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CHAPTER I 

INTRODUCTION 

Cattle feeding is an important industry in the United States. 

Much of the grain fed to these cattle is com and sorghum. Research 

has shown that ruminants can more completely utilize grains that have 

been processed by various methods over those that have not been phy

sically or chemically altered through processing. There are several 

important advantages to processing grain for ruminants. Either 

physical or chemical structures, or both, of the grain are altered 

to allow for easier microbial and (or) enzymatic digestion in the 

animal, resulting in increased nutrient availability and utilization. 

The grain's permeability to moisture is also improved through pro

cessing. Increasing grain permeability to moisture is usually desir

able, since the saliva output of the ruminant animal is reduced on 

high grain rations. 

Because of the rapid increase in energy costs in recent years, 

techniques are being developed that may reduce the energy cost of 

processing without decreasing the effectiveness of the processing 

method. Looking at new products that would improve the efficiency 

of already established processing methods such as steam flaking or 

cold rolling is one way that could be utilized to help reduce energy 

costs. Grain conditioners are compounds that are available to the 

cattle industry and may offer a partial, short-run solution to rising 

processing costs. Grain conditioners are liquids added to the grain 



to increase moisture content and soften the grain before or during 

processing. Conditioners help increase the ease of grain movement 

through elevator legs, help prevent bridging in feedmill bins, 

decrease energy usage by feedmill rollers, increase the life of the 

rollers and increase the amount of grain rolled per hour. Som.e con

ditioners are designed to improve the quality and digestibility of 

the conditioned grain by breaking down the seed coat of the grain 

and making the starch more available. 

This study was designed to study the effects of two such grain 

conditioners. The objectives of this study were: 

1 '^ f 

I. To determine the effects that Temper and Per-Me-8" (grain 

conditioners) have on altering the availability of nutri

ents in com and sorghum. 

A. To determine the effects of the grain conditioners 

on starch solubility. 

B. To determine the rate and extent of starch, protein 

and fiber digestion by rumen microbes, in vitro. 

C. To determine the rate and extent of dry matter dis

appearance of whole, cold rolled or steam flaked corn 

and sorghum by in situ procedures. 

D. To determine dry matter and starch digestion and 

nitrogen retention by growing lambs. 

^Carnation Company, Milling Division. Los Angeles, CA 90036 

"Fults Chemical, Inc. Tulare, CA ?3275 



CHAPTER II 

LITERATURE REVIEW 

Physical processing of cereal grains for livestock has been 

practiced by stockmen for many years. There are at least 18 differ

ent methods of processing grain along with many modifications of 

these processes. These processes are classified by Hale (1973) 

as dry or wet processing methods. Dry processing includes whole 

grain, grinding, dry rolling or cracking, popping, extruding, 

micronizing, roasting, pelleting and thermalizing. Wet processing 

includes soaking, steam rolling, steam flaking, reconstitution, 

exploding, pressure cooking, early harvesting, ear corn silage and 

sorghum head silage. In a review by Orskov (1979) on the process

ing of grain for ruminants, he concludes that the optimum extent 

of processing appears to be the minimum required to avoid an unaccapt-

ably low digestibility. 

The severity of processing required to achieve maximum digesti

bility by small ruminants such as sheep and goats is different than 

that required for cattle. In general, processing grains for sheep 

does not increase digestibility and can result in depressed cellulose 

digestion and in soft carcass fat. For cattle some processing is 

usually beneficial to insure adequate digestion. The optimum level 

of processing is that required to allow microorganisms and digestive 

enzymes entrance through the seed coat. Therefore, excessively pro

cessed grains given as the sole source of feed to ruminants can lead 



to acidosis and ruminitis. Given as supplements to roughage based 

diets, excessively processed grains can result in depressed rough

age intake. One of the probable reasons sheep are better able to 

utilize whole grains than cattle is not so much that they chew the 

grain better, but because of the smaller size of the reticulo-

omasal orifice as compared to that of cattle. In sheep the reticulo-

omasal orifice does not permit the passage of much grain in the whole 

form, so therefore, more of the whole grains are regurgitated, 

remasticated and subsequently digested. In cattle grains that are 

not initially cracked from chewing may pass through the reticulo-

omasal orifice and escape digestion in the rumen (Orskov, 1979). 

Researchers generally agree that some processing is needed to 

improve the nutrient availability of grains. But, differences 

exist as to which type of processing is most effective and to the 

conditions required for processing. Wagner et al (1970) compared 

five methods of processing sorghum that were used in high concentrate 

feedlot rations to study the influence of steaming time under atmos

pheric conditions on the feeding value of steam flaked sorghum. 

Dry rolled sorghum was used as a control. The other treatments 

evaluated were: sorghum steamed 15 minutes then rolled; sorghum 

steamed 25 minutes then rolled; sorghum steamed 35 minutes then 

rolled and sorghum steamed 45 minutes then rolled. In a 112 day 

feeding trial, the steam flaked treatments each produced an improve

ment in feed efficiency (P<.05) over the dry rolled sorghum. This 

is in agreement with Hale et al. (1966) who reported that sorghum 



steamed for 20 to 25 minutes then flaked improved (P<.05) performance 

of cattle over dry rolled sorghum. The amount of feed required for 

gain was lower (P<.05) on the steam flaked sorghum ration. Dry 

matter digestibility was also higher (P<.05) in the steam flaked 

sorghum ration. Buchanan-Smith et al. (1968) compared the effects 

of reconstituting and steam flaking sorghum to each other and to 

coarsely or finely ground sorghum. Apparent dry matter, organic 

matter and non-protein organic matter digestibility by cattle were 

higher (P<.05) in the reconstituted and steam flaked sorghum than in 

the coarsely or finely ground sorghum. There were no differences 

(P>.05) between the reconstituted or steam flaked sorghum or between 

the coarsely or finely ground sorghum. The digestibility of non

protein organic matter in the steam flaked sorghum was higher (P<.05) 

than in either of the ground forms. Later work by Prasad et al. (1975) 

showed that gains of finishing steers fed steam flaked or extruded 

sorghum were not different (P>.05) from the dry rolled or ground 

sorghum controls. But feed efficiency of steers fed the flaked or 

extruded sorghum was increased by 10-15%. Steam flaking of com gave 

an apparent dry matter digestibility averaging 4.7% higher than crack

ed com (Johnson et al., 1968). \^en the com was steamed and then 

cracked, apparent dry matter digestibility was lower (P>.01) than for 

the steam flaked cracked or steam flaked rations. There was a 4 to 

5% increase in dry matter digestibility of the rations containing 

the steam flaked corn as compared to the cracked or steam flaked 

and cracked com which indicated an increase of approximately 6/o in 



digestibility of the flaked com itself, since other ration compon

ents were identical. Differences in the various fractions of diges

tibility and measurements such as carbohydrate, starch, protein and 

fiber digestibility are usually explained by variations in methods 

of grain processing. 

Processing alters the shape of the starch molecule, thus affect

ing its availability to enzymatic or microbial digestion. Using 

electron microscopy, Harbers (1975) found that steam flaking altered 

starch granules so that they were either left intact, but resembling 

erythrocytes or left in shapeless conglomerates. Popping changed 

the starch granules into thin lattices of interconnecting sheets. 

Micronizing popped most of the soft endosperm, but the granules near 

the surface resembled those processed by steam flaking. Rolling 

pressed the altered starch into small shapeless pieces. The digesti

bility of starch has been determined by various methods such as total 

tract digestibility, digestibility in various parts of the digestive 

tract using cannulated animals, in vitro and in situ or nylon bag 

studies. 

In a digestion trial measuring total starch digestibility, steers 

fed steam flaked or reconstituted sorghum had a higher (P<.05) total 

starch digestibility, apparently the result of increased ruminal 

starch digestibility (McNeill et al., 1971). Ruminal starch diges

tion was higher (P<.05) in steers fed the steam flaked sorghum 

followed by reconstituted, micronized and dry ground. This indicates 

some physical or chemical changes may have occurred as a result of 



the steam flaking or reconstitution which increased the starch 

susceptibility to degradation by rumen microorganisms. Starch in 

the dry ground and micronized sorghum was not as susceptible to 

degradation and therefore more starch passed into the lower tract. 

