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DIGEST

Studies described in this publication are: (1) heating in mixtures containing two ingredients; (2) heat-
ing in mixtures containing five or more ingredients; (3) heating in pelleted feeds: (4) sodium propionate as
a heat inhibitor in mixtures containing 2.5 to 5.0 percent of ingredients with 45 to 50 percent moisture; and (§)
action of various materials tested as possible heat inhibitors.

Heating in mixtures depended on the moisture content and concentration of each individual ingredient
present. A mixture containing two ingredients always heated when both ingredients were above the critical
moisture level. When one ingredient was above and the other below the critical level. the mixture usually
heated when the concentration of the high moisture ingredient was high enough.

In general, heating in mixtures containing five or more ingredients depended on the moisture content of
the ingredient which was present in the largest amount. When an ingredient contained 45 to 50 percen
moisture, the addition of 2.5 to 5.0 percent of this ingredient usually caused the mixture to heat, even thougt
the mixture did not heat before the ingredient high in moisture was added.

With present federal moisture standards for grains, it is practically impossible to add 10 percent of black:
strap molasses or 2.5 to 5.0 percent of fish solubles or condensed corn fermentation solubles without th
feeds being highly susceptible to heating. Feeds containing 16 to 17 percent moisture were safe from heat:
ing when pelleted and the pellets were allowed to cool while exposed to air. Pelleted feeds cooled in a
closed container, heated in the same time as unpelleted mixtures. Sodium propionate at a level of 0.3 per
cent prevented heating in mixtures containing 16 percent moisture. Therefore, sodium propionate could
used to an advantage to prevent heating in feeds high in moisture or when stored at above 85°F,

The moisture content of mixed feeds may be misleading with regard to its susceptibility to heatmg
feed containing animal fat and 11.5 percent moisture heated as readily as one without fat and contai
13.5 percent moisture.

ACKNOWLEDGMENTS
These studies were supported in part by a grant in aid from the Corn Products Company, New York. '

Acknowledgment is made to Elmer Daggy. Corn Products Company, New York. for arranging the grant
in aid; to ]J. P. Hobe, McKesson and Robbins, New York., and M. A. Schooley, Armour and Company, Chi
cago, Illinois, for supplies of tetraalkyl ammonium stearate; to P. C. Hereld, Chemo Puro Manufacturing
Corp., Newark, New Jersey, for some of the mold-inhibiting compounds; and to R. H. Harris, American Col:
loid Company, Chicago, Illinois, for the bentonite.

This manuscript was adapted in part from data obtained by B. D. Webb in partial fulfillment of the re
quirement for the degree of Doctor of Philosophy from the Agricultural and Mechanical College of Texas.

CONTENTS

EX oMl PIOCOAUIe . . . o eeiidiae s e as s i Sy e e e st s PR S 3
Regults’andiEhsScussionwud e = et o 8l PEloll e e L s e

Heating in Mixtures Containing Two Ingredients ... .. .. . | s e o e L
One Ingredient Above the Critical Moisture Level ... .. ... . . . SRS S e tan s
Both Ingredients Above the Critical Moisture Level. ... ... .. .. .. . . .. RS e G

Heating in Complex Mixtures Containing Five or More Ingredients. .. .. .. ... ... .. . . .. .. . .. . .. 4
Moisture Content of Corn Meal and Soybean Meal Varied ... ... .. .. . ... .. .. ... .. . .. . .. .. .
Heating in Mixtures Containing Ingredients High in Moisture .. .. . .. . ... . . . . .. . . . .. .. L

Heating in Mixtures Containing Feed Grade Animal Fat ... . ... . .. . ... . .. ... ... ... . ... .. ... . *
Effect of Pelleting on Spontaneous Heating in Mixed Feeds. .. .. ... ... . ... . ... ... .. ... ... . ... '
Heaat- inhibitng s A chivity o S oI PO OO T o s s s s as s o e R SR ...
Products Tested for Possible Heat-inhibiting Activity . .. .......... ... ... ... ... . i :

