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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 ÙV irradiatipn. Ninety-six, 

percent of Salmonella eastbourne was destroyed by a six day 

storage period at SC. An additional storage period of one 

year led to the destruction of 99% of the cells. S. eastbourne 

was the most heat sensitive in sucrose solution and ~.' senftenberg 

was by far the least heat sensitive of any of the other five 

strains that we~e checked. The heat resistance of S. eastbourne -, 
'(0 :> 4.5 hr) in chocolate was about the same as that of ~. 

:' 

senftenberg (D = 4.6 hr). S. typhimurium (0 = 6.6 hr) was more 

resistant than~. senftenberg in milk ~ho~olate. Ultrasonic 

treatment (10 min r 250 watt) destroyed over 99.999% of ~. 

eastbourne in pepto~e sol~tion (0.1%). The same treatment had 

little effect on the destruction of Salmonella in milk chocolate. 

Ultraviolet irradia:tion (12xl0 3erg/cm3/sec; 2 min) dês­

troyed over 99.999% of the/~. eastbourne cells in thin,layers 

(0.5, 1.0 and 2.0 mm) of peptone solution. Similarly,~.~­

bourne cells under'a t~in layer of chocolate (0.1 mm), were 
, , 

completely destroyed as indicated by direct plate count. Dif-
/! -

ferent serotypes of Salmonella were equally sensitive to UV 

and there \'1as no observable photoreactivation and excision 

repair on agar and under a thin layer of chocola~~~' The effi­

ciency of UV ir~adiation on the destruc~ion of S. eastbourne 

was affected by cell density and cell age. 
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ETUDE SUR LA DJ!:STRUCTION PAR LA CHALEUR, LES 

RAYONS ULTRASONIQUES ET ULTRA VIOLETS DE LA 

SALMONELLE . 

Ch~ie'Agricole 
i ' 

\. 

Des études détaillées furent'poursuivie~ sur la destruction de 

la Salmonelle par la chaleu~ les rayons ultrasoniques et les irradiations 

U.V. Quatre vingt seize pour cent de la Salmonelle eastbourne furent'détruites 

en les entreposan'i durant six jours il 5C., Une période addftionnelle de un an 

a résulté en la destruction de 99% de ses cellules. !. eastbourne fut la plus 

sensible à la chaleur dans une solution de sucrose et!. senftenberg fut de 

loin la moins sensible à la chaleur de toutes les cinq autres variétés qui fu­

rent vérifiées. La résistance à la chaleur de la S. eastbourne (0.4.5 hr) 
i -

dans le chocolat est à peu près la même que celle de la!. senftenberg (0-4.6 hr). 

~. typh1murium (0=6.6 hr) fut plus résietante que la~. senfte~berg dans le lait 

au chocolat. Le traitemènt ultrasonique a détruiè (10 min; f50 watt) plus de 

99.999% de la!. eastbourne dans une solution de peptone (0.1%). Le même trai­

tement eut peu d'effet sur la destruction de la Salmonelle dans le lait au cha-
I 

colat. 
, 3 2 

L'irradiation à l'ultraviolet (12 x 10 erg/cm /eec; 2 min) 
) , , " 

a détruit plus de 99.999X des cellules de la:l';S. eastbourne en couches minces ,'! 
, , ,- .' '1 

(0.5, l~O et 2.0 mm) de solution "de peptone. De même, les cellules 1.. eaetbourne " '1 

sous ~ne mince couche de chocolat furent comp1ètement'détruites, tel qu'indique 

par un comptage sur plaque. Différents sérotypes de Salmonelles furent égale-

ment sensibles au UV et il n'y eut pas de photoréactivation lobservée et de ci-

catrisation d'excision sur agar ainsi que ~ous une minche couChe de chocolat. 

L'efficacité de l'irradiation UV sur la d,es,truction de la!. eastbourne était 

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

Salmonella, a g~oup of diarrhea cau~ing pathogenic 
1 

bacteria has emerged as one of the major causes of food 

poisoning. 

Although protein foodstuffs of animal origin, such as 

meat, poultry, egg and dairy product~ are usually recognized 
- 1 

as vehicles of infection, salmo~ellosis has seldom been 
1 

associated with chocolate products. MostCrecently, 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, sorne attention has been given to . 
, 

the detection and control of Salmonella in rnilk chocolate • . 
Most of the difficulties encountered in the chocolate industry 

have arisen from the fact that Salmonella are extremely 

difficult to destroy in contaminated chocolate. ". The high sugar 

and fat content, c~upled 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 

dried e9'g arid milk. The, sterilization of chocolate has also 
1 

posed a considerably greater t problem b~cahse of its great 
1 

instability to heat in the range of effective pasteurization. 
1 l , 

In view of th~'fact that milk chocolate cannot be 
, 

heated sufficient.ly to destroy Salmonella without adverse effects 

on chocolate quality, it wou~d be h~ghly desirable to have a 

method \'1hich would be used to sterilize milk chocolate just 
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before the moulding' operation. T,here is no exi~ting methodology 

for sterilization of chocolate and also for t~e ~recise 
! 

detection of Salmonella,' available to the chocola~e industry. 
, 

This investigation was undertaken to collect information 

which will be helpful in the development of a workable method 

for, the detection of Salmonella and for the sterilization of 
l 

chocolate on a continuous basia. The present study deals with 

the use of UV irradiation, heat ~d ultrasonic for the 

sterilization of chooolate • 
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LITERATURE REVIEt'1 

l. The Role of Salmonella in Fooârpoisoning 

l'. Historieal 
o 

The term Salmonella, refers to a group of diarrhea-

causing pathogenic baeteria which was formerly called 

"Paratyphoid Bacteria".' It was derived from the name Salmon, 

who first described a member af the group (Salmon et al., 1886). 
\, --

Three species of Salmonella are genera1lly recognized namely, 

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

40 not contain serotypes but S. enteriditis contains about 
L -

1500 serotypes. 

Sinee the first report of botulisrn food poisonin~ in 

1735, there has been a marked increase in the incidence of the 

disease although some of ,this increase may he attributed ta an 

improvement in reporting. Gartner (1888) reported the firet 

fatal case :of Salmonella poisoning which occurred in Germany. 

It was the re~ult of the consumption of raw meat. Since this 

incident Salmonella poisoning has been a major concern to . 

Pub~ic ajlthorities (Bryan, 1974; DI Aaust !:.!!!.. 19~5; Todd, 1976). 

It i9 estimated that only 1-10% of t~e aetual number of human 

infections due to Salmonella i9 presently being reported. 

Aecording ta Davis S!-~., (1973), Sa,lmonella cause a variety of 

i~lnesses, ranging from typhoid and paratyphoid fevers to 

meningitis, septieemia, asteomyelitis, pneumonia, and endocarditis, 

in addition ta their most frequent manifestation, gastroenteritis. 

3 

, , 

l ' 
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The symptoms of Salmonella gastrointestinal disorders 

(salmonellosis) are ~aracterized by nausea, vomitïng, abdominal 

pain, and diarrhea, followed by headache and chills. 
~ 

It has been estimated that about two million people 

have Salmonella infections per year and these infections 
, ' 

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

inately 120 deaths including young infants in England yearly. 

The indirect losses to the 1\merican economy has be,en estimated 

to be 100 mi'llion dollars annually (Eickhoff, 1966: Prost and 
v 

Riemann, 1967). Following active salmonellosis, the organisms 

occasionally become established in' the host and give rise to 

a carrier state which m~y be present ,for a long period of time 

(Prost ,and Rieman~, 1967). 

The mechanism of food poisoning~y mernbers of the 

Salmonella groups is not fully understood put Dack and Davison 

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

likely caused by joint action o~ '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 generally 

accepted fact that a large nurnber of Salmonella organisms are 

necessary to produce food poisoning but McÇullough and Eisele 

(1951) stated that the infectious dose may vary \>1Ïth species of 
{ 

Salmonella and with the individual concerned. Edwards and 

Galton (1967) and Thatcher and' Clark (1968) 'also stated that any 

\1 
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serotypes, of Salmonella in foods is potentially infectious 
1 

to man, either directly upon consumption of,food or indirectly 

through secondary contamination of utensils, processing equip~ 

ment, or other foods. 

2. Sources of Salmonella 

Rurnan: Salmonella are freqùently present in the 

intestinal tract of sorne individua15 and thus, it i5 very easy 

to understand the way in which the organisms gain entry to food, 

during its preparation, handling and serving. Edward and 

Bruner (1943) studied the 224 cultures isolated from the stools 

of patients wit~ gastroenteritis and found that most prevalent 

species are [. typhimurium, ~. montevideo, ~. oranienbur~, ~. 

newport, ~nd S. anatum in order of importance. In recent years, . 
a number of e'pi'demics have been related to §,. choleraesuis, 

~. newport, ~. anatum, ~. enteriditis, ~. blockley, ~. oranien-
. ) 

burg, ~. derby, ê. brandenrup, ~. sa1nt-paul, ~. infantis, ~. 

rnontevideo, ~. ready, ~. newington (prost and Riemann, 1967: 
\ 

Ro\-,e, 1973; Handzel, 1974). 

