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INTRCDUCTICN

The role of fungi in causing the deterioration of cereal
grains is well documented. Storage fungi cau;e loss of
germination, dark germs, bin burning, mustiness and heating.
Some of the storage fungi produce toxins. A major factor in
mold invasion of grain is moisture content (1).

With mechanized harvesting practices, preservation of
high meoisture grain adds a new dimension to the problem of
grain storage. The traditional method of drying high moisture
grain to safe moisture levels has disadvantages because of
cost, availability of equipment and the necessity of investment
in equipment to be used for only a short period of time. A
recent development for handling high moisture grain involves
use of organic acids, chiefly propionic and acetic acids (2).
Poor results due to negligence or other causes has resulted
in moldy grain. 1In such cases, the major consideration in
recommending disposal of the grain is the possible presence
of toxins such as aflatoxins. Attempts to eliminate aflatoxin
by ensiling the moldy grain were not successful (3). Partial
success was reported with milling (4). Solvent extraction,
exposure to mcist heat, treatment with gaseous reagents such
as ammonia and alkali treatment are some of the other methods

suggested (5).



The purpose of the present investigation was to study the
efficiency of sorbic acid and Grain TreetR'. These were
studied in comparison to propionic acid. Ace?ic acid and
calcium propionate were also studied for comparisons. Also
studied was the effectiveness of pelleting and alkali treatment,
separately or together for reducing the concentration of

aflatoxin in feed made from moldy corn.

REVIEW OF LITERATURE

Grain storace with reference to mold control:

Studies concerned with grain preservation include those
of Milner et. al. on the influence of certain mold inhibitors
on the respiration of moist wheat (moisture content, 20%).
Chemicals listed by them in the order of their decreasing
value were 8-hydroxyquinoline-sulfate, Thiourea, p=-amino-
benzoic acid, sulfanilamide, benzene sulfonamide, 2-amino=
thiazole, chloramine B, and calcium propionate (6)e Most of
these chemicals with the exception of Ca-propicnate, are
either toxic to animals or too expensive for grain treatment.
In another study Matz and Milner (7) reported that carbon tetra=-
chloride and propylene glycol were the most effective among a
number of chemicals tested on damp wheat. However, they reported

that none of the chemicals counteracted entirely the

*A commercial product of Kemin Ind., Inc., Des Moines, Jowa.
(Active ingredients: 20% propionic acid; inert ingredients:
80%:acetic acid, propyl p-hydroxybenzoate, benzoic acid and
sorbic acid.)



damaging effects of high meisture grain sterace even though
the mold growth was sometimes inhibited. They concluded that
chemical treatments might be useful for short-term emergency
storage until the grain could be dried to safé_moisture levels.

The fungitoxicity of alcchols and amines, as a function
of their chain length was explored in connection with preser-
vation of wood, leading to a postulation that fungitoxic
material have two fundamental modes of action, viz., one inside
the cell membrane and one outside of the membrane. Internal
fungitoxicants are held to be limited to a chain length of about
12-carbons regardless of water solubility. External fungitoxicants
possibly act by denaturing cellulolytic enzymes and, therefore,
can be either water-soluble or water-insoluble chemicals (8).

This article is of interest since the surface of grain and wood
share some common features.

Richardson and Halick (9) have assayed various compounds for
their heat-inhibiting activity with corn meal of moisture con-
tent ranging from 14-15%. They concluded that propienic acid
and propionic anhydride were effective at a level of 0.1%, calcium
propionate at a level of 0.3%, whereas Na-propicnate, propicnamide
and propiocnalide were not effective. They also checked fatty
acids for their mold inhibiting activity and concluded that their
heat inhibiting activity decreases as the number of carbons in

the chain increases. Srinivasan and Majumder have reported des-
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truction of molds in Kafir corn at 20% moisture following
fumigation with methyl bromide and ehtylene bromide and
hermetic storage for 60 days at 25-29°%. They have also
found encouraging results with chloropicrin égd ethylene
oxide (10). The use of fumigants calls for expensive storage
structures and may create the problem of residues in the grain.
Organic fungicides for plant protection have been used for
some time. They include organocsmetal compounds, unnatural
forms of amino acids such as D-forms of serine and threonine and
the L-form of threo-B-phenyl-serine, Thiourea, and dithiocarbamic
acid derivatives (1l1). Some of these compounds are not desirable
as food ingredients and hence can be eliminated as grain pre-
servatives.
Sodium propionate is reported to reduce infection by
storage fungi on rough rice dried by infrared radiation to
12.7 to 13.0%. The protection was said to last for 6 months
when stored at 75% R.H. and for 4 months when stored at 85%
R.H. (12). Deyoe and Quadri have reported that Mold Curb*
applied at a rate of 0.1% resulted in a significant decrease
of mold population of pelleted feed (13).
Sorbic acid was reported as harmless te dogs and rats at
a level of 5% and c<an be utilized as a source of calories.
When compared to sodium benzoate, it was found to be far less

