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ABSTRACT 

Studies were conducted to determine the suitability 

of diaminopimelic acid (DAP), lysine and lysine-leucine as 

bac terial mar ker s, and to compare r uminal, po s tr uminal and 

total tract protein utilization and bacterial protein 

synthesis of sorghum grain, corn and barley based diets by 

beef steers. Six abomasally fistulated steers were fed 81% 

grain diets with 10.7% crude protein (CP) in a replicated 3 

x 3 La tin square design. Diaminopimelic acid, lysine and 

leucine were determined in bacteria isolated from abomasal 

digesta (two sampling times) and rumen contents, and the 

ra t ios were use d to es tima te percen t abomasal bac terial 

protein. Diaminopimelic acid concentrations in ruminal and 

abomasal bacteria were positively correlated (r = .40), but 

correlations between sample sites for lysine and leucine 

were essentially zero. Correlations between abomasal 

sampling times for the three amino acid concentrations were 

positive (mean r .44). Rankings of percent bacterial 

protein in abomasal digesta for dietary treatments were 

similar based on amino acid ratio methods (DAP vs lysine vs 

lysine-leucine) using bacteria of rumen contents. 

Digestibility and bacterial synthesis data were based on 

lysine-leucine ratios from bacteria of rumen contents and 

x 



xi 

chromium oxide ratios (digesta flow marker). Rumina1 

digestibi1ities of organic matter (OM), corrected for 

bacterial OM synthesis in the rumen, tended to be lower (P 

< .07) for sorghum grain and corn diets than for the barley 

diet (43, 48 vs 62%, respectively). Mean rumina1 and 

postrumina1 CP digestibi1ities were similar (P > .05) for 

the three diets (-38 and 72%, respectively). Apparent 

total tract CP digestibility was lower (P < .05) for the 

sorghum grain diet than for corn or barley diets (61 vs 66 

and 68%, respectively). Ruminal digestibility of feed 

nitrogen was lower for the sorghum grain and corn diets 

than for the barley diet (27 and 40 vs 69%, respectively). 

Percent bacterial nitrogen in the abomasum was much higher 

(P < .05) for the barley diet compared to the sorghum grain 

and corn diets (72 vs 47 and 53%, respectively). 

Postruminal digestibility of bacterial nitrogen was lower 

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

the barley diet. It is postulated that the lower apparent 

digestibility of sorghum grain protein in the total tract 

is related to a lower extent of feed protein and OM 

digested in the rumen. 



CHAPTER 1 

INTRODUCTION 

Protein, an important nutrient for livestock, is 

second only to water in its abundance in organs and muscle 

tissues. An adequate and continuous supply of protein is 

needed in the feed throughout life for growth and repair of 

animal tissues. 

To meet the ruminant's protein needs, it uses 

protein from feed and microorganisms. Ni trogenous feed 

compounds can be degraded in the rumen by microbial enzymes 

for synthesis of microbial protein or pass undegraded to 

the lower digestive tract. Factors influencing the 

conversion of dietary nitrogen to microbial protein in the 

rumen are degree of protein solubility, residence time in 

the rumen and amount of energy available for microbial 

protein synthesis (Purser, 1970). 

One key to ni tr ogen me ta boli sm in the r uminan t is 

utilization of ammonia by rumen microorganisms in the 

presence of adequate energy (Maynard et al., 1979). An 

optimal amount of ammonia, related to the quantity of 

fermentable organic matter, is necessary for synthesis of 

microbial protein (McDonald et al., 1981). 

1 
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Microbial protein (of reasonably constant amino 

acid composition; Purser and Buechler, 1966), undegraded 

feed protein and some free amino 

small intestine to be digested 

acids are presented to the 

and utilized for protein 

needs of the ruminant. In terms of overall protein 

wi th the amount and nutrition, the r uminan t is concerned 

kinds of amino acids absorbed from the small intestine 

( Ma y n a r d eta 1., 1979). 

The feed grains usually are the major feed ingre

dient in cattle finishing diets and consequently are a 

primary source of dietary protein. Large quanti ties of 

feed grains are grown in the U. S. Last year (1982), 21, 

206 and 13 metric tons of sorghum grain, corn and barley 

were produced, res pec ti vely (Uni ted S ta tes Depar tmen t of 

Agriculture (U.S.D.A.), 1983). Increases in production in 

the last two decades, on a world-wide basis, have been +42, 

+39 and +43% for sorghum grain, corn and barley, 

respectively. Of the three feed grains, sorghum is 

probably the most versatile crop. It can be adapted to 

nearly every state in the U.S. Due to sorghum's low water 

requirement and drought resistance, it will grow in 

environments where corn cannot produce a crop (Creelman et 

a1.,198l). 

Availability of 

Digestibility coefficients 

Nutrient Requirements of 

feed grain protein varies. 

for crude protein adapted from 

Beef Cattle (National Research 
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Council, 1976) resulted in a value of 57 for sorghum grain 

and 75 for corn and barley. Only one researcher has 

com par e d pro t e i n dig est i b i 1 i t Y val u.e s 0 f the t h r e e fee d 

grains in one trial (Oltjen et a1., 1967). Comparisons 

made between sorghum grain and barley or corn (Saba et a1., 

1964; Schake et al., 1976) indicate lower protein 

digestibility values for sorghum grain. The reasons for 

the lower digestibiliy of sorghum grain are not known, but 

may be related to either the extent of rumina1 and 

postrumina1 digestion of feed grain proteins and (or) 

carbohydrates (Kay et a1., 1972). No studies have been 

conducted comparing the ruminal, postruminal and total 

tract digestion of sorghum grain, corn and barley. Limited 

data (non-comparative) suggests that sorghum grain protein 

may be degraded to a lesser extent in the rumen than the 

other feed grains. 

Flow markers are necessary to estimate ruminal and 

pos tr umina1 diges tion. Limi ted da ta suggest that r umina1 

and postruminal values may vary markedly depending on the 

tlow marker used. Therefore, comparisons among trials with 

different feed grains may not always be valid, particularly 

where different flow markers were used. The objectives of 

the following investigations were: (1) to summarize 

reported total tract, rumina1 and postrumina1 protein 

digestibility values of cattle and sheep diets containing 

70% or more sorghum grain, corn and barley; (2) to compare 
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ruminal, postruminal and total tract protein and organic 

matter utilization and bacterial protein synthesis with 

beef steers fed sorghum grain, corn &nd barley based diets; 

and (3) to evaluate dietary treatment, animal, sampling 

site and time effect on the use of diaminopimelic acid, 

lysine and lysine-leucine as bacterial protein markers. 



CHAPTER 2 

LITERATURE REVIEW 

Summary 

Digestibility coefficients for protein in sorghum 

grain, corn and barley based diets (70% or more grain) for 

cattle and sheep were summarized from the literature. Only 

one st udy compared all three grains. In that study total 

tract digestibility of protein from the sorghum grain diet 

was significantly lower than that of corn or barley diets. 

Total tract protein digestibility was also lower in sorghum 

grain diets than in corn or barley based diets in the few 

digestion trials which compared sorghum grain vs corn or 

barley diets (mean values of 57, 70 and 72%, respectively). 

A summary of single grain studies (1960 to mid-1982) indi

cated the same trend in total tract digestibility of 

protein (mean values of 54, 69 and 73% for sorghum grain, 

corn and barley based diets, respectively). The influence 

of grain processing on protein digestibility is not clear; 

however, reconstitution of 

digestion. Reconstitution, 

sorghum grain tends to enhance 

high moisture treatment (not 

dried then acid preserved or 

improve digestibility of corn 

5 

ensiled) and flaking may 

and barley diets. Protein 
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digestibility was most variable in sorghum grain, which may 

reflect in part the existence of bird-resistant types. 

Addition of nitrogen supplements to the feed grain diets 

usually improved dietary p~otein digestibility. 

A few reseac:hers have reported ruminal and 

postruminal protein digestibility values for each of the 

three grains. The values are based on the use of flow 

markers, of which chromium oxide was the most commonly 

used. Only two references reported ruminal digesti bility 

of two grains (corn vs barley). Average ruminal protein 

digestibility values for all reports were lower for sorghum 

grain than for corn and barley (-23 vs 2 and -4%, respec

ti vely). Postruminal protein digesti bili ty values were 

relatively consistent within a marker and averaged 70% for 

all three grains. Comparisons among studies may not be 

entirely valid, particularly when different flow markers 

were used. No studies were reported which compared total 

tract, rumiQal and postruminal digestibility of protein and 

extent of bacterial synthesis with cattle feed sorghum 

grain, corn and barley based diets in a single study. 

Introduction 

Feed grains--corn, sorghum and barley--are the 

primary source of dietary protein in cattle finishing 

diets. Digestibility coefficients for crude protein 

adapted from the National Research Council (1976), Nutrient 
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Requirements of Beef Cattle, were 57 for sorghum grain and 

75 for corn and barley. The origin of these values is not 

apparent. 

A few researchers have reported total tract protein 

digestibility values comparing two grains. Only one study 

(Oltjen et al., 1967) compared three or more feed grains. 

Two studies (0rskov et al., 1971b; Kay et al., 1972) 

compared ruminal digestibility of protein for corn and 

barley diets with chromium oxide as a flow marker. Ruminal 

digestibility values may vary considerably depending on the 

marker used (Theurer, 1981). 

In the last two decades, change in available geno

types, varieties and hybrids as well as agronomic practices 

have occurred in feed grain production. 

ing methods have been introduced. The 

Also new process

effects of grain 

processing on protein digestibility appears to be variable 

(Hale and Theurer, 1972). This centers on a manuscript 

review of the literature from 1960 to mid-1982 concerning 

protein and dry matter digestibility vaues used to (1) 

compare protein digestibility among sorghum grain, corn and 

barley based diets, and (2) to identify possible factors 

contributing to possible differences in protein digesti

bility among grains. 



Total Tract Digestibility Comparisons 
of Feed Grains 

8 

Only eight references from 1960 to mid-1982 could 

be found in which protein digestibility of two or more feed 

grains was deterimined by total collection techniques. 

Table 1 presents comparisons of total tract crude protein 

and dry matter digestibilities among diets containing 70% 

or more sorghum grain, corn or barley. Only one reference 

(Oltjen et aI., 1967) compared all three grains. In that 

study, cracked SOl" gh urn grain, corn and bar ley we re fed in 

92% grain diets to 496 kg steers. In their first trial (in 

which the three grains were compared), the corn diet 

contained 1% urea, and in their second trial which only 

compared sorghum grain and corn diets, the sorghum grain 

diet contained 1% urea. In the first trial, protein and 

dry matter digestibilities were markedly lower (P < .05) 

for the sorghum grain diet than for the corn and barley 

diets. In the second trial there was no difference in 

protein or dry matter digestibility between sorghum grain 

and corn. 

In a study which compared sorghum grain and corn, 

Brown et al. (1968) reported a slightly lower crude protein 

digestibility at high levels of feeding for a sorghum grain 

diet but no difference at intermediate and maintenance 

feeding levels. White et al. (1972) and Maxson et al. 

(1973) observed lower (P < .05) protein digestibilities of 



Table 1. Comparison of crude protein and dry matter digestibility of feed grains. 

Total Tract Dry Total Tract Crude 
Matter Di8estibility Protein Digestibility 

Grain 
Reference Animal Dietary Comments Process Sorghum Corn Barley Sorghum Corn Barley 

01 t jen et a1. (1967 ) Steer Corn diet with Cracked 71. 8 c 83.0d 84.0d 42.7 a ,c 73. 6 a , d 77. 6a, d 
urea 

Steer Sorghum diet with Cracked 73.3 75.2 57.7a 59.0a 
urea 

Brown et al. (1968 ) Steer Maintenance Ground 68.9 67.5 64.1 65.1 
feeding level 

Steer Intermediate Ground 68.8 67.3 69.1 68.4 
feeding level 

Steer Hi8h feeding Ground 67.8 69.3 64.0 68.6 
level 

Whi te et a1. (1972) Steer Ground 83.1 86.6 66.6c 76.2d 

Maxson et a1. (1973) Steer 16% forage sorghum Ground 63.6c 75.4d 46.9c 61.5d 

Schake et al. (1976) Steer Steam 74.7 77.9 6l.6c 70.7 d 
flaked 

Saba et a1. (1964) Steer 11% crude protein Dry rolled 67.4 b ,c 74.5d 46.9 b ,c 67.9d 
Steer 14% crude protein Dry rolled 66.4 b 78.4 48.2 b ,c 76.8d 
Heifer All grain Dry rolled 72.8 b ,c 84.3d 55.2 b ,c 77 .ld 

Keating et al. (1965) Steer Dry rolled 63.4b,c 78.0d 41.8 b ,C 66.0d 
Sheep A 11 grain Dry rolled 87.6b,c 76.2 d 70.0b 69.1 

Mehrez and 0rskov (1978) Sheep No urea Whole 80.2 74.7 65.6a 61.0a 
Sheep .8% urea Whole 86.9 78.8 73.9a 71.5a 
Sheep 1.5% urea Whole 88.2 80.9 80.6a 73.4a 
Sheep 2.2% urea Whole 87.0 80.9 80.9a 78.4 a 

----------------------------------------------------------
Average 71.5 78.7 79.1 56.5 

±7.1 ±7.8 ±3.5 ±10.2 

a Calculated from data in article. 

b Milo gluten meal added to the diet. 

c.d Means on same line within crude protein or dry matter values bearing different superscript 
letters differ significantly (P < .05). 

70.3 71.9 
±7.0 ±5.8 

1.0 
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sorghum grain vs corn. Schake et al. (1976) reported 

protein digestibility values of· 62 and 71% for diets 

con taining 80% sorghum grain and corn, respec ti vely, for 

steers fed 5 kg per day. Dry matter digestibilities were 

al so lower 

a1. (1973) 

for sorghum grain 

and Schake et al. 

in the st udies of Maxson et 

(1976). Digestibilities of 

protein and dry matter were lower (P < .05) for sorghum 

grain than for barley in three comparsion studies reported 

by Saba et a1. (1964). In the all-grain diet fed to 

heifers, crude protein digestibi1ities for sorghum grain 

and barley were 55 and 77%, respecti vely (Saba et al., 

1964). 

Keating et al. (1965) found sorghum grain protein 

less (P < .05) digestible than barley protein by cattle, 

but reported similar values for sheep. In four studies 

using sheep, Mehrez and 0rskov (1978) found no difference 

(P < .05) in protein digestibility between corn and barley; 

however, protein and dry matter digestibi1ities tended to 

be greater for corn. In the only comparison study in which 

cattle were used (Oltjen et a1., 1967), no difference 

occurred in protein and dry matter digestibility between 

the 92% corn and barley diets. 

Across all comparison trials mean values for 

protein digestibility were 57% for sorghum grain compared 

to 70 and 72% for corn and barley, respectively. Apparent 

dry matter digestibility values followed the same trend but 
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differences were smaller. Mean values across trials should 

be interpreted with caution due to differences in 

grain level, level of nitrogen supplementation, 

dietary 

type of 

grain processing, and feed intake level, as well as other 

factors. These means are similar to those adapted from the 

National Reseach Council (1976) Nutrient Requirements of 

Beef Cattle. The data are too limited to determine whether 

grain protein digestibilities vary betwe~n cattle and 

sheep, as is suggested by the data of Keating et al. (1965) 

for sorghum grain. 

Individual Grain Studies 

Apparent total tract crude protein and dry matter 

digestibility coerficients of diets containing 70% or more 

sorghum gr?in, corn and barley are summarized in Tables 2, 

3 and 4, respectively. Data are grouped by grain 

processing treatment, in chronological order by reference. 

A total of 332 obsevations from 85 references of crude 

protein digestibility valueS are reported in the three 

tables (107, 140 and 85 observations for sorghum grain, 

corn and barley, respectively). 

Sorghum Grain 

Total tract digestibility of crude protein dry 

matter and diet characteristics of sorghum grain based 

diets containing 70% or more grain used in cattle and sheep 

digestion trials are shown in Table 2. Most of the 



Table 2. Crude protein and dry matter digestibility of sorghum grain based diets. 

Percent 
Diet Diseslibilit): 

Animal Percent Percent. Percent Intake Dry Crude 
Reference (kg) Grain a Concentratea Proteinb Supplement C Leveld Hatter Protein 

- - - - - - - - - -Ground- - - - - - - - - - - - - -
HcGinty and Riggs (1967) Steer 64.7 47.3 

Brown et al. (1968) Steer (300) 7le 7le CSH 68.9 64.1 
Steer (300) >71e >71e CSH 68.8 69.1 
Steer (300) >7l e >71e CSH 67.8 64.0 

Buchanan-Smith et al. Steer 78 87 15.ge CSH 3.7 76.7 64.7 
(1968) Steer 78 87 16.1e CSH 4.0 77.0 66.4 

Sheep 78 87 15.ge CSH .8 80.4 71.6 
Sheep 78 87 16.1e CSH .8 80.8 73.1 

Husted et al. (1968) Steer (362) 77 85 12.8 Urea 6.4 70.7 59.4 

HcGinty and Riggs (1968) Steer 97 100 None 67.ge 49.6e 
Steer 97 100 None 67.1e 45.1e 
Steer 97 100 None 65.1e 48.ge 
Steer 97 100 None 66.7 e 47.8e 
Steer 97 100 None 62.5e 44.1e 
Steer 97 100 None 55.3e 39.6e 

White et al. (1971) Steer (189) 78 100 14.3 Urea SBH 5.0 81.5 69.0 
Steer (236) 83 100 12.0 Urea SBM 5.0 81.3 62.1 

White et al. (1972) Steer (208) 88 100 14.7 S8M 3 85.3 69.0 
Steer (208) 96 100 15.1 Urea 3 83.1 66.6 

Bade et al. (1973) Steer (200) 70 80 13.0e CSH 5 71.0 60.1 

..... 
N 



Table 2. -- Continued 

Percent 
Diet Dil!estibilit~ 

Animal Percent Percent Percent Intak~ Dry Crude 
Reference (kg) Graina Concentratea Protein b Supplement C Level Matter Protein 

Maxson et al. (1973) Steer (370) 7Sb S3 13.7 Urea SBM 63.6 46.9 

Greathouse et a1. (1974) Steer (266) 97 100 10.se None SO% of SO.l 64.S 
ad lib 

Steer (266) 97 100 13.4e Urea SO% of S5.2 69.9 
ad lib 

Steer (266) 97 100 13.5e SBM SO% of S5.6 71.9 
ad lib 

Steer (295) 97 100 11.se None 5.ge 77.7 60.7 
Steer (295) 97 100 14.Se Urea 5.ge SO.6 69.7 
Steer (295) 97 100 14.7e SBM 5.ge SO.S 70.3 

White et a1. (1974a) Steer 100 100 12.0 None 42.4 
Steer 100 100 12.0 None 26.4 
Steer 100 100 12.0 None 43.2 
Steer 100 100 12.0 None 39.6 
Steer 100 100 12.0 None 43.S 
Steer 100 100 12.0 None 51.7 
Steer 100 100 12.0 None 51.9 

White et al. (1974b) Steer (127) 90 e 100 12.0 Urea SBM 2.S 7S.9 61.2 
Steer (127) 72 e SO 12.0 Urea SBM 2.S 71. 5 60.5 
Steer (167) 90e 100 12.0 Urea S8M 2.S 72.5 52.5 
Steer (167) 72 e SO 12.0 Urea SBM 2.8 70.4 64.1 

White and Hembry (197S) Steer (200) BB 100 14.0 None 2.5 60.Be 
Steer (200) 100 100 14.0 None 2.5 52.6e 

------------ ------------------------------------------------
Average B9 94 13.3 73.B 57.2 

±7.9 ±1l.4 

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

...... 
VI 



Table 2. -- Continued 

Animal Percent Percent 
Reference (kg) Grain a Concentratea 

- - - - - - - - - - - - - Dry Rolled 

Saba et al. (1964) Steer (261) 77g 85 

Steer (261) 77g 85 

Heifer (241) 99g 100 

~eating et al. (1965) Steer (368) 77g 85 

Sheep (30) 99g 100 

Hale et al. (1966) Steer (341) 77 85 

Husted et al. (1968) Steer (206) 77 85 
Steer (362) 77 85 

Nishimuta et al. (1968) Sheep 72 78 
Sheep 72 78 
Sheep 72 78 

Riggs and HcGinty (1970) Steer 100 100 
Steer 100 100 

Riggs et al. (1970) Steer 92 100 

Sherrod and Furr (1970) Sheep 81 82 
Sheep 81 82 
Sheep 81 82 
Sheep 81 82 

McCloy et al. (1971) Steer (272) 72 80 
Sheep (43) 72 80 

Diet 
Percent Intake 
Protein b Supplement c Leveld 

- - - - - - - -
10.5 HGH 90% of 

ad lib 
13.0 HGH 90% of 

ad lib 
13.5 HGH 90% of 

ad lib 

8.9 MGH 90% of 
ad lib 

11.9 HGH 1.2 

11.1 Urea 90% of 
ad lib 

12.1 Urea 6.4 
12.7 Urea 6.4 

Urea CSH 1.0 
Urea CSH 1.0 
Urea CSH 1.0 

10.8 None 5.5 
10.7 None 4.5 

12.2 CSH 

None 1.1 
None 1.1 
None 1.1 
None 1.1 

14.4 Urea CSH 6.4e 
14.4 Urea CSH 1.2e 

Percent 
Disestibilitl 

Dry Crude 
Hatter Protein 

67.4 46.9 

66.4 48.2 

72.8 55.2 

63.4 41.8 

87.6 70.0 

61.6 49.6 

65.2 52.7 
68.8 58.8 

68.7 f 46.7 
73.3 f 48.4 
72.8 f 50.1 

64.4 44.4 
65.0 50.2 

57.2 39.5 

72.0 f 30.3 
76.6 f 43.4 
76.9 f 46.2 
73.0 f 44.4 

69.6 52.3 
72.4 55.6 

.... 
""'" 



Table 2. -- Continued 

Reference 

Sherrod and Albin (1973) 

Average 

Animal 
(kg) 

Sheep 
Sheep 
Sheep 
Sheep 
Sheep 

Diet 
Percent Percen t Percent 1nt.iK~ 
Graina Concentratea Protein b Supplement C Level 

70 70 None 1.0 
70 70 None 1.0 
70 70 None 1.0 
70 70 None 1.0 
70 70 None 1.0 

79 83 12.0 

- - - - - - - - - - - - - -Cracked-

Richardson et al. (1961) Steer (284) 7S e 7S e IS.4e None 9.6 
Steer (284) 83 e 83 e Is.1 e None 9.8 

Albin and Durham (1967) Steer (312) 89 100 12.5 CSH 6.1 
Steer (312) 89 100 12.5 CSH 5.5 
Steer (222) 89 100 12.1 CSH 5.9 
Steer (222) 89 100 11.2 CSH 6.0 

01tjen et al. (1967) Steer (188) 92 100 12.0e None 2.8e 
Steer (188) 91 100 14.7e Urea 2.8e 

Average 87 95 13.2 

Percent 
DiRestibility 

Dry Crude 
Hatter Protein 

80.0 f 67.4 
79.0~ 71.6 
79.8 72.3 
77.6 f 66.8 
77 .sf 68.6 

71.6 
.:t6 • 9 

80.1 
76.1 
80.9 
73.6 

71.8 
73.3 

76.0 
.:t3 • 8 

52.9 
.:tILl 

66.0 
63.1 

74.3 
67.5 
73.1 
62.6 

4'2.7 e 
s7.7 e 

63.4 
.:t10 • O 

...... 
U1 



Table 2. -- Continued 

Diet 
Animal 

(kg) 
Percent Percent Percent 

Reference Graina Concentratea Proteinb 

Hale et al. (1966) Steer (341) 77 

Buchanan-Smith et al. St, ~e" 
(1968) Sn. ,ep 

(206) 
Steer (362) 
Steer (362) 

Schake et a1. (1976) Steer ( 213) 

Muntifering et a1. (1980) Steer (259) 76 

Average 

McGinty and Riggs (1967) 

Buchanan-Smith et a1. 
(1968 ) 

Riggs and McGinty (1970) 

Bade et a1. (1973) 

Steer (259) 76 

77 

- - - -
Steer 

Steer 78 
Sheep 78 

Steer 100 
Steer 100 

Steer (200) 70 
Steer (280) 70 

Steam Flaked 

85 11.8 

87 16.1 
87 16.1 

85 12.4 
85 11.9 
85 12.0 

90 

84 11. 7 
84 11.7 

86 13.0 

Reconstituted. Rolled 

87 16.1 
87 16.1 

100 10.7 
100 11.0 

80 D.1e 
80 13.0e 

Intake 
Supplement c Leve1d 

Urea 90% of 
ad lib 

CSH 3.8 
CSH .7 

Urea 6.4 
Urea 6.4 
Urea 6.4 

5.0 

None 5.0 
None 5.2 

------ - - - - -

CSH 3.8 
CSH .7 

None 5.5 
None 4.4 

CSH 5.0 
CSH 5.0 

Percent 
DiRestibilJ~ 

Dry Crude 
Hatter Protein 

69.7 

81.6 
79.8 

74.9 
76.3 
75.2 

74.7 

77.6 
78.2 

76.4 
:t3 • 4 

80.4 

82.8 
81.7 

83.1 
79.7 

75.6 
73.0 

51.4 

65.6 
66.8 

56.9 
55.5 
53.3 

61.6 

56.5 
59.0 

58.5 
:t5 • 3 

56.5 

71.0 
73.2 

51. 7 
61.2 

66.4 
63.8 

------------------------------------------------
Average 83 89 13.3 79.5 

:t3 • 8 
63.4 
:t7 • 7 

-----------------------------------------------
...... 
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Table 2. -- Continued 

Reference 

Riggs et al. (1970) 

Average 

Animal 
(kg) 

Steer 
Steer 
Steer 

Percent 
Grain a 

Percent 
Concentratea 

Diet 
Percent 
Protein b Supplement C 

- - - - -Hicronized-

92 
92 
92 

92 

100 
100 
100 

100 

12.2e 
12.2e 
12.2e 

12.2 

CSH 
CSH 
CSH 

Intak~ 
Level 

Percent 
Digestibility 

DryU Crude 
Hatter Protein 

74.6 
79.3 
76.0 

76.6 
.±.2.4 

39.0 
37.6 
41.0 

39.2 
.±.1.7 

- - - - - - - - - -Bird Resistant, Ground- - - - - - - - - - - -
HcGinty and Riggs (1968) Steer 97 100 None ss.se 23.0e 

Steer 97 100 None S1.6e l4.le 

Flynn and Stallcup (1973) Steer (227) 4S.3 9.8 

Haxson et al. (1973) Steer (370) 78 b 83 12.3 SBH Urea 62.6 37.6 

Sherrod and Albin (1973) Sheep 70 70 74.6 60.2 

White et a1. (1974a) Steer 100 100 12.0 None 12.8 

f-' 
'-..J 



Table 2. -- Continued 

Reference 
Animal 

(kg) 

White and Hembry (1978) Steer (200) 
Steer (200) 
Steer (200) 
Steer (200) 
Steer (200) 
Steer (200) 

Brommelsiek et a1. (1979) Steer (308) 
Steer (308) 
Steer (308) 

Average 

Ov"rall Average 

: As is basis. 