Poultry and poultry products: Mallick and Rao (1964) 

~~~died salmonellosis produced by the poultry specifie s. 
2a11'inarum-pullorum which can cause high mortality in hens. 

e 

Numerous publications in recent years have reported a frequent 

~ccurrence qf symptomless infection with various' Salmonella 

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

/ murium in hens (Sharma and Singh, 1963: Sadler and Corstvet, 1965). 

" Recent reports froIn various countrles state that 2.6 to 7.0 



1 , 

, 

6 

f' 
percent of eggs are contaminated with~. typhimurïum. Wilde~ 

and MacCready (1966), Bryan ~~. (1968), and Morris an'd 

Wells (1970) reported that uncontarninated fresh and frozên 

pou1try, such as chicken and turkey, are frequently contaminated 

during evisceration and chilling in the processing plant. 

S~hneider (1946), Ager ~~. (1967), and Board (1973) reported 

that unpasteurized egg salad, frozen, or dried eggs, yolks, or 

alburnin have been a majot source of salm0nel1osis since World 
1 

War II. Their inclusion as supplements in other food products 

such as cake or cookie dry mixes or noodles have widened their 

impact on the consumer. This,eventua11y resulted in FDA 
, 

regulations requiring Salmonella-free egg products. fi Other 

s~ecies o~ b{rds-, such as turkeys, d~CkS, geese and fowl, also 

suffer from similar ~iseases produce~ mainly by ~. typhimurium. 

Most recently a~. reading o~tbreak waS caused by failure to 

'refrigerate turkeys tReport, 1974). 

Meat and dairy products: Of the numerous foodstuffs 

used by man, meat and meat products are among the mostl frequent 

sources of Sa1mone11~ ~ince the first;report on swine Pla~e. 

During recent years, a ,number of serious epidemics have been 

caused by ground meats, saus'ages, rneat salads, and various other 
7' 

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

1969; Morris and Dunn, 1970; Carpenter ~ !l., 1973). Galton 

et al. (1954) observed that s~ine are readily infected during -- " 
transportation and in the holding lots at thejabattoir or 

subsequently on the pork assernbly line. Hobbs (1961) also stated 
~ 
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that the major 'source of contamination of fresh heef 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 , 
1 

of almost universal p~steurization of milk. Dumas et al. --
(1961) stated that the contamin~tion originates from the feces 

of the cows, a dise'ased cm'1 or from a human carrier. The 

incidence of salmonellosis from manufactured rnilk prOducts 

remains lm." !lthOU9h ê.. typhimurium or ê.. typhi infeçtion 

in the past resulted fro~ consurnption of several different 

types of cheeses. Collins et al. (1968) reported the recent --
outbreak of 29 cases of [. newbrunswick associated with nonfat 

o 

dry milk. 
, 

Other animal species: Household animaIs, chiefiy dogs 
1 

land cats,sometirnes have salmonellosis but most often they are 

asyrnptornatic carriers (Day ~!l. 1963, Smith, 1959~ Mackel 

!.:!: !!;, 1952). Animal offal or by-products used as protein 

supplements'in their foods also may carry the infection. Other 

animal sp~cies such as rats and mi ce (Caldwell et al., 1966) 1 --
turt1es (Lowenstein ~ ~., 1971), parrot fami1y, rodents and 

insects n'lelch ~ &., 1941}, were found to be a serious cause l 

\ 1 

of symptomless infections. 

Processed foods and miscell~neous products: Sorne 

Salmonella outbreaks have been attributed to processed foods sllch 

as coconut (Wilson and M.ackenzie, 1955)" dried yéast (Elliot, 

1966, Lennington, 1967), cotton seed protein (McCa11!! ~., 
'1 

o • 
1966), food colo:nng, carmine dye (Lang et al., 196~),· and --

, , 
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1. chocolate (Lennington, 1967f Handzel, 1974). Other co~o-

dities in which Salmonella have been reported include 
, 

thyroid, pancreatin, pepsin and 1iver powders (GUill, 1967), 

flour (Thompson, 1953), sugar and spices (Bartram, 1966)" 

soya flour (Edwards, 1965), and bacterial enzyme drain c1ean­

ers (Lennington, 1968), sandwiches (McCroan ~ !!., 1964), fish 

and fish products (Appelman et al., 1964). Finally, modern 
'\ - ,;;;,=. , 

sewage treatment plants often d~scharg~ more salmonella-laden 

effluent into the waterways than can be attributed to indus trial 

waste or sewage outlets (Harvey ~ al,., 1969). 

II. The Chemical and MicrobiQiogical 
Aspects of Chocolate Process 

There is a great deal of publishe~ information on 

manufacturing process for éhocolate products (Minifie, 1970; 

Lees and Jackson, 1973). ~e manufacture of chocolate involves 

the grinding of nib to produce chocolate liquor and the 

subsequent mi~ing of this with sugar, rnilk so~id, etc. A flow 

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

1. Ingredients 1 
1 

Cocoa beans deve10p in the pods of the cacao tree 

(Theobroma cacao). The raw cocoa beans are fermented to facil-

itate development of flavor precursors a~ to remove the adhering 

pulp rrorn the beans. Howat (19GB) postulated thàt the chemical 
, ' 

and biologica1 changes that take place during ferm~ntation are 

associated with enzymatic action, yeast fermentation, and 

oxidation and condensation resulting in the elimination of the 

1 
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bitter taste. Bracco et al. (1969) discussed the hydro1ytic -- , 

phenomena which cou1d explain variations in the contents of 

Qnitrogen compounds, phenolic substances and carbohydrates of 
" "-

the cocoa bean. Forsyth and Quesnel (1963) showed that the 

predominant microflora at the start of fermentation are 

yeasts, which are then replaced by lactic acid bacteria, 
" 

acetic acid bacteria, and finally spore-forming baci11i • 

Quesnel (1965) also observed that, with the br7akdown 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 pulpe 

The fermented beans a~e then dried approximate~y to 6% 

moisture. The dried beans are expected to carry a large 

number of bacteria of various types. Howat '(1968) andMinifie 

(1970) stated that any possible health hazards arising from 
" 

the proliferation of 'Salmonella and' o'ther bacteria are 
'1 

like1y ta be eliminated during roasting of the beans at 105 

. ~o 150°C. Barri1e et al. (l97l) observed, however, that the 
, --, 

5' initial total counts per gram of bean ranged 3 x 10 to 

4.7 x 107 and after roasting at 150°C for )W min. , the counts 

ranged between 10 3 ... 105 "p~er gram of bean. Roasting of pocoa 

beans at 165°C an.d laOoe for 30 minu'tes led to an extreme 

bactericidal effect but these temperatures imparted scorched 

flavor to the beans. Sorne work (Rombouts, 1952; Gabis ~ ~., 

1970; Barille, 1971; Ostovar, 1972) has been done on the 

identification of the microorganism in r.aw cocoa beans. Th~y 

f! 
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found that the majorîty of rnicroorganisms in unroasted 

beans be10nged to the genus Bacillus, s~rePtococcuJ, 
l 

Micrococcus, !. coli, Flavobacterium and Microbacterium. 

Roasted beans contained organisms such as B. stearothermo-

philus and !. coagu1ans. 

The winnowinq process is necess~ry to separate the 

ahell from the cote1ed0n 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 reasonably q1ean. The temperature 

achieved during grinding of the nibs does not eliminate 

contamination •. 
\ 

Ingredients such as sugar or sugar syrups do not . 
present bacterio1oqica1 problems. Nuts, desiccated coconut 

and, to a 1esser extent, dried fruit auch as raisins have 

been known to create special problems'. Minifie (1970) and 
, . 

Doolin (1972) pointed out that desiccated coconut has been 
\ 

known to contain Salmonella, chiefly,Sa1monel1a senftenberq. 

This has been attributed to the very poor sanitary conditions 

in sorne of the factories in the tropics. The authors also 
\ \ 

noted the presence of aflatoxin in peanuts arlsing 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 ta 

the use of equipment (bunkers, trays, conveyers) for the raw 

and processed beans. Dried fruits such as raisins and cherries 

" 
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are used extensive1y in both mou1ded chocolate and assorted 

chocolate. It is known, that the bacteriological contamination 

can arise due to the transfer of Salmonella or other pathegen 

from the hands or clothes of workers to the products. 

Recently, milk powder was considered a greate~ 
1 

potentia1 source ,of Salmonella contaminatio~ than of the ether 

basic ingredients of milk chocolate. fi,. Collins et al. (1968) --
described putbreaks of sa~rnonellosis caused by dried mi1k and 

Armstrong et al. (1970) described similar Salmonella outbreaks --
/ which were attributed to an imitation ice cream. A1though milk 

\\ 
\ 
\ 

products present sorne bacteriological hazard to manufacturers" 

most pathogenic bacteria are like1y to be e1iminated by the 

various heat treatments that are applie~ to mi1k. Anon (1968) 
\ 

stated that the contamination of chocolate crumb can be more 
, 

readily control1ed if it ia formulated in the factory than it' 

the crumb is imported. 
.\ 

2. Prôces~inq operations 
1 

It is generally agreed (Foster, 1968; Goepfert and 

8iggie, 1968; Barrile~and Cone, 1970, Rieschel and Schenkel, 

1971) that the proceas invo1ved in chocolate manufacture does 
\ 

not destroy Salmonella once the product has been contaminated, 
" . 
there is not sufficient heat involved in the process to 

1 

sterilize chocolate since Salmonella ia very resistant to heat 

under the dry conditions found in chocolate. The conching 
4j. li 1 

proce~s is primarily design~d to aid in' the development of 

'flavor and in th~ remova~ of undesirable volatile açid residues 

i 
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that resu1t from the fermentation and other processes. 

Conching is usua1ly done at 40 - 52°C for milk chocola'te 
f 

and 60 - 70°C for dark\c'hoco1ate. Minifie (1970) stated that 

higher tern~rature could be used to give cararnelized flavours 

in mi1k chocolate and to give a slightly burnt flavour in 

dark chocolate. It was suggested that mi1k chocolate, which 

~tains a lower proportian of nibs,shou1d be co~ched at a 
\ 

lower ternperature to prevent thickening of the chocolate. 

Minifie (1970) -postulated that thickening of milk c~ocolate 

during conching is due to chernical ghanges bf the rnilk 

proteine Tumermar and Webb (1965) reported that heat treatrnent 

could p~rtially dephosphory1àte casein~,denature whey 

"., proteins, initiate protein-lactose interactions, increase 

acidity and alter the ionic equilibrium. Any of these .. 
alterations can conceivably influence the subsequent physica;L 

'and chemical behavior of milk proteimf. The precise effect 
J),!} À '.,. 

'of ~t on rnilk and the chocolate ingredients as weIl as the 

,,' 

ingredients in foods in general is difficult ta predict with , , 

certainty. The traditional longitudinal conche i8 being 

replaced by rotary conches which,handle larger quantities of - , 

chocolate_and use higher temperatures. Lees and ~ackson (1973) 

discussed ~e~nt~y variations in conchin'g procedures, inCl~dl.i· n

sd 

g 

a process 1nV~v1ng circulation bed systems,where chocolate 
, 

continuously passing through a heated pipe and subj~cted :to 
- ' . 

ultrasonic conching. ultrasonics are used tb pevelop a 
• 

, certain motion in the chocolate ~hich leads to the expos~re of 

() 
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o 
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new surfaces of the chocolate to the air. OtÜer processes, 

developed by the British Food Manufacturing Industry Research 

Association, achieve complete roasting and conching within a 

30 minute period (140 - 160°C). 

Vaeck (1960) suggested that there are four different 

forms, t(17C, M.p),a(2l-24C), B' (27-29C), e(34-35C), of 

crystalline cocoa butter in chocolate. The a crystal is the 

only stable form and the purpos~ of tempering is to crystallize 

chocolate in that stable form which ia necessary to ensure a 

long shelf-life. Chocolate is usually'heated to 48.8°C at 

which temperatur~ all the cocoa butter becomes liquid1 the , 

melted chocolate is then coo1ed to 26.6°C where crysta11iz~ng 

takes place to produce both the stable and uns table forms of 

fat. On, heatin~ to 31 - 32°C, all the ,unstable crysta1s are 

remelted except the stable e- crystal. A defect known as 

bloom is known"to be caused by using improperly tempered 

chocolate, improper coo1ing methods, contamination with incom-
o 1 

patible fats, and fluctuating storage teIt;lperatures,1t Moisture 
1 

conditions can also cause fat blooming~ 

oI~I. The Specifie PrOb~em of Salmonella in Chocolate 

1. The inoidence of Salmonella infection in chocolate 

Béfore 1966, there had not been reported' a single case 

of Salmonella infection in confectignary products; it has been 

reported to be present in irigredients of chocolate such as .. . \ 
dried milk, coconut and carmine dye. Foster (1968) and 

, 
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Depew (1968) stated that at 1east' seven major chocolate 

producers encountered Almonella contamination in finished 

products and recalled the products from the market during 

1966 to 1967. According to lfflO (1969) and the Labor~tory 

Centre for Disease Contr?l (1974), chocolate propucts have 

been found previous1y ta contain Salmonella anq ta be the 

:1 cause of an outbreak <tmo, 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 

15 

of July, 1973 to April, 1974. An extensive investigation both 

by the Health Protection Branch (HPB) in Canada and by Centre 
r 

Disease Contr~~ in the U.S.A. (Cnc, 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 land 4 years of age and the n~er of 

affected males and females were nearly equal. It was reported 

that the chocolate contained approx~mately ~.5 cells (S. 

ea~bourne) per gram and that Salmonella infeqtion wa9 the 

result of the ingestion ,of at le~st 100 celIs. These numbers 
() 

were found to be much lower than doses previously reported to 

have gjven rise ta autbreaks of Sa1mçnel1a infection. A survey 

of the plant revealed the presence of ~. easthourne in roasted 
{ 

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

end ptoducts CCPC t 1974; D'Aoust et !l., 1975~ Handzel, 19741. 

Craven !! !!., 1975}. The inspection a1so indicated that cross-

.... 
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contamination between raw and roasted bea~ cou1d cause 

re-contamination, after the roasting step. 

2. Surviva1 of Salmonella in chocolate 

16 

The manufacture of chocolate by this ~peçific company 

started ,.,ith roasting the beans at 125°c for 30 minutes, 

refining and grinding the beans into cocoa liquor which is 

then mixed 'with cocoa butter. The dry ingredients such as 

sug~r, salt, ànd imported crumbs are then b1ended into the . ' 

masse According to D'Aoust et al. (1975), the conching --
conditions at 55 - 60 0 e for less than 5 hours appeared to be 

• : .Q f.. 1 

~neffect1ve ~n the destruction of Salmonella. ,The moisture 

content of the éhocolate was also less than 1% which could 

act as a protectivé environment from heat. 
... 

rt has been established that the thermal resistance 

of Salmonella is 600 to 700 times higher in dried egg white 

than in 1iquid eg9 white1 a one week storage period at 50 0 a 
l' 

was required to destroy Salmonella in dried egg (Rasmussen 

~ al., 1964). The authors noted that !~ sen'ftenberq 

775 ~v inoculated into meat and bone mea1 was ki1led in 15 min. 
, 1 

at G8°e;. a heating period of 30 minutes at 82°C was required to 

elirninate Salmonella from natural~y contaminated meal. 

~ simi1ar situation seemed to exist with chocolate 

products. Previous studies by Goepfert anq Biggie (1968), 
, , 

Poster (1968), aarriie and Cone (1970) and Riesche1 and 

Schenkel (1971) have shown that several Salmonella serotypes, 

such as S. anatum, S. senftenberq 775 W, and ~ typhimurium, 

................. __ ~ __ ~~----d~;~,~;~j==~imM~~~~=h-'~,---------------------
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becam~ heat resistant in chocolate; this suggests that 

chocolate acts as a protective environment against thermal 

damage to bac'teria. Goepfert and Biggie (1968) found that 

