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RESEARCH 
IN SERVICE LABORATORIES 

Progress on Projects, September 1953 

REFRIGERATION: Freezing Fish at Sea, Defrosting, Filleting, and Refreezingthe 
Fillets: VESSEL: Two attempts were ma--a-eby the research trawler IJeIaware to carry 
out full-scale fishing and freezing fish at sea operations. After about 16,500 pounds of 
haddock had been caught and brine-frozen, the first of these test cruises (Cruise No . 
22, completed August 24) was interrupted due to difficulties with the ammonia pumps of 
the refrigerating equipment. The catch from the 5-day cruise consisted of 14, 000 pound 
of scrod haddock and 2,500 pounds of large haddock. These fish were caught and frozen 
during about one day of round-the-clock fishing and freezing operations . Two types of 
chutes, both still in the experimental stage, for moving the frozen fisb from the freezer 
tank to the frozen storage holds were tested. Results obtained with the chutes were quite 
favorable. 

After 44, 000 pounds of groundfish had been caught and brine -frozen, the second of 
these cruises was terminated September 4 due to the jamming of the elevator chains of 
the brine-freezer mechanism. Fishing took place on Western Bank in the area of Sable 
Island. The catch on this 9-day cruise consisted of 25, 000 pounds of scrod haddock, 
14, 000 pounds of large haddock, 4, 000 pounds of cod, and 1, 000 pounds of pollock. The 
haddock and scrod haddock were sold over the New England Fish Exchange to fillet proc 
essors, while the cod and pollock were stored in commercial cold storage by the labora­
tory for obtaining data on the cold-storage characteristics of these fish. 

During the month the ammonia pumps were repaired and the elevator chains revise 
to eliminate the difficulties experienced during full-scale continuous operation. Also, 
additional fuel tanks on the vessel were placed in good condition so as to permit longer 
test cruises and extended periods of fishing. 

(Boston) 

* * * * * 
BYPRODUCTS: Vitamin Content and Nutritive Value of Fishery Byproducts: Analy· 

were made of 23 samples of menhaden meal for riboflavin content . The re sults were: 

Meal Number of Riboflavin (micrograms per gram, as receivedl 
Samples Maximum Mllllffium -Average 

Menhaden 23 5.8 2.0 3.2 

One sample of crab meal showed 11.9 micrograms of riboflavin per gram of meal, as 
received. 

* * * * * 
. . NUTRITION: Discoloration in Canned Tuna: The technologist assigned to th~ projE 

vlslted the plant and laboratory in Chicago ortne can company sponsoring the proJect t 
obtain basic information on the manufacture of cans and can enamels, and for curren~ 
on the problem of discoloration in canned tuna. A trip was also made on a commerCia 
tuna fishing vessel operating out of a California port. Samples of albacore tuna were a 
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tained for the preparation of experimental c anned packs. The samples of raw fish will 
be handled and treated in various ways in an attempt to determine the conditions that 
lead to sulfide discoloration after canning. 

(Seattle) 

* * * * * 
ANALYSIS AND COMPOSITION: Composition Qf Fish: The proximate composition 

of individual samples of sheepshead (Aplodinotus ~runniens) from various areas and of 
squawfish (Ptychocheilus grandis) from the Columbia River was determined. A detailed 
study is being made of the variation in composition of sheepshead from different areas 
and for different seasons of the year. The results are as follows: 

Composition and Fillet Yield of Sheepshead Caught In Clearwater Lake, 
Minnesota, May 1953 

[Sample 
Length Weight Fillet I Proxlmate Composlhon of the Edlble Porhon 

Number Yield MOlsture Fat Protem Ash 
Cm. Grams Percent . . . . .. . . . . . . . . . (Percent) . . ............ . . 

1 25.0 140 28.9 83.4 0.74 15.6 0.96 
2 24.5 135 29.6 83.3 0.90 15.7 1.02 
3 24.5 145 24.1 82.5 1.20 15.9 1.15 
4 26.0 145 24.1 83.3 1. 17 15.9 1.00 
5 25.5 150 30.0 82.5 1.21 16.7 1.05 
6 24.5 145 32.1 83.5 1.47 15.6 1.08 • 7 26.0 165 39.4 82.4 0.80 16.1 1.06 
8 28.0 205 31.7 83.2 0.92 16.4 1.07 
9 28.0 200 32.5 81.8 1.00 16.4 1. 13 

10 27.5 210 23.8 82.5 1. 24 16.7 1. 05 
11 26.5 175 40.0 82.5 1.14 16.4 1.03 
12 28.5 235 29.7 82.4 0.83 16.6 1. 15 
13 28.5 215 32.5 82.2 0 . 72 16.1 1.10 
14 29.0 225 29.0 83.1 0.72 15.7 1.02 
15 33.0 325 29.0 81.8 1.67 17.0 1.05 
16 28.5 265 24.5 83.0 0.90 16. 1 1. 15 

Composltion of Sheepshead (Edible Portion) Caught m Lake Wmnebago, 
Wisconsin, July 1953. 

Sample 
Length Weight 

Proximate Composition of Edible Portion 
Number MOlsture Fat Protein . Aso 

Cm. Grams . . . . . . . . . . . . . (Percent) . .. . . . .. .. .... . . 
1 ;rr:-O 425 82.6 1.23 15.5 1.00 
2 36.0 460 84.3 0.71 15.6 0. 95 
3 39.5 575 82.1 1.79 16.7 1.04 
4 39.0 525 83.3 0.89 14.8 1.00 
5 38.0 570 82.6 1. 20 16.3 1. 00 
6 36.5 520 81. 4 2.00 17.1 0. 90 
7 33.5 525 70.3 15.3 14.9 1. 14 
8 36.0 475 81.3 1.91 17.0 0. 98 
9 35.0 390 82.5 1. 33 16.1 1. 0 3 

10 33.0 455 75.7 9.8 15.3 0. 9 1 
11 34.0 470 82.5 2.33 16.2 0.94 
12 35.0 425 82.7 1.00 17.0 1. 07 
13 48.5 1330 82.7 1.71 15.7 1. 00 
14 42.5 665 84.6 0.56 14.5 0. 9 7 
15 38.0 640 82.7 1.15 16.1 0. 95 
lS 37.0 555 83.3 0.64 15.6 1. 05 
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Composition of Sheepshead (Edible Portion) Caught in the MissisSIppi River, 
May 1953 

Sample Length Weight Proxlffiate _~omposihon 01 Edible ~ortion 
Number Moisture Fat Protein Ash 

{;_m. Grams Percent Percent Percent Percent 
1 31.5 395 76.0 4.75 18.1 1.15 
2 29.5 325 75.4 5.36 18.1 1.15 
4 27.5 255 79.4 1.45 17.9 1.12 
5 33.0 420 72.5 9.08 16.9 1/ 
6 31.5 435 73.6 7.30 17.6 T/ 
7 33.0 425 74.8 8.58 17.1 T/ 

lIANALYSIS NOT YET FINISHED . 

