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PROTEIN AND METABOLIZABLE ENERGY QUALITY OF GRAIN VARIETIES

Charles W. Weber, Ph.D.
Departments of Nutrition and Food Science

and Animal Sciences
University of Arizona

During the last several years, a number of observations have been made concerning what affects

grain quality. This concerns both the protein quality and the usable energy for various varieties of

grain. One is the fact that the protein levels of a given cultivar may vary from year to year because

of location, irrigation practices, and levels of fertilization used. A second is concentration of a

naturally occurring toxin, known as resorcinol, that is found in varieties of grain samples. The third

is the level of metabolizable energy available in the cultivars of grain and the influence of resorcin-

ol on its usage.

Protein Levels

Wheat harvested at the University of Arizona Marana farm was analyzed for protein, fat and mois-

ture levels (Table 1). All of the wheat analyzed had crude protein levels lower than any other prior

analyses for similar varieties of grain. The Marana samples ranged from a low of 8.64% to a high of

13.17% protein. Past analyses of wheat usually ranged in crude protein values from 13% to 16 %. No

good reason can be given at this time for the lowered protein values.

Similar wheat varieties harvested in the Casa Grande area were high in crude protein values

(Table 1). Prodax from the Casa Grande area had 13.54% protein while the same variety grown on the

Marana farm had a 9.56% protein.

In cooperation with Agricultural Agent Jim Little, an additional problem was observed in the wheat

samples from the Casa Grande area in which wheat varieties with and without yellow -berry condition were

collected and analyzed (Table 1). Both Cocorit and Produra examined had crude protein values of 13.02

and 14.3% without yellow -berry and levels of 8.42 for Cocorit and 9.12% protein for Produra with yellow -

berry. Both Cocorit and Produra crude protein values were lowered by 5% when the incidence of yellow -

berry was high.

Sorghum grain samples harvested from the Marana farm were analyzed for protein, fat and moisture.

The moisture was 3 to 4% higher than storage grain because the grain was recently harvested. However,

the small increase in moisture does not account for the low crude protein values observed in the vari-

ties of sorghum analyzed (Table 2). The protein levels ranged from 6.15 to 8.38% with the majority of

the varieties falling below 7% crude protein.

Sorghum samples harvested at the Ak -Chin farm were very high in crude protein. They ranged from

13 to 16% protein in varieties which were the same as those grown at Marana.

Table 1

GRAIN SAMPLES - FALL OF 1975.

MARANA FARM CASA GRANDE AREA

%
Protein

%
Fat

%
Moisture Protein

%
Fat

%
Moisture

Bounty 10.13 1.05 6.69 Prodax 13.54 1.68 13.20
Torirr 11.60 1.39 6.72 Cocorit -2* 8.42 1.58 10.10
Bartel 8.64 1.53 7.03 Tanori -3 14.05 1.31 11.51

Jupateco 11.38 1.16 6.84 D & P1 -2 13.02 0.87 12.64
Cocorit 9.33 1.17 6.76 D & P1 -1 13.38 1.37 9.82
1NIA 11:70 1.17 7.35 Produra-

AZ6260-6 8.07 1.48 8.53 3Lo 14.37 1.23 11.05

Cajerne 10.96 1.31 . 8.44 Probud4 13.57 1.28 10.82

Prodax 9.56 1.18 7.59 Great

DeKalb 9.46 1.43 8.22 Western -1 14.88 1.50 10.58

Bluebird #2 10.26 0.86 8.29 Jori -3 15.07 1.61 11.14

Produra 12.60 0.90 8.89 Cocorit -3 13.02 1.48 11.96

Tanori 13.17 1.37 9.06 Produra -3* 9.12 2.05 7.58

*Yellow -berry
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Table 2
SORGHUMS - FALL 1975

