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HUAT PIMLTRATICH IN CANNAD FISH

INTRODUUTION

A valuable product of the North kacific waters is
canned s@lmon, which is a standard comuodity in food mar-
kets of the United States, The largest can commonly sold
is the one pound size. Considering the popularity and
volume of saies of canned salmon it is only natural that
larger containers would be of interest to gackers. Large
containers, suoh as are available for some meat produots,
would »e advantagoous for large femilies and consumers
such a8 hotels and restaurants, 'Besides the con?enience
such a package would offer, there would also de a reduction
in price per unit of fish due to container oosts, .8 in
the meat packing industry, there is the possibility of
by-products for unimal feeding from low grade ;aw materials
and from pieces not suitable for regular grades, Large
cans are cven more desiradle for by-producis *nsn for regu-
lar packs., A survey of the possibilities of such new ocanned
products involves the guestion of preservation, Janning
naturally would be the logical method of accomplishing pre-
gervation. with this view in mind, the following investi-

gation wes undertaken,

HEVIEW OF LITERLTURE

A review of the literature on heat penetration has
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shown thnt although the principle of nreserving food with
heat was discovered in 1810 by sppert (21) actual scien-
tific studles were not undertaken until near the begin-
ning of the present century.

Prescott and Underwood (18) in 1898 studied the sour~
ing of corhs. Two facts were brought forth which apply in
general to heat penetration into canned aeterials, TFirst,
the ratio of liguid to solid material in the can greatly
influenced the rate of h@&t pen@tration. The second fact
brought forth by thelr work was that regardless of the temp-
erature of processing, the temperature in the centeyr of the
can reached that of the retort in approximately the same
length of time,

Duckwall (8) in 1905 carried on heat penetration ..
studies with pems, He also found that the temperature in
the center of the can reached that of the retort in the
seme length of time regardless of the processing tempera~
ture.,

Bitting (3) in 1912 pointed out that heat penetrated
into substances containing free liquid more rapidly than it
passed into meterials of heavy consistenocy,

Bitting and Bitting (4) in 1917 investigated the
effect of sgitation upor heat penetration., They found that
& minimunm time was required to bring the temperature of
the can to that of the bath where the proportion of free

liquid allowed convection currents, The maximum time was
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required for products of consistency similar to that of
mashed sweet potatoes. They also noted that with products
of this type during an ordinary proocess time the center of
the can rarely reached to within 10° ¢. of the retort
temperature,

Thompson (22) in 1919 pudblished a report on temperat-
ure-time relations during processing., This work is of in-
terest because its purpose was to take the results and see
what applicatlon'oould be made of a mathematical theory of
neat conduction., He used the diffusitivity formula from
Wﬁich had been caloulated the effect of size and shape of
containers on heat penet#ation.

i
Diffusitivity Constant k = Conductivity
Speocific Heat x Density

This diffusitivity constant is the numerical value of
temperature change in & unit cuve cf material during a unit
of time, He reported that in using this Tormula the
assumnption was made that all heét sonducted was equally
distributed throughout the cube, 1o use this formula based
on conduotivity it was also necessary to assume that con-
vection currents would be local in character and that their
effect would be equal to an increase in conduction, Due.
to tha physical nature of food products varying con-
vection and conduction conditions made the application

of mathematics difficult, The author concluded that ad-

ditional work on formulas would be required before re-



sults ocould be of practical use,

Ball (2) in 1928 developed a mathematical method of
deternining thermal processes of canned foods, vue to the
varying physical natures of raw materials, the methods in-
volved complicated mathematical formules, He pointed out
that the values odbtained are purely theoretical, and that
caution should be used in interpreting their results,

Magoon and Culpepper (17) in 1981 studied the factors
affecting temperature ohanges in the container during the

canning of fruits snd vegetables. They found, as did

earlier investigators, that the temperature of the retort
is reached in the container in approximately the same time
regardless of the prooessing témperature unrless the higher
temperatures broke down the tissues of the fruit as is the
case with tomatoes., This study further indicated that the
diemeter of the container is of much less importance in
material with free liquid than ‘n those of heavy consis-
tency. They pointed out that the character of the pack and
the composition of msterials were largely responsible fof
the rate of change of temperature at the center of the can.
This change was rapid in materials with interspaces filled
with free liquid, but with materials of heavy or pasty
consistency the rate of chenge was very slow unless meche
anical agitation was employed.

Joslyn (15) in 1928 made & study of the effect of vis-

cosity in heat pensetration. lie found that except where heat
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brought about & ohange in colloidal substances the heat-
ing ourve was always a recorf of change from & greater %o
& less viscogity'while the reverse was true for coOling.
Helstated that the heat conductivity of liquids is low, and,
$hut the major portion of the heat is transferred by con-
vect.on currents, Oreater visoositlies decreased the rate
of convection thus requiring.heét penetraetion to proceed by
the slowey prooess of conduction, Hs obéerved the ef-
fects of viscosity and found that convection currents
decreased as the center of the ocan approached the temper-
ature of the retort, He also found that heat was trans-
ferred more sliowly by conductién as the temperature at the
center of the container approached the temperature ex-
isting near the wall of the container, |

Lang (16) in 1935 reported an investigation of the
thermal processes of California canned marine products,
This work was concerned mainly with the time necessary to
destroy an orgenism comparable in heat resistance to Clos~
stridium botulinum. The heat penetration time.resulting
from this research showed that longer cooks were required
to reach the maximum temperatures in the center of a solid
piece of fish,

Hunter and Thom (14) in 1919 found in a bacter~
iological study of commer¢ially canned salmon that a large
percenta e of the c¢ans were unsterile and that over 40

percent contained an aerobic upore forming bacillus,
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This investigation was of importance because it indicated
that processing times bdbeing used sere not sufficient to
kill the dengerous, heat-resistant, Jlostridium botulinum
organism, if it had been present,

The Pacifioc Fisherman (18) in 1920 published a report
of the National Cannhers «ssociation on heat penctration
.differences bstween individual cans of the same size,

This was explained by the probability that the point of
the thermometer in some cas«s was in contact with the
liquid while in others it was in a solid pliece of flesh,
Comparisons were made between cans started at room temper-
ature and cans that had received an exhaust. These 4iff-
grences were largely overcome as the cans approached the
retort tehperature. The higher initial temperature added
to the sterilizing value of the process given. Cans ob=-
served in the center of the retorts were found to hcat as
rapidiy as those near tﬁe wall of the retort, provided

it was properly vented, ¥Fig. 1 shows the results of this
 investigstion in graphic form,

So far as known no further studies of heat penetration
in canned salmon have been made since those of the National

Canners sassociation referred to above,

METHODS AND APPARATUS

Methods used in previous investigetions, Ball
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(1) in 1938 enumerates various types of cquipment that
have been used in studying heet penetration such as maxe
inum reading glass thermomsters, ordinary glass thermos
metersg, expansion thermometers, chemiocal indicators which
undergo nermenent color charges at certain temperatures,
and materiels that are nelted at certeim intensities of
heat, These methods %odey are pracvically outioded by the
introduetion and improvement of thermocouples,

Imall special made maximum reuding thermometers were
used by placin; them in the center of the conténts of the
can before sealing, Their rcadings were accurate, but
only one tenperatures was obitained from a ean, A further
disedvantage wacs thaot no method exisﬁ@&'of acoeurately
detcrmining the length of time required to heat the cone
tents of the ean to the maximum temperature, This method
was utilized by Prescott end Underwood (19) in 1898 but
they bad to use a lerge number of cans to obtain their
finel results.

