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ABSTRACT

S3.l-nionel-.1.a r*j.\'e, SaIr:none.i.-'la tvjrhjmu::j.rrrn and 3al;nçI?,rl_A

jar¡a \^Jere artificially inocula'ûed into free,hvrater wkri'uefigh

(coLe,eorìus cl-l¿peaformis ) at three different stages of 'Lhe

snioking Ðrocess" The effect of each step on ihe survivai of
ihe species and the gamrna irradj-aiion dosage required for
cornplete destruction was determined.

\,Ihen the inoculation took place prior to îreezLng,

att three species survived. the freezing ai OoF íor dõ i,.oursn

]r¡i -ì -æ ¡'{- ,<nO Q¡l îa- O Ã *-l *',+ ^a ^^.1uir-irirr¿3 drr r.,v ùd,l- -LUr' .) minutes and sri:,oking at iempe::acu:'es
, - r^O..up to 1ó7-F" The irradiaiJ-on dosage required for conr:] ete

destruciion of t,he species roas found to be 0.d ivi rad for
9, Â.iv-g.o 0.3 ùl rad for $. ti'phimu::.i.urn-and 0.2 i¡i rad for 3" -jËvâ.

Ii¡hen samples were inoculaied after fi'eezing anC pÍ.ior

to brining, all species survived ihe brining and. srnoklng. ¡.

dosage of 0.4 l"{ i'ad was found to be necessary for ihe

desiruction of S. Five, v¡hile 0.3 ì,1 rad lvas sufficient foz" -,,he

destruction of å. tt¡nhj.murj.t,m anci f" 'iavjI"

At the third s'Lage, the sampì.es weT'e j-noculated afier'

smokì"ng, A higher dosage of garnÍra irradiation v;âs neeessaT'y

for ihe destruction of all three species, Ë" gj-r'e required â

dosage of 0 .5 ir" rad, tthiie $. ja,ta and $" 'cyphinltrium

-¿â^,rì narl n ? Ã and 0" 4 ivl fad ::eSpeCtiVely"¡vvfu4rvq vo./,/ s¡¡s vel+ -

Although a definite variation in sensitivity 'Lo gamaa

radiatie¡ r¡âs shov;n r¡iih i;he three species stuoied, iî woulC



be safe to say that' a level- of 0.5 ìul rad of gãtr.î;a. irraciation
Ís sufficient for their desiruction in smoked r,vhitefish.

It also became evident that under the conditions

used in this study, g" give is the most heat resistant
species.
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:l\ïliûl JCirClr,

Sa.l mone.l. la food poisoíii-:g ,:e sui;1:ig r',:crt ,-:.¡j c¿!:,,-,.-t-:,'')'' ''

of smoked whitefish has be e¡i l,:el'j lri.owi: as !¿.: bacil ¿:.: =r)i,
(KIeeman et a-'ì-. , L91"2) . ?iie sàìr.r? a-u-¿hors i"e ¡o¡'¿ ed ¿r- ¿:..;:.,;;.'', :¿

in 1940 j-nvoIvinS l+7 pa'Lien-bs ì.iÌic ha.c e:¡et ¡ri-lojiei .;:i,:'1"'-';',,.:r:.o

Ol-itzky e-b êl (L956) r'e'¡c:'-;cd. i.nû';hÊ: c;,ir¿e-: c.ir- -:-.'r.-.
L955 l"lemorial Day Ì:olicìa¡r {': wrricn )7 caseij ,rei'e :'ec)¿':-',l?i,

Änd finally, the aosì; rÈcerii ori'tbr"cú.ic v;ì:-ich ,¡as ¡'eCIc:';¿i i'j'

Gangarosa et a-l- (igóg) occurrei cuit'ing ií,ai i6 * Jlre '2, 
')o5

r^riren appi'oximately 100 peop'e becane -lníec'ie,j,

iir is v¡e1l- es"i;a'bl lshei 'ina'; hc-l; si-llokei iliii'';ei',::- J!-:- j:

consunred v;ithout furinei' coclting" lict'ievor , Ll sç¿l c i J

assumed tirat aii fish aâv iigi, have r'eceivei å uni-:'cli:,

+ ^rn^¡so'l-r'rn 'i-u v¡rrr.rsr qe !¿! e 'reatrnent *iaiie ceing snolced, iiue -;c Oii;'e;'¡,-i¡

proximities io the sou.r"ce of itea-t, 'Îhis, tiierei'c¡'e, cc..iu

l-ead io survivai oÍ soi,ie lic::-'o¿'¿hogenic ¿ì-J r¡¡Ë:' ¿r ':.-;-.:.e----.:

micro-organisns such as $¡.1¡ic:ic.i.lÊ ânrj S:.:::,'ii:i., i-" i.'J .;--,

moment, litt1e is known conce:^ning -bhe effec-b of silcii*:-- ci':

rne survival or des'úruct',ûn of r5li:1.,1¡';nej.j.ir oi.gåìlj 5i;:s r-::

vrhit ef ish"

Garnma -i i'radia'c iorr is l,¡ei-l k¡i.c'¡;,ri f'o¡' i-t s r¿u.¿;;iie::; -:rå-¿:-::l:

( s-beriiize'tion) and radi c-l ôa'l ion (, pas';eL:,J'-l z¿'i j-oi:i e :.'rsc'; - ¿::i

applica'tion of irradia-i:ion 'tteîi'irirei-b es ü. rreå.ns ';9 ae,,-;t';;t

¡iinonel.l-+ in snoicec ';viri¿efish eiirf eåi:s r't be ieas j-;;.-e ,



tÛhe nro.qonf. i nrri:crl-. i or.'í- -ì ¡'.v 4o.^v __-. r;,?âS

most suitable level of gar,:üia

wj-th smokinge woul-d free -¿Ìie

vI lact_LrrrLJIllJI.t_cl c

R.EVIgí CF r.iT¡tr,åTiiRE

Tho (\-r.c^n.^i <r¡
*. vJ.Æ{r¿.!.'Jì¡¡

Salmon_e1-.1-a was firs-b ciiscovei"cC b;ir Dr.s. Så-iitûi:r ¿,;.i

snith (1885)r â.nd vües bel-ieveo -bo be -i;he ciiuså'-ivË ä¡'..:ïlú ûí
hog cholera (cholera-suis)" Trie genìis nð.i1e ,düs gi--ire:ì -;o -;i.,,:

gï'oup in honor of Ðr. D" E, sajrrcri ai:ü -biie j'ii.si c:¿a.tis:i oi
the group isoiated v,ras cal_.1-ed äúng¿'È'.s i:Ì:rçlie*i i-jj.j,¿,

In 1893 S " a.ì:ortus-ç-q.1? r rcEi.s i-sot ai .:¿ ii.or¡,. ve.g-t1r;:: o'
abort ing mare by Kirbourne i iij59 ) ã.no ,,i' " ,!:år r .i;t..+,I;l n .; i,.c

ceusative ageni of ttfowl- tyoÌto:i-ii; Ì,,jäs oiscor,e:-ec ì:y j.í-,ei::"

Then Loeffler {t}gz) isolated 'bi:e ttiï.ouse -by;rhoici .¡år:iri-;s!t

which was l-atei' ea1led S, 'û-'/pj:Ìij.ï.Liil.ì"i|!., In tgC6 P,"e-;lge:'

isolat ed *Q. pullorUrnu -tire causa'b i r¡e egent of" .cuiici--¿n: irs e;lee

in young chicks,

To Cate, grea'ber than I,ZAA i.:no,¡in s-¿::aiis of -t;ie ¡(lii'Lis

$il.mone]-l-a have been ioeniif'íeci a¡itj. aii oÍ wj:1üi. âr'e t¿::ii:-i s

of ceusing j-nfeciion in -bo-;h ;le:i ei:û a::ii-,år " ..,::e cj,:r.-----u..-

1s sì'tolrrn to be Gram-aege-üirie rcds '¡hlch ai"e ei'i;hej" ii,3i j-i e ìj',,¡

means of perii,richous fiageiia Ðr no;:*;::c-brie" Bio-chei.:i:¿--ìj..¡



)

they aitacl< numel:cus carbohycitauee by p,:cci,ucl:,[ ¿c:i; e': L.,:i.

anO ges" Hov,levei", 'chey co not ¿t'¿'ö¿',ck le.c;ccsc, i''¿.ctcia,J c"::..,

salicin. in l-955e'f*rhi-r,e and Iiaufí';rai esuabiiriec'úi'a',:,-,í'.¿iJei;-j

method of ant j-genic enaiy"s 1s c jl S,,X,ì r:'l¡ el I :,: gÍ"oliÐ cy ;-:-:.;

speciíic diagnostic an'üisera, the ir'0'¡: €).'í\'.L?;eí i'aciy {t'îia -!'tr;')

and riÍjrt antigen (fl-ageiia anTiger.i ca^i be Ce-üei.,,lilea"

The Soui:ce ¿rnd Veci;o::s of !"¡.¿¡:.eÈiþ
Sa-l.rno:r.e-'l--i.a is a wiCesp;.ead gi"oup ci cr'5ariis,,.g ';;i:-cj,

are found everyu,'here ¡ha" üra.n aiiC oeas'i e:t:ist. The í.,L;:-úi-.'.

and veierinary nedi-cai ii;e::e'tui'e d.uz'ing -one Ðiì-' :':,,.i -.i{.¿.':a)

have shown thar a r,vice var:-e-5¡r oí bli'is, rep-f i1es -, cûne ;-;ic

and r¡iid. aninals, gai"Ceri s¡:akegr pe'I -[ur'.;ies, fiogt o 2:'i,

-p-'.^-r'r -- ^^*^ef i.- ra-i c Ìrrrrg beefr fOUili -¿C ;:a;.bOi' i.i-:C ÐJlËg.L .lIicII j/ , \lvl¡¡'gÈ, U J-v }J\trU ù ¡¡G v s v EU^r .j- ve{Iru eU r;qr wv- G¡lu

S ê -L rno n e.1.1-Ð.*,

Edwards Ê't a-l ir9å8i ::e1:o;'-i; ea ';h€t-; cc:;e :';'i c ;oul--;r';'

probably is ihe J-arges; singie resei'vüi..f oi -lhese cl'g;i.iJiítro

Miore 'chan two--.,hirds of approxinia;e!¡r 2Ar0Û0 cu-j1,uieu

isolated from ai:irnais 'De'tween i9J+ and 195) .i¡ìt;'e d.e-:ivci 'l:Ç::,

the domes-bic fowl (C"D.C, Annuai Repori, 7963'i " Ieí::ar.-,;-;c

et a.l. (L962) found 'cha-b j2"5''/' oi tZ) ;rccks ani 79,+i¿ ol ';''t,,.

breeder iurkeys !dei'e ;oosi-b:lve r'cr Saiirclella in a -;îî3G-*,¡J:=:

J; n-ei-.i hf :a-^^(i-^ôð .1¡-^ C.i -t-r-:ìr-i-t', :ï;:-i:::',"¡J gÐ u J-Il€) pr \./¡5¡ ql¡¡ À vr ye å;;:__-*-*

The Se.L-nq4ç.11i. in egg p:"cblern cane '¿c jccus ûì:;:a- ''r--.;

Second l/orld l'üa:. whei: the :irrie;'ican spray-ci::i-ec egg;j i:::;,i:-;e;^



i+

to Britain were foun<Ì to be ccn-bairrina-bei I'rj-th ii,-,.-i;¡1i;1;,,:]1,::',"

Solowey et al (Lg¡+7) reoor'-bed 'bha-û .S;;-iLg::ili: were f'ourrc i-n

35/" of 5r000 samples of sp:a,i-ir*cd -:;hor c e:g6! , t'-.-:;.,,:.¿..,

(I959 ) conctuded -bha-' ccntaninail1ûi:. êii':ii i nf'ec'; i on çï 'i:;e ::à'!:

is mainly fi'om inf ec'bed in-i;es-bi;iel- cont erL'"s coriing i¡:, cÕi;iu?:.c'i,

with the shell duririg e>:ruf si;:i f:';,:: ;1':e r;i;r, i,-r:-.,. ,'; a--
,i^,^\ t n t-^t.-/',(1940) and S-iokes e-b a¿ (f9;ó; repcr'';eci -;h:å-;'ú:':rej''J:,e

proper temperature â.nci hurnioit¡r* -bhe å¡-f¡C¡:"i,rA cãi'i pe'i!e-ar'î:''úe

through the egg shel-L. Yanarrc-tc ¡ic16Li :"e ,:or'¿ec -i:ha-; -iLe

ovarium trensrniss'ion oJ' Íii.j.tU::ç:,r*ii cê.n al so orjcür ar_i ::ä 'iiit.r

able to isola'ue S, -i,vph:LnJr.,Í ìi;f f::o¡:t -¡i:e ov:-iuc''; oi. -i,-u'.:'.:e 
1'

L^*^lllJl.IÞ ¿

The most corír.mon se:ra'i;y.i:es isoiated. frci:i egAs ¡.ni e¿¿

producis rnrere S, i.nÍan'¿is (iz,t;i, å" -ru!.l3jt¿[9!. {iZ'¡': ,

g. hei.delbe:re (LL"3/") u fl" ,:i e,:i::,ii:'g i6 "-L',4') a'r:.c Í:i, r? rj1.,jg-r1ili-3,

(5"6%) (C"D"C, .{nnual Report L966},

CattIe and sl^¡ine have ajso i:eetr repo::ted 'bo be câr'j..''-e:'s

of Sej-mç¡cl-la" and could pess cit 'che organisn 'bhi"oi;gh ";hei¡'

by-products" In the case of' si¡;inee va.rj-cus worke¡'s nave

shoirn i;hat the i'ate oÍ inie:'iicri -,::c.re¡i5es es -bhe åi^:i¡,:al

leaves the farm" this vras show;::. by Sho-bl,s E;:; ¿i; i19ól-i ',ii-Ëi

åa1¡qpnel:l-a vras isoiated fro;¿ 9/" of -i|e sami:ies oÌ¡'b¿:-ned à-t

-che barnu 26d/, tn sanepies take:i a-L 'bhe aba-b-l;o:'r befo::e

siaugh'cer ancl 8,O/" tn samples-caiten ai';e:" siaügi:'bei", Gt.l-';c¡i

e'r aJ (Ig5ü reporl,ed tha'c i:.2i:Ii¡ ",,Grc :'c;:l:ci -:: 2J'lt Õ^"



rÔ¡n¡. 1^ *^--l-r1 Ë¡r.r pur ì\ Þausage and L2" 5d.(, of snc,kci sa.üs i.ge 
"

.q. survey conduc'bed by Ga*-;c:i ri; j:,i iLg5ù 5íì¡r,;¿j '-':.j',

g" flive end S" 'Der¡eij,l,r¡ 
"v,i€iË j ¡oi¿.-;er: ircin soine c¡ 'ú,--

Fiorida dairy cattie" Howeve¡", ga.i:'nonei':e bec¿,r;ie a ::.;-)j:
probierri in 'ûÌre U. S" iui"ìi:.9 -i;he ia'ð'Ier- i:ai"'c cf ig jJ z-í.i¡

eai'Iy part of f960, r,vhen 4.C cases i,;ûí'e ret¡o¿.;ci 1:r ji:¿:.-,ii. ûj
lvhich the S. i',yphi.mu:'j*l.U. v,;äs -ühe 

^or:ccoieine:rt sÐe cie :..

