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ABSTRACT

b

Salmonella give, Salmonella Lyphimurium and Salmonella

java were artificially inoculated into freshnwater whitefist

(Coregonus clupeaformis) at three different stages of the

smoking process. The effect of each step on the survival of
the species and the gamma irradiation dosage reguired for
complete destruction was determined.

When the inoculation took place prior to freezing,
o

all three species survived the freezing at O F for 48 hours,
brining at 60° Sal for 25 minutes and smoking at temperatures
up to 167°F. The irradiation dosage required for complete
destruction of the species was found to be 0.4 M rad for

S. give, 0.3 M rad for S. tvphimurium and 0.2 M rad for 3. idav
[~4 Pt LR - -— i

When samples were inoculated after freezing and prior
to brining, all species survived the brining and smoking. A
dosage of 0.4 M rad was found to be necessary for the
destruction of 8. give, while 0.3 M rad was sufficient for the

destruction of 2. fyphimurium and S. Jjava.

At the third stage, the samples were inoculated after

7

smoking. A higher dosage of gamma irradiation was necessar

o

for the destruction of all three species, S. give required a

dosage of 0.5 M rad, while 3. Jjave and S. typhimurium

required 0.35 and 0.4 M rad respectively.
Although a definite variation in sensitivity to gamma

radiation was shown with the three species studied; it would



be safe to say that a level of 0.5 M rad of gamma irradiation
is sufficient for thelr destiruction in smocked whitefish,

It also became evident that under the conditions
used in this study, 8. give is the most heat resistant

species,
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the most common serotypes isolated from animal

were 3. senftenberg, S. um, Se S,
S, oranienburg and S. mentevideo,

Most recently, insects such as flies, roaches, ticks
and fleas have also been found to be carriers .

McNeil (1944) isolated S.

trapped in turkey ranches. Greenberg et 3l (1963)

that in a Mexican abattoir, up to 66% of the fliss were

S L3 e . ] - (s = s o~ ! . [ A R o U IO
positive for Szlmonells., Welch et al (1941 made a situcy on

Salmonella incidence in rat po

incidence ranged from 0.7% to 13%. They also reported thas
the organism remained viable for 148 davs in rat feces.

Pathogenicity of Salmonella

The human Salmonellosis 1s known o have high incidence
and low mortality. According to the U, ., Department of

Health, Education and Welfare {1964 and 1955 reporis), Lhe

Salmonellosis is widespread and occurs in both sexes with

equal frequency. However, the majority of cases are in

children, especially those under one year of ag

4]
o
14
’.V
1
13
¢

5

infection rate decreases guite rapidly and remaing almost on




RATE OF HUMAN ISCLATIONS OF SALMONELLA
BY AGE GROUP
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They showed that there was 2 wide difference between
number of organisms reqguired to c¢reate illness, TFor

example, 8. meleagridis recuired a dosage of

106 to cause illnessy; while for £. apabtum, the range was
587,000 to 860,000 cells. They also showed that Z.
induced illness with 125,000 cells and .

152,000 cells. It was also shown that there is & grest

difference between th
of S. meleagridis require

67.2 million ce

Ll 5

The Quitbreaks

vy
L

Galton eb al {196L} reported that the increase in the
number of reported human Sclmonellosis outbrezks 1s cue 1o
improved methods and facilities for detection
increase in general awareness of the disease and improved
reporting systems. This therefore has resulted in & very
sharp decrease in typhoid fever incidences (3,268 cases in
1946 as compared to 608 es in 1962) and an increase in

Salmonellosis (727 cases in 1946 as compared to 9,680 in
1962) (Table I).
Dauer (1952) reported 9 outbreaks of Salmonellosis
1938 to 1951, and in 1961 he reported an average of 23
outbreaks involving 100,000 individuale: 65 (3%) were wa
borne, From this study, Dauer concluded that the actual

i

o]

g




TABLE I

REPORTED CASES OF TYPHOID FEVER AND OF OTHER SALMONELLOSIS. UNITED STATES - 1946 ~ 1962

Year Typhoid Fever Salmonellosis
1946 3,268 723
1947 3,075 951
1948 2,840 : 882
1949 : 25795 15243
1950 25481 1,233
1951 2,128 1,733
1952 2:341 2,595
1953 2,252 3,906
1954 2,169 5,375
1955 1,700 5, LL7
19356 1,700 6,701
LO57 1,231 6,693
1958 1:043 6,363
1959 859 6,606
1960 816 6,929
LO61 811 8,512
L9562 608 9,680

D



10
numder of food borne disease outbreaks was probably 10-20
times larger than the number reported. Feig (1950)
reported that from 925 outbreaks of gastroenteritis

occurring 19L5 to 1947, 72 of them involved Salmonella,

Edwards (1958) reported that the incidence of Salmonellosis
iﬁ England was 28 times that of the United States.

In April 1962, a program of Surveillance of
Salmonellosis in the United States was jointly established
by the Communicable Disease Centre of the Public Health
Service and the Epidemiological Association of State and

Territorial Laboratory Directors. The unit reported a total

of 21,113 human isolations of Salmonella in the U, S.

