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Stored Grain Spoilage 

Fungi are a major cau %1-8:f\lJ~ e~~ &'i1alg<Wand' heat
ing of stored grains. Over the past 20 years we have exam
ined thousands of samples of different grains from com
mercial warehouses throughout the United States and 
several other countries. Storage fungi were involved in 
every case of spoilage encountered. These findings are sup
ported by extensive laboratory tests in which the types of 
spoilage found in commercially stored grains were pro
duced by storage fungi. 

Kinds of Damage Caused by Storage Fungi 

Storage fungi cause loss of germination, dark germs (in 
wheat, designated germ damage or sick wheat), bin burn
ing, mustiness, and heating. These are the final products, 
not the beginning stages, of invasion of grains by storage 
fungi. And storage fungi are the cause, not the result, of 
spoilage. 

Some of the fungi that grow in grains and other seeds 
before harvest or in storage produce toxins. One of the 
common storage fungi, Aspergillus Havus, produces several 



toxins, called aflatoxins. 
Only a few parts of aflatoxin B-1 per billion parts of 

feed can cause pathological changes in animals susceptible 
to it. For this reason grains and seeds containing detectable 
amounts of aflatoxin cannot be used for food or feed . 
Other fungi common in grains also produce potent toxins, 
and if and when methods are developed to detect these 
toxins, the use for food or feed of grains in which they are 
present may be prohibited. These toxins may be produced 
by fungi growing in grain without much outward evidence 
of damage or moldiness. Moldy grains definitely are not a 
desirable article of commerce. 

Time of Invasion of Grains by Fungi 

Grains are invaded by storage fungi to any significant 
degree or extent only after harvest. All the evidence on 
this is consistent. The damage clone by storage fungi grow
ing in stored grains definitely is the product of storage 
conditions, and the responsibility for it lies with those 
who store the grain. 

Conditions Under Which Storage Fungi Are Likely to 
Damage Stored Grains 

The major factors that determine when stored grain 
will be damaged by storage fungi are: 

Moisture content-A moisture content below 13 per
cent in starchy cereal seeds such as wheat, barley, rice, 
corn, and sorghum; below 12 percent in soybeans; and 
below 10 percent in flaxseed prevents invasion by storage 
fungi regardless of how long the grains arc stored. As the 
moisture content rises above these levels, invasion by stor
age fungi increases with temperature and time. These fig
ures are for moisture contents of the grains in the bin, not 
necessarily for those on the warehouse records. 

Temperature-In the range of temperature between 
40 ° and 50° F. storage fungi grow very slowly; at 80° to 
90 ° F. they grow much more rapidly. 

If grain with a low temperature is loaded out or trans
ferred when the temperature and humidity of the outside 
air are even moderately high, condensation will occur and 
the moisture content of the grain will increase rapidly. Be-

Top, left - sound; others - damaged by fungi. 

cause of this, a temperature below 40 ° F. usually is not de
sirable in stored grain. 

Temperatures of 40-50 ° F. will greatly reduce the rate 
of growth of storage fungi, but will not prevent it com
pletely. Some fungi will grow slowly even below freezing. 
If grains are already invaded moderately by storage fungi, 
and if the moisture content is high enough to permit con
tinued growth of the fungi, some of them may grow at 
temperatures clown to or below 32 ° F. \iVhen the tempera
ture increases later, in the spring or when the grain is 
mo,·cd out, the grain may spoil rapidly. 

The extent to wl1ich grain already is invaded by storage 
fungi when it arrives at a given elevator or storage site
Grain invaded by storage fungi, even if not detected in 
ordinary inspection, is partl~· deteriorated and is a much 
poorer storage risk than grain free of storage fungi and 
otherwise sound. Grain moderately invaded by storage 
fungi clc,·clops damage at a lower moisture content, at a 
lo,Ycr temperature, and in a shorter time than does grain 
free or almost free of storage fungi. 

Pl1ysical damage-Cracks or breaks in the pericarps or 
seed coats of grains permit reach· entrance by storage fungi. 
At a given moisture content and temperature, hand shelled 
corn or hand threshed "·heat is about 3 times as resistant 
to damage by storage fungi as the average lot of No. 2 
grade grain. Probably most lots of most grains and seeds 
suffer sufficient damage in threshing to permit easy inva
sion by storage fungi, but rough handling later will in
crease the damage and will also result in more broken 
seeds and fines, which increase storage risk. 

