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INTRODUCTION

Sorghum has been a staple food in India while in the United States
it is mostly used in livestock feeds. Hybridization and the latest
agricultural practices have helped improve and develop varieties of
sorghum adaptable to different areas of the world. In the United States
alone sorghum production was 24.2 million tons during the year 1971 (1).
Apart from its use as a food and in feeds, it is used in industries for
various purposes.

With increases in human population and their needs for food and
animal protein, concerted efforts have to be made to develop high
yielding varieties of sorghum. Needs are also evident for development
of processing techniques to improve its use in foods and livestock
feeds.

Geneticists have evolved higher yielding varieties which will
- increase quantities available. Some hybrids have been developed to be
resistant to bird depredation. Material such as these have been
reported to be of lower biological value.

Grain sorghum has, however, been getting considerable attention as
a replacement for corn in livestock rations. It has been studied com-
paratively with corn as well as barley. Due to differences in varieties,
location, irrigation and other cultural practices, values obtained are
difficult to compare. In general the range in protein content is fairly
wide, and variations in limiting amino acids are found in different
samples of sorghum. This probably accounts for the conflicting claims

found in the literature.



Once grain forms little can be done to change the proportions of
its various components. Still, the best use of the available nutrients
might be achieved with the help of newer processing devices.

Among the different types of sorghum grains, bird resistant types
are comparatively dark seeded. Their utilization by livestock and
poultry has been reported to be lower than other sorghums.

The objective of the present study was to determine if the oft
suggested factor, '"TANNINS" is located primarily in the pericarp, and
if so, its affects on in vitro enzymatic degradation of proteins and
starches. Biological evaluations using Japanese quail (Coturnix
coturnix japonica) were used to assess the affect of using a brush
machine to remove bran and reduce or eliminate the factor involved in

poor performance.



REVIEW OF LITERATURE

Sorghum Grain in Cattle, Lambs, Swine and Poultry

Grain sorghum from the world collection has been studied to evalu-
ate factors such as: genetic control and environmental interactions of
amino acid composition and levels of protein (2). On a whole grain
basis it was reported that protein had a range of 7-26%. Low yielding
varieties had higher protein values and variation in composition was
found to be related to size, composition of the embryo and to endosperm
composition. While environmental interactions were significant in
relation to protein levels it was not a major factor in amino acid
composition. Size of embryo was found to vary from 9.7-14.1% of the dry
matter, and embryo protein content ranged between 19-25.9%; while endo-
sperm showed a range of 9-13%.

Deyoe (3) reported protein values of 5.9-12.1% for 231 samples of
sorghum grown in 1962. Another set of 300 samples in 1963 had protein
values ranging between 7.2-13.5%Z. Corn samples studied had a smaller
range of 6.4-10.0%. Six commercial hybrid varieties grown during two
crop years were found to be similar in protein content and amino acid
composition (4). It was also reported that significant differences
existed in grain when comparing that from nonirrigated and irrigated
land. Interactions of irrigation and fertilization were not consistent
from year to year, or between hybrids.

Utilization of sorghum in feed for livestock and poultry has

received much attention. Different varieties of sorghum have been



found to vary in their feeding values. It has been indicated that this
could be due to factors such as: soil, fertilizers, irrigation and
stage of maturity at harvesting.

McGinty (5) in studies with eight varieties grown in the same area
with similar cultural practices found protein to range between 12.08
and 15.03%. Dry matter (in vitro) digestibility did not differ signifi-
cantly amongst the five varieties, but digestibility was slightly lower
for Kaoling and Darset grains. Significantly lower values were also
observed for the digestibility of protein in Darset and Kaoling when
compared to other varieties tested.

Beckwith and Jones (6) reported that four hybrids of grain sorghum
had almost identical composition. They suggested however, that breaking
of disulfide bonds and partial hydrolysis of primary amides and peptide
chains might makg components of protein more available for utilization.

Nutritive values of sorghum grain have been studied in comparison
to corn and barley. Many workers (7, 8, 9, 10) have reported feeding
values of sorghum equal to corn and possibly better than barley. Some
recent investigators however have found sorghum not as efficient as
corn or barley in terms of cattle gains, thus contradicting earlier
reports (11, 12, 13).

Gordon et al. (14) compared corn and sorghum grain digestibility,
energy value, nitrogen retention and metabolizable energy at three
levels of intake, Digestibilities of dry matter, organic matter, crude
protein, ether extract, crude fiber and nitrogen free extract of the
two grains were not significantly different. Corn and sorghum did not

differ in nitrogen retention values at any level of intake.



Significantly higher values for nitrogen retention were seen for inter-
mediate and higher intake levels than for the maintenance level.
Neither level nor type of grain had significant effects on digestible
energy or metabolizable energy. Digestion trials for barley and milo
by Saba et al. (15) showed that digestibility of protein and nitrogen
free extract was significantly lower for milo. They attributed lower
nitrogen free extract digestibility to a lower digestibility of milo
starch. In studies on net energy of barley and milo, Garrett et al.
(16) found no significant differences in net energy values for 50:50
mixtures. Differences between 70%Z barley or milo or 50:50 mixtures
were not significant in terms of daily gains or percent body fat.

When comparing corn with milo Hall et al. (17) found no significant
differences due to grain source on carcass constituents. Keating et al.
(18) reported that the digestion coefficients were equal for milo and
barley when using a 507 roughage ration for steers, but total digestible
nutrients were higher for milo. This they thought to be due to a slower
rate of passage of milo, which allowed more time for rumen fermentation.
The nitrogen free extract and gross energy values were significantly
higher for milo in all-grain rations for lambs. This was not in agree-
ment with the results obtained with cattle.

Digestibilities of four hybrids studied by McCollough and Drake
(19) showed no significant differences among hybrids for protein, crude
fiber, ether extract, nitrogen free extract, total digestible nutrients
or gross energy. These workers (20) also found no significant differ-
ences in feeding values of the four hybrids.

Utilization of milo, corn, opaque-2 corn and wheat in swine rations



was studied by Jensen et al. (21). They found that milo supplemented
with lysine supported satisfactory gains but was less efficient in its
utilization than opaque-2 corn plus soybean meal and opaque-2 plus
lysine. This was in agreement with an earlier report (22) in which
milo plus lysine was equal to a 12% corn-soybean meal diet for gains,
gain per feed ratio and carcass development in finishing swine.

Waggle et al. (23) working on the relationship of protein level of
grain sorghum to its nutritive value and amino acid composition found
that distribution of sorghum amino acids was not influenced signifi-
cantly by protein level. Based 'on the performance of chicks they
observed that gain in weight remained uninfluenced by protein levels
when grain was used in diets at equal protein levels. High protein
grain was found to result in significantly more gain in weight than low
protein grain when diets were formulated to equal quantities of grain
sorghum and soybean meal.

Shoup et al. (24) using six varieties of sorghum grain found only
small differences in amino acid composition and protein quality. Chick
studies confirmed that neither location nor hybrid had a significant
effect on performance. Availability of amino acids from these sorghum
hybrids did not appear to be a problem since a 20% replacement of amino
acids with pure amino acid mixture resulted in no improvement in growth.

Grain sorghum for layers was compared to corn by Chavez et al. (25).
Significant differences were not observed due to source of grain, and
no differences were found in feed conversion and egg weights. Signifi-
cant increases in egg size and production was found when safflower oil

was Incorporated in diets containing these grains, This increase was



attributed to the inclusion of fatty acids supplied by safflower oil.

Using different proportions of corn and sorghum at protein levels
of 15 and 18% Malik and Quisenberry (26) found egg production to be
significantly higher in all corn and 50:50 corn-milo diets than in all
other combinations. Contrary to these findings Berry (27) found no
significant differences when all corn, 50:50 corn-milo and all milo
rations were given to layers. When corn based rations having 17.43%
and 18.03% protein and diets predominantly of milo were fed for a period
of six weeks by Adolph and Grau (28), no significant differences in
performance were noticed.

Studies of the interactions of protein level and grain source on
performance of layers in relation to egg-size, production and body
weight were reported by Deaton and Quisenberry (29). Average body
weight was better at 16% protein level thén 14% regardless of protein
source. Egpg production was higher in birds receiving 167 protein.
Dietary treatments did not significantly affect mortality.

