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INTRODUCTION

Grain sorghum is a member of'the Gramineae famlly and the

tribe Andropogoneae, It has many different common names, depen=

dent upon the geographical reglon; in Indla, Juar, Jowar; in
Sudan, Sudan Dura; in U.S., Mllo, milomailze, grain; in China,
Kiaollang; in East Afriea, kaffir corn, gyp corn. The Andro-
pogonae has four different groups:

(1) Grass sorghum is for roughage use,

(2} Forage or sweet sorghum is for sugar manufacturing,

(3) Broomcorn is for making household sweep brooms.

(%) Grain sorghum is consumed by people 48 &n energy Source

and is used for animal feed and industrial purposes,

The important tribe which is a close relative to the Andropogonae

is the Tripsiceae, in which corn is the most important specles,

There are at least 8,000 to 10,000 different types of sorghum
which have been collected throughout the world (30). The cone
mercial varleties developed in the U,S. comprise less than 10%
of the diverse types avallable and the one of most important

commercial value is Sorghum Bilcolor,

Sorghum grain is the third most abundant cereal grain in the
world, being exceeded only by wheat and rice. About 75% of the
world production is consumed by man, In parts of Africa, China,
and India, sorghum constitutes more than 70% of the total calories
and furnishes much of the proteins in the diet (28).

The distribution of grain sorghum is on all six continents,

between latitude us° North where average summer temperature is



moie than 20°C and the frost free season is 125 or more days.
Unlike rice and wheat, sorghum is so versatile that it can grow
well in semi-arid areas of rainfall as low as 15=20 inches
annually, and is highly productive in humid areas and under 1r-
rigation (14), Not only can the crop endure hot and dry condi-
tions, it 1s also able to withstand high rainfall, accompanied

by some waterlogging of the soil, providing exposure to the latter
1s not too prolonged.

The United States 18 the largest grain sorghum producer on
earth., 1In 1975, the U.S. produced 775,534,000 bushels, about
one=third of the world production, Asia and Africa grow about
20% of world production (8). Grain sorghum, as & cereal crop in
the U.S., is currently exceeded in production only by wheat and
corn, There was about 7.5 fold increase in production between
1940 and 1975. In total U,S, acreage, graln sorghum is exceeded
by wheat, corn, oats, and barley (21). In 1975, Kansas produced
148,500,000 bushels, about 21% of total U,S. production; the
average yleld is 56 bu/acre (11). Except for Texas, Kansas is
the second laréest producer in this continent,

Since the world food demand 1s large relative to total supply,
and the population explosicn are major forces in buoying up grain
prices, Agreement has been reached between the U.S. and U.S,S.R.
on purchase of U,S. corn by Russlans for a five year perlod begin-
ning October 1, 1976. Last year, U.S. sold the Russians 1.4 bil=
‘llon bushels ceoern, plus exporting te some other reglons, reflecte

Ing a strong world demand of corn., How to alleviate this situation
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of pressing demand for cormn? The answer 1s milo because the ex-

portation of sorghum graln is consistently being increased in

the past and it ean replace corn in many ways, In 1975, U.S.
sorghum grain export increased to 250 million bushels, This
spectacular advance 1s very meaningful when one realizes that

the U.S. continent is the last region to be immigrated to by the
porghum plant, even though sorghum cultivation 1s bellieved to
date back about 6,000-7,000 years in eastern Africa. Sorghum
products oveflap those of corh in both wet and dry milling pro=-
cesses (15). This is because corn and sorghum are close botani-
ocal relatlves, Chemical analyses indicate that sorghum resembles
corn in the proportions of Nz-free extract, protein, and ach
(28). Another reason to back up the overpressing demand for corn
replaced by grain sorghum is the price discrepancy. The average
price for com is $2.85/Bu in 1975, equivalent to $4,75/cwt, but
the average price for sorghum is $4,32/cwt (12). If food markets
for sorghum grain are to develop sufficlently in or near major
areas of sorghum production and an adequate number of processing
firms follow this shift, sorghum's price advantage should then
improve significantly the graint's competitlive position in those
nonfeed markets (28) such as extruder products. Perhaps the

best eyewltness would be Deyoe, et al, 1967 who gave an effective
description of the accomplishment of grain sorghum relative to
corn in Nebraska, which 1s one of the four major producing
gorghum states, The other three are Texas, Kansas, and Oklahoma,

He stated, "Corn and sorghum are battling each other for the
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farmer's land, labor and capital, Corn used to be more profitable
to grow than sorghum, but resistance of corn worm to certain chenmn-
lcals and development of noew hybrid sorghum changed the plcture.n®
The U.S. domestic utilization of sorghum grain is generally
by the livestock feeding industry, which accounts for 96-98% of
the total U.S. annual production, The remaining 2% of domestic
disappearance 1ls going to food processing channels, In the past
two decades, little research has been carrled out to incorporate
sorghum into food processing for human consumption. The main
shortcomlng of grain sorghum as food raw material 1s due to the
poor response to the roller milling system which has been developed
for wheat flour production., The perlcarp color and the unpleasant
odor of grain sorghum i1tself make the finlshed products unaccepte
able to customers, The accurate data on utilization of sorghum
grain by wet and dry milling, brewlng, breakfast cereals, snack
foods manufacturers are hard to procure. The limlted number of
firms involved precluded publicatibn‘of the production data, the
interchange of & cereal grain and the products in a number of
important processing uses, and dual processing of some products,
all attribute to incomplete information on sorghum food usaga,
Practically, sorghum flour can replace part of the wheat
flour in baking formulas for bread, muffins, and cookles, 1In
1966, Bressarl developed "vegetable mixture No. 9, i.e., Ineaparina,”
in which sorghum flour contributed 29%, corn meal 29%, cottonseed
flour 38%, torula yeast 3%, calcium carbonate 1%, and vitamins
k500 I,U, 1In 1967, Gerrish, 0, B. developed a well-known cereal
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mixture, "Freedom Meal," in which sorghum flour contributed 26%
of the product, wheat 26%, corn meal 26%, toasted non-fat soy

meal 15%, non=fat dried milk 5%, and vitamins with minerals 2%,
Sorghun grits can be elther roll or extrusion cooked inte material
having water absorption and viscosity characteristics simllar to
those ot processing corn meal satisfactory for use in corn soy
milk (C.S,M.) or be fortified with soy-proteins before cooking,
Sorghum germ can be extracted for producing vegetable unsaturated
liplds and the defatted germ could be reduced to flour as a nu-
trient fortifier for bread, due to its 25% of protein with high
lysine, which generally is lacking in cereal endosperm (3L). The
prospect of exporting sorghum flour into forelgn markets is also
very promlsing and encouraging, Especially in Bast Africa, like
Uganda, wlth increased urbanization of the country, lccal millers
are making vigorous attempts to produce larger quantities of
~sorghum flour comnercially, The limltation of the home pestle
ground flour will provlide a good prosperous future for U.S. sorghunm
processing plants (25),

The needs for the development of sorghum as a food crop could

be rationalized as following:

(1) To get away from the prejudlce that it is a coarse grain,
in order to malntain the quality of the final products,
the allowances of 8% of broken kernels, foreign material,
and other grains must be restricted to 2% or below in
U.S. No, 2 grade of sorghum. Research has backed up
this finding.
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(2) To establish the definitions of product quality, and this

is the most urgent nesed to be met.

(3) To concentrate on the improvement of fine quality flour

or grits,

(4) To improve methods of handling and storing.

As population pressures required the less fertile and barren
land to be brought into cultivation, combined with the new break-
throughs of advanced technology could boost sorghum graln to be
a great potential food source in the near future, Sooner or
later, sorghum grain will play an inportant role as ocurbing the
presently wldening gap between the world food shortage and the
ekyrocketing population growth rate of underdeveloped countries,

The purpose of the present research, funded by state Govern-
ment of Kahsas pro}ect number OR 505, was to investigate the
parformance of cold, warm, hot conditlionings and to select the
best conditioning treatment for dry milling of white sorghum
grain intoc acceptable food products. The white sorghum grain
bred by "Seed Research Assoclates, Scott, Kansas" possesses the
least odor among the brown; yellow sorghum grain (3).

A method was developed which consisted of impaction milling
and different conditioning treatments,

The different products wers statlistically analyzed for thelr
percent yleld and fat, fiber, protein, tannin contents, recover-
able oll amount, and agtron color, &s refleoting the influence

of the different conditioning treatments,



LITERATURE REVIEW

Chemical composition of kernel.

Joseph S. Wall and charles W. Blessin (1955) (33) stated the
composition of sorghum grain is generally eimilaxr to those of
corn, except sorghum grain has more starch, proteln, wax and
less oll, pentosan, than corm. Sorghum grain 1s more variable
than that of corn because of the more hazardous and variable
conditions of sorghum production, The whole grain contalins:

starch 72.0=76,0%
proteln 8,0~12,0%

fibver 2.0%
fat' 2. ?- 3. u’%
wax 0,0~ 3.0%

The germ itself contains 19 percent protein, 28 percent fat (a
good source of oil), and 10 percent ash, The bran has 4,9 per-
cent fat and is composed mostly of cellulose and seml=cellulose,
But, appreclable quantities of starch are deposited in the meso-
carp tissue of the bran fraction. Xehm (1955) (20) found bran
1lipid consist mostly of wax, rather than oil, which is similar

to carnauba wax and also a good source for the candling industry.

Molsture movement in the kernel.

In 1963, Fan, Chen, and Shellenberger (10) reported that the
relationship between the diffusion coefficlent of grain sorghum
and the absolute temperature still follows the Arrhenius equation

as well as corn, wheat does, So the water movement could be



Interpreted as follows.

During the tempering, the peripheral absorption of water
creates stress between wet and dry portions which cause radial
and transverse cracis that provide pathways for further penetra-
l tion of water. These fractures eventually facilitate the forma-
tion of grits during milling, Haltmeler (1933) (16) detected the
area around the embryo of the wheat absorb water more gquickly
than any other area of the kernel. Hinton (1955) (17) reported
that the water molecules movement, after they permeate thru the
rericarp, will be inhibited by the testa layer. To overcome
this obstructive effect by the testa layer needs time but it
could be facilltated by the application of heat. Campbell and
Jones (1955) carried out an experiment to determine the effect
of temperature on the rate of penetration of molsture within
damp wheat grain, Thelr findings could be summarized as follows:

(1) The periods required for 85% completion of moisture move=
ment at 20°c, 31.5%c, 43.5°c (68°v; 88.5°F; 111°P) are 24 hrs,
8 hrs,, and 2,6 hrs., respectively.

(2) The water movement in Manitoba wheat rate of change of
the molsture diffusion coefficient féll off rapldly above
b3.5°c (111°F), and level off between 43,5°C and 63°¢C.

(3) Initial warming of damp wheat to 43.5°C for periods of 1
hr. or more greatly shorten the subseguent period at 20°¢

required for completlion of moisture distribution,

Wheat conditionings.

a, Cold tempering; moisture effect
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Jagblr Singh (1973) (27) outlined the role of water in
the tempering process, He sald, "The water is added 1n wheat
for the followlng reasonss

(1) Toughen the bran, lest roller mills should pulverize the
bran,

(2) In dry wheat, the endosperm is brittle, Water could
mellow the endosperm, The more mellow endosperm, the
finer the flour and less power consumption,

(3) Middlings are easier to scrape off the bran, glves the
bolters more capaclty, reduces the work load to puriflers.

(%) To increase the biological activity of wheat as manifested
in increasing rate of respiration,

{(5) To the mill owner,; the moisture is of great economical
importance as losses due to refractlons are compensated,

Loser (1936) (22) reportecd that bread baked from flour from

the cold tempering is superior to those from warm and hot condi-
tioning wheat., Eustace (1962) (9) found baking tests indicated
that flour from the cold soak treatment gave the best loaf of
bread. Pelshenke and Schafer (26) studied the effect of moisture
level on ylelds of f{lour and bran, He found the increase of
moisture level resulted in the increase of bran yield, but the
decrease of flour yleld and power consumption, In 1965, H,
Hischke, Jr, (18) found that a decrease 1n particle size was
assoclated with increase of molsture content in the milling wheat.

b, Cold tempering; time effect

In 1930; McCormick (23) and in 1933, Swanson (29) got two



10
sane findings. The first is that the length of tempering does
not have much influence on power cornsumption., The second find-
ing is that the length of tempering had 1little effect on the
amount of middlings released from the break rolls. McCormick
also indicated the welght of flour produced showed a trend toward
belng slightly larger for the longer tempering; but the longer
tempering seemed to have no bearing with the flour ash content.
Swanson also pointed out excessively long tempering time simply
makes the rate of sugar consumptlon overpass the rate of sugar
production and no credit should be proclaimed for this adverse
phenomenon, Wichser and Shellenberger (1949) (34) reported no
difference in ash, protein content and granulation of flour parti-
cles is found when hard red winter wheat was moistened at 16%
moisture content and held for 4 hours, 18 hours, and 24 hours,

c. Hot and steam conditioning |

The heat of hot and steam condltioning could strengthen the
wheat gluten, which 1s beneficial to the bveking quality. They
also can reduce the bin space and save tempering time. Heat
transfer of a single kemel by steam was more than 10 times
faster than for a kernel treated by hot air at 84°C (5). Over-
steaming affects the viscosity of pasted flour and thls should
be avolded, In 1963, Waggle (32) got the findings from his re-
search work, He stated (1) the temperature of steam conditioning
caused no significant effect on the percentage of flour yleld,
(II) as the temperature of steam conditioning increased, the

percent of bran yleld increased; (III) also the ash content in
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stralght grade flour increased. Schaffer compared the steam
conditlioning with other normal and hot condltlionings. He tested
steam condltlonlng with other normal and hot conditionings. He
found the steam condltioning would have higher bran yleld, lesser
power consumption, He also rationallzed the increasing of bran
yleld; the steam had a hardening effect on the protelneous conw
tent of the aleurone layer, The hardening, he postulated, makes
it mechanically easler for the flutes of the rolls to scrape
the outermost endosperm cells from the bran, Steam conditioning,
as well as hot conditloning, has more flexlbility than regular
tempering methods in switching the wheat mixes, But steam cone
ditloning is hard to control and easy to damage the wheat kernel.

