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ABSTRACT 

Studies were conducted to: 1) exam1ne an 1n situ 

technique with sorghum grain substrates using monofilament nylon bags, 

2) evaluate ~ vitr£. various reconstituted sorghum grain treat-

ments, 3) determine digestibility and nitrogen balance of steers fed 

reconstituted sorghum grain and 4) evaluate sorghum grain processing 

methods on performance of finishing steers. 

Dry matter efflux, DME (water bath) and in situ dry matter 

disappearance, ISDMD (ventral sac of rumen) from nylon bags were high-

er (P<.05) as bag porosity (5 to 80 urn) and incubation time (4 to 24 

h) increased, and as substrate weight:bag surface area ratio (7 to 56 

2 
mg/cm ) decreased. High linear correlations were obtained between 

DME and ISDMD, and also between nitrogen efflux and in situ 

nitrogen disapperance. No permanent influx of ruminal dry matter into 

nylon bags was detected. 

In vitro dry matter digestibility (mixed rumen inoculum) 

of reconstituted whole sorghum grain was influenced (P<.OOl) by grain 

moisture level (18 to 31%), constant or variable temperature during 

storage (-18 to 41 C) and length of storage time (3 to 28 d). All 

interactions of these three factors \"ere significant (P<.05 or high-

er). Short term flushing with 02' CO 2 and N2 did not affect 

(p) .10) the digestibility of reconstituted whole sorghum grain. With 

xiv 
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reconstituted \17hole sorghum grain, grain pH could be used as a 

satisfactory measure of quality control. 

Apparent digestion coefficients for dry matter, organic 

matter, protein and energy were similar (p).OS) for steers fed 90% 

concentrate diets containing reconstituted whole or flaked sorghum 

grain. Nitrogen retention as a percent of nitrogen intake was 3S% 

higher (P<.OS) for steers fed reconstituted than flaked sorghum grain 

die ts. 

In two finishing trials with steers, feed intake nnd feed con

version were higher (P<.OS) for dry rolled than for flaked or 

reconstituted sorghum grain. 



CHAPTER I 

INTRODUCTION 

Typical in the cattle feeding industry today is the use of 

high grain diets. Larger feeding facilities and higher interest rates 

and forage costs have caused this to occur. Since grain has assumed a 

mo r e important role in cat t Ie feed ing so has the manner in wh ich it is 

processed. It is generally accepted that of the two major feeding 

grains, corn offers more flexibility in processing methods than sor

ghum grain. Major processing methods for corn are early harvesting, 

dry rolling and flaking; whereas, with sorghum grain, flaking con

tinues to be the processing method of choice. 

In the last several years, the cost of fossil fuels has risen 

dramatically. Since it is highly improbable that relatively low en

ergy costs will return, the continued use of energy intensive grain 

processing procedures such as flaking seems unlikely. As a result, re

newed interest has been shown for early harvested and reconstituted 

grain. The earliest investigation (Hale et aI., 1963) \.,ith reconsti-

tuted sorghum grain showed promise; however, the method was over

shadowed by the then recently developed flaking procedure. Since that 

time, digestion and feeding trials have shown the utilization of sor

ghum grain can be improved by reconstitution. 

I 



2 

Many fac tors are involved in proper reconstitution of sorghum 

grain. Four of these factors are physical form and moisture content 

of the gra1n, temperature during storage and length of storage period. 

Numerous other factors encountered in the field are difficult or impos

sib 1 e to d upl icate in the laboratory. Much of what is known concern

ing reconstitution was initially investigated with in situ (nylon 

bag) or in vitro techniques. These laboratory techniques offered 

the only practical way in which the many and diverse factors affecting 

reconstitution could have been studied. From these evaluations, spe

cific treatments were selected for further investigation with diges

tion and feeding trials. 

In vitro and 1n situ techniques have been useful 1n 

evaluation of feeds; however, they are not without procedural prob-

lems. With the 1n vitro technique, filtering of the residue fol-

lowing incubation is time consuming and not without error. The major 

concerns with the in situ technique have been bag porosity and sub

strate weight:bag surface area ratio. 

The investigations reported herein are as follows: 1) exam1na-

tion of an in situ technique using bags constructed with a mono

filament nylon material, 2) an 1n vitro evaluation of var10US re

constituted sorghum gra1n treatments, 3) digestibility and nitrogen 

balance by steers fed reconstituted whole or steam processed flaked 

sorghum grain and 4) the effects of sorghum grain processing method 

and protein, mineral and alfalfa hay levels on performance of finish

ing steers. 



CHAPTER 2 

LITERATURE REVIEW 

In Situ (Bag) Techniques for Evaluation of 
Ruminal Utilization of Grains 

Relatively few studies (Envin and Elliston, 1959; Hale et aI., 

1963; Loynachan, 1970; Figroid et aI., 1972; Mehrez and Orskov, 1977; 

Walker and Lichtenwalner, 1977) have been conducted with the In 

situ technique to investigate the effects on ruminal utilization of 

grains as influenced by grain type, grain processing system and in 

situ methodology. The major portion of the literature (Miles, 1951; 

Van Dyne, 1962; Van Keuren and Heinemann, 1962; Hopson et aI., 1963; 

Neathery, 1969; Uden et aI., 1974; Van Hellen and Ellis, 1977; Playne 

et a1., 1978) has been concerned with the application of the in 

situ technique to forage evaluation. Recently the in situ tech-

nique has been used to study the extent and rates of ruminal protein 

degradation of various feedstuffs (Crawford et aI., 1978; Stern et 

al., 1978a; Stern et al., 1978b; Ganev et aI., 1979; Nocek et aI., 

1979; Orskov and McDonald, 1979; Weakley et al., 1983). 

Probably the most extensive investigation of the in situ 

me thod for determining ruminal utilization of grain was by Figroid et 

al. (1972). Across all grain treatments examined, they observed a 

significant increase 1n the in situ dry matter disappearance as 
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incubation time was increased from 2 to 24 h. Since dry matter 

disappearance trends were similar for 8 and 24 h incubation times, 8 h 

incubations were used by these researchers for later investigations 1n-

volving grain substrates. six nylon cloth types of different ,.;eights 

were compared for use as bag material. Unfortunately, pore size spe-

cifications were unavailable for the cloth types used. Significant 

differences were found for 1n situ dry matter disappearance of 

grain substrates among bags of different cloth types~ In situ dry 

matter disappearance ,.;as also significantly affected by particle S1ze 

of the gra1n substrate, location of bags in the rumen and animal used 

fo r pIa cement of bags. Significant interact ions observed among these 

many factors were bag type by substrate particle size, substrate 

particle size by animal used, rumen location of bags by substrate 

particle size and bag type by rumen location of bags. 

Using grain substrates of various particle sizes placed into 

bags constructed of different cloth types, Figroid et al. (1972) stud-

ied the effect of leaching by water that may occur independently of 

~ situ digestion. In this procedure, barley and sorghum grain 

were used as substrates, and all bags were incubated in an agitating 

water bath at 39 C for 8 h. For both barley and sorghum grain, leach-

ing was significantly influenced by bag type and substrate particle 

s1ze, and with sorghum grain, a bag type by particle S1ze interaction 

occurred. Water bath dry matter losses as a percent of in situ 

dry matter disappearance were greater for sorghum grain than for bar-

ley. The effect of substrate weight and bag size was also investi-

gated. In the first study, ground sorghum grain was used and only 
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substrate weight (2, 4, 6, 8 and 10 g) \vas compared in 10.2 x 17.8 em 

bags. Since bags were tied closed 8.9 cm from the bottom of the bag 

this resulted 2 
in a total of 181.6 cm of bag surface area. The sub-

strate weight:bag surface area ratio for the five treatments \vas 11.0, 

22.0, 33.0, 44.0 and 55.1 mg/cm
2

, respectively. No significant dif-

ferences were obtained for in situ dry matter disappearance among 

the substrate weight:bag surface area ratios. In the second study, 

both substrate weight (6, 10, 14 and 18 g) and bag Size (5.1 x 17.8 

cm, 7.6 x 17.8 cm and 10.2 x 17.8 cm) were compared \>li th flaked sor-

ghum grain and barley as substrates. The substrate \veight:bag sur-

face area ratios varied 
2 

from 33.0 to 198.2 mg/cm • In situ dry 

matter disappearance of flaked sorghum grain and barley was signif-

icantly affected by substrate weight and bag size, and with barley, a 

significant interaction between substrate weight and bag size oc-

curred. The investigators concluded from this study that the optimum 

2 
substrate weight:bag surface area ratio was 55.1 mg/cm • 

In situ dry matter disappearance of grain substrates was 

significantly affected by diets fed fistulated animals (Figroid et 

aI., 1972). Although there was a significant animal influence on in 

situ dry matter disappearance, the contribution to the total amount 

of variability was minimal. Regardless of the diet and animal effect, 

ranking of in situ dry matter disappearances for substrates was 

similar across both animals and diets. 

Erwin and Elliston (1959) investigated the use of the nylon 

bag technique as a rapid method to determine relative digestibilities 
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of grains (sorghum and barley) and forages (alfalfa hay and barley 

stra, ... ). Substrate filled bags attached to \>leighted chains were placed 

into the anterior dorsal sac of the rumen, and no differences were 

observed for position of a bag on a chain or between chains within a 

steer. When silk bag placement in the rumen was compared with alfalfa 

hay substrate, Miles (1951) observed greater digestibilities for dry 

matter, cellulose and pentosans when bags l\'ere placed in the ventral 

portion of the rumen as compared to placement in the dorsal portion. 

With nylon bag dimensions of 10.2 x 20.3 cm and substrate 

weights of 10 to 24 g, substrate weight:bag surface area ratios were 

studied by Erwin and Elliston (.1.959). Since location of bag closure 

was not indicated it is impossible to estimate bag area and consequent

ly the exact ratio; however, as the amount of substrate was increased, 

digestibility decreased linearly. They also observed differences in 

digestibility due to fineness of grind of substrates and diets fed fis

tulated steers. 

With buffelgrass the effect on neutral detergent fiber (NDF) 

digestibility as influenced by nylon bag porosity and substrate 

weight: bag surface area ratio was examined by Van Hellen and Ellis 

(1977). With nylon bags having a porosity of 100 to 135 urn, NDF di-

gestibility increased progressively through 12 h of in situ incu

bation. Following this period and through 120 h of incubation, 

digestibilities became erratic and generally negative. The authors ex

pressed that the negative digestibilities suggested an influx of NDF 

from rumen digesta which exceeded the extent of digestion and efflux 

of substrate NDF. A subsequent in situ study showed significantly 
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greater influx of NDF with bags of 100 to 135 urn pore size than bags 

of 75 urn porosity. Although influx was reduced by the 75 urn pore size, 

48 h digestibility of substrate NDF was lower than expected when com-

pared to 1n vitro and other in situ results with the same for-

age. Efflux losses of undigested NDF were estimated to be 5% with the 

75 urn porosity bag. 

A smaller porosity material for cons t ruc tion of 1n situ 

bags was also studied by Van Hellen and Ellis (1977). Acropore, a con-

trolled porosity membrane formed by a copolymer deposited on a rein-

forced nylon mesh was chosen for use. Inoculation of bags with 

strained rumen fluid prior to placement in the rumen was also studied 

since some of the bag porosities were smaller than many rumen m1-

crobf:!s. There was no significant difference in NDF digestibility be-

tween inoculated and uninoculated bags with porosities of 1.2, 5 

(Acropore) and 10 (polypropylene) urn or among pore sizes. Influx of 

NDF was significantly higher for 100 urn porosity bags (nylon fabric) 

as compared to bags with 1.2, 5 and 10 urn pore sizes. In a second 10-

vestigation, no significant differences in NDF digestibility were ob-

served for bags of .2, .45, .8, 1.2 and 5 urn porosities (Acropore). 

These researchers observed a decrease in NDF digestibility as sub-

strate weight:bag surface area ratio was increased from 11.7 to 18.4 

2 
mg/cm • From their data they suggested that bag material with no 

larger porosity than 10 um and a substrate vleight:bag surface area 

2 
ratio of 10 mg/cm should be used for rumen in situ techniques 

in evaluation of forage digestibility. 
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Uden et a!. (1974) investigated the effects of nylon bag 

porosity (20, 35 and 53 urn) and substrate ",eight:bag surface area 

ratio (6.5 and 50 mg/cm
2

) on 1n situ digestibility of guinea 

grass. Digestibility was higher with the 53 urn pore size bag than 

with the 35 and 20 urn porosity bags. Increasing the substrate weight: 

bag surface area ratio from 6.5 to 50 mg/cm2 decreased cell wall 

digestibility from 54 to 38%. The authors also observed that ~vhen 35 

urn pore size bags containing an inert substance were placed into the 

rumen, an appreciable but variable amount of rumen material influxed, 

and this material was found to be largely insoluble in neutral and 

acid detergents. The decreased digestibility obtained with the 20 and 

35 urn porosity bags as compared to the 53 urn pore size bag ~vas thought 

to be due to gas entrapment which limited digestibility. 

The effect of bag pore size on in situ disappearance of 

dry matter and nitrogen of protein supplements was studied by Stern et 

a!. (1978a), with dacron (20 to 75 urn porosity) and Acropore (5 urn 

porosity) constructed bags. For each of the substrates used and at 

all incubation periods (1 to 24 h), dry matter and nitrogen disappear

ances were greater for the dacron bags than for bags made of the Acro-

pore material. Much of the difference in disappearance between the 

two bag materials was established in the first hour of incubation. 

Weakley et ale (1983) observed no significant difference in 

the 1n situ dry matter or nitrogen disappearance of soybean meal 

from dacron bags due to animals or day of incubation; however, 

disappearance was significantly influenced by type of diet fed 
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fistulated animals. When bags constructed of dacron (52 urn porosity) 

were compared to rip-stop nylon bags (smaller but no visible pore size 

under microscopic examination), the rip-stop nylon bags appeared to de

crease the influx of digesting agents into bags and limit the efflux 

of digested residues from bags as compared to the dacron bags. In an

other study, dacron and Acropore (5 urn porosity) constructed bags were 

compared. Across all substrates and incubation times, dry matter and 

nitrogen disappearances were lower from Acropore bags than dacron bags 

with much of the difference between bag types being established in the 

first hour of incubation. 

Using forages Van Keuren and Heinemann (1962) compared sub

strate weight: bag surface area ratios. Substrate \-,eights of 5, 7.5 

and 10 g were compared in nylon bags measuring 5.1 x 11.4 cm which re

sulted in ratios of 43, 64.5 and 86.0 mg/cm
2

• At 24 h or rumen incu

bation, dry matter digestibility decreased as substrate weight in

creased; however, after this period the effect of sample size on 

d i ge s t i b i 1 ity was reduced. They also observed that fineness of grind 

of substrates (ground through 20,40 and 60 mesh screens) did not af

fect digestibility, and that the dietary regimen (type of forage) of 

the fistulated animal influenced the digestibility of substrates. 

Van Dyne (1962) using 5.1 x 10.2 cm nylon bags and substrate 

\.,eights of 2 to 10 g observed an inverse relationship between sub

strate weight and in situ cellulose digestion of forages. Mehrez 

and Orskov (1977) obtained increased in situ dry matter digestibil

ity of barley and less variability between dacron bags when 4.3 g of 
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dry matter were used in 17 x 9 cm bags as compared to bags of 5 x 8 cm 

dimensions. Increasing bag dimensions to 25 x 15 cm resulted in no 

further increase in digestibility or decrease 1n variability. 

In rev1ew1ng the literature, it was evident that a standard 

methodology has not been established for the in situ technique. 

Many laboratories have evaluated various materials and procedures; how-

ever, there has been almost no collaboration among laboratories for 

specific bag materials or procedures used. This type of association 

is necessary in order for standardization to occur, which could then 

result in a reasonable degree of confidence and similarity among labor-

atories for evaluation of specific feedstuffs. Even though there has 

been a great deal of diversity with the in situ technique, agree-

ment for the importaLice of certain criteria involving bag materials 

and procedures has been generally accepted. 

Bag porosity and substrate weight:bag surface area ratio are 

important criteria for the 1n situ technique. Bag pore Slze 

should be sufficiently large to allow digesting agents to enter the 

bags and digested residues to efflux from bags; however, bag porosity 

should be small enough to prevent the influx of feed particles from 

the rumen and also the efflux of undigested substrate from bags. In 

most studies there has been an inverse relationship between substrate 

digestibility and substrate weight:bag surface area ratio. Relatively 

large substrate weights not only reduce substrate digestibility, but 

also can increase variability between bags for anyone substrate. 

Other factors which affect in situ digestibility are particle size 
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of the substrate, length of incubation period, ration fed fistulated 

an i rna 1 s, part icular fis tulated animal used for procedure, locat ion of 

bags U1 the rumen, day of procedure and thoroughness and consistency 

~n the bag washing technique at completion of incubation. 

In Situ and In Vitro Analysis of Reconstituted 
Sorghum Grain 

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

grain ensiled in airtight glass jars for 21 d at three moisture levels 

( 23, 29, 34 %) lola s compared to aa dry sorghum grain us ing the nylon 

bag technique. All gra~ns were ground prior to being placed into the 

nylon bags. At 8 h incubation time, dry matter disappearance was high-

est for reconstituted sorghum (29% moisture) followed in order by 

reconstituted sorghum (34% moisture), reconstituted sorghum (23% mois-

ture) and dry ground sorghum. There was no advantage of reconstitut-

~ng sorghum grain at 23% moisture when compared to dry ground grain. 

Dry matter disappearance for sorghum grain reconstituted at 29% mois-

ture was 110% higher than from dry ground grain. 

Loynachan (1970) reported evaluations with sorghum grain recon-

stituted in airtight glass jars with various moisture (10 to 38%), 

temp~rature (-17 to 49 C) and storage periods (1 to 32 d). Nylon bag 

and i.E.. 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 \olaS a decrease in dry matter 

utilization. As mo is ture levels were increased from 10 to 30%, dry 

matter disappearance values also increased. Grain reconstituted at 
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34% moisture and higher temperatures had lower dry matter disappear-

ance. Average nylon bag dry matter disappearance reported for dry 

ground and whole reconstituted grain under optimum conditions was 25 

and 60%, respectively. The nylon bag dry matter disappearance of sor

ghum grain reconstituted at 30% moisture for 26 d and stored at 16, 27 

and 38 C were 43.9, 47.5 and 61.9%, respectively. Nylon bag dry mat

ter disappearance was correlated (r = .89) with in vitro gas pro

duction. 

Neuhaus and Totusek (1971) conducted experiments to determine 

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

vironmental temperature (5, 24 and 43 C) and physical form (\l1hole and 

ground) on in vitro digestibility of early harvested and reconsti

tuted sorghum grain. Digestibility of both early harvested and whole 

reconstituted 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 in

teraction (P<.OI) 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 d (P<.OI). 

Reconstituting gra1n in the ground form did not improve digestibility. 

From the literature cited, 1n situ and ~ vitro dry 

matter digestibility of reconstituted sorghum grain vTaS affected by 
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gral.n 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 28 to 32% moisture and 

stored for 14 to 21 d at 38 to 42 C. 

Digestibility and Nitrogen Balance of 
Reconstituted Sorghum Grain 

Four yearling Angus bulls were used l.n a reversal trial by 

McGinty et ale (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 

hammer mill prior to feeding. Chromium oxide was used as an indicator 

during 5-d collection periods. Digestion coefficients for dry matter, 

organic matter and nonprotein organic matter for dry and reconsti-

tuted grains were 64.42, 83.08; 66.06, 85.06 and 68.70, 89.10%, respec-

tively (PC05). Protein digestibility for the dry and reconstituted 

grdins was 44.45 and 51.70%, respectively (P(.05). 

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 

sarghllm grains was 9.3 and 22.1%, respectively. Digestion coeffi-

cients for dry matter, organic matter and nonprotein organic matter 

for dry and reconstituted grains were 65.05, 79.72; 69.37, 81.20 and 

71.58, 83.72%, respectively (P<.10). Protein digestibility for 
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the dry and reconstituted grains was 50.23 and 61.23%, respectively 

(P<.lO). 

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

effects of water temperature and length of reconstitution time upon di

gestion of sorg,lum grain by heifers (224 kg). Dry ground sorghum 

gra in se rved as the control and whole dry sorghum grain was raised to 

27% moisture and prepared in four ways: reconstituted at 16 or 49 C 

and stored for 10 or 20 d. Reconstituted grain was ground before be

ing mixed and fed. All grain, regardless of processing, was incorpor-

ated into a 90% concentrate diet. 

was used for the six day fecal collections. Reconstituted grain treat

ments had significantly higher protein, fiber, dry matter, nitrogen 

free extract, nonprotein organic matter and organic matter digestibil

ity coefficients when compared to the dry ground grain treatment. 

Total carbohydrate and starch utilization in the rumen and 

postruminal tract of steers fed sorghum grain processed by different 

methods were compared in an 83% grain diet by McNeill et al. (1971). 

The four processing methods studied were dry ground, reconstituted in 

whole kernel form and ground prior to feeding, steam flaked and micron-

ized. Ruminal digestion of total carbohydrate was higher (P<.05) for 

reconstituted and steam flaked grains ~lhen compared to dry ground and 

micronized grains. No significant differences occurred in either post

ruminal digestion or total digestion of carbohydrate among the four 

grain processing methods. Ruminal digestion of starch was highest 

(P<.05) for steam flaked grain with reconstituted grain being higher 
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(P(.05) than the dry ground and micronized graws. Postruminal and 

total digestion of starch was higher (P(.05) for reconstituted and 

steam flaked grains than for dry ground and micronized grains. 

Kiesling et al. (1972) used 18 yearling Hereford steers (270 

kg) in two en e r gy balance tria Is to compare dry rolled and recons t i

tuted rolled (38% moisture) sorghum grain when incorporated into an 

84% grain diet. Digestible energy was 7.6% greater for the reconsti

tuted rolled graln diet than for the dry rolled grain diet. 

A digestion and balance trial using 12 steers was conducted by 

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

four different procedures and incorporated into a 78% grain diet. The 

grain processlng procedures used were coarse ground, fine ground, 

steam processed rolled and reconstituted rolled. Supplementary nitro

gen for all diets was from cottonseed meal. Apparent digestibilities 

of dry matter, organic matter and nonprotein organic matter were high

er (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 

gralns. Digestibility of nonprotein organic matter was higher (P(.05) 

in the steam processed graln 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. 
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In a metabolism trial with steers (302 kg), Prouty et al. 

(1978) observed no differences (P>.OS) in apparent digestion coeffi-

cients, total digestible nutrients or digestible energy for diets con-

taining dry rolled or reconstituted sorghum grain supplemented with 

urea or reconstituted sorghum grain supplemented with cottonseed meal; 

however, va I ues for the dry rolled sorghum grain diet supplemented 

with cottonseed meal were consistently lower compared to the other 

three dietary treatments. Nitrogen balance was affected more by grain 

processing method than type of nitrogen supplementation. Nitrogen re-

tention as a percent of nitrogen intake and as a percent of nitrogen 

absorbed was S8 and 48% higher (P>.OS), respectively, for reconsti-

tuted than dry rolled grain diets. 

In summary, higher digestibilities for protein, dry matter, 

organic matter and nonprotein organic matter have been obtained for re-

constituted , ... hole sorghum grain than for dry grain. Digestibility of 

reconstituted and flaked sorghum grain is similar. The effect of 

reconstitution on nitrogen retention is unclear. 