heating mi1k chocolate at 70°C for séven hours and thirteen 

hours was required to kill 90% of S. sénftenberq and ~. 

typhimurium, reswectively. Rieschel and Schenkel (1971) also 

_~eported that 40 hours of conching (72°C) was required to 

kill 90% of ~. enteritidis and ~. typhimurium in chocolate. 

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

anatum in!milk chocofate as a function of added moistured 
1 _ 

content and found that 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 

4% to milk chocolate. Barrile et al. (1970) made further , \---

studies on high temperature (127 o C) short time (HTST) steriliza-

tion, on a pilot plant scale. They observed that chemical and 

physical change took place in the milk chocolate before complete 

destruction of Salmonella evenat tempe rature -as low as 9qoC. 

They suggested that the ~ilk solids, especially the milk 
, 

proteins, may be the sensitive component since chocolate liquor 

alone \-las not destabilized at the same ternperature. It ia also 

clear from the relevant work on the thermal destruction of 
1 \ 

Salmonella that the organism in chocolate cannot be eliminated 

by methods which are most.often employed to destroy Salmonella 

in foods. On the other hand, Foster (1968) and ~ieschel and 
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Schenkel,(197l) stated that the possibi1ity of Salmonella 

growth in milk chqcolate and,other confectionary products are 
, 

negligible because of,their low moisture·~ontent. Foster 

(1968), Barrile ~~. (1970), Riesche1 and Schenkel (1971), 

Dockstader k Gromes (1971) and Tamminga et al. (1976) --
studied the effect of long tèrm storage on 'the surviva1 of 

Salmonella in milk chocolate and found that Salmonella can 

survive in chocolate for quite long periods of time. Rieche1 

and Schenke1 (1971) detected Salmonella in rnilk chocolate even 

after 15 months storage ~t room temperature. Dockstader and 

Grornes (1971) also detected ~. anatum and ~. newington in 

contaminated milk chocolate after a four year storage periode 

Barri1e .=!~. (1970) st~died ',the effect of storage on the 

survival of S. anatum in mi1k chocolate at room temperature. 

The results of this study showed a gradua1 decrease (74%) in 

nurnbers of survivors but Salmonella was still ~overed after 

15 months storage, even with low initialnumbers. Most 

recent1y, Tamminga et ~.' (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 .2.. eastbourne and S. typhimurium but both typ~s - \ 
survived a nine months storage period~, S. typhimurium was 1ess 

resistant than .2.. eastbourne and both died off more rapidly in 

bitter chocolate than in milk chocolate. 

li 
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IV. Detection and Identification of Salmonella in Foods 

The International Committee on Microbiological 
Ct, 

Specificationsrfor Foods (ICMSF) was formed in 1962 to 

estab1ish intern~tiona11y acceptable methods of ana1ysis ând 

to reach agreement on the essentia1 supporting methods. 

Thatcher and C1a~ (1968) and ICMSF (1974) pub1ished bOO~s on 

methods of enurnera~ion and methods' of samp1ing. The methods 

out1ined in the U.S. F.D.A.'s Sacteriological Ana1ytica1 

Man~a1 (OIson, 1972) and the Association hf Official 
o " 

Ana1ytica1 Chernists ,(Horwi tz ,_ 1970) • 

In general, the deve10pment of a rapid technique for 

detection of sa1mone~a that would be fully satisfactory for 

la11 foods and serotx~es has not yet been achieved but there 

'have been 'Si~ific{nt coptriburions in this field during the 

last few years. These methods are alwaya subject to change and 

there ia current1y a great dea1 of technical work on improved 

methods for the detection of Salmonella and Qther microorganismh. 

A1l methods are similar in principle and embody the procedural 

steps of pre-enrichment, enrichment, p1atin~ on selective 

agars, and taxonomie determination of colonies suspected of 

beinglSalmonella. In general, pre-enrichment favors the r~pid 

recovery of Salmonella from the physiologica11y inactive state 

in foods that have been subjected to heat deeiccation, preserv-
1 

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

complexity of identification procedures iB due ta the fact that 

Salmonella in foods originate through faecal contamination which 

,'r 
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/1 

i~ usually associated with other Enterob~cteria such as !. 

~I Proteus citobacter, Shigellae. ~he methods are desiqned 
/ 

to favour the multiplication of Salmonella and restrict the 

, qrowth of other microorqallisms. 

Fantasia ~ al. (1969) and Sperber and Deibel (1969) 

described the Enrichment Serology method for detection of 
'U 

Salmonella in food, feeds and pharmaceutical products. This 

method is similar to cultural rnethods (BAM), except that each 
! 

selective enrichrnent broths are inoculated into M broth and 

the pooled poly H antisera are used for agglutination. Non­

mètile Salmonella variants are not detect.ed and thus the 

sensitivity and re~iability of this metho~ as a screening test 

has not been accepted. The fluorescent antibody method has 

been used to detect Salmonella; itis a rapi~, econornical 

screening test' for large numbers of sarnple~. The application 
1 

of ~~s technique was first used for examinat~on of milk by 

Arkhom~eJ.'skii and Kartoshova (1962). Geor~ala and Boothroyd 
1 

(19~4) also employed the technique to4 detect sal,onella in 
# l '\ ", 

meat and indicated that the method had great promise. The 

raw 

fluorescent antibody technique was also found suitable for the .. 
detection of Salmonella ip egg products 

( 

animal feeds(Laramore and Moritz, 1969) , 

(Sil1iker et al., 1966), --
and non-fat dry mi1k 

(Rearner and Hargrove, 1972). A simplified fluorescent antibody, 
• 

employing the immunofluorescent microscope has (also been reported 

by Markovits and Burboeck (1971). A modified Iradiornetric 

technique has been used recently as a rapid method to detect 

o 
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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 quanti,ty of 14C02 produced by the total microflora 

present. These studies suggested that radiornetric techniques 

can be applied directly to detect bacteria in dairy products 
. 

only when.high numbers of bacteria are present. More recently, 
/ 

Dockstader and Gro,mes (1971) suggested a more rapid an:d 

serisitive method t~detect low levels of contamination by 

Salmonella in choco ate which involved the use of synthetic 
.1 

fabrics. The techn~que was used to concentrate the Salmonella 

cells to a level that was detectable Jy fluorescent antibody 

examination. 

V. Control of Sa:hIrtbnella in Foods 

1. General control measures 

The control of Salmonella in foods presents a difficult 

and serious problèm to the food procesaor aince Salmonella are 

widely distributed in nature and have a very wide range of 
\ 

hosts including dornestic rneats and pet animaIs. The prQblem is 

further complicated by the intrinsic diffi~ultiea associated 

with the detectiQn of Salmonella 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 ta avoid 

Salmonella contamination by good sanitation, careful control 
, 

of milk and water supplies, improved methods of processing, 

1 
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'\ 
elimination ofjhuman carrier from plants, control of cross-

contamination and multiplication of Salmonella in the equip­

ment and raw materials. The literature on the occurrence 

and distribution of Salmonella is overwhelming." Bryan ,(197~) 
or 

noted that the types of food which can cause salmonellosis 

are usually nonsterile processed products. Control of 

contam~nation must depend on a kill step involving sterilization, 

radiation or acidification, etc. Anon (1968) suggested that 

greater emphasis mu~ be placed on the control of the raw 

materials which can be1heated since the destruction of 

Salmonella in chocolate is difficult. The authors showed the 
/ 

importance of separating raw materials from finished or in-line 

products, the classifying of employees who handle fini shed 

goods qnd those who handle raw materials, controlling air, 

rnoisture, equipment and pests. Krauss (1972) and D'Aoust et al. 

(1975) discussed in sorne detail the problems and means of 

quality control i~chocolate processing. The authors poi~t out 
l, ' 

that primary consideration should be given ta (a) the isolation 
. 

of cocoa bean storage, and roasting areas, (b) increasing 

roasting, conching and holding temperatures. They also pointed 

out that it can be dangerous and'expensive ta rely only on the 

testing of end products. 

2. Destruction of Salmonella by chemicals 

Acidulants serve numerous purposes in modern food 

processing includinB the preservation of the grèwth of micro-

organisme Microorganisms are sensitive to acid in"varying 
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.' 
degrees; the acld produced by one type of organism often will 

inhibit multiplication of another type. Much of the preserv-

ative effect from acid is due dire~tly to the hydrogen ion 

con,centration and its destabilizing influence on proteins; 

acids, however, Whiçh produc~ the same pH are not always 

equally effective since the anions of certain aci9s also exert 

some effect (Nunheimer and Fabian, 1940). It is, well recog­

nized that acids enhance the lethality of heat and the degree 

of aciÎi~y,.tolerable in foods from the standpoint of 

palatability, is never sufficient to ensure food sterility. 

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

egg yo1k adjusted at pH 4.5 with acetic acid, takes place in 
~ \ 

two hours at 40°C or four days at 15° C. Foster (1968) studied 
, 

the interaction 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 

gro~., at pH 4.1 and at 30, 37, 43°C but they did grow at aIl 

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

that Salmonella grew in 40% sucrose at pH 4.0 but it did not 

grow at pH 6.0 and th us he could prevent growth either by 

increasing sucrose concentration to 45% or by reducing the pH 

slightly. Goepfert (1969) also studied the destruction of 

Salmonella by various food acidulants such as volatile fatty 

acids and obtained results which were similar to those reported 
1 

by Ayres (1966). In addition he aiso showed that glucose, 
\ 

sucrose, and peptone at the 20% levels protected Salmonella 

m 
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from the lethal effect of 0.5% acetic'acid. 

Many chemicals have been in use to kill microorgartisms 

but most of these are not permitted in foods. Sorbic acid, 

sodium and calcium prop~onates, an? 'nitrite are permitted 

in certain foods to control Salmonella. Antibio~ics have also 
l, 

been used as food preservatives, feèd additives, and 

therapeutic agents to control Salmonella (Prost and Riemann, 

19671 Weiser et al., 1971). Investigators have used various --
chemicals such as hydrogen peroxide (Ayres and S1osberg, 19491 

Naguib and Hussein, 1972; Chu ~ .ë.!., 1975), beta-propiolactone .. 
(Bruch and Koesterer, 1962), and ethylene oxide (Mayr and 

Kaemmerer, 1959) to control Salmonella. 

3. Destruction of Salmonella by heat 

It is well recognized that heat is the Most reliable 

and universally applicable method of sterilization. l.fost 

mesophilic nonspore-forming bact;ria May be killed by moist 
. ( ~ 

heat at 60C for 30 min. StaphyloCb6cus aureus and Strepto-
, , 

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

at 60C. A temperature of 80C for 5 to 10 min d~stroys the 

vegetative forms of all bacteria, yeast and molds. 
,1 

Spores of 

Clostridium botulinim, which are very heat-resistant are 

destroyed in 4 min at l20C'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 

/ 
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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 destructive changes take place in the physica1 

state of essential lipids (Lammann & Mallette, 1953). ~t has' 

been weIl documented ~hat 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 cel1s. Ng ~!!. (1969) reported that different 

serotypes of Salmonella do not vary much 

resistance except S. senftenberg 775 W. 
,-

in th'eir heat \ 

They found that \ 

D values of 0.9 to 1.3 min at 57°C for most of the Salmonella 

that were tested. Ng (t966) reported that 0 values for 

salmonelJa are 1 to 2 sec at 65.6°C in whole milk, 0.3 min 
\ 

at 65.6°e in whole egg, and 0.5 min at GQoe in egg yolk. 

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

whi te at 54.4De 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 that aminQ acids, peptides, RN~ and 

traces of calcium and ~agnesium leak out of the cells during 
, 

heat treatment. In recent years, rnany workers observed that 

the heat resistance of Salmonella increases as the water ~ 

àctivity (aw) of the medium dëcreases. Goepfert (1968), 

Barrile and Cone (1970) and Goepfert ~ !l. '(1970) studied 

the relationship between water activity and heat resistance of 
, -

" .. ' 
.' , 

-,' 



. . 

1 
'1 
i 

• 

"-

........ ~ ----...---~ ......... -_ .... : -_ .. .. _*_. _. _ .. _---, 

Salmonella; they found that the thermal resistance of ' 

Salmonella inoreased as the water acti'vity of the heating 

medium was reduced. 
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lt is a weIl k~own fact that freezing temperatures 

have germicidal properties; dold is not, however, an effeetive .. 
means of destroying bacteria in foods. R~peated freezing 

and thawing are much more destructive than pro1onqed storaqe 

at freezing temperature but these methods have net prcved to 
, , 

be successful in destroying microorganisme. Weiser et al. --
(1971) showed that Salmonella typhi ~ould be frozen in 1iquid 

air at -182 to -190°C for 20 hours without destroyinq the 

v~ability of these organisms,. If bacteria are frozen rapidly 

to temperatures below -35°C, ice crystals which forro within 

the cell, produce a lethal effect durinq defreezing. If 

1 cultures are dried ~ vacuo from the frozen state, by lyophil­

ization, the initial viability ls greatly enhanced. 

4. Destruction of microorganisms by ultrasonics 
~ , 

There are many reports in the literature on the 

application of,ultrasonic energy in the food industry for 

\ emulaification, bacterial destructi~n including sterilization 
1 

of liquid fo~ds and improvement of flavor or o~ur (Johnson, 

1974). considerable work hàs been done on the use of ultta­

sonic with dairy products, especially with milk. Beckwith and 

Weaver (1936) studied the èffects of ultrasonic -on the , ' 

\ 

destruction of bacteria in milk under various conditions. A 
~\, IJ, 

process for sterilizing-milk by u1trasonios has been patented 
, , 

1-
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recent1y in Britain (Brit. Pat. l, 17982, 1970) and U.S.S.R. 
. 

(USSR Pat. 438406,' 1974). H~~vecker, (1970) described the 

application of ultrasonics in certain areas of the fruit 

processing industry. f> Khadzhiiski (1970) used ultrasonics in 
i 

the wine industry to accelerate maturation and for steri!ization. 

Av~yan (1972, 1974} studied the continuous co1d steri1ization 

lof \dne by ultrasonics and by UV irradiation. It ia known that 

microorganisms differed markedly in tbeir sensitivity to 

ultrasonics. The most susceptible are gram-negative rods s,uch 

as Salmonella and ~, coli and among the most resistant are the 

Staphylococci. 

5. Destruction of Salmonella by r~iation 

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 (e1ectrons) are of 

~?re~t practical value for purpose ,of sterilization, because ,,~f 

their great ,penetrating power. Gamma-irr~diation produced by 

Cobal:t 60 has been applied to the destruction of Salmo,nella in 

foods and, 'other products which are especial1y damaged by 
r 

heat treatment (,IAE:A, Vienna, 1963-1973). Gamma irradi~tion has 

bee~sed successfully in bhe ~ocessing of meat, fish products, 

vegetab1es and SpiCesi mi1k and mi1k products, however, appeared 
~ 

to be extremely sensitive t~~ionizing irradiations as it is 
\ 

indicated.by the change~in flavor which are associated with 
. \:' 

the use df this type of ir~adiation. Corner et al. (1963~ and --
