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STUDIES ON THE DESTRUCTION OF SALMONELLA

IN CHOCOLATE BY HEAT, ULTRASONICS AND ULTRAVIOLET

Detailed studies were made on the destruction of

Salmonella by heat, ultrasonics and UV irradiation. Ninety~six -

0

.percent of Salmonella eastbourne was destroyed by a six day

storage period at 5C. An additional stoiage period of one
year led to the destruction of 99% of the cells. S. eastbourne

was the most heat sensitive in sucrose solution and S. senftenberg

was by far the least heat sensitive of any of the other five
strains that were checked. The heat resistance of S. eastbourne
(D = 4.5 hr) in chocolate was about the same as that of S.

¥

senftenberg (D = 4.6 hr). S. typhimurium (D = 6.6 hr) was more

P
resistant than S. senftenberg in milk chotolate. Ultrasonic

" treatment (10 min; 250 watt) destroyed over 99,999% of S.
eastbourng in pepto?e solution (0.1%). The same treatment had
little effect on the destfuction of Salmonella in milk chocolate.

Ultraviolet irradiétion‘(12x103erg/cm3/sec; 2 min) des-
troyed over 99.999% of the 'S. eastbourne cells in thin layers
(0.5, 1.0 and 2.0 mm) of peptone solution. Similarly, S. east-
bourne cells under ‘a t?in layer of chocolate (0.1 mm), were
cémplﬁfely_destfoyed as indicated by direct plate count. Dif-
ferent serotypes of Salﬁdnella were equally sensitive to UV
and there was ﬂo observable photoreactivation and excision
repair on agar and under a thin layer of chocolate.- The effi-

ciency of UV irradiation on the destruction of S. eastbourne

was affected by cell density and cell age.
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| |
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ETUDE SUR LA DESTRUCTION PAR LA CHALEUR, LES k
RAYONS ULTRASONIQUES ET ULTRA VIOLETS DE LA
' | SALMONELLE °

1

Des études détalllées furent poursulvies sur la destruction de

1la Salmonelle par la chaleur, les rayons ultrasoniques et les irradiations

'U.V. Quatre vingt seize péur cent de la Salmonelle eastbourne furent 'dé&truites

en les entreposant durant six jours & 5C. Une pé€riode additionnelle de un an
a résulté en la destruction de 99Z de ses cellules., §. eastbourne fut la plus
sensible & la chaleur dans une solution de sucrose et S. senftenberg fut de
loin la moins sensible 2 la chaleur de toutes les cing autres variétés qui fu-
rent vérifiées. La résistance a la chalet*r de la S. eastbourne (D=4.5 hr)

dans le chocolat est 3 peu prés la méme que celle de la S. senftenberg (Dm4.6 hr).

S. typhimurium (D=6.6 hr) fut plus résietante que la S. senftenberg dans le lait

au chocolat, Le traitement ultrasonique a détruit (10 min; 250 watt) plus de
99.999% de la 5. eastbourne dans une solution de peptone (0.1%Z). Le méme trai-
tement eut peu d'effet sur la destruction de la Salmonelle dans le lait au cho-
colat.

L'irradiation & 1'ultraviolet (12 x 10°

a détruit’ plus de 99.9997 des cellules de laf“S eastbourne en couches minces

erg/cm /sec; 2 min)

(0.5, 1,0 et 2.0 mm) de solution de peptone. De méme, les cellules 8. eastbourne
sous tne mince couche de chocolat furent complitement'détruites, tel qu'indiqué
par un comptage sur plaque. Différents sérotypes de Salmonelles furent &gale-
ment sensibles au UV et il n'y eut pas de photoréactivation ‘observée et de ci-

catrisation d'excision sur agar ainsi que sous une minche couche de chocolat.

L'efficacité de 1'irradiation UV sur la destruction de la S. eastbourne &tait

affectée par la densité des cellules et par leur age.
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GENERAL INTRODUCTION

Salmonella, a group of diarrhéa causing pathogenic
bacteria has emerged as one of the majér causes of food
poisoning,

Although protein foodstuffs of animal origin, such as
meat, poultr}, egg and daify products are usually reéognized
as vehicles of infection, salmonellosis has seldom been
associated with chocoiate products: Most recently, the sudden
and increased incidents of Salmonella infection, caused by |
S. eastbourne in chocolate, received widespread publicity
because of the commercial distribution of “the contaminated
products. Because of this, some attention has been given to
the detection and control of Salmonella in milk chocolate,
Most of the difficulties encountered in the cﬁocolate industry
ﬁava afisen from thg fact that Salmonella are extremely
difficult to destroy in contaminated chocolate. . The high sugar
and fat content, coupled with the low moisture content of

chocolate, appear to be the most important factors, contributing

‘to the-heat resistance of Salmonella as previously shown in

driéd égg and milk.\ The sterilization of chocolate has also
poéed a considerably greater' problem bécaﬁse of its great;
inétability to heat in the range of effective pasteurization.

In view of tﬁé“féct that milk chocolate cannot be
heated sufficiently to dgstroy Salmonella without adverse effects

on chocolate quality, it would be highly désirable to have a

method which would be used to sterilize milk chocolate just

v

l it




before the moulding operation. There is no exigting methodology
for sterilization of chocolate and also for the brecise
detectioﬁ of Salmonella,” available to the chocolate industry.
This inVesgigatioﬁ was undertaken to collect informatioﬁ

which will be helpful in the development of a workable method
for. the detection of Salmonella and for the sterilization of
éhocolate on a céntinuous basis. The présent study deal; with
the use of UV irradiation, heat and ultrasonic for the

g \ )

sterilization of chocolate.

| | | |
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, v LITERATURE REVIEW
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-

I. The Role of Salmonella in Foodfpoisanin§ . '

1. Historical L
g
The term Salmonella, refers to a group of diarrhea-

a0

causing pathogenic bacteria which was formerly called
"Paratyphoid Bacteria".' It was derived from the name Salmon,
who first described a member of the group (Salmon et al., 1886).

-
Three species of Salmonella are generahly recognized namely,

S. cholearaesuis, S. typhi and S. enteriditis: the first two,

do not contain serotypes but S. enteriditis contains about
&( —

1500 serotypes.

Since the first report of botulism food poisoning:in
1735, there has been a marked increase in the incidenée of the
disease although some of this increase may be attributed te an
improvement in reporting. Géartner (1888) reported the first
fatal case of Salmonella poisoning which occurred in Germany,
It waé the result of the consumptioﬁ of raw meat, Since this
incident Salmonella poisoning has been a major coﬁcéfn to
public authorities (Bryan, 1974; D'Aoust et al, 19%5; Todd, 1976).
It is estimated that only 1-10% of the actual number of human
infections due to Salmonella is presently being reported.,
According to Davis gg‘gi., (1973) , Salmonella cause a variety of
illnesses, ranging\from typhoid and paratyphoid fevers to
meningitis, septicemia, osteomyelitié, pneumonia, and endocarditis,

in addition to their most frequent manifestation, gastroenteritis.

t
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The symptoms of Salmonella gastrointestinal disorders *

(salmonellosis) are characterized by nausea, vomiting, abdominal
pain, and diarrhea, followed by headache and chills.

It has been estimated that about two million peopié
have Salmonella infections per year and these infections

caused approximately 500 deaths in the U.S.A. alone and approx-

‘imately 120 deaths including young infants in England yearly.

The indirect losses to the American economy has been estimated
to be 100 million dollars annually (Eickhoff, 1966; Prost and
Rieﬁann, 1967). Following active salmonellosis, the orgapisms
occasionally become eétablished in the host and give rise to
a carrier state which may be present for a long period of time
(Prost and Riemann, 1967).

The mechanism of foéd poisoningaby members of the

Salmonella groups is noé fully understood but Dack and Davison

"(1938) and Prost and Riemann (1967) postulated that it is most

likely caused by joint action of 'the bacterial cell and the
endotoxin which is liberated during lysis of the bacterial cells.
Epidemiological evidence appeared to corroborate the experimental‘
evidence that -living organisms are essential in outbreaks of
food-borne infection caused by Salmonella., It is a g;nerally
accepted fact that a large number of Salmonella organisms are
necessary to produce food poigoning but McCullough and Eisele
(1951) stated that the infectious dose may vary with species~of
Salﬁonella and with the individual concerned., Edwards and
Galton (1967) and Thatcher and’Clark (1968) 'also statgd that any
i
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serotypes,Qf Salmonella in foods is potentially infectiogs
to man, either directly upon consumption of food or indirectly /
through secohdary contamination of utensils, processing equip+~
ment, or other foods.
2, Sources of Salmonella

Human: Salmonella are frequently present in the
intestinal ;ract of some individuals and thus, it is very easy
to understand the way in which the organisms gain entry to food,
during its preparation, handling and serving. Edwafd and
Bruner (1943) studied the 224 cultures isolatéd from the stools

of patients witp gastroenteritis and found that most prevalent

species are S. typhimurium, S. montevideo, S. oranienburgqg, S.

newport, and S. anatum in order of 1mportagce. In recent years,

a number of epidemics have been related to S. choleraesuis,

8. newport, S. anatum, S. enteriditis, S. blockley, S. oranien-

)
burg, S. derby, S. brandenrup, S. saint-paul, S. infantis, S.

montevideo, S. ready, S. newington (Prost and Riemann, 1967;

1

Rowe, 1973; Handzel, 1974) .
Poultry and poultry products: Mallick and Rao (1964)

studied salmonellosis produced by the poultry specific S.

gallinarum~pullorum which can cause high mortality in hens.

Numerous publications in recent years have reported a frequent

. pccurrence Qf symptomless infection with various Salmonella

~—

types, particularly with S. gallinarum-pullorum and S. typhi-

murium in heﬁs (Sharma and Singh, 1963; Sadler and Corstvet, 1965).

" Recent reports from various countries state that 2.6 to 7.0

\
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percent of eggs are contaminated with S. typhimurium, Wilder

and MacCready (1966), Bryan et al. (1968), and Morris and

Wells (1970) reported that uncontaminated fresh and frozén
poultry, such as chicken and turkey, are frequentiy contaminated
during evisceration and chilling in fhe processing plant.,
Schneider (1946), Ager et al. (1967), and Board (1973) reported
that unpasteurized egg salad, frbzeg, or dried eggs, yolks, or
albumin have been a majo} gource of salmonellosis since World
War II. fheir inclusion as supplements in other food products
such as cake or cookie dry mixes or noodles have widened their
impact on the consumer. This eventually resulted in FDA
regulatlons requiring Salmonella-free egg products, ¢ Other
sEec1es of b{rds, such as turkeys, ducks, geese and fowl, also

suffer from similar diseases produceq mainly by S. typhimurium.

Most recently a S. reading outbreak was caused by failure to
refrigerate turkeys (Report, 1974),

Meat and dairy products: Of the numeroﬁs foodstuffs
used by man, meat and meat products are among thé mostlfréquent
sources of Salmonellf gsince the first/report on swine pla{&e.
During recent years, a number of serious epidemics have been
caused by ground meats, saus"axges,’~ meat salads, and various other

meat preparations (Wilson et al., 1961; Weissman and Carpenter,

1969; Morris and Dunn, 1970; Carpenter et al,, 1973). Galton

et al. (1954) observed that swine are reagily infected during
transportation and in the holding lots at thelabattoir or

subsequently on the pork assembly line. Hobbs (196l) also stated
’ N l

/
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that the major source of contamination of fresh beef seems to
' /

occur from plant equipment and/or at the retail butcher shop.

Milk has also been the cause of Salmonella fopd poisoning,

!

although it is rarely subject to primary contamination because

of almost universal pasteurization of milk. Dumas éE al,
(1961) stated that the contaminqtion originates from the féces
of the cows, a diseased cow or from a human carrier. The
incidence of salmonellosis from manufactured milk products

remains low, glthough S. typhimurium or S. typhi infection

in the past resulted from consumption of several different
types of cheeses, Collins et al., (1968) reported the recent

outbreak of 29 cases of S. newbrunswick associated with nonfat

dry milk.
Other animal species: Household animals, chiefly dogs

|

[and cats,sometimes have salmonellosis but most often they are

asymptomatic carriers (ﬁay et al. 1963, Smith, 1959; Mackel

et al,, 1952). Animal offal or by-products used as protein
'supplements'in their foods also may carry the infection, Other
animal spécies such as rats and mice (Caldwell et al,, 1966),
turtles (Lowenstein et al., 1971), parrot family, rodentg and
insects (Welch et al., 1941), were found to be a serious Eause’

5
of symptomless infections,

Processed foods and miscellﬁneous products: Some
Salmonella outbreaks have been attributed to processed foods such
as coconut (Wilson and Mackenzie, 1955), dried yeast (Elliot,

1966; Lennington, 1967), cotton seed protein (McCall et al.,

1966), food c&ioring, carmine dye (Lang et al,, 1967), and
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’ chocolate (Lennington, 1967; Hanézel, 1974). Other commo-

Q

‘ dities in whi?h Salmonella have been report;d include L
thyroid, pancreatin, pepsin and liver powders (Guill, 1967{, \

flour (Thoﬁpson, 1953), sugar and spices (Bartram, 1966), .

} ' soya flour (Eéwards, 1965), and bactefial enzyme drain clean-

ers (Lennington, 1968), sandwiches (McCroan et al., 1964), fish

and fish produgts (Appelman et al., 1964). Finally, modern
sewage treatment plants often d;schargq_more salmonella-laden ]
. effluent into the waterways than can be attributed to industrial

waste or sewage outlets (Harvey et al., 1969).
' !

IT. The Chemical and Microbieological
Aspects of Chocolate Process

f

There is a great deal of published ipformation on
manufacturing process for chocolate products (Minifie, 1970;
Lees and Jackson, 1973). EPe manufacture of chocolate involves
the grinding of nib to producé chocolate liquor and the
subsequent mfking of this with sugar, milk solid, etc. A flow

sheet of the process is shown in Fig. 1. .

l. Ingredients |

I J

Cocoa beans develop in the pods of the cacao tree

NP

¥

(Theébroma cacao). The raw cocoa beans are fermented to facil- 4
itate development of flavor precursors anfl to remove Eﬂé adhering
pulp from the beans. Howat (1968) postulated that the chemical

and biological changes that take ﬁlace durihg fermentation are

associated with enzymatic action, yeast fermentation, and

oxidation and condensation resulting in the elimination of the
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bitter taste., Bracco et al. (1969) discussed the hydrolytic
phenomena which could explain variations in the céntents of
6Q§trogen compounds, pheholic substances and carbohydrates of
the cocoa bean. Forsyth and Quesnel (1963) showed that tie
predominant microflora at the start of fermentation are '
yeasts, which are then replaced by lactic acid bacteria,
acetic acid bacteria, and finally onre—forming bacilli,
Quesnel (1965) also observed that, with the breakdown of
pigment cells; there is a destruction of the germinating
power of the seed, partly by the high temperatures, and by
the increased quantities of acetic acid formed in the pulp.
The fermented beans are then dried approximately to 6% ‘
moisture. The dried beans are expected to carry a large
number of bacteria of various types. Howat (1968) and Mihifie
(1970) stated that any possible health hazards arising from
the proliferation of Salmeonella ahé?other bacteria are

likely to be eliminated duringqroasting of the beans at 105

. £0 150°C. Barrile et al. (1971) observed, however, that the
initial total counts per gram of bean ranged 3 x lOsxto,

4,7 x 107 and after roasting at 150°C for 40 min., the counts

3. 105

ranged between 10 .per gram of bean., Roasting of cocoa
beans at 165°C and 180°C for 30 minutes led to an extreme
bactericidal effect but these temperatures imparted scorched
flavor to the beans. Some work (Rombouts, 1952; Gabis et al.,
19707 Barille, 1971; Ostovar, 1972) has been done on the

identification of the microorganism in raw cocoa beans. They

!
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;- !
found that the majority of microorganisms in unroasted

beans belonged to the genus Bacillus, Sareptococcué,

%
Micrococcus, E. coli, Flavobacterium and Microbacterium,

4

Roasted beans contained organisms such as B. stearothermo-

s,

philus and B, coagulans.

