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ABSTRACT

Three chicks experiments were conducted for a period 
of 14 days each to evaluate nitrogen retention, body weight 
gain, feed consumption and metabolizable energy (ME) of 
various grain sorghum samples. Approximately equal dietary 
grain levels were supplied by various grain sorghum samples.

Differences in ME values were found when grains were 
fed with or without a commercial enzyme, and when grains 
were fed with or without physical process of rolling or 
steaming and rolling. It was found that, with the enzyme 
added, ME increased by 1 to 5%, while in another case with 
the same enzyme ME decreased by 1 to 11%. When the grain 
sorghum was fed rolled it was found to result in an increase 
of 10%. Furthermore, when the same grain was fed after 
steaming and rolling, a decrease of 1% was observed in ME 
content.



REVIEW OF LITERATURE

Two experiments were run by Alejar, Ranit and Manese 
(1969), with the purpose of finding out if grain sorghum 
could partially or totally replace corn as a source of ener
gy in the broiler ration. Their results showed no adverse 
effect on either gain, feed efficiency, or mortality of 
broilers when high levels of sorghum were fed. The rations 
containing sorghum proved to be practical and profitable.
In another experiment by Petersen (1969) using broilers, he 
found very good values for sorghum (with low tannin content), 
comparing it with corn, barley, wheat and oats. While find
ing only the corn to be superior to the sorghum in the abil
ity to promote growth. Grains were highly correlated with 
the energy intake, but not with the calculated ME per kg of 
the diet. Hill et al. (I960) evaluated the metabolizable 
energy (ME) of grain and grain products with chickens and 
found among the 21 values determined an ME value for sorghum 
of 1,480 kcal per pound.

In a work by Fry et al. (1958) they found that en
zyme supplementation or water treatment improved the ME of 
barley, rye or wheat significantly for turkey poult growth. 
They further demonstrated that other treatments such as 
autoelaving or drying of pearled barley (before or after



water treatment) did not improve either growth or feed effi
ciency. Moran and McGinnis (1965) conducted an experiment 
to determine the effect of enzyme and antibiotic supplemen
tation on the growth of turkey poults fed diets containing 
either corn or barley as the cereal grain. No effect was 
observed for corn in relation to growth, unless the protein 
to energy relationship was extensively altered. Diets con
taining barley showed a good response to the enzyme or anti
biotic supplementation. In another study Moran, Lall and 
Summers (1969) found that changing the physical form of the 
ration from mash to crumbles resulted in significant im
provements in both live performance and whole diet metabo
lizable energy when the birds were fed rye, but this was not 
true for corn based diets. Using only crumbled rations, 
growth responses due to supplementation with either a mix
ture of antibiotics and/or crude enzyme concentrates of bac
terial fungal origin varied from experiment to experiment, 
but resulted in consistent though small improvements with 
rye but not with corn. Weber (1975) fed grains to broiler 
chicks with or without an enzyme which was added to either 
wheat, triticale or barley and attempted to increase the ME 
values of the grains. The results showed increased ME ■ 
values for all grains with some degree of variability among 
similar varieties of grain. The commercial enzyme used was 
Nopgro from The Diamond Shamrock Co. The Diamond Shamrock



Co. stated that the enzyme promotes growth, improves feed 
efficiency and increases egg production in poultry when 
added at levels as low as 0.1 to 0.3% of the feed, with best 
results obtained When rations contained high levels of 
either barley, wheat by-products or other fibrous feedstuffs.

Praga Fernandez-Cuevas and Galvez Morros (1971) 
studied the effects of adding a proteolytic enzyme to the 
feed of laying hens. Their experiment, was run using sixty ' 
white leghorn hens of an average age of 238 days, and for a 
period of 72 days. Ten groups were fed as follows: 1 was
the control; 3 were given pepsin prepared from pig stomach 
at 10 mg, 100 mg or 1 gm/kg of feed; 3 were given papain at 
10 mg, 100 mg, or 1 gm/kg of feed; and 3 were given both 
pepsin and papain, 10 mg of each, 100 mg or each or 0.5 gm 
of each per kg of feed in diets using 60% corn. The results 
showed greater numbers of eggs produced and increased egg 
weights in the groups fed the enzyme supplements.