Protein Utilization of Reconstituted Sorghum Grain 
Using the Abomasal Recovery Method 

Potter et al. (1971) compared amino acid patterns 1n abomasal 

contents of steers fed sorghum gra1n processed by four different 

methods, and related 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 
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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 

gral.n. Abomasal proteins from steers fed reconstituted grain con-

tained 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 con

tained more feed protein and less bacterial protein (P<.05) than 

those from steers fed reconstituted or steam flaked grain. True nitro

gen digestion was similar (P).05) for all treatments with a trend for 

abomasal proteins in steers fed the 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 nonprotein nitro

gen 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 

in to an 85% concentrate diet, and all diets were formulated to contain 
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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 nitrogen reaching the abomasum was 72, 94 and 99% 10 

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 reconstituted sorghum grain, microbial protein synthesis 

was enhanced when compared to dry grain. The quantity of nitrogen 

reaching the abomasum varied with grain processing method and form of 

nitrogen supplementation. Reconstitution of sorghum grain improved 

the quality of abomasal proteins when compared to dry sorghum graln. 

Performance Data of Reconstituted Sorghum Grain 

Riggs and McGinty (1970) investigated the comparative value of 

dry ground (10 to 13% moisture), 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% \.,ith 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 dif

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

required per kilogram of gain ~las 11% less for the high moisture 

grains than for the dry grain. Dry matter intake for the high mois

ture diets was slightly less than the dry grain diet. 
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New s 0 met a I. (1 9 6 8) con d u c ted a fee din g t ria I wi t h 72 

Hereford steer calves (243 kg) to compare six methods of processing 

sorghum grain when incorporated into an 83% grain diet. The six pro

cessing procedures were coarse ground, fine ground, dry rolled, recon

stituted rolled, reconstituted ground and steam processed flaked. Rate 

of gain did not differ statistically between the six treatments; how

ever, calves fed steam processed flaked grain gained 11.9% faster than 

those fed coarse ground grCii n. Calves fed steam processed flaked 

gra1n required 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 than coarse ground grain, and resulted in a 14% 

improvement 1n feed efficiency when compared to the coarse ground 

gra1n treatment. 

McGinty et ale (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 d. Dry 

ground grain was fed as a control. In experiment 1, 48 steers and 

heifers were fed for 100 d. Average daily gain (kg) and kilograms of 

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

ground moist grains were 1.27, 6.57; 1.19, 6.88 and 1.27, 5.82, respec-

tively. In experiment 2, 24 steers and heifers were fed the same 

three diets as in experiment 1 for 112 d. Average daily gain (kg) and 

kilograms of dry matter per kilogram of gain for the control, 

preground and postground moist grains were 1.20, 7.62; 1.12, 8.12 and 

1.22, 7.47, respectively. 
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In a third experiment reported by McGinty et a1. (1968), 

heifers were individually fed postground sorghum grain reconstituted 

for either 10 or 20 d. Dry ground sorghum grain was used as a con-

t r 01 • Average daily gain (kg) and kilograms of dry matter per kilo-

gram of gain for the dry, 10 and 20 d reconstituted grains \V'ere 1.00, 

6.79; 1.27,5.21 and 1.19,5.10, respectively. The groups fed the re

constituted grain did not differ significantly in feed conversion, but 

they were significantly more efficient than those fed dry grain. 

Penic et ale (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 kilo

grams of feed required per kilogram of gain for the dry ground, post

ground and preground grains were 1.27, 7.24; 1.27, 6.45 and 1.23, 

7.59, respectively. 

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

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

concentrate diet. The grains were rolled pr10r to feed ing. In two 

trials, daily gain was increased 21.5% and feed requirements were 

reduced 14.5% due to reconstitution. 

Pantin et a1. (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 sor

ghum grain was prepared in five ways: dry ground; reconstituted with 

water at 16 C, stored 10 d; reconstituted with water at 49 C, stored 

10 d; reconstituted with water at 16 C, stored 20 d and reconstituted 

with water at 49 C, stored 20 d. Reconstituted grain was ground 
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before being mixed and fed, and all graln regardless of processing was 

incorporated into a 90% concentrate diet. Average daily gains were 

higher (P<.OI) for all groups fed reconstituted grain than for the 

group fed dry ground grain. No significant differences were observed 

in ga in be tween the groups fed grain recons t ituted for 10 versus 20 d 

nor for grain reconstituted with \'later at 16 C versus 49 C. Heifers 

fed reconstituted grain required significantly less dry matter per 

kilogram of galn than did those fed dry grain. Neither time nor water 

temperature used in the reconstitution process had any significant in

fluence on feed converSlon. 

E ud a 1 y 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 d, 30% mois

ture) and dry ground. The steers were fed an all concentrate diet for 

168 d. 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 

t rea tme n t wi th no difference between reconst ituted 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, 

micronized 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 
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average daily gain (kg), kilograms of feed per kilogram of gain and 

NEg (Mcal/l00 kg grain) for reconstituted-stored 21 d-ground, 1.14, 

5.77,130.7; for gi."ound-reconstituted-stored 21 d, 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 (Mcal/l00 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 har

vested ground, 0.99, 6.47, 125.6; for reconstituted rolled, 1.19, 

5.92, 127.7 and for reconstituted 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 kilo

gram of gain and NEg (Mcal/l00 kg grain) for dry rolled, 1.14,6.78, 

109.4; f.or reconstituted to 22% moisture-stored 21 d, 1.23, 6.51, 

117.9; for reconstituted to 30 % moisture-stored 21 d, 1.11 , 5.98, 

147 .5; for reconstituted to 38 % moisture-stored 21 d, 1.05, 5.96, 

152.4 and for recons tituted to 38% moisture-stored 1 d, 1.11 , 6.62, 

116.4. Feed per kilogram of gain was affected (P<.05) by processing 

method. 

Kiesling et al. (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) sorghum grain 

using both respiration calorimetry and the comparative slaughter tech

nique. Two total energy balance trials were conducted in the respira

tion calorimetry procedure. A combination of soybean meal and urea 
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supplied the supplementary nitrogen to the two diets. During the ad 

libitum feeding period, the average daily dry matter intake \'11as less 

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

though not statistically significant, feed efficiency was 8.25% great

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

by c omparat ive slaugh ter was 16% greater (p<. 01) for the recons t ituted 

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

mined by respiration calorimetry was 4.6% greater for the reconsti

tuted grain diet, but this was not statistically significant from the 

dry rolled diet. 

Using 50 Angus and Angus-Hereford crossbred heifers (200 kg), 

Wagner and Schneider (1970) compared five methods of processing sor

gh urn grain 1n 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 d 

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

feeding. The feeding trial lasted 114 d. 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 ir: improved feed efficiencies of 

3.7,3.0,12.0 and 7.2% for the 5 d, 10 d, 20 d and steeped sorghum 

treatments, respectively, when compared to the dry rolled grain 

treatment. 
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Five methods of processing sorghum grain were compared in an 

84% grain diet by Wagner et a1. (1971) using 50 Angus heifers (200 kg) 

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

lng value of whole reconstituted sorghum grain. The treatments com

pared were dry rolled; reconstituted whole, stored for 10 or 20 d at 

30% moisture and reconstituted whole, stored for 10 or 20 d at 38% 

moisture. The feeding trial lasted for 140 d, and all reconstituted 

grains were rolled prior to being fed. No differences (P>.OS) existed 

between treatments in rate of gain. Feed intakes were not different 

(P>.OS) between treatments; however, the intakes for the reconstituted 

grain diets were 7% lower than for the dry rolled grain diet. No dif

ferences (P>.OS) in feed efficiency were observed between the four re

constituted sorghum grain treatments. The average improvement in feed 

efficiency was 15% for the reconstituted grain treatments when com

pared to the dry rolled treatment. 

Martin et a!. (1970) uSlng 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 3 d 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 .07 and .24 kg of crude 

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

processing procedure. Feed intakes for \vhole reconstituted ground and 

steam flaked treatments were similar; however, intake for the ground 
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re c on s tit u ted sorghum grain treatment was 20% higher , ... hen compared to 

the 0 ther two process ing treatments. As a resul t, the whole recons t i

tuted ground and steam flaked sorghum were 17.6 and 15.9% more effi

ciently utilized, respectively, than the ground reconstituted grain. 

Evaluat ing 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 high

er level of protein supplementation within all grain processing 

methods. 

BoIsen et al. (1974) conducted a feeding trial to determine 

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

processing methods used were 1) steam flaked, 2) reconstituted, en

siled whole in an oxygen-limiting silo, 3) reconstitued, acid treated 

and stored whole in a concrete stave silo, 4) reconstituted, acid 

treated and stored whole in a metal grain bin and S) reconstituted, 

rolled and ensiled 1n a concrete stave silo. Sorghum grain stored 

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 d. Steers fed diets 1, 2, 3 and 4 had similar aver

age daily gains; however, those fed diet 2 gained faster (P<.05) than 

those fed diet 5. No difference (p).OS) was observed in feed intake 

between treatments. Feed efficiencies were the same for all diets 

(p).OS), but diets containing steam flaked and ensiled whole sorghum 
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\\'ere 12.4 and 9.1%, respectively, more efficient when compared to the 

other three treatments. 

In a review of sorghum gra1n processing systems by Hale and 

Prouty (1980), average daily gain \.,as improved 7.8% for cattle fed 

flaked or reconstituted grain as compared to dry rolled grain in high 

concentrate diets. Average daily feed intake \.,as decreased 4.8% for 

flaking and 7.0% for reconstituting when compared to dry rolling. Due 

to the increased gain and decreased feed intake, percent improvement 

1n diet efficiency \.,as 11.6 for flaking and 13.7 for reconstituting as 

compared to dry rolling. This reV1ew 1S 1n general agreement with the 

summary presented by Bull et al. (1981) \'lho reported average daily 

gain was improved 5.8% fo\.' flaking and 1.6% for reconstituting when 

compared to dry rolling. Percent improvement in grain conversion was 

8.1% for flaking and 12.3% for reconstituting as compared to dry 

rolling. 

From the literature cited, it can be concluded that sorghum 

gra1n 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 gra1n. Feed intake was usually higher for 

dry rolled or ground sorghum grain than for reconstituted grain with 

average daily gains being equal or slightly favoring reconstituted 

grain. Cattle fed reconstituted sorghum grain had similar or improved 

feed conversions when compared to flaked grain treatments. 



CHAPTER 3 

EXAMINATION OF AN IN SITU NYLON BAG TECHNIQUE 

Summary 

Four experiments were conducted to determine the influence of 

various factors on disappearance of dry matter and nitrogen from nylon 

bags. Bags were fabricated from a monofilament nylon material and 

five porosities (5, 10, 20,41 and 80 urn) were selected for study. 

Each bag had a total surface area 
2 

of 198 cm and substrate weight: 

bag surface area ratios of 7, 
2 

14, 28 and 56 mg/cm were compared. 

Sorghum grain was used as the substrate in Exp. 1, 2 (dry ground, 

flaked and reconstituted) and 3 (flaked and reconstituted), and 2 mm 

plastic beads in Exp. 4. For the ~ situ procedures, fistulated 

steers were used for bag placement, and steer effect was investigated 

in Exp. 3. Dependent variables measured were percent dry matter (4, 8 

and 24 h) and nitrogen (8 h) efflux of grain substrate from bags incu-

bated ln a water bath at 39 C (Exp. 1); percent in situ dry matter 

(4, 8 and 24 h in Exp. 2 and 8 h in Exp. 3) and nitrogen (8 h in both 

Exp. 2 and 3) disappearance of grain substrate from bags incubated ln 

the ventral sac of the rumen; and percent influx of dry matter (4,8 

and 24 h) into bags from the ventral sac of the rumen (Exp. 4). Efflux 

of dry matter and in situ dry matter disappearance were signif-

icantly increased by larger bag pore size, decreased substrate 

27 
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weight: bag surface area ratio and increased incubation time. Efflux 

of dry matter was highest (P<.OS) for reconstituted sorghum grain with 

flaked sorghum grain being greater (P<.OS) than dry ground sorghum 

grain. However, in situ dry matter disappearance was highest 

(P<.OS) for flaked sorghum grain with reconstituted sorghum grain be-

ing greater (P<.OS) than dry ground sorghum grain. In situ dry 

rna t t e r dis appearance was not influenced (P> .10) by incubat ion of bags 

in different steers. All two way interactions of bag porosity, sub-

strate type, substrate weight:bag surface area ratio and incubation 

time significantly affected in situ dry matter disappearance. 

These same interactions with the exception of substrate weight:bag sur-

face area ratio by incubation time also significantly affected the 

efflux of dry matter from bags. Nitrogen efflux and in situ disap-

pearance of nitrogen were greater for reconstituted sorghum grain than 

for flaked or dry ground sorghum grain. As bag pore size was in-

creased, nitrogen efflux and in situ disappearance of nitrogen 

increased for all grain substrates. High linear correlations were ob-

served between efflux of dry matter and in situ disappearance of 

dry matter, and also between efflux of nitrogen and in situ disap-

pearance of nitrogen. Across all factors, no permanent influx of 

ruminal dry matter was detected, but a decrease in substrate and (or) 

bag weight was observed. Even though statistically significant in 

some cases, decreases in weight were minimal across factors investi-

gated in relation to efflux and 2E. situ losses of grain dry matter 

observed in earlier experiments. 
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Introduction 

Few studies (En.;in and Elliston, 1959; Hale et a1., 1963; 

Loynachan, 1970; Figroid et al., 1972; Mehrez and Orskov, 1977; Walker 

and Lichtenwalner, 1977) have used the in situ technique to inves-

tigate the effects of grain type and grain processing system on rumin-

al utilization of grains. The most eJttensive investigation of in 

situ methodology for evaluating ruminal utilization of grain treat-

ments (sorghum grain and barley) was by Figroid et a1. (972). In 

the irs t udy six nylon cloth types of different weights ,.;ere compared 

for use as bag material. Unfortunately, pore size specifications were 

unavailable for the cloth types used; however, significant differences 

were found for in situ dry matter disappearance of grain sub-

strates among bags of different cloth types. Substrate weight:bag sur

face area ratios were studied with a range of 11 to 198 mg/cm
2 

being 

compared. The researchers concluded the optimum substrate weight:bag 

surface area ratio was 
2 

55 mg/cm • Other factors in their study 

which were observed to significantly affect in situ dry matter dis-

appearance were length of incubation period, substrate particle size, 

diet fed fistulated animal, location of bags in the rumen and fistu-

lated animal used for placement of bags. 

Mehrez and Orskov (1977) obtained increased in situ dry 

matter digestibility of barley and less variability between dacron 

bags when 4.3 g of dry matter were used in 17 x 9 cm bags as compared 

to bags of 5 x 8 cm dimensions. Increasing bag dimensions to 25 x 15 

cm resulted in no further increase in digestibility or decrease 1n 
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variability. Erwin and Elliston (1959) investigated the use of the 

nylon bag technique as a rapid method to determine relative 

digestibilities of grains (sorghum grain and barley) and forages 

(alfalfa hay and barley straw). With nylon bag dimensions of 10.2 x 

20.3 cm, substrate weights of 10 to 24 g were compared. As the amount 

of substrate was increased, a linear decrease in digestibility was 

obtained. They also observed differences in digestibility due to 

fineness of grind of substrates and diets fed fistulated steers. 

The present study was conducted to determine the influence of 

various factors on the nylon bag technique. Factors investigated were 

bag porosity, substrate weight:bag surface area ratio, substrate type, 

incubation time and placement of bags in different fistulated steers. 

Dependent variables measured were dry matter and nitrogen efflux, in 

situ disappearance of dry matter and nitrogen and influx of ruminal 

dry matter. 

Experimental Procedure 

Exp. 1. A 5 x 3 x 4 x 3 factorial experiment was conducted to 

determine the effects of nylon bag porosity (5, 10, 20, 41 and 80 urn), 

substrate type (dry ground, flaked and reconstituted sorghum grain), 

2 
substrate weight:bag surface are ratio 0, 14, 28 and 56 mg/cm ) and 

incubation time (4, 8 and 24 h) on efflux of substrate dry matter from 

bags when incubated in a water bath at 39 C. Substrate nitrogen loss 

was determined in bags incubated for 8 h. 

Exp. 2. A 5 x 3 x 4 x 3 factorial experiment was conducted to 

determine the influence of nylon bag porosity (5, 10, 20, 41 and 80 
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urn), substrate type (dry ground, flaked and reconstituted sorghum 

grain), substrate weight:bag surface area ratio (7,14,28 and 56 

2 
mg/cm ) and incubation time (4, 8 and 24 h) on in situ dry mat-

t e r dis appearance of subs trate. Subs trate nitrogen disappearance was 

measured in bags incubated for 8 h. 

Ex p. 3. A 2 x 5 x 2 x 4 factorial experiment was conduc ted to 

determine the effects of fistulated steer used for placement of nylon 

bags (steer I and 2) bag porosity (5, 10, 20, 41 and 80 urn), substrate 

type (flaked and reconstituted sorghum grain) and substrate weight:bag 

surface area ratio (7, 14, 
2 

28 and 56 mg/cm ) on in situ dry mat-

ter disappearance of substrate at 8 h of incubation. Substrate nitro-

gen disappearance was determined for all bags. 

Exp. 4. A 5 x 4 x 3 factorial experiment was conducted to de-

termine the influence of nylon bag porosity (5, 10, 20, 41 and 80 urn), 

2 
substrate weight: bag surface area ratio (7, 14, 28 and 56 mg/cm ) 

and incubation time (4, 8 and 24 h) on influx of dry matter into bags 

from the rumen. Plastic beads with a diameter of 2 mm were used as 

substrate material. 

Nylon bag procedure. Bag s we ref a b ric ate d from Nit ex, 1 a 

monofilament nylon material. Distinct and uniform pore size specifica-

tions characterize this material and porosities of 5, 10,20,41 and 

80 urn were selected for investigation. Single pieces of material 

1Nitex HD3-5, HC3-10, HC3-20, HC3-41 and HC3-80; Tetko, 
Inc., Lancaster, NY. 
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with dimensions of 19 x 20 cm were folded in half, and pnor to se\-ling 

the bottom and side edges closed, a multifilament nylon gasket mate-

rial \olaS inserted in the seam line. The seams \olere double stitched 

and neoprene adhesive
1 

applied to cover needle holes. The bag top 

remained open for substrate placement; hO\-lever, edges were doubled 

over and stitched to prevent fraying. The external dimensions of the 

finished bag were 19 x 10 cm and internal dimensions, 18 x 9 cm. 

In preparation for incubation, clean bags were placed into a 

vacuum oven for 24 h at 100 c. Following this period, bags were 

transferred to a desiccator, allowed to stand for 10 min and weighed. 

Substrates were then weighed and placed into bags. Substrate dry mat-

ters were determined by vacuum oven drying for 24 h at 100 C. Bag 

closure with nylon string was approximately 7 cm from the top of the 

bag resulting in a 
2 

total bag surface area of 198 cm (11 x 9 cm mul-

tiplied by two sides). To study the effect of substrate weight:bag 

surface area ratio on nylon bag determinations, substrate weights of 

1. 39, 2.77, 5.54 and 11.09 g (dry matter basis) toJere used. This re-

suIted in substrate weight:bag surface area ratios of 7, 14, 28 and 56 

2 
mg/cm • 

Following bag closure, bags were tied to a \-leighted chain and 

either placed into a water bath (Exp. 1) or fistulated steers (Exp. 2, 

3 and 4). In Exp. 1, 2 and 4, bags requiring the longest incubation 

time \ole re placed into the water bath or rumen first follo\>led in order 

lCarboline Neoprene Adhesive F-l; Carboline, St. Louis, Mo. 
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by those having shorter incubation periods. This permitted all bags 

to be removed from incubation at the same time, reducing the 

possibility of differences in bag ~"ashing technique. Upon removal of 

bags from incubation, nylon string used for bag closure was removed 

and bags were washed with tap water until ,,,ater coming from bags was 

clear (approximately three washings/ bag). Bags were then placed into 

a forced air oven for 24 h at 50 C with 10'" air movement. Following 

this period, bags were transferred to a vacuum oven and dried for an 

additional 24 h at 100 C. Bags were then removed from the vacuum 

oven, allowed to stand for 10 min in a desiccator and weighed. Blank 

bags were not used in any of the experiments, and the difference in 

substrate dry matter weight following the nylon bag procedure when 

compared to the original substrate dry matter weight was calculated as 

the percent loss or gain of the original substrate dry matter weight. 

In Exp. 1, 2 and 3, a comparison of substrate nitrogen losses 

from bags was conducted. At the conclusion of the nylon bag proce

dure, residual substrate dry matter was removed from bags and Kjel-

dahl nitrogen (AOAC, 1975) determined. Nitrogen was also determined 

on the original substrate material. As ,,,ith the substrate dry matter 

calculations, the difference in substrate nitrogen ,,,eight following 

the nylon bag procedure ~"hen compared to the original substrate nitro

gen we i gh t was calculated as the percent loss or gain of the original 

substrate nitrogen weight. 

Prior to incubation, sorghum graIn substrates (Exp. 1, 2 and 3) 

were ground through a Wiley mill using a 2 mm screen. The 
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reconstituted sorghum grain substrate ,.,as prepared by the procedure 

outlined in Chapter 5, and the flaked sorghum grain substrate ,.,as 

prepared as described by Hale et al. (1966). Weight per volume of 

flaked grain was 38% of the original whole grain. All sorghum grain 

substrates were of the same origin. 

Fistulated steers used for placement of bags were fed a 61% 

concentrate diet containing 55% flaked sorghum grain. The weighted 

chains with bags attached were placed into the ventral sac of the rum-

en. Three steers were used fOL placement of bags in Exp. 2 with each 

steer being randomly assigned 36 bags of one of the five bag poros-

ities investigated. Since five bag pore sizes were studied, two 

steers were used twice and two days were required for completion of 

the experiment. Steer and day effects were ignored in Exp. 2. For 

fistulated animals fed the same diet it has been observed that animal 

and day effects have no significant influence on in situ dry mat-

ter or nitrogen disappearance (Weakley et aI., 1983). In the one 

study (Figroid et al., 1972) that significant differences were ob-

tained for in situ dry matter disappearance due to animal effect, 

the differences between animals accounted for only 1.7% of the vari-

ation of the mean squares in the analysis of variance ,.,hich indicated 

absolute differences ,.,ere small. Two steers were used in Exp. 3 with 

the 40 treatment combinations of bag porosity, substrate type and sub-

strate weight:bag surface area ratio being represented once in each 

steer. In Exp. 4, all 60 nylon bags representing the treatment 
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combinations of bag porosity, substrate weight:bag surface area ratio 

and incubation time were placed in one steer. 

Data were statistically analyzed according to Steel and Torrie 

(1960). All four experiments were factorials with only one observa-

tion per treatment combination. In the analysis of variance for each 

experiment only the main factors and two way interactions of those fac

tors were tested for significance with all higher order interactions 

being placed ln the error source of variation. Individual observa

tions for Exp. 1 through 4 are shown in Appendix A. 

