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COLLECTION AND DISTRIBUTION OF 

MENHADEN OIL FOR RESEARCH USE 
By Maurice Bender * 

ABSTRACT 

More than 900 gallons of menhaden oil were collected and distributed in 15-dram to 
55-gallon lots to contractors and other interested groups. Samples represented the en­
tire range of geographical, seasonal, and process-type sources found in the industry. 
Contractors, whose interests varied from the solution of the most fundamental structural 
problems to immediate large tonnage applications, were supplied with required oils. 

Samples of menhaden oil totaling more than 900 gallons were collected and dis­
tributed for research purposes during the 1955 and 1956 menhaden fishing seasons. 
Contractors and other interested individuals requested quantities ranging from those 
m 15-dram vials to 55-gallon drums. All these were supplied from either a stock of 
more than 50 samples kept on inventory or from producers' special stocks. In the 
latter cases, full histories of the samples were supplied as for those samples col­
lected personally by staff members of the Service's College Park Fishery Techno­
logical Laboratory. Oil samples from mos t of the major menhaden-producing areas 
were covered in this program. These included the Atlantic Coast south from New 
York to north Florida and the Gulf Coast from west Florida to Port Arthur, Tex. 
The samples also represent the entire fishing season from May until January. 

Several types of oil processing were represented in these samples. Included 
were oils removed from the press liquor by centrifuges and then put through polish­
ers for further purification, oils separated by centrifuges alone, and oils gravity 
s.eparated while held hot in settling tanks. In addition to the oils collected at reduc­
hon plants, several samples were obtained from a secondary processor who pre­
pares cold-pressed, kettle-bodied, and alkali-refined oils. 

A program was also set up with cooperating commercial oil producers and a 
research contractor to study certain chemical and physical characteristics of men­
haden oils. Samples were supplied on a seasonal and geographical basis. Plants 
representing the previously-mentioned producing areas as well as the different types 
of production sent one-pint oil samples at weekly intervals during the entire produc-
109 season, which extended from May to January, to the College Park Laboratory. 
They were then indexed, coded, and shipped to the Contractor at North Carolina 
State College. Records of these samples were kept at College Park and usually in­
cluded information about the name and location of the plant, date of processing, time 
elapsed from catch to landing, gallons of oil per 1, 000 fish, and type of separation. 
The results of these analyses are presently being subjected to statistical treatment in 
order to determine their significance and allow for more precise interpretation of data. 

rn M~nhaden oil samples were sent to a large group of investigators representing 
~lelds of imerest. These ranged from research programs of a fundamental 
Blo-Che~t, Middle and South Atlantic Technological Research, Fishery Technological Laboratory, Branch of Commer­

Cial Fisheries, U, S. Fish and Wildlife Service, College Park, Md. 
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nature to those of an immediate practical nature. For example: . samples were sup­
plied contractors at the University of Minne.sota w~o we.re studymg the str.uctural 
analysis of the unsaturated and saturated aCIds of fISh oIls by methods desIgned to 
eventually concentrate and purify these acids. At the same time members of this 
same group were studying the possibilities of separating out the fish-oil fatty acids 
as complexes of the inclusion type with one of the bile acids and with urea. In the 
area of applied research this group is studying the nature of the chemical reaction 
involved and the products formed in the development of undesirable odors during 
storage of fish oils. Results from these researches should greatly increase the 
range of uses for fish oils. Menhaden oil has also been supplied for a project at the 
University of Minnesota School of Mines and Metallurgy which, if successfully con­
cluded, might create a large tonnage domestic outlet for fish oils in the flotation 
separation of metallic ores. 

College Park Laboratory staff members were asked to supply a single gallon of 
menhaden oil to a research group at the Texas A & M Research Foundation for their 
attempt to develop chromatographic techniques which would be used for qualitative 
and quantitative analyses of fish oils. However, when it was demonstrated that ap­
plication of these techniques, which had been developed with pure compounds, to 
commercially-produced fish oils could not be achieved, the project was terminated. 
At about the same time more than 30 gallons of menhaden oil were delivered to a 
research group at the University of Delaware where the nature and properties of th 
nonglyceride fraction of fish body oils are being studied. These studies require suf 
ficient quantities of oil to separate and purify the nonglyceride fractions which can 
then be investigated as separate compounds. 

