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ABSTRACT

Fish silage was made from ground, whole Pacific whiting by using 2%
sulfuric acid and 0.75% propionic acid by weight as the acidulent. After
3, &, and 20 days, silage was removed, neutralized with calcium hydrox-
ide, and drum-dried. Two additional silage products were made from un-
neutralized 20-day silage and silage neutralized with sodium hydroxlde.
Vacuum-dried Pacific whiting meal was used in the control diet. Dry
pelleted diets were made using the Abernathy diet formulation S8-1, modi-
fied by replacing the fish meal with either drum-dried silage or vacuum-
dried Pacific whiting meal.

After 12 weeks, no significant differences were observed in growth
or feed conversion between rainbow trout fed either the control diet or
diets containing 3- or 6-day-old silage. Growth and feed conversion
were significantly affected by feeding diets containing silage that had
been allowed to hydrolyze for 20 days. No differences in growth were
observed between groups of trout fed diets containing 20-day unneutral-
ized silage, or silage neutralized with calcium hydroxide or sodium hy-
droxide. Acidification of the control diet significantly affected growth
and feed conversion. Neutralization of the acidified control diet with
calcium hydroxide restored growth and feed conversion.

INTRODUCTION

The development and expansion of the fishery within the 200-mile
zone along the coastal United States has the potential to greatly expand
domestic groundfish harvest and processing. Waste (fillet scrap, under-
sized fish, and by-catch) that may be generated represents a disposal
problem to the fishing industry, but, at the same time, a potential re--
source to.the animal feed industry. Processing this waste into fish:
meal may be difficult because the supply is highly variable and fish
meal plants require a relatively constant supply of raw material to
operate economically. Ensilaging is an inexpensive way to store the raw
material until it can be processed into a useful by-product. .

Fish silage is fish waste or whole fish liquefied by the action of
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dded or erndogenous proteclytic ehzymes in the presence of added acid.
ish silage can be stored for long periods witnout refrigeration or
reezing because the low pH of the liguid prevents bacterial spoilage.
Mold growth .is prevented by the use of propionic acid or formic azid as
the total or partial acidulent. Acid preservation of plant material was
developed in Finland in the 1920's and fish silage has been prepared in
commercial quantities in northern Europe since 1948 (Tatterson and Wind-
sor 1974).

F.
£

Fish silage has been used in fish feeds with varying success depend-
ing upon the species of fish, the type of acid used in the ensiling pro-
cess,.and the method of processing. In Norway, feeding trials have shown
that Atlantic salmon are more sensitive to the type of acid used than are
rainbow trout (Asgard and Austreng 1981). Formic acid (2.2% w/w) or sul-
furic acid (2.5% w/w) in combination with formic acid (l.1% w/w) have
given the best results with Atlantic salmon. Rungruangsak and Utne
(1981) fed diets acidified with 2.5% (w/w) hydrochloric, formic, or sul-
furic acid to rainbow trout for 140 days and measured growth and protec-
lytic activity in the digestive tract. Hydrochloric acid did not affect
growth or proteolytic activity while formic acid depressed both. The
addition of sulfuric acid reduced growth but did not reduce proteolytic
activity in the stomach. In both of these studies moist diets were fed
to the fish. In the United States, moist diets are fed to Pacific sal-
mon fingerlings, while dry diets are fed to trout, catfish, and, in some
hatcheries, tc salmon. Fish silage probably does not have any nutri-
ticnal or economic advantage over the wet fish portion of moist diets.
The wet fish portion comprises 30% of moist salmon diets and is made

from a combination of fish viscera and scrap fish. In addition there is
no need to produce silage for this purpcse since there shculd be an abun-
dant supply of viscera and scrap fish now and in the foreseeable future. ,
On the other hand, dried protein supblements of marine origin are used ’E

in many dry agquaculture diets and demand for these products should re-
main high.

Dried fish silage has not been directly compared to fish meal in
feeding trials with salmonids. Therefore this study was conducted to ‘
evaluate the nutritional value of dried silage products as ingredients
in rainbow trout diets. All of the fish meal in the diets was replaced
with silage to better evlauate the effects of the dietary treatments.
The parameters examined were the degree of liquefaction of the silage,
and neutralization of the silage with different. bases.

MATERIALS AND METHODS

Groups of 50 rainbow trout (meah weight 12 g) were randomly distri-
buted into 24 circular polypropylene, 130-liter tanks. Each tank was
aerated and supplied with 2.4 liters/min of constant temperature (15°C)
dechlorinated city water. Three replicate groups were fed each of the 8
experimental diets.. The average weight of the fish in each tank was de-

termined at the start of the experiment and every 28 days thereafter for
84 days.

Dry diets were made using the Abernathy diect formulation S*-1, modi-
fied by replacing the fish meal in the formulation with either drum-dried
silage or vacuum-dried fish meal (Table 1). The fish silage was made by
adding 2% sulfuric acid and 0.75% propionic acid (w/w) to qground, whole
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pPacific whiting. The mixture was stored in a covered polypropvlene con-
tainer at ambient temperature (12-15°Cc) for 20 days and mixed daily by
hand with a wooden paddle. The degree of liquefaction of the silage was
determined by calculating the ratio of nonprotein nitrogen to total Kjel-
dahl nitrogen in the silage. Nonprotein nitrogen was measured by mixing
a sample of silage with 2 times volume of 20% trichloroacetic acid.