Results 

Exp. 1. Means for percent efflux of substrate dry matter from 

nylon bags when incubated in a water bath at 39 C as influenced by bag 

porosity, substrate type, substrate weight:bag surface area ratio and 

incubation time are shown in table 3.1. All factors and five of the 

six possible two way interactions of those factors were highly signif

icant (table 3.2). When averaged across all other factors the percent 

efflux of dry matter ,.,as highest (P<.OS) for the 80 urn porosity bags 

with efflux being larger (P<.OS) for the 41 urn pore size bags as com

pared to the 20 urn porosity bags. Efflux of dry matter was similar 

(P>.OS) for the 5 and 10 urn porosity bags, but was lower (P<.OS) "lhen 

compared to the other bag porosities. Reconstituted sorghum graln had 

the highest (P<.OS) efflux of dry matter with flaked sorghum grain bei

ng greater (P<.OS) than dry ground sorghum grain. As substrate 

weight:bag surface area ratio was decreased and incubation time 



TABLE 3.1. MEANS FOR PERCENT EFFLUX OF SUBSTRATE DRY MATTER FROM NYLON BAGS WHEN INCUBATED IN A 
WATER BATH AT 39C AS INFLUENCED BY BAG POROSITY, SUBSTRATE TYPE, SUBSTRATE WEIGHT: 
BAG SURFACE AREA RATIO AND INCUBATION TIME (EXP. 1) 

Substrate 
Height: 
bag sur-
face area 

Bag % Substrate % ratio, % Incubation % 
porosity, lJm Efflux type Efflux mg/ cm2 Efflux time, h Efflux 

5 12.28ab Dry ground 7 27.63
b 4 23.72b 

10 12.85
b 

sorghum grain 15.66
b 

14 26.32
c 

8 24.88
c 

20 22.04c Flaked 28 24.92
d 

24 27.02d 

41 38.12d sorghum grain 26.91 c 56 21. 96e 

80 40.76e Reconstitued 
sorghum grain 33.06d 

a Averaged across all other factors. 

b,c,d'~eans in the same column Hith different superscripts differ Significantly (P<.05). 

LV 
0\ 
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TABLE 3.2. ANALYSIS OF VARIANCE FOR PERCENT EFFLUX OF SUBSTRATE DRY 
MATTER (EXP. 1) AND PERCENT IN SITU DRY MATTER DISAPPEAR
ANCE OF SUBSTRATE (EXP. 2) ---

Exp. 1 Exp. 2 

Source df HS df H8 

Bag porosity (A) 4 6646.8;':** 4 13019.8**;'t 

Substrate type (B) 2 4671. 9":*;'; 2 8915. 7-1:;b'~ 

Substrate weight:bag 
surface a rea ratio (C) 3 265.7;'t*;': 3 1642. 9*;':)'~ 

Incubation time (D) 2 167.8;':"0': 2 9071.1*** 

A x B 8 987. 8;':*i~ 8 1216.1*)':;': 

A x C 12 30. 3i:*;~ 12 55.3'': 

A.x D 8 24.7**'': 8 242.7)h':i: 

B x C 6 39.5**;': 6 121.3'':*)'t 

B x D 4 56.7*** 4 119.6** 

C x D 6 5.2 6 343.0*** 

Error 124 7.2 124 27.8 

"~P<.05. 

**P<.Ol. 
i,*)'tp<. 001. 
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increased, a significant increase 1n percent efflux of dry matter 

occurred. 

The sign i f icant t\-10 way interactions for Exp. 1 are presented 

in figures 3.1 through 3.5. As bag porosity \-1as increased, a greater 

increase 1n percent efflux of dry matter was observed for reconsti-

tuted sorghum grain, and to a lesser extent, flaked sorghum grain as 

compared to dry ground sorghum grain (figure 3.1). Percent efflux of 

dry matter was lower for a substrate \-1eight:bag surface area ratio of 

2 2 
56 mg/cm as compared to 7, 14 and 28 mg/cm when bag porosity was 

increased from 5 to 80 urn (figure 3.2). When compared to the amount 

of substrate dry matter effluxed at 24 h, the major portion of dry 

mat ter loss occurred by 4 h of incubat ion; however, losses were 

greater at 8 and 24 h than at 4 h (figure 3.3). Substrate weight: 

bag surface area ratio affected the efflux of dry matter to a greater 

extent with reconstituted and flaked sorghum grain than for dry ground 

sorghum grain (figure 3.4). Efflux of flaked sor.ghum grain dry matter 

was greater from 4 to 24 h of incubation as compared to reconstituted 

and dry ground sorghum grain (figure 3.5). 

In Exp. I ali near relat ionship was observed for percent dry 

matter (DM) and nitrogen (N) effluxed from bags (%N efflux = .56 (%DM 

efflux) + 12.8; r = .58, P<.05) \>lith the three sorghum grain sub-

strates at 8 h of incubation (table 3.3); however, only 34% of the 

variation in nitrogen efflux was explained by dry matter efflux. As 

was observed across all incubation times, percent efflux of dry matter 

was higher for flaked sorghum grain than for reconstituted sorghum 
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Figure 3.1. The effect of nylon bag porosity and substrate type on 
percent efflux of substrate dry matter from bags when 
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Figure 3.3. The effect of nylon bag porosity and incubation time on 
percent efflux of substrate dry matter from bags when 
incubated in a water bath at 39C (Exp. 1). 
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TABLE 3.3. COHPARISON OF SUBSTRATE NITROGEN AND DRY MATTER LOSSES FROM NYLON BAGS INCUBATED IN 
EITHER A 39C HATER BATH (EXP. 1) OR FISTULATED STEERS (EXP. 2 AND 3) FOR EIGHT HOURS 

Exp. 1 Exp. 2 Exp. 3 

Substrate and % Efflux % In §itu disappearance % In situ disappearance 
nylon bag 
porosity Nitrogen Dry matter Nitrogen Dry matter Nitrogen Dry m.atter 

Dry ground sorghum. 
grain 

15.65
a 

5 11m. 10.04 12.82 12.13 
1011m. 17.14 10.05 10.96 12.40 
2011m 19.28 14.43 15.56 23.68 
4111m. 22.38 21. 51 22.73 31.95 
8011m 24.56 22.29 26.19 32.41 

Flaked sorghum. grain 
-4.09

b 
511m 7.36 12.91 22.29 -12.54 20.72 

1011m. 10.00 16.47 -4.33 23.26 -20.70 34.34 
2011m. 11.12 21.55 1.48 49.92 -11.44 45.17 
4111m. 15.12 36.80 16.90 62.68 .20 58.51 
8011m 23.27 42.61 24.42 73.00 13.04 66.82 

Reconstituted Sorghum 
erain 

5 11m 39.34 8.87 26.84 6.25 22.50 12.19 
1011m 41.40 11.38 29.89 13.44 20.30 19.98 
2011m 44.81 28.14 37.55 36.14 21. 77 27.80 
4111m 53.62 57.64 58.48 70.49 46.11 64.33 
8011m 57.14 58.56 69.20 79.86 60.46 69.37 

a 
Averaged across substrate ~"eight: bag surface area ratios. 

b 
No apparent loss of nitrogen was observed. 

~ 
~ 
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grain with the 5 and 10 urn porosity bags, but at bag porosities higher 

than 10 urn, dry matter losses \vere greater for reconstituted than for 

flaked sorghum grain. This relationship did not exist with the efflux 

of nitrogen between these two grain processes. Th e los s 0 f 

reconstituted sorghum grain nitrogen was consistently higher than from 

flaked sorghum grain across all bag porosities. At 5 urn bag porosity, 

dry matter efflux was somewhat lower for reconstituted than dry ground 

sorghum grain. 

Exp. 2. Means for percent 1n situ dry matter disappear-

ance (ISDMD) of substrate as affected by nylon bag porosity, substrate 

type, substrate weight:bag surface area ratio and incubation time are 

presented in table 3.4. All factors and interactions of those fac

tors were significant (table 3.2). Across all factors, percent ISDMD 

values were 56% higher than percent dry matter efflux values obtained 

in Exp. 1. Statistical trends for percent efflux of dry matter and 

percent ISDMD in Exp. 1 and 2, respectively, were identical for the 

four factors studied. Efflux of substrate dry matter from bags (Exp. 

1) expressed as a percent of ISDMD of substrate (Exp. 2) tended to be 

higher as bag porosity and substrate weight:bag surface area ratio 

were increased (table 3.5). At shorter incubation times, efflux of 

dry matter as a percent of ISDMD was higher when compared to longer 

incubation periods. Efflux of dry matter as a percent of ISDMD was 

lower for dry ground and flaked sorghum grain than for reconstituted 

sorghum grain. 



TABLE 3.4. MEANS FOR PERCENT IN SITU DRY MATTER DISAPPEARANCE (ISDrW) OF SUBSTRATE AS AFFECTED 
BY NYLON BAG POROSITY, SUBSTRATE TYPE, SUBSTRATE WEIGHT:BAG SURFACE AREA RATIO AND 
INCUBATION TIHE (EXP. 2) 

Substrate 
weight: 
bag sur-
face area 

Bag porosity, % Substrate % ratio, % Incubation % 
}Jm ISDHD type ISDHD mg/cm2 ISDHD time, h ISDHD 

5 20.22ab Dry ground 7 45.60b 4 28.67b 

10 21. 85b sorghum grain 25.48b 14 42.18c 8 36.66c 

20 37.40c Flaked sorghum 28 38.22d 24 52.81d 

41 55.50d grain 48.23c 56 31.53e 

80 61. 93e Reconstituted 
44.44

d 
sorghum grain 

a Averaged across all other factors. 

b,c,d'~eans in the same column with different superscripts differ significantly (P<.05). 

.po. 
0\ 



TABLE 3.5. EFFLUX OF SUBSTRATE DRY MATTER FROM NYLON BAGS INCUBATED IN A WATER BATH AT 39C AS A 
PERCENT OF IN SITU DRY ~~TTER DISAPPEARANCE OF SUBSTRATE (EXP. 1 AND 2) 

Bag porosity, ~m % Substrate type 

5 61
a Dry ground 

10 59 sorghum grain 

20 59 Flaked 

41 69 sorghum grain 

80 66 Reconstituted 
sorghum grain 

a Averaged across all other factors. 

% 

61 

56 

74 

Substrate 
Height: 
bag surface 
area 2:atio, 
mg/cm 

7 

14 

28 

56 

% 

61 

62 

65 

70 

Incubation 
time, h 

4 

8 

24 

% 

83 

68 

51 

-I> 
--.J 
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The significant two ,,,ay interactions for Exp. 2 are presented 

1n figures 3.6 through 3.11. Similar to dry matter efflux data in 

Exp. 1, increases in percent ISDMD were greater for reconstituted sor-

ghum grain as bag porosity increased when compared to flaked and dry 

ground sorghum gra1n (figure 3.6). The difference bet,,,een the efflux 

and ISDMD data was at which bag porosity did dry matter losses for re-

constituted sorghum grain surpass those for flaked sorghum grain. 

With the efflux data, this point was reached at 20 urn bag porosity, 

and with the ISDMD data, 40 urn bag porosity ,,,as required. As with the 

efflux data in Exp. 1, percent ISDMD was lowest for the substrate 

2 
weight:bag surface area ratio of 56 mg/cm than for 7,14 or 28 

2 
mg/cm when compared across all bag porosities (figure 3.n. In 

Exp. 2, a larger separation in percent ISDMD values was observed be-

2 
tween the 28 mg/cm and lesser substrate weight:bag surface area 

ratios than was observed in Exp. 1 for percent dry matter efflux. A 

larger separation in p~rcent ISDMD values was also obtained among incu-

bation times across all bag porosities as compared to efflux results 

in Exp. 1 with this being particularly evident between 8 and 24 h incu-

bation times (figure 3.8). As was observed for dry matter efflux in 

Exp. 1 decreases 1n percent ISDMD were greater for flaked and reconsti-

tuted sorghum grain than for dry ground sorghum grain as substrate 

weight: bag surface area ratio was increased (figure 3.9). Increases 

in percent ISDMD were greater for flaked sorghum grain than for 

reconstituted or dry ground sorghum grain as incubation time increased 

which 1S in agreement with dry matter efflux data in Exp. 1 (figure 
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Figure 3.9. The effect of substrate weight:bag surface area ratio 
and substrate type on percent in situ dry matter disap
pearance (ISDMD) of substrate (Ex~). 
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3.10). Substrate ,,,eight:bag surface area ratio had a much greater 

influence on percent ISDMD of substrate at 24 h of incubation, and to 

a lesser extent, at 8 h of incubation as compared to the 4 h incuba

tion time (figure 3.11). 

As was observed in Exp. 1 for percent dry matter and nitrogen 

effluxed from bags, a linear relationship ,,,as obtained for percent 

i.E.. situ dry matter and nitrogen disappearance from bags (%N disap

pearance = .46 (%DM disappearance) + 6.0; r = .55, P<.05) with the 

three sorghum grain substrates at 8 h of incubation (table 3.3), but 

only 30% of the variation in nitrogen disappearance was explained by 

dry matter disappearance. Similar to ,,,hat was observed across all in

cubation times, percent ISDMD was higher for flaked sorghum grain than 

for reconstituted sorghum grain with the 5, 10 and 20 urn porosity 

bags; however, at bag porosities higher than 20 urn, ISDMD was greater 

for reconstituted than for flaked sorghum grain. As with the efflux 

data in Exp. 1, this type of relationship did not exist with the in 

situ disappearance of nitrogen between these two grain processes. 

The disappearance of nitrogen from reconstituted sorghum grain was con

sis ten t 1 y higher than from flaked sorghum gra1n across all bag poros

ities. Negative nitrogen disappearances were observed for flaked sor

ghum grain with bags of 5 and 10 urn porosity indicating no apparent 

loss of nitrogen. As was observed for dry matter efflux in Exp. 1, 

ISDMD for reconstituted sorghum grain at 5 urn bag porosity was some

t-lh at lowe r than for dry ground sorghum grain. A high linear correla

tion was obtained between percent efflux of substrate nitrogen (Exp. 
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1) and percent 1n situ disappearance of substrate nitrogen (Exp. 

2) from bags (%N disappearance:: 1.20 (%N efflux) + (-9.2); r:: .94, 

P<.OOI) with the three sorghum grain substrates at 8 h of incubation. 

Also, a high linear correlation \.,as observed between percent efflux of 

substrate dry matter (Exp. 1) and percent ISDMD of substrate (Exp. 2) 

from bags (%ISDMD :: 1.39 (%DM efflux) + 2.0; r :: .95, P<.OOI) with the 

three sorghum grain substrates at 8 h of incubation. 

Exp. 3. Means for eight hour percent ISDMD of substrate as 1n

fluenced by fistulated steer used for placement of nylon bags, bag 

po r 0 sit y, sub strate type and subs trate weight: bag surface area rat io 

are shown in table 3.6. The analysis of variance is presented in 

table 3.7. Percent ISDMD was not affected (P>.10) by steer used for 

placement of bags. As bag porosity was increased and substrate 

weight: bag surface area ratio decreased, percent ISDMD was increased 

(P<.05). Flaked sorghum grain had a higher (P<.05) ISDMD than recon-

stituted sorghum grain. 

The signific.ant two way interactions for Exp. 3 are presented 

1n figures 3.12 through 3.14. As was observed in Exp. 2 the increase 

1n percent ISDMD \.,as greater for reconstituted than flaked sorghum 

grain as bag porosity was increased (figure 3.12). Also as \o18S ob

served in Exp. 2, ISDMD was lower for reconstituted sorghum grain at 

bag poros it ies of 5, 10 and 20 um \olhen compared to flaked sorghum 

gra in; however, at bag porosities greater than 20 urn, reconstituted 

sorghum grain had higher ISDMD values as compared to flaked sorghum 

grain. Averaged across all bag porosities, percent ISDMD was lowest 



TABLE 3.6. MEANS FOR EIGHT HOUR PERCENT IN SITU DRY MATTER DISAPPEARANCE (ISDMD) OF SUBSTRATE AS 
INFLUENCED BY FISTULATED STEER USED FOR PLACEMENT OF NYLON BAGS, BAG POROSITY, 
SUBSTRATE TYPE AND SUBSTRATE HEIGHT:BAr. SURFACE AREA RATIO (EXP. 3) 

Substrate 
Fistulated steer weight: 
used for place- Bag bag surface 
ment of nylon % porosity, % Substrate % area ratio, % 
bags ISDHD ]Jm ISDMD type ISDMD mg/cm2 ISDHD 

1 41.02
a 

5 16.46b Flaked 7 48.62b 

2 42.B2 10 27.16c sorghum grain 45.11 b 14 43.74
c 

20 36.4Bd Reconstituted 28 41. 90
c 

41 61. 42
e 

sorghum grain 3B.73c 56 33.44d 

BO 6B.09f 

a Averaged across all other factors. 

b,c,d,e,fMeans in the same column with differenct superscripts differ significantly (P<.05). 

VI 
-..J 

} 
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TABLE 3.7. ANALYSIS OF VARIANCE FOR PERCENT IN SITU DRY }~TTER ---
DISAPPEARANCE OF SUBSTRATE (EXP. 3) 

Source 

Fistu1ated steer (A) 

Bag porosity (B) 

Substrate type (C) 

Substrate "'eight :bag surface area ratio (D) 

A x B 

A x C 

A x D 

B x C 

B x D 

C x D 

Error 

tp<.lO. 
**P<.Ol. 
***P<.OOI. 

df 

1 

4 

1 

3 

4 

1 

3 

4 

12 

3 

43 

NS 

65.0 

7845 .l*.b~ 

814 . 2*)~)~ 

800. O)~** 

54.1 

10.0 

28.6 

417 . 6*·b~ 

149.5·b l: 

135.2 t 

48.8 
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for 2 
the substrate weight:bag surface area ratio of 56 mg/cm than 

for 7, 14 or 28 mg/cm 2 (figure 3.13). Increased substrate ,.,eight: 

bag surface area ratio influenced the ISDMD of flaked sorghum grain to 

a greater extent than reconstituted sorghum grain (figure 3.14). In 

Exp. 3 a linear relationship was not obtained for percent in situ 

dry matter and nitrogen disappearance from bags (%N disappearance = 

.47 (%DM disappearance) + (-5.7); r .39, P).lO) with flaked and 

reconstituted sorghum grain substrates at 8 h of incubation (table 

3.3). Negative nitrogen disappearances were observed for flaked 

sorghum grain ,.,ith bags of 5, 10 and 20 urn porosity which was also 

obtained in Exp. 2 for 5 and 10 urn pore Slze bags. 

Ex p. 4. Mea nsf 0 r per c e n tin flux 0 f dry ma t t e r in ton y Ion 

bags from the rumen as affected by bag porosity, substrate weight: 

bag surface area ratio and incubation time are shown in table 3.8. 

The analysis of variance is presented in table 3.9. Across all fac-

tors, no permanent influx of ruminal dry matter following bag washing 

was detected, but a decrease in substrate and (or) bag weight was ob-

served. Even though statistically significant in some cases, de-

creases in weight were minimal across factors investigated in relation 

to percent efflux and 1n situ losses of grain substrate dry matter 

observed 1n Exp. 1, 2 and 3. Decreases in weight were greater (P<.05) 

for bag porosities of 5, 10 and 20 urn as compared to 41 urn, but were 

not different (P).05) from bags of 80 urn porosity. Weight loss was 

significantly higher for the substrate weight:bag surface area ratio 
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TABLE 3.8. MEANS FOR PERCENT INFLUX OF DRY MATTER INTO NYLON BAGS 
FROH THE RUMEN AS AFFECTED BY BAG POROSITY, SUBSTRATE 
HEIGHT:BAG SURFACE AREA RATIO AND INCUBATION TIME 
(EXP. 4)a 

Substrate 
weight: 
bag surface 

Bag % area ratio, % Incubation % 
porosity, 11m Influx mg/cm2 Influx time, h Influx 

5 _2.13bcd 
7 -3.03

d 
4 -loll 

10 -2.03d 14 -1.42e 8 -1.05 

20 -2.12d 28 - .82e 24 -2.30 

41 .16e 56 - .67
e 

80 - .99de 

aplastic beads with a diameter of 2 mm were used as substrate 
material. 

bA negative sign preceding a number should be interpreted as meaning 
there was no permanent influx of ruminal dry matter detected, but 
a decrease in substrate and (or) bag weight was observed. 

c 
Averaged across all other factors. 

d, eM . h 1· h d ff d eans ln t e same co umn Wlt i erent superscripts if fer 
significantly (P<.05). 



TABLE 3.9. ANALYSIS OF VARIANCE FOR PERCENT INFLUX OF DRY 
MATTER (EXP. 4) 

Source 

Bag porosity (A) 

Substrate weight:bag surface area ratio (B) 

Incubation time (C) 

A x B 

A x C 

B x C 

Error 

,L 

IP<.10. 
*P<.OS. 
**P<.Ol. 

df 

4 

3 

2 

12 

8 

6 

24 

64 

1'1S 

9.3* 

17.4** 
.... 

10.0' 

2.7 

4.8 

2.0 

3.0 
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2 2 
of 7 mg/cm as compared to 14, 28 and 56 mg/cm • Weight loss 

tended to be higher (P<.10) as incubation time was increased. 

Discussion 

Results from this study demonstrate the importance of nylon 

bag porosity and substrate weight:bag surface area ratio as pertain-

ing to the relative differences among sorghum grain substrates for 

ISDMD (Exp. 2 and 3) and dry matter efflux from bags (Exp. 1). Since 

interactions occur between these two factors and each with substrate 

type, the selection of bag porosity and sample weight are critical. 

The present study is the only investigation of record that has 

compared defined bag porosities with grain substrates. Bag pore size 

comparisons have been made with forages (Uden et al., 1974; Van Hellen 

and Ellis, 1977) and high protein feeds (Stern et al., 1978a; Weakley 

et al., 1983); however, in these studies bag porosity was not consis-

tent within bag materials compared. Since a monofilament nylon mate-

rial was used in the present study, a uniform pore size within each 

bag material was assured. The increase obtained in the present study 

for in situ disappearance of grain dry matter and nitrogen as bag 

pore size became larger is in agreement with other investigations util-

izing different types of feeds (Uden et al., 1974; Stern et al., 

1978a; Weakley et al., 1983). i!!.. situ results from- this study 

should be compared to observations made in vivo for ruminal degra-

dation of sorghum grain processed by the methods used in this investi-

gation (McNeill et al., 1971; Potter et al., 1971). Data from the 

present study indicate that for the nylon bag technique to accurately 
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predict relative differences which occur in vivo that bags of 80 

urn porosity should be used to predict protein degradability and bags 

of 20 urn porosity for dry matter degradability. 

Substrate weight:bag surface area ratios have been studied by 

many researchers (Erwin and Elliston, 1959; Van Dyne, 1962; Van Keuren 

and Heinemann, 1962; Figroid et aI., 1972; Uden et aI., 1974; Mehrez 

and Orskov, 1977; Van Hellen and Ellis, 1977), and in all investiga-

tions an inverse relationship has been obtained for substrate weight: 

bag surface area ratio and 1n situ disappearance. Theoretically, 

the largest substrate weight:bag surface area ratio should be used 

without limiting disappearance from the bag; however, in reviewing the 

aforementioned investigations it was difficult to reach a conclusion 

as to the most suitable substrate weight:bag surface area ratio. In 

many of these investigations an accurate bag surface area could not be 

obtained or calculated since the point of bag closure was not indi-

cated, and in studies where accurate substrate weight:bag surface area 

ratios could be obtained, the interaction between this factor and fac-

tors of substrate type, bag poroAity and incubation time were not 

indicated. considering the interactions obtained in the present 

study, the highest substrate weight:bag surface area ratio which could 

be used wi thout subs tan t ia lly reducing 10 situ dry matter disap-

2 
pearance was 14 mg/cm • 

Trends for 1n situ dry matter disappearance were similar 

for incubation periods of 8 and 24 h, and since both time periods ac-

curately represented the relative differences obtained for in vivo 
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dry matter degradation of sorghum gra1n processed as it \>las In this 

study, an 8 h incubation period would be satisfactory for similar 

types of investigation. This observation is in agreement with results 

reported by Figroid et al. (1972). Since high linear correlations 

were observed between dry matter efflux and in situ dry matter dis

appearance and also between nitrogen efflux and in situ nitrogen 

disappearance from bags incubated for 8 h, water bath incubations 

could be used to predict in situ dry matter and nitrogen disappear

ances. According to data in the present study, it would be difficult 

to predict nitrogen efflux from dry matter efflux or 1n situ nitro

gen disappearance from in situ dry matter disappearance. 

