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INTRODUCTION 

The total seafood catch was 28 million metric tons in the U.S.A. 

in 1960 (Borgstrom, 1961). In 1974, nationwide crab harvest exceeded 

149,000 metric tons (NMFS, 1975). Large quantities of waste result 

from seafood processing. Solid wastes generated by seafood processing 

plants range from 30 t.o 85% of the landed catch. Only about 15% of 

the total weight of processed crabs and shrimps is used for human food. 

Waste approaches 50% from fish used for fileting or dressing. The 

disposal of these wastes presents problems due to odor, high water 

content and federal, state and local ordinances governing the disposal 

of wastes or by-products. 

The manufacture of fish and crab meal has been an outlet for such 

wastes and the value of these meals as supplemental sources of protein 

is well documented. However, it is difficult for a small or medium 

sized seafood processor to economically process waste into meals. Also, 

an elaborate network would have to be established for collecting the 

raw by-product from various ports, and transporting it to a central 

processor. Due to the high cost of capitalization for small operations, 

the unit cost of fish and crab meal production usually cannot compete 

with the other protein meals. Other methods of processing are available 

but the process of ensiling is especially attractive due to low fossil 

fuel requirement. 

Seafood wastes are generally high in moisture and low in water 

soluble carbohydrates. In order to achieve good fermentation, it would 

be desirable to increase the dry matter content. Additionally, a source 
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of fermentable carbohydrate or acid may be needed. Combining the sea-

food waste with materials containing appreciable water soluble carbohy-

drates would remove the need for acid addition and would also increase 

the dry matter content of the silage, thereby, rendering it more manage-

able. 

Crop residues constitute vast underutilized sources of carbo-

hydrates for use as animal feed. The potential use of crop residue, as 

animal feeds is worthy of consideration in view of the fact that ruminant 

animals are uniquely adapted to utilize the cellulose in high fiber 

materials. The ability of ruminants to digest fibers can be exploited 

to utilize such feedstuffs, especially ruminants on maintenance diets. 

Low digestibility and poor nutritive value have been the primary factors 

limiting greater feed utilization of crop residue in the past. 

Approximately 1 million tons of crop residues are available in Virginia, 

mostly in close proximity to the seafood processing industry. The 

ensiling of seafood wastes with crop residues would offer a practical 

way to utilizing two types of waste materials which are presently 

underutilized. 

This research was undertaken to develop systems for processing of 

seafood wastes by ensiling to be used as feedstuffs for ruminants. 



LITERATURE REVIEW 

Principles of Ensilage Process 

According to Barnett (1954) the objective in silage making is the 

achievement within the ensiled mass of an adequate concentration of 

lactic and other organic acids. These acids are produced as a result 

of the anaerobic fermentation brought about by the presence of micro-

organisms within the ensiled mass. In order to make possible such a 

lactic acid fermentation, relatively large quantities of carbohydrates 

fermentable by lactic acid bacteria are required. The microorganisms 

metabolize the soluble carbohydrates, giving rise sequentially to the 

organic acids. The acids will reduce the pH to 4.5 or less at which 

point other forms of microbial activity are inhibited, resulting in 

the preservation of the material until it is fed. 

Heath et al. (1973) reported that the ensiling process depends on 

three interrelated factors that govern the outcome of the process: 

1) the composition of the plant material placed in the silo, 2) the 

amount of air allowed to enter the ensiled mass, and 3) the bacteria on 

the material. Wieringa et al. (1961) and Woolford (1972) reported that 

the ensiling process also depends on the temperature attained within 

the ensiled mass and that high temperature was associated with poor 

silage quality. Weise (1963) demonstrated that in laboratory silage 

kept at 40 C, coliform organisms remained active for a long time, 

however, the number of lactic acid bacteria in silage kept at 20 C 

was four times higher than in silage stored at 40 C. Several findings 
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have shown that the amount of butyric acid in silage increased with 

temperature (Zimmer, 1969; Ohyama, 1971; Woolford, 1972). 

The ensiling process takes at least 21 d to complete (Barnett, 

1954), however, if the proper pH is not achieved (i.e., the growth of 

lactic acid producing bacteria is suppressed), butyric acid producing 

bacteria (Clostridia sp) could attack both the remaining carbohydrates 

and the organic acids formed. This type of fermentation results in a 

foul smelling, slimy, unpalatable silage. The butyric acid producing 

bacteria may attack protein, converting it to volatile fatty acids 

and ammonia. Good quality silage is characterized by low ammonia 

nitrogen as percen~age of total nitrogen; this figure should be less 

than about 12% and, furthermore, butyric acid must only occur in 

insignificant quantities (Nilsson and Rydin, 1965). 

The ensiling process has advantages of helping mask odors or 

other factors that might reduce intake, and also of controlling or 

eliminating potential pathogens (Mccaskey and Anthony, 1975; Harmon 

et al., 1975a). 

A beneficial effect of the ensiling process is an increased 

solubility of nitrogen, resulting in greater utilization of nitrogen 

by ruminants (Goering and Waldo, 1974). 

Seafood Waste 

There are two main sources of seafood waste: 1) waste from fin-

fish processing and 2) shellfish waste. Finfish processing waste 

consists of whole fish, fish offal, frames and heads. Shellfish 

waste is herein limited 'to the waste derived from the processing of 

crustacean species such as crabs, shrimp and crayfish and include 
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materials such as heads, shells, legs and viscera. 

Fish Silage 

Historical Aspects. The product from preserving and storing of 

wet fodder in a silo is called silage. The traditional use of the word 

has been in combination with green forage preserved either by acid 

addition or by the anaerobic production of lactic acid by bacteria. 

Noting the incorporation of materials other than green forage, McCullough 

(1978) defined silage as the feedstuff resulting from the anaerobic 

preservation of moist forage or other feedstuffs by the formation and/ 

or addition of acids. Fish silage has been adopted for similar products 

of whole fish or parts of fish (Raa and Gilberg, 1982). 

Fish silage ..is traditionally a liquid product made by the addition 

of acid to whole fish or to parts of fish (Tatterson and Windsor, 1974; 

Tatterson, 1982). Liquefaction proceeds by the action of enzymes in 

the fish (Sumner and James, 1977). 

Silage production, either by acid addition or by fermentation was 

developed by Virtanen in the 1920's. He initiated the use of sulfuric 

acid and/or hydrochloric acid to preserve green fodder (AIV silage). 

Acid fish silage has been produced commercially for 30 yr in Denmark 

(Backhoff, 1976) and Poland (Sikorski et al., 1969). Raa and Gilberg 

(1982) reported that in.Norway silage is produced commercially from 

fish guts and other waste products from the fishing industry. 

In recent years there has been renewed interest in fish silage 

(Tatterson and Windsor, 1974; Disney et al., 1977) in both industri-

alized and developing countries (Sumner, 1976). This has mainly been 

because fish silage represents a means of utilizing waste fish in 
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circumstances where conventional fish meal production is inappropriate 

or not available (Raa and Gilberg, 1982). Such circumstances are 

characterized by scattered and irregular landing of fish, or when the 

quantities of fish are too small for viable operation of a fish meal 

plant (Disney et al., 1978). The production of liquid fish silage on 

an industrial scale is limited, however, because its high water content 

makes it uneconomical to transport the material for long distances 

(Backhoff, 1976). 

Acid Preservation. The production of acid fish silage can be 

achieved by the addition of inorganic or organic acid. The principle 

involved in the production of such silages is that the native enzymes 

in the fish are spread throughout the fish mass by grinding and mixing 

(Tatterson and Windsor, 1974). Acid addition lowers the pH, resulting 

in a more rapid liquefaction, and also has a preserving effect on the 

product by limiting the growth of spoilage bacteria (Sumner and James, 

1977; Tatterson, 1982). 

Fish silage has been made by the addition of sulfuric acid (Freeman 

and Hoogland, 1956). Sulfuric acid can be replaced by hydrochloric 

(Wessels and Labuschange, 1974; Disney and Hoffman, 1976) or phosphoric 

acid (Jensen and Schmidtsdorff, 1977). Lisac (1961) considered in detail 

the use of various acid mixtures in varying quantities of the lique-

faction and keeping quality of silage produced from Mediterranean sardine 

offal. Successful swine feeding trials were also performed. This work 

indicated that the cheapest acid suitable for such a raw material was a 

6:1 mixture of sulfuric acid and formic acid. 

The quantity of acid required to lower the pH sufficiently in a fish 
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homogenate depends on the concentration of protein and ash in the raw 

material (Raa and Gilberg, 1982). Edin (1940), working with acids used 

in AIV silage, suggested a formula based on pH, protein and ash measure-

ments to calculate the amount of such acid required by minced raw 

material. The formula implied that roughly 9 liters of a 14 N inorganic 

acid were needed to preserve 100 kg of the most bony fish, whereas, 4 

liters were sufficient for oily fish with very low ash and protein con-

tents. Although mineral acids, such as hydrochloric and sulfuric are 

relatively inexpensive, there are disadvantages to their use. They are 

very corrosive (McDonald and Whittenbury, 1973) and before mineral acid 

silage can be fed to animals, it should be neutralized (Peterson, 1953; 

Tatterson and Windsor, 1974). However, Raa and Gilberg (1982) reported 

that the high salt level (2 to 5 kg/100 kg of silage) which results from 

neutralization was undesirable in animal nutrition and that the neutrali-

zation procedure was in itself so laborious that it is a major practical 

problem. As a result of such problems, considerable attention has been 

focused on the use of organic acids as silage additives. 

Fish silage is produced in Denmark by the addition of 3% formic 

acid (Backhoff, 1976). Formic acid is more expensive than the common 

mineral acids, but it produces silages which are less acidic and which 

do not require neutralization before feeding, since preservation is 

achieved at a higher pH (Tatterson and Windsor, 1974). Also, the lique-

faction process can be carried out within a pH range of 4.0 to 4.5 

(Backhoff, 1976). The difference in price between inorganic and organic 

acids is partly counterbalanced by the higher efficacy of the organic 

acids. It has been reconunended (Raa and Gilberg, 1982) that in order 
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to reduce the price of preserv~tion, it may be best to use a mixture of 

inorganic and organic acids. The less expensive inorganic acid could 

be used to lower the pH sufficiently for the organic acid to become 

antimicrobial. Such experiments have been carried out mainly with formic 

in combination with sulfuric acid (Atkinson et al., 1974; Disney et al., 

1978). 

An important consideration in choosing the acid mixture is that, 

not only should the growth of spoilage bacteria be prevented, but also, 

that pathogenic bacteria, such as Salmonella and Clostridium botulinum, 

should not grow (Tatterson, 1982). Due to the antiseptic properties 

of formic acid, none of these organisms is likely to multiply below a 

pH of 4.5, the pH generally achieved wh~n formic acid is added (Backhoff, 

1976). In order to produce similar antibacterial actions as when formic 

acid is used, Edin (1940) reported that the production of fish silage 

using inorganic acids, require the pH of the final product to be around 

2.0. 

Fish silage preserved with inorganic acids or with formic acid at 

pH 3.5 to 4.0 is not completely protected against fungi (Gaiger, 1978). 

Kompiang et al. (1980) reported that the aflatoxin-producing fungus, 

Aspergillus flavus, was, for example, able to grow in the surface lipid 

of a fish silage made with the addition of 3% formic acid. Stable 

silages with a fresh acidic odor were always obtained when 3% propionic 

acid was added. 

Working with fish silage in Norway, Strom et al. (1980), in a 

series of experiments with formic and propionic acids at concentrations 

varying from .05 to 2%, demonstrated conclusively that propionic acid at 
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concentration of .2% or more inhibited growth of Aspergillus flavus. 

Raa and Gilberg (1982) strongly recommended the use of propionic acid 

in order to prevent growth of potentially hazardous fungi. 

Yeoh (1980) observed a drop in pH from 6.5 to 3.8, 4.4 and 4.9, 

respectively, when 2 and 3% formic acid and 3% propionic acid were 

added to minced whole fish. Microbial counts on the acid fish silage 

showed a decrease in the total viable counts and coliforms after addi-

tion of the acid. However, if insufficient acid was added, the counts 

rose again as spoilage developed. 

Raa and Gilberg (1976) reported ensiling of fish viscera was 

achieved by adding . 75% propionic acid and . 75% formic acid. .This silage, 

which had a pH of about 4.2 remained sterile for several mo at 27 C. 

From the chemical analysis of fish viscera, Gilberg and Raa (1977) 

concluded that this raw material could be an important feed resource, 

depending on the development of a practical method for preservation of 

the viscera and a process for the production of a feedstuff. They 

ensiled a 2:1 mixture of fish waste and barley straw treated with .75% 

propionic acid and .75% formic acid. the pH of the product was 4.5 and 

the ensiled mixture remained stable for 1 yr. 

Kompiang et al. (1980) reported that tropical "by-catch" fish had a 

high ash content and therefore more acid was needed for preservation. 

They recommended a 2.5% concentration of formic acid, or a mixture of 

formic and propionic acid as being the minimum concentration that would 

ensure preservation of fresh by-catch fish. Raa and Gilberg (1982) 

recommended the use of at least 3% of such acids in order to have a· high 

safety margin. This represents a significant cost, and it is accordingly 
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important for the viability of the silage process to find the most 

economical combination of acids for such raw materials. 

In the preparation of acid fish silage, it is common practice to 

mince the fish and mix it with the preservative acids. This may be a 

significant practical problem if the fish is fresh because the muscle 

components become rubber-like when exposed to acid (Raa and Gilberg, 

1982). The mince, therefore, tends to form closed pockets where the 

acids do not enter quickly enough to prevent the growth of spoilage 

bacteria (Tatterson, 1982). This is not a major problem if the raw 

material is not fresh. 

The living fish carries potential spoilage bacteria at the surface 

and in the digestive tract. The muscle tissues are usually ~terile, 

but become invaded soon after death. It is, therefore, essential to 

chop the very fresh fish to expose its interior and exterior surfaces 

to the preservative acids (Raa and Gilberg, 1982). By-catch fish has 

been satisfactorily preserved by this method on Indonesian shrimp 

trawlers (Kompiang, 1980). With very small fish it is not necessary to 

mince the fish when preparing the silage. According to Gilberg and Raa 

(1979) addition of acid to whole or chopped small fish may even 

facilitate efficient extrusion of oil because skin dissolves while muscle 

contracts in acid. 

Although some work has been done concerning production of acid fish 

silage, there is little known about the chemical changes taking place 

during the liquefaction and storage of the product. Since sufficient 

acid is present to halt bacterial growth, liquefaction is due almost 

entirely to autolysis in which proteolysis predominates (Tatterson, 1982). 
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The biochemistry of the process has not been studied in detail but it 

is likely to be influenced by the relative amounts of muscle, guts, 

kidney and other tissues in the ensiling mixture (Backhoff, 1976). 

Pelagic species such as herring and mackerel, especially with viscera 

present, autolyze more rapidly than white fish (Mackie, 1982). A 

silage of fish muscle autolyzes very slowly (Backhoff, 1976). This is 

because the level of active proteolytic enzymes is very low in muscle. 

It is not yet clear whether the muscle (Hjelmeland and Raa, 1980), 

contains protease inhibitors, besides trypsin inhibitors, which retard 

autolysis at acid pH, but available data do not indicate that such 

inhibitors exist. 

The rate of autolysis of ensiled cod viscera was found to be 

highest at pH of around 4.0 (Raa and Gilberg, 1976). This was demon-

strated by measuring the rate of tissue degradation in silages with 

differences in pH, but constant concentration of propionic acid. The 

rate of autolysis and the yield of soluble matter was much lower at pH 

3.0 than 4.0. This may explain why a herring silage autolyzed better 

if formic acid was used alone rather tha~ mixed with sulfuric or phos-

phoric acid, because the pH was 4.5 in the former case, but 3.1 in the 

latter (Jensen and Schmidtsdorff, 1977). 

Raa and Gilberg (1982) conclusively stated that the rate of auto7 

lysis of acid fish silage was affected primarily by the pH and not by 

the type of acid used for preservation, and in order to obtain optimum 

solubilization, organic acids should be used. However, the use of 

organic acids may result in such oil having a higher acid content than 

oil from mineral acid silage. This was in part a contribution from the 
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organic acids which dissolve in the oil, as well as from fatty acids 

released by enzymes which are active at pH 4.5. This lipolytic 

activity can be reduced by heating the fresh silage to 45 to 50 C for 

a few minutes, a treatment which does not affect the proteolytic 

activity (Reece, 1980). 

The stability of acid fish silage appears to be time and temperature 

dependent. Backhoff (1976) reported that the formation of non-protein 

nitrogen occurred mainly in the first day after the ensiling of cod and 

herring with 3% formic acid. He further reported that after storage for 

40 d at 30 C about 30% of the tryptophan was lost. At lower storage 

temperatures the rate of degradation was significantly lower, particu-

larly in the herring silage in which no reduction of tryptophan could be 

detected when stored at 5 C, and only 9% reduction at 15 C. 

Tryptophan is stable at low pH when present in proteins, but 

degrades when free (Kompiang et al., 1980), which explains the marked 

effect of temperature on its stability (Backhoff, 1976). Whether enzymes 

are involved in the degradation of the free amino acid is not known, 

however, there are observations in favor of this suggestion. For 

example, tryptophan was shown to be stable in the heat-treated aqueous 

phase of a silage of cod or saithe viscera (Strom and Eggum, 1981). 

Overa~l, storage of liquefied acid fish silage for excessively long 

periods is not recommended because evidence clearly indicates that the 

destruction of tryptophan and the oxidation of lipids gradually occur. 

This leads to the development of rancid flavors and possibly even toxic 

substances (Mackie, 1982). 

Fish silage may become a competitive process under conditions which 
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traditionally have been favorable for fish meal (Raa and Gilberg, 1982) 

due to a number of advantages: 

1) "Acid-preserved fish silage does not putrefy, retaining a fresh 

acidic smell even after storage for weeks. As well, there are not the 

same environmental problems with silage as with fish meal manufacture. 

Although there are ways of reducing the odor and air pollution from 

fish meal factories, these are expensive, energy consuming, and require 

large quantities of washing water which either has to be purified or 

discharged as a polluting effluent. 

2) Acid preserved fish silage is almost sterile and pathogens like 

Salmonella are efficiently killed in it. Fish meal has spread this 

pathogen worldwide. 

3) The scale of production of fish silage can be varied at will 

without the economy of the process being much affected. The capital 

investment in equipment may be anything from a homemade drum with a 

chopper to a sophisticated plant designed for de-oiling large quantities 

of silage. 

4) The energy requirements of silage production are very low 

compared with fish meal - a factor of increasing importance as oil 

prices increase." 

Bacterial Fermentation. In silage making by purely biological 

processes, lactic acid bacteria produce large amounts of lactic acid 

from media containing sufficient quantities of fermentable carbohydrates 

(Nilsson and Rydin, 1963). The production of lactic acid decreases the 

pH and thereby renders the medium unsuitable for the growth of most 

other microorganisms. Growth of lactic acid bacteria is, therefore, a 
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way of preserving feed. The manufacture of butter and cheese, and the 

natural fermentation of green forage to a stable silage are well known 

examples of the beneficial use of lactic acid bacteria. The corresponding 

means of preserving fish by a purely biological sense as silage, is less 

well known (Raa and Gilberg, 1982) and has not been pursued into practice 

to any significant extent, in spite of very convincing results on the 

storage life and the nutritional value of this type of silage (Raa, 1965; 

James et al., 1977). 

Fish is rich in protein and lipids but has a very low level of free 

sugars available for fermentation by bacteria (Raa and Gilberg, 1982). 

The most significant source of energy for the growth of bacteria in fish 

is the pool of free amino acids, which increases as proteolysis pro-

gresses during postmortem of the fish. A relatively high quantity of 

carbohydrate must therefore be added to the fish in order to achieve 

good preservation. 

?'Nilsson and Rydin (1963) ensiled fresh herring with the addition 

of malt meal, oat meal or a mixture of both. Good fermentation was 

obtained in the malt-oat meal mixture. In a subsequent experiment, 

Nilsson and Rydin (1965) ensiled small Baltic herring at different 

temperatures with the addition of a 1:5 mixture of malt-barley meal. 

Fermentation temperatures of 20 to 28 C throughout yielded good silage, 

however, at 37 C the quality was poor. 

Yeah (1980) produced good quality fish silage in Malaysia by 

ensiling minced whole fish and a fermented rice product called "Ragi". 

No pathogens such as salmonella or staphylococcus were detected after 

ensiling and the mixture remained stable for more than 6 mo. Molasses 
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has been used successfully as a source of fermentable sugar to ensile 

fish waste (Raa, 1965; Durainaj et al., 1976; Kompiang et al., 1980). 