Menhaden oil has been supplied for such contrasting areas of experimentation 
as poultry feeding, leather lubrication, and fungicide activity. At the University of 
Connecticut feeding studies of high-energy poultry rations containing fish oils were 
conducted to determine the relative abilities of fish oils and other fats to supply 
adequately the energy requirement!? of chickens. The Southern Bio-Research Lab­
oratory at Lakeland, Florida, has reached the pilot-plant stage in their investigatio 
of the use of menhaden oils as fungicides and nematocides for the citrus industry 
and consequently raised their requirements from 5 gallons to over 100 gallons of oil. 
The same supply situation recently occurred at the Tanner's Research Council of 
the University of Cincinnati where pilot-scale experiments were begun with sulfated 
menhaden oils to develop their commercial possibilities as fat-liquoring agents for 
leather. Successful commercial development of the latter two uses described abov 
could themselves well require large tonnage consumption of menhaden oil. 

It can be readily seen from the foregoing brief review that the areas of researc 
with menhaden oils have been well covered and that the variety of possible colle~tio 
sources and methods of distribution have also been thoroughly explored and utilized 

TO KEEP NYLON ROPE FROM UNRAVELING 

To keep nylon rope from unraveling, encircle the ends with a little tape to keep 
them inplace and then hold them over a burner or torch until they have melted and 
fused together:. When the nylon has cooled, it will harden and the remaining tape 
can be removed. 

- -The Progressive Fish-Cultur!§!, 
July 1956 (vol. 18, No.3) . 
U. S. Fish and Wildlife ServIce 
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COMMERCIAL USES FOR MENHADEN OIL 
Epoxidation of winterized, deodorized menhaden oil should produce a commer­

cially-attractive plasticizer suitable for blending with other materials into resins, 
e. g. polyvinyl chloride. 

The hydroxylation and epoxidation of menhaden oil as a source of new materials 
suitable for commercial development were studied by Arthur D. Little, Inc., as part 
of the over-all Service program to develop new uses for fish oils. Three possible 
uses for hydroxylated oil were investigated: (1) polyisocyanate adhesives, (2) alkyd 
resins, and (3) isocyanate foams. Epoxidized oil was investigated as a possible plas­
ticizer for polyvinyl chloride. 

Hydroxylated oils showed some possibility for use in adhesive formulations. 
Hydroxylation converts the double bonds to vicinal glycol structures, the degree of 
hydroxylation being readily controllable. A typical hydroxylation procedure is 
given: 288 grams of winterized and deodorized oil was mixed into 123 grams of acetic 
acid with 6 grams of sulfuric acid. The mixture was heated to 600 C ., and 44.8 
gra~s of 50 percent hydrogen peroxide was added slowly, keeping the temperature at 
650 - 5° C. The mixture was he Id at 650 C. for 4 hours with constant stirring . The 
reaction mixture was then washed with water, and with a 5-percent sodium carbon­
ate solution. The product was extracted from the mixture with ether. After extrac­
tion, the ether solution was dried with magnesium sulfate, and the ether was evapo­
rated from the product. The iodine number dropped from 179 in the raw oil to 127 in 
the product, indicating a loss of 28.8 percent unsaturation. It was later found that a 
20-percent sodium chloride solution in place of plain water and eliminating the alka­
line wash speeded up the washing. 

The hydroxylated oil was tried in various adhesive formulations, with one using 
l-chloro-2, 4-phenylene di-isocyanate (Mondur C) showing some promise. However, 
though the tensile strength of this adhesive was good, as measured by the sugar-maple 
block ASTM test D897-49, the impact and shear resistance was poor. 

The use of hydroxylated menhaden oils in the formation of alkyd resins and 
isocyanate foams showed very little promise. The more expensive hydroxylated men­
haden oils, due to the added expense of hydroxylation, did not produce better alkyd 
resins than did the cheaper dehydroxylated vegetable oils used in the resin industry. 
Hydroxylated menhaden oils formed poor isocyanate foams, having foamed (due to 
the entrapping of gases within the liquid resin as it sets into the rigid plastic) to only 
about twice the original volume. A commercially- successful foam will expand 10 to 
30 times its original volume. 