Diet 
Percent Percent Percent - Tntake 
Grain a Concentratea Proteinb SupplementC Leveld 

86 93 13.5 None 2.7 
86 93 13.5 None 2.7 
86 93 13.5 None 2.7 
86 93 13.5 None 2.7 
86 93 13.5 None 2.7 
86 93 13.5 None 2.7 

77b 81 12.4 Urea SBH ad 1 b 
77b 81 12.4 Urea SBH ad 1 b 
77b 81 12.4 Urea SBH ad 1 b 

85 90 13.0 

85 90 13.0 

Dry matter basis. 
~ CSH = cottonseed meal; SBH = soybean meal; HGH = milo gluten meal. 

Kg per head per day, unless noted. 
~ Calculated from data in reference. 

Percent 
DiRestibU~ 

Dry Crude 
Hatter Protein 

37.2i 
39.81 
54.71 
36.31 
36.81 
43.81 

55.2 33.0 
62.9 43.4 
64.7 46.2 

59.1 
±9.0 

12.8 
±8.2 

35.2 
±14.8 

53.6 
±13.8 

Organic matter digestibility. 
g Includes milo gluten meal. 

For Husted et al. (1968), grain process treatment for third set of data was pressure cooked and flaked. 
Average of three trials. 

...... 
(Xl 



research was conducted in the southwest. 

19 

The data are 

based on 107 observations from 31 references. Total tract 

digestibility coefficients for sorghum grain crude protein 

averaged 54% and ranged from 10 to 74%. Dry matter digesti

bility and dietary crude protein level of the diets 

averaged 73 and 13%, respectively. 

Average protein digestibility in the total tract 

was 57,53,63,58,63 and 39% for ground, dry rolled, 

cracked, steam flaked, reconstituted, and micronized 

sorghum grain, respectively. Comparisons among the average 

tabular values for processing treatments within a grain may 

not always be valid due to the many possible variables 

(grain souce, dietary protein level, etc.) among studies. 

Besides the lower micronized 

of cracked and reconsti tuted 

value, protein digestibility 

sorghum grain tended to be 

higher than with other grain processing methods. 

Using elec tron microscopy, Florence et ale (1968) 

found that reconstituted sorghum grain showed non-distinct, 

poorly defined cell walls compared to sharp and defined 

cell walls in air dry grain. There was evidence of a 

destroyed proteinaceous matrix surrounding the starch 

granules, which might contribute to the improved digesti

bility of protein in reconstituted sorghum grain. Riggs 

and McGinty (1970) found digestibility of crude protein was 

higher in reconstituted 

sorghum grain. Protein 

sorghum grain than in dry rolled 

digestibilities for reconstituted 
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and dry rolled grain diets were 52 and 44%, respectively in 

trial 1 and 61 and 51%, respectively, in trial 2. Bade et 

ale (1973) also reported digestihility of protein was 

higher for a reconsti tuted sorghum grain diet as compared 

to a ground sor ghum diet (66 v s 60%). Buchanan-Smi th et 

ale (1968) found no difference (P < .05) in protein digesti

bility among diets with 78% ground, flaked or reconstituted 

sorghum grain (65,66 and 71%, respectively), although the 

value for reconstituted grain was highest. 

Potter et ale (1971) indicated the effect of pro

cessing on total tract digestion of sorghum grain was 

minimal. Hale et ale (1966) found no difference in crude 

protein digestibility between 77% steam flaked and dry 

rolled sorghum grain diets (51 and 50%, respectively). 

Husted et ale (1968) found no difference in protein dige~ti

bility between steam processed flaked and dry rolled 

sorghum grain (57 vs 53%), but found that steam processing 

and flaking improved dry matter digestibility. 

Other processing treatments had little effect on 

sorghum grain protein digestibility. Buchanan-Smith et ale 

(1968) found no difference between fine and coarse and 78% 

sorghum grain diets (65 and 66%, respectively) with cattle. 

Riggs et ale (1970) compared micronizing vs dry rolling of 

sorghum grain and found protein digestibility for both 

treatments was low (40 vs 39%, respectively). Protein 

digestibility was low and also the reference did not 
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indicate whether the grain source was bird-resistant or 

not. However, there was alar ge increse in dry rna t ter 

digestibility with micronizing over dry rolling. 

McGinty and Riggs (1968) reported a wide variation 

in protein digestibility (14 to 50% for eight varieties 

(see ground and bird-resistant groups). Sherrod and Albin 

(1978) fed sheep six varieties of dry rolled sorghum. 

Protein digestibility coefficients ranged from 60 to 72% 

for the diet (see dry rolled and bird-resistant groups). 

The lowest value was for a bird-resistant variety. They 

concluded that there are some differences in digestibility 

among sorghum grain types and that identification by grain 

type could be a reliable indicator of nutritive value. 

Protein digestibility of bird-resistant varieties 

averaged 35% and ranged from 10 to 60%. Bird-resistant 

sorghum grain contains high levels of tannin which may be 

related to the lowered digestibility. Saba et a1. (1972) 

repoted lower (P < .05) in vitro dry matter disappearance 

(3-hour fermentation) from a bird-resistant hybrid 

( Ark a n s a s 614 ) as com par edt 0 a non·- b i r d - res i s tan thy b rid 

when both were ground (7 vs 15%). There was no difference 

(P > .05) when both were steam processed and flaked (15 and 

14%) • 

Whi te ai"\d Hembry (1978) clearly showed tha t crude 

protein digestibility was much lower for bird-resistant 

varieties (20 to 40-fo1d higher in tanin) than for bird-



susceptible varieties (41 v~ 57%). 

22 

t1a x son eta 1 • ( 1973 ) 

reported lower protein digestibility for a bird- resistant 

va r i e t y , 38 v s 47% , for a g r 0 u n·d non - b i r d - res i s tan t 

sorghum. Bromme1siek et a1. (1979) supplemented 

bird-resistant sorghum grain based diets wi th methionine 

hydroxy analog to evaluate its influence on digestibility. 

At levels of 0, 7 or 30 g of methionine hydroxy analog per 

steer per day, there was a non-significan t increase in 

protein digestibility (33, 43 and 46%, respectively). 

The presence and type of nitrogen supplementation 

influenced protein digestibility for sorghum grain based 

diets. In general, higher protein digestibility coeffi-

cients were found with diets containing nitrogen 

supplements due to the 

supplement, especially when 

digestible). 01tjen et a1. 

higher digestibility of the 

urea is added (which is 100% 

(1967) fed steers 92% cracked 

sorghum grain diets and noted an increase in protein 

digestibility from 43% without urea to 58% when urea was 

added (separate trials). Greathouse et a1. (1974), using 

97% sorghum grain grain diets, found in their first trial 

(fed at 80% ad libitum) an improved protein digestibility 

in diets supplemented with urea or soybean meal vs no 

supplement (70 and 72% vs 65%, respectively). In the 

second digestion trial, steers were 

approximately 6 kg per head per day. 

difference in protein digestibility 

fed the same diets at 

They found a greater 

wi th ni trogen supp1e-
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mentation (70 and 70 vs 61 for urea, soybean meal and no 

supplementation, respectively). 

There appears to be a trend for higher digesti

bility of sorghum grain protein by sheep as compared to 

cattle. Protein digestibility of dry rolled sorghum grain 

based diets averaged 56 and 49% for sheep and cattle, 

respectively. McCloy et a1. (1971) fed dry rolled sorghum 

grain diets and found that protein digestibility by sheep 

was higher as compared to cattle (56 vs 52%, respectively). 

Keating et al. (1965) observed a much higher protein 

digestibility of dry rolled sorghum for sheep compared to 

cattle (70 vs 42%). 

In summary, reconstitution is the only grain 

processing method to consistently improve sorghum grain 

protein digestibility. Digestion coefficients for protein 

and dry matter digestibility values for sorghum grain diets 

varied markedly, partly due to the bird-resistant varie

ties. Ni trogen supplementation usually increased protein 

digestibility of sorghum grain diets and thus affected 

protein digesti bili ty values. Sheep appear to be more 

efficient than cattle in digestion of sorghum grain 

protein. 

Corn 

Table 3 summarizes total tract digestibility of 

crude protein and dry matter in corn diets by cattle and 



Table 3. Crude protein and dry matter digestibility of corn based diets. 

Percent 
Diet Disesti bilit:t 

Animal Percent Percent Percent Intake Dry Crude 
Reference (kg) Grain a Concentratea Protein b Supplement C Level d Matter Protein 

------- - -Ground- - - - - - - - - - -
Clanton et a1. (1960) Steer (307) 72e 72e 9.5e None 70.7e 58.5e 

Brown et al. (1968) Steer (300) 7l e 7l e CSM 67.5 65.1 
Steer (300) >7l e >71e CSM 67.3 68.4 
Steer (300) >71 e >71e CSM 69.3 68.6 

Brookes et al. (1969) Sheep (30) 70 74 7.2e None .8 66.0 44.4e 
Sheep (30) 70 74 8.1e Urea .8 68.0 50.5e 
Sheep (40) 70 74 9.0e None .7 68.8 58.3e 
Sheep (40) 90 100 10.6e Urea 1.0 74.8 62.7e 
Sheep (40) 90 100 11.0e Urea 1.0 78.2 66.ge 

Utley and McCormick Steer (250) 94 100 13.1 Urea CSM 3.0 83.1 71.1 
(1972) Steer (250) 83 90 13.1 Urea CSM 3.0 77.3 70.2 

Steer (250) 73 80 13.0 Urea CSM 3.0 74.1 70.6 

Utley et a1. (1972) Steer (250) 72 80 13.8 CSM 5.0 72.5 65.0 
Steer (250) 78 80 14.2 Urea 5.0 75.9 72.3 
Steer (250) 77 78 14.3 None 5.0 80.8 ~1.6 

White et al. (1972) Steer (205) 96 100 13.7 Urea 2.8 90.7 82.2 
Steer (205) 88 100 13.6 SBM 2.8 89.2 77 .9 
Steer (208) 96 100 14.8 Urea 3.0 86.6 76.2 
Steer (205) 96 100 13.7 Urea 2.8 89.7 81.6 
Steer (205) 88 100 13.6 SBM 2.8 90.7 80.3 

Maxson et a1. (1973) Steer (370) 78b 84 12.7 Urea SBM 75.4 61.5 

Owens et al. (1973) Sheep (30) 72 88 8.7e None .9 75.3 65.4 
Sheep (30) 72 88 1l.8e Urea .9 82.0 81.0 
Sheep (30) 72 88 14.0e Urea .9 79.0 76.6 
Sheep (30) 72 88 18.5e Urea .9 79.3 83.5 

~ 
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Table 3. -- Continued 

Percent 
Diet DiBestibilitl 

Animal Percent Percent Percent Intake Dry Crude 
Reference (kg) Grain a Concentratea Protein a Supplement C Level d Hatter Protein 

Utley et al. (1973) Steer (250) 73 80 12.9 Urea CSH 5.0 72.2 66.6 
Steer (250) 73 80 13.1 Urea CSH 5.0 71.4 65.2 
Steer (250) 73 80 13.2 Urea CSM 3.0 70.7 66.1 

White et a1. (1975) Steer (167) 77 e 80 e 10.4e Urea 3.0 69.2 65.5 

Prigge et al. (1976) Sheep (33) 77 84 12.1 SBM 74.2 66.5 
Sheep (33) 80 84 12.2 Urea SBH 77 .3 68.7 

Huntington et a1. (1977) Sheep 74 80 13.2e SBM 3% of body 70.0 
weight 

Sheep 72e 78e 12.ge SBH 3% of body 68.0 
weight 

Sheep 70e 76 e 12.7e SBM 3% of body 65.0 
weight 

Newton and Utley (1978) Steer 78 80 13.9 Urea 3.0 68.3 66.2 
Steer 78 80 13.9 NPN 3.0 68.1 59.5 

Galyean et al. (1979b) Steer (272) 72 78 11.8 Urea SBM 3.6 75.6 69.2 
Steer (272) 72 78 11.3 Urea SBH 3.6 76.1 67.9 
Steer (272) 72 78 11.4 Urea SBH 3.6 76.5 67.6 

Thompson et al. (1982 ) Sheep (40) 88 100 11.6e Urea SBM .8 88.0 67.5 

-------------------------------------------------------------
Average 78 85 12.4 76.2 68.2 

±7.2 ±8.0 

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

N 
U1 



Table 3. -- Continued 

Percent 
Diet Di8estibilit~ 

Animal Percent Percent Percent Intake Dry Crude 
Reference (kg) Grain a Concentrate a Protein b Supplement C Leve1 d Matter Protein 

------- - - -Roll ed- ------

Vance et a 1. (1972 ) Steer 88e 100 14.2e Urea SliM ad lib 86.4 81.3 

White et al. (1973) Sheep (46) 83e 8ge 9.8 S8M .7 78.2 ·60.4 
Sheep (46) 83e 8ge 9.8 SBM .7 79.0 61.9 

Perry et a1. (1975) Steer (360) 80 95 1l.2e SBM 5.8 78.3e 65.le 
Steer (360) 80 95 12.5e SBM 5.8 78.8e 68.6e 
Steer (360) 79 95 11. 5e SBM 5.8 77.6e 62.4e 

Cole et a1. (1976) Steer 79 90 13.2e Urea CSM 4.8 67.5 

Prigge et a1. (1978) Steer (429) 78 85 11.7 Urea CSM 4.4 80.6 68.4 

Johnson et a1. (1982) Steer (226) 78 86 13.1e Urea 5.6 71. 5 69.5 
Steer (226) 78 86 13.2e Urea case n 5.3 75.2 71.7 
Steer (226) 78 86 13.1e Urea case n 5.6 72.6 69.7 
Steer (226) 78 86 13.2e Urea case n 5.3 71.1 67.6 
Steer (226) 78 86 13.4e Urea case n 5.0 70.4 66.8 

-------------------------------------------------------------
Average 80 90 12.3 76.6 67.8 

±4.7 ±5.3 

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

- - - - - - Cracked 

01tjen et a1. (1967) Steer (188) 91 100 12.7e Urea 2.8e 83.0 73.6e 

Steer (188) 90 100 9.8e None 2.8e 75.2 59.0e 

Johnson et al. (1968) Steer (232) 72b,e 77 e CSM 4.5 70.1 59.6 

Mudd and Perry (1968) Steer (290) 76 85 12.2e SBM ad lib 79.8e 69.8e 

Steer (240) 86 97 12.8e SBM ad lib 84.6 76.1 

Putnam et al. (1969 ) Steer (330) 91 100 13.1 Urea 79.0 69.6 
Steer (330) 91 100 12.6 Urea 80.2 74.8 
Steer (330) 93 100 9.2 None 83.3 66.6 
Steer (330) 93 100 8.4 None 81.3 63.3 

Braman et al. (1973) Sheep (33) 90 100 14.5 SBM 1.2 84.4e 72 .6e 

Sheep (33) 90 100 14.3 SBM 1.2 84.3e 78.ge 

Sheep (33) 90 IOU 14.1 Urea SBM 1.2 84.3e 74.4e N 

Sheep (33) 90 100 13.8 Urea SBM 1.2 85.2e 80.8e Q\ 



Table 3. -- Continued 

Percent 
Diet Di8estibilit~ 

Animal Percent Percent Percent Intaka Dry Crude 
Reference (kg) Graina Concentratea Proteinb Supplement C Level Matter Protein 

Utley and McCormick Steer (200) 73 80 
(1975) 

12.1 Urea CSM 3.6 74.4 68.6 

Galyean et a1. (1977a) Steer (285) 84 90 12.7 Urea SBM 2.6 85.7 78.9 
Steer (285) 84 90 12.7 Urea SBH 3.4 84.1 77.4 
Steer (285) 84 90 12.7 Urea SBH 4.3 78.9 74.2 
Steer (285) 84 90 12.7 Urea SBH 5.3 77.6 76.8 

Veira et al. (1980) Calf 90 92 9.9 None 71.1 61.6 
Calf 85 92 12.0 SBM 72.7 65.4 
Calf 80 92 14.2 SBH 72.9 69.4 
Calf 75 92 16.2 SBM 75.1 72.2 

Joanning et a1. (1981 ) Steer (250) 90 100 13.2 SBM 3.8 84.4 74.3 

Wheeler (1981) Steer (277) 74b 85 12.3 SBM 6.0 71.2 64.4 
Steer (277) 73 b 85 12.1 SBM 3.3 72.1 61. 2 
Steer (277) 73 b 85 11.9 SBM 6.3 76.4 69.7 
Steer (277) 74 b 85 12.2 SBM 6.4 73.6 66.1 
Steer (277) 73 b 85 12.2 SBM 5.9 72.9 65.7 

Wheeler et al. (1981) Steer (285) 74b 85 12.1 SBM 8.4 66.2 63.7 
Steer (285) 73 b 85 12.0 SBM 8.3 66.5 63.1 
Steer (285) 72 b 85 12.3 SBM 6.9 66.8 62.6 
Steer (285) 73 b 85 12.2 SBM 8.9 68.9 63.6 
Steer (285) 72 b 85 12.1 SBM 8.4 68.6 63.8 
Steer (285) 7l b 85 12.2 SBM 6.8 68.1 63.4 

-------------------------------------------------------------
Average 82 91 12.4 76.6 69.0 

±.6.4 ±.6.2 

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

N 
-....J 



Table 3. -- Continued 

Percent 
Diet Disestibilit:t 

Animal Percent Percent Percent Intake Dry Crude 
Reference (kg) Graina Concentratea Protein b Supplement C Leve1 d Hatter Protein 

------- - - - - - - -F1aked- - - - - - -

Johnson et al. (1968) Steer (232) 72b,e 77e CSH 4.5 74.8 64.5 
Steer (296) 79b,e 83e CSH 5.0 77 .5 66.8 
Steer (296) 79b,e 83e CSM 5.0 77 .1 65.6 
Steer (296) 79b,e 83e CSM 5.0 72.4 62.5 

Hudd and Perry (1969) Steer (290) 76 85 12.2e S8H ad lib 76.0e 64.8e 
Steer (240) 86 97 12.8e S8H ad lib 80.7 67.3 

Perry et al. (1975) Steer (360) 80 95 12.7e S8H 5.8 80.8 69.2 

Cole et ale (1976) Steer 79 90 12.6e Urea CSM 4.8 73.4 

Schake et al. (1976) Steer (213) 80 90 5.0 77.9 70.7 

Prigge et al. (1978 ) Steer (429) 78 85 10.6 Urea CSM 4.4 81. 7 66.1 

-------------------------------------------------------------
Average 79 87 12.2 77.7 

±.3.0 
67.1 
±3.2 

N 
(Xl 



Table 3. -- Continued 

Percent 
Diet Di8estibi1it~ 

Animal Percent Percent Percent Intake Dry Crude 
Reference (kg) Grain a Concentrate a Protein b Supplement C Level d Matter Protein 

------- -High Moisture, Rolledg- - - - - -
White et a1. (1973) Sheep (46) 83e 8g e 9.5 SBM .7 77 .6 60.1 

Sheep (46) 83e 8g e 9.8 SBM .7 79.9 63.5 
Sheep (46) 83e 8g e 9.8 SBM .7 79.4 62.4 

Tonroy et a1. (1974) Steer (200) 75 94 13.7e SBM 4.0 80.7 74.3 
Steer (200) 74 94 13.5e SBM 4.0 80.6 13.0 
Steer (200) 74 94 13.4e SBM 4.0 79.8 70.0 

Utley and McCormick Steer (200) 96 100 12.0 Urea CSM 3.6 89.4 76.8 
(1975) 

McLeod et a1. (1976) Steer (275) 92 e lOoe Urea ad lib 82.0 71.4 
Steer (275) 92 e lOOe Urea ad lib 84.8 74.2 

Prigge et a1. (1976) Sheep (33) 77 84 12.3 SBM 74.4 62.5 
Sheep (33) 80 84 12.2 Urea SBM 13.5 62.4 

Prigge et a1. (1978) Steer (429) 78 85 12.0 Urea CSM 4.4 81.6 66.7 
Steer (429) 78 85 11.8 Urea CSM 4.4 79.9 1j6.0 

-------------------------------------------------------------
Average 82 91 11.8 80.3 

±4.1 
68.0 
±5.6 

N 
t.O 



Table 3. -- Continued 

Animal Percent Percent 
Reference (kg) Grain a Concentrate a 

------- Whole 

Vance et al. (1972) Steer 88e 100 

White et al. (1972) Steer (205) 96 100 
Steer (205) 88 100 

Tonroy et a1. (1974) Steer (200) 70 95 

Perry et al. (1975) Steer (360) 80 95 
Steer (360) 79 95 

Utle~ and McCormick Steer (200) 95 100 
(1 75) 

White et al. (1975) Steer (200) 96e 100e 
Steer (200) 77e 80e 
Steer (174) 100e 100e 
Steer (174) 80e 80e 
Steer (167) 77e 80e 

Cole et a1. (1976) Steer 91 100 
Steer 83 93 
Steer 75 86 

McLeod et a1. (1976) Steer (275) 92e 100e 

Hehrez and 0rskov (1978) Lamb (17) 93e 100 
Lamb (17) 98e 100 
Lamb (17) 98 e 100 
Lamb (17) 98 e 100 

Diel 
Percent 
Protein b Supplement C 

14.2e Urea SBM 

13.7 Urea 
13.6 SBM 

13.8e SBM 

11. 2e SBM 
11.5e SBM 

11.9 Urea CSM 

12.1e Urea 
10.4e Urea 
8.9 None 
7.8 None 

10.4e Urea 

12.4e Urea CSM 
12.2e Urea CSM 
12.3e Urea CSM 

Urea 

9.6e None 
12.1e Urea 
14.1e Urea 
16.3e Urea 

Intake 
Level d 

ad lib 

2.8 
2.8 

4.0 

5.8 
5.8 

3.6 

3.2 
4.0 
3.0 
3.8 
3.0 

4.5 
5.2 
5.7 

ad b 
ad b 
ad b 
ad b 

Percent 
DisestibiJit:z: 

Dry Crude 
Matter Protein 

84.2 79.1 

89.7 81.6 
90.7 80.3 

79.5 69.4 

77 .6 63.9 
75.9 60.9 

87.4 74.5 

86.5 76.5 
69.3 63.5 
86.2 68.3 
60.5 51.8 
73.3 68.5 

71.4 
64.0 
60.5 

84.0 73.3 

80.2 65.6e 
86.9 73.ge 
88.2 80.6e 
87.0 80.ge 

{,J 
o 



Table 3. -- Continued 

Reference 
Animal 

(kg) 

Galyean et al. (1979b) Steer (272) 

Muntifering et al. (1980) Steer (400) 
Steer (400) 

Utley and McCormick (1980 Steer (204) 

Muntifering et al. 