Fish silage was produced by Tibbetts et al. (1981) by mixing 60% ground 

fish with 30% shelled corn, 5% dried molasses and a 5% Lactobacillus 

acidophilus ~ulture. After ensiling for 30 d, the silage was of high 

quality as estimated by appearance and a fresh fermented odor. 

Lactic acid bacteria are present in very low numbers in fish when 

compared to potential spoilage bacteria (Shrader et al., 1980). In 

order to enhance the ensiling process and consequent preservation of 

the silage, it has been recommended that suitable bacterial cultures be 

added. However, when carbohydrate additives carry such bacteria as a 

natural microflora in sufficient numbers, then the use of bacterial 

cultures can be omitted (Nilsson and Rydin, 1963). Black (1955) 

reported that seaweed is self-ensiling and therefore might be a useful 

additive. Successful preservation has been achieved by favoring the 

growth of lactic acid bacteria which appeared to be naturally present 

in fish (Kompiang et al., 1980). 

Fish preserved by lactic acid bacterial fermentation of added 

carbohydrate had an acceptable hygienic quality (Krishnaswany et al., 

1965). It has been reported that coliforms, typhoid bacteria, staphylo-

cocci (Durairaj et al., 1976; James et al., 1977) and even spores of 

Clostridium botulinum (Wirahadikusu Mah, 1968) were destroyed in silage. 

However, if the silage is exposed to air the growth of yeast and fungi 

may occur (Durairaj et al., 1976). The antibacterial action is due 

both to low pH and also presumably to the presence of antibiotic sub-

stances produced by lactic acid bacteria (Olley et al., 1968; Ricks 
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et al., 1978). The production of such antibiotics may be induced by the 

presence of other bacteria (Shrader et al., 1980). 

A major problem with fermented fish silage is that of high levels 

of ammonia production, especially during the first days of storage when 

the pH is decreasing. As much as 12% of the nitrogen was released as 

ammonia during 4 wk of storage of a fermented silage of Baltic herring 

at 28 C (Nilsson and Rydin, 1963). Corresponding figures with acid 

preserved silages were 3% (Gilberg and Raa, 1977) or 1.5 to 2% (Kompiang 

et al., 1980). Kompiang et al. (1980) also demonstrated this difference 

between fermented and acid silage in comparative studies with by-catch 

fish as raw material. They further reported that the reiease of ammonia 

must come from the breakdown of nonessential amino acids since the 

nutritional value of fermented silage was very good. 

Nutritional Value of Fish Silage. Most feeding trials with acid 

preserved fish silage show that it was a good source of protein and 

that its nutritional value was comparable to that of fish meal when 

included in cereal based diets for livestock. Although beneficial 

effects of fish silage have been reported, some studies showed that 

silage was inferior to fish meal, especially in poultry diets (Norman 

et al., 1979). 

Feed conversion efficiency and daily liveweight gain of pigs fed 

on a cereal diet supplemented with fish silage has been reported to be 

equal to that with fish meal (Cameron, 1962; Van Wyk et al., 1977; 

Rangkuti et al., 1980) and was shown to be significantly better than 

pigs on a soy protein based diet (Batterham and Gorman, 1980). Disney 

et al. (1978) reported that silage made from tuna offal by addition of 
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formic acid was slightly better than a fish meal based diet. No adverse 

effect on carcass quality was noted, although the fish lipid level in 

the silage diet was 1.1%, dry basis. These results are in agreement 

with earlier reports showing that pigs grew faster and consumed less 

feed per kg of growth when fed on a silage diet than on a diet enriched • 

with the same quantity of milk protein (Hansen, 1959) or of soybean 

meal enriched with lysine (Hillyer et al., 1976). Claims of improved 

fertility in swine consuming fish silage has been reported (Lisac, 1961). 

There are reports on the slightly inferior nutritional quality of 

fish silage as pig feed (Forge, 1976; Whittemore and Taylor, 1976). 

This has been observed when the inclusion rate of silage was as high as 

25% of the dry matter (Whittemore and Taylor, 1976) but also at an 

inclusion rate of 5 to 10% of the dry matter of a barley based diet 

(Smith and Adamson, 1976), which is a realistic level for practical 

feed formulation. 

Despite some slightly unfavorable feeding results with fish silage 

compared to fish meal, it seems safe to conclude that fish silage can 

be a high quality protein additive in pig diets. There are no published 

studies on the nutritional value of acid fish silage that has been 

stored for long periods of time. Rangkuti et al. (1980), however, 

reported that s silage of by-catch fish had a nutritional value that 

was equal to that of fish meal prepared from the same raw material in 

a fresh state after 14 d at tropical temperatures. Although feeding 

experiments with rats have revealed that storage for 60 d at 15 C had 

no adverse effect on the net protein utilization value of heated and a 

de-oiled silage of fish viscera (Strom and Eggum, 1981), studies are 
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needed to test whether buffer storage of fish silage for extended 

periods of time in containers should be a recommended practice. 

A possible restriction to the use of fish silage in diets for 

bacon pigs may be the fishy off-flavor to the carcass. However, there 

are no indications that this is a more severe problem with fish silage 

than with fish meal having ~he same oil content (Raa and Gilberg, 1982). 

In fact, when low oil content raw material such as white fish offal is 

used there are no problems in utilizing the finished product to replace 

fish meal in the diet of pigs (Potter et al., 1980). 

In order to avoid off-flavor of the carcass, it has been recommended 

that the level of fish oil in the final diet be no greater than 1% 

(Potter et al., 1980) and should be kept below .6% during the last days 

of the finishing feeding period (Barlow and Pike, 1977). It has also 

been recommended that when silage based diets are fed, conventional 

meals should be fed during the last few days; otherwise, the gut content 

acquires a fishy odor (Sumner, 1978) which may generate significant 

argument against fish silage in general. The addition of plant oil to 

the diet a few weeks before slaughter has been shown to reduce and even 

remove off-flavor caused by fish lipids (Opstvedt, 1971). 

The commercial use of acid preserved silage in pig diets should 

involve control of the oil content, dry weight and protein. According 

to Potter et al. (1977), Strom and Eggum (1981) and Raa and Gilberg 

(1982) the most ideal way of standardizing acid preserved fish silage 

was by removing the oil after autolysis. This can be easily achieved 

by draining off the aqueous mid layer which is formed after autolyzing 

and standing of the silage. Such an aqueous phase has been shown to 
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replace skim milk in diets for pigs, and no carcass off-flavor resulted 

because of the low (.04%) oil content (Jensen, 1973). 

The first feeding trials with acid preserved fish silage diets, 

by Edin (1940) yielded conclusive results that showed herring silage 

preserved with sulfuric acid was an excellent feed constituent in the 

diet of chickens. Growth rates and overall performance were the same 

as on diets composed of other protein sources. Moreover, the silage 

contributed sufficient vitamin D. In a later study, Hansen (1959) 

included neutralized fish silage at levels of 17 and 30% of the total 

protein in the diet of broilers and layers, respectively. At the high 

inclusion level the carcass had a fishy flavor, but the eggs were of 

normal good quality. According to Barlow and Pike (1977) fish oils 

can be included in the diet of layers without imparting an off-flavor 

to the eggs and there was no restriction of oil level in the diets of 

layers. The tendency of fish oils to taint broiler carcasses is 

probably much the same as for pigs, however, some variations do exist 

among the different strains of birds (Barlow and Pike, 1977). 

Data on the nutritio~al value of silage of tropical fish are 

inconclusive. The nutritional value of silage of by-catch fish has 

been shown to be comparable to that of fish meal in diets for chickens 

(Poulter et al., 1980; Rattagool et al., 1980). However, slightly 

(Disney et al., 1978) and much lower value (Disney and Hoffman, 1978; 

Rattagool et al., 1980) have also been found, depending on the level 

of inclusion (Disney et al., 1978). 

According to Raa and Gilberg (1982) factors such as the type of 

fish meal used in the control diets, the protein to lipid ratio, 
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freshness of the raw material, the duration of storing the silage prior 

to feeding, as well as the variety of the experimental birds, may have 

contributed to the apparent contradictory results that were obtained. 

It does seem to be well established, however, that very poor growth 

(25 to 60% of control) results when silage makes up mor~ than 20% of 

the diet of broiler chickens (Kompiang et al., 1980). Feed consumption, 

feed conversion and general performance of the chickens were all 

negatively affected by acid preserved silage diets (Disney et al., 

1978). 

Several possible explanations have been given for such disappointing 

results. According to Raa and Gilberg (1982) the poor performance could 

be attributed to residual concentration of the preservative acids which 

imparted an acidic taste to the diets. However, Disney and Hoffman 

(1976), Kompiang et al. (1980) and Rattagool et al. (1980) reported 

that chickens preferred and grew faster on conventional broiler diets 

to which 1% formic acid or a 1% formic-propionic acid mixture (1:1) was 

added. 

Disney and Hoffman (1978) examined whether partial spoilage of 

the raw material could account for the poor feeding values that were 

observed with broilers. They ensiled completely fresh fish, however, 

and reported that the nutritional value of the product was still poor, 

when compared to fish meal that was produced from the same raw material. 

Chickens fed on acid preserved silage diets may acquire symptoms 

of thiamine deficiency (Disney et al., 1978; Rattagool et al., 1980). 

However, the nutritional value of a silage diet was not improved by 

boiling, to inactivate any thiaminase in the silage, prior to enriching 
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it with thiamine (Kompiang et al., 1980). Neither was the general 

performance of the chicks improved significantly by thiamine injection, 

thus giving further strong evidence against thiamine deficiency as the 

reason for poor growth (Ishihara et al., 1974). 

Most amino acids with the exception of tryptophan and possibly 

histidine are stable in acid silage (Backhoff, 1976). These amino 

acids are unstable when free but stable when bound in proteins. There-

fore, if the degree of autolysis is high, diets with a high inclusion 

level of silage may be deficient in these amino acids (Raa and Gilberg, 

1982). Although a significant reduction in the level of tryptophan 

was detected after 21 d at 30 C of an acid silage, this reduction could 

not account for the significantly lower feed conversion efficiency of 

diets based on that silage compared to diets based on fish meal (Kompiang 

et al., 1980). 

The silage based diets that were used in the feeding trials with 

chicken were made from dried mixtures of silage and feed meals (Disney 

and Hoffman, 1976; Disney et al., 1978; Kompiang et al., 1980). 

Kompiang et al. (1980) further reported that antioxidants were not 

added before the liquid silage was mixed with the meal and dried, but 

were included in the final diets. In such cases, therefore, the poo! 

growth performance of the chickens might accordingly have been caused 

by oxidized lipids. This possibility seems quite valid since a good 

chicken feed was made from a fish silage that had been extracted with 

ether before it was mixed with corn and sun dried (Kompiang et al., 

1980). 

The apparent toxic effect of acid preserved silage diets may be 
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indirect, through decomposition of vitamin E and/or vitamin A by 

oxidized lipids. In agreement with this mechanism, the growth response 

of chickens fed on a silage-cassava diet was improved significantly 

with vitamin E supplementation. In another case, ho~ever, vitamin E 

supplementation had no significant effect (Kompiang et al., 1980) but 

it was not examined whether decomposition of the vitamin had occurred 

by the oxidized lipids already present in the silage/carbohydrate 

mixture when the feed was formulated. 

Limited data are available on the nutritional value of fish silage 

to ruminants. Ferreira et al. (1977) reported decreased feed intake 

in cattle from (eeding a small amount of fish silage made by addition 

of 3.5% formic acid. 

A mixture of 55% de-oiled and heated silage of viscera, 20% minced 

fish heads, 15% barley meal and 10% grass meal has been used in Norway 

for years in a practical feeding program and the results seem acceptable 

(Raa and Gilberg, 1982). This feed has, however, given a slightly lower 

milk yield than the commercial high protein meal when it was fed at a 

high rate to cows. 

In contrast to acid preserved fish silage, feeding experiments 

with fermented fish silage have consistently shown that the nutritional 

quality was good, with the biological value of the protein similar to 

that of skimmed milk (Krishnaswany et al., 1965) or fish meal (Nilsson 

and Rydin, 1963; Kompiang et al., 1980). 

Fish preserved by lactic acid fermentation have a better nutri-

tional value for chickens than fish preserved by acid addition (Kompiang 

et al., 1980). It is likely that this better nutritional value is due 
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to protective action by the fermentation process on fish lipids. Since 

oxidation cannot occur under anaerobic conditions, as exists in a silo, 

then this seems to be a plausable explanation. 

The peroxide value of oil in moist fermented silage has been shown 

to be very low (Wirhadikusumah, 1968). Even after drying of the silage 

the peroxide value was reported to be in the range of 4 to 12 

(Wirhadikusumah, 1968) which is less than 1/10 of what has been found 

in a dried feed of fish preserved by acid addition (Disney et al., 

1978). 

Wirhadikusumah (1969) demonstrated that lactic acid bacteria could 

facilitate uptake and incorporation of calcium into the egg shell, and 

that feeding 40 g wet silage per hen per day did not impair taste nor 

flavor of the eggs. Broilers picked up off-taste flavor when fed the 

same quantity of silage; however, this problem was overcome by omitting 

silage from the diet 1 wk before slaughter. 

Shellfish Waste 

Large quantities of potentially valuable proteinaceous "waste" 

materials are discarded from shellfish processing plants. Although 

several applications for shellfish waste have been suggested (fertilizer; 

animal, fish and shellfish feed; chitin, chitosan and flavor additives), 

only a small percentage of the large quantities available are utilized. 

Studies with poultry, swine and cattle have generally reported that 

shellfish waste does have potential value as a feed supplement, especially 

for its protein content, if offered at low levels in combination with 

conventional feedstuffs (Bray et al., 1932; Parkhurst et al., 1944a,b; 

Kirk et al., 1967; Patton et al., 1975). 
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Nutritive Value. As with the physical characteristics of crustacea 

species, there is close similarity in the composition of shellfish 

wastes. All species possess an exoskeleton composed primarily of 

chitin, an acetylated glucosamine polymer, protein, which appears to 

be intimately associated with the chitin; and mineral matter, largely 

CaCo 3 (Peniston et al., 1969). 

The general composition of shellfish waste meals has been reported 

to be 25 to 45% protein, 20 to 40% ash (high in Ca), 10 to 30% chitin 

and 2 to 10% ether extract (Watkins, 1976; Brundage et al., 1981; 

Watkins et al., 1982). Minor components of shellfish waste are phos-

phates and carotenoid pigments (Peniston et al., 1969; Wilkie, 1972). 

Chitin always occurs in close association with other substances. 

In crustaceans, CaC03 serves as the cementing substance and account~ 

for some crustaceans meal being 18% Ca (Lovell et al., 1968). Fresh 

water crayfish meal was stated to be 14% chitin (Lovell et al., 1968), 

while salt water crayfish meal was reported as being 12.3% chitin 

(Black and Schwartz, 1950). The chitin content of crabmeal was 

reported to be 13% (Lubitz et al., 1943) while that of shrimpmeal was 

7.6% (Brown, 1959). 

Limited palatability and large quantities of chitinous material 

may pose serious limitations to the inclusion of crab meal in livestock 

diets (Brundage et al., 1981). Richards (1953) reported that the 

molecular structure of chitin was similar to that of cellulose, dif-

fering only in the substitution of an acetylamine group for the 

hydroxyl group on carbon 2 of the glucose unit. Campbel (1929) stated 

that the most likely empirical formula for chitin was (c32H54o21N4)n, 
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while Wigglesworth (1965) reported a formula of (C8H13o5N)n. Examina-

tion of the chitin molecule would suggest that at least part of the 

chitinous material in shellfish waste may be subject to degradation by 

rumen microorganisms. 

There is little information available concerning the feeding of 

chitinous products to ruminants. Chitin digestibility by young calves 

fed blue crab meal at 10 and 20% of the basal ingredients varied from 

26 to 87% and averaged 66% (Patton et al., 1975). Inclusion of 10 or 

20% crab meal did not affect body weight gain, feed intake or feed 

efficiency. Nitrogen digestion and retention were not altered when 

crab meal was included at 10% of the basal diet, but, nitrogen reten-

tion was reduced by substitution of 20% crab meal in the diet. Patton 

et al. (1975) further reported that the reduced nitrogen retention 

was associated with increased urine output. There was no difference 

in dry matter, fiber and Ca digestibilities between the basal and crab 

meal diets. 

In another study, Patton and Chandler (1975) reported 36% digesti-

bility for blue crab meal by in vivo nylon bag rumen fermentation 

techniques. Brundage et al. (1979) reported 75, 58 and 62% in vitro 

disappearance of dry matter, organic matter and nitrogen from Alaskan 

King and Tanner crab meals. 

) 
/ 

Brundage et al. (1981) concluded that crab meal could be a potential 

source of supplemental protein in concentrates for lactating cows. Sup-

porting data by Patton et al. (1975) and Patton and Chandler (1975) 

led them to declare conclusively that the chitin molecule was a potential 

energy source and that crab meal could supply some of the crude protein 
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for ruminants whenever marg~nal diets were supplemented. 

Most of the nutritional information that is available about shell-

fish waste is derived exclusively from monogastric research. A protein 

digestibility in crabmeal of 80% was observed irt poultry by Mangold 

and Hock (1938). Schmalfuss and Werner (1936) reported that the protein 

availability of shell-free crab meal for chickens was 94% while Mangold 

and Damkobler (1938) found it to be 81%. 

Parkhurst et al. (1943) reported that carb meal could satisfactorily 

replace fish meal in chick diets when the Ca to P ratio was adjusted. 

The high mineral content of shellfish meals may limit incorporation 

into feeds to 10% (Rutledge, 1971). At that level, the contribution 

from any protein in the meal was gre~tly reduced. Rutledge (1971) 

developed a method of milling and screening of meals as a means of 

doubling the protein content. This method reduced the Ca and chitin 

contents by 68 and 82, respectively, while at the same time leaving 

P only slightly altered. 

Shrimp meal has long been used in diets by fish nutritionists for 

desired flesh coloration in trout and salmon. Feeding experiments 

have shown that carotenoids may be transferred from the feed to the 

flesh of trout and salmon (Gerhardsen, 1971; Meyers and Perkins, 1977). 

Saito and Regier (1970) fed a 29% shrimp meal diet to brook trout and 

reported superior coloring and flavor over fish fed a connnercial diet. ,-
./ 

Spinelli et al. (1974) fed rainbow trout diets containing 10 and 25% 

red crab and reported high pigmentation after 2 mo. 

Recently, shrimp and King crab processing by-products have been 

evaluated as feed supplements for mink (Watkins et al., 1982). These 
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wastes replaced approximately 10 and 20% of the protein in a 33% 

protein diet. Minks fed crustacean waste diets had lower final 

weights, weight gains and greater feed consumption than control groups. 

Watkins et al. (1982) further reported lower weight gains by males on 

high shrimp meal diet vs those on high sieved shrimp meal diet. They 

attributed this to the excess Ca intake on the high shrimp meal diet. 

Overall, general condition and pelt characteristics were not appreciably 

affected in any of the groups. From their study, Watkins et al. (1982) 

concluded that shellfish waste products could be used satisfactorily as 

protein supplements in mink diets. This could be done provided that 

the protein and energy concentrations of the diet were maintained at 

adequate levels and dietary Ca did not become excessive. 

Studies of Ensiled Animal Waste 

Poultry Waste 

There are two main sources of poultry waste: 1) caged layer 

waste, also known as dried poultry waste (DPW) or dried poultry excreta 

(DPE), when fed in dry form, and 2) broiler litter. Caged layer waste 

is from caged laying hens and consists of excrement, broken eggs, egg 

shells, feathers and spilled feed. Broiler litter refers to the product 

consisting of excreta, spilled feed, feathers and bedding material. 
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Caged Layer Waste. Caged layer wastes are generally rich in crude 

protein, averaging 31% (Bhattacharya and Taylor, 1975; Samuels, 1980; 

Moriba, 1981). An important benefit from feeding caged layer wastes 

to ruminants is that additional supplementation of the diet with protein 

and minerals, especially Ca and P is not required since caged layer 

wastes are rich in these nutrients (Smith, 1974; Clark and Dethrow, 

1975). In ruminants the availability of Ca and Pin caged layer waste 

when used as the sole source of protein supplement has been found to be 

92 and 70%, respectively (Bull and Reid, 1971). 

Saylor and Long (1974) ensiled caged layer wastes (72% moisture) 

and ground orchardgrass hay (8.5% moisture) for 60 d in the following 

proportions: 100:0, 90:10, 80:20~ 70:30, and 60:40. GrC3'1.lnd shelled 

corn at a level of 5% was added to another group of identical treat-

ments. Silage quality was poor in 100 and 90% caged layer waste 

mixtures. Mixtures containing 80, 70, and 60% caged layer waste had 

pH values of 7.1, 6.8 and 5.2. Corn grain added to the mixtures at 

ensiling had no effect on the ensiling parameters. 