O GIONCOS S B e A i o DR ET wribh oot ot R oA e, AR 2 e 0 il o




ICAL MOISTURE LEVELS of
more than 30 individual
igredients, including grain
rain by-products, protein
itrates, dehydrated alfalfa
and bonemeal have been
ied by Halick and Richard-
953) and by Halick, Rich-
| and Cline (1957). Heat-
'a few mixtures was de-
d in the same reports. The
res investigated contained
d corn and molasses and
d corn and fat. Heating
¢tures containing ground
nd molasses depended on
ure content of both the
d corn and the molasses,
xtures containing molas-
igh in moisture always
‘more readily than those
ning molasses low in mois-
When the moisture con-
f ground corn was high,
ixture heated regardless
‘moisture content of the
ses. The addition of fat
0 significant effect on
g in the mixtures, but a
re containing a large
t of fat heated at a lower
moisture level than one
ning no fat or only a small
it of fat.

the critical moisture
of most of the individual
lients had been deter-
, further studies were ini-
to determine the nature
mntaneous heating in var-
nixtures of feed ingre-
. The following studies
seribed in this report: (1)
g in mixtures containing
gredients; (2) heating in
es containing five or
ingredients; (3) heating
lleted feeds; (4) sodium
nate as a heat inhibitor

ctively research assistant and
or, Department of Biochemis-
d Nutrition.

udies on Feed Spoilage . . .

ff-’ ihy in Simple and Complex Feed Mixtures

WEBB and L. R. RICHARDSON*

in mixtures containing ingre-
dients high in moisture; and (5)
screening of various materials
as possible heat inhibitors.

EXPERIMENTAL PROCEDURE

The procedure and apparatus
used were the same as that de-
scribed by Halick and Richard-
son (1953). Generally, the fol-
lowing procedure was used in
preparing the various mixtures.
Each individual ingredient was
adjusted to the desired moisture
content by direct addition of a
calculated amount of water. The
water was allowed to equilibrate
with the ingredient overnight in
a room maintained at 40° F.
After equilibration, weighed
amounts of each individual in-
gredient were mixed thoroughly
so that the resultant mixture
contained the desired concentra-
tion of each ingredient. Two
kilos of the final mixture were
placed in a 4-liter Dewar flask
in the heating apparatus. Mois-
ture contents of the individual
ingredients and of the final mix-
tures were determined by dry-
ing in a vacuum oven according
to the AOAC procedure.

RESULTS AND DISCUSSION

Heating in Mixtures Containing
Two Ingredients

The combinations used to de-
termine the effect of each in-
gredient on heating in mixtures
of two ingredients were: ground
corn and bonemeal, ground corn
and cottonseed meal, ground
corn and fish meal, cottonseed
meal and bonemeal, sorghum
gluten meal and bonemeal, and
distillers dried grain solubles
and fish meal. It is recognized
that these mixtures are not rep-
resentative of practical feed
mixtures, but they were used to

demonstrate the complex nature
of heating in mixed feeds.

One Ingredient Above the
Critical Moisture Level. The
results when the moisture con-
tent of one ingredient was above
the critical level are summa-
rized in Table 1, series A. In
this case, the moisture content
of the other ingredient was ad-
justed to a value slightly below
the critical level so that no heat-
ing would occur before it was
mixed with another ingredient
that was above the critical level.
Three experiments were carried
out with mixtures containing
ground corn and steamed bone-
meal. In these tests, the mois-
ture content of the bonemeal
was above the critical level.

When the moisture content of
bonemeal was 10.6 and 12.1 per-
cent (groups 4 and 9), it took
200 gms/kg or 20 percent bone-
meal for the mixture to heat.
However, the mixture heated in
25 days with bonemeal contain-
ing 12.1 percent moisture
(group 9), but it required 32
days when the bonemeal con-
tained 10.6 percent moisture
(group 4). When the mois-
ture content of the bonemeal
was increased to 13.6 percent
(groups 10-13), it took only 100
gm/kg or 10 percent of bone-
meal to start to heat in 12 days.
Similarily, if the moisture con-
tent of the ground corn had been
increased, heating probably
would have occurred with a
smaller amount of the bonemeal.
But if the moisture content of
the corn had been lower, a
larger quantity of bonemeal
could have been added before
heating would have occurred.

