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Fish waste is a potential source of protein for animal nutrition. Ensilage could 
provide an advantageous means of upgrading these residues. Careful control of 
the degree of proteolysis and lipid oxidation is required to produce silages of high 
nutritional value. This paper studies the changes in lipids and protein during 
storage (15 days) of acid silages (with 0, 0.25 and 0.43%, w/w, of formaldehyde) 
and biological silages (with 10 and 20% molasses or dehydrated whey) prepared 
from blue whiting. A remarkable reduction in protein solubilisation values was 
achieved by adding formaldehyde. However, formaldehyde addition led to an 
increase in the peroxide value of the oil extracted from the silages. Ensiling by 
biological methods seems promising. It yielded both a considerable reduction in 
protein solubilisation and in basic volatile nitrogen when compared with acid 
ensilage. In addition, the oil from biological silages had lower peroxide values 
than the oil from acid silages with added formaldehyde. 0 1998 Elsevier Science 
Ltd. All rights reserved. 

INTRODUCTION 

Industrial processing of fish for human consumption 
yields around 60% by-products and only 40% edible 
flesh (Raa and Gildberg, 1982). Fish residues can be 
advantageously upgraded by conversion into fish silage; 
this approach is more friendly towards the environment, 
safer, technologically more flexible and economically 
more efficient than manufacturing fish meal (Raa and 
Gildberg, 1982). 

Fish silage can be produced by two methods: direct 
addition of acid (acid-preserved fish silage) or fermen- 
tation with lactic acid bacteria (biological fish silage). 
Both types of silage can be used as nutritive supplement 
in animal feeding. Biological fish silage has been shown 
to have a good nutritional value (Kompiang et al., 
1980a), significantly better than the acid fish silage 
(Kompiang et al., 1980aJ). 

Fish silage is a promising product that has already 
found some industrial application (Espe et al., 1992~) 

*To whom correspondence should be addressed. 

and its use can become widespread. The presence of oil 
with high levels of polyunsaturated fatty acids (PUFA), 
thus very prone to oxidation, is one of the constraints 
for its broad use in animal feeding. Oil retained in fish 
silage can become oxidised, rendering the feed unpala- 
table or unsafe to livestock (Haard et al., 1985). Several 
antioxidants have been used to prevent deterioration of 
the lipid fraction of the silages (Machin et al., 1990; 
Espe et al., 1992u,b). De-oiling is also possible and may 
be desirable (Potter et al., 1980). Formaldehyde can 
contribute to the inhibition of lipid oxidation in acid- 
preserved fish silages (Haard et al., 1985) and its content 
was found to decrease during the storage of fish 
(Lovern, 1965). Lactic acid fermentation has a beneficial 
effect on the lipids in fish silage, stabilising the oil and 
improving its acceptability in animal diets (Raa and 
Gildberg, 1982). 

During ensilage, autolysis takes place and the fish 
gradually liquefies as the protein matrix partially solu- 
bilises due to its breakdown by endogenous enzymes 
(Raa and Gildberg, 1982). The autolytic activity occur- 
ring during the ensilage of fish leads to an increase in the 
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concentrations of ammonia, amines, amino acids and 
peptides (Haard et al., 1985). Up to 90% of the organic 
nitrogen becomes solubilised in acid-preserved fish sila- 
ges (Haard et al., 1985), whereas ensiling by the 
biological method yields solubilisation values of around 
6O-70% (Hassan and Heath, 1986, 1987; Lindgren and 
Pleje, 1983). 

Feeding trials performed on several species of mono- 
gastric animals showed that it might be advantageous to 
have some pre-digested protein in the diet, but there is a 
limit over which the animals would have difficulties in 
using the absorbed protein for synthetic purposes (Espe 
et al., 1992a). However, no decreases in weight gains 
were observed when chickens were fed diets in which 
autolysed fish silages contributed up to 400 g kg-’ of the 
total dietary protein (Espe et al., 1992a). 

