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The research staff of the Atlantic Fisheries Experimental

Station has been concerned for some years with the very early

spoilage of fish during that period before actual methods of

preservation, such as salting, canning or freezing can be applied.

Since the longest storage period, before preservative measures,

other than temperature control in the region of the freezing
;

point are taken is in the fresh fish trade, the research program

has been most directly applicable to that branch of the industry.

But while little attention has been paid of late to such

preservative measures as salting or freezing, we believe that

definite progress has been made, and that while this series of

investigations now appear to be reaching a stage that for the

-time being v,rill -permit of lessened activity, they will ^nabl©

us to transfer our efforts to other phases of fish preservation

with greater ceptainty that the foundation has been Yr,>ll laid.

, vo know now the general trend of events that occur. during

the early stages of fish spoilage. Vie know the types of orbanism,s

concferned, and where they come from. We know considcrnble about

their optimum environment and something of thei'r respir^:tory

activity. We know the actual stowage conditions at sea and means

of correcting the gross errors in procedures. We know the main

weaknesses in our butchering techniques although we h avc gone

only a short distance in their correction.
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Insofar as the fresh fish trade is concerned we have

unearthed serious errors in shipping methods, and are now under-

taking commercial tests which we hope will correct these.' We

have considerable information as to the state of preservation

of the fish as it reaches the consumer.

This information has been released to the fish trade

as it has been obtained through our Progress Reports, through

personal contacts with members of the trade, and through

conferences with plant foremen. Not only is the industry aware

of the findings of the laboratory, but members have been most

co-operative in their own efforts to better their product (one

firm reduced the bacterial contamination of their fillets by

about 90â). They have given every assistance in the way of

trial shipments. Reports reaching the laboratory from

distributors in the interior indicate a definite improvement•in

the quality of the fish reaching them.

We believe the foregoing is proof that it pays in a small

laboratory to concentrate our efforts on a small number of

researches. But the time has come when a large part of our staff

must investigate the problems of the salt fish trade. AFood

start was made in this field several years ago when physical

chemical studies of the drying of heavily salted fish r-sulted

in the artificial drying of practically all our heavily salted

fish. This was worthwhile stop gap work, but it was not a

systematic'investigation of the problem. We have now started to

study the bacteria concerned with the salt fish industry, the

action of salt on them, the definitely halophilic organisms, and

the action of salt on the muscle'proteins. As with the fresh fish
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investigations there must be a definite lapse of time between

the start of the investigation and practical results, but we

believe that, if our present capable trained staff remains

intact, results of practical value will develop rapidly.

While this transfer of our main activity from fresh

to salt fish was due anyway, the addition of the Province of

Newfoundland to Canada makes it more imperative that these

researches be pursued vigorously.

The main contributions made during 1949 are as follows:-

FRESH FISH

We have known for a very long time that.fish ic^d in the

laboratory, where considerable care is taken will keep perfectly

fresh at least twice as long as fish iced aboard ship, and we

know that this difference in keeping time must be due to

differences in the temperature of the fish. Last year we

reported studies on the preponderance of phyohrophilic bacteria

in fish stowed in ice. It was shown that these organisms grow

rapidly at temperatures only slightly higher than that of molting

ice. This fact raises two important questions (1) ',Jhat difference

does a few degrees near the freezing point make in the rate; at

which these b.acteria can spoil fish, and (2) How much above îce

temperature are fish normally stowed at sea, in the plant, and

during transit to market?

Mr. Castell has shown the very pronounced difference a

few degrees make in the keeping time. Lowering the temp:;rature

from 37°F to 32°F just about doubles the keeping time; that is

cod fish stowed at 37°F keeps about 5 days, while at the temparature

of melting ice between 8 and 11 days.
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Mr. MacCallum's measurements of the actual stowage

temperatures aboard ship have shown'that there are marked differ-

ences in various parts of the hold. He has shown that the fish

in the middle of the pens2where-the cooling should be best,require

about 3 days on the average to reach the temperature of the ice.

This ma-ans that some of the fish probably never do reach 32°F.

He found that cooling was particularl y poor along the

back walls of the pens. In fact some of these fish never get

below 40°F and the fish in the tops of the pens are only slightly

better cooled.

That effect have these very poor stowage-conditions on

the state of preservation of the fish? We have shown previously

that stale fish can be found not more than 3 days old in sut:uner

weather aboard schooners, and not more than 5 days old aboard

trawlers.

Vihy are stowage temperatures so poor? The fault is in

1part the construction of the fish holds and in part the pojr or

careless icing done by the crew. It is impossible, no matter how

,a fish hold is insulated or refrigerated to bring in go^-_,à fish

with our present stowage procedure and it would be very difficult

with proper stowage procedure to land fish, all of it in a €ood

state of preservation, when stowed in our fish holds as they are

now constructed.

We have demonstrated to our own satisfaction that the

present stowage procedure can be greatly improved, and in our

lopinion it is time that our icing techniques were given a full

scale trial in commercial practice. We wish to take charge of the

actual icing operations aboard three ships next summer from June
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throu`;h Septcmber. One of these is a typical trawler, one a

schooner with an insulated hold, and the other a schooner with

no hold insulation.

We have made no survey of the actual storaLe temperatures

in our fish processin6 plants because the practices vary so much

from plant to plant that little information ^;ener^lly applicable

could be obtained unless the whole inc'.ustry were surv^3y6d. But

it is com.mon practice, as far as we are aware, in every plant

to permit fish to stand on the filletin^ lines too loni;, for

example over the noon hour.

The stowaÛe of fresh fillets in ice was shown last year

to require more than 24 hours to cool, and particularly in L.P,.L.

shipments the fish sometimes dia not ranch the ice temperature

at all,

harm.

Lurin^: the present year work was done on the precoolinE

of fillets. It was shown that precoolin,; in water or dilute

brine bef^Dre packinr^ is impracticable not only because the fish

take too lon;_ to cool but because they may warm up considerably

before the packinC, is complete.

Dr. Dyer has shown that rapid freezin;^ has no noticeable

effect on cod or haddock fillets, and that the ob jecticn^ible

characteristics of frozen fish are the result of lonL; stora,ve or

poor storac;e conditions or both. Hence, freezinu- or partial

freezin^; followed by almost immediate defrostini; shculC. J;.^ no

Mr. MacCallum has found that ordinarily 20 pound metal

fillet boxes of cod or haddock fillets cun be frozen to a Capth

of 1/411 in about 30 minutes either in air flow freezers or in
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Birdseye freezers, t?at these fillets are normally defrosted

in about 3 hours and the temperature of the whole box lowered

to the freezinG point of fish (about 30°F, Dr. Carter 1948).

Small lots of fillets precooled in cardboard containers were

shipped by one firm to Montreal, and w-'aile the cardboard containers

were not satisfactory the fish arrived in excellent condition.

It is planned to expand these trial shi.pi-.aents 6urinL, 1950 to

full scale operation.,if larger trial shipm:;nts prove satisf.-.ctory.

This brings us to a stucy of ccnditions, particularly

temperature conditions, in wholesale and retail stores. Since

our study of the state of preservation of fish- in wholesalo and

retail stores in the interior in 1937-1938, we believe there has

been a definite betterment in the quality of the fish shipped

from the Atlantic coast. But we have. mver made a thoroubh study

of the actual h-lding, facilities and distribution techniques.

This is an essential study that should be undertaken auring 1950.

We have previously rep;:;rted the v,ry 6r-at imp:)rtance of

fish slime as a medium for the grcwth of spoilage bacteria, and

as a means of spreading these orSanisms thrcubh a fish plant.

Our studies have shown that the thorcu,,:°h ror:loval of slir:io from

the fish before filleting has a marked effect on the ke,-ping

time of the filïet. It was shown that this ramoval of the slime

before filleting results in a vcry much lower bactori^l lcnd on

the fillét. But desliming has little or no affect on th(,, ke--^ping

time of the round fish. In some way bacteria are continuing to

act. Mr. Richards showed that bacteria can and do p^netrate the

skin and act on the muscle tissue beneath.



Studies started in 1948 were continued this year. It

was shown that organisms do penetrate to the cellular tissue of

the muscles beneath the skin. Here penetration is very slow,

the bacteria do not seem to be able to penetrate the muscle eells

but, given time, they work their way into the intercellular spaces.

We do not know as yet the practical significance of this

penetration. The grnatest part of the work was done on fish

which had already spent several days at sea. Z',lhat data we have

would indicate that the penetration is not significant for the

first 4 or 5 days with properly cooled fish. This should be

definitely settled during 1950.

Our investigations into the reduction of trimethylramine

oxide have given us the most reliable single index of spoilage

for cod and haddock. They have been of definite importance as

well in working out the course of events during the early stages

of spoilage. We have shown previously that during this period

lactic acid is oxidized to acetic acid and carbon dioxide. Mr.

Kastner has measured the volatile acid production in spoiling

fish flesh and has shown that the oxidation of lactic ^-.cid

parallels the reduction of trimethylamine oxido.

This oxidation will be studied in greater det::il. We

shall determine if this reaction occurs during the period of rRpid

bacterial proliferation both in fish that do and do not contain

trimethylamine oxide. If this is true we should have a possible

measure of the state of preservation for all fish. The v2.rious

degradation products will be determined as accurately as possibla,

and if one constituent, ego acetic acid, is invariably present,

we shall endeavour to obtain a rapid method for its detarmination..



8

The bacteriological laboratory has shown the importance

of the eliminati.or} of slime previous to filleting. Last year

we reported abortive attempts to develop fish washers capable

of cleaning fish on a commercial scale.

This year Mr. Foley and his assistants have developed

a washer that does remove the slime satisfactor*lyt aria if--this

equipment stands up in commarcial operation the problem seems

reasonably well solved.

The basic problem was to remove all the slime from every

fish, because, if an occasional dirty fish were to got by, tho

whole filleting line would be contaminated. Hence, évery fish

must be assured of satisfactory individual treatment.

The apparatus consists of an inclined sYLute down which

the fish travel by gravity. The bottom of the s.,ute consists

of a roller that gives the fish a rotary motion and expedites

its travel down the shute. As the fish travels along it is

brushed by rapidly rotating wipers made of rubber belting, the

whole shute being sprayed with water to carry away the slime.

The removal of contamination is about 99 percent, and the machine

has a throughput of about thirty steak cod per minute.

We have had no success in develo,oing a satisfactory

semi-automatic filleter, and the effort that must be put into it

when compared with the chances of success seems to make it

difficult to justify our efforts. We have decided to turn to

other work that bears greater promise.
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FROZEN FISH

Our work on this branch of the industry has go no in two

directions. We have continued our work on air-flow freezing

in an endeavour to develop equipment cheaper in operation, and

more versatile than the plate freezers. 1.7e have made exhaustive

studies on the effect of cold storage on packaged fish.

The work on air flow freezers consisted in the main of

the installation of proper refrigerating equipment, and of the

design of a suitable tunnel. These are both done. We are now

working on three further phases of the problem. We hope to be

able to reduce materially the floor space occupied by the tunnele

We have yet to work out a suitable rapid defrost mechanism. We

have not yat be(:^n able to evolve a suitable car light in weight

and with sufficient flexibility.

The second series of experiments were concerned with the

effect of storage on fish.

Dr. Dyer has previously shown, as well as have m^ny others,

that there is a definite relationship between storage temperature

and quality; the storage period for cod and haddock being quite

short except at -10°F. This work is being repeated for halibut,

The results are not at all convincing but it would seem that at

0°F or lower frozen halibut is good for at least 6 months.

All the work we have done on the storage of frozen fish

indicates the importance of protein denaturation. We bclieve if

we could prevent this latter change we would ov:;rcome the most

serious single difficulty in the storage of frozen fish.
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SALT FISH

Since salt is a preservative, one essential study is the

bacteriology of salt fish. We have confined our attention in

the past to a study of red halophilic organisms, and most of our

work has been mainly a systematic study of these bacteria and

attempts to circumvent their growth by means of bacteriostats

that could be used on a food product. k proper study of the

field should include a study of growth over all ranges of salt,

and investigations of the metabolism of the organisms concerned,

and.oonditions determining their growth limits. b start has

been made in this work.

One of our most important investigations on the halophiles

is the determination of lethal temperatures in relation to time.

It was felt that possibly the easiest and cheapest way of

cleaning up the solar salt, which is probably almost invariably

the primary contaminant, is by hea t. Mr. Castel! has shown that

it requires about 9 minutes at 212°F to kill the growth in salt

and that it is more resistant to heat when growing on fish. Vie

shall endeavour to determine the cost of sterilizing salt in

bulk by heat.

The only practical method of control of growth of red

on contaminated fish has been by refrigeration. E1lmost all larger

processors of heavily salted fish have cool storages c^p=.ble of

holding the fish at about 40° to 45°r. It has been found that

red is', much more thermophilic than we had thought. They grow

very r,apidly at 45°C (113°F) . By incubating at these higher

temperatures we can now complete counts in 2-6 days that used to

require as many weeks.



On the other hand, unless fish are very heavily

contaminated growth is not likely to occur at 45°F.

Pigment formation seems to be related to bact^)rial

respiration. The development of colour is dependent on the

contact with air, on temperature, and on water content of the

medium. It is easily possible that there can be a fairly heavy

growth under certain conditions before the development of colour

reveals this growth. Red has been shown to be generally

distributed throughout one fish plant examined. All storages

and utensils were found to be contaminated. The lowest

contamination was found in the dryers and the-dry storages. This

is probably due to the drier air in these portions of the plant.

Dr. Dyer has made a good start on the physical chemistry

of salting. This work has been continued this year by Mr.

Duerr, working under Dr. Dyer's direction. The penetration of

salt into fish muscle is probably greatly affected by the state

of the proteins. Hence, the effect of salt on the rate of

denaturation has been determined not only on the prot^ins in situ

but as well on isolated proteins. The proteins in situ denature

above about 10°o salt. This is of importance in the brining of

fillets previous to freezing. Salt solutions o ver 10 percent

should not be used. With isolated myosin the results fl.r-l

different. There is a gradual denaturation parallelin`; the

inorease in the strength of the salt solution, this uenaturutiori

being related as well to the temperature.

There has been a continual request from a branch of the

industry for a very rapid means of determining the moisture

content of salt fish, a method that would leave the fish intagt.
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This is almost an impossible task, mainly because the samplinF,

of the fish is ver3T difficult unless reasonabl77 larZe samples

that would destroy the fish were taken.

But this is not the primary problem. No one has devised

a chemical or physical test rapid enouEh to E;rade any small

product such as fish except for such characteristics as size

and wei;:ht. Hence, apples, potatoes, eCE-s and similar products

are all Lraded by visual inspection, and almost certainly the

same will always be true for salt fish. Therefore, the limiting

factor is the accuracy of the inspector, and we have methods

for determininr- water content of salt fish satisfactory for the

det--rmination of the accuracy of the grader.

During the summer we investiLated the ability of skilled

officers to estimate the water content of fish. We found that

for v--ry moist or very dry fish these inspectors had no

accurate idea of the water content.

It was found that over the ordinary commercial ranEe

at which fish are usually exported they would probably be out

about l-21- percent. This seems to be acceptable accuracy, but

it is possible only when inspectors and Craders are under

continuous lr^.borztory suporvision. It would appaar that neither

graders nor inspectors should be asked to grade fish much

beyond the range 35-42 percent.
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MA.R I NE O ILS

The research in this division of greatest immediate

impo.-tance is the separation of cod liver oil from cod liver

res.!.:^ue. If this work can be pushed through to a stage of

economic commercial development it will be very timely indeed.

Before the last war the Maritime cod liver oil industry

was poorly CLeveloped, partly due to the competition of the

Norwegian cod liver oil producers, but during the war the

Maritime cod liver oil industry was worth about z;p'500,000.00

annually, The greater part of the medicinal oil trade was lost

rathe.r ear17 in the post-war period. Our cod liver oils ran

barely more than the required 85 D, but they averaged over the

whole Maritime area somewhere between 3000 and 4000 1". Most

proc.::;sors fcund it more profitable, as the price in meC.icinal

cod liver oil declinod, to sell this relatively high vitlemin It

oil to the feed blendors. Recently the price of this oil has

declined Jery narkedly, particularly because of the ce.mpetition

^^f al'alf^ meal and alfal^'a leaf meal, and because of the

devaJ,»+-ion of European currencies. Our cod liver oil processors

nnl,r find themselves in much the same position as they were previous

to the war, with costs of production as high as, or higher, than

the selling price of the oil. We are now responsible as well for

a considerable production of cod liver oil from Newfoun(ftland, and

the N',wfounc?lan0. industry is finding itself in possibly worse

circ-Lirastances because,by and large, NewfounCtland oil is not

nearlI. as hiGh in vitamin It. It is obvious that unless some other



product can be marketed the cod liver oil industry of the Atlantic

coast will rem^.in ailing or die.

The separation of oil from the other constituents of

the cec?..liver achieved by Dr. Vandenheuvel last year has

been fully patented, and we are now in a position to attempt to

make the separaticn on a full commercial scale. 6e have reached

agreements with one of the purveyors of centrifugal equipment

and with ona of the largest prWucers of cod liver oil, which

will enGblc; us to operate on a full commercial scale, and we

hope to be in operation e^rly in January 1950. Except for the

capital cost of an expensive centrifuge this method should be

cheaper than the present methods and should yield a reccvcry

approximately as good as any process new in operation. At the

same time it makes available a relatively concentrated protein

residue Mich might be of considerable value. Dr. Guttmann, who

is on loan from the Nova Scotia Research Fcundation, has spent

consiAerablz time in determining the best use that can be made

of these liver r:,•sidues. He has found that they are equivalent

in the important vitamins of the B group to .ma=alian liver. At

the present time pork liver is selling for about 18 cents

wholbsale in Halifax, and beef liver for about 30 cents. Pre-

supposing a net selling price of this liver residue of 15 cents

the gross intake from the sale of the liver residue from one of

the larger trawlers would be somewhere between $10,000.00 and

$15p000.00 annually, the oil at the present price about $7,500.00,

or a total value of somewhere around $20,000.00. This is obout
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equivalent to.the total value of the oil alone at its highest

wartime price. lictually it should be worth more than the

wartime value because practically no method used on-the LtltLntjC

coast recovers more than 75 percent of the oil present.

The long range problem of the oil research laboratory

is to fincl a market for fish body and liver oils, which will be

depen,dent not on other materials, such as vitRmins which may

be contained in the oil, but on the oil itself. One of the most

fruitful fiel ,'s of research in this direction is the hardening of

oils by the a c'-ition of hydrogen. This proceczure, vfnich has

yielded focc's, such as vegetable shcrtenings anc^ butter substitutes

from some vegetable oils, has not been applicable generally to

other vegetable cils and marine oils. 'We believe that

hydre,gonation will not be ap.,lied successfully to marine oils

until we have more knowledge of the hydrocenation process. Dr.