(C. Do C. Annual Report 196L), At the same time a total of

5,161 Salmonella isolations were reported from non-human

sources (Fig., II aﬁd III). It is rather interesting to note,
that of these, 55.2% were from poultry and wild fowl and
9.2% from eggs and egg products. Among the most common

Salmonella isolated from human food products were

S e e SRt nlis ottt

S. montevideo and S. infantis.

According to Taylor (1940), S. ityphimurium was the most

common type in England and Wales between 1956-19560 accounting

for 75% to 80% of the outbreaks. This was followed by

S. thomvson, S. newpvort and 8. heidelberg, In Canzada u
-~ ——e DRI R M » Pl

to the end of 1962, a total of 101 different types of
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Figure 11

ISOLATIONS OF SALMONELLA
UNITED STATES, 1963 - |966
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T3 3 3 Yot A S : W a b o I 2 e
soaking and brining fish drained directly into & sewer

that was connected to a common

emptied into a nearby ditch.

water were found to be posgitive for S.

same organism was also isolated from stool samples of 14

consumers, 3 retail food handlers, 1 wholesaler and &
fish.
Olitzky et al {

Day weekend, May 28 =

enteritis occurred in

e

Lransmic

the vehicle for

Stool samples taken from

n

. newport.,. This organism

remaining smoked fish which had been refrigereted. Sone

authors reported anobther ocutbreal

eaten smoked whitefish

proved that one of the

packaging table was the carrier of .

The most recent outbreak of Salmonellosis due to
consumption of smoked
et 2l (1968)., During
people were involved

.

enteritis after ingess

S o . Ty e . - B K
with S. djava, Further investigations reves
p=4 ke S &
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‘Comer gt al (1963) studied the radiation sensitivity of 18

———

~Salmonella species in frozen whole eggs. The dosage required

for 10 fold reduction of these species ranged from 0.36 ¥ rad
to 0.54 M rad with S. give being the most resistant and

S. senftenberg the least resistant. They concluded that the

level of 0.54 M rad was quite safe in the case of frozen
whole eggs.
Ingram et al (1961) studied the effect of gamma

irradiation on S. typhimurium, S. gallinarum and S. senfien-

berg in liquid and frozen whole eggs. They reported that

S. Lyphimurium was the most resistant, requiring a dosage of

-

0.42 M rad for a 107 fold reduction of original population.
According to Erdman et 21 (1961) the nature of the
suspending medium, the chemical structure of the food and
spices added can greatly influence the relative radiation
sensitivity of a specific culbure. Mossel and Degroot (1965)
inoculated samples of fish meal with ten different serotypes
and reported that the dosage of 0.8 M rad is sufficient to
destroy the organisms. .Ley (1966) reported that the D value

for 3. Lyphimurium was 75 K rads in frozen albumen; 174 X

rads in fish meal, and 67.9 X rads in frozen whole egg.

3,

However, the D value for the same organism in frozen phosphate

buffer was 39.1 XK rads,



T
LR,

Comme:

)

\

)
=
4
>

}

e Yy oy e
joteun

-
11 known

ie

18 w

It

h was ac

fis

N

3
et
=

A -
nea’

process when

rying

d

N oo
—

e e T S

e U

vne

were

™
i

io:

v

eserva

th of pr

v o
Lengv

and

rvation

ese

O T
Vel

Ju

v
il

“ o .
AT S e e g
\;4_.;.1”}..:.A1‘~)

commonly as an

guality has increased,

2 OF

o _L:lb

o

Smo

of

&

Cida

=

e
ER

e
2 aCl

e )
ol

fo]
]

®
=

b4

ol

prelim

>
)
&
l

me ©

v
sa

A
R

antities of wate

£

Gu

3

@




#

)
[ad K
0] 1}
m o [
¢ o $g
- @ o
g H o3 s Id s
O O 4D ) e 1)
& (& ¢ o3 s
i [ £ 52 0 e
O et @ e (5]
« Q, Lo 4 o 0}
43 ) W 0y ] ol 4 <
9] G ® [S1 I = = 4 @ 32 in
o e] 43 §o1 )] W ] o 5
<3 5] P p o
3 i 15 - = Ke! D] )] o)
s [»] o) A3 < o [ @
oy e o >~ 9] 0] or N
o 4 el S 0] 5 [SUNER o1 £ 3
p &) ® -1 ) @ @ ¢
= NS > ] )] e 0] 4
0] ot [s O] 3 BN 15 O i1 ¥}
m K > P i (@] U] 33 < 4 [
e 43 ot G i3 £y <3 [t [ 0]
() ) ot 4 e [0) i~ &1 g s
o o N = TS R o MO B & |
[ 42 ® ! of D » s =
o - 0 1 o ST 4 @ '
® [y 0} [0} O Gy e = of o
o] 3 1 S o S et i) o3 < o
W 1 < ) 13 ) [T ByW 3 e
« (® © o] i S 0} - o]
= ] o T of SR o Q « o]
A 3 0} ey =] < © & in <3 o (5]
Gy LN 6] { g O ) ord 4D sl [0 ) £ [0} 4
e} Gy 193} oli] ® = (@) 4 Gy o] i [ 0
EEN O [6} > 43 ™2 () Q O £ 1 o} B e~
o & b ° $4 0] $ O b S0 » ® al
[®) < ) e (o] N O 0 > 0 2] 4 (0] o) e 19 G
i @ Q [N ®) Q, o o] Q -rd O o B e O
e 0 o g g O ® S PR = 0] kol O @ =
S 0] © [0) O 4 ()] ® ] 4 S4 © <3 [65] [ p > o3 0
8 b $4 o} [ & e o = = & I +3 = [OTEEN G o g (e
IO O} Q — — 4 Q © o, 0 S e ~ o P o]
+> Gy o a4} o 9] Ko ] 19 = (@] © < 6] b 4 ot
O 12 $4 9D > n o ey O <] Q4 0 4 N O 0] 0] S 42
0] = O] > e} =] [0 S =3 £ m 9] e =] 11 S o 2. Q & -+ D O
r 2} -+ 4 = 9} — 0] 0] O = ® K (o] o] o] 4 S 42 o ©
ol or o (o] 0} o ~— 4 o] S~ 43 35 w0 o = 8] 4] ¥ 0
(o] [ ) £ < o] (& 42 G4 0] — [} 0} o] Qe
of 4 ] 4 [43] o ) ° S — ,Q a 3 af [e]
» jolt} 0} o] 0} of o© o [ w 4 ~ o] bf} <d Q (o2 o] 0] 1 ik
K 4 g 4 g 4 i b R O &y oy 3 O m 400 Q Q0 «© 4
42 o] 42 0, 4+ Q n 0] O O Kol < o [47] 1] O [ O o — ot
] 0] 24 joN o o] e o] fely] 0} = 5 £q I o
— — — 0] O = ® Q = 0 o] @ O = O S < &= 43
0 ¢} o $4 &= o G 4 b 1)} s el " Q (0] S o 4 o
o ~— = & 0 0 Q0 © o’ = N @ O O = ()] Q



