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ENZYMES AS AN AID IN SEPARATING OIL
FROM PROTEIN IN SALMON EGGS

*
By Robert M. Kyte
ABSTRACT
THE DIGESTION OF SALMON EGGS BY ENZYMES OFFERS ADVANTAGES |N SEP-

ARATING OIL FROM PROTEIN IN SALMON EGGS, PART | CULARLY IN ALASKA WHERE
THE SOURCE OF EGGS |S WIDELY SCATTERED AND OFTEN IN REMOTE LOCATIONS,

INTRODUCTION

Stansby and Associates (1953A) stated that the oil from salmon eggs was highly
unsaturated (iodine value over 200). These authors also found that salmon-egg
tained significant quantities of cholesterol, although less than reported by earlier wor
ers (Koenig and Grossfeld 1913: Anno 1940), and phospholipids (25-39 percent of the
total oil) that might have commercial interest. Research is now being carried ogg!g
U. S. Fish and Wildlife Service laboratories and in industrial —
laboratories on new chemical products (Anonymous 1955) that
can be made from fish oil. Kyte (1956) determined the distri-
bution of the fatty acids of which salmon-egg oil is composed
and indicated the amount of unsaturation in the fatty acids. The
double bonds in the unsaturated salmon egg oil make this oil
particularly attractive in the synthesis of polymers and highly
substitujced compounds apd as a reactive intermediate for the F1G. 1 - PHOTOGRAPH OF
synthesis of other organic compounds. SALMON EGG SHOWING OIL

DROPLET.

Seagran, Morey, and Dassow (1954) determined the amount =
of the ten essential amino acids in the protein of salmon eggs. The amount and dis-
tribution of these acids indicated salmon-egg protein would be a good animal feed
and, being relatively rich in methionine, isoleucine, and lysine, would balance the veg-
etable protein concentrates which are often deficient in these amino acids. Robinson,
Palmer, and Burrows (1951) reported salmon eggs to be an excellent feed for hatchery
fish, particularly when water temperatures are over 50° F. and the fish are eating
relatively large amounts of food. L

Many of the present or potential uses of salmon eggs depend on either the
fraction or the oil fraction, not the two together. In dried protein concentrates s
fish meals, or in this case egg meal, oil may be an undesirable diluent. Oil
icaluses or industrial processing is subject to even more rigid purity requireme
is the protein concentrate. Traces of protein matter are undesirable. The purf
this paper is to discuss methods for separating oil from protein in salmon eggs
particular, to stress the role enzymes can play in this process.

METHODS FOR SEPARATING OIL FROM PROTEIN

Sinnhuber (1943) developed a simple method for recovering the highly pi
oil from the free-oil dropletin salmon eggs (fig. 1). He broke the egg shell or
brane by grinding, then added warm dilute brine (4 percent NaC1) and allowed
to separate. The oil was further clarified by centrifuging to remove traces
pended protein and moisture. This clear brightly-colored oil and the body &
derived from the cannery trimmings other than the viscera were used by canr
additives to canned salmon. The Sinnhuber method, however, recovered onl
of the total oil in the eggand left the protein much diluted. Recovery of the
was not considered in this method of separating the oil and the process would be

The dry-rendering process--the drying of fish in a steam-jacketed ve
ordinarily used for reducing fish and fish wastes of low oil content to meal.
sing of thedry-rendered product for removal of oil is usually not carried out
of the difficulty with which the oil is expressed. Salmon eggs processed
od give alow yield of oil and the protein meal has a veryhigh and undesirable 0il |
K ANALYT | CAL CHEMIST, FISHERY PRODUCTS LABORATORY , KETCHIKAN, ALASKA .
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The wet-reduction process is used extensively on a commercial scale for the
reduction of fish with high oil content such as menhaden and herring. In this process
the fish is cooked, then pressed to remove most of the oil and a large portion of the
moisture. Laboratory experiments indicated, however, that cooking ground salmon

eggs for periods as long as three

Loa hours freed only about 65 percent of
. the available oil (fig.2). The remain-
ing oil was retained with the protein
probably bound as a lipo-protein com-
plex. The particle size of the cooked
egg protein is very small and pres-
sing this material by itself in the
standard fish meal press would be
extremely difficult because the cook-
ed protein does not form the neces-
sary mat or shoulder. Thus, neither
of the processes most commonly used
for the reduction of fish is satisfac-
tory for the handling of salmoneggs.
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PERCENTAGE OIL RECOVERY

Levin and Lerman (1951) report-
ed an azeotropic distillation process
for the dehydration and oil extraction
of vegetable and animal products. Tests
in this laboratory using anazeotropic
distillation with benezene, n-butyl al-
1 1 1 l i 1 cohol, or di-chlqrethane.as solver.xts

0 05 0 5 20 25 30 for the dehydration and oil extraction
LENGTH OF COOK - HOURS or raw fresh salmon eggs, I‘emO‘}'ed
from 75to 80 percent of the oil from
F;g(.m-P?N’T(HgAE;gScEGgg‘c00K|NG TIME ON OIL RECOVERY the eggs. It was only by the use of
several solvents (acetone, ethanol,
and a methanol:chloroform mixture) that essentially all of the lipid was removed
from the raw salmon eggs.