The winnowing process is necessary to separate the

shell from the coteledon which breaks up into segments
(nibs) . It has been suggested that the winnowing operation
could be a source of contamination if care is not taken to
keep the machinery reasondﬁly clean, The temperature
achieved during grinding of the n{bs does not eliminate
contamination, . | \

Ingredients such as Suéér or sugar syrups do not
present bacterioloéicél problems. Nuts, desiccated coconu£
and, to a ;gsser extent, dried fruit such a; raisins have
been known to create special problems, Minifie (1970) and

Doolin (1972) pdinted out that desiccated coconut has been

known to contain Salmonella, chiefly Salmonella senftenbarg,

This has been attributed to the very poor sanitary conditions

in some of the factories in the tropics. The authors also
| %
noted the presence of aflatoxin in peanuts arising from molds

~growing on the kernels caused by poor harvesting, drying and

¢

storage conditions. Cross-contamination from unheated material
has been known to have occurred in chocolate factories due to
the use of équipment (bunkers, trays, conveyers) for the raw

and processed beans, Dried fruits such as raisins and cherries

/




T e R o

-~

12

are used extensively in both moulded chocolate and assorted
chocolate., It is known that the bacteriological contamination

can arise due to the transfer of Salmonella or other pathogen

. from the hands or clothes of workers to the products,

Recently, milk powder was considered a greatetr
potential source of Salmonella contamination than of the oLher
basic ingredients of milk chocolate,"" Collins et al. (1968)
described putbreaks of salmonellosis caused by dried milk and
Armstrong—gg al. (1970) described similar Salmonella outbreaks
which were attributed to an imitation ice cream. Although milk
products present some bacteriological hazard fo manufacturers,
most pathogenic bacteria are likely to be eliminated by the
various heat treatments that are applied to milk, Anon (1968)
stated that the contamination of chocolate crumb can be more
readily controlled if it is formulated in the factory thap if’
the crumb is imporéed. |

N\

2. Processing operations
' |

It is generally agreed (Foster, 1968; Goepfert and

\3nd Cone, 1970; Rieschel and Schenkel,

1971) that the process involved in chocolate manufacture does

Biggie, 1968; Barrile

not destroy Salmonella once the product has been contaminated;

A

there is not sgfficient heat involved in the process to

sterilize chocolate since Salmonella is very resistant to heat

~ @
under the dry conditions found in chocolate. The conching

(3}
process is primarily designed to aid in’' the development of

.flavor and in the removal of undesirable volatile acid residues

N

\
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’ - that result from the fermentation and other processes.
Conching is usyally done at 40 - 52°C for milk chocolate

and 60 - 70°C for dark‘chocolate, Minifie (1970) stated that

higher temﬂ%rature could be used to give caramelized flavours

52
v)";-d_-'

in milk chocolate and to give a slightly burnt flavour in

RS T

ke

dark chocolate. It was suggested that milk chocolate, which

O
-

, cemtains a lower proportion of nibs, should be conched at a

R
- X

U

|
lower temperature to prevent thickening of the chocolate.

>y
WM

Minifie (1970) postulated that thickening of milk chocolate
é during conching is due to chemical ghanges of the milk o
protein, Tumermar and Webb (}965) reported that heat treatment ©
could partially dephosphorylate casein, denature whey
” proteins, initiate protein-lactose interactions, increase

acidity and alter the ionic equilibrium. Any of these *

alterations can conceivably influence the subsequent physical
; and chemical behavior of milk proteind. The precise effect
o o
2 L ‘of Hﬁﬁt on milk and the chocolate ingredients as well as the

ingredients in foods in general is difficult to predict with

2 3

B certainty. The traditional longitudinal conche is being
3 replaced by rotary conches which_hanale larger quantities of

- chocolate .and use higher temperatures., Lees amd Jackson (1%73)

—

discussed redently variations in conching procedures, including

a process involving circulation bed systems,where chocolate is
continuously passing through a heated pipe and subjected to

ultrasonic conching., Ultrasonics are used to ﬁeVelop“a
J . .

'certain motion in the chocolate yhich leads to the exposure of

Ty
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’ new surfaces of the chocolate to the air. Otﬁer‘pfocesses,
developed by the British Food Manufacturing Industry Research 4
Association, achieve comp1e£e roasting and conching within a @,
’ 30 minute period (140 - 160°C).
Vaeck (1960) suggested that there are four different
forms, ¥(17C, M.P),a(21-24C), B'(27-29C), B(34-35C), of
crystalline cocoa butter in chocolaée. The B crystal is the |
only stable form and the purpose of tempering is to crystallize 'W
chocolate in that stable foEm which is necessary to ensure a 1
long shelf-1life, Chocolate is usuwally heated to 48.8$C a£ %
which temperature all the cocoalbutter becomgs liquid; the
, melted chocol?te is then cooled to 26.6°C where crystallizing
o takes place to produce bdth the staﬁig and unstable forms of

fat, On heating to 31 - 32°é, all the unstable crystals are

remelted except the stable g~ crystal. A defect known as

\ bloom is known‘to ﬁe caused by using improperly tempered
chocolate, impraoper cooliné methods, contamination with incom-
patiblé fats, and fluctuating storage temperatures. Moisturé

i

conditions can also cause fat blooming,

,III, The Specific Probilem of Salmonella in Chocolate

. 1. The incidence of Salmonella infection in chocolate )

‘ Before 1966, there had not been reported a single case
of Salmonella infection in coqﬁectignary products; it has been
reporteé to be preségt in ingredients of éhocolaté such as

' . dried milk, coconut and carmine dye. Foster (1968) and
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Depew (1968) stated that at least seven major chocolate
producers encountered Almonella contamination in finished
products and recalled the products from the market during
1966 to 1967. According to WHO (1969) and the Laboratory
Centre for Disease Contrgl (1974) , chocolate products have
been found previously to contain Salmonella and to be the
cause of an outbreak (WHO, 1973) of an infection., Most
recently, over 200 cases of Salmonella eastbourne infections

- r
in Canada and the United States were reported in the period

of July, 1973 to April, 1974. An extensive investigation both
by the Health Protection Branch (HPB) in Canada and by Centre
Disease Control in the U.S.A. (CDC, vol. 23 (4) and 23 (9),

23 (10), 1974) showed that Christmas-wrapped chocolate items
manufactured by one major chocolate company in Canada were

the vehicle of the epidemic. The major group affected were
children between 1 and 4 years of age and the nygmber of
affected males and females were nearly equal., It Qas reported
tﬁat the chocolate contained approximately 2.5 cells (S.
eastbourne) per gram and that Salmonella infection was the
result ef the iAgestion,of at légbt 100 cells. These numbers
were found to be much lower than do;es previously reported to
have given rise to oﬁtbreaks of Salmonella infection. A survéy

of the plant revealed the presence of S. eastbourne in roastgd

cocoa beans, in the bean processing room, and in a variety of

i
~

end products (CDC, 1974; D'Aoust et al., 1975; Handzel, 1574;,

Craven et al., 1975). The inspection also indicated that cross-

Fl
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contamination between raw and roasted beans could cause
re-contamination, after the roasting step. i
2, Survival of Salmonella in chocolate
The manufacture of cﬁocolate by this specific company
started with roasting the beans at 125°C for 30 minutes,
refining and grinding the beans into cocoa ligquoxr which is
then mixed with cocoa butter, The dry ingredients such as
sugar, salt, and imported crumps are then blended iqto the
mass., According to\b'Aoust et al, (1975), the conching ‘
conditions at 55 - 60°C for lessi than 5 hours appeared to be
ineffectf;e{in the deséruction of Salmonella. ' The moisture
‘ cont;nt of the chocolate was also less than 1% which could
~act as a protective environment from heat.
Tt has been established that the thermal ;esistance
of Salmonella is 600 to 700 times higher in dried egg white

than in liquid egg white; a one week storage period at 50°C

was required to destroy Salmonella in dried egg‘(Rasmussen

et al., 1964). The authors noted that S. senftenberg

775 W inoculated into meatland bone meal was‘killed in 15 min,
at 68°C;. a ﬁeating period of 30 minutes at 82°C was requirgd to
eliminate Salmonella from naturally contaminated meal,

,*‘A similar situation seemed to exist with chocolate
products, Previous studies by Goepfert and Biggie (1968),
Foster (1968), Barrile aﬁd Cone (1970) and Rieschel and’ :
Schenkel (1971) have shown that several Salmonella serotypes,

such as S. anatum, S. senftenberqg 775 W, and S, typhimurium,

-
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became heat resistant in chocolate; this suggests that
chocolate acts as a protective environmént against thermal
damage to bacteria. Goepfert and Biggie (1968) found that
heating milk chocolate at 70°C for seven hours and thirteen

hours was required to kill 90% of S. senftenberg and S.

typhimurium, respectively. Rieschel and Schenkel (1971) also

_Yeported that 40 hours of conching (72°C) was required to

kill 90% of S. enteritidis and S. typhimurium in chocolate,

Barrile and Cone (1970) studied the heat resistance\of S.

anatum in!milk chocolate as a function of added moistured

content and found thgt S. anatum was much more susceptible to

heat in the presence of trace water. The D value, (a heating

time to kill 90%) at 71°C was'reduced from 20 hrs, to 8 hrs,

by the addition of 1% water and to four hours by the addition of
%% to milk chocolate, Barrilelgg al. (1970) made further

\

studies on high temperature (127°C) short time (HTST) steriliza-
tion, on a pilot plant scale. They observed éhat chemical and
physical change took place in the milk chocolate before complete
destruction of Salmonella even at temperature .as low as 90°C,
They suggested that the milk solids, especially the milk
proteins, may be the sensitive componént since chocolate liquor
alone was not destabilized at the same tempe;ature. it is also
clear from thé relevant work on the thermal destruction of
Salmonella that the organism in chocola?g cannot be eliminated
by methods which arxe most .often employed to destroy Salmoneila

in foods. On the other hand, Foster (1968) and Rieschel and

/ : |
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Schenkel (1971) stated that the possibility of Salmonella
gfowth in milk chocolate and other confectionary products are
negligible becauée of their low moisture content, Foster
(1968) , Barrile et al. (1970), Rieschel and Schenkel (1971),
Dockstader k Gromes (1971) and Tamminga et al, (197&)

studied the §ffect of long term storage on the survival of
Salmonella in milk chocolate and found that %almodella can
survive in chocolate for quite long periods of éime.‘ Riechel
and Schenkel (1971) detected Salmonella in milk chocolate even
after 15 months storage’ht réom temperature. Dockstadex and
Gromes (1971) also detected 8. anatum and S. newington in

contaminated milk chocolate after a four year storage period,

Barrile et al. (1970) studied .the effect of storage on the

survival of S. anatum in milk chocolate at room temperature,

The results of this study showed a gradual decrease (74%) in

numbers of survivors but Salmonella was still discovered after

15 months storage, even with low initial numbers. Most |
recently, Tamminga et al.  (1976) measured the rate of destruction

of S. eastbourne and S. typhimurium in milk and bitter chocolate

at room temperature, They showed that there was a rapid

destruction of S. eastbourne and S. typhimurium but both types

X

survived a nine months storage periodi S. typhimurium was less

resistant than S. eastbourne and both died off more rapidly in

¥

bitter chocolate than in milk chocolate,

)

0
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~Iv. Detection and Identification of Salmonella ih Foods

The International Committee on Microbiological
. ¢ .

Specifications’ for Foods (ICMSF) was formed in 1962 to

., establish internationally acceptable methods of analysis and

to reach agreement on the essential supporting methods.
Tﬁaécher and Cla}k (1968) and ICMSF (1974) published boois on
methods of enumeration and methods of sampling. The methods
outlined in the U,S. F.D.A.'s Bacteriological Analytical
Manuyal (Olson , 1972) and the Associatioﬁ of Official
Analytical Chemists (Horwitz, 1970).

In general, the development of a rapid technique for

detection of Salmonella fhat would be fully satisfactory for

}all foods and serotypes has not yet been achieved but there

" have been significant cogtribuFions in this field during the

last few years. These methods are always subject to change and
there is currently a great deal of technical work on imgroved
methods for the detection of Salmonella and other microorganisnf.
All methods are similar in principle and embody the procedural
steps of pre-enrichment, enrichment, plating on selective
agars, and taxonomic determination of colonies suspected of
being !Salmonella., In general, pre-enrichment favors the rapid
recovery of Salmonella from the physiologically inactive state !
in foods that have been subjected to heat desiccation, preserv-

| :

ation, freezing, high osmotic pressure and change in pH. The

complexity of identification procedures is due to the fact that

. Salmonella in foods originate through faecal contamination which

}
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is usually associated with other Enterochteria such as E.

coli, Proteus citobacter, Shigellae., The methods are designed
/
to favour the multiplication of Salmonella and restrict the

A

' growth of other microorganisms.

Fantasia et al. (1969) and Sperber and Deibel (1969)
described the Enrichment Serology method fof detection of
Salmonella in food, feeds and éiarmaceutical products., This
method is similar to cultural methods (BAM), except that each
selective enrichment broths are inoculated iﬁto M broth and
the pooled poly H antisera are used for aggiutination. Non-
motile Salmonella variants are not detectéd and thus the
sensitivit& and reliability of this method as a screening test

has not been accepted. The fluorescent antibody method has

been used to detect Salmonella; it is a rapid, economical

. 8creening test for large numbers of samples. The applidation

'of this technique was first used for examination of milk by

Arkhom el'@cu.and'Kartoshova (1962) . deorgala and Boothroyd
(1964) also employed the technique to,detect Sal’onella in raw
meat and indicated that the method had great promise, The
fluorescent antlbody technigue was also found suitable for the
detection of Salmonella in egg ?rod:cts (silliker et al., 1966),
animal feeds (Laramore and Moritz, 19§9) and non~fat dry milk
(Reamer and Hargrove, 1972). % simplified fluorescent antibody,
employing the immunofluorescent microscope has also been reported

by Markovits and Burboeck (1971). A modified /radiometric

technique has been used recently as a rapid method to detect

!
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Salmonella in foods by Previte (1972)) Waters (1972) and

Wekell and Martinsen (1975), The radiometric technique is a

measure of the guantity of 14

CO, produced by the total microflora
present. These studies suggested that radiometric techniques

can be applied directly to detect bacteria in dairy products /
only When]high numbers of bacteria are present, More recently,
Dbckstader and Gromes (1971) suggested a more rapid aﬁd
seﬁsitive method t¢ detect low levels of contamination by

Salmonella in chocolate which involved the use of synthetic

N
fabrics. The technique was used to concentrate the Salmonella

cells to a level that was detectable b& fluorescent antibody

examination, 1

s
1

V. Control of Salronella in Foods

1. General control measures

The control of Salmonella i; foods presents a difficul£
and serious proSiém to the food processor since Salmonella are
widely distributed in nature and have a very wide rane of
hosts including domestic meats and pet animals. The pfgblem is -
further complicated by the intrinsic difficulties associated
with the detection of Salménella when present at low concentra-
tions in foods. Prost and Riemann (1967) and Hobbs and
Christian (1973) have described the control of Salmonella and
other food poisoning organisms, Food plants attempt to avoid

Salmonella contamination by good sanitation, careful control

of milk and water supplies; improved methods of processing,

s
e e e e
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elimination of/human carrier from plants, control of cross-

contamination and multiplication of Salmonella in the equip-
ment and raw materials. The literature on the occurrence

an? distribution of Salmonella is overwhelming. - Bryan (1974)
noted that the types of food which can cause salmonellosis

are usually nonsterile processed products. Control ef
contamination must depend on a kill step involving sterilization,
radiation or acidification, etc. Anon (1968) suggested that
greater emphasis must be placed on the control of the raw
materials which can be' heated since the destruction of
Salmonella in chocolate is difficult. The authors showed the
importance of séparating raw materials from finished or in—liné
prodﬁcts, the classifying of employees who handle finished
goods and those who handle raw materials, controlling air,
moisture, equipment and pests. Krauss (1972) and~b'Aoust et al.
(1975) discussed in some detail the problems and means of
guality control iébchocolate processing. The authors point out
that primary consideration should be given to (a) the isolation
of cocoa bean storage, and roasting areas, (b) increasing
roasting, conching and holding temperétures. They also pointed
out that it can be dangerous and expensive to rely only on the
testing of end products.

