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BACKGROUND 

The Technological Laboratory of the Pacific 
Region of the Bureau of Commercial Fisheries 
began its research activities on May 2, 1933, 
at its present location, 2725 Montlake Boule­
vard East, Seattle, Wash. This laboratory is 
one of six of the Branch of Technology, Divi­
s ion of Industrial Research; the other five 
are located at Ketchikan, Alaska; College 
Park, Md.; Gloucester, Mass.; Pascagoula, 
Miss.; and Ann Arbor, Mich. 
-The laboratory carries out research on 
the preservation and utilization of fish and 
shellfish, the chemical properties of con­
stituents, and the application of research 
findings to new and improved fishery prod­
ucts. By preparing technical bulletins and 
answering inquiries, the laboratory also pro­
vides the fishing industry and the general 
public with information on fishery products. 

Currently three major research programs 
are underway. The first program aims at 

widening markets for fish oils, and con­
sists of organic chemical investigations of 
the properties and reactions of fish oils, of 
derivatives from fish oils, and of industrial 
evaluation of potential uses for the products 
produced. The second program, in coopera­
tion with ' the Atomic Energy Commission, 
concerns the irradiation pasteurization of 
several species of fish as a means of extend­
ing the storage life of chilled (iced) fish. 
The third program deals with improving 
the quality of fresh and frozen fish by de­
veloping standards of quality. \ The studies 
under the latter program at- present focus 
attention on grading methods for judging the 
quality of halibut as landed by the fishing 
vessels. 

Several smaller projects include experi­
ments on shellfish processing, investigation 
of species of fish not utilized, and studies 
on fish spoilage. 

ORGANIZATION 

Activities of the laboratory are directed 
by Maurice E. Stansby, who has been Labora­
tory Director since 1942. 

Research programs are conducted by the 
Chemical Research Unit and the Preserva­
tion and Processing Research Unit; and the 
nonresearch programs by the Research Liaison 
Unit and the Administrative Unit. The func­
tions of these four units are described as 
follows : 

(Surnames are used to identify research workers. 
See section on Personnel for further identifica­
tion.) 

CHEMICAL RESEARCH UNIT 

Programs of the Chemical Research Unit 
deal with chemical, biochemical, and physical 
changes in components of fish. Research on 
fishery industrial products also comes under 
this unit. 
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PRESERVATION AND PROCESSING 
RESEARCH UNIT 

Programs of the Preservation and Proc­
essing Research Unit deal primarily with 
qualitative changes in the fish during handling, 
preserving, proces sing, and storing of the 
product for food purposes. Physical, chemical, 
and microbiological changes are considered 
as they affect the product as a whole. 

RESEARCH LIAISON AND 
ADMINISTRATIVE UNITS 

The Research Liaison and the Administra­
tive Units are responsible for the nonresearch 
aspects of the laboratory programs, such as 
publications, library, inquiri'es, publicity, 
manuscript processing and editing, budgeting, 
and administrative work. The two units also 
assist with program planning and coordination 
of various matters among the four units. 



PROGRAM OBJECTIVES AND 1962 ACCOMPLISHMENTS 

CHEMISTRY OF FISH OILS 

Chemistry of fish oils is a cont inuing lll­

vestigation in which several approaches are 
being used to find new and varied uses for 
fish oils. Most of the research is aimed 
at utilizing the uruque characteristics of fish 
oil and taking advantage of its unusual chemi­
cal properties. Projects at the Bureau ' s Tech­
nological Laboratory in Seattle during 19 Z 
were as follows; (1) Preparation of denv -
tives, (2) analyses of commercial oils, (3) anal­
yses of oils extracted from fish flesh, (4)pr p­
aration and distribution of samples of refined 
fish oil and deTlvatives, (5) studies of odors 
and flavors, and (6) effects of ioruzlng radi-­
tion on lipids of fish. Projects under contract 
during 1962 were diVided into the three cate­
gories: (1) Oxidative deterioratlon, (Z) nutri­
tional or pharmaceutical effects of fish oils, 
and (3) odor and flavor studies. 

Preparation of Derivatives 
Chemical reactions that make use of the 

characteristic unsaturation of flsh oi!s were 
studied. An important class of compounds 
was prepared by developing a method that 
introduced nitrogen at the double bonds . 
Malins, Houle, and Wekell prepared a num­
ber of nitrogen derivatives of fatty aCids 
that have uruque and interesting propertles . 
Nitrate, nitro, acetoxy-nitro, and nitro-mtrate 
derivatives were synthesized. These com­
pounds can be used as chemical Intermediates 
in syntheses of amino acids, amines, amino 
nitrates, and amino alcohols. The development 
of this method makes it possible to exploit 
the potential of fish oils as starting mate­
rials for the synthesis of a variety of rutro­
gen derivatives, and investigations will con­
tinue in this area. 

Fatty acids are present in natural triglyc­
erides in random fashion, and very little fr ac­
tionation can be accomplished. Triglycerides 
with greater unsaturation can be obtained by re­
synthesizing triglycerides from highlyunsatu­
rated fatty acids. Gauglitz and Lehman found 
that the best method was a direct esterification 
of fatty acids with glycerol, using zinc dust as 
a catalyst. 

Preliminary studies were made on methods 
of preparing a number of other derivatives 
from fish oils. Gruger is studying poly­
urethanes and epoxy esters. Gauglitz and 
Lehman are investigating carbene reactions. 
Work is continuing on all of these studies. 