. \ 
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Lineweaver '(1966) used gamma irradiation ~or the pasteurization 

of e99 products. Grundewaid (1973) studied the use of g~a­

irradiation for the' control of pests in chocolate produc.ts. 

Organoleptic tests showed that chocolate coating wa~ much more 

s~nsitive to the irr~diation than was the filling material. 

The application Of cathode ray (electron beams or oeta ~adiation) 

has also been used for the stetilizati6n of dairy and other 

food products. Proctor et al. (1953) and Nickerson et al. 
'- -- ...... --. 

(1957) indicated that the ulse of cathode irradiation ia 

feasible to destroy ,salmonell~, especially ~. typhimurium and 

s. senftenberq in liquid, frozen,egg white and egg powder. 

b. Ultraviolet irradiation 
, 

The effects of UV irradiation on microorg,anisms have 

been studied extensively since the lethal action of sunlight 

on certain bacteria wes first demonstrated by Dowes and Blunt 

as early as 1877. Since the introduction of more efficient 

sources of germicid~l UV energy at 2537' A (Rentsch1er ~ ~., 

1941), numerous quantitative studies have been performed to ., 
'f 

estab1ish the relationship between wavelength, energy and 

type of organism th~t ,are affected by the radiatioi. Kelner­

(1~49), Setlow ~!!. (1963), and Howard-~landers (1968) have 

suggested that the main consequence of UV irradiation of 

microorganisms is the formation of a pyrimidine1dimer between 

adjacent thymines on, opposite strands of DNAi these changes 

are believed to be the cause of most of ~he lethal and mutaqenic 

effects. The killed state did not,n~cessary represent, however, 

1 . 
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irreversib1e destruction of viabi1ity. 
1 

The damaging efft:cts, 

by UV irradiation could be reversed in some strains of 

1 
bacteria by (1) photoreactivating enzyme whioh splits 

pyrimidine dimers, thus ,restoring the normal DNA structure , 

(Kelner, 1949~ Novick and Szilard, 1949; Wulff and Rupert, 
'~ 

1962) by (2) excision repair enzyme~ which ooeur in the dark 
\ 

subsequent Ito UV irradiation (Setlow and Carrier, 1964; Boyce 

and Howard-Flanders, 1964) and by (3) post-replioation , 
'" o(recombination), repair rnechanism, which is \the rnost reeent1y 

described and the least understood of the repair meehanisms 

(Rupp & Howard-F1anders, 1968), Excision repair appeared to 

be the primary cause of an enhanced resistance to UV irradiation 
, , \ 

by some strains of bacteria. The detailed studies on enzymatic, 

repair mechanisrns by UV irradiation have been reviewed by 
1 

Witkin (1969). 

Although it has been weIl established that the energy 

of UV ir~adiation is low and its pow~r of penetration is very 

poor, the possible app1ication~ of UV irradiation have been 

reported for contro11ing various pathog~n and spoilage micro­

organisms in drinking water (Huff ~ ~., 1965; Muller ~ !!., 
\ 

1972), milk (Supplee, 1'930; Burton,' 1951; Werner et al., 1972), --
eggs (Ijichi ~ ~., 1964), rneats and poultry (Reagan ~ .êl', 
19,73; Yndestad et al., 1972; Mudretsova-viss and Zavyalova,' - - " 
1975) and wine ( Avakyan, 1972 r 1974), Among the ~ny onher 

applications of UV irradiation are the l} treatment oÏ eider 
1 

to improve keeping quality, 2) treatment of map1e sap, " 

" 
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3) treatment of brines in chee se making to control growth of 

microorganisrns,04) control of,microorganisms in sugar refineries 
, , 

and cheese ripening roorns, and 5) control fungi and bacteria 

in cold storeroorns and in laboratories, particularly in the 
~ 

fermentation industries (Johnson, 1974). The primary applica-

tion of UV irradiation is in the control of~irborne infe~tion, 

where it is used for disinfecting enclosed areas, such as 

h6spital wards and operating rooms. Burton (1951) demonstrated 

that 99% of the bacteria in ~ilk could he destroyed by UV 
1 

irradiation but no commercialization of the process has bee~ 
f 

made, due to the poor keeping quality of the t~eated milk. 

Stoutz (1969) proposed a rnetho~ for the treatment of mi1k 

which invo1ved successive expos'ures of that milk to IR radiation 

(2 - 10 sec). An Australian patent (Aquitron Corp., 1969) 
1 

described a process for the steri1~zation of milk by u~ 

irradiation using UV permeable pipelines in which the mi1k i6 

exposed to UV continuously. 

Benesi (1956) and Oppenheimer et al. (1959) developed a 
"!- --

method in which thin films of fluids can be exposed to UV 

radiation; the process is nm'l used for the steri1ization of 

plasma and vaccines. Curran and Tamsma (1960) used the same 

technique for th.e sterilization of \\Thole milk but without 

complete success. Werner et al. (1972) described- a process --
for the steri1ization of milk in which very thin films oÎ mi1k ' , 

are exposed to UV irradiat~on; the exposed mi1k had a vitamin D 
- 1 

potency of 400 - 500 IU/l. 
" 

Ijichi et al. (1964) studied the --
• 1 

fi 

, . 
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effect of UV irradiation on the destruction of Salmonella in 
\ 

thin films of eg9 white (liqu!d). They'found'that UV 

irradiation (7.22 x 104 ergs/cm/sec) reduced Salmpnel1a 

(typhimurium -and senftenberg) ,by a factor of 106 ·to 10 7• 
l ' 

It has beeh shown that UV irradiation having wavelengtbs 

which are $~orter than 200 nm give.rise to ozone formation; 

ozone bas a pungent smel1 and a strong oXidizing action on fÎT 

the fats whicb are present in foodstuffs (Nilson, 1963). 

Weiser ~ al. (1971) noted that UV irradiation'can lead to 

the destruction of thiamine, ascorbic acid, ribof1avin, niacin, 

other vitamins, in addition to glu'tathione, many endogenous 

enzymes, and natural antioxidants in fats. ' 

) 

1 



1 
.~ 

~ ",' .,. 
~: 

" ~ 
~ 
~. 
1Ot~ 

1 " 
• 

~ ... 

• 

1 s .", 

MATERIALS AND METHODS 

I. Bacterial Strains 

The culture of S. eastbourne was supplied by Cornet 

Cnoco1ate Ltd., st. ,Hyacinthe, Quebec, Canada. Other serotypes, 

e.g. ~. alachua S-1041, ~. anatum S-5l5, ~. montevideo 75-1806, 

~. senftenberg 75-1450, ~. typhirnurium 75-17,94, ~. infantis 
"-, 

MCC-60S, and ~. tennessee MCC-62
f
l, were obtained from, the 

Health Protection Branch (Health and Welfare, Canada) and from 
) 

Macdonald Col1ege (Culture Collection Centre) '. 

II. Media 

Unless otherwise stated, the media constituents and 
\ 

other chemicals that'were used in these studies were of reaqent 

grade or were Difco products. 

~II. Maintenance of Cultures 

Stock cultures were stored at 4°C on tryptic soy aqar 

slants and were subcu1tured 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 a~d bri1li~nt'green 

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

again stored at 4°C • 

32 
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IV., Source of Chocolate 

A manufacturer of milk chocolate supplied the 

chocolate used in this study. It contained cocoa liquor 
1, 

33 

(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 (80-85%), sugar (10-15%) and cocoa powder 
, 1 

(3%). l ' 

V. Detection and Identification of Salmonella 

.. ,. Salmonella was detected in chocolate by the method 

outlined in the O.S. Food and Drug Administration's 

Bacteriological Analytical Manual (OIson, 1972).Larger samples 

(50 g) were used, however, instead of the 25 9 sample pre­

scribed in the manual; in addition 10 ml of pre-enrichrnent 

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

instead of 1 ml of preenrichment in 10 ml of enrichment broths. 

Presurnptive Salmonella cultures, based on the biochemical 
1 

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°C) 

in tryptic soy broth (500 ml) were h~rvested centrifugally and 

th en resuspended in sterile skim milk (20 ml) and lyophilized. 

The 'lyophilized cultures were dispersed (VirTis 45 mixer, 5000 
, . \ 

rpm) 5 min) in Salmone,lla free, molten milk chocolate (45°C) te> 

, '1 
,! , " 
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give viable counts of approximately 300 per plate. 

VII. Enumeration of Salmonella in Chocolate 

Three' separate samples (10 g or 100 g) of chocolate 

were blended (VirTis 45 mixer; 2000 rpm) for two minutes with 

reconstituted skim milk (10%) to give a final concentration of 

l gm of chocolate/ml. One ml of the blended sample was added 
t 

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

0.1 ml samples of appropriate dilutions were surface platad 

on brilliant green agar (3 different plates) using a sterile' 

bent glass-rod and a turntable spreader (FiSher). The plates 
J 

were incubated· at 35°C for 24 hours and the colonies we're / 

counted by'use of a Bacterial Colony Counter (Fisher Scientific 

Co., N.Y.). When the number of Salmonella was too low bo 

permit the use of the plating technique, viable Salmonelfâ 

was enurnerated by the'three tube Most probable Number (MPN) 

technique. 

/ 
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EXPERIMENTAL 

I. Detection and Identification of Salmonella in Chocolate 

1. Sensitivity of the methods (Ba~teri~logical Analytical 

Manuals and Direct Plating Count) for detection of 

Salmonella in chocolate 

It is generally accepted that the method for the 

deteation of Salmonella in foods, descri~ea in the Standard 

Bacteriological Analytical Manual (B~11 OlsonJl972) is slow, 

c,umbersome and expensive (Thatcher_~ Clark, ~968). It has 

been customarY·to specify 'that pathogen such as Salmonella 

should be absent from foods but the International Commission 

on Microbiol~gical 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 i8 not yet cornmercially possible to market sorne food 

without the risk of sorne pathogens being present. Any improve­

ment in the methods of deteètion of patho~ens, which,could 

help the manufacturer in assuring that his product and i ts 

ingredients are free of th~se organisms, would be highly 

desirable. The sensi ti vi ty of a method' is rarely knO\'In 
1 

precisely for a given food because" changes in the nature of the 

food or in its microbial ecology can modify the sensitivity of 

the method (Thatcher and Clark, 1968). 
1 = 

Experiments were performed to determine the level of 0 

,1) / 

Salmonella which could be detected by the standard BAM methods 

35 
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with certain changes (Figufe 2). 

viable S. eastbourne in peptone solution (0.1%) 

in chocolate (50 9; 45°C). The 50 g samp1e was 

of 

(VirTis 45; 2 min; 2000 rpm) in reconstituted $kim milk (10 9 
, 

skim rnilk powderj90 ml water/2 ml brilliant green solution) • 

Table 1 surnmarized the results of three separate experime~ts 
" ~ 

on the detection (BAN and direct plating rnethods) of Salmonella 

in an artificially contaminated chpcolate. Based on the 

results in Table l, it would appear that it is possible <to 

detect 20-30 Salmonella cel1s per 50 9 of ehocolate by the 
~ 

direct plate count technique. The ·lower level (2 - 3 cel1s) 

of Sa!monella was not detected by this method before pre-

enrichment growth for 24 hr, (stage 1). The results in Table 1 

also show that most S. eastbourne at the level of ab ove 2-3 -
cells could be detected by the modified BAM method after 

pre-enrichment g~owth in recons~ituted skim milk. The chocolate 

sample in experim~nt 3 was contaminated with Salmonella before 

~. eastbourne was incorporated into the chocolate; this was 

confirrned1by an independent laboratory. 

2. Identification of SaLmonella in milk choco1ate 

Fig. 3a and 3b showed the results of pre,umptive 

Salmonella detection before serological testing and Table 2 ~ 

surnmarized 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 
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Place' 50 g chocolate in 100 ml skim milk l and * ' ! i 

brilliant green mixture (soluti6n A). 

Stage 1 , Blend and inoculate tnto solutio~ A and incubate 

Stage 2 

, for 24 hrs at 35°C. ~ 

10 ml of the inoculated SOlutiory A was .added te 
90 ml of selenite cystine and tetrathionate brothsi 
incubate for 24 hrs at 35°C. 

1. " ..v 
Streak on selective differential plates (BG,SS,BS) 
and incubate for 24 hrs at 35°C. ~ 

~taqe 3 

* 

L 
Stab and streak on TSI and LIA plates and 

incubate for 24 hrs at 35°C. 

llmonell) poly • 0" 
If + IF -

Indiv~ual 0 ~isera poly C, 
o antisera D, É. F or G 

/ " If + If -
II( ~. 

H ant1gen ~1 

I~+ ' . ./ If -

" . lé , Heat 1 

retest wit~ 
individual 0 
antisera 

antiserum ". If - \ 

. ~ Salmonella 

10 q skim milk powder/90 ml water; 2 ml ~rilliant green 
solution waS added to the 98 ml of the reconstituted skim milk. 

L Figure 2. Schematic Representat10n of Analytical Metho~. 
~ ~ 
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Table l 

Deteotion of .Ê..! eastbourne in Artificially 
Contaminated Chocolate 

Stage of No. of cells contaminated/50 g chocolate 
Expt. Culture 

(see Fig.2) 0 2-3 20-30 

* 0 + 

Stage 1 +, + 
/ 1 ! . 

Stage 2 
, - + + 

Stage 3 + + 

* , o~ + 

Stage l + + 
2 

Stage 2 + + 

Stage 3 + + 

* 0 + + + 

Stage 1 + + + 
3 

Stage 2 + + + 

Stage 3 + + + 

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. 
+, - indicates pres'ence and absence of Salmonella • 

.1 

200-300 

+ 

+ 

+ 

+ 

+ 

+ 
1 

+ 

+ 

+ 

+ 

+ 

+ 
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Figurer 3a. Detection of Presumptive Salmonella on 
Selective DifferentiaI 'Plates; Brilliant 
Green (1), Bismuth Sulflte (2) and 
Salmonella-Shigella (3) 

Figure 3b. Detection of presumptive Salmonella on " 
Triple Sugar Iron (T,SI) Agars; Control (1), 

\, 'Yellow(acid) Slant with H2S (2), Yellow 
(acid) Slants \.,ithout H2S (3), and Red 
(alkaline) Slants withoüt H2S(4). 

1 \ 
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Table 2 

Ident~fication of Salmonella in M~k Chocolate 

by Cultural (BAM) and Serological Tests 

H antigen * Sam:Qlé antigen ,Group 0 Nurnber Specifie Nonspecific 

1 E· 1 3,10 z4' 
'\ 

z23 (1,7) 

2 Cl 6, 7 r 1,2 
l' 

3 Cl 6, 7 r 1,\,6 

4 Cl 6, 7 r 1,5 

5 Cl 6, 7 "1 r 1,7 

6 Cl 6, 7 r 1,5' 

7 Cl 6, 7 r 1,5 

8 B 4 1 5 r 1,5 

9 El 3,10 e,h 1,6 

10 . 3,10 e,h 1,2 E 1 

Il E'l. 3,10 eth 1,5 

12 E' 
1 

3,10 ~,h, 1,7 

r 
;.-

* Confirmed both by Spic~r-Edward Ii and flagella '1 

antisera ,tube test. 

"' 
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Identific-
ation 

S.adabraka 

S.virchow 

S.nigeria 

S.infantis 

S.colindale 

S.infantis 

S.infantis 

S.b;radford • 

S.anaturn 

S.vejle 

S.rnuenster 

S.nyborg 

H 

li 
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period of February, 1975-January, 1976. S. eastbourne, which -
caused a seriousrhUman infection in 1974, was not detected in 

the samples. 

3. Variability of direct plate count method 

Experiments were perforrned with peptone solution 

(0.1%) and chocolate containing S. eastbourne.to determine the 
1 -

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, 
1 

, , -
~repared in advance and dried for 18 hr at room temperature. 

A sample of Salmonella contaminated chocolate was prepared by 
q 

mixing freeze-drying 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 t?r 75 ml) for 2 min at 2000 rpm. The blended 

mixture (0.1 ml) was plated on each of five brilliant green 
, -

agar plates and the number of Salmonella cells were counted as 

described previously (p,ge 34). Table 3 lists the number of the 

analysis (5 replicates) of three samples of th~ peptone 
l ' 

suspension of Salmonella cells and three samples of the contam-

* inated chocolate. The Coefficient of Variation varied approx-

/' imately 3.2 to 8.2% for the pep'tone solution and 3.8 to 6.3% 

for the contaminated chocoiate. The selectivity of brilliant 

green agar decreased gradually as the prepared plate~ were stored 
1 

* II. C.V. = 5.0. x ioo, Amount Present 
.. 

'. 

\ 

, 
-. 

., 
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Table 3 

Variabi1ity qf Direct Plate Coun t Method for the 
,Determination-of Viable Count of ~. eastbourne 

in Peptone Solution and in Chocolate 

Rep1i-
' . a 

Count/P1ate Coun t/PUt teb 
cate 

Sample 1 Sample 2 Sample 3 Samp1e 1 Samp1e 

1 200 18.2 139 -255 542 

2 221 1S'a 142/ 245 510 

3 203 190 120 289 492 

4 Q194 199. 120 256 532 

5 203 190 126 263 510 
~ 

f1ean 204 190 129 262 517 
