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- 5° F. After 6, 15, and 2 weeks in cold storage, some of the pieces 
were withdrawn , thawed, cooked, and tasted. Table 5 shows the 
re ults of the e tests. 

TABLE 4.-Keeping quality of frozen smoked mackel'el stored at 0° F. for 3 and 0 
1),:mths 

Condition of fi sh a fter-
Smoking t reatment 

3 months 6 months 

Very light cold·smoked ...•.... .............. Rancid ....... ___ .... ...••..••...•... . Ver y rancid . 
Light cold·smoked ..... ........•......... Good' definite a ftertaste ...... . ............ Rancid . 
M edinm cold·smoked .•.. .... ... .......... ....... do..... ................................ (1). 
H ot·smoked ...................................... do... . ................ .. . ... ...... .... (1) . 

1 Tbese fi sb bad sucb a strone- smoke [la"or as tr render rancidity tests unreliable , The stron!: a ftert asle 
indicated tbat they were at least somewhat ra ncid . 

The ample tored at 26° F. wcrc rancid within 6 ,,'ccks, and upon 
further torage the bacterial count rose and putrefact ion sct in. This 
temperature is altogcther too high for sllccessful prcsen 'a tion of 
smoked mackerel. Pieces storcd at 15° F . evid cnccd no putrefaction 
even after more than 6 months of storagc, but rancidity c\cYclopecl 
lowly, the fish being definitely rancid , though not inedible , aft('\" 15 

weeks. The fi h stored at _5° F. wcre till in good cond ition , how­
ing no signs of rancidity, at the cnd of 6 weeks of storagc, and e\,cn 
after 6 month were only slight ly rancid. 

TABLE 5.-Effect of storage at 26°, 15°, and -5° F. on the kee ping quali t!J und 
peroxide number of Jro zen mackerel that had been cold-smoked hours 

rondition of fi sh stored at-

26° F. - 5° F . Storage 
time in 

6 
15 
28 

P eroxide 
number Condition 

20 Ran cid .... .. .. ..... . 
22 .... do ._ ...... ...... . 
26 Stale; rancid ...... . . . 

Perox ide 
number Condition 

12 Slightly rancid ...•.. 
22 Rancid _ ... ......... . 
24 .... do ...... ........ . 

Peroxide 
nnmber Condition 

o Frpsh . 
10 I Slightly rancid . 
II D o. 

It is evident that frozen smoked mackerel must be storcd at a Jow 
temperature, preferably at 0° F. or less if rancidity is to be minlmizec\, 
and even at that low temperature rancidiLy slowly develops. 

Frozen fish stored other than in the round are usually wrapped in 
some kind of moistureproof wTapp ing material. This scrves Lo prcvenL 
the evaporation of moisture and the con equ ent drying of the product, 
which re ult in loss in weight and detracts from the value by al tering 
texture and appearance. In storing such oily fish as mackerel the 
wrapper also minimizes rancidity by decreasing exposure to air. 

Series of samples of smoked mackerel were wrapped or covered in 
various ways, weighed, and frozen . After 2 months of storage at 
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00 F. , the loss in weight and the degree of rancidity were noted . The 
data in table 6 indicate that the protective materials can conven­
ien tly be separa ted into three groups according to their efficiency . 

The first and most efficient group of protective materi als included 
transparent moistureproof paper wrappers used either alone or in 
combination \yith a waxed cardboard carton or a wooden box, a,nd a 
waxed carton only . The fish in this lot after 2 mon ths of storage 
showed a loss in weio'h t 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 
th eir original weigh t in 2 months and were very slightly to definitely 
rancid. Tn the third lot either no protective device was used or a 
h eavy 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 
r ancid. 

These results indicate tha t desiccat ion is not a serious problem with 
frozen smoked mackerel exeept when the fish are s tored for a long 
period. It is reeommended, 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 lI sed, care mllst be taken tha t the fi sh are carefully wrapped 
and scaled . vVaxed cardboard car tons prove very satisfactory for 
packing the mackerel. 

TABLE 6.-E.fJectiveness of various !rotective materials in retaTdi ng rancidity and 
desicc ation in fTozen smoke mackerel stored at 0° F. for 2 months 

Protecth'e materi al. Rancidity 

T ransparent moistureproof paper wrappers and 
waxed carton. 