Deaton and Quisenberry (30) studied the effects of amino acids in
low protein corn and sorghum diets and concluded that factors other
than amino acid patterns influenced the performance of birds on low
protein sorghum diets.

Adrian (31) reported that all African cereals including sorghum
were lysine deficient and protein digestibility of sorghum was 907 that
of corn. Lysine and threonine were found to be deficient in sorghum
grain by Pond et al. (32). Findings of Vavich et al. (33) indicated
lysine to be the limiting factor in sorghum which had high protein

content. They further suggested that lysine proved a limiting amino



acid for growing chicks.

Ozmet et al. (34) stated that corn and milo were of equal nutri-
tive values in broiler diets when used on an equal basis. Comparisons
of varieties of grain sorghum with each other and against corn as the
major component in practical chick diets were made by Kemmerer and
Heywang (35). Hegari, 7078-milo and DD 38 milo gave significantly
lower growth rates than corn, but Martin milo equalled the corn diet.
They observed that efficiency of sorghum grains fed during hot weather
was as good as that of corn; this was not so in cooler months. Supple-
mentation with 0.57% lysine hydrochloride did not consistently improve
the nutritive value.

Processing Methods Used for Improving
Sorghum Utilization

Improvement in the utilization of sorghum grain can be accomplished
to some extent by different methods of processing. These methods
include: reconstitution, dry and moist rolling, steaming, flaking,
cooking and popping. All these are aimed at achieving better utiliza-
tion of the available energy. The results have varied and some methods
have proved to be more efficient than others. Much of the work reported
has been based on cattle performance and in vitro evaluation.

Riggs and McGinty (36) working on early harvested and reconstituted
grain reported that all components had better digestibility in recon-
stituted grain than dry grain. In an earlier report McGinty et al. (37)
reported digestibility coefficients in cattle for dry matter, organic
matter, nonprotein organic matter and crude protein. The values for

these were found to be significantly better in reconstituted sorghum



grain than values obtained with coarsely ground grain. Similar improve-
ments were observed by Parrett and Riggs (38) as cattle on reconstituted
grain gained 0.06 kg. more per day on 157 less dry matter per unit of
gain than those fed other grains.

Conclusions of Buchanan et al. (39) were that digestibility of dry
matter, organic matter, nonprotein organic matter and energy in recon-
stituted grains were better than finely or coarsely ground sorghum
grain. A greater digestibility of nonprotein organic matter was
observed in diets containing a steam-processed product than ground
products. No apparent differences in digestibility were reported when
processing methods were compared on lambs. While nitrogen was not
affected, a decreased nitrogen digestibility (P < .0l1l) was observed in
a steam-processed product.

Mehen et al. (40) using 777% milo reported that digestion coeffi-
cients for dry matter, gross energy and crude protein were not signifi-
cantly different when comparing dry rolled vs. fine grinding or steam
processed with pressure cooked grain. Comparing dry and moist heat
processing they found significant differences in dry matter and gross
energy digestibilities due to processing.

Keating et al. (41) reported a significant increase in digestibility
of nitrogen free extract due to cooking. Comparisons of flaked, popped
and cracked milo by Ralph et al. (42) revealed no differences in feed
conversion, but consumption of flaked milo was significantly less than
other treatments. Average daily gains for the three treatments (91%
cracked, 81% flaked and 817 popped milo) were 1.27, 1,12 and 1.23 kg./

day, respectively.
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Husted et al. (43) determined digestibility of rations containing
77% milo processed as follows: dry rolled, steam processed flaked,
steam processed cut, and water soaked cut. Digestibility of the nitro-
gen free extract fraction of the rations with steam processed flaked
milo was significantly (P < .05) greater than other rations. The three
treatments did not differ significantly in the performance of steers.
Total digestible nutrients were significantly higher for steam processed
flaked milo (P < ,05). Another trial revealed increased digestibility
of nitrogen free extract (P < .05) for rations containing either steam
processed or pressure cooked and flaked milo when compared to dry rolled
or fine ground milo. Grain receiving moist heat treatments had signifi-
cant increases in total digestible nutrients. These observations were
suggestive that improvements can be achieved in digestibility with
either steam processing and flaking or préssure cooking and flaking.

Lofgreen and Hull (44) found a consistent decrease in intake of
rations containing milo which was steam pressure processed. Utilization
was better for pressure cocked grain when compared to steam processing
done at atmospheric pressure. Holmes et al. (45) found that grain
which received steam treatment at 3.5 kg. per square centimeter pressure
before rolling had a rapid and more nearly complete fermentation com-
pared to steaming at atmospheric pressure.

The effect of rolling on sorghum grain has proved beneficial (46).
Improvements in feeding value was also observed by Fox et al., (47) when
bird resistant sorghum grain silage was rolled and fed to steers.
Significantly higher daily gains (P < .0l1) were obtained with rolled

bird resistant sorghum grain silage. Similar improved daily gain and
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feed efficiency has been reported by Newland et al. (48). Their figures
for daily gains and feed efficiency, comparing rolled vs. unrolled were:
1.11 kg. vs. 0.80 kg. daily and 4.30 kg. vs. 5.28 kg. gain respectively.

Ellis and Carpenter (49) studied popped milo, and reported a slower
rate of weight gain, but feed requirement was 16.6% less for a kg. of
gain. Riggs et al. (50) made similar observations of reduced intake
and increased feed efficiency. Heat treated grains had significantly
higher digestibilities of dry matter, organic matter, nonprotein organic
matter and nitrogen free extract, but not for ether extract or protein.
They concluded the changes were due to hgat treatment rather than
popping.

Influences of grain processing on digestion by rumen microorganisms
was studied by Trei et al. (51) by measuring gas production. They
suggested that milo must be satisfactorily flaked after moist heat
treatment. Such treatment may cause either alterations in the starch
granule or may result in the disorganization of the protein matrix
surrounding the starch granules. An earlier finding of Trei (52) was
that as the flakes become thinner gelatinization was increased. This
was iﬁ agreement with the report of Osman et al. (53), who found an

increased amylolytic digestion of milo with increased flake flatness.
Inhibitors in Sorghum Grains

As early as 1936 Vinall et al. (54) mentioned in their description
of brown seeded varieties, the presence of bitter flavor. Pigments are
found in epicarp and nucellar layers and those in the latter were

suggested to influence the degree of bird resistant characteristics.
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MacMasters and Hilbert (55) also reported the existence of pigments in
the same location of sorghum grain.

Blessin et al. (56) indicated the presence of Leucoanthocyanins in
the water soluble pigments of domestic varieties of sorghum grain.
Later Blessin et al. (57) suggested that anthocyanogens present in brown
seeded sorghums imparted astringent flavors. These were located in the
pericarp and essentially absent in the endosperm.

Roux (58) and Roux and Evelyn (59) have suggested that anthocyano-
gens are the precursors of condensed tannins. Bate-Smith and Rasper
(60) concluded the principle tamnin in sorghum was a Leucoanthocyanin
yielding Letolinidin(3',4',5',7-tetrahydroxyflavylium) when heated with
mineral acid.

In an extensive study of waxy and nonwaxy sorghum varieties Miller
and Kneen (61) showed that various fractions of germ and bran contained
a potent amylase inhibitor.

This inhibitor was later shown to be a general protein denaturant
(Strmeyer and Malin, 62) capable of inactivating a variety of enzymes.
These properties are said to be due to a series of oligomeric condensed
tannins of the leucocyanidin group varying in the degree of polymeriza-
tion rather than to any individual specific enzyme antagonist. A com-
plete inhibition of amylase activity was approached as the ratio of
inhibitor to enzyme was increased.

Similar inhibitory effects were observed on rumen cellulase by
tannin extracts from serica forage (63). The reduction in the activity
of cellulase was proportional to the concentration of the inhibitor

present.
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Bird Resistance and Utilization

Bird resistance as described by Harris (64) is, '"that mechanism or
characteristic of a variety that, when given a choice of feeding mate-
rial, birds will not normally depredate." Apart from this he suggested
that other factors such as bird population, choice in feeding and other
factors contribute to bird resistance in varying degrees.