Hinman and Jolinson (1974) used steers fitted with rumen and aboma-

sal cannulas to study the site and extent of starch digestion from 

processed sorghum in high concentrate rations. No differences (P>.05) 

in the amount of starch digested in the rumen were found between the 

dry rolled, micronized, steam flaked or ground rations. Reduced 

(P<.05) intestinal digestion and therefore a lower total tract diges

tion of starch was observed with the dry rolled sorghum. This 

suggests that the raw starch from dry rolled sorghum has a reduced 

accessibility or susceptibility to enzymatic attack in the small 

intestine. This was evident from the in vitro work carried out at 

the same time. After 24 hours of fermentation the rate of dry matter 

digestibility of the steam flaked and micronized grains was faster 

than for the dry rolled and ground sorghum. The differences in in 

vitro dry matter digestibility were less after 24 hours of digestion. 

This suggests that after 24 hours the extent of digestion of raw ̂ ^ 

starch in the rumen approached that of cooked starch. The increased 

starch digestion noted from heat and pressure treated sorghum ex

plains the increased performance of fattening cattle fed these types 

of rations. The 12 hour in vitro dry matter digestibility values 

apparently reflect rate of digestion while 24 hour values reflect A 

extent of digestion of cooked and raw starch by rumen microorganisms. 
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Com processed in the same manner as sorghum follows the same 

pattern of results. There were no differences (P>.05) in ruminal 

starch digestibility between ground high moisture and steam flaked 

corn. Dry rolled com had an improved (P<.05) ruminal starch digesti

bility over ground high moisture com. Total track digestibilities 

were higher (P<.05) for the steam flaked and ground high moisture 

corn than for the dry rolled corn reflecting higher ruminal starch 

digestion for the steam flaked and ground high moisture com (Galyean 

et al., 1976). 

Laboratory work by McNeill et al. (1975) agrees with the animal 

work done by McNeill et al. (1971) and Hinman and Johnson (1974). 

Utilizing amyloglucodiase to determine the susceptibility of treated 

sorghum starch to enzymatic digestion, they found that the starch 

from steam flaked and micronized sorghum was more (P<.05) suscepti

ble to enzymatic degradation than reconstituted or dry ground sorghum. 

These results can be explained by the fact that the steam flaking 

process utilizes the steam to soften the kernel prior to flaking. 

Micronizing relies upon kernel moisture to expand the kernel when it 

is heated with infrared radiation prior to rolling. This heat and 

pressure on the starch granules are necessary for gelatinization or 

structural disruption of the endosperm. It may not be necessary to-^ 

destroy the starch granule integrity, but instead merely disrupt the 

substructure of the kernel to release the starch granules from the 

protein matrix. The increased susceptibilities of reconstituted and 

steam flaked grains to microbial attack are accomplished in two 



different ways. In steam flaked grains, heat and moisture are dis

tributed throughout the kernel when the grain is flatly rolled. 

This disrupts the pro ten matrix and liberates the gelatinized >̂  

starch granules. Reconstitution results in disruption of the peri

pheral endosperm and a partial disruption of the protein matrix to V 

cause a release of free starch granules (Sullins et al., 1971). 

This is in contrast to unprocessed grain which has a high degree of 

organization of its components at the subcellular level. The greater 

susceptibility of the gelatinized starch granules of steam flaked 

grain to amyloglucodiase helps explain the relatively higher ruminal 

digestibility values found by McNeill et al. (1971). 

The questions of how much pressure can be applied, and how 

much moisture can be added and how long before the effects are 

detrimental to starch availability have also been raised. Suscepti

bility to enzymatic attack increased as pressure increased from 1.8 

2 
to 6-0 kg/cm for sorghum and corn (Liang et al., 1969) and 2.8 to 

2 
4.2 kg/cm for sorghum and barley (Osman et al., 1970) over untreated 

grains. Lengthening cooking time from one to 10 minutes was benefi

cial when the moisture content of the sorghum grain was below 16%. 

Increasing the moisture level of the grain above 16% was detrimental K 

to starch availability (Liang et al., 1969). 

Flatness of the flake also has an effect on the availability 

of starch to enzymatic digestion. When sorghum or barley is steamed 

2 
for a very short time (1 min), at low pressure (1.4 kg/cm") without 

flaking, enzymatic digestion of starch is decreased (P<.05) as 
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compared with the untreated grains. On the other hand, pressure 

2 

cooking at pressure levels exceeding 2.8 kg/cm for one minute with

out flaking increased (P<.05) enzymatic starch digestion as compared 

to the untreated grains (Osman et al., 1970). Flaking improves 

starch availability. As flake flatness increased, starch digestion 

increased in sorghum and barley. Flat flaking the steam processed 

grains doubled the percent starch digestion over untreated grains 

indicating that flake flatness is the principle factor in the steam 

processing treatment of grains which alters starch availability to 

enzymatic attack. 

Protein digestibility is also affected by processing method. 

Processes- such as steam flaking and reconstitution of sorghum and 

com are beneficial to protein digestibility while dry rolling and 

micronizing are detrimental (Husted et al., 1968; Johnson et al., 

1968; Potter et al. , 1971). Reconstituting and steam flaking appar-^ 

ently enhance nominal conversion of poor quality grain protein to 

higher quality microbial protein resulting in more of the essential 

amino acids being available for absorption. Micronizing apparently 

reduces rumen microbial action on feed proteins, a result of the 

process further reducing solubility of the grain protein during the 

extreme heating of the grain. These data indicate that reconstitu

tion and steam flaking grain increases the biological value of the 

grain proteins through conversion to higher quality bacterial pro

tein in the rumen, but micronizing apparently lowers biological value 

through decreasing ruminal conversion of the grain protein to micro

bial protein. 
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Carbohydrate digestibility follov/ing processing of grains has 

also been examined. McNeill et al. (1971) found that carbohydrate 

digestion of steam flaked and reconstituted sorghum tended to be 

higher than for micronized and dry ground sorghum. More (P<.05) of 

the total carbohydrates from steam flaked and reconstituted sorghum 

were digested in the rumen, while a larger quantity of carbohydrates 

entered the lower tract of steers receiving the dry ground and micro

nized sorghum. The differences (P<.05) in the quantity of total car

bohydrates reaching the abomasum resulted in variation in the amount 

of total carbohydrates digested in the lower tract. 

The nylon bag technique can be used to determine the relative 

dry matter disappearance (DMD), starch and fiber digestibility of 

different grains. Values obtained from nylon bag studies give an 

indication of values that would be obtained from animal trials. 

When looking at the effect of particle size, Dt-ID increased as -f 

mean particle size decreased. Dry matter disappearance also in

creased (P<.05) as incubation time increased from 2 to 8 hours 

(Galyean et al., 1981). Although particle size appears important, 

in steam flaked corn the surface area effect on DMD was relatively 

less than with dry rolled or dry ground com. Over time, there was 

much more (P<.05) DMD with steam flaked com than with dry ground 

corn. There was also twice as much (P<.05) starch disappearance over 

time with the steam flaked corn than with the dry ground com due to 

the effect of gelatinization. But time had a marked effect on starch 

disappearance with each com type (steam flaked, high moisture, dry 

rolled and dry ground). 
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When grains such as com, oats, rye, sorghum, soybeans and wheat 

are incubated in nylon bags in the various physical forms, protein 

digestibility increases as the physical form of the grain changes 

from whole to cracked to ground. Dry matter disappearance is also 

lower for the grains in the whole than in the ground form (Evans and 

Colbum, 1967) . VThen whole unprocessed barley is incubated there is 

little DMD even after 36 hours. However, for the rolled barley, DMD 

is very rapid; 700 mg/g had disappeared after 12 hours and more than 

850 mg/g after 36 hours (Orskov et al., 1978). Sorghum treated by 

moist heat processes show little differences in DMD between treatments. 