Average 

Smith et al. (1979) 

Average 

Overall Average 

: As is basis. 

Steer ( 204) 
Steer (204) 

(1981) Steer (225) 
Steer (225) 

Sheep (30) 
Sheep (30) 

Diel 
Percent Percent Percent 
Graina Concentratea Proteinb Supplemenlc 

72 

90 
90 

95 
86 
75 

90 
90 

87 

88 
83 

86 

82 

78 11.2 

95 10.5 
95 10.5 

100 12.2 
100 12.1 
100 12.0 

95 10.0 
95 10.0 

--------
95 11. 7 

- - Pelleted-

100 
100 

100 

90 

13.4e 
13.6e 

13.5 

12.2 

Urea SBM 

SBM 
SBM 

Urea CSM 
WC 
SGP 

SSM 
SSM 

CSM 
DPW 

Intake 
Leveld 

3.6 

6.2 
6.2 

4.0 
4.0 
4.0 

3.8 
3.8 

ad lib 
ad lib 

c Dry matter basis. 
CSM = cottonseed meal; SBM = soybean meal; NPN ~ non-protein nitrogen; BGP = bermuda grass pellet; 

d DPW = dried poultry waste; WC = whole cottonseed. 
e Kg per head per day, unless noted. 
f Calculated from data in reference. 

Organic matter digestibility. 
g For White et al. (1973) third set of data, and Tonroy et al. (1974) second set of data of grain 

process treatments were reconstituted. For Prigge et a1. (1978) grain process treatment for 
second set of data was whole. Also, all Tonroy et al. (1974) corn was fed whole. All high moisture 
treatments that were not reconstituted were ensiled or preserved with acid. 

Percent 
Digestibility 

Dry Crude 
Matter Protein 

77 .1 

76.3 
75.9 

80.2 
78.1 
73.6 

84.0f 
83.1 f 

80.6 
±7.1 

83.5 
80.1 

81.8 
±2.4 

77 .8 
±6.4 

69.6 

61.3 
63.4 

74.5 
72.6 
70.0 

68.8 
70.1 

70.0 
±7.3 

70.4 
70.9 

70.7 
±.4 

68.6 
±6.6 

VI ...... 
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sheep. There are 140 observations on protein digestibility 

from 41 references. The average crude protein digesti

bility of corn based diets was 69.%, and ranged from 44 to 

82%. Values were much less variable than those for sorghum 

grain, and were similar to barley values. The average 

dietary crude protein level and dry matter digestibility 

were 12 and 78%; respectively. 

Average total tract digestibility coefficients of 

crude protein for the seven corn processing treatments were 

68 , 68, 69, 67, 68, 7 0 an d 71 for g r 0 un d, roll ed, era c ked, 

flaked, high-moisture, whole and pelleted corn, respec

tively. Processing appeared to have some effect on digesti

bility of corn protein. Most values were in the range of 

60 to 77%. White et al. (1972) compared 100% concentrate 

whole and ground corn fed at an intake of 2.8 kg per head 

per day and found no difference in protein digestibility 

(82 and 82%, respectively). High moisture treatment (not 

dried maybe preserved or ensiled) or reconstituted of corn 

did not consistently improve digestibility values over 

other proces~ing treatments. Tonroy et al. (1974) reported 

protein digestibility values of five and four percent units 

higher for high-moisture (ensiled) and reconstituted corn 

as compared to whole corn (74 and 73 vs 69%, respectively). 

White et a1. (1973) found protein digestibility averaged 

60, 64 and 62% for two high-moisture (preserved and 

ensiled, respectively) and a reconstituted corn diet, 
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respectively, compared to 60 and 62% for two rolled corn 

diets. Small differences were found in protein digesti

bility of high-moisture (ensiled) .vs ground corn diets 

(supplemented with soybean meal only) fed to sheep (62 and 

66%, respectively) (Prigge et al., 1976). 

Flaking of corn appeared to improve protein and dry 

matter digestibility compared to other processing methods. 

Johnson et al. (1968) reported protein and dry matter 

values of 64 and 75% for a 72% flaked corn diet and 60 and 

70%, respectively for a 72% cracked corn diet fed to 296 kg 

steers. Perr y et a1. (1975) al so found an improvement in 

protein digestibility when steers were fed flaked vs rolled 

corn diets, 69 vs 65%, respectively. Mudd and Perry (1969) 

repoed a lower (but non-significant) protein digestibility 

of flaked corn compared to cracked corn (67% and 76% for 

97% corn diets). Prigge et al. (1978) reported no 

difference in crude protein (67,67,66 and 68%) and dry 

matter (80, 82, 82 and 81%) digestibility among (two 

high-moisture treatments--ground then ensiled and whole 

then acid preserved; flaked or rolled corn based diets, 

respectively). 

Use of different genotypes of corn has improved 

pro tein di gest i bi 1 it Y compared with common corn. Brookes 

et al. (1969) compared a genotype (higher in protein and 

oil) with a common corn which resulted in 58 vs 49% crude 

protein digestibility, respectively. The diets fed to 
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sheep contained 70% ground corn diets with no supplement. 

They also compared opaque-2 corn with a common corn and 

observed protein digestibilities of 67 and 63%, respec

tively, for 90% ground corn diets supplemented with urea. 

The addition of roughage appeared to decrease protein 

digestibility of whole corn diets (White et al., 1975; Cole 

et al., 1976). 

The type and addition of nirogen or protein 

supplement had an effect on protein digestibility of corn 

diets. Supplementation of cracked corn diets with highly 

digestible urea increased crude protein digestibility, but 

did not affect dry matter digestibility. In all

concentrate diets the addition of urea to the diet 

increased protein digestibility from 67 to 70% for a 

molasses-cracked corn diet and from 63 to 75% for a soybean 

oil-cracked corn diet (Putnam et al., 1969). Oltjen et al. 

(1967) reported a large increase in protein digestibility 

(59 to 74%) with addition of urea to a cracked corn diets. 

Prigge et al. (1976) found no difference in protein digesti

bility bet wen soybean or urea and soybean supplemented 

diets using ground or high-moisture corn in diets fed to 

sheep. Using cot tonseed meal in a ground corn based diet 

(14% crude protein) resul ted in a lower protein digesti

bility compared to urea or no nitrogen supplementation (65 

vs 72 and 72%,respectively) when fed to 205 kg steers 

(Utley et al., 1972). 
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Total tract digestibility of crude protein was 

positively correlated with addition of urea and soybean 

meal to diets fed to lambs and cal ves. Mehrez and 0rskov 

(1978) reported protein digestibility increased from 66 to 

81% for whole corn diets with increasing levels of urea fed 

to lambs (10 to 14% dietary crude protein). From the 14 to 

16% protein level, there was no increase in protein digesti

bility. When calves were fed increasing le~els of soybean 

meal in crackd corn diets (10 to 16% dietary crude 

protein), there was an increase in protein digestibility, 

62 to 72%, respectively (Viera et al., 1980). 

There was no difference between protein digestion 

coefficients for cattle and sheep when all digestion 

coefficients of all the corn diets were averaged wi thin 

species. - For ca ttle there was a tendency for slightly 

higher protein digestibility values for ground and 

high-moisture corn diets as compared to sheep. 

In summary, corn protein is more digestible and 

less variable in digestibility than sorghum grain protein. 

High-moisture (not dried and preserved or ensiled), 

reconstituted 

digestibility 

genotypes of 

bilities over 

or flaked corn grain may increase protein 

as compared to ground or rolled corn. Two 

corn also showed improved protein digest i-

common corn. Addition of nitrogen supple-

ments usually had a positive effect on protein digesti

bility. 
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Barley 

In Table 4 is a summary of total tract digestion 

coe f f ic ien ts of cr ude prote in and dr y rna t t er and die tar y 

characteristics of 70% or more barley based diets fed to 

cattle and sheep. There are 85 observations on total tract 

crude protein digestibility from 22 references, of which 

two-thirds came from studies conducted in England and 

Australia. The average values for total tract crude 

protein digestibility, dry matter digestibility and crude 

protein level of the diet are 73, 78 and 14%, respectively. 

Crude protein digestibility values ranged from 49 to 86%. 

For the five different processing treatments of 

barley (rolled, steam flaked, ensiled, whole or pelleted), 

the average protein digestibility values were 75, 70, 66, 

72 nd 74%, respectively. Eighty percent of the reported 

values were for rolled or pelleted barley, the two 

processes which had the highest crude protein digesti

bility. 

The processing of barley had no clear effect on 

protein digestibility; 0rskov (1981) staed that processing 

of barley for sheep is not necessary. Nicholson et ale 

(1971) compared whole ensiled vs ground ensiled barley, 

both with no protein supplementation. For two out of three 

obsevations they foound an appreciable increase in crude 

protein and dry matter digestibility for ground ensiled 

over whole ensiled barley. Crude protein values were as 



Table 4. Crude protein and dry matter digestibility of barley based diets. 

Reference 

Nicholson et al. (1963) 

Saba et al. (1964) 

[eating et al. (1965) 

01tjen et a1. (1967) 

Parrott et al. (1969) 

Tait and Bryant (1973) 

Horton et al. (1980) 

[ennedy et al. (1982) 

Average 

Animal 
(kg) 

Steer (340) 
Steer (340) 
Steer (340) 

Steer (261) 
Steer (261) 
Heifer(241) 

Steer (368) 
Sheep (30) 

Steer (188) 

Steer (254) 

Steer (295) 

Steer (295) 

Sheep (45) 

Steer (300) 
Steer (300) 

Sheep (37) 

Percent 
Grain a 

84 
84 
84 

85 
76 
99 

80 
99 

92 

86 

86 

86 

85 

70 
90 

92 

86 

Percent 
Concentratea 

- -Roll edg 

100 
100 
100 

93 
93 

100 

93 
100 

100 

93 

93 

93 

100 

75 
96 

100 

96 

Diet 
Percent 
Protein b Supplement C 

14.1 
14.0 
13.5 

10.9 
14.4 
11.4 

10.6 

13.8 

11.5 

11.8 

13.0 

15.1 

13.5 
13.5 

16.1e 

13.1 

LOH 
LOH 
LOH 

None 
S8H 
None 

S8H 
None 

None 

Urea 

Urea 

Urea 

Urea AM 
Urea AH 

CH 

Intake 
Level d 

3.9 
3.9 
3.9 

5.9 
5.9 

90% of 
ad lib 

ad lib 
1.0 

2.8e 

90% of 
ad lib 
90% of 
ad lib 
90% of 
ad lib 

.8 

10.1 
9.5 

.7 

Percent 
DiRestibi1ity 

Dry Crude 
Hatter Protein 

85.7 f 
87.5 f 
85.2 f 

74.5 
78.4 
84.3 

78.0 
76.2 

84.0 

75.0 

73.8 

80.0 

74.0 
78.0 

89.0 f 

BO.2 
±5.2 

7B.7 
81.2 
80.6 

67.9 
76.B 
77 .1 

66.0 
69.1 

77 .6e 

65.B 

64.5 

13.B 

BO.5 

73.4 
75.9 

85.0 

74.6 
±.6.3 

~ 
'I 



Table 4. -- Continued 

Reference 

Hayer et al. (1961) 

Parrott et al. (1969) 

Anderson e~ al. (I973) 

Average 

Nicholson et al. (197I) 

Tait (l979) 

Average 

Animal 
(kg) 

- - - -
Steer 

Steer (254) 

Steer (295) 

Steer (295) 

Steer (295) 

Steer (295) 

Steer (300) 

Steer 
Steer 
Heifer 
Steer 
Steer 
Heifer 

Sheep (40) 

Percent 
Grains 

86 

86 

86 

86 

86 

80e 

85 

100 
75 

100 
100 

75 
100 

80 

90 

Diet 
Percent Percent 

Concentratea Protein b 

Steam Flaked- -

100 

93 12.1 

93 11.9 

93 11.6 

93 12.6 

93 13.3 

80 e 

92 12.3 

- -Ensiled h - -

100 
75 

100 
100 

75 
100 

100 16.4 

93 16.4 

Intake 
Supplement C Level d 

- - - - -
ad lib 

Urea 90% of 
ad lib 

Urea 90% of 
ad lib 

Urea 90% of 
ad lib 

Urea 90% of 
ad lib 

Urea 90% of 
ad lib 

None 8.0 
None 8.0 
None 4.2 
None 8.0 
None 8.0 
None 4.2 

Urea .7 

Percent 
Disesti bilil:i 

Dry 
Hatter 

------

75.8 

75.7 

74.2 

77.5 

79.2 

81. 5 

77 .3 
±2.7 

83.4 
73.8 
79.0 
63.4 
58.3 
72.2 

80.0 f 

72.9 
±9.2 

Crude 
Protein 

- - - - -
74.6 

68.0 

67.6 

67.6 

67.9 

72.1 

72.9 

70.1 
±3.0 

75.2 
67.0 
62.0 
63.9 
55.2 
60.6 

75.7 

65.7 
±7.6 

tN 
00 



Table 4. -- Continued 

Animal Percent 
Reference (kg) Graina 

------ - - - - - - - - - - - - -
Anderson et al. (1973) Steer (300) 80e 

Mehrez and 0rskov (1978) Lamb (17) 98e 
Lamb (17) 98e 
Lamb (17) 98e 
Lamb (17) 98e 
Lamb (17) 98e 
Lamb (17) 98e 
Lamb (17) 98e 
Lamb (17) 98e 

Tail (1979) Sheep (40) 80 
Sheep (40) 80 

Average 93 

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

Topps et al. (1968a) Sheep (38) 8S 

Faichney (1972)i Sheep (41) 70 
Sheep (41) 70 
Sheep (41) 70 
Sheep (41) 70 

Faichney and Daves (1973)i Calf (100) 70 
Calf (100) 70 
Calf (100) 70 
Calf (100) 70 
Calf (100) 70 

Percent 
Diet Disestibi li t:t 

Percent Percent Intake Dry Crude 
Concentratea Protein b Supplement C Leveld Matter Protein 

- - Whole - - - - - - - - - - - - - - - -
80e 

100 13.4e None 
100 lS.2e Urea 
100 17.1e Urea 
100 19.6e Urea 
100 10.4e None 
100 13.2e Urea 
100 lS.4e Urea 
100 17.ge Urea 

100 16.4 Urea 
100 16.4 Urea 

98 lS.S 

- - - - - Pelleted- - - - -

8S 16.0e SBM LOM 

90 12.2e PH 
90 12.2e PM 
90 20.6e PM 
90 21. 2e PM 

90 12.1 PM 
90 11.7 PM 
90 lS.4 PM 
90 14.5 PM 
90 18.9 PM 

ad lib 
ad lib 
ad lib 
ad lib 
ad lib 
ad lib 
ad lib 
ad lib 

.7 

.7 

- - - -
.6 

1.0 
1.0 
1.0 
1.0 

2.7 
2.7 
2.7 
2.7 
2.7 

73.6 

78.9 
79.7 
79.S 
77 .2 
74.7 
78.8 
80.9 
80.9 

80.6f 
81.0 f 

78.7 
±.2.S 

80.6 

81.9 f 
79.7 f 
82.4 f 
83.3 f 

76.0 
73.0 
74.0 
73.0 
78.0 

67.0 

6S.Se 
72.3e 
7S.0e 
71.ge 
61.0e 
71.Se 
73.4e 
78.4e 

77 .S 
76.S 

71.8 
±.S.4 

77.7e 

73.3 
67.5 
80.4 
82.2 

72.0 
66.0 
7S.0 
67.0 
80.0 

VI 
\D 



Table 4. -- Continued 
~-------- --

Diet 
Animal Perc en t Percent Percent 

Reference (kg) Grain a Concentratea Protein b 

0rskov et a1. (1974) Sheep (25) 97 100 9.8 
Sheep (25) 96 e 100 
Sheep (25) 96e 100 
Sheep (25) 94 100 11.5 
Sheep (25) 93e 100 
Sheep (25) 93e 100 
Sheep (25) 92 e 100 
Sheep (25) 92 100 13.1 
Sheep (25) 91e 100 
Sheep (25) 91 e 100 
Sheep (25) 90 e 100 
Sheep (25) 90 100 15.5 
Sheep (25) 8g e 100 

Liebho1z (1976) Calf 73 85 17.0 

Faichney and White (1977)i Sheep (48) 70 93 10.0 
Sheep (48) 70 93 10.0 
Sheep (48) 70 93 13.5 
Sheep (48) 70 93 13.6 
Sheep (48) 70 93 17.7 
Sheep (48) 70 93 17.1 
Sheep (48) 70 93 21.1 
Sheep (48) 70 93 20.3 

Leibho1z (1978) Calf 72 85 16.ge 
Calf 72 85 16.ge 
Calf 72 85 16.ge 

Intake 
Supplement C Leve1 d 

None 
Urea 
Urea 
FH 
Urea FH 
Urea FH 
Urea FH 
FH 
Urea FH 
Urea FM 
Urea FH 
FH 
Urea FM 

Urea 3.1 

None .8 
None .8 
SBM .8 
SBM .8 
SBM .8 
SBH .8 
SBH .8 
SBM .8 

Urea .8 
Urea 1.4 
Urea 1.8 

Percent 
Disesti bi 1 it~ 

Dry Crude 
Hatter Protein 

71. 5 49.3 
75.7 59.4 
79,3 72.7 
74.1 64.9 
79.6 72.0 
80.5 78.2 
80.0 79.6 
76.1 64.9 
78.8 76.1 
80.3 78.6 
80.3 82.6 
80.5 71.0 
80.0 78.0 

85.0 f 86.3 

83.5 f 64.0 
79.5 f 62.6 
83.3 f 70.2 
85.1 f 72.0 
84.3 f 78.8 
83.0 f '70.3 
83.9 f 81.0 
83.6£ 74.2 

71.9 80.1 
75.8 81.6 
77 .6 85.7 

""" o 



Table 4. -- Continued 

Reference 

Tail (1979) 

Hor~on e~ al. (1980) 

Lei bholz (1980) 

Hercer et al. (1980) 

Animal 
(kg) 

Sheep (40) 
Sheep (40) 

Sheep (50) 

Calf 
Calf 
Calf 
Calf 

Sheep 
Sheep 

Diet 
Peri:~ent Percent Percent 
Graina Concentratea Proteinb Supplementc 

80 
80 

70 

72 
72 
74 
76 

71 
72 

100 
100 

73 

85 
85 
85 
85 

90 
90 

16.4 Urea 
16.4 Urea 

12.9 SBH AH 

17 .6e Urea 
18.2e Urea 
13.3e Urea 
8.2e None 

14.7e PH 
15.0e FH 

Intake 
Leveld 

.7 

.7 

1.8 

2.2 
2.4 
2.4 
2.4 

.6 

.6 

Percent 
DiRestibility 

Dry Crude 
Hatter Protein 

80.6 75.1 
80.1 75.8 

69.5 66.4 

82.0 83.9 
70.3 80.0 
71.3 74.7 
69.6 61.1 

76.5 73.4 
75.9 75.3 

----------------------------------
Average 78 

Overall Average 83 

a As is basis. 
b Dry ma~ter basis. 
c LOH & linseed oil meal; SBH = soybean meal; AH 
d meal; FH • fish meal. 

19 per head per day, unless noted. 
~ Calcula~ed from data in reference. 

Organic mat~er digestibility. 

93 15.1 

94 14.5 

alfalfa meal; CH canol a meal; PH peanut 

~ For Oltjen et al. (1967) grain process treatment was cracked. 
For Nicholson et al. (1971) grain process treatment for first three sets of data was ground 
and fourth through sixth set was whole. 
For Tait (1979) grain process treatment was reconstituted. 
For Faichney (1972), Faichney and Davies (1973), and Faichney and White (1977) the second set 
of data and all following alternate entries were die~s treated with formaldehyde. 

78.4 
:t4 •4 

78.2 
:t5 • l 

73.8 
±.7.7 

72.7 
±.7.2 

-l'> ..... 
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follows: ground ensiled 75, 67 and 62% and whole ensiled 

64,55 and 61%. Anderson et al. (1973) fed 80% steam 

flaked or whole barley diets to 300 kg steers and found 

that steam flaking slightly improved protein digestibility 

and appreciably improved dry matter over whole barley. In 

conrast, Tai t 

of protein 

(1979) found that total tract digestibility 

by sheep was not affected by either 

reconstitution or by pelleting of barley. 

Parrott et al. (1969) observed that steam flaking 

of barley did not significantly affect protein or dry 

matter digestibility by steers compared to dry rolling. 

They also found different protein and dry matter digesti

bility between periods for one trial, possibly due to the 

use of a different source of barley used during each 

period. They concluded that barley from different souces 

may vary in utilization and digestibility. 

Use of nitrogen supplements appeared to increase 

protein digestibility of barley based diets. Mehrez and 

0rskov (1978) conducted two trials in which sheep were fed 

98% whole barley diets supplemented with various levels of 

urea to give dietary protein values ranging from 10% (no 

urea) to 20%. An increase of over ten and 17 percen tage 

units in protein digestibility was observed with added urea 

over no urea up to the 17% dietary crude protein level. 

0rskov et al. (197) studied the effect of increasing levels 

of urea and (or) fish meal to pelleted barley diets fed to 
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sheep and observed that protein digestibility increased, 

especially at the lower levels of supplementation for both 

nitrogen supplements. Faichney and·coworkers investigated 

the effects of peanut meal and soybean meal supplementation 

and observed improved protein digestibility for untreated 

barley based diets when dietary crude protein ranged from 

10 to 20%. With formaldehyde- treted diets, an improvement 

in protein digesti bili ty was only seen wi th the increase 

from the 10 to 13.6% dietary protein level (Faichney and 

White, 1977). 

In contrast to sorghum grain and corn where most of 

the values were for cattle, about one-half the values of 

barley diets were for sheep. The average crude protein 

digestibility coefficients for the two species were 

similar, 72 and 73% for cattle and sheep, respectively. 

Summarizing the barley data, the variation in 

protein digestibility of barley was similar to that of corn 

and was less variable than sorghum grain. Processing 

methods had little effect on protein digestibility values. 

Nitrogen supplementaton. of barley diets often improved 

protein digestibility. Digestibility values for cattle and 

sheep were similar. 

In summary, for the three grains, the average total 

tract protein digestibility coefficient was 65% and ranged 

from 10 to 86%. The average dry matter digestion coeffi

cient and dietary CP level were 76 and 13%, respectively. 
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From Table 1, it was concluded that ~he total tract protein 

and dry matter digestibility of sorghum grain was lower 

than corn or barley. The same trend in digestibility is 

found in Tables 2, 3 and 4' , protein digestibility of 

sorghum grain vs corn and barley averaged 54 vs 69 and 73%, 

respectively. Comparing the three grains when flaked the 

average and range in crude protein digestibility were: 58% 

(51 to 67%) for sorghum grain; 67% (62 to 73%) for corn; 

and 70% (68 to 75%) for barley. Diets contained 72 to 86% 

grain. 