Across all factors studied a permanent influx of ruminal dry 

matter into bags was not apparent in this investigation. Washing tech

n1que following incubation has been shown to be a critical procedure 

1n the nylon bag technique (Van Dyne, 1962). Possibly because of the 

washing technique used or properties associated with the bags or plas

tic beads used to simulate substrate material, that net losses in 

weight were observed. Even though statistically significant in some 

cases, decreases in weight were minimal across factors investigated in 

relation to efflux and i:..!!. situ losses of grain dry matter observed 

in earlier experiments. Other researchers have obtained no influx of 

ruminal dry matter into bags (Playne et aI., 1978) or insignificant 

amounts (Mehrez and Orskov, 1977). The insignificant effect on in 

situ dry matter disappearance due to placement of bags in different 
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f is t u lated steers is In agreement \-lith observat ions made by Weakley et 

ale (1983). In the one study (Figroid et a1., 1972) that significant 

differences were obtained for in situ dry matter disappearance due 

to animal effect, the differences between animals accounted for only 

1.7% of the variation of the mean squares in the analysis of varIance 

which indicated absolute differences were small. 

Concerning the 100 C vacuum oven temperature used in this 

study to dry bags prior to and following incubations, it would be ad-

visable that lower drying temperatures be tried for future investiga-

tions. The bag material was not affected by the drying temperature 

used; however, after several incubations the neoprene adhesive had 

changed from being fairly pliable to somewhat rigid in nature. Possib-

ly this could be avoided by using lower drying temperatures In the 

range of 50 to 60 C. 

After reviewing the present study there can be some doubt to 

the creditability of the nylon bag technique. Large dry matter and ni-

trogen losses (efflux data) were observed from bags without the aid of 

a microbial population. For all sorghum grain substrates nitrogen ef-

flux and in situ nitrogen disappearance increased \1ith larger bag 

porosity; hO\-lever, with the ~ situ data negative nitrogen disap-

pearance was observed for flaked sorghum grain at several of the small-

er bag porosities. For dry matter efflux and in situ dry matter 

disappearance, significant differences were obtained for the main fac-

tors (bag porosity, substrate \-leight:bag surface area ratio and incu-

bation time) tested and interactions among these factors and each with 
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substrate type. The recommendation from this study \olOuld be that 

sufficient preliminary research be conducted with the factors tested 

in this investigation and the particular substrate class being studied 

so that the proper level of factors could be selected to adequately 

predict from 1n situ evaluation, 1n V1VO utilization. 



CHAPTER 4 

AN IN VITRO EVALUATION OF VARIOUS RECONSTITUTED 
SORGHUM GRAIN TREATMENTS 

Summary 

Six experiments were conducted to determine the effects of 

var10us treatments on pH and in vitro digestibility (dry matter 

disappearance with mixed rumen inoculum) of reconstituted grain. In 

five of these experiments sorghum gra1n was used, and in one experi-

ment corn was compared to sorghum grain. Grain was reconstituted in 

var10us physical forms 1n .946 liter glass mini-silos and stored for 

different lengths of time and under various moisture and temperature 

conditions. Digestibility of reconstituted whole sorghum grain was in-

fluenced (P<.OOl) by grain moisture level, temperature during storage 

and length of storage time. All interactions of these three factors 

were significant (P<.05 or higher). During mini-silo preparation, 

short term flushing with specific gases (0
2

, CO
2 

and N
2

) did not 

affect (P>.lO) the digestibility of reconstituted whole sorghum grain. 

Grinding sorghum grain either prior to reconstitution or 24 h follow-

ing reconstitution decreased (P<.05) digestibility when compared to 

sorghum grain reconstituted and stored whole. Digestibility of recon-

stituted whole sorghum grain was not affected (P>.05) by time of water 

addition when two time periods were studied: total water addition 

70 
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initially compa~2d to half the water added initially and half added at 

24 h. Scarification of sorghum grain prior to reconstitution in-

creased (P<.OS) digestibility as compared to non-scarified whole recon

stituted grain. Across all storage periods, digestibility was greater 

(P<.OS) for reconstituted whole corn grain than for reconstituted 

whole sorghum grain; however, after 21 d of storage the percent im

provement in digestibility for the sorghum grain was one third greater 

than for the corn grain. As with sorghum grain, corn reconstituted in 

the ground form resulted in decreased (P<.OS) digestibility when com-

pared to whole reconstituted corn. Grain pH could be used as a 

measure of quality control with reconstituted whole sorghum grain. 

Introduction 

In situ (nylon bag) and ~ vitro techniques have been 

used to inves t igate various factors affecting reconstitution of sor

ghum grain. Hale et al. (1963) studied the influence of moisture lev

el (23, 29 and 34%) of reconstituted whole sorghum grain stored for 21 

d on nylon bag dry matter disappearance. At an 8 h incubation time, 

dry matter disappearance was highest for grain reconstituted at 29% 

moisture follm.,ed in order by 34% moisture, 23% moisture and was low

est for the dry ground control grain. 

Loynachan (1970) used nylon bag and in vitro gas 

production techniques to evaluate sorghum grain reconstituted whole at 

various moisture (10 to 38%), temperature (-17 to 49 C) levels and 

storage periods (1 to 32 d). Dry matter utilization increased as 
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storage temperature was increased from 7 to 38 C and grain moisture 

leve 1 wa s increased from 10 to 30%. Maximum dry mat ter disappearance 

occurred at a grain moisture level of 30%, a storage temperature of 38 

C and a m1n1mum of 17 d storage time. Dry matter disappearance was 

greater (P<.05) for sorghum grain reconstituted whole than for grain 

ground prior to reconstitution. 

Experiments were conducted by Neuhaus and Totusek (1971) to de

termine the influence of moisture level (14 to 34%), storage time (l 

to 32 d), storage temperature (5, 24 and 43 C) and physical form 

(whole and ground) on in vitro digestibility (dry matter disappear

ance) of reconstituted sorghum grain. Digestibility of whole reconsti

tuted sorghum grain was affected by (P<.Ol) length of storage time, 

storage temperature, moisture level and the interaction between stor

age temperature and moisture level. The major portion of the improve

ment in digestibility of reconstituted whole sorghum grain was ob

tained at 10 d of storage. For all time periods, digestibilities were 

highest for grain treatment combinations of 34% moisture and 43 C stor

age temperature .• They also observed decreased (P<.Ol) digestibility 

with sorghum grain reconstituted ground when compared to whole recon

stituted grain which 1S 1n agreement with Loynachan (1970). 

The present study was conducted to determine the effects of 

var10US factors on pH and in vitro digestibility (dry matter disap

pearance) of reconstituted grain. Factors investigated were variable 

storage temperature, gas flushing of mini-silos, scarification, time 

of grinding and water addition, as \.;rell as, moisture level, storage 
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time and constant storage t~mperature which have been previously 

stud ied. 

Experimental Procedure 

Exp. 1. A 3 x 4 x 4 factorial experiment was conducted to de

termine the effects of grain moisture level (18, 25 and 30%), constant 

storage temperature (-18, 3, 20 and 41 C) and storage time (3, 7, 14 

and 28 d) on in vitro digestibility and pH of reconstituted sor

ghum grain. Whole sorghum grain (10% moisture) was weighed into .946 

liter mason jars (mini-silos) so that jars were filled to capacity. 

Sufficient water was weighed and added to the jars to ralse moisture 

of the grain to the desired level. Following water addition the jars 

were tightly sealed with lids and caps. The mini-silos were left at 

room temperature (20 C) for 2 h and rotated frequently so as to allow 

the grain to absorb the added water. After this period, mini-silos 

were placed at designated storage temperatures for times indicated in 

the experimental design. 

Mini-silos requiring the longest storage times were prepared 

first followed ln order by those having shorter storage periods. This 

permitted all mini-silos to be removed from storage on the same day. 

Following removal from storage, mini-silos were emptied and the con

tents ground through a Wiley mill using a 2 mm screen. After grind

ing, samples were placed into plastic bags and stored at -18 C until 

in vitro and pH evaluations were conducted. One pH measurement 

and duplicate ln vitro determinations were obtained for each treat

ment combination in this experiment and also for Exp. 2 through 6. 
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Ex p. 2. A 3 x 3 x 4 factorial experiment was conducted to 

determine the effects of grain moisture level (18, 25 and 31%), vari

able storage temperature (-18 to 3, 3 to 20 and 20 to 41 C) and stor

age time (3, 7, 14 and 28 d) on ~ vitro digestibility and pH of 

reconstituted sorghum grain. With exception of storage temperatures, 

procedures were similar for Exp. 1 and 2. In Exp. 1, treatment temper

atures were kept constant during the entire storage period and in Exp. 

2, treatment temperatures were varied at 12 h intervals. 

Exp. 3. A 4 x 8 factorial experiment was conducted to deter-

m1ne the effects of flushing mini-silos with specific gases (02' 

CO
2

, N2 and no gas) and storage time (.5, 1, 2, 3, 5, 7, 14 and 21 

d) on in vitro digestibility and pH of reconstituted sorghum 

grain. With the following exceptions, the general procedures de-

scribed 1n Exp. 1 were used in Exp. 3. Sufficient \vater was weighed 

and added to all mini-silos to ra1se the moisture content of the grain 

to 28%. After water addition, mini-silos were flushed with the speci

fie d ga s fo r 2 min and then sealed. Following the 2 h water absorp

tion period all silos were stored at room temperature (20 C). 

Ex p. 4. A 5 x 7 factorial experiment was conducted to deter-

m1ne the effects of grain processing method and storage time (1,2,3, 

5, 7, 14 and 21 d) on in vitro digestibility and pH of reconsti-

tuted sorghum grain. One of the five grain processing methods was 

whole sorghum grain reconstituted to 29% moisture (whole sorghum

normal). The second processing method was whole sorghum grain recon

stituted to 20% moisture initially, and at 24 h additional water was 
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added to lncrease the moisture level to 29% (\"hole sorghum-partial 

\"ater). The third processing method was whole sorghum grain 

reconstituted to 29% moisture, and at 24 h ground through a Wiley mill 

using a 2 mm screen (whole sorghum-ground, 24 h). For the fourth 

processing method, whole sorghum grain was processed through a grain 

. f . 1 searl ler. The scarified product \"as then separated using two 

sieves. The first Sleve (1.981 mm) separated scarified grain from 

smaller kernel parts and fines. A second sieve 0.41 mm) was used to 

s epa rat e sma lIe r k ern e 1 par t s from fin e s • 0 f the tot a 1 sea r i fie d 

product, 71% was scarified grain, 13% was smaller kernel parts and 16% 

,,,as fines. Only the scarified grain portion was used for treatment, 

and sufficient water was added to increase the moisture content to 29% 

(scarified sorghum). In the fifth processing method, whole sorghum 

grain was ground through a Wiley mill using a 2 mm screen. After 

grinding, ,,,ater \"as added to increase the moisture level to 29% 

(ground sorghum). 

All mini-silos ln Exp. 4 were maintained at room temperature 

(20 C). Grains ground prior to or during storage (processing methods 

3 and 5) were not reground at the conclusion of the storage period. 

General procedures outlined in Exp. 1 ,,,ere used in this experiment 

except where noted above. 

1 
Forsberg Grain Scarifier; Forsbergs, Inc., Thief River 

Falls, Minn. 
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Exp. 5. A 3 x 8 factorial experiment ~.,as conducted to 

determine the effects of grain treatment and storage time (.5, 1, 2, 

3, 5, 7, 14 and 21 d) on in vitro digestibility and pH of reconsti-

tuted grain. In the first of three grain treatments compared, whole 

sorghum gra~n was reconstituted to 28% moisture (whole sorghum-

normal). The second grain treatment was whole corn (12% moisture) re-

constituted to 30% moisture (whole corn-normal). For the third grain 

treatment, whole corn was first ground through a Wiley mill using a 2 

mm screen, and then reconstituted to 30% moisture (ground corn). All 

mini-silos were maintained at room temperature (20 C). Grain in treat-

ment 3 was not reground out of storage. General procedures outlined 

in Exp. 1 were used in this experiment except where noted above. 

Exp. 6. A 2 x 7 factorial experiment was conducted to deter-

mine the effects of grain processing method and storage time (1, 2, 3, 

5, 7, 14 and 21 d) on in vitro digestibility and pH of reconsti-

tuted sorghum gra~n. The sorghum gra~n (13% moisture) used in this 

experiment was processed through a commercial grain scarifier-recon-

. . . 1 f dl f ·1· 1 st~tutor ~n operat~on at a catt e ee ot ac~ ~ty. In processing 

the grain, normal operation of the grain scarifier-reconstitutor was 

used ~.,ith the exception that no \-later ~.,as added to the grain. After 

processing, the gra~n was divided into t\-lO equal batches. One batch 

was sieved as in Exp. 4, and the other batch was ground through a 

Wiley mill using a 2 rnrn screen. In the batch that was sieved, 97.8% 

1 
Kesey Feeders, Pecos, Texas. 
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of the grain did not pass through the first sieve (1.981 nun), and of 

the 2.2% that did pass, .8% passed through the second sieve 0.41 nun). 

Only grain which did not pass through the first sieve was used for 

treatment. 

Both sieved and ground gralns were reconstituted to 31% 

moisture. All mini-silos were maintained at room temperature (20 C). 

Grain ground prior to reconstitution was not reground when removed 

from storage. General pr.ocedures outlined in Exp. 1 were used in this 

experiment except where noted above. 

In vitro technique. A modification of one stage of the 

method described by Goering and Van Soest (1970) was used to determine 

digestibility (dry matter disappearance) of grain from the varlOUS 

treatments. Plas t ic bags containing the graln samples were removed 

from the -18 C storage temperature and allowed to thaw at room 

temperature (20 C). After thawing, duplicate .5 g samples (dry matter 

bas is) from each grain treatment were weighed into previously tared 

125 ml Pyrex Erlenmeyer flasks (wide-mouth), and two blank flasks were 

tared per incubation. When weighing was completed, flasks were 

covered with laboratory film and stored at -18 C. Dry matter content 

of grain samples was determined by drying in a vacuum oven for 24 h at 

100 C. 

P rio r t 0 inc u bat ion, f I ask s we r ere m 0 v e d from the -18 C 

storage temperature and allowed to warm to room temperature. The 

laboratory film was removed from the flasks and replaced by No.6 

rubber stoppers which had been fitted with bunsen values. Forty 
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milliliters of medium were added to each flask. Flasks ,-,ere then 

placed into a water bath and allowed to warm to a constant temperature 

of 39 C. Two milliliters of reducing solution were added to each flask 

which was then flushed with carbon dioxide. After the addition of 10 

ml of rumen inoculum, flasks were again flushed with carbon dioxide 

and allowed to incubate for 8 h. Flasks were swirled t,.,ice during the 

incubation period. Incubations were terminated by the addition of 1 

ml of a saturated solution of mercuric chloride to each flask. Flasks 

we re then sealed with laboratory film and placed into storage at -18 C 

1n preparation for freeze drying. 

Once residues in the flasks were frozen, 1.5 cm holes were 

made in the laboratory film covering the flasks. Flasks were then 

placed into a freeze 1 dryer with a shelf temperature of 20 C, and 

dried for a 120 h period. At the end of this period, flasks were 

taken out of the freeze dryer and laboratory film removed. They were 

transferred to a vacuum oven and allowed to warm to a constant temper-

at u reo f 72 C for 1 h. Flasks were then placed into a des iccator for 

10 min and weighed. Percent 1n vitro dry matter disappearance 

(IVDMD) was calculated as follows: 

%IVDMD = 100 x 

(dry sample wt) - (dry residual wt 
- dry blank residual wt) 

dry sample wt 

Rumen fluid for the inoculum was obtained from a fistulated 

steer fed a 61% concentrate diet containing 55% flaked sorghum grain. 

IVirtis model 50-SRC; The Virtis Company, Gardiner, NY. 
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The rumen fluid was obtained 3 h after the morn1ng feeding and "las 

strained t,.,ice: once through four layers of cheesecloth and once 

through 6 layers of cheesecloth and 2 layers of glass wool. 

Control grain samples ,.,ere included with each in vitro pro-

cedure. They were of the same origin as grain used in the various 

treatments. The reconstituted sorghum grain used as the control was 

prepared by the procedure outlined in Chapter 5 and the flaked sorghum 

grain ,.,as prepared as described by Hale et a1. (1966). Weight per 

volume of flaked grain was 38% of the original whole gra1n. 

Preliminary studies were conducted with the above described 

1n vitro technique using dry ground, flaked and reconstituted sor

ghum grains as substrates. Substrate and residue nitrogen were deter

mined for selected samples, and no apparent nitrogen loss was observed 

following incubations. Since no nitrogen loss was obtained it can be 

assumed the majority of the dry matter disappearance was due to carbo

hydrate fermentation. The relative differences reported by McNeill et 

a1. (1971) for ruminal digestion of total carbohydrates with these 

three grain processing methods are in good agreement with the in 

vitro digestibilities obtained with the present technique. In 

vitro procedures have not only been satisfactory indicators of the 

effect of grain processing on ruminal digestion of sorghum grain, but 

also correlate well with the effect of process1ng on cattle perfor

mance (Hale, 1973). Other researchers (Kumeno et al., 1967; Klett and 

RaIson, 1967) have observed high correlations between in vitro and 

in V1VO dry matter digestibility of grain containing diets. 
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Grain pH technique. Plastic bags containing the grain samples 

were removed from the -18 C storage temperature and allowed to thaw at 

room temperature (20 C). After thawing, a 10 g sample (dry matter 

bas is) from each grain treatment was weighed into a previously tared 

150 ml beaker. Considering the moisture content of the weighed 

samples, the balance of 100 g of water was added to each sample. Fol

lowing distilled water addition, the samples ~.,ere allowed to stand 

briefly and then were stirred and pH readings were recorded. Readings 

were also recorded for the control grain samples. 

Data were statistically analyzed according to Steel and Torrie 

(1960). 

Results 

Exp. 1. In vitro digestibilities of reconstituted whole 

sorghum grain as influenced by level of grain moisture, constant 

temperature during storage and length of storage time are shown in 

table 4.1. The analysis of variance is presented in table 4.2. 

Significant effects were observed for digestibility due to the three 

factors studied and all interactions of those factors. When compared 

across other factors, with each increase in grain moisture level and 

storage temperature, an increase (P<.05) in digestibility occurred. 

Digestibility was higher (P<.05) at 7 d of storage than all other 

storage times when compared across grain moisture levels and storage 

temperatures. In the same type of comparison, digestibility at 14 and 

28 d of storage was higher (P<.05) than at 3 d of storage. 



Table 4.1. 

(;rain moisture 
__ Ievel_t~ 

18 

25 

)0 

He;ms for 
stnr<lp,c time 
.le ross rno i~ t ure 
level :lnci 
stnr.1ge 
tC'mpl'r:lturc 

}leans for 
storage 
t ('rapl" fat ure 
across moisture 
It've I and 
stor.,~e t imt' 

EFFECTS OF GRAIN MOISTURE LEVEL, CONSTANT STORAGE TEMPERATURE AND STORAGE TI~ffi 

ON IN VITRO DIGESTIBILITY OF RECONSTITUTED HHOLE SORGHUM GRAIN (EXP. 1) 

Stof;)r.e time. cl 

_____ 2_8 ______ _ 1..:4 _____ _ 

Storage temperature, C 

-18 ) 20 41 -18 20 41 -18 20 41 -IS ) 20 41 

17.8
3 

li.7 17.3 16.5 20.0 20.5 22.0 18.3 20.6 22.9 19.3 21.1 21.0 19.8 17.6 18.6 

18.4 22.1 24.2 31.7 16.1 23.2 24.7 27.4 22.0 25.6 27.2 27.2 21.6 19.4 21.6 20.9 

19.1 28.0 29.2 34.4 21.7 2n.q 27.8 33.q 23.6 2n.7 2q.3 33.3 17.2 20.1 24.2 23.7 

23.0" (28d) 23.5" (lI,d) 24.9 f (7d) 20.5r. (JeI) 

Iq.'/' (-18r.) 22.7 f (1r:) 21.7i' (20r.) 25.6h 
(Idr.) 

He~ns for 
moisture level 
C]cross stor;1~~e 

time and 
stora~~e 

temper<lture 

19.4
b 

23.3
c 

26.2d 

~i:("'lav matter disappearance. Values for control r.r"in samples \.Ipre )5.1? fllr rl'('tlIP;1 illlt('d SOT):litllll ~~r;1in aut! IX.T:' for dry l:rollnd ,~prghl1m grain. 
(,'r t llR"ns in the s;tmc column with different supl'r<.;cripto..; diffl'f si~~niric.lntly (p ..... O'l) . 

• ,1 .• 1He"ns in the S;lme row with diffen.·nt supersl'ripts diffl'r ~i~~nifi(" .. lt1tl,! (I'/.O,)). 

co 
I-' 



Table 4.2. ANALYSIS OF VARIANCE FOR IN VITRO DIGESTIBILITY AND GRAIN pH (EXP. 1 AND 2) 

Source 

Replications 
Hoisture (A) 
Temperature (B) 
Time (C) 
Hoisture x temperature 
Hoisture x time 
Temperature x time 
A x B x C 
Error 

i-"l< .10. 
P<.05. 

,'0'< 01 
~';,';~<. • 

P<.OOl. 

_____ ~. 1 ---=---_. 

In vitro ----
digestibility 

df 

1 
2 
3 
3 
6 
6 
9 

18 
47 

l'~S 

4.15 
367.29*** 
133.04*** 

83.11*** 
56.03*** 
27.02*** 
12.61*** 

6.58** 
2.18 

Grain pH 

df HS 

2 4. 42~'o'< 
3 6.13"0'< 
3 .41t 

39 .15 

Exp. 2 

In vitro ----
digestibili~ 

df 

1 
2 
2 
3 
4 
6 
6 

12 
35 

HS 

.22 
389 .43**~'< 
47. 88~'<*7< 
41.10~'<7o'< 

30.29*7<* 
7 . 357<*~'; 
5.74*"<* 
2.24* 
1.01 

df 

2 
2 
3 

28 

Grain pH 

H.C; 

3.92** 
4.56** 

.52* 

.15 

(Xl 

N 
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The s i g n i f icant interac t ions bet~.,een grain moisture level and 

storage temperature and storage time are graphically presented in 

figures 4.1 and 4.2. Higher digestibilities resulted at greater mois

ture levels as storage temperature and storage time were increased. 

The in t era ct ion between storage temperature and storage time was also 

significant, and resulted in greater digestibilities at higher storage 

temperatures as storage time was increased (figure 4.3). 

Means for pH of reconstituted whole sorghum grain as affected 

by level of grain moisture, constant temperature during storage and 

length of storage time are shown in table 4.3 and the analysis of 

var1ance in table 4.2. Grain pH was affected (p<.Ol) by gra1n m01S

ture level and temperature during storage. Across all treatment 

means, grain pH was inversely related to digestibility (%IVDMD = -4.26 

(pH) + 49.0; r = -.77, P<.OOl). Figures 4.4,4.5 and 4.6 present the 

two way interactions between grain moisture level, storage temperature 

and storage time, and their effects on grain pH. The relationships 

are basically the reverse of what was shown for digestibility 1n 

previous figures. 

