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Chapter 1

INTRODUCTION

Sorghum grain production in the United States has increased from
200 million bushels in 1956 to 770 million bushels in 1967. Many factors
have contributed to this thres fold increase in production. First, the
development of male-sterile types made hybrid sorghum seed possible. Hybrids
have increased yield 257% over previously established varieties. Second, the
increase in demand for sorghum grain for feedstuffs due primarily to an
increase in livestock numbers, Thirdly, a decrease in the price of wheat and
less demand for wheat in feedstuffs has caused land to be diverted from
wheat production to sorghum graine Fourthly, hybrid grain sorghums are more
drouth resistant and respond more favorably to newly developed irrigation
methods used in West Central United States than wheat. In 1969, Kansas
harvested 182,896,000 bushels of sorghum grain.

To date most research has been concentrated on different processing
methods for sorghum graine Very little work has been conducted to improve
the nutritional value of grain sorghume Riewe (1966), Breuer et al. (1967),
McGinty (1969), Nishimuta, Sherrod, and Furr (1969) and Drake et al. (1970)
all report differences in the nutritional value of different varieties or
types of grain sorghum for sheep and cattle,

A new white hybrid grain sorghum, Funk's G«766W, has been reported to be
superior to regular red elevator-run (origin unknown) in feeding trials and
digestibility studies Wilson (1968), Nishimuta et al, (1969), Drake et al.
(1970), KeSe Eng (personal communication) and R. G. Hinders (personal
communication)s To the author's knowledge no work has been conducted

comparing different hybrid grain sorghums to the new white hybrid.



This research was conducted to determine nutritive value of four
different hybrid grain sorghum on feedlot preformance, carcass characteristics,
and coefficients of digestion, when fed in an alleconcentrate ration. The
four hybrids studied were:Funk's G=766W (white over yellow endosperm),

Acco Re109 (red over yellow endosperm), DeKalb E=57 (red over white endosperm),

and Northrup King 222A (red over yellow endosperm).



Chapter II
REVIEW OF LITERATURE

Sorghum Grain Structure

Rooney and Clark (1968) stated that the sorghum grain kernel is a
flatten sphere approximately 4.0 mm long by 3.5 mm wide by 2.5 mm thicke.
Kernel weight varies from 8 to 50 mg (average 28 mg). There are 164 to
252 thousand seeds per kg. The kernels or caryopsis are made up of three
main parts: the outer covering, pericarp; the storage tissue, endosperm;
and the germ, embrvo.

Each part can be subdivided. The outer most layer of perlcarp is the
epidermis or epicarp, which contains pigments and waxe The middle layer or
mesocarp contains small starch granules embedded in a dense, proteinaceous
networke. The inner portion of the pericarp, endocarp, is composed of cross
cells and tube cells. Swanson (1928) listed four parts of the pericarp:
cuticle, epidermis, hypoderm, and mesocarp.

The next layer {s sometimes pigmented and it has been called the
nucellar layer by Swanson (1928), testa by Artschwager and McGuire (1949)
and McGinty (1969), seed coat by Sanders (1955), and undercoat by the wet
milling Industry. The multitude of names has caused some confusion in the
literature, especially those reports dealing with the pigments found in this
structure. This layer will be referred to as seed coat in this thesis.

Swanson (1928) and MeGinty (1969) reported that some varieties of
sorghum have no seed coat present. Sanders (1955) studied the morphological
development of six varietics of sorghum: Martin, Early Hegari, Combine

Kafir 60, Texas Combine Kafir, Combine Kafir 54T, and Texioca 54. He found



a seed coat present or a cutinous membrane which was the remains of a seed
coat in all varleties studied, He noted varletal difference. Early Hegari
was the only variety with pigments In the seed coat. Combine Kafir 54T

had a nonpigmented layer that was partially cellular. Sanders found a

seed coat present in all six varieties studied. Watson -t al. (1955)
studied the Martin variety and reported no seed coat present. Sanders (1955)
reported Martin had a seed coat. The above confirms confusion concerning
the presence of a seed coat. Blessin, Van Etten and Dimler (1953), Hale

et al. (1969), and Brown (1959) report pigments in the seed coat can give
sorghum grains a bitter tannin taste which lowers palatability.

Rooney and Clark (1968) state the endosperm of the sorghum kernel is
composed of an aleurone layer and the peripheral, corneous, and floury
endosperme The aleurone layer located immediately beneath the seed coat
is a layer of small, dense endosperm cells with a relatively high content
of oil and protein. Rooney and Clark (1968) and Watson et al. (1955)
stated the peripheral endosperm was located just beneath the aleurone layer
and consists of a layer several cells thick which can be distinquished from
horny and floury endosperm because of small starch granules which are
enmeshed in a thick proteinaceous matrix, Watson et al. (1955) found the
thickness of the peripheral endosperm influenced by enviromment and variety.

The starch of the horny or corneous and floury endosperm can be waxy
(all amlyopectin) or 25% amylose and 75% amlyopectin which is normal for
both corn and sorghum grains (Watson, 1959). The amylose content of 210
varieties of sorghum ranged from 217% to 28% as found by Deatherage,
MacMasters and Rist (1955). Five varieties of waxy sorghum each had an

amylose content of 1%.



MacMasters (personal communication) has listed the mature structure

of sorghum and corn kernels to be as follows:

Pericarp

Epidermis
Mesocarp
Cross cells
Tube cells
Seed coat

Endosperm

Aleurone layer

Peripheral endosperm
Corneous (horny) endosperm
Floury endosperm

Embryo

Scutellum (cotyledon)
Embryonic axis

Rubbard, Hall and Earle (1950) hand dissected five varieties of sorghum
grain (Martin, Westland, Midland, Cody (waxy Kafir), Pink Kafir) and found
the following results: endosperm makes up from 80 to 84.6% (avg 82.3%)
of the kernel, bran 7.3 to 9.3% (avg 7.9%) and germ 7.8 to 12.1% (avg 9.8%)
of the kernel. Approximately 90% of the total starch and 80% of the total
protein was found in the endosperme The germ contained approximately
75% of the ether extract.

Chemical Composition

The chemical composition commonly used for all varieties of sorghum

1s as follows:

TABLE 1., CHEMICAL COMPOSITION OF SORGHUM

% % % % %
Reference Protein Fat Fiber NFE Ash
Morrison 1959 10.9 3.0 2.3 81.7 2'1
N.R.C. 1963 11.0 2.8 2.4 8l1.9 1.9

Cra.mpton 1969 11.1 3.0 262 79.9 2.0




Miller (1958) has listed the ranges of the proximate analysis and Watson (1967)

lists the averages as sited by Rooney and Clark (1969).

TABLE 2. PROXIMATE ANALYSIS RANGES AND AVERAGES

% %
Source Range Avg
Starch 60-77 74.1
Protein (N x 6.25) 6.6=16 11.2
Fat lob=6.1 3.7
Ash 1.2-7.1 1.5
Crude Fiber h=13.4 2.6
Tannin «003=.17 ol
NFE 65.3-85.3 J—

Protein. Miller (1958) reported the protein of sorghum grains may
range from 8 to 12%. Pickett (1969) reported a range of crude protein from
7 to 267 and lysine .86 to 3.36% af total protein from 400 lines of the
world sorghum collection. Most lines with values above 20% protein were
relativgly low yielding material or grassy-type sorghums. In good agronomic
types the range of protein was from 8 to 20%. Deyoe, Waggle and Sanford (1967)
and Miller et al. (1964) have found that the protein content may differ
because of climate, soil, cultural practices, and variety. Generally hybrids
are lower in protein than the parent varieties. This was reported as due to
an increase in starch content (Rooney and Clark, 1968). Miller et al. (1964)
found that protein level of sorghum grains grown at various locations in
Kansas under different conditions varied from 6.6 to 12.8% protein in 1961
and 5.9 to 12.1% protein in 1962.

Eng (1965) found that with three varieties of sorghum, RS«610, RS=621

and Ute which represent low, medium and high protein varieties respectively,



there was a distinct varletal difference in terms of protein content.
RS=610 contained %9.9% crude protein; RS«621, 11.5%; and Ute, 12.%% crude
protein. Also within each varlety as N fertilizer was increased protein
content of the grain was increased.

Breuer et al. (1967) reported a range from 8 to 157 for crude protein
for 2B parent variletlies of sorghum grains grown in Texas. Hegari varieties
appeared to be the lowest in crude protein, Kafirs were medium, and Martin
and certain Fetertas were the highest in crude protein. When Martin was
used as a seed parent the hybrids were also higher in crude protein content.

Deyoe and Shellenberger (1965) analyzed 15 different hybrid sorghum
gralns grown at two locations and found a significant difference in amino
acids due to hybrids. The amino acids were reported as percent of sample and
percent of protein. The amino aclds of importance from a nutritive stand
point are methionine which ranged from 1.22 to 1.97% and lysine which ranged
from 1.8l to 2.49% reported as percent of proteine.