Analyses of Fatty Acids from Fish Oils 
Gruger an.alyzed commercial menhaden oils, 

flesh from 25 species of fish and shellfish, 
and different parts of menhaden for their 
fatty-acid contents. Commercial menhaden 
oils were obtained from fish taken from 
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N w York to lorida long th Atldnt C COLIst 
and from the LOUISlilna coast In thr· Gulf of 
MexIco, and from fish cought dUring w nter, 
spring , and summ' r from 1959 to 19f) l . Major 
diff r nc s wer notf!d In the dmo nts of 
myristic (C 11'0). 01 IC (C I H; 1), and docos- ­
hex enoic (C l2:6) clds . 

A major difff!rencl. In the fCltty-acld com­
position of oils from l5 Sp.CICS of fish' n( 
sh('llfl h was foundlnth m01ntsof Icosenolc 
(ClO; I )oacld In the <11££'" rent sp CIC • 

A comp rlROn was mad' of h", f t y-acld 
compOSition of oils from differ nt petrts of 
menhad n--body, h. d, entrails, fill s, honps, 
roe, nd mllt . Thl'! naly es we e mad of 
fish that w re 1-3 yeclrs old and 4-6 y arB 
old. 

Preparation and Dis tribution of Fish Oil 
Sampl s 

Method for n arly eltmlnatlng odors and 
flavor In fish olls were dev loped . d o rp Ive 
bleaching of m nhad n 011 With actwated earth 
and ca rbon, follow d by mol.eul .. r dl tll1a lon, 
ga ve an 011 that w s nea rly odorle' sand 
tastele s . 

During 19 2, Gdughtz and Hun er sed 
adsorptive leaching or molecular dlstllla ­
tlon or both to r fine ,000 pounds of ftsh 
Oil tnglycend s nd fish 011 de nvattves, 
such as fatty aCids and fat y esters. Frac­
tionatIOn via molecular distillation was used 
to obtain samples With a high percentage of 
polyunsaturates . Of the materials processed, 
Z,OOO pounds of samples were dlstnbuted 
to other laboratOries for research purposes. 

Color bodies In the usual commercial tuna 
011 were not removed by the above method of 
adsorptive bleaching and molecular dis t illa ­
tion. Oil from freshly caught albacore that 
had not been frozen, howeve r, could be 
bleached without difficulty . 

Composition of Oil from Tuna Flesh 

Fatty aCids in body oils from yellowfin, 
skipjack, bluefln, and albacore tuna were 
determined . Roubal compared oils from raw, 
precooked, and canned tuna as well as oils 
from light- and dark-meat portions. 

The principal difference among the species 
was in docosenoic acid (CZ2 : 1). which ranged 
from 1.6 to 5.4 percent) in albacore and 
bluefln but was present in only trace amounts 
in yellowfin and skipjack. In general, the 
monoenoic-acid content of the light meat 
ranged from 24-37 percent; oleic acid, 16-22 
percent; eicosapentaenoic acid (C20:5), 4-13 
percent; and docosahexaenoic acid (CZ2:6). 
15-22 percent. Fatty acids in the dark meat 
were roughly parallel to those in the light 
meat. 



Figure l.--Clay bleaching of fish oils using reactor and vacuum_equipment. 

, BIt.-: 
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Fatty-acid compositions of oils from tuna 
canned commercially and in the laboratory 
were compared. No degradation of higher 
unsaturated fatty acids was indicated. The 
fatty acid compositions of the r aw and canned 
products were about the same . 

Additional research was car ned out on the 
chemical structure of the monoenol c fatty 
acids isolated from bluefin body oils of the 
light and dark meats. The percentage and 
relative amounts of isomers of the mono­
enoic acids were also determined. 

The project on tuna terminated in June 
1962. 

Odors and Flavors 
Odors and flavors of fish and fIsh oIls 

are serious deterrents to increasing the lr 
utilization. Contract projects on the prob­
lems of odors and flavors of fish oils have 
demonstrated the complex chemistry involved 
and the extensive research needed. A new 
approach was started at the laboratory to 
investigate fishy odors not only of fish otls 
but also of other fishery products. Stansby 
and Kudo are classifymg different types of 
fish odors and flavors and are studying fac­
tors that control their formatIon. Initially, 
research is being started on the odors and 
the flavors that develop from oxidation of 
relatively pure fish oil triglycerides. 

Effects of Ionizing Radiation on Lipids of Fish 

Lipids in fish that have been irradIated 
become discolored and rancid. These ad­
:erse e.ff~cts may be caused by (1) changes 
m the liplds during irradiation, (2) sensitiza­
tion of the lipid by ionizmg radiation, followed 
by rapid decomposition during storage, and 
(3) accelerated deterioration during storage 
fr?m availability of oxygen that is normally 
utIlized by bacteria. 

Since so many reactions take place in 
such a complex system as fish flesh it is 
impossible to determine what has hap~ened. 
To overcome the difficulty, a purified, highly 
unsaturated fatty acid was isolated to use 
in the studies. Stout developed a proce­
dure to produce enough docosahexaenoic acid 
(C22:6) to study. 

Autoxidation of the esters of docosahexaenoic 
acid was used tomeasure the effects ofirradia­
tion. Of the several methods of measurement 
investigated, the Warburg apparatus to deter­
mine manometric oxygen absorption was the 
best. This determination was done in the 
absence of light . Irradiation caused little 
if any, change i f the highly unsaturated sam~ 
pIe was held under helium at 00 C. 