toxic (14). Studies connected with the metabelism of sorbic acid

*A commercial product of Kemin Ind., Inc., Des Moines, Towa.
(Active ingredient: 20% propionic acid.)



by fungl have revealed that sorbic acid was related to caproic
acid in furnishing carbon for mold growth in the same manner
as crotonic acid was related to butyric acid. Evidence was
presented to show that sorbic acid by being a;;{,P-unsatu-
rated acid inhibits the dehydrogenase system in the mold.
However, this inhibition was reversible in the presence of
high mold population and comparatively lower sorbic acid con=-
centraticn. Hence sorbic acid cannot protect foods prepared
unhygienically. Mold inhibiticn with sorbic acid was a function
of dosage (15). Sorbic acid in a concentration of 0.05-0.1%
was found to strongly delay the onset of mold and yeast growth
in smoked fish, whereas chlortetracycline and tetracycline
were not at all effective (16). Sorbic acid at a concentra-
ticn of 0.075% was found to inhibit for a period of 14 days,

strains of Aspergillus, Pencillium, Alternaria, and Mucor species

isolated from tomato and strawberry fruits. Also comparisons

at pH levels of 3.3 and 4.0 proved that sorbic acid was

more effective at the lower pH level (17). The results cbtained
with artificial media, however, may have little correlation to
what happens in grains. In a study conducted with cakes, sorbic
acid was found to be approximately four times as effective as
calcium or sodium propionate and sodium benzoate. When the
above were used at concentrations of 0.2%, sorbic acid extended
the mold=-free life of the cakes to four times that of propicnate
(18). 1In another study, sorbic acid added at a level of 0.3%

to corn meal containing 16.3% moisture, prevented heating for
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42 days whercas at a level of 0.1%, and 0.2%, it delayed
heating 3 to 17 days (0.1%) and 33 days (at 0.2%), (19).

In a more recent study concerned directly with thé preservation
of high moisture grain, acetic acid, propionié acid, and
sorbic acid at concentrations of 0.7%, 0.4%, and 0.08%
respectively, inhibited the development of mold in broth
cultures. ¥%hen applied to grain sorghum and corn adjusted

to 18% and 24% moisture respectively, sorbic acid had no
beneficial effect even at 1.0% concentration, whereas corn
treated with 1.0% acetic acid or 0.6% propicnic acid remained
mold free during 2 months of storage. The report also indi-
cated an absence of a synergistic effect betweén acetic and
propicnic acids. A number of other organic chemicals testéd
did not produce beneficial effects (19).

Aflatoxin elimination studies:

The literature covering the various aspects of aflatoxins
is extensive (20). Dollear has discussed methods anc criteria
for detoxification of aflatoxins in foods and feeds. Th= methods
he has discussed included alkali refining of vegetable oils,
physical scparation of damaged kernels, heat tréatment,
solvent extraction, chemical inactivation and microbiolegical
inactivation (21). A temperature of 300°C.or above is required
to effect thermal degradation of isolated aflatoxins (22). But
given relatively higher moisture content, and, if possible,

pressure also, aflatoxins present in feed ingredients could be
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partially broken down (23, 24, 25). A host of chemicals,

for example, ammonia, methylamine, sodium hydroxide, hydrogen
peroxide, ozone, etc., are found to be capable of inactivating
aflatoxin given sufficient concentration (21,'?7). Since
reactions with alkali are reversible, results based on fluc-
rescence needs substantiation by biological assays, or by mild
acidification to determine if fluorescence reappears (23, 28).

Preliminary trials in our laboratory indicated the useful=-
ness of sorbic acid as a fungistatic agent for the preservation
of high moisture corn grain.

There are no reports relating pelleting te the breakdown
of aflatoxins. It is not possible to predict what effects
pelleting might have on the destructiocn of aflatoxins since
some of the factors involved in peileting such as pelleting
temperature, pelleting pressure, feed time in die vary over a
wide range (26). However, comparison of data by others (25,

26) suggest a possible beneficial effect of pelleting.



