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Everyone who deals with grain marketing knows that the 
grade of agricultural grains and seeds influences the price. 
Less obvious to many of those who buy, sell, handle, store, 
and ship grain is that molds or fungi are a major cause of re
duction in quality. Also given the right circumstances, molds 
can in a short time convert premium quality grain into Sam
ple Grade or worse. Most of this spoilage is preventable. 

To some extent, spoilage hazards in stored grains in
crease with the amount stored in any given lot. But even 
small amounts of grain may suffer a similar degree of 
spoilage for the same reasons and from the same processes 
as grain in tanks or warehouses holding thousands of tons. 
Grain that has been kept in seemingly good condition 
through the winter may suddenly undergo severe spoilage in 
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the spring. Also, g/ain kept in commercia'i storage for as long 
as a year without obvious damage may undergo fairly exten
sive spoilage within a few weeks during transport by barge or 
ship. The reasons are discussed in this publication. 

QUALITY 

Quality in grain means different things to different users. 
Grain that would be of very low quality if marketed may be 
satisfactory for feed on the farm where it was produced. Spe
cial characteristics may be required for special uses such as 
corn for starch production or barley for malting. Characteris
tics specified by the Official United States Standards for dif
ferent grades of wheat, corn, and soybeans are given in 
Tables 1, 2, and 3. 

Table 1. Grades and grade requirements for all classes of wheat, except mixed wheat. 

Minimum limits of- Maximum limits of-

Test Weight per bushel Wheat of other classes4 

Hard Red 
Spring All other Heat Damaged Shrunken Wheat of 

wheat or classes and damaged kernels Foreign and broken Defects Contrasting other 
White Club subclasses kernels (total)2 material kernels (total)3 classes Classes5 

wheat 

(pounds) 1 (pounds) (percent) (percent) (percent) (percent) (percent) (percent) (percent) 

U.S. No. 1 .......... 58.0 60.0 0.2 2.0 0.5 3.0 3.0 2.0 3.0 
U.S. No. 2 .......... 57.0 58.0 0.2 4.0 1.0 5.0 5.0 2.0 5.0 
U.S. No. 3 .......... 55.0 56.0 0.5 7.0 2.0 8.0 8.0 3.0 10.0 
U.S. No. 4 .......... 53.0 54.0 1.0 10.0 3.0 12.0 12.0 10.0 10.0 
U.S. No. 5 .......... 50.0 51.0 3.0 15.0 5.0 20.0 20.0 10.0 10.0 
U.S. Sample grade U.S. Sample grade shall be wheat which: 

(a) Does not meet the requirements for the grades U.S. Nos. 1, 2, 3, 4, or 5; or 
(b) Contains 8 or more stones, 2 or more pieces of glass, 3 or more crotalaria seeds (Grata/aria spp.), 2 or more castor beans 

(Ricinus communis), 4 or more particles of an unknown foreign substance(s) or a commonly recognized harmful or toxic sub
stance(s), or 2 or more rodent pellets, bird droppings, or equivalent quantity of other animal filth per 1,000 grams of wheat; or 

(c) Has a musty, sour, or commercially objectionable foreign odor (except smut or garlic odor); or 
(d) Is heating or otherwise of distinctly low quality. 

1These requirements also apply when Hard Red Spring wheat or White Club wheat predominate in a sample of Mixed wheat. 
21ncludes heat-damaged kernels. 
3Defects (total) include damaged kernels (total), foreign material, and shrunken and broken kernels. The sum of these three factors may not 

exceed the limit for defects. 
4Unclassed Wheat of any grade may contain not more than 1 O percent of wheat of other classes. 
51ncludes contrasting classes. 

Effective 5/1/85. 



Table 2. Grades and grade requirements of corn 
Maximum limits of-

Minimum Broken Damaged Kernels 

test corn 
Grade weight and Heat 

per foreign damaged 
bushel material Total kernels 

(Pounds) (Percent) (Percent) (Percent) 

U.S. No.1 56.0 2.0 3.0 0.1 
U.S. No. 2 54.0 3.0 5.0 0.2 
U.S. No. 3 52.0 4.0 7.0 0.5 
U.S. No.4 49.0 5.0 10.0 1.0 
U.S. No. 5 46.0 7.0 15.0 3.0 
U.S. Sample grade: 

U.S. Sample grade shall be corn which-

Effective 9/9/85. 

