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ABSTRACT

Samples of mllo and barley were subjected to dry 
rolllngs dry flakinga steam processing and pressure cooking 
to determine the effect of moisture, heat and pressure on in 
vitro starch digestion. In addition, dry, steamed or soaked 
mllo were pressed with a hydraulic press to study the 
effects of direct pressure on starch digestion. In vitro 
starch digestion was determined as maltose produced by 
incubating the grain with a buffered bovine pancreatic 
homogenate for JO minutes at 40°C. Steaming alone decreased 
starch digestion of both grains. Flaking the grains after 
steam processing or pressure copking markedly increased 
digestion. In both grains there was a decreased beneficial 
effect of flaking at higher levels of pressure cooking. 
Optimal starch digestion of both pressure cooked grains was 
approximately 60 psi flat flaked. Direct pressure studies 
using a hydraulic press with dry steamed or soaked mllo 
showed that the minimum (critical) pressure for improved 
starch digestibility occurred at 2000 psi with the pressure 
plates at room temperature. Heating the plates to 98»5°C. 
lowered the: critical pressure to J00 psi for steamed and 
soaked grains but the critical pressure remained at 2000 psi 
for dry milo. These studies suggest a combined effect of 
moisture, heat and pressure in improving in vitro starch 
digestion of milo and barley.

viii



INTRODUCTION

Cattle feeding is a major industry in Arizona and 
the largest cash producer of all agricultural products in 
the state (3)= As of January ls 19689 there were 383,000 
cattle and calves on feed, an increase of 3^ over a year 
ago. A great number of these animals are fed in large 
commercial feedlots capable of handling several thousand 
head per year. The efficiency of such large operations is 
dependent upon effective methods of fattening cattle in a 
minimum of time and at least cost.

The ability of cattle in a feedlot to gain rapidly 
and show desirable conformation is related to the amount of 
concentrate that is fed. Finishing rations often contain 
70fo to 80$ milo or barley. Since grain makes up the major 
cost of the ration, any improvement in the utilization of 
grain will be reflected in improved performance of the 
cattle and, consequently, increased profits for the feeder.

Methods of processing grain, such as grinding, 
crushing and cracking, have been practiced for many years as 
means of Improving grain utilization. More recently, moist 
heat treatment and flaking or rolling has been shown to be 
superior to the older methods in improving grain utiliza
tion. There are currently two methods of preparing moist 
heat treated grain. The first, steam processing, subjects



the grain to steam in a tempering chamber until the desired 
conditions of moisture and temperature are attained« The 
second method involves the treatment of grain with steam 
under pressure in a chamber. Although both systems are. 
continuous flow in operation, the latter method has the 
advantage of a shorter retention time.

Moist heat treatment alone has been shown by several 
workers to be inadequate in improving grain utilization, but 
when coupled with proper flaking, has resulted in a much 
improved product from a performance standpoint. Experiments 
at the Arizona station have shown that a flat flake can be 
obtained from milo or barley by steaming the grain until the 
moisture content reaches 18$ to 20$, then Immediately pass
ing it through a roller mill set to zero tolerance. Flaked 
grains produced by this method stimulate? greater gains and 
increased feed efficiency as compared to the conventional 
dry rolled or ground grains. Limited studies with pressure 
cooked grains suggest the feasibility of their use in feed
ict rations. Little work has been done, however, on the 
importance of flaking with various pressures.

That moist heat treatment and flaking of milo and . 
barley improves feedlot performance of cattle suggests that 
a combination of moisture, heat and pressure is involved in 
improving the quality of these grains, but the exact mecha
nisms associated with this improvement are not definitely 
known. Limited research suggests that these physical forces



act on. the molecular structure of the starch granule in such 
a way as to permit more rapid attack by rumen micro-organisms 
and digestive enzymes»

The use of enzymes as a means of studying digestive 
processes outside the body provides a rapid and relatively 
inexpensive tool for determining the value of feeds and 
various processing methods. In experiments performed at the 
Arizona station* porcine pancreatin was used to evaluate the 
effect of grain processing on the in vitro starch digestion 
of milo and barley. These studies showed that the starch 
fraction of these grains was altered in some fashion by 
moist heat treatment to make it more readily digested in 
vitro.

The purpose of the present work was to determine the 
relative effect of moisture* heat and pressure on in vitro 
starch digestion of milo and barley. Studies were conducted 
to evaluate the importance of flaking on the starch diges
tion of dry* steam processed and pressure cooked milo and 
barley. Trials were also conducted to study the importance 
of pressure in the flaking process using a hydraulic press. 
Lyophilized pancreas from the bovine species was used as a 
source of amylase.



LITERATURE REVIEW

The nitrogen free extract (NPE) of cereal grains 
varies somewhat with growing conditions and species under 
study, but ranges from 70% to 85$ (30, 3*0 «• This portion of 
the proximate analysis Is normally determined by difference 
once the protein, crude fiber, ether extract and ash are 
measured chemically.

Of all the components of the NFE of milo and barley, 
starch is by far the largest fraction. Osman (37), using a 
total starch determination method established by the 
A.O.A.C. (2), reported starch values of 75*5% and 72*0% for 
milo and barley, respectively. His values for NFE, deter
mined by difference, were 82*5% for the same milo source and 
77*3% for barley. Bidwell, Bopst and Bowling (5) conducted 
a study on the physical and chemical characteristics of milo 
and obtained figures of 73*7% NFE, 68*,5% starch and 3«95^ 
pentosans, while Preece (40) reported the following break
down of carbohydrate for barley: starch, 62.0$; reducing
sugars, 1.0$; pentosans, 9°5$; and cellulose, 5«0$. Lechuga 
(27) reported starch values of 80.5$ for milo and 71.9$ for 
barley. It seems evident that since starch comprises such a 
large constituent of the total grain, special consideration 
must be given to its nutritive value and the processing 
methods that may affect its digestibility.



In ruminants the- general pattern of carbohydrate 
metabolism differs markedly from monogastrics who receive 
their major source of energy from starch hydrolyzed to 
glucose and absorbed in the intestine, Lewis (28) and 
Ann!son and Lewis (1) give very complete reviews of carbo
hydrate metabolism in the rumen. Starch is readily fer
mented by a number of rumen micro-organisms to simple sugars 
which are subsequently converted to short chain volatile 
fatty acids and absorbed through the rumen wall. Some 
micro-organisms synthesize polysaccharide material from 
dietary sources and these are carried out of the rumen to be 
digested by lower gut enzymes (49),

The amount of starch (both free and microbial- 
incorporated) that passes from the rumen into the lower 
tract for hydrolysis and absorption has been a much debated 
point, Heald (16) fed sheep a chopped hay ration and found 
insignificant amounts of microbial carbohydrate passing 
through the abomasum, Weller and Gray (49) reported that 
increasing the starch content of a sheep ration by fifty 
times only increased the abomasal starch by eight times. In 
contrast to these studies, MacRae and Armstrong (29) 
reported that the amount of alpha-linked glucose polymer in 
duodenal contents of barley fed sheep was significantly 
higher than in animals fed hay, Karr, Little and Mitchell 
(23) fed various levels of corn and showed that 44$ of the 
ration starch passed from the rumen of steers fed 60% corn



rations versus 35% starch for rations containing 20% corn. 
Wright, Grainger and Marco (51) fed a high corn ration to 
lambs and reported abomasal starch values as high as 55% of 
the ration content three hours after feeding. They measured 
intestinal starch and found it to be of very low value.
This suggested to them a rapid hydrolysis of starch in the 
intestine. It would appear that the fiber content of a 
ration has a large effect on the amount of starch passing 
from the rumen» The more fibrous rations may have been 
retained longer and thus more completely digested.

There are several articles in the literature con
cerning the activity of starch digesting enzymes in the 
Intestinal tract of ruminants. Dukes (7) and Bergman, Dukes 
and Yarborough (4) showed amylolytic activity from the 
pancreas of sheep and oxen. In a study on excised pancreas 
tissue from calves of different ages, Dollar and Porter (6) 
found no appreciable activity of amylase until nine weeks of 
age. A similar study was performed on calves of different 
ages fed various carbohydrate rations by Huber et al (20) 
who, in contrast to the previous workers, found that 
pancreatic amylase activities varied, but were lowest at 
blpth, tripled in eight days and remained constant there
after. Although most of the studies reported in the litera
ture are concerned with calves (due to the interest in 
starter rations), work with mature sheep by Hembry, Bell and 
Hall (1?) showed that maltase and amylase activity were



higher than any other enzymes measured. They detected no 
starch digestion in isolated segments of intestine washed 
free of pancreatic amylase, indicating that the only starch 
enzymes present were those produced by the pancreas.