Digestibility of sorghum grain varied much more 

than that of corn and barley. Reconstitution improved 

sorghum grain protein digestibility but processing methods 

appeared to have a minimal effect on protein digestibility 

of corn or barley. Other factors affecting the dige;sti-

bi1ity values reported were origin of the grain, genotype 

of grain (primarily with sorghum grain), level of nitrogen 

supplementation and level of feed intake. There was a 

difference in digestibility values between cattle and sheep 

with sorghum grain. It did not appear that there was a 

species difference in digestibility for corn and barley; 

however, no direct comparisons were reported. In an in 

vitro study of sorghum grain and corn, Hibberd et a1. 

(1982) concluded that differences in digestibility of 

sorghum grain and corn varieties will be better understood 
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when the role of factors (proteins or tannins) that 

influence starch accessibility have been fully elucidated. 

Ruminal, Postruminal and Total 
Tract Protein Digestibility 

Tables 5, 6 and 7 summarize 27 references of data 

on ruminal, postruminal and total tract crude protein 

digestibility coefficients of diets containing 69% or more 

sorghum grain, corn or barley. Values are grouped by 

marker with reference in chronological order. In addition, 

limited data on the partitioning of postruminal digesti-

bility of barley into small and large intestinal protein 

digestibility are reported in Table 7. The variation in 

methodology used to determine ruminal and postruminal 

values severely limits valid comparisons among grains. 

No references were found comparing sorghum grain 

wi th the other feed grains. Only two articles compared 

partial digestibilities of corn vs barley diets. 0rskov et 

al. (197lb) .found no difference in ruminal and postrminal 

digestibilities between diets contaning 93% corn or barley 

when fed to sheep. They found a slightly higher total 

tract digestibility for the corn vs the barley diet (78 vs 

74%). With cattle, Kay et al. (1972) found a lower ruminal 

protein digestibility for an all-barley diet compared to an 

all-corn diet (-27 vs 13%). Both references reported a 

higher proportion of bacterial protein in the abomasum for 

the barley diets as compared to the corn diets. 
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Sorghum Grain 

In Table 5 are presented ruminal, postruminal and 

total tract protein digestibility coefficients for sorghum 

grain based diets. Average ruminal, postruminal and total 

tract protein digestibility coefficients and ranges were 

respectively: -23%, (-107 to 39%),70% (40 to 82%) and 65 

(54 to 78%). There are 20 observations from three refer-

ences. 

Drennan et a1. (1970) compared the use of chromium 

oxide to lignin in 80% steam flaked sorghum grain diets for 

cattle and sheep. They found that chromium oxide overesti

mated digestibility, was more variable than lignin, and 

they questioned its use as a marker. Rahnema (1977) found 

similar results, when he used chromium oxide or dyspro

sium but found less variability with dysprosium. 

Potter et a1. (1974) compared four processing 

methods of ground, reconstituted, steam flaked or micron

ized sorghum grain diets fed to four yearling steers 4 kg 

per head per day and used chromium oxide as a flow marker. 

Reconstituted sorghum grain resulted in higher rumina1 and 

total tract protein digestibility values compared to 

flaked, ground or micronized grains. Digestion of abomasal 

protein in the small in tes tine was similar for all trea t

ments They reported that in the case of reconstituting and 

steam flaking, a higher quality protein reached the intes

tine as evidenced by greater amounts of essential amino 



Table 5. Ruminal, postruminal and total tract crude protein digestibility of sorghum grain 
based diets. 

Diet 
Percent Percent Intake 

Reference Animal Fistula Grain a Protein b Supplement C Level d 

------- Lignin-

Drennan et al. (1970) Sheep 80 13.5 Urea CSM 1.6 
Sheep 80 13.5 Urea CSM 1.6 
Steer Abomasal 80 13.5 Urea CSM 6.1 
Steer Abomasal 80 13.5 Urea CSM 6.1 

Average 80 13.5 

- - - - - - - - - - - - - Chromium Oxide- -

Drennan et al. (1970) Sheep 80 13.5 Urea CSM 1.6 
Sheep 80 13.5 Urea CSM 1.6 
Steer Abomasal 80 13.5 Urea CSM 6.1 
Steer Abomasal 80 13.5 Urea CSM 6.1 

Potter et al. (1971) Steer Abomasal 83 9.8 f None 4.0 
Steer Abomasal 83 9.8 f None 4.0 
Steer Abomasal 83 9.2 f None 4.0 
Steer Abomasal 83 9.0f None 4.0 

Rahnema (1977) Steer Abomasal 82 13.9f Urea 6.1 
Steer Abomasal 82 13.7 f Urea 4.6 
Steer Abomasal 82 14.1 f Urea 6.4 
Steer Abomasal 82 14.2 f Urea 6.8 

Grain Process 

-------

Steam flaked 
Steam flalted 
Steam flaked 
Steam flaked 

-------

Steam flaked 
Steam flaked 
Steam flaked 
Steam flaked 

Ground 
Reconstituted 
Steam flaked 
Micronized 

Steam flaked 
Steam flaked 
Steam fll\ked 
Dry rolled 

Percent 
Protein DiBe~tibilitI 

Post- Total 
Ruminal e Ruminal e Tract e 

39.2 
12.6 
32.8 
25.7 

27.6 
±11. It 

-95.6 
-107.0 
-55.2 
-57.5 

-33.7 f 

-12.2 f 
-30,7 f 
_35.9 f 

-21. 5 
-13.4 
-11.1 
-18.3 

- - - - -
40.0 
61.0 
42.5 
57.3 

50.2 
±10.5 

80.6 
82.3 
69.8 
75.7 

78.8g 
80.4g 
76.7g 
77.3g 

74.8 
73.0 
72.0 
68.9 

66.0 
67.8 
62.0 
65.4 

65.3 
±2.4 

- - - - -
61.5 
63.3 
54.1 
61.7 

n.6 f ,g 
78.0 f ,g 
69.6 f ,g 
69.1 f, g 

65.4 
64.4 
65.1 
60.0 

-------------------------------------------------------------
Average 82 12.3 -41.0 

±32.2 
75.9 
±4.3 

65.3 
±6.2 

.j::>. 
-...) 



Table S. -- Continued 

Reference Animal Fistula 

------

Rahnema (1977) Steer Abomasal 
Steer Abomasal 
Steer Abomasal 
Steer Abomasal 

Average 

Overall Average 

~ As is basis. 
Dry matter basis. 

~ CSH - cottonseed meal 

Per-c-eIlT 
Graina 

82 
82 
82 
82 

82 

81 

Diet 
Percent Intake 
Proteinb Supplement C Level d Grain Process 

- - - Dysprosium-

13.9f Urea 
13.7f Urea 
l4.lf Urea 
14.2£ Urea 

14.0 

12.9 

6.1 
4.6 
6.4 
6.8 

Steam flaked 
Steam flaked 
Steam flaked 
Dry rolled 

Kg per head per day, unless noted. 
e Value based on nutrient-indicator ratio corrected to represent 100% recovery of 

marker in feces. 
Calculated from data in reference. 

S Accounts for metabolic fecal nitrogen correction. 

Percent 
Protein Digestibility 

Post Total 
Ruminal e Ruminal e Tract e 

-26.3 
-19.9 
-23.0 
-16.6 

-21.4 
±.4.2 

-23.4 
±.37.0 

75.8 
75.2 
75.0 
68.9 

73.7 
±.3.2 

70.3 
±.Il. 7 

65.8 
65.4 
65.3 
59.6 

64.0 
±.3.0 

65.1 
±.5.0 

+>-
00 
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acids available for absorption. Walker and Lichtenwalner 

(1977) suggested that the major portion of the sorghum 

proteins are digested in the rumen based on in situ studies 

of reconst i t u te d sor ghum grain. From a compar is on of 14% 

crude protein steam flaked and dry rolled sorghum grain 

diets fed to beef steers, Rahnema (1977) observed a trend 

for increased postruminal and total tract digestion of 

protein with the steam flaked diet. Drennan et al. (1970) 

found no difference in ruminal, postruminal and total tract 

digestion coefficients for crude protein between cattle and 

sheep for values based on lignin as a flow marker and found 

a large difference between species in ruminal and 

postruminal protein digestibility based on use of chromium 

oxide as a flow marker. Rahnema (1977) found no statisti

cal differences in ruminal and postruminal protein digesti

bility when two levels of intake, 75 and 95% of ~ libitum 

(6.1 and 4.6 kg per head per day) of an 82% steam flaked 

sorghum grain diet that was fed to steers. 

Corn 

Ruminal, postruminal and total tract protein 

digestibility coefficients of 69% or more corn based diets 

are presented in Table 6. There ae 31 ruminal digesti-

bility values from 11 references. The overall average 

protein digestibility coefficients for ruminal, postruminal 

and total tract protein digestibility are 2,66 and 71%, 



Table 6. Ruminal, postruminal and total tract crude protein digestibility of corn based diets. 

Reference Animal Fistula 

------- - - - - -
Galyean et. al. (1975) Steer Ruminal & 

Abomasal 
Steer Ruminal & 

Abomasal 
Steer Ruminal & 

Abomasal 
Steer Ruminal & 

Abomasal 

Cole et al. (1976) Steer Abomasal 
Steer Abomasal 
Steer Abomasal 
Steer Abomasal 
Steer Abomasal 

Prigge et al. (1978) Steer Ruminal & 
(429) Abomasal 
Steer Ruminal & 
( 429) Abomasal 
Steer Ruminal & 
(429) Abomasal 
Steer Ruminal & 
(429) Abomasal 

Diet 
Percent Percent Intake 
Graina Proteinb Supplementc Leveld Grain Process 

Percent 
Protein Digestibility 

Post- Total 
Ruminal Ruminal Tract 

Lignin - - - - - - - - - -
78 11.8e Urea 4.5 Whole acid added _23.5 e • f 

high moisture 
78 9.3e Urea 4.5 Steam flaked _29.3 e • f 

78 10.3e Urea 4.5 Ground. high _10.8 e • f 
moisture, ensiled 

78 10.oe Urea 4.5 Dry rolled _6.ge • f 

90 l2.4e Urea CSM 4.5 Whole 20.3 f 62.9 f 71.4 
82 12.2e Urea CSM 5.2 Whole 23.3 f 53.1 f 64.0 
74 12.3e Urea CSM 5.7 Whole -14.3 f 38.7 f 60.5 
78 12.6e Urea CSM 4.8 Steam flaked 28.8 f 62.4 f 73.5 
78 l3.2e Urea CSM 4.8 Rolled 20.6 f 59.0 f 67.5 

78 11.7 Urea CSM 4.4 Rolled 6.4 e • f 68.4 

78 10.6 Urea CSM 4.5 Steam flaked _14.4 e • f 66.1 

78 12.0 Urea CSM 4.4 Ground. high 3.2e • f 66.7 
moisture. ensiled 

78 11.8 Urea CSM 4.5 Whole acid added _23.6 e • f 66.0 
high moisture 

-------------------------------------------------------------
Average 79 11.6 -1.6 

±19.9 
55.2 

±10.0 
67.1 
±3.8 

til 
o 



Table 6. -- Continued 

Percent 
Reference Animal Fistula Grain a 

- - - - - ------

Nicholson and Sutton Sheep Ruminal & 69 
(1969) Duodenal 

Potter et al. (1969 ) Steer Abomasal 89 
Steer Abomasal 89 

Potter et al. (1971) Steer Abomasal 71 
(270) 
Steer Abomasal 79 
(270 
Steer Abomasal 77 
(270) 

0rskov et al. (1971b) Sheep Abomasal 93 
& Ileal 

Sheep Abomasal 91 
& Ileal 

lay et al. (1972 ) Steer Abomasal 100 
(405) 

Pendlum et al. (1976) Steer Abomasal 100 
Steer Abomasal 100 
Steer Abomasal 100 

Muntifering et al. Steer . Abomasal 90 
(1981 ) (225) 

Steer Abomasa 1 90 
(225) 

Average 88 

Diet 
Percent Intake 
Protein b Supplement C Level d Grain Process 

- - Chromium Oxide- - - - - - -

11.2 1.1 Flaked 

11.8 Urea 5 Ground 
11.3 SBM 5 Ground 

10.3 SBM 4 Ground 

10.1 Urea 4 Ground 

10.8 Urea 4 Ground 

15.3 Urea 1.1 Pelieted 

15.1 Urea 1.1 Pelleted 

10.8 None 3.9 Pelleted 

15.7 None 5.5 Ground 
15.7 None 5.5 Cracked 
15.7 None 5.5 Whole 

10.0 SB~: 3.8 Whole 

10.0 SBM 3.8 Whole 

12.4 

Percent 
Protein Di8estibilit~ 

Post- Total 
Ruminal Ruminal Tract 

-52.8 76.4e 63.8 

21.ge • f 
35.2e • f 

-14.0e • f 

6.7e • f 

-1.6e • f 

10.2e.f 74.3e.f.g 76.8e.f 

l7.6e.f 75.4e.f.g 79.8e.f 

-13.2e.f 

_.3 e • f 
8.4e.f 
_.6 e • f 

-22.4 

-19.6 

-1.8 
±2l.9 

74.5 

74.7 

75.1 
±.9 

68.8 

70.1 

71.9 
±6.4 

(J1 ..... 



Table 6. -- Continued 

Reference Animal Fistula 

Owens et al. (1973) Sheep Ruminal & 
(30)' Abomasal 
Sheep Ruminal & 
(30) Abomasal 
Sheep Ruminal & 
(30) Abomasal 
Sheep Ruminal & 
( 30) Abomasal 

Average 

Overall Average 

: As is basis. 

Percen-t' 
Graina 

72 

72 

72 

72 

72 

82 

c Dry matter basis. 
d CSM z cottonseed meal; SBM = soybean meal. 

Diet 
P-erce-nt Intake 
Proteinb Supplementc Leveld Grain Process 

-Polyethylene Glycol- - - - - - - - - - -
8.7 e None .9 Ground 

H.8e Urea h .9 Ground 

14.0e Urea h .9 Ground 

18.5e Urea h .9 Ground 

13.2 

12.2 

Kg per head per day, unless noted. 
~ Calculated from data in reference. 

Value based on nutrient-indicator ratio not corrected to represent 100% recovery of marker 
g in feces (all other digestibility values corrected to 100% marker recovery basis). 
h Based on non-ammonia crude protein passing the abomasum. 

Urea was infused. 

Perce~rit 

Protein Digestibility 
Post- Total 

Ruminal Ruminal Tract 

-5.6 

24.8 

34.8 

46.6 

25.2 
±22.4 

1.8 
±22.4 

67.2 

74.4 

63.2 

66.5 

67.8 
±4.7 

65.9 
±10.7 

65.4 

81.0 

76.6 

83.5 

76.6 
±8.0 

70.6 
±6.6 

V1 
N 
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respecti vely. Even though there was a large variation in 

ruminal digestibility values, the average value for lignin 

and chromium oxide based ruminal val«es were the same. 

The effect of corn processing on protein digesti

bility is difficult to determine from existing literature. 

Galyean et al. (1975) found increased microbial protein 

synthesis for high moisture (acid added or ensiled) and 

stearn flaked diets as compared to dry rolled diets. Prigge 

et a1. (1978) fed ruminal1y and abomasa1ly fistulated 

steers corn based diets wi th the grain processed by dry 

rolling, stearn flaking, ground high moisture (ensiled) and 

whole high moisture (acid added). They reported a lower 

rumina1 protein digestibility for the stearn flaked and 

whole high moisture procecessing treatments and similar 

total tract digestibilities for all treatments 

Pot ter et a1. (1969, 1971) compared the supple

mentation of urea or soybean meal to corn diets and found a 

lower rumina1 protein digestibility for the soybean meal 

supplemented diet. Thus more protein entered the small 

intestine with the soybean meal diet. The amino acid 

composi tion of the abomasal digesta was not significantly 

affected by the sourceof supplemental nitrogen. Intra

ruminal infusion of urea in sheep on a 72% ground corn diet 

improved ruminal protein digestibility at three levels of 

urea infusion (Owens et a1., 1973). At the low level of 

infusion, as compared to no infusion, postruminal and total 
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tract protein digestibility both improved. Cole et al. 

(1976) observed an increased passage of total nitrogen to 

the abomasum in steers fed whole shelled corn diets with 

14% cottonseed hulls vs 0 or 7%. They also concluded that 

there was more extensive recycling of nitrogen at the 

higher roughage level. 

Barley 

In Table 7 are presented ruminal, postruminal and 

total tract protein digestibilities of 70% or more barley 

based diets. Also included are a limited number of small 

and large intestinal protein digestibility values. The 

values are from 15 references that include 49 observations. 

Ruminal, postruminal, total tract, small intestinal and 

large intestinal protein digestibilities averaged -4,75, 

74, 71 and 71%, respectively for barley based diets. Six 

references include a parti tioning of postruminal protein 

digestibility into small and large intestinal protein 

digestibility. Small intestinal digestibility values for 

sheep appear to be relatively constant and often somewhat 

lower than postrumina1 values. For the references by 

0rskov and coworkers, using sheep, the average small and 

large intestinal values were 64 and 27%, respectively. 

Two studies used a two-marker system (Faichney, 

1972; Faichney and Whi te, 1977). The dual marker system 

may allow correction for errors in sampling from the 



Table 7. Ruminal, postruminal and total tract crude protein digestibility of barley based diets. 

Diet Percent Protein DisestibilitI 
Percent Percent Supple- Intake Grain Small Large Post Iota1 

Reference Animal Fistula Graina Proteinb mentC Level d Process Intestine Intestine Ruminal Ruminal Tract 

- - - - - Chromium Oxide - - - - - - - - - - - - - - - -

Topps et al. Sheep Abomasal 85 l6.0e SBM FM .5 Pelleted 24.5e 71. 3e 78.3e 
(1968a) Sheep Duodenal 85 l6.0e SBM FM .5 Pelleted 10.8e 78.7e 8l.Oe 

Topps et al. Steer Ruminal & 85 l6.6e SBM FM .8 Pelleted 17 .ge 
(l968b) (130) Abomasal 

Jackson et al.· Sheep Ruminal & 70 8.6 None .9 Rolled -61.6e 80.ge 69.2e 
(1971) Duodenal 

Sheep Ruminal & 70 8.6 AS .9 Rolled 21.4e 74.8e 68.6e 
Duodenal 

Sheep Ruminal & 70 8.6 None .9 Pel1eted -14.0e 69.8e 65.6e 
Duodenal 

Sheep Ruminal & 70 8.6 AS .9 Pe11eted H.le 75.5e 64.8e 

0rskov et al. Sheep Abomasal 95 9.S None 1.0 PeHeted 60.6e 25.5e -29.ge,f 70.ge,f 6l.5f 
( 1971a) & Ileal 

Sheep Abomasal 94 12.1 Urea 1.0 Pelle ted 58.ge 29.6e _4.ge,f 71.3e,f 70.2f 
& Ileal 

Sheep Abomasal 93 15.4 Urea 1.0 Pelleted 51.ge 47.6e l7.8e,f 74.4e,f 79.0f 
& II ea1 

Sheep Abomasal 92 18.9 Urea 1.0 Pelleted 59.3e 40.4e 27.5e,f 75.7 e ,f 82.5 f 
& Ileal 

Sheep Abomasal 91 23.4 Urea 1.0 Pelleted 61.1 e 42.0e 45.4 e ,f 77.ge ,f 88.1 f 

& Ileal 
Sheep Abomasal 92 11.3 FM 1.0 Pelleted 62.ge 30.4e -29.3e ,f 74.2 e ,f 66.1 f 

& Ileal 
Sheep Abomasal 86 14.4 FM 1.0 PeHeted 63.6e 39.2e 6.l e ,f 77.l e ,f 78.5 f 

& Ileal 
Sheep Abomasal 81 18.9 FH 1.0 Pelleted 67.2e 42.1e 10.3e ,f 81.Oe ,f 83.3 f 

& Ileal 
Sheep Abomasal 76 21.5 FM 1.0 Pelleted 71.0e 42.6 e l5.ge,f 83.3e ,f 85.9 f 

& 11eal 

0rskov et a1. Sheep Abomasal 93 15.1 Urea 1.0 Pelleted 66.4e 18.8e 7.1e,f 72.0e ,f 74.0e ,f 
(1971b) & 11eal 

Kay et al. Steer Abomasal 100 10.le None 4.5 Pelleted -27.4 
( 1972) 

t., 
til 



Table 7. Continued 

Diet Percent Protein Digestibility 
Percent Percent Supple- Intake Grain Small Large Post- Total 

Reference Animal Fistula Grain a Proteinb mentC Level d Process Intestine Intestine Ruminal Ruminal Tract 

Orskov et a1. Sheep Abomasal 87 10.0 None .8 Rolled 6S.0e 11. 4e -33.3e ,f 65.0e ,i 56.5f 
(1972) (Zl) & Ileal 

Sheep Abomasal 86 e lZ.4 Urea .8 Rolled 68.Z e 1l.8e -lS.le,f 68.Z e ,f 66.3 f 
(Zl) & Ileal 
Sheep Abomasal 86 e 14.6 Urea .8 Rolled 64.Ze l3.2e 3.6e ,f 64.2e ,f 67.7 f 
(21) & Ileal 
Sheep Abomasal 8S e 16.4 Urea .8 Rolled 68.3e 6.l e l4.8e ,f 68.3e ,f 72.3 f 
(Zl) & Ileal 

0rskov et al. Sheep Abomasal 96 9.5 None 1.0 Pelleted 61.l e 19.6e _34.0e ,f 66.4e ,f S4.6 f 
(1974) & Ileal 

Sheep Abomasal 91 12.1 FH 1.0 Pelle ted 67.4e l4.ge _16.l e ,f 70.8e ,f 66.l f 
& Ileal 

Sheep Abomasal 87 lS.6 FH 1.0 Pelleted 67.Se 30.0e 3.8e ,f 74.7e ,f 75.6 f 
& Ileal 

Sheep Abomasal 90e l4.8e Urea FH 1.0 Pelle ted 67.6e 26.1 e 12.ge ,f 73.ge ,f 77.3 f 
& Ileal 

Sheep Abomasal 86e 18.2e Urea FH 1.0 Pelleted 64.3e 28.0e 34.3 f ,e 7l.4 f ,e 8l.2 f 
& Ileal 

Leibholz Calf Duodenal 73 17.0 Urea 3.1 Pelleted l8.0e 83.8 86.3 
(1976) 

Leibholz Calf Duodenal 72 l6.ge Urea .8 Pelle ted 110.7 1.0 -11.7 81.8e 80.1 
(1978) & Ileal 

Calf Duodenal 72 l6.ge Urea 1.4 Pelleted 98.3 2.6 1.4 81.4e 81.6 
& Ileal 

Calf Duodenal 72 l6.ge Urea 1.8 Pelleted 74.4 6.2 19.4 82.ge 85.7 
& Ileal 

Leibholz Calf Duodenal 72 l7.6e Urea 2.2 Pelleted l4.0e 81.3e 83.9 
(1980) Calf Duodenal 72 l8.2e Urea 1.4 Pelleted 65.9 1.2 32.9 72.8e 80.0 

& Ileal 
Calf Duodenal 74 l3.3e Urea 1.4 Pellete,d 88.4 Z.7 8.9 72.ge 74.7 

& Ileal 
Calf Duodenal 76 8.Z e None 1.4 Pelleted 117.9 1.Z -19.2 65.2e 61.1 

& Ileal 

-------------------------------------------------------------
Average 83 14.4 70.9 21.4 2.4 74.4 74.2 

±.16.0 ±.15.4 ±.23.3 ±.5.6 ±.9.l 

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

U1 
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Table 7. -- Continued 

Reference 

Diet Percent Protein Digestibility 
Percent Percent Supple- Intake Grain Small Large Post- Total 

Animal Fistula Grain a Protein b mente Level d Process Intestine Intestine Ruminal Ruminal Tract 

- - - - - - - - - - - - - - - - - - - Chromium Oxide-EDTA and Ru-pg - - - - - - - - - - - -

Faichney (1972) Sheep Ruminal & 70 12.2e PM 1.0 Pelle ted -33.7e.f 79.5f.h 73.3 
Abomasal 

Sheep Ruminal & 70 12.2e PM 1.0 Pelle ted -38.6e.f 75.8 f • h 67.5 
Abomasal 

Sheep Ruminal & 70 20.6e PM 1.0 Pelleted 9.2e.f 77.3 f •h 80.4 
Abomasal 

Sheep Ruminal & 70 21. 2e PM 1.0 Pelleted _7.5e.f 82.9 f •h 82.2 
Abomasal 

Faichney & Sheep Ruminal. 70 10.0 None .8 Pelleted -48.4 e 75.1 64.0 
White (48) Abomasal 
(1977) & Ileal 

Sheep Ruminal. 70 10.0 None .8 Pelleted -56.6e 75.5 62.2 
(48) Abomasal 

& Ileal 
Sheep Ruminal. 70 13.5 SBM .8 Pelleted -28.3e 76.2 70.2 
(48) Abomasal. 