Long stemmed thermometers were used by Bitting (3)
in'lﬁlﬁ ard also by Magoon and Culpepper, {17) in 1821,
sapparatus for these experiments was 2o constructed that
the thormometer was outside of the retort where it dbula_
be read continBously. %he long stemmed thersiometer was
a decided improvement, but there were two ocutstending Gis-
advanteges, Conduction cccurred along the jlass stem and

the ¢onstruoctinn did not lend iteelfl to studies in agle
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tation,

Thermocouples were first tried by Bitting (3) in 1912
but were not successfully applied to this field until five
years later by Bitting and Bitting, (4} in 1917. Hovie
and Sronfenbrerer (5) in 1919 developed 8 suscessful
thermocouple apparstus for the measuring of heat pene~
trgtion in canned foods,

Magoon and Culpepper, (17) in 1921 used thermocouples
in eonjunction with long stemmed thermometers.  Since that
time research 1in heat pensetration has relied on thermo-
couples to obtain edourate results,

Principles of thermocouples., Seebeck {11) in 1821

discovered tnat in a closed circuit of two dissimilar
metale there was a flow of eleetric currentd pfavidé& thet
the two Junctions of the metels were atl different temp~
erztures, The magnitude of this eledtromotive force
which may be measured by a potentiometer depends opn three
ractorst First, the nature of the metals; Second, the
difference in temperature of the two junoctions; and,
Third, the actuel temperature of the two junctions. These
are briefly the basic nrincioles involved in thermocouples,
Foote, ¥airohild, and Harrison {12) in 1921 note that
thermocouples, to be desirable, have to resist corrosion
and oxidation, develop iselatively large e.m.f., @and have

a temperaturs-e.m.f, proportionate Yo the increases in

temperature,
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Experimental Apperatus. Thermocouples wore selected

for this work on the baasis of their superiority, accurusy
and adaptability. Tomperuture mensurations within sealed
rotated cens was impossible by other methods because of
mechanical problems, The two metals used for the thermo-
couples in this oxperiment were copper and constantan,
Those metals, according to Foote, Fairchild and Harrison
{12) in 1921, cen be used for sxtreme precision work up
to 360° ¢, Thermocouples for this experiment were made
from special 24 gauge enamel wires supplied dy Leeds &
Northrup Company. The copper and constantan wires were
fused together in an oxy-gas flame after being covered with
sufficient melted borax to prevent oxidation, The junc=
tion formed was then placed on the end »f an eight round
fiver support,wwhieh hoed ¢ diameter similar to that of a
pencil., Two grooves were provided along the sides of the
support in which the wires were léd from the point of
fusion, ‘The remaining space ~83 then filled with plastic
wood, A short piece of fiber tudbing was snugly fitted
onto the outer end of the support to prevent the wires
from tearing out of the grooves, After leaving the support
each wire was covered with four feet of asbestos tubing
whioch provided insuletion until the wires from the three
thermocouples were brought close together prior to their
passing through the wall of the retort,

Passage to the outside of the retort was accomplished
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by using a multiple grooved rod of the same matcrial and
size as was ussd for the thermocouple supports.' The grooves
were filled with plastic wood after the wires had been in-
serted. ricces of tight £itting fiber tubing were placed
over the multiple grooved rod gnd passed through a stuffing
box to the outside of the retort, Points on the inside of
the retort where there was a remote chance that the rod
gcould become damaged or shorted on the hollow metal drive
shaft were covered with tubing. _

Agltation experiments presented the problem of trans-
ferfing the e.m.f, generated by the thermocouples through
the revolving wires o a stationary ipstrument whioch would

indicate the magnitude of the s.m.Lf, Provisions were mde
| for the egivation studies by inserting a liquid medium be-
tween rotating end stationary wires in the following
manner. « series of disos about an inch and a half in
diameter wcre placed on the protruding end of t@e mul~
tiplé grooved rod, The thermocouple leads now on the out-
side of the retort were each led to a seperate disc, kLach
wire was made to form & complete circlie after it had passed
through the radius of the dise., The ¢ircle of wire was then
fitted into a groove on the ecircumference of the disc and
securely fastened, - meroury bath was provided for eagh
disc which allowed a minimum of a quarter of an inch im-
mersion, otationary leads from the potentiometer were

placed in & part of the meroury where they 4id not inter-



Pig. 2.

Ililustration of the mercury tath used for transferring
e.m.f. from rotating to stationary wires.

4T
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fere with the rotation of the discs, ilobinson (20) in
1838 indicated that from the standpoint of the thermoelec~
tric characteristics there would be no effect on the e.mn.f,
if two c¢nds of the thermoccuple wire immersed in the mer-
cury were at the saﬁe temperature, Fig, 2 illustrates the
special equipment for transferring the e.m.f, from rotating
to stationary wires, ‘

Agitation was accomplished by means of a hollow shaft
inserted through the wall of the retort, & square yoke
was attached to the end of the bhollow drive shaft inside
the retort, This yoke supported woven wire baskets which
were used to hold the cans during processing, Flg. 3. |
A stuffing box surrounded.the shaft where it centered the
retort to prevent the escape of steam, .8 the center of
this shaft served as an outlet for the multiple groove rod
containing the thermoocouple leads another stuffing box
was attached to the end of the shaft, Two ﬁurposes were
served by this latter stuffing box: First, it prcevented the
escapc of sieam; and, Second, it held the multiple grooved
rod statioﬁary so that the discs attached to it rotated with
the shaft, Fig, 2. Agitation was accomplished by placing
8 pulley on the shaft betwern the two stuffing boxes,
Powor for driving this pulley wes transmitted by a V belt
from a geared-in-head eleoctric motor, £Hll tests on agitated
cans were made while the cans were being rotated at the

rate of fifteen and a half revolutirns pc:. nminute,



Fig.

3)c

Top view illustration of the mercury tath, drive shaft
and location of cans and thermocouples in the retort.

61
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Speoial tubular brass fittings were used to introduoce
the thermocouples into the cans. Fig, 4. The c¢ciroumfer-
erice of the tube was threaded the entire length except for
a large, flat, hexagonsl shoulder on one end, This shoul~
der fitted against the inside of the can and was held in
place by & gasket and nut whioh ¢ras tightened down on the
outside, The joint thus formed was tight so thaet no leak-
sge ococurred during the processing period whioh followed,
&4 perfect seel was obtained around the thermooouple round
fiber support by attaching & stuffing box to the outer end
of the brass fitting.

The e,m.f. produced by the thermocouples was measured
by means of & Lseds & Horthrup portable potentiometer in-
dicator, Fig, 5. The parts whioh sppear on the outside of
the instrument are as follows: A handle on the side for
balancing the ocirouitsy 4 galvanometer on the panﬁel
for determining when the circuits of the potentiometer
were in dalaence; A large dial for the ﬁillivolt readings;
a small diel for the compensution of ¢old junctiion temper-
atures; Buttons to close ciroults of the standard cell and
of the thermocouplo; &nd, Terminals for the connection of
the thormncouple leads end for the connection of extra dry
cells when the instrument is locatved in & stationary
position,

& series of tests wore run with the instrumont vefore

any oxperimental work was attempted., These tests were
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Fig, 4, Illustration of &an as-
sembled fitting and
its separate parts.

Fig, 5. Portable notentiometer indi-
cator,
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ohecked against a Centigrade thermometer which had been
calibrated to standard conditions snd found to be correct.
All potentiometer readings were based on Centigrade temp-
eratures whieh were later converted to Fahrenheit when
desired by the use of conversion Table XIX, Preliminary
tests were made with the compensator dial td detormine the .
possibility of using room temperatures as the cold Jjunction
of the thermocouples. The potentiometér being used was
calibrated so that at zero degrees Céntigrade there would
be no e.m,.f, provided that the cold junotion was at the
same temperature, uJuring calibration the hot junctions of
the thermocouples were maintained at zero degrees Centigrade
whioh gave them the theoretical value of zero, and thus
any ¢.m.f. was a product of the cold Jjunction which was
the room temperature. The three experimental thermocouples
with the nmerocury connections were also at this same time
compared to & thermocouple with continuous wire leads,
which is designated in Table 1 as number four, Thermocouple
number four in many cases exocgeded the others by a
hundredth of a ﬁillivolt whieh wusg approximately cequi-

valent to one~quarter of a degree Centigrade,



Yable No, 1

Effect of Room Temperatures on Nillivolt weadings

Room Theoretical Millivolt [Millivolt Readings
Heading
Temperature °C, Thermocouple Numbers
_ 1 & 3 4

)4 « 56 .+ 57 .87 .58
174 59 .69 .068 &69 070
17{3 070' o?O 070 .0'70 “71
18% 74 75 95,98 )76
20 .80 .80 80 .86 .81
20% .82 .82 .81 .81 ,81
21% . 86 ° 86 086 ° 86 OB'?
23%& .94 9B .88 ,8% , 995
24 : « 96 .97 097 97 «97