The nature of the starch granule has been studied 
from both a structural and a chemical standpoint in an 
attempt to explain the susceptibility of the granule to 
enzyme degradation, Leach, McCowen and Schoch (25) reviewed 
Meyer9s (33) early theory of the starch molecule, which 
stated that it is composed of D=glucose molecules joined by 
alpha (1-4) and alpha (1-6) linkages to form amylose-and 
amylopectin units, respectively. These polymers are held in 
close association by hydrogen bonding, giving crystalline 
structures, The areas between the granules have less bond
ing and are amorphous, Sair (42), using X-ray diffraction 
studies on corn and potato starch, suggested that moist heat 
treatment of starch permits the molecules to rotate, allow
ing various chains to associate more closely through 
Increased hydrogen bonding. Leach and Schoch (26) deter
mined solubilities of different granular starches using 
alpha-amylase and found no preferential attack on either the 
straight-chained or branched portions of the starch mole
cule. They concluded that while susceptibility to enzyme 
attack was not dependent on the primary structure, that is, 
the glycosidic linkages, it probably was related to the



amount of amorphous area within the granule that would allow 
entrance of the enzyme molecules.

Gelatin!zation and dextrinization are terms used 
widely in the literature concerning starch that has under
gone thermal degradation, Leach (24) defines gelat ini zat i on 
as the subjection of an aqueous starch suspension to heat or 
chemical stress which weakens the micellar network by dis
rupting the hydrogen bonds in an irreversible manner.
Walker (48) outlined the steps of starch hydration and 
gelatinization as occurring in three, phases, , Firstg at 
moderate temperatures, water molecules enter the starch 
matrix forcing chains apart and disrupting the structure. 
This,phase is reversible. Secondly, with increased heat and 
moisture, an irreversible change occurs at around 65°C, for 
cereal grains. The granule size increases greatly, solubili
zation of some starch takes place, and the granule loses 
crystallinity. This phase is defined as gelatinization, A 
third phase can occur when the gelatinized starch continues 
to take up water and becomes a paste with a much diffused 
starch chain network. If a pasted starch is allowed to cool 
it forms a gel which, on further standing, reorganizes the 
molecular bonding so highly that it resists enzyme attack, 
Dextrinization occurs with dry heat procedures that convert 
starch to dextrins, short chain polymers above ten glyco- 
sidic linkages in length, Horton (18) and Evans and



Wurzburg (8) give excellent reviews of studies involving 
dextrin!zationo

Considerable research has been reported on the 
performance of moist heat treated grains in ruminants both 
in feedlot trials and laboratory investigations, Salsbury, 
Hoeffer and Luecke (43) reported that the readily hydrolyz
able dry matter (RHDM) of moist heat treated corn was more 
rapidly digested by rumen micro-organisms than untreated 
corn starch-or ground corn, Autoclaving without added 
moisture decreased RHDM digestibility, Pope9 Harper and 
Waller (39) fed ground and steamed ground (pregelatinized) 
milo to calves and reported lowered feed intake and reduced 
daily gain for the gelatinized milo. They suggested that in 
addition to gelatinization of the starch, protein denatura- 
tion and fat alteration may have occurred. Saba (4l) cooked 
milo for nine hours (180°P.) with two parts of water. Feed
ing this grain to steers resulted in increased NFE digesti
bility compared to dry rolled milo, although protein 
digestibility of the cooked milo was significantly decreased. 
The starch was probably gelatinized completely by this 
method of cooking.

Workers at the University of Arizona experiment 
station have conducted numerous trials with cattle comparing 
steam-processed milo and barley to the dry rolled and dry 
ground grains. In some of the early work, Hale and Taylor 
(15) reported that steaming grain for three to five minutes



did not improve performance of milo over the dry rolled 
product. They suggested that a longer steaming time may be 
advantageouso Hale e_fc al. (14) reported on feedlot trials 
utilizing steam processed milo and barley in which condi
tions of steaming were well defined as to time, temperature 
and percent moisture. Steam processing milo in these trials 
reduced by 81 pounds the amount of feed required per 100 
pounds of gain as compared to dry rolled milo and increased 
the average daily gain by .26 pounds. A later trial showed 
that the digestibility of NPE, total digestible nutrients 
(TDN)„ ether extract and dry matter of steam processed milo 
were significantly Improved over dry rolled milo (14)=
Mehen et al. (32) reported that steam processed flaked milo 
was significantly more digestible than dry rolled milo with 
NPE being most improved. He reported no improvement of 
steam processed barley over the dry rolled grain. Parrott 
(38), in two digestion trials with yearling cattle, compared 
dry rolled and steam processed flaked barley. In the first 
trial, no significant difference between processing methods 
was observed with the exception of TDN which was increased 
by steam processing. In a second trial the digestibility of 
protein, ether extract and TDN were significantly lowered by 
steam processing. He suggested that steam processing of 
barley was not advantageous unless the original TDN of the 
untreated grain was low.
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In work at the California station, Garrett, Lofgreen 

and Hull (10) concluded that steam processing for 20 minutes 
at atmospheric pressure produced no differences in dry 
matter digestion compared to steam processing for eight 
minutes at atmospheric pressure.

In vitro studies have been conducted at the Arizona 
experiment station to analyze the effect of grain processing 
on gas production and volatile fatty acid (VFA) production. 
Trei, Hale and Theurer (47) studied in vitro gas production 
as a possible index for evaluating the influence of grain 
processing on the starch portion of milo and barley. They 
found that steaming milo without rolling caused a decrease 
in gas production rate compared to untreated milo and that a 
medium flake after steaming is necessary to Improve the 
fermentation rate over the untreated grain. Gelatinization 
of the starch above 40^ did not improve the rate of gas pro-

t ■duction. They suggested that a well formed flake is essen
tial for optimal utilization of these grains. In a similar 
study, Theurer, Trei and Hale (45) incubated steam processed 
milo and barley with rumen fluid and determined the amounts 
and proportions of VFA8 s produced. Steam processing milo 
without flaking decreased VFA production by 16$ compared to 
untreated milo. Flat flaking of steam processed milo and 
barley increased VFA production by k2% and 40$, respectively, 
over the untreated grains. Flaking also caused an increase 
in the ratio of the propionate to acetate. These authors
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concluded that the degree of flaking is extremely important 
in rendering the starch of milo and barley more readily 
available to rumen micro-organisms.

Steam pressure processing or pressure cooking has 
become the subject of several studies at the Arizona and 
California stations. Mehen et al„ (32) compared milo pres
sure cooked at 4-0 pounds per square inch (psl) for one 
minute and flaked with steam processed flaked, dry rolled 
and fine ground milo. The pressure cooked grain was pre
pared in small batch type cooker capable of holding approxi
mately 125 pounds of grain. Steam processed flaked or 
pressure cooked flaked milo had higher digestibilities of 
the NFE, gross energy and TDN compared to either the dry 
rolled or fine ground grain. They suggested that moist heat 
treatment prior to flaking is necessary for improved digest
ibility over the dry grain. Trei, Hale and Theurer (4?) 
reported that pressure cooking (60 psi) and flaking milo 
increased xn vitro gas production 84$ over the untreated 
milo and was similar to steam processed flaked milo in gas 
production.

Osman (37) pressure cooked milo and barley at 
several pressures (up to 80 psi) and measured percent starch 
digestion with procine pancreatin. Pressure cooking at 
20 psi without flaking lowered in vitro starch digestion of 
both grains as compared to the untreated grains. Pressure 
cooking milo at 60 and 80 psi without flaking gave increases



13
of 37$ and 78$, respectively9 over untreated milo, while 
pressure cooking barley at 60 psi without flaking gave a 4$$ 
increase over the untreated grain» Poor flaking the pres
sure cooked grains resulted in little or no improvement over 
the unflaked pressure cooked grains while flat flaking 
significantly improved starch digestion of both grains at 
all pressure cooking levels. Maximum digestion occurred 
with the flat flaked grains cooked at the highest pressures 
studied, suggesting that higher pressure levels may continue 
to increase starch digestion.

Garrett, Lofgreen and Hull (11) reported that 
pressure cooking and rolling of milo, barley and corn at 20 
psi for 1-1/2 minutes increased both daily gain and feed 
efficiency over the same grains processed at 60 psi for one 
minute and rolled. In another report, these same authors 
(12) compared milo pressure cooked at 20, 40 and 80 psi for 
1-1/2 minutes and rolled to milo steamed for eight minutes 
prior to rolling. They reported that no important differ
ences in daily gain or carcass value could be attributed to 
method of processing. In a second trial they pressure 
cooked milo for one minute at 25, 50 and 75 psi and con
cluded from digestion trial results that the optimum time- 
pressure relationship was 1.5 t 0=5 minutes at 50 t 10 psi.

It seems evident that some form of moist heat treat
ment combined with proper flaking is advantageous in 
improving the digestibility of milo and barley, although the



relationship between heat, moisture and pressure in 
improving starch utilization of cereal grains has not been 
well defined. The primary effect of this processing is on 
the starch fraction of the grain, Milo starch appears to be 
more positively affected than barley.