(a) Does not meet the requirements for the 
grades U.S. Nos. 1, 2, 3, 4, or 5; or 

(b) In a 1,000 gram sample, contains 8 or more 
stones which have an aggregate weight in 
excess of0.20 percent of the sample weight, 2 
or more pieces of glass, 3 or more crotalaria 
seeds (Grata/aria spp.), 2 or more castor 
beans (Ricinus communis), 8 or more cockle
burs, 4 or more particles of an unknown sub
stance(s) or a commonly recognized harmful 
or toxic substance(s), or animal filth in excess 
of 0.20 percent; or 

(c) Has a musty, sour, or commercially objec
tionable foreign odor; or 

(d) Is heating or otherwise of distinctly low qual
ity. 

Note that in corn, for example, relatively small increases 
in broken corn, foreign material, and damaged kernels result 
in a lower grade. In corn, broken corn and foreign material is, 
by definition, anything that will pass through a12/64 inch 
round hole sieve, and all matter other than corn which re
mains in the sieved sample. Up to 3.9 percent of broken ker
nels and foreign material is permitted in Grade No. 2, but if it 
has 4.0 percent broken corn and foreign material, the corn is 
Grade No. 3, regardless of its other characteristics. Corn with 

0.5 percent "heat damaged" kernels, which are dark brown to 
black and mostly discolored by molds, will be of Grade No. 3 
regardless of other characteristics. 

Damaged seeds classified as "damaged" and "heat dam
aged" can be caused by the growth offungi. Infection by field 
fungi can be found in seeds that are ground or weather dam
aged. Infection by storage fungi can discolor seeds and can 
initiate heating which will lead to severe heat damage. 

FIELD FUNGI 

Seeds borne more or less exposed, as are those of the cul
tivated cereal plants such as wheat, oats, barley, rye, rice, 
sorghum, the millets, and corn, may be invaded in the field 
before harvest by many kinds offungi. Some fungus invasion 
in the field, in fact, is just about universal.A/ternaria is always 
found in seeds of freshly harvested wheat from irrigated, and 
most dry land farming areas. A light invasion by Alternaria or 
by other field fungi or field molds is not detectable to the un
aided eye and it has no effect on processing quality. Heavier 
invasions result in various kinds of blemishes, blights, and 
discolorations that may reduce the quality of the grain for 
some uses, including for foods, feeds, and seed (Figure 1 ). 

Some of these field fungi produce toxic compounds that, 
if present in sufficient quantity, make the grain unfit for con
sumption. All of these field fungi require a high moisture con
tent in the seed to grow, and normally they do not continue to 

Figure 1. Sound barley and barley badly discolored by the field fun
gus Alternaria. 

Table 3. Grades and grade requirements for soybeans. 
The following grades and grade requirements are applicable under these standards. In Mixed soybeans, the factor "soybeans 
of other colors" will be disregarded. 

Minimum Maximum limits of-

test Damaged kernels 
Grade weight 

per Heat Foreign Soybeans of 
bushel Splits Total damaged material other colors 

(pounds) (percent) (percent) (percent) (percent) (percent) 
U.S. No. 1 ................. 56.0 10.0 2.0 0.2 1.0 1.0 
U.S. No. 2 ................. 54.0 20.0 3.0 0.5 2.0 2.0 
U.S. No. 31 ................ 52.0 30.0 5.0 1.0 3.0 5.0 
U.S. No. 42 

•••••••••••••••• 49.0 40.0 8.0 3.0 5.0 10.0 
U.S. Sample grade: 

U.S. Sample grade shall be soybeans which-
(a) Do not meet the requirements for U.S. Nos. 1, 2, 3, or 4; or 
(b) Contains 8 or more stones which have an aggregate weight in excess of 0.2 percent of the sample weight, 

2 or more pieces of broken glass, 3 or more Crotalaria seeds (Crotalaria spp.), 2 or more castor beans (Rici
nus communis), 4 or more pieces of an unknown substance(s) or a commonly recognized harmful or toxic 
foreign substance(s), 10 or more pieces of rodent pellets, bird droppings, or an equivalent quantity of other 
animal filth per 1,000 grams of soybeans; or 

(c) Has a musty, sour, or commercially objectionable foreign odor (except garlic odor); or 
(d) Are heating or otherwise of distinctly low quality. 