l 

S.D 10.1 6.1 10.5 16.6 19.8 

a Plates prepared by using 0.1 ml'of peptone solution 
containing ~. eastbourne. 

2{ 
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Samp1e 

496 

498 

445 

449 

463 

470 
.... 

25.3 

b Plates prepared ~y using 0.1 ml of reconstituted skim mi1k 
containing ~. eastbourne contaminated chocolate. 

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

24 hrs when they were stored at roomltemperature and within . 
! 

seven days when they were stored at 5°C as suqgested by Thatcher 

and Clark (1968). 

II. The Destruc~ion of Salmonella by Heat 

1 • The 'de~truction of~. easthourne in milk chocolate stored , 

BI . _.ua LiS 2 LiU:S 'LAME _L zuta. l:z;:tac:::ss _ • L5 J_, 

3 

, ;; 
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The effect of long term storage (room ternperature) 

on the destruction of Salmonella in chocolate was studied by 

Barrile ~!!. (197~, Rieschel ~nd Schenkel (1971), Dockstader 

and Gromes (1971) and Tamminga ~~. (1976). In general, the 

authors agree that theOinitial population of Salmonella 

decreases gradually as the length of the storage period 

i~creases but that\Salmonella is likely tOI survive for long 

.periods of tirne in chocolate stored at room temperatura, in ' 
~ 

spite of the low water activity (~) of the chocolate. 

EXperiments ware performed to investigate the fate of ~. 

èastbourne in rnilk chocolate during refrigerated storage at 

5°C. Tempered chocolate (lO g) was inoculated with ~. eastbourne 

suspension (0.1 ml; 3.5 x 107 cel1s) in sterile petri-dish 
\ 

(35 x lO'mm) and were stored at SoC. Nurnber of survivors w~s 

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 l~s of viable ~. eastbourne,was 

~egligible dur~ng the first two days of storaqe but counts 

were ~~ced to approximately 1 log cycle during the six day 
, 

storage period: The \reduction in viable ~. e~s>hoûr~~ during 

-----------12.rn6nths was- approximately 2 log~~~ 
. ---------- .-

2. The destruction o~~stbourne in sucrose 

solution (54%) at 57°C . \ 

It is generally recognizèd" that the heat resistance of 

~nella in aqueous suspen~ions can be enhanced 9re~t~y by 

the addition of sucrose which results in the reduction of water 
1 

~\ 

1 
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Table 4 
'" 

The Destruction of ~. eastbournè in Milk Chocolate 
- Stored at 5°C 

Storage(days) Number/g % kil1 
J 

0 5.8 x'105 0 

2 ~ 5.2 x 105 10 

4 l.6x 105 73 

6 2.6 x 10 4 96 

8 2.6 x 10 4 . 96 

10 2.8 x 10 4 95 

180 9.8 x 103 98 

360 7.8 x 10 3 
99 / 

• 

activ~ty (Goepfert et al. r, 1970; Gibson, 1973; Corry, 1974). --
As milk chocolate has"a high content of sucrose (44-54%), it 

was dee~ed important to investiqate the effect of this 

'Compound on the heat resistance of Sialmonella. A cell 

suspension (0.5 ml; 0.1% peptone solution; 0.0 = 0.09, 660 nm) 

was added to a suctose solution (4.5 ml; 60%) contained in a 

capped test tube (150 x 15 mm). The sucrase solution had 
\ 

been previ'ously heated to 57°C. During the heating period, 
1 

samples (0.5 ml) were withdrawn and were added to 4.5 ml of 

diluent. Suitable dilutions were made and the solutions (0.1 

ml} werersurface plated on dûplicate plate~of b~illiant green 
j 
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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 complete1y S. eastbourne ce Ils in a suspension 
, B 

containing 1.4 x 10 cells/ml. The Decimal Red~ction Time 

(D Value), which is the heating time required to kil1 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 '(Goepf~rt ~ ~., 1970~ 

indicate that ~. eastbourne is on~ ,of the most sensitive groups 

that have been studied. To check this point,' seven strains 

of Salmonella were testea for heat resistance 'using similar 

cell suspensions (54% sucrose solution). The log 10 of the 
/' 

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

Table 5 f 

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

Temp (min) Number/ml % kill D Value(rnirt) 

0 1.4 x 108 0.00 

5 2.,0 x ld7 85,70 6.B 

10 2.8 x 106 98.00 

105 
\ 

15 3.3 x 99.80 6.5 

20 5.5 x 104 99.96 

25 1.3 x 104 99.98 7.4 

30 2.3 x 103 99.99 

35 0 100.00 Ave • 6.9 

.. 

1 

t -' • __ n-."8 •. ..! -~",~E::;:;;QJiiIA<i':~JJG;~&~~~"\ .. f;: , III.· . 



" , 

• 

---~.-_----_. ----
46 

survivor curves were extrapolated to obtain the 0 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 respective1y. ~. alachua, ê. typhimurium, ~. 

montevideo, and~. tennessee had D valu~s which were inter­

mediate between that of the sensitive group (~. eastbourne; 

~. infantis) and the resistant ~. senftenberg. ~. senftenberg 

was shown to be by far the most resistant and this is in agree-

ment with the results reported in th~ literature. Although 

,S. anatum is generally"re-garded as being heat resistant, in 

our ·laboratory, howevert it was shown to be fairly heat sensitive 

(0 value; 6.7). On the other hand, ~. anatum was not completely, 

killed after 60 min at 57°C and it seerned to multiply in 54% 

sucrose containing trace amounts,of peptone broth,after an 

incubation pe~iod of 70 min at 57°C (Table 6). The recoveries 

Table 6 

The Destruction of S. anatum by Heating (57°C) in Sucrose 
- Solution (54%) 

Time B.G a9:ar Tr,Ptic soy agar 
Number/ml % kill Numb'erml % kill 

0 1.7xl06 0 S.OxlO7 0 

10 2.3x1O 5 98.7 9.0xlO 5 98.2 

20 1. 3xlO 4 99.7 3.5x104 99.4 

30 3.8xlO4 99.9-S S.lx103 99.99 

40 4.6xlO 2 99.999 9.9x102 99.998 

50 1.6x10 2 99.9991 
' 2 
3.lxlO 99.9995 

60 9.0x101 99.9995 1.5x10~ 9~9997 

70 1.9xl03 99.89 
' 2 

8.8x10 99.998 

.. 

n 77''' •• 
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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. anaturn were à1so different when the treated organism 

was incubated in two different media, e.g. bri1liant green 
1 • 

agar and trypt~c soy agar. ~. eastbourne did not exhibit this 

difference i~ recoveribg in the two media. 

3. The destruction of ~. eastbourne, ~. senftenberg and 
. 
S. typhimuri~ in milk chocolate heated at 7loC 

Earlier investigations indicated that several Salmonella 
, 

strains, such as ~. anatum, ~. senftenber~ and\~. typhimurium 

are extremely difficult to destroy in milk chocolate; this 
1 

suggested that chocolate exerted a protective action against 

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

1968; Barrile and Cone, 1970, Barrile ~ ~., 1970; Rieschel 

and Schenkel,' 1971). Tarnminga ~~. (1976) assumed that [. 
1 

eastbourne could have higher D value than most ether serotypes 

of Salmonella, although they did not observe the heat resist-

ance of ~. eastbourne in milk chocolate. To check ~his point, 

10 mg of lyophilized cells (~. eastbournej ~. senftenber~; 

S. 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 w~re withdrawn at various time intervals and the number 

of cells that survived was determined both by direct pla~count 
. 

and most probable number technique as described previously 

(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. 

't 
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Time 
(hrs) 

s. eastbpurne s. senftenberg ~ typhimurium 

o 

2 

4 

6 

8 

10 

12 

24 

a No./g 

4.4xl04 

1. 2xl0 4 

3 6. 9xlO . 

1.7xl03 
! 

'S.7xl0 2 

2.6xl0 2 

9.0xl01 

o 

D value(hr) 

% kill 

o 

72.7 

84.3 

96.1 

98.1 

99.4 

99.8 

100.0 

4.5 

No./g 

1.4xl04 

3.7xl03 

" 3 
2.4xlO 

2 
6.2xlO 

2 
3.0xlO 

1 
8.0xlO 

o 

o 

----' 

% kil}, 

o 

73.6 

82.9 

95.6 

97.9 

99.4 

100.0 

100.0 

4.6 

No./g 

5.0xl04 

2.5xl04 

1. Oxl0 4 

6.0xl0 3 

3.0xl0 3 

1.2xl0 3 

a.Oxl02 

NTb 

--

% kill 

o 

50.0 

80.0 

88.0 

98.6 

99.4 

6.6 

a Viable counts based on direct plate count for 0 to 10 hrs ' 

and MPN value for 12 and 24 hrs. 

b r 

Nob tested. 

~. eastbourne was 4.5 hr, which is very close to the D value 

(4.6 hr) of S. senftenberg. lt will be noted that a heat treat--
ment ~f 12 hours at 71°C was required to kill completely ~. 

senftenber~ cells (1.4 x 10 4 cells/g) dispersed~in milk choco1at~. 
~ \ 

s. ea'Stbourne cells in the chocolate (4.4 x 10 4 cells/g) were 

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

1 
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(D value; 6.6 hr) was more resistant than ~. senftenberg. 

1 

III. The destruction of Salmone+la by Ultrasonics ~ 

1. The destruction of ~. eastbourne and ~. anatum in 

peptone solution ="{O .1%) and in nlilk chocolate 1 

There are many reports in the literature on the 
- .1 

1 

destruction of microorganipms inc1uding sterilization of 

50 

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

Pat. l, 17982, 1970; U.S.S.R. Pat. 438406, 1974), and wine 

(Avakyan, 1972 and 1974) by u1trasonics. A new ultrasonic 

conching process has recently been deve10ped where ultrasonics 

are used to develop a certain motion in the chocolate (Lees 

and Jackson, 1973). In a preliminary experiment desiqned to 

study the destruction of Salmonella in agueous suspension by 

ultrasonics, a suspension of Salmonella cells (50 ml; 00 = 0;09, 

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

periods of time (2 - 30 min) 'to ultrasonic·vibration (Braun­

sonic 1510; 100 watt; Braunsonic, N.J., U.S.A.). The result' 

'in Table B showed 'that 99.7 to 99.99% of the cells were destroyed 

after-lO 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 suspension during 

the ~ltrasonic treatment. The experirnent was repeated in a 

suspension of Salmonella (25 ml; SOC) using a p.robe before and 

! 

." 
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Table 8 

The Destruction of ~. eastbourn~ and S. anatum in peptone 

Solution (0.1%; 50 ml) by Ultrasonicsa , 

a Braunsonic ultrasonic generator, model 1510; 100 watt; 

Braunsonic, N.J., U.S.A. 

~ Direct plate count method as described on page 34. 
1 

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

(0.5 çm) of silicon polymer. The result in Table 9 showed tha~ 
1 

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

hefore the end of the probe had been covered with silicon but 

fOnly 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 rprn; 10 min) of S. east-- -
bourne cells in milk chocolate and the end of the probe which 

w'as not ,covered wi~h silicon. Table 10 shows that only about 

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



• 

Table 9 

The Destruction of ~. eastbourne in peptone Solution 
(0.1%; 25 ml) by ultras.onicsa 

52 

Time (min) 
\ 

probe without silicon Prpbe-with siliconb 

o 

2 

4 

6 

8 

10 

Number/ml 

8.3xl0 7 

3.0xl06 

7.lxl05 

1.lxI04 , 

1.lxl03 

'2.0xl02 

a '. Braunson1c 1510 (250 watt). 

% kill 

o 

99.64 
.' 

99.87 

99.99 

99.999 

99.9999 

Number/ml 

. :" 7 
4 •. 6xlO 

3.9xl07 

1.2xl07 

G.8xl0 6 

S.Sxl0 6 

4.7xl0 6 

% kill 

o 

15 

74 

8~ 

89 

90 

b End of probe was covered with a layer (0.5 cm) of silicon 

polymer. 

* 

Table 10 

The Destruction of S. eastbourne in Milk Chocolate 
- *, 

" by Ultrasonics 

CI 

Time {min} Number/g of chocolate 

0 1.9xlOS 

10 1.4xl05 

20 9.0xl0 4 

30 5.-0xl04 

Braunsonic 1510(100 watt; 42°C) 

, , 

% kill 

0 

26 

53 

74 
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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 

exposed to the ultrasoni-c- treatmEi!nt. 1 
IV. The Destruction of Salmonella by UV Irradiation , 

1 • 

1. prelïminary experi~ents 

Thin disks--{ta. ~1 mm) of milk chocolate ~re prepared 

by use of a hand microtome. The disks were p1aced over Sa1mon-. . 
el1a deposited on tryptic say agar'plates. The plates were 

\ 

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

gerrnicida1 lamp with reflector (GIS TB, 15 watt, Geheral Electric, 

U.S.A.). The larop was placed ~t a distance of 18 cm from the 

agar plate; this gave an intensity of approximately 12xl0 3 

erg/crn2/sec. The UV irradiated and nonirradiated plates w~re 

then incubated (35°C) for 24 hrs. An inspection of 'the plates 

(~. 5) indicated thatS. eastbourne ce Ils on the agar surface .... 
were complete1y destroyed by 5 min exposure to UV irradiation 

1 at room temperature. No detectable destruction of S. eastbourne 
--\ 

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

thin layer of the chocolate. 

previous workers have shown that UV irradiation can 

destroy microorganisms in buffered ce11 suspension, water (Huff 

et al., 1965; Mu1~er et al., 1972), milk (Werner et al., 1972), ------ _ ...... - ...... -
wine (Avakyan, i972 a~"1974), e9g white and whole egg' (IJichi 

, ' , , 

et al., 1964), and plasma (Oppenheimer et al., 1959). Prior to 
.- ........ " ---
an investigation of the penetration of UV irradiation into a 

• 1 

\ 

", .. _---------------
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J. 
chocolate film, exper~ments were performed te find the effic-

iency of killing in peptone solution (0.1%).~ Different 
. 

volumes (0.45, 0.9, 1.8 ml) of a suspension (0.1% peptone 
• 

solution;' OD = 0.09 at 660.nm} of~. eastbourne cells were 

placed'on petri-dishes (35 x 10 mm); this gave layers of liquip 
/, 

of 0.5, 1.0 and 2.0 mm in thickness. These thin layera of 

cell ~usre~sion were expoaed to UV irradiation (12 x' 10 3 

erg/cm2/~ec, m~sured by Black-R:y uv meter, UV Products, Inc., 1 

Nodel No. J225, San Gabriel, ,Calif.). Samples of the appropriate 

dilutions of the UV irradiated suspensions were plat~d Oh 
'\ , \ 

brilliant green agar and the number of colonies were counted 

af~er an incubation (35°C) period of 24 hrs. 
" o 

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 ,.,as more pronounced in the 0.5 mm 

layer and survivors ~ere virtually negligible after 3 - 4 min 

to, the UV irradiation. No survivors were detected in any of 

the fi1m~ (0.5, 1.0 and 2.0 mm) after a 5 min expos~re to the 

-UV irradiation by the direct pla~e count teChnique. 
4 

1 2. uv penetration of chocolate films 
~ f 

The apparatus"which wa~Vconstruc~ed for studying UV 
o 

penetration of thin layers of cho~olate, consisted of steel 

disks' {3-!" diam. x 1" thickness1 which had circular depressions 

" + 1 l '" 

weIl that permits the precise , 
o • 

of 'the Chocola1;e 1,aye,YThe steel 

(0.1 mm, 0.5 mm, 1.0 mm depth x 1.89 11 ~:idth) and a thermometer " C" meas uremen t of the tempera ture., 
~ 

block IwaS{lheated to the 
... 
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4. 
desired temperatur~ {45° C) by means of an electric heater 

(Corning, U.S.A.) and then portions (0.1 ml) Of~. eastbourne 

suspensions (24 h~ culture, 0.09 00 at 660 nm) in peptone 
" 1 

solution (O.li) were dried at the bottom of the depression of 

the steel disk (Fig. 7a). 
, . 

A chocolate layer was placed over the thin layer of 

cells and the exaese was removed by means of a microtome knife 

(No. 7120-E Blade Handle, Scientific Apparatus, A.H. Thomas 
"-

Co., Pa., U. S. A.). n Th~chocolate layer was then exposed to 

Uv irradiation. At the end of the exposure period, 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 was adjust~d 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 at 2000 

rpm (Fiq. 7b). Portions (O.l ml) of the blended sample were 

surface plated immediately on brilliant green agar plates 
1 

which werrthen incubated at 35°C for 24 hr~. Survivors of 

Salmonell were cou~te~ by means of Bacterial Colony 'Counter 

(Fisher Scientific Co.). Both the irradiated and nonirradiated 

control sample~ were subjected to the same procedure. The 

experiment was performed in a room which was illuminated with 

yellow light (G.E. Go Id' fluorescent bulbs). Table 12 summar-
t 

ized the results of this study. It will be noted tha}~. 

eastbourne cells, which were coveFed wi th an 0.1 mm layer of 

~-"~----~---~---------------------

, " ,:-' :. 
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Figure 7a. 

/ 

Apparatus for $tudies on Penetration of 
UV into Chocolate; a Chocolate Layer on 
a circular Derression (0.1 Irim depth x 1. 89" 
width), of the Steel Disk (3.5" diam. x 1" 
thickness) • 

1 . 

Figure 7b. ,A B1ended Mixture of Chocolate and 
Reconsti tuted Skim Milk' (B. G.) in VirTis' 
Ho~ogenizer before salmonella Ana1ysis. 
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chocolate, were completely destroyed after 1.5 min exposure 