EXPERIMENTAL PROCEDURE

Studies were conducted to ascertain the relative 
importance of moisture9 temperature and pressure on the in 
vitro starch digestion of milo and barley by lyophilized 
beef pancreas. The first part of these studies was con
cerned with the effect of dry rolling, dry flaking, steam 
processing and flaking, and pressure cooking and flaking on 
in vitro starch digestion of these grains. The second study 
involved the use of a manual hydraulic press to evaluate the 
effects of direct pressure on the starch digestibility of 
dry, steamed and soaked milo.

Part One
Two complete trials were run in succession. The

grains for each trial were collected in sufficient quanti
ties to perform all the investigations on a single source of 
grain. The untreated whole grain was used as a control.

Grain Processing
Dry rolled milo and barley were prepared by passing

the whole dry grain through an 18 by 30 inch roller mill
with sufficient roller pressure to break the kernels into 
several small pieces. Dry flaked grains were obtained by 
allowing the rollers to preheat to approximately 77°C. 
before rolling, using a low flow rate for the grain and

15
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setting the rollers at minimum tolerance (approximately 
0,002 inch) to obtain a very flat flake.

Steam processed grain refers to grain subjected to 
moist steam at atmospheric pressure for 20 to 30 minutes in 
an open top, stainless steel chamber until a moisture 
content of 18$ to 20$ was attained. Temperatures within 
the steam chamber were between 205oF, and 215°F» The grain 
was then passed through a roller mlIT. Grain flow rate and 
roller tension were adjusted to vary flake flatness. A 
sample of the whole steamed grain was collected prior to 
rolling and placed in a forced-air oven for 24 hours to 
determine the percent dry matter.

Pressure cooked grains were cooked in a steel 
chamber. 14 inches in diameter and 4.5 feet long and fitted 
with a knock-off cap at one end. The capacity of the 
cooker was approximately 100 pounds of dry grain. The 
cooker had an external source of high moisture steam and 
was fitted with a pressure gauge calibrated to 100 pounds 
per square inch (psi) in 10 pound increments. The chamber 
was mounted on a frame which allowed it to be rotated 
during the cooking process, Prior to introduction of the 
grain, the chamber was preheated with steam for 3 to 4 
minutes. Milo was pressure cooked at 40, 60, 80, and 100 
psi for one minute (hereafter referred to as PC-40, PC-60, 
PC-80, and PC-100), and at 80 psi for 5 minutes (PC-80, 5 
min.). Barley was cooked at 20, 40, 60, 80, and 100 psi



for 1 minuteo The one minute and five minute time intervals 
refer to the time the grain was held at each specific pres
sure after the desired pressure was attained. Representa
tive samples were taken immediately after cooking for dry 
matter determination. Table 10 (Appendix) shows the amount 
of time required to reach the various pressures, the 
temperature of the grain after pressure cooking, and the 
percent moisture. The temperature of the grain which had 
been removed from the pressure chamber did not vary with 
level of pressure. Prior to rolling, the PC-60, PC-80, and 
PC-100 grains were spread on a concrete floor and allowed to 
dry to approximately 20^ moisture to prevent caking on the 
rollers,

In both the steam processed and pressure cooked 
treatments, the poor flake was obtained by setting the 
rollers so as to just crack the grain. For the flat flaked 
grain, the endosperm of the kernel was clearly visible and 
the flake was flat enough to show the crimp of the rollers. 
The relative weight/volume of the air-dried grains compared 
to the untreated grains was used as an index of flake flat
ness.

Prior to analysis, the treated grains were air 
dried, weight/volume recorded, and then ground through a 
laboratory Wiley mill fitted with an 80 mesh screen.
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Total Starch Determination . .

In the standard analysis of feedstuffss the starch 
fraction Is included in the Nitrogen Free Extract (NFE) 
which is obtained by difference once the rest of the proxi
mate analysis is determined. The compounding of each 
determination error may result in a wide range of NFE values 
and, hence9 questionable values for starch. The following 
method of starch determination, along with the preliminary 
trials on glucose recovery and glucose-starch conversion, 
was used to give a more accurate as well as a simpler 
approach to starch analysis.

The procedure for total starch determination was 
adapted from Osman (37)« Approximately 1.0 gram of the 
ground grain was hydrolyzed for 2-1/2 hours in 200 ml. 
distilled water and 20 ml. HC1 (sp. gr. 1.125). The appara
tus used was a conventional reflux condenser for crude fiber 
determination. After hydrolysis, the solution was cooled 
rapidly and 90% of the acid was neutralized with 11 ml. of 
45^ NaOH. Studies indicate that the breakdown products of 
starch (theoretically glucose) are more stable in an acid 
system (35)• The solution was then filtered and brought to 
volume in a 500 ml. vol. flask.

The amount of glucose produced by acid hydrolysis 
was measured by the Nelson-Somogyi and glucose-oxidase pro
cedures. The Nelson-Somogyi method, as outlined by Oser 
(36), incorporates the use of an arsenomolybdate color
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reagent and measures the total number of reducing sugars 
present (all free aldehyde radicals). One ml. of the hydro- 
lized solution was deproteinized by addition of 12 ml. 
barium hydroxide and 12 ml. zinc sulfate. A 0.5 ml. aliquot 
of this filtrate was placed in a boiling water bath with 
1 ml. of alkaline copper reagent for 30 minutes. The sample 
was cooled rapidly for one minute prior to adding 1 ml. of 
arsenomolybdate color reagent and brought up to 10 ml, 
volume with distilled water. After five minutes the sample 
was read in a Beckman Model B Spectrophotometer set at 5^0 
millimicrons. A water blank prepared as above was set at 
100$ transmission. The percent transmission of the samples 
was converted to optical density and glucose was calculated 
from a standard glucose curve.(Figure 1).

Calculations:
1) Mg. glucose/0.5 ml. filtrate = sample O.D. x K (K = concentration of glucose from standard 

curve/O.D. from standard curve. In these 
studies K s 0.14-28).

2) Mg. glucose/0.5 ml. filtrate x 2 = mg. glucose 
per 1 ml. filtrate.

3) Mg. glucose/1 ml. filtrate x 25 s mg. glucose/
25 ml. filtrate s mg. glucose/1 ml. original 
sample.

4-) Mg. glucose/1 ml. original sample x 500 = mg, 
glucose/gm. of sample.

Thus:Mg. glucose/gm. sample = O.D. x K x 2 x 25 x 500
2 O.D. x K x 25,000 
= O.D, x 3572.5
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The glucose-oxidase enzyme"*- determination was 

conducted using a slight modification of the "Glucostat"
.procedure (number II) outlined in the Worthington Technical 
Bulletin (50). Two tenths of a ml. of sample placed in 3.8 
ml. water was deproteinized by addition of 2.0 ml. of 1.8$ 
barium hydroxide and 2.0 ml. of 2»0% zinc sulfate. A 2.0 
ml. aliquot of this 1:40 filtrate was incubated with 2,0 ml. 
of the commercially prepared enzyme reagent (made up to 
90 ml.) for exactly 10 minutes at room temperature, at which 
time 1 drop of 4 M HC1 was added to Inactivate the enzyme 
and develop the color. After 5 minutes the sample was read 
in a spectrophotometer set at 400 millimicrons. A water 
blank and glucose standard were included with the above pro
cedure each time, the blank being read as 100$ transmission 
and the standard read as a reference. A standard was run 
with each analysis due to the difference in activity between 
various enzyme vials. A representative standard is shown in 
Figure 2. As in the Nelson-Somogyi method, the percent 
transmission was converted to optical density and the 
glucose calculated as follows:

1. Mg. glucose/ml. sample « (sample O.D./standard 
O.D.) x concentration of standard.

2. Mg. glucose/ml. sample x 500 = mg. glucose/gm. 
of sample.

^Source: Worthington Biochemical Corp., Freehold,New Jersey.
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A preliminary study was undertaken to determine the 

percent recovery of glucose after acid hydrolysis» Six one- 
gram samples of pure anhydrous dextrose were hydrolyzed by 
the same procedure described for starch determination.
Three samples were analyzed in triplicate for reducing 
sugars by the Melson-Somogyi method and three for glucose by 
the glucose-oxidase procedure. The results are presented in 
Table 11 (Appendix), The percent, recovery of glucose for 
these two procedures was similar with the Nelson-Somogyi 
method producing slightly higher values (91°30$ vs. 90=13^)= 
The values for the Nelson-Somogyi determination compare 
favorably with those reported by Osman (37)g who reported 
percent glucose recovery of 91°29$.

