total digestion g 

Barley 

6848 

79 

35.63 

2440 

4408 

66.07 

2912 

78.16 

5352 

3353 

38 

84.13 

2821 

532 

95.70 

509 

99.31 

3331 

Corn 

6387 

64 

46.87 

2994 

3394 

77.17 

2619 

87.87 

5613 

3611 

36 

81.63 

2948 

663 

95.97 

637 

99.26 

3585 

Sorghum 
Grain 

6958 

65 

12.83 

893 

6066 

77.19 

4682 

80.12 

5575 

4008 

38 

67,00 

2685 

1324 

91.87 

1215 

97.32 

3901 
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Table B-l. Individual steer parameters for organic matter 
and starch digestibility. 

Steer No. Parameter Diet 

Organic Matter 

Intake g 

Intake g/kg*^5_ 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Starch Parameters 

Intake g 

. 75 
Intake g/kg" 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Barley 

7073 

70 

40.38 

2856 

4-217 

66.49 

2804 

80.02 

5660 

3614 

36 

86.23 

3118 

498 

92.22 

459 

98.93 

3375 

Corn 

6387 

68 

57.58 

3678 

2710 

61.58 

1669 

83.70 

5346 

3611 

38 

85.67 

3094 

518 

94.23 

438 

99.17 

3582 

Sorghum 
Grain 

6006 

73 

41.74 

2507 

3499 

51.82 

1813 

71.93 

4320 

3342 

41 

81.73 

2731 

611 

81.00 

495 

96.53 

3226 
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Table B-l. Individual steer parameters for organic matter 
and starch digestibility. 

Steer No. Parameter Diet 

Organic Matter 

Intake g 

Intake g/kg*^5 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Starch Parameters 

Intake g 

Intake g/kg* ̂  

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Barley 

6294 

61 

57.34 

3609 

2685 

60.32 

1620 

83. 07 

5229 

3222 

31 

90.43 

2914 

308 

92.26 

285 

99.26 

3198 

Corn 

5707 

65 

41.02 

2341 

3366 

69.57 

2342 

82.05 

46.83 

3241 

37 

87.36 

2831 

410 

92.84 

380 

99.10 

3212 

Sorghum 
Grain 

6056 

62 

39.10 

2368 

3688 

58. 85 

2160 

74.78 

4528 

3479 

36 

78.63 

2736 

744 

84.71 

630 

96.73 

3365 
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Table B-l. 

Steer No. 

Individual steer parameters for organic matter 
and starch digestibility. 

Parameter Diet 

Organic Matter 

Intake g 

Intake g/kg*^ 

Ruminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Starch Parameters 

Intake g 

„ . 75 
Intake g/kg 

F.uminal digestion % 

Ruminal digestion g 

Entering duodenum g 

Postruminal digestion % 

Postruminal digestion g 

Total digestion % 

Total digestion g 

Barley 

5734 

73 

34.84 

1998 

3736 

56. 03 

2093 

71.35 

4091 

3190 

41 

90.44 

2885 

305 

91.14 

278 

99.15 

3163 

Corn 

6082 

66 

2.19 

- 133 

6215 

82.07 

5101 

81.68 

5234 

3492 

38 

87.19 

3045 

447 

93.90 

420.06 

99.22 

Sorghum 

5573 

64 

15.38 

857 

4716 

75.00 

3537 

78. 85 

4394 

3246 

37 

69.55 

2258 

988 

92.14 

911 

97.61 

3464.93 3168 
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Table B-l. Individual steer parameters for organic matter 
and starch digestibility. 

Steer No. Parameter Diet 

6 Organic Matter Barley Corn 
Sorghum3 

Grain 

Intake g 6242 6887 

Intake g/kg*^5 58 63 

Ruminal digestion % 46. 03 1. 08 

Ruminal digestion g 2873 - 74 

Entering duodenum g 3369 6961 

Postruminal digestion % 72.02 80. 93 

Postruminal digestion g 2426 5634 

Total digestion % 84.90 80. 72 

Total digestion g 5299 5587 

Starch Parameters 

Intake g 3125 3944 

Intake g/kg"75 29 36 

Ruminal digestion % 87.01 72. 47 

Ruminal digestion g 2719 2858 

Entering duodenum g 406 1086 

Postruminal digestion % 94.10 96. 46 

Postruminal digestion g 382 1047 

Total digestion % 99.23 99. 03 

Total digestion g 3101 3906 

hissing values. 
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Table C-l. Mean squares for dietary, ruminal and postruminal 
component parameters. 

MEAN SQUARES 

Parameters Treatment Animal Error 

Degrees of Freedom 2 5 7 

Organic Matter 

353315+ Intake g 73469 353315+ 105834 

Intake g/kg*^ 9.1 69.0* 17. 0 

Ruminal digestion % 396 554 + 151 

Ruminal digestion g 1844831 2446103* 580064 

Entering duodenum g 1379207.2 2013305.4 812482. 4 

Postruminal digestion % 141* 155 28 

Postruminal digestion g 1625183 2182550+ 576634 

Total digestion % 527* 9.9 10. 2 

Total digestion g 476934* 300490* 67583 

Starch 

Intake g 208431* 57291 44344 
• 75 

Intake g/kg" 14.1 16.5 10. 7 

Ruminal digestion % 221.2* 36.6 19. 5 

Ruminal digestion g 205905* 43558 34323 

Entering duodenum g 330108** 65025 20249 

Postruminal digestion % 64.1** 13.5 5. 5 

Postruminal digestion g 236483* 66049 30364 

Total digestion % 6.07** .09 • 14 

Total digestion g 190500* 55944 40826 

f(P < -10), 

*(P < .05), 
** 

(P < .01). 
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