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INTRODUCTION. 

THE SARDINE. 

The sardine, popularly regarded as a particular species of fish 
used for canning, derives its name from the island of Sardinia, in 
the Mediterranean Sea, where the fish from which the sardines of 

that region are made abound(27).!. The term ‘‘sardine’”’ is now 

applied in this country to the small fish of the Clupea family, numer- 
ous species'of which are canned as sardines in various parts of the 
world? The pilchard (Clupea pilchardus) is the fish used in the 
French sardine industry, and the brisling or sprat (Clupea sprattus) 
in the Norwegian industry. The California sardine (Olupea coeru- 

1) The figures in parentheses refer to the bibliography at the end of this bulletin. 

2 Food Inspection Decision 64, issued by the U. S. Department of Agriculture, March 29, 1907, provides 

that the labels of the canned sardines shall state the country or locality from which the fish are packed, 
as an indication of the species. 

5890°—20—Bull. 908——1 
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leus), closely resembling the French species, is canned on the Pacific 
coast of the United States, while the immature sea herring (Clupea 
harengus) is put up on the eastern coast as the Maine sardine. 

The Bureau of Fisheries of the United States Department of 
Commerce states that the herring may be distinguished readily 
from the pilchard before it is cleaned and canned, the following 
points of difference being submitted: 

Fig. i.—The herring. 

The lower jaw of the herring (figure 1) projects a little beyond the tip of the 
snout when the mouth is closed; the gill covers are smooth; the fish is more or less 

compressed from side to side; and the belly rather sharp-edged. If the fish were 
cut in two, crosswise, the cross section would be somewhat egg-shaped. The fin on 

the back is situated nearer the base of the tail than the tip of the snout. The scales 

are comparatively small and have rounded edges. When the scales are removed 
no series of dusky spots is observable. 

Fic. 2.—The pilchard. 

The lower jaw of the pilchard (figure 2) projects but slightly, if at all, beyond 

the tip of the snout when the mouth is closed. Sharply-defined, fine ridges run down- 

ward and backward across the gill cover. The fish is more cylindrical than the herring, 
and a cross section would present a circular rather than an oval outline. The fin 
on the back is situated nearer the tip of the snout than the base of the tail. The 
scales are comparatively large, twice as large as those of the herring, and show a more 
or less angular outline of the edge. When the scales are removed a series of several 
dusky spots along the side of the front part of the body is usually plainly discernible. 

To open a can of sardines of unknown origin and attempt to determine whether 
the fish is a herring or a pilchard presents a greater difficulty. Since the heads of 
both kinds are removed in the canning process, the jaw and gill cover characteristics 
can not be observed. The scales of both fish are easily detached and may not be 
present in the can. The absence of the head prevents ascertaining the position of 

the back fin in relation to the tip of the snout. 
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As the skin of the herring is thinner than that of the pilchard, it more quickly 
loses its silvery appearance, particularly after the loss of its scales and subjection to 
the cooking process. In consequence, a dull-colored, laterally flattened fish with 

the edge of the belly somewhat sharp-edged would suggest a herring. If the distance 

from the front of the base of the back fin directly to the belly,when applied twice to 

the distance from the rear of the base of the back fin to the middle of the base of the 
tail, extends beyond the base of the tail fin, it is almost positively a herring. If 
fine, round-edged scales are present, the diagnosis is quite positive. 

On the other hand, the French sardine (pilchard), having a thick skin, has a tend- 
ency to retain much of its silvery appearance, even after being cooked, and this 
silveriness is more or less sharply defined from the bluish back. A silvery, plump 

fish with a rounded belly indicates a pilchard. Jf the dimension for the width of 
the fish, applied from the back fin to the base of the tail in the manner described, 
does not reach to the base of the tail, the fish is quite positively a pilchard. If con- 

spicuous scales, with one end angular, are present, the fish positively is a pilchard; 

also if a series of dusky spots is observed along the side forward. 

THE MAINE SARDINE INDUSTRY. 

Sardines(27) have been canned in Europe since 1834, and the 

imported product has long been a popular article of food in this 
country. When the Franco-Prussian War cut off our supply of 
sardines from abroad, an opportunity was presented for the beginning 

of an American industry. It was not until 1876, however, that the 
first successful plant for canning sardines was established in Eastport, 
Me., by Julius Wolff, of the New York firm of Wolff & Reesing. 
Additional canneries were soon built in the vicinity of Eastport and 
Lubec, and at other points along the Maine coast. 

In the early days of the industry it was possible to enter the 
business with a very small capital, as all the work was done by 
hand and no expensive machinery was needed. Practically the 
only large outlay required was for the materials used in making 
the cans and for oil. In many cases these supplies were advanced 
by the dealers in tin plate or by the commission merchants, who 
later accepted canned sardines in payment. Thus the packer was 
relieved, to a certain extent, of responsibility for the quality of his 
goods, and a tendency to sacrifice quality for quantity in the pack 
was developed. So large a number of individual canneries operated 
during the period from 1877 to 1899 that the business became most 
unprofitable. This condition resulted in an unsuccessful attempt to 
form a combination about 1899. A little later two large companies 
were organized, one of which built a factory for machine-made, 
machine-sealed cans, to replace the three-piece, handmade, soldered 
cans originally employed. These two firms soon consolidated, and 
two years later sold out. The general dissension which developed 
in the sardine industry during these two years was a factor in induc- 
ing the original packers to reenter the business on an independent 
basis. New factories were built and new men came into the 
industry. 
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In 1903 machinemade and machine-sealed cans, upon which 
experiments had been made previously, were generally substituted 
for the three-piece, handmade, soldered cans originally used, and an 
independent company undertook to supply the cans. As a result, 
the quantity of fish packed increased markedly. Im 1899, when 
handmade and hand-sealed cans were in use, the total pack of 
sardines amounted to 44,951,244 pounds, valued at $4,212,351. 
In 1904, just after the machine-made, machine-sealed cans had 
been introduced, the total quantity packed was 87,224,524 pounds, 
worth $4,380,498. In 1909, 90,694,284 pounds, valued at $4,931,831, 
were put up in the sardine canneries(33). In 1914 the value of the 
entire pack was $6,238,933(34). It is interesting to note that while 
the total quantity of sardines packed in either 1904 or 1909 was 
approximately double that packed in 1899, the total value was 
practically the same for all three years. 

Several factors have led those engaged in the sardine industry to 
strive for a large output, often with a tendency to sacrifice quality. 
In fact, the majority of the improvements which from time to time 
have been adopted have been designed to increase the quantity of 
the pack rather than to improve its quality. At first, the sardines 
canned in this country were fried and packed in olive oil, and com- 
pared favorabiy with the foreign article. At one time the American 
sardine was sold on the market as the foreign product, which decep- 
tion, however, was soon detected by the trade, and the dealers were 
forced to sell the domestic article on its own merits. But with the 
increasing production and increasing competition the price which 
the goods commanded declined, until it became necessary to pack 
the sardines more cheaply, resulting in the appearance on the market 
of a product vastly inferior to that sold during the first few seasons 
of the American industry. About 1880 the practice of using cotton- 
seed oil instead of olive oil was introduced, and some 10 years later 
the excellent custom of frying the fish in oil gave way to the modern 

_ method of cooking the fish in live steam. Several companies, how- 
ever, still fry the fish in oil. 

THE MAINE SARDINE. 

As it now enters the channels of trade, the Maine sardine is packed 
either in oil or in mustard or some other sauce, in cans of varying 
sizes, known as quarter oil, high-quarter oil, half oil, quarter mustard, 
and three-quarter mustard (p. 11). At the close of the mvestiga- 

tion here reported, owing to the difficulty of importing foreign sar- 
dines and the increased prices the domestic brands could command, 
from 50,000 to 60,000 cases of sardines in olive oil were put up per 
annum by some 12 or 15 canneries. As a rule, cottonseed oil is 
used for packing sardines, the grade called prime summer yellow 

being most commonly employed, although several packers use the 
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better grade known as winter-pressed oil, which they sometimes 

flavor with cloves, spice, or bay leaf, and a small amount of essen- 
tial oil for the fancy or extra fancy grades. 

Small quantities of Maine sardines are packed in tomato sauce, 

but a market for this article has not yet become widely established. 

Both the key-opening and the keyless type of cans are employed 
for this purpose. 

FOOD VALUE OF THE CANNED SARDINE. 

When well packed with a fair amount of oil, the Maine sardine 
constitutes an excellent food and gives the purchaser good value for 
the money expended. Table 1 shows the food value of sardines 
obtained for 5 and 10 cents as compared with that of various other 
common foodstuffs at the same price. 

TaBLe 1.—Comparative food value of sardines and some other common, foods. 

| Five cents bought 2— 

Selling ue per = 

Calories pounds : Calories from 
Food material. per ee Total calories. protein. 

pound.! % lbp Gerry leemenans, ork 

| 
Oct. 15, | Oct. 15; | Oct. 15, | Oct. 15; | Oct. 15, | Oct. 15, 
1915.3 | 1918.4 1915. 1918. 1915, 1918. 

| 

Sardines (in oil): | 
Lean fish— Per cent. 

1 quart of oil per case.) 975 23.2} $0.25 $0. 49 195 99 19 9 
4 quarts ofoilpercase.| 2,018 19.8 - 20 . 49 404 206 16 8 

Fat fish— | 
1 quart ofoilpercase..; 1,270 22.4 225 . 49 254 130 18 9 

; 4 quarts of oil per case- 2,309 19, 1 4 PASS -49 426 236 15 8 
Beef: 

SITIOMUSTCHK eee o. 4 985 16.5 . 259 41 190 120 13 8 
Roun Cleans Hess see 670. 19.5 E200 39 144 86 17 10 

Cheese (whole milk).........- 1,950 25.9 a2 385 424 253 23 13 
sh: 
IOS se ene es Om 165 8.4 6 IG 23 52 3 11 @ 
SEIS) ete ces kee Seis ee 315 19.0 18 25 88 63 21 15 
See ane Sek soe eae 635 11.9 . 266 426 119 75 9 6 

am: (Smoked) 222 3: beet 1,670 14.5 . 265 52 315 161 11 6 
Mit kee en ae, See ie che 325 3.3 . 044 074 369 220 15 9 
Salmon (canned)........---.-- | 680 19.5 . 198 309 172 i10 19 12 

j 1 Be irom U.S. Department of Agriculture, Office of Experiment Stations Bull. 28, except the figures 
or sardines. 

2 All prices are taken from U. S. Department of Labor, Bureau of Labor Statistics publications, ex- 
cept those for sardines and codfish. 

3 Calculated from 0.05 per 34-ounce can. 
4 Calculated from 0.10 per 34-ounce can. 

It is evident that sardines packed from fat fish in the maximum 
amount of oil have a food value greater than that of any of the other 
common food materials of animal origin, considering only the amount 
which may be procured for 5 cents, the original price of a can of 
sardines. At 10 cents per can, sardines of this quality are outranked 
by whole milk cheese, at 39 cents a pound, in the number of calories 
that can be purchased for a givensum. Even as they are ordinarily 
packed, sardines compare very favorably with the amount of other 
animal foods which can be purchased for 5 cents. While the prices 
given in Table 1 no longer obtain, the comparative differences be- 
tween them probably remain approximately unchanged. 



6 BULLETIN 908, U. S. DEPARTMENT OF AGRICULTURE. 

The quantity of oil in the can is a very important factor in con- 
tributing to the food value of the sardine when it is eaten. A well- 
packed can containing an adequate amount of edible oil yields a 
large amount of food-fuel, and, in the form of the fish flesh, a good 
quantity of tiss sue-building food. 

PURPOSE OF INVESTIGATION. 

A few years before undertaking the investigation herein reported, 
the Bureau of Chemis try, of the United States Department of Agricul- 
ture, made several studies of sardines shipped in interstate commerce 
from Maine, in connection with the enforcement of the Federal Food 
and Drugs Act. The bureau had already acquired some experience in 
such work, through its study of sardines offered for importation into 
the United States. These investigations of Maine sardines showed 
that a certain portion of the pack was of unnecessarily inferior quality. 
Indeed, in some cases it constituted a flagrant violation of the law. 
It seemed probable that very often the low-quality goods were pro- 
duced through faulty methods of handling and packing. due to careless- 
ness, rather than fo a deliberate effort to defraud the consumer. This 
condition seemed to offer an opportunity to render the packer a real 
service in assisting him to raise the standard of his output by em- 
ploying better methods throughout the canning process, and at the 
same time to benefit the community as a whole by improving an 
important element of the country’s food supply. 

Accordingly, in 1913, a laboratory was established at Eastport, 
Me.. where, during that season, as well as those of 1914 and 1916, 
the representatives of the Department of Agriculture, ably assisted 
by the packers, studied the entire process of packmg sardines. The 
success of this undertaking is already evident in the steady better- 
ment of factory conditions, in the adoption of methods making for 
efficient operation, and in the increased care shown in handling the 
pack from the time the fish leave the water until the can is sent out 
from the factory. The majority of the canners have banded them- 
selves together in an association for the betterment of the industry, 
exercising its own sanitary supervision over the canning processes 
in the planis of its members. It is hoped that the industry will be 
helped by the information contaimed im this bulletm, which gives 
a report of the investigations on the canning of sardines on the coast 
of Maine, with suggestions for improving faulty methods, for the 
elimination of all unnecessary waste, and for the economical utiliza- 

tion of the necessary wastes. 

METHODS EMPLOYED IN PACKING SARDINES. 

The various steps in the production of canned sardimes may be 
classified as follows: (a) Catching the fish; (6) transportation of the 
fish from the fishing grounds to the cannery; (ec) pickling and saltimg; 
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(d) flaking, as the process of distributing the fish upon the flakes for 

drying is termed; (e) steaming; (f) dryimg; (g) packing the fish in 

the cans; (h) introduction of oil into the cans; (2) sealing the cans; 

(j) processing or sterilization of the sealed cans; (4) testing the cans 

after processing; (2) shooking for shipment. In some canneries 
frying in oil after the fish have been dried is substituted for steaming. 
A brief outline of each of these steps will be first given in order that 
a general idea may be had of the factory operations. 

FISHING. 

As a rule, the small sea herring, used in the preparation of the 
Maine sardines, is caught in weirs, placed in comparatively shallow 
water along the shore. Most of the weirs are located in Canadian 
waters. In 1901, Bensley(1) estimated that each season between 

700 and 800 weirs operated for catching these fish under licenses 
issued by the Dominion Government. Prince (23),in an earlier report, 
stated that 95 per cent of the American sardines are caught by 
Canadian fishermen. A weir (Pl. I) is a large circular or heart- 

shaped inclosure, made by driving stakes into the bottom of the sea, 
and intertwining brush between the stakes. Many of the oldest 
forms, which are known as “‘brush weirs,’”’ are still employed on the 
coast of Maine. The first “‘brush weir’’ to be constructed in this 
region was in use during the season of 1914. In this type, brush is 
placed above the surface of the water, as wellas below. Itis attached 
to posts, and extends but a few feet above the surface of the water 
at high tide. In many of the more recently built weirs, the brush 
is replaced by seine, or twine, which is removed during the winter. 

The fish are directed into the weir by a lead made of brush, driven 
into the sea bottom, extending from the shore to the mouth of the 
weir. When a supply of fish has entered the weir, a net is dropped 
over the mouth, and the fish are seined (Pl. H, fig. 1) with a purse 
seine, then bailed into dories from which they are transferred to the 
sardine fishing boats. Some of the weirs near Grand Manan Island 
are large enough to permit the entrance of the sardine boats them- 
selves, in which case the fish are bailed or hoisted directly into the 
large boats (Pl. I, fig. 2). 

Occasionally, when the fish remain off the shore, or for any reason 
do not enter the weir, the fishermen resort to seining. Fish taken 
in this way, however, are generally considered less desirable for 
packing than those from weirs, because of the large amount of feed 
often present in their digestive tracts. Since seined fish taken in the 
evening are not delivered to the cannery until the following morning, 
a certain amount of spoilage may occur during the night while they 
are held in the boat. The State of Maine has enacted laws restricting 

the seining of fish(17). Ordinarily the sea herring is caught while 
in search of food, or while actively engaged in feeding. Consequently, 
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weir fish also contain ‘“‘feed,’’ at times in great quantities. Such 
fish, however, free themselves of excessive feed if left long enough 
in the weir. 

TRANSPORTATION. 

Most of the boats which carry the fish from the fishing grounds 
to the canneries are now well equipped and admirably suited to the 
purpose (Pl. ff). The sailing vessels formerly used have. been 
superseded by boats equipped not only with sails but also with gasoline 
engines as auxiliary power, and have a carrying capacity of from 10 
to 100 hogsheads' of fish. Each boat is provided, below decks, with 
a large tank or hold, which in the newer boats is watertight, to prevent 
the entrance of bilge water. The fish are carried in these tanks. 
The fishing fleet comprises privately owned boats, as well as those 
belonging to the various canneries. The fish are bought at the weirs 
by the captains of the boats, who act as agents for the canneries 
employing them. ‘!n addition to the cost of the fish, the canner pays 
the boatman for transportation at a stipulated rate, usually (1914) 
from $1.50 to $2.50 per hogshead, according to the distance the fish 
are carried. 

PICKLING AND SALTING. 

Tn early years the fish were taken in the fresh state to the canneries 
(Pl. IV), where they were held in tanks of strong brine for about two 
hours, or until they “struck,’’ a term applied by the experienced 
fishman in the pickling sheds to indicate the condition of the skin 
and the appearance of the fish when properly salted. At present, 
in order to save time during transportation, salt is sprinkled liberaliy 
throughout the mass of the fish as they are placed in the hold of the 
boat, the amount varying from 1 to 24 sacks, of about 190 pounds 

each, to the hogshead, according to the length of time it takes to 
reack the cannery and the quality of the fish, as judged by the boat- 
man. Or a strong brine, made by adding the proper proportion oi 
sea water to the fish, and salt may be used. The addition of dry 
salt draws out from the fish enough water to form a pickle, which 
sometimes is pumped off and at other times allowed to remain. Asa 
rule, when the sea is rough no water is added, and the pickle formed 
by the addition of salt is pumped off during the voyage, so that the 
fish may be carried in practically a solid bulk, thus preventing 
damage to them from the rolling of the vessel. 

At the cannery the fish are hoisted from the boat (PI. III, fig. 2) 
into long chutes down which they are conveyed by a stream of run- 
ning water into tanks in the pickling room. [If the fish have heen 
long enough in salt during the trip to the cannery, they are simply 

1Jn practice, on the “‘ Eastern Coast,”’ as the shore from Jonesport eastward is termed, a hogshead is rated 

as holding 10 tubs of fish, the weight of which is 1,000 pounds. The average weight of a number of tubs 

of fish, when taken at the weirs, has been found to be 129 pounds, thus making the weight of a hogshead 
1,290 pounds. On the coast west of Jonesport, known locally as the “Western Coast,” the fish are sold 

by the bushel, 15 bushels being considered as the equivalent of a hogshead. 
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FiG. |.—BRUSH WEIR ON THE COAST OF MAINE. 

Fic. 2.—A WEIR (LEFT) PROVIDED WITH A POUND (RIGHT). 
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FIG. 1.—SEINING THE WEIR. 

Hauling the fish, by means of small dip nets, into dories, from which they are later transferred Lo the 
larger boats. 

FIG. 2.—SEINING THE WEIR. 

Hauling the fish directly into the sardine boats by means of a large seine. 
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Fic. |.—TYPICAL SARDINE FISHING BOATS. 

FiG. 2.—UNLOADING FISH AT CANNERY. 
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Fic. |—OLD TYPE OF MAINE SARDINE CANNERY. 

FiG. 2.—MODERN MAINE SARDINE CANNERY. 
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FIG. |.—SCOOPING FISH FROM PICKLING TANK ONTO THE TAIL OF THE FLAKING 

MACHINE. 

FiG. 2.—FLAKING MACHINE. 



Bul. 908, U. S. Dept. of Agriculture. PLATE VI. 

Fic. 2.—MACHINE WHICH AUTOMATICALLY DELIVERS A DEFINITE QUANTITY 

OF OIL TO PACKED CANS OF FISH. 
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passed through tanks containing very weak pickle. If they have 
not been sufficiently pickled during transportation, they are held in 
tanks filled with strong brine for from one to two hours. 

FLAKING. 

In a few canneries the fish are beheaded as soon as they are taken 
from the boats, but, as a rule, the whole salted fish are bailed from 
the pickling tank into the receiving trough of the flaking machine. 
The traveling apron of the machine (PI. V, fig. 1) extends from the 
floor above into the pickling room below. Carried along by the 
traveling apron to this machine, the sardines are distributed, more 
or less evenly, depending upon the manner in which the machine 
is operated, on the flakes, square or rectangular wire frames, about 
3 by 13 feet, securely bound around the edge with a 1-inch galva- 
nized metal band (PI. V, fig. 2). Several of the canneries putting out 

a superior quality of sardines distribute, or flake, the fish by hand, 
thus securing a very even distribution on the flakes, a most impor- 
tant factor in the production of quality in the pack. The flakes carry 
the fish through the rest of the canning process until they are ready 
to be placed in the cans. 

STEAMING. 

From the flaking machine, the flakes are passed, on racks mounted 
on wheels, or, in a few cases, suspended from a track on the ceiling, 
to the steam chest. Here the fish are subjected to treatment with 
live steam for from 10 to 15 minutes. 

° DRYING. 

The racks containing the steamed flaked fish are next taken to the 
drying chamber, where they are brought to the proper degree of 
dryness by one of several methods. Three types of driers are in 
use at the present time: The tunnel or “air” drier; the kiln or 
“oven” drier; and a combination of the kiln drier with a ‘‘Ferris 
wheel.”’ Jn the tunnel drier, which method has practically super- 
seded the once popular Ferris wheel device(29), as well as the old- 
fashioned kiln drier, the air, heated by being passed over steam 
coils, or by waste flue gases, is blown or drawn over the racks of fish. 
Where the kiln drier or Ferris wheel drier is still in use a glowing 
bed of anthracite coal supplies the heat. 

FRYING IN OIL. 

In canneries where the sardines are fried in oil, the fish, after 
having been flaked, either by hand or by a well-operated machine, 
are dried in the usual manner, without, however, having been put 
through the steam chest, transferred to frying baskets which are 
immersed in hot oil, cooked, cooled, and packed in cans (Pl. VI, 
3 1). Krom this point the procedure is the same as for the steamed 
sh. 
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FILLING THE CANS. 

From the driers, the racks are taken to the packing room, where 
women first remove the heads of the fish by cutting with scissors 
(‘‘shearing’’), or, if the sardines are small, by snipping them off with 
the fingers (‘“‘snipping’”’). The fish are then packed in the cans. 
In most canneries the filled cans are placed in rectangular pans, with 
a capacity of 25 cans each, the pans being then stacked in tiers and 
carried on trucks to the sealing machine. In others the cans are 
passed directly to a traveling belt. which carries them to the oiling 
and sealing machines. 

ADDING THE OIL. 

In plants where the oiling device is not attached to the sealing 
machine the cans are taken from the packing room to an automatic 
machine (PI. VI, fig. 2), which can be set to deliver a definite amount 

of oil to each can. Twenty-five cans may be filled with oil each time 
a pan containing this number passes through it. Similar oiling 
machines are sometimes operated by a hand lever. : 

In many canneries, however, the oiling device is attached to the 
sealing machine, making it possible to accomplish these two steps 
in one operation. 

SEALING THE CANS. 

At the sealing machine the covers are placed on the cans filled with 
sardines and oi! and passed through the rolls. Three different types 
of machines are in use for closing sardine cans. The machines in 
most general use are equipped with rolls which travel around the 
projecting edges of the can and the lid as it fitS over the can, crimping 
the edges of the can and the lid together and at the same time com- 
pressing them (Pl. VII, fig. 1). Another type of machine seals the 
lid on by direct compression. The can is held firmly between jaws 
which close together, crimping the lid upon the cans (Pl. VII, fig. 2). 
The third method hermetically seals the cans by the use of solder, 
which is placed upon the edge of the can. The lid and can are then 
passed, by means of a mechanical device, under heated rolls. 

PROCESSING OR STERILIZATION. 

The sealed cans are processed in tanks of boiling water for one 
and three-fourths to two and one-fourth, sometimes two and one- 
half, hours, according to the individual packer’s idea of the time 
necessary for sterilization. One or two canneries employ retorts for 
sterilization. ‘These are cast-iron cylindrical or rectangular steam- 
heated kettles with tightly fitting covers or doors, the contents of 
which can be heated under pressure. 

STORING THE CANS. 

After processing the cans are removed from the tanks, dried, and 
partially cleaned (PI. VIII, fig. 1) by mixing them with sawdust and 
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shoveling sawdust over them. They are then sent to the storage 
room below and allowed to cool (Pl. VIII, fig. 2), after which each can 
is tested and then packed in a shipping case, or, as it 1s termed by 
the trade, ‘‘shook.”’ 

THE CANS. 

As already stated, the cans used for packing sardines in oil are 
designated, according to their size, as quarter oil, high-quarter oil, 
and half oil, while those used for packing sardines in mustard sauce 
are called quarter mustard and three-quarter mustard. The quarter 
oil and the quarter mustard cans are the same size. The greater 
part of the sardine pack is put up in oil, in the quarter size cans, 
and about 25 per cent of the normal output in mustard sauce, mostly 
in the three-quarter size cans. Lacquered cans, made from tin coated 
with a preparation which prevents the action of the acid in the sauce 
upon the metal, are employed only for mustard sardines. A case of 
quarter oil or mustard sardines contains 100 cans, while a case of 
three-quarter size mustards contains 48 cans. 

The cans used for both oils and mustards are divided into two 
classes, the key-opening and the keyless. Projecting from the corner 
of the key-opening or three-piece can, the bottom of which is soldered 
on, is a small lip to which the key for opening the can is attached. 
One objection to this type of can is that, in order to open it with 
the ‘‘brights”’ up, the fish must be packed with the belly portions 
against the bottom of the can. It 1s practically impossible to inspect 
properly the quality of the fish placed in such cans or the manner in 
which they have been packed. These cans also are more subject to 
small leaks than are some of the other types. The key-opening two- 
plece can, provided with a scored top, lacks some of the objectionable 
features of the three-piece can, but is less successfully opened. The 
keyless cans, also called drawn cans, or two-piece cans, are stamped 
directly from sheets of tin by means of a power press and die. Key 
openers for these cans are made by scoring the covers around the 
edges and providing a projecting lip at one corner or at the end for 
the key. 

TABLE 2.—Size of sardine cans.} 

Length. Width. Height. Lid set in. 

Type of can. é : 
enti- Centi- Centi- Centi- 

Inches. | meters. | M¢hes-| meters. | hes: | meters. | MChES- | meters 

Three-quarter mustard (keyless) - - .- - 424 | 11.9 314 8.8 145 3.8 0.35 
Half oif'(key More ee 44 | 11.6 Bite Reb emis lee ee 7 * 3 
One-quarter oil and mustard, drawn p 
ea (keyléss)-2sscas.scccmaear omen 4,6, | 10.7 239 7.5 2.0 or 3 

Ose cssksp ee ee eh loa ES 10. 55 ae 7.5 z 2.0 5 35 
ay oil and mustard, 3-piece ee Zo - a i 
Cantey) <2:<i2 hi. 3. ace eaten teeter 48 10.7 234 7.6 aA. 1.9 4, -3 
Sa ee 4, | 10.6 2 | 7.6 2 allem lagi = 35 

Hipieguarierms iiss. 2:22 2a 4%, | 10.6 234 7.6 Es 2.9 as .35 

1 Since these measurements were taken, the height of the one-quarter cans has been reduced +z inch. 
In er of fee possible changes, these dimensions may not be exactly correct to the fractions of inches 
or centimeters. 
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Table 2 gives the inside measurements, expressed in inches and 
centimeters, of representative types of the cans in use. This will 
serve as a reference and give a general idea of the size of cans in 
which sardines are commonly packed. 

The size of the sardine cans varies from the keyless one-quarter oil 
and mustard drawn can, which is 43 inches long, 243 inches wide, and 
33 inch high, with the cover set in ¥; inch, to the keyless three- 
quarter mustard size, which is 434 inches long, 344 inches wide, and 
133 inches high, with the cover setin #;inch. The capacity of the 
low-quarter cans in use during the seasons of 1913 and 1914 varied 
from 154 to 157 cc in the case of the keyless type, and from 150 to 

156 ce for the key cans. With the covers on, the capacity was from 
120 to 125 ee and from 112 to 114 ce, respectively, for the two types. 

At the present time, the low-quarter and three-quarter cans (PI. 
TX) are more commonly used than the high-quarter and half sizes. 
The number of the half-size and the high-quarter cans used, however, 
increased greatly in 1916, and it is expected that as the quality of the 
pack improves, sardines in larger cans will be more in demand. The 
quarter-size cans, designated as high-quarter and low-quarter (PI. 
IX, figs. 1 and 2), have the same length and width, while the height 
of the low-quarter size is ¢ inch and that of the high-quarter cans 
14 inches. Both types come in the form of three-piece cans, with 
key openers, and also as the keyless, drawn cans. The same size 
cover serves for both types. The three-quarter mustard cans are 
33 inch higher than the half oils (PI. IX, figs. 3 and 4); otherwise 
the two varieties are of the same size. Both come with the bottom 
soldered on, to permit the use of the key-opening device, but the bottom 
of the keyless three-quarter can is rolled on. The same covers Ht both 
types. The half oil can is the only style in that size now made, and 
it is not used as extensively as its merits would seem to warrant. 

The empty cans are delivered from the can factory to the cannery 
in the shooks or shipping cases, and are generally stored in the can- 
neries until they are needed. The covers are handled separately, in 
large bulk, in special boxes, or crates, for containers. 

EXPERIMENTAL WORK. 

METHODS OF ANALYSIS. 

The methods of analysis used, which were adopted after preliminary 

experiments had been made with them, are as follows: 

SAMPLING. 

Take a quantity of fish large enough to represent fairly the entire lot. Wipe with 
a dry towel or spread out on paper for an instant, to remove the water adhering to the 
surface of the fish. Behead and eviscerate, as the case requires, and thoroughly grind 
and mix by passing a number of times through a meat grinder, previously dried. 

Sample and transfer to a pint size, screw-cap Mason jar, provided with the usual 
rubber gasket, portions of this lot sufficient for analysis. 
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Fic. |.—ROLL TYPE SEALING MACHINES. 

Fic. 2.—COMPRESSION TYPE SEALING MACHINES. 
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Fic. |.—DEVICE FOR CLEANING CANS. 

Sawdust is passed down the rotating tube with the cans. 

Fic. 2.—CANS OF SARDINES AFTER THEY HAVE BEEN 

PROCESSED. 

It may take from 8 to 10 hours for the interior of such a pile, which is 
100 feet long, 8 feet wide, and from 4 to 5 feet deep, to lose its heat. 
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FIG. |.—HIGH-QUARTER OIL SARDINE FIG. 2.—ORDINARY LOW-QUARTER OIL 
CAN. SARDINE CAN. 

f 

i 
y 

i 

’ 

FIG. 3.— ONE-HALF OIL SARDINE CAN. Fic. 4.—THREE-QUARTER MUSTARD 

SARDINE CAN. 
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In the same way, by grinding and mixing through the meat chopper, prepare the 

contents of the cans. Wipe the last traces of oil from the interior of the can with the 

ground fish. 
MOISTURE. 

Spread thinly 2 or 3 grams of sample in 24-inch lead-foil caps, and dry in vacuo 

(25 to 28 inches) for 5 hours at 55° C. 

FAT. 

Extract the dried residues from the moisture determinations for from 12 to 15 hours 

ina Knorr fat extraction apparatus with 50 cc of absolute ether, prepared over sodium. 

Evaporate the ether at as low a temperature as possible, and dry the ether extract 

1 hour at 55° C. in vacuo. 
ACIDITY OF FAT(9). 

Dissolve the dried ether extract residues in 50 cc of benzol. Add 2 drops of phenol- 

phthalein and determine the acidity by titrating with N/20sodium ethylate. Calcu- 

late the acidity as cc of N/20 sodium ethylate per 1 gram of fat. 

TOTAL NITROGEN. 

Determine by the Gunning modification of the Kjeldahl method (A. O. A. C. 

Methods, 1916, p. 7). 
AMMONIA NITROGEN. 

Nessler(8).1—Weigh 3-gram samples and transfer to large test tubes, or small Kjeldahl 

flasks, with 20 to 25 cc of water. Add3cc of 10 per cent solution of potassium carbon- 
ate, 3 cc of 15 per cent solution of potassium oxalate, and a little heavy cylinder oil. 

Pass a strong current of ammonia-free air through this mixture for four hours. Collect 

the ammonia in 5 cc of N/20 sulphuric acid contained in a 100-cc volumetric flask. 

After aerating, dilute the contents of the flask to the 100-cc mark. Transfer a 25-cc 

aliquot portion to a 100-cc volumetric flask and dilute nearly to the mark. After 

adding 2 cc of Nessler solution and making to volume, compare the density of the 

color of the solution in a Duboscq colorimeter with that of a known standard. 

Titration.—Weigh 3-gram samples and transfer to large test tubes, or small Kjeldahl 

flasks, with 20 to 25 cc of water. Add3cc of 10 percent solution of potassium carbon- 

ate, 3 cc of 15 per cent solution of potassium oxalate, and a little cylinder oil. Force 
a strong current of ammonia-free air through this mixture for four hours. Collect the 
ammonia in 5 cc N/20 sulphuric acid, in a 100-cc volumetric flask. After aeration, 

titrate the excess acid in the flasks with N/50 alkali, using methyl red as the indicator. 

TOTAL VOLATILE NITROGEN FOR THE SEPARATION OF AMMONIA AND AMINES. 

Weigh thirty 3-gram samples into tubes of the Folin apparatus, or small Kjeldahl 
flasks, arranged for the aeration method for the determination of ammonia. To each 
add about 25 cc ammonia-free water, a pinch of sodium fluorid, 3 cc of 15 per cent 
potassium oxalate, and 3 cc of 10 per cent potassium carbonate. Aerate four hours. 
Collect the alkaline volatile nitrogen compounds in 5 cc of N/20 sulphuric acid. 
After the necessary time has elapsed, remove the flasks, and titrate back with N/50 

potassium hydroxid. Use methyl red for the indicator. The acid used is equivalent 
to the total volatile nitrogen, that is, the sum of the ammonia and amines present. 

1 Although a number of determinations of ammonia by the Nessler method were made, they are reported 

in only a few of the tables. The term ‘‘ammonia,” as used in the tables and text, represents the total 

volatile alkaline material (ammonia and amines) as determined by the titration method. In the decompo- 

sition studies, and the work on the formation of ammonia and amines here reported, the total volatile 

alkaline bases are separated into the amines and ammonia. In the work on the decomposition of the 

copepods (feed), and on theinfluence of the temperature of storage on the formation of ammonia and amines, 

the amines were further separated into their three classes by a method recently devised. 

7 SS ee 
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SEPARATION OF AMMONIA FROM AMINES (6). 

Unite the distillates obtained by the preceding method in a large dish, make dis- 
tinctly acid, and evaporate until the volume is about 400 cc. Wash into a 500-ce 
eraduated flask, and cool. If the total volatile nitrogen exceeds a strength equiva- 
lent to 30 cc N/10 in amount, make up to 500 cc, and transfer a portion equivalent to 

20 to 30 cc of N/10 to another 500-cc flask. Ifthe amount of total volatile nitrogen is 
less than the equivalent of 20 cc N/10, add enough of a standard solution of ammonia 

to raise the content to that point. Add to the liquid in the 500-cc graduated flask 10 ce 
of a solution made by mixing equal parts of 20 per cent sodium hydroxid and 30 per 

cent sodium carbonate. Fill to the mark with water. Now add 0.1 gram of yellow 
mercuric oxid for each cc of N/10 acid to which the total volatile nitrogen present in 

the solution is equivalent. Stopper tightly, cover with a black cloth to exclude light, 
and shake one hour. . Allow to stand 12 hours, or overnight, to permit the oxid of mer- 

cury to settle. Separate from the mercuric oxid by forcing the liquid through a tube 

containing a little absorbent cotton, using a moderate blast. Discard the first 20-30 
ec. Distill 200 cc of the filtrate in duplicate into standardized acid. The amount of 

acid required is equivalent to the nitrogen present as amines. The total volatile 
nitrogen minus the amine nitrogen equals ammonia nitrogen. Express the quantities 
as milligrams of nitrogen per 100 grams of sample. 

AMINO ACID NITROGEN. 

The few determinations of amino acid reported were made in Klein’s (14) modifica- 
tion of Van Slyke’s apparatus, before the latest Van Slyke method was published. 

VOLATILE SULPHUR. 

Weigh 100-gram samples into 800-cc Erlenmeyer flasks, to which have been added 
400 cc of water and 10 cc of a 20 per cent solution of phosphoric acid. Distill 150 ce 

into an excess of N/20 potassium hydroxid by steam distillation in 45 minutes. 
Neutralize the excess of alkali by titration with N/20 hydrochloric acid. To the dis- 

tillate add 25 cc of approximately N/100 iodin solution, and, after allowing it to stand 
from 5 to 10 minutes, titrate the unreduced iodin with N/100 thiosulphate solution. 

Calculate the volatile sulphur as cubic centimeters of N/100 iodin per 100 grams of fish. 

CHLORIN. 

Sodium chlorid (salt)—Determine by the Volhard method(31), after the samples 

have been ashed at a low temperature with an excess of bicarbonate of soda, free from 

chlorin. 
TIN. 

Add 50 cc of concentrated sulphuric acid to the material in a Kjeldahl flask, and add 

concentrated nitric acid, boiling until all organic matter is destroyed. Rinse out the 
flask into a 600-ce beaker with boiling water, diluting to 400 cc. Neutralize with 
ammonium hydroxid, and add 5 cc hydrochloric acid. Heat on hot plate to 95° C., 
cover with a watch glass, and pass in a slow stream of hydrogen sulphid for one hour. 
Digest on a hot plate for two hours. Filter, using an 1l-cm S. & S. filter. Wash with 

three portions of a wash solution (composed of 100 cc saturated ammonium acetate, 
50 ce glacial acetic acid, 850 cc water) alternated with three portions of hot water. 

Place filter and precipitate in a 50-cc beaker and digest with three successive portions 
of ammonium polysulphid, bringing to a boil each time and filtering through a 9 cm 

filter. Wash with hot water. Acidify with acetic acid, digest on a hot plate for one 
hour, and filter through a double 11-cm filter. Wash with two portions of wash solu- 

tion alternated with two portions of hot water. Place filter and precipitate in weighed 
porcelain crucible and dry at 110° C. Ignite very gently at first, later with the full 
burner. Finally heat strongly with a large Meeker burner or blast lamp. Weigh as 

oxid of tin, and calculate percentage of milligrams of tin. 
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COMPOSITION OF THE SEA HERRING. 

The average composition of the fresh herring, as determined from 
results obtained throughout the season, is given in Table 3. 

TABLE 3.—Average composition of sea herring. 

Fat Ash i 
ing. Water. | Protein. | (ether | (minera 

me extract).!) matter). 

Per cent. | Per cent. | Per cent. | Per cent. 
ToD 19.5 6.5 1.5 

JO ie Cos eee amen Smee Ue Os SAME wR atc Mie ered gi Ae 68.5 14.3 16.0 1.2 

1 The fat content of these fish may vary from 5 to 18 per cent during the packing season. 

VARIATION IN Fat AND WATER CONTENT OF THE FISH. 

Several investigators have noted the fact that the fat content of 
fish varies with the season, being noticeably low in the spring. Few 
analyses showing the difference in composition and seasonal variation 
in the fat content of fish have, however, been reported. According 
to Dr. John Hjort, director of fisheries of Norway (12), the maximum 
fat content, 15.52 per cent, in the Norwegian sardine (the brisling) is 
found in September, and the minimum amount, 4.65 per cent, in 
April. The amount of fat stored up in the muscular tissue and 
viscera of the herring during the summer is consumed during the 
winter. Conversely, the water content is lower during the summer 
than in the winter months. This fish is inferior in quality through 
the winter, or period of low fat content. In discussing the quality 
of fish used for packing sardines, Dr. Hjort stated that “The quality 
of all three species, herring, brisling, and pilchard, is a feature which. 
changes with age and season.” 

