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ABSTRACT 

Individual fish processing waste stream components can be used to make 
feed ingredients or other products. Waste stream components obtained from 
commercial fish processing plants included heads, viscera, frames, and skins 
from Alaska pollock (Theragra chalcogramma) and Pacijic cod (Gadus 
macrocephalus); and heads, and viscera from pink salmon (Oncorhynchus 
gorbuscha). The protein content of heads from all three species ranged from 
13.9 to 16.4%; and the fat content rangedfrom 0.9 to 10.9%. Viscera protein 
content rangedfrom 13.0 to 15.3% and the fat content from 2.0 to 19.1%. 
After heating to 85C the percent soluble protein in salmon heads was digerent 
(P < 0.0s) frompollock or cod heads. Percent soluble protein ofpollock and cod 
skin increased 8 fold (P < 0.05) ajier the 8SC heat treatment. Connective tissue 
content was calculated from chemical determination of hydroxyproline content, 
and large differences in percent connective tissue content were found (1 % for 
pollock viscera to 46% for skin). Estimated rat PER values ranged from a low 
of 2.1 for skin to a high of 3.1 for viscera and fillet samples (P<O.OS). 

INTRODUCTION 

Over 65% of the total fish harvested for human consumption in the U.S. 
come from Alaskan waters. The three most abundant species of fish caught in 
these waters are Alaska pollock (neragra chalcogramma), Pacific cod (Gadus 
macrocephalus) and pink salmon (Oncorhynchus gorbuscha). The total harvest 
of these three types of fish was estimated at 1.4 million metric tons in 2000 
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(NMFS 2000; ADFG 2000) or about 74% of the commercial fish harvest from 
these waters. The amount of fish processing waste ranges from 66% for 
producing pollock fillets to 27 % for producing headed and gutted salmon (Crapo 
et al. 1993). Fish processing wastes from some surimi operation have been 
greater than 80%. Because the fish are being processed for human consumption 
the fish by-products are initially of high quality and can be converted into a 
number of products. 

The most common procedures used in pollock and cod processing is to first 
mechanically remove the head, usually followed by removal of the viscera (roe 
and egg products of value are saved and depending on markets the cod milt and 
stomachs can be saved). The next step is mechanical removal of fillets with skin 
attached from the headed and gutted fish and then skins are mechanically 
removed from the fillets using Baader or similar equipment. Because the waste 
components are removed in separate operations, it is possible to obtain fish by- 
products consisting of all heads, frames, viscera, and skins. Bone is present in 
the frames and heads by-product components. Salmon processing is similar in 
that the heads are removed and viscera removed (salmon roe is separated); 
however, most pink salmon will be canned or frozen for markets as headed and 
gutted fish. 

Fish harvesters and processors want to maximize profitability and fish value 
by developing markets for fish by-products and reduce disposal costs. A large 
use of fish processing wastes is in the production of fish meals and fish oils for 
aquaculture and animal feeds. There is a need for specialized aquaculture feed 
ingredients that can be blended with plant proteins to enhance the nutrition and 
palatability properties. It is possible to collect individual waste stream 
components (heads, frames, viscera, and skins) and devise methods for using 
them as feed ingredients or other products. 

There are chemical and biochemical differences between fish species 
(Stansby 1976; Krzynowek et al .  1989), which translates into species differences 
in the composition of fish waste components and by-products. Basic data 
characterizing waste stream components are not available; however, the book by 
Kizevetter (1971) contains data from the 1950s and 1960s on some aspects of 
these fish and selected fish part composition as well as differences due to 
gender, season of the year, maturity, etc. Other scientists have provided useful 
values such as viscera (Freeman and Hoogland 1956; Dong et al. 1993), and 
pollock heads and frames (Babbitt 1990). Differences in techniques, sampling 
procedures, and sources of tissues (often different from those of the Alaskan 
fisheries) make direct comparisons of data difficult. There are no complete sets 
of data in the literature that can provide insight into the composition and 
properties of fish processing waste stream components. 

Opportunities for enhanced utilization of fish processing wastes may lie in 
specialty feeds, human food uses, fertilizers, hydrolysates, and in using 
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individual waste stream components to create value added products. The 
objective of this study was to determine the composition and evaluate the protein 
solubility and connective tissue content of the individual waste stream compo- 
nents from commercial fish processing operations for the three species harvested 
in the greatest amounts in Alaskan waters (Alaska pollock, Pacific cod, and pink 
salmon). 

