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POTENTIAL BYPRODUCTS FROM ALASKA FISHERIES: 
UTILIZATION OF SALMON EGGS AND SALMON WASTE 

B y R . M. Ky te* 

ABSTRA CT 

THE PRESENT LACK OF UTI LI ZAT ION OF THE VAST QUANTITIES OF ALASKA 
SALMON TR IMMINGS AVAI LABLE AS WA STE IS CAUS ED PRIMARILY BY THE REMOTE 
AND WIDELY-SEPARATED LOCATIONS OF THE INDIVIDUAL CANNERIES . THIS ARTI
CLE DISCU~SES THE PAST AND PRES ENT MET HODS OF USING A RELATIVELY SMALL 
QUANTIT Y OF THE TRIMMI NGS AND POINTS OUT THE POTENTIAL OF THE WASTE 
MATERIAL IN INDUSTRIAL PROOUCTION . IT IS SUGGESTED THAT ENZYMATIC DI
GESTION, IF PROVED TO BE PRACT I CAL BY FURT HER RESEARCH, MAY HEL P TO 
OVERCOME PROBLEMS INHERENT IN ESTAB LISH MENT OF AN ALASKA SALMON-WASTE 
IN DUSTRY. 

INTRODUCTION 

Commercial canning starte d in Ala s ka in 187 8 with the production of 8,000 
cases of salmon. The industry grew s teadily. In 1914 it packed 4 million cases 
(almost 200 million pounds) of salmon, and dumped an estimated 100 million pounds 
of offal into the sea. In that same year, however , the first plant in Alaska to uti
lize cannery waste was built near Ketch ikan. This plant produced salmon -offal 
meal and oil. Since 1914, little progress has been made toward efficient and eco
nomical utilization of the waste . During 1954, for example, 3 million cases of salm
on were packed, yet an es timate d 60 million pounds of offal was discarded. Dur
ing the 1957 canning sea son, no use was made of sal mon offalfor reduction purposes. 

In contrast to the lac k of u tilization of salmon offal is the complete utilization 
of offal in the meat-pack ing industry, whe r e "the packer saves everything but the 
squeal." The byproduct branch of that indu s try, however, has developed around the 
larger meat-packing c enters . Thus it was only when the offal could be coUected in 
substantial quantities--with t h e gr o wth of large - scale plants for packingmeat--that 
efficient use could be made of all the potentia l byproducts . 

With the decline in siz e of Ala s ka salmon runs in recent years, there has been 
sO,me consolidation of canning operations . Nevertheless, salmon - canning plants 
still are scattered along a coa stline that is longer than the distance from New York 
to Los Angeles and are hidden, in many instances, in locations remote from normal 
routes of travel. Furthermore , the canning seas on in Alaska is short, most can
neries operating less than two mont hs of the year. 

For salmon-cannery offal to b e e conomically available for the manufacture of 
byproducts, it must be obtainable either in large quantities, as in Ketchikan where 
~everal canneries are located, or it must contain components so valuable that they 
iustify the high cost of co'Uecting. 
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The purpose of this paper is (1) to discu~s the present use made o! salmon 
waste from the canneries of Alaska, (2) to pomt ~ut some of th.e potenhal uses of 
the waste and particul~rly of the eggs as industrial raw .materials, and (.3) t~ sug
gest the use of enzymes as a possible means for preparmg soluble protem mixtures 
from salmon waste. 

PRESENT USE 

FISH-HATCHERY FEED: In 1956, 100,000 pounds of salmon viscera was col
lected from two canneries in Petersburg and frozen. The visc ra were marketed 

principally as fish -hatchery feed 
in Washington and Oregon. The 
development of this use for can
nery offal as based on the re
sults of flsh-feeding tests con
ducted at the Leavenworth hatch
ery of the Bureau of Commercial 
Fisheries (Burro 'S, Robinson, 
and Palmer 1951; Robinson, Pal
mer and Burrows 195 1; and 
Robinson, Payne, Palmer and 
Burrows 1D51). Data from the 
Leavenworth tests indicated that 
salmon viscera produced a grov.ih 
response superior to any meat 
product tested. The responseof 
the hatchery fish to salmon eggs 
exceed d even that obtained with 
the viscera. Here a unique qual
ity of the viscera and eggs may 
be great enough to make their 
recovery economically attractive. 
The methods of separating, pack
aging, and transporting salmon 
viscera are dis cussed b y Land
graf, Miyauchi, and Stansby (1951). 

MI K FEED: T he use of 
salmon offal for mink feed was in

~ vestigated by Leekley, Landgraf, 
FIG.1 - CHUM SALMON GOING THROUGH A BEHEADING MACHINE Bjork.andHagevig(19 52) . The 

I N A SALMON CANNERY AT KETCH I KAN, ALASKA. mink gained in weight when fed fro-
zen salmon offal a s the main por

tionoftheir diet. As the commonly-used mink feed--horsemeat- -becomes less plen
tiful, more interest maybe shown in utilizing salmon-cannery waste fo r this purpose. 