Samuels (1980), ensiled fresh caged layer waste with ground sugar-

cane bagasse for 42 d in the following proportions: 70:30, 60:40, 

50:50, 40:60, 40:60 + H2o, 30:70 and 30:70 + H2o. The pH of the ensiled 

mixtures decreased to 5.2 and 4.7 for the 40:60 and 30:70 + H2o· 

mixtures. Lactic acid was highest for the 50:50, 40:60, and 30:70 + 

H2o silage (8.2 to 8.7%). Total coliforms, fecal coliforms and proteus 

organisms were decreased or eliminated by ensiling. In a sheep 

metabolism trial, dry matter and crude protein digestibilities were 

highest for mixtures containing the highest level (60%) of waste. Dry 
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matter digestibility of caged layer waste, calculated by difference, 

was over 65% when ensiled with bagasse (Samuels, 1980) and over 70% 

when ensiled with corn stover (Moriba, 1981). Level of waste in the 

silages did not affect dry matter consumption by sheep. 

Caged layer waste was ensiled satisfactorily by Arvat et al. (1978). 

Wethers were fed silages from waste from layers consuming a corn-soybean 

meal diet or a grain by-product diet to evaluate the nutritional value 

of both types of waste. The silage diets were prepared by adding 22.7% 

caged layer waste, 15.9% ground corn, 15.9% ground hay, .1% salt and 

45.4% water. The ensiled mixtures appeared to be palatable. Feed con-

sumption for silages from layers consuming a corn-soybean meal diet was 

lower than that of the control. Average daily gain was lower for both 

silages than control. No significant difference was found for the 

apparent digestibilities of nitrogen and energy among the diets. How-

ever, apparent digestibility of dry matter was lower for the caged 

layer waste silage, compared to the control. 

Keys and Smith (198lb) combined 25 and 30% corn stover with 50 

and 61% whole corn plant, respectively., and ensiled them with dry 

poultry excreta. The silages were fed ad libitum to different groups 

of yearling Holstein heifers for 140 d. Intake and performance were 

compared to cattle fed 88.4% whole corn plant silage supplemented with 

dried poultry excreta. Gains by animals fed whole corn plant diluted 

with 25% corn stover paralleled those of animals fed all corn silage 

diets. 
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Broiler Litter. According to Smith and Wheeler (1979) ensiling is 

the most economical method of processing broiler litter for feed. 

Accumulated broiler litter with water added to bring the moisture con-

tent within the range of 35 to 38% was ensiled for 42 d by Creger et 

al. (1973). The ensiled material was fed to heifer calves ad libitum 

for 120 d. The material was supplemented with a mixture of ground milo, 

dehydrated alfalfa meal, soybean meal, molasses and vitamins A and D. 

The heifers consumed an average of 5.4 kg of silage daily and had an 

average daily gain of 1.16 kg. Retail cuts from all animals were 

satisfactory in juiciness, tenderness and flavor. 

The fermentation characteristics of corn forage, ensiled at two 

stages of maturity alone, with .5% urea, or with broiler litter com-

prising 15, 30, or 45% of the dry matter were compared (Harmon et al., 

1975a). Addition of litter or urea to the corn forage at ensiling 

resulted in higher final pH values and greater concentrations of lactic 

and acetic acids than controls. 

Harmon et al. (1975b) used the above treatments except the 45% 

litter, in studying digestibility, nitrogen utilization and palatability 

by sheep. Apparent digestibility of dry matter averaged 64.5% and was 

not different among treatments. Crude protein digestibility was 

increased by each level of litter addition. Increasing the level of 

litter from 15 to 30% of the silage dry matter decreased the efficiency 

of utilization of litter nitrogen. Dry matter intake was significantly 

higher for silages containing litter than for the control or the urea 

silage. 

Broiler litter containing 19% moisture was ensiled with high 
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moisture corn grain containing 26% moisture in a 1:2 ratio (Caswell 

et al., 1977). Fermentation characteristics were not as good in the 

corn-litter mixture as for the corn ensiled alone. Intake trials with 

cattle revealed that there was a tendency for higher dry matter con-

sumption of diets supplemented with broiler litter than those fed 

soybean meal-ensiled corn diet. 

In another study Caswell et al. (1978) reported that in order to 

obtain maximum fermentation of broiler litter the moisture level should 

be at a minimum of 40%. Diets for wethers had 50% of the dietary nitrogen 

supplemented with heat processed litter, 22 or 40% moisture litter 

silage or soybean meal. Nitrogen retention was lower for the diet 

supplemented with processed litter, however, apparent digestibilities 

of the diets were not significantly different among the three diets 

supplemented with litter. 

Cattle Waste. Anthony (1971) explored the feasibility of ensiling 

a mixture of cattle waste and grass hay. The mixture contained 57% 

cattle manure and 43% grass hay, and the ensiled mixture was termed 

"wastelage". The wastelage contained 12.4% crude protein, dry basis, 

and 51.4% dry matter. Rate of gain and feed efficiency of cattle fed a 

diet containing 40% wastelage and 60% corn were similar to those of 

cattle fed a conventionally formulated high concentrate diet. 

Newton et al. (1977) ensiled 40 parts of cattle manure with 60 

parts of a control high-concentrate diet. Digestibility studies were 

conducted with steers to compare dried and fermented waste diets. 

Digestibility values of the fermented waste revealed an improvement 

in dry matter and nitrogen digestibility, compared to the dried waste. 
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Feed efficiency values indicated that .77 kg of waste dry matter 

substituted for .39 kg of control diet dry matter. Average daily gains 

and feed efficiency favored the control diet, but differences were not 

significant. 

A 60:40 ratio of cattle waste and chopped grass-legume hay was 

ensiled and fed to sheep and fattening cattle (Harpster et al., 1978). 

Diets fed were control, 50% wastelage and 50% high moisture corn, 100% 

wastelage, 100% corn silage, 60% wastelage and 40% high moisture corn 

and corn silage supplemented with soybean meal. Dry matter and organic 

matter digestibilities were significantly lower for the 100% wastelage 

diet. Nitrogen retention was lower for animals fed wastelage. Satis-

factory performance was obtained with fattening cattle fed up to 50% 

wastelage, but feed efficiency was lower than for cattle fed a corn 

silage and high moisture corn based diet. 

Vetter and Burroughs (1974) reported no differences in performance 

and intake among steers fed a diet consisting of 20 to 27% cattle waste 

ensiled with corn forage and corn grain compared to cattle fed a basal 

diet. 

The inclusion of dairy waste fiber in the diet of lambs resulted in 

decreased intake and decreased dry matter and nitrogen digestibilities 

as the level of waste increased (Staples et al., 1981). Staples et al. 

(1981) concluded that dairy waste fiber could be ensiled successfully 

with various energy feedstuffs and could be utilized by lambs as 25% 

of the diet dry matter. 

Treatment of ensiled cattle waste and roughage with NaOH increased 

dry matter and organic matter digestibilities, but depressed crude 
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protein digestibility (Lamm et al., 1979; Aines et al., 1982). 

Cerola, a high fiber silage produced by fractionating feed-

lot manure, addition of 5% dry molasses and fermented for at least 3 

wk was used in a digestion trial with lambs (Ward and Beede, 1973). 

The silage contained 11% crude protein. The health of the animals 

remained good throughout the trial. 

Promising performance results have been obtained from ensiling 

cattle manure with straw or corn stover (McClure et al., 1973). These 

results indicate that steers could be maintained on a diet composed of 

fermented manure from cattle fed an all concentrate diet. The manure 

silage alone or with corn added resulted in daily gains, feed efficiency 

and dry matter consumption similar to those obtained with cattle fed 

corn silage plus corn added at 1% of body weight. 

Cattle waste was used to reconstitute sorghum grain (Shake et al., 

1977). Intake by heifers was drastically reduced when the grain to 

waste ratio was 1:1. 

Cornman et al. (1981) studied the ensiling characteristics of 

different levels of cattle waste and rye straw and reported that total 

and fecal coliforms, salmonella, shigella and proteus organisms were 

destroyed in all the mixtures containing waste after 1 wk of ensiling. 

Lactic acid content tended to increase as level of waste increased, 

but pH values were similar for all silages. 

Studying the fermentation characteristics of NaOH treated cattle-

waste-rye straw silages, Aines et al. (1982) reported that NaOH treated 

silages had higher pH values, compared to untreated silages. Untreated 

silages exhibited desirable fermentation patterns as measured by pH, 
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lactic acid and water soluble carbohydrates. McClure et al. (1973) 

noted a significant drop in pH from 7.5 to 5 when waste from cattle 

fed high concentrate diets was ensiled with straw. 

Swine Waste. The use of anaerobic fermentation as a method of 

intensifying animal performance when swine waste was refed was studied 

by Overhults et al. (1978). Pre-ensiled pH of the mixtures ranged 

from 6.2 to 6.6, while post-ensiled pH after 7 d ranged from 4.6 to 

4.8. Performance studies were conducted with growing-finishing swine 

fed a basal diet, basal plus 20% fermented waste, dry basis, and basal 

plus 20% unfermented waste. The waste containing feeds were higher in 

ether extract and ash content than the basal diet. Tlie unprocessed 

and fermented feeds containing swine waste were readily accepted. 

Average daily gains for manure-fed pigs were lower than for those re-

ceiving the basal. Feed efficiency was higher for pigs fed the fermented 

waste than those receiving the unfermented waste diet. 

Berger et al. (198la) studied the feasibility of ensiling swine 

waste with ground orchardgrass hay or with ground corn grain in the 

following ratios (wet basis): 80:20, 70:30, 60:40, 50:50, 40:60, 

30:70, 20:80. For mixtures of swine waste and orchardgrass hay 

fermentation, as meas~red by pH and lactic acid levels, was best for 

the 40:60 through the 60:40 mixtures. When used in a sheep metabolism 

trial, organic matter digestibility was not different for the 40:60 and 

60:40 swine waste-orchardgrass hay silages than for orchardgrass hay 

fed alone (Berger et al., 1982b). Crude protein digestibility was lower 

for the waste containing diets than for the control. Nitrogen reten-

tion was negative for sheep fed the silages. In a subsequent 
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palatability trial with sheep, Berger et al. (1982b) reported that dry 

matter intake was comparable to that of- orchardgrass hay. With swine, 

dry matter intake decreased as swine waste-orchardgrass hay silages 

were substituted for 25 to 50% of the basal diet (Berger et al., 1982b). 

Yokoyama and Nummy (1976) ensiled whole corn plant (77%) with 

swine waste (23%) and reported a pH· of 3.9 and lactic acid level of 

8.3%, dry basis. No fecal odor was detected in the fermented material. 

Animal wastes should be processed prior to feeding to enhance 

palatability and destroy potential pathogens (Fontenot et al., 1983). 

A number of processes have been used successfully. The processing of 

animal waste by ensiling is economical. In production trials, 

ruminants have performed satisfactorily on diets containing animal 

waste. 

Nutritive Value of Low Quality Roughage 

Low quality roughage represents a significant potential feed for 

ruminant animals. The term low quality roughage covers a wide range 

of roughages, from wood products to crop residues and poor hay. Many 

contradictory results have been published regarding the nutrient 

availability and feeding value of low quality roughages (Binger et al., 

1961; Van Soest, 1969; Church and Santos, 1981). However, research 

indicates that chemical treatment and pelleting of low quality 

roughages improve animal performance (Dehority and Johnson, 1961; 

Rexen and Moller, 1974; Klopfenstein, 1978). 

Chemical Composition 

The chemical composition of low quality roughages varies con-

siderably, being affected by variety, time of harvest and the 
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conditions under which they are grown (Barnes, 1973; Leask and Daynard, 

1973). Low quality roughages are usually fibrous, often deficient in 

N, P, carotene and possibly some trace minerals (NAS, 1971). Binger 

et al. (1961) compared the compositipn of several crop residues with 

that of medium quality alfalfa hay. The most striking difference 

between the residues and. alfalfa was the low protein content of the 

roughages. Low quality roughages have adequate amounts of hemi-

cellulose and cellulose for energy production by rumen microorganisms, 

provided the carbohydrates are biologically available (Kohler et al., 

1979). 

High lignin content is usually associated with unavailability of 

carbohydrate in forages (Van Soest, 1969). In low quality roughages, 

lignin content varies from 5% in the straws to over 25% for peanut 

hulls. TDN is correlated inversely with lignin content. Rice straw 

has a relatively low TDN because the large amount of silica also 

interferes with carbohydrate digestion. 

Various treatments have resulted in the modification of some 

components of low quality roughages, thus increasing digestibility 

(Colenbrander et al., 1971). Steam treatment resulted in the 

modification of the chemical composition of corn stover (Oji and 

Mowat, 1978). The treatment reduced the percent NDF from 73.l to 

54.1%, increased ADF from 44.5 to 50.3% and decreased hemicellulose 

from 28.6 to 3.8%. Pate (1979) compared the chemical composition 

of raw and steam pressure processed sugarcane bagasse. The most 

noticeable effect of processing was the large reduction in certain 

fiber components. Crude fiber was reduced from 43 to 34%, and NDF 
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. from 83 to 51%. There was little change in ADF and cellulose. Values 

reported for total ash, Ca and P were 1.7, 2.1; .15, .42; .1 and .1%, 

respectively, for raw and processed bagasse. 

Chemical treatments have been used successfully to alter the 

composition of low quality roughages resulting in increased digesti-

bility and performance by cattle. Chemical treatment solubilizes 

some of the hemicellulose without changing the cellulose content 

(Klopfenstein et al., 1979). Lignin content is generally not reduced 

by chemical treatment (Ololade et al., 1970; Rexen and Thomsen, 1976). 

Therefore, the increase in extent of digestion is probably due to 

breaking of bonds between lignin and hemicellulose or cellulose with-

out actual removal of lignin (Van Soest, 1975). 

Several workers have shown that roughages from different plant 

species respond differently to chemical treatment (Chandra and Jackson, 

1971; Koers et al., 1972; Rexen and Thomsen, 1976). Less hemicellulose 

is solubilized in wheat straw than in other residues (Lesoing, 1977). 

Digestibility and Performance Studies 

Fortification of poor quality roughages with liquid supplement 

to cattle resulted in improved performance but less than with good 

quality supplements containing natural proteins (Chico et al., 1972; 

Rush and Totusek, 1976). Although consumption of poor quality roughage 

may be increased by the feeding of urea-containing liquid supplement 

(Ernst et al., 1975), digestibility of organic matter has shown little 

if any, improvement but crude protein digestibility has generally 

been increased (Ernst et al., 1975; Jones et al., 1976). Church and 

Santos (1981) reported increased crude protein, dry matter and ADF 
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digestibilities with wheat straw supplemented with soybean meal or 

liquid supplement and fed to cattle. 

Several chemical methods have been evaluated with the purpose of 

increasing low quality roughage digestibility (Klopfenstein, 1978; 

Sundstol et al., 1978; Horton and Steacy, 1979). The.use of alkali 

and ammonia have shown the most promise. The ammonia method has some 

advantages over other alkali methods in that it increases both 

digestibility and crude protein content, does not require dehydration 

of the straw after treatment and can b~ carried out under farm condi-

tions (Sundstol et al., 1983). However, digestibility of low quality 

roughage dry matter is not normally increased to the same extent as 

with other alkali treatments (Horton, 1978). 

Treatment of wheat straw with ammonia improved digestibilities 

of dry matter, organic matter, crude protein and ADF by sheep 

(Herrera-Saldana et al., 1983). The inclusion of ammonia treated 

wheat straw at 65% of the diet of sheep resulted in dry matter digesti-

bility of 56% compared to 50% for the control diet containing 65% 

untreated straw (Waiss et al., 1972). 

Osuji and Archibald (1976) fed bagasse to sheep at levels of 21 

to 27% of a diet supplemented with molasses. There were no signifi-

cant differences in dry matter intake and in dry matter and energy 

digestibilities. 

Keys and Smith (198la) reported that intake of corn stover silage 

supplemented with ear corn by Holstein heifers was lower than corn 

silage. However, average daily gains and digestibility were similar. 

Lamm et al. (1975) reported that mature gestating cows grazed on 
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corn stalk supplemented with various sources of nitrogen in the winter 

had similar performance when dry waste supplement was used compared to 

animals on liquid supplement free choice, but performance was lower 

than for soybean meal cube. 

Garrett et al. (1976) fed cattle pelleted rice straw treated 

with NaOH. Feed intake was 41% greater than that for animals fed 

control, untreated straw. Daily gain was tripled by chemical treat-

ment and feed-to-gain ratios were improved significantly. However, 

the treated straw had poorer efficiency than the alfalfa control. 

In another study Garrett et al. (1976) treated rice straw with ammonium 

hydroxide. Rate and efficiency of gain of cattle were both increased. 

However, the treated material was not equal to an alfalfa hay control. 

Waller and Klopfenstein (1975) reported that lambs performed 

as well on corn cobs treated with ammonium hydroxide and mixed with 

sodium and calcium hydroxide as they did on a 4% NaOH treated cob. 

Performance was somewhat poorer than that obtained on cobs treated 

with a 3:1 ratio of sodium to calcium hydroxide. Klopfenstein (1979) 

reported that although ammonium hydroxide treatment was effective, 

it was not as effective as some treatments of Na and Ca. 

Ammonium hydroxide treatment appeared to increase performance 

over calcium hydroxide treatment alone (Waller and Klopfenstein, 1975). 

Efficiency of gains by cattle produced by the mixture (ammonium and 

calcium hydroxides) was superior to that of 4% NaOH treated cobs. 

However, intake was somewhat lower with ammonium hydroxide treated 

cobs, probably because of free ammonia that remained in the cobs at 

feeding time. According to Klopfenstein (1979) the major advantage 
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of ammonium hydroxide is that the residual ammonia can be used as a 

source of supplemental non-protein N in the diet. Also, no mineral 

remains that might be detrimental to animals or to soil to which the 

animal excreta is added. 

Unlike ammonium hydroxide, the use of mineral hydroxides to treat 

low quality roughages and their subsequent inclusion in the diet of 

ruminants can result in excess minerals, such as Na and eventually 

result in mineral imbalances (Jackson, 1977). This may necessitate 

other mineral additions (Arndt et al., 1980). 



SEAFOOD WASTE 1. 
FERMENTATION CHARACTERISTICS OF ENSILED SEAFOOD WASTES 

AND LOW QUALITY ROUGHAGES 

SUMMARY 

Experiments were conducted to investigate the chemical composi~ 

tion of seafood waste and the physical and ensiling characteristics of 

seafood waste and low quality roughages. Crude protein for the fish, 

consisting of porgie (Stenotomus chrysops) heads and fileted flounder 

(flatfish species) and crab wastes was 60.4 and 44.1%, dry basis, 

respectively. Fish and crab processing wastes were ground and ensiled 

with corn ~tover or peanut hulls in proportions to give dry matter 

levels of 40, 50 and 60% alone and with 5% dry molasses or 1% formic 

acid in 3.8 liter cardboard containers double lined with polyethylene. 

The seafood wastes were also ensiled with wilted Johnsongrass (sorghum 

halepense) in 50:50 ratios, wet basis, with and without 5% dry molasses. 

All silages had desirable aromas except those with crab waste ensiled 

with crop residues at 40 and 50% dry matter. After ensiling average pH 

for mixtures with fish waste and crop residues was 6.5, compared to 8.0 

for mixtures with crab waste. Addition of dry molasses decreased pH of 

the ensiled fish waste mixtures but had no effect on the crab waste 

mixtures. Lactic acid was higher (P ~.05) for ensiled mixtures containing 

fish waste than for those containing crab waste. Substantial levels of 

acetic acid were present in the silages. Butyric acid levels were 

higher in silages containing crab waste and decreased with increased dry 
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matter levels. Desirable ensiling was observed for the mixture of fish 

waste and Johnsongrass, and ensiling was enhanced by addition of molasses. 

Coliforms and fecal coliforms were decreased or eliminated by ensiling. 

In subsequent small silo studies conducted to improve the fermentation 

characteristics of crab waste mixtures, only acetic acid resulted in 

a pH of 5 or less. Addition of a lactic acid culture (Lactobacillus 

·plantarum) had no beneficial effect. Mixtures of finfish wastes and 

crab processing wastes were mixed with wheat straw and ensiled in 210 

liter metal drums, double lined with polyethylene bags. Proportions 

of the fish and straw were 70:30 and 51:49, wet basis while that of 

the crab was 60:40 and 40:60. Dry molasses (5%) was included in all 

mixtures and acetic acid was added to the crab waste mixture to lower 

the initial pH to 4.5. All mixtures containing fish and straw showed 

a decrease in pH after ensiling. Lactic acid was higher for the 51:49 

than for the 70:30 fish waste-straw mixture (3.4 vs 1.3%). No lactic 

acid was found in the ensiled mixtures containing crab waste. 