MATERIALS AND METHODS 

Fish By-products 

Fish, fillets, and fish by-products were obtained from commercial fish 
processors in Kodiak, Alaska during the middle of a commercial fish harvesting 
and processing season. Whole fish, heads, viscera, frames, fillet and skins for 
both Alaska pollock and Pacific cod were obtained over a one week period in 
February. Whole fish, heads, viscera, and headed and gutted pink salmon were 
obtained over a one week period in August. Sets of whole fish, heads, viscera, 
frames, fillet and skin were taken from one of two processing plants for each 
species on three separate days to collect fish harvested from different areas. 
There are three replicates for each part by specie identified as samples collected 
on separate days. A total number of 48 samples (18 for pollock, 18 for cod and 
12 for salmon) were collected. 

The harvested fish were delivered on ice and/or refrigerated sea water by 
fishing vessels to the processors dock. Pollock and cod were first placed on a 
belt and heads mechanically removed, and viscera separated from the body by 
hand. Fillets were mechanically removed from the headed and gutted fish which 
was followed closely by mechanical removal of the skins from the fillets. 
Samples included whole fish, heads, viscera, frames from which the fillets were 
removed, skinless fillets (not trimmed) and skins. The viscera for cod had the 
roe and milt removed, and the pollock viscera contained the roe and milt. For 
the pink salmon the process was similar with fresh fish delivered on ice and/or 
refrigerated sea water and then placed on a belt and the head mechanically 
removed followed by removal of the viscera. Most pink salmon are either 
canned or sold as frozen headed and gutted fish; therefore, samples collected 
included whole fish, heads, viscera and headed and gutted fish. Salmon viscera 
had the roe removed. Fresh water was used in all processing plant operations. 

Fish and fish by-products were collected from the processing plants in the 
morning and processed immediately or frozen in a -3OC blast freezer. Fish and 
fish by-products were first cut into small pieces, ground though a 12 mm plate 
three times, and then ground through a 6 mm plate two additional times. 
Aliquots were taken and stored in Nalgene bottles at -80C until analyzed. 
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Compositional Analyses and Properties 

Moisture content of the ground fish was determined on 3 g dried at 103C 
for 17 h in triplicate. Ash content was determined in triplicate on either 3 g of 
wet or 1 g of freeze dried ground fish (Virtis Freeze Dryer model BT 3.3 ES). 
Ground fish samples were placed in a muffle furnace at 550C for 6 h. Lipid 
content was determined in triplicate from freeze dried ground fish using a Leco 
FA- 100 analyzer and CO, supercritical fluid extraction method as outlined in the 
k o  FA-100 Fat Analyzer Instruction Manual No. 200-522, 1998. Nitrogen 
content was determined in triplicate using a Leco FB-2000 nitrogen analyzer and 
combustion method as outlined in the Leco FP-2000 Nitrogen Analyzer 
Instruction Manual No. 200-613, 1999. Protein content was calculated as percent 
nitrogen times 6.25. 

The pH of the ground fish was determined by modifying the method of Riss 
et al. (1983). Two grams of ground fish was placed in 40 mL of distilled water 
at 25C and homogenized at 11,OOO RPM using an Ultra Turrax Model T25 
homogenizer for 30 s. The pH was determined using a standardized Beckman 
pH Meter Model number 350. Conductivity of equivalent solutions was 
determined using a Corning Model 411 conductivity meter at 23C. 

Percent protein solubility was determined by a modification of the protein 
dispersibility index (Batal e? al. 2000) before and after heating the ground fish 
samples to 85C. Two 2 g aliquots of each sample of ground fish were weighed 
and placed in Pyrex tubes. One sample was used directly at 23C and the other 
heated in a 85C water bath for 30 min and cooled. Samples were transferred to 
plastic tubes with 40 mL of 30C distilled water and homogenize for 1 min using 
a Ultra Turrax 7 2 5  at 11 ,000 RPM. Samples were then placed in a water bath 
at 30C for 30 min and spun in a Beckman Model 21 centrifuge at 10,OOO x g 
for 15 min at 20-25C. An aliquot of the aqueous layer was removed and frozen 
until the protein content was determined. The protein content of the aqueous 
layer was determined using the (Sigma procedure No. 690) modified biuret 
system of the Ohnishi and Barr (1978) method with bovine serum albumin as the 
standard. The percent soluble protein was calculated from the ratio of total 
milligrams of soluble protein in the aqueous layerkotal milligrams of protein 
times 100. 