These tests also illustrate that
the moisture value of the final
mixture is not a reliable indica-
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tion of when a mixture will
heat. For example, (groups 1-
5), the mixture with a moisture
content of 12.1 percent heated
in 15 days while the mixture
with 13.2 percent did not heat.
The reason for this difference
is due to the proportion of the
bonemeal present which had a
lower critical moisture level
than the ground corn.

A more practical situation
with respect to the effect of the
concentration of each ingredient
on heating in mixtures is illus-

trated by the combination of
ground corn and cottonseed
meal (groups 14-17). The mois-
ture content of the ground corn
was below the critical level and
it did not heat during storage,
while cottonseed meal contain-
ing 13.7 percent moisture heat-
ed in 21 days. When 20 percent
or 200 gms/kg of this meal was
mixed with the corn containing
13.0 percent moisture, no heat-
ing occurred, but when 30 per-
cent or 300 gms/kg of the cot-
tonseed meal was mixed with

TABLE 1. HEATING IN MIXTURES CONTAINING TWO INGREDIENTS WHEN
STORED AT 90°F AND 70 PERCENT RELATIVE HUMIDITY

Group Moi lageadisnts Mo M‘:'i‘si::'e Heated,
o gm/kg tur:ts‘% gm/kg mr:ts% ture, % days
SERIES A—Moisture content of one ingredient above the critical level
1. Corn 1000 13.2 -+ BM* 0 13.2
2. Corn 0 + BM* 1000 10.6 10.6 5
3. Corn 900 13.2 -+ BM* 100 10.6 13.2
4. Corn 800 13.2 B BM* 200 10.6 12.8 32
5. Corn 600 13.2 -+ BM* 400 10.6 12.1 15
6. Corn 1000 13.2 + BM 0 13.5
7. Corn 0 4 BM 1000 12.1 12.1 5
8. Corn 900 13.2 - BM 100 121 132
9. Corn 800 13.2 + BM 200 12.1 13.1 25
10. Corn 1000 13.2 -+ BM 0 13.2
11. Corn 0 + BM 1000 13.6 13.6 2
12. Corn 950 13.2 -+ BM 50 13.6 13.2
13. Corn 900 13.2 + BM 100 13.6 13.2 12
15. Corn 0 - CSM 0 13.0
14. Corn 1000 13.0 -+ CSM 1000 13.7 13.7 21
16. Corn 800 13.0 -+ CSM 200 13.7 13.0
17. Corn 700 13.0 + CSM 300 13.7 13.1 43
18. Corn 1000 13.1 -+ FM 0 13.1
19. Corn 0 + FM 1000 13.6 13.6 58
20. Corn 900 13.0 -+ FM 100 13.6 13.2
21. Corn 800 13.0 + FM 200 13.6 13.2 64
22. CSM 1000 12.2 + BM 0 12.2
23. CSM 0 + BM 1000 11.5 115 3
24. CSM 900 ¥2:2 4 BM 100 1135 122
25. CSM 800 12.2 - BM 200 115 12.1 22
26. MGM 1000 10.7 -+ BM 0 10.7
27. MGM 0 - BM 1000 9.9 9.9 6
28. MGM 900 10.7 -+ BM 100 9.9 10.6
29. MGM 800 10.7 + BM 200 9.9 10.4 38
30. DGS 1000 13.2 + FM 0 13.2
31. DGS 0 + FM 1000 13.5 135 34
32. DGS 950 13.2 + FM 50 13.5 132 66
33. DGS 900 13.2 -+ FM 100 13.5 13.2 55
SERIES B—Moisture content of both ingredients above the critical level
34. Corn 1000 14.3 4 CSM 0 14.3 41
35. Corn 0 CSM 1000 13.9 13.9 19
36. Corn 900 14.3 + CSM 100 13.9 14.1 29
'‘Determined
* Corn = Ground corn
BM = Steamed bonemeal
CSM = Cottonseed meal
FM = Fish meal