The degree of hydrolysis of the protein in a fish silage 
is likely to result in a lower nutritive value for ruminant 
livestock. The small peptides and amino acids formed 
during ensilage are more readily available to the rum- 
inal microflora. When metabolised by the microflora in 
the rumen, the efficiency of nitrogen utilisation by the 
animals can decrease and toxicity problems can occur, 
particularly when the animal is on a low energy diet 
(IZlrskov, 1977). The lower degree of hydrolysis in bio- 
logical fish silages can, thus, for these animals, be 
regarded as advantageous from the nutritional point of 
view. 

When applied to soybean oil-meal, formaldehyde 
increased the flow of dietary amino acids in the intestine 
of adult ruminants by Y&-90% (Verite et al., 1977). A 
commercial mixture containing formaldehyde is avail- 
able as an additive for ensiling grass (Delort-Laval, 
1985). Relatively low concentrations of formaldehyde 
were found to be suthcient to arrest protein hydrolysis 
in acid-preserved and biological fish silages (Haard et 
al., 1985; Fagbenro and Jauncey, 1994). This finding is 
important, since undesirable side effects of excessive 
formaldehyde in ruminant rations, such as decrease in 
voluntary intake and loss in the efficiency of utilisation 
of dry matter, fibre and nitrogen can occur (Haard et 
al., 1985). 

The present work aims at comparing the effects on 
the nitrogen fraction and on the lipids of blue whiting 
(Micromesistius potassou Risso) of ensiling by acid or 
biological methods. Formaldehyde addition is tested in 
the acid-preserved silages as a means of controlling lipid 
and protein degradation and two carbohydrate sources 
(molasses and dehydrated whey) are used for the pre- 
paration of biological fish silages. 

MATERIALS AND METHODS 

Preparation of the silages 

Blue whiting (Micromesistius poutassou Risso) was 
caught near the Portuguese coast by the research ship of 

the Portuguese Institute for Fisheries and Marine 
Research, Lisbon, and kept frozen in plastic containers 
(-28°C) for several months. Prior to ensiling, the fish 
was thawed overnight at ambient temperature and 
minced in a Hobart meat grinder. The additives were 
incorporated using a kneading machine. Three-kilogram 
batches of several types of silages were prepared, 
according to the formulas described in Table 1. 

The silages were stored in plastic bags at ambient 
temperature ( f 20°C) during the 15 days of the 
experiment. 

Formaldehyde was added as formalin (SIGMA, 37% 
formaldehyde). 

Dehydrated whey was obtained from a dairy plant 
(Lacto-Acoreana, Azores, Portugal) and sugar beet 
molasses from a sugar plant (SINAGA, Azores, Portu- 
gal). The dehydrated whey contained 3% moisture, 
1.5% fat, 11.5% protein, 75% lactose and 9% ash. A 
10% solution of dehydrated whey had a pH of 6.O7.0. 

The starter used was prepared by inoculating a 
ground, cooked fish/molasses/water mixture (55:20:15, 
w/w/w) with 10% (w/w) of a Lactobacillus plantarum 
MRS broth culture and incubating the mixture for 72 h 
at 35°C. After incubation, the mixture had a pH of 4.19. 
The L. plantarum culture available at the Portuguese 
Institute for Fisheries and Marine Research had been in 
use in olive fermentation. It was subcultured three times 
in MRS broth prior to use. 

Analytical determinations 

Moisture, crude protein, crude fat and ash were deter- 
mined by standard procedures (AOAC, 1984). For the 
determination of pH values, 5g of sample were homo- 
genised with 50ml distilled water and measurements 
were made with a combined glass calomel electrode. 
Viscosity was determined with a synchro-lectric 
viscometer (model LVF, Brookfield Engineering 
Laboratories, Inc., UK). Non-protein nitrogen (NPN) 
was determined by the micro Kjeldahl method in tri- 
chloroacetic acid (7%) extracts of the silages and in 
extracts of fresh, ground fish. Total volatile basic nitro- 
gen (TVBN) was determined by the microdiffusion 
method of Conway (Anon., 1988). For the determina- 
tion of amino acids, well homogenised samples of sila- 
ges and fresh, ground fish were hydrolysed in 6N HCl at 
110°C for 24 h. After removing the acid by means of 
evaporation in a rotovapor, a known volume of sodium 
citrate buffer (pH 2.2) was added and the samples were 
filtered through Millipore membranes (USA) with pores 
of 0.22 pm. The samples were then injected into an 
amino acid analyser (Alpha 4150-LKB, Biochrom, 
Sweden), equipped with an integrator. The peroxide 
value of oil extracted from freshly ground fish and from 
silage samples was determined iodometrically, according 
to a standard procedure (AOCS, 1993). For the extrac- 
tion of the oil, the method of Bligh and Dyer (1959) was 
used. All determinations were made in duplicate. 
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Table 1. Formulas for the preparation of acid and biological silages from blue whiting (Micromeskks poutussou Rho) 

