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ABSTR ALACT

The effect of metabisulphite on sporulation and spore gernination of
Bacillus subtilis E 52, B, ccreus W18 and on aflatoxin production by
asversiliys flavuys IAR strain in selected nedia has been studied.

The incorporation of 600 ppn metabisulphite to nutrient troth was
observed to have adequately prevented the growth and gernination of
B. subtilis and B, cercus speres in nutrient Wroth over a period of 72 hours.
In unswee tened condensed (peak) nilk, addition of 800 ppn of petabisulphite
adequately prevented the growth of the two bacteric over a pericd of 5
days whereas in powdered nmilk (Nido, Nestle nake), the addition of 500
Ppu mevented the growth of the bacteria over 2 period of 7 days.

_ Matabisulphite concentrations of 500 and 600 ppu were found to

prevent sporulation of B. subtilis and B. cereus respectively in a
sporulating nediun over a pericd of 72 hours., The sane concentrations

were found to preventi the synthesis of alkaline phosphatose and glucose
dehydrcgennse as well a8 reduced the protein and dipicelinic acid ccntents

to undetectable levels in the two bacterin. The effect of the nmetabisulphite
on the enzynes inveatiga’ced,‘auggeated that it caused leakages.,

Incorporation of 600 ppn netabisulphite to buffered yeast extract
nediun prevented aflatoxin production by 4. flavus cover 2 period of 7 days,
while 2,000 ppu of rmetabisulphite in powdered nilk (Nido) prevented its

growth for a period of 7 days,
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WOrlﬁwida poP:ulation growth and improved standards of living call
for increased foed supply. To improve the standard of living, not only
must the food production be increased but also aitention would need to be
directed towards beiter protection and preservation of foods from food
apoilage microorgenisms, |

Food apoilage resulting from various agents cuts down tremen.t.iously )
the amount of food available to the world populations, Morocover, the
consunption of micerobial contaﬁinated food items may cause serious heelth
problems. Contamination by microorgenisme and their by-products alone |
has been found to be respongible for aboutl 900 of food borne discases.
.The sporeforming bacteria like Clostridium perfrinsens, G, botulinum,
Bacillus cereus and B. subtilis are a few exanples of microorgenisns
responaible for fcod woblens. Tungal contamination in fooda and feeds
is alsc well known. This implien that & consiant microbiclogical R
examinaticin of foods is esgential as this may movide information |
‘concerning the quality of the food, the sanitary conditions under which
the foods have been processed as well as to the effectivencss o:_&' the
method of presservaticn, - | - _

Sporeforming bacteria are. of special intereat to the food industry
because gome of them are resistant to heat, radiation, chemicel agents and
o_ther des tructive agents. A3 a resuli, some may remain viable for ..
:ﬁany years in the absence of any detectable metabolism (85). Bacillug

subtilis and B. cereus, for instance, can survive pastewrization . ‘%



temperature and cause spoilage in refrigerated pasteurized products (46).
Bacillus subtilis spores have also been found to be capable of withstanding
the baking temperature of bread (26). This means they can germinate and
grow in the loaves of Mread if conditions are favourable, Moreover, the
resistence exhibited by B. subtilis has endeared it to industries where

it is frequently employed to test the quality control or to assess the
preservative efficacy of processes (18).

Foods contaminated by spores, if allowed to germinate, can produce
marked changes in appearance, flavour, odour and other qualities of the
food, Bacillus subtilis and B.cereus are capable of causing proteolytic
degradation in milk, Such a degradative change could lead to an undesirable
change in the milk, 1f this kind of milk ip fed to children it could
pose a serious problem of infection 8ince they lLave low resistance to
infection. An undesirable change due to microbial synthesis could also
occur in foods. Hopiness resulting from the production of a levan (a
polymer of fructose) in bread is due to contamination ty D. subtilis (26).
This has a slimy consistency. 1t looks reasonable therefore, that any
step which can arrest or reduce these problems and similar ones is a right
step towards solving some aspects of food jproblems,

Fungal contamination can 4lso pose & serious problem to the life of
man if the si4wi¢ion is not arrested. [Fungi &dre capable of producing
sccondary me tabolites, which are known to te toxic to man and animals
(51). Such sutstances are referred to collectively as Iycotoxins,

Mycotoxins show acute toxicity in large dosea, cause liver oancer and



|

other diseases in sublethal doses in a wide Tange of enimal species
(96, 97). OUne of the mycotoxins of public health gignificance is
aflatoxin and it is produced by Agpergillus flavus {(11) and other species

| \[ '
rzillus, The ingestion of aflaloxin cawuldes & disease knowan as

'or;
aflatoxicosis, which lhus been reported in animals and, possibly, man (10},
it is therefore, apparent that contamination of food and feeds i 4.
Fflavus could be a potantial public health hazard.

dince the importance c¢f food to man cannot be over omphasized; it
is neceasary that efforts be made to either aveid the contamination
comple tely or create an enviromment which will make it unsuitable for
the growth of the conteminating organisms in foods, 1t is not possibie
to completely prevent contamination bui it is poseible to prevent microbisl
growth. 1t is this latter approach that allows food preservative methods
ranging from heat treatment and radiation to chemicals to » in common
use today (27). HMost microbial apores arc highly heat vesistant, Lence
use of heat alone has not achieved enough success in food preservation.
Radiation has been applied in low demen and this is not enough to kill
811 the sporey which are known to be radiction resistant (%5)., 'The use
of chewicals might effectively supplement thene other methods in Bolving
the problems, Chemicals have been wed with great succsss in preventing
or delaying the spoilage of foods Ly microorganisus (46).

Me tabisulphite {a source of sulphur dioxide) is one of such chemicals
which hae been used in foods and food products to serve as an antimicrobial

rregervative and as an antioxidant io prevent both enzymatic and non-
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engymatic discolouration (4?). I+ has been applied in practice to a
number of food items including fruit pulps and juices, dehydrated fruits
and vegetables, fresh fruits such as grapes, wine, beer and preserves (47).

The concentrations of metabisulphite required to cause lethal and
. sublethal effects to some organisae under varying conditions have been
studied and reported (2, 3, 7).

Even though metabisulphite has been employed in practice to & number
of food items amd the levels required to cause lethal effect to dome
pathogenic orgenisms have been reported Its effects on . gprreformers and
on afletoxin production have not been well documenied. The mesent work,
therefore, atlempts to look inte these areas using B. subtilis and B.

- producing organism. In deing this, the effect of metabisulphite on
8porulation has been jnvestigated by reldating ils influence on certain
biochemical events to sporulation. 7The bicchemical events studied under

the influence of metabisulphite include alkaline rhosphatase synthesis,
glugese dehydrogenase synthesis, dipicolinic acid content and protein

content (55, 84, 92). Bocause of the problems associated with aflatoxins,

the present research hea been extended to include the effect of metabiaulphite
on aflatorin production by A. flavus, The findings, we hope, m&y open up

8 new appmroach towards solving some aspeats of food problems.
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A major problem focing mankind today is inability to provide enough
food to matcn the rapidly increasing world population. Most of the
perishable fooda bo.in fto deteriorate shertly after harvest and hence
bocome unsuitable For huwan consumption., Some deteriordtions are accompanied
by the mroducticm of poisoncus agenis while others inflict losses on the
nutritive value of foeds. Mierobial contasination accounts for o large
proportion of the food poisons known, FProminent among the microorganisms
thet can cauvse food poisoning are the sporeformers and aflatoxin producing

crganisme guch as Asperpgillus flavua (20} and A purssiticus (94},

The wmost important gporeforming bacteria belenyg tc the genera

Bacillus and Clostridium (39, 71). Bacillus cerous, a sporeforming

bacterium, has in recent yoars been incriminunted as a food poi=oning organism
often aggociated with food itewms such us meat, vegetoble soups, Ifried

rice, ice cream and in milk (31). In velaiion fo othor food-horne pathog_ena,
B. cersus ranked as the third wost common cause of food poisoning in

Hungary during the period 1960 — 1966 (33), This organism was responsible
for 3,560 cases in 88 outtreaks representing 4.4% of total outhreaks
recorded during this period. Crmay and Novotny (62} reported that between
1960 and 1968, U. cerews was responsible for 15.2% of total food poisoning
ca8e8 of known asotiology in Hungary and 8,Z% of total outbreaks. Husge

(43) reported 4 outlreals of B. cereus gagtroentiritis in Norway which
involved 600 persons. Vapilla sauce which w23 prepared and stored at

room temporature for one day beforc being served was the food implicated,



Jimilar re.port was ﬁade 1n Nelfherlahds by Goepfert, 8vira and Kim (33)
and the outlreak was atiributed to consumption of contéminated mashed
potatoes, veyetadbles, minced meat, liver sausage, puddings and soups.
The ingestion of a large number of viable cells of 3, cersus in food
results in B, cereus gastroentiritis (28). 1his may be regarded as feod
infection, Othzr data seem to suggest intoxication instead of infection
(28, 43, 53).

The problens posed by sporeforming bacteria are further made
exacerdated by their resistance to various adverse conditions, It has been
reported by Bond and Favero (12) that & temperaturc as high as 15006 faor
4 period of 2.5 hours was required to kill about 90~ of 5 x 102 spores of
Baeciliug species ATCC 27380. Gould (35) also observed th-t zpores of Some
epocies may be up to 105 - fold more resistant fo heat than are vegetative
ecells of the sapme species, It has also boen possible {to isclute o strain
of B. cergus from crean that had been heated at 140°¢ for 2 seconds and
when this sirain was cultured and retested it was observed th.t one spore

in 105

- 106 survived 13500 for 4 hours (25). The hisher resistance of
aome speres te uliraviolet and ionising radiation ('?O) and alse to high
hydrostatic pressures (76) than their wegetative comnterparts are well
known, Spores have been raportsd killed by hydrostatic pressures as
high as 176,000 pem.i. (pound.s per square inch) for 14 hours whereas the
vegetative celle were killed by 88,000 p.s.i. for e saue peried (70).

|
The ihi@er resintance of spores than wegetctive cclls to & variety of

chemical agents haye also bteen reported, Such chemicals include methanol,



s e

|

ethanol, .acétone, ethylene oxide and chlorine water .(70). .
Spore formation is initiated following the exhaustion of & gutrient
(35) and is influwenced ly several factors such as temperature, pH, oxygen
roquirements, meénganese and the composition of the sporulation media. It
has been cbserved that, althouzh the sporulstion pH and tenperature ranges
are narrower than those for ncrmal growth, the optima pH and temperature
for sporulation are identical to those reguired for normal growth (73). tot
The mame worker, reported that during sporulation the demand for oxygen
censumption is dincreased and the presence of & high concentration of
manganese stimulates eporulation, The latter has been reported im B.
cereus ('?3) and in B. steurothermophilus (85). The composilion of the
gporulation media has a significant influence on sporulation by organisms.
Russell (73) found that cooked meat medium based on Hartley's digest broth
supported Clestridia sporulation more than any other media examined.

Sporulation is a multiphase process in which the changes occur in a
fairly sequential manner (23). 1In this procesu, it is thiought that a
refracticle cell is first produced, followed by synthesis of dipicolinic
acid (DPA; pyridine - 2, 6 — dicarbozylic acid) {(65) and finally the
development of heat resistant cells (38), However, the precise nature and
sequence of the biochemical events that accompany sporulation are still
poorly understood (57). Enzymes or simple substances sirictly associated
with eporulation and ensymes associated with both sporuletion and vegetative

growth are the two major classea of such biochemical events {91).
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(a) Bnzymes or gimple substances strictly associated with sporulation

(

(

-

include¢-

{i)

ii)

iii)

(iv)

to & given reaction oxr process | (57).

glucose dehydrogenase (75), adencaine deaminidse and ribosidage
(64).

Production of antibiotics (92) and appearance of new

antigens (55).

production of axoprotease and a4 wall lytic engyme (78).
Dipicolinic acid (DPA). Thiw is present as a Ca - chelate in
high concentration {5 - 15%) in all iacterial endospores

(57). The roles DPA may play in spores have been grouped as

s

non=apecific (overall heat resistance) or specific | related

B

Various authors have implicated the LDYA content of spores
in heat resistance of spores (70, 73). 1t has twen observed
that when spores are heated there is A progressive loss of
P4 from such spores (73), The rate of release of DPA is
temperature dependent, varying from speciea tbo species with
the most resistant species releasing the least DPA during such
heat trestuwent. Gould and Dring (3%€) associated the heat
resistance of spores with the Ca:DP3i molar ratio. It hase
keen found that as Ca: DPA molar ratio decreases, the heut
registance likewise decrcases. IPA or Calcium~-dipicolinate
hag algo been implicated in the resistance of sporea tfo

chemical agents (70). It has een suggested that sensitive



sites or chemical groups in the sporea are likely o be masked by

calcium or DFa and thus responsible for the resistince of spores to

alkylating agents (70).

