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0° F., the loss in weight and the degree of rancidity were noted. The
data in table 6 indicate that the protective materials can conven-
iently be separated into three groups according to their efficiency.

The first and most efficient group of protective materials included
transparent moistureproof paper wrappers used either alone or in
combination with a waxed cardboard carton or a wooden box, and a
waxed carton only. The fish in this lot after 2 months of storage
showed a loss in weight of less than 1 percent and were imperceptibly
or only very slightly rancid. The materials in the second group were
an unwaxed carton, waxed paper wrappers and wooden box, and
mineral oil glazes. These samples lost between 1 and 2 percent of
their original weight in 2 months and were very slightly to definitely
rancid. In the third lot either no protective device was used or a
heavy mineral oil was applied, which proved only slightly better than
no treatment at all. The mackerel in this group lost between 2 and
4 percent of their original weight in 2 months and were then definitely
rancid.

These results indicate that desiccation is not a serious problem with
frozen smoked mackerel except when the fish are stored for a long
period. It is recommended, however, that a good wrapping material
be used in order to decrease losses through rancidity. For this purpose
a good grade of moistureproof paper is probably the best. If such a
paper is used, care must be taken that the fish are carefully wrapped
and scaled. Waxed cardboard cartons prove very satisfactory for
packing the mackerel.

TaBLE 6.— Effectiveness of various protective materials in retarding rancidity and
desiccation in frozen smoked mackerel stored at 0° F. for 2 months

Protective material, Rancidity Desiceation &f;si;];?
Percent Percent
Transparent moistureproof paper wrappers and 0
waxed carton.
’l‘runsmrv;lt moistureproof paper wrappers and 0
unwaxed carton. o
Wiaa Ao oni T LS None to very slight______. (VA1 )p SERESSES 0.3
Transparent moistureproof paper wrappers and .b
wooden box.

P e .6
Unwaxed carton______ - 152
Waxed paper wrappers an Very slight to definite_..__ 1t0:2 o ens 1.5
Light mineral oil glaze_______________.__ =3
,]\{ludium min;]m] ]uill glazel - sl ol g 2.0

eavy mineral oil glaze_ . _ . 2.6
Notreatment - -—=._ _t- L _ l - sloi i il ol ‘}Deﬁnite """"""""""" 204 { 3.5

The degree of rancidity noted in the smoked product was greater
than that which ordinarily develops in frozen mackerel, since these
fish frozen in the round and kept well glazed are only slightly rancid
after 3 to 6 months of storage. This increase is surprising because
smoke is considered an antioxidant capable of retarding rancidity in
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most products. A preliminary experiment was conducted to deter-
mine the antioxidant effect of wood smoke on mackerel oil. The oil
was prepared by stirring ground mackerel flesh with ether and
anhydrous sodium sulfate, filtering the ether solution through cotton,
and carefully evaporating the ether. The oil so obtained was divided
into two parts, and one part was treated by bubbling through it wood
smoke made from oak sawdust. Both the treated and the untreated
oil were then stored at —25° C., 10° C., and 35° C. The results, as
shown in table 7, indicate that wood smoke does possess antioxidant
properties, as in each case the treated oil, after 43 weeks of storage,
showed lower peroxide numbers and had less rancid flavor than the
untreated oil. Takahashi and Mosuda (1938) reported similar results
for herring oil.

TABLE 7.—The antioxidant effect of wood smoke on mackerel oil

Peroxide values at different storage temperatures

Storage period —25° C. (—13° F.) 10° C. (50° F.) 35° C. (99° F.)

Smoked | Unsmoked | Smoked |Unsmoked | Smoked ‘Unsmoked

|
Before storing._ .. __.._____

1.0 1.2 0
43 WeeHSe e canuan o 1.3 9.9 4

=)

1. 1. 1.0 1.2
5. 45. 24.9 4.0

Salt is known to have an accelerating influence on rancidity.
Recently Banks (1938) showed that salt hastens the development of
rancidity in frozen herring. A few experiments were conducted to
determine whether the preliminary brining before smoking could be
responsible for the increased rate of rancidity development in smoked
mackerel. Pairs of mackerel fillets, in which one of each pair received
no treatment and the other was dipped in a 10-percent salt solution
exactly as were the smoked mackerel, were wrapped in moistureproof
paper and stored at 0° F. The salted fillets became rancid within
2 months, while the untreated ones were only slightly rancid after
6 months.

These results indicate that the preliminary brining treatment should
be as short as possible in order that the development of rancidity in
the smoked product kept in storage may be retarded. If the mackerel
are to be stored for more than 6 months, it may be necessary to omit
the brining process, although this will alter the flavor and the fillets
will not have the normal glossy surface.

The more rapid development of rancidity in frozen smoked mackerel
than in frozen mackerel suggests the possible advantage of holding
surplus mackerel frozen and preparing the smoked product from the
frozen fish. In preliminary tests, however, frozen mackerel failed to
develop the smooth, glossy surface considered desirable in smoked fish.
Unfortunately, it became necessary at that time to discontinue further
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studies on smoked mackerel because the laboratory was moved from
Gloucester, Mass., to College Park, Md.

CONCLUSIONS

The present market for smoked mackerel is limited as only a heavily
smoked product is available, which is not popular with most consumers
beeause of undesirable flavor. A lightly smoked product similar to
finnan haddie or kippered salmon should find a much wider market.

A satisfactory lightly smoked mackerel has been prepared experi-
mentally. Tt has a mild smoke flavor, which blends with but does
not overshadow the delicate, normal mackerel flavor.

Lightly smoked mackerel is nearly as perishable as the fresh,
unsmoked fish and must be handled accordingly.

The period during which smoked mackerel may be kept in good
condition can be greatly increased by freezing the product and holding
it in cold storage.

The storage time of frozen smoked mackerel can be increased by
shortening the preliminary brining period before smoking, by using a
moisturcproof wrapper after smoking, and by storing at as low a
temperature as possible, preferably below 0° F.  These precautions
retard the development of rancidity and permit storage for periods
up to 6 months.
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