Exp. 2. In vitro digestibilities of reconstituted whole 

sorghum grain as affected by level of grain moisture, variable 

temperature during storage and length of storage time are presented in 

table 4.4. As 1n Exp. 1, significant effects were observed for 

digestibility due to the three factors studied and all interactions of 

those factors (table 4.2). Similar to results obtained in Exp. 1, 

with each increase in grain moisture level and storage temperature, an 



Figure 4.1. Effect of grain moisture level and constant 
storage temperature on percent in vitro dry 
matter disappearance (IVDMD) of-;econstituted 
whole sorghum grain (Exp. 1). 

Figure 4.2. Effect of grain moisture level and storage time on 
percent in vitro dry matter disappearance (IVDMD) 
of reconstituted whole sorghum grain (Exp. 1). 
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Figure 4.3. Effect of constant storage temperature and storage time 
on percent in vitro dry matter disappearance (IVD~ID) of 
reconstituted whole sorghum grain (Exp. 1). 

85 



Table 4.3. 

---~---

r.ri'lin moisture 
lc_,,-c}.-,--I:_, _ 

18 

25 

30 

~t('ans for 
storage time 
across moisture 
leve I and 
storage 
temperature 

Heans for 
storage 
temperature 
aCTIlSS moisture 
levc 1 .,nd 
storage time 

EFFECTS OF GRAIN NOISTURE LEVEL, CONSTA.NT STORAGE TEHPERXfURE AND STORAGE TINE 
ON pH OF RECONSTITUTED hTHOLE SORGHUM GRAIN (EXP. 1) 

Stor.,gc t imp. d 
HC(1ns for 

28 ]I, 7 ____ 3 __________ moisture level ------- ------- -- --~---- - - ~- ----------- ----------------
across storage 

Stor~J~e ll'ml'eratuTP. C tim£' and 
~tor<lgc 

-18 20 loJ -18 20 I,] -18 20 41 -13 3 20 I,l temperature 

--_._--------------------- --

6.38a 6.82 6.33 5.88 6.79 6.30 6.65 6.23 6.86 6.79 6.76 6. )4 6.86 6.87 6.82 6.55 6.64b 

6.76 6.70 5.26 I, .62 6.7!. 6.75 5.74 1,.7) 6.79 6.75 6.18 5.)4 6.75 6.75 6.34 5.38 6.lOc 

6.66 5.89 4.39 4.27 6.64 6.47 1,.77 I, . !~ /~ 0.60 6.5H 5.11 1,.16 6.56 6.59 5.4/, 4.68 5.59d 

5.88 (28d) 6.06 (l4d) 6.20 (7d) 0.30 (Jd) 

6.7/," (-18C) 0.65" (JC) 5.8/ (ZOe) 5.24); (Ide) 

c1Crain pH. Values for control grain samples weTC' IJ.J2 for reconstituted son~hum ~~ri1jn, 6.92 for dry ~~round sorr.hum grain and 6.72 for fl;lkC'd 
hsorfihttm gr.,in. 
t~t ~![>;}ns in the same Cldumn with different sUjH>rscripts difff'r sjgnlfi~i1ntlv (P<.O'J). 

c, t$~~1l'ilnS in the S:1TT:(' rtl\.,' with different sllpprscripts differ siJ~njrlc:1ntl,:, (I'..-;.O'"j), 

en 
0'> 
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Figure 4.4. Effect of grain moisture level and constant storage 
temperature on pH of reconstituted whole sorghum 
grain (Exp. 1). 
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Figure 4.5. Effect of grain moisture level and storage 
time on pH of reconstituted whole sorghum 
grain (Exp. 1). 

Figure 4.6. Effect of constant storage temperature and 
storage time on pH of reconstituted whole 
sorghum grain (Exp. 1). 
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Table 4.4. EFFECTS OF GRAIN MOISTURE LEVEL, VARIABLE STORAGE TEMPERATURE AND STORAGE TIME 
ON IN VITRO DIGESTIBILITY OF RECONSTITUTED WHOLE SORGHUM GRAIN (EXP. 2) 

Grain moisture 
level, % 

18 

25 

31 

Means for 
storage time 
across moisture 
level and 
storage 
temperature 

Means for 
storage 
temperature 
across moisture 
level and 
storage time 

Storage time, d 

28 14 --------------

Storage temperature, C 

-18 to 3 3 to 20 20 to 41 -18 to 3 3 to 20 20 to 41 -18 to 3 3 to 20 20 to 41 

20.8 20.5 23.1 22.3 22.3 22.6 22.5 20.0 

24.4 27.2 31.6 27.9 27.8 31.4 25.0 26.7 28.5 

28.4 30.4 36.7 28.1 28.8 34.6 26.1 27.9 31.2 

27.0e (28d) 25.6f (7d) 

24.7e (-18 to 3\.) 25.8f (3 to 20C) 27.5g (20 to 41C) 

-------- -·------

Means for 
moisture level 
across storage 
time and 
storage 

-18 to 3 3 to 20 20 to 41 temperature 

20.5 21.4 20.4 

23.6 24.7 23.7 

24.3 28.5 29.2 

24.0g (3d) 

a7 dry matter disappearance. Values for control grain samples were 41.47, for reconstituted sorghum grain, 21.3% for dry ground sorghum grain and 50.2% 
bfordflaked sorghum grain. 
·~·Means in the same column with different superscripts differ significantly (P<.OS). 

e, ,gMeans in the same row with different superscripts differ significantly (1'<.05). 



90 

increase (P<.05) in digestibility occurred ,.,hen compared across other 

factors. Unlike observations in Exp. 1, digestibilities were higher 

(P<.05) for the 14 and 28 d storage periods than for 7 d of storage 

when compared across moisture levels and storage temperatures. In the 

same type of comparison, digestibility at 3 d of storage was lower 

(P<.05) than at any other storage period, which agrees with data 1n 

Exp. 1. 

Significant two way interactions between grain moisture level, 

storage temperature and storage time, and their effects on digestibil

ity are graphically shown in figures 4.7,4.8 and 4.9. Results of 

these interactions on digestibility are similar to those observed 10 

Exp. 1. 

Means for pH of reconstituted whole sorghum grain as 1n

fluenced by level of grain moisture, variable temperature during stor

age and length of storage time are shown in table 4.5. The analysis 

of var1ance is presented in table 4.2. Grain pH was influenced (P<.05 

or higher) by grain moisture level, temperature during storage and 

length of storage period. As was observed in Exp. 1, grain pH was 

inversely related to digestibility when compared across all treatment 

means (ZIVDMD = -4.37 (pH) + 52.6; r = -.84, P<.OOl). Figures 4.10, 

4. 11, and 4. 12 presen t the two way in terac t ions of the three fac tors 

studied and their effect on grain pH. These results are in agreement 

with data obtained in Exp. 1. 

E x p. 3. ~ v i t rod i g est i b iIi tie s 0 f r e con s tit ute d wh ole 

sorghum grain as influenced by flushing mini-silos with specific gases 



Figure 4.7. Effect of grain moisture level and mean variable 
storage temperature on percent in vitro dry 
matter disappearance (IVDMD) of reconstituted "1hole 
sorghum grain (Exp. 2). 

Figure 4.8. Effect of grain moisture level and storage time on 
percent in vitro dry matter disappearance (IVDMD) 
of reconstituted whole sorghum grain (EJcp. 2). 
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Figure 4.9. Effect of mean variable storage temperature and 
storage time on percent in vitro dry matter dis
appearance (IVDMD) of reconstituted whole sorghum 
grain (Exp. 2). 
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Table 4.5. 

Grain moisture 
~~~ 

18 

25 

31 

Means for 
storage time 
across moisture 
level and 
storage 
temperature 

Means for 
storage 
temperature 
across moisture 
level and 
storage time 

EFFECTS OF GRAIN MOISTURE LEVEL, VARIABLE STORAGE TEMPE~7URE ru~D STORAGE TIME ON 
pH OF RECONSTITUTED 1-JHOLE SORGHUM GRAIN (EXP. 2) 

Storage time, d 

28 14 

Storage temperature, C 

-18 to 3 3 to 20 20 to 41 -18 to 3 3 to 20 20 to 41 -18 to 3 3 to 20 20 to 41 

6.73 6.24 6.81 6.77 6.36 6.77 6.85 6.53 

6.63 5.64 4.66 6.68 6.18 5.04 6.60 6.59 5.44 

6.54 4.70 4.29 6.57 5.29 4.46 6.59 5.80 4.62 

5.8oe (28d) 6.02ef (14d) 6.20f (7d) 

6.68e (-18 to 3C) 6.16f (3 to 20C) 5.45g (20 to 41C) 

3 
Means for 
moisture level 
across storage 
time and 
storage 

-18 to 3 3 to 20 20 to 41 temperature 

6.84 6.87 

6.70 6.55 

6.62 5.91 

6. 36f (3d) 

6.67 

5.90 

5.16 

6.05c 

5.54d 

:c~aan pH. Values for control grain samples were 4.32 for reconstituted sorghum grain, 6.92 for dry ground sorghum grain and 6.72 for flaked sorghum grain. 
' ' Means in the same column with different superscripts differ significantly (P<.05). 

e,f,~eans in the same row with different superscripts differ significantly (P<.05). 
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Figure 4.10. Effect of grain moisture level and mean variable 
storage temperature on pH of reconstituted whole 
sorghum grain (Exp. 2). 
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Figure 4.11. Effect of grain moisture level and storage time 
on pH of reconstituted whole sorghum grain 
(Exp. 2). 

Figure 4.12. Effect of mean variable storage temperature and 
storage time on pH of reconstituted whole sorghum 
grain (Exp. 2). 
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and storage time are shown in table 4.6. Gas treatment or the 

interaction between gas treatment and storage time did not significant

ly alter digestibility; however, significant differences in digestibil

ity occurred with length of storage time (table 4.7). When compared 

across gas treatments, digestibility ,.,as higher (P<.OS) for graIn 

stored for 7 d or more than for grain stored for 3 d or less. There 

was no difference (P>.OS) in digestibility between grain I>tored for S 

d as compared to grain stored for 14 or 21 d. 

Means for pH of reconstituted whole sorghum grain as affected 

by gas fl ushing of mini-silos and storage time are presented in table 

4.8. As with in vitro digestibility, gas treatment or the interac

tion between gas treatment and storage time had no significant effect 

on grain pH; however, as storage time increased, a significant de

crease in grain pH ,.,as observed (table 4.7). With exception to the 

initial two time periods, each increase In storage period resulted in 

a de crease (p<. OS) in grain pH. Grain pH ,.,as inversely related to di

gestibility when compared across all treatment means (%IVDMD = -1.64 

(pH) + 37.2; r = -.76, P<.OOl). 

Exp. 4. In vitro digestibilities of reconstituted sorghum 

graIn as affected by grain processing method and storage time are pre

sented In table 4.9. Significant differences were observed for digest

ibility due to grain processing method, storage time and the inter

action of those two factors (table 4.10). Across all time periods, 

digestibility was highest (P<.05) for the scarified sorghum grain 

treatment. There was no significant difference In digestibility 
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Table 4.6. THE EFFECTS OF FLUSHING NINI-SILOS WITH SPECIFIC GASES AND 
STORAGE TIME ON IN VITRO DIGESTIBILITY OF RECONSTITUTED 
WHOLE SORGHUM GRAIN WHEN STORED AT 20C AND 28% MOISTURE 
(EXP. 3) 

Gases 

Storage Neans for storage time 
time, d O2 CO2 N2 Ko gas across gas treatments 

21 29.6a 29.3 29.2 27.7 28.9bc 

14 29.2 28.9 28.8 29.5 29.l~c 
7 31.4 30.1 29.2 27.4 29.5cd 5 27.7 27.8 28.4 29.0 28.2de 3 26.2 27.0 27.6 27.8 27.ld 2 27.9 25.9 28.0 26.6 27.1 e 
1 27.1 27.2 27.0 26.4 e 26.9f .5 26.0 25.4 25.2 24.4 25.2 

Means for 
gas treatment 
across storage 
times 28.1 27.7 27.9 27.3 

a/~ dry matter disappearance . Values for control grain samples were 41. 0% 
for reconstituted sorghum grain, 21.4% for dry ground sorghum grain 

bandd48.~% for flaked sorghum grain. 
,c, ,e, Heans in the same column with different superscripts differ 

significantly (P<.05). 



Table 4.7. ANALYSIS OF VARIANCE FOR IN VITRO DIGESTIBILITY AND GRAIN 
pH (EXP. 3) 

In vitro digestibility Grain pH 

Source df HS df }1S 

Time (A) 7 16.4:hb'( 7 2. 342:b~:~ 
Gas (B) 3 1.8 3 .004 
A x B 21 1.5 
Error 32 1.5 21 .002 

~"'#'-: ~': 
P<.OO1. 
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Table 4.8. THE EFFECTS OF FLUSHING HINI-SILOS HITH SPECIFIC GASES AND 
STORAGE TIHE ON pH OF RECONSTITUTED HHOLE SORGHUH GRAIN 
HHEN STORED AT 20C AND 28% HOISTURE (EXP. 3) 

Gases 

Storage Means for storage time 
time, d O2 CO2 N2 No gas across gas treatments 

21 4.59a 4.53 4.58 4.71 4.60b 

14 4.86 4.83 4.86 4.78 c 4.83
d 7 5.48 5.41 5.32 5.44 5.41 

5 5.68 5.63 5.53 5.65 e 5.62
f 3 5.96 5.96 5.91 5.95 5.95 

2 6.12 6.17 6.21 6.21 6.18~ 
1 6.66 6.54 6.62 6.63 6.6lh 
.5 6.66 6.66 6.68 6.68 6.67 

Means for 
gas treatment 
across storage 
times 5.75 5.72 5.71 5.76 

aGrain pH. Values for control grain samples were 4.27 for reconstituted 
sorghum grain, 6.79 for dry ground sorghum grain and 6.69 for flaked 

bsor8humfgr~n. 
,c, ,e, ,g'l~eans in the same column with different superscripts differ 

significantly (P<.05). 



Table 4.9. THE EFFECTS OF GRAIN PROCESSING METHOD AND STORAGE TIME ON IN VITRO DIGESTIBILITY OF 
RECONSTITUTED SORGHUM GRAIN HHEN STORED AT 20C AND A FINAL MOISTURE CONTENT OF 29% 
(Exp. 4) 

Storage 
time, d 

21 
14 

7 
5 
3 
2 

1 f 
.5 

Means for 
grain processing 
method across 
storage times 

Whole 
sorghum 
normal 

28.6a 

27.7 
28.6 
26.2 
23.4 
25.4 
22.7 
21.5 

26.1g 

Grain Erocessing method 

Whole Whole 
sorghum sorghum 

partial water ground, 24h 

28.8 21.4 
25.3 23.9 
26.3 25.0 
26.4 24.2 
24.6 23.3 
26.6 24.5 
20.3 23.3 

25.5g 23.7h 

Means for 
storage time 

Scarified Ground across grain 
sorghum sorghum processing methods 

30.1 13.3 24.4bc 

26.8 15.5 23.8~d 
28.1 16.6 24.9d 25.0 14.5 23.3d 28.6 15.3· 23.0 d 
27.0 15.6 23.8c 

27.3 15.9 21.ge 

23.4 17.5 

27.6i l5.2j 

a % dry matter disappearance. Values for control grain samples were 40.6% for reconstituted sorghum grain, 
b 29. 7% for dry ground sorghum grain and 45.8% for flaked sorghum grain. 
f'c, '~eans in the same column with different superscripts differ significantly (p<.05). 
Ngtiiocluded in means or statistical evaluation. . 

g, , ,JMeans in the same row with different superscripts differ significantly (P<.05). 

f-' 
o 
o 



Table 4.10. ANALYSIS OF VARIANCE FOR IN VITRO DIGESTIBILITY (EXP. 4, 5 PBTI 6) 

Source 

Time (A) 

Grain (B) 

A x B 

Error 

* *g<.05. 
~~f<·Ol. 
~~~P<.OOl. 

__ ~E~.xp~ 

df HS 

6 9.9*** 

4 333.7*** 

24 6.4*** 

35 .9 

____ Exp.~5~ ____ _ 

df HS 

7 8.9"0'<>'< 

2 552.8"<>'0'< 

14 3 .1": 

24 1.3 

df 

6 

1 

6 

14 

Exp. 6 

HS 

15.5":,'< 

1227.4":":-;< 

3.9 

2.3 

f--' 
o 
f--' 
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bet,.;een sorghum grain reconstituted normally and sorghum grain given 

only partial \.;ater addition initially. Grinding grain either prior to 

reconstitution or at 24 h following reconstitution was not beneficial 

since these two treatments resulted in the first and second lowest 

(P<.OS) digestibilities, respectively, when all treatments were com

pared. Digestibility at all time periods was lower for the sorghum 

grain treatment ground prior to reconstitution than for the dry ground 

sorghum used as the control grain sample. As compared to the scarI

fied sorghum, whole sorghum normal and partial water treatments, in

creases in digestibility as length of storage time increased were 

minimal or nonexistent for the whole sorghum ground at 24 h and ground 

sorghum treatments. 

Means for pH of reconstituted sorghum grain as influenced by 

grain processing method and storage time are shown in table 4.11. 

Grain pH was significantly affected by both grain processing method 

and storage time (table 4.12). When compared across grain processing 

methods, grain pH decreased (P<.OS) as storage time increased. Across 

all storage times, grain pH was lower (p(.OS) for sorghum grain ground 

prIor to or at 24 h following reconstitution when compared to the 

other grain treatments. Grain pH was highest (p(.OS) for the 

scarified sorghum grain treatment with no significant difference in pH 

between normally prepared reconstituted grain and grain given only 

partial water initially. In this experiment, when all treatment means 

were compared there was no relationship between digestibility and 

grain pH (%IVDMD = .63 (pH) + 20.2; r = .11, P>.10). The two grain 



Table 4.11. THE EFFECTS OF GRAIN PROCESSING METHOD AND STORAGE TIME 
ON pH OF RECONSTITUTED SORGHUM GRAIN HHEN STORED AT 20C 
AND A FINAL MOISTURE CONTENT OF 29% (EXP. 4) 

Grain Processing Method 

Means for 
Hhole Hhole storage time 

\fuole sorghum sorghum across grain 
Storage sorghum partial ground, Scarified Ground processing 
time, d normal water 24h sorghum sorghum methods 

21 4.5la 4.64 4.24 4.84 4.23 b 4.49b 14 4.70 4.98 4.23 4.96 4.23 4.62 
7 5.26 5.19 4.44 5.73 4.50 5.02 c 

5 5.70 5.54 4.75 5.91 4.74 c 5.33d 3 6.02 5.82 4.84 6.42 5.57 5.73d 2 6.17 6.11 5.21 6.59 6.12 6.04 
1 

.5 f 6.48 6.73 6.54 6.73 6.62 6.62e 

6.74 6.71 6.71 
Means for 
grain 
proces-
sing 
method 
across 
storage 

5.55
g 

5.57g 4.89h 5.88
i 

5.l4h times 

aGrainpH. Values for control grain samples were 4.30 for reconstituted 
sorghum grain, 6.94 for dry ground sorghum grain and 6.81 for flaked 

bsor8hum grain. 
,c, ,eMeans in the same column with different superscripts differ 

f significantly (P<.05). 
Ngt.included in means or statistical evaluation. 

g, ,1Means in the same row with different superscripts differ signifi
cantly (P<.05). 
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Table 4.12. ANALYSIS OF VARIANCE FOR GRAIN pH (EXP. 4, :; amI 6) 

Exp. 4 Exp. 5 ---

Source df HS df }IS 

Grain 4 1. 06*",* 2 .88** 

Time 6 2.98**'" 7 1.541<>'<>', 

Error 24 .06 14 .10 

'I, 
P<.05. 

~::::R< . 01. 
"""P<.OOl. 

Exp. 6 

df 

1 

6 

6 

}IS 

.25 

.93'" 

.15 

r' 
o 
~ 
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treatments not following the previously observed inverse relationship 

between grain pH and digestibility were sorghum grain ground prior to 

reconstitution and ground 24 h following reconstitution. 

Exp. 5. In vitro digestibilities as influenced by grain 

treatment and storage time are shown in table 4.13. Significant dif

ferences in digestibility were observed due to grain treatment, stor

age time and the interaction of these two factors (table 4.10). When 

compared across storage time, digestibility was higher (P<.05) for the 

two reconstituted corn treatments than for the reconstituted sorghum 

grain treatment; however, digestibility was significantly higher for 

the corn treatment reconstituted whole when compared to the corn treat

ment reconstituted ground. As with the reconstituted ground sorghum 

treatment in Exp. 4, the reconstituted ground corn treatment had a low

er digestibility when compared to the dry ground corn used as the con-

trol grain. When compared across storage times the percent improve-

ment in digestibility for the reconstituted whole sorghum and corn 

grains was equal when each was compared to its respective dry ground 

control grain; however, at 21 d of storage, percent improvement for 

the sorghum grain \'las one third greater than for the corn grain. With 

increased storage time, improvements in digestibility occurred for the 

whole reconstituted sorghum and corn grains, but with corn grain recon

stituted ground, essentially no improvement in digestibility resulted 

with increased length of storage. 

Means for pH of reconstituted grain as influenced by grain 

treatment and storage time are shown in table 4.14. Grain pH was 



Table 4.13. THE EFFECTS OF GRAIN TREATMENT AND STORAGE TIME ON IN 
VITRO DIGESTIBILITY OF RECONSTITUTED GRAIN HHEN STORED 
AT 20C (EXP ... 5) 

Grain treatment 

Whole Hhole Means for 

106 

Storage 
time, d 

sorghum corn Ground storage time across 

21 
14 

7 
5 
3 
2 
1 
.5 

Neans for 
grain treatment 
across storage 
times 

normal 

28.Sa 

27.1 
25.5 
26.2 
25.4 
23.5 
23.2 
22.0 

normal 

38.2 
36.8 
35.9 
36.9 
37.0 
35.6 
34.8 
34.3 

corn grain treatments 

27.9 
b 

31. 5 d 
26.0 30.0~ef 
26.4 29.3b 28.9 30.7 c 
26.8 29.7~de 
25.7 28.3ef 
27.2 28.4 f 28.1 28.1 

a% dry matter disappearance. Values for control grain samples Here 
39.5% for reconstituted sorghum grain, 20.1% for dry ground sorghum 

bgra~ne ~6.8% for flaked sorghum grain and 29.0% for dry ground corn. 
,c, , , Means in the same column with different superscripts differ 
h. significantly (P<.05). 

g, ,1Means in the same row with different superscripts differ sig
nificantly (P<.OS). 
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Table 4.14. THE EFFECTS OF GRAIN TREATIiENT AND STORAGE TINE ON pH OF 
RECONSTITUTED GRAIN HHEN STORED AT 20C (EXP. 5) 

Grain treatment 

Hhole Whole Means for 
sorghum corn Ground storage time across Storage 

time, d normal normal corn grain treatments 

21 
14 

7 
5 
3 
2 
1 
.5 

Neans for 
grain treatment 
across storage 
times 

4.5la 

4.70 
5.26 
5.70 
6.02 
6.17 
6.48 
6.74 

5.05 
5.91 
6.36 
6.47 
6.53 
6.55 
6.56 
6.54 

4.52 b 4.70b 4.18 4.93 
5.24 c 5.62cd 5.78 5.98de 6.19 6.25de 6.36 6.36

d 6.44 6.49 e 
6.44 6.57e 

aGrain pH. Values for control grain samples were 4.30 for recon
stituted sorghum grain, 6.94 for dry ground sorghum grain, 6.81 for 

bfla~ed sorghum grain and 6.47 for dry ground corn. 
,c, ,eMeans in the same column with different superscripts differ 

f significantly (P<.05). 
,gMeans in the same row with different superscripts differ 

significantly (P<.05). 
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significantly affected by both grain treatment and storage time (table 

4.12). Sorghum grain reconstituted whole and ground reconstituted 

corn had a lower (P<.OS) pH than for corn reconstituted whole. Grain 

pH decreased with increased length of storage time. As was observed 

in Exp. 4, there was no relationship between digestibility and grain 

pH when all treatment means were compared (%IVDMD = 1.16 (pH) + 22.7; 

r = .18, P>.10). In this experiment, ground reconstituted corn did 

not follow the inverse relationship between grain pH and 

digestibility. 

