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ABSTRACT

Two metabolism trials, each using 8 steers (302 kg), were con
ducted with reconstituted whole sorghum grain to study the effects of 
urea or cottonseed meal supplementation on nitrogen balance and diet 

digestibility. The reconstituted grain was rolled before mixing into 

90% concentrate diets.
Protein digestibility for (1) dry rolled plus cottonseed meal,

(2) dry rolled plus urea, (3) reconstituted plus cottonseed meal and
(4) reconstituted plus urea was 56.6, 63.6, 64.6 and 65.0% (P<.05), 

respectively. Total digestible nutrients were (1) 68.9, (2) 75.8,
(3) 78.1 and (4) 76.4% (P<.05). Gross energy digestibilities were
(1) 66.5, (2) 71.6, (3) 75.3 and (4) 73.8% (P<.05).

Nitrogen retention as a percent of ingested nitrogen was (1) 15.2,

(2) 14.3, (5) 24.2 and (4) 22.5. Retention expressed as a percent of 
absorbed nitrogen showed the same relationship between treatments.

Rumen NH^-N (mg/100 ml rumen fluid) determined at three hours 

post-feeding during the full-feed period was (1) 6.3, (2) 13.1, (3) 5.8 

and (4) 9.6. Corresponding dietary nitrogen solubilities (% of total 

dietary nitrogen) were 11.1, 30.8, 18.0 and 40.9. There were no differ
ences in ruminal or plasma volatile fatty acid concentrations between 

diet treatments at three hours post-feeding during the full-feed period, 

except ruminal isobutyrate which was lower (P<.05) for the dry rolled 

plus urea diet,
vii



INTRODUCTION

During the last 20 years, there has been a marked development of 

large commercial cattle feedlots, primarily in the western part of the 

United States. Feedlots with 1000 head or more on feed account for more 
than 60% of the fed cattle slaughtered (Anonymous, 1978). As commercial 
feedlots usually feed a high grain diet it has become increasingly im
portant to improve the efficiency of grain utilization. During the 

1960's, grain processing systems were developed which improved the 

utilization of sorghum grain 10 to 15% when fed to finishing beef cattle. 

Steam processing and flaking became a standard system to which other 

processing systems were compared. Steam processing and flaking along 
with certain of the other systems have high energy input requirements.

Recently, due to the doubling of fossil fuel cost, it has become 

apparent that energy intensive grain processing procedures will be very 
costly in the future and, possibly, non-existent. As a result, more 

emphasis has been placed on use of early harvested or reconstituted 
grain. It is generally accepted that newer and more sophisticated sys

tems of grain processing are essential if Optimum utilization of sorghum 
grain is to be expected when incorporated into high concentrate finishing 

diets. Feeding trials have Shown favorable results for sorghum grain 

reconstituted whole, and rolled or ground before feeding, when compared 

to dry rolled or ground sorghum grain (McGinty, Penic and Bowers, 1968; 

Newsom et al., 1968; Penic et al., 1968; Hale et al., 1969; Pantin,
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Riggs and Bowers, 1969; White et al,, 1969; Riggs and McGinty, 1970; 

Wagner and Schneider, 1970; Wagner, Christiansen and Holloway, 1971).
The type of supplemental protein may be important with reconsti

tuted sorghum grain diets due to the high solubility of protein in 
reconstituted grain (Loynachan, 1970). Only one metabolism study could 
be found which compared diets containing reconstituted whole sorghum 
grain with dry ground sorghum grain (Buchanan-Smith, Totusek and 
Tillman, 1968). In this instance, cottonseed meal was the supplementary 

nitrogen source. No nitrogen metabolism comparisons have been reported 

with urea as a supplementary nitrogen source for diets containing recon

stituted whole sorghum grain.
This study was conducted with sorghum grain reconstituted whole 

to.study the effects of urea or cottonseed meal supplementation on 

nitrogen balance, protein digestibility and diet utilization.



REVIEW OF LITERATURE

Due to the limited amount of information on nitrogen utilization 
of reconstituted sorghum grain and the relationships between corn and 
sorghum grain in feeding systems, it seemed desirable to-incorporate 
corn data into this review. Most all the research to relate nitrogen 

solubility in a high grain diet with nitrogen utilization has been con
ducted with corn. This was expected because of the greater use 

throughout the cattle feeding areas of high moisture corn compared to 

high moisture sorghum grain. The literature review is restricted 
primarily to early harvested and reconstituted grain and reports per

formance data, grain nitrogen utilization and in vitro Observations.

Performance Data of Early Harvested and 
Reconstituted. Corn Grain

Martin et al. (1970b) using 28 steers (309 kg) in a 115 day 
trial compared the feeding value of ground early harvested ensiled corn 
to ground dry corn in a 72% grain diet. Daily gains were similar for 

the two grain processing procedures. Average feed intake was 11%. 

greater for the ground dry com diet than for the early harvested ensiled 
corn diet; however, feed efficiency was improved 12% by early harvesting.

By averaging three winter trials using a high concentrate diet 

containing either early harvested or artificially dried corn fed to 

yearling steers. Self, Hoffman and Lamm (1971) reported early harvested 

corn did not reduce gain when compared to dry com, and improved dry 

matter conversion by 4 to 9% over dry corn. In these trials, the early
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harvested c o m  was stored whole at moisture .levels between 24 and 30%, 
and both early harvested and dried grains were processed through a 
roller mill prior to feeding.

Burroughs and Saul (1971) evaluated the feeding value of whole 
shelled com for yearling steers. The treatment forms for the corn 
grain in 84% grain diets were roasted (5% moisture) refrigerated (15% 
moisture), artificially dried (11% moisture) and ensiled at harvest time 

(25% moisture). The average daily gain in kilograms and kilograms of 

feed per kilogram of gain were as follows for the respective treatments: 

1.27, 6.58; 1.18, 6.91; 1.16, 7.11; and 1.27, 6.56.

Koers (1973) conducted a feeding trial with cattle to compare 

dry rolled corn (DR) to early harvested c o m  ground and stored in a 
bunker silo (HMGC) at 29 or 35% moisture content and 24% moisture early 
harvested corn stored whole in an oxygen limiting silo but fed ground 

(WHMCG). Gains of cattle fed DR and WHMCG were significantly greater 
than the HMGC treatments. Cattle fed DR consumed significantly more 
feed than those eating early harvested grains. Cattle consumed signifi

cantly more WHMCG diet than the HMGC diet. There was a significantly 
higher consumption of the 29% HMGC than of the 35% HMGC. Feed require

ment was the lowest for the WHMCG treatment followed in order by HMGC, 

35%; DR and HMGC, 29%.

A study reported by Perry et al. (1975) using a 50% grain diet 

compared rolled ensiled early harvested corn (29.2% moisture) with 
rolled dry corn (11.6% moisture) fed to cattle. Daily gain (kg) and 

diet dry matter efficiency for the two respective treatments were 1.09, 

6.53 and 1.18, 6.76 with gains being different (P<.05),
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Feeding trials were conducted by Utley and McCormick (1975a) to 

compare air dry whole shelled corn (14% moisture) with high moisture 
whole shelled c o m  in an all concentrate diet fed to yearling steers.
The high moisture com was harvested at 18% moisture and reconstituted 

to 26% moisture just prior to being placed into an oxygen limiting silo. 

Steers fed high moisture corn gained 12% faster (P<.10) and were 8% more 

efficient than steers fed air dried corn. These results were comparable 
to those obtained by Burkhardt, Embry and Luther (1970) who found high 

moisture corn improved gains 8.2% and feed efficiency 6.6% as compared 

to air dried corn.
Tonroy, Perry and Beeson (1974) conducted five feeding trials 

with cattle to compare mechanically dried corn (10 to 14% moisture), 
ensiled early harvested corn (27 to 34% moisture), reconstituted corn 

(18 to 25% moisture) and acid treated (1.5% solution of 57% acetic acid, 
40% propionic acid and 3% water) early harvested corn (27 to 34% mois

ture) . All grains were incorporated into a 57% grain diet. Results of 

the feeding trials showed cattle made equal gains on 3 to 13% less dry 
matter when fed high-moisture corn than when fed mechanically dried 

corn. Improvement in c o m  grain utilization was greater for the ensiled 

early harvested c o m  and the acid treated early, harvested corn than for 
the reconstituted com. Daily dry matter intake of grain was decreased 

4 to 25% by feeding high moisture com.
Harpster. Long and Wilson (1975) conducted a growth study to 

compare sorghum and corn grain for sheep (34 kg), and to evaluate drying 
and ensiling of these grains. All grains were harvested at 25 to 40% 

moisture content and coarsely ground. After grinding a portion of each
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grain was either dried to 12% moisture or ensiled. Grain was fed ad 
libitum and hay at 300 g/head/day. Average daily gain (grams.), total 

dry matter intake (g/head/day) and feed efficiency (kg feed/kg gain) for 

high moisture sorghum and dried sorghum treatments were 212.3, 1141,

5.37 and 294.3, 1561, 5.30, respectively. The corresponding values for 

the high moisture corn and dried corn treatments were 234.4, 1136, 4.84 
and 277.2, 1542, 5.56, respectively.

Utley and McCormick (1975b) using steers in a feedlot trial in

vestigated whole air dry corn and whole early harvested corn incorpo

rated into an all concentrate diet. Daily gains in kilograms and feed 
efficiency for the two respective grain treatments were 1.16, 7.37 and

1.23, 8.08, respectively. Daily gain and feed efficiency were not 
different (P>.05) between the two treatments.

Yearling heifers fed a 49% grain diet were used by Matsushima 

and Stenquist (1968) to test six types of corn processing in a feedlot 

gain trial. The six types of processing were dry rolled corn, flaked 

corn, finely ground dry corn, fine ground corn plus water at feeding and 

early harvested ensiled corn which was ground before ensiling or after 
ensiling. The respective weight gain and corn intake corrected to an 

air dry basis were in kilograms: 1.12, 5.26; 1.12, 4.63; 1.14, 5.14;
1.05, 4.65; 1.05, 4.47; and 1.06, 4.14. All grain processing methods 

improved feed requirements when compared to dry rolled.
Moisture content in corn grain and amount of roughage in the 

diet may have an effect on the value of early harvested c o m  grain for 

cattle. Self (1976) cites Burroughs, Self and Geasler (1971) in which 

the improvement in feeding value of early harvested corn over dry corn



is summarized. When moisture content of whole shell corn was between 
23 and 27% (five trials) there was a 7% improvement in value when com
pared to dry corn. However, when moisture content of the wet grain was 
between 28 and 35% (four trials), there was only a 5% improvement when 

compared to dry grain. When roughage content of the diet was less than 

15% (two trials), 15 to 35% (five trials) or more than 35% (three 

trials), the improvements in feeding value for the early harvested corn 

when compared to dry corn were 0, 6 and 4%, respectively.
Using weighted averages, Newland (1977) summarized 83 experi

ments comparing early harvested shelled corn with dry corn fed either 

whole, rolled or ground. Early harvested shelled corn increased daily 
gain 1.98% and improved feed efficiency 3.31% when compared to dry corn, 

with a range in improvement of efficiency between 0.82 and 7.52%. The 

greatest response from early harvested shelled com occurred in diets 

containing corn silage and less than 80% concentrate, In 13 other 

experiments summarized, acid treated early harvested corn increased 

daily gain 2.65% and improved feed efficiency 3.2% over dry corn. When 
dry and early harvested ground ear corn were compared using yearling 

steers, feed conversion was improved 6.5% by use of early harvested 

ground ear c o m  over dry, but no improvement was observed in gain. A 

comparison utilizing 16 experiments was made to show differences in 

feeding whole versus rolled early harvested shelled corn. Rolling the 
early harvested grain improved feed conversion from 2.86 to 5.55% over 

feeding the grain whole. In the whole versus rolled grain comparisons, 

the early harvested corn was stored whole and rolled or ground before 

feeding. ,



In a review, Goodrich and Melske (.1976) summarized results of 20 
comparisons in which early harvested ensiled corn (less than 29% mois

ture) was compared to dry c o m  in cattle performance trials. Feed 
efficiency was improved 5.7% by feeding the early harvested corn when 
compared to the dry corn. However, when ensiled early harvested corn 
with greater than 29% moisture content was compared with dry corn (10 
comparisons), daily gains were 6.1% lower and feed efficiency improved 
only 2.1%.