Vanc'_enheuvel and Mr. Nickerson have been carrying on res^^arches

in this field for approximately 12 years. They have developed a

quantitative pracedure which has yielded very sûtisf^-_ctory

results with simple unsnturated orgenic compounds. They are

now applying this method to esters of longer chained fatty acids}

and eventually they hope to be able to determine exactly ti°,hUt

goes on during hyc?rogenation in the more complex oils.

Research is also being carried out on the polyzn<.risation

of marine oils. This work has been in progress only a few months.

One of the problems which is now under investigation in this field.

is a moderate polymerisation of fish oils to slow dor-rn their rate



16

of oxidation sufficiently to allow their use in canning of fish

products as a substitute for vegetable oils.

GENERAL

One of the miscellaneous researches carried to practical

completion this year was the development of an emergency dory

transmitter. The work was started during 1948 by Mr. Ellis and

could not be completed before he to:.,k up his gre:CuF:te studiGs.

During the p^st summer Mr. Whitoly, unJer the 01irectien of Prof.

G.H. Burchill has developed a battery powered dory transmitter

with a range of about 2.miles, which appears to be satisfr..ctory.

The equipment is boing, redesigned so that it can be p--ckaged

in a container of the same size as the dory emergency rations.

Prof. Burchill, with the assistance of one of the stu^lents, is

also unc.crtakinv to develop a mark buoy with the som:,whût longer

range of 10-15 miles that can be used to mark bodies of fish,

enabling the boat to be navigated to the area irrespective of

visibility. We wish to take this opportunity to express our

thanks to Pr3f. Burchill for his assistance.

One of the most important functicns of this station is

the maintainance of proper contacts and relaticnships with the

trt►de, with Governments, and with similar research or^ r.r.tïzc.tions.

;!a believe that our best contact with the is the

direct, contact m^Ce by the Director and the stLaff. Woh^;n 1 to3k

over the direction of the lnbcratory practically the only direct

contact with the industry was through the Director. I'havc made

every effort to wiCLen this cont^^.ct, and now practically the whole

staff of the labûratory is known to and used by the in:':ustry.
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It will be possible here to refer only to a small number 

of successful installations made by the industry acting on the 

advice and with some technical assistance from the staff. Our 

work on vessel refrigeration has been accepted by the industry. 

Our refrigeration engineering branch is working with producers 

in the desicm of fish holds for new vessels. Of the 15 larger• 

fresh fish processing plants in Nova Scotia 3 have been entirely 

redesined and rebuilt from flow sheets drawn up by the 

engineering staff. The part played by the laboratory in the 

development of salt fish dryers and tunnel smokers has been 

referred to in previous reports. During the past year we have 

assisted the trade in the trial shipment of pre cooled fresh 

fish to the interior. de have assisted in the purification 

and recovery of fish liver oils. 

As the station expands and as our fund of information 

becomes more valuable to the trade this field of work will expand. 

This expansion is in line with the wishes of the Department. 

T4 ,- we;.;r, such work must be a product of the research and not an 

end in itself. Some work aimed at direct application to the 

industry is of value to the research staff but unless care is 

taken the research staff will be given little opportunity to do 

anything else. Hence, some years ago we decided to assign one 

enf-ineer directly to field work. With the enlarged field which 

now inclues Newfoundland we have been forced to increase our 

field staff and we now have two men engaged in this work; a third, 

to be assigned direct to Newfoundland, will join our staff on 

January lst,1950. I believe that we will have to have another man 
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conc,.rned directly with fish refrigeration. In our opinion it

is the only way that we can do that work which the trac'e are

demar_•1ing from us, and which they will continue to demand from

us, and keep our research staff at their appointed tasks.

Our Pro[,ress Reports are assuming continuously greater

împo__-'L^^nce in th o eyes of the trade. Some years ago we received

re<<u: ts for :..f ormz tion that had been supplied in recently

publ_= hed Progress Reports. This sort of thing has almost

t:^nt-_ ,1y di^^pre=tred and our discussions with processors indicate

that.the Progress Reports are well read.

Luri_nc the present year we have written a number of radio

short: to be included in the CBC Fishermenst Broadcasts. We have
no w: -,,,- of ü e-cerr:iinine the value of these shorts, and at least for'

the z,,.-,s.-nt :° re question whether they are of much value.

Dv,r-ing the year we-wrote the preliminary script and

plann ,, d a ma ior -part of the sequence of a moving picture protluced

by th,= ^T=^ ^: n^1 Film Board fcr the Departmcnt of Fisherie:s on the

irc,dz!:ticn of Boneless Codfish. While the cost of this type of

work __s hi,^-:•h we believe that moving pictures can play a very

impor;,^nt port in placing b,-fore the trade, and the public in

gener-.l, inform--tion about the scientific side of fish processings

and d4:;trlbution. However, we wish to stress that these pictures

shculc; falj_ very deiinitely into two classes ( 1) instruction-61

pictunes to ^,; ;;hot.in to the tracle alone ( 2) documentary films that

' ncr,:°se the interest of the public in gsneral in fish, and

p`,ss'r'ly 1nCïlrcctly influence fish consumption.
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Its our list of publications show, the staff has

enc'.cavoûrecl as the work develops to record their findings in

publications in scientific journals. We have taken an active

part in local sci::ntific organizations and in the Chemical

Institute of Canada. We have endeavoureO to maintain a very

close relationship with other research organizations in the

Maritime area and elsewhere. We are guic.ing thesis problems

for students who in the near future will grac'uate from Dalhousie

University, Lce.,- -ia University, Queens University anc' the Neva

Scotia Technical College. Ls was agreed approximately 2 years

ar;c, we are now giving a course in Bacteri,logy to D^.îh^^usie

stu,;'onts who are registered in the course of Food Technology*

This work is interfering quite c?efinitely with our research

proL-;ram:.e, and while we believe that the step was necessary

to institute a course which should. ''c: of value to th,_se engaged

in. the fishinr, inO.ustry, D^lhousie University shoulc" have had

ample time by the time the course will be ropeated to provide

its own teaching staff.

We wish to express our thRnks to Prof. Burchill of the

Nova Scotia Technical College for his guidance ancll as.:i`tance

in the development of a dory emergency transmitter, a nd f ^jr

his offer to assist in the development cf other ra:'io beacons

of benefit to the in%ustry, lilso, we record our thanI:s to the

Nova Scotia Research Foundation for the services of Dr. Guttmann,

who has c,one the bio-assays on eoci. liver residues.
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Plans have been finishec?, and have 6one to the Central

Office for the addition to, and changes in the present building

which we hope will be compl.eted in the re^sonably near future.

The size of a laboratory such as ours is limited by tiiork space

and, when the new building pro,,ramme is completed the size of

the research staff will be fixed for some years to cc:mo.

Theref_re, a r-reat deal of thoueht has been Liven to the

or`anization that will maintain a staff of a sufficient number

of hi.h calibre senior research people and a correct prc^portion

of junior peoplc. l,n army cannot exist of either all ,_^nera].s

or all privates.

The-rc is a very close*workinG relationship amonL^; the

various msmbers of the staffl, and. it is impossible to cliviûe

our work into wator-tieht compartments. But for the purpose of

or,.anization the research staff has been separated into 6

divisions:-

(1) Bact-riolo,^y;- Our bacterielo,;ic^.1 stu,'ies will c.,ne-c;rn

problems of fish preservation, and also the beneficial r^le of

micro or^anisms in certain fish cureat, such as li^-ht s^.lted cad

fish and Scotch cured herrin^;.

(2) Biochemistry;- will be concerned with studies of bL.sic

r-onstitu,-,^nts of fish and the biochemistry if fish preservation,,

such as fish fre3zinC and frczen storar,,;e.

(3) the new division of Nutrition and By-products will be

concerneci with fish as fcoc',, vitamins, proteins, essenti^l fats,

amino acic:s, salts, etc. It will also have charge of the work



on the utilization of fish and marine animals for either

nutritional or inc.ustrizl purposes.

(4) ^•'ho 6ivisiJn of Marine Oils, orj,;anizec? two years abc,, will

concern itself with the physical and cri^^nic chcmistry of marine

oils as conc-rns their inc?ustri^1 utiliz^tion. This Y^r^rk will

of varicus preservaticn processes, such as freezin^, szltin^;,

will unc.ertake stuc?izs of the physics and physicc_1 ch:-=rnistry

(5) The division of Physical Chemistry just beinc; orCanizec',

include studios in hydro:,enc.tion, polymeriz^tion, blovrinc.,etc.

causes us ec^nsic'_ervble concern. The divisions of B^.et-ri--lcF;y,

by a senior invcsti;ator. The provision of skillful assistants

;ach ^-;f these divisions or sub-Civisi ns will bc; neac^ed

under ch . r :o of Pi.^.. r'oley and Field., unrer charge of L..L. VÎood,

:':ivicjed into 4 branches: Refri^;eration, under charge :;f ;l.ti.

MacCallu,rn, Chemical, under ch ar6e of L.G. Ellis, Mec.zanical,

to the processin;; of fish. This enLinaerini^ division will be

application of results of laboratory investi.'ations in `eneral

(6) Our En;ineerint, Division will be concerned with the

smokinL;, otc.

must be of a somevrhat perManont nature. Field en6ineers must be

workint; towards Er^ciuate c':ec';rees. Our junior eni^ineerin- staff

tc;mpirary univai,sity ^r::c?uatos, or perh^ps bLtter by sturonts

divisions will have to be staffed to a^;rer-=.t extent by junior

Physical Che-mistry is somewhat 0.oubtful. ';re b-lieve thc.t these

workers. The value of fjnn le workers in Marine Oils and

eonsic?erable extont, with well trninecj., intel=' Cont fem,-.le

Biochemistry and Nutrition can be staffed, at least t,,
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permanent employees beca.use each will require a number of

years to %nr:ke him entirely familiar with the division of fish

en, ine--:;rin;:=. with which he will be pri:n.-_rily concerneG. We

believe i t will be possible to build our junior en^,ine^rinG

stûff with youn,- ri--n,, who will wish to le^.rn sor^ethin: of

encine•-^rin,^ research as it applies to fisheries, and that after

2 or 3yoars r•:ith us thesr: junior pe. ^sle w ill bo pass,:;c^ on.

it the ,. nd. of this secticn is ••ivon a list of the

present staf f . The fr)llcviin^ is the staff thf-:t, in ,-ar --inicn,

will be rcquir•:;c' to cnrry on preperly the research pro,;-rn.ru7e

cf the 1^ù;:r;:t.:>ry an^_ f^:r which adequate space arran;.c^:.ents

can be made, in the new buildin;-,.

`^.up„- visin,' Cl.irk

Ster_ ^rÇ.phor Gr-^.. e II

Sten^^r,-q^h,,r Gr,-(-o II

Sten..`;r^l;hcr Jrru; e II

i4D?:•1ITZISTRbTIVE ST1LFF

W.D. Cossabcom

I.J. Rattray

P.C. Kinsman

M. Kenney

RES:IL.RCr. STAFF

BhCT-^:RIOLGûY

Senior B .ct^ri. l_o; ist

1.ssistant B^cteri. 1:,^ .ist

Assistant B^ctoric.l<:. ist

Senior Rese!^rch Assistant

f: sistant Techn ^.ci^n Gr:^.(Te II

Juni.)r L^.b. ^.s^ist^nt Grade II

(CO.mplete)

C.F. Castell

TIT.C. Cuthb::rts^-n

D.C. 1.1illoui,hb1

D.P. Smith

F.G. I,iûppl,-zbock

14. Green,:uL:h



BIOCHEMISTRY

Biochemist W.J. Dyer

Junior Biochemist M.E.J. MacMillan

Senior Research Assistant J.D. Duerr

Senior Research Assistant J.J. Kestner

Assistant Technicirn M.R. DouLlas

(Complete)

NUTRITION

Nutritionist P.L. Hooalanc?

3-4 Junior assistants
1 technician

(Only Dr.Hoot.land on staff at present)

OIL CHEI:IISTRY

OrEanic Chemist F.Z. Van,lenheuvel

Organic Chemist A. Guttmann

Senior Reseorch Assistant J.D. Nickerson

Senior Research •-ssistant E.R. Hayes

Assistant Technician Grac'e I R. St.C. Hiltz

- (Complete)

PHYSICAL CHEI:fISTRY

Associate Chemist J.R. Dint.le
2-3 assistants

Physical Chumist D. Dickinson
2-3 assistants

(Only Dr. Dinje on staff at present)
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ENGINEERING

rn^^ineer

I,sscciate Ln^_ineer

ïissjciate;'Chemical En-ineer

I,ssoci^ tô -nLineer

Assistant En .,-,ineer

<issistant invineer

Junior En; ;ineer

Assistant En^-ineer

Assistant En;;:ineer

1issistant Technician Grade III

Assistant Tt^;,chnician Grade II

2 technicians t:., be appointed

^U.Ii1TENAAICE STAFF

Maintenance Superintencjent
Grade IV

1,:2ainten^.nce Superintenc':_ent
Grade III

Carct^kcrs : Caretaker Grade IV

A.L. Wood

MacCallum

D. G. Ellis

M.A. Foley

H. E. Power

F. H. The!r..kston

C. G. Oldershaw

^^. ^. I,nLevine

R.P. Hunt

R. Edmonc;s

D. Casavechia

U.R. Demons

R.C. Palmer

J.D. Great

Caretr;ker To b- appoint.;d



Staff of the Atlantic Fisheries

ExperimIntal Station

1949

.'.dr,ninistrative

F . C . I . C .S.1- B°vatt j', 1.:.1.•, Ph.D., +

W.D. Cossaboom

IMiss K. Konnsy

1.1rs. P.C. Kinsm-,",.n

Iii ss S.J. h:acGregor

Sci ntîfic

W.C. B.E.

ï,ïrs. I.R.

V.J.;Dy3r, Ph.D., M.C.I.C.

D.G. Ellis, B.Sc., M.C.I.C.

Director

Supervising Clcrk

Stenographer Grade II

Stenographer Grade II

Assistant EnEineer

Junior Bacttriolo;;ist
(to 1"tuLust 1,1949)

Senior Bact--riolo.,,,ist

1,ssoclc-.t-- Chemist
(from October 1,1949)

antSr. Research t,sslst

Biochemist

t,ssociate Chemist
(Eô.ucational Leave)



Staff ( continu--d)

^FO .,y, B.E.

t,. Guttman, Ph.D.

B.R. Hayes, B.Sc.

P.L. rioogl--nd, Ph.D.

J.'^^i. Kastnar, B.Sc.

;7.:.. hrI^cC^Illum, B.Sc.,B.E., M.Sc.

Miss Pa . E. J. Mla cl,: i l la n, B. S c.

J.D. Nicl:erson, B.Sc. (Ch--.aistry)

C.G. Old.:;rsha;°r, B.E.

H.E. Po-v,,-,r,, B.E.

F.C. Read, B.:,., B.Sc.

i Ii--s D.P. S.-aith, B.Sc.

J.::>. Snow, B.Sc., M.Sc.

F.Ii. Th,ar:ks ton, i^ . E.

F.L. Vf-.nd._nh.;uvol, Ph.D.

D. C. ;;rillou:,hby , N.Sc.

i.':iss N.J. _^,Vilson, B.Sc.

A.L. t71ood, B.Sc., B.E.

l,ssociate Engineer

On loan from 'Nova Scotia
Reser^.rch Foundation

Sr. Research lissistant
(from June 7,1949)

llutritionist
(from D_scc,,mbar 15,1949)

Sr. Research Assistant
(from May 16,1949)

l.ssociate En^7ineer

Junior Chemist

Sr. Research Assistant

Junior Engineer

Assistant Engineer

Lssoc.Chemical En,,-ineer
(to hpril 1,1949)

Sr. Research Assistant
(from October 1,1949)

lissistant Biochemist
(to September 8,1949)

1;ssistFnt Engineer
(from May 16,1949)

Cho,mist

l.sst. Bacteriolo,-:,ist
(from October 14,1949)

Sr. Research i^ssistant
(to Sept. 1,1949)

--n^-lneer



Staff (continued)

Technical

1,Iiss S.J. Bendell

D. Casavechia

Miss I.!I.R . Douglas

R. C. Ed.nonds

Miss M. Greenough

R. St.C.• Hiltz

'i',? i s s E. G. 1I ap pl eb s ck

R.'.. Palmer

Mrs. Zwicker

L.R. Deïwione

Lab. Technician Graâ_e I
(up to June 1,1949)

Asst. Technician Grade II

1.sst. Technician Grnde II
(from June 15,1949)

Asst. Technician Gracie II

Jr. Lab. Assistant Grade II
(from July 1,1949)

Asst. Technician Grade I
(from hpril 11,1949)

^sst. Technician Grade II
(from July 4,1949)

ksst. Technician Grade III

.Lsst. Technician Gr,-:de I
(up to July 1,1949)

14aintenance

ISE.Inten-c "ince Sup-,rvisor
Gra,^e IV

J.L. Groat Caretaker Grade IV
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Appendix No. 1

STORAGE TE]MPERATU'RE AND SPOILAGF, RATE

cod.

haddock and a few tests have been made with whole gutted round

A large number of tests have been made with fillets of cod and

During the current year these studies have been continued.

on the keeping time of cod fillets.

the difference of a few degrees has a very significant effect

as the storage temperature reaches a range close to freezing,

In the first appendix of last year's report it was shown that

These accumulated results confirm the initial observations.

It has been shown that the keeping time for the fish at 37°F can

be approximately doubled by reducing it to 31.5°F. That is, a

reduction of 5^°F (from 37° to 31.5°) adds to the keeping time the

same amount as a reduction of 40°F (77° to 37°) at the higher

range. Results which were obtained from a group of 6

boxes of fillets representing a normal select_on from the cutting

rooms of a local fish plant are shown in Table I.

TABLE T

The l;e^ping ti:^e (up to a tri:neth?laminc value of 15)

for comm.,rcial, untreated fillets taken directly from

the cutting lines of a local fish plant.

STORAGE TEi.IPERATURE
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Other tests were run with groups of fillets having pronounced

differences in their initial quality before going into storage.

The results from these tests show that, although the keeping

time at any one temperature is determined by the initial contamin-

ation, a reduction in the storage temperature from 37° to 31.5°F

almost invariably double the keeping time at 37°F (Table II).

TABLE II

The number of days roquired for 7 lots of cod fillets to reach

a trimethylamine value of 15 when stored at 37°F (2.8°C), 33°F

(0.6°C) and 31.5°F (-0.30C). These fish were purposely chosen

with a wide difference in their initial quality and arranged in

decending order

LOT NO. DAYS AT 37°F DAYS AT 33°F DAYS AT 31.5°F

1 7 -12. 92

2, 5:11 712

3 62

4

5

6

7

4 4

13

12

8

5 4

32 ^ a^

3 !^Ÿ 5
il 2 2'

If the fish are in a reasonably good condition to begin

with, even the reduction from 33°F to 31.5°F adds several days to

the keeping time.

cod.