The amount of connective tissue in the ground fish was calculated by 
determining the amount of hydroxyproline using the AOAC official method 
990.26 (AOAC 2000). Freeze dried ground fish (0.25 g) were hydrolyzed with 
3.5 M sulfuric acid for 17 h at 104C, dilutions made with distilled water, and 
the hydroxyproline content determined for each of the 48 samples. All reagents 
and chemicals were purchased from Fisher Scientific Company and the standard 
curve was generated using hydroxyproline. Calculations used a collagenous 
connective tissue hydroxyproline content value of 12.5% (AOAC 2000) and a 
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nitrogen to protein conversion factor of 6.25. The estimated rat protein 
efficiency ratio (PER) was calculated using the equation (Y = -0.02290 X + 
3.1528 where Y is the estimated PER and X is the collagen content) developed 
by Lee et al. (1978). 

Statistics 

Factorial ANOVA procedure were used with Statistica release 6, series 
0102 (see www.statsoft.com) software with two factors (fish species and by- 
product parts) and eleven dependent variables (percent moisture, protein, fat, 
and ash, pH, conductivity, protein solubility at 30 and 85C, hydroxyproline 
content, percent connective tissue, and estimated rat PER). The Multivariate 
Tests of significance for species, parts, and species*parts were all significant 
(P~O.oooO1). Post hoc analysis used the Duncan test and the level of 
significance used was PCO.05. The t-test was used to compare selected protein 
solubility values (no heat treatment vs 85C heat treatment) with significance 
reported at PC0.05. Salmon H & G fish were not included in any of the 
statistical analysis because comparable pollock and cod products are not 
produced in high volume. 

RESULTS AND DISCUSSION 

Waste Stream Components 

Alaska pollock and Pacific cod samples included whole fish, fillets, heads, 
viscera, frames and skins (Table 1). Fish processing waste components were the 
heads, frames, viscera, and skins. Fillets provided common tissues for which 
many literature values are available and whole fish were also taken in part to 
provide reference values. Fish processing waste components that were not 
sampled would include small quantities of trimmings and bone from the fillet 
trimming operations. 

A large number of variables can affect the composition of the whole fish 
and its components including, fish size, time of harvest, gender, and other 
environmental factors. Two additional factors affecting the composition of fish 
heads are the amount of flesh and muscle remaining with the head after it is 
removed from the rest of the fish and the amount of viscera components (e.g. 
heart and pieces of liver and digestive tract) that remained attached to the head. 
In this study the visceral components were removed from the heads before 
preparation. The frames consist of the backbone, fins, tail and some skin and 
muscle. The type of filleting machine and its adjustments can alter the amount 
of tissues that remain attached to the frame. Viscera is usually removed after the 
head is severed from the body and then valuable viscera components such as roe 
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are separated generally by hand. Factors that affect viscera composition include 
the removal of components such as roe, milt and stomachs, and the amount of 
viscera left attached to the head. In this study, the milt and roe were removed 
from the cod viscera, but the roe (pollock roe is normally removed from the 
viscera) and milt are included in the pollock viscera. Another major factor 
affecting the composition of the viscera is the fat content of the livers, which 
can vary from 22 to over 50% fat on a weight basis for pollock. The liver as a 
percent of fish weight varies during the different seasons of the year. Skins 
mechanically removed from fillets can vary in the amount of muscle and other 
tissue remaining attached to the skin. Pollock and cod skins used in this study 
were removed from the fillets using a shallow skinning procedure resulting in 
little flesh remaining attached to the skin. 

Pink salmon are harvested during a single short summer season. In this 
study, whole salmon and by-product components were obtained from two 
processing plants in which the fish were mechanically headed and viscera 
removed. The heart and attached viscera components were removed from the 
heads before grinding. During processing, viscera was manually removed from 
the body cavity and roe was separated before samples were taken. Most pink 
salmon are canned or frozen after being headed and gutted (H & G ) ;  therefore, 
samples of the H & G fish were taken. 