H. Lichtenfelt (15) states that the muscular tissue of fish changes in 
composition at definite periods of the year, the fat content depending 
on the age of the fish, the food eaten, and the spawning season. 
During the hunger period (scarcity of food) the percentage of water 
increases, while that of dry matter and of protein decrease. 

Milroy (18) found great differences in the composition of the muscles 
of fish of larger size than are commonly used for sardines, taken from 
the same waters in different months. The percentage of fat in fish, 
the ovaries of which were immature, was in the summer about the 
same as the average for herring. During August, September, and 
October the percentage of fat continued to increase. It decreased 
slightly in November, more in December, and most markedly during 
Spawning, continuing at a low level until the fish began to feed again. 
This investigator points out the probability that the decrease in fat 
in the muscle tissues of the fish is accompanied by an increase in the 
water content. 
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The herring studied by Heinecke (18) contained the largest amount 
of fat during September and October. : 

According to Johnstone (13), the full and unripe herrings caught 
during the summer (June to August) are much richer in fat or oil 
than the same kind of herring caught during the fall and winter 
(October to December). His results show also that the percentage 

variation in the water and fat content of the fish is closely comple- 
mentary. 

The monthly variations in the water and fat contents of the Maine 
herring of various sardine sizes as they were brought to the canneries 
are shown in Table 4. The analyses were made not on the fresh fish, 
but on fish which had been held in salt or pickle for varying periods. 
The results are therefore influenced by the salt taken up by the fish 
and the amount of water and extractive material lost, and can not 
be considered as representative of fresh fish. 

TABLE 4.— Water and fat content of sea herring by months (1913). 

Water. Fat. 

Description of fish and month caught. | of ] 

| 

July: 
“Oil size— | Pict. | Pict. | P.ct. | P.ct. | P.et. | P.c 

Noteviscerited! 5: 2+ 5) ie 6 | 70.91 | 53.23] 65.28] 5.55 / 3.93 4.80 
EViSCORAGCUC se eee eee 8 ree 2) 69.68 | 61.54] 65.61 6. 06 4.36 5.21 

Mustard size— | 
Noteviscerated 22-2. 55s 10} 66.90 | 48.72] 61.99} 18.61} 7.21 12.94 
Biviscerabeds 22 S222 2 eS 4| 64.10| 52.84) 60.06} 14.24) 9.26 13.01 

August: 
Oil size— | | 

INGE-c wiSeernbed a5 oe 10 | 71.28} 60.62; 65.32] 11.25; 6.03 9.48 
Hi yiscerated 422 pe east 1/| 64.60 | 64.60) 64.60 7.30} 7.301 7.30 

Mustard size— | 
Notevascermed 32. 22528 -8 4] 65.32) 58.32} 61.62] 15.63] 11.87] 13.44 
SB VISCORR LOGS a Se Sa 1; 62.46 | 62.46] 62.46; 12.38 12.38 12.38 

September: 
Oil size— 

Noatevisceripds= 22222 oS 4/| 70.38! 60.08} 67.74} 8.49) 9.311 6.31 
Mustard size— | SS al 

INob Gwascemiteds 8 *2~ 222252. 22! 4) 64.85] 59.96) 62.43] 15.07) 8.54) 11.32 _ 
October: | j 

Oil size— j j =a] fox 
Not eviscerated...........-..-.----- s| 72.16] 50.13] 65.10) 1425) 5.09] 87% 
iW VaSCera te gies et Fat 2. eee 3 | 71-51 | 64.55] 69.18; 9.68) 7.84 3.00 

Mustard size— pay aoe 
Not eviscersied: 23. 228 Sti sss eee. 3 | 59.81) 16.00) 1056; 18 16 68.13 | 55.54 | 

The average fat content of the oil-size fish was greatest in August, 
in the case of the uneviscerated fish, and in October in the case of the 
eviscerated fish. In July the fat content was comparatively low for 
each. The mustard size, or larger, fish did not show an appreciable 
increase from one month to the next, containing approximately 13 
per cent of fat from July until October. 

The low fat content for the oil-size fish found in September is 

accounted for by the fact that a number of analyses made on fish 

obtained from Castine, Me., are included. It is said that large num- 

bers of these fish run into this bay, where they remain until long after 

the food supply is exhausted, thus becoming very thin. 
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Fic. |.—COPEPOD—CALANUS FINMARCHICUS (MAGNIFIED 26 TIMES). 

FiG. 2.—COPEPOD—TEMORA LONGICORNIS (MAGNIFIED 26 TIMES). 

FIG. 3.—AMPHIPOD—ENTHEMISTO COMPRESSA (MAGNIFIED 3 TIMES). 

THE MORE COMMON FORMS OF FEED OF THE SEA HERRING. 

(Photomicrographs by E. A. Read, Microchemical Laboratory, Bureau of Chemistry.) 
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Fic. |.—SCHIZOPOD (SHRIMP). EUPHASISID—MEGANYCTIPHANES NORWEGICA 

(MAGNIFIED 3 TIMES). 

FIG. 2.—EUPHASISID—THYSANOESSA INERMIS (MAGNIFIED 6 TIMES). 

THE MORE COMMON FORMS OF FEED OF THE SEA HERRING. 

(Photomicrographs by E. A. Read, Microchemical Laboratory, Bureau of Chemistry.) 
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It is shown by these analyses that the smaller fish, of the real 
sardine size, contain much less fat in the early part of the packing 
season than later in the year. 

FOOD OF THE SEA HERRING. 

The sea herring, from which the Maine sardines are made, feeds 

upon, several varieties of marine life. According to European mves- 
tigators, the feed(19) consists of copepods, schizopods (shrimp-like 
forms), amphipods (sand fleas and their allies), the embryos of 

gasteropods and lamellibranchs, and young fish often of its own kind. 
In the examination of about 1,500 specimens at Eastport and vicinity 
Moore found but two kinds of food. Copepods (‘‘red feed’’) appeared 

to constitute the sole food of the small herrings, the so-called brit, and 

a marked portion of that of the larger individuals from 534 inches 
upward. The principal focds of the latter, however, were schizopods, 
crustaceans of the genus Thycanopoda, known to the fisherman as 

““shrimp.”’ 
Scott (26) states that of 22 species of microscopic crustaceans found 

in the stomachs of herrings examined by him the greater part were 
Calanus finmarchicus, Temora longicornis, and Pseudocalanus elongatus. 

In an investigation on the packing of American sardines conducted 
by the Maine Agricultural Experiment Station, in 1911, at Eastport 
and Lubec(i1), “‘red feed”? was identified as the copepods Temora 

longicornis, and Calanus finmarchicus. 
Calanus finmarchicus and Temora longicornis were the most numer- 

ous of the crustaceans collected in the region extending from Dochet 
Island to Grand Manan for the Marine Biological Station at St. 
Andrews, N. B.(16). 

In exploring the coast water between Nova Scotia and Chesapeake 
Bay, July and August, 1913, Dr. Henry B. Bigelow(2) found that 
of the copepods the most abundant species was Calanus finmarchicus, 
the Pseudocalanus elongatus ranking next, while in a few regions the 
Temora longicornis was the most abundant. He considers, however, 

that the Calanus finmarchicus is the most abundant form found in the 
waters of the Gulf of Maine. 

Apparently, therefore, the feed of the sea herring of the Passama- 
quoddy Bay region may be divided into two general classes: 

1. The copepods? (PI. X), of which Calanus finmarchicus, Pseudo- 
calanus elongatus, and Temora longicornis are the species most often 
found, undoubtedly constitute the chief form of the ‘‘red feed.” 

The herring consumes the copepods which, in turn, feed upon micro- 
scopic plants, such as peridinia, and diatoms. R. Ramsey Wright (40) 

1Identification of specimens made by the Division of Marine Invertebrates of the U.S. National 
Museum. 

5890°—20—Bull. 908-2 
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classes copepods, which are approximately one-eighth inch long, as 
macroscopic forms of sea life. 

2. Schizopods,! or “‘shrimp”’ (Pl. XI), are the larger anne eecopscal 
forms on which the fish feed. 

Frepy Fisn. 

Fish which have been feeding extensively on either of the two kinds 
of food known to the fisherman, as “‘red feed” and “shrimp” may be 
designated as ‘‘feedy fish.’’ While there is little difference in the 
action of the two kinds of feed in rendering the fish unsuitable for 
packing, fish that have been feeding upon “‘red feed’? become broken 
and deteriorate a little more rapidly than fish that have been feeding 
on shrimp. Bacteriological examination of the feed showed that the 
bacterlum commonly associated with copepods grows faster and 
produces a slightly greater amount of gas than the organism found 
on the shrimp. 

“Feedy”’ fish, in so far as its influence on the aes of the sardines 
is concerned, is perhaps the most troublesome factor in the sardine 
industry. Fish more or less gorged with food deteriorate very 
rapidly when taken from the water, while those having their digestive 
tracts free from food remain in good condition for a comparatively 
long time thereafter. As decomposition progresses the thin belly 
portion of the fish gradully sloughs away, producing the characteristic 

ragged appearance termed ‘“‘belly blown.” The rate of deterioration 
depends upon the quantity of and the stage of digestion of the food 
material contained in the digestive tract, and the bacteria accom- 
panying it. Feed recently eaten appears to cause a greater degree 
of deterioration than that which has been partially digested. Bac- 
teriological studies have shown that the stomach portions of the 
digestive tract are sterile when free from feed, even when digestion 
in the intestines is incomplete. By the time feedy fish reach the 
cannery they have deteriorated to such an extent and are so badly 
broken that a large percentage is entirely unfit for packing. 

In the French sardine industry(27), where bait is employed in 
catching the fish, the strictest attention is given to the quality of 

the bait in order to avoid decomposition in the fish. As late as 1853 
the use of a prepared bait containing especially powdered prawn and 
shrimp was forbidden by royal decree, as it was held that it spoiled 
the fish by facilitating decomposition. In this connection it is inter- 
esting to note that the bacteria found associated with the feed (p. 24) 
were capable of decomposing fish tissue. One of these organisms 
forms spores which resist drying but are capable of growth and 
reproduction when conditions again become favorable. The bait 
mentioned, prepared from dried shrimp, doubtless contained the 

1Tdentification of specimens made by the Division of Marine Invertebrates of the U. S. National 

Museum. 
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spores of this organism (Walfischrauschbrand) which was responsible 
for the decomposition of the fish. 

In the preparation, of anchovies, ‘‘Appetitsild,” and “ Gabelbissen,”’ 
an extensive industry in Germany (28), the importance of using fish 
from. which the feed has been eliminated is recognized. Practically 
all the fish used in the German industry are imported from Norway, 
where whole schools at a time are caught in powerful purse seines. 
The fish are kept in the seines for one to several days that they may 
free themselves of partly digested food, after which they are shipped 
to Germany in large hogsheads containing weak pickle. 

The Maine sardine canners regard seined fish as inferior for packing 
on account of their excessively feedy condition. At times weir fish 
contain as much food as seined fish, but, owing to the necessity of 
taking fish under conditions existing at the time these investigations 
were made, the inferiority of such fish is overlooked and feedy weir 
fish are used. 

ELIMINATION OF FEEDY FISH. 

The solution of the difficulty experienced with feedy fish is com- 
paratively simple. It can be accomplished by allowing the fish to 
remain in the water long enough to digest the feed contained in their | 
alimentary tracts, which may vary from over one tide, 6 hours, to 
12 or 18 hours, depending on the quantity of feed present. The 
fishermen and boatmen can readily determine when the fish are free 
from feed. For this purpose “pounds” or “pockets” (Pi. I, fig. 2) 
are attached to the weirs. A pound is practically a second weir 
adjoining the weir proper with a drop net between the two. The 
feedy fish are seined or driven into the pound, and held there for the 
requisite period. Doubtless a few weirs are situated where the water 
is so deep and the tidal currents so strong that it would be impossible 
to build pounds next to them. In such cases the fish may be held in 
the weirs. This is not, however, considered a good practice from 

the fisherman’s point of view, as the use of the weir for holding a 
catch over one or two tides deprives them of the opportunity of 
catching fish at the succeeding tides. At most weirs, pounds can be 
built with the same ease as the weir itself. 
A concerted demand on the part of the packers for fish ee from 

feed will make it only a question of time before practically all of the 
weirs will be provided with pounds. This would improve the quality 
of the pack by eliminating “feedy”’ fish, provide a more uniform 
supply of fish, place the purchasing of fish and the boating on a 
sounder basis, and help to eliminate the taking of quantities of fish 
in excess of the capacity of the cannery, thus reducing one great 
form of waste. 

Another solution of the “feedy” problem is to cut and eviscerate 
the fish before beginning the canning process. Thus the feed and 



20 BULLETIN 908, U. S. DEPARTMENT OF AGRICULTURE. 

viscera, which harbor the bacteria producing spoilage, are removed 
before an advanced stage of decomposition has been reached. 

SWELLS. 

During the latter part of the season of 1913 reports reached the 
laboratory of trouble due to swells at a few of the canneries on the 
west coast. No cause for this condition could be found by those in 
charge of the canneries, and, in spite of all the precautions taken, it 
increased each year, until it was estimated that as much as 30 per 
cent of the pack of one or two factories had swelled during the season. 
Canners in other localities reported that they had about 1 per cent of 
swelis in a season’s pack, though more were found in some seasons 
than in others. As it was felt that more trouble was due to swells 
than the majority of the packers were willing to admit, a special 
investigation was undertaken to determine the cause. 

At the close of the sardine packing season of 1913, an investigation 
on the canning of clams was made at the Eastport laboratory during 
which gas-producing, facultative anaerobic bacteria were found in 
canned clams processed under commercial conditions.t A tempera- 

‘ ture of 240° F. was required to destroy the spores of this organism, 
which suggested the possibility that this organism, or one of similar 
nature, might be responsible for swells in sardines. 

it was first planned to carry on the experimental part of the work 
at local pomtis reporting the greatest number of swells. After the 
work was under way, however, statements from canneries along the 
whole coast indicated that the trouble was more general than aé first 
supposed. In one case a canner reported that a large percentage of 
goods stored in his shipping room were ‘“‘swells.” Another canner 
reported the finding of a large quantity of ‘‘swells” in a shipment 
made by boat to the Pacific coast. The reports in these cases were 
accompanied by samples of the “swelled” goods. Bacteriological 
examinations of cans received from these canneries, as well as of 
cans of swelled sardines secured from packers which would be fairly 
representative of the whole Maine coast, showed the presence of an 

anaerobic organism in pure culture. It was then decided to extend 
this part of the investigation to the entire coast. 

The bacteriological part of the work was begun durimg the late 
fall of 1915 and continued durimg the early fall of 1916. As it pro- 
gressed it became apparent that the organism that was being studied 
as a cause of swelled cans was also probably responsible for the 
decomposition of the feed of herring, and, therefore, indirectly for the 
characteristic belly breaking of feedy fish. A more extensive study, 
including both chemical and bacteriological work, was therefore 
conducted during the early fall of 1916. 

1 Unpublished reports in the Bureau of Chemistry. 
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BacreRioLoGy oF THE FEED or HERRING AND ITS BEARING ON SWELLS IN CANNED 
SARDINES. 

In other investigations that have been made on swelled canned 
sardines the relation of the bacteria associated with the feed to the 
swelling of canned sardines has not been considered. Thus Cath- 
cart(5) gives the results of the bacteriological examination of swelled 
cans of sardines. All the cans examined emitted gas when they were 
opened. The contents had an extremely bad odor, but were normal 
in appearance. Four different organisms were isolated, one of which 
was found to be Bacillus coli. Injections made intraperitoneally into 
guinea pigs of cultures of the unidentified organisms proved two of 
them to be pathogenic, while the third, seemingly, had no effect. 
In a bacteriological study of swelled sardines canned in Maine and 
New Brunswick, Sadler isolated eight strains of gas-producing 
bacteria from the swells. examined(25). Very complete detailed 
descriptions of the cultures and organisms found, including bio- 
chemical reactions and morphological and biological features, are 
given in Dr. Sadler’s report. 
A very brief summary of the bacteriological studies made during 

this investigation upon the feed and upon swelled cans of sardines, 
both native and imported, is given here.’ No aerobic bacteria were 
found, but Bacillus Walfischrauschbrand,? a rapid spore former, was 
isolated in pure culture. This organism was traced through the gills 

and stomach contents of the fish to the bodies of the live schizopods, 
usually in the thoracic region, and to the masses of copepods. It 
produced gas in the dead fish by its decomposition of the feed within 
the digestive tract. 

During the investigation another organism was isolated, first from 
the stomach contents of a fish ready to be packed and later traced to 

the massed copepods fresh from deep-sea water. This organism, 
designated as Bacillus B., was pathogenic to mice and guinea pigs 
and capable of producing a chemical decomposition similar to that 
produced by B. Walfischrauschbrand. It did not form spores, how- 

ever, and was therefore much less resistant to heat. The Bacillus 
Walfischrauschbrand lived through the processing of the sealed cans 
whenever the temperature of the bath was slightly below the boiling 
point and when cans floated or protruded above the surface of the 
water. 

Samples of various portions of the bodies of many herring were 
cultured anaerobically and aerobically. The flesh was invariably 
free from bacteria when the fish were removed from the weirs. 

1 The bacteriological work was conducted by M. M. Obst, of the Bureau of Chemistry (21). 
2 Bacillus Walfischrauschbrand is the name applied by Nielsen(20) to the organism found in whales 

made sick by being shot with arrows previously inoculated with material from dead whales. The 

practice of shooting with such arrows was employed in certain whale fisheries at that time. The animal 

was easier to harpoon and land by this method. 
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The gills and digestive tract harbored bacteria as long as feed was 
present, but apparently as soon as all feed and waste products were 
eliminated these portions freed themselves of bacteria. Portions of 
cod, rockfish, bass, and alewives were also examined. The alewives 

alone were obtained with no feed present, and out of 72, 47 con- 
tained neither feed nor bacteria. 8B. cola and B. Walfischrauschbrand 
were isolated from the cod. The flesh was free from bacteria in 
practically every instance. 

CHEMICAL COMPOSITION OF THE FEED OF HERRING. 

The crustaceans, to which group of sea life the feed of the sea her- 
ring belong, differ in composition from meats and fish in having a 
large proportion of the carbohydrate glycogen present in the liver. 
This is suggestive in connection with the rapid formation of gas 
observed in decomposing feed, such as schizopods and copepods. | 
Undoubtedly the composition of the feed is of such a nature as to 
furnish an excellent medium for the growth of gas- and none 
ducing bacteria. 

In an investigation of the chemical composition of plankton, K. 
Brandt (4)- obtained the following results on analyzing material which 
consisted almost entirely of copepods: 

TABLE 5.—Chemical composition of copepods (dry basis) (Brandt). 

Per cent. 

IPROheins 550 6 Se ey ae a Sas ee ae See ees eee 58. 80 

Wis bce gigantic eas ak SS A ae ig ag ee as ee 7. 40 

Carbohydrates (by difference)...22< 5552 os 5 ee ee 22. 88 

Ss | 1 Wa ape ae Ree ag aoe -n REAPS Y en ne CA tae mc Mey RE ee ce ae 10. 92 

Composition of ash: 
Silica: (Si@s)-28 2.2. BOTT 2 eas Sy: Siig ees Cora ce 253K 

Common salt (Na@l)-2 =22 22) se Aes ee a ee 1.49 

Other isallis.-e:2 Se eee ree ho ee “AZ 

He found the composition of the dry substance of copepods, which 
included varieties taken from fresh water, to be as follows: 

TABLE 6.—Average composition of copepods (dry basis) (Brandt). 

Per cent. 

SPREOBE UM so aa ge ea ce a 59. 0 

Gian 2 | ee ee ee ee eee ee 4.7 

eaters bear Se ck ee ea oe cope ee ee 7.0 

Carbohydratessc ~ . 22 05s See ee ee eee 20. 0 

NG ie ian gen ee oS a AR pape «re ee are ee rae aoe 3.3 

The results of the chemical analyses, made during this investigation 
on the feed of the sea herring, to determine the rate of decomposition 
are given in Table 7. The total volatile nitrogen, ammonia, and 
amines were determined as the indices of decomposition when the 
feed, copepods, and schizopods were allowed to spoil under the most 
favorable conditions in an incubator. The determination of the total 
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volatile alkaline material in a catch of plankton, which consisted 
almost entirely of diatoms, is also given. The rate of decomposition 
of fresh-water herring is included for the sake of comparison with the 
rate of decomposition of the feed alone. 

In each case as many determinations were made as were possible 
with the amount of material at hand, which was not often large 
because of the difficulty of obtaining any kind of feed unless the 
water was very quiet. The amount of total volatile nitrogen found 
before incubation was so small that it seemed unnecessary to deter- 
mine amine nitrogen. 

TABLE 7.—Ammonia and amines per 100 grams in feed of sea herring. 

Held in incubator. 

When taken. 

24 hours. 48 hours. 72 hours. 
Feed.! 

Am- Am- Am- - 
Total.| mo- renee Total.| mo- am Total.| mo- RGS Total.| mo- el 

nia = nia. nia. ; nia SED 

Plankton from Woods Hole, 
Mass., kept at 30° C.| Mg.| Mg.| Mg.| Mg.| Mg.| Mg.| Mg. | Mg.| Mg.| Mg.| Mg.| Mg. 
(chiefly aiatoms)ts2.eees. DRONE 8 3 Bae ig ee os S| 2 Soe) a ate a) ta hs ONE ae Bee ARAN Se etre Sek 

Plankton from St. Croix 
River off Campobello Is- 
Pana ehiofiy, COpEpOUs) <> |piGs 04 \ecse sal tss ec eget [scctae wee | etere ais | ale clase linear alte eile AQ 252 | daateers clear 

Copepods from east and 
sont of Campobello Is- 

Manianisn. co denennce eins s| cs scicl sosee aeRe ae ZAGSOKPSS SB lle O2a8 |eateroale teste alerts oles oi ol meseite | mseie sc 
Copepods from north end 

of Grand Manan in very 
deep water............... O70 eee cclsaeaae 191.7} 143.4) 48.3) 296.8) 260.9) 35.9)...... [Soho ares 

Schizopods from Wilson’s 
Beach Island, off Campo- 
Bellows Ser a re) 25) POS ee sells eae ees Ses ee Sate ee MS SSS Sunes 822.9) 602.3] 220.6 

Schizopods from Wilson’s 
Beach Island, off Campo- 
[OTe) (See es as a ey Bs GO wekellele see 220.4) 88.2) 132.2) 787.6) 573.7) 213. 9/1009. 2} 832. 6) 176.6 

Feed taken from _belly- 
blown fish at wharf, East- 
DOL; Mees a2 ys es mY (a Ae) 17 PAO seein eliao mods ORO! Flloop eee SE Sces eaocma nooriec seca ascke 

Fresh-water herring from 
Taunton River, Taunton, 
MASS 29 Fe ea. ce Say 9:94: tack levee 127. | LIU alee tl SSeS See Gediiscdoce 888. 3] 812.6} 75.7 

1 Samples were kept at incubator temperature (37.5° C.). 

Both ammonia and amines in very large quantities were found in 
the decomposing feed, schizopods and copepods. When allowed to 
spoil under these conditions and to the extent that took place during 
a period of from 48 to 72 hours, ammonia was found in much larger 
amounts than amines. From the limited number of determinations 
it was possible to make it was apparent that little difference, if any, 
exists in the rate of decomposition or in materials formed between 
copepods and schizopods. Considering the similarity of composi- 
tion of the two forms, it is quite probable that no difference in 
degree or kind of decomposition would be found. The examination 
of the feed taken from the viscera of belly-blown fish gave results 
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confirming those found under artificial conditions. Both ammonia 
and amines were present in appreciable amounts, the quantity of 
amines in this instance being in excess of the ammonia. 

LABORATORY EXPERIMENTS WITH BACILLUS WALFISCHRAUSCHBRAND AND 

Baciiuus B. 

To establish more firmly the conclusion that the decomposition of 
the feed and of the fish, resulting in the condition termed belly blown, 
is due to the presence of Bacillus Walfischrauschbrand and Bacillus B, 
found in great numbers in the samples of feed and swelled cans 
examined, and to show that the presence of these bacteria is indi- 
cated when volatile nitrogen bases are found in belly-blown fish, 
swelled cans, etc., these bacteria were grown in pure culture upon a 

medium containing fish protein, and the products resulting from 
their growth observed. The fish used for cultures 24, 25, 31, and 32 
(Table 8) were fresh Boston mackerel. Fresh-caught Potomac bass 
were used for cultures 27, 28, 29, and 30. After removing the skin, 
solid masses of meat were passed through a meat grinder and mixed 
with a solution of dextrose of such strength that the final mixture, of 
a uniform paste consistency, contained 0.2 per cent of dextrose. 
The whole was then sterilized under 15 pounds pressure. Portions 
of this paste were inoculated with 24-hour-old dextrose agar anaerobic 
cultures of the bacteria, and covered with an inch layer of sterilized 
fish broth made firm with 1.5 per cent agar and no nutriment, and 
then incubated at 374° C. until removed for analysis. Whenever a 
sample was removed for analysis, the presence of the bacterium 
with which it had been inoculated was determined positively. 

TABLE 8.—Ammonia and amines in pure cultures of Bacillus Walfischrauschbrand and 
Bacillus B grown 1n the laboratory. 

| 
Total volatile alkaline material as— 

| Nitro- 
gen by | Alka- 
amino | linity 

Nitrogen per 100 grams. a ar acid | (0.05 
; method| N. acid 

aSnitro-| per 
gen per} gram). 
gram, 

Period 
Bacteria and culture No. of incu- 

bation. 

Am- Am- Am- | Am- 
Total. | monia.| ines. | monia.| ines. 

Sterile: Days. Mg. Mg. Mg. | Perct.| Perct.} Mog. Ce. 
7 le 0. 55 I: 

feng oe oe ee OU eP COE ee Sete SEES ne 2 || 1462 82) S252 2. Sa | Se ee tos eae eet 1.2 
Barre LYONS et BE 4] 208.4] 160.3| 481| 769) 23.1 ]..2....- 1.9 
UAE sec ccc coos Secet es Scece sSecsse 3 159gb 27 31.4 80. 3 LOR iee = oe =a) ae sos oe 
DOSES See oe ao cele letae area lee 2{ 145.8} 132.6 13. 2 81.0 9.0 Lai ESR R Te 
Zhe ee eR so ee ee oats « eed 2| 225.2} 198.8 26. 4 88. 2 11.8 AU Sees 
DCMS SL SY ES | Bite ora Ss (ad. speed: faceeme: 5.59 |-. ssa. 

: I } 

a 1These determinations were made by the latest amino acid method and apparatus. Van Slyke (J. 

Biol. Chem. (1913) 16:121). 
* A few micrococci in this culture. 
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The results in Table 8 show that both ammonia and amines are 
formed when Bacillus Walfischrauschbrand and Bacillus B are grown 
in pure culture on fish media. Under the conditions which obtained 
when these experiments were made, amines are formed in smaller 
amounts than when the different lots of feed are decomposed at 
incubator temperature. It would appear that a larger proportion of 
amines are formed during the decomposition of the feed and the fish 
under natural conditions. 

In the cultures of Bacillus Walfischrauschbrand and Bacillus B 
used for the determination of ammonia and amines, positive tests for 
both indol and skatol were obtained. These results confirm those 
shown in Table 7—that ammonia and amines are produced by these 
organisms during the decomposition of the feed. 

CAUSE OF BELLY-BLOWN FISH. 

The fact that the bacteria found with the feed and in feedy fish 
decompose fish tissue, elaborating the same end products of decom- 
position as when the viscera and contents of herring decompose, 
points clearly to the cause of the condition of the fish termed “belly 
blown.” It was shown (p. 86) that when the stomach and in- 
testinal tract of the fish are empty, or practically so, no bacteria are 
present. The bacteria associated with the feed are eliminated with 
the digested feed or destroyed during the process of digestion. Only 
when the stomach or intestines contain feed in an undigested or par- 
tially digested condition are these bacteria found in abundance. 
Their growth during these conditions, when the fish are dead, gives 
rise to the products of decomposition. At certain times during the 
prevalence of feed a large proportion of the fish on flakes just taken 
from the steam boxes have been seen with the belly portions ruptured 
in a manner suggesting an explosive bursting. Small amounts of gas 
often were found lodged in some portion of the digestive tract when the 
gas-producing organiam was also present. When occurring in suffi- 
ciently large amounts, the rapid expansion of this gas during the 
steaming process may cause the rupturing of the partially digested 
and weakened tissues surrounding the viscera. From this the term 
“belly blown” undoubtedly originated. 

As the decomposition in the viscera and contents progresses 
bacteria are carried into the surrounding tissues, which are rendered 
soft by the alkaline materials, ammonia and amines. The thin belly 
portion of the fish is disintegrated by the action of the bacteria, and as 
decomposition pregresses this portion of the fish gradually sloughs 
away, producing the characteristic ragged appearance termed “belly 
blown” (Pl. XVIII). The rapidity with which this condition is 
brought about depends upon the extent to which the fish are gorged 
with feed and the kind of bacteria accompanying the feed. Several 
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lots of fish which contained feed when taken from the water showed, 
on reaching the canneries, an actual loss of 85 per cent due to belly- 
blown fish. A 25 to 50 per cent loss is not uncommon when feedy fish 
are taken. It is impossible to mistake the characteristic appearance 
of belly-blown feedy fish before or after packing. 

TRANSPORTATION OF THE FISH. 

A series of experiments were made to determine, both by chemical 
analysis and physical examination, the rate at which the fish decom- 
pose during transportation and their fitness for packing after being 
transported under different conditions. As a measure of the decom- 
position the total volatile nitrogen (ammonia and amines) was the 
only determination made. 

The fish were carried in the hold of a small sardine boat, in a large 
hogshead, approximately 34 feet at its greatest diameter by 4 feet — 
deep, provided with a wire screen to serve as a well, extending from 
the top to the bottom, through which the water and pickle could be 
pumped. Samples were taken as the fish were removed from the 
water and at 2- to 4-hour intervals thereafter, up to 24 and 30 
hours. In one case samples of fish which had stood for 50 hours were 
examined. The samples that were taken during transit were placed 
in screw-cap Mason jars, which were kept in a mixture of salt and ice. 
They were frozen by this method, and were thus preserved until 
analyzed. At the laboratory the fish were cut and eviscerated, and 
samples made of the flesh and of the intestines and contents. A 
separate analysis was made of each. 

FisH CARRIED IN BuLK WitTHovT SALT. 

Two lots were studied to determine the effect of transporting the 
fish in bulk without salt. The water dipped up with them was not 
drained off from the first lot. It was, however, pumped off from the 
second lot shortly after placing the fish in the hogshead, and at regular 
intervals thereafter. Five tubs of small fish, 4 to 5 inches in length 
and weighing 625 pounds net,* composed the first lot. 

The first four samples (Table 10), which were taken at 2-hour 

intervals, represent conditions while in transit, whereas the sample 
taken at the end of 20 hours represents conditions while the fish were 
lying at the wharf overnight. The temperature of the fish in the 
middle of the hogshead at the time the 20-hour sample was taken 
was 54° F. The fish of this lot seemed to be in good condition when 
landed after the 5-hour run. At the end of 20 hours they had begun 

ordinary practice of loading the boats at weirs, the water does not completely drain from each tub of fish. 

The only drainage is through a number of half-inch holes in the measuring tubs while the tub is being filled. 
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to soften, and some water had collected. A sample of this water | 

weighing 2 pounds, was taken at the end of 20 hours and also at the 

end of 24 hours. At the end of 24 hours the fish and water had an odor 
of decomposition, particularly the water, which had not been pumped 
off during transit. Unfortunately, some of the water had leaked out 
of the hogshead during the night, but the amount pumped off, to- 
gether with an estimate of that lost through leaking, made approxi- 
mately 50 pounds of water collected from this quantity of fish standing 
24 hours. 

The figures in Table 10 show plainly the rate of decomposition. 
The viscera and contents deteriorated somewhat during the 4- to 
the 6-hour period. At the end of the 20-hour period the content 
of total volatile nitrogen was just double that found at the end of 
the 6-hour period. Some decomposition was also evident in the 
flesh of the eviscerated fish at the end of the 6-hour period, while at 
the end of the 20-hour period marked decomposition had occurred. 
In the analysis of the viscera and contents and of the flesh, samples 
taken from the bottom of the hogshead showed more decomposition 
than samples collected from the top of the hogshead. These results 
indicate that the viscera and contents deteriorate more rapidly than 

the flesh of the fish, and that no very marked deterioration in the flesh 
occurs during the five hours of transportation. Subsequent bacterio- 
logical studies showed that the flesh of the fish was sterile or, at most, 
contained but few bacteria. Bacteria were very frequently found in 
the contents of the viscera. Decomposition would naturally occur 
in the viscera and contents before penetrating to the flesh. 

Five tubs of fish, weighing 628 pounds, were used in the second lot. 
The tubs of fish were allowed to drain thoroughly before being 
weighed; consequently but little water was present. After allowing 
the fish to stand in the hogshead for a few minutes, 14 buckets, 
weighing 25 pounds, of water were pumped off.- The fish were 
brought to the laboratory after a 2-hour run and sampled every 
two hours, up to and including 12 hours, during the day while lying 

at the wharf. A sample was also taken the next morning at the 
end of 24 hours. After standing for 6 hours the water was pumped 
off and found to weigh 24 pounds. At the end of 12 hours an addi- 
tional 93 pounds of water was pumped off. After standing over 
night, or at the end of 24 hours, 74 additional pounds of water had 

formed. The total amount of water obtained in 24 hours was 40.6 
pounds. The water pumped off during the first 6 hours had but a 
slight color; at the end of the next 6-hour interval it was blood red; 
and at the end of the next 12-hour interval it was decidedly bloody. 
Both the 12- and 24-hour specimens precipitated a quantity of pro- 
tei from test portions. 
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When landed at the laboratory 2 hours after. being taken from 
the weir these fish appeared to be in as good condition as when they 
were taken aboard. They had settled a little in the hogshead, be- 
coming more solid and compact. So far as the physical appearance 
would indicate, they were in good condition up to and including the 
6-hour period. At the end of 8 hours they had changed slightly, 
while 2 hours later a slight odor was noticeable in the hold of the 
boat and the fish seemed a trifle soft. After 12 hours had elapsed 
this softness was more pronounced, and the bellies of some of the 
fish were broken. At the end of 24 hours, although there was no 
decided odor of decomposition, the fish were soft and spoiled and 
the bellies of a number were broken. The fish on the top of the 
load had lost their luster (‘‘bloom’’) and taken on a dead whitish 

color, while those from the bottom were in worse condition, being 
badly broken and pressed out of shape by the mass above. Such 
fish were quite unfit for packing. The temperature of the fish 
in the hogshead at the end of the 6-hour period was 51° F. -The 
temperature of the water in the bay at this time and during the 
time the fish lay at the wharf was 50° F. 

The analyses of samples from this iot of fish show at the end of the 
6- and the 8-hour period a sufficient increase in the amount of 
volatile nitrogen in the viscera and contents over that found in the 
fresh fish to indicate a slight decomposition. At the end of the 12- 
hour period the decomposition in the viscera and contents was 
marked, although there was no visible evidence of decomposition in 
the flesh. At the end of the 24-hour period, however, marked 
decomposition was shown in the flesh as well as in the intestines 
and contents. 

In this experiment the fish at the top of the load did not differ in 
amount of decomposition from those taken from the bottom of the 
pile. In this shipment the water was pumped of at intervals, 
whereas in the preceding experiment it was not. Evidently this 
drainage water tends to increase the rate of decomposition of the 
fish at the bottom of the mass from which it has not been removed, 

or, as might be expected, larger quantities of volatile nitrogen occur 
in fish standing in water drained from fish undergoing decomposition. 

FisH CARRIED IN BULK, SALTED AT THE RATE oF ONE-HaLF Sack PER HOGSHEAD. 

In this experiment five tubs of fish, weighing 649 pounds, were 
employed. On being loaded, the fish were evenly salted at the rate 
of one-half sack per hogshead. The water dipped up with the fish 
was drained off and the pickle formed during the experiment pumped 
off at 2-hour intervals, with the exception of the 10-hour period. 
This pickle was weighed, sampled, and analyzed (Table 9). 
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TaBLE 9.—Composition of pickle formed during transportation of fish in salt. 

Time of Hib he ; Specific | Salt - 
forming Description. Weight. Pei, (NaCl). Nitrogen. 
pickle. 

Hours. Pounds. | Grams. Per cent. | Per cent. 

2 | Very light, slight yellow color, clear. ..... 29.5 13, 409 1.155 19. 93 0.072 
4 tiene in color, with slight reddish tinge, 

dG st tie Ga Ono: Se aes es be Bo 2.5 10, 227 1.145 18.55 - 134 

6 slightly reddish in color, slightly cloudy - 9.0 4,090 1.140 17.68 -178 
SURO CISD ClO Giverts 225 ose iek siete ee te 4.5 2,045 1.140 17.14 - 206 

12 | Reddish, more cloudy than that held 8 
OUTS F saa eee Ee eas ss sta os seer 4.21 1, 912 1.130 15. 86 . 245 

7275) (SSeee aa SsbA. 53 Sea ES ASSES BE OSC Or RDO O ree 11.0 5, 000 1.110 12.44 . 330 

Attention is directed to the decrease in the specific gravity and 

corresponding decrease in the percentage amount of salt, and to the 
increase in the percentage of nitrogen during each succeeding interval 

that the fish remained in salt. 
At the end of the 2 hours required for the run to the laboratory 

all the fish had ‘‘struck,’ and at the end of the 4- to 6-hour 
period, they had begun to show the effects of salting, although still 
in fair condition. At the end of the 8-hour period they were 
hard and firm, and some showed the thin, pressed appearance charac- 
teristic of fish which have been carried too long in salt. The bellies 
of very few were broken at the end of 8 hours. Compared with 
the standard for quality obtaining at the time these experiments 
were made, they would at this period have been considered good fish 
for packing. The same can be said for them at the end of the 10- 
hour period, except that the shrunken and shriveled appearance had 
become more pronounced. 

While the determination of total volatile nitrogen (ammonia and 
amines) is not a true criterion upon which to base decomposition 
changes taking place in the flesh of fish carried in salt, since the 
decomposition products formed, particularly ammonia and amine, 
pass into the brine, it is none the less interesting to note that the 
volatile nitrogen content of the flesh gradually diminished during the 
time the fish were in salt, up to and including the 12-hour period, 
rising noticeably after the fish had been held for 25 hours and again 
at the end of 50 hours. At the end of the 4-hour period the 
amount of ammoniacal materials in the viscera and contents of the 
fish carried in salt had increased appreciably. 

In contrasting this experiment with the preceding experiment it 
is apparent that the viscera and contents of this lot decomposed a 
little more rapidly than those of the fish carried without salt. While 
this may be due, in part at least, to the difference in the quantity or 
quality of the food in the intestines of the fish comprising these lots, 
it serves to show that the salting of fish does not prevent deteriora- 
tion during transportation to the extent generally supposed. In an 
investigation on the conservation of fish and meat products with 
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salt, Pettersson(22) found that anchovies and similar preparations 
always contain numerous cocci, rods, and yeasts as bacterial flora. 
Apparently, therefore, certain forms of bacteria survive the exces- 

sive salting given such products. Table 10 shows that a little over 
3 per cent was the maximum quantity of salt found in the flesh, 
viscera, and contents of fish subjected to the ordinary salting or 
pickling process—not a sufficient amount to retard bacterial growth. 
In fact, a media containing 3.33 per cent salt was found to be the 
most favorable for the growth of bacteria common to this region. 

This experiment proves also that the analysis of the viscera and 
contents may be taken as a very good indication of the time and the 
rate at which the fish deteriorate, and that the intestines and con- 
tents show decomposition in greater quantity at an earlier period 
than does the flesh. Another interesting point brought out in these 
experiments is the fact that decomposition extends to the flesh of 
fish held in salt for an excessive length of time. 

FisH CARRIED IN COMPARTMENTS, SURROUNDED WITH IcE AND Satt MIxTURE. 