Very similar results wore obtained with the gutted round

The sicnificance of these observations when applled to

ish in the boats at sea, in the fish plants, durinô transportation



and in the wholesale and retail outlets, becomes very apparent.

It would also indicate how quickly early care of the fresh fish

wholesale and retail stores.

could be counteracted by poorly controlled storage in the

C.H. Castell

Appendix No. 2

FURTHER STUDIES ON STORAGE TE!:.FERATURE AND BACTERIAL ACTIVITY

The spoilage of fish by the natural mixed cultures at

different temperatures is a very complex affair. If we consider

the problem only in terms of trimethylnmine oxide r.eduction, vie

have the following things to consider (1) the influence of

=perature on the growth of cells; (2) the influence of

temperature on the activity of the enzymes; and (3) the influence

of temperature on similar enzymes from organisms having different

temperature requirements for growth.

E,ttampts have been made to study each of these different

phases, although this work has not been confined wholly to the

r,_^duction of the oxide. Some of the results are condensed in the

following notes:-

(1) Ps. putrefaciens is a psychrophilic organism isolated

fro-quently from fr.sh fish; i t grows readily at freezing temperature;

it rc,duccs trimethyl^mine oxide, nitrate and nitrite and it also

breaks down prot^;ins . Ln active culture of this organism was

inoculated into a 5 percent peptone solution and into nutrient

solutions containing nitrate, nitrite and trimethylamine oxide.

These r:,crr, i noiihateâ at 31.5°, 33°, 37°, 45°, 77°F, and periodic

tests were made to determine the amount of chemical change that
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occurred. Some of these data are Eiven in Table I.

TABLE I

Rate of chemical changes brought about by Ps. putrefaciens

at different temperatures in broth cultures

Chemical Change Time-Days
Temperature

50% reduction of nitrate 37° (2.8°C)

33° (0.6°C)

31.5°(-0.3°C)

50% rsduction of
trimethylamine oxide

370

33°

31.5°

505, r_,allcte of nitrite 77"

45°

7

11

14

il

16

18

6

16

370 34

33°

31.5°

25ja brr:akt_'.or,n -)f p .ptone 77°

450

370

55

78

7

24

35

33° 65

31.5° 90
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It is evident that, with the growing cultures under the

conditions that were used, the reduction of the oxide and the

nitrite were slightly less affected by reducing the temperature

from 37° to 31°F than the reduction of the nitrite, or the

breakdown of the peptone. But once again this reduction of 52

degrees approximately doubles the time required to bring about

a given change in the substrate.

(2) The next set of tests was designed to determine the rate of

trimethylamine oxide reduction at 25°C and 2°C b y stock cultures

of mesophilic bacteria compared with cultures of Ps. putrefaciens

which grew readily at temperatures near freezing. The oxide

broth was prepared using 0.5 percent oxide and pH 7.0. Table II

shows the results obtained.

(3) In the two preceeding tests the results were obtained with

growing cultures in nutrient media. In this case we observe the

effect of temperature on growth and enzymatic activity combined.

Iri order to determine its effect on the enzyme activity,apart

from c_^ll growth, some tests were made using mass inoculations of

resting cells in a substrate containing oxide,sodium acetate, and

buffered at pH 7.1. These were made with cultures of E. coli,

A.aerogenes, S.marcescens, P.vulgaris, Ps.putrefaciens, and

unidentified organisms from fish. Details of these results will

be given later in the Board's Journal. In general they indicate

a reduction in enzyme activity as the temperature is reduced from

37°C down to -0.3°C. But even the cells of E. coli slowly reduced

the oxide at -0.3°C, which is below the growth range of this

organism. Figure 1 shows the oxide reduction-time curves for S.

marcescens. Ps.putrefaciens was the only culture of those tested

where the oxide was reduced more slowly at 37° than at 25°C.

,

0
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TABLE II

The effect of temperatur:e on the reduction of trimethylamine oxide

in a nutrient broth, by nine non-psychrophilic strains of

Entreobacteriaceae and nine psychrophilic cultures of Ps.

putrefaciens

Name of Culture Mg. trimethylamine per 100 ml of broth
2 days at 25°C 8 days at 2°C 15 days at 2°C

Sax. marcescens

Prot. vulgaris

Esch. coli

Esch. coli

Aer. aerogenes

Aar. aerogenes

Aer. cloaceae

Aer. cloaceae

52.2 0.19 0.2

7.6 0.30 0.4

35.2 0.35 0.6

53.6 0.43 1.2

30.5 0.47 7.3

46.0 0.42 9.3

40.0 0.32 13.2

45.0 1.06 10.6

2 days at 25°C 4 days at 2°C 8 days at 2°C

Ps. pu'Vrefa^iens 20.4 28.5 46.3

't 20.4 26.9 37.6

24.7 23.8 42.0

22.8 40.2 43.1

19.0 40.2 44.1

« 20.4 35.1 35.6

'l 23.0 26.9 35.3

^^ 35 0 36 0

rr

28.0 . •

32.0 14.9 23.3
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Effect of temperature o the

rate of oxide reduction by

resting cells of S. mare scens.
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Table III shows the time required to produce either 10

or 2 mg. of trimethyla:ainé from approximately similar weights

of resting colis at 5 different temperatures by six cultures.

T:',o ooints are worth noting: first, the difference in the rate

of ox'de reduction by the various cultures at any of the

temporaturcs; those isolated from the fish are much more active

than stock cultures. Second, even with these psychrophilic

organisms from the fish, there was a considerable difference in

the rate of reduction when the temperature was reduced from 7.2°C

to ap.^roximately freezing (-0.3°C).

(5) Observations on the growth rate of psychrophilic bacteria,

isolPted from fish and grown in four different culture media,

have shown that lowering the incubation temperature from 2.8°C

to -0-30C r-,roYjth to a groatt-r extent than a rcduction

frcm 25° to 2.8°C,
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TABLE III

Hours required for approximately similar weights of

resting cells of 6 cultures to produce trimethylamine

at different temperatures

culture, Source 10 mg 10 mg 10 mg 2 mg 2 mg
at 37°C at 30°C at 25°C at 7.2° at

C -0.3°C

Achromobacter fish 2.1 2.5 omitted 4.2 9.0

176

Ps, putrefaciens fish 9.0 omitted 6.3 5.1 15.5

Ser.marcescens fish 3.5 4.3 7.0 4.5 15.0

Zschb coli stocks 13.0 16.0 35.0 20.0 29.0

Acr.p.e.roganes stocks 20.0 29.0 42.0 19.0 33.0

:rot. vulgaris stocks 14.2 25.5 57.0 75.0 •.75.0

Therefore, from these observations we can conclude that a

difference of a few degrees above freezing in the storage temperature

of ice is of importance because it inhibits the growth of many

tipecies cf bact;ria; it retards the growth of the psychrophilic

species; and it reduces the actïvity of the enzyme systems that

the bacteria have already formed. We believe that next to the

Prevention of gross contamination, strict attention to the storage

temperature is one of the most important factors in the production

of good quality fresh fish.



with the publication of the papers giving the details

of these tests, this work will cease, as far as the laboratory

is concerned. Already the application of the data to commercial

practice is being undertaken by the refrigeration engineers.

-0,'e have yet to make a survey of the storage facilities and

practice of the wholesale and retail fish dealers in eastern and

central Canada.

C.H. Castell
J.M. Snow

Appendix No. 3

FACTORS AFFECTING THE RF-DUCTION OF OXIDE BY RESTING CELLS

During the past year further studies have been made on

the effect of various factors on the enzymatic reduction of

trimethylamine oxide. This has been done using mass cultures of

"resting cells" as the source of the enzymes and standard

conditions throughout the whole series of tests. The results

have been recorded in the form of graphs of Which there are far

too many to even record representative samples in this report.

In brief the results are as follows:-

The pH of the substrate has a very marked effect on

the rate of reaction. For some of the ôrganisms tested the

enzyme had an optimum pH of 7.2-7.4, but for most of the fish

spoiling organisms the optimum pH was ab ove B.O. The activity

was retarded as the pH was reduced below 7.0 and for some, but

not all cultures, when it was raised above 8.0. Below pH 6.0 the



reduction of the oxide was very much slower for all cultures.

(B) Salt: Increased salinity decreased the rate of oxide

reduction,

(C) Temperature: With all the cultures tested, except Ps,

pL.trefaciens, the activity of the enzymes increased as the

tem.perature was raised from -0.3° to 37°C. The cells of Ps.

putrefaciens reduced the oxide faster at 25° than at 37°C.

There appeared to be little if any correlation between the

temperature requirement for growth and the effect of temperature

on the rate of oxide reduction by resting cells. The oxide-

reducing organisms i solated from fish reduced the oxide much

more viForously than transfers from stock cultures. With

restin,; cells of these psychrophilic bacteria from fish it was

observed that a reduction from 7.2°C to -0.3°C more than doubled

the time required to produce a given amount of trimethylamine.

(E) Storage: If cells of bacteria are "harvested" and stored

they Err.duâlly lose their ability to reduce the oxide. The

hî`her-U he ; tora^e temperature the sooner their activity is

(F) Adantatl o:? : Cultures of oxide-reducing bacteria were

cont_nL_ously transferred in parallel on both solid and liquid

media ti^^ith and without oxide. Two things have been observed:

First, th^,.t the cultures continuously cultured in liquid medium

reduce the oxide much more rapidly than similar cultures grown

on the surface of agar slants. Second, that the addition of
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oxide to the liquid medium further enhances the rate of the

enzyme activity after continued transfers.

(G) Nitrate and Nitrite: Both these substances interfere with

the reduction of the oxide by the resting cells. But their

rate of inhibition differs very mûch with different species of

bacteria. The reduction of oxide by E. coli, for exanple, is

strongly retarded by both nitrite and nitrate, while other

unidentified organisms isolated from fish showed no change

from added nitrate and others considerably less change from

added nitrite.

In g rowing cultures, it was found that most of the

organisms tested rapidly reduced the nitrate but very slowly

reduced the nitrite and that at -0.3°C its reduction was almost

brought to a standstill even thb^,tgh the bacterial cells

continued to multiply.

C.H. Castell
J.M. Snow
I. Brownlee
N.J. Wilson
E.G. Mapplebeck

Appendix No. 4

THE MECHANISI,2 OF NITRITE PRESERVATION UNDER NEUTRAL OR

ALKALINE CONDITIONS

It seems very probable that in acid solutions, nitrous

acid ions combine with the amino groups or other groups in the

proteins and destroy the enzyme activity. Under these conditions

the nitrite acts as a bactericide as well as an enzyme inhibitor.

Under neutral or slightly alkaline conditions the bactericidal

properties diqappear, but the nitrite continues to inhibit the



activity of certain bacterial enzymes, and amonE these are those

reti.rcnsible -for the r;duction of trimethylamine oxide. We have

^^cn trying to determine the mechanism of this latter reaction,

and the -.:,ork is still in progress.

^sin^ a group of 5 cultures of bacteria, all of which

-,cduce tri-m--th-viGmine oxide, but differ in their ability to

:-Iduce nitr!_te and nitrs.te, the following tests were made:-

(1) Rate at .rt^^ich they reduced equimolar concentrations of

vc,d5,lim nitrite, sodium nitrate and trimethylamine oxide when

each of these compounds was added to a similar basic culture

uI21.

(2) nai e at w^Ach they r-iduced these compounds when they were

au-J_^-d. to the culture m°dium in pairs.

(3) -!Lrilar tests using resting cells in place of growing cultures.

These tests r:,vealed that for all these organisms the

re_^czuction cf nitrate was very much more rapid than that of the

'.-!itr organisms of the Colon-Aerogenes group, the nitrate

r^ducea laLt_,.r than the trimethylamine oxide; but with certain

u ii ntï fi ^ü f-sh-spoilink; bacteria the reduction of.-the oxide

^ 3 ĉ , fast (,r fas ;er than the nitrate.

L"-i^,n 1huse compounds were added together, it was found

that "or the Colon-ti:,ro;{,nes species, the nitrate was almost all

r âucec^ b-for;; any perceptible reduction of the oxide. ^^Jith

the ; ;roup oxide and nitrate were reduced simultane-

ously.



Similarly, the nitrite had a very strong inhibiting

action on the reduction of the oxide by the Colon-Aerogenes group

(which are comparatively rapid nitrite reducers), but much less

effect on the organisms which very slowly reduce the nitrite.

It had been previously observed by Dr. Dyer that nitrite

produced by the reduction of nitrite in fish muscle had no

inhibiting action on oxide reduction. Although this was the

case with some fish-spoiling bacteria, it was not so with the

cultures of R. coli and A. aerogenes. 'r'Jith these organisms

both the sodium nitrite that was initially added and the nitrite

formed through the bacterial reduction of the nitrate stopped

the reduction of the oxide.

These observations would indicate that both the nitrate

and nitrite inhibit the oxide reduction by some sort of

comp--titive action, but that the results differ with different

organisms. It would a,_pear that the ability of either nitrate

or nitrite to inhibit oxide ràduction is at least partly associated

with the rate at which the organisms r^duce the nitrate or nitrite.

It was found by Mr. Richards that nitrite also inhibited

the r-ductïon of certain sulphur containing compounds to form

hydrogen sulphide.

Hiss .Vilson found that the inhibition of oxide reduction

by nitrita was lessened b y the addition of certain reduced radox

indicators. Both thcse observations suggest thùt the nitrite

May interfere with the dehydrogenase which releases the hydrogen

from the carbohydrate, rather than the reductase (triammeoxidase)

which reducc,s the oxide.

Because it is probable that the use of nitrites for fish

preservation may be officially sanction,^d in the near future and
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b-^cause we believe this to be the type of work that may lead to

a better understanding of other methods of fish preservation,

c-dork will be continued during the coming year.

C.?_. Castell

Appendix No. 5

EFFECT 0: NITRITE ON PROTEOLYSIS

AlthouEh the evidence continu--d to point to the

conclusion that, under conditions that permit bacterial gro,rrth,

nitrite int,;rfar:;s mainly with the r:^spiratory enzymes, tests are

bainb made to ascertain its action on various hydroluses.

When 5 percent peptono was used as the only source of

nutrients it was found that nitrite changed the shape of the Growth

curves for Ps. putrefaciens, gro:tirn at various temperatures between

0.3°C and 25°C. In every case it prolonged the lag phase, more

than doubled the maximum cell count, and straightened out the

ph,-se of decline. Biurot estimations -rrere carri6^d eut to determine

the rate at which the peptono was broken down in the presence and

abscnc<^ of nitrite. in evory case the nunber of days required to

bring about a 25 percent breakdown of the peptone was increased

in the presence of the ni trita. But when cons id-,ration was given

to tne incrL-;ased lag phase for the initial be.cteri^1 grovlth the

actual br<;akdovrn of the p-ptone by corresponding numbers of

bGct--rial cells was approximately the same in the pres^=e and

^bs^nce of nitrite.
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ïaoro direct results ware obtained by measuring the

proteolytic activity of resting cells of bacteria in gelatin at

7.2° and 25°C. The organisms used wore B. subtilis and Ps.

;,utref^.ci^ns and the rate of decomposition was followed by

m^^.suring the progressive increase of the free amino acid content.

From the results obtained there was nothing to indicate that the

nitrite had any ;,ffect on the breakdown of the gelatin.

J.F. Richards
J.H. Snow

Appendix No. 6

PFY^T^-:E.TIG?i OF riACT^RIA THROUGH SKIN

The work of the previous sum:mer has been continued on

the rate of bc:ct::rial p.;netr^tion through the skin and into the

muscle b:;n°ath. This year's work has consisted of making sections

and following the migration of the bacteria by means of direct

"7i,^;rosccpicc.l ex^min_^.tion.

It has been shown that the organisms readily penetrate

the ^ ic erraïs and increase in the inner layers of the dermis and

out;r muscle cells. After four days storage at 7.2°C (subsequent

to th(jir arrival at the fish plant) they are present in these

areas to the ^jxtont of mf^ny hundred millions per sq. cm.

Atter.lpts to m,,•.ke corresponding plate counts have shown that only

a sm<<ll fraction cF.n be estim^ted by this method, compared to

those visible under the microscope.
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For some time, depending upon the temperature, the

bactaria do not penetrate into the deeper layers of the muscle,

but were most numerous in the connective tissue between the

outer muscle fibers and the 3 or 4 muscle layers directly under

the skin.

The mode of entrance through the skin remains unknown,

but the theory that the skin itself acts as a barrier to bacteria

se^rls without much foundation. Once through to the cells beneath

the dermis thE;ir progr^-ss is slow and seems to consist of the

production of enzymes which allow the cells of the tissue to

separate, rather than by brar:kdown of the calls. There were

abundant instances of bacteria in large numbers funnelling their

avay between the separated cells.

These observations not only agree with those of Aschebourg

and Ves;;erhus (1947) on winter herring, and Schwartz and Zeiser

(1939) on various fresh and salt water fish, but they give a

rat =onal explanation to our own observations that the removal of

surface bacLsriû and by washing and mechanical means, and the

aAplic^.Uon of disenfectants to the surface of slime carried fish

^.dàs littlc or nothing to -the keeping time of round fish. These

tre4tments apparently de not affect the bacteria immediately

beneath the skin. As washing and disenfectinr3 may easily remove

up to 90 percent of the surface bacteria it would indicate that

these heavily populated sub surface areas ma;r be more important

in the development of spoilage than has been formerly considered.
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At first these observations might give the impression

t.^^t our attempts to reduce the heavy contamination on fish

fillcts by thoroughly washing and desliming the round fish are

g^ing to be of limited value. It must be realized, however, that

the penetration of bacteria through the skin is limited by time

and temperature. If fish are kept near the freezing point there

1.s no significant penetration of bacteria through the skin for

at least 5 or 6 days. The tests recorded here were done with

fish that were several days out of water at the start of the

xpeiment. In this connection it is important that we determinea ar

the s-ignificar_ce of the time and temperature of exposing the fish

;n the deck of the vessel before icing them down in the hold.

it would setm that this is still another reason for temperature

cont-ol of the fish in the boats at sea.

In the irnmediate future it is hoped that we will be able

to cake photcr.-,i.crographs of a series of permanent mounted sections

il:1-.t have bcF Tl prepared this sur.rnc'r.

C.H. Castell
J.:". Richards

Apbendir, No. 7

I: ^T,UF _CE OF EACTERIAL SPOILAGE OF COD ON PROTEEI.d DE;`TATURr?TION

Preliminary to studying the effect of the initial quality

of fish on the changes in frozen storage, the influence of initial

qv .lity on the denaturation of the protein was studied.