After filtration, Kjeldahl nitrogen was determined on the filtrate (Raa
and Gildberg 1976). After 3, 6, and 20 days, a portion of the mixed si-
lage was removed, neutralized with 1.6% ca(oH)2, and dried on a chrome-
plated, double-drum dryer using 60 psi steam (140°C), and rotating at 2
rpm, exposing the wet silage to heat for approximately 15 seconds. Two
additional pertions were drum-dried after 20 days. One patch was neu-
tralized with 1.73% NaOH before drum drying and the other batch was drum-
dried without being neutralized.

Table 1. Composition of Experimental Diets

Vvacuum= Drum- Other
Treatment dried hake dried hake ingredients

meal (%) silage (%) (%)

1 - Fish meal 50 50

2 - Fish meal {acidified) - 50 50
3 - Fish meal (acidified, then

neutralized) 50 50

4 - 3-day silage + Ca(OH)2 50 50

5 - 6-day silage + Ca(OH)2 50 50

6 - 20-day silage + Ca(CH)2 50 50

7 - 20-day silage + NaOH 50 50

8 - 20-day silage - unneutralized 50 50

oOther ingredients include (%):

Dried whey, 10; Crab meal, 5; Wheat middlings, 13.9; Blood flour, 5;
Brewer's yeast, 5; Vitamin premix, 1.52; Trace mineral premix, 0.1%;
Choline chloride, 0.5; Soybean oil, 2.

ayjitamin premix contains the following per kg of premix: 7.04 g D-cal-
cium pantothenate; 2.06 g pyridoxine-HCl; 3.52 g riboflavin; 146.7 g
niacin-amide; 0.85 g folic acid; 2.86 g tiamin mononitrate; 39.6 mg
biotin; 3.96 mg vitamin Bia; 737 mg menadione sodium pisulfate; 33.4 g
alpha tocopheryl acetate; 29.34 I.U. vitamin A palmitate or acetate;
17.6 g myo-inositel; and 59.4 g ascorbic acid.

Pyineral premix contains the following per kg of premix: 184.8 g ZnSO0y;

206.8 g MnsSOy; 49.5 9 FeSO,*7H20; 3.85 g CuSOu; and 0.836 g KIOs.

The Pacific whiting meal used in the control diets was made from
the same batch of ground fish from which the silage was made. The
ground Pacific whiting was vacuum-dried at 584-635 mm of mercury in a
steam-jacketed dryer. Portions of this material were acidified and
dried with 2% sulfuric acid and 0.75% propionic acid (w/w), or with 2%
sulfuric acid, 0.75% propionic acid, and 1.6% calcium hydroxide (w/w).

The amount of feed supplied to the fish was determined by the
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the final weight of fish fed 6-day silage. Daily instantaneous growth
rates were also reduced. Feed conversion values were not significantly
different for fish fed diets containing silage at different stages of
ligquefaction and neutralized in the same way (diets 4, 5, and 6). The

protein efficiency ratio of fish fed diet 5 was higher than that of fish
fed diet 6.

Fish fed diets containing 20-day silage unneutralized (diet 8) or
neutralized with either calcium hydroxide (diet 6) or sodium hydroxide
(diet 7) had statistically similar final weights and daily instantaneous
growth rates (P> 0.05). The feed conversion values of fish fed diet 6
were significantly lower (P < 0.05) than were those of fish fed diets 7
and B. Protein efficiency ratios of fish fed diets 6-8 showed the same
trend as the feed conversion values.

The proximate composition of the fish at the end of the experiment
showed no treatment effect (data not shown). No differences in the
whole body mineral concentrations of the fish from each dietary treat-
ment at the end of the experiment were found (Table 5).

Table 5. Whole Body Mineral Concentrations (ppm) of Fish after 84 Days
of Feeding
Dietary treatment
Element 1 5 3 5 3 o 3
al 48,2 50.2 44.2 53.6 48.2 37.2 46.8
Ca 19100 22800 20100 22100 23200 22700 24400
Cr 1.1 LT 1.1 1.9 0.7 0.9 0.9
Cu 14.3 20.2 8.3 14.5 Wil 8.9 10.1
Fe 65.7 73.8 53.7 74.7 49.7 46.0 48.6
K 3080 10500 8890 10200 10000 9530 10500
Mg 1270 1350 1260 1290 1240 1350 1340
Mn Bl il 6.0 9.1 4.3 4.0 4.9
Na 6110 5810 6040 5820 5380 5690 5730
B 16200 18400 16700 17100 18600 18500 19500
Sr 49.5 71.1 58.0 53.8 54.9 57s:4 77.6
Zn 111 119 99 122 117 113 119
DISCUSSION

The acidity of the diets appeared to be partially responsible for
the depression in weight gain and increase in food conversion values ob-
served among the dietary treatments in this experiment. Rungruangsak
and Utne (1981) found that the addition of 2.5% sulfuric acid (w/w) to a
moist feed reduced weight gain and proteolytic activity in sections of
the intestine of rainbow trout. In our experiment, the amount of sul-
furic acid in the diets was higher (5.9%) since the silage was dried and
comprised S0% of the diet. The lower PER value of diet 2 compared to
diets 1 or 3 may have been caused by reduced proteolytic activity in the
digestive tract of the trout in that dietary group. The observation
that neutralization of the acidified control diet with Ca(OH)2 produced
final weight values, focd conversion values, and PER values similar to
the control groups further supports this contention.
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e bt it 1.