'Soybeans which are purple mottled or stained shall be graded not higher than U.S. No. 3. 
'Soybeans which are materially weathered shall be graded not higher than U.S. No. 4. 
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grow after harvest. The damage caused by these fungi is 
done by harvest time. Exceptions are high moisture ear corn 
sfored in improperly constructed and cooling cribs where the 
lack of air circulation inhibits drying of warm corn, and im
properly preserved high moisture corn in which some of the 
field fungi may continue to grow. 

STORAGE FUNGI 

Stored grains and seeds are subject to invasion and dam
age by another group of fungi, collectively called storage 
fungi or storage molds. These storage molds are few in num
ber of species but widely distributed and ever present. With 
one exception which is discussed later, they do not invade 
grain or other seed to any significant degree or extent before 
harvest. 

But if grains or seeds of any kind are stored under condi
tions that permitthesefungi to develop, they inevitably grow. 
The damage that they cause includes loss of germinability, 
which is important in seeds to be used for planting, malting, 
or production of edible sprouts; discoloration of the germ or 
of the entire kernel ("sick" wheat, "damaged" or "heat dam
aged" kernels of corn, and other kinds of seeds); mustiness, 
caking, heating, and total spoilage (Figures 2, 3, and 4). 

Germ inability is not a factor in grade but all of the other 
changes listed reduce the grade and therefore the price of the 
grain. All of these quality degrading changes can be caused 
or initiated by storage molds. 

We now know precisely the conditions that must prevail in 
stored grains of different kinds to permit one or another of the 
storage fungi to grow enough to cause damage. We also 
know the combinations of moisture content and temperature 
that must be maintained to prevent damaging growth of stor
age molds during a given storage period. We now have the 
techniques to make sure that grain of high quality, when it 

Figure 2. A corn kernel damaged by storage molds. The kernel has 
been sectioned lengthwise to show the dark, decayed germ. 
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Figure 3. Soybeans damaged by storage molds. The dark soybeans 
at the top are typically bin burned. At the bottom are heavily caked 
soybeans. 

goes into storage, will be kept of high quality until it is used or 
sold. In addition, we can monitor quality and evaluate future 
storage risk at any time during the storage life of the grain. 

CONDITIONS THAT MAKE FOR DAMAGE IN 
STORED GRAINS 

The major factors that determine whether grain in storage 
will be sufficiently invaded by storage fungi to develop com
mercially important damage are: moisture content of the 
grain, temperature of the grain, the amount of cracked and 
broken kernels and foreign material, the degree to which the 
grain already has been invaded by storage fungi before it ar
rives at a given storage site, and length of time it is stored. All 
of these factors interact with one another and all of them are 
measurable. 

Moisture content-Moisture contents of some of the 
common grains and seeds and their products, in equilibrium 
with different relative humidities and the fungi that will in
vade them at those moisture contents, are given in Table 4. 

The moisture contents and temperatures that make for 
low storage risk are known. In general, starchy cereal seeds 
with a moisture content of 13.5 percent or below can be 
stored for any period of time without damage from molds. 
Soybeans with a moisture content of 12.5 percent can be 
stored indefinitely without risk of spoilage. These moisture 
content limits for safe storage imply that nowhere in the bulk 
is the moisture content higher than that specified. 

To illustrate the interaction of the moisture content-tem
perature-time in storage risk, soybeans of 14.0-14.3 percent 
moisture can be stored at 40°-45°F for several years without 
the slightest invasion by storage fungi and without any loss 
in quality. Stored at the same moisture content but at 86°F, 
they will be invaded by storage fungi within a few weeks and 
in several months they will be obviously musty. 