Another preliminary study was conducted to determine 
a glucose to starch conversion factor. Duplicate samples of 
corn9 potato and soluble starches were hydrolyzed and 
analyzed for reducing sugars, Analysis for reducing sugars 
was by both the Nelson-Somogyi and glucose-oxidase proce
dures. The results of average conversion factors of glucose 
to starch are shown in Table 12 (Appendix), The conversion 
factors were not different between the types of starch 
tested. To determine starch equivalents directly from the 
observed glucose valuess the glucose figure from the 
standard curve was thus multiplied by 1.019 for the Nelson- 
Somogyi method and 1.032 for the glucose-oxidase method. It 
was found that 100 parts of glucose (corrected for losses in
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hydrolysis) represented 93°0 parts of starch which compares 
favorably with the value of 90 noted in the A,0.A.C, (2) and 
92.6 cited by Osman (37)°

Water Extractabje Carbohydrate .
An investigation of the water extractable carbo

hydrate in both milo and barley was performed to determine 
whether this carbohydrate fraction was altered by processing 
methods, A method described by Huber et al. (19) was 
followed. Approximately one gram of grain was mixed with 
25 ml, water and shaken on a mechanical shaker for 2-1/2 
hours, A protein-free filtrate was obtained from the 
supernatant and analyzed for total reducing sugars or glu
cose by the methods previously described. Results are 
expressed as percent soluble carbohydrate of the grain 
sample on a dry matter basis.

Enzymatic Starch Digestion
The in vitro starch digestion of the grains was 

performed using lyophilyzed beef pancreas* from a modifica
tion of the method described by Huber et al, (19) and used 
by Osman (37)° A homogenate was made by comminuting one 
part of beef pancreas in eight parts 0,2$ NaCl for 1 minute 
at approximately 2400 r,p,m° in a Serval omnimixer. This 
homogenate was then centrifuged at 600 r=p,m. for 1-1/2

^Sources Nutritional Biochemical Company9 Cleveland^Ohio,
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minutesg the fat layer removed from the surface$ and the 
remaining fluid saved. Four ml. of this homogenate were 
incubated in a wate^-bath for 30 minutes at 40°C. with 100 
mg. of the ground test grain and 10 ml. of buffer (2.64 gm. 
MagHPO^ and 6.38 gm. KHgPO^/liter; pH 6.8). At the end of 
30 minutes the flasks were removed and placed in a boiling 
water bath for 10 minutes to inactivate the enzyme. The hot 
mixture was centrifuged for 2-1/2 minutes at 600 r.p.m. and 
the supernatant used for determination of reducing sugars. 
The amount of maltose produced was determined by the Nelson- 
Somogyi method and calculated from a maltose standard curve

:.5(Figure 1). Starch digestion was expressed as mg. maltose 
recovered per 100 mg. sample, dry matter basis.

Calculations:
1) Mg. maltose/0.5 ml. filtrate = sample O.D. x K=K s constant s mg. maltose/O.D. from standard 

curve. (For this study, K s 0.2941).
2) Mg. maltose/0.5 ml. filtrate x 2 = mg. maltose/

1 ml. filtrate.
3) Mg. maltose/1 ml. filtrate x 25 ~ mg. maltose/

1 ml. original sample.
4) Mg. maltose/l ml. original sample x 14 ml, 

incubation media s total mg, maltose/100 mg. 
sample.

5) Total mg. maltose = O.D. x K x 2 x 25 x 14
= O.D. x 205.87

Therefore:
s total mg. maltose/100 mg. sample x 100 

digestion " 100 mg. of sample .x % starch



Preliminary studies were conducted to determine 
between day variations in percent starch digestion. Dupli
cate samples of untreated, steam processed whole and steam 
processed flaked milo were digested by the procedure out
lined above on three consecutive days (Table 13, Appendix). 
Although differences in starch digestion between days was 
significant (P <„05)* the day effect contributed only 0.26^ 
of the total sums of squares. From a practical standpoint, 
the significance of this value is questionable. Variation 
in the percent in vitro starch digestion of untreated milo 
determined on different days over the entire trial period 
was analyzed. The results of this comparison and the 
analysis of variance are shown in Table 14 (Appendix). The 
sources of grain from each trial were calculated separately 
in a nested classification. Variation was significant 
between sources of grain (P< .01) but'not between days 
within grains. Between days effect was disregarded in all 
further statistical comparisons made in this thesis.

Part Two
Direct Pressure Studies

Milo kernels were placed between two 4 by 4 inch 
polished stainless steel plates and pressure applied by a 
Blackhawk press fitted with a pressure gauge calibrated from 
0 to 24,000 psi i,n 500 pound increments. Untreated milo was 
used as a control and the treatments included soaking (cold
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moisture) and steaming (hot moisture) <, Soaked grain was 
prepared by placing It In a 250 ml„ beaker of water over
night* The soaking process was carried out under refrlgera- 
tlon to retard fermentation from microbial contaminants In 
the grain. The steamed unflaked grain was prepared by the 
method outlined previously. In addition to pressing the 
grains at room temperature9 the plates were heated in a 
boiling water bath for five minutes„ driede and the grains 
pressed immediately with the hot plates (approximately 
98o5°C.), The plates were reheated after every other press
ing, All pressed samples were dried in a vacuum oven and 
ground through an 80 mesh screen prior to determining the 
percent starch digestion.

Determination of percent in vitro starch digestion 
was performed by the procedure outlined in part one.

Data from both parts one and two of this study were 
subjected to analysis of variance according to Steele and 
Torrle (44), Abbreviations appearing in the analysis of 
variance tables are explained in the Appendix,

i



RESULTS AND DISCUSSION

Part One

Percent Moisture of the Treated. Grains
Percent moisture of the treated grains and values 

for added moisture are presented in Table 1» In both 
grains9 the pressure cooking treatments caused the greatest 
increase in moisture. Moisture content was similar for the 
two steam processed grains. In milo8 pressure cooking at 
100 psi for 1 minute gave no greater increase in moisture 
than cooking at 80 psi for either 1 or 5 minutes but was 
markedly higher than either the PC-40 or PC-60 grain, Steam 
processing milo added more moisture than pressure cooking at 
40 psi but not as much as at the higher cooking pressures.
It appears that the significant change in moisture for milo 
occurred between PC-40 and 60 and PC-60 to 80, The soaked 
milo had the greatest percent moisture, although the adher
ence of water around the outside of the kernel may have been 
greater than that with the other processing methods,

In barley the greatest increase in moisture came 
from pressure cooking at 100 psi for 1 minute. Moisture 
content of the steam processed barley was similar to that 
pressure cooked at 20 psi for 1 minute. There was a gradual 
increase in added moisture between PC-20 and,PC-80 but a

2?
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Table 1* Average dry matters and added moisture of whole

grains after steam processing or pressure cooking. Trials I and II combined.

Treatment3
Percent 

Dry Matter
Percent 

Added Moisture

Milo
Untreated 92.6
Steam Processed 80.3 12.3
PC-40 84.4 8.2
PC-60 76.0 16.6
PC-80 68.2 24.4
PC-80 (5 min.) 69.1 23.5
PC-100 71.5 21.1
Soaked 64.1 28.5

Barley
Untreated 93.4
Steam Processed 81.9 11.5
PC-20 83.I 10.3
PC-40 80.6 12.8
PC-60 79o5 13.9
PC-80 77.1 16.3
PC-100 70.7 22.7

aPC * Pressure cooked. Number indicates pounds per 
square inch.

^Gms. moisture added/100 gms. of untreated grain.
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large increase at PC-100. Milo had a higher percent 
moisture than barley at 60 and 80 psi.

Total Starch Determination
Table 2 shows the results of total starch determina

tions on the various processing treatments of milo and 
barley. The amount of total starch did not vary more than 
-3.8 percentage units from high value to low value in milo 
and 2.3 percentage units in barley. In the determination of 
percent starch digestions average starch values for milo of 
74.65^ and 75®03^ were used for computations in Trials I and 
IIs respectively a and 73«51$ and 73® 36^ in Trials I and II 
for barley. Osman (37) used the same method for total 
starch determination and found values for untreated milo 
ranging from 74.29$ to 80.50$ and for barley9 from 68.65$ to 
74.97$. His values for milo starch determined by this 
direct method were on the average 7 percentage units higher 
than NFE values from the normal proximate analysis (deter
mined by difference) and 4.4 percentage units higher for 
barley.

Water Extractable Carbohydrate
The amount of water extraotable carbohydrate9 

expressed as percent reducing sugar9 in the ground grain 
samples was measured to see if this part of the NFE fraction 
was large" enough to cause an error in the calculation of 
percent starch digestion. Readings using both the Nelson-
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Table 2. Total starch In milo and barley«a

Percent Starch*5
Sample0 Trial I Trial II

Combined
Trials

Milo
Untreated 75-60 76.31 75.96
Steam Processed 74,94 73.02 73.98
PC-40 d 73.73
PC-60 76,47 75.38 75.92 .