Composition of Squawfish (Edible Portion) Caught in the Columbia River, 
June 1953 

Size No. ofFish Length Avg. Proxlffiate CompositlOn or Edible 
Class in Sample Weight Portion 
of Fish Group Avg. Min. Max. fMoisture Fat Protein Ash 

Cm. Cm. Cm. Grams Percent Percent Percent Percent 
Small 16 z.r.-5 """22 28 186 80.1 1. 76 15.6 1. 06 
Medium 9 32.5 31 35 353 79.0 3.06 17.3 0.97 
Large 8 36 .9 34 40 548 78.8 2.41 18.0 1.07 
Mixed 33 29.8 22 40 319 79.3 2.83 17.1 1.13 

CANNED TUNA GOLDEN ANNIVERSARY 

National Tuna Week will be celebrated November 5 to 14, the 50th 
of the tuna canning industry. 

Anniversary 

A 
/ 

~~-/', ,<,", 
Fifty years ago the tuna industry consisted 

of one cannery in San Pedro, California, sup­
plied by a few boats fishing in nearby waters. 
Thus originated the industry that has made avail­
able the canned tuna now so abundant in our food 
markets. 

For versatility, canned tuna wins the home­
maker's vote every time whether it's a full­
fledged meal for the whole family or a quick snack 
for hungry youngsters . Protein-rich tuna is the 
perfect ingredient for many types of dishes. Nu­
tritious salads and cold-weather casseroles are 
easily made and in short order when several cans 
of this fine food are handy on your kitchen shelf. 

For a quick snack that the children will love, the home economists of the Fish 
and Wildlife Service suggest a Tuna Waldorf Salad. 

TUNA WALDORF SALAD 

2 7 -0UNCE CANS TUNA 1/2 CUP CHOPPED CELERY 
1 CUP DICED APPLES 1/ 4 CUP CHOPPED NUTS 
1/2 ~UP MAYONNAISE OR SALAD DRESSING 

Drain tuna and flake. Combine all ingredients, being careful not to break fish into 
piecestoosmall;chill. Serve in lettuce cups with a bright-colored garnish. Serves 6. 
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P ROGRESS ON FISHERY TECHNOLOGICAL RESEARCH 

PROJECTS" FISCAL YEAR 1953 

19 

A discussion of the Fishery Technological Research Program for fiscal year 1952 
(July 1 .. 195~, to JU,ne 30, 1952) appeared in the November 1951 Supplement of Com mer­
cial Flshenes ReVlew, vol. 13, No. lla, pp. 2-7 (also reprinted as Separate 294), A re­
Vle'w of the progress made in each project during fiscal year 1952 appeared in the De­
cember 1952 Supplement of Commercial Fisheries Review, vol. 14, No. 12a, pp. 1-7 
(Separate 327). The program for fiscal year 1952 was continued for fiscal year 1953 
(July 1,1952, to June 30, 1953). New projects were added during the year as the old 
ones were completed or as the need for specific information arose. Progress on each 
project from July 1, 1952, to June 30, 1953, was as follows: 

REFRIGERATION 

FREEZING FISH AT SEA, DEFROSTING, FILLETING, AND REFREEZING THE 
FILLETS: FishingoperaIions and Overhaul of the "Delaware:"--crUlses dunng the sum­
mer and fall of 1952 permiUedtnorough testmgm the freezing and cold-storage facili­
ties on the Delaware. Fish were supplied for pilot-plant, laboratory and storage stud­
ies, and other phases of the project . Round fish brine frozen at sea were landed at the 
Boston Fish Pier and sold to producers for commercial processing into fillets. 

The Delaware was drydocked and placed in good operating condition. A ventilator 
was installed on the main deck aft and forward of the trawl winch to supply fresh air to 
the refrigeration machinery room. 

Freezing and Storage of Fish Aboard the "Delaware:" Results of modifications in 
the experimenta:rrefngeratlon plant and flsn=Ireezing equipment, and expansion of the 
CDld-storage hold were observed during the seven test cruises ccnducted from June to 
October 1952. Recent alterations to the brine cooler are expected to increase the fish­
freezing capacity from 550 pounds to about 1,200 pounds a n hour. 

A new type freezer mechanism is now under construction and has been designed 
to (a) permit the loading and unloading of the freezer at deck level, (b) increase freezer 
capacity 50 percent, and (c) increase cold-storage capacity in the hold. 

Unloading, Storing, and Processing Ashore: Some progress was made in develop­
ing methods for UIlloadingtIle vessel and handling brine-frozen fish. Procedures nor­
mally employed at Boston for unloading iced fish were modified slightly to provide a 
partially satisfactory method for unloading frozen fish. From the dock into the cold­
storage plant the frozen fish were moved in boxes (of a variety of sizes), on four-wheel 
hand trucks. Experiments with mechanical conveyors and self-unloading boxes for mak­
ing these operations more expeditious are contemplated . 

Large lots (5 to 10 tons) of brine-frozen haddock were held in commercial cold 
storage and removed at intervals to determine the effect of such storage on the subse­
~uent handling of the fish and the quality of fillets produc ed therefrom. Improvemen~s 
III the preparation or storage procedures, such as glazing or other means of preventlng 
deSiccation, appear to be desirable before storage periods longer than two months can 
be recommended for frozen haddock held in the round. 

Defrosting methods whereby the fish were held in circul?-ting wat.er at 60 0 F: or 
lower were found to be very satisfactory. Detailed technical lnformatlOn on thawrng 
methods and equipment were made available to the industry. 

Laboratory Tests : The various lots of frozen fillets prepared from round br~e­
frozen and iced gu"'Ffedhaddock landed by the Delaware have been evaluated for q~alltyby 
taste panel, chemical, and physical testing. Results of tests made on haddock fillets 
~eld for 12 months in frozen storage showed no appreciable differences .between the, qual­
Ity of the fillets prepared from round brine-frozen fish and those from lced gutted fIsh. 
A consumer taste panel composed of about 125 families in the Boston area has been par-
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ticipating in a number of tests with various l ot s of fillets from b rine-frozen and iced 
gutted fish. The fillets, identified only by a code unknown t o the panel members, are 
cooked and served in the h ome by the housewife. On the b asis of several su ch tests, the 
results indicate that fillets from round brine-frozen haddock are at least e qually asac­
ceptable as those from iced gutted haddock, and in some inst ances the r e might be a 
slight preference fo~' the fillets from the brine-frozen fish. 