& Ileal 
Sheep Ruminal. 70 13.6 SBM .8 Pelleted -48.l e 80.8 72.0 
(48) Abomasal. 

& Ileal 
Sheep Ruminal. 70 17.7 SBM .8 Pelleted -3.3e 78.4 78.8 
(48) Abomasal. 

& llea 1 

VI 
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Table 7. -- Continued 

Diet Percent Protein DiRestibility 
Percent Percent--Supple Intake 

Animal Fistula Graina Proteinb mentc Leveld 
Grain Small Large Post- Total 

Reference Process Intestine Intestine Ruminal Ruminal Tract 

Faichney & Sheep Ruminal. 70 17.1 SBM .S Pelleted -44.3e 78.9 70.3 
White (1977) (4S) Abomasal. 

& Ileal 
Sheep Ruminal. 70 21.1 SBM .S Pelleted 22.2e 73.9 S1.0 
(4S) Abomasal. 

& Ileal 
Sheep Ruminal. 70 20.3 SBM .8 Pelleted -2S.0e 79.4 74.2 
(48) Abomasal. 

& Ileal 

Mathers and Sheep Ruminal & 95 17 .le Urea .7 Rolled 21.2e.f.h _ 
Miller Duodenal 
(1981) 

Kennedy et al. Sheep Ruminal & 92 16.1 e CM .7 Rolled l7.5 f •e • h • i 
(I 9S2) Abomasal SO.4e .f.h.i 

SO.5 

------------------------------------------------------------
Average 73 15.9 

Overall Average SO l4.S 

: As is basis. 
Dry matter basis. 

~ SBM = soybean meal; FM = fish meal; AS ammonium salts; PM peanut meal; CM canola meal. 
Kg per head per day. unless noted. 

~ Calculated from data in reference. 
Value based on nutrient-indicator ratio not corrected to represent 100% recovery of marker 
in feces (all other digestibility values corrected to 100% marker recovery basis). 

g Dual marker; Chromium-EDTA = chromium-ethylene diamine tetraacelic complex. For Mathers 
h and Miller (1981) only chromium EDTA. 

Based on non-ammon~a crude protein passing abomasum or ileum. 
Includes subtraction of endogenous secretions and (or) microbial nitrogen from abomasal 
flow of non-ammonia nitrogen. 

-19.0 
±2S.2 

-3.7 
±26.4 

78.0 
±2.6 

75.4 
±5.2 

73.6 
±6.7 

74.0 
±S.4 

tI1 
CO 
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abomasum, whereas one marker alone may not (Faichney, 

1972). Most barley diets were pelleted; therefore, it is 

not possible to make any statements concerning the effect 

of different processing methods. 

The positive effect of nitrogen supplementation on 

protein digestibility in the different compartments of the 

ruminant gastro- intestinal tract was well demonstrated by 

0rskov et al. (197la). They fed abomasally and ileally 

fistula ted sheep pelleted barley based diets ranging from 

9.5 to 23% crude protein diets supplemented wi th urea or 

fish meal. With increased nitrogen supplementation, 

ruminal digestibility of protein increased significantly. 

Also, postruminal and total tract values increased. 0rskov 

et al. (1974) observed a similar large increase in ruminal 

protein digestibility and an increase in total tract 

digestibility with supplementation of fish meal alone or 

fish meal plus urea. Faichney and White (1977) fed sheep 

formaldehyde- treated and untreated barley diets ranging 

from 10 to 21% dietary crude protein. Increasing levels of 

soybean meal, in both the treated or untreated form, 

greatly increased ruminal protein digestibility but had no 

consistent effect on efficiency of .bacterial protein 

synthesis. Postruminal protein digestibility was not 

affected by increasing protein level or treatment with or 

without formaldehyde. 
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In summary, only a limited number of studies have 

reported ruminal, postruminal and total tract protein 

digestibility of high grain diets. The average ruminal 

protein value for sorghum grain was much lower than corn or 

barley values (-23 vs 2 and -4%, respectively, from Tables 

5,6 and 7). There was a large range in ruminal values 

(-107 to 47%). Values were affected by the flow marker 

used, processing method (especially in the case of sorghum 

grain) and nitrogen supplementation. Postruminal values 

were relatively consistent within a flow marker. Total 

tract digestibilities of protein were lower for sorghum 

grain than the other two grains, which is consistent wi th 

the data pr esen te d in Ta bl es 1-4. The mos t commonl y used 

flow marker was chromium oxide. Many sorghum grain and 

corn ruminal protein digestibilities were negative when 

based on chromium oxide. 

Between grain comparisons showed a greater 

conversion of feed protein to bacterial protein in the 

rumen for barley as compared to corn. Especially in the 

case of sor gh urn grain, the ex ten t of rumen deg rada tion of 

protein (and starch) appear to be important factors 

affecting total tract protein digestibility. 
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Markers 

Flow Markers 

Markers commonly used in ruminant digestion studies 

may be grouped as follows: (1) particulate phase markers: 

lignin (internal dietary marker); ruthenium (in 

radionuclide 103ru thenium-phenanthroline complex); lantha

num, cerium, samarium or dysprosium (rare earth isotopes); 

(2) liquid phase markers: chromium-ethylenediaminetetra-

cetic (Cr-EDTA), polyethylene glycol (PEG) ; and (3) 

chromium oxide (Cr
2

0
3

) which may associate with both solid 

and liquid phases. The most widely used fecal marker is 

chromium oxide (Ktob and Luckey, 1972). 

Use of chromium oxide is well established as an 

indigestible marker in digestion trials with cattle and 

sheep. Mcquire et a1. (1966) studied the effects of 

feeding frequency on diurnal excretion of chromic oxide, 

crude protein and gross energy. They found that feeding 

frequency, time of sampling, or number of days animals were 

sampled did not significantly affect the excretion rate of 

chromic oxide, crude protein or gross energy from steers 

fed a pelle ted ration once or six times a day. An average 

of 94% of the chromic oxide was recovered in the feces, 

thus decreasing calculated digestion coefficients as 

compared to total fecal collection. Faichney (1972) 

compared the use of chromium oxide with a dual phase marker 

in ruminally and abomasally fistulated lambs fed a 70% 



barley diet. 
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He concluded that chromium oxide was not a 

satisfactory marker for studies where digesta samples were 

taken from a simple cannula. Relative to the dual marker 

method, chromium oxide as a marker overestimated rumina1 

digestion and underestimated digestion in the intestine. 

Recently chromium oxide and ytterbium chloride were 

compared as fecal indicators in cattle fed ad libitum hay 

diets (Prigge et al., 1981). Ytterbium chloride was found 

to be as effective as chromium oxide. 

The rare earth elements appear to have many 

characteristics of ideal inert indicators. Rare earth 

markers used in digestibility studies analyzed by neutron 

activation present a feasible alternative over use of 

chromium oxide or radioactive substances (Olbrich et al., 

1971). A practical and reliable technique to determine the 

dysprosium concentration in forage and fecal samples was 

developed by Young et ale (1975). A comparison of 

dysprosium and chromium oxide as flow markers was conducted 

by Rahnema (1977) to determine ruminal and postruminal 

digestibility in abomasally fistulated steers fed 82% 

sorghum grain diets. He found that partial digestibi1ities 

were similar for both markers and percent recovery of 

dysprosium was somewhat greater than that of chromium oxide 

(89 vs 84%, respectively). 

Another commonly used flow marker is lignin, an 

internal indicator used to estimate digestibilities of 
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feedstuffs (Erickson et al., 1966), especially roughage 

diets. Conflicting results have been reported as to the 

usefulness of lignin as a flow marker in high-concentrate 

diets (Drennan et al., 1970; Wanderley, 1982). In a marker 

study where both lignin and chromium oxide were used in a 

high-concentrate diet, Wanderley (1982) cautioned against 

the use of the lignin marker with concentrate diets due to 

its low level. The level of lignin is low in concentrate 

diets as compared to roughage diets. 

Flow markers are used in conjunction with microbial 

markers to measure in vivo microbial protein synthesis. 

The flow markers appear to be the larger source of 

variability in the measurement of microbial protein 

synthesis (Theurer, 1981). In the review, he showed that 

synthesis of microbial protein was higher when chromium 

was used as a flow marker (19 or more g per 100 g of 

organic matter digested in the rumen) as compared to lignin 

or polyethylene glycol when used as flow markers (12 or 

less g per 100 g of organic matter digested in the rumen). 

Microbial Protein Markers 

An adequate description of the protein (source of 

amino acids) reaching the small intestine requires 

measurement of the different rumen-derived protein 

products. The microbial and feed protein fractions in 

digesta are determined by measuring a microbial component 



or marker in the digesta. 
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By relating the marker 

concentration in the actual microorganisms to the digesta 

marker concentration, an estimate of the microbial protein 

portion of the digesta is obtained (Ling and Buttery, 

1978). 

Various methods have been used to estimate the 

quantity of microbial protein in digesta leaving the rumen. 

Diaminopime1ic acid and ribonucleic acid have been the most 

widely used as microbial markers. Other methods used are 

amino acid ratios by summation equations, i.e., lysine, 

leucine; amino acid profiles of different components 

flowing to the duodenum; radioisotopes incorporated into 

protein, i.e., 35S , 32p; aminoethy1phosphonic aci d, 

and a recently proposed marker, adenosine triphosphate 

(Stern and Hoover, 1979). 

Weller et a1. (1958) was one of the first to use 

diaminopime1ic acid (a cell wall consti tuent of bacteria) 

as a microbial marker to estimate the conversion of plant 

nitrogen to microbial nitrogen in the rumen of sheep. 

Several others have successfully used diaminopime1ic acid 

as a bacterial marker for measuring bacterial protein 

synthesis (E1-Shaz1y and Hungate, 1966; Hutton et a1., 

1971; Ling and Buttery, 1978), and all together found a 

range of approximately 40 to 80% bacterial protein in 

digesta for hay or hay and grain diets. 
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In an analysis of 20 feedstuffs for diaminopimelic 

acid Dufva et al. (1982) found small or trace amounts in 

five roughages. They found it is necessary to correct for 

diaminopimelic acid found in the diet as when it is used as 

a microbial marker to predict bacterial protein production 

in the rumen accurately. The accuracy of the 

diaminopimelic acid method is dependent on the maintenance 

of a constant diaminopimelic acid to nitrogen ratio among 

microbial species in the rumen (Stern and Hoover, 1979). 

Smith and McAllan (1970) used the ratio of 

ribonucleic acid to total nitrogen in rumen fluid and rumen 

microorganisms to estimate the extent of conversion of. 

dietary nitrogen to bacterial and protozoal nitrogen. The 

analytical procedure to determine ribonucleic acid is 

rather tedious (McAllan and Smith, 1969). Several workers 

have used the ratio of amino acids, i.e., lysine with 

leucine, in summation equations to estimate bacterial 

nitrogen in abomasal digesta (Ely et al., 1967; Potter et 

a1., 1971; Muntifering et a1., 1980). Rahnema (1977) and 

Muntifering (1980) used the amino acids. diaminopime1ic 

acid, lysine and lysine wi th leucine to predict percent 

bacterial protein in abomasal digesta of steers fed sorghum 

grain and corn based diets, respectively. There was 

excellent agreement among the various amino acid marker 

methods in ranking the percent bacterial protein for the 

various dietary regimens. 
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The radioisotopes 35S, 15N, and 32p ha ve been used 

to determine microbial protein, but b'ecause of the expense 

and tedious analysis they have been used primarily to 

demonstrate the exchange and degradation process occurring 

in the rumen. 

Ling and Buttery (1978) conducted a study comparing 

a number of microbial markers, 

ribonucleic acid, radioactive 

diaminopime1ic 

sulfur (35S) 

acid, 

and 

aminoethy1phosphonic acid. They fed sheep barley based 

diets with 

fish meal. 

ni trogen supplements 

All the microbial 

of urea, soybean meal or 

markers ranked the urea, 

soybean meal and fish meal diets as ha ving the highest to 

lowest proportion of percent microbial nitrogen in the 

digesta nitrogen, respectively. In conclusion, they stated 

that diaminopime1ic acid will continue to be used widely as 

a microbial marker due to the fact that the majority of the 

microbial nitrogen is bacteria in origin. But when 

microbial values of a general and comparitive nature are 

needed, they recommend ribonucleic acid as an adequate 

mic ro bia1 mar ker an d the use of ra dioac t i ve sulfu r (35S) 

for more exacting purposes. 

Since there is no absolute method for quantitating 

amounts of microbial protein in vivo, the validity of any 

microbial marker is difficult to establish (Theurer, 1981). 

However, limited data (Rahnema, 1977; Muntifering, 1980) 

suggest that the commonly used flow and microbial marker 
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techniques probably rank treatment differences in the same 

order. 

Conclusions 

Few studies have made comparisons of protein 

digestibility for two or more feed grains. The protein in 

sorghum grain is apparently less digestible than corn or 

barley protein (which appear to be similar) based on a 

summary of literature references which reported total tract 

protein digestibility of diets containing 70% or more 

grain. 

protein 

Twenty studies reported ruminal and postruminal 

values for the three feed grains. Only two 

references compared ruminal protein values between two 

grains: corn and barley. 

The reason for the lower apparent total tract 

protein digestibility of sorghum 

Pos si bl e reasons may relate to the 

postruminal protein digestion and 

rumen bacterial protein presented 

absorption. Since both flow 

grain is not clear. 

extent of ruminal and 

the ratio of feed and 

tQ the intestines for 

and microbial markers 

influence estimates of ruminal and postruminal digestion, 

valid protein digestibility comparisons among grains cannot 

be made among most studies. Considerable research needs to 

be conducted to determine within single experiments the 

ruminal, postruminal and total tract organic matter and 
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protein utilization of sorghum grainj corn and barley diets 

by cattle. 



CHAPTER 3 

RUMINAL, POSTRUMINAL AND TOTAL TRACT PROTEIN 
UTILIZATION AND BACTERIAL PROTEIN SYNTHESIS 

OF SORGHUM GRAIN, CORN, AND BARLEY BASED 
DIETS BY BEEF STEERS 

Summary 

Sorghum grain, corn and barley based diets were fed 

to six abomasally fistulated steers (average weight, 448 

kg) in a replicated 3 x 3 Latin square design to determine 

ruminal, postruminal and total tract utilization of protein 

and extent of bacterial protein synthesis. Diets averaged 

81% grain and contained 11.2% crude protein (CP) (organic 

matter basis). Chromium oxide, and lysine and leucine 

ratios were used as flow and bacterial markers, respec-

tively. Each trial included a 6-day period of total fecal 

collection and abomasal sampling (12-hr interval advanced 

2-hr daily). Mean daily intakes of organic matter (OM) and 

CP were equalized among treatments and averaged 6,418 and 

717 g, respectively. Ruminal digestibilities of OM c 

(corrected for bacterial cell synthesis) for sorghum grain 

and corn diets tended to be lower (P < .07) than the barley 

diet (43 and 48 vs 62%, respectively). Ruminal and 

postruminal CP digestibilities (feed, bacteria and ammonia 

CP) averaged -38 and 72%, respectively and were not 

69 
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different (P > .05) among the three diets. Total tract and 

true digestibility of CP for the sorghum grain diet was 

lower (P < .05) than for corn or barley diets. Total tract 

digestion coefficients were 61, 66 and 68%, respectively 

for the three grain diets. Bacterial CP per 100 g OMc 

(P > .05) ruminally digested averaged 20 g and was similar 

among treatments. Percentage of feed nitrogen in the 

abomasum was much higher (P < .05) for sorghum grain and 

corn diets compared to the barley diet, as a resul t of the 

lower (P < .05) ruminal digestibility of sorghum grain and 

corn feed nitrogen (27 and 40 vs 69, respectively). 

Postruminal digestibility of bacterial nitrogen was lower 

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

the barley diet. The lower apparent total tract 

digestibility of sorghum grain protein appears to be 

related to the extent of feed protein and OM digested in 

the rumen. 

Introduction 

Feed grains are usually the major feed ingredient 

and primary source of dietary CP in cattle finishing diets. 

Digestibility coefficients for CP adapted from the National 

Research Council,· Nutrient Requirements of Beef Cattle 

(1976) were 57 for sorghum grain and 75 for corn and 

barley. 



71 

In the only study that compared total tract digesti

bility of protein from sorghum grain, corn and barley, 

Oltjen et al. (1967) found protein to be less digestible in 

sorghum grain than in corn or barley (43 vs 74 and 78%, 

respectively). In six digestibility comparisons with 

either corn or barley, the total tract CP digestibility of 

sorghum grain was usually lower (Saba et al., 1964; Keating 

et a1., 1965; Brown et a1., 1968; White et a1., 1972; 

Maxson et al., 1973; Schake et al., 1976). The data of Kay 

et al. (1972) suggest that differences in total tract 

digestibility of feed grain proteins by cattle may be 

related to either the extent of ruminal and(or) postruminal 

digestion. The objective of the study was to compare 

ruminal, postruminal and total tract CP and OM utilization 

and bacterial protein synthesis with beef steers fed 

sorghum grain, corn and barley based diets. 

Experimental Procedure 

A preliminary trial was conducted to determine 

protein digestibility for sorghum grain and corn based 

diets. Four abomasally fistulated steers (average weight, 

411 kg) were fed 90% concentrate diets (10.6% CP, dry 

matter basis) ad "libitum for a 2l-day adjustment period, 

and then at 90% of ~ libitum for a seven-day preparatory 

phase and a five-day total fecal collection period. 



72 

Following the preliminary trial, three digestion 

trials were conducted to compare ruminal, postruminal and 

total tract protein utilization of 81% sorghum grain, corn 

and barley based diets (10.2% CP, dry matter basis). In 

vivo ruminal bacteria protein synthesis was also determined 

for each of the three diets. A replicated 3 x 3 Latin 

square design was used with six steers randomly assigned to 

the three dietary treatments (Table 8). Composition of the 

sorghum grain, corn and barley diets is shown in Tables 9 

and 10. Diets were reformulated after trial 1 due to the 

use of a different source of barley which had a lower crude 

protein content, and the addition of alfalfa hay. 

Six crossbred steers (average weight 448 kg) were 

surgically fitted with abomasal cannulae by a modification 

of the method of Dougherty (1955). Steers were used for 

the digestion trials at least five months after surgery and 

after adaptation to normal management procedures. 

During each trial, diets were ~ libitum fed twice 

daily (0730 and 1530 hr) to all steers during an average 

34-day adaptation period. The adaptation period was 

followed by a seven-day preliminary phase and a six-day 

period of total fecal collection and abomasal sampling 

(12-hr interval advanced 2-hr daily). During the prelimi

nary phase and collection period, daily intake for each 

steer was adjusted to an average of 94% of their daily 

voluntary intake measured during the last seven days of the 
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Table 8. Experimental design. 

Animal Number 

Trial 66 15 233 263 68 29 

Square 1- - Square 2- -
1 Aa Bb C _c B C 

2 C °A B B C A 

3 B C A C A B 

a Dietary treatment, A = sorghum grain diet, B corn 
diet, and C = barley diet. 

b Ran separately after trial 3. 

c Missing observation. 



Table 9. Diet composition (trial 1). 

Ingredient (International 
Feed No.) 

Sorghum 
Grain 

Sorghum, milo, grain, dry 79.3 
rolled (IFN 4-04-444) 

Corn, dent yellow, grain, dry 
rolled (IFN 4-02-931) 

Barley, grain, dry rolled 
(IFN 4-07-939) 

Corn gluten meal 3.1 
(IFN 5-02-900) 

Cottonseed hulls (IFN 1-01-599) 9.5 
Molasses (70% sugarcane 6.0 

molasses and 30% whey) 
Salt (IFN 6-04-151) .5 
Limestone, ground 1.0 

(IFN 6-02-632) 
Dicalcium phosphate .4 

(IFN 6-01-080) 
Chromium oxide powder .2 

100.0 

Chemical analysis: 

Dry matter 91. 48 

Organic matterC 95.53 

Ashc 4.47 

Crude protein d 11. 65 

a b Air-dry basis. 
Vitamin A added at 2,200 IV/kg. 

c d Dry matter basis. 
Organic matter basis. 

Dieta,b 

Corn 

- % 

77.5 

4.6 

9.8 
6.1 

.5 
1.0 

.3 

.2 

100.0 

91.12 

96.32 

3.68 

11. 22 

Barley 

81. 8 

10.0 
6.2 

.5 
1.0 

.3 

.2 

100.0 

92.82 

95.48 

4.52 

12.80 

74 



Table 10. Diet composition (trials 2 and 3). 

Ingredient (International 
Feed No.) 

Sorghum 
Grain 

Sorghum, milo, grain, dry 81.3 
rolled (IFN 4-04-444) 

Corn, dent yellow, grain, 
dry rolled (IFN 4-02-931) 

Barley, grain, steam processed 
and flaked (IFN 4-00-549) 

Corn gluten meal .8 
(IFN 5-02-900) 

Alfalfa, hay, ground 5.0 
(IFN 1-00-063) 

Cottonseed hulls (IFN 1-01-599) 4.8 
Molasses (70% sugarcane 6.0 

molasses, 30% whey) 
Salt (IFN 6-04-151) .5 
Limestone, ground (IFN 6-02-632) 1.0 
Dicalcium phosphate .4 

(IFN 6-01-080) 
Chromium oxide powder .2 

Chemical Analysis: 

Dry matter 

Organic matter C 

Ashc 

Crude Protein d 

100.0 

90.42 

95.62 

4.38 

10.86 

a Air-dry basis. 
b Vitamin A added at 2,200 IU/kg. 
c d Dry matter basis. 

Organic matter basis. 

Dieta,b 

Corn 

- % 

80.1 

2.2 

5.0 

4.8 
5.9 

.5 
1.0 

.3 

.2 

100.0 

90.98 

96.30 

3.70 

10.99 

75 

Barley 

81. 8 

5.2 

4.9 
6.1 

.5 
1.0 

.3 

.2 

100.0 

90.83 

94.88 

5.12 

10.87 
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adaptation period. Sham abomasal collections were taken 

from all steers during the last two days of the seven-day 

preliminary phase. Steers were housed in individual pens 

(2.4 x 4.9 m) and daily fecal collections were taken from 

the concrete floor of the pens. 

The sorghum grain and corn were dry rolled for use 

during the three trials. Barley was dry rolled in trial I 

and steam processed and flaked in trials 2 and 3. Fi ve 

percent of the diet grain (referred to as marked grain) was 

mixed with chromium oxide powder and added to the rest of 

the diet just prior to each feeding, which resulted in .2% 

chromium oxide in the diet. The marked grain was fed 

throughout the preliminary and collection periods. An 

attempt was made to also use dysprosium oxide as a flow 

marker by soaking the marked grain portion for 24 hr in a 

dysprosium solution prior to incorporating it in the diet, 

but dysprosium recoveries in the feces were relatively low, 

approximately 82% (see Appendix A). 

Five percent aliquots of daily fecal output and 

feed refusals were dried at 45 C for 48 hr in a forced-air 

oven. Samples of the diet and marked grain were taken 

daily. Abomasal contents were collected in a beaker, trans

fered to a plastic bag placed on dry ice and stored at -20 

C until lyophilized. On the second day following 

termination of the six-day collection period, 500 ml of 

rumen fluid was collected from each steer (via stomach 
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tube) at three hr after the 1730 feeding, for isolation of 

rumen bacteria. Washed bacterial cell suspensions from 

each steer were prepared by the procedure of Ibrahim et al. 

(1970), except bacteria samples were washed with small 

volumes of deionized water instead of acetate-phosphate 

buffer. Lyophilized abomasal samples 

laboratory Wiley mill through a 20 mesh 

digesta and feces aliquots were pooled 

were ground in a 

screen. Abomasal 

on an equal dry 

weight basis to yield individual animal composites. Diet, 

marked grain, feed refusal and feces were ground through a 

1 mm screen in a Wiley mill and stored in glass containers 

until analyzed. 