Composition 

The moisture, protein, fat and ash content of the Alaskan pollock, Pacific 
cod and pink salmon samples on a wet tissue basis are listed in Table 1. Pollock 
and cod whole fish exhibited similar (P>0.05) protein contents (16.4 and 
16.7%) and relatively low fat contents (1.9 to 3.6%). Whole salmon exhibited 
a higher (PcO.05)  fat (6.9%) and protein (20.3%) content than either pollock 
or cod. Composition of whole salmon was similar to that of the salmon H & G .  
The values for pollock fillet protein (17.5%), fat (0.5%). and ash (1.1%) 
content from this study are in agreement with published (USDA 2001) values for 
pollock fillet (protein 17.2%, fat 0.8%, ash 1.2%). Heads frompollock and cod 
exhibited similar protein contents (15.2%, 16.4%), low fat contents (0.9, 1.2%), 
and high ash contents (4.2%, 4.6%). Salmon heads were lower (P<0.05) in 
protein and ash contents than pollock and cod heads, but the salmon head fat 
content was approximately ten fold greater at 10.9%. 

The protein composition (Table 1) of pollock, cod and salmon viscera 
ranged from 13.0 to 15.3% and the ash content ranged from 1.6 to 2.0%. There 
were large differences (P<0.05) in the viscera fat content among the three 
species. Salmon viscera was much lower (P<O.O5) in fat content (2.0%) than 
either pollock (19.1 %) or cod (8.1 %) viscera. The high fat content observed in 
pollock and cod viscera and the low fat content observed in other pollock and 
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cod tissues are consistent with viscera containing the major fat storage sites 
(liver, etc.). Major fat storage sites for pink salmon are in the head (Table 1). 
Pink salmon skin is another fat storage site and a single sample of several pink 
salmon skins obtained at the same timeas other salmon tissues contained 7.5% 
fat. A single pink salmon fillet from three skinless fillets (obtained at the same 
time as other salmon fillets) contained 2.3% fat. 

The protein content of skins from pollock and cod were 25.0 and 24.5%, 
respectively (Table 1). These protein values are high and probably reflect the 
conversion factor of 6.25 used in the calculation of percent nitrogen to protein; 
also, the samples are not pure skin but have small amounts of attached tissue. 
Lower conversion values are reported for yellow perch fillet (Sosulski and 
Imafidon 1990), gelatin and other foods (Pomeranz and Meloan 1994). The fat 
content of pollock (0.4%) and cod skins (0.3%) are low and a difference 
(P<0.05) in ash content between pollock and cod was noted. 

There were many differences (P<O.O5) in the composition of by-product 
components within a species (Table 1). Pollock and cod viscera exhibited the 
highest fat contents and pollock and cod skins exhibited the highest protein 
contents (P<0.05). The ash contents of pollock and cod, heads and frames were 
greater (PcO.05) than other waste components. Salmon heads exhibited a higher 
(P<0.05) fat and ash content than salmon viscera or whole fish. 

Percent Protein Solubility and pH 

The pH and conductivity determinations for fish tissues are presented in 
Table 2. The effects of both pH and temperature on the solubility of proteins 
and other protein properties are well documented (Schnepf 1992) and the pH of 
fish tissues may be altered by a number of factors. As a generality, minimum 
solubility is observed at a pH close to the isoelectric point, and increased 
solubility is observed at more acid or basic pH values. The pH values ranged 
from a high of 7.80 to a low of 6.80 for the collected fish tissues. There were 
some pH differences between by-product components within a species. Viscera 
pH values for the three species were in a narrow range from 6.96 to 7.10 
(P> 0.05). Onodenalore and Shahidi (1996) reported the lowest protein solubility 
between pH 5 to 8 for shark soluble protein, which is the range of the pH values 
determined in this study. 