McClymont (65) in his experiments with sorghum grain replacing
wheat found no bad effects for laying birds, but in chicks he found a
50% depression in growth rate at 28-63% levels. Harms et al. (66) also
noted a depression and poor feed conversions. Basing selection on seed
color of grain Thayer et al. (67) compared sorghum grain with corn and
concluded that the seed color in improved varieties was not a dependable
measure.

It has been shown that palatability is not necessarily associated
with livestock gains provided the product is consumed in quantities
large enough to promote growth.

West (68) suggested that tannins in the pericarp were not the
factor involved in palatability of sorghum grain. Sang and Fuller (69)
working with six varieties of sorghum grain observed some correlation
in growth between tamnnin and fiber found predominantly in the pericarp.
When using levels of 0.2, 0.4 and 1.6% tannin in grain growth rates
were significantly improved by the inclusion of choline and methionine
(as hydroxy analog MHA). In some diets a partial benefit was seen from
the inclusion of sources of a labile methyl group. Their main observa-
tion was, that, tannins of grain sorghum differ chemically from the

tannic acid used in the trial.
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Fuller et al. (70) reported that while grain with 1.657%7 tannin
content caused retarded growth in chicks, use of sorghum grain contain-
ing 1.28% tannin resulted in growth equivalent to that obtained with
corn or non-brown sorghum grains. This indicates that tannin contents
above certain levels can cause changes in growth rate, whereas up to
those levels they are tolerated by poultry.

Fox et al. (46) working with bird resistant sorghum grain sug-
gested that decreased nutritive value could be due to low digestibility
of plant tissue and unbroken grain in silage. Their trials however
were inconclusive as to whether tannins inhibited digestibility by
rumen microorganisms.

McGinty and Riggs (71) and McGinty (72) removed the pericarp of
three varieties of sorghum grain and observed that, in vitro digesti-
bility of the endosperms did not differ. When the pericarps were added
to endosperms in all possible combinations, digestibility was affected
in those combinations in which pericarps of Darset and Kaoliang were
added. Combinations of pericarps with their respective endosperms
resulted in values similar to that of intact grains. Their work indi-
cated that the "factor or factors" which have an influence on digesti-

bility or utilization, were evidently in the pericarp.



MATERIALS AND METHCDS
Grains Used

Three bird resistant varieties: F-65, B.R.64 and K.A.S.-614 were
obtained from Dekalb in 1969 and stored in the original bags at room
temperature. Moisture content of the grains ranged between 10.8-12.2.
These varieties were brown seeded and grain size was smaller compared
to commercial sorghum grain. The grain used as a control was a hybrid
commercial grain, obtained in 1971. This was light brown in color with

a moisture content of 11.9%.
Tempering and Peeling

The present study involved the use of an effective peeling of the
grain for an eventual separation of the bran and grain with the germ
intact. Before tempering the grains were screened to remove foreign
material. The control grain was tempered for a long temper of 16 hours
at 14% moisture and a short temper of 40 minutes at 18% moisture. Bird
resistant grains were given a long temper of 16 hours at 20% moisture
followed by a short temper of an hour bringing the moisture content to
28% just before processing.

A brush machine developed at Kansas State University (4) was used
with certain modifications to attain the desired product. The bottom
perforated half was replaced with a solid plate on which strips of
emery-paper were fixed at a 45° angle to the axis of the plate. A

nylon cylinderical brush was used instead of a wire brush and was run
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at approximately 1400 r.p.m. Processed grain fed at a rate of 1.1 kg.
per minute controlled by a vibratory feeder was collected at the other
end where a funnel-shaped outlet was provided at the bottom.

The processed grain as it came from the brush machine was spread
on plastic sheets for air drying. Bran was separated using an
aspirator. Grain was separately collected and then the bran was once
again aspirated to collect particles of broken endosperm and germs.

The latter were found in small amount when compared to endosperm. This
fraction was added to the grain thus only two products were produced:

a. Peeled grain + Broken parts of endosperm and germs.

b. Pericarp i.e. Peelings.

In the preliminary trials various treatments were used for temper-
ing and peeling. These involved a series of trials with variations of
time and moisture to give the temper an iﬁterval to attain good
peeling. Efficiency of pericarp separation was evaluated by percent
yield, the extent of breakage of grain and visual inspection of the

peeled grains.
Proximate Analysis

Proximate analyses of samples obtained from the four sorghum grains
after peeling (Product a and b) were determined by A.0.A.C. 1965 (73)

for moisture, protein, ash, fat and fiber.
Amino Acid Analysis

Amino acids were determined by ion exchange chromatography using

a Beckmann Amino Acid Autoanalyser Model 120-B, after acid hydrolysis
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of samples. Hydrolysates were prepared following the procedure of
Waggle et al. (74) and analyzed by the methods of Spackman et al. (75)

and Moore et al. (76).
Tannins In Peeled Grains and Peelings

The method for determining tannins in cloves and allspice (73) was
used with some modifications. A 17 tannic acid solution was prepared,
different aliquots of this were taken with 20.0 ml of indigo solution
and 750.0 ml of water. These were titrated using a potassium permanga-
nate solution. A standard cure was obtained by plotting the wvalues
for milligrams of tannic acid against the volume of permanganate solu-
tion used.

Two gram samples were extracted with anhydrous ether for 20 hours
and the residue was boiled in 300 ml water for two hours. It was then
allowed to cool and‘the volume made to 500 ml. The mixture was mixed
well by shaking and then it was centrifuged at 30,000 x G. for 30
minutes. The supernatants in 25 ml aliquots plus 20.0 ml indigo solu-
tion and 750.0 ml water were titrated against potassium permanganate
solution. A blank was obtained excluding the supernatant. The dif-
ference between readings was read from the standard curve and expressed

as percent tannins in sample.
Activity of Amylases

A modified method of Sung (77) was utilized to study enzymatic
hydrolysis with a- and B-amylases. The samples were digested for

one hour at 40° instead of two hours at 30°. Values obtained were
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expressed as milligrams of maltose per gram of sample. This study was
made to determine if tannins in the peeled grains and the pericarps had

any influence on the activity of the amylases.

Pepsin-Pancreatin Digestion

Studies involving proteolytic enzymes were undertaken to evaluate
effects of peeling on the availability of protein to enzymatic
hydrolysis, and to find if the tannins or other factors influenced
protein hydrolysis.

Digests were prepared by the method of Walter and Mark (78).
Finely ground 1.0 gram samples in duplicate were digested at 37° for
three hours in 15.0 ml hydrochloric acid (0.1N) containing 3.0 mg of
pepsin. These were placed in a constant temperature water bath and
occasionally shaken. After neutralization with 7.5 ml sodium hydroxide
(0.2N) 7.5 ml of pH 8.0 phosphate buffer containing 8.0 mg of pancreatin
were added to the digestion mixture. Fifty parts per million of
merthiolate were added to prevent growth of microorganisms. Digestion
was continued for 24 hours at 37° with occasional shaking. Removal of
digestion mixtures from the water bath was followed by the addition of
7.0 ml 60Z trichloroacetic acid and then 5.0 ml glacial acetic acid.
The solution was then allowed to stand for ome hour.

Samples were filtered under mild vacuum through Whatman #2 filter
paper, which had been weighed previously. The filtrate was collected
in clean erlenmeyer flasks. Residues collected on the filter paper
were washed twice with distilled water and allowed to air dry before

being dried in an air oven.
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a-amino nitrogen was determined by the method of Mikelsen et al.
(79) after modifications. From the filtrate a 1.0 ml aliquot was
diluted with 50.0 ml of double distilled water and 1.0 ml of this was
transferred to a matched tube containing 1.0 ml of ninhydrin solution.
The tubes were placed in actively boiling water for 15 minutes and then
cooled in running cold water for 5 minutes. 5.0 ml of ninhydrin diluent
was added to the tube and mixed. A blank was obtained by using 1.0 ml
distilled water in place of the diluted filtrate. Percent transmit-
tance was recorded on both tubes at 570 nm using a Bausch and Lomb
.Spectronic-20.

A standard curve was prepared by recording percent transmittance
against increasing concentrations of glycine. Using the glycine curve,
free a-amino nitrogen was computed and expressed as milligrams of
glycine equivalents,

Samples of dried residue plus filter paper were weighed and weight
of residue calculated. Each was then digested and nitrogen was deter-
mined (73) by micro-kjeldahl and percent protein was calculated. The
method outlined by Gehrt (80) was followed with minor modifications
to calculate the indigestible protein of the respective sample. The

percent digestibility was then calculated.