Oxidative Deterioration 
Oxidative dete rioration was investigated at 

the University of California by Olcott, Shuster, 
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and Menzel at Berkeley and by Tappel and 
Roubal at Davis. Studies at Berkeley were 
On extracted lipids, and at DaVIS, on lipids m 
fish flesh. OUTIng 1962, Olcott Investigated 
phospholtpids and the mecharusm of the ac­
tion of antioxidants. Tappel investigated ef­
fects of ltpids undergOing oxidation m biO­
logical systems. 

jultloxidants . - -Olcott studied effects of va n­
ous systems of antiOXidants on punfled 
menhaden OIL ActiVity of antioxidants was 
affected by concentration and temperature. 
Arnines that act as synergists at one con­
centration may act as prO-OXidants at another 
concentration . Some synergistic mlxtu es are 
mOre effective at 60 0 or 70 0 C . than at 500 C. 

Phospholtplds .-- Phosphohplds are Impor ­
tant because they often act as synergists 
for other anhoxldants . Olcott, Shuster, and 
Menzel studied phospholtpids from menhaden 
and tuna . Menhaden muscle contained 0.55 
percent phospholipid, which conSisted of 24 
percent cephahn, 64 percent leCithin, 6 per­
cent sphingomyelin, and lesser miscellaneous 
components . Tuna muscle contained 0.5 per­
cent phosphohpld, which conSisted of 23 per­
cent cephaltn, 54 percent leCithin, 8 percent 
sphmgomyeltn, 2 percent phosphoinositide, 
and lesser miscellaneous components. 

Oxidation In biological system.- - Tappel and 
Roubal are studymg the effects of lipId OXIda­
tion on functlOns of proteins. The fnst phase 
Will determine whether enzymes or other 
biological matenals are affected by free 
radicals formed during oxidatIon of lipids. 

Nutritional and Pharmaceutical Effects 

The nutntional effects are being investigated 
from two standpoints: Po sitive effects of their 
roles In lipid metabolt sm and possible nega­
tive effects of oxidlzed oils. A thud project 
IS an investigation of whether or not fish 
oils have a healing effect on wounds. 

F i sh oils and lipid metabohsm.- -StudIes 
on the role of fish oils in lipid metabolism 
are being made by Peifer, at the Hormel In ­
stitute, University of Minnesota. Two projects 
are involved: (1) Effects of marine oils on 
distribution of lipids in the blood-vascular 
system and (2) influences of hormonal regu­
lation on metabolism of marine-oil compo ­
nents. Past results showed that oils from 
a number of species of fish effectively lowered 
cholesterol levels in hypercholesteremic 
animals. Both extracted oils and oils in fish 
flesh have this cholesterol - depressant ac­
tivity. Lowered cholesterol levels in these 
animals were accompanied by a more favor ­
able balance between cholesterol and phos ­
pholipids in the blood. Changes als o were 



associated with changes in the distribuhon of 
classes of lipids in the clrculating lipids and 
of specific fatty-acid components in tis sues. 
These effects of fish oils are due to more 
than just total unsaturation. For instance. a 
wide spectrum of fatty acids IS more effec­
tive than a mixture of 85 percent pentaenes 
and hexaenes. Attempts are being made to 
determine the specific factor or factors that 
are effective. 

Nutritional effects of oXldlzed marine oils.-­
In the project that Oldfield is investigating at 
Oregon State University. marine oils were 
oxidized to different levels and were fed to 
rats and pigs at levels of 10 percent and 
15 percent. Both food intake and efficiency 
of the feed decreased at high levels of oxida­
tion. When a -tocopherol acetate or ethoxyquin 
was added to the oxidized material. each was 
an effective antioxidant; and growth of the 
animals was as good al> when unoxidized oil 
was fed. One of the important observations 
was the rapid oxidation which occurred after 
the oils were added to the diets. It was found 
that higher the level of oxidation of oil. 
greate r the oxidation in the diet. Thus. oil 
with a peroxide value of 61 was added to 
the diet and allowed to stand at room tem­
perature. and after 24 hours it had a peroxide 
value over 1.300. Ethoxyquin added to the 
diet prevented this oXldation. 

Applied research on the effect of certain 
components of fish on healing of skin lesions.-­
Winkelmann. dermatologist at the Mayo Clinic. 
Rochester. Minn •• studied the effects of fish 
oils on wounds and burns. In no instance 
did fish oils. triglycerides. or the unsaponifi­
able fraction have any greater healing effect 
than mineral oil. 

Odors and Flavors in Fish Oils 

Two contract projects at Hormel Institute 
covered different aspects of odors and flavors 
found in fish oils. Different approaches were 
used in the two projects. 

Studies on the odors of fish oils.--Chipault 
was concerned with the ongin and the nature 
of the compounds responsible for undesirable 
odors and flavors. The study included separa­
tion of odors and attempts to associate them 
with different components of the oils, isolation 
and identification of the highly volatile com­
pounds present, and research on autoxidation 
of purified methyl esters from fish oils. ThiS 
project ended June 1962. 

Investigation of chemical compounds cau_'lng 
fishy flavors in manne o11s.- - iangold IS 

concerned v.ith defining "fish'" flavor a d 
odors in terms of chemical structure. A 
synthetic approach IS being used In 'hlCh 
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Figure 2.--Amino acid analyzer fabricated at the Bureau's Technological Laboratory, Seattle; 
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resources. The program objectives are as 
follows: (1) To develop objective quality tests, 
(2) to improve existing pres ervation and proc­
es sing methods, and (3) to investigate new 
processing methods such as irradiation and 
freezing at sea in the North Pacific. Findings 
are applied to improve the domestic fisheries 
and to di versify proces sing methods for species 
not fully utilized. Contractual studies have 
been planned to determine the pos sible and 
immediate application of engineering and me­
chanical improvements that will solve prob­
lems of production efficiency in the Northwest 
fisheries. 