It has been speculzted that DPA is e ecifically involved in

enzyme inhibition (37) and initiation of germination (69).

(b) Enzymes associated with both sporulation and vegetative growth,

This class includes purine nucleoside phosphorylase in 3. cercus

(29), the DNA polymerase (24), alkaline phosphatase (32, 55, &, 91,

92) in B. subtilis and the inorganic pyrorhoophatase in D, regeterjun

(88).

Spore germination designates all the changes that tale place during
the conversion of a spore to a new vegetative cell. It involves the
breakdown of the complexing structure which protecis the vital functions,
and the activation of enzymes that remain dorm&nt in the intact spore (38).
Two stages have been distinguished in the germination of spores. [irst,
an initiation stage, in which the spores loose their heat resistance and
become readily stainable second, 4an outgrowth stauge in vhich the opore
swells, ruptures, elongates and finally divides releasing the vegetative
cells (38).

As pentioned earlier, A. flavus is one of the most important
microorganisms that can causc food problems., The ability of A. flavus
to produce aflatoxin has been well documented in literature (6, 42, 77).

The report of the joint Food and Agricultur2l] Organisation (FaAU),

World Health Organisation (WHO) and United Mations snvironment Progromme
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(UMBP) conference on mycotoxins 1977 showed that ésﬁr_gj:_l_l_i_ are universally
distributed in the envircrmment and aflatoxin countamination in foods and
feeds is very common (48). ¥Wildpan, steloff and Jacohs (95) revorted the
mresencs of aflatoxin in sulstrates ranging from solid foods to commercially
prepared fruit juices, Wwead, orange juice, tomale junice snd pineapple
juice, The presence of aflatoxins in Bigerian fruits such as pawpaw,
citrug fruits, banana and towatc hag heen reportsd (9). Gorghum, sorghum
flour, millet, wheat, corp, oats, soyabeans, cassava and other items have
been reported to contain aflatoxin in varying concentretions (5, 81, 83),
Food items such as milk, milk peowder, groundnut products have alfo been
reported to contain aflatozins (8, 66), |

Thé types of aflatoxins produced by 4. flayus include aflatoxins

Byy By @, G, M, ond M, (80). Aflatozin B, is the most potent variety

1* F2r Py Yoo 1
and is then followed ty G1 which is about half as toxic as B8,. aflatoxing
32 and 32 follow in th1t order of potency respeclively (96). aflatoxin B1
has been found to be the most carcinogenic of the known hepatocarcinogens,
roducing cancer in rats when a diet containing ez little as 15 ppb of

aflatoxin B, was fed continuously for 68 weeks inm 12 male rats (97).

1
Newberne, Oarlton ond abdelkadsn {(58) reported that metabolic products of
A flavys are toxic $o animal species with induction of histopathological
legion such a8 heputic parenchyms necrosis and preliferation of bile
duotile cells., It has also teen observed that afletoxin has the highest
toxicity for mommale, poultry and fish (16). In all these cases the

target organ has been revealed tc be the liver (56, 58), Aflatoxicesis
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have not been well reported in man., However, Belchetz and cohen.(m)
recently related pulmonary adencmatosis to a2flatoxin inhalation from &
case study. Hepatic dysfunction and also death have Decn reported as a
result of aflatoxin consumption in an Indian village (50). Post-morten
examination of tissuss from putients suspected to have died of cancer ox
liver has linked aflatoxin to liver cancer while data on children who died
in Thailand from an acute disease of unknown aeticlogy revealed aflatoxin
B, as a causative agunt of the mortality (82).

In view of the problems asscciated with sloreforming bacteria and
aflatoxins, muny invegtigations hate been underitsken with a view to
contributing towarda solving some of these problems.

Vas {(90) stated that the application of the canning method in the food
industries is an attempt to hring about complete destruction of pathogenie
organisms including spores. Cork and Gilbert (17) chserved that increasing
concentrations of sodium chloride (2, 4 and 8 w/v) in heating medium
.. Frogresaively reduced the heat resistance of spores of B. gtearothermophilus.
With increasing conceniration of sodium chloride in tomato juice, it has
been olserved that there is a progressive increase in the death rate of

B. coagulans vare thermoacidurans (70). Different chenmicals are known to

have prevented spore germination by acting at variouws stages in the

germination proceas (63). Some ¢f them such as chlorocrescl and mixed
esters of p~hydroxybenzoic acid, inhibit germination whilc cetrinide,
Ludnacrine and jhenyl mercuric nitrate inhibit postgerminative mroceas,

Phanolp have also been found to possesa sporicidal effect against spores
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of B. subtilis (73). Borick and Fogarty (13) reported that wsing 0.1 ml

of spore suspension equivalent to 108 gpores per ml of B, subtilis E 152,
B. globigii B 154 and B, cervus E 190 roguired 0,146 Mrad, 0.165 Mrad and
0,107 Mrad doses of gamms irradiation respectively to kill 90F of the
spores.

In order to prevent production of aflatoxins, methods were employed
which aimed &t inhibiting the growth of A. flavus. Applegate and Chipley
(7) observed that the growth and sporulation of two strains of 4. flavus
were greftly reduced in both wheat and synthetic media by expoging the
organisma toegc; - gamma radiation dose of 300 krad, with complete
inhibition at 400 - 600 krad. The application of a 50 krad dose of. |
gamma irradiaticon to flour and subsequently to hread has been obsaerved
to cawge a significant reduction in the growth of moulds that developed
on hread during storage for a period of 20 weeks (14). The possibility
of using chemical agents ns o means of controlling aflatoxin produc tion
has also tecn explored; Rac and Harein (67) rceported the prevention of
aflatoxin production in stored grains uweing 20 ppm dichlorovos {an
organcphos phate insecticide). Chemicals such as ammonia, methylamine,
godium hydroxide, hydrogen peroxide and ozone have all been used with
succeds to roduce 2 substantial amount of aflatoxins in contaminated oil
sced meals but there appeared to e some reduction in the protein quality
during most of the treatments (34). Sodium chloride {126 or greater),
sodium acetate (4%) malonic acid (50 mM) and bensoic acid (0.4%) were
are #ll found to effeectively inhibit growth of and aflatoxin production

" 12
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by A. flavus (89), Investigation carried out by Ogbadu (6C) revealed that
0.3% of godiun benzoate, 0.17% of O=kydroxybenzoate and 0.1 of .
p—aminoeﬂwlbenZUd.te were inhibitory to both growth of and aflatoxin

production by 3. fleywe in mashed fruits of Carica papaya {pawpaw).

Sulphur dioxide has long been accepted as a preservative and has been
employed oither as an antioxidant or as on antimicrobial agent (4, 15, 68).
The various forms in which it can be introduced into foods include gsodium,
potassium, and aslciwmsalts of sulphite, bisulphite and metabisulphite (47).

Netaobisulphite has been employed in practice as a food preservative
to 2 number of food itens including fruit pulpe and fruit juices (1,000 -
2,000 ppn soz), dried fruits and vegetables (500 - 1,000 ppm 502) and
concentrated fruit juices, wine, baer (100 - 500 ppn 502) (47). Okafor
(61) olwerved that palu wine could be preserved for 6 nonths using
0.05% of sodium metabisulphite. The wse of sodium metabisulphite has
been suggested to offer a new option in the control of botulinal outgrowth
in ocurad or non cured meat and poultry products, the addition ¢f levels
of 100 g of sulphur dioxide per g of neat or greater levels are
necegsary to achieve significant inhibition whon a target level of 100
botulinal sporcs per ¢ was subjected to sulphur dioxide (87). Using
mwetreated bone meal sanples, Abalake and Deibel (%) observed that
metrbisulphite concentrations of 7,000 -~ 8,000 ppm rendered the product
Salmonella - free for 21 days and 9,000 ppm achieved the sane sffect for

28 days,
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! The physico-chemical property of metabisulphite (source of 302)

places it at advantnge over other foud preservetives hecauss the presence

of sulphur dioxide in food beyond & certoin level cauges an offensive

odour to emanate from the feood. The asafety of sulphited foods has been

evaluated (30). Its acute toxieity nand chronic toxicity as well as its

netabolion ty marmals Ewe oiuconsidered by sone investigators (4). The

estinote of acceptable daily inteke of sulphur dioxide for wan is 0.7 ng

per kg tw (bocly weight) as 80, (47). There are available data to show

that bisulrhite is easily converted to sulphate in the liver of nammals

(54). Claims for the mutagenic role of wetabisulphite by soue investigators

(40, 41) are currontly questionnble, More investigations are needed to

establish the possidble nutagenic role of sulphur dioxide. -
4lthough several contributions have been made by variocus investigators

in trying to solve the problems nosed Yy sporeforning hacteria and aflatoxin,

there have been no report on the sffect of retabisulphite on sporulation

in B, subtilis and B, cereus (saporeformers) and on aflatoxin productiocn

W 4. flavus. This, therefore, forns the basie for the present

investigation.
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_ TERIALS AND MEUHODS
Microorganisus. Bacillus subtilis B 52, B. cereus W18 and Aspergillus

flavus (IAR strain) were used for the investigation. Lyophilized cultures
of B. gubtilis and B, eereus from slani were obtained from the stock
.cultures in the laboratory of Dr, J... Abalaka, Departnent of Biochemis 1'.1:7',
ahmadu Belle University, daria, while 4. flavus was mrocured from
Institute of Agricultural Research, ihmadu Bello University, Zuria,

Antinicrobial agent. Anhydrous sodium metaobisulphite reagent grade (FDH

chemicals Litd. Poole Englflnd) was wsed a8 the lethal agent <hroughout
the course of this investigation. o

Yood samples. Peak brand unsweetened full erean condensed wilk (Cb'o.p
condensfatrick Fiesland leeuwarden, Holland) and Nido ( povdered milk
of Neatle makae) purchased from cne of the local supermarkets in Samaru,
Zaria were wsed in carrying out further studies ¢n the crgenisns,

Cultivation of Microcorpanisms. 4 zmell quantity of the lycphilized culturss

of _B. gubtilis and B, cerecus obtained from slants were suspended separately .
in 100 nl sterilised nutrient lroth while A. flavus was suspended in o
sterile buffered yeast extract mediwa (BYEi, Table 1). Buch cultured
medium was incubated at 3"{00 for 24 hours in 2 Gallenkany orbital incubator

oy

mointained &t 100 rpm. | A L
The nicroorganisns Iwere re-isclated cn solid nedia, ré-—cul‘cumd éﬁd

confirmed for purity by nmicroscopic examinaticn (morph{;log;,r and Gram

stain reactions). Biochemical tests, invelving catalase and oxidase

reactions, were uwged to confirm the micrcorgbtnisns,

Catalase reacticn., 4 sample of each bacterial culture was dispensed into

a test tube and to this was added 1 ml of 3o {v/v) hydrogen percxide in



- Table 1., Coupogition of BYhM

Ingredient

Percentege (w/v)

16

T - ——

Yeast extract
Dextrose (D—gluoeae)
annoniun sulphate

annoniun dihydrogenor th.ophosphate
(anhyarous)

0.5
2.0

0.072

0,026

-
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: - : :
accordance with the proesdure of Deibel and Evans (19). & positive catzlase

reaction was indicated hy the effervescence of gos bubbles (H202
catalase :)sz + ¥ 02}.

Ozidase reaction. 4 sanple cof each bacterial culture was Subjected to oxidase

reaction in accordance with Kovae's procedure (49). Both orginisms were

found to be oxidase positive hence aerobic, Following the confirnation of the
nicroorganinns, pure cultures were prepared by picking colonies of the organisua
on nutrient agar and subculturing then in nutrient broth and working stock
cultures were prepared by transfering cultures into fresh liquid media after

every T2 hours,



Bffcct of metabisulphite on the growih of bacteria in nutrient broth and

ite flavus in buffered yeast extract wediun (BYEM). Sterile nutrient broth (100

nl) was dispensed into euch of six - 250 ml Erleuseyer flasks, Different
Canounts of metabisulphite were acuded to each flask o ob'i:a_i}} fin_lal k
metabigulphite comdéntrations ranging from 100 ~ 500 ppm. One of the

flasks w‘ithout netabisulphife sarved us a control. The flasks were labelled

= . R

appropriate 1g.