Nutritional Studies

Studies with Japanese quail (Coturnix coturnix japonica) were
conducted to determine the effects of peeling on varieties of sorghum
grain using peeled grain with and without respective peelings and

effects of including peelings of bird resistant grains to the peeled
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commercial sorghum grain. Composition of basal diet is shown in Table
1 and details of experimental diets (1-11) are given in Table 2.
Protein content of the diets ranged between 26.2-28.2% on an as is
basis. Amino acids of all diets were determined using the methods
described.

One day old quail chicks were randomly distributed in groups of
13-14 chicks with two replications per treatment. A completely
randomized experimental design was used. Chicks were housed in wire
floor metal batteries.

For the first week all groups were maintained on control diet,
then the chicks were leg banded and weighed individually and supplied
experimental diets. The duration of the experiment was three weeks
with feed and water supplied ad-libitum during the trial. Weekly weight
gains were recorded for individual chicks and feed consumed was com-

puted for each group.
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TABLE 1. COMPOSITION OF BASAL MIX USED IN QUAIL GROWTH STUDIES
Ingredients Percent
Sorghum Grainl 38.73
Soybean Meal 39.90
Wheat Middlings 6.37
Dehydrated Alfalfa Meal 2,45
Fish Meal 1.96
Meat Scrap 4.90
Distillers Dried Solubles 1.96
Dried Whey 1.96
Dicalcium Phosphate 1.23
Salt 0.49
Trace Mineral Idixture2 0.05
Vitamin Premix3 0.025

1 Sorghum grain used was peeled, or peeled plus peelings.

2

3 Supplies per kilogram of diet:
10.6 mg. riboflavin; 20.6 mg. pantothenic acid; 32.5 mg. niacin;
mg. choline chloride; 12.2 meg. Vitamin B

CCC Trace Mineral Mixture, Calcium Carbonate Company, Quincy, Illinois.
Supplies (g/kg of diet) Mn 0.05; Fe 0.05; Cu 0.005; Zn 0.025; Co 0.0005;
I 0.0015; Ca 0.058.

Da;
330

2,700 I.U. Vitamin A; 1,850 ICU Vitamin

127
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RESULTS AND DISCUSSION
Tempering and Peeling

The yields of products are given in Table 3. Compared to the
commercial grain the other three hybrids had smaller grain size and
adhesion of pericarp to the grain was firmer. This necessitated a
longer tempering at 20Z moisture and an increased short temper of 60
minutes bringing the moisture content to 28% for the three varieties
prior to peeling. Optimal conditions for peeling were attaiﬁed after
preliminary trials in which different conditions of moisture and time
were studied. The products were evaluated for color of peeled grain,
breakage and the yield of the peelings. A long temper was found to be
more beneficial in avoiding breakage as it toughened the grain and
loosened the pericarp. Tests were also made in early stages with 1.0%
acetic acid and 1.07 sulfuric acid with no advantage.

As the fines contained germ and endosperm grits, these were
separated and added back to the peeled grain. Product yield of peeled
grain was between 88.2-91.9%, while bran ranged between 9,1-13.7%.
These results for product yields are similar to those reported by
Shoup (4) who used a wire-brush peeler. Similar results were also
reported by Hubbard et al. (81) who separated endosperm, germ and bran

by hand.



TABLE 3. PERCENT YIELD OF PEELED GRAIN AND PEELINGS AFTER
PEELING AND AIR-SEPARATION

24

TEMPERING,

Peeled Grain

Sorghum Varieties Intact Graio Fines Peelings
% 2 %
Commercial Gra:l.n1 79.8 12.1 9.1
Sorghum F-652 74.3 12.2 13.5
Sorghum BR-64° 69.0 19.2 11.8
Sorghum AKS-614° 67.9 18.4 13.7

Long temper
Short temper -

z Long temper
Short temper

16 hours to 14% moisture.
40 minutes to 18% moisture.

16 hours to 20% moisture.
1 hour to 28% moisture.
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Proximate Analyses of Peeled Grains and Pericarps

The data obtained by proximate analyses of the peeled grains and
pericarps is given in Table 4. The data shows bran fractions had higher
values for ash, fat and fiber. The shift in fat level could have been
due to fine particles of germ and also to aleurone material included in
the fraction. Peelings also contained some endosperm particles. The
values of fiber were found to be higher in peelings than the peeled
grain and ash content of peelings was found to be higher than the
respective grain. The calculated values reported for nitrogen free
extract were lower for peelings and so were moisture contents. The
shifts observed in ash, fiber, fat and N.F.E. would be expected since
the bran of grains would be expected to follow these trends. The data
are also similar to those reported by Shoup (4).

Among peeled grains, protein was higher in F-65 and AKS-614 while
variations in ash were small. Fat levels in peeled grains were high in
F-65 and AKS-614., Nitrogen free extract, determined by difference, was

lower in F-65 and AKS-614.
Amino Acids in Peeled Grains and Peelings

Table 5 shows the data of amino acid composition for peeled grains
and the pericarps. In the peeled grains commercial sorghum had higher
values for essential amino acids except methionine, isoleucine, leucine
and phenylalanine. Among the three bird resistant varieties amino acid
composition varied little but F-65 had highest values for phenylalanine.
The differences in amino acids were found to be smaller in the four

pericarps analyzed.



TABLE 4. PROXIMATE ANALYSES OF PEELED GRAINS AND PEELINGS

1
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2 Ether Nitrogen
Sample Moisture Protein Ash Fiber Free
: Extract 3
Extract
4 % Y 4 4 2 Z
Peeled Commercial
Sorghum Grain 9.0 7.7 1.3 2.0 1.4 78.6
Peeled F-65 9.1 9.4 1.2 2.5 0.9 76.9
Peeled BR-64 9.0 7.9 1.1 1.9 1.5 78.6
Peeled AKS-614 8.9 9.6 1.0 2.2 1.3 77.0
Peelings of
Com. Sor. Grain 7.4 8.9 3.7 4.6 4.9 71.5
Peelings of F-65 6.8 8.8 2.6 4.7 6.6 70.5
Peelings of BR-64 7.8 9.3 4.0 6.4 4.3 68.2
Peelings of AKS-614 7.6 9.6 3.3 5.3 4.6 69.6

. Values reported on an "as is basis."”

2 Percent protein (N x 6.25).

3

Calculated values of nitrogen free extract.
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Leucine was comparatively higher in bird resistant sorghum peri-
carp than in the pericarp of commercial grain. The same trend was noted

in the peeled grain for the four varieties.
Tannins

Data shown in Table 6 gives the tannin levels in the peeled grains
and peelings of the four types of sorghum grains. 1In peeled grains the
tannin content ranged between 0.35 and 1.55%, whereas in peelings it
was 0.52-2.26%. The presence of tannins in the peeled grains was
associated with:

1. Difficulty of separating the pericarp from the grain.

2. The inclusion of endosperm grit and germ fraction (with their

bran portion intact) in the peeled product.

The presence of higher quantities of.tannins in the pericarps of
sorghum is in agreement with the earlier reports (54, 57, 61, 71, 72).

The method used gave a quantitative estimate of tannins, but the

types of tannins were not studied.
Activity of Amylases on Peeled Grains and Peelings

Studies conducted to determine the activity of amylases on grains
and peelings are summarized in Table 7. As the total starch content of
the samples was not dete;mined, the figures for nitrogen free extract
were used as an estimate of enzymatically available carbohydrate.
Peeled grains had 76.9-78.67% nitrogen free extract while the range was
68.2-71.5% in the peelings.