According to Far!in (1976), in cattle milo is great
ly improved when it is processed by any physical method such 
as fine or coarse grinding, steam rolling, pelleting and 
steam flaking. He found improvements as high as 9% as' a 
result of such processing.

Boldaji (1969) found that ME values of grain sorghum 
were improved by 4 to 8% after steam cooking and 8 to 15% 
after pressure cooking at 50 to 80 lb per sq inch. This



latter method of processing produced sorghum equal -to corn 
for egg production and feed conversion. Furthermore, metab
olizable energy and protein quality differed among varieties 
of sorghum. Kojima et al. (1968) studied the effect of 
cooking on barley and sorghum, which was then mixed in the 
ration for digestibility determinations. They used 6 weath
ers and they found reduced digestibility of the protein, 
ether extract and fiber in both grains as a result of the 
cooking process. Weber (1970) found that treating sorghum 
by steaming and flaking increased egg production and im
proved feed conversion. The data suggested a further in
crease in egg production being derived from flaking over the 
effect of steaming only. Weber (1971) in a further study 
found that no beneficial effect was derived ;from either the 
flaking or steaming of sorghum. From the standpoint of 
economics, the mechanical processing of sorghum for use in 
poultry feed is highly questionable, because of the high 
costs of equipment for processing.

The purpose of this study is to find out if the ME 
values of sorghum in chick diets can be increased by the use 
of an enzyme preparation (Nopgro) and/or physical processing 
of the grain.



EXPERIMENTAL PROCEDURE

Three experiments with chicks were conducted at The 
.University of Arizona Poultry Research Center during the 
course of this work.

The purpose of these experiments was to study the 
effects of an enzyme and/or physical processing on the me
tabolizable energy values of sorghum for young chicks. 
Criteria used were: body weight gains feed consumption,
nitrogen retention and metabolizable energy determinations.
Grain sorghum was used in these studies. Grain sorghum sam-

/ "• 1 
pies were fed untreated, treated with enzyme, steamed and
rolled, and steamed and rolled with enzyme. The steamed and. 
rolled grain sorghum samples were prepared at The University 
of Arizona Animal Science Farm, while some of the sorghum 
samples were rolled in Mexico. Chromic oxide was added to 
all diets at a level of 0.2% as a trace marker for digest
ibility determinations (Edwards and Gillis 1959)• The 
chicks were provided with feed and water ad libitum. Sexed 
Hubbard broiler chicks were randomly distributed among the 
pens in a battery brooder with a raised screen floor. There 
were two replicates in each treatment and each replicate con
tained six chicks (3 males and 3 females). All experiments 
were, carried out for a period of 14 days.
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In the three experiments sorghum grains used were as 

follows: Asgrow TXS Pioneer 820s commercial sorghum of un
known varietys commercial sorghum acquired from Mexico, and 
commercial sorghum of unknown variety acquired from the Ani
mal Science Department.

For each experiment a semipurified basal diet' was 
formulated by digital computer to meet the essential nutri
ent requirements according to the recommendations of the 
National Research Council (1971) when mixed with the grain 
studied (Tables 1, 2, 3 and 4).

Each basal diet was mixed with sorghum at two levels
as indicated in each experiment; thus, the experimental \ -
diets supplied two different intakes of protein and energy 
in relation to the level of grain fed.

In each case the birds and the feed were weighed 
initially and upon termination of trie experiment; unconsumed 
feed was weighed in order to determine feed consumption.