Weichenthal (1973) reviewed the available literature and con

cluded that performance of cattle fed corn ensiled at harvest time was 
superior to performance of cattle fed reconstituted corn. Also, cattle 

fed corn which was ground as it was placed into storage consumed less 

dry matter than cattle fed corn which was ensiled in whole kernel form.

Matsushima et al. (1969) compared diets containing steam pro

cessed flaked corn, corn brought to 30% moisture just prior to feeding 

and ground corn reconstituted to 32% moisture and stored for at least 

7 days. The average daily gain (kg) and kilograms of feed required per 

kilogram of gain with 65% corn diets were 1.30, 7.96; 1.27, 8.40; and
1.24, 8.00, respectively.

Burroughs, and Saul (1970) reported on two growth trials (light and 

heavy steers) using three types of corn grain processing: artificially

dried (10.6% moisture), refrigerated (18.3% moisture and reconstituted 

(21.5 and 26.5% moisture). All grains were rolled prior to being fed.

The trials were conducted simultaneously for 133 days. The heavy steers 

received reconstituted corn at both moisture levels, but the light 

steers only received the 21.5% moisture reconstituted corn. In the



trial with the heavier steers (336 -kg), an all urea supplement was used 

in the 83% grain diet. Average daily gain (kg) and kilograms of feed 
per kilogram of gain for the heavier steers fed artificially dried, 
refrigerated and reconstituted (21.5 and 26.5% moisture) corn were 1.47, 
6.15; 1.48, 5.97; 1.46, 6.24; and 1.42, 6.04, respectively. The lighter 
steers (273 kg) were fed a 79% grain diet; however, unlike the heavier 

steers they were fed an all vegetable protein supplement. Average daily 
gain (kg) and kilograms of feed per kilogram of gain for the lighter 
steers fed artificially dried, refrigerated and reconstituted (21.5% 
moisture) corn were 1.43, 6.03; 1.49, 5.91; and 1,51, 5.71, respectively. 

It was noted by the authors that the lighter weight steers receiving the 
all vegetable protein supplement out gained the heavier weight steers re

ceiving the all urea supplement during the initial 72 day period; 

however, during the total period, gains by both groups were similar.

Burroughs et al. (1970) obtained higher gains and improved feed 
efficiency with heifer calves when a urea plus protein meal supplement 

(soybean or herring meal) was used in place of an all urea supplement in 

a 75% grain diet utilizing early harvested corn (24.3% moisture) rolled 

before feeding. Daily gain (kg) and kilograms of feed required per kilo

gram of gain were 1.00, 6.70 and 0.89, 7.23, respectively. In the same 

trial, artificially dried shelled corn fed whole or rolled before 

feeding and early harvested shelled corn rolled before feeding were com
pared. Daily gain (kg) and feed conversion were as follows: 0.95, 7.24;
0.91, 7.64; and 0.95, 6.97, respectively.

Baker (1968) compared reconstituted (23% moisture) to dry ground 

c o m  in a 75% c o m  diet. Reconstituted corn was ensiled for at least 21



10
days before being rolled and incorporated into the diet. Average daily 
gain (kg) and kilograms of feed per kilogram of gain for reconstituted 
and dry ground corn diets were 1.29, 9.39 and 1.07, 10.29, respectively.

In summary of feeding trials with early harvested corn grain, 

feed conversion was improved, feed intake depressed and daily gain / 
varied when compared to air dry grain. Improvements in feed efficiency 
of early harvested corn was affected by the moisture content of the 

grain, roughage level of the diet, type of nitrogen supplementation, 

storage form and processing after storage. Performance of cattle fed 

early harvested corn was superior when compared to reconstituted corn.

Performance Data of Early Harvested and 
Reconstituted Sorghum Grain

Riggs et al. (1959) reported results of a performance trial com

paring ground and unground early harvested sorghum grain (23% moisture) 

and dry sorghum grain in a high concentrate diet. Average daily gain 
(kg) and kilograms of feed per kilogram of gain for the unground early 

harvested, ground early harvested and dry ground grain were 1,01, 15.2; 

1.10, 11.6; and 1.04, 12.7, respectively.
Ware, Hoffman and Self (1976) using yearling steers reported a 

3 year study (6 feeding trials) in which two systems (oxygen-limiting or 

concrete stave) for storing whole early harvested sorghum grain were 
compared to dry sorghum grain. All grain was rolled and mixed into a 

high concentrate diet before being fed. Average daily gain and grain 

conversion were not different (P>.01) between any of the three grain 
processing treatments. However, grain conversion was improved 4.3% by 

ensiling sorghum grain in an oxygen-limiting system when compared to dry
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grain. Grain dry matter consumption was higher (P<.01) for the dry 
grain treatment when compared to the two early harvested grain treat
ments .

Riggs and McGinty (1970) investigated the comparative value of 
dry ground (10 to 13% moisture) to early harvested (23 to 32% moisture) 
and reconstituted (25 to 30% moisture) sorghum grain in seven cattle 

feeding trials. Both high moisture grains were stored whole in oxygen 

limiting structures until ground for feeding. On a dry matter basis, 

grain content of diets averaged 59% with a range of 45 to 91%. Average 

initial weight for cattle across all seven trials was 308 kg. Daily 

gains for reconstituted and early harvested grains were not different 

(P>.05) from the dry grain. Total kilograms of diet dry matter required 

per kilogram of gain was 11% less for the high moisture grains than for
i

the dry grain. Dry matter intake for the high moisture diets was 

slightly less than the dry grain diet.

Newsom et al. (1968) conducted a feeding trial with 72 Hereford 

steer calves (243 kg) to compare six methods of processing sorghum grain 
when incorporated into an 83% grain diet. The six processing procedures 

were coarse ground, fine ground, dry rolled, reconstituted rolled, 

reconstituted ground and steam processed flaked. Rate of gain did not 

differ statistically between the six treatments; however, steer calves 

fed steam processed flaked grain gained 11,9% faster than those fed 
coarse ground grain. Steer calves fed steam processed flaked grain re

quired 12.9% less feed per "kilogram of gain than those fed coarse ground 

grain. Average daily intake of reconstituted-rolled grain was 14.1% less
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than coarse ground grain, and resulted in a 14% increase in feed effi
ciency when compared to the coarse ground grain treatment.

McGinty et al. (1968) conducted two experiments to 

determine the effect of time of grinding reconstituted sorghum grain on 

feedlot performance of cattle. Both preground and postground grains 

were raised to 30% moisture before being placed into storage for 21 days. 
Dry ground grain was fed as a control. In experiment 1, 48 steers and 

heifers were fed for 100 days. Average daily gain (kg) and kilograms of 
dry matter per kilogram of gain for the control, preground and postground 
moist grains were 1.27, 6.57; 1.19, 6.88 and 1.27, 5.82, respectively.

In experiment 2, 24 steers and heifers were fed the same three diets as 
in experiment 1 for 112 days. Average daily gain (kg) and kilograms of 

dry matter per kilogram of gain for the control, preground and post- 

ground moist grains were 1.20, 7.62; 1.12, 8.12; and 1.22, 7.47, 
respectively.

In a third experiment reported by McGinty et al. (1968), heifers 

were individually fed postground sorghum grain reconstituted for either 

10 or 20 days. Dry ground sorghum grain was used as a control. Average 

daily gain (kg) and kilograms of dry matter per kilogram of gain for the 

dry, 10 day and 20 day reconstituted grains were 1.00, 6.79; 1.27, .5.21; 
and 1.19, 5.10, respectively. The groups fed the reconstituted grain 

did not differ significantly in feed conversion, but they were signifi

cantly more efficient than those fed dry grain.

Penic et al, (1968) compared preground and postground reconsti

tuted sorghum grain (30% moisture) with dry ground sorghum grain in 91% 
grain diets for cattle (318 kg). Average daily gain (kg) and kilograms
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of feed required per kilogram of gain for the dry ground, postground and 
preground grains were 1.27, 7.24; 1.27, 6.45; and 1.23, 7.59, respec
tively. It was suggested by the authors "that certain physical pathways 
of enzyme action for starch hydrolysis exist in the intact grain and 
that disruption of these pathways by grinding before reconstitution pre
vents the beneficial effect of the reconstitution process".

Hale et al. (1969) using steers (268 kg) compared dry sorghum 

grain to reconstituted sorghum grain (27% moisture) in an 80% concen

trate diet. The grains were rolled prior to feeding. In two trials, 

daily gain was increased 21.5% and feed requirements were reduced 14.5% 
due to reconstitution.

Pantin et al. (1969) conducted an experiment to 
determine the effects of water temperature and length of reconstitution 

time upon feeding value of sorghum grain for heifers (224 kg). Whole, 

dry sorghum grain was prepared in five ways: dry ground; reconstituted
with water at 16 C, stored 10 days; reconstituted with water at 49 G, 

stored 10 days; reconstituted with water at 16 C, stored 20 days; and 
reconstituted with water at 49 C, stored 20 days. Reconstituted grain 

was ground before being mixed and fed, and ail grain regardless of pro^ 

cessing was incorporated into a 90% concentrate diet. Average daily 

gains were higher (P<,01) for all groups fed reconstituted grain than 

for the group fed dry ground grain. No significant differences were ob
served in gain between the groups fed grain reconstituted for 10 versus 

20 days nor for grain reconstituted with water at 16 C versus 49 C. 
Heifers fed reconstituted grain required significantly less dry matter 
per kilogram of gain than did those fed dry grain. Neither time nor
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water temperature used in the reconstitution process had any significant 
influence on feed conversion,

Eudaly and Riggs (1969) used 25 weanling Charolais-Hereford 

steers to determine the energy value of sorghum grain processed four 
ways. The grain processing methods used were steam flaked, micronized 

(cooked with infra-red heat) reconstituted (minimum of 10 days, 30% 
moisture) and dry ground. The steers were fed an all concentrate diet 

for 168 days. Average daily gain was highest for steers fed micronized 
grain followed in order by those fed flaked, reconstituted and dry 

ground. Dry matter feed conversion was the most efficient for the steam 
flaked treatment with no difference between reconstituted and micronized 

and poorest for dry ground. The NEg values from highest to lowest were 
micronized, reconstituted, steam flaked and dry ground grain. The NEm+g 

values from highest to lowest were steam flaked, reconstituted, micro
nized and dry ground grain.