The results as demonstrated in Table 1 compared favore-
ably with the theoretical velues which were taken from a
table of Leeds & Northrup Company. Table Wo. 41X, 9ince
the experimental tests crodueced positive results the tabdle
of theoretiecal values was thoreafter used to adjust the
cold junction compensator for room temperaturos,

Hobisgon (20) in 1938 stated that ordinury copper con-
stantan thermocouple wire would match the temperature bagﬂ
of 32° to 228° F, to within 2° ¥, or 0,048 millivolts,
Preliminary tests were run with the thermocouples ot
different tomperatures %o be used in the experiment and
no variation of as much as 29 ¢, oocurred, These results
further substantisted the use of the thsoretical table as
& stendard {or the experiment,

The portable potentiometer indiocators of the type
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used in this work are, according to Hobertson (20) in
1938, accurate only to within 2° ¥, Accordingly, the
finasl results cannot be claimed to be better than thay of
the potentiometer indicator. The preliminary tests pre-
viously cited would indicate, however, that this error

was seldom approached,
PROCEDURE

Fresh Chinook salmon wore used for &ll experimental
tests exceptl for.the number 10 cans which weré packed with
Bluebacks., The fish after being prepared were filled in-
to the cans by weight with the except:on. of the number 1lO's
which were tightly packed., Table No, £, The net weight of
each of the pumber 10 cans was the same. 4n attempt was made
when packing the cans to have the piwces of Tish located in
the can so that the thermocouple when inserted would be in
the center of o large piece and at the center of the can.

111 of Experimental Cans

Woight
Product Can Size rounds 0z,
Salmon 1l b, Tall : 1 0
Salmon No, 2% 1 14
Salmon Ho. 10 7 0

By-products were obtained by grinding the heads, tails,
fins and other small ocuts, This ground material was packed



Figs 6.

Illustration of the position of thermocouples in the cans.

*1
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into cans moderately tight and handled in the same manney
as the cannad salmon,

The smaller sized cans wvere prepared for t$he exper-
iments by atteching the brass fittings, Fig, 4, at the cent-
er of the bottom of the can, Fig, 6. ‘The number 10 cans
were handled slightly differently in that the special brass
fitting box was attached at the sidc nidway between the
ends, after filling, the cans wore scaled by double seame
ors available in mhé laboratory.

Ho provision was nede for vacuum seelaing In this ex-
periment, Clark, Clough, and Shrostrom (6) in 18E3 geve
the following funetions of vacumm in canned salmon: First,
to keep the ends oollapsed; Second, to prevent unnocessary
strains; and, Third, to restrict and pfevent the growth
of certain bacteria, Since vacuum was not needed to sorve
any of the above mentioned functions the ¢ans wore not
vaouum sealed, | |

‘Tha thermocouples wore inserted through the opening
profided in the brassg fittings ettached at the ends of the
sans, Care was taken to have the hot junotion im a
piece of flesh, The cans containing the thermocouples were
always maintained in tho same location in the retort by
placing them in a wire basket, Ihe basket also served to
hold the cans scourely during the period when they were
being treated by agitation,

& corgtunt temperature was maingtéined in the retort



Fig., 7.
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Illustrates equipment used for studying
heat penetration.
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during the experiméntal,funs by an automatic,; air-operated,
Iycos recording control unit. Fig. 7. Temperature readings
were olso takén from a seven inch mercury sight thermometer
propexly att&dhed at the side of the retort., These controls
were such as might be found in good commercial plants, and
had beén tested for accuracy with & thermometer from the
Bureau of 3tandards,

Readings were made on the th@rm@éoupl@s every ten mine-
utes when possible snd oftener when the changes oeccurred
rapidly. Time readings were taken from &n electric cloek,
Pig., 7. The millivolt readings obtained were translated
to their squivelent value of Gentigrade temperature, Tabdble
No, &IX. These Centigrade temperutures in turn were

later converted to Fahrenheit readings (13).

DISCUSSION -

The results of this experiment should not be inter-
preted in apy manner as a definite reconmendation of pro-
cessing timss, The resuits moyrely show the possibilities
of processing salmon in containers larger than ure now
common; fhey elso show that agitation during processing
may inere¢asc the rate of heat penstration,

In general a time which might be suitable for pro-
cossing is dependent largely on the time neoessary to kill
heat resistant spore forming bacteria, Clostridium botu-

linum is the organism vhich presents this problem im can-
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ned foods beecause it is not only resistant, dbut it also
produces a deadly toxin, No outbroaks of votulism have
ever been uttributed to commercially canned sslmom, Fele
lers (10) in 1986 reported that Clostridium botulinum would
grou vigorously in canned salwmon. Dickinson, surke, Beck,
and Johnston (7) in 1928 found that the heat resistance of
sporcs of Clostridium dbotulinum sﬁowed a marked increase
at high temperatures when heated in broth coverced with s
thin layer of oil. Leng (16) in 19835 noted that although
the heat resistance of Clostrium bLotulinum in canned sea
foods waus in direct relation to 1ts rosistance in neutral
phosphate, Iish suspensions in oil were an exeception to
the rule. He further found that thcre appear2d to be no
direct correlation in canned msérine foods betwecn the
hydrogen-ion concentration and heat resistance when the
pH limits wers ovetween 5.0 and 6.8, Weiss {22) in 1921
in studying free Clostridium botulinum spores found the
young'snores have the higher thermal resistance, He also
reported thut the longer zpores are held near killing
tenperature the longer the period required for remaining
live spores to germinézam

The foregoing investigations indicate that Clostrid-
ium botulinum ocould grow in salmon. Such being the case,
sufficient heat would have to be applied to destroy the
spores., Lsty and Meyer (9) in 1922 determined the min-

inum destruction time and the maximum survival times for
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Clostridium botulinum when the spores were produced under
nost favorable conditions,

Resistance of Llostridium Sotulinum Spores

ety & Meyer {(9)

Minimum HMaximum
Destruction Time Survival Time

Minutes Minutes ¢ Oy

5 4 120 248

12 10 115 239

56 38 110 230

120 100 105 221

360 330 100 212

The minimum destructiom time in Tavle No. 3 will de
referred to in locating an approximate process time in the
heat penetrat ion studies %o be discussed,

Salmon used for this survey were found to have consider-
able variation in initial temperature. This nucessitated
the deriving of & standard which could be teken us the
starting temperature of all experiments. 7%The arbitrary
temperature selscted was 65° ¥, In most cascs this témp-
erature of 65° ¥, had to be derived by locating 1ts posi-
tion betweon the two nearest readings, The designated
temperature was selected for two reasons : First, direct
gomparisons couid ve made with work of previous investi-
gators, Fig, 1, and, Second, this temperature closely ap-
proaches that of room temperature, The selcction cf 65°

F, is further substantiated as t he starting temperature be-
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ceuse the salmon canning industry has of late years used
mechpical vacuum and room temperaturcs rather than the older
method of pre-~heating to create a vacuum,

Tine-temperature tables were made for each can run in
all experiments., These tables appear for reference in the
appendix, &« summary and graph for sach c¢an would be ¢con-
fusing., sccordingly, the experimental results for ll cans
of each product were combined into avefagé tem?erature and
time, These averages were then plotted o {orm the heut
penetration curves of the various products,

& series of fifteen number 1 tall cans of salmon,
Table Wo, I, were processed in a stationary position to
determine if the results of this ereriment gould be comp-
arable to those previously reported in the Pacific Fish-
erman, ¥ig, 1, A& survey of the heat’ penstration curves,
Fig, 1 and Fig. 8, indicate that up to 160° P, the two cur=-
ves ure practically the same, iolnte on the curve beyond
166° ¥, deviate at times ebout 3° F. below those of the
previous investigations, <Jlose agreement of the two curves
indicates thet the methods used in this experiment gave
results which compared favorably with those found by ear-
lier investigators,

The series of stationery cans processed i 260° ¥, to
obtain correlation with the former work were also come
pared with the series of fourteen similasr cans which were

agitated, Tadble No, II. The two methods seecmed to mein=
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tain the same temperatures for the first ten minutes, ufter
which hcat penetrated into the agitated cans more rapidly.
The variation caused by agitation wes not grest but, never-
the~logs, was significant vwhen interpreted in terms of the
minimom destruction time of Clostridium botulinum spores,
Table 3. The agltated cans reuched 250° F, twenty-five min-
utes before those that were stationsry. The result of this
was that the agiteted cans”pagsed through two-thirds of a
miﬁimum destruction time Tor that temperature before an
equal lempersture was reuched in the stationary cans. The
probability is that & processing period for agitated num-
ber 1 tall cans would bLe about twenty-five minutes lcess thean
for stationary number 1 tall cans,

The readings on agitated cans, Table No. II, WQra ob-
tained by running three cans at a time, The cans were so
arrangod in the retort that when t hey were agitated two
made large arcé while one in the conter passed through a
snmell arc, <ans numdber 1I, IV, V1iI, XI and XIV, Table
No, II, were located so that they passed through the small

arc, No differences in heal penetration were obsecrved be-

v

tween these cans and those pussing through the large arc,
Number 24 cans are larger than cans that are now be-

ing used for selmon, In-ss-much «s there was no standard

wsight for a can of this size, un arbitrary {illing we-

ight had to be solected, after a number of trials wore
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made a welight of 1 pound amd 14 ounces was selected as
this was the maximum weight of bulky cuts which could be
packed tightly in the can.