Dry rolled sorghum has a lower (P<.01) rate of DMD than the processed V 

treatments (Figroid et al., 1972). 

The concern with rising energy costs has prompted researchers to 

look into new ways of treating grains prior to storing or feeding that 

are less cost prohibitive than the older conventional methods of pro

cessing. Some of these methods being experimented with are: treating 

high moisture grains with organic acids, treating grains with various 

levels of ammonia or sodium hydroxide and treating grains with commer

cial conditioners and surfactants. The effects of these treatments 

were evaluated by in vitro, in situ (nylon bag) and in vivo studies. 

Individually and group fed steers, fed reconstituted sorghum 

treated with an organic acid mixture (60% acetic and 40% propionic), 

had similar rates of gain, feed consumption and feed efficiency to 

steers fed reconstituted sorghum and better than steers fed steam 

flaked sorghum (Bolsen et al., 1972). Steers fed artificially dried 
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sorghum or high moisture sorghum treated with organic acids consumed 

more (P<.01) feed and were less (P<.01) efficient than steers fed 

artificially dried sorghum or ensiled high moisture sorghum (Cox et al., 

1973). When steers were fed whole dry com, whole acid treated high 

moisture com and rolled high moisture com treated with propionic 

acid there were no differences (P>.05) in feed intake, feed effi

ciency, average daily gain and carcass measurements between the three 

treatments (Macleod, 1973). But when heifers were fed methylene-bis-

propionate treated and formaldehyde treated high moisture com, aver

age daily gain and feed efficiency were depressed (P<.05) as com.pared 

to ensiled propionic acid treated high moisture corn (Wilson et al., 

1975). Riley et al. (1976) examined the possibility of treating 

steam flaked sorghum with propionic acid to improve acceptability 

after storing it for a short period of time. Treating the grain with ^ 

.15% propionic acid and flaking tx̂ ice a week and treating the grain 

with .25% propionic acid and flaking once a week improved (P<.05) 

average daily gain and feed efficiency over untreated steam flaked 

sorghum. 

One of the newest areas of interest is treating grains vith 

alkali solutions such as sodium hydroxide (NaOH) and ammonium hydrox

ide (NH,OH). Preliminary work with nylon bags examined the possible 

effects of treating grains, especially in the whole form, with 

alkalies. Orskov and Greenhalgh (1977) soaked whole barley for 24 

hours in a solution supplying 10 to 60 g NaOH/kg of air dry grain, 

or sprayed the grain with water, or a 30% solution of NaOH so that 
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the amounts applied were similar to the soaked grains. After 24 

hours of ruminal incubation in nylon bags, the water treated grain 

remained virtually undigested while the NaOH soaked and sprayed 

barley showed an approximately linear increase in dry matter dis

appearance with increasing concentrations of NaOH. The same was 

true with rolled barley treated with the same levels of NaOH. After 

36 hours of incubation about 850 mg/g of the untreated rolled barley 

had disappeared while more than 900 mg/g of NaOH treated barley had 

disappeared (Orskov et al., 1978). Treating whole wheat, oats, 

sorghum and com with NaOH increased dry matter, organic matter and 

fiber digestibility with increasing levels of application with wheat 

having the highest response (Orskov et al., 1980; Berger et al., 

1981). Treating whole com with 2 and 3% ammonia also resulted in 

DMD of 80 and 88% respectively after 48 hours (Srivastava and Mowat, 

1978). 

In vitro results followed the same pattern as the nylon bag re

sults. Sodium hydroxide treatment of grain resulted in a linear 

increase (P<.05) in in vitro dry matter digestibility (IVDMD) when 

averaged across grains and time. The improvement in IVDt© was greater 

during the first 3 to 6 hours of digestion than it was after 12 and 

24 hours. Wheat and barley had the highest IVDMD followed by com, 

sorghum and oats (Berger et al., 1981). 

Cattle receiving NaOH treated dry corn and MaOH treated whole 

high moisture com had lower (P<.05) average daiiv gains and feed 

efficiencies than cattle fed dry rolled com, whole high moisture 
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corn and rolled high moisture corn (Anderson and Berger, 1979; 

Anderson et al., 1981). But, in a metabolism trial NaOH treated 

high moisture com produced the highest (P<.05) dry matter digesti

bility and the highest (P<.05) fiber digestibility while rolled high 

moisture com produced the lowest (P<.05) ruminal fiber digesti

bility (Anderson et al. , 1981). On the other hand, whole barley 

treated with 35 g NaOH per kg was as well consumed and digested by 

cattle as rolled barley and better (P<.05) digested than untreated 

whole barley (Orskov and Greenhalgh, 1977). Linear increases (P<.05) 

in organic matter, dry matter and starch digestibility of barley 

occurred as the level of NaOH increased. A linear (P<.05) increase 

in organic matter, dry matter and acid detergent fiber (ADF) digesti

bility occurred in oats, sorghum and wheat as the-level of NaOH 

applied increased (Orskov et al., 1980) . 

Although the exact mechanism by which alkali solutions improve ĵ̂  

digestibility is not known, part of the improvement probably results 

from the solubilization of hemicellulose in the seed coat, which 

renders the starch portion of the kernel more available for micro

bial digestion. The amount of NaOH required seems to be related to 

the fiber content of the seed coat (Orskov et al., 1980; Berger ^ 

et al., 1981). 

Commercial grain conditioners are liquids containing surfactants 

and various other ingredients and are designed to be applied prior 

to processing. They were developed to help reduce the cost of 

rolling and flaking grain and to break down the outer seed coat to 

expose the starchy interior to rumen microbes and enzymes. 
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One such conditioner, E-Z Flake, when applied to sorghum and 

held for 1 to 3 hours prior to steam flaking increased (P<.025) 

production per hour over unconditioned sorghum. The amperage re

quired to flake the E-Z Flake treated grain was also less (P<.001). 

When fed to cattle, there were no differences in feed consumption, 

feed efficiency or carcass characteristics between the treated and 

untreated sorghum (Anonymous, 1972a). When E-Z Flake was applied 

to corn and held for 1 hour prior to flaking, the results were the 

same as with sorghum. The addition of E-Z Flake increased production 

and reduced power requirements over the control (Anonymous, 1972b). 

Temper is another commercial grain conditioner whose main in

gredients are phosphoric acid and lignosulfonates. Per-Me-8, a 

conditioner not yet on the coiranercial market, contains the same 

ingredients as Temper with the exception of the phosphoric acid. ^ 

Lignosulfonates are obtained from the reaction of wood pulp with an 

aqueous solution of sulfur dioxide and a sulfurous acid salt, usually 

calcium bisulfite. The lignosulfonates are water soluble salts and 

contain approximately 25% of the solids obtained from the original 

wood subjected to this type of pulping process. The other compon

ents of the crude solids obtained are sugars, carbohydrate decompo

sition products, water soluble wood extractives and residual chemi

cals added in the pulping process. Since the 1930's and particu

larly after World War II, development of commercial processes for 

extracting the lignosulfonates have made available a number of highly 

active forms of lignosulfonic acids. The major quantity of purified 
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lignosulfonates is used in oil well drilling-mud formations to con

trol the fluidity of the mud. The second largest use is in pellet

ing animal feeds. This application does not require the purified 

grade and crude spent sulfite liquors can be used. Another use in 

which the purified lignosulfonates can be applied is as an effective 

dispersant in the preparation of wettable agricultural powders and 

sprays (Bluestein and Bluestein, 1976). 

Adding the spent sulfite liquor in the diet as a replacement for 

molasses and a contributor of protein and reducing sugars for energy 

had no detrimental effect on feed intake, feed efficiency, average 

daily gain or carcass characteristics in sheep and steers at levels 

up to 12% of the diet (Meitner, 1975; Chang et al., 1977). 