(Key words: Seafood Waste, Low Quality Roughage, Additive, Ensiling.) 



INTRODUCTION 

Preservation of feedstuffs by ensiling is an accepted procedure. 

The ensiled product is preserved by the anaerobic production of acid 

by microorganisms. For some materials, the quality of ensiled material 

is improved by the addition of certain additives. Molasses has been 

shown to increase the dry matter and lactic acid contents and to reduce 

the pH and NH3-N levels in silages (McDonald and Purves, 1956; Reaves 

and Brubaker, 1956; Ely, 1978). Waldo et al. (1971) and Wilkins et al. 

(1974) reported that the addition of formic acid as a silage additive 

prevented clostridial activity, and the content of NH3-N was lower than 

that of silage made without adding the acid. Further effects of acid 

addition were a depression in fermentation acids and a rapid decrease 

in silage pH. 

-~Ensiling of seafood processing wastes represent a potentially 

effective method of preserving these wastes. The ensiling process would 

also help alleviate the waste disposal and water pollution problems, as 

well as a method of recovering some of the potentially valuable nutri-

ents in the wastes. Combining seafood wastes which contain high 

protein, water and fat and low carbohydrate, with low quality roughages 

which are low in moisture would result in mixtures with dry matter 

content suitable for ensiling. 

Experiments were designed to investigate the physical and ensiling 

characteristics of seafood waste, to determine the optimum combinations 

of seafood waste and low quality roughages for production of acceptable 
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silages and to assess th~ value of additives in ensiling seafood waste. 



EXPERIMENTAL PROCEDURES 

Chemical Composition. Samples of porgie (Stenotomus chrysops) 

heads, residues from fileting flounder (flat fish species) and crab 

processing waste were collected from seafood processing plants in 

Hampton, Virginia, and ground through a Hobart laboratory meat grinder. 

Dry matter of the seafood wastes was determined by drying duplicate 200 

g samples in a forced-draft oven at a maximum of 60 C for 48 h. These 

samples were allowed to air equilibrate, the duplicate dried samples 

were composited, ground to pass a 1 mm sieve and analyzed for dry 

matter and ash (AOAC, 1980). Kjeldahl N was determined on wet samples 

of seafood wastes (AOAC, 1980). Samples were wet ashed by the method 

of Sandel (1950) and analyzed for Mg and Ca by atomic absorption. 

Phosphorus was determined by the method of Fiske and Subbarow (1925). 

Water extracts of the seafood wastes were used for water soluble carbo-

hydrate determination (Dubois et al., 1956, as adapted to corn plants 

by Johnson et al., 1966). 

Small Silo Studies. Fish waste for this study was obtained from 

fileting monk fish (Squatina dumeril). The monk fish waste was processed 

by grinding in a meat grinder. The crab waste was obtained from a 

processing plant in which meat was hand picked from steamed blue crabs. 

The waste was ground in a high speed hammermill without a screen. Corn 

stover was ground in a tub grinder1 through a 2 cm screen. 

1 Sperry-New Holland, New Holland, Pa. 
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The seafood wastes were mixed with corn stover (IFN 1-02-776) or 

peanut hulls alone and with the addition of 5% dry molasses (IFN 4-04-695) 

or 1% formic acid at proportions to give dry matter levels of 40, 50 and 

60%. Thus, a 2 x 2 x 3 x 3 factorial arrangement of treatments was used. 

In addition, the two seafood wastes were ensiled with wilted Johnson-

grass (Sorghum halepense), 50:50, wet basis, with and without 5% dry 

molasses. The mixtures were prepared by slowly adding the crop residues 

or grass to the seafood waste in a horizontal mixer and allowed to mix 

for 30 min. Six laboratory silos, each containing 2 kg and two initial 

mixture samples were prepared from each treatment mixture. Initial sam-

ples were subsampled aseptically for microbial tests and placed in .5 

liter sterile jars and frozen until assays were conduGted. Samples for 

dry matter determination were also taken. Ensiling mixtures were firmly 

packed into 3.8 liter cardboard containers double lined with polyethylene 

bags. Both bags were sealed individually, being careful to expel the 

air above the packed material before sealing. Silos were weighed 

before and after addition of the mixtures. 

After a minimum of 42 d in an enclosed barn, one silo of each 

mixture was weighed, opened and observed for appearance and odor. The 

top 5 cm of ensiled material were removed prior to subsequent sampling. 

Samples were aseptically removed from the center of the ensiled mass. 

Water extracts of the initial and fermented mixtures were prepared 

for microbial analysis by homogenizing duplicate 25 g samples with 225 

ml of sterile distilled water in sterile .5 liter jars in a Waring 

blender at full speed for 2 min. The homogenate was filtered through 

four layers of cheesecloth and the filtrate was immediately subjected 
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to quantitative tests for total coliforms (Anonymous, 1967) and fecal 

coliforms (Millipore, 1973) and qualitative measures of Salmonella, 

Shigella and Proteus (Lewis, 1964). The extracts of the initial and 

final mixtures were used for measurement of pH (electrometrically), 

volatile fatty acids (Erwin et al., 1961), lactic acid (Barker and 

Summerson, 1941, as modified by Pennington and Sutherland, 1956) and 

water soluble carbohydrates (Dubois et al., 1956, as adapted to corn 

plants by Johnson et al., 1966). Samples of crop residues were analyzed 

for dry matter, Kjeldahl N, soluble carbohydrate, ash, Ca, P and Mg by 

the same procedures used to determine the chemical composition of sea-

food wastes. 

Studies were conducted to improve the fermentation of crab waste 

mixtures. Ground crab processing waste was ensiled with corn stover at 

a dry matter level of 50%. Propionic acid alone and a 1:1 mixture of 

propionic and sulfuric acids were added at levels of 2, 4 and 5% to 

mixtures prior to ensiling. Three laboratory silos, consisting of 2 

liter cardboard containers double lined with polyethylene and two 

initial mixture samples, were prepared from each mixture. Another 

experiment was conducted with ground crab processing waste mixed with 

ground corn stover to achieve a dry matter level of 50%, with the 

addition of phosphoric, acetic, propionic and a 2:1 mixture of hydro-

chloric and sulfuric acids to bring the pH of the initial mixture to 

4.5 or 5.5. A Lactobacillus plantarum culture was added to one-half of 

the silos at pH 4.5 and 5.5. Dry molasses was added at 5% to all 

treatments. For these studies, three 2 liter laboratory silos were 

prepared for each mixture. 
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Another study was conducted with crab waste and ground corn stover 

in proportions of 60:40 and 40:60, wet basis, ensiled in 3.8 liter 

laboratory cardboard containers double lined with polyethylene. Addi-

tives tested were acetic acid, lactic acid, 2:1 mixture of phosphoric 

and hydrochloric acids, ethanol, 2-bromoethane sulfonic acid (.1 g/kg) 

and Lactobacillus plantarum culture. The acids were added in amounts 

to give a pre-ensiling pH of 4.5. Dry molasses was added at 5% to 

all mixtures. Procedures for ensiling were similar to those previously 

outlined. Six silos each containing 2 kg and two initial mixture sam-

ples were prepared from each mixture. 

Large Silo Study. Based on data from the small silo studies, this 

study was conducted to determine fermentation characteristics, the 

metabolism of nutrients and palatability of ensiled seafood waste and 

crop residue. Mixtures of finfish and crab processing wastes were 

ensiled with ground wheat straw in 210 liter metal drums double lined 

with .08 mm polyethylene bags. Dry molasses at 5% was included in all 

mixtures. The fish and straw were ensiled in combinations of 70:30 

and 51:49, wet basis, while crab and straw were ensiled in combinations 

of 60:40 and 40:60, wet basis. The 70:30 fish and 40:60 crab mixtures 

were ensiled in proportions that would give a similar dry matter addi-

tion for each seafood waste. For the fish ensiled at 51:49 and the 

crab at 60:40 the levels of wastes were varied so that their dry matter 

would be approximately 60%. Acetic acid was added to the mixtures con-

taining crab waste to lower the initial pH to 4.5. An average of 16% 

(v/w) glacial acetic acid was used. 

The fish silages were prepared by first grinding the straw in a 
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commercial mobile mill and horizontal mixer through a 2 cm screen. 

Finfish waste that was previously ground in a meat grinder, and molasses 

were added to the straw and allowed to mix for 30 min. For crab waste 

silages, straw and crab waste were ground and mixed together. Molasses 

and acetic acid were gradually added to the crab-straw mixtures and 

allowed to mix for the same time as mixtures containing fish. For the 

straw ensiled with 5% dry molasses, sufeicient water was added to 

achieve a dry matter level of 50%. After thorough mixing, the mixtures 

were augered into the drums. Samples were collected, composited, sub-

sampled and frozen for analyses. All mixtures were packed firmly by 

trampling to remove excess air. An attempt was made to remove as much 

air above the ensiled mass as possible before each polyethylene bag 

was sealed. 

The mixtures were ensiled for a minimum of 60 d in an open shed. 

When each silo was opened, the top 5 cm of ensiled material were 

removed. Samples were taken from several areas of the silo, sub-

sampled and frozen for subsequent chemical analyses. Procedures used 

for determination of fermentation characteristics, dry matter, Kjeldahl 

N, Ca, Mg and P were the same as those used for the seafood wastes used 

in the small silo studies. Samples were analyzed for ether extract 

(AOAC, 1980), neutral detergent fiber (NDF) by the method of Van Soest 

and Wine (1967) acid detergent fiber (ADF) by the procedure of Van 

Soest (1963), lignin and cellulose (Van Soest and Wine, 1968). Sodium 

and K were determined by emission spectrophotometry utilizing a P~rkin

Elmer 403 Atomic Absorption Spectrophotometer. 
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Statistical Analyses. Results of all experiments were analyzed 

by use of the general linear models (GLM) procedure of the Statistical 

Analysis System (SAS, 1979). For the first small silo experiment the 

results were analyzed as a 2 x 2 x 3 x 3 factorial arrangement, using 

the following orthogonal contrasts: 1) fish vs crab waste; 2) corn 

stover vs peanut hulls; 3) additives; 4) dry matter; 5) interactions. 

Linear _and quadratic effects of increasing dry matter levels were tested 

by orthogonal polynomials. Differences among additives were tested by 

Duncan's (1955) Multiple Range Test. Results from the second small 

silo study were analyzed as a 2 x 3 factorial arrangement using the 

following orthogonal contrasts: 1) acid at 2% vs acid at 4 and 5%); 

2) acid at 4% vs acid at 5%. The results of the third small silo study 

were analyzed as a 4 x 2 x 2 factorial arrangement of treatments using 

the following orthogonal contrasts: 1) pH 5.5 vs pH 4.5; 2) L. 

plantarum; 3) acid addition; 4) interactions. Differences among acids 

were tested by Duncan's (1955) Multiple Range Test. The following 

orthogonal contrasts were used for the last small silo experiment: 

1) BES vs no BES; 2) additives; 3) L. plantarum; 4) interactions. Dif-

ferences among additives were tested by Duncan'~ (1955) Multiple Range 

Test. For the large silo study the following comparisons were made: 

1) crab vs fish waste; 2) level of fish waste; 3) level of crab waste; 

4) straw vs seafood wastes. 



RESULTS AND DISCUSSION 

Chemical Composition. The dry matter of the fish waste was 26.4% 

while that of crab processing waste was 40.2 (table 1). Dry matter of 

the corn stover a~d peanut hulls was 91.2 and 91.7%, respectively. 

The crude protein for the fish waste was 60.4% while that for crab 

waste was 44.1%. Crude protein content was similar for corn stover 

and peanut hulls, averaging 7.2%. Water soluble carbohydrates were 

higher for crab than for fish waste (3.7 vs 2.0%, dry basis). Ash 

content was high in both seafood waste. The ash content of 34.5% for 

crab waste is similar to values previously reported for crab meal 

(Patton and Chandler, 1975). Calcium and P contents were high for all 

wastes, while Mg content was higher for the fish than for the crab 

waste. Respective values for water soluble carbohydrates were 4.7 and 

8.6%, dry basis for corn stover and peanut hulls. 

Small Silos. All silages containing fish waste had aromas 

indicative of good ensiling. The aroma of mixtures containing crab 

ensiled at 40 and 50% dry matter was extremely offensive. Putrefaction 

was detected in mixtures of crab waste and crop residues ensiled at 40% 

dry matter. Mold growth was observed in the fish ensiled with peanut 

hulls at 50 and 60% dry matter. When samples of mixtures containig 

crab waste were placed in the oven for dry matter determination, a 

pungent ammonia odor was detectable in surrounding areas. 

Post-ensiled pH was lower (P < .05) for mixtures containing fish 

than for crab (table 2). In fact, pH increased during ensiling for 
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TABLE 1. CHEMICAL COMPOSITION OF SEAFOOD WASTES AND CROP RESIDUES 

Seafood wastes Cro2 residues 
Item Fish Crab Corn stover Peanut hulls 

% % % % 

Dry matter 26.4 40.2 91. 2 91. 7 

Composition of dry matter a 

Crude protein 60.4 44.1 7.1 7.2 Vl 
N 

Ash 28.0 34.5 7.4 4.6 

Ca 7.3 14.2 .55 1.3 

p 4.2 1.8 .09 .07 

Mg .23 .11 .12 .16 

Water soluble carbohydrates 2.0 3.7 4.7 8.6 

a b . Dry asis. 



TABLE 2. EFFECT OF KIND OF SEAFOOD WASTE ON THE FERMENTATION 
CHARACTERISTICS OF SEAFOOD WASTES AND CROP RESIDUES, SMALL SILO STUDYa 

Seafood wastes 
Item Fish Crab S.E. 

pH 6. 2 * 8.1 .04 

Lactic acid, %,dry basis 3.0 * . 75· .05 

Water soluble carbohydrates, %,dry basis 
Pre-ensiled 5.5 3.3 
Po~t-ensiled 1.4 * .70 .03 

Volatile fatty acid, %,dry basis 
Acetic 5.9 4.3 .43 
Propionic .68 .85 .06 
Isobutyric . 33 .41. .02 
Butyric 1. 2 * 2.7 .07 
Isovaleric .4~ .70 .04 
Valerie .Olk .11 .01 

aAveraged over crop residues, dry matter levels and additives. 
*Differences between fish and crab wastes (P < .05). 

U'1 
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the crab waste mixtures. Lactic acid levels were higher (P< .05) 

for ensiled mixtures containing fish. Water soluble carbohydrate dis-

appearance was more pronounced in ensiled crab waste mixtures compared 

to mixtures with fish waste (P < .05). Acetic acid tended to be higher 

for mi~tures containing fish than those containing crab waste (5.9 vs 

4.3%). Butyric acid levels were higher (P <.05) in silages containing 

crab waste. Small quantities of isobutyric, isovaleric and valeric acids 

were present. 

Kind of crop residue did not affect pH or levels of lactic acid 

(table 3). Water soluble carbohydrates after ensiling were similar 

for mixtures ensiled with peanut hulls and corn stover. Mixtures 

ensiled with corn stover had higher (P <.05) acetic acid than those 

ensiled with peanut hulls. Butyric acid levels were similar for both 

crop residues. 

Significant waste by crop residue interactions were recorded for 

pH and lactic acid. Post-ensiled pH of the fish corn-stover mixtures 

was lower (5.97) than for the fish-peanut hulls mixtures (7.06) but 

the pH values of mixtures containing crab waste were similar (8.18 vs 

8.06). Lactic acid showed similar trends but differences were not as 

large. 

Post-ensiled pH of the mixtures was similar among dry matter 

levels (table 4). Lactic acid levels increased with dry matter level 

up to 50% dry matter (quadratic effect, P <.05). Water soluble carbo-

hydrate level was lowest at 40% dry matter, indicating the highest 

disappearance, since initial levels were similar. Acetic acid was 

higher for mixtures ensiled at 40% dry matter than those ensiled at 



TABLE 3. EFFECT OF KIND OF CROP RESIDUE ON FERMENTATION CHARACTERISTICS 
OF SEAFOOD WASTES AND CROP RESIDUES, SMALL SILO STUDY 

CroE residues 
Item 

pH a 

Lactic acid, %,dry basisb 

Water soluble carbohydrates, %,dry basis 
Pre-ensiled 
Post-ensiled 

Volatile fatty acid, %,dry basis 
Acetic 
Prop ionic 
Isobuty_ric 
Butyric 
Isovaleric 
Valerie 

Corn stover Peanut hulls 

7.0 7.2 

1.8 1.9 

3.4 5.3 
1.1 .99 

6.2* 4.1 
.82 • 71 
.44* • 31 

2.1 1.8 
• fr5* .45 
.08 .06 

:Averaged over seafood waste, dry matter levels and additives. 
Kind of waste x crop residue interaction (P < .01). 

*Crop residues differ (P < • 05). 

S.E. 
-

.04 

.05 

lJ1 
lJ1 

.03 

.43 

.06 

.02 

.07 

.04 

.01 



TABLE 4. EFFECT OF DRY MATTER LEVEL ON FERMENTATION CHARACTERISTICS 
OF SEAFOOD WASTES AND CROP RESIDUES, SMALL SILO STUDYa 

Dry matter level 
Item 40 50 

pH 7.2 7.1 

Lactic acid, %, dry basisbc 1. 3 2.2 

Water soluble carbohydrates, %,dry basis 
Pre-ensiled 4.5 4.0 
Pos t-ensiledb .55 1.1 

Volatile fatty acid, %,dry basis 
Aceticbc b 7.4 4.0 . c 

1. 7 .46 ~~~~~~;~~Cb .64 .31 
B . c 3.3 1.6 utyric 
Isovale5icb .92 .44 
Valerie .12 .06 

:Averaged over seafood waste, crop residues and additives. 
Linear effect (P < • 01) . 

cQuadratic effect (P < .05). 

60 

7.1 

2.1 

4.6 
1.5 

4.0 
.11 
.18 
.88 
.29 
.02 

S.E. 

.04 

.05 

.03 

.43 
.06 
.02 
.07 
.04 
.01 

V1 
(J\ 
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50 and 60%, represented by a quadratic response (P <.05). Levels of 

propionic, butyric, isobutyric, isovaleric and valeric acids decreased 

linearly (P <.01) as dry matter level increased. Volatile fatty acid 

concentration decreased (P <.01) as the dry matter level increased in 

the mixtures. Barnett (1954) reported that moisture level is important 

during the ensiling process by permitting the packing of the ensiled 

mass to prevent additional fermentation. 

The test for proteus organisms was positive in all mixtures. Fol-

lowing ensiling, total coliforms and fecal coliforms were low (table 5), 

and were in fact eliminated in some mixtures (appendix tables 1 and 2). 

The test for proteus organisms was negative. No salmonella and shigella 

were detected before or after ensiling, and had not been detected in 

the seafood waste. 

Addition of dry molasses resulted in a decrease of pH to 5.6 

(P < .01) and an increase in lactic acid to 5.5%, dry basis, for the 

ensiled fish waste mixture but had no effect on the crab waste mixtures 

(table 6). Waste by additive interaction was recorded (P <.01). 

Addition of formic acid did not decrease pH or increase lactic acid. 

In fact, formic acid addition resulted in increased post-ensiled pH 

of the fish waste-crop residue silage. Similar results were obtained 

by Tatterson and Windsor (1974) when 3% (v/w) of formic acid was added 

to white fish offal. 

Substantial levels of acetic were present in the silages (table 7). 

Levels of all VFA except butyric and valeric were higher (P <.05) in 

fish waste mixtures ensiled without the addition of molasses and formic 

acid. Butyric acid was higher (P <.05) in mixtures ensiled with the 



TABLE 5. EFFECT OF KIND OF SEAFOOD WASTE ON TOTAL AND FECAL 
COLIFORMS OF ENSILED SEAFOOD WASTES AND 

CROP RESIDUES, SMALL SILO STUDYa 

Seafood wastes 
Item Fish Crab 

Total coliforms/g 250 

Fecal coliforms/g 43 

aAveraged over crop residues, dry matter levels and addi-
tives. 