Fecal samples were collected during the 4th week and 
both feed and feces were analyzed for total nitrogen, chro
mic oxide (CrgOg), and gross energy. Nitrogen retention 
values were calculated from the values of chromic oxide in 
the feeds and feces using the method of Edwards and Gillis 
(1959). The ground excreta and feed samples were then ana
lyzed for gross energy using a Parr Oxygen Bomb Calorimeter, 
and nitrogen was determined by the Kjeldahl method (Official
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Table 1. Composition of the basal diet

Ingredients
Percent 
of Diet

Glucose monohydrate 18.79
Soybean meal (48.5%) 59.50
Alfalfa meal (17%) 3.33
Animal fat 7.00
Calcium carbonate 2.42
Dicalcium phosphate 3.33
Salt 0.42

- iTrace mineral mix 0.40
Vitamin mix Pr-9 (33.4$)2 4.17
DL-methionine 0.24

cr2°3 0.40
TOTAL3 100.00

^The trace mineral mix at 0.40% 
ppm Fe, 240 ppm Zn, 240 ppm Mn, 4.0

in the 
ppm Mo

diet supplied 80 
and 16 ppm Cu.

The vitamin mix supplied 20,642 IU of Vitamin A, 3,211 
ICU of Vitamin Dg, 9,17 mg riboflavin, 57 mg niacin, 23 mg 
calcium pant ho the nat e, 27.52 meg Vitamin B,i2, 11 mg d-alpha- 
tocopherol acetate, 4.59 mg menadione sodium bisulfate, 971 
mg choline chloride and 0.26 gm ethoxyquin per kg of diet in 
a soybean meal carrier, when the chicks were fed 4.17% in 
the diet.

protein = 30.81, ME kcal/lb = 1259, % calcium = 2.025, 
% avail, phos. = 0.736.



Table 2. Levels and varieties of sorghum used in 
experiment No. 1

Diet Percent of
Number^ Basal Used

1. Controls 100
2. Basal + . 50

Sorghum Commercial 50
3. Basal + 40

Sorghum Commercial 60
4. Basal + 50

Pioneer 820 50
5. Basal + 40

. Pioneer 820 60
6. Basal + 50

Asgrow TX 50
7. Basal + 40

Asgrow TX 60
8. Basal + 50

Pioneer 820 + Enzyme 50
9. Basal + 60

Pioneer 820 + Enzyme 40
10. Basal + 50

Asgrow TX + Enzyme 50
11. Basal + 40

Asgrow TX + Enzyme • 60
12. Controls 100

10.91 gm of enzyme/lb of grain used
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Table 3. Treatment and levels used of an unknown sorghum 
variety acquired from Mexico in experiment No. 2

Diet Percent of
Number-*- Basal Used

1. Controls: 100
2. Basal + 50

Sorghum Mexico 50
3. Basal + 40

Sorghum Mexico 60
4. Basal + 50

Sorghum Mexico + Enzyme 50
5. Basal + 40

Sorghum Mexico + Enzyme 60
6. Basal + 50

Rolled Sorghum Mexico 50
7. Basal + 40

Rolled Sorghum Mexico 60
8. Basal + 50

Rolled Sorghum Mexico + Enzyme 50
9. Basal + ' 40

Rolled Sorghum Mexico + Enzyme 60
10. Basal + 50

Sorghum Commercial + Enzyme ' 50 .
11. Basal + . 4 0

Sorghum Commercial + Enzyme 60
12. Controls 100

10.91 gm of enzyme/lb of grain used.
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Table 4. Treatment and levels used of an unknown commercial 
sorghum variety acquired from the Animal Science 
Department in experiment No. 3