This shipment was made at the same time as the one in the pre- 
ceding experiment. Two tubs of fish, weighing 294 pounds, from 
the same catch were used. The fish were equally divided among the 
five compartments of the box designed to carry them, and com- 
pletely surrounded with ice and salt mixture. They were not piled 
over 5 or 6 inches deep. A hole in the bottom of the hogshead in 
which the box was placed allowed the drainage to pass into the hold 
of the boat. The temperature of the iced fish in the third compart- 
ment from the top, after 12 hours, was 3° C. (37.4° F.). After 25 
hours’ standing the temperature in the third and fourth compart- 
ments was 14° C. (34.7° F.), and after 30 hours the temperature 

reached —1° C. (30.2° F.). Some of the ice and salt had melted, 

about one-fourth of the total quantity used remaining at this time. 
These fish remained firm and plump, even after standing 25 hours. 

They did not have a leached-out appearance, but were of a brighter 
and better color than those which had been carried in the salt. 
When the samples were being prepared for analysis, the iced fish 
looked like fresh fish. At the end of 6 hours, however, a difference 

was noted in the appearance of the gills which were not as bright a 
red as those of fresh fish. The fish retained their freshness of color 
and consistency of flesh throughout the time they were kept. Even 
at the end of 50 hours, in spite of the fact that they had deteriorated 
to such an extent as to be unfit for packing, they had a better ap- 
pearance than those which had been kept in salt. At the end of 12 
hours the fish surrounded with ice were in splendid shape, still frm 
and plump, although they had lost the stiff, rigid condition shown 
previous to this time. At the end of 25 hours a few fish in both lots 

(in salt and in ice) showed broken bellies, but one lot had no more 
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belly-broken fish than the other. At the end of 50 hours the iced 
fish were quite soft and the bellies of a few more were broken, but no 
more than in the case of the salted fish, which were harder and firmer 

in texture, though much poorer in appearance, suggesting a poor 

quality of salt fish. 
The analyses of the samples from the lot of iced fish, which were 

taken at intervals of 4 hours, up to and including 12 hours, and at 
25, 30, and 50 hours, indicate that the viscera and contents of the 
fish kept without appreciable evidence of decomposition up to and 
including 12 hours. At the end of 25 hours a slight decomposition 
was indicated, which was more noticeable at the end of 30 hours. 

At the end of 50 hours, decomposition of the viscera and contents 
was quite marked. Under the conditions of this particular experi- 
ment, practically no decomposition took place in the flesh of the 
eviscerated fish. It is probable that the slight evidence of decompo- 
sition obtained after 50 hours standing in excess of that found in the . 
fresh fish represents the slight deterioration that might be expected 
in fish kept under these conditions. 

TaBLE 10.—Changes in composition of fish when transported under varying conditions. 

Condition of fish. Viscera and contents. Flesh of eviscerated fish. 

Total Total 
volatile an volatile 

In dr Salt nitro- alt nitro- Out of water. salt.” | Water.| Fat. (NaC). gen (N)| Water-| Fat. | ayactyleen (N) 
per 100 : per 100 
grams. grams 

Hours. Per Per Per Per Per Per 
Lot i (no salt): Hours.| cent. cent. cent. Mg. cent. cent. cent. Mg. 

Pes sae sas ane CEES NES GOACOn es AOL ADE ee 11.6 | 76.00 A OQ Fite: iene aity, 9.3 
DAG, Ape cia ey Fs Sk avs ier SE Gada |e g LOS Gaal mers ek ee te 76. 64 OOD U ee cracieeel Heaters 2 
eae aes cy or AM ia Wl Dele pa) 59.97 | 28.07 ;..-..--- 11.6 | 74.70 HUB aa eee ses 9.3 
OS cea an See tao = aaa, Seer ing ee bere ome 66. 40 Z0S0dn ease 16.3 76.37 Ai Ge hae ee 14.0 

Ds ys hs PATA FS. Teele ee ie 65.41 | 24.08 |........ 32.6 | 76.92 AA SE eee yee 21.0 
D2 le ae IS A ol eer Tal | TSN AE 28 le AS OnOO) er sce eee eo 75.23 HEOQE sees eek 21.0 
PAE po hy CaS ah wi Fae OS oad ORs oe 60.60 | 328.94 |..-..... 37.3 | 74.86 DEO SE Ae eeaee 28.0 

Lot 2 (no salt): 
Brecht ee se ig eos Ls te G2E40N Doles eee 12.6 | 74.44 4.90) aces 13.0 
DA An ABE PD Oe RT pee (Ree cece GORD Dale LORS i aes eee IAA TRS SEA DUI igs ew 13.5 
AE a ee Si | ea Le 2 Goscoulee cael anne nee 14.0 | 76.96 SAQOM Meee 13.8 
bs cp REA a (oe 63.638) e480) yak eee 15.0] 76.78 3.92: | aeeeeee 14.0 
CoS Ss Rat ee A a te RE | 2 he Sis) PPL OILN eons piel 17.7 | 76.58 308, eee 14.0 
LC eee ee Ee eee Seer ana een 62: 29\— Ws Silseses. 17.7 | 76.42 ABOSUIEE Er saa. 10.7 
1 Oita a ioe A al Se iy ae [a 634g ON 2ANG bale cee 22rouleeROl A eichery eeeee ee 14.5 
DYN nS ea oO eae | ae 65: 60sl 21a see 39.1 | 76.65 HEAD) eet ae a 24.2 
PE ae ag eR (a TEESZ AWS ZO 4r | eee 38. 2 77.26 AS Doane ane 23.3 

Lot 3 (4 sack salt per hogs- 
head) 

BER ee ee 6 cae Fresh.| 62.33 | 24.62 0. 41 11.0] 76.18 4.40 0.21 14.0 
eee rion ee. a kota 59.45 | 26.62 1.22 IPA Ik) Val %e) 4.99 2.41 10.8 
Be ee 4 56.70 26. 84 2.18 18.2 69.49 6.03 2.98 8.8 

oe, cS Sets eat ane 6 | 56.86] 27.68 1.75 18.2 | 70.89 5. 51 2.29 8.0 
BOL es ns. ee 81 59567| = 23097, 1.93 18.7} 70.39 5.61 2.42 9.8 

ae SE OAR rae en et 10 | 56.21 | 25.16 2.76 19.1 | 68.93 6.29 2.93 7.9 
BENE ti 0 12| 55.74 { 26.86 ZE20i a eee G81 6.98 2.74 Wot 
Rineaeeeaetieiiac cs ce ween 25 60.14 21.20 2.94 27.6 67. 22 6.14 3.69 5 

aie scoters eee te wt oncea 50 | 59.74] 26.85 1.59 38.0} 71.24 5.19 1.95 17.9 
Lot 4 (kept cold with mix- 

ture of ice and salt): 
POG shee aehawem ars se alee ewes 62.33) eag4s O28! | nese cc: 

fot 

WO WONT NOOWNOO 

~I on ie.2) fer) 

WO ore > > AODOwow pS, OrPOWNMO AorRoonnN es WOWWON OS oa 

1 From top of load, 2 From bottom of load. 3 Shows effect of pressure, 
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These experiments show that as a means of preservation in the 
transportation of the small sea herring, refrigeration is in every 
respect far superior to the use of salt. This is apparent from a com- 
parison of the physical condition of the two lots of fish at the different 
intervals of time, and is confirmed by the analytical results. The 
same degree of decomposition in the viscera and contents of the fish 
carried under refrigerator conditions as that found for the 8- to 10- 
hour period in the case of the fish in salt is not shown until the end 
of from 25 to 30 hours. 

The difference between the appearance of fish transported under 
refrigeration and that of those carried an excessive length of time 
in salt is shown in Plates XII and XIII. Kept in compartments 
surrounded with ice and salt they are plump and firm, and look like 

_ fresh fish, even after they have been 30 hours out of water. The 

fish carried an excessive length of time in salt, in bulk, are poorer in 
appearance, and much thinner, and have been pressed out of shape. 

- Each lot of fish at the time of capture varies in the amount and 
kind of food in the digestive tract, and also in the bacterial con- 
tamination of the digestive tract. The keeping qualities, or the rate 
of decomposition, of different lots of fish should therefore vary 
directly as the contamination and quantity of feed vary. That 

this is true is shown by the differences in the time and extent of 
spoilage of the various lots of fish employed in these experiments. 

TEMPERATURE CHANGES OCCURRING IN LOADS oF FisH DURING TRANSPORTATION. 

Temperature observations were made on boatloads of fish trans- 
ported from the weirs to the canneries in pickle and in dry salt. It 
was estimated that the fish in the three lots studied contained dif- 

ferent proportions of feed. The results are given in Table 11. The 

temperature measurements were accurately made by means of a 
Leeds and Northrup potentiometer, the thermocouple of which was 
inserted in the mass of fish in the boats, and readings taken at the 
time intervals indicated. The temperature changes of the air on 
the warmest day of the month and the changes shown from the 

- Mean temperatures for the month in which these observations were 
made are included in the table. 

TaBLE 11.—Temperature changes in loads cf fish during transit. 

FLOATED IN BRINE se 150 POUNDS OF SALT PER HOGSHEAD OF FISH; 
LIGHT AMOUNT OF FEED PRESENT. 

Temperature. 

Time 
observed. 

a. 

30 
8.00 

Of air.1 

Warmest | Mean for Of fish. 
ay. month. 

6 “AGS oes 
PET; 6.9 12 

L Sas Co So ee eee 13 
Pree ah ea [aes See ee. 3 15 

13.8 &.2 16 

1 From hourly thermograph readings taken from original monthly record of observations at Eastport, 

Me., for October, 1916 (courtesy of U. S, Weather Bureau). 
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Fic. |.—FISH CARRIED IN SMALL BULK, IN COMPARTMENTS SURROUNDED 

WITH ICE AND SALT. 

No salt on fish. Fish out of water 30 hours. 

FIG. 2.—FISH CARRIED IN BULK IN SALT, ONE-HALF SACK PER HOGSHEAD. 

Fish in salt 25 hours. Note effect of excessive salting and compare with iced fish 30 hours old, 
with no salt. 
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Fic. |.—FISH EXCESSIVELY SALTED AND CARRIED IN LARGE BULK. 

Fic. 2.—A CAN OF SARDINES SHOWING THE EFFECT OF EXCESSIVE SALTING OF 

THE FISH. 

Note the transverse cracks and fissures on each fish. A portion of the side of one fish has been lost. 
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Taste 11.—Temperature changes in loads of fish during transit—Continued. 

“SALTED. 150 POUNDS OF SALT PER HOGSHEAD; FISH 2} FEET DEEP IN BOAT; 
ic i "7 PER CENT OF FEED PRESENT. . 

Temperature. 

Of air. 

Time |— Of fish. 
SEAS Warmest | Mean for 

day. month. 

a.™. s &. Gi iC: 
9.30 yay 9.6 il 

1O'SG60)) asco ccetenslececeseencse 14 
TPES O NS Woes ee AUS AS Werotailaies 18 

12.30 20.0 11.9 23.5 

5.56 NS? 6.7 11 
a2 Aa semicesitiecistele| cisinisisieico siests 12 
OR Neeocdesasoiclocicadcopsmon 18.5 

HOSED lesen smc esce| eslslsistecasiers 22 
1B) aodeceonedod pciaucoconooT 24.5 

). ™. 

12.30 20.0 11.9 27 
2.00 22.8 DAA iil acct tevee ete eieie 
4,20 20.0 11.1 7.5 

The changes of temperature in the outside air were not sufficient to 
account for the changes in temperature which occurred in the loads 
of fish. It is evident that fish heat when carried in bulk, as is now 
the custom, the temperature increasing in proportion to the amount 
of feed present. The temperature of fish which contained but a 
small amount of feed and were carried in pickle rose 4° during one 
and one-half hours. That of dry-salted fish, estimated to be 47 per 
cent feedy, rose 12.5° during three hours. A boatload of fish in dry 
salt, 90 per cent of which were estimated to contain feed, rose 11° 
in temperature during a run of four and one-half hours. Just before 
the fish on this boat were unloaded, practically 104 hours after they 
had been taken from the water, the temperature of the mass, taken 
midway between the top and bottom, showed an increase of 26.5°. 

The rise in temperature of masses of fish in bulk is caused by 
decomposition changes due to bacterial growth, by far the greater 
part of which takes place in the viscera and contents. As the tem- 
perature of the mass of fish rises and approaches the optimum 
temperature favorable to bacterial growth, it is evident why the 
decomposition of feedy fish proceeds, at times, so rapidly. It is also 
evident why keeping the fish in smaller bulk and at a low temperature 
markedly retards this decomposition. 

CONCLUSIONS. 

It is not necessary to salt excessively fish which are to be in transit 
for a reasonable length of time only. Since excessive salting does 

5890°—20—Bull. 908-3 
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not prevent completely the decomposition of fish, salt should be used 
in transit with the idea of saving time in the pickling sheds rather 
than as a means of preserving the fish during transportation over great 
distances. 

Fish preserved with salt should not be transported over a distance 
requiring more than 6 hours to cover. Sometimes 4 hours is the limit. 

- Where practicable it would be desirable to install some method of 
refrigeration on all boats used to haul the fish for long distances. 
Boats thus equipped not only greatly extend the fishing radius, but 
also bring the fish to the canneries in a condition far superior to that 
of fish carried in salt. 

The decomposition due to “‘heating,’ which was found to occur in 
large masses of fish during transportation, can be retarded by shipping 
them in small bulk at low temperature. Small compartments, per- 
mitting the circulation of cold air, are necessary in boats equipped 
with refrigeration devices. 

PICKLING AND SALTING THE FISH. 

In earlier days all the pickling was done after the fish reached the 
cannery, where an expert in this work was employed in the pickling 
shed. As a rule, the fish were held in strong brine or pickle, usually 
made toa strength of 90° on the salimeter, for about two hours, 
although the period of holding varied with the fatness of the fish, 
those which were fat needing more time for the process than the lean 
ones. The length of time was determined by the appearance of the 
fish, which were said to have “‘struck”’ when they had been long 
enough in the salt brine. 

Within the past 12 or 15 years most of the boats transporting fish 
have been equipped with water-tight tanks in which salt or pickle 
may be added to the fish as they are taken from the weirs. Thus salt 
came into use as a means of preserving the fish during transportation. 
The use of salt during the trip prevents the extreme decomposition 
possible under the old methods of transportation, cuts down the time 
required for pickling at the canneries, and permits the carrying of the 
fish for greater distances. While fish obtained near the canneries 
still are salted or pickled in the sheds, those which are to be trans- 
ported far are kept in salt or pickie. When transported for great 
distances no attention is paid to the length of time the fish are kept 
in salt or pickle. This excessive salting results in an inferior pack of 
sardines (Pl. XIII). 

The time the fish remain in pickle or salt is a most important con- 
sideration in the packing of sardines. They shouid be kept there 
iong enough to acquire the proper salt flavor, but no longer. As a 
tule, fish are salted sufficiently or excessively during the run to the 
cannery and need but little or no subsequent pickling. When they 
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have been too long in dry salt, itis customary to hold them in weak 

pickle for a short time after they reach the factory, to remove the 

excess of salt before they are started through the process. Part of 

the salt also is removed when they are steamed (p. 47). 

According to the best practice, the fish are not allowed to remain 

excessively long in pickle after they have reached the cannery, over- 

night, for example. Held in pickle for from 6 to 10 hours, they 
become soft, the bellies often breaking away, and they acquire a 
peculiar, dull, leached appearance. Held too long in dry salt the 
fish, particularly those that are small and lean, become dry, hard, and 
brittle, with a tendency to break transversely during the steaming 
and drying processes, in which case they are said to-be “‘burned by 
salt’’ (Pl. XIV, fig. 2). Fish treated in either way are very unde- 
sirable for canning. 

Since it is impossible to make even a fair grade of sardines from 
fish which have been excessively salted or pickled, it is essential that 
the canner should constantly guard against excessive salting and 
pickling of the fish. 

In order to obtain information which would be helpful in carrying 
out this step of the canning process, an extensive investigation of the 
pickling and salting of fish was undertaken. 

COMPOSITION OF Satt USED. 

Salt used in pickling and salting fish is said to vary in effectiveness 
with its calcium and magnesium content, one of a low content pene- 
trating the tissues of the fish better than those high in these con- 
stituents. Samples of three kinds of salt used in the Maine industry 
during 1913 and 1914 were analyzed, with the results shown in 
Table 12. 

TaBLE 12.—Composition of salt used in salting and pickling the fish. 

~ 

Determination. American. | Liverpool. | Trapani. 

IMOISGUTC Bar ee tra acit sae ace sec an sto ness Se ee Se lca ee per-cent.. 1.57 4.16 3. 44 
SOLU len TM WAC R Ae iy se eee ee ati 2 Ue anes OA down: 2 -17 .14 
Calesumichloridt (CaA@ls) is oye aeice ascites eee dor .94 . 46 . 87 
Mapriesiumuchiorid @Me@ls)s 25 2 ces = ese aoe Cee nae eee doles: . 09 .16 1. 04 
Sodium sulphate (Na:SO,4)....------.-.-.--------.----------- dora 1.61 7 6. 1. 42 
Patassimichloridi GMC) yo. 5-26 25. ses eee aae ee ee doers 2522 4. 03 . 40 
Sodiimichlorrav@NaCh ys io sts. kee 22 ogee ass ie eee downs 93. 48 90. 33 92. 49 

+ bi boot sononounoeonod Kee SopobOO seSobbocssdcoscded do 100. 03 100. 07 
Bodine ealerid GNaCl)jon\drybasiss-s2s-- eee eee eee ee eres d 94. 97 94,21 95.78 

Hach contained but a small amount of calcium and magnesium. 
The Liverpool salt showed the highest water content and lowest cal- 
cium and magnesium content, and the American salt the lowest water 
content and highest salt (NaCl) content. It had but little over 1 
per cent of calctum and magnesium calculated as the chlorids. The 
Liverpool salt was used in the experimental work. 
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CHANGES OccURRING IN FisH HeEtp IN PIcKLE AND IN Dry Satt. 

A number of experiments on a laboratory scale and on a compara- 
tively large scale were conducted to determine what changes occur 
when fish remain for certain periods of time in pickle and in dry salt. 

LABORATORY SCALE. 

Fish about 5 inches long, said to have been out of the water only 
two hours, both eviscerated and uneviscerated, were used for the 
first series of experiments. They had been carried in pickle with a 
specific gravity of 1.1212 at 25°/25° C. and a salt content of 15.5 per 
cent. 

Some of these fish, in covered porcelain evaporating dishes, were 
allowed to stand for some time in pickle obtained from a freshly 
prepared lot at an adjacent cannery. The composition of this 
pickle at the stated intervals is shown in Table 13. 

TaBLE 13.—Composition of pickle in which fish were held. 

From eviscerated fish. From uneviscerated fish. 

ve Specific | Specific | 
Condition. gravity an gravity cor 

(by Bic; | (acy. | by Pic. | acl nometer), * | nometer), aCl). 
25°/25° C. | 25°/25° C 

| Per cent. Per cent. 
Freshest 26a eee ts ees Ps ee ee sae ee 1.1279 16. 49 | 1.1279 16. 49 
ATC CY 24 OUTS eee ae ae Ae eo eS eek pe een 1.1150 | 14, 50 | 1.1099 13. 56 
‘A fier48 NOUPSER En ee ee eek ee ee eee eno Ree See 1.1152 14, 49 1.1120 13.98 
IAT EET: 96 NOUN Shee ae ese cise ea Se aye Saree eee eee 1.1157 | 14, 49 1.1132 13. 97 

TABLE 14.—Composition of fish held in pickle and in dry salt (2 to 96 hours). 

| Moisture and fat 
free basis. ae 

Total Acidity 

oe pare of fat volatile (N/20 

Condition of fish. Water. Fat. as ee sodium 
: ope Amino | ethylate nia and | nitrogen Acid per 

ES | ea nitrogen.| gram) 

Eviscerated fish in pickle: | Per cent. | Per cent. Mg. Mg. Mg. Ce. 
PROUTSEee eee eects cle Heal aniiaseeeee 69. 68 4, 36 16.3 62.8 1.53 12.3 
ZANOUTS Haake ees ca ce oee sacle 63. 75 ALG2) 82 tah sea ee eee - 96 12.6 
AS MOUTS es eels bss os eee 62. 30 3. 94 10.5 31.1 1.00 12.5 
OGFHOUTS aie ee pas oes ee oy omen ane 67. 39 3. 69 7.0 24, 2 1.00 10.7 

Uneviscerated fish in pickle | 
DHOUS eset ees os UR OR ee Fees 69. 33 | 3.97 | 18.6 69. 7 1. 87 15.5 
ZA MOUTS saan eee ana ses ae eee ee 63. 22 | 5. 86 13.9 45. 0 1.68 14.6 
ASINOUTS Seen reece cee sons cee ee 62. 63 9569 2/ suet ca toe a | See e see ses See ay 15.0 
OG OUES Se ee ees aan Soe ee 68. 25 | 3. 77 12.9 46.1 1.34 16.9 

Eviscerated fish in dry salt 
DAN OUTS He eee ere ec tot Nea sean Se 52. 42 5. 20 14.0 33.1 1.09 17.0 
ASOMESS Meee retin eels eee ren cicence 52. 68 4,85 12.8 30.1 1.00 16.7 
GhiHOUNS ss cer ee er ence teens ir saaion 53. 31 5. 00 15.2 36.5 1.00 16.4 

Uneviscerated fishin dry salt 
DEIN OUTS ooo oe Bee eee Cece sesh 51. 85 6.31 12.8 | 30. 6 1.44 17.3 
ARMONIS oe secret see ae se eee ee os 500. 58 6. 01 13.9 32.0 1. 03 17.1 
OGINOUTS. sass eee Soe eos kas eee e 52. 56 6. 44 | 14.0 34. 1 1.18 15.1 
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Other fish of the same lot, in enamel pans, were intimately mixed 
with salt until they were almost covered, when a final layer just 
covering them was sprinkled over the top. A fairly large excess of 
salt in proportion to the quantity of fish was used. 

The changes which the fish held in pickle and in dry salt underwent 
at certain intervals of time are shown in Table 14. 

As was to be expected, the water content of the fish decreased 
during the first 48 hours they remained in the salt and pickle, the loss 
being much greater in the case of those kept in dry salt. At the end of 
the 48-hour period the percentage of water lost by the eviscerated 
fish in pickle was practically the same as that lost by the unevis- 
cerated fish. The uneviscerated fish in dry salt, however, showed 

at this period a slightly greater loss of water than did the eviscerated 
fish in dry salt. The water content of the fish kept in pickle and in 
dry salt for 96 hours increased from that shown for the 48-hour 
period, the increase being more marked in the case of the fish held in 
pickle. 

There appears to be a greater loss of volatile nitrogen, as ammonia 
and amines, from the tissues of the fish when kept in pickle than 
when kept in dry salt. No change of a significant nature was found 
in the results obtained for the amino acid nitrogen or the acidity 
of the fat. 

The fish used in the second experiment, brought to the laboratory 
during cool weather, were in good condition, having been but from 
4 to 6 hours out of the water. They were oil size, packing on the 
average 6 fish to the can. 

After a representative sample, designated as fresh fish in Table 
15, had been taken from the entire portion, 500-gram lots were 
accurately weighed into beakers, and 350 cc of pickle reading 90° 
on the salimeter were added. At the expiration of the time intervals 
indicated in Table 15 the samples were removed and weighed, and 
the volume, specific gravity, and weight of the pickle determined. 

Of the other fish, 500-gram portions were treated with 100 grams 
of salt. At the end of the stated periods the brine which had formed 
was poured off, and the whole mass of fish, rmsed free from adhering 
water and brine, was analyzed. 

The results of the analyses of the fish appear in Table 15, and of 
those of the pickle in Table 16. 

The loss in weight, 4.4 per cent of the original weight of the fish, 
which occurred during the first hour they were held in pickle, was 
almost doubled at the expiration of the 8-hour period. A gradual 
loss in both water and fat, corresponding to the length of time the 
fish remained in the pickle, occurred. 
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TaBLe 15—Composition of fish held in pickle and in dry salt (1 to 18 hours). 

Chemical composition. 

| On 
c 

uae of On water, pag 
: Samples as taken. fat, and salt | ae 

| free basis free 

ec . -| om Ge | 

ae E =) ate Loss in — 2s | 

e = sé =s | 

5 | & [A Soo aS | 
o = 21 i = a oe OB 

S's = > =a) = = 2s = | 

ef) s B fess = Sse 
apt = FEZs = |5<s | a on | = \"E= A ES 
o.) Pas 3 : ee eas BS he at he ee 

Is |= |= |=] 8 S84 41 2 Bsa = 
1 es } Fle] ae = a),8 a 

| | Per | Per | Per | Per Per | Per Per 
Uneviscerated fish: 'Grms.|Grms.|Grms.| cent. | cené. | cent. | cent. | Mg. | cent. | cent. | Moa. | cent. 

Tesh. seta SN Ts 2k Ee ee ee ie ease 68.51} 14.18 2.54) 15.2) 0.16] 14.81) 88.6} 0.92 
In pickle— 

ad HhQwE. See sa) 500} 478 22) 4.4) 69.02) 11.82) 2.67) 17.5) 1.75) 15.34 100.5} 9.13 
AL) Tie ee 500) 466 346. 8) 67.83) 11.76) 2.73) 14.0) 2.12) 14.93) 76.5) 10.39 
pliGuisse ss 500} 470} 30) 6.0) 65.93) 12.46) 2.71] 14.0) 2.93} 14.51] 74.9) 13.56 
Til aS 500} 470} 30|_—«6.0) 64.28) 13.67) 2.77 17.4| 3.38] 14.841 93.2) 15.33 
Simarse 500, 459} 41) 8.2) 63.84} 12.61| 2.81] 15.3] 4.05] 14.41| 83.6| 17.19 

Same lot dry salted: ! | 
Tn salt— } 

ED (Tse 500} 427} 73) 14.6) 55.82) 14.92) 3.02} 15.2) 8.54] 14.58) 73.4) 29.19 
Shears! fe Fh 2) | 500) 420} 80) 16.0) 55.02) 14.02 3.04) 12.8] 9.94! 14.46) 60.9) 32.11 

Eviscerated fish: 
basta SOLE 52 SE Ei oh Eee So SRE | 71.51] 9.68) 2.71] 14.0)...--- 14.41) 74.4)...... 

In pickle 2— | 
Tihieurs 62" 212} 195} 17) 8.0} 69.59} 10.31) 2.61] 13.4}._...- 10.83] 57. 7|_..._. 
12hours...____.--.- 237; 212} 25] 10.6] 64.25] 10.31; 2.71) 10.5|-....- 10.65] 41.3)..___- 

Same lot, uneviscerated: | | | 
pro BOOS UES ee ea, Bee Paew JUS ee ae eee eee | 70.79} 9.81) 2.63] 11.6].__..- 13.56] 59.8}. ....- 

In pickle— 
iVheurss: <. 2 |} 317] 290} 27} 8.5} 62.921 12.50) 2.80} 16.3):_.... | 11.39} 66.3}.....- 
ihear eG. ts | 305) 274| 31] 10.2) 62.50] 12.15| 2.S6|.__._- ae } 11-23}. | CH 

1 Tn 100 grams ofsalt. 2 200 ee of pickle, reading 90° on the salimeter, used. 3 By titration. 

The results calculated to a water, fat, and salt free basis showed 
an actual loss of 0.40 per cent of nitrogen, corresponding to 2.50 per 
cent_of protein during the 8 hours the “fish were in pickle. The dry 
salted fish lost 14.6 per cent of their weight after remaining in salt for 
14 hours and 16 per cent after being in salt for 18 hours. 

Most of the loss in weight of fish held in dry salt may be ascribed 
to the abstraction of water from them. The water content of the 
fish held in dry salt is a little less than 1.0 per cent lower at the 
end of the 18-hour period than it was at the end of the 14-hour period. 
The total nitrogen in the fish for both periods in dry salt is less than 
the amount found in fresh fish, and is practically the same as that 
shown for fish held in pickle for 8 hours. The total volatile nitrogen 
content of the fish held in dry salt is much less than that of fish from 
the same lot which had been held in pickle. 

The marked variation in the composition of the pickle in which the 
fish were held for the different periods compared with that of the 
fresh pickle (Table 16) shows in an even more striking manner the 
changes which the fish underwent. 
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TaBLE 16.—Composition of pickle in which fish were held (1 to 18 hours). 

Volume ofpickle.| Brine contained— 

Be a ae : whic In- Specific : volatile 
Condition of pickle. were | creased | gravity.| Weight. Tota] jitrogen| Amino 

added | after nicroten (am- acid Salt. 
500 | alloted irogen.) monia |nitrogen. 

grams | time to. and 
fish. amines). 

With uneviscerated fish: Ce (Ofek Grams. Mg. Mg. Mg. | Percent. 
IPOS Dee aie a fy NS ere cir ae co 1.1729 410.5 (2) 0.0 4.9 22.75 
PATTOM OUTS ss seers 356 368 | 1.1487 422.5 94.41 4.1 16.9 18. 98 
After 2 hours........- Bos 350 370 1. 1400 421.8 144.39 anki 22.9 18. 06 
ANPGOT4 NOULSS se sek oe 350 375 | 1.1306 423.9 (2) 6.3 26.7 16. 86 
FATTO G NROULSS ee eee 350 380 1. 1280 428.6 | 262.73 8.0 31.5 16.36 
ATTORS NOUTS Ee kee. cee 350 403 | 1.1212 451.8 | 360.36 13.5 46.5 15.47 

With dry salted fish:3 
ALGT LA NOUTSS ene ee ase 8 La RTA ala RSS SIE IE chancteobatatt 189: O75 |B Tes ee eee SO enkaaoose 
ATterdS NOUTSE 2 ne sscnmee (Diora teem S Ural Sie: fia aly eek DADS TS) aha ann 63505) Perea 

‘With eviscerated fish: 
BMresheey ie ied! aoe as (8) ea 1.1841 236. 8 1.5 0.0 3.2 23.31 
After OMOUrS see 200 222 | 1.1365 252.3 | 244.2 7.5 46.3 17.56 
IAT Cer 2 hOUTSS=2 eee 200 228 | 1.1227 255.9 | 291.8 6.9 42.9 14.95 

With uneviscerated fish(same 
lot as last): 

After 10 hours eae A Ee 200 231 1.1200 | 258.7] 254.1 10.7 67.9 14.89 
Aftenl2 hoursssceees ae 200 232 | USS AL ee PAS NPA TOS Di sis a Na Peay 14. 89 

i | 

1 Bicele used with fish the analyses of which are given in Table 15, 
2 Lost. 
3 100 grams ofsalt to 500 grams of fish. 
4125 ec brine collected made to volume of 200 cc. 
5 130 ce brine collected made to volume of 200 cc. 
6 Volume to which first added. 

% 

The volume and weight of the pickle increased gradually and the 
specific gravity decreased during the time the fish remained in it. 
The amount of material exuracted from the fish in the pickle, repre- 
sented by the total nitrogen, ammonia and amines, and amino acid 
nitrogen, gradually increased, while the percentage of salt in the 
pickle gradually decreased ith the length of time the fish remained 
init. More nitrogenous material was extracted from the fish during 
the 18-hour period in salt than during the 14-hour period. - The 
total nitrogen extracted from the fish held in salt was noticeably 
less than that removed during the 6 and 8 hours they remained in 
pickle. More of this nitrogen, in the form of amino acids, was 
extracted when the fish were kept in dry salt than when kept in 
pickle. 

A supplementary experiment was made with a second lot of fish 
part of which were eviscerated and part of which were not. These 
fish, which contained about 5 per cent less fat than those used in 
the previous experiment, were kept in pickle for from 10 to 12 hours. 
Different weights of fish were added to 200 cc of pickle which read 
90° on the salimeter. 

The eviscerated fish and uneviscerated fish 1 showed practically 
the same percentage loss of weight at the end of the 10- and 12-hour 

1 These samples contained more fish to the quantity of pickle than the previous samples. The two 

sets ofresults are not, therefore, strictly comparable. 
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periods in pickle. The loss at the end of 12 hours in both was greater 
by approximately 2 per cent than that at the end of the 10-hour 
period. A greater loss of total nitrogen and of ammonia and amine 
nitrogen occurred in the eyiscerated than in the uneviscerated fish. 
More nitrogenous material was extracted from these fish than was 
lost by the lot used in the previous experiment when held in either 
pickle or dry salt. The weight and volume and specific gravity 
changes were slightly greater in the case of the pickle from unevis- 
cerated fish, showing that a larger quantity of water was removed 
from uncut fish than from those in which the viscera had been re- 
moved. There was practically no difference in the total amount 
of nitrogen found in the pickle of the eviscerated and uneviscerated 
fish. The quantity of total volatile nitrogen, however, was slightly 
greater in the case of the uneviscerated fish. 

It is seen from these three sets of experiments that fish lose more 
water when dry salted than when held in strong pickle. The amount 
of nitrogenous material extracted in proportion to the amount of 
water removed is very much less in the case of fish held in dry salt 
than that extracted from fish held in pickle. More nitrogenous sub- 
stances are extracted from eviscerated fish than from uneviscerated 
fish, while a-greater amount of nitrogenous extractives is removed 
from fish relatively poor in fat than from fairly fat fish. 

LARGE SCALE. 

To secure experimental conditions which would approximate as 
nearly as possible those of actual practice and still keep the work 
under control, two additional experiments were conducted on the 
dry salting of fish. 

The first one was made on fish from Grand Manan, which had been 
about 8 hours out of water. The weather was decidedly cool, so 
that they were in good condition. The largest fish were discarded, the 
experiment being conducted on 70 pounds, accurately weighed to one- 
half ounce, of one-quarter oil and three-quarter mustard size. 

The salting, which was done in a small barrel provided with a hole 
in the bottom, through which the pickle could be drawn off at inter- 
vals, was at therate of one sack to a hogshead, which 1s approximately 
180 pounds of salt to 1,000 pounds of fish, or 13 pounds to 70 pounds 
of fish. The brine was drawn off after the first hour and the second 
hour, and then at 2-hour intervals. A sample of the fish designated 
as fresh was taken from the lot as it was being salted. After drawing 
off the brine at each time interval, a sample of fish was removed, 
weighed, washed free from adhering salt, the heads removed, and 
eround thoroughly. The brine collected after each interval of time 
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was measured, weighed, and analyzed. The results of the analyses 
are given in Table 17. 
A gradual loss of water occurred during the entire period the fish 

remained in the salt until at the end of 12 hours a reduction of 11.07 
per cent in moisture is noted. This loss was accompanied by an ap- 
parent gain in fat of 2.43 per cent, which, however, on being calculated 
to a water free basis, becomes an actual loss of 3.10 per cent. Ona 
moisture, fat, and salt free basis 4.06 per cent of nitrogenous material 
was abstracted from the fish by the action of the salt and brine. 
The ammonia and amine nitrogen content, which fluctuated mark- 
edly, showed a general tendency to decrease in accordance with the 
length of time the fish remained in salt.1. In this particular lot of 
fish the maximum amount of salt was: absorbed during the 8-hour 
period. 

As soon as the fish are placed in salt the formation of brine begins, 
and the results of analysis of the brine show that appreciable quanti- 
ties of nitrogenous extractive material passed into this brine formed 
from water removed from the fish. The maximum amount of nitroge- 
nous material was abstracted during the 4- and 6-hour periods of the 
time in salt, although the greatest quantity of brine was collected at 
the end of the 6-hour period. The quantity of nitrogen in the brine 
increased from only 206.3 mg during the first hour to 1,865 mg at 
the end of the second hour and was then fairly constant. The largest 
amount of nitrogen was obtained in the next period or at the expira- 
tion of 4 hours, during which time a total of 1,992.5 mg of nitrogen 
passed into the brine. During the next 2-hour period, in which 
the largest amount of brine was formed, the amount of nitrogen 
abstracted by the brine was but a few milligrams less than that found 
in the previous period. 

The nitrogenous material extracted during the 8-, 10-, and 12-hour 
periods diminished noticeably, though still fairly large. The amount 
of ammonia and amine nitrogen per 100 cc of brine increased notice- 
ably from the first hour on. The largest amount was found at the 
expiration of the 6-hour period, when a total of 90.3 mg is shown, 
after which a gradual decline is indicated. The greatest amount of 
amino acid nitrogen obtained, 435.9 mg, was found in the brine for 
the 4-hour period. This corresponds to the period in which the 
largest amount of protein material was abstracted. The total quantity 
of nitrogen in the brine for the entire 12-hour period was extr acted 
at the rate of 152.4 mg per pound of fish. 

The figures in Table 18 showing the loss of weight and the per- 
centage loss of the total amount of fish and salt are interesting. 

1 The ammonia content of the fish in this experiment was high because the samples had begun to 

deteriorate before the determination could be completed, and may also have been influenced by irregu- 
larity in salting and sampling. 
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The weight of the fish and salt decreased uniformly during the first 
12 hours, but from the 12-hour to the 20-hour period it was small in 
comparison with the loss which occurred when the brine formed was 
drawn off at 2-hour intervals. Obviously not as much brine is 
formed after this period, when itis allowed to remain surrounding the 
fish. The greatest loss in weight occurred between the 4- and 6-hour 
periods, when 2.82 pounds, or 3.72 per cent, of the weight of the 
material at the beginning of this period was removed in the form of 
brine. The total loss of weight at the expiration of the 12 hours 
that the fish remained in salt was 17.9 pounds, which, corrected for 
the total weight of the samples taken (4.3 pounds), leaves 13.6 
pounds, or 16.39 per cent, as the actual loss of water, salt, and protein 
material from the original weight of fish and salt. The total loss 
for the 20-hour period amounted to 18.4 pounds, or 22.17 per cent, 
of the original weight. In this particular lot of fish nearly one- 
quarter of the weight of the original fish and salt was abstracted by 
brine during the 20 hours in ‘‘dry salt.” 

TABLE 18.—Loss in weight of fish held in dry salt. 

Weight of fish and | 
salt.t | 

ne | Weight : ; 
Condition of fish. Brome Loss in weight. 

Bae which | Semple. 

otal. || loss was | 
obtained. 

—_—— : 

EXPERIMENT 1. 'Pounds. |Pownds. | Pownds.| Grams. | Ounces. | Pounds. | Per cent. 

SU meager 1 8a co oe Veeco [ce a ae 
Held in salt— 

TOURS. == ee eeree eee aces 82.6 81.9 0.7 181 6.4 0.4 0. 50 
FAO Seat ccasnsOGEs0 50 Be (hbal -6 992 35.0 2.2. | 2.68 
ANSNOUTSEA oa. eee eee Renee 76.5 75.9 .6 1,179 41.6 2.62 | 3.29 
Gihours s.b52 cea eee eee 73.0 72.4 6 1,282 45.2 2. 82 | 3.72 
SiHoursh. nee Sesser aot eis 70.2 69.6 -6 $81 34.6 | 2.16 | 2.98 
1OMOUISe 0. 2 eee eos ee 67.6 67.0 -6 902 31.8 | 2.0 | 2.87 
IZM OUNS 3332 Osea eee Cee 65.1 64.5 ZAG 872 30.7 | 1.92 | 2.87 
DONO UES ee Eee eee 60.3 |0 See epee 1,917 67.6 | 4.23 | 6.56 

EXPERIMENT 2. ; | 

Frosh...-----+-+-2scseeseeeeees { “tig FEES oe ee ee ee eee 
Held in salt— 

MHOUT wesc cee eae see 146.0 145.1 9 442 15.6 0.98 .70 
PANOULS  asen tcc sels ote ce 142.5 141.6 9 1,157 40.8 2.6 1.79 
ANOUIS joe See See coeeees 136.9 136.0 9 2,138 75.4 | 4.7 3.32 
GMNGOUISee sce eee en 132.0 131.9 9 1,795 63.3 4.0 2.94 
SHOUTS eee eee oaeese ae 128.5 127.6 9 1,5 54.5 3.4 2.58 
1OMROUTSH— eee eco ese 124.5 123.7 8 : 49.3 3.1 2. 43 
HOMOUES =eeeeeenee nese es <= 120.9 120.0 9 1,284 45.3 2.8 2.26 
ZOOS enna reenact s.ce T1258) Serer E-Feeetsr | 3,273 115.5 | 1.2 -} 6.00 

| \ 

1The first column gives the weight of fish and salt at the expiration of the different intervals of time at 
which the brine was drawn off. The second column shows the weight of fish and sa!t from which the 
brine for the succeeding interval of time was obtained. Thatis, the figures in the first column are corrected 
for the weight of the sample taken, forming the figures from which the true percentage loss for each interval 

was obtained. 
2 Fish. 
3Salt. 