Seven pumber 2% cans were processed at 240° F., in a
statiopary position. Table No, I1I. The average times and
tenperatures were taken from this table and plotted to
form the heat penetraﬁion curve, ¥Fig., 9. The results
show that the center of the number 24 oans reach 220° P, in
& hundred minutes which was thirty-five ninutes moré than
wes reqguired for number 1 tell cans under similar condit-
ions. The time required to raige the tewperature of the
number 2% cons from 220 to 230 degrees ¥, was thirty-five
minutes, {he time necessary ror the destruction of the
heat-resistance spores in this product, Table Fo., b, in-
dicates that a period of around 160 minutes would be neoes=-
sary for processing.

A'group of number 2§ cans wWole prooessed at 240° ¥, for
a period of 220 minutes, The center of these cans never
reached the temperaturs of 238° ¥, The long processing
period reduced the quality by making the {ish dark and de-
veloped a burnt f{lavor which wos most prominent in the
Juice., |

& serles of thtrteén number 2% cans were processed at
240° ¥, with agitation, Table No., IV, The average
time~tempersture curve did not rise above that of the

stationary cang for the first twelve aminutes., The two cure
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ves diverged after twelve minutes, but remained fairly
close together end were of the same type. Fig. 9. 4As was
the case of the number 1 talls, agitation here @lso orought
the cans to the more lethal temperatures in & shorter time,
The time required for the agitated cans to rise from 230 te

230 degrees F, was twenty-five minutes or ten minutes shor-
ter ﬁhan the time regquired for the stationary ocans to pass
through the same range., A prooessing period of 145 min-
utes would seem to cover the minimum destruction time of
Closhfidium botulinum sporés. Tabia No. 3. This time is
fifteeh‘minutes-less than thet suggested as a possibility
for processing stationary cans at the same %amperature.
The quality of the number 2¢ cans processed with agitation
at 260° ¥, did not cuppear to have been affected by the
temperature. |

Salmon by-products were made from the material left
after the canning of ﬁh@ salmon, all by-products in these
sxperiments were canned in number 24 cans. Three cans
were run in the statlonary position at a proeessing tvemp=~
erature of 240° F, Table No. V, Their average time-temp-
erature curve, Fig. 10, indicates that ninsty-five minutes
Were necessary for‘the cans to reach 220° F. This is five
minutes less than the time that was required for number 2%
agitated caﬁé of salmon to reach the same t@mpera%ure{
Fig. 9. Tho temperature of 220° ¥, wes also resched ten

minutee econer than it wes in stationary cans of salmon
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processed at 2400 ¥, The time required for the cans to
rise from 280 to 230 degrees ¥, wus thirty-five minutes or
the same a3 for stationary cans of salmon of the same size,
If the rise from 2280 to 230 degrees F, is céné;der@d as a
quarter of the minimum destruotion time for spores of
Clostridium botulinum, the total time neéeséarvaould be
about 160 minutes, This time would be the same as for
stationary cans of salmon of the same size, Fig. 9.

Four cans of by=-products were processed by agitotion
at 240° F, Table Wo, VI. The average rate of heat peéne-
tration wes the same as in the stationsry cans during the
first: twenty minutes but sfter thut & sharp veriation
occurred., These agitaited cans reaohéd 220° V. twenty-
five minutes sooner than the corresponding stationafy cans
of by-products, The ﬁinimum destruction time given in
Teble lio, 3 would seom to have beeon satisfied in this case
after 120 minutes,

The posoidilities of higher processing temperatures
were studied. A temperature of 250° F, was selocted since
most canneries are so equipped that they could run their
retorts at this temperature.

4 series of five number 5% cans of salmon Wore pro-
cessed in a stationary position at 250° P, Table No, VII,
The heat penetrated to the center of these cans during the
first hour about as repidly us the same size agitoted cans

of salmon processed at 240° ¥, Beyond this point the high-
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er retort temperature changed the shape of the curve,
Fig, 11. A lapse of time of sbout fifteen minutes was
required for the temparaﬁure at the center of the can to
rise from 220 to 2830 degrees F, The tempcrature at 1%0
minutes was above 240° F, and had been sufficiently high for
a long cenough period sc that the destruction time for the
hest-resistant spores Clostridiunm botulinum wes satisfied,

The asgitated series of seven cans procecsed at 250° ¥.,
Tuble Xo., VIII, heated & little more slowly than the stat-
ilonary cans for the first thirty minutes, but after that
time heat penetrated into them mors rapidly. Fig. 1l. The
slightly higher temperutures obtained Sy agituation, however,
were in & range more destruclive to heut resistant spores,
Approxinmately fifteen minutes were required for the aver-
age temperature in the center of the can to change from
220 to 230 degrees F. whioh was the ssme as for stationary
cans, By referring to Table B again the sgituted eéns ap-
pear to have passed through the minimum destruction time
for Clogtridium hotulinum spores in 120 minutes., [he gain
in time by agitation over that of st&tionaronans waes ten
ALDULE S,

Four number 24 cans filled with salmon by-produfts
were prooegssed at 260° ¥, Table No. IX. This lot ProCces=
sed in a staticonary position produced a heat penctration

‘ourve, Fig., 13, which was slightly below thai of the lot
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packed with salmon having the ssme treatment, Abdout fif-
tecen minutes were reguired for the temperature of the cans
to rise from 220 to 230 degrees I, This time wag the same
as the stationary lot of numbér 24 salmon processed at the
same temperature. a4 prooessing period for these by~-prod-~
uets should be 135 minutes to satisfy the minimum destrice-
tiom time given in Table No. 3., This time of 135 winutes
excesds by five minutes that of the stationary cans of
salmon processud at 260° ¥,

Lgltuted cuns of oy-products wore processed at 250°
F, Table ¥o, X, Th@ir'average temperature-time relation
shows that the heat passed into them uite rapldly. Fig.
13, Only seven minutes waravr@quifed fér the cuns to pass
from 220 to 230 degrees F, By the end of seventy migutes
the temperature «t thi center of the cens had beeon st
lethal temperature long enough to satisfy the minimun de-
struction time ol reslistance upores of GSlostrodium voi-
ulinum. Table lo. 3.