Diet
Number1

Percent of 
Basal Used

1 . Controls 100
2 . Basal + 2 

Sorghum
50
50

3. Basal + 0 
Sorghum

40
60

4. Basal + 2 
Sorghum + Enzyme

50
50

5. Basal + 2 
Sorghum + Enzyme

40
60

6. Basal + 2 
Sorghum Treated ' 50 

50 '
7. Basal + 2 

Sorghum Treated
40
60

8. Basal + g 
Sorghum Treated + Enzyme

50
50

9. Basal + 2 
Sorghum Treated + Enzyme

40
60

10. Basal +
Sorghum Commercial

50
50

11. Basal + 
Sorghum Commercial

40
60

12. Controls 100

^0.91 gm of enzyme/lb of grain used.
2Sorghum from Animal Science Farm.
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Methods of Analysis i960). The metabolizable energy values 
for each test material were calculated in the manner de
scribed by Sibbald, Summers and Slinger (i960).

Both classical (Tables 5» 6S and 7) and nitrogen 
corrected (Tables 8S 93 and 10) ME values of the sorghum 
grains were determined in the course of this study. The 
classical method involves the caloric value without a cor
rection for protein retention, while the corrected ME value 
does include a protein correction factor.

The steam processed grain was prepared by subjecting 
the grain to low-pressure, high-moisture steam in an over
sized tempering chamber for approximately 25 minutes prior . 
to rolling. The temperature of the grain in the steam cham
ber averaged 99°C and the moisture content of the sorghum 
flakes from the roller averaged 17.8%. The pressure cooked 
sorghum was cooked for one minute (Hale et al. 1966).

The enzyme used was a commercial enzyme preparation 
(Nopgro) derived from the fermentation of Aspergillus oryzae 
and Bacillus subtilis on a wheat bran base. Since it is not 
extracted, all the enzyme products and growth factors are 
present in the final product. The manufacturer advocates 
using the enzyme at levels as low as 0.1 to 0.3% of the feed 
(Diamond Shamrock Chemical Company 1975)„ In these experi
ment s the amount of enzyme used was 0.91 gm (0.2%) of enzyme 
per pound of grain used.
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Table 5. Classical metabolizable energy values of known
varieties of sorghum fed to broiler chicks in
experiment No. 1

Dietary Treatments
Metabolizable Energy"*" 

(kcal/gm)

Sorghum Commercial 3.3733ab
Pioneer 820 3.3873ab
Pioneer 820 + Enzyme 3.l467a
Asgrow TX 3.4736abc
Asgrow TX + Enzyme 3.5101abc

1Means not having common 
nificantly different at the

. letter superscripts were sig- 
0.05 level of probability.
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Table 6. Classical metabolizable, energy values of an
unknown sorghum variety from Mexico fed to broiler
chicks in experiment No. 2

Dietary Treatments
TMetabolizable Energy 

(kcal/gm)

Sorghum Mexico 3.6l40abc .
Sorghum Mexico + Enzyme 3.7326bc
Rolled Sorghum Mexico 3.9893°
Rolled Sorghum Mexico + Enzyme 3.6073abc
Sorghum Commercial + Enzyme 3.l428a

■^Means not having common letter superscripts were sig
nificantly different at the 0.05 level of probability.

1
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Table 7„ Classical metabolizable energy values of an
unknown commercial variety of sorghum processed 
by the Animal Science Department and fed to 
broiler chicks in experiment No. 3

Dietary Treatments
Metabolizable Energy1 

(kcal/gm)

Sorghum An. Sol. 3.3 9 H ab
Sorghum An. Sci. + Enzyme 3.3600ab
Sorghum An. Sci. Treated 3.2737ab
Sorghum An. Sci. Treated + Enzyme 3.4801abo
Sorghum Commercial 3.2268ab

^Means not having common letter superscripts were sig
nificantly different at the 0.05 level of probability.
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Table 8. Corrected metabolizable energy values of known
varieties of sorghum fed to broiler chicks in
experiment No. 1

Dietary Treatments
Metabolizable

Energy1
(kcal/gm)

Response 
to Enzyme 

(%)

Sorghum Commercial 3.l4l0a
Pioneer 820 3.1l89a 100
Pioneer 820 + Enzyme 3.04l3a 97.51
Asgrow TX . 3.2726ab 100
Asgrow TX + Enzyme 3.3l56ab 101.31