The most promising results were obtained with epoxidized oils made from win­
terized and deodorized menhaden oils. Epoxidation was carried out by adding, with 
agitation, oil to a la-percent solution of preformed peracetic acid at 200 C. The tem­
perature was allowed to rise to 500 C., and the product was extracted in the same 
n:anner as the hydroxylated oil. The report states that peracetic acid for commer­
c.lal epoxidation of menhaden oil would be formed cheaper in situ- -through the ac­
tlOn of hydrogen peroxide on acetic acid in the presence of a mineral acid catalyst. 
(A recent development in epoxidation technique utilizes a cation- exchange resin 
c~talyst.) The chemical cost of epoxidizing menhaden oil using peracetic acid in 
~ was calculated to be around 12 cents a pound. Acetylated monoglycerides (pre­
par~d by transesterification with glycerine and acetylated with acetic anhydride and 
S?dlUI? acetate) were also epoxidized. Acetylation of partially hydroxylated menhaden 
011 USlng systems of acetic acid with sodium acetate and acetyl chloride in pyridine 
m:oved unsuccessful. 
NOTE: ABSTRACT OF FINAL REPORT SUBMITTED BY ARTHUR D. LITTLE, INC., CAMBRIDGE, MASS. THIS FIRM 
~~~ AWARDED A CONTRACT BY THE UNITED STATES FISH AND WILDLIFE SERVICE TO STUDY THE HYDROXYLATION 
fUNOEPOXIDATION OF MENHADEN OIL AS A SOURCE OF NEW MATERIALS SUITABLE FOR COMMERCIAL DEVELOPME T. 

S PROVIDED BY THE SALTONSTALL-KENNEDY ACT OF 1954 FINANCED THIS RESEARCH CONTRACT. 
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Analytical methods employed to measure the degree of hydroxylation and epax­
idation are given. The report points out that the iodine number determinations were 
used as an indirect estimation of the degree of the above reactions. The iodine value 
gave a measure of the decrease in unsaturation and could not be used as an accurate 
method of determining the degree of reaction, since cross-linking occurred in the 
oxidation processes. Therefore, the oxirane or epoxy oxygen and the hydroxyl con­
tent wus determined. The procedures for these last two determinations are given. 

Some important cunsirl.erations using epoxidized menhaden oil as a plasticizer 
are as follows: (1) it does not bleed (the tendency of the plasticizer to "bleed" to the 
surface of the film, thus producing an oily coating); (2) it has low volatility (the 
length of time a plasticizer remains in the compounded resin without evaporating); 
(3) it has some decomposition on heating; (4) it appears to be stable towards ultra­
violet light; (5) it has no fire-retarding action; (6) its water extraction should below 
(the degree of extractibility of the plasti.cizer from the polymer by water); (7) it has 
a fishy odor in some samples. Substantially odorless plasticizers were prepared 
using winterized steam-blown oil. The tendency of creep was not determined. (The 
lack of "creepll is a property of the plasticizer of imparting flexibility without per­
mitting permanent distortion under stress. ) 

The report contains 5 tables and 21 references. 
NOTE: THIS IS AN ABSTRACT PREPARED BY JOSEPH CARVER, CHEMIST, FISHERY TECHNOLOGICAL LABORATORY, 

BOSTON, MASS. 

WHA T DO WHALES EAT? 

The diet of the different kinds of whales is extremely varied, 
according to the anatomical difference of the various species. The 
toothed whales (such as the sperm whales, beaked whales, bottle­
nose dolphin, and killer whale) feed largely upon fishes, squids, 
and cuttlefish. The killer whale also eat any other mammal found 
swimming in the water. Bottlenosed dolphins feed upon mullet, sea 
trout, certain croakers, and even catfish. They have also been re­
ported to eat shrimp. Some of the fresh-water dolphins evidently 
feed on plant material to some extent. 

The baleen whales, of which the blue whale or sulphur bottom 
(the largest ofliving-animals) is an example, feed upon great masses 
of very small animals called plankton. In the mouth of this type of 
whale are suspended the closely set plates of whalebone through the 
fra~ed e~ds of ":,,hich water is passed while the plankton, such as the 
shnmphke knll and other forms, are filtered out. The baleen 
~hales ~eed by cruising with their large mouths wide open, taking 
lntheknll, among others, and occasionally schools of small fishes 
are also engulfed. One baleen whale was found to contain two tons 
of plankton in its stomach. Other types of baleen whales are the fin­
back, piked whale, sei whale, and humpback whale. 

--"Sea Secrets, II May 15, 1956 
The Marine Laboratory, 
University of Miami, 
Coral Gables, Fla. 