The use of lignosulfonates as binders in pellet making increases 

the durability of the pellets and decreases the energy requirement 

for pelleting (Friedrich and Robohn, 1971) with the optimum level 

appearing to be .5% (Waldroup et al., 1982). The addition of the 

lignosulfonates as a pellet binder had no detrimental effect on chick 

performance and may have provided some additional energy (Waldroup 

et al., 1982). 

Temper added to grain before steam flaking or cold rolling is 

designed to soften the grain, increase moisture content throughout 

the kernel and break down the waxy seed coat (Fults and Sanko, 1971). 

When added to com before steam flaking. Temper increased the dam

aged starch and its in vitro digestibility by acting as a swelling 

agent on the starch granules (Mercier, 1971). In a feedlot trial 
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conducted by Sudweeks et al. (1978), raw sorghum + raw soybeans, 

raw sorghum + roasted soybeans, roasted sorghum -i- raw soybeans, 

roasted sorghum + roasted soybeans and Temper treated sorghum + 

roasted soybeans were compared when fed at 55% of the ration dry 

matter. No differences (P>.05) between treatments in average 

daily gain, feed efficiency and dry matter digestibility were 

found. The Temper treated sorghum offered no advantage. 



CHAPTER III 

EFFECTS OF GRAIN CONDITIONERS ON THE UTILIZATION 

OF CORN AND MILO BY RUMINANTS 

Summary 

Six laboratory experiments and one sheep metabolism trial were 

used to determine the effects of conditioning com and sorghum with 

water, or solutions of Temper and Per-Me-8. Whole grains were 

treated with the respective wetting agent and analyzed in the whole, 

cold rolled and steam flaked forms. The criteria for evaluation of 

treatments were moisture uptake; starch solubility; in vitro dry 

matter and starch digestibility; neutral detergent fiber content; 

ammonia production per hour; nylon bag dry matter disappearance and 

in vivo dry matter, starch and protein digestibility and nitrogen 

retention. In Exp. 1, Per-Me-8 treated com had greater (P<.05) 

moisture uptake than water treated com at 40 and 80 C, but there 

were no differences (P>.05) between treatments for milo at any of 

the temperature levels. In Exp. 2, Per-Me-8 treated milo had a 

greater (P<.05) amount of soluble starch but no differences (P>.05) 

were evident between treatments for com. In Exp. 3, only the 

Per-Me-8 treated cold rolled sorghum incubated for 4 hours and 

Per-Me-8 treated steam flaked sorghum incubated for 24 hours showed 

differences (P<.05) in in vitro dry matter digestibility. In vitro 

starch digestibility varied between treatments at the different 

incubation times and no trend was evident. In Exp. 4, only the 

19 
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Per-Me-8 treated cold rolled sorghum showed a difference (P<.05) 

in neutral detergent fiber content. There were no differences 

(P>.05) between treatments in ammonia release in Exp. 5. In Exp. 6, 

the only differences in nylon bag dry matter disappearance (DMD) 

of corn were with the water treatment and cold rolling at four 

hours incubation time and the Temper treatment and steam flaking at 

12 hours of incubation time. Both resulted in increased (P<.05) DMD. 

For whole sorghum, the Temper treatment had the highest (P<.05) DMD 

after eight hours of incubation. VThereas, DMD of Temper treated 

steam flaked com was the greatest (P<.05) after 12 hours of incuba

tion. Temper treated steam flaked sorghum had the highest (P<.05) 

DMD after eight hours of incubation. In the sheep metabolism trial 

(Exp. 7), no differences (P>.05) between treatments in nitrogen 

retention, dry matter or protein digestibility were observed. Differ

ences (P<.05) in fecal starch and starch digestibility were between 

the cold rolled and steam flaked processes and not the conditioning 

treatments. 

Introduction 

Rapidly increasing energy costs in recent years have contribu

ted to the higher costs of processing grain for ruminants. Grains 

such as corn and sorghum are normally steam flaked in the high 

plains area to optimize the availability of the grain starch. How

ever, because of the increased costs involved in processing, there 

has been a renewed interest in the use of various chemical conditioners 
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on grain to improve its processing characteristics and possibly 

improve its utilization by ruminants. Conventional steam flaking 

improves (P<.05) performance of cattle over rolled sorghum (Hale 

et al., 1966; Buchanan-Smith et al., 1968; Wagner et al., 1970). 

Steam flaking of sorghum also improves (P<.05) starch digestion 

(McNeill et al., 1971). Galyean et al. (1976) showed that the 

steam flaking of corn improves (P<.05) starch digestibility as com

pared to dry rolled com. Laboratory work by McNeill et al. (1975) 

and Sullins et al. (1971) confirms the earlier animal work by McNeill 

et al. (1971) and Hinman and Johnson (1974). They found that starch 

from steam flaked grain is more susceptible to enzymatic degradation. 

Some of the methods that have been used earlier, or are current

ly being used include treating grains with organic acids, alkali 

solutions such as sodium hydroxide (NaOH) or ammonium hydroxide 

(NH/OH) or commercial grain conditioners. Steers fed reconstituted 

sorghum treated with an organic acid mixture performed better (P<.05) 

than steers fed steam flaked sorghum (Bolsen et al., 1972). Riley 

et al. (1976) found that treating milo with .25% propionic acid and 

flaking improved (P<.05) average daily gains and feed efficiency in 

cattle over untreated steam flaked sorghum. 

Treating whole wheat, oats, sorghum and com with NaOH and 

incubating in nylon bags increased (P<.05) dry matter and organic 

matter digestibility (Orskov et al., 1980; Berger et al., 1981). 

In a metabolism trial, cattle fed NaOH treated high moisture com 

had higher (P<.05) dry matter digestibilities (Anderson'et al., 1981). 
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and wetting agents, and are applied to grain prior to processing 

Cattle fed NaOH treated barley performed better (P<.05) than those 

fed untreated whole barley (Orskov and Greenhalgh, 1977). 

Commercial grain conditioners are liquids, containing surfact

ants 

They were developed to help reduce processing costs and improve 

nutrient availability. Limited data are available in the scientific 

literature on the use of grain conditioners in reducing the cost of 

processing and on the nutrient utilization of grains. E-Z Flake, 

a commercial conditioner, has been reported to decrease the energy 

required in processing grain (Anonymous, 1977a,b). Temper and 

Per-Me-8 are commercial conditioners that contain lignosulfonates, 

a by-product of the paper industry. 

Objectives of this study were to determine the effects that 

Temper and Per-Me-8 have on altering the availability of nutrients 

in corn and sorghum and their effects on starch solubility; rate and 

extent of starch, protein and fiber digestion by rumen microbes 

in vitro; rate and extent of dry matter disappearance of whole, cold 

rolled or steam flaked corn and sorghum in situ; and to determine 

dry matter and starch digestion, and nitrogen retention by growing 

lambs. 

Experimental Procedure 

Exp. 1. Wetting curves were determined for whole com and 

sorghum using water and solutions of Temper and Per-Me-8 at 20, 40, 

60, 80 and 95 C. The Temper and Per-Me-8 wetting solutions were 
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mixed at a concentration of 26 ml per liter of water. Water only 

was used as a control treatment. 

Twenty-two gram samples (dry matter basis) of com and sorghum 

were placed in glass centrifuge bottles. One-hundred milliliters 

of water. Temper solution or Per-Me-8 solution was added to the cen

trifuge bottles at each temperature level and placed in a water bath 

preheated to the desired temperature. After five minutes, the first 

bottle was removed and the contents poured into a tared scintered 

glass crucible. Suction was continued for approximately one minute 

after the liquid was filtered out of the crucible. The crucible was 

then removed and weighed immediately. This procedure was repeated 

at 10, 15, 30, 45, 60, 75 and 90 minutes. A blank was prepared by 

pouring 100 ml of the wetting solution through a tared crucible con

taining a 22 g sample of the grain. Suction was continued for one 

minute. Then the crucible was removed and weighed immediately. 

This weight reflected the liquid retained by the filter disk of the 

crucible and the liquid adsorbed to the surface of the grain. Com 

and sorghum were treated x̂ ith each solution at each temperature by 

this procedure. 