The effects of amylases were determined and expressed in terms of
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TABRLE 6. PERCENT TANNINS IN PEELED GRAINS AND PEELINGS

Sorghum Varieities Rercent Tensilug

Peeled Grain Peelings
Commercial Sorghum Grain 0.35 0.525
Sorghum Grain F-65 0.60 1.475
Sorghum Grain BR-64 1.55 2,25

Sorghum Grain AKS-614 ' 1.45 2.26
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TABLE 7. STUDIES OF B~ AND a-AMYLASE ACTIVITY ON PEELED GRAINS AND PEELINGS

Milligrams Maltose/
Sample Identification N.F.E. Tannins Gram of Sample
B-amylase a-amylase

b4 )3
Peeled, Comm. Sorghum Grain 78.6 .35 28.75 56.00
Peeled, F-65 Grain 176.9  0.60 40.50 67.25
Peeled, BR-64 Grain 78.6 1.55 13.00 19.25
Peeled, AKS-614 Grain 77.0 1.45 17.75 41.12
Peeling, Commercial Grain 71.5 0.525 40,50 106.50
Peeling, F-65 Grain 70.5 1.475 60.00 142,12
Peeling, BR-64 Grain 68.2 2.25 33.37 46.50
Peeling, AKS-614 Grain 69.6 2,26 37.00 44.50

Peeled Grains B-amylase r = -0.8367
Peelings B-amylase r = -0.5039
Peeled Grains a-amylase r = -0.8519

Peelings a-amylase r = -0.6960
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milligrams of maltose per gram of sample. From the values of maltose
and the percent of tamnins in the sample the relationship of tannin and
amylase activity was examined. Regression lines obtained from the
relationships are shown in Figure 1. In the samples examined grains
with higher tannin contents gave lower maltose values, thus indicating
a negative correlation.

The peelings of all four grains had a similar trend. The values
for maltose on the separated bran were higher when compared to their
respective peeled grains. In view of the lower nitrogen free extract
contents, and higher tannin values of the four peelings the plausible
reasons might be:

1. Pericarps were exposed to water while grain was being tempered

bringing about some chemical change including increased
enzyme activity. |

2. The slight rise in temperature of the grain in peeling might
have contributed to starch damage or other chemical or
physical changes.

3. Presence of endosperm fractions from the broken grains, or the
effect of excessive peeling of some grains causing the removal
of some endosperm along with the pericarp resulting in
readily available carbohydrate for action of the enzyme.

The maltose values reflect to a certain extent the varying degrees
to which the tannins may affect amylases. With a-amylase the yields of
maltose were higher than obtained with B-amylase. The comparative
efficiency of a-amylase would be expected since a-amylase will act on
both 1,6 and 1,4 glucose linkages and thus would be expected to act more

rapidly.
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mg Maltose/gm. sample

a Peeled grains with B-amylase Y= 41.80 ~ 17.02X T
b Peelings with B-amylase Y = 54,57 - 7.28X ¥
¢ Peeled grains with o-amylase Y= 74.90 - 29.36X r
d Peelings with a-amylase Y = 150.75 - 40.45X% r
70F
60 4’
50
d
40
30
20 F
10 |
0 0.5 1.0 LS 2.0 245 3.0

% Tannins

Fig. 1. Effects of tannin content on the activities of 8- and
a-amylases on peeled grains and peelings.

-0.84
-0.50
-0.85

-0.69
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The influence of tannins on the enzymes observed in the present
study was similar to the findings of Miller and Kneen (61) who reported
the presence of a potent inhibitor of amylases in the germ and bran of
sorghum varieties, Similar inactivation of a variety of enzymes by
condensed tannins were recently reported by Strumeyer and Malin (62).

The values of maltose were higher in F-65 when compared to com-
mercial grain. It was noted that tannin content of this variety was
higher. The high values for maltose for the two fractions in spite of
the higher levels of tannin indicates that, apart from quantity, the
inhibitory influences may depend on the type of tannin or other asso-

ciated factors.
Pepsin-Pancreatin Digestions

Data on yield of mg glycine equivalent produced, percent protein
in residue and apparent digestibility of proteins is given in Table 8.
The protein percentages varied in grains as well as in pericarps.
These values were used in calculating glycine equivalents, percent
protein in residue and percent digestibility of protein in the
respective sample.

The proteolytic activities of pepsin and pancreatin were measured
and expressed in terms of milligrams of glycine equivalents. These
values had a negative correlation with incrgasing concentrations of
tannins in the samples studied. The correlation coefficients between
percent tannins and glycine equivalents were -0.60 and -0.97, for peeled
grains and pericarps respectively. Regression lines are shown in

Figure 2.
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TABLE 8. YIELD OF MG. GLYCINE EQUIVALENTS FOLLOWING PEPSIN-PANCREATIN
DIGESTION, PROTEIN IN RESIDUE AND APPARENT DIGESTIBILITY OF

PROTEINS
smple O munne 35 S Poteln i
ibility
4 Z % 4
Peeled Grains
Comm, Sorghum Grain 8.46 0.35 24,01 2,08 75.41
Sorghum Grain F-65 10.34 0.60 29.89 2.49 75.91
Sorghum Grain BR-64 8.68 1.55 16.67 4,69 45.96
Sorghum Grain AKS-614 10.53 1.45 25.03 4,11 60.96
Peelings
Comm. Sorghum Grain 9.61 0.52 22,78 3.13 67.42
Sorghum Grain F-65 9.44 1.47 16.72 4,12 56.35
Sorghum Grain BR-64 10.08 2.25 . 7.18 7.53 25,29
Sorghum Grain AKS-614 10.38 2.26 7.24 7.94 23.50

4 Percent protein (N x 6.25)

Tannin Vs. mg. Glycine Equivalents
Peeled Grains r = -0.60
Peelings r = -0,97

Tannin Vs. % Protein in Residue
Peeled Grains r = +0.99
Peelings r = H).94



% Tannins
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a Peeled grains Y = -0.60 + 0.47X r = 0.99

b Peelings Y=-0.20+0.32X r = 0,94

2.8

2-4 ul

2.0

0-8 ut

0.4 F

! ] ] i ] [
0 2 & 6 8 10 12

% Protein in residue

Fig. 3. Effects of tannin content on residual protein after pepsin-
pancreatin digestion of peeled grains and peelings.
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Protein values in the residue also reflect the influence of tannin
levels. Samples with lower percentages of tannins had less residual
proteins and conversely higher residual protein values were observed in
samples which had higher percentages of tannin (r = 0.99 and 0.94
respectively, Figure 3). This inhibitory activity of tannins was also
evident in the values computed for percent digestibility of proteins in
the sample. In this study the proteolytic activity of pepsin and
pancreatin was not studied individually. However inhibition of com-
bined activities were positively related to the levels of tannin in
the samples. Driedger and Hatfield (82) have reported a 907 decrease
in deamination of soybean meal when treated with 107 tannin. They found
tannins affected pancreatin digestion significantly but not that of
pepsin.

The modified methods were found to be efficient in comparing the
proteolytic activity of enzyme-substrate mixtures, as the substrates

were digested under identical conditionms.
Nutritional Studies

Weight gains, feed consumption and feed conversion for the three
week growth trials are given in Table 9. At the end of the trial an
analysis of variance (A.0.V.) (83) was conducted. The differences in
weight gains and feed conversions were nonsignificant between treat-
ments. The amount of protein supplied by the varieties of sorghum
grain in the eleven diets ranged between 2.98-3.717%, and the ;stimated
value of tannins in the diets ranged between 0.13-0.63%. This value

was lower than those reported as causing depression in weight gains.



37

a Peeled grains Y = 2,57 - 0.06X, r = -0.60

b Peelings Y = 3.03 - 0.14X, r = -0.98

3'0 -

2.5 F

% Tannins
("]
o
1)

=
Ln
1]

1'0 -

0.5 p

[l '8 [l 2 1]

0 5 10 15 20 25
mg. glycine equivalents

Fig. 2. Effects of tannin content on pepsin-pancreatin digestion of
peeled grains and peelings.
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There appears to be agreement between the results of this study and the
reported data (70) where equivalent weight gains were observed in
chicks receiving up to 1.28% tannin in diets, while weight gains were
affected at 1.65%7 level.

The nonsignificant differences in gains and feed conversions may
also indicate that these were not influenced because growth rates of
quail may not be affected in the same manner by bird resistant sorghums.
In the report of Fuller (69) tannic acid even at a 0.2% level had
affected growth rate in chicks and inclusion of choline and methionine
alleviated the effects. The control diet contained 0.19% tannins,
which could have influenced growth rate if affects were on a compara-
tive basis. Differences found in this study were not significant.