Chargaff and Cohen (1939) reported the enzymes in rattlesnake venom to be ef-
fective in separating certain of the oils in egg yolk. Lovern (1955), however_, report-
ed proteolytic enzymes to be ineffective in freeing bound oil from the protein with
which it was associated. He reported that the oil was bound quite as strongly tothe
peptides and other products of enzyme hydrolysis as to the original protein. Never-
theless, proteolytic enzymes might play a desirable role in the separation of oil
from protein in'salmon eggs.

Thomson, MacLeod, and Idler (1954) report that proteolytic enzymes are used
extensively to reduce the viscosity of stickwater in the production of fish solubles.
Salmon canneries--the source of supply for salmoen eggs--are scattered over a
large area and in rather remote locations in Alaska. Preliminary processing at the
canneries with minimum equipment and manpower requirements would permit a
8T0ss separation of oil and protein and allow the oil and protein concen?rgtes to. l?e
°°11.90t6d and transported to centralized processing facilities where efficient utili-
zation might be possible,

EXPERIMENTAL ENZYME DIGESTION

The action of a number of proteolytic enzymes on salmon eggs was investiga-
ted. Conditions of pH and temperature reported to be within the active range of the
clZymes were maintained and the rates of solubilizing the protein and liberating the
01! Were observed. The general pattern of action was the formation of a clear pro-
tein solution, a free oil, an oil emulsion layer, and, in some cases, a small amount of
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sediment. Figure 3 shows the rate of formation of clear solution from
using pepsin (N, F. grade), Rhozyme B-6
enzymes) and Bromelain (a mixture of gseveral proteolytic enzymes obtaine

the stem of the pineapple plant). Bacterial action was inhibited by the additi
20 p.p.m. of aureomycin (chlortetracycline hydrochloride).

Even though the protein solution of
the enzyme digest was clear after centri-
fuging, 10 to 20 percent of the dry weight
of the protein solution was oil (as deter -
minedbyacid hydrolysis). Abenzeneor
dichloroethane azeotropic distillation of
the enzyme digest removed one-half to
two-thirds of the oil but the dried resi-
due still contained 6 to 8 percentoil. The
enzyme digestion did, however, solubi-
lize or put into solution the egg protein
and did permita gross separation of an oil
emulsion and protein solutionby simple
settling or centrifuging.

The oil emulsion phase contained 40
to 60 percent oil and 5 percent protein.
The dried proteinresidue from the en-
zyme digestionhad abright orange glassy
to dull semiplastic appearance depending
on the enzyme and length of digestion.

The oil of the salmon egg was recov-
eredasfree oil and oil emulsionon cen-
trifuging or allowing the digest to settle.
The emulsion was very stable. Theoil
couldbe recovered from the emulsion,
however, by dryingor solvent extraction.
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FIG. 3 - THE EFFECT OF DIGESTION TIME ON THE A-
MOUNT OF CLEAR DIGEST FORMED IN THE DIGESTION
OF SALMON EGGS USING ONE PERCENT BY WEIGHT OF
FOUR DIFFERENT ENZYMES, :

The oil recovered from the emulsion was !
bright red, and was similar inappearance to brine-extracted oil. However, itschem-
ical characteristics were not determined.

The digestive tract of fish contains a variety of proteolytic enzymes(sm
and Associates 1953B: Kenyon 1925) which probably attack peptides and pe:ma:
(protein fragments) as well as whole proteins. The enzyme system in the m
tract of pink salmon was effective in solubilizing the salmon egg protein (a direct
comparison of rate with the other enzymes was not obtained) and permitted anazeo-
tropic distillation extraction to remove essentially all of the oil from the protein
residue. It is suggested that the enzyme system of salmon digestive tracts either

broke the salmon egg protein molecule to very short fragments from which the
could be readily extracted or contained an enzyme which split the proteinlipid DOF

NUTRITIVE QUALITY OF ENZYME DIGEST

The effect of enzyme digestion on the nutritive value of the salmon egg
had not been established. A single evaluation of three samples of dried sa
protein was carried out by Dr. Grau of the University of California by a m
found effective in.evaluating fish protein in poultry rations (Grau 1955). The
was prepared from (a) salmon eggs with fat removed by exhaustive solvent
tion, (b) salmon eggs digested with the enzymes of the digestive tract of sal
solvent extracted to remove the fat, and (c) salmon eggs digested with the
cial enzyme Rhozyme B-6 and not solvent extracted. The results are shov
1 and indicate that, in chick feeding, enzyme digestion did not affect the p .
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Table 1 - Quality of the Protein of Salmon-Egg Meals Produced With or With -
out Enzyme Digestion as Determined by Chick Feeding Tests