The raw data (expressed as percent moisture) was analyzed for 

its regression on time and the regression coefficient expressed as 

percent moisture uptake per hour. The wetting rate of each treatment 

was compared at each temperature using a t-test for homogeneity of 

regression as described in Steel and Torrie (1980). 
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Exp. 2. Starch solubility of com and sorghum treated with 

water, Temper and Per-Me-8, was determined by procedures outlined 

in a memo from the Fults-Sanko laboratory. The Temper and Per-Me-8 

solutions were mixed at a concentration of 26 ml per liter of water. 

The rate of application for corn was 28 ml of water or wetting solu

tion per 600 g of grain. And the rate of application for sorghum 

was 35 ml of water or wetting solution per 759 g of grain. 

Treated samples were ground through a one millimeter screen. 

Twenty gram samples (dry matter basis) were placed in glass centri

fuge bottles and 150 ml of McDougal's buffer at 38 C were added to 

each bottle. The samples were then incubated for four hours at 38 C 

after which time they were removed and centrifuged at 600 x g for 

15 minutes. The supernatant was filtered through number one filter 

paper, and 5 ml aliquots were taken from the filtered supernatant 

and placed in tared porcelain crucibles. A blank was run which con

sisted of two 5 ml aliquots of filtered McDougal's buffer. The 

samples were heated at 50 C until all moisture had evaporated and 

then at 100 C until dry. The crucibles were cooled and weighed and 

the percent soluble starch calculated. 

Com and sorghum were analyzed separately. A completely ran

domized design was used. One-way analysis of variance and Duncan's 

multiple range test were used to determine differences between means 

(Steel and Torrie, 1980). 

Exp. 3. Single stage in vitro runs were conducted for 4, 8, 

12, 24 and 48 hours on samples of com and sorghum. The grains were 
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treated with water. Temper and Per-Me-8 by the methods used in 

Exp. 2. Each batch of treated grain was divided into thirds. One-

third was left whole, one-third was cold rolled and one-third was 

steamed for 15 min. and then flaked. After processing, the samples 

were ground through a 1 mm screen. Duplicate samples of 2 g each were 

weighed into glass centrifuge bottles and inoculated with 100 ml of 

a solution of 30% strained rumen fluid and 70% McDougal's buffer. 

After the desired incubation time, the rumen microbes were killed 

and fermentation stopped by the addition of .5 ml of a saturated 

mercuric chloride solution. The samples were filtered with tared 

number 40 filter paper, dried at 100 C for 24 hours, weighed back 

and in vitro dry matter disappearance (IVDMD) calculated. 

The residue remaining was reground and anlayzed for starch. 

Samples of the treated grain not subjected to in vitro digestion 

were also analyzed for starch. 

A modification of the method of Fleming and Reichert (1980) 

was used to determine starch content. Modifications include the 

use of a 75 mg sample size, the addition of 2 ml of calcium chloride 

(CaCl«) to the sample and autoclaving the samples for 2 to 3 hours. 

After the starch content of the undigested and digested treated 

samples was determined, the amount of starch digested over time was 

calculated. 

Corn and sorghum were analyzed separately. A randomized block 

design was used and the data was analyzed using the General Linear 

Model procedure (Barr et al., 1979). Duncan's multiple range test 

was used to determine differences between means (Steel and Torrie, 1980). 
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Exp. 4. A portion of the undigested treated samples from 

Exp. 3 were analyzed for neutral detergent fiber content using a 

modification of the method of Robertson and Van Soest (1977). Modi

fications included the addition of decalin and sodium sulfite with 

the neutral detergent reagent and the addition of 2 ml of Diazyme 

L-lOO enzyme mixture plus a few milliliters of hot water to the 

filtered sample for 30 minutes to digest any excess starch. The 

neutral detergent fiber content was then calculated. 

Corn and sorghum were analyzed separately. A complete random

ized block design was used. One-way analysis of variance and Duncan's 

multiple range test was used to determine differences between treat

ment means (Steel and Torrie, 1980). 

Exp. 5. Samples of the grain treated, processed and ground for 

Exp. 3 were weighed and inoculated in a standard in vitro run. At 

2 and 6 hours of incubation a 10 ml sample was drawn and placed in 

a centrifuge tube to which was added 1 ml of 5% inercuric chloride. 

The tubes were centrifuged for 15 minutes at 1200 x g and the super

natant drax̂ m off for analysis. The samples were analyzed by the 

Chaney and Marbach (1962) colormetric procedure and the percent 

ammonia production per hour per gram of dry matter calculated. 

Corn and sorghum were analyzed separately. A completely ran

domized design was used. One-way analysis of variance and Duncan's 

multiple range test was used to determine differences between means 

(Steel and Torrie, 1980). 
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Exp. 6. Com and sorghum were treated with water, Temper and 

Per-Me-8 by the procedures used in Exp. 2. One-third of the treated 

grain was left whole, one-third cold rolled and one-third steamed 

for 15 minutes then flaked. Three and one-half gram samples were 

placed in nylon bags (6 x 15 cm) and incubated for 4, 8, 12, 24 and 

48 hours in a ruminally fistulated steer fed a high concentrate diet. 

The bags were randomly attached to a leader line weighted at one end. 

After the desired incubation time, the bags were removed, rinsed 

with cold water to remove any debris and dried overnight at 100 C. 

The bags were then reweighed and dry matter disappearance calculated. 

Corn and sorghum were analyzed separately. The data was analyzed 

as a randomized complete block design using the General Linear Model 

procedures (Barr et al., 1979). Duncan's multiple range test was 

used to determine differences between means. 

Exp. 7. Ten crossbred wether lambs were used in a twice repli

cated 5 x 5 Latin square design. The lambs (32 kg) were housed in 

individual metabolism crates equipped for total collection. The 

diets fed were composed of 20% supplement (table 1) and 80% milo 

treated as follows: 1) USF - untreated and steam flaked, 2) TSF -

Temper treated and steam flaked, 3) PSF - Per-Me-8 treated and steam 

flaked, 4) TCR - Temper treated and cold rolled and 5) PCR - Per-Me-8 

treated and cold rolled. 

Each period consisted of 10 days of adjustment to the diet and 

7 days of collection. Urine was kept acidic by the addition of a 50% 

hydrochloric acid solution. At the end of each collection period the 
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TABLE 1. COMPOSITION OF SUPPLElffiNT̂  (Exp. 7) 

Ingredient % 

Sorghum (IFN 4-04-444) 80.00 

Cottonseed hulls (IFN 1-01-599) 12.60 

Cottonseed meal (IFN 5-01-621) 3.83 

Limestone (IFN 6-01-069) 1.05 

Plain salt (IFN 6-04-152) 2.52 

Vitamins A and D + 

Dry matter basis 

^Vitamin A - .0011%, Vitamin D - .0007% 

feces were homogenized and a composite sample taken and frozen for 

later analysis. A composite sample of the urine collection was also 

taken and frozen until analysis. Samples were analvzed for dry matter, 

starch and nitrogen content. Dry matter, starch and protein digesti

bility and nitrogen retention were determined. 

The data were analyzed using the General Linear Model procedures 

(Barr et al., 1979). Duncan's multiple range test was used to 

determine differences between means (Steel and Torrie, 1980). 