22
Brining or salting is performed by placing the fish in tanks
containing a mixture of salt and water, The concentration of
brine from plant to plant ranges from as low as 30° Sal to as
high as 500 Sal. Brining time depends upon the concentration
of the brine, lasting from 3-4 hours to overnight, The fish
is then coated with vegetable dye which gives a bright red to
organge color to the product. Each piece is hung on a metal
bar and left to air dry for L4-5 hours.

| There are two common methods of smoking: (a) cold

smoke, in which the temperature ranges from 770 to 90C°F and
the end product remains uncoocked, and (b) hot smoke, in which
the temperature ranges from 90°F to 215°F and the end product
is cooked and ready for consumption.

The length of smoking depends upon the type of smoking
desired. In cold smoking a period of L4-5 hours is usually
sufficient. In hot smoking, it takes 3-L hours during which
the temperature is kept below 90°F and an additional 3-4
hours, with temperature raised to 215°F in order to cook
the product.

The finished product is usually left in the smoking
chamber overnight, then wrapped and sent to the market. A
good percentage of smoked whitefish is sold in the fresh
state, however, some have also been frozen., Both procedures
of smoking are used extensively in Canada and the U, S,

although hot smoke is more common when whitefish is being
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into a beaker containing 200 ml of apoproximately 2 x 107
S. Jjava ver ml of nutrient broth and, finally, six into a
beaker containing 200 ml of approximately 2 x 107

S. typhimurium per ml of nutrient broth. All steaks were

soaked in the appropriate cultures for 15 minutes, then
removed aseptically and placed in sterile stainless steel
trays and kept at 0°F for L& hours.

The original number of each Salmonella species

inoculated was obtained by blending 25 gm of the sample with
125 ml of nutrient broth (Difco), incubated for four hours
and then adding 100 ml of Tetrathionate broth (Difco) and
incubatiﬁg for an additional 18 hours at AloC, The serial
dilution was then orepared in bottles containing 0.1% of
sterile peptone water, and 1 ml of each dilution was
transferred on two plates of Brilliant Green Sulfa Agar
(Difco) (Osborne and Stokes 1955), spread by means of a bent
glass rod (hockey stick shape) and incubated at 37°C for

2L hours,

The'typical colonies on B.G.S. plates were picked
from each plate and inoculated in Triple Sugar Iron Agar
(T.S.1.)(Difco) by streaking the slant and stabbing the butt.
A1l tubes were then incubated for 24 hours at 3700° The
tubes producing black discoloration were read and the number

of Salmonella per gm of the product was recorded,

After a period of 48 hours, all samples were removed
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frem the freezer and thawed at room temperature. The

Salmonella survival of each species was calculated using the

previous method of enumeration.,

The thawed fish steaks were then placed in three
.containers, each having 400 ml of 600 sal brine and brirned
for 25 minutes at room temperature. The survival of

Salmonella after brining was also determined and the

o

remaining samples were placed in the refrigerator overnigh

®

The smoking prccedures was carried out by hanging th
steaks in the smoking chamber of the smoker, The samples
were exposed to 3-L4 hours of cold smoke by using hardwood
shavings during which the temperature did not exceed 900F°
For the last L-5 hours of smoking, the temperature was raised
by burning hard wood chunks and bringing the temperature to
155w1850F, During the entire smoking process, the temperature
of the flesh and the smoke chamber was measured by means of
a thermo couple. (Table II)-

When the smoking process was completed, the samples
were left in the chamber until cooled off, then transferred
aseptically into cryovac bags and sealed. The effect of

smoking on all three species of Salmonella was determined

using the enumeration technique described earlier,
The irradiation of samples was performed by treating
them with 0.075, 0.1, 0.2, 0.3 and 0., M rads., The irradiated

samples were then taken to the laboratory for bacteriological
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(c) Fish Sections Inoculated with Salmonella Species

after Smoking and before Receiving Irradiation Treatment.