^Means not having common letter superscripts were sig
nificantly different at the 0.05 level of probability.
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Table 9• Corrected metabolizable energy values of an
unknown sorghum variety from Mexico fed to
broiler chicks in experiment No. 2

Dietary Treatments
Metabolizable

Energy1
(kcal/gm)

Response 
to Enzymem

Sorghum Mexico 3.2848ab 100
Sorghum Mexico + Enzyme 3.3513ab 102.02
Rolled Sorghum Mexico 3.6l68b 100
Rolled Sorghum Mexico + Enzyme 3.2528ab 89.94
Sorghum Commercial + Enzyme 2.9522a --

■'"Means not having common letter superscripts were sig
nificantly different at the 0.05 level of probability.
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Table 10. Corrected metabolizable energy values of an
unknown commercial variety of sorghum processed 
by the Animal Science Department and fed to 
broiler chicks in experiment No. 3

Dietary Treatments
Metabolizable 

Energy1 
(kcal/gm)

Response 
to Enzyme 

<%)

Sorghum An. Sci. 3.2726ab 100
Sorghum An. Sci. + Enzyme 3.2342ab 98.83
Sorghum An. Sci. Treated 3.1739a 100
Sorghum An. Sci. Treated + Enzyme 3.3^31ab 105.33
Sorghum Commercial 3.138la

1Means not having common letter superscripts were sig-
nifleantly different at the' 0.05 level of probability.



RESULTS AND DISCUSSION

The data indicate no significant difference among 
the various treatment fed in the three experiments regarding 
weight gain and feed consumption (Tables 11, 12 and 13). 
There were no significant differences in weight, gain and 
feed consumption when comparing the different grains either 
untreated, treated by physical means., or with an enzyme 
added. In experiment Nos. 2 and 3s similar results for 
weight gain.and feed consumption were obtained whether the 
sorghum was fed untreated, untreated plus enzyme, treated, 
and treated plus enzyme (Tables 12 and 13).

The values for protein retention were similar for 
all the dietary treatments, being highest in those with a 
low dietary protein level, and lowest in those with a high 
dietary protein level.

In experiment No. 1 the ME values derived from the 
different grain sorghums used indicated that Pioneer 820 
plus enzyme had an ME value lower than the Pioneer 820 with
out the enzyme by 0.0776 kcal/gm (3.5 kcal/lb), a decrease 
of about 2.49$ (Table 8). The ME value for the Asgrow TX 
was improved with the addition of the enzyme by 0.043 kcal/ 
gm for an increase of about 1.31%. The ME results were

18



Table 11. Dietary protein levels, body weight gain, feed consumption and
nitrogen retention of broiler chicks in experiment No. 1

Dietary Treatments^

Protein
Dietary
Level
■(%)

Body
Weight
Gain
(gm)

Total
Feed

Consumption
(gm)

Nitrogen
Retention

(%)

Controls 29.91 413 842 44.05
Sorghum Commercial 19.10 403 ' 831 56.98
Pioneer 820 19.74 411 815 54.86
Pioneer 820 + Enzyme 21.35 421 757 53.78
Asgrow TX 18.85 402 804 54.75
Asgrow TX + Enzyme 18.73 392 761 52.88

iEach value expressed as 
grain studied.

the average of the two duplicates :run for each



Table 12. Dietary protein levels3 body weight gain, feed consumption and
nitrogen retention of broiler chicks in experiment No. 2

-1Dietary Treatments

Protein
Dietary
Level
{%)

Body
Weight
Gain
(gm)

Total
Feed

Consumption
(gm)

Nitrogen
Retention

{%)