Pickett (1968 unpublished data) working with 9 seed parent varleties of
the world sorghum collection reported lysine to vary from l.74 to 2.74% of
the protein. This work is in agreement with Rooney and Clark (1968) who
expected hybrids to have less variation in lysine and other amino acids
because the majority of hybrids are from a small number of seed parents.
Breuer (1969) reports that the majority of hybrids were developed from 30
seed parents.

Tannins. Varieties of sorghum grains with open heads and brown seeds
are better adapted to humid areas of the world than those having compact
heads and white seed or yellow seed. Characteristically, the brown
seeded varietles are also high in tannin which may effect their palatability

and nutritive value for livestock (Chang and Fuller, 1964).



Phenolic pigments, including tannins are found mainly in the pericarp
of sorghum gralns. A number of investigators have reported that these
pigments may cause unpalatibility and bitterness (McClymont, 1952; Blessin
et al., 1963; Chang and Fuller, 1964; and Dimler, 1965).

Barham et al. (1946) reported the tannin content of 13 varieties of
grain sorghums. They found the extremes to be 003%Z for Atlas and .1667%
for Early Sumac. Other popular varieties reported are: Feterita .0129%,
Hegari .00497%, Wheatland .0080%, Atlas Sorgo .0030%, Pink Kafir 00487 and
Leoti Red .1578%.

Brown (1959) attributed the bitter flavor of brown-sceded grain to
tannins. Blessin, Van Etten and Dimler (1963) studied anthocyanogens
(leucoanthocyanins) which are polyphenolic compounds that may be the precursors
to condensed tannins. Anthocyanogens were detected in yellow milo (Martin,
Midland and Westland) and Red Kafir, but not in white Kafir, waxy or vellow=
endosperm varieties. The location of the anthocyanogens was traced to the
pericarpe.

Tannins have an inhibitory effect on various enzymes. Enzymes are
protein in nature. Lyr (1965) used tannic acid to precipitate amylase.
Miller and Keen (1947) isolated an amylase inhibitor malnly found in bran
fraction of sorghum grain. The inhibitor was extremely resistant to heat.
The red«brown color could not be removed without loss of activity of the
inhibitor. Tﬁe inhibltor was soluble in water, alcohol and acetone and
insoluble in ether. The inhibitor was inactivated by rumen fluid. Bell
et al. (1962, 1965) found the activity of pectinase and cellulase was
decreased by the presence of water soluble leaf pigments. Sericea which is

high in tannin had the highest inhibiting effect. Lyr (1965) found poly-

phenols (tannins) had an inhibiting effect on the enzymes amylase, perioxidase,

pectinase and cellulase.



Digestion Trials

Sheep. Rlewe (1966) used sheep on an all sorghum grain diet to study
the digestibility of nine varieties of sorghums commonly used in
hybridization programs for hybrid grain sorghum production. Coefficients
of digestion (COD) for energy, protein, and nitrogen free extract were not
different. When the feeding rate was over 1.57% of the body welight, three out
of five wethers went off feed.

Nishimuta, Sherrod and Furr (1969) studied the digestibility of waxy
endosperm (Funk's 3758), and a white graln with a yellow endosperm (G-766)
and regular red grain sorghum (origin not known) with sheep. Digestibility
of organic matter, non-protein organic matter, gross energy, crude protein,
and Nefree extract were significantly higher for the waxy and white grains
than for regular reds Crude fiber digestibility was significantly higher
for the white grain. They reported that the starch was more uniform in the
white sorghum (G=766) and concluded that improvement of digestibility of the
white over regular red was probably related to the type and uniformity of
the starch granules. Hale (unpublished data) found the same trends alfhough
he had a higher CCD,

Cattle. McGinty and Riggs (1968) and McGinty (1969) reported the COD

of eight different parent varieties of sorghum grain by steers fed an all-
concentrate diet. The eight varieties studied were TX-09 Feterita (white
starchy), 7078 (red soft starchy), TX-2536 (yellow, harder corneous),
Martin (red, hard corneous), Combine Shallu (white, hard corneous), Darset
#28 (brown, soft starchy), Shantung Brown Kaoliang (brown, soft starchy), and
Double Dwarf White Waxy Feterita (white waxy, corneous).

The first trial Combine Shallu was not Included. COD for dry matter,

organic matter, non-protein organic matter, and apparent and true protein
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were significantly lower for Darset and Kaollang (brown seeded varieties).
Martin®s COD were Intermediate. In trial II Shallu was added to the above
seven varieties. The results of experiment Il were essentially the same as
the first trial. Differences in digestibility of dry matter were not
gignificant among TX-09, 7078, 2536, and Double Dwarf White Waxy Feterita.
Martin and Shallu were intermediate while Darset and Kaoliang were lowest

in digestibility of dry matter. Apparent digestible protein was significantly
lower for the Darset and Kaoliang (brown seed varieties) than the other six
varieties.

The COD reported in the previous trials for the regular red sorghum
grain was in close agreement with Saba et al. (1964), McGinty, Breuer and
Riggs (1966), Keating et al. (1965), and Brown, Tillman and Totusek (1968)
when feeding an all-concentrate ration to steerse.

Sherrod, Albin and Furr (1969) determined the net energy for maintenance
(NE,) and gatn (NEg) for waxy and regular sorghum grains for fattening
cattle. The NE, and NEg for regular grain sorghum was 1.43 and .95 and for
waxy 1.50 and 1.24 megcal/kg, respectively. The carcass data revealed that
the waxy ration produced more backfat and required significantly less feed
per kg of carcass gain which was 12.32 for regular grain and 10.97 kg
feed/kg gain for waxy. They concluded that the waxy starch (all amylopectin)

was apparently more available to enzymatic degradation in the digestion processe.
Feeding Trials

Parent Varieties -- Rats. Sorghum gralns Hegari, Dwarf Yellow, Shallu,

Waxy Kafir, and Martin were compared to corn and wheat (Smith, 1930; Lamb,
Michie and Rivers, 1966). Results showed unsupplemented ground sorghum

grains vwere nutritionally inferior to ground corn and ground wheat for ratse.
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Parent Varietles -=- Sheepe Riewe (1966) compared the feed value of

Hegari, TX=-414, Martin, and Kafir to corn for sheeps All of the sorghum
grain rations were significantly lower than corn in average daily gain and
feed conversion. The lambs on sorghum grain ate 11.7% more grain and
required 24.37 more feed to produce a pound of gain than lambs on corn
rations. Martin required 117 more feed than Early Hegaril, Texas=414 or
Combine Kafir to produce a pound of gain.

Brewer et al. (1967) studied four parent varietles 7078, TX-414, Kafir,
Martin and their hybrids 610 (7078 x Kafir), 608 (7078 x Martin), 624
(414 x Kafir) and 625 (414 x Martin). Average daily galn was essentially the
same for all varieties and their hybrids for fattening lambs. Martin was
again utilized with lowest efficiency. The hybrids 608 and 625 with Martin
as seed parent appeared to be used less efficiently than the hybrids 610 and
624 for which Kafir served as the seed parent.

Parent Varieties == Cattle. Weber, Aicher and Kessler (1951) compared

Midland (Pink Kafir Dwarf x Yellow milo), Westland, and Pink Kafir to corn
for fattening cattle. The two combine sorghums (Midland and Westland) were
equal to corn for average daily gain and feed per pound of gaine Pink
Kafir took approximately 30 pounds less feed to put on a hundred.pounds of
gain than corn or Midland or Westland,

Brethour and Duitsman (1955) fed Texas 09 (feterita, floury endosperm) ,
Texioca 54 (waxy endosperm), and RSe610 (a popular hybrid) to fattening
steers. Intake was more for RS-610. The waxy sorghum grain resulted in
slightly but not significantly greater gain and improvement in feed
efficiency. No advantages were noted with floury endosperm type Texas 09.

Hybrids -- Cattle. Hale et al. (1964) compared two hybrid grain sorghums

Texas and Willcox to Hegarl (parent variety) and steamed flaked barley.
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When comparing Hegari, Texas, and Willcox varieties, Hegari had the
highest ADG and best feed efficlency record. The two hybrids had similar
ADG but Texas appeared to be more efficient than Willeox hybrid,

Riewe (1969) fed fattening cattle four hybrids of grain sorghum
RS=608 (Martin x 7078), RS=625 (Hartin X TXe414), RS=610 (Kafir x 7078)
and RS=626 (Kafir x TX-414)., Using a ration of 67.5% sorghum grain, 15%
cotton seed meal, and 167 ammoniated rich hulls he found the Kafir derivative
RS=610 produced significantly higher ADG and feed intake than other hybrids.
The other Kafir derivative RS-626 had a poorer feed efficiency and ADG than
Martin derivatives. The RS=626 fed to fattening cattle contradicts the
observation by Breuer et al. (1967) who fed ks-626 to fattening lambs and
found RS=626 to be better than Martin seed parent derivatives,

Bird Resistant Sorghum. Hale et ale. (1969) studied the effect of
steam flaking on a bird resistant (Arkansas 614) sorghum graine The first
56 days on test the fattening ration contained 40% roughage and there were
no differences in gain or feed efficiencys After 112 days on test, the
steers fed bird resistant sorghum gained .15 1b less per day and required
slightly more feed than the steers fed regular sorghum graine This would
suggest the bird resistant grain in high grain rations may not be as
efficient as regular milo when both rations are steam flakeds They also
conducted in vitro gas production studies on ground grain and steam processed
regular and blrﬂ resistant sorghum grains. Steam flaking of the bird
resistant grain increased gas production four times over ground grain and
made it almost equal to the regular steam flaked sorghum grain for g&s proe
duction.