At this stage, the inoculation of samples with the

three species of Salmonella was performed after the freezing,

brining and smoking processes were completed. The
inoculation procedure used was the same as explained under
Section (a), however, the samples were drained on sterile
stainless steel screens for 30 minutes prior to packaging.
Fach section was placed individually in cryovac bags and
sealed, The samples were then treated with 0.1, 0.15, 0.25,

0.3, 0.35, 0.4, O.L5, and 0.5 M rads, and the survival of

each species of Salmonells was determined immediately after
irradiation, |

All samples were kept refrigerated for a period of
two weeks after being treated with various dosages of
gamma irradiation, At four~-dey intervals, a check for

Salwenella recovery was made by taking 25 grams of the sample

and using the enumerating technique described previously,

1. Fish Inoculated with Salmonella Species Prior to

the Freezing, Brining, Smoking and Irradiation Treatment.

The bacterial population as determined by the total

bacterial counts and by the MPN coliform counts of fish samples
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THE EFpECT OF FREEZING, BRINING, SMOKING AND VARIOUS DCSAGES OF GAMMA
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three species became evident when the samples were treated
with 0,075 and 0.1 M rad respectively. However, this
decline became non-linear, in fact, a "tailing effect" was

noted in the case of 3., give and S. typhimurium when they

were further treated with 0.2 and 0.3 M rad of irradiation,
The variation in radiation resistance among the three
cultures was evident. The dose level required for a 10°
fold reduction of S, give was 0.4 M rad, while for a 10°

fold reduction of 3, Java and S. tyohimurium, it was 0.2

and 0.3 M rad respectively,

2. Fish Sections Inoculated with Salmonella Species

Prior to Brining, Smoking and Irradiation Treatment.

The date in Table IV indicated that the original
bacterial population and the MPN coliforms on non-inoculated
samples were low, This -was mainly attributed fto the effect
of freezing on those organisms since these samples were fish
which were frozen and thawed., The existing coliforms were
completely eliminated after treating with 60° sal brine,
while the other flora were not completely destroyed.
Furthermore, approximately 10% of the microbial flora
survived the smoking process, Whnen the samples were

inoculated with approximately 2 x lOg/gm of each Salmonella

species, all three test organisms were reduced by two logs
after brining. However, when the samples were treated with

smoke for a period of & hours, a ithree log reduction became



TABLE IV

THE BEFFECT OF BRINING, SMOKING AND VARIOUS DCSAGES
ON SALMONZLLA TNOCULATED WHITEFISH AND OTHER
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evident for 3. Jjava and approximately two log reduction in

the case of 3. give and S. typhimurium. Once again, 3._give

exhibited slightly more resistance towards the smoking
process than the other two species,
( The effect of gamma irradiation on the survival of the

three species of Salmonella after smoking is shown in

Figure VII. As was noted previously, the number of organisms
decreased as the dosage was increased,
Comparatively, the most radiation-sensitive species at

this stage were S. java and_S. tvohimurium which becth

required 0,3 M rad for approximately th and 10° reduction,
while S. give again proved to be the most radiation-resistant,

requiring a dosage of O.L M rad for a 105 reduction.

3. Fish Sections Inoculated with Salmonella Species

after Smoking and before Receiving Irradiation Treatment.
The total natural flora isolated from the smoked
samples prior to inoculation was found to be extremely low
and there was no evidence of coliform present (Table V). The
microbial flora were completely eliminated after treating
the samples with 0.1 M rad of gamma irradiation,
Figure VIII illustrates the effect of various dosages
of gamma irradiation on samples of smoked whitefish inoculated
with approximately 2 x lOg/gm of S, give, S, java, and

S. tyohimurivm. It is interesting to note that there was a

very rapid decline in the number of each species after



THE EFFECT OF VARIOUS DOSAGES OF GAMMA IRRADIATION ON SALNMONELLA INOCULATED
SMOKED WHITEFISH AND OTHER MICROFLORA |
Survival after Irradiation/gm
Original 0,1 M 0.15 M 0.2 i 0.25 M 0.3 M 0.35 M 0.4 M 0.L5 ¥ C. 5
Organism Count/gm rad rad rad rad rad rad rad rad ra?

Natural flora 560 -
- MPN coliform -
3. give | 2.05x109 3.9 x107 8.2 x10® 1.2x105  1.5x10% 3.6x103 1,180 505 18, C
S. dava 2.2 x109 5,06 x10® 5.9 x105 4.6x10%  8.2x103 1,140 0
S. typhimurium 2.1 x109  3.82 x107 1.56 x10% 6.6x105  L.6x105 2.9%103 630 0

Average of five

determinations (Appendix VI).
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treatment with 0.1 M rad. However, the decrease becamse
more gradual as the dosage was increased and the Ytailing
effect® which was evident in Figure VI became evident for

all three species. S. typhimurium exhibited a higher

resistance when exposed to 0.2 and 0,25 M rad: however, a
sharp decline in the number of survivors was shown following
exposure to 0.3 and 0.4 M rads. To obtain a 109 reduction

in the number of organisms per gram of product S.give

(€3]

ral
age of

required a dosage of 0.5 M rads, 2. tvphimurium a do

C.4 M rad and S. dava, only 0.35 M rad.

Studies on the presence of Sgimonella following

irradiation and storage at 5°C failed %o show any growth .

(recovery) up to period of two weeks.,



DISCUS3ION

In recent years several well documented episodes

of Salmonella food poisoning due to contaminated smoked

whitefish have been reported by Kleeman et al (1942),
Olitzkey et al (1956) and Gangarose et al (1948). In all
cases, the final product was found to be contaminated with

Salmonella., This contamination could have occurred, during

any one of the varuous stages of processing: (a) fish being
caught from polluted water; (b) fish being contaminated
during thawing and brining; {(c¢) fish being handled by emvloyees

who are the carriers of Salmoneila and (d) post-smoking

contamination from unsanitary equipment.