Processing and Acceptability of Fishery 
Products--Dungeness Crab Meat 

Research studies on the problems involved 
in producing quality packs of fresh and frozen 
Dungeness crab meat were carried out by 
Nelson during 1962. Studies on processing 
methods and plant technique were somewhat 
limited because of an extremely poor crab 
fishing season. Measurements of draining 
time prior to packing, however, provided 
information relative to the variability of the 
drained weight of crab meat. 

A paper reporting the results of a study of 
the proximate composition of Dungeness crab 
!meat was prepared for publication. 

Heat pasteurization of Dungeness crab meat 
as a means of extending the shelf life of the 
product was investigated. Depending upon the 
time and temperature of treatment, an ac­
ceptable pasteurized crab meat can be pre­
pared that can be held at refrigerated tem­
peratures for considerably longer periods 
of time than can regular fresh crab meat. 

Evaluating the Quality of Fishery Products-­
Texture 

Texture measurement by an objective method 
is desirable in evaluating the qualityoffishery 
products both in research and in quality con­
trol. An instrument designed by Dassow and 
McKee to measure res istance of fish muscle 
to shear was constructed at the laboratory; 
this instrument proved useful as a tool for 
determining texture. Research studies by 
Nelson included a study of the changes in 
king crab texture during frozen storage. In 
addition to the paper entitled "Development 
of an instrument for evaluating texture of 
fishery products," which was published in 
Food Technology, a supplemental report cover­
ing the construction details of the instrument 
was prepared. 

Oxidation Evaluation 

A study of EMQ (6-ethoxy-2;2,4-trimethyl­
l,2-dihydroquinoline) as an antioxidant on 
salmon flesh was carried out. Barnett found 
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that EMQ increased the storage life of frozen 
salmon and appreciably improved the color 
retention. 

Radiation-Pasteurization of Fishery Products 

The Atomic Energy Commission is sup­
porting the Bureau's project to develop a 
practical procedure for the radiation­
pasteurization of Pacific crab meat and fillets 
of sole and flounder. Dungeness and king crab 
meat were studied in the former group, and 
petrale sole and halibut were used for the 
~nitial studies of the flatfish species. Sam­
ples of these products were irradiated at dose 
levels between 0 and 0.6 megarads. The stor­
age characteristics of these radiation­
pasteurized samples held at 330 F. and 420 F. 
were studied by sensory (Stoll), bacteriological 
(Eklund), and chemical tests (Spinelli). Re­
sults of limited experiments completed by 
Miyauchi and coworkers during the second 
half of 1962 indicate the following: 

1. The optimum irradiation levels for pro­
ducing samples having minimum radiation 
odors and flavors and with extended refrig­
erated storage life appear to be from 0.2 
to 0.4 megarads for Pacific crab meat and 
about 0.4 megarads for fillets of petrale 
sole and halibut. 

2. The radiation-pasteurized samples have 
a shelf life at 330 F. and 420 F. from two to 
six times greater than the unirradiated con­
trol samples. 

3. For thi s radiation-pasteurization proc­
ess, vacuum-packed samples have storage 
characteristics superior to air-packed sam­
ples. 

4. In order to obtain maximum benefit from 
the radiation-pasteurization proces s, low re­
frigerated storage temperatures should be 
used. Samples stored at 330 F., for example, 
were of higher quality for a longer storage 
time than were those stored at 420 F. 

DEVELOPMENT OF VOLUNTARY 
STANDARDS FOR FRESH AND FROZEN 

FISHERY PRODUCTS 

The general objectives of the standards 
project are to develop yardsticks of quality 
measurement and to control quality by the use 
of voluntary standards. These standards pro­
vide a means of processing and marketing 
fishery products at a defined quality level. 

Development of Voluntary Standnds for 
Frozen Sole and Flounder Fillets 

U.S. grade standards for grades of frozen 
sole and flounder fillets, applicable to Atlantic 
and Pacific coast species, were completed 
and officially published (April 1962, first 
is sue). Supplementary ins pectors ' instructions, 



Figure 3.--Instrument constructed at the Bureau's Technological Laboratory, Seattle, for evaluating the texture of 
fishery products. 

to as sure the uniforIl'l interpretation a nd appli­
cation of these standards, we r e d e veloped for 
use by the official Fishery Product Inspectors 
of the U.S. DepartIl'lent of the Interi o r. 

The abno rIl'lal "Il'lilky" and "jellied" con­
ditions of sole and flounder, wh i ch are prob­
leIl'ls under the U.S. grade sta n d ards , were 
further investigated by Patas h nik. The "Il'lilky" 
condition was found in several Paci fi c coast 
species and was observed as l ocali zed pockets 
of Il'lilky white fluid. The s e Il'lilky products 
resulted froIl'l the enzyInatic proteolysis of the 
Il'luscle tissue by specific protoz oan paras i tes. 
The "jellied" condition, re cognized by the 
sliIl'lY, jellylike, glossy appearance of the 
fish fillets flesh, was restri cted to deep­
water Dover sole . It was f ound to involve 
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Il'lainly higher than norIl'lal all'lounts ofIl'loisture 
and lower than norIl'lal all'lounts of protein, 
but di d not involve any identifiable parasites 
in the fish flesh. 