Feeding Trials == Waxye Sherrod et al. (1969) found that waxy Funk's

3758 required 97 less feed per 1b of gain and was significantly more efficient
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than regular sorghum grain for a fattening ration. The waxy grain produced
significantly more fat in the final body camposition.

Feeding Trials == Whites Ke O. Wilson (personal communication, 1968)

compared white sorghum grain (Funk's 765W) to a red hybrid (Funk's 744)
with 24 lactating Holstein cowse The white grain produced significantly
more milk over a nine week period.

Ke S. Eng (personal communication)}, Re. G. Hinders (personal communication)
and Drake et al. (1970) have conducted fattening trials with cattle where
a white sorghum grain (Funk's G-766W) was compared to regular red (elevator
run) sorghum grain., They observed essentially no difference in ADG but an
improvement in feed efficiency in favor of the white grain. Drake et al.
(1970) found the white grain required .79 Ib less feed to produce a pound

of gain.
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Chapter III
FEEDING VALUE OF FOUR DIFFERENT
HYBRID GRAIN SORGHUMS FOR
FATTENING CATTLE

Sorghum grain is the major feed grain used in cattle fattening
rations in the Midwest. New hybrid grain sorghums are being developed to
improve productivity and nutritive value. One of these new hybrids, Funk's
G-766W has a white pericarp over a yellow endosperm. Improvement in feed
efficiency for fattening cattle has been reported for Funk's G=766W when
compared to regular red (elevatorerun) grain sorghum (Drake et al. 1970;

Ke Se Eng, personal communication; and Re Ge Hinders, personal communication).
A significant increase in milk production was found for Funk's 765 (white
grain) when compared to a red hybrid (K. O. Wilson, 1968).

This study was designed to compare a white hybrid grain sorghum (Funk's
G=766W) to three red hybrids produced in large quantities in Kansas. The red
hybrids were: Acco R=109 (red over yellow endosperm), DeKalb Ee57 (red),
Northrup King 222A (red over yellow endosperm). Comparisons were made on the

basis of agronomic productivity, feedlot performance and carcass characteristics.
Experimental Procedure

Grain Sorghum Production. Four hybrid grain sorghums were produced

under similar conditions with {rrigation near Manhattan, Kansas. On June 9,
1969 all four hybrids were planted at the rate of 7.85 kg/ha (7 1bs/A) in
¢91 m (36 in) rows. The sorghum was rotary hoed, sprayed with 2, 4D,
cultivated twice, and hilled for irrigation. One hundred and sixty=-eight kg
N/ha (150 1bs N/A) were applied preplant as anhydrous ammonia with 10 kg N
(9 1bs/A), 24.6 kg P205 (22 1bs/A), 17.9 kg K90 (16 1bs/A) and 5.6 kg Zn

(5 1bs/A) supplied per hectare as starter fertilizer. Agronomic performance
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data were gathered to compare yields of hybrids. Expected yleld data was
calculated by hand harvesting 6.1 m (20 ft) of a 91 m (36 in) row. Six
randomly selected plots per hybrid were threshed seperately and grain per plot
was weighed. The graln was harvested and stored seperately until fed.

The grain was dry rolled, and incorporated into isonitrogenous, all=
concentrate rations (127% crude protein dry matter basis). The rations
contained approximately: sorghum grain, 98%; salt, l%; trace mineral premix,
¢05%; urea, +57; limestone, «5%; with 7.8 mg chlorotetracy: ine and 1,653 I.U.
vitamin A per kg ration (Table l). Urea was used to make the rations
isonitrogenous. Proximate analysis of the four hybrid grain sorghums is
presented in table 2.

Feedlot Cattle. During the winter of 1969-70 sixty head of Hereford

steers with an average welght of 346 kg were randonly allotted by weight
into 12 lots of five head eache Ten head were group fed (nonesheltered) and
five head were individually fed (sheitered) per treatment. The cattle were
adjusted to an all-concentrate ration during a four week period using sorghum
silage and regular elevator-run red grain sorghum. Each steer was implanted
with 30 mg stilbesterol. The first six days of the trial 1.36 kg of a
synethic roughage (Ruff-tabs by Farmland Industry) was fed. Automatic waters
were avajlable in each pen. The steers were Individually weighed and
beginning and ending weights were the means of weights on two consecutive
days. They were individually weighed at 28 day intervals during the 126 day
test period. All cattle were slaughtered and carcass data were takene
Statistical analysis were by analysis of variance (Snedecor, 1956).

Results and Discussion

Agronomic Data. Agronomic performance data of the four hybrid grain

sorghums are presented in table 3. There was a significant difference (P < +05)



TABLE 1. INGREDIENTS IN RATION

% of
Item ration
Sorghum grain? 98
Salt 1
Trace mineral premixb «05
Ureaa 5
Limestone o3
Chlorotetracycline 7.8 mg/kg
Vitamin A 1,653 1U/kg

8 Graln varied with urea added to keep rations isonitrogenous at
127% protein (dry matter basis)e. Urea added as % of rations:
Funk's G=766W, ¢37; Acco R=109, +62; DeKalb E=57, .703

Northrup King 2224, .23.

Percentages of indicated elements in trace mineral premix:
manganese 4.47%; iron 6.6%; copper l.32%; cobalt .23%;
lodine +307%; zinc 57; magnesium 20%; sulfur 2.7%.
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TABLE 2. PROXIMATE ANALYSIS OF FOUR HYBRID GRAIN SORGHUMS

DRY MATTER BASIS

Sorghum Hybrid

Funk's Acco DeKalb Northrup
Item G=766W R=109 E=57 King 2224
Dry matter % 84.20 84.84 84,49 84,11
Protein % (N x 6.25) 10.65 10.49 10,17 11.83
Ether extract % 3.26 3.18 2.92 3.20
Ash 7- 1.5& 1069 1-58 1058
Crude fiber % 2.03 2,12 1.87 1.87
N-free extract % 82.77 82,52 83.43 81.52
Starch % 77.33 79.04 78.27 76.96
Cross energy Kecal/kg 4572.00 4520,00 4552,00 4585,00




TABLE 3. AGRONOMIC PERFORMANCE DATA OF FOUR HYBRID GRAIN

SORGHUMS (SUMMER 1969)
DRY MATTER BASIS

22

Sorghum Hybrids

Funk®'s Acco DeKalb Northrup

Item G=766W R=109 E=57 King 222A
Ha/field 2.51 3.61 3,76 2055
Kg/field 12,733 19,813 22,162 14,891
Dry matter 7% 85 84,8 85 85
Actual yield

kg/ha™ 5,073 6,270 5,894 5,839
Expected yield

kg/ha*a 6,120 7,063 6,328 5,928
Field loss

kg/ha™™* 1,046 793 434 65
Field loss % 17.1 11.2 6.9 1.1
Avg leaves/

mature plant 8 to 9 8 to 9 9 to 11 7 to 8

Mature plant
height mm

1.37 to 1.47 1.32 to 1.35 1.32 to l.40

1le24 to 1.32

*
F-ratio indicates significance P ¢ .05 between methods of
harvesting

F*ode

Chi-square indicates significant field loss (P £.01)

8 Expected yield = grain harvested by hand from 6.l m of a .91 m row
calculation of expected yield
10,000 sq m/ha, 555.1 sq m = ,05551 of ha
1 5 .05551 = 18.015
18.015 X kg grain/6.1 m - expected kg/ha
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between methods of harvesting. Hand harvesting yielded significantly more
grain than combine harvesting. Field loss was tested by chiesquare and a
significant loss (P& .0l) was indicated. Some lodging of Funk's G-766W at
harvest explains the higher field loss observeds No further statistiecal
analysis was attempted because only one observation could be made of actual
yield per hybride. The yield potential of all four hybrids were about the
same as shown by expected yield (table 3). Also the four hybrids were
approximately the same in actual yleld. Yield is the criteria used the most
to compare hybrid sorghum grain.