S;;+.J.rnorLe,l "ia r,!ere eiso isoia-ieci fion )/o,;tig c¿tvc5 ir:-;ìte ,:,;¿¿.:

of Michigân wheÌ'e 78 ce';tie wei.e foui:i ;c i:e i-r.:ec,,e.;

(Mooi'e e'b at- i962), In Engiaad, $i-riì;h (rgji) :soiå-¿¿-

S. tr¡phii'n.::ri"l-,._ql from "Ìle :'eces oi hea.il::r. c¿-;-b-i e li,ú :,., ,:,:,:.-:

fro¡c sick cat-tIe" Tayì-oi' (lç62) r"epo::coi :go-r¿:';-toi: cÍ
2J types of sal-nonell-F. f¡'ol;r ccî,Ju äi'rû cilves bc¿rrec¡r i,tió ¿-ni:

1960 with S" cìubl j-n being the rnosi; coirliron oi:.e, ioi .- oi;,ec J)i

fi" t..¡ph:gnti;:iug" rt i-s r¡6a]- k::icr.;î '¡l:a-: -;Ì:e 'l i"¿:ls¡ì:i 3 z -:,.', c;

lnfec¡bion io man fi'om infec'i;eC cat'lle occ'uis tn:ou¿n ';ic

consunption of con-Lariiii:a'f eC beef ai:d. beef pi-ocuc-;s ei1;

J-mpropei'J-y pasteurized. i'liik a::o mi:_L.c ;croóucl:,
Aninal- íeeC has aiso been i'ecogn-i zec eri slle ûi" -Ji:.e ;¡i¿:-l:

sources of 'sajncåe.j-1a., gcco;'ci¡g tc C,D,C, Survei-iliìircú

R,eport (i966) , anii::a1 feed has co¡¡;r'lbu-beu ro i6" j,ib or- ¿l:e

non-huärai: salmoneilosi s " Ez"w-i n iicl55i e:':åi:irreú ?J6 ,.;u.i-t;:,r

feecl san;oIes and isola'oeci q. ?"r'¡::":':till,ää i'r'ci:: ') ::L::,,;:_iet:.

l,vatkins e,j, ai l,:'959 ) re;cor-i ed ';;ra¡ L8 " 
ji,5 ai 'rii ri;.'-..::.e s c:

;oouitry feed. a:id ¿ninai î:y-,:;"ocucis r,;e::'e ìiis:.;*ïÇ *",;:;

,g¡.Lf¿nejja sei'oty;oes, Ìuioi'ehcuse (i9ói) ;"ecoi"-¡ ei i;hai, ..jrcr^;,



'(:

ihe most coinÌnon sei'oiypegr isol-ated frcrn å¡i-i ri¿,] a7-'ttç:)'¡:cz:;

vjere ,S. senf'benìterg, S" iwrl-,:',-:::r-iil,n, S. Z:i:::::, i, -i:..-..,,.._,

S " oranienburg and g" inr:n-i c.,¡!1 çe .

I'lost rec ently, ins ect s sucìr a.s fi ies i ?oiic'ítí:x , ¿íc-r::

and fl-eas have alsc been fouad bo be cåj"r' j-ers of !-1;¿l i,': -..,*:.-_,

l,{clrleit (I944.) isolat eC $ " iz.,iptiin.r:ri r.i:r-r fi"o,n f l-ieg iilrir;, -.;,.:'.-

irapped in iurkey ::anches " Greeni;ei"g ç1¡ ir.f (!96i') :c::-;o:'',er)

ihai in a Mexican aba'i:i,oii'r up 'üo 66rt, af t,he fii¿s i,7er",e

positive for S¿jl-mone-i-l-a. \,.Iel ch q.t el- (iç¡.i) r,raie a i',L*,," :.1

Se.lrilonella incicìence in ra-b coi:uia.cicn atrd í'ou:tcì i:la; i'i-.:

incidence ranged from O "7i1" 
-'to L3,c[" Tìrey aiso ¡'er:cr'.¿e¡-j "bh¿i;;

the organism rerrained viabie Í'or ii,3 Clys i:: l:âù ie:e:,

Fa'Lhoeenic j-t v of Sel-rnon e-L l-¿-.-

The human Salrnonel'losis is kncv;n io irave nigh i-¡.,ciieniiû

and l-or,r¡ inoriality" Accoroitig -öo tl:e U " S u Dep€ir"';nei-i.c oí'

i:ealth, Educaiion and T¡/el-fai'e (i9ó+ ¿:rc '9ó5 re,:c:';, ) , ,-rç

SalmoneIlosis -is v¡idesþread. and occt:rs in bo'Ln sei4es r,ri-i;h

âñìrtl '1'r.anrrân¿-\r iinr^rrrrrr¡',. -¡..1.¡ i.'; -1 ,r-¡"i'i--rr .-,':' ,-.i q.:.a î -^':*-.^cy, liolrut"t, -Lire 
i-Ír¿ jori'by 'Ðf cas.e s ij'e ¿i j.

chj-ldren2 especially bhose unce:: oÍìe yea-r oi age . T::e

inf ection raf e ciecreases cui-Le raoii-í \r årid :'er:e-i,:is ai¡.'.os-õ ;jl
^ *ì 

^.1- ^¡.. r.*¡! .d prc¡v çsL{ *r.,, il the age 
"; 

Lg. rHun :, sirgn-b in¡i'e¿lse 'rJ-i i-i

take place during -bhe ege oi 75-8A (irig" I)"
l{cCullough and Eiseie (195ii crri-ru.e.ted ;ire Ðålil::.e -trc-'.J'

of several serotypes of S+r.rçqcj, J iL on he¿rl thy rrciiri-,'ieer^s 
"
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iìrey shorçed 'i;ha-i; there was å i,¡j-Ce ¿iffe¡"encc bet!;rs6¡;i i,!;?

number of organisms requ.ii'ei 1;o c::eate ir.i¿ssc, 'lç-;,c

exanrpie, $" mel ea,qrjcìi-s ::ecu-ireC a cìo:age c'î iig;:ro::..:-;:.¡,,t:,J-

l-0" to cause illness; vgliile fo:: :1, i-4il,iLJr -f lie {ûn¿r: .,¡2.i L t:'o:i

5E7r0C0 to 8600000 cell-s" ?ney alsc si-rowed-;har;::, '::r,r¿)_._1 ':

ii'iduced illness wiih 12ir000 cei-l-s ana ä" .n?:LL:r:ri', 1¡i-''i,'i,

L52rOA0 cel-is. It, wes also si'iown "Lhat t.lre::e j-s '¿. '¿t.::¿.ú

oiff erence between the st::ains oi each sþecies " Onc; :i:r'à-ìl
nf Q rno'loâør-idiq- raÊ./ìrr-iv.,r,,ì ,), rr,-iili'r.. ,-.nìl.r .',-.ít ir l..j:e .:.lsf$.¡.f.:^È-=-:: 'v5' ¡¡'**-*v-r ---:t ,-','' -

- /ñl+L,5 67 .2 mill-ion ceil-s iir oí'cier "üo c:"ea-b e iilne ::: "

The Ou-bbreaks

Galton ei al- (L96\ ) repo;'ied 'Lhi'; -Lhe inc:-e¿;se r,'. -;-ì.r

number of reporteci hi:niarr Sal-tiroriel-l csi s; ou-Lbieaks j-s i;.e -;c

improved methods and faciij-'üies fo.r d.e-bec-úron ci $¿;r'i19.l:¿l
ih^r.râaqâ in øenerAl aT/.,Jâl:eneSS Of -i;he i-iSeaSe ¿_itC iär¡::.Cr'¿i4¡¡v¡ vÉvv &r¡ Þ

report ing syst ems u 1-his ihe¡'ef oi" e has -i'esä ,- "b eu 't'L 2 vel: j¡

sharp decrease in iyphoi-d fever incide:ices ilt2b3 ccseE !r.

ig46 as conrpared to óOB ceses iirr Lg52) ana an inc-'e¿.ue j-:l

Salmonellosis (727 cases in L9Ì+6 ås col-r:tcaved -bo 9r68C in

1962) (Tabre r) "

Dauer (L952) reporteC 9 o'¿tìr::'e¿iìt;': of Ëai¡lo.üel--ics ,s

1938 -vo Lg5L, and irr l96i iie :'e'co,:¡ei eìl eìieïege ci 2)

ou-bbreaks involving l-OOTCOO ind-ivii-aa.s; (:¡ rl''i'': iisi:'e ""'ì-'!'i€.Í

borne. From this siudy, Ðaue;' cûi1c] uGea ";lla''s -I¡:e ac-¿';::'
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number of food bo:'ne disease outbreaks v¡âs probably 10-20

f,ìmps Jârqcr than the nUmber renôrted-than the numt-- --r- F.i; (1950)

reported tha'i; fron 926 outbreaks of gastroenteritis

occurring 191'5 Lo I9l+7,72 of them involved Salmonells.

Edwards (1958) reported that the incidence of Sal-monellosis

in Engl-and v¡âs 28 Limes ihat of the Ltnited States.

In April 1962n a program of Surveillance of
Salmonelfosi.s in the United Sta.tes vrâS jointly established

by the Communi cable Disease Centre of the Public Health

Service and the Epidenniol_ogical Àssociation of State and

Territorial Laboratory Directors. The unj.t reporied a total-

of Zl-rff3 human isolat,ions of Sgf,. p¡gJ_=lq in the U, S"

(C, D" C. Annual- Report I96t+) " At ùhe saffie time a tota.l of

5rL6I SgJqlon-ç-Ll".a isol-ations were reported from non-human

sources (rig, rr ancl rrr). rt is rather interesting to note,

that of these, 55"2% -rrere f.rom poultry and wil-d fowl and

9,21i from eggs and egg products, Among the most connton

Saln.gne[a isolated froni human food producis T¡rere

S. Irp-iç!_e_1,þsfËu S, !-ç_-t,n.es-p._q,9, S" _tþprnp_s.p¡o _S_" !:rphinrU3jgqn

S , me.n!-e-yid,qq and S . ¿gfegþ"ig "

Accor"ding to Taylor (1960), g, lyph1rufj-U- vres the most

common type in England and ri/ales beiween r.956-1960 accounting

for 754 to 8O'4 of the outbreaks. This r¡;as followed by

_S, thcmps;o_rt, É" I_eIv.A_9.{*t_ and . !r-çjSl_gl=b.ç_{9, In Canada up

to the end of 7Ç52u a total of 10i differerit types of
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Sa-Lnionel-la r¡ei'e icien-i;if icc^ (j':rr,e;".ce,a rot, rr,rt oi i,::,:(;*;i,

t^ ^,t'i^'." '.. I
vv/¡^.¡-vrt v

:: '. .,

-t.-:

r 1::: (ì,1 i i'rîl"ir.râì4â q {-rlnhi r,rrrri'.r-¡lYv^ v u'9

c -!,,*; i ll
\t. rl¡¡.-. t c.t, v¡!)¡j'l- t.

end iia:'i'hea, Al-1 pa-bierii;s .üei1e .ic'*r¡i -;: .:i'¡: :,:,..^

snoiied whi-LefÍsh whrich was oui'ch.åsei f io.;, L. i,'i-v*::--. ¿ .:t-

iish estebÌishrnent in B¡"ooltl¡'ü, i\" Y* ih-r c;-;,1;';r..- - Í'(;-:

l-n'úiie dea-bh of eì+9 yce" oicì,¡;onlart údo il'1,-g ài'-e:'':-:-:. -,::";,:

syni;c'üons epireerei " Iiower.¡ev, -i;he l:eäein:::; )a-; -ûi:-- L -'eco".'¿-:¿cl

¡3-i-¡..r ariFirie.¡ . a.¡-l¡.^ì ¡ 
^i1 

-:"ai ! ei väryLng u vr - j_.:1e 
"

(b) on Jul-y 16, 1940, seve;'¿l c;:úes ci'åútr';e;;:.-

c iarrhea and h j-gil 'i: ern;cere.'úì.ii-e,-i " Th j-s ci-{'i, ¡¡,eaj'r r"cgu-, -¿ e:.

-bhe death of a 5 yea'r o1i bo;r anc a 5L r.rcår cii .:ì;-., '^'



-:- 1,,

soal(ing end brinirrg fish cl:'ei::ea cì.-irec-;i;r j-::,:c å t::.jt:'1 .'-..--'-

that was connected. -bo a ccnnon 'boi-iet d¡"ain vii;..ci: i.í: 'uú!'lt

eniptied into a nearby Ci-¿cìr" San-ol-es -i:a¡ter-i ircri'.'ii. c:-',;.¿t

rnrater were found to 'oe positive for' 8" j,*ïr¡*-!r¿i:;i,,ru '::ri:

same organism r/vas aiso isol-a'LeC iron s-iocl_ sô_ürpieù o: )-:,i

consuners, 3 retaii fccd nandlers, I viliol esal eÍ. arlc ) '.;':-^':,.--

-î'i ch

01i-tzky et al (tç56) repo::'ued 'bi:a-! iuz.irrg 'l'î:e: :',r"i::.ri¿.-:-

Ðay weekeni, i{ay 28 30, !9i5 ) j o-;-ú'c--c¿.,rs c-' .;:,,:c--
eniei'itis occurrec in Pi-rii¿ceiiihia, Si,ickec í'is:; i'il.g -'Cúi:,i'..
be the vehicle for ti'ansr¡r-j-ssi,oil cf ';he S¿;j.lLi:ìf*[;:, arJ,irLi:ri.,.,

Stool samples taken fron -ul:le pe;ien'i;s i..iei-e posl-bive :'o;.