This was also evident in feed consumption data. Birds on diet 2 con-
sumed less feed and had slightly better feed conversions.

The availability of proteins in the diet from sources other than
sorghum could have compensated any inhibitory effect on protein diges-
tion since sorghum protein in the diets made up only 3.34% of the total
protein. The protein levels in the diet ranged between 26,2-28.27%
which may have been too high to show inhibitory effects on protein
utilization,

Average weight gains of males and females are given in Table 10.
Analysis of variance for the differences in weight gains of males and
females was computed. The weight gains were significantly higher for
females (P < 0.01), however no significant differences weré detected

between treatments.
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The amino acid composition of the diets (Table 11) did not show
any marked differences between diets. No mortality, or apparent sick-

ness was noted due to any of the dietary treatments.
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SUMMARY

The present study was undertaken to determine, if the factor
generally considered to affect utilization of sorghum grains was pre-
dominantly present in the pericarp.

Bird resistant sorghum hybrids F-65, BR-64, and AKS-614 were
obtained from Dekalb in 1969. A commercial sorghum variety obtained in
1971 was used as a control. After preliminary studies tempering
conditions were developed to process the grains based on a long temper
followed by a short temper. Tempering conditions depended on time and
moisture levels.

A nylon-brush peeler was used for the peeling process. After
peeling the product was air dried and aspirated to give: peeled grain
and peelings (pericarp). Proximate analyses of the two fractions of
the four hybrids were conducted. Pericarps of the four hybrids had
higher values for fat, probably due to the inclusion of germ aluerone
material and endosperm fractions. Fiber content of the pericarp
material was higher when compared to the peeled products. Ash content
of peeled grains were similar, but the values were higher in pericarp
material ranging between 2.6-4.0%.

Peeled commercial grain had higher values for essential amino acids
except methionine, isoleucine, leucine, and phenylalanine. Variation
in the other hybrid was small. Leucine was higher in pericarp material
and peeled grain of the hybrids when compared to commercial grain.

Tannin content of the peeled grain and pericarp material showed

that peelings had higher quantities of tannins. Peeled grains
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contained 0.35-1.55% tannins and pericarp material ranged between
0.52-2.26%.

Enzymatic activity of a- and B-amylase enzymes indicated that
tannins had an inhibitory effect on these enzymes. Negative correla-
tion coefficients were found between tannin level and enzymatic
activity.

Similar negative correlations existed for pepsin-pancreatin diges-
tion of proteins. The yield of mg. glycine equivalents was lower for
samples in which tannin content was high. Determination of residual
proteins indicated a positive correlation between tannin and non-
digested residual protein. Increased tannins resulted in lower
digestibility of proteins.

Nutritional studies with quail did not show significant differences
in weight gains or feed conversion. Sorghum grains provided between
2.98-3.71% of the p;otein, while the diets had a range of 26.2-28,27%.
Tannin content of the diets was between 0.13-0.63% and were lower than
values reported by others to affect chick growth.

Average weight gain of females were significantly higher (P < 0.01)
than weight gains observed for males. There were no significant differ-
ences between treatments, however.

Amino acid analyses of the different diets showed little differences

between diets.



1.

3.

7.

10.

11,

12,

45

LITERATURE CITED

FEED SITUATION. Economic Research Service, United States Depart-
ment of Agriculture. FdS-243: 5 (April 1972).

PICKET, R. C. Variation in amino acid content of sorghum from the
world collection. Grain Sorghum Research and Utilization
Conference, Grain Sorghum Producers Association, Sixth Biennial
Program. March 5-7, 1969, Amarillo, Texas: 18-19 (1969).

DEYOE, C. W. Variation in the composition of feed ingredients.
Feed Age 1l4: 38-41 (1964).

SHOUP, FLOYD K. Factors affecting protein utilization of sorghum
grain in feeds and foods. Ph.,D. Dissertation, Kansas State
University, Manhattan, Ks. (1970).

McGINTY, D. D. Variation in digestibility of sorghum varieties,
Grain Sorghum Research and Utilization Conference, Grain
Sorghum Producers Association, Sixth Biennial Program. March
5-7, 1969: 20-23 (1969).

BECKWITH, A. C., and JONES, R. W. Properties of sorghum nutrition
and proteins related to utilization. Grain Sorghum Research and
Utilization Conference, Grain Sorghum Producers Association,
Sixth Biennial Program. March 5-7, 1969: 13-17 (1969).

ATKESON, R. W., and FOUNTAINE, F., C. Storage and utilization of
grain sorghums in dairy cattle feeding. Kansas Agri. Exp. Sta.
Cir. 356 (1957).

WEBER, A. D., AICHER, L. C., and KESSLER, F. B. Comparative values
of midland milo, westland milo, pink kafir and corn as cattle
fattening feeds., Kansas Agri. Exp. Sta. Cir. 271: 5 (1947).

CAVE, H. W., and FITCH, J. B. Ground sorgo seed as a feed for
dairy cows. Kansas Agri. Exp. Sta. Cir. 110 (1925).

JONES, J. M., BREWER, R. A., and DICKSON, R. E. Grain sorghum vs.
corn for fattening baby beeves. Texas Agri. Exp. Sta. Bull.
296: 17 (1922).

TOTUSEK, ROBERT, STEPHENS, D. F., WALTERS, LOWELL, and WALLER,
GEORGE. The comparative value of corn, milo and barley rations
for fattening calves. Oklahoma Agri. Exp. Sta. Miscellaneous
Publication MP-70: 77 (1963).

HALE, W. H., SABA, W. J., KIERMAT, JAMES, and TAYLOR, BRUCE.
Digestion of milo and barley by cattle. Arizona Agri. Exp. Sta.
Cattle Feeder's Day Report, p. 23 (1964).



13.

14,

15-

16.

17.

18‘

19.

20.

21.

22.

23.

24,

46

HALE, W. H., TAYLOR, BRUCE, SABA, W. J., CUITUN, LUIS, and THEURER,
BRENT. Effect of steam-processing milo and barley on digestion
and performance by steers. J. Animal Sci. 24: 883 (Abstract)
(1965).

GORDON, W. BROWN, JR., TILLMAN, A. D., and TOTUSEK, ROBERT.
Digestibility, nitrogen retention and energy values of sorghum
grain and corn rations at three levels of intake. J. Animal
Sci. 27(1): 170-173 (1968).

SABA, W. J., HALE, W. H., HUBBERT, FARRIS, JR., KIERMAT, J., and
TAYLOR, B. Digestion of milo and barley by cattle. J. Animal
Sci. 23(2): 533-536 (1964).

GARRETT, W. N., LOFGREEN, G. P., and MEYER, J. H. A net energy
comparison of barley and milo for fattening cattle. J. Animal
Sci. 23(2): 470-476 (1964).

HALL, A. B. GEORGE, ABSHER, CURTIS W., TOTUSEK, R., and TILLMAN,
ALLEN D. Net energy of sorghum grain and corn for fattening
cattle. J. Animal Sci. 27(1): 165-169 (1968).

KEATING, E. K., SABA, W. J., HALE, W. H., and TAYLOR, B. Further
observations on the digestion of milo and barley by steers and
lambs. J. Animal Sci. 24(4): 1080-1085 (1965).

McCOLLOUGH, R. L., and DRAKE, C. L. Digestibility of four hybrid
grain sorghums. (Abstract) J. Animal Sci. 31(5): 1041 (1970).

McCOLLOUGH, R. L., and DRAKE, C. L. Feeding value of four hybrid
grain sorghums for fattening cattle. (Abstract) J. Animal
Sei. 31(5): 1041 (1970).

JENSEN, A. H., BAKER, D. H., BECKER, D. E., and HARMON, B. G.
Comparison of opaque-2, corn, milo and wheat in diets for
finishing swine. J. Animal Sci. 29(1): 16-19 (1969).

JENSEN, A. H., BECKER, D, E., and HARMON, B. G. Nutritional
adequacy of milo for the finishing pig. J. Animal Sci. 24(2):
398-402 (1965).

WAGGLE, D. H., DEYOE, C. W., and SANFORD, P. E. Relationship of
protein level of sorghum grain to its nutritive value as

measured by chick performance and amino acid composition.
Poultry Sci. 46(3): 655-659 (1967).