Length of time the grain is to be stored-Grain that is 
to be stored for only a few weeks before it is processed can 
be stored safely with a higher moisture content and more 
extensive invasion by storage fungi, and can be kept at a 
higher temperature than grain that is to be stored for 
months or years. Howe,-cr, grain stored for only a few 
weeks at any combination of moisture content and tem
perature that permits moderate invasion by storage fungi 
( usually not detectable by ordinary inspection, but easily 
detectable in the laboratory) will be of high risk for con
tinued storage. 

Storage fungi from germ-damaged wheat. 



Detection of Early Stages of Deterioration 

To detect the beginning of deterioration, remove sam
ples from different portions of the stored grain at intervals 
and test each one separa tely for ( 1) moisture content, 
(2) number and kinds of fungi, and (3) discoloration of 
germs. 

Special training and facilities are required to determine 
the number and kinds of fungi in a sample of grain. The 
larger grain firms have control laboratories where this could 
be clone. Private testing labora tories probably woulcl be 
willing to clo this \\'Ork if they were assured of sufficient 
samples to justify their undertaking it. Even without 
means to clc.J;ect hidden invasion by storage fungi, a ware
hou~'ati take samples from different portions of a 
given bulk at intervals and test each one for moisture con
tent ancl germ discoloration. 

Germ discoloration can be detected bv removing the 
pcricarp (bran la yer ) which covers the germ and examin
ing the germ . Germs that are lightly discolored through
out, or discolored on the tip only, are likely to be moldy 
and may turn dark brown later. 

Fat acidity value (FAV) has been suggested as a sim
ple measure of quality and storability of grain, and as an 
indicator of degree of deterioration. Other things being 
equal, grain of low FAV is preferable to grain of high 
FAV, hut FAV alone is not a reliable measure of quality 
and storability. ln some years, manv lots of grain that are 
othcrn·ise sound and of good qualitv have considerably 
higher FA V's than in other ,·cars. Also, some of the fungi 
that invade wheat ancl corn stored at moisture contents 
of H.0-14.5u;,, ancl which mav cause extensive germ dam
age, clo not ca use am· appreciable rise in FA V. 

Temperature Increases 

Temperature detection cables or other devices to meas
ure temperature at different places within the grain mass 
arc an aicl to, ancl not a substitute for, intelligent storage 
of grain. 

Grain is a good insulator, ancl a rise in temperature of 
even a few degrees as indicated by the thermocouple may 
mean that the grain in the region of highest temperature 
already is in the final stages of spoilage. 

Penicillium from damaged germ of corn. 

If you detect a hotspot, determine its size and the con
dition of the grain in and near it by sampling and examin
ing the grain. Then you will know the nature and extent 
of the emergency. 

A vacuum probe for sampling any portion of grain 
stored in any type of bin is available from Cargill, Inc., 
Cargill Building, Minneapolis, Minnesota 55402. 

Moisture Content 

Sometimes the moisture content indicated on ware
house records differs from the moisture content of grain 
in the bin. 

The usual practice is to take an average sample from 
each lot of grain going into a bin and determine its 
moisture content. The overall average, or the weighted 
average, of these samples is considered by many ware
housemen to be the average moisture content of the grain 
throughout its storage life. There are several sources of 
error: 
l. An a,·eragc sample from a given lot docs not indicate 

the range of moisture content in that lot. A range of 
plus or minus I to 2 percent can he expected in the 
moisture content of grain in any carload or truckload. 
For safe storage it is essential that the highest moisture 
content in any portion of a given lot be known. 

2. 171c meter or the operator may not be functioning 
properly. The accuracy of the meter should be tested 
occasionally, either by measuring moisture content of 
samples by oven drying or by submitting samples to 
state or federal grain inspection offices. With machines 
such as the Motomco, the quantity of grain must be 
weighed accurately and its temperature measured accu
rately. 
No moisture meter is infallible, and occasionally a 
meter may err by plus or minus 0.5 percent or more. 
For this reason, if the moisture content of a given lot 
of grain is near or within the range where deteriora
tion might occur, several samples should be taken and 
their moisture contents determined. 171is also should 
be clone with lots that are to be mixed to achieve an 
average moisture content considered safe for storage. 