Ex p. 6. In vitro digestibilities of reconstituted sorghum 

grain as affected by gralll processing method and storage time are 

shown in table 4.15. Digestibility was significantly influenced by 

both grain processing method and storage time (table 4.10). Across 

all storage periods, digestibility was higher (P<.OS) for scarified 

whole grain than for scarified ground grain. Digestibility for the 

dry ground sorghum control grain \Olas consistently higher than for the 

scarified ground reconstituted grain. As was observed with sorghum 

grain ground prior to or at 24 h following reconstitution in Exp. 4, 

and with ground corn reconstituted l.n Exp. 5, there \Olas no increase l.n 

digestibility of the scarified ground reconstituted grain as length of 

storage time increased. 

Means for pH of reconstituted sorghum gral.n as affected by 

grain processing method and storage time are shown in table 4.16. Of 

the two factors studied only length of storage period had a signif-

icant effect on grain pH (table 4.12). Across grain processing 
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Table 4.15. THE EFFECTS OF GRAIN PROCESSING METHOD AND STORAGE TIME 
ON IN VITRO DIGESTIBILITY OF RECONSTITUTED SORGH~l GRAIN 
WHEN STORED AT 20C AND 31% MOISTURE (EXP. 6) 

Storage 
time, d 

21 
14 

7 
5 
3 
2 
1 

Heans for grain 
processing method 
across storage 
times 

Grain processing method 

Scarified 
whole 

31. 2a 

30.0 
26.3 
25.8 
25.3 
23.7 
24.7 

Scarified 
ground 

14.8 
15.1 
14.7 
12.0 
12.1 
12.3 
13.4 

Means for storage 
time across grain 
processing methods 

b 23.0bc 
22.Scd 20.5de 18.9

d 18.7 e 
18.0

d
z 

19.1 e 

a% dry matter disappearance. Value for control grain sample was 19.5% 
bforddry ground sorghum. 

,c, ,eMeans in the same column with different superscripts differ 
f significantly (P<.05). 

,gMeans in the same rmoJ with different superscripts differ signifi
cantly (P<. 05) . 
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Table 4.16. THE EFFECTS OF GRAIN PROCESSING METHOD AND STORAGE TIME 
ON pH OF RECONSTITUTED SORGHUM GRAIN Hl-lEN STORED AT 20C 
AND 3U MOISTURE (EXP. 6) 

Storage 
time, d 

21 
14 

7 
5 
3 
2 
1 

Means for grain 
processing method 
across storage 
times 

Grain processing method 

Scarified 
whole 

4.79a 

4.94 
5.41 
5.33 
5.87 
6.14 
6.15 

5.52 

Scarified 
ground 

4.24 
4.36 
4.82 
5.40 
6.26 
6.54 
5.14 

5.25 

Means for .. storage 
time across grain 
processing methods 

b 4.52
b 4.65bc 5.l2bcd 5.36d 6.06 e 

6.34e 

5.65cde 

aGrain pH. Value for control grain sample was 6.68 for dry ground 
bsor§hum grain. 

,c, ,eMeans in the same column with different superscripts differ 
significantly (P<.05). 
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methods, grain pH generally decreased as storage period increased. 

When all treatment means were compared, a relationship did not exist 

between digestibility and grain pH (%IVDMD = -.39 (pH) + 22.2; r 

= -.04, P>.10). Even though pH of the scarified ground grain 

decreased with increasing storage time, digestibility tended to stay 

constant at all storage periods. 

Discussion 

Results for Exp. 1 and 2 are 10 general agreement with pre

ViOUS studies (Hale et al., 1963; Loynachan, 1970; Neuhaus and Totu

sek, 1971) with reconstituted whole sorghum grain. The present study, 

however, is the first to show that all interac~ions of the three major 

factors (grain moisture level, storage temperature and storage time) 

involved in grain reconstitution are significant. The primary differ

ence between Exp. 1 and 2 was the length of storage time required to 

maximize digestibility of the reconstituted grain. When compared 

across moisture levels and storage temperatures, digestibility reached 

maximum levels in Exp. 1 at 7 d and in Exp. 2 at 14 d. It can be as

sumed the lower mean storage temperatures in Exp. 2 as compared to 

Exp. 1 resulted in longer storage periods being required to maximize 

digestibility. Several cattle finishing trials (McGinty et aI, 1968; 

Pantin et al., 1969; Wagner and Schneider, 1970; Wagner et al., 1971) 

have been conducted to determine the effect on animal performance as 

affected by storage time (10 and 20 d) of reconstituted whole sorghum 

grain. Significant differences in animal performance have not been 
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observed when cattle were fed reconstituted grain stored for 10 or 20 

d; however, 1n none of the reported studies has grain temperature been 

noted. If the internal temperatures of large anaerobic grain struc-

tures used in the storage of reconstituted grain are responsive to en

vironmental temperature fluctuations, then perhaps data 1n Exp. 2 

would be more appropriate than data presented in Exp. 1. Of the three 

major factors involved in reconstitution, grain temperature is 

probably the most important since it is the most difficult to control. 

The adequate control of grain temperature is not only important from 

the standpoint of proper fermentation during storage, but also 

sufficient water absorption during the reconstitution process. Two 

cattle finishing trials (White et aI., 1969; Wagner et aI., 1971) have 

been conducted to determine the effect of moisture level of 

reconstituted whole sorghum grain on animal performance. In both 

trials there was no advantage to increasing moisture level of the 

gra1n from 30 to 38%; however, in one trial (White et aI., 1969) when 

the moisture level was increased from 22 to 30%, a positive response 

occurred in cattle performance. 

Theoretically, reconstitution is a t\o1O stage process. In the 

first stage, which is probably similar to seed germination (Chen, 

1975), gibberellin (plant gro\<lth and development hormone) secreted by 

the kernel embryo enhances the synthesis and release from the aleurone 

cells a group of hydrolases which degrade, among other substances, 

starch and protein. Primarily due to the effect of the proteases, dis

association of the protein matrix surrounding starch granules in the 
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endosperm occurs. Because of this modification 1n endosperm 

structure, the protein and starch are made more available for rumen 

degradation and postruminal utilization (McNeill et al., 1971; Potter 

et al., 1971). The modification of the endosperm structure has been 

observed with microscopic analyses (Florence et al., 1968; Sullins et 

al., 1971). The first stage is also thought to be oxygen dependent 1n 

that when oxygen has been depleted from the storage structure, the pro

cess is terminated. At this point, normal anaerobic fermentation is 

initiated and comprises the second stage of the reconstitution pro-

cess. Anaerobic fermentation continues until the grain pH has de-

creased sufficiently to stop bacterial activity. It has been fairly 

well accepted that grain should be reconstituted in the whole form, 

and it has been assumed that for proper reconstitution the integrity 

of the kernel exterior should be maintained so as to not disrupt the 

aleurone layer. 

It was observed in Exp. 3 that there was no significant differ

ence in digestibility of reconstituted whole sorghum grain due to gas 

treatment. This finding could lead to at least three possible conclu

Slons: one, insufficient quantities of gases were used to bring about 

an observable effect; two, oxygen requirements for respiration of the 

kernel embryo are sufficiently low that the various gas treatments had 

no ef fec t; or three, adequate amounts of oxygen were already present 

1n the grain prior to reconstitution or a sufficient quantity was de

rived from the water added. 
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In Exp. 4, the lowe r (p<. 05) diges t ibility observed \'lith 

sorghum grain ground prior to reconstitution as compared to grain re-

constituted whole is similar to previous research conducted ''lith the 

nylon bag (Loynachan, 1970) and in vitro (Neuhaus and Totusek, 

1971) techniques. It also agrees with responses obtained ln finishing 

feedlot trials (McGinty et aI., 1968; White et aI., 1969), and these 

same finishing trials substantiate the lower digestibility observed in 

this study for the ground reconstituted sorghum grain treatment when 

compared to the dry ground control grain sample. The treatments which 

were ground prior to or at 24 h of storage demonstrate the importance 

of maintaining the grain kernel in the \"hole form during the entire re-

constitution process. The improvement In digestibility obtained for 

whole reconstituted sorghum grain as compared to the dry ground sor-

ghum grain control sample agrees with results of previous nylon bag 

(Hale et al., 1963; Loynachan, 1970), in vitro (Neuhaus and Totu-

sek, 1971) and in vivo (Buchanan-Smith et al., 1968; Riggs and 

McGinty, 1970; McNeill et aI., 1971) digestion studies. It is inter-

esting to note there was no significant difference in digestibility be-

tween adding all the water required for reconstitution initially ver-

sus adding the same amount of water, but in t\OlO equal halves at two 

time periods during a 24 h period. Due to the type of equipment avail-

able, a two time water addition may be advantageous or required for 

some reconstitution operations. 

Excellent digestibility was obtained with the scarified sor-

ghum grain treatment in Exp. 4. \vater absorption was much more rapid 
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for the scarified grain than for the other ,,,hole grain treatments, and 

this was probably due to portions of the pericarp and aleurone layers 

being removed during the scarification process. Scarification of the 

grain kernel IS contradictory to the generally accepted assumption 

that the integrity of the whole kernel must be maintained for proper 

reconstitution to occur. Since 71% of the total scarified product was 

used for treatment there can be some doubt to how much of the improve

ment in digestibility was due to enhancement of the reconstituiton pro

cess, and how much was the result of less digestible grain fractions 

be i ng removed from the scarified kernels. No microscopic examinat ion 

studies were conducted to determine which grain fractions were re-

moved. If it is concluded there is no detrimental effect to the scari-

fied grain kernel, the problem of the smaller kernel parts and fines 

and their possibly reduced digestibility must be addressed. If a di

gestibility similar to the one observed for the ground reconstituted 

sorghum grain treatment in Exp. 4 is used for the smaller kernel parts 

and fines not included in the scarified grain treatment, digestibility 

at 21 d of storage would be reduced from 30 to 25% for the scarified 

grain treatment. This digestibility would be below that observed for 

the whole reconstituted sorghum grain treatment. If these assumptions 

are correct, the level of decrease in digestibility of a scarified 

product would be related to the amount of fines and smaller kernel 

parts produced by the scarification procedure. 

Following collection of this data and completion of the first 

draft of this dissertation, a germination study was completed with the 
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whole non-scarified and scarified sorghum grains used w Exp. 4. The 

non-scarified grain germinated within 2 d; however, germination did 

not occur with the scarified gra1n even after a 5 d period. Since 

germination was not observed with the scarified gra1n but satis

factory reconstitution apparently occurred, the theory concerning the 

first stage of reconstitution should be examined thoroughly. The in

ability of the various gas treatments used in Exp. 3 to bring about 

differences 1n digestibility also adds doubt that the first stage of 

reconstitution is similar to seed germination. The findings in the 

present study do not explain why ground grain will not reconstitute. 

The data would suggest that gra1n should be in the whole form; how

ever, maintaining the integrity of all of the kernel exterior is not 

required and scarification could be advantageous to optimize reconsti

tution. 

The improvement 1n digestibility obtained for whole reconsti

tuted corn as compared to the dry ground corn control sample agrees 

with results of previous in vitro (White et a1., 1973; Tonroy and 

Perry, 1974) and 1n vivo (McLaren and Matsushima, 1968) digestibil

ity studies. Also, 1n two reviews (Hale and Prouty, 1980; Bull et 

al., 1981) of grain processing systems, improvements in performance 

were shown for cattle fed reconstituted whole corn gra1n when compared 

to dry corn grain. The effect on digestibility of grinding corn grain 

prior to recons tituiton is similar to observations made with sorghum 

grain. Digestibility was lower for the ground reconstituted corn when 

compared to the whole reconstituted grain and dry ground control 
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sample. With var10US grain processing methods the beneficial response 

1n animal performance resulting from these methods is generally always 

larger with sorghum than with corn grain. This observation was also 

made 1n Exp. 5 wi th the whole reconstituted corn and sorghum grains 

when each was compared to their respective control grain samples. 

Results in Exp. 6 for the scarifi2d ground reconstituted treat

ment are similar to those obtained 1n Exp. 4 with the ground sorghum 

reconstituted treatment. The rate of 1ncrease in digestibility with 

time observed for the scarified grain in Exp. 6 1S more typical of 

grain reconstituted 1n the whole unprocessed form than was observed 

for the scarified grain treatment in Exp. 4. The degree of 

scarification of the grain 1n Exp. 6 was minimal compared to the 

amount of processing given to the scarified grain in Exp. 4. Rate of 

water absorption for the scarified gra1n used 1n Exp. 6 was similar to 

other unprocessed whole grains. 

In Exp. 1, 2 and 3, grain pH was inversely correlated with 

percent in vitro dry matter disappearance. In these experiments, 

all sorghum grain was reconstituted in the whole unprocessed form. 

Given this condition, gra1n pH could be used to measure quality 

control of reconstituted whole sorghum grain. The rapid decrease in 

grain pH observed with reconstituted grains stored ground was probably 

due to a greater amount of grain surface area available for bacterial 

activity; however, this did not result in increased 1n vitro 

digestibility. 



CHAPTER 5 

DIGESTIBILITY AND NITROGEN BALANCE OF STEERS FED 
RECONSTITUTED WHOLE OR STEAM PROCESSED FLAKED 

SORGHUM GRAIN 

Summary 

A metabolism trial using 12 Charolais X Hereford steers 

weighing 324 kg was conducted to study the effect of reconstituted 

whole or steam processed flaked sorghum grain on digestibility and nl-

trogen balance. Whole dry sorghum grain was reconstituted to 30% 

moisture, stored in an oxygen limiting upright structure and rolled 

prior to feeding. Weight per volume of flaked grain was 45% of the 

original whole grain. The 90% concentrate diets contained 14.3% 

protein (dry matter basis), and average daily dry feed intake for all 

steers was 5.3 kg. Two collection periods were used \.,ith three steers 

per treatment in each period resulting in six observations per treat-

mente Steers were fed their respective diets for a minimum of 28 d 

prior to being placed into metabolism crates. After an adjustment 

period of 7 d, 7-d fecal and urine collections were made. Digestible 

energies and apparent digestion coefficients for dry matter, organiC 

matter, protein and gross energy were not different (P>.05) between 

dietary treatments. Nitrogen retention as a percent of nitrogen 

intake and as a percent of nitrogen absorbed was 35 (P<.05) and 31 
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(P<.lO) % higher, respectively, for the reconstituted than for the 

flaked sorghum grain diet. 

Introduction 

Buchanan-Smith et al. (1968) with cattle observed impr.ove

ments in dry matter, organic matter and nonprotein organic matter di

gestibility for reconstituted when compared to coarse and fine ground 

sorghum grain diets, but found no differences between reconstituted 

and flaked sorghum grain diets. Grain processing method did not af

fect nitrogen digestibility or nitrogen retention. Husted et al. 

(1968) reported protein digestibilities \.,ere similar for diets contain

ing dry rolled or flaked sorghum grain. Prouty et al. (1978) found 

nitrogen retention as a percent of nitrogen intake and as a percent of 

nitrogen absorbed was 58 and 48% higher, respectively, for reconsti

tuted than dry rolled grain diets. 

The major portion of the research reports given in Chapter 2 

indicate an increased protein digestibility for reconstituted as com

pared to dry sorghum grain. As only one report is available comparing 

reconstituted to flaked sorghum grain, the present metabolism trial 

\Olas conducted to obtain additional information on diet digestibility 

and nitrogen utilization by steers fed grains processed by these two 

methods. 

Experimental Procedure 

Twelve Charolais X Hereford steers (324 kg) were randomly 

allotted to t\OlO dietary treatments and individually full-fed 90% 
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concentrate diets containing either reconstituted whole or steam 

processed flaked sorghum grain (table 5.1). The steers were fed for a 

minimum of 28 d prior to being placed into metabolism crates. After 

an adjustment period of 7 d, 7-d 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 urine collection 

containers to lower pH. Two collection periods were used with three 

steers per treatment in each period resulting in six observations per 

treatment. The three steers having the highest feed intakes within 

each treatment were selected for the first collection period. 

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

analytical determinations. AOAC (1975) procedures were used for all 

chemical analyses. Gross energy was determined on the feces and diets 

with an adiabatic bomb calorimeter. 

Reconstituted grain was prepared by adding sufficient water 

to whole dry grain (12% moisture) to ra1se the moisture level to 30%. 

To resolve one of the major problems of reconstituting sorghum grain, 

which 1S the addition of sufficient water to dry whole grain, temper

ing tanks were incorporated into the reconstitution unit. In this pro

cess dry whole grain was augered into a reconstitutor (high speed 

mj.xer) as water was added. The wet gra1n was then elevated into tem

pering tanks and held 1n the tanks until the added water had either 

run off (minimal amount) or been absorbed into the grain. The temper

ing phase lasted approximately 2 h and the moisture level of the grain 

was raised 8 to 10 percentage units. From the tempering tanks the 
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Table 5.1. EXPERINENTAL DIETS AND CHENICAL COHPOSITIONa 

Ingredient 

Alfalfa hay, grnd (IFN 1-00-063) 
Sorghum grain (IFN 4-04-444) 
Cane molasses (IFN 4-04-696) 
Animal fat (IFN 4-00-409) 
Urea (IFN 5-05-070) 
Dica1cium phosphate (IFN 6-01-080) 
Iodized salt (IFN 6-04-151) 
Limestone (IFN 6-02-632) 
Nonensin gremixb 

Vitamin A 

Chemical compositiond 

Protein, % 
Ash, % 
Gross energy, Neal/kg 

Reconstituted 

whole 

10.00 
81. 75 

3.00 
2.00 

.70 

.45 

.50 

.60 
1.00 
+ 

14.55 
4.34 
4.56 

:Dietary formu1al:ion on 88% dry matter basis. 
To provide 33 ppm monensin in diet. 
~3300 IU/kg of diet. 
Dry matter basis. 

% 

Steam processed 

flaked 

10.00 
81.75 

3.00 
2.00 

.70 

.45 

.50 

.60 
1.00 
+ 

14.02 
4.00 
4.53 
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graIn was augered back into the reconstitutor and water once again 

added \.;rith the grain then being elevated into an oxygen limiting up-

right structure. The second water addition raised the moisture level 

of the grain another 8 to 10 percentage units. Before mixing into 

diets, the reconstituted grain was rolled through a 25 x 51 cm roller 

mill resulting in a crushed grain product. 

Steam processed flaked grain was prepared by the procedure 

described by Hale et al. (1966). Weight per volume of steam processed 

flaked grain was 45% of the original whole grain. 

Data were statistically analyzed by analysis of varIance ac-

cording to Steel and Torrie (1960). 

Results and Discussion 

There were no differences (P>.OS) between dietary treatments 

for either steer weight or feed intake during the metabolism trial 

( tab I e 5. 2 ) • Average dry feed intake for all steers was 

69 g/W
1 

.75/d, and was considered satisfactory for the concentrate 
<g 

leve I of the diets. Although not statistically significant daily feed 

intake per W
kg

.75 was 7% higher for steers fed reconstituted than 

for flaked sorghum grain. The analyses of variance for steer weight 

and feed intake is in table 5.3. The daily feed intake in collection 

period one \>las 21% higher (P<.05) when compared to collection period 

two (76 vs 63 g/ W
kg

.75/d). 

Digestible energies and apparent digestion coefficients for 

dry matter, organic matter, protein and gross energy were not 



Table 5.2. STEER ~.;rEIGHT AND FEED INTAKE 

Item 

No. steers 
Steer weight, kga

b Feed intake/d, kg c 
Feed intake as % of body weight, % 
Feed intake, g/H

1 
.75/ d 

~g 

Reconstituted 

whole 

6 
320 

5.4 
1.7 

72 

:steer weight at initiation of metabolism trial. 
Intake during metabolism trial. 

cDry matter basis. 
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Steam processed 

flaked 

6 
328 

5.2 
1.6 

67 

Table 5.3. ANALYSES OF VARIANCE FOR STEER HEIGHT AND FEED INTAKE 

MS 

Feed intake 
Steer Feed as percent of Feed intake, 

Source df weight intake/d body ,veigh t g/W
kg 

.75/d 

Treatment 1 178.0 .2 .05 63.0 
Collection 1 151. 5 2 .l~" . 3", 470.0~" 

Treatment X 
collection 1 473.5 .1 .005 1.7 

Error 8 414.1 .4 .03 49.0 

i'P<.05. 
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different (P>.05) between dietary treatments (table 5.4). No change 

in statistical significance resulted between treatments for the 

digestibility data when feed intake was used as the covariate and was 

expressed either as kg of intake/d or as g/W
1 

.75/d. These results 
cg 

agree with those of Buchanan-Smith et al. (1968) in which reconsituted 

or flaked sorghum grain was fed to steers in 78% grain diets 

supplemented with cottonseed meal. Significant differences were 

observed between collection periods for all digestion coefficients and 

digestible energy (table 5.5). Both collection periods were conducted 

under similar conditions with the only differences being level of feed 

intake and steers. With higher (P<.OS) feed intakes in the first 

collection period, significantly lower digestion coefficients and 

digestible energy values resulted when compared to the second 

collection period. Apparent digestion coefficients for dry matter, 

organic matter, protein and gross energy for the two collection 

periods were: collection period one, 81.0, 81.8, 65.7, 79.3%; and 

collection period two, 84.0, 84.8, 71.3, 82.1%, respectively. 

Digestible energy values for collection periods one and two were 3.6 

and 3.7 Mcal/kg, repectively. Studies by Mitchell and Hamilton 

(1932), Forbes et al. (1937) and Blaxter and Wainman (1964) have shown 

that increased levels of feeding decrease the digestibility of energy 

supplying nutrients. 

There were no differences (P>.05) in nitrogen intake, fecal 

nitrogen or urinary nitrogen between dietary treatments (table 5.6). 

Although not statistically significant, nitrogen intake was 10% higher 



Table 5.4. APPARENT DIGESTION COEFFICIENTS AND DIGESTIBLE ENERGY 
OF EXPERUmNTAL DIETS 
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Reconstituted Steam processed 

Item 

No. steers 
Dry matter, % 
Organic matter, % 
Protein, % 
Gross energy, % 
Digestible energy, Mcal/kga 

aDry matter basis. 

whole 

6 
81.9 
82.7 
69.8 
80.2 

3.7 

flaked 

6 
83.1 
84.0 
67.2 
81.2 

3.7 

Table 5.5. ANALYSES OF VARIANCE FOR APPARENT DIGESTION COEFFICIENTS 
AND DIGESTIBLE ENERGY 

Source df 

Treatment 1 
Collection 1 
Treatment X 

collection 1 
Error 8 

~~P<. 05. 
7P<.10. 