Samples of diet, marked grain, feed refusal, 

abomasal digesta, fecal and rumen bacterial samples ",ere 

analyzed for dry matter, ash and nitrogen by Association of 

Official Analytical Chemists (AOAC) (1970) procedures 

except nitrogen analysis of bacteria samples was by 

Technicon autoanalyzer (AOAC, 1980). Chromium oxide 

content of marked grain, feed refusal, abomasal digesta and 

feces were deterined by the perchloric acid oxidation 

procedure of Kimura and Miller (1957). Abomasal digesta 

were analyzed for ammonia nitrogen by distillation over 

magnesium oxide (AOAC, 1970). Feces were analyzed for acid 

detergent- insoluble nitrogen by the method of Mason 

(1969). Diet, marked grain, feed refusal, abomasal digesta 

and rumen bacteria were analyzed for amino acids, including 
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by ion-exchange chromatography (Moore 

modified to enable separation of et al., 1958) 

diaminopimelic acid from methionine (Rahnema, 1977; S. 

Rahnema, unpublished data). 

Bacterial nitrogen in samples of abomasal digesta 

were estimated from lysine and leucine ratios by summation 

equations reported by Rahnema (1977). Ruminal bypass of 

feed nitrogen (including protozoal and endogenous nitrogen) 

was calculated as the difference bet\-leen nonammonia 

and bacterial nitrogen content of abomasal nitrogen 

digesta. Undigested bacterial nitrogen in the feces was 

calculated as the difference between total nitrogen and 

acid detergent-insoluble nitrogen content. 

Ruminal true digestion of OMc was estimated by 

further correction for de novo bacterial cell synthesis. 

Postruminal digestion coefficients for OM and CP fractions 

were calculated from the difference between amounts present 

in abomasal digesta (presumably entering the small 

intestine) and appearing in the feces. 

Data were analyzed as a replicated 3 x 3 Latin 

square design by analysis of variance. The Student

Newman-Keul's test (using an adjustment factor for differ

ences in replicates per mean) was used for locating differ

ences between treatment means (Steel and Torrie, 1980). 
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Results and Discussion 

From the preliminary digestion trial, a small 

difference in total tract CP digestibility was found 

between sorghum grain and corn diets, 60 and 62%, respec-

tively. Dry matter digestibilities averaged 81% for the 

two diets fed at 6 kg per day. 

In the comparison trials, ruminal digestion 

coefficients for CP and OM based on nutrient-indicator 

ratios were not corrected to 100% recovery of chromic oxide 

in the feces. Recovery of the chromium oxide in the feces 

was 93.1 + 11.2 (SD). The data of Wanderley (1982) 

suggests that recovery in the feces may not necessarily 

reflect duodenal or abomasal marker recoveries. This 

hypothesis was based on automated total collection at the 

duodenum of cattle fed both concentrate and roughage diets. 

There were no differences (P > .05) in OM intake 

among the three diets (Table 11). Ruminal OM 
c digesti-

bility of sorghum grain and corn tend to be lower (P < .07) 

than for barley (43 and 48 vs 62%, respectively). Kay et 

a1. (1972) noted that ruminal starch digestibility was 

lower for corn as compared to barley (61 vs 81%, respec-

tively) based on chromium oxide as the flow marker. 

Drennan et a1. (1970) reported an apparent ruminal OM 

digestion coefficient of 24% for sorghum grain diet and 

Rahnema, The urer and Gar cia (unpu bl ishe d data) repor te d a 

ruminal OM digestion coefficient of 36 for a sorghum grain 
c 



Table 11. Ruminal, postruminal and total tract organic 
matter digestion of feed grain diets a • 

Sorghum 
Item Grain Corn Barley SD 

Intake, g 6,295 6,481 6,477 433 

Intake, g/kg W· 75 66.6 64 . .9 68.1 5.9 

Ruminal 
%b 

digestion, 42.6 48.5 61. 7 16.5 

Ruminal digestion, 2,67le 3,150 e ,f 3,987 f 1,082 
gb 

Entering duodenum, 4,362 4,146 3,538 1,115 
g 

Postruminal diges- 64.7e,f 71.le 61. 4f 9.1 
tion, %c 

Postruminal diges- 2,915 3,022 2,181 1,089 
tion, gC 

Total digestion, %d 78.9 83.8 80.7 3.7 

Total digestion, 4,966 5,430 5,232 451 
gd 

a 
All values are means of five observations for sorghum 
grain and six for corn and barley. 

b Corrected for 738 (sorghum grain), 815 (corn) and 1,047 
(barley) g bacterial organic matter synthesized in the 
rumen. 

c Based on amount in abomasal digesta (presumably entering 
duodenum). 

d Based on total collection. Values based on using 
chromium oxide (uncorrected basis) as a marker are 77, 
83 and 79% for sorghum grain, corn and barley based 
~iets, respectively. 

e, Means among diets with unlike superscripts are dif
ferent (P < .05). 
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based dietfed to steers (flow markers: chromium oxide and 

dysprosium, respectively). The ruminal OMe digestion 

coefficient (based on chromium oxide) for the corn diet is 

similar to the value of 50% OM , reported by Muntifering et 

a1. (1981). Digestion coefficients for ruminal OMe (based 

on chromium oxide) for barley diets were 74 (OM e , 

corrected) as reported by 0rskov et al. (1974) using sheep 

and 71 (apparent) as reported by Liebholz (1980) using 

calves. 

Percent postruminal OM digestibility of corn was 

higher (P < .05) than barley. Sorghum grain and corn 

values were similar. Total tract OM digestibilities were 

not different (P > .05) among grains, although the value 

for corn tended to be higher. Approximately equal amounts 

of OM were digested ruminally and postruminally for sorghum 

grain and corn diets, while OM in the barley diets was 

digested primarily in the rumen. 

Oltjen et a1. (1967) found a lower (P < .05) total 

tract dry matter digestibility of a sorghum grain based 

diet compared to corn and barley based diets (72 vs 83 and 

84%, respectively). In a comparison between sorghum grain 

and corn based diets fed to steers, Brown et al. (1968) and 

Schake et al. (1976) reported no difference in total tract 

dry matter digestibility between the two grains. Mehrez 

and 0rskov (1978) observed a higher total tract OM digesti

bility value for corn as compared to a low protein barley 



Table 12. Rumina1, postrumina1 and total tract crude 
protein digestion of feed grain diets a. 

Sorghum 
Item Grain Corn Barley SD 

Intake, g 693 713 745 65.6 

Rumina1 digestion, -48.1 -35.4 -30.7 25.8 
% 

Rumina1 digestion, -331 -247 -225 176 
g 

Entering duodenum, 1,023 959 970 173 
g 

Postrumina1 diges- 71.1 72.5 73.4 3.7 
tion, gb 

Postrumina1 diges- 728 700 712 142 
tion, gb 

Total digestion, %c 61.1d 66.1e 68.2e 5.3 

Total digestion, gC 422d 471d,e 508e 60 

True protein diges- 91.4d 94.0e 94.7e 2.0 
tion, % 

a All values are means of five observations for sorghum 
b grain and six for corn and barley. 

Based on amount in abomasal digesta (presumably entering 
duodenum. 

c Base d on to tal co11ec t ion. Val ues based on using chro-
mium oxide (uncorrected basis) as a marker are 58, 64 
and 66 for sorghum grain, corn and barley based diets, 

d respectively. 
,e Means among diets with unlike superscripts are differ
ent (P < .05). 
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for sheep that were fed whole grain diets with no added 

urea (82 vs 76%, respectively). 

Mean daily CP intake among dietary treatments were 

similar, averaging 717 g (Table 12). The negative ruminal 

CP digestibilitites of the three grain diets averaged -38%. 

The value for sorghum grain tended to be lower than that of 

barley. Comparing ruminal digestion coefficients of CP, 

based on chromic oxide, Kay et al. (1972) observed negative 

ruminal CP values of -13 and -27% for corn and barley based 

diets, respectively, fed to cattle. Using the same flow 

marker, 0rskov et a1. (197lb) reported ruminal CP digesti

bilities of 10 and 7% for corn and barley diets fed to 

sheep. Drennan et al. (1970) observed ruminal digesti

bility CP values of 33 and -55% for lignin and chromic 

oxide based calculatioqs, respectively, when cattle were 

fed steam flaked sorghum grain diets. Potter et al. (1971) 

reported -34 vs -12% ruminal CP digestibility values for 

ground and reconstituted sorghum grain diets fed to cattle 

(based on chromium oxide). Ruminal CP digestibility of 

corn was 6%, based on lignin (Prigge et al., 1978). 

Feeding barley in pelleted diets, Jackson et a1. (1971) 

calculated -14% for sheep and Leibholz (1976) reported 18% 

for calves for ruminal CP digestibility, based on chromium 

oxide used as a marker. There is a wide variation in 

ruminal CP digestibility due in part to differences in 

collection techniques, flow marker used or influx of 
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endogenous nitrogen into the abomasum (Drennan et al., 

1970; Theurer, 1979). 

Postruminal CP digestibilities were not different 

(P > .05) among the three grains. Rahnema (1977) observed 

a postruminal CP digestibility of 70% for a dry rolled 

sorghum grain diet (based on chromium oxide as the flow 

marker). 0rskov et al. (197lb) observed a postruminal CP 

digestibility of 74 and 72% for pelleted corn and barley 

diets, respectively (based on chromium oxide). Cole et ala 

(1976) reported 59% digestible CP for a rolled corn diet 

fed to cattle based on using lignin. Zinn and Owens 

(1983b) stated that postruminal digestibility of nonammonia 

nitrogen varies within a relatively narrow range. 

Total tract CP and true protein digestibilities of 

sorghum grain were lower (P < .05) than corn or barley 

(total tract values were 61 vs 66 and 68%, respectively). 

Total tract digestibiliiest of three feed grains were 

ranked similarly by Oltjen et ala (1967), who reported a 

lower apparent total tract CP digestibility of ground 

sorghum grain vs corn and barley (43 vs 74 and 78%, respec

tively). In a review of the literature (Chapter 2, Tables 

2, 3 and 4), average total tract CP digestion coefficients 

of 54, 69 and 73 were calculated for diets containing 70% 

or more sorghum grain, corn and barley. Saba et al. (1964) 

found sorghum grain to be less digestible than barley 

protein (47 vs 68%, respectively for a 11% CP; dry rolled 
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diet). Comparing ground sorghum grain and corn based diets 

at three intake levels, Brown et al. (1968) found a differ

ence in total tract CP digestibility. Average values for 

the three levels of intake were 66 and 67%, respectively. 

Mehrez and Qjrskov (1978) fed whole corn and barley diets 

with no added urea and found no difference in CP digesti

bility (66 and 61%, respectively). True protein digesti

bilities for sorghum grain and corn were similar to the 

value of 91% reported by Rahnema (1977) for sorghum grain 

and 95% observed by Muntifering et al. (1981) for whole 

shelled corn. 

The percentage of bacterial nitrogen in the aboma

sum was much higher (P < .05) for barley than for sorghum 

grain and corn diets, 72 vs 47 and 53%, respectively (Table 

13). The percentage of undegraded feed ni trogen in the 

abomasum for the sorghum grain and 

high as that for steers fed the 

corn diets was twice as 

barley diet. A small 

percentage of ammonia nitrogen was found in the abomasal 

contents (an average of 4%) and did not differ among grain 

treatments. 

Similar bacterial nitrogen values, 54 and 72%, were 

reported by Kay et al. (1972) for cattle fed corn and 

barley diets, respectively (based on chromium oxide and 

diaminopimelic acid). Based on the concentration of 

diaminopimelic acid in the abomasum, Qjrskov et al. (197lb) 

concluded that a barley based diet would lead to a higher 



Table 13. Abomasal nitrogen composition of feed grain 
diets a • 

Item b 
Sorghum 

Grain Corn Barley SD 

Bacterial nitrogen 

Feed nitrogen C 

Nonammonia nitrogen d 

Ammonia nitrogen 

46.se 

49.2e 

96.0 

4.0 

- % -

43.4e 

96.S 

3.2 

71. Sf 

24.0f 

95.S 

4.2 

12.9 

13.4 

1.3 

1.3 

a All values are means of five observations for sorghum 
b grain and six for corn and barley. 

Percentage of total abomasal nitrogen represented in 
each fraction. 

~ Includes protozoal and endogenous nitrogen. 
~onammonia nitrogen = bacterial and feed nitrogen. 

e, Means among diets with unlike superscripts are 
different (P < .05). 
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the abomasum in 

Values for corn based 

diets of 47 and 58% bacterial nitrogen in the abomasum were 

reported by Cole et ale (1976) (based on lignin and 

ribonucleic acid) and Muntifering et a1. (1981) (based on 

chromium oxide and lysine-leucine ratio), respectively. A 

change in the processing of sorghum grain from grinding to 

reconstituting increased the percent bacterial nitrogen in 

the abomasum from 64 to 83% (Potter et al., 1971) (based on 

chromium oxide and lysine-leucine as flow and bac terial 

markers, respectively). Rahnema (1977) reported a value of 

46 and 53% abomasal bacterial ni trogen in dry rolled and 

steam flaked sorghum grain diets, respectively (based on 

dysprosium and diaminopimelic acid as markers). 

For the three dietary treatments, an average of 158 

g per day of nitrogen (137% of the intake) passed the 

abomasum, based on use of chromium oxide as the flow marker 

(Table 14). There was no difference (P > .05) in amounts 

of nonammonia nitrogen and ammonia nitrogen in the abomasum 

among the three grains. Depending on the flow marker used, 

Drennan et ale (1970) found wide differences in the amount 

of nitrogen entering the abomasum. For steers fed a steam 

flaked sorghum grain diet (nitrogen intake, 133 g), 204 and 

89 g reached the abomasum based on using chromium oxide and 

lignin as flow markers, respectively. The lignin-based 

estimate indicated a significant absorption of nitrogen, 



Table 14. Abomasal nitrogen fractions and bacterial 
protein synthesis of feed grai.n diets. a 

Sorghum 
Item Grain Corn Barley SD 

- - - g/day - - -
Nitrogen intake 110.8 114.0 119.2 10.5 

Abomasal nitrogen 163.7 153.5 155.2 27.7 

Bacterial nitrogen 76.3 e 80.8e l12.0f 23.4 

Feed nitrogen b 80.ge 67.7 e 36.6 f 26.5 

Nonammonia nitrogen C 157.2 148.5 148.6 26.9 

Ammonia nitrogen 6.5 5.0 6.6 2.3 

Bacterial crude 
protein per 100 g 19.8 22.9 17.9 12.8 
organic matter 
digested in rumen d 

a All values are means of five observations for sorghum 
b grain and six for corn and barley. 

Includes protozoal and endogenous nitrogen. c d Nonammonia nitrogen = bacterial and feed nitrogen. 
Corrected for 738 (sorghum grain), 815 (corn) and 
1,047 (barley) g bacterial organic matter synthesized 
!n the rumen. 

e, Means among diets with unlike superscripts are 
different (P < .05). 
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while use of chromium oxide resulted in almost twice as 

much nitrogen passing the abomasum as was consumed. 

Rahnema (1977) observed a higher (P < .01) amount of 

nitrogen entering 

libitum intake vs 

the small intestine wi th a 95% of ad 

75% of ad libitum intake (178 vs 127 g 

per day, 

and 2.1% 

respectively). 

of the body 

Feeding a corn based diet at 1.2 

weight, Zinn and Owens (1983a) 

observed nitrogen intakes of 62 and 117 g, respectively, 

resulting in 58 and 142 g of nitrogen leaving the abomasum 

(based on using chromium oxide as a flow marker). The flow 

marker used and level of intake appear to be factors 

affecting ruminal digestibility of nitrogen. 

For the barley diet, the amount of bacterial 

nitrogen that passed the abomasum was greater (P < .05) 

than for the sorghum grain and corn diets (112 g per day vs 

76 and 81 g per day, respectively). Hence, the amount of 

sor gh urn grain and corn feed ni trog en in the a bomas urn was 

221 and 185% greater than the barley feed nitrogen. A 

confounding factor in estimating abomasal bacteria and feed 

nitrogen is that protozoal and endogenous nitrogen are 

often combined together with feed nitrogen. Due to the 

d if f i cuI t yin est i mat i n g end 0 g e no usn i t r 0 g en, 0 n 1 y a few 

values are available. Kaufmann and Hagemeister (1976), as 

cited by Tamminga et al. (1979), reported a value of 15% 

endogenous nitrogen in duodenal nitrogen. A problem is how 

can a larger amount of abomasal bacterial nitrogen be 



90 

synthesized from a lesser amount of ruminally digested feed 

nitrogen? Also the use of different flow markers (i.e., 

chromium oxide or lignin) appear to be a great source of 

variability in estimating microbial protein synthesis 

(Theurer, 1979). 

There was no difference (P > .05) in grams of 

bacterial CP per 100 g of OMc digested in the rumen among 

grains (Table 14). Theurer (1979) adapted data from 

McMeniman (1976) and found no difference in microbial 

protein synthesis between corn and barley diets, which 

averaged 14 and 13 g of 

digested in the rumen, 

bac ter ial CP 

respectively 

per 100 

(based on 

g of OM c 

chromium 

oxide and nucleic acid-nitrogen markers). Theurer (1979) 

also adapted data from Rahnema (1977) and reported a value 

of 24 g CP per 100 g OMc for a dry rolled sorghum grain 

diet, based on use of diaminopimelic acid as the bacterial 

marker and dysprosium as the flow marker. A value of 16 g 

CP per 100 g OM , based on the lysine and leucine ratio and c 

chromium oxide as the flow and bacterial marker, 

respectively, was reported for corn by Muntifering et al. 

(1981). Feeding lambs rolled barley diets, 0rskov et a1. 

(1972) observed a value of 16 g, slightly lower than the 

one observed here (based on chromium oxide and 

diaminopimelic acid as markers). Numerous factors affect 

the measurement of microbial protein synthesis. The flow 

marker used appears to affect the variability of estimating 
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in vivo microbial protein synthesis more than does the 

choice of microbial marker (Theurer, 1979). Stern and 

Hoover (1979) also cite that the extent and rate of ruminal 

degradibility of both the nitrogen and carbohydrate sources 

are quite important in determining the efficiency of 

microbial CP synthesis. 

In Table 15 are listed concentrations of 

diaminopimelic acid, lysine, and leucine in the feed grain 

based diets. The concentration of diaminopimelic acid was 

higher (P < .05) in the sorghum grain diet than in the corn 

or barley diets. Lysine and leucine concentrations were 

different (P < .05) for each of the three grain treatments. 

Differences among dietary treatments in the concentrations 

of the amino acid(s) used as a bacterial marker may have an 

impact on the estimated amount of bacterial protein synthe

sized. A lower percentage of bacterial protein in the 

abomasum based on the lysine and leucine ratio method was 

observed, 57 vs 62%-based on diaminopimelic acid-corrected 

ratio method (average value of all three grain treatments). 

The rankings of percent bacterial protein of the three 

grain treatments were the same based on using 

diaminopimelic acid (uncorrected and corrected), lysine, 

and lysine and leucine ratios in summation equations based 

on ruminal bacteria (see Chapter 4, Table 20 for details). 

Passage of total essential and nonessential amino 

acids (g per day) was not affected by grain treatment 
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Table 15. Concentrations of DAP,a lysine and leucine (bac
terial protein markers) in feed grain diets.b 

Sorghum 
Grain Corn Barley 

- - - -% of protein- - - -
.23c .20 d .19 d 

Lysine .60 2.42C 2.81d 3.22e 

13.65c 12.02 d 8.34e Leucine 2.78 

a 
DAP = diaminopime1ic acid. 

bAll 1 f f f va ues are means 0 ive observations or sorghum 
grain and six for corn and barley. 

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



Table 16. Abomasal flow and percent of intake 
in abomasum of amino acids in feed 
grain diets. a 

Sorghum 
Amino Acid Grain Corn Barley SDb 

g/day and (% of intake) -

Essential 
Methionine 17.4 (180) 17 .5 (179) 14.8 (150) 3.4 
Lysine 47.4c (283) 50.7c (254 ) 61.6d ( 266) 11.1 
Threonine 36.3 (174 ) 36.4 (165) 37.4 (175) 6.5 
Arginine 36.3 (133) 38.3 (123 ) 40.6 (119 ) 6.7 
Histidine 20.1 (126) 19.8 (109) 18.3 ( 113) 4.0 
Isoleucine 48.4 (162 ) 44.5 (166) 44.0 (167) 7.9 
Leucine 108.9c (116 ) 96.2c (1l0) 68.2d ( 116) 24.9 
Phenylalanine 50.0 (131) 45.6 (126) 43.5 (123) 8.8 
Valine 55.8 (146) 51. 5 (144 ) 53.2 (146) 9.4 

Total 420.6 (161) 400.5 (153) 381. 6 (153) 72.4 

Nonessential 
Alanine 73.5c (123 ) 61. 2d (125 ) 50.2 d (145 ) 15.0 
Aspartic Acid 85.8 (160) 81. 5 (161 ) 84.8 (170) 14.5 
Cystine 5.2 (350c) 5.2 (94d) 3.5 (90d) 2.2 
Glutamic Acid 168.0 ( 118) 142.3 ( 110) 139.9 (97) 30.5 
GLycine 45.2 (186) 44.4 (168) 48.5 (177 ) 7.7 
Proline 58.7,c (99c) 52.9c,d (82d) 46.5d (62e) 10.7 
Serine 33.6 (132) 32.6 (123 ) 31. 2 ( 130) 5.8 
Tyrosine 36.1 (181 ) 34.1 ( 200) 30.0 (168) 6.7 

Total 506.1 (169) 454.2 (133) 434.6 (130) 886.4 

Diaminopimelic Acid 4.6 (285) 5.1 (357) 5.4 ( 385) 1.0 

a All values are means of five observations for sorghum grain and six 
for corn and barley. 
For g/day values. 

c,d.e Means among diets with unlike superscripts are different (P < .05) . 
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(Table 16). Amino acids leaving the abomasum expressed as 

a percentage of their intake averaged 156 and 144% for 

total essential and nonessential amino acids, respectively. 

On an individual amino acid basis, the level of lysine was 

greater (P < .05) and the amount of leucine was less (P < 

.05) in the abomasum for barley as compared to sorghum 

grain and corn. Total essential and nonessential amino 

acids in the abomasum (g per day) was greater (P < .05) in 

trial 2 than in trials 1 and 3. Potter et a1. (1971) 

compared the amino acid pattern (based on molar percent) of 

a sorghum grain diet and 

a 200% increase in 

rumen bacterial protein and found 

the lysine concentration and 

approximately a 50% decrease in the leucine concentration 

in the diet as compared to the bacterial protein. Leibholz 

(1980) reported an increase in abomasal amino acids (as a 

percent of the intake) for a barley based diet fed to 

calves 145 and 128% for total essential and nonessential 

amino acids, respectively. 

Ruminal digestibility of feed nitrogen was much 

higher (P < .05) for barley than for sorghum grain and 

corn, 69 vs 27 and 40%, respectively (Table 17). Rahnema 

(1977) observed a higher ruminal feed nitrogen digesti

bility value of 37% for a dry rolled sorghum grain diet fed 

to steers. When a 90% whole shelled corn diet was fed to 

steers, Muntifering et a1. (1981) reported a value of 51% 

ruminal nitrogen digestibility. 



Table 17. Feed and bacterial nitrogen digestion of feed 
grain diets.a 

Sorghum 
Item Grain Corn Barley SD 

Ruminal digestion 

Feed nitrogen, % 27.ld 40.2d 68.6e 24.5 

Feed nitrogen, g 29.9d 46.4d 82.6e 31. 2 

Postruminal digestion 

Feed nitrogen, %b 86.7d 87.9d 77.6e 9.8 

Feed nitrogen, gb 70.4d 60.4d 29.7e 26.0 

Feed nitrogen, 
% of total nitro- 60.2d 52.8 d 26.8 e 18.4 
gen digested post-
ruminally 

Bacterial nitro- 51. 6d 57.2d 68.6e 10.0 
gen, %c 

Bacterial nitro- 39.6d 46.6d 77.8 e 22.3 
gen, gC 

Bacterial nitrogen, 
% of total nitrogen 39.8d 47.2d 73.2e 18.4 
digested post-
ruminally 

a All values are means of five observations for sorghum 
b grain and six for corn and barley. 