White et al. (1969) conducted three trials with 164 cattle to 

compare methods of processing sorghum grain in a 90% concentrate diet as 
measured by feedlot performance and net energy. In trial 1, the average 

daily gain (kg), kilograms of feed per kilogram of gain and NEg (mecal/ 

100 kg grain) for reconstituted-stored 21 day-ground, 1,14, 5,77, 130.7; 

for ground-reconStituted-stored 21 days, 1,00, 6,56, 118,3; and for dry 

finely ground, 1.02, 6.34, 114.8. Daily gain was affected (P<,05) by 
processing method. In trial 2, the average daily gain (kg), kilograms 

of feed per kilogram of gain and NEg (megcal/100 kg grain) for dry 

coarsely rolled, 1.01, 7.60, 90.4; for dry finely ground, 1.06, 7,12, 

95.3; for dry, extra finely ground, 0.99, 6.64, 118.1; for early



harvested rolled, 1.17, 5.78, 128.3; for early harvested ground, 0.99, 

6.47, 125.6; for reconstituted rolled, 1.19, 5.92, 127.7; and for re

constituted ground, 1.02, 6.60, 112.8. Feed per kilogram of gain and 
NEg were affected (P<.05) by processing method. In trial 3, the average 

daily gain (kg), kilograms of feed per kilogram of gain and NEg (megcal/ 
100 kg grain) for dry rolled, 1.14, 6.78, 109.4; for reconstituted to 
22% moisture-stored 21 days, 1.23, 6.51, 117.9; for reconstituted to 30% 

moisture-stored 21 days, 1.11, 5.98, 147.5; for reconstituted to 38% 

moisture-stored 21 days, 1.05, 5.96, 152.4; and for reconstituted to 38% 

moisture-stored 1 day, 1.11, 6.62, 116.4. Feed per kilogram of gain 

was affected (P<.05) by processing method.

Kiesling, McCroskey and Wagner (1972) using 18 yearling Hereford 
steers (270 kg) compared the energetic efficiency of an 84% grain diet 
containing either dry rolled or reconstituted rolled (38% moisture) sor

ghum grain using both respiration calorimetry and the comparative 

slaughter technique. Two total energy balance trials were conducted in 
the respiration calorimetry procedure. A combination of soybean meal 

and urea supplied the supplementary nitrogen to the two diets. During 
the a4 libitum feeding period, the average daily dry matter intake was 

less (P<.05) for the cattle fed the reconstituted rolled grain diet. 

Although not statistically significant, feed efficiency was 8.25% greater 

for the reconstituted rolled grain fed group. The NEm+g determined by 

comparative slaughter was 16% greater (P<.01) for the reconstituted 

rolled grain diet than the dry rolled grain diet. Net energy determined 

by respiration calorimetry was 4.6% greater for the reconstituted grain 
diet, but this was not statistically significant from the dry rolled diet.
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Using 50 Angus and Angus-Hereford crossbred heifers (200 kg), 

Wagner and Schneider (1970) compared five methods of processing sorghum 
grain in an 84% grain diet to study the influence of storage time on 
feeding value of reconstituted sorghum grain and to determine the value 

of steeping whole sorghum grain. The treatments compared were dry 

rolled; reconstituted whole to 30% moisture, stored 5, 10 or 20 days and 

steeped in water for 48 hours, followed by draining 24 hours prior to 

feeding. The feeding trial lasted 114 days. No differences (P>.05) 
existed between treatments for rate of gain. Differences (P<.05) were 

observed between treatments for daily feed intake with the dry rolled 
sorghum grain treatment having the highest intake. Lower intakes on the 

wet grain treatments resulted in improved feed efficiencies of 3.7, 3.0, 
12.0 and 7.2% for the 5-day, 10-day, 20-day and steeped sorghum treat

ments, respectively, when compared to the dry rolled grain treatment.

Five methods of processing sorghum grain were compared in an 
84% grain diet by Wagner et al. (1971) using 50 Angus heifers (200 kg) 

to study the influence of storage time and moisture level on the 

feeding value of whole reconstituted sorghum grain. The treatments 
compared were dry rolled; reconstituted whole. Stored for 10 or 20 
days at 30% moisture and reconstituted whole, stored for 10 or 20 days 

at 38% moisture. The feeding trial lasted for 140 days, and all 
reconstituted grains were rolled prior to being fed. No differences 

(P>.05) existed between treatments in rate of gain. Feed intakes were 

not different (P>.05) between treatments; however, the intakes for the 

reconstituted grain diets were 7% lower than for the dry rolled grain 

diet. No differences (P>.05) in feed efficiency were observed between
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the four reconstituted sorghum grain treatments. The average improve
ment in feed efficiency was 15% for the reconstituted grain treatments 
when compared to the dry rolled treatment.

Martin et al. (1970a) using 84 Hereford yearling steers (336 kg) 
in a feeding trial compared the effects of three different methods of 
sorghum grain preparation at two levels of protein supplementation in a 
77% grain diet. The three methods of grain preparation were ground 
reconstituted and packed into a trench silo (25.3% moisture); whole 

reconstituted for three days and ground and packed into a trench silo 
(38.2% moisture); and steam processed and flaked (14.4% moisture). The 

two levels of protein supplementation supplied 0.07 and 0.24 kg of crude 

protein per steer daily. Rate of gain was not influenced by grain pro

cessing procedure. Feed intakes for whole reconstituted ground and 

steam flaked treatments were similar; however, intake for the ground 

reconstituted sorghum grain treatment was 20% higher when compared to 
the other two processing treatments. As a result, the whole 

reconstituted ground and steam flaked sorghum were 17.6 and 15.9% more 
efficiently utilized, respectively, than the ground reconstituted grain, 

Evaluating only the higher level of protein supplementation, both the 

whole reconstituted ground and steam flaked grains were utilized 19% 

more efficiently than ground reconstituted sorghum grain. The higher 

level of protein supplementation improved rate of gain with both whole 

reconstituted ground and steam flaked sorghum grain, but not with the 

ground reconstituted grain. Feed efficiency was improved by the higher 

level of protein supplementation within all grain processing methods,
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. A steer study reported by the Kansas station (Anonymous, 1971) 

compared a 78% grain diet with reconstituted sorghum grain as the sole 

grain source versus partial substitution (33%) with extruded sorghum 

grain for the reconstituted sorghum grain. There was a 0.09 kg per day 
increase in gain for steers fed the diet containing the extruded sorghum 
grain when compared to the all reconstituted sorghum grain diet; however, 

this difference was not significant. Feed efficiency was improved 7% 

with the extruded grain diet.
Under large scale commercial feedlot conditions, Schake, Riggs 

and Butler (1972) compared several different types of sorghum grain pro

cessing when incorporated into a 65% grain diet on the performance of 
450 steers (334 kg). The three grain processes used were steam flaked 
(17% moisture); whole reconstituted and rolled (30% moisture with 10% 
barley by weight added at time of reconstitution); and dry rolled and 
reconstituted (30% moisture). There were no significant differences in 

daily gain between grain processing treatments, Feed efficiency and 

average daily feed intake in kilograms (10% moisture basis) for the 

respective grain treatments were as follows: 7.10, 9.45; 6.45, 8.75;

and 6.75, 9.20.
Bolsen, Cox and Riley (1974) conducted a feeding trial to deter

mine the relative value of five methods for processing sorghum grain.

The processing methods used were (1) steam flaked; (2) reconstituted, 

ensiled whole in an oxygen-limiting silo; (3) reconstituted, acid 

treated and stored whole in a concrete stave silo; (4) reconstituted, 

acid treated and stored whole in a metal grain bin; and (5) reconstitu
ted, rolled and ensiled in a concrete stave silo. Sorghum grain stored
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whole was coarsely rolled prior to feeding. In this study, 100 Angus, 
Hereford and Hereford-Angus yearling steers (370 kg) were fed an 81% 
grain diet for 112 days. Steers fed diets 1, 2, 5 and 4 had similar 

average daily gains; however, those fed diet 2 gained faster (P<„05) 

than those fed diet 5. No difference (P>.05) was observed in feed in
take between treatments. Feed efficiencies were the same for all diets 

(P>.05), but diets containing steam flaked and ensiled whole sorghum 

were 12.4 and 9.1%, respectively, more efficient when compared to the 
other three treatments.

From the literature cited, it can be concluded that sorghum 
grain reconstituted in the whole form and rolled or ground prior to 
feeding resulted in improved feed conversion when compared to dry rolled 

or ground sorghum grain. Feed intake was usually higher for dry rolled 
sorghum grain when compared to reconstituted sorghum grain with no 

difference in daily gain. Both reconstituted and early harvested sorghum 

grain were equivalent in feeding value to steam processed flaked sorghum 

grain.

Digestibility and Nitrogen Balance of Early Harvested 
and Reconstituted'Corn Grain

Tonroy et al. (1974) used four Hereford steer calves (200 kg) in 

a trial designed as a 4 x 4 latin square to compare the digestibility of 
com processed by four methods. The processing methods were mechanical

ly dried corn (10 to 14% moisture); ensiled early harvested com (27 to 
34% moisture); ensiled reconstituted c o m  (18 to 25% moisture); and acid 

treated (1.5% solution of 57% acetic acid, 40% propionic acid and 3% 

water) early harvested corn (27 to 34% moisture). All corn was fed
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whole and incorporated into a 70% grain diet. Digestibility of crude 

protein in ensiled early harvested corn was higher (P<.05) than in 

mechanically dried and acid treated corn, but not different from recon
stituted com. Digestibility of other nutrients among the various types 
of com Were comparable.

McLaren and Matsushima (1968) conducted.three digestion trials 
with steers to determine apparent digestibility of reconstituted corn 
and dry ground corn when hay (trial 1) or corn ensilage (trials 2 and 3) 
were used as a roughage. Apparent digestibility of dry matter and crude 

protein in trial 1 and dry matter in trial 3 were increased significant
ly when the reconstituted c o m  diet was fed.

Using a 4 x 4 latin square arrangement, Galyean, Johnson and 

Wagner (1975a) conducted an experiment to determine the extent of starch 

digestion in steers fed diets (78% grain) containing four differently 

processed corn grains. The processing methods were dry rolled (DR), 

steam flaked (SF), early harvested ground and ensiled (GHMC) and early 
harvested and treated whole with propionic acid (AHMC). The lignin 

ratio technique was used to determine digestibilities. Ruminal starch 
digestibilities were 89.3, 82.9, 77.8 and 62.8% for GHMC, SF, DR and 

AHMC, respectively, with DR and AHMC being lower (P<.05) than GHMC. The 
AHMC treatment had the lowest (P<.05) starch digestion when compared to 
the other diet treatments. Total starch digestibilities were higher 
(P<.05) for GHMC (99.1%) and SF (99.1%) when compared to AHMC (95.8%) 

and DR (96.3%). Ruminal, intestinal and total dry matter and organic 
matter digestibilities showed the same relationship as starch digesti

bility.
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Digestibility and iiitrogen retention data of lambs fed diets 

(77% grain) containing ensiled, acid treated or artificially dried early 
harvested c o m  was reported by Polzin et al. (1972). All grain was har
vested at 25% moisture. Dry matter and nitrogen digestibility were not 
significantly different between treatments. Average nitrogen retentions 

were 6.6, 7.5 and 7.1 g per day for ensiled, acid treated and dry corn 

diets, respectively, with means not being different (P>.05).
McKnight et al. (1973) conducted a study with four yearling 

heifers (340 kg) fitted with rumen and abomasal cannulae in a 4 x 4 

latin square arrangement to determine the effect of processing on diges- 

tilibility and utilization of early harvested c o m  (25% moisture). 
Processing methods were artificailly dried (DC), ensiled (HMEC), pre

served with 1.25% w/w of a 60:40 mixture Of acetic and propionic acid 
(HMAP) and preserved with 1.00% w/w .propionic acid (HMP). The HMEC 

grain was coarse ground prior to ensiling, and the DC, HMAP and HMP 

grains were stored whole and ground prior to feeding. The diets con

tained 73% concentrate and were supplemented with soybean meal. To 

determine digestion in the reticulorumen, impregnated paper was

used as an indicator. Total soluble N was higher in the high moisture 
grains than in the dry grain. Dry matter, organic matter and energy 
digestibilities for the high moisture grain were higher (P<.05) than for 

the dry grain. Nitrogen digestibility was higher (P<.05) for the HMP 

treatment when compared to the DC diet. Nitrogen retention was not 

different (P>.05) between grain treatments. Rumen NH^-N levels were 

higher (P<.05) with the HMEC treatment as compared to the HMAP treatment. 