Pron exponentinlly growing cultures, 2x107 colls por nl of H, subtilis
or B, cereud wasg inoculated into each of the six flasks ond incubited at
3’?00 in a Gallenkaup orbitel iacubator naintained at 100 rpn. five nl of
each sanple was tuken at 4, &, 12, 16, 24, 48 and 72 hours of incu?ﬁtion to
cstinate growth. Thiz was done by recording the optical densities at 650 nn
on an 8P6 - 400 uv spectrophotemeter (Pye Unican). The same procedure was
adepted for estimating growth of 4, flavus except that buffered yeast extract

nediun served as the growth nediuwn, In the cuse ¢f the bacterin, growth waz

recorded by using a calilration curve relating 4650 to bacterial growth.

4
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Effect of metabisulphite on the growth of Bacillus subtilis and

B. cereus in peak brand unsweetened full crean condensed milk at

rent tenpera under aercobic and anaerobic conditions.
Pretreatrent of the unsweetened full cream condemsed nill: (peak
Irand), Fifty-four cans of unsweetened full crean condensed nilk were
usced for each microorganisn, The cans of milk were divided into 9
groups such that each group conthined six cans., 4ll the cans were punctured
in the centre of one of the sealed ends using oterile nail. The procedure
was carried out in such 2 manner as to avoeid spillage of the nilk,
The cans were rescaled innediately with sterile cloth tapes,
Based on the net weisht of the unsweetencd full crean condemsed nilk
(170g/can), a stoek solution (17z/100m1) of sodiun netabisulphite was
mepared using distilled water., The appropriate volume of metabisulphite
soluticn was removed from the stock solution and then added to the canps
to obtain various metabisulphi te concentrations ranging from 100 - 800
Pin, for the various groups. One group of cans to which no metebisulphite
wag added served as control. Sterile sercological pipeites with pipette
filler were used in carefully dispensing the rcquired volune of
netabisulphite into each can of unsweetened full erean condensed milk
through the opening nade at the centre of one of the sealed ends, To do
this, the cloth tape covering the puncture was slightly opened ic avoid
contenination and resealed immediately after the addition., Euch cuan cf
unsvee tened full cream condensed nilk was left for 24 hours and was
carefully swirled round occasicnally to allow for couplete honogeneity

of the petabisulphite.



20
) o

Simulated contamination under aerobic and ancerobic conditions., EBach can

of ihe unsweetened full creom condensed milk was incculated with 2x107
cells/nl of an exponentially growing culture ¢f B, subtilis or L. ceicus.
Bach c¢can was quickly rescaled and corcfully swirled round.

To create aercbic conditions, following incculation with
nicrocrganisne, three cang of the unsweetened full crean condensed uilk
in each group were treated in such a way that the c¢loth tape covering
the hole nade at the centre of cne of the sealed ezds was removed and
replaced immediately with sterile cotton wool which was held in position
by weing adhesive cloth topes at the sidea. The sterile cotton wool was
not too thin %0 perwit comtanination nor was it too thick to exclude
air passage intc the unsweetened full creanm condensed milk, - -

All the other cans remained tightly covered with the c¢loth tapes
and the cans were Turther deasrated to create anserobiogis., (ans were
then incubated at desired temperatures (307, 37° and 40°C) for 5 days

following which viability was carried oul on each can.

e
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Effect of metabisulphite on the growth of Bacillus gubtilis

B. cereus and ggpergillus flavus in powdered milk (Nido; Nestle uwalke),

———

Preparation of lyophilized cultures. The bacteria were grown in nutrient

roth at 3700 while 4, flavus woes grown in buffered yoast extract

pediun at 3000. Lyophiliged cultures for all the microorganisns were
prepared in accordance with the procedure of Weiss (93) ag nodified by
dvalaka (1).

To 20 1l of warm distilled water was added 4g of powdered milk cof
Nestle wake (Nido). This was stirred thoroughly to ensure complete
dissolution. Four ml of the powdered milk sclution was pipetted into
¢ach of threc -~ 100 nl round botton flasks, one for each orsanism to be
atudied. Each was subjected to sterilization at t51b per sq in for 2
ninatea. This tine was found o be gufficient enocugh to destroy any
microorganism present as Judged by the viable plate count nethed but
was short enough to prevent coagulation of the nilk, %o _each 4 nl of
the sterile nilk, o.1 »l of 2 24=houwr culture of the appropriate
bacterial culiure and 4. flavus were added. The contents of zach
flask were then subjected to lyophilization. The number of niecroorganisms
per ¢ of lyophile was determined by reswapending a given éuﬁn;tity of
the lyophilized culture in sterile 1% (w/v) peptone water (Vifcu),
waking serial decimal dilutions and plating out the diluticus. DBucterial
countz and colony forming units (CFU}/g of the 4, fluvus were recorded
_following incubstion af 3?00 and 3000 respectively. DBeczuse of possible
detorioration in viability of the lyophilized culture, the viability

assey was repeated occasionally so as to ensure that the exact nunber of



miercorganians desired was often inoculatcd inte samples,

Addition of metobisulphite and sinulated contduination oi _the powdered

milk (Nido)., For each microorganism under investigaotion, several clean

capped plastic bottles were taken and disinfected using chloroformn, These

were placed in an oven to dry. Into sach of the storile capped plastic

bottles, was placed 10 ¢ of the powdered nilk {Nide) and the appropriate

anount of metubisulphite added to obiain the desired concentriition. Control
somple {netabisulphite-free) was also set up. Each plastic botile was quickly
capped after additiocn of waterial to avoid poseible contnination. The contents
wer¢ thoroughly nixed, wding sterile spatula and the plastic boutles were
covered imwdiately after uwixing., To cach sample, the lyophilized bacterial

3

or mould culture was added sc¢ as to obtain 10”7 cells/g for B, Subtilis or

B. gereus nnd 103 CPU/g Tor A. flavus, Sach sanple was again mixed

thoroughly using sterile spatula and incubated at 3000 for 7 days., Viability

asgay was thon carried out on each sauple.
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Selection of sporulation pediun. Five different sporulation wmedia were tried.
These included those forrmlated by Donnellan, uags and bevinson (21), Sterlini

and Mandelstan (84), ochlessinger (79), Sadoff (74) and abalaka (personal
comnunication). 'the composition of each sporulation mediw. is as presented
in Table 2. wuach wediun was tried for the spore fornation by L. subtilis and
and 3, cereus. 1t was carried out Ly inoculating each 100 ul of the sterile
sporulating mediua with 1.0 nl of an exponentially growing culture of

3. subtilis or J, cereus. The pediun was then incubated at 37°C for 24 hours
in a Gallenkamp orbitzl incubitor maintained at 100 rpn, ‘he vefractility
of the cells in euch sporulating mediun was deternined Ly the Zeise standard
14 Gonpound microscope in a wet mount using 0.2 nl of culturc ligquid.

The nedium that pernmitted the highest refractile bodies within the shortest
tine waa selected as the beat sporulation mediunm, sfter several trials,

the one formulated by §adoff (74) was selected anmd used throuszhiout the entire

investigation invelving spore fornation.



Table 2. Conposition of the trial sporulation media

(a) Donmnellon, WNags and Lovinson (21)

Component T

Concentration (i)

Hagnosiun chloride

Manganese chloride

Ferric chloride/Perrous chloride
Sodiun sulphate

Potagsiun dihydrogenor thophoaphate
Calcium chloride

Amnoniuna nitrate

Daglucose

L-glutunic acid

0.041
0.100
0,00036
0.750
0.50
1.00
1.20
10.G0
10,00

(b) Sterlini and Mandelstan {a1)

Contponent

Concentration (ma/litre)

Ferrous chloride

Magnesium sulphete

Mangeanese chloride

dunoniuvn chloride

Sodium aulphote

Potagsium dihydrogenor thophosphate
apmoniun nitrate

Caleiuu chloride

Leglutauic acid

L-tryptophan

0.046
4.800
12,600
535,000
106,000
68,000
96 .000
219.000
2,000
20,000
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(e) Schlessinger (79)

Couponent Concenixration
Magnesiun chloride 1.0 mh
Potassiun dihydrogenorthophosphate 10.0 oM
Calcium chloride 0.7 oM
Manganese chloride 50.0 pM
Ferric chloride 1.0
L-tryptophan 25.0 Paful
L-ue thionine 10.0 B/ ul
(a)  Sadoff (74)

Couponent Concentration (g/litre)
D-glucose 4.0
Yeast extract 2,0
anmoniun sulphate 4.0
Dipotassiun hydrogenorthophosph&te 1.0
Hagnesium sulphate 0.8
Manganese sulphate 0.1
Zinc sulphate 0.01
Copper sulphate 0.C1
Caleciun chloride 0.10
Ferrous sulphate 0.001
(e) 4balaka (persopal communication).

Couponent Percentage (w/v)

Nutrient troth 0,80
anmoniun nitrate 0.08
spponiun chloride 0.04
Calcium chloride 0,20
Ferrous sulphate 0.0005
Manganese sulphate 0.001
Magnesiun sulphate 0,001
D=glucose 0.20




Effect of wetabisulphite on the germination of Bacillus subtilig and

B. cereus asporces in nutrient hroth.

Spores of Pacilius subtilis and B, g@_l_‘,@_l_lé were ﬁroduced in 100 ml
Sadoff's (74) sporulation medium, For each bacterianl organism, the sporulate
ing culture was cenitrifuged in an ultracentrifuge {Beckman, JP 21) at
10,000g for 10 minutes. The supernatant obtained in each case was .
curefully decanted und the pellet retained. The pellet was resuspended :|.n
5 ul of 1 (w/v) peptone water (Difco lab.}. ®ach was heat shocked for
10 minutes at 6500 in o water buth, The heat-shock treated sanple was
allowed to cool lLefore further treatment. 4 fraction of the heat-shocked

3 spores/ml wa® used in inoculating

resuspended pellet equiviilent to 10
100 nl of sterile nutrient Wroth contzining netabisulphite concentretions
ranging from 100 - 600 ppn, Control samples were also set up. all

ganples were incubated at 3?06. Five nl froctions were talken from each
sample at 4, 8, 12, 16, 24, 48 and 72 hours of incubation., The optical
densities were recorded each time at A50nm on SP6 - 400 uv spectrophotone ter

(Pye Unican) and transformed into bacterial populotion in counte per mi os

previously described.



Effect of metabisulphite on protein content of Bacillus subtilis and

B. cereus in nutrient broth (vegewtive culturc) and sporulation mediun.

The protein content in the vegetative and spornlation cultures was deternined
using the Lowry, Roselrough, Ferr and Randall (52) method with slight
noditj'ication.

Jrinciple. ‘Yhere are two distinct steps which lead finally tc the colour
observed with proteins;

(a) reaction with copper in @lkaline solution.

(b) reduction of phosphomolybdic-phosphotungstic acid reagent ly the
copper treated proteins,

The final colour intensity depends on the amount of Uyrosine and tryptophan
present in the protein,

Estallishnent of & standard curve, 4 portion (0.4 ml) of bovirg serun

albumin (8., signa product) (0.1 mg per nl) was token and diluted to
obtain a stock solution of 4 ug per ml, Triplicates of ¢0.10, 0,20, 0.30,
0.40 and 0,50 ml of the stock solution werc added to test tubes and the
appropriate volumes of distilled water were added to obtcin a final volume
of 1,20 nl for each sample., To cach tube, 2.5 ml of freshly prepared
alkaline copper-tartarate solution (4 ml of 20 (w/v) Cus04. 5820 and 4 nl
of 4% (w/v) potassiun-sodiun tartarate solution added to 92.0 ul of 3
(w/v) sodium carbonate in O.1M NacB) were added, mixed and allowed to
stand for 10 minutes at room tenperature. Feol in reagenti diluted to 3
volumes (1 part + 2 parts of distilled water (0.3 nl) was added and

pixed inmediately. Time (30 minutes) was allowed for colour to develop at
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room temperature. The absorbances were read on 3P6 - 400 uv spectrophotonmeter
(Pye Unican) at 660 nn, The average absorbance of each 154 standard was
plotted against the corresponding concentration in ug per ul (r‘ig 1).
Determination of the protein content in bacterial sauples. The total protein
content of the vegetative and sporuljting cultures in ne tabisulphite-

treated and metabisulphite-free conditions were estimated for both bacteria,
The vegetative culture was treated with nmetabisulphite concentrations

ranging from 100 - 500 ppm while sporulating cultures were treated with

me tabisulphite concentrations ranging from 100 - 600 ppm. Five - ml portions
were talen from each sanple at 4, 8, 12, 16, 24, 48 and 72 hours of
incubation. To deternine the protein content in these sauples, 0.2 nl of
cultures was used in the assays., This replaced the stundard BSA while all
other components were added as in the standards. Each deternination was

done in triplicate and absorbance values werc taken at 660 nm on SP6 -

400 uv spectrophotoneter (Pye Unican). The absorbance values were

averaged and were extrapolated on the standard curve to obtain the

corresponding protein concentrations,
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Effect of metabisulphite on Bacillus Bubﬁ'& and B, cereus alkaline

phosphatase activily in nufrient broth (vegetative culture) and in

sporulation mediwn under aerobic and anaerobic conditions,

Alkaline phosphatase (& marker for sporulation) activity of both
bacteria was determined for vegetative cells in nutricat broth and for
spores in sporulation medium in accordance with the procedure of Warren
(92) as further nodified by Sterlini and Mandelstan (24).