Based on amount in abomasal digesta and recovered as 
fecal acid detergent-insoluble nitrogen. 

c Based on amount in abomasal digesta and recovered as 
d fecal acid detergent-soluble nitrogen. 

,e Means among diets with unlike superscripts are 
different (P < .05). 
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The greater (P < .05) amount of undegraded sorghum 

grain and corn feed nitrogen entering the small intest.ine 

was more digestible postruminally than was the barley feed 

nitrogen. Bacterial nitrogen was more (P < .05) digestible 

postruminally for the barley diet as compared to the 

sorghum 

digested 

grain and corn 

postruminally, 

diets. Of the total nitrogen 

78, 

bacteria in the barley, corn 

respectively. When steers 

47 and 40% originated from 

and sorghum grain based diets, 

were fed dry rolled sorghum 

diets, Rahnema (1977) observed similar postruminal diges

tion of feed and bacterial nitrogen (86 and 46%, res pec-

tively). Muntifering et al. (1981) observed similar 

postruminal nitrogen digestibility values for feed and 

bacteria for corn diets (88 and 61%, respectively). They 

also reported 50% of the total nitrogen digested postrumin

ally was from feed. 

Total tract CP digestibility appears to be related 

to the extent of ruminal starch digestion in high grain 

diets. Degradation of starch in the rumen is very high, 

averaging 94, 78 and 76% for a number of barley, corn and 

sorghum grain based diets, respectively (\valdo, 1973). In 

comparing starch digestibility of the three aforementioned 

feed grains (in the same trials as reported herein), Spicer 

et a1. (1982) reported a greater rumen bypass of starch 

from dry rolled sorghum grain compared to corn or barley. 

At higher levels of intake, undegraded rumen bypass starch 
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from the small intestine and nitrogen influx from the 

bloodstream may result in the synthesis of bacterial 

protein in the large intestine (0rskov et a1., 1969; 0rskov 

et a1., 1970). The bacterial protein (negligibly digested 

in the large intestine; Wiseman, 1968) would result in its 

appearance in the feces. Therefore, this could decrease 

apparent postrumina1 digestibility of bacteria for sorghum 

grain diets as compared to barley and thus decrease 

apparent total tract CP digestibility. Thus, the data from 

this study suggests that the apparent total tract CP 

digestibility of sorghum grain and barley are related to 

the extent of feed protein and OM digestion in the rumen. 



CHAPTER 4 

SITE AND TIME EFFECTS ON CONCENTRATIONS 
OF DIAMINOPIMELIC ACID, LYSINE AND 

LYSINE-LEUCINE USED AS BACTERIAL MARKERS 

Abstract 

Bacterial sa~ples from rumen contents and abomasal 

digesta (two "abomasal sampling times) were taken from 

steers fed sorghum grain, corn and barley based diets. 

Design was a replicated 3 x 3 Latin square. Bacteria were 

analyzed for diaminopimelic acid, lysine and leucine and 

used in summation equations to calculate percent bacterial 

protein in abomasal digesta. Concentrations, as a percent 

of protein, for diaminopimelic acid in bacteria were more 

variable than were lysine and leucine concentrations. 

There was a positive partial correlation of diaminopimelic 

acid concentrations between bacteria from the rumen and the 

a bomas urn, but there was no correlation bet ween si tes for 

lysine and leucine. A positive partial correlation existed 

between the two sampling times, but amino acid 

concentrations of bacteria between the sampling times 

appeared to be different. Mean abomasal bacterial protein 

estimates ranged from 57 to 95%. Ranking of percent 

bacterial protein for dietary treatment was similar, based 
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recommended 

individual 

A number of markers are used to measure microbial 

protein: diaminopime1ic acid (DAP), lysine, leucine, other 

amino acids, aminoethy1phosphonic acid, ri bonuc1eic acid, 

adenosine triphosphate, and radioisotopes. The validity of 

any marker me thod is di ffic u1 t to es ta b1 i sh (Ste rn and 

Hoover, 1979; Theurer, 1979). 

Use of DAP as a microbial marker was established by 

Weller et a1. (1958). The amino acids: DAP, lysine and 

leucine have been used in summation equations to estimate 

percent bacterial protein in the abomasum (Ely et a1., 

1967; Potter et a1., 1971; Rahnema, 1977). 

Several studies have compared microbial protein 

markers with each other (Ling and Buttery, 1978; Smith et 

a1., 1978). Limi ted work has been done in investigating 

the effects of animal and time on microbial markers. Smith 

(1975) found considerable variation in DAP-nitrogen to 

total nitrogen ratios for rumina1 bacteria from six calves 

fed a flaked corn and hay diet (mean value .88, ± .23 SD). 

McA11an and Smith (1972) observed that nucleic acid

nitrogen ratios varied in different types of animals 

(calves vs cows), but was possibly due to the differences 
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in environment. Hutton et al. (1971) reported that the 

concentration of DAP and the ratio of nitrogen to DAP in 

bacteria to be constant over a 3-month period for sheep on 

a constant feeding program. Dufva et ale (1982) observed 

that time of sampling in relation to feeding had no effect 

on the ratio of DAP nitrogen to total nitrogen in bacteria 

from cattle fed concentrate or roughage diets. Theurer 

(1981) and Dufva et ale (1982) recommended that sampling of 

microorganisms be from the individual animals being studied 

since the DAP-nitrogen ratio and ribonucleic acid-nitrogen 

ratio (Smith and McAllan, 1974) of mixed rumen bacteria 

varies with diet and environment. No reported studies have 

investigated the use of bacteria from abomasal digesta 

instead of bacteria from rumen contents for estimating 

percent bacterial protein synthesis. 

The 0 b j ec ti ves of this study were to anal yze the 

effect of dietary treatment, animal, sampling site (rumen 

vs a bomas urn) and sampl ing time on the use of DAP, ly sine 

and lysine-leucine as bacterial protein markers. 

Experimental Procedure 

Bacterial samples were taken from six abomasally 

fistulated steers fed 81% sorghum grain, corn and barley 

based diets used in a replicated 3 x 3 Latin square design 

(see Chapter 3 for details of the experiment). Bac terial 

samples from rumen contents and abomasal digesta (two 
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sampl ing times) were taken from all animals during each 

trial to determine sampling site and time effects. Percent 

bacterial crude protein (CP) in the abomasum was calculated 

from the bacterial markers: DAP (uncorrected and 

corrected), lysine and lysine-leucine. All samples were 

taken at 3 hr after the morning feeding. Abomasal samples 

were taken on day 1 and day 8 (on the day prior and on the 

day after the abomasal and total fecal collection period), 

bac te rial samples f rom abomasal d iges ta are i den ti f ied as 

bacteria from pre-trial and post-trial abomasal digesta. 

The bacteria were isolated from approximately 200 ml of 

abomasal digesta. Ruminal samples were taken on day 9 (2 

days after the collection period). Five hundred ml of 

rumen fluid was collected via stomach tube from each of the 

six steers. 

The bacteria were isolated from rumen contents and 

abomasal digesta by the procedure of Ibrahim et al. (1970), 

except that bacterial precipitates were washed with small 

volumes of deionized water instead of acetate-phosphate 

buffer. Bacteria (fro~ rumen contents and abomasal 

digesta), feed, feed refusal and abomasal digesta were 

analyzed for dry matter and ash (Association of Official 

Analytical Chemists, 1970) and for nitrogen by Technicon 

autoanalyzer (AOAC, 1980). All samples were analyzed for 

amino acids, incl uding DAP by ion-exchange chroma tography 
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(Moore et a1., 1958), modified to enable separation of DAP 

from methionine (Rahnema, 1977; S. Rahnema, unpublished 

data). 

The percent bacterial protein in abomasal digesta 

was estimated from amino acid ratios using DAP, lysine and 

lysine-leucine in summation equations derived from those 

reported by Rahnema (1977). Two equations made use of DAP 

alone, where one corrected for apparent DAP in the feed and 

one did not. Lysine and the combination of lysine and 

leucine were used to estimate bacterial protein percent

ages. In the latter method, percentages of bacteria and 

feed protein did not have to equal 100. 

Sampling site was studied as a difference between 

the amino acid concentration of bacteria from rumen 

contents vs abomasal digesta (within each amino acid 

bacterial marker). The time variable was studied as the 

difference between the amino acid concentration of bacteria 

from abomasal digesta collected on days 1 and 8. These 

data were analyzed by an1ysis of variance techniques to 

study the effects of animal, trial and treatment on site 

and time. In addition, partial correlations were calcula

ted, holding animal, trial and treatment constant within 

site and time for each amino acid marker (Steel and Torrie, 

1980). 



103 

Results and Discussion 

Mean percent ash and CP (organic matter basis) for 

bacteria from rumen contents and abomasal digesta were 

respectively (mean ± SO): 10.4 ± .8, 58.3 ± 4.7 and 7.8 .± 

.7,52.8 ± 4.8. Ash and CP percentages for bacteria from 

abomasal digesta tended to be lower than bacteria from 

rumen contents. Muntifering (1980) reported similar values 

for bacteria from rumen contents for steers on corn based 

diets (10.3% ash and 

Rahnema (1977) observed 

54.8% CP, 

a higher 

organic 

percent 

matter basis. 

ash, 25.2 and 

lower percent CP, 42.5 for bacteria from steers on sorghum 

grain diets. Bacterial samples isolated by Rahnema (1977) 

were washed with acetate-phosphate buffer, which may have 

contributed somewhat to the higher ash values. Smith 

(1975) reported a range of 18 to 27% ash for bacteria from 

rumen contents. Crude protein values observed here are 

lower than the 65% CP reported by Hungate (1966). 

Concentrations of DAP, lysine and leucine (% of 

bacterial CP) and percent abomasal bacterial CP for 

bacteria from rumen contents and post-trial abomasal 

digesta are presented in Table 18. Mean coefficients of 

variation for both sites for DAP were much greater than for 

lysine or leucine (24 vs 5 and 6%, respectively). The low 

concentration of DAP may partly explain its larger 

variability compared to lysine or leucine. 
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Table 18. Effect of bacteria sampling site (rumen vs 
abomasum) on bacterial amino acid concentration 
and percent abomasal protein. a 

Item 

Amino acid, % o.f 
bacterial crude 
protein (CP) 

DAPd 

Lysine 

Leucine 

Bacterial CP in 
abomasum, % 

DAP, uncorrected 

DAP, corrected 

Lysine 

Lysine-leucine 

Rumen Abomasum 

.74 

7.19 

6.86 

72.2 

61.6 

59.4 

56.9 

.76 

6.80 

6.75 

72.3 

62.7 

65.2 

62.0 

SD 

.18 

.38 

.44 

18.0 

24.0 

15.2 

14.4 

Partial 
Correlation 
Coefficientc 

.40 

-.06 

.05 

a All values are means of 16 observations (from 5 barley, 
b 6 corn and 5 sorghum grain based diet observations). 

Bacteria samples from rumen contents and post-trial 
abomasal digesta were collected on days 8 and 9, respec
tively. 

c Partial correlation between site values when variables 
d of treatment, animal and trial are fixed. 

DAP = diaminopimelic acid. 
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For each amino acid, a value of the difference 

between the two sites was calculated to determine the 

effect of dietary treatment, animal or trial. Treatment 

was a source of variation for bacterial leucine (P < .05) 

and for bacterial DAP (P < .09). Animal effects were not 

significant among sites. Trial was a significant (P < .04) 

source of variation for bacterial lysine. 

A positive partial correlation (r =.40) was found 

between DAP concentrations in bacteria from rumen contents 

and post-trial abomasal digesta. The correlation between 

the two sites for lysine and leucine values were small, 

-.06 and .05, respectively. No literature references could 

be found that compared the composition of bacteria from 

rumen contents vs abomasal digesta. Percent bacterial CP 

in digesta has been calculated from bacterial samples 

obtained from the rumen 

et a1., 1981), abomasum 

(Hutton et a1., 1971; 

(Kay et a1., 1971), 

duodenum (Siddons et a1., 1979). 

Muntifering 

and from the 

Hean percent abomasal bacterial CP ranged from 57 

to 72% for the two sites, based on the four summation 

equations. Use of DAP uncorrected resulted in the highest 

value, and rumina1 lysine-leucine estimated the lowest 

percent bacterial CP. Percentage values were affected (P < 

.01) by treatment for both sites of bacterial collection, 

based on use of lysine or lysine-leucine markers. When the 

four types of summation equations were compared in pairs, 
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there was little difference between equations as to 

treatment, animal or trial effects. Except when comparing 

abomasal DAP uncorrected vs corrected based values, there 

were significant responses for treatment (P < .01), animal 

(P < .01) and trial (P < .07). 

In Table 19 is presented bacterial amino acid 

concentrations and percent abomasal bacterial protein for 

pre- and post-trial abomasal digesta bacteria. Amino acid 

concentrations for bacteria from pre-trial and abomasal 

digesta appeared to be lower than for bacteria from post

trial abomasal digesta. Neither sampling time was affected 

by treatment, animal, or trial. There was a fair positive 

partial correlation for amino acid concentrations between 

sampling times for bacteria from both types of abomasal 

digesta. The partial correlation coefficient was higher 

for DAP (r = .53) than for lysine and leucine (r = .39). 

Other researchers have found the concentration of 

DAP to be constant over time. Hutton et a1. (1971) found 

the concentration of DAP in bacteria from rumen contents to 

be constant for samples taken at 10-day intervals over a 

90-day per iod f rom sheep on a cons tan t feed ing re gimen. 

Dufva et a1. (1982) found that time of sampling in relation 

to feeding (before, 2, 4, 6 and 8 hours after) had no 

effect on the DAP-nitrogen to total nitrogen content of 

bacteria. 



Table 19. Effect of sampling time on abomasal bacterial 
amino acid concentration and percent abomasal 
protein. a 
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Item 
Pre

Trial 
Post
Trial SD 

Partial 
Correlation 
Coefficient C 

Amino acid, % of 
bacterial crude 
protein (CP) 

DAPd 

Lysine 

Leucine 

Bacterial CP in 
abomasum, % 

DAP, uncorrected 

DAP, corrected 

Lysine 

Lysine-leucine 

.60 

6.40 

6.54 

92.9 

94.2 

73.4 

67.7 

.76 

6.80 

6.75 

72.3 

62.7 

65.2 

62.0 

.19 

.50 

.53 

26.4 

41.4 

18.7 

17.4 

.53 

.39 

.39 

a 
All values are means of 16 observations (from 5 barley, 

b 6 corn and 5 sorghum grain based diet obsevations). 
Bacteria samples from abomasal digesta were taken on 
day 1 (pre-trial) and day 8 (post-trial). c Partial correlation between sampling times when variables 

d of treatment, animal and trial are fixed. 
DAP = diaminopime1ic acid. 
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Due to the differences in amino acid concentrations 

bet ween sampl ing times, there was al so a d if f e rence in 

percent abomasal 

93 and 95%, were 

CP between sampling times. High values, 

observed based on pre-trial abomasal DAP 

uncorrected and corrected methods. 

Presented in Table 20 are percent bacterial protein 

values in abomasal digesta of steers fed sorghum grain, 

corn and barley based diets as determined by DAP (uncor

rected and corrected), lysine and lysine-leucine ratio 

methods based on using bacterial samples from rumen 

con tents, pre- and post-trial abomasal digesta. Values 

ranged from 41% (DAP, corrected value for sorghum grain) to 

115% (DAP corrected value for corn). Higher standard 

deviations for bacteria from abomasal digesta based values 

were observed as compared to values based on bacteria from 

rumen contents. A possible factor contributing to the 

variation may be due to the difficulty in obtaining an 

adequate quantity of abomasal digesta for isolation of 

bacteria. 

For the rumina1 based values, which were the least 

v ar ia b1 e, ranking of the die tary trea tmen ts was the same 

based on the use of any of the four amino acid(s) ratios in 

summation equations. For pre- and post-trial abomasal 

values, a majority of the summation equations ranked barley 

wi th the highest percentage. When corn was ranked the 

highest, the value was not appreciably greater than the 
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Table 20. Percent bacterial protein in abomasal digesta of 
steers fed grain based diets as determined by 
various amino acid ratio methods and bacterial 
samples. a 

Bacterial sampling site 
Amino acid ratio Barley Corn 

Sorghum 
Grain 

Rumend 

DAP, uncorrected 

DAP, corrected 

Lysine 

Lysine-leucine 

Pre-trial abomasumd 

DAP, uncorracted 

DAP, corrected 

Lysine 

Lysine-leucine 

Post-trial abomasumd 

DAP, uncorrected 

DAP, corrected 

Lysine 

Lysine-leucine 

- - - - - % - - - - -

79.0 

74.5 

74.1 

71. 8 

103.6 

108.4 

91.8 

87.4 

75.4 

69.6 

82.6 

80.1 

70.6 

60.5 

57.4 

53.4 

104.3 

11.5.3 

67.3 

60.1 

81. 6 

74.9 

61. 4 

56.8 

67.3 

49.8 

47.0 

46.8 

67.8 

53.0 

61.6 

55.3 

58.2 

41.0 

52.4 

50.1 

SD 

16.8 

23.3 

13.1 

12.9 

27.9 

47.1 

19.7 

18.2 

19.6 

25.5 

17.0 

16.0 

a All values are means of five observations for sorghum and 
barley and six for corn. 

b For detailed composition of diet, refer to Chapter 3. 
c DAP = diaminopimelic acid 
d Based on amino acid(s) from bacteria taken from rumen 

contents (day 9) and abomasal digesta, pre-trial (day 1) 
and post-trial (day 8), respectively. 
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barley diet value. For all the ratio methods and bacterial 

samples, the percentage value for the sorghum grain diet 

was ranked the lowest. Nikolic and Jovanovic (1973) 

observed that the ranking of bacterial protein in digesta 

for three urea-corn diets was the same based on either DAP 

bacteria or nucleic acid determination. Rahnema (1977) 

observed similar values among DAP, lysine, DAP-leucine and 

lysine-leucine ratio methods in ranking treatment means of 

percent abomasal protein (treatments included two feed 

intake levels and two grain processing methods of sorghum 

grain diets). Muntifering (1980) reported the ranking of 0 

and 33 ppm monensin corn diets to be the same for percent 

bacterial protein in abomasal digesta based on DAP, lysine, 

leucine, or any two of the above amino acid combination 

methods. 

In conclusion, several factors should be considered 

in determining sampling procedures for bacteria used to 

calculate percent bacterial CP in digesta. Ideally the 

concentration of the bacterial marker used should not vary 

with dietary treatment. Based on the results herein, it is 

not possible to recommend a sampling site. But due to the 

fact that most estimations have been based on bacteria from 

rumen contents and the ability to obtain rumen samples from 

non-fistula ted animals, it is recommended that bacteria 

from rumen con ten ts be used. Even though there were no 

significant animal effects found, it is still recommended 



III 

that each animal be sampled, due to possible variations in 

diet and environment, especially in the case of DAP. Most 

amino acid(s) summation equations rank the percent 

bacterial protein in digesta for dietary treatments in the 

same order. Further studies are needed to determine the 

e ff ec t of time and si te on amino aci d concen tra tions of 

bacteria from rumen contents and abomasal digesta. 



CHAPTER 5 

CONCLUSIONS 

The following conclusions are based on data 

presented in the previous chapters and in the appendices to 

follow. Sta temen t s re la te to a re view of the Ii tera t ure 

and a trial using abomasally fistulated steers which 

compare ruminal, postruminal and total tract protein 

digestibility of sorghum grain, corn and barley based 

diets. Also included are statements about the evaluation 

of amino acids as bacterial markers and use of dysprosium 

compared to chromium oxide as flow markers. 

Literature Review Conclusions 

1. Only seven studies found in the literature compared 

total tract digestibility of crude protein between 

two of the three feed grains--sorghum grain, corn 

and barley. One study, Oltjen et al. (1967), 

compared to tal trac t protein d iges t i b il i t y of the 

three grains. Two studies compared ruminal protein 

values between corn and barley. 

2. Based on a review of the literature, total tract 

digestibility of sorghum grain protein is lower com

pared to corn or barley diets (which appeared to be 

112 
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similar). Mean total tract digestion coefficients 

for crude protein (based on a summary of individual 

grain studies from 1960 to mid-1982) for 70% or 

more sorghum grain, corn or barley based diets are 

54, 69 and 73%, respectively. 

3. Protein digestibility of sorghum grain was the most 

variable and was affected the most by grain process

ing method. Addition of nitrogen supplements 

usually improved dietary protein digestibility. 

4. There was large variabiltiy in ruminal protein 

digestibility values, but postruminal values were 

fairly uniform wi thin grains. Chromium oxide was 

the most commonly used flow marker. Little compari

son of protein digesti bili ty was made among the 

three feed grains due to the variety of flow 

markers used and different conditions of the 

studies. Only two individual studies on corn vs 

barley report valid digestibility comparisons. 

Digestion .Trials Conclusions 

5. Recovery of the flow markers, dysprosium and 

chromium oxide, in the feces was 82 and 93% respec

tively. Ruminal digestion coefficients based on 

nutrient-indicator ratios were not corrected to 

represent 100% recovery of the flow marker 

(chromium oxide) in the feces. 
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6. Ruminal digestibility of organic matter (corrected 

for bacterial cell synthesis) tended to be lower (P 

< .07) for sorghum grain and corn diets as compared 

to the barley diet. Total tract digestibility of 

7 • 

organic matter was similar among 

grain diets. 

Ruminal and postruminal protein 

were not different (P > .05) 

the three feed 

digestibilities 

among the three 

grains. Total tract and true digestibility of 

protein for the sorghum grain diet was lower (P < 

.05) than for corn or barley diets (61 vs 66 and 

68% for total tract values based on total 

collection, respectively). 

8. Synthesis of bacterial protein per 100 grams of 

organic matter digested (corrected for bacterial 

cell synthesis) in the rumen was similar (P > .05) 

among treatments and averaged 20 grams. 

9. A lower (P < .05) ruminal digestibility of sorghum 

grain and corn feed nitrogen as compared to barley 

was observed (27 and 40 vs 69%, respectively). 

Therefore, there was a higher percentage of feed 

nitrogen in the abomasum for sorghum grain and corn 

diets (49 and 43 vs 24% for barley). Postruminal 

digestibility of bacterial nitrogen was lower for 

sorghum grain and corn diets compared to the barley 

diet. This observation may be due in part to the 
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greater amounts of organic matter (and starch) 

presented to the intestines. 

10. Protein digestibility values for sorghum grain, 

corn and barley based diets compared in the 

digestion trial tend to confirm the results from 

the literature review summary. 

the lower apparent total tract 

An explanation for 

digestibility of 

sorghum grain protein appears to be related to the 

extent of feed protein and organic matter (and 

starch) digested in the rumen. 

Bacterial Marker Study Conclusions 

11. Concentrations of diaminopimelic acid (as a percent 

of the protein) in bacteria from rumen contents and 

abomasal digesta were more variable than 

concentrations of lysine and leucine. There was a 

positive correlation for diaminopimelic acid 

concentrations between bacteria from rumen 

contents and abomasal digesta but not for lysine or 

leucine between sites. A fair correlation between 

the two bacteria sampling times existed from 

abomasal digesta for the concentrations of each of 

the amino acids. 

12. Estimates of mean percent bacterial protein in 

abomasal contents ranged from 57 to 95% based on 

using diaminopimelic acid (uncorrected and 
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corrected), lysine, and lysine and leucine ratios 

in summation equations (based on bacteria from 

rumen contents, pre-trial and 

digesta). Mean percentage 

post-trial abomasal 

values based on 

bacterial samples from rumen contents for diamino

pimelic acid (uncorrected, corrected, lysine, 

lysine-leucine were: 72,62,59 and 57%, respec

tie1y. Ranking of percent bacterial protein for 

dietary treatments were similar for all four 

summation equations based on bacterial amino 

acid(s) from rumen contents. 