Results and Discussion 

Exp. 1. Moisture uptake expressed as percent per hour for com 

and sorghum is shown in table 2. No differences (P>.05) between the 

three treatments for corn at 20, 60, and 95 C were found. At 40 and 

80 C, Per-Me-8 treated corn exhibited a greater (?<.05) degree of 
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TABLE 2. WETTING CURVE MOISTURE UPTAKE RATES (EXP.l) 

Moisture uptake per hour, % ^ 

Grain Temperature Water Temper Per-Me-8 

Corn 20 6.25 ± .0075"- 7.76 ± .0112^ 5.92 ± .0154^ 

7.05 ± .0147̂ ^̂  8.04 ± .0161̂ ^ 

10-20 ± .0274^ 8.70 ± .0300^ 

13.30 ± .0280^^ 14.30 ± .0300^ 

14.87 ± .1252̂ ^ 17.12 ± .0189^ 

20 

40 

60 

80 

95 

20 

40 

60 

80 

95 

6.25 

6.71 

8.37 

12,80 

19.73 

4.60 

7.91 

8.96 

12.10 

29.81 

4-

4-

± 

± 

± 

± 

± 

± 

± 

± 

.0075^ 

.0091^ 

.oiei'^ 

.0254̂ ^ 

.0336^ 

.0197^ 

.0149^ 

.0232̂ ^ 

.0377^ 

.0321*̂  

Sorghum 20 4.60 ± .0197'' 4.79 ± .0077^ 4.21 ± .0111^ 

5.52 ± .0140^ 6.84 ± .0110^ 

8.70 ± .0265̂ ^ 11.70 ± .0186^ 

16.70 ± .0411^ 17.60 ± .0446^ 

23.10 ± .0579̂ ^ 24.30 ± .0360^ 

a 
Treatment means ± SE. 

Degrees centigrade. 

c d * Means in each row with different superscripts differ (P<.05). 
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moisture uptake than water treated com. There were no differences 

(P>.05) between treatments in moisture uptake for sorghum at each 

temperature level. At 20 C, Temper treated com and sorghum exhibited 

a slightly higher percent moisture uptake than the Per-Me-8 treated 

corn and sorghum. At the temperatures above 20 C, Per-Me-8 treated 

sorghum exhibited a slightly greater amount of moisture uptake than 

did the Temper treated sorghum. Moisture uptake at 95 C was slightly 

higher with the Kfater treated com and sorghum. At this high tempera

ture, the results were likely due more to a cooking effect than to a 

conditioning effect. 

Exp. 2. The results of the starch solubility determination are 

presented in table 2. There were no differences (P>.05) in the amount 

of soluble starch between the treated corn samples. Per-Me-8 treated 

corn did exhibit a slightly higher percentage of soluble starch 

followed by the Temper and water treatments. Per-Me-8 treated sorghum 

had a greater (P<.05) percentage of soluble starch than the Temper or 

water treated sorghum. The Temper treated sorghum had a slightly 

TABLE 3. STARCH SOLUBILITY OF TREATED CORN AND SORGHUM (EXP. 2) 

Grain Treatment Starch solubility, % SEM^ 

Corn 

Sorghum 

Water 
Temper 
Per-Me-8 

Water 
Temper 
Per-Me-8 

9.20° 
8.40t> 
10.13b 

5.03^ 
7.09c 
8.47b 

7969 

.7535 

Standard error of the mean. 
b c ' Means in each group with different superscripts differ (P<.05) 
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higher percentage of soluble starch than did the water treated sorghum. 

The results, although only significant in one case, show that the 

chemical conditioners have some effect on starch solubility. 

Exp. 3. The in vitro dry matter digestibility (IVDMD) values 

for the three treatments in the whole, cold rolled and steam flaked 

forms at 4, 8, 12, 24 and 48 hour incubation times are presented in 

table 4 (com) and table 5 (sorghum). No differences (P>.05) were 

found in IVDMD between the three treatments at each time interval for 

the corn in the cold rolled and steam flaked forms or at 4, 12, 24 

and 48 hours for the whole corn. Temper treated whole com had a 

higher (P<.05) IVDMD than did the Per-Me-8 or water treated whole 

corn. 

The three treatments showed no differences (P>.05) in IVDMD at 

each time interval for sorghum in the whole form or at 8, 12, 24 and 

48 hours for the cold rolled form and 4, 8, 12 and 48 hours for the 

steam flaked form. Per-Me-8 treated cold rolled sorghum did have a 

higher (P<.05) IVDMD than did the Temper treated sorghum after 4 

incubation time. Per-Me-8 treated steam flaked sorghum had the 

highest (P<.05) IVDMD after 24 hours of incubation. 

No evident trend in IVDMD was expressed between treatments in 

either the whole, cold rolled or steam flaked forms so no definite 

conclusions can be drawn from the results. 

The in vitro starch digestibility results are shown for com in 

table 6 and for sorghum in table 7. The results are variable and 

show no specific trend of differences between treatments in either 

the whole, cold rolled or steam flaked forms. 
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TABLE 4. IN VITRO DRY MATTER DIGESTIBILITY OF TREATED 
AND PROCESSED CORN (EXP.3) 

In vitro dry matter digestibility, % 

Process Treatment 

Time (hours) 

8 12 24 48 

Whole Water 

Temper 

Per-Me-8 

SEM^ 

6.39^ 19.59^ 25.29^ 55.18^ 

5.80^ 30.06^ 27.61^ 58.90^ 

5.4r 

.546 

14.73^ 27.50^ 56.18^ 

1.280 .589 1.715 

82.93 

84.98^ 

90.70^ 

1.413 

Cold rolled Water 

Temper 

Per-Me-8 

SEM 

5.41^ 28.85^ 26.77^ 60.63^ 

5.85^ 20.15^ 24.97^ 57.66^ 

4.18^ 18.80^ 28.51^ 60.41^ 

.544 5.552 .854 1.761 

90.38 

84.73^ 

91.14^ 

1.399 

Steam flaked Water 

Temper 

Per-Me-8 

SEM 

10.35^ 13.22^ 18.99^ 44.63^ 

8.84^ 21.21^ 20.74^ 45.65^ 

7.68^ 18.92^ 18.78^ 38.84^ 

1.252 1.284 .545 2-034 

81.40 

83.78^ 

87.32^ 

1.314 

Standard error of the mean. 

^'^Means within each group with different superscripts differ (P<.05) 
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TABLE 5. IN VITRO DRY MATTER DIGESTIBILITY OF TREATED 
AND PROCESSED SORGHUM (EXP.3) 

In vitro dry matter digestibility, % 

Time (hours) 

Process 

Whole 

Cold ro lied 

Treatment 

Water 

Temper 

Per-Me-8 

SEM^ 

Water 

Temper 

Per-Me-8 

8 12 24 48 

3.90^ 25.71^ 17.59^ 37.88^ 

3.16^ 24.13^ 19.55^ 34.70^ 

5.00^ 23.92^ 17.43^ 36,14^ 

,493 

,91 
be 

SEM 

5.57 

.098 

1.209 

24.29 

.714 

20.69 

.797 

37.25 

4.72̂ ^ 18,11^ 19.70^ 39.22^ 

19.99^ 20.78^ 38.86^ 

1.638 .635 2.956 

80.37 

77.25^ 

80.27^ 

2.037 

82.12^ 

80.96^ 

86.89^ 

1.205 

Steam flaked Water 6.50^ 18.51^ 14.54^ 39.43^ 90.47^ 

Temper 

Per-Me-8 

SEM 

7.94^ 

8.48^ 

.724 

16.92^ 

12.97° 

.995 

15.01^ 

17.01̂ ^ 

.988 

41.27^ 

48.39^ 

.328 

92.52*° 

8^.58^ 

2.260 

Standard error of the mean, 

^'^Means within each group with different superscripts differ (P<,05) 
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There were no differences (P>,05) between treatments for whole 

com at 4 and 48 hours. Starch digestibility at 2 hours was great

est (P<.05) for the Temper treated com and greater (P<.05) for the 

water treated com than for the Per-Me-8 treated com. After 12 

hours of incubation. Temper and Per-Me-8 treated whole com had a 

higher (P<.05) percentage of starch digestibility. Temper treated 

whole com had a higher (P<.05) starch digestibility after 24 hours 

than the Per-Me-8 treated whole com. 

No differences (P>.05) in percent starch digestibility between 

the three treatments in the cold rolled form were shown at 8 and 24 

hours. After 4 hours, Per-Me-8 treated com showed the highest 

(P<.05) starch digestibility followed by the Temper treatment over 

(P<.05) the water treated com. The 12 and 48 hour times showed a 

greater (P<.05) amount of starch digestibility in the Per-Me-8 and 

water treated cold rolled com. 