4 

4 

l/1 
CX> 
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TABLE 6. EFFECT OF ADDITIVE ON ENSILING PARAMETERSa OF MIXTURES OF 
SEAFOOD WASTE AND CROP RESIDUES 

H20 soluble. 
Seafood Dry Lactic carbohydrate1 Fecal 
waste Additive matter pH bed acidbcdi Pre0 Post5cufi Coli forms I g coli forms/ g 

% % % % 

Fish None 42.10 6.5le l.89e 4.79 l.16e 3 0 

Fish Molasses 46.00 5 .64 f 5 .51 f 7.88 1.01 e 1045 8 

Fish Formic acid 42.40 6. 72g 1. 26g 3.66 2.05 f 1519 43 

Average 43.5 6.25 2.89 5.44 1.41 856 17 
lJ1 

8.12e .87e . 70e l.O 
Crab None 46.84 2.26 834 1 

Crab Molasses 48.54 8.00e .67f 5 .11 .70e 222 0 

Crab Formic acid 46.60 8.02 e .70 f 2.53 . 70e 1 4 

Average 47.3 8.04 .75 3.33 .70 352 2 

~Averaged over dry matter levels and crop residues. 
Waste ef feet (P < • 01). 
~Additive effect (P < • 01). 
~aste x additive interaction (P < .01). 

~ gValues within a waste and column with different superscripts are different (P < .05) . 
. Pre- and post-ensiled. 
1 Percent of dry matter. 



TABLE 7. EFFECT OF ADDITIVE ON VFAa PRODUCTION OF SEAFOOD WASTES AND CROP RESIDUES 

Seafood 
waste 

Fish 

Fish 

Fish 

Average 

Crab 

Crab 

Crab 

Average 

Additive 

None 

Molasses 

Formic acid 

None 

Molasses 

Formic acid 

Aceticbc 

9.33e 

3. 89f 

4.44f 

5.89 

4.64f 

4.37f 

3.98f 

4.33 

Volatile fatty acids 
Propionicbc Isobutyricb~utyricbca 

1. 35e 

.54f 

.59f 

.83 

l.OOe 

. 69f 

.85f 

.85 

.59e 

.16f 

.25f 

.33 

• 51 e 

.34f 

. 40f 

.42 

· 98e 

. 91 e 

1. 73f 

1.21 

2.43e 

2.69e 

2.86f 

2.66 

a bPercent of dry matter, averaged over dry matter levels and crop residue. 
Additive effect (P < .01). 

Isovalericbd 

.62e 

.20f 

.sog 

.44 

.94e 

.5of 

.55f 

.66 

~Seafood x additive interaction (P < .05). 
~eafood effect (P < .01). 

e gValues within a waste and column with different superscripts are different (P< .05). 

Valericoa 

.05e 

.Ole 

.03 

.07e 

.08e 

.18f 

.11 

(j\ 
0 
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add'ition of formic acid. The additives had minimal effects on VFA in 

crab waste silages. A waste by additive interaction existed for acetic, 

propionic, isobutyric and butyric acids (P <.05). The high levels of 

VFA and generally lower levels of lactic acid in the control silages 

indicate a VFA (mainly acetic) rather than lactic acid type of fermenta-

tion. 

In the present experiment, post-ensiled mixtures containing fish 

waste had the highest counts of both total and fecal coliforms when 

formic acid was added. Yeoh (1980) reported coliform counts of 13 x 

104 to 5.7 x 104 organisms/g for fish silage prepared with 2 or 3% 

formic acid. Beck (1978) found that formic acid had a pronounced 

inhibitory effect on the clostridia and the enterobacteriaceae1 but 

the effect was strongly dependent on the concentration of the acid 

used. At minute concentrations, the growth of undesirable organisms 

was actually promoted by formic acid. 

Good ensiling was observed in mixtures of fish waste and Johnson-

grass but the mixtures with crab waste did not ensile satisfactorily 

·(table 8). The pH of the ensiled mixture was 5.7 and lactic acid 

reached 3.5%, dry basis. The addition of molasses to mixtures con-

taining fish waste resulted in a decrease in pH to 4.5 and increased 

lactic acid up to 7%, compared to mixtures without additive. The 

addition of molasses to mixtures containing crab waste did not affect 

pH or lactic acid. A highly significant interaction between seafood 

wastes and additive was obtained for pH and lactic acid. A drastic 

decline in water soluble carbohydrates followed the increase in lactic 

acid production in the ensiled fish waste mixtures. 



TABLE 8 • FERMENTATION CHARACTERISTICS OF ENSILED SEAFOOD WASTESa AND JOHNSONGRASS 

Seafood 
waste 

Fish 

Fish 

Average 

Crab 

Crab 

Average 

Additive 

None 

Molasses 

None 

Molasses 

Dry matter 
(%) 

23.1 

26.6 

24.8 

34.6 

36.5 

35.6 

:1:1 mixture. 
Seafood effect (P < .01). 

c Additive effect (P < • 01). 

pHbcd 

5.67e 

4. 49f 

5 .10 

8.00 

7. 96 

. 7. 98 

Lactic 
acidbcdh 

3.5oe 

7.04f 

5.27 

1.04 

1.05 

1.04 

Soluble 
carbohydrate 

Preg Postbcdgn 

5.0 .5le 

12.8 .16f 

8.9 .34 

4.6 .49 

7.8 .42 

6.2 .46 

Coliforms/g 
Preg Postg 
x10 4 x10l 

3 0 

5 .06 

4 .03 

27 365e 

36 3187f 

32 1176 

d~eafood x additive interaction (P <.01). 
e Values within a waste and column with different superscripts are different (P <,05). 
·~Pre- and post-ensiled. 

Percent of dry matter. 

Fecal coliforms/g 
Preg Poslg 
Xl04 XlO 

280 0 

270 0 

275 0 

214e .83 

34of 0 

277 .41 

"' N 
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Levels of acetic acid were similar for fish mixtures ensiled with 

and without molasses (table 9), but acetic acid was higher (P <.OS) for 

crab mixtures ensiled alone than for mixtures ensiled with molasses. 

Regardless of additive, acetic acid levels were higher (P < .01) in 

mixtures containing fish, compared to mixtures containing crab waste. 

Butyric acid levels were higher (P <.01) in silages containing crab 

waste, averaging over 3%. Small quantities of propionic, isobutyric 

and isovaleric acids were present in the crab waste silages. After 

ensiling, coliform counts were higher in crab waste than fish waste 

silages. The coliforms were essentially eliminated in the fish waste 

silage and fecal coliforms were essentially eliminated in all mixtures 

after ensiling. 

Dry matter disappearance was extremely low for all laboratory 

silos, ranging from 1.2 to 3.5%. 

The results for crab waste silages clearly indicated that fer-

mentation characteristics for such silages were not desirable. The 

pungent ammonia odor that was quite evident upon opening the silos 

and moreso when the samples were placed in the oven for dry matter 

determination, complexed with the putrefaction, low lactic acid pro-

duction, drastic increases in pH and high butyric acid levels after 

ensiling seem to indicate that fermentation was of proteolytic/ 

sacchrolytic clostridial type. McCullough (1978) reported that reduced 

lactic acid concentration in silages may be due to the presence of 

clostridial organisms which affect pH by using lactate as a substrate 

and replacing this stronger acid with the weaker acid butyrate. The 

growth of clostridia in silages is undesirable since they act against 



TABLE 9 . EFFECT OF ADDITIVE ON VFA PRODUCTION OF SEAFOOD WASTES AND JOHNSONGRASS 

Seafood 
waste Additive Aceticb 

bVolatile fatty acidsa 
Prop ionic Isobutyricc Butyricb Isovaleric 

Fish None 10. ld .62d .14d .04d .14d 

Fish Molasses 9.9d - - .14e 

Average 10.0 .31 .07 .10 .07 

Crab None 6.0d 1.1 d .42d 3.0 d .51 d 

Crab Molasses 4.6e 1.0 d .35d 3.1 d .32e 

Average 5.3 1.1 .38 3.1 .42 

a bPercent of dry matter. 
Seafood effect (P < .01). 

~Additive effect (P < .01). 
eValues within a waste and column with different superscripts are different (P <.05). 

0\ 
~ 
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preservation by destroying lactic acid, leading to a pH rise (McDonald, 

1981). The clostridia reduce the nutritional value of the ensiled 

product by catabolism of amino acids, subsequently releasing ammonia. 

Another possible explanation for the poor fermentation obtained 

with crab waste silages may be due to the metabolism of trimethylamine 

oxide which consequently is reduced to ammonia, other volatile bases 

(Strom et al., 1979), formate formation, NaOH and methane. These 

metabolites subsequently result in increased pH. Trimethylamine oxide 

is found in the muscle of marine animals and is associated with protein 

metabolism, osmoregulation and excretion (Okaichi et al., 1959; Budd, 

1969). The presence of metabolites from trimethylamine oxide may have 

served as substrates for clostridial organisms. The reduction of these 

metabolites results in high levels of butyric acid, low lactate and a 

foul smelling silage brought about by the catabolism of amino acids. 

This condition is more prevalent in low dry matter silages (McDonald, 

1981). The results from the crab mixture ensiled at 40% dry matter, 

clearly seem to support the preceeding, since improvement in odor and 

reduction in butyric acid levels did occur as the level of crab waste 

decreased in the mixtures. If clostridial organisms were responsible 

for the poor results obtained with crab waste mixtures, then altering 

the environment should discourage their growth. 

In the intermediate experiments on improving ensiling of crab 

waste, most of the treatments had minimum or no effects. The pH values 

are given in appendix tables 3 to 6. A high level (5%) of a mixture 

of propionic and sulfuric acids was beneficial to ensile crab waste. 

However, the pH was reduced only to 6.81 (appendix table 3). Silages 
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made with propionic acid alone had a strong salty-ammonia odor and 

showed drastic increases in pH. 

After ensiling crab waste-corn stover mixtures with various acid 

additives and 1. plantarum culture, all mixtures were putrified and 

had a strong ail}Illonia-like odor. There was an elevation in post-

ensiled pH in all treatments, and addition of 1. plantarum did not 

enhance fermentation. In fact, mixtures ensiled with 1. plantarum 

showed the sharpest increase in post-ensiled pH. Whittenbury (1961) 

first defined criteria which a potential microorganism should satisfy 

for use in silage production. He suggested that such an organism 

must have a high growth rate and be able to compete with and dominate 

other organisms likely to occur in silage. Secondly, the organism 

must be acid-tolerant and produce a final pH of 4 quickly. The 

failure of 1. plantarum in this experiment may be due to the failure 

to achieve a low initial pH. Also, the pH drop may have been relatively 

slow, consequently allowing clostridial activity in the early stages of 

fermentation before being inhibited. The presence of clostridia would 

suppress the explosive growth of 1. plantarum, consequently resulting 

in increased pH. Rate of pH fall, therefore, is an important feature 

of preservation. 

Addition of lactic acid and a mixture of phosphoric and hydro-

chloric acids in amounts to give a pre-ensiling pH of 4.5 resulted in 

post-ensiling pH of about 6.5 and 6.3, respectively. Silages made with 

ethanol addition had over 2% lactic acid after ensiling, but there was 

no change in pH. Byers et al. (1982) reported a 25% increase in lactic 

acid production and a 52% reduction in energy loss when ethanol was 
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added to corn silage. The response to ethanol in this study deserves 

further investigation. Lactic acid was highest (P < .05) in mixtures 

ensiled with lactic acid and showed a slight decrease after ensiling. 

Post-ensiled levels of lactic acid increased up to 1.84% for the 

60:40 mixture ensiled with phosphoric and hydrochloric acids. The 

only acid tested which resulted in a pH less than 5 was acetic acid 

(tables 10 and 11). Acetic acid inhibited lactic acid formation. 

Addition of 2-bromoethane sulfonic acid had no effect on odor, pH or 

lactic acid of the silages. Addition of L. plantarum culture had no 

effect on the fermentation parameters studied. 

Large Silo Study 

Composition and Ensiling Characteristics. The dry matter content 

of the fish waste was 26.4%, while that of the crab waste was 40.4% 

(table 12), similar to the seafood wastes used in the small silo study. 

Average dry matter for wheat straw was 91.3%. Crude protein content 

for the fish and crab processing wastes was 59.8 and 45.3%, dry basis, 

respectively. Crude protein for the straw was 5.5%, dry basis, which 

is slightly higher than previously reported (Herrera-Saldana et al., 

1983). Ether extract was considerably higher in fish waste than crab 

waste (16.5 vs 4.3%), but ~sh content was higher in crab processing 

waste. The ether extract of fish waste is similar to the 16.3% reported 

by Raa and Gilberg (1976) for herring offal but higher than for fish 

meal (Sparre, 1965). Water soluble carbohydrates were 2.1, 3.6 and 

3.3%, dry basis, for fish waste, crab waste and wheat straw, respec-

tively. Calcium was high in both seafood wastes. Phosphorus content 

in both wastes was considerably less than the wastes used in the small 



TABLE 10. EFFECT OF ADDITIVES ON pH AND LACTIC ACID OF ENSILED CRAB 
WASTE AND CORN STOVERa 

Additive 
Item None Acetic acid Phosphoric + Hcl Lactic acid Ethanol L. plantarum S.E. 

pH 
Pre-ensiled 7.46b 4.24 4.82d 4.4 d 7.5 b 6.1\ °' Post-ensiled 7.42 4.75c 6.34 6.60 7.5 7.36 .21 00 

Lactic acid, % dry basis 
Pre-ensiled .43 .54 • 72 6.25 .46d .10 
Post-ensiled 0 0 l.84b 5.68c 2.53 .97e "18 

:6~:40 wet basis. 
c eMeans in the same row having different superscripts differ (P <.05). 



TABLE 11. EFFECT OF ADDITIVES ON pH AND LACTIC ACID OF ENSILED 
CRAB WASTE AND CORN STOVERa 

Additive 
Item None Acetic acid Phosphoric + Hcl Lactic acid S.E. 

pH 
Pre-ensiled 6 .8lb 4.54 5.58d 4.80d 

(j\ 

'° Post-ensiled 7.02 5.14c 6.30 6.34 .26 

Lactic acid 
Pre-ensiled l.OOb .54 .6\ 3.76d 
Post-ensiled .20 .05c .34 3.46 .21 

a4~:60 wet basis. 
be Means in the same row with different superscripts differ. 



TABLE 12. CHEMICAL COMPOSITION OF SEAFOOD WASTES AND STRAW 
USED IN LARGE SILO STUDY 

Item Fish waste Crab waste Straw 

Dry matter, % 26.4 40.4 91. 3 

Composition of dry 'matter'! % 
Crude protein 59.8 45.3 5.5 
Ether extract 26.5 4.3 .45 
Ash 28.1 33.4 5.2 "-l 

Ca 7.5 12.7 .41 0 

p • 71 .35 .08 
Mg .20 . 70 .14 
Na .52 1. 33 .26 
K 1.10 .74 .12 
NDF 80.1 
ADF 52.6 
Cellulose 39.1 
Lignin 10. 7 
Water soluble carbohydrates 2.1 3.6 3.3 

aDry basis. 
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silo study. Magnesium and Na contents were higher for the crab, how-

ever, K content was higher for the fish than for the crab waste. 

There was a tendency for mixtures containing fish ensiled at a 

high level (70:30) to have a slightly offensive odor. No surface or 

subsurface mold was observed. The texture of mixtures containing crab, 

especially the 60:40 mixture, was desirable and no offensive odor was 

detected. 

Dry matter of the seafood waste-straw silages was within the range 

to produce good silage (table 13). Differences in composition of the 

fish and crab processing wastes are reflected in the chemical compo-

sition of the seafood silages. Since straw is decidedly deficient in 

crude protein, and feeding it often requires supplementing with a con-

ventional protein meal, the increase in crude protein associated with 

seafood wastes addition could provide substantial savings in feed costs 

when straw diets are fed. As the level of seafood wastes in the 

silages decreased, there was a concomittant decrease in ether extract, 

ash and mineral contents. The increased mineral content with respect 

to seafood wastes addition is expected to supply essential minerals, 

especially Ca, P and Mg. Cell wall fractions in the silages reflect 

the level of straw included in the mixtures, increasing as the level of 

seafood wastes decreased. 

All mixtures containing fish and straw showed a decrease in pH 

after ensiling (table 14). The pH of the 70:30 mixture was 6.3, com-

pared to 5.4 for the 51:49 mixture (P <.01). Unlike previous studies, 

mixtures containing crab waste showed only a very slight increase in 

post-ensiled pH, indicating that sufficient acetic acid was added to 



TABLE 13. CHEMICAL COMPOSITION OF ENSILED SEAFOOD WASTE 
AND STRAW, LARGE SILO STUDY 

Fish waste:straw a Crab waste:strawb 
Item 70:30 51:49 60:40 40:60 Straw 

Dry matter, % 45.2 58.4 61.5 66.9 53.1 

Composition of dry matter c 
Crude protein 31. 5 20.8 17.3 13.1 9.4 
Ether extract 5.5 2.8 . 32 .27 .44 
NDF 55.2 66.2 49.8 67.2 79.4 
ADF 37.9 44.3 35.1 46.5 53.9 
Cellulose 26.6 32.6 26.0 34.1 39 .1 -...J 

N 

Hemicellulose 17.3 21.9 14.7 33.l 25.5 
Lignin 11.6 10.6 7.9 11. 3 13.0 
Ash 9.0 7.3 17.5 11.1 5.2 
Ca 1. 78 1. 27 6.33 3.31 .41 
p .501 .381 . 308 .226 .080 
Mg .160 .132 .415 .267 .138 
Na .450 .381 .637 .465 .263 
K .166 .141 .125 .123 .124 

:Proportions of fish waste and straw, wet basis. 
Proportions of crab waste and straw, wet basis. c Percent of dry matter. 



TABLE 14. FERMENTATION CHARACTERISTICS OF THE SILAGES USED IN LARGE SILO STUDY 

Item 
Fish waste-straw 
70:3oa 51:49a 

pH 
Pre-ensiled bcde 
Post-ensiled 

Lactic acid, %idry basis 
Post-ensiledocde 

Water soluble carbohydrate, %,dry basis 
Pre-ensiled d 
Post-ensiledc e 

Acetic acid, % of dry matter 
Pre-ensiling 
Post-ensilingbcde 

7.56 
6.26 

1.28 

2.60 
.54 

0 
5.55 

aProportion of waste and straw, wet basis. 
bMixtures containing fish waste differ (P <.01). c dMixtures containing crab waste differ (P <.01). 

Fish waste different from crab waste (P <.01). 
eStraw different from seafood silages (P <.01). 

7.23 
5.24 

3.39 

3.10 
.75 

0 
1. 30 

Crab waste-straw 
60:40a 40:6oa Straw 

4.63 4.58 6.86 
4.91 4.61 4.28 

.11 0 3.61 

3.46 3.08 3.28 
3.38 3.00 1.08 

9.95 14.63 0 
8.68 13.81 .80 

S.E. 

.04 

.24 

-...J 
w 

.11 

.43 
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buffer the effect of the bases already present and produced. 

Lactic acid was higher for the 51:49 than for the 70:30 fish 

waste-straw mixture (P <.01). Values were 3.4 and 1.3%, dry basis, 

respectively. Addition of acetic acid to mixtures cont~ining crab 

apparently inhibited fermentation, since it decreased production of 

lactic acid, relative to the other silages. Water soluble carbohydrate 

disappearance was most dramatic in mixtures containing fish waste-

straw. The decrease in water soluble carbohydrates for these treat-

ments is indicative of fermentation of sugars in such silages. Levels 

of water soluble carbohydrates showed no appreciable disappearance in 

the 60:40 and 40:60 crab waste mixtures after ensiling. 

Acetic acid was the only volatile fatty acid detected in the 

silages after ensiling. Higher levels of acetic acid were present in 

the 70:30 fish waste-straw mixture, compared to the 51:49 mixture 

(P <.01). This is probably a reflection of the higher lactic acid level 

present in the 51:49 mixture. Acetic acid contents of the 60:40 and 

40:60 crab silages reflected acid treatments, with greater (P < .01) 

levels of aceti~ acid present in the 40:60 mixture than the 60:40 

mixture. The lack of water soluble carbohydrates disappearance, coupled 

with the failure to produce lactic acid when acetic acid was added could 

cause speculation that acetic acid is more effective in minimizing 

energetically inefficient fermentation pathways and in conserving 

ensiled energy since the products of ermentation always result in 

considerable energy being lost. 