The total volume of brine collected during the 20 hours the fish 

were in salt amounted to 6,970 ce, which, as a saturated salt solution, 
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would contain 2,509 grams, or 5.5 pounds, of salt. Subtracting this 
amount of salt from the total actual loss during the 20-hour period 
gives 12.9 pounds, or 18.4 per cent, of water and protein material 
removed from the original quantity of fish. The same calculation 
applied to the results obtained for the 12-hour period indicates that 
9.3 pounds, or 13.3 per cent, of water and protein material was 
extracted from the fish during this time. 

The second experiment of this series was run on fish which had 
been but 3 hours out of the water, being, therefore, somewhat fresher 

than those used in the first experiment. They were of uniform size, 
about 7 inches long, and were much fatter than those of the previous 
lot. One hundred and twenty-four pounds of fish were treated in the 
same manner as the others (p. 40), using 23 pounds of salt. The results 
of analysis are recorded under “ Experiment 2” in Table 17. 

During the 12 hours they remained in salt these fish lost the same 
percentage of water as those in Experiment 1. A comparison of 
results for the two experiments shows that the fatter fish do not 
absorb salt quite as rapidly as the thinner ones. A more gradual 
absorption of salt up to, and including, the 8-hour period and a more 
marked increase during the 10- and 12-hour periods occurred in the 
fish used for Experiment 2. The percentage amount absorbed dur- 
ing the 12 hours, however, was practically the same for both lots of 
fish. The greatest quantity of ammonia and amines was found in 
the fish at the end of the 4-hour period. 

The largest amount of brme was formed during the 2- to 4-hour 
interval. A decrease in the rate of formation of brine occurred when 
the brine was allowed to accumulate. The specific gravity of the brine 
was highest at the end of the 2-hour period. The greatest quantity 
of nitrogenous material extracted, represented by total nitrogen, 
was found at the end of the 4-hour period. The quantity of amino 
acid nitrogen was also correspondingly high for this period. In Ex- 
periment 1 the highest amount of protein material was extracted 
during the same interval of time, but the largest volume of brine 
was obtained at the end of the 6-hour period. The greatest quantity 
of ammonia and amines, as nitrogen, in the brine was found during 
the 10-hour period. 

With the exception of the specific gravity of the brine and the 
results for ammonia and amines, the quantity of the materials de- 
termined declined gradually from the fourth period, when the maxi- 
mum. was reached, to the end of the 12-hour period. For the entire 
12-hour period the total quantity of nitrogen in the brine was extracted 
at the rate of 151.1 mg. per pound of fish. None of the extractive 
materials was determined in the brine collected at the end of the 
20-hour period. 
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During the first hour (Table 18) nearly 1 pound of material, or 
0.7 per cent of the total weight of fish and salt at the beginning of 
the experiment, was lost. The greatest loss occurred at the end 
of the 4-hour period. After bemg “dry salted’’ for 20 hours, the 
total loss of material, water, salt, and protein substances amounted 
to 28 pounds, or 19.05 per cent of the weight of the fish and salt at 
the beginning of the experiment. This is 3.12 per cent less than that 
found in Experiment 1. The volume of the brine collected during 
the 20 hours amounted to 10,860 cc, which, as a saturated salt solu- 
tion, would dissolve 3,910 grams, or 8.6 pounds of salt. This leaves 

19.4 pounds as the actual loss of water and nitrogenous material re- 
moved from the fish during the 20 hours in salt, and is 15.65 per cent 
of the total weight of fish employed at the beginning of the experi- 
ment. This is 2.75 per cent less than that abstracted in Experiment 
1 for the same period of time, showing that the fatter fish lose less 
extractive material while in salt. 

Practically one-quarter and one-fifth, respectively, of the original 

weight of fish and salt was lost in 20 hours, the smaller loss occurring | 
in the case of the fatter fish. An appreciable amount of nitroge- 
nous substances was extracted from the fish during the time they 
remained in salt, although, as shown by the figures in Table 15, not 
as much as would have been removed had the fish remained in 
pickle for corresponding periods. This is due to the fact that a 
number of protein substances are rendered insoluble by salt and 
very strong salt solutions. As the solution grows weaker, or if very 
weak pickle is used, a larger proportion of these protein substances 
are dissolved. These substances give fresh fish the characteristics 
which distinguish them from salt fish. The maximum quantity 
of the nitrogenous material was extracted at the end of the first 
4 and 6 hours, a marked increase being shown at these periods 
over the 2-hour period when the fish were salted at the rate of 
one sack per hogshead. 

The results of these experiments indicate that 2 Hone or less is the 
proper period of time for pickling or dry salting the fish, when the loss 
of the minimum quantity of extractive material is considered. The 
time allowed in the older method when the fish were pickled in the 
pickling sheds, usually 2 hours, permits the conservation of the 
maximum quantity of those extractive substances which are char- 
acteristic of fresh fish. 

EFrrect oF VARIOUS STEPS IN CANNING PROCESS ON SALT CONTENT OF SARDINES. 

A number of analyses were made to determine the variation of the 
salt content of the fish at different stages of the canning process 
under actual commercial practice. The results are given in Table 19. 



MAINE SARDINE INDUSTRY. 47. 

TABLE 19.— Variation in salt content of fish at various stages of the canning process. 

Salting and Chemical composition. 
Pickling period. 

On 
ite water 

Condition of fish. Dry In On original samples. and 
salted | pickle fat free 

in | in fac- basis 
boat. | tory. 

Water.| Fat. Salt. Ash. Salt. 

Lot 1 (oil size): Hours.| Hours. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
TOYo haa) SYee NHS Sea Ore es me cient wee URN NEE. Sie Shu (ae ae 70.30 | 10.48 OFG5 ies 3.38 
HNO MIC KIOE ee ee ee oe teen ee 3 3) |) 72.96 7. 24 IEG eosoaaae oars 
AlfGonshGanlin 4-53 <5 =e os cee tosses 3 3 | 69.33 7.31 25s ben aevatea 5.35 
Hromvdrien (sihours) Seer cs ee eee 3 3) |) 63.52 8.33 de || pete ap ae 6. 29 

Lot 2 (oil size): 1 
IDO ENT COR EAS UG Be HaRE EEOC LH amone SHE DAN yam 59. 04 9.37 SOS Me eaee 7.40 
After steaming and drying................ DA eee Noes 54.12 | 18.66 3.13 5. 23 11.49 
Packed in can, sealed, but not processed. . A few nest 43.54} 31.74 SHO2h eee 14. 23 
Packed in can, sealed, and processed...-.. DAN HER Dele. 48.23 | 27.92 PTV A Ee aes 11.32 

Lot 3 (oil size): 
From flakes before steaming .............. Sie es 69. 63 7.15 BPP) becooboe 9. 56 
From flakes after steaming and drying.... SHH ATER 61. 40 9.30 Pa Re ee 7. 20 
Packed in oil and processed.............-. SiGe Sill sre, me Si 50.36 | 24.60 NOY eee enione 8.11 

Lot 4 (oil size): 
HROMNDOAG ER eee ee eet Phil el pl 68. 62 9. 40 45 2.92 3.41 
TOM PICkKlowe eae BNR k Ve Lea 2 1} 60.33 | 15.11 1.93 3.08 7.86 
After steaming and drying................ 2 1} 60.77) 14.32 2. 04 3.45 8.19 
Packed in oil and processed.............. 2 1} 54.02} 16.81 1.61 3. 16 552 

Lot 5 (mustard size): 
FHOTIU DO A eer eee eee eae OS rad SAN QAM Eins 59.59 | 13.16 ATs Fh anes bea a 5.61 
After steaming and drying................ Aa | ees 58.58 | 17.12 1.96 3. 71 8. 06 
Packed in mustard sauce, sealed, and 
PEOCESS OC eee seme ete ees ae IO PAWEL TG ia 67.14 | 16.14 2.35 3. 87 14.05 

1 Salted at the rate of 1 sack per hogshead. 

It is seen that the salt content is most seriously affected by the 

steaming process, which readily removes the salt, especially when it 

is present in large amounts. Further tests were therefore made to 
determine how much salt is lost by steaming fish under certain con- 
ditions. ‘The results which appear in Table 20 are self-explanatory. 

TABLE 20.—LE fect of steaming on salt content of the fish. 

Salt 
Bis (water 

Souter of fish. Water. Fat. Salt. andar Loss. 

freebasis). 

Lot 1: Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
OTitiotipiekdlerec eves: so Saree REE N e  eee e 66. 61 5. 93 6. 66 HZON ES ach ets 

Makin opmachine! sensi cles see leap eee cores 64. 08 6.13 6. 50 21. 82 2.43 
Steamed slO ml MUGes 2a yi is eee ee ee 61. 80 6.78 5. 78 18. 40 3.42 

= Steamed 15 minutes............. SE ene 62. 71 7.07 5.57 Ee BY Ua Seo 
ot 2: 

Outjrohipicklen sy 5 ¥ ei. Mas ape aa Se SH 66. 43 11.53 2. 24 ORO Zils eee 
Flaked'and steamed 12 minutes............../.. 65. 28 10. 74 1.97 8.21 1.81 

EFFrect oF CUTTING AND EVISCERATING ON LENGTH OF TIME IN PICKLE. 

Two large samples of eviscerated and uneviscerated fresh fish were 
held for varying periods of time in pickle made up to read 90° on 
the salimeter and containing a slight excess of salt in a solid state. 
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The amount of pickle used, about 14 buckets in each case, was rela- 
- tively somewhat more than would be employed in actual practice. 

At the end of each of the periods indicated in Table 21 samples of 
the fish were flaked, steamed for 10 minutes, dried, cooled, packed, 
oiled, and processed for 2 hours. The salt content of the fish 
subjected to this treatment is shown in Table 21. 

TaBLE 21.—Sali content before and afier packing of cut and uncut fish held for varying 
periods in pickle. 

Fat. 

Condition of fish. Water. | F 
. | Samples | bil eS } i 

| | astaken.| jos 

| 

Cut fish taken irom pickle: Per cenit. | Per cent. | Per cent. 
Unsalted (fresh) -........._- 71.47 7.84 | 27.47 
In pickle— | 

30 anes soos] tS 67.24 i DST (eS .. 0 
hae e222 67-90 S: Boge ial : 
2 houwis 2: 5522 =--5 ee 67.31 | S650. == : 
S hiautss) Se 65.41 | 9:84 | 52-. te | 
4 hours. .......- sae-2= 55 64.55 | 9.48 | 26.74 | : 

Uneut fish taken from pickle: | 
Unsalted (fresh) ...........- 66. 12 | 13.61 40.17 | 2 
In pickle— 

30 minutes_.....-....-- pase) Pa oe ee lis (iar eR ee 
Shour. 23 foe ee 66.35 S2UAG Ese 1.68 | 7.93 [ists Ml Meee SO Ee 
2hors= =e 65.71 1-2 See 2.85 | 11.85 SS ee 
3 hands ee 60.58] 14.77 gee 3.19| 12.94 1: 091 eee 
Atnits 0 eee 59.36 14.25] 35.06 | 3°77 1%, 12s 434 eae 

Cut fish after steaming, packing, | 
and processing: 
Jo eS ese Sian 48.42 28.38 bseeo--- | AZ eee eee +0.22 

pickie— 
30 minutes... -.......-- 48. 1i rn Ny Wi ee 1.92 | 8.41 6.60! —1.23 
ug ho See ee M6 87 |, SUN eae 2 2.27) 9.60 1i9| 4.47 
2 Sas 20 ees 44.495 ee GOs ee 2. 87 11.47 1.87 } —6.22 
3 hones hss =. eee 35.45 =e ay Beet ee oe | 3-98 | 13.58 2.11 —8.49 
A hours. 322 TS 42.73 | Taye Eee ae 4.00 | 16.35 2.77 —6.6 

Uneut fish aiter steaming, pack- 
ing, and processing: 
Unsalted (fresh)..........-- 51.61 | PAINS 43 1:59))-.-3 + .4l 
Tn pickle— | 

0 Wass __ 2s Ss Se 51. 98 24. SS Lie ee 1 a an Be _ an 
 Wigite: co* ee es 45.53 5 LE Eee 1.79 | 7.95 -28 + .@ 
2hhours See O69) 32:38 ]/---_ 2. 2.45 oS [is (eae 
SS AMES. SA ee eS 35.12 | eas Ag ES ee as 3-22 | 11.22 2.09 —1.72 
Ants eee 448 51 By4 @) ee ee ee 3.21 13.8 | 2.21 —- .5 

A comparison of the actual amounts of salt absorbed at the expira-° 
tion of each period shows that the cut, or eviscerated, fish take it up 
much more readily than the uncut fish. At the end of 30 minutes 
the cut fish had absorbed more salt than the uncut fish at the expira- 
tion of one hour, and at the end of one hour in pickle they had ab- 
sorbed practically the same amount of salt as was found in the 
uneviscerated fish after 4 hours in pickle. At the close of the 4- 
hour period in pickle, the eviscerated fish had taken up about 57 
per cent more salt than the uneviscerated fish for the same period of 
time. At the end of the experiment after 4 hours, the pickle of 



MAINE SARDINE INDUSTRY. 49 

both ne cut and uncut fish read 85° on the salimeter. One-fourth of 
the time necessary for the uneviscerated fish to remain in strong 
pickle (90°) is sufficient for the eviscerated fish to acquire an equiva- 
lent salt content. 

The effect of steaming on the salt content of the sardines packed 
from these two lots of fish shows the same relative differences at the 
various intervals of time as existed when the raw fish were taken 
from the pickle. The loss of salt by steaming was greater in the cut 
and eviscerated fish than in the uncut fish. The salt content of the 
packed goods prepared from fish held in pickle 30 minutes was much 
higher in the case of cut fish than that from uncut fish which had been 
in pickle one hour. The degree to which steaming removes the 
excessive amount of salt is well shown in the case of cut fish which 
had been in pickle for 2, 8, and 4 hours. Before steaming 
these fish contained 17.69, 22.07, and 22.41 per cent of salt, respec- 
tively. After steaming and packing they contained 11.47, 13.58 and 
16.35 per cent, a loss of 6.22, 8.49 and 6.06 per cent. The pack from 
the uncut fish, which had been in pickle 4 hours, contained 13.43 per 
cent of salt, a loss of only 0.85 per cent from the amount found in the 
raw fish. These results show the extent to which steaming removes 
the salt from the fish, particularly where it is present in large amounts. 
A comparison of the salt content of eviscerated with that of 

uneviscerated fish, at different lengths of time in pickle, points unmis- 
takably to cutting and eviscerating as the means for obtaining the 
proper salt content of fish in the minimum period of time. It also 
follows, therefore, that cutting and eviscerating permit the proper 
pickling of the fish with the least loss of extractive material. 

Fish that are to be fried in oil when cut and eviscerated require 
much less time in pickle than fish which are to be steam cooked. 
From 10 to 15 minutes in a 90° pickle should be sufficient for evis- 
cerated fish which are to be fried in oil. 

During the course of this experiment it was noticed that, while the 
bellies of the uncut fish broke out to some extent during the time 
they were held in pickle, the cut fish showed no signs of being belly 
broken. 

DISTRIBUTION OF SALT IN SARDINES. 

The distribution of salt in the skin and meat of the uncut fish and 
the loss of salt from the skin after steaming were determined. One 
set of samples was prepared by removing the skin from a number of 
fish which had been in dry salt for seven hours. Another set was 
prepared from the same lot of fish which had been steamed for 10 
minutes. The results of the analyses of these two sets of samples 
are shown in Table 22. 

5890°—20—Bull. 908-4 
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TABLE 22.—Distribution of salt in uncut fish. 

| 
Salt 

(water 
Contained in— Water. | Fat. | Salt. and fat Loss. 

free | 
| basis). | 

Per cent. | Per cent. Per cent. | Per cent. | Per cent. 
Slime os pare ees Seite. at es PEE ae He ae 63. 70 14. 62 | 4.05 AR Or eer tare 
#lesh Be eee IEE Na Vin ae A St OE So 70. 76 3.56 1.79 6. 90 See oo ee 

‘Before sicaming 5 Se. ee ee a 56. 03 21.98 | 4/26 | 30-37 os eee 
2. 15 | 10.00 9.37 After steaming 10 minutes.................:..... 50. 41 28. 09 | 

The skin contained four times the amuunu of fat or oil, and nearly 

two and one-half times the quantity of salt found in the flesh. The 
fact that one-half the amount of salt present in the skin was lost 
during the steaming process explains the removal of the large per- 
centage of the salt contained in the fish shown in Table 19. 

PERCENTAGE OF SALT IN © ‘INES. 

To obtain an idea of the length of time necessary for fish to remain 
in pickle to attain the proper salt flavor, a number of samples from 
the foregoing experiments (Table 21) were submitted to an impartial 
jury with no knowledge of the way the products had been prepared. 
Of the uneviscerated fish, the pack composed of fish which had been 
three hours in pickle was judged the best, while in the case of the 
eviscerated fish, the majority favored the packs which had been in 
pickle for from one to two hours. 

Of the packs which were regarded favorably, the uneviscerated 
fish contained 3.22 per cent of salt, and the eviscerated fish 2.27 and 
2.87 per cent. This discrepancy may be explained by the fact that 
the viscera of uncut fish which have been held in pickle or salt contain 
a higher percentage of salt than does the flesh which was the part 
tested. 

While the question of the best flavor is a matter of individual taste 
for which no hard and fast rule may be made, an average of 3 per 
cent of salt may be considered the most satisfactory. At all events, 
an amount varying from 2.5 to 3.5 per cent in the finished product 
would prove satisfactory to the majority of people. It would seem 
wise to undersalt rather than oversalt the fish. 

FLAKING THE FISH. 

The purpose of flaking is to distribute the fish evenly on flakes, or 
wire-meshed rectangular frames, so that the drying medium can 
reach them all uniformly when the flakes are taken into the drying 
room. This purpose seemed to have been entirely forgotten in the 

many instances where the fish were found piled high up on the 
flakes, that thereby became containers of fish rather than drying 
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racks. Figure 1, Plate XIV, shows a flake where the fish are entirely 
too thick, although it does not represent the maximum number of fish 
found upon one flake during the course of the investigation. Some- 
times fish which have been flaked too thickly become glued together 
during the drying process (Pl. XIV, fig. 2), making it necessary to 
tear them apart before placing them in the cans, much to the detri- 
ment of the pack. Too thick flaking also causes uneven drying. It 
has been demonstrated that thin flaking of the fish results in a better 
degree of drying in a shorter period, facilitates packing, eliminates 
waste due to marred and broken fish, and produces a larger yield 
and a better looking can of goods. 

The number of fish of various sizes that can be distributed to best 
advantage on, the flake is shown in Table 23. 

TABLE 23.—Number of fish of various sizes per flake (hand flaked). . 

Size of flakes. Number of fish. 

Over all.|Internal.| 4-inch. | 5-inch. | 6-inch. | 7-inch. | 8-inch. 

Inches. Inches. 
22 by 36 | 19 by 33 106 87 53 49 48 
30 by 30 | 27 by 27 131 104 84 52 48 

Several canneries packing the higher grades of sardines flake the 
fish by hand, thereby securing a very even distribution and eliminat- 
ing the losses from mechanical injury. Where machines are used for 
this purpose, the utmost care should be given to their operation to 
avoid a thick and uneven flaking of the fish. 

DRYING THE FISH. 

Drying is a very important step in the canning of sardines, par- 
ticularly in the case of those which are steam cooked. _ Packers who 
fry the fish in oil realize the necessity of frying only fish which have 
been properly dried in order to prevent spattering and breaking when 
the fish are first placed in the fryer. Fish after frying in oil do not 
contain an excessive amount of water, one point of superiority of 
fried sardines over poorly dried steam cooked sardines. Fried fish 
contain a fairly uniform quantity of water, ranging from 60 to 64 
per cent, which should be the limit for the degree of dryness to which 
steamed fish are brought before packing. 

In the tunnel type of driers where the removal of the excess water 
is accomplished by drawing a current of warm air over racks of the 
flaked fish, a number of factors make a rigid control of drying quite 
difficult and at times impossible. These factors (some of which can 
be controlled) are the humidity of the air, the volume and tempera- 
ture of the air passing through the drier, the size of the fish, the 
amount of water they contain, the surface exposure, and the time 
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allowed for drying. In many instances more attention given to 
those controllable conditions responsible for the variations in the 
degree of dryness to which steamed fish are brought before being 
-packed would insure a higher quality pack than when they are dis- 
regarded. 

In the examination of a number of cans of inferior sardines during 
the early part of this investigation it was discovered that the con- 
ditions found could be attributed, in many cases, to insufficient 
drying of the fish. 

The influence of some of the factors responsible for variations in 
the water content of the packed fish is shown in the results collected 
and experiments made on drying under various conditions during 
the course of this investigation. 

Errect oF STEAMING AND DRYING ON COMPOSITION OF SARDINES. 

Five lots of fish were steamed and dried under varying conditions, 
with the results shown in Table 24. 

TABLE 24.—Effect of steaming and drying on moisture and fat content of sardines. 

. Actual 
Stage of canning. | Water. Fat. pines loss of 

= water 
SCF cue SS o_O 

Lot 1 (large fish): | Per cent. | Per cent.| Per cent. Per cent. 
‘Hromnmisiakes. 2 cs2ce sc So SE ee ee Bee ee bee oe | 59. 90 17 6b) FS ee LE, sien S 
From steam box (steamed 15 minutes). . ........-.-..-.-<-- G12 04) he eae oe |: 4) Sena Sen 
Krom Grier (dried 13 hours). = 3-2 22725 2-2 324, eS 59.10 17.00 | -80 1.96 

Lot 2 (three-quarter mustards): 
‘Bron’ steam jbOs. |. 2044-26 ees eR ee 62.31 155627) et Seer oe ee 
Prom Grier 3.2 2 Se en BE 8 eee ee ee 61.30 14.36 1.01 | 2.61 

Lot 2 (one-quarter oils): cS 
‘Brom steam. box": 0" 8 ee a ee eee 70.12 Ta! i ple ee ee aso ee 
RE ORT CER ee eee TUES eee see | 9.18} 23.50 

Lot 3: | 
‘Mroim' b0at=s 2 oe oe re ee ee ee 66.20 [oo eos tees ee ee ee 
Krom flaking machine 29.222 25 22 os 64.01 12-81 | 2.19 6.08 

7 Steamed 15 minutes and dried 15 minutes (kiln drier)-.-...._- Ct ae [ | fy lage gt le i 6.50 16.13 
ot 4: } 

BR POnePICKIC | 02222 8 a) ern eee ce Sane ee ee | 7 URS ih) eis Spent e Bot Shes ar a | Lae abet gt 
Steamed 26! 2232s sale es ee RE Le eee 68:58 Jaci 2s 2.00 6.31 
DPIC oe Fn Sei Ree ae re ee Se ares A ee ee ree eee Gt pe | heh Teese 8.37 25.89 

Lot 5: 
From pickle (in pickle 12 hours). ---..._.------.-----=.+---- 60.08 | 8.4913 oS See 
Steamed and dried. .........._- eee eee eee eee OF ye 59.31 12.65 

1 Possibly due to irregularity of sampling. 

Since large fish require a longer drying period than small fish, the 
packer should grade his fish by size before sending them to the drying 
room. 

EFrrect oF VARIOUS CONDITIONS OF DRYING ON SARDINES. 

Experiments were conducted in certain canneries to ascertain the 
amount of water driven from fish under various conditions of drying 
and to determine the effect on the quality of the sardines of packing 
fish containing various quantities of water. The analytical results 
given in Table 25 show the water content and percentage loss of water 
under different conditions and periods of drying. 
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Fic. I.—FISH FAR TOO HEAVILY FLAKED. 

The fish can not be properly dried when so thick, and when roughly and carelessly pulled apart 
they are greatly marred and damaged as they are packed. 

Fig. 2.—FISH SO THICKLY FLAKED THAT THEY BECOME GLUED TOGETHER IN 
DRYING. 

Entire sections of fish of this size and larger could be removed from flake. Note transverse cracks 
on fish caused by excessive salting. (Castine fish.) 
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FiG. 2.— FISH MARRED BY MARKS FROM DIRTY FLAKES. 

Note also the waste caused by cutting back fish of large size. 
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TABLE 25.—Effect of various conditions of drying on water content of fish. 

P Actual ale. Water Differ- 
Condition of fish. loss of 

content. ence. water. 

Lot 1 (three-quarter mustards): Per cent. | Per cent. | Per cent. 
HNOTIDSUCA INDO XE SNe es Bae cramer nase eee ce bias ise Clce a ieee eae GBEGS ee yk eeoeel secretes 
ID SGA) OUST ea tral OO Say arse aia eee assy eek LC Bose gene han. ei ne Ole ae 59.98 3.67 9. 20 
Dried 7 hours, left over night, and dried 14 hours the following morning. 54. 20 5.78 20.63 

Lot 2 (three-quarter mustards): 
Rawat shi(aiternsaltimo) iy sci aes 2). oe otis dati mietacteinine & aus ooops (Gs toto iy RARE entes mero I fo eer 
IE ROTIS EOS ITs DO Ramee tae cc toa Re yee Oe aay cys SINR UE Ae agen GSN Sines cree epee | pace SUR oer rn 
Dried 15 minutes, 1 revolution of wheel, coal fire, left at room tempera- 

GUTS TOTA ON OUTS pin ere ose eee APIS INC Serato anicierernye 55. 70 8.18 18.47 
Lot 3 (one-quarter oils): 1 

Riawinisnv(aiter Salo s)he cca cee celeron ine e wie elraietater ciacsiare wie Go AON eae eee cease 
ROM STE AMT DOK 7) OF OTTO Me mer eee ase ip eran ie eae Een ena 64.70 .70 1.98 
ID TISGeZO MTT UIT ES San eta oe tee eae RE peed ee et Veen Oe C ts ilusre TS 62.33 2.37 8.15 
PI PISGIAOMNINUCES: 5 He ee Fe ey See eal lay Si oy Faye loc Mi ips Ns Minn 64.28 1.95 3.14 
EE) LOCA LEED OUT Se esr a ee Nes ae et Speen be eile ey sli, LN MUR oe che ost 61.12 1.21 11.01 
Dried hehoun/anGsZO mimes eye ee eons ease alts crus rey ay Seca 62.67 1.55 7.31 
DTicgMEhOUTar Gla Opt SS ee eee ee area eee ae ap eee 62.53 14 7.43 
MD YTS DT OUITS Bee FAS Se Big sale eee nese aa a i A Slee NNO) a cobalt 60. 63 1.90 12.17 

Lot 4 (one-quarter oils): 2 
et we (a TOYS a1 Gino) Sa Sere ey gees eh agree eS le I a a eS OS SSE NR ier sere lyst MAL é 
Eromisteam box (Steamedwibminuttes) 225. 22 32 a so eee eee eee 67.64 2.74 8.47 
Dried! 20 MM IN TEES Sapper sinters hte ei a A Mla oy NE a A 64.75 2.89 15.97 
OGY Oe UGS eee eae ean te ane ALT Nae SAN ce at 61.18 Be57 23.70 
Dried hie Our eee see ete ge eA Ula Waites SSE De ib iN 61.18 0. 00 23.70 
DricdhshounanG ZO nniMiGesta seers ee Secale tans ant 62.26 1.08 2152, 
ried Ouse tA Oba UG Cie se Ri eR aa eet wb 8) le ne 58. 40 3.86 28.80 
DT CCEA ETT OUTS eee cee eee re ani ae et rss ee ah SE Vel oyu Ril vet Za spat Ne er 58.05 pets) 29. 32 

1 Rain fell during the entire day, making the conditions most unfavorable for drying. 
2 Experiment conducted on a bright, clear, cool day, ideal for drying. 

asta haly (tunnel) dryer, run with a very large volume of air a little hotter than that usually found, 

The marked difference in the rate of drying of lot 3 and that of lot 4 
is due to the presence in the air of moisture during the entire day on 
which the experiment with lot 3 was conducted. The effect of such 
unfavorable drying conditions is well shown in the small variations 
in the water content of the fish at different intervals of drying, an 
actual loss of only 12.17 per cent of water occurring during the 2 hours 
the fish remained in the drier. 

The experiment on lot 4, consisting of fish from Castine, strongly 
salted and of a size packing 14 to 18 fish to the can, was conducted 
on a bright, clear, cool day, ideal for drying. The air (tunnel) drier 
was run with a large volume of air, a little hotter than is customary, 
the temperature in front of the steam coils ranging from 110° to 115° 
F. The total loss of water from these fish amounted to 29.32 per cent 
for the two hours they were in the drier. Under the conditions pre- 
vailing drying for a period of from 20 to 30 minutes would have been 
sufficient for this particular lot of fish. The fish being packed at 
the cannery from the same lot, however, were being dried from 40 to 
45 minutes. 

The physical appearance of the various packs at the different 
drying intervals was as follows: 

Lot 1.—The mustardsauce in the cans packed with fish taken directly 
from the steam box was darker and somewhat thinner than the original 
sauce, and contained small particles of broken flesh. The flesh of the 
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fish was dark and soft. The mustard sauce in the pack dried for 2 
hours was brighter, and contained no particles of fish. The flesh of 
this fish was white and firm. The mustard sauce surrounding the 
fish which had been dried 7 hours, allowed to stand overnight, and 

then dried 14 hours was bright and of about the same consistency 
as when put in the can, and showed no particles of fish. The flesh of 
this fish was very firm, although not as white as that of the fish dried 
for 2 hours. The contents of the cans of this last pack when opened 
had the best appearance of all four lots. The pack dried 2 hours 
differed very little in taste from that which was dried the longer time. 
The proper quantity of water to be driven from this particular lot of 
fish to be packed as mustards would seem to be 20.63 per cent. 

Lot 2.—On opening the cans of raw fish from this pack a few days 

after they had been put up, it was found that the mustard sauce, 
which was of a different brand than that used in the case of lot 1, 
was quite thin, but retained its yellow color. The fish were soft, and 
had a characteristic fresh fish taste. The mustard sauce of the fish 
packed as they came from the steam box was of a good color and con- 
sistency, and the fish were fairly firm. The fish which had been dried 
and baked were, if anything, firmer than those from the steam box, 
but otherwise the same. The fish which had been dried, baked, and 
allowed to stand for an excessive length of time at room temperature 
were firm and hard. The mustard sauce was thick and pasty, as all 
the water it originally contained had been absorbed by the fish, 
which, however, remained hard and dry. The fish that had been 
packed raw differed very markedly in appearance from those packed 
after an excessive period of drymg. In this experiment the cans with 
the best appearance and quality were those from the pack that had 

been dried for 15 minutes. 
Lot 3.—The steamed fish packed without drying were soft, and the 

cans contained a great deal of water. Fish dried 20 minutes were 
much firmer, and the oil surrounding them appeared to be in good 
condition. The fish dried for 2 hours were the firmest of the lot, 

and the oil around them was the best in appearance and flavor. The 
physical examination of this pack was made before the determina- 

tions for water were completed. All who participated in the examina- 
tion wondered at the apparent lack of improvement in the packs 
which were dried for the customary periods of time. The reason for 
this was evident when the moisture content was known (Table 25). 

Lot 4.—When cans from this pack were opened and compared, it 
was the consensus of opinion that for both the oils and the mustards, 
drying for 20 minutes gave a product of very good appearance and 
flavor. There was not much difference between the packs after 
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drying for 20 and for 40 minutes. It was apparent that, with this 
particular lot of fish, drying for a period of from 20 to 30 minutes 
under the conditions prevailing would have been sufficient. The 
fish packed after longer periods of drying were too hard, and did not 
make a good appearing or tasting can of sardines. 

The results of these experiments show the wide divergence in the 
quality of sardines packed from fish containing varying amounts of 
water. It is true that at certain times, when the intervals of drying 
are short or conditions for drying the best, no very great difference 

in the packed goods is noticeable. The drying period should be as 
- short as is consistent with securing the proper degree of dryness 

for the product. 

Work still remains to be done in establishing simple tests to deter- 
mine when the proper degree of dryness has been reached. It may 
be suggested here that the weight of a number of fish of uniform size, 
taken from the flakes as they enter the drier, be accurately deter- 

mined. When the weight of an equal number of fish of the same size 
after drying 1s 15 per cent less than the weight of the raw fish, the 
proper state of dryness within the established limits will have been 
reached. 

Oil sardines packed from fish insufficiently dried have a distinctly 

poor appearance. They are soft, and can not be taken readily in a 
whole condition from the can, while the oil surrounding them often 
looks milky and usually contains large drops of water. The taste is 
also decidedly bad, often soapy, a condition probably caused by the 

saponification of a small part of the oil during the sterilizing process 
in the presence of the excessive amount of water in the can. If dried 
too much, the fish become dry, hard, and brittle, and the flavor of 
the oil is strongly predominant. Oil sardines prepared from over- 
dried, hard fish lack the characteristic fish flavor. 

VARIATIONS IN WATER CONTENT OF DRIED FisH TAKEN THE SAME DAY FROM 

DIFFERENT CANNERIES. 

A series of samples were taken from several canneries at practically 

the same time of day, to determine how efficiently the fish were being 
dried, and to ascertain the variations in the degree of drying in the 
different canneries. Three of the canneries from which samples were 
taken were equipped with tunnel driers, one with the Ferris wheel oven 
type, and one with the old-style kiln drier. The time of drying was 
60 minutes, 14 minutes, and 3 minutes, respectively, for the three 
types of driers. 

The description of the samples, the kinds of driers, the conditions 

surrounding drying, and the results of this test are given in Table 26. 
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Bul. 908, U. S. Dept. of Agriculture. PLATE XVI. 

Fic. I|.—Two WELL PACKED CANS, BRIGHTS UP, CONTRASTED WITH 

POORLY PACKED CANS, BACKS UP, AND TWO POORLY PACKED CANS, 
BRIGHTS UP. 

FIG. 2.—CANS OF SARDINES FAIRLY WELL PACKED, BUT MARRED BY 
ROUGH HANDLING. 



Bul. 908, U. S. Dept. of Agriculture. PLATE XVII. 

Fic. |.—AN EXAMPLE OF GOOD PACKING CONTRASTED WITH POOR PACKING. 

Cans taken from packing table before being oiled. Same Jot of fish, taken from the same weir on the 
same day, but packed by different concerns. 

Fic. 2.—SARDINES FROM THE SAME LOT AS THOSE WELL PACKED IN Fle: l, 
TAKEN FROM THE SHIPPING ROOM. 

Note the disarrangement of the fish, due to rough handling after being processed. The mussy 
appearance is Gue to the presence of particles from the ins « of snipped fish and material from 
the intestines. 

Fic. 3.—SARDINES FROM THE SAME LOT AS THOSE POORLY PACKED IN FiaG. 1], 
TAKEN AT RANDOM FROM SHIPMENT READY FOR MARKET. 

Unaiiractive appearance is due to slack packing and rough handling. Noite the 3-fish can which 
shows the absence of standardization of the pack. 



Bul. 908, U. S. Dept. of Agriculture. PLATE XVIII. 

we 

Fic. |.— CAN OF QUARTER O!IL SARDINES PACKED WITH FEEDY FISH. 

It was packed backs up, thus concealing the condition shown on opening the can. 

FIG. 2.—CONTENTS OF CAN OF SARDINES, SHOWING THE CHARACTERISTIC 

BELLY-BLOWN FISH, RESULTING FROM FEED. 



Bul. 908, U. S. Dept. of Agriculture. PLATE XIX. 

FiG. |.—@EFFECT OF RED FEED. 

Every fishin a boatload may be like this when excessively feedy fish are taken. 

Fic. 2.—CONTENTS OF A CAN, REPRESENTING PACK OF GOODS ON A CERTAIN 
DAY, ILLUSTRATING THE DESIRE OF SOME PACKERS TO PRODUCE QUANTITY 

IRRESPECTIVE OF QUALITY. 

Practically all the fish were belly broken from feed, and were literally thrown into the cans, no atten- 
tion being paid to producing a neat appearing can. 
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The results obtained (Table 26) show that a sufficient amount of 

water was abstracted from the fish in all cases except one. Less water 
was removed in the cannery equipped with the kiln drier than in 
those equipped with the air drier, and much less than in the one 
equipped with the Ferris wheel drier. In Cannery HE, equipped 
with an air (tunnel) drier, practically no water was removed. 

Throughout the test, as the results indicate, very little attention was 
shown in this cannery to the important feature of drying. It is 
apparent that the air driers, with the exception of that in Can- 
nery H, and the kiln drier removed a sufficient quantity of water, 
while the plant equipped with the Ferris wheel oven drier did not. 
The degree of dryness of the fish on the next day on which samples 
were taken varies widely. On October 9, which was a rainy day, 
drying was not efficient, scarcely enough in any of the canneries to 
remove the proper amount of water from the fish before packing. 

These results indicate that a great variation in the degree of 
drying sardines existed among the different canneries on the same 
day. It is probable also that variations in the degree of dryness of 
the fish exist in the same factory on the same day. 

INTERMITTENT DRYING. 

The practice of intermittent drying, adopted by a few canneries in 
the preparation of mustard size fish, consists in allowing the larger fish 
to stand for a period of from 8 to 10 hours after the first drying, and 
then drying them for an additional hour or so just prior to packing. 
This should be done only in the case of cut and eviscerated fish and 
those which have been handled in a sanitary manner, because of the 
possibility of the development of bacteria in the viscera and contents 
of uncut fish (p. 86). Fish which have not been cut and eviscerated 
should not be permitted to stand in the driers overnight, as moist 
fish furnish an excellent medium for the growth of bacteria. 

EFFECT OF CUTTING AND EVISCERATING THE FISH. 

It was found that the drying process was aided by cutting and 
eviscerating the fish, particularly those of mustard size. Drying is 
thus facilitated by the removal of the large amount of water in and 
surrounding the viscera, which is particularly difficult to drive off 
from the uncut fish. 

CONCLUSIONS. 

The factors in drying which can be controlled by the canners and 
which are essential in obtaining a uniform degree of dryness are an 
even, thin flaking of the fish, the volume and temperature, within 
proper limits, of the air, in the tunnel type of drier, and the time of 
drying. Too high a temperature of the oven or of the air used in 
drying must be avoided on account of the resulting loss of oil from 

y) 
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very fat fish and for fear of scorching the product. The degree of 
heat which may be employed in drying is therefore limited; otherwise 
it would be possible to overcome the difficulty of drying on exces- 
sively humid days by raising the temperature of the drying medium 
suiiciently to obtain the desired results regardless of the humidity. 
Air should. be taken from a source that will not carry particles of 
dirt to cause contamination of the fish. 

It is believed that a great deal of the difficulty experienced in 
packing the three-quarter mustard sardines is due to insufficient 
drying. Fish that are packed too wet or too ‘‘green”’ become soft 
upon standing, and the mustard sauce often becomes discolored. If 
the cans should happen to be packed too full, resulting in a ‘‘fat can,” 
they are likely to be rejected, particularly if on openmg (cutting) 
the contents are found in the condition described. 

All fish for mustard sardines should be cut and eviscerated. The 
fact that fish of this size are packed in a sauce contaming from 85 
to 90 per cent of water makes it necessary to dry them a great deal 
more than fish packed in oil. In some cases it is the practice to 
allow mustard size fish to stand overnight, after a preliminary drying, 

and complete the operation just before packing. 
lt is also well to have no more than a sufficient number of racks 

of fish out of the drier on the packing room floor, as the fish after 
being dried, particularly on a rainy day, absorb enough water to 
make their handlmg very difficult. It is practically impossible to 
prevent breaking of the skin of fish when handlmg them after they 
have absorbed water on standing. 

The fish should be separated according to their size, so that the 
smaller fish need not remain in the driers as long as the larger ones. 

Probably 90 per cent or more of the Maime sardines are packed 
from- fish which have been steam cooked. Attention, therefore, to 

drying and its better control will have a marked effect on the quality 
of the product. 
Much still remains to be done in studying the conditions of drying 

sardines as packed in this region. Investigations might profitably 
be undertaken with the object of establishing, for example, the proper 
time of drying, the maximum temperature, and the requisite volume 
of air (in the tunnel type of drier) under varying degrees of humidity. 

