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ABSTRACT

The lothal efficacy of some sulphur dioxide-g:nerating anti-
microbial sraservatives in liquid media hozs been =valuated. These
prescorvativey were sodium sulphite, potassium sulphite, sodium
motabipulrhite, potassium metabisulphita, anc sodium bisulphitce

Four bactcrial speclies (Bacillus subtilis, Bacillus cereus,

Eschorichla coli and Staphylococcus aureus) wer.: uscd as test

OXYanisnse

Results have shown that these antimicrobials may be rated in
order of incrceasing potency as sulphites, bisulphite and metabi-
sulphitese. ot low pH values, all the proscrvatives showed higher
lothal ciflcacy thus hydrogen ion concentration has a significant
effect on the antimicrobial cfficacy of thesa prescrvatives,

ineculum

Similarly, factors such as the ./ size of tost organisms,
media composition, and time influenci:d the petency of the sulphur

dioxide=cgencrating salts.
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INTRODUCTION aND LITERATHRE REVIEW

The hetetatis to.improva the lct of the ever-=increasing world popu-
laEimn éf mankind by waylof increased food supply cannot be over-
stressed egpecially when the resultant population explousinn is parae
1lelled by inereased pressure on food supplies. Indeed, to cffect
a meaningfui step-up in the present food supply, it is necessary
"to gear up food preduction and combat, with unabated vigour, the
shortcoming posed by foﬁd spalilage agents. Thils desired goal alsco
demands that a concerted effort be made to increase and improve
yields por acre of agricultural lands as well as improve the methods
of praservation of foods and foud products. Unfortunately the counw-
tries wost affected by food shortages and low foud quality belong
to the doveloping countries which explain why hunguer and starva-
tion are most rampant in such countries. Thg prodicament of thao
third world countrices 1s aggravgtodﬁ$§ninadéquate technalogy of
presorvatione Thus the use of chemical preservatives in such couns. .
tries would prove highly invaluablea K

Becausc wankind has beon cunstantly under preésufé from micro-
bial contaminants of food, it is hardly surprising that pras&rva—.
tlon of foodstuffs has been practised since Ithe start of recorded

higtorye Houyever, it is only rescently that thezﬁfﬁblem of food
contamination, which had been and is still reaponsible for gross
food wastaye, has been subjected to rigid scientific scrutiny.
: =
Food, with a few exceptions, would remain edible indefinitely if

kept froe from micro-crganisms or if the organisms were prevented

from rmultiplying. Unfortungtely, this is scarcely practical and



hae node thoe search for adequate methods for oreventing spollage

of fool the Jdesired gozl of both scicrntific workers and the food

incustry, Haevertheless, mankind must concede the usceful role of

some microorganisms in the production of foods and drinks such as
bread, vinegar, wine and beer.

Progervation of food 1s likely to be assoclated with refri-
geration, leep freezing, and canning processes all of which are
nincteonth and twentieth century developments whereas the problem
of prescrving foods has lent itsclf to fascination as well as
difficulty since ancient times when salting, smoking, and drying
werc wicely employed for this purposes. In practical l1life, all
kinds of microopganisms are potential contaminants considering
the varicty of food substances and the methads by which each is
handlod during processinge The methed by which a food substance
is procesgsed and prescrved, which in turn Jdepends largely on the
type of food substance, may favour contamination by certain groups
of microorgunisms. In this ragard, the sporeforming microorganisms
arc af speclial intarest and because thelr spores are highly resise
tant, their control is of great eccnomic concern in thae £00d pros
cessine industry and in the preparation of all starile productse
However, there is nc correlation between bacterial count and
sanitary cquality of a foad item as the kind rather than the number
of contaminating microorganism may be more important (Bryan, et
al, 19G2).

Changoes oroduced in food quality as a result of microbial

spoilags are not limited to the results of degradation, as they
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may alsc be effected by microblal synthesis with resultant libera-

tion of foul.smelling products. The degradatlion processes that

accompeny such changes may be summarized as follows:

the

Protein foods + Froteolytic microocranisms ————39 Amino
-acids + smines + Ammonia + st (Hydrocen sulphide).
Carbohydrate foods + Carbohydrate = fermenting microorga-
nisns——3icids + Alcohols + Gases.
Fakty foods + Lipolytic microoryanisms——pFatty aclids +
Glycerol (Pelczar,
et al, 1977)

Consumption of microbe—-infested foods has been identified as

couna ol several sarious health problems. Food polsoning roe

fers to the condition caused by the ingestion of food contaminated

with harmiul or pathogenic bacteria or their exctoxins. It em-

bracas toxemia freg ingestion of foo's containing poisons produced

»etulinum

by Clegtridium " .° /° an¢ coertain micrococei, and from food

infectlons oy, More accurately, food burne infections. The latter

ar? of two general types:

(1) Samonella infecticns, in which the symptoms are typical
of food poisoning, and (2) those diseases, such as typhoid
fouvar, cholera, and dysentery, which are caused by agents
transmitted by many vectors of which fcod is but ona2, and
unose symptoms are not those usually essoclated with food
noiscning, Microbial contaminants arc either saprophytic
and rendoer foods organoleptically unfit for human consumpe

tion or they may be pathogenic and may thercfore cause
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garious infections ur pelsonine when the food is eaten (Bryan,
1362)e Contaminetion by microcrganisms and their by-
prodJucts alone has been roesnonsible for about 90% of food
borne discases (Bergdell, «t al, 1974).

Tha droodful disease, botulism, having a mortality of 60-85%

is causcd by the exotoxin of Clostridium botulinum. As the toxin

is destroyed by heat freshly cocked foods do not cause the digease.
This mozt potent toxin is the only such toxin known that is not
destroved by gastrointestinal secrctions. In the United States
and Conadn between the period 1899 - 1943, 404 outbreaks of botu-
lism involving 1125 cases ané 732 deaths were recorded, Commer-—
cially packed foods were involved in 50 of those outbreoks, with
olives and aspinach or chard the worst offenders. Home-canned
foods were responsible for 315 outbreaks, with stringbeans and
corn the most frequent culprits (Bryan, et al, 1962).

Certain micrococel, generally haem.lytic strains of Staphy-

lococsus ocurcus, couse food poisoning with characteristic gastro-

intestinal disturbances. The symptoms are often associated with
congumption of contaminated foods containdng starch thickening,
such as cclalrs, cream puffs, cake fillings, ham and ham products,
salad Jdrcssings, cedar cheese, chicken products, potted meat pies,
millk, gravy, and even ice cream. The organisms produce soluble
toxic substances cor enterotoxins and may contaminate foods via
boils or abscesses on the skin, nose, or via the mouth of the
food handlerse Elaboration and toxin furmation is favoured by

inadequate refrigeration and subsequent inadequate heating may kill



the orgonimag but not the toxin, the lattcr bheing highly heate
resistant (Prazior and Westhoff, 1078).

interic discasas, such as typhoi ', paratypbeid, and dysentery
'aké ﬁfﬁcn spf;%a bf.E§ﬂfaminatéd o?séérs and ufhor shellfish and
vegetnbles like celery and watercress, grown in asscclation with
conbandinated water. Tuberculosis may also be spread to human
beinga by theo ingeétidh'éf”meat from infected animals. From the
forugoing, it is imperative to conduct a microbiological examinae
_tion of food before and aftgplprocessing in vrder to assess its
kééping guality with respeééﬂfowﬁg;a£ion of storage. This may
provide information concoerning the quality of the food, the seni-

tary ceondition under which

- Tih

the foud was progessed and the effectivo-
ness of the methed of preservation. Such information would ipso
facto lend credonce to ways of lmproving sanitation and preservam

tion nethods so thet foud loss through product detericoration

would be kept at a minimum.,

Modarn methouds of preserving foods employ elaborate and
stringent roefinements of primitive yrrocesses reinforced with

o

neyar tochniques, . . : e
¥ . e L

The varicus methods used for food preservation include:

1la azepsis

2« high tempe£;ture;.(whicﬁ embrace belling, pasteurization,
ang use of steam undoer pressurc)

3« low tuemperatures {(l,e. refrigeration, chilling, cold

. . storage or freezing) R

Lo ralintion and 5} chemlcal application (Frazier and

e

Westhoff, 1978).




TEST CRGANISMS

The ¢hoice of the above organisms is justificd because of their
undesirable activities and proven nuisance as regards food spoil-
age and food poisoning. Generally speaking, food hazards caused

by these microorganiams are either by microbial food inéoxication

or by bacterial enterotoxigenic food infections e i

Baclllus subtllis and Bacillus cereus : -

The gram positive rod-shaped bacteria that aerobically ferm
refractile endospores are assigned to the genus Bacillus. The
endospores of the bacilli, like those of the clostridia:and a few
other taxa (Cross, 1970), are more resistant than theirlvegetative
cells te heat, drying, disinfectants, and other destructive agants,
and thus may remaln viable for many years wlthout detectable meta~-
bolism (Thompsen and Thames, 1967). The genus Bacillus encompasses
a great diversity of strains which, with a few exceptions, form
 catalase. The exceptions, that is, these strains that produce no
catalase or only trace amounts, are strains of B. larvae, B.

ientimorbus, Be popilliae, and some strains of B. stearcthermophi-

2Us. Scme species are strictly aeroblc while others are faculta-
tively anaercbic. It was thought that B. EEEEEEE%E! which played
a memorable rcle in the history of microbiclogy, is the only
species of the genus that is virulent but evidence of infections
due to strains of species hitherte considered as non—pathogenic is
fast accumulating. At least four species of the genus viz.

Bs thuringiernais, B. latvae, Be popilliae, and B. lentimorbus, are

pathogenic for insects. Several countries now produce B. thuring-
iensis insecticides on commercial scale as it is effective against

| "
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many pests of agricultural crops, forests, and stored food

(Nocris, 1969).

Bacillus subtilis and Bacillus cereus can survive pasteuriza-
tion and thus are capable of causing spoilage in refrigerated pas-

teurized products (Jay, 1978)s Bacillus subtilis is widely

employed for testing the efficiency of disinfecting apparatus
(Davis, et al, 1948). Mcreover, the subtilial spores are capable
of withstanding the baking temperature of bread. Conseq:uently,

B. subtilis causes ropiness in bread via the production of a levan
(a polymer of fructose), and food poisoning especially after con—
sumption of heavily contaminated bread (Frazier and Westhoff,
1978). Bryan (1969) recovered viable spores of B. subtilis from

an 18-pound turkey cooked at 176.7°C for 8 hours. |

Mllk secreted intoe the udders of healthy cows i= sterile, but
by the time it finds 1ts way into the milking pail,. it has acquired
a sizeable bacterial population which includes B. subtilis (Bryan,

et al, 1962). Bacillus cercus is alsc a cammon contaminant of

milk. Upon invasion of milk it causes "bitty cream" cor "sweet
curdling® (Davis and Wilkinson, 1973) and has been implicated as
food polsoning agent in meat, liver sausage, vegetable soups, and
fried rice by scme workers (Goepfert, 1974; Eade, 1974; Gilbert
and Taylor, 1976). Most strains of B., subtilis are non-pathogenic
but may give rise to conjunctivitls, iridochoreoiditis and panoph-

thalmitis in man. Bacillus subtilis occasilonally invades the

bloodstream in cachectic diseases. Symptons of food poiscning by
Be subtilis include diarrhoea,abdominal cramps, nausea, prostration

and vomiting without fever (Tohg, et al, 1962). Textile microbiclsgy



has also identified B. subtilis and other cammon aercbic spareforme-
ers with huge losses of textile goods in process or in the finished
state following textile spoilage (Bryan, et al, 1962).

Bacillus cereus ranks as the third most common causative agent

of food poisoning in Hungary (Ormay and Novotny, 1968). 1In 88
incidents the organlism was responsible far 3,560 cases which
represent 4.4% of the total incidents recorded around this period
in Hungary. Moreover, 4 outbrezks of B. cereus gastroenteritis
involving 600 persons have been recorded in Norway (Hauge, 1955).