Feedlot and Carcass Data. Feedlot and carcass data are presented in
table 4. The data are based on the averages of 15 head (14 head for Acco
R=109) per treatment, five head fed individually in sheltered pens (south
side open), and 10 head fed in two groups of five in n;n-sheltered pens.
There were no significant differences in average daily gain, feed intake,
kg feed per kg gain or carcass traits (table 4)s There was little
variation in average daily gain due to hybrid, however, steers on DeKalb
E-57 consumed slightly more feed. Steers receiving Funk's G=766W required
+99 kg more feed to produce a kg of gain than the average of the three red
hybridss Acco R=109 was utilized most efficiently requiring 7.08 kg feed
per kg gain; Northrup King 222A, DeKalb E«57, and Funk's G«766W required
7447, 7493, and B.48 kg of feed per kg gain respectively. This trend is
not in agreement with the findings of Drake et al, (1970), K. Ss Eng
(personal communication) or Re Ge Hinders (personal communication) who all
found the white grain to be more efficliently utilized. However, red sorghum
grain of an unknown orgin listed as elevator-run or red sorghum grain
was used in these trials.

When feedlot performance data were analysed seperately by analysis of
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TABLE 4, PERFORMANCE AND CARCASS DATA OF STEERS FED ALL=-
CONCENTRATE RATIONS CONTAINING FOUR HYBRID
GRAIN SORGHUMS (WINTER 1969«1970)
DRY MATTER BASIS
Sorgchum Hybrids
Funk's Acco DeKalb Northrup
Item G=766U R=109 E=57 King 222A
Feedlot data
No. steers 15 148 15 15
Avg initial wt,
kg 347 #4.64° 344 +46.00 350 #4.79 343 43,9
Avg final wt,
kg 472 +9.19 476 +9.14 480 +10.84 464 410,57
Avg daily gain,
kg 1.02 '_"_0.06 1.06 _"’_0-07 1.00 10.05 097 1’0.08
Avg daily feed
intake, kg 7.68 1'0-51 7462 10.37 8.18 :0-37 739 10.28
Avg kg feed/
kg of gain® 8.48 40,37 7,08 #0436 7,93 +0,37 7.47 40,36
Carcass data
Avg hot carcass
wt, kg 294 45,55 274 464,97 299 47.35 285 47.75
Avg ribeeye -
area cm 82.07 #1.61 79,42 +46.61 B8l.04 +1.29 80,26 +1.93
Avg fat over -
rib-eye mm 10.16 #0.76 10,16 +0.76 10.16 40.76 9,04 +1,.01
Avg carcass -
grade 10.05 #0.30 10.16 40.31 10.43 #0.25 10.26 40,16
Avg yield -
grade® 2.43 +0.14 2,58 #0.14 2,46 +0.11 2.27 +0.16
Avg marbling -
score 15.10 #0.71 15,02 40.73 15.53 40.58 15.31 +0,87
; One steer crippled in lot and had to be removed.
Standard error.

0

Figured by using 2 group fed lots at 2 observations plus 5 individually

fed observations, a total of 7 observations.

High good

mo A

ug;

1 = most desirable;
Small = 14; modest = 17,

Low choice = 10,
5 = least desirable.
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variance for sheltered lots (individually fed) and non-sheltered lots (group
fed) no significant differences were found in feedlot or carcass data. When
average dajily gain, average dally feed intake, and kg feed per kg gain were
calculated seperately there was a trend for steers fed in sheltered lots to
gain faster and require less feed per kg of gain (table 5). The sheltered
steers gained 1.03 kg per day and the nonesheltered steers gained 1.00 kg
per day. Kg feed per kg of gain was 8.48 for non-sheltered steers as
compared to 7.20 for sheltered steerses In the sheltered pen it took 1.28

kg less feed to produce a kg of galn during the winter of 1969-70 on an alle
concentrate ration.

Lofgreen and Garrett's (1968) net energy tables were used to calculate
expected gain for non-sheltered and sheltered steers (table 6). None
sheltered cattle gained .29 kg less than expected, and the sheltered cattle
gained .06 kg less than expectede Acco R=-109 and Northrup King 222A fed in
sheltered lots had higher average daily gains (+.05 and +.09 kg respectively)
than would be expected of regular sorghum grain according to Lofgreen and
Garrett's tables (1968)e In nonesheltered lots steers on the same two
hybrids gained closer to the expected values than did those on DeKalb E=57
or Funk's G-766W. Data in tables 5 and 6 indicates that steer's performance
was best in sheltered lots. More energy was required for maintenance in the
non=sheltered lots. In a review of feeding all-concentrate rations, Wise
et al. (1968), made no mention of the effect the period of the year had on
performance of all-concentrate rationse Ellis (1965) summarized the results
of 27 trials involving approximately 3,300 cattle. The following figures for
average daily gain, average daily feed intake and feed efficiency respectively
were given: 1420 kg, 8467 kg and 7.24 kge The average kg feed/kg gain of

the four hybrids fed in sheltered lots was 7.20 which is in agreement with



TABLE 5., PERFORMANCE DATA OF NON-SHELTERED (GROUP FED) AND

SHELTERED (INDIVIDUALLY FED) STEERS ON ALLe
CONCENTRATE RATION (WINTER 1969-1970)
DRY MATTER BASIS

Non=sheltered lots

Sorghum Hybrid

Funk's Acco DeKalb Northrup

Item G=766W R=109 E=57 King 2224
No. steers 10 g8 10 10
Avg initial wt,

kg 348 +2.10 344 +1.69 350 +1.90 343 #1.67
Avg final wt,

kg 479 +2.41 474 +1.51 475 +4.02 456  +3.87
Avg dally gain,

kg 1.04 40.06 1.02 +0.35 «99 +0.22 «89 +0.28
Avg dally feed b

intake, kg 9,38 8.00 8.27 770
Avg kg feed/

kg gain 9-01 7 .84 8.37 8.71

Sheltered lots

No. steers 5 5 5 5
Avg initial wt,

kg 346 +3.30 347 +1.88 352 +l.40 346 +1.74
Avg final wt,

kg 460 45.94 485 43.75 493 +3.12 483 +1.87
Avg daily gain,

kg ogo 10132 1'10 :0.13 1.11 1‘0.3‘4 1-08 '.'0-11
Avg deily feed -

intake, kg 7.02 4034 7.49 40.45 8.18 40.17 7.30 +0.22
Avg kg feed/ -

kg gain 7.96 40,31 6.81 40,06 7.32 +0.31 6.72 +0.28

A One crippied fn lot and had to be removed.
Standard error left off, only 2 observations.
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TABLE 6, PREDICTION OF AVG DAILY GAIN OF SHELTERED AND
NON-SHELTERED LOTS BY NET ENERGY3D

Sorghum Hybrids

Funk's Acco DeKalb Northrup
G=766W R-109 E=57 King 222A
Ttem N-s® g€ NeS S N-S S N=3 s
Noe. steers 10 5 od 5 10 5 10 5
Mid wt, kg 432 403 409 416 412 422 381 414
Avg daily
feed, kg 10,55 8.71 8.81 8.24 9,09 8,99 9.08 8,06
Kg graln for
NEg 3.71 3.65 3.68 3.75 3472 3,77 3465 3672
Kg grain left
for production 6,60 5,06 513 4,40 5.37 5.22 5642 4.30
Megcal for
production Bol43 6446 655 5,74 6.86 6.66 6,92 5.49
Expected avg
daily gain, kg 1.43 1.18 1.19 1.06 1,23 1.18 1.27 1.00
Observed avg
daily gain, kg 1.04 .91 1.02 1.10 «99 1.12 296 1.19
Difference in avg
dally gain, kg «s39 =,27 =el7 +.05 =s32 a,ll -s3l +,09

Avg of &4 treatment observed « Expected avg daily gain
Non=sheltered lots = =,29 kg
Sheltered lots = «,06 kg

& Lofgreen & Garrett's (1968) Net Energy Tables for Use in Fattening
Beef Cattle.
b Sorghum grain NE; = 1.92 megcal/kg
NE B = 1,28 megcal/kg
€ N-S = non-sheltered lots, S = sheltered lots.
One steer crippled in pen and had to be removed.
€ Observed avg daily gain - expected avg daily gain.
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7624 cited by Ellis (1965) for alleconcentrate rations.

There were little differences among average daily gains of the steers
receiving the four hybrids in sheltered lots. Average daily feed intake was
slightly higher for DeKalb E=537. Steers receiving Acco R-109 and Northrup
King 222A required less feed per kg of gain, 6.8l and 6.72 respectively,
than DeKalb E«57 which required 7.32 and Funk's G=766W which required 7.96
kg to produce a kg of gaine.