PACKING THE FISH. 

The packing of sardines differs from that of most food products 
put up in cans, in that it is necessary to arrange the small fish care- 
fully to insure an attractive looking finished product. No other 
foodstuff requires the same skill or technique in the matter of being 
placed in their containers. From the selling point of view it is most 
important that sardines be properly packed. 
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Several photographs illustrating the appearance of the contents of 

cans when packed with varying degrees of care and skill were taken. 
The cans of sardines from which these photographs were made were 
obtained at random from different canneries. While the illustrations 
of the better appearing packs must not be regarded as representative 
of the best packing to be found in the Maine sardine industry, they 
indicate the kind of packing that should be demanded in the ‘‘stand- 

ard”’ grade of Maine sardines. 
Figure 1, Plate XVI, shows two cans of well packed sardines, 

brights up, contrasted with poorly packed: cans that were packed 
backs up. Carelessness in the packing process was responsible for 
the inferior appearance of the unattractive can. , The cans in figure 2 
were well packed, but the fish had been roughly handled on the flakes, 
causing breaking of the skin and other damage. 

Plate XVII is fairly representative of well packed cans, contrasted 
with poorly packed cans. Figure 1 shows two cans packed the same 
day with fish from the same weir, but at different canneries. The 
cans were taken from the packing table before being oiled. The su- 
periority of the cans at the left was typical of the entire product 
of the cannery at that time, and did not represent any special 
degree of perfection in packing. Figure 2 shows the cans taken 
in the shipping room from the same lot as the well packed cans 
shown in figure 1 after they had been oiled, sealed, and sterilized. 
The disarrangement of the fish in the cans was caused by rough 
handling received by the cans during the processing and the sub- 
sequent handling. ‘The mussy appearance of the fish is due to the 
presence of particles from the gills of snipped fish and material 
from the stomach and intestines. Figure 3 depicts three cans from 

_ the lot of poorly packed goods shown in figure 1 after they had been 
taken from the shipping room. The complete disarrangement of this 
slack and poorly packed can is due to rough handling. One of the 
cans selected proved to be a 3-fish can, showing the lack of grading 
on the basis of the number of fish per can (p. 96). These sardines 
also illustrate the utter lack of standardization on a quality basis. 

The kind of goods that brings the Maine sardine into disrepute is 
shown in figure 2, Plate XIX. Practically all of the fish used for 
this pack were belly-broken, from the action of feed, and were literally 
thrown into the cans, with no effort to secure a neat appearance. 
The fault here is not entirely the packer’s, as there is no incentive 
to pack carefully when material of such inferior quality is permitted 
entry into the cannery. 

The conditions responsible for the quality of sardines, as repre- 
sented in these photographs, can be attributed to (a) lack of uniform- 
ity of opinion as to what shall constitute a fair quality of sardines, 
(6) lack of desire on the part of a few to produce any standard 
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quality, and (c) a lack of control over the employees. Sardines of 
the poorest quality are packed in canneries where the methods are 
inefficient and haphazard, and where very little, if any, supervision 
is exercised over the labor. 

RovucH TREATMENT. 

At several points in the handling of fish preparatory to packing 
the fish receive too rough treatment. For instance, they may be 
scooped from the boats after having settled in a solid mass, whereas 

the best practice is to float them well in the hold of the boats before 
bailmg them out. Another source of damage is the pulling and 
mauling the fish receive while on the flakes, particularly when too 
thickly flaked. 

After the fish are packed in the cans the rough treatment the cans 
and contents receive has a direct bearig on the final appearance of 
the sardines. In many cases it was found that the operators in 
placing the cans upon the tail of the sealing machine inserted their 

fingers in the packed cans, thus disarranging and marring the con- 
tents. Sometimes a few cans become crushed, or some trouble with 

the sealing machine causes spilling. The fish thus lost are repacked, 
at the close of the day’s sealing, constituting an inferior product 
because of the careless manner in which the sealer, unskilled in pack- 
ing, does the work. Other commonly found instances of rough treat- 
ment are: 

Permitting the cans to fall a distance of from 2 to 3 feet from the 
sealing machine after the covers have been attached. 

The bailing of cans from the “bath” tanks with scoopnets and 
forcibly throwing the cans on the floor of the cannery. 

Shoveling the cans over in drying and cleaning them with sawdust. 
Tumbling and rattling the cans through revolving sawdust cleaners. 
Shoveling and rolling the cans down too sharply inclined chutes to 

the shipping rooms. | 
Such treatment not only disarranges the fish within a well-packed 

can, but it may dent the seams of the cans, causing leaks. 
Those packers who maintain a definite quality and who take pains 

to pack the fish neatly and attractively in the cans clean the exterior 
of the cans, before shipping, in a careful manner to prevent dis- 
arrangement of the contents. 

ADDING THE OIL. 

QUANTITY OF OIL PER CASE. 

A series of experiments were conducted on fish of different fat 
contents, packed in oil at the rate of 1 quart, 14, 2, 24, 3, 34, and 4 

quarts per case of 100 cans. Four packs were prepared in quarter 
oil size key cans. Fish of uniform size were selected from the flakes 
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in the packing room, at the end of the steaming and drying process. 
The oil was run into each can from a pipette graduated to deliver the 
proper quantity. After allowing enough time to permit all the oil 
possible to soak into the fish the covers were sealed on the cans. 
Different types of sealing machines were used, but no provision was 
made to guard against leaks, such as the use of a gasket or by 
soldering. 

In putting up the fish used for lot 4 a small patented packing 
device! was used. Some of the advantages claimed for this device, 
however, could not be checked in this experiment, owing to leakage 
of oil from the cans. 

After these lots had been packed, oiled, processed, and allowed to 
stand for from 2 to 3 months, the contents of two representative 
cans from each lot were ground and thoroughly mixed. The oil 
was wiped out as completely as possible from the interior of the cans 
with the ground meat, and every effort was made to have each 
sample uniform. Three separate samples of the two cans from each 
pack were analyzed, the water, fat, and total nitrogen analyses being 
made in triplicate. The percentage amount of oil recovered, and 
the total food value per can, expressed in calories, were calculated 
from these results. In calculating the weight of oil added, the 
specific gravity of cottonseed oil was taken as 0.925. To determine 
the average weight of the fish per can, several lots of 100 fish each 
were weighed and an average taken. The results of these analyses 
are shown in Table 27. 

The cans of lot 1 to which oil had been added at the rate of 1 and 
14 quarts per case contained only a trace of visible oil when opened. 
Those to which oil had been added at the rate of 2 quarts per case 
were less than one-quarter full of free oil, while those having oil 
added at the rate of 24 quarts per case were less than half full. 
Cans to which the oil had been added at the rate of 3 quarts per 
case showed a reasonable amount, being about five-eighths full. 
At the rate of 34 quarts, the cans were practically seven-eighths full, 
while those that were packed at the rate of 4 quarts per case were 
found to be practically full of oil. 

The figures for the recovery of the added oil vary widely, owing 
to loss of oil at the time of sealing full cans and to loss on standing 
through imperfect seams. In all instances the percentage amount 
of oil recovered when the sardines were oiled at the rate of 4 quarts 
per case was low. These figures agree with observations made at 
the time of sealing and with the experience of the packers that 
when the cans are full, or almost full, of oil a great deal of it is ex- 
pelled when the lid is forced Cown by the chuck during the sealing 
operation. 

1U.S8, Letters Patent 1,206,977. 
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The influence of the increasing quantities of oil on the food value 
of a can of sardines is indicated in the column of Table 27 which 
shows the total calories per can. These figures are the average re- 
sults of the analysis of six cans. The food value of the sardines com- 
posing lot 1 to which a minimum amount of oil was added was 201 
calories per can, and that of those to which the maximum amount of 
oil was added (at the rate of 4 quarts per case) was 412 calories per 
can. : 

The fish composing lot 2 were much fatter than the Castine fish 
used for lot 1. The influence of the fatness of the fish on the oil 
present on opening the cans is shown. The cans which were oiled 
at the rate of 3 quarts per case were nearly full, as were also those 
oiled at the rate of 34 quarts per case. The cans packed at the rate 
of 4 quarts of oil per case were full of oil. The percentage recovery 
of oil was much less when the cans were oiled at the rate of 34 and 

4 quarts than when smaller amounts of oil were added. To avoid 
this loss, many packers do not add enough oil to make a good show- 
ing when the can is opened. ‘This is particularly true in cases where 
the pack is composed of lean fish and where the oiling device is at- 
tached to the sealing machine, allowing insufficient time for the oil 
to be absorbed by the fish before some of it is squeezed out of the 
can during the sealing operation. The resulting loss due to the 
method of oiling and that due to poorly sealed cans which ‘‘weep”’ 
oil after sealing are conditions which should be remedied in order to 
avoid waste of oil. Not only is oil lost in this way but the product 
also loses in food value. In this lot, at the rate of 1 quart of oil per 
case, the average number of calories per can was 291, while at the 
rate of 4 quarts per case the average was 469. ‘The figures for the 
calories at the other rates of oiling increased as the amount of oil 
increased. 

The cans of lot 3, even those containing fish which had been oiled 
at the rate of 4 quarts per case, were only about three-quarters full 
of oil. These cans were poorly sealed, and consequently lost oil 
during processing and while standing, as is shown by the fact that 
an average of only 80.52 per cent of oil was recovered for all the 
packs in this lot. The food value is also low as compared with that 
of lot 2. 

The fish used in lot 4 were very fat, containing 55.76 per cent of 
water and 16 per cent of fat. The cans packed at the rate of 4 
quarts per case were only three-quarters full of oil when opened. 
Considering the care taken in packing, the percentage amount of 
oil recovered was small. On the other hand, the food value agreed 
very well with that of the other packs and showed the same varia- 
tions according to the quantity of oil present. That the food value 

5890°—-20-—Bull. 908 ——_5 
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was correspondingly high was due to the fatness of these fish. An 
inspection of the rest of the cans of this pack showed that they had 
leaked badly while stored in the shook. The cans were very un- 
sightly, being covered with oil, and, in many cases, stuck together 
with the partially dried oil. The analyses showed that practically 
one-third of the oil added had leaked through the seams of the cans. 

From these experiments it seems fair to conclude that the proper 
amount of oil per case to add to sardines is 3 quarts (75 per cent of 
a gallon) for average fat fish and 34 quarts (87.5 per cent of a gal- 
lon) for lean fish of poor quality. These quantities allow for pos- 
sible unavoidable losses in oil during the sealing process. The oil 
in these amounts can readily be added to the standard quarter oil 
can without loss, if time be allowed for the absorption of oil before 
the cover is sealed on the can. 

KIND oF Om. 

TESTS WITH CORN OIL. 

As has already been stated, cottonseed oil is the oil most widely 
used in packing Maine sardines. During the season of 1913 the 
possibilities of the use of corn oil for packing sardines were investi- 
gated. The oil in corn is contained in the embryo or germ, which 
is separated from the rest of the Kernel in the manufacture of starch, 
glucose, etc. The germ is heated and the oil expressed and then 
refined. It is a neutral, bland oil, with practically no characteristic 
taste. It does not, therefore, mask the flavor of the fish which are 
packed init. At the time these experiments were made corn oil was 
cheaper than cottonseed cil. Under normal conditions, corn oil is 

_ said to sell for fram 5 to 10 cents a gallon less than cottonseed oil, 
which should make it worthy of consideration by the sardine packers. 
In normal times enough refined corn oi! may be had to supply the 
entire sardine industry. | 

Inquiry among the packers showed that, in previous experience, 
corn oil had proved generally unsatisfactory. At the time the 
packers had tested this oil it was the practice in all the canneries 
to fry the fish in oil. When the corn oil was tried out in the frying 
vats it gave off a disagreeable odor and foamed so badly that it 
boiled out of the vats. Within the last few years the process of 
refining has been improved, so that a fine grade of oil, much superior 
to that formerly marketed, can now be had. The highly refined oil 
was secured for the tests here reported. 

BEHAVIOR ON HEATING. 

Corn oil, summer yellow cottonseed oil, and winter yeliow cotton- 
seed oil, 100 to 150 cc (3 to 5 ounces) of each, were heated in beakers 
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over the flame, stirring constantly with a thermometer, with the 

following results: 

Corn oil did not boil at 265° C. (509° F.). An odor not disagreeable and hardly 
characteristic of corn appeared at about 150° ©. (302° F.). At 230°-240° C. (446°-464° 
F.) copious fumes with a slightly irritating, pungent, penetrating odor appeared. 
Summer yellow cottonseed oil did not boil at 265° C. (509° F.). A characteristic 

odor appeared at 165° C. (329° F.). Fumes, slight in quantity compared with corn 
oil, but more penetrating, appeared at 245° C. (473° F.). 

Winter yellow cottonseed oil did not boil at 265° C. (509° F.). A slight characteristic 
odor appeared at 160° C. (320° F.). Fumes, slight in amount and with no more 
odor than that obtained from the oil when heated at 160° C., appeared at 250° C. 
(482° F.). 

The results of these tests show that corn oil of the quality rep- 
resented by these samples compares favorably with cottonseed oil. 
It does not stand heating to a high temperature quite as well as the 
winter yellow variety, but is equal, if not superior, to the summer 
yellow grade, particularly when heated at a lower temperature, 
around 150° to 165° C. (302° to 329° F.). Apparently corn oil 
breaks down a little more rapidly when heated at the higher tem- 
peratures. 

When tested by the Kreis reaction for rancidity upon exposure to 
the air, each oil gave a negative test at first. On standing in uncov- 
ered beakers for one and two days, corn oil failed to show a test for 
rancidity at the expiration of 24 hours, the winter yellow cottonseed 
oil gave a positive test at the end of 24 hours, and the summer yellow 
cottonseed oil gave an intensely positive test. At the end of 48 
hours the corn oil showed only a slight positive test for rancidity by 
this reaction, while both the winter and summer yellow oils were 
intensely positive. With respect to the development of rancidity 
on exposure to the air, corn oul appears to be far superior to cottonseed 

ot. EFFECT ON FLAVOR OF SARDINES. 

During the seasons of 1913 and 1914 a number of small packs using 
various kinds of oil—raisin, olive, peanut, winter yellow cottonseed, 
summer yellow cottonseed, and corn—were made. Tests with the 
raisin oul were at once abandoned, as its odor and sweet flavor made 
it entirely unsuited for use with fish. All the methods of packing in 
vogue at that time were employed, as well as the process of baking 
the fish before packing them. Samples of the packs in these oils, 
with the exception of raisin oil, were submitted to different people 
for an opinion as to the quality and taste, the samples submitted to 
each person or group being selected from the same pack, in which 
the source and treatment of the fish were identically the same, with 
the exception of the kind of oil used. 
By all but one or two the samples packed in corn oil were pro- 

nounced superior to those packed in cottonseed oil, Some even prefer- 



68 BULLETIN 908, U. S. DEPARTMENT OF AGRICULTURE. 

red the corn-oil to the olive-oil pack. Eliminating the olive-oil packs 
from consideration, there was no question of the superiority of the 
corn-oil packs in the rich flavor imparted to the fish and the absence 
of any characteristic taste of the oil. The flavor of the fish in the 
corn-oil packs was not masked by the oil, but rather improved by it. 
In most cases, the winter-pressed oil was pronounced second in 
quality to corn oil, prime summer yellow oil being classed third. - 

The packs composed of baked fish and of fish fried in oil were far 
superior to the products prepared by other methods which did not 
bring out the delicate fish flavor. The better flavor of the fish, 
developed by frying or baking, may be conserved for the canned 
product by the use of corn oil. 

Canneries equipped with the so-called Ferris wheel driers can 

utilize this equipment to excellent advantage by grilling the fish 
before frying and packing them, thus attaining the very best flavor. 

EFFECT ON APPEARANCE OF SARDINES. 

It was found also that in packmg sardines in corn oil or the better 
grade of cottonseed oil, stearin did not settle out during cold weather. 
Sardines packed in prime summer yellow cottonseed oil when opened 
in cold weather present a very unattractive appearance, due to the 
white film or mass of stearm over the fish. It would seem wise, there- 
fore, to pack sardines for shipment into cold climates in the winter- 
pressed variety of cottonseed oil or in corn oil and use prime summer 
yellow cottonseed oil for goods going to warm regions. 

Tomato SAUCE. 

Sardines in tomato sauce have not been packed in Maine to any 
great extent. During the season of 1913 an attempt was made by one 
of the canning companies to pack a few cases in this way, but the 
undertaking -proved unsuccessful. It is understood that several 
other companies are now packing a few sardines and herrings in 
tomato sauce. In consideration of the demand for this product, it 
is strange that herring and sardines in tomato sauce are not prepared 
in greater quantity in Maine. That no special difficulty is encoun- 
tered in the process, and the product is very attractive, is shown by 
the fact that packers in other localities put out a great many cans 
of this article. 

MustTARD SAUCE. 

It has been estimated that 25 per cent of the season’s pack of Maine 
sardines is put up in mustard sauce. A large part of the sauce used 
for this purpose is prepared in mustard sauce mills, owned and oper- 
ated by the sardine companies. In one instance several companies 
operate a mustard sauce plant on a cooperative basis. Part of the 
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sauce is prepared by an independent company located in one of the 
principal centers of the industry, and a certain amount is furnished 
by a well-known sauce and spice manufacturer. The results of the 
analysis- of samples of the three sauces most widely used are given 
in Table 28. 

TaBLE 28.—Composition of mustard sauce. 

: Nitrogen 
. Total Total ree Mustard 

oe eae ee 4S! nitrogen | protein in Salt and tur- 
Solids. | (NaCl). | acetic. | (Ny l(Nx6.25). salads. | meric 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.| Per cent. 
11. 8&3 . 36 4.67 3.12 0.395 2.47 6. 00 
12.00 4. 49 1. 42 - 368 2.30 4. 90 5. 21 
14. 49 2. 75 2. 63 . 923 3.27 4. 46 8.47 

1 Total solics — (salt+-protein}. 

In the preparation of the sauce represented by the second sample 
a smaller amount of vinegar, or one of weaker strength, was used, 

while in that of the sauce represented by the third sample a larger 
amount of mustard or turmeric was employed. These samples were 
also examined microscopically. The first two samples contained a 
great deal of turmeric and more red pepper than is commonly found 
in a mustard sauce of this grade. The last one contained more 
turmeric than either of the other two and not quite as much red 
pepper. The amount of turmeric in this sauce is excessive, compared 
with that in the other two sauces. 

PROCESSING THE SARDINES. 

The method of processing or sterilizing the sealed packed cans by 
heating them in tanks of boiling water is practically universal in the 
Maine sardine industry. At the time these investigations were made 
one of the canneries employed for this purpose retorts in which the 
contents could be heated under pressure. 

The length of time given to processing varied widely among the 
different canneries. The usual period was from 12 to 21 or 24 hours, 
the variation depending on the size of the cans and the canner’s idea 
of the time necessary for sterilization. An instance was found in 
which the canner was giving only one hour to processing in a tank 
of boiling water. 

To obtain data which might be helpful in determining the length 
of time of processing, the temperature of the inside of cans of sar- 
dines, as ordinarily processed in boiling water baths, was determined. 
The results, given in Table 29, show the time necessary to raise the 
initial temperature of the inside of the can to practically the boiling 
point of water. 

1 The .xamination was made by B. Silberberg, of the Microchemical Laboratory of the Bureau of 

Chemistry. 
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TABLE 29.—Temperature of inside of can of sardines processed with regular lot. 

: Near surface of 

Nor ogiank| || Water in boiling 

: Temper- . Temper- 
o Time ature Time aoe 

m. oO allt aie ro 54 
12.25 36 8.30 26 
12.35 47 8.35 36 
12. 42 88 8.40 45 
12. 46 94.5 | 8.46 71 
12.48 99 &. 48 80 
12.50 100 8. 50 91 

8.52 99 
8. 54 99 

| 8.58 99 
9.10 99. 25 

| 

1 This boiling tank was provided with a board cever which was lowered while processing the cans. The 
He eas Ley Siesta DeSne through pipes in bottom of tenk. It boiled freely during the period 

2 Tank uncovered, heated by direct steam. 

The length of time required to reach the boiling point varies with 
certain conditions commonly found. In this method of processing it 
is very important that the cans be completely submerged during the 
entire period. Since it was found that sardines were not always 
uniformly sterile, it would be safer to process for the longer periods 
of time. 

STORING THE SARDINES. 

A portion of each year’s pack of sardines is stored for varying 
periods of time and under varying conditions before it reaches the 
consumer. When held by the packers the sardines are subjected to 
the rigid winters of Maine, as no suitable warehouse exists for storage, 
advantage being taken of cellars, wherever available. When shipped 
they are often frozen, only to be thawed out again upon coming into 
a warmer region, where they may be held at terminals or warehouses 
having relatively high temperatures. Finally, they may remain upon 
the retailer’s shelves for some time, under varying temperature 
conditions. 

Certain differences in the composition of canned sardines, when 
analyses were made directly after processing and after standig for 
different periods of time led to an investigation of the changes occur- 
ring in sardines kept under varying conditions of storage. : 

FORMATION OF AMMONIA AND AMINES. 

The values for ammoniacal nitrogen in fresh and decomposed fish 
as determined by the Nessler method did not agree with the results 

obtained by the titration method. Noticeable increases in the 

amount of total ammoniacal material in packs of fish which had 
stood for a time over the amount of such material found in the same 
packs directly after being processed were also apparent. 
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Table 30 gives the results of the determinations of ammoniacal 
nitrogen in sardines stored for various periods of time. 

TABLE 30.—Ammoniacal nitrogen content of sardines stored for various periods. 

Ammoniacal _ni- 
trogen per 100 
grams. 

Condition of fish. Period held. , 

Titra- 
Nessler. aya, 

Mg. Mg. 
IPOS es Aiea | ern erence 107.8 147.6 

DO ee ee 24 hours....... 121.7 189.6 
Tn pickle: 

1 (0) | Per ee WemMonthsSseeseeleeeee anes 203.1 
NOUR soe eee (oS eS ARAB ee ceraerenes 206.1 
AHOUTS) oa eee GO Be ensta  it ees 204.5 
2 NOUR ee ee ase LOWMOntHSS ee Pees ee 271. 
1hHOUTE sates lee CLOW eee es ie ae el ate 239.4 

| ISH OUTS ee Alene CB (Oya nr SPENT er ay CU 223.0 

From the nature of the material, coupled with the well-known fact 
that amines are formed in the decomposition of fish, fish brine being 
a source of trimethylamine, amines were naturally looked upon as 
responsible for the discrepancy between the values obtained by the 
two methods of analysis, and possibly were partly responsible for the 
increase in the ammoniacal nitrogen which occurs on standing. 
Evidently a change occurs in canned sardines on standing, sub- 
stances having an alkaline reaction (amines), determined as ammonia 
by the titration method, being liberated. Unfortunately, the Nessler 
method for determining ammonia is not reliable in the presence of 
amines. ‘The difference in the values obtained by the methods em- 
ployed for ammonia, while giving some indication of the amount of 
amines present, is not even sufficiently accurate to warrant regarding 
it as an approximate measure of the amine content. 

The interesting fact that older packs of sardines contain larger 
amounts of ammoniacal material than those which have stood for 
only a short time was definitely proved by analyzing samples of 
commercially packed sardines which had stood for 2, 4, and 6 
years in a cellar where the temperature was practically uniform 
and never reached the freezing point. In these analyses determina- 
tion of the total volatile nitrogen and ‘“‘ammonia’”’ by the Nessler 
method, as well as the separation of ammonia and amines in the total 
volatile material, were made. 

On opening the cans the two brands which had been packed for 2 
years were found to be in very good condition. The fish were 
slightly colored by what appeared to be iron from the lid of the 
can, which was badly detinned. The cans in the 4-year-old lot 
looked worse than any of the other samples. A large amount of a 
white, soft material, probably stearin from the oil, was spread over 
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the fish. The fish i the cans of the 6-year-old lot were covered 
with the same soft, white material. These cans contained only a 
small amount of visible oil, and the fish adhered to the lid of the can 
when opened. The interior of the can was detinned to a greater 
extent in this lot than in any of the others. The results of these 
analyses are given in Table 31. 

TABLE 31.—Ammonia and amine content of sardines after long periods of storage. - 

Total volatile | Total volatile | 
nitrogen (N) | nitrogen(N) | P ee 

to} per baie, per 109 grams, total as— 

Condition of fish. [ESS Sle oe eae oe | eee | eee ee Appearance. 
= g S&S 8 

5 SSeS eae cee oo leeeai as 
Dac, ele t | ata Sealers z 4 gs] 8 
Arya ls | oS las hh 
Ele: 4) A) | Pea ee 

| P.ct.|P.ct.| Mg.| Mg.| Mg.| Mg.| Mg.| Mg.|P.ct.\P. ct. ; 

Best grade, packed2 and {55 88 20.73] 46. 6| 17.3] 29.3] 46.9] 20. 1] 26.8) 42.9] 57.1 |" apparentiy ty irom 
held 2 years. |\54. 15/21. 76} 40. 8} 17.4] 23.4] 46. 6] 15.6] 31.0} 33.5] 66.5 lid badly detinned. 

Poorer grade,packed and | 08/18. 73} 39.6} 14.7] 24.9) 44.7] 17.8] 26.9] 39.8 Be ee and 
held 2 years. |\55. 40!20. 95 43. 1| 18.9] 24.2] 37.7] 5.0| 32.7 13.3) 86.7/f firm. 

| | Very poor: soft white 
Packed and held 4 hoe lee 60) 33.8) 14.0} 19.8} 37.2] 5. 9| 31,2} 15.9) 84.1)} material, probably 

years. rece esses Seder IsSes: esses 45.9} 6 4) 39.5) 13.9) 86.1) stearin, spread over 
| || fish. 

. | Poor, covered with 
white material; small 

Packed and held 6 |f57.75)21. 94) 60.6) 14.9) 45.7] 51.1) 8.6} 42.5] 16.8) 83.2'} amount ofvisible oil; 
ViCiS vee teste cscs | toes |\igsaee | See lose a [incase | ees 5 6923) 522 @)glselsseaae= fish adhered to lid; 

large amount of de- 
| | | tinning. 

| | 

1 Determinations and separations made on 50-gram samples. 
2 Determinations made on 3-gram samples. 
3 Lost. 

The results show that a change in the relative amount of ammonia 
and amines occurred, the degree depending on the time the fish 
remained in storage. The total amount of alkaline material was 
quite constant in the 2-and 4-year-old goods, but increased noticeably 
in the 6-year-old pack. The quantity of ammonia, both in the actual 
amount obtained and in the percentage of the total volatile nitrogen, 
decreased, while the amines increased directly with the age of the 
goods. Kltminating one determination, which shows a very low 
ammonia content on the 2-year-old packs, the average percentage 
amount of the total was 38.7, while the three determinations on the 
4-and 6-year-old packs showed only 15.5 per cent of the total alkaline 
material as ammonia, with a corresponding increase of from 61.3 to 
84.5 per cent, respectively, In nitrogen as amines. 

An experiment was conducted to ascertain whether these changes 
in the canned fish could be followed during shorter periods of standing 
at ordinary room temperature. A pack of a little more than half a 
case of quarter oils was made from fish which had just been landed 
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at a cannery, and had been only a short time in brine. After being 
steamed and dried, under ordinary commercial conditions, these fish 
were taken to the laboratory, where the heads were removed, and the 
portion used for packing ground and thoroughly mixed. A repre- 
sentative sample was reserved for analysis and the remainder was 
packed in cans which were sealed and processed for 12 hours at 212° 
F. Samples taken at varying periods were analyzed, with the results 
shown in Table 32. 

TABLE 32.—Ammonia and amine content of sardines stored for short periods. 

Total Volatile nitrogen (N ) per Percentage of 
volatile 100 grams as— total as— 

Condition of fish (ground : : nitrogen 
flesh). Waiter. Fat. (N ) per | ‘ 

100 ee Am- i . om AM- 2 
grams. Total. Tee Amines. ROT. Amines. 

| 

Before packing in quarter oil |Per cent. |Per cent. Ma. Mg. Mg. Mg. |Per cent. |\Per cent. 
CANS es eee ae AS 67.01 9.07 14.0 13350) 7.4 5.9 55.6 44.4 

After packing and processing 
Lp hoursati2i2° Ba Ss ie. 65. 75 9.13 30.3 139.7 25.3 14.4 63.6 36.4 

After packing, processing, 
and standing— 
eon Teco ee Ae ee mGozoo 9.02 42.0 146.8 21.2 19.6 58.1 41.9 
DRT OND Shear eek ere 67.00 8.72 47.8 1 47.3 22.6 24.7 47.8 Sys) 
SETA ON NS See sis ee 66. 40 8.69 52.5 153%. L 24.2 28.9 45.6 54.4 
Abn ONS 28 ce =e ee ae 66. 64 8.18 55.0 254.3 25.9 28.4 47.7 SPs} 
GamTlOnLhSeee eae ee 66. 25 9.23 55.6 255.6 ge a 36.5 34.3 65.7 
[Sinronthesssee 2o4 5 oe 64.79 9.93 69.0 269.0 35. 8 Be 51.9 48.1 
SORMOTUNS Sete a er ps eee ee! JET RAEI ayn pteee, ge 4 278.9 41.3 37.6 52.4 47.6 
SOM OWI 14S meee ne ne ee en | ieee ANN lS Sebon ae 282.4 44.0 38.4 53.4 46.4 

1 hese determinations were made on the combined volatile alkaline nitrogen obtained from two 50-gram 
samples. 

2 These determinations were made on the combined volatile alkaline nitrogen obtained from thirty 
3-gram samples. * 

Tsraeticadt je pee ce 

An increase in the amount of ammonia, with a corresponding 
decrease in the relative amount of amines, occurred during the 
processing. The actual amounts of both the ammonia and amines 
increased. Standing caused a gradual increase in the amount of 
total alkaline material obtained from the flesh, due to the formation 
of amines, the ammonia content remaining fairly constant, with the 
exception of the samples taken from the 6-months’-old pack, when a 
decrease in the amount of ammonia was noted. 

The results expressed as percentage of the total volatile alkaline 
material point more clearly to a reduction in the quantity of ammonia, 
with a corresponding increase in the relative amount of amines, up 
to and including the 6-month period of standing. 

The increase in total volatile material continued in the case of the 
cans stored for 18 and 36 months. A more marked increase over the 
amount found at the end of 6 months occurred during the last year 
and ahalf. The incipient swell cans contained but aslightly greater 
quantity of volatile alkaline material than the normal cans. The 
separation of ammonia and amines in the volatile alkaline material 



74 BULLETIN 908, U. S. DEPARTMENT OF AGRICULTURE. 

gave, in all three cases, results quite different from those obtained at 
the earlier periods of examination, particularly those of the 6-month 
period. After standing 18 and 36 months, the volatile alkaline mate- 
rial consisted of practically equal parts of ammonia and amines. 
The proportion of ammonia and amines in this pack, after the longer 
periods of standing, agreed closely with the results obtained on 
packs which were allowed to stand for an excessive length of time 
(Table 31). | 

INFLUENCE OF TIME AND TEMPERATURE OF STORAGE. 

To determine the influence of the time and temperature of storage 
on the formation of ammonia and total amines in sardines, a number 
of packs were prepared from fish which had been subjected to widely 
diverse preliminary treatments. The fish used in the preparation of 
lots 1,2, and 3 were dry salted at the rate of one-half sack of salt per 
hogshead of fish, when taken from the water, and were held in the 
salt for varying periods, as indicated in Table 33. Those composing 
lot 4 were surrounded with an ice and salt mixture during transporta- 
tion and at no time were they in contact with salt or pickle. The 
fish of lot 5 were feedy fish, gorged with feed which did not look like 
shrimp. ‘The fish were steam cooked, dried, packed without being 
eviscerated, and processed for 1? hours. As soon as the processed 
cans were cool,samples were prepared and analyzed. Therest of the 
packs were stored for different lengths of time at ordinary room 
temperature and at 33° F. When the analyses were made, the vis- 
cera of some of the fish were separated from the whole fish, so that 
determinations were made upon the whole fish, upon the eviscerated 
fish, and upon the viscera and contents. The results of these analyses 
are given in Table 33. 
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TABLE 33.—Influence of time and temperature of storage on the formation of ammonia 
and amines in canned sardines. 

WHOLE FISH AS TAKEN FROM CAN. 

Volatile alkaline material as— 

7 Percentage 
Nitrogen (N) per 100 grams. encore 

~~ 

Condition of fish. 3 Amines 

nm 

is) B : 5 : ; : x 
= 8 o o 8 “J 

a| 4 4 a EP as abe roe a : 3) A ro) 3 
Oe 2 . eS 3 ra 3 ql @ 
1 (aH oS ~ ~ g ~ 5 8 oe ne) 

o o 3 io) ) Hy Oo 

(Ser Wirae eles eae lara |i seect Bs |e al ce!) Ppl yea ocean ee 

Lor 1: Hor. Hrs.| P.ct.| P.ct.| Mg. | Mg.| Mg. | Mg.} Mg. | Mg. | P.ct.| P.ct. 
Packed and processed.....- 4 |53. 07 20: ef ri 3 PROG) WIGHA | eosueel |anonedlactece 64. 35.1 
Stor ai at room temperature. 3 4 156.94 |18. +O [------]0-----]-- 2-2 -]e eee -|-- 2-2 -|------]--- ee 
oy Ree meses P ae 15 4 |58.38 |17.72 | 68.6 | 34.7 | 33.9 Ut) B 28.5 | 50.5 | 49.5 

3 naam at room tempera- 
ure. - > - ERIS Bee p ee ree 4 152,18 122.85 | 50.9 | 26.1 | 24.8] 3.1 2.3 | 18.9) oles) | 48.7 

12'months at 33° F.....22.. 
Stored atroomtemperature.| 32 AGI Seenes |eecree 79.8 | 43.0 | 36.8] 0.0] 6.7 | 26.8] 53.9] 46.1 
Stored atiggs Hee ek oan. 32 A Sta amie 62.1 | 26.6 | 35.5] 0.0] 6.1 | 28.8 | 42.5] 57.5 

Lor 2: 
Packed and processed ...... 0 SHASHO I 2oa200 i otnUn lea On el OSO) Woe nee| ese ee leeye aes 70.6 | 29.4 
Storedatroomtemperature.| 3] 8 [48.67 [27.07 | 39.5 |.-...-|.....-]------|------|------|---+--|------ 

DORs ees ree eae 1165 8 147.58 |26.93 | 61.9 |....-- HUN AO ie bs OR ell Sie ceellasaaae 
IDO Swe Lae 32 SiH Re tees eben USR20 | B99S) nosso le OSOM Sas) | 25s lloos (In One 

Lot 3: 
Packed and processed.....- ONE e25VAQISEI2MCOM SOs la li 2ouuln lal A Be coe ee eee |r tee Gieor lesen 
Sfored at room tem peratirosi. ao Icon Dan ak 22504 eae. Onl cerns al caarsa (ames alleate iat llere ene ale ee a) ain 

DOF ee cet eee noun ae 1 25 |47.05 |28.70 | 58.3 | 31.7 | 26.6] 2.2] 2.0] 21.9 | 54.4] 45.6 
DOL So eee ee BO li2on (aera |e eere 76.7 | 44.5 | 32.21 Of0 | 3.4 ] 26.5 | 56.7] 43:3 

Lot 4: 
Packed and processed...... |) be) eR IG) GE) BP Be Call) OMS Vee ec ooH keene lasoode 61.0} 39.0 
puted atroomtemperature.! 2 ANI GOROGHTSES4S MAO Ts as Sreiaic|eisiavaterel|istarercicle | sicleiaee | eiere i+] arsine =| erste 

BAe OA. Se en ee 15 4 164.14 |19.96 | 69.2 | 34.8 | 34.4] 2.5] 4.2) 24.2] 50.2] 49.8 
2 Paine at room tem pera- 

GULC eee ase eae 4 |64,49 |14.78 | 53.4 |} 26.0 | 27.4 ib 1.4 | 24.7 | 48.71 51.3 
iSmonthsiatisawh ass. ee 
Stored atroomtemperature.| 32 CON ae ee era 80.1 | 42.8 | 37.3 | 0.0] 5.1] 32.3 | 53.4] 46.6 
SLOLred:atiscg eee eee erent ee 32 Ais eet hee es ore BONO e2ie 2958 er OLOM PE Daal peace mie leiien ozs 

Lot 5 (FEEDY FISH): 
Packed and processed...... 0 (B, IGSE P4 IPAS Tis Pa aE 4h aN) OKC a ee eallecaace 59.1] 40.9 
stoned atroomtemperature.| 2 (yA ea Bed Pca) Se eet ees el Lege yee ee eect al MOM orl fa oe eta 1 | [a 

es ee Mane ee ce Sa 15 6) 152) 67 |26: 77 | 62. 5) |) 3050! |. 32.5 | 224 | 3. 1 | 25.7 1 48.0) 520 
2 mignihe at room tempera- 

ULCER Pe eee anes oes st te 5 6) |49596) 127.80) | 405%) V9L2 2005 | We 1 Wd) |) 1855 | 47.2215 5258 
13 months at 33° F........- 
Stored atroomtemperature.| 32 Gy ere eee 76.4 | 42.4 | 34.0] 0.0] 6.7] 26.5 | 55.5] 44.5 
Storediaticog hee ee oe 32 Gia eee ees 49.8 | 22.4 | 27.4] 0.0] 5.1] 22.3} 45.0] 55.0 

FISH EVISCERATED WHEN TAKEN FROM CAN. 

Lot 1: 
Packed and processed...... 0 A De 46) Gs oi AOD) (2 fete lle llcha 4a | rene es | eae | eee CTD 8228 
Stored atroomtemperature.| 3 CB Poy Ps | CLA eS seas ooeesellaaddae|lacoadcllossood |sosadellbosede 

DOR Ber eee tt es 15 4 [55.09 {20.18 | 61.3 /45.8(?)/ 15.5] 1.6] 1.3 | 12.0 | 74.7} 25.3 
3 months at room tempera- 

EUILOS soe masa Se eee 15 4 157.53 |16.96 || 55.5 | 23.3) | 32,2 | 2.0] 2.2 | 28.0 | 42.0 |- 58.0 
i ZMionghs atigos Hes eases 
Stored atroomtemperature.| 32 AM 2 avare se llaiaisralstel (mlelaters ei tareistsiae: ares isto rele cs | ate cictece | elcecsrera | Mioerees al eye 
SLOLEGatioog Heese eee oe 32 CESS aea COUGEa ICS6N6 4 OSabnq RBee eal GBR ered accor nor aect sess oe 

Lor 2: 
Packed and processed...... 0 SESAME LS Oday mone il tecnico aes aseee lee ae 69.9 | 30.1 
Stcredatroomtemperature.| 3 Sl S5eS OR MGNOGHIRAGSO) aes [Meck eles ees Se lh ee lak 

DO aoe rei) s oka te 15 8 |52.00 |22.16 | 63.7 | 31.3 | 32.4] 1.9] 2.2] 27.6 | 49.1] 50.9 
DORE Me Mich seie.. «hia cies 32 SiG see | eae mee eee L eke ety Lhe Sal eye ef ee ate a eal ina 

Lot 3: 
Packed and processed ...... UI PAS EPA GY Palas ave 7h |) Pil) TRON |S See | ae ee as 71.8 | 28.2 
SLored'atroont temperature: |) 93! 025)156s840 116195) 1) 49NG) |e See et eee ee OE eal 

we amnesic aeeedeesc ates = 30 50. 59 |23.12 | 62.2 | 33.3 | 28.9] 1.3] 1.8] 25.1 | 53.5] 46.5 
Gb bd cccéboosbeenctsee 5 a i! es i) i ees be es ee es ee ee ee 

1 Surrounded with ice and salt mixture. 
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_ TABLE 33.—Influence of time and temperature of storage on the formation of ammonia 
and amines in canned sardines—Continued. 

FISH EVISCERATED WHEN TAKEN FROM CAN—Continued. 

Condition of fish. 

Lot 4: 
Packed and processed.....- 
Stored pal room temperature. 