Tests of v arious solutions for attaining immersion-freezing t emper a tures of about 
-15 0 F. showed some promise. The suitability of such solutions is limited (l) by the 
necessity of meeting certain acceptability requirements for food and (2 ) the need for ob­
taining certain phy sical properties with existing freezing equipment aboard th e ve ssel. 

Comprehensive tests to determine the degree of salt penetration into the meat of 
haddock during freezing in brine at various temperature s and brine concentrations ar e 
well under way . Tests are also in progress to determine the effect on weight, salt up­
take, and drip of fillets dipped in brine solutions of various concentrations. This infor ­
mation is particularly desirable in connection with fillets that have been prepared from 
brine-frozen fish and which might contain slightly more salt than those from iced fish . 

FREEZING AND STORING ALASKA SHRIMP AND DUNGENESS CRAB MEAT : 
Alaska Shrimp: Storage tests of frozen precooked shrimp were completed. The effects 
of brine-cooking procedures, packaging methods, and storage temperatures at OOF. and 
10 0 F. on the keeping quality were determined. Emphasis was given tothosefactors re­
sponsible for toughening of the shrimp during the preparation and storage. Significant 
c onclusions were: (1) the texture of precooked pink shrimp varied widely in any given 
lot processed under uniform conditions ; (2) use of minimum cooking time and low salt 
concentration in the brine precook process resulted in superior texture and minimum 
shrinkage of the meats; recommended precook is 1 minute in 5-percent brine by weight; 
(3) keeping quality was improved markedly by flooding the shrimp with dilute brine (2 per­
cent by weight) or by vacuum packing (18 to 20 inches of vacuum) in hermetically- sealed 
containers (storage life under these conditions waslongerthan 8 months at OOF.);(4)use 
of 0 .3 percent dry monosodium glutamate in dry-packed shrimp meat did not improve keep­
ing quality. 

Dungeness Crab Meat: Storage tests are in progress on the effect of storage tem­
perature and packaging meth ods on keeping quality of the frozen meat. Samples have been 
examined at interval s during 6 month s of storage. The highe st quality packs with a stor­
age life greater than 6 months were: (1) crab meat flooded with dilute brine (2 percent 
salt b y weight) packed in sealed cans and stored at 00 F.; (2) vacuum-packed (18 t o 20 inche s 
of vacuum) crab meat in cans stored at - 20 0 F .; ( 3) vacuum-packed crab meat in cans store a 
at 00 F. Crab meat packed in cans under atmospheric pressure or in plastic cont ainers 
and stored at 0 0 F. was of inferior quality and had a storage life of less than 6 month s. 

Frozen Shrimp Cocktail: Tests are in progress on the keeping qual ity of fr ozen 
shrimp cocktail packed in hermetically- sealed cans stored at 00 F. 

PREPARATION OF MANUAL ON THE REFRIGERATION OF FISH: Thepr otracted 
illnes s of the original proje ct leader Caused considerable delay in the laying of the ground 
work for the manual. His death ne~essitated the reassignment of the project. Advantage 
was taken, however, of this reassignment to reappraise the scope and coverage of the 
manual in the light of the information collected by the original project l eade r . Subse­
quently an entirely revised and more detailed outline of the subject m atte r t o be included 
was prepared and circulated to a number of industry's fish refrigeration specialists for 
their comments and suggestions. The many helpful comments received were incorpor­
ated. The preparation of material for the manual on the refrigerati on of f ish is going for­
ward along the lines indicated as most needed and acceptable to the fish-refrigeration 
industry. 

EFFECT OF STORAGE CONDITIONS ON QUALITY OF FROZ EN FISH: No work 
was carried out on this project. The project was completed during the last fiscal year 
except for the final phase involving commercial- scale tests. Thi s experiment WOUld. , 
require large quantities of fish and it was p l anned to use any tuna landed by the Servlce 
exploratory vessel John N. Cobb. Due to poor fishing conditions, sufficient fish were 
not landed to carry out the experiments. 
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QUALITY ST ANDA~DS FOR HADDOCK FILLETS: This project was initiated dur­
i?g the latter part of th~ flsc al year to set.up criteria f?r comparing the quality of haddock 
flllets.prepared from flshfrozen at sea :"lth commerClally-processedfillets prepared 
from flsh Iced at sea. No work was carned out during the fiscal year on this project. 

STUDY OF CAUSE OF TEXTURE CHANGE OF CANNED SALMON PREPARED 
FROM FROZEN FISH: Studies have shown that the physical destruction of the cell walls 
of the meat. of salmon during freezing and storage is at least partially re sponsible for 
the toughenmg of the product on subsequent canning. Excessive curd formation on can­
ning does not appear to be c~used b y the .physical changes during freezing, but does ap­
pear to be related to a chemIc al change m the meat protein which releases the soluble 
protein fraction causing the formation of a proteinaceous curd during heat processing. 
Studies have been started on this latter problem. 

Tests with the pretreatment of the cut sections from thawed salmon have shown 
that curd formation during subsequent heat processing may be minimized by dipping the 
sections one minute either in saturated NaCI brine or a 5-percent solution of tartaric acid. 
The acid treatment was more effective in these tests. Analysis of canned salmon treated 
with tartaric acid showed that the product contained O. a 3 percent by weight of tartaric acid. 

METHODS OF PRESERVING AND FREEZING SHRIMP ASHORE AND AT SEA IN 
THE GULF OF MEXICO: Limited tests were conducted at sea and ashore inihe Gull 
of Mexico to study methods of handling and f:reezing shrimp. Whole shrimp and shrimp 
tails were froz en at sea in refrigerated brine ( 50 F. to 100 F.) and placed in cold stor­
age at 00 F. Frozen whol e shrimp were thawed ashore, headed, packaged, and refrozen. 
All frozen packaged shrimp were glazed. Comparisons of brine-frozen, refrozen, and 
air-froz en shrimp t ails were made during 9 months of storage at 00 F. The results 
indicate: (1) brine-frozen shrimp which were later thawed, headed, packaged, and re­
frozen had excellent appearanc e, flavor, and texture during 9 months of storage; 
(2) shrimp (brine - or air-frozen at sea immediately after catching) were free of any 
black-spot discoloration; ( 3) no excessive salt absorption was found in fresh whole shrimp 
frozen in brine at 100 F. for periods l e ss than 4 hours ; (4) absorption of salt increased 
when shrimp were held in refrigerated brine for periods longer than 4 hours; (5) salt 
absorption was significantly higher in iced shrimp frozen in brine as compared to shrimp 
frozen in brine immediately after catching; (6) the most important factor causing loss 
in quality of frozen packaged shrimp during storage was dehydration of surface shrimp 
after the ice glaze evaporated at the corners and edges of the package. 