The critical temperature drops when the wheat molsture goes up,

Chemlcal Changes of Cereal Grain Induced by Heat Treatment

There 18 evidence that heat does alter the properties of pro-
tein and starch. Eustace (1962) (9) stated in his Master's thesis
that prolonged heatlng of wheat at 60°c and shortened heating at
20°¢ end 90°C at a moisture content of 16.5 percent can damage
the wheat protein, But he didn't mention the duration of the
heating., In 1957, Fox and Foster (13) reported that hot condi=-
tioning may cause the denaturation of the wheat protein., In
sorghum proteins, the most abundant fractlon is the prolamine
ranges from 30 to 60 percent of the total erude protein, just
like zein protein in corn, To avoid the denaturation of prolamine,
Jones and Csonke (19) extracted it at 60°C temperature. As &
matter of faot, denaturation of protein is beneficial to the

processing sometimes, It improves the protein dlgestabllity;
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also heat treatment can strengthen the wheat gluten, As long as
the temperature of the heat is not so hlgh that not only breaks
the peptide bonds, but also destroys the amino aclds themselves
which will result in a nutritional loss (32), The moderate
treatment 1s good to the processing. Researchers have furnished
the information about the critlcal temperatures which will de-
nature proteilns or destroy amino aclds. In 1938, Greaves et al.
found heating at 100°¢ (212°F) for 8 hours did not reduce the
growth promoting properties of caseln and hils further studies
verified that heating at 120°¢ (248°F) for 24 hours was less
deleterious to the casein than 8 hours at 130°¢ (266°F). Morgan
showed that heat treatment at 140°¢ for 15 minutes had little
depressing effect on the protein index of caseiln. As far as the
destruction of amino aclds is concerned, heating at 108°C, for

10 minutes duration, with a moisture range of 13=-33 percent, has
no apparent destruction of amino aclds, Temperature was the main
parameter that determined the occurrence of destructlon of lysine,
arginine, cysteine. Heating to 130°c (266°F) destroyed lysine,
tut not histidine, and heating to 140°C (284°F) destroyed both,
digestability was also lowered. As temperature elevated to 150°C.
destruction of those amino aclds 1s evident., The less the mols-
ture content of the material, the less senslitive the proteins to
physical and chemical changes (11). Any other effect would be
caused by the heat treatment 1s the gelatinization of starch,
Gelatinlzation of grain gorghum starches 1is influenced by storage

time, climatic conditions and variety (15). The most important
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parameters of gelatinlzation are temperature and moleture, The
relationship of wheat starch gelatinization between molsture cone

tent, time, temperature 1s shown as follows:

Molsture Content % Tenperature Time Needed
40 100°P (37.8%¢) 7 hours
40 150%F (66°C) 2 hours
40 200°F (93.35°¢) 1 hour

If the grain sorghum molsture level is below 40% moisture content,
the temperature requlred for gelatlnizatlon wlll be correspond-
ingly raised. The author clearly knows that the conditioning
treatments he used would not cause the amino acld's destruction
mat might bring about some denaturation of protein and/or partial
gelatinization,

Miscellaneous
R. A. Anderson (1969) (2) reported that milling at low moisw
ture will result in slightly higher fat content in the sorghum

flour,
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MATERIALS AND METHODS

The white sorghum gralin was supplied by the "Seed Research
Assoclates;" Route 2, Scott City, Kansas 67871, The variety
number 1s 778R., This sorghum hybrid was selected on the basis
of its desirable physical characteristlcs. It has a very thin
bran which is easy to be peeled off. The whole kernel is de-
vold of undesirable pigments, The endosperm has an agreeable
yellowish white color which resembles the color of semolina,
The brown sorghum, used for comparison of tannin content with
that of white graln, l1ls a bird resistant type came from the
farm crop of Dr. C. W. Deyoe, 2445 Hobbs Dr., Manhattan, Kansas,
The variety number is 615.

This whlte sorghum grain has:
moisture content 9,3%
protein content (N x 6,25) 12.8% ap*
fat content 3. 4% dB%
fiber content 1,74 ap*

#preported on dry molsture hasis,

Experimental conditioning

White sorghum grain was cleaned with the Carter Dockage
tester and the Klce aspirator., Sorghum grain was held ln fiber
druns and was allowed to equilibrate with room atmosphere. The
dehull-~tempering was done in an open mouth rotating steel drunm
equipped wlth a water spray nozzle, Three thousand grams of

grain was. moistened to 15.5% moisture content and was rotated
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from 10 to 25 minutes, depending on thse humidity of the day.
The noment this first tempering was completed, the dehulled
grain was conditloned at various temperatures by heating,
periods of holding time, and levels of milling molsture, The
conditioning treatment was carried out in a Miag Laboratory
Conditioner 20133, Regular tap water was added in cold temper-
ing; its temperature was close to room temperature, about 70°F~
72°F. Heated air was used in the warm or hot conditioning,
Warm and hoet conditioning brought the sorghum grain's tempera-
ture up to 100°F and 150°F respectively. The different milling
molsture levels, holding times, temperatures of the graln are
tabulated below:

Initial Moisture Tempering Mols- Grailn Temper-  Holding

Content ture Content atgre tine
(%) (F~) {hrs)
9-11.5 17 70° 0.5
21 110° 1.5
25 150° 3.5
. 8.0

Therefore; there were 3x3x4 = 36 different combinations.

1. 1.5 hrs., 25% M, 110°F
2. 8 hrs., 25¢ M, 150°F

3. 1.5 hrs., 21% M, 110°F
4k, 8 hrs,, 21% M, 110°F

5 3.5 hrs,;, 21% M, 150°F
6. 0.5 hr,, 25% M, 150°F
7. 3.5 hrs,, 25¢ M, 70°F



9.
10,
11.
12,
13,
14,
15.
16,
17.
18,
19.
20,
21,
22,
23,
2k,
25.
26,
27.
28,
29.
30.

32.
33.

0.5 hr., 25% M, 110°F
8 hrs., 17% M, 110°F
0.5 hr.; 25% M, 70°F
3.5 hrs.; 17% 4; 150°F
8 hrs., 17% 4, 150°F

8 hrs.) 25% M, 110°F
0.5 hr.} 17% Mj 150°F
3.5 hrs.; 17% M; 110°F
1.5 hrs.) 17% M, 70°F
1.5 hrs.; 21% M, 110°F
1.5 hrs.; 21% M, 70°F
1.5 hrs., 25% M, 150°F
0.5 hr.} 21% M, 150°F
1.5 hrs., 17% 1, 150°F
3.5 hrs., 25% M, 110°F
3,5 hrs., 21% M, 110°F
1.5 hrs., 17% M, 110°F
8 hrs., 21% 4, 70°F

8 hrs., 25% M; 70°F
0.5 hr., 17% M4, 110°F
0.5 hr,, 21% M, 110°F
0.5 hr., 21% M, 70°F

8 hrs., 21% M, 150°F
3.5 hrs,; 174 M, 70°F
0.5 hr., 17% M, 70°F

8 hrs,, 17% M, 70°F

16
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34, 3.5 hrs,; 25% M, 150°F
35. 3.5 hrs,, 21% M, 70°F
36, 1.5 hrs.,, 25% M, ?0°F
These orders were determined by putting the numbers 1 to 36
inclusive in random order using Snedecor's Table of Randomly
Assorted Digits. After the conditloning treatment, the grains
were cooled with room alyr until the grain's temperature equili-
brated with room temperature, 72 - 76°F (22 - 23°C). There was
0.5% moisture loss during the cooling, so after having been
cooled off, the dehulled sorghum grain would have a 16% molsture
content and be ready to mill,
A recording data sheet was used during each conditioning

treatment (see page 18).

Experimental milling
The speed of the rotor of the Alpine Kolloplex 160Z pin mill
was adjusted to 900 RPM, The rest of the processing is referred

on the flow sheet (see page 21),

Chemlcal analyses of products
There were nine products in each experiment,
1. C. G, coarse grit + 14W (141 p)
2, M. G, medium grit = 14W + 24LW (869 n) major products
are usually 55% or more
3. F. G, fine grit - 24W + 34W (520 n)
4, ML meal = 34W + 66W
5. FL flour - 66W



18

6. R. D. red dog - €6W high fat flour

7. ©SH shorts mixture of grit, germ, bran
8, Gn germ for feed or oil ext,
9. Bn bran for feed or wax ext.

Each product was analyzed for moisture, protein, erude fat and
fiber content, which were determined according to the 0fficial
Methods of Analysis of the ACAC (4) (1lth Ed, 1970)., Crude pro=
tein was determined by multiplying KJ)eldahl nitrogen valua by
6.25. All analysis are reported on 14% moisture basis,

Tannin analyseas

Tannin content was determined acecording to the procedures
modified by Burns (1971) (12). Only the coarse grit and medium
erit were to be determined for tannin content in the consldera-
tion of thelr potential use in the food industry. The tests of
No., 27 and No. 139 were checked for comparison between the pro-
ducts of white and brown sorghum gralns, Table 79. The procedure
of tannin determination is as followss

Reagents: The reagent ls prepared by combining equal volumes
of 8% concentrated hydochloric acid (HCl) in methanol and 4%
vanillin in methanol (prepare daily). These must be mixed Jjust
before use and should not be used after a trace of color appears.

Standard Curve: Prepare a standard curve by adding 100 ng

catechin to 50 ml methancl. Use at wvarlous dilutions from full
strength to 1:10 to construct standard curve, Plpet 2 ml of
each dilution into each of two separate tubes. Aftér the 10
dilutions (20 tubes) have been prepared, quickly add 5 ml of
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vanillin=-HCl reagent to each., Read on colorimeter or spectro-
photometer at 500 mp (525 mp on some units using filters) after
& uniform length of time (20 minutes is satisfactory). The
vani1llin-HCl is used for the 100% transmittance blank, Plot
the transmittance against catechin concentration. See Fig, 1.

Determination: Put 2g ground seed (20-mesh or finer) in

125-m1 flask or other sultable contalner, Add 50 ml of HC 1%
methanocl to each flask, opper, swirli, Mix occasionally by
swirling, After 7 hours (use the same length ot time for all
sanples) swirl and let settle. Plpet 2 ml of supernatant into
each of two tubes and proceed as with standard above,

Extract at one time all samples that are to be compared.
This gives relative comparlisons without resorting to constant
temperature condlitlions for the extraction and reaction phase,
For a rough comparison of cultivars "Ga 615" was used as & stan-
dard for high tannin and a change of 1.0% in tannin content was
assumed for each 107 change in transmittance. The value for

Ga 615 was estimated from previous analyses,

Color measurement

The coarse, medium, fine grits and flour were checked for
color reflectance in the blue wavelength using an Agtron color
spectrophotometer, Model M=-500A. Disc numbers 33 and 68, re-
spectively, were used to get the lower and upper limits of
reflectance, The grits were first ground with a hammer mill
to pass through a 14 GG (1750n) screen. A 25 gram sample was

thoroughly mixed with 35 ml water, The sample was allowed to
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rest for 5 minutes. The meter was allowed to stabilize 1-1/2

min, before the reading was taken.

Analysls of Variance

When the measures of percent yleld, and fat, protein, fiber,
tannin contents and amount of oll, Agtron color are determined.
The data wlll be processed by statistical total analyses of
variance, which were performed on an IBM 370/158 using Aardvark,
These analyses were supplemented with orthogonal analyses of the
main effects: time, moisture, and heat to evaluate the signifi-
cance of linear, quadratic and (for time) cubic trends. 4All
analyses Involving interactlions were followed up by means of

two~way tables of means and t-tests.
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The yleld, fat, proteln, flber, tannin color, total oil and

Agtron color will be analyzed according to the followlng out-

lines:

cource of Variation

Nerrees o Frecdomn

Time
Linear trend 1
Quadratic trend 1l
Cubic trend 1l
Molsture content
Linear trend h

Quadratle trend 1l

Temperature of Water
Linear trend 1l
Quadratic trend 1

Time x Molsture
(Break down as useful)

Time x Temperature
(Break down as useful)

Molsture x Temperature
(Break down as useful)

Error (T1 x M x Te)
Total

3

12
35

The coefflclients for the orthogonal comparisons

indlcated above are as follows:

in the ANOVA

Tinme: 0.5 5 . 8.0
(0) (2? ?6 (15)
Linear =23 =15 +1 +37
Quadratic +2092 - 321 -3023 +1252
(Cublc by substration)
Moistures 17 21 25
(0) (1) (2)
Linear -] 0 +1
Quadratic +1 -2 +1
Temperature: 70° 110° 150°

(0)
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Linear -1 0 +1,
Quadratic 1 =2 #1

The coefficients for break down the Time x Molsture inter-
actlon into some possibly useful orthogonal comparlisons, each
with 1 D F, are glven in the following tadble, Cuble inter-
actions are consildered unlikely and ignored.

Time x Molsture

Ty Ty My ¥, T ¥y Ty M, TM Ty
tOMO* 23 +2092 -] +1 +23 -23 -2092 +2092
tol, =23 +2092 0 -2 0 +h46 0 4184
toM, =23 +2092 +1 +1 -23 -23 42092 +2092
tz”o =15 - 321 -] +1 +15 =15 + 321 - 321
tl, =15 - 321 0 -2 0 +30 0 + 642
E M, =15 - 321 +1 +1 -15 -15 - 321 - 321
tto + 1 -3023 -1 +1 -1 +1 +3023 =3023
teiy +1 -3023 0 -2 0 -2 0 +6046
tgh, + 1 -3023 +1 +1 +1 +1 -3023 =3023
tyghy  +37 +1252 -1 +1 -37 +37  =1252 +1252
“15”1 +37 +1252 0 -2 0 =74 0 =~2504
tlsmz +37 +1252 +1 +1 +37 +37 +1252 41252

#This symbol 1s meant to include all observations wilith the short-
est time, the lowest percent moisture, and all three temperatures at
that combination of time and molsture, Similar remarks hold for all
other symbols,

The coefficlents for breaking down the Time x Temperature Inter-
acgion slmilarly are obtalned by replacing M by Te in the preceeding
table,

The coefficlents for breaking down the Moisture x Temperature
interaction are the standard ones because the molstures and tempera=
tures are equally spaced.
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Table 1. Yields and Chemical Analyses* of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions,

1.5 hrs 25% MC 110°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield 4 fat oil tein Fiber tron** sample
g % gn % 4

Coarse grit +14W 822 27.00 1.79 k.71 12,66 0,70 32 1Tk
Medium grit +24LW 1270 k2,00 1,31 16.11 13.28 0.60 u48.3 .216
Major grit#s# 2092 61.00 1.k7 30.82

Fine grit +3Ww L6 1.53 ko1 2,26 1hk,93 0.7T Ls5.k4
Mean +66LW 43 1.43 6.52 2.80 1ik.10 1.20

Flour -66LW 154 5.13 3.21 k.ok 10.37 1.35 15

Premium Product 2335 T77.83 1.75 ho.82

Shorts 180 6.00 6.69 12.04 1k.36 1.08
Reddog : 3k 1.13 11.17 3.80 12,58 )4.,12

Germ 111 3.70 16.76 18.60 16.85 3.u47

Bran 311 10,37 8.79 27.3% 12.21 T.91

By-product 536 21.20

Total yield 2971 99.03

Loss 29 0.96

By-product

oil recovery % 60.21

By-product

total 0il 1b/100 cwt 205.85

* On 14% moisture basis including tannin content.

% Diges 33-68.

4% Comrse grit + medium grit
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Table 2. Ylelds and Chemical Analyses*of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

8 hrs 25% MC 150°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gnm
Fractions Yield % fat oil tein Fiber tron*® sample
g ' gm i %

Coarse grit +14w 916 30.53 1.26 11.54 12.59 0.68 s52.2 ,187
Medium grit +2bIW 1215 40.50 1.27 15.%3 12,48 0.8 W.0 .1T1
Major grit®# 2131 71.03 1.26  26.97

Fine grit +34wW 25 0.83  3.83 0.96 14,82 0.69 39.h
Meal +66LMW 46 1.53 6.37 2.93 15.63 1.35
Flour -66LW 135 }.50 4,77 6.44 11,29 1,56 11.5
Premium product 2337 T7.90 1.60 37.3

Shorts 156 5.2 7.08 11.04 15.59 1.15
Reddog 33 1.10 10.27 3.39 12,37 .38

Germ 115 3.83 16.69 19.19 16,13 3.11

Bran 266 8.87 9.17 24,39 10.57 9.73

By-product 570 19.00

Total yield 2907 96.90

Loss 93 3.10

By—product

oil recovery % 60.86
By-product

total oil 1b/100 cwt 193.28

* On 1L4% moisture basis including tannin content.

##% Discs 33-68.

k%% Coarse grit + medium grit.
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Table 3. Yields and Chemical'Analyses*of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

1.5 hrs 21% MC 150°F 3000 gram sample

Crude Total Pro-

Color Tannin
Ag~ %2 of 1 gm

Fractions Yield % fat  oil tein Fiber _tron** sample
Coarse grit +1Lw 861 28.70 1.08 9.30 12,81 0.69 u47.3 .1T2
Medium grit +2LLw 1270 42,33 1.37 17.h0 13.00 0.68 53.2 .189
Major grit¥**# 2131 T1.03 1.25 26.70
Fine grit +34W 77 2.57 bL.48  3.45 1478 0.86 39.4
Meal +66LW 78 2.60 5.94 h.63 1k.21 1.07
Flour -66LW 166  5.53 5.5% 9.20 9.69 1.58 2k.L
Premium Product 2hs2  81.73 1,79 143.98
Shorts " 89 2.9T  8.3% 7.2 1584 1.3
Reddog Ly 1.h7 10.81  L4.76 11.84 L.10
Germ | 1khy L.80 16.18 23.30 16.47 3.12
Bran 258  8.60  9.17 23.66 11.34 9.83
By-product 535 17.83
Total yield 2987  99.57
Loss 13 0.43
ﬁy-product
oil recovery % 57.35
By-product
total oil 1b/100 cwt 197.05

¥ On 14% moisture basis including tannin content.
%¥% Discs 33-68.