The high moisture corn diets had a (P<.05) slower rate of flow (liters/h)
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into the abomasum when compared to the dry corn treatment. Ruminal 
turnover time was not different (P>.05) between treatments; however, the 
high moisture corn diets tended to have a longer turnover time when com

pared to the dry corn treatment. The HMEC diet had more (P<.05) dry 
matter and organic matter digested in the reticulorumen than the DC diet.

Twelve ram lambs were used by Prigge et a!. (1975) to determine 
digestibility and nitrogen utilization of diets (78% grain) containing 
ground early harvested c o m  or dry corn and supplemented with soybean 

meal or urea. A nitrogen depletion-repletion technique was used.

Results showed the early harvested corn diets had a higher nitrogen re
tained as a percent of intake (P<.10), and a greater percent of the 

nitrogen absorbed was retained (P<.05). No differences were observed in 

dry matter digestibility, but protein digestibility was lower for the 

early harvested corn diets. No significant differences were observed 

between nitrogen supplements within a grain treatment.

Utley and McCormick (1975b) determined apparent digestibility 
and nitrogen balance for steer calves (200 kg) fed an all concentrate 

diet containing either whole air dried corn or ensiled early harvested 
shelled corn. A combination of urea and cottonseed meal was used as the 

supplementary nitrogen Source for both diets. There were no differences 

in nitrogen retention or apparent digestibility of dry matter, crude 

protein, ether extract, crude fiber or nitrogen free extract for the two 

diets.

Harpster et al. (1975) conducted a metabolism study to 
compare corn and sorghum grain for sheep (42 kg) and to evaluate drying 

and ensiling of these grains. All grains were harvested at 25 to 40%
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moisture content and coarsely ground. After grinding a portion of each 

grain was either dried to 12% moisture or ensiled. The grains were in

corporated into a 60% grain diet (dry matter basis). Nitrogen retention 

(g/head/day) and percent dry matter and crude protein digestibility for 
the high moisture sorghum and dried sorghum grain treatments were 6.50, 
72.6, 56.5 and 8.45, 75.2, 69.2, respectively. The corresponding values 
for the high moisture corn and dried corn grain treatments were 7.78,
74.3, 63.4 and 4.95, 71.9, 57.8, respectively.

In conclusion, digestion studies with early harvested and recon

stituted corn grain generally showed higher protein, dry matter and 

energy digestibilities than for dry c o m  grain. In most nitrogen 
balance studies, there was no significant difference in nitrogen reten

tion between early harvested and dry c o m  grain treatments.

Digestibility and Nitrogen Balance pf 
Reconstituted Sorghum Grain

Four yearling Angus bulls were used in a reversal trial by 

McGinty, Brewer and Riggs (1967) to determine digestion coefficients for 

dry (10.3% moisture) and reconstituted (29.7% moisture) sorghum grain in 

an all concentrate diet. Both grains were ground through the same ham

mer mill prior to feeding. Chromium oxide was used as ah indicator 

during 5 day collection periods. Digestion coefficients for dry matter, 

organic matter and non-protein organic matter for dry and reconstituted 
grains were 64.42, 83.08; 66.06, 85.06; and 68.70, 89.10%, respectively 

(P<.05). Protein digestibility for the dry and reconstituted grains was 
44.45 and 51.70%, respectively (P<.05).
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A second digestion experiment which was similar in procedure to 

the study conducted by McGinty et al. (1967) was reported by Riggs and 
McGinty (1970). In this reversal trial, three yearling Hereford steers 
were used. The moisture level of the air dry and reconstituted sorghum 

grains was 9.3 and 22.1%, respectively. Digestion coefficients for dry 

matter, organic matter and non-protein organic matter for dry and recon
stituted grains were 65.05, 79.72; 69.37, 81.20; and 71.58, 83.72%, 
respectively (P<.10). Protein digestibility for the dry and reconsti

tuted grains was 50.23 and 61.23%, respectively (P<.10),
Pantin et al. (1969) conducted an experiment to determine the

effects of water temperature and length of reconstitution time upon
digestion of sorghum grain by heifers (224 kg). Whole dry sorghum grain

was raised to 27% moisture and prepared in five ways: dry ground;

reconstituted at 16 C for 10 or 20 days; and reconstituted at 49 C for

10 or 20 days. Reconstituted grain was ground before being mixed and
fed. All grain, regardless of processing, was incorporated into a 90%

concentrate diet. The indicator method (Cr70 ) was used for the six day. 3
fecal collections. Reconstituted grain treatments had significantly 

higher protein, fiber, dry matter, nitrogen free extract, non-protein 
organic matter and organic matter digestibility coefficients when com

pared to the dry ground grain treatment.
Total carbohydrate and starch utilization in the rumen and post- 

ruminal tract of steers fed sorghum grain processed by different methods 

were compared in an 83% grain diet by McNeill, Potter and Riggs (1971). 

Two of the processing methods studied were dry ground and reconstituted 
in whole kernel form and ground prior to feeding. Total carbohydrate
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digestibility was greater for the reconstituted than for the dry ground 

grain; however, the difference (P>.05) was not significant, Ruminal 

digestion of total carbohydrate was greater (P<.05) from the reconstitu

ted grain than from the dry ground grain. Ruminal and total digestion 
of starch were greater (P<.05) for the reconstituted grain than for the 
dry ground grain.

Kiesling et al. (1972) used 18 yearling. Hereford steers (270 kg) 
in two.energy balance trials to compare dry rolled and reconstituted 

rolled (38% moisture) sorghum grain when incorporated into an 84% grain 
diet. Digestible energy was 7.6% greater for the reconstituted rolled 

grain diet than for the dry rolled grain diet.

White, Hembry and Reynolds (1972) using yearling steers in a 
digestion and balance trial studied the effects of supplemental nitrogen 

source (ur&a and soybean meal) on utilization of all concentrate diets 
containing dry ground sorghum grain. There were no significant differ

ences between treatments for digestibility of energy, dry matter, 

nitrogen free extract, crude protein and cellulose; however, ether 
extract digestibility was significantly higher in the urea supplemented 
diet (59.4 vs 40.0%). There was no significant difference between diets 

for nitrogen retention.
A digestion and balance trial using 12 steers was conducted 

by Buchanan-Smith et al. (1968) to compare sorghum grain pro

cessed by four different procedures and incorporated into a 78% grain 
diet. The grain processing procedures used were coarse ground, fine 

ground, steam processed rolled and reconstituted rolled. Supplementary 

nitrogen for all diets was from cottonseed meal. Apparent
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digestibilities of dry matter, organic matter and non-protein organic 
matter were higher (P<.05) in the reconstituted rolled grain than in the 
coarse or fine ground grains; there were no differences (P>.05) between 

the steam processed and reconstituted grains or between the two ground 
grains. Digestibility of non-protein organic matter in the steam pro
cessed grain Was higher (P<.05) than in either of the two ground grains. 
Nitrogen digestibility was not affected (P>.05) by grain processing 

method. Gross energy digestibility was greater (P<.05) for the recon

stituted grain diet when compared to the two dry ground diets, but was 
not different from the steam processed rolled grain diet. Nitrogen 
retentions were not affected (P>.05) by grain processing treatment.

In summary, higher protein, dry matter and energy digestibili

ties have been obtained with sorghum grain reconstituted whole than for 

dry sorghum grain. In the only nitrogen balance study conducted with 
reconstituted whole sorghum grain, cottonseed meal was used as the 

supplementary nitrogen source, and no differences in nitrogen retention 

were obtained between the reconstituted and dry sorghum grain treatments.

Protein Utilization of Corn and Sorghum Grains 
Using the Abomasal Recovery,Method

The lignin ratio technique was used by Galyean et al. (1975b) to 
study ruminal protein degradation and microbial protein Synthesis with 

steers fed diets containing corn processed by different methods, Grain 

processing methods used were dry rolled (DR), steam flaked (SF), early 

harvested ground and ensiled (GHMC) and early harvested and preserved 

with propionic acid (AHMC). The diets contained 78% corn and 0.7% urea. 

Soluble nitrogen levels of the corn grains were 15, 8, 64 and 12% for
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AHMC, SF, GHMC and DR, respectively. Rumen ammonia values at 1/2 hr 
post-feeding were 22, 19, 36 and 28 mg% for AHMC, SF, GHMC and DR, 

respectively. Microbial protein synthesis was enhanced by steam flaking 

or early harvested storage. Total nitrogen passage through the abomasum 
was 105, 87, 82 and 77 g per day for AHMC, SF, GHMC and DR, respectively.

Potter, McNeill and Riggs (1971) conducted a study to compare 

amino acid patterns in abpmasal contents of steers fed sorghum grain 
processed by four different methods, and to relate abomasal amino acid 

patterns to the extent of ruminal conversion of feed protein to bacterial 
protein and subsequent protein utilization in the lower digestive tract. 
Four yearling Angus half-sib steers, fitted with abomasal fistulas were 

fed an 83% grain diet with grain processing treatments arranged in a 4 x 

4 latin square design. The grain processing treatments were dry ground 
reconstituted and ground steam flaked and micronized. There was no 
difference (P>.05) between grain processing treatments in the amount of 

nitrogen reaching the abomasum, but there was a trend for less nitrogen 

to reach the abomasum of steers fed the reconstituted sorghum grain. 

Abomasal proteins from steers fed reconstituted grain contained more 
lysine and less leucine (P<.05) than abomasal proteins from steers fed 

dry ground or micronized grain. Abomasal proteins from steers fed 

micronized grain were lower in lysine and higher in leucine (P<.05) than 

those from steers fed reconstituted and steam flaked grain. Abomasal 
proteins from steers fed micronized grain contained more feed protein and 

less bacterial protein (P<.05) than those from steers fed reconstituted 
or steam flaked grain. True nitrogen digestion was similar (P>.05) on
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reconstituted grain to be more digestible.

Using steers in a 4 x 4 latin square arrangement, Potter et al, 
(1970) conducted a study to quantify protein and non-protein nitrogen 
reaching the abomasum from four dietary treatments: dry ground sorghum
grain plus cottonseed meal (DC); dry ground sorghum grain plus urea (DU) 

reconstituted sorghum grain plus cottonseed meal (RC); and reconstituted 
sorghum grain plus urea (RU). Grains were incorporated into an 85% con

centrate diet, and all diets were formulated to contain 11,5% crude 

protein on a dry matter basis. Chromic oxide was added as an external 
indicator. As a percentage of the DC treatment, the quantity of nitro
gen reaching the abomasum was 72, 94, and 99% in steers fed DU, RU and 
RC, respectively. Total abomasal nitrogen in steers fed DC, DU, RU and 

RC contained 54, 54, 61 and 58% protein nitrogen, respectively.

With early harvested corn and reconstituted sorghum grain, 

microbial protein synthesis was enhanced when compared to air dry corn 

and sorghum grain. The quantity of nitrogen reaching the abomasum 

varied with grain type and form of nitrogen supp1ementation. Reconsti

tution of sorghum grain improved the amino acid quality of abomasal 

proteins when compared to air dry sorghum grain.

In Vitro and in Vivo Analysis of Reconstituted Sorghum 
and High Moisture C o m  Grains

Hale et al. (1963) conducted a study in which whole sorghum 

grain was ensiled in airtight glass jars for 21 days at three moisture 

levels (23, 29, 34%) and compared to air dry sorghum grain using the 

nylon bag technique. All grains were ground prior to being placed into,
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the nylon bags. At eight hours incubation time, dry matter disappear
ance was highest for reconstituted sorghum (29% moisture) followed in 
order by reconstituted sorghum (34% moisture), reconstituted sorghum 
(23% moisture) and dry ground sorghum. There was no advantage of re

constituting sorghum grain at 23% moisture when compared to dry ground 

grain. Dry matter disappearance for the sorghum grain reconstituted at 

29% moisture was 110% higher than from dry ground grain.
Loynachan (1970) reported evaluations with sorghum grain recon

stituted in air-tight glass jars with various moisture (10 to 38%), 
temperature (-17 to 49C) and storage periods (1 to 32 days). Nylon bag 
and in vitro gas production techniques were used for evaluation. Dry 
matter utilization increased with increasing storage temperature from 7 

to 38 C; however, at 49 C there was a decrease in dry matter utilization. 