BAIT EGGS: The first commercial use made of salmon eggs was t he preparation 
of bait eggs for catching trout and other game fish (Jarvis 1950). The growth of sport 
fishing in the United States has tremendously increased the demand for salmon eggs. 
As the supply of eggs becomes increasingly short in Washington and Oregon, more use 
is being made of the large amount of Alaska salmon eggs. In 1954, several thousand 
pounds were processed in Southeastern Alaska for use as bait. 

CAVIAR: Cobb (1931) reported that the Russians in Siberia made an excellent 
caviar from salmon eggs. This "red caViar," as distinguished from sturgeon or 
"black caviar," has found a good market in the U.S.S.R. as well a s in various European 
countries. Jarvis (1950) describes methods fo r preparing caviar from salmon. In. 
1956, a small quantity of salmon eggs from Alas ka was market ed as caviar. Anadd1-
tionalfood product has been suggested by Carlson (1955), who developed a sandwich 
spread from smoked salmon eggs. 
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POTENTIAL USES 

Stansby and associates (1953a) carefully investigated the potentialities of salm
n-cannery offal and salmon eggs as industrial raw materials. Many ways were 
~ggested for recovering valu
ble constituents. They (1953b) 
iscussed the possibilities, for 
:xample, of producing proteins, 
Totein hydrolysates , and 
mino acids from cannery offal. 
he remote location of the can-
eries and the lack of process
g facilities for the manufac-

UTe of such commodities , how
"Ver, were stressed as factors 
bat make the economical re

oC()veries of these materials 
<I ifficult. Additional work in 
Bureau of Commerc ial Fisher
iea laboratories has been di-
:r ected towards the determina
tion of components which 
:might have indus trial value . 

'lable 1 - Component fo'atty ACids of Pink, :,a.o.mon t.gg Ul1. 
Cottonseed Oil. and Beef Fat 

Fatty ::;a mon-t;gg 11 CottonSjed -neel--- -
Acids ~'ree-Uu Drop ITotal Uti I 0111 Fatll 
aura e : . . . . . . . . . . . . .. . lyerCenli 
C 14 1.8 O.S 30 3 0 

C IS 8 . 3 9 .5 20.0 292 J 
C IR 1.9 3.9 I 0 21 0 

C 20 - - I 0 04 

Unsaturated : 
.- - - -- - -

C I4 0.1 0 . 1 - OS 

CIS ~ 8 . 1 -~- -1-27---1 
C~ic 10 .5 1~- 30 .0 41.1 

"c~ 8 higher 30 .8 (4 .4H) ------4s-ii (40H) IT<40H> 2S . 1 (3 .5H) 
llhAahlratp, I 

C 20 31.1 (7.3H) 27.0 (9 .0H) - 02 ._' 
C 22 14. 7 (11. 8H) 19 .0 (lO .SH) - -

~.---- 0 . 2 - - -
5 .5 3 . 7 

.-
Unresolved - -

Vo~~~o,;~~ ~~~~(RS IN P"RENTHESES ARE A MEASURE Of UNSATtJRATIOu AND INOIC.AH TH( Helot Cf 
HYDROGEN REQUIRED TO SATURATE THE fATTY ACIDS COIo4P LE'1E.LY. _ 

On a tonnage basis , the largest use of Alaska salmon waste has been in the 
production of meal and oil. At the present time, no salmon-offal reduction plants 
a re operating in Alaska. 

QI1. FRACTION: Salmon eggs comprise 3 to 30 percent of the cannery offal 
(Magnusson and Hagevig 1950), depending on the species of salmon and its maturity. 

The salmon egg is a large single cell consisting of a soft shell, a protein so-
"\ltion, and a droplet of oil floating on the protein solution. Sinnhuber (1943) devel
ped a method of recovering the oil .droplet from salmon eggs. Kyte (1956) deter
ined the constituent fatty acids of this oil. This free droplet, however, represents 

nly one-third of the total oil in the salmon egg. The other two-thirds apparently 
is associated closely with the protein of the egg, in that it is not liberated by the 

innhuber method. In later unpublished work by Kyte, the fatty acids in the total 
il of pink salmon eggs are determined. Data on the fatty acids in the total oil and 

the oil droplet are shown in table 1 to&.ether with comparative data for cottonseed 
il and beef tallow. 

It will be noted from table 1 that salmon -egg oils contain about 45 percent fat
y acids with molecules having 20 to 22 carbon atoms - -fatty acids not normally 
<:Hll1d in Significant quantities in vegetable or land-animal fats. These long-chain 

f atty acids in salmon -egg oil are highly unsaturated. Active research is being 
carried out by Bureau of Commercial Fisheries laboratories (Anonymous 1955), 
t o take advantage of these characteristics in the preparation of new compounds of 
potential commercial value .1../ 

. Stansby and associates (1953c) reported that approximately one-third ofthe total 
?il of salmon eggs is a phospholipid, probably lecithin. Vegetable lecithins are used 
~dustrially as wetting and emulsifying agents, moisture absorbents, and antioxidants 
Ul both food and nonfood industries. The fatty acids associated with the lecithin from 
Salmon eggs are more highly unsaturated and have a longer carbon chain than have 
t hose found in vegetable lecithin. 
~C20 AND C22 FATTY ACIDS REpORTED IN SEVERAL MARINE A IMAL 01 LS ARE: COD I ER, 35 . 0 PE CE T. 