S o .0er¡ipo::t, lhis orgar.*sn v;r;.s aiso isci¿'¡ ed. í'rcn -;re

5ãr^^ i ni ncr .anþsçi f ish vuhich l:eo beea refr"i_gerai; ed.. sc:-le¿v¡¡^s*¡¡¿¡^al r¿v¿¡ ii¿¡¿v.¿ -¡sv vvv¡l ¿ut¿;5uiuwvuü \

auihors reporbecl anothe:: ou'ü'¡:'e¿il< -ìnvoii¡iiig ii ,cecnlc i;,:c :--û
ari-on amnLo¡ì whitefish ai a buife; sì-ip.oej-, Fuli;¡.er lsb.,tci-i esve v v¡I ïv¡¡¿w v¡:J¡¡ qv

proved that one of tÌie f en:aie enpl oyees ':.io::kirg åj. the

packaging table vras the cat:ier of 5" ;:er.r-rr:ri,

The most recen-b out'orealr: of $al-rncneìlosis du.e 'io '¿he

consumption of srnokeC i^rhi-i;eÍish wa.s :'e¡or-bed 'cy Gange:iûså

et a-l- (1968), During uay 26 ucttë 2i L9ó6. :..'!:e 'i-...:: ;iit
people ï,iere involved in an i:picie¡ric of' feb¡'i] e gasbr'o-

enteriiis afte:' inges-bi o::r oÍ' s,nclcec whi'i;eíish cci:'i;ar;ii:l¿";e.j

-,.ì.LL q 'iav:a i]l'.-.-:-ì^^..^ i.^-.^-''. 1 rr---i ^,^^ --,.---,-. -' 
^: .r-'-,^-..r.'

tà-LUr! l¿ _1]=-yj:lo J'i-{,J. L,¡lç: Ii¡V \ri r¿óraUIiJ:¿r - \j;!'i-ja--çli u::L:-v -: vJJ--

whiteíish a:l::iving f't'on Cana,ja -','úe¡,e aisc ccü-i;åri{i-,¿.-;;ic iii--;i-.



ü" ìa'¿s.. Ii was finaiiy conciuccd

used at -r,he sout'ce coulc l;: -','. bccn

l,;hich resulted in the con';¿niira'ûioi-i

eventually -ühe fj.nai .oroiuct.

,. ., '':...í';:

::: : ,'., t-:

'j"Jîtr

:: :t í'::: - ^

'-, : a /-'i'rJlql. u

can be traced â.s far baci< as L926 when i:r'ucha ¿;.'i'.. ¿î¿,i::¡oí,

isoLa't ed Sa-1.:..............none1 1a. f:'c¡t ice cre¡j.iíi. 0;.:^ alC -iccli: i:rr,5',r',

reported ihai $" SC_]-Lf';:r¡'^: Cl'ri 3Ì;;'ú-;vc .rj. --:-;__-:,_ -..i-.-,-,-.

which has 'oeen f¡'ozen and ';iiarrec, anC :..¿.:'i.ùi:;c.:l: fo: ;-:j :o:;:;

as 4J days" IJ,rood'r)ul-n anc S'brong {içóC j j-¡"czr: }., _:._l:i1.:.,,_;-_ _-,.

ì'n +-irro c'inn'l s fooci subs-ûi.aiû iC,CCO]ì;i j)jioJnaate b.,':l¡:::. aJ-::;¿¡¿ ¿vvu Jqvúv!

syrupe I{axy rj-ce flour, sociun ¿]girraùe änc eg¿, r;hlri:) i,:ò

', '., o^ .r", or, '\-r-r ve -4L v aird -3C"C" Ëarnpl gg .,'jere dr'¿:l;i af lel 2!t i,Jtt:.).;

ì- week, 4 weeics and 10 ueejis io:: coiii,Ðeï'iscn -rt:_';h ùr"j-i:.=::tl

COunt " They repol Û eO '¿h:'; ;i " ::;.l2l. i.r:ll,^-ì.ltlÌ sui.viVe i j'¡i.

l0 weeks at ei1 three ternpere'ùüre s -^: e1i sü"Di:'ür.åi,üs 
"

i'Ja1lace ano Tani-iei' ii935i re.ccï"'¡Êii tnet Íi',:,r i:;i,7'1ç1-1 
-¡ 

;:'

inocuiateo in'üo cherries e¡lii. l'roz€n at Ct;' ¿iìL. *.,û;i

survived a.lier th::ee ri:onth: or' s;'bcr.agi:, 0::': i:.;,ij j'ioi::'r:

also ::eporued -tha'; S" '.::r-i j:,t"iîi-:: J;*.ir-1 ..;'cû 'uJ:::)3-'i---t:c:;

^^O^ ^ r¡¡,-7O-U for 1i¡B ciays in e. c.e'i'r.raìi:,¡ :.l:lie:;ec ,i:ve ::,.

Refrigeï'a^üion of fooi con"bal:ine''Û€û vti'C:: ii2-i 1',:¡:' :,:':' ¿,

does not ;.. ..-cy 'ihe orga:isn buc íitei.el-)/ :l--cì.:l:1'¿¡ '.,1c--:'

The survivåi of Í:;¿ij liir:,i,¡,t j -l ¡.,i ilr i:tz:,t:¡ í'ocr.; i,:cr,:\):),,.:

; i \--i -r .l

"--//);

,Efj'ect
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rnultipJ-ica'iion. Ängeio-c ui S-I: ¡L {19ói j c,einon:'ir'¿.iec 'i::;:.t

the Sa,l-npne]I a j-n cu.stai-d Ceci¿aseci. es -íhe '¿er::'letz"i¿io ..':!:i

red,uced from lOoC 'to Å,oC" üsr¡er;er, rvo.r'iiiäg .,,;i";¡ t,r;:Lt,<ert

a-la-king, they found ti:a'D Îe,,-:t;,¡.gli¿ rrui';irrl-:ec ¿'i

lemperetures of 7oC and abcve" T'hey ccncl udeC -b¡l'l o':.¿

growih of S-g.1-to-tsl-1"ê in oe::isha'bie f'oca is inhibi';¿': a'r

temperatures of 5"C ani below, Raj ¿l:c Lis¿cl (L'9'oL':

reported that $, '¿Jnhi-nrirj-r"i¡r cån güï"v-iv€s ã.rid -'.:c JJf!!:¿ 3ri"úûri-b

increase in nuraber ai ten;oera'¿u::e oi' *i3cC r¡heri ar"i;ii'iciali;r

lnoculateci into lrozen fish 1:or:iogene'ile,

Effect oÍl E-9ê! ait . a.].rtangi!a

It has been ',^,'eil es cab'r ishei. 'Lha-;

--tlar-l.n1o-ne.l l.a. are ciesl,royed d'ú e i; e,::;ce:a'i l:e
or óOoC for 15-20 minuteg. l,.ii ere lciiieu

l-21oO for 20 minu'j;es,

Tii-Usler (i930) ::ei:or'-ied 'lira-b eggs ai""bif i ci¿.'l

inoculated wlih S, p1fi-i-C-iSn mu.s'i be bo:ì-ieC 'io:r ) mrnu

obiain complete ste::iiiza'cioii" Ii:geict-i ! 2L i:L if.9ói
{-

demons'brated -Ûhat 10" .14,i r¡oliel .f e o;'gaüisrris ilel' gï¿rii! ü

a-la-king can be cornpi-e';eJ-y ies';Tayec ÕÍ eiipcsli:¡: -bhe

to ternpera'i,ures of 65,6"C for" !2 rÊinu.-üeû.

lt"eidman eþ +i iL95()) anc tseioj-a:i a.nc Íic¡icsüor

reported thai an inu¿e::'nal- -be::lcer¿.'3urc of 7r."icC :-s :-ûcl

for complete des'i;ruction of !¿-Lglirnc-L,l-q, o-'gâì1-, sJls' -{ci';

::ios-i g';¡'¿i-ls oí'
. - 'c.. -O:' >) ü l'.-)-- -: :-.J,::'

J.i¡ à'ú'; O;'r ar,'-:ri.] ¿--

,r'íf

:es; io

aj

I vl;--r-i:ú:l

.^.^ - i r.-.--
,-- LU L.i- -

i1¡-./.-.\
' L,.,. .i à

\ L./v ) i

hl,fei

Ê',,i.j Í.,
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ceï"tain sirains of sa_lnQ¡cj..iå ::ecu-i;"e r,luch r,:_¿\et, Le¿.;, j.oj-

their destruc'i;ion ihan o'bhers" jr,i:eir is {Lg54j ,,,:ar'ic,:a .¡::--i':t

g, senftenberg (775'tl) anii r eiooruec -lìr.¿'¿ -i;hrs s,ür.a j.:: !,t.ú .¿.

Ft¿O as high as 88"7 j flinu,res, Thomas q:!,. r:j. iig(:6i i.,ci"j<ec

wiih s" senftenberg (r'ougn anci srncc'ch s'r,íaini i-:i fcilr,
dif ferent rnedia, They r.eoor.oecl tha,u dif j.er,en,i r,eäpeÍ,e-, ji.ûs

\l'ere required j-n different f'oocls Í'or" ccin,oie¡e dc,'s-l j.uc'ù-torì.,

For exarnpleu 775 ,¡{?, in 0 "5,,4" i,i¿CL i:.aå D.,.^ oi û "9j,7 :,iir..u.c.es

in skim nnilke l"zo8 nni-riu'res :-¡ beej. oolíiao.., c,ójrE' û.irr,,,

f inal1y, in green pea souil -1., Oûl n-lr nät es " iÌ'; -f he sair:e .i., ,í:e
'rrhe Dr 

^., for strain 775 \iíS irr O.5li üaC-i wag A"5ig i:í:i_nr_i.U.i.i.I)U -- /¡' vr '/^/ "':-'

skin milk 0 "655e årrd green Ðea soì-ì;c a. i'ó!, n'ìr.ru'be: " ?lie

resistance of S" Êe'0:ì:lre.¿jr?ì.q r,;as aiso reiroi''bed b:r csbci'rìe

S! al (L954) who conciuded -i;ha'b ternpe::.a"uures of l_¿,.üc¿;' i.c:
83'95 minutes is requireci fo:: -i,he cornnr e-¡e dest;'..rct j-cn oi,

this s-ürain from eggs"

Eifect g¡l Li'radiation cn Sí*rt;,tffj$
' I{eat treatmen-u has been used .ii-¿cl is sril-i bei;:r usei

for the destruciion of Ë"-igoæL¿¿ crganis:iiü ..in a w:"ce varie'i.r,
n.lr .lnn^l 

^-^^r.nåa n^-"-^ Å -^-^-.!: i -...- -' -.. i --vr- ¿ ue(r pr *-,r¡ucts ' c***i"r'a.,jia'bicn is Ðl:ojlcse cl aJ a:i

al-'bernative process ior -bhe cies-bructioi: of ;¿r¡1ç¡¡¡1,¿ i:rd

o'che:: rnicro-organisms" I; i;as cíf'ered iripo:-;ali-l 3.ivir.;:',¿ir?.ûS

fo:' some products" One of -lhe n:airi a.dvai:tage ct' ¡acj-ar-,oi

pasteurizatiot: (radicida-;ioni is ¿l:e'; i; cå:*_ o.3 e::-i :_el

¿ti
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rrtitiiou-t rer,roving the fooci frcn iis coä;¿i'i:,c¡'" åi:o 'i ',^!!:'.:!:

food is required to be r:.ai'jte';eä i:: r;he r"å--ü :lcr'::.. :¿.a:-::'".¿z; -,-t::

hrould irave cer-baiir adva::rlage ov.¡ r.. heat i:ai;-leu¡'-r za';:::,"

Brooks eii .¿trr- ii959) s"¿udrea ,jtû ei,_'cc.; of' j:,ií:::,,';
iri'adiat ion on fi'ozen whoie eös$., hcrs a ii;Q:?,i â¡rd ð_r..::':c:-i:.tt¿;

coconui and reporied i)ha"; S¿ii*!nl*j_* 'ri::.esei,t i:i 'trreÊ,il

produc'üs can be eii i:liiia-teci b)' :.rca::s cÍ gli:,:..: :l--:i: -.'-*..:-,

Ley and Freeman (L96)i v¡o:'lcea tc:"th í'ive iií:e¡'eri'i ta:ö'þ'iî,r:'¿:)

g" -hyrnþi.I!r¡rit:m, $" seirite¡'oo,-i:" lJ j_):, ,:, .l:_í.il_i|l:*-I .ti,,,

Ë" æU.rng_ff¿U aild S. Égl€Ë-Aj:ii!å" They ;.e.,:c:.1,eo i;ì&,

S" typhin!:i:i.i-ru to 'be 'ihe inost ::esis'i;ari; ûnc !r: 'i'i:e '{z!.,-t:'a1,

of meciia used (des:-ccate.l coconll'¿, r":"o¿en hc::se :-i¿r'i ) -.J:-:)

meal, frozen v"'hol-e eggs ârrd iiciui.d sggsi, i icsi5e o,_' C,5 .;.

/7
raci was requireo for a i0 / ¡'eiuc-l; j-on in i;'orer eggs äi:ü

0,64. I'f rads for ¿ iO5 ::eiluc'iion in ,':azei: i:c::srg fl.Êäî. i.:,

desiccated coconut, a dosege cf C, +5 ü ::ai Ì.;¿rs ¡'ei:*r;"ei: ;o::'

e iO) reductj-on anci 0,5'üo O"'/5 i,/i r"åi',';ag effec-iive íc:'-;:.ic

^nøn-a ôJ.a Ä aorrruct j-orl of 3¿.-:j;':i¡la.t ]l å _:r ''oo::e :j:.3¿.,j., ir]:;::,:.__:'¡vv¡¡rlJvvv svuv J-:ç ---tL,--J --:\

(!963b) reporied that I. -i;"¿gh.ig,qi:.i13 .;ras !h.e rics;'r; iesi:---il::;
ona¡iac c-irrr{i.arìVIJVV4VU V vqU¡Vuo

Dyür gL e.I tL956) wci"iring r;;i'i;n ì::. -¿lirì1i.,:, :, :i..^l-.;-i-. ."