-8

MATERIALS AND METHODS

Yellow corn with an average initial moisture content of
15% was bought from a leccal grain elevator. Water was added
to bring the mcisture content to 25% by conditioning in a hori-
zontal tumbling mixer for 6 hrs. The grain was stored at room
temperature (70°F.) for 18 hrs. prior to treatment. Each treat-
ment was carried out in duplicate. Two kg. of reconstituted
high moisture corn was spread on a plastic sheet to form a 1 cm.
thick layer. The test chemical was mixed with a suitable
carrier (ethanol in the case of sorbic acid, and water in the
case of others) and sprayed ontc the grain using an atomizer.
Total spray volume was 5% by weight of the grain. Samples were
then taken for pH measurement and for steorage in a humidity
chamber. The remaining grain was then transferred to metal
cans (2 kg. capacity), lined with plastic bags. The bags
were sealed after placing a beaker of water over the grain
column. A thermocouple with a length apprpximately equal to
the depth of the grain column was inserted through a small
hole in the plastic sheet with the sensor in the center of the
grain column in each can. The cans were stored for the first
6 days at approximately 72°F and then transferred to the
2nd flour of the feedmill, where the temperatures were near
outside temperatures. The experiment was conducted during the

summer months of 1971. Temperatures of the atmosphere and the
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grain were recorded cnce daily for a period of 30 days for
all samples except those where the grain mass became heavily
molded in the first few days.

The portion of each treatment (approx. 100 g.) taken
for the humidity chamber, was stored in glass beakers filled
to the top, at 100% relative humidity in partially aerated
chambers (forced aeration was not used). The onset of mold
was visually observed.

At the end of the 30-day experimental period, samples
were taken for estimating the percentage of grains invaded
by variocus fungi and the germination capability of treated,
non-moldy grain.

Three sets of experiments were run consecutively with
the same model as above with modifications as follows: the
grain meant for sorbic acid treatment with ethanol as a carrier
had an extra 5% of water added to equalize the 5% water
added in all other treatments for dissoclving the chemical.
In all samples, the moisture content at the end of the
conditioning and treatment varied between 26-28%.

Propionic acid and acetic acid used in the experiment
were of analytical reagent grade (Mallinckrodt Chemical).
Kemin's Experimental Product, and Grain TreetR were the products
of Kemin Ind., Des Moines, JIowa. Temperatures of the grain
were monitored using a Telethermometer (Yellowsprings Instrument

Co. y Inc. )-
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Moisture content was determined by the method of Hart
et.al. (29), and pH was estimated by soaking 25 g. of the corn
in 50 ml. of distilled water of knovm pH, for % hr. and then
measuring the pH of the supernatant using a Léeds and Northrup
model 7 pH meter. Germination was estimated by placing 100-200
whole kernels between wet towels, wrapped with aluminum
foil and incubated at rocom temp. {approxe. 25°C). Seeds
sprouting on or before the 8th day were considered germinated.
Fungi were detected as follows: the kernels were washed
in 2% sodium hypcchlorite for one minute, rinsed with sterile
distilled water (30), placed on malt salt agar (4% NaCL) with
Tergitol* (200 ppm), for 6 days at room temp. The mold
species were identified and expressed as percentage of grains
infected.

Aflatoxin for addition to feed was prepared in the laboratory
by inoculation of moist sterilized rice media with Aspergillus
parasiticus (NRRL 2999) as recommended by Shotwell et.al. (31).
Aflatoxin was assayed by a modified method of Pons et. al (32).
Visual comparisons with standards were made for quantitation.

Water-soluble acidity in feed samples was estimated by
the method given in AOAC 22:053 (33). Apart from titration
with sodium hydroxide, pH of the filtrate was also measured

using a Leeds and Northrup pH meter.