As moisture levels were increased from 10 to 30%, dry matter disappear

ance values also increased. Grain reconstituted at 34% moisture and 

higher temperatures had lower dry matter disappearance. Average nylon 
bag dry matter disappearance reported for dry ground and whole recon

stituted grain under optimum conditions was 25 and 60%, respectively.
The nylon bag dry matter disappearance of sorghum grain reconstituted at 

30% moisture for 26 days and stored at 16, 27 and 38 C were 43.9, 47.5 
and 61.9%, respectively. Nylon bag dry matter disappearance was corre
lated (r = 0.89) with in vitro gas production.

Neuhaus and Totusek (1971) conducted experiments to determine 

the influence of moisture (13 to 35%), storage time (1 to 32 days), 

environmental temperature (5, 24 and 43 C) and physical form (whole and 

ground) on in vitro digestibility of early harvested and reconstituted
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sorghum grain, Digestibility of both early harvested and whole recon
stituted grain was affected (P<.01) by moisture at all time and 

temperature levels with the largest increases in digestibility between 

23 and 26% moisture. Early harvested and whole reconstituted grains 

were affected (P<.05 and .01, respectively) by temperature with an inter

action (P<.01) between temperature and moisture. Digestibility was 
increased by high moisture level and high environmental temperature. 
Storage time had minimal effect on digestibility of early harvested 
grain. Digestibility of whole reconstituted grain increased 6% after 
one day of storage and continued to increase (to 15%) to 32 days (P<.01). 

Reconstituting grain in the ground form did not improve digestibility.

Using a nylon bag technique. Galyean, Wagner and Owens (1977) 

studied the influence of particle size and incubation time on dry matter 
digestion (DMD) of dry rolled sorghum grain, dry ground, steam flaked 

and ground early harvested ensiled com. Particle sizes used for all 

grain treatments were 3.0, 1.5 and 0.75 mm with duration of incubations 

at 2, 4, 6 and 8 hours. In the comparison of steam flaked com versus 

dry ground com, the steam flaked c o m  had greater DMD within each 
particle size and each time duration; however, the two times increase in 

DMD as dry ground com particle size was reduced was not observed with 

steam flaked corn. With the comparison of ground ensiled early har

vested c o m  and dry ground com, the early harvested corn also had 

greater DMD within each particle size and each time duration than dry - 

ground com. In contrast to steam flaked corn, the magnitude of change 

with early harvested c o m  was quite large as particle size was reduced.
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The DMD of sorghum grain at eight hours incubation time at particle 

sizes of 3, 1.5 and 6.75 mm were 20.9, 16.3 and 36.2%, respectively.
Using in vitro and in vivo techniques, Tonroy and Perry (1974) 

investigated three different corn types: air dry, ensiled early har
vested and reconstituted. Average in vitro dry matter digestibility, 
with mixed rumen fluid inoculum during a 72 hour incubation period, was 

greatest for early harvested grain (42.5%) and was significantly differ
ent from dry and reconstituted grains. Percent starch in the three corn 

types was not significantly different. In the in vivo trial, with an 
80% corn diet fed to steers, there was no. difference in rumen pH between 

corn treatments.

From the literature cited, in vitro and in vivo dry matter 

digestibility of reconstituted sorghum grain was affected by grain form, 
moisture, temperature and time duration of storage. To maximize the dry 

matter digestibility of reconstituted sorghum grain, the grain should be 
reconstituted whole at 30% moisture and stored for 20 days at 40 C.

Volatile Fatty Acid Concentrations for Reconstituted and 
Early Harvested Corn and Sorghum Grains

Pantin et al. (1969) conducted an experiment to determine the 

effects of water temperature (16 and 49 C) and length of reconstitution 

time (10 and 20 days) on ruminal volatile fatty acid patterns of heifers 
fed sorghum grain. The reconstituted grain (27% moisture) was ground 

prior to being mixed into a 90% concentrate diet. Rumen fluid samples 

were taken once at 3 hours post-feeding. There were no significant 

differences in ruminal volatile fatty acid patterns between grain treat

ments.
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In vivo and in vitro studies were conducted by Helm, Lane and 

Leighton (1972) to determine the effect of reconstitution bn sorghum 
grain (25% moisture) when compared to air dry sorghum grain with respect 
to ruminal pH and volatile fatty acid concentration. Rumen fistulated 

steers were used in both studies. In the in vitro trial, ruminal fluid 
was. taken from steers fed diets containing 60% grain. With the in_ vivo 

trial 4.5 kilograms of either grain source was added to the rumen prior 
to sampling. In the iA vitro study, molar percentage of acetate was 
lower and propionate higher for the reconstituted grain substrate than 
for the air dry grain substrate when samples were taken at 2, 4, 6 and 
12 hours. However, in these comparisons differences in acetate and pro

pionate production between the two grain processes were small. Some 

variation in butyrate percentage was observed between treatments at 

different sampling times. Results of the in vivo study at 5 hours post- 

feeding showed the molar percent of acetate, propionate and butyrate 
for the reconstituted grain treatment to be 56.5, 19.4, 19.7 and for the
air dry grain treatment 65.6, 18.5, 12.8, respectively. Ruminal pH was

lower for the reconstituted grain treatment when compared to the air

dry grain treatment (6.0 vs 6.9).
Tonroy and Perry (1974) with Hereford steers (381 kg) fed an 80% 

grain diet to compare volatile fatty acid concentration with three 

different corn types: air dried, ensiled early harvested and reconsti

tuted. Rumen samples were taken at 1, 2, 3, 4 and 24 hours post-feeding. 

The average acetic, propionic and butyric molar percent levels over all 

sampling times for dry, early harvested and reconstituted grains were



33
59.3, 26.6, 8;.6; 64.4, 20.0, 8.3; and 64.2, 17.9, 10.0, respectively. 
Propionic acid production was. greater (P<.05) for dry c o m  than for 
reconstituted com.

In summary, molar percentages, in vitro and in vivo, for acetate 

and propionate did not differ significantly between reconstituted and 

air dried sorghum grain. Riminal pH was lower for reconstituted than for 

air dried sorghum. However, ruminal pH was not significantly different 

when air dried, early harvested and reconstituted com grains were Com
pared. Propionic acid production was greater for dried c o m  than for 

reconstituted com.

Physical and Chemical Characterization of High Moisture Grains 
and its Effect on Selected Parameters

Florence, Riggs and Potter (1968) investigated changes in 
physical characteristics of sorghum grain which resulted from reconsti

tution. Grain was reconstituted to 30% moisture in air-tight jars and 
stored for 5, 10, 15 or 20 days prior to grinding. Microscopic studies 

revealed the reconstituted grain was characterized by non-distinct, 

poorly defined cell walls as compared to sharp, well defined cell walls 

in the air dry grain. The authors state "evidence of a destroyed 
proteinaceous matrix surrounding starch granules was exhibited by the 

presence of a large number of free starch granules in the reconstituted 

grain".
Sul1ins, Rooney and Riggs (1971) reported some of the physical 

changes which occur during reconstitution of whole sorghum grain. Dry 

and reconstituted grains were ground before evaluation. Mean particle 
size was smaller for the reconstituted grain than for the air dry grain.
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Microscopic analysis indicated that the endosperm structure and the pro

tein matrix surrounding the starch granules in the reconstituted grain 
were disrupted. The disruption of the protein matrix resulted in a re
lease of free starch granules and protein bodies. The authors suggested 
the modifications found in the reconstituted grain are probably due to 
enzymatic hydrolysis of protein, starch and other carbohydrates.

Goodrich, Byers and Meiske (1975) reported some of the character

istics of high moisture corn fermentation using various moisture levels 

and processing techniques. Corn grain was ensiled in whole or rolled 

forms either at harvest or after drying and reconstituting at moisture 
levels of 21.5, 27.5 and 33.1%. Ensiling was in laboratory units which 
duplicated conditions found in upright field-scale silos. Dry matter 
losses were higher (P<.01) for corn ensiled at the. highest moisture 

level. C o m  grain ensiled whole had greater (P<.05) dry matter losses 

than com grain rolled before ensiling. Also, c o m  grain ensiled at 

harvest had higher (P<.05) dry matter losses than reconstituted com.

As moisture level increased, energy losses also increased. Energy losses 

were not statistically affected by either kernel preparation (whole vs 

rolled) or by time of ensiling (com ensiled at harvest or after recon
stitution) . The pH values of ensiled corn decreased as moisture content 

increased. Lower pH values were also observed with corn ensiled at har

vest and with corn rolled before ensiling. Less gas production was 

measured in laboratory silos with c o m  having higher dry matter values; 

however, there was no significant effect on gas production by rolling 
the corn before ensiling, or by ensiling at time of harvest.
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Sprague and Breniman (1969) reconstituted dry cracked corn to 20, 

25 and 30% moisture in two-quart jars and compared this with dry cracked 
corn. Content of ethanol (70-80%) soluble protien for the dry cracked, 

20, 25 and 30% moisture grains was 21.7, 22.8, 27.2 and 41.9%, respec
tively. The pH value for the 20, 25 and 30% moisture grains were 6.2, 

5.7 and 4.4, respectively.
Prigge et al. (1976) reported that bacterial fermentation does 

not play a major role in the solubilization of nitrogen. Their studies 
indicated that soluble nitrogen values for early harvested acid treated 

com were no different from the control even though almost all fermenta
tion was inhibited by acid application. Soluble nitrogen levels in 
ground early harvested com increased with storage time from 15.8% of 

the total nitrogen at 0 days to 33.1% at 28 days and 38.2% at 56 days. 

Levels of soluble nitrogen in whole shelled early harvested c o m  were 

significantly lower than ground corn at 28 and 56 days after ensiling. 
The Values for the whole c o m  at 0, 28 and 56 days were 11.3, 11.7 and 

14.8%, respectively.

Thornton et al. (1977a) characterized ensiled ground early har

vested c o m  grain which had been preserved in large horizontal silos. 

They obtained 31 samples of ensiled ground early harvested corn from 12 

horizontal silos located in Oklahoma and Kansas, and analyzed these 

samples for dry matter, total nitrogen, soluble nitrogen, soluble non- 

protein nitrogen, pH, lactic acid, acetic acid, particle size and m_ • 
vitro dry matter digestibility. They found that as grain dry matter in

creases, pH increases, percent lactic acid decreases, soluble nitrogen 

as a percent of the total nitrogen decreases, and in vitro dry matter
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digestibility, as a percent of the total dry matter decreases. The 
relationship between soluble nitrogen and soluble non-protein nitrogen 

was high with 91% of the soluble nitrogen being non-protein nitrogen.
One other observation which was made was that as early harvested corn 

particle size decreased, in vitro dry matter digestibility increased.

Satter, Whitlow and Beardsley (1977) state that protein solubil
ity is not the only factor that determines the extent of protein 
degradation. Residence time of the feed particle in the reticulorumen 

is important. Residence time is in turn influenced by level of feed in
take, physical features of the feed particle and associative effects of 

other diet ingredients.