■ PC-80 74,22 75.55 74.98
PC-80 (5 min.) 72,61 74.36 75.48
PC-100 74,10 76.86 75.48

Barley
Untreated 74,14 73.57 73.85
Steam Processed 71-97 74.08 73.02
PC-20 73.54 74.08 73.02
PC-40 73.60 72.87 73.24
PC-60 73.00 74.46 73.72
PC-80 74,24 72.96 73.60
PC-100 74.14 73.42 73.57

a0nly whole grains analyzed,
^Average of duplicate determinationss dry matter

basis,
°PC = pressure cooked. Number indicates pounds per 

square inch,
^No PC-40 sample for Trial I,
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Somogyi and glucose-oxidase procedures showed that the 
soluble sugars present prior to starch digestion were almost 
entirely in the form of glucose (Table 3)« The untreated 
milo contained 1.08^ soluble carbohydrate; barleys 0„38$. . 
These values agree closely with work by Osman (37) who 
reported, values of 1.06$ soluble carbohydrate for untreated 
milo and 0.62% for barley.

Treatment with moist heat by either steam processing 
or pressure cooking lowered the percent soluble carbohydrate 
in both grains. Soaking or washing prior to soaking milo 
caused a small increase in this fraction. This increase may 
have been due to slight amounts of fermentation that could 
have occurred during the 14 hour soaking period or during 
the time in the drying oven. These sugars represented on 
the average only 0.77% of the total carbohydrate in the 
grain.

Table 4 shows the results of measuring the soluble 
carbohydrates (as glucose) both before and after _in vitro 
starch digestion to determine whether there was any appre
ciable formation of reducing sugars other than maltose that 
would affect the measurement of starch digestion. The 
differences between percent soluble sugars before and after 
the half-hour digestion period were so small as to be indis
tinguishable from experimental or technique differences.

Since the soluble sugars in these studies repre
sented less than 1% of the total carbohydrate of the grain,
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Table 3» Percent water extractable carbohydrate In various 

treatments of milo and barley prior to enzymatic 
starch digestion.

Percent 
Extractable

Water
Carbohydrate

Treatmenta Determined by Nelson-Somogyi Determined by 
Glucose-oxidase

Milo
Untreated 1,08 0,96
Steam processed O GO H 0,65
PC-40 0.71 0,55
PC-60 0,51 0,55
PC-80 0.61 0.52
PC-80 (5 min,) 0,62 0,54
PC-100 0.60 0.43
Soaked 1.59 1,58
Washeds soaked*5 1,20 1.10

Untreated 0,38 0.37
Steam processed Oon0 0.28
PC-20 0,12 0.18
PC-40 0,20 0.15
PC-60 GOOO 0.10
PC-80 O O 00 0.10
PC-100 0,15 0.11

aPC ” pressure cooked. Number indicates pounds per 
square inch of pressure,

^Grain was washed under running water for 15 minutes 
prior to soaking process.
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Table 4, Percent of soluble carbohydrates measured as

glucose prior to and after in vitro starch digestion of pressure cooked, soaked and washed/soaked 
milo.

Treatment^
Percent Soluble Sugars8,

Prior to Digestion After Digestion

Untreated 0.99 1.18
PC-60 0.42 0.8?
PC-80 0.56 0.73
PC-100 0.60 0.68
Soaked 1.58 2.21
Washed/S oaked° 1.10 1.33

^Measured by glucose-oxidase procedure, dry matter
basis.

^PC - pressure cooked. Number denotes pounds per 
square Inch.

cMilo was washed under running water for 15 minutes 
prior to soaking process.
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they were considered to have little effect in computing 
starch digestion values.

In Vitro Starch Digestion by Lyophllyzed Beef Pancreas
Preliminary studies were conducted to determine the 

effect of incubation time on the percent starch digestion of 
milOo Duplicate samples of untreated and steam processed 
flat flaked milo were incubated for several time periods up 
to 24 hours and analyzed for both percent starch digestion 
and soluble carbohydrate (measured as glucose)0 The 
glucose-oxidase procedure revealed insignificant amounts of 
glucose formed at 30 minutes but large amounts at four hours 
in both treatments (Figure 3b Appendix). Since only maltose 
should have been produced from the enzymatic breakdown of 
starch9 these high quantities of glucose suggested the 
presence of microbial contaminants„ A culture of the incu== 
bation mixture showed that yeast and bacteria were present 
which may have hydrolyzed the starch or maltose to glucose 
or other products, The greatest amount of glucose was 
measured after four hours while the 12 and 24 hour samples 
were quite low.

Table 15 and Figure 4 (Appendix) outline the effects 
of time on the percent starch digestion of untreated and 
steam processed flaked milo corrected for glucose formed 
during incubation. In calculating percent starch digestion
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for the trialg these glucose amounts were corrected for by 
the following formula,

molecular wt, actual mg, _ observed mg, maltose
maltose " mg, maltose ” glucose x molecular wt,

of 2 glucose
s observedmg, maltose (nig, glucose x 0,95)

It appeared that a 30 minute incubation time gave a repre
sentative picture of percent starch digestion with minimum 
formation of glucose.

Effect of Steam Processing and Pressure Cooking on 
Flaked and Unflaked Milo, Table 5 shows the percent starch 
digestion and comparative weight/volume of dry, steam 
processed and pressure cooked milo both whole and flaked.

In all treatments, the weight/volume (expressed as a 
percent of the whole untreated grain) of the unflaked grains 
was not affected by steam processing or increased levels of 
pressure cooking. The weight/volume of poor flaked milo was 
decreased little as compared to the unflaked treatments 
while flat flaked grains showed the greatest response in 
lowered weight/volume to the added moisture and pressure - 
cooking. The highest degree of flaking, as denoted by flake 
density, in all milo treatments was obtained at PC-100 flat 
flaked.

Statistical analyses of the percent starch digestion 
are presented in Tables 16 and 17 (Appendix), Although all
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Table 5- Percent starch digestion and weight/volume of dry9 

steam processed and pressure cooked milo subjected 
to various degrees of flaking.a9

Treatment0 NotFlaked Poor
Flaked
Medium Flat

Percent Starch Digestion
Untreated 13° 9 OB «x>
Dry rolled ” 18.3 0=3
Dry flaked - - 40.4
Steam Processed 9°7 18.1 - 50.5
PC-40 29-3 33°9 oa* 51.7
PC-60 34,7 49.6 55.6 56.9
PC-80 38.1 48,3 54.6 56.5
PC-80 (5 min.) 38,9 48.2 *=» 56.3
PC-100 45.5 55 °6 57.9 59-5

Untreated
Weight/Volume^ 

100.0
Dry rolled « 72.4 =
Dry flaked - 63.1
Steam Processed 100.0 63.7 41.2
PC-40 100.7 64.1 *=» 50.0
PC-60 101.0 _ 75.3 52.2 32.9
PC-80 101.1 71.9 45«2 26.8
PC-80 (5 min.) 99.4 74.2 — 29.2
PC-100 100.5 74.4 43.0 24.8

aAverage of Trials I and 
^Dry matter basis.
°PC - pressure cooked.

■II. '

Number denotes pounds per
square inch.

^"Expressed ;as a percent of the whole untreated
grain9 air dry basis.



parameters tested were significant (P <.01)s processing 
methods comprised 79% of the total sums of squares with the 
whole grains0 Pressure and flaking accounted for over 75%' 
of the variation in the pressure cooked milos. Dry rolling 
milo caused a small increase in percent starch digestion 
over the untreated grain (18.3% vs. 13°9%)° Dry flaking^ 
while not lowering the weight/volume a great deal over the 
dry rolled product» significantly (P <.05) increased starch 
digestion. This Increase in digestibility may be due in 
part to dqxtririization of the starch caused by the heat of 
the rollers (77°G.) in the dry flaking process. Sair (42) 
discussed the effects of heating starch without added 
moisture. Heating anhydrous starch below 100°C. causes 
little physical change (i.e., molecular rearrangement and 
increased bonding)9 but may result in the formation of more 
easily digested dextrins.

Steam processing milo without flaking resulted in a 
decrease in percent starch digestion as compared to the 
untreated grain. Digestibility of the steam processed poor 
flake was similar to that of the dry rolled treatment9 while 
flat flaking steam processed grain increased digestibility 
approximately three-fold over both the dry rolled and steam 
processed poor flaked milo.

Pressure cooking milo at all pressure levels markedly 
(P <.05) increased percent starch digestion over both the 
untreated and dry rolled grains. Among the unflaked grains
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there was a graduated increase from PC-40 to PC-80 with a
larger increase from PC-80 to PC-100« Pressure cooking milo
at 80 psi for 5 minutes did not Improve digestibility as 
compared to that cooked at 80 psi for one minute.

