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Long-term diet study in rats with feed fumigated with ethylene oxide 
 

By F. Bär and F. Griepentrog 
(Translated from German by Gero Eck, Exponent International Ltd.) 

 
The reactivity of ethylene oxide (EO) at contact with food ingredients impedes the sanitary assessment of 
this storage protection appliance since several transformation products are analytically detected which 
toxicologically must be considered. Regarding the impact on the nutritional value of certain groceries of an 
EO treatment at diverse concentrations applied for vermin extirpation 1 (50 – 150 g EO for control of 
insects) and disinfection 2 (135-1115 g/m3 for aborticide of mold and of salmonellae), various conclusions 
were drawn in accordance with the available experimental conditions.  In feeding experiments on rats over 
5 weeks (Oser and Hall, 1956) it was shown that EO-fumigation of yeast samples, which were added to 
10% of a half-synthetic diet, and a mixed feed (with exception of the fat component), a detrimental effect 
could not be observed on young rats, apart from a reduced uptake of the fumigated mixed feed in the first 
week. Assessment criteria were appearance, behavior, growth, hemogram, survival time, autopsy findings 
of the digestive organs. 

To acquire an overview on potential impacts of chronically toxic effects of transformation products in the 
diet on organs in rats, in the present study commercial rat food (Altromin R in powder form) was fumigated 
with increased EO concentrations under laboratory conditions and investigated in a 2-year feeding 
experiment. 

Experimental methodology: 50 rats (own laboratory strain, same proportions of males and females with 
initial weights of about 100-150 g) each were fed over a duration of 2 years with fumigated and non-
fumigated standard feed (Altromin R). 
Composition of the standard diet: 
 
  Barley      45% 
  Oat (crushed)     18% 
  Corn (crushed)     10% 
  Fish meal     6% 
  Meat feed meal     6% 
  Brewer´s yeast (dried)    5% 
  Lucerne green flour    4% 
  Wheat germs (crushed)    3% 
  Mineral nutrients and active components  3% 
 
Analytical results, including mineral nutrients and vitamins as well as amino acids are available from the 
manufacturer. 

The daily ration in powder form was provided as small dumplings formed with a small amount of water 
(800 cm3 to 10 kg of Altromin R). Additionally, each animal received green fodder in form of gras or 
germinated oat. 

The ethylene oxide fumigation of the weekly powdered feed ration (about 7 kg) was conducted at 900 – 
1300 g/m3 (duration of fumigation: 4-6 hours, temperature: 20-25 °C, usual concentration: 150 g/m3). 
Immediately after ventilation and after 6 days, the remaining ethylene oxide residues of the Altromin 

 
1 e.g. application of Cartox (mixture of 10% EO and 90% carbon dioxide) 
2 e.g. for vacuum fumigation with T-gas (mixture of 90% EO and 10% carbon dioxide) 
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batches were determined. The execution of the fumigation and the ethylene oxide determination are owed 
to the Department for Food Chemistry (for details reference is made to Kröller, 1966). The variable residue 
values for ethylene oxide in the weekly feed ration, dependent on the humidity of the material, after aeration 
were between 500 and 1400 ppm and after 6 days between 53 and 400 ppm. 

The following criteria were investigated for the experimental animals: appearance behavior, growth 
development, mortality, organ weights, pathological-histological examination. 

All animals deceased before the end of the experiment and the majority of the test animals euthanized at 
test termination had spontaneous diseases, mostly pneumonia. The pneumonia occurred at different degrees 
of severity, from slight to severe forms, for both the deceased as well as the surviving animals. In its severe 
form, it mostly was identified as the cause of death. Other spontaneous diseases were of minor importance. 

Experimental results: 
Mortality: At test termination, 13 of the control animals and 16 test animals survived. 

Mortality progression: 

Surviving animals After … months 
15 18 21 24 

Controls 39 32 23 13 
Ethylene oxide fumigation 44 36 24 16 

  
Organ weights: 

Prior to histological preparation of the inner organs of the deceased or at test termination euthanized 
animals, of each animal the liver, heart, spleen, right and left kidney were weighed. At the examination of 
the average weights, 3 cases of leukemia each were excluded per test series. In the following, the average 
weights are shown: 

 
 Controls Test animals 

Liver 9.85 g 10.90 g 
Heart 1.57 g 1.34 g 
Spleen 0.97 g 0.78 g 
Right kidney 1.54 g 1.40 g 
Left kidney 1.24 g 1.35 g 

 
Assessment of histopathological findings: 

The spontaneous diseases were only concomitant with insignificant secondary phenomenona at other 
organs than those primarily affected: slight liver cell-, renal tubuli- or myocardial adiposis. These kinds of 
alterations, however, occurred only in very few animals; they did not impair with the assessment of possible 
histological changes caused by the experiment. In comparison to controls, no histological findings could be 
detected in the investigated organs, i.e. liver, kidney, heart, spleen, brain. 
 
Summary: 

Under present experimental conditions in a feeding experiment over 2 years on rats, a toxicological effect 
of standard food fumigated with ethylene oxide (900 to 1300 g/m3, Altromin R) could not be observed in 
comparison to control animals regarding appearance, behavior, development of body weight, mortality, and 
possible organ changes in pathological-histological investigations. 
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