¥%% Coarse grit + medium grit.
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Table 4. Yields and Chemical Analyses®of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions.
8 hrs __ 21% MC 110°F 3000 gram sample
Coler Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g % gn %

Coarse grit +14W 781 26.03 1.16 9.06 12,38 0.68 31 .182
Medium grit +24LW 1284 42,80 1,16 14,80 12.80 0.69 5T7.9 .158
Major grit¥#*# 2065 68.83 1.15 23.95

Fine grit +3Lw 87 2.90 6.0k4 5.25 15.86 1.0k 39.5
Meal +66LW 51 1.T0  6.45 3.29 1h.,98 1.33

Flour -66LW 176 5.87 7.52 13.2h  10.k6 1.k3 21.9

Premium product 2379  T79.30 1.92 15,73

Shorts 83 2.77 8.66 7.19 15.%1 1.33

Reddog 37 1.23 11.16 h.2h 12,58 k.01

Germ 1h1 L. 70 16.57 23.36 17.23 2.72

Bran 266  8.87  8.k2 22.4k0 10.55 9.99

By-product §2T 17.57
Total yield 2906 96.87

Loss ol 3.13

By-product

oil recovery ¥ 5551
By product

total o0il 1b/100 cwt 190.55

% On 1h% moisture basis including tannin content.

#* Discs 33-68.

k%% Coarse grit + medium grit.
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Table 5. Yields and Chemical Analyse;‘of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

3.5 hrs 21% MC 150°R 3000 gram sample
Color Tannin
Crude Total Pro- Ag~ % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g % gm % %

Coarse grit +41W 960 32.00 1.07 16,27 12.03 0.78 51 146
Medium grit +24LW 1188  39.60 1.55 18.k1 12.57 0.68 Lk.,5 169
Major grit¥**# 2148 T1.60 1.34 28.68

Fine grit +3u4W 97 3.23 5.95 5.7T 15.26 0.86 35.9
Meal +66LW 86 2.87 6.85 5.80 15,34 1.25

Flour -66LW 179 5.9T 8.16 1k.,61 10.69 1.26 18.7

Premium product 2510 83.67 2.18 5k,95

Shorts 92 3.07 9.T4 8.96 15.88 1.99

Reddog 36 1.20 10.18 3.66 12.65 4,09
Germ 6L 2,13 15.98 10.23 15.69 Lk, 5k
Bran 252 8.%0 9.31 23.4% 10.25 10.63
By-product Ly 14,80
Total yield 2054k 984T
Loss 46 1:53
By-product

oil recovery % 45.73
By-product

total oil 1b/100 cwt 15k.30

*® On 14% moisture basis including tannin content.

## Discs 33-68.

%% Coarse grit + medium grit.
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Teble 6. Yields and Chemical Analyses*of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions

0.5 hrs 25% MC 150°F 3000 gram sample

Crude Total Pro-

Color Tannin
Ag- % of 1 gm

Fractions Yield z fat oil tein Fiber tron** sample
g % gn % 4
Coarse grit +14W 978 32,60 0.86 8.k1 12,59 0.68 sSk.9 ,135
Medium grit +2LLW 1208  ho.27 1.36 16.43 13.13 0.68 52.5 .278
Major gritk¥# 2186 T2.87 1.1 2k, 84
Fine grit +34W Th 2.4 6.1k k.54 15.34% 0.96 39.k
Meal +66LW 68 2.27 T.68 5.22 1k.32 1.23
Flour -66LW 158 5.27 7.4 11.76 11.06 1.57 15.50
Premium product 2486 82,87 1.86 u46.36
Shorts 32 1.07 10.67 3.k 15.81 1.24
Reddog 23 0.77 9.99 2.30 12.65 L.57
Gernm 1 k.70 15.27 21.53 16.30 2.83
Bran 285 9.50 8.85 25.22 10.82 9.88
By-product 481 16.03
Total yield 2967 98.90
Loss 33 1.10
By-product
oil recovery % 53.09
By-product _
total oil 1b/100 cwt 17k.T9

¥ On 14% moisture basis including tannin content,
¥# Discs 33-68

¥&% Coarse grit + medium grit.
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Table 7. Yields and Chemical Analyseg'of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

3.5 hrs 25% TO°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g % gm Z %

Coarse grit +l4W 886 29.53 1.28 10.4%5 12,42 0.69 55 232
Medium grit +24Lw 1290 43.00 1.27 16,38 12.70 0.59 53.k 171
Major grit#*¥ 2176  72.53 1.23 26.83

Fine grit +34W 85 2.83 k.98 Y.23 15.03 0.86 39.2
Meal +66LV 82 2.73 5.86 4,81 15.38 1.06
Flour -66LW 150 5.00 5.28 T.92 10.46 1.08 33.4
Premium product 2kg3  B83.10 1.76  k3.79

Shorts Th 2.47  10.87 8.0k 16.17 1.80
Reddog 35 1.17 10.75 3.76 12.73 3.96

Germ 128 h.27 16.22 20.76 10.88 3.68
Bran 256 8.53 8.5 21.99 11.21 10.k6
By-product ko3 16,43

Total yield 2986  99.53

Loss 1k 0.47
By-product

oil recovery % 55.47

By-product

total oil 1b/100 cwt 181.76

* On 14% moisture basis including tannin content.

#* pDiges 33-68.

®R# Coarse grit + medium grit.
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Table 8. Yields and Chemical Analyses*of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions
0.5 hr 25% MC 110°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gnm
Fractions Yield 4 fat oil tein  Fiber tron** sample
g % gn % %
Coarse grit +14wW 798  26.60 1.09 8.70 12.25 0.79 51.7 .296
Médium grit +24LW 1278  h2.60 1.37 17.51 12.71 0.68 51.0 .219
Major grit®#® 2076 69.20 1.26 26.21
Fine grit +3hv 91 3.03 b7 4,28 1k.88 0.77 43.9
Meal +66LW 87 2.90 5.78 5.03 1b.k5 1,06
Flour -66LW 177 5.90 . 5.69 10.07 10.ko 1.1_5 19.0
Premium product 2h31  81.03 1.88 45.59
Shorts 79 2.63 8.58 6.78 15.26 1.62
Reddog 30 1.00 10.1% 3.0k 12.k0  L.ok
'IGelrm 137 k.57 16.88 23.13 16.k1  3.39
Bran 2hk 8.13 8.77 21.k0 11.41 10.00
By-product 490 16.33
Total yleld 2021 91.37
Loss 79 2.63
By-product
oil recovery % 54,38
By-product
total oil 1b/100 cwt 181.09

# On 1L4% moisture basis inecluding tennin content.

##® Diges 33-68

##% Cogrge grit + medium grit.
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Table §. Yields and Chemical Analyses*of Various Conditioning Treatments of
VDry-Milled Grain Sorghum's Nine Fractions.
8 hr 17% ¥ 110°F 3000 gram sample
Lolor  mgnnin
Crude Total Pro- Ag- Z of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g - en % #

Coarse grit +1iW 1082 36.07 0.89 9.63 12.58 0.59 66 .223
Medium grit +2LLW 1158 38.60 1.38 15.98 12.95 0.69 60.4 .173
Major.grit** 2240  Th.6T 1.1k - 25.61

Fine grit +3LW 69 2.30 2.79 1.93 1k.81 0.67 53.4
Meal +66LW 67 2.23 6.6k h.hs 1k.ak  0.87
Flour -66LW 136 4.53 T.53 9.97 10.60 1.29 38.70
Premium product 2512 83.73 1.67 k1.96

Shorts b7 1.57T  9.74  L.,58 16.70 0.72
Reddog b 1371 1.8 4.84 13.05 3.8
Gernm 87 2.90 1k.5T 12.68 16.37 3.50

Bran 288 9.60 9.18 26.4kk  10.95 10.77

By-product 463 15.43

Total yield 2975 99.17

Loss 25 0.83

By-product

0il recovery % 53.64

By-product

total oil 1b/100 cwt 161.73

* On 147 moisture basis including tannin content.

¥#* Discs 33-68.

¥¥%® Coarse grit + medium grit.
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Table 10. Yields and Chemicel Analysed of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

8 hr. 17% MC 110°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag~ % of 1 gm
Fractions Yield % fat oil tein Fiber tron** gsample
g % gm % %

Coarse grit +12v 912  30.40 1.08 9.85 12.21 0.69 56.9 .,261
Medium grit +2LLW 1363 L5.43 1.28 17.45 12.76 0.69 53 JAT2
Major grit¥*® 2275 75.83 1.20 27.30
Fine grit +3Lw 68 2.27 2.76 1.88 14.65 0.67 L48.7
Meal +66LW 82 2.73 6.13 | 5.03 1k,9% 1.05

Flour -66LW 123 4.10 5.96 7.33 10.75 1.07 27
Premium product 2548 84.93  1.63 h1.s5h

Shorts RR¥E
Reddog k2 1.,%0 11.93 5,00 13.1k L.10
Germ 12k 4,13  15.27 18.93 16.21 2.73
Bran 286 9.53 10.80 30.89 11.72 9.05
By-prodﬁct k52 15.07
Total yield 3000 100

By-product

oil recovery % 56.90

By-product

total oil 1b/100 cwt 182.61

* On 14% moisture basis inecluding tannin content.

*% Diges 33-68.

#%#% Coarse grits + medium grits.

##k# Corm plece intact and large and more germ fraction.
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Table 11. Yields and Chemical Analyses*of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

3.5 hrs 17% MC 150°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gnm
Fractions Yield Z fat ol tein Fiber tron** sgample
g % gn 7 %

Coarse grit +1LW 994 33,13 1.07T 10.6% 12,44 0,78 57.0 .,1L6
Medium grit +2LLW 1252  41.73 1.b7 18.40 12.70 0.68 50.9 .26k
Major grit*%# 2246 TL.87 1.28 29,04
Fine grit +34W 8o 2.67 L,72 3.78 1k.93 0.67 Lo.k
Meal +66LW T2 2.ko 6.145 h.6h  1k.6h  1.16
Flour -66LW 147 k.90 7.70 11.32 10.63 1.37 13.5
Premium product oshks  84.83 1.92 148,78
Shorts 19 0.63 9.38 1.78 15.92 1.61
Reddog 28 0.93 10.69 2.99 12.81 3.95
Germ 123 h.10 15.98 19.66 16.45 3.Lko
Bran 281 9.37 8.97T 25.21 11.29 10.13
By-product k51  15.03
Total yield 2906 99.86
Loss ' 0.13
By-product

oil recovery % 47.39
By-product

total oil 1b/100 cwt 165.%0

* On 147 wmoisture basis including tannin content.

#® Discs 33-68.

#4# Coarse grits + medium grits.
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Table 12. Yields and Chemical Analyses ¥of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

8 hrs 17% MC 150°F 3000 gram sample
Color Tannin
Crude Total Pro- - % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g % gm % %

Coarse grit -1Lw 1105 36.83 0.79 8.73 12.70 0.79 48.7 .15k
Medium grit +2LLW 1097  36.57 1.20 13.16 12.92 0.60 L43.6 .138
Major grit*ux 2202  T3.h40 0.99 21.89

Fine grit +3L4W 70 2.33 L.10 2.87 15.23 0.78 27

Meal +66LW T2 2.40 6.63 LTT  1k.53  1.17

Flour -66LW 112 3-T3 5.90 6.61 10.30 1.20 7

Premium product 2hks6  81.87 1.47  36.1k

Shorts 80 2.67 T.53 6.02 15.65 1.84

Reddog 29 0.97 9.99 2.90 12.51  3.97

Germ 123 L.l 16.40 20.1T7 16.40 3.8

Bran 299 9.97 8.3 24,94 10.99 10.99

By-product 531 17.70

Total yield 2987  99.57

Loss 13 0.43

By-product

o0il recovery % 59.92
By-product

total oil 1b/100 cwt 180.02

* On 14% moisture basis ineluding tannin content

#% Discs 33-68.

##% Coarse grits + medium grits
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Table 13. Yields and Chemical Analyses'of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

8 hrs 25% MC 110°F 3000 gram sample
Lolor  7Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g % gm % %

Coarse grit +14W 1162 38,73 0.79 9.18 12.56 0.59 53 JAT2
Medium grit +2LLW 1017 33.90 1.18 12.00 12.66 0.59 48 .206
Major grit*e# 2179 T2.63  0.97 21.18
Fine grit +3WW 61 2.03 5.18 3.16 1b.59 0.67 37.6
Meal +66LW 80 2.67 5.35 L.,28 1k.89 0.95

Flour -66LW 18 4,93  6.18 9.5 11.M7 1.30 13.1

Premium product 2468 82.27 1.53 3T.17

Shorts 89 2.97 10.30 9.17T 16.44 1.52
Reddog 30 1.00 11.69 3.51 13.30 k.62

Germ 111 3.70 17.81 19.7T 16.87 3.96

Bran 278 9.27 9.69 26.9% 10.4s5 10.82

By-product 508 16.93
Total yield 2976  99.20

Loss 2y 0.80
By-product

oil recovery % 61.13
By-product

total oil 1b/100 cwt 197.88

% On 1L4% moisture basis including tannin content.
#* Diges 33-68.

#¥% Coarse grit + medium grit.
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Table 1k, Yields and Chemical Analyses*of Varlious Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions

0.5 hr 17% MC 150°F 3000 gram sample
) Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fraction Yield A fat oil tein Fiber tron** sample
[ z gm % %

Coarse grit +14W 913 30,43 0.80 7.30 12.3% o0.70 59.9 .173
Medium grit +24LW 1286 L42.87 1.19 15.30 13.25 0.59 56.7 .198
Major grit¥## 2199 T73.30 1.03 22,60

Fine grit +34W 88 2.93 h.hh 3.91 15.15 0.68 Lo
Meal +66LW 92 3.07 6.72 6,18 14,70 0.96
Flour -66LW 148 k.93 7.37 10.91 10.45 1.10 16
Premium product 2527 84,23 1.73  143.60

Shorts 53 1.77 1l1.22 5.95 16.4% 1,62
Reddog ok 0.80 10.66 2.56 12.54 }4,90
Germ 106 3.53 15.9% 16.90 15.9% 3,87
Bran 280 9.33 9.71 27.19 11.29 10.27
By-product 463 15.43
Total yield 2990 99.67
Loss 10 0.33

By-product

oil recovery % 54.68

By-product

total oil 1b/100 cwt - 175.26

* on 1hk% moisture basis including tannin content.
*# Di scCSs 33"68 *

#k# Coarse grit + medium grit.
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Table 15. Yields and Chemical Analyses*of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions.
3.5 hrs 17% MC 110°F 3000 pram sample
, Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein _Fiber tron*¥ sample
g % gn % %

Coarse grit +14W 865 28.83 1.08 9.34 12,21 0.69 58.7 .185
Medium grit +2hLW 1314 43.80  1.38 18.13 13.07T 0.69 56 JE
Major grit¥** 2179 T72.63 1.26 27.47

Fine grit +3L4w 93 3.10 3.57 3.32 1k.9% 0.58 k9.9
Meal +66LW 89 2.97 5.89 5.24  1k.01  0.97

Flour -66LW 129 k.30 6.94 8.95 10,17 1.08 38.9

Premium product 2k90 83 1.8 LL,98

Shorts 55 1.83 9.75 5.36  15.96 1.T2
Reddog 38 1.27 12.70  4.83 13.17 4.83
Germ 83 2.7TT 1k.51 12.0k 16.88 3.l
Bran 323 10.77 10.31 33.30 11.06 9.65
By-product ho9  16.63
Total yield 2989  99.63
Loss 11 0.37
By product

oil recovery % 55.25

By-product

total oil 1b/100 cwt 185.01

® On 14% moisture basis ineluding tannin content.

#% Discs 33-68.