Based on the work presented in this study the four hybrid grain sorghums
could be ranked as follows: Acco R-109, Northrup King 222A, DeKalb E-57, and
Funk's G=-766Ws Although the differences were not significant, the majority
of tests used to compare the four hybrids (table 3, 4, 5, 6) would indicate
this ranke Generally Acco R=109 was utilized more efficiently than other
hybrids and Funk's G=-766W was utilized least efficiently. The first seven
days of the trial steers receiving Acco R=109 did not consume as much grain,
but after seven days consumption was essentially the same for all hybrids,
This would indicate an initial palatability problem to which the cattle
rapidly adapted.

Although not significant, data from the present study does indicate
differences in nutritional value of different hybrid grain sorghums. Hale
et al. (1964) and Riewe (1969) agree that there may be differences in the
nutritional value of different hybrid grain sorghums.

Summary

This study was conducted to compare the agronamic characteristics and
feedlot performance and carcass traits of steers fed four hybrid grain sorghums.
There were significant differences (P <.05) in methods of harvesting., Hand
harvesting ylelded significantly more grain. When field loss was tested by

chi-square a significant (P<.0l) difference was observed between hybrids
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which was probably due to Funk's Ge766W lodging at harvest time. The four
hybrid grains were dry rolled and incorporated into isenitrogenous all-
concentrate rationse. The rations contained approximately: sorghum grain,
98%3 salt, 17%; trace mineral premix, 05%; urea, .5%; limestone, «5%; and
7.8 mg chlorotetracycline and 14653 IU vitamin A per kg of ration. There
were no significant differences in feedlot performance or carcass traits
among hybrids when tested by analysis of variance either seperately as
non-sheltered (group fed) or sheltered (individually fed) or when the two
groups were pooled together. The steers in sheltered lots gained faster
and utilized feed more efficiently for production than those in non-sheltered
lots. More energy was required for maintenance of steers in nonesheltered
lotss There were small differences in average daily gain among steers fed
the four hybrids. Feed utilization (kg feed/kg gain) was more efficient for
Acco R-109 (6.8l) and Northrup King 222A (6.72) than for DeKalb E=57 (7.32)
and Funk's G=766W (7.96) with steers in sheltered lots. In nonesheltered lots
Acco R=-109 was the most efficient (7.84 kg feed/kg gain) and Funk's G=766W
was least efficient (9.01 kg feed/kg gain). DeKalb E-57 and Northrup King
222A were intermediate with 8,37 and 8.71 kg feed/kg gain respectively.

These results.suggest there may be nutritional differences in hybrid
grain sorghums for fattening cattle rations, although differences were not

significant in this trial.
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Chapter IV
DIGESTIBILITY OF FOUR DIFFERENT
HYBRID GRAIN SORGHUMS FOR STEERS

There is a lack of agreement in the literature concerning the effects
of different parent varieties on coefficients of digestion (COD). Riewe
(1966) , Breuer (1966), Breuer et al. (1967) reported no significant
differences among COD for sheep or cattle with different parent varieties
of grain sorghums. McGinty and Riggs (1968) and McGinty (1969) reported
significantly (P <.05) lower COD for brown seeded parent varieties. With
the development of male-sterile types of sorghum in 1956, hybrid grain
sorghum has become popular (Watson, 1959). Brewer et al. (1967) reported
that if lower digestibility was found in parents the hybrid generally showed
the same trend. Nishimuta, Sherrod, and Furr (1969) compared waxy and
white grain sorghum to regular elevator-run (unknown orgin) and found
a significant improvement (P <.05) in COD fér waxy and white graine. Drake
et al. (1970), K. S. Eng (personal communication) found an improvement in
feed utilization in favor of the white gralin In feedlot studies.

This trial was conducted to compare the COD, chemical composition, and
mature kernel structure of four hybrid grain sorghumse Three red hybrids
(Acco R-109, DeKalb E-57, Northrup King 222A) and one white hybrid (Funk's
G=766W) were useds The red hybrids are popular in Kansas and the white

hybrid is new but has shown superior feeding qualities in some trials,

Experimental Procedure
Trial 1. Four hybrid grain sorghums were purchased from local farmers
in the fall of 1968. The grains were not grown under the same conditions.

All were incorperated into isonitrogenous all-concentrate rations (13.02%
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protein dry matter basis). The ration contained (table 1) approximately

98,457 sorghum graln, «5% limestone, «5% salt, «05% trace mineral premix,
urea +45%, and 1,653 IU vitamin A and 7.8 mg of chlorotetracycline per kg
of ration.

Trial 2. A second trial in 1969 was conducted using the same four
hybrids. Each was ekposed to the same conditions. They were grown under
irrigation neer Manhattan, Kansas. Planting rate was 7.85 kg/ha (7 lbs/A)
on June 9, 1969 in .91 mm (36 in) rows. The field was rotary hoed, sprayed
with 2, 4<D, cultivated twice and hilled for irrigation. One=hundred and
sixty=-eight kg N/ha (150 1bs/A) was applied preplant as anhydrous ammonia
with 10 kg N (9 1bs/A), 24.6 kg P205 (22 1bs/A), 17.9 kg K20 (16 1lbs/A), and
5.6 kg zﬁ (5 1bs/A) supplied per hectare as starter fertilizer. All hybrids
were harvested within three days and incorperated into an all-concentrate,
isonitrogenous ration containing 127% protein dry matter basis (table l). The
rations were the same as trial 1 except 1% salt was used and urea levels
were different due to different protein contents of the hybrid grains.

Chemical composition. The proximate analysis (A.Q.A.C., 1960) of the

four hybrid grain sorghums are given in table 2 and amino acid composition
in table 3. Seventeen amino acids and ammonia were determined on acid
hydrolysates by ion exchange chromatography using an amino acid autoanalyzer.
The procedures of Spackman et al. (1958) and Moore et al. (1958) were used
for analysis ;nd samples were hydrolyzed by the procedure of Waggle et al.

(1966).

Digestion trial procedure. Both digestion trial 1 (table 4) and trial

2 (table 5) were conducted in the same manner. Four Hereford steers that
weighed approximately 372 kg for trial 1 and 338 kg for trial 2 were used.

Animals and rations were arranged in a 4 X 4 Latin square design (Cochran
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Trial 1 Trial 2
Item % of Ration 7% of Ration
Sorghum grain® 98445 98.0
Sﬂlt -5 1.0
Limestone > o5
Urea® o45°€ .54
Trace mineralb «05 005
Chlorotetracycline mg/kg 7.8 7.8
Vitamin A IU/kg 1653 1653

8 Grain and urea varied to keep ration 1sonitrogenous.

b Percentages of indicated elements in trace mineral premix:

Manganese 4447; iron 6.6%; copped 1.327%; cobalt .23%; iodine .30%;

zinc 5%; magnesium 20 %: sulfur 2.70%.

€ Trial 1 rations were made isonitrogenous to 13.,02%Z protein (dry matter
basis)s Urea added as % of rations: Funk's G=766W, +4%;
Acco R-109, +42%; DeKalb E-57, «75%; Northrup King 222A, 0%.

d Tri

al 2 rations were made isonitrogenous to 12% protein (dry matter

basis). Urea added as % of rations: Funk's G-766W, 57%3

Acco R=109, +627%; DeKalb E=57, +70%; Northrup King 2224, +23%.
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TABLE 2. PROXIMATE ANALYSIS OF FOUR HYBRID GRAIN SORGHUMS
DRY MATTER BASIS
Sorghum Hybrid
Funk's Acco DeKalb Northrup

Item G=766W R«109 E=57 King 222A
Dry matter 7% 84.20 84.84 84,49 84.11
Protein % (Nx6.25) 10.65 10.49 10.17 11.83
Ether extract % 3.26 3.18 2.92 3.20
Ash %7 1.54 1.69 1.58 1058
Crude fiber % 2,03 2.12 1.87 1.87
N-free extract % 82.77 82.52 83.43 8l.52
Starch % 77.33 79.04 78427 76.96
Gross enery

Kcal/kg 4572.00 4520,00 4552.,00 4585.00
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TABLE 3. THE AMINO ACID COMPOSITION OF FOUR HYBRID GRAIN SORGHUMS2
DRY MATTER BASIS
Sorghum Hybrid
Funk's G=766W Acco R=109 DeKalb E=57 Northrup King
222A

% of % of Zof Zof %of % of 7% of 7% of
Amino Acid Sam Prot® Sam Prot Sam Prot  Sam Prot
Lysine «223 2,10 0230 2.19 4254 2.50 231 1.96
Histidine «190 1e79 4227 2.16 4250 2.46 0252 2.13
Arginine «419 3493 o393 3,75 432 b4e25 «400 3.38
Aspartic acid 725 6.81 o743  7.08 4805 7.92 + 805 6.81
Threonine 353 3.32 «360  3.43 368 3.62 386 3.25
Serine +494 4,63 491 4468 L511 5.02 552 4.67
Glutamic acid 2,319 2177 2,250 21.45 2,263 22425 2.581 21.82
Proline «900 8,13 894 8.53 .863 8.49 1.000 Be45
Glycine «340 3,19  .344 3.28 ,360 3.54 +369 3.12
Alanine «997 9,36 «971 9.26 ,973 9,58 l1.114 9,42
Valine «555 5.21 «508 4.84 ,553 5.44 422 3.57
Methlonine o161 1.33 ,145 1.38 ,104 1.03 « 105 «89
Half cystine +086 «81 o214 2,04 ,.119 1.17 «129 1.09
Isoleucine «390 3.66 &1l 3.92 ,393 3.86 «458 3.87
Leucine 1.420 13,27 14383 13.19 1.368 13.46 1.578 13.34
Tryosine o525 3,99 419 3.99 ,399 3.92 «394 3.33
Phenylalanine 494 4.63 550 5,24 516 5.07 «603 5.10
Ammonia «229 2.15 «249 2,37 ,268 2.64 2295 2.49

@ Determined by lon exchange chromatography using an amino acid
autoanalyzer.