Designation 

AS0 
AS F0.25 
AS F0.43 
BS Ml0 
BS M20 
BS WlO 
BS W20 

Composition Proportions (on a weight basis) 

Ground raw fish + formic acid 97:3 
Ground raw fish + formic acid + formaldehyde 96.75:3:0.25 
Ground raw fish + formic acid + formaldehyde 96.57:3:0.43 
Ground raw fish + molasses + water + starter 55:10:15:20 
Ground raw fish + molasses + water + starter 45:20: 15:20 
Ground raw fish + dehydrated whey + water + starter 55:10:15:20 
Ground raw fish + dehydrated whey + water + starter 45:20: 15:20 

RESULTS AND DISCUSSION 

Proximate composition 

Table 2 shows the proximate composition of the differ- 
ent silages at the beginning and the end of the experi- 
mental period. 

A slight increase in moisture during fermentation was 
observed for the biological silages. This could be a result 
of the microbial activity within the silages. The increases 
in fat and protein proportions in the dry matter of bio- 
logical silages during storage can be explained by the 
utilisation of carbohydrates during the fermentation 
process. 

The differences in composition observed for the acid 
fish silage are not easy to interpret. Formaldehyde 
addition to fish brings about considerably complex 
changes. Proteins tend to aggregate and lose solubility, 
mainly due to the formation of noncovalent bonds 
among molecules (Ang and Hultin, 1989; Owusu-Ansah 
and Hultin, 1987). The amount of total lipids decreases, 
hydrolysis occurs in the neutral lipid, esters of stearic 
acid and phospholipid fractions, whereas the proportion 
of lipid-protein complexes increases in fish preserved by 
formaldehyde (Ostyakova and Kosvina, 1975). The low 
values of crude fat in the silage with 0.25% for- 
maldehyde could result from the degradation of lipids. 
The concentration of crude fat in silages with 0.43% 
added formaldehyde is higher than in the acid silage 

without formaldehyde. A possible explanation for this 
might be the increased formation of lipid-protein com- 
plexes that the fat extraction method used would not be 
able to disrupt completely. 

Viscosity 

The formaldehyde-treated silages did not liquefy during 
the observation period. For this reason, their viscosity 
was not measured. The viscosity values represented in 
Fig. 1 concern only the acid silage with no 
formaldehyde added and the biological silages. The 
liquefaction of the silages is completed early in the pro- 
cess, normally within the Crst two or three days. Biolo- 
gical silages prepared with the addition of dehydrated 
whey liquefied somewhat less than the other silages. 

Changes in pH 

The evolution in pH values after 15 days for the acid 
and biological fish silages is shown in Fig. 2. The final 
values obtained for the acid and biological silages differ 
considerably. It should be kept in mind, however, that 
the acid responsible for preservation is not the same in 
both cases, and that the pKa of the preservative acid 
determines the pH the silages should reach to be stable 
(Raa and Gildberg, 1982). The values reached in the 
acid silages in this experiment are within the range of 
acceptability (Raa and Gildberg, 1982). For biological 

Table 2. Proximate composition of blue whiting (Micromesisitius poutassou Risso) before and after ensilage by different methods 

Sample* Storage time Moisture Protein Fat Ash 
(days) (g 100 g-l) (g lOOg-’ dry matter) (g 100 g-t dry matter) (g 100 g-’ dry matter) 

AS0 0 76.1 70.7 11.3 13.4 
15 77.2 71.9 14.9 11.8 

AS F0.25 0 77.7 64.6 7.2 17.0 
15 76.4 64.5 7.2 19.9 

AS F0.43 0 76.3 65.3 13.9 14.8 
15 75.7 69.2 13.6 16.9 

BS Ml0 0 74.6 55.9 9.1 15.4 
15 78.7 62.4 14.6 10.3 

BS M20 0 71.2 39.9 4.9 11.8 
15 74.7 44.3 10.3 11.9 

BS WlO 0 74.4 53.5 10.5 12.1 
15 76.2 56.7 14.7 8.8 

BS W20 0 68.4 40.2 2.5 11.7 
15 70.4 42.9 7.1 10.8 

. 