HERRING, 45 . 0 PERCENT; MENHADEN, 32 . 0 PERCENT; P ILCHARD 31.7 PERCE T; SA ,39.7 PERCE .... 
SARD I NE, 41.0 PERCENT; SHARK LI VER, 32.5 PERCENT; AND WHAlE I 17 . 7 PERCE 1. T US SAL -EGG 
OIL CONTAINS MORE C20 AND C22 FATTY ACIDS THAN DO MOST OTHER COMMERCiAl ARt E-A t Al 0 LS. 
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The properties of salmon - egg l e cithin have not been investi~a.ted extensive~y. 
S ansb and associates (1953c) also found 4 to 7 percent unsaponiflable matter lnthe 
total oil from salmon eggs . About half of this un~apo?ifia~le matter is ?holesterol. 
Chol s erol is used in the manufacture of synthe tlc vltamm D and certaill hormones. 

PROTEIN FRACTIO T: The amino a c id cont ent of the protein fraction of salm
on eggs was investigated by Seagran, Morey, and Dassow (1954.). These workers 
r por d the amount of each of 10 essential amino aCi?s found ill the. eggs of the five 
Alaskan species of salmon at various s tages of maturlty . Table 2 glVes the average 

- Amount 0 the Ten Essential Amino Acids in the Protein 0 

Salmon E s, So bean Meal, and Cottonseed Meal 

Amino Acids 

. (Percentage 0 

1 ginine 7. 2 7. 3 11.3 
Histidine 2. 7 2.9 2.7 
Isoleucine 7 . 2 6.0 4.0 
L ucine 9. 9 8.0 6.0 
Lysine 8. 8 6. 8 3.5 
Methionine 2.9 1. 7 1.7 

henylalanine 4.8 5.3 6.0 
Threonine 5.9 3 . 9 3.0 
Tryptophan 0.9 1.4 1.3 
Valin 7.2 5. 3 4.8 

nt nt of th s amino acids in the protein of matur e salmon eggs and, for com-
p nson, th amino acid content of the protein of s oybe an meal and cottonseed meal. 
Th d ta show that the essential amino acids are pr esent in good amount in salmon 

gg . Of particular interest are the levels oflysine, isoleucine, and methionine--the 
mmo ld n ed d for supplementation of vegetable-protein concentrates in animal 

nutrltlOn. 

ENZYME DIGEST ION 

r on (1945) worked on the possibility of u s ing alkali digestion to recover 
1'0 lmon-cannery waste. A somewhat different approach was taken byldler 

hn 1 t (l 55), ..... ho r ported enzymes effective in solubilizing a large portionof 
flo n shnmp-processing plants. Kyte (1 956) repor ted that enzyme diges

lmo g s was effective in solubilizing salmon-egg protein, thus aiding a 
n of th oil from the protein. 

d th t nzymes acting on the entire offal from a salmon cannery 
ann ry op rator, with very little a dditional equipment, to prepare 

il and PIot m. This mixture could be collected after the season 
iOI ,and could be combined and proces s e d with similar material 
lis ill a centr 1 byproducts plant. 

n ld r ble fi ld testing and an economic study would be necessary 
t nzym di,estio.n uf fish waste , this proce ss may enableaproC 
d r \1 m, t nals to make economi cally feasible a greater 

from Al ska salmon waste. 

SUMMARY 

o mUllon pounds of offal from Al a ska salmon canneri 8 is bein 
Th r mol locatlOns of th cann rie s tend to discourage the 

mounts of . t, vid ntly because potential industries fcellha t 
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this situation will not permit the economical collection and manufacture of byprod
ucts. Such use as is made of the waste at present is in the manufacture of a limit
ted amount of fish-hatchery feed, mink feed, bait eggs, and caviar. The possibility 
texists, however, that valuable uses may be found for the oil and protein fractions of 
salmon offal. 

About one-third of the oil in the salmon egg is in the form of a free-oil droplet. 
'-he other two-thirds is closely associated with protein. Salmon-egg oil contains 
about 45 percent fatty acids with molecules having 20 and 22 carbon atoms. These 
ITlolecules are highly unsaturated. Approximately one-third of the total oil is phos
llholipid, probably lecithin, and approximately 4 to 7 percent of the total oil is un
saponifiable rna t te r, half of which is chole s te rol. 

The essential amino acids are present iIi good amount in salmon eggs. Of par
ticular interest is the content of lysine, isoleucine, and methionine, which are need
ed for supplementation of vegetable-protein concentrates in animal nutrition. 

It is proposed that enzymes acting on salmon -cannery ~ffal may enable a can
I1ery operator, with little additional equipment or labor, to prepare an oil-and -pro
tein slurry. Such a process would require additional research, but if proved prac
tical, could offer a partial solution in encouraging more complete utilization of 
salmon waste. 
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