COLD-STORAGE LIFE OF HALIBUT : The cold-storage life of halibut stored as 
dressed (heads off) and as steaks is being determined as a guide to possible future modi­
fication of Federal Specifications. After 9 months of storage at 00 F., halibut stored as 
dressed fish were superior in quality to those stored as steaks Steaks sliced from 
dressed halibut that were stored for 6 months at 00 F. were layer-packed in cartons and then 
stored at various temperatures for an additional 3 months . The samples stored at 200 F. 
were rated unac ceptable ; the steaks stored at 00 F. , -150 F. , and -200 F. were rated ac­
ceptable, with the steaks stored at -200 F. showing the least change in flavor. 

COLD-STORAGE LIFE OF KING AND SILVER SALMON: Studies in connection 
with Federal Specification requirements showed that dressed chinook and ~ilver salmon 
which were frozen, ice-glazed, stored at 00 F., and reglazed at 3-.m~nth I~ter.vals w~re 
still of good quality after six months of storage.. S:ea~s c.ut fron: SImIlar flsh Immedl- _ 
ately after freezing when ice-glazed and stored In mstltutIOnal SIze wax paper-hned car 
tons, passed out of the top quality range at the end of 6 months. 

FREEZING, GLAZING, AND THAWING SALMON TO BE CANNED: S~udies were 
~ade on the feasibility of glazing brine-frozen salmon and on ~e effect of dlfferent tha -
lng technics on the quality of the pack of canned salmon resultmg therefrom. 

The salt absorbed by brine-frozen fish interferes with successful ice glazing at the 
t . 11 (0 0 F to 100 F) The glaze taken s orage temperatures commonly used commerCla Y . .' . 

by brine-frozen Alaska red salmon at 00 F. was not considered satlsfactory; however, 
the glaze taken at -200 F. was good. Since glazing of the brine-frozen. salmon do~snot 
appear feasible at the storage temperatures now used by .the .freezers~ps (about 5 F.~, 
these fish will be more susceptible to dehydration and oXldatlve deterIOratIOn upon pro 
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longed storage. Therefore, it is highly important to process these fish as Soon after 
freezing as possible in order to have a good quality canned product. 

In order to compensate for the salt absorbed during brine freezing it was neces­
sary to reduce the amount of salt added to each can up to as much as 50 percent of the 
amount normally added to cans packed from fr e sh salmon. Different thawing methods-­
in running water, in still water, or in air--did not affect the quality of the canned fish. 

NUTRITION 

INVESTIGATION OF THE TOUGHENING OF FROZEN BLUE CRAB MEAT: Prac­
tically no work was done on the problem of identifying the enzymes which may be in­
volved in the change of texture of frozen crab meat because a research fellowship stu­
dent c ould not be obtained . 

FEEDING STUDIES WITH GUMS EXTRACTED FROM IRISH MOSS: Gums are 
being extracted commercially from Irish moss, and derivatives of these are being used 
in foods and pharmaceutical preparations. Rats and mice have been allotted to 5 com­
parable groups and are fed a balanced ration to which has been added 0, I, 5, 15, and 
25 percent gum. The animals have now been on experiment for about two years. It 
is expected that the experiment will be concluded during the summer or early fall of 
the coming year. The data to date indicate that the product is wholesome. 

CHEMICAL AND PHYSICAL PROPER TIES OF FISH AND SHELLFISH PROTEINS: 
A fundamental study of the water retentivity of themeat of fish, with particular refer­
ence to the mechanism of drip formation in frozen fish, is being continued. It was 
found that the concentration of nitrogen in the drip from rockfish stored at 00 F. varied 
inversely with storage time. The drip produced by gravity was a more sensitive meas­
ure of the changes occurring in the fish during frozen storage than was the fluid pro­
duced by centrifugation. The studie's indicate that ground fish can be used in place of 
whole fish pieces in drip studies, with a gain not only in the homogeniety of the material 
but also in the sensitivity of the measurements. Considerable information was obtained 
on the characteristics of drip formation under various temperature and physical condi­
tions . 

THIAMINASE CONTENT OF CERTAIN SPECIES OF FISH USED IN FEEDING 
FUR ANIMALS: Samples of filletwaste from cod, sole, and rockfish, and cannery 
waste from the various salmon were found to contain negligible amounts of the enzyme 
thiaminase. The project was terminated during the early part of the fiscal year. 

A STUDY TO DETERMINE THE COMPARATIVE HEMOPOIETIC VALUE OF FISH: 
An 8-week metabolism study was conducted during the fall in cooperation with the Col­
lege of Home Economics of the University of Maryland. A group of 10 girls consumed 
a basal diet low in protein and adequate in vitamins, minerals, and calories. Five girls 
received a daily allowance of animal protein in the form of haddock fillets and the other 
five received theirs in the form of sirloin of beef. Blood samples were taken every 2 
weeks . During the year, analyses of protein, fat, ash, and iron have been conducted 
on the samples of foods, urine, and feces collected in this metabolism trial or the one 
that was conducted year before last. Two master-of-scien ce-degree theses on this war 
were published during the year. The work will continue during the coming year. 

DEVELOPMENT OF SPECIALTY FOOD PRODUCTS FROM ALASKA FISH AND 
EDIBLE PORTIONS OF FISH WASTE: Development work has been concluded on the pre­
paration of a pasteurized smoked salmon egg spread; canned smoked and pickled her­
ring specialty products; canned smoked butter clams , and ca.'nned smo'ked shrimp. Star 
age tests Of. in.oculated packs of salmon egg spread are in progress at the National Can­
ners AssoclatlOn Laboratory, Berkeley, California, in order to determine whether the 
produ?t. ma? be stored sirlely at room temperature. Preliminary tests were made on 
the utihzatlOn of Alaska whitefish. Studies are in progress on the preparation of a can­
ned smoked spread from frozen chum salmon and pink salmon trimmings (edible por­
tions from salmon cannery waste). 
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ANALYSIS AND COMPOSITION 

CHEMICAL COMPOSITION OF FISH: (1) Menhaden: No work was carried out on 
this project during the fiscal year. 