Principle. alkaline phosphatase formation in bacterial cultures is one of
the biochenical events associated with growth and sporulation (Glenn and
Mandelstam, 32). The enzyue is capable of acting on p-nitrophenyl

phosphate to liberate p-nitrophencl in accordance with the equation;

O-PO3H2 OH
@ alkaline phosphatase __,@ t
0
2

Ko,

The p-nitrophencol absorbs at 410 nu and this is used to monitor the

activity of the enzyme,

Saople preparation. Six - 250 nl Erlenneyer flasks were latelled
appropriately depending on the metabisulphite concentration expected in

each flask, Nutrient troth of 150 ml was dispensed into each flask to

serve as the vegetative culture medium and sterilised in an autoclave

225 E (Laboratory Thermal Equipnent, Greenfield, Cldhan, Lancs, England)

at 151bs per sq in. for 10 ninutes. The appropriate amount of netabisulphite

was added to the flasks to obtein final netabisulphite concentrations
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ranging from 100 - 00 ppa. One flask without wetabiswulphite gerved as a

7 cells/ml of

control. An exponentially groving culturs containing 2 » 10
B. subtilis or B, cereus was inoculuted intc each of the flaslks using
gterile serologicel pipettes. The flusks und their contenis were incubated
at 3?00 in & Gallenkapp orbital incubator waintained at 100 rm. for the
anaerobic condition, flasks wero flushed with carbon dioxide, properly
gealed under nitrogen goas and were incubated at 3706 wiihont shaking, :
Twenty ml fractions were reroved fron each flask at 4, 8, 12, 16, 24, 4& and
72 hours of incubation. Thesec were digspensed into sterile bottles and
covered before further treatuents, DBoth B. subtilis and B. gereus grown
under sercobic and anaerobic conditléns were subjected to the ssme procedure.
in identical procedure to that outlined ahove was used Tor spores in the
sporulation wediwn in which B. subtilis and B. cereus were grown under
acrobic and anaerobic conditions. Thoe metabisulphite concentrations of

100 - 600 ppm were incorporated into the sporulation pedium.

Irecatnent of aamples for alkaline phosphaiase agsiy.

tach sample obtained from the above procedure was subjected to
centrifugation at 10,000 g for 15 wminutes in an Wltracentrifuge (Bec]man,
JP21). The supernatant obtained for each sanple was retained and
designated as fraction I. The pellet in each case was resuspended in 5 nml
of 1,08 Tris—Hel buffer H 7.1, This wes then subjeciod to disintegration
in 8 sonicator (Hodel W165; Heat Systen ultrasonic, Inc.) Ffor 90 seconds in
three periods of 30 seconls separated by 1% seconds of cooling under ice
inpersion., The disintegrated pellet was designated oy fraction II, Thus
fractions I and IT1 were obiained in both the vegetative and sporulation

cultures under serobic and anserobic conditions for the two boacterial species,
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ABsay of alkaline phosphatage asctivity from the fracfions.

Using the procedure of Warren (92) as further nodified Ly §terlini
and Mandelstan {84), the alkaline phosphatuse activity was assayed in the
fractions at 4, 8, 12, 16, 24, 48 and 72 hours of incubation. For each
deteruination, 1.0 ml of fraction I or Il. was added to a sterile tube and
two drops of toluene were addoed. The tube was stoppered and shuken
thoroughly for 30 seconds, Uhe mixture was kept in water bath set at
3‘?00 for 30 minuies. After ftemperaturc cquilibration, 1 ml of 1.0M
Trigs-Hel buffer pH 7.1 and 1 ml of 0,1 (w/v) paranitrophenyl phosphate
which gerved as the cngyne subgtrate were added. The wixture obteined was
inoubsted for 15 minutes in a water bath maintained at 37°C and the
reaction was stopped by the addition of 1.5 nl of 2M Wa0H, The alsorbance
of each was read immediately on SP6 ~ 400 uv spectrophotometer (Pye
Unican) at 410 rm. ‘The activity in each case was caloulated as Suoles/nl/

minute. No 2ttempt was pade to purify the enzywe.
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Effect of metabisulphite on Bacillus subtilis and 3, cercus glucose

dehydrogenase activily in vegetative culture and sporulation mediun
under aerobic and anaercgbic conditions.

Glucose dehydrogenase is one of the meny spore-specific proteins
and its activity was determined in accordance with the modified method of
Sadoff (74).

Principle. 7The spectrophotometric assay is based on the uncasurement of
the rate of NAD' reduction at 40 nm in the presence of the dehydrogenase

and saturating levels of glucose. D=-glucose + NADY + H, O wmy gluconate

+ NADH + H,
Sapple preparation. The procedure employed in obt2ining samples for

alkaline phosphatase assay in vegetative culture and sporulation

mediun was followed, Twenty ml fractions were removed at 4, 8, 12,

16, 24, 48 and T2 hours of incubation from the metabisulphito-treated
vegetative and sporulating cultures ranging from 100 - €00 ppm
concentrations, The sause was done for the metabisulphite-free vegetative and
sporulating cultures. fractions were taken from both B. subtilis and

B. cereus vegetative culture and sporulation mediun under aerouic and
anaerobic conditions.

Treatnent of samples for glucose dehydrogenase assuy.

Semples (20w1) taken at time intervals above, were centrifuged at
10,000g for 15 nminutes. The supernatant obtained was carefully

decanted and designated as fraction I, The pellet lei't wius rcsuspended
in 5 nl of acetate buffer (0,05M, pi 5.0) and subjected to disintegration

under a sonicator for 90 seconds in three periods of %0 seconds
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separated by 15 seconds of cooling in ice solution. 7The disintegrated
pellet obtained was designated as fruction II, Thus fructions I and
II were obtained for each metabisulphile treated en! conurol samples of
vegetative and sporulating cultures., These fractions were used in the
asgsay beclow.

assay of glucose dehydrogenase activity. %o assay for the crude enzyne

activity, the following were added to a test tube in the order: 2.4 ml
of 1M tris buffer i 8, 0.4 ml of 14 glucose, C.4 nl of HiD° (0,02M)
and 0,4 ml of 0,0001M Manganese sulphate, The reaction systen was
mixed ly inversion. Fractions I or II (0.4 nl) were added to the
nixture and the reaction was allowed to proceecd for 2 ainutes before it
was stopped using 1 ml of chlorobenzenc. The absorbznce valucs were
recorded on SP6 - 400 uv spectrophotoue ter (Pye Unican) at 340 nm and
the activity caleulatea as muolos of NabH produced/ul of fractions 1 or
II/minute. Like in alkaline phosphatase, no attenpt was unade to purify
the enzyne., No activity was obtained for the ascay carried out in

vegetative culture and hence no values recorded.



Bacillus gubtilic and B, cereus in sporulating wmedium under the influence

e e e e e e il by

of metabisulphite., The estimation of the DP4A content of B, gubtilis and

B, cereus fron metabisulphite-treated sporulating culiures were carried
out according to the method of Janssen, Lund and Anderson (44).
Prigeiple. The colorimetric method utilizes the colour complex formed
by interaction of ferrous ion with dipicolinic acid (DPA}. Tiie complex
of ferrous ion and DP4A forrmed is unstable Mut with the cddition of a
reducing agent such as ascorbic acid, another conplex resulis and this
is stable for 4t least 2 hours and can therefore be measured
colorimetrically. H

Samnple preparation, The sporulating vediun formulated by Sadoff {74)

was ysed. To this medium, various metabigsulphite anounts were added
to obtain concentrations ranging from 100 - 660 ppn for hoth organisms.
Iyenty ml portions of the spore suspension formed under cerobic and
anaerobic conditions were taken at 4, 8, 12,16, 24, 48 and 72 hours of
incubation at 3700. These were later used in the estimation of the

- DPA content.

Bgtablishment of a standard curve. In orde;' to establish a atanﬂard

curve (Fig.2) for the DPa estimation, volumes of 0.3, 0.6, 0.9, 1.2,
1.5, 1.8, 2.1 and 2,4 ul of the standard DPA stock solution {U.1g per
litre) were dispensed into test tubes. 4appropriate volumes of
distilled water wepe added to each tube to obtain & final volume of

40 ul, To develop colour in each tube, freshly preposred 1,0 ul of



%
ferrous arﬁmonﬂium sulphate (1% w/v) and ascortic acid (1% w/v) in
0.5K acetate buffer yH 5.5 was added. 4 yellowish brown colouration
developed and the albsorbance readings wers teken at 440 nm on SP6 -~ 400
uy SpectrophotOme"tar'(.P;);e Unican) against a reagent blank, the blank
contained every other component except DPA.

bgtimation of the DY4 coptent in bacteriel saaples., Spore suspension

(20 ml) taken at different tiue intervals either frow the onks mubjected
te asrobie or dnasrobic conditions were antoclaved at 151b per ag in

for 15 ninutes using autoclave 225E. 41l cultures (metabisulphite-
treated and metsbisulphite-free) were autocloved alike, ihe suspension
was allowed to cool and acidified with acetic acid {0.4 nl, 1.08). The
nixture wag left at roon temnperature for 1 hour during whichwﬂltipie
aggregation of insoluble materisls ogecured., A clear.elllupernaf;i;t of the
onixtwre was obtained after centrifuging at 19,000g for 10 pinutes.

Four nl of the supermntant obtained was pipetted using pipette filler.
To this nixzture, 1.0 nl of the colouwr reigent was added and the
absoriance readings werce recorded at 440 nn on 8Ph - 400 uv Spectrophotoneter.

The absorbance readings were extrapolated to the standard curve to

obtain the corresponding concentrations of the DPA.



Sffect of metabisulphite on spore formation of Bacillus subtilis and
w under aerobic and anaerobic conditiong,

for each bacteriwi, seven - 250 Erlenueyer flasks werc tuken and
100 ml of sporulating mediun was dispensed into euch, oix of the flasks
were treated with different amounts of metabisulpliite to obtain
concentrations ranging fron 100 - 600 ppu. ‘The remcéining flask served
as a control, Bach flask was inoculated with exponentially growing
culture of 2 x 10/ cells/ul of L. subtilis or B. cereus. These were
incubated at 37°C in 2 Gallenkamp orbital incubator maintzined at
100 rpm to achieve the aerobic condition. Five nl of the sporulating
culturc was taken from each flask at 4, 8, 12, 16, 24, 48 and 72 hours
of incubation. Lach was subjocted to serial deciual dilutions and 0.2 nl
of the appropriate dilution token and the number of spores formed
estimated using the 4eis: etandard 14 compound microscenpe,

The sape procedure as above was followed for the anaerobic condition
except that the flasks used were flushed with carbon-dioxide, properly

sealed under nitrogen gas and were incubated at 379 without shaking.
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Effect of metabisulphite ¢n aflatoxin produciion Jy Aspergillus flavus.

e T .

In deternining the effect of metubisulphite on aflatoxin production

bWw 4. flaves o number of sieps were followed.