Salmon were processed in number 10 cuns to deteymine
the ef'feot of inoreased volume &nd weight on hest pone-
tration, Three of these cans werg processed in a stutione-
ary position ut 250° F, Table No. XI. The heat penetrated
into %these cans slowly. Fig. 12, & period of two and one-
nalf hours elapsed usefore the cans reachod 212° F, The
center of the cans required fourty minutes to rise from

220 to 230 degrecs ¥, and & total of four and one-half hours
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were necessary before the minimum destruction time in
Table MNo. 5 had been satisfied. “he number 10 6ané ddd
not reach 240° ¥, until after they had been prooessed five
and one-quarter hours, QThe cung were processed Tor an ex-
cessive length of time in this experiment, This was done
to OHtaih a4 long curve whieh would show the resistance of
the contents to rise in temperature. The final product
after this long process was seft and the liquid had a
burnt flavor, |

A disoussion of the éxperimental woTk as a‘whol@ would
be mainly a repetition of what hus already been previously
prescnted. One'factor st111 seems to present itself though
in @ survey of the work, All of the agitation uvxperiments
with but one exception had the same rate of heat penstro-
tiom as the stalionary cans during the firsc few‘minutea.'
«n explenation of this at vhe present time csu only be pre-
sented as theory. oalmon ig packed as & solid pisce of |
flesh with no liquid., After processing the flesh is loose
in the c¢4n and considerable water and oil are present,
Considering this it is probaovle that during the first few
minutes of cooking the heat penetrated by conduction where-
as after liquid.was formed heat penetrated more repiily bee-
cause of the development of convection currents. Tbhis
would seem to indicate that there is some benefit derived

from agivation,
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SUMMARY

1, OSuccessful squipment wes dsveloped for this exe-
~periment which allowed sthormocouples to be used while they
were in cans thut were being agitated,

2, Preliminary tests indicated that the results ob~
tained are comparable to those of 8 previous investigator,

3. Agitation which was carried out «t {iftecn und a
half revolutions yper minute docreascd the time necessary
for a processing period,

4, Stationary ocusns of salmon ani. stationary cans of
by-products both required about the saue processing time

5, Processing time of salmon and salmon by-products
was reduced by raising the prooesaiﬁg temperature from
240 to 2%0 degrevs ¥V, |

6. Agiteted salmon by-products heated more rapidly
& a8ll temperatures than agitaiea cans of salmon.

- 7. Number 10 cans were extremcly slow in reaching a
tém@ara%ure which wouid assure the destruction of heat-
réSistant Clostridium botulinum spores. _

8., The times that are¢ considered sufficient in this
survey are not intended in uny manner Yo be recommendations

of prooessing timzs for the product considered.
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Teble Ho, I, Section I
TEMPERATURDS 1N STATICNARY CANS OF SALMON
Usn Size=sl 1lb, Tall Rotort Temperature~-240° ¥,

Time Can Numbers
1 191 3¢ iv ¥ ¥E VI
M4 o 7 Cp op op Op %z  op

@59@ @4@"7 @4:«'7 6'@368' 6"%,9 6‘%69 64,4
65,8

0
3
5 71 .6 B4, 7
6
7
0

85,6
96,4
10 80,6

12 104,90 130.8
3 8809

4 08,3

15 1182.1

168 5,9 113.,0

17 7.7 128.8

is 109,9
20 18864

22 144,%

23 121:1
24 124.,9

28 184,98  146.8

28 144,95 .
290 1681 .6
168,4

31 181,93 161.2

32 168,4
33 155.5

34 1728.0
g@ 167.9

&8 17848 172,06  194.4

40 198,7

179,82



Tablo o, X, Section I

TEPERATUKES 1 STATIONARY CANS OF SALMON

Can S8ing-«1 ;hq Tall

Tina

Min,

43
48
45
44
45
46
47
18
49
50
51
52
53
54
56
59
80
61

&2
6%
64
5
89
70
78
74
76
76
v7

79
89
82

8%

78

i 1 131
182,65
168,82
109,56
189,0 B
106,5
201,7
213.1
218,5 B17,0
222 .4
286,0
824,28
224 ,6
226,68

50

Retort Temperature-~-2409 ¥,

Cen Numbers

Xy
@ﬁ

199.8

204.8

209.3

817.8

R2L .4

224,86

Y
oy

208.7

23.8.7

218,9

881 ,0

284.,6

225.0

Vi
Op

199,0

BOB.7

817 .4

880,86

223.9

285,9

ViX

194,4

203.7

209,35

214.3

217.0

22% l
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Table Wo, I, Section I
TEVPERATURES IN STATIONAHY CANS OF SALMON

Can Silze=s} 1b, Tall Retort Temperature--240" ¥,
Time Can Numbers
I i1 1IL Iv v Y1 VI

Min, Op O Op Op Op % %
84 226,5 236.0

BS  226.8

88

87 230,90  220,3 223,90
05 £36,0
148 |



Can 8ize==1 1lb, Tall

Time

Min,

Table No. X, Soction IX

52

TERMPERAYURES IN STATIONARY OANS OF SALMON

VIII  IX
°r %
64,7  65.4

79,9
85,1

100,0

112.1

127,0

1560
144,1

151.3

167.5
174.7

181,0

X X1
%p Ogp
84,6 65,7

703

83,8
181.1

118,9
140,9

143.6
163,0

167.9
1vg,p 1688

Con Humbers

441
o
¥

76,7

146 .3

166,44

189,35

XIIT
°p
64,5

7349

109,0

152,86

184,1

_ o
hetort Temperaturg--240 7T,

XI¥ Y
GF O-_B,
65,6 65,5

72,1
78,1,

107.8
109,0

124,86
126,1

165.4 155.8
164.4

175.5
173.1

©189,0

200,8

186,8
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Table Ho, I, Section IX

TEPHEAYURES JI SUATIONARY CANS OF Silion

Cenn Size~=1 1b, Tall

Time

Mmﬁq

43
44
4%
46
47
48
49
s iém

52
53
54
55
56
57
60
61
64
65
66
&7
86
69
70
71
72
75
76
79
78
79
80
81
82

85
86

VILI

p
190.8
185,6

lgﬁgl.

208,:3
2071
211,38

80,6
204,8

2L7.0
217.8

218,.8
219,7

21%.8

282.8

226 ,4

Retort T@mperatmre~maﬁ©@ ¥

X1
Op

198,1

209.3

219.3

385.%

26,8

228.9

Can Numbers

XTI XIIXT  XIV XY
Op Op °% %
195,1 )
lggo?
195,4
£10,9
212,0 812.0
210,9
222,31
21%.8 220,6
287,8
218,8
285,0
224,2 230,0
222.1
085 .8
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Teble No. I, Section IX
’I‘E_"}%”PERJ‘.;&"‘EIREE ;I‘i BPAS fl@ﬁ&‘t’?’ 035@3% QIF %ﬁﬂ%@ﬁ

Can Sigze«el 1b, Tall Retvort T@mperatur@~-gﬁa Fq
| Time Can Numbers

VIirx IX X X% ALY X111 Xy Xv
Mn, O  OF Op Op °p °p % °p
87 |
88 . 250,9

8¢9 825.0 228.6 2B5,.0 228,.9
08 225,0

93 228,28

24

95 ’ 826 .0

96

27 . BE0,0 232,58

28 226 .4 288,06 285.8

09 230,44
100
101 23,8

102- 289,86

105 285,00
106 254,1
107 23%7.,9
ll@‘ 282.2 834.,1
11
112 232,2
118 834 .5 286,1

14 288,60

115 286.,1 234 .1
ll@ 835,.4

12% 258.,3

1286 . 256,5
13@ 238,06

136 258,6

138 238,6 287.6
148 239,90 '
144 238,0
145 B5%2,2
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Table Wo., II, Seotion I

TEIFLRATURES IV AGIT.000 CAE OF S,LVON

Can Size--1 1ib, Tall Retord %mperatmv@w%@m Pe
Pime Can Nunbers

1 11 ;. W ¥ VT Vil
Min, °p P Op Op °% % °r

86,0 65,4 65,0 66,9 64,9 65.0 65,8

72,1 83,8

10. 85,6

14 112,6
15 1065.8
16 119.,9%

19 139,6 13%,4 116.2
20 187,85

gs 44,5 142.3
g5 164.5

29 | | 161.2
28 165,28 157.1 167.0

81 169.9

30 180.5 189,0

36 199.4

37 183,7
58 lel.8

89 190,4

42 198,85 204,1
4% 198.7
4 | 199,0
5 215.0 o °
46 207,7

0
1
4 68,9
7
8
©

21,9

49 207,.7
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‘:ﬁ’a’b'}.@ Ne. IX, 8Seotion I
TEPERATURES IN AGITATED CANS OF SALMON

Can Size-~1 1ib, Tall Retort Temperature~-240° ¥,
Time Can Numbers

I 1L 111 1y v VX Vil
Min, Op p Op Op op °p  %p

52 | 215.6
b3 218.1 218.8

58 228.9

59 |

60 218,11

8l

62 22,5
8% 222,1

88 83049

69 230.4 |

70 228,9

71.