Fresh cod fillets were stored at 6°C and soluble protein

^l.,tosin de-;crr.-.ined as described previously. It is evident from

the results of a typical experiment (Table) that there is only
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a negligible decrease in the soluble protein and myosin extracted

by 5 percent sodium chloride at 0°C until significant proteolysis

reduces the protein content. After 10 days storage the soluble

protein nitrogen decreases about 50 percent, while the myosin

ô.ecrea.ses to about 20 percent of the total protein. The non-

myosin fraction is thus doubled. This indicates the extent of

proteolysis since the decomposed protein would be measured by

the Biuret reagent as occuring with this fraction.

TABLE

Days Storage Trimethylemine Protein Iriyosin as
at 6°C. ME,, V/100 g. SPN percent of

percent total protein

Initial 0.23 96 76

1 cay .3 94 80

2 days 2.6 95 70

5 days 66. 92 69

6 days 100. 92 69

7 days 100. 60 20

VJe conclude that the protein extrf.ction is not affected

by early spoilaP^;. Previously we have shown that a decreased

protein extraction results if the extractant solution is above

5°C. The abova, r;3sults, of course, do not mean that the

proteins 'of spoiling fish will not have an increased susceptibility

to freazing denaturation.

SV. J . Dyer
M. Douglas



Appendix No. 8

THE EFFECT OF NATURALLY OCCURING MUSCLE COINSTITUENTS ON

PROTEIN EXTRACTION

Trimethylamine oxide and urea are two compounds which

occur widely in fish muscle. Urea has been shown to be a

significant factor in maintaining the osmotic pressure of body

fluids of marine fish. This has not been shown in the case of

trimethylamine oxide, although some evidence exists favouring

this possibility.

The effect of these substances on protein extraction

was determined by extracting fresh cod muscle with various

solutions of trimethylamine oxide and urea in water, as well as

five percent sodium chloride. Soluble protein nitrogen and

myosin were determined colorimetrically.

The results using urea as an extractant show little

variation from normal (Table I). In the absence of salt, the

water soluble fraction, and not the globulins were extracted.

'+dhen used with five percent sodium chloride both fractions were

extracted, and the values obtained are not significantly

different from the normal values of 90 percent soluble protein

nitrogen and 64 peresnt myosin nitrogen. These results were

not unexpected since urea is a non-electrolyte and should there-

fore have no effect on the peptization of myosin.
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TABLE I

Extraction of Protein and M.yosin by Urea

pH Extraction Solution Soluble Protein h2yosin Nitrogen
Nitrogen (as (as percent of
percent of total total Protein
Protein Nitrogen) Nitrogen)

7.2 1% Urea

7.1 3% Ur--,-

7.2 5% Urea

7.2 10; Urea

6.9 5 â N<zC1 + 11% Urea

7.0
5;

?^^aCl + 3% Urea

7.0 5% NaCl + 5;; Urea

7.0 5 ô 191aCl + lOj, Urea

23.8

28.5

23.8

23.8

75.6

64.0

75.6

88.8

0

0

0

0

52.0

48.8

55.2

57.6

The results using trimethylamine oxide as extractant

are more difficult to interpret (Table II). Although the

values in the absence of salt agree with the normal values

for -rater extraction there appears to be a lessening in the

a_,,Fount e.^tracted with increasing trimethylamine oxide

concentrations. In the presence of five percent sodium

crloride the values are definitely lower than normal and

decrease with increasing trimethylamine oxide concentration.

This effect is not confined to the myosin fraction since when

the myosin nitrogen value is subtracted from the soluble

Protein nitrogen the resulting figures are less than the normal

tw2l1ty-five percent value for the albumin fraction.
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TABLE II

Extraction of Proteins and h7yosinbT Trimethylamine Oxide

pH Extracting Solution Soluble Protein r:yosin
Nitrogen (as PTitrogen

Sodium Chloride Trimethylamine percent of total (as percent
percent Oxide protein Nitrogen) of total

percent protein
T1i trogen)

6.6

6.4

6.4

6.4

0 1 31.0

0 3 23.9

0 5 19.9

0 10 19.9

6.5 5

6.3 5

6.4 5

6.5 5

1

3

5

10

0

0

0

0

55.0 40.2

40.1 28.5

32.2 19.9

19.9 4.4

This effect is not brought about by pH since this value

remains approximately constant regardless of concentration.

One possible explanation is that the trimethylamine oxide forms

a non-peptizable complex with protein through its coordinate

covalent oxygen linkage. The trimethylamine oxide is not ionized

at pH 6.5 and probably does not form a salt with the protein at

this pH,

J.D. Duerr
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Appendix No. 9

VOLATILE ACIDITY AND SPOILAGE

The investigation into volatile acids produced during

fish spoilage was carried out to determine the correlation

between volatile acid production and the spoilage of fish

muscle. Cod and haddock fillets were chosen since we know

that with unfrozen fillets the trimethylamine value is our

best indication of the stage of spoilage.

Sigurdsson (1947) followed volatile acidity and

trimethylamine production in herring, and showed that the

rise in volatile acids paralleled the increase in trimethylamine.

We have now extended this investigation to cod and haddock.

The use of trimethylamine as a spoilage test has definite

limitations when applied to canned or frozen fish and to fresh

fish of sev--ral varities, and a:nore universal--criterion of

incipient spoilage is needed.

The method of Friedmann was used to follow volatile

acidity. This consisted in the steam distillation of the

volatile acids contained in a 10 gram sample of muscle mince

in a magnesium sulfate solution which is m.Lintained at a

constant volume (30 mis.). Recovery of known amounts of acids

by this method was 98 percent of the theoretical value.

The average value of the initial volatile acidity for

"fresh" cod fillets obtained from a fish plant during the summer

was of the order of 18 ml. of 0.01 N. acid per 100 grams of

fish. This value rises to about 180 ml. when the trimethylarnine

nitrogen is 44 mg. per 100 grams. The rise in volatile acidity
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parallels the trimethylamine nitrogen production in untreated

cod fillets and in fillets containing sodium nitrite, and in

haddock fillets. The investigation was carried out at 0°, at

7,2° and at 25°C. Results of typical experiments are shown

in the tables.

TABLE I

Volatile Acid and Trim-eth lamine Production of

Untreated Cod Fillets

0°C 7.2°C 25°C

Age Vol.A. I'1,1A Age Vol.A. TMA
(days) (hours)

0 18.5 0.5 0

1 42.5 1.4 7

2 17 -- 18

Age Vol..A..TMA..
(hours)

18 0.7 0 18.5 0.5

15 0.6 4 18.1 0.5

19 1.5 9 37.3 1.26

3 31 4 28 14 1.0 12 27.5 1.7

4 39 3.7 48 62.5 6.3 16 67.7

5 41 5.8 43 31 3.2 21 66

6 144 30.1 62 123 12.6 25 116

7 165 34.5 85 145 44 31 185

45 760'=

There was a very pronounced odor of hydrogen sulfide at this

point.

._. . _ ___
Vol. A^ -- volatile acidity as ml'.-* of 0.01 N. acid per-

100 grams of fish.

MA. -- trimethylamine nitrogen as mg. per 100 grams

of fish.

5.0

13.5

13.5

27.6



TABLE II

Volatile Acid and Trimethylamine Production in

Treated (nitrite) Cod Fillets at 0°C

Age (days) Vol. A. TMA

28.5

19

26.5

46

58.5

42

From the results obtained it would appear that

continuaticn of this work may well prove fruitful. A program

with the view of developing a more universal test for spoilage

ba.sed on volatile acid production might follow along the

following lines: -

(1) a comprehensive survey of the total volatila acidity of

fishery products of economic significance, including those in

which the trimethylamine value is not a satisfactory spoilage

indicator.

(2) coupled with (1), the determination of the component acids.

Neish (1949) has modified a technique for the quantitative

determination of the volatile acids produced during 2, 3-

butanediol fermentations. This technique, that of partition

chromatograpriy, was in part examined during thL course of the

above investigation and it would appear that it could be applied

to the determination of the volatile acids produced during the

spoilage of fish muscle. J.W. Kastner
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A.^pen:,_ix No. 10

(r.--. l^ylJ.^i'r^^J L^1 T7 AT SEA - r^iiJ ^^ILJ CF ICJ A1T.3 OF i'i^i'I-IViAL

1-^^

HZ;1'r'R-- RATION

This is a continuation of the work reported in Appendix

??o. 7 cï the 1948 report. In all, the data herein presented

rapresents the results of observations and research ria: e during

the past sunrner in the course of eiEht schooner tr-,ps and one

trawl°r trip. On some trips Stat:_on observers iced certain fish

pens in a manr.cr thou^ht to be scientifically sound. The

remainuf.er of the pens ^^iere zced by the fi sher;nen according to

estat,lish-ed custom. The comparative results of these icin ;s are

^°iven '^ere as ïs other infor:,lat _on ^,:athered in the course of

,':eny inv.stirn_t-y ons mac e durinr- unloadin,_s at tne Oock.

The investi. at-_on abo ard schooners was concerned with

two t;rpcs of v,sssel s one in v:.-^ ich the hold was insulated and not

refrJ,.,,,era.tec?, the other in 7rr1nich the hold was neither insulated

nor rsfrïE;erated. The <^.cce.r.panyinj coolïnE curves for f2-sh iced

a0o,,:.r6 there vessels point out some of the ser,_cus erY^ors w'_li.ch

occL-red in the stc=.--ra;e of fish âurïn these trips.

C,_^-rve A shovis the cool-in[ rate of a fish situated at the

top Of a 1,cn in a fish hold possessing ^,,rell insulated d_ec?., and

tul!.h^,ads ana back walls. This fi--h was bur i ed in icc when

initi^^lly stow;;d and cool3d rrpic?ly at first, c1rop^^)cd from about

500F' to 6'b°r' in apL,rox=:n .to1 J thi°ee houNs. tit the end of this

tin, the ic ^ had til ^1teQ i rU^1 l^i.'.-n. fish c^.nQ 2-t s te±11T:eratur ° üP.aan

t° rise, r-^aching over 40°^' two d,..ys latar. This type of cooling

r's u ei;n onccu.at-̂  r-,d n, - tirlss. It is the r-sult of _,lncin`r fish

teo cio; o to the .':ecl h..^c to p:;,-Mit the 1^.7rin- down of a



sufficient thickness of ice at the time of original stowi.zs.

arrr_ air u.7"_iich is present for at least fivo -^onths of the year

at the top of a fish hold not artificially refriCarated, melts

G t;.in layer of ice ver^7 qu_ckly. If period.ic "topping off" or

reicin`t: proves to t)c too little and/or too late, then adjacent

fish are lost as were the fish in this particular pen.

Curve B shows the cooling rate of a fish next to the

p,jn boards in an uninsulated v----sel. In this case the fish was

not iced acequ^;tely because it took almost 20 hours to bring it

dclr;n to 35-°F and this was as cool as the fish ever got.

Curv:;s CanCi D show the cooling rates of fish stowed

alonr the back •.valls of the sam.; pen. Fish C started to cool

rapidly, but -rith^_n about three hours most if the ice was gone.

IL took almost a day for the fish to reach 34°F. By this time

the ice was E,one eo.npletLly and the fish proceeded to warm up

to 40°F. Curve D shows the saM-- t1,in` in a much more pronounced

^'orm. The ice was -:,one within a couple of hours. The fish never

sot r._cti^n as low as 40°F .

Th^-we four curves show vsr,r plainly that dan`er areas

are the bounciin; ends, top and. bottom of the fish pen. The

^"or•st locat-on for spcilao, particularlv in uninsulated pens,

is 2lon" the back walls, next, under the deckhead, and third,

neext to the pen boards at the front of the p;n. Trimethylamine

dct;;rminations oubsec,u,;ntly made --,ho-l;,-,d all above sar ples,except

from tha fish at location B, to be spoiled at time of landing.
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The hu^-_L^n factor is of greatest importance in the

stovlaEe of iish at sea. Curve E is an averaLe of the cooling

rates of a v:.ry lar,p,e ntumber of fish. stovred in the centre of

the pons from both insulat-_^d and uninsulated holds. For the

purposa of coolin^; fish in the centi^e of p,-ns it does not matter

w'r._thor eithar artificial rofri,-,-:rat-±on or insulation or both

are installod a:ooard a vessel. The quality of the ici ^; job

is all important. Curve E inc?ica :es very poor icing. The fish

in the c ntrc of the pen did not ;et down to ter:-iNerature in less

than three c.a^Ts . The curve is an average one and therefore in a

vory l^rte number of cases the fl-sh in the centre of the pen

cool much more slo^!ly than this. Ev^,n by the time they reach

shore they never will have reached 32°F in many cases. This

points out t',_at the stowagŸ as it is now carried on not

bri n^- ln fish of con:^ is t^ntl^r ^ ood aual_-tyL no matter how the

boat is equipp^d. At th,,:; pre.:.ent time the fish are stowed in

layers as :-^uch as fifte::n inches thick and the trickle of ice

Wator throu, h these lay::rs is the only means by which they can

he coolod. It is obvious from our results that this i s entirely

too haphazard E^:. proc„dure, and that many of the fish pack

c1c aly to^eththus alloti•rin; little or no ice sater to roach

"LOii1c;Mt fish. The fact that oventually the fish (Curve E) did

^^;t 6own to 32°F incicates that enough ico was used.

It is obvious that if the fish and ice are intimately

mixod the fish must cool Much more rapidly. Curve F shows the

coolin` rûte in a p.;n >:noro this was done. Four fish so

investit;a,t--d r:^ch,.d 32°. in f7:.bout 7 hours, instead of in about

thre^j days. In this icin^, layers of fish were restrict^;d to

tho depth of one fish, that is about three inches, About one and
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one he.lf inch-s of ice separa ;ed the lay:,rs of fi sh.

Provious discussions with fishing skippers about this

jnothod of icin,, has brouF,,ht out the possibilit-.N,r of d^:magû to the

fish by the ice due to a shifting as the vessel rolls. This was

no' obs jrvod in the pen iced by this ri-thod. On the contrary,

the ice and fish t,nd_ed to solidify so that th•:,re could have been

no _mov•^.m=ent.

The one tra.vl--r trip supported the w1--dom of paying

particular attention that the ice and f i sh are laid dev^n in

intiraato contr..ct. The best quality fish unloade6 from the trawler

;w:s, juCE.^Cl by company inspection and A.F.E.S. trim:,^thylamine

dot -rminatlons, tai,on from the A.F.E.S. ic-d pen and these were

the first fis.-, cruCht. Thc,re was one exception wh,-^re a few bad

fiÛh w--rv found in a trapp-^d pccket of ic^-, •,vat-,r at the bottom

and back of the fish pan n,-xt to an insul-,t.;cî wall. A full pen

of more rcc r caught fish iced in customary fashion Vins

raject^,d by co:^p^lny officials as spoiled.

The s^mo trip yieldr-^d further information on icint;

tochniq?zes. The crushed ice used on the v,^Dssel had a large

proportion of ;xc:;ssively largo chunks. It was impos s-ibl:;,

tr ;refore, for .:,-ch 1^y::r of fish to be cov_^red vrzth ice without

requirinG; the use of :nuch more of the lntt,:^r th,-,n wr--,s roqui red

for the ^.ctu^.l coolinE- job. Hence in addition to better icing,

it Would ap ,,^.r che,p--r to use fir.^ly crushed ice aboard fishing

Ves:^els.

`fhc effoct of the chunks of ice on fish uppe_.ranc,:,^

W,'.s obs srv-d. At the ti:1,-- of unloading, the fish from the well

ic`d- A. ~.-E.S. p«,^n were hcld compactly by the remr ininÇ; ice. The

ico h^d not indented or ;.r-rkod the sidos of the fish, r)ossibly
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bocause the flesh had remained firm as a result of the low

stora^e temperaturo. Jn the other hand, large indentations ti^rere

observed in the sidcs of :nany of the fish t,-.ken from ir.adequately

iced p^ns.

Practic.^^.l information was obt2ined reEarding the effect

of enm.zrir_g protection of the fish at the top of the pens. The

top layer of fis_-_ Trrt:,s k.,pt w,;11 below the dockhead to allow ample

space for icin^^ and "toppinz, off". The excessive air t.^mperatures

(45°p r: ccrdod ^_bove the A.ï; ..^.5. p---n) for tvh:Lch the uninsulated

stol d-^ck w_-s m€.inly responsible, causcd sufficient malting of

the top ic,^ to cause the lattGr to crust ev,^^r in a more or l-ss

riCid mat. This was r-,,novGd only with some Ciff? culty at the

time of unlcs.din`. If this pen had not b,---n so well iced, the

top fish would 'n57 _v., been f:;xposcd and would have spcilod. ro:,fever,

for the m^-.n who has to di out the top fish from the midst of a

mass of al-mo: t solid ice, it app_-ars to be a stiff price to pay

for crood qu-lity fish. It is sucmÿ,^^sted th P.t this mattin6 can be

eli:?iin^ t_-d and €;oo6. f-ish land--d if the s e top fish could be well

iced ben-_-eth an inoulat;;d deck titihere so;n.=: :mee.ns is provided to

koep -,, slow move.:ent of cold air between the top fish and the

dock-h--ad,

A comN^rîson of prosent icing technique adopted on

schooners and travrlcrs is worthy of note. Five to six man are

avail`.ble for work in the schooner hold for the transfer, stowage

and icing, cf fish which co~lo to th,:;:n alrja,'y sort-d. One man

alone may b; r-quirud to do all of this -cork on a trawler and at^

th3 same time attend to sorting. As a r. sult h.: works practically

unspelled. It is only n^tural to :,=xpect that he has little time
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left to take on the extra work vrhich would be requïreâ if a

more compreriensiv° rro.ram of handicing were insti,:,ated.

The results of our ;:ork can be su::nLriarized as follows:-

(1) Fÿsh iced in layers of a foct or more in thickness in any

vesFsl, insulated or non-insul,̂ ^ted, cannot be cooled rapidly

snou^h to prevent spoilr,ge durin,, a normal trip at sea.

(2) The intimate mixing of ic^^ and fish in the hold proc^uced

vary r.r:jAd cooling; the f i s h r<;nch the teiiperature of the ice in

about '/ hours. Trim^)thylaniine de ter;ninetions supported visual

inspection !7.s to the -̂ xc,^;ll^nt quality of fish landed from pens

so ic.:d.

(3) ParticuDl.rly in uninsul^ted v::ssels, but even in insulated

vess,.l,,, the ice t^nds to from the back of the pens

end the fish may vaar:n up. There will al ,-cys be a risk of bad

rish r.lon,- the back v;all bc.th inuninsulated and nqn-refr_F;erated

v;sssls. This inc,ic.^.tes the ne=.d for ortificial refrigeration

in this r--,-,ion of th-- v^ss^l.