®&% Coarse grit + medium grit.
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Teble 16, Yields and Chemical Analyses¥of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

1.5 hrs 17% MC TO°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gn
Fractions Yield % fat oil tein Fiber tron** sample
g % gn % 4

Coarse grit +1LW 1032 3h.ho 0.50 5.16 12.76 0.70 62,2 ,156
Medium grit +2L4LW 1186  39.53 0.88 9.49 13.01 0.59 59.6 .163
Major grit¥##* 2218  73.93 0.66 1h.65

Fine grit +34W T2 2.k0 h.92 3.54 1k.94 0.67 L9.9
Meal +66LW 62 2.07 6.56 Lk,07 1h.48 1.06
Flour -66LW 104 3.47 T.27 7.56 10.5T7 1.16 26.9

Premium product 2456 81.87 1.21 29.82

Shorts ko 1.63 8.25 h,0b 16.03 1.63

Reddog 3k 1.13  12.79 4,35 13.45 3.88

Germ 122 h,07 12.79 15.60 15.65 3.25

Bran 339 11.3 10.35 35.07 11.95 9,22
By-product skk  18.13
Total yield 3000 100
Loss 0 0
By—product

0il recovery % 66.45

By-product

total oil 1b/100 cwt 196.78

* On 14% moisture basis including tannin content.

#% Diges 33-68.

k%% Coarse grit + medium grit.



Table 17.

Dry-Milled Grain Sorghum's Nine Fractions,

b3

Yields and Chemical Analysed of Various Conditioning Treatments of

1.5 hrs 21% MC 110°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield 7 fat oil tein  Fiber +tron** sample
g % gm % %

Coarse grit +14W 931  31.03 0.69 6.42 12.66 0.79 53 173
Medium grit +24LW 1243 L1.h43 0.98 12.18 13.07 0.69 k4.1 .197
Major grit*® 21Th  T2.47 0.86 18.60

Fine grit +3L4W 70 2.33 5.6k 3.95 14,35 0.7T k0.9

Meal +66LW 85 2.83 6.43 5.7  1k.11  1.3%

Flour -66LW 130 h.33 6.38 8.29 10.06 1.35 30.9
Premium product 259 81.97 1.48 36.31

Shorts 98 3.27 9.86 9.66 15.55 1.80

Reddog 21 0.70 9.43 1.98 12.1k 4,76

Germ 179 5.97 15.32 27.h2 16.46 3.33

Bran 232 .13 8.09 18.76 10.57 11.ko

By-product 530 17.67
Total yield 2989 99.63

Loss 11 0.37

By-product

oil recovery % 61.43

By-product

total oil 1b/100 cwt 192.65

* On 1L4% moisture basis including tannin content.

% Dises 33-68.

&#% Coarse grit + medium grit.
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Table 18. Yields and Chemical Analyses*of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions

1.5 hrs 217 MC T0°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fraction Yield % fat oil tein Fiber tron** sample
g % gn % %

Coarse grit +1LW 882 29.ko 0.58 5.12 12.52 0.58 56.1 .,158
Medium grit +2LLW 1274 L2 k7 1.06 13.50 12.94 0.68 L6 145
Major grit#&* 2156  T1.87 0.86 18.62
Fine grit +3Lw 62 2.07 h.63 2,87 14.63 0.66 37.5
Meal +66LW N 2.h7 6.49 k.80 15.72 1.32
Flour -66LW 131 4,37 6.57 8.61 10.57 1.33 18
Premium product 2423 80.7TT  1.W4 34,90
Shorts 108 3.60 8.00 8.64 16.28 1.79
Reddog 39 1.30 10.86 Y2k 12,92 4,12
Germ 129 k.30 16.65 21.k8 17.31 3.20
Bran 257 8.57 18.54 LT7.65 11.22 10.66
By-product 533 17.7T
Total Yield 2956 98,52

Loss A 1.47
By-product

oil recovery % T0.15

By-product

total oil 1b/100 cwt 273.25

* On 147 moisture basis including tannin content.
%% Discs 33-68.

#4% Coarse grit + medium grit.
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Table 19, Yields and Chemical Analyses“of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions

1.5 hrs 25% MC 150°F 3000 gram sample

Crude Total Pro-

Color Tannin
Ag- % of 1 gm

Fractions Yield % fat oil tein Fiber tron** sample
g % gm % %
Coarse grit +1LwW 737 2L.57 0.97 7.15 12.44% 0.87 k8.7 .146
Medium grit +24LW 1357 45.23  1.54 20.90 12.35 0.87 37.4 .236
Major grit®** 2004  69.80 1.34 28.05
Fine grit +34W 9k 3.13 5.56 5.23 15.28 0.75 35.9
Meal +66LW 81 2.70 6.69 5.h2  1k.13 1.0k
Flour -66LW 158 58T 6.1k 9.70 9.60 1.34 21
Premium product 2k27  80.90 1.99 48.ko
Shorts 65 2.17 10.71  6.96 16.06 1.60
Reddog 39 1.30 10.73 .18 12.60 3.5
Germ _ 128 4,27 16,49 21.11 16.12 3.19
Bran 277 9.23 10.39 28.78 12.3% T.52
By-product 509 16.97
Total yield 2936 97.87
Loss 6t 2.13
By-product
oil recovery % 55.7T
By-product
total oil 1b/100 ecwt 203.35

* On 147 moisture basis including tannin content.
#% Digses 33-68.

%% Coarse grit + medium grit.
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Table 20. Yields and Chemical Analyses®of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

0.5 hr 21% MC 150°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein  Fiber tron** sample
g * gm % 2

Coarse grit +1LW 635 21.17 0.87 5.52 12.41 0.78 6k.9 .233
Medium grit +24LW 1367 U45.57 1.26 1T7.22 12,76 0.68 61.2 .1ks
Major grit*®* 2002 66.73 1.1k 22,74
Fine grit +3h4w 105 3.50 L.29 h,50 15.07 0.76 L0
Meal +66LW 8Y4 2.80 5.83 h.oo 14.73 0.77
Flour -66LW 164 5.47 5.2k 8.59 9.11 1.16 33
Premium product 2355 T78.50 1.73  40.73

Shorts 68 2.27 8.46 5.75 15.40 1.52

Reddog 35 1.17 10.90 3.82 12,22 3.69

Germ 1TL 5.80 16.47 28.66 16.37 2.8k
Bran 311  10.37 9.96 30.98 11.95 T.59

By-product 588 19.60
Total yield 2943 98.10
Loss 57 1.90
By-product

oil recovery % - 62.95

By-preduct

total oil 1b/100 cwt 230.60

* On 1L% moisture basis including tennin content.

%¥ Dises 33-68.

®¥¥* Coarse grit +medium grit.



Table 21.

Dry-Milled Grain Sorghum's Nine Frections.

b7

Yields and Chemical Analyses*of Various Conditioning Treatments of

1.5 hrs 174 MC 150°F 3000 gram sample ] -
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield ] fat oil tein Fiber tron** sample
g &n % %z

Coarse grit +14wW 1381 L6.03 1.07 1k,78 12.58 0.68 61 .123
Medium grit + 2hLW 698 23.27 1.08 T.54 12,73 0.59 62.0 .1T1
Mejor grit¥##* 2079 69.30 1.07 22.32

Fine grit +34W 95 3.7 3.18 3.02 1L.96 0.68 39.2
Meal +66LW 73 8.43 6.75 4,93 1k.27 0.87
Flour -66LW 152 5.07 6.59 10.02 9.k0 1.3k 21.4
Premium product 2399  T79.97 1.68 ho.29

Shorts 85 2.83 13.15 11.18 16.22 1.5k
Reddog 33 1.10 10.94 3.61 12.08 3.h4o
GCerm 165 5.50 17.50 28.88 17.50 2.28
Bran 289 9.63 9.15 26,44 11.41 8.11
By-product 5712 19.07
Total yield 2971 99.03
Loss 29 0.97
By-product

oil recovery % 63.51
By-product

totel oil 1b/100 cwt 233.6

* On 14% moisture basis including tannin content.

## Discs 33-68.

&% Coarse grit + medium grit.



Table 22.

Dry-Milled Grain Sorghum's Nine Fractions.

48

Yields and Chemical Analyses! of Various Cnnditioning Treatments of

3.5 hrs 25% MC Rk s 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein  Fiber tron** sample
g % A % %

Coarse grit +1LW 561 18.70 1.04 5.83 12.16 o0.h7 65 .201
Medium grit +24LW 1319 43,97 1.13 1k.00 12.46 0.76 62.8 ,13%
Major grit### 1880 62.67 1.10 20.73

Fine grit +3LW oL 3.13 3.98 3.7+ 13.k6 0.83 U5
Meal +66LW 76 2.53 4.73 3.59 1k.65 1.11

Flour -66IW 152 5.07 4,39 6.67 9.62 1.21 18.8
Premium product 2202 T73.ko 1.58 34,73

Shorts 66 2.20 TaT1 5.09 15.61 1.29
Reddog 35 1.17 11.15 3.90 12.34 2,95
Germ 203 6.77 16.86 3h.,23 16.h9 2.58

Bran 330 11.00 10.01 33.03 11.9% T.25

By-product 634 21.13
Total yield 2836 94,53
Loss 164 5.47

By-product

oil recovery % 68.71

By-product

total oil 1b/100 cwt 254,06

* On 14% moisture basis including tannin content.

%% Dises 33-68,

®4% Coarse grit + medium grit.



Table 23.

Dry-Milled Grain Sorghum's Nine Fractions.'

L9

Yields and Chemical Analyses¥of Various Conditioning Treatments of

3.5 hrs 21% MC 110°F 3000 pram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gn
Fractions Yield % fat oil tein Fiber +tron sample
g % gn % %

Coarse grit +1iwW 501 16.70 1.0L 5.2 11,98 0.57 61.7 .177
Medium grit + 24IW 1431  47.70 1.22 17.% 12.53 0.75 61 Ak
Major grit¥¥* 1932  6k.Lo 1.17 22.67

Fine grit +34W 113 3.77 5.26 5.94 15.03 1.03 Lo.4

Meal + 66LW 785 2.62 5.16 k.05 1k.92 1.22

Flour -66LW 175 5.83 5.67 9.92 9.64 1.32 20.4
Premium product 2208.5 T6.62 1.85 42,58

Shorts Lo 1.33 7.89 3.16 15.40 1.39
Reddog 39 1.30 11.72 L, sT 12.18 3.23
Gernm 172 5.73 16.71 28.7h 17.08 2,49
Bran 301 10.03 10.35 31.15 11.82 T.T9
By-product 552  18.40
Total yield 2850.5 95.02
Loss 149.5 4.98

By-product

oil recovery % 61.36
By-product

total oil 1b/100 cwt 225.30

* On 14% moisture basis including tannin content.,

*¥#% Discs 33-68.

kX% Comprse grit + medium grit.
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Table 24, Yields and Chemical Analyses'of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

1.5 hrs 17% MC 110°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
g % gm % 4
Coarse grit +14W 755 25.17 0.96 7.25 11.9% 0.58 73.8 .120
Medium grit +2LLW 1252  41.73 1.25 15.65 12.38 0.77 68 .163
Major grit¥*%* 2007 66.90 1.14 22,90
Fine grit +34wW 95  3.1T 5.40 513 15.3% 0.85 52,5
Meal +66LW 8k 2.80 6.73 5.65 14,97 1.14
Flour -66LW 146 4.87 7.38  10.77T 10.07 1.34% 1k
Premium product 2332 T7.713 1.91 L4k ks
Shorts 90 3.00 8.1L 7.33 15.15 1.hko
Reddog 43 1.4k3 13.12 5.46 12.57 3.70
Germ 157 5.23 1L.60 22.90 16.56 2.60
Bran 305 10.17 10.47 31.93 11.48 8.26
By-product 505 19.83
Total yield 2927 97.57
Loss 73 2.43
By-product
oil recovery % 60.41
By-product
total oil 1b/100 owt 225.97

* On 14% moisture basis including tannin content.

%% Discs 33-68.

#%% Coarse grit + medium grit.
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Table 25. Yields and Chemical Analyses® of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions

8 hrs 21% MC TO°F 3000 gram sample
Color Tannin
: Crude Total Pro- Ag- % of 1 gm
Fraction Yield % fat oil tein Fiber tron** sample
g % gn % %

Coarse grit +1hw 532  17.73 1.06 5.64 11,60 0.58 66.5 .169
Medium grit +2LLW 1475 k9,17 1,56 23,010 12,45 0.58 55.1 .973
Major grit*#s 2007. 66.90 1.43 28.65

Fine grit +3Lw 129 4.30 6£.20 8.00 16.08 1.65 LL.T
Meal +66LW 87 2.90 5.66 4,92 15.34 0.86

Flour -66LW 209 6.97 6.98 1k.59 10.52 1.47 28.L
Premium product 232 81.07 2.31 56.16

Shorts 61.5 2,05 9.56 5.88 16.15 1.43
Reddog 26 0.87 11.60 3.02 12.55 3.80
Germ 1L47 4,00 10.61 15.60 16.48 2.7s
Bran 306 10.20 10.23 31.30 11.63 8.07
By-product 540.5 18.02
Total yield 2972.5 94.08

Loss 27.5 0.92

By-product

oil recovery % k9,84

By-product

total oil 1b/100 cwt 185.92

* On 14% moisture basis including tannin content.
*#* Discs 33-68.

¥#% Coarse grit + medium grit.
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Table 26. Yields and Chemical Analyses® of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions
8 hrs 257 MC 70°P 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gnm
Fractions Yield 7 fat 0il tein  Fiber tron** sample
8 % gm % %

Coarse grit +1LW hs2 15,07 1.07 4,84 11.86 0.58 59.5 .195
Medium grit +2L4LW 1k68 k8.93 1.4 21.k3 12.85 0.58 56.1 .103
Major grit ## 1920 64.00 1.37  26.27
Fine grit +3LW 1hY .80 4,91 7.07 15.20 0.96 Lh.}
Meal +66LW 96 3.20 6.45 6.19 15.65 1.17
Flour -66LW 250 8.33 4,16 10.b0 10.31 1.19 37.5
Premtum product 2410  80.33  2.07 149.93
Shorts 53 1.77 7.51 3.98 15.12 1.25
Reddog 37 1.23 12.78 .73 13.06 3.8
Germ 182  6.07 16.63 30.27 16.82 2.57
Bran 316 10.53 10.16 32,11 11.86 8.19
By-product 588 19.60
Total yield 2998  99.93
Loss 2 0.07
By-product

oil recovery % 58.7Th

By-product
total oil 1b/100 cwt

* On 14% moisture basis including tannin content.

** Disgcs 33-68.

®%€ Coarse grit + medium grit.
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Table 27. Yields and Chemical Analyses® of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions.
0.5 hrs 17% MC 110°F 3000 gram sample
Color  Tannin
Crude Total Pro- Ag- % of 1 gn
Fractions Yield % fat 0il tein Fiber tron** sample
g % gn .

Coarse grit +14W 684 22.80 1.56 10.67 12.13 0.59 60 . 147
Medium grit +2LLW 1257 k41.90 1.18 14,83 12,46 0.49 63.0 128
Major grit### 19kl 64.70 1.31 25.50

Fine grit +34W 120 L.00 4.75  5.70 15.32 0.87 b5 .35k
Meal + 66LW 107.5 3.58  6.68 T.18 1k.64 1.08 .189
Flour -66LW 154 5.13 6.80 10.47 10.00 1.30 36.9 .235
Premium product 2322.5 T7.h2 2.10 48.85

Shorts Th 2.47 T.Th 5.7T3 15.38 1.26 .329
Reddog 27  0.90 12.85  3.47 12,75 3.7h 1485
Germ 181 6.03 13.13 23.77T 16.20 2.h9 .369
Bran 337 11.23 11.8% 39,90 12.51 T.29 .695
By-product 619 20.63

Total yield 2941.5 98.05

Loss 58.5 1.95

By-product

oil recovery % 59.87

By-product

totsl oil 1b/100 cwt 2k2.80

* On 14% moisture basis including tannin content.