Table 4. Equilibrium moisture contents of common grains, seeds, and feed ingredients at relative hu
midities of 65-95 + percent, and the fungi likely to be encountered at each moisture content at 
77°f. 

Moisture content,% wet wt. of materials 1 

Relative 
humidity Starchy cereal seeds,2 Soybeans and Sunflowers Fungi 
% alfalfa pellets soybean meal Achenes Hulls Seeds 

65-70 12.5-13.5 12.0-12.5 Aspergil/us ha!ophilicus 
70-75 14.5-15.0 14.0-14.5 A. Restrictus, trictus, A. 

75-80 15.0-15.5 14.5-15.0 (75)3 10.6 
glaucus, Sporendonema 

13.3 7.8 A. candidus, A. ochraceus, A. 
versicolor, + the above 

80-85 18.0-18.5 17.0-17.5 (80) 11.6 14.7 8.9 A. flavus, a few species of 
Penicil!ium, + the above 

85-90 19.0-20.0 18.5-19.5 (85) 13.3 8.9 10.3 Several species of Penicil!ium 
+ the above 

95-100 22.0-24.0 20.0-22.0 All advanced decay fungi, 
yeasts, and bacteria 

1The figures are close approximations, but some variations can be expected in practice. 
2Wheat, barley, oats, rye, rice, maize, sorghum. 
3Degrees F. 

If corn with 15.5% moisture is sound when put into stor
age, it can be kept for 7-12 months without damage at a tem
perature of 59°F. Although during that time, the corn will have 
been invaded to some extent by storage fungi. If stored at 
86°F, it will develop moderate to severe damage within a few 
months. Corn of 18.5 percent moisture that is sound when 
stored can be kept at 41 °F for at least 4-5 months without 
damage, but at 77°-86°F it will be heavily invaded by storage 
fungi within a week. General guidelines for the maximum 
storage life of newly shelled corn are shown in Table 5. 

Some cases of spoilage in stored grain occur because 
those in charge of the grain knowingly risk the chance thatthe 
grain might not hold up either under conditions that prevail 
or for the expected length of time it is to be stored. Most cases 
of damaging or grade-reducing spoilage, however, occur be
cause the persons in charge of the grain do not know the 
moisture content of the grain under their care. 

Table 5. Maximum storage time in months for 
shelled corn* 

Corn Corn moisture content 

temperature 13% 14% 15% 16% 17% 18% 

40°F 150 61 29.0 15.0 9.4 6.1 
50 84 34 16.0 8.9 5.3 3.4 
60 47 19 9.2 5.0 3.0 1.9 
70 26 11 5.2 2.8 1.7 1.1 
80 15 6 2.9 1.6 0.9 0.9 

*Based on 0.5% maximum dry matter loss-calculated on the basis of 
USDA research at Iowa State University. 

For various reasons such as moisture migration, the 
moisture content of the grain in the bin may differ, some
times radically, from the moisture content on the official 
records. The moisture content of a representative sample, re
gardless of how well it is taken, cannot indicate the range in 
moisture content of the lot. It may give an entirely false idea 
of the storage risk of that lot. Samples from truckload, car
load, and bargeload lots and from bins have been found with 
moisture contents as much as 2 to 3 perent above that shown 
in the records. 

4 

Figure 4. Corn severely discolored due to invasion by storage molds 
and the resulting heat. Temperature of black grain was over 160°F at 
the time of this picture. Temperatures as high as 215°F. have been 
observed in heating grain. 

At a given temperature storage period, moisture contents 
in the range of 14.5 to 16.5 percent in the starchy cereal seeds, 
a difference of only 0.5 percent can mean the difference be
tween safe storage and damaging invasion by storage fungi. 
If any portion of the lot has a high enough moisture content to 
permit storage fungi to develop, they will grow, regardless of 
the moisture content shown on the official record. And once 
spoilage is underway, it is self-perpetuating and self-acceler
ating. 

For buying and selling grain, it is essential to know the av
erage moisture content of the lot. But for safe storage and of
ten for safe shipment, it is necessary to know the highest 
moisture content that prevails anywhere in the lot. This can 
be determined by taking a number of samples and testing 
each one separately for moisture content. Also the accuracy 
of the moisture meter should be checked occasionally. The 
precision of moisture meters sometimes is overestimated 
and both humans and machines can err. 