(4) Artifici:- l refrit,erFttion of the space '2,-^tween the top fish

in the pen f--rd the d. ;ckher:d is required to prevent m.elting and

subs,:;qu^nt soli6ify of the, deep layer of crushed ic6 which should

ÿto'iV^-d in this r,-`.ion. It woulc_ also prolon:ÿ the stora,_e life

f=sh in t`_i s^_r ; if t'1-.rouf--,h one circumst^nce or another icinE;

(3) Fish should not be stoti°red close enou`,.i^ to the deckhead to

Tev^r,t the proper icin`ç of the top of the pens. Fish in this

r^^^-Jon hr.v., normall-,r ::bout as poor , tempsrature condition as^

the fish alor_L the bc. c k .,.^-yl. Provision of about î ifto^,,n inches

cl^``r spPce betirloen top fish and the c?eckhoed should permit
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prop^r icin^ and "topping off".

(6) Thorc i s a nrced for c:rtinicial refrigeration of the air' in

th: central part of the hold to eliminate wâsta;e of the ice

sto,^e6 ^''1th the fish n^_t to the pon bo^rds.

( r)'r'in^; crushed ica : hould be used in crd.-,r to pro,note rapid

cjolint, and to re;.uce the ^u;F^.ntïty of ic:; requirad.

(c) Lccks, -nd bull.hoacs :nc. l,en ba.ck walls should be well

insuln, ted.

(9) In the cc-.se of the trav:i ;r, & more libs_ ,l aîlotment of

;:I".ni3 o-19t^r to the hif`;hlJr important job of stov1?n=" f is't-i soe2Tls

i°1=iited•

Obscrvf^ t -!ons f-pp-tar to in6 ic.--te t-',,a t the prc, ct-1 cal

c.p^^roG:^h to the probl^m of fisr ^to:^ra^o is to con;^ïdar the

inÛulatior_ and artîficial r^fri^,er..tion of vesscls as imp-^rative.

"1ith this as °. founortion, an attl-_^pt shoulct be made to imporve

icin^- .-^,)thods to « de£ree can be coped with on board ship.

One su _`;^.st:;d ^:p_ roach is the instûliation of ann:;chanical

ice crushc^r and slinEer in the hold of a v=essal as an e^Lp:.,l-iraental

pro,;;ct. TL^cc machines i-L!7,_vc :-,.ny important applications !7.2-hore

W?-l^,r•c t--y us ec, to ic--^ prooucts i n lccc+ti cns In^ccess_i_blo to

icin,^: by h-- nd. ^;ith this in lind, r- now inves ;.ïva ing

av^.ilF_bl. Siz:;s, costs and c-.;liv:;ry, of ^m-cnin-- of . size

ne,-,r;,,st to ot.r estim^.tcdl rauircr^,--,nts. It is ^„pacted that some

r-^d.uction in size of r.v^iil^.ble :r=.chines may have to be by

our st^.ff. Furth,rnore, ^^ctuc?v,- of r-chniruo and application

^--bc,,'rd ship, be r.;cu -̂ rr.;c. The choic;^ of c,. su_t^:bl_. pc•:^:cr.

^ r It is hop-.;d t._ ^: t the p2 cn-,r :;crk cansupp_S i s a l s o n.,c ,.ss^rv̂ .
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started in our laboratory and than the chosen ap-u,-.ratus can

recuire the services of at least two investiCatcrs prcp^.r,3d to

pa^ tr^nsferred to a vessel. Installation aào,,,.rd « trawl-r

tiar,ùld have the ^c1v2 ntaJe that the scientific stu-,y of res alts

s^oul^. be simplified if we are dea.li.nE, wi th fish knc,.vn to ô•o

stiïl kicking, when stoi°.;d.

A scl-ation to the proble:a of fish stovral-e -^.hich can -c-

:cc^pt^bl^ to the f_s'rlarrlr n, the sh^^rehQld.er ?nc. t ^e sc; ^3n}ist

must be found; orh^^rvaise co_,pl:.te success will not hF-vs bL;en

;;c,hievod. The study is of such magnitude and i; .s --o i^^.nz

influcncing fo-ctors, both n^tural and ^man .•:-:c^e, that quic'^

^.-sults are not anticip<:ted. The first s^n.s(^.n's irlveséi^ ticn,

:rhich ra-.y t- ct und >r vr^zT durïn:^ tho .r^.r :rionths of 1050 will

rerluin a t sea ',"Ii th their sriips o They mu s t b e pr JC;1 Q to

invastï^Ûtc all rIF.son^ble .n,-,les and :=c 0ir-.ct a coml)l^te

iCln;; prc`.r^.r^ ^.JO^.rd ^ VvSSel S.,,h--n this -: r.squ1red.

:.:^.c^^ L"llu,:
,. ^ir..-.. JOr.

v(,.CT. vlc.e,s^

-, " - -,..i^.J. cilill^.r

AapncJi:i ?',o. 11

- ^`r^l.:i.\. Ù^ l' IJr_ !;^ J^ A - 1:._, ti. l^ll.•.,:J .. . _L 1.! : tï J^\.: i!Ji:=

An extensi,^e invcsti,_.<.t,-c•n of the off-ct on tI-r, t^^^ irrL:

tl,".c of fr-tsh fish of the r--fri.c,:er: t?-on ;nst,1.1lation on t'le

fishing- schooner "Lila B. 3outili or'' did not n<.t ;r•if^lize as

pl"-"iled for the summer of 1°49. Only one trip was riad,c

_s v:^ .t^ ss^l
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During the one trip investir;ated., the total period of

cer1pressor opDratior_ was n small fraction only of the total time

S-r,;;nt at s-aa. The unit was not operated at all durin6 the

trips from port to the Banks and return to port. It was used

sp arin^;.ly during fishi nE; operations, and then on "I,î>.nuâl'r rather

tr,̂:;n on "Autormatic" control. Icing up of evapor2tor coils was

cxp,sri enced on occasion. Our observ:;rs log shows the en^ineer

to bs at fault in hi; operatin^ proc.;dure ;vnich accounts for the

ic-4, nt,. In the 1P,tt3r's def-nce he asserts that this technique

is 'orc::c on him as a r,sult of insufficient E_--nerating cap? city

prcvid,d in the unit' s dGs l,:n.

As in the trip vboard ctl-,er schoonars d--scribed in

Appendix No. 10, our observ--r iced one pan according to the

A.1F.E.S. plan, and recorded terioer-.turcreadin6s of the fish

t:^rcu^.hout the trip. He to:_k p::r^^_llel readin`;s in an adjacent

P >rl icri vJ -^.s ici:d ^c Ô...'.scrib^..d by the crn, w. The cooling curves

obt^in _^ d f^ill into two distinct #Vroups, one Croup for the fish

^1':< ch co;l^d r;.pidly in the A.-F.J.Û. iced pen, the other for the

'Lïsr_ iccd by the crew ^.Yc v;:-lich nev3r cocled properly.

Tri_nethTl^.r^ine dot--r^in^.t_,:ns Ir_dicated that all fish Cc_M-,vlos

;Pc=z both pcns tvare of g.ood cu-^lity. in the case of the cra-.,i

ic^d pen this could have been duo to

(1) the fv.ct that the f_ti :.,are iced .-.nJ Cutted im!:ediately

`; ft r r_^achint_. the schocir_er.

(2) the coolin,; provided by the ev^porator coils for a short

tlM^^ be_'or- the vossel headed for ho-nie.

(3) l sho= ^r.^;ss of the tir , o ^ ^.^h - ae ^^rnicri l<., s ^d bot^^n h^ ^^in^

of the fish ^ nd th^i_r at port ( l,^-5ss than two datis ).

I
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Apart from the fact that it was demonstrated again that

intimate mixing of fish and ice is a guarantee of quickly

coc,led fish, nothing concrete can be found from a study of this

trip. As a result we are not yet in a po-sition to say exactly

-^jhat bcnefits have accrued from the installation on the

"Boutilier" over say the simple job of insulating the hold of

the schooner "Theresa E. Con,:.:or". The intensive study in icing

m,!-nd.a on the insulated 'fTheresa E. Connortt- and on the uninsulated

schooner "Marjorie and Dorothy", reported in Appendix 10 does

indicate the necessity of a measure of artificial refrigeration.

rhether :•ae are getting this in the quantity and in the places

required from the installation on the "Boutilier" still re:nains

to b e ^nswared.

Information based on practical results, rather than

scientific determinations, indicate, however, that the overall

picture of the quality of fish landed by the "Boutilier" has

i.aproved trelnend.ously. This is based on company reports to

this otation. This vessel, which in pre-installation days was

credit,ed with one of the poorest records for quality fish is now

cradl ted with the highest record by the same judges. We have

been approachcd by the company and captain within the past few

mionths regarding the installation of an artifici wl refrigeration

unit on the "Boutilier's" sister ship, the "Theresa L. Connor".

'7-3' were, in fact, urged to supply a design for this schooner.

The view was ta?_^,,n at that time, however, that we could not

recorl end certain features incorporated in the "Boutïlier'srr

deSl(^;n until it was shown to our satisfaction that their adoption

I

0

1
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11ould as^ist the "Connor" in bringirig in _hettér rish, aszu.^iing

the craw on the "Con-ror" were doing their utmost to ice their

_0ïsr_ prop-,rly. For this reason the icing znvestigation,reported

in App ndix 10,was conducted on the "Connor" to dotormine the

naxirwm ability of the vessel to bring in good fish as she is

fitted out presently. In our judgment the invastiCation of the

',Connor's" catches indicated that a measure of artificial

^efriger,ation aboard that vessel -aould be of decided advantage.

vC,r, C. e sriotian earlier, we did not than, and still do not

'._now -rrith absolute certainty, whether the system installed on

the "Bout ilior" would be the loEiical choice. There.are indeed

. v^ral features of this first desiE_^n which it is thought could

t chang;;d to increase the usefulness and efficiency of the

installations. No r_^co:nmandations have been given therefore

r,-fJarclinJ a unit for the 'tConnor" pendinJ a study of the

"^uti li.>r' s" performance r_zcord.

Should we continue to mcet vil th difficulties in

cCnduc'Ling our investigation on the "Boutilier" it may be

..dvisablc that r^turn to 1^boratory investigation and

,DxP^jrïmont :•,itti the cooling of fish in a limited number of pe,=s

tr;a:_ed exactly the same and located in the same environment

1n_wn to be found on the "Boutilicr". After this, vie could altt^r

tr_^at.iient as dictated by e.:perience already obtained abc-,rd^

trie "Boutiliar" keeping the onvironnent the same. Lastly, the

,-lnvironm-^nt could be altered, while maintaining original tr,;atr!ont.

As refri,^;er:^tion facilities for such a pro ject are presently

^Ivailable th:e should. be able to procced with little addi tional

OX-II, l^nse other than some loss in the fish required for the experiment.
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It is significant that the results of this work which

pion--or--d in Canada by the Fisheries Research Board of Cant:da

is now iD;;in` incorporated into the design for a new class ;f

traerl.,rs to be built by a large Canadian company. We have been

most hC-:, pp-., T to co-operate with the Am-e-rican firm of architects

rctainod by the company in thoir axarlination and resolution of

the problem. The ur^Sency with ,.vhich management is requesting

exparience ccncerning all phases^nformation b^.sed on practical

cf the refri gerated hold and ice stowa ;e problem makes this work

ppo.r more important than ever and should indicate the na-cessity

fc,r pursuing the additional investigations proposed above.

W.A.• ItlacCallum
G.H. Cook

Appe.ndix No. 12

ROUND FZSH.WASHER

^.,l.rk on the washing of round fish for the removal of

b^.cteria froin1 the ^ut cavity and surfaces, has been progressing

for some time ( Annual Reports 1946, 1947 and 1948).

At present the fish goes to the filleting tables unwashed

and the surface sli-,.e with i ts high bacterial count is

inrdvertently rubbed off on the cutting boards and allied

^ quipi,i,nt, hence sp ilr.ge is given added impetus from the start.

It has been the aim of the station to rid the fish of this

b..:ctoria-bearing slime before actual processing beçins and so

r-Iduce the incidence of contamination throuE,hout the plant. A

fish ^'r^shor is to be the first step in the "Fresh Fish Production

Lln^" curr(^;ntly bcinr developed by the station.

This "Round Fish lasher" i s the latest of a series of

®

M
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machines developed during the past three years (Annual Reports

1946,1947 and 1948). The first ones (Annual Reports 1946 and 1947)

were of the cylindrical screen type in which the fish were tumbled

and scraped against the screen, so removing the slime which was

removed by a water spray. It worked well during preliminary

trials but was not satisfactory when loaded to capacity. The

next washers employed a chain conveyor with attached clamps to

pull the fish through a series of rubber scrubbers or flappers

to remove the slime which was carried off by means of a water

spray (Annual Report 1948). This type w asher did not handle

enough fish, :a^.ïnly because of clamping difficulties; it did not

penetrate the gut cavity and was rather complicated mechanically.

Simplicity and ease of maintainance were the guiding

principles in the development of the latest washer. It uses a

modification of the same type scrubbers as in the previous washers

to`.ether with the water spraiT to aid in desliming and to carry

it off. Gravity is utilized rather than the chain conveyor to

move the fish through the machine.

The washer consists essentially of an aluminum alloy

cylinder rotating in the oppositn direction to an aluminum alloy

hexagon which carries the desliming mechanism, the scrubbers or

flappers (Plate I). These two members are so positioned and

rotated, the scrubbers at 350 R.P.M. and the roller at 35 R.P.M.

as to support the fish and produce a turning moment on it which

al Lows all surfaces and the gut cavity to be cleLned by the

scrubbers. A sloped aluminum plate guide board (Plate I) is

fitted the lenE;th of the rollers to stop the fish from being

flipped away from the scrubbers. The whole arrangement i s sloped

about 1 inch to the foot ,rahich gives 'a rate of travel, through the





washer, of from 10' to 15 seconds depending on the size and

condition of the fish.

The complete washer consists of two sets of scrubbers

plate and 0.040 inch sheet. The rollers and scrubbers are cast

and rollers mounted side by side so as to give a washing rate of

about 2 to 5 seconds, with an average of six fish in the washer

at a t•ime. It is fitted with loading and discharge chutes to

facilitate handling, a cover to reduce flying spray and a

trough to remove slime and water.

The washer is constructed entirely of corrosion resistant

aluminum alloy, the frame being of channel covered with 1/4 inch

aluminum made up in 2 foot sections, and joined to give a total

length of about 8 feet. The scrubber castings are hexagonal

and carry 6 laminated rubber flappers. The roller castings are

fitted with x 1" x 8 feet aluminum angles spaced equally

about its pariphery. The scrubbers and rollers are carried on

a steel shaft with bearings at the contre and ends. All bolts

are cadmium plated to keep corrosion to a minimum. The washer

occupies a f^_oor space of about 55 square feet, being apy^roximately

13 ft. long and 4 ft. wide. At present the drive is carried

on one end of the machine itself, but may be moved overhead in

actual plant opara'-"ion.

Test runs on this type washer have given consist^-ntly

good results in that bacterial counts were reduced by about 99%

and there i s reason to suppose that this can be maintained in

commercial oparation. It is proposed to pass the ivashed fish

through a chlorine solution spray to rid the fish of part of

the remaining bacteria.

Modifications in the. drive mechanism may be undertaken



in the future but otherwise the washer is ready for trials on a

commercial scale. The policy of the station is to install a

"Fresh Fish Production Line" as a whole so neither the washer or

any other single piece of equipment will be put into commercial

operation berore that tim:,,the reason being that no single machine

or practice can improve the quality greatly, the problem being one

of general improvement throughout the processing chain.

C.^^. Castell M.A. Foley
H.E. Power C.G. Oldershaw

Appand ix No.13

SEI}:I kUTOUT IC FILLETING

For some time now the station has attempted to develop a

The adv^.nta^es of inechznical methods of filleting over manual

will be continually washed with a disinfectant. There will be no

method of filleting cod, haddock,and mackerel by mechanical methods.

methoc?s are numerous. The most important of these is that the

cutting of the fish will take place under more sanitary conditions,

as the machirLe will have to be built of non-corrosive metal which

"build up'l of slime and b^cteria as there i s now on the present

tilooden cutting boards of the filleting table. If the fish flesh is

sterile when it enters the machine the fillets will be much loss

contaminated. Other ^d-7antz;,os of the mechanical method might be

loti,ier production costs and smaller space roquirements,both of

VThich would be welcome by the fish processing industry.

The first attempt at mechanicC-1 filleting of the larger

fish was made by W.H. Bowes after extansiv,^: s.tudy of herring fillet-

ing methods and manual .ma,thods of filleting cod and. other large

fish. The ma^rine which he built was a larger version of the

common herrin^7, fi1l(-+:1ng iMachine. It consisted of two circular
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knives mounted side by s.-ide about one-half inch apart and a

..,ta1 trough to feed the fish tail first and bally up into the

turning blades. (See FiCure 1). The test of this machine did

not prove too satisfactory as it was impossible to feed the fish

into it properly, the tail could not be made to enter between

the blades. Also the fish were thrown from the machine at a very

high velocity. ^

A second ra^ chine was a modification of the abovo fitted

with 3uides to guide the tail of the fish between the notching

blad.es. These F:uides did not work satisfactorily. A third machine

as built with the feed trough horizontal, and a pair of e;uiding

roi_lars pozryered by a motor used along with spring guides, to feed

fish, tail first and belly up into the two parallel blades. This

proved better. The two sides of the fish were split away cleanly

®
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from the backbone, however too much flesh was left on the back-

bone at the tail end and if blades were ^djusted to remove this

the blades cut into the backbone at the head end. In an effort

to remedy this two sets of blades were mounted on the machine as

shoV^m in Figure 2, but they were not successful due to a tendency

of the fish to turn as it went through the bl,-!des. A similar

ciachine was constructed using smaller blaô.es. However, this was

not the cure as the fish still turned in the machine.

®

t i
\

1

It was decided that the solution of this problem would

require more time and effort than we are able to devote to it at

Pr,^;sent. In view of this, further work on this machine is being

postponed until greater effort can be allotted to the problzm.

The problem ig by no means inso)uble and much valuable knowledge

has been rzined from work -ojith the above machines.

H.E. Power
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4ppendix No. 14

PRr,-SHIP'i:LNT CHILLING OF FRESH FISH

Certain investigations have been carried out to determine

the most effective and commercit.-:lly practic^ble m:;t'r^od of routing

and refri`erating the fresh f_sh fillet from the time it leaves

the filleter until it is ready for transportation to our North

F;marïcan inland centres. The trade has exerted considerable effort

to evolve a handling technique to ensure a maximum keeping time

for fresh f ish. Ahile some of the means adopted have been novel,

and some more or less successful, none appear commercially sound

for large scale fresh fish production.