Gm of amino acid per 100 gms of sample.
€ Gm of amino acid per 100 gms of protein.
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MEANS AND STANDARD ERRCRS OF APPARENT COEFFICIENT OF

DIGESTION AND NITROGEN BALLANCE OF STEERS FED ALL=-
CONCENTRATE RATIONS CONTAINING FOUR HYBRID
GRAIN SORGHUMS (TRIAL I)

Sorghum Hybrid

Funk's Acco DeKalb Northrup King
Item G=766W R=109 E-57 2224
No. steers 4 4 4 4
Daily dry matter
intake kg/day 4.9 4.5 446 4.8
Digestibility?
Protein 62.8 +2.8° 62,9 41.5  66.0 +1.7 60,2 +2.4
Crude fiber 5lel  #4.2  49.8 #2.4 48,2 Hi.b 46.9 2.4
Ether extract 5842 #4.0  52.8 +6.4  60.3 2.4 613 3640
Nitrogen free -
extract 7849 :3-6 8045 13.1 79.9 _"’_3.0 79.2 +2,8
Dry matter 76,9 3.4 7641 #2.6 7644 +2.8 75.0 +2.6
Total digestible -
nutrients 757 3.6 7645 4243 76.9 +2.8 757 4245
Gross energy 73.2 #3.1  73.8 #3.5  69.8 +3.9 71.8 +l.1
Digestible - -
energy Kcal/kg 3378 #37.6 3360 +16.5 3143 +17.3 3273 +410.6
Nitrogen balance®
Fecal 37.3. #2.7  37.1 41,5 32,8 +1.5 39.8 +3.0
Urinary” 47.8% ¥4.7  57.9° 36.0 43,09 %2.6 47.59 F4.6
Retent fon™ 15.0¢ 35.7 5.12 35,3 21.39 4.1 12,59 3.1
Nitrogen retained”
gn/day 15.69 45,9 5.9% 45.8  21.8% 43.2  12.89 +6.5

8 percent of intake, coefficient of digestion (COD) as cited in text.

Standard errore

C Percent of intakee.
d,e Any means in the same row with different subscripts is significantly
different (P <.05).
Feratio from analysis of variance indicates significance at P <.05.
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TABLE 5. MEANS AND STANDARD ERRORS OF APPARENT COEFFICIENT OF
DIGESTION AND NITROGEN BALANCE OF STEERS FED ALL=
CONCENTRATE RATIONS CONTAINING FOUR HYBRID

GRAIN SORGHUMS (TRIAL 2)

Sorghum Hybrid

Funk's Acco DeKalb Northrup King
Item G=766W R=109 E=57 222A
No. steers 4 4 4 4
Dry matter intake
kg/day 447 4.6 4.8 4e8
Digestibility?
Protein 67.8 10.9 66.0 1[-3 654 12.3 6hels :‘_1-6
Crude fiber 46.8 15'0 45.4 :‘J-;g 45.5 :6.4 41.6 .'._'9-2
Ether extract 6542 11-6 65.7 1&03 67.5 :208 64.3 :200
Nitrogen free
extract 81.5 :2.& 79.8 Ilog 80,6 ;"_203 B2.5 +1.7
Dry matter 78.3 #2.0 7647 +1.8 77.3 #2.1  78.7 #1.5
Total digestible -
nutrients 78.7 12-0 7640 11.9 775 :2.2 78.7 +1.5
Gross energy 75.5 #2.1 75.2 +1.4 75.6 +2.0 75.8 +1.5
Starch 87.5 +2.6 86.8 +1.0 86,9 +2.2 8847 #2.2
Digestlble - -

energy Kcal/kg

Nitrogen balanceP
Fecal
Urinary
Retention

Nitrogen retained
gm/day

3224 +27.2 3338 +22.3 3312 +16.4 3406 +19.0

+l.1 33.9 +l.4 34.5 #2.3 35.5 +#1.7
39.6 3.2 46.1 +9.4 34.8 2.4 37.5 #5.1
+3.0 20.0 +1.0 30.7 +42.2 26.9 44.0
2647 1‘5.0 21.9 1905 30.1 :_‘Iroﬁ 27.2 :506

8 Percent of intake, coefficient of digestion (COD) as cited in text.

Percent of intake.



38

and Cox, 1957) for each trial. Over a four week period the steers were
adjusted to an all-concentrate ration by gradually removing sorghum
silage. Steers were placed in digestion stalls for a 7 day preliminary
ad justment period. After the preliminary period the rations were assigned
randonly and COD were determined by using a 7 day adjustment period to the
ration followed by a 7 day total collection period. Feed intake was held
constant at the consumption of the lowest steer, approximately l.6% of body
weight.e Excreta were collected daily and a five percent aliquot of feces and
urine were obtained for chemical analysis. Fifteen milliliters of tolulene
were added to each urine collection container daily and 20 milliliters of
50% sulfuric acid were added weekly to urine sample containers to reduce
ammonia loss. Fecal samples were frozen daily and each weekly collection
was dried to a constant weight at 60° C. Feed and fecal samples were ground
in a Wiley mill and the 7 samples per week per ration were mixed thoroughly
and subjected to proximate analysis (A.0.A.C. 1960) and oxygen bomb
calorimetrye. Urine nitrogen was determined by Kjeldahl method (A.0.A.C. 1960).
Starch procedure. The starch determination used in trial 2 (Earle and
Milner, 1944) has been used for determination of sorghum grain starch by
Jones and Beckwith (1970) and Hubbard, Earle and Curtis (1964). The feces
samples were very difficult to filter and the filtrates were turbid so
accurate readings through a polarimeter could not be made. The procedure was
modified and 98,57 recovery of starch was obtained. Modification involved
extracting the fecal samples in absolute ethanol for 48 hours using a soxlet
apparatus. This removed the plgments that caused turbidity. The samples were
then centrifuged 10 min at 17,500 RPM and the supernatant was filtered. This
eliminated the difficult filtering of feces samples. A detailed procedure

for starch analysis is presented in appendix table G.
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Starch granule size and uniformity (table 6) were determined by wet
milling 500 gm samples steeped in 415% SOy for 48 hours. Following steeping,
samples were wet milled in a Horbart attrition mill with one stationary and
one moving plate. Bran and starch were seperated using a silk sereen.
Kafirin (zein like sorghum protein) was removed after centrifugation and the
starch was dried In a forced air oven at 50° C. Starch was dispersed in
cold water and measured by using a microscope fitted with a micrometer.

Sectioninge The sorghum grain kernels were steeped 48 to 72 hours at
room temperature in «157% SO solution. The kernels were frozen in water
and sectioned to 8 microns on a cryostat, stained with dilute jodine
solution; and mounted in glycerol (table 7). Photographs were taken with a
35 mm camera mounted on a microscope (plate 1). Data were analyzed by
analysis of variance for Latin square design (Snedecor, 1956)s Subclass
means were tested for significance by Duncan's multiple range test (Kramer,

1956),
Results and Discussion

Trial 1. The apparent COD for Trial I are given in table 4. There
were no significant differences among COD for protein, crude fiber, ether
extract, nitrogen free extract, dry matter, total digestible nutrients,
gross energy or digestible energy. Grams of nitrogen retained per day were
significantly (P<.05) lower for Acco R=-109. When expressed as percent of
Intake, urinary nitrogen loss was higher and nitrogen retention was lower
(P <405) for Acco R=109. The last two weeks the steers receiving Acco R-109
were in negative nitrogen balance. These steers lost an average ;f 11.3 kg
weight per week. Tissue breakdown was indicated by a higher percent of

urinary nitrogen (57.9).
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TABLE 6. MEANS, STANDARD DEVIATION, AND VARIANCE OF SIZE OF STARCH
GRANULES WET MILLED FROM FOUR HYBRID GRAIN SORGHUMS

Sorghum Hybrid

Funk's Acco DeKalb Nor thrup
Item G=766W R=109 E=57 King 222A
No. starch 55 55 55 55
granules
measured

Starch granule 1823 +.69
size, microns

Variance 26455

Standard deviation 5.15

18425 #457  17.65 #.55 16470 +.59

18.15 16.44 19.20
4026 4.05 4.38




TABLE 7. APPROXIMATE MEASUREMENT OF THE STRUCTURES OF FOUR
HYBRID GRAIN SORGHUMS

Sorghum Hybrid

Funk's Acco DeKalb Northrup

Item G=766W R-109 E<57 King 222A
Thickness, microns 10 11 11 14

cuticle to

epldermis
Hypodermlis 21 15 14 11
Mesocarp 57 31 ¢ 20
Seed coat 6 8 15 9
Aleurone 10 11 13 8

41
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Explanation of Plate I

Hybrid grain sorghum sectloned eight microns thick and stained

approximately one minute in dilute iodine solution.