*Union Carbide Corp.
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Fifteen pounds of toxic feed material containing approxi-
mately 5,000 p.p.b. of aflatoxin was prepared from the original
rice media. This was mixed for % hr. with 150 lbs. of
p-17 (K.S.U. chick grower ration), in a horizéntal ribben
mixer. The mixture was then divided into 3 equal parts of 50 1lbs.
each. Each fifty 1lbs. was then mixed with 100 lbs. of
fresh p-17 for 15 min. This procedure resulted in a total
of 450 1bs, of aflatoxin contaminated feed. From this, 150 1lbs.
was pelleted at a conditioning temperature of 80°C. without
added chemical (Batch I). A second 150 lbs. portion was treated
with 2% sodium hydroxide (3 lbs. in 3 liters of water) by adding
the chemical to the feed in a horizontal mixer and mixing for a
total of 5 minutes. This treatment was carried out just prior to
pelleting (Batch II). The third 150 lbs. portion (Batch III) was
treated with 2% ammonium hydroxide in the same manner as for
Batch II. Sampling was carried out at 3 points for each batch
(4 samples at each point) as indicated below:

l., After the addition of toxin and chemical (except
in Batch I);

2. After conditioning, but before pelleting;

3. After pelleting and cooling.

NaOH and (NH4)OH were reagent grade A.C.S.
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RESULTS AND DISCUSSICN

Table I gives data pertaining to the preliminary‘
studies conducted with high moisture corn. It_should
be noted that potassium sorbate, a water-soluSle compound
was not an effective fungistat. Table II gives the pH of
the chemical mixture applied to the grain and the resulting
pH of the grain immediately after treatment. In accompanying
graphs the heat inhibiting activity of various chemicals is
illustrated. Figure 1 shows the ambient temperatures for the
three sets of experiments conducted. Though the environmental
temperature was monitored on a continuous basis, only the
temperatures existing at the time of recording the temperatures
of the grain mass were plotted. They are for the most part
temperatures at 12:00 noon.

In subsequent graphs, the temperature difference between
the grain and that of the environment was plotted to elimi-
nate the variability induced by ambient temperatures for the
three sets. This presentation also permits comparisons between
the treatments belonging to different sets since all other
conditions were identical including the grain.

Comparison of Figures 2 and 3 indicates that propionic
acid was more effective than acetic acid and calcium propionate
when applied at similar concentrations. Figures 4, 5 and 6
show that sorbic acid was an effective mold inhibitor for high

moisture grain with effects like propionic acid. Sorbic acid
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at 0.1% was as effective as l.0% propionic acid in heat-
inhibiting activity under the experimental conditionsrused
and the time involved. It was observed that increasing the
concentration of sorbic acid from 0.1-0.5% dia not result in major
differences in heat-inhibiting activity. Figures 7, 8 and 9
indicate Grain Treet vas superior to Kermin's Experimental
Product and Grain Savor in heat-inhibiting activity in high
moisture grain. Increasing the level of Grain Treet from
0.6% to 1.0% indicated only a slight advantage during the
30-day observation period. Grain Treet applied at the rate
of 0.6% was equal or slightly more effective than 1.0%
propionic acid as a heat inhibiting agent for high moisture
corn. Figures 10 and 11 indicate the superiority of Grain
reet over acetic acid and calcium propionate. These results
must be considered to apply to the experimental conditions
used which were near anaerobic since the tops of the plastic
bags were kept closed around the thermocouple wire. Under the
test conditions it was not possible to pinpoint the exact
time that mold growth began in those treatments that did not
preserve grain since the cans were not disturbed till the end
of the study. The controls with no treatment were an exception
as moldiness was apparent in the first few days. The data on
mold populations in various treatments at the end of 30-days
confirms the correlation between heat-inhibiting activity and

fungistatic or fungicidal efficiency.
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Sorbic acid (0,1-0.5%) and 1.0% propionic acid were
effective in reducing mold population whereas 1.0% ;alcium
ﬁroégénate and 1.0% acetic acid were not effective-(Table I1I11).
Kemin'; Exéerimental Product and Grain Savor lécked the
effectiveness of Grain Treet (Tables IV and V). These data
also indicate that concentrations of a mold-inhibiting chemical
below effective levels may result in the promotion of mold
growth.

The results obtained with sorbic acid in this experi=-
ment are in contrast to those obtained by Simon (19) who
reported little effect from sorbic acid. Simon used wheat
flour as a carrier, whereas, in the present case, ethanol was
employed as a carrier to effect complete solubilization of
sorbic acid. The application of sorbic acid in soluble form
may have enhanced its effect. In this connection, it may be
mentioned that potassium sorbate, a water-soluble compound,
was ineffective because sorbic acid was effective only in
acid medium. Comparison of pH values in Tables I and II
illustrates this point.