3., So rçi-ch,i-!g, anc ,T, "La.¿i-e-iui'i 
-irr riai:;se-i -i ?o 'b:=c"i;h, .:È.r,1-.,-

'Li:at'Lhe rninirnal 1e''uhal- ccge io,:';hi: fi;'st i:',:ee ¡¡cc-r-es.,,,:L¡j

5 x LO5 l:¿.C" liou;ever, Íor !- ii-:.!;::,*;, 'J:--r r.;::-":-;,::.- - .-ì'.-.'
tr

dose was 3 x 10) Tað'.
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Comer ei-, af (1963) studied Lhe radiation sensitiviry cí 18

Sa] monell a species in îrozcn vrhole eggs " The ciosage required

for 10 ford reduc'üion of these speci-es ranged íronr 0"36 Y: rad

to 0"54 I',{ rad with g. eiye being the most resisiant ano

g. gerÌftenbers the leasi resistant. They concl-uded tb,a'i ihe

level of 0.54 Ìrt rad was quite safe in the case of frozen
- .'- ^ Iv,,irt)lE sÉÉÞ c

Ingram -et al (f90f ) stuCied the effect of gair,nna

irradiation on S" ivnhimu:rilrnn, S. sal-linarun and S" senl;en-

lrerp: in liquid and frozen r^rhole eggs. They repo:"teo ina-v

So tvohimuriu.rn ltas ihe most resistani, requiring a oosage of
n

O,Ì+2 Ii rad for a 10' foid reduction of original population.

According to Ez'cìrnan et al- (19ó1) ¡he nature oi the

suspending medium, the chemical structure of the food anci

spices added can greatly infl-uence the relative raCiai:ion

sensitivity of a specific culture" llossel and Degroot (L955j

inoculated samples of fish neal wi'üh ten different seroiypes

ano reporied -r,hat the dosage of 0,8 i,Í rad is sufficient to

oestroy ihe organisms. Ley (lgOO) reported -uhat -r,he D val-ue

for S. !_fphiuufurm was 75 K rads in frozen albufir€l1c L7L K

rads in fish meal, and 67.9 K rads in froze:r whoLe egg"

äo'¡rever', t,he D value for'ühe same organism i-n frozen ohoschate

buffer was 39.L K rads,
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f4:Uf-ruj.A l rS r-ncJi j ir p. P re.; Ë s j-¿

I"t is weil- lçncwn 'l;Ìia-b 'i;ìte ciscor¡er"y o!' -,,i.:e ..:.:)i. ci
srnolte as a method of prese::vatic:i oi- Í'iesh i'ocd gucl.i. ai
rneat and fish was accicenj;al-, I-; o,:"igii:a;ei i,ra:::-::.::

drying process rn;hen heat r,üas usec, i:rr,,¡eve ::., ,;,rhe¡, i'¡: j*;v¡:.

and ì-ength of preserva-iiorr wel'e äoriceci, -ihe rrnc;iiin¿, ûi' i:ri::-,

and fish as a me'i,hoC of pr"esel:v¿-¿icrr beca.rie úo:,ï:.üj:"

Smoked fish has becn a cÕafla:1 cie-ù icr ¡.io;e :.!,

coastai and isola-bed j-n-i;er-ioi. r"egioris oí Ior-c¡l år;.e¡.:;-.,

Thei;' use2 however, has beel: iecl ln-r,g a::., "j::jy ¿.:'L .*.-i:^ :-'-ji--_,

connnonly as en appe'b-:.ze:, d.escite 'bire iac-¿ 'bha'¡ 'fhe i.,'å-i u.ü å:.i

quality has increasei"

The princi;o1e of srnoirj-rig fisir is 'trle r.er,ro.¡ni o-

rnoistu:'e by saiting (b¡"i:ring) ancithe acr:leve:irer'¡ cÍ' ic.:-,*:..

desirable fiavor charac'Leiis-¿i cs -üc -bhe t¡,rcduc'i. i:or'¡eve;'. t
few inves-ûiga-bors have c-'lainei "cira-¿ i'tco¿i sliül:e i:¿s ¿

bact e::iciciai ef f ec-b . Recio:' \ !925i cr ai¡led. 'iha'c ';r:e

preliminary sait tz'eainen'b is ir¡:¡c:-tai:"c in trj"es e!',ta'u-ic¡ì;, ...,:i,-i

a'û 'Lhe seme 'time, rnakes 'tne fj-sn fi¡"iner" by iri,¡irig. û j.ú i;i"ge

cuant i-i; ies of rvat e;'.

Shevian (\95ti cl*aiieed. tna'b ihe ÐÍese:'va-¿icn eî-e c': ¡i
salt in snnoking fish is cue 'to!

(a) the res-ûriction of nic:"cb:;iog,-c*. ¿c;:';11;'! '-ii ¿ -'-r-''-
of desicce'ùi on of iise ues;
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(b) the direct ac'¡ion of i\-aCi c:-r the :lu-i;;"if;ci:-ve í:,-iiitj'ú*'

organlsms present;
I ^ \ +r^^ 'i.^'{- ^*j.eÌ-ence of lfaC- l¡i';;1 .'iie ;.a:rii e¿'-ia.,, a_' ';:-:,\v/ uI¡s J-ttuçr_r

proteoiytic enzymes;

(d ) the remcvel- of oxygen ani s eils --3 
j-za-; :-o-i or iî:-.:'c^

organisms to CO2"

Ti:essler (L923) reporì;ecr ¿ha';'i;lie Dîeser''¡ative ac'bic: c:' :,;cli:

smoke is largely due'Lo'ihe Ðresence oi a;l'.ii':ibÉi'o- or5â:::l:

connpounds such as xyiencis, cl:eosöir r..re-Cn;,i es'ie¡'s cl' :::,5cal"

phenols, forrnal-dehycie, ace'ùic acidu åce';crie ei'ir lie-Lhi,'-i i,,;ÕlC i

al cohoi,

Cornnre¡'ciai sniroki-rrg of f isi: usua-i Iy i¡i'i"r¡'l';rss i::::i-:.3,
Â-nrri n r f -naå'bment with smOke and hea¡ -L¡'ee'bräen'C, Tle i'!:itu¿ J r¡¡ó, v¡ vs

used for this pui^pose was usuåil)'" 'îxozeä â.'i, -i;er;:cet:a'uü.res

ranging froro OoF 'co -ZOOF, 'ùeei: thaweo ii': -ra:'ge '¿iia-,li::,1, 'a'¿:'i.ti;u

The scales are rernoved. and -¿he gu-b cav'í'úy '¡asi:ed -üo r-erir,/e

excess blood" The srnoÌ<ing procedui"e usei. b¡,' vari-cus

^^**^s^ i e I *lant s is oí'c en d if Í'ei'ent , eacn ha'i'¡ n.q ihci": ö".:¡,U(,I¡t¡If r¿-L U !gI ¡\JIGLlv Ð !J v¿ v ç¿^ u I-L I çi çiI u ,

technique ob'bainea ti:rougl'r )/êåi's oÍ' ûtitlej'1eircc. *':úü iûJ

cari'ied out on proceiures usec b), five siiiotiii:g cì¿r:'5: ¡¡'r ';l:.e

l.Tinnipeg area revealed tl:a'i: ¿L1i iiiar:ts 6eileí'eiì-¡,,' fc,,-1o,iec å

slrnilar pai;tei:n" The ;orocedu;'e enir:i oveii is ¿sj ;'c1-l c';';; i

n fter thav¿ing, s cal iriE: aäc ciealii n¿:, ïne iis.:. j-.

cu-b inio sec'ü1ons of 1-|tt to 3tr i^;id.e üi'',iseo åû å:,;h;'i e fisí1,
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Brinins or crltin¡ 'ie nerfnnmoÁ h" ^.r ¡,u¿ rr¡¿r¡b va Jf,¿v+r..) ¡,vr r vJ --recing the fish in tanks

containing a mixture of salt and rretet'. The concentration of
brj-ne from plan-u to plant ranges from as lo,4 as 3Oo Sal to as

alhigh as 50- Sa1' Brining time depends upon the concelitration
of the brine, lasting from 3-4 hours to overnight. The f.ish
is then coâted '.,.rith vegetabl-e dye wirich gir,'es a bright red to
orgânge color to the prorluct, Each piece is hung on a metal
bar and left to air dry for 4-5 hours.

There are t'¡;o comnron methods of smoking: (a) col_cl

smoke, in whj-ch. the temperature ranges from 7?o to gOoF and

the end product rernains uncooked, and (b) hot smoke, in r¡rhich

the tem;oer"ature ranges fronL gooF to z15oF and the end produc.b

is cooked and ready for consulnpiÍon.

The length of smoking deoends upon the type of smoking

desired" rn cold smoking a period of 4-5 hours is usually
sufficierrt" fn hot smoking, j.t takes 3-t+ hours cìuring wh:i.ch

the temperatuz"e is kept be'l o'¡r goon ancl an additional )-t+
honrsu r'rith temperaiure raisec to zL5oF in orcìer to cook

the product,

The finishecl product is usrrally l-eft in the smoking

chamber overnight, then wraprpecl and sent to the market. A

good percentage of srnoked vrhitefish is solrl in the fresh
state, however, some have also been frozen, Both procedures

of sriioking are used exterrsively in canaca. and the u, so,

although hot srnoke is noT'e coíjirro:r ',,;Ïierr r¡;hitefj.sh i-e beinE



t:- )

smoked 
"

ì;rrìia .[iSecl fOr ReCî\/eî¡ 1;';r !-.::'' 1,i., 
-r 

.¡¡-:: èé1::::

( a ) Fi:e- en:ri.cirilen'i :ví¿d.i-4i3 ?i:e us e af t: prü*

enrj-chment lor isolation oÍ 5,:ri.æO¡-çj.l-q, ír:cn iccci 'Ð!ti-'\;,í-:.> !--i.

been repo::ted b]t meny in.¡es-b:-ga'boi's" T aSrf s¡ and Siiii¡¿:
(196i) and Taylo:: e! a.i (i96j) ;.eported 'cha'; the use c:" ¿

pi'e-enrichment meoiurn foz" igelarioi-i oÍ' Si]r¡;::::..............j.¿ ir.c: :-:.
focci prooucts and pi'oiìuc-;s ccn';aini:"ig l1-gr i:uni:ei cr Gï,:1ir:*

negel; j-ve micro-or gan j-sriis l-g cjull e e gselrtiel , E;,.t::¿ !):.: ,,-:,.

il-g55j showed tha'i; a higì:ez' T-iüinbeÍ. cj.. fidi¡S¡ç¿L¡r is r'ëcû*:iÊ-"úJ,

from inac-i;ivateC di'ied yeas; lchel: -bi:e )¡eË:sr sl:s¡et:s j_ir., -rr

lncubated at 3OcC for 2& iiou::s bef'o:.e being -br.t:iËjfe :-:.eu

in'bo a selec'cive eni"icnmen'í, iiiÉ,üiu.rn," .j¿neson i tgrc3 j ¿,e;:c:-.; rá

that higher Sa_Uqçrn.gjj¿r reccvej"y is o'it¿.i::red whe:i nuii..'-ci.:t

bro-bh j-s used as a þre*enrichnen'c neij-u;ri" i-icbbs tr:"96"j'¡

lnoica'ced tha'r, v,¡hen nuti"ien'3 br"otÌ: vla.g usec ¿s ä Ì:û:i-

selectlve enrichrnen-b fc.,: oriec iirhÕ-i e eggu^e ljrlch su¡e::io:r

resulis were obtained.

,: \(b) Eirri.cÞnren'b içli!:l Various üeiecïr-ve ei-:¡"i ci:üir3t;

rnedia have been appiied. f'or j-so-i-e.'bicn oÍ :!¡¿¡¡XlS¿.-j; :.:'::i::

various food produc-ls, By:'i:e -ei[. _+.i" ia955'; ::e;oc;'.bed -i-:¡"'.:

Seleni'¿e-F r^liih cys-ùii:e Så''/í; nuc:: silÌJer:i;' l:-::i..ì,,ì.*
recovery îrom egg aibuinin '¡hi?,, cci:1llå'i1'eci r';i-iir 9el eirjr-¿e-iì' a::ci

Tetra'bhiona;e'irroth. Tayio;' i :96L) snowei .ühai; :jr'il,l-.¿,,t1



Green Tetra'bhicnat e e nr':_cirlie n'; ni"o-ûh i:i,cvii e ,: 'tjcr;';:t:. 
i.,::.:

fi'om dried. arbum:!"n wlren ccrc'ca;:eti. "¡;i-:h ûcr cli:, e-"c';r:;';,..,:,: :.,

Georgala and Boo'b,h::oyci i t9C+) us eû Ei,ie ni¡ e-i¡ eriï.-i c j,:rti,::;

incubaiec at 3oc, lu3oc år.û *5oc joi" :;o;¿¿ic¡l cf .. i)-, i:.,:-j:- :.::

frOm mee'tt end mea'ü 'o;ot.rC'.., o T.::e;r ;.e ,:r';;'--; -;¡.i'; '-_.-:u:l-- __ü-._

of seLenite-F enrichirien-t at lúaC i:-rsilead oí 37cc j_íi;rr,Õ'r.¿ü tîe
selec-r,iv:-'üy of r;he neciì un.