2. Destruction of Salmonella by chemicals

. Acidulants serve numerous purposes in modern food

processing including the preservation of the growth of micro-

organism. Microorganisms are sensitive to acid in' varying
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’ degrees; the acid produced by one type of organism often will
inhibit multiplication of another type. Much of Ehe preserv-
ative effect from acid is due dir;qtly to the hydrogen ion
concentration and its destabilizing influence on proteins;
acids, however, which éfoducg thé same pH are not always
equally effective since the anions of certain acids also exert
some effect (Nunheimer and fabian, 1940), It is well recog-
nized that acids enhance the lethality of heat and the degree

of acidity, tolerable in foods from the standpoint of

palataBility, is never sufficient to ensure food sterility.

S

Ayres (1966) showed that complete destruction of Salmonella in %

egg yolk adjusted at pPH 4,5 with acetic acid, Fakes place in 2

two héﬁrs at 40°C or four days at 15°C. Foster (1968) studied
! ] the interacgion of several environmental factors such as‘pH,

sucrose, and heat, which can be used to control Salmonella in \ !

any confectionary product. The Salmonella were not able to

grow at pH 4,1 and at 30, 37, 43°C but they did grow ?t all

three temperatures when the)pH was raised to 4.6. He also showed

that Salﬁonella grew in 40% sucrose at pH 4.0 but it did hot’

grow at pH 6.0 and thus he could prevent growth either by

increasing sucrose concentration to 45% or by reducing the pH

slightly. Goepfert (1969) also studied the destruction of

: 4 ; Salmonella by various food acidulants such as volatile fatty -
acids and obtained results which were similar to those reported

Y by Ayrés (1966). 1In additf;n he also showed that glucose,

l' sucrose, and peptone at the 20% levels protected Salmonella
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from the lethal effect of 0.5% acetic acid.

Many chemicals have been in use to kill microorgadisms
but most of these are not permitted in foods. Sorbic acid,
sodium and calcium propionates; and nitrite are permitted
in certa\in foods to control Salmonella. AntibioRic{s have also
been used-as food preservatives, feed additives, agd
therapeutic agents to control Salmonella (Prost ané Riemann,
1967; Weiser et al., 1971) . 1Investigators have used various
chemicals such as hydrogen peroxide (Ayres and Slosberg, 1949;
Naguib and Hussein, 1972; Chu et al., 1975), beta-propiolactone
(Bruch and Koesterer, 1962), and ethylene oxide (Mayr and
Kaemmerer, 1959) to éontrol Salmonella.
3. Destruction of Salmonelia by heat \

It is well recognized that heat is the most reliable
and universall& applicable\method of sterilization. Most

mesophilic nonspore-forming bacteria may be killed by moist

i /
heat at 60C for 30 min. Staphyléﬁbtcus aureus and Strepto-

coccus faecalis, however, require an exposure time of 60 ‘min

at 60C. A temperature of 80C for 5 to 10 min destroys the
. ' )
vegetative forms of all bacteria, yeast and molds., Spores of

Clostridium botulinim, which are very heat-resistant are

destroyed in 4 min at 120C or 30 min at 100C. To ensure »
sterilization, a temperature of about 121C (15 lbs, steam) and
an exposure time of 15 min is used. Sterilization by dry
heat requires higher .temperatures and a longer period of

heating than does sterilization with steam. The three theories

A
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most generally accepted concerning bacteria destruction by .
heat are that (a) heat inactivates vital enzymes, (b) the
cells become intoxicated with their metabolic waste products,
or (c) certain destruct£Ve cﬁanges take place in the physical
state of essential lipids (Lammann & Mallette, 1953). It has’
been well documented that nonspore-forming Salmonella are
highly 'sensitive to moist heat and that the usual method for
milk pasteurization is sufficient to kill even large numbers
of Salmonella cells. Ng et al. (1969) reported that different
serotypes of Salmonella do not vary much in tﬂeir heat —\
resistance except‘ﬁ. senftenberg 775 W. They found that \

D values of 0.9 to 1.3 min at 57°C for most of the Salmonella
that were tested. Ng (1966) reported that D values for
Salmonella are 1 to 2 sec at 65.6°C in whole milk, 0.3 min

at 65,6°C in whole egg, and 0.5 min at GOJC in egg yolk,

~ Bergquest (1961) showed that dry heat treatment of dried egg

white at 54.4"cl for seven days is effective in destroying
Salmonella. Garibaldi (1966) and Riemann (1966) discussed the
mechanism of thermal destruction of Salmonella in a defined
system. They observed th;t amino acids, peptides, RNA and
traces of cglcium and magnesium leak out of the cells during
heat treatment. In recent years, many workers observed that
tﬂe heat resiétance of Salmonella increases as the water )
Qctivity (a,) of the medium decreases. Goepfert (1968),
Barrile and Cone (1970) and Goepfert et al., '(1970) studied

the relationship between water activity and heat resistance of
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Salmonella; they found that the thermal resistance of
Salmonella increased as the water activity of the heating
medium was reduced., |

It is a well known fact that freezing temperatures

* have germ{cidal properties; gold is not; however, an effective

means of destroying bacteria in foods. Repeated freezing
and thawing are much more destructive than prolonged storage
at freezing teméerature but these methods have not proved to
be successful in destréying microorganisms, Weiser et al.

(1971) showed that Salmonella typhi could be frozen in liquid

air at =182 to —196°C\for 20 hours without destroying the
viability of these ofganisms, If bacteria are frozen rapidly
to temperatures below -35°C, ice crystals which form within
the cell, produce a lethal effect during defreezing. 1If

' cultures are dried in vacuo from the frozen state, by lyophil-

ization, the initial viability is greatly enhanced.

4. Destruction of microorganisms by Eltrasqnics

There are many reports in the literature on the

applica;ion of ultrasonic energy in the food industry for

v emulsification, bacterial destructiqn including sterilization
of liquid £foods and'imp§o§ement of flavor or oddur (Jéhnson,
1974). Considerable work has been done on the use of ult£a7| ;
sonic with dairy products, especially with milk, Beckwith and
Weaver (1936) studigd the effects of ultrasonic on the ¢

_ destruction of Eacteria in milk under various conditions. A

. . i .
process for sterilizing-milk by ultrasonics has been patented
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recently in Britain (Brit, Pat, 1, 17982, 1970) and U.S.S.R.
(USSR Pat. 438406, 1974) . Haevecker (1970) described the
application of ultrasonics in certain areas of the fruit
processing industry. , Khadzhiiski (1970) used ultrasonics in
the wine industry to accelerate maturation and for ateéilization.
Avakyan (1972, 1974) studied the continuous cold sterilization
‘of wine by ultrasonics and by UV irradiation. it is known that
microorganisms differed markedly in their sensitivity to
ultrasonics. The most susceptible are Qram—negative rods such
as Salmonella and E, coli and among the most resistant are the
Séaphylococci.
5. Destruction of Salmonella by radiation
a. Ionizing irradiation

X-rays, microwaves, infra-rays, UV light and ionizing

radiations "are electromagnetic. The ionizing radiation such

as X-rays, gamma-rays, and cathode rays (electrons) are of
great practical value for purpose of stefilization, because of
{ .

their great penetrating power. Gamma-irradiation produced by

Cobalt 60 has been applied to the destruction of Salmonella in
foods and.other products whiéh are especially damaged by
heat treatment (IAEA, Vienna, 1963-1973). Gamma irradiation has
beeq/ased successfully in the ﬂkocessing of meat, fish products,
vegetébles and spices; milk and milk products, however, appeared
to be extremely sensitive égfionizing irradiatioPs as it is

.l indicated by the changes{in flavor which ;re a;sociated With 5
the use dfltﬁzs type of irxadiation. éo@er et al, (1963) and
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Lineweaver '(1966) used gamma irradiation ‘for the pasteurization
of egg products. Grundewaid (1973) studied the use of gammé—
irradiation for the' control of pests in chocolate products.
Organoleptic tes;s showed that chocolate coating was much more
sensitive to the irradiation than was the filling material,

The application of cathode ray (electron beams or beta ;adiékioﬁ)
has also been used for the stetilization of dairy and other

food products. Proctor et al. (1553) and Nickerson et al,

(1957) indicated that the use of cathode irradiation is

feasible to destroy‘Salmonellé, especially S. typhimurium and

S. senftenberg in liquid, frozen egg white and egg powder,

b. Ultraviolet irradiation
The effécté of UV irradiation on microorganisms have
been studied extensively since the lethal action of sunlight
on certain bacteria was first demonstrated by Dowes and Blunt
as early as 1877, Since the introduction of more efficient
sources of germicidd&l UV energy at 2537 A (Rentschler et al.,
* 1941), numerous quantltatlve studies have been performed to.
establlsh the relatlonshlp between wavelength, energy and
type of organism that are affected by the radlathg. Kelner -
(1949), Setlow et al. (1963), and Howard-Flanders (1968) have
suggested that the main consequence of UV irradiation of
microorganisms is the formation of a pyrimidinefdimer between
- adjacent thyminés on- opposite strands of DNA; these changes

are believed to be the cause of most of the lethal and mutagenic

effects. The killed state did not necessary represent, however,

38
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irreversible destruction of viability; The daméging effects.
by UV irradiation could be reversed)in some strains of
'bacteria by (1) photoreactivating enzyme which splits
‘ ﬁ?rimidine dime;s, thus restoring the no;mal DNA structure
’a(Kelner, 1949; Novick and Szilard, 1949; Wulff and Rupert,
1962) by (2) excision repair enzymes whigh occur in the dark
subsequent to UV irradiation (Se%:low and Carrier, 1964; \Boyce
and Howard-Flanders, 1964) and by (3) post-replication
{recombination) repair mechanism, whiéh is 'the Aost recently
described and the least understood of the repair mechanisms
(Rupp & Howard-—Flanders, 196é). Excision repair ?ppeared to

be the primary cause of an enhgnced resistance tg uv %rradiation
by some strains of bacteria. The'detailed studies on enzymatic,
repair mechanisms\by UV irradiation have been reviewed by
Witkin (1969). |

Although it has been well established that the enerqgy

of UV irradiation is low and its power of penetration is very
poor, the possible applicationé‘of uv irradiatién have been
reported for controlling various pathogen ahd spoilage micro-
organisms in drinking water (Hgﬁf et al., 1965; Muller et gl.,
1972), milk (Supplee, 1930; Burtonm, 1951; Werner et al., 1972),
eggs (Ijichi et al., 1964), meats and poultry (Reagan et al.,
1973; ¥ndestad et al., 1972; Mudretsova—v@ss‘gnd Zavyalova,

1975) and wine ( Avakyan, 1972, 1974). Among the many other

applications of UV %rradiation are the 1) treatment of cider

to improve keeping quality, 2) treatment of maple sap, .

\
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3) treatment of brines in cheese making to control growth of
microorganisms,”4) control of,microorganismssin sugar refiperies
and cheese ripening rooms, and 5) control fungi and bacteria

in cold storerooms and in laboratories, partiéularly in the

-

fermentation industries (Johnson, 1974), The primary applica-
tion of UV irradiat(:ion is in the control of ei‘rborne infection,
where it is used for disinfecting enclosed areas, such as
héspital warés and'operating rooms. Burton (1951) demonstrated
that 99% of the bacteria in}milk could be destroyed by UV
irradiﬁtion but no commercialization of the process has been
made, d:; to the poor keeping quality of the treated milk,
Stoutz (1569) proposed a method for the treatment of milk

which involved successive exposures of that milk to IR radiation
(2 - 10 sec). An Australian patent (Aquitron Corp., 1?69)
described a process for the sterilization of milk by U@
irradiation using UV perﬁéable pipelines in which the milk is
exposed to UV continuously.

Benesi (1956) and Oppenheimer et al. (1959) developed‘é
method in which thin films of fluids can be exposed to UV
radiation; the process is now used for the sterilization of
plasma and vaccines., Curran and Tamsma (1960) used ;he same
technique for the stefilizatiOn of whole milk but wiéhout
complete success. Werner éi al. (1952) described a process
for the sterilization of milk in which very thin £ilms of miik'
are exposed to UV irradiation; the exposed milk‘had a vitamin D
potency of 400 - 500 1U/1l. Ijichi et al. 11964) studied the
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effect of UV irradiation on the qestruction of Salmonella in
thin films of egg white (liqufﬁ). They‘found’that uv
irradiation (7.22 x 104 ergs/cm/sec) reduced Salmonella

6 7

(typhimurium -and senftenberg) by a factor of 10 ‘to 10°.

It has beeh shown that UV irradiation having wavelengths

which are sﬂorter than 200 nm give rise to ozone formation;

ozone has a pungeﬁt smell and a strong oxidizing action onéﬁ
the fats which are present in foodstuffs (Nilson, i963);
Weiser et al. (1971) noted that UV irradiation can lead to

the destruction of thiamine, ascorbic acid, riboflavin,_niacin,

other vitamins, in addition to glutathione, many endogenous

enzymes, and natural antioxidants in fats,

S |
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MATERIALS AND METHODS

~

I. Bacterial Strains
The culture of S, eastbourne was supplied by Comet
Chocolate Ltd., St. Hyacinthe,Quebec, Canada. Other serotypes,

1

e.g. 8. alachua 5-1041, S. anatum 5-515, S. montevideo 75-1806,

S. senftenberg 75-1450, S. typhimurium 75-1794, S. infantis
MCC-605, and S.tennessee MCC-621, were obtained from the
Health Protection Branch (Healtﬁ and We%fare, Canada) and from

Macdonald College (Culture Collection Centre).

II. Media ‘ -
Unless otherwise stated, the media constituents and
> i : A

other chemicals that -were used in these studies were of reagent

grade or were Difco products.

III. Maintenance of Cultures

’ Stock cultures were stored at 4°C on tryptic soy agar
slants and were subcultured monthly. These stock cultures
were also maintained in sterile skim milk (freeze-dried).
Working cultures were transferred daily in tryptic soy broth
and incubated for 24 hours at 35°C., A loopful of the broth
culture was streaked on tryptic soy agar and brilliant -green

]

agar plates which were then incubated at 35°C for 24 hours and
\

~

again stored at 4°C. .

32
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?
;%u . IV, Source of Chocolate

9 g

A manufacturer of milk chocolate supplied the

chocolate used in this study. It contained cocoa liquor

!

J
(11-14%), milk solid or crumb (11-20%), sugar (44-54%) ) cocoa
butter (21-22%), lecithin (0.4%). Milk crumb contained whole

dry milk powder (B80-85%), sugar (10-15%) and cocoa powder

(3%). '

\

V. Detection and Identification of Salmonella

Salménella was detected in chocolate by the method

outlined in the U.S5., Food and Drug Administration's

Bacteriological Analytical Manual (Olson, 1972).Larger samples

Y

(50 g) were used, however, instead of the 25 g sample pre- . y
scribed in the manual; in addition 10 ml of pre-enrichment

in 90 ml of enrichment broths (selenite cystine) were used

instead of 1 ml of preenrichment in 10 ml of enrichment broths.
Presumptive Salmonella cultures, based on the biochemical

reactions on Triple Sugar Iron (TSI) and Lysine Iron agar

were next tested with Bacto-salmonella antisera,

VI. Inoculation of Chocolate with Salmonella

Salmonella cells resulting from 24 hr growth (35°C5
in tryptic soy broth (500 ml) were harvested centrifugally and
then resuspended in sterile skim milk (20 ml) and 1yophflized.
The lyophilized cultures were dispersed (VirTis 45 mixgrﬂ 5000

rpmj 5 min) in Salmone;la‘free, molten milk chocolate (45°C) to

' ’




PP o e vosom ik e w1 v wr s e w,ﬂ-u/ i e i s e

- 34

give viable counts of approximately 300 per plate.