The data obtained on samples stored at 100% relative
humidity and nearly aerobic conditions indicated differences
due to the test procedure. Table VI shows the time until
the onset of mold growth for the various treatments and
the presence or absence of meld in their counterparts stored

in the cans under an anaerobic situation. Also included in



=]5=

the table are the results of germination tests for those
treatments that were tested.

Tables VII, VIII and IX indicate the nature of the fungal
population in the various treatments stored aé 100% R.He The
most important difference observed was that sorbic acid failed
to protect the grain from fungi until the concentration reached
0.5%. The lack of inhibition by sorbic acid at concentrations
below 0.5% may have been due to metabolic compensation by
mold in the presence of avallable oxygen or to metabolism of
sorbic acid at lower levels.

In summary: 1) the grain used in the three sets of
experiments came from the same source; 2) reconstituted
grain has been reported more susceptible to mold damage, thus
data obtained with such grain can be easily applied to high
moisture grain obtained from the field; and 3) though
ambient temperatures for the three sets vary, each treat-
ment was tested under the same conditions.

The data on germination from Table VI indicates that
treatments effective in controlling mold were not capable
of retaining germination.

Grain Treet at concentrations of 0.6% or more and
propionic acid at 1.0% were effective grain preservatives
at moisture levels near 25%. Large scale, longer term trials
are required to determine the influence of concentration on

the length of storability and effects of grain preservatives
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on palatability, digestion and grain storage and handling
equipment.

Table X gives the data on the effect of pelleting
and chemicals on aflatoxin breakdown. Under ﬁormal operating
conditions of pellet mill, viz., length of conditioning,
temperature of conditioning (80°C. in this case), and pressure,
there is only an insignificant reduction in toxin content.

The addition of 2.0% sodium hydroxide or 2.0% ammonium hydroxide
did not produce beneficial effects. These results are not
encouraging when compared with the data obtained by Mann et.al.
(27). This may be due to a shorter period of contact between
the chemical and aflatoxin (the transit time in the conditioning
chamber of pellet mill is short compared to a cooking time of

2 hrs. at 100°C. in the procedure adopted by Mann et.al.) and/or
due to a nonspecific reaction between sodium hydroxide or
ammonium hydroxide, as the case may be, with some of the dietary
component other than aflatoxin. The experiment conducted by
Mann et.al. involved the use of pure cottonseed meal or peanut
meal compared to the complete feed used in this case. Table XI
gives the composition of diet used in this experiment.

The apparent reduction in aflatoxin content of sodium
hydroxide treated feed, even before the pelleting operation,
could be due to masking of fluorescence caused by sodium hydroxice,
rather than a real breakdown of aflatoxin. Such a thing is

known to occur (28), and the increase in the pH of sodium
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hydroxide treated meal attests to such a possibility. We

did not attempt to clarify this point further, because the
aflatoxin content of the final product was not affected by
the treatment.

The results reported here do not exclude the possibility
of achieving beneficial effects, if the operating conditions
of pellet mill could be made to approach the optimum conditions
recommended by Mann et.al. (27), unless an interaction
between the added chemical and dietary component does occur.
Such severe conditions are known to reduce feed conversion
efficiency and hence cannot be used as a routine procedure to
safequard feed from the possible presence of aflatoxin, but
could be applied when using feed ingredients known to contain

limited amounts of aflatoxin.
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TABLE IJ. AN OUTLINE OF SETUP CF VARIOUS TREATMENTS IMN DIFFERENT SETS

Description pH of the Chem- pH of the

Treatment of the ical Solution Grain after
No. Chemical Applied Treatment
SET T.

1. Control 5.60 5.35

2. Ethanol 5.0% 5.80 5.50

3. Sorbic acid 0.1% 4.30 4.95

4. Sorbic acid 0.2% 4,30 4.70

5. Sorbic acid 0.3% 4.10 4.55

6. Sorbic acid 0.4% 3.90 4.35

y Sorbic acid 0.5% 3'Th 4.35

8. Propionic acid 1.0% 2.40 4,12

9. Acetic acid 1.0% 2.20 3.90

10. Calcium propionate 1.0% 7.70 5.62

SET IT.

i Kemin's Exp. Product 0.1% 2.15 4,77

2. Kemin's Exp. Product 0.5% 1.72 4.25

3. Grain Treet 0.1% 2.25 4.65

4. Grain Treet 0.5% 1.67 4.30

5. Kemin's Exp. Product 1.0% 1.40 3.97

6. Grain Treet 1.0% 1.45 4.07

SET IIT.