ISSHONENS ainoow Weer aee 
Stored at room temperature. 
SLOLed aiieo wh eee ees 

Lot 5 (FEEDY FISH): 
Packed and processed...--- 
plored atroom temperature. 

iS monthsatecs heres 4 ee 
Stored at room tem perature. 
StOred(atiad ales ee eee 

Lot 1: 
Packed and processed.....-. 
pied atroom temperature. 

ture 
LZMONGHS a ttas alka 
Stored at room temperature. 
Stored at 33° F 

Lot 2: 
Packed and processed...... 
Stored at room temperature. 

weocec cores eces 

Bako and processed...... 
Stored atroom temperature. 

Packed and processed.....- 
Stored: atroom temperature. 

tur 
13 months at 38° F...-..... 
Stored atroom temperature. 
Storedlatigds tance ensscene 

LOT 5 (FEEDY FISH): 
Packed and processed...... 
a atroom temperature. 

Stored at onthe a 358 Fo 
Stored at 33° F Se 

Volatile alkaline material as— 

A Percentage 
Nitrogen (N) per 100 grams. Otter aie 

= : 
fay] S 
wa Amines * 

; & BZ 
cs) ‘ = f 
5) a 3 ro) rs) o Ss 2 
SS g aS ee) og 5 g 
cele te) be oie , q F 2 S 3 
Se ES 2 : S | 3 = = s q 3 
o Ba & 3 a) = 6 5 oo = = i) 
ae el el Bl aoe les! ae | a |e 

Mos.| Hrs.| P.cét.|P.ct.| Mg. | Mg. | Mg. | Mg. | Mg. | Mg. |P.ct.| P.ct. 
0 14 HSS 235 1120 Odeo do Oat eect | gla oate a pee Ue eee 66.2 | 33.8 
2 4165: 00 5/1256 t] S4 32a ees eh ee ee ee 

15 4 151.49 116.80 | 62.1 | 30.5] 31.6! 0.8 1.8 | 26.2 | 49.1 50.9 

15 4 161.70 |14.75 | 47.5 | 22.2 | 25.3} 1.9] 1.3 | 22.5 | 46.7 | 53.3 

BO 4 | os [oc section ec cll eee sel ce oe tosktaest ees ol een ee eo ea 
32 eae (RS teh Renimcese | bec ael eis bee Beek AEA eae cee 

O}e <6 (56.94: 118.07 3|235.7) 2856) 12. Wakes 2 el eee 66.1 | 33.9 
2 62158--43 ch 7102 t| GA yee Mee ae SER ae eee | oer | eee | a 

15 6 |56.48 {19.03 | 62.9 | 31.4 | 31.5} 1.1 2.2 | 27.9 | 50.0} 50.0 

15 6 [53.88 |22.37 | 40.5 | 19.6 | 20.9 1.5] 1.1 | 18.2 | 48.4 51.6 

Pe ely | Regen ee |eocct el wails. 4h lea Sela, Sana ie 2 een ieee 
32 Oulaaoe lavas | Sees | Sieve emer | tess ive | ere re ose ee | ee 

| 

VISCERA AND CONTENTS 

0 A4TSOE7S82 120500 th S9S9: | e26ez4| los dapper ee es eee 65.7} 34.3 
3 Cs Peldate rave a PLY dsea tale Pat: Syl Uy peices baer | Php arse k | pe ea rece To a Sp 

15 4 56.44 |19.15 | 66.4 | 32.8 | 33.6 2.2) 3.4 | 28.7 | 49.4 50. 6 

15 AAAS 15) 123.208) 52. 4022-301 SOs: 18} 2.5 | 26.9 | 42.6 57.4 

32 Cee [eee eerep ae | eal (ine ee) be ica) eee Ae Rea ee eth 
32 Bie wi neu| Sees S| Ss Sel FAD see al abe eco) oes ae S| eee a a | Be 

0 SL AR OIE PA Se RG NE DH [porte 8) Si asi pee ais ee ee 62.9 | 37.1 
3: > 8) 156105 20:41 4 45s 6tlesa ss] el eel peas esl ooc een eee eee 

15 8 |53. 26 Ee 70 | 68.7 | 29.8 | 33.9 | 4.4 22 | 27.6 | 46.8 53.2 
32 Bi | ese se] Feet cobs cssclesc dad |Docees Pe alee see cleeerace See ee Ieee 

0 DAY Gee | PALEY] | CUR OMEREY CITE ey i oe eee oot aes 70.8 29, 2 
3 2155256 120n65e 4d: Gal tere. fale acl s aes. See clon eee eee eee ee 

15 25 153.52 |22.25 | 61.2 | 32.8 | 28.4 1.4 j.1 | 24.4] 53.6] 46.4 
BQ DOG) cee Siam all ya aes. wne' | nes mperere hesete rexeve | ecoretae | resatane | erates caer [eee eetere fl eetererate 

Oo) SLAs | GTA SSS 4 le S62Gn|p cos One lteter eee | ape | eee 68.3 | 31.7 
, Aol beet |S esl 2 eee ee Eo Sal oe Ecco Sot etecs see ae ees 

15 4) occ ckll Sasol ess cose ea eicen ofa ces coe Rae Ses 

1 4 53.7821. 408t 491 Desh 27S. \ s2obeie2s9 | 22.5 | 43.4 56.6 

32 A S| HSS TS Se SEL Rees a] Sec ee caer | ees ec fee es [ ierseeee | a Dwaees 
32 4ilesseccleh cece occe tlhe Se SSS See a a ele ee eeee 

0 6/154, 68nl25566E) 6x6 | 23545 los Nalee esl eee lean 63.9 } 36.1 
2 6, 154702) 1265845 | +40 85u|e soo Se a)o | ee ee es ee eee 

15 6 153.02 28.45 | 59.3 | 30.9 | 28.4 .6}] 9.21 16.7 | 52.1] 47.9 

6 |49.39 |31.98 | 44.8 21, OF A220 4B alse ees es 48.9} 51.1 

32 6) osc ee be age SPSS | Re BR ik SR a es fre ees ee 
32 (ote NY (NR ORDY terete EA bore sedl| meen |e asa aie ew al sg al eee a 

1 Surrounded with ice and salt mixture. 
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According to these results, variations in the preliminary treatment 
of the fish and their condition have no effect upon the formation of 
ammonia or amines during storage. Only slight variations are 
shown in the results of the analyses of the whole fish as removed 
from the can, the flesh alone, and the viscera and contents, indicating 

that no greater changes took place in any one portion than in the 
others. The quantity of total volatile alkaline material gradually 
increased during storage at ordinary temperatures in all three of the 
divisions made for analysis, but when stored at a temperature of 
33° F. its formation was greatly retarded. 

The relative quantities of ammonia and amines composing the 
total volatile alkaline material changed during storage. After proc- 
essing practically two-thirds of the total alkaline nitrogen con- 
sisted of ammonia and one-third of amines. After storage these 
proportions changed, the volatile alkaline material consisting of about 
equal parts of ammonia and amines. Storage at a low temperature, 
while causing a decrease in the total quantity of ammonia and 
amines, apparently does not affect the relative amounts. The 
quantity of ammonia and amines in the storage samples is also about 
equally divided. 
By far the largest part of the volatile alkaline material,! consisting 

of amines, existed in the form of triamine in canned sardines stored 

for the lengths of time used in these tests. Apparently the separa- 
tions of the canned fish had no effect on the results for triamine. 
No uniform increase or decrease in the amounts of triamine contained 
in the different portions of the fish analyzed, due to the various 
periods or temperatures of storage, was shown. Monamine and 
diamine were present in very small amounts and about equal quan- 
tities at the end of 15 and 18 months. At the end of 32 months of 
storage no monamine was found, while the amount of diamine had 
increased in some instances, being double or more than double the 
quantities found at the end of 15 months. The temperature of 
storage apparently has no influence on the quantities of monamine 
and diamine formed. 

CONCLUSIONS. 

Marked changes in the quantities and relative amounts of ammonia 
and total amines took place in the canned fish on standing. In the 
case of packs composed of ground meat, these changes could be de- 
tected at one-month intervals, amounting in the first few months to 
an increase of approximately 5 mg of total amines per 100 grams of 
the material per month. Directly after processing the volatile 
alkaline material contained practically two-thirds ammonia and one- 

1 As the method (37) for these determinations was not available at the time of the first examination cf 

these packs, the data for the separation of the total amine fraction into its constituents are given for the 

longer periods of storage only. 



78 BULLETIN 908, U. S. DEPARTMENT OF AGRICULTURE. 

third amines. During storage at room temperature the proportions 
appeared to change slowly, until after a long period of standing the 
total alkaline material was about half ammonia and half amines. 
When stored at a temperature just above freezing, the total quan- 

tity of volatile alkaline materials was greatly reduced, as compared 
with that produced at ordinary temperatures. 

Sardines stored just above a freezing temperature for 32 months 
contained in most cases less volatile alkaline material than was 
found when they were held at room temperature for a period of 15 
months. The relative amounts of ammonia and amines formed at 
the lower temperature of storage remain the same as the total vola- 
tile alkaline material formed while standing at room temperature. 
The total amines composing this volatile alkaline material consisted 
mostly of triamine (practically 80 per cent). Monamine and diam- 
ine also were present during the earlier period of storage(15 and 18 
months), but in much smaller quantities. At the end of the 32- 
month storage period no monamine was found, but the diamine in 
some instances had increased 50 per cent or more. The difference 
in the rate of formation of ammonia-and of amines at a lower tem- 
perature of storage and at room temperature suggests that these 

changes may be caused by bacterial growth, although it is more 
probable that this action is associated with detinning and adsorp- 
tion. of tin by the fish protein. 
When tke cans of long standing commercial packs were opened 

the fish constituting the 4- and 6-year-old goods were decidedly soft. 
These showed the presence of the largest amounts of amine. 

The quantity of ammonia and amines in the canned sardines an 
has a decided bearing upon the detinning of the interior of the cans 
(p. 82). 

It is planned to continue the studies on the relation of detinning 
to the formation of ammonia and amines in canned fish. 

Errect oF FREEZING AND THAWING ON SARDINES. 

To determine the effect of freezing and thawing upon sardines, 
cans from each of the packs put up under the drying experiments 
(p. 51) were frozen and thawed, after which they were compared 
with cans of the same goods which had not been frozen. Three lots 
were employed. In one the sardines were frozen and thawed twice, 
in another three times, and in the third six times. 

The general appearance of the oil sardines which had been frozen 
two, three, and six times was practically the same as that of the fish 
which had not been frozen. On closer examination, however, cer- 
tain changes in the texture of the meat were readily recognizable. 
It was apparent that the texture of the fish which had been insuf- 
ficiently dried was partially destroyed when frozen and thawed twice, 
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the meat fibers being broken and the whole fish a trifle softer. These 
changes were more marked in fish from the same pack which had been 
frozen and thawed three and six times. After having received this 
treatment six times, the fish were quite soft, those which had been 
packed too ‘‘green” being difficult to remove from the can without 
breaking-and tearing apart. The texture of the tissues of the fish 
which had been dried enough or too much changed very little after 
the pack had been frozen twice, but slight changes were detected in 
the same pack which had been frozen and thawed three and six 
times. In the case of the fish which lost an excessive amount of 
moisture during the drying process, the oil taking the place of water 
in the tissues served to protect them during the subsequent freezing 
and thawing. 

In nearly all cases the flavor of the fish was slightly impaired by 
freezing and thawing. This was not always readily determined, for 
these packs were put up under conditions which did not allow the 
best flavor and taste to be conserved. In one pack which was not 
properly dried the soapy taste, so often present when fish are in- 
sufficiently dried, was very pronounced in all the cans opened. In 
a pack put up from excessively salted fish the lack of flavor was very 
pronounced, particularly when the fish had been dried so long that 
the oil flavor predominated. 

The most marked changes caused by freezing and thawing took 
place in the mustard sardines. In nearly all cases, particularly when 
frozen, six times, the mustard sauce lost its homogeneous appearance, 
and, where the fish had not been sufficiently dried, was partially de- 
colorized. The change in the texture of the flesh was more pro- 
nounced than in the case of oil sardines, being apparent when frozen 
and thawed only twice. When frozen six times, the fish were soft, 
even mushy in some instances, and could not be taken from the can 
without breaking and tearing. The texture of the flesh was de- 
stroyed, the tissues becoming granular and friable. The loss of flavor 
was very pronounced, much more so than in the case of the oils. 
The fish from Castine Bay were dry, brittle, mealy, and practically 
tasteless, particularly when dried too long. These fish, when ex- 
cessively salted and dried, were not quite as dry or as mealy after 
being frozen and thawed. Packed in mustard sauce, these fish were 
tasteless, dry, and brittle, while packed in oil they retained some of 
the fish flavor and were less dry and brittle. 

Tn conclusion it may be said that freezing and thawing have no 
noticeable effect on the appearance of oil sardines. The change in 
the texture of the meat and the impairment of taste and flavor are 
slight when frozen and thawed twice, but more marked after they 
have been frozen and thawed a greater number of times. The dam- 
age resulting to oi! sardines is directly proportional to the amount of 
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water present in the fish and to the number of times the packed goods 
are frozen. Mustard sardines, however, are very seriously damaged 
by freezing and thawing, even once, particularly if improperly dried © 
before packing. The texture of the flesh is destroyed, the appear- 
ance injured, and the tasie lost. 

The desirability of storing sardines at a low, even Epes was 
demonstrated by these experiments. 

DETINNING OF SARDINE CANS. 

EFFECT OF SULPHUR IN SKIN OF FISH. 

More or less blackening or detinning of the inner surface of the 
unlacquered sardine cans always occurs on standing. It was sug- 
gested by a former packer that this might be due to the action of 
some compound in the skin of the fish, as from his experience skinned 
fish when packed did not cause detinning. Sulphur was first con- 
sidered as a possible cause of the detinning. A difference in the quan- 
tity of sulphur in the skin of the fish and in the flesh, provided the 
skinned fish did not attack the tin, would indicate that sulphur was 
an important factor in this phenomenon. 
A small pack was made of skinned and unskinned fish from the 

same source which had been the same length of time in pickle. 
Part of the fish were skinned and then steamed, dried, and packed. 
The other portion was dried and packed without removing the skin. 

- Both lots were packed in oil at the rate of less than 2 gallon per case, 
and were sterilized for 1? hours m a boiling water bath. In all re- 
spects, except for the skinning of part of the fish, the packs repre- 
sented actual commercial conditions. Representative samples of the 
skin and flesh of the fish composing this pack were analyzed, with 
the results shown in Tabie 34. 

TABLE 34.—Composition of skin and flesh ef sardines. 

Determination. 3 Skin. | - Flesh. 

Per cent. | Per ceni. 
W ECT ae oe Sn do Soc oes SSR Sere ce Se oO rn ee ee See See ee ee 63. 60 70. 76 
abe erat ee Serer Bee SE SO a i ee 9 ee ge eee 14. 62 3. 56 
Total BEREF OCHRE CN) oS 2S ea ge eg eee ee eee 2. 85 3. 90 
Prnkcid @NE<G:25) £2 se Te Oe ee ee eee 17. 81 24. 38 
Dali CNAs fae 2 a re ge Seem ee eee age 4.05 1.79 
otalsulphur(S). 2. ELS RR A RS Se ee ee ee 0. 207 0. 260 
LotaLsuiphurCwater and fat free basis) ss #5 be eee ee ee ee 0.95 1.01 
Total sulphur (water, ae and salt free basis) uD SAE ET RES SS ie Se i 2 ees TEC 1.09 

The amount of sulphur in the skin was practically the same as that 
in the flesh of these fish. A marked difference in the extent of de- 
tinning between cans packed with the skinned and those packed with 

the unskinned fish would not, then, be due to the quantity of sulphur — 
present, aithough it might be due to its form of combination. No 
work, however, was done to determine the form in which sulphur 
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exists in the skin or flesh of the fish. Different combinations of sul- 
phur, in the form of cystein, cystin, and keratin, are found in animal 

tissues.. The first two occur in the true proteims or meat tissues, 
while the last is the principal sulphur-bearing constituent of hair, 
nails, skin, etc. Theoretically, if sulphur has any relation to detin- 
ning, that in skin should exert the least effect. To a certam extent 
this is confirmed by the results of the experiments. 

The examination of a few cans from these packs three months 
after they had been processed showed that portions of the surface 
of the cans containing the unskinned fish had become blackened or 
detinned, usually where the skin of the fish came in contact with the 
can. In rolling the lid back or in taking the fish from the can pieces 
of skin adhered to the lid or bottom of the can. The surface imme- 
diately below this was detinned and sometimes slightly pitted, while 
the surface of the can not in contact with the fish remained bright. 
The interior surface of the cans containing the skinned fish showed 
black markings on both the lid and bottom, in some instances a little 
more marked than in the cans of the unskinned pack. In the pack 
of skinned fish the entire surface of the can, although not black, was 
tarnished or dulled. The detinning appeared to be more general 
over the whole surface, that is, there were no bright places on the 
surface, as was the case in the pack of unskinned fish. It was quite 
evident that more corrosion of the surface of the can occurred in the 
pack of skinned fish than in the pack of the unskinned fish. 

After standing six months, the same markings in the interior of the 
cans, perhaps a little more pronounced, were found in the cans of 
unskinned fish. Several places where the fish had come in contact 
with the surface of the cans were detinned and slightly pitted. The 
portions of the cans not touched by the fish remained bright and 
untarnished. All the cans examined were attacked to about the 
same extent. The skin that adhered to the cans was carefully 
removed and added to the sample for analysis. Besides being tar- 
nished, the surface of the cans containing the skinned fish was badly 
pitted, and small pieces of the fish adhered to the cans at the end of 
six months. This pitting and adherence of the flesh to the surface 
of the can had not taken place after three months’ standing. 

After six months’ standing the interior surface of the cans con- 

taining the skinned fish had been attacked to a greater extent than 
had the surface of those in which the unskinned fish were packed. 
In both cases more corrosion was shown after six months’ standing 
than after three months’ standing, and in both instances it was more 
marked in the case of the unskinned fish. 

The water, oil, and tin contents of samples of these two packs are 
shown in Table 35. 

5890°—20—Bull. 908——6 
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TABLE 35.—Compositwon of sardines (skinned and unskinned) stored in cans for 3 and 6 
months 

Period held. Water. Oil. Tin.1 

a 

Unskinned fish: Per cent. | Percent. |My. per kilo. 
SHMONGNS fe see aca Lis BE eateia ts See wae e noe eee eae eet noe 52.19 18. 88 194 

Dowecs ee nee On ee eee en Ae ARSE 52. 67 15. 64 2 66 
G:MONMS 3S5..22 ose wa ae ee ee oe ee ee Se ee rae 55. 00 16. 20 172 

Skinned fish 
Simonths fo = SS ae a eee ae ee ee eae Bee Ses 56. 00 14.93 225 

dB 0 SARs re sp itn ee Rs eee Ee Ate SS ees Sei aie 56. 81 14. 89 = - 85 
GATVONES HF ee ales Sens She Se ears eo ea epee ae 54.68 19.31 145 

DO wo. o cco Baie te toe ee ae Se Ae ae a ee eee 96. 13 17.81 | 3319 
| 

1 Determinations made by E. L. P. Treuthardt, Food Control Laboratory, Bureau of Chemistry. 
2 Least detinning in any of cans examined. 
3 Worst of lot, tarnished all over and one-half surface pitted. 

The tin removed from the can varied greatly among the individual 
cans, but in some cases corresponded to the amount of tarnishing or 
detinning undergone by the can. The tin content of the pack of 
skinned fish was, on an average, higher than that of the pack of 
unskinned fish. It was observed, incidentally, that detinning is 
reduced to a minimum when the cans are well filled with oil, and 
progresses more rapidly in cans where too little oil has been added 
or where the fish have absorbed the oil, thus removing the protective 
film between the fish and the can. The examination of these packs 
showed that the corrosion of the interior of the can was progressive 
and was more extensive in the packs composed of skinned fish. 

Apparently sulphur is equally distributed through the flesh and 
skin of the fish and is not primarily responsible for the corrosive action — 
of the contents of the can. The blackening of the areas detinned and 
the excrescences sometimes seen are due to the formation of iron 
sulphid. This probably is the extent to which sulphur enters into the 
reaction in the corrosion of the tinned plate. 

EFFECT OF AMMONIA AND AMINES. 

That the alkaline materials, ammonia and amines, are primarily 
the cause of part, at least, of the detinning which occurs in sardine 
cans was shown by the following experiments. 
Ammonia and amines, found in appreciable quantities in commer- 

cial and experimental packs of sardines, increase during storage 
(p. 70). That amines have a corrosive action on tin plate when con- 

fined in cans has been shown by experiments! in which monomethyl- 
amine of various strengths was sealed in cans and allowed to remain 
for different periods of time. Bigelow and Bacon(3) attributed the 
corrosion of the interior of tin containers used for canning shrimp to 
monomethylamine. A. Réssing(24) found the interior of cans in 
which sterilized lobsters and codfish had been preserved for several 

1 Unpublished results on file in the Bureau of Chemistry. 
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years tobe covered with a white coating composed of stannic oxid, 
phosphoric acid, and iron. He attributed the corrosion to the action 
of phosphate and ammonia contained in the codfish and lobster. 

Determinations of the total amount of tin in packs of sardines in 
raustard sauce and of the tin content of mustard sauce, plain and 
fortrtied with acetic acid, when packed separately, showed that more 
ti was present in the fish and the sauce than in the sauce alone.’ 
This observation is in agreement with the conclusions drawn by 
Goss(10) who stated that the tin which is dissolved from the can 

forms an insoluble compound (by. adsorption) with the protein and 
carbohydrate (starch) elements of food. The active materials, acids 
or alkaline substances, responsible for the solution of the tin are then 
left free to dissolve more tin. This action may go on until no more 
tin can be taken out of solution by the food products within the CE, 

or until detinning is complete. 
It having been shown that diamine and monoamine are asso- 

ciated with ammonia and triamine, as constituents of the total vola- 

tile alkaline material formed in sardines (p. 75), solutions of all 

these amines were used to determine the extent of corrosion when 
present in sardime cans. The amine solutions, in approximately 
twentieth normal strength, prepared from Kahlbaum’s highest 
purity 33 per cent solutions, were introduced into the ordinary quarter 
oil cans. The interior of the cans and the lids were thoroughly 
cleaned by washing with alcohol and ether. The lids were then 
soldered on and the solutions introduced by means of a pipette 
through a tap and a vent hole in the end of the cans. As soon as the 
cans were filled, these holes were closed by a drop of solder. The 
cans were next processed for one hour in boiling water. One set was 
opened immediately after cooling and the others placed aside for 
future examination. The results of the determination of tin in the 
solutions after being removed from the cans, and the extent to which 
the inner surfaces of the cans were corroded are given in Table 36. 
—— 

1 Unpublished results on file in the Bureau of Chemistry. 
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On standing, a small amount of a white sediment containing 0.4 to 
0.9 mg of tin settled out from the solutions when the contents of the 
cans were transferred to digestion flasks. This was undoubtedly an 
oxid of tin. 

Of the cans opened directly after processing, those containing dis- 
tilled water were not attacked. The cans containing ammonia ap- 
peared to be attacked the most. Next, in order of the apparent 
degree of corrosion, was the can containing equal parts of ammonia 
and trimethylamine, followed in order by those containing trimethy]l- 
amine, monomethylamine, and dimethylamine. The apparent ex- 
tent of corrosion in this series does not conform to the actual amount 
of tin removed. The can containing monomethylamine lost the most 
tin, while the least went into solution in the mixture of ammonia 

and trimethylamine. 
In the lot which stood for three months, the cans containing 

dimethylamine showed the greatest effect, as well as the removal of 
the largest amount of tin. The fact that these cans were only partly 
filled may account for the greater corrosive action. Next in amount 
of corrosion came the cans containing ammonia and trimethylamine, 
with monomethylamine third. In this group the apparent extent of 
corrosion agrees fairly well with the actual amounts of tin deter- 
mined. 

Of the cans which stood for eight months, those containing ammo- 
nia and equal parts of ammonia and trimethylamine were attacked 
the most. Dimethylamine followed in order of severity, while the 
ones containing trimethylamine appeared to be the least attacked. 
The amount of tin in solution agreed with the observations made on 
this lot. Unfortunately no monomethylamine was available for com- 
parison at this period. 

The variation in the amount of tin found in these solutions at dif- 
ferent periods may be due to variations in the quality of the tin plate 
of the cans. No attempt was made to obtain cans composed of the 
same plate, the cans used being taken from a miscellaneous lot. 

These results, although limited in the number of cans tested, show 
that weak solutions of ammonia and amines exert a detinning action 
on the interior of the cans, and that this action increases on standing 
up to a period of at least three months. 

CONCLUSIONS, 

Ammonia and amines are formed in sardines stored for any length 
of time, the amount depending upon the period and temperature of 
storage. Sardines held at room temperature contain a higher per- 
centage of ammonia and amines than when they are held just above 
freezing. Ammonia and amines in solution are believed to be re- 
sponsible for a great part at least of the detinning which occurs in 
sardine cans. 
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The damage done to oil sardines by freezing and thawing is negli- 
gible in comparison with that done to mustard sardines. 

The results of these experiments show that it is most desirable to 
store sardines at a low, even temperature. 

DECOMPOSITION OF THE FISH. 

The flesh of fish differs in composition from that of animals in 
that it is relatively richer in gelatin-yielding material (collagen) and 
contains a smaller proportion of extractives. It is probable that cer- 
tain bacteria grow more rapidly on fish than on meat, thus explaining 
the greater rapidity in the decomposition of fish. The end products 
of decomposition of the flesh of fish are the alkaline substances, 
ammonia and amines. Fish flesh contains a small amount of am- 
monia as a normal constituent, and the tissue juices doubtless 
contain amines, but in such small quantities that their presence 
in appreciable amounts may be considered as an evidence of decom- 
position. This is true also of the fiesh of the lobster, crab, and 

shrimp, to which group of marie life the organisms classed as 
feed for the sea herring belong. 

INDICES OF DECOMPOSITION. 

AMMONTA AND AMINES. 

During the course of this investigation a number of determinations 
of the amount of ammonia and amines present in fresh fish and in 
fish at various stages of spoilage were made. Fish free from feed 
and fish containing feed in different stages of digestion, some of them 
belly blown, were examined. The average of numerous determina- 
tions showed that the fresh fish contained from 1.5 to 2 mg of ammonia 
and amines, as nitrogen per 100 grams of fish, or, calculated to the 
water and fat free basis, 11 to 12.5 mg per 100 grams of fish. 

The transportation experiments (p. 26) brought out the following 
facts: In the case of small fish which contained no feed, and were 
kept, without the addition of salt, at 54° C., the viscera and con- 
tents decomposed more rapidly than did the flesh. In the case of 
larger fish, containing a little feed and transported without salt, the 
ammonia and amines in the viscera and contents increased from 12.6 
mg in the fresh material te 22.3 mg per 100 grams of material at the 
end of 12 hours, while that in the flesh increased only from 13 to 
14.5 mg during the same period. After these fish had stood for 24 
hours, the flesh showed a decided change, with evidence of marked 
decomposition. In the case of fish carried in salt (13 sacks per 
hogshead), a noticeable increase in ammoniacai material, from li 
to 18.2 mg per 100 grams, had occurred in the viscera and contents 
by the end of the 4-hdur period of holding. 

Fresh fish containing some feed, but hardly to be classed as ieedy, 
after standing for certain periods of time, showed a marked increase 
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in the ammonia and amines in the viscera and contents, as a result of 
decomposition. The 11.6 mg of ammonia nitrogen per 100 grams of 
fish in the stomach and intestinal contents increased on standing for 
6 hours to 16.3 mg, and on standing for 20 hours to 21 mg over the 
amount found in the fresh fish. 

In still another experiment, the viscera and contents of the fresh 
fish contained: 12.6 mg of ammoniacal material as nitrogen per 100 
grams of the sample when fresh, 14 at the end of 4 hours of standing, 
15 after 6 hours, 17.7 after 8 hours, and 22.3 after 12 hours. 
A preliminary experiment to determine the amount of ammonia 

and amines formed when fish decompose showed that the greater 
part of these alkaline bases formed during decomposition pass into 
the solution when the spoiled fish are placed in pickle. These resuits, 
coupled with the condition, approximating that of salt fish, when 
fish for sardines are held too long in pickle or in dry salt, indicate that 
a transfusion of material from sound fish into the brine or pickle 
occurs. 

Experiments were conducted to ascertain the amount of decompo- 
sition which occurs in the viscera and contents of fish kept in pickle 
for various periods of time. ‘The data thus obtained are given in 
Table 37. 

TaBLE 37.—Decomposition in viscera and contents of fish kept wn pickle. 

Before packing (raw viscera). After packing and processing. 

Total Total 
volatile volatile 
alkaline } alkaline 

pickle. material material 
Water. Fat. Salt. (ammo- | Water. Fat. Salt. (ammo- 

nia and nia and 
amines) amines) 
per 100 per 100 
grams. grams. 

| 
| Bours. Per cent. | Per cent. | Per cent. Mg. Per cent. | Per cent. | Per cent. Mg. 

ot 1: 
0 56. 58 32. 00 0. 42 15. 2 58. 61 19.77 0. 49 40. 8 
6 56. 70 26. 62 2. 46? 16.3 43. 31 28. 46 3. 91 46. 6 

12 54. 40 25. 96 4 53 19 8 45. 76 28. 16 8. 69 43.7 
24 57. 47 27,12 4.22 28.0 47.96 27.32 4.21 42.7 
Lot 2:1 

0 50. 93 38. 08 29 13. 4 56. 70 23. 89 23 35. 6 
6 51. 06 7.24 1.71 18.3 53. 62 26. 58 1. 56 39. 0 

12 49. 53 35. 08 2. 93 38. 4 50. 40 26. 62 3. 32 47.8 
24 51. 62 32. 30 3. 55 36. 1 44, 92 30. 87 3. 87 45.4 

1 Slightly feedy. 

The decomposition of the raw viscera increased markedly in both 
lots of fish during the time they were held in pickle, lot 2, made up 
from slightly feedy fish, showing the greater increase. The amount 
of volatile alkaline material increased markedly in both lots after 
processing. The increase due to processing was sufficient in the 
case of lot 1 to mask that due to the decomposition found at any 
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stage. Decomposition is indicated in the processed material in the 
case of the slightly feedy lot. 

The amount of ammoniacal material thus far reported in this 
section includes both ammonia and amines. The following data 
shew the production of amines during the course of decomposition 
of the flesh and the viscera and contents of fish. 

The flesh of eviscerated fresh fish showed the presence of 0.53 mg 
of amines, in terms of nitrogen per 100 grams of sample. After a 
portion of this lot of fish had stood for 24 hours with the viscera intact, 
samples were prepared by eviscerating the spoiled fish. The content 
of amines had risen in the flesh to 14.53 mg per 100 grams. These 
fish iad ne pronounced odor, but the bellies of the greater part were 
ruptured, and they were spoiled to such an extent as to be unfit for 
packing. 

The viscera from several lots of fresh fish, which contained feed in 
the intestines in a state of practically complete digestion, showed a 
maximum of 1.60 mg and a minimum of 1.31 mg of amines, expressed 
as nitrogen per 100 grams of sample. 

The viscera of fish, the stomach portions of which were full of 
shrimp, contained a maximum of 16.07 mg and a minimum of 12.99 
mg of amines, as nitrogen per 100 grams of sample. Some of the 
fish from which the viscera were cbtained were badly belly blown, 
while others showed only the prelimmary softening and a slight 
rupturing of the belly tissues. 

in the special investigation conducted during the fall of 1916, 
the total volatile alkaline nitrogen determined in the feed taken 
from belly-blown fish on arrival at a cannery amounted to 37.7 mg 

per 100 grams of sample. Of this quantity 20.6 mg were amine 
nitrogen, and 17.1 mg ammonia nitrogen. 

Portions of the samples of the feed itself, collected from the 
waters in the vicinity of the fishing grounds, were allowed to de- 
compose under the most favorable conditions, at incubation tempera- 
tures, and samples were taken at different periods. Ammonia and 
amines in very large quantities were found in all cases as products 
of the decomposition. 

The examination of the stomach and intestinal contents of a 
number of fish which had been out of the water different lengths of 
time showed that raw fish whose stomachs were full of undigested 
shrimp gave from 10 to 15 times the quantity of amines found in 
the viscera from fish which contained material in a more advanced 
stage of digestion. 

VOLATILE SULPHUR. 

The amount of volatile sulphur in the viscera of fish which con- 
tained feed was determined, and the results, expressed in terms of 
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cubic centimeters of N/100 iodin solution reduced per 100 grams of 
material, were compared with those obtaimed on fish contaming 
practically no feed. In the viscera of fish containing no feed a 
reduction of 4.5 ce of iodin solution was obtained, against a reduction 
of 12.6 ec from the viscera of fish which were somewhat feedy. 

_ EXPERIMENTAL Packs FROM D&EcoMPOSED FISH. 

Even in the presence of salt or pickle decomposition proceeds in 
the viscera of the fish, particularly-when a large amount of feed is 
present. This fact is borne out by the experience of the fishermen 
and boatmen, who report that when feed is abundant, no amount 
of salting or any known way of treating the fish will keep them from 
spoiling. Decomposition begms and rapidly extends in the viscera 
and contents long before it is manifest in the flesh of the fish. When 
free from the viscera and contents (eviscerated), the fish, at the 
temperatures prevailmge in this region, do not show evidence of 
decomposition for a fairly long period of time. 
A series of experiments were conducted to ascertain the amount 

of decomposition m sardines packed under varymg conditions of 
spoilage. Fish which would pack 6 to the can, from a lot taken 
without salt or pickle directly from the weir to the wharf, were 
flaked after they had been out of the water for three hours, and at 
once analyzed, to determine the water and fat content, the ammonia 

and amines, and the acidity of the fat. 
About 1? buckets of these fish were placed in a barrel containing 

14 buckets of pickle, the amount usually employed for this quantity 
of fish. Because of a temporary lack of water at the factory where 
the experiment was conducted, a pickle prepared the night before, 
and previously used to hold 2 bushels of fish for 2 hours, was 
used. It registered 100° on the salimeter, however, and was but 
slightly colored. At intervals of 30 minutes, 1 hour, 14 hours, and 
2 hours portions of the fish were removed from the pickle, flaked, 
and samples analyzed. The rest of the fish were allowed to stand 
for 24 hours in a basket in the pickling shed, where the temperature 
was about 60° F. At the end of this time the same procedure was 
followed for the 24-hour-old fish. The results of the analyses of 
these fish are given in Table 38. 

Although ammonia and amines were extracted from the fish by 
pickle, a sufficient quantity remained, at the various periods of time 
given, in the 24-hour-old fish to indicate an appreciable decom- 
position. The results obtained for the acidity of the fat suggest 
that this determination may also have value as a measure of de- 
composition. The evidence of decomposition in the fish after 
standing for a period of 24 hours without salt. or pickle was very 
marked. 
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TABLE 38.—Composition of fresh and 24-hour-old fish before and afi being in pickle 
from 30 minutes to 2 hours. 

| Moisture and 
| | fat free basis. 

Total | 

volatile Acidity 
nitrogen ee : | of fat 

oye : per 100 | volatile | as N/20 Condition of fish. Water. Fat. | grams as | nitrogen eae! Sadiaai 

| ee per 100 | ~ ci ethylate - 
and grams as per gram. 

Rs | amines. ammonia| trogen. 
and 

| amines. 

| | H | 

Fresh fish from weir: Per cent. | Per cent. Mg. Mg. Mg. Ce. 
3 hours out of water, no pickle or salt... 69. 00 | 8. 44 21.0 | | 93.1 2. 50 7.0 
In pickle— | 

SOTMINUGCSS-2n, ee ee ee eee 67. 84 | tebk 21.0 | $5: 4 le 83 es eee 
phon 2.2 oh Ser eS 6152 (Cee Bae 186 tT Ted |S 2 ae 2 eee 
Ae NOUTS Stee sect eee oe ee eS 67. 46 | 8.63 | 18.6 WleB 4). 5:3 o2 55 eesoster eee 
Pihours ti. Sek | ‘ez3s| eee! (186) 705| > 250 9.09 

Same lot 24 hours old: | | 
After standing 24 hours, no pickle or 
SB Bante Se aes oe ee ee 71.36 | 6. 56 | 46.6 211.0 2.40 8.96 

In pickle— 
SUMMMTU GES = S35 Sesh eee: eee ere 68. 24 8. 28 37 169.9: | 22.2233 alee aes eee 
dihOlin sso ee aa See eR 69. 65 5.43| 35.0 140: 4 |S. Be eee 
(uhonre. 68 ee ee | 69-40). Bt ADe) 932-6 lero 1 20st) Saye ee eee te 
Zep PAC pee ae toe Saige ae a a 66.99 | 6. 84 | 28.0 107.0 | 1.96 9. 20 

Packs of the fresh, 12-hour-old, and 24-hour-old fish were made in 

oil and without oil, as well as from each lot held for different lengths 
of time in pickle. In each pack the fish were steamed for 12 minutes, 
dried for three-quarters of an hour in a tunnel drier, and then packed 
in ordinary one-quarter cans. Oil was added to part of the pack; 
the rest of the cans were left dry. The cans were processed at the 
temperature of boiling water for 24 hours. The fresh fish packed 
easily and quickly, and made a very good looking pack. At the 
time of packing about half of the 12-hour-old fish and nearly all of 
the 24-hour-old fish were belly-broken and soft. 

The iesults of these analyses, made as soon as the sardines were 
allowed to cool after processing, are given in duplicate on samples of 
fish packed in oil from the fresh lot, and after 2 hours in pickle, 
and from the 24-hour-old fish, before and after they had been 2 
hours in pickle (Table 39). 

The evidence of decomposition was quite marked in the goods 
packed from the 24-hour-old fish which had not been in pickle. Hold- 
ing both the fresh fish and the 24-hour-old fish in pickle for 2 hours 
decreased the amount of ammonia and amines in the packs made 
from them. The packs made from fish which stood 24 hours showed 
a greater loss in alkaline material than those made from the fresh fish. 
The acidity of the fat of the fish packed in oil and processed in- 
creased slightly during spoilage and during the periods in pickle. 
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TABLE 39.—Composition of fish packed fresh and at the end of 24 hours. 

Total volatile nitrogen per 
100 grams as ammonia ae 

d amin Acidity of fat as 

a ee N/20 sodium 
ethylate per 

Condition of fish. Water. Fat. Moisture and fat gram. 

xs free basis. 
Original 
basis. ———————Se 

Total. | Average.| Total. | Average. 

Fresh, no pickle or salt, packed Per cent. | Per cent. Mg. Mg. Mg. Ce. Ce. 
in oil, and processed !........- 57.00 18. 90 35.0 145.2 147.6 { 1.74 \ 1.70 

IDO a Sele SS re eer es 54.12 24.13 32.6 149.9 * 1.65 ; 
Fresh, 2 hoursin pickle, packed 

in oil, and processed !......... 50. 41 26.00 30.3 128. 4 133.1 { 1.70 \ 1.63 
10) Sane ne mn eens Site tans 54.00 22.35 32.6 137.8 : 1 58) : 

24 hours old, no pickle or salt, 
packed in oil, and processed 2. . 50. 06 23. 48 49.0 185. 2 189.6 { 1.90 \ 1.83 

1D (0/3 Se eee a ee, pa iea at ere ta 54. 53 21.45 46.6 194.0 ; ile 7ea) Pie 
24 hours old, 2 hours in pickle, 
packed in oil, and processed. . 47.76 25.23 39.6 146.6 \ 154.9 { 2. 20 \ 2. 04 
DT bead ae aoa Eee 51.73 21.14 44.3 163.3 : 1.88 ; 

1 Same as first lot of fish given in Table 38. 2 Same as second lot of fish given in Table 38. 

Table 40 shows the results of the determination of the ammonia 
and amine in packs of the same fish in oil and without oil, as well 
as those from this same lot allowed to stand for 12 hours before 
being placed in pickle. The sardines on which these analyses were 
made stood for about 7 months under conditions of storage which 
would approximate those found in actual practice. The analyses 
were made in triplicate, but only the average results of the deter- 
mination of ammonia and amines calculated to a moisture and fat 
free basis are tabulated. Total nitrogen was also determined on 
these packs, but the results showed no variation that would indicate 
a loss of protein material under the conditions of the experiment, 
for which reason they are not included in Table 40. 