This study examined the possibilities of contamination
arising from these sources and the results confirmed previous
findings that smoked whitefish can be a source of
Salmonellosis if it has not been processed under sanitary
plant and personnel conditions., It has also shown that the
smoking procedure being used by the average commercial
smoking plant may very well not be sufficient for the

destruction of Salmonells organisms if the fish was

contaminated,

According to results obtained from this study, a two-

log reduction in S. java _and S. typhimurium and cne log
reduction in S. give became evident after freezing the samples

at O°F for L& hours. This data corresponds with the findings



reported by Wallace and Tanner (1935) and Orr and Mocre (1953)

-
Py

who showed the survival of several species of Sazlmonells after

being frozen for a few days to several months. Such a

decrease in the number of Sazlmonella organisms by freezing

also agrees with the findings of many other investigators who

}}

rapid around O°F and continuing storage at this temperature
results in a marked decrease in the number of recoverable
organisms.

In commercial practice, the fish are usually frozen
at temperatures ranging from O°F to -20°F and stored for
periods up to one year. Assuming that the fish have been
caught from highly polluted waters and are contaminated with

a high number of Salmonella organisms, the chances for Salwmon-

ella survival after freezing would be quite good. Although
there would be no increase in the number of cells during the
storage, the surviving cells could conceivabiy reproduce
while the fish are being thawed and subsequently kept under &
favourable temperature and humidity, The surviving cells,

could then contaminate plant eqguipment and lead to the

infection of the plant employees,

The effect of salt on the survival of Salmopella species
has not been investigated as fully as the effect of other
physical processes. However, the bacteriocidal action of sal?d

on the majority of micro-crganisms is well established, and
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salt has been used for preservation of a wide variety of

food products,

A one log reduction of all three species of Salmonella
used was evident after being treated with brine of 60° sal
concentration for 25 minutes, Tne effects of salting was not
as significant as it was expected to be, however, this could
have been due to the short time allotted for salting and the
protective action of fish tissue and the moisture content of

the fish.

Generally speaking, most strains of Salmonella are

known to be heat sensitive except for S. senftenberg 775%
which has proven to be the most heat resistant. Various
temperatures have been suggested for the destructicn of

Salmonella organisms in a wide variety of foods ranging from

150°F to 160°F for 12 to 15 minutes,

In this study, the internal temperature (flesh
temperature) was raised as high as 167OF during the latter
part of the smoking process, This resulted in a one log
reduction when inoculation was performed prior to freezing
the fish, and a two log reduction when inoculation was done
prior to brining. The present data do not agree with those
temperatures suggested by Weidman et 2l (1958) and by
Beloian and Schlosser {1963) who reported that an internal
temverature of 160°F would be sufficient for destruction of

Salmonella, It also suggests that the temperature used for
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elimination of Salmonella from one fcod product cannoct be

2l 1

applied to the other, due ©to a wide variety of physical and
cnemical structural differences existing among food products.
A most significant finding was that of the resistance
of 8. Zive to heat as compared to the other two species.
Unfortunately, no reference was available which could suppors
this finding. However, the present study indicated that a
higher temperature 1s required for the destructicn of S. give

as compared to 8. tyvhimurium and S. Jjava.

According to Comer et al (1963), S.give is the most
radiation resistant strain. It requires a dosage of C.54 I
rad for a 107 fold reduction when artificially inoculated
into frozen fried egg. However, Nickerson et al (1957)

reported S. typhimurium to be the most resistant serotype

examined in liquid and frozen egg white., Dyer gt al (1965)

showed that S. paratvohi B, which is closely related %o

——

S, java was the second most radiation resistant strain.

——

The results obtained from this study indicated that

1

low levels of gamma i1rradiation would eliminate the three

species of Salmonella used regardless of the source of

o

contamination. 3. give was shcwn to be the most resistant
serotype requiring a dosage of 0.5 M rad for approximately
107 fold reduction. This confirmed the findings of Comer et

(1963) to some extent. However, this did not agree with

the dosage level required for a #safe¥ reduction. Since they
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obtained a 107 fold reduction with 0,54 ¥ rad and the
present results indicates a 107 fold reduction with only
0.5 M rad. This difference in resistance can be attributed
to many conditions, of which the type of product being

examined was the most important. The dosages required for a

eduction of S. Lvphimurium and S. Jjava were found to be

0.4 and 0.35 M rads respectively, These figures generally

agreed with those reported by Nicherson et al (1957) and

Dyer et al (1965).

s

N

However, when the samples were inoculated prior to
freezing and brining, a much lower dosage was reguired for
~complete destruction ranging from 0,2 M rad for S. jiava to
O.4 M rad for 8. give, This is mainly due to a lower number

) v

of organisms and possible damage done to their cellular

ct

structure by the various physical processes (freezing, brining
and smoking)

The "™tailing effect® reported by Dyer et 2l (1965) who
worked with inoculated solid crab meat was also shown to Some
extent in this study, especially when the samples were
inoculated after smoking (Figure VIII), However, this was
not evident when the samples were inoculated prior to
brining., This effect has not been adequately explained; but
many suggest that the physical damages done to the cells and
food constituents could have macde them more sensi

radiation. On the other hand, this ¥tailing effect™ suggests



that within a population of the same species of micro

ot

Q

rganisms, there is a selected number of organisms which are

e}

{9

slightly more resistant to gamma irradiation (Frazier, 1967).