Cuticle
Epldermis
Hypoderm
Mesocarp

SC = Seed coat

AL = Aleurone layer
ES = Endosperm

T TmE0
(]

First four small pictures 100X
Large picture 400X
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Differences in protein COD approached significance (P<,.10). Northrup
King 222A had the lowest (60.2) and DeKalb E=57 the highest (66.9) protein
COD. This probably occurred because urea was not added to Northrup King
222A and DeKalb E-57 contained .75% urea. In the rumen urea was readily
hydrolized to ammonia while sorghum protein was degraded more slowly and
was found undigested in the feces. Greathouse (1970) reported 1% urea in an
all-sorghum grain diet significantly (P<.001) increased protein digestion
over an all-sorghum grain diet with no other source of protein added.

Trial 2. COD are reported in table 5. There were no significant
differences among COD for proximate analysis fractions, energy, starch or
nitrogen balance.

When comparing trial 1 (table 4) and trial 2 (table 5) the results were
essentially the same except for nitrogen balance. Older and heavier steers
were used in trial 1 and they tended to loose more welight during the
collection period than did steers in trial 2. The youngefr steers used in
trial 2 had a higher nitrogen retention indicating more tissue building.
Both trials indicated there were no differences in COD between these four

hybrid grain sorghums.

Starch size and uniformity. There were no significant differences in
the size of the starch granules among the four hybrid grain sorghums (table 6).
Hartely's F-max test (Fryer, 1960) indicates no significant difference among
variance in size of starch granuleses Re. Gs Hinders (personal communication)
states the starch of Funk's G=766W is visibly more uniform than the starch
of regular red sorghum grain. This work (table 6) is in disagreement with
Hinder's work since Funk's G=766W had the highest variation in starch granule
sizes Nishimuta et al. (1969) found a significant (P« .10) increase in COD

for gross energy and nitrogen free extract for the white grain (Funk's G=766W)
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over the regular red grain sorghum and indicated this increase in digestion
may be due to type and uniformity of starch granules.

Mature structure. The structure of the mature kernel of each hybrid
was studied and small differences were found (table 7). All hybrids had
the same structure present but were different in cell size and thickness.
Swanson (1928) states the color of sorghum grain is due to pigments in the
nucellar layer (sced coat) and in epidermis and hypodermal cells, the
outer two layers of the pericarp. The coloring pigments of seed coat may be
covered up by & thick mesccarp which contains starche The outer two layers
rmay or may not contain coloring pigments. He also states that some varieties
may have a very thin mesocarp and the coloring of the mature kernel 1s due
to the red-brown pigments in the seed coat (nucellar) layer. This is
indicated with DeKalb E-57 whose kernels were the darkest redebrown in ecolor
of all hybrids. The mesocarp was 9 microns thick and seed coat 15 microns.
Funk's G-766W which is a chalky white in color had the thickest mesocarp,
57 microns. The chalky white color was probably due to starchy material in
the mesocarp.

Amino acids. The amino acid data (table 3) indicates there were no
large difference in composition among hybrid grain sorghums except for
half cystine. Acco R=109 contained almost twice as much half cystine as the
6ther three hyprlds. Acco R-109 was not consumed as readily as the other

three hybrids at the béginning of the digestion trials or the feeding trials.

Summary
This study was conducted to compare the coefficients of digestion (COD),
chemical composition and mature kernel structure of four hybrid grain sorghums,.

The grains were incorperated into all-concentrate, isonitrogenous rations
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for trial 1 (13.02% protein dry matter basis) and for trial 2 (12% protein
dry matter basis)s The rations contained approximately 98.45% sorghum grain,
3% limestone, .05% trace minerals premix, .5% salt and 1653 IU vitamin A
and 7,8 mg of chlorotetracyline per kg ration.

COD were determined using a 4 X 4 Latin square design with a 7 day
total collection method used for both trials. The kernels were sectioned
8 microns thick and examined with a microscopes The starch was wet milled
and measured with a microscope fixed with a micrometer.

For trial 1 and 2 there were no significant differences among COD for
proximate analysis fractions, energy or starche In trial 1 Acco R=109 had
a significantly higher (P < +05) urinary nitrogen loss expressed as percent
of intakee Nitrogen retained (gm/day) and nitrogen retained (% of intake)
were significantly (P <.05) less for Acco R=109. The steers receiving Acco
R=109 lost 1l.3 kg weight per week, and were in negative nitrogen balance the
last two weeks of trial 1. There were only small differences among hybrids
in amino acid composition, except for half cystine. Acco R=-109 was twice as
high in half cystine content as other hybrids. Acco R=109 was not consumed
as readily the first seven days of the trial as the other hybridse.

The average starch granule size of the four hybrids was essentially
the same and not significantly different. The variation In slze of the gtarch
granules were not significantly differents Funk's G-766W (white) had the
thickest mesocarp 57 microns and DeKalb E«57 had the thinest 9 microns. There
were other small differences in makeup among hybrids,

These results indicate there were no differences in COD of the
proximate analysis fractions, energy, or starch among the four hybrid grain

sorghums when fed as an all-concentrate ration under these conditions.
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APPENDIX TABLE A

AGRONOVMIC PERFORMANCE DATA OF FOUR HYBRID
GRAIN SORGHUMS (SUMMER 1969)
DRY MATTER BASIS

Sorghum Hybrids

Funk's Acco DeKalb Northrup
Item G=766W R=109 E=57 King 222A
Acres/field 6.2 7.8 9.3 63
Lbs/field 32,835, 43,689, 48,866, 32,835
Test wt, lbs/bu

(moisture basis) 59.5 59.5 60.5 5945
Actual yield, bufa”

56 1bs/bu 80.9 99,2 93,2 92,5
Dry matter % * 85.0 8.8 85.0 85,0
Expected yield, bu/A®

56 1lbs/bu o 99,9 114.8 102.9 96.2
Field loss, bu/A 19.1 15.6 - 9.6 3.6
Fleld loss % 15,1 13.6 0.3 3.7
Avg leaves/plant 8 to 9 8 to 10 9 to 11 7 to 8
Mature plant

height, in 54 to 58 51 to 53 52 to 55 49 to 52

* F=ratlio of analysis of variance indicates significance (P< .05)

between methods of harvesting.
Chi-square indicates significance (P <.01) between field losse

2 Expected yleld = grain harvested by hand from 20 ft of 36 in row
Calculation = expected yield
43,56 sq ft/A, 60 sq ft or 00138 of an acre
13 .00138 = 726,005
726.005 3 56 lbs/bu = 12,964
12,964 X 1lbs of grain/20 ft = expected bu/A
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APPENDIX TABLE B

ALL-CONCENTRATE RATIONS
FOR DIGESTICN TRTALS

Trial 1 Trial 2

Item Lbs/ton Lbs/ton

Sorghum grain 2 1970.44 1959.5

Limestone Bells 8.5

Trace mineral premix? 1.00 ' 1.0

Salt 10,00 20,00

Chlorotetracycline premix «8 (363.2 gm) 71 (322.8 gm)
(10 gm/1b)

Vitamin A premix ¢32 (151 gm) ¢33 (150 gm)
(10,000 1U/gm)

Urea® 9.00¢ 10.004

& Grain and urea varied to keep ration isonitrogenous.

b percentages of indicated elements in trace mineral premix:
Manganese 4,473 iron 6.6%3 copper 1.32%; cobalt .23%; liodine .30%
zinc 57%3 magnesium 20%; sulfur 2.70%.