The pH of whole salmon and salmon heads was lower (P<0.05) than 
comparable pollock and cod samples (Table 2). The pH of whole salmon was 
6.75 and similar to the 6.57 value for salmon H & G. Pollock and cod fillets 
exhibited pH values of 7.20 and 6.80 (P<0.05), similar to the 6.60 pH of 
salmon fillets (determined on a single sample of fillets). Ionic strength was 
previously demonstrated to affect protein solubility and other properties of 
proteins. After being caught at sea, fish are often stored in refrigerated sea 
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water before delivery to the processors. Conductivity values were determined 
as an indicator of the salt content of fish tissues. The salt values reported in 
Table 2 indicate only small differences in the ionic strength of the by-product 
components except for the pollock and cod skins which exhibited lower 
conductivity values. 

Solubility is an important property in the utilization of proteins. An example 
is in aquaculture feeds where solubility, stability and palatability properties are 
affected by protein solubility characteristics. Effects of heat on protein solubility 
are important considerations in the processing of fish wastes, because the wastes 
are usually heated to halt microbial and enzymatic degradation and as part of the 
concentration process. In this study, percent protein solubility values were 
determined in unheated samples and after heating samples to 85C (Table 3). The 
85C values reflect the protein solubility after heating to a temperature that is a 
little lower than that used in the initial heating step of fish meal production 
(Windsor and Barlow 1981). 

As shown in Table 3 for both pollock and cod fillets, the percent soluble 
protein after the 85C heat treatment was reduced approximately 2 to 3 fold from 
the unheated fillets (P<0.05). This reduction is consistent with a loss of 
solubility due to heat denaturation and aggregation of myofibrillar and other 
proteins. The protein solubility of the unheated pollock and cod skin samples 
was very low, but after the 85C heat treatment protein solubility increased 9 to 
13 fold (P<0.05). Most of the increased solubility was attributed to skin 
collagen and connective tissues undergoing extensive molecular rearrangements 
and becoming soluble at 85C. Both head and frame samples from pollock and 
cod exhibited similar (P> 0.05) percent protein solubility before heat treatment 
(16.3 to 14.0%) that were reduced with the 85C heat treatment (9.9 to 12.2%). 
Salmon heads exhibited a higher percent soluble protein after the heat treatment 
than either pollock or cod heads (P<0.05). The percent soluble protein was 
reduced by 40%, 44% and 11 % after the 85C heat treatment in pollock, cod, 
and salmon whole fish, respectively. 

Viscera that were not heat treated exhibited the highest (P<O.O5) percent 
soluble protein when compared to other by-product components within a species. 
There were substantial decreases in percent soluble protein after pollock and 
salmon viscera were heated to 85C (PC0.05); however, the cod viscera 
exhibited similar percent soluble protein values both before and after the 85C 
treatment. One major difficulty in working with viscera is control of the 
endogenous proteolytic activity. High concentrations of soluble proteins are 
present in visceral tissues; however, proteolysis (endogenous enzymes from the 
digestive system) before, during, and after fish processing may generate 
additional soluble proteins and peptides. To control the proteolytic activity, the 
viscera were collected immediately after removal from the fish at the processing 
plants, kept at 4C, ground, sampled and frozen in a -3OC blast freezer. The 
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frozen samples were stored at -75C and then thawed rapidly and held at 4C for 
weighing. When fish tissues were homogenized in 30C water and incubated for 
30 min prior to the centrifugation step there would be some opportunity for 
proteolytic degradation. However, in the fish tissues heated to 85C before the 
30 min incubation, rapid degradation of proteolytic activity would be expected. 

All samples of fish processing wastes that were heated to 85C had at least 
10% soluble protein (heads, frames, viscera and skins). Within a species the 
waste stream components with the greatest percent soluble protein were skin and 
viscera (PC 0.05). Viscera has both endogenous intact soluble proteins and also 
soluble protein fragments and peptides produced by proteolysis. For skin a large 
increase in soluble protein is due to increased connective tissue solubility at 85C. 
The connective tissue of other tissues such as heads and frames could be 
important contributors to the percent soluble protein values after heating to 85C 
(Table 4). 