13. The use of bacterial samples from abomasal digesta 

vs bacterial samples from rumen contents was not 

advantageous in this study. It is recommended that 

bacteria be sampled from the rumen of individual 

experimental animals. 
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DYSPROSIUM AND CHROMIUM OXIDE 
AS FLOW MARKERS 
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PROCEDURE FOR MARKING FEED GRAIN 
WITH DYSPROSIUM 

Experimental Procedure 
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Dysprosium was added to the whole grain at a concentration of 

approximately 1500 ppm in the following manner: Dy oxide was converted 

to Dy chloride by the addition of hydrochloric acid, then water was 

added, resulting in a pH 2.4 solution. Sufficient calcium hydroxide 

was added to increase the pH to approximately 5.8. The feed grains 

were soaked in the Dy solution for 24 hr, with occasional stirrng. 

After soaking, the feed grains were rinsed with tap water three times, 

sun dried and dry rolled. Grain marked with Dy was included at 5% of 

the three feed grain diets, as shown in Chapter 3. Marked grain 

samples were ground through a 1 mm screen in a Wiley mill, and analyzed 

by neutron activation (Young et al., 1975) to determine Dy concentra-

tions. 

Results and Discussion 

A pH 5.8 Dy solution was used because there was concern that 

soaking the grains with an acidic solution may decrease the nutritive 

value of the grain. Analyses of rinsed grain samples resulted in 50% 

recovery of Dy, thus an average of 38 ppm Dy in the three feed grain 

based diets. 

Chromium oxide powder was also incorporated into the diets at 

.2%. In the digestion trials (Chapter 3), mean recovery (± SD) of Dy 

and chromium oxide in the feces were 81.8 + 7.6% and 93.1 ± 11.2%, 

respectively. Because of the higher recovery, chromium oxide was used 
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as the flow marker to base calculations for Chapter 3. Rahnema (1977) 

reported a recovery in the feces of 89% when dysprosium was sprayed on 

an 82% sorghum grain diet.' Thus, spraying the complete diet with the 

Dy solution may result in a higher recovery than the soaking procedure 

described herein. 
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Table A-I. Comparison of digestion coefficients by chromium oxide and 
dysprosium ratio techniques by treatments. a 

Chromium Oxide Dys,Erosium 
Item Mean C.V. % Mean C.V. % 

Sorghum Grain 

Organic matter 
Rumenb 30.89 49.66 37.26 11.44 
Postrumen 64.71 17.09 58.42 10.51 
Total tract 76.93 4.39 74.83 2.81 

Crude protein 
Rumen -48.06 -34.89 -34.61 -17.44 
Postrumen 71.06 4.86 65.36 5.54 
Total tract 57.56 4.46 53.39 9.49 

Corn 

Organic matter 
Rumenb 35.82 61.78 39.05 11.91 
Postrumen 71.12 12.00 66.77 9.86 
Total tract 82.71 3.64 80.61 2.67 

Crude protein 
Rumen -35.37 -110.68 -29.07 -58.67 
Postrumen 72.52 4.63 68.42 4.63 
Total tract 63.59 12.25 59.52 6.87 

Barley 

Organic matter 
Rumenb 45.55 21.91 46.85 5.29 
Postrumen 61.35 10.01 53.90 5.89 
Total tract 79.04 6.26 75.52 3.67 

Crude protein 
Rumen -30.68 -45.10 -29.42 -64.03 
Postrumen 73.36 6.07 68.21 7.00 
Total tract 65.46 8.36 59.31 9.76 

a Values are not corrected for marker recovery in the feces, which are 
averaged 93% for chromium oxide and 82% for dysprosium. 

b Values are not corrected for synthesis of bacterial organic matter in 
the rumen. 
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Table A-2. Percent recovery of chromium oxide and dysprosium in the 
feces per steer by treatment. 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Chromium oxide 15 91.36 90.15 93.54 
29 95.07 116.74 93.23 
66 90.91 113.01 90.05 
68 94.75 88.13 112.88 

223 85.70 86.42 83.85 
263 79.29 77 .48 

Dysprosium 15 81.02 77 .81 78.17 
29 79.07 91.55 83.92 
66 87.97 80.79 78.08 
68 88.66 83.97 89.25 

233 81.55 87.08 81.16 
263 82.78 57.30 
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Table B-1. Mean concentration of dry matter, organic matter, crude 
protein, ash, chromium oxide and dysprosium in diet, 
abomasal digesta and feces by treatment (organic matter 
basis) • 

Dietary Treatment 

Sorghum 
Item Grain Corn Barley 

Diet offered 

Dry matter a, % 90.64 91.02 91.49 
Organic matter, % 95.60 96.30 95.08 
Crude protein, % 11.02 11.07 11.51 
Ash, % 4.40 3.70 4.92 
Chromium oxide, % .212 .198 .184 
Dysprosium, ppm 44.19 35.88 34.63 

Abomasal digestab 

Dry matter a, % 92.09 29.93 92.53 
Organic matter, % 87.81 85.51 83.39 
Crude protein, % 24.39 23.66 28.13 
Ash, % 12.19 14.49 16.61 
Chromium oxide, % .316 .317 .344 
Dysprosium, ppm 68.53 60.46 65.48 

FecesC 

Dry mattera, % 92.43 92.51 92.70 
Organic matter, % 89.65 88.53 86.72 
Crude protein, % 20.62 23.10 19.28 
Ash, % 10.35 11.47 13.28 
Chromium oxide, % .922 1.225 .914 
Dysprosium, ppm 165.04 187.37 143.80 

a Dried at 1000 C. 

b After lyophilizing samples. 

c After drying in oven at 450 C for 48 hrs. 
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Table B-2. Percent concentration of dry matter in diet, abomasal 
digesta and feces per steer by treatment.a 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Diet offered 15 89.56 91.49 90.57 
29 89.56 90.71 92.82 
66 91.48 90.71 91.09 
68 91.29 90.74 91.09 

233 91.29 91.24 92.82 
263 91.24 90.57 

Abomasal digesta 15 90.08 91.49 91.46 
29 92.97 93.58 93.04 
66 91.44 91.89 92.08 
68 93.00 91.94 92.76 

233 92.94 94.54 91.83 
263 94.14 94.00 

Feces 15 92.37 92.82 93.90 
29 92.42 92.56 91.60 
66 91.82 92.32 92.74 
68 92.92 92.32 92.50 

233 92.64 92.36 93.14 
263 92.68 92.90 

a Values obtained by vacuum drying at 100 0 C, previously partially 
dried samples of diet, abomasal digesta and feces. 
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Table B-3. Percent concentration of organic matter in diet, abomasal 
digesta and feces per steer by treatment (dry matter 
basis) • 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Diet consumed 15 95.52 95.93 95.06 
29 95.52 96.44 95.53 
66 95.53 96.44 94.70 
68 95.79 96.93 94.71 

233 95.88 96.16 95.64 
263 96.37 95.07 

Abomasal digesta 15 84.86 87.80 82.51 
29 85.50 85.66 82.87 
66 90.44 88.28 85.20 
68 90.26 88.92 85.47 

233 87.98 90.18 87.02 
263 72.20 77 .27 

Feces 15 89.68 89.46 88.92 
29 87.46 86.84 86.99 
66 90.86 88.75 84.95 
68 91.72 89.23 86.53 

233 88.51 87.62 88.84 
263 89.30 84.13 
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Table B-4. Concentration of chromium oxide and dysprosium (percent and 
ppm) in diet, abomasal digesta and feces per steer by 
treatment (organic matter basis). a 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Cr
2
0

3 
Dy Cr

2
0

3 
Dy Cr

2
0

3 
Dy 

Diet consumed 15 .216 35.59 .195 33.32 .172 33.37 
29 .216 35.59 .152 37.50 .196 36.23 
66 .220 57.05 .152 37.50 .182 34.14 
68 .198 39.82 .212 38.96 .182 34.11 

233 .194 39.57 .225 33.81 .194 36.36 
263 .220 32.72 .172 33.36 

Abomasal digesta 15 .412 74.87 .417 70.86 .357 67.28 
29 .250 46.23 .285 60.19 .308 63.06 
66 .378 102.48 .352 73.01 .298 58.57 
68 .308 61.42 .347 68.57 .404 67.90 

233 .231 57.63 .225 42.53 .298 63.18 
263 .274 47.62 .399 72.91 

Feces 15 .962 140.38 1.044 154.11 .746 120.98 
29 1.128 154.25 1.254 242.75 .893 149.05 
66 .822 206.32 .936 165.22 .873 141.25 
68 .754 141.63 1.201 210.60 1.014 150.01 

233 .943 182.64 1.260 190.30 .685 124.36 
263 1.040 161.24 1.238 177.17 

a Values are not corrected for marker recovery in the feces. 
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Table C-1. Body weight, intake and output of organic matter per steer 
by treatment. 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Body weight, kg 15 481 574 461 
29 505 468 387 
66 355 428 467 
68 488 389 482 

233 384 417 336 
263 529 513 

Organic matter 15 6,330 6,934 6,336 
intake, g 29 7,015 6,473 7,020 

66 6,118 6,473 7,029 
68 6,247 5,821 6,254 

233 5,764 6,183 5,877 
263 7,000 6,349 

Organic matter 15 1,300 1,167 1,366 
output, g 29 1,280 916 1,432 

66 1,488 1,187 1,326 
68 1,557 904 1,270 

233 1,018 957 1,394 
263 1,176 685 
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Table D-1. Percent crude protein in diet, abomasal digesta and feces 
per steer by treatment (organic matter basis). 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Diet consumed 15 10.88 11.37 10.85 
29 10.88 11.14 12.79 
66 11.65 11.14 10.88 
68 10.83 10.81 10.87 

233 10.78 10.82 12.76 
263 10.67 10.85 

Abomasal digesta 15 32.59 27.85 31. 74 
29 19.13 19.70 23.56 
66 27.51 27.13 25.27 
68 21.12 23.68 27.37 

233 21.58 20.76 24.50 
263 22.84 36.34 

Feces 15 19.99 22.03 16.42 
29 25.98 24.67 18.66 
66 19.33 20.40 22.75 
68 16.32 22.21 20.77 

233 21.46 24.86 15.90 
263 24.40 21.05 
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Table D-2. Percent bacterial, feed and ammonia nitrogen fractions of 
abomasal nitrogen per steer by treatment. a 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Bacterial nitrogen 15 50.99 58.54 61.39 
29 40.78 45.32 80.70 
66 46.36 60.83 69.92 
68 49.05 60.08 62.15 

233 46.71 44.16 82.39 
263 51.35 74.56 

Feed nitrogen 15 42.51 37.38 34.45 
29 56.75 52.75 16.17 
66 49.46 34.99 26.91 
68 47.41 36.68 34.32 

233 49.95 53.56 13.63 
263 44.86 18.30 

Ammonia nitrogen 15 6.50 4.08 4.16 
29 2.47 1.93 3.14 
66 4.18 4.18 3.17 
68 3.55 3.24 3.53 

233 3.34 2.28 3.98 
263 3.78 7.14 

a Based on bacteria from rumen contents with lysine-leucine ratios in 
summation equations. 
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Table D-3. Grams of bacterial crude protein per 100 grams of organic 
matter digested in rumena and acid-dertergent fiber 
protein in feces. 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

Bacterial crude 15 14.39 11.74 14.48 
protein per 100 g 29 26.55 8.88 22.07 
organic matter 66 13.85 10.57 19.27 
digested in 68 14.88 15.61 11.66 
rumena 233 29.40 63.57 24.27 

263 27.14 15.78 

Acid-detergent 15 4.21 4.64 2.69 
fiber protein in 29 5.20 4.24 4.14 
feces, % 66 5.56 2.97 2.41 

68 3.54 6.15 3.10 
233 4.15 3.52 3.21 
263 2.97 3.71 

a Corrected for 738 (sorghum grain), 815 (corn) and 1,047 (barley) g 
bacterial organic matter synthesized in the rumen. 
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Table E-1. Amino acid composition of bacteria from 
rumen contents (mg amino acid nitrogen 
per g total nitrogen). 

Item 

Number of 
Samples 

Amino Acid 

Lys 

His 

Arg 

Asp 

Thr 

Ser 

G1u 

Pro 

G1y 

Ala 

Cys 

Val 

Met 

DAP 

He 

Leu 

Tyr 

Phe 

16 

86.1 

24.9 

88.1 

68.1 

31. 7 

25.8 

62.4 

20.7 

60.5 

58.9 

1.8 

42.7 

12.1 

6.9 

34.2 

45.8 

19.7 

24.4 
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Table E-2. Concentrations of DApa, lysine and leucine in diet and 
bacterial types (% of protein). 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

------- - - - - - - - - - - DAP - - - - - - - - - - -------

Diet consumed 15 .254 .209 .179 
29 .254 .188 .173 
66 .242 .188 .212 
68 .211 .170 .212 

233 .207 .219 .172 
263 .217 .179 

Bacteria from 15 .576 .674 1.109 
rumen contents 29 .641 .636 .731 

66 .633 1.059 .824 
68 .806 .982 .536 

233 .711 .695 .665 
263 .640 

Bacteria from pre- IS .944 .555 .566 
trial abomasal 29 .638 .698 .611 
digesta 66 .498 .457 .760 

68 .877 .679 .481 
233 .555 .359 .436 
263 .476 .518 

Bacteria from post- 15 1.093 .573 1.032 
trial abomasal 29 .872 .664 1.032 
digesta 66 .701 .792 .801 

68 .762 .933 .660 
233 .591 .481 .558 
263 .615 
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Table E-2 -- Continued 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

- - - - - - - - - - - - - - - - Lysine - - - - - - - - - - - - - - - -

Diet consumed 15 2.595 2.475 3.559 
29 2.595 2.896 2.247 
66 2.096 2.896 3.886 
68 2.410 2.235 3.886 

233 2.389 3.178 2.170 
263 3.178 3.559 

Bacteria from 15 6.901 7.396 6.927 
rumen c.ontents 29 7.884 6.962 7.228 

66 7.599 6.994 7.660 
68 6.576 7.454 7.195 

233 6.747 6.844 7.274 
263 7.347 

Bacteria from pre- 15 6.639 6.746 6.291 
trial abomasal 29 6.754 6.660 6.293 
digesta 66 4.568 6.764 6.735 

68 6.756 6.010 6.811 
233 6.289 6.096 6.076 
263 6.898 7.339 

Bacteria from post- 15 7.054 7.212 6.989 
trial abomasal 29 6.667 6.837 6.349 
digesta 66 6.313 6.823 6.829 

68 6.239 6.668 7.391 
233 6.910 6.964 6.716 
263 6.842 
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Table E-2 -- Continued 

Dietary Treatment 

Steer Sorghum 
Item Number Grain Corn Barley 

- - - - - - - - - - - - - - - - Leucine - - - - - - - - - - - - - - - -

Diet consumed 15 13.829 13.295 6.485 
29 13.829 10.070 11.186 
66 14.723 10.070 7.243 
68 12.984 12.422 7.243 

233 12.886 13.109 11.420 
263 13.143 6.485 

Bacteria from 15 7.166 7.115 6.292 
rumen contents 29 7.908 6.870 6.763 

66 7.237 6.656 6.184 
68 6.981 6.890 6.416 

233 6.637 6.928 6.669 
263 6.996 

Bacteria from pre- 15 6.530 7.015 6.692 
trial abomasal 29 6.775 5.888 6.224 
digesta 66 4.797 6.773 6.526 

68 6.814 7.106 6.975 
233 6.658 7.016 6.105 
263 6.683 6.942 

Bacteria from post- 15 6.884 7.096 6.346 
trial abomasal 29 6.485 7.461 5.789 
digesta 66 6.073 6.764 6.433 

68 6.584 6.775 7.358 
233 6.978 7.297 6.589 
263 7.130 
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Table E-3. Percent bacterial protein in abomasal digesta of steers fed 
sorghum grain, corn and barley based diets as determined by 
various amino acid ratio methods per steer by treatment. a 

Item 

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

Bacteria from 
rumen contents 

Bacteria from pre-
trial abomasal 
digesta 

Bacteria from post-
trial abomasal 
digesta 

Steer 
Number 

Sorghum 
Grain 

- - Lysine-Leucine -

15 50.99 
29 40.78 
66 46.36 
68 49.05 

233 46.71 
263 

15 52.33 
29 47.61 
66 78.38 
68 47.16 

233 50.98 
263 

15 49.16 
29 47.89 
66 55.89 
68 51.62 

233 45.88 
263 

Dietary Treatment 

Corn Barley 

- - - - ------

58.54 61.39 
45.32 80.70 
60.83 69.92 
60.08 62.15 
44.16 82.38 
51.35 74.56 

65.33 81.45 
45.50 93.92 
64.16 93.89 
78.91 76.00 
51.89 100.67 
54.98 78.36 

60.33 60.83 
48.17 91.33 
63.35 89.89 
68.52 67.74 
43.90 90.57 
56.75 



Table E-3 -- Continued 

Item 
Steer 

Number 
Sorghum 

Grain 

139 

Dietary Treatment 

Corn Barley 

- - - - - - - - - - - - - - -DAP Corrected- - - - - - - - - - - - - -

Bacteria from rumen 15 41.93 52.90 41.61 
contents 29 77 .52 85.71 51.25 

66 44.50 47.53 69.28 
68 40.84 50.99 128.70 

233 44.44 59.03 81. 74 
263 66.90 

Bacteria from pre- 15 18.24 71.10 100.00 
trial abomasal 29 78.12 75.29 65.30 
digesta 66 67.97 153.90 77 .37 

68 36.49 81.34 155.02 
233 64.37 200.71 152.65 
263 109.27 100.30 

Bacteria from post- 15 16.09 67.58 45.37 
trial abomasal 29 48.54 80.67 33.29 
digesta 66 37.91 68.54 71.99 

68 44.10 54.26 93.08 
233 58.33 107.25 104.40 
263 71.11 



Table E-3 -- Continued 

It.em 

- - - - - - - - - - -
Bacteria from 

rumen contents 

Bacteria from pre-
trial abomasal 
digesta 

Bacteria from post-
trial abomasal 
digesta 

Steer 
Number 

Sorghum 
Grain 

Dietary Treatment 

Corn 

140 

Barley 

- - - DAP Uncorrected - - - - - - - - - - - - - -

15 67.53 67.51 51.04 
29 86.43 89.94 62.79 
66 65.72 56.85 77 .18 
68 56.33 59.47 117.35 

233 60.62 71.94 86.47 
263 78.12 

15 39.13 81.98 100.00 
29 86.83 81.95 75.12 
66 83.53 131.73 83.68 
68 51.77 86.01 130.77 

233 77 .66 139.28 131.88 
263 105.04 100.19 

15 35.59 79.41 54.84 
29 63.53 86.14 44.48 
66 59.34 76.01 79.40 
68 59.58 62.59 95.30 

233 72.93 103.95 103.05 
263 81.30 



Table E-3 -- Continued 

Item 

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

Bacteria from 
rumen contents 

Bacteria from pre-
trial abomasal 
digesta 

Bacteria from post-
trial abomasal 
digesta 

Steer 
Number 

- - - -
15 
29 
66 
68 

233 
263 

IS 
29 
66 
68 

233 
263 

15 
29 
66 
68 

233 
263 

Sorghum 
Grain 

Lysine - - -

49.77 
40.35 
44.79 
50.58 
49.61 

52.99 
51.31 
99.72 
48.48 
55.44 

48.06 
52.41 
58.45 
55.03 
47.82 

141 

Dietary Treatment 

Corn Barley 

- - - - - - - - - -

60.13 66.06 
54.92 78.60 
70.55 75.38 
64.63 70.78 
41.82 79.68 
52.12 

69.28 81.44 
59.33 96.74 
74.74 99.86 
89.35 80.07 
52.54 104.12 
58.41 88.39 

62.47 64.87 
56.66 95.44 
73.62 96.67 
76.09 66.82 
40.49 89.46 
59.31 

a Based on bacteria from rumen contents, pre-trial and post-trial 
abomasal digesta. 
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ANALYSES OF VARIANCE 

All data were analyzed at the University of Arizona Computer 

center using the Statistical Package for the Social Sciences (SPSS 

Version 8.3.0--May 4, 1982). 



144 

Table F-1. Mean squares for organic matter and nitrogen fraction 
parameters. 

Nean Squares 

Parameter Treatment Animal Trial Error 

Degrees of Freedom 2 5 2 7 

Organic Matter 

Intake, g 42,464 325,935 208,694 114,404 

Intake, g/kg W .75 16.0 49.4+ 56.5+ 16.1 

True rumina1 digestion, g 467.2+ 375.7+ 301.6 11.73 

True rumina1 digestion, 2,145,626* 1,830,940* 882,910 412,563 
g 

Entering duodenum, g 1,018,307 1,506,291 2,420,519 759,400 

Postrumin1 digestion, % 148.2+ 126.9* 76.2 31.6 

Postrumina1 digestion,g 1,203,145 1,663,600+ 2,124,512+ 528,528 

Apparent total digestion 

Total collection, % 28.4 8.3 5.2 13.0 

Total collection, g 220,209 315,642+ 156,895 92,391 

Nitrogen Fraction 

Crude protein intake, g 2,824 6,371 5,707 2,524 

Crude protein 

Rumina1 digestion, % 558.3 867.6 1,114 386.6 

Rumina1 digestion, g 23,999 37,791 64,527+ 17,333 

Entering duodenum, g, 13,796 35,856 79,926+ 17,336 

Postrumina1 digestion, % 4.9 16.2 11.1 12.5 

Postrumina1 digestion, g 4,087 30,047 35,127 12,690 
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Table F-1 -- Continued 

Mean Squares 

Parameter Treatment Animal Trial Error 

Degrees of Freedom 2 5 2 7 

Crude Protein 

Apparent total digestion 

Total collection, % 43.4+ 14.4 86. 2*~~ 14.4 

Total collection, g 6,649+ 3,436 6,047+ 1,422 

Protein true digestibility, % 17.5** 1.0 9.5** .6 

Bacterial nitrogen 

Percent of abomasal nitrogen 817 • 7*1~ 9.4 165.4 56.3 

Entering abomasum, g 69,219* 13,892 23,832 9,841 

Postrumina1 digestion, % 336.2* 38.8 107.1 57.1 

Postrumina1 digestion, g 74,734-1:- 9,715 16,067 8,426 

Percent total nitrogen 1,471.2** 38.4 462.5+ 127.9 
digested postrumina11y 

Feed Nitrogen 

Rumina1 digestion, % 2,221. 7* 160.6 928.6+ 255.3 

Rumina1 digestion, g 139,205* 10,188 58,299+ 16,208 

Percent of abomasal 840. 21~* 20.8 180.8 66.5 
nitrogen 

Entering abomasum, g 102,379* 5,384 50,057+ 11,486 

Postrumina1 digestion, % 162.9* 14.5 406.3** 31.9 

Postrumina1 digestion, g 88,455* 5,704 57,241* 10,561 

Percent of total nitrogen 1,471** 38.4 462.5+ 127.9 
digested postrumina11y 
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Table F-1 -- Continued 

Mean Squares 

Parameter Treatment Animal Trial Error 

Degrees of Freedom 2 5 2 7 

Non-ammonia nitrogen 

Percent of abomasal nitrogen 2.1 3.4+ .5 1.1 

Entering abomasum, g 10,699 31,136 78,001+ 17,772 

Ammonia nitrogen 

Percent of abomasal nitrogen 2.1 3.4+ .5 1.1 

Entering abomasum, g 311.8+ 488.2* 28.8 83.2 

Bacteria crude protein 
per 100 g organic matter 39.8 282.9+ 222.9 96.7 
digested in rumen 

+ P < .10 

* P < .05 

**p < .01 



147 

Table F-2. Mean squares for DAP, lysine and leucine concentrations 
(% of protein) for feed grain diets and difference values 
for bacterial sites and time comparisons. 

Mean Squares 

Parameter Treatment Animal Trial Error 

Degrees of Freedom 2 5 2 7 

Feed grain diet 

DAP .0026** .0002 .0022** .0001 

Lysine 1.0590** .0762 1.4817** .0600 

Leucine 44.8337** 1.3500 14.6631** .7321 

Degrees of Freedom 2 5 2 6 

Site (Rumen vs Abomasum) 

DAP .069+ .0044 .050 .018 

Lysine .174 .332 .631* .111 

Leucine 1.136+ .269 .793 .228 

Time 

DAP .028 .007 .005 .045 

Lysine .020 .213 .350 .356 

Leucine .142 .105 .010 .654 

+ P < .10 

* P < .05 

**p < .01 
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