VII. Enumeration of Salmonella in Chocolate S

Three separate samples (10 g or 100 g) of chocolate
were biended (VirTis 45 mixer; 2000 rpm) for two minutes with
reconstituted skim milk (10%) to give a final concentration of -

1 gm of chocolate/ml, One ml of the blended sample was added
. L

- to 9 ml of selenite-cystine broth. For direct plate count,

0.1 ml samples of appropriate dilutions were surface plated

on brilliant green agar (3 different plates) using a sterile
bent glassTrod and a turﬁtable spreader (F{sﬁer). The plates
were incubated at 35°C for 24 hours and the colonies were -
counted by'use’of a Bacterial Colony Counter (Fisher Scientific
Co., N,Y¥.). When the number of Salmonella was too low to |
permit the use of the plating technique, viable Salmonel¥a

was enumerated by the three tube Most Probable Number (MPN)

technique,

A
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EXPERIMENTAL vy A

&
I, Detection and Idgntification of Salmonella in Chocolate
l; Sensitivity of the methods (Baqteriplogical Analytical
Mgnuals and Direct Plating Count) for detection of
Salmonella in chocolate
It is generally accepted that the method for the

detection of Salmonella in foods, described in the Standard

Bacterioiogical Analytical Manual (BAM; Olson,;1972) is slow,
cumbersome and expensive (Thatcher‘igg Clark, 1968), It has
been customary . to specifyithat pathogen such as Salmonella
should be absent from foods but the International Commisgsion
on Microbiolegical Specification for Foods (ICMF, 1974)
stated that no feasible sampling plan can ensure complete

absence of a particular organism (i,e., zero tolerance) and

also it is not yet commercially possible to market‘some food
without the risk of some pathogens being present, Any improve-
ment in the methods of detection of pathogens, which could
help the manufacturer in assuring that his product and its
ingredients are free of these organisms, would be highly
desirable. The sensitivity of a method is rarlely known
precisel; for a given food because*chaﬁges in the nature of the
food or in its microbial ecology can modify the sensitivity of
the methoa {Thatcher and Clark, 1968).

Experiments were performedvéo determine the level of .

Salmonella which could be detected by the standard BAM methods

- 35 . . 8
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with certain changes (Figure 2). The predetermined numd_.) of
viable S, eastbourne in peptone solution (0.1%) was rsed

in chocolate (50 g; 45°C). The 50 g sample was then blended

.(VirTis 45; 2 min; 2000 rpm) in reconstituted gkim milk (10 g i
skim milk powder/90 ml water/2 ml brilliant green solution).
Table 1 summarized the results of théee separate experiments
on the detection (BAM and direct plating metﬁods) of Salmonella
in an artificially contaminated chpcolate. Based on the
results in Table 1, it would appear that it is possible to
detect 20-30 Salmonella cells per 50 g of chocolate by the
direct plate count technique. Thellgwer level (2 - 3 cells)
of Salmonella was not detected by this method before pre-
enrichment growth for 24 hr, (stage 1l). The results in Tablé 1
also show that most S, eastbourne at the level of above 2-3
'cells could be detected by the modifiea BAM method after
pre-enrichment growth in reconstituted skim milk, The chocolate
sample in experiment 3 was contaminated with Salmonella before
S. eastbourne was incorporated into the chocolate; this was
confirmed'by an independent laboratory. .
2. Identification of Salmonella in milk chocolate

Fig. 3a ;nd 3b showed the results of prg;umptive
Salmonella detection before seéological testing and Table 2 ,
summarized the results of identification in commercial milk
chocolate by a method given in Figure 2. Various serotypes of
- Salmonella have been detected and identified in certain samples

of chocolate obtained from a commercial laboratory during the

¢

v
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Place 50 g chocolate 1n 100 ml skim mmlk and
brilliant green mixture (solutlén A).
Stage 1. Blend and inoculate into solution A and incubate

for 24 hrs at 35°C.

Stage 2 10 ml of the inoculated solutiow A was .added to
/ 90 ml of selenite cystine and tetrathionate broths;
_incubate for 24 hrs at 35°C.

N
AN

Stage 3 Streak on selective differential plétes (EG,SS,BS)’
and incubate for 24 hrs at 35°C,

Stab and streak on TSI and LIA plates and
incubate for 24 hrs at 35°C,

N

/iglmonella poly "O"

N\

If + CIF -
‘ Individual 0 \;¥ sera poly ¢,
0 antisera D, B. For G
If + If - - ‘
ané{;en - Tkﬁ antiserum
If + i If - - If -

Heat - Not Salmonella

retest witﬂ
individual 0
antisera

Y

*10 g skim milk powder/90 ml water; 2 ml brilliant green
solution was added to the 98 ml of the reconstituted skim milk,

Figure 2, \?chematic Representation of Analytical Method.

N \
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. . ' Table 1 ] ' , \
5 N\ . . ’
! Detection of S. eastbourne in Artificially ‘
¥ Contaminated Chocolate
i . Stage of No. of cells contaminated/50 g chocolate
‘ .- Expt. Culture
(see Fig.2) 0 2-3 20-30 200-300
) *
! 0 - - + | +
5 T
1 , . Stage 1 - + + +
5 11 /“
Stage 2 - o+ B +
Stage 3 - + L+ +
0- - - + +
Stage 1 - + + +
2
. )
Stage 2 - + + +
Stage 3 - + + \ +
*
0 + + - + +
Stage 1 - + + + +
3
- Stage 2 + g + + +
Stage 3 + 4 + +

N

Immediately after homogenizing of the chocolate in
reconstituted skim milk, 0.1 ml of blended mixture was
* plated directly on each of four agar (brilliant green)
plates and incubated for 24 hrs at 35°c.

4+, ~ indicates presence §nd absence 6f Salmonella.




Figure, 3a., Detection of Presumptive Salmonella on
Selective Differential ‘Plates; Brilliant
Green (1), Bismuth Sulfite (2) and
Salmonella-Shigella (3)

3

Figure 3b., Detection of Presumptive Salmonella on .
Triple Sugar Iron (TSI) Agars; Control (1),
| ‘Yellow(acid) Slant with H,S (2), Yellow
(acid) Slants without H,S{3), and Red
(alkaline) Slants withofit H,5(4).
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Figure 3b.
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] : = * Table 2 '

Identification of Salmonella in Mglk Chocolate
by Cultural (BaM) and Serological Tests

' . H antigen*
Group O antigen Identific~
Specific  Nonspecific | ation

Sample
Numbf.ar

1 El» 3,10 Zy 253 ' (1,7) S.adabraka
2 Ci‘ 6, 7 r .o1,2 S.virchow
_’\ r
3 Cl 6, 7 r 1”6 \ S.nigeria
4 Cl 6, 7 r - 1,5 S.infantis
5 C, 6, 7 . X 1,7 S.colindale
6 cy 6, 7 r 1,5 S.infantis
7 cy 6, 7 r’ 1,5 S.infantis \
8 B 4 ’ 5 o ° 1, 5 S-b;adford .
N 9 El - 3,10 e,h 1,6 , S.anatum
& 10 £, 3,10 e,h T2 s.vejle
© 11 E, 3,10 . eh ! 1,5 S.muenster
- 12 Ei 3,10 e/h 1,7 S.nyborg
& f“ A
. | -
e \ * Confirmed both by Spicer-Edward H and flagella H |
o antisera -tube test.
A L )
! \
' '~
\ \ ¢ N 2
. i
u‘, . 1
‘f / 1
) s 7 -
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period of February, 1975-January, 1976, S. eastbourne, which
caused a serious- human infection in 1974, was not detected in
the samples.
3., Variability of direct plate count method

Experiments were performed with peptone solution

(0,1%) and chocolate cqntaining S. eastbourne .to determine the

efficiency of the pla@ing technique. A suspension (0,1 ml) of

S. eastbourne culture was diluted with peptone solution (0.1%)

and then was plated directly on brilliant green agar plates,
prepared in advance and dried for 18’hr‘at room temperature.

A sample of Salmonella contaminated chocolate was prepared by
mixing freeze-dryiﬁg cells (20 mg) with milk chocolate (3000 g¢)
by means of a Waring blender. A sample (10 g or 25 g) contam-
inated chocolate was homogenized (VirTis 45) with reconstituted
skim milk (90 ml or 75 ml) for 2 min at 2000 rpm. The blended
mixture (0.1 ml) was plated on each of five brilliant green
agar plates gnd the number of éalmonella cells were counted as
described previously (page 34). Table 3 lists the number of the
analysis (5 repiicatgs) of three samples of the peptone
suspension of Sal&onella'cells and three samples of the contam-
inated chocolate. The Coefficient of Var}étion* varied approx-
imately 3.2 to 8.2% for the peptone solution and 3.8 to 6.3% -
for the cpntaminated chocolaﬁe. The select;vity of brilliant

green agar decreased gradually as the prepared plates were stored

* S.D. -
C.V. =  “Amount Present

x 100.
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Table 3'

Variability of Direct Plate Count Method for the
Determination- of Viable Count of 5. eastbourne

in Peptone Solution and in Chocolate

42

Repli~ Count/Piatea Count/PlZateb N
cate - -
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2/ Sample 3
1 200 182 139 - 255 542 496
2 221 188 142 245 510 498
3 203 190 120 289 492 445
4 194 199, 120 256 532 449
5 203 190 126 263 510 463
P — e — —— ———
Mean 204 190 129 262 517 470
1 3
S.D 10.1 6.1 10.5 _ 16.6 19.8 25.3

2 plates prepared by using 0.1 ml of peptone solution
containing S. eastbourne.

b

containing S. eastbourne contaminated chocolate,

Plates prepared by using 0.1 ml of reconstituted skim milk

at room temperature. The plates were, therefore, used within

24 hrs when they were stored at room \temperature and within .

seven days when they were storéd at 5°C as suggested by Thatcher

, and Clark (1968).

IX. The DestrucLion of Salmonella by Heat

I

1, The destruction of S, eastbourne in milk chocolate stored

‘ \
at 5°Ct

t

~




_periods of time in chococlate stored at room température, in »
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~\

The effect of long term storage (room ;emperature)
on the destruction of Salmonella in chocolate was studied by
Barrile et al, (197d5, Rieschel énd Schenkel (1971), Dockétaéer
and Gromes (1971) and Tamminga et 21. (1976) . In general, the
authors agree that the’initial population othalmonella
decreéses gradually as the length of the storage period

igcreases but that, Salmonella is likely to survive for long

spite of the low water activity (aw) of the chocolate,
Experiments were performed to investigate the fate of S.
dastbourne in milk chocolate during refrigerated storage at

5°C. Tempered chocolate (10 g) was inoculated with S. eastbourne
7

suspension (0.1 ml; 3.5 x 10° cells) in sterile petri-dish

{
(35 x 10 mm) and were stored at 5°C, Number of survivors was
determined (page 34) at 2-day intervals for the first 10 days.

after six months and one year storage periods. The results

in Table 4 show that the lpss of viable 5. eastbourne was
ﬁegligible during the first two days of storage but counts
were rééuced to approximately 1 loé cycle during the six day

storage period. The‘reduction in viable S. eastboturne during
=

12-months was- approximately E/}ggsr////
2. The destruction of*gj/ggétbourne in sucrose
solution (54%) at 57°C ' o
It is generally recognized that the heat resistance of
Salnonella in agqueous Suspenéions can be enhanced grept}& by

the addition of sucrose which results in the reduction of water

H

.
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{
Table 4

The Destruction of §, eastbourne in Milk Chocolate

~ Stored at 5°C
Storage(éays) Number/g . $ kill
0 5.8 x 105 0

| 2 5.2 x10° 10

4 1.6 x 10° 73

6 2.6 x 10% 96
8 2.6 x 104 96 -

10 2.8 x 10% 95

180 9,8 x 103 98

360 7.8 x 10°

99/

J
activity (Goepfert et al., 1970; Gibson, 1973; Corry, 1974).
As milk chocolate has a high c0ntené of sucrose (44-54%), it
was déeﬁed important to investigate the effect of this
compound on the heat resistance of Salmonella, A cell
.suspension_(o.s ml; 0.1% peptone solution; dLD = 0,09, 660 nm)
was added to é suFrose solution (4.5 ml; 60%) contained in a
capped test tube (150 x 15 mm), The sucrose solution had
been prev&busly heated to 57°C. buring the heating period,
'samples (0.5 ml) were withdrawn and were added to 4.5 ml of

diluent, Suitable dilutions were made and the solutiong (0.1

ml) were surface pia%ed on duplicate plates-of brilliant green

A

i
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l’ " agar and tryptic soy agar., It may be seen from the results)
reported in Table 5 that a heat period of 35 min was required
to kill compleﬁely S. eastbourne célls in a suspension
containing 1.4 x 108 cellg/ml, The Decimal Reduction Time
(D value), which is the heating time required to kill 90%
. (or to reduce the cells'by 1 log cycle), was approximately 6.9

min., A comparison of the results of the present experiment

with those obtained by other workers/(Goepfgrt éE al,, 1970)

"
&
¥
X
g;f .
¥
i
%
£
%
g,
i
2
ﬁ.
gt

indicate that S. eastbourne is one of the most sensitive groups
that have been studied. To check this point, seven strains

of Salmonella were tested for heat resistance using similar

cell suspensions (54% sucrose solution). The iog 10 of the

P
' number of survivors was plotted as a function of time. The

.Table 5

e Y

a

The Destruction of S. eastbourne in Sucrose -
Solution (54%) at 57°C

Temp (min) Number/ml % kill D value (min)
0 1.4 x 108 0.00
5 2,0 x 107 85,70 6.8
10 2.8 x 10° 98,00
15 3.3 x 10° 39.80 . 6.5
L 20 5.5 x 10 99,96 -

25 1.3 x 10% 99,98 7.4

/ 30 2.3 x 103 99,99

mmang

35 0 100.00 Ave. 6.9
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5. anatum is generallygrégarded as being heat resistant, in

46

survivor curves were extrapolated to obtain the D value. !