to jUV irradiation (lOxl03erg/crn2/sec) at 45C (Fig. 8). Ten 

min were required to kill 75% of the cells Ylhen the chocolate 

film was 0.5 mm and no detectable destruction \'las noted when 

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

repor,ted~ in Table 12 '-1hich were obtained by the direct plate 

count rnèthod indicated, it was reasonable to assume that sur-

vivors fewer than 20 per 100 ml may not be detected by direct plat­

ing technique because of inher~nt error in the relatively small 

size of plating. Physiologically inactive cells may also not 

be directly recovered on selective brilliant green agar. 

Therefore, more detail studies were made on tme effect of pre-

enrichment. and enrichment growth on the survival of S. east-

bourne both by direct plate count and rnost probable 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 chocolate and cells, which was removed 
• 

from the steel disk by means of brilliant green skim ~ilk, was 

subjected to a preenrichment and enrichment growth; portions 

(0.1 ml) of blended mixture were surface plated on triplicate 

brilliant green agar ~~es and each of blended mixture (10 ml) 

in test tubes (150 x 15 mm) were then incubated~at 35C for 

24 hrs. The number of colonies on br~lliant green agar was 

counted after 24 hrs at 35C and portions (l.ml) of a preenrich-

.' ment culture, which had not shown growth at 35 C for 24 hrs, 
" 
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Figure 8. The Destruction of S. eastbourne in 
an ,0.1 mm Layer of Cnocola te by UV 
Irradiation. 

1. Colonies of S. eastbourne pn , 
Brilliant Grëen 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'~reen Agar 
in t~e UV Treated Mixture. 
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Table 12 

,The Effect of Chocolate; Thickness on Destruction 
of ~. eastbourne by UV Irradiation. /, 

ExpO$ure 0.1 mm \0.5 mm .. 1.0 mm 

tim~ * , (min No/ml % kill No/ml % kill No/ml % kill 

0 , 1. 9xlô 5 Q 9.2xlO 4 
0 1.5xlO5 a 

4 4 
0 

' 5 
0.5 • 4.6xlO ·76 9.lxlO 1.7xlO a 

7.0x10 3 4 
0 1: 5xlO S 

1.0 97 9.3xlO 0 

1.5 a 100 9.6xlO 4 
0 1.6xlO5 0 

2 0 100 1.1xlQ5 0° 1.7°xlOS a 

4 0 1 100 7.4xlO 4 20 1. 7xlO5 0 

4 26 1.6xlO5 0 6 a 100 6. BxlO 

8 a 100 2.0xlO 4 78 

10 0 100 2'.3xI0 4 0'75 
• J 5 
1.5xlO 0 

~ 

Ir 
Mean number of survivors recdvered on duplicate B.G. 
agar by direct plate count method as delcribed·on page 34. 

~ / ' 
Table 13 

The Eff~ct of Enrichment' Growth on the Survival of 
s. eastbourne after UV Irradiation -

Exposure time(min) count/mla MPN/mlb % kill 

, 
\ 

\/0 
2 

4 

6 

8 

10 
o 

6 .5xlO 5 

1.4xlO 4 

1.OxlO 4 

Negative, 

" 
Il 

0.23 

0.15 

0.01 

o . 
97.8 

98.5 

>99 t 9,?9j \ 

>99.999 c 

'>99.999 

o • 

1 
,1 

," 

" 
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li 

) 

a Viable numbers of survivors on triplicate brilliant green 
agar by direct plate count. 

b 1 

Survivors estimated by MPN technique using selenite cystine 
broth and plating B.G agar. 
3 positives(3,O,0) reported -as 23 per 100 ml. 
2 positives(2,1,0) reported as 15 per 100 ml., etc. 

" 
C Based on the original "tell nurnber (6. 5x105cells/ml)' by 

direct plate count method. 

were reincubated'in selenite cystine broth for MPN determin-

ation. The resu1ts in Table 13 show that S. eastbourne 

cells (6.Sxl05cells/ml) under an 0.,1 mm film of chocolate were 

not detected 'by dir~ct plating ,technique after 6 min ~~rsure 

to UV irradilation but approximately O. OOl~ fraction waal} 

recovered after the treated sample was subjected to a pre-

enrichment and enrichment cultivation. 

3. Th~ffect of cel1 population on the destruction 

of Salmonella by uv irradiation 

~ seiies of'experiments were pèrforrned to .investigate 

sorne of the factors which might affect, the efficiency of 

destruction of Salmonella by UV irradiation. In preliminari 

experiments, the effects of age and~umidity orthe celle on the 

sensitivity of Salmonella to UV irradiation were investigated. 

UV irradiation of ~. eastbourne cells which were at different 

stage of growth (generation time: 30 min) in try·ptic soy broth, 
• v 

indiéated that the atationary phase o!L§.. eastboùfne is more 

rèsistant than that of'" the log phase •. This.(''is in agreement with 
• 1 

the reports of other workers 
, 1 

in~y experiment also showed 

(~entschler et al., 1941). prelim---
\bat dry cells are extremely 

. ..... , 
~ , " 

1 

" " 

t 
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resistant to UV irradiation. The ~esistance of S. eastbourne 

crlls to the irradiation was found, however, 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 destrJ,1c.tion by uv irradiation. 

sampfes (0.1 m~) of ~. eastbourne culture which had 

been incubated for lB hrs (OD = 0.9) and 24 hrs (OD = 1.3) 
(> 

were plated on b~illiant green aqar plates after seriaI dilu-

tions and were ~en ~xposed (la to 120 sec; 12 x 103erg/cm2/sec) 
'\ ' 

to uv irradiation at room temperature. The exposed plates) 

were( then incubated (35°C) for 24 hrs and the number of 

survi vors was ascertained by direct plate count method as· 
( • ""p, '" -

described on page 34. Table 14 illustratés that ~. eastbourne 

cells on the agar plates are in general destroyed rapidly by 

UV irradiation *hen the concentration of cells was net too 

high. The r~sults also show t~at the resistance of cell to 

uv irradiation depends on the age of he cells. For example, 
u 

wh en 'the cell density was 2.0xl06cells ml('18 hrs growth~ ,; 

OD = 0.9), the~estruction was completed On the other hand, 

when the cell density was 1.4xl06cells/ml in a somewhat older 
"""1 

culture ~241U-s growth; OD = 1.3), complete ?estruction \'las not 

achieved under the same conqition of irradiation. 
, 

~urther'experiménts were carried out in which Salmonella 
~ 

cells, which were beneath an 0.1 l1liTl layer of chocolate, were 

expos'ed to uJ irradiation. Number'" 'Of survivors was determined 
• ~ . 

by direct plate count methoâ as described previously. 
.. 
The 

1 

" \ -J 
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Table 14 
• 

The Effect of Cell Populafion' on the Destruction 
of S" eastbourne. by UV Irradiation 

, Number/ml ;fter UV; treat~enta 
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Bacterial 
Dilution O' 

b 60 seo 90 sech 120 secb .. 
Expt. l 

') 

.0 0 1.4xl09 

10-1 1.4xl0 8 

Expt. II 

ad 

10-1 ' 
l , 

o 

2.0xlO B 
~, 

2.0x10 7 

2 t" \' 6 
10 -, 2 • 0 x:1o 

10:-3 

10-4 

10-5 

~lO-:-6 
i' 

, . 

*** 

*** 

*** 1[ 

'" , 

t? . 2 
~.Sxla 

o 

o 

.0 

o 

3 0 

; J 
f 

~Oxlo4 Q S.Oxl0 3 3.0x102 

1.0xlP~ a.OxlO l 0 

3.0X10 l 2. OxlO l -0 

o 

0·+ 

0, 

• 0 .. 

o 

O· 

o 

o 

o 
, 0 

o 

o 

1.5xl02 

o 

o 

o 
o 

o 

3.5xl02 . 
2 -

1.OxlO 

2 1.3xlO 
1 l , 

r 0 

o 

o 

o 

o 
", 

, , 

o 

o 
1 

0' 

o 

o 

o • 

. , 

7.0~101- S.OX10 l 

j 
o (} 
o '\ 

o 

o 

o 

0' 
, ( 

o 

o 

o , 

0.... ""1 

'0 

a,' 3' 2' . I~bens~ty of l2xlO erg/cm Isee at room temperature. , .':, ~ 

b ,eriodtof uv ·tre~tment. \ 
• ""\ .1 

C 0 .1' ~.1, pO~~i9~S Ç,f .!!: E!~stbourne ~ul,ture in tryptic ~oy broth 
~'~4 hrs ~ncubation; 00 = 1.3 at 660 nt;l> \pl'qted on B.G aqar. 

d . • .\ ~ , 
O. l ml portiol\s o.f· S. eastbourne in trrpJ:ie s~y' brotp (1J3 hrs 

l' 'inoubation; 00 == 0.'9' a€ 660 nm) \ plated or ~.'G, aqar. 

" , " , ... . t .. \' " 
, , . 

1 

.... ,) . 
~~--~. . ,. 

• 

- " 

1 •• ' 

1 

'" 

.' 
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Massive growth. 
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~lightly reduced growth 
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* II" Actual growth and other numbers at control estimated .... 

results'in Table 15 indicate that S. eastbourne cells at a -
concentr~tion of 2.2xl0 5 cells/ml or less in both experiments 

were not detected after the chocolate layer and underlying 
• 

?ells had been irradiated for 5 min. When the cell density, 

however, was 4.lxl0 5 cells/ml, the destruction unàe! the given 
1 ) 

set of conditions was 9~.3%. 

4. The effect of UV'irradiation on photoreactivation or' 

excision repair of ~. eastbo~ne and ~. tyehimurium 
" , 

,/ 
It has 'been estabIi.Shed)that the damagiÏ1ÇJ ~ffects by 

uv irradiati~n can be re~rsed ,in sorne strains of ~acteria by 

enzymatic repair mechanisms such a\~ photoreactlvation (Kelner, 
\ '1 ' 

1949; Wü1ff arid Rupert, 1962)" exci~ion repair (Setlowand 

c~rrie~, 1964) and Post~plication (Rupp and Howard-Flandera, 
r 

. '~968). 

Experi~nts were performed to investigate the photo­

rè'actila:'tion and exci'aibn' repair 'of two serotypes of saÜl\~nella 
after UV irradiatipn. # The experiment was ,carried out under .. .' 
white light, yellow light and in the dark; these conditions , . . 
were the, same as 5ingh (1975) in sim~lar ~xperiments. Samples 

• 
" , 

(0.5 ml) of cea.l suspensions (O.l%,peptone solution; OD = 0.09 at ~ 

660 nrn) of S. eastbourne and ~'. t~phimurium were exposed to UV 
, l \ . ,~ 

'. 

, , ,p 

, 1 

CI 

'. -l' .. c , 
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Tfte Effect of the Cells (S. eastbourne) under an O.~mm 
Layer of Chocolate on the Efficiency' 

of Destruction by VV 
"~- J 

67 

, '\ Number Iml b 
Absorbance of ~.~~--------------~~~~-~~-----------------
Cell Culturea Nonirradiated Irradiated % leill 

Expt. l 

0.13 
~ 5 ~ 

1.7xlO . cr 100 

0 .. 09 J.SxlO 4 0 100 ., . \ 

o. os. ~t 
'JI 

1.'Sxl04 , 0 100 ." i 
'* 

0.01 0 0 0 

Expt. II 
f 

0.13 4.lxlOS, 3. OXl~3 "9.3 

0.09 2.2x105 0 100·' 

" 0.05 100 
v 4 2.0xIO. 0 

, -. 
0.01 0 0 0 

a Absorbance me~ured at 660 nm 

b Based on direct plate count technique. 

irradiation . <19xlo~erg/cm 2/sec ) for '-30 to 120 sec in steFile 
f 

petri-dishes (35xlO mm). After the uV treatrnent, :the samples 
1 

(O.l'ml) w.ere removed and diluted in pe~tone sol~t:ion (0.1%). 
t 

Samples (O.l ml) of appropriate dilutions wer.e spread on the 

surfacel of brilliant green agar plates. The plates were 
\ 

incubated at 35°C for 24 hrs and the colonies were counted; 
" ~ 

the mean of th7ee replidates was us~d to calculate t~e number of ,. 

tJ 

) 

.' 

.& 
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..... 
cells that survived. The results in Table 16 showed that no\ 

striking differences were observed in the recovery of S • . -
eastbourne and~. typhimurium cells ~hich were ~xposed to UV 

and then incubated in yellow and white light. S. eastbourne -
cells, however, showed sorne photorecovery in d~rkness after 120 

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

A pronounced tailing effect was observed in both types~~,cel~s 

,- under all conditions after 30 sec exposuré ta UV irradiation. 

Another experiment was performed in Igiven conditions on 

excision repair and tailing effect exhibited by"~., eastbourne . -
cell suspensions. Samples of ~ppropriate dilution of S. 

eastbourne celt suspensions were surface plated on bri114ant 

green agar and the plates were subjected to UV irradfation 
3 2 ' 

(12xlO erg/cm Isee) for 2 to 10 sec. 

" o 

Table 17 showed that the tai~ing efféct o~ repair 

mecHanism, which wa~ observed wi~h the cell suspension~ (O~l%) 

peptone solution),_was 'hot obse~ved wlth the irradiated agar 

plates. uv survival data of S. eastbourne on the surface of -
the agar'was exponential, showing one hit mechanism. No 

definite conclusions can be drawn from the results of these 
1 

experiments. 
1 

An additiona1 experiment was carried out to investigate 

possible photoreactivation and excision repaire Portions (0.1 
1 

ml) of S. eastbourne suspensions (24 hra culture, OD = 0.09 at -
660 'nm) in pep~one solution (0.1%) 'were dried (45~C) at the 

bottom of the depression of the st~el disk. b chocol~te layer 

c _ 
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Table 16 
UV Irradiation on photoreactivation or Excision 
of ~: eastbourne and.~. typhirnuriurn 

1n Peptone Solut1on 
,::,. 

Darkness c (No/rnl) 
Exposure 
tirne (sec) ~.east. ,2.. typhl. §. east. §.tYEnl. .§. east • .[. §pni. 

o 1.1xlO 7 9. 7xlO 7 1.lXlO S 9.7xl07 1,lxI08 9. 7xlO 7 --

\ 30 

60 ' 

90 

120 

, 
3 ./4 

9.0xlO 1.lxlO 
3 3.6x10 

2.lxl0 3 

"- 3 
4. 8~clO 

6 .1x10 3 

2.Sxl0 3 

1,lxl02 

4 • 4 1.7xlO 1. 5xlO 4 1 4 1.2XIO 1. lxlO 
3 , 3 2.0x10 9.5xlO 4.6xl0 3 8.9x10 3 

; 3 3 
2.9xlO 4. 7xlO 5.3xlO3 5.2x10 3 

3 2 2. 3xIO 5. 4xlO 1. 2xlO4 2.8xlO 3 

a G.E. gold fluorescent bulbs and 25 watt yellôw ligh,t bulbs 
which do not ernit a~ wavelength below 540 nm. 

b 50 watt ordinary white light bulbs. 
c 50 watt light bulbs wrapped in bla'ck clotch~ 

Table 17 
~ 

The Effect of UV Irradiation on Photoreactivation or Excisiori 
Repair of S. eastbourne on the Surface of 

-Bril1iant Green Agar 

Exposure Yel White Dark 
timea{sec) 

countb % Survivor çount % Survivor Count % Survivor 
1 

0 580 100 580 100 580 100 , 

~ 47 7.2 56 9.7 \11 40 6.9 

4 2 oJ:3"' 3 0.5 1:. 0.2 

6' a 0 a 0 a 0 

8 0 0 0 0, 0 ,0 

la 0 a a a 0 1 ] 0 

li 

a Intens~ty of.12xI03erg/crn2sec • 

b 
1 

Hean number of co;tonies recove~e(i on three replicate' 
brilliant green agar Flates. ' , . . .. 

q.. 

" 

, , 

f 
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" was placed over the thin layer of cells and the exces~ was 
, 

removed by means of a microtome knife. The chocolate layer 

was then exposed to UV irradiation under different illumination 

conditions. Number of survivors was recovered on three replicate 

B.G agar as described in previous method (page ,34) under the 

condition of yel1ow, white and dark. The results in Table 18 
, 

showed that there were no observable differences in the 

ré~overy of UV exposed cells under the layer (0.1 mm) of 

chocolate which were incubated under the conditions of yeliow, 
1 

white and darkness. 

In order ta ensure that the destructio~ of Salmd~ella 

on the agar surface is due sole1y to UV' irradiation or the 

production of inhi~itor, bril1iant green agar plates were 

irradiated before ~. eastbourne cells were placed on the plates. 

Portions (0.1 ml) of S. eastbourne suspensions (24 hrs culture; 
o 

aD = 0.09 at 660 nm} in peptone solution (0.1%) after seriaI 

dilutions weré surface p1ated on bril'liant greeh agar. Nurnber 

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

Table 19 sho.wed that there w~ no difference in the assay of 
1 

- S. eastbourne cells on pre-irradiated and nonirradiated plates ~ . ,~/ ---which indicate that s. eastbourne destruction on the agar 

plate was solely the effect of uv irradiation rather than ~he 

effect of inhibitors which are formed during UV irradiation. 

5. ~he effect of UV intensity on the destruction o~S.eastbourne . -..;;;..-.;;;...;;;~..;;;.;;..:;.;.;;;. 

Samp1es ,(0.5 ml) of a ~. eastbourne suspension (0.1% • 

, peptone solution; 24 hrs culture) were placed on ~teril~ petri-

, "'j -. .... J 

.. ~~, ~ ~~.!.~~~~\~1~i';~~:':(:·' , , " 

;1 

" , 
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Table 18 

, ' 
I­
l 

11 

1 The Effect of UV~ Irradiation on Photoreactivation or Excision 
; Repair of S. eastbourne under a ChocolQ.te Layer. (0.1 mm) 

Ye110w White Dark Exposure* 
time(sec) --------

NO/ml % Survivor' No/ml % Survivor No/ml % Survivor 

0 4.1xl05 100 4.8xl0 5 
G 100 3.7xl05 100 

30 3.5x105 85.4 3.,7x10 5 77.0 
J 5 

3.4xlO 9,1.8 -, 

1. 7xl0 5 1.5x105 1.1xf05 69 41.5 31.3 29.7 , 

90 1.5x10 4 3.7 

120 1.2xlO 4 '2.9 4.5x10 4 9.4 1. 7xl0 4 4.6 

-
1 

* Intensity oF 19x103erg/em2 /see. ' 
1 

\ Table 19 

v 

Number of Colonies on Irradiated and Nonirradiate~ Agar Plates 
; 

Exposure Count/P1ate. 
time* (min) l 2' 

0- 200 205 

2 180 200 

~ 4 180 185 

6 210 190 

8 240 230 
--------- ----

la 245 200 
\i) 

* Intensity of 19x103er9/cm~/see. f tlI> 

• , . 
, ' 

'. 
;, 
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Table 20 
'" , \ 

'The ~ffect of UV Intensity on the Destruction of S. eastbourne 

* Distance Intensity Number/m1 . % Survivor (cm) (measured) 

'* 
, ,Control 2.3x10 7 

36 4.8x10S 1.6x10 3 7.0~lO-3 
i .-
24 

' 5 
7.2x10 . 1. Ox10 3 

4.0xl0 -3 

12 1.3x10 6 S.5x10 2 2.4xio-3 

6.2 2.3x10 6 2 3.1x10 - J . -3 
1.3xl0 , 

\. 6 /' 
1.5*102 -4 .. 0.5 3.6x10 6.SxlO 

~, 

* Diatance between source and samp1e. 

\ 

Table 21 
... 

The Effeçt of Shortwave and Longwave UV Irradiation on Destruction 
of S. eastbourne 

1 