MARANA FARM

%
Protein Fat

%
Moisture

1. Pioneer 846

2. Asgrow Rico

3. Asgrow Dorado

8.38

6.86

6.60

2.70

1.97

2.65

10.72

10.46

11.24

4. Northrup King 278 7.68 2.32 10.24

5. Taylor Evans Y101 6.15 F92 11.80

6. Dekalb E59 6.86 1.44 12.37

7. Funks G522 6.30 2.32 10.34

8. Funks G393 7.75 1.98 10.73

9. Acco R109A 7.04 1.79 9.88

10. Acco R1090 6.52 2.48 9.95

11. FM Advance 80 6.54 2.72 10.00

12. FM Advance 14 6.93 2.88 11.03

FALL 1976
Ak -Chin Area

Samples Analyzed
Protein Moisture

Asgrow Double TX 14.72 9.82

ACCO R1090 12.95 10.82

NK 285 12.94 10.55

DeKalb C42Y 16.34 10.58

FM Advance 80 14.33 10.91

Cultivars of barley harvested in Graham County were analyzed for protein, fat and fiber content
(Table 3). The barley cultivars would be limited in the amount which could be fed to poultry because of
its fiber content. However, it could be used at levels ranging from 35 to 50% of the diet. Barley is
an unknown feed item which has a potential in poultry ration, especially varieties with low fiber con-
tent. Barley has a better balanced amino acid profile than most other grain sources.

The results demonstrated the great variability found between varieties and within the same variety
for protein levels. This poses a difficult question of how the feed industry can allow for changing
protein levels during the mixing of laying and broiler rations. Quality control has to be the only
solution to this problem.

Table 3

BARLEY CULTIVARS

Spring, 1978

Cultivar
Protein Fat Fiber Moisture

Gus 10.68 1.08 5.45 5.75

N K Kombar 10.60 1.12 8.13 5.81

N K Kombyme 12.63 1.18 6.93 5.81

Briggs 10.72 1.01 6.61 5.80

Arivat 11.22 1.43 8.53 5.62
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The amino acid profiles of the same variety of grain showed surprisingly little variation for indi-
vidual amino acids from year to year with the different protein levels found each year. The sulfur amino

acids had the greatest variation with the method of analyses possibly leading to these observed differ-

ences.

A greater variation in amino acid levels can be found between the different cultivars of grain such

as wheat, triticale, barley and sorghum (Table 4). Lysine is one of the amino acids which shows this
great variation with barley and triticale being much higher than either the wheat or sorghum grains. The

triticale is 10% lower, while both the wheat and sorghum are 25% lower in lysine concentration than the

barley sample Arimont. One other exception in the amino acid leucine which is greatly elevated by more
than twice the amount for the other three grain samples.

Table .4
AMINO ACIDS CONCENTRATION OF GRAINS

EXPRESSED AS PERCENT OF PROTEIN

Amino
Acids Produra Triticale Arimont Milo

Lysine 2.81 3.35 3.74 2.81

Histidine 2.33 2.33 2.25 1.91

Arginine 4.90 535 5.41 4.04

Threonine 3.06 3.40 3.58 3.82

Glycine 3.92 4.57 4.24 4.50

Cystine 1.96 2.09 1.41 2.13

Methionine 1.53 1.46 1.50 1.80

Valine 4.71 4.96 5.49 5.73

Isoleucine 4.04 3.94 3.91 5.17

Leucine 7.04 7.14 7.23 14.61

Tyrosine 2.94 2.87 3.08 4.38

Phenylalanine 4.71 4.57 5.16 5.73

Energy

Great variations were noted between the wheat and triticale varieties for the metabolizable energy
figures (Table 5). An interesting point is that the gross energy value was approximately the same for
wheat, triticale and barley varieties. A great variation was found in the metabolizable energy value
for the wheat varieties, varying from a low of 1282 kcal /lb for Bluebird No. 2 to a high of 1576 kcal /lb

for Valley 103. This amounted to a 19% variation in wheat M.E. values. An average value of 1440 kcal

of M.E. per pound was calculated for the wheat samples. However, average tabled values of M.E. for
wheat were usually lower than the above figures by about 100 kcal /lb.