Complex argument still surrounds the type of food poisoning
resulting from the ingestion of foods containing large numbers of
viable cells of Be cereus. While some scientists viewed it as food
infection (Frazier and Westhoff, 1978) others suggested food intoxi-
cation (Nygren, 1962; Hauge, 1955; Goepfert, et al, 1972) consider-
ing the fact that a significant level of growth is accampanied by
synthesis of adequate amount of extra-cellular toxin (Benventre and
Johnson, 1970)« 1In her views, Hobbs (1969) has suggested that B.
cereus food poisoning involves both intoxication and infection
following the observation that seitz filtrate from culture of B.
cereus failed to produce either food poisoning symptoms or apprecia-
ble toxicity in mice and gquinea pigs but when the author (Hobbs)
consumed vanilla sauce containing 92 x ‘106 cells of Be cereus per
ml, symptoms similar to those described for B. cereus food
pt-aisoning developed after 13 hours.

A commonplace food poisoning syndrome of B. cereus develops
within 8-16 hours and lasts for 6-12 hours (Hauge, 1955). This

rather mild syndrame bears a spectacular similarity to that of
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Clostridium perfringens food poisoning (Gilbert and Taylor, 1976).

The symptons are nausea, cramp-like abdominal pain, tenesmus, and
watery stool but fever is absent. Another syndrome of Be cercus
food poiscning develops within 1=-6 hours. Tt is more acute and
severe than the common cne and similar to staphylococcal food poi=-
soning syndrame. Strains that are the etiologic agents of this ail-
ment may be mutants of the less virulent organisms. -

The contreol of spore~forming bacteria has lent itseclf to
difficulty as well as fascination particularly in the feod and
health sectors. The abillty of bacterial spoare~ t2 withstand nuar
extremes of adversitiles is quite remarkahlee. Bond and Favero
(1975) found that a temperature of 150°C (dry heat) destroyed 90%
of 3 x 102 spores of a Bacillus species ATCC 27380 only after an

. extended period of 2% hours. A comparisoen of the heat resistance
of spores with vegetative a3lls has revealed that spores of scome
species may be ‘105-f01d mare resistant than their vegetative cells
(Gauld, 1977). The higher resistance of some épc;rlés to!ultra\riolet
and ionizing radiations (Rcberts and Hitchins, 1569) as well as
high hydrostatic pressures (Sale, et al, 1970) than their vege-
tative cells has also been documented. Borick and Fegarty (1967)

. observed that using 108 spores per ml of spore suspension of

" 'B. subtiiis E152, B. globigii E154, and B. cereus £190, S0% of

the spores were destroyed by 0.146 Mrad, 0.165 Mrad, and C.107
Mrad doses of gamma irradiastion respectively, 3pores have alsoc de-
monstrated higher resistance to a wide range of chemical agents;
for example, chlorine water; ethanol, and ethylene  oxide to men-

tion but a few. The basis of the spore's resistance and longevity,
 t - ! J.] .



its formation, morphology, couposition, and stages of germination
continue to attract many investigations (Gould and Hurst, 1969:

Halvorson, et al, 1971).

0.
|

Staphylococcus aurcus

The gr-m pesitive cocedl growing in grape-~like clusters, or
palrs of opaque, whlte or coloured bacterial colonies with smooth
surface, and which may be facultative in thelr oxygoen demands in
a complex glucose medium, belong to the gemus Staphylococcus and

the family Micrococcaceae. The staphylocscci are ubicuitous,

pathogenic microorganisms and are the commonest cause of localized
suppurative infections (Cohen, 1972; Jeljaszewlcz, 1976; Symposium,
1965). They do not form spores and are invariably non-motile.
Certain strains of this germus that are saprophytic have been
associated with useful agricultural processes owing to their fer-
menting activity. Some strains have become adapted to parasitic
mode of living and have been identified as comnmensals or pathogens
in humans and animals alike. The heat resistance of the vegeta-—
tive cells of the staphylococci is higher than that of the vege-
tative cells of most cther pathogenic bacteria. They are also
resistant to drying, may remain infecticus for extended periods,
and are able to grow even in the presence of high sodium chloride
concentration (up to 15% sodium chlorlde). This means that salt=
" ing as a method of food preservation may not'preclude staphyloco=
ccal food poisoning -~ a property already taken advantage of in the

preparation of selective media for isclation of staphylococcl

{(Buchanan and Gilbbons, 1974}. :



The staphylococci are classified primarily on the 5?515 of
coagulase production and heat stable DNasee This coagulése is
an enzyme that possesses thromobokinase-=like activity. Host of
the coagulase positive strains also produce C{g}£‘!A¥ and § -
haemolysins (Arbuthnott, 1970; Kreger, ¢t al, 1971; Wiseman, 1970;
Wiseman, 1975; Wiseman and Caird, 1968) and are known as Staphy-

lococcus aureus. A few strains of S aurcus are known to form

capsules, present as morphological entltles or detcctable by
immanologlcal meang, though the vast majority are non—capsulated
{Freeman, 1979} and non-sporefarming. The coagulase negative
strains, 95% of which form'{zr haemolysin, are known as

Staphylococcus epidermidis. These are frequoently the cause of

stitch abscesses and are thought to bhe a less virulent variety of

S. albus. Staphylococcus epldermidis is a normal skin inhabitant

and only occaslionally is it found in infectious processes .

(Baird-parker, 1972). )
Staphylococcal food poisoning is probably the mostlccmmon

food poisoning ailment (Nickerson and Sinskey, 1972; Frazier

and Westhoff, 1978}, Staphylococcus aureus, the most pathoge-

nlc of the gemus, is responsible for food intoxication the causa-—

tive agent being the preformed enterotmxin which is but one of

the many blologically active substances produced by this

organism. About 40% of normal adult humans harbour staphyloco=
ccal qrganisms in the nose and threat which could explain why

the fingertips of humans are so easily contaminated with the

organism (Williams, 1963). A major feature of staphylococcal food

conttamination is the absence of appreciabla arganoleptic changes in the
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infested food items. The corollary is that food contalning millions
of the organism appear, smell, and taste normal compared te food
free of the organlisem (Nickerson and Sinskey, 1972). Symptoms of
staphylococcal food poisoning include gastroenteritis (inflammame.
tion of the lining of the GIT), nausea, violent diarrhoea and vomi-
ting, prostration, and abdominal cramp (Cecll and Loeb, 1959). The
true incidence of staphylococcal poisoning Is not accurately known;
since the post-ingestion incubation poriod of the toxin is usually
2-6 hours and recovery occurs 1ln one or two days except in debili-
tated persons. Consequently; some cases of the 1liness never
received the attention of a physician and therefore escape unrecord-
eds However, Morbidity and Mortality Weekly Reports (1572) has docu-
mented that 45% of the total outbreaks of food borne diseases
reported to the Centre for Disease Control (CDC) Atlanta, U.S.A. in

1971 were due to staphylococcal food poisoning. ﬁ

A large number of enterotoxigenic strains of S. fﬁréus that
produce unidentifiable enterotoxins have been isolated from cul-
ture collections. The initlal recognition of the fact tpgt
staphylococei produce more than one enterctoxin was pfecéded by
the successful purification of the protein responsible for emesis
in monkey (Bergdoll, et al, 1974);although it is not clear whethex
a single toxin has more than one action. Moreover, the actual
nurber of enterotoxins produced by S. aureus is not  known, but
six serologically distinct toxins that differ in toxicity have been
identified (Frazier and Westhoff, 1978). These are enterotoxin A4p,
C, Cz, " and E differentiated on the basis of thelr reaction withi.

o

specific autibodiase N T
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The enterotoxins are simple proteins of low molecular weight; high
heat-resistance, readily scluble in water and salt solutions and
are resistant to proteolytic enzymes such as troypsin, chymotryp—
sin, renin, and papain. Their activity is destroyed by pepsin
at pH 2.0 (Rergdell, 1870) 2

The presence of 5. aurcus in foods is largely dependent on
human factor which reflects unhygienic handling of the foods.
It was noted that a large number of S. aureus must be present to
cause poisoning and staphyloctoccal count in the range of 50 x 106
to 200 x 10° cel1s per g of food has been documented {(Casman and
Bennett, 1965). Entecrotoxin A and D are responsible for most
food poisoning (Frazier and Westhoff, 1978) and less than one

microgram (1 ug) of the former is sufficient to causce sickness in

humant - {Eergdoll, 1868), a |

R

Escherichia coli

The family Entercbacteriaceae (Enteric bactefia), compri-
sing of about twelve genera, has stimulated more research in
determinative methods than any other group of bacteria because
: of the biclogical and morpholegical simllarity vhich rende:
thelr identification and differentiation often very diffiemlt.
The significance of physiological differentiation of these coli-
form bacilli in both medical and sanitary mlcrobiclogy has led
te the dovelopment of a tremendous battery of biochemical tests.
A primary differentiation of practical but not absolute value is
made on the basis of lactose fermentation such that producticn

of gas and acid within 24 hours usually indicates nonpathogenic

|
!
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species while those which do not ferment lactose are essentially
pathogens (Edwards and Ewing, 1972; Ewing, 1973). Most species
also ferment glucose, reduce nitrate to nitrite, and lack a cyto—
chrome C oxidase,

The coliform bacilli are widely distributed, even ubiquitcus,
in the sense that many exist universally in the intestinal tract
of man and animals  (Roggendorf and Muller, 1976). Some exist as
saprophytes in nature while others arc parasitic for plants, caus-
ing blights and soft rots. The enteric bacteria are aercbic,
facultatively anaerobic, gram negative, non-sparulating bacilli.
They encompass motlle organiams with peritrichous flagella as
well as non-motile varieties.

Only one species of Escherichia, E. coli (Cocke, 1974), is
recognized in the Bergey (1974) classification and it conforms to
the general morphological description for the ccliform bacilli.

It is the only important species of the genus and has been found
to be a common inhabitant of the lower bowel of man and animalse.

Escherichia coli is often present in man in concentrations of 107

or more viable organisms per g of faecal material and serves as a
good index of faccal pollution of water supplies and food when
found in either of these consumer goods (Pelczar, et al, 1977).
Clinical isolates of E. coll may be conveniently grouped into

three categories: opportunistic, enteropathogenic, and entero-
toaxin-producing. The latter are unable te invade the intestinal
mucosa, but they release an enterotoxin that adsorbs to epithelial-

cell membranes and stimulates adenyl cyclase activity.
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- éerological étudies oﬁ E. Egii h%ﬁe:éluciﬁﬁtéé the antigenic
structure as composed of three different classes of antigens
(Edwards and Ewing, 1972). Serotypes may be identified with a high
degree of precision (Ewing and Davis, 1961} based on the distribu-
tion of the three different antigens viz. 0, K, and H antigens.

The 0 antigens are scmatic antigens; stable to heat at 100°C or

121°C seralogical O groups rather than types are designated
since several O groups contaln related, but immunolegically specific,
antigens called O factors. The K antigens are also somatic anti-
gens but are somewhat more complex. They occur as sheaths, enwve-
lopes or capsules and may act as inhibitors of 0 agglutination.
:: Not all Escherichia contain X antigens and meneve;t* they are
present only one type is found in a given strain. Such strains
appear, In general, te be more toxic, as well as more resistant to
phagocytosis (Rottdad, et al, 1975). The H anfigené. are flagellar,
sometimes poorly developed upon primary isolaticn and are heat
labile at 100°C. Thelr use canpletes the serotyping of this group.
The presence of entexopathogenic E. coli (EEC) in any food
item is consldered highly hazardous especlally to young children.
Diarrhoeal disease which occur in infants may be asdociated with
infectlon of the gastrointestinal tract (GIT) by EEC (Hanson, 1976;
Sack, 1975). This disease may assume epidemic proportiens especially
1n institutional cutbreaks as 1t frequently does, for example, in
nurseriess A particular serotype of E. coll was first noted by
Bray {1945) to bhe associated with infantile diarrhoea and using
commercial typing sera it has been possible to identify ten

I
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different serotypes scme of which are also found in diarrhoea of

adult. Their effect can be so severe sometimes that it is mis-
construed to mean choleraa. . !

