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The effect of peroxyacetic acid on lipid oxidation in silage of salmon wastes have been studied.   

Salmon ensilage is made by the action of enzymes present in the offal in the presence of formic 
acid. In this laboratory study formic acid has been partly replaced by peroxyacetic acid.  

The oxidation levels of the silage lipids seemed unaffected by the appearance of peroxyacetic 
acid. The stability can be explained by the supplementing of the antioxidant ethoxyquin.   

The reduction of the amount of formic acid, from 2,5 % via 1,25 % to 0,63 % resulted in a rise of 
the amount of free fatty acids from 1 % via 3 % to 10 %. Peroxyacetic acid had no preventive 
effect on formation of free fatty acids.  

No bacterial growth was detected in the laboratory experiments. The microbiological 
environment is however much tougher in the industry.  The effect of peroxyacetic acid on 
bacterial growth therefore has to take place in industrial or pilot scale. 
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1 Introduction 
Ensilage is a common way of processing wastes from salmon slaughteries. The objective of 
the study was to test the effect of peroxyacetic acid on microbiological activity and lipid 
oxidation in ensilage of salmon wastes.   

Fish silage is defined as a liquid product made from whole fish or parts of fish that are 
liquefied by the action of enzymes in the presence of an added acid. The proteolytic 
enzymes already present in the salmon viscera break down fish proteins into smaller soluble 
units. The acid speeds up the enzymatic activity while preventing bacterial spoilage. 

Formic acid is normally used to stabilise the silage.  The technical grade formic acid normally 
used consists of an 85 % formic acid solution and 0,5 to 1.0 % of the antioxidant ethoxyquin. 
The use of formic acid protects the silage from bacterial degradation while ethoxyquin protect 
the silage from oxidative degradation.  

The acid addition accounts for the major cost of the preparation of salmon silage. Typically, 
2,5 % of formic acid is supplemented. Consequently, significant cost reduction can be 
obtained by partly replacing the amount of formic acid by less expensive or more potent 
additives. Peroxyacetic acid, also called peracetic acid, may be used to control bacterial 
growth at lower costs.  

Peroxyacetic acid is known to be a strong oxidant and may have adverse effects on the end 
products. The polyunsaturated fatty can easily be oxidised, giving rise to a rancid taste and 
smell. The market demand of both protein meal and oil are affected by the degree of 
oxidation.  
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2 Materials and Methods 

2.1 Chemicals and starting material 
Ensilox, the technical grade formic acid, to be partly replaced by Proxitane was not used per 
se in the study. As we in the experiment needed to know the total amount of antioxidant, 
ensilox was replaced by 85 % formic acid with exactly 1 % ethoxyquin. (The declaration of 
ensilox claims 84 - 85 % formic acid and 0.5 – 1.0 % ethoxyquin). 

PROXITANE ® 15:23, the disinfectant to be tested, consisted of 15 % peroxyacetic acid, 23 
% hydrogen peroxide and 17 % acetic acid. This was diluted 10 times with distilled and 
ultrafiltrated water before further use.  

Fresh salmon viscera was picked up from Troms Slakteridrift, Svensby 

All chemicals used in the analytical works were of PA quality.   

2.2 Analyses 
The analytical methods were based on American Oil Chemists’ Society (AOCS) standard 
methods.  

• Anisidin-value:  AOCS Cd 18-90 

• Peroxide-value:  AOCS Cd 8b-90 

• Free fatty acids  AOCS Ca 5A-40 

• Fatty acid composition  AOCS  Ce 1b-89 

2.3 Experimental design 
The study started with 8 batches of ensilage.  

Batches of 2 kg of raw material free of heads and bones were minced by a food processor.  

Formic acid, diluted Proxitane and ethoxyquin were added and mixed into the slurry 
according to the scheme in Table 1.  

All samples were supplemented the same amount of ethoxyquin.  

The “reactors” – plastic buckets – were placed in room temperature. The ensilages were 
stirred once a day. After 3 days most of the batches had reached a liquid texture. Oils were 
seen floating in a top layer in 6 of 8 batches.   

On day 3 the batches were split in two. One of each pair were added 100 ppm peroxyacetic 
acid.  (Table 2 and 3).  