Bacteriological Methods of Quality Control 

Objective Il'lethods for evaluating the quality 
of fish and fishery products are needed for 
purposes of grading, quality control, and 
expe riIl'lentati on. As changes inIl'licrobiological 
flora on the surface of the fish are closely 
associated with quality, techniques of saIl'l­
pling the surfaces were developed and COIl'l­
pared by Tretsven. SaIl'lples consisting of 
rinses, scrapings, swabbings, and excised 
portions were taken froIl'l various fish; the 



Figure 4.--0btaining a scrape sample from a 5 square centimeter area on the surface of sole. 

samples were analyzed; and the results were 
compared. The excised-surface sample was 
used as a standard, and other methods of 
sampling were compared with it. Bacteria 
counts obtained by rinsing represented 8 per­
cent, b y s wabbing represented 35 percent, 
and by scraping represented 46 percent of 
the bacteria count of the excised-surface 
method of commercial cod. These four methods 
of sampling appeared to be the most practical 
and were developed further for determining 
both the amounts of slime and the number of 
micro-organisms on fish. 

Development of Voluntary Standards for 
Fresh and Frozen Dressed Halibut 

Standards and grading specifications for 
fresh and frozen dressed halibut are needed 
to define quality and promote fair dealing and 
quality improvement at the dock and processing 
level. A work program was outlined to develop 
these standards and specifications. The initial 
accomplishments were as follows: 

1. The methodology was determined by 
Patashnik for evaluation of the texture of 
fresh and thawed halibut. 

2. A procedure was developed by Tretsven 
for sampling slime of the landed fresh halibut. 
The relation of slime to quality, bacterial 
counts, and storage life of the chilled dressed 
fish will be evaluated. 

3. Grading procedures now used by the 
industry at dockside were observed in Wash-
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ington and Alaska ports by Rafn. Data were 
obtained and tabulated for the evaluation of 
existing indust ry methods of grading halibut 
and their pos sible application to a proposed 
U.S. grade standard. 

INSPECTION AND CERTIFICATION 
SERVICE 

Inspection and certification services are 
performed i n accordance with industry need 
and requests, applying the latest standards 
of grade and condition and quality specifica­
tions for examination and certification of 
fishery product quality. 

Peaks in inspection activity conformed to 
patterns establi shed in previous years. March, 
with its heavy Lent-induced fresh and frozen 
fish purchasing by institutions, and October, 
with its usual high volume in canned salmon 
inspections, were consistent with previous 
corresponding months as the most active of 
the year. The normally lagging peri od during 
July, August, and September, however, pro­
vided record volumes in tonnage inspected 
and in revenue. The inspection of canned 
food products increased at the rate projected 
by the trend shown in past years. Revenue 
for the calendar year exceeded that of any 
prior year by 15 percent. The increase in the 
number of requests for certification of export 
shipment was significant. 



PERSONNEL 

Maurice E. Stansby, Laboratory Director 

SEATTLE LABORATORY PROGRAMS 

Organic Chemistry and Biochemistry 
Neva L. Karrick, Program Leader 

Organic Chemistry Project on Fish Oils 
Chemists: 
Edward H. Gruger, Jr., Project Leader 
Donald C. Malins 
Erich J. Gauglitz, Jr. 
Virginia F. Stout 
Clifford R. Houle 
Lawrence W. Lehman 
George Kudo 
John C. Wekell (Intermittent) 

Subprofes sional positions: 
Patrick J. Hunter 
Norman K. Allen (Intermittent) 

Biochemical Project on Fish Spoilage 
Biochemist: Herman S. Groninger, Jr., 

Project Leader 
Analytical Studies 
Subprofessional Position: Mabel A. Edwards 

Preservation and Processing 
John A. Dassow, Program Leader 

Preservation (mainly by irradiation) 
Chemists: 

David T. Miyauchi, Project Leader 
Melvin W. Eklund 
John Spinelli 

Home Economist: Nancy V. Stoll 
Subprofessional positions: 

Dave H. Wieg 
Murian H. Owens 

Processing 
Chemical Engineer: Richard W. Nelson, 

Project Leader 
Chemist: Harold J. Barnett 
Food Technologist: Lynne G. McKee (Re­
tired June 1) 

Inspection and Certification Service 
Agricultural Commodity Graders: 

A. Morris Rafn, Project Leader (Also under 
Standards) 

John J. Conley (Also under Standards) 
Frank T. Poysky 

Standards Development 
Agricultural Commodity Graders: 

A. Morris Rafn, Project Leader (Also under 
Inspection) 

John J. Conley (Also under Inspection) 
Chemical Engineer: Max Patashnik 
Chemist: Wayne I. Tretsven 

Research Liaison 
Patricia S. Terao, Special Assistant, in Charge 
Chemists: 

Alice S. Hall (Part time) 
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Martin Heerdt (Part time) 

Admlrustrati.~e Unit 
Supervisory Clerk--Vacancy 
Clerk-stenographers' 

Maxine W. Densmore 
Gretchen V. Lmdbergh 

Procurement Clerk: Helen M. Robertson 
Clerk-typists: 

Juliane A. Nakawatase 
Virginia Pong (Part time) 

Physical Science Aids: 
Bradford J. Reed 
Manon L. Burnside 

CONTRACT AND COOPERATIVE PROGRAMS 

Uruverslty of Cahforrua 
Oxidative Changes in Fish 011 

Berkeley, Callf. 
Harold S. Olcott, Principal Investigator 
Chemlsts: 