SHOUP, F. K., DEYOE, C. W., SANFORD, P, E., and MURPHY, L. S.
Nutritive value of six commercial sorghum hybrids. Poultry
Sci. 49(1): 168-172 (1970).



25I

26.

27,

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

47

CHAVEZ, R., DeMATHEU, P. J., and REID, B. L. Grain sorghums in
laying hen diets. Poultry Sci. 45(6): 1275-1283 (1966).

MALIK, D. D., and QUISENBERRY, J. H. Effects of feeding various
milo, corn and protein levels on laying performance of egg
production stock. Poultry Sci. 42(3): 625-633 (1963).

BERRY, L. N. Ground milo in all-mash egg laying rations. New
Mexico Agri. Exp. Sta. Bull. 526: 3-6- (1958).

ADOLPH, R. H.,, and GRAU, C. R. Milo for laying hens efficient.
Reports of Progress in Research by the California Agri. Exp.
Sta. 10(12): 6 (1956).

DEATON, W. JAMES, and QUISENBERRY, J. H. Effects of protein
level and source and grain source on performance of egg produc-
tion stock. Poultry Sci. 43(5): 1215-1219 (1964).

DEATON, W. JAMES, and QUISENBERRY, J. H. Effects of amino acid
supplementation of low-protein corn and grain sorghum diets on
the performance of egg production stock. Poultry Sci. 44(4):
943-947 (1965).

ADRIAN, J. Proteins from South African cereals. Qualitas
Plantet Maleriae Vegetables 3(4): 101-113 (1958).

POND, W. G., HILBER, J. H., and BENTON, D. A. The amino acid
adequacy of milo (grain sorghum) for the growth of rats. J.
Nutr. 65: 493-502 (1958).

VAVICH, M. G., KEMMERER, A. R., NIMBKAR, B., and STITH, L. S.
Nutritive value of low and high protein sorghum grains for
growing chickens. Poultry Sci. 38(1l): 36-40 (1959).

OZMET, D. D., DUNKELGOD, K. E., TOUKINSON, L. V., GREAVES, E. W.,
THAYER, R. H., and DAVIES, F. Comparing milo and corn in

broiler diets on an equivalent nutrient intake basis. Poultry
Sci. 42(2): 472-481 (1963).

KEMMERER, A. R., and HEYWANG, B. W. A comparison of wvarious
varieties of sorghum as substitute for corn in practical chick
diets. Poultry Sci. 44(1): 260-264 (1965).

RIGGS, J. K., and McGINTY, D. D. Early harvested and reconsti-

tuted sorghum grain for cattle. J. Animal Sci. 31(5): 991 (1970).

McGINTY, D. D., BREWER, L. H., and RIGGS, J. K. Digestibility of
dry and reconstituted sorghum grain by cattle. (Abstract)
J. Animal Sci. 26(1): 223 (1967).



38.

39-

40.

41.

42,

43-

44,

45,

46,

47.

48,

49.

48

PARRETT, N. A., and RIGGS, J. K. Dry, reconstituted and early-
harvested sorghum grain for cattle. (Abstract) J. Animal Sci.
26(1): 224 (1967).

BUCHANAN, J. G., SMITH, TOTUSEK, ROBERT, and TILLMAN, A. D. Effect
of methods of processing on digestibility and utilization of
grain sorghum by cattle and sheep. J. Animal Sci. 27(2):

525-530 (1968).

MEHEN, S. M., HALE, W, H., THEURER, B., LITTLE, M., and TAYLOR,
BRUCE. Effect of dry-rolling, fine grinding, steam processing
and pressure cooking on the digestion of milo ration by steers.
(Abstract) J. Animal Sci. 25(2): 593 (1966).

KEATING, E. K., SABA, W, J., HALE, W. H., and TAYLOR, B. Digestion
of milo and barley by steers and lambs. J. Animal Seci. 24(4):
1080 (1965).

RALPH, M. DURHAN, ELLIS, G. F., and CODE, B. A comparison of
flaked, popped, and crocked milo in all concentrate rations.
(Abstract) J. Animal Sci. 26(1): 220 (1967).

HUSTED, W. T., MEHEN, STEPHEN, HALE, W. H., LITTLE, M., and
THEURER, BRENT. Digestibility of milo processed by different
methods. J. Animal Sci. 27(2): 531-534 (1968).

LOFGREEN, G. P., and HULL, R. L. Steam pressure processed sorghum
grain for steers. (Abstract) J. Animal Sci. 27(4): 1164
(1968). -

HOLMES, J. H. G., DRENNAN, M. J., and GARRETT, W. N. Digestion of
steam-processed milo by ruminants. J. Animal Sci. 31(2):
409-413 (1970).

WARD, GEORGE, and SMITH, E. F. Nutritive value of sorghum silage
as influenced by grain content. J. Dairy Sei. 51(9): 1471-1473
(1968).

FOX, D. G., KLOSTERMAN, E. W., NEWLAND, H. W., and JOHNSON, R. R,
Net energy of corn and bird resistant grain sorghum rations for
steers when fed as grain or silage. J. Animal Sci. 30(2):
303-308 (1970).

NEWLAND, H. W., KLOSTERMAN, E. W., and FOX, D. G. Bird resistant
grain sorghum vs. corn for finishing cattle. (Abstract) J.
Animal Sci. 31(5): 1042 (1970). '

ELLIS, GEORGE F., JR., and CARPENTER, JAMES A., JR. Popped milo
in fattening rations for beef cattle. (Abstract) J. Animal
Sci. 25(2): 594 (1966).



50.

51.

32

53.

54.

55

56.

37.

58.

59.

61.

62.

49

RIGGS, J. K., SORENSON, J. W., JR., ADAME, J. L., and SCHAKE,
L. M. Popped sorghum grain for finishing beef cattle.
(Abstract) J. Animal Sci. 30(4): 634 (1970).

TREI, JOHN, HALE, W. H., and THEURER, BRENT, Effect of grain
processing on in-vitro gas-production. J. Animal Sci. 30(5):
825-831 (1970).

TREI, JOHN. Influence of grain processing factors on the in-vitro
fermentation rate by a mixed suspension of rumen microorganisms.
Ph.D. Thesis, University of Arizona, Tucson (1966).

OSMAN, H. F., THEURER, B., HALE, W. H., and MEHEN, S. M. Influence
of grain processing on in-vitro enzymatic starch digestion of
barley and milo. Proceedings: West Sec. Amer. Soc. of Animal
Sci. 11-12 July 1966: 17-271 (1966).

VINALL, H. N., STEPHENS, J. C., and MARTIN, J. H. Identification,
history and distribution of common sorghum varieties. United
States Department of Agriculture Technical Bull. #506, page 102
(1936).

MacMASTERS, M. MAJEL, and HILBERT, G. Glutinous corn and sorghum
starches. Ind. Eng. Chem. 36: 958-963 (1944).

BLESSIN, C. W., DIMLER, R. J., and SENTI, F. R. Water-soluble
pigments of sorghum. Sorghum News Letter. Kansas Agri. Exp.
Sta. 2: 19 (1959).

BLESSIN, C. W., VAN ETTEN, C. H.; and DIMLER, R. J. An examina-
tion of anthocyanogens by grain sorghum. Cereal Chem. 40(3):
241-250 (1963).

ROUX, D. G. Some recent advances in the identification of

leucoanthocyanins and the chemistry of condensed tannins.
Nature 180(4593): 973-975 (1957).

ROUX, D. G., and EVELYN, S. R. Condensed tannins. I. A study of
complex leuco-anthocyanins present in condensed tannins.
Biochem. J. 69: 530-538 (1958).

BATE-SMITH, E. C., and RASPER, V. Tannins of grain sorghum;
leutoforol (leucoluteolinidin)3',4,4',5,7-pentahydroxyflavan.
J. Food Sci. 34: 203-209 (1969).

MILLER, S. BYRON, and KNEEN, ERIC. The amylase inhibitor of
Leoti sorghum. Archieves of Biochem. 15(2): 251-264 (1947).

STRUMEYER, H. DAVID, and MALIN, M. J. Identification of amylase
inhibitor from seeds of Leoti sorghum. Biochem. Biophys. Acta
184(3): 643-645 (1969).