It is interesting to note that there was a general

o

reduction in the number of Salmopella species after

~

rea

o
menv

ot
<

with the various processes. However, except for low level
gamma irradiation, none of these processes eliminated the

Salmonella from the end-product. The survival number after

various treatments ranged from 1.47 x 10°/zm to 8.9 x 10°/gm.

According to studies performed by McCullough and Eisele (1951

such a high number of Salmonella would be sufficient for
initiation of Salmonellosis in man. There has been 1little

information as to the number of Szlmonella organisms isolat

from the smoked fish. However, in view of findings avallable
from other food products such as frozen egg malange, dried
S

egg, desiccated coconut, it seems that 10°/gm of S

would be a reascnable number which may be isolated from

smoked fish, With this assumption, it 1s safe to say that if

‘a smoked fish product carried such a high number of Salmonell:

It should also be emphasized that the gamma irradiatio
possesses a distinct potential as a means of eliminating

Salmonella from swmoked whitefish regardless of the source cf

5

contamination. At the same time, the dosage required for

this purpose is greatly dependent upon various conditions



‘such as the chemical composition of the media, temperature,
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availability of oxygen, anc the presence of some additi

such as spices. Erdman et 21 (1961) reported that the radio-
sensitivity of micro-organisms was decreased when they were
inoculated in broth as compared with buffer. The effect of
the complexity of the media on the radiosensitivity of

Salmonella was also shown by Dyer et 2l (19565). They noticed

e

that a high dosage was required for the destruction of three

Salmonella serotypes when inoculated into solid crab meat,.

The dosage regquired was considerably decreased as the crab
meat was diluted out. Therefore, to ensure adequate
~destruction of micro-organisms by irradiation, it is essential
to perform acceptable irradiation dosages for each type of
food based upon trials closely simulating practical operating
conditions,.

The use of low levels of gamma irradiation not only

LY

has been reported to eliminate the majority of non-spore

ct

formers, pathogenic and non-pathogenic micro-organisms, bu
2lso has extended the shelf life of a wide variety of fishery
products,‘ At the same time, high dosages of gamma irradiation
have been reported to create some physical changes in the
product,

Ostovar et al (1967) reported that a dosage of 0.3 M
rad caused a noticeable change in color and texture of fresh

whitefish flesh accompanied by a strong "burnt® odor wnich



after & days of storage at ice temperature gradually

disappeared. Ingram and Rhodes (1962) reported that hizh

3,

dosages of gamma irradiation have created noticeable changes

in odor, texture and appearance of some fish products such

QO

as herring, crab, cod and sole, Power et

1 (19645 19564)
have also reported these physical changes in haddock fillets
and scallops. However, most of these off-flavors seems to
disappear after a few days in storage.

In this study, the effect of various dosages of gamma

IR . J
cerisn

irradiation on flavor, texture and odor of smocked whi
was not examined, since the product under investigation was
inoculated with three poten‘bial}pathogense However, a study
of the effect of various dosages on the flavour of smoked
whitefish is presently under investigation by the School of
Home Economics,; University of Manitoba, If the results of
this study reveal that no major physical changes occur after
treating the smoked whitefish to a dosage as high as 0.5 K

rad, then it can be ensured that a smoked whitefish product

which is contaminated with Salmonella as high as lOg/gm would

be safe for consumption.

In Conclusion, this investigation revealed the

following:

(¢}

fish would be a source of Salmonellosis if the fish has been
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contaminated prior to or after smoking processes,

2. The end product could be rendered free fron

Salmonella organisms by use of low level gamma irradiation.

3. Among the three species studied, 2. give proved
to be the most radiation resistant species, followed by

.

S. tvphimurium and 8. Jjava respectively.

L. S. give was also shown to be the most heat

[

resistant of the three species..
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TCTAL BACTERIAL COUNTS OBTAINED FROM EACH SALNONELIA SF

APPENDIZ I

USING DIFFERENT PRE-ENRICHMENT MEDIA AND Timp.

Organism

Nutrient Broth

37° ¢ L1° ¢

Brain ﬁeart Infusion

rypticase Soy Broth

37° C

119 ¢

37° ¢ L1° ¢

Hp!

i

Hdy)

o
4
>

<t

o

o btyphimurivm

1.6 x 108 3.2 x 100
2.1 x 107 1.9 x 106

1.3 x 107 2.5 x 106

7.1 x 107

2.1 % 100

L.)l x 106

2.2 % 10°

1.8 x 106

5.1 x 105

6,3 x 10° 1.2 x 10°
3 x 10°  L.2 x 10°

L.3 x 10 3.1 x 10°

[}
N



CCOMPARISON STUDY
USING VARICUS

Media

Pre-enrichment: BHI

Inrichment: Tetrathionate

€

?

Selective Media: B.G,

@ <

e e
©

*
©

ool (D
nom

3,1%108
2 x106
2.5%x107
1.2x10%

3.1x10%
5,2%10°
3,9%107
9. 2%10°

Pre-enrichment: B

-

-~

mnricnment:

Selective Media: B,
L)
»]

.
L. 9%10°
3.2%107
1.9x107
6.2x10°

Pre-enrichment: BHI

Enrichment: Selenite Cystine

7.2%1.08
409x102
3.8x107
L.9x107

O
9.1x107
&¢8x}08
3.1%10
1,9x107

Selective Media: B.G.S,. 6.3%1 A
3.9, l-ﬂlxlO6
B.G. 4, 3,8x10
B.S,A. 2.9x10°
B:I crain Heart Infusion

il

Lty

(6]

1ogella

oSe= Salmonella £h

¥]