If temperatures vary in different portions of the bulk, 
moisture will be transferred from the warmer to the cooler 
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portions. The rapidity of the transfer depends on the mois
ture content of the grain and on the magnitude of the temper
ature difference. In corn with a moisture content of 15.0-15.5 
percent, a difference in temperature of only 9-18°F between 
one portion and another can result in an increase of 2 percent 
in the moisture content of the cool grain in 10 days, with ac
companying damage by storage fungi. 

Respiration of insects, mites, and fungi produces water so 
that even if grain is of uniform and low moisture content 
when stored, the moisture may increase later. Also openings 
in the storage structure may permit water to enter. 

All of these factors make for increased storage hazard. A 
program of sampling and testing, as outlined here, will en
able those in charge of the grain to detect incipient damage 
before it has become severe enough to cause significant re
duction in quality. As a matter of principle, anyone in charge 
of stored grain should always suspect that somewhere in the 
grain mass, conditions are not as good as they are to be. 
Wariness, not complacency, is the watchword. 

Monitoring temperature in stored grain-Most pro
cesses that result in reduction in quality or in spoilage in 
stored grain are accompanied by a rise in temperature. 
Devices to monitor temperatures in bulk stored grain were 
developed more than 50 years ago as an aid to good storage. 
They have been in use throughout the world wherever grain 
is stored in bulk. Their usefulness is unquestioned. As with 
other aids to good grain storage, the mere installation of a 
temperature monitoring system does not in itself prevent 
spoilage. It must be functioning properly and the warning it 
gives must be heeded. 

Most commonly, these temperature monitoring systems 
consist of thermocouples attached to cables that extend from 
top to bottom of the bins. The thermocouples are spaced 
about 6 feet apart on each cable, and the cables are from 20 to 
25 feet apart, which means that there is one thermocouple for 
roughly each 2,000 cubic feet of grain. 

Relatively dry grain is a good insulator, and so a hot spot 
may develop without this being detected immediately by a 
temperature rise at the nearest thermocouple. But no exten
sive spoilage will develop without some detectable tempera
ture rise at the nearest thermocouple. Any temperature rise 
of more than a few degrees means that advanced spoilage is 
likely to be underway in that portion where the heat is being 
generated. 

Temperature detection equipment can be used as a tool to 
monitor the temperature front during aeration. Temperature 
change is complete when the front has passed completely 

Figure 5A. A typical pattern of moisture transfer in a bin. 
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Figure 58. Spoilage at top of bin resulting from moisture transfer. 

through the bin of grain. This equipment will also help in de
termining needed fan time during the storage holding period 
due to temperature differences within the grain bulk. 

While some persons in charge of hundreds of thousands 
of bushels of corn or soybeans do not become alarmed or 
even concerned about consistent small rises in temperature 
from day to day and week to week, sometimes as a resultthey 
suffer heavy losses that could have been easily avoided had 
they only heeded the warning given by the temperature mon
itoring system. Even today large quantities of high priced and 
perishable corn and soybeans are stored in large metal tanks 
with no aeration, no temperature monitoring system, no pro
vision for inspection or sampling, and no more knowledge of 
the moisture content of bulk than is given by tests of un
known accuracy on one or a few samples taken as the tanks 
were loaded some months before. They are nottaking advan
tage of the aids to good grain storage available to them. 

Aeration-Aeration is the practice of temperature regula
tion by moving air through stored grain which reduces the 
rate of grain deterioration. Spoilage caused by the growth of 
fungi and insect activity in stored grain, is related to the mois
ture content and temperature of the grain. Aeration greatly 
improves the storability of grain by maintaining a cool uni
form temperature throughout the storage to prevent mois
ture migration and to reduce the activity of fungi and insects, 
{Figure 5). 

Since the purpose of aeration is temperature control and 
not drying, the air flow rates are typically less than those 
found in drying bin facilities. The air flow rate for cooling is in 
the order of 0.1 per cubic foot per minute per bushel. This air 
flow rate will change the temperature of the bin in 100 to 200 
hours of fan operation. Once the desired temperature is 
reached, aeration can be discontinued until sufficient in
equalities in temperatures arise. 