MGM=— Sorghum gluten meal

DGS = Dried distilled grain solubles
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J BLE 2. HEATING IN COMPLEX MIXTURES CONTAINING INGREDIENTS WITH
1 VARIOUS AMOUNTS OF MOISTURE

= Fish solubles

Equivalent
Am:iunt amount
Moisture content of water Moisture
Corn Soybean s;}:};lte- added as content of Hgg::sd'
meal, %, meal, %, el suppl:- mixture, %
ment,
gm/kg gm/kg
SERIES A—Moisture content of corn and soybean meal varied
1 12.5 12.5 None 12.6
2 12.5 16.0 None 13.8 27
K 12.5 15.0 None 13.0
15.0 12.5 None 13.9 24
~ SERIES B—Ingredient high in moisture added
7 12.5 12855 =ES" 25 11 13.2 31
8 12.5 12,5 -FS 25 13 13.2 38
! 12.5 125 Water 10 10 13.2 33
~ SERIES C—100 gm animal fat added
12.5 12,5 None 0 11.0
12.5 16.0 None 0 11:5 29
12.5 125 CS 25 11 11.8 33
= Condensed corn fermentation solubles

onemeal 3, dehydrated alfalfa

meal 2.5 and salt 0.5. The
noisture content of the steamed
onemeal and of dehydrated al-
alfa leaf meal was constant in
il tests at 7.0 and 13.5 percent,
espectively. These moisture
alues are below the critical
vels for both ingredients and,
ecause of the relatively small
mounts present, would have lit-
e effect on heating in the mix-
ire.

Moisture Content of Corn
leal and Soybean Meal Varied.
eating in mixtures when the
poisture contents of the two
major ingredients varied (corn
teal and soybean meal) is sum-
narized in Table 2, series A.
Vhen the moisture content of
orn meal was 12.5 percent, mix-
ares containing soybean meal
yith 12.5 (group 1) and 15.0
group 3) percent moisture did
ot heat; but when the soybean
peal contained 16 percent mois-
are, the mixture (group 2)
eated in 27 days. However,
vhen the moisture content of
he corn meal was 15.0 percent
md that of the soybean meal
2.5 percent, the mixture heated
n 24 days, even though the crit-
cal moisture levels of these two
ngredients were approximately
he same. These data show that

the moisture content of the in-
gredient which is present in the
largest amounts, has a greater
influence on heating than an-
other ingredient which is pres-
ent in relatively smaller a-
mounts. This condition would
be true regardless of whether
the feed was a concentrate to be
supplemented with grains pro-
duced on the farm or a complete
feed to be fed without any sup-
plementation.

In general, when a complex
mixture does not contain an in-
gredient excessively high in
moisture, such as those contain-
ing 40 to 55 percent moisture,
heating is influenced most by

the moisture content of the in-
gredient which is present in
largest amounts. Since animal
and poultry feeds usually con-
tain large amounts of cereal
graing, it is essential that the
moisture content of these ma-
terials be decidedly below the
critical level. With present fed-
eral standards for the moisture
content of grain, these compo-
nents of a feed are likely to be
responsible for a large percent-
age of the spontaneous heating
in mixed feeds.

Heating in Mixtures Contain-
ing Ingredients High in Mois-
ture. The data in Table 2 series
B, show the effect of adding in-
gredients high in moisture on
heating in a basal mixture which
did not heat before the supple-
ments were added. The addition
of 2.5 percent of corn fermenta-
tion solubles (group 7) or fish
solubles (group 8) to the basal
mixture (group 1), caused the
mixture to heat during a storage
period of less than 6 weeks.
When ordinary tap water was
added (group 9) to the basal
mixture in an amount equiva-
lent to the amount of water in
the supplement, heating occur-
red in essentially the same time
as when the supplement was
added. These data show that
heating in mixtures containing
the high moisture ingredients is
due to the amount of water add-
ed by that present in the ingred-
ient, rather than to any other
property.

When corn fermentation sol-
ubles and fish solubles were

TABLE 3.