MS 

Apparent digestion coefficients 

Dry 
matter 

3.9 
28. 3~', 

3.1 
3.8 

Organic 
matter 

4.9 
25. 5~', 

3.3 
3.8 

Protein 

19.4 
92. 3~', 

12.3 
10.6 

Gross 
energy 

3.4 
22.5t 

5.4 
5.0 

Digestible 
energy 

.006 
Ii, 

.02 

.02 



Table 5.6. NITROGEN BALANCE OF EXPERIMENTAL DIETS 

Item 

No. steers 
Nitrogen intake, g/d 
Fecal nitrogen, gld 
Urinary nitrogen, gld 
Nitrogen retained as % 

nitrogen intake, % 
Nitrogen retained as % 

nitrogen absorbed, % 

~':P<. 05 . 
.l.p< .10. 

of 

of 

Reconstituted 

whole 

6 
126.0 

38.3 
51.0 

29. 3~'~ 

42. 3~' 

126 

Steam processed 

flaked 

6 
114.6 

38.0 
51. 9 

21. 7 

32.3 
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for the recons t ituted than for the flaked sorghum grain diet. Since 

fecal and urinary nitrogen excretions were almost identical for the 

two dietary treatments, nitrogen retention as a percent of nitrogen 

intake and as a percent of nitrogen absorbed was 3S (P<.OS) and 31 

(P<.10) % higher, respectively, for the reconstituted than for the 

flaked sorghum grain diet. Analysis of covariance was also used with 

the nitrogen retention data. No change in statistical significance 

resulted between treatments for the nitrogen retention data when 

nitrogen intake was used as the covariate and was expressed either as 

g of intake/d or as g/W
kg

.7S/d. After correcting fecal nitrogen 

excretion for metabolic fecal nitrogen (Mitchell and Bert, 19S4) and 

urinary nitrogen excretion for endogenous urinary nitrogen (Brody et 

al., 1934), nitrogen retention as a percent of nitrogen intake and as 

a percent of nitrogen absorbed was 11 and 9% higher, respectively, for 

the reconstituted than for the flaked sorghum grain diet. These 

results do not agree with those of Buchanan-Smith et a1. (1968) who 

reported no differences (P>.OS) in nitrogen retention for steers fed 

diets containing reconstituted or flaked sorghum grain. Potter et al. 

(1971) using abomasal fistulated steers fed 83% grain diets found 28% 

greater (P>.OS) ruminal degradation of feed protein and 10% less 

(P>.OS) total nitrogen reaching the abomasum from a reconstituted 

sorghum grain diet than for a diet containing flaked sorghum grain. 

Because of the more extensive conversion of feed protein to microbial 

protein, protein quality was somewhat higher (P>.OS) in abomasal fluid 

of steers fed reconstituted compared to flaked sorghum grain. In 
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their study the post-abomasal true digestion of nitrogen was S% higher 

(P>.OS) for the reconstituted than for the flaked sorghum grain diet. 

Their data would suggest that reconstitution could result in improved 

nitrogen utilization when compared to flaking. 

In table S.7 the analyses of variance is given for the nitro-

gen balance data. Nitrogen intake was 14% higher (P<.lO) for the 

first collection period compared to the second collection period 

(128.3 vs 112.3 g). This additional nitrogen contributed to a 37% 

greater (P<.OS) fecal nitrogen excretion (44.0 vs 32.2 g), 4% greater 

(P>.OS) nitrogen retention as a percent of nitrogen intake (26.0 vs 

2S.0%) and 12% greater (P>.OS) nitrogen retention as a percent of ab

sorbed nitrogen (39.4 vs 3S.2%) for collection period one than for col-

lec t ion period two. Urinary nitrogen excretions were 2% lower in the 

first collection period than for the second collection period (SO.9 vs 

S2.0 g) resulting 1n a treatment by collection interaction (P<.10). 

After correcting fecal nitrogen excretion for metabolic fecal nitrogen 

and urinary nitrogen excretion for endogenous urinary nitrogen using 

the methods cited previously, nitrogen retention as a percent of nitro

gen intake and as a percent of nitrogen absorbed was .8 and 6% higher, 

respectively, for collection period one than for collection period 

two. 

For this study digestible energies and apparent digestibil

ities for dry matter, organ1c matter, protein and gross energy were 

similar for reconstituted and flaked sorghum grain. However, nitrogen 

retentions were higher with reconstituted than for flaked sorghum 
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Table 5.7. ANALYSES OF VARIANCE FOR NITROGEN BALANCE 

MS 

Nitrogen Nitrogen 
retained retained 

Nitrogen Fecal Urinary as percent as percent 
Source df intake nitrogen nitrogen of nitrogen of nitrogen 

intake absorbed 

Treatment 1 385.3 .3 2.4 172.5'< 299.2i" 
Collection 1 764.8-;- 418.9": 3.3 2.6 54.6 
Treatment X 

collection 1 31.4 8.2 333.97 63.3 204.7 
Error 8 195.5 41.7 91.2 27.9 60.3 

,':p<. 05. 
~-p< .10. 
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grain. Th i s wa s probably due to greater rumen microbial degradat ion 

of protein 1n reconstituted than flaked sorghum grain. This effect 

has been shown with both abomasal fistulated steers (Potter et al., 

197.1) and the nylon bag technique (Loynachan, 1970). With increased 

degradation of the grain protein increased conversions to microbial 

pro t e in oc cur, and in the case of sorghum grain this would be benefi

cial since an improvement in protein quality would result (Potter et 

aI., 1971). It has also been observed that post-abomasal true digesti

bility of nitrogen 1S somewhat higher for reconstituted than for 

flaked sorghum grain (Potter et al., 1971). From this it can be postu

lated that with the combined effect of increased protein quality and 

post-abomasal true digestibility of nitrogen that higher nitrogen re

tentions would probably result with reconstituted than for flaked 

sorghum grain. This agrees with the observations made in this study. 



CHAPTER 6 

THE EFFECTS OF SORGHUM GRAIN PROCESSING METHOD AND 
PROTEIN, MINERAL AND ALFALFA HAY LEVELS ON 

PERFORMANCE OF FINISHING STEERS 

Summary 

Two finishing trials with an average length of 130 d were 

conducted with 288 yearling steers (305 kg) to study the effect of sor-

ghum grain processing methods, dietary protein and mineral (K, Co) lev-

els, alfalfa hay levels and administration of a 7-way clostridial bac-

terin. The sorghum grain process1ng methods were dry rolled, flaked 

and reconstituted. Expressed on a dry matter basis (DMB), the two 

dietary protein levels compared were 13.1 and 11.4%. Due to changes 

in K and Co composition of feed ingredients between trials some differ-

ences existed in the levels examined in each trial. In trial 1, lev-

els of diet K compared were .8 and .6% (DMB) and levels of diet Co 

were 1 and .2 ppm (DMB). In trial 2, levels of diet K compared were 

.8 and. 7% (DMB), and due to extremely high Co levels in the major 

feed ingredients, a Co comparison ~laS not made in trial 2. Sorghum 

grain processing methods, and protein and mineral levels were compared 

1n 10% alfalfa hay diets. The three alfalfa hay levels compared were 

10, 20 and 30% in reconstituted sorghum grain diets. When the three 

sorghum grain processing methods were compared, both feed intake and 
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feed conversion ,,,ere higher (P<.OS) for dry rolled graln than for 

either flaked or reconstituted grain. Feed conversion was S% higher 

(P<.05) for flaked than for the reconsitututed grain. With 

r2constituted sorghum grain there were no differences (p).OS) in steer 

pe r forma n c e amo ng the three treatments comparing protein and mineral 

levels; however, with flaked sorghum grain both gain and feed 

efficiency were lower (P<.OS) for the low protein--high mineral 

treatment than for the high protein--Iow 'mineral treatment. In trial 

1, significant differences were observed for steer performance among 

the alfalfa hay levels in reconstituted sorghum grain diets; however, 

in trial 2 there were no differences (P).05) in performance among 

alfalfa levels. There were no differences (P).OS) in gains or 

mortality between steers vaccinated or not vaccinated with a 7-way 

clostridial bacterin. 

Introduction 

Two finishing trials with beef cattle (Newsom et aI., 1968; 

Eudaly and Riggs, 1969) have been conducted comparing dry rolled, flak

ed and reconstituted sorghum grain. In these studies improvements in 

cattle performance ,,,ere observed for flaked and reconstituted grain 

when compared to dry rolled grain. BoIsen et ai. (1974) reported a 

comparison between flaked and reconstituted sorghum grain. In two of 

these studies (Eudaly and Riggs, 1969; BoIsen et aI., 1974) feed effi

ciency has favored the flaked treatment over the reconstituted treat

ment and in the third study (Newsom et al., 1968) the reverse has been 

observed with these two grain processing methods. Since that time two 
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reviews (Hale and Prouty, 1980; Bull et al., 1981) have been published 

which discuss the relative efficiencies of var10US grain processing 

systems. In these reV1ews a slightly greater improvement in feed effi

ciency has been shmm for reconstituted sorghum gra1n when compared to 

flaked grain. 

In Chapter 5 it was reported that higher nitrogen balance was 

observed for a reconstituted sorghum grain diet than for a flaked 

grain diet. This finding may suggest that reduced protein levels 

could be used in diets containing reconstituted sorghum grain than in 

those with flaked grain. 

Presently, the levels of molasses incoporated into feedlot 

diets are lower than previously used. This is primarily due to in

creased cost, and consequently lends itself to the use of lower levels 

and molasses blend products. Molasses not only adds energy and palata

bility to the diet, but it is a very satisfactory source of potassium. 

Hale et al. (1968) reported that cattle performance could be maintain

ed with diets absent of molasses by supplementing the diets with an in

organ1c potassium source. 

T\olO fac tors \olh ich could increase the Co requirement of cat

tle fed current feedlot diets are the use of ionophores and high con-

centrate feeds. Both ionophores presently marketed \olill increase 

propionate production. Also, \olhen cattle are fed high concentrate 

diets, propionate becomes a larger proportion of the volatile fatty 

acids produced, and greater quantities of pseudo vitamin B12 analogs 

are synthesized when compared to higher roughage diets (Elliot, 1980). 
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A summary of steer feeding trials reported by Prouty et al. 

(1981) suggested that dry rolled corn and flaked sorghum grain af

fected the utilization of alfalfa hay differently. They observed that 

with flaked sorghum grain diets there was no increase (P>.05) in feed 

conversion as alfalfa hay was increased from 10 to 30% of the diet; 

however, in the same type of comparison with dry rolled corn diets a 

linear increase (P<.05) in feed conversion resulted as alfalfa hay lev

el was increased in the diet. 

The objectives of these two finishing trials were to deter

mlne the effects of the following on steer performance: 1) sorghum 

graln processing method: dry rolled, flaked or reconstituted; 2) 

dietary protein and mineral (K, Co) levels with flaked or reconstitu

ted sorghum grain; 3) alfalfa hay level with reconstituted sorghum 

grain and 4) the administration of a 7-way clostridial bacterin. 

Experimental Procedure 

Two finishing trials were conducted with 288 yearling steers. 

In tr ia II, the 144 steers were fed for 120 d and had an average ini

tial weight of 320 kg. The number of days steers were fed in trial 2 

vias 140 and their average initial weight \V'as 290 kg. In each trial, 

steers were randomly allotted by weight and type to dietary treatments 

(table 6.1). One ha I f of the steers in each dietary treatment were 

vaccinated with a 7-way clostridial bacterin initially and revaccinat

ed at 28 d. All steers were implanted with Ralgro initially and with 

Synovex-S at 56 d in trial 1 and 84 d in trial 2. Two day initial and 

final weights were recorded with interim single day weights at 28 d. 



Table 6.1. EXPERIMENTAL DESIGN FOR DIETARY TREATMENTS 
(TRIALS 1 AND 2) 

Item 

Dry rolled sorghum--lO% alfalfa 
High protein--high mineral 

Flaked sorghum--lO% alfalfa 
High protein--high mineral 
High protein--low mineral 
Low protein--high mineral 

Reconstituted sorghum--lO% alfalfa 
High protein--high mineral 
High protein--lo\v mineral 
Low protein--high mineral 

Reconstituted sorghum--20% alfalfa 
High mineral (trial 1) 
Low mineral (trial 2) 

Reconstituted sorghum--30% alfalfa 
High mineral (trial 1) 
Low mineral (trial 2) 

No. of 
steers/pen 

8 

8 
8 
8 

8 
8 
8 

8 
8 

8 
8 

No. of 
pens/trial 

2 

2 
2 
2 

2 
2 
2 

2 
2 

2 
2 
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Feed intakes were adjusted to an equivalent 88% dry matter basis for 

computation of average daily feed intakes and feed converSlons. 

The diets fed in trials 1 and 2 are in tables 6.2 and 6.3, re

spectively. In trial 1, the ttVO protein levels compared with the 10% 

alfalfa diets were 13.1 and 11.5%. The 10% alfalfa diets with K and 

Co additions contained .8% K and 1 ppm Co; whereas, the 10% alfalfa 

diet not having K or Co addition contained .6% K and .2 ppm Co. The 

20 and 30% alfalfa diets were fed at the high protein level and with K 

and Co additions. The diets in which K and Co were added, potassium 

sulfate was utilized as the supplementary K source and cobalt carbon

ate was the supplementary Co source. For the first 14 d of the trial, 

all steers were fed a 35% alfalfa diet, and from d 15 to d 28 a 20% al

falfa diet was fed with exception to steers on the 30% alfalfa treat-

ment. Following d 28, steers were fed a 10% alfalfa diet with excep-

tion to steers on the 20 and 30% alfalfa treatments. 

In trial 2, protein levels compared with the 10% alfalfa 

diets were similar to those in trial 1. Due to high Co values in the 

sorghum grain and alfalfa hay in trial 2, a Co comparison was imprac

tical with the 10% alfalfa diets (table 6.4). Also in trial 2, the K 

level of the sorghum grain was higher than that used in trial 1, and 

resulted 1n a much more restricted comparison of K levels with the 10% 

alfalfa diets than what was conducted in trial 1. As in trial 1, the 

20 and 30 % alfalfa diets in trial 2 were fed at the high protein lev

el; however, 1n trial 2, K and Co additions were not made to these 

diets. The diets in which K was added, potassium chloride was used as 

the supplementary K source. For the first 28 d of the trial, all 
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Table 6.2. EXPERIMENTAL DIETS AND CHEMICAL COMPOSITION (TRIAL l)a 

Alfalfa level, % 

Protein level 

Mineral addition 

Mineral level 

Alfalfa hay, grnd 
(IFN 1-00-063) 

Sorghum grain 
(IFN 4-04-444) 

Cane molasses
whey blend 

Animal fat 
(IFN 4-00-409) 

Vrea 
(IFN 5-05-070) 

Dicalcium phosphate 
(IFN 6-01-080) 

Iodized salt 
(IFN 6-04-151) 

Limestone 
(IFN 6-02-632~ 

Monensin premix 
Vitamin AC 

Chemical compositiond 

Protein, % 
Calcium, % 
Phosphorus, % 
Potassium, % 
Cobalt, ppm 

10 

High 

+ 
High 

10.00 

81. 95 

3.00 

2.00 

.50 

.45 

.50 

.60 
1.00 
+ 

13.10 
.60 
.40 
.80 

1.00 

10 

High 

Low 

10.00 

81. 95 

3.00 

2.00 

.50 

.45 

.50 

.60 
1.00 
+ 

13.10 
.60 
.40 
.60 
.20 

10 

Lm" 

+ 

High 

10.00 

82.45 

3.00 

2.00 

.45 

.50 

.60 
1.00 
+ 

11.50 
.60 
.40 
.80 

1.00 

20 

High 

+ 
High 

20.00 

72.65 

3.00 

2.00 

.20 

.45 

.50 

.20 
1.00 
+ 

13.20 
.60 
.40 

1.00 
1.20 

30 

High 

+ 
High 

30.00 

63.05 

3.00 

2.00 

.45 

.50 

1.00 
+ 

13.70 
.60 
.40 

1.20 
1. 30 

aDietary formulation on 88% dry matter basis; diets fed after 28 d 
on trial with exception to the 20 and 30% alfalfa diets which were 

bfed after 14 d. 
To provide 33 ppm monensin in diet. 
~3300 IV/kg of diet. 

Dry matter basis; calculated from laboratory analyses of feed 
ingredients. 
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Table 6.3. EXPERIMENTAL DIETS AND CHEMICAL COMPOSITION (TRIAL 2)a 

Alfalfa level, % 

Protein level 

Mineral addition 

Mineral level 

Alfalfa hay, grnd 
(IFN 1-00-063) 

Sorghum grain 
(IFN 4-04-444) 

Cane molasses
whey blend 

Animal fat 
(IFN 4-00-409) 

Urea 
(IFN 5-05-070) 

Dicalcium phosphate 
(IFN 6-0l-080} 

Iodized salt 
(IFN 6-04-151) 

Limestone 
(IFN 6-02-632~ 

Monensin premix 
Vitamin AC 

Chemical compositiond 

Protein, % 
Calcium, % 
Phosphorus, % 
Potassium, % 
Cobalt, ppm 

10 

High 

+ 
High 

10.00 

81. 95 

3.00 

2.00 

.75 

.20 

.50 

.60 
1.00 
+ 

13.10 
.60 
.40 
.80 

3.50 

10 

High 

Low 

10.00 

81. 95 

3.00 

2.00 

.75 

.20 

.50 

.60 
1.00 
+ 

13.10 
.60 
.40 
.70 

3.50 

10 

Low 

+ 
High 

10.00 

82.58 

3.00 

2.00 

.12 

.20 

.50 

.60 
1.00 
+ 

11.20 
.60 
.40 
.80 

3.50 

20 

High 

Low 

20.00 

72.40 

3.00 

2.00 

.60 

.20 

.50 

.30 
1.00 
+ 

13.20 
.60 
.40 
.90 

3.40 

aDietary formation on 88% dry matter basis; diets fed after 56 d 

30 

High 

Low 

30.00 

62.65 

3.00 

2.00 

.40 

.45 

.50 

1.00 
+ 

13.20 
.70 
.40 

1.10 
3.40 

on trial with exception to the 20 and 30% alfalfa diets which were 
bfed after 28 d. 

To provide 33 ppm monensin in diet. 
~3300 IU/kg of diet. 

Dry matter basis; calculated from laboratory analyses of feed 
ingredients. 



Table 6.4. CHEMICAL ANALYSIS FOR POTASSnJN AND COBALT OF THE THREE 
}~JOR FEED INGREDIENTS a 

Feed 
ingredient 

Sorghum grain 
Alfalfa hay 
Cane rnolasses--

"'hey blend 

a Dry matter basis. 

Potassium, % 

Trial 1 

.39 
2.51 

1.82 

Trial 2 

.47 
2.42 

1.82 

Cobalt, ppm 

Trial 1 Trial 2 

<1.0 3.7 
1.3 3.3 

2.4 2.4 

139 
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steers were fed a 35% alfalfa diet, and from d 29 to d 56 a 20% alfal

fa diet was fed with exception to steers on the 30% alfalfa treatment. 

Following d 56, steers were fed a 10% alfalfa diet with exception to 

steers on the 20 and 30% alfalfa treatments. 

Processing procedures for reconstituted and flaked sorghum 

grains were similar to that described in Chapter 5. Dry rolled sor

ghum grain was obtained by processing air dry grain through a 45 x 76 

cm ro ller mill with the rolls set at a sufficient spacing to produce a 

well cracked product with a minimum of fines. 

Hith exception to the comparisons made involving the three 

alfalfa hay levels, similar treatments were summarized over trials. 

Data were statistically analyzed by analysis of variance according to 

Steel and Torrie (1960). 

Results and Discussion 

When the three sorghum grain processing methods are compared 

with diets containing 10% alfalfa and the higher protein and added mIn

eral levels, there was no difference (p).05) in average daily gain 

among the treatments (table 6.5). Average daily feed intakes were 14 

and 12% lower (P<.05), respectively, for the flaked and reconstituted 

grain diets when compared to the dry rolled diet. Feed efficiencies 

were significantly improved for the flaked and reconstituted treat

ments as compared to the dry rolled treatment. The number of studies 

(Newsom et al., 1968; Eudaly and Riggs, 1969) in which these three 

sorghum grain processing methods were tested concurrently are quite 

limited; however, the results of the present trials generally agree 



Table 6.5. STEER PERFOR}ffiNCE AS AFFECTED BY THREE SORGHUM GRAIN 
PROCESSING METHODS a 

Item 

No. steers 
Initial wt, kg 
Gain, kg 
Feed, kg 
Feed/gain 
Improvement, % 

Dry rolled 

32 
306 

1.27 
9.3b 

734b 

Flaked Reconstituted 

32 32 
309 300 

1.23 1.32 
8.0c 8.2c 

6S4 c 62lc 

11 15 

~~vo trials, avg 130 d; 10% alfalfa, high pcotein--high mineral. 
,cP<.OS. 

141 
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with the previous studies, and also with the reviews of grain process

ing systems by Hale and Prouty (1980) and Bull et al. (1981). 

With reconstituted sorghum grain diets fed at the 10% alfalfa 

level there was no significant effect on steer performance due to 

either protein or mineral level (table 6.6). In the same type of com

parison \olith flaked sorghum grain, steers fed the high protein--Iow 

mineral diet had a higher (P<.OS) average daily gain than those fed 

the low protein--high mineral diet (table 6.7). Daily gains were not 

different (p).OS) between the two high protein diets with or without 

mineral addition. Average daily feed intakes were similar (p).OS) 

among the three 10% alfalfa treatments with flaked sorghum grain. 

Feed efficiency followed the same trend as weight gain in that the 

high protein--Iow mineral diet was more efficient (P<.OS) than the low 

protein--high mineral diet. No difference (p).OS) 1n feed efficiency 

occurred between the two high protein diets with or without mineral 

addition. 

In this study, \.,.ith either reconstituted or flaked sorghum 

grain in 10% alfalfa hay diets, no apparent benefit was realized for 

increasing K and Co levels over that found in the unsupplemented 

diets. Earlier work by Hale et a1. (1968) suggested that K may be a 

limiting factor in certain high concentrate diets, and that supplemen

tation could improve animal performance. When protein levels are com

pared, a some\olhat greater difference in steer performance occurred 

with diets containing flaked grain than reconstituted grain. This 

agrees with results reported in Chapter S concerning increased 
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Table 6.6. THE EFFECT OF PROTEIN AND NINERAL LEVELS \.JITH RECONSTITUTED 
SORGHUM GRAIN ON STEER PERFORNANCEa 

Protein level High High Low 

Mineral addition + + 
Mineral level High Lmv High 

No. steers 32 32 32 
Ini tial \vt, kg 300 301 303 
Gain, kg 1. 32 1.27 1. 25 
Feed, kg 8.2 8.0 8.1 
Feed/gain 621 633 646 

aTwo trials, avg 130 d; 10% alfalfa. 

Table 6.7. THE EFFECT OF PROTEIN AND MINERAL LEVELS HITH FLAKED 
SORGHUM GRAIN ON STEER PERFORMANCEa 

Protein level High 

Mineral addition + 
Mineral level High 

No. steers 32 
Initial wt, kg 309 
Gain, kg 1. 23bc 

Feed, kg 8.0 
Feed/gain 654bc 

~Two trials, avg 130 d; 10% alfalfa. 
,cp<.05. 