Growth of gsperpgillus flavus und production of aflitoxin. gjight - 250 ml

-——

Lrlenpeyer flasks were f£illed euach with 100 nl of Luffersd yeast extmaet
nmediun, These were sterilised in ar autecleve and allowed Lo cool.
Different amounts of metabisulphite were added to each of seven flosks
to obiain retabisulphite conceniations f;lnLiTinG from 100 - 700 ppua. The
@ighth flusk contazined no netabisulphite and hence Served us a control,
Sneh flask was inoculated with 0.2 nls of 4. flavug (obtained from
atook culture) and incubated at 30°C on & rotary shaker at 100 rpm for
7 days. Twenty - 11ls of the suspension formed in each rlask was
removed on the Tth day of incubation and wsed in carrying out the study.

bxtruction of aflatoxin from saupleg. In the extraction procedure, the

aethod adopted Wy Elegiede (22) was followed, To each of the 20 nl sample
wtained above, 100 nl of chloroform was odded and shaken at 200 rpi

on & rotary shaker for 24 hours, The clarified exiract wes then -  v.
shaken with sodiun bicarbonate (0.1M, 50 nl) in a separatory fumnel,

low Mm&i
The wwpaw chlorofory layer obtained was deoamted into apother separatory

lower
funne l and reextracted with 50 nl sodiws bicarbonute, The upper
drauned _ .
chloroforn layer was dweanted into a well labelled flusk and retained,
The chloroforn extract was evaporated under reduced preseure ot

4000 wsing rotary evaporator fitted with a vacuunm puip. The residue

obtained was dissolved in aqueous methanol (&5% {v/v), 100 nl). fThe
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solution was traﬁafered to a separatory.funnel and eﬁc{;-a.cted with. 40 ml
retrolsun-ether 3 x {v.pt 60 - 8000). The eombined petroleun-ether
extracts were further extracted with agueous methanol (100 ml). The
solution obtained was again oxtracted with chloroform (3 x 50 ml).

The chloroforn extract was filisred through o ted of anhydrouws sodiun
sulphate (BDH) (15g) and washed again with fresh chlorofornm (20ml), The
filterate ohtained was evaporated to dryness under reduced pressure at
40°C. The residue obtained was redissclved in benzene acetonitrile
(98: 2v/v, 1.0 nl) until requived for further use. The whole procedure
&3 explained above was carried out in treail:iné; 20 ml samples of a. flavus
cultures derived from the various metabisulphite concentratioi,

THIN LaYiek CHROMATOGRAPHEY OF SAMPLES.

{i) Breparation of chropatoplaies. Kieselgel GO PF (50z) was shaken
with distilled water (100 ml) for 2 minutes in a glass stoppered flask,
The resultant slurry was used to prepare thin layers on five glass

plates (20 x 20 on) using a spreader (8handon Scientific Co, Ltd;

London NW10, England) and plate leveller {Quickfit Model CR 7/1,
Gallenkamp and Co, Ltd; London EC ZP 2ER, England), The plates were
dried at room temperature for 30 minutes taking carc to reduce the amount
of dust that could contaminate the plates. The plates were then
activated for two hours at 12000, allowed %o cool for 30 winutes and then

8tored in & plate cabinet.

Qualitative analysis of aflatoxins., To be able to identify the various

types of aflatoxine produced by 4. flavus, the extracted samples(SOpl

R - L [P +
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aliquot were spotted together with aflatoxin standards B‘l (0.02 _ug), 32
(0.02}.1@3'), G1 (0.02).13‘) and G2 (0.02 pg) on the prepared chromatoplates.
The spots were applicd 2 cm from the bottom of the thin layer chromatographic
plate using & spotting template as & guide. Plates were developed in a
tank containing toluene-ethyl acetate—formic acid (514:1v/v/v). &fter

LS o ' )
from the origin the plates were removed

the solvent had advanced 15 cm 
from the tank,

The solvent was sllowed to eveporate and the plates were viewed under
long-wave (375 mm) and shortwave (254 nm) u,v. light. Spots in the samples
corresponding in colour and Re to the stondards (see Tablc 3%) were
marked and the gone containing & particular aflathin wag scrapped off from
the plates and eluted with chloroform (5 ml),

For each aflatoxin type obtéined, the name wﬁé written together with
the metabisulphite concentration applied and kept in dark bottles in the

refrigerator wntil the concentrationa of aflatoxing were determined.

Determination of the aflatoxin concentration., The Velasco fluorotoxinmeter

(V) (N¥eotec, Inc. U.S.A.) wos used in detormining the concenirations of
the various aflotoxing produced by 4. fiuvus in the metabisulphite-
treated buffered yoast extract medium. It is a rapid and accurate method
of determining aflatoxin concentrations in ppb 29 oppomed to the cunmbersome
chromatographic methods that depend on comparative visual colour arcls,

It gives instant recordable numerical values.

Principle of VIM, The system makes use of a glase microcolumn which is

packed with florisil, sand, silica gel and alumina, The detection of



aflatoxin.is.ﬁadé bty trdpping it on the apecial florisil layer. The optical
systen conprises of an ulfraviolet light source, various filters and two
photedetectors. Tﬁe filters allow only cnergy between 310 and 410 nz to
pass through and the energy from the uv lamp is concentrated primarily at
%5 and 405 nm., The enerpgy at 365 mn Oﬁ') which is the deoirable energy is
wnaffected by the filter while that at 405 nm is severely attenuated., 1t

is the unaffected encrgy (365 nm), that excites the florisil layer in theo
nicrocolunn. Once excited, at 365 nm, the florisil flucreseos at a

second, longer wavelerngth (Az). The energy ocutput e-lt;‘\ 5 is proportional
to both the originul excitation energy at /\1 and the concentrition in

Ppb of aflatoxin trapped by the florisil layer. Thus, by adjusting the
axcitation energy so as to waintain constant value, the energy output at
;%‘2 becomes a dircet reasure of the aflatoxin concentration in ppb. (

Inst. Manual, VEM, 1974). _ - |
Calitration of VIK. The instrument was calitrated following the method
adopted by Ogbadu, (60), Blank was prepared bty wetting prepared micro-
coluun with chloroforr: methanol mizture (96:4 v/v) from the base,
Afilatoxin stoandayds 131 (10,ug/ml), B2 (10,\.1g/ml, G1 (.10'3.15/::11) and G-2
(10 ug/ml) used were obtained from Elegbede, J.A. Biochenmiatry Dept.,
A.B.U, Zaria. Appropriate dilutions using chloroforrn as the solvent were
nade t¢ obtain concentrations of 20 ng/ml for each aflatoxin standard.
The absorbance valug of each standard was read on CE 505 Cosil
spectrophotoneter at maximun abeorption wavelength (365 mu) from which -the

eorrgsponding concentration was calculated uzing the fornula:

i
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Concentration of aflatoxin = A x M.W x 1000 x C,F,
B

where A = absorbance

M.W Holecular weight of aflatoxin type
E = Molar absorptivity of the aflatoxin type
C.F.= Correction factor for the instruuent
0.90 (Rodricks and Stoloff, 72).

To take the recading on the VM, onc nl of a particular aflatoxin
standard was injected into the top of the chloroforn wetted prepared
nicrocolumn. This was 8llowed to drain and one ul of chloroform: methancl
nixture (24:1 v/v) was injected and allowed to drain, The reading for each
standard was taken while still wet and the expected 20 ppb was obtained.

Determination of the aflatoxin concentration produced Yy 4. flovus. 7o

deterunine the concentration of the aflatoxin extracted, one ml of each
sanple was injected unto the top ¢f a chloroforn wetted prepared nicro-
colunn. On draining, 1 wl of choruforn: methanol mixture (24:1 (v/v)

was injected and allowed to drain. Before taking the reading on the

VR, the reading for the particular aflatoxin stindard was first taken and
this was followed by that of the sanple, For each dotervination, the
nicrocolunn was turncd to 180° after toking the first reading to obtein yet
another reading. The average W8 taken as the concentration of the aflatoxin.
Based on the concentration of each standard as calculated earlier on, the
reading on the VIM was therefore corrected for using direct proportionality

relationship,



Table 3.

RESULTS

Growth of vegetative culture of Bacillus subtilis

' in petabisulphite-treated nutrient Wwoth,

42

Concentration

’
|
l
|

l Bacterinl populatidn (countd/nl)

of Sanpling tine (hours) :I
uo tabisulphi to( ppo) 4 8 12 16 o4 48 72
0 6.?:104 4.01:105 1.8210 3.6:{106 1.3x1 O’r 4 ‘41_10‘? 7 109

100 6.Tx1 04 2.‘?x105 1.0x10 1 .9::106 7.41106 { 2.61:10'?r 7.8x10

200 5310 1 .51105 6.0‘1105 1.5x1 06 4 .81106 1 .6:107 5.1x10

300 -

400 L — . o o o o

500 —— — L o N o —

. Table 4.

Growth of vegetative culture of Sacillus cercus in petabisulphite-

treated nutrient lroth

Concentration Bacterial population (counts/nl)
of Sanpling tine (hourﬂ)
ne tabisulphite( ppo)
4 8 12 16 24 48 72
0 1.0x10° | 6.0x10° | 2.3x10° | 6.4x10° [1.5x10" | 6.5x107 | > 10°
4 e 6 6 6 7 7
100 6.7x10 4.7x1 1.5x10 3.2x10 9.2x10 3.7x10" | 6.7Tx10
200 3'3)“04 2.’r'x105 1.1x106 2.1::106 6.6::106 2.4x107 5.0x107
300 3.31104 2.0)”05 9.011'05 1.3)(106 3.8x106 1.3)(107 2.81(‘!0'-r
400 a - - = - - -
500 - — - =~ = - -

aIio viable bacterial count was recorded,
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Table 6.

Viability of bacteria and aspergillus flavus

——

in metabisulphite-treated powdered milk (Nido) at 30°¢

E—
Concentration of Bacterial count per g Hould count™ per g

metabisulphite (pmu) | Bagillus Bacillus . dsvergillus

subtilis R Ldlavue

0 4.5 x 10° 7.2 x 10° 2.6 x 10°

100 3.8 x 10" 6.1 x 10° 4.5 x 10

200 3.2 x 10° 5.5 x 10° 3.5 x 10°

300 4.2 x 10° 2.8 x 10° 2.7 x 10°

400 _b 1.5 x 102 1.5 % 106

500 — — 9.3 x 105

600 . . £.4 x 10°

700 o . 6.7 x 107

800 o o 4.3 x 10°

900 _ . 3.9 x 10

1,000 - o 2.5 x 10°

2,000 o . o

a. .
Fould counts recorded as colony forming units (CFU)/&’

hho bacterial count was recorded.




Table 7. Germination of Bagillus subtilis spores ;’i
» 1 in metabisulphite-treated nutrient twoth. i
i ¥
Concentration Bacterial populatidn (counts/ul)
of -
e tabisulphi te Sanpling tiue (hours) cen
(ppm) 4 8 i2 16 24 48 72
5 6 6 61 1.3x10" |2.8x10" 4.82107
0] ) H‘ch’iO 2,5x10 5.8x10 8.5x10
100 | 1.3x10° | 1.3x10° 4.8}:102 6.0010° | 1.12107 | 2.22107 13,9x107
200 bx10” | 9.3x10° | 4.4x10° | 6.5010% | 1.0m107 | 2.1x107 [3.6%107
0 P.zmo‘:‘ 6.0x10° | 1.3210° | 2.5x1¢° 5.2:;102 1.21{10:2_ 2.3:;1076
400 . . - — — 5.3210° | 14x10° | 3.6210° | 6.0%10
500 __ . - - - — .
600 - . . _ _ _ _
. Table 8, Gernination of Bacillus ejreus sporas
in petebisulphite—treated nutrient broth.
Concentration Bacterinl population (Counts/ml)
i of '
rie tabisulphite | Sampling time {(hours)
\ H i
{ ppn) 4 8 12 16 24 48 72
0 2,7x10° | 1.9210° {5.5210° | 8.1x10° [ 1.5210" |3.1x107 |5.0m10"
&5 6 I 3 7 7 7
100 1.7x1 1,1x10° | 3.7x10° | 5.6210° } 1.1x10"  |2,4x10" |3.8x1
200 1.0000° | 8.0x10° | 3.1210° [5.1210° [ 9.2010®  [2.0x107 |3.5x10"
300 1.0610° | 4.7210° | 2.5x10° | 5.0m10° | 6.6x10°  [1.5x10" [2.4x107
. [ 1
400 3.3:{104 4,0x10° 1.8x10 3.23(106 5.4x106 1..2x107 2.2x107
. . [
500 . — 4,0x10° 1.2x106 2.2}:106 5.6::106 9.6::106
600 -

45 '_1 i

gy

———

———

®No viable baocterial count was recorded,

]
. h-




Table 9.