Flaking of the pressure cooked milo significantly 
(P <.05) increased digestion over the corresponding whole 
grains. PC-40 poor flaked milo was inferior in digestibil
ity to the dry flaked grain3 while the flat flaked treatment 
cooked at this pressure was markedly improved over the dry 
flake. This indicated that degree of flaking is an impor
tant factor in grains pressure cooked at low levels of 
pressure. In contrast to this9 digestibility of PC-60 or 
PC-80 medium flaked milo was only slightly improved over the 
poor flaked grains and was not improved further by flat 
flaking. There was even less improvement in percent starch 
digestion of PC-100 flat flaked as compared to the poor 
flaked grain cooked at the same pressure. There was no 
advantage in cooking PC-80 milo for longer than one minute 
regardless of flaking treatment. The overall improvement in 
percent starch digestion for milo from untreated to PC-100 
flat flaked was 228$. Starch digestion of pressure cooked 
milo appeared to reach a plateau at about 60 psi with a flat 
flake. However, it is of interest to note that there was a 
small but non-significant increase in digestibility of the 
PC-100 flat flake. It may be that higher levels of pressure
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cooking combined with a flat flake could increase the 
digestibility of milo starch.

Effect of Steam Processing and Pressure Cooking on 
Flaked and Unflaked Barley. Starch digestion and grain 
density of barley treated with moist heat and subjected to 
flaking followed a similar pattern to that of milo with few 
exceptions (Table 6). Whole grain weight/volume was 
decreased by steam processing and all levels of pressure 
cooking (Table 6). This indicated swelling of either the 
fibrous seed coat or the endosperm, something not observed 
in milo which has a hard, flinty coat. The weight/volume of 
steamed processed grain was lowered by flat flaking as com
pared to .the poorly flaked treatments. Flat flaking lowered 
the weight/volume markedly over the medium flake with the 
exception of PC-100 barley. -

Statistical analysis of the digestion data is given 
in Tables 18 and 19 (Appendix). Variation between process
ing treatments accounted for 99% of the total sums of squares 
in the whole grains. Pressure and flaking comprised 79% of 
the total variation in the pressure cooked barley.

Although there was very little difference in density 
between dry rolled and dry flaked barley (due to the amount 
of fines in the flaked treatment), the digestibility of the 
flaked grain was nearly double that of the dry rolled 
product (32.2% vs. 16.6%). This Increase in the flaked



Table 6, Percent starch digestion and weight/volume of dry9 
steam processed and pressure cooked barley sub
jected to various degrees of flaking.a $^

Treatment0
NotFlaked Poor

Flaked
Medium Flat

Untreated
Percent Starch

15-7
Digestion

Dry rolled l6.6 — =
Dry flaked • - 32.2
Steam Processed 13-8 31-4 - 52.4
PC-20 18.? 24.7 30.5 40.8
PC-40 23-9 31-1 31-2 41.7
PC-60 34.8 40.9 41.1 47.6
PC-80 34.5 43.4 41.3 43-7
PC-100 39-4 38.7 39-7 40.5

Untreated
Weight/Volume^-

100.0
Dry rolled 57-6 - -
Dry flaked - - 54.2
Steam Processed 96.8 62.0 - 30.0
PC-20 91-8 52.8 43.8 34.5
PC-40 91-0 60.1 43-7 33-2
PC-60 93-6 70.9 43.8 34.8
PC-80 8?.8 75-0 45.2 26.4
PC-100 91-8 73-5 41.9 43.4

^Average of Trials I and II. 
^Dry matter basis.
°PC = pressure cooked. Number denotes pounds per 

square inch.
^Expressed as a percent of the whole untreated 

grain9 air dry basis.
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grain9 as in the milos may be partly due to dextrinization. 
Steam processing without flaking failed to increase digesti
bility over the untreated grain, while flat flaking of the 
steam processed grain resulted in the highest percent diges
tion of all barley treatments.

Pressure cooking at 20 psi caused only a slight 
increase in digestibility over the untreated grain. There 
was a significant (P .05) increase in percent starch diges
tion of the unflaked grains at PC-40 and again at PC-60.
The PC-80 whole barley was similar in digestibility to the 
PC-60 grain while the PC-100 unflaked was significantly 
(P <.05) more digestible than any of the other whole grain 
treatments. Poor and medium flaking at PC-20 and PC-40 did 
not improve the percent starch digestion over the steam 
processed poor flaked or dry flaked grains, while flat 
flaking at these pressures greatly improved digestibility. 
Maximum digestibility of all pressure cooked treatments was 
reached at PC-60 flat flaked. There was no effect of flak
ing at PC-100, The overall improvement in percent starch 
digestion of barley was 203$.

The results of these trials make it apparent that 
flaking is an extremely important part of the steam process
ing procedure; however, flaking was less important when milo 
was pressure cooked at higher levels. This can be seen in 
the large increase in digestibility as noted by comparing 
steam processed whole milo (9.7$) with steam processed flat
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flake (52o4$) and the small Increase when comparing PC-100 
whole mllo (55»6$) to PC-100 flat flake (59*5%)• This may 
be due to the nature of the seed coat, Hunter (21) 
describes mllo as having a very hard vegetable wax coating 
around the outer coat„ This, along with the hard flinty 
seed coat, probably makes it difficult to penetrate the 
endosperm with low pressure moist heat and necessitates the 
use of rollers to force moisture into the center of the 
kernel. Pressure cooking at high pressure gives sufficient 
force to completely saturate the kernel and thus lower the 
value of flaking on the high pressure treatments«,

That moist heat treatment combined with flaking is 
an important process in improving starch digestion is in 
agreement with in vitro work by Osman (37) using porcine 
pancreatin as a source of digestive enzymes. He reported 
decreases in digestion of steam processed unflaked mllo and 
barley as well as milo pressure cooked at 40 psi. Flat 
flaking of steam processed and all pressure cooked grains 
significantly improved starch digestion over the unflaked 
products. He-suggested that flaking was the key process in 
improving starch digestibility of moist heat treated grains„ 
Trei (46) found that the in vitro fermentation rate of rumen 
micro-organisms was significantly improved by flaking both 
mllo and barley. Theurer, Trei and Hale (45), using- an in 
vitro incubation system, observed Increased total VFA



kj

production from steam .processed flaked'milo and barley as 
compared to the untreated grainŝ .

The decreased in vitro digestion of steam processed 
whole milo and barley may be explained by increased cross 
bonding in the starch crystal brought about by steaming,
Sair (42)g using X-ray diffraction analysis, reported an 
increased associative bonding of corn starch molecules that 
had been treated with moist steam. The increased cross 
bonding would have the effect of decreasing both solubility 
of the starch and susceptibility to enzyme degradation. 
Pressure cooking may have the effect of forcing water into 
the endosperm and hydrating the starch making it more 
susceptible to enzyme attack.

These studies suggest that improved performance in 
feedlot trials with cattle fed processed grains may be 
largely due to increased digestibility of the starch frac
tion of the ration, Mehen (31) reported that cattle fed 
steam processed flaked or pressure cooked flaked milo had 
higher digestibilities of NPE, TDN and gross energy than 
cattle fed dry rolled or fine ground grain. Hale et al,
(l4) observed increased daily gain and feed conversion of 
cattle fed steam processed flaked milo as compared to dry 
rolled milo. " In studies using the nylon bag technique 
Figroid (9) and Hale (13) reported increased dry matter dis
appearance of steam processed flat flaked milo over dry 
rolled grain.

I
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The significantly Improved in vitro starch digestion 

of both steam processed flaked and pressure cooked flaked 
mllo and barley suggests that the chemical structure of the 
starch molecule is in some way altered by the combination of 
moisture, heat and pressure. Pressure, both in the pressure 
cooking process and rolling, probably ruptures the micellar 
structure, permitting more rapid hydrolysis by enzymes.

Part Two

Influence of Direct Pressure on the In Vitro Starch 
Digestion of Dry, Steamed and Soaked Milo

These studies were undertaken to determine if the 
critical pressure required to rearrange the starch molecule 
could be measured and if this critical level was altered by 
heat or moisture. The results of the first trial, in which 
dry, steamed and soaked milo were subjected to direct pres
sures (hydraulic press) ranging from zero to 20,000 psi, are 
shown in Table ?, Statistical analysis is given in Table 20 
(Appendix). In all three grain treatments, there was a 
significant (P < ,05) improvement in percent starch digestion 
at 2,000 psi, but no improvement at any higher pressures.
The digestibilities of both moist treatments at 2,000 psi 
were similar and significantly greater (P <,05) than the dry 
pressed (2,000 psi) milo.

The second experiment was conducted to determine the 
pressure between zero and 2,000 psi at which there was an



Table ?« Effect of direct pressure on the percent digestion 
of untreated* steamed and soaked milo.a

Pressure
(psi)

Percent Starch Digestion^
Untreated Steamed Soaked

Whole 12,50 9-22 15-26
1,000 13-00 —
2,000 21,66 33-37 30.84
4,000 18.25 33-22 29-88
8,000 18.84 cs, w

12,000 18.26 31.09 29.94
16,000 20.36 29.50 —
20,Q00 19-95 31.14 24.05

^Pressure plates at room temperature, 
^Average of duplicate determinations.
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improvement in digestion over the whole grain« A second 
objective of this trial was to investigate the effect of 
plate temperature on the in vitro starch digestion of dry, 
steamed and soaked milo. The results of these studies are 
presented in Table 8„ Statistical analysis is presented in 
Table 21 (Appendix). The main treatment effects of tempera
ture, pressure and moisture accounted for 89$ of the total 
sums of squares with pressure comprising the largest portion 
of the variation within the main effects„

In all treatments (dry, steamed and soaked) the 
critical pressure for improvement in starch digestion was 
about 2,000 psi when the plates were at room temperature. 
Digestibilities of the dry and soaked grain pressed at 2,000 
psi were similar but inferior (P <.05) to the steamed 
pressed (2,000 psi) grain. As in the previous table there 
was no improvement in percent starch digestion of any treat
ment above 2,000 psi.