Connective Tissue Content 

The hydroxyproline content of fish tissues are listed in Table 4. Within a 
species the highest hydroxyproline values were obtained for skin (P<O.O5) and 
lowest values for fillet and viscera. The high content of hydroxyproline observed 
in the heads and frames is due in part to the connective tissue in skin and bone 
components of these samples. The connective tissue as a percent of total protein 
was calculated from the hydroxyproline content of the samples (Table 4). 
Percent connective tissue between species for a common by-product stream 
components were similar (P>0.05) in all cases except for viscera. Percent 
connective tissue content values for viscera ranged from 1 % for pollock to 5% 
for cod (PCO.05). Connective tissue content as a percent of total protein for 
pollock (45.5%) and cod skins (42.6%) are in general agreement with collagen 
yields of 49.8 to 51.4% of dried weight for three different species of fish skin 
reported by Nagai and Suzuki (2000). Montero et al. (1990) reported yields of 
muscle connective tissue from hake (1.7 %) and trout muscle (1.4 %) similar to 
the 1.6% connective tissue content (as a percent of total protein) for both 
pollock and cod fillets listed in Table 4. Collagen is the most abundant single 
protein in vertebrates, is a major extracellular structural protein, contains lower 
concentrations of essential amino acids, and exhibits unique physical properties. 

The estimated rat PER values presented in Table 4 were calculated from the 
method of Lee ef al. (1978) for estimating the PER based on the connective 
tissue content in meat samples. Estimated rat PER values for pollock (2.11) and 
cod (2.18) skins were the lowest values (P<0.05) for by-product stream 
components within a species. These values are smaller than the 2.5 PER value 
for reference standard casein in the standardized rat bioassay. High PER values 
(3.09 to 3.13) were obtained for pollock and cod fillet and pollock and salmon 
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viscera. Onodenalore and Shahidi (1996) calculated shark muscle PER values to 
be 3.09 to 3.19 from amino acid composition data which are in general 
agreement with the calculated PER values of 3.12 for both pollock and cod 
fillets in this study. The fillet PER values compare favorably to the PER value 
of 3.06 obtained by Lee et al. (1978) for raw deboned chicken meat. Estimated 
PER values for fish frames, head and viscera ranged from 2.85 to 3.13 with 
small, but in some cases, significant differences between species. The estimated 
rat PER values calculated for pollock and cod frames and heads were similar 
(P>0.05) within species and ranged from 2.85 to 2.98. The PER values for 
different species of whole fish were similar (P>0.05) and ranged from 3.00 to 
3.02, and values for viscera and fillet samples ranged from 3.04 to 3.13. This 
method has provided a useful calculation for estimating the rat PER value for 
fish processing waste stream components; however, feeding trials of selected by- 
products are planned in the future. 

CONCLUSIONS 

The major components of fish processing wastes from both Alaska pollock 
and Pacific cod filleting operations are heads, viscera, frames and skins. For 
pink salmon the two major waste components are heads and viscera. The 
compositions of waste stream components were analyzed. As a generality many 
properties of pollock and cod were similar; however, many salmon properties 
were different. There were significant compositional differences between heads, 
viscera and skin. Protein solubility is an important parameter in the processing 
of fish wastes (e.g. conversion of fish waste to fish meal) and in aquaculture 
feeds. Percent protein solubility was greatest for viscera before heating to 85C 
and the percent soluble protein in both pollock and cod skin was greatest after 
heating to 85C. The amount of connective tissue protein in an animal tissue is 
an important parameter affecting processing properties and nutritional value. 
Skin had the highest connective tissue content as a percent of total protein at 
approximately 45 % , frames and heads had 7 to 13 % , and viscera was 1 to 5 % . 
Estimated rat PER values ranged from a low of 2.1 for skin to a high of 3.1 for 
viscera and fillets. The results from this study identify some of the important 
characteristics of individual fish by-product components that could be used to 
create new products and feed ingredients. 

REFERENCES 

ADF&G. 2000. 2000 Alaska Commercial Salmon Harvest. 
www .cf. adfg . state. a.. . sh/salmon/catchval/blusheet/OOexvesl . htm 



COMPONENTS OF FISH PROCESSING BY-PRODUCTS 115 

AOAC. 2000. Oftlcial Methods of Analysis of AOAC International, 17" Ed., 
Association of Official Analytical Chemists, Washington DC. 

BABBITT, J.K. 1990. Intrinsic quality and species of north pacific fish. In 
Proceedings of the International Conference on Fish By-products, ( S .  
Keller, ed.) pp. 39-45, Alaska Sea Grant College Program. Report No. 90- 
07, Fairbanks, Alaska. 