Growth of Aspergillus flavus in netabisulpiite-treated

buffered yeast extract mediun

46

-l Concentration of Absormnce at 650 nn
- NN . S S R e
ne tabisulphite Sanpling tine (hours)
: _ e e - !
|
(ppm) 1 4 g 12 16 24 48 72
|. =t A e -
0 0.04 0.10 0.21 0,56 0.93 1,82 7240
H 100 ! 0,02 0.05 0.13 G357 0.61 0.97 s 2.0
200 0.C2 0.03 0.09 0,28 0.53 0.87 0.%
I 300 0.0t 0.02 0.06 0,19 0,38 0.61 0.76
{ 400 C.01 0.01 0. 04 0,08 | 0.24 0.42 0.59
500 A . 0.03 .05 % Ce13 0.20 0.37
600 - - o I . -
| S SO SR

%o viable organism was detected,




i

i - 4T
Action of metabisulphite on growth of and spore mermination by
nicroorganisms, Tables 3 -~ 9 show the growth of the tested miecroorganisms

{‘gﬂcillu_s gsubtilis, B. cereus and a. flavug) in various retabisulphite-

treated media.
Gensrally, it was observed that the motabisulplite concentration
roquired to prevent the growth of B. Subitilis (300 ppn) in nutrient

broth was lower then that required for growth of B. cersus {400 ppm)

(Tahle:} and 4 respective ly) «» For these same nicrocrginisms, it was
|

fdunid that the prevention of the germination of their spores required
metabisulphite concentrations of 500 ppm for B. subtilie and 600 ppm for
B. cereus (Tables 7 and & reaspectivaly). -

The optimum temperature for the growth of B, subiilis in unaweetened )
full cream condensed mjill under aerobic and anaerobic conditions was
found to be 37°C. At this temperature, the metabisulphite concentrations
required to 9tep growth under serobic and anaerobic conditions were foﬁﬁéi |
to be 700 and 600 ppu respectively. In the case of B. cereus the ..
optipum temperature for the growth was found to e BOOC under aercbic
and anaercbic conditions but the metabisulphite concentrations required
to prevent growth in the respeciive cases werye found to be 800 and 700
ppm (Table 5).
found to be more resistant to metobisulphits than the two bacteria
studied. Vhereas metabisulphite concentration of 500 ppm stopped the

growth of the twe bacteria, a4 higher metubisulphite concentration

A

P R



|.
(2000 ppn) was required to stop the growth of 4. flaovus (Table 6).

The growth of 4. flavus in buffered yeast extract medium was
preventad by a metahisulphite concentration of £00 ppn for over a
period of 72 hours (Table 9).

For 21l the organisms studied, concentrations of metabisulphite
lower than those that caused lethal effect ecaused decreasc in prowth

with inerease in uetabisulphite concentrationa,
i
i
i

+

48
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. Table 10, Protein content of vepgetative culture of
Bacillus subtilis in metabisulphite-treated nutrient broth
- R q
Concentration Frotein content yJ-e;/ml cuiture)
of
e tabisulphi te Sanpling tize (hours)
(ppm) 4 - 12 16 24 48 72
0 0.26 0.65 1.05 1.55 1.%4 2.25 2,30
100 0,05 0,08 0.36 0.68 | 0,80 0.97 1.05
200 _a . 0.21 0.50 | 0.53 0.70 0.85
300 — - — — —_—— —— — Pam—
400 . . o o o o .
500 . o o o o o =
lr._ - ——
. Table 11. Protein content of vegetative culture of Bacillus cereus
in metabisulphite-treated nutrient hroth
Concentration Protein content (}.l(/r..l culture)
of
me tabisulphi te Sampling time (hours)

( ppo) 4 | 8 12 16 24 48 72
0 0.43 0.75 1.286 2.19 2.36 2.58 2.64
100 0.05 0.14 0.42 0.72 0.94 1.0 1.24
200 C. 0.06 0.26 0.31 0.48 0.56 0.64
300 0.0s 0.05 018 0.24 0.28 0.34 0.47
400 I o e e = = _— o
500 o — . " — . ——

. nNo protein was detected.




Table

12

Protein content of Bacillus subtilis in

petabisulphite~treated sporulating culture

50

Concentration of

Protein content (Jg/nl culture)

- —

-

me tabisulyhi te Sampling time (hours)
(ppo) 4 | 8 12 16 ] 24 48 T2
0 0.31 0.71 0.91 1445 1471 1.9 2.05
100 0406 0.13 0.22 0.48 1 0.70 0.87 0.92
200 0.05 0.08 0.11 0.35 0.41 0.58 0,66
300 _a o 0.05 0.16 | ©0.24 0.35 0.43
400 o . . 0.07 | 0.11 0.27 0.29
500 o . . L . L L
600 L o o o o o o
Table 13. Protein content of Bacillus cereus in
petabisulphite—treated sporulating cultwre
Concentration of Protein content (Pz/ml culture) ) o
ne tabisulphi te Sanpling time (hours) .
(ppm) 4 L8 12 6 | 48 72
0 0.51 0.82 1,04 1465 1.95 2,08 2.12
100 0.09 0.31 ;O 0.69 0,88 C.93 0.99
200 0.05 0.20 | 0.36 0443 | 0,51 0468 0.73
30C 0.05 0,11 0.19 0.34 0.43 0.51 0.59
400 0.05 0.05 0.07 0.28 0.3 0.36 0.39
500 _.a L 0.05 0.09 0.19 0.21 0.25
600 o . - . . . .

. J—

aNo protein was detected.



Table 14a
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Alkaline phosphatase activity of metabisulphite-treated vegetative culiun
of Becillus subtilis under aerobic condition in nutrient troth.

Concentration of Alkaline phosphatase activity u().lmoles/mlfuin) |.
me tabisulphite Sanpling time (hours)
(ppn) 4 8 12 16 24 48 7'5"{
0 e o . 0.12 | 0.12 0.25 0.37
100 . . 0.12 0,62 1.12 1.24 1.24
200 . . 0,25 1.49 | 1.86 2.48 | 2.6
300 o L . o L L .
400 . . . L o = L
500 o . - o i - - |
Table 14b Alkaline phosphatase activity of metabisulphite-treated veretative

culture of Bacillus subtilis under aerobic¢ condition in nutrient hl‘O'E’l_.

—— A d——

Concentration of Alkaline phosphatase activity d(pnolus/nl/nin)
ue tabisulphi te Sampling time (hours) P '
(ppm) 4 g | 12 | 16 | 24 48 T2 |
0 0.12 0.62 2,61 ‘4.72 5.96 6.83 T7.20
100 0.12 0.12 0,50 1.98 | 2.73 3.60 3.72
200 0,06 0.12 0.37 Q.87 1.49 1.99 1.99
300 . = —_ _— — o —
400 o o o o . . .
500 = —_ l — o — _— _—
8"llc‘l::lvit:_‘,' assayed from fraction 1 (culture supernatant)

bSanpleE were taken from nutrient broth at

cﬂo activity was detected

tire intervals indicated

dactivity assayed from fraction II (disintegrated pellet)
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15a Alkaline phosphatase activity of metabisulphite~treated vegetative

culture of Bacillus cereus under aerobic condition in nutrient troth.
. ——— s

Concentration of

Alkaline phosphotase activity ~(Umoles/ul/nin)

ne tabisulphi te Sanpling tize (hours)®
(ppm) 4 8 12 16 24 48 72
- -r—-

) e - 0.12 0.12 0.12 0.25 0.25
100 o o 0,62 0.99 1.24 1.66 2.1
200 o 0.12 0.87 2,36 2.73 3.60 3,60
300 o 0.12 0.99 2.48 | 2.85 3.97 4.10

400 o . . o o o o

500 - . 3 L o o L

Table 15b Alkaline phosphatase activity of wetabisul hite-treated vegetative

culture of gcallua careg under aerobic condition in nutrient hroth.

Concentration of

Alkaline phosphatase activity d(,ﬁ:.:oles/ml/::.in)

-

ne tabisulphite Sanpling tine (hours) v
( ppm) 4 8 Y 16
0 0.25 0.99 2,98 5.09
100 0.12 0.37 1.61 2.98
200 0.12 0.12 0.62 0.99
300 0.12 Q.12 0.37 075
400 - . . =
500

24 48 72
6.45 T.32 7.82
4.84 5.09 5.21
2,05 2.36 2.73
1.61 1.73 2.23

a
Activity assayed from fraction I (culture supernatant)

hS.tr.nq;:le,-s were taken (rom nutrient broth at time intervals indicated.
%No activity was detected,

d

sctivity assayed from fraction II (disintegrated pellet).
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16a Alkaline phosphatase activity of vegelative r‘ulture of Bacillus subtilis

in petabisulphite-treated nutrient broth under anaerobic condition.
Concentration of Alkaline phesphatase activity (,UI.OlCJ/..J.]/I.an)

metabisulphite Sappling tine (hours) - o
(ppn) {4 B 12 16 1 24 48 T2

0 _c . - 2 0.06 0.06 0.06

100 . . C.12 0.99 1.61 1.99 2.23

200 . . . . o — e

300 o o 8. o " - .

400 . . . . . . .

500 . . — i — =G =
. Table 16b Alkaline phosphatase activity of vegetative culbure of Bucillus sublilis

in metebisulphite~treated putrient troth under ancerobic condition.

Concentration of

)
Alkaline'phosphatade activity “(Pnoles/ml/uwin)

e —

ne tabisulphite Sanpling time (hours)
( ppm) 14 e 12 16 | 24 48 72 |
1 — ! i
; 0 e 0.25 1,99 3,10 ] 4.10 ' 5,71 5.9
i
I 100 . . 0.37 ! 1.31 | 2.1 2.61 2.96
' 200 - . o L o o o
300 o . o . o L o
400 - o o B o o N
500 - o . o N o o
- i
;Lctivit:y agsayed fron fraction 1 (culture supernatant)
® PSamples were taken fron nutrient hroth at time intervals indicated.

®No activity was detected.
d.uctivity agsayed from fraction II (diaintegratad pellet].




Taeble 178 Aalkaline phosphatase activity of vegeiative culture of Bacillus
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cereus in metabisulphite~treated nutrient Wroth under ancerobic

condi tion,

_—— i e = —

- —_———

Concentration of

Alkaline phosphatase activity (Vuoles/nl/min)

——— e L e m —

Sanpling time (hours)’

me tabisulphi te

( ppua) [ 4 8 F 12 16T 2% 48 72 ]

0 .c . . o o 0,06 0.12

100 = — . 0.74 C.99 1461 1.74

200 P — 0-62 1 l".l'(J 2.% 3.10 3.35

300 . o . . . L .

400 L — L o o o o

500 L o . o L o o
Table 17b Alkaline phosphatiuse activiiy of vege fative culture of Buciég cercus

in metabisulphite~treated nutrient brcth under @naerobic condition.

Concentration of

o — - —— i ——

Alkaline phosphatase activity "I(Umoles/ul/nin)

ew o - -—

ue tabisulphite Sanpling tiwe (hours)P
(ppa) T4 & 12 F 16 F 7 b 48 72 |
¢] — 0462 1 099 30% 5-34 6.21 6-58
100 —— p— 1.3’? 2-11 2¢98 3.48 4.10
200 —— . 0.2‘5 00?4 0.8? 1 .24 1 -74
! 300 . . . . — — —
i
400 - : — o — - - — o — —
|
R0 | Je b (e e = | - |

——

auctivity aggayed from fraction I (eulture supernitant)

bSamples were taken frou nutrient broth at time intervals indicated,
%o activity was detected

dm:tiviw assayed fron fraction II (disintegrated pellet)
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Alkaline phosphatase activity of Bacillus subtilis in
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metabisulphite~-treated sporulating culture under eerobic condition,

Concentration of

Allaline thosphatase activity  (Uuoles/ml/uin)

ue tabisulphite Sampling tize (hours)®

(ppm) 4 8 12 16 24 48 72

0 e - 0.12 0.12 | 0.5 0.25 |0.25

100 . 0.12 1.12 2.61 3.23 o 75 4 3.32

200 . 0.62 1.61 4.1C 4.72 4.84 4.84

300 B 0.62 2.23 | 4.22 | 5.09 5.09 | 5.21

400 . - - 447 | 5.1 5.9% | 5.9

500 = — — — — = —

600 L o o o o . .

Table 18b

Alkaline phosphatase activity of ihcillua_&_mh_til;g in netabisulphite-

an sporuluti culture der serobic condition.