1. Kemin's Exp. Product 0.6% 1.60 4,40

2. Kemin's Exp. Product 0.7% 1.50 4.30

3. Kemin's Exp. Product 0.8% 1.45 4.25

4. Kemin's Expe. Product 0.9% 1.40 4.20

Contd.
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TABLE II. Contd.

5. Grain Treet 0.6% 1.57 4.40
6. Grain Treet 0.7% 1.55 4.40
7. Grain Treet 0.8% 1.50 4.30
8. Grain Treet 0.9% l.42 4,30
9. Grain Savor (New) 0.1% 3.00 4.90
10. Grain Savor (New) 0.2% 3.20 4.90
11. Grain Savor (New) 0.3% 3.10 4.90
12, Grain Savor (New) 0.4% 3.05 4.85
13, Grain Savor (New) 0.5% 3.02 4.80
14, Grain Savor (New) 1.0% 3.05 4,55

N.B. The values reported above were the averages of the duplicates.
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TABLE VI. VISUAL APPEARANCE AND GERMINABILITY OF GRAIN AT THE

END OF 30-DAY EXPERIMENTAL PERIOD

Data from Storage in Cans " Data from Humidity
Appearance % of No. of days Appearance
at the end germi- before the at the end

Sample Description of 30 days* nation onset of mold of 30 days*

Control +++ 0 0 +++
Ethanol +++ 4] 1l +++
Sorbic acigd 0.1% - 0 4 +++
Sorbic acid 0.2% - o} 5 +++
Sorbic acid 0.3% - 0 6 +44
Sorbic acid 0.4% - 0 12 +++
Sorbic acid 0.5% - 0 18 +
Propionic acid 1.0% - 0 >30 -

Acetic acid 1.0% ++ 0 5 +++
Calcium propionate 1.0% ++ 0 6 +++
Kemin's Exp. Product 0.1%  ++ 0 2.5 +++
Kemin's Exp. Product 0.5%  ++ 0 3.5 +++
Grain Treet 0.1% + 0 2.5 ++4
Grain Treet 0.5% + 0 12 ++
Kemin's Exp. Product 1.0% = 0 20 ++
Grain Treet 1.0% - 0 > 30 -

Kemin's Exp. Product 0.6% + 0 16.5 ++
Kemin's Exp. Product 0.7% + 0 20 ++
Kemin's Exp. Product 0.8% = 0 20 +
Kemin's Exp. Product 0.9% = 0 20 +
Grain Treet 0.6% - 0 > 30 -

Grain Treet 0.7% - 0 >30 -

Grain Treet 0.8% - 0 > 30 -

Grain Treet 0.9% 0 230 -

Grain Savor (New) 0.,1% ++ 0 2 +4+
Grain Savor (New) 0.2% ++ 0 3 4+
Grain Savor (New) 0.3% ++ 0 3 +4+
Grain Savor (New) 0.4% ++ 0 3.5 +++
Grain Savor (New) 0.5% ++ 0] 4 +++
Grain Savor (New) 1.0% - 0 20 >

+++ Heavy mold infection, ++ Moderately infected, + Lightly infected
- No mold damage detected upon visual observation

*The data reported above are the averages of the duplicates.
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PLATE 1.

Fig. 1. A record of ambient temp. during the experi-
mental period for the three sets of experiments.
{Recorded daily at 12:00 g.m. simultaneocus

with the recording of the temp. of grain massl)

Fige 2. A comparison of heat-inhibiting activities of
distilled water, propionic acid (1.0%) and acetic
acid (1.0%) in high moisture corn (m.c.= 26-28%)

storage.

Fige 3. A comparison of heat-inhibiting activities of
acetic acid (1.0%), and calcium propionate (1.0%)

in high moisture corn (m.c.= 26-28%) storage.

ATF = Variation in the temp. of grain mass in
comparison with ambient temp. in "F.

TA = Ambient temp. in °F.

T = Temp. of the grain mass in °F.
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PLATE 2.

Fig.

Fige.

Fig.

Fig.

A 7%

]

4.

6.

3] -

A comparison of heat-inhibiting activities of
ethanol (5.0%), and sorbic acid (0.1% vs. 0.5%)

in high moisture corn (m.c. = 26-28%) storage.

A comparison of heat-inhibiting activities of
sorbic acid (0.1%), and propionic acid (1.0%)

in high moisture corn (m.c. = 26=-28%) storage.