When the pressure plates were preheated in a boiling 
water bath (approximately 98.5°C.), pressing did not alter 
the pattern of starch digestion in the dry grain although 
digestibility was approximately 5 percentage units higher at 
2,000 and 20,000 psi. In the steamed grain, a large 
increase occurred between zero and 500 psi with a gradual 
increase from 500 to 2,000 psi. Soaked milo exhibited two 
distinct increases in starch digestion when the plates were 
preheated, the first at 500 psi and the second at 2,000 psi.
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Table 8. The effect of plate temperature on the starch

digestion of untreated, stearnedg and soaked mllo.

Treatment
Percent Digestion8-9̂

Plates at Room 
Temperature

Plates at 
98.5°C.

Untreated:
Whole 10.29 10.29
500 psi 10.77 12.78
1,000 psi 12.26 13.41
2,000 psi 21.10 25.93
20,000 psi 20.98 26.30

Steamed:
Whole 7.91 7.91
500 psi 8.30 21.31
1,000 psi 10.69 25.96
2,000 psi 27.30 27.14
20,000 psi 26.50 30.70

Soaked:
Whole 1702 17.32
500 psi 18.54 26.93
1,000 psi 19.50 28.16
2,000 psi 21.06 43.44
20,000 psi 21.16 42.31

aDry matter basis.
^Each figure represents an average of two duplicate 

determinations (i.e., 4 observations).
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The soaked grain also had the greatest in vitro digestion at 
all pressure levels»

The soaked pressed grains were dried in a vacuum 
oven prior to enzymatic digestion. A study was conducted 
to ascertain whether the combination of soaking and drying 
were inflating the starch digestion values due to glucose 
contamination from microbial fermentation. Percent starch 
digestion of dry and soaked milo was measured both corrected 
and uncorrected for soluble carbohydrate (glucose) present 
in the final digestion mixture (Table 9)« The uncorrected 
values for starch digestion are similar to those in Table 
8. Howeverg in the corrected digestion figuress the values 
for soaked whole milo are decreased by a greater percentage 
than the dry milo due to the higher amount of soluble 
carbohydrate present. It is possible that the starch in 
the soaked whole grain is fermented or degraded in the dry
ing process thereby either reducing the total amount of 
starch for enzymatic starch digestion or increasing the 
total number of reducing sugars9 either effect causing an 
inaccurately large figure for percent starch digestion.

The failure of the steamed-pressed milo to attain 
the good digestion of the steam processed flat flaked grain 
of the previous trials may be due in part to the time lapse 
between the steaming and pressing processes. The grain was
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Table 9» Percent starch digestion of untreated and soaked
pressed milo uncorrected and corrected for glucose 
present in the final digestion mixture.a

Percent Starch Digestion
Treatment Uncorrected Corrected $ Glucose^

Untreated
Whole 12.11 10.66 1.18
Pressed Cold

500 psi 12.30 11.12 0.91
1,000 psi 11.65 10.20 1.14
2,000 psi 23.26 21.82 1.12

Pressed Hot
500 psi 12.50 11.78 0.59
1,000 psi 17-10 16.04 0.80
2,000 psi 27.38 26.82 0.45

S oak ed
Whole 16.60 13.50 2.21
Pressed Cold

500 psi 16,32 14.52 1.42
1,000 psi 17.11 15.85 0.98
2,000 psi 25.41 23.54 1.48

Pressed Hot
500 psi 23.46 21.60 1.46
1,000 psi 22.07 20.28 1.40
2,000 psi 47.70 45.74 1.55

aAverage of duplicate determinations. 
^Determined by glucose"oxidase method.
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steamed at the feedmill, then transported to the laboratory, 
with a lapsed time of about 25 minutes. Although the grain 
was carried in a preheated thermos, there was some loss of 
heat and moisture from the grain.

It must be emphasized that there are differences in 
the types of pressure between pressure cooking and direct 
pressing. Pressure cooking simultaneously involves mois
ture, heat and pressure, whereas the pressed grain study was 
designed to involve either pressure alone combined with 
moisture and/or heat. While the pressure involved from 
using a pressure cooker would be used to hydrate the starch 
granule with the added moisture, the pressure from the 
hydraulic press may directly crush the grain, rearranging 
the molecular pattern in the starch granule.

In reviewing the results from these trials, it 
becomes apparent that flaking is a key step in improving the 
starch digestion of milo and barley. The significant 
increase in the digestibility of dry flaked grains over the 
dry rolled grains suggests that a combination of both heat 
and pressure are important in rearranging the starch mole
cule to make it more susceptible to enzyme attack. Studies . 
with the heated pressure plates confirm this idea. While 
dry flaking and dry pressing these grains improved starch 
digestion, the greatest increase in digestibility came from 
a combination of moist heat treatment and flaking, suggest
ing a three-fold effect of moisture, heat and pressure, as



noted by the large interaction of these three effects in 
Table 21 (Appendix).

These studies may help to explain the findings of 
Hale et al, (14) and Husted (22) who reported an increased 
NFE digestibility of steam processed flaked milo compared to 
dry rolled milo. Mehen (31) showed that pressure cooked (40 
psi) and flaked as well as steam processed flaked milo had 
higher digestibilities of the NFE fraction than either dry 
rolled or dry ground milo.



SUMMARY

Two studies were conducted to determine the effects 
of various processing methods on the in vitro digestion of 
milo and barley starch by lyophilyzed bovine pancreas. The 
first study involved dry rolling, dry flaking, steam 
processing and flaking, and pressure cooking and flaking. 
Steam processed grain was subjected to moist steam in a 
tempering chamber for 25 minutes at 210 - 215°P. and 
immediately rolled through an 18 by 30 inch roller mill. 
Pressure cooked grain was prepared by steaming it in a 
closed chamber at the desired pressure levels for one minute 
and rolled. The weight/volume of the flaked grains compared 
to the untreated whole grain was used as an index of flake 
flatness (designated as poor, medium and flat).

Dry rolling barley did not improve digestibility as 
compared to the untreated grain while dry rolling milo 
slightly increased digestion (18.3$ vs. 13=9$)» In both 
milo and barley the digestibility of the dry flaked grains 
was twice that of the dry rolled treatment, indicating that 
the increased heat and pressure needed to form the dry flake 
act favorably in altering the starch granule.

Steam processing without rolling decreased percent 
starch digestion of both grains compared to the untreated 
grains. Poor flaked steam processed milo was similar in

52
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digestibility to the dry rolled grain, but flat flaking 
markedly increased starch digestion. Digestibility of steam 
processed poor rolled barley was significantly (P< .05) 
improved over the untreated grain while the flat flaked 
grain had the highest percent starch digestion of all the 
barley treatments. These results suggest that steaming 
alone causes an increased bonding within the starch granule, 
but the pressure of the rollers during the flaking treatment 
disrupts this bonding in some manner.

Starch digestion of whole pressure cooked milo and 
barley was increased at each increment of pressure with the 
exception of barley cooked at 80 psi and milo cooked at 80 
psi for 5 minutes. Comparing this improvement to the 
decrease in digestibility of the steam processed whole 
grain, it appears as though the steam pressure has the 
effect of forcing moisture into the grain kernel and hydrat
ing the starch, making it more susceptible to enzyme attack, 
As shown in these studies, this effect is not due to the 
increased moisture content of the grain, per se„ but to the 
combined effect of moisture, heat and pressure.