We propose to discuss those r.n^thods which we have been

called upon by the tradc; to investigate, and to give the preliminary

r3sults of work carried on at our Atlantic Technolo`ical Station

in an effort to provide ?n -n swer to some of the existing problems.

A. Chilling by Immersion

Those using this method combined with ice cooling at a

latar stage expect that in a dual purpose bath through which the

flllets pGss upon leaving the filletar, temveratures will be

recuced materially while the fish are being tr.,ated. Investigation

bas shown the follo^'iing to be true.

I- Lue to the danger of freezing the b^th, a temperature of dip

b21°j°j 32°F cannot be obtained. Thus extremely rapid chilling of

fillets to 32°F is not possible.

2. nemote coolinç* of the bath may result in a w.4te of refrigeration

^ue to poor design which permits warming up of the liquid before it

reaches the treatment tanks.
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The following are typical observations made Of

temperatures at the various stages between filleter and final

icing.

TABLE I

Season TemL).Fish Fillet Temp. Temp.Fish Temp. Elapsed
Before Bath Bath Fillet Fish Time

leaving when
Bath packed

Early spring 35.6°F 45°F 41°F 20 min.

Early spring 32.5°F 41°F 34°F 39°F 20 min.

Early autumn 42.5°F 47°F 43.5°F -- 10 min.

Earl- &utumn 39.5°F 46.7°F 39.7°F 10 min.

'larly autumn 43.0°F 47°F 43.8°F -- 10 min.

Early autumn 45.7°F 47°F 46.5°F 48.2°F 8 min.

In all cases the fillets were being warmc-d, rather than

cUled.

What possibilities are there for the success of the

im.rnersion method providing an efficient design were provided? To

onstiier this question we have developed a series of cooling curves

deterrained experimentally for each of three ^;ei`^hts of fillets.

Each series consists of three curves, each of which is for a

sNdczfic temperature difference between cooling liquid and fish

fillet a t the time of immersion. By using the s.riLs of curves

"p1=lyinG to that size fillet, the time required for the fillet to

cool through a desired temperature range may be estimated. For

cxa^ple, suppose we could be satisfied with a product chilled to

33°F, the 2 lb. fillet recorded last in Table I wotàld have to be

ir,Imersed for over'2ti minutes , while sm^ller 13 oz. 1,nd 10 oz.t I

fillats would be reduced in te::iper^.ture' by equal amounts in 1 1/4
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minutes and 65 seconds respectively. The first two requirements

are out of line in that treatment at accepted concentrations is

not recommended for these periods.

All threè requirements are out of line in that:-

(1) the physical lenrth of inmersion tnnks would have to be

extendeu three and four times over present lengths (a reduction

in the speed of belt travel through the tanks in order that

presently used tanks could be retaineâ would not be pGssible '

without a correspon:ting reduction in production rate which would

not be acceptable).

(2) a multiplicity of tanks and hence cutting lines -would be

required if all sizes of fil=ets and all temperatures of fillets

at time of immersion were to be t^-ken into account.

(3) the refrireration requirements for such tanks would be very

high. This in itself might be justified if fillets could be

packed auicklV enough to prevent an apprecinble subsequent

teniperature rise. Table I shows that the shortest elapsed time

from bath to icing or cooler was 8 minutes. It appears

improbable that this will be reduced much .iore. The tc;riperature

rise in the fillet during this interval was 1.7°F. A rise of

5°F over a 20 minute interval is noted for No.2 fillet in Table

. Inevitable production c'elays can al.vays be counted upon to

proCiizce similar situations. This results in P. 38°F fillet

provic?ins the latter loft the bath at 33°F. This temparature,

translated in terms of time, labour and cost required to gain

O€,.ck these pr^,cïous few degrees by subsequent refrigeration

1nUic^ tes a ÿi-•w ts-ge of or iLinal cooling. The whole s tiz a ^r indeed

vjould appear to indic^te that the proper time and plC-.ce to apply

refri;;eratïcn is ir-imedi^tel^r after packaging is completed.



B. Chillin^ by Ice

Most producers, whether or not users of the refrigerated

be,th, use ice as the refrigerant subsequent to packaging. Ice

for stowing and for transport has one great advantage, that is,

dependability. There are several reasons, however, why other

techniques for chilling fish are receiving attention.

1. Ice cools fi sh slowl,y

Fillets packed in wooden boxes may be pack--d as a body in

lp,rger cases along w2 th a quantity of ice, and ^hipped by

refrigerated freight imrlediately, or in inc?.ividual boxes may be

'r_,1c7 in a 32°F holding room. Demand governs procec?ure. The net

result is a slowly cooled product (Note No.107 -No.45 Progress

Reports of the Atlantic Coast Stations). The last fish recorded

in Table I will be cooled to 32°F in a little more than two days

2fter being iced. During the first day and a quarter of this time

the fish will never be below 37°F. Castoll (Report of the

ktlantic r'isheries Experimental Station- 194B) has shown that

untreated lightly contamine ted fillets begin to spcil after four

uays when storsd at 37°F. On the other hnnd a storage temperature

Of 31.5°F will prolong the keeping time of the above fillet to 10

cr 11 days. Meltin;T ice is incapable of cooling this low or better

still to around 30.5°F at which temperature fish start to freeze.

2. Restriction in use

The construction of Canadian Railwny Refrigerator cars is

Such that melting ice from iced and boxed fish is no problem.

ï c^1°ver, this is 'not true for all refrigeratod truck tr-tnsport.

Thj, tendency is for truck transport in North 1lmarica to go to

Mâch?nïcally operûted compression systems, or to secondary



refrigerant principles involving few moving parts. These trucks

are considered to be fairly foolproof holding rooms on vvheels.

Essentially, they are to carry frozen products or chilled

products, not products in the process of being cooled by ice.

Air'.transport of fish, economically possible for the more

expensive seaf oods, also precludes the use of ice.

3. Production'-problems

The great diversity of proaucts from most of the fresh

and .°rozen fish plants is such that packing and shipment of a

proportion of fish in ice has not extended plant resources to the

point -Anere the task canr;ot be accomplished. Necessarily, this

will not be true in the future shculd the expected great increase

of fresh fish sales materialize. The problems of space require-

r,ients and hanc?.ling costs may then be such that alternative

refrigeration faciliti:-.s will be required.

4. Transportation costs

Fresh fish are shipped in refrigerated carload lots on

the basis cf net weight plus an estimated percentage for icing

and packing. This percentage could be greatly reduced if chilled

fillets were shipped without ice in the cases.

Chilling by Artificial Refrigeration

The preliminary to this work is noted in Appendix No. 13

of the Annual Report of the Atlantic Fisheries Experimantul Station,

1948 and in Note No. 107, No. 45 Progress Reports of the Atlantic

Stations. The use of metal fillet boxes in place of wood, the

chilling of each box separately in a blast of cold air, and

finally the packing of these boxes tightly together in a



conveniently sized outer box without the addition of ice, and

fin^.lly the ship-ment of the refriF érated fish by refrigerated

truck and rail facilities holds attractive possibili ies. I,iuch

of the ground ^r,ork for the development of required technique has

P-lready been done at this station. The development of a large

air blast freezer described in detail in Appendix No. 10 has

been carried out with this important application in mind. Valued

information regarding control conditions, production rates, truck

construction, and truck movement ha s alreacl^T been obtained through

the use of this unit and should be transferable directly to full

scale commercial production. -

Fiow does this method of cooling compare in speed with

others investii,,ated?

Assuming equivalent initial and final temperatures, the

following representative results have been obtained.

TABLE II

Chilling i,.e thod Nature of Pnck

20 pound metal
container of fill--ts
(4« thick)

20 pound metal
container of fillets
(411 thick)

Air Blast 20 pound metal
conteiner of fillets
(3 1/4" thick)

P.i.ûte Freezer 10 pound cardboard
carton of fillets
(2-21" thick)

Associated
Blast Temperatures

of Cooling
Medium

40 min. Air blast
at -42°F

65 min. Air blast
at -10°F

35 min. Air blast
at -10°F

60 min. Refrigerant
Temperature of
-30°F within
plates



TABLE II

Chilling Iriethod Nature of Pack

Locr temperature 20 pound wooden
Hol(^ing room (box box of fillets
is placed directly (3" thick)
on brine coils)

Cooling b y ice in 8-20 pound wooden
conventional packing boxes each 3" thick
cases -olûced in cooled as a block
equivalent to iced
(15/6 s alt ) rsfrigpratbr..
car.

Time in Associated
Blast Temperatures

of Cooling
FIedium

about Coil temp.
32 hours -10°F

Room temp.
+2 °F

about 32°F
55 hours

As the investigation stands to date the following points can

bs summarized with respect to pre-shipmsnt chillinE, of fish.

1. Chilling by immersion at any stage in the production line

d'or s not appear to be warranted.

2. Chilling by ice is slow, givin^, a large scope for bacterial

lo:Frered to 30.5°F very rapidly. Ke ;ping time is increased.

is reduced at the resulting low t3mperaturas which can b e

action. Chilling by the blf.st na.otnod is rapid. Bacterial action

3. Chilling by blast air in large fresh fish

should make for reduced labour costs, space raquirements and a

production where 30 to 32°F stoi°,-.ge facilities are provided

s^oother production line than is possible using any of the other

convcntîonc.l me thods .

4. Chilling by blast -air is most effici^)nt and practicable

for the production of fresh fish for air cargo and refrigerated

truck transport.
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5. Transportation costs by refrigerated railway and truck

transpcrt carload lots should be greatly decreased by pre-

transit chilling in the blast which permits subsequent shipment

made ,,iithout ice being added to packing cases.

There remains several aspects which must be investigated.

l. No producer should be encouraged to use this method

unless he has a suitable 30 to 32°F holding room to handle his

chilled fish for whatever _P^_riod may elapse between chilling

and transit.

2. A strict check should be maint=.ined to ensure that

aquivalent facilities or icing facilitias are available and

are be irg used immediataly upon unlonding of pro-transit

chilled fish from railvray refrigeration car or refrigerated

truck transport.

3. A more rugned, bettor designed.,metal container for pre-

shipment chilling than that presently used is required. Cost

of this container is also to be considered (pras^Dnt cost is

about t-;;ice that of corresponding wooden box). If it is not

possible to produce lc.,;er pric,;d contr.iners., an alternative

r,culd be to have rugged combination pricking and pre-transit

chills.ng cans, which could be used over and over again in the

fish plant. Wooden boxes could be used for transporting the

chilled fish once it was transferred from the chilling cans.

Zr.i s;rould involve additional research in both wooden and metal

box construction.

4. The use of ine tal boxes for fillets would require a study

°f packing room production flow and tacnnique.

, 'N.k. itdreCallum
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Appendix No. 15

THE DESIGN OF AN AIR BLI,ST FREEZER

Design and construction of a blast freezer to incorporate

results of rosearch,referred to in Appendices No. 16 and 17

f the 1948 Annual Report, has proceeded with satisfactory

We have completed the insulation of a room of sufficient

size to house a blast unit which in its first form occupies a

floor space of 18 x 12 feet and a height of 8 feet. tidci itional

ar^.rnionia refrigeration equipment has been instelled in our

ençine room. All evaporator and all mc:chanical installations

have been completed.

The complete system has been tested without product

lo^.d. The installed aquipment proved capable of maintaining a

blast air temperature of minus 47°F within the freezer ductwork.

k regulator is provided for the purpose of mû-int^ ining any

desired temperature hiEher than this. This gives the plant

great flexibility and should permit the carrying out of

freezing experîments at any temperature thought to be practicable.

Fan pa^rfor.mance checks closely ,raith design specifications. ^+ir

flow is very regular. It is apparent from information already

E^thered that a reduction in the floor space now aîloted the

unit is entirely possible ^lithout adding to fan motor power

requirements. Fan installation is of flexible design which

",'Ill permit much further experiment with air flow. Final
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decisions on the-mArits of various air flow schemes cannot be

^ade.until the unit is tested under refrigeration load for each

scheme.

The work on truck development has proceeded in parallel

with freezer construction and testing. Three wood ^and aluminum

trucks,which apkear to be suited to pre-shipment chilling of

fresh fish, have been constructed. The dev:.,lopment of a m,^;tal

truck for quick freezing parcelled fillets has proceeded more

slowly. Horrever, results achieved to date are encouraE;ing. A

restraining mechanism has been designed to maintain evenness of

pressure on the product during freezing. l,nother mechanism is

baing developed for cc.^ntrcl of the plates separating packages

will be built and chocked for performance under load and at

Package ad jus ting and restraining mechanisms as a part of the

laced within the truck.

The problem posing the greatest difficulty ap^,ears to

e one of reducing the present ^,^leiEht of the truck while still

riaintaining required strer_gth and retaining the desirable

operating features already developed. Items of design have

been rechecked, piece by pieco. A worth while r--duction in

tiRrei`ht ap ears possible. r_,nce a truck b^.sed on this design

ie^" torlperatures. Providing p^;rfor_rnance is satisf,,.ctory, a

still lighter truck will be designed.

In the event that the truck Weisht cannot be reduced

sufficiently in this way, the next step will be to erect fish

tunnel itself, rûther than as part of the truck.
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ïj1hen air flow measurements are completed and suitable

freezing trucks are available, the unit will be tested under

full load. Then the performance of the freezer will be made

available to the trade.

The work with respect to pre-shipment chilling has

already reached the Pd.vanced stage where at this moment

facilities are avail^?ble for putting fish through the unit

on a co^n.nercial basis. .

The brine defrost system incorporated in the design

offers considcrr,ble scope for p3rforr.lance _investigation. As

yot this defroster has not been operated. Power requirements

for fan motors may vary to a great ext-ant, this variance

depending on brine eliminat:_on features. The variance api.ears

to be of such r^x^ nitude that a complete study of defrosting

equipment ap-,^;ears to be justified. Inquiries placed with

refri€eratic•n companies show the lack of a fund of information

on defrost problems. These will cLnstïtute some of the featur--s

upon T,,ihich we will be asked to give recoi-mendations by any

one __n the trzôe interest.-d in freezing and chilling by the

air blast method.

S.A. 11acCallum
F.H. Th-akston

App^;ndix No. 16

SOAE E'r^F EC`IS OF I,ûN T^,T:.iF ^^ ..TURE ON IVTYOSIN

The investigation of the properties of proteins would

be greatly enhanced if myosin could be extracted and stored in

a po^7rder form from which solutions could be made in a short

timie. It has been shown that many proteins can be stored in
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dried form for indefinite periods of tir_ie. There are

presently available two methods of drying _r.1yosi n,both of which

lead to considerable denatur,,,,tion. The first involves spray

drying the extracted protein, the product being 60 percent

peptizable by 5 percent sodium chloride. The second method is

drying the muscle tissue in a vacuum dessicator, and extracting

the dried matorial with salt solution. This procedure has not

been shown to be of value in storinY, protein. ^. third methcd

Yrhich has not been applied to myosin is freeze drying, in which

the solution is rapidly frozen (usu^_lly at dry ice temperature)

and then placed in a hieh vacu^,mn until dry. Before this method

can be c:polied some information regarding the rapid freezing of

riyosin is required.

It has been shown that myosin solutions frozen slichtly

belovr the cutc^ctic point of the peptizing salt will be denatured,

the extent of c entaturatïcn depending on the time of exposure to

the freezing temperature. The results of these axperir_lents

(TGble I) show that myosin solutions frozen far below the

eutectic te.riparature are also partly denatured.

T1,BLÿ I

Salt Concentrations % Undenc.tured 11yosin
while frozen (as percent of unfrozen)

0

1

2

76.5

74.2

69.0

73.1

75.5

77.6

3

4

5



They also show that the concentration of salt is relatively

unimportant.

It was further shown (Table II) that myosin solutions

frozen above the eutectic point were not appreciably denatured

by subsequent exposure to dry ice temperature (-80°C). The

effect of rate of thawing was found to be of negligible

zmportance.

TABLE II

Freezing Temperature of Time Thawing Undenatured
Temperature Subsequent Thawing Temperature r'yosin (as

Exposure percent of
unfrozen)

-15°C 24 hours 3°C 89

-15°C -80°C 24 hours 3°C 88

-15°C 10 min. 20°C) till 91
)melted

-15°C -30°C 10 min. 20°C) 94

These figures were obtained by using isolated myosin

systems and it should be noted that r--:sults obtained by similar

treatment of myosin in situ will not be comparable. It seems

likely that undenatured dried myosin can be prepared by freeze

drying providing the system is frozen above the eutectic point.

The determination of myosin is carried out by

precipitatin,, myosin (usivn:lly by dilution to less than 2iô salt)

and dissolving the result^.nt gel in 1 N sodium hydroxide. It

was found that normal sodium hydroxide would dissolve denatured

as well as undenatured myosin. If 5 percent sodium chloride

solution was used as extractant only the native protein would be



A57

soluble since insolubility in 5 percent salt solution is our

criteron of denaturation. in several experiments previously

perforr_1ed it was found that there were considerable differences

petzrJeen. the values obtained when salt solutions were used and

"^hen normal sodium hydroxide was used. The sodium hydroxide

v=at_^s ^:s^e inv^riably hiLher. This load to the belief that

the salt had not completely peptized the protein. This wac

sho•:.^n to be the case by making four iôenticûl myosin gel

prelp-rF^tlons dissolving one in normal sodium hydroxide and the

r-..naînder in 5 percent sodium chloride solution. HLyosin in

aliquot portions of each were determined at intervals. The

res>>lts show that native myosin mu-st be allowed to stand for

some time in a finely subf,^ivided state in 5 percent salt

solutions or low values will result in the dotOrmin^tion.

TABLE III

Tire _^n p:;ptizing Peptizing Iiyosin N
Solution Solution (as mg/g fish)

10 ::; nutes N NaOH 15.4

10 rrinutes 5/'' NP- C1 10.4

3 hours 5% idaCl 13.8

24 hours 5^^ NaCl 15.1

J.D. Duerr
Ii.R. Douglas
W.J.;Dyer
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Appendix No. 17

CHANGES IN THE PALATLBILITY OF. FROZEN HALIBUT

In March of this year, taste panel expcrir.ments to

show the effect of temperature and length of storage were

begun on frozen halibut. Fresh gutted fish of approximately

thirty pounds were obtained. These wer<-: sliced to pack in

one pound cons. The cans were frozen in a brine spray at

-2 7°F for two hours and left in c room at -20°F overnight.

The following day they were stored in constant temperature

cabinets at +10°F, 0°F and -10°F.

The printed form used by the tasters for marking the

Olibut ratinqs was adapted from that us ad for similar tests

on frozen cod fillets. At each taste panal the stored fish

was compared with fish freshly frozen in brine at -270F.

Unfortunately the quality of the control varied cons ic erably

and it was not always agood standard of comparison.