BGGOSO

BaGap‘ho - BTil

«S.A, - Bismuth Sulfite Aga



APPENDIY II

4

(continued)

o

Media: S.give S.dava S. Lyphimurivm
Pre=enrichment: Lactose Broth
Inrichment: Tetrathionate
~ >,
Selective Media: B.G.S. 2.6x107  3.1x10°  2.9x10°
S.S. 1.1x107 5, 2&102 6,1%106
B.G.A, L.9x10%  3.8x10°  6.2x10%
B.S.4. 3.8x10%  L.9x10%  6,2x105
Pre-enrichment: Lactose Broth
Enrichment: Selenite~F
1 O f - 7 '\6
Selective Media: B.G.S. 1.9x10 @99XL06 1.8x10%
S.S. 3.9%x107  6.1x10 3,1%102
3,G.A. 6.1x105  5.9%x105  L.2x10k
B.S.A, 9,2x%10 3.6x10°  1,9%10°
Pre-enrichment: Lactose Broth
Enrichment: Selenite Cystine
P
Selective Media: B,C. 3.2x10°  4.9x207  3.1x100
sl L.6% ]Og 8.2x10%  9.1x100
B.G.4. 3.3x102 9, 1xLo5 5.3%102
B.S.A, 1.2x10°  3.5%10 1.8x%10°
BHI -~ Brain Heart Infusion B.G, S ~ Brilliant Green Sulfs
S.S5.~ Salmonella Shigella B. CaA - Brilliant Green Agar

B.S.A,

- Bismutn Sulfite

Lga

r



APPZENDIY 11T

TEMPERATURE (°F) OF SMOKE CHAMBER AND FISH SAMPLES DURING FIVE TRIALS OF SHOXING

Trials 1 2 3 L B 5 Averasce

Chamber Flesh Chamber Flesh Chamber Flesh Chamber "Flesh Chamber Flesh Chamber Flesh
Time Temp. Temp. Temp, Temp. Temp, Temp. Temp. Temp, Temp. Temp. Temp, Temp.
0930 37 - 34 - 35 - 35 31 e 35 -
1030 58 ae 59 - 57 «= 59 - 55 57 .-
1130 69 - 69 - 67 - 68 e 69 e 69 -
1230 87 50 Q0 51, g8 51 91 52 86 53 g8 52
1330 102 68 106 71 108 73 106 68 103 65 105 60
1430 134 90 130 93 128 91 130 95 133 92 131 o2
1530 156 127 161 131 158 130 156 134 159 128 158 130
1630 171 11 168 1,0 170 135 167 138 169 136 169 138
173¢ 180 156 178 150 - 183 151 181 154 183 149 181 152
1830 184 169 186 165 187 167 182 169 181 165 184 167
1930 178 167 181 170 180 166 182 167 184, 165 181 167
2030 173 161 176 159 174 159 173 160 174 151 174 158
o

O



APPENDIY TV

\WD VARIOUS DOSAGES COF

THE EFFECT OF FREEZING, BRINING, SHOKING AN
9 3 N y g RN
TEFISH AND OTHER MICRCFLCRA

T(]
GAMMA TRRADIATION ON SALMONELLA INCCULATED WHI

. After After After
Trial Original Freezing Brining Smoking 075 0.1 0.2
. Bive g 7 5
1 2 x 107 1.8 x 108 2 x 10/ k.2 x 10 250,000 11,200 2,500
2 2.2 x 107 2.3 x 10 1.9 x 102 3.8 x 10?2 245,000 10,500 3,700
3 2., x 102 1.2 x 10/ 3.1 x 102 2.9 x 107 180,000 €,200 5,500
L. 1.8 x 107 2.5 x 102 2.8 x10° 2.1 x 10 500,000 2,100 9,100
5 2 x 109 1.L x 10 1.8 x 107 2,7 x 10° 190,000 g,900 5. 600
verage 2.08 x 109  1.17 x 105 9.16 x 10° 6.92 x 105 283,000 11,950 5,180 40
. Jav g | 7 | 4 )
i 1.8 x 10/ 1.2 x10f 1.5 x10) 2.9 x 10¢ 14, 500 1,000 0
9 2.1 x 109 1.8 «x 105 2.6 x 100 5.6 x 10 29,000 1,100 0
3 1.7 x10¢ 1.2 x10f 1.7 x 102 3.9 x 10% 18,000 500 0
L 1.9 x 107 2.1 x 10 3.8 x 109 2.6 x 100 11,000 120 0
5 2.2 % 109 1.9 x 107 2.9 x10° 1.1 x 104 8,000 1,200 0
Average 1.94 x 109 8.65 x 107 1.6 x10° 1.77 x 105 . 16,000 &L,
. typhimairiom | |
1 2.2 x 107 1.7 x 10/ 1.9 x 102 1.2 x 104 9,000 500 190
2 1.2 x 109 2.5 x 107 8.2 x 10 3.6 x 10k 15,000 240 95
3 1.8 x 109 L8 x 107 bl x 102 2.5 x 107 12,000 1,100 200
] 2.1 x 107 1.9 x105 1.5 x102 L.2 x 10; 25,000 1,400 2.0
5 2.3 x 109 2.6 x 107 6.2 x 102 2.1 x 10* 11,000 260 62
Lverage 2.06 x 109 6.12 x 107 1.78 x 10®  1.47 x 10° 14,000 700 161
~J

O



APPENDIY IV (continued)