Thornton et al. (1977b) conducted a study using a 70% grain diet 

to measure the effects of moisture and soluble nitrogen level of early 
harvested corn (two grains) together with protein supplement solubility 

(urea vs soybean meal) on feed intake of 16 steers (227 kg). Percent 

dry matter in the two early harvested grains and respective percent 

soluble nitrogen, pH and percent lactic acid were 70.4, 49.4, 4.0, 1.1 

and 76.1, 23.7, 4.6, 0.6. Daily feed intakes of cattle receiving the 

higher moisture c o m  were significantly less than those receiving the 
dryer c o m . However, intakes were only slightly reduced when urea re

placed soybean meal as a nitrogen supplement.

According to summarized data of Newland (1977), early harvested 
c o m  has a tendency to reduce dry matter intake (from 1.53 to 7.8%) when 

compared to dry corn. There also appears to be a positive relationship 

between the severity of intake depression and improvement in feed con

version. It has been suggested by Sprague and Breniman (1969) that the
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reason for intake depression with early harvested and reconstituted corn 
could be due to the increase in soluble protein which occurs during 

storage. It has been shown by Bergen (1971) that dry matter intake does 
decrease with increased levels of water soluble non-protein nitrogen in 
com silage. It has also been determined by Annison et al. (1954) and 
el-Shazly (1958) that proteins with high solubility are utilized less 
efficiently by ruminants than.proteins with low solubility.

Prigge et al. (1975) conducted a study to determine the influ

ence of high levels of soluble non-protein nitrogen (NPN) in ground 

early harvested corn on nitrogen utilization. Four fistulated Holstein 

steers were fed diets containing approximately 80% ground corn in the 

dry or early harvested state with either soybean meal (SBM) or urea 

supplements. Soluble NPN was determined by using sodium tungstate to 

precipitate soluble protein. Soluble NPN (% of total dietary nitrogen) 
levels were as follows; dry corn, plus SBM, 35; dry corn plus urea, 52; 

early harvested corn plus SBM, 73; and early harvested corn plus urea, 

92. Rumen and blood samples were taken from the fistulated steers at 0, 

0.5, 1, 2, 4, 6 and 8 hours after feeding. Rumen pH depressions were 
greater with early harvested corn than with dry corn. The diet con

taining dry corn plus urea had both the highest levels of rumen NHg-N 

and plasma urea nitrogen than any of the other diets. The order of 
diets in decreasing levels of rumen NHg-N were dry corn plus urea, early 

harvested c o m  plus urea, early harvested corn plus SBM and dry corn 

plus SBM. The plasma urea nitrogen data showed the highest level for 

the dry corn plus urea diet followed in order by the dry corn plus SBM 
diet and the two diets containing early harvested grain.
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The approach of Satter and Roffler (1975) to estimate the 

metabolizable or absorbable protein in ruminant diets as stated by 
Satter et al. (1977) has been to assume no difference in dietary protein 
whether it escapes degradation or is synthesized into microbial protein 

as long as there is no ammonia overflow in the rumen. For every kilo

gram of etude protein fed below the point of ammonia accumulation in the 

rumen, there, will be approximately 0.75 kg of absorbed or metabolizable 

protein. Above the point of ammonia accumulation, only non-degraded • 
dietary protein can be expected to increase the amount of metabolizable 

protein and this varies with the protein source. Addition of non- 

protein nitrogen to diets which already cause excess ammonia production 
in the rumen is without benefit.

Satter and Slyter (1974) studied the effect of ammonia concen

tration On microbial protein production using continuous culture 
fermentors. The fermentors were charged with ruminal contents obtained 

from steers fed a protein-free purified diet, a maize based all 
concentrate diet. Or a forage concentrate (23:77) diet. Urea was infused 
into the fermentors to maintain various concentrations of ammonia in the 

incubating mixtures. Under nitrogen-limiting conditions, microbial pro
tein yield measured as tungstic acid-precipitable N increased linearly 
with supplementary urea until ammonia started to accumulate in the in

cubating ingesta. Increasing the ammonia concentration beyond 50 mg 
NH^-N/l had no effect on microbial protein production.

From the literature cited, it was concluded that during recon

stitution, the endosperm structure of sorghum grain is modified. The 

modification appears to be an alteration of the protein matrix
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surrounding the starch granules resulting in a large number of free 
starch granules and solubilization of protein, Reconstitution may be 
similar to certain processes early in germination,. Bacterial fermenta

tion does not appear to be a major factor in the solubilization of grain 

nitrogen. In vivo, there was no consistent relationship between dietary 
nitrogen solubility and rumen NH^-N.



EXPERIMENTAL PROCEDURE

Eight steers were randomly allotted to four dietary treatments 
in a 2 x 2 factorial arrangement, and individually full-fed the diets 
shown in Table 1. Grain treatments were dry rolled and reconstituted 

whole sorghum grain. Supplementary nitrogen was from cottonseed meal 

and urea. The steers were fed for a 3 week period prior to being placed 
into metabolism crates. After an adjustment period of 6 days in the 
crates at a feed intake of 90% of the previous 3 weeks, 7-day fecal and 

urine collections were made. Steers were fed twice daily and feces and 

urine were collected once per day. Hydrochloric acid was added to the 

collecting buckets to lower pH of the urine. Upon completion of the 

first collection, the steers were reallotted to the processed grain 

treatment which they had not previously received, and nitrogen supple

ments were randomly allotted. Thus, the two trials permitted four 

observations per treatment. Procedures were identical for both collec

tions. Water intake of the steers was measured during the first 
collection.

A daily aliquot was taken from the urine, feces and diet for 

analytical determinations. Association of Official Agricultural Chemists 
(A. 0. A. C., 1970) procedures were used for all chemical analyses, 

except acid detergent fiber (Goering and Van Soest, 1970). Gross energy 

was determined on the feces and diets with an adiabatic bomb calorimeter. 

Cold water soluble nitrogen (J. Apple, Chemist, Agricultural Consultants 
Laboratory, personal communication, 1977) was determined for all diets.

40



Table" 1. Experimental diets3" and chemical composition.
41

DR DR Re con Re con
+ + + +

Ingredients CM urea CM urea
Sorghum grain, % 74.50 82.34 74.50 82.34
Cottonseed hulls, % 10.00 10.00 10.00 10.00
Cottonseed meal, % 9.10 —  — — — —  — 9.10
Urea, % —  —  "T — 1.06 — "T — T- — 1.06
Salt, % 0.50 0.50 0.50 0.50
Calcium carbonate, % 0.90 0.65 0.90 0.65
Dicalcium phosphate, % — ---- —  — 0.45 — ■ —  — —  — 0.45
Molasses, % 5.00 5.00 5.00 5.00
Vitamin + + + +

Chemical composition^

Protein, % 13.50 13.60 13.20 13.40
Acid detergent fiber, % 13.30 11.00 12.00 10,70
Ether extract, % 3.40 4.10 3.20 3.00
Nitrogen free extract, % 65.60 67.60 67.70 69.40
Ash, % 4.10 3.80 3.90 3.60
Gross energy (kcal/g) 4.37 4.34 4.36 4.31

aDietary formulation on air dry basis. 

b5650 lU/kg of diet.
cDry matter basis.
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In the procedure for cold water soluble nitrogen two aliquots 

(approximately 2 g per aliquot), from each diet were analytically weighed. 
Kjeldahl nitrogen was determined on one aliquot. The other aliquot was 
extracted for 21 hours with cold tap water, and Kjeldahl nitrogen 
determined on the aliquot after extraction. The difference between the 
two nitrogen determinations was the water soluble nitrogen for the 

respective diet. Each diet was analyzed in duplicate. The extraction 

apparatus consisted of cylindrical plastic containers (3.4 cm diameter 

and height of 10.5 cm) connected to individually controlled water lines 

(5 mm inside diameter plastic tubing). One end of each container had 18 

equally spaced holes (2 mm diameter). In preparation of each container 
for the extraction procedure, a 2.0 cm layer of loosely packed glass 

wool was placed into the end with the 18 holes (container bottom) and 
the sample aliquot placed on top of the glass wool. After this, another 

layer of glass wool, the same height as the first, was placed on top of 
the sample aliquot. The other end of the extraction container was con

nected to the water line, and water allowed to fill above the top layer 

of glass wool with the water flow (2.8 liter/hr) set to maintain this 

height in the container during the extraction period. After extraction, 

the sample aliquot and the two layers of glass wool were removed from the 

extraction container, and deposited into a Kjeldahl flask for nitrogen 
determination. No nitrogen correction was necessary for the glass wool 

because of the absence of nitrogen in this material.
Dry rolled grain was obtained by processing air dry grain 

through a 45 cm x 76 cm roller mill with the rolls set at a sufficient 

spacing to produce a well cracked product with a minimum of fines.



43
Reconstituted grain was prepared by adding sufficient water to 25 kg of 
whole air dry grain to raise the moisture level to 30%. The reconstitu
tion process was carried out in air-tight plastic bags held within 38 
liter containers. The grain was allowed to reconstitute for 21 days 

prior to being fed. A batch of grain was reconstituted for each daily 

feeding. Before mixing into diets, the reconstituted grain was rolled 
through a 30 cm x 45 cm roller mill resulting in a crushed grain product. 
The nylon bag technique (Figroid, Hale and Theurer, 1972) was used to. 
determine reconstitution.

The dry rolled diets were prepared in 225 kg batches and one 

mixing was sufficient for an entire collection period. The reconstitu

ted grain diets were prepared on a daily basis.
For 1 week following each metabolism trial, the steers were 

returned to their individual pens and full fed the diets used during 

collection. During this period, rumen fluid (for determination of NH^-N 

and volatile fatty acids) was obtained by a stomach tube, and jugular 

vein blood (for determination of plasma volatile fatty acids) by needle 

and syringe once at 3 hours post-feeding. Fifty milliliters of jugular 
blood were placed into a centrifuge tube containing 10 drops of a com

mercial heparin preparation (active ingredient was heparin sodium at a 

concentration of 0.10 mg/ml of preparation).

Rumen fluid was separated from whole digesta using four layers 

of cheese cloth and the microbial population killed with a saturated 
solution of mercuric chloride (1 ml of mercuric chloride per 100 ml of 

rumen fluid). The portion of rumen fluid used for the NH^-N determina

tion was acidified with 1.25 N (50 ml rumen fluid, 25 ml ^SO^)



and frozen. Rumen fluid NH^-N determination was made using a micro- 
diffusion technique (Seligson and Seligson, 1951). With the other 

portion of rumen fluid, 25% w/v meta-phosphoric acid (1 ml meta- 

phosphoric acid to 5 ml rumen fluid) was added and the mixture frozen. 

Ruminal volatile fatty acids were determined by the technique of Erwin, 
Marco and Emery (1961),.

The jugular blood was centrifuged at 3000 X g for 30 minutes with 
the plasma portion being frozen. Plasma volatile fatty acids were > 
determined by the procedure of Rahnema (1976).

All statistical tests and analysis used were according to Steel 
and Torrie (1960). Differences among means were tested for significance 

by the new multiple-range test (Duncan, 1955).



RESULTS

Average steer weights and daily diet intakes for both metabolism 
trials are given in Table 2. There were no differences (P>.05) between 

treatments for either steer weight or dry matter intake during the 

metabolism trials. Average dry matter intake for all treatments was 84
7 rg/day/W" , which was considered satisfactory for the concentrate level kg

of the diet.
Nylon bag dry matter disappearance values for the two grain 

treatments are shown in Table 3. There was a 66% advantage for recon
stituted rolled over dry rolled grain. This advantage for reconstituted 

grain agrees with the results of Hale, et al. (1963) and Loynachan (1970); 

however, their studies showed a greater difference between the two 
grain processes.