COOPERATIVE WORK WITH THE AOAC ON THE DETERMINATION OF OIL IN 
FIS!f M.EAL: Some prelimi?ary work has indicated that the rapid acid hydrolysis--­
Mo~onn.1er tube metho?--wh1Ch works well for the meat of fish may (by suitable modifi­
catlOn m the hydrolys1s procedure) be adaptable to fish meal. Previous tests had in­
dicate? that ~nl~ a part of the ?i.l c0.uld be recovered from fish meal by this method. 
Work 1S contmumg on the modiflCation of the hydrolysis step to see whether this simple 
procedure can be applied to fish meal. 

COMPOSITION AND COLD-STORAGE LIFE OF FRESH-WATER FISH: Proximate 
chemical composition of the edible portion and waste have been determined for blue 
pike, yellow pike, yellow perch, whitefish, and sheepshead from Lake Erie; chub and 
smelt from Lake Michigan; lake trout from Lake Superior ; carp, buffalofish and 
sheep shead from the Mississippi River; and carp and bullhead from a small iake. 

Samples of the frozen fresh-water fish were placed in cold storage to determine 
their keeping qualities at 00 F. Blue pike, yellow pike, yellow perch, whitefish, and 
sheepshead showed some deterioration in quality by the end of the 12-months' storage 
period; however, all species were judged edible. Lake Michigan smelt and Columbia 
River smelt had cold-storage life of 6 to 7 months and 3 to 6 months, respectively; 
both developed off-flavors in the belly flaps after 3 months of storage. The keeping 
quality of lake trout fillets varied considerably; one fillet was inedible after 3-months' 
storage whereas other fillets were still acceptable after 8-months' storage. 

BYPRODUCTS 

VITAMIN CONTENT AND NUTRITIVE VALUE OF FISHERY BYPRODUCTS: Ex­
periments on the Unidentified Growth Factor~) in Fish: Laboratory procedures have­
been established for the preparation of fish-liver concentrates containing the growth 
factor. A microbiological assay has been developed which permits rapid measurement 
of this growth factor. Studies now under way are directed at correlating the growth 
response as measured microbiologically with that measured by rat assay. Experiments 
also are being carried out with the object of obtaining the growth factor in pure crystal­
line form. 

Vitamin Analyses: Twenty-three samples (600 bags each) of pilchard meal were 
analyzed. On a moisture-free and oil-free basis the average for niacin was 84 micro­
grams per gram and for vitamin B12. 0.27. Twenty-one samples of individual bags of 
tuna meal averaged 0.33 micrograms of vitamin B12 per gram of meal. These tuna 
meal samples are being analyzed for their riboflavin and niacin content. Meals prepared 
from menhaden, anchovy, whale loins, mackerel, mackerel offal, herring, and crab 
were also assayed. 

Biological Assays and Evaluation : a. During the previous year a number of a~says 
with chicks were conducted to determine the :vitamin B12 content of fish meals and f1Sh 
solubles. The Seattle laboratory completed the microbiological assay on the same sam­
ples during this year. A limited number of reassays will be conducted durin~ the com­
ing year to determine causes of differences noted. Some bioassays of the dried solubles 
products are contemplated during the coming year. 

b. Due to the relatively large amounts of fish oils available and th.e comparat~v~ly 
~ow market value, feeding tests were conducted with ?roilers to deter~me th~ feas1bil­
ity of adding these oils to commercial poultry and swme feeds. The f1rst sene.s of ex­
periments indicated that menhaden oil could be fed at levels of 2 to 8 percent w1thout ad­
Versely affecting the health, feathering, or color of skin and sha~s of the birds. Even 
the lowest level fed, however, gave a fishy flavor to the meat so. 1t c~uld not be recom­
mended. A second series of experiments is now under way feedmg o~ from 0 to 2. per­
cent by ~ percent increments. The results should indicate conservahve levels whIch 
may be fed without affecting the flavor of the meat. 
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c. A limited number of meal s a nd condensed fish solubles were fed late last year 
to chicks to determine the nutritive valu e of the protein . Variable results were obtained 
which could not be correlated with known differenc e s in raw materials or the process­
ing methods used. More extensive" tests a r e exp ect ed t o b e carrie d out on this project 
during the coming year. 

UTILIZATION OF VISCERA FROM ROUND (WHO L E ) FISH FROZEN AT SEA: 
No work was done on this product due to the shortage of l abor a t ory p e rsonnel. 

STUDY OF PHARMACEUTICAL AND O THER INDUS T R IAL PRODUCTS FROM 
SALMON EGGS: Amino Acid Content of Salmon.Egg Protein: T he " es s ential" amino 
acid content of roe at different stages of maturity from "the five spec ies of Pacific salmon 
has been determined by microbiological- assay methods . The distribution of am ino 
acids in the roe was generally uniform 6 being significantly altered only by maturity. 
Most of the amino acids were present in increasing quantitie s with inc r e asing maturity. 
The average amino-acid content of mature roe from the five specie s of salmon in per­
centage of protein was: arginine 7.1; histidine 2 . 8; isoleucine 7.3; leu c ine 10. 0; lysine 
8.8; methionine 2.9; phenylalanine 4.9; threonine 5.9;tryptophane 1.0; and valine 7.3. 
A preliminary report has been submitted for publication . 

The Fatty Acids .Qi Salmon-~ Oils: The long chain of unsaturated fatty 'icids 
present in salmon-egg oil have considerable promise for specialized applicat ions, but 
basic information is lacking on the fatty acid fractions. A study of salmon- egg oil has 
been initiated with particular emphasis on the unsaturated fraction . 

DEVELOPMENT QF A DRIED PRODUCT FROM CONDENS ED M ENHADEN SOL~ 
UBLES QB STICKWATER: This project has three interlocking phas e s : (a) sample col­
lection, (b) analysis of solubles, and (c) preparation and a chemical-phys ical study of 
dry "solubles." The field work, determined by the seasonal nature of the fisher y, was 
made as extensive as possible because of the wide variability in the s oluble s produced 
from different plants, by different equipment, and in different a r eas. E ventually, sam­
ples were obtained from all but two of the 20 plants which produced soluble s duringthe 
1952 season. 

The analytical work on the solubles supplied background information (completely 
lacking in the literature) on the physical and chemical properties of the product. This 
information was essential to the evaluation of the third phas e --the preparation of a 
satisfactory dry product from solubles. 