Concentration of Alkaline phosphatase activity dgjj.xolas/ml/nin)
ne tabisulphi te Sanpling tize (hours)®
(ppn) 4 T8 12 16 24 48 72
0 0.25 2.11 4.84 8.01 9.31 9.56 9.68
100 0.12 1.49 2,36 3.60 | 5.09 5.83 6.21
200 0.12 0.37 1.49 1.74 2.61 2.85 2.98
300 0.12 0.25 0.62 0.99 | 1.49 1.99 1.99
400 _c | s o 0.12 | 0.25 0.37 0.37
ol e e B e T i
60 | |- = 1= l= = fe=
a

o

Activity assayed fron fruction I (sporulatinsg culture supernatant).

Sanples were taken from sporulating medium at time intervals indicated.

e O

No activity was detected.
activity assayed from fraction II (disintegrated pellet).

2T Y4 ST
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19a

Alkaline phosphatase activity of Bacillus cereus in metabisulphite- wreated
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sporulating culture under asrobic condition.

Concentration of

Alkaline phosihatase activity a’(ﬂmoles/ml/min)

re tabisulphite Sanpling $ime (hours)? .
(ppm) g g8t 12 16 24 48 72
o} _a 0.12 Q.12 0.25% G.25 0.25 0.25
100 . 0.50 2.98 3.% | 3.85 4,10 4,10
200 — 1,37 3.35 4.10 4.59 4.84 4,96
300 — 1.61 4410 4.59 |5.21 5.59 | 5.71
400 _ 1.74 4 A7 4.9% |5.9 6.58 6.83
- 500 — _ 4,72 5.5 6.08 7.20 7420
600 - _ __ . o — —_
Table 19b Alkaline phosphatase activity of ]__E_lhacillqs;‘_,cereus in mefabisulphite-

treated sporulating culfure under serohic condition,

Concentration of

Alkaline phosphatase activity dgllmoles/ml/min)

o
o

me tabisulphite Sanpling time (hours)b
{ ppm) 4 '8 12 16 24, 48 72
0 0.37 2.98 T.20 9.18 10.50 10.90 | 11.20
100 ¢.25 2.11 3.35 5.09 5.96 6.21 €.45
200 0.12 0.75 2,23 3,10 3.60 4,22 4 .34
300 e 0.25 1.12 2.11 2.61 3.10 3.%55
400 ____ 0.12 0.50 1.12 1.24 1.24 1.37
500 L . . - 0.25 0,37 037 0.37
600 _ . . . . .-.-_. _
a3

o

fu

activity assayed fron fraction I (sporulating culture supernatant),

Sapples were taken from sporulating culfure at time intervals indicated.
No activity was detected.
Activity assayed from fraction IT (disintegrated pellet) .




Table 20a Alkaline phosphatase activity of Baci_}hl_tla_ subtilis in
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petabisulpni te-treated sporulating culture under agaercbic condition.

Concentration of

Alkaline phosphatase activity  (Proles/ul/min)

Sanpling tine (hours)®

ne tabisulphite
(pp) 4 8 12 16 24 48 T2
0 e . o o 0.06 0.06 0.06
100 . — 0.37 1.61 2.% 2.73 2.98
200 . . 0.99 2.73 3.48 4.10 4.10
300 =5 — P ol — _— o
400 . = — i — p— p—
500 . . . . o . L
600 - . — . e . PR J
Table 20b Alkaline phosphatase activily of Bacillue subtilio in

————

metabisulphi te~-treated sporulating culture under anaerobic condition.

: Concentration of _alkaline phosphatase activity d(p_;io_]_taa/nl/uin) _:_1
pe tabisulphi te sanpling tine (hours) ®
(pp) 4 8 12 16 | 4 48 72
0 _c . 2.73 4.72 | 6.08 6.70 6.83
100 . . 1.61 2,48 | 2.98 3.35 3.48
200 . . 0.50 0.75 1.37 1.74 1.74
300 — — - . - . —
400 . o - o - . o
i 500 L o o - o o o
| 660 . . . . . . — |

Yictivity assayed fron

fraction I (sporulating oulture supernatant).

thamplas were taken from sporulating wpedium at time intervals indicated.
“No activity was detected.

dnctivity assayed fron fraction II (disintegrated pellet)
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o

Activity essayed from fraction 1 (sporulating culture supernatant).

Sanples were taken from sporulating medium at time intervals indicated.

o

No activity was detected.
Activity assayed from fraction I1 (disinbagrated pelle t).

[}

Table 21a 4lkaline phosphatase activity of Bacillus gereus in
metabisulphite-treated sporulatin: cultuce under anaerobic coundition.
Concentration of slkaline phosphatuse sctivity “(Juoles/ni/nin) .
we tabisulphi te Sanpling time (hours)”
' 5 - D I -
( ppu) 4 g8 | 12 16T 36 T2
- - romem- + b -
. 0 _a - . = ! . i 0.06 0.06
. 100 I . 0462 1.49 | 2.3 2.85 3,10
) 200 . . 1.97 2,48 | 3.% 3.85 3.65
300 P B 2'48 3672 '1 084 ‘.} '% 40%
400 . . - o . . =
500 . . . o o L o
600 = L . . o L L
T -
Table 21b alkaline phosphatase activity of Bacillus ccrgus in netabisulphite-
treated sporulating culture under anaercobic coadition.
Concentration of 4lmline phosphatase activity dgmolﬁa/ml/lilin)
e e w —— - - e - W W e —— S — -—.‘1
me tabisulphi te Sanpling tiue lhour;J—E
(ppe) {74 e L 6 f T 48 72
0 e o [6.53 T.62 l 8,9 g.351 9.43
100 A . 2.73 546 t 5,71 5.96 5.9 |
{ t
! 200 e ' e | 1.49 | 3.48 ] 397 4,10 | 4.34 i
. . (] ' ]
J 300 . Lo b b 1,12 ) 1.24 b 124 | 1.3 l
- 400 : : ! | ¢ :
" . ——— 1 ——— L] — P— i Pr—— — ] ———
! ) ' | : { I
i Sw w— ' — o~ i - — ——— I —
| (G WS I [P S W I N
v a — o b - - A )



Table 22a

Glucose dehydrogenase activity of metabisulphite-treated

29

sporulating culture of Bacillus subtilis under aercobic condition.

Concentration of

Glucose dehydrogenase activity aQUnoles/ml./min)

Sanpling time (hours)s

me tabisulphite

( ppm) 4 8 12 | 6 24 48 72
0 0.01 0.01 0.01 0.0 0.02 0.02 0.02
100 0.0 0.04 0.09 0.15 0.19 0.20 0.20
200 0.02 0,08 0.14 0.20 0.28 0.35 0.%
300 0.02 0.10 0.16 0.24 0.33 0.40 0.41
400 0.02 0.10 0.21 G.27 0.39 0.42 0.43
500 0 . o . . . .
600 L o o o o L .

Table 22b (Glucose dehyvdrogenase activity of wetabisulphite-treated

sporulating culture of Bacillus subtilis under aerobic condition.

Concentration of

Sampling timo (houra) b

——— . m——

3
Glucose dehydrogenase activity ‘ummumin)

ne tabisulphi te

(pp) 4 8 12 | 16 [ 2 48 72

0 0.07 0.20 0.48 0.65 | 0.67 0.67 | 0.68

100 0.03 0.11 0.29 0.41 | 0.44 0.46 | 0.46

: 200 0.01 0.03 0.18 0.24 | 0.28 0.29 | 0.29

ir 300 0.01 0.01 [ 0.13 ! 0.16 | 0.19 0.20 | o©.21

| 400 _c . 1005 0,08 | 0.1 0.13 | 0.13

1 5w - - o B o o -
600

amtivity assayed from fraction I (sporulating

culture supematant) .

bSamples were taken from sporulating medium at time intervals indicated.

cNo activity was detected

d
Activity assayed from fraction 11 (disintegrated pellet).




Table 23a

Glucose

nase activity of meiabisulphite-treated

aporul.ztmg culture of Bacillu.s gereus under asrobic condition.

Concentration of

- ——

6C

| Glucose dehydrogenase ur'tJ.vit,r _g..nolea/ 1/min)

ue tabisulphite sampling time (houra)
(pp) 4 8§ 12 16 | 2 48 "'55‘1
0 e o 0.01 0.01 | 0.01] 0.02 0.02
100 0.01 0.06 0.17 0.23% 0.25 0.26 0.28
200 0.0 0.11 0.19 0.27 0.28 0.31 0.33
300 0.01 0.12 0,20 0.51 0.36 0.36 0.39
400 0.01 .12 0.22 O.% 0.40 | 0,41 0.43
500 0.0 0.13 0.24 0.357 0.42 0.42 0.45
60 | _ _ _ - -
Table 23b Glucose dehydrogenase activity of wetabisulphite-treated
sporulatins culture of Bacillus cereus urder 80rodie condition.

— i T sy
Concentration of | Glucose dehydrogenase activ_;i.ﬁgr__.d‘@)_@_lqa/_ @_yg._n) I |
uwe tabisulphite Sampling time (hom)b &

i (ppm) 4 5 ] 12 K 18 72 |

0 0,08 0.22 I 0.53 0.71 0.7€ 0.81 0.62

100} 0.04 0.10 : 0.26 | 0,39 | 0.44 0.48 0.42 |

5 200 !0 02 {005 0.9 } 0,30 | 0.39 0,41 0.41 |

! 300 0,01 ; 0,01 i 0.15 | 0.20 | 0.25 0.27 .29 |

" 400 I 0.01 | 0.01 0.11 ] 0.4 | 0.19 | 0.21 0.21

l 500 ’ . 0.03 0.07 | 0.00 | 0.1 0.12

o50 = == W W e o

Activity assayed from fraction I (aporuln.t;ng culture supernatant)
bSamples were taken from sporulating medium at time intervals indicated.

®No activity was detected.

di.ctivitw assayed from fraction 11 (disintegrated pellet)
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Table 24a

Glucose dehydrogenase activity of metabisulphite-treated
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sporulating culture of Bacillus subtiliz under anaerobic condition,

Concentration of

e

Glucose dchyd.roge_riasc activity Ag)niqi__e_sfr_-_l/l.ain)
Sanpling tiue (hours)b

S ———

ne tabisulphite
( ppz) 4 3 12 16 | 24 48 72
0 e o 0.005 0.005 0.005 0.005 .01
100 o o 0.06 0.10 0.17 0.19 0.20
200 . . 0.11 0.19 0.25 0,26 0.31
300 — — s s e —_— e
400 o o . . . L .
500 I - U = =
600 - - o — j - - -
L. R Rt aiin "
Table 24b Glucose dehydrogenase activity of netabisulphite-treated
sperulating culture of Bacillus subtilis under anaerobic condition,
Concentration of Glucose dehydrogenzse activity d(p;l_:_lﬂ_llfigé.l_];/nin) R

ne tabisulphi te Sanpling time (l:ours)b
(pp) 4 8 | 12
0 \ _¢ g 0.42 '
100 - A 0,22 1
200 o o 0,05 :
300 = P =1
400 | _ - -
500 o . o
600

D

l 24 48 T2
0.59 0.61 0.6% :
0.32 0.36 0.36 |
0.13 0.15 1 0.16

&.Ilctivity agsayed fron

b,
Samples were taken from sporulating medium at tine inte.vals indicated.

fraction I (sporulating culture supernatant).

cﬂo activity was detected.
dActivity assayed fron fraction II (disintegrated pellet).
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Table 25a Glucose dehydrogenase activity of netabisulphite-treated sporulating
W culture of Bacillug Qexqua under snaerobic condition.
Concentration of Glucose dehydrogenase activity a};n&;l_&ai{hi]_{vlij;{\i_ )
ne tabisulphite Sanpling time (hours)®

(ppu) 4 8 12 6 f 24 Ty 48 1= |
—.———1-—.-.-*“.---— -

0 _c - - 0.01 | 0.01 0.01 0.01

100 I L 0,08 0.15 0.20 G.22 C.24

200 - o 0.13 0.21 | 0.27 0.28 | 0.30

300 B o 0.22 0.30 | 0.%4 0.3 | 0.39

400 . o . o L . =

500 - . o . o o .

600 o o o o o . .