Samples for analysis were taken after 0, 3, 7 and 10 days. The samples were kept at – 80 
degrees C.  
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Table 1. The preparation of ensilage: Amounts of formic acid, peroxyacetic acid (PAA) and 
ethoxyqiun in parts per million. (ppm). The batches were subdivided on day 3. 

 Batch # 1 2 3 4 5 6 7 8 

Formic acid  25 000 12 500 12 500 6 000 62 000 12 500 4 000 4 000 

Ethoxyquin 250 250 250 250 250 250 250 250 

PAA  
Day 0 

0 100 100 100 100 0 100 100 

Batc  
Subdiv # 

 2 2A 3 3A 4 4A 5 5A 6 6A 7 7A 8 8A 

PAA  
day 3 

0 0 100 0 100 0 100 0 100 0 100 0 100 0 100 

 
Foto by Martin Steinholt 

Figure 1. The 8 batches pictured on day 3 
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3 Results 

3.1 Visual appearance 
The appearances of the ensilage batches varied in both colour and texture. This included the 
duplicates given the same treatments.  After 24 hours a top layer of oil had formed 
spontaneously in 6 of the 8 batches. The oils all appeared clear and with the typical colour of 
astaxanthine, except for the 2 oils treated with 0,4 % formic acid only. The latter were 
severely discoloured. They were omitted from most of the further analytical procedures.  

 
Foto by Martin Steinholt 

Figure 2. Visual appearance of oils 

Oils separated spontaneously during the first 24 hours of ensilage. Test tubes in numerical 
order from left. The ensilages no. 2 and 4 did not spontaneously form separate oil and 
protein layers, but could be separated using a centrifuge.   

3.2 The effect of formic acid and peroxyacetic acid on pH 
After an increase of the pH the first day after the addition of formic acid, the values stabilised 
and remained the same to the end of the experiment. In the ensilage added 2,5 % formic 
acid the pH was 3.2. In the 3 batches of ensilage added 1,25 % formic acid the pH was 3.6, 
unaffected by the addition of peroxyacetic acid. In the batches containing 0,63 % formic acid 
the pH was measured from 4.0 to 4.1. 
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The pH-values of the ensilage were lower than would be expected if bones, i.e. calcium 
sources were included in the salmon viscera samples. An overview of the pH measurements 
is given in table 2. 

Table 2. pH measurements 

Batc # Formic acid    pH measurements 

  Day 0 Day 1 Day 3 Day 7 
1 2.5 %     2.8 3.2 3.2 3.2 

6 1.25 %     3.3 3.6 3.6 3.6 

6A    ”        ” ” 3.6 3.6 

2 1.25    3.3 3.6 3.6 3.6 

2A    ”       ” ” 3.6 3.6 

3 1.25 %   3.3 3.6 3.6 3.6 

3A    ”   ” ” 3.6 3.6 

4 0.63 %     3.8 4.1 4.1 4.1 

4A    ”    ” ” 4.0 4.0 

5 0.63 %     3.8 4.0 4.0 4.0 

5A    ”    ” ” 4.0 4.0 

7 0.4 %     4.2 4.7 4.7 4.7 

8 0.4 %     4.2 4.6 4.6 4.6 

3.3 Free fatty acids 
The formation of free fatty acids was determined in Bligh & Dyer extracts of homogenised 
ensilage (oil and protein phase combined). The results shown in table are from day number 3 

Table 3. Free fatty acid content (%) after 3 days and p-anisidine value (p-AV) after 5 days 
of the ensilage batches The results are an average of 3 parallels.  

Batch # Peroxyacetic acid 
added 

pH Free fatty acids 

1  no 3.2 1.2  ± 0.1 

6 no 3,6 2,9 ± 0.1 

2 yes 3.6 2.2 ± 0.1 

3 yes 3.6 3.2 ± 0.1 

4 yes 4,1 9.3 ± 0.1 

5 yes 4,0 11.9 ± 0.5 

 

3.4 Primary oxidation products – peroxide value (PV) 
The formation of hydroperoxy fatty acids was determined in oils after 3 days of ensilage. The 
results obtained were of dubious nature as the values from parallel samples were not 
reproducible. They are therefore not presented. The results, if available, would not 
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discriminate between the hydroperoxy fatty acids formed from salmon lipids, and the PAA, 
having itself a hydroperoxy functional group.     