A pilot-plant.size drum dryer, with 6 x 6 inch drum, was orde red in July 1952, 
but delivery was not made until January 1953 . Thu s l es s t ha n six weeks were available 
for the actual study of the drying operation. In this time , 24 dr y sample s have been 
prepared. These include a straight' run of almost all of the soluble samples on hand . 
These dry samples are now being studied as to compos ition, and e specially their hygro· 
scopic properties. It is expected that differences in b oth the b ehavior in the drying op­
eration and in water absorption can be related to other propertie s of the solubles, and 
that some correlations may be found which will a i d in the ultimate object of explaining 
and controlling the principal difficulty in producing a satisfactory product, namely, ex­
cessive hygroscopicity of the dry m ateria l. 
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PROGRAM FOR FISHERY TECHNOLOGICAL RESEARCH 
I 

FISCAL YEAR 1954 

The program for fishery t echnol ogical rese.arch for Fiscal Year 1954 (July I. 
1953. to June 30. 1954) was developed on the basls of recommendations from members 
of the fishing industry. Whe n the amount of funds allotted to the Section was known 
the assignment of projects was made after taking into consideration the location fa­
cilities. and p~rsonnel .at each of t~e four technological l aboratories. For read; ref­
erence all proJects asslgned for Flscal Year 1954 are listed by general field of study. 

NUTRI TION 

1. Investigation of the Toughe n ing of Frozen Blue - Crab Meat {cooperative project 
sponsored by the Refrigeration Research Foundation)- - continued project: Practically 
no work was done last year on the problem of identifying the enzymes which may be in­
volved in the change of t exture of frozen crab meat because a research fellowship stu­
dent could not be obtained. T he project will be activated as soon as a fellow is avail­
able. A technologist will supe r vise a graduate stu dent on this project. (College Park) 

2. Chemical and Phy s ical P roperties of Fish and Shellfish Proteins (continued 
project): This study is directed toward providing basic information on the toughening 
of fish and shellfish in c old s torage. the nature and control of drip in frozen fish. and 
the nature of the chemical a n d physical changes which occur in dried or dehydrated fish 
and in fish meal. This infor mation might lead to methods of control of undesirable 
changes and eventually t o the improvement in the quality of fishery food products. The 
phase of the project to b e cons idered during this year will be the mechanism of drip for­
mation in fish and shellfish . A study of the drip formed on cooking will also be included. 
The work will b e carrie d out on a part-time basis by one technologist. (Seattle) 

3. Dete rmination of Chemical Changes in Fish Protein during Freezing and Stor­
~ (new proj ect): Whe n fish are frozen certain changes take place that may not be at­
tributable entire l y to physical reactions. The study will attempt to reveal any chemical 
change that take s place in the fish protein and to apply the results toward methods of 
improving the quality of fr ozen fishery products. T he study will require the full time 
of one technologist. (K et c h ikan) 

4. Comparison Qf Nutritive Value of Fish and Meat (continued project): The Uni­
versity of Maryland. C ollege of Home Economics. in a cooperative project, compared 
haddock fillets with sirloin of beef as the animal protein in test diets consumed by two 
groups of girls. This study i s expected to be continued with some additional stress on 
the calorific value s as m eas ured by an improved laboratory procedure. One technolog­
ist supervises a graduate fellowship student conducting these studies. (College Park) 

5. Discoloration in Canned Tuna (cooperative project sponsored by the Continental 
Can Company )--new project: Cans used for packing tuna require a special enameling 
p~ocess to pre v e nt iimer-surf'ace can discoloration. A .study wi~l be ma.de of the mecha­
llism of U., ; s disc oloration reaction. Application of the mformatlOn obtamed may result , 
in less tApensive preventive measures , The project will be carried out by one fellowshlp 
student on a part-time basis. (Seattle) 

REFRIGERA TION 

, 1. Freezing Fish a t Sea, Defrosting. Filleting. and, Refr~ezi?g th~,Fille~s.(con-
tlIlued project): The fr eezing- fish-at-sea project has as,l:s obJectlves: ,(1) !'alsm~ the 
over-all quality leve l of frozen fillets to meet the competltlon of othe,r, ammal p);o~em foods 
and of other c ountries marketing fish in this country; a~d (.2) extendlllg th~ ~f~ectlve 
range of our vess els t o m or e distant but less depleted flShlllg areas. Actlvltles on the 
project have included: (1) The modification of a standard New Engl~nd traw,ler for com­
~ercial-scale freezing experiments at sea. (2) The development~ ~stallatlOn, and test­
lIlg of round-fish freezing e qu ipment and techniques adopted to eXlstlllg vessels and crews. 
(3) The development and testing of acceptable defrosting equipment and procedures. 
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(4) The study of the cold- storage life of round fish frozen at sea prior to filleting, and 
of refrozen fillets from these stored round frozen fish. (5) Laboratory and consumer 
acceptance te sts of fillets from fish frozen at sea compared to those from iced fish. 

Haddock was the principal species used in this development work. In this fiscal 
year the economic aspects of freezing fish at sea will be evaluated as compared to the 
current New England iced-vessel type of operation, again using haddock, Thereafter 
similar tests are contemplated using the same or suitably modified techniques to obtain 
information on other important New England species, such as c od, flounder, and ocean 
perch. Personnel assigned to this project include the fishing vessel complement, one 
full-time technologist, and the part-time services of two technologists, one chemist, 
and one refrigeration engineer. (Boston) 

2. Quality Standards for Haddock Fillets (continued project): The quality stand­
ards for haddock fillets in use in the industry were developed largely for fillets from 
fish preserved at sea in ice. Early in the study of fillets from round haddock frozen at 
sea, variances not found in fillets from iced fish were observed . On this project infor­
mation will be obtained essential to the preparation of quality standards for haddock 
fillets prepared from iced fish (sold either as fresh or frozen fillets) and from frozen 
round fish (sold as frozen fillets). The availability of fish of known history for this 
work from the Delaware makes this a logical study to supplement the freezing-fish-at 
sea project. One technologist will work part time on this project. (Boston) 

3. Preparation of .§: Manual on the Refrigeration of Fish (continued project): An 
advisory group of fishery technologists intere sted e specially in iced and frozen fishery 
products cooperated in the preparation of a subject outline for the refrigeration manual. 
The object is to compile into one reference the current acceptable methods and equip­
ment for preparation, transport, storage, and distribution of refrigerated fishery prod­
ucts. Much of the source material was collected late last year. During this year the 
writing and editing of the manual is expected to be completed. One technologist will be 
working part-time on the project. (Washington) 