##% Discs 33-68.

¥%¥ Coarse grit + medium grit.
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Table 28. Yields and Chemical Analyses®of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

0.5 hr 21% MC 110°F 3000 gram sample
Color Teannin
Crude Total Pro- ' Ag- % of 1 gm
Fractions Yield 7 fat oil tein Fiber tron** sample
g % gnm % %

Coarse grit +1LW 638 21.27 1.16 T.40 11.89 0.77 69.5 .206
Medium grit +2LLW 1264  h2.13 2.h1  30.46 12.34 0,77 55 145
Major grit¥*## 1902  63.40 1.99 37.86

Fine grit +34w 122 k.07 5.46 6.66 15.25 0.75 Lk
Meal +66LW 82.5 2.75 5.88 4,85 14,79 1.1k

Flour -66LW 158 5.27 5.82 9.20 9.63 1.1k 3

Premium product 2264.5 75.48 2.59 58.57

Shorts 6T 2.23 6.22 L.17T  14.33  1.13
Reddog 22 0.73 12.52 2.75 13.52 3.55
Germ 22k T.47 12,60 28.22 16.18 1.79

Bran 33+ 11,13 10.75 35.91 11.87 T1.32

By-product 64T  21.57

Total yield 2911.5 97.05

Loss 88.5 2.95

By-product 54,81

o0il recovery %

By-product

total oil 1b/100 cwt 236.73

* On 14% moisture basis including tannin content.

#* Dises 33-68.

#%% Coarse grit + medium grit.
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Teble 29. Yields and Chemical Analyses®of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions.
0.5 hrs 21% MC T0°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1gn
Fractions Yield % fat 0il  tein Fiber tron** sample
g % gm % %

Coarse grit +1LW 591 19.70  1.15 6.80 12.03 0.77 75 .205
Medium grit +2LIW 1355 45,17 1.72  23.31 1l2.k2 0.67 64.6 .156
Major grit%w* 1946  64.87 1.55 30.11

Fine grit +3LW 118.5 3.95 b L2 5.2 15.33 0.66 53.9

Meal +66IW 67 223 5.69 3.81 15.27 1.1k

Flour -66LW 171.5 5.72 5451 9.45 9.87 1.1h  l1.k

Premium product 2303 76.77 2.11 k48.61

Shorts b9  1.63 T.46  3.66 15.29 1.32

Reddog 33  1.10 11.91  3.93 12.65 3.63

Germ 183 6.10 16.37 29.96 16.7h 2.hk2

Bran 333 11.10 10.15 33.80 11.91 8.03

By-product 508 19.93
Total yield 2601  96.70

Loss 99 3.30

By-product

0il recovery % 59.48

By product

total oil 1b/100 cwt 237.73

% On 14% moisture basis including tannin content.

## Discs 33-68.

¥%¥ Conrse grit + medium grit.
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Table 30. Yields and Chemical Analyses®of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

8 hrs 21% MC "150°F 3000 gram sample
o Color Tannin
‘ Crude Total Pro- Ag- % of 1 gnm
Fractions Yield - % fat oil tein Fiber tron** sample
g % gn % 4

Coarse grit +1LW 615 20.50 1.33 8.18 12.10 0.8 52.5 .179
Medium grit +24LW 1346 bk .87 1.33 17.90 12.hb2 0.66 k42,3 .237
Major grit*** 1961  65.37 1.33 26.08
Fine grit +3L4W 100 3.33 5.40 5.0 14.88 o0.7h 37.1
Meal +66LW 57 1.90 5.72 3.26 14.26 0.94
Flour -66ILW 147 L.90 5.96 8.76 9.32 1.21 31.1
Premium product 2265 75.50 1.92 L43.5

Shorts 127 k.23 8.46 10.7k 15.25 1.ho
Reddog 3 1.03 11.k2 3.54 11.98 4,05

Germ 159 5.30 18.49 29.40 16.63 2.69
Bran 288 9.60 10.09 29,06 11.55 8.25
By-product 605 20.17
Total yield 2870 95.67
Loss 130 k.33
By-product

oil recovery % 62.58
By-product

k2,36

total-oil 1b/100 cwt

# On 147 moisture basis including tannin content.

% Discs 33-68.

#%% Coarse grit + medium grit.
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Table 31, Yields and Chemical Analyseg'of Various Conditioning Treatments of
Dry-Milled Grain Sorghum's Nine Fractions.
3.5 hrs 175 MC T0°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
| g % em % 7

Cogrse grit +1L4w Lon  16.33 1.25 6.13 12.27 0.67 67 .221
Medium grit +2LIw k53 L8.k3 1.3k 19.47 12.34  0.57T 69.0 .197
Major grit¥ke* 1943 64,76 1.32 25,60
Fine grit +34W 139 4.63 4,52 6.28 1k.70 0.75 65.k4
Meal +66LW 93 3.10 6.25 5.81 1k.67 1.23
Flour -66LW 169 5.63 T.25 12.25 10.02 1,34 33,3
Premium product 234k 78.13 2.13  k9.90L
Shorts 78 2.60 8.69  6.78 15.60 1.31
Reddog 28 o.§3 13.68 3.83 12.9% 3.79
Germ 88 2.93 15.72 13.83 16.56 2.L2
Bran 356 11.87 10.98 39,09 11.33 T.48
By-product 550 18.33 |
Total yield 2894 96,47

Loss 106 3.53
By-product

oil recovery % 55.99

By-product

total oil 1b/100 cwt 211.68

*# On 14% moisture basis including tannin content.

#* Diges 33-68,

%% Coarse grit + medium grit.
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Table 32. Yields and Chemical Analyseé'of Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

0.5 hrs 17% MC T0°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat, oil tein  PFiber tron** sample
g A gn g Z

Coarse grit +14W 789  26.30 1.4 11.52 11.90 ib.TS 66.2  .229
Medium grit +24LLW 1228 40,93 1.37 16.82 12.1T7 0.59 63.7 .188
Major grit*¥# 2017 67.23 1.4 28.3%4
Fine grit +3L4V 1 L.70 6.5k 9.22 15.78 0.96 54.3
Meal +66LW 2399  79.97 2.30 55.23
Shorts 91 3.03 7.58 6.90 15.07 1.25

Reddog 31 1.03 13.29 h,12 12.91 3.k2

Gern 105 3.50 13.25 13.91 16.ho 2.38
Bran 360 12.00 11.93 42.95 12.ko  T.33
By-product 587  19.57
Total yield 2986  99.53
Loss 1k 0.h7
By-product

oil recovery % 55.14
By-product.

total oil 1b/100 cwt 226.17

* On 14% moisture basis ineluding tannin content.

®¥% Discs 33-68.

®¥¥% Coarse grit + medium grit.
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Table 33. Yields and Chemical Analyses*of Various Conditioning Treatments of

Dry-Milled Grein Sorghum's Nine Fractions.

8 hrs 17% MC T0°T 3000 gram sample
Color
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein  Fiber tron** sample
: % gm % %

Coarse grit +1hw 571 19,03 0.94 5.36  11.94% 0.66 72 .259
Medium grit +2LLW 1380 LA,00 1.b2 19.60 12.70 0.76 s58.5 .189
Major grit¥## 1951 65.03 1.28  24.96

Fine grit +34W 106 3.53 5.06 5.36  15.09 0.75 5T.k
Meal +66LW 68 2.27 6.32 k.30 15.2% 1.11

Flour -66LW 156 5.20 7.0k 10.98 10.19 1.30 32
Premium product 2281  76.08  2.00 45.60

Shorts 90 3.00 8.75 7.88 15.83 1.21

Reddog 37 1.23  10.24 3.79 12.32 3.80

Germ 93 3.10 16.35 15.21. 17.19 2.32
Bran 345 11,50 11.11  38.33 12.12 T7.35

By-product 565 18.83

Total yield 2846  9k.87

Loss 154 5.13
By-product

oil recovery % 58.85

By-product

total oil 1b/100 cwt 217.27

* On 14% moisture basis including tannin content,

¥¥ Disecs 33-68.

B¥¥ Coarse grit + medium grit.
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Table 34. Yields and Chemical Analysesof Various Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

8 hrs. 17% MC T0°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat 0il tein Fiber tron** sample
g % . gn % %

Coarse grit +1Lvw 642 21.40 1.15 7.38 12.13 0.67 k6.1 272
Medium grit +24LW 1323  kk.10 1.3 18.92 12.56 0.76 43.7 .196
Mejor grit¥##* 1965 65,50 1.34  26.30
Fine grit +34w 116 3.8 5.5 6.48 15.10 0.8% 139
Meal +66LW 71 2,37 6.07 k.31 1h.,38 1.12
Flour -66LW kY .80 6.19 8.91 9.56 1.31 L1,k
Premium product 2296  T76.53 2.00 L6

Shorts 121 4.03 8.57 10.37 1k.,90 1.30
Reddog 27 0.90 11.01 2.92 12.30 3.42
Gernm 132 L.bo  16.35 21.58 15.98 2.60

Bran 325 10.83 11.31 36.76 12,1k 7T.08
By-product 605 20.17
Total yield 2901  96.70

Loss 99 3.30
By-product

0il recovery % 60.89

By-product

total o0il 1b/100 cwt 238.66

#% On 14% moisture basis including tannin content.

¥ Dices 33-68.

##% Coarse grit + medium grit.
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Table 35. Yields and Chemical Analyses*of Varicus Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions,

3.5 hrs T0°F 3000 pram sample
Color  Tannin
Crude Total Pro- Ag- % of 1 gn
Fractions Yield % fat 0il tein  Fiber tron** sample
g % gm % %

Coarse grit +1hW 678 22.60 0.96 6.51 12.09 0.77 T1.T .321
Medium grit +24LW 1288.5 k2,95 1.4 18.55 12.28 0.77T Sh.T  .043
Major grit*## 1966.5 65.55 1.27 25.06

Fine grit +34wW 122 L. 07 5.91 7T.21 15.76 0.9% 53,6
Meal +66LW 75 2.50 5.92 LUy 15,12 1,22

Flour -66LW 186 6.20 7.75 1k.b2  10.k9 1.k2 19.5
Premium product 2349.5 78.32 2,18 51.13
Shorts 56 1.87 8.k4s5 4,713 16,06 1.32

Reddog k5.5 1.52 12,44 5.66 13.09 2.81
Germ T8 2.60 13.89 10.83 16.33 2.35

Bran 38k 12,80 11.19 L2.97 12.86 T7.03

By-product 563.5 18.78
Total yield 2913 97.10
Loss 87 2.90

By-product

oil recovery % 55.66

By-product X

total oil 1b/100 cwt 213.87

* On 14% moisture basis including tannin content.

#% Discs 33-68.

®##% Coarse grit + medium grit.
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Table 36. Yields and Chemical Analysegtof Yarious Conditioning Treatments of

Dry-Milled Grain Sorghum's Nine Fractions.

1.5 hrs. 25% MC TO°F 3000 gram sample
Color Tannin
Crude Total Pro- Ag- % of 1 gm
Fractions Yield % fat oil tein Fiber tron** sample
I3 % gm A 7

Coarse grit +14W 480 16.00 0.87 4,18 11.88 0.58 T2.2 .T13
Medium grit +24LW 1454 48,57 2.31 33.59 12,44  0.77 51.5 .109
Major grit¥*# 1934 6L.LT 1.95  37.7T7
Fine grit +34w 153 5.16 5.5k 8.48 15.56 0.85 A47.5
Meal +66LW T1.5 2,58 5.75 L.46 15.82 1.15
Flour -66LW 200 6.67 5.9y 11.88 10.16 1.25 36
Premium product 236L4.5 78.82 2.65 62.59
Shorts 75 2.50 8.83 6.62 16.24 1.33
Reddog 31 1.03 11.19 3.47 12.71 3.k
Germ 12k L,13 17.41  21.59 16.66 3.01
Bran 348 11.60 10.78 37.51 12.37 T.87
By-product 578 19.26
Total yield 2942.5 98.08
Loss 5T.5 1.92
By-product

oil recovery % 52.5
By-product

total oil 1b/100 cwt 230.53

*¥ On 14% moisture basis including tannin content.
#% Discs 33-68.

®#%® Coarse grit + medium grit.
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Table 39. Analysis of Variance and Follow-up When Tempering Time

Effective, and Moisture and Grain Temperature Interact.

Total 0il from Bran.

71

Source of Variation DF Mean Square and Significance
Tempering Time 3
Linear 1 607.5%
Add. Quad 8 50.23ns
Add. Cubic 1 159.0%
Moisture % 2 (see
Below)
Grain Temperature 2
TXM 6 24.90ns
TXG 6 53.46ns
MXG Y {See Below)
Error 12 27.37
Total 35
Table of Means
Grain Moisture
Temperature 17 21 25
70 35.7 ns 30.4 ns 3.3
+ ns ns
110 28.6 ns 3.2 ns 28.8
ns ns +
150 26.0 ns 32.2 ns 37.9

1sd+ = 6.59
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Table 40. Tables of Means for Study of Time X Moisture Interactions.

A. % Protein in Coarse Grits

4 Time (hrs)
Moisture 0.5 1.5 3.5 8.0
17 12,69 + 12.45 ns . 12.48 *n 12.01
® hs | b ns
21 12,33 ns  12.31 = * 12.03  ns  12.0k
ns - + + ns
25 12.Lk2 L 12.65 - 11.86 ns 12,03

ns = nonsignificant, P >.10
+ = significant with .05 <P<.10
* = significant with .01 <P<.05

% = significant with P<.01

B. % Major Grits.

7 Time (hrs)
Moisture 0.5 1:5 3.5 8.0
17 70.35 ** 75.70 *x 68.61 #® €l 55
ns ¥ ko ns
21 T1.10 + 72.85 x% 6L .66 ns 65.67
ns ns ns ns

25 72.13 ns T2.86 k* 65.20 ns 65.17




Table 40. (Continued)

C. % Fiver in Meal

73

7 Time (hrs)

Moisture 0.5 1.5 3.5 8.0

17T l.21 ns 1.13 i 0.89 ¥ 1.07
ns . e ns

21 1.27 " 0.96 Lo 1.16 ns 1.1k
K ' ns a8

25 1.00 bl 1.24 * 1.04 ns 1.16

D. % Germ

% Time (hrs)

Moisture 0.5 1.5 3.5 8.0

17 b.11 ns h.11 ns 5.20 ns 6.29
ns ns ns ns

21 3.8k ns 3.33 * 5.91 * 3.18
ns + ns ns

25 3.91 ns L.78 ns 6.07 L 1.7

E. % Shorts

% Time (hrs)

Moisture 0.5 1.5 3.5 8.0

17 k.72 ** 1.10 ns 2.k2 ns  2.70
bl ns ns ns

21 2.30 ns 2.19 ns 2.18 ns 2.88
ns ns ns ns

25 2.22 ns 2.83 ns 2.10 ns 2.80




Table L0. (Continued)

F. % Total Yield
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7 Time (hrs)
Moisture 0.5 ) 3:5 8.0
17 59.5 ns 5h.T ns 60.7 ns 59.0
. ns ns ns
21 51.5 ns 57.0 ns 63.5 ns 56.7T
ns L * ns
25 54.5 ke 66.0 i 56.1 ns 56.3
G. % Crude Fat in Shorts
% Time (hrs)
Moisture 0.5 b % 3.5 8.0
17 T.4 ns 5.6 i 10.8 LA T.4
+ ¥ * ns
21 9.7 ns 10.4 ® 7.9 ns 8.3
ns ns ns ns
25 9.7 ns 8.7 ns 8.3 ns 8.6
H. % Crude Fat in the Meal (See Fig. 19)
% Time (hrs)
Moisture 0.5 1.5 3e5 8.0
17 6.28 ns 6.40 ns 6.42 ns 5.76
* ns * ns
21 6.99 % 5.99 ns 5.5 » 6.39
* ns " ns
25 6.09 ns 6.49 ns 6.26 ns 5.91




Table ¥0. (Continued).