The results from this study indicate that a suitable method of 

ensiling can be used effectively to process seafood waste and low 
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quality roughages. It is quite possible that a better fermentation 

pattern could have been obtained with crab waste mixtures had extremely 

large quantities of readily available carbohydrate and a mixed bacterial 

culture applied. 
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SEAFOOD WASTE II. DIGESTIBILITY, NITROGEN AND MINERAL 
BALANCE AND PALATABILITY BY SHEEP OF ENSILED 

SEAFOOD WASTES AND STRAW 

SUMMARY 

Ensiled mixtures of seafood wastes and wheat straw ~ere evaluated 

in digestion, nitrogen and mineral balance and palatability trials with 

sheep. Thirty-six crossbred wethers were fed a 1) basal diet (hay and 

concentrate) alone or a 1:1 ratio, dry basis, of basal and 2) ensiled 

fish waste and straw (70:30, 3) ensiled fish waste and straw (51:49), 

4) ensiled crab waste and straw (60:40), 5) ensiled crab waste and straw 

• (40:60) and 6) ensiled wheat straw (50% moisture). Dry matter digesti-

bility was higher (P < .01) for the diet containing the 70:30 than for the 

diet containing 51:49 fish waste-straw silage. There was no difference 

in dry matter digestibility between the crab silages, however, org'anic 

matter digestibility was higher when the silage with the high level of 

crab waste was fed (P < • 01). Crude protein digestibility was higher (P < 

.01) for diets containing ensiled fish waste, compared to diets containing 

ensiled crab waste. Fecal N excretion was not different among the seafood 

silage diets, but urinary N excretion was higher (P< .01) for sheep fed 

the fish waste silage diets than for those fed crab waste. Urinary N 

excretion was also higher (P< .01) for animals fed the 70:30 fish waste 

silage diet than for those fed the 51:49 silage diet. Nitrogen retention 

was positive for sheep receiving all diets. As percent of intake and 

absorbed, N retention was higher (P < • 01) for animals fed the crab 

waste silage diets, compared to those receiving diets containing fish 
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waste silage. Blood urea N was higher (P < .01) for sheep fed diets con-

taining fish silage compared to those fed crab silage. Absorption of 

P was higher (P < • 01) among animals consuming the fish silage diets than 

for those receiving the crab silage. Retention of Mg and K was negative 

for sheep receiving all diets. Crude protein digestibility of the 70:30 

and 51:49 fish waste and the 60:40 and 40:60 crab waste and straw silages, 

calculated by difference, was 84, 64, 55, 49 and 23%, respectively. 

Among the seafood silages, intake of dry matter was highest (P < .01) for 

sheep consuming the 60: 40 crab waste silage diet and lowest (P < • 01) for 

sheep fed the 70:30 fish waste silage diet. 

(Key words: Seafood Wastes, Straw, Ensiling, Digestibility, Palatability, 

Sheep.) 



INTRODUCTION 

The disposal of the large quantities of wastes generated from sea-

food processing presents a major problem due to unfavorable odor, high 

moisture content and regulation concerning disposal of wastes or by-

products. The production of meal would seem to be a logical use for 

such seafood waste, but the high costs of drying and processing are 

deterrents to profit from this procedure. Also, an elaborate network 

would have to be established for collecting the wastes from the usually 

small seafood processing plants. 

The process of ensiling has been used to process animal excretory 

wastes (Fontenot et al., 1983). The change in pH and heat produced 

during ensiling are effective in destroying pathogens. Fish wastes 

have been ensiled alone for use as animal feed (Tatterson and Windsor, 

1974; Backhoff, 1976). This process involves autolysis of the wastes 

in sealed containers. It appears that coliforms, typhoid bacteria, 

staphylococci and even spores of Clostridium botulinum are destroyed 

in fish silage (Wirahadikusumah, 1968; James et al., 1977). 

The increasing production costs of high quality forages and 

pressure to use grains for human food has stimulated interest in the 

use of crop residues in ruminant diets. Wheat straw is one of the most 

commonly available crop residue throughout the world and is usually 

produced in geographic areas where beef cattle are also found (~cock 

et al., 1979). It is low in digestible energy, protein and minerals, 

but is high in dry matter. Since seafood wastes are rich in protein 
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and minerals__ but low in dry matter, ensiling of seafood wastes as part 

of a mixture with straw could make a desirable, economical and manage-

able product. Mixtures of the high moisture seafood wastes and the low 

moisture straw have been shown to produce acceptable silages (Experiment 

I) . 

This research was done to evaluate the nutritive value and voluntary 

intake by sheep of ensiled mixtures containing different proportions of 

fish and crab processing wastes and wheat straw. 



EXPERIMENTAL PROCEDURE 

Mixtures of finfish and crab processing wastes were ensiled with 

ground wheat straw in 210-liter metal drums double lined with double 

.08 mm polyethylene bags, with 5% dry molasses included in the mixtures. 

The fish and straw were ensiled in combinations of 70:30, and 51:49, 

wet basis, while crab and straw were ensiled in combinations of 60:40 

and 40:60, wet basis. The proportions of seafood wastes were similar 

for the silages containing the lower and higher levels of waste. Acetic 

acid was added to the mixtures containing crab waste to lower the 

initial pH to 4.5. All mixtures were packed firmly to remove excess 

air. The bags were sealed with plastic-coated wire and stored upright 

in an open shed until initiation of sheep feeding studies. A complete 

description of the seafood wastes·, straw and preparation of the silages 

is given elsewhere (Experiment 1). 

Digestibility and Balance Trial 

Thirty-six crossbred wether lambs (average weight, 34 kg) were used 

in a metabolism trial. Lambs were blocked according to breed type 

and body weight and randomly allotted to the following six treatments: 

1) basal composed of 50% orchardgrass hay (IFN 1-03-427), 38.3% corn 

(IFN 4-02-931), 11.4% soybean meal (IFN 5-20-637), .3% limestone (IFN 

6-02-632); 2) 50% basal and 50% of the 70:30 fish waste-straw silage; 

3) 50% basal and 50% of the 51:49 fish waste-straw silage; 4) 50% 

basal and 50% of the 60:40 crab waste-straw silage; 5) 50% basal and 

50% of the 40:60 crab waste-straw silage; 6) 50% basal and 50% ensiled 
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wheat straw, dry basis. All lambs were administered 2000 I.U. of 

vitamins A and D supplement I.M. prior to the start of the trial. 

The sheep were placed in false bottom metabolism stalls similar 

to those of Briggs and Gallup (1949) permitting separate collection of 

urine and feces. A 2-d adaptation period to the stalls and a 5-d 

transition period to the experimental diets were followed by a 10-d 

preliminary and a 10-d period during which feces and urine were col-

lected. The sheep were fed 780 g dry matter/d of each diet, plus 10 g 

iodized salt daily in equal portions during 2 h feeding periods at 12 

h intervals. Two days before the start until 2 d prior to the end of 

the collection period, the diet components were sampled at each feeding. 

The silage samples were frozen daily in c:Wuble-thickness plastic bags 

and composited at the end of the trial. Refusals were composited daily 

by animal and frozen. At the end of the collection period the refusals 

from each animal were weighed and subsampled. 

Feces were collected once daily and dried for 24 h at a maximum 

of 60 C in a forced-draft oven. Fecal collections were composited 

daily by animal in metal cans with loose fitting lids and allowed to 

air equilibrate. At the end of the collection period the feces from 

each animal were weighed, mixed and subsampled. Procedures for col-

lecting and handling the urine were similar to those described by 

Bhattacharya and Fontenot (1965). 

Kjeldahl N was determined on wet samples of silage, basal, 

straw, urine and feces (AOAC, 1980). Dry matter of all material was 

determined by drying duplicate 200 g samples in a forced-draft oven 

at a maximum of 60 C for 48 h. These samples were allowed to air 
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equilibrate, composited, ground to pass a 1 mm sieve and analyzed for 

dry matter, ether extract, ash (AOAC, 1980), neutral detergent fiber 

(NDF) by the method of Van Soest and Wine (1967), acid detergent fiber 

(ADF) by the procedure of Van Soest (1963), lignin and cellulose (Van 

Soest and Wine, 1968). Feed and fecal samples were wet ashed by the 

method of Sandel (1950). Feed, fecal and urine samples were analyzed 

for Mg and Ca by atomic absorption and Na and K by emission spectro-

photometry utilizing a Perkin-Elmer 403 Atomic Absorption Spectropho-

tometer. Lanthanum oxide was included in dilutions for Mg and Ca 

analyses. Samples were analyzed for P by the method of Fiske and 

Subbarow (1925). 

At the conclusion of the collection period rumen ingesta samples 

were taken via stomach tube 2 h after feeding. The rumen fluid was 

strained through four layers of cheesecloth and the pH of the strained 

fluid was determined electrometrically. Samples of the strained ruminal 

fluid were prepared for determination of ruminal ammonia nitrogen 

(Conway, 1958) and volatile fatty acids (Erwin et al., 1961). Blood 

samples were taken the .same day by jugular puncture 6 h after feeding 

and analyzed for blood urea nitrogen (Coulombe and Favereau, 1963). 

Palatability Trial. Thirty-six crossbred wether lambs with an 

average body weight of 29 kg were placed in six bloeks of six animals 

by breed and weight, and allotted to the six diets that were fed during 

the metabolism trial. The lambs were kept in individual 1.2 m x 4 m 

stalls in a semi-enclosed barn. Water was provided ad libitum and 

lambs had access to iodized salt. The sheep were provided with fresh 

feed every 12 h at about 10% in excess of intake. The trial consisted 
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of a 12-d transition period during which the experimental diets were 

gradually introduced. A 10-d preliminary period preceded a 10-d 

measurement period. During the measurement period refusals were 

collected once daily, weighed, dried at 70 C in paper bags in a forced-

draft oven and weighed. Diet components were sampled throughout the 

measurement period. The samples were frozen in double-thickness 

plastic bags after each feeding. At the end of the trial, diet com-

ponents were composited by treatment, thoroughly mixed and a sample 

was removed for dry matter determination. 

The sheep were weighed before the start and at the end of the 

palatability trial. The average value of the initial and final weights 

was used to determine metabolic size (Wkg· 75) on which dry matter 

intake was calculated. 

Statistical Analyses. Data from the metabolism and palatability 

trials were analyzed using the GLM procedure of the Statistical Analysis 

System (SAS, 1979). Differences among treatments were tested using 

the following orthogonal contrasts: 1) basal vs silages; 2) 70:30 

fish waste-straw silage vs 51:49 fish waste-straw silage; 3) 60:40 

crab waste-straw silage vs 40:60 crab waste-straw silage; 4) fish waste 

vs crab waste-straw silage; 5) seafood wastes-straw silages vs ensiled 

straw. 



RESULTS AND DISCUSSION 

Chemical Composition. Dry matter of the basal diet was 89.8% and 

crude protein content averaged 12.4%, dry basis (table 15). The addi-

tion of seafood wastes to the straw at ensiling time resulted in 

increases in crude protein, ash, Ca, P, Mg and Na contents of the 

resulting silages. A more complete description and discussion of the 

chemical composition of the silages is presented elsewhere (Experiment 

1). 

Apparent digestibility. In no case was the effect of block 

significant throughout the trials. Dry matter and organic matter 

digestibilities were highest (P< .01) for the basal diet and lowest 

for the straw (table 16). Dry matter digestibility was higher (P< .01) 

for the diet with 70:30 fish waste and straw silage than for the 

diet with the 51:49 fish waste and straw silage. There was no 

difference in dry matter digestibility between the crab silages, 

however, dry matter digestibility tended to be higher for the diet 

containing the silage with the higher proportion of crab waste. 

Organic matter digestibility of the diet with the higher level of 

crab silage was higher than for the diet with the lower level (P< .01). 

The dry matter digestibility of the 60:40 crab waste-straw silage 

diet was similar to digestibility values reported by Patton et al. 

(1975) when 10 and 20% crab meal was added to the diet of young 

ruminating calves. 

Crude protein digestibility was higher (P< .01) for diets con-
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TABLE 15. CHEMICAL COMPOSITION OF BASAL AND SILAGES FED IN 
SHEEP METABOLISM AND PALATABILITY TRIALS 

Silages 
Fish waste:straw Crab waste:stra~ 

Item Basal 70:30a 51:49a 60:40° 40:60 Straw 

Dry matter, % 89.8 45.2 58.4 61.5 66.9 53.1 

Composition of dry matterc 
Crude protein 15.4 31.5 20.8 17.3 13.1 9.4 
NDF 53.4 55.2 66.2 49.8 67.2 79.4 
ADF 29.3 37.9 44.3 35.1 46.5 53.9 
Cellulose 21. 7 26.6 32.6 26.0 34.1 39.1 co 
Hemicellulose 24.1 17.3 21.9 14.7 33.1 25.5 co 

Lignin 6.8 11.6 10 .6 7.9 11.3 13.0 
Ether extract 2.3 5.5 2.8 .32 .27 .44 
Ash 7.3 9.0 7.3 17.5 11.l 5.2 
G.? • 72 1. I8 1.27 6.33 3.31 ... 41 
p .184 .501 .381 .308 .226 .080 
Mg .261 .160 .132 .415 .267 .138 
Na .264 .450 .381 .637 .465 .263 
K .130 .166 .141 .125 .123 .124 

~Proportions of fish waste and straw, wet basis. 
Proportions of crab waste and straw, wet basis. G,o c Percent of dry matter. 

. ' 
:J {) .~ 

,;,~ 



TABLE 16. APPARENT DIGESTIBILITY OF PROXIMATE COMPONENTS AND CELL WALL FRACTIONS 
BY SHEEP FED BASAL AND SEAFOOD WASTE-STRAW SILAGES 

Diets a 
Basal and ensiled mixtures, 1:1 dry basis 

Fish waste:straw 
Item Basal 70:30 51:49 

Apparent digestibility, % 
Dry matterbc 74.1 62.6 58.6 
Organic matterbcd 75.4 65.5 60.5 
Crude proteine 69.5 76.5 66.6 
Ether extractb 71.4 92.7 82.5 
NDFb 71.8 56.5 53.2 
ADFb 66.9 50.6 46.4 
Celluloseb 42.1 59.6 52.4 
Hemicelluloseb 78.4 66.1 63.9 

aDiets contained 50% basal and 50% silage, dry basis. 
bBasal and silages differ (P <.01). 
~Fish silages differ (P < .01). 

Crab silages differ (P <.05). 
eFish silages differ from crab silages (P <.01). 

Crab waste:straw 
60:40 40:60 Straw 

-z-

60.7 58.9 48.6 
65.4 61.6 49.3 
62.3 59.3 44.5 
82.1 82.7 75.8 
56.0 55.9 44.2 
57.8 50.8 36.2 
58.7 55.2 43.1 
71.1 64.4 57.2 

S.E. 

. 92 

. 94 
3.39 CXl 

\.0 

4.73 
1. 31 
3.84 
3.14 
3.06 
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taining ensiled fish waste-straw compared to diets containing ensiled 

crab waste-straw. There was a tendency for crude protein digestibility 

to increase with level of seafood wastes in the mixtures. The lower 

crude protein digestibility for the diet with ensiled straw, compared 

to the other diets, is undoubtedly related to the lower crude protein 

content of this diet. 

Apparent digestibility of ether extract was lower (P < .01) for 

the basal diet than for the seafood waste-straw silage diets. There 

was no difference in ether extract digestibility among the seafood 

diets, however, digestibility tended to be higher for diets containing 

the higher level of fish waste silage. These data support those of 

Lucas and Loosli (1944) who reported that ether extract digestibility 

was related to the level of fat in the diet. 

Digestibility of the cell wall fractions except cellulose was 

higher (P <.01) for the basal than the seafood silage diets. Cellulose 

digestibility was lower (P <.01) for animals fed the basal diet. 

Digestibility of the cell wall fractions was lowest for straw con-

taining diet and tended to increase with increasing levels of seafood 

waste in the diet. The higher protein content of the other diets 

compared to the diet with straw may explain part of the increased 

digestibility of fiber of these diets. Since it has been reported by 

Forbes and Garrigus (1943) that protein-rich feeds promote the micro-

biological breakdown of fiber. Armsby (1917) and Efott and Holdaway 

(1917) reported that in a low protein diet the digestibility of 

nutrients is lower than in a diet having a high protein content. 

Nitrogen intakes were different (P <.01) among the diets (table 
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17). Since dry matter intake was the same among diets, the differences 

in N intakes were related to the N contents of the diets. 

Fecal N excretion was not different among the seafood silage 

diets, but was higher for sheep fed the diet with ensiled straw. 

Urinary N excretion was higher (P <.01) for the fish waste silage diets 

than for the crab waste silage diets. Urinary N excretion was also 

higher (P <.01) for the diet containing 70:30 fish waste-straw silage, 

compared to the diet with the 51:49 fish waste-straw silage diet. 

Since animals on the 70:30 fish waste-straw silage diet were consuming 

the largest quantity of N, the increased urinary N loss may be associ-

ated with increases in N intake. Tagari et al. (1964) reported that 

at high N intake, it is utilized with lower efficiency, resulting in a 

high percentage of the ingested N appearing in the urine. This leveling 

effect is characteristic of many ordinary ruminant diets but can be 

modified by a number of factors affecting rumen ecology (Van Soest, 

1982). 

Nitrogen retention was positive for sheep receiving all diets. .As 

percent of intake and absorbed, N retention was higher (P <.01) for 

animals fed the crab waste-straw silage, compared to those receiving 

diets containing fish waste-straw silage. If the requirement for N 

has been met, increasing dietary protein or N intake generally is 

balanced by increasing urinary loss (Van Soest, 1982). The carbon 

chains of some of the excess amino acids cont.ained in the protein can 

be utilized as an energy source, however, this pro~ess results in an 

increased metabolic expense associated with the excretion of the 

excess N (Tyrell et al., 1970). In every case, N balance was in favor 



TABLE 17. NITROGEN UTILIZATION OF SHEEP FED BASAL AND SEAFOOD WASTE-STRAW SILAGES 

Diets 
Basal and ensiled mixtures, 1:1 dry basis 

Fish waste:straw 
Item Basal 70:30 51:49 

. I a b c d Nitrogen intake, g d ' ' ' 20.4 28.S 23.0 

Nitrogen excretion, g/d 
Fecal b d 5.2 5.2 s.s 
Urinal? d' 12.2 20.9 15.2 
Total ' 17.4 26.1 20.8 

Nitrogen retention 
Grams/cl d 3.0 2.4 2.3 
Percent of intake d 14.6 8.2 9.7 
Percent of absorbed 19. 8 9.7 12.S 

~Basal and silages differ (P <.01). 
Fish silages differ (P <.01). 

~Crab silages differ (P < • 01). 
Fish silages differ from crab silages (P <.OS). 

Crab waste:straw 
60:40 40:60 Straw 

21.1 18.4 15.9 

5.7 5.8 6.4 
10.9 8.7 8.0 
16.7 14.S 14.4 

4.4 3.9 1.5 
20.7 21. 3 9.2 
27.9 30.6 13.8 

S.E. 

.22 

.17 
1. 22 \0 

1.52 N 

1. 31 
5.43 
7.45 
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of the crab waste silage diets. The superior N retention on diets 

containing crab waste silage, compared to diets containing fish waste 

silage may possibly be due to some undegraded dietary protein, in addi-

tion to microbial protein passing from the rumen to the abomasurn. 

Substantial amounts of protein slightly soluble in rumen fluid are 

known to escape microbial degradation in the rumen and become available 

for digestion and absorption further down the tract, therefore, leading 

to a greater N retention (Hurne, 1970). 

Intakes of Ca were highest (P < .01) for animals fed the crab waste 

silage diets (table 18). Fecal excretion of Ca was higher (P <.01) 

for animals consuming the 60:40, compared to those fed the 40:60 crab 

waste-straw silage diet, reflecting differences in intake. However, 

the absolute amount of Ca absorbed tended to reflect Ca intakes except 

for animals fed the 70:30 fish waste silage diet. Calcium retention, 

expressed as grarns/d or percent of intake, was not different among the 

seafood silage diets, but there was a trend towards higher Ca retention 

in animals fed crab waste silage diets, compared to those receiving 

diets containing fish waste silage. 

Due to the dilution of the urine the P content was too low to be 

determined, and therefore retention could not be calculated. Intake 

of P was lower (P <.01) for animals receiving the crab silage diets 

than those receiving fish silage diets, reflecting differences in P 

content of the silages (tablf: 19). Absorption of P, expressed as grams/ 

d was higher (P< .01) for animals consuming the fish silage diets than 

those receiving the crab silage, related to differences in intake. 

Among animals receiving the fish waste silage diets, P absorption was 



TABLE 18. CALCIUM BALANCE IN SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets 
Basal and ensiled mixtures, 1:1 dry basis 

Fish waste:straw Crab waste:straw 
T tt..11 Basal 70 :30 51:49 60:40 40:60 Straw 

a b c d Intake, g/d ' ' ' 5.6 9.5 7.8 27.4 15.8 4.4 

Excretion, ~/d 
Fecala,c, 3.2 10.1 6.1 22.4 12.8 3.3 
Urinary .20 . 35 . 32 .19 .27 .20 
Totala,b,c,d 3.4 10. 4 6.3 22.6 13.1 3.5 

Absorption, g/ d 2.4 - .54 1. 7 5.1 3.0 1.1 

Retention 
Grams/d 2.2 - .90 1.5 4.8 2.7 .90 
Percent of intake 39. 7 -8. 4 17.8 17.9 17.1 21.0 

~Basal and silages differ (P < .01). 
Fish silages differ (P < .01). 