Flaking of pressure cooked milo markedly increased 
digestion over the whole pressure cooked grain although the 
flaking was more effective at the lower pressures. This can 
be seen in the improvement of PC-40 flat flaked over the 
poor flaked product (51°7$ vs. 33°9$) as compared to the 
improvement in starch digestion of PC-100 flat flake over
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the poor flake (59*5% vs0 5^»6^)» Flaking of pressure 
cooked barley improved stsirch digestion over the whole pres
sure cooked grain at all levels except PC-100, PC-60 flat
flaked barley had the highest digestion of all pressure 
cooked barley treatments. This can be compared to the 
maximum digestibility of pressure cooked milo which was 
attained at PC-100 with a flat flake, v

The second part of the study was conducted to 
determine the effect of direct pressure on percent starch 
digestion of dry9 steamed and soaked milo using a manual 
hydraulic press and two 4 by 4 inch stainless steel plates 
to flake the grain. Starch digestion of all three moisture 
treatments was significantly (P <,05) increased at 2,000 
psl. There was no increase in digestibility above this 
critical pressure (up to 20,000 psl). The percent starch 
digestion of the dry, steamed and soaked grain at 2,000 psi 
was 21,6/lb, 27,3% and 21,1^, respectively,

Heating the pressure plates to 98,50C» lowered the 
critical pressure for improved starch digestion to 500 psi 
for the steamed, and soaked grains, but did not affect the 
untreated grain, A second improvement in starch digestion 
also occurred at 2,000 psi with the moist grains, Percent 
starch digestion at 2,000 psi with the heated plates was 
25,9^9 27,1^ and 43,4^5 respectively. The great increase in 
digestibility of the soaked grain pressed with heated plates



as compared to the cold plate treatment suggests that heat 
Is an Integral part of a moist heat treatment procedure to 
modify milo starch«

Results from both these studies make it clear that 
heat9 pressure and some form of moisture each have an effect 
on the starch modification of milo and barley and that a 
combination of these three parameters of grain processing is 
necessary to give optimal utilization of these grains.



APPENDIX 

PRELIMINARY DATA AND STATISTICS

Explanation of Abbreviations 
for following material

df degrees of freedom
MS mean square
PC pressure cooked
88 sums of squares

56
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Table 10, Time required to reach specified pressure,

temperature of cooked grain, and percent moisture 
after cooking,a

Sample
Time to Reach 

Pressure 
(min,)

Final Temp, 
of Grain 
(°C.)b

Percent
Moisture

Milo
PC-40 2,50 96,1 15-62
PC-60 3.25 97.8 24,12
PC-80 3.25 98.3 31.75
PC-80 (5 min.) 3-00 101,6 30,94
PC-100 4,00 • 98,9 28.50

Barley 
PC-20 2,00 97-8 16«86
PC-40 2,50 98.3 24.40
PC-60 2,50 98,3 22,22
PC-80 2.75 98.0 22.92
PC-100 3.50 98,7 29.29

aAverage of two trials,
^Determined immediately after removing grain from

cooker.
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Table 11, Glucose recovery from acid hydrolysis.

Sample Mg, Digested Mg, Recovered3

1
Nelson-Somogyi Method 

1000 913.0
2 1000 907,5
3 1000 918.5

Average 1000 913.0

Glucose oxidase Method
1 1000 901.5
2 1000 895.3
3 1000 907.2

Average 1000 901.3

aEach value represents an average of three readings.



Table 12* Glucose to starch conversion data.

Sample
Sample 
wt. (mg.)

. Observed 
glucose 
(mg./gm.)

Mg. starch 
per mg. 
glucose

Corrected 
glucose 
(gm./gm.) Conversion3,

Nelson-Somogyi Method
Soluble Starch 933*9 915*0 1.020 1004.0b 0.930
Corn Starch 812.5 797*1 . 1.019 873*lb 0.930
Potato Starch 844.9 830.0 1.018 909*lb 0.929
Average 1*019 0.930

Glucose Oxidase Method
Soluble Starch 823*3 797*9 1.032 885*0° 0.930
Corn Starch 860.0 835*0 1.030 926.2° 0.928
Potato Starch 881.9 825*5 1.034 945*6° 0.932

Average 1.032 0.930
aMgo starch divided by mg. corrected glucose.
^Observed glucose divided by 0.9130, the recovery factor for glucose by 

this procedure.
^Observed glucose divided by 0.9013* the recovery factor for glucose by 

this procedure.



Table 13. Effect of 
digestion

days on 
of milo.

in vitro enzymatic
60

starch

Percent Starch DigestionOct. 12 Oct. 13 Oct. 14
Treatment 196? 1967 1967
Untreated 13.75 13.82 12.73.13.48 14.93 13.70
Steam Processed 8.02 10.52 8.10

Whole 7.70 11.61 8.78
Steam Processed 47*64 48.98 46.30

Flat Flaked 47.02 48.40 46.75

Analysis of Variance

Source of 
Variation df 88 MS F test

Days 2 14.26 7.23 23.45®-
Treatments 2 5272.84 2636.41 867.40b
Day x Treatments 4 3*58 * 895 2.94 ■
Error 9 2.74 .304

Total 17 5293*43

ap< *05 
bp <.oi



Table 14,, Variation in percent starch digestion of 
untreated mllOo

61

Date Percent Starch Digestion8,

Source 1
August 18, 1967 
August 29, 1967 
September 7® 1967 
September 19# 1967 
September 23# I967

13.03
11.76
12.50
9.32

14.73
Source 2

October 12, 1967 
October 13, 1967 
October 14, 1967 
October 15# 1967

13.62
14.38
13.22
14.30

,&Average of duplicate determinations®

e- Analysis of Variance

Source of 
Variation df S3 MS F test

Grains 1 19.^5 19.45 ll.llb
Days within grains 7 10,74 1.53 <1
Error 9 15.73 1.75
Total 17 45.63

bP < e 01
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Table 15o Effect of Incubation time on percent starch

digestion of mllo. Average of three trialsea

Sample % starch digestion

Untreated
1/4 hour 11.59
1/2 hour 12.29
3/4 hour 11.85
1 hour 13.75
2 hour 10.12
4 hour 21,32
12 hour 19.84
24 hour 31.64

Steam Processed - Flat Flaked
1/4 hour 48.90
1/2 hour 48.48
•3/4 hour 52.30
1 hour 53.-80
2 hour 58.05
4 hour 66.85
12 hour 71.63
24 hour 77.04

^Corrected for glucose produced by contaminants.



63
Table 16, Analysis of variance. Effect of processing 

method on whole mllo.

Source of Variation df ss MS P test

Treatments 6 4331-09 721.84 1093.70a
Grains 1 501.43 501.43 759-74a
Grains x Treatments 6 655-76 109-29 l65-59a
Error 14 9-19 0.66

Total 2? 5497-47

aP <,01
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Table 17. Analysis of variance. Effect of flaking on 

pressure cooked milo. Two trials (grains).

Sources of Variation df. ss MS F test

Grains 1 319-57 319-57 679-93a
Treatments 14 5267,81 376.27 800.57a
Pressure' 4 1431-81 357-95 761.59a
Flaking 2 3556.23 1778.14 3783-27a
Pressure x Flaking 8 279-77 349,71 744.06a
Grains x Treatments 14 1003-54 71.68 152.51a
Grains x Pressure 4 302,83 75-71 161.08a
Grains x Flaking 2 446.45 223.22 474.94a
Grains x Pressure x 

Flaking 8 254.26 31.78 6'7.-62a
Error 30 14.06 0,47

Total 59 6604.98

aP <,01
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Table 18„ Analysis of variance. Effect of processing 

method on whole barley.

Source of Variation df

Treatments 6
Grains 1
Treatments x Grains 6
Error 14

SS

2577-97
0,18

16,19
7-32

MS

429-66
,18

2,70
.52

F test

826,?7a 
<1
5-19a

Total 27 2601,66

aP <,01
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Table 19® Analysis of variance= Effect of flaking onpressure cooked barley0 .Two trials (grains).

Source of variation df ss MS F test

Grains 1 1.6? 1.6? <1
Treatments 14 3867.92 276.28 140.24a
Pressure 4 1626.18 406.54 206.36a
Flaking 2 1595.40 797.70 404.92a
Pressure x Flaking 8 646 = 34 80.79 4l.01a
Grains x Treatments 14 177.13 12.65 .6.39a
Grains x Pressure 4 94.08 23.52 11.94a
Grains x Flaking 2 25.79 12.90 6.55a
Grains x Pressure x 
Flaking 8 57.26 7.16 3.63a

Error 30 29.59 1.97

Total 59 '

aP < . 01
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Table 20, Analysis of variance. Effect of direct pressure 

on the percent starch digestion of dry, steamed 
and soaked mllo.

Source of Variation df S3 MS F test

Treatments 14 1818,07 129.86 175 = 32®-
Moisture 2 361,34 180.67 244.I5a
Pressure 4 969=78 242.44 327=62a
Moisture x Pressure 8 486,95 60.87 82.26a
Error 15 11.11 0.74

Total 29 1829.18

aP <, 01
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Table 21, Analysis of variance» Effect of plate

temperature on the starch digestion of dry, 
steamed and soaked milo=

Source of Variation df S3 MS F test

Grains 1 1.89 1.89 1
Treatments 29 9956.05 343.31 131.03a
Temperature (T) 1 1494.69 1494.39 570.35a
Pressure (p) 4 4885.69 1221.42 433.13*
Moisture (M) 2' 1735.22 867.61 307.66a
T x P 4 394.48 98.62 34.97*
T x M 2 435.91 217.60 77.l6a
P x M 8 206.40 25.80 9 = 15*
T x P x M 8 804.32 100.54 35.65*
Grains x Treatments 29 99 = 85 3.44 1.22
Error 60 157=50 2.62

Total 119 10215.29

aP < o01
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