€ Trial 1 rations were made isonitrogenous to 13.02% protein (dry matter
basis). Urea added as % of rations: Funk's G=766W, «4%;
Acco Rel09, .42%; DeKalb E-57, «75%; Northrup King 2224, 0%.

d Trial 2 rations were made isonitrogenous to 12% protein (dry matter
basis). Urea added as % of rations: Funk's G=766W, «57%;
Acco R=109, .62%; DeKalb E=57, «70%; Northrup King 2224, +23%.
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PERFORMANCE AND CARCASS DATA OF STEERS FED ALL-

CONCENTRATE RATIONS CONTAINING FOUR HYBRID

GRAIN SORGHUMS (WINTER 1969-1970)

DRY MATTER BASIS
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Sorghum Hybrids

Funkts Acco DeKalb Northrup
Item G=766W R«109 E=57 King 222A
Feedlot data

Noe steers 15 148 15 15
Avg initial

wt, lbs 765 410,257 760 49,02 772 +10.56 758 +8.60
Avg final wt,

1bs 1042 +420.26 1051 +20.16 1059 #23.90 1024 423.30
Avg daily gain,

1bs 2625 :0.1‘[» 2.34 1'0-15 221 :0012 2.15 10017
Avg datly feed

intake, 1bs 16.96 :1.12 16,82 _‘!_‘0082 18.06 _“_‘0.32 16.32 1‘0061
Avg 1bs feed/

1b gain® BB +0.81 7.08 40.80 7.93 +40.81 7447 +0.80

Carcass data

Avg hot carcass

wt, lbs 648 +12.24 605 +15.37 660 +16.21 629 +17.08
Avg rib-eye

area, sq in 12.72 #0.25 12.31 +#0.25 12,56 +40.20 12,44 +0.30
Avg fat over

rib-eye. in o 40 1‘0-03 +40 40,03 40 1'0003 37 1000‘0
Avg carcass

graded 10,05 40.30 10.16 +0.31 10,34 +0.25 10.26 +0.37
Avg yield

grade® 2,43 40.14  2.58 +0.14 2.46 40.11 2,27 +0.16
Avg marbling

scoref 15.10 #0.71 15.02 +0.73 15,53 +0.58 15,31 +0.87

8 One steer crippled in lot and had to be removed.

: Standard error.

fed observations,
low
1 = most desirable;
modest

d High good = 9;

f small = 143

- 17,

Figured by using 2 group fed lots as 2 observations plus 5 individually
a total of 7 observations.
choice = 10,

5 = least desirable,



APPENDIX TABLE D

PERFORMANCE DATA OF NON=-SHELTERED (GRCUP FED) AND
SHELTERED (INDIVIDUALLY FED) STEERS ON ALLe
CONCENTRATE RATION (WINTER 1969-19790)

DRY MATTER BASIS

Non=sheltered lots

Sorghum Hybrid

Funk's Acco DeKalb Northrup

Item G=766W R=109 E=57 King 222A
No. steers 10 o8 10 10
Avg initial wt,

1bs 767 +4.63 759 +3.68 771 +4.18 756 +3,68
Avg final wt, -

1bs 1055 45,32 1044  +3.34 1046 +8.87 1004 48,54
Avg dally gain,

1bs 2,29 #0.14 2,25 40.78 2.19 +0.48 1.97 #0.61

Avg dally feed

intake, 1bs 20,67 P 17.64 18.21 16.95
Avg 1b feed/

1b galn 9,01 7.8!0 8‘37 8.71

Sheltered lots

No. steers 5 5 5 5
Avg initial wt,

lbs 762 47.28 764 +4.14 775 +3.08 762 43,83
Avg final wt,

1bs 1014 +13.09 1069 +8.28 1085 46,37 1063 +4.13
Avg daily gain,

1bs 2,00 +0.71 2.42 +0.28 246 +0.75 2,39 20.24

Avg daily feed

intake, 1bs 15448 40476 16449 +1.05 18.01 +0.38 16,07 +0.48
Avg 1b feed/

1b gain 7.96 40.69 6.8l +0.l4 732 +0.68 6.72 #0.61

@ One crippled in lot and had to be removed.
b Standard error left off, only 2 observations.



APPENDIX TABLE E

PREDICTION OF AVG DAILY GAIN OF SHELTERED

AND NON-SHELTERED LOTS BY NET ENERGY"
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Sorghum Hybrids

Funk's Acco DeKalb Northrup
G=766W R«109 E<57 King 222A
Item N=S¢ s¢ N-S S N=S S N=S S
Noes steers 10 ] 9d 5 10 3 10 5
Mid wt 1lbs o11 888 901 917 908 930 893 913
Avg dally feed,
1bs 23423 19,19 19,40 18.14 20.03 19.81 19,99 17.67
Lbs grain for
NEp 8.19 B8.04 8,11 B8.25 8,20 8.32 8,05 8.20
Lbs grain left
for production 14.54 11,15 11,29 9,89 11.83 11.49 11.94 Q.47
Megcal for
production 8443 6.46 655 5.74 6.86 6.66 6,92 5049
Expected avg daily
gain, 1bs 3.15 2,60 2,62 2,30 2,70 2.60 2.80 2.20
Observed avg daily
881“, 1bs 2,29 2,00 2625 2,42 2.19 2.46 2,12 2.39
Differences in avg
dllly galn, 1bs =e86 =460 =37 4,12 -e7l -e24 =68 +.19

Avg of four treatment

non=sheltered lots = =,65 lbs
= -.13 1bs

sheltered

observed = expected avg daily gain

lots

8 lofgreen and Garrett's (1968) Net Energy Tables For Use In Fattening

Beef Cattle.
Sorghum grain NE

= .87 megcal/lb
= .58 megcal/ldb

€ N-S = non-sheltered lots, S = sheltered lots.
One steer crippled in pen and had to be removed.
€ Observed avg dally gain = expected avg daily gain.



APPENDIX TABIE F

TEST WEIGHT POUNDS PER BUSHEL OF WHOLE
AND DRY ROLLED GRAIN FRQM STORAGE BINS
AS 1S MOISTURE
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Sorghum Hybrids

Funk's Acco DeKalb Northrup
Item G=-766W R=109 E=57 King 222A
Whole grain
1bs/bu 58,75 61.25 60.00 59.50
Dry rolled rations
1bs/bu 50450 52,50 52,00 53.00
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APPENDIX TABLE G

STARCH PROCEDURE IN DETAIL

All solutions were made as described by Earle and Milner (1944).

l. Saaples finely ground

2¢ 1.3 to 1.5 gm put in fllter paper and placed in paper thimble

3. Extracted in soxlet apparatus for 48 hrs

4¢ Dry sample put in tared 250 ml beaker

5¢ 10 ml distilled Hy0 added to wet the sample

6. 70 ml CaCl; solution added

7. Bring to boll in 10 min

8. BOil 20 min

9. CaCl; solution was added to keep volume constant while boiling
10, Cool to room temperature
11. 5 ml uranyl acetate solution added

12. Brought to 100 ml volume by weight with CaCl, on analytical balance
13, Centrifuged 10 min at 17,500 RPM

14. Filtered into fluted Nos &4 Whatman filter paper

15. First 15 ml discarded, remainder filtered into clean flask

16, Optical rotation determined by polarimeter and a Na light source

1 dem tube
17. Percent starch dry matter basis = observation rotation X 100 X 100 X 100
1 X 203 X sample wt X % dry matter

1 dem is tube length
203 specfic rotation for corn and sorghum
starch

Note: The procedure was followed as outlined for both graln and feces,
except grain samples were not subjected to steps 3 and 13,
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Two digestibility trials and one fattening trial were conducted to
determine the effect four different hybrid grain sorghums had on digestibility,
feedlot performance and carcass characteristics when fed an isonitrogenous
all-concentrate ration. The four hybrids were Funk®s G=766W(white over
yellow endosperm), Acco R=109(red over yellow endosperm), DeKalb E=57(red)
and Northrup King 222A(red over yellow endosperm).

The two digestibility trials were conducted in the same manner. Four
Hereford steers (350 kg) were used in a 4 X 4 latin square design and a
seven day total collection method was used. Results showed there were no
significant differences in coefficients of digestion (COD) for proximate
analysis fractions, energy or starch among the four hybrids. In trial l
Acco R=109 had a higher urinary nitrogen loss (P<.05) and less nitrogen
retained (P .05) than the other hybrids. In trial 2 there were no differences
in nitrogen balance among hybrids. The mature kernel structure was examined
by microscope. Only small structural differences were found among the four
hybrids. DeKalb E«57 had the thinnest mesocarp (9 microns) and Funk's
G=766W had the thickest (57 microns).

In trial 2 the same four hybrids were grown under similiar conditions,
dry rolled and incorperated into isonitrogenous, all-concentrate rations
used to conduct a 126 day fattening triale. During the winter of 1969=1970
sixty Hereford steers (346 kg) were randomly alloted by weight into four
treatments. Tén head were group fed (nonesheltered) and five head individually
fed (sheltered) for each hybride There were no significant differences in
feedlot performance or carcass traits of steers due to hybrids. Steers in
sheltered lots gained faster and utilized feed more efficiently for production

than those in non-sheltered lots.



Although the differences were not signiflicant, a trend was noticed
among hybrids. Feed utilization (kg feed/kg of gain) was better for Acco
R=-109 (7.08) and Northrup King 222A (7.47) than for DeKalb E=57 (7.93) or
Funk's G-766W (8.48). Average daily gain was variable among hybrids but

differences were not significant,