~Crab silages differ (P <.01). 
Fish silages differ from crab silages (P <.01). 

S.E. 

.03 

1. 79 
.06 

1. 83 

1. 79 

1. 79 
17.26 

\() 
~ 



TABLE 19. PHOSPHORUS ABSORPTION IN SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets 
Basal and ensiled mixtures 2 1:1 dry basis 

Fish waste:straw 
Item Basal 70 :30 51:49 

a b c d Intake, g/d ' ' ' 1. 44 2.54 2.18 

Excretion, g/d 
Fecal a .54 .95 . 97 

Absorption 
Grams/db,c,d .90 1.59 1. 21 
Percent of intakec 62.4 62.8 55.4 

~Basal and silages differ (P< .05). 
Fish silages differ (P <.01). 

~Crab silages differ (P <.05). 
Fish silages differ from crab silages (P< .01). 

Crab waste:straw 
60:40 40:60 Straw 

1. 92 1.60 1.01 

.74 .99 .99 

1.17 .61 .02 
61. l 38.1 1. 2 

S.E. 

.02 

'° .11 ln 

.11 
7.04 
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higher (P< .01) for those fed the 70:30 diet. Manston (1967) found 

that absorption of P increased when the dietary intake of the element 

increased. Absorption, expressed as a percent of intake was drastically 

depressed (P <.01) when animals were fed the 40:60, compared to those 

fed the 60:40 crab waste-straw silage diet, again a reflection of intake. 

Fecal excretion of Mg was not significantly different among sheep 

fed the diets containing seafood silages, however, there was a trend 

towards increased fecal excretion of Mg as the level of crab waste 

increased (table 20). There was no difference in urinary excretion 

of Mg between sheep fed the basal and seafood silage diets. Urinary 

excretion of Mg was considerably higher than fecal excretion. In 

lactating beef cows it has been shown that urinary Mg was highly 

related to the amount of Mg fed (O'Kelley and Fontenot, 1969). Absorp-

tion of Mg was higher (P <.05) among animals fed the high level of 

crab silage compared to those receiving the low level, a reflection 

of intake. Retention of Mg was negative for sheep receiving all diets. 

Fecal excretion of K showed a tendency towards decreased 

excretion as the level of both fish and crab increased and was highest 

for animals fed the straw diet (table 21). These data indicate better 

absorption from seafood wastes than straw. 

Intakes of Na were higher (P <.01) for sheep fed the crab silage 

than for those fed fish silage diets (table 22). Kind of seafood fed 

affe:ted (P< .05) the fecal excretion of Na, with animals consuming 

fish silage diets excreting more Na via the feces than those fed crab 

diets. This resulted in Na absorption being higher (P <.01) for 

animals receiving the crab silage diets. Na absorption was also higher 



TABLE 20. MAGNESIUM BALANCE IN SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets 
Basal and ensiled mixtures, 1:1 dr~ basis 

Fish waste:straw Crab waste:straw 
Item Basal 70 :30 51:49 60:40 40:60 Straw S.E. 

a b c Intake, g/d ' ' 1.02 1.50 1. 52 2.64 2.10 1.54 .02 

Excretion, g/d 
Fecal a 1.43 1.06 .94 1.60 1. 52 1.09 .16 '° -..J 
Urinary 3.91 4.12 4.32 4.39 3.79 3.11 .75 
Total 5.34 5.18 5.26 5.99 5.31 4.20 .78 

Absorption, g/da,b - .41 .44 .58 1.04 .58 .45 .16 

Retention, g/d -4.32 -3.68 -3. 74 -3. 36 -3.24 -2.65 .81 
···----- .. -· 

:Basal and silages differ (P <,01). 
Crab silages differ (P <.05). 

cFish silages differ from crab silages (P <.01). 



TABLE 21. POTASSIUM BALANCE IN SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets 
Basal and ensiled mixtures! 1:1 dry basis 

Fish waste:straw Crab waste:straw 
Item Basal 70:30 51:49 60:40 40:60 Straw S.E. 

Intake, g/da 1.01 1.12 1.06 1.00 .98 . 91 .03 

Excretion, g/d \.0 

Fecal a . 70 1.18 1.48 . 72 1.01 1. 66 .18 CXl 

Urinary 7.16 6.82 6.29 5.28 6.90 5.44 .64 
Total 7.86 8.00 7. 77 6.00 7.91 7 .10 .58 

Absorption, g/d .31 - .06 - .42 .28 - .03 - . 75 . 20 

Retention, g/d -6.82 -6.90 -6. 71 -5.00 -6.93 -6.20 .66 

aFish silages differ from crab silages (P <.05). 



TABLE 22. SODIUM BALANCE IN SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets 
Basal and ensiled mixtures, 1:1 dry basis 

Fish waste:straw Crab waste:straw 
Item Basal 70:30 51:49 60:40 40:60 Straw S.E. 

Intake, g/d abc 5.85 6. 36 6.30 7.32 6.63 5.80 .02 

Excretiog, g/d 
Fecala cd .81 1.44 2.02 1.12 1.57 2.85 .04 
Urinary 3.48 3.70 2.62 3.22 3. 71 2.47 .18 '° Totalb '° 4.29 5.14 4.64 4.34 5.28 5.32 .22 

Absorption, g/dbcd 5.05 4.93 4.28 6.20 5.07 2.95 .05 

Retention, g/dbc 1. 57 1. 23 1.65 2.97 1. 36 .48 .18 

:Basal and silages differ (P < • 01). 
Crab silages differ (P < .01). 

~Fish silages differ from crab silages (P < .05). 
Fish silages differ (P < .05). 
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(P <.01) in both high levels of seafood compared to the low levels. 

Both absorption and retention of Na were lowest among animals fed the 

straw diet. The lower absorption and retention of sheep fed the straw 

diet may possibly be related to the protein and (or) energy intake 

of this diet since Horrocks (1964b) reported data indicating an 

improvement in Na retention by steers when a low quality roughage was 

supplemented with a protein-grain pellet. 

Ruminal fluid pH was lowest (P <.01) for sheep fed the basal diet 

compared to those receiving seafood silages (table 23). It is well 

established that animals receiving diets containing appreciable levels 

of concentrates are more likely to have lower ruminal pH due to a 

change in the fermentation pattern, than animals fed diets containing 

lower levels of concentrates. When compared to crab waste silage 

diets, sheep consuming the diets with fish waste silage had higher 

(P< .01) rumen pH, but the differences were small. No difference in 

rumen pH was recorded between sheep fed the different levels of crab 

waste silage, made with the addition of acetic acid. The rumen pH was 

higher (P <.01) for sheep fed the seafood silages even when acetic 

acid was added, compared to those receiving the basal diet, indicating 

that rumen fluid from sheep fed diets containing appreciable levels of 

protein had a high buffering capacity. This buffering capacity seems 

to be related to the release of ammonia in the rumen. 

Although not different (P < .05), ruminal fluid ammonia levels 

tended to be higher for sheep fed the seafood waste silages, compared 

to those receiving the basal diet. There was also a trend for ruminal 

fluid ammonia levels to increase as the level of seafood increased in 



TABLE 23. RUMINAL FLUID pH, AMMONIA NITROGEN, BLOOD UREA NITROGEN AND VOLATILE FATTY ACID 
CONCENTRATIONS OF SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets 
Basal and ensiled mixturesi 1:1 dry basis 

Fish waste:straw 
Item Basal 70:30 

Ruminal fluid pHa,b 6.S 6.8 
Ruminal fluid NH 3-N, rng/dl 30.8 34.8 
Blood urea-N, mg/dla,b,c 14.S 28.1 

Volatile fatty acids 
Total, µM/m1a,b,c 109.0 90.8 
Moles/lOR moles 

Acetic b 64.8 S9.9 
Propionic b 19.6 2S.3 
Isobutyric 1. 0 1. 9 
B . a 12.2 8.1 utyric 
Isovale5icb,d 1. s 2.S 
Valerie .8 2.2 

A . . . . b cet1c:prop1on1c ratio 3.4 2.4 

:Basal and silages differ (P <.01). 
Fish silages differ from crab silages (P < .01). 

~Fish silages differ (P <.OS). 
Crab silages differ (P < .OS). 

Sl :49 

6.8 
30.2 
24.8 

72. 8 

63.4 
22.6 
1. 6 
8.2 
2.4 
1. 8 

2.6 

. Crab waste:straw 
60:40 40:60 Straw 

6.7 6.7 6.8 
31. 8 31.1 19.8 
14.7 lS.O 14.S 

89.S 90.1 86.0 

76.2 76.7 67.8 
14.2 16.0 23.S 

. 3 .1 . 3 
8.1 6.8 7.2 

.8 .4 1. 2 

.4 0 0 

6.7 s.s 2.9 

S.E. 

.06 
2.S8 

.93 

l.SS f-' 
0 
f-' 

2.38 
1. S8 

.18 

.88 

.13 

.lS 

.SS 
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the mixtures. Studies of the effects of level of protein solubility 

on N metabolism in ruminants generally indicate that the degradation 

of protein in the rumen increases with protein solubility (Glimp et 

al., 1967; Nishimuta et al., 1973). This results in increased losses 

of feed N as ammonia, and possibly decreased quantities of feed pro-

tein reaching the lower gut (Wohlt et al., 1976). Orskov et al. (197lb), 

from their studies with fish meal, reported that on the basis of ammonia 

release, the solubility of fish meal was very low in the rumen com-

pared to the small intestine. The high rate of ammonia release recorded 

in this study especially for the 70:30 fish-straw silage diet would 

seem to indicate that most of the protein in the fish silage was 

degraded in the rumen. Ruminal fluid ammonia was 19.8 mg/dl for sheep 

fed the straw diet. 

Blood urea N was higher (P <.01) for sheep fed the 70:30 waste than 

those fed the 51:49 fish waste-straw silage diet. Blood urea N levels 

were also higher (P <.01) for sheep fed diets containing fish waste 

silage, compared to those fed diets containing crab silage. This is 

probably due to the lower N intake by sheep receiving the crab silage 

diets. Preston et al. (1961) found a high correlation between N 

intake and blood urea N. A strong relationship between blood urea and 

N retention can also be established especially for animals fed the 

70:30 fish-straw silage diet, consuming an average of 28.5 g/d of N. 

Total VFA, expressed as µm/ml was considerably higher (P < .01) in 

sheep fed the basal diet than those fed the seafood waste silage diet 

(table 23). This probably contributed to the lower ruminal pH recorded 

for these animals compared to animals consuming the silages. Total 
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VFA was higher (P <.05) for sheep fed the 70:30 than for those fed the 

51:49 fish waste-straw silage diet. Since the 70:30 fish-straw silage 

diet had a higher level of protein than the 51:49 diet, it is possible 

that this excess protein was now being manifested in the form of VFA. 

'!\Overfeeding of degradable protein beyond microbial requirements results 

in the metabolism of excess protein to VFA and ammonia (Van Soest, 

1982). 

When expressed as moles/100 moles, levels of acetic acid were 

higher (P< .01) for sheep receiving the crab waste silages than for 

those receiving fish waste silage diets. Levels of propionic acid and 

the branched chain VFA were higher (P< .01) for sheep fed fish waste 

silages than for those fed diets containing crab waste silage. Feeding 

the basal diet alone resulted in a higher (P <.01) butyric acid level, 

compared to sheep fed seafood diets. Chappell and Fontenot (1968) 

reported a tendency for total VFA concentration in the rumen to be 

higher when readily available carbohydrate sources were fed, and that 

this increase was primarily due to increased level of propionate and 

butyrate. In the present study, the acetic to propionic acid ratio was 

similar for sheep fed the crab waste silages, averaging 6.7 and 5.5 for 

the 60:40 and 40:60 diets, respectively. The acetate to propionate 

ratio was higher (P <.01) for sheep fed the crab silages than for those 

fed fish silages, a reflection of the acetic acid added directly to the 

crab mixtures. Acetic and propionic acids were the major VFA pro-

duced when the sheep were fed diets containing the ensiled straw. 

Dry matter digestibility of the 70:30 fish waste-straw silage 

calculated by-difference (Crampton and Harris, 1969) was higher (P <.01) 
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than for the 51:49 fish waste-straw silage (table 24). Although not 

significant, dry matter digestibility was also higher for the higher 

level of crab waste compared to the lower level. Crude protein 

digestibility increased as the level of seafood increased in each mixture 

and was highest (P <.01) for sheep fed the 70:30 fish waste-straw silage 

diet. The higher crude protein digestibility for these diets may be 

associated with the higher N intakes. Tagari et al. (1964) reported that 

there was a good linear response between N intake and apparent digesti-

bility. Apparent digestibility of dry matter and crude protein for the 

straw silage was extremely low, averaging 23% in both cases. Depression 

in N digestibility parallels the amount of N bound to other components 

(Goering et al., 1972). Ether extract digestibility was high for all 

seafood silages. However, NDF, ADF, cellulose and hemicellulose 

digestibilities showed progressive decreases as the level of wheat 

straw increased. The decrease in the digestion coefficients as the 

level of straw increased is undoubtedly due to the lower digestion coef-

ficients associated with the straw. The highest digestion coefficients 

for the ensiled straw were for ether extract, cellulose and hemicellulose. 

If the digestion coefficients of the seafood wastes were calculated by 

difference, they would be in excess of 100%. 

Expressed as g/d, dry matter intake was higher (P <.01) for sheep 

consuming the basal diet than those fed the silages (table 25). Intake 

was higher (P < .01) for sheep fed the crab waste-straw .silage, compared 

to the fish waste-straw silage. Intake of dry matter was higher (P <.01) 

for sheep consuming the 60:40 than the 40:60 crab-straw silage diet. 

Addition of acetic acid to mixtures containing crab did not seem to 



TABLE 24. APPARENT DIGESTIBILITYa OF SEAFOOD WASTES-STRAW SILAGES BY SHEEP 

Fish waste:straw Crab waste:straw 
70: 30 51:49 60:40 40:60 Straw 

Component silage silage silage silage silage S.E. 

Dry matter be 51.0 42.8 47.3 43.7 23.0 2.19 

C d . bed ru e protein 83.6 63.8 55.0 49.2 23.3 3.41 

Ether extract 113. 8 100. 6 92.8 96.8 80.0 9.42 
I-' 

NDF 41. 2 34.2 40.0 39.8 16.9 2.75 0 
V1 

ADF 36.5 28.4 44.7 34.3 10.4 6.11 

Cellulose 76.8 62.6 73.5 68.3 44.0 5.57 

Hemicellulose 53.8 49.4 61.1 50.3 36 .1 4.96 

3 Calculated by difference, using value for ensiled plus basal and basal diet. 
bFish waste silages differ (P <.01). 
~Seafood silages differ from straw silage (P < . 01). 

Fish silages differ from crab silages (P <.01). 



TABLE 25. DRY MATTER INTAKE OF SHEEP FED BASAL AND SEAFOOD WASTES-STRAW SILAGES 

Diets a 
Basal and ensiled mixtures! 1:1 dry basis 

Fish waste:straw 
Basal 70:30 

b c d e Grams per day ' ' ' 1217 708 
,75b,c,d,e 

Grams ner 1.;rk 52.3 30.1 . g 

:contains 50% basal and 50% silage, dry basis. 
Basal and silages differ (P< .01). 

cFish silages differ from crab silages (P <.01). 
dFish silages differ (P <.05). 
eCrab silages differ (P <.05). 

51:49 

924 

38.8 

Crab waste:straw 
60:40 40:60 Straw 

1194 923 1023 

46.6 39.0 41. 6 

S.E. 

69.5 
I-' 
0 

2.37 °' 
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cause a problem. Animals that were fed diets containing crab, especially 

the 60:40 diet consumed their feed readily. The possibility of using 

acetic acid as a silage additive has been dismissed by many researchers 

because its presence in silage in high concentrations has been associ-

ated with poor animal performance resulting from low voluntary dry 

matter intakes (Wilkins et al., 1971; Brown and Radcliffe, 1972). The 

evidence is conflicting as to whether these are associative or casual 

relationships (Hillman et al., 1958; Osbourn and Wilkins, 1967). 

However, recent studies by Deswysen (as cited by McDonald, 1981) have 

shown that acetate by itself induces only a very small reduction in 

the voluntary dry matter intake of silage by sheep. Therefore, any 

effect of high acetic acid levels in silage on animal performance is 

likely to arise from factors associated with the acetic acid produc-

tion and not with the acid itself. The present data would appear to 

support this conclusion. Dry matter intake was lower (P <.01) for 

sheep fed the 70:30 fish-straw compared to the 51:49 silage diet. 

The reduced consumption of the 70:30 diet may be due to the high pro-

tein content of the diet. Garrett (1970) and Tyrell et al. (1970) not 

only observed a decreased feed intake when high protein diets were fed 

to cattle but also reported that on such diets the animals required 

more feed to maintain energy equilibrium. Dry matter intake was high 

for sheep fed the wheat straw supplemented diet. 

Conversion of intake in g/d to grams per unit of metabolic size 

resulted in the same response, with dry matter intake higher (P < .01) 

for animals fed the crab than fish waste silage. 
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GENERAL DISCUSSION 

Presently, large resources of protein and essential minerals from 

waste from seafood processing plants and accidental catches in excess 

of local processing capacities are being discarded and there is no 

inunediate possibility to utilize these nutrients as human food. These 

wastes could obviously be channeled into meal production by using fossil 

fuel. The production of dry meals would most definitely ameliorate 

the disposal and environmental pollution problems associated with the 

waste. Dried meals store well, but often suffer significant nitrogen 

loss in the drying process. Dried crab meal is extremely dusty, how-

ever, this can be overcome by pelleting. 

Faced with these alternatives, other methods of processing seafood 

waste need to be developed. As investigated in this thesis, one solu-

tion to this problem is processing by ensiling. The high cost of fuel 

will place this process in a favored position over processes such as 

dry meal production which require large energy inputs. An especially 

attractive feature of ensiling seafood waste is that obnoxious odor is 

reduced or completely eliminated. Production of silage by bacterial 

fermentation is an excellent method of feed preservation. Bacteria 

certainly have a great potential in improving the quality of seafood 

products by contributing to preservation. Furthermore, the fermenta-

tion characteristics and feeding value of ensiled seafood waste is of 

scientific interest. Fish and crab processing wastes are high in 

moisture, protein and minerals but low in water soluble carbohydrates 
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which are valuable for ensiling. Therefore, the ensiling of seafood 

waste would require combination with materials having high dry matter 

content. 

Over 400 million metric tons of crop residues are produced each 

year in the U.S. (Larson, 1979). These residues are characterized by 

having high dry matter and cell wall contents. Crop residues are used 

primarily for beef production in the U.S. and Canada. The use of these 

residues fall into two general categories: 1) in gestation rations 

where the requirements of the cow are only slightly above maintenance 

and residues can often meet this need; and 2) in rations for growing 

calves or lactating beef cows where a higher quality forage is needed. 

The ensiling of seafood waste with crop residues, not only renders the 

product more manageable but also results in the production of a material 

containing appreciable levels of crude protein, minerals, ether extract 

and cellulose. Applying additives to improve the fermentation and 

preservation of ensiled seafood waste and crop residue also have merit. 

Hence, these factors were investigated. 

The fermentation parameters as measured by pH, lactic acid and 

volatile fatty acid production, destruction of potential pathogens, 

soluble carbohydrate disappearance and odor, were better for fish waste 

mixtures than for mixtures with crab waste. Formic acid addition did 

not enhance fermentation, however, the addition of molasses resulted 

in significant increases in the fermentation parameters of the fish 

waste silage. The results not only indicate that bacterial fermentation 

rather than acid addition can be used to process fish waste successfully, 

but that fish waste can also be ensiled in much higher quantities than 
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previously thought, providing a source of fermentable carbohydrate such 

as molasses is available and the dry matter level is increased. 

Unlike fish waste, the ensiling of crab processing waste by 

bacterial fermentation was not feasible in this study. Crab waste 

silages ensiled at 40% dry matter, were putrified, and very offensive 

in odor, especially silages ensiled with the addition of formic acid. 