I. % Crude Fat in the Coarse Grits (See Fig. 16)
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* Time (hrs)
Moisture 0.5 145 3.5 8.0
1T 1.38 + 0.98 ns 0.97 ns 1.2
+ ns ns ns
21 1.03 ns 0.89 ns 1.01 ns 1.22
ns + ns ns
25 1.05 * 0.59 * 1.23 ns 0.99
J. Total 0il From Shorts
% Time (hrs)
Moisture 0.5 1.5 3.5 8.0
17 10.2 * 2.6 * 8.0 ns 6.2
* . ns ns
21 6.5 ns 6.8 ns 5.8 ns 7.2
ns ns ns ns
25 6.5 ns T.b ns 5.2 ns 7.2
K. % Premium Product
% Time (hrs)
Moisture 0.5 1.5 3.5 8.0
17 19.2 e 83.9 i 79.8 ¥ 75.9
+ ns i +
21 81.9 ns 83.2 Ll 75.9 ns  T78.0
ns ns e ns
25 82.6 ns 81.5 ns 79.6 ns 77.9




Table 40. (Continued).

L. % Fiber in Medium Grits
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] Time (hrs)
Moisture 0.5 1.5 3.5 8.0
17 0.65 ns 0.66 ns 0.71 ns 0.70
ns ns ' ns ns
21 0.68 ns 0.62 il 0.76 * 0.6h
ns ns Ll L 1]
25 0.65 ns 0.65 = 0.55 E 0.77

Table Ul. Means for Study of Interaction Between % Moisture and Grain

Temperature. % Fiber in Medium Grits.

Grain % Moisture

Temperature 17 21 25

TO°F 0.73 * 0.65 ns 0.63
ns ns ns

110° 0.68 ns 0.65 ns 0.68
ns ns ns

150° 0.63 . 0.72 ns 0.66
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Table L2, Means for Study of Time X Grain Temperature Interactions.

A. Total 0il From Coarse Grits

Grain Time (hrs)
Temperature 0.5 1.5 3.5 8.0
TO°F 1.l * 8.06 ns 6.21 ns 6.97
ns ns ns ns
110° 10.17 ns 8.12 + 5.19 + 8.28
ns ns i ns
150° 9.11 ns T.73 + 10.90 ® 5.91
ns = nonsignificant, P>.10
+ = gignificant, .05 <P<.10
* = gignificant, .01 <P<,05
®% = gignificant, P<.01
B. % of Coarse Grits
Grain Time (hrs)
Temperature 0.5 1.5 3.5 8.0
TO°F 27.52 + 3L.51 ¥ 20.33 ns 19.67
ns ns ns ns
110° 29.71 ns 31.53 xn 17.65 ns 22.87
ns ns e ns

150° 32.46 ns 31.69 ns 31.33 e 18.51




.
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Table 43. Per Cent Moisture Interacts with Both Tempering Time and the

Grain Temperature. ¥ Fiber in Medium Grits.

A. Time X Moisture (Repeats Table 4 M.)

% Time
Moisture 0.5 1.5 3.5 8.0
17 0.65 ns 0.66 ns 0.71 ns 0.70
ns ns ns ns
21 0.68 ns 0.62 %8 0.76 o 0.6k
ns ns ¥ "k
25 0.65 ns 0.65 * 0.55 d 0.77
B. Moisture X Grain Temperature.
Per Cent Moisture
Temperature 17 21 25
TO°F 0.73 * 0.65 ns 0.63
ns ns ns
110° 0.68 ns 0.65 ns 0.68
ns ns ns
150° 0.63 * 0.72 ns 0.66




Table hbA, Effect of tempering time on yield of fine grits.

Time hrs Yield %
0.5 2.h
ns
1.5 2.46
¥
3.5 3.66
4
8.0 b1k

Teble L44B. Effect of tempering moisture on the yield of

fine grits.

Moisture % Yield %
17 2.78
*
21 3.30
*»
25 ' h.h3

Teble k5. Effect of tempering time on yield of meal.

Time hrs Yield

0.5 —2.25

&
35 2.62

ns
3.5 2.84

ns + ns

8.0 2. T




Table 46A. Effect of tempering time on yield of flour.

Time hrs Yield %
0.5 5.30
*
1.5 4,34
ns * *
3.5 5.78
ns ns
8.0 5.54

Table 46B. Effect of temperature of grain on yield of flour.

Temperature (F°)

70 —5.13
+

110 5.63
: ns +

150 e} .96

Table 47. Effect of tempering time on yield of bran.

Time hrs. Yield %
0.5 —=8.99
ns
1.5 9.54
* ns
3.5 L J0.27
® *

8.0 11.38




Table 48, Effect of tempering time on yield of by-products.

Time hrs Yield %

0-5 _""_"'1058
ns

1.5 0.43
ng ®

3!5 -"-"'"2-31
ns

8.0 3.09

Table 49. Effect of tempering time on fat content of coarse

grits.
Time hrs Fat %
0.5 1.15
*
1.5 0.82
ns *
3.5 1.07
ns ns
8.0 1.16

Table 50. Effect of tempering time on fat content of

medium grits,

Time hrs Fat %
0.5 1.3k
ns
LsD 1,15
ns ns
3.5 1.30
* » *
8.0 L1 .64
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Table 51. Effect of temperature of grain on fat content of meal,

Temperature (F°) Fat %
70 6.0l
ns
110 6.19
ns
150 S W

Table 52. Effect of tempering moisture on fat content of flour.

Mositure % Fat %
17 ——5.70
#*
21 6.92
ns
25 ——6.36

Table 53. Effect of tempering time on fat content of bran.

Time hrs
0.5 ——8.92
+
1.5 10.53——1
ns
3.5 ——10.28
ns ns
8.0 10,.92—




Table 54, Effect of tempering time on total oil of

medium grits.

Time hrs Total oil grams
0.5 16.50
ns
15 1k, ko
ns ns
3.5 17.99
% ns »®
8.0 Y——22.07

Table 55, Effect of tempering time on total oll of

major grits&.

Time hrs Total oil grams
0.5 26.73
#*
1.5 22.37
ns 1ns
3.5 24 .43
ns * *
8.0 —2g.12

a Coarse grits + medium grits

Table 56, Effect of tempering time on total oil of fine

grits,
Time hrs Total oil grams
0.5 ——3.63
ns
i 3.25
" #
3.5 5. 37
* »

8.0 6.81:
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Table 5T. Effect of tempering moisture on total oil of

fine grits.
Moisture % Total oil grams
17 3;77
21 5.22
‘ ns
25 5.31

Table 58. Effect of tempering time on total oil of meal.

Time hrs Total oil grams
0.5 —bL. 34
ns
1.5 4 48—
+ ns
3.5 L ol
ns +
8.0 5.20—

Table 59. Effect of tempering moisture on tot&l oil of

meal,
Moisture % " Total oil grams
17 5.0l
ns
21 L.88
+

25 k.33

BY



Table 60, Effect of tempering moisture on total oil of

flour.
Moisture % Total oil grams
1T P B UG
*
21 10.98
* ns
25 —10.22

Table 61. Effect of tempering time on totael oil of

premium products®,

Time hrs Totel oil grams
0.5 Ll .50
ns
1.5 39.32—
ns| ns
3.5 k5.12
* | * *
6.0 51.24

a Coarse grits, medium grits, fine grits, meal, flour

Table 62, Effect of tempering time on total oil of germ.

Time hrs Total oil grams
0.5 - 19.20
ns
1.5 16.11
* *
3.5 26.02
ns * ns
8.0 —20.50
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Table 63. Effect of tempering time on total oil of bran,

Time hrs Total o0il grams
015 '_"-2[‘.03
*
1.5 32.22——
ns
3.5 31,7k
» ns
8.0 37v38'_

Table 64. Effects of tempering time, tempering moisture and grain

temperature on fiber content of coarse grits.

Time Mean Moisture % Mean Heat Mean

8.0 hrs 0.726 17 0.755 110° 0.731
ns L] ®

1.5 hrs 0.701 25 0.659 70° 0.673
ns ns ns

0.5 hr 0.700 21 0.65h 150° 0.664
*

3.5 hrs 0.633

1sd*=0,063 1sd*=0,055 1ad*t0;055
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Table 65, Effect of tempering time on fiber content of

fine grits.
Time hrs Fiber %

0.5 0.83
ns

1.5 | 0;68

3.5 0.93
ns

8.0 0.80

Table 66. Effect of tempering moisture on fiber content

of fine grits.

Moisture % Fiver %
ns
21 { 0.83
] ns
25 L—0.88

Table 67, Effect of tempering time on fiber content of

gernm.,
Time hrs Fiber %
0.5 ™3.37
ns
155 4 3“:1“]""_—'
3.5 ——2,64

ns
8.0 2. 4y —




Table 68. Effect of tempering time on fiber content of

bran.
Time hrs Fibver %
0-5 —9-91
ns
145 10.25
#® *
3.5 —17.79
ns
8.0 T.55

Table 69. Effect of tempering time on tannin content of

coarse grits,

Time hrs Tannin % in 1 gm sample
0.5 0.19
ns
1-5 0.18"'—_—
ns ns
3.5 =027
8.0 0.29

Table T0. Effect of tempering moisture on tannin content

of coarse grits.

Moisture % Tennin % in 1 gm sample
ns
21 0.18
*

25 0.26




Table Tl. Effect of tempering time on protein content of

medium grits.

Time hrs Protein %
0.5 —12.85
ns
1.5 12.93
* *
305 _12057
ns *
8.0 12.41

Table 72, Effect of tempering time on protein content

of flour.
Time hrs Protein %

0.5 10.52

ns
1.5 10.55

* *
305 ‘__9.81
8.0 9.95

Teble T3. Effect of tempering time on protein content of

bran.
Time hrs Protein %
0.5 —11.03
ns
1.5 11.17
* *
3.5 ; ———11.88
: ns

8.0 12.07
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Table Th. Effect of tempering moisture on protein content

of bran.
Moisture % Protein %
17 11.60
ns
21 11.30
ns +
25 11.72

Table T5. Effect of tempering time on agtron color of

coarse grits.

Time hrs Agtron reading
0.5 k9. 01
ns
l- 6.1 ]
> " Sns T
3. L——62.34
7 ‘ ns *
8.0 65.80—

Table 76. Effect of tempering time on agtron color of

fine grits.

Time hrs
0.5 h1.72
s
1.5 41,32
ns ns
3.5 ——43,01
* * *

8.0 b B0 B¢
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Teble T7. Effect of tempering moisture on agtron color

of flour.
Moisture %
17 23.11
ns
21 21.93
+
25 30,55
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DISCUSSION

I. The following varlables produced no main effects nor any
Interactions involving eny of the three Ilntroduced variables:

time of tempering, percent moisture, or heating of the grain:

(1) % M grits. (2) Agtron on M grits,

(3) tennin in M grits. (4) % crude fat in F grits,
(5) % protein in F grits. (6) % protein in Meal.

(7) % fiber in flour. (8) % protein in shorts,
(9) % fiber in shorts. (10} % crude fat in germ,

(11) % protein in germ.

II, Yield ¥
1. Yleld of Coarse Grits + 14U

It was affected by Interactlion of heating temperature
of the grain and tempering time (Table 42B, Filg. 2).

Interaction effects:

The hlghest yleld resulted when the grain was tempered
for 1.5 hours at the graln temperature of ?0°F, the lowest
yleld for 8 hours at 150°F, It proves that lower grain toie
perature Interacting with shorter tempering time is more
productive in coarse grit yleld.

The common tendency among the three different grain
temperatures was that the longer treaments resulted 1n less
yield (see ref, A, B, C).

The maximum yleld of C. G, can be obtained under these
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conditions;:
70°F 1.5 hrs,
Reference: A, Yields of major grits
B. Ylelds of premium products
C. Yields of total products
Yield of Hajor Grits

(Coarse grits + 14W, Medlum Grits = 14W, + 24LW)
It was affected by interaction of tempering time and
moisture (Table 40B, Fig. 3).

Interaction effects:

The 1,5 hours of tempering at 174 tempering moisture
produced the highest yleld of major grits; while 8 hours at
17% tempering moisture the lowest, It was also significent
that 1.5 hours of tempering produced more major grits than
any other tempering time at any moisture level. Shorter
tempering time led to a greater yleld than long tempering
time dia (see ref. A, B, C, D).

The maximum yleld of M. G. can be obtalned under these
conditions;

174 M - 1.5 hours
Reference: A, Ylelds of coarse grits

B. Yields of premium products
C. Yields of total products
D. Yields of meal
In dry-milling practice, the ylelds of fine grits, meal,

flour should be curtalled to a minimum, in order tec produce
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sufficient yield'of large grit products,
Yield of Fine Grits -~ 24LW, + 34W

It was affected by both tempering tlme and moisture
without interaction (Table 44AB,Fig. 4, 5).

The time, moisture effects:

The yleld of fine grits increased in proportion to the
increasing in elther time or moisture. The highest yleld of
fine grits resulted after 8 hours of grain tempering, or when
25% moisture level was achieved. The 1owe§t yield of fine
grits resulted after 0.5 hour of grain tempering, or when
17% moisture level was achieved {see ref. A, B, C).

These indlcate: Long tempering treatment imports more
mellowness to the grain endosperm and 1s detrimental to the
production of grits.

The minimum yleld of F. G. can be obtalned under these
conditions:

- - 0.5 hr, or 1.5 hr. {small difference)

or 174 M - —

Reference: A, Yleld of coarse grits
B, Yleld of premium products
C. Yield of total products

Yield af Meal AN

It was affected by tempering time, and the trend was

strongly, orderly quadratic (Table 45, Fig. 6).

The time effect:
The 3.5 hours of tempering produced the highest yleld
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of meal, which 1s not desirable in dry-milling practice,
while the 0.5 hour produced the lowest yleld (see ref, 1, 2).
The minimum yield of meal can be obtailned under these
conditions:
- - 0.5 hr.
Reference: fiald of coarse grit
Yield of fine grit
Yield of Flour - 66U

There are no interactions among tempering time, temper-
ing moisture and heating temperature of the grain on the
yield of flour. The yleld of flour was related to the temper=
Ing time with a cublc trend and heating temperature of thel

grain with a quadratic trend (Table 46A, Fig, 7, 8).

The time effects:
The 1.5 hours of tempering produced the‘least amount of

flour (see ref. A, B, C, D).

The temperature effect:
The grain temperature of 70°F, as well as 150°F§ produced
less flour than that of 110°F.

The rinimum yleld of flour can be obtained under these

condition:
- - | 1.5 hrs,
OR - 70°F -—
- 1500F# -

#70°F 18 better than 150°F, since it takes energy to heat the

grain,
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Reference:s A, Yleld of coarse grits.
B, Yield of total products
C. Yileld of fine grits
D. Yield of meal

Yield of Premium Products

(Coarse grits, medium grits, fine grits, meal, flour)
1t was affected by both tempering time and levels of
tempering molsture with interaction (Table 40K, Fig. 9).

Interactlon effects:
The hlghest yleld of premium products resulted after

1.5 hours of graln tempering at 17% tempering molsture. The

second highest yleld resulted after 1l=5 hours of grain temper-

ing but at & higher tempering moisture level 21%. Generally
speaking, there was a decrease in yleld, as tempering tlme
simultaneously increased (see ref. A, B, C).
The maximum yleld of premium products can be obtalned
uwnder these conditlons:
17% M - 1.5 hrs,

Reference: A, Yleld of coarse grits

B, Yleld of major grits

C. Yield of total products

Yield of Shorts

(Grits, Germ, Bran)
A low yleld of shorts 1is preferred in dry-milling prac-
tice, It means less premlum endosperm material willl be

tailed to the feed fraction., This is on account of the main
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component of shorts 1s grits,
The yleld of shorts was affaected by both tempering
time and level of moisture with interaction (Table ALOE

Interaction effects:

The very lowest yield (1,10%) resulted at 17% molsture
arfter the grailn was tempered for 1.5 hours, This finding
is strikingly conslstent with those of yleld of major grlts,
premiun products (see Ref. A, B).