78 825,1

ﬁ?@ 330 ) 5

74 229,58 227.95
7% 228.6

76 228.9

79 282.9 231,.4

82 ' 232,82

88 253, 2

84

85 229,97 252,56 281.8
86 288,9

o1 838,.6

02

94

23 £35,8

96

@7 287,6 R237.6

08

99 285.0

102 2837.9
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Table Wo., 1i, Scotion I
TENPERATURLS I AGITATED CANS OF SALION

Can 8ize-~l 1lb. Tall Retort Temy@raturew*ZQGQ P,
Time Can Nunbers
I Iz 11x iv ki 24 VIZ
Min, °% % % % % % %
ig‘é 237,90 2837.9
ﬁg 287.9
116 257,9
Eii 237.9 2%7.9

126
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Table Yo, I, Beotion II
TP ERATURES IN ACITATED CANS OF BALMON

Can Size-~1 1b, Tall Retort Temperature-«240° 7,

Time Can Funbers

Min,

b g
HOQ LGRS O

Bt b b o5 ot
s GBS

SRR R el B
I el R i I ]

23
28
29
50
33
54
35
36
87
58
39
40
44
45
48
47

VIII
oF
85,3

78.8

110,83

143,6

192,2

207,79

2124

Ix X
o op

68,1 64,3

104,5
125.6

146.8
149.4

199,0
187,3

198,3

224,2

X

126.9

198,7

208.4

XIX

£8,2

131.4
141.8

185,0

198,93

217,13

XIII1
@E’

65.4

174,7

204.1

21,4

LIV
OF‘
64.8

75.2

152,68

17,6

203.0

218.4
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Table Wo., I, Section IX
TEMPBRALURES IN AGLCATED CANS OF SALNON

tan Size=~l 1b, Pall Ketort Temperature~-240° F.,
Time Can Humbers

VIiiX X .8 b & XIL  XIIX Xy

Min. p op O op op Op Op

48
49 214,59

Wm0

86 228,6 2286.0

59 252,5

88 82%.8
59 |

60 . 226.8

61 RB2.D

882 232.9

L

65 251.8

66

8% B32.9
68 2382

69 '

70 23L.4 256 .5

71

72 23%.2

75  gs4,5 |

78 236,9
83 235.8 238 ,5

86 | 257.6

87 2361

88 |
89 235.5 237,06

08 296.5 257,86

ine

25 286.,1 237,6
iy Ry
10} 23%,9
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Table No, LI, Section II

TENPERATURES DY AQITATED CANS OF SALMCOW ,

Can Size--l 1b, Tall Retort Temperature»-240° F,

Pine Can Numbers
Viix X X X% XX  XXII X1v
Min, °p o% %% op Oy op Op

102
103 2579

166 257.2

109 259 .6
110 238,6

134 288,%

118 236.,3

120
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Teble No, IIf
TEMPERATURES IV STATIONARY CANS OF SALMON

Can Bize«=No, 2% Letors Tempemtur'@w%oo F.

Pime . Gan Numbers
I 11 981 v ¥ 71 VI
Min Oy Op % 9 Op op Op

88.4 84,9 64.2 64,9 65,3 64.4

(523
TS
&

jo:

69.4 67.5
73,9

75,4 75.8
?709

2 Q00 < ¥ & ER

B6.9 76,1}

11 81.0
13 $9.31

15 0.9  95.0

18 : 101.8

21 . 105.8 104,9 108,90
22 12,1

24, ' 118,9

28 120,9

29 180,6

31 . 13@50

32 154,828

53 14} .,4

85 148.1 152,2 143.8
79 152,2

42 156.7
43 184.8 163,90

46 162.5
47 178:1 176,85 16245
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Tahl@ N@ o EII
TEMPERATURES IN STATIONARY CANS OF SALMON

Can Size=-No, 24 Hetord Eemp@ra%ure~nzéec Fq
Time Can Numbers

| I Ix I1x v v vI Vil
Yin, OF OF ©F @F QFz J

55 18%.0
56

&7 181.0

38 18L.0

69

60 180.5

61 189,98

¢4 189,7 195.0
65 198 [ 3 ’

wir :

89 192.2 199.4

92 206.,6 202,6
7% 206,6 198.0 204.8

78 204, 205.3

1%} 2@@03
80

81 204.5 212.0

85 218.2
86

87 208,9 216.0

89 218.1

20

1528 ' 218.9
-

05 216,83 216,35
09 816,59 22L.7

102 222,8
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@@bl@ No, ¥ix
RATURES IN STATIONARY GANS OF SALUON

A,

Can Sizgeslo 25 Retort Temperatarce~240° ¥,

Time Can Numbers
I Iz ITI iy i Vi VIX
Mino OF OF @E @y ‘ QF °§ Oﬁ

105 226.0

104

105 Zzﬁqe 229¢l

106

107 224,2

108

109 | 225,65
110 222.8

111 R&2,4

120 824,6 B887.8

181

122 B8R0 ,8

183 250,65 287.1

194 250,9 28,9
130 BRT7 .5

181 '

152 260.9

153

184 25144
155

136 250,0

137 229,06

142 226, 831.8

1486 231,8
153 280,9

154 202,9

157 234,85 231.8
156 B54,1 233,82

159 236.1

166 232,90 293,86

169 BE5,0
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Teble Mo, IIX
TEEERATURNS IN STATIONEY CilNS OF SALMON

Can Size--ls, 2% : Rotort Temperature--240° P,
Tine Qar Nugmbers
£ Ix Lt v v VI ¥Ix
Min., P Op
1%0 285,0

175 8%5,8

176

177 256.8

168 256, 1

185 236 ,1

188 237,82

189 @59&2

211 554,1

218 255,0
215 | 234,5
227 287.2

228 237 .0

=]
E—é
o
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Table No., IV, 8ection %
TEVPERATUAES IK AGITATED CANS OF SALUON

Can 84ze--No, 24 Report T@mm@ratarewwﬁéﬁa P.
Time Can lvumbers
I I3 K381 v ¥ VI Vik

Wn. O Op Op Op Op g

65‘1 6&05 6%.9 6§q3 @@Q@ 64‘69 @4‘0@
3.

68,95
86,85
88,56
69,8
69,4

78 .4 75.0

DTGB O

62,0 81,¢

14 ‘ 81,1 86,0 92.5
15 100,90 95,5

16 9@ ¢ @

20 115.0

22 116,38
23 118,98

25 120,% 109.9
26 1290,8 117.0

29 136.0
81 142.9

34 lé‘f’ o 4 lé&l » O 131 " (6] l@ﬁ » 6
35 158,6

38 186,28

39 _ 187,
40 188,8

%& 149.9

a4 164,8
45 369,85 176.,5 168,90
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Table No., IV, Seotion I
TRUPERAYURDS IN AGITATSD CANS OF SALMON

Cen Bize--No, 2% | Retort Temperature-~240° P,
Time Can Numbers

T 11 IIx Iv V VI ¥iX
Min. Op Op °r  Op P °F 7

61 18¢.8 182,13 1B6.8
52 | 1814

B89 182.,5 i71.%

59 ' 191.5

58 188.2

59 198.0

60 195 182.8 198,0
64 196.8 199.8

65 208.3

6¢ 205.7
91 211,6
Y& : 188,0 2092,8

7% .