EFFECT OF PELLETING AND TREATMENT AFTER PELLETING ON

SPONTANEOUS HEATING IN MIXTURES CONTAINING CORN FERMENTATION
SOLUBLES

Corn solubles

Moisture content

added,

Mixture before
gms/kg

pelleting, %

Mixture after
pelleting and
cooling, %

Heated, days

Pellets cooled in shallow trays exposed to air

0 1530
25 15.9
50 16.4
Pellets cooled in closed containers
0 15.0
25 15.9
50 16.4

11.1
11.8
11.6

15.0 11
15.9 10
17.0 9




TABLE 4. HEATING-INHIBITING ACTIVITY OF SODIUM PROPIONATE IN COM-
PLEX MIXTURES

Moisture content Ingredient Moisture
Mixture & amount content Heated,
no. Corn Soybean added, of mix- days
meal, % meal, % gm/kg tre; e
1 12.5 125 S’ 25.0 13.2 32
2 12.5 12.5 CS + 25.0 13.2
P 3.0
3 12.5 12:5 €S 50.0 14.1 16
4 12.5 12.5 CS + 50.0 14.1
P 3.0
5 14.5 15.0 (o] 50.0 16.0 8
6 14.5 15.0 CS + 50.0 16.0
P 3.0
'CS = Condensed corn fermentation solubles
P = Sodium propionate

added to the mixtures at a level
of 5.0 percent, heating occurred
sooner than with 2.5 percent.
Tests were carried out to deter-
mine the lowest moisture con-
tent of ground corn or ground
sorghum grain in order for mix-
tures containing corn fermen-
tation or fish solubles to remain
safe from heating. When the
moisture content of ground corn
or ground sorghum grain was
above 10.5 percent, the mixture
with 5.0 percent of either in-
gredient heated, but when it was
10.5 percent or less, the mix-
ture did not heat.

Heating in Mixtures Containing
Feed Grade Animal Fat

The data in Table 2, series C,
illustrate that moisture contents
of complex mixtures often may
be misleading with regard to
the susceptibility of a mixture
to heat. For example, when 10
percent of feed grade animal
fat (group 11) was substituted
for an equal amount of ground
corn in the mixture used in
group 2, heating occurred in es-
sentially the same time as it oc-
curred without the fat, even
though the final moisture con-
tent was reduced from 13.8 to
11.5 percent. When 2.5 percent
of corn fermentation solubles
was added to the mixture used
in group 10, heating occurred
even though the final moisture
content was only 11.8 percent,
as compared with 13.2 percent
when the mixture contained no
fat.  Halick, et al (1957) re-

6

ported that heating in mixtures
containing fat is due to the mois-
ture content of the hygroscopic
ingredients, rather than to the
final moisture of the mixture.
When fat is added, the moisture
content of the mixture is reduc-
ed because no moisture is added
by the fat.

Effect of Pelleting on Spontaneous
Heating in Mixed Feeds

A large portion of commercial
feeds are pelleted. The effect
of pelleting and the treatment
immediately after pelleting on
heating in feeds that were rela-
tively high in moisture were de-
termined. The results with
feeds containing 2.5 and 5.0 per-
cent of corn fermentation sol-
ubles are summarized in Table
3. When the pellets were allow-
ed to cool in shallow trays ex-
posed to normal air currents in
the laboratory, the moisture con-
tent of the pellets was decreas-
ed from approximately 16.0 per-

cent to below 12.0 percent, and
the pellets were safe from heat-
ing regardless of the amount of
corn fermentation solubles pres-
ent. However, when the pellets
were allowed to cool in closed
containers with essentially no
loss in moisture, all mixtures
heated within 9 to 11 days.

In general, feeds coming from
the pelleting machine are hot
enough to evaporate off the ex-
cess moisture when the pellets
are allowed to cool and aerate
in thin layers. If conditions are
such that the excess moisture is
not removed, the pellets will
heat as readily as the non-pel-
leted feed with the same mois-
ture content. These data indi-
cate that pelleting and proper
treatment after pelleting may
be a safe way to use ingredients
that contain excessive amounts
of moisture.