Daruel B. Menzel 
Constance Y. Shuster 

Physical Science Aid: Robert D. Jensen 
(Inte rmi ttent) 

Davis, Calif. 
A. L. Tappel, Principal Investigator 
Chemist: Wilham T. Roubal 

Uruversity of Minnesota 
Fish Oils and Lipid Metabolism, Including 
Cholesterol Depressant Research 
James J. Peifer, Principal Investigator 

Odor Research 
Helmut K. Mangold, PrinCipal Investigator 
J. R. Chipault, Prmclpal Investigator (Ter­
minated June 30, 1962) 

Oregon State Uruversity 
Nutritional Properties of Oxidized Fish Oil 
J. Oldfield, Principal Investigator 

Mayo Association 
Skm Curing Properties of Fish Oils 

R. K. Winkelmann, Principal Investigator 

Columbia University 
Studies on Fractions of Oxidized Cod Li ver Oil 

Hans Kaunitz, Principal Investigator 

Marine Chemurgics, Inc. (Morehead City, N.C.) 
Studies on the Lipids of Different Parts of 
Menhaden 

Theodore M. Miller, Principal Investigator 

Bureau of Commercial Fisheries Technologi­
cal Laboratory (College Park, Md.) 

Feeding Fractions of Ethyl Esters of Fish 
Oils to Chickens 

Kam Leong and David Miller, Principal In­
vestigators 



PUBLICA TlONS 

TECHNOLOGICAL LA BORA TORY, SEATTLE 

Dassow, John A . , Lynne G. McKee, and Richa rd 
W . Nelson. 
Development of an lnstrument for evaluatlng 
texture offisheryproducts. Food Technology, 
vol. 16, no. 3 (March), p. 108-110. 
Abstract: A compact texture instrument of 

moderate cost, simple design, and reason­
able precision that uses the prinCiple of 
hydraulic force and measurement of gage 
pressure was constructed. The instrument 
is designed so it can be adapted with variOUS 
devices for shear, tensile strength, or 
penetrometer measurements. Tests uSlng a 
shear jaw of five movable blades showed 
that values correlated with increasing tough­
ness as noted by sensory observations when 
the Dungeness crab samples were tested. 

Karrick, Neva L. 
Progress in manne oil research conducted 
and sponsored by the United States Bureau 
of Commercial Fishenes. International 
Association of Fish Meal Manufacturers 
News Summary, no. 10 (December), p. 92-
104 . 
Abstract: The fish oil program of the 

Bureau's Technological Laboratory, Seattle, 
from 1958 to June 1962 is reviewed. 48 ref­
erences . 

McKee, Lynne G., and Rlchard W. Nelson. 
Hydraulic press for laboratory preparation 
of fish press cake. U.S. Fish and Wildlife 
Service, Commercial Fisheries Review, vol. 
24, no . 12 (December), p. 14-16. [Also as 
Separate No. 663.] 

Abstract: A hydraulic pres s for preparing 
fish press cake In the laboratory was con­
structed . The press conslsts essentially of 
head, hydrauhc jack, movable and stationary 
platens, and stand. The features of the press 
are its simple construction, light weight, 
portability, and capacity to handle sufficient 
material at one time to charge a laboratory 
meal dryer. 
iyauchi, David. 
Apphcation of centrifugal method for meas­
uring shnnkage during the thawlng and 
heating of frozen cod fillets . Food Tech­
nology, vol. 16, no. 1 (January), p. 70-72. 

Abstract: A centnfugal method for mea -
uring shrinkage offish meats during fr eZln , 
thaWlng, and heahng was adapted. Th pre­
cision of the results was satisfactory con­
sidenng the heterogeneit of the r w mat -
rial. Use of the centnfugal m thod In 

studles with Pacific cod (Gadu maCrO­
cephalus) fillets gave the following re ult . 
(1) Agreement of tha'\\'-dr ip determ1n tion 
between two fillets from the - me f1 h 
good; however, variation was con lde abl 
am on fish. (2) Durin torag t 0 0 F . , 
th cook-drip incre s db' a .. mall but 
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compounds causing fishy odors are still 
imperfectly understood , and more research 
is needed to clarify the nature and causes 
of these various fishy odors. 

Thurston, Claude E. 
Physical characteristics and chemical com­
position of two subspecies of lake trout. 
Journal of Fisheries Research Board of 
Canada, vol. 19, no. 1 (January), p. 39 -44. 
Abstract: Trout taken from deep waters of 

Lake Superior are of two subspecies--a fat 
one and a lean one--that vary greatly from 
each other in physical characteristics and in 
chemical composition. The fat species has 
a smaller head, larger body, and lighter 
color. The percentage of oil does not reach 
20 percent in the fillets of the lean species, 
whereas it may reach 67 percent in fillets 
of the fat species, which has the highest 
known oil content of any fish. 

SEATTLE LA BORA TORY IN COOPERATION 
WITH OTHER LABORATORIES 

Kaunitz, Hans, Donald C. Malins, and Donald G. 
McKay. 