4. Cold- Storage Life of Fish (continued project): Studie s have been completed or 
are in progress on the storage life of rockfishes, salmon, halibut, and various species 
of fresh-water fish under simulated commercial packaging and storage conditions. The 
work will be expanded to include other species of marine and fresh-water 'fish. Those 
fish showing limited cold- storage keeping quality will be further te sted by improved han­
dling and packing methods. This information on the cold- storage life of various fish 
provides a guide for packers and distributors in the handling and marketing of their fish­
ery products. It serves, also, as a basisfor the requirements in the Federal Specifica­
tions which insures government procurement of good quality fishery products. Much of 
the study will be concentrated on fresh-water species of fish. Because of the locationo£ 
the Service's technological laboratories along the seaboard, work onthe fresh-waterfis 
has been neglected. However, 150, 000, 000 pounds of such fresh-water fish taken com­
mercially each year make up a significant portion of the fisherie s production. An u~de 
standing of the cold- storage characteristics of these and of the marine fish, and appl1ca­
tion of the findings, would undoubtedly tend to improve market quality and permit wider 
distribution. The study will be carried out on a part-time basis by one te chnologist. (SeattlE 

5. Study 2L Cause of Texture Change of Canned Salmon Prepared from Frozen . 
Fi sh (continued project): Freezing and storing salmon prior to canning cau se s undeslr -
able quality change s in the final product. Among the se change s are the toughenin~ of the 
meat and the development of curd. Previous studies have shown: (1) that the physlcal 
alteration of the cell walls of the meat of the salmon during freezing and storageisatleas 
partially responsible for the toughening; and (2) that the curd formation is probablyrelat 
to chemical changes in the protein. The current phase of the project will be devoted to 
a study of the mechanism of the effect of brine on the meat of the fish in reducing the re o 
lease of soluble protein to form the curd. The- information will contribute materially to 
a fuller understanding of the proper use of brine dips for the reduction of drip in frozen 
fish. The work will be c;arried out by one technologist working full time. (Ketchikan) 

PROCESSING AND PRESERVATION 

1. Development of Specialty Food Products from Alaska Fish and Edible Fi~-~ 
mings (continued project): In_Alaska the more important fisheries are of a seasonal na 
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ture. This situation poses serious economic problems for th I cal r 51 
the balance of .the year. One ~ossible way to augment earning nd x nd 
em~loyme~~ will be the ,~ stabll.shme.nt of indu~trie s more fully utili;llng fl h r 
durmg.the off-season.. StudIes will be conhnued to develop sp c1all f pr 
from flsh and from edIble parts of the fish trimmings. The ark wlll b 
part-time by one technologist. (Ketchikan) 

ANALYSIS AND COl\IPOSITI 

7 

. ~. Compo~i~ion of Fis.h.(c<?ntinued proje ct): There has be n a gro ing d"m r b 
physIcI~ns, d.Ieht~ans, nutntlOnlsts, and others for information on th mpositl n of 
foods, .Includmg fls~ery produc~s: Inform~tion is also needed by the fish 'ry In u r 
regardmg the chemIcal composlhon of varlOUS organs and tissue::; of fish i h VI 

the preparation of new products. Much of the work on proximate ampo iti n r r thi 
year will be concentrated on the fresh-water fish for which there i::. littl a ail bi In-
formation, and on the underutilized species of fish to promote their great 'r a ptan 
The work will be carried out as a part-time project by one technologist. ( atll 

2. Determination Qf Oil in Fish Meal (cooperative work with th Asso tahon of 
Official Agricultural Chemists) -- continued project: The present official m' ho for 
the determination of oil in fish meal is quite tedious and time consuming . A rapId bu 
accurate method is needed to provide the efficiency needed ill transa hons lIlV lvm 
the marketing of fish meals. Current studies involve adaptation of theloJonni r-t 
extraction tube using various chemicals to hydrolyze the meal. The work IS b m 
carried out on a part-time basis by one technologist. (Seattle) 

BYFRODUCTS 

1. Vitamin Content and Nutritive Value of Fishery ByproduQ1~ .. (continu d pr J ) 
a, BIOLOGICAL STUDIES : Chick assays for vitamin B12 content of fish m als and fISh 
solubles were conducted in 1953 . T ests on the feasibility of adding fish oils to m 
cial poultry feeds, also begun last year, will be continued to determin cons rvatI ' 
levels which may be fed without affecting the flavor of the meat or eggs . tu 1 s b gun 
late last year to determine the nutritive value of fish meal and fish solubl s gav Id 1 
variable results not correlated with known differences in ra v materials of pro ssmg 
methods used. More extensive feeding tests will be carried out this y ar on th s fISh­
ery products in an effort to account for the wide differ ences in nutritiv valu S 0 

One technologist works part-time on this project, (College Park) 

b , CHEMICAL AND MICROBIOLOGICAL STUDIES Lack of informah n on h 
nutrient content of fishery byproducts is a serious handicap to the fishery bypr u l 
and feed industries in the marketing and utilizations of these pr ducts, AnalysIs of 
meals and scrap for the various B vitamins will continue and the study \ III b br 
to include additional samples from the East Coast, such as solubles and crab m 
Further work on the isolation and identification of unknown gro \'th factors III 1 
pursued . Two technologists will be assigned to work full tim on th s stu 1 • ( 

2. Utilization of Vis cera from Round (Whole) Fish (new proJ ct): Th 
round fish at sea will make available larger amounts of viscera at shor pr 
plants. Studies are planned to determine the uses for which th variOUS 

Suited, both to increase the revenue from fisheries activities and utihz 
tively the viscera now discarded at sea. One chemist will \'ork full tim 
as SOon as a qualified man can be employed. (Boston) 

. 3. ID1illy of Pharmaceutical and Q1h.tl Industrial L..Io..~LIoI.lo"""" 
tUlued project): Millions of pounds of salmon eggs are dIscard 
canneries in Alaska for want of a suitable and profitable outl t. 
~iminary work, salmon eggs may be a good pot nti~l sourc of ph r 
Uldustrial products, During the current year the oil fraction of h 
:red since it is a source for the long chain fatty aCIds that rna. b 
lz.ed industrial applications. The study requires the full 1m of 0 
(Ketchikan) 
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4. The Development of ~ Dried Product from Condensed Menhaden Solubles Qr 
Stickwater (continued project): Stickwater sample s, collected from practically all the 
plants in production, were dried, chemical analyses completed, and hygroscopicity 
studies begun on the dried product during the past year. This year studies will be made 
to determine (1) what constituent or factor in the raw material cause s the undesirable 
hygroscopicity; (2) what changes in methods of manufacture, as the use of additives, can 
be devised to yield a Ie ss hygroscopic dry product; (3) what packaging materials are 
most satisfactory for the dry product. One technologist is working full time on this project. 
(College Park) 