The minimum yleld of shorts can be obtalned under these
conditions;

_ 17% M - 1.5 hrs,
Reference: A, Yield of major grits
B. Yield of premium products
Yield of Germ

It was affected by both tempering time and moisture
with interaction (Table 40D, Fig. 10, 11),

Interaction effects:

With 17% tempering moisture, the yleld after the graln
was held for 8 hours was the highest yleld among those of
0.5, 1.5, 3.5 hours of tempering. Also it was the maximum
yield among all tempering treatments,

As tempering moisture is increased to 21% or 25%, the
time required for the highest yleld 1is deoreased to 3.5
hours tempering.

The 17% tempering molsture could (see ref, 1) lead to a
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germ yleld as high as 257 tempering moisture could, and the
latter involves more water and drying wlth whleh are undesire
able,

The 21% tempering molsture always produced the poorest
yleld of germ among three tempering moisture levels, inde-
pendent of the tempering time,

The author concludes that (1) the germ yleld increases
with tempering time (2) tempering moisture has little effect
except 21% molsture always produced the lowest germ yleld.
Grain with a lower tempering moisture level, 17% could degerm
as well as grain with a high tempering moisture level, 217,
25%.

The maxinum germ yleld can be obtalned under these con=-
ditions: ,

17% M - 8 hours
second cholce  25% - 3.5 hours
Yield of Bran

It was affected only by tempering time, The trend 1s

strongly and clearly linear (Table 47, Fig. 12).

The time effect:
The 8 hours of tempering produced the highest yleld:
while 0.5 hour the lowest (see ref. A, B, C).
The maximum yleld of bran can be obtained under these
conditions:
— - 8 hrs,

L] - g- 5 hI‘S .
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Reference: A, Yield of by-products
B. Fiber content of Bran
C. Flber content of germ

Yleld of By~Products

(Sshorts, Red dog, Germ, Bran)
It was only affected by tempering time. The trend was
less linear than that for bran yleld because of the presence
of other fractlons other than bran fraction (Table 48, Flg, 13).

The time effect:

Elght hours of tempering produced the highest yleld of
by=products, while 1.5 hours persistently produced the low=-
est one (see ref. 4),

The maximum yleld of by~products can be obtalned under
these conditions:

- — 8 hrs.
— - 1.5 hrs,
Reference: A, Yield of Bran
Yield of Total Products

It was affected by both tempering time and molisture with

interaction (Table M4LOTF),.

Interaction effects:
There was a pronounced peak of total yleld after the
grain was tempered for 1.5 hours at 25% moisture level (see

ref. A).
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The time effect:

Generally speaking, the longest tempering time, 8 hours,
resulted in less yleld of total products.

The maximum yield of total products (i.e, the minimum
loss) can be obtained under these conditions:
| 25% - 1.5 hrs,

Reference: Yield of premium products

III. Fat Content %

1, Fat Content of Coarse Grits + 14W
It was affected by tempering time and interactions be-

tween tempering time and moisture levels. The trend was cuble

(Table k0., 49, Flg. 14),

Interaction effects:

The 1.5 hours of tempering almost always produced the
lowest fat content (below 1%) of coarse grits among the four
different tempering perlods, The lowest fat content of
coarse grits resulted when grain was tempered for 1.5 hrs.

at 25% moisture level,

The time effect:

There was an exceptlonal low fat content (below 1%
when the grain was tempered for 1,5 hours (check chemical
analyses tables 16, 17, 18, 19, 20, 24, 33, 35, 36), After
1,5 hours of tempering, the fat content gradually increased.
Then, from 3.5 hrs, to 8 hrs.,, the fat content leveled off

(see ref. &, B, C). The two extremes 0.5 hour and 8 hours
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of tempering time exerted the same éffeot on fat content of
coarse grit,
The mininmim fat content of coarse grits can be obtained
under these condltlons:
amitn - x5 hxs.

References A. Fat content of medium grits

B. Total oll of major grits

C. Total oil of premium products
Fat Content of Medium Grits - 14W, + 241V

It was affected by tempering time., Unlike the fat con-
tent of coarse grits, the trend was linear (Table 50, Pig., 15)

The time effect:

“Increases in tempering time proportionally increased the
fat content of medium grits. The lowest fat content resulted
when ‘the grain was tempered for 1,5 hours; the highest, 8
hours, This result was the same as that for the fat content
of coarse grits (see ref. A, B, C).

The minimum fat content of medium grits can be obtalined
under these conditlons:
s — 1.5 hrs.
Reference: A, Fat content of coarse grits
B, Total oll of major grits
C. Total o0il of premium products
Fat content of Meal - 34W, + 66U

It was affected by (1) heating temperature of the grain

and (2) interaction of tempering time and moisture (Tables
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51! L“OH. Fig. 16).

The temperature effect:

Increases 1ln grain temperature proportionally increased
the fat content. The trend was significantly linear. The
lowest fat content resulted when the graln was cold tempered

at 70°F,

Interaction effects:

At elther 174 or 25% molsture level, the tempering time
had no discernible effect on fat content of meal.

At 219 tempering moisture, the highest fat content
occurred after 0.5 hour of grain tempering, while the lowest
after 3,5 hours. Generally speaking, longer tempering time
tended to decrease the fat content in meal,

The minimum fat content of meal can be obtalned under
these condltions:

- 70°F -
OR
214 M - 3.5 hrs,
Fat Content of Flour - 66W

It was affected by tempering molsture (Table 52, Fig, 17).
The lowest fat content resulted when the grain was tempered
at 17% moisture content; ﬁhe highest, at 21% (moisture con-
tent). The reason for 21% tempering molsture producing the
highest fat content of flour could be explalned as follows:

No matter how long the tempering time was, 21% tempering
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molsture always produced the poorest yleld of germ., This
also means many & whole-plece germ was reduced to small
particle slze by the impaction of pin mill and mixed with
flour fraction (see ref. A).

The minimum fat content of flour can be obtalned under
these conditions:

174 M - | v

Reference: Yield of Germ
Fat Concent of Shorts
(Grits, Germ; Bran) _

It was affected by tempering time and moisture with
interaction (Table 40g).

Interaction effects:

As tempering molsture was increased to a next higher
level, of which the maximum fat content occurred at a
shorter tempering time than that for original lower temper-
ing moisture. The lowest fat content of shorts occurred at
17% moisture content when the grain was tempered for 1.5
hours (see ref. A, B, C).

The minimum fat content of flour can be obtained under
these conditlions;

17% M o 1,5 hrs.
Reference: A, Fat content of coarse grits
B, Fat éontent of medium grits

¢, Fat content of flour
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Fat Content of Bran
It was affected by tempering time, and that effect

showed no trend (Table 53, Flg., 18).

The time effect:

But the supplemental ANOVA indicated a significant
linear trend (i.e, as tempering time increased, the fat
content of bran proportionally increased). This indlcates
longer treatment resulted in breaking more germ whose o0ll
contaminated the bran fraction. The same thing happened
in fat contents of coarse grits and medium grits (see ref,
A, B). The lowest fat content of bran occurred when the
graln was tempered for 0.5 hour.

The minimum fat content of bran can be obtained under
these condltlons:

- - 0.5 hour
Reference: A, Fat content of coarse grits

B, PFat content of medium grits

Total oil gram = yleld gm x fat %

Total oll of coarse grits + 14W

It was affected by interaction between tempering time

and heating temperature of the grain (Table 424 ),

Interaction effects:
The lowest amount of total oil resulted when graln was
tempering for 3 hrs. at the temperature of 110°F. The reason

for low amount of total oil at long tempering {(like 3.5 hrs.
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8 hrs.) was that very poor yleld of coarse grits was pro-
duced by long tempering. That nullified the effect of ine
creasing fat content of coarse grits at long tempering
times. The amount of total oll of coarse grits was malnly
Influenced by its component the yleld of coarse grits,
rather than the other component, the fat content of coarse
grits,

A minimun amount of total oil of coarse grits can be
obtained under these conditlionss

- 110°F - 3.5 hrs.

Reference: Yield of coarse grits
Fat content of coarse grits

Total oll of Medium Grits - L4W, + 24LW

It was affected by tempering time; the trend 1s linear

(Table 54, Fig. 19).

The time effect:

The lowest total o0il amount resulted when the grain was
tempered for 1.5 hrs, The shorter the tempering time was,
the less amount of oll was obtalned. The amount of total
01l was mainly influenced by the component, the fat content
of medium grits only (see Fig. 15, Fig. 19 and Flg. 15 had
a very similar straight line).

A nininum amount of total oil of medium grits can be
obtalned under these conditlons:

— - L+5 hre,

Reference: Fat content of medium grits
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Total 01l of Major Grits

(Coarse grits + 14W, Medium Grits = 14W, + 24LW)
It was affected by tempering time, More points would

be needed before a definite trend would be determined (Table

55' Fl&'- 20) ]

The time effect:

No matter what the trend was the 1,5 hours of tempering

undoubtedfully produced the least amount of o0il, while 8 hours

produced the most (see ref., A, B).
A minimum amount of total oll of major grits can be
obtalned under these condltlions:
P - 1.5 hrs,
Reference: A, Total oll of medium grits
B. Total oll of premium products
Total 011 of Fine Grits + 34U

It was affected by both tempering time and moisture
without interactions (Table 56, 57 ,» Fig. 21, 22).

The time effect:

Total oll increased linearly and significantly with
increasing tempering time., The least amount of total oil
of fine grits resulted when the grain_was tempered foxr 1.5

hrs., (see ref. A).

The molsture effect:

Total o0il increased linearly significantly with increas-

ing tempering moisture, The least amount of total oll of
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fine grits resulted at 17% tempering moisture.
A minimunm amount of total oll of fine grits can be obw
talned under these condltions:
- - 1.5 hr.
ORr
17% M e ]
Reference; A, Total oll of medium grits
Total 0il of Meal -~ 34U, + 66U

It was affected by both tempering time and molsture with-
out interaction (Table 58, 59, Fig. 23, 24).

The time effect:
There was &8 cuble trend in the time effect. The lowest
anount of total oil occurred after 0.5 hour of graln temper-

ing, the highest, after 8 hours.

The moisture effect:

Thére was & linear trend in the moisture effect. The
lowest amount of total oil occurred at 25% tempering mois=
ture; while the highest at 17%.

A minimum amount of total oil of meal can be obtalned
under these conditions;

e - 0.5 hr,
OR
25% -- -
Reference: A, Fat content of flour

B, Fat content of shorts
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6. Total 0il of Flour - H6W

It was affected only by tempering molsture (Table 60,
Fig. 25). The trend was quadratlc and was almost identical
to that for fat content of flour (see Fig.17).

The molsture effect:
The lowest amount of total o0ll reswlted at 17% temper-
ing molsture.
A minimum amount of total oll of flour can be obtalned
under these conditlions:
178 M - -
Reference: Fat content of flour

7. Premium Products

(Coarse Crits, Medium Grits, Fine Grits, Meal, Flour)
It was affected by tempering time and there appeared to
be a cubic component to the over-all trend which was llnear

and upward with increasing tempering time (Table 61, Fig. 26),

The time effect:

The lowest smount of total oil resulted when the grain
was tempered for 1.5 hours {see ref, A).

A minimum amount of total oil of premium products can

be obtained under these conditions:
- - 1.5 hI‘S.

Reference: A, Total oll of major grits
8, Total 01l of Shorts

(Grits, Germ, Bran)
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It was affected by both tempering time and moisture with
interaction (Table 40J).

Interaction effects:

At 17% tempering moisture, the maximum and minimum amount
of total o0ll of shorts resulted when the graln was tempered
for 0.5 and 1.5 hours, One hour difference can change the
amount of total oll from maximum to minimum, It agaln indl-
cated that 1.5 hours was the critical tempering time for the
successful germ-removal by impacting operation (see ref. A,
B, C, D, E).

A minimum amount of total oil of shorts can be obtalned
under these condltions:

178 M o 1.5 hrs,
Reference: A, Fat content of coarse grits
B. Fat content of medium grits
C. Fat content of shorts
D, Total oil of major grits
E. Total oil of premium products
Total 011l of Germ

It was affected by tempering time. The trend was

quadratic (Table 62, Fig., 27).

The time effect:
The 3.5 hours of tempering produced the maximum amount

of total oil. 3.5 hours of tempering generally produced the

highest yleld of germ among the different perlods of tempering
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times (ref, 4).
A maxinum amount of total oll of germ can be obtained
undar these conditlons:
i - 3.5 hrs,
Reference: A, Yield of germ

Total 011 of Bran

It was affected by tempering time and its interaction
with heating temperature of the grain,

The time effect:

As tempering time increased, the amount of total oil

" proportionally increased (Table 63, Fig, 28). The minimum

anount of total o0ll of bran resulted when the graliln was

tempered for 0.5 hour (see ref. A, B).

Interaction effect:
The minimum amount of total oil resulted when grain
was tempered at 17% moisture and_lSOOF temperature (Table 39).
A minimum amount of total oil of bran.can be obtained
under these condltlons:
— - 0.5 hr.
OR
17% M 150°F e
References A. Yleld of bran

B, Fat content of bran

Fiber Content %
Fiber Content of Coarse Grits + 14V
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Flber content of coarse grits was affected by heating
temperature of the grain, tempering time and molsture. But
they did not interact. Twenty-one percent tempering mois-
ture, 150°F grain temperature, and 3.5 hours tempering time
respectively produced the lowest fiber content (Table 64),

A mininmum fiber content of coarse grits can be obtalned

under these conditions:

21% M . -
OR - 150°F -
OR - - 3!5 hI‘S.

Reference: A, Fiber content of medium grits

Fiber content of Medium Grits = 14W, + 24LW

- All three variables, tempering time and molsture, heat=-
ing temperature of the grain were involved in interactlons

(Table 434, B)., There was no apparent trend.

Interaction effects of tempering molsture and grain temperature:

The lowest fiber content of medium grits resulted
when elther the grain was heated to the temperature of 150°F
at 17% molsture content or cold-tempered, 70°F, at 25% mois-
ture content. A product of low fiber content resulted when
the grain was cold tempered, as long as the tempering mols-

ture content was sufficlent.

Interaction effects of tempering moisture and time:
The lowest fiber content of medium grits resulted when

the grain was tempered for 3.5 hours at 25% molsture level.
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A ninlmun fiber content of medlum grits can be obtalned

under these conditions:

25% M —— 3.5 hrs,
OR 25% M 70°F -
OR 17% M 150°F o

Reference: A, Flber content of coarse grits

Fiber Content of Fine Grits - 24LW, + 34W

The tempering time and molsture affected the fat content
of fine grits by exerting a cuble and linear trends upon it

(Table 65, 66, Fig. 29, 30).

Interaqtioﬁ effects:

The lowest fiber content of fine grits resulted when
elther the grain was held for 1.5 hours or was tempered aft
17% moisture content.

Unlike the case of coarse grits and medium grits, It
was generally true that shorter time or lower moisture level
resulted in less fiber content of fine grits.

A minimum fiber content of fine grits can be obtained

under these conditlions;

17% M - -
- T 1.5 hrs.
Reference: Fiber content of coarse grits

Filber content of medium grits

Flber Content of Gernm

Fiber content of germ was affected by tempering time.

The overall effect of tempering time was significantly linear,
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desplte the supplementary ANOVA indicated a weak cuble trend
(Table 67, Fig. 31).

The time efiect:

The lovest fiber content of germ resulted after 8 hours

- of grain tempering; the highest after 0.5 hour, The longer

tempering time (8 hours), could lead to a higher yleld of
bran (ref, A, B). Therefore, the distribution of bran over
other fractions was curtalled. So the fiber content of gern
was also correspondingly reduced.

A minimum fiber content of germ can be obtalned under
these conditions:

-~ | —~— 8 hrs,

Reference: A. Yleld of bran

B. Fiber content of bran

Fiber Content of Bran

| Fiber content of bran was affected by tempering time,
The ANOVA indicated a significant (P<0.0l) cublc trend., A
graph with only 4 points was not very convineing since elther
straight line or cublc curve could possibly be the answer.
Therefére, no lines or curves were drawn among the polnts

Table 68, Fig. 32).