Exposure time Ray teck shortwave Ray teck lonqwave 
-' (min) Number/ml' % kill Numb,r/ml % k~ill 

II 

0 5.8xlO8 
0 5.SxlO 8 0 

1 

2.2XlJ/ 
, , 8 

L1 96 S. 6x10 ~ 0 , 
r, 

2 7 
1. O~~O tif" 98 6.0xlO 8 Q 

3 0 100 6.Sxl0 8 0 

0\ JO. ~.7xl08 
'Il 

4' 100 0 
,4 

\ 

';:,. 

" .. 
," 

/J :>-• 
' .' 
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dishes and then exposed (2 min) to different intensity of UV , 

irradiation. Portions (G.I ml) of the tre~ted sa~ple were 

surface plated on B.G aga'r plates and number of survivors was 

counted after 24 hrs at 35°C. The different intensities were 

observed by varying the distance between th~s~urce and ~he 
sample. 'The intensity of th~ irrad~ation was measured by means 

of UV meter (Model No. J225r U~traviolet Products Inc., San 

Gabriel, Calif., U.S.A.). Table 20 showed that percentage 

survival ranged from 0.0007 to 0.007% when the UV ~ource to 

sample distance ranged between 0.5, to 36'cm, respectively: 

" 6. The effect of shortwave à~d longwave UV on the 

destruction of S. eastbourne 

Experiments were conducted to'observe the killing effect 

'Y 

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

portions (0.5 ml) of .§.. eastbourne suspensions (0.1% peptone 
" 

solution; 0.09, absorbance at 660 nm) were placed in sterile \ 

p~tril-dishes (35xlO mm) and °exposed for' 1 to 4 min using labor-
1 

atorYoscale UV lamp (Ray teck, Conn., U.S.A.). Data in Table 21 

showed that ~. eastbourne cells were completely ~illed by a 

treatment with shortwave UV(S.3xI0 3erg/cm3/sec) but the 

destruction df S. eastbourne was not observed at aIl by longwave 

. (4.6xlà3erg/cm2/sec) of UV irradiation. 

7. The effect of UV i,rradiation on the destruction of 

different Salmonella serotypes 

~rirneqts have been conducted to ascertain the ' 

difference in resistance of several serotypes of Salmonella to 
t 

--------.......,;~ ...... ' 



r 

uv irradiation. Portions- ,(0.1 ml) of [. eastbourne and other 

seven serotype suspensions (24 hrs culture; 0.09 OD at 660- nm)' 

in peptonesolutibn (0.1%) were plated on three replicate 

brilliant green agar and were subjected to UV irradiation 

(19xl0 3erg/cm2/sec). Number of survivors was counted after 

24 hrs incùbation'at 35°C. 

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

It W~l be noted that the five se~otypes (~. anatum, ~. typhim­

urium, ~. senftenber2, ~. montevideo, ~. alachua), which are 

-" considered to be heat resistant and tbe three serotypes (~. infantis, 

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

sensitive in sucr9se (Goepfert ~ ~., 1970), did not differ·( 

,markedly in their resistance ta UV irradiation. Six second 

exposure ta an intensity of 12 x l03erg/cm2/sec destrôyed a11 

serotypes completely. It seems therefore that the serotypes 0 

", 

lj 

which differed in their heat resistance did not display the 

sarne difference in sensitivity' to UV irradiation. 

B. The destruction of S. eastbourne in a thin film ~ 

mi1k chocolate by use of a continuous UV sterilfzer 

Figures -10,11 and 12 show a diagram of the,apparatus 

which was constructed by Metal and Electrical products, Corp. 

Ltd., Montr~al. t The apparatus \-Tas designed for the continuous 

UV irradiati,On of chocolate and camprised four components: 

1) UV larnp units (H) which consist of 40 lampa (15 watt, GlS TB, , .. 
Sylvania germicidal lamps, General Electric, U.S.A.); the lampa' 

, 

wete 4.5 cm apart and produced a total intensity of approximately 
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The Effect of UV Irradiation on the Dest~uction 
of Different Sal~pnella Se~otypes • 
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Specification of a Front Section of the Continuoue 
UV Sterilizer1 A. Hot "Air Controllër (10 knobs), 
B. Thermoneter for A, C. Hot Air Blower (10), 
Do- Temperature Controll~r, E. Roller (7.4x2.S"), 
F 0 Wire Hesh Bel t (7.7" width), G. Film scrapers{20x1.5") 
H. UV Lamps (10 for 1 set), l. Hot Air Outlet, 
J. Ultrasonic Vibrators, K. Roller Motor, 
L • .speed Controller-

,i 
1 
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Figure 11._~A)_~A Cross Section of Diagram of the 
,. continuou~: UV S,teriliz~r: 

1. Hot Air Outlet ,2. UV Lamps. " 

B)' A Net of wir'e Mesh Belt. 
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phot'6,graph of Ma~h~he Des~qn~/to 
a Continuous Film.of Choc~late to 
Irradiation.\ L. 
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40xl0 3erg/cm2/sec on side of the film of chocolate, 
~ 

79 

2) Stainless-.steel. l'lire bel t (F) which was designed to carry a. 

1 mm film of chocdlate; the wire belt was driven by roller (E) 

which was controlled by roller motor (R) and speed controller 1 
(L). 3) Hot air curtains (I) ,for the purpose of which was to 

maintain 'the film of chocolate at 60°C; hot air curtain valves 

(A) were opened at maximum speed and tem~erature of the roller 

(E) was controlled at 60 0 e 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. 1 

S. eastbourne contaminated chocolate was prepared by 

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

olate (3000\ g) at 45°C to give approximately 103 - 10 4 cells/g 

of chocola~e as described in Methods (page 33). Th~molten 
.. 

chocolate (60°C) contained in a 6 liter beaker was :f,:ed slo''1ly 

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

(G) were attached to the thermoroller (D) to feed 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 differeqt exposure timés. After the 

chocolate on the belt had been exposed to the UV irradiation~ 

the lights were turned off and the chocolate was removed from 
d 

the belt by use of a microtome knife placed across the moving 

belt. Samples (10 or 20 g) of UV treated and nontreated 

chocolate were placed in homogenizing fla~ks (Vir~is 45 mOdel) 

, \ 

/ 
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and thoroughly mixed (5000 rpm7 5 min). The', destruction 

of S. eastbourne'cells was estimated by direct plate count _ 0 

and by most prOb~Umber techniques as desc~ibed on 

page 34. ( . 
1 

The results of a preli~inary experiment are sho~n 

80 

in Table 22. It will be noted ehat the average (3 sample) 

Salmonella kill obtained with the five min exposure time was 

91%. Numerous subsequent runs were made with the continuous 
1 

uv sterilizer in which different methods were used to apply 

the molten chocolate to the movinq belt and to maintain the 

uniform film when the belt passed over the roller~. The 

results of the analysis of UV exposed chocolate were 

·extremely erratic and no conclusive results were obtained. 

. , 
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Table 22 
/ 

( 

The Destruction of S. eastbourne in a Chocolate Film -
by Use of a Continuous UV Sterilizera 

• 

Exposure b 
NUmber/g of Chocolate 

time(min) 
Sample 1 Sample t2 Sample 3 Ave. % kill 

0 3.9x104 7.lxlO 4 S.SxlO 4c 0 
~ 

2 1.4x104 5.4xlO3 2.7xlO 4 1. 4xlO 4 75 

5 4.(JxI0 3 3.0x103 5.6xl0 3 4.9x10,3 91 

curtain a Roorn temperature and humidity, 36°Ç, 51%; air 
controls at maximum, temperature of chocolate 
temperature of relIer (E, 60 0 e). 

f~lrn (60 OC) 1 

\ 

b This was regula'ted by ranging the spee,d of the moving belt. 

c Analysis ef untreated chocolate ,,(GOOC) • 

.. 
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DISCUSSION 

'" In experiments designed tO,investigate a level, of 

Salmonella w~ich could be detected by the standard micro-.... . 
biolog~cal methods, it appeared that Salmonella may be de­

tected directly in the range of 2.0 - 30 cells per 50 9 of choco­

late by direct plate count technique withottt preenrichment and 

enrichment growth. The coefficiQilt of variation of the direct 

plating technique varied by 3.2 to 8.2% for the peptone solution 

a~ 3.8 to 6.3% for the chocolate. The standard deviation 

!associated with the value observed in the chocolate analyses 
Q 

was rnuch higher than that observed in the analysis of peptone 
. fi 

solutio~possibly because of uneven distribution of Salmonella 

cells in the chocolate. The Bacteriologicial Analyt,~cal Manual 

(BAM) variation method was able' to deté'ct as few as "2 - 3 cells 

in 50 9 chocolate after preenrichment and enrichment procedure • 

The media and antiserurn (Bacto) employed in serotyping tests 
.\ 

• 

was also suitable for the final identifiéation of the presump-
1 

tive Salmonella in milk chocolate, although it was occasionally 

necessary to increase the motility~f the test/organisme The 

results of the sensitivity of the standard method' indicated 

that the B~1 methods are quite suitable for the purpose of 

>detection and identification of Salmonella in chocolate products. 

The possibility also existed that direct plate count method for ... 
A 

quantitating Salmonella in chocolate may not recover cells that 

"1ft 
' ... ~ 

t >~'~ 

1"\'1 
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analyzed,however, in the same way as were the treated samples 

and recovery was not considered to be a prob~em with the 

brilliant green aqar. It was considered, therefore, that the 

techniques which were being used were adequate for the 
1 

quantitation of Salmonella in chocolate; it was necessary to 

use the MPN method when the number of Salmonella was too lo~ 
~ 

ermit the use of plating techniques. It should be pointed 
r' 

out, however, that even with the highly sensitive method" the 

validity of the conclusion to be deduced from analyt1cal data 
• 

will be dependent largely on the adequacy of the samplinq plan 

used in conjunction with the test. 

The cold storage of chocolate contaminated with S. -
eastbourne appeared to have sorne destructive effect on Salmonella 

population; this could be the result of temperature shock. 

Experimenta ahowed that approximately 96% of the [. eastbourne 

in milk chocolate was destroyed d?ring a 6 day storage'period 

at SoC; during the next 12 months approximately 99% were 

destroyed. Barrile et al. (1970) also observed the· surviv~l of --
Salmonella that was stored at room temperature for 15 months. 

The rapid initial (10 days) reduction of Salmonella cells 
\ 

observed by the authors might be the resùlt of osmotic shook 

(Mossel and Koopman, 1965). The destruction of; Salmone\lla in 

chooolate during storage oould be due to the low moisture content 

of the 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 

Il 

• 
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previous1y by Gabis and Lang16is (1967) and Busta and Speck 
1 (1968). More r~cent1y, Ostovar (1973) observed that the 

destruction of Staphycococcus:aureus was mach greater in'dark 

chocolate which contains more cocoa'than does miik chocolate. 

Tamminga ~~. (1976) a1so observed that ~. eastbou,ne and ~.. ) 

typhimurium died off more rapidly 'in bitter chocolate than in , 
l '(f;I 

milk chocolate when it was stored at room temperature. A1though 
/ 

cold storage is not an effective means of destroying Salmonella 

in chocolate, Salmonella may be eliminated from chocolate by 

a combination of tempe rature shock, antimicrobial low water 

activity and cocoa constituents, if the leve1 o~ contamination 

is low'l. .. 
f Milk chocolate contains a high-content of sucrose (44-

54%) and this compound provides a good protective environment 

for the heat destruction of S~1mone11a. Experiments with eight 
. 
serotypes of Salmonella showed that~. eastbourne,is more heat 

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

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

was by \fa~ the most heat resistant under 'the samè conditions. 

The~e results are in agreement with those reported by Goepfe~t 

et al. (1970) and Corry (1974) in connection with ~e heat --
reststance of ~. senftenberio They noted, however, that the 

dif~erence in heat resistance between ~. ,senftenberg ~nd the 

other serotypes decreased as the concentration of sucrose was 

increased. This suggested that the response of the individua1 

strains to the chang~ in water activity (aw) is not uniforme 

• ~';"i' 
.... r,r;:: 
d ~~ 
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Other wo~kers (lparri1e and Cone, 1970; Goepfe,rt et a1.,1970) --
considered that S. anatum is one of the heat resistant 

Salmonella in rnilk chocolate and in sucrose. It was dernon-

strated in our labbratory, however, that ~. anatum (S-5l5, HPB, 
J 

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

min •. Our result.suggested that~. anatum which survived with 

th~ heat tr~atment could be a variant and, with time, the 

resistant cells survived and may multiply under the experimental .. 
condition. Although the conching is usually done at 45 - 60 0 e 

for milk chocolate, Barrile and Cone (1970) observed that 

physical properties of milk chocolate are not se;iously altered 

at 71'oC. The results of the experiment on i ts heat resistance 

of ~. eastbourne and ~. senftenberg in milk chocolate at 7loc 
n 

showed that S. eastbourne displayed an enormous increase in 
, -

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

chocolate where there were conditions of low moisture. The D 

value for S. eastoourne (0 = 4.5 hr) was about the sarne as that 

for ~. senf,tenberg (D = 4.6 hr). The results also indicated 

that a dry heating of 12 hrs (71°C) was required ~o kil1 

completely ~. senftenberg {1.4xlo 4cells/g} disper~~d 'in milk 

chocolat8;, - 4 whereas, ~. eastbourne (4.4x10 ce11s/g) was not com-

pletely destroyed after 12 hrs. S. typhimurium (D = 606 hr) was 

more resistant ~han~. aenftenberq, which ia in agreement with 

thoae reported by Goepfert and Biggie (1968). Our previous 
-

resu1ts in 54% suc,rose showed that So ,senftenberq was approx-

imately six times 'as resistant te moist h:eat as 2,0 tj'Phimuriumo 
1 
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Ng 1(1966) reported that S. senftenberg 775W was approximate1y 
, -

1 .... 

25 times more rffsistant to moist 'heat than w~s .ê.:" typhimurium: 

other workers reported that~. typhimurium became more resist­

ant to dry heating ~han did §.. senftenberg 775W in chocolate 
, . ' ~ 

(Goepfert and Biggie, 1968) and in animal feed (Riemann, 196B). 

Goepfert and Biggie (1968)' found that a peating périod (70 Ct C)' , 
, , 

of' 7.3 hrs (0 value) anq 13.6 hrs (0 value) were required to 

'kill 90% of~. senftenberg 775W and~. typhimurium' respectively 

in milk chocolate. Rieschel and Schenkel (1971), reported 

that a heating (72°C) vperiod of 24 hrs was req~ired to kill 90%' 

of S. enteriditis and S. typhimurium in milk chocolate. These 
- ... - e> 

collective data suggest th,at the conching procedure (60 0 C7 

12 - 24 hrs) uS,ed in the processing of chocolate is not suffic­

ient in destroying Salmonella. Barrile and Cone (1970) studied 

the heat resistance of S. anatum in milk chocolate as a function 

of added moisture content, they feund that ~. anatum was very 

suscéptible te heat in the presence of traces of water,. It i9 

assumed that carbehydrates increase the heat stability of the 

cell by reduc,ing the water activity (aw) of the proteplasm 

(Gibson, 1973). 

In experiments on the bactericida1 effect of u1trasenics 

~t was observed that OVer 99.999% of S. eastbourne was 1estroyed 
"-in peptone solution (0.1%) after a treatment period of 10 min. 

There was a slight difference in resistance between S. eastbourne -
(0 = 3.0 min) and S. anatum (0 = 2.1 min). S. anatum showed a 

, 
tai1ing effect after 4 min treatment. Weiser et al. (1971) --

.\ 

, , 

, }' 
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pointed out that the lethal effect lOf ultrasonics· depends on 

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

size- and age of the microorganisms. The destruction of S. 

eastbourne in milk chocolatl was ~egligible and considerable 
\ ' 

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

The ultrasonic probe which was sealed with silicon .. 
e 

to prevent heat generation was inefficient for the destruction 

f 
. j 

o salmo~ella ln peptone solution (0.1%). Ultrasonic vibration 
. 

is known to produce hydrogen peroxide in liquids containinç 
, , 

oxrgen and to cause depolymeration of macromolecules and intra-

mo1ecular regroupings (Weiser ~ !l., l'97l, Jok1ik and Smit}l, 

1972). Beckwith and Weaver (193ô) showed that Saccharomyces 