Also, there was a tendency for the weight of these silages to increase 

slightly rather than decrease after ensiling. Effluent was also quite 

evident from these silage. Clostridial organisms grow actively in wet 

conditions (Nilson, 1956). Generally, undesirable bacteria can operate 

at a lower pH in wetter materials (Cranshaw, 1977). Therefore, the 

wetter the silage the less inhibitory a given concentration of organic 

acids and hydrogen ions to clostridial growth. The effluent may be 

associated with the presence of clostridial organisms. It is also note-

worthy, that from a standpoint of initial pH, formic acid silages had 

the lowest pH but experienced a dramatic increase in pH after ensiling. 

The results indicated that crab silage ensiled at an estimated dry 

matter of 40% had an ideal wet environment for clostridial growth, 

since putrefaction decreased and odor improved as dry matter level 

increased up to 60%. 

The reduction of trimethylamine oxide to trimethylamine gives rise 

to the characteristic off-flavor of marine animals in the early stage 

of decay (Beatty and Gibbons, 1937; Tarr, 1954). The level of trimethyl-

amine varies with geographic area, season, size and parts of the marine 

animals (Suyama and Takuhiro, 1954). Oremland (1982) reported that the 

level of trimethylamine was relatively high in salt marsh sediments 
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which are the areas that crabs inhabit. The concentration of trimethyl-

amine is greater in fish than in crab (Ronald and Jakobsen, 1947). The 

question may, therefore, be asked, if most of the foregoing is true, 

why were the fermentation characteristics more desirable with mixtures 

containing fish than with crab? In this research, only the heads, bones, 

viscera and fins were used from fish while pieces of meat were still con-

tained on the crab. Also, the marshy areas where crabs feed would quite 

likely result in higher trimethylamine concentration in their bodies 

at a particular time compared to fish. The anaerobic condition in the '1 

silo could possibly have led to a faster reduction of trimethylamine 

oxide to the volatile bases and consequently contribute to the very 

offensive odor that was prevalent especially in crab silages ensiled at 

40 and 50% dry matter. 

Since the exoskeleton of crabs is composed chiefly of CaC03 

and chitin, an acetylated glucosamine, it is quite possible 

that under anaerobic conditions these two major components along with 

NaOH act as strong buffers to counteract the effect of any lactic acid 

production that would likely occur and also result in marked pH 

increases. 

If the growth of clostridia were responsible for the poor fermenta-

tion in crab silages, then their growth can be discouraged. Firstly, 

the optimum pH for their growth is 7 to 7.4, and they cannot tolerate 

acid conditions (Pelczar and Reid, 1972). If sufficient amount of 

lactic acid is produced to lower the pH to a critical level, their 

growth is inhibited. Secondly, the addition of beneficial bacterial 

cultures, such as L. plantarum, to the ensiled mass at pH low enough 
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to encourage their growth and result in high lactic acid production, 

would definitely make the environment less favorable for the clostridia 

to compete. The reduction of trimethylamine oxide occurs readily at pH 

6 (Large, 1971). Therefore, acid addition would most likely restrict 

the growth of clostridia and at the same time inhibit or even lessen 

the reduction of trimethylamine oxide to its volatile bases and also 

lessen the buffering effect of Caco 3 and NaOH. 

The addition of several inorganic and organic acids or a culture 

of L. plantarum to mixtures of crab silages did not result in improved 

fermentation. Acetic acid was the only acid tested that resulted in 

the production of a very stable silage. During ensiling marked changes 

in buffering capacity take place and result in an increase in the 

amount of acid required to lower the pH, over that required before 

ensilage (Playne and McDonald, 1966). The change can be explained, to 

a large extent, by the action of bacteria on the organic acids. 

According to Whittenbury et al. (1967) even under the best possible 

bacteriological conditions, i.e., microflora dominated by a homolactic 

population of lactic acid bacteria, these changes still occur. 

It is quite possible that the results obtained with L. plantarum 

would have been more favorable if it were added as part of a mixed 

culture. Whittenbury et al. (1967) reported that a mixed culture of 

Streptococcus faecalis and L. plantarum was very effective in lowering 

silage pH. Although Streptococcus faecalis is not acid tolerant, it 

reduces the pH rapidly to a level at which lactobacillus growth is 

favored and the final fall in pH is accomplished by lactobacilli 

naturally present on the ·ensiled mass. By adding an inoculum of L. 
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plantarum·as well, the last part of the acidification can be con-

trolled. An inoculum of L. plantarum by itself has not proven to be 

ideal, as initially it does not grow rapidly to dominate the anaerobic 

flora and ensure economy of sugar in fermentation (Whittenbury et al., 

1967). The addition of high levels of soluble carbohydrate and a 

mixed bacterial culture as aids to the ensiling of crab wastes con-

stitute an important basis for further research and development. 

The importance and the understanding of the versatility of 

ruminants in the human food chain is constantly increasing, and its 

ultimate usefulness is limited only by the imagination of the 

inves:_~gators involved. For example, it has long been established 

that 

diet 

·.id preserved fish silage cannot be used as part of the ruminant 

d that bacterial fermented fish silage should only constitute a 

very 1all fraction of such diets. According to Brundage et al. (1981) 

crab ~al was unpalatable to lactating dairy cows even at low levels 

and this limited palatability could pose serious limitations to the use 

of crab meal in livestock rations. The mineral content of fish silage 

and crab meal has also limited their use in the diet of ruminants for 

fear of large increases in urine volume. Their use has, therefore, 

been restricted to the diets of pigs and poultry. 

The ruminant is quite capable of converting numerous waste products 

into valuable meat protein. However, this can only be accomplished by 

thoroughly understanding the mechanisms involved. 

Digestion and palatability data from this investigation did 

indicate that bacterial fermented fish silage and acid preserved crab 

silage can be included in the diet of ruminants, both as a protein and 
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mineral supplement without causing any deleterious effect. DigestioR 

coefficients, and nitrogen and mineral balance data indicate conclusive-

ly that both fish and crab silage have potential for widespread future 

use in ruminant's diet. The dry matter intake data from the sheep 

palatability study show that addition of acetic acid to silages does 

not necessarily result in depression of intake. This depression of 

intake may at least in part have been overcome by feeding the acid 

silage as part of a basal mixture. 

Ensiling seafood waste and crop residues appear attractive. Not 

only does it require less energy than processes using fossil fuel, 

but it is practical and demonstrated successful process. Fermenta-

tions have thus stood the test of time as useful processes in produc-

tion of silage. They not only conserve the nutrient values of the 

feed ensiled, in some cases they result in biochemical changes that 

enhance the nutrient content. Conversion of seafood waste into 

silage may be a feasible way of salvaging these resources. 
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TABLE I. FERMENTATION CHARACTERISTICS OF MIXTURES OF FISH WASTE AND CROP RESIDUES AT DIFFERENT DRY MATTER LEVELS 
--- -------. ---- ---- --- -- ------ ---- ---·- --·---- -

Est I mated Percent Dry 1120 soluble Coli forms Fecal coliforms 
.cl ry -~'.O_IJ._i:!'!!l_cl~~---- fish matter ---~~ ~~,y_c1~ ~ae-f _Ell Lact~cdf .Pree Posie --pree---ros te-

matter Kind Percent waste Additive % Pree Posl Pre_e_ Postabcde acida c x10 4 XlO x104 x10l 
--- ·-- ----------- - ----·-

/10 Corn stover 22.8 77. 2 None 32.1 4 .63 . 77 6.33 6.45 1.83 7 0 276 0 
40 Corn stover 21. 7 73.3 Molasses 31.6 7 .65 .10 7. 50 5.24 2. 86 16 0 270 0 
110 Corn stover 22.8 77. 2 Formic acid 31,. 2 1,. 54 1.07 4.49 7 .47 .91 8 0 130 0 
50 Corn stover 37.8 62.2 None 46.2 2.66 1. 56 6. 28 5.79 2.48 16 0 343 0 
50 Corn stover 36 .1 58.8 Molasses 49.1 5.85 1. 32 6.51 5 .15 5 .43 43 0 370 0 
50 Corn stover 37 .8 62.2 Formic acid 43.6 3.64 1. 31 4.25 6. 70 1.50 20 0 283 0 
60 Corn stover 52.8 47.2 None 52.4 3.18 1.87 6. 70 5.67 2.78 10 0 350 0 
60 Corn stover 50.0 45.0 Molasses 61.0 6.83 1.42 6 .48 4.97 5.94 8 0 270 0 
(,() Corn stover 52.8 47.2 Formic acid 56.6 3.53 3. J!i 4.43 6.42 1.00 0 1.5 0 0 t-' 

w 
/1() Pei1nut hul Is 22.5 77 .5 None 34 .0 5 .01 .68 6.14 6. 39 .84 66 .4 330 0 I.Cl 
/10 Peanut hulls 21. 7 73. 3 Molasses 36. 7 7.84 1.00 6.03 6.15 3.48 7 8.8 340 1 
110 Peanut hulls 22.5 77 .5 Formic acid Jl1. '• /1. 84 .87 6.56 7.05 .43 0 3.2 0 0 
50 Peanut hulls 37.8 62.2 None '·6 .o 5.66 1.18 6.04 7.47 1.46 20 4.3 140 0 
50 Peanut hulls 36 .1 58.8 Molasses 45.8 8.33 1.00 7. 53 5.61 7.84 141 0 203 0 
50 Pennut hulls 37.8 77 .5 Formic acid 44 · '· 5.43 1. 25 4.48 5.94 2. 73 0 2 0 0 
60 Peanut hulls 37 .8 47.2 None 58.l 5 .31 .90 5.94 7. 31 1.97 16 10 203 0 
(10 Peanut hulls 50.0 45.0 Molasses 59.4 8.26 1. 20 6.85 5.35 8.03 14 15.3 323 16 
60 Peanut hulls 37.8 47.2 Formic acid 57.8 5.15 4.68 4.48 6. 72 1.00 0 85 0 0 

--------- -·------ ---

:significant linear effect (P c.01). 
Significant <1uadratic effect (P < .01). 

~Fish waste x crop residue interaction (P <.01). 
eFish wRste x dry matter interaction (P <.05). 
fl're- and post-ensiled. 
Perrent of dry matter. 



TAlll.E 2. FERMENTATION CllARACTERISTLCS OF Ml XTURES OF CRAB WAsn: AND CROP RESIDUES AT DIFFERENT DRY MATTER LEVELS 

Estimated 
<lry 

111;1t t er 

40 
1,0 
1,0 
)() 

50 
50 
(,() 

(,() 

()I) 

11() 
1,0 
!,() 

50 
)0 
50 
f>O 
60 
c,o 

_____ fr~'-."£.~i_<llj_e ____ _ 
Kind Percent 

Corn stover 
Corn stover 
Corn stover 
Corn stover 
Cnrn stover 
Corn stover 
Corn stover 
Corn stover 
Corn stover 
Peanut hul.Js 
Pennut hulJs 
Peanut hulls 
Peanut hulls 
Peanut hulls 
Pe<1nul hulls 
Peanut hulls 
Peanut hulls 
Pe<inut hulls 

1.9 
l.0 
l.9 

17 .9 
16.9 
17.9 
37. 8 
36.8 
37.8 

1.9 
1.0 
l.9 

17.8 
16.8 
l 7. 8 
37.5 
36. 5 
37.5 

Percent 
crab 
waste 

98.1 
94.0 
98.1 
82.l 
78.0 
82.l 
62.2 
58.1 
62.2 
98.1 
94.2 
98. l 
82.2 
78.1 
82.2 
62.5 
58.4 
62.5 

Additlve 

None 
Mol<1sses 
Formlc acl d 
None 
Molasses 
Formlc acld 
None 
Molasses 
Formic acid 
None 
Molasses 
Formic acid 
None 
Molasses 
Formic acld 
None 
Molasses 
Formic acid 

~Significant linear effect (P<.01). 
cS!gni fl cant <1uadratlc effect (P < .OL). 
{rab w<iste x crop residue lnteraction (P < .Ol). 
'Cr ah waste x dry matter interaction (P <.OJ). e rl'•"- and pnst-ensiled. 

Percent of dry matter. 

Dry 
matter 

% 

37.7 
42.0 
39.6 
49.4 
52.1 
49.8 
59.0 
58.3 
60.2 
114. 3 
38.1 
4J.8 
1,9. 2 
41.6 
49.9 
59.6 
61.6 
58.9 

1120 soluble 
carbohydrate 

Preer·- p0 -;;taaeF 

3.46 
4.86 
J.37 
3.14 
3.96 
2.45 
2.86 
3.52 
2 .1'3 
2.42 
3.10 
2 .011 
2.81 
3.22 
2.32 
2.48 
3.61 
2.21 

. 30 

.45 

.32 
]. 26 

. 91 
l.JO 
l.02 

.24 
1.011 

.35 

. 4 5 

.72 

.54 

.63 

.6 7 

. 71 

.97 

.58 

-----~!_ 
Pree Postanc·crr 

7.35 
7 .02 
7.01 
6.96 
6.88 
6. 78 
6. 74 
6.87 
6. 54 
6.51 
7.02 
6.56 
6 .08 
5.82 
6.57 
6.51 
6.91 
6.27 

8.19 
8.07 
8.08 
8.24 
8.07 
8.15 
8.11 
7.89 
8.03 
7.95 
8.06 
7. 73 
8.11 
7 .91 
8.0l 
8.11 
7. 98 
8.12 

Lactic 
acidabcdf 

. 72 

. 77 

.26 
1.50 
1.00 
1.10 
1.10 

.24 
1.03 

.62 

.78 

.68 

.55 

.55 

.60 

.70 

.70 

.54 

Coll forms 
rree- rosr 
XJ04 XIO 

10 
4 
8 

15 
10 
20 
39 

3 
6 

12 
8 
6 
1 
4 

10 
40 
28 
.1 

8.3 
0 
0 
0 
0 
0 

18 
34.5 
11.6 
0 

17 
0 
0 
1.8 
0 

16.7 
1.2 

11.6 

Fecal coliforms Tree -p;;9te· 
x104 x10l 

)JO 
375 
380 
120 
263 
243 
260 
190 
290 
216 
250 
350 
160 
189 
360 
245 
143 
180 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
0 
0 

t-' 
+:-
0 



TABLE 3. EFFECT OF VARIOUS PERCENTAGES OF PROPIONIC AND SULFURIC ACIDS 
ON pH OF CRAB WASTE-CORN STOVER MIXTURESa 

Level Pre-ensiled Post-ensiledb 
Acids (%) pH pH 

Propionic acid 2 6.30 7.68 

4 5.61 7.45 

5 4.98 7.41 

Propionic + 
sulfuric acids 2 6 .10 7. 71 f-' 

-I'-
f-' 

4 5.42 7.55 

5 4.86 6.81 

:Ensiled at 50% dry matter. 
Difference between levels of acid (P <.01). 



TABLE 4. EFFECT OF VARIOUS ACID ADDITION AND LACTOBACILLUS PLANTARUM CULTURE 
ON pll OF CRAB WASTE-CORN STOVER MIXTURES 3 

------------·---------------------------------

Acids L. p]antarum Estimated pH 

None -
+ 

Phosphoric acid - 5.5 
-I 

Phosphoric acid - 4.5 + 

Acetic acid - 5.5 + 

Acetic acid - 4.5 + 

Hydrochloric f. sulfuric acids -
+ 5. 5 

Hydrochloric f,, sulfur Le acids - 4.5 + 

Propionic acid - 5.5 + 

Propionic acid - 4.5 + 

:Ensiled at 50% dry matter. 
cDifference between none an~ aclds (Pc .Oi). 
dDifference between adds at pll 5.5 an•I 11.5 (I' < .05). 
Difference among acids (P c .OLJ. 
(-) indicates no culture was added. 

Pre-ens I led Post-ensiledbcd 
pH pH 
-------------

7 .61 8.15 
7 .63 8.66 

5.62 8.21 
5.58 8.34 

5.50 7.82 
5.50 8.34 

5.25 7. 92 
6. 28 7.98 

5.16 7. 95 
5.28 7.98 

6.25 8.16 
6.78 8.04 

5.36 8.08 
5 .1,5 8.14 

5.65 7.95 
5.63 7 .98 

5.18 7.36 
5. 01. 7.48 

I-' .p.. 
N 



TABLE 5. EFFECT OF ADDITIVES ON pH AND LACTIC ACID OF ENSILED 
CRAB WASTE AND CORN STOVER (60:40) 

H Lactic acide 
-

BE Sb 
Pre- Post- Pre- Post-

Additive ensiled ensileda ensiled ensileda 

% % 

None + 7.59 7.23 .43 .00 
7.32 7.60 .44 .00 

Aceticc + 4.17 4. 77 .61 .00 
4.31 4.73 .47 ~oo 

Phosphoricc + HClc + 4.97 6.27 .85 1. 30 
4.66 6.41 .59 2.37 

...... 

Lactic acidc 
-I" 

+ 4.33 6.55 5.24 4.81 w 

4.47 6.62 7.26 6.54 

Ethanol + 7.32 7.37 .37 2.61 
7.73 7.58 .54 2.44 

L. plantarum d + 5.00 7.27 .16 .64 -
6.32 7.20 .19 .26 

+ + 5.85 7.35 .18 1.11 
6.37 7.32 .00 .83 

~Difference between no additive and additive (P <.01). 
2-bromoethane sulfonic acid. 

~Ensiled at pH 4.5. 
Ensiled at pH 5.5. 

eDry basis. 



TABLE 6. EFFECT OF ADDITIVES ON pH AND LACTIC ACID OF ENSILED 
CRAB WASTE AND CORN STOVER (40:60) 

pH 

BESb 
Pre- Post-

Additive ensiled ensileda 

None + 6.85 7.00 
6. 77 7.03 

Aceticc + 4.56 5.18 
4.51 5 .11 

Phosphoricc + HClc + 5.50 6.22 
5.65 6.36 

Lactic acidc + 4.75 6.35 
4.85 6.33 

:Difference between no additive and acids (P <,01). 
2-bromoethane sulfonic acid. 

~Ensiled at pH 4.5. 
Dry basis. 

. "d %d Lactic aci , o 

Pre- Post-a 
ensiled ensiled 

. 91 .03 
1.08 .35 

.45 .10 

.62 0 

.66 .32 

.60 .35 

3.81 3.80 
3.70 3.11 

I-' 
.i:--
.i:--
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FERMENTATION CHARACTERISTICS, NUTRITIONAL VALUE AND 
PALATABILITY OF ENSILED SEAFOOD WASTES AND LOW QUALITY ROUGHAGES 

by 

Winston Anthony Samuels 

(ABSTRACT) 

Fish and crab processing wastes were ground and ensiled with corn 

stover or peanut hulls alone and with 5% dry molasses or 1% formic 

acid in 3.8 liter cardboard containers double lined with polyethylene. 

The wastes and roughages were ensiled in proportion to give dry matter 

levels of 40, 50 and 60%. The seafood wastes were also ensiled with 

wilted Johnsongrass with and without molasses. After ensiling, average 

pH for mixtures with fish waste was 6.5, compared to 8.0 for mixtures 

with crab waste. Addition of dry molasses resulted in a decrease 

(P <.01) of pH to 5.6 for the ensiled fish mixture but had no effect 

on the crab waste mixtures. Lactic acid was higher (P< .01) for 

ensiled mixtures containing fish waste than for those containing crab 

waste. Substantial levels of acetic acid were present in the silages. 

Butyric acid levels were higher in silages containing crab waste and 

decreased linearly (P< .01) with increased dry matter levels. Desirable 

ensiling was observed for the mixture of fish waste and Johnsongrass. 

Coliforms and fecal coliforms were decreased or elLminated by ensiling. 

In a large silo study, mixtures of finfish and crab processing wastes 

were mixed with wheat straw and ensiled in 210 liter metal drums, 

double lined with polyethylene bags. Proportions of the fish and straw 



were 70:30 and 51:49, wet basis, while that of the crab was 60:40 and 

40:60. Acetic acid was added to the crab waste mixtures to lower the 

initial pH to 4.5. After ensiling all mixtures containing fish and 

straw showed a decrease in pH. Addition of acetic acid to mixtures 

containing crab waste inhibited fermentation, but resulted in a very 

stable product. In a sheep digestion trial, dry matter digestibility 

was higher (P <.01) for the 70:30 diet than for the 51:49 fish diet. 

There was no difference in dry matter digestibility between the crab 

silages. Crude protein digestibility was higher (P <.01) for diets 

containing ensiled fish, compared to diets containing ensiled crab. 

Nitrogen retention was positive for sheep receiving all diets. 

Nitrogen retention was higher (P <.01) for animals fed the crab silage 

diets, compared to those receiving diets containing fish silage. There 

was a trend for P absorption to be higher in animals fed crab silage. 

In the sheep palatability trial, intake of dry matter was higher 

(P < .01) for sheep consuming the crab silage diet and lowest (P <.01) 

for sheep fed the 70:30 fish silage diet. 
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