The results in Fig. 4 show that S§. eastbourne and S. infantis

were the most heat sensitive group; they had D values of 6.2

and 7.3 min respectively. 8. alachua, S, typhimurium, S.

montevideo, and S. tennessee had D values which were inter-
mediate between that of the sensitive group (S. eastbourne; N

S. senftenberg

S. infantis) and the resistant S. senftenberq.
was shown to be by far the most resistant and this is in agree-

ment with the results reported in the literature, Although

[}

our laboratory, howéver, it was shown to be fairly heat sensitive

(D value; 6.7). On the other hand, S. anatum was not completely

killed after 60 min at 57°C and it seemed to multiply in 54% ‘
>

sucrose containing trace amounts:.of peptone broth after an

incubation period of 70 min at 57°C (Table 6). The recoveries

-

Table 6

’ 1

The Destruction of S. anatum by Heating (57°C) in Sucrose

~ solution (54%)

Time B.G agar ‘ ?ryptic soy agar
2 Number/ml % kill Number,/ml $ kill
0 1.7x10° 0 5.0x107 0
10 2.3x10° 98.7 9.0x10° 98.2
20 1.3x10% 99.7 3.5%10° 99,4
30 3.8x104 99.98 5.1x10° 99.99
40 4.6x10% 99.999 9.9x102 99.998
50 1.6x102 99.9991 '3.1x10° 99.9995
60 9.0x10% 99,9995 1.5%102 99.9997
70 1.9x10° 99.89 8.8x10° 99.998
[
e — T TR L A T e T S
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Figure 4. The Destruction of Different Serotypes of
Salmonella in Sucrose Solution (54%) at 57°C.
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)

of S. anatum were also different when the treated organism
was incubated in two different media, e.g. brilliant green
ag%r and tryptic soy agar. §S. eastbourne did not exhibit this

difference in recoverihg in the two media, \

3. The destruction of S. eastbourne, S. senftenberg and

S. typhimurium in milk chocolate heated at 71°C

Earlier investigations indicated that several Salmonella

strains, such as 8. anatﬁm, S. senftenberg and, S. typhimurium

are extremely difficult to destroy in milk chocolate; this
/
suggested that chocolate exerted a protective action against

the destruction of the cells by dry heat (Goepfert and Biggie,

1?68; Barrile and Cone, 1970; Barrile et al., 1970; Rieschel
and Schenkeir 1971).X Tamminga et al. (1976) assumed that S. 1
eastbourne could have higher D wvalue than most e%her serotypes
of Salmonella, although they did not cbserve the heat resist- \

ance of S, eastbourne in milk chocolate. To check this point,

10 mg of lyophilized cells (S. eastbourne; S. senftenberg;

5. typhimurium) were blended (VirTis 45 homogenizer; 5000 rpm;

10 min) into molten chocolate (200 g). Samples (10 g) of the
contaminated chocolate were placed in flasks which were then ,
stoppered (No. 9 rubber) and heated in a water bath’(71°C).
Samples were withdrawn at various time intervals and the number
of ce}ls that survived was determined both by direct plate count
aﬂd most probable number technique as describeé breviously

(page 34).
The results in Table 7 showed that the D value of
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Table 7
The Destruction of S. eastbourne, S. senftenberg
and S. typhimurium in Milk Chocolate at 71°C.
¥
Time S. eastbpurne S. s;hftenberg S. typhimurium
(hrs) 3 —
- No./g % kill No./g $ kill No./qg % kill
o  4.4x10* 0 1.4x10* 0 5. 0x10% 0
2 .10 72.7 3.7x10°  73.6 2.5x10% 0.0
4 6.9x10°  84.3 2.4x10°  82.9 1.0x10?  80.0
6 1.7xlO? 96.1 6.2x10°  95.6 _  6.0x10°  88.0
8 '8.7x10° 98.1 3.0x102  97.9 3.0x10°  94.0
10 2.6x10%2  99.4 g.0x10>  99.4 1.2x10°  98.6
12 9.o0x10t  99.8 0 100.0 B.OxlO? 99.4
" 24 0 100.0 0 .  100.0 NP -
D value (hr) 4.5 ‘,v 4.6 - 6.6
—

Viable counts based on direct plate count for 0 to 10 hrs
and MPN value for 12 and 24 hrs,

Not: tested.

S. eastbourne was 4,5 hr, which is very close to the D value

(4.6 hr) of S. senftenberg., It will be noted that a heat treat-

ment of 12 hours at 71°C was required to kill completely S.

4

senftenberg cells (1.4 x 10  cells/g) dispersed in milk chocolatg,
= {

S. eastbourne cells in the chocolate (4.4 x 104 cells/g) were

not completely destroyed after 12 hrs at 71°C. §. typhumurium

3




h: %

(D value; 6.6 hr) was more resistant than S. senftenberg,
- . |

i

III. The destruction of Salmonella by Ultrasonics

1., The destruction of S. eastbourne and S. anatum in
peptone solutionwfo.l%) and in nilk chocolate /

There are m?ny reports in the literature on the

destruction of microorganisms including sterilization of

liquid foods such as milk (Beckwith and Weaver; 1936; Brit.

-t

Pat, 1, 17982, 1970; U,S.S.R, Pat, 438406, 1974), and wine
(Avakyan, 1972 and 1974) by ultrasonics., A new ultrasonic ,
conching process has recently been developed where ultrasonics
are used to dévelop a certain motion in the chocolate (Lees

and Jackson, 1973). In a preliminary experiment designed to
study the destruction of Salmonella in aqueous suspension by
ultrasonics, a suspension of Salmonella cells (50 ml; OD = 0;09,

660 nm; 5°C) in peptone solution (0.1%) was exposed for various

periods of time (2 - 30 min) to ultrasonic.vibration (Braun-
sonic 1510; 100 watt; Braunsonic, N.J., U.S5,A.,). The result’
in Table 8 showed that 99,7 to 99,99% of the cells were destroyed
after 10 min exposure. There were slight differences in

resistance between S. eastbourne (D, 3.0 min) and S. anatum

!
D, 2.1 min). §.anatum showed a tailing effect after 4 min treat-
ment of ultrasonics. It was observed that a considerable amount
of heat (43°C; 10 min) was generated in the suspensioh during

the ultrasonic treatment. The experiment was repeated in a

suspension of Salmonella (25 ml; 5°C) using a probe before and

t

—y
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Table 8

i

The Destruction of §. eastbourn® and S. anatum in Peptone
. Solution (0,1%; 50 ml) by UltraSOnicsa.

S. eastbourne S. anatum
Time (min) 5 - :
Number/ml $ kill Number/ml % kill
0 6.3x10° o ' s5.0x107 o
2 1.0x10° 84,0 2.0x10° 99,6
4 5.5%10° 92,3 1.5x10% 99,87
6  _ 1.0x10° 98.4 -  9.0x10° 99,98
8 4.0x10" 99, 4 7.0x103 99,986
10 2,0x10" 99.7  5.5x10% 99.99
20, 2,9x102 99,99 7.5%102 9,999
30 1.3%10°2 99.998 2.5x%102 59.9995

-

N

@ sraunsonic ultrasonic generator, model 1510; 100 watt;
Braunsonic, N,J., U,S.A,

b Direct plate count method as described on page 34.
I . :

after the end of the probe had been covered with a layer

(0.5 cm) of silicon polymer, The result in Table 9 showed th;?§§§*

(
over 99.999% of the cells were destroyed after 10 min exposure.

before the end of the probe had been covered with silicon but
eonly 90% of the cells were killed after the end of the probe
had been covered with silicon. The experiment was repeated
using a dispersion (VirTis 45; 5000 rpm; 10 min) of S. east-
bourne cells in milk chocolate and the end of the probe which
was not covered with silicon. Table 10 shows that only about

26% of §. eastbourne cells were destroyed by a 10 min exposure

/ ;

. ) 4
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Table 9
i <«

\

The Destruction of S. eastbourne in Peptone Solution
(0.1%; 25 ml) by Ultrasonics® |

] ' -

AN

Time (min) Probe without silicon Pf?be-with siliconb
Number/ml $ kill Number/ml ® kill
0 8.3x10 o - “a.ex10] 0.

2 “3.0x10° 99,64  3.,9x10” 15

4 7.1x10° 99,87 1.2x107 74

6 1.1x10% 99,99 ¢.8x10° 85

8 1.1x103 99.999 5.5x10° 89

10 2.0x10° 99,9999 4.7x10° 90

a Braunéonic 1510 (250 watt).

® gna of probe was covered with a layer (0.5 cm) of silicon
polymer. ’

Table 10

The Destruction of S. eastbourne in Milk Chocolate

v by Ultrasonics® ’
Time(min)l Number/g of chocolate g kill
0 : 1.9x10° 0
10 1.4x10° 26
20 9.0x10% . 53 |
30 - 5.0x10% B 74

* 1 ’
Braunsonic 1510(100 watt; 42°C)

N
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\ ’
to ultrasonics. No change in the flavor of the chocolate was

obtained by a panel of five after the chocolate had been

L

exposed to the ultrasonic- treatment. i {

IV. The Destruction of Salmonella by UV Irradiation
| -
1. Preliminary experiments

Thin disks—tca. 1 mm) of milk chocolate Qére prepared \
by use of a hand microtome., The disks were placed over Salmon-

ella deposited on tryptic soy aga;‘élates.' The plates were

N

then subjected to UV irradiation for 5 to 10 min using Sylvania

germicidal lamp with reflector (Gl5 T8, 15 watt, Geheral Electric,
U.S.A.). The lamp was placed at a distance of lé cm from the
agar plate; this gave an intensity of approximately 12x103
erg/cmz/sec. The UV irradiated and nonirradiated plates were
then incubated (35°C) for 24 hrs. An inspection of ‘the plates
(ﬁig. 5) indicated that S. eastbourne cells on the agar surface
were completely destroyed by 5 min exposure to UV irradiation

at room temperaﬁhre. No detectable destruction of ER eastbourne

was noted on the section of the plates that was- covered by the

< R

thin layér of the chocolate.

Previous workers have shown that UV irradiation can
destroy ﬁicroorganisms in buffered cell suspension, water (Huff
et al., 1965; Muller et al., 1972), milk (Werner et al., 1972),°
wine (Avakyan, 1972 ang“1974), egg white and whole egg‘(Iﬁichi
et al., 1964), and plasma (Oppenheimer EEHEE" 1959) . Prior to

an investigation of the penetration of UV irradiation into a :

[

- : . -
N - N
: A}
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The Destruction of S, eastbourne in
Thin Disk® of Chocolate by :
uv Irrgdiation.

1. Nenirradiated Control Plate
2. Irradiated Tryptic Soy Agar Plate
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chocolate film, experiments were performed to find the effic-
iency of killing in peptone solution (0.1%)., Different
volgmés (0.45, 0.9, 1.8 ml) of a suspension (0.1% peptone

solution; OD = 0,09 at 660 hm) of S. eastbourne cells were

placed on petri-dishes (35 x 10 mm); this gave layersééf ligquid

of 0,5, 1.0 and 2,0 mm in thickness., These thin layers of

cell gusPegsion were exposed to UV irradiation (12 x‘lO3
erg/cmz/éec, mggsured by Blacﬁ—Ré& UV meter, UV Products, Inc.,
Model No, J225, San Gabriel, .Calif,). Samples of the appropriate |
dilutions of the UV irradiated suspensions were plapéd\pn
brilliant green agar and the number of colonies were counted
afyer an incubation (35°C) period of 24 hrg.

Table 11 and Fig. 6 showed that the UV irradiation
killed over 99.999% of S. eastbourne in 1 to:2 min, “The ’
efficiency of destruction was more pronounced in the 0,5 mm
layer and survivo;s were virtually negligible after 3 - 4 min
tos the UV irradiation. No survivors were detected in any of
the filmsg (0.5, 1,0 and 2,0 mm) after a 5 min exposure to the

.uv irradiation‘py the direct plate‘count technique.,
|2, UV penetration of chocolate films

R N
The apparatus,.which was ‘constructed for studying UV

°

penetration of thin layers of chogolate, consisted of steel
disks' (3-%" diam. x 1" thickness) which had circular depressions
(0.1 mm, 0.5 mm, 1.0 mm depth x 1.89" @idth) and a thermometer

4 ¢ [ “ <+
well that permits'the precise measurement of the temperature

of the chocolate layer. yThe steel block waﬁgheated to the

f

o i B ‘
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Survival of S. eastbourne in Peptone Solution (0.1%)
Exposed to UV Irradiation (12x103erg/cm2/sec) in

-

Different Layers

Exposure Time

% Survivor

(min) Thlckéess Number/ml
' 8
0.5 1.4x10 100
AN .
o 1.0 1.4x108 100
2.0 1.4x108 100
0.5 1.5x10° O 1.1x10°3
|
1. 1.0 0.8x103 1.3x107>
2.0 9.,.0x102 6.0x10" 4
0.5 1.7x102 °  1.7x10”%
2 1.0 7.2x102 5.0x10 4
2.0 8.1x102 6.0x10" 2
0.5 5.0x10% 4.0%x10"°>
L3 1.0 1.1x102 8.0x10™3
2.0 2.1x102% 1.5x104
0.5 2 .-0x101 1,4x1073
& 2 -5
4 1.0 1.2x10 8.0x10
2.0 1.5x102 1.0x10"4
0.5 0 yegatlve
5 1.0 0 "
2.0 0 " .
N
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by |
. desired temperature (45°C) by means of an electric heater
(Corning, U.S.A.) and then portions (0.1 ﬁl) of S. eastbourne

suspensions}(24 hr culture, 0,09 OD at 660 nm) in peptone

TR, TRTERS AREN

solution (0,1%) were dried at the bottom of the depression of

sbadii
oo

R

thg’steel disk (Fig. 7a).

A chocolate layer was placed over the thin layer of
cells and the eXxcess was removed by means of a microtome knife
(No. 7120-E Blade Handle, Scientific Apparatus, A.H. Thomas

: \
Co., Pa., U,5.A.). " The, chocolate layer was then exposed to

B R S o S

UV irradiation. At the end of the exposure pefiod, the
chocolate and the cells at the bottom of the depression were
‘removed by use of 50 ml brilliant green skim milk (10% w/v)
and a Pasteur transfer pipette (dispo. P5211, Canlab)., The .
volume of the rinsings waé adjusted to 100 ml with brilliant

green skim milk and the resultant mixture was then blended in

a homogenizer (VirTis 45, Gardiner, N,Y,) for 2 min a£ 2000
rpm (Fig. 7b). Portions (0.1 ml) of the blended sample were
surface plated immediately on brilliant green agar plates
which werd then incubated at 35°C for 24 hrs, Sufvivors of
Salmonellzlwere counted by means of Bacterial Colony'Countér" !
(Fisher Scientific Co.). Both the irradiated and nonirradiated
control samples weré subjected to the same procedure., The
experiment was performed in a room which was illuminated with
yellow light (G.E. Gold fluorescent bulbs), Table 12 summar-
ized the results of th;; study. It will be noted\thaFig.

eastbourne cells, which were covered withan 0.1 mm layer of




Figure 7a. Apparatus for Studies on Penetration of
UV into Chocolate; a Chocolate Layer on
width) of the

Steel Disk (3,5" diam, x 1"
thickness). ¥

v
+

A Blended Mixture of Chocolate and

Figure 7b.
Reconstituted Skim Milk (B.G,) in VirTis’

Homogenizer before Salmonella Analysis, .

1
- \

a Circular Depression (0.1 mm depth x 1.89"
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’ chocolate, were completely destroyed after 1.5 min exposure

to UV irradiation (10x103erg/cm2/sec) at 45C (Fig. 8). Ten

/
min were required to kill 75% of the cells when the chocolate
film was 0.5 mm and no detectable destruction was noted when

the film thickness was greater than 0.5 mm. As the data

reponted}in Table 12 which were obtained by the direct plate

count method indicated, it;was reasonable to assume that sur-
vivors fewer than 20 per 100 ml may not be detected by direct plat-~
ing techniédé because of inherent error in the relatively small
size of plating. Physiologically inactive cells may also not

be directly recovered on selective brilliant green agar. ,
Thereforé, more detail studies were made on the effect of pre-
enrichment and enrichment growth on the survival of 5. east-
bourne both by direct plate count and most probablé number

techniques. ’ .

The experiment with the 0.1 mm film of chocolate as
reported in Table 12 was repeated. In this experiment, however,
the mixture of exposed chocqglate and cells, which was removed
from the steel disk by means of brilliant green skim milk, was
subjected to a preeﬂrichment and enrichment growth; portions
(0.1 ml) of blended mixture were surface plated on triplicate
brilliant green agar Elaﬁes and each of blended mixture klo ml)
in test tubes (150 x 15 mm) were then incubatedyét 35C for
24 hrs. The number of colonies on brilliant green agar was

counted after 24 hrs at 35C and bortions {1 ml) of a preenrich-

Q ment culture, which had not shown growth at 35'YC for 24 hrs,

W e e e




Figure 8.