63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

74.

50

SMART, W. W. G., JR., BELL. T. A., STANLEY, NANCY W., and COPE,
W. A. Inhibition of rumen cellulase by an extract from sericea
forage. J. Dairy Sei. 44(10): 1945-1946 (1961).

HARRIS, H. B. Bird resistance in grain sorghum. Proceedings of
the 24th Annual Corn and Sorghum Research Conference. Dec.
9-11, 1969, Chicago, Publication #24: 113-122 (1969).

McCLYMONT, G. L. Studies on nutrition of poultry. III. Toxicity
of grain sorghum for chicks. Aust. Veterinary J. 28(1): 229-
235 (1952).

HARMS, R. H., QUISENBERRY, J. H., and COUCH, J. R. The effect of
broiler pigmentation of incorporating milo, dehy and diphenyl-
p-phenylene diamine in diet. Poultry Seci. 37(1): 143-147 (1958).

THAYER, R. H., SIEGLINGER, J. B., and HOLLER, V. G. Oklahoma
grain sorghums for growing chicks. Oklahoma Agri. Exp. Sta.
Bull., #B-487 (1957).

WEST, J. W. Grain sorghum in poultry rations. Paper presented
at the Grain Sorghum Research and Utilization Conference, Grain
Sorghum Producers Association, Amarillo, Texas (March 1961).

SANG IK CHANG, and FULLER, H. L, Effect of tannin content of grain
sorghums on their feeding value for growing chicks. Poultry
Sci. 43(1): 30-36 (1964).

FULLER, H. L., POTTER, K., and BROWN, A. R. The feeding value of
grain sorghums in relation to their tannin content. University
of Georgia Agri. Exp. Sta. Bull. N.S.176: 14 (1966).

McGINTY, D. D., and RIGGS, J. K. Variation in digestibility of
sorghum grain varieties. J. Animal Sci. 27(4): 1170 (1968).

McGINTY, D. D. Variation in digestibility of sorghum varieties.
Proceedings of the Sixth Biennial International Grain Sorghum
Research and Utilization Conference. Amarillo, Texas, March
5-7, 1969: 20-23 (1969).

ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Official methods
of analysis (10th ed.). The Association: Washington, D.C.
(1965).

WAGGLE, D. H., PARRISH, D. B., and DEYOE, C. W. Nutritive value of
protein in high and low protein content sorghum grain as

measured by rat performance and amino acid assays. J. Nutr.
88: 370-374 (1966).



75.

76.

77.

78.

79.

80.

81.

82.

83.

51

SPACKMAN, D. H., STEIN, W. H., and MOORE, S. Automatic recording
apparatus for use in chromatography of amino acids. Anal. Chem.
30: 1190-1206 (1958).

MOORE, S., SPACKMAN, D. H., and STEIN, W. H. Amino acid on
sulfonated polystyrene resins (an improved system). Anal. Chem.
30: 1185-1190 (1958).

SUNG, AN-CHEIN. A procedure for estimating degree of gelatiniza-
tion of cooked grains. Enzymatic evaluation of changes in
processed grain. Master's Thesis (1968).

AKESON, R. WALTER, and STAHMANN, MARK A. A pepsin pancreatin
digest index of protein quality evaluation. J. Nutr. 83(3):
257-261 (1964).

MICKELSEN, R., FISH, NANCY L., and CLAYDON, T. J. Some chemical
and flavor characteristics of a milk proteolysate of
Pseudomonas Fluorescens. -J. Dairy Sci. 50(2): 172-176 (1967).

GEHRT, J. ALBERT. Pepsin digestibility method for animal proteins.
J. Association of Official Agricultural Chemists 54(3):
669-680 (1971).

HUBBARD, J. E., HALL, H. H., and EARLE, F. R. Composition of the
component parts of the sorghum kernel. Cereal Chem. 27(5):
415-420 (1950).

DRIEDGER, A., and HATFIELD, E. E. Influence of tannins on the
nutritive value of soybean meal for ruminants. J. Animal Sci.
34(3): 465-468 (1972).

SNEDECOR, G. W., and COCHRAN, W. G. Statistical methods (6th
ed.). Iowa State University Press (1967).



52

ACKNOWLEDGMENTS

The writer expresses his sincere appreciation to Dr. Charles W.
Deyoe, major professor, for the guidance given in conducting the
research and in the preparation of this manuscript.

The writer is grateful to Dr., William J. Hoover, Head, Department
of Grain Science and Industry, for making the facilities and material
available in carrying out this study.

Special acknowledgment is due to.Dr. Paul E. Sanford and Professor
Gerald D. Miller for their guidance in research and in reviewing this
manuscript.

The writer is thankful to Dr. Albert W, Adams for the guidance and
perscnal help provided in conducting nutritional studies.

The writer is grateful to his wife, Rafat, daughter Farah and son
Anees for their patience, help and sincere wishes.

The writer remembers his mother,-(Late) Lutfunnisa Begum, and
expresses his gratitude in all humility to his mother and father
Mohammed Khaleelur Rahman, for their toils, sacrifices and inspirations.

Special acknowledgment is due to sisters, Akhtar, Sayeeda, Tahera
and Tayeba and brother Jameel for their sincere wishes.

The writer is grateful to Mohammed Ghiasuddin, Nazeer Ghiasuddin,
Mr. and Mrs. Iftekhar Siddiqui, Mr. and Mrs. Fawad Mustafa and Riaz
Hussain Siddiqui for their assistance.

Sincere appreciation is also expressed to Mir Shamsuddin, S. F.
Quadri, C. 5. Reddy, Deborah, L., R. P. Knake, Ray Fortner, Don Duncan,
M. D. Penner and other members of Department for their assistance and

suggestions during the course of this work.



AN EVALUATION OF PEELING BIRD RESISTANT
SORGHUM GRAIN

by

MOHAMAD FAZLUR RAHMAN

B. V. Sc., Osmania University, Hyderabad,
Deccan, India, 1958

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Grain Science and Industry

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1972



This study was conducted to determine, whether factor often
considered as affecting the utilization of sorghum grains was primarily
located in the pericarp of the grain. The study also evaluated the
effect of peeling grains om its utilizationmn.

Three bird-resistant hybrids, F-65, BR-64, and AKS-614, were
obtained in 1969 from Dekalb and were compared to a commercial sorghum
grain obtained in 1971.

Grains were tempered before peeling. A long temper followed by a
short temper was given to give effective peeling with as little
breakage as possible. Tempering time and moisture levels varied
according to grainms.

Peeling was conducted using a modified nylon-brush peeler devel-
oped at Kansas State University. Air-dried materials were aspirated,
yielding 88.2-91.97 peeled grain and 9.1-13.7% peelings. Proximate
analyses for the grains and their peelings showed a higher percentage
of fat, ash, and fiber in the latter. Peeled commercial grains had
better values for all amino acids except methionine, isoleucine,
leucine, and phenylalanine.

Determination of tannins in the samples showed pericarp material
of all grains contained higher percentages of tannins. Presence of
tannins in the peeled grains could be attributed to the inclusion of
endosperm-grit and germ fractions (with the bran portion still adhering)
in the peeled grain, and this could not be separated.

Production of maltose by a- and B-amylases was decrea;ed with
increasing levels of tannins present in the peeled grain and pericarp

material. Hence negative correlation was found between maltose



produced and percent tannins in the samples.

Effects on pepsin-pancreatin digestion were determined and
expressed as mg. of glycine equivalents. These values were low in
samples with high tannin content. Residual undigested protein in the
samples following pepsin-pancreatin digestion was high in those samples
which contained more tannins. This gave a positive correlation of 0.99
for grain and 0.94 for pericarp material. Percent digestibility of the
protein was low in samples having higher levels of tannins.

Studies with Coturnix quail did not show significant differences
for weight gains or feed conversion between treatments using the dif-
ferent processed grain and combinations with the separated pericarp
material. While the protein in the diets (1-11) ranged between 26.2-
28.2% the amount of protein supplied by various grains was only
2.98-3.71%. |

Range of tannins in the diets was 0.13-0.63%7 and were below levels
reported to slow growth of chicks. Data on amino acids showed little
difference between diets. Females grew significantly (P < 0.01) faster

than males.