High Lmv 

+ 
Low High 

32 32 
303 b 308 

1.31 1.l9
c 

854 8.2 
642 69lc 
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nitrogen balance for reconstituted sorghum grain as compared to flaked 

sorghum grain. 

When the 10% alfalfa hay diets containing either flaked or re

constituted sorghum graIn were compared across protein and mineral 

levels, there was no difference (P>.OS) in average daily gain between 

grain processing treatments (table 6.8). Also feed intakes were SImI

lar (p>. OS) for steers fed the flaked and reconstituted sorghum grain 

diets. Diet feed efficiency was improved 4% (P<.OS) for reconstituted 

when compared to flaked sorghum grain. The results of this comparison 

agree with those given in table 6.S for the same two grain processing 

procedures, and in general with the observations made by BoIsen et al. 

(1974). 

since K and Co additions were made to the 20 and 30% alfalfa 

diets In trial 1, and these additions were not made to these diets in 

trial 2, the statistical evaluation of alfalfa levels was conducted 

within trials. In trial 1, average daily gain was higher (P<.OS) for 

steers fed the 10% alfalfa hay diet when compared to the 20% level; 

however, there was no difference (P>.OS) between the 30 and 20% levels 

or the 30 and 10% levels (table 6.9). Average daily feed intakes were 

similar (P>.OS) among the three alfalfa levels. Feed efficiency was 

improved (P<.OS) for steers fed the 10% alfalfa hay diet when compared 

to the 20 and 30% levels. In trial 2, no significant differences were 

observed in steer performance for the three alfalfa levels (table 

6.10). The results of trial 2 agree with previous observations 

(Prouty et al., 1981) made with alfalfa hay levels and flaked sorghum 

grain. 



Table 6.8. STEER PERFORHANCE AS AFFECTED BY THO SORGHUH GRAIN 
PROCESSING METHODS ACROSS PROTEIN AND MINERAL LEVELS a 

Item Flaked 

No. steers 96 
Initial wt, kg 307 
Gain, kg 1. 25 
Feed, kg 8.2 
Feed/gain 662b 

~~vo trials, avg 130 d; 10% alfalfa. 
,cp<.05. 

Reconstituted 

96 
301 

1.28 
8.1 

633c 

Table 6.9. THE EFFECT OF THREE ALFALFA LEVELS HITH RECONSTITUTED 
SORGHUN GRAIN ON STEER PERFORMANCE (TRIAL l)a 

Item 30 

No. steers 
Initial wt, kg 
Gain, kg 
Feed, kg 
Feed/gain 

16 
319 

1.29bc 

8.9 
695b 

:120 d; high protein--high minEral. 
,cp<.05. 

Avg alfalfa 

20 

16 
323 b 

1.24 
8.6 

694b 

level, % 

10 

16 
314 

1.39c 

8.5 
611c 
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Table 6.10. THE EFFECT OF THREE ALFALFA LEVELS WITH RECONSTITUTED 
SORGHUM GRAIN ON STEER PERFORMANCE (TRIAL 2)a 

Item 30 

No. steers 
Initial wt, kg 
Gain, kg 
Feed, kg 
Feed/gain 

16 
292 

1.29 
8.3 

642 

a140 d; high protein--low mineral. 

Avg alfalfa 

20 

16 
293 

1.28 
8.4 

652 

level, % 

10 

16 
287 

1.25 
7.8 

626 
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There were no significant differences in either average daily 

gain or percent mortality between steers vaccinated with a 7-way clos

tridial bacterin and non-vaccinated controls (table 6.11). Thus 

steers administered the vaccine were conceivably given added protec

tion against the indicated clostridial toxins without decreasing 

weight gain. It has been shown that certain feedlot cattle procedures 

including vaccination programs can decrease animal performance even 

though they may have the potential to increase the overall health of 

the animal (Martin et al., 1982). 

In th is study when sorghum graln processing methods were com

pared at the high protein--high mineral level, both feed intake and 

feed conversion were higher (P<.05) for dry rolled grain than for 

either flaked or reconstituted grain. With reconstituted sorghum 

grain there were no differences (P>.05) in steer performance among the 

three treatments comparing protein and mineral levels; however, with 

flaked sorghum grain both gain and feed efficiency were lower (P<.05) 

for the low protein--high mineral treatment than for the high 

protein--Iow mineral treatment. When compared across protein and mln

era 1 levels, feed convers ion was 5% higher (p<. 05) for flaked than for 

reconstituted sorghum grain. 

Also 1n this study with trial 1, gain was lower (P<.05) for 

steers fed 20% alfalfa with reconstituted sorghum grain when compared 

to the 10% alfalfa diet, and feed conversions were higher (P<.05) for 

the 20 and 30% alfalfa treatments than for the 10% alfalfa treatment. 

In trial 2, there were no differences (P>.05) in steer performance 



Table 6.11. THE EFFECT OF A 7-HAY CLOSTRIDAL BACTERIN ON STEER 
PERFORHANCEa 

Item 

No. steers 
Initial wt, kg 
Gain, kg 
Mortality, % 

aTwo trials; avg 130 d. 

Vaccinated 

144 
304 

1.25 
o 

Non-vaccinated 

144 
305 

1. 28 
o 

148 
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among the three alfalfa levels. There \yere no differences (P>.05) in 

ga ins or mortality between steers vaccinated or not vaccinated with a 

7-way clostridial bacterin. 



CHAPTER 7 

GENERAL DISCUSSION 

Prior to the present study only two finishing trials (Newsom 

et al., 1968; Eudaly and Riggs, 1969) had been conducted with a lim

ited number of animals, which compared concurrently dry rolled, flaked 

and reconstituted sorghum grain. The two finishing trials reported 

herein are the first investigation of any size to directly compare 

these three grain processing methods. Results of the present study 

generally confirm the earlier observations that reconstitution of 

sorghum grain is a viable alternative to steam processing, and that 

both methods offer the cattle feeder a decided advantage in improved 

feed efficiency as compared to dry rolling. 

In the present two finishing trials no apparent benefit was 

realized for increasing K and Co levels over that found in the unsup

plemented diets; however, K and Co levels used in the unsupplemented 

diets were either equivalent to or exceeded requirements established 

for growing and finishing beef cattle by the NRC (1976). The effect 

of alfalfa hay level on feed efficiency of steers fed reconstituted 

sorghum grain was unclear since differing results were obtained be

tween trials. In trial 2, no significnat difference was observed for 

feed efficiency among the 10, 20 and 30% alfalfa levels with reconsti

tuted sorghum grain, which is in agreement with previous observations 
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with these same alfalfa levels and flaked sorghum grain (Prouty et 

al., 1981). In t ria II, however, significant ly higher feed conver-

sions were obtained ''lith the 20 and 30% alfalfa levels as compared to 

the 10% alfalfa level in reconstituted sorghum grain diets. 

In the finishing trials, when protein levels were compared 

somewhat greater differences in daily gain and feed efficiency oc-

curred with diets containing flaked sorghum grain than reconstituted 

sorghum grain. This would agree with observations also made in this 

study relating to increased nitrogen retention for steers fed reconsti-

tuted sorghum grain as compared to flaked sorghum grain. Buchanan-

Smith et al. (1968) reported nitrogen retention was similar (P>.OS) 

for steers fed coarse ground, fine ground, flaked and reconstituted 

sorghum grain. Prouty et al. (1978) observed that nitrogen retention 

as a percent of nitrogen intake and as a percent of nitrogen absorbed 

was 58 and 48% higher (P>.OS), respectively, for steers fed reconsti-

tuted than dry rolled grain diets. With the additional observations 

made in this study, most of the available data suggests that reconsti-

tution of sorghum grain 1S beneficial in improving nitrogen retention 

as compared to other sorghum grain processing methods. The similarity 

for in vivo digestibility obtained in this study for flaked and re-

constituted sorghum grain 1S in agreement ''lith results reported by 

Buchanan-Smith et al. (1968). 

In vitro digestibility (dry matter disappearance) data 

obtained 1n the present study reconfirm earlier obsrvations (Hale et 

al., 1963; Loynachan, 1970; Neuhaus and Totusek, 1971) that grain 
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moisture level, length of storage and storage temperature are 

important for proper reconstitution of sorghum grain. This study, how

ever, is the first to show that all interactions of grain moisture lev

el, storage time and storage temperature are significant. Depending 

upon storage temperature, 1n vitro digestibility indicated a min-

1mum storage period of 7 to 14 d was required to maX1m1ze utilization 

of reconstituted sorghum gra1n. Due to differences between laboratory 

mini-silo preparation and actual field silo preparation, longer stor

age periods (to 21 d) may be required in the field to assure proper re

constitution of sorghum grain. Of the three major factors involved in 

reconstitution, storage temperature could be the most important since 

in the field it is the least controllable. When sorghum grain was re

constituted at 25 or 30% moisture, increased storage temperature re

sulted in improved in vitro digestibility. 

In vitro digestibility of reconstituted sorghum grain was 

not affected by flushing mini-silos with specific gases (02' CO
2 

and N
2

). Additional research is required to determine if the first 

stage of reconstitution 1S oxygen dependent. The results of the pres

en t study are inconclusive since it is not certain that the gas flush

ing procedure used was completely effective in bringing about the 

rapid aerobic and anaerobic environments required for an adequate com-

parison. Possibly, if mini-silos were evacuated prior to gas addi-

tions, the proper environment could be assured. 

As wit h so r g hum g r a in, inc rea sed 1 n vi t rod ige s t i b iIi t y 

was observed for reconstituted whole corn as compared to dry ground 
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corn; however, improvemen t due to reconstitution \.,as greater \.,ith 

sorghum grain than for corn. This agrees with cattle performance data 

in wh ich larger improvements as influenced by grain processing method 

are almos t always associated with sorghum grain than with corn. This 

is expected Slnce corn as compared to sorghum grain has a higher feed

ing value prior to grain processing. From in vitro digestibility 

it was observed that for both sorghum grain and corn it 1S essential 

the grain be reconstituted in the whole form as compared to the ground 

form 1n order to maximize utilization. 

Even though improved 1n vitro digestibility was observed 

for scarified reconstituted sorghum grain, additional research must be 

conducted to determine if the beneficial response was due to the less 

digestible grain fractions being removed from the grain kernel, or was 

reconstitution enhanced by the scarification process. Also studied 

should be the effect of these gra1n fractions on 1n vitro digest

ibility when they are included with the scarified grain as small ker

nel parts and fines. Observations from the germination study with the 

scarified grain and in vitro results from the scarification and 

gas flushing procedures add doubt to the generally accepted theory con

cerning the mode of action of reconstitution. The data would suggest 

that grain should be in the whole form; however, maintaining the 1n

teg r i t Y 0 fall of the kernel exterior 1S not required and scarifica

tion could be advantageous to optimize reconstitution. 

When sorghum grain was reconstituted in the whole unpro

cessed form, grain pH was inversely correlated with 1n vitro 
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digestibility. Grain pH could be a satisfactory measure of quality 

control with reconstituted whole sorghum grain. 

In experiments with the nylon bag technique significant differ-

ences were observed for bag porosity (5 to 80 urn), substrate type (dry 

ground, flaked and reconstituted sorghum grain), substrate weight:bag 

surface area ratio (7 to 56 mg/cm
2

) and incubation time (4 to 24 h) 

for efflux of dry matter from bags when incubated in a ''later bath, and 

in situ dry matter disappearance from bags when incubated in the 

ventral sac of the rumen. Dry matter efflux and in situ dry mat-

ter disappearance were higher as bag porosity and incubation time In-

creased, and as substrate weight:bag surface area ratio decreased. Dry 

matter efflux was highest for reconstituted sorghum grain followed by 

flaked and dry ground ·sorghum grain; however, in situ dry matter 

disappearance was highest for flaked sorghum grain followed by recon-

stituted and dry ground sorghum graIn. Over all factors studied, dry 

matter efflux was 64% of in situ dry matter disappearance. With 

in situ dry matter disappearance, all two way interactions of the 

factors given above were significant, and this also occurred with dry 

matter efflux with exception to the interaction between substrate 

weight:bag surface area ratio and incubation time. 

The efflux of nitrogen and i:..E.. situ nitrogen disappearance 

were higher for reconstituted sorghum grain than for flaked and dry 

ground sorghum grain. This effect has been shown ",ith both abomasal 

fistulated steers (Potter et aI., 1971) and nylon bag research (Loy-

nachan, 1970). With increased rumen degradation of reconstituted 
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sorghum grain protein, increased conversions to microbial protein 

occur, and in the case of sorghum grain this would be beneficial since 

an improvement in protein quality would result (Potter et aI., 1971). 

This could partially explain the increased nitrogen retention observed 

in this study for reconstituted sorghum grain as compared to flaked 

sorghum grain, and 1n an earlier study reported by prouty et a1. 

(1978), for the improved nitrogen balance of reconstituted sorghum 

grain as compared to dry rolled sorghum grain. 

As nylon bag porosity increased, nitrogen efflux and 10 

situ nitrogen disappearance also increased; however, negative 1n 

situ nitrogen disappearances were observed for flaked sorghum gra1n 

at several of the smaller bag porosities. High linear correlations 

were observed between nitrogen efflux and in situ nitrogen disap

pearance, and also between dry matter efflux and 1n situ dry mat

ter disappearance. 

The particular fistulated steer used for nylon bag placement 

had no significant effect on in situ dry matter disappearance. A 

permanent influx of ruminal dry matter into nylon bags following 1n 

situ incubation and normal bag \.,ashing procedure was not observed; 

howeve r, a slight decrease in \.,eight was obtained for the nylon bags 

and (or) plastic beads used to simulate substrate material. 

In future nylon bag research sufficient preliminary study 

should be conducted with the general substrate class under investiga

tion so that the appropriate bag porosity, substrate \.,e~ght:bag sur

face area ratio and incubation time could be selected to adequately 
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predict ln V1VO utilization. Based OT! protein and dry matter loss 

observations ln this study, modification of the nylon bag technique 

could be required for each specific substrate component investigated. 

This may mean that two components of a feed could not be measured 

simultaneously in the same in situ procedure, which would decrease 

the advantage of using the nylon bag technique. 



APPENDIX A 

INDIVIDUAL OBSERVATIONS FOR THE NYLON BAG 
TECHNIQUE 

Individual observations for percent dry matter efflux (Exp. 1) 

and percent in situ dry matter disappearance (Exp. 2 and 3) from 

nylon bags, and percent dry matter influx (Exp. 4) into nylon bags 

(Chapter 3). 
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Table A.l. 

Substrate 
type 

Substrate 
weight:bag 
surface area 
ratio, mg/cm2 

Incubation 
time, h 

4 
8 

24 

4 
8 

24 

4 
8 

24 

4 
8 

24 

4 
8 

24 

INDIVIDUAL OBSERVATIONS FOR PERCENT EFFLUX OF SUBSTRATE DRY MATTER FROM NYLON 
BAGS mIEN INCUBATED IN A HATER BATH AT 39C AS INFLUENCED BY BAG POROSITY, 
SUBSTRATE TYPE, SUBSTRATE HEIGHT:BAG SURFACE AREA RATIO AND INCUBATION TIME 
(EXP. 1) 

Dry ground sorghum gr~~ __ ~laked sorghum grain __ _Reconstituted sorghum grain 

7 14 28 56 7 14 28 56 7 14 28 56 

5pm pore size bags 
8.01 10.22 9.07 9.94 14.72 10.57 10.58 9.05 14.18 10.15 10.8] 10.66 

10.68 10.]] 9.71 9.46 15.54 12.85 11.89 11.]7 1.06 9.94 10.20 8.27 
12.56 12.05 11.93 11.30 28.44 21.10 19.08 2].54 13.26 17.69 7.25 8.52 

10pm pore Size bags 
4.42 9.20 10.07 9.10 11.21 11.26 13.74 8.25 8.30 10.28 10.40 10.]8 

11.06 9.73 9.88 9.53 24.05 14.97 13.03 1].84 13.13 11.]2 10.40 10.66 
10.07 11.41 11.08 10.07 2].70 ]0.2] 28.13 18.75 14.26 12.41 12.61 11.55 

2~m pore Size hags 
15.6] 18.02 13.59 12.]8 2].98 22.65 18.99 15.95 42.09 ]].41 24.02 15.5] 
16.]7 15.26 1].84 12.26 27.18 21.24 23.19 14.58 ]8.50 27.78 25.08 21.18 
19.17 15.08 13.90 14.02 29.29 27.20 ]0.04 22.27 ]7.20 ]1.9] 2].20 17.47 

41pm ~ore size bags 
18.99 20.19 19.98 19.86 ]8.52 ]8.4] ]7.20 28.61 60.61 54.68 56.56 4].99 
21.62 21.56 22.04 20.83 40.53 ]9.45 ]9.]0 27.90 60.99 59.54 58.82 51.19 
24.70 21.45 21.0] 19.78 41.85 42.64 37.52 ]4.00 62.51 59.56 55.87 49.85 

80pm pore Size hags 
21.59 22.67 21.]8 19.57 42.28 ]9.87 ]9.5] 40.91 60.24 60.5] 59.]8 56.98 
23.62 21.77 22.15 21.62 46.77 42.76 4].81 37.09 59.78 60.56 59.16 54.74 
24.01 25.07 21. 75 21.80 ]9.22 43.45 42.57 ]].98 61.50 61.91 57.61 55.78 

f-' 
U1 
CO 



Table A.2. INDIVIDUAL OBSERVATIONS FOR PERCENT IN SITU DRY HATTER DISAPPEARANCE OF 
SUBSTRATE AS AFFECTED BY NYLON BAG POROSITY, SUBSTRATE TYPE, SUBSTRATE 
HEIGHT:BAG SURFACE AREA RATIO AND INCUBATION TIHE (EXP. 2) 

Substrate 
type Dry ground sorghU11l~in ___ ___ Flaked s(~!"Ehum_~~ _ Reconstituted sorghum grain 

Substrate 
weight :bag 
surface area

2 ratio, mg/cm 7 14 28 56 7 14 28 56 7 14 28 56 

Incubation 
time, h ~um ~ore size bags 

4 10.29 6.83 6.27 7.14 .44 14.13 18.39 7.63 9.63 -2.2la 8.36 3.94 
8 14.04 13.53 10.15 10.79 2!-.76 22.84 26.01 16.54 14.30 2.52 1. 36 6.83 

24 35.60 32.59 28.98 17.58 65.05 70.82 44.40 28.57 58.53 44.67 28.70 18.08 

10~m Eore size bags 
4 10.45 10.91 9.78 8.71 16.47 22.25 17.74 6.65 8.91 10.11 8.61 8.58 
8 15.34 11.12 13.41 9.71 29.44 26.95 22.59 14.08 17.37 14.96 11.21 10.21 

24 30.31 27.57 27.12 21.16 66.32 55.27 52.70 27.77 56.52 35.66 29.55 21.05 

20~m pore size bags 
4 17.16 15.88 13.66 15.58 42.46 36.80 31.19 25.34 27.92 19.38 19.93 11.49 
8 27.05 25.48 22.35 19.85 64.97 56.91 52.35 25.45 47.26 40.85 31.55 24.92 

24 54.87 43.76 32.37 31.32 81. 28 61.15 53.37 40.53 77.13 66.02 44.10 44.68 

41~m Eore size bags 
4 23.84 24.51 25.25 24.69 52.76 54.43 50.87 39.61 64.75 70.91 67.68 64.24 
8 32.49 34.04 32.44 28.84 65.94 71. 35 64.11 49.33 75.56 77.89 69.39 59.11 

24 59.21 49.40 36.46 32.59 86.23 77.93 73.34 64.14 86.30 76.25 70.14 61.97 

80~m Eore size bags 
4 24.12 26.59 28.18 26.18 63.62 64.29 65.64 59.08 74.28 76.31 74.30 67.44 
8 31.06 36.48 32.54 29.55 73.25 73.98 76.41 68.38 87.44 81.86 78.28 71.88 

24 57.70 46.14 39.70 37.87 83.57 83.48 85.32 77.05 86.02 85.39 83.58 72.60 

aNa in situ dry matter disappearance was detected. 

f--' 
V1 
\0 



Table A.3. INDIVIDUAL OBSERVATIONS FOR EIGHT HOUR PERCENT IN SITU DRY ~~TTER ---
DISAPPEARANCE OF SUBSTRATE AS INFLUENCED BY FISTULATED STEER USED 
FOR PLACmlENT OF NYLON BAGS, BAG POROSITY, SUBSTRATE TYPE AND 
SUBSTRATE HEIGHT:BAG SURFACE AREA RATIO (EXP. 3) 

Substrate Flaked sorghum grain Reconstituted sorghum grain 
type 

Substrate 
weight:bag 
surface area2 ratio, mg/cm 7 14 28 56 7 14 28 56 

Steer no. 5~m Eore ~ize bags 
1 45.05 -1.06 a 20.23 6.01 9.50 14.71 14.94 9.12 
2 39.77 15.74 24.85 15.21 6.84 12.80 19.97 9.64 

l~m pore size bags 
1 45.09 53.66 25.19 20.71 30.90 10.62 13.54 13.22 
2 51. 94 36.89 25.75 15.46 38.40 29.01 13.03 11.10 

2~m pore size bags 
1 44.73 48.12 42.84 34.01 27.52 31.09 27.92 15.94 
2 59.40 49.09 54.76 28.43 40.13 30.13 34.72 14.94 

41~m Eore size bags 
1 64.62 54.32 51.84 50.84 72.12 64.69 65.30 51. 73 
2 66.71 63.59 65.21 50.99 73.85 72.28 62.02 52.67 

80~m pore size bags 
1 72.81 69.73 63.57 64.85 70.01 71. 94 75.49 73.43 
2 66.24 69.12 68.02 60.22 46.69 78.24 68.75 70.39 

aNa in situ dry matter disappearance was detected. 

f-' 
0"\ 
o 
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TABLE A.4. INDIVIDUAL OBSERVATIONS FOR PERCENT INFLUX OF DRY MATTER 
INTO NYLON BAGS FROH THE RUMEN AS AFFECTED BY BAG POROSITY, 
SUBSTRATE WEIGHT: BAG SURFACE AREA RATIO AND INCUBATION 
TIHE (EXP. 4)a 

Substrate weight:bag 2 surface area ratio, mg/cm 7 14 28 56 

Incubation time, h 5l:!m Eore size bags 

4 - .29
b -1.19 -1.06 -1.14 

8 -2.21 -1.51 - .87 -1.44 
24 -9.43 -2.41 -3.37 - .68 

10l:!m Eore size bags 

4 - .14 -1.65 - .45 -1. 70 
8 .28 -1. 30 -1. 20 - .67 

24 -8.24 -4.80 -2.98 -1.51 

2011m Eore size bags 

4 -9.65 - .50 .29 - .60 
8 -4.21 - .97 - .25 - .57 

24 -3.54 -4.20 - .56 - .65 

4111m Eore size bags 

4 - .07 - .07 .04 .18 
8 - .36 - .22 - .04 - .23 

24 - .93 - .04 - .25 0 

8011m Eore size bags 

4 -2.26 - .97 - .55 - .45 
8 -3.01 -1. 37 - .49 - .33 

24 -1. 36 - .18 - .58 - .31 

aplastic beads with a diameter of 2 mm were used as substrate material. 

bA negative sign preceding a number should be interpreted as meaning 
there was no permanent influx of ruminal dry matter detected, but a 
decrease in substrate and (or) bag weight was observed. 
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