Sample Gain/Day | Gain/Feed
Defatted by exhaustive eEEa
Salmon- solvent extraction 4.8 0.42
Egg Meal Enzyme digestedl/,
solvent defatted 4.9 0.38
Enzyme digestedl/,
high fat content 4.8 0.42

l/ENZYME USED WAS THE DIGESTIVE TRACT OF A PINK SALMON, ONE PERCENT OF THE WEIGHT OF THE EGGS.
g/ENZYME USED WAS RHOZYME B-6 AT 0.5 PERCENT WEIGHT OF THE EGGS.

With the salmon egg-enzyme systems investigated, bacterial decomposition be-
came a factor of major importance inthe pH range of 4.5to 8.5. Aureomycin (chlor-
tetracycline hydrochloride) at 20 p.p.m. was found effective in controlling bacterial
action for over one week. Twelve p.p.m. aureomycin did not adequately inhibit bac-
terial action as judged by the formation of offensive odors.

Preliminary experiments with the complete offal from the canning of salmon
indicated that enzymes were effective in dissolving most of the protein and separa-
ting a large part of the oil from the proteins.

SUMMARY

The o0il and protein contained in salmon eggs are valuable when separated from
each other. Common methods of reduction are not entirely satisfactory for sepa-
rating oil from protein in salmon eggs.

The action of certain enzymes on salmon eggs partially separates the oil from
protein as it solubilizes the protein.

An enzyme digestion might find application to salmon cannery offal as well as
to salmon eggs as a processing step in producing concentrates of oil and proteinat
scattered and remote canneries in Alaska.
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DOMESTIC SOAP FROM SEAL OIL

In localities where sealoil is easily available it would probably be advantageous if it could be
used in the form of domestic soap. Butraw sealoil contains unsaturated molecules which are re-
sponsible for the softness of the soap and its tendency to turn rancid rapidly. In order to obtain a
hard, stable soap, it would therefore be necessary to change
the unsaturated condition of the oil. This could be accom-
plished by hydrogenation, a process whichis used mostl
for ed!bley oils; but because of the special apparatus re}:
quired, itis notadaptable to home use. It was thought that

polymerization, which can be carried out at home, might | ==}

furnish a solution to the problem. : / /
Polymerization makes the unsaturated molecules re- g /'/// .{ww.m

act among themselves; the extent of which depends upon | ol /" x{perweo ot

the temperature used and the length of time the reaction / O{W BRUTE

is allowed to proceed. ‘ /' AW o

In a previous study, it was established that polymeri- |
zation of seal oil proceeds readily at a temperature of ‘ ' a > X - :

5250 F. However, the speed of the reaction in an open air — o
vessel was unknown. Therefore, several experiments were = ¥
carried out to follow the course of the rsaction over a el V:;eu::dt:nm b
period of hours. Since polymerization produces a lower-

ing iniodine value, and an increase in viscosity, the iodine value and viscosity of sealoil heated at
5250 F. werefollowed on samples withdrawn athourly intervals. Figure 1 shows the rateat which
the iodine value decreases during the polymerization of
raw and of refined seal oil. Italso shows that the reaction
is atfirst rapid and that it then slows down gradually, the
rate being the same for refined and unrefined oil.

lowered to at least 90 before the oil shows resistance to
oxidation. Thus, itis apparentthatthe oil mustbe heated
for about four hours to obtain the desired iodine value.
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Figure 2 shows the change in viscosity whichaccom-
panies polymerization. It shows thatthe viscosity of the
oil increases regularly with time. In practice, the vis-
cosity index could be used to determine the extent of poly-
merization and thus to indicate whether uniform prod-
o— ucts were obtained.

|

[

|

i The iodine value of seal oil is about 145. It must be
|
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Fig. 2 - Viscosity change with time of polymerization, Since the object of this investigation was the prep-
aration of soap, some oil was first heated at 525° F. for

four hours, then subjected to the usual procedure for the preparation of domestic soap. A prod-

uc:iof suitable firmness was obtained. With the addition of rosin, it showed good lathering prop-
erties,

Thus the polymerization process offers a cheap means of preparing domestic soapfrom seal
oil. No special apparatus is required since polymerization and saponification can be done in the
same kettle, The technique is also verysimple: itconsistsin heating the oil at 525° F. for about
four hours, After polymerization the oil is transformed into soap by means of the standard pro-
cedure used for the preparation of domestic soap.

At 5259 F. theoil gives off smoke and care must be taken not to heat it much higher because
it might catch fire,

The process described above could, in all probability, be applicable to other oils, suchas fish
oils, to yield a domestic soap of fair quality. Depending on the kind of oilused, certain modifica-
tions of the temperature and heating time would no doubt be required.
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