(c ) Seleç!iye: ?.1,::i;: i,ri _le-gi:..: :" i^Jic€ v¿:r-i e-ú;i ü..'

seleciive pla'bing media has been eiírìcl-cyer i'ar jsola.;-.ci. ;_

ftilucne-l-l-a. ?he rnost c,)rrlir.on one used. by vi^:"icug '.,;c:..rc¡': ¿..j,e

Bismu'ch Suifi-te Agar (BS.q.) {iYrlson ald Ei¿lr îg?,1 , lg)!: ,

sia-]-¡npJie.r-1a s j'::-geJ.r-a jlga:' iss ) iLe-ísor i-9i5i , Bi.i-rlr;;-; tr¿.' :,

Agar {nC¿) (Kristênsen ei al- i9?j}, an,j. Íina11;.,, 3ril r la:r,;

Green Sulfa Agar {BGSj iGaJ-ion g.j: ?,.i_ LgSt.,'i ,

Ç nn^a ¡iî -F,^."^--r i -¡.\-'-.i ^.-uuvþÇ u.L .L1, v \rù u..!-l-.c1 Lr-t_ijit

The Scope Of" '';h-s SCu,j j/ ".r'âg -;c ¡..jc:Í'ü-';*r '-as (,*

oi sm,oking anci 'Uhe effec¡ oi ga::-;.:a itl:-t,':-'.:o:: o:, -;,::

O es'i; r'uction of s e1 ect ed s p e c i e s or' S",:¡.¿,::i¿i!i o Í.g,â¡: i 5 ;ijJ-

smoked whitefish" Speci-ficeil.-, ';he i-'o'r ici¡ing gspec.is

inves'r,iga-bed "

i, The survi-ve;i sl ,:r;rlnc::le-L-i¿ JríaËiii-isíijÞ
smoliii:g anc :-y::¿,-ciîi *o.-f:,¿a-cn\rj1-is oï)
of ',çiri-i;efi-sh which l,vel:e ccll¿¿i;;l:L:ii:iTrú
enteri-ng'i;he piai:-i; "

']'.j c';



') î:,

2" The su:.vival of i¿;-Ap_fjìi=L-i oi.gaìi:ì_s¡is
foilor^;in; s:.¡ioirinia aüci j.ir.aoiai; j-c¡i on
sanples cf whj,-"ie_¡ish i.rlij-ch ",,iere
contaninated iul-lng';iie b::inlnlÌ
ope r.a'ü ion.

3" The sur"vivai cf :T¡-,rilt¿gt,j.¿: o;.g;.ris;l:;
folioi.ving: i::r'adia'i; j_on ir: sårno-i es cf
whiief ish vthich i.rcie cc.t'tir,,ii¿r¿ ed
after smoki-rrg aiicì iui.irig l;he

. Y"\lo'r¡ o.ì hct 
^:1 

ôFi)-i '
¡v..v^Lsc)*¿¡c) *; iOiì 

"

l+" Esi;abllshmen'ú of 'õhe icr;el c,il i;'::¿:.dra';ic¡r
required to ctes'i;i'oy the llja-Lnqå.{¿å
organisms fron ea.ch oî i;he above ilei-iûi_o.r,et
st eps ,

The procedures bcinl; usccl j-;r';¡,i¡ :'i,uii'i.;ir'¡ i,,1 .';..".;,:^

to crosely rnaùch iÌrose of norrraj cc:i.;crc'ìll oÐcïe:'-'c:.t,
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The b:'ine used in "Chis $üì:ciy r¡¡.s il-eÐ¿.r:cc -!: L br:..y.,:

naker i,¡hich was designec 'o¡r i:., iì;. l-¿n'irr i-igrc'c) (I'rg u 1-t,í'; o

It r,úas made of a !-gai1o:i ce'fåc-ì'¿y ;:oiy'e,uh;riene ¿ol.i;i j-:,:,:

v¡ith a pias'cic bor',:1 connectei 'lo -bhe ou'L-i e; v3.'ì ."rû j -.it::-t i:{!

is placed on -top of a Íine ríresii screcri åt -biie cçz-ic:t ai'i.:,r.
coir"üainer. The bowl- was cove;.ecl.'bjr app::oi:in¿."uei)¡') *:,.:'_--3:,

of iarge glass beads, j ii-¡ches of f irie g,i¿ts be aiu, ;1. .-!..Ji.t!

of fine sand and finaljT, I inches oi co¿i..i:se sa-'.i. I,.'ù-i.!. .,,:.n.:,

aodeo froni bhe toir of 'uhe container ani afi;e:: a.oerioc ¿f
?n mi nrr-rrac +he ou'üie'b faucet v,;as o.ocäcd ärid aC;us'iec sc :!i¿'.¡;rtv ¡¡¡+¡¡qvvvt v^¿v vuv¡uv ¡Gq

oiìe drop of sa.iurated br"ine f'eii ever.)r seco::ci ii:"¡c a t:-i¿;';:.,c

con'bainer" The brine 'cb'iaj-l'ieci by -thris iïe-rlhcd t,rås sa-;ul.a'ie¡;

and the sal-inometer .;teeding tJâs iCO sä.i. The b::ine l,;a¡ ;j:ei:
-a\lcept at 60"F and dilu1;ed to ihe desired. toäcent:'a'Cror¡ beÍc::e

us e.

The Smol<er

The smoke house usecl iä this s";udy itas ai sc ces:-,glec

by A. -v'f" Lantz íL961+) airC was cot-isiz.uctec víth fe'i¡ iilriro:'

modifica'Lions (l'ig. V). ?he ga'lv¿ri,i¿ei sheec ne'ú¿-r sírl.irr€î

consis'ûeC of a s-tack whicir v¡as a'¿';e.cnei. ''¿c e ó0*Íoo'¿ c:.:l:ìtr:e;,',

a transi-bion section oi' hocC., a g.ncire cn¿nì:er r¡h.e i'e 'ihc

fish wer:e susnendeci, a duc'i: anc frnaL:y a r¡:oire pi:ciecer
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rt'hich consis'Led of
smolie and hea-b. In
of producing heai u

oi'Cei' t,o destroy an

chimney drir:-ng ihe

Îìha T'nr.:'¿l ì rJ-.i nn Tì*i -i

- 

JÆ\J 4u !, -Lv'iJ jl---:P

The irradiatj-on uni.ü ì.iced i-r.i -this :,;lri,v i;as a ûcá.1

Garnnracell i'lodel 2?.o desigi:ec eni ccnsrï'Lj.cted b;. i,::c :,-'¿c::,ic

Energy oÍ. canada Ltc. ïhis 'Llnj--b ccnlair:ei å cha¡lbe:= ür. 5¡
in diarne-ber by I t/8tl in ne:lgh-i;, rj:e ::.¿:,iia'¿ic:i scu:,:crj -;S

Co60 r¡rith a half-]ife oí' 5" j ireeï.s wj::Lch. i.*ai j-c¿;c-;i,¡i-;:r i.¡l--r i
iecrease about Ltf per inonch, 'ihe Llrri-ü ::¿s L-.ri eiLerGJi gû,rij.cû

of I.17 and L"33 Ìviev and the a.bilrt¡r to -oene-ùj.e"be 40 ciî. i:'
the material is irz"adiaied f::on both sid.es {.ì-*tsi_sir_ Lg|¿,; .

Due'üo decaying fac'üors of ;:ie gcu.j"ce,'ùîe elíif3sitr3'.__:.g

for specific dose ievel-s i^jeÍ'e calcu-Lated rnoi:'i;hiy by i:si,:¿:

the appropriai;e decay fac-¿ois,

The Sa.lmone.L]"â $pec j es
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The cu1'ûures of :Sa i,rncj-re.ll-A usecl

1. Ê, åive 9?6€] i+hich iies Ðeer
Comer eÞ_ Al (rgój i i,o ce bhe
resis'ûant s'brain"

2. $" j-ê-lle. LC72L -:n;h:-c:'r .iir¿s ::e.oi::.'bed ':;t
Gangarou a s{: Ê=. ii9ót}} .¡o 'be -;he ciiu:::rti_v:
agen'b oí Saln:ci:e'i l-cs;:is outb.reail iji;e ¡c'the coäsump-bi-on cÍ si-ncjteij r¡i_hj_-bef:jsh ii-ühree sta'oes of it-eiv Tcr.kr jl,ler¡; Je¡.s ej,- ¿,r:v
P ennsylvania 

"
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g" lgpf,U¡li.¡¡;n i3jii
tlortrmer ( 1965)'üo'ce
associaied wii;h fooci
U. S" A.

Aii cultures I^Jere ob-;ainei f:.orir

Cul-ture Coilection, Rockvilieo ì{aryiand

which -¡;as rC'ccr'.e() L,t
;iC nO,-;'; COr.';;;b;'. |,=¿ :'¿-lf,
poì-soning ¡rr tire

)e 1n -.

1T
l u.

r¡l¡it-- ¿çCi--| t I ¿ti

ctj
vo

Prenai',ati n¡ oî Cul.tui.r:sJJtë^¡lár'.).\/.IL__

Vari-ous meilhods fo:. -ihe Ðreirera"eion of ;he

cultures have been i'eported." Shj-fie't,t îi',, 2:-: \;967) ,;¿ea

Brair¡ lieart Infusion (Ð:fco) fo-¡ 6 hou:rs e.ü àüoC "v;hire

ErCman ei ê1 (f ç0i) usea nu-t::ienu; b::olh (Drf cc) cor^¿a:;;:¿

O"311, yeast e>ltraci incuba'beo å-ü )7oC îor Zq. .nour.¡:,

In this stuoy, eacìi 'iui:c of -ïreeze-ci.ieo ;;r,oc,r

cultures of *qaþr,lneiIa r,vas b;:cì<e^r ascep't ict;-i\y anc ;ì:e

conient $ras mixed vli'uh j mi of s.;ei^iie a"Lí¡ ire,ctcne i,jå;rr.j

0,5 ml of this nlix'Lui'e was then t;.ansfe¡"rei'¡o ó-;ubes,

2 having 5 ml of Brain i{ear; iniusion (Ði-Í-co), 2 wi;h

5 ml of nut;"ien-b b::oih (D:-fco) arc îir;tLry Z tubur .rav::.¿

5 nl of trypticase soy brotir" cne i;ube frorri each oÍ I i;.ciia

\.Jere íncubated at )7oC fo:: 2i¡ i:ou;'s r,i,lliie i;hè o'¿heïs 'Í,1eí.(:-

incu'oaied e1r 41oC foi' i8 hou¡.s " rii-tei- -;¡iese ice;.ioas, 1 :,,
frora eacii tube was ti'ansfe::i'ec irr'¿o 6 îiasks elch cût.¿a:l-;i,-,,..

2OO ml of the previ-ousi-y rnentioned mecia, piaced oìi ¿:

--¡n'i.^-^n^ì aÌ.^1--^- ^.-;i rrurpr u\.a¿ ui¡al{er and incubai; ei a'c }7o at:ci ;;-.oÜ i :cû litc'u-, .,.¡c-._7

for )6 hours. Totai bac'ie::iai coul-Ì'ús frci;l cach ilcir;, l.

tha'o nuirient 'oro"bh at 37cC ;"esui'i;ed, i:: ;i¡ucn rre-;;er ¡;--j'..';,.



-:-!^¡.^ ¡r1^^ ^1-lâ^-^U¡Iéri t/lLç (Jtl¡¡çr ù

.' ^.^,1 {- }^ -^" n'l¡¡r'i-t{ÞE\¡ vila vL ¿irrvL(u

I il --c'^rì i -.\..yy ur¡u 4Jr

':-'-^ ^--'-{--^Vllç; çirVl-i ç

I ) " The z"ef or"e,

.-_1-'.-1-r;.,vquy o

.-.L ì cr

flho flnrr^l:ì a^. Ç{-rrrì\r 
^-l 

\i1:-i r'.c, ì.r^^i-
.L ¡1(: u(Jj¡.tÈ(,.i.1 .Lù\-r¡1. *j.j:j :¿J_ -!-.-=j,r-il .i: jtr.i-il

q:âlÊ1ô?1êl¡â
.-=r.,13:Lj::::.=

i a:c c,".1

n..^ +^ ,,^_-l^,.^ *^Àl^^-..-. ì^..- .:: ^..-...
lJLig U(J VeI ¿\,\,tJ iltûullul,ri, r (:J\Jr t/\-11 QJ e-**Ur Ui^r I'rv-.--ú,.;,

fo:. the isola'oion and iie::-bif ical;iorr of i,:r j nii::ç-:l,1:: !?ec':-..

from vaï'ious i'ooC produc-U'i, e ;ci.ej iln-i-na:r,t ei:rlcl-::.-.:i'; "¡i'¿,i,

undei:taken in orde:' to seiec-¡ end e sîebiish "ae ncÍi'ù su,: l;¿í,*,;

proceduire to be usei in tiils sî\idy"

In this s'ûììdy, 'üh:'ee non-sel ec-¿ive ple-errich-tj.-"

media, iactose b:'o-bh (D if co ) , nu-bi'i-ei'ri brc-b¡ ;):;.cc ) eili

tsrain Ileart infus ion iD if co ) , l,ie re us ec b;, o::'ans i e:: ::ts

25 gm of the seinple in'i,o th;'ee ;a::s con-üa:-ning iÛ0 nl of

'Lhe media. Af-U er blerioing ior' 2 ainu'ü es, 'i;he jåï'c :¡to!è

incubated ai )7oC fo;" ?, +t 3 eì'ìc. i2 iours reiore 
":L:'.*'--^:-,:;

inio enf ichnent mediìi:i:"

In i;he preliril-nary s-l;uci-es, a coríiìlarj-5oìi ':,:âS e1 :.1 *i,-.:

in various errrichrßen-t Íleciia å¡rcì üemÞera'i;iìre cf -i-ric *';a'i -oi

using Selenite-"Q¡ Seieni-ie Cysi;ine anc Te-¿¡'a-lii:-ci.â.', e 'cï'c'ü;

(Difco)" This r,^¡as accon'ipiished by acci¡g L25 r;ri c:í' eår;,

enricilmeni media inio three jaì:S containiíi€; cliffe::err-ú ìlIe-

enricnnenis ancl incu'rrai;ing a-ü 37oC â¡'.ii 4'o[ fo,: 2i -.:ii -.:5

;ìOlì;S ¡'dSPCù - t -Y c

ii c c rL rt,l '"
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Four riifferen'¿ seiecr j-v'e inoriia its:: , :::, -;C,,. ¿:;(.',

BGS) l^tere used in the preiln:;larr"y;';uc,y by -i'îi;.!¡a.,'i:r:':'::i,

0.5 ml of the cuI'cu:"e oíi. each ,cJ-a';e and :lrr:ad L'î,j "'1)'J'[, i,

bent glass rocì and incuba-blng -'c )'t ., *"" 21, ìlcul":,

the results ob-bained fi:oni i;his cci:.?ai",uJ:, s';ui..n'

(Appendix iI) reveeleo that pi-e-e;li'iclii:en'l oí 'chc cr-'úì^iû.:
Ì.^- n-^^¡* â.i ^.^i ^aì n^*^^ -i^-^ ^-3 