The Destruction of S. eastbourne in
an0,1 mm Layer of Chocolate by UV
Irradiation.

l, Colonies of S, eastbourne pn _
Brilliant Greéen Agar after Plating
0.1 ml Portion of Original Non-
irradiated Sample. Actual Counting
was done after 1/10 Dilution of the
Original Sample,

2. Absence of Salmonella Showing
. Destruction on Brilliant Green Agar
in the UV Treated Mixture.
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. Table 12

.The Effect of Chocolate Thickness on Destruction
of S. eastbourne by UV Irradiation. +

' Exposure 0.1 mm . *0,5 mm ' -1.0 mm

i,l tim — \

? , "(min No/ml $ kill No/ml % kill No/ml % kill

“ 0 .1.9x%16° o s.2x10? o0 1.5x10° 0
0.5 W%a.6xio? 76 9.1x10° 0 1.7x10° 0

v 1.0 7.0x10°3 97 9.3x10* 0 1.5%10° 0

1.5 0 100 9.6x10% 0 1.6x10° 0

N * 2 0 100 i,1x10° 0° 1, 7x10° 0

3 '

4 0 “100 - T.4x10f 20 1, 7x10° 0

: 6 0 100 6.8x10% 26 1.6x10° 0

E : .

= 8 0 100 2.0x10% 78 - -

E 4 . .4 g

? 10 0 100 ' 2,3x10 75 1.5x10° - 0

>,

- * Mean number of survivors recovered on duplicate B,G,
:r agar by direct plate count method as de#cribed -on page 34.

i R

“ ° " : : S
\ ' : Table 13 ’
The Effect of Enrichment Growth on the Survival of ’
; S. eastbourne after UV Irradiation ;
Exposure time (min) Count/mla MPN/mJ,b R kill )
Q \‘/o 6.5x10° f | o
| 2 1.4x10% | 97.8
4 1.0x10° , 98.5
6 ‘ Negative 0.23 . >99,999
¢ " .8 | " 0.15 >99,999¢ ¢

\ 10 " 0.0% >990999
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/

& viable numbers of survivors on triplicate brilliant green
agar by direct plate count,
¥
b Survivors estlﬁated by MPN technique using selenite cystine
broth and plating B.G agar.
3 positives(3,0,0) reported -as 23 per 100 ml,
2 positives(2,1,0) reported as 15 per 100 ml., etc.

5

€ Based on the original *®ell number (6.5x10cells/ml) by

direct plate count method.
were reincubated in selenite cystine broth for MPN determin-
ation. The results in Table 13 show that S. eastbourne

5

cells (6.5x10 cells/ml) under an 0.1 mm film of chocolate were

not detected by direct plating technique after 6 min expgpsure
to UV irradiation but approxima%ely 0,001% fraction wéé

recovered after the treated sample was subjected to a pre- ‘ .
enrichment and enrichment cultivation.,

3. Thelgffect of cell population on the destruction

of Salmonella by UV irradiation

A series of éxperiments were performed to investigate
soﬁe of the factors which might affect the efficiency of
destruction of Salmonella by UV irradiation. In preliminary
experiments, the effects of age and ghumidity of the cells on the
sénsitivity of Salmonqila to UV irradiation were investigated.
UV irradiation of S. eastbourne cells which were at different
stage of growth (generation time: 30 min) in tryptic soy broth,
indiéatedléhat the stationary phase of.S, eastbougne is more
resistant than tﬂat ofrthe log phase. This“is in agreement.with
the reports of other workezs (Rentschler et al., 1941). Prelim-

~

ingfy experiment also showed &hat’dry)cells are extremely

5
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resistant to UV irradiation. The Yesistance of 5. eastbourne
cglls to the irradiation was found, howéver, to be affected
“greatly by the cell density: A detailed study was therefore
made on the effects of cell density and cell age on the’ ‘
efficiency of Salmonella destruction by UV irradiation,
Sampies (0.1 ml) °f.§f eastbourne culture which had
been igcubated for 18 hrs (6D = 0.9) and 24 hrs (OD = 1,3)
were plated on brilliant green agar platgs after serial dilu-

3

tions and were then exposed (10 to 120 sec; 12 x 10 erg/cmz/sec)
Y .

to UV irradiation at room temperature. The exposed plates 3
were then incubated (35°C) for 24 hrs and the number of
survivors was ascertained by direct plate count method as:
described on page 34, Table 14 iliqsé?é?@é that S. eastbourne
cells on the agar plates are in general destroyed rapidly by
UV irradiation when the concentration of cells was not too
high. The results also show that the resistance\;f cell to .
UV irradiation dependg on the age of the cells, For example,
when the cell density was 2.0x106cells ml(lB hfs growth; -~
OD = 0.9), the\ﬁestruction was completed Oh the other handg,
when the céll density was l.4x106cells/ml in a somewhat older
culture (24hrs growth; OD = 1.3), complete §estruction\sgs not
achievediunder the same condition of irraéiation.
\Fﬁrtherhexperiménts were carried out in which Salmonella
cells, which we;é beneath &n 0.1 mp layer of chocdlate, were

exposed to Uv/irradiation. Number of survivors was determined

S} direct plate count method as’ described previously, The
. rd

b . S . \
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: Table 14
L ~ | .
- The Effect of Cell Population on the Destruction
of S, eastbourne by UV Irradiation
: ‘ Number/ml éfter UV.treatinenta
: Bacterial - . 5 .
Dilution 0 10 sec? 30 sec® 60 sec 90 sec” 120 sec
' Co Expt. I o U ; / I
: N ' £
! i | , . |
0° 1,4x107  x¥s vox10® * s.0x10% 3.0%10% 1.5x102
‘ - 107t a,ax10®  wwx o 1,0x203  s.0x10t 0 0
1072 1.4x107  #%* . 3,0x100  2.0x10t " o ¢ o .
1073 1.4x10%  * o . o0 0 0
1074 1ax10® owx 0 o o o 7
5 i : '
107° 1.ax10? 1,2x004 0. . 0 %o 0
n - *‘ /r t .
107 Loax10®c10ax10® s o0 - o o 0
. A ’ ‘ .
Expt. II o $
¢ ‘ut N ; ‘ . 1
od 2, 0x10°  1.1x10%  3.5x10% . 1.3x10° 7,0x10 " 5.0x101
. v . .7 R ° '
w07t 2, ~ox10” - 3.5x102  1.0x10° 0 0 0
e, 6 : ‘ I
10 2,0x10 0 0 ' 0 o™ 0
1073 ”,2‘0x10 S0 .0 0 0 0
1074 2.0x104 o 0 0 0 o
1075 . 2.0x103 -0 0 .0 0 0 ~
' \' . . . apy
: "'6 . . 9* ' 1 ’
10" 2,0%10° 0 0, 0 0 0
o — — — N . ! : - 4
! I J ' -
3 ) i‘h "‘ v
a‘Intensity of 12x103erg/cm2/éec at room temperature. o
\ " .;,. ’ 5 * ‘\,‘l , ° .%'
B Period of UV'trehtment. | SN ‘ y ‘
. o Lo
¢ o. 1 mi portions Of S edstbourne culture in tryptlc soy broth ‘ ¢ 3
: 024 hrs 1ncubatlon; OD 1.3 at 660 nm)gprated on B,G agar.
- d 0.1 ml portlons of-S, eastbourne in tr¥p¢ie soy broth (18 hrs ”
g lncubation; oD = 0 ? at 660 ﬁﬁT"plated on B,G agar. s
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results+in Table 15 indicate that S. eastbourne cells at a

v «\? " concentration of 2.2x105 cells/ml or less in both experiments

a

IS b T

were not detected after the chocolate,layer and underlying
*»

B cells had been irradiated for 5 min. When the cell density,

h however, was 4.1x10° cells/ml, the destruction unde} the given ‘
set of condltlons was 99, 3%. ) ;! Y )
4, The effect of UV irradiation on photoreactlvatlon or’

« exczsiOn repair of 8. eastbourne and S. tyghlmurlum .

g

- . It has been establlsheQ)that the damaglng(effects by
UV irradiation can be reversed in some strains of bacteria by
" enzymatic repair mechanisms such és photoreactivation (Kelner,

. . 4
1949; Wulff and Rupert, 1962), exc151on repair (Setlow and

!

Cerler, 1964) and Post“réplication (Rupp and Howard-Flanders,

t

+1968) . ‘ '
Experlments were performed to investigate the photo-
reactlv/rlon and excigidn repalr 'of two serotypes of Salmonella

after uv J.rradiat:l.pn.ﬁThe experiment was carried out under
L) ° - ' “
white light, yellow light and in the dark; these conditions
Q\ ¥

were the same as'Singh (1975) in similar experiments., Sampléa

b

(0.5 m}) of’ceél euspensions (0.1%peptone solution; OD = 0,092 at

660 nm) of’g. eastbourne and §,, typhimurium were exposed to UV o
] v , . l\( r A
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. Table 15

i

‘TRe Effect of the Cells (S. eastbourne) unde¥ an 0.1 mm
- Layer of Chocolate on the Efficiency:
of Destruction by UV | P
!

3
‘ , the mean of three repliéates was used to calculate the numberxr
Ay N , ’ N

" D ’ b
Absorbance of \§\ Number /ml
Cell Culture Nonirradiated " Irradiated % kill
, Expt. I .
-~ 5 | °.
0.13 . 1.7x10™ ] , 100 |
. v 3 R
0.09 ©og.sx10® 0 100
e \ o [N \‘ ,
0.0, % ' 1.5x10% "0 100 -\
<+
0.01 0 - . o 0
$ o -
Expt. II ¢
© .. 0.13 4.1x10°" 3.0x10° . V9.3
0.09 2.2x10° 0 100.-
vt / L 4
0.05 . 2.0x10. 0 ~ 100
o\l, . N - L
0.01 0 ' 0 0
2 absorbance measured at 660 nm
Based on direct plate count technique. ‘ }‘ |
irradiation'(19x10£§rg/cm2/sec) for ~30 to 120 sec ih sterile
petri-dishes (35x10 mm). After the uv treatment, the samples
(0.1'ml) were removed and diluted in pegtone solption (0.1%).
f
m$’ Samples (0.1 ml) of appropriate dilutions were spread on the
surface of brilliant green agar plates. The plates were
incubated at 35°C for 24 hrs and the colonies were counted;
of




!

3 L

( ) cells that survived. The results in Table 16 showed that nok k

striking differences were observed in the recovery of S,

eastbourne and S. typhimurium cells which were exposed to UV

; / and then incubated in yellow and white light. S, eastbourne

cells, however, showed some photorecovery in darkness after 120

’

sec exposure of UV; this was not observed with S. typhimurium.

g A pronounced tailing effect was observed in both types‘of cells
‘ under all conditions after 30 sec exposure to UV irradiation.

Another experiment was performed in|given conditions on
excision repair and tailing effect exhibited by-S. eastbourne
cell‘suspensions. Samples of appropriate dilution of S.
eastbourne cell éusPensions were surface plated on brill@ant
green agar and the plates were subjected to UV irraafation
(12x103erg/cm2/sec) for é to 10 sec. |

Ta%le 17 showed that the tailing effect or repair
mechanism, which was observed with the cell suSpensioﬂg (0.1%)
peptone solution),4was'hot observed with the irraéiaﬁed agar
plates. UV survivai data of S. eastbourne oﬁ the surface of
the aéar'was expOnential, showing one hit mechanism. No
definite conclusioﬁg can be drawn from the results of these
experiments,
i An additional experiment was carried out to investigate
possible photoreactivation and excision repairr Portions (0.1
ml) of 5. eastbourne suspensions (24 hrs culture, OD = 0,09 at

660 nm) in peptone solution (0,1%) were dried (45°C) at the

bottom of the depression of the steel disk, A chocolate layer
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Table 16

The effect of UV Irradiation on Photoreactivation or Excision
Repair of S, eastbourne and S. typhimurium
Tin Peptone solution

Exposure Yellow™ (No/ml)  ° Whi te® (No,/ml) Darkness® (No/ml)
time(sec) g,east. S.typhi., S.east. S.typhi. S.east. S. typhl.

0 1.1x107 9,7x107  1.1x10° 9.7x107  1,1x10° 9.7x107
3 74 4 14 4! 4

\ 30 9,0x10” 1,1x10 1,7x10° 1.5x10 1.2x10° 1.1x10
€0 - 3.6x10° 6.1x10°  2.0x10° 9.5x103  4.6x103 8,9x103
90 2.1x10% 2.5x10%  Z.ox10% 4,7x10%  5.3%103 5,2x10°
S 3.2 3 2 4 3

120 4.8x10° 1,1x10°  2.3x10° 5.4x10%  1.2x10% 2,8x10

2 G.E. gold fluorescent bulbs and 25 watt yelléw light bulbs
which do not emit at wavelength below 540 nm.

50 watt ordinary white light bulbs.
€ 50 watt light bulbs wrapped in black clotch.

b

1

; £ Table 17

The Effect of UV Irradiation on Photoreactivation or Excision
Repair of S, eastbourne on the Surface of

“Brilliant Green Agar

1
¢

Expogure Yengw' White ) Dark
time“ (sec)

gountb %\Survivor Count % Survivor Count % Survivor

0 580 100 580 100 580 100

2 a7 7.2 56 9,7 .40 . 6.9
4 2 o%3- 3 0.5 S 1 0.2
6 0 0 0 0" o 0o
8 o 0 0 L0, 0 . 0
10 0 0 0 0 ol o

<
. i

2 Intensity of_12x103erg/cmzsec. -

: S
P Mean number of colonies recoveﬁed on three replicate’
brilliant green agar plates. ’
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(‘1 was placed over the thin layer of gélls andithe excess was

) removed b& means of a microtome knife, The chocolate layer
was then exposed to UV irradiation under differeﬁt illumination
condifions. Number of survivors was recovered on three replicate
B.G agar as described in previous method (page 34) under the
condition of yellow, white and dark, The results in Table 18
showed that there were no observable diiferences in the

. recovery of UV exposed cells under the layer (0,1 mm) of
chocolate which wereiincubated under the conditions of yeliow,_ -
whité'and darkness.
In order to ensure that the destruction of Salmonella

on the agar surface is due solely to UV irradiation or the .
production of inhibitor, brilliant green agar plates were

o / irradiated befﬁre S. eastbourne cells were placed on the plates.
Portions (0.1 ml) of S. eastbourne suspensions (24 hrs culture; .
OD = 0,09 at 660 nm) in peptone soldéion (0.1%) after serial

| dilutions weré surface plated on briliiant greeh agar, Number

of colonies were counted after 24 hrs at 35°C. The results in

Table 19 showed that there was no difference in the assay of

F“ S. eastbourne cells on pre-irradiated and nonirradiated plates,
A — . ) £

which indicate fhat S. eastbourne destruction on’%he agar

plate was solely the effect of UV irradiation rather than the

effect of inhibitérs which are formed during UV irradiation.