The en*eric bacteria produce bacfériocins, met'aboli!.'tes.that
are lethal for other strains of the same or closely related
species. The bacteriogins are named after the strains that pro-
duce them, for example, E. coll produces colicins which presuma-
bly play a role in the maintenance of normal flora by conferring
selective advantage particularly in the competitive enviromment
of the intestinal tract (Hardy, 1975). However, 1ln vivo activity
of the bacta;ritlbcins is yet to be thoroughly investigated and there

appears to be no significant relation between colicinogen and
pathoganicity in E. coli. |

Escherichia produce several scluble toxins apart from the
.elassical endotoxin common to most gram  negatlve bacteria. Most
.of the enteropathic strains produce an enterotoxin (Dorner, 1975)

x - vhich mediates the movement of water and ions from the tissues

| inte the bowel lumen to give a net secretion manifested as
diarrhoeas. The similarity of this process to that which ocours
with cholera toxin has been documentpd (Skerr, et al, 1973;

H@, gi:_'a_l, 1971). Two of such toxins are produced by entero-

~ pathic strains, one heat-stable (Smith and Halls, 1967), and the
other heat labile (Gyles and Barmm, 1969), Sane strains of Ee
¢oli are haemolytic~producing two kinds of haemolysins (McGeachie,
1966; Smith, 1963). These are designated (- and B-hsemolysins.

The o = haemolysin, a soluble haemolysin found in cell~free culture
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supernatants, occurs as two molecular species which differ in
gize. It 1s sensitive to trypsin and reguires calcium ions for
activation (Short and Kurtz, 1971) while the B~haemolysin is
cell-bound. These haemolysins deo not appear to be ass!cx:iated with
pathogenesis of infection with haemolytlc strains (Snyder and Koch,
1966) |

Escherichia coli is the etiologlc agent of a variety ocE

Human and animal infections (Hanson, 1976; Meyers and Guinece,

1976; Moon, et al, 1966; Moon, et al, 1968)s It is the most common
causative agent of cystltis and other infections of the urinary
tract and also one of the most commeonly recoverad organisms from
peritonitis consequent upon rupture of the appendix or other bowel

perforations. Escherichia coli generally lends itsclf to labora~

tory manipulation and has served as a "model" organismm for many
types of studies in bacterlal physlology, cytology by electron

microscopy, genetics and chromoscme mapping etcetera.

MICRCBIOLCGY OF MILK

T

It has been observed that, other than the ramifications of

- & common water su-pply, the mest frequent vehicles for the disse-

mination of micrebial diseases are the impressively wide variety

of foods consumed by mane Bearing in mind this observation it has

been deamed necessary::"tfo review the microbliology of milk, wﬁich

was one of the liquid media used for this study. |
Milk has been regarded as the "most nearly perfect® food

for humans due to its exceptional rumtritive value. The chief

constituents of milk are proteins, carbohydrates, fats, minerals,
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vitamins, and water which buttress its suitability as an excellent
medium for the growth of many bacteria. It differs from water and
other foods in that it is the only major food of animal origin
that is consumed largely in the 'raw' state (Foster, et al, 1957).
Since large quantities of milk are consumed ~ about 16% of the
average diet in the Unlted States consists of milk and milk pro-
ducts - the impartance of this food item as a vehicle of infect-
iocus disease 1s quite evident. | ;

Unlike water, milk has no native bacterlal flora and there
is no bacterial flora that is characteristic of milk. It has
previously been stated that milk as secreted into the udders of
healthy cows is sterile. This implies that the presence of micro-
organisms in milk is always a consequence of contaminaticn and the
types of bacteria present would depend upon the source of contami-
nation. Some of the organisms come from the cow's udder or skin,
via the milk ducts of the teats, others from sources external to
the animal, for example, dust, fodder, milk utensils, hands and
¢lothing, etc of the person that performed the milking process.
These bacteria are qprmally nonpathogenic and many of them pro—
duce chemical changes that are desirable in the mamufacture of
dairy products, for example, butter, cultured milks, cheese etc
(Frazier and Westhoff, 1978),

Considering the various sources of contamination of milk,
it is apparent that the health of dairy cattle is of primary
importance. Milk drawn aseptically from a healthy cow qontains
few bhacteria which are saprophytic whereas milk froem a éow with

an infected udder usually contains large numbers of pathogenic



bacteria. Since the saprophytes are of little significance so
long as their multiplication is controlled, the presence of patho-
genic microorganisms in milk calls for a periodic inspection of the
herds to ascértain the state of health of each animal (Hammer and
Babel, 1957). Of these microorganisms perhaps the most Important
is the tubercle bacillus and this organism may gain access into
the milk either as a consequence of tuberculosis of the udder or
by ingestion of infectious sputum discharged with the cow faeces
which contaminate cow mamure. In either case, the milk is infect-
lve for hunans and glves rise to bone and jeoint tuberculosis.
Therefore, in view of the above fact, bovinesTuberculosls and its
subsequent transmission to man may be controlled at its source by
the elimination of infected cattle from dairy herds as commonly

practised in the United States.

Brucella abortus, the most frequent agent of bovine brucello—

sis which causes a contagicus abortion in cattle, is shed into the
milk of infected cattle during the courge of the disease. This
organism causes undulant or Malta fever in man. More important
are the streptococcal infections of the udder known as garget or

mastitis. BStreptococcus agalactiae, the streptococci of bovine

mastitis, are rarely the causative agent of human disease but
milkborne epidemics of streptoccccal infection may be assoclated
with acute udder inflammation in the dairy herd. If milk is
obtained ﬁnder aseptic conditions it contains only a fewrhundred
bacteria per ml whereas with careless manipulation, even freshly

drawn milk may be highly contaminated. 7The temperature response



of bacterial contaminants in milk is note{aorthy., If kept at 0°C, -
milk shows a decrease in bacterial content during the first few
hours, but at elevated temperatures enormous numbers of bacteria
result due to an enhancement in the rate of multiplication,
especially of thermophilic bacterias. The hetercgenecus bacterial
flora that may be detected in milk, consequent upon the multipli-
city of the sources of contamination, lend credence to the sanitary
conditions assoclated with a batch of milk. In addition to the
microorganisms of scil and water, the bactoria carried by humans
have relatively ready access to milk. Contamination with the
bacteria of human disesse is a constant possibility. The bacte-
rial contaminants do not only survive, as in water, but actively
multiply into huge mmbers in pooled milk of which but a single
part was originally contaminated (Smith, 1957). It is apparent
that the kind and degree of initial c¢ontamination, and also, the
temperature at which milk 1s kept are the meost important factors
governing the mumber of bacteria that may be present in the milk.
Therefore the production of hygienically satisfactory milk invol-
ves cleanliness, in the first instance, and immediate coéling
and storage at a low temperature in the second. R .

The nonpathogenic bacteria usually found in milk may be
conveniently differentiated on physiclogical basis as follows:

1.  Acid ~ faming bécteria

20 Alkali - forming bacteria

3. Proteolytic bacteria _ _
@« Inert bacteria i

' The first group, which includes fermentative bacteria, most cammenly
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effect lactic acid formentation - the process by which milk
usually sours under natural conditions. In this regard, certain
streptococci and gram negative bacilli have becn implicated. Most
abundant in naturally soured milk and particularly when the aci-

dity is high is Streptococcus lactis while the responsible gram

negative bacilli are frequently the Aerobacter aerogenes now placed

in the genus Klebsiella. Other bactcria occasionally associated

with soured milk include S. aureus E. coli, and Streptococcus

pyogenes (Pelczar, et al, 1977).

The alkali-forming bacteria do not ferment lactose but presumably
act on the nitrogenous substances present in milk with the liberation
of ammonia. Certain other bacteria, such as same of the aerobic
spore formers, also produce lipase and thus decompose the fats
present thereby converting the milk to a yellow transparent fluid.

Hydrolysis of milk protein (peptonization) is accomplished
by proteolytic bacteria most of which also produce alkaline reac-
tion. Two groups of enzymes are involved: a renin-like enzyme
vhich precipitates the protein with the formaticn of a soft curd,
and casease, which hydrolyzes the protein thereby transforming
the milk to a clear fluid. Peptonization, however, does not
follow precipitation when the microorganism is devold of casease.

The bacteria producing these changes include Bacillus subtilis,

certain strains of staphylococci, and Proteus wvulgaris (Frazier

and Westhoff, 1978).
The inert bacteria produce nc visible change in milk and

include certain non-pigment forming bacteria from water and other
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sources; and;, in addition, most of the pathogenic bacteria found
in milk. Presence of such dangerous contaminants is inapparent
without bactericlogical examination of milk. 1
Various chromogenic bacteria may be present in milkiand
confer a series of unusual or abnormal changes collectively
termed "diseases™ of milke These bacteria form "blue milk™,
"hrown milk", "red milkM, and "“ellow milk" due to the produc-
tion of a number of different pigments many of which arc phena-
zines (DeLey, 1964). The pigments are commonly produccd by

bacteria assigned to the genus Pscudomonas and relevant examples

are P. syncyanea, Pe putrefaciens, and P. symxantha which are

responsible for "blue®, "yellow™, and "brown' milk respectively.
The products of certain other microorganisms are termed "bitter
milk" which is characterized by a bitterncss that sometimes
develops after a short intervale Milk sometimes suffers from a
ropy or slimy fermentation mainly due to the capsule~forming

activities of Alcaligenes viscolactis and often regarded as

undesirable although such a fermentation is intentionally pro—
duced in the mamufacture of Edam cheese in Holland {(Dniry
Products Laboratory, 1965). b

It has been a2stablished that though freshly drawn milk is
both bactericidal and bacteriostatic owing tc¢ the presence In
milk of various antihedles these activities are thermolabile
and disappear a few hours after the milk has been drawns

The gquality of milk is determined by several methods but

the best index of quallity is the number of bactoria it contains.

Al



Plate count technique is one of the methods emplqwgd for this
purpecse and has proved highly invaluable in the bacteriological
grading of milke. Detalled description of this method may be
found in the standard procedure developed under the auspices of
the American Public Health Association (A.PeHsA., 1972). Other
methods used for the determination of milk quality are microsco-
pic counts, coliform counts (usually under speclal circumstances),
czll count and sedimentation test all of which are well described
in the A.PsHeAs standard methods. It is sometimes desirable to
isolate pathogenic bacteria when an outbreak of disease is sus-
pected to be milkborne. Finally, the reducticn of methylene

blue by raw milk is also used for the asscssment of milk quality
based on the fact that thero exists a direct relationship

between reduction time and number of bacteria present. This
method, however, camnmot be used for grading milk with any degree
of preclsicn but it is generally accepted that a milk sample
decolourizing in less than two hours is poor in quality while
that which does not decolourize in eight hours ls excellent
(Nilsson, 1959). '

By far the most satisfactory method of controlling Imilkborne
infection Ls the process of destroying pathogenic bacteria. The
use of a temperature high enough to kill most microorganisms but
not sufficient to cause undesirable alterations in the substance
heated was first applied for preservation of wines by Pasteur. A
grateful sclentific world has long termed this process as pasteurl-
zation. The process 1s now chiefly used for the treatment of milk

with a view to improving the shelf life,
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Many preservative methods cannot be used for milk without
causing undesirable changes or forming different food products
because milk is a delicately flavoured and easily changed food.
In fact,most of the various milk products evolved in order to
improve the keeping quality of milk. Despite the efficiency,
versatility, and cheapness of sulphur dioxide as a preservative
it is yet to be used for preservation of milk hence the inclusion

of milk as one of the liquid media in this study.

ANTIMICROBIAL AGENTS

BA food additive 1s a substance or mixture of substances,
other than the basic food stuff, which is present in food as a
result of any aspect of production, processing, storage or pack-—
aging. The term does not include chance contamination" (WHO,
1965). Some food additives are specifically added to prevent
the deterioration or decomposition of foods. These are referred
to as chemical preservatives and are capable of inhibiting the
growth and activity of microorganisms (Frazier and Westhoff,
1978).