.j: ..-, r^:..j^..r-:- a -f :e _¡lcÀÐ É:)J.çqU i¡-L{f,ll¡i.JçCril,\-E +LJ¿ :\:ç\JVçj.J/ v: .'.' ..''-t *u

enrichmeni in B"il.I" fol: ,! hours a'ù 37"C gave íruc¡ì. Lur,ei,-ol'

resì.ii-ts to -ühai of l-ac';cse and nu;rierr'û b;'ot,h" ;,^"ú -;ire : Í;:€

ì,irile, enriching in Te-br"a''ühioilatc b;"oi;h a-1, l¡-l-oC fa: 2t,, j:û;i'ij

mâde i-b superior io Sereni'¿ e-:r eîc So-e ,:,:;c Cy:-;:l-u r.,lú--.--.,

Sor ihe selective pfa'bi::g neiiar .co-¿ì' Ði"iiir;.n-b Gi:een l;''--'a

^.^.1 c^] *^*^'ì ì ô <l:-i ¡'^l '1 c ì ry¡.- '.^--^^^-'^^i j, 
^- -

diiu !4.!Æ-LljJ]€ .-rri.r:,--\lj--:.f.. ¡òóci lJ* \r\¡L4u\l11 Ùljt^q**J J!r\J!; --ì-r-/--t^--:J--j

of Sa-i-mone-'l-1 4." ìio\,Jevejr, 'úhe f'g:.iie:. \,j¿lu ure:; ¡-,í:ce -'- *r

known to be more seiective Íc;" 5:ial,racni:;-l _l C, soeci eÈ erie

cr.^¡^csnri f lrn o-¡.¡r,c-¡L 
^3 

¡¡-. i-1,--^.- n.1-t,'1',-. j ¡,'l+ i fll:--'l-.^.rÞt,tUJ. tiùÐt'\,¡. tJIl,E 6J. V'!^,rV¡l V..j- \,Vi-l\/¡ l^: U- úqr¡-'l:;rv \uú*vUÀ: _j 

-
,'QÃ/, I - Thero'lnra, ï.has:c' s: eieC'¡ed n:ediA .viÌe¡e 'rised ;n 'i;t;iS
L,/ /tL+l ø 4¡¡v¡ v¿v¡ v, v¡^vuv

^r.-"",¡.. .1^.^ ^*..fn,rfe-,".inc..:,h,: i,'¡-::.a..^.:-l];: I.r 1^,ÊCieS"Þ VL¡(.ly I\.,,¡ Y.Lj,L¿ti¡rJJ- av+I]',! v¡¡s ;.::J; i'. iZ.:.- ::1 :- J^J(

fhe rnocirl.aii?q o:l !Þni:-e¿. a.'¡¡ .ì.p2.:.c¡;'-.'c.r- ,^= ?: ': ':' ''-' ,i,

.ìnr:nor-2t i n,r Tech.n:ictic1J] ¡-!]l::r-w]' \4 U .,-V t r 

--

As sta'beo in'üne .nt:ciuc-U;or:,'-i.e l:i.*.: o:.ca-. ci

i;his inves-i;igatior: v,råg 'i;o estebiish a ie.¡el ûi ¿-,å:lÌt:

iri'adiation v;hich v;oulc eiinil:e-;e vål:ious :l:¿i rrrir-,"r: l i u:':J -:-
fi.Or¡ rrhiief ish, r,vhich is aï't,ij'icia l*1r coi'.r-jfiil'ii.å-;cû. r:'j-'-ì-.-,



veT'ious siages of snîoiiing" jt''ci 'bÌ:-s Ðurpüter t'i:a:tiLa:a:,

the following three s-l;ages wci"e j-ädi-¡lduaiiy ?-:t.-::.--::L¿ 
"

(a) Fish inocul-ated. '¡ith Sflllll}rl-1..,¡,1 5iec-'e,¡ P:':-c,:'-;J -i-::

Fi'eezirrss Bi--ìningp SrnoÌ.ling ar:d i:':lalia'blci :'¡'ea'Li:,.c::'ì".

À 'to-baI of 5 C:'essei heac-c:i i¿,i:-e liinn;r:eg l.;i, i; ¿i-:':-

were ob-bained frorn a cor:i;:le:"ciai scLiice " :iici il:n '.,je:

cl-assif ied as meCiura i-n c,'Lteii'b-¡., Sc;:ies;, s-i :nre e:il ?T.i:{.::,

bìood in 'bhe body cavif y "vioiË vsnc.vei r'r:'cIÍt c¿r.cil 7.":-t-:^ -:,- -¿-'..',..!:

cui inlo appro::irna-bci51 6 s-;;ajt:;, '.,'j;o *::,:,--.:i, Ìi-'í- r. 
"

Prior to inocuia-i; j-olt ul-t,h. jlli¡¡¡.c j...:r,t 'i;ì:c 'lc:;¿j-

microbial flor"a and I,'lPlI (¡ncs-J ir"cl::-riû i'ru.:l1ilc.llj cci, j":::"ii: ::i

each fish was analySed by pi-acittg 5A gi¿ì.il1rj o'' 'Lhe ì'j-¡,:'; :.-:'

a ste:'ile stainless steel bì eilcle;: ie;", add.irrg i:5C ::ii ci

sieiile O"L"/" pep-Uoire r.¡¿r'i;ei' an<i. bienciiri3; j'oi" t'i'lo äii).:Li-r',,3 c:i e

l,Iaring Blende::, TÌre seriai di-lu1;ioi'is \4el:e ilîe:ålc; *--'

bot'cles coniaini rt?; O,L% s'üe;'iie pen'ione 'i,;3.;er e,:l.j- cuoi;cr';e

nlal-.es Tr7ê?ê noured fi"orn ltegÐec¡ive ô:.1u'¡:-ol'ls ugi.rig

Tryp-ùicase Glucose Ex-[ract Aga;' iD j-i'cc ) ¿iriC i:icu-D..'icc: ¿i;

2qoC, " r,r'7? houi's. The ii,'i.P.ä. coiifo¡'ill';c3î \;¿'.: ,;e:'i'c',r'r.::ik) v trv¿ lp t.v u¡ vo

using doubie and single s1,::'ength oí' iac';ose ¡:c-i;i {ì-:rc;
and incuba'ceC. e'u 35cC i'cr 48 ll¿u.:sr

fnOCul-a'ùiOn cf ihe Sa:i:cl-e s Y.iås ;oeiiol:ireC ;;i ,:,-;',4---r¡

SiX S'ûeakS in a S*üai-nl-es:S l';'üeel .ocel.:el ccn'';.'.iir:-i'i:2:0;l-" ¡:

approximateLy 2 x 107 V. i.:,ve ÞeÍ iril of rru'¿ric;-i'; bi;;ì''; rr:--:



jl+

into a beaker containing 2OO mI of apcroximately 2 x 107

g" java per nl of nu-r,rient brobh and, finally, six into a

beaker containing 2CO ml of approximat eiry 2 x LO7

g. ty-oÀimu¡iun per rnl of nutrient br"oth. All steaks r,.rere

soaked in the aoaropriate cultures for 1! minutes, then

removed asep'cicai-l-y and claced in sterife stainless steel

trays and kept at OoF for l¡8 hour"s.

The original nunber of each SAI¡gg¡er!ê species

inoculated r^ras obtained by blencli-ng 25 grn of the samcle with

l-25 nl of nutrient broth (Difco), incubated for. four hours

and therr adding 100 ml of Tetrathj-onate broth (Di-f co) and

incubating for an additional- 18 hours at l,lo0. The serial-

dilutj-on '¡las then prepar.ed in bottl es con't,aini-ng 0.L,4, of

sterile peptone 1¡Jater, and 1 ml of each dilution was

transferrecl on two nlates of Bril1j-ant Green Sulfa Agar

(Difco) (Osborne anC Siokes 1955) , spread by means of a bent

glass rod (hockey stick shape) and incubated a-c )7oC for
24 hour.'s,

The typical colonies on B,G.S. plates were picked

from each pJ-ate and inoculatecl in T:riple Sugar Iron Agar

(T,S.I. )(D j-fco) by sireaking the slani and siabbing the butt.
All tubes vrere ihen incubated for 2{ }rours at 37oC" The

tu'oes producing black discol"oz'aij-on I¡iere read ancl the nu.mber

of $g-1,¡1q6"9_l-lC per gm of the product vras recorded.

After a nani nd n'1 ,,Ê hOUrS, all_ SampleS 1,,iere ï"eftOV€rì
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frcm the freezer and tharved ai rcom tempera'Lure" The

lejn-g¡Sl.=le survival of each species ";es calculated using the

prevj-ous rnethod o-f enunei"aiion"

The thawed fish steaks were then placed in three
ô

.contain¿rs, eacir havi-ng 400 m] of 6O" sa-l_ brine and brirreC

for 25 minutes at room ternperature" The survival of
Salm*o¡el*le afier brining '¡ras a-l-so deternined and ihe

renaining sancles '¡iere placed in the refrigera'bor ovei'nigh',1.

The sinoking orocedures r,ras carrj-ed out by hanging the

steaks in the smoking charnber of the sn-ioker, TÌre samrcle s

were erposed to 3-4 hours of cold smoke by using hardwood

shavi.ngs during ,¡hj.ch the temr:er.ature did not exceed 90oF.

For the iast L*5 hour"s of smoking, the temoerature wâs r.aised

by burning hard v¡ood chunks and bringing the temperature to
a1

l-55185"f. Du.rinÊ the erriire srnoking Ðrocess, the ternoei:àtnre

of the fLesh and the snlol,:e chamb€r r¡rrâs measu.r-ed by means of
a tirermo cou¡le, (Tabl-e 1l-)

tihen the smoÌ<ing process r^ias com'¡L.etedl, the samole-q

ïiere Ie ft in the chanlber until cooled off , then tr.arrsferred

ase¡;tica1-l-y into c:ryovac bags and seal.ed, The effect of

smokin€, on all three specje s of $ALnenSJlê *..as determined

usÍ ng the enurnerai j.on technique describecì earliei."
The irradiatj-on of sarrrpl.es,¡ras perforrned by treaii-ng

them with O.A'/5s 0"1-, O.2n 0"3 ancl 0,4 i'ii rads" The irradiated

sarn.nles ?,'ere ihen talcen tc tiie laborator"y fo:' bacteriolog:ical
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exeminetion and ei-iune ra-L,ion oi -ihc Êl¡'I1;r1,^;.¡',..-i -j,l.,

(b) Fish Sec-bions Iilocul âi,ci i.rirh ;:ii:1.:,::-.jj: i:;¿c.,t.- l':._,-¿:

io Brining, Smolti::g ana *:':ac j-i';1o;: l--:ca,;i.:,::r';,

The s'üeaks r,^Jere !t'ozen ¿.'t ûojr.-o;",!.û ici-ii:;"'i,i,i-',:,r;û L:ì,

room i;enperature, and inocula-';eC w:'i-íh cul ";'.ì-,jû¡ ci i':..',:r) ',':':t::t :'.,

r{as carried ou'f bir placing 'ùhera tn -i;:ri"e e i'i'e:"c:^.':; ci,,r.'ia -.:¡i:t
of 60o sai b::'jne for' a. 'ce:"i-oc ot' 2j iii,riu';el" :-:-L* )t:.:.,) :.-.-

uleï'e then reilor¡ed asceo'c ica-LLy, i¡iaceiì üri )',å-. il-cJJ i,::?.:':-

trays, ard ire,o'l i-ir ihe rei.:ige 3i';J;' û."'ci'i-:..j:"ù, --'--: ,:.'_'l .;, .:_'

brir:ing on eech scecleg '¡;û5 c^e-be:,,: .:cc. :;:c -'i-' --::----'-; 1 :..'.

al-i samples ',¡iei-e ;clacei in 'ihe sir:¡ke:: i',:: ¿ p:.':-... :i'

apnroxi-rnaiely [s hours. Tne 'benpeÍ¿-üir.J"e dulr'1lE ;i:: ]iíi:ü-.': jrE

proceCure i¡as kep'c ciose '¿o ';ha-b oi ¡;:evìcus sei:'i;ici": 'i.'

opening and c3-osing the aiap-be::s 'ln 'i;he si;rci;e cha:,¿'ie:.

i{owever, this was founi ;c be ån ej:'uer:þ'ii'el;;' c.:ii':,c;-'.

op,erati-on, and differ'ences :-n'i;enÐej'e'Lu::es as ::uch ¿,: )-.-t
could no-L be avoiieo" The ei-fec; cf si;lüi.:1::g cn er.c;i,-:-:u:----

r¡iâs deternniired ano 'bhe ïenai-nt-ng galli'cl e s ì;.tdl'e i-:ii-r¡-il-'.û.i-:¡

;., "..rced j,n cryovilc baSs ânC se¿l e i" fiie ::'¿rc:.¿r-;ioii. ; j-;r¡:;:r-3:,ú

r,,jas carÍ'ied out usi ng iosages 'Jf û 
" 
j, A,'2 r J,i c-î,C û, :,- .',

r"ads" This r.,ras 'imn:edia-;eiy fcl-ìowea bi,'ae;ec'¿j-c.: oi
Salmonei-.1-a su:'vival usii,5 the ei"tij.iireïit-{,1ci;;:;'cceu'-il'¿ ûus:::-'j.:,.,i:

-iinder Section (a)"
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( c ) Fish Sections Inoculated ",vith Salmonell a Sne cies

after Smoking ancl before Receiving Irradia',,ion Treatment.