The cooking received during sterilizing very greatly increased the 
amount of ammoniacal material in the packed fish. In the case of © 
the fresh fish, not in pickle, this increase amounted to 54.5 mg per 
100 grams immediately after processing, and to practically 117 mg 
per 100 grams after the sardines had stood seven months. Not 

enough ammoniacal substances were extracted from the fresh fish 
during the time in pickle to cause a very noticeable decrease in the 
ammonia and amine content of these same fish after they had been 
packed and sterilized. The ammonia and amine content, however, 
had a tendency to decrease with the length of time the fish remained 
in pickle. This was more markedly shown in the case of the fish 
packed without oil. The ammoniacal nitrogen content was greater 
in the pack of fish from the 24-hour-old lot, not in pickle, than in 
the pack from the fresh fish without pickle. The quantity of am- 
moniacal material found in this pack (24-hour-old fish) decreased 

according to the length of time in pickle. In general, the results of 
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the analyses of the different lots of fish packed without oil agreed 
very well with the results on the packs in oil, about the same quan- 
tity of ammonia being found in both cases. These results show that 
canned sardines contain more ammoniacal material than the fresh 
fish. 

TABLE 40.—Toial volatile nitrogen (ammonia and amines) on waiter and fat free basis in 
packs with and without oil.* 

, Total volatile ni- 
trogen (ammonia 

/ and amines) on 
; Water and fat 
| free basis per 100 

Condition of fish. | grams. 

| inoil. aut 
| 

Fresh (3 hours out of waier):= : Mg. Hg. 
Net in pie lcte: tee oo 28 Se eS ee ee ee BS ee aes 210.2 205.2 
In pickle— 

SA) SVRSTUND Cpe ee ee eee ee ee eee 203.1 220.7 
ON ee ee a ee Se ee ee eas ar eee 206.1 18.0 
SLL 7 es ee ae a a eh pe ee, CeO yi Te A a ee Os 204.5 224.1 
Weems C2 5 ot 9S"es cs Pl ep er eee ee eee 202.8 191.3 

12 hours old: 
ING S71 gms re rt re SE eS es eee ee 204.0 | 207.0 
Tn pickie— 

SAD BERS STE NUS 3m ok Se SE ep I Ses Pe ee ee 2H. 2 184.0 
Li 1) ee ee ene ne A ee ae Aas een Sle hee ae ee a oe 188.8 173.0 
2 Thar es a Pee ae SE I es Pee 179.9 217.3 
EMER a ar Se Sn Se ee ee eee ee 204.2 199.6 

24 hours old:2 
Wal sTt gneK Ie AS ke oe ek no 2 ee ee ee renee 237.2 221.0 
In Dicklie— 

ed AUURR UND ESS os a ee ee re Sa age a aes 206.3 
ab Fig Sens Bree Se a ee ee ee 2 ee ees Sees 205.4 291.0 
SS ant Se Re ee ee a oe ee a © ee ee eee 196.8 189.3 
PRM BIE See ee ee ee ee ae ee Se eee 133.6 177.0 

i These sardines had been packed about 7 months. Same as lot of fish given in Table 38. 

Tn the case of fish which had undergone an excessive decomposition 
the results point to the possibility of detecting this degree of spoilage 
in the packed goods. The length of time in pickle had a more 
marked influence on the ammonia content when the fish were in an 
advanced stage of decomposition than wher they were fresh. 

The determination of volatile alkaline material, expressed in terms 
of ammonia and amines, in the canned product, therefore, becomes of 

doubtful value as a means for detecting decomposition of a less 
degree in fish which have been im salt or pickle. 

The process of pickling and salting the fish is subject to extreme 
variations. There is no uniformity in the length of time the fish 
remain in pickle, in the degree of salinity of the pickle, in the amount 
of salt used in dry salting, in pumping off the brine formed when the 
fish are dry salted, or in the length of time of processing, all of which 
have a marked effect upon the ammonia and amine content of canned 
fish. In consideration of these factors it would be impossible to gage 
the extent of decomposition undergone by the commercia! canned 
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product from the ammoniacal substances alone. Furthermore, proc- 
essing produces a quantity of ammonia and amines greatly in excess 
of that found normally and sufficient to mask the quantities of these 
substances formed during the actual spoilage of the fish in the raw 

state. 
GRADING THE FISH. 

As already stated, the fish received at the cannery vary in quality 
according to the season of the year and to the treatment to which 
they have been subjected during transportation. Obviously best 
results can not be obtained unless some differentiation is made in 
the treatment of these fish during the packing process. This investi- 
gation showed that all the fish, fat or lean, excessively salted or 
pickled or the reverse, were sent through the cannery together. Ina 
majority of the canneries the fish were not sorted according to size. 
At one plant the best lot of oil-size fish received during the season 
were mixed with very inferior fish that had been in pickle over night 
and were soft and, in many cases, belly broken. These dull, leached- 
out fish should have been discarded at once, instead of which they 
were packed in cans with the good fish, to the detriment of the entire 
output from that particular cannery. It is a great economic waste 
for the sardine canner to adopt a routine method for treating every 
lot of fish brought in. Best results can be obtained only when the 
fish are separated at the cannery into different grades with respect 
to quality. Greater care should be used in handling fish of poorer 
quality, thus insuring better results in the finished product. The 
various grades should be kept together throughout the process. 

FEEDY FISH. 

Packing badly belly-blown fish has done more than any other one 
factor to bring the Maine sardine into disrepute. Excessively feedy 
fish should not be taken from the water (p. 18), and fish which reach 

the cannery in a badly belly-blown condition should be discarded 
(Pl. XIX). The packing of fish containing feed should not be per- 
mitted under the present methods of snipping and shearing. Small 
pieces from the gills and particles of partially digested food from the 
stomachs produce a messy appearance on the surface of the packed 
fish. 
A reasonable limit for the amount of feed fish may contain before 

being rendered unfit for packing should be established. In determin- 
ing such a standard, the method and time of transportation, the ex- 
tent of the rupture of the belly portion of the fish, the grade of sar- 
dines into which they are to be packed, whether they are to be cut 
or cut and eviscerated before canning, and other factors should be 
taken into consideration. 
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SMALL FISH (BRITT). 

The facilities for handling the fish and the processes employed at the 
present time are not at all suited for ‘‘britt,’’ as fish from 14 to 24 

inches are called. With the methods now in vogue a good article can 
not be prepared from britt. In the first place, they are taken in 
entirely too large quantities, 50 or 60 hogsheads of fish about 24 
inches long being actually landed at a cannery in one load. In most 
of the canneries they are treated in exactly the same manner as the 
larger fish. The waste is enormous, and the taking of these fish, 
which would, in from two to three months, be of sufficient size to 
make easy handling and packing, constitutes a great economic loss. 
When the catch is composed of large and small fish, even if completely 
separated at the cannery by running them through a separator, the 
loss is too great to make a sacrifice of these small fish in the quanti- 
ties sometimes taken. If the larger fish are not separated from the 
britt, as is the case in the majority of the canneries, the small fish are 
not discarded until they reach the packing tables. Since, as a general 
thing, they can not be flaked properly, they fill up the spaces be- 
tween the larger fish, delay drying, and increase the damage and mar- 
ring of the larger fish when they are separated during packing. 

Small fish from 14 to 23 inches long should not be taken from the 
water. Legislation should be enacted prohibiting the taking of fish of 
this size. In the case of a mixed run, regulations should be pre- 
scribed as to the percentage of these small fish which may be taken in 
acatch. No attempt should be made to pack fish that are less than 3 
inches long’, and this size should be accepted only when the packers 
are willing to take them in small quantities and devote sufficient 
time and attention to their preparation to insure a first-class article. 

MARRED OR BROKEN FAT FISH. 

The methods developed in packing Maine sardines, for example, the 
steaming and drying process, and others that are utilized in transpor- 
tation and packing the fish, at the speed and in the quantities handled, 
are not suited to the physical structure of the more delicate and 
tender fat fish, which will not stand rough treatment without being 
marred and broken. Their use is not conducive to speed in packing, 
with resulting quantity, which is desired in the preparation of the 
cheaper grade of sardines. For these reasons preference has been 
given to the thinner and firmer fish for use in this class of goods. These 
fish, deficient in fat, are taken during the early part of the season, par- 
ticularly during the spring catch or during a scarcity of feed. While it 
is generally conceded that sardines made from fat fish are superior in 
flavor to those made from the thinner fish, they are not in general favor 
among the packers because of the difficulties in handling them. The 
tissues of the fat fish are exceedingly tender, so that they are easily 
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marred and broken; consequently great care must be exercised to 
obtain a neat looking can. 

To rule that all broken fat fish should be discarded would result in a 
creat waste of good, wholesome food material. Some means should be 
provided for using the broken and marred fat fish, other than mixing 
them with, and spoiling the appearance of, packs made from undam- 
aged fish. These fish should not be mixed with the undamaged fish, 
but may be utilized legitimately by packing them as mustard sardines 
or “backs up” in oil, with the understanding that this method of 
packing designates seconds or broken and marred fish. 

In packing the better or fancy grade of sardines unbroken fat fish 
of superior quality are to be preferred. It would be desirable to 
select the better quality of fish, whenever they can be obtained, for 
packing the fancy grade of sardines and use the poorer quality of fish 
in the cheaper sardines. 

The Norwegian sardine packers recognize the value of fish of good 
quality, and pack the better grades of sardines at a season when the 
fish are the fattest, and consequently of the best value. 

CUTTING AND EVISCERATING THE FISH. 

All fish used in the preparation of sardines should be cut and evis- 
cerated. Under present conditions it would be impossible to cut all 
the fish. The employees are decidedly averse to hand cutting, and it 
would be impossible to secure a sufficient force to cut all the fish 
during a heavy run. Several of the canneries, however, have suc- 
ceeded with hand labor in cutting fish of a certain size, while a few 
cut most of the large fish used for mustard sardines. Since this 
investigation was undertaken much progress has been made in the 
development of mechanical devices for doing this work. Several 

canneries now use mechanical means for beheading the fish. It is 
hoped that eventually all fish will be cut and eviscerated by machinery. 

It is most desirable that fish be eviscerated as well as beheaded 
before starting them through the canning process. Experiments have 
shown that the viscera and contents are responsible for the early and 
rapid spoiling of the fish. Not only does cutting and eviscerating 
prevent such decomposition, but it also facilitates matters all along the 
line in the packing of sardines. It will abolish the practice of ‘‘snip- 
ping” and “‘shearing’’ the fish during packing and will practically 
eliminate the handling of the large amount of refuse in the packing 
room. It shortens the length of time in pickle after the fish reach the 
cannery, thus eliminating the damage and loss resulting when fish are 
held too long in salt and pickle. It reduces to a negligible degree 
the chemical changes which fish undergo in brine or pickle, causing the 
removal of a large part of the material which is characteristic of fresh 
fish and which is so largely responsible for the delicate flavor. It 
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greatly reduces the time required for drying, and finally an important 
reason for cutting and eviscerating the fish is that if generally adopted 
it will aid materially in solving the “feedy”’ problem, by the removal 
of the feed and viscera before an advanced stage of decomposition, 
brought about by the bacteria associated with the feed, has been 
reached. 

STANDARDIZATION OF THE SARDINE PACK. 

In order to satisfactorily market any commodity it is essential that 
standards should be established before sales are made. It is then the 
duty of the manufacturer to see that his product complies with the 
standard adopted. At present there are no uniform grades or stan- 
dards for sardines upon which a satisfactory marketing and selling 
arrangement could be based. Although several canners have stan- 
dardized their pack and sell their goods on a basis of quality, the great 
majority have in the past sold their products simply as sardines, 
without reference to their merit. As a result the jobbing trade does 
not look for a definite uniform quality in Maine sardines, but governs 
its purchases by price alone. Such a condition nullifies the attempt 
of those packers who have made an effort to standardize their packs, 
and often forces them to cast a high-grade article in with the poorer 
grades of those who care less for quality than for quantity. 

The greater part of the Maine pack is sold under the distinctive 
name ‘‘standards.”” They may be very good, or they may be inferior, 
and often their quality is unknown to the packer. The jobbing trade 
has become so accustomed to this class of goods that quality is not a 

consideration in the transaction. 
Probably in no other line of goods dees this lack of systematized 

dealing between producer and distributor work more hardship on the 
consumer. Price and the nature of the competition caused thereby 
rule the quality of goods produced, with the result that the whole 
tendency on the scale of quality is downward. 

PROPOSED SPECIFICATIONS. 

The following specifications, based on the division of the pack into 
four subdivisions, is offered as a working basis for a standardization 
of the pack of Maine sardines. 

STANDARDS. 

Cans.—Quarter size only, plain or decorated. 
Fish.—Not less than 5 to a can, preferably 6. Steamed; not 

necessarily eviscerated, though this would insure a better product; 
carefully packed brights up, to make a neat and attractive package. 

Oil.—Prime, summer yellow cottonseed, or corn, not less than 75 
per cent of a gallon (3 quarts) to a case of 100 cans. 
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ExtTrA STANDARDS. 

OCans.—Quarter, high-quarter, and half sizes, plain or decorated. 

Fish.—Not less than 5 to a can, preferably from 7 to 10. May be 
steamed, preferably fried in oil, and carefully packed brights up. 

Oil.—Winter yellow cottonseed, or corn, not less than 87.5 per 
cent of a gallon (34 quarts) to a case. 

FANCY. 

OCans.—Quarter, high-quarter, and half sizes, plain or decorated 
tins, brass label, or wrapped and labeled. _ 

Fish.—Not less than 7 to a can, preferably from 10 to 15. Cut 
and eviscerated, fried in oil, packed brights up, carefully, neatly, and 

attractively. 
Oil.—Winter yellow cottonseed, corn, or olive, at the rate of 87.5 

per cent of a gallon (34 quarts) to the case. 

EXTRA FANCY. 

Cans.—Quarter, high-quarter, and half sizes, plain or decorated 
tins, brass label, or wrapped and labeled. 

Fish.—Not less than 7, preferably 12 or more. Cut and eviscer- 
ated, fried in oil, and well packed. 

— Oil.—Olive, at the rate of 34 to 4 quarts to a case. 

STANDARD QUARTER OILS. 

Since the grade called standards at present constitutes by far the 
greatest part of the pack, it may suffice at first to urge a standardiza- 
tion of this, the poorest grade, and allow the other grades to take care 
of themselves as the marketing conditions and the ideas developed 
by the new demands dictate. The following specifications for “‘stand- 
ard quarter oils’”’ are therefore suggested: 

Cans.—Plain or decorated. 
Fish.—N ot less than 5, preferably 6; more, according to the size of 

the fish. Steamed and packed brights up, neatly, carefully, and 
attractively, to show on opening a smooth, bright, clean surface. 

Ovl.—Prime, summer yellow cottonseed or corn; not less than 75 
per cent of a gallon (83 quarts) to a case of 100 cans. 

Criticism of the number of fish to the can may be made, owing to 
the fact that in some seasons it would be difficult to obtain fish of 
proper size for packing the various grades. Two sizes only, how- 
ever, are strictly specified. When fish of a more suitable size can be 
obtained preference is given for larger counts in the respective grades, 
so that these fish may be packed to better advantage by placing them 
in a higher class of goods than is done at present. 

The too prevalent practice of packing the fish in the cans backs up 
undoubtedly originated in an effort on the part of the canner to con- 
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ceal damaged and inferior (belly-broken) fish, and in many canneries 
it is still done for this purpose. Many cases of sardines which could 
have been packed brights up were found, however, packed backs up. 
Undoubtedly a number of fish which are not too badly damaged 
could be packed backs up to make a wholesome product, thus elimi- 
nating some waste. Such a product should be sold for just what it is 
and not in competition with better grades. In any system of grading 
that may be adopted all sardines that are packed backs up should be 
classed as seconds. A premium would then be established for pack- 
ing brights up and a better appearing pack assured. 

_ A standard for the three-quarter mustard sardines, based on the 
size of the fish, should be adopted. Under present conditions rela- 
tively large fish are called herring when packed in round No. 1 cans 
and sardines when packed in mustard sauce in the square sardine can. 
The sardine is generally regarded as a small fish, and it is important 
that the canner do nothing to prejudice the consumer against his 
goods by abusing this justly prevalent idea, such as packing as sar- 
dines three or four tailpieces cut from large fish. 

Poor quality and overproduction, two prominent factors in the 
fluctuation of the prices of sardines, may be overcome to a great 
extent by the adoption of standards of quality. A big season’s catch 
may thus be utilized in several different classes of goods instead of 
in one grade, making the pack more elastic and at the same time 
establishing a better quality in the poorer grades. 

It is believed that the production of a pack of sardines of specified 
standards of quality will in time create a demand for them which 
will always exceed the supply. At the same time it will bring about 
a better condition in the marketing of sardines by placing them in 
the class of staples which can be sold on merit and which the trade 
will buy because there is a demand for them. It will also tend to 
eliminate the speculative feature now unfortunately present when the 

jobber waits till the price suits him before buying. 

SANITARY PRECAUTIONS IN PACKING SARDINES. 

THE WATER SUPPLY. 

The water supply of the canneries is obtained from the beach 
through a pipe, the opening of which usually is a few feet below the 
level of the water at low tide. The depth to which this pipe extends 
varies from being completely out of the water to several feet below, 
depending upon the location of the cannery and the slope of the 
beach. At some canneries the intake pipe was found to be in too 
close proximity to the sewer outlets or to the drainage from the out-_ 
door privies attached to the cannery. Table 41 shows the results of 
a bacteriological examination of PUES cannery water sup- 
plies. 
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TABLE 41.—Bacteriological examination of the water supplies from representative sources 
around Eastport, Lubec, and North Lubec, Me. (Sept. 18, 1916). 

B. coli present in— 

Source. = = 

5 ce. 1 ec. O:1 ee: 

North Lubec, Me.: 
QUA ATIVE LO WRVRALO BAe oe er rersiclceee = ciate Sse rcyane cia csiatieisine bie cicieeiniccicin mies + 0 0 
S feet front mouth.of pipe: lowswater<¢: 2. ss. se -ls-1- eee e se ctl a + 2230 0 

TEAST OLS TIN Ret SS Sei a 1 Ene CS ae es eRe NG + 4 + 
Weryineariseanwallseis staan emcee cits cela uigaeemnenitnes cas cee eke ot + + 

+ + + 
Eastport, Me.: 

INGE OIA GEG UA) Alka e een eteoscedeess: oe osceceasoseoscenashoede baleen + 0 
ar ar ar 

DISPOSAL OF SWELLS. 

Swells are caused by the activity of a specific bacterium found in 
and near the canneries, and associated also with the feed of the 

small fish. At many canneries the returned swells are dumped into 
the water near the cannery. 
When loaded into scows the discarded fish and cuttings from the 

packing tables often are spilled near the wharves. If the collection 
of this material becomes too large before it is convenient to remove 
it, it may be thrown overboard below the cannery, where it furnishes 
an excellent medium of growth to the organisms present in the cans 
of swells. At low tide any contamination on the beach is gradually 
washed back by the receding water, and concentrated near the open- 
ings of the intake pipes. Thus the cycle of infection from the re- 
turned swells is completed when the bacteria causing them are— 
pumped up through the intake pipe in the canneries, to contaminate 
the fish which will produce more swells. 

Contamination of the pack in this way may be eliminated only by 
using fresh water free from pollution. The reprehensible practice of 
throwing out upon the beach near the canneries returned swells, dis- 
carded fish, and waste portions and viscera of the fish should be 
abandoned. Moreover, the opening of the intake pipe through which 
the water supply is pumped should be far enough offshore and at a 
sufficient distance from sewer openings to insure water free from 
contamination. 

BOATS AND TANKS. 

In some of the canneries not enough attention is given to keeping 
the holds of the boats and the pickling tanks clean. In order that 
the fish may arrive at the canneries free from any contamination from 
the boats, the tanks in the boats should be inspected, to see that they 
are thoroughly clean and sweet before the fish are put into them. 
These tanks should be absolutely tight to prevent any leakage into 
the bilge to contaminate the ballast. The bilge and ballast should 
always be kept clean. The sluices, pickling tanks, carriers, cutting 
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sheds, and benches should be thoroughly washed after each operation, 
and no fish, parts of fish, or brine should be allowed to remain in 
them. ) 

FLAKING MACHINES. 

After each operation the flakmg machines should be washed with 
a stream of water of sufficient force to cleanse them thoroughly and 
to dislodge any fish adhering to them. 

In the past the unclean condition of the flakes has been one of the 
greatest sources of damage to the appearance of the sardine pack 
(Pl. XV). Particles from dirty flakes and dirt and débris adhering 
to the hands of those manipulating the flakes find their way into the 
cans with the fish, to the great detriment of its appearance. The 
flakes should be thoroughly cleaned after each operation, and no 
particles of fish from the previous operation should be allowed to 
remain on them. 

PANS. 

The pans used for holding the packed cans should receive the same 
care as the flakes, and should be provided with some means of support, 
so that when they are stacked no pan shall touch the fish in the cans 
immediately below it. Negligence of these precautions gives another 
chance for spoiling the appearance of the packed goods by incorporat- 
ing in the pack particles rubbed from the pans on the fish in the cans 
and by marring the fish with the bottoms of the pans. The packed 
goods should be kept covered at all times and should be removed 
from the packing room before any sweeping or cleaning is done. 

PACKING. 

The packers should be instructed to wash their hands in 
water often enough to keep them free from bits of the fish which 
unavoidably adhere to them. Roller paper towels, paper napkins, or 
some other means for drying their hands should be provided. They 
should handle nothing but the fish and cans while packing, and the 
fish as little as possible, exercising great care that the skin of the fish 
isnot broken or damaged. In cutting (shearing) the fish, when done 
from the flakes, the heads and tails should be kept in one pile and 
the main portion of the fish, used in packing, in another pile, thus 
facilitating packing and keeping particles of refuse, heads, and tails, 
and small débris from adhering to the fish and entering the cans, to 
spoil the appearance of the finished product. 

STORING THE EMPTY CANS. 

In a majority of the canneries no special provision is made for 
suitable storage of the empty cans. The cans, particularly the covers, 
are often stored in some unused portion of the cannery where dust_ 
and dirt accumulate. An improvement could be made in the con- 
dition of the cans as they sometimes leave the can factory. The 



MAINE SARDINE INDUSTRY. 101 
2 

shooks as they are made up often contain a quantity of sawdust, a 
large part of which is contributed by the covers. When the covers 
are nailed on and during subsequent handling the sawdust is shaken 
into the cans, where it adheres to the thin coating of oil covering the 
tin plate. When this oil dries, it is impossible to remove the adhering 
dust and other dirt which may have accumulated. 

An effort should be made to improve these conditions. Placing the 
cans in the shooks upside down—that is, with the bottoms facing the 
cover of the shook—and keeping the shipping case in this position 
afterwards will prevent the sawdust from entering the can. When 
stored in the canneries the covered shooks should be in a dust and 
dirt free place, or should be kept covered with material which will 
prevent the entry of dust and ditt. 

SEALING THE CANS. 

In the course of the investigation many instances of improper 
sealing were found. Unless the closest attention is given to the 
machines of the first two types mentioned on page 10, particularly to 
the adjustment of the rolls and the compression jaws, the cans are 
but imperfectly seaied. It may be possible in the future to render 
cans sealed in this way tight by providing them with gaskets or with 
a preparation on the covers which will form a gasket, approximating 
the seal obtained on the hermetically sealed soldered cans. <A poorly 
sealed can permits leakage of oil, as a result of which the product 
may reach the consumer in a very unsightly condition, lacking in 
some of the original food value, and sometimes with the contents 
contaminated or spoiled. 

CLEANING THE CANS. 

The unattractive, unclean condition of packed cans has been a point 
of severe criticism on the part of the wholesale and retail dealer, and 
has done much to bring American sardines into disrepute. It is 
caused by permitting the cans to leave the factories without having 
been properly cleaned, or, if cleaned, so poorly sealed that oil can 
leak over all the cans in the shook. 

As a rule, the cans of sardines are cleaned by shoveling them over 
with sawdust or rolling them through sawdust (PI. VIII, fig. 1). When 
the cans are bumped and rattled about during shoveling or when 
passed through revolving sawdust cleaners the fish, even if well 
packed, become disarranged, and leaks often occur because of 
dented seams. To prevent disarrangement of the contents those 
packers who maintain a definite quality, and who take pains to place 
the fish in the cans neatly, carefully clean the exterior of the cans 
before shipping them. Cleaning the cans may be done mechanically 
by passing them through a hot water bath containing soda hin and 
rinsing them afterwards with hot water. 
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WASTE IN PACKING SARDINES. 

ELIMINATION OF UNNECESSARY WASTE. 

Carelessness in attention to details which would eliminate waste 
and wasteful methods are too common in the sardine industry. For 
the most part, this is the result of a desire to turn out large quanti- 
ties of goods and of a lack of control overlabor. The owners and man- 
agers of the canneries are often so negligent in enforcing regulations 
governing employees that wasteful methods have developed from 
careless operators, and the quality of the finished product has been 
impaired. In regions where sardine canneries are numerous, uniform 
rules and conditions of labor are badly needed. The standard for 
discipline and the enforcement of rules can.never be higher than that 
permitted in the plant which is the most lax in these matters. On 
the manufacturing side, the principal sources of loss in the industry 
are the waste of fish and oil, in the case of the raw material, and rough 
and inefficient handling of the equipment of the plants. These of 
course are not found to the same degree throughout the industry. 

The waste of fish may be due to (a) cutting back fish of large size 
to pack in quarter-size cans; (6) discarding on the flakes fish that are 
suitable for packing; (c) using feedy fish; (d) using fish (britt) that 
are too small for packing by the methods employed in the industry. 
The waste in cutting back fish of large size to pack in small cans is very 
generally found. That due to negligence on the part of women 
packers in discarding fish that are suitable for packing can be cor- 
rected by stricter discipline. 

Some concerns persistently accept feedy fish, which means that they 
pack a great many broken and damaged fish to the detriment of 
their own particular goods and of the sardine industry in general. 
The lack of cooperation among the packers permits different 

standards in the quality of the output, and makes it difficult for afew 
packers to maintain a standard of quality. On a hostile, competing 
basis, fish that are refused at one cannery as unfit for packing are 
frequently accepted by a competitor, who cares little for quality, or 
who may have different ideas as to what constitutes a certain standard. 
Under such conditions the standard can never rise far above that 
adopted by the packer who has no consideration for the quality of 
his pack. 

The waste of oil through spilling from the cans after the fish have 
been packed and oiled is found in varying degrees among the different 
canneries, and is directly chargeable to the lack of strict supervision 
of those employees whose duty it is to fill the cans with oil and of 
those who handle the filled cans. 
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Waste In Cutting Back FisH To Pack IN QUARTER-SIZE CANS. 

Data were secured to show the waste occurring when fish of large 
size were cut in various ways to fit the can, and the use of a can of 
larger size to fit these fish was considered. 
A high-quarter long can (Pl. XX, fig. 1), made to hold large fish 

without cutting away the best portions of the flesh, has the same 
dimensions in height and width as the ordinary high-quarter can, but 
is linchlonger. The larger fish (7 and 8 inches long), which at certain 
times are the only ones obtainable, can be packed more economically 
in this can. One of the most striking features in the preparation of 
sardines is the enormous waste of edible material caused by packing 
such fish in the common quarter oil size can (Pl. XX, fig. 2). Fish 
7 and 8 inches long were cut back in different ways to properly fill 
the suggested higher and longer can and the ordinary low-quarter 
can (Pl. XXI). To fit the new type of can the 7-inch fish is cut 
directly back of the gills, with the tail trimmed, thus eliminating all 
waste of edible material. If the tail is not trimmed, a small piece 
of edible material is lost in cutting (Pl. XXI, fig. 1). In cutting fish 
of this size to fit the ordinary quarter oil can, a large amount is wasted 
(Pl. XXI, fig. 1, central figure). Practically half of this waste may 
be saved by trimming the tail of the fish when packing in the low- 
quarter can. 

With 8-inch fish no waste occurs when the tail is trimmed and the 
fish cut to fit in the larger can (Pl. XXI). When the tail is not 

trimmed a certain amount of waste results (Pl. XXI, fig. 2). 
When cut according to present practice, tail untrimmed, to packin the © 
ordinary low-quarter oil can, practically one-half, and the best meaty 

- portion of the fish, is discarded. By trimming the tail and cutting to 
pack in the ordinary quarter size can, nearly one-half of this waste 
can be saved. The amount thus saved is practically the same as that 
obtained by cutting, with the tails untrimmed, to pack in the sug- 
gested longer can. A greater saving is effected by the use of this can 
with the 8-inch fish than with the 7-inch fish. 

The saving in material which may be obtained by the use of a can 
to fit the fish, rather than cutting the fish to fit the can, is strikingly 
shown in Plates XXII and XXIII, where the determination of the 
amount of waste was actually made on a number of fish 8 inches long, 
cut in the manner described to pack in the longer can and in the 
ordinary quarter oilsizecan. Figure 1, Plate XXII, shows the mini- 
mum waste, 19 per cent, of heads, and a portion of the tails only, 
of fish which had been cut and the tails trimmed to pack in the high- 
quarter long can. Fish cut in this manner will pack five to the can, 
with no waste of edible material. 
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The maximum waste, two-thirds-of which is edible, was found to be 
60 per cent in cutting 8-inch fish with the tails untrimmed, according 
to present practices, to pack in the ordinary low-quarter can (PI. 
XXII, fig. 2). Fish of this size, cut in this manner, pack only four to 
the can. Tons of. good food material obtained in this way (PI. 
XXII, fig. 2, left-hand pan) are emptied into scows to be carried 
away to be made into fertilizer, or are simply thrown away. | 
When 8-inch fish, with the tails trimmed, are cut and packed in 

the ordinary can, the waste of edible material is reduced to 24 per 
cent, a saving of 17 per cent of edible material (Pl. XXIII, fig. 1). It 
makes, however, only a 4-fish can. Practically the same amount of — 
waste of edible material, 23 per cent, is obtained when 8-inch fish, with 

the tails untrimmed, are cut to pack in the high-quarter long can 
(Pi. XXII, fig. 2). Fish of this size, with the tails untrimmed, when 

packed in the longer can, make a 5-fish can, which is more desirable 
from all standpoints than the 4-fish can. Plate XX, figures 3 and 4, 
shows an ordinary low-quarter can and the suggested larger can, 
packed with 8-inch fish. When packed with fish of this size, the 
smaller can holds only four pieces, whereas the larger can holds five 
fish, the entire edibie portion of which is utilized. 

The waste thus shown is all the more deplorable when the fact is 
considered that the fish have already gone through the greater part 
of the process and need only to be placed in cans of the proper size 
to be entirely utilized. 
From the packers’ standpoint, a legitimate objection to the adop- 

tion of cans radically different in dimensions from those in ordinary 
use may be raised. The appliances for handling, and the machinery 
adapted for sealing the cans are standardized. The use of this new 
longer.can would necessitate a refitting of the carrying table, the 
chuck, and headpiece of the sealing machinery, which in certain 
cases would be an expensive undertaking. The old typesingle spindle 
machine, which is fed by hand and would require only a chuck and 
headpiece in order to adapt it for use with this can, could, however, 
be used. In several of the canneries some of these old type closing 
machines are now in use; in others they are stored away. An effort 
to introduce sardines in these larger cans to the trade could be made 
to good advantage. 

The fact that the objectionable3- and 4-fish cans of domestic sardines 
would be eliminated should make worth while the use of the larger 
cans. 

Other cans now in use, notably the high-quarter and the half-oil 
size, may be employed to effect a saving of part, at least, of the waste 
just discussed. There appears to be no mechanical difficulty in pack- 
ing, sealing, and preparing for shipment the high-quarter and half- 
oil cans (Pl. IX). The high-quarter cans are a very desirable size 
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Fic. 1.—HIGH-QUARTER LONG SARDINE FIG. 2.—ORDINARY LOW-QUARTER OIL 

CAN. SARDINE CAN. 

Fic. 3.—FIVE 8-INCH FISH PACKED IN Fic. 4.—A 4-FISH CAN. ORDINARY 

A HIGH-QUARTER LONG CAN. QUARTER OIL CAN, PACKED WITH 

8-INCH FISH. 

No waste of edible material. Waste of edible material, 41 per cent. 
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FIG. 1.—CUTTING 7-INCH FISH. 

Waste when packed in quarter oil cans (left), as jcoumpared: with that when packed in larger cans 
(right). 

FiG. 2.—CUTTING 8-INCH FISH. 

Waste when packed in quarter oil cans (left), as compared with that when packed in larger cans 
(right). 

MANNER OF CUTTING BACK FISH. 
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FIG. I.—MINIMUM WASTE (19%) WHEN 8-INCH FISH ARE CUT AND HAVE 

TAILS TRIMMED TO PACK IN HIGH-QUARTER LONG CAN. 

No waste of edible material. Five fish to the can. 

FIG. 2.—MAXIMUM WASTE (60%) OF EDIBLE MATERIAL WHEN 8-INCH FISH 

ARE CuT, AS IS NOW THE CUSTOM, WITH THE TAILS UNTRIMMED, TO PACK IN 

AN ORDINARY QUARTER OIL CAN. FOUR FISH TO THE CAN. 
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Fic. |.—EIGHT-INCH FISH, TAILS TRIMMED, CUT TO PACK IN ORDINARY QUARTER 

OIL CAN (TOTAL WASTE, 43%, WASTE OF EDIBLE MATERIAL, 24%). FOUR 

FISH TO THE CAN. 

Trimming the tails results in a saving of 17% when fish of this size are packed in quarter oil cans. 

FIG. 2.—EIGHT-INCH FISH, TAILS UNTRIMMED, CUT TO PACK IN HIGH-QUARTER 

LONG CAN (TOTAL WASTE, 42%, WASTE OF EDIBLE MATERIAL, 23%). FIVE 

FISH TO THE CAN. 
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and furnish a quality of sardines which should be most attractive to 
the purchaser. - | 

Although not quite as long, and hence not as economical in packing 
the larger fish, the half-oil can may well take the place of the one 
that has been suggested. The high-quarter cans have been success- 
fully used by some of the canners during the past few seasons. The 
1-pound and the half-pound oval cans deserve consideration for pack- 
ing large fish. Oval cans are coming into use at one or two of the 
sardine canneries on the Maine coast. The quality of the sardines 
packed in them would suggest that they are being well received by 
the trade. 

UTILIZATION OF LARGE FISH IN SPECIAL PACKS. 

To do away with the waste which occurs when only fish too large 
for packing in the ordinary sardine can are available, various special 
packs may be made. 

KIPPERED HERRING. - 

Some of the large fish which at certain seasons and in certain 
places are the only ones obtainable may be used to excellent advantage 
in the form of kippered herring. Fish that necessitate cutting back 
to such an extent that there is a large waste of edible material when 
packed in the cans at present in use, furnish the proper minimum 
size to use for this product. 

Directions for preparing this product are given by Charles H. 
Stevenson(30). - 

Comparatively few kippered herring are prepared in the United States, the round 
bloaters being so much more popular. The kippered herring are split along the back 
from the head to the tail, like mackerel, eviscerated, washed, and salted in a manner 

similar to that applied to bloaters, except that they are not kept in the pickle so long. 
They are next hung up to dry for a few hours, then smoked for six or eight hours at 

a temperature of 80° or 85°, each fish being suspended by the napes to keep its ab- 
domen open. With the exception of splitting, the cure is similar to that of bloaters. 
* * * Herring put up in this way are in great demand everywhere and are pre- 
ferred by many to the bloater. The very best herring are required for the kippering 
process. * * * ‘The fish used for kippers should be had as soon as possible after 

they are taken out of the water. * * * Herring put up in this way are most 

delicious. * * * The same materials are used for smoking kippers as are used 
for smoking bloaters and the same conditions apply, only that kippers, presenting a 
larger surface to the smoke as they do, do not require to be so long exposed to the 

smoke. As in the case of bloaters and red herring, the tastes of the consumers must 
be ascertained and the curing as to salt and smoke regulated accordingly. The 

manufacture of kippers is greatly on the increase in Britain. It is an important 
branch of the herring industry and utilizes a large proportion of the British catch of 
herrings. 

Many of the Maine canneries are already provided with facilities 
for smoking fish, and those not so equipped might utilize part of the 
drying ovens and spaces for this purpose, making the expense of 
installation of suitable equipment a negligible factor. The prepara- 
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tion of kippered herring is comparatively simple and inexpensive, and 
experimental packs made during a lull in the packing of sardines 
showed that an excellent quality can be produced on our eastern 
coast. Kippered herring is one of the best products for which the 
herring may be utilized. It is believed that there is an excellent 
opportunity to prepare this food product on a larger scale than has 
heretofore been done in this country and that it will provide a means 
for the sardine packer to utilize large fish to a better advantage than 
heretofore, thus adding to his present profits. 

RUSSIAN SARDINES. 

Tn 1870 the importation of Russian sardines into the United States 
amounted to 50,000 kegs a year, coming for the most part from 
Hamburg. The disturbed trade conditions arising at that time 
stopped the importation of this product, whereupon an attempt was 
made to supply the deficiency with a domestic article. That this _ 
enterprise was successful is shown by the fact that in the late nineties 
some 60,000 7-pound kegs, worth approximately $27,000, of Russian 
sardines were prepared annually in this country. By 1900 the 
industry had become quite important, but the next 10 years showed 
a rapid decline, until in 1913 practically none of these sardines were 
produced here. The imported article had taken the place of the 
domestic product. It is believed that many of the fish too large to 
be packed as ordinary sardines now might well be put on the market 
in the form of Russian sardines. 

Conditions are now similar to those which inspired the production 
of Russian sardines at Eastport in 1874. The foreign supply is again 
shut off, or greatly curtailed, and an unusual opportunity is presented 
to win back and hoid a market in a food product which has once been 
won and lost. : 

Stevenson has discussed the method of preparing Russian sardines 
(30), as well as methods for making somewhat similar products known 
as Matjeshering and spiced herring. 

MATIJESHERING. 

Fresh full herring, both spawners and melters, are well washed, and the gills, 
stomach, and intestines are removed in such a way as not to necessitate cutting the 
throat or abdomen, this being accomplished by pulling them through the gill flap. 
The fish are next immersed for 12 or 18 hours in a 7 per cent solution of white wine 
vinegar, from which they must be removed before the skin becomes flabby and be 
wiped dry and covered with a preparation composed of 2 pounds oi salt, 1 pound of 
powdered sugar, and a small quantity of saltpeter, this quantity being sufficient for 
75 herring. The fish are then packed in a barrel as upright as possible, in layers, with 
a sprinkling of salt over each. The following day the fish are returned with the 
original brine to the barrel, which is sealed. When there is not sufficient brine to 
fill the barrel, additional should be made of 1 part of the above mixture and 4 parts 
of water which has been boiled. 
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SPICED HERRING. 

-Spiced herring (Gewiirzhering) are prepared in Germany in the manner above 

described, with the addition of spices mixed with the salt. The spices commonly 

used consist of 1 part of Spanish pepper, 5 parts of white pepper, 4 parts of cloves, 

23 parts of ginger, an equal quantity of mustard, and a particle of mace and of Spanish 

marjoram, with a few bay leaves scattered between the layers. 

Some years ago one of the sardine-packing companies built up an 

attractive trade in spiced herring. Although the supply of fish for 

this product was not as uniform as could be desired, as many as 
5,000 cases were prepared and sold in one season. The scarcity of 
fish made it difficult to supply the demands during the next season. 
The trade in spiced herring was finally ruined by unscrupulous can- 
ners, who packed salt herring in round cans and misbranded the 
product as spiced herring. It should not be difficult to create a new 

demand for this product. 

RCLLMOPS, HERINGSROULADE, ROLLHERING, BISMARCKHERING. 

These names are applied to whole or halves of herring which are 
rolled up with a highly seasoned fillmg and bound together with 
twine or held together by little wooden skewers, packed in wooden 
boxes, and a sauce poured over them. For the most part salt herring 
are used in their production. The methods for their preparation 
are given by Viktorin(85) as follows: 

1. Fine, large salted herring are washed, the heads are cut off, the bodies split, the 

bones taken out, and the skins taken off. They are then placed in fresh water for 24 
hours. The inside of the herring, now clean, is rubbed with onion sprinkled with 
pepper and rolled up from tail to head. These roils (Rouladen) are then cut into two 
or four cross sections and laid for 8 to 14 days in vinegar which has been boiled and 
allowed to cool. 