Aspergillus flavus from damaged corn. 
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3. Moisture may shift from place to place in a bulk of 
stored grain. We have found the moisture content of 
some samples of grain taken from a bin of wheat to 
be 6 percent above the average given on the warehouse 
records. This transfer of moisture usually is greatest in 
winter in cool regions such as the northern United 
States. 
In winter the upper layers of corn in bins may accumu
late a moisture content of 20 to 25 percent. When the 
temperature rises in the spring, some of this moist corn 
may germinate and storage fungi may invade the rest 
rapidly enough to cause heating. 
This has given rise to the old superstition that grain, 
especially corn, has an urge to heat and germinate in 
the spring. Corn and other grains germinate when they 
are moist enough and warm enough; they heat when 
they are invaded by insects or storage fungi. 

4. Mixing grain lots of different moisture content to get 
an average presumed to be safe for storage or to meet 
a given grade may result in trouble. The moisture con
tent in such mixes may never equalize, and many mixes 
have a very high storage risk. 

5. In a supposedly uniform lot of grain there may be 
differences of as much as 1 percent in the moisture 
content of individual kernels. 

6. Activities of insects and mites can increase the mois
ture content of grain rapidly- in some tests as much as 
2 percent per month and a total of 5-10 percent in a 
few months. Fumigation may rid the grain of insects 
( some fumigants that kill insects do not kill mites) 
but the storage fungi continue to grow. 

Aeration Systems 

The chief functions of aeration systems for grain bins 
are: 

1. To reduce the temperature of the stored grain; at 40 ° 
to 50° F. storage fungi grow only very slowly, and in
sects and mites are completely inactive. 

2. To maintain a uniform temperature throughout the 
bulk, which prevents transfer of moisture. 

Left- sound; right-damaged germ of wheat. 

Aeration does this much more cheaply and effectively 
than transfer of the grain from bin to bin, and aeration 
does not increase cracked and broken kernels. 

Factors Determining Storability 

Storability of a given parcel or bulk of grain depends 
on a combination of factors: ( 1) moisture content, ( 2) 
temperature, ( 3) degree of invasion by storage fungi when 
the grain arrives at a given warehouse, and ( 4) length of 
time the grain is to be stored. 

No damaging invasion by storage fungi will occur at 
moisture contents below 13.0 percent in the starchy cereal 
seeds, below 12.0 percent in soybeans, or below 10.0 per
cent in flaxseed. This implies that: 
1. The moisture content is accurately measured, and is 

that of the grain in the bin, not just the figure on the 
warehouse records. 

2. The moisture content of any significant portion of the 
grain does not rise more than 0.5 percent above the 
figure given and does not remain there for more than 
2 or 3 months. 

3. The bulk is not made up of mixed lots originally of 
different moisture content, and that it includes no 
grain moderately to heavily invaded by storage fungi 
or otherwise damaged. 

4. The grain is kept free of insects and mites. 
For good grain storage, determine the range in mois

ture content and condition of grain going into any given 
bin as the bin is filled, and periodically thereafter through
out the storage life of the grain. In the long run, any grain 
merchant or warehouseman is better off if the grain he sells 
is consistently high in quality and storability for any given 
grade, rather than if it is likely to go out of condition soon 
after being sold. 

References 

Christensen, C. M. The Molds and Man. 3rd Ed. 1965. Univ. of 
Minn. Press . Paperback ed . by McGraw-Hill Book Co. 

Christensen, C. M . and H. H . Kaufmann. "Deterioration of stored 
grains by fungi." Ann. Review of Phytopathology, 1965, pp. 
69-84. 

Christensen, C . M. and H. H. Kaufmann. Grain Storage. Univ . of 
Minn. Press, in press. 

Issued in furtherance of Cooperative Extension work in agriculture 
and home economics, acts of May 8 and June 30, 1914, in coopera
tion with the U.S. Department of Agriculture. Roland H. Abraham, 
Director of Agricultural Extension Service, University of Minnesota, 
St. Paul, Minnesota 55101. 20M-1968 

C. M. Christensen is a professor of Plant Pathology, University of 
Minnesota . 
H. H. Kaufmann is manager, Grain Research Laboratory, Cargill, 
Inc., Minneapolis, Minnesota 
Color photography by C. M. Christensen 
Listing of trade names and sources of information in this publication 
is solely to provide information and does not imply endorsement of 
products named or criticism of those not mentioned. 

Extension Folder 226 Revised 1968 


	0001A
	0002A
	0003B
	0004A