At this stage, the i-noculation of samoles with the

three species of sarmorella vras oerformed after the freezing,
Ìrr.,-i r,i no ¡nrì cmnlzì ns nr'rìnêeSeS l.,le1. e COnf l et ed. TheIrlë, v¡

inoculaiion procedure useci ''¡es the same as explained under,

Section (a) , hor¡;everr the samples vrere drained on sterile
stainl-ess steel screens for 30 minut es prior. to packaging 

"

Each section '¡as placed individually in cryovac bags and

sealeC, The samples were then treated withr 0.1, 0"15, O"25,

0"3r O"35, 0"4., O"l+5, ancì 0,5 Ì'T rads, and the survival of
each speci.es of S_a_lrnqnel1-_A r¡;as deterrni ned immediatoly afier
irradiation"

All samoles r^iere kept refrigeratecl for a period of
t'nlo r¡Jeeks a.ft,er being treated with various dosages of

^ 'i*-^^':^tion" At four-rl¿v interv:l ''h^^r' +'^åatrliild ll'f'aulaUIUfló åU LOUI -..^J ,*rS, a CneCK IOf

SaLn-gne-L]-a recovery vras made by taking 25 grarris of the samole

and using the enunterating technique describecl previously,

RESUTTS

1. Fish Inoculated '¡ith åaln*o^¡,e.-.Lla Species Prior io
the Freezing, Brirring, Smoking and Irradiation Tr.eaime¡ii,

The bac'ber.ial popr,rL.aiion as determined by the total_

bac'berial coi;.nts and by the l',fPi\i col iíorr:l counts of fish sarnples



inocuiated rçith acpi:o:rili'¿'öeì y 2 :< iC7 crîg¿:lr:ríir: 113l' [!'i.:, r--'

fj-sh with each species c,f' ,T¿:i:g::el,lq ai:cì i':cz¡:r: ,j.'; oo,i :-':;;,

I + t^^..-.r -rr^^--,- ^---r.---.J- -^ì --+u ¡¡\rur ir, t,risrê WâS a.opi:O;lia[a'úel_y e '¿i;OrC-La 
11 ,JûU.C-t*On ::: ':,a-a

nurnbe:'s of S " .ial¿i ar.cl -<l* ;,.t:ii::j--i_¡i ;.:.,j e o:i":';t * ;:-L..- : .. ::..

)t
prioï' to inocul-aì;ion r,;i-bh Så]jgtel .l¡,! silec.ie s .r,je r1í; ic,"¿'tic. 'i":¿

be quit e lov¿ (Tabie f I-t ) . ?l:e 'l:ctai bact e:r, al c,i,"ì;:tr

decreased quiie rapicj-y íoi-r cw'ng f::cc:¿i;:iir 'a:!r;:'tii: ï^i;i

smoking processes, ?he coiifoí'ííi cou:i'i g iecí'eisic eyL1t :i.c':-..r

ciranaticaiiy aÍ¡er 'îteezi-lg alC :þ cc:r:'c_"::-:j =.:J.:-.J il.¿t_ -,-'.
afteili;¡'eating 'Lhe sano-i e r,'li'¿Ì: óûo c:-i b:"ine " ','î,.t cJ,;::i)-:-¿-.(r

oes-bruction of na'i:urai íic::a becaäe evide¡i-L ar'.[cr" 'ö:,a¿'J,:.?!.-,J

of sarnples lviuh 0,C7j iti räci, I;l:e-r u.:e ua.1c !:.::-) a.- ,.t .:_._

in ihe case cf f;." ,{i-r¡e.. 0n1y a orrei'clcl :'r¡auc-i;j-o;: i:i .:c't::,.::,

became evicÌent when sanipl-es -',j:îh f , .j¡:r-å ai:i 3" :! j:l!:,..:,. .-.,' 
:

were tz'eaied t,¡iih br"ine, hc-r,vever: -ib:.c re '¡jâs a 'ür,;oi'oic.

reduction of S,,tri.¡e aftez'the Sane'bÍe¿lUi,:.eü';u ,i r!;^:e;'
recorrery of S, qj-.r,"e as ccin;ra¡"ei bo the o-bhe_r tr,,jü 'J.e;:'-

organisms, \,.,las tro'Liced r,,lhen the sarni:.Le s 'i,1ei"c siiiclçcrL ]c;.

approxinately B hcu:'s " !'u;'iherncie ) 'i;e rå'ii *-: :--_¡, t:

appears ro be aore ;'esistan-¿ 'üc tite .'Íe c';';:l¿,

smoi<ing processes,

indicates that ojl 'úhe rhr"ee s oecies of S;ål_r.ro¡re,i I ¿

rnL ^ *rr-¿1¡i 1¡- -ìi. lilJ Þu_ v

tt¡ 
- 

j 
^'r -ç^iJvù t¡a s vL) vqi IU uÐ

Çio.:r-a \IT ,1 r.rniÄ¿4Þ,u¿v Y¿e 4siJ¿v

^3 -.¡^qLrI lJGV-¡

d cr..: I c' r, c-\¡ve qovv

ugw-¡-*liç;

- -:': - .-. .-,c.i ú J J_

¡: l 'r^,..=-.. ,. -ì .-

M: V',r J-___
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three -opecies became evident '¡hen the samc] es were trea-t,ed

with 0"075 and 0"1 l,l rad resrectively. Ho:vever, this
decl ine becar,e non-linear, in fa ct, a tttailin€ ef fectll '..las

noted in the case of s. åirg and $, tv.pþ!ryI]-u-@ r¡rhen they

!{ere furiher treaied wi--uh 0"2 and O"3 ivi rad of irradiation.
The var.iation in radiation resistance among the three

cultures was evident. The dose level required for a

folcl rerJuc'bion of $" åig-g.'¡as 0,& M rad, r¡¡hil-e for a

fold reduction of Q" ;þyA and 5. -U¿p-gfmåLi-U¡g, ìt ,,,:as

and 0"3 ì',i rad respect'ive'l y"

105

10'

o"2

' 2" Fish Sections Jnoculatecì with $.alnro-:rci^1-a Species

P¡'j-or to Brining, Smoking and Irradiati.on Treatment.

The data irr Tabl-e IV irrdicated thab the orieinal

bac'r"eria.l polrul-ation and the IVIPN coliforms on non-inoculated

samples rniore 1ow" This.v¡as mainll' attributed to the effect

of freezing on those organisms sirrce these sarncJe s were fish

'¡hich were frozen ârrd thawed, The existing col iforms tJere

coma-l-etely elirnina'f erj after tr'eating v;ith ó0o sa-'l- bri-ne,

r^rhile the other flora r,{ere noi conpletel-y destroyecl"

Furtherrnore, a.cproximately 10Í of the microbial fl or"a

survived the srnoki.ng Ðrocesso ì¡Ihen the semc,les l^iere

j-noculatecl with approxirnately 2 x tO9/gn of each åa!tç.n-cl=]e

soecies, all threc test orgârlisas r¡ierê reducecl by tl^io logs

after brining. lio','¡everr',lheä tLre sarncies r¡ìere treated'¡rj-th

smol<e fo:' a ¡er j.od of I hou.rs, a Lll:r'ee 1og reduction beca.me
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evident for S, jar¡a and aop::oximately two i-og reduction in
the case of S" give. and _S_. !:fr¡Unuffun, Once again, S. qive

exhibited sJ-ightly nore resistance to'¡¡ards the smoking

process than the other tr¡ro species,

i ffre effect of gamma irradiatj-on on the survivat of the
*1r¡aa cnoni og Of SalmOnella after SrnOkins is .:hol,,rn i nvvvv4v\ ¡¡o u¡¡vJr¡I +J

Figure VII" As was noted oreviously, the number of orga.nisms

decreased as the dosage'.vas increased.

Comnaratively, the most radiaiion-sensitive snecies at

this stage were S. jgA and_S. lyph_inlUJ.iUn r^rhich bcth

required 0.3 I,i rad for aporoxi-matel-y lolt and LO5 reduction,

r^rhile 5" g-lqc again proved to be the nost radiaiion-i"esi-stant,

requj-ring a Cosage of 0"L i\'i rad fcr a 102 reduction,

3" Fish Sections Inoculaied v¡j-th 5-a1mor_e11_a Species

after Smoking and before Receiving frradiation Treatment"

The total natural flora isolated from the smoked

sam-ole s prior to inoculation ',,¡as founC to be extremely loi';

and there was no evidence of colifor.rn present (Table V)" The

microbial flor:a ¡¡1êre comnle'r,e1y eliminated after treating

the sairrples -rviih 0"1 Þi rad of gamnia irradiation,
Figure VIII il-lirstrates the effect of various dosages

of gamma irradia'bion on samcles of smoked v;hii,efish inocul-atecl

v¡i1,h aplroximately 2 x 7.09 /grr, of -S-" €-t.-v-g, --î-, j3"-r:.g, ârrd

So !y__plUi-rfi:.rgli" It is inier"estiiig to note that the::c'¡râs a

very rapicl cleclj-ne in the nimber of each species after'



THE EFFÐCT OF VARIOUS DOSAGES O}- GAI"'ii.':A IRRAI]IATIO¡I Oi'I S$J*I1O..]j",3åLå II;OCUL/LTED
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irt
treatnen-b \^JiIh 0"i i'{ rad" Iio",,,¡ever, the decrease becanê

more gradual as the dosage was j-ncr.eased and the il'ca:-ij,ng

effecttt which ''¡as evident in Figur"e VI became eviderrl; lor
aLl three spec j-es. s " tlrnhimurir.rrn exhiblied a higher

resistance when exposed to 0.2 anc o"25 Ivi raci; hovrever, a

sharp decline in the num'oer of survlvors r¡,¡âs sho.¡¡n foiiowing
exposure to o.3 and 0.4 l4 rads" To obtain a l-09 reouccion

in the number of organisms per granr of p:.oduct S. g:ì_",¡e

required a dosage of 0"5 M radso Ê" *ûl¡p.ll¿I'.r;.rjirl1 a d.osage of
0.L ivi rad anci g" j-Q¡¿ê¡ oli-y O"35 l4 rad.

Studies on the presence of $gJ=mo¡Sj.l_a follo'r;ing
irradiaiion and siorage at 5oC faiied to show any growih

(recovery) up to period. of tr^Jo r¡reeks"



DISCUSSIOI]

In rec€Et years several '.ve11 documented episodes

of !;ilnerr-g_ll,A food poisoning due to contamj_naÌ;ed snoked

whitefjsh have been reported by i(leeman ei al_ (l-?LZ),

Olitzkey et al- (1956) anC Gangart:se g[ al (19óS) , fn al1

casese the final product l^ras found to be contaminatecl with
$glnqte-Up¡" This contamination cou,ld have occurreô, during

any one of the varuous stages cf processing: (a) tish being

car-rght from polluteci water; (b) fish being contaminatecl

during tha','.'ing and briningi (c) t:-sÌr being handlec by emoroyees

'¡ho are the carriers of Selnp_ffg:*l_e and (d) post-smokì_ng

contamination fronr unsanitary equiprirent,

This study examined. the possibilities of contantj-nation

arising frorn the se sources and the results conf irnrecl previous

findings that smoked whitefish can be a source of
salrnonellosis j.f it has not been processed under sanitary
plant and oersonnel conclitions" rt has also shown that the

srnol:ing procedu.r'e being used by the ever.âge comnercial

smoking plant may very well not be suffj-cient for the

Cestr'uction of Sgl¡p_¡Cj,a or€lanisr¡rs if the fish '¡ias

contarninatecl"

Accorclj-n€; to re-"ults obtained frorn thj-s stu,Cy, a trio-

1og redu.c'r,ion in _9-. ja'¿a.-_and !. !-Xplflqi_LfiurtÌ and cne log

reduction in S" give became eviderii af'ùer freezinr{ the sarnpl-es

at OoF -fo.r 48 hours, This daia É'{rjrresÐonds ujuih the fincìings:
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*^.-^-+ ^^ 'l-." f¡¡çp\./¡ vçu vr ,'IaIIace âncl Tanner (L935) and 0rr arid tí,,oc:= (1953)

r,.rho showed ihe survi-vâI of several species of Sa-ìno.,eila. ai-ce,:

being frozen for a feiç days to several mon'Lhs. Such a

Cecrease in the number of ,9al¡c¡e]-l_a organisrns by -îreezing

also agrees vri'Lh ihe findings of nany other invesiigators who

have claimed that dec'l ins in bacterial pooul-ation is qui'ce

rapid around Ooir and continuing sto:rage at thj-s terncerature

results in a rnarked decrease in the nuni'oer of recove:'abl-e

^-r'o'âni 
qmq

v¡ tlÉ¡^4v¡¡¡v o

In cornnercial practice, i;he fish are usueily írozen
:f. tarnorâtrrreq r¡noi nø frorû OoF to -zOoF ani storeci lo-:'sv vv¡¡r!vIqvu¡vv 

^s^¡o4¡¡tÐ ¿¿

*^*-'^.lâ {-n ônê lreâr. À^-.,*.;*r +L^4- the fiSh har,re 'Oeefi
^Ugi 

I\JL¿Þ (.U UL,, Ll{19 J saJ. ò ÃÈÈt,tr¡Iriló þ,J,IeU

caught from highty poIlu'üed ',raiers and ere con-taininaied v¡ith

a higir nuinber of Salmgnell-a organisms, the chances foi' Salrnon-

eita survival af'üer freezing woul-d be quite gooC, Ai-,,hough

there woul-d be no increase in the nurnber of cells during -i,he

storage, ihe sui'viving cel1s could conceivably i'ecroduce

whiie the fish are being thaived and subsequently kept under a

favourable temperaiuï'e and numidity. The surviving ceils,
could then contaminate plant equipment and lead to the

infection of the plant employees"

The effect of sal'c on Í;he survival of Sa-l,monell¿^ soecies

has not been investigaLed as fuily as the effec-c oi o-uher'

.^L._¡,.¡¡^.1 .-i^__^-.^* +r^^ L^^+^riociiar ac-uion oí saltf.Jjiy5IU(1I Ur'UUl.jÞÞrf,Ðo r¡lru/(,Vç1 Â utiç \.Jé'\,Vç-

on che majority of nicl'o-organisns is '¡ell esiablishedo and
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salt has been used for preservation of a'¡ide variety of

food products"

A one 1og reduction of all three soecies of Salmonel-l-a

used vras evident after being ¡r,r€âted .,,,.¡j-th brine of óOo sal-

concentration for 25 minutes" Tire effects of salting r,^ras not

as s i.gnif icant es it vtas exoected to be, ho-,^Jever, this could

have been due to the short'uime allotted for salting and the

protectj-ve action of fish tissue and the moisture content of

the fish"
Generaily speaking, most strains of Sa1mon-e_]-!A are

known to be heat sensiti.¡e excect for -s-" spnf!"e-rþg-rÅ 775,::t

r¡rhi-ch has proven io be the most hea.b resistant. Various

teinpe::a.tur.'es have been sllggesied for the destructicn oí

Se.lßgn-ç-Ll_a organisms in a wide variety of fooCs ranging from
--^ô- , -'^O-150"F to 1ó0 F for 12 to 1! nrinutes"