Sulphur dioxide has long been used as an antimicrobial
preservative and as an antioxidant in foods and beverages to
prevent both enzymatic (Mapson, 1952), and non-enzymatic (Burton,
et al, 1963; McWeeny and Burton, 1963; Reynolds, et al, 1962;
Fox, 1972) discolouration as well as spoilage. The major
sources of sulphur dioxide as an antimicrobial agent in foods are

aoften the sulphite, bisulphite, and metabisulphite ions of sodium
and potassium and, less frequently, of calcium (Allen and Brook,
1970; Fennema, 1976).
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In ‘wractice the addition i 1,000 - 2,000 ppm sulphur dioxide
to fruit pulp« and juices, 590 = 1,000 ppm to drie? fruits and
vegetables and, 100 - 500 ppm to concentrated fruit juices, wines
and beeres his proved to be of adequate antimicrocbial efficacy
(Joink F/O/.HO, 1971),. It has been chscrved that palm wine could
be preserved for six months by the addition of 0,05% (w/v) of
sodium matabisulphite (Ckafor, 1977). The antibotulinal efficacy
of sulphur dioxide in meat has also been evaluated (Tompkin, et al,
1980)¢ 'Y latter study has revealed that the use of about 100ug
of sulphur diocxide per g of ment is necessary to obtain signifi-
cant inhibltion of spore germination when a target level of 100
botulinal spures per d was cxposa! to sulphur dioxide. In gelatin,
800 ppm of metabisulphite rendered the product salmonella-free and

2,000 prm was roequired to kill off FE. coli while Pseudomonas

aeruginosa wns cestroyed by 1,000 ppm of metabisulphite (Abalaka
and veiboal, 1960). The same authors have: shown that the three
bacturial g ~cies wore susceptiblye to the same level (4,000 ppm),
of motabisulphite, in bone m:z-l.

Liff rences in copinion have emerged as t.o what component,
sulphur dlczide versus sulphurous acid, is responsible for letha-
litye It is assumed that the free gas ylelds sulphurcus acid,
having diszolved in the water present in fcod, which is the
active antimicrobial agent (Allen and Brook, 1970; Jay, 1978).

theight
Other schocls of 1/ .. expressed disagrecement with this assump-
tion and have argued that the free sulphur dioxide released by
sulphitcs, bisulphites, and metabisulphites is the antimicrohial

agent (Haamond and Carr, 1976) . However, this study does not intend



to verify or propose an active component.
The reactions of sulphur dioxide in sclution are thought to
conform to the following equations:

¢ HO —————> H_50

59, ¥ —— Y3

2H,80, ———=> K, HSO; + 24", 50
~— 3

27713
Tt was Pherefore inferred that the relative propartion of each
species depends on the pH of the medium such that at pH 4.5 or
lower the Hsog ion and the undissociated sulphurcus acid are the
predominant species (Joslyn and Bravérman, 1954). Because sul-
phur ddoxide is most effective as an antimicrobial agent in acid
medium 1t has been suggested that the higher effectiveness is
sulphurous acid-mediated (Brown, 1972). This is because the
undissociated sulphurous acid is the predominant species at pH 3
or below and readily penetrates the cell wall of microorganismsa

At higher pH values the H503

but not vyeast (Dyett and shelly, 1966) and permits the growth

ion is effective against hacteria

of certain selected type of wild yeasts at carefully monitored
concentrations in wine (Nickerson and Sinskey, 1272).

The addition of sulphur dioxide to flour results in rever-—
sible cleavage of the protein disulphide bond in the flour
{(Rebert and McWeeny, 1972) which is thought to have desirable
effects on bhread dough. Wade (1972) has traced the effect of
metabisulphite on the properties of hard biscuit dough to the
rupture of intermolecular disulphide  linkages in the gluten

retwork of the dough. It was earlier demonstrated that the



disulphide is usually split into twe parts, one containing the
thiol group, and the other an S~S5ulphonic acid group (Swan, 1957).
Sulphur dioxide reacts generally with disulphide groups in pro=
tein but forms addition camplexes with carbonyl group as found
in aldehydes, ketones, and sugars. Sulphur dloxide is endowed
with a self-regulatory attribute which has placed it zt an advan-
tage over any cther food additives This is reflected in the fact
that the addition of sulphur dioxide beycr:]l a certain level to
food results in an offensive odour. Limits of sulphites, bisul-
phites, and metabisulphites in foods and drinks are prescribed
in terms of sulphur dioxide. The use of sulphur dioxide In feoods,
beverages, and pharmaceuticzls  has been reviewed extensively by
Schroetery; (1966) and more recently by Hammond and Carr (1576).
The level of sulphur dioxide presently in use has been
:accepted as safe (Joint FAC/WHO, 1965) and this chemical preser-
sative has won a place amongst the least harmful ~rtimificreidale
employed in food preservation (Report, HMSO, 1924)}. The acute
and chronic toxlcity of sulphur dioxide (allen and Brook, 1970),
metabolism and elimination of sulphites by mammals (Gibson and
Strong, 1973a) and the safety of sulphited foods (Gibson and
Strong, 1973b; Wilkins, et al, 1968) have been evaluated. These
studies have uncovered the fact that humans can tolerate higher
levels of sulphur dioxide than the unconditionally acceptable
daily intake of 0.35 mg per kg body weight (Joint FAQ/WHO, 1967).
Moreover, bisulphite is easily converted to sulphate by the

enzyme sulphite cxidase in the Ilver (Macleod, ¢t al, 1961;



Schroeter, 1966), The sulphate is often voided in urine;

The role of sulphur dioxide in carcinogenic or mutagenic
hazard is yet to be deciphered. The possible participation of
this preservative in any of these problems has long been the
subject of extensive investigation. With this imposing labyrinth,
the exact role of sulphur dioxide will have to awalt the availa-
bility of reliable and retrievable experimental findings especia~
lly at the level of sulphur dioxide consumed through foods and
heverages. However, sulphur dioxide has heen implicated in gene-
tic mutation by a few sclence authorities (Hayatsu and Miura, 1970;
Hayatsu, et al, 1970; Mukai, gt al, 1970; shapire, et al, 197Ca;
Shapiro, et al, 1970b),

There has been a good deal of speculations concerning the
mechanism by which sulphite, bisulphite, and metabisulphite exert
lethal effect on microorganisms. Some of the postulated mechanisms
include $= lenkage of ATP {(Luker, et al, 1975}, formation of
bisulphite addition compounds which may interfere with respira=-
tory reactions that are NAD-linked (Chichester and Tammer, 1972),
derangement of cell wall septation apparatus (McCready, et al,
1976) and multiple factors (Hammond and Carr, 1976). Akinsanya
{1979) investigated the possibility of ATP leskage from metabi-
sulphite-treated cultures of B. subtilis. The investigation

sugyested that aATP leakage contributed, at least in part, to the

death of bacterial cellss
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MATERIALS AND M3THODS - i

Microorgonismse Bacillus subtilig KTC 7476 and Baclllus ceoreus

W18 wore obtained from the labiratory of Dr Abalaka in this

deportment, Lgcherichia coll NCTC 10418 and Staphylococcus

aukeun HCTC 6571 were obtaine from sgtock cultures maintained in
Microbinlogy revartment, Ahmadu Bello University, Zaria.

Antimicrobinl agents. Anhydrous sodium metablsulphite, Anhydrous

sodium culphite, Sodium hydrogen sulphilte or Sodium bisulphite
(40% w/w solubtion), Potassium sulphitce, and Potassium metabisul-
phite wpre all of reagent grade (8BDH Chemicals ktd, Poole England).

Licuid mnodlae Nutrient broth (Difecc), Lactosa broth (Oxoid), and

Broin heart infusion (BHIj Ox:id). These media were prepared
according £o manufacturcrs! directives. WMildo full cream powdered
milk (Nezbtle) was purchased from one .f the supﬁrmarkets:in
Samaru Village, Zaria and itg sulutions were used for furthep

studices s dogeribad under Results.

W¢ﬁ_ .

Cultivoti-n and Stock Culture Proparation of Hicroorganisms

Bacillus subtilis T

§

Lvophilized culture (1ig) wos first suspended in 1ml Sf-b.lxl
peptone water (Oxoid) and sub-culturcd overnight in nutrient br - th
at 37OC in a Gallenkamp orbital ircubator maintained at 100 rpm.
The cells wore then plated on nutrient agar (Oxoeld) and isclatod

colonles woere picked and sub-—cultured in nutzrient braoth,;
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Confirmation and re-isolation of Be. subtllis: The {ollowing tests
—_— T ==

were further carried out to confirm the identity of B. subtilis.

Microscopic examination: Samples were prepared for Gram stein

reactions and from the examination under Zeiss Standard 14 Compound

microscope it was observed that the cell were gram positive rods.

Catalase reaction: A sample of the sub-culture was dispensed into

a test tube and to this was added iml of 3% (w/v) hydrogen pero-

xide solution in accordance with the procedure of Deibel and

Evans (1960). A positive catalase reaction was indicated by the
catalase

ef fervescence of gas bubbles (H202 ——-——-ql-Hzo + 1502).

oxidase reaction: This followed the procedure of Kovacs (1956),

result
with a positivef.ind]icating that the organism in question possess—
es the terminal cytochrome oxidase in the electron transport

system. Bacillus subtilis was oxidase positive hence aerobic.

Following the confirmation of the microorganism as B. subtilis,
streaks of the sub-culture were made on nutrient agar and incubated
at 37°C for 24 hours. Isolated colonies were then picked and re-—
subcultured in mutrient broth and samples from the latter were

used as working stock cultures.

Bacillus cereus

Other than the fact that it was necessary to differentiate
between B. subtilis and B. cereus, the preparation of working
stock cultures of the latter followed the same procedure as
previously described for B. subtilis. However, B. cereus cells

when lightly stained were filled with unstained globules whereas
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the cells of B. gubtilis were not. Moreofef, the individual cells

of Be ceroug were usually fatter than those of B. subtilis under

the nicroscope, The achual differentation was carried snt using

egg=yolk and polymyxin medium (Kim and Goepfert, 1971) on which

Be coreus colonies were surrounded by clear halos, indicating
——— e

ability to hydrolyse lecithin in the medium while B, subtilis

colonies showed opaque surreunding. Thus B. cereus was positive

'}__for lecuthinase production while B, subtilis was negative,

£ E - s i ._I...

Escherichia coll

. From the original stock on agar slant, a resuspension of the

micro-organisino was made in 0.1% peptone water and grown overnight

' in lactoso Lroth aﬁ 3?OC. The micromrganism was then streaked on

to eosin methylens blue (EM3: Difco) agar and incubated at 37°C
for 24 Lhours. Tormaticon of colonies_yith metallle sheen on EMB
agar platus wes taken to represent . ¢0li, Further confirma-
tion of.ikfsgli was undertaken using the modified Efjkman pro-
cedure, a 24 -~ hour culture of E., coli was inoculated into

fresh lactese broth maintained at 45.50C + 0.2°% 1n a pre-warmed
waker broth., Production of gam and %pid within 24 hours of incu-
bation was taken as a posltive result., Representative celonies

on EMB ggar platce were plcked and subcultured in Iactose broth

and samples from this were used as working stock cultures.
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Staphylococcus aureus

A resuspension of the microorganism in 0.1% peptone water was
alsc made from original stock on agar slant and cultivated in brain
heart infusion (BHI) broth at 37°C. The bacterial cells were cbserved
to be gram positive cocci. Further identification of the micro-—
crganism was done by conducting the coagulase test. This followed
the procedure of Jawetz, et al (1972). 1In this procedure, dilute
human plasma {(1:5) was mixed with an equal volume of BHI culture
of the microocrganism and incubated at 37°C along with a second test
tube containing dilute plasma plus equal volume of sterile BHI
which served as a control. After about 2 hours, the plasma in the
tube containing BHI culture of the microorganism clotted thus

confirming the microorganism as Staphylococcus aureus. A further

confirmation employed the heat-stable DNase test which was per-
formed as follows. Into two clean test tubes were added 5ml of 2%
solution of DNA. One millilitre of S. aureus culture was added to
one of the test tubes and the mixture was boiled for 10 minutes
while Iml of sterile distilled water was added to the other. Both
tubes were then incubated at 37°C for 1 hour, following which Iml
of IN hydrochloric acid (HCL) was added to each tube. The tube
to}'sf_j.'d:_nur_l_e_ug_ culture was added remained very clear indicating that
the DNA had been digested by the heat-stable DNase whereas the
control tube (that to which water was added) showed heavy turbi-
dity, an indication that the DNA reacted with the HCL thereby

forming same precipitate.