Controls 31.68 396 808 32.84
Sorghum Mexico 19.53 392 793 60.19
Sorghum Mexico + Enzyme 19.69 367 707 62.98
Rolled Sorghum Mexico 18.48 366 745 58.59
Rolled Sorghum Mexico + Enzyme 19.57 365 719 58.72
Sorghum Commercial + Enzyme 20.03 361 720 55.38

^Each value expressed as the average of the two duplicates :run for each
grain studied.

roo



Table 13. Dietary protein levels, body weight gain, feed consumption and
nitrogen retention of broiler chicks in experiment No. 3

1Dietary Treatments

Dietary
Protein
Level
(%)

Body
Weight
Gain
(gm)

Total
Feed

Consumption
(gm)

Nitrogen
Retention

(%)

Controls 26.54 399 872 35.54
Sorghum An. Sci. 17,28 421 867 53.14
Sorghum An. Sci. + Enzyme 17.92 4 04 871 53.41
Sorghum An. Sci. Treated 17.50 405 831 48.37
Sorghum An. Sci. Treated 

Enzyme 17.83 398 877 56.78
Sorghum Commercial 17.11 386 8,81 45.38

^Each value expressed as 
grain studied.

the average of the two duplicates runl for each
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mixed as to the effect of the addition of the commercial en
zyme preparation with no defined conclusions possible.

Comparing the commercial grain sorghum, of an un
known variety, with the other grains used in experiment No. 
1, higher ME values were obtained for the commercial sorghum 
than for Pioneer 820 with or without the enzyme. The com
mercial sorghum was higher in ME content than Pioneer 820 by 
0.0221 kcal/gm, or about 0.71%, while Pioneer 820 plus en
zyme was 0.0997 kcal/gm higher than the commercial sorghum, 
or about 3.28%. For Asgrow TX, with or without the enzyme, 
higher ME values were found than for the commercial sorghum 
sample. Asgrow TX without the enzyme was higher by 0.1316 
kcal/gm (about 4.19%), while Asgrow TX plus enzyme had ME 
values higher by 0.1746 kcal/gm (5.56%) when compared with 
the commercial sorghum sample.

In experiment No. 2, the data indicated an increase 
in the ME value for the sorghum sample obtained from Mexico 
when the enzyme was added over the same sorghum sample with
out the enzyme by 0.0665 kcal/gm for an increase of 2.02% 
(Table 9). For the same sorghum from Mexico rolled, a de
crease in the ME value was observed when the enzyme was 
added by 0.364 kcal/gm, or about 11.19%. The untreated sor
ghum from Mexico showed an increase in ME value when the 
enzyme was added, while the same sorghum treated by rolling 
was found to have a decreased caloric value with the
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addition of the enzyme. One can speculate that the physical 
process of rolling the sorghum from Mexico increased the ME 
values of the grain to the point where the enzyme was not 
able to further increase the caloric value due to the fact 
that the starch present in the sorghum was all available.
The ME values observed for the rolled sorghum from Mexico 
were the highest of all the sorghums tested in the three 
experiments.

In experiment No. 2, the ME value for the commercial 
sorghum with the enzyme addition was lower than that of all 
the grains tested; compared with the sorghum from Mexicos it 
was decreased by 0.3326 kcal/gm, about 11.26%, while with 
the sorghum from Mexico plus the enzyme it was decreased by 
0.3991 kcal/gm, or about 13.26% (Table 9). Further, compar
ing the commercial sorghum plus enzyme with the rolled sor
ghum from Mexico, it was found that the commercial sorghum 
was lower by 0.6646 kcal/gm, or about 22.51%, while the 
rolled sorghum from Mexico plus the enzyme was slightly 
lower by 0.3006 kcal/gm, about 10.18%.