Dry matter digestibility (Table 4) was 12.5% greater (P<.05) 

for the two reconstituted grain diets when compared to the dry rolled 

plus cottonseed meal diet, but was not different from the dry rolled 
plus urea diet. Buchanan-Smith et al. (1968) using Steers (350 kg) 

fed a 78% grain diet and supplemented with cottonseed meal reported 

a greater dry matter digestibility (P<.05) for reconstituted rolled 
sorghum grain diets than for dry ground sorghum grain diets. With 

yearling bulls and steers fed a 99.9% sorghum grain diet, McGinty et 

al. (1967) and Riggs and McGinty (1970) found a significant 

increase in dry matter digestibility due to reconstitution. Pantin 

et al. (1969) with heifers (224 kg) fed a 90% concentrate diet also

45



Table 2. Animal weight and dietary intake.
46

Item

DR 
■ + 
CM

DR
+

urea

Recon
+
CM

Recon
+

urea
Number of steers 4 4 4 4
Steer weight, kga 307 294 302 304

Feed intake/day, kgbc 6.40 5.80 5.80 6.50

Feed intake as % of body 
weight, % 2.05 1.98 1.93 2.15

Dry matter intake, 
g/day/W-75Kg 86 82 80 89

aAnimal weight at initiation of digestion and metabolism trials, 

kIntake during digestion and metabolism trials. 

cDry matter basis.
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Table 3. Nylon bag dry matter disappearance (%) of sorghum grain3-.

Number 
of bags Dry rolled

Number, 
of bags

Reconstituted
rolled

Standard
error

% %

Trial 1 4 20.4 5 32.1
Trial 2 4 20.9 4 35.9

Trial 3 8 20.5 8 36.4

Trial 4 8 25.8 8 41.2

Mean 22.3 37.0 1.2

a8 hr digestion.



Table 4. Apparent digestion coefficients, total digestible nutrients 
and digestible energy, of experimental diets.

DR DR Re con Recon
+ + + +

Item CM , urea CM urea

Number of steers 4 4 4 4

Dry matter, % 68. la 73.9ab 77.4b 75.8b

Protein, % 56.6a 63.6b 64. 6b 65. 0b

Acid detergent fiber, % 26.7 28.6 29.8 22.8

Ether extract, % 67.0 78.8 74.7 69.9

Nitrogen free extract, % 79.6a 84.0ab 89.5b 87. 2b

Gross energy, % 66.5a 71.6ab 7.5.3b 73.8b

Total digestible 
nutrients, %c 68,9a 75.8% 78. lb 76.4b

Digestible energy, 
mcal/kgc 2.9a 3. lab 3. 3b 3. 2ab

a,^Means on the same line with different superscripts are 
different (P<.05).

cDry matter basis.
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observed significantly higher dry matter digestibilities for reconsti
tuted sorghum grain compared to dry ground sorghum grain.

Digestion coefficients for nitrogen free extract and gross 
energy showed the same relationship as dry matter digestibility. There 
was an 8% improvement in digestibility of dry matter, nitrogen free 
extract and gross energy for the reconstituted grain diets when compared 
to the dry rolled grain diets. This improved digestibility of sorghum 
grain by reconstitution agrees with the improved utilization of the 

reconstituted sorghum found in the nylon bag studies. Other workers 
have observed significantly higher digestibilities of gross energy and 

nitrogen free extract for reconstituted sorghum grain than for dry 
sorghum grain (Buchanan-Smith et al., 1968 and Pantin et al., 1969),

Although not significant in this study, digestion coefficients 
for dry matter, nitrogen free extract and gross energy were 8.5, 5.5 

and 7.7% higher, respectively, for the dry rolled plus urea diet when 
compared to the dry rolled plus cottonseed meal diet. White et al.

(1972) using yearling.steers fed all concentrate diets containing dry 

ground sorghum grain with two different nitrogen supplements (urea or 
soybean meal) showed no significant difference in digestibility of dry 

matter, nitrogen free extract and gross energy between nitrogen supple

ments.

In this study, protein digestibility was 14% greater (P<.05) for 

the two reconstituted grain diets and dry rolled plus urea diet than the 

dry rolled plus cottonseed meal diet. There was no difference (P>,05) 

among the first three mentioned treatments. The improvement in protein 
digestibility for the dry rolled plus urea diet when compared to the dry
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rolled plus cottonseed meal diet probably can be accounted for by the 

higher digestibility of the urea. However, White et al. (1972) did not 
find a significant difference in digestibility of protein between nitro
gen supplement treatments (urea or soybean meal) in a dry sorghum grain 
diet. Protein digestibility was 8% greater for the two reconstituted 

grain diets than for the two dry rolled grain diets. McGinty et al.

(1967), Pantin et al. (1969) and Riggs and McGinty (1970) found a signif

icant improvement in protein digestibility, but Buchanan-Smith et al.

(1968) found no significant difference in protein digestibility for diets 

containing reconstituted sorghum grain when compared to dry sorghum grain.

There were no differences (P>.05) in digestibility between treat

ments for acid detergent fiber or ether extract. Pantin et al. (1969) 
reported fiber digestibility was Significantly higher for diets con

taining reconstituted sorghum grain than for a dry ground sorghum grain 
diet. Digestibility of ether extract as reported by White et al. (1972) 

was significantly higher for a dry ground sorghum grain diet supple

mented with urea than when supplemented with cottonseed meal.

Total digestible nutrients were 11% greater (P<.05) for the two 

reconstituted grain diets and the dry rolled plus urea diet than the 

dry rolled plus cottonseed meal diet. Digestible energy (mcal/kg) 

was 13% greater (P<.05) for the reconstituted plus cottonseed meal 

diet than for the dry rolled plus cottonseed meal diet. This agrees 

with the results of Buchanan-Smith et al. (1968). In a study conducted 

by Kiesling et al. (1972), digestible energy was 7.6% higher when 

reconstituted rolled sorghum grain was compared to dry rolled sorghum 

grain in a 90% concentrate diet supplemented with a soybean meal and
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urea combination. Digestible energy of.the dry rolled plus urea and 
reconstituted plus urea diets were not different (P>.05) from the other 
two diets.

No differences (P>.05) were found for nitrogen retention (Table 
5) between any of the diets. This was also true for nitrogen intake, 

and fecal and urinary nitrogen. However, fecal nitrogen (g/day) for the 
dry rolled plus cottonseed meal diet was 31% greater when compared to 

the other three diets. Urinary nitrogen (g/day) was 15% greater for the 

urea supplemented diets than diets supplemented with cottonseed meal. 
Nitrogen retained as a percent of nitrogen absorbed showed a 12% advan

tage for diets supplemented with cottonseed meal compared to urea.

When comparing only the two dry rolled sorghum grain treatments, 
nitrogen retained as a percent of nitrogen absorbed was 19.6% higher for 

the diet supplemented with cottonseed meal. White et al. (1972) found 

no significant difference in nitrogen retention.of steers fed an all 

concentrate dry sorghum grain diet supplemented with either urea or soy

bean meal.
Nitrogen retention as a percent of nitrogen intake and as a 

percent of nitrogen absorbed were 58 and 48% higher, respectively, for 
the reconstituted grain diets than the dry rolled diets. This suggests 

that reconstitution improves the utilization of protein in sorghum 
grain. These results do not agree with those of Buchanan-Smith et al.
(1968) who found nitrogen retention was less from reconstituted than dry 

sorghum grain diets. However, data of Potter et al. (1971) indicated an 

improvement in the amino acid pattern leaving the rumen with a reconsti

tuted sorghum grain diet when compared to a dry sorghum grain diet..



52

Table 5. Nitrogen balance of experimental diets.

DR DR Recon Recon
+ + + +

Item CM urea CM urea
Number of steers 4 4 4 4
Nitrogen intake (g/day) 137.3 126.4 122.9 138.4

Fecal nitrogen (g/day) 60.1 46.1 45.5 48.3

Urinary nitrogen (g/day) 55.9 61.9 49,4 59.1

Nitrogen retained as % of 
nitrogen intake, % 15.2 14.3 24,2 22.5

Nitrogen retained as % of 
nitrogen absorbed, % 26.8 22.4 37.8 35.2
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Potter et al. (1970) reported greater abomasal nitrogen flow when grain 

sorghum was reconstituted than when it was fed dry, and more abomasal 

protein nitrogen when the reconstituted grain diet was supplemented with 

urea compared to cottonseed meal

Other than the study of Buchanan-Smith et al. (1968), no nitro

gen retention data was found in the literature comparing reconstituted 
whole sorghum grain with other grain processes. The nitrogen balance 
data in this study agree with the results of Prigge et al. (1975), in 
which 33 kg lambs were fed high concentrate diets containing ground dry 

c o m  or ground, ensiled early harvested corn with either soybean meal or 

urea as the supplementary nitrogen source. They found that lambs fed 

the early harvested corn diets produced less urinary nitrogen, retained 
more dietary nitrogen and a greater percentage of absorbed nitrogen 

(P<.05) than those fed dry corn diets. McKnight et al. (1973), Utley 
and McCormick (1975b) and Polzin et al. (1972) reported that dry co m  

and early harvested c o m  produced similar nitrogen retention by cattle 

and sheep.

The cold water soluble nitrogen in the urea supplemented diets 

was 2.5 times greater than in the diets supplemented with cottonseed 

meal (Table 6). The soluble nitrogen was 41% greater in the reconstitu

ted grain diets than in the dry rolled diets. Increases in solubility 

of the nitrogen due to additions of either urea or reconstituted grain 

were essentially additive. Higher nitrogen solubility has been reported 

(Sprague and Breniman, 1969; McKnight et al., 1973; Galyean et al., 

1975b) for corn grain reconstituted or early harvested when compared to 

dry corn grain.
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Table 6. Dietary nitrogen solubility and rumen NH^-N,

Item

DR
+
CM

DR
+

urea
Re c on 

+
CM

Recon
+

urea
Standard
error

Number of steers 4 4 4 4
Soluble nitrogen as % of 

total dietary 
nitrogen, % 11.1 30.8 18.0 40.9 3.5

Rumen NH^-N mg/100 ml, mga 6.3 13.1 5.8 9.6 1.3

^Determined at 3 hr post-feeding during full-feed.
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Rumen NHg-N was highest for, the dry rolled plus urea diet 

followed in order by reconstituted plus urea, dry rolled plus cottonseed 
meal and reconstituted plus cottonseed meal (Table 6). The rumen NH^-N. 
values for the two urea supplemented diets were 89% greater than for the 
two diets supplemented with cottonseed meal (11.4 vs 6.0 mg/100 ml rumen 

fluid). The rumen NH^-N values for the reconstituted grain diets were 

21% less than for the dry rolled grain diets (7.7 vs 9.7 mg/100 ml rumen 
fluid). This suggests that the more readily available carbohydrate of the 
reconstituted grain permitted optimum utilization of the soluble nitrogen 
from urea or the reconstituted grain. The ranking of rumen NHj-N levels 

in this study generally agrees with the findings of Prigge et al. (1975) 

with diets containing dry rolled and early harvested corn. Galyean et 

al. (1975b) and McKnight et al. (1973) reported slightly higher rumen 
NH -N levels, with ensiled early harvested than for dry com, but their 

differences were not as great as expected from nitrogen solubility 
differences.

At 3 hours post-feeding during the full feed period, there was 

no effect of treatment on ruminal volatile fatty acid concentration, 
except iSobutyrate which was lower (P<.05) for the dry rolled plus urea 

diet than for the other three diets (Table 7). This difference in iso- 

butyrate may have no practical significance due to the low concentration 
at which it was found.