7% 207 .3

% 218,2

79 2l2.4

80 218,90

84 209.9

BH

88 821,7 218.8 222,1

0o 220.1

o1 228.1 284,86
op |

93 218,%

04

95 220,86 B24,6

96 B27 48

99 225,0
100 286,4
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Pable Vo, 1V, Ssection X
TEMPRRATURES IN AGIDATED CANG OF SALMON

Con Size=-lo, 25 Retort Tempersture--240° F,
Time Cen Numbdbers

I 11 I I v v viI

Min, Op O Op Op O Op °p

101

108 BEYD
103 22,7

104

109 220,0

106 228,9

107 2824.%

108 ' 231 .4
109 229,58

110

111 281,8

112 281.8

118

114 227,11

118 233,53 287.5

116 ' |

137 232,9 -

118 231,8

119

120 229.0

121 253.8
128

123 229.9

124 23544 88445

189 238,6

T

133 231 .8 235 0
134 B3l .8

13%

136 235.8 854,58

139 834 .1

142 236,8
143 . 232,8

144 286 ,1 |

145 238,06

s 45 g
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Pable Wo, IV, Seetion I
TREMPERATURES IN AGITATED CANS OF SALVON |
Can Sizes-No, 2% Retort Temperature--240° ¥,

Tine _ Gan umbers
i X1 IXX iv v Yi VII
Min. Op Op Op Op O °% %

152 837,
153 235 ,4 |

159 8561 . 254 6

160 237 .6

161 237,90
164 235 ,0

165 257 ,2

166 ~

167 | 235,0 257,90
168 |

169 237,6

174 2%5.8

180



69 -
Teble No, IV, Scotion II
TEMPERATURES I AGITATED CANS OF SALMON

Can Simow-llo, 8% Kotort Temporature«~240° ¥,
Time | Can Numbers

Y211 Ix X X1 XX XIII
Min, “p Op g Op 2

] 65,4 84,5 64,7 65.0 63,9 64.8 .

8 75,7
9 9@@0‘ 51¢5
10 74,8 86,0 100.0

19 94,1 122,5 | 100,9
18 98,6 f 118.0
19 118.1

&b 125,6
27 1288 | o |

28 127,90 148,13

23 . .l4?¢2

30 1894

ag 142,56 181,38
% 7 151 03

40 17%.1

41 | 174.2

42 | 168,4

44 73,1

44 178.1

49 181.8  189.7 181,4
80 198,.4

544 101.8

59 202,68
G 195.8 204.,0 198,3
62 201.7

¢4 199,8



Cen Sizes~No., 2%

Time

Min,

65
7

70
7%

73
74
7%
76
77
78
87
58
89
20
95
98
09
100
101

L 1 4

106

107
108
109
110
111
118
115
G gy
TN
122
123
124
125

YILL

Q?

211.%

223.5

228,9

31,8

232.9

70

Teble Mo, IV, Section I

215,86

£226,8

230,96

2329

211.6

216.3

22448

227.8

ATURES IN AGIDATED CiNS OF SALMON
Hetord TBM@@?&%&?@**%&OQ Fe

Capn NWumbers
Ax XX XXX
OF OE? Q@

212.0 212,.0

212,7%
21? » 8
221 .4
22%,9
204,8
22% .8
288,2 288,8
230,5 230,56
228,06
232,90

252,90



Can Size=-llo, 23

Time

Min,

186
127
130
184
183
183
130
137
158
159
147
148
149
150
163
A o2 i
186
156
157
158
159
160
181
163
168
166
167
168
189
170
171

r iy
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Pable Wo, IV, Section IX
TEUPERATURES 1M AGITATH

YLl OF SALNON

- !
setort Touperature--840 F,

Can Wumbers

FILX % X s XI¥ XI1%
Op °p Op O °p Op
254,3 233 ,6
2541 v
235,0
252,9
285.0 | 254,5 235 ,4
258,0 235,8
25445
256,8
236 ,1 255.8
256,1
257.7
857 7
236.1
36,1
286 .1
2379
257 .9 256, 9 256, 9
£%6.,9
237,90
27,9



Table Ve, ¥
TRUVERATURDS IN SPATIONALY CaND OF SALVON 2Y-PROJUCTS

Can Size=-No, 83 Revort Temporaturs--240°% ¥,
Tinme Gan Numbers Timoe Can Mumbers
X IX X1z 4 iz Iix
M,  °F oy op Min,  °F Op °p
Q 68.6 84,4 65.58 g& 198,35
- &
7 83,3 76.8 65 129,0
8 8‘& » G o
.= 6% Lo 202 01
12 85,7 91.0 53] . 208.,6
13 28,6 70 20L,.7
14 e
15 108,0 | 73 204,8
16 106,3 , -
17 103.1 %0 21,3
- _ 80 ‘ 211.%
20 111,28 i
21 : 88 21%.8
22 128,.8 84 813,8
23 : 85 B1%,5
24 iz28, 3 . et
. 88 215,28
29 142,98 136.4 - , ‘
30 81 B17.8
31 . ‘ 145,9 02 218,.1
éo 150,8 296 819,82
87 09
58 161,8 098  3821,7
DY 299 . 288,00
40 163.4 .
fasiad 195 228 ‘&
43 169;5 et _
4.4 166,00 110 235.%
45 78,4 113 286.0
49 196,95 116 287.1
B4 187,97 124 228,.,2
339) 125 289.0
1515 189.3 i e
- 189 229 .6

80 192.8 e
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Tadble ¥o. V
THVPBRATURES IN STATIONAAY CaNS OF SALVON BY-PRODUCTS
Gan Size-+io, o4 Retort Temperature--240° ¥,
Time Can Numbers Time Gan Tumbers
1 1% Xix 1 1% 11X
Min, °F O p Win, T O O
185 £30,0 150 282,58
159 250,0 180  235,0
i 181 235 ,8
145 231,4 -

146 851.8 185 _ | 256 .1
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Table No, VI

TEPIALLURES U AGITATED CANE OF SALVON BY-PHODUCTS

Can Size-~No, aé' Retort Temperature-~240° ¥,
Time Can umders

I 11 111 Iv

Min, °° °p Op i

0 64.9 84,9 64,4 65,5

70,7

7748

14 89.6

18 90,0
20 152,4

b 113.0
Ré 155.5

00 134.2
Q@ 205.07
40 3 1661 . 175.1

45 21l.2
4% 203,7

46 | 185,0

48 ' | £218.5
49 186,8

18 194,.%
o6 18,9
59 283,0



75.
Table ¥o, VI
TEMPERATURES 1 AGIDATED CGANG OF SALUON BY-FRODUCTS

Gan Sige--No., 2§ Retort ?@ﬁp&f@ﬁﬂ?%==2%@o P
Time Can Numbers

X i1 IIX Iv
Min, Oy Op F °p

62 206 .2

A 208.0
63 285,68

6y

70 226.8

K 35) 217.0
77 218,5

98 238,1

(ST 220 06
83 |

84 251 ,8 282,5

85 224.6
54 224 ,8

47 254.,0

104 250.5

107 235.0

314 250, 5

115 235, 0

151 258.2

156 2536 ,8

142 236 .1

o G g,

148 25346
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Table No, VII
TEMPERATURES IN STATIONARY CANS OF SALMON

Oun Size«-No, 2% Retort Temperature--250° ¥,

Tinme Can Numbers
X 1x ITY Iv v

. o 0. :
¥ g # o

o
B
°

84,4 64,5 64,5 65,4

69,4

89,6

81 ] ﬁ go @ 5

@ 0 ~3 3 TR B 6B o O
=3
t:.&
&
f's:)

12 92,8 84,5
13 $4,8
vl 127.0
24 125,96
25 126,5
&8 132.8
27 128.4
B0 144,0
53 148,6 |
. 149,7
38 158.0 ' 141.8
39 164,11
42 1675
43 169,8
i 167,5

B0 182.8



77

Table No, VI
TEYFER2TURES IV STATIONARY CANS OF SALMOR

Can Size--No. 2% Retort @emp@ra%urewuaﬁoa F.
Time Can Numbors

I 11 111 IV
Min,  OF Op Oy °p °p

5% 188,68

564  198,9 189.0

59 183,9
61 197,6 194.,4
84 20%.,0

65 203, 4

66  212,0 205, 4

o

<

69 208.0

70 208.4 209.5

21 21695

78 212 .4

73

74 212,7 212.4
7% 220,11

83 280.1

&4 220.86
85

86 284.93
87 -
88 229.9

93 387,98 226 .8

06 230 ,9

9y | 230 .9

o8  235.8

o9 2RO.5

102 258,2 032, 5
108 | 852,56
104  236.1

224,53

| smerss

114 237 .8 _
115 23%,6
116 240,90 , 241.95
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Table Wo, VII
EIPREIATURTS TN STATIONARY CANS OF SALMON

Can Size==ilo, 2% | Retort ?emPeraturew~25G0 P,
Tine Cap YW .m’ ors
I X IIX ) v
Min,  °F op op Op Op

126 545 ,8
151 260 .4

132 242,5%

158 243,0

1836 244.4

159 . 2e8,0
145 243,0

146 244,4
14¢

150  244,9 it ' 247,79
154 | 244,0

157 244,9

158 245,83 . 244,4

150  246.6

160 |

161 245,53

162 245,53

163 246,6

oyl
i
o
o

B



Table Reo, VIII

Can Size--No, 2%

Time

Min,

%6

51
88
55

64,3

76 .8

108.7

13%5.5

188,.6

10&.2

143,.2

164,95

THSPLRATURTS I AGLIATED GANS OF SALMON

79

Retort Tenperature--250° F,

fon Numbéers

111 1v
Og Op
84,7 88,8

65.8 |

£7.6

GO0

101,%
111,2

3.3511'0
158,82

176.5
184,

\J
ox
64.9

67.6

91 o‘@

113,0

188,23

184.1

VI
OE?