Transparent moistureproof paper '\'Tappers and 

,r~l~~~a~~~t~~~~~~l~ ________ . ____ . ______ . ___ __ ___ ___ N one to very slight . __ __ _ _ 
Transparent moistureproof paper wrappers and 

wooden box. 
Do ...... ....................... .... .. •... .. 

~~~~'~d~~a~:~t~~ap·re~sa·nd ·~'OOde;,·bOx~:: :::: : : : }very slight to definite ... .. 
Light mineral oil glaze ... .....•.......... .. •... ... 
lIledium mineral oil glaze . ........ .. .... . . . ... . . . . 
Heavy mineral oil glaze .. ...• . . . .. .. .. . . . . . . ...... }Definlte 
No treatment. ............ . . . .... .. ..... . ......... . . . ••.• •.•••• .•.•.. 

Desiccation 

P eTCe1lt 

Loss in 
weight 

Percent 

o to 1..·······-1 :.3 .5 

. 6 
1.2 
1.5 
1.1 
2. 0 
2. 6 
3. 5 

( 

1 to 2 ..•••••••. 

1 
2 to 4 ... .•.•••. { 

The degree of rancidity noted in the smoked product was greater 
than that which ordinarily develops in froz en mackerel, since these 
fish frozen in the round and kept well glazed are only slightly r ancid 
after 3 to 6 months of storage. This increase is surprising because 
smoke is considered an antioxidant capable of r etarding 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, fi l tering 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 tlu:ough it wood 
smoke made from oak sawdust. B oth 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 nunlbers and had less rancid flavor than the 
untreated oil. Takahashi and Mosuda (1938) r eported similar r esults 
for herring oil. 

TABLE 7.-Th e antio.xidant effect of wood smoke on mackerel oil 

P eroxide values at differeut storage temperatures 

Storage perIod _250 C. (_130 F.) 100 C. (500 F .) 350 C. (99 0 F .) 

Smoked Unsmoked Smoked Unsmoked Sm oked Unsmoked 

Before storing. ___ ____________ _ 1.0 1.2 1.0 1.2 1 1.0 1.2 43 weeks _____ . __________ ____ __ 1.3 9. 9 5.4 45.6 24.9 M. O 

Salt is known to have an accelerating influence on rancidity. 
R ecently 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 
m ackerel. Pairs of :::nackerel fill ets, in which one of each pair r eceived 
no treatment and the other was dipped in a 10-percent salt solu tion 
exactly as were tbe smoked mackerel, were wrapped in moietmeproof 
paper and stored at 0° F. The salted fill ets 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, al though this will alter the flavor and the fillets 
will not have the normal glossy surface. 

The more rapid development of rancidity in froz en smoked mackerel 
than in fro zen mackerel suggests the possible advantage of holding 
surplus mackerel frozen and preparing the smoked product from the 
frozen fi sh. In preliminary tests, however , froz en mackerel failed to 
develop the smooth, glossy surface considered desirable in smoked fish. 
Unfortunately, it became necessary at that time to discontinue fmther 
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sLudies on smoked mackrrel b au. th e laboratory was moved from 
Glouces Ler, Mas ., Lo CoIl ge Park , 11d. 

CONCLUS IONS 

The present markeL for mokc-d ma 'ker I i limited a onJy a h avily 
s moked product is avadn bl t', which i not popuJar with rno t . n urn. 
because of undesimb lt' flavor. A li g hLly mokrd produ t imilar to 
finnan h addie or kippered ulmon h ould find a much wider m rk t. 

A satis factory liglltly mok<'d mackerel ha been PI' par d exp ri­
I11l'lltUUy. lL lws n. mild . moke f1uvor , which hlend with but do 
not o\,(']'s llHdow the delicate', normal mackerel flavor. 

Ligbtly SJllO IH ' d muckere'l i neurly a peri . l ubI as th II' h, 
unsmokl'.cl fish Illlcl mll t be' handled a ·ordingly . 

Th e period dlll'ing whic·h moked mackc'l'(,l may b k pt in go d 
('onciition ran he grrnt ly imTc'il ed oy freezing the product and holding 
it in cold tornge. 

Thr storage timr of frozen mokcd mackrrel can be in Tea ed by 
s h or t eJlilig the prrliminary brining' prriod brfore moking, by u ing a 
moistun'proof wrapprl' after moking, and by toring at a I w a 
temperature n possible , pre[(']'(11> ly lw]o\\" 0° F. Thr e pr cauti n 
retard thr t\eYC'lopmcnt of rancicJity and permit storage for p ri d 
up to G mont hs. 
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