BATAL, A.B., DOUGLAS, M.W., ENGRAM, A.E. and PARSONS, C.M. 
2000. Protein dispersibility index as an indicator of adequately processed 
soybean meal. Poultry Sci. 78, 1592-1596. 

CRAPO, C.,  PAUST, B. and BABBI'IT, J .  1993. Recoveries & yields from 
pacific fish and shellfish. Alaska Sea Grant College Program, Marine 
Advisory Bulletin. No. 37. 

DONG, F.M., FAIRGRIEVE, W.T., SKONBERG, D.I. and RASCO, B.A. 
1993. Preparation and nutrient analysis of lactic acid bacterial ensiled 
salmon viscera. Aquaculture 109, 35 1-366. 

FREEMAN, H.C. and HOOGLAND, P.L. 1956. Processing of cod and 
haddock viscera.: 1. Laboratory experiments. J. Fish Res. Bd. Canada. 13, 

KIZEVETTER, I.V. 1971. Chemistry and Technology of Pacific Fish. 
(Translated in 1973 by Israel Program for Scientific Translations Ltd.). 
U.S. Department of Commerce, Springfield, VA. 

KRZYNOWEK, J., MURPHY, J. ,  MANEY, R.S. andPANUNZIO, L.J. 1989. 
Proximate Composition and Fatty Acid and Cholesterol Content of 22 
Species of Northwest Atlantic Finfish. NOAA Technical Report NMFS 74. 

LEE, Y .B., ELLIOT, J.G., RICKANSRUD, D.A. and HAGBERG, E.C. 1978. 
Predicting protein efficiency ratio by the chemical determination of 
connective tissue content in meat. J .  Food Sci. 43, 1359-1362. 

MONTERO, P., BORDERIAS, J . ,  TURNAY, J. and LEYZARBE, M.A. 
1990. Characteristics of Hake (Merluccius merluccius L.) and trout (Salmo 
irideus Gibb) Collagen. J.  Agric. Food Chem. 38, 604-609. 

NAGAI, T. and SUZUKI, N. 2000. Isolation of collagen from waste material- 
skin, bone and fins. Food Chem. 68, 277-281. 

NMFS 2000. 2000 Gulf of Alaska groundfish quotas and preliminary catch in 
round metric tons. National Marine Fisheries Service. www.fakr.noaa.gov 
/2000/goaOOb. txt 

OHNISHI, S.T. and BARR, J.K. 1978. A simplified method of quantitating 
proteins using the biuret and phenol reagents. Anal. Biochem. 86, 193. 

ONODENALORE, A.C. and SHAHIDI, F. 1996. Protein dispersions and 
hydrolysates from shark (Isurus oxyn'nchus). J. Aquatic Food Prod. 
Technol. 5(4), 43-59. 

POMERANZ, Y.  and MELOAN, C.E. 1994. FoodAnalysis, 3rd Ed., pp. 736, 
Chapman & Hall, New York. 

869-877. 



116 P.J. BECHTEL 

RISS, T.L., BECHTEL, P.J., FORBES, R.M., KLEIN, B.P. and McKEITH, 
F.K. 1983. Nutrient content of special fed veal ribeyes. J. Food Sci. 48, 

SCHNEPF, M.I. 1992. Protein-water interactions. In Biochemistry of Food 
Proteins, (B.J.F. Hudson, ed.) pp. 1-33, Elsevier Science Publishers Ltd. 
Essex, England. 

SOSULSKI, F.W. and IMAFIDON, G.I. 1990. Amino acid composition and 
nitrogen-to-protein conversion factors for animal and plant foods. J. Agric. 
Food Chem. 38, 1351-1356. 

STANSBY, M.E. 1976. Chemical Characteristics of Fish Caught in the 
Northeast Pacific Ocean. Marine Fisheries Review 38(9), 1-1 1. MFR paper 
No. 1198. 

U.S. Department of Agriculture, Agricultural Research Service. 2001. USDA 
Nutrient Database for Standard Reference, Release 14. Nutrient Data 
Laboratory Home Page, http://www .nal.usda.gov/fnic/foodcomp 

WINDSOR, M. and BARLOW, S. 1981. Introduction to Fishery By-products. 
Fishing News Books, Ltd. Farnham, Surrey, UK. 

1868-1871. 