Heat-inhibiting Activity of
Sodium Propionate
Sodium propionate is used to
prevent the growth of molds in
many human foods, and it has
been shown that calcium or so-
dium propionate prevents heat-
ing in ground corn high in mois-
ture. In view of these earlier re-
ports, tests were carried out to
determine whether sodium pro-
pionate would prevent heating
in mixtures containig 2.5 and
5.0 percent of corn fermenta-
tion solubles. These results,
which are summarized in Table
4, show that the addition of so-
dium propionate at a level of 0.3
percent inhibited heating in
mixtures containing 13.2 to 16.0
percent moisture.

TABLE 5. COMPOUNDS TESTED AS HEAT INHIBITOR

Compound

Amount, % Heated., di

Cetyltrimethyl ammonium bromide
Methyl p-hydroxybenzoate

Propyl p-hydroxybenzoate

Sodium dehydroacetic monohydrate
Dehydroacetic acid

Dichlorophene

Tetraalkyl ammonium stearate
Bentonite

1.1

0.7

0.5

0.2

0.1

0.2 8

2.0 6
10.0 5

'Did not heat in 6 weeks




Recent studies indicate that
dium propionate added to corn
rmeatation solubles at a pH
v 4.5 will prevent heating
d mixtures that contain as
e as 0.1 percent propionate.

oducts Tested for Possible
at-inhibiting Activity
Richardson and Halick (1957)
viewed the literature on the
- of various substances that
been used to prevent the
h of molds and reported
e results of tests with several

products that were tested for
their inhibiting activity in
ground corn. Several additional
products have been tested and
these results are given in Table
5. Both sodum dehydroacetic
monohydrate and dehydroacetic
acid at relatively low dose levels
prevented heating for the entire
6 weeks storage period. Prod-
ucts screened that did not de-
lay or prevent heating at the
highest levels tested were: di-
chlorophene, tetralkyl ammon-
ium stearate and bentonite.
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ORGANIZATION

State-wide Research

\J “. *

=_: ¥ The Texas Agricultural Experiment Station
is the public agricultural research agency
of the State of Texas, and is one of ten
parts of the Texas A&M College System

Texas

IN THE MAIN STATION, with headquarters at College Station, are 16 subject
matter departments, 2 service departments, 3 regulatory services and th
administrative staff. Located out in the major agricultural areas of Texas are
21 substations and 9 field laboratories. In addition, there are 14 cooperating
stations owned by other agencies. Cooperating agencies include the Texa:
Forest Service, Game and Fish Commission of Texas, Texas Prison System,
U. S. Department of Agriculture, University of Texas, Texas Technological
College, Texas College of Arts and Industries and the King Ranch. Some

experiments are conducted on farms and ranches and in rural homes.

THE TEXAS STATION is conducting about 400 active research projects, grouped
in 25 programs, which include all phases of agriculture in Texas. Among
these are:

Beef cattle
Dairy cattle

Conservation and improvement of soil
Conservation and use of water

Grasses and legumes
Grain crops
Cotton and other fiber crops

Sheep and goats
Swine
Chickens and turkeys

OPERATION

Vegetable crops

Citrus and other subtropical fruits

Fruits and nuts
Oil seed crops

Ornamental plants
Brush and weeds

Insects

Two additional programs are maintenance and upkeep, and central services.

Animal diseases and parasites
Fish and game

Farm and ranch engineering
Farm and ranch business
Marketing agricultural products
Rural home economics

Rural agricultural economics
Plant diseases

Research results are carried to Texas farmers,
ranchmen and homemakers by county agents
and specialists of the Texas Agricultural Ex-

tension Service

AGRICULTURAL RESEARCH seeks the WHATS, the
WHYS, the WHENS, the WHERES and the HOWS of
hundreds of problems which confront operators of farms
and ranches, and the many industries depending on
or serving agriculture. Workers of the Main Station
and the field units of the Texas Agricultural Experiment
Station seek diligently to find solutions to these
problems.
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