Studies of the generalized Shwartzman re­
action produced by diet . II. Feeding of 
fractions of oxidized cod liver oil. The 
Journal of Experimental Medicine, vol. 115, 
no. 6 (June), p. 1127-1136. 
Abstract: A series of fractions of oxidized 

cod liver oil were obtained by molecular 
distillation and were fed to pregnant rats 
in an attempt to correlate observed induc­
tion of the generalized Shwartzman reaction 
with chemical structure of the dietary lipid. 
Incidence of the Shwartzman reaction was 
higher in animals fed fraction III. The 
specific lipid material(s) causing develop­
ment of the generalizedShwartzman reacti on 
remains to be found. 

Leong, K. C., D. G. Snyder, G. M. Knobl, 
and E. Gruger. 

Feeding of fish oil and ethyl ester frac­
tions of fish oil to broilers. Poultry Science, 
vol. 41, no. 5 (Septembe r), p. 1658. 

Abstract: An 8-week feeding experiment 
was conducted to compare the possible 
utilization by broilers of fish oil and fish 
oil fractions and to determ ine the effect of 
these oils on the flavor of the cooked meat. 

Mangold, Helmut K., Rudolf Kammereck, and 
Donald C. Malins. 
Thin-layer chromatography as an analytical 
and preparative toollnlipid radiochemistry. 
1961 International Symposium on Micro­
chemical Techniques, S}'TI1posium vol . 2, 
p.697-714. 
Abstract: The use of thin-layer chro­

matography in combination with techniques 
of radlOchemistry is described. Lipids were 
labeled by reacting them with diazo­
methane-C14 or acetic anhydride-C1 4 . The 
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labeled derivatives were fractionated and 
quantitatively analyzed by the consecutive 
use of thin-layer adsorption chromatography 
and pape r partition chromatography. 

Patashnik, Max, Anthony Frascatore, and 
A. Morris Rafn. 
United States standards for grades of.frozen 
sole and flounder fillets. U.S. Fish and 
Wildlife Service, Bureau of Commercial 
Fisheries Standards, April, First Issue. 
Abstract: The grade is determined by ob­

serving the product in the frozen, thawed, 
and cooked conditions and is evaluated by 
numerical scoring. Points are deducted for 
variations in quality. "U.S. Grade A" is the 
quality of frozen flounder or sole fillets 
for which the total score is not less than 
85 points; "U.S. G rade B," less than 85 
points but more than 70 ; and "Substandard," 
less than 70 points. 

Richardson, T., A. L. Tappel, and E. H. Gruger. 
Polyunsaturated fatt y acids in fish mito­
chondria. (Presented at FAO Fish in Nutri­
tion Conference.) In Fish in Nutrition, p. 
150-152. Fishing News (Books) Ltd., London, 
England. 
Abstract: The unsaturation of mitochon­

drial fatty acids increased as follows : 
chickenliver < beefheart < rat liver < cat­
fish liver < carp liver < salmon liver. < sal­
mon heart. Linoleic and arachidonic acids 
accounted for 22.3 percent, 51.6 percent, 
4 5.2 percent, 4.5 percent, 20.6 percent, 
4 .9 percent, i.7 percent of total fatty acids 
in these preparations, respectively. Lino­
lenic acid was not detectable in mitochondria 
from chicken liver, beef heart, rat liver, and 
catfish liver. Molar ratios of EFA (essential 
fatty acids) to cytochrome f.. ranged 70 to 
1,051. Generally, fish mitochondria were low 
in total essential fatty acids, but contained 
high levels of C20:5 and C22:6 fatty 
acids. Chicken mitochondria contained a 
C22:6 polyene (2.6 percent). Mitochondrial 
linoleic acid was low in salmon liver (0. 9 
percent) and salmon heart (1.1 percent) and 
was undetectable in catfish liver. Mito ..i 
chondrial fatty acid patterns of hearts an 
livers of pelican, cormorant, grebe, murre, 
scoter, and fur seal were similar to those 
of fish. The main differences were the 
lower average of total fatty acids and the 
higher average of stearic and arachidonic 
acids in the mitochondria of birds and seal. 
The research indicates that fish mito­
chondria have no compulsory requirement 
for linoleic acid or linolenic acid, fish 
apparently do not concentrate EFA in mito­
chondria, and clas sical EF A do not function 
in mitochondrial electron transport. 

Richardson, T., A. L. Tappel, L. M. Smith, 
and C. R. Houle. 

Polyunsaturated fatty acids in mitochondria. 
Journal of Lipid Research, vol. 3, no. 3 
(July), p. 344-350. 



Abstract: Fatty acids of mitochondri a from 
hearts and livers of fresh-water and marine 
fish, marine birds, fur seal, and from sweet 
potato have been analyzed by gas -liquid 
chromatography. Cytochrome patterns, de­
termined from difference spectra, were 
similar for all animal species ; the quan­
tities of cytochromes varied slightly, heart 
mitochondria yielding higher values than 
did the liver mitochondria in each species. 
Fish mitochondria showed a slightly lower 
cytochrome content than did bird and mam­
malian mitochondria; sweet potato particles 
contained very little cytochrome. Fatty acid 
patterns and degree of unsaturation were 
similar in mitochondria from fish and from 
birds and seals that eat fi sh. 

Thurston, Claude E., George Kudo, andS. R. B. 
Cooke. 

Function of tuna oil fatty acids as collectors 
in the flotation of iron ore. Society of Mining 
Engineers, vol. 223, no. 4 (December), 
p. 350-352. 

Abstract: Unfractionated fatty acids from 
tuna oil 'and five fractions from these fatty 
acids were tested for their ability to con­
centrate a speculari te ore from northern 
Michigan. The best results were obtained 
with a fraction precipitated from acetone at 
_50 C. and having an iodine numbe r of 192. 
This fraction gives results equal to those 
obtained with tall oil (currently used for 
iron ore flotation) when one pound per ton 
at a pH of 7 was employed. 