Stronks of the culture were made on Baird-Parker agar base
(Difco) t. which hadl becen addad eyg=yolk tellurite enrichment
(50%, Difco) as directed by the manufzcturcre The agar plates
were then ilrcubated at 37°C for 24 hours and isolated colonies
showing clioar hales were picked and subcultured in BHI for use as
working stocii culture,

To ensurce that the bacterial cells were in exponential growth
phase, cultures of a1l organisms used in this investigation

were transferred intc fresh media at every 24 to 30 hours intcrvals

Freparation of stock soluticn f the antimicrcblal preservatives

Ten thousand ppm (1% W/V) of each of the preservatives was
propored anl used as gtock scolution. From this stock, volumes
that woull give the desired antimicrobial concentrations were
added to the appropriate sterile liquid media. In cases

requiring Ligher concentretions of the preservatives (1,000 ppm

and above) the appropriate quantitics were welghed separately and

added tu the sterile media.

Preparation of the Nido powdered milk solution

The milk solution was prepared in two different solvents;
sterile distilled water and sterile peptone water (0.1% W/V)e
In each case 10% milk solution was prepared by dissolving the

appropriate amount of the powdered milk in warm sterile solvent,
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Inoculation of microorganisms and addition of antimicrobial agents.

The appropriate inoculum size, often determined by cne tenth
serial dilution procedure, was introduced into the growth media
after the desired concentration of antimicrobial agent had been

aseptically added to the media.

Measurement of bacterial growth and countse.

Growth of the microorganisms was followed by measuring
turbidity spectrophotometrically at 650mm on SP6 - 400 spectro-
photometer (Pye-Unican) and using a calibration curve which
relates "650 to bacterial growth and number. This was further
checked by withdrawing known volumes of the culture at specific
time dntervals and conducting viability count using the standard
plate count (SPC) agar (Oxoid)e As there were no wide variations
between coumts derived from the spectrophotametric procedure and

the viable plate count method, values of counts recarded under

results represented the mean of the two procedures.
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a»mﬁm.p. mnc o= the antimicrobial agents on the viability and mno:&v oﬁ -

mwnﬁuﬂwn:pm coll in lactese broth

‘ o o Bacterial population (Counts/ml} at
M¢ Antimicrobial) , Concentra- time intervals (hours)
: agents tion (ppm)

S e T 2a 36 a8 72
Note - 0 9.2x107 1.110° 1. 4%10° 1.3%10° 1.2x10%
Sodium ¢ 200 7.8x10° . 9.3x10° 1.0x10° . 1.2x10° 1.2x10°
sulphite 5000 2.4x107 . 4.8x107 < 6.7x107°.  8.1x10° 1.0x107
o 10000 n.uxuoq o uamxpoq g m.oxpoq ﬂx_q.wxpoq | m.mxpoq
Cpotassium - 200 8.4x10°  1.1x10° 1.3%10°  1,4x10° 1.3x120°
 sulphite .. - 5000 4.6x10' U 6.4x10° 8.6x107  9.7%107 1,0x10°
. 4000 3.8x107 5.9%10° 6.5x10° * 841107, 1.0x10°
_ Sedium T 200 2.6x107 3.0x107  3.5x107  Geaxle’ 945%10°
' metabisulphite 400  4.9x30° . 4.0x1c®  soox10® . 2.9xac® 2.0x10°

ﬂuh_kﬂm_ e S 500 0 "o _r _w T

N 600 0 | o =" o o o
Cpotassium - © 200 3.2x107  4.Ax107 . 63107 8.0x107  1:0x10°
metabisulphite::. 400 2.8x10° . 5.2x10° . 5.5x10° © 5.3x10°  a.2x20®

s o o ] o o o

600 0 _ o 4 o e . .o
Sodium - - 200 3.6x107 5,3x10°  6.8x10° 9.0x107 . 1,2x10°
_wwmcpmruﬁw_« o 800  8.3x10° ©9.m10° - 1.1x10° 8.0x10° " 1,2x107

S r 10000 o0 . 0 -+ 0 o 0

Yo

2000 © 0 .- o o0 o0 0
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witih 2 108 cells of the apuropriate bacterizl species derived
from an onponenitially crowing stoeck culturae.  One flask of quliupe
containin; no antimicrebial preservative served as a control. The
flasks ware incubnted at 37°C for up ke 72 hours in an orbital
rotary incubnter (Gallenkamp) maintained at 100 rpm. Flve ml sal-
pled  waere taken from each flask at 12, 24, 36, 48 and 72 howrs

S e
after incubation, Growth of test organism in s2ach szample was

*

astinmatod spoctrephctemetrically, as described under Materlals and

Methods, « anat the a[perrlate sterlle liquld muiium tu Wthh no

K

'ant;micfo Lﬂl prpservativa had bepn added, The effact nf the

preservatives in liquid media against E. coli, B. gubtilis,

Be corous ond Se aursUs has been recorded in Takles 1, 2, 3

anl 4 regnactively. . T

depsulis indicated that soedium metabisulyhite and potassium
b
motablsulphite were the most efficient of 21l the antimicroubial

-

agents uged for this study, Escherichia coli was not suscaptible

to 400 ppm of sodium metabisulphite and potassium metabisulphite
while tha growth and viability of B, subtilis and 3. cereus werc
effectively arrcsted at thig level - f the motablsulphites.

Staphvylococcus aureus was not susceptible to 2,000 ppm of either

of the metasisulphites and was therefore found to be the most re-
siztant of the test crganisms employveds It was abserved that
aftor three uays of exposnre &f the microoryanisms at 37° C, 10,000

L

pepm of elhhor sodlum sulphite or potassium sulphite failed to exart



T/ZLE 23 Effect of the antimicrobial agents on the viability and growth of

Bacillus subtilis in nutrient broth

o

Bacterial population (Counts/ml) at time

xrtimierobial Concentr a— intervals (hours)

__agents tion (ppm) 12 24 36 48 72
Lone O w. MNHO.H \.._._c_ .HVnHow 1. w_nu.om 1. WKMOm 1e WUﬂHOm
sulphite 5000 3.8x10° 5.0x107 646x10" 8.6x10" 9.4x10"

10,000  2.4%x10°  141%x107  2.5%10'  5.4x10"  7.2x10
Potassium 200  8.6x10" 1.04x10°  1e2x10° 1.4x10° 103x10°
sulphite 5000 4.6x%10" 648107 9.8x10" 10 3%10° 102%10°
10,000  4.0x10°  1.7%x107  3.5%x10°  6.8x107  8.2x10
Sodiun 200 2.5%10° 3,4x107 6e2x10" m.wxpoq 1.0x10°
metabisulphite 300 5. 4x10° 8.0x10° 1.1x10" 3.0%10" 4.8x10°
400 0 0 0 0 )
500 0 0 0 0 0
Potassium 200 w.pxpoq howxpou q.pxpoq w.mxpoq p.pxpom
metabisulphite 300 60 2x10° 8.0x10° p.mxpoq 3.5x10" 647%107
400 0 0 0 0 0
500 0 0 0 0 0
Sodiu 200 2.8x107  4.0x107  6e9x10°  9.7x10°  1e2x10°
bisulphite 600 7.5%10° 943%x10° 342%10° 6o 110° 2.2¢107
800 0 0 0 ) 0

1000 0 0 0 4] 0
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TABLE 3: Effect of the antimdcrobial agents on the viability
and growth of Bacillus cereus in nutrient broth,

Bacterial population (counts/ml)at time
Antimicrobial Concen- irtervals (hours)

agents tration
(ppm) 12 24 36 48 72
None 0 1.0x16°  1.2%¢10% 1.3%10°  1.4x10®  1.4x10°
Sodium 200  8.8x107 1.0x10° 1.2x10° 1.1x10° 1.1x10®
sulphite 5,000  4.2x107  6a1x107 7.3x10 8.6x107 1.1x10°

10,000  3.1x10°  1.8x107 3.0x107 5.2x10’ 8.0x10’

Potassium 200 9.0x10" 1.1x10° 1.3x20° 1.3x10° 1.2x10°
sulphite 5,000  5.1x107 942107 1.2x10° 1.1x10° 1.1x10°
10,000  1.3x107  3.0x107 6.5x10° 9.0x10’ 1e1x10°
Sodium 200 3.0x107  4.8x10° 7.6x10' 9.5x10' 1.0x10°
metabdeulphite 300  6.0x10°  8.1x10° 1.0x107 2.5%10° S5.4x10°
400 o 0 0 0 0
500 0 0 0 0 0
potasaium 200 4.1x107  5.3x107 8.1x107 1.0x10° 1.1x10°
metabisulphite 300  7.5x10°  9.8x10° 1.1%107 3.7%x10° 7.2x10’
400 0 0 0 0 0
500 0 0 0 0 0
Sodium 200 3.8x107  5.6x107 7.0x107 9.3x107 1.0x10°
bisulphite 600  B.0x10°  2.3x10° 6.6x10° 2.4x107 5.0x107
800 0 0 0 0 0

1,000 0 0 0 0 0




lethal effect on any of the four bacterial species. Experiment
using sodium bisulphite as the antimicrobial agent showed that

800 ppm of the bisulphite was sufficient for killing B. subtilis

and Be. cereus. Escherichia coli and Staphylococcus aureus were

killed by 1,000 and 3,000 ppm of the bisulphitc rospoctively.

Effect of varying pH on the antimicrobial efficacy of the

preservatives. Because the antimicrobial activity of sulphur
dioxide is pH sensitive and the pH of each of the liquid growth
media employed in this study is near neutrality, the effect of pH
changes on the lethal efficacy of the sulphur dioxide-generating
preservatives was determined. Five hundred millilitres of liquid
growth medium was dispensed into one litre pyrex beaker and
dilute hydrochloric acid (about 1.2N) was added dropwise with
thorough mixing to bring the growth medium to the desired acidity
level. The pH was read on Corning pH meter model 7 (Evans
Electroselenium Ltd). The growth medium was then porticned into
100ml1 in 250ml Erlenmeyer flasks and sterilized. The antimicro-
bial efficacy of the preservatives at the adjusted pH was evaluat-
ed as earlier described. Each bacterial species was subjected to
the antimicrobial agents at pH 4, 5 and 6. An inoculum of 2 x :LOa
cells/100ml was used for this determination.