2. The heads, tails, and entrails of salted herring being removed, they are washed 
well and allowed to remain in water for 24 hours. The fish are cut along the belly, laid 
out back down and pressed out flat, the backbone and ribs are completely and easily 
removed if a hot iron or cloth dipped in hot water is laid on the backs. Upon each 
herring there is placed a slice of cucumber, several small onions (or a larger one cut 
up), Some Spanish peppers, and a little piece of lemon. It is then rolled up from 
head to tail with the skin out and tied with a thread. Prepared in this manner the 
fish are placed in pure wine vinegar for two days. After the expiration of this time the 
rolls (Rouladen) are packed symmetrically in boxes and a sauce is poured over them 
made as follows: For 100 herring, the roe of three is mixed with vinegar to form a 
mush which is forced through a sieve. Two and one-half liters (approximately quarts) 
of pure wine vinegar is heated with some tarragon, lavender, bay leaves, and Spanish 
peppers. The mush of roe, with 100 grams of sugar, is then added, the whole thor- 
oughly mixed, and when cold it is poured over the herring laid in the box. 

The herring are put in water for 24 hours, changing the water occasionally. They 
are boned and prepared in the same way as ‘‘Appetitsild,’’ except they are not skinned. 
The strips are laid on the table with the skin side down. The upper surface is strewn 
with small cubes of gherkin and onion mixed with pepper and mustard. Roll up the 
pieces and fasten with a skewer or thorn. Asa pickle use a good vinegar, which may 

be treated with tarragon. 
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In place of onions a thick tomato sauce or grated horseradish may be used on the 
herring, or they may be heated and filled with finely chopped celery. In any case a 
little pepper, clnuamon, and mace should be sprinkled on them. Rollmops prepared 
in this way should be laid in vinegar which has been cooked with tomatoes, celery, 

or horseradish, and there may even be added some Worcestershire sauce. 

STUFFED SARDINES. 

In the preparation of the experimental packs, designed for use in 

studying the utilization of edible waste in the packing of sardines, a 
few packs which were classed as “stuffed sardines”’ were made. If 
the heads of the raw fish are cut off properly, the viscera can at the 
same time be entirely withdrawn, leaving the stomach cavity intact. 
As the name suggests, the interior of each fish, beheaded and entirely 
free from all the viscera, was filled with various ingredients, and then 
packed and processed. The methods employed with the small packs 
made to determine the practicability of preparing such a product 
were as follows: 

After removing the heads of and eviscerating firm, plump fish, quarter oil size, they 
were thoroughly washed in dilute pickle, and then allowed to remain in moderately 
weak pickle for 5 minutes. On removal from the pickle they were rinsed for an 
instant in clear water. The stomach cavities were then packed with the material 
desired. Next the stuffed fish were placed upon flakes and grilled over a moderately 
hot fire by passing through a Ferris wheel oven dryer for 15 minutes. After cooling 
slightly the fish were packed in quarter size cans, and olive oil wasadded. They were 
processed 21 hours at the temperature of boiling water. 

The materials used for stuffing the different packs of fish were 
chowchow, ground stuffed olives, sweet pickles, sour spiced gherkins, 
pickled onions, and pepper sauce (p. 110), respectively. These rel- 
ishes were finely ground before being inserted in the fish. 

Samples of these packs were submitted to a number of persons, 
ignorant of the method of packing and the ingredients used, for an 
expression of opinion as to the quality. The packs prepared with 
chowchow and pepper sauce were unanimously regarded as far 

superior to any of the others, chowchow being considered the best 
of all. Ground stuffed olives as a filling were also favorably received, 
ranking third. Samples of the packs with chowchow, submitted to 
the buyers of an eastern firm which handles exceptionally high-grade 
fancy grocery products, were pronounced very good. The buyers 
stated that they could place a product of this character on the market, 

and would be willing to give it a trial if it ever became available. 
No great difficulties need be overcome to prepare and pack stuffed 

sardines, but the process would be somewhat tedious and the output 
necessarily limited. Great care in preparation and im attractive 
packing would be essential. A small device to aid in inserting the 
filling material into the interior of the fish would be necessary, the 
form and character of which would readily suggest itself if the 
project were undertaken. The only question from the packers’ 
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standpoint in regard to packing stuffed sardines is whether they can 
spare the time and attention required to produce them. There 
would be no trouble in securing a market for them. 

UTILIZATION OF UNAVOIDABLE WASTE. 

SARDINE PASTE AND DEVILED SARDINES. 

Much of the edible portion of the large fish, now wasted mm cutting 
them back to fit the small cans, may be made available as a whole- 
some food product in the form of a paste or as deviled sardines. 
Several experimental packs of sardine paste were put up according 
to a recipe taken from “Die Merresprodukte,”’ by Hemrich Viktorin 
(35) with a few modifications, as follows: 

Add to 1 kilogram (1,000 grams or 2.2 pounds) of ground fish meat, free from bones: 

3.5 grams (0.123 ounce) white pepper 
2.0 grams (0.07 ounce) ginger 

2.0 grams (0.07 ounce) cloves 

1.0 gram (0.035 ounce) mace 
1.0 gram (0.035 ounce) cinnamon 

1.0 gram (0.035 ounce) allspice 
100.0 grams (3.51 ounces) butter 

10.5 grams (0.37 ounce) salt 

215.0 grams (7.56 ounces) olive oil 

The flesh from the large middle part of the fish, cut away in packing the large sizes, 
was taken from the flakes as they came from the packing tables, so that it was steam 

cooked and dried to the same degree as sardines. After the meat had been separated 
from the bones, an easy matter, as the sections readily divide into two portions along 
the ‘‘line of cleavage” between the bones, it was passed through a meat chopper two 
or three times until thoroughly ground. The spices were then added and thoroughly 
mixed with the meat by again being passed through a meat grinder several times. 
The butter, in a semimolten condition, was added, then the oil, and the whole mass 

again passed through the meat chopper two or three times, until it was thoroughly 
mixed and finely ground. This made a quantity sufficient to pack 12 of the small 

round No. } sanitary cans, having a net weight of 34 ounces. 

It is believed that by increasing the quantity of oil it would be 
possible to eliminate the butter in this formula without seriously 
affecting the quality of the product. Any of the ingredients, par- 
ticularly the amount of oil, can, of course, be changed. Sardine 
paste, as the term implies, should be soft in texture. The product 

made according to the formula given was not as soft as might be 
desired. It did not flow, and could not be spread as readily after 
being processed as before. Consequently, when a softer paste is 
desired, it would be advisable to increase the quantity of oil for this 
quantity of meat. 
A second lot of sardine paste was prepared according to the given 

formula, substituting corn oil for olive oil. Here again corn oil 
proved to be excellent. In the opinion of several who tasted the 
preparation, the corn_oil was as satisfactory as olive oil in sardine 
paste. 
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The following formula was used in the preparation of a small 
quantity of what may be properly termed deviled sardines: 

Add to 1,006 grams or parts: 
500 grams or parts of olive oil 

220 grams or parts of pepper sauce 

-27 grams or parts of salt 

Pepper sauce.—Chop fine equal parts of green and red peppers and onions. Cover 
with water, bring to a boil, and then pour off. To one dozen each of the peppers and 
onions, add 2 cupfuls of sugar and 4 tablespoonfuls of salt, dissolved in 3 pints of 
vinegar. Then boil the mixture about 1} hours. Larger quantities may be made in 

the same proportions. 

This preparation imparted a delightful flavor to the fish. The 
fish meat was obtained and prepared in the same manner as that 
used in making the sardine paste. : 

To devise a simpler recipe for sardine paste, or deviled sardines, a 
small quantity of paste was made by adding to the fish meat, free 
from bones and ground thoroughly, pepper and salt for flavor, and 

oil to bring it to the proper consistency. The ingredients were added 
in. the following proportions: 

1,000 grams or parts of finely ground fish meat 
5 grams or parts of white pepper 

12 grams or parts of salt 
530 grams or parts of corn or olive oil 

This was well mixed and rendered fine by passing it through the 
meat chopper a number of times, after which it was packed into cans. 
This product did not compare in flavor with that prepared by either 
of the other formulas. It would, however, serve as a very satisfac- 
tory cheap food product, and, if prepared attractively, would meet 
the demand of a class of people who should be supplied with whole- 
some food of high nutritive value at a low price. 

In the preparation of these pastes, it was noticed that the portions 
of meat taken from the larger fish gave more satisfactory results than 
those taken from the small fish. With the idea of using the waste 
which is so enormous when feedy fish are taken, one experimental lot 
was prepared from the ground meat taken from feedy fish having 
the bellies badly broken. When ground, however, this produced a 

dark-colored, unattractive mass. In the preparation of the paste 
or the deviled sardines, meat from the large fish should be used to 
impart the proper color and taste to the product. It is impossible 
to make a satisfactory food product from the small fish which 
have been ruined through the action of feed. 

The time and temperature necessary for complete sterilization of © 
these products were not determined. Some of the preparations 
processed at 212° F., for from one to two hours, were not sterile when 
examined bacteriologically six months later, but had not swollen 
during this time. The contents of cans of a product similar to the 
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deviled sardines which had been processed at 240° F. for from one 
to two hours also contained bacteria. It is difficult to properly 
sterilize products of this nature. Before attempting to prepare 
them, experimental packs should be made to determine, by bacterio- 

logical control, the time and temperature necessary to Insure complete 
sterilization. It would be unsafe to try to market a canned product 
unless it was sterile. 
A product as easy of preparation as the deviled sardines, but 

superior in flavor and quality, was prepared from the square or 
rectangular sections of meat obtained by carefully splitting the 
waste pieces of the fish down the backbone, thus dividing it into two 
sections, and leaving the bone and a portion of the viscera. These 
sections were neatly packed in sanitary cans and sardine cans, and 
covered with a sour spiced vinegar. A sweet spiced vinegar used for 
a small pack was found to be unsuitable for this purpose. 

The cans and contents were processed by first venting and heating 
for 20 minutes at 220° F., then closing the vent and again heating 
the cans at 220° F. for 30 minutes. Examination was not made to 
see if complete sterilization was effected. 

FERTILIZER. 

The waste residue from fish and whole inedible fish have long been 
used in the manufacture of pomace or fish scrap, to be incorporated 
in commercial fertilizers. One of the sardine packing companies at 
Eastport operates a reduction plant for the pressing and drying of 
waste from the packing houses for a fertilizer ingredient. To supply 
the fertilizer factory this company also purchases the raw waste mate- 
rial from several of the other canneries in the vicinity of Eastport 
and Lubec. This plant is housed in a substantial concrete structure, 
is well equipped, and manufactures a very good grade of fertilizer 
fish scrap. Prior to the season of 1915 this was the only instance 
along the coast where a concerted effort was made to utilize the waste 
as a by-product of the canning of sardines. During the two following 
packing seasons, however, another company was organized to produce 
fish scrap for fertilizer from the waste. 

FisH MEAuL. 

Fish meal as a source of protein has been used to a large extent in 
foreign countries as a supplementary food for stock. It has been 
used to a very limited extent in this country, and then principally as 
the protein basis for poultry foods. The use of fish meal in feeding 
stock and poultry is increasing. A discussion of the use of fish meal 
for animal feeding and the results of feeding experiments conducted 
with fish meal made from the sardine waste, the preparation of which 

is here discussed, has already been published (36). 
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The waste in the sardine industry offers excellent material for the 
preparation of a high-grade fish-meat meal. This waste, as it comes 
from the packing table, has been steam cooked and partially dried, 
so that it can be taken after collection from the packing table directly 
to a plant equipped for pressing and drying. The advisability of 
producing fish meal] in a small unit plant attached to the individual 
canneries or at a central plant devoted exclusively to this purpose is a 
question for the individual canneries to decide, and depends upon 
various considerations, such as the location and administration of the 
plant. Both methods have advantages and disadvantages. It would 
seem that a cooperative arrangement might be satisfactorily worked 
out. The prime consideration is to hasten the utilization of the total 
waste as a by-product for animal feeding purposes. 

Looking toward the utilization of this waste material as a stock 
food, a quantity of fish-meat meal was prepared in an experimental 
way during the course of this investigation. Six different lots were 
made under slightly varying conditions on a small commercial scale, 
and the yield of the dry material and of the oil determined. 

The waste material used in all these experiments was taken directly 
from the packing tables to a small fertilizer plant previously thor- 
oughly cleaned, which was equipped with an iron steam cooker, a 
rack, and cloth No. 2 screw press capable of yielding a pressure of 
120 tons, and an ordinary type rotary fertilizer drier having a capacity 
of 1,800 pounds of dry material. Table 42 shows the treatment given 
the raw material, the composition of the raw material and of samples 
taken during the process, the method of treatment, and the yield of 
fish meal and oil. | | 

Lots 1 and 2, which were taken out of the drier much too soon 
and which therefore contained too much water, did not keep. Lot1 
spoiled in the course of a week and lot 2 in about four weeks’ time. 
The meal from both these lots was discarded. 

Since it was desirable to have the moisture content of the material 
much lower, longer drying periods were adopted in preparing the 
remaining lots. Drying the meal to a moisture content between 5 
and 10 per cent resulted in the product Keeping satisfactorily. 

The dried meal composing lot 3 had a very strong odor of ammonia 
when drawn from the drier. This disappeared, however, on cooling 
and standing overnight. Lot 4 had a faint odor of ammonia when 
first prepared. No ammonia odor was detected in the two other lots. 

The proportion of whole fish composing the waste used in these 
experiments varied considerably, as did also the oil content. In the 
case of very fat fish the oil was expressed in a pure condition, mixed 
with comparatively little water. 
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Lot 5 was made from waste obtained from small fish from 3 to 5 

inches long (snippers), which would pack from 20 to 25 to a can. 
This waste material contained from 60 to 70 per cent of whole fish 
which had been discarded from the packing table because it was 
decomposed by feed, broken, and damaged. 

The waste material used for lot 6 was composed of small fish which 
would pack 8 to 10 to a can. These fish were very feedy, and had 
been badly broken during transportation to the cannery. The waste 
in these fish as actually determined amounted to from 80 to 85 per 
cent, the largest encountered during the entire investigation. Whole 
flakes full were discarded at a time. 

The results of the analyses made show that a large percentage of oil 
was removed during pressing, while the percentage amount of water 
was not appreciably changed. Where the material was steam cooked, 
the percentage of water increased, and pressing in these instances 
brought the percentage of water down to practically the same amount 
as that present in the raw waste as it came from the packing tables. 
The sum of the constituents—water, oil, protein, and ash—add up to 
practically 100 per cent in all cases in the results on the raw mate- 
rial, but after drying there is a shortage of undetermined matter of 
from 24 to nearly 4 per cent. This difference is in large part due to 
the formation of nonnitrogenous material during cooking and dry- 
ing, and in part to the fact that the factor 6.25, used for calculating 
the total protem from the nitrogen determined, is not exact for fish 
protein. : , 

The average yield of meal, ranging from 5 to 10 per cent of water, 
as determined in these six experiments, amounts to 29 per cent. 
The average would be higher than this by eliminating the last lot, 
in which the waste was steam cooked an excessive length of time, so 
that undoubtedly a great part of the protein material was lost in 
the water which was formed. It is safe to place the yield of mate- 
rial that can be obtained from this waste at 25 per cent under aver- 

age commercial conditions. 
In the case of the oil, cold pressing gave as good a yield as pressing 

the steam-cooked material. Steam cooking or heating before press- 
ing reduces the time required for pressmg. Hxcessive cooking should 
be avoided. The yield of dry meal is apparently decreased by mate- 
rial lost during cooking in the excess water formed by condensing 
steam. The small amount of oil yielded and the comparatively 
small amount retained in the dried meal made from small fish with 
a low fat content might suggest to the prospective producer of fish 
meal that at times in the season, when these fish are plentiful and 
when they are as poor in fat as those composing lots 5 and 6, it 
would not be necessary to press them at all before drying the waste 
for feeding purposes. As much of the oil as possible should be re- 

~ 
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moved by efficient pressing of the raw material. In pressing there 
is this to be gained, that, if the material has been steam cooked, 

part of the water is also removed, thus making the time of drying 

shorter. 
Based on a pack of 1,800,000 cases, and assuming that the entire 

amount of waste would be made into fish-meat meal, and 20 cases are 

obtained per hogshead, with 14 tons of waste for each 15 hogsheads 
of fish, and that the yield of meal is 25 per cent of this amount, the 
following amount of meal could be prepared from the waste in the 
sardine industry: 1,875 tons of meal, which at from $40 to $45 per 

ton would have an approximate value of $80,000. An estimate based 
on 14 tons waste per 10 hogsheads would yield 13,500 tons of waste, 
which at 25 per cent yield of meal would amount to 3,375 tons. This 
at $40 per ton would produce a revenue of $135,000. On a basis of 15 
gallons of oil per ton of waste there would be in this case 202,500 gal- 
lons of oil, which at 20 cents per gallon would be $40,500. Ona basis of 
10 gallons of oil per ton the revenue on the oil at 20 cents per gallon 
would amount to $27,000. In round numbers, it is safe to estimate 

that the utilization of the waste material, such as could now be 

obtained from the packing of sardines, would yield 3,000 tons of meal 
and 200,000 gallons of oil. The oil produced in this way is a very 
superior grade of fish oil, far superior to the ordinary grades. At the 
1916 prices of fish oil the oil obtained from rendering the sardine 
waste should amount to a sum more than sufficient to defray the cost 
of manufacturing the dried meal. 

As a result of this work a system has been installed in one of the 
canneries for utilizing the waste for fish meal for animal feeding 
purposes. Reports received indicate that this effort has been very 
successful. 

ECONOMIC CONSIDERATIONS. 

BUYING FISH FOR THE CANNERIES. 

At present the fish are sold at auction by the owner of the weir, 
often creating keen competition between the various boatmen who 
act as the packers’ agents. Within certain limits the boatmen are 
free to bid up the purchase price. As the packer pays the boatman 
a certain sum for each hogshead of fish transported, the boatman 
often is tempted to receive this fare without sufficieat regard to the 
quality of the fish or the price asked for them. It would seem most 
advisable, therefore, to place stricter limitations upon the price the 
boatmen may bid for the fish, and to refuse to accept fish which are 
too poor to pack. 

NUMBER OF FISH, OF VARIOUS SIZES, PER HOGSHEAD (1,000 POUNDS). 

The unit of measure in the Maine sardine industry, the hogshead, 
is considered in practice to hold approximately 1,000 pounds. Ten 
tubs of fish of specific dimensions constitute a hogshead. It was 
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shown that the actual weight of a number of tubs of fish, when taken 
at the weir, averaged more than 100 pounds each. The weight of a 
hogshead, therefore, should be considered as more than 1,000 pounds. 
Doubtless these weights vary, and for convenience the numbers of 
fish per hogshead are given on the basis of a hogshead weighing 1,000 
pounds. The figures for the fish were determined by counting several 
100-pound lots of fish of various sizes. The following results, in 
round numbers, were obtained: 

Length of fish, Approximate number 
inches. per hogshead. 

a ae a toni egg MPI re i right ON aN A SE Eo 51, 000 
Be STEEL GES OU) ee ON hala Os a i ee 33, 500 
Ge Deg Ss es STG SA a Ea eee 22, 300 
Tes asas BAS BON, (a Te abe oleae att cee ate eee eae Sea Ae 9, 900 
ee ee Reon ean Nn tre eee eRe ee A el 7, 200 

The number of fish 4, 5, and 6 inches in length necessary to fill the 
quarter size can was found to be, on an average basis, 22, 11, and 8, 

respectively. With these figures as approximate data, it is possible to 
estimate the number of cases per hogshead that may be packed from 
a unttorm lot of fish. The more efficient the operation of the factory 
the nearer to the theoretical the yield should approach. 

CAPACITY OF THE CANNERIES. 

The sardine canners along the coast of Maine are entirely at the 
mercy of the run of fish for their supply of raw material. Sometimes 
in the early spring, and usually from the summer school in August, 
there is an oversupply of fish, while at other times during a season 
there is a scarcity. The supply of fish varies during the year and also 
varies locally, depending upon the places where the different schools 
strike in. 

There is an urgent need for some method to insure a more uniform 
supply of fish. During a period of overabundance it would be 
desirable to store the excess supply for use as.needed rather than 
attempt to use ail that can be taken from the water, thereby crowding 
the capacity of the canneries to the detriment of the quality of the 
finished product. This would be accomplished, to a certain extent, 
by the use of pounds or pockets attached to the weirs.and by floating 
inclosures made entirely of nets in which the catch of a few weirs 
could be stored. Cold storage facilities would also very materially. ie 
aid in solving this difficulty. It is doubtful, however, if the product © 
could legitimately stand this added cost. 

Using impounded fish only would insure a nearly constant supply _ 
of fish free from feed. Such fish could be taken at the proper time in 7 
the morning and in the desired quantity. They could be brought to | 
each cannery in amounts governed by the capacity of the particular ~ 
cannery. Under the present system the supply depends upon the © 
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irregularity of the catch, and the time of delivery is governed by the 
stage of tide at which the weirs can be seined. Fish beyond the 
capacity of the cannery are often brought in by the boatman, who is 
anxious to earn on each trip as large a fare as possible. 

The universal application of regulations prohibiting the packing 
of ‘‘feedy”’ fish, strictly observed, will necessitate the building of 
pounds on a majority of the weirs. In the interest of efficiency, the 
elimination of waste, and the improvement of quality it would seem 
wise to extend the idea a little further and use nothing but impounded 
fish in packing sardines. Following this, it would be desirable if each 
cannery were on a capacity basis, taking no more fish than can be 
properly handled, so as to make a neat, attractive product, according 
to specifications adopted for the particular grade packed and which 
can be sealed in a working day of 10 hours. 

CARTONS FOR STANDARD SARDINES. 

Sardines are packed in tins with the brand name and design 
printed on the cover or sides, and also in plain tins. The practice of 
cartoning the standard grade of sardines packed in plain tins has 
increased rapidly in recent years. The cartons provide a place for 
the key in the key can goods and conceal unattractive, unclean 
cans. This is an expensive method of attaching the key and over- 
coming the difficulty of cleaning the cans. It seems a great waste 
of effort and material to place the so-called ‘‘standard’”’ grade of 
sardines in cartons. According to present practices, all the different 
brands of the standards in cartons are prepared from the same grade 
of standard goods. Although cartoning or wrapping the fancy and 
extra fancy sardines may be justifiable, the margin of profit in the 
standard grade does not justify this additional cost on manufacture. 
It should be put elsewhere in the process to bring about an improve- 
ment in quality. It is hoped that the sardine canners will be able 
to cooperate in this feature of packing sardines, which, through 
competition, has developed into a wasteful and useless practice, to 

_ the end that it may be completely eliminated. This should prove 
_ particularly desirable now that labor and paper are high and scarce, 
and will be an advance in the direction of conservation and 
_ efficiency. 

IMPORTATION AND EXPORTATION OF SARDINES (1910-1916). 

Table 43, prepared from the Annual Reports on Commerce and 
Navigation of the United States, shows the value of the importations 
of sardines into the United States, for the years mentioned, from the 

_ principal sardine-producing countries. An interesting feature in the 
_ value of the sardine importations is the gradual decline in the impor- 

tations of the French sardine and the increase in the value of the Nor- 
_ wegian product during the years 1910 to 1915. Importations from 
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Portugal show a slight increase during the last three years over the 
first three years of this period. The value of the sardines imported 
from Italy shows a notable increase during 1914, 1915, and 1916, 
while little change in the values of the fish imported from Spain is 
seen until 1915, when there was a decided decrease, followed in 1916 
by a marked rise. 

The total importations from all countries reached, in round num- 
bers, a value of $3,000,000 during 1914 and 1915. The total value 
for 1915 was a little below that of 1914, owing to the great decrease 
in the value of the French sardines imported in 1915. During 1916 
the importations of sardines fell off over $1,000,000 in value. Nearly 
90 per cent of this decrease was caused by the diminished importation 
ot Norwegian sardines. The embargo placed on the exportation of 
Norwegian sardines by the Government of Norway at the close of 
the year 1915 and the war conditions in the French sardine industry 
practically eliminated these goods from this country. The price of 
foreign sardines resulting from present conditions is practically pro- 
hibitive for the domestic market, and only small quantities are 
available at any price. 

TaBLE 43.—Importations of fish packed in oil} 

Value oi imporis. 

Country. | 

| 1910 | 1911 | 1912 | 1913 | 1914 1915 1916 
— RE" 

iPrnince= 3-2 eS 1, 317 940 | $707, 644 | ae ; 903 Pers $634, 162 | $700, 984 | $445, 434 ' $359, 701 
NGiAy. > eS es $61,944 | 1,034, 946 7,431 | 1 , 199, 850 | 1,427,318 | 1,662,609 741, 697 
Portugal "2. -s 2 346,036 | 303,565 313 ,420| (477,310 | °536,451 | 517,407 334, 467 
Redly 232 es ee ee 165,903 | 191,983 | 143, 541 | 154,451 | 255,589 | 251,383 340, 000 
Spaiies see ei ae e 50,943 | 40,427 39, 025 39,025 | 42, 262 42,962 | 42,369 | 23, 145 50, 573 

Poi c 258 ee 2, 2, 742, 766 | 2, 278,585 | 1,939,320 | 2,508,035 | 2,982,711 | 2,901,978 | 1,826,438 
Total from Europe (in- 

cluding all other coun- | 
GES) 5-2 2S 2 2 OR ATS eas 2, 079, 002 2, 659, 074 | | 3,178,000 | 2,996,596 1,911,346 

ee 
1 For the years ending June 30, 1910 to 1916. From Annual Reports on Commerce and Navigation of 

the United States, Bureau of Foreign and Domestic C ommerce, U. S. Department of Commerce. Duties 
under the present tariff are levied on a class of goods packed “‘in oil. 3? While it is recognized that there 
are a few articles, such as anchovies, etc., which would be included in the statistics gathered from this 
source, it is believed that by far the greater part of the values reported is due to oil sardines. The table 
is eben for the purpose of indicating as closely as it is possible to do the business done in foreign sardines 
in this country. 

OUTLOOK FOR THE MAINE SARDINE INDUSTRY. 

The volume of foreign sardines handled (Table 43) indicates the © 

possibility of increasing the business in grades of domestic sardines of © 
a quality capable of giving them an entrance to this market and hold- 
ing the greater portion of it now that the supply of the foreign 
article is practically cut off (1916). The trade and the consumer 
should not expect a domestic sardine of exactly the same excellence as 
the French article, for several factors mitigate against it. 

In the first place, the pilchard, from which the French sardine is 
made, is generally conceded to be the most desirable in point of size, 



MAINE SARDINE INDUSTRY. 119 

color, texture, and flavor of all the varieties of fish used in the prepara- 
tion of sardines. Even if it does not possess the very fine shade of 
flavor characteristic of the French sardine, it is believed that a sardine 
satisfactory to the most fastidious may be made from the sea herring 
if the work is properly done. A smoked sardine packed in olive oil 
has been commercially prepared from the sea herring, and was consid- 

ered a very superior article. 
Another advantage which the French sardine has over the Maine 

sardine has been aptly expressed by Dr. H. M. Smith, United States 
Commissioner of Fisheries(27), who states that the unit of measure in 

the French industry is the individual fish, whereas in this country 
it is the hogshead. More attention to the details of the packing 
process on the part of the American canner will aid in eliminating 
this distinction. 
A third point of difference between the two kinds of sardines lies in 

the fact that the French fish are put up in olive oil, while cottonseed 
is the oil commonly used in Maine. The consumer who dislikes cot- 
tonseed oil will, of course, maintain his preference for the foreign 
article. As already suggested (p. 66), however, the use of corn oil 
may improve the standing of some of the better grades of sardines. 
The high cost of olive oil prevents its being generally employed for 
this purpose in the United States. In this connection it is interesting 
to note a provision in the Canadian tariff laws 1 which permits the 
importation of olive oil, free of duty, when it is to be used in the 
canning of fishery products. Under this provision olive oil may be 
entered free under a bond stipulating that it is to be used only in the 
preservation of fishery products. Such an arrangement in this coun- 
try might go far toward stimulating the production of an article of 
quality with which to bid for that portion of the domestic trade 
formerly occupied by the foreign sardine, and also for the South 
American trade. 

Not only is there an excellent chance to enter the domestic field 
vacated by the foreign sardines, but the South American markets 
also offer exceptional opportunities for the introduction of sardines. 
There are a few features of the South American trade which packers 
of domestic sardines should bear in mind before attempting to enter 
this field. The chief consideration is that the sardines must be of 
good quality, as good as or better than the foreign goods of which 
these countries are now deprived. The grades of domestic sardines 
known at the present time as standards will not hold this market. 

Another point to be considered is the taste of the people of the 
South American countries(32). They prefer fish packed in sauces 

1Canada. The Customs Tariff, 1907, p. 31, Schedule A, Item 278. Under provisions of the Canadian 

war tax, oil covered by this item is now (1916) subject to a duty of 74 percent ad valorem. On removal of 

this tax, oil under this provision will be again free. 



120 BULLETIN 908, U. S. DEPARTMENT OF AGRICULTURE. 

marinase, highly spiced, and are also accustomed to olive oil in the 
oilsardines. Tomato sauce is a favorite and another is ‘‘escabeche,”’ 
which is made by adding vinegar, pepper, salt, and spices to hot oil 
in which the fish have been cooked. 

Table 44 shows the import values of sardines in the different South 
American countries for 1910, and, in some instances, for 1912, and 
lists the principal exporting countries. 

TaBLE 44.— Value of sardines imported into South American countries. 

o- Value. From— 

AB OOMIUITA ROS eis See Le pret Ls Siege cee eee Sle $1, 104,898 | France and Spain. 
1S {a) bg ee ea ee dey Pe he ane a cee ee a ery eee Se 16. 80-14 | Spain, Portugal, and Italy. 
Brazil sues RUE see Wie UPN he Wise ean es Nina 21,267,575 | Norway. 
CU es NP a aie ram a ae a A 296,485 | Spain. 
CUA OF aires eit hn Se oe se ee ee 48,553 | Germany and Spain. 
Pan aia ace ote ete ss st eee ihe Pai 2 ces eee ke ol eer 30,450 | Germany and Great Britain. 
Paraguay Sas Ce Se hss Se Seo SS Sa erie Seen ae aioe Rees France, Spain, and Italy. 
TORU ae ee Rg Rt EE Se REN ea rena MT 102,871 | Portugal, Spain, and Germany. 
WIKIS UA Vees Sak SESS aS Sa cn ee ee eer 49,546 | Spain and France. 
WAGINGVADE FE Gens Seine ae bce ARN OE oS eNe Ee ae oe 202, 982 | Spain and Germany. 

1 Value per case. 2 Preserved fish and fish extracts. 

According to the United States Department of Commerce(32), 

Spain and Germany lead in supplying sardines imported into Vene- 

zuela, the United States furnishing only $4,427 worth of a total of 

$252,982. The Spanish sardine is of good quality and reasonable in 

price. The situation with regard to the possibility of securing a 
good portion of this trade is well summed up by the following state- 

ment(32), calling attention to the inferior quality of the domestic 

product and the necessity of producing an article appealing to the 

taste of the people: 

No great increase in exports from the United States to South America of sardines 
and other fish may be looked for unless the quality of the product can be improved 
and the tastes of the South Americans considered for fish put down in sauces. The 
consumption in this line is very large and worthy of study by fish canners. 

This publication(32) gives the rates of duty, the details of trans- 
portation, shipping, etc., and other.valuable information pertaining - 
to sending goods to these countries. 

There appears to be no reason, other than a scarcity in the supply 
of fish and an overwhelming demand from the domestic market, why 
the American packers of sardines should not obtain their share of the 
South American trade. This is another irrefutable argument for the 
improvement of quality. 
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SUMMARY. 

The packers of Maine sardines occupy a very important position 
in the food industry in their ability to supply a food product which is 
comparatively cheap and at the same time has a high nutritive value. 
Careless methods on the part of some packers, due to a desire for 
quantity production at a sacrifice of quality and to a lack of control 
over the employees of the plants, have resulted in the appearance on 
the market of some very low-grade sardines, tending to bring the 
whole sardine industry into disrepute. 

In an effort to assist the packer in improving the character of his 
output the Bureau of Chemistry conducted an extensive investigation 
of the packing processes, as a result of which it has been able to make 
various recommendations to the canners. 

The salient points brought out in the course of the experimental 
work are as follows: 

Composition of the fish.—The composition of the sea herring varies 
during the season, the fat content increasing from July to October. 
This variation is greater in the case of the smaller than of the larger 
fish. 

Food of the sea herring.—The copepods (red feed) and schizopods 
(shrimp) constitute the principal food of the sea herring. When 
gorged with food on being taken from the water the fish are said to 
be feedy, in which condition they are unfit for packing. The diffi- 
culty encountered in the form of feedy fish may be overcome by 
holding the fish in pounds attached to weirs until they are free from 
feed, and by cutting and eviscerating the fish before sending them 
through the packing process. 
Swells—Two organisms, a bacillus apparently identical with Niel- 

sen’s Bacillus Walfischrauschbrand and Bacillus B, a nonspore-bearing 
pathogenic gas-producing bacterium, are associated with the feed of 
the small herring, the former being more frequently found with the 
schizopods and the latter with the copepods. During decomposition 
of the copepods and schizopods (feed), both ammonia and amines 
were produced in very large quantities. Growth of the two organ- 

_ Ismsinpureculture on fish media also produced ammonia and amines. 
Apparently swells are produced by the action of these organisms, 
also the condition of the fish known as belly blown. 

Transportation of the fish.—It is unnecessary to salt excessively 
fish which are to be in transit for only a reasonable length of time. 
Such salting should be done with the idea of saving time in the 
pickling shed, rather than as a means of preservation, as decompo- 
sition, particularly in the viscera and contents, is not completely 
prevented by the presence of salt. The limit of the time to be con- 
sumed in transporting fish in salt, without refrigeration, seems to be 
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from four to six hours. Some method of refrigeration should be in- 
stalled on all boats used to haul the fish over long distances, thus 
ereatly extending the fishing area and bringing the fish to the can- 
neries in a condition far superior to that of fish carried in salt. The 
boats, both the refrigerator and the ordinary type, should be pro- 
vided with small compartments, permitting circulation of cold air, so 
that the fish are carried in small bulk, thus preventing the rise in 
temperature which occurs when fish are carried in bulk, as is now 
customary. 

Salting and pickling the gh ——An appreciable amount of nitro- 
genous matter is extracted from fish held in salt, and an even greater 
quantity from those held in pickle. ‘To insure a minimum extraction 
of material, consistent with the proper degree of salting, uneviscerated 
fish should remain in salt or pickle not more than two hours, while 
from 15 to 20 minutes is long enough for cut and eviscerated fish to 
remain in strong pickle. Fish which are excessively salted or are 
kept in brine an unduly long time lose the characteristics of fresh 
fish. Sardines with a salt content of 3 per cent were received with 
the most favor. The greater part of the salt remains in the skin of 
the fish, which explains why it is so readily lost during the steaming 
process. 

Drying the fish.—More attention should be paid to the drying 
process than is now customary. Betore being packed, from 5 to 8 
per cent of the water they contain should be driven from the fish. 
Either too little or excessive drying ruins the appearance of the 
pack. An even, thin flaking of the fish, proper control of the volume 
and temperature of the air in the tunnel dryers, and drying for 
exactly the requisite period are essential for securing a high-grade 
product. : 

Packing the fish.—Special skill and technique are necessary in 
packing sardines. Great care must be exercised in placing the 
small fish in the can and also in cleaning the cans. Rough treat- 
ment of the filled cans not only tends to disarrange the contents, but 
may dent the seams, causing leaks. 

Orling.—Three quarts of oil to the case should be added to fat 
fish, and 34 quarts to the case for lean fish. ‘Time should be allowed — 
for the abeorpuon of this amount of oil before sealing the cans. Corn 
oil appears to fulfill all the requirements for a good pack and its 
flavor does not mask that of the fish. Baked fish packed in corn 
oil and fish fried in corn oil proved to be superior to fish which were 
steamed. 

Storing the sardines.—The desirability of storing sardines at low, 
even temperatures was demonstrated by a series of experiments on 
the freezing and thawing of sardines. Weak solutions of ammonia 
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and amines were found to exert a detinning action on the interior of 
the cans, which increased on standing. The suggestion that detin- 
ning of cans does not occur when fish are skinned before being packed 
was disproved. During storage the amount of ammonia and amines 
in canned sardines increases, the extent of the increase depending 
upon the temperature. Sardines stored at room temperature 
showed a greater increase in these substances than sardines stored 
just above freezing. Triamine was found to be the chief constituent 
of the amine fraction. 

Decomposition of fish.—A small amount of ammonia and frequently 
negligible amounts of amines were found as normal constituents 
of fresh fish. During decomposition of the fish the quantity of both 
dmmonia and amines increased very rapidly. Greater increases 
were found in the viscera and contents than in the flesh of the fish. 
The increase in the amount of ammonia and amines in canned sar- 
dines composed of fish which have undergone excessive decom- 
position indicates that this degree of spoilage can be detected 
in the packed goods. The determination of these substances, 
however, is of doubtful value as a means for detecting a less degree 
of decomposition in fish which have been held in salt or pickle before 
being packed. Decomposition of the viscera and contents of fish 
occurs at a more rapid rate than decomposition of the flesh. Fish 
become belly blown as a result of the extension of the processes of 
decomposition from the viscera and contents to the belly portion. 

Waste.—A great deal of the waste found in the canneries may be 
eliminated by (a) using cans to fit the fish instead of cutting the fish 
to fit the cans, or trimming the tails of the fish which are a trifle too 
large for the cans, and cutting the fish as close to the gills as 
possible, (6) flaking so well that 100 per cent of the edible fish on 
the flakes may be packed, (c) preventing the deliberate discarding 
of fish suitable for packing, and (d) enlarging the scope of the pack 
by preparing kippered herring, Russian sardines, spiced herring, and 
other similar products. The unavoidable waste may be utilized by 
(a) making sardine paste, deviled sardines, and similar articles from 
the discarded edible portions of the fish, (b) converting the cuttings 

which can not be used in this way into fish meat meal, after expressing 
the oil from such residues, and (c) converting all residues and wastes 

that can not be used to better advantage into fish scrap for fertilizing 
purposes. 

Quality and appearance of sardines.—The results of the investiga- 
tion indicated that the following are the chief factors responsible 
for low quality: Use of feedy fish rendered unfit by decomposition; 
excessive salting or pickling; removal of flavor by steaming process; 
insufficient drying; variation in composition, especially the fat content, 
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of the fish at various times of the year; using inferior oil er oil in 
insufhicient quantities; and permitting the packed goods to become 
frozen. Careless packing and rough handling at various stages of the 
process are responsible for poor appearance. 

The following suggestions for the improvement of the pack are 
offered: 

1. Accept feedy fish for packing only when they have been 
impounded for a period of from 12 to 24 hours. When this practice 
has been widely adopted, it will be wise to keep all fish in pounds or 
pockets, thus distributing the supply over a longer period and thereby 
aiding in placing the canneries on a capacity basis. 

2. Sort the fish according to size as they reach the cannery. 
3. Cut and eviscerate all fish. 
4. Establish a proper period for the salting and pickling of fish, 

both eviscerated and uneviscerated. The salting and pickling treat- 
ment of the fish at the cannery as well as the distance they can be 
carried in salt will then be determined. . 

5. To insure the highest quality discontinue the steaming process, 
which causes the loss of a large amount of salt and flavor. 

6. Flake the fish by hand or thinly with the flaking machine. 
7. Dry the fish to the proper degree before packing them. 
8. Pack the fish neatly and attractively in the cans, eliminating all 

slack packing. A well-packed can of sardines should be full of fish 
and oil. 

9. Handle the packed cans carefully. 
10. Establish standard grades for the sardine pack. 
11. Maintain a rigid sanitary control of canneries. The law of 

Maine, which adequately covers this question, should be strictly 
enforced. The beach surrounding the canneries should be kept free 
from decomposing fish waste. Under no consideration should 
swelled cans of sardines be disposed of by being thrown out on the 
beach. They should be burned. The water supply of ali the can- 
neries should be investigated. Whenever a water supply giving 
evidence of contamination is found, requisite changes should be made. 
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