Halibut has a much higher fat content than cod and

from simîler experiments on frozen cod it was expected that

sarly rancidity, especially at the hiLher temperature +10°F,

would cause a rapid decrease in polatability as ascertained by

the tas te panel. Up to 26 weeks this efr ect has only begun to

bo observ::d for the stored fish has comp ored vary well with the

control. The halibut has been continunlly graded "fair" by the

tasters anc' if the control were considersd perfect would in

proporticn rate much hiCher. This can be noted from the following

tabla of taste panel results.
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Taste Panel Ratings of frozen halibut as i of perfect grade

Weeks of Storage Control 24-28 hours -10°F 0°F +10°F
27 °F

1 75 77 69 74

3 66 68 73 72

5 64 67 66 49

7 65 65 70 67

8 81 65 71 53

11 77 56 52 51

14 41 68 73 53

16 78 68 73 53

21 69 64 67 62

26 72 64 62 56

The fish is judgad on Gp pearancc, texture, odour and

taste and on the basis of these a grade is given. The above

table represents the anorage grades on the fish sarlples. The

change in grade at present corresponds very closely to the

loss of "sea fresh" taste but it is expected that after a very

few weeks it will be more influenced by the ob jcctionable

texture developcd in frozen fish on long storage.

Althoup thc,̂ re is some protein denaturation as shown

by tho decrease of myosin and total protein solubilits.ns

rocorded in the fcllowing table, it has not affccted the texture

of the frozen halibut su'ficiantly to cause any considerable

reduction in pàlat^bility rating.

®

Ii

9

®

®
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Percent of total protein N

,;eeks of -10°F OF +10°F
Storage SolNProt. T.-lyosin Sol.Prot. 12yosin Sol.Prot. Myosin

N N

0 90 64 90 64

1 68 44 76 54

2 72 52 76 49

90 64

74 53

73 52

5 83 54 77 47 57 36

11 70 40 80 48 71 44'

21 73 54 70 61 62 40

26 51 26 78 36- 60 24

Determinations of free fatty acid and peroxide values

j"ll-re also made, the fat being extracted with chloroform. As

shown in the table there is a steady increase in free fatty

acids, much more so at the higher storage temperatures.

Storage Time Free fatty acids % Peroxide value
;°deeks -10 0 +10°F me eg/100 g fat

-10 0 +10°F

Fresh 2.8 0.4

1 we ek 2..0 0.7

11 ^7--eks 3.9 10.3 13.5 0.4 0.6 0.75

18 ae eks 13.4 0.8

23 woeks 4.4 11.0 17.3 0.6 1.3 1.8

29 weeks 7.5 12.8 19.1 0.4 1.5 1.4

The peroxide valu-.s have not changed at -10°F but show

a cOnsiderable increase at the storage temperature of 0° and

+lp°F*

Sum.marizing, after 6 weeks there has been a small
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decrease in palatability of frozen 1,tl.qntic halibut, mu ch

less than with cod and haddock storad under the same conditions.

Md. J . Dyer
P.I.E. J. I't-iacI.2 i l lan
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Appendix No. 18

_BLCTLRIOLOCY OF SALT FISH
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In spi;;a of the fact that for over seventy years

scientific papars have been published on the red halophilic

bacteria that discolor salted fish, we -,p;:):;ar to be little

nearer to the control of this defect than they were seventy

•Tcars afro.

In conjunction with our other work on salt fish we are

trying to find some further details about these red organisms.

Temperature Relationships

L. Coinm:^rcial r;d. contari=nated solar salt was heated in the

hot air oven to dotercr,ine the times and temperatures requ-Ired

uo render it st,)rile by hot -?-Jr. As sho:,rn by FiEure 1, these

orE,aniszns are v^,,ry r(;sistant to dry heat, surviving 7 but not

9-r.qinutes at 102°C, and 13 but not 23 minutes at 92°C, and 40

but not 45 minlutes at 82°C. 13elow this t^^.Iperature they may be

hieat-,d ho-,ars without any off,:jct. At 52°C they were quite

active after 26 hou--s cont-inuous drying.

On dried contar:inated cod fish they were even inore

re:;istant to dry heat. On 50 ^mgram portions of dried fish they

,"urvived 15, 20, 30, 40 but not 50 minutes at 92°C.

In contr^st to this, when cont,,.rlin«tecï salt was placed

in boiling ,ti,,ter the r:-,d organisms wsre unable to survive for

"'en one .7inute.

LTp to the present time we have eonsir'ored 37°C as the best

Incubation temperatur<,̂ for culturing these organisms, and when

to2'ting solar salt, etc., for the pros:;nce of red bacteria the

rl^,tes have boon incubated at least ,4 or 5 weeks before terminating

U
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the test. Using pure cultures, cont2_min^ted brine, salt and

fish as the sourcA of the org-ûn__sms it has been found that

they are much more tharmophilic than we had formerly believed.

rLven from small numbers of cells they ^row more r-.pidly and

turn red much faster at 44° to 48°C than at 37°C, and extre-raely

slow at 25°C. By combining these hiSher incubation temper otures

,tit;L an ir^.proved and other chances in our forner

tl-chnique we are abla to complate the analysis of s lt, otc,

icr red bacteria in from 2 to 6 days in place of the former 4

or 5 we eks .

Tz'4BLE I

iIPa effect of temperature and the size of the initial number

of c^lls in the inoculation on the devclop_aent uj^_rad coloration

on the surface of halophilic culture m_-d1.u-1 in potri dishes

usin,i, pure cultur,_- _

npprol.inate Nt^.*-iber of L^ys to Dev ;lop Red Coloration on
;;11-1_s in inoculum surfaco of imac?ïum _.--

I.t 45°C At 37°C At 25°C At 7.2°C

101C 1 2 6 8

10 9 2 3 8 `50

s
10 3 4 9 50

10 3 5 12 50

10 4 5 13 50

10J 4 5 14 50

104 4 5 14 50

103 5 6 14 50

102 5 6 18 50

10 5
1 6 18 50
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C. It has been frequently observed that potentially "red"

or.7,anisms do not always dev-^lop the familiar red pigments.

The growth at 25°C is much slower than at 37° or 45°C, and

often colorless except after very lengthy periods of incubation.

If the organisms are exposad to air, subjected to moderate

drying or gr ovin at higher temperatures (37° to 48°C) they

ior:n the pigment very rr.pïdlzr. These and other similar

observations are 1eEidinU us to believe that the develop:nent of

color and the presence of these croar_isms on fish are not

synonimous; and that a fish may develop a heavy crop of these

or,anisms, which may beconie pigmented with increased temperature,

1^InLthy holding, drying or some other subsequent chance in

their environ.ment. This is being follcwad up and may lead to

a modification in our mathods of attacking the problam.

D. iVe ar;, also bein^ continuously confronted with the fact

that as vieil as temporature, the initial size of the inoculation

(i.e. the num,bc,r of bacteria per Uram weight of fish) plays a

vflry iiipor t^7nt part in the growth of the organisms and the

c,vel_-pment of the red pigm:;nt. The following tests illustrate

this point. A large nurlb:er of sterile plates containinc, the

culture medium best adaptad for growing halophiles, were

inoculated with decreasing dilutions of a heavy suspension of a

pure culture of "red" organisms, and sets t^aore incubated at

45°, 37°, 25° and 7.2°C. L similar test was run using a lightly

oontamin^ ted commercial salt as the source of the bacteria. The

ras'alts are ;;ivon in -7ables I^nd I1. When the ineculn.tuin

consïsted of the pure culture and the plates were incubated at

25°, 37° or 45°C even a very small initial nu.mber of cells sooner
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cr later developed in typical red surface gro;Rrth. But when

0
the temperature of incubation was 7.2.9 except where the inoculum

ccnt=:ined tan billion cells or more there was no evic?ence of

`ro.rth or red coloration up to 50 days. With the liFhtly

contaminated salt as the source of bacteria the results were

so:^e^w^^^t sirlilnr. As a group these organisms grew more slowly.

And up to 50 days there was no red coloration and no indication

of Erovrth at 7.2°C.

TABLE II .. -

Similar to Table I, except that a com:az-rcial salt,

lightly contaminated with red b^c teriû, was used as

the sourca of the cr"ûnisms.

Approximate Number Days to c.evelop red coloration
of Cells in inoculum on medium

At 45°C At 3 7°C At 25°C At 7.2°C

103 5 7 24 50

102 7 11 30 50

10 17 30 35 50

This culture medium is a bettar substrate for these

LrgGnisms than salted fish, and ther^^fore the periods for the

development of red colour vrculd be very much gr .? ter under

nc.tural conditions in the plpnt. From, this it can be seen that

cnly fish that are frrossly ccnt^.minc.ted at the beginning of

storage are likely to turn red if the temperature is at or near

1.2°C (45°F) .
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E. To what extent is a plant handling solar salt contaminated

with red organisms? ?^:ost of our so-called knoti^rledge concerning

this question is bt-,,sed on suppositions rather than facts. One

plant very kindly offered us complete facilities to get the

answers. Several hundred plates of sterile medium were placed

throughcut the plant to determine the presence and distribution

oî th,sb organisms in the ati;losphere. The vralls, flo^rs, be;ams,

pillrars, ra:nps, conve^r6rs, shovels, carts, etc, were examined

by means of contact plates. The results are rather st^stling.

92% of the plates exposed to the air in the salt storaCge sheds

and b2;-: Jing roocns show.:-,d devolop,-d red orge.nis:ns. In the

'ryars and in the rooms used to store ari^d salt fish the

corresponding figure was jus t under 40%. As thc;se latter rooms

were du-ty and the floors in many places had a cover of dried

,pulverized r'3.sh dust, these r--sults wer-- most unexpected.

&lmest 100^, of the contact plates in the sheds, containers,

convoyors .9 etc, shocaed heav^- contamination. Even surfaces

which Y:.&,d been recontl j treated with a formaldehyde spray

prcduced a crop of red halophiles.

This t fp;, of ^-';ork has not been carricd eut extensively

in the past b.3ca.use of the diff iculties and the length `)f time

r^,quired in culturing the organisms. Td.:)tiv that they can be

Cro,rn almost as quickly as ccm-,on non-halcphilic bacteria we

in-tenc, to enl2.rge cur picture of their distribution in all phases

Of salt fish processing f^nd storage.

®
®

M

0
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Figure .1

Time required to destroy red halophiles in contaminated commercial

solar salt by heat.

F. Subjecting contaminated salt to a series of freezing

thawings had relatively little effect on either the activity or

the survival of the red halophiles. There is not much to support

the practice of freezing "red" contaminated fish, except that

the accompanying washing, brushing and handling will temporarily

reduce the numbers of,organisms on the surface and lighten the

colour of the fish. When conditions are later suitable for growth

these fish will again develop a' red color.

C.H. Castell
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Ap endix No. 19

:v0S11.1: D ,PIA'''"RkTIODT IN SALT TISri

The inter-relation between salt uptake and myosin

donaturation reported last year ( pa€e A57) has been confirr.l°d.

;od fillets s:aere placed in brines of various stren€ths at

01C. Percent soluble riyosin and salt i^vere determined on

saml,les taken periodically. In all five cases (brines of 5,

10, 15, 20 and 25 percent sodium chloride concentration)

der_aturation beE;an when the salt content of the fillet had

reached apt)roxir,latel1T 8 percent as shown in the fiEure. The

extent of denaturation depended on the final salt concentration.

TABLE I

3rininE Sol-ution Time Soluble 1:yosin N Salt
percent NaCl aours (as percent of Concentration

Initial) percent

25 65 55.6 15.9

20 65 77.0 10.7

15 65 82.4 9.0

'lhe fillets brined in 5 and 10 percent salt solutions

ûid. not reac'i the critical value of 8-10 percent salt so that

very little denaturation occurred.

Atter-,:pts were made to duplicate these results using

ï olat^^^d syet-, rr^s. In this case the protein solution was maC.e

up to various salt concentrations by the addition of salt.

i,-ycsin was dPter^lined. by di-lûtiLn^pi,p clpitatimand extracting the

procip.J.tatod myosin with 5 percent sodium chloride in the cold.

TJr:fortunately it was not fcund until recently that the paptization

of myos=n by salt is an equilibrium so that the absolute

,

t
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nur,ierical values of many determinations may be in error.

Ho•.vever, certain differences between the isolated system

and myosin in fillets appear. There is no sharp break in the

denaturation -curve with increasing salt concentration. Rather

there is agrad.ua.l decrease in soluble myosin which increa:^es

,viith increasing salt concentration,

TABLE II

Soluble !jyosin after 4 hours exposure to salt concentration.

Percent NaCl

4.6 70.5

5.3 68.0

6.3 64.5

7.2 60.2

8.0 59.5

9.9 57.1

10.7 54.5

11.8 47.5

12.7 47.5

It was found also that exposure to 5 percent salt causes

denaturation of part of the myosin although this was not

extensive and was possible due to incomplete peptization.

The ef`'ect of temperature was determined by carrying

out these experiments at various controlled temperatures. Results

cbtained arc in agreement with those already reported by Dyer

(1G47 and 1948) in fillets. That is both the rate and extent



of dsnaturation are increased by increased temperature at any

constant salt concentration. The gr3atest temperature effect

appears to be between 50 and 10°C.

rercent Salt

5

10

TABLE III

Soluble Myosin N after 4 hours
(as percent initial soluble

. protein N

0°C 5°C 10°C 15°C

770.5 65 22 26

52.8 65 26 24

J.D. Duerr

Appendix No. 20

210ISTUpE COhzT_RIT EXAMINE.T i ON OF SALT COD

Tests were carried out at this station in co-operation

with the Inspectors of the Department of Fi srieries in an attempt

to determine the accuracy with -!Jhich these inspectors could

determine the water content of salt fish, and to find out the

relative reduction in weiE.ht loss of shipments of fish due to

:^ccuracy of these estimates.

In our tests fish were taken in lots of approximately

W'enty, ;racied individually by each of three inspectors and dried

o constant we3Eht.

The results are sum.marized briefly as follotiys :-

I



(1) Between the ranges of 35-42ô, the accuracy being on an

overall average of 1.65% for the three inspectors on all tests,

the estimates are considered favourable.

(2) Over 42%, their estimates being from 4.38%-6.50% in error,

and with an individual test error range from 1.8-12.5ô per fish,

leads us to believe they are unable to 3ive satisfactory estimates

in this range.

(3) Under 3511; moisture we again find an error of 2.6-3.5%,,

and with assorted ranges of moisture content being judged at

one test the error rises to 5.56%, thus fish under'35/^ moisture

are not being satisfactorily estimated.

This would indicate that care in sorting the fish as to

size before drying would eliminate drying the smaller fish to a

much lower moisture content than the larger ones; the fish

apparently being passed as of a much higher moisture content

than they possess.

Further tests to indicate the relative moisture contents

of each fish in a shipment might be carried out to advantage.

E.A. Lawson
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Appendix No. 21

BACTERIOLOGY OF St?OKED FISH

During our smoking experiments of the previous year

(Appendix No. 30, 1948) it was found that fish smoked in the

station's experimental snoker and stored at 0° and 3°C had a

keeping quality that was very much superior to corresponding

fresh fillets kept under the same conditions. This was shown

by or^,^:noleptic examinations, trimethylamine values, pH changes

that the pH of the substrate has a mark-,d effect on the Pctivity

and bacterial counts. The smoked fish were in a good condition

after 5 or 6 weeks at 0°C, while the unsmoked fillets were

spoiled in 9 to 12 days.

These results do not coincide with the experience of

the trpc?e (where the older type of "loft" smoker is us ed) .

They look upon smoking chiefly as a means of adding flnvour

and colour to fish, rather than a method of preservation. It

:n^.17* bo,, and often is, that only the worst of the fresh fillets

oked, and that this is the explanation of the relativelyare s;1rL

poor keepin_; quality of conmercially smoked fillets. However,

there is also the question ( f the quantity and effectiveness of

the smoke itself. Until the chemists can provide us with a

r,:ethod of :neasurin; the changes that take place on the surface

of the fish during smoking, our spoilage curves and b^_cteriolo^-ical

data is of a very limited value. Furthermore, it has been shown

of enzymes reducing trimet?hyla.mine oxide. In the past we have

tried to follow the !spoilage of smoked fish by means of the
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trimethylamine values. We believe it quite possible to

dsvelop a considerable surface slime on smoked fish and

occasionally to have the commencement of putrid odours without

necess:rily having a sharp rise in the trimethylamine values.

more work is requ-Ired to determine the value of trimethylamine

as a measure of spoilage in smoked fish or a new criterion of

spoilage must be developed before work €:long these lines can

be accurately followed.

For these reasons, any extensive work on the bacteriology

of smoked fish has been temporarily shelv,^d. In spite of this

decision curiosity has prompted us to carry- out a few additional

exÿ eriments anf, the results seem to be worth recording briefly.

A. Cod fillets were removed from fresh round cod as

asceptica lly as possible., brined and then inoculated by brief

ir_v.^,ersions in suspensions of various pure cultures of bacteria.

These w--r-- then smoked in the station's tunnel smoker for three

hours. By means of plate counts made before. and after smoking

a rough estimante was formed of the percentage of bacteria that

su.rvived.,

Orrcanism % Survival

Green Psoudomonas A 1.4

Green PseudomonGs B 6.0

Groen Pseud.omon^s C 1.7

Ser. marcescens A 0.5

Ser. marcvscans B 0.2

Flavobacter sp. A 24.0

Flavcbn.c ter sr. B 76.0
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Organism % Sur vi val

Mic. aureus 23.0

Mic. pyogenes 16.0

Mic.'roseus 9.0

Irlic. cinnebareus 14.0

1!Zic. citreus 4.0

Mic, aurantiacus 1.0

IIic. varians 31.0

Mic. candicans 80.0+

From this it would seem that smoking is less destructive

to the gram positive micrococci and Flavobacter than to those

gram negative rods that were tested.

C.H. Castell

Appendix No.22

NON TUNNEL SMOKEHOUSE

The "New type" tunnel smokehouse (Annual Reports 1947P

1948) was installed commercially in 1948 and was exhaustively

tested during that year and part of 1949. It was found that

the smoking period was far longer than had been anticipated.

After much investigation, in which air flow and smoke

density closely approximated that obtained in the Linton-Wood

tunnel, it was found that the fish required a smoking period of

from 4 to 6 hours before the desired color was obtained. Despite

changes in velocity, smoke density, brining, draining and in

handling methods the smoking rate was never improved significantly.
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This smokehouse was finally replaced by two of the

Linton-y`iood units. It is interesting to,note that with these

;tar_,-^ard tunnels the smoking period was somewhat longer than

that of the --a-me type of tunnel in various other localities,

,-:.,Lcn rrould seen to suggest that. the fish, climatic conditions

th ;se and a combination of some unknown factors may be the

,-,,use of the langthening of smoking time.