No differences (P>.05) in starch digestibility between treat

ments in the steam flaked form x̂/as shown after 4 hours of incubation. 

After 8 hours, Temper treated com showed the greatest increase (P<.05) 

in starch digestibility followed by the water treated com over (P<.05) 

the Per-Me-8 treated corn. After 12 hours, the Temper treated com 

showed a greater (P<.05) increase in starch digestibility over the 

Per-Me-8 treated com which in turn was greater (P<.05) than the 

water treated com. At 24 and 48 hours of incubation. Temper and 

water treated steam flaked corn had a higher (P<-05) starch diges

tibility. 



TABLE 6. IN VITRO STARCH DIGESTIBILITY OF TREATED 
AND PROCESSED CORN (EXP.3) 
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Process 

Whole 

Treatment 

Water 

Temper 

Per-Me-8 

Starch digestibility, % 

Time (hours) 

8 12 24 

29.57^ 71.18^ 57.90^ 86.52^ 

25.27^ 53.54"̂  56.36^ 77.95̂ ^ 

48 

23.52^ 58.75^ 53.80^ 82.88^^ 98.34^ 

97.98 

98.67 

SEM' .816 .634 .233 .678 .191 

Cold rolled Water 

Temper 

Per-Me-8 

SEM 

12.61̂ ^ 62.25^ 54.29^ 84.68^ 

19.67^ 59.61^ 45,88*̂  83,69^ 

28,13^ 60.54^ 

.466 2.766 

51.32^ 86.22^ 

.534 .623 

98.49 

97.05^ 

99-02^ 

.167 

Steam flaked Water 32.08^ 57.69"̂  36.09̂ ^ 71.69̂  98.82' 

Temper 

Per-Me-8 

SEM 

33.70^ 

28.55^ 

.957 

66.38^ 

51.45^^ 

.580 

58.79^ 

42.08^ 

.411 

75.84^ 

63,25^ 

1.072 

98.92 

96.87^ 

.157 

^Standard error of the mean. 

'̂'̂ 'Sleans within each group with different superscripts differ 

(P<.05). 
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AND PROCESSED SORGHUM (EXP,3) 
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Process Treatment 

Starch digestibility, % 

Time (hours) 

8 12 24 48 

Whole Water 

Temper 

Per-Me-8 

SEM^ 

10,66*̂  54,90^ 39.84^ 55.34^ 

1.66̂ ^ 56,56^ 35.18*̂  45.12^ 

16.92^ 56.52^ 22.29^ 54.71^ 

.173 .694 .580 ,651 

98,21 

97.31^ 

97,78^ 

,231 

Cold rolled Water 

Temper 

Per-Me-8 

SEM 

22,94^ 61,96^ 45.45^ 58.05^ 

.68^ 55,57^ 

10,35^ 55,12^ 

.084 .906 

50.45^ 56.73^ 

41.52"̂  53.65^ 

.362 1.985 

97.31 

98.13^ 

97.99^ 

.173 

Steam flaked Water 

Temper 

Per-Me-8 

SEM 

10.63*̂  55.13^ 33.92̂ ^ 59.86^ 

19.44^ 56.73^ 

.673 

42.92^ 66.71^ 

17.58^ 46.21̂ ^ 32.42"̂  66.80^ 

.517 1.093 .195 

98.71 

99.08^ 

98.33^ 

.282 

^Standard error of the mean 

^'^'Sleans within each group with different superscripts differ 
(P<.05). 
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No differences (P>.05) between treatment were observed at 8 and 

48 hours of incubation in whole sorghum. Differences (?<.05) were 

observed between the three treatments at 4 and 12 hours of incuba

tion. At 4 hours, Per-Me-8 treated whole sorghum had the highest 

digestibility followed by the water and then Temper treatments. At 

12 hours, water treated whole sorghum had the highest starch digesti

bility followed by the Temper and Per-Me-8 treatments. After 24 

hours, the Per-Me-8 treated sorghum had the highest (P<.05) starch 

digestibility. 

No differences (P>.05) were observed between treatments at 8, 

24 and 48 hours in cold rolled sorghum. Differences (P<.05) were 

observed between treatments after 4 and 12 hours of incubation. After 

4 hours, water treated sorghum showed the highest starch digestibility 

followed by the Per-Me-8 and then the Temper treatments. After 12 

hours. Temper treated sorghum showed the highest starch digesti

bility followed by the water and then Per-Me-8 treatments. 

No differences (P>.05) were observed between treatments on 

sorghum in the steam flaked form after 48 hours of incubation. 

Temper and Per-Me-8 treated sorghum had a higher (P<.05) starch di

gestibility after 4 and 24 hours. After 8 hours, Temper and water 

treated sorghum had the higher (P<.05) starch digestibility. After 

12 hours. Temper treated sorghum had the highest (P<.05) amount of 

starch digestion. 

Exp. 4. The neutral detergent fiber content values of the 

treated and processed com and sorghum are shown in table 8. There 



TABLE 8. NEUTRAL DETERGENT FIBER CONTENT 
OF TREATED CORN AND SORGHUM (EXP.4) 
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Grain 

Com 

Corn 

Corn 

Process 

Whole 

Cold rolled 

Steam flaked 

Treatment 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

NDF content, % 

9.4r 

8.92̂  

8,19̂  

8,53* 

10,22* 

7,82* 

11.08 

9.53* 

8.11* 

b 

SEM^ 

.267 

.551 

.729 

Sorghum 

Sorghum 

Sorghum 

Whole 

Cold rolled 

Steam flaked 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

9.56 

12.95*̂  

9.06*̂  

6.63^ 

7.89^ 

12.15* 

11.82* 

6.67* 

5.95* 

1.044 

1.082 

1.188 

^Standard error of the mean. 

*'»''Means within each group with different superscripts differ (P<.05) 
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were no differences (P>.05) between the three treatments in either 

the whole, cold rolled or steam flaked forms of com. There were 

no differences (P>.05) between the treatments in either the whole 

or steam flaked sorghum. Per-Me-8 treated cold rolled sorghum did 

exhibit a higher (P<.05) neutral detergent fiber (NDF) content. The 

lack of differences could be due to the fact that the fiber content 

of grains is difficult to determine, since it is a low percentage 

of the grain. 

Exp. 5. Ammonia release per hour per gram of dry matter was 

determined from a standard in vitro run as an indicator of protein 

digestibility (table 9). There were no differences (P>.05) between 

the three treatments in either the whole, cold rolled or steam flaked 

forms of corn and sorghum. 

Exp. 6. The dry matter disappearance (DMD) values for treated 

and processed com and sorghum incubated in nylon bags are shown in 

tables 10 and 11. No differences (P>.05) existed between treatments 

in DMD of whole com. The only differences (P<.05) between treatments 

in the cold rolled form was at the 4 hour incubation time. Water 

treated cold rolled corn had a higher DMD than did the Per-Me-8 

treated com. The only differences (P<.05) between treatments in 

the steam flaked com was at the 12 hour incubation time. Temper 

treated corn had a higher DMD than water treated com. 

No differences (P>.05) in DMD were found between the three treat

ments of whole sorghum at 24 and 48 hours of incubation. After 8 

hours of incubation Temper treated whole sorghum had the highest (P< .05) 
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TABLE 9. AMMONIA RELEASE PER HOUR PER GRAM OF DRY MATTER (EXP.5) 

Grain 
a b 

Process Treatment NH^/hr/gm DM, % SEM 

Corn 

Corn 

Corn 

Sorghum 

Sorghum 

Sorghum 

Whole 

Cold rolled 

Steam flaked 

Whole 

Cold rolled 

Steam flaked 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

Water 

Temper 

Per-Me-8 

^No differences (P>.05). 

Standard error of the mean. 

3. 

4. 

4, 

4, 

4, 

3. 

3. 

5. 

5. 

4. 

5. 

4. 

4, 

5. 