In this siuCy, the int ernal temoerature (fl.estr

ternperatr-rre ) was rai^sed as high as L67oÍ; Curing the latter'
part of the srncking process. This resul tecl in a ole 1og

recluction rvhen inocul^atiorr r.,,;as oerformecl prior to freezing;

the fish, anC a t',^Jo I og rcdu-ciion when inoculation rqas done

prioi' to brining. The oresent data do not agree :,rith those

ternoerat ures suggesterj by lfeidman S!- g]_ ll-gS0) and by

Bel.oj-an ârid Schto3ser (L953) ''¡ho reported tha-b en i.nterna.l
ar

temper.e'bure of 160"P T,^,roLrlcl be sufficient for destruction of

åallp-p_agl=.1"e" It also srigges'ls ih¿r'ç the temoer"aiu-:"e usecl foi"
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elimination of $a]moneJ].a frorn one fcod product cannoi be

apolied to the other, due to a r¡iCe varlety of ?hysical anö.

cheniical structurai differences existing emong fooc proåucts"

A most significant finding was thai of the r.esiscance

of S" gÍrrg to Ìrea-b as compar.ed to the orher two species"

tinfortunatelyu no i'eference \^tas avaiiabie which coul-d suppo:"'c

this finding, llowever, the present study indicated the"¿ e

h:-gher teniperature is required for the destruction of S" Êj.v.?

es compared io S. tr¡S,himri3"j.irm aild S" jif'a.
According to Comer qt el Ã96)), S..g¿vS is 'i;he rnost

radiation resistant strai-n. Ii; requires a Cosage of C,JLp i,',

a
rad for a 10' fold reduction when ariificialif inoculated

into frozen fried egg" I.{ovrever, l{ickei'son et a} (L957i

reported S, t.,rohirntrri.um io be the nrost resis'oan'c serotvpe

examined in liquid and frozen egg vrhlte. Dyei' et al (L965)

sh.owecÌ tha'i; $. paï'e-b,\rÐ¡i B, r.,;hich is cLoseiy reiai;ed. io
g. i-4ê r¡as the second most radiailon resisiant strain"

The resulis obtained fi'om this study indicateo 'ühat

low levels of gamrna irradiation r^rould eliminaie the "three

species of Sel.n-on,el,ia used regardless of the source of

contarnination" g" Båyg v¡as shcwn to be the most ::esistanb

serotype requiring a oosage of 0" 1 M rad fo:: approxinately

109 fot¿ reiuction. This confirmed ii:e fincìlngs of Comer. et

ai (1963 ) to some ext ent' " i{or,'rever, tì:is d id. not a-gT'ee rr'ith

the dosage l-eve1 required for e 1rsafere i-eCuciion" Sj-nce they
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obtained a r0/ fold reduction r¡¡i'uh 0,54 it; rad ano i;he
r¡-¡¡na*s É^^.-'l+^ i.-ji -^s-^'o.i'esenr results indicates a lOv fol_ci :-eduction r¡ith onl./

0" 5 ì'l Ì'ad. This diffet'ence in resistance can be attribuied
t,-\ r¡âhr¡ nnnrìif,i nnq nf r^rì-ri ¡h ,¡ho -l-rrna nf .a-¡n,1 ,-n.{- ì^^ivv ¡t¡ql¡J wv¡l\,.rviu{lÐ9 9./. vì¡r¡rv^. -J ye vr (Jf'ouuu u oe}ng

examined r^ias tire nost important, The ciosages required. for a

reduction of g. tylrLirnurium and $" ,j_a..'a vrere found to be

0"d and o.35 ì¿l rads respectivel-y" These fi-gures genera] ly
agreed r^¡ith 1,hose r.eporteC by Nicherson et a]_ (f957) and.

Tìr¡o:^ o'i-. ¡l lìOÁ(\
.:.:.¿ 

- 

\L./v¿tl.

lìov¡ever, vrhen the sannoies \.jej'e iirocurated pr ior. to
freezing and brining, a rnuch lower iosage r¡jas recuirecÌ for
coi,nplete des'ûruction ranging from 0"2 i'l rad for s. jar¡a to
0'4 tri rad for $" sive, This is mainry due to e rower. number

of organisms and possibie danage ione to i;heir ceriuiar
structure by the various physicai pr.ocesses (freezins¡ brining
.¡nrì q,'nni¿inr-\

¿¡rÈf,, e

The mtailing efíeci!Î renorted by Dyer et al ft965) who

t¡orked v;ith inoculated solid crab meâi was also sho'¡n to soÍie

ex-Leni in this study, especiaity ,¡hen ihe samples Ì,,jere

:-nocuiated after smokj-ng (Figure VrII)" liowevero th:-s r¡¡âs

not evident wÌren the sarnples were inocula'i;eo prio:: io
'orinin3. This effect has no¡ beea adecuately expiainedu but
m9ñ\¡ Qltctítôa.1. f-i¡n* *1,'¡ -'¡-'¡'i n¡'l ¡ì¡rrocnc Â^*^ +^ -r"^v v¡¡GU u¿rç p¡lJ,f,J-vGr uqi.¡raóyÞ '.ione to -bhe ceiis and,

-food constiiuents could have roaoe -i;hem more sensi'ui_ve !o

rad.iation, 0n the other hani, -ühis trtailing effecil? suggesrs
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+"ì:at v¡ithin a populaiion of the sarne species of nicro

organisns, there is a seiected nurnber of orgânisrrs '¡hich are

stig;htly more resisiant io gannnla irraoiation (FrazLer, L967).

It is interesting to note ihat there was e gene:'al

redr"iction in the number of *qei¡a¡dll¿ strecies afier ireal,mertt

rrith ihe various processes" l'ior,vever, e::cept far loi^r ie.¡el-
a .i-.^n,{in+in- ^4 .{-r^^^ ^ì.:*;*^+^.i .i:he

lrc-rllriilù IL l Gl¡*cUIVIl.¡ IMl\7 \JJ- ulI\:Þr.t Pr U\,r¿ÐÞçÞ çJ--LiI¿IIlca\,(tt

Se.ìnironel.la from the end-oroduct. The survival number ai'cet
Í -^Ã rva¡'ious treaiments ranged :lrom L,l-7 x i0)/gn to 8.9 x !O)/¿re,.

ôn,-^-¡1 i*o l-n cf.rrrlì¡q nor-fr:-^noÄ hrr lví¡llr:llnrrrh rnÄ Îi<,.'ì o Í lC<i IJaç\-UI lrI.liË V\., ÐUL,tuIsJ ¡L/U¿-LW¡lilUu wJ l'lvv\.(IM{êjrl sIlu !IÐE:ç \L7)L¿ t

sr;ch a h'iqh number of Sa.l_rnonei:i.â vJould be sufficieni for'che
initiation of Salmone}losis in rnan" There has been ii-btle
informatj-on as to the number of Ë¿]-,:n-o'nç-Ll-a organisr's isol-aíed

from ihe smoked fish. Llo'¡ever, in vier^¡ of fincings avai-iabl-e

from other food products s\ìch as frozen egg maiarråe ¡, driei
^-- zì^oi a,.o',1-a¡l n.r^^hììi- .ii Seemg that tO5 /gn Of Sal-nOnei-l-aC¿-=: L,rgÞ-LLçúUçLl U\.,,U\,,llt{U¿ J-v Ðçsl¡¡ù vIIeU

hrould be a reasonable number which may be isol-ateo fz'oin

srnoked fish, fiith this assurn;oiion, it is safe 'co say 'bhai if
a smoked fish product carried, such a high nrlmber of Salio cl-ia

per gram, it would creaie Saimonelfosis upon consump';ion,

It should also be empiiasizecÌ -i:hat the gaûlrj?a i¡':'aCiaiion

possesses a distinci; potential as a means of elirninating

-q-a-}¡lqn_e"il_a fron srûoked r^¡hitefish regardless of i;he source cf

contanination, A1l the same time, the dosage requi-i'ed. foi'

thiq nì,lrnose ìs creativ ¡ipnondo:rt ìri1rrì,r Vaf iOUS eOnditiOnSvIIIJ rVU¿ VVÙ e ¿u o¿ vsv aJ vvyvrÁsv-¡ v
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such as tire chemical composition of -r,he rnedia, terîr:etâ.-v\)to7

avaiiability of oxygen, ani 'i;he pï'esence of sorÍie adof ij-ves

such as spices. Erdman ei; all. (ig0f ) repo:"ted ilÊt the racrio-

sensitivity of micro-organisms was decreased when ihey Írere

inocuiateC in broth as cornparect '¡iih buffer. the effect; of

ìire complexity of -ühe media on ihe i'aiiosensiiivity of

S.alr"nonglla was aiso shown by Ðyer ei; a1 (t965) " They noi;iceC

i;ha¡ a high dosage l^ras required for the des'cruction of three

S;:'l-monel-la serotypes r,vhen ii'toculated in'cc sol-id crab rneai"

The rìOSage resrìi¡aÀ ì.!aô ^Ahei¡ìarr'i¡,-.r Ä-Cfeaged aS tne C:'ab4¡^U VVUqtJV À VYq!¿ VV TYSU VVI¡U¡UV¿eVIJ UV'

niìeat hras dilu¡ed ou.t. therefoi'e, io ensuÌ'e adequaie

Cestruction of nicro-organisrns by irradiation, ii is essential
*n na¡fnrn i¿ì^^h+chl ¡ ip¡tÄi^*i a* 

^^eô-5e 
fn- o¡nh f :¡na ^+tJl., PgrJ-UlI¡¡ a\-UçÀUvo,\J.l..¿Ié\iIcluI\ril L,trJ)s4óËÞ j-(Ji ËGV¿l VJyV UI

fooC based upon iriais closely sirnuiaiing practical oÐera'i:ing

condi-t ions.

The use of iow levels of garnma irra<iiation not onl-y

has been reported to eiiminate the majority of non-sÐore

f,-rz'rno.¡c nr*.h^Êiêni n ¡nrl nnn-n='i-.hrrE êni n mi r.i^n-ôì^C'tni qo- 'nr'iJ- UI I.¡çI Ð, yaUI¡VósiI¡v sliu i,lvli,-¡\JGvr.\/èsil.l- ¡¡trvI V-v¿ $alirJri.iÞ 2 tJl,;.U

also has extended the shelf life of a v,¡ide variety of fishery
producis, At 'úhe same tirne, high dosages of gamrne j-rraciaij-on

have been repor-bed to create some physical changes in the
*-^¡¡lrrn#lJa VU Uv U c

Ostovar e'b al (1967 ) r'eported -that a iosage of 0"3 Þ.

râd caused e noticeable change in colo:: and textu::e of fresh

whiì;efish fiesh accompanied by a strong ltburntil ooo:' which
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aîiê;^ R rì¡rre nl c',Lnrnryn n-i inn -i-nr^*a-nci,¡11 6 3.-.,);t¡.2iitrqJ- vçr e uqJ u \,,I Þ ULrl, ci6|J (1U I\.tJ i/Vllj;Jç.1 latlLt^ ç ôLcv Uq¿:y

rì'ì a:nnââpô.1 Ing¡.am and Rhodes ÃgAZ) repor'ced 'ihai hi¿lie ¿I¡tf ¿ s¡¡¡ s¡¡s ¡L¿¡vu vu \ I /vk I

rìnoc c¡ac nr c'âmine irradiaiion have creetei, noticeabl-e changesvvusllvu vr ¿)s v¡I ¡.evv vrusvvu ¡:vv¿vvsv¿u

in odor, texture and appearance of some íish proCucts euch

¡q hpr.:.inrr. e,^.ra a^r ¡.^,r ^^r^ Þ^_.^- çi a.\ (Lg6l+; LgSl+)i1Þ ¡lçar iilËì, UIorJ2 ÇLl\i ú,Il\,t JvJ-\;c I \JlTtjl \:tv Ç.: \*7v1t

have also reported these physical changes in haidock flliets
^*r ^^^'rì^*^ 'rinr.rr.r¡pr_ nôS-L Oil'üheSe Off-flaVorg Seeïig iOdLiL¡ Ð\,qIMif o 1¡VÌ'JçVrtr t tii\)

disappear after e few Cays in s'ilorage"

In this study, tY'e effect of vaï'ious dcsages oi gannra

ii'radiation on flavor, -Lexture and odor of srnoked r^¡hii;efish

r¡ras not examined, since the product under' lnvestigaiion '¡¡as

inocul-ated r.¡iih three poi;entiai Ða-{,hogens, ,{ovrever, a studlr

of the effect of various dosages on -úhe flavour of slíiokeû

whitefish is presently unCer investigaíion by the Schooi of

Hone Econornics, University of lvianitoba, If the resul'os of

'r,his srucy reveal that no rnajor physical char.ges occuï' after
*.-¡a-.i*æ +r.^ smoked v¡hitefish to a Cosage as high as Û,5 iil/J. gø,v--llÉ l/l¡ç ùlt¡(J¡\çu Vr'¡lruv-LlJ¡l vv q uvJqi

r".ad thpn it can be ensu.red thra-b a smokecl vrj:,iief ish oroduct¡su, v¡^v¡¡ vrá¡¡ v¡ivh+vs

aì

wìrich is contaninai;ec wj-th Se,lnnenell-a as high as LOY/gra vroul-d

be safe for consumption"

in Conclusion, 'chls investigation reveeled the

f oliov¡ ing:

l, Under normal corrlael:cial pï'ac-vice, srtlokeC r,vhite-

fish r/rould be a source of Ëalnronellosís if ihe fish has been



conteminated prior to or aí;e:: srnoking processes"

2. The eno proCuct could be rendered f,:ce frorr,
-.Salnonel-la organisms by use of iow leve} gaíT.:ra irraoj-at1on.

3. Àmong the thi'ee species studiei, å. Ãive croveci

to bc the most radiarion resisl,ant species, foliov;ec by

q *rr:rhi nrrrri rrm rn,ì q ì¡r¡n y.ôqnrf,a'i-'i r¡,¡'l r¡-.)Ã \rY lìI¡l-llltt.r -!.Ulr¡ ql¡U 'JC .i(^v(r I vJ./vvvIvvIT e

l+" g" Â-ive. v¡as aiso shor¡n to be the most hee-v

resistant of the three species.
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