A comparison of heat-inhibiting activities of
sorbic acid (0.5%) and propionic acid (1.0%)

in high moisture corn (m.c. = 26-28%) storage.

A comparison of heat-inhibiting activities of
Kermin's Experimental Product (0.5%), Grain
Treet (0.5%), and Grain Savor (0.5%) in high

moisture corn (m.c. = 26-28%) storage.

Variation in the temperature of grain
masg in comparison with ambient temperature
in F.

Ambient temp. in °F.

Temp. of the grain mass in °F.
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PLATE 3.

Fig. 8.

Fig- 9

Fig. 10.

-

A comparison of heat-inhibiting activities of
Kemin's Experimental Product (1.0%}, Grain
Treet (1.0%) and Grain Savor (1.0%) in high

moisture corn (m.c.=26-28%) storage.

A comparison of heat-inhibiting activities of
Grain Treet (0.6% vs. 1.0%), and propionic acid

(1.0%) in high moisture corn (m.c.=26-28%) storage.

A comparison of heat-inhibiting activities of
Grain Treet (0.6% vs. 1.0%), and acetic acid

(1.0%) in high moisture corn (m.c.=26-28%) storage.

Fig. 11. A comparison of heat-inhibiting activities of

n

Grain Treet (0.6% vs. 1.0%), and calcium
propionate (1.0%) in high moisture corn (m.c. = 26-28%)

storage.

Variation in the temperature of grain
mass in comparison with ambient
temperature in F.

. . ©
Ambient temp. in F.

Temp. of the grain mass in °F.



™ -1

™ [Y.-l'.l

Fis_ 3

Fi6. 10

L d

-32A-

NIN'S EXPERPENTAL  PROOUCT 1.05 — 04—
IR TREET 1.08 - rnem
CRATN SAVOR 1.0 —a—e—

B A . »
{ -
H -
e M b e
Poa T
L
- s
4
» " B DA ] »

GRAIN TREET 0.63 —o—o—
GRAIN TRELT 1.02 ---g---#=--
METIC ACID |03 —e—a—

(1T

(1,

fls. ¥

GRAIN TREET 0.83 —o—o—
GRAIN TREET 1.08 ---@---4--
PROPIOMLC ACID ).08f —s—a—

-
. [ T " » 5 -
DAYS AFTER STORAGE
1. 23
GRAIN THEET 0.681 —o—o—
CRAIN TREET 1.0% --—4-—4——
CALCIUN PROPIGNATE —n—a——
-
-
-
! /
M A A

L4
s o

,
i
J




Rk $

SUMMARY

The influence of acetic acid, propionic acid, sorbic acid
and calcium propionate on the storage of high moisture corn was
studied. They were compared with the performénce of Kemin's
Experimental Product and Grain Treet (commercial products of
Kemin Ind., Des Moines, Iowa). The parameters tested for the
purpose were heat-inhibiting activity, time before the onset
of moldiness in each treatment, and the kinds of fungi in the
grain. Grain Treet was superior tc all other chemicals tested.

Attempts to eliminate aflatoxin by way of pelleting alone,
or with the addition of sodium hydroxide (2%) or ammonium
hydroxide (2%) followed by pelleting did not produce significant
beneficial effects. This was considered to be due to a short
conditioning period and possible lack of sufficient time for
interaction between the chemical and aflatoxin. It may also
have been due to interaction between the chemicals and nonspecific

feed ingredients.
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The effects of sorbic acid, potassium sorbate, acetic
acid, propionic acid, Kemin's Experimental Product, Grain
Treeé:)and Grain Savor (Newfﬁ)(the last three being products
of Kemin Ind. Inc., Des Moines, Iowa) and calcium propionate
at various levels on reconstituted high moisture corn (moisture
content, approx. 26-28%) stored under laboratory conditions
simulating aercbic and anaerobic systems, were studied and
compared. The period of storage was 30 days. Temperature
changes within the grain mass and the occurrence of various
fungi at the end of trial period were recorded. Grain Treet
and propionic acid were found to be most effective at levels
of 0.6% and 1.0%, respectively.

In another study carried out using aflatoxin contaminated
feed (K.S.U. Poultry Feed formulation), pelleting with or
without the addition of 2% sodium hydroxide or 2% ammonium

hydroxide did not significantly alter the aflatoxin content

of feed.