The time effect: )
The two shorter tempering times, especially the 1.5 hour
one, resulted in & manifestly higher percent fiber in bran

than did the two long tempering times. The 1.5 hours of
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tempering produced the kighest (purest) fiber content of bran,
Possible reason for the low fiber content of bran at long
tempering time is that it could lead to a higher yleld of
bran (Fig.l2), but at the expense of bran purity. Forelgn
materials, like fat, proteln, were brought in during the
tempering process (Fig, 18, 38J, and diluted the flber cone-
tent of the bran (ref. A, B, C).

A maxinum fiber content of bran can be obtailned under
these conditions:
nse - 1.5 hrs,
Reference: A, Yleld of bran
B. Fat'content of bran
C. Proteln content of bran
Tennin Contents
Most of the tannin is found in bran and could be re-

moved by peellng off bran out of the grain,

The tempering variables:
Moisture, temperature and time did not affect the tannin
content of medium grits but the coarse grits,

Tannin Content of Coarse Grits + 14W

Tarmmin content of coarse grits was affected by tempering

time and moisture without interaction.

The time effect:
Tempering time exerted a quadratic trend upon the tannln

content of coarse grits. From 0,5 to 3.5 hrs., increases in
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tempering time gradually decreased the tamnin content until
it reached the lowest point at 3,5 hrs. From 3.5 to 8 hrs,,
increases in tempering time substantially increased the
tannin content until it reached the highest point at 8 hrs,
(Table 69, Fig. 33).

The reason for increasing tannin content resulting from
long temper was probably due to the co-adheslion between bran

and endosperm (ref. A).

The molsture effect:

Tempering molsture exerted a quadratic trend on the
tannin content of coarse grits. Seventeen percent and 21%
tempering molstures had the same effect on the tannin con-
tent, while 257 tempering molsture had the coarse grits had
the highest tannin content (Table 70, Fig. 34). A hypo-
thetical explanation was that the co-adhesion between bran
and endosperm through the hydrogen bond of excessive mols-
ture was attributed to the increasing tannin content at high
level of molsture,

A minimum tannin content of coarse grits can be obtalned
under these condltions:

17% OR 21% - -
OR

s - 1.5 hr., or 3.5 hrs,
Nsl

Reference: A, Fat content of coarse grits
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Protein Content %

Protein Content of Coarse Grits + 14W

Protein content of coarse grits was affected by temper-

ing time and moisture with interaction (Table 404A),

Interaction effect:

It was hard to see a pattern trend., Since small dif-
ferences were adjudged significant at or beyond the 10% level.
It was generally true that longer tempering time resulted in
less protein content and (ref. A, BO the tempering moisture
had very little effect. The probable reason for the loss of
protein content was that the hydrolysis of Hzo-soluble PO~
telns was more pronounced when the grain was long-tempered.
All the proteln contents of coarse grit were almost the same
when the grain was tempered for 8 hours, despite the molsture
levels, The lowest proteln content of coarse grits resulted
when the grain was tempered for 0,5 hr. at 17% moisture level,

A maximum protein content of coarse grits can be obtalned
under these conditlons:

174 M - 0.5 hr,
Reference:s A. Protein content of medium grlts
B. Proteln content of flour

Protein of Medium Grits - 1H4W, + 24LW

Protein content of medium grits was affected by temper-

ing time and the trend was linear (Table 71, Flg, 35).

The time effect:
It was generally true that longer tempering time resulted
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in less proteln content, The same result as to those of

coarse grits and flour (ref. A, B). The highest protein
content of medium grits resulted when the grain was tempered
for 1,5 hrs,, the lowest, for 8 hrs,

A maximum protein content of medium grits can be ob-
tained under these condltions:

- - 1.5 hrs,
Reference: A. Protein content of coarse grits
B. Protein content of flour

Protein Content of Flour = 68W

It was affected by tempering time and that effect showed
no trend (Table 72, Pig. 36).

The time effect:

It seemed obvious that the two lower tempering times
were equal in effects on protein content of flour, and were
higher In that regard than were the equally low two temper-
ing times (ref, A, B, C). The highest proteln content
occurred when the graln was tempered for 1.5 hours,

A maximum proteln content of flour can be obtalned
under these conditlons:

oo e - 1.5 hrs,
Reference: A, Protein content of coarse grits
B. Proteln content of medium grits
C. Protein content of bran

Protein Content of Bran

Protein content of bran was affected by tempering time
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and moisture without interactlon.

The time effect:

The result was Just contrary to those of coarse grits,
medium grits and flour. Longer tempering time resulted in
higher protein content (Table 73, Fig. 3?5. The lowest pro-
tein content of bran occurred when the grain was tempered

for 0.5 hr.; while the highest for 8 hrs. (ref. A, B, C).

The molsture effect:
There was & nminimum protein content of bran when the
grain was tempered at 17% molsture level (Table 74, Flg. 38).
A minimum proteiln content of bran can be obtained under
these conditlons:
i - 0.5 hr,
OR
21% M - -
Reference: A. Proteln content of coarse grits
B. Protein content of mediumn grits
C. Protein content of flour
VIII. Agtron Color Reading

1, Agtron Color of Coarse Grits + 1LW

Agtron coloxr of coarse grits was affected by tempering

time and the trend was strongly quadratic (Table 75 Fig. 39).

The time effect:
Increased in tempering time steadlly increased the

readings of agtron color of coarse grits (ref, A). That
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means that a brighter product was obtalned, when the grain
was tempered for a longer period. The reading at 8 hours
of tempering outnumbered the reading at 0.5 hour of temper-
ing by 15 difference. |

A maximum reading of agtron color of coarse grlts cen
be obtalned under these conditlons:

-~ - 8 hrs,

Reference: A, Agtron color of fine grits

Agtron Color of Fine Grits - 24LW; + 34W

Agtron color of fine grits was affected by tempering
time, The trend was strongly linear (Table 76, Fig. 40).

The time effect:

Increases In tempering time steadlly increased the read=-
ing of agtron color (ref., A). The reading of 8 hours of
tempering surpassed the one of 0.5 hr. of tempering by 9
difference of reading.,

A maxinmum reading of agtron color of fine grits can be
obtained under these condltlons:

- e 8 hrs.

Reference: A, Agtron color of coarse grlts

Agtron Color of Flour - 34W, - 66U

Agtron color of flour was affected by tempering mols-

ture, and the trend was quadratie (Table 77, Fig., 41).

The moisture effact:

Twenty~one percent tempering molsture had the lowest
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reading of agtron color of flour, while 25% had the highest
one.

A maximum reading of agtron color of flour can be ob=
tained under these condltions:

25% M o an -
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SUMMARY

Table 78. Summary of preferred and unpreferred conditioning treatments upon
yields %, Fat %, Totsl oil gram, Fiber %, tannin %, protein %,

agiron color,

I. Yield? Preferred Unpreferred
Temp- Temp-
Mois~ era- Mois- era-
ture ture Time ture ture Time
7 F° hrs % FO_ _hrs Table_ Figure
Coarse grits Max -~ 70 1.5 Min -~ 150 8 ha,B 2
Major grits Max 17 -~ 1. Min 17 -- 8 hOB 3
Fine grits Min 1T = 1.5 Max 25 —- - hhA,B L,5
or -- - 8
Meal Min R — 0.5 Max - - 3.5 s 6
Flour Min -- 70,150 - Max -~ 110 - hGA,B 7,8
or - - 1.5 or - - 3.5
Premium products Max 17 - 1.5 Min 17 -- 8 hOK 9
or 21 - 3.5
Shorts Min 17 - 1.5 Max 17 -- 0.5 hog
Germ Max 17 - 8 Min 21 - 8 Loy, 10, 11
2nd Max 25 - 3.5
Bran Max¥ _— - 8 Max¥® -- o= 8 kT 12
Min#¥ - -- 0.5 Min¥* —— - 0.5
By-products Min _— - 1.5 Mex -- —- 8 48 i3
Total products  Max 25 - 1.5 Min 21 -- 0.5 hOF -

* Depend on the use of bran.
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II. Fat Content % Preferred Unprelerred
Temp- Temp-
Mois- era- Mois- era-
ture ture Time ture ture Time
A F° hrs % F° hrs Table Figure

Coarse grits Min - - 1.5 Max == - 8 hoy,L9 14
Medium grits Min we 1.5 Max = = B 50 15
Meal Min 21 - 3.5 Max 25 ~-- 1.5 Loy -

or -~ 70 - or == 150 -- 51 16
Flour Min 17 -- - Max 21 - - 52 17
Shorts Min Iy — 1.5 Max 17 -- 3.5 hOG p—
Bran Min - - 0.5 Max == - 8 53 18
III. Total 0il grem (= Yield gram x fet %)
Coarse grits Min - 110 3.5 Max -- 150 3.5 th i
Medium grits Min —_— 1.5 Max == == 8 5h 19
Major grits ‘Min —-— - 1.5 Max = o— 8 55 20
Fine grits Min 17T - - Max 25 -~ - 57 22

or R — 1.5 or == == 8 56 21
Meal Min 25  -- - Max 17 -- - 59 24

or _— - 0.5 or "' —— 8 58 23
Flour Min 17 - - Max 21 -- - 60 25
Premium products Min -_— - 1.5 Max == o= 8 61 26
Shorts Min 17 - 1.5 Max 17 - 0.5 hOJ -
Germ Max —_— e 3.5 Mn «= == 1.5 62 27
Bran Min 1T 150 - Max 25 150 -- 39 =

or —— - 0.5 or =~ - 8 63 -
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IV. Fiber % Preferred Unpreferred
Temp- Temp-
Mois- era- Mois- era-
ture ture Time ture ture Time
g F° hrs Y] F® hrs Table Figure
Coarse grits Min 21 - - Max 17 - o 64 i
or -- 150 - or ~-- 110 ==
or _— =- 3.5 or == - 8
Medium grits Min 25 - 3.5 Max 25 - 8 hSA i
or - - or 17 TO - 1&3B -—
or 17T 150 - 43
Fine grits Min 1T - ~ Max 25 -—- -- 66 30
or - - 1.5 or == - 3.5 65 29
Germ Min _— .- 8 Max —= - 1.5 BT 3l
Bran Max _— - 0.5 Min - -- 8 68 32
V. Tannin % of 1 gram Semple
Coarse grits Min 17,
" I — Max 25 = == 70 34
or —-— - 055145
3 . 5 —— - 8 69 33
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Table 78. (Continued).

VI. Protein 7 Preferred Unpreferred
Temp- Temp-~
Mois- era- Mois- era-
ture ture Time ture ture Time
A F° hrs A F® hrs Table Figure
Coarse grits Max 3y 0.5 Min 25 -=° 3.5 hQA —
Medium grits Max -— == 1.5 Min -—- -- 8 T1 35
Flour Max _— - 1.5 Min - -- 3.5 T2 36
Bran ' Min S — 0.5 Max —= - 8 73 37
or -3 I —_— 25 - - Th 38

VII. Agtron Color Reading

Coarse grits Max -_— - 8 Min - - 0.5 75 39
Fine grits Max R — 8 Min —= == 1.5 76 Lo

Flour Max - - s Min 21 -- —— T 4]
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GENERAL CONCLUSIONS

The author summarized the common results from the preceding
statements:
1. In Table 78, tempering time appeared most frequently and
tempering molsture next, grain temperature appeared most rarely.
Therefore, it is reasonable to say that the most important
variable is tempering time and second tempering moisture. The
least significant is grain temperature,
2, The low tempering moisture, 17%, 21%, and the coldest grain
temperature, 70°F along with the short tempering time, 0.5 hr.,
1.5 hrs., had the beneflits as follous:

(1) Improved ylelds

(2) Decreased fat content

' {3) Decreased amount of total oil

(4) Decreased tannin content

(5) Increased protein content
3, The high tempering moisture, 25% and the hot grain tempera-
ture, 150°F along with the long tempering time, 3,5 hrs., 8 hrs.,
had the benefits as follows:

(1) Decreased the flber content

(2) Improved agtron color

Among 36 dlfferent combinations of molsture, temperature,
and time, this work indieates the optimum conditloning treatnent
is 174 M, 70°F, 1.5 hrs. Check table 16 for further confirma-
tion., This treatment not only optimized product quality and yleld,
but also exhibited similicity which reduces the processing cost

(adding water, heating, and drying graln ete).
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.SUGGESTIONS FOR FUTURE RESEARCH

Sorghum grain Dry-Milling: a comparison of several procedures for
tempering low-moisture sorghum grain,

pretempering

2nd tempering

pretempering + 2nd tempering

pretémpering + 1st tempering + 2nd tempering

1st tempering + 2nd tempering
Sorghum grain Dry-Milling: the effect of conditioning treatment by
adding minimum or zero amount of moisture to grains on the drying
operation cost. As energy becomes more and more precious, it is
g good practice to have a low level of milling moisture to reduce
or even omit the drying operation.
Solvent extraction milling (S5.E.M.) of sorghum grain. A commercial
rice milling plant has been modified to produce good gquality rice
with high yield of whole kernel and many other new byproducts,
S8.E.M. of sorghum grain could provide a good field to be explored.
The commercial feasibility of mmgnetic separation of bran to which
static charge is added by flowing air in dry-milling of sorghum
grain,
The relationship between fat content and particle size of sorghum
grits. Would it be a direct proportion or indirect?
The relationship between starch damgge and oll content of the dry-

milling of sorghum grain's product and the speed of impace mill,
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Table T9. Tannin content of white and brown sorghum grains.

Spectro- Tannin Tannin Tannin %
photometer % in % in in 1 gram

Fractions Symbol  Reading 2 gram 1 gram 14 M.B,
White Sorghum Grain

Whole kernel A 93.8 0.50 0.25 0.237
Coarse grits +1LW B 97.5 0.30 0.15 0.1k7
Medium grits +24LW c 99.4 0.25 0.13 0.128
Fine grits +34W D 90.0 0.70 0.35 0.35k4
Mesl +66W E 96.2 0.40 0.20 0.189
Flour ~66W F 94,0 0.47 0.2k 0.235
Shorts G 91.0 0.67 0.34 0.329
Germ H 89.0 0.77 0.39 0.369
Reddog -66W I ) 1.05 0.53 0.485
Bran J 78.3 1.7 0.7k 0.695
Brown Sorghum Grain

Whole kernel al 25.2 2.76 1,38 1.309
Coarse grits +1LW 1 79.0 1.45 0.73 0.67h4
Medium grits +24LW 2 4.5 ' 1.73 0.86 0.829
Fine grits +34W 3 © 6h.2 2.58 1.29 1.204
Meal +66W ] 51.2 3.78 1.89' 1.750
Flour -66W 5 60.0 2,95 1,48 1.367
Shorts 6 39.2 5.3 2.72 2,4k
Germ 8 18.8 11.35 5.68 5.211
Reddog -66W T 18.2 11.80 5.90 5.676
Bran 9 2.1 20.00 10,00 9.280
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GENERAL CONCLUSIONS

The author summarized the common results from the preceding statements:

1. The most important variable is the tempering time and second tempering
moisture. The least significant is grain temperature.
2. The low tempering moisture, 17%, 217, and the coldest grain temperature,
70°F along with the short tempering time, 0.5 hr, 1.5 hrs had the benefits
as follows:

(1) Improved yields

(2) Decreased fat content

(3) Decreased amount of total oil

{4) Decreased tannin content

(5) Increased protein content
3. The high tempering moisture, 25% and the hot grain temperature,
150°F along with the long tempering time, 3.5 hrs, 8 hrs, had the benefits
as follows:

(1) Decreased the fiber content

(2) Improved agtron color

Amoung 36 different combinations of moisture, temperature, time, this

work indicates the optium conditioning treatment is 17% M, 70°F, 1.5 hrs.
Check table 16 for further confirmation., This treatment not only optimized
product quality and yield, but also exhibited similicity which reduces

the processing cost (adding water, heating, and drying grain etc).