Comparing the commercial sorghum from experiment 
No. 1 with the commercial sorghum plus enzyme from experi
ment No. 2 (Tables 8 and 9), the data indicated a decrease 
in the ME values of 0.1888 kcal/gm when the enzyme was added, 
a decrease of about 6.01%. It was observed that the addi
tion of the enzyme produced a decrease in the ME values for
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the commercial sorghum grains. Howevers there is no expla
nation available for this observation.•

In experiment No. 35 the data indicated that the ME 
values for the sorghum from the Animal Science Farm were 
decreased by 0.0384 kcal/gm, a decrease of about 1.19%, when 
the enzyme was added (Table 10). For the sorghum from Ani
mal Science treated by steaming and rolling, it was found 
that an increase in the ME value of 0.1692 kcal/gm occurred 
when the enzyme was added for an increase of 5.33%. However, 
a decrease was observed in the ME value when the enzyme was 
added to the untreated grain, and an increase occurred when 
the enzyme was added to the sorghum treated by physical pro
cess of steaming and rolling. One could conclude that the 
physical processing did not make available all the starch 
present in the sorghum, and in this case the enzyme did have 
an effect.

Comparing the values from table 10 for the untreated 
and treated sorghum, the greatest increase occurred in the 
treated sorghum plus enzyme versus the sorghum untreated or 
sorghum untreated plus enzyme. The treated sorghum plus, 
enzyme was higher by 0.0705 kcal/gm over the treated, and 
higher than the sorghum untreated plus enzyme by 0.1089 
kcal/gm (Table 10).

In table 10, the commercial sorghum of unknown ori
gin had the lowest ME value in comparison with either the
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sorghum from Animal Science which was untreated or treated 
plus the addition of the enzyme.

The commercial sorghum was the lowest3 being lower 
than sorghum untreated by 0.13^5 kcal/gm, about 4.29# lower; 
compared with the sorghum untreated plus enzymes the commer
cial was lower by 0.0961 kcal/gm, about 3-06# lower. Com
paring the commercial sorghum with the sorghum treated, it 
was lower by 0.0358 kcal/gm, about 1.14%, and with the sor
ghum treated plus enzyme, the commercial sorghum was lower 
by 0.2050 kcal/gm, or about 6.53#-

Comparing the commercial sorghum from the three ex
periments (Tables 8, 9, and 10), it was found that the ME 
values for the sorghum without the enzyme added were higher 
than the one where the enzyme was added.

These data from three experiments demonstrate that 
there is a difference in ME values for various varieties of 
grain sorghum. Some varieties of sorghum can be improved in 
ME content by the addition of the commercial enzyme prepara
tion, while others were demonstrated to have lowered ME 
value when fed with the enzyme. The mechanism whereby the 
enzyme increases or decreases the ME value of a grain is un
known. The evidence from both the physical treatment of the 
grain and the enzyme action shows that the available caloric 
content of a grain can be changed.
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Several theories can be proposed as to why the grain 

responded to treatment. The starch may be encased in vacu
oles which are ruptured by means of physical treatments 
while in others the starch may be highly cross-linked and 
difficult to digest by monogastric animals. The added com- ■ 
mercial enzyme has the ability to break the cross-linked 
bonds of the starch in various types of grain. There exists 
the possibility that a third and unknown factor may be in
volved which produced the increase in ME value of the vari- 
'ous grain sorghums by either physical treatment or by the 
addition of the enzyme.



SUMMARY

Three chick experiments were conducted at the 
University of Arizona Poultry Research Center. The three 
experiments were designed to evaluate the effects of a com
mercial enzyme and/or physical process on the metabolizable 
energy values for the different sorghum samples.

Protein utilization was determined as nitrogen re
tention, and energy utilization was measured by ME estima
tions . There was a difference in ME values when the sorghum 
grains were fed with or without physical treatment and with 
or without enzyme added. It was found that with the enzyme 
added increases were obtained of 1 to 5%, while in another 
case with the same enzyme added decreases were observed of 
1 to 11%, When the grain sorghum was fed rolled, it was 
found to result in an increase of 10%. Furthermore, when 
the same grain was fed treated by steaming and rolling pro
cess a decrease of 3% was observed.
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