An aeration system that will do an adequate job must be 
properly designed. Proper sizing of duct flow area, the perfo
rated surface area, and aeration fans are necessary for ade
quate performance. 

The aeration management schedule recommended in
cludes controlling the temperature in four calendar periods: 
1) a cool down period from September to December; 2) a win
ter holding period from December to March; 3) a spring 
warm-up period from March to June; and 4) a summer hold
ing period from June to September {Figure 6). 

The objective of the cool down period is to reduce the tem
perature of the grain below 35°F but not lower than 20°F. Dur
ing the winter holding period, the fans are off and should be 
covered to prevent grain near the ducts from getting too cold 
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Figure 6. Grain storage aeration periods1 

during severe winter weather. Large temperature differences 
result in condensation in the cold grain. The grain needs to be 
checked weekly during this winter holding period and the 
fans turned on whenever the temperatures within the grain 
mass differ by 20 degrees. The fans should then be used for a 
day or two during good weather when the outside tempera
ture is near to the lower temperature in the bin. 

The objective of the spring/summer warm-up period is to 
raisethetemperature of the grain to 50-60°F. This will prevent 
serious moisture migration problems during the summer 
months of storage. Care should be taken to bring the entire 
bin up to the same temperature before the fan is shut off. If a 
part of the bin remains cool, there may be some condensa
tion in the area between the cooler and the warmer parts of 
the bin. This causes spoilage if the condensation is left there 
for more than a few days. Condensation is more severe with 
larger temperature differences. 

Keep the grain between 50-60°F. during the summer hold
ing period. Run the fan during cool, fair weather when the 
outside temperature is close to the lower temperature found 
in the bin. Use the fan when differences in temperatures are 
found within the grain mass of more than 20°F. 

Aeration can be accomplished by moving air up or down 
through the grain. There are advantages and disadvantages 
to each method. The main advantage of moving the air down 
and exhausting it at the bottom is minimizing roof condensa
tion when aerating warm grain during cold weather. The 
main disadvantage of downward aeration is the uncertainty 
of knowing when aeration is complete. The grain at the bot
tom of the bin is the last cooled or warmed. It is importantthat 
this area have the same temperature as the rest of the bin, 
otherwise spoilage could result if temperature differences 
are enough to cause moisture migration. 

The main advantage of upward flow is thatthe last portion 
of the grain to cool or warm up is atthetop center. This is very 
easy to monitor. The main disadvantage of upward airflow is 
that moisture may condense when warm, moisture-laden air 
hits a cold bin roof. This happens when warm grain is aerated 
during cold weather. The best way to operate a fan, regard
less of air flow direction, is to change the grain temperature 
gradually in several steps. 
1 Source, Cloud, Ag. Ext. Bull. M-165 
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For a more in-depth discussion of aeration management 
consult the extension publication AG-FO-1327, Management 
of Stored Grains with Aeration. 

Spoutlines-When grain is loaded into a bin, tank, barge, 
or ship from an overhead spout, the fine material collects in a 
cone or column directly underneath the spout. This is known 
as the "spoutline." The width of the spoutline is proportional 
to the width of the bin space. When corn or soybeans which 
contain 2-3 percent fines are loaded into a bin, the spoutline 
may contain 50 percent fines. 

In corn these fines consist of many kernel fragments. In 
soybeans they consist of seed fragments and weed seeds. 
These weed seeds are likely to be high in moisture because 
they were immature when harvested. In addition, seed frag
ments are more susceptible to molding than sound soy
beans. Molds can begin to grow in this spoutline almost 
immediately and within 30-60 days this can lead to heating 
and sometimes to fire. If a bin with a heating spoutline is aer
ated, the air will pass around this solidly packed area. 

One way to alleviate spoutline problem is to draw out the 
central core offines after the bin is filled and sell it, feed it, or 
store it separately. Another method is to remove the fines by 
screening prior to loading. This is a special problem with 
corn. Because the corn kernels tend to break up in handling, 
the percentage offines increases with every transfer from the 
farm to the final user. Sometimes these fines accumulate in 
layers in bins as well as in barges or ships. This increases the 
spoilage hazard, especially in storage periods of more than 
just a few weeks. 

