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Maier et al. – Implementation of Carbon Dioxide Monitoring for Early Detection of Grain Spoilage

Project Continuation Request Explanation
This proposed project details a one-year continuation request of our previous Anderson Research
Grant Program project entitled Carbon Dioxide Monitoring for early Detection of Grain Spoilage.
Although we have made significant progress during the first two project years, our original objectives
and schedule have proven more challenging to meet than anticipated. Nevertheless, we have made
significant progress (especially on Objectives 1 and 2), and remain convinced of the value and
importance of this particular project. In this proposal, we will summarize our progress and detail the
challenges we have experienced. We will also outline how we envision completing all of our previously
proposed objectives as well as a revised fourth objective, which includes a new but necessary scale-up
phase during this third year. In addition, we were able to generate the matching industry support we had
originally budgeted, and expect to do so again during this third project year. We have also received
numerous grain industry inquiries that have expressed great interest in the technology once available.
Problem Identification and Related Research
[Note: This entire section is unchanged from our original proposal!]
In the United States more than 15 billion bushels of grain are stored every year. Insects and fungi
create numerous quality problems in these stored grains. Total annual storage losses are estimated at
more than $1 billion. It is essential for the grain storage industry to have effective pest management
programs to protect against economic loss due to contamination from insects, fungi and mycotoxins. A
major contributor to the spoilage of grain is the growth of various fungal species, including several that
produce mycotoxins. Although quality of harvested grains can never be improved with storage time, the
rate of deterioration can be slowed with an integrated systems approach that combines engineering,
biological and economic principles. Our Purdue University Post-Harvest Grain Quality Team consists of
an entomologist, plant pathologist and agricultural engineer investigating alternative strategies for
managing grain. The focus of our research program is to test new technologies and management
practices that will permit grain producers, handlers, and processors to maintain high quality grain, free
of toxic fungal contaminants.
Problems due to Moisture, Temperature and Insects
Moisture content of the grain is the most important factor affecting fungal growth and our ability
to prevent quality losses while in storage. Prior to storage, grain is traditionally dried to an equilibrium
moisture content (EMC) that provides humidity in the interstitial space of 65% or less. This moisture is
out of the optimum growth range of all fungi growing on the grain prior to harvest and relying on free
water and humidity of 90% and above for germination and growth. When the humidity of the interstitial
space reaches 70 to 75%, storage fungi can germinate and grow without free water. Maintaining proper
moisture is a challenge because of seasonal and daily climate fluctuations, the economics of drying
grain, and the need to process grain at higher moistures.
Temperature is the second important factor influencing grain quality in storage. The growth of
fungi and insects is influenced by temperature. The optimum temperature range for fungi is between 25
and 30°C, and temperatures above 15°C are ideal for insect growth and reproduction. Temperature also
has a direct effect on the EMC value of the grain; thus, fluctuations in temperature can increase the
humidity of the interstitial space creating ideal conditions for the growth of storage fungi and fungal
feeding insects.
The presence of insects in grain is another factor that will influence grain storability. As insect
populations grow, they can create large volumes of heat production. Insect metabolic activity in dry
commodities (below 15% moisture) can result in heating up to 42°C (Mills, 1989). Insect-induced hot
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