5. Chemical Evaluation of Fish Oils and Investigation of New Uses (new project): 
The current domestic surplus of fats and oils makes imperative the need for the devel­
opment of new uses for fish oils to broaden the market and increase their value. The 
initial phase of the project will involve a study of the chemical composition of fish oil, 
particularly menhaden. This basic information will be used to determine current and 
new uses for which the various components are best suited. The work will be carried 
out by one technologist. (Seattle) 

REPORTS PUBLISHED DURING FISCAL YEAR 1953 ON SPECIFIC 

PHASES OF FISHERY TECHNOLOGICAL RESEARCH 

COMMERCIAL FISHERIES REVIEW 

The following technological articles appeared in Commercial Fisheries Review 
and were also issued as separates. The issue in which each article appeared and the 
number of the separate which was issued after the article was published in the Review 
are given. 

Equipment and Procedure for Thawing Fish Frozen at Sea, Tech­
nical Note No. 21, by H. W. Magnusson, vol. 14, no. 7, July 
1952, pp. 18-19 (Sep. 31 7). 

Fish Frozen in Brine at Sea: Preliminary Laboratory and Taste­
Panel Tests, Technical Note No. 22, by S. R. Pottinger, John 
Holston, and Grace McCormack, vol. 14, no. 7, July 1952, 
pp. 20-23 (Sep. 318), 

Preliminary Investigation of the Southeastern Alaska Abalone 
(Haliotis kamtschatkana), Part II - Technological Studies on 
Handling Aboard Ship and Preparation Ashore, and Acceptabil­
ity of the Cooked Products , by C. J. Carlson and J. A. Dassow, 
vol. 14, no. 9, September 1952, pp. 16-18 (Sep. 322). 

Freezing Fish at Sea, Defrosting, Filleting, and Refreezing the 
Fillets - Project Review for Period December 1950-September 
1952, by Boston Laboratory Staff, vol. 14, no. 10, October 
1952, pp. 28-39 (Sep. 324). 

Freezing Fish at Sea - New England. Part 5 - Freezing and 
Thawing Studies and Suggestions for Commercial Equipment, 
by H. W. Magnusson and J. C. Hartshorne, vol. 14, no. 12a, 
December 1952 Supplement, pp. 8-23 (Sep. 328). 

Freezing and Cold Storage of Pacific Northwest Fish and Shell­
fish: Part I - Storage Life of Various Rockfish Fillets, by 
D. T. Miyauchi and M. E. Stansby, vol. 14, no. 12a, December 
1952 Supple:ment, pp. 24-28 (Sep. 329). 

Freezing and Cold Storage of Pacific Northwest Fish and Shell­
fish: Part II - King Crab, by Martin Heerdt, Jr. and John A. 
Da~sow, vol, 14, no. 12a, December 1952 Supplement, pp. 29-
35 (Sep. 330). 
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A. New Liquid Medium for Freezing Round Fish, Technical Note 
No. 22, by John A. Holston, vol. 14, no. 12a , December 1952 
Supplement, pp. 36-40 (Sep . 331). 

Feeding Fish Meals and Solubles to Chickens Does Not Affect 
Flavor of Meat, Technical Note No. 23, by Hugo W. Nilson, 
vol. 14, no. 12a, December 1952 Supplement, pp. 41-42. 

A Portable Immersion Freezer, Technical Note No . 24, by 
C. G. P. Older shaw, John A. Holston, and S. R. Pottinger, 
vol. 15, no. 2, February 1953, pp. 32-34 (Sep. 342). 

Freezing Fish at Sea - New England. Part 6 - Changes and 
Additions to the Experimental Trawler Delaware, by C. G. P. 
Older shaw, vol. 15, no. 3, March 1953, pp. 25-28 (Sep. 345). 

Amino Acid Content of Salmon Roe, Technical Note No. 25, by 
Harry L. Seagran, vol. 15, no. 3, March 1953 , pp. 31- 34 
(Sep. 346). 

REPORTS OF THE FISHERIES EXPERIMENTAL COMMISSION OF ALASKA 

Alaska Seafood Recipes, edited and revised by Charlotte D. 
Speegle and Marjorie Bassett, Fishery Products Laboratory, 
Ketchikan, booklet, 80 pages, 1951. Publi shed jointly by the 
Alaska Fisherie s Experimental C ommis sion, and the Alaska De­
velopment Bd. and Agric ultural Extension Service ,June 1952. 

Additional Studies of the Seasonal Variations in Toxicity of Butter 
Clams from Selected Alaska Beaches, by J. S. Chambers, H. J. 
Craven, and Donna M. Galerman, Technical Report No.3, Fish­
eries Experimental Commission of Alaska, Fishery Products 
Laboratory, Ketchikan, Alaska, August 1952. 

Biennial Report, Fisheries Experimental Commission of Alaska, 
Fishery Products Laboratory~ Ketchikan, Alaska, 8 pages, 
January 1953. 

REPORTS IN TRADE OR SCIENTIFIC PERIODICALS 

The Amazing Fish Meal Industry, by F. B. Sanford, Feedstuffs, 
vol. 23, no. 23, June 9, 1952, pp. 18-24. 

Experiments in Feeding Menhaden Oil to Broilers, by H. W. 
Nilson. Presented at the Byproducts Meeting of the National 
Fisheries Institute, Washington, D. C., April 14, 1953. 

Riboflavin, Niacin, and Vitamin Bl2 Content of Some Fishery 
Byproducts, by Neva Karrick. Presented at the 1?yproducts 
Meeting of the National Fisheries Institute, Washmgton, D. C., 
April 14, 195 3. 

Technological Developments in the Alas~a Salmon Indu.stry, by 
John A. Dassow. Presented at the ThIrd Alaskan SCIence Con­
ference, Mt. McKinley National Park, Alaska, September 1952. 

Recent Progress in Fishery Byproducts Research of Interes~ to 
the Animal Feed Industry, by F. Bruce Sanford. 1953 Nahonal 
Fisheries Institute Yearbook, Washington, D. C., p. 99. 

Alaska Salmon Waste Potential, by Howard J. Craven. 1953 Na: 
tional Fisheries Institute Yearbook, Washington, D. C., p. 10 I. 

Report on Fat in Fish Meal, by M. E. St.ansby. Journal of the As­
sociation of Official Agricultural ChemIsts, vol. 36, no. 2, May 
1953, pp. 202-208. 
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