When a ship or barge containing a high percentage of 
fines is unloaded at a terminal or foreign port, it is almost im
possible to redistribute the fines uniformly. A truck or barge 
leaving the port for distant locations may contain a very small 
amount of foreign material and another may contain a great 
deal. The customer who receives a load containing a larger 
amount of screenings is likely to complain. 

Degree to Which a Given Lot is Invaded by Storage Fungi 
Upon Arrival at a Given Site-Some stored lots of grain from 
farms, country elevators, or terminal elevators are almost 
free of storage fungi while others have been invaded to vari
ous degrees. What with the inadequacy of representative 
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samples as indicators of storage risk posed by accumulation 
of screenings, moisture transfer, and moisture uptake from 
exposure to humid air during transfer, by the time the corn 
has been stored for nine months to a year, some of the grain 
is likely to be at least moderately invaded by storage fungi. 
This will not be evident to bare-eye examination. By the time 
moldy grain is detectable to the unaided eye, it is in a fairly 
advanced state of deterioration. The mold invasion can be 
detected readily in the laboratory. Obviously, grain moder
ately invaded by storage fungi is of much higher risk for con
tinued storage than is sound grain because it already has 
progressed part of the way down the road to ruin. 

INSPECTION AND SAMPLING 

Without question, we now know the major agents which 
cause grain to spoil and the conditions under which they 
cause spoilage. We can detect these agents in various ways 
and initiate preventative or corrective measures long before 
serious spoilage occurs. Preventative measures such as aer
ation and temperature detection cables can be supple
mented by periodic systematic sampling. 

There are various means of collecting samples. Some 
are based on the collection of samples representing equal 
volumes of grain in the bin. Using this sampling technique, 
the bin should be divided into five equal volumes. The sam
ple distance from the center of the bin associated with these 
volumes is shown in Table 6. 

The surface of the grain is divided into five sections or 
"pies." A probe test should be made on the boundary lines 
separating each "pie" for one of the equal volumes diameter 
in Table 6. Probes at these points record temperature and 
provide samples for moisture contents from depths that are 6 
inches below the surface and for 5 foot depth increments be
low the surface until the floor is reached. It may be impossible 
to force a sampling probe deep enough for the complete 
sampling of a particular bin. However, as many samples as 
possible should be taken. This procedure is shown in Figure 
7. 

Another method is based on the collection of samples 
from areas most likely to be problem areas. In using this sys
tem, the probe is taken from the top to the bottom of the bin or 
as far down as possible in the center. Collect samples 3-4 feet 
from the center, about 1 foot from the northwest portion of 
the wall, and about 1 foot from the southwest portion of the 
wall. 

Regardless of the system of sampling used, the shorter 
the period of time between observations increases the 
chance of early detection of a potential problem situation. Re
member when entering a bin to collect samples, follow all 
necessary safety procedures to prevent suffocation. 

Once in the bin, inspect the grain to detect any changes in 
appearance, moisture transfer or condensation, odor (at the 
top of the bin or of the fan exhaust air), and insect accumula
tion. When any of these are observed, determine their cause 
and source so that proper remedial action can be taken. 

GRAIN PRESERVATIVES 

High moisture corn can be protected from spoilage by 
treatment with proprionic acid which is sold under various 
trade names. Formulations containing 80-100 percent propri
onic acid are very effective against grain spoilage from ape
riod of up to one year. For best results it is importantto follow 
the I able rates and to use an application method that will 
evenly distribute the compound over all the grain being pre
served. Problems associated with this type of preservation 
arise from improper applications such as too low a rate for 
the moisture content of the grain or moisture migration due 
to improper management of the preserved grain. 

It is important to note that proprionic acid-preserved grain 
should be managed the same way as dry grain. Aeration can 
keep the temperatures of preserved grain uniform to prevent 
moisture migration. A variety of structures may be used to 
store preserved grain. However, experience shows that pro
prionic acid-treated grain stored in an upright cement silo has 
a higher tendency to go out of condition than when stored in 
other structures. 