*For abbreviations, see Table 1. 
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Fig. 1. Viscosity changes in blue whiting (Micromesistius pou- 
tussou Risso) ensiled by various methods. For abbreviations, 

see Table 1. 

silages, the values obtained are too high to ensure long- 
term preservation. A value below 5.0 after 2days of 
ensilage is recommended (Yeoh, 1979). The high pH 
values obtained may be due to the relatively low tem- 
perature used for fermentation and/or to inefficiency of 
the starter culture used. Several species of the genus 
Lactobacilhs have temperature optima ranging from 30 
to 40°C (Holt, 1994), so the use of higher fermentation 
temperatures could be beneficial. Also, lactic acid bacteria 
are known to vary in their ability to stabilise fish silage 
(Van Wyk and Heydenrych, 1985); the selection of effi- 
cient starter cultures is, thus, a very important step for 
improving the keeping quality of biological fish silage. 

Changes in the protein fraction 

Protein solubilisation values, as expressed by the non- 
protein nitrogen content of the silages, are represented 

Fig. 2. pH changes in blue whiting (Micromesistius poutassou Fig. 3. Non-protein nitrogen changes in blue whiting (Micro- 
Risso) ensiled by various methods. For abbreviations, see mesistius poutassou Risso) ensiled by various methods. For 

Table 1. abbreviations, see Table 1. 

in Fig. 3. Protein solubilisation proceeded faster during 
the first two days (except for the biological silage with 
20% added whey), but was, in general, still continuing 
at the end of the experiment. As expected, formaldehyde 
addition yielded remarkably low nitrogen solubilisation 
values. After 15 days of storage, the values obtained 
were 35 and 27% for the silages with 0.25 and 0.43% 
(w/w) of added formaldehyde, respectively. These values 
do not differ considerably from the initial concentration 
of non-protein nitrogen (about 24%). Ensiling by bio- 
logical methods also afforded lower protein solubilisa- 
tion values when compared with the acid ensilage 
without formaldehyde addition. Values ranging from 58 
to 67% non-protein nitrogen were obtained for the 
biological silages, where the corresponding value for the 
acid silage prepared without formaldehyde addition was 
84%. The silage prepared by adding 10% molasses 
yielded much higher nitrogen solubilisation values than 
the other biological silages (75%). The reasons for the 
lower levels of protein solubilisation in biological fish 
silages have not yet been established, but could be rela- 
ted to the different pH values, that could lead to differ- 
ences in the activity of tissue proteases. 

Figure 3 represents the evolution of total volatile 
nitrogen (TVBN) in blue whiting ensiled by the acid and 
the biological methods. TVBN measures the amount of 
volatile bases formed from the solubilised nitrogen 
derivatives. Because the solubilisation values of the 
silages with added formaldehyde were considerably low, 
total volatile nitrogen was not measured for these trials. 
After 15 days, the acid silage with no added 
formaldehyde had much higher levels of TVBN 
(84 mg N 100 gg’ sample) than the biological silages (48- 
62mgN 100 g-t sample). Since it leads to much lower 
formation of TVBN, biological ensilage can be con- 
sidered as advantageous when compared with the acid 
procedure. The formation of higher contents of TVBN 
may lead to a reduction in the content of amino acids 
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that could have negative consequences on the nutritive 
value of the silage. 