Hovrev?r, until the complete chemical and physical process

o+_' sncï:ing is determined, little can be done, from an engineering

.oin^ of z^iew, to shorten, improve or modify the present smoking

rr,)^-Iss in the fishing industry.

P.Z.A. Fôl:^ÿ
A. L. Wood
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Appendix No.23

THE PRODUCTION OF COD LIVER OIL

Final steps have been taken in order to industrialize

to be used in the process. It will be recalled that the process

consists in treating comminuted livers, without addition-of

encountered in selecting the proper type of centrifuge that is

the new•rendering process developed at the station for fish

livers (see Annual Report 1948). Considerable delay was

water and at low temperatures('^.70°C) with-a small amount of

alkali in order to bring the pH near S. Centrifuging of the

resulting product affects the separation of the oil from the

protein residue. A basket type centrifuge would affect this

separation but more advantaj;e would result from a continuous

operation. Finally a suitable type of continuous centrifuge

was found and it is planned to have the installation in working

condition by the middle of the winter.

The advantages of the new process over other methods

have been thoroughly weighed. One of the greatest is the total

recovery of the protein part of the livers substantially

undenatured.

The study of this protein residue has formed the subject

of an investigation undertaken a year ago. A more complete

account will be found further in this report (see liver residue)

but it is of interest to underline under this heading the

importance of liver protein residue recovery for the vitamin

oil industry.

^,^.^
• -
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Recovery of these valuable residues will bring in

revenue to the cod liver oil industry in the Maritime Provinces

and Newfoundland at a moment when general adverse circumstances

have rendered the position of the cod liver oil producers rather

difficult. Full details of the process itself will appear in

the next Progress Report.

F.A. Vandenheuvel

Appendix No. 24

MARINE OILS IN GENERAL

Hydrogenation - Work has progressed on the basic study

of hydrogenation. The programme of this study was outlined in

the 1948 Annual Report. Part of the results so far obtained

have been communicated at the Chemical Institute of Canada

meeting in Halifax this spring when it formed the subject of

two conferences.

A new method of investigation of the hydrogenation

mechanism was described along with the results obtained with

simple organic compounds. It was shown that the method was very

accurate and was yielding promising results. Since then the

study has been extended to single unsaturated fatty esters,

again successfully and it is felt that very useful information

will be obtained as the study develops itself, as regards

practical hydrogenation of oil in general, and particularly fish

oils.

®



As outlined in the former Annual Report, the aim of

this work is to secure optimum conditions of hydrogenation in

order to obtain maximum selectivity in the hardening of marine

oils. It is planned, however, to undertake hydrogenation work

on a larger scale and on practical oils in order to apply the

information obtained in the course of this basic work.

F.A. Vandenheuvel
J.D. Nickerson
W. Singh

Appendix No. 24 A

ANALYSIS

This summer a complete review of the methods of

analysis related to marine oils was undertaken.

One of the interests in the study was to show the

relative merits and limitations of the methods. It showed

also that, in specific cases, the general standard methods of

analysis for oils and fats can be modified with advantage when

they apply to marine oils.

At the same time I'.Zessrs. Hayes and Cann were as a result

of this investigation well equipped to undertake their thesis

work with analytical tools of ascertained value.

The raw materials used were several different grades of

marine oils of various origin (seal, cod liver, halibut liver,

whale, herring) at various degrees of freshness. We also used

for comparative purposes oils and fats of vegetable or animal

origin (olive oil, corn oil, linseed oil, lard, shortening,

margarine, butter) and pure compounds(such as pure fatty acids,

esters)
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The methods of analysis studied were for the most part

those of the American Oil Chemists' Association which were then

We also determined the physical constants, such as

compared with recently published mathods.

Acid numb--r, Saponification number, Iodine number,

Peroxide number, Lcetyl number, Unsaponifiable matter, titer, and

diene value were the principal analyses studied,

density, viscosity, refractive index and colour.'

Appendix No. 25

SYNTHESIS OF FATTY ACIDS

In the E.nnual Report of 1948 the nacessity of securing

pure specimens of fatty acids for comparison purposes in future

work was underlined. This led to the application of the 6rndt-

Eistert.reaction, and it was found that it constituted a valuable

nothod of synthesis for the purpose. The first findings were

communicated to the Canadian Journal of Research under the title

"The application of the l.rndt-Eistert reaction to the synthesis

of fatty acids of high molecular weight".

Further results have been submitted to the C^nadian

Journal of Research. These papers have not as yet been i ssued.

Furthermore, the same Qethod has now been extended to

unsaturated acids of high molecular weight with equal success

F.ï,.. Vandenheuvel
P, Yates



l,ppandix No.26

POLY114 ^RISI.TION OF OILS

The study of the polymerisation of marina oils has just

started. Herring oil will constituto the material for this

research which will be later extended to ssal and wh:1Q oils.

Primarily interested in one phase of this work is the

canning industry. The Norwegians have been using mildly

polymerised herring oil (sild olje) for some time with success

and a good deal of work has been achieved by the Norwegian

Fisheries Research concerning the prop^-rtias of this oil. The

literature concerning this work shows, however, that further

study is desirable in the field, especially in the processing

methods which are not described.

Another phase of this research "Solvent se.gregbLt.iorx2of

polymerised marina oils" will interest the paint industry.

F.t.. Vandenhauvel
L. Hayes

Appendix No.27

FISH LIVER RESIDUE

The programme outlined in the 1948 l.nnual Report has been

fulfilled by the analysis of the protein r3sidue of fish livers

submitted to the new recovering process and the study of the

various possibilities of this matcrial for industrial purposes.

Its it is separated from the oil the protein residue is

a paste, 66p of which i s water. Tho rest is mainly protein.



But it is as rich as beef liver in vitamins of the B

complex including B12 the anti-pernicious anaemia factor.

For example, one of the principal vitamins, riboflavin

(B2) is present at an average of 15 micrograms per gram of

material which is the average potency for beef liver.

Its for B12, the average is around 450 micrograms per

pound.

When the livers are originally fresh the resulting

paste can be canned yielding a palatable as well as highly

vitaminized product analogous to mammal liver paste. Hydrolysed,

it yields a product very similar to beef extract.

The paste can also be extracted (water) and the resulting

solution evaporated (spray dried) to a potent liver extract rich

in all the vitamins of the B complex including B12.

In any case the paste can be dried (drum dried) yielding

a meal perfectly suitable for feed supplement.

It is probably under this last form that most of the

residue will be used although it is no doubt the least profitable

form. Nevertheless, it would, as such, bring a 25% increase

in revenue from cod livers. There is no doubt on the other

hand as to the salability of such a product which would be

entirely welcome by the milling industry for the purpose of

feed manufacture, as a recent enquiry has shown. The high

vitamin content of the meal and particularly that of B12, probably

closely related to the "Animal protein factor" makes it of

unusual value. _



Meanwhile, the study of the protein residue has still

several interesting points to cover and these will be the object

of next yearts research. They are principally:

(a) Quantitative determination of the essential amino

acicls .

(b) Methods of processing the crude fish liver extracts

in orcler to obtain clinical ccncontrate at B12,

) Feed test using the meal as material.

F.Iz. Vanéonheuvel
L. Guttmann
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Appendix No. 28

TECHNICAL SERVICES TO THE I?^?LIISTRY

During this last -Year, it was earnestly anticipnted that

more time and assistance would have been az;zilable for the

extension of this station's contacts with the fishing industry.

Ho,revar, once again it has been baraly possible to keep pace

with the -requtists received for essential, industrial assistance.

Such activity does not land itself readily to publication.

Miany probl:;:;is, which are undoubtedly serious handicaps to

efficient op_,rati an are solv^;d by such ridiculously siriple

procedures t1ho.t repcrting them would seem to be supercilious.

Ther;.;fore, a certain portion of the work done by this station's

engine3rs hr:s, of necessity, been done cursorily -seldom is it

rccorded and often not even remembered.

Rather than submit a long report filled with masses of

apparently trivial and unr-:lated detuils, it is dsened preferable

to select -:^.ome fetit: contributions made to the industry to serve

as exal:zples. As for the value of the general routine work, we

prefer to refer the recr.der to the industry for its evaluation.

Salt Fish

A.F.E.S. Salt Fish Dry-jrs have continued to multiply in

spite of our copes znc predictions. During 1949, 23 new units

were inst::lled, rr.ising the number of units in the Iiaritines and

Quebec from 64 to 87, an increase of about 35/1.

Eight now salt fish plants have been built from layouts

risde by this station and put into oporation under supervision

of our enrin^,,--rs.
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Two hybrids have resulted from this abnormal growth,

One is an A.F.E.S. Tunnel Type smokehouse with a standard salt

fish dryer located on the floor ab ove, both units using the

same hot air supply equipment. Convaarsion from smokehouse to

dryer operation is accomplished by throwing a switch and

shifting a damper.

The second combination is a dryer designed for both

salt fish and Irish moss. Some time ago, basic data on the.

drying of Irish moss were determined by this station's scientists,

but the initial cost of a dryer for moss alone seemed too high

to tempt the industry to experiment. Finally, one company,

which wished to process both products, utilizing our design for

a salt fish dryer as a basis, risked its ability to dry the

moss, with such assurance as we could offer. The result has

been satisf,-ctory. This is not a standard A.F.E.S. salt fish

dryer, but is a completely new design. It may also be suitable

for the production of lightly salted fish.

Another new salt fish dryer has entered the field. A

commercial consulting en„ineering company has designed this

dryer, in collaboration with this station's engineers, for one

of the larger compÇnies. Drying salt fish during the warm

summer months is most difficult in any dryer not equipped to

dehumidify the inlet air. Unfortunately, the known mechanical

or chemical methods of accomplishing this are too expensive to

justify their use economically. For some time, it has been felt

that increasing the drying potential during summer months may

extend the range of dryer operation. If successful, this dryer

may produce dried fish during all but those days where dewpoints
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exceed 65°F. In any case, the design should prove satisfactory

for lightly salted fish. Its cost is expected to exceed that of

the standard A.F.E.S. unit, but should be less than a unit

equipped for dehumidification.

Considerable interest is being shown by the smaller

producers in the construction of cooled storage rooms for salt

fish. At least six shore fish processers have requested drawings

and specifications. If these initial installations prove to be

economically sound, more inquiries may be expected. Such holding

rooms are in general use by the large producers where schooners

fish is kench--d. The shore fisherman normally pickles his fish,

largely-because he may wish to make "boneless" and he has no cool

storage available.

Fish Meal

Two new fish meal plants have appeared. One was designed

by a local engineering company and installed with this station's

engineers acting in a consultant capacity.

The second plant is of somewhat unusual design, and the

engineering staff of this station was consulted only after the

plant was actually in operation. Unfortunately, major changes,

which appeared to be desirable were restricted by the primary

design, but it was finally found possible to greatly increase the

daily production with a relatively small additional investment.

The production Gf fish meal is very alluring to the

engineer, especially the possibilities it could offer to the

small fish producer. Thousands of dollars are spent annually to

dispose of fish offall, when it is not inconceivable that it

could be turned into a source of revenue. At least, the ccst of

dumping it may be saved.



Smoked Fish

Only four new A.F.E.S. Smokehouses have been installed

this year. Two of these replaced the larger experimental unit

in North Sydney. This larger unit, which was reported last

year, did not match the standard model in quality of the product

processed and has been abandoned. The other two units were

installed by a local company in a new venture, based on the

performance of their own duplex installation at Halifax.

Considerable more basic data on smoking fish must b e

obtained before any new design is presented to.the industry.

Standard A.F.E.S. smokehouses continue in successful operation,

on cod fillets, finnan haddie and kippers.

Frozen Bait

The scarcity of frozen bait during 1948 has awakened

a great interest in bait freezers and storages. Requests for

layouts and estimates have ranged from large community projects

to supply Prince Edward Island and Grand Manan, to smaller

individual enterprises for a limited number of fishermen.

Although it is difficult to demonstrate the economic

possibilities in such undertakings, several layouts have been

prepared, many requests have been investigated and some general

surveys made to determine frozen bait requirements and installation

costs. Only two plants (Prince Edward Island and Cheticamp)

have actually been built.

The freezing of bait is a relatively high investment for

a single fisherman or small com.munity. Transportation and holding
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frozen bait, when obtained from a central freezer has been a

problem. This station has des-igned a possible solution in an

insulated box, which may be carrie. d by truck to the central

freezer, loaded there, and returned to the fishing site. It

may be k3pt cold by an ice-salt mixture or, where electricity

is available, by a small compressor, thus holding the frozen

bait until used. Drawings are available but it is unlikely

that this unit will be adopted by the fishermen until one is

actually built and demonstrated in practical use.

Newfoundland

At the entry of Newfoundland into the Dominion of'

Canada, this station's engineer, in company with Dr. H. Fougere

of the Gaspe Experimental Station, visited Canada's tenth

privince. The purpose of this trip was to familiarize ourselves

with the fishing indus try there.

Five large salt fish plants were visited including both

indoor and outdoor drying procedures. Representative small

shore fisherrnen were interviewed. Practically all vari--ties of

Newfoundland salt fish were examined, special attention being

paid to the lighter cures.

Five of the largest frozen fish plants were included in

this tour. These plants are highly mechanized, compared with

the Maritime fresh fish plant with which we are familiar.

l,pparently no expense has been spared on equipment in this branch

of the industry, and procuction efficiency should be high.

Typical bait freezers and storages, cod liver oil, seal

oil, fish solubles, white and oily fish meal plants were examined.
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Technically and in ganaral the Newfoundland Fishery

impressed this writer as including both the oldest and most

modern production methods. This is particularly evident in the

salt fish industry.

The proCucers, who are actually the people, are most

courteous, friendly and industrious. The shore fishermen and

small salt fish producers have learned their -nethod.s by

exp--rience and have learned well. These men know their business

thoroughly.

The frozen fish industry furnishes the examples of the

most modern in processing. Practically every known variety of

equipment may be seen in one plant or the other. Howevar, this

writer was conscious of a certain wanting of sound, fundamental

engineering practice. '"Nithout citing concrete examplas the

picture would app:;ar similar to that of a large, modernly

equipped hospital, operating without the presence of either a

qualified physician or surgeon. Every one is exercised in

procucing a first class product. Packages are attractive and

the time between the landing and freezinC of the fish is

remarkably short. The freezers in use are all far superior

to any but the best in the other Maritime provinces. The

resulting product must be ex-cellent, although it is suspected

that production costs may be relatively high.

Miscellaneous

With over 80 dryers in operation, some of which are

four years old, breakdown of equipment is to be expected. We

are continually called upon to service these plants, as well

®
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as various other production equipment. Inquiries for information

on various processes, new machinery, materials of construction,

etc., are encountered continually and it is difficult to keep

well enough informed in this field to submit intelligent replies.

Practical consultant engineering companies are becoming

more interested in assisting the industry and some few of the

larger producers are availing themselves of such assistance,

particularly in regard to new installations. Of course, the

multitide of small producers cannot afford the present cost of

these services and in almost every case where the practicing

engineer is engaged he consults this station, usually at the

producers' request. This means that this station almost

invariably finds itself actively engaged in most industrial

operation and design, although are often spared the preparation

of final drawings and specifications for some of the larger

enterprises.

Evary request has received serious attention, even to

the design of an original brand label for one company's packages.

A.L. Wood
'N. C. Angevine

Appendis No. 29

HERRING REDUCTION PLANTS

The possibility of establishing one or more herring

reduction plants for the utilization of the surplus fish on the

North Shore of New Brunswick was investigated.

It was determined that the erection of two profitable

plants might be possible, one in Gloucester County and the other
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somewhere between Westmoreland and Kent Counties due to the

large quantities of waste herring in these lccalitlegiapprôximatôly

3500 tons of fish and offal in each. As the herring season lasts

only from 25 to 30 days it means that each plant must have a

daily output of about 20 tons of finished meal. The initial

outlay and operating expenses are high for such a plant as it

would remain idle for 11 months of the year unless sufficient

white fish offal can be obtained to extend the period of operation.

In addition to the value of the oil and meal produced a further

income might be derived from the drying of the stickwater.

One small plant of doubtful vintage and efficiency is

now operating in the area but is of little value in view of the

large quantity of waste. It might be possible, with certain

modifications, to use this as a pilot plant to determine the

economic possibility of a larger layout, the management being

very co-operative and interested in the problem.

A.L. Wood
hi.A. Foley
VI.C. Angevine

Appendix No.30

LOBSTER MEAL

In addition to the ordinary fish scrap, lobster bodies,

a by-product of both canneries and chilled meat production, are

,^vailable for the production of meal. We were requested to

prepare a quantity of lobster body meal to be utilized by

Officials of the Dominion Department of Agriculture in feeding

tests. While this was being done the drying characteristics were

determined. The scrap was dried in the laboratory pilot plant

dryer. It was found to be practically a free drying material,
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drying much more readily than ordinary fish scrap.

H.E. Power

Appendix No. 31

DORY EMERGENCY TRANSMITTER

During 1948 Mr. D.G. Ellis produced an emergency

transmitter for dory fishermen for the purpose of sending a

signal that could b e picked up by the direction finder of the

schooner. This was built from surplus war equipment and it

demonstrated that such equipment has a real use in the industry,

not only making fishing safer, but enabling fisherman to work

in foggy weather and so increasing the catch. The original

transmitter was operatëd by a hand cranked magneto.

During the present year Trir. Whitely working under the

direction of Professor G.H. Burchell of the Nova Scotia Technical

College developed a battery-operated dory transmitter that is

now undergoing tests at sea.

If this equipment is shown to fill a real need, the

plans will be turned over to several producers of radio equipment

in or der that an adequate supply at reasonable cost may•be

as sur ed.

This transmitter was designed for emergency use in

dories when separated from the schooner in fog, snow storms, etc.

It consists of a single tube oscillator and amplifier which

feeds into a twelve-foot antenna. It is intended that the

antenna should'be supported by the mast of the dory. The

antenna radiates slightly less than 0.1 watts power on a
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frequency of 2134 kilocycles. The direction-finding equipment

in the schooners cover this frequency and the power radiated

should be sufficient to ensure reliable bearings up to two

miles or gr,3ater. The transmitter emits a steady unmodulated

note when the button i s pushed and it will be necessary for tYie

have bo^,n developed,

direction-finder operator to switch on the beat-frequency

oscillator on his receiver in order to•hear the signal. The

bearing is taken in the normal way.

It is planned to develop a modification of this equipment

with a somewhat longer range to act as a mark buoy for trawlers,

scallop fisheriren and others that may need to locate readily

and accurately specific areas at sea.

rye wish to express our appreciation of the assistance

of Professo^ Burchell in this work. 1.1ithout him the work

would have gone much slower and a useful apparatus might not

S.A. Beatty
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