5 

5 

5 

5 

29 

95 

98 

68 

86 

69 

67 

02 

,05 

,85 

,12 

,88 

.56 

.47 

.28 

.02 

.45 

.11 

.366 

.329 

.310 

.104 

.325 

.266 
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Whole 

TABLE 10, DRY MATTER DISAPPEARAxNCE OF CORN 
INCUBATED IN NYLON BAGS (EXP.6) 

Treatment 

Water 

Temper 

Per-Me-8 

SEN/ 

Dry matter disappearance, % 

Time (hours) 

8 

1.07" 

.83^ 

1.43*̂  

.094 

12 

1.59" 

2.00*̂  

1.73*̂  

.147 

24 

5.12 

6.32*̂  

8.69*" 

1.079 

48 

11.98 

9.30*̂  

12.44*̂  

.499 

Cold rolled Water 

Temper 

Per-Me-8 

SEM 

10.92*̂  15.02*" 19-63*" 55.58*" 

9.29^^ 13.32*" 21.08*" 54.06*" 

7.45"̂  13.12^ 20.83^ 53,77^ 

.311 ,350 .810 1.079 

60.15 

55.18*" 

59,17*" 

1,854 

Steam flaked Water 

Temper 

Per-Me-8 

SEM 

7,47*" 12.71*" 

.461 

14.57^ 37.86*" 

8.21*" 13.12*" 17.63^ 38.99*" 

9.05*" 14.96*" 16.22^^ 35.72*" 

.406 .332 .800 

53.5^ 

54.56*" 

53.04*" 

1.302 

Standard error of the mean. 

b c ' Means within each group with different superscripts differ (P<.05) 
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TABLE 11. DRY MATTER DISAPPEARANCE OF SORGHUM 
INCUBATED IN NYLON BAGS (EXP.6) 

Treatment 

Dry matter disappearance, % 

Time (hours) 

8 12 24 48 

Whole Water 

Temper 

Per-Me-8 

SEM^ 

1.47" 

3.14*" 

1.98^ 

.116 

3.20 

4.90*" 

5.09*" 

.260 

4.14 

4.72*" 

4,78*" 

.326 

13.52 

17.65^ 

16.59*" 

.565 

Cold r o l l e d Water 

Temper 

Per-Me-8 

SEM 

11.73*" 17.59*" 

.940 

23.69*" 53.38^ 

12.01*" 18.30*" '22.65*" 46.59*" 

10.29*" 17.22^ 24.29*" 51.26^ 

405 .822 1.762 

48,37 

53.72*" 

55.37^ 

2.959 

Steam flaked Water 

Temper 

Per-Me-8 

SEM 

10.21*" 13.09"̂  24.57^ 35.39*" 

9.54^ 17.88*" 17.27^ 34.05*" 

9.31*" 13,51*"'̂  17,88'' 34,40*" 

.307 .670 .676 .639 

49.93 

51.17^ 

54.53*" 

2.273 

Standard error of the mean. 

*"'Sleans within each group with different superscripts differ (P<.05) 
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DMD and after 12 hours Temper and Per-Me-S treated sorghum had a 

higher (P<,05) DMD. No differences (P>.05) existed between the 

three treatments of cold rolled milo at each incubation time. The 

only differences (P<.05) between treatments in the steam flaked 

form were at the 8 and 12 hour incubation times. Temper treated 

sorghum had a higher DMD than water treated sorghum after 8 hours. 

After 12 hours, water treated steam flaked sorghum had the highest 

DMD. No definite trends or differences between treatments were 

found. 

Ex£^_7. The five treatments used in the metabolism trial are 

as follows: 1) USF - untreated steam flaked sorghum; 2) TSF - Temper 

treated steam flaked sorghum; 3) PSF - Per-Me-8 treated steam flaked 

sorghum; 4) TCR - Temper treated cold rolled sorghum; 5) PCR - Per-

Me-8 treated cold rolled sorghum. Average dry matter and starch 

intake in gm/day, dry matter, crude protein and starch digestibility, 

nitrogen retained (g/d) and percent of intake and fecal starch are 

shown in table 12. The lambs on the two cold rolled treatments (TCR 

and PCR) consumed more (P<.05) feed than those fed the TSF and PSF 

diets. Intake for lambs on the USF treatment was intermediate. 

Starch intake in grams per day was affected by dry matter intake and 

consequently follows the same trend. Lambs on the PCR treatment had 

the highest (P<.05) starch intake followed by the TCR, USF, PSF and 

TSF treatments. The significant differences in dry matter and starch 

intake affected the nitrogen retention. The differences paralleled 

those of the dry matter and starch intake. I^en the nitrogen retention 



TABLE 12, INTAKE, APPARENT DIGESTIBILITIES, NITROGEN 
RETENTION AND FECAL STARCH (EXP,7) 
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Item USF TSF 

Treatment 

PSF TCR PCR SEM 

Intake, g/d 

Dry matter 

Starch 

1,005^^ 875^ 

600 be 504 

900* 

523 
cd 

1,069^ 1,158*" 23.563 

606 be 650 14,088 

Digestibility, % 

Dry matter 75.9 75.6 

Crude protein 84.5 84.6 

Starch 92.3 91.3 

76.2 

84.3 

92,0 

73,9 

83,5 

88,0 

74,0 

85,9 

87,7 

,508 

.667 

.345 

Nitrogen 

Retained, g/d 

% of intake 

10.2*"̂  8.3^ 

67.3*" 66.8*" 

9.0̂  

67.0 

10.6 

64.0 

be 11.9 

67.5 

.396 

1.031 

Fecal starch, % 18.8 20,0 20,3 26,0 25,9 .387 

^Standard error of the mean. 

*"'̂ Means in the same row with different superscripts differ (P<.05). 
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of the treatments were expressed as a percent of nitrogen intake, 

there were no differences (P>.05) among the five treatments. The 

same was true with dry matter and crude protein digestibility. When 

expressed as a percent of the dry matter or crude protein intake, 

there was no differences (P>.05) among the five treatments. 

Fecal starch and starch digestibility exhibited differences 

due to processing rather than treatment effects. The percent fecal 

starch was greater (P<,05) for the steam flaked treatments than for 

the cold rolled treatments. Starch digestibility was greater (P<.05) 

for the steam flaked treatments also. These differences are due to 

the greater amount of starch made available by the steam flaking pro

cess. 

In conclusion, results of these experiments show that the effects 

of Temper and Per-Me-8 were varied with the different criteria used. 

Lack of consistent improvements over the controls across all experi

ments does not necessarily indicate no improvement from the use of 

these grain conditioners but helps explain how they may affect the 

utilization of corn and sorghum, since several different methods were 

studied. Com and sorghum treated with the conditioners did show 

a slight benefit in moisture uptake per hour over the water control 

at 40, 60 and 80 C. The results from the in vitro study, though 

largely non-significant, more closely parallel the results that would 

be expected from a live animal trial. The same is true with the 

in vitro starch digestibility study. In this study, the Per-Me-8 

treated grains in the cold rolled form had a slightly higher in vitro 
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starch digestibility than the Temper treated cold rolled grain. 3ut, 

the Temper treated grains had the higher in vitro starch digesti

bility in the steam flaked form over the Per-Me-8 treatment. This 

would allude to the fact that the combination of the phosphoric acid 

in Temper combined with the heat of processing had some effect on the 

starch. The nylon bag results do not as closely parallel the 

expected results that would be obtained from animal feeding trials 

as did the in vitro data. However, the results from the treated 

whole grains indicate that the conditioners have little effect on 

altering the seed coat of the grains. The low digestibility of 

starch and dry matter in the cold rolled and steam flaked forms were 

possibly due to laboratory processing methods. 

In the metabolism trial the differences in intake between the 

cold rolled and steam flaked processes could be expected. Animals 

eat to meet their energy requirements. And the energy from the 

steam flaked treatments was more available due to the positive effects 

of heat and pressure on the starch during processing which would 

account for the lower feed intake. Thus, this affected starch in

take also. The differences in fecal starch are possibly due to the 

cooking effect on the starch during the steam flaking process which 

made the starch more completely utilized from the steam flaked treat

ments than the starch from the cold rolled treatments. 
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