ellipsoideus suspended in grape juice was destroyed rapidly 

by ultrasonic treatm~nt. The present work has demonstrated 

.. 

that ultrasonics are not effective for the destruction of'Salmon­

ella .i~ chocolate unde~ the conditions that were employed. Other 

workers (Joklik and Smith, ~972) have also stated that the use 

of u1trasonics is not practical for the purpose of steri~zation 
J 

Lees and J,ackson(1973), however, made use of u1trasonics in a 

process developed for the conching of- chocolate. 

A detailed study was made on the effect of film thickness 

on tqe efficiency o,f Salmonella destruction by uv irradiation. 

UV irradiation for 1 ..:" 2 min lat an intensi ty of' 12xl03erg/cm2/sec 
" 

kil1ed over 9~.999%, oÎ ~: eastbourne in o.st 1.0 ëVld 2.0 mm 

layers of peptone solution (0.1%). The destruction of S. -
eastbourne was more effective' in 0.5 mm layer thàn in the 1.0 

'. 
;~ 

, ,l' 

. ' 
" 

1- ! 
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and 2.0 mm layers after 3 - 4 min exposure. A distinct tail­

ing effect was noted in the 1.0 and 2.0 rm layer of peptone 

solution (0.1%). 
f 

No survivors were detected (direct plate 

count), however, in the O.~, 1.0 and 2.0 mm layer of the 
1 

solution after an UV exposure time of 5 min. The preliminary 
\ studies, on the destruction of S. eastbourne cells under the -

thin disks of solid chocolate ~epared by use of a hand micro­

tome indicated that the penetration of UV energy was very low 

in the crystallized solid chocolate. It séemed~ikely that 

the destruction or Salmonella cel,ls would be more effective in 

melted chocolate where the cocoa butter crystals (M.P. 43~3°C) 

could not interfere with the penetration. It is weIl known 
, 

that UV does not penetrate into solid and penetrates into 

liquid very slightly (Joklik and smith~972) • To obtain sorne 

information on ~he penetration of UV irradiation into chocolate, 

~. eastbourne cells were deposited on the bottom of a depression 

precisely cut in steel disk and the liquid chocolate (45°C) 

was plaoed over the film of ce11s. It was assumed that the 

radiatiqn must: pass through the ,layer of chocolate before 

reaching the celle. Th~" results of this study showed that' 2.. 
eastbourne cells {l.9 'x 104 cells/ml), deposited on the bottom 

of a steel disk that was covered with a 0.1 rom layer of liquid 

chocolate (45°C) were cornpletely destroyed (direot plate count 

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

of the irradiation was 19 x 10 ~ erg/cm2jsec. Ten minutes was 
.... 

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

.. ,._-------------------
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chocolate and no detectable destruction was' observed when the 

film thickness \lIas greater than 0.5 mm. .2,. eaatbourne cella 

which were completely destroyed'by UV irradiation were accord­

inq to the direct plate count method, the eells (approximately 

0.001% fraction), hpwever, recovered when the sample was pre-
1 

enriched and then enriched in selenite cyatine broth for MPN 

determination. It appeared that~few survivors w~re not detected 
~ ~ 

by direct plating technique because of inherent error in the 

relatively small size of plating, Physiologically inactive 

cella may alsonot be det~cted directly qn selective brillidnt 

green agar. It waa aasumed that a negative test by direct 

plating method indicatea that survivora are fewer than 20 cella 

per 100 ml. The results of the effe'ct of cell density and cell 
1 

age on the efficiency of Salmonella destruction by UV irrad­

iation indicates that the destruc~ion of Salmonella by UV 
\ 

irradiation was affécted by cell denaity and cell age. When 

. the cell density was 2.0xl0 6 cells/ml in 18 hr grown cells 

(O.~ absorbance), the destruction was completed but when the cell 

density was 1.~xl06cells/ml in 24 hrs culture (1.3 absorbance), 

the destrucEion was not cornpletely achieved ~nder the sarne set 

of conditions. !. eastbourne cells (2.2xlO Scells/ml or less) 

under anO.l mm layer of chocolate were destroyed after 5 min 
\\ 0' 5 

,exposure o~ UV but when the cell 4ensity was 4.lxlO cells/ml,1 

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

age on UV irradiation was previously reported by Rentschler 

et al. (1941), Witkin (1946) and Mudretsova-Viss and Za~y'alova -- / 

~-~---~--------~---------------------..:...-_-
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(1975) who'showed that high cell density and stationary phase 

cells markedly reduced the efficiency of bacterial destruction 

by uv irradiation. Consequentl~, it is generally accepted 

that uv irradiation has no effect on microorganisme that are 

shielded or protected from the incident beams. The minimal 

dose, for complete destruction of~. eastbourne was 7.2~104erg/ 

cm2/sec on the agar surfa~e, The destruction of Salmonella was 

solely the effect of UV irradiation since experiments showed 

that no inhibitors were forrned during the uv irradiation. 

When the uv source to sample distance ranged between 0.5 to 

36 cm, the destruction of ~. eastbourne cells ranged from 

99.9993 to 99.993%. Longwave UV energy appeared to be 

ineffective for the destruction of S. e~stbourne. 
, "-

The uv survival curve of ~. eastQourne and S. typhimurium ~ 

which were obtained when cell suspensions (0.1% peptone) were 

~ncubated in yellow, white light and\darkness, showed a 

distinct tailing effect in solution after 30 sec exposure to 

UV irr-adiation (19xlO'3erg/cm2/sec),. There was no further 
\ 

increasein UV survival above the tail level, when S. eastbourne 1 

" 

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

s. eastbourne cells showed an upward inflection in the darkness, - - \' 

after l20'69C exposure to UV irr~diation (19xl0 3erQ/cm2/sec). 

The tail obtained after 120 seconds irradiation ot ~. eastbourne 

cells comprised a significant fraction (approximately 0.01%) of 
.\ 

the original cell ropulation. Further studies o~ photorecC?very 

of S. eastbourne showed that the tailing effect and/or dark 
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repair (excision) mechanism which were observed in the liquid 
" 

,medium was not observe~ on the surface of the agar or ùnder 

the 0.1 mm layer of chocolate. 
,~ 

The inhibition of cOlony 

'formation by UV irradiation on the surface of agar was expo-
, 

, .... 

~ential and this suggests a single,hit mecha~ism; it is therefore 

°reasonable to assume that the distinct tailing effect in the 

liquid may be due to a multicomponent curve produced by a 

population composed of 9rganisms with different target size 

(genome). Setlow ~ !l .. (1963) indicated that UV resistan~ 
, 

cell~1 of !. ~ have mechanisms for rapair~ng a pyrimidine 

dimer, whereas sensitive ceils do not. Lewis and Kumpta (1972) 
1 _,ç) 

also observed a similar tailing effect in uv survival curve of 

Microc9ccus sp. and the possibility of genetic heterogeneity 

in the cell population was ruled ou~ since clones picked up 
, 

from the tail showed a similar uv response as the parental 

population. A similar effect was observed by Hayes (1966) in, 
c 

experiments which E. ~ ~ clone,s, taken from the tail aftex.: 

exposing to low doses of uv irradiation, showed a si~i1ar 

tailing effect, indicating absence of gene~ic hete~ogeneity. 
l 

According to Hayes' (1966), the i~activation of cells pri,or . 
, " , 

to the tail is due ta faulty coordination between various steps 
1 \ • P 

in excision (dark) repair and the tail component may be due to 

an UV-induced :Lncrease in the efficiency of the repair complexe 

More recent~YI Moss and Davies (1974) studied the effect of 
1 

photoreactivation, eXcision and recombination repair on the 
, o • 

survival of UV irradiation E. coli K-12 mutants and fou~ that 
.J 

'. , 

'.' 
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when excision repair or both excision and recombination repair 

are operative, dose modification i5 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 

repair;d by the excision repair mecha~sm is related to the 

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

helix. More 

acti ve assay 

Îl 

detailed studies u~ng Salmonella mutants and radio­

of DNA by the me~hods of Moss and Davies (1974) 
, 

and Doudney (~74) will be necessary to clarify the occurrence 

of repair mechanisrns of ~. eastbourne and other serotypes. 
1 

Singh (1975) also obser.ved the occurrence of photorepair of UV-

induced killing in a wide range of light, in blue-green algae 
• 

and algal virus. Different serotypes of Salmonella are equally 

sensitive~o uv irradiation. The results are. in agreement with 

those who report that Salmonel~a are very susceptible to UV 

irradiation (Proctor et al., 1953; Nickerson et al., 1957; 
...--- ---

Ijichi et al., 1964; Lineweaver, 1966), . -- . ' They found that ... 
one of the most heat resistant strain of S. senftenbe"rg was 

simi-lar to ~. tY}himuriurn and other serotypes, in sensitivity 

to uv and ionizing radiation. 

, Experimenta in which,~, eastbour~~ cella were dispersed 

~n milk chocolate and then exposed to UV irradiation usinq a 

continuous uv sterilizer showed that complete destruction was 

~achieved after 8 min exposure period at 'an intensity of \ 

40xIÔ 3erg/crn2/sec. In a preliminary experiment, ~ of .!. ~­
bourne was destroyed after 5 min eXPQsure Py the UV sterilizer 

• 

, .. 

" " 



'-

() 

93 

1 
at 60°C. It was not possible to reproduce this result in 

several experirnents~ In the preliminary experiment (91% kill), 

freeze-dry~ng cells were blended into the milk chocolate by 
, 

use of a Waring blender; been responsible for 

the 91% kill which was obtained It was evident, however, 
\ 

from the several.months of experimental work on th1_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 betwèen the wires of 

the bM was les s than 0.1 mm and this permi tted a high degree 

of destruction of Salmonella cells in this film of chocolate. 
t 

The film of chocolate around the wires of the belt and especially 

at the side of the belt was much thicker and was not uni,form. 

Furthermore, the film of chocolate carried by the belt was 

destroyed when the belt moved over the rollers. Attempts to 

reform the film and to main tain a uniform film, by use 'of 
~ 

flexible rubber scrapers installed on either side of the belt 
1 

beneath the rollers, were unsuccessful. Valuable experience 

h~s ~een gained in th~s experiment with the contin~ous UV 
1 

sterilizer. This ia especially true in connection with the 

?hys~cal properties of Iiquid chocolate •. The design of a new 
\ 

apparatus fbr the continuous irradiation of chocolate ia now d 

under way. The desig,n ia 'bas-ed on the use of a flexible ste~1 

beit on which a 

in the same way 

work on the U~ , /. 

film of chocolate ~an br fo~ed and removad much 

as it ia done in the r~le~-drum drier. The 

sterilizer of chocolate by a continuoue proceas • 

,~ \ 

-' \ 

, . 
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\·lill proceed as 800n as the new equipment i8 built and 

installed in our laboratories. 

Other workers (Ijichi et al., 1966) have atte~ted --
to destroy S. tYI~himurium in a thin film ôf egg white and 

whole egg, by uv irradiation. 

of off-flavor and odor when an 

7.2~xl04erg/cm2/sec were used. 

They observed the development 
~ 

incident uv energy~f . 
\., 

These workers reported, that 

this film (50 ~) of egg white protein at a feed rate of 100 

ml per min permitted the passage of 57% of 'an incident UV 

energy (2537Â). Benesi (1956) and Oppenheimer (i959) ori9'i<. 

ally deve10ped a method in which thi~. f'i1ma of flluids ciln b 
, . 

exposed to U~ irradi~tion; the process is now used for the 

sterilization of plasma and vaccines. Curran and Tamsma (1960) 
,1 

used the sarne technique for the'sterilization of whole milk 

but without complete success. \~erner ~~. (1972) also 
\ 

described a process for the sterilization of milk in which a 

very thin film of milk i9 exposed to UV irradiation, the exposed 
. 

• rnilk had, a vitamin D potenc~ of 400 - 500 ID/L. 

1 

( , 

, 
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SUMMARY 

Il. The levels of detection of Salmonella ranged from 

20 - 30 cells per 50 9 of chocolate by direct plate 

count technique without preenrichment and enrichment 

procedure. Low 1~ve1s of Salmonel!a in the range of 

2 - ~ cella per 50 9 of chocolate were detected only 

by a modification of 'the method deacribed in the Bacter­

iological Ana1ytical Manual. The media and antiserum -t-) 

emp~oyed in serotypi~g tests was suitable for the final 

identification 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 3.8 and 6.3% for the chocolate. 

2. Experiments showed that storage (SOC) of rnilk chocolate 

contamirlated with~. eastbourne, for, a period of s~x 

3. 

days, destroyed about 96% of the ce1l5. A further storage 

period of one year led to the destruction of 99% of'S. -
eastbourne cells. 

c 

A comparison of the heat resistance of S. eastbourne and -
-seven serotypes of Salmbnel1a in 54% sucrose at 57 9 C 

indicated that 2," eastbo1urne (0 = 6" 2 min) was more heat 

sensitive than any of the other seVen serotypes. S. - \ ' 

senftenberg (D = 35 min) was b'y far the most heat resistant. 
~, 

"-

The D value fO,r !. eastbourne (0 =' 4.5 h,r) was about the 

sarna as that for S. senftenberg (D = 4.6 hr) in milk 
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. 
chocolate. ~. tY2himurium (D = 6.6 hr) was more 

resistant than ~. senftenberg in milk chocolate. 

4. The efficiency of ultrasonic destruction of S~lmone1la 
\ 

differed markedly in peptone solution {O .1%)·~and in milk 

chocolate. Over 99.999% of ~. eastbourne ws.s·'destroyed 

in peptone s'olution (0.1%) after a period of treatrnent 

of 10 min. There was a slight difference in resistance 

between ~. eastbourne (D = 3.0 min) and [. anatum 
fil 

(D = 2.1 min). [. anatum showed a tailing ~ffect after 

4 min treatment in peptone solution. In a similar 

experiment in which rnilk chocolat~ was used, the amount 
~ 

of the destruction of S. eastbourne was negligib+e. 
" 

5. U1trav~olet i~radiation (12X10 3erg/cm2/seô) for a time 

of 2 min destroyed over 99.999% of S. eastbourne in 

fil~s (0.5, 1.0, and 2.0 mm) of peptone solution (0.1%). 

A distinct tailing effect ~as noted in the 1.0 and 2.0 

mm layer of peptone solution. No survivors of S. eastbourne -
were detected (direct plate count) in the 0.5, 1.0 and-

2.0 mm layer of the solu~ion afier an UV exposure time of -

5 min at an intensity of l2xl0 3e\g/cm2/sec. 

6. S. eas'tbourne cells (1. 9xl0 4cells/ml) which were covered 
~ - ----- \ 

wiah an 0.1 mm layer of molten chocolate were complet~ly 

destroyed (direct plate count) after an UV irradiation 

peri6d of. 1. 5 min at an intensity of 19x1o3erg/crn2/seC1 

the cel~s\(approximately 0.001%), how~ver, recovered when 
.~ . , . 

.' 

/ 

, 
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they were further checked with rnost probable number 

technique after preenrichment and enrichment procedure. 
\ ' 

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 of Salmonella was 6 sec at an intensity 
1 

9. 

--~ 

of l2)'103erg/cm2/sec. It was observed that no inhibitors 

forrned during the UV irradiation. 

showed that the destruction of S. eastboukne -
uv irradiation was neqligible. 

Different serotypes of Salmonella ~ere equally sensitive 

to uv irradiation. There was no observable photo-

ctivat' n and exc,ision repair of Salmonella cells on 

aqar or under a layer, (0.1 mm) of chocolate. There was , 

however, -excision repair (dark) of ~. ~astbourne cells 

in peptone solution. 

Il. A machine was designed and constructed for the destruction 

(UV) of Salmonella in a thin continuous film of chocolate. 
\ \ 

un,successful attempts wer;e made to use the machine for the 

sterilization,of chocolate on a continuous basis. The 

failure to achieve the sarne degree of destruction of 
, 

Salmon'Èüla as was achieved \fi th the static film was because 
1 _ 

of difficulties involyed in-the prodution of an uniformly 

1 thin (0.1 mm) film of chocolate. 

--

" 

1\ 
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