Results indicated that the effect of low pH (pH 4.0) alone
was capable of destroying all the test organisms (Table 5). Sodium

sulphite and potassium sulphite demonstrated a clearly destructive
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TARLE 4: Effect of the antimicrobial agents on the viability

and growth of Staphylococcus aureus in BHI

Antimicrobial Concen—

Bacterial population (counts/ml) at

. agents tration time intervals (hours)
(ppm) 12 24 35 o .73
3 3 £ g 5
None 0 1.1x10° 1.2x10% 1.3x10% 1.35x10° 1.5x10
Sodium 8,000 4.5x107 8.0x107 9.2x10° 1.0x10°  1.3x10°
sulphite 19,000 3.3x107 7,9x10° 8,7%107 1,0x30°  1.4x20°
L SRR 7 8 8 8
Potassium 8,000 5.0x10’ 8.5x10 1.0x10° 1.210°  1.42x10
sulphite 10,000  4.4x107 7.7x10° 9.8x10° 1.12x10° 1.4x10°
Sodium 1,000  6.2x10° 8.0x107 1.0x10% 1.1c10%  1.2x108
metabisulphitc 2,000 1.8x107 2.2x10° 2.4x10° 3.0x107  3.8x10°
| 2,500 0 0 0 0 0
3,000 0 0 0 0 0
7 7 8 8 8
Potassium 1,000  7.0x10° 9.0x10' 1.0x10° 1.2x10°  1.2x10
metabisulphite2, 000 4.0x10? 4.8x107 6.2x107 5.4x107 4.6x107
o 2,500 0 0 0 0 )
.+ 3,000 0 0 0 0 0
: A 7 7 7 ? 7
Sodixum 2,000  5.8¢107 8.0x107 9.2x107 7.0x107  6.8x10
bisulphite 2,500  1.0x107 442x107 5,4x10° 4.6x10°  4.0x10’
. 3,000 0 0 0 6 .o
B 000 0 o 0 Sfu g




TABLE 53 Effect of pH changes on the antimicrobial efficacy of the preservatives.

pH of growth medium and minimal lethal concentrations (ppm )

- —

Antimicrobial B. subtilis B. cerus E. coli Se aureus
agents pH4 pHS pHE pH4 pHS5 nH6  pH4 pHS M6  pH4 pHS pHE .
Sodium sulphite - 400 800 - 400 800 - 500 SA000 - 800 5000
Potassium

sulphite - 400 800 - 400 800 - 500 /1000 - 800 =75000
Sodium

metabisulphite - 100 400 - 100 400 - 150 500 -~ 300 .-2000
Potassium

metabisulphite -~ 100 400 - 100 400 - 150 500 - 300 =2000
Sodium

bisulphite - 150 800 - 150 800 - 200 1000 - 500 3000

o viable cell evcn at O ppm of the preservatives.
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action on the test organisms undar such low pil values., It was
observ.. that 400, 500 and 80C j;ym of either sulphite destroyed
the bacilli, Ue. coli and 5. aurcus respectively at piH 5. Bacillus
subtilis and B. cercus were killed by 800 pim of c¢ither sulphite
at pH 6 whilc Bs c0li was nct susceptible to 1,000 ppm of sulphite

at the same pH value. Staphylococcus aurcus avidencoed resistance

to 2,000 ppn of potassium sulphite while this same amount of sodium
sulphite deskroyed staphylococcal at pH 6., The metabisulphites

of sodium and potassium also showed increase in antimicrobial
efficacy at low pH values., At pH 5, 100, 150 and 300 ppm of
either metabisulphite destroyed the bacilli, E. colil and

Se gurcus respectively. It was also obscrved that 400 and 500 ppm
of cither motabisulphite destroyed the bacilli and E. coli respec=
tively while S, sureus was not susceptible to 2.000 ppm at pH 6.
The bacilli werc susceptible te 150 ppm of sodium bisulphite while

E. coll required 200 ppm of the bisulphite at pH S. Staphylococcus

aurcus was completely cdestroyed by 500 npm of bisulphite at pH 5.
At pH 6, the bacilli, E. coli and S. aurcus werc susceptible to

bisulphite concentrations of 800, 1,000 and 3,000 ppm, respectively,
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ineculum
g e varyiug 2/ sizes on lothinl ¢fficocy of the antimicro-

L

af

Llal proacevobivess Since the afficacy of lothal ajents is often dc

pendent on £he inaoculum level, the effoct of inncula on the lethal
potency of che sulphur dJioxide-generatin s-lts in liquid growth
moedia vos investigatod. The cuncentration of th:: antimicrobial
prosery Zives wes stea’ily increascd until where possible minimal
lethal concentrations were astablished using the test organisms
at inoeula of approximately ‘102 to 2 x 10ﬁ cells per 100ml of
growth medlae Varyine amounts of the antimicrobial prescrvatives
were added ko 1L0m1 portions of growth moedia in 250ml Erlonmoyer
flagiis and the organisms were incculeted into the flasks. The
flaslzs onl thedr contents were then incubated at 377C for threc
dayvse Concrol Flasks differin: in incculum size but containing
no presarvative woere similarly set uj . CGrowth and viability of
bactericl collils were ussayed as describiad under Materials and
Metihods,

The evpoeriment was conducted in tri-licetce arnd 1dentical
resulis wer: obtailned, Growth »f the tust cr%:nism was cbserved
in a1l mortrol samplaes. Generally, higher concentrations of the
antinlicronizl preservatives were required to kill the test
orjanisns as the size of the inoculum increas«d (Table 6). It
was obsorvzd that the concentrations of the preservatives that

kille 1b£ and 103 cells of test crganisms/100ml of growth media



TAELE 6t Effect of varying inocula on the lethal potency of the preservatives.

Antimicrobial Test organisms Inocula of test organism and minimal
lethal concentration (ppm)
S 2 3 2 6 g
10 10 10 10 2x10

Sodium sulphite E. coli 6,500 6,500 -+#0,000 ;10,000 +10, 000
B. subtilis 6,000 6,000 ~10,000 710,000 0,000
B. cereus 6,000 6,000 710,000 ~~10,000 -10,000
S. aureus 10,000 10,000 710,000 710,000 -710,000
Potasium E. coli 6,500 6,500 710,000 10,000 10,000
sulphite 5. subtilis 6,000 6,000 ,10,000 -710,000 410,000
B. cereus 6,000 6,000 10,000 710,000 10, 000
S. aureus ~10,000 10,000 710,000 710,000 10, 000
Sodium E. coli 400 400 500 500 500
metabisulphite Be subtilis 300 300 400 400 400
B. cereus 300 300 400 400 400
Se aureus 2,000 2,000 2,500 2,500 2,500
Potassium E. coli 400 400 500 500 500
metabisulphite Be subtilis 300 300 400 400 400
B. cereus 300 300 400 400 400
Se aureus 2,000 2,000 2,500 2,500 2,500
Sodium E. coli 800 800 1,000 1,000 1,000
bisulphite Be subtilis 600 600 800 800 800
B. cereus 600 600 800 800 800
Se aureus 2,200 2,200 3,000 3,000 3,000




were nol dliferents The bacilli woere susceptible to 6000 ppm of
ellhcr svlphite while B. c0li wns kille?d whon expasced to 6500 ppm
of tha sulphite at 10? cells/10Cml, ior:over, 102 staphylococcal
celln/100m) of BHI showed resistance to the suljhites of sodium
an< potassium oven at 10,000 ppm of either sulphites, Bacillus

subtilis, De cocreus and E. coli were not susceptible to 10,000

—

ppm of clther sulphite only at inocula of 104 te 2 x 108 cells/
100mle X% was noted that 300 ppm of cither metabisulphite dos-
troycd the bacilli and 400 ppm destroyed E. coli while S, aurcus
roquirct 2000 ppm at inccula of 102 and 103 ce:lls/10Umls At
inocula betvoen 107 and 2 x 10% cells/100ml the bacill, E. cold
and 3, nureus were susceptible to metabisulphite cnncentrakions
ef 400, LUU and 2,500 ppm respcctively.

Investication into the lethal efficacy «f soaium bisulphite
(able 6) as a functiun of inoculum :iz. inlic~ted that the

to bisulphite
bacilli, Be z2li and 3S. aurcus woers suscer tiblo/concentrations

of 505, 00 znd 2200 ppm respectively at inocula »f 102 and ‘103
cclls/ 0 mle” At inucula betwaesn 104 andl 2 x 108 c211ls/100ml,

the Loellll, 2. coli and S. aureus wore susceptible to bisul-
sulphilc concentrations of 800, 100C and 3000 ppm respectively,
It was obscrved that the killing concentrations of the preserva-
tives rownined constant from 104 to 2 x 1CB cells/100ml of growth

neCiae
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Viability of the test organisms as a function of time.

All the previous experiments were performed by incubatiﬁg tﬂe
preservative~treated l1iquid growth media at 37°C for three days
after inoculation with the appropriate inocula of test organisms.
Since this length of time was a random cholce it was deemed
necessary to determine experimentally how rapidly the test
organisms died following initial contact with the sulphur dio-
xlde~generating lets. P . L e

The inoculum level used in this phase of the investigation
was 2 X 108 cells/100ml of growth medium since this size of
incculum was used in previous experiments. Into 100ml portions
of sterile growth medla in 250ml Erlermeyer flasks was added
different amounts of the antimlicrobial preservatives followed by
inoculation with the appropriate bacterlal species, Prior to
incubation at 370C, a zero hour control sample was removed from
each flask imuediately following thorough mixing of the liquid
drowth medium, the preservative and the inoculated cells. Via-
bility assay was carried out at 0-96 hoursafter incubation.

In the liquid growth media (Table 7}, all control samples
showed viability. at 10,000 ppm of sodium sulphite or potassium
sulphite, none of the four bacterial specieq was destroyed within

9 hours. Bacillus subtilis and B. cereus were killed after 24

hours of exposure to 400 ppm of either of the metablsulphites

SEL e
G- . . ' . . Tl
L i s o | e



TABLE 7:

Effect of exposure time on the lethal efficacy of the preservatives.

.-

Viability of bacteria in liquid media after exposure time(hours)

Antimicrobial concen= B. cereus B. subtilis E. coli Se aureus
agents tration
(ppm)

0 2448729 Q0 24487226 0 24487296 Q 2448 22 %6

None None +m+++++++++++++++++++

Sodium sulphite 10,000 +4 + + F ¥ O o+ o+ o+ o+ + + + + o+ + + 4+ o+ 4+

Potassium

sulphite 10,000 + ¥ 4+ 4+ + o+ ¥ 4+ + 4+ + O+ o+ o+ 4+ + + + + 4+

Sodium 300 + P T T T e S T . ZUUZUZUZUZU

metabisulphite 00 4 o m o= B B . om o= o+ 4 ND ND NN ND ND

500 NDNDNDNDND NDNDNDNDND 4+ = = =~ = ND ND NDND ND

2,000 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND - R

.N.qmg ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND - - = = -

Potassium 300 + + + 4+ 4+ 4 + 4+ 4+ 4+ + 4+ + + <+ NDND ND ND ND

metabisulphite 400 + = = = = 4 = = = = &« 4+ + + + NDND NDND ND

S00 ND ND ND ND ND ND ND ND ND ND + - = A = ND ND ND ND ND

2,000 NDNDNDNDND NDNDNDNDND NDNDNDNDND + + + + +

2,500 NDNDNDNDND NDNDNDNDND NDNDNDNDND + = = =~ =

Sodium 600 + 4+ + * + ¥ + + + + +4 + + 4+ + ND ND ND ND ND

bisulphite 800 + =« = =~ = 4 = = = = 4 4+ % + + NDNDNDNDND

1,000 NDNDNDNDND NDNDNDNDND + = = = = 4+ + + 4 +

2,500 NDNDNDNDND NDNDNDNDND NDNDNDNDND + + + + +

3,000 ND ND ND WD ND ND ND NDND ND__ND NDNDND ND & = = = =

mﬁhmmmbnm of viable bacteria,

Uﬁ.._.muu_.uunw was not determined.

n»Uunaom of viable bacteria.
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whilc Ze Tuli was not destroyed within 96 hours of exposure to
this netabisulphite level, However, 500 ppm of either metabie

sulphite dostroyed E. coli after 24 hours of exjposure. Similarly,
Se aurcus was not susceptible to 2,000 ppm of the metabisulphites
after 96 hours of exposure while 2,500 ppm of motabisulphite

rendored BHI Starhylococcus - free aftocr 24 hours of exposurc,

Generally, all the bacterlal sjuecies tolerated hijher concentre=
tions of sodium bisulphite than the metabisulphites. The bacilli
were not susceptible to 600 ppm of the bisulphite’ within 96 hours
while Ee coli was not susceptible to 800 prm of this salt within

96 hours of exposureas Staphylacoccus aureus was not destroyed

within 96 hours when exposed, to 2,500 ppm of the bisulphite.
Howevaer, the becilli, Ee. coli and S. aureus were destroyed after
24 hours 0f exposure to bisulphite concentraticns of 800, 1,000
and 3,000 im respoctively. The results indicated that the incue

bation period of three days was sufficiont,

Antinicrobial eificacy of the sulphur dioxide-cencrating

pruscrvatives in full cream powdered milk solution (Nido; Nestle

make) Ton per cent (%) milk solution was prepared as follows:
The 1id top of the Nido tin was disinfoected by wiping with

ethanoletreated cotton woole The 1id was then removed and
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the serl aiderncath was similarly also disinfectad after which a
prailr ¢f sterile forceps was used to puncture the seal and tear off
a small sacticn of the aluminium foll oover. Using sterile spatula
the agpropriate amount of the powderce! milk was often weighed and
diseoly »1 in warm sterlle solvent as describod under Materials
and ilethodse Fricr to replacement of the lid, the inner surface
of the 1i! wvas alsc g8sinfected with abisolute ethanol to furthor proe
clude chance contamination ospeciolly now that the scal has becn
brokernie

In o preliminary experiment, 1ml of each of the 10% milk solue-
tions was separctely plated in guadruplicnte on plate count agar
(ooll) Ly the spread plate method using sterile hockey glass rodse
The plates ware incubated overni:ht at 37°C tc determine the GEnas-
ral tloaldt of the milk suluticons, that is, number of microbial
contaminantse In all cases it was observed that only 3 to 5
miczelhial colonies were present on plates. Howevir, no attempt
was il te identify thes. few colonics of contaminants, Sach
of the milk soluticns was then porticned into 100ml fractions in
sterile 25uml Erlenmeyer flasks and subjected to 'flash sterilie
zationt (15id per sq. in at 121°C for 2 minutes) (Abalaka, 1977).
This period was found to be sufficlent for destruction of the
micr.l:l -l contaminants in the milk soluticns as determined by
the viadle rlote count method but was short enough to prevent

coagulation <of the milk.
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pH of the milk solutions: The pH values of the milk soluticns

were found to be identical. These were determined using 10ml sample
of each solution and measuring the pH on Corning pH meter model 7
(Evans Electro-selenium Ltd) and were found to be 6.7 + Oul. This
pH range was close to the pH values of most of the commercially
prepared liquid growth media used for the previous experiments.