Heutralization of silage with Ca(OH): greatly increassd dietary
calcium levels to levels that were found in practical diests = have
caused cataracts in salmon. Ketola (1979) suggested that increased

levels of dietary calcium impaired the absorption or utilizaticn of die-
tary zinc in trout diets, resulting in the development of cataract

Heth et al. (1966), however, showed that dietary calcium redused absorp-
tion of dietary zinc in rats only in the presence of increased dia ary
phosgnorus. Analysis of the results of our experiment indicates thrat
high dietary calcium levels did not- interfere with absorpticn of dietary
zinc, since whole body zinc levels remained high and no cataracts were
observed. Addition of Ca(OH), to fish silage acidified with sulfuric
acid results in the formation of CasO,, a compournd that is crnly slightly
soluble and icnizable. This property undoubtedly accounts for its lack
of interference on the bicavailapility of zinc.

(A

During the process of liquefaction, intact fish proteins are hydro-
lyzed to small peptides and free amino acids (Raa and Gildhera 1978).
The percentage of total protein in silage that can be precipitated with
trichlorcacetic acid decreases rapidly to approximately 20% at cocmole-

tion of the liguefaction precess. Although free amino acids are r
abscrbed in the intestine of fish, the growth rates of carp (Ace et al.
1970, 1974) and coho salmon (S. &rai, personal communication, ational
Research Institute of Aquaculture, Mie-Ken, Japan) fed diets cecntaining
either high levels of free amino acids cr protein hydrclysates are
usually slower than for fish fed similar diets containing intact pro-
teins. Plakas and Katayama (1281) found that absorption of amino acids
rom an amino acid diet occurred more rapidly in carp, which were reared
at 25°C, than did absorption of amino acids from a casein diet, although
the final apparent digestibiiities of the amino acids were sirmilar. The
levels of plasma amino acids in carp fed a casein diet peaked at 4 hours
after feeding while the plasma lysine and arginine levels in cars fed an
amino acid diet peaked 2 hours after feeding (Plakas et al. 1980). By 4
hours, the plasma levels of lysine and arginine had returned to prefeed-
ing levels in carp fed the amino acid diet. The peak value of plasma
ammonia in carp fed the amino acid diet occurred sooner after feeding
and was higher than the peak value for plasma ammonia in carp fed the
casein diet. This implies a higher rate of amino acid catabolism in
carp fed the amino acid diet. Yamada et al. (1981) found that peak
levels of essential amino acids in plasma of rainbow trout at 10°C fol-
lowing a force-fed meal of amino acids occurred after 12 hours. When
the plasma of trout force-fed a casein diet was examined, peak levels of
essential amino acids were observed 24 hours after feeding. Thus, for
rainbow trout and for carp, essential amino acid levels in the plasma
peaked and returned to prefeeding levels sooner after a mean of an amino
acid mixture than after a meal of casein, reducing the time available
for tissue protein synthesis.

In the present study, fish fed diet 6, containing 20-day silage,
had lower final weights, higher feed conversion values, and lower PER
values than did fish fed diet 5, containing 6-day silage. These differ-
ences may have been caused by differences in the rate of amino acid ab-
sorption in the intestine. TIf the levels of amino acids in the plasma
reached a peak and returncd to prefeeding levels sconer in trout fed the
20-day silage diet, the amcunt of absorbed amino acids incorporated into
tissue protein would be lower. This possibility should be verified ex-
perimentally.
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It may be advantageous to stop the ligquefaction process before com-
pletion by heating the silage to inactivate endogenous proteolytic en-

zymes. Then, further storage would not result in higher levels of free
amino acids. '

SUMMARY

The results of this study indicate that the length of storage of
fish silage affects its nutritional value, suggesting that if silage is
allowed to liquefy and is stored for a long period before being dried
and used in trout diets, total replacement of fish meal by silage should
not pe attempted. Reducing the level of silage in the diet may limit
the effects of feeding rapidly-absorbed amino acids and produce accep-
table growth rates. Stopping the liguefaction process before completion
by heat treatment may allow higher levels of dried fish silage to be
used in the diet without affecting fish growth. In addition, this study
shows that fish silage made with sulfuric acid can be neutralized with
Ca(OH)2 without reducing the whole body levels of zinc in the fish. Fi-
nally, this study shows that part of the reduction in nutritional value
of the silage may be the result of acidification of the diet.
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