Although not significant, the molar percentage of acetate was 

12.2% higher for the dry rolled grain diets than for the diets contain

ing reconstituted grain. Also, the molar percentages of propionate, 

butyrate and valerate were 6.7, 25.4 and 121% higher, respectively, for
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Table 7. Volatile fatty acid concentrationa of ruminal fluid^.

item

DR
+

. CM
DR
+

urea

Recon
+
CM

Recon
+

urea
Standard
error

Number of steers 4 4 4 4
Acetate 52.3 53.6 47.0 47,4 1.22

Propionate 36. 0 34.1 36.6 38.1 1.22 ■

Isobutyrate 0,7C 0,5d 0,9C 0,7C 0.05

Butyrate 8.4 8.9 12.1 9.6 0.90

Isovalerate . 1.6 2.0 2.0 1,4 0.17

Valerate 1.0 1.0 1.4 2.8 0.36

Total VFA 65.8 ■ 73.2 89.2 92.0 6.86

^Concentration of individual acids expressed as moles per 100 
moles of total acids. Total VFA expressed as micromoles per milliliter 
of ruminal fluid.

^Determined at 3 hr post-feeding during full-feed.

c,(*Means on the same line with different superscripts are 
different (P<.05).
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the reconstituted grain diets when compared to the dry rolled grain 
diets. Total volatile fatty acid concentration was 30.4% higher for the 

reconstituted grain diets than for the dry rolled grain diets. The 
ruminal volatile fatty acid patterns and concentrations observed in this 

study would suggest that reconstituted sorghum grain promotes an altera

tion in fermentation when compared to dry rolled sorghum grain. With 
both in vivo and in vitro studies conducted by Helm et al. (1972) to 

compare volatile fatty acid production from: reconstituted and air dry 
sorghum grain, the molar percentage of acetate was lower and propionate 

higher for the reconstituted grain than for the air dry grain.
No differences (P>.05) were observed between diet treatments for 

molar percentage or total concentration of volatile fatty acids for 

jugular plasma taken at 3 hours post-feeding during the full feed period 

(Table 8). However, the molar percentage of propionate was 18.2% higher 

for the diets supplemented with cottonseed meal than for the urea 

supplemented diets. The reconstituted grain diets had a 57.7% higher 

molar percentage of butyrate when compared to the dry rolled grain diets. 

Total volatile fatty acid concentration was 22.7% higher for the recon

stituted grain diets than for the dry rolled grain diets.

Water (liter/day/W(^) and dry matter (g/day/W*^) intakesKg Kg
during the first collection period were not different (P>.05) between 

diet treatments (Table 9). Dry matter intake was correlated with water 

intake (r = 0.68) and diet soluble nitrogen (r = 0.72). Water intake 

was correlated with diet soluble nitrogen (r =0.91). When analyzing 
the combined data of collection periods 1 and 2, the correlation was 

lower (r = 0.17) for dry matter intake and diet soluble nitrogen than
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Table 8. Volatile fatty acid concentration^ of jugular plasma^.

Item

DR
+
CM

DR
+

urea

Recon
+
CM

Recon
+

urea
Standard
error

Number of steers 4 4 4 4

Acetate 87.9 89.6 85.8 85.9 1.67

Propionate 5.0 4:1 4.6 4.0 0.33

Butyrate 5.9 5.6 8.7 9,4 1.90 .

Isovalerate 0.4 0.5 0.6 0.4 0.07

Valerate 0.8 0.2 0.3 0.2 0.12

Total VFA 679.6 561.2 745.3 777.1 55.29

^Concentration of individual acids expressed as moles per 100 
moles of total acids. Total VFA expressed as micromoles per liter of 
jugular plasma.

^Determined at 3 hr post-feeding during full-feed.



Table 9. Steer weight, dietary and water intake and dietary nitrogen 
solubility for trial 1.

DR DR Recon Recon
+ + + +

Item CM urea CM urea
Number of steers 2 2 2 2

Steer weight, kga 288 288 272 270

Feed intake/day, kg^c 5.3 6.2 5.4 6.2

Dry matter intake,g/day/W^^ 75 89 81 93

Water intake/day, £ 23 30 27 34

Water intake, £/day/Wj^ 0.3 0.4 0.4 0.5

Soluble nitrogen as % of
total dietary nitrogen, % 10.5 30.5 16.7 39.2

aAnimal weight at initiation of digestion and metabolism trial. 

^Intake during digestion and metabolism trial. 

cDry matter basis.



was observed in the first collection period. Wohlt et al. (1976) re
ported that water intake was 90% higher (P<.01) for yearling wethers 
receiving diets containing 36% soluble nitrogen when compared to diets 

containing 13% soluble nitrogen. In their study, dry matter intake was 

13% higher for the 36% soluble nitrogen diets than for the 13% soluble 
nitrogen diets. However, Thornton et al. (1977b) reported that feed 
intake of steers fed corn grain containing 49% soluble nitrogen was 

significantly lower when compared to steers fed corn grain containing 

24% soluble nitrogen.



GENERAL DISCUSSION

It has been suggested that high levels of diet soluble nitrogen 
may depress feed intake (Sprague and Breniman, 1969; Bergen, 1971). In 
this study, dry matter intake was not depressed by either reconstituted 
grain or urea supplementation. Comparing feed intakes observed in other 

metabolism trials and considering the concentrate level of the diet used 
in this study, the daily dry matter intakes were satisfactory. The 

soluble nitrogen levels of diets used in this study may be lower than in 
some of the reported studies as few diet soluble nitrogen values could 
be found.

The nylon bag procedure indicated the sorghum grain was recon
stituted satisfactorily with the small batch reconstitution system. 

Differences in dry matter disappearance between reconstituted rolled and 
dry rolled grain were not as great as observed by other researchers.

This may indicate that the reconstituted grain prepared in this study 
did not reach the same degree of reconstitution that can be obtained 

with large commercial storage structures. A reason for the reduced dry 
matter disappearance of the reconstituted grain could be the smaller 

amount of pressure applied to the grain while in storage with the small 
batch system compared to greater pressures obtained in large storage 

structures.
In all cases, with the exception of acid detergent fiber and 

ether extract, higher digestion coefficients were obtained for the recon

stituted grain diets than for the dry rolled grain diets. This was also

' 61
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true for total digestible nutrients and digestible energy. This agrees 

with the dry matter disappearance in the nylon bag procedure. There was 
an inconsistent pattern in acid detergent fiber and ether extract 

digestibility among diets. Total lipid was low in both the diets and 

feces which resulted in difficulty of measuring these quantities with 
the ether extract procedure.

The higher digestibility for diets containing reconstituted 
grain can probably be attributed to the greater availability of protein 

and starch for microbial breakdown in the reticulorumen when compared to 

the dry rolled grain diets. This is well pointed out with the consistent 

depression in digestibility of the dry rolled plus cottonseed meal diet. 
Not only is the availability for microbial breakdown low for both pro

tein and starch in dry rolled grain, but because of the low nitrogen
i'

solubility of cottonseed meal, much of the supplementary protein may by
pass the rumen resulting in lower microbial.activity. This study would 

suggest that the higher digestibility observed for the dry rolled plus 

urea diet when compared to the dry rolled plus cottonseed meal diet can 

be accounted for by the higher nitrogen solubility of the urea supple

mented diet. In this instance, increased dietary nitrogen solubility 

enhanced total diet digestibility which results from increased digesti

bility in the rumen. In other studies with sorghum grain, it has been 
demonstrated that in order to obtain optimum results, a large portion of 

the grain must be digested in the reticulorumen (Hale, 1973).

As reflected in protein digestibility, daily fecal nitrogen was 

the highest for the dry rolled plus cottonseed meal diet when compared 
to the other three diets. Daily urinary nitrogen was higher for the two
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diets supplemented with urea than for the cottonseed meal supplemented 

diets and was the highest for the dry rolled plus urea diet. Two 
possible causes for the high level of urinary nitrogen are a substantial 

loss of ammonia from the reticulorumen and poor amino acid quality of 
absorbed protein. In this study, there was a definite relationship 

between diet soluble carbohydrate to rumen microbial population and 

nitrogen retention. This is pointed out by the high nitrogen retentions 

obtained for the reconstituted grain diets compared to the low nitrogen 
retention observed for the dry rolled diets. The higher nitrogen reten
tion obtained for the diets supplemented with cottonseed meal than for 

the urea supplemented diets can probably be accounted for by partial 
ruminal bypass of cottonseed meal protein resulting in an abomasal pro
tein pool of higher amino acid quality.

Increases in solubility of the dietary nitrogen due to additions 

of either urea or reconstituted grain were essentially additive. There 
was not a consistent relationship between dietary soluble nitrogen and 

rumen NH^-N levels. The probable factor contributing to this inconsis

tency is the availability of dietary energy for the rumen microbial 
population. The reconstituted grain diets had more energy available for 

the rumen microbes at the time needed to incorporate ammonia into 

microbial protein.
Even though there was no significant difference between treat

ments for ruminal volatile fatty acid concentrations, the data did : 

indicate that reconstituted sorghum grain may promote a more efficient 
and rapid fermentaion as indicated by lower acetate level and increased 

total concentration when compared to dry rolled sorghum grain. A higher
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molar percentage of butyrate and total volatile fatty acid concentration 
was observed in both the ruminal and plasma data for the reconstituted 
grain diets when compared to the dry rolled diets.

There was a very high correlation between water intake and diet 

soluble nitrogen. This relationship was much stronger when compared.to 

the correlation between dry matter and water intake. Increased water 
intake with increasing levels of diet soluble nitrogen may be explained 

by the high levels of urinary nitrogen associated with high soluble 
nitrogen diets and the water required for the excretion of the increased 

nitrogen.



SUMMARY

Two metabolism trials using eight steers weighing 302 kg were 
conducted with reconstituted whole sorghum grain to study the effects of 
urea or cottonseed meal supplementation on nitrogen balance and diet 

digestibility. The reconstiuted grain was rolled before mixing into 

diets. Dry rolled sorghum grain served as the control. Four observa
tions were made per treatment. The diets were 90% concentrate and 
Contained 13.4% protein (dry matter basis) with the nitrogen supplements 

supplying 25% of the dietary nitrogen.
Digestion Coefficients for dry matter, nitrogen free extract and 

gross energy were greater (P<.05) for the reconstituted diets than for 

the dry rolled plus cottonseed meal diet, but were not different from 
the dry rolled plus urea diet. Protein digestibility was 14% greater 

(P<.05) for the two reconstituted grain diets and dry rolled plus urea 
diet when compared to the dry rolled plus cottonseed meal diet. Total 

digestible nutrients were 11% greater (P<.05) for the two reconstituted 

grain diets and the dry rolled plus urea diet when compared to the dry 

rolled plus cottonseed meal diet. Digestible energy (meal/kg) was 13% 

greater (P<.05) for the reconstituted plus cottonseed meal diet than 

for the dry rolled plus cottonseed meal diet.
Nitrogen retention as a percent of ingested nitrogen for dry 

rolled plus cottonseed meal, dry rolled plus urea, reconstituted plus 
cottonseed meal and reconstituted plus urea was 15.2, 14.3, 24.2 and

22.5, respectively. Retention expressed as a percent of absorbed
'
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nitrogen showed the same relationship. Rumen NH^-N (mg/100 ml rumen 
fluid) determined at 3 hours post-feeding during full-feed and cold 

water soluble nitrogen (% of total dietary nitrogen) were 6.3, 11.1; 

13.1, 30.8; 5.8, 18.0; and 9.6, 40.9, respectively, for the correspon

ding diets mentioned above.

There were no differences in ruminal or plasma volatile fatty . 
acid concentrations between diet .treatments at 3 hours post-feeding 
during the full-feed period, except ruminal isobutyrate which was lower 

(P<.05) for the dry rolled plus urea diet. In the first collection 
period, dry matter intake was correlated with water intake (r = 0.68) 

and diet soluble nitrogen (r - 0.72). Water intake was correlated with 
diet soluble nitrogen (r = 0.91). When analyzing the combined data of 

collection periods 1 and 2, the correlation was lower (r = 0.17) for dry 

matter intake and diet soluble nitrogen than was observed in the first 

collection period.
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