Varying concentrations of the sulphur dioxide-generating
antimicrobial agents were then incorporated intc the flasks cone
taining 100ml of stemile 10% milk solutions after which the desired
test organism was inoculated to give ‘104 cells/100ml of the milk
solution. A control flask (containing inoculated cells but withe
out antimicrobial agent) was set upe All the flasks were then
incubated at 37°C for up to 96 hours after which viability assay
was performed on Iml milk sample from each flask.

Results indicated that higher concentrations of the anti-
microbials were required to destroy identical inocula of test
organisms in milk than in the liquid growth media used for pre-
vious experiments (Table 8). It was also observed that each of
the test organisms was destroy=d by the same concentration of
antimicrobial agent in either of the milk solutions, that is,
irrespective of the solvent used for dissolving the powdered milke
Further studies was, however, performed using 10% milk solution
prepared by dissolving milk powder in sterile 0.7% peptone water

(oxoid)e Sodium sulphite and potassium sulphite failed to kill



TABLE B:
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Effect of the sulphur dicxidz~ceneratinc antimicrobial agents on the viability

of four hacterial specisg in 4l

e
i

> gsolution of powdered nilk.

. 2
Test organismns

zrnd minimal lzthal concentrations (ppm)

Antimicrckial B. cereus Se subtills e coli 5. aureus
azents
iy —
oainm -
sulphite HV 1C,C0C JV 13,000 MV 16,CCG MV 10,0CC
Fotassiun _ .
sulphite . me,noo © Ty 10,000 Vpo,ooo : V 10,000
Scdium .
metatisulphite * 500 500 600 3,000
Potassium
metabisulphite 500 £c0 600 3,00
Sodium
nisulphite 14000 1,000 1,500 4,000
qInoculum siz: of pon cells/100ml wzs used.

A
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any of the hacterial species in milk even at 10,000 ppm use level.
Similor results were previously chtained when commercially pree=

parcd liquid growth media were used. Baclillus subtilis and

Be cercus wure susceptible to 500 pym of sodium metabisulphite

while Se ¢ 13 2nd 5, aureus were susceptible to 600 and 3,000 ppm
of sodlun metabisulphite respectively. With potassium metabisul-
phite regulis parallelled those observed when sodium metabisule
phite was usede 1In sodium bisulphite-treated milk samples, B,
subtilis and De cereus were killed by 1,000 ppm of the bisulphite
while E. coli and S. aureus were killed by bisulphite concentrations

of 14500 and 1,000 ppm respectively.

Simulation of repeated contamination in 10% milk solutione.

Becausc thore oxists the possibility of repeated exposure of food
products to contamination during storage the stability of anti-
microbial potency of the sul hur dicxido-generating preserva-
tives was cvalusted, The minimal lethal concentrations (MLC)

of cach of the antimicrol'ial prescrvatives, previously deter-
mincd, and Lilolier concentrations were incorporated inte 100 ml
portions of the milk solution. Sodium and potassium sulphites
were excluded from this phase of the comparative evaluation since
nonc of the test organisms was susceptible to as much as 10,000
prm of cither of these salts. Inocula of 107 ana 2 x 104 cells/

100 ml of milk soluticn were used in each case. Immediately after
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TABLE 9: Effect of repeated bacterial contamination on the antimicrobial efficacy of the

preservatives in 10% solution of powdered (Nido) milk.

Viability cof bacteria® at time (days) of assay

intimicrebial Concentra-— Be cereus Be subtilis E« coli Se aureus
tion - - - = 2
4 A 4
agents (ppm)  10° > x 10*  10? 2 x 10*  10° 2 x 20*  w0*  2x10d
48 122 48 12 48 12 4812 4 E 22 48 12 4 - X 48 12
b
None 0 + + 4+ + + o+ + o+ o+ + o+ o+ + &+ + & T S
500 . . - - 4 - - + o+ o+ + o+ o+ " 1D D ND ND ND
Sodium 600 - = = - - - - - - - - - - -t - - ND ND ND ND ND ND
metabisulphite 800 - - - - - - - - - - - - - = - - = ND ND ND ND ND ND
3000 ND ND ND ND ND ND ND ND ND ND NP ND ND ND ND ND ND ND - -+ - - 4
4000 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND WD - - - - - -
Potassium 500 - - - - 4 - - 4 - = 4 + o+ o+ + + o+ ND D ND ND ND

D
metabisulphite 600 - - - - - - - - - - - - 4 - D IDND ND ND ND

3000 ND NDND NDNDND ND

4000 ND NDND NDND ND ND ND ND ND

8 8
8 8
g 8
3
S
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TAELE 9 contde

Sodium 1000 - - 4 e L T - -+ + o+ o+ + o+ o+ ND NDI!ID ND
bisulphite 1500 - - = - = = = = - - == - - & = = ND NDIMD MD
2000 = - = = e . T O T
4000 NDND ND ND ND ND ND ND ND NDNDND NDND ND NDNDND w = & =
5000 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND - - - -

“66666€6

“mwo inocula :ob. and 2 x uon e¢ells/100ml) were used.
dwﬂmmm:nm of viable bacteria.

c

Absence of viable bacteria.

dnis level of preservative was not tested against the test organisme



the addition of antimicrobial preservatives, the desired test
organism was added and the cultures were incubated at 37°% for 4
days after which viability assay was performed. Contamination

was repeated, using the same level of inoculum, immediately after
the viability assay and the cultures were further incubated for

4 days and then assayed for viability of the test organisms. A
third simulated contamination was effected immediately after the
second viability assay, that is, on the eighth day from the initial
contamination, and samples were assayed for viability of test
organisms at the end of the twelfth day.

Viable cells of B. cereus and Be. subtilis were observed after
the third simulated contamination at 500 ppm of sodium metabisul-
phite (Table 9)s However, 600 ppm of metabisulphite destroyed the
bacilli even after the third simulated dontamination in milk solu=

tion. Escherichia coli and S. aureus were viable in metabisulphite

concentrations of 600 and 3,000 ppm respectively, after the third
contamination. It was cbserved that E. coli and S. aureus were
not viable in metabisulphite concentrations of 800 and 4,000 ppm
respectively, even after the third simulated contamination.
Identical results were obtained with potassium metabisulphite
vhen used in place of sodium metabisulphite. The bacilli also
showed viability in 1,000 ppm of sodium bisulphite while E. coli
showed viability in 1,500 ppm bisulphite, after the third contami-

nation. Staphylococcus aureus was viable in 4,000 ppm of bisule
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phite but 5,000 ppm of the bisulphite destroyed the staphylococcal
cells, after the third simulated contamination in milk solution.
With each of the test organisms, viability was observed
after the third contamination at preservative concentrations pre—
viously established as MLCs but not at higher concentrations.
Therefore, viability observed at these MLC levels might be due to

loss of avallable sulphur dioxide with extended time of incubatione.

Relative growth of the four bacterial species in preservative-

treated milk sclution. An investigation into the relative growth

and/or percentage inhibition of Escherichia coli, Bacillus

subtilis, Bacillus cereus and Staphylococcus aureus in preserva-

tive-treated 10% milk solution was undertaken. The levels of the
sulphur diaside-generating salts that were found to be sublethal
or lethal against the test organisms at 10 cells/100ml of
commercially prepared liquid growth media (Table 6) were used in
this phase of the comparative study. In this investigation there-
fore, 400 ppm of each of the metabisulphites and 800 ppm of

sodium bisulphite were used against B. subtilis and B. cereus
while E. ccli was tested against 500 ppm of metabisulphite and

1,000 ppm of bisulphite. Staphylococcus aurecus was exposed to

2,500 ppm of each of the metabisulphites and 3,000 ppm of sodium
bisulphite. Although none of the sulphites was lethal against

the test organisms, it was decided to evaluate the degree of
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inhibition obtainable when the test organisms were exposed to
10 000 ppm of each of the sulphites.

Four sets of six=-250ml Erlemnmeyer flésks containing 100ml of
sterilized 10% milk solution were sct up {one set for each test
organism}. Into five flasks were added the appropriate concen-
frations of the antimicrobial preservatives such that only one
flask in the set of six was set up for each of the preservatives.
The sixth flask to which no preservative was added served as a
control. All the flasks were then inoculated with the appropria-
te test organism to give 10* cells/100ml of milk and incubated at
37°C for three days. The number of viable cells of the test
orgahism in iml milk sample from each flask was determined by the
viable count method and the rglative percentage growth of the

test organism was determined as follows:—

Number of viable cells in preservative~treated sample x 100

Nurber of viable cells in control sample. The value obtained
for each antimicrobhial preservative was then subtracted from 100%
vhich was considered as an ideal inhibition to obtain the appro-
ximate percentage inhibition of the test organisms. Thus,in the
above procedure the percentage growth of test organism in the
control sample was arbitrarily set at 100.

Chservation on the percentage inhibltion of the four bacterial
species has been recorded in Table 10, Two trials were conducted,

and since there were no wide variatlons in the results cbtained,

LT WYL,



TABLE 10: Relative growth of four bacterial species in the 10% milk solution

Antimicrobial  Concentration Percentage (%) inhibition of bacteria” in 10% milk
agents (ppm) _ solution
E. coli B subtilis Wo cereus S. aureus

lione 4] 0 0 0 0
Sodium sulphite 10,000 46,92 49,13 50.25 22.88
Potassium sulphite Ho-ooo 48,58 51.00 53,32 25.17
Sodium 400 86.20 90,51 93.42 .
moc . bisulphite 2,000 e e L 62425
Potassium 400 82,35 88,10 90,54 .
nmetabisulphite 2,000 oo .o o 60,74

800 - 63.24 65,16 *
Sodium 1,000 72.25 .o .. .
bisulphite 3,000 s se " 71596

mﬁbooﬁwca size of pop

cells/100ml was used.
sThese levels of the preservatives were considered ineffective against the test arganism.

**These levels of the preservatives were considered lethal against the test organisme.
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the values recorded represented the mean of the twe determinations.
Results indicated that the relative bacteriostatic or bacterioci~
dal efficacy of the sulphur dioxide—generating salts in increasing
order could be rated as potassium sulphite, sodium sulphite,

sodium bisulphite, potassium metabisulphite, and sodium metabisul-

phite. 5
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DISCUSSION

The data indicated that none of the test organisms sub-
jected to the antimicrobial action of the sulphur dioxide-
generating salts was completely refractory to the killing effect
of the salts. Generally, in performing the wviability assay far
each bacterial species, the presence of one colony of test orga—
nism on agar plates was considered a positive result. This is
because such a colony has a chance to proliferate to a signifi-
cant mnﬁrica}evel under favourable conditions. However, some
aspects of this investigation considered the reduction in
microbial population as a useful parameter in assessing the
antimicrobial efficacy of the sulphur dioxide-generating salts.
Results suggested that there exists a definite relationship
between the lethal efficacy of the salts and the inoculum size
of the contaminating microorganism, between the lethal efficacy
and pH of culture media, between the lethal efficacy and exposure
time and between the lethal efficacy and media camposition. Thus,
any discussion of death inflicted on the test organisms by these
salts must take into account the relationship amongst these four

factors.