The different varieties of triticale tested were found to have a large variation, greater than those
observed for wheat samples. A range from a low of 1167 M.E. to a high of 1355 M.E. was determined for
the triticale grain (Table 4). A 24% variation between high and low M.E. value was observed for the

tested triticale grains. An average value of 1278 M.E. was calculated using the limited number of tested

triticale grains. This does not agree with commercial table values for triticale grain which are listed
as approximately 1450 M.E. The difference between our laboratory values and those listed in other tables
is substantial.

The addition of a commercial enzyme preparation was tested in varieties with low M.E. values, the
theory being that the enzyme addition would increase the metabolizable energy of a given grain. In

Table 4, the commercial enzyme was added to five different grain samples. An increase in M.E. was ob-

served in all five grains tested. However, the amount of energy gained by the enzyme addition was not
the same, ranging from a low of 41 kcal of M.E. in triticale 204 to a high of 220 kcal of M.E. in
Arimont. An interesting point is the fact that in both wheat and triticale grain samples the enzyme in-
creased the M.E. value for all four samples to approximately the same M.E. figure. Further testing of

grain samples with the added enzyme is needed to confirm this observation. The enzyme needs to be added
to a grain with a high M.E. figure and checked to see if the energy can be raised further. The commer-

cial enzyme used was NopGro from the Diamond Shamrock Co.

Toxin

The naturally occurring toxin, known as resorcinol, was determined for the wheat, triticale, and
barley samples. Both a correlation and student t test were evaluated for the relationship between
resorcinol and M.E. values of the wheat and triticale grain samples. A good correlation and a high stu-
dent t test were established between M.E. values and resorcinol concentration of the grains. The higher
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the resorcinol levels, the lower the M.E. values observed. The wheat varieties had a lower average res-
orcinol concentration, 0.19 %, than the triticale varieties, 0.26 %. This relationship needs to be elu-
cidated by future studies.

Table 5
GRAINS ANALYZED FOR GROSS ENERGY, METABOLIZABLE ENERGY,

PROTEIN EFFICIENCY RATIO AND RESORCINOL CONCENTRATION

Grains
Analyzed

Gross
Energy
Kcal/lb

M.E.
Kcal /lb

M.E. +
Enzyme
Kcal /lb P.E.R.

Resorcinol
Concentration

( %)

Wheat

INIA -66 1838 1495 1.00 0.10

Siete Cerros 1824 1414 0.79 0.09

Bluebird #2 1844 1282 1431 1.22 0.19

Yecora 1870 1368 1.52 0.20

Saric 1851 1352 1422 1.30 0.21

Anza 1834 1416 1.31 0.20

Funk's W-433 1881 1567 136 0.14

Valley 103 1897 1576 1.45 0.21

Produra 1898 1492 1.56 0.20

Average 1859 1440 1.28 0.19

Triticale

Triticale 203 1867 1318 1412 1.69 0.27

Triticale 204 1851 1355 1396 1.71 0.22

Triticale (73) 1971 1272 1.73 0.31

Triticale (Marana) 1848 1167 1.52

Average 1870 1278 1.66 0.26

Barley

liiproly 1878 1.70* 0.30

Arimont 1859 1300 1520 1.85* 0.28

CC4861 1831 - 0.19

Mariout Naked 1844 1.72* 0.24
Blanco

Average 1853 1300 - 1.76* 0.25

*Mice were used to determine P.E.R. values.

Grain samples grown in various locations of the state has been fed to laying hens with good success.
Grains such as triticale, wheat, and sorghum have been fed successfully to both broiler chicks and laying
hens. The three different types of grains fed were demonstrated to have great differences in food value
between cultivars within a given type of grain.

The poultry industry would profit greatly by asking and paying a premium of a given variety of
grain.
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