64,7

67.6

80.0

106.3

149.4

172.4

184.1

Vi
°F
64,9

124.8

160,82

181.0
191.,7
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Table No, VIIX

TEYPERATURES 1IN AGITATED CANS OF SALMON

Can Size--No, 2%

Tine

101
106
107
108
109

X 1X
Op oy
1 197.6
205.7
212,0
2158
228,28
£38,6
237,68
259,3
240,8

Retort Temperature--250° F,

Can Numbers

Iy Iv v ¥I Yiz
op ox op op °p
189,0
181.3
198.3
214¢.,7
209,8 200,3
283.5
216.%
218.1
219.7 218.8
222,0
224,82 824.2
224,06
256.1
245,3
298,35
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Pable Mo, VIIE
TEMPERATORES IN 4GIPATED OANS OF SALNON

Can Size~-¥o, 2% Retort Temperature~-250° I,
Time ' Can Numbers

i 11 111 v ¥ Vi ViI
Min., Op Op op OF Zp Op Op

110

111 238,35 247.2
115 259,0

116

119 241 .8

118 . 239,9

116 241.,9

12% 248.5
157 24,1

128 241,5 241.2

152 844,9

155 248.9
156 246.6

140 246,6

142 245.,7

143 245,8

14% : £244,0

150  248.5

156 548.5

174 " 850,5
175 | 246,6

176 '

177 246.6  246.6

188 : 247 ,6

a8
2
=S
Py

@



82

Table Wo, XX

TIEPERLTURES T SIATIONARY G/NS OF SALUON BY-PRODUCTS

L o A s
Cen 8ize-<ilo, 25 ' wobtort T@mper&tur@$»8400 Po
Pime Can Muambers

Min ®

36
&7
48
49
47
58

58
60

Lk

68

o
B3

65.0
67,6

77.9

124.9
149.4

171.0

92,2

203,7

It %) 1v
op °F Op
64,7 84,9 65,0

6908 ‘88‘06‘
72,8
80,8 71,6
83,8
79,7
28,8
05,0
lo'ﬁol 854‘6
107.6
102,.7
128.3 113.5
133,77
138,82
185,98 .
) 161,06
19%8.5 |
174,77
182.8
1e3.9
186.0
205,97



Table No, IX
TEMPERATURES IN STATIONARY CANG OF S4lMON BY-PRODUCTS

' Can Size-~lo, 25 retort Temperature--250° F.
Time Gan Numbers
I Lx 17 IV
Min., Og Op °F Op

69  BO4.4

70 207.0

78 216 .2
79 :

80 £15.1

B1 216,17

87 217 .4

90 292,8
65 295,1

100 229,8 | ' 233,86
102 229,53

105

104 229,68

105 550,90

106 231.8

110 257 .2
114 | 237.2
119 258,86

120 286.8

121 236,8

128 238 . 6

120 259,0 241,5
150 239.5

158 245 .0
3en 241,1

143 241.9

144 241 ,9
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Table No, IX
TEERRATURES 1N STARIONARY CANS OF SALVON BY-PRODUCTS

Can Size-«No. 29 Letort Tumperature-=250° ¥,
Time Can Numbers
I LI £IT v
Min., °p °r ¥ o

152 244,90
159 243,97 |

160 244 ,0

161 244 ,0

170 246.9
182 247 .5

183 247 .3

184 247,9

192 249,.0
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Table Ho. &

ﬁ&g@u“J‘s,¢uaamT ﬁm C@”‘“V‘”’f%SBmw%OWKWB
Can Size-«llo, By ﬁwuowb Pemp orubawe*~““om ¥,
Time Can Numsers

Hin,

0
1

&
¢

'

16

X

16

19

57

&3

85,3

197,1

187.8

208,4

245.8

47,3

248,0

X iT3 v
Oy oy Op
65,0 84,9 65,2

’ 65.8
101.3
102.2
122,95
120.2
197.6
141.8
221,0
244,0
238,2
18,4
946 .6 242,23
199.,0
247.8 245,8
211 ,%

248,0 84T, B
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Table Wo, X
wEMPERATgﬁgg,gg,A@i@&@ﬁb-ﬂﬂms OF SLLMON 8~ PRODUCTS

Can Bize--No, & weptort Temperature--250° ¥,
Time Can Numbors
X J 111 Iv

¥in. Op Op O OF
6% 248 .0 248,0 247 .53 - 2R28.5
78 231 .4
8% 249.8 249,.8

£ 249 ,8

6o

¢l 833 ,.6

140 247,06



Table Wo., XI

THPELATURYS I STATIOVARY CAIS 0F SALYON

Gan 8izeswlln, 10

Time

Min,
0
12

18
19
25

7
ot

5y
20
4
a7

o -

=454
]

gw
o4
70
76
7
78
84
26
102
- e
109
" Gy oy

118

"
Op
65,0
75,0

78.3

102,82

109,9

124,95

159.1

145.6

163.4

1747

Can Numbers
Iz
Oy
64,8

77.0

84,7
8842

1089

116.6
129,7
144,0
150,8
16?f0

178.8

IiX
64,6

77.9

85,6
99.8

109,4

118,9
153,3
147,7
154,0
171.0

18l.4

87

Hetors Temparatureaazéog F,

Tinme

Min,

G ol e
128
a5 b

188

e

138

o

144
159
165
168
178
184
161
EPIL
108
204
216
e,
222
252
258

2586
265

282

e g <t

Can FRumbers

X
Op

187u7

le2.2

207.7

211.:3

218,1

223,2

2287.5

231.0

236,1

RB387.9

I
Op

190.0
187,28
207,7
213.1
218.1
222,§
226.4
250,19

236,13

I1X
p

193.3
200,11
211.6
216.7
221;4
3255
2829.0
34,0

2%7.2
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Table We, XI

TEMPERATURLG I STACIONARY CARS OF SALUON

GCan $iZ@¢&m®4 10

Time Cap Numbers
I % IT1
Min,  °¥ O Op
286 238.% 238.6

318  240.8

Hetort Temperaturc--260° F.

Time Can ¥umbers
I iE 11X
win.,  °F O Cp
524  243,0 8430



Peg. C

ft

4

Table No, XKIX

89

COFPLR OONSTANTAN THLRMOCOUPILS, COLD JURCTION 0 C»

CLBPLVORPGENO

QWHIIOG SV

0

{Leeds & Northrup Uo, )

w68

80

3,53
3439
3542
3,46
.81
3,58
$.60
5,64
8,69
5,78
5.78

20 S0
Millivolts
» 80 1.20
»84 legé
98 %,.32
« 96 1,56
1,04 L4
1,08 1,40
1.8 1,53
1.16 1,97
1.20 1,61
90 100
Millivoltse
B0 4.24
5,89 4,29
5,87 4,33
8,92  4.38
B3¢97 4,45
44,006 %482
4,10 4.7
4,15 4,61
4,19 4,66
4,24 4,7)

1.61
1,65
1.69
1,74
1.78
1.82
1.86
1,90
1.95
1.99
2,05

110

4,71
4.75

4,80
4‘&&
4,89
é¢94
4,98
5,03
$.08
512
85,17

$.17
$.21
5,86
Bed1

5,38

5.40
.44
5,4¢
5.54
9.58
B.6%

60

2,46
2.50
ba@ﬁ
2,959
2,63
2.67
2.72
£.76
£2.80
8085
2.89

130

5.65
5.6%
672
5,77
6,82
6.86
$.91
5.86
6.00
6.05
6.10