Antimicrobial efficacy of the sulphur dioxide-generating salts in

liquid media.
Under practical conditions, the antimicrobial efficacy of

food additives is determined by the intrinsic antimicrobial
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spectrum of the additive which is mostly described in terms of
minimal inhibitory concentration (at given pH, water activity,
nutrient concentration, etc.), against a broad taxonomic group

of food spoilage organisms (Joint FAO/WHO, 1971)e However, this
investigation described the antimicrobial efficacy of the sulphur
dioxide-generating salts in terms of minimal lethal concentration
for two reasons. In the first instance, four bacterial species

(B. subtilis, Be. cercus, S. aurcus and E. coll) were used as test

organismes and these cannot be considered as representing a broad
taxonomic group of food spoilage arganisms. Secondly, a preser-—
vative effectively suppressing one type of microorganism may have
no inhibitory effect at all on a different type: no preserva-
tive effect can be expected from a bacterlostatic agent, if the
spoilage association of the food in which the preservative is to
be used is alrnos-t purely fungal. The lethal efficacy of the salts
was tested at the optimum growth conditions for the test organisms
(neutral pH, 37°C) and using a large inoculum size of the test
organisms (2 x ‘108 cells/100ml of growth media).

Results have shown that in commercially prepared growth
media (Tablesl to 4) and in 10% sclution of Nide powdered milk
(Table 8), S. aureus was the most resistant of the test organisms.
This investigation did not attempt to confirm the relative degree
of resistance of S. aureus in the other commercially prepared

growth media used since the 10% milk solution afforded a common



63

growth medium for the four test organisms., The difference in
degree of susceptibility of the four bacterial species to the
antimicrobial action of the sulphur dioxide-generating salts may
by attributed to variations in morphological and physiological
characteristics. Moreover, resistance is an inherent genetic
characteristic that varies from species to species.

The finding that all the preservatives were less potent in
milk solution by a factor of 1.2 to 1.5 than in commercially
prepared growth media lends credence to the fact that there exists
a definite relationship between susceptibility and media composi-
tion. Abalaka (1977) has reported that the antimicrobial effect
of sulphur dioxide is dependent on the composition of the sube-
strate in which it is incorparated and this, in turn, depends on
the formulation. Particularly significant is the level of car-
bonyl group and the sulphur-containing amino acid camposition
of the substrates. Sulphur dioxide participates in addition re-
actions leading to the formation of aldehyde-metabisulphite
addition complex and to the oxidation of the disulphide of the
amino acids. Such reactions reduce the availability of sulphur
dioxide, and therefore, 1ts lethality on the microorganisms
(Burton, et al., 1963). On the basis of composition, it would
appear that the Nido milk soclution is richer in carbonyl and
disulphide groups than the other growth media thereby providing

greater protection to the test organisms. Moreover, Nido powdered
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milk, as inscribed on the tin container, contains 28% fat which
may partly extract some preservatives from the aqueous phase of
the food and hence reduce their antimicrcbiil activity since the

microorganisms are in the aqueous phase (Joint FAO/WHO, 1971).

Minimal lethal concentration of the preservatives as a function

of pH.
The mast important parameter of a food determining the

activity of a given preservative is its pH value. Although there
are many potential antimicrobial food additives, most of the pre-
servatives used are acids. The activity of such preservatives is
virtually nil in the neutral pH area and increases with decreasing
pHe Similarly, the antimicrobial effect of sulphur dioxide (the
antimicrobial camponent of metabisulphite, bisulphite and sulphite)
is pH dependent, being more potent at lower pH values than higher
ones (Allen and Brock, 1970).

Preliminary experiments revealed that the pH of the growth
media without any modification was near neutrality. None of the
four bacterial species thrived at pH 4.0 even in the absence of
any preservative (Table 5)s Thus the acidity level at this pH
was sufficlently high to prevent viability of the bacterial species
by itself alone. At pH values between 5.0 and 6.0, the killing
concentration of the sulphur dioxide-generating salts increased

with increase in pHe The lethal effect of the metabisulphites on
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the test organisms except S. aureus was increased 3.3 - 4 folds
more at pH 5.0 than at pH 6.0. Sodium sulphite and potassium
sulphite were about 50% as effective against Be. subtilis, B.
cereus and, Ee. coli at pH 6.0 as at pH 5.0 and about 16% as
effective against S. aureus at pH 6.0 as at pH 5.0. Sodium
bisulphite was 18.75% as effective against the bacilli at pH

6.0 as at pH 5.0 and about 16.7% as effective against S. aureus
at pH 6.0 as at pH 5.0« The bisulphite was 20% as effective
against E. coli at pH 6.0 as at pH 5.0. These findings are en-
couraging since they clearly depict the relationship of acidity
to antimicrobial potency. Particularly noteworthy is the greatly
enhanced potency of the sulphites at low pH values compared to near
neutral pH at which the sulphites failed to exert lethality on any
of the test organisms even at 10,000 ppme It could be speculated
that the solubility of the sulphites is greatly enhanced in
acidic medium, being less soluble in water (pH 7.0) at 20°C. At
the pH of water, anhydrous sodium sulphite has a solubility of
259/100ml while potassium sulphite has a solubility of 28.5g/100ml
(Joint FAO/WHO, 1971). This solubility effect might account for
the increased availability of the undissociated acid (stoa)
rather than HSO? ion, the former being the active antimicrobial

species in acidic medium.
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Minimal lethal concentration of the preservatives as a function

of inocula of test organisms.

As in the physical preservation of foods, the efficiency of
chemical preservation depends largely on the initial numbers of
potential spoilage agents in the food: the higher the initial
load of potential spollage, the higher the concentration of an
antimicrobial preservative required to attain a desired keeping
quality. However, it is desirable to limit the amount of preser-
vatives to the lowest possible level for taxicological as well as
for microbiological reasons.

Table € shows that higher concentrations of the sulphur dio~
xide~generating salts were required to kill the test organisms as
the inocula were increased. In all cases, the concentrations of
the preservatives required to kill ‘102 and ‘103 cells/100ml of
culture were identical. Results have shown that much higher
concentrations of the preservatives were required to kill even
102 staphylococcal cells/100ml compared to the same incculum
level of the other three test organisms. This further confirms
the outstanding resistance of S. aureus. It was observed that
between the inocula of 10 and 2 x 10° ce11s/100ml, the test
organisms showed higher resistance to the antimicrobials than

3

at 10° on 10° cells/100ml, Moreover, the killing concentrations

of the antimicrobials remained constant over this inocula range,

8

' 4
that is, 10° to 2 x 10° cells/100ml. Generally, about 25% to
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36.,7% more of the antimicrobial preservatives (except the sul-
phites) were required to kill the test organisms at 10% than at
10° ce1ls/100ml.

Abalaka (1977) had reported that at the marginally lethal
concentrations of metabisulphite, the lethal efficacy or potency
of the metabisulphite was a function of the siz:fﬂ.noculum until
a critical concentration was cbtained at which the inoculum had
no direct effect on the lethal potency of metabisulphite. This
was explained as due to the fact that at such a critical concen—
tration metabisulphite action was all or none since the concentra—-
tion that caused death of 1 cell/g of sample also caused the death
of 10° cells/ge In this investigation (Table 6), results tend to
support these cbservations. The non-inoculum dependent concentra-
tion of the metabisulphite for the bacilli, E. coli and S. aureus
was 400, 500 and 2,500 ppm respectively. Similarly, the non—
inoculum dependent concentration of bisulphite for the bacilli,

Ee coli and S. gureus was 800, 1,000 and 3,000 ppm respectively.
It was not possible to establish such concentration with respect
to the sulphites for any of the test organismse. Moreover, these
concentrations would also depend on pH of the growth media employ-
ed, media composition and the available sulphur dioxide.

The available sulphur dioxide is a very important factor in
discussing the lethal potency of metabisulphites, bisulphites and

sulphites. At a first glance the use of up to 10,000 ppm of the
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- sulphites in this investigation might appear excessive. This

uwas due to the fact that the sulphites contain the lowest amount

of sulphur dioxide and are most unstable compared to the bisul-
phite and metabisulphite, Sodiurﬁ Isulphite contains about 48%
sulphur dioxide {(Joint FAO/WHO, 1971). It has been documented
that only 33.7% of a given amount of metabisulphite is the
theoretically available sulphur dioxide (Abalaka, 1977). 1In
practice some of the sulphur dioxide is wasted when 1t combines
with certaln organic components of foods and feeds (Burton, et al.,
1963; Reynolds, et al., 1962). This implies that the free sul-
phur dioxide is a fraction of the theoretically avallable sulphur
dioxide. However, mentlon mugt be made of the fact that the amount
of bound and free sulphur dimi&e in the liquid media used for this
canparative study was not determined, but this notwithstanding,
the free sulphur dioxide should be considerably lower than the
total sulphur dioxide. R T

Mammalian tissues are known to be endowed with very efficient
mechanisms for metabolizing sulphur dioxide and sulphur dioxide-—
containing foods eébecially to sulphate (Schroeter, 1966)., Data
from morkeys, rats, mice and dogs (Gibson and Strong, 1973a)
clearly showed that mammals have a large capaclty to metabolize
sulphites, bisulphites and metabisulphites. Wilkins, et al (1968}
have demonstrated that in dogs, the liver alee was capable of meta-—

bolizing at least SOmg 50,/kg/hr, and Macleod, et al (1961) have
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argued earlier that in rats, the liver is not the only tissue cap-
able of metabolizing appreciable quantities of sulphite. Moreover,
in fruit dip (a method of preserving fruit against microbial
spoilage) about 2,500 ppm of sulphur dioxide (equivalent to about
8,000 ppm of metabisulphite) is used routinely (Potter, 1968).
Therefore, the minimal lethal concentrations established in this

investigation appear quite safe for animals and human beings.
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CONCLUSION

All the preservatives employed in this com; arative study
are gencrally regarded as safe (GRAS) for adlition to foods and
arc non~toxic at the levels permitted in foodse The levels of
the proscrvatives used in this investigation are within those
permitted in foods (Juint FAO/WHO, 1971). In concluding this
study, it is only proper that an attempt is made to identify
whicl of the sulphur dioxide-generating salts is cldsest to an
icdeal proescrvatives based on the results of this comparative
evaluatione llecedless to say, of all the recoonised food addi-
tives, the 1deal chemical prescrvative has not been found, Moree
over, the nurber of new, simple and *ddeal' proservatives being
suggoested are few, and many of those suijested, for one reason
or another, <o nol develoy into comnercially acce; table additives
(Fraozicr and Justhoff, 1978). Conscquently, many of the compounds
still widely uset!! are alsou the oldest priservatives,

The Jdata oLtained from this investigation have shown
that thoe metal.isulphites <f sodium and potassium are the most
-effective gulphur diexide-generating antimicrcobials. The data
also suggested that the sulphites of sodium and potassium are

equally potent antimicrcobials at low pH valuese.



i SUGGESTIONS FOR FURTHER STUDIES

' Despite the fact that the metabisulphites of sodium and
potassium have clealy demonstrated a premising antimicrobial
ﬁotency,the need to carry out further investigations along the

following suggestions cannot be over—emphasized.

o

- 1a. The effect of media composition cn.metabisulphite

el

lethality against a broad taxoncmic group of food

spoilage organisms. o
| 2+« DPossible synergistic effects of metabisulphite in com-—
binaticn with other classes of antimicrcbials on the

destruction of food spoilage organisms.

3. The mechanism of lethal action of metabisulphite on

microorganisms.

44 Feed=trial experiments to establish the definite role

of metabisulphite in carcinogenic and mutagenlc¢ hazards.

5« The effect of metabisulphite on the organoleptic

of
quality of a number/locally produce food itemse

-
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