The amino acid composition of these samples after 
15 days of storage did not show considerable differences 
when compared with the amino acid composition of 
fresh blue whiting (Table 3). The only exception was 
alanine in the case of the acid silage without added for- 
maldehyde. This leads us to think that the source of the 
volatile nitrogen in the various types of silages tested 
might not be the same. We propose that, in biological 
silages, a small-scale deamination of the amino acids 
must have occurred, while in the acid silage bulk degra- 
dation of cystine may have led to the formation of a 
considerable amount of ammonia and/or volatile 
amines. While small-scale deamination of the amino 
acids is unavoidable and may not affect the nutritive 
value of the silages, heavy losses in one or a few essen- 
tial amino acids will substantially change both the 
composition of the silage and its nutritional value 
(Haaland and Njaa, 1989). 

It should be noted that the acid hydrolysis method 
used for the determination of amino acids leads to a 
partial destruction of cystine. All values shown in 
Table 3 for this amino acid are, thus, lower than its 
actual concentration in the silages. However, because 
this equally affects all of the results obtained for cystine, 
the comparison between different types of silages is still 
possible. 

Lipid oxidation 

The changes in peroxide values are depicted in Fig. 5. 
Although formaldehyde has been claimed to inhibit 
lipid oxidation (Haard et aE., 1985), we found that the 
oils obtained from silages with added formaldehyde had 
substantially higher peroxide values than the oils from 
acid silage without added formaldehyde or from biolo- 
gical silages. Formaldehyde was found to increase the 
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Fig. 4. Total volatile basic nitrogen changes in blue whiting 
(Microme,ssistius poutus.sou Risso) ensiled by various methods. 

For abbreviations, see Table 1. 
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Fig. 5. Peroxide value changes in oil extracted from blue 
whiting (Micromesistius pouras.~u Risso) ensiled by various 

methods. For abbreviations, see Table 1. 

Table 3. Concentrations of different amino acids (g amino acid 16 g-’ N) in blue whiting (Micromesisiius poutu~sou Rho), fresh and 
ensiled by acid and biological methods 

Amino acid Fresh fish AS 0* BS MlO* BS M20* BS WlO* BS W20* 

Aspartic acid 8.132 8.101 7.655 7.113 8.234 6.354 
Threonine 3.647 3.598 3.247 2.817 3.781 2.890 
Serine 3.383 3.692 3.211 2.878 3.591 2.843 
Glutamic acid 13.210 13.219 11.493 10.426 13.402 9.969 
Proline 3.096 3.083 2.289 2.678 3.226 2.559 
Glycine 4.725 5.479 4.401 4.487 4.263 3.811 
Cystine 0.766 0.142 0.620 0.643 0.526 0.520 
Alanine 5.275 5.450 4.648 4.487 4.985 3.780 
Valine 4.449 4.278 3.880 3.617 4.380 3.362 
Methionine 2.581 2.532 2.225 1.904 2.372 1.764 
Isoleucine 3.988 3.787 3.373 2.965 3.803 2.992 
Leucine 6.713 6.533 5.739 5.183 6.730 5.039 
Tyrosine 2.725 2.822 2.394 1.835 2.672 1.732 
Phenylalanine 3.515 3.473 3.092 2.574 3.365 2.764 
Histidine 2.198 2.089 1.803 1.400 2.000 1.276 
Lysine 6.814 7.207 6.063 5.400 7.066 5.079 
Arginine 4.515 Not determined 6.331 5.061 5.372 Not determined 

*For abbreviations, see Table 1. 
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decomposition of the lipid molecules into their mono- 
mers and to notably increase lipid oxidation (Ostyakova 
and Kosvina, 1975) which is in agreement with our 
findings. It should also be mentioned that the initial 
peroxide values of the samples were already high (about 
18 mEq kg-’ oil). The presence of relatively high levels 
of peroxides from the very beginning of the process 
contributes to a faster progression of the free radical 
chain reaction leading to increased peroxide formation, 
as pointed out by Hsieh and Kinsella (1989). 

CONCLUSIONS 

Although ensiling with formaldehyde resulted in a 
marked reduction in protein solubilisation, ensiling by 
biological methods seems to be a promising technique, 
as it led to lower peroxide values than ensiling with 
formaldehyde. It also yielded a considerable reduction 
in NPN and TVBN when compared with the current 
acid preservation technique. The biological procedure 
needs, however, further improvement leading to faster 
and more pronounced decreases in the pH values. The 
use of a higher fermentation temperature might be 
desirable and the choice of a suitable starter culture is of 
the utmost importance. 
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