After After - After
Trial Original Freezing Brining Smoking
atural Flora
6,300 . 3,900 680 LED
8,000 3,100 340 250
3,200 1,300 110 20
3,200 1,400 120 98
5,300 1,800 150 112
Average 5,000 2,300 280 200
Pii Coliform
0z 0 0 0
91 18 0 0
110 37 0] 6]
92 0 0 0
75 0 0 0
Average 92 ' 11

-
T



APPENDIX V

72

THE EFFECT OF BRINING, SMOKING AND VARIOUS DOSAGES CF GANA
IRRADIATION ON SALWCNELLA INGGULATED
WHITEFISH AND OTHLR MICROFLORA
After After
Trial Original Brining Smoking 0.1 C.2 0.3 C.L

S. g2ive 9 ) 7 .

1 2 x10 1.6 %10 2.8 x10°2 210,000 4,500 560 0O

2 2, 4x107 5.2 x107 5.3 %1 290,000 4,200 1,100 0

3 2.1x107 2.5 x107 8.9 %105  130.000 ., 400 700 D

Lo 1.9x109 1.8 x10/ 6.2 x102 110,000 5,100 20 Q@

5 1.8x109 2.5 x107 9.1 %10 98,000 3,200 390 0
Average 2.04x109  2.72x107 8.9 %105 167,600 1,680 662 0
S. Jdava » .

1 2.1x107 2.4 %107 5.3 x10% 5,200 320 0

2 2,2x108 4.8 x105 6.2 x10h L, £00 150 0

30 2.1x107 3.9 x107 2.3 X104 1,900 300 0

Lo 1.9x102 2.8 xlo§ 5.6 x10y 6,200 520 0

5 2,3%x107 5.2 x107 2.9 %10 3,200 270 0
Average 2.12x109  4.82x107 4. 56x10% L., 260 372 0
S. typhinurium ,

1 2.3x109 1.8 x10° 2,9 x105 32,000 2,500 0

2 2.1x109 2.8 xlog L2 %102 45,000 5,200 0

3 1.9x10 5.2 x102 3,2 x105 18,000 1,300 0

L 2.Lx10 3.1 x10/ 5.2 x105 31,000 14,200 0

5  3.2x10 1.8 x107 1.9 x105 22,000  5.100 0
Average 2.38x107  1.68x107  3.48x10° 20,600 3,660 0




75

APPENDIY V (conbtinued)

; After . Aifter C.1 0.2 C.3 C.L
Trial Original = Brining Smoking '
Natural Microflora

1,500 370 98 C
1,200 225 120 0
920 L10 115 O
1,100 120 105 0
780 125 112 0
Average 1,100 250 110
MPN Coliform
18 O 0
0 0 C
36 O 0
72 0 0
54 0 0
Average 36 0 0




APPENDIY VI

THE EFFECT OF VARIOUS DOSAGES OF GAMMA TRRADTATION ON SALMONELLA
INOCULATED SHOKED WHITEFISH AND OTHER MICRCFLORA

Prial Original 0.1 0.15 0.2 0.25 0.3 0.35  O.L 0.45

20 &.ms.j;:}’wg’ 9 ) 6 )} . V
1 2.1 x107 5.4 x107 1.2 x10% 6.2 x10% 9.8 x103 1.2 x103 1,000 230 129
2 1.9 x10g 2.9 x10f 5.2 x105 3.8 x105 2.1 x104 1.2 x103 2,100 _ 800 162
3 1.8 x102 3.8 x107 2.1, x10/ k.5 x107 1.2 x10Y 6.9 x103 14,100 1,100 520
by 2.2 x107 2.5 x107 1.8 x10% 3.9 x10g 5.1 x103 3.8 x103 1,600 900 130
5 2.1 x107 4.9 x107 9.1 x10° 7.2 x107 2.8 x10% 1.9 x103 1,100  #00

verage 2.05 %10 3.9 %107 8.2 x106 1.2 x10° 1.5 x10% 3.6 %103 l,lSO 506 &y

oo dava
1 1.9 x107 3.3 x107 1.2 %102 9.1 x10% 3.3 x10® 1,700 0
2 2.8 x104 L.z x107 3.1 xlog L.8 x10% 2,1 x103 1,500 0
3 2.1 x10 3.5 %10, 4.8 x10 5.1 x10% 2.5 %102 1,L00 0
3 1,8 x107 9.2 x10 8.1 x102 3.1 x10* 1.9 x103 1,100 0
5 2., %109 5.1 x10° 2.3 X105 1.2 x10% 1.8 x103 1,000 0
verage 2.2 x109  5.06x10° 5.9 x105 1.6 x10% 8.2 x103 1,140
o Lyohimurium ' '
1 2.1 %107 5.2 x10/ 1.2 x107 6.2 x10® 3.1 x105 1.3 x103 200
2 1.8 %109 5.1 xlOé 2.1 x10/ 5.8 xlog 5.1 x102 4.1 x103 920
3 2.1 %109 2.9 x10/ 1.1 x107 4.9 x102 3.8 x102 2.8 x102 500
] 2.5, %107 L.l x107 2.2 %107 7.2 x102 L2 x109 1,9 x107 720
5 2.1 %107 1.8 x107 1.2 x107 9,1 x10® 7.1 x10° 4.7 X103 810
verage 2.1 x10%  3.82:007  1.56x10° 6.6 x105 4.6 x105 2.9 5103 630




APPENDIY VI (continued)

‘rial Original 0.1 0.15 0.2 0.25 0.3 0.35 0.4

wtural flora

830 0
410 0
630 O
380 0
550 0
Average 560 -

1