3.5 Secondary oxidation products – p-anisidine value (p-AV) 
Carbonylic oxidation products were determined in Bligh & Dyer extracts of homogenised 
ensilage (oil and protein phase combined). The results shown in Table 3 are from day 
number 5. The values are elevated, i.e. oxidation products are present inn all samples, but 
no adverse effect of the amount of PAA could be detected. The batch with the highest 
oxidation level had in fact no added PAA.  

Table 4. p-Anisidine value (p-AV) on day 5. Results are an average of 3 parallels.  

Batch # Peroxyacetic acid 
Added 

p-Anisidin Value 

1  No 71 ± 4 

2 Yes 76 ± 3 

3 Yes 69 ± 3 

4 Yes 63 ± 1 

5 Yes 61 ± 3 

6 No 100 ± 8 

 

3.6 Fatty acid profile 
The fatty acid profiles were determined in homogenised ensilage. The results are shown in 
Table 5. The fatty acid compositions seemed unaffected by the added chemicals, i.e. no 
systematic loss of polyunsaturated fatty acids were detected. The variations are within the 
limits of what could be expected from the non uniform raw materials.  
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Table 5. Fatty acid profiles on day 7. Figures given as % area of chromatogram.  

 1 2 2a 3 3a 4 4a 5 5a 6 6a 

C14:0 6.6 6.9 6.7 5.9 6.7 6.6 7.1 7.0 6.8 6.7 6.5 
C16:0 16.1 17.1 17.2 15.1 17.0 17.0 18.1 16.8 15.5 17.0 16.5 
C16:1 6.7 6.6 6.6 6.4 6.6 6.7 7.0 7.1 7.2 6.6 6.7 
C18:0 3.1 3.2 3.2 3.2 3.4 3.3 3.4 3.1 3.0 3.4 3.3 
C18:1 23.7 22.8 23.3 25.4 23.1 23.8 21.9 23.1 23.5 24.1 24.5 
C18:1 4.6 4.5 4.6 4.6 4.4 4.3 4.5 4.8 4.7 4.6 4.4 
C18:2 7.7 7.4 7.5 7.7 7.5 7.2 7.3 7.5 7.5 7.4 7.5 
C18:3 2.2 2.2 2.3 2.2 2.3 2.1 2.0 2.0 2.0 2.2 2.2 
C20:1 4.1 4.0 4.1 4.9 3.7 4.1 3.8 4.3 4.5 4.4 4.3 
C18:4 1.2 1.1 1.2 1.2 1.2 1.1 1.2 1.2 1.2 1.1 1.2 
C22:1 2.4 2.3 2.4 2.8 2.2 2.2 1.8 2.1 2.3 2.4 2.4 
C20:4 1.1 1.1 1.1 1.1 1.1 1.1 1.2 1.1 1.1 1.1 1.1 
C20:5 5.7 5.8 6.1 5.4 6.1 5.5 6.3 5.8 5.5 5.4 5.3 
C22:5 2.3 2.2 2.4 2.3 2.2 2.1 2.1 2.1 2.1 2.2 2.1 
C22:6 4.5 4.4 4.8 4.5 4.6 4.1 4.3 4.0 4.1 4.4 4.3 

sum 93.0 92.8 93.5 93.5 93.2 92.4 93.1 92.9 91.9 93.8 93.1 

 

3.7 Bacteriological test 
When closing the experiment on day 15 all ensilages were tested for bacteria by means of 
aerobic plate counts. No bacteria were detected.    
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4 Conclusion 
The experiment gives valuable results on the effect of partly replacing formic acid by 
peroxyacetic acid in an ensilage process of salmon wastes.  

The amount of free fatty acids was increased as the content of formic acid was reduced. This 
can be explained by increased activity of the lipolytic enzymes due to elevated pH. Reduction 
of formic acid, from 2,5 % via 1,25 % to 0,63 % resulted in a rise of free fatty acids from 1 % 
via 3 % to 10 %. 

No effect on the amounts of the polyunsaturated fatty acids could be detected. This stability 
may be explained by supplement of the antioxidant ethoxyquin.   

The experiment gave no information on the amount of peroxyacetic needed to control 
bacterial growth in industrial scale as the microbial pressure in the laboratory is unrealistic 
low. Further experiments should be performed pilot plant scale and the salmon viscera 
should include head and back-bone.     

 