5‘. The effect of UV intensity on the destuructionl oﬁ_g.eastbourne |
Samples -(0.5 ml) of a S. eastbourne suspension (0,1%

)

‘ * peptone solution; 24 hrs culture) were placed on gterile petri-

-
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N
. { R - ] . . \
(} “ / | Table 18 :
' The Effect of UV’ Irradiation on Photoreactivation or Excision
, ' Repair of §. eastbourne under a Chocolate Layer- (0.1 mm)
i Exposure* Yellow White Dark
time(sec) . ’
No/ml % Survivor No/ml % Survivor No/ml § Survivor
0 4.1x10° 100 4.8x10° o 100 -  3.7x10° | 100
, , .
: 30 3.5x10°  85.4  3,7x10°  77.0  3.4x10° 91,8
69 . 1.7x20° 41,5  1,5x10° 31,3 1.1x0° 29,7 °
, 90 1.5x10% 3.7 - - - -
120 1.2x10f 2,9 asxa0? 0.4 1.7xi0? 46
|
* ' 3 [
Intensity of 19x10 erg/cmz/sec.
. !
N Table 19
Number of Colonies on Irradiated and Nenirradiaté&B+G Agar Plates
o . .
ExXposure Count/Plate. i
time#* (min) 1 9 o
0- 200 205
2 180 . - 200
E .4 | 180 - 185
% 6 210, - 190
v 8 240 230
o — e T T N
.10 245 200 >
D

* Intensity of 19x103erg/cmz/sec. ‘ ° /
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'The Effect of UV Intensity on the Destruction of S. easﬁbourhe

Table 20

D

2

*
Distance

*

Intensity ' ) :
(om) (measured) Number/ml ' $ Survivor
" ‘' Control 2.3x107
36 4.8x10° 1.6x10° 7.0x10"3
24 7.2x10°. 1.0x10° 4.0x10”3
12 1.3x10° 5,5x102 2. 4x10"3
6.2 2,3x10° 3.1x10° 7/ 1,3x1073
o 6 - G a2 -4
~ 0,5 3.6x10 1.5%10 6.5%10
Distance between source_ and sample.
\ / N

The Effect of Shortwave and Longwave UV Irradiation on Destruction

l

Table 21

\

o; S. eastbourne

Exposure time

Rayteck shortwave

Rayteck longwave

. (min) Number/ml  t kill  Number/ml 3 ki1
0 5.8x10° 0 5.5%10° S0
1o 2.2x1p7 96 " s.exa0® 0
2 1.0xw0’ . 98 6.0x10° 0
3 0 100 6.5%10° 0
& o\* 100 6. 7x10° o

4




dishes and then exposed (2 min) to different intensity of UV
irradiation. Portions (0.1 ml) of the treated sample were
surﬁ§ce plated on B,G agar plates and number of survivors was

{
i
!
!

_ l . counted after 24 hrs at 35°C. The different intensities were
[ ¢ observed by varying the distance between thé’source and the
f

sample, ‘Thé intensity of fq; irrad;ation was measured by means ’
; of UV meter (Model No. J225; Ultraviolet Prdducts Inc., San *
) Gabriel, Calif,, U.S.A,), Table 20 showed that percentage
| survival ranged from 0,0007 to 0,007% when the UV source to
sample distance range@ between 0,5, to 36 cm, respectively:
6. The effect of shortwave\énd longwave UV on the
destruction of S. eastbourne ¢
Experiments were cénducted to ‘observe the killing effect

'

Portions (0.5 ml) of S. eastbourne suspensions (0.1% peptone
1’ -~
solution; 0.09 absorbance at 660 nm) were placed in sterile Y

pétrihdishes (35x10 mm) and ‘exposed for 1 to 4 min using labor-
atory.scale UV lamp (Rayteck, Conn., U,S.A,). Data in'Table 21
ghowed that S. eastbourne cells were completely killed by ;
treatment with shortwave UV(8.3xlO3erg/cm3/sec) but the
destruction df S. eastbourne was not observed at all by longwave

3erg}/cmz/sec) of UV irradiation.

. (4.6x10
7. The effect of UV irradiation on the destruction of

different Salmonella serotypes

difference in resistance of several serotypes of Salmonella to

of shortwave UV and longwave UV on the destruction of Salmonella,

%;perimeqts have been conducted to ascertain the .

E




A .

( | B UV irradiation. Portions- (0.1 ml) of S. eastbourne and other
seven serotype suspensions (24 hrs culture; 0.09 OD at 660 nm)"

in peptone wolutibn (0.1%) were plated on three replicate

brilliant green agar and were subjected to UV irradiation

(l9x103erg/cm2/sec). Number of survivors was counted after

i 24 hrs incubation at 35°C.

, The results of this study are illustrated in Fig. 9,

!

! b It wf;; be noted that the five segotypes (S. anatum, S. typhim-

[}

urium, S. senftenberg, §. montevideo, S. alachua), which are

»
considered to be heat resistant and the three serotypes (S. infantis,

S. eastbourne, S. tennessee), which are considered to be heat

sensitive in sucrose (Goepfert et al., 1970), did not differ o
~markedly in their resistance to UV irradiation., Six second

3erg/cm2/sec destréyed all

exposure to an intensity of 12 x 10
serotypes completely. It seemé therefore that the sekotypes -

which differed in their heat resistance did not display the

same difference in sensitivity to UV irradiation,
8. The desgtruction of §."eastbourne in a thin film of
milk chocolate by use of a continuous UV steril?fgi

Figures 10,11 and 12 show a diagram of the apparatus
which was constructed by Metal and Electrical Products, Corp.
Ltd., Montreal. The apparatus was designed for the continuous
UV irradiation of chocolate and comprised four components:
1) UV lamp units (H) which consist of ?O lamps (15 watt, G15 T8,
Sylvania germicidal lamps, General Electric, U.S.A,); the lamps’

were 4.5 cm apart and produced a total intensity of approximétely

’

[}
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Specification of a Front Section of the Continuous .
UV Sterilizer; A, Hot ‘Air Controller (10 knobs),

B. Thermometer for A, C, Hot Air Blower (10),

D.- Temperature Controller, E. Roller (7.4x2.5"), .
F. Wire Mesh Belt (7.7" width), G.Film Scrapers(20x1,5") T
H, UV Lamps (10 for 1 set), I. Hot Air Outlet,

J. Ultrasonic Vibrators, K. Roller Motor,

L. Speed Controller: ‘ C
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Figure 11, .A)__A Cross Section of Diagram of the

Continuous UV Sterilizer: r -
1. Hot Air Outlet .2, UV Lamps,.

B) A Net of Wire Mesh Belt.
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[

40x103erg/cm /sec on side of the film of chocolate,

2) Stainless—steel wire belt(F) which was de31gned to carry a

1 mm film of chocdlate; the wire belt was drlven by roller (E)
which wa; controlled Sy roller motor (K) and speed controller

(L). 3) Hot air curtains (I) for the purpose of which was to

maintain the filin of chocolate at 60°C; hot air curtain valves
(A) were opened at maximum speed and temperature of the roller
(E) was controlled at 60°C by using thermocontroller (D), and

4) ultrasonic vibrators (J) which were to agitate the film and

expose new surfaces of chocolate film to the UV irradiation.l

S. eastbourne contaminated chocolate was prepared by

dispersing the lyophilized cells (20 mg) into the molten choc-

3. 104 cells/g

olate (3000\g) at 45°C to give approximately 10
of chocold%e‘as described in ﬁethods (page 33). The\molten
chocolate (%0°C) contained in a 6 liter beaker was fed slowly

on to the surfaces of the thermoroller (D). Two rubber slips

(G) were attached to the thermoroller (D) to feéd a thin film

of chocolate on the wire mesh belt (F),” when the wire mesh belt
was’completely covered with chocolate, the speed of the belt was
adjusted so as to give dlfferent exposure timés., After the
chocolate on the belt had been exposed to the UV irradiation,
the lights were tufneg off and the chocolate was removed from
the belt'by use of a ﬁicrotbme knife placed across the moving

belt, Samples (10 or 20 g) of UV treated‘and noﬁtreated

chocolate were placed in homogenizing flasks (VirTis 45 model)

/

~—



and thoroughly mixed (5000 rpm; 5 min). The % dedtruction

of 8. eastbourne‘cells was estimated by direct plate count

and by most proba ﬁmber techniques as descgibed on

page 34.

1 \
The results of a prelimtinary experiment are shown

.

L4

in Table 22, It will be noted that the average (3 sample)
Salmonella kill obtained with éhe five min exposure time was
91%, Numerous—subsequent runs were made with the cqntinuous
UV sterilizer in which different methods were used to apply
the molten chocolate to the moving belt and to maintain the
uniform film when the belt passed over the rollers, The
results of the analysis of UV exposed chocolate were

- extremely erratic and no conclusive results were obtained.

8,




/ Table 22

{ ’
The Destruction of S. eastbourne in a Chocolate Film
by Use of a Continuous UV Sterilizer® .
Exposure Number/g of Chocolate
time(min)™ . .
’ Sample 1 Sample 2 Sample 3 Ave, $ kill
0 - csoxi0? 7.0t s.sxaede o
4 3 4 4
2 1.4x10 5.4x%10 2,7x10 1.4x10 75
5 4,0x10°  3.0x10°  5.6x10° 4.9x103 91

Ls

*
2 Room temperature and humidity, 36°C, 51%; air curtain
controls at maximum; temperature of chocolate %élh (60°C);

temperature of roller (E, 60°C). \

b This was regulated by ranging the speed of the moving belt,

C Analysis of untreated chocolate (60°C).
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In experiments designed to investigate a level of

Salmonella which could be detected by the standard micro-
biological methods, it appeared that Salmonella may be de- ]
tected directly in the range of 20 - 30 cells per 50 g of choco-
late by direct plate count technique withotit preenrichment and
enrichment growth. The coefficiant of variation of the direct
plating technique varied by 3.2 to 8.2% for the peptoné solution
X ard 3.8 to 6.3% for the chocolate, The standard deviation
lassociated with the value observed in the chocolate analyses
was much higher than that gbserved in the analysis of peptgne
solution, possibly because of uneven distribution of Salmonella
cells in the chocolate. The Bacteriological Analytical Manual
(BAM) variation method was able to detect as few as 2 - 3\cells
in 50 g chocolate after preenrichment and enrichment érocedur%.
The media and aQtiserum (Bacto) émployed in serotyping tests
was also suitable for the final identification of the presump-
tive Salmonella in milk chocolate, althéugh it was occ&sionally
’necessary to increase the motility of the test/organism. The
results of the sénsitivity of the standard method indicated
that the BAM method; are quite suitable for the purpose of
| "detection and identification of Salmonella in chocolate products.
4 The possibility also existed that direct plate count method for
- -

' quantitating Salmonella in chocolate may not recover cells that

were injured by heat or freeze-drying. Confrol samples were

' - i
Y
a f
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analyzed,however, in the same way as were the treated samples

and recovery was not considered to be a problem with the

1

brilliant green agar. It was considered, theFefore, that the
techniques which were being used were adeqguate for @he
quantitaFion of Salmonella in chocolate; it was necessary to
use the MPN method when the number of Salmonella was too lgy}w

t

ermit the use of plating technigues. It should be pointed
out, however, that é;en with the highly sensitive method, the
validity of the conclusion to be deduced from analytical data
will be dependent largely on the adequacy of the sampling plan
used in conjunction with the test. /
The cold storage of chocolate contaminated with S.

eastbourne appeared to have some destructive effect on Salmonella

population; this could be the result of temperature shock.

Experiments showed that approximately 96% of the S. eastbourne

in milk chocolate was deétroyed during a 6 day storage '‘period

at 5°C; during the next 12 months approximately 99% were.
destroyed. Barrile et al. (1970) also observed the survival of
Salmonella that was stored at room temperature for 15 months.

The rapid initial (10 days) reduction of Salmonella cells
observed by thé authors might be the resilt of ogmotic_shock
(Mossel and Koopméﬁ, 1965). The destructioy of Salmonella in
cﬁocolate dﬁring storage could be due to the low moisture content
ofhthe chocolate or it might be associated with the anticyanin\

compounds that are present in cocoa beans. The antimicrobial
/

effect of cocoa on Salmonella and other bacteria was reported

3
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previously by Gabis and Langlois (1967) and Busta and Speck

(1968) . More recently, Ostovar (1973)[obserVed that the

destruction of Staphycococcus- aureus was much greater in dark

chocolate which contains more cocoa than does milk chocolate,
Tamminga et al. (1976) also observed that S. eastbourne and S. .

typhimurium died off more rapidly 'in bitter chocolate than in
| W
milk chocolate when it was stored at room temperature, Although
‘ /
cold storage is not an effective means of destroying Salmonella

in chocolate, Salmonella may be eliminated from chocolate by
a combination of temperature shock, antimicrobial low water

activity and cocoa constituents, if the level of contamination

is lowL Q ~
/ Milk chocolate contains a high.content of sucrose (44~
54%) and this compound provides a good protective environment:

for the heat destruction of Salmonella, Experiments with eight

éerotypes of Salmonella showed that S. eastbourne is more heat

sensitive (D = 6.2 min) in sucrose solution (54%) than any of

the other serotypes that were tested; S. senftenberg (D = 35 min)

was by far the most heat resistant under 'the same conditions.
These results are in agreement with those reported by Goepfert
et al. (1970) and Corry (1974) in connection with'fge heat

resistance of 8. senftenberg., They noted, however, that the

" gifference in heat resistance between 5. senftenberg and the

other serotypes decreased as the concentration of sucrose was
increased, This suggested that the response of the individual

strains to the change in water activity (aw) is not uniform,
\

1

)




strated in our labbratory, however, that S. anatum (S-515, HPB,
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Other workers (Barrile and Cone, 1970; Goepfert et al.,1970)
considered that S. anatum is one of the heat resistant

Salmonella in milk chocolate and in sucrose, It was demon~

Canada) is not destroyéd in 54% sucrose heated at 57°C for 70

min. | Ourrresuit.suggested that S, anatum which survived with

thg heat treatment could be a variant and, with time, the
resistant cells survived agd may multiply under the experimental
condition, Although the conching is usually done at 45 - 60°C

for milk chocolate, Barrile and Cone (1970) observed that ¢
physical properties of milk chocolate are not seriously altered

at 71°C. The results of the experiment on its heat resistance

~ &

of S. eastbourne and S. senftenberg in gilk chocolate at 71°C

showed that S. eastbourne displayed an enormous increase in

heat resistance (b = 4.5 hr) when the cells were dispersed in

chocolate where there were conditions of low moisture. The D

value for §. eastbourne (D = 4.5 hr) was about the same as that

for S.senftenberg (D = 4.6 hr), The results also indicated

that a dry heating of 12 hrs (71°C) was required to kill

completely S. senftenberg (l.4xlO4

cells/g) dispersed ‘in milk

4

chocolate, whereas, S. eastbourne (4.4x10 cells/g) was not com-

pletely destroyed after 12 hrs. S. typhimurium (D = 6.6 hr) was

more resistant than S. senftenberg, which is in agreement with

those reported by Goepfert and Biggie (1968), Our previous

results in 54% sucrose showed that g.‘senftenberqAQas approx-

imately six times as resistant to moist Heat as S, typhimurium,
- I —-—

\
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Ng ((1966) reported that S. senftenberg 775W was approximately
|

25 times more resistant to moist heat than was S typhimuriﬁm:

i kad

other workers reported that S. typhimurium became more resist-

ant to dry heating than did S. senftenberg 775W in chocolate

.y . ¥
(Goepfert and Biggie, 1968) and in animal feed (Riemann, 1968).

v

Goepfert and Biggie (1968) found that a heating périod (70°C)

of 7.3 hrs (D value) and 13,6 hrs (D value) were required to

@

"kill 90% of S. senftenberg 775W and S. typhimurium respectively
in milk chocolate. Rieschel and Schenkel (1971) reported

that a heating (72°C) "period of 24 hrs was required to kill 90%

of g.‘gnteriditis and S. typhimurium in milk chocolate, These
collective data suggest that tﬁe conching procedure (60°C;

12 - 24 hrg) used in the processing of chocolate is not suffic-
ient in destroying Salmonella, Barrile and Cone (1970) stuéied
the heat res?stance of S, anatum in milk chocolate as a function

of added moisture content; they found that S. anatum was very j

\

susceptible to heat in the presence of traces of water. It is

assumed that carbohydrates increase the heat stability of the

cell by reducing the water activity (aw) of the protoplasm

(Gibs®n, 1973). J

~

In experiments on the bactericidal effect of ultrasonics

it was observed that over 99.999% of 5. eastbourne was ?estroyed
in peptone solution (0.1%) after a treatment period of 10 min,
There was a slight difference in resistance between S. eastbourne -
(b = 3.0 min) and S. anatuﬁ (D= 2.1 min)., 8. an;tum showed a ;
taiiing effect after 4 ﬁin treatment. Weiser et 3£; (1971)

o
v




87

!