Table 6. Distance from the center of the bin to the sample point associated with five equal volumes of 
grain for several sizes of grain bins. 

Bin Distance from Center of Bin 
Diameter to Point of Sampling-Ft 

(0.1580 x Bin Di.) (0.2740 x Bin Di.) (0.3535 X Bin Di.) (0.4185 x Bin Di.) (0.4745 x Bin Di.) 
Ft. 1 2 3 4 5 

15 2.37 4.11 5.31 6.28 7.12 
18 2.85 4.93 6.37 7.54 8.54 
21 3.32 5.76 7.43 8.79 9.97 

24 3.79 6.58 8.49 10.05 11.39 
27 4.27 7.40 9.55 11.30 12.81 
30 4.74 8.22 10.61 12.56 14.24 

33 5.22 9.04 11.67 13.81 15.66 
36 5.69 9.86 12.73 15.07 17.08 
39 6.16 10.69 13.79 16.32 18.51 

42 6.64 11.51 14.85 17.58 19.93 
48 7.58 13.15 16.97 20.09 22.78 
60 9.48 16.44 21.21 25.11 28.47 
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Figure 7, A schematic view of probe points and depths of sampling. 

Anhydrous ammonia can be used to preserve high mois
ture corn while drying with unheated air. Intermittent appli
cations of ammonia at low levels will suppress mycrobial 
deterioration during the drying process. This process, which 
has environmental protection agency approval for corn, will 
control toxigenic microorganisms and can be operated over 
a wide range of weather conditions. 

Grain preserved either by proprionic acid or anhydrous 
ammonia can only be used for animal feed and it is not per
mitted in commercial channels. 

MYCOTOXINS 

Certain fungi growing in grains under specific environ
mental conditions may produce compounds that are toxic to 
animals ingesting the grains. These toxic compounds are 
known as mycotoxins. One of the toxins is aflatoxin which is 
a potent carcinogen, a cancer-causing agent. It is produced 
by the fungus,Aspergil/us f/avus. Usually,A.flavus is consid
ered to be a storage fungus, but this is not always true. 
A.flavus may invade insect damaged kernels while still in the 
field. This invasion, especially in corn grown in the southern 
states, may be accompanied by the formation of aflatoxin. 

Federal law prohibits the marketing of grains, food, or 
feed ingredients in interstate commerce that contain more 
than 20 parts per billion of aflatoxin. Aflatoxin contaminated 
feed or food is subject to surveillance by the Food and Drug 
Administration. Aflatoxin contaminated corn in the field is 
rather uncommon throughout the northern states. However, 
it is often found in the southern and southeastern U.S. and 
sometimes in corn not injured by insects. 

The use of an ultra-violet light, wave length 360 nm, can 
be used for tentative identification of aflatoxin contaminated 
samples of corn. Many country and terminal elevators now 
use ultra-violent light for this purpose. The fluorescent test is 
not 100 percent accurate and should only be used as a rough 
field test. Positive identification of aflatoxin contamination 
requires confirmatory tests done in a competent laboratory. 

Recently there have been specific immuno-absorbent as
says developed which will result in a highly specific test for 
aflatoxin and a few Fusarium mycotoxins. The presence of 
the mycotoxin is detected by a simple color change in the test 
solution. 

Different species of the fungus Fusarium infect grain as it 
develops in the field. The fungus causes a variety of diseases 
such as scab in wheat and barley or stalk and cob rot in corn. 
Scabby wheat consists of kernels heavily infected by Fusar
ium. The estrogenic syndrome in swine, characterized by 
signs of continued estrus such as a swollen vulva in a sow or 
gilt, can be caused by zearalenone, a toxin produced by 
Fusarium. Fusarium-invaded grain may also contain other 
toxins that cause feed refusal, vomiting, and reproductive 
problems in swine. It can create thick lesions in the mouths of 
poultry plus reduce egg production and weight gain. The 
main production of these toxins occurs in field corn, to some 
extent in corn stored in cribs, and in improperly preserved 
high moisture corn which is stored in bins. These toxins are 
not produced on dry shelled corn. 
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