CONTRACTORS OF SEATTLE LABORATORY 

Mangold, Helmut K., and Rudolf Kammereck. 
New methods of analyzing industrial aliphatic 
lipids. The Journal of the American Oil 
Chemists I Society, vol. 39, no. 4 (April), 
p. 201-206. 
Abstract: After isolation by thin-layer 

chromatography, lipid classes were further 
fractionated according to chain length and 
degree of saturation by complementary 
methods, such as paper chromatography or 
gas chromatography or both, which permit 
rapid analyses of complex mixtures of in­
dustriallipids. 

Olcott, H. S., J. Froines , and C. Y. Shuster. 
Muscle lipids of tuna. (Presented at FAO 
Fish in Nutrition Conference.) In Fish in 
Nutrition, p. 146-147. Fishing News (Books) 
Ltd., London, England. 
Abstract: Some newer methods of analyses 

were applied to a study of the muscle lipids 
of tuna fish with particular reference to the 
phospholipid components. Preliminary data 
were obtained with a small number of sam­
ples of albacore and yellowfin tuna muscle. 
The total lipid content ranged from 0.4 per­
cent to 10 percent of the total net weight. 
Neutral lipid accounted for most of that over 

13 

0 .25 percent. Of the phospholipid frachons, 
the lecithins were the most abundant (40-60 
percent) ; the cephalins were present In 
amounts of one - thad to one - half as much 
(I 7 - 25 percent), and phosphoinosi tides ac­
counted for less than 5 percent. A con­
siderable portion (10-30 percent) of the 
lecithin and cephalin fractlons were in the 
form of plasmalogens. Prelimlnary fatty 
acid determinations indicated that palmlhc 
acid accounted for most of the saturated 
fatty acids in the neutral fat and In the 
lecithins but that stearic aCld was the 
more abundant in the cephalins. 

Peifer, James J. 
Comparative effects of marine oils, manne 
oil fractions and whole fish meals onhyper­
cholesteremic rats. (Presented at FAO Fish 
in Nutrition Conference.) In Fish in Nutrition, 
p. 282-283. Fishing News (Books) Ltd., 
London, England. 
Abstract: In an attempt to establish the 

chemical nature of the fatty acid compo­
nents causing the observed acti vity of marine 
oils on hypercholesteremic rats, the esters 
prepared from menhaden oil fatty acids were 
separated into a series of fractions differ­
ing in their relative degrees ofunsaturation. 
These marine oil ester fractions were found 
to be more effective than were common 
dietary fats and oils in reducing the blood 
and liver lipids of the hypercholesteremlc 
rat (Federation Proceed., 20, 93, 1961). 
The relative effects of the ester fractions 
and the dietary fat supplements were not 
directly related to the total unsaturation of 
these oils. The menhaden esters were far 
more effective in reducing the tissue liplds 
of the rat than could be predicted on the 
basis of the total unsaturation of these 
fractions. 

Peifer, James J., F. Janssen, R. Muesing, and 
W. O. Lundberg. 

The lipid depressant activities of whole fish 
and their component oils. The Journal of the 
American Oil Chemists' Society, vol. 39, 
no. 6 (June), p. 292-296. 

Abstract: Hypercholesteremic rats were 
used to investigate the lipid depressant ac­
tivities of lyophilized whole fish prepared 
from menhaden, silver salmon, mullet, and 
ocean perch. Ingestion of the whole fish 
supplements promoted a significant reduc­
tion in the circulating levels of cholesterol 
and phospholipids and in the TC/TP (total 
cholesterol/total phospholipids) rahos of 
blood lipids from the rat. The nonhpld com­
ponents, isolated from the fish, had no ap­
parent influence on the distnbution of lipids 
in the blood and liver tissues. 

Privett, O. S., and Christense Nlckell. 
Determination of structure of unsaturated 
fatty acids via reductive ozonolysis. The 
Journal of the American Oil Chemlsts' So­
ciety, vol. 39, no. 9 (September), p. 414-419. 



Abstract: An improved method of reducti ve 
ozonolysis for the determination of structure 
of unsaturated fatty acids is reported. The 
ozonization is carried out at - 60 to _70 0 C. 
by adding the sample dissolved in pentane 
to a .02-.03 M pentane solution of ozone. 
The reduction is effected by the Lindlar 
catalyst at 00 C. in pentane or in other 
solvents, such as the methyl esters of 
short-chain fatty acids or in dimethyl 
phthalate, and the aldehydic fragments are 
analyzed by gas -liquid chromatography. 

Richardson, Thomas, and A. L. Tappel. 
Swelling of fish mitochondria. The Journal 
of Cell Biology, vol. 13, no. 1 (January), 
p. 43-54. 
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Abstract: The physical properties of fish 
liver and rat liver mitochondria were com­
pared as a function of temperature and 
osmotic pres sure. The data indicate that 
fish mitochondria are more flexible and 
swell at a more rapid rate over a 00 to 300 C . 
temperature range, whereas the rates of 
swelling at 300 to 40 0 C. are comparable. All 
the data indicate that under comparable con­
ditions the fish mitochondrial membranes 
are more flexible and presumably more 
permeable and labile than rat mltochondrial 
membranes. The findings are discussed in 
relation to the general metabolic implications 
and the possible contributions of the mem­
brane constituents to membrane behavior. 
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