(:} pointed out that the lethal effect of ultrasonics. depends on

o

the number of organisms per unit of volume as well as the shape,

-

size and age of the microorgaﬂisms. The destruction of S.

eastbourne in milk chocolatd was hegligible and congiderable ‘
e \.

heat (73°C) was generated dufing ultrasonic treatment (2 min).

g The ultrasonic probe which was sealed with silicon

% : o

to prevent heat generation was inefficient for the destruction
‘ :
of Salmonella in peptone solution (0,1%), Ultrasonic vibration
is known to éroduce hydrogen peroxide in liquids containing ;

. P \ ¢
oxygen and to cause depolymeration of macromolecules and intra-

molecular regroupings (Weiser et al., 1971; Joklik and Smith,

1972) ., Beckwith and Weaver (1936) showed that Saccharomyces

elligsoideué suspended in grape juice was destroyed rapidly

by ultrasonit treatment. The present work has demonstrated

,that ultrasonics are not effective for the destruction of Salmon-

|
ella in chocolate under- the conditions that were employed. Other
workers (Joklik and Smith, 1}972) have also stated that the use

of ultrasonics is not practical for the purpose of steril}zation

4

iees auichksonﬂ373),howeVer,madé use of ultrasonics in a
process developed for the conching of chocolate.

A detailed study was ﬁaga on the effect of film thickness
on the efficiency of Salmonella destruction ﬁy UV irradiation.

' 3

UV irradiation for 1 --2 min at an intensity of 12x10 erg/cmz/sec
N i ! .

killed over 99,999% of S, eastbourne in 0.5, 1.0 and 2.0 mm '
; layers of peptone solution (0.1%)., The destruction of S,

‘ eastbourne was more effective: in 0.5 mm layer than in the 1,0
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and 2,0 ﬁm layers after 3 - 4 min exposure, A distinct tail-
ing effect was noted in the 1.0 and 2.0 o layer of peptone
solution (0,1%). yo survivors were detected (direct'platé
count), however, in the 0.5, 1.0 aqd 2,0 mm layer of the
solution after an UV exposure time of 5 min, The preliminary
studies, on the dgstruction of 5, eastbourne cells under the
thin disks of solid chocolate prepared by use of a hand micro-
tome’indicated that the penetration of UV energy was very low
in the crystallized solid chocolate., It seemed likely that

the destruction of Salmonella cells would be more effective in
melted chocolate where the cocoa butter crystals (M.P. 43.,3°C)
could not inteérfere with the penetration. It is well known
that UV does not penetrate into solid and penetrates into
liquid very slightly (Joklik and Smitqi/}972). To obtain some
information on the penetration of UV irradiation into chocolate,
S. eastbourne cells were deposited on the bottom of a depression
precisely cut in steel disk and the liquid chocolate (45°C)

was placed over the film of cells. It was assumed that the
radiation must pass through the layer of chocolate before
reaching the cells., The results of this study showed that‘g.

4 cells/ml)  deposited on the bottom

eastbourne cells (1.9 x 10
of a steel disk that was covered with a 0.1 mm layer of liquid

chocolate (45°C) were completely destroyed (direct plate count

‘method) after an UV irradiation period of 1.5 min; the intensity

of the irradiation was 19 x 103 erg/cmz/sec. Ten minutes was

required to kill 75% of the cells under an 0.5 mm layer of

7
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.exposure of UV but when the cell density was 4.,1x10

89

. chocolate and no detectable destruction was observed when the

film thickness was greater than 0,5 mm, S. eastbourne célls
which were complétely destroyed 'by UV irradiation were accord-
ing to the direct piéte count ﬁethod; the c;lls (approximately
0.001% fraction), however, recovered when the sample was pre-

entiched and then enriched in selenite cystine broth for MPN

7

determination. It appeared that ’few survivors were not detected
‘ %

by diréct plating technique because of inheren; error in the
relatively small size of plating, Physiologically inactive
cellé may also not be detécted directly qn selective brillidnt
green agar., It was assgmed that a negative test by direct
plating ﬁethod indicates that survivors are fewer than 20 cells
per 100 ml, “The resylts'of the effect of cell density and cell
age on the efficiency of Salmonella destruction by UV irrad-

iation indicates that the destruction of Salmonella by UV
\

irradiation was affected by cell density and cell age, When

6

the cell density was 2,0x10° cells/ml in 18 hr grown cells

(0.9 absorbance), the destruction was completed but when the cell

6

density was 1.24x10°cells/ml in 24 hrs culture (1.3 absorbance), -

the destruction was not completely achieved dnder the same set
of conditions. 8. eastbourne cells (2.2xloscells/ml or less)

under an0,1l mm layer of chocolate were destroyed after 5 min

5cells/ml,

the destruction was 99.3%. The effect of cell density and cell

age on UV irradiation was previously reported by Rentschlex

i

et al. (1941), Witkin (1946) and Mudretsova-Viss and Zavyalova

v
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(1975) who showed that high cell density and stationa}y phase
cells markedly reduced the efficiency of bacterial destruction
by UV irradiation. Consequently, it is generally accepted
that UV irradiation has no effeqt on microorganisms that are

'

shielded Jor protected from the incident beams. The minimal

tergs

dose for complete destruction of 5. eastbourne was 7.2&10
cmz/sec on the agar surfage. The destruction of Salmonella was

solely the effect of UV irradiation since experiments showed

that no inhibitors were formed during the UV irradiation. ////’

When the UV source to sample distance ranged between 0,5 to
36 cm, the destruction of S. eastbourne cells ranged from
99,9993 to 99,993%, Longwave UV energy appeared to be

ineffective for the destruction of S. eastbourne.
Y

The UV survival curve of S, eastbourne and S, typhimurium
which were obtained when cell suspensions (0.1% peptone) were
incubated in yellow, white light and\darkness, showed a
distinect tailing effect in solution after 30 sec exposure to
UV irradiation (19x103erg/cm2/sec1. There was no further
increase . in UV survivél above the tail level, when S. easﬂ:box.v:rxe\lr

and S. typhimurium were exposed to yellow and white light.

S. eastbourne cells showed an upward inflection in the darkness.

after 120 sec exposure to UV irradiation (19x103erg/cm2/sec).

Tﬁe tail obtained after 120 seconds irradiatién of S. eastbourne
cells comprised a significant fraction (approximately 0.01%) of
the original cell Fépulation. Further studies on photorecovery

of S. eastbourne showed that the tailing effect andyor dark

+
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“

repailr (excision) mechanism which were observed in the liquid
.medium was not observed on the surface of the agar or under
the 0,1 mm layer of chocglate. The inhibition of colony
‘formation by UV irradiation on the surface of agar was expo-

nential and this suggests a single»ﬁit mechanism; it is therefore

"reasonable to assume that the distinct tailing effect in the

ligquid may be due to a multicomponent curve produced by a
population composed of organisms with different target size
(génome). Setlow et al, (1963) indicated that UV resistant
cells/ of E., coli have'mechanisms for repairing a pyrimidine
dimer, whereas sensitive cgils'go not, Lewis and Kumpta (1972)
also observed a similar tailing effect in UV survival curve of

Micrococcus sp. and the possibility of genetic heterogeneity

in the cell population was ruled out since clones picked up
from the tail showed a similaf UV response as the parenﬁal
population., A similar effect was observed by Hayes (1966) in, °
experiments which E. coli B clones, taken from the tail after
exposing to low doses of UV irradiation, showed a similax
tailing effect, indicating absence of genetic hetenogeneify.
According to Hayes ' (1966), the iqactivat?qn of cells prior:
to the géil is due to féultf cgordination between various steps
in excision (dark) repair and the tail component ﬁay be due £o
aﬁ‘UV-inducedincreése in the efficiency of the repair complex,
More recently, Moss aﬁd Davies (1974) studied the effect of
photoreactivation, excision and éécombin%tion repaig on the

survival of UV irradiation E. coli K-12 mutants and found that
F f
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when'excision repair or both excision and recombination repair
are operative, dose modification is no longer observed and a
large tail is exhibited on the survival curve, Harm (1968)
considered that the limit on the amount of damage that can be
repairéd by the excision repair mechanism is related to the

proximity of UV-induced lesions to one another along the DNA

I -

" helix. More detailed studies uiing Salmonella mutants and rédio-

active assay of DNA by the methods of Moss and Davies (1974)
and Doudney (}974) will be necessary to clarify tﬂe occurrence
of repair mechanisms of S. eastbourne and other serotypes.
Singh (1975) also obsexved the occurrence of photorépair of Uv-
induced killing in a wide range of light,ain blue-green algae
and algal virus, Different serotypes of Salmoneila are equallg
sensitive ¢to UV irradiation, The rééults are in agreement with
those who report that Salmonella are very susceptiﬁle to Uv
irradiation (Proctor et al., 1953; Nickerson 92 5£., 1957;
Ijichi et al., 1964; Lineweaver, 19@6). S They%found that

one of the most heat resistant strain of 8. senftenbéfg was

similar to S, tfghimurium and other serotypes, in sensitivity

to UV and ionizing radiation,

_~ Experiments in which 8. eastbourne,cells were dispersed
in milk chocolate and then exposed to UV irradiation using a
continuous UV sterilizer showed that complete destruction was
ﬁo achieved after 8 min exposure period at an intensity of

40x103erg/cm2/sec. In a preliminary experiment, %%f\of S. east-

bourne was destroyed after 5 min exposure by the UV sterilizer

»
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at 60°C. It was not possible to reproduce this result in
several experiments. In the preliminary experiment (91% kill),
freeze-drying cells were blended into the milk chocolate by .
use of a Waring blender; might ‘have Been’responsible for
the 91% kill which was obtained] It was evident, however,

from the several .months of experimeﬁtal work on thg~continuous
UV sterilizer that the design of the equipment did not permit
the production of a uniform film of chocolate over the total
area of the belt. The film of chocolate between the wires of
the bd®t was less than 0,1 mm and this permitted a high degree
of destruction of Salmonella cells in this film of chocolate.
The film of chocolate around the wires of the belt and especially
at the side of the belt was much thicker and was not uniform,
Furthermore, th% film of‘chocolate carried by the belt was
destroyed when the belt moved over the rollers. Attempts to
reform the film and to maintain 4 uniform film, by use 'of
flexible rubber scrap;rs installed 6n either side of the belt
beneath the rollersk were unsuccessful, Valuable experience
has Keen gained in this experiment with the continuous UV
sterilizer, This is especially true in connection ;ith the
pﬂysical properties of liquid chocolate,  The design 6f a new
apparatus for the continuous irradiation of chocolate is novw
under way. The design is 'based on the use ofa £lexible steel
belt on which a film of chocolate can be formed and removéd much
in'th; same way as it is done in the ré%ler—drum drier. The

: - \
work on the UV sterilizer of chocolate by;a continuous process
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will proceed as soon as the new equipment is built and
installed in our laboratories. ‘
Other workers (Ijichi et al., 1966) have attempted

to destroy S. typhimurium in a thin film of egg white and

whole egg, by UV irradiation., They observeq\the development
of off~-flavor and odor when an incident UV energy\qf
7.22x104erg/cm2/sec were used, These workers repor;;d, that
this film (50 U) of egg white protein at a feed rate of 100

ml per nmin permitted the passage of 57% of “an incident UV
energy (2537A), Benesi (1956) and Oppepheimer (1959) origin
ally developed a method in which thiﬁ’films of fluids can b
expos;d to Uy irradiation; the process is now used for the
sterilization of Flasma and vaccines. Curran and Tamsma (19260)
used the same technique for the'sterilization of whole milk
but without complete success, Werner et al. (1972) also
deécribed a process for the sterilization of milk in which a

very thin film of milk is exposed to UV irradiation; the exposed

,milk had a vitamin D potency of 400 - 500 ID/L.,




’ SUMMARY : | '
l‘ \

L. The levels of detection of Salmonella ranged from

‘ 20 - 30 cells per 50 g of chocolate by direct plate
count technigque without preenrichment and enrichment

" procedure, Low levels of Salmonella in the range of

2 -3 cellé per 50 g of chocolate were detected only
by a modificatiSn of the method described in the Bacter-
ioclogical Analytical Manuall The media and antiserum @
employed in serotyping tests was suitable for the final
idgntification of the presumptive Salmonella in chocolate,
The coefficient of variation of the direct plating tech-~

nique varied between 3.2 and 8.2% for the peptone solution

and between 3.9 and 6.3% for the chocolate,

2, Experiments showed that storage (5°C) of milk chocolate

contamiriated with S. eastbourne, for a period of six

e
4>

x
P

days, destroyed about 96% of the cells. A further storage « R

OS

period of one year led to the destruction of 99% of'g.

R
w R

eastbourne cells.,

I S

3. A comparison of the heat resistance of S. eastbourne and
»seven serotypes of Salmonella in 54% sucrose at 57°C
indicated that S. eastbourne (D = 6.2 min) was more heat
sensitive than any of the other seven serotypes. S. '

gsenftenberg (D = 35 min) was by far the most heat resistant.

-

‘ The D value for S, eastbourne (D ='4.5 hr) was about the

same as that for S, senftenberg (D = 4,6 hr) in milk

A\ -
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chocolate. S. typhimurium (D = 6.6‘hr) was more

resistant than S, senftenberqg in milk chocolate,

The efficiency of ultrasonic destruction of Sdlmonella

differed markedly in peptoﬁe solution (0.1%)’and in milk N
chocolate, 0ver'99.999% of 8. eastbourne was-destroyed

in peptone solution (0,1%) after a period of treatment

of 10 min, There was a slight difference in resistance

between S, eastbourne (%:: 3.0 min) and S. anatum

(D = 2.1 min). S. anatum showed a tailing effect after

4 min treatment in peptone solution., In a similar

experiment in which milk chocolate wig used, the amount

of the destruction of S. eastbourne was negligible,

N
Ultravioclet irradiation (12x103erg/cm2/seé) for a time

of 2 min destroyed over 99,999% of S, eastbourne in

films (0.5, 1.0, and 2.0 mm) of pepéone solution (0.1%).
A distinct tailing effect was noted in the 1.0 and 2.0
mm layer of peptone solution. No survivors of §. eastbourne
were detected (direct plate count) in the 0.5, 1.0 and"
2.0 mm layer of the solution af}:r an UV exposure time of
e

3

5 min at an intensity of 12x10 g/cmz/sec.

S. eastbourne cells (1.9x104cells/m1) which were cove;ed

wigh an 0.1 mm layer of molten chocolate were completely

destroyed (direct plate count) after an UV irradiation

3

peri6éd of 1.5 min at an intensity of 18x10 erg/cmz/sec;

the cellsa(approximately 0.001%), however, recovered when

'« ©
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" ' *
they were further checked with mosfkprobable number

technigue after preenrichment and enrichment procedure,

7. The efficiency of the destruction of S. eastbourne by

UV irradiation was governed by the density and the age

of the cells, ;

8. The minimal dose of UV irradiation that was required for

complete destruction ?f Salmonella was 6 sec at an intensity
of l§x103erg/cm2/sec. It was observed that no inhibitors

&

wefe formed during the UV irradiation,

Experiments showed that the destruction of S. eastboukne

by l@ngwave UV irradiation was negligible.

Different serotypes of Salmonella were equally sensitive
to UV irradiation. There was no observable photo-

~regctivatjon and excision repair of Salmonella cells on
agar or under a layer. (0.1 mm) of chocolate. Thére was,

however, excision repair (dark) of S. eastbourne cells

in peptone solution. !

11. A ﬁachine was designed and constructed for the destruction
(UV) of Salmonella in a thin continuous film of chocolate,
Unsuccessful attempts were made to use tﬁe machine for the
sterilization of chocolate on a continuous basis, The
faiiure to achieve the same degree of destruction of
Salmonella as was achievedlﬁith the static film was because

of difficulties involved in-the prodution of an uniforxmly

thin (0.1 mm) £ilm of chocolate. ' . -
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