Table 25b Glucose dehydrogenase activity of metabisulphite-treated sporulating

culture of Bacillug cgraus under anaerobic condition.

[ Concentration of | Glucose dehydrogenase activity dy{;_lqltu_q/nl/min) *
me tabisulphite Sanmpling tire (hours)® )
( ppm) 4 8 2 ] 16 T 48 72 |
0 e o 0.49 il 0.59 | 0.63 0.64 | 0.66
100 o o 0.20 0.27 | 0.32 0.35 0.35
200 o o 0.11 0.15 | 0.21 0.2¢ | 0.25
300 - . o 0.03 { 0.09 0.11 0.12
400 . e ! — I e o .
: 500 - i — U - —
i 6o o t= = b= |- |-

auctivity assayed from fraction I (Sporulatin.-; culture uu'pernat..mt).
bSamplaa were taken from sporulating mediun at tiwe infervals indicated.
°No activity was detected.

ductivity assayed from fraction II (disintegrated peliet)



Table 26a

Dipicolinic acid (DPA) content of Hacillus subtilis in
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I

Concentration of

ne tabisulphite

DFA content Uh;/u:.l culture supernztant)

Sanpling time (hours)

T.’J. bli:‘ .26 b

Dipicoliniec acid (DP.) content of 3Bacillus subtilis in

petabisulphite-treated sporulatine nedivm under anaerobic

e ——————— - ———

Concentration of
me tabisulphi te
(ppm)

DPi content (PUg/ul culture supernatant)

Sanpling time (hours)

( ppm) ""T'"‘T'"TI‘ 12 T | 24 36 v 1z

0 =8 40.5 115.5 151.5 | 156.5 | 168. 168,0
100 . = 60.( 5 112.5 115.5 121.5
200 N . P 4 B 2. 52.5 52.5 55.5
300 - L . 19.5 | 21.0 21.0 21.5
400 o - b e 12.0 17.5 19.5 | 19.5
500 o . - . . . : .
600 : o . - o o — .

| { A .

0
100
200
300
400
50C
600

o . o
{ g 1 12 I 16 | 24 | 48
| | i !
1 -
o 2155 865  {105.0 {12255 |35
- - 9.5 8.5 | 69.5 | 86.5
. . . £45 16.5 16.5

a’[lo DPA detected.




Table a

64

Dipicoulinic acid (DPA) content of Bacilius cereus in

under aerobic condition.

me tabisulphite-treated

Concentration of ; :.Y,)
wetabis tl_..A w
(ppn) ! | 72 i
— -ll i cem e — R ——
| | __ |
U : J 187 .0 190.5 192.5
' 1
10X | | 12,5 45 .5 545
| ! | 57, 57! 69.
| !
jl\v i ] 5 Je) 2.5
[ l ! ! f . 24.0 | 33. 3%
| — 3= = | |
R T | _ | 5
| o ! ? | |
\ )S | - calimid ——— ] - l - — — i
4 _ | ) S l —— S S |
Table 27b Dipicolinic acid (DP4) content of Hacillus &
we tabisulphi te-treated sporulating medi ler anacrobic cepdition.

Concentration of

netabisulphite

DPA content E "/r. 11 culture su pernd tant/

. f 5 \
wanpling time (hours)

1 [ ¢ !
l
i
]
|
]

. T e ) ]
( ppua) 4 \ ; FINEE [
' ] '
¢ E— 4 - e e e ——— 1 S L
1 ] 1 t I’ T
| | =zq.« PO { | 188 ¢ C pe
(0 j 1 i Y. : 99.5 ! 126, t 1'r 5 ! 1_, WF 158.5

I [ \ ! : i 1 9

00 \ V 5 30 T = =

100 l = : — | 2b. i . ! . i 125. 'I 12D
r ' 4 - A ' | -~

P V. ¥ ' i 1 o5 21 . | 5. H .1 L) .5
I — _— { - ] ] I

o i | 4 s [ 0O ¢ I

2 { . | ‘e 15,2 19.2

© |

+ U0 1 e — —_ .- —— . o
L

')f_?'h ] ‘ l L]

00 ' |

| ! e -

"
no

DPA detected.



aWdym 28, Relative

gegree of sporulation in ne

€5

tebisulphite-treated culiures of

Bacillus su

e e e~ e

Etilis and Bacillus cerecus

under aerobic eondition,

Concentration Degree () of sporulation in organism
of Bagillus subtilis Bacillus cereus
me t2bisulphite Sazpling time (hours) Saupling tine (hours)
—
{ pp1) 41 8 12 16 2 {48 | 72 4 8 12 16 24 L8 72
0 12:9132,3 145.2 164.5 | 77.4 0.3 [10C [14.7138.7] 50.2 |67.5 80.5 [ 93.3 | 100
100 5.60119.4 35,5 158.1 {72.6 82.3 195.2 | 5,8{19.5 28.2 {604 |76.4 186,5 | 96,7
200 3.2112.9 124.2 132,3148,4 59.7 164.5 3.1112.41 20.8 [ 31.2 [42.4 T4.2 | .80.4
300G 2] 8.9 14,5 [17.7 25.8 1 30,6 | 36.7 2.2] 751 16.3 | 20.1 40,2 1 50.8 | 60.6
200 0 C C 2. 7 11327 119.4 0.61 3.5 Ge2 $112.4 {27.7 | 33.5 40.8
500 0 0 o 9] o] O 4] ) 8] 3.2 6.9111.1119.8 } 24.4
600 O C C o 0 ¢ 0 O C G 0 c O o

Percentzge aporulation at 72 howr for control was fixed at

relative to this.

100 while others werc calculated

e
o



Table 29, Relative desree of Sporulation in metabisulr ite-treated cultures of
Bacillus subtilis and 2cillus cereus under anaerohic condition,
—=/===== =Sl .8 cereus
Concentration Degree va of sporulation in organisn,
of 3 L subtilig Bacillus cercus
metabisulphite | Sanpling tive (hours) Sanpling tire (hours)
(ppm) i |8 12 |16 | 24 | 48 | 72 41 8 12 |16 26 |48 72
.—8 0] hvl ﬂfwom wwom mm-.~ .ﬂmoﬂ.- mm..— (0] - NN-W UN-d n.a_n“_ 2 "\.m;w .ﬂmor-. nk.mom
200 G 0 6.4 111.8 }30.9 45.5 1 56 .4 CJ14.6 | 20.2]26.5 36.9 152.1 | 62.6
300 0 0 0 C 9] C C Ci 4.7 10.1113.2]17.8 120,91 26,8
t |
400 C 0 0 0 0 C C 0! o (o) 0 O ! o0 0
]
500 0 0 0 0 0 0 0 6] _ 0 0 0 C | O 0
600 ol ol olo o|lo | o o_ ol o | ¢ 0 _ 0 0

Percentage sporulation at 72 hour for control was fixed at 100 while others were
calculated relative to this.
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action of metabisulphite on Some biochemical cvents agsociated with

pporuldtion and/vege tative cells,

lables 10 -~ 27 show the influence of metabisulphite on sone
biochemical events associated with spores und/vegetative cella, It was
observed that while the motein content in the speruliting cultures of
_'.Ej_=' .Su'll:rtilis and B. cereus were reduced to an undetectable level by
oetabisulphite concentrations of 500 and 600 ppo respectively {tables
12 ﬂm 13) the vegetative cultures required only e tabisulphite
conceitrations of 300 and 400 ppo respectively to achieve similar cff‘acts‘
(rables 10 and 11).

Generally, it was observed in both vegetmtive and sporuliting cultures
thut, as the olkaline phosphatase sctivity in the cell extract decreased,
therce wag an increase in ite activity in the supernatunt. Also the
Jevel of nlkaline phosphatase in aporulating cultures iz higher when
compared to its level in vegetative culturo (Tables 14 - 21).

Below the metabisulphite concentrations that stepped alkaline phosphatase
sctivity (300 ppm for B. subtilis and 400 ppm for B. cercus both under
aerobic condition) it was observed that the alkaline phog phir tase
activity in the cell exiract (pellet) decreasecd with increasing
metabisulphite concentrations while the allmline phosphetase activity

in the supernatunt increascd with increasing metabisulphite concentrations
(Tables 14 and 15)., Similar trends were observed for the cultures under
anasrobic condition, except that the concentrations that stopped the
activity of the enzyme were found te be lower under anaerobic ¢ondition

(Tables 16 and 17). The trend olserved with the alkaline phosphatase
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e o s

activity in the sporulating culture was not strikingly different fron
the vegetative culture except that much higher metabisulphite iy
concentrations wore required ito stop the alkaline Imoapha't'ase activity
under sporulating condition than in the vegetative culturs (Tples 18 - 21).
| | A3 in the ocase of alkaline phosphatase activity, the aciivity of . 1.
élucose dehydrogenage was also observed to inerease in the supernatant |
and to decrease in cell extract as the retabisulphite concentration
increases until the synthesis of the enzyre was finally stopped., This _- i
obzorvation was common to both 2erobic and anserobic conditions (iables
22 - 23),

In all cases of investigation, it was noticed that higher concentrations
.IOf netabisulphite were required to caose biochemicul lesions in ¥, gereus

thun in B, subtilis., 4ll other concentrations below that required to cause

conplete inhibition of enZyme synthusis were observed to caule an incroase
in the a@ctivity of the ensyres in the supernatant and & dacrease in
the activity in the cell extract with increasing netabisulphite

concentrations . |

Siailarly, it wos oMerved that the metabisulphite conceni':rﬂ‘tions.tmt
roduced the dipicolinic acid content of the bacteria to undetoctable
level were generally highsr for B, cereus than for B, suhtilis under
acrobic and annercbic environments (Tables 26 and 27). ._

In druwing up the relative degree of sporulation (Tables .28 and 29)
the degree of sporulation in control sample at 72 hour was talken to be

100% while gporulation under other conditions waa estinated relotive
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to the control, It was olserved that for I, subtilis and B, cereus

there was a drop in sporulation for the netabisulphite-irested cultures
under aerobic and ancerobic conditions. Alsc at wetabisulphite
concentrations of 500 ppm for B, subtilis and 600 ppu for B. cereus
under aerobic; 300 and 400 ppu for £, subtilis and B. cereus respectively
under anaerobvic condition, no spores were observed. 4lso high incidence
of sporulation at 2 particular time interval seews to e followed by

high level of enzyme and DP.a synthesis,
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Table 30, Concentrationg of aflatoxin standards as determined 3
g - on OB 505 Cosil spectrophotoneter apd Velasco ;
3 Lluorotoxinneter (VEE). 1 |
aflatoxin A | avs. onHol, { Caleulated” Como. en
Standards solvent Jria% 'y W BOB | weight §{Concentration] B v ( ppb)
B 2 ne/ml
Aflatoxin 1 Chloroform| 365 1.40 32 20.0 19800 | 20
aflatoxin 5 Chlereform| 365 ' 1.4% 314 19.6 200001 20
Aflatoxin \ Chloroform| 365 | 1,16 328 20.0 17100 | 20
Aaflatoxin 5 Chlorcform] 565 t 1.22 330 20.0 18200 1 20

aCalculated concentration

3

where A

o
|
i
i
!
i
i
|
|
'E
]

M. wt

L]
=
I

= absorbance

Ax M,wt x C, 'y x 1000

B

Molecular weight

Correction factor.

nolar: obsorptivity of aflintoxin tyjpe
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‘Table 3.

The relative mobility and fluorescence characteristics

i of aflatoxins exiracted frowm the buffercd veast

i e

; extract nediun
Aflatoxins Hp volues Colour under u.v. light

[ .

Longwave (375ma) | Shortwave (245nm)

Aflatoxin 0.62 faint blue faint blue
Aflatoxin 0.60 faint blue faint blue
Aflatoxin 0.4 1 blup—-green blue—green
Lfletoxin 0.42 blue~groen blue~reen
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Table 32,

- —

48perpilius flavus in metabisulphite-treited buffored yeast

extract medium.

Concentration of Concentration of aflatoxin (n,/ml)
we tabisulphi te( ppmn) B, B, : ¢ G,
— o

0 31.8 18.0 24 .6 15.9
100 22.3 13.7 17.4 11.2
200 18.6 10.4 15.9 7.8
300 11.2 5.7 9.6 4.9
400 8.9 3.5 63 2,8
500 3.8 1.9 2o 0.8

600 A o . .

700 I — - -

%No aflatoxin obdained.
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LL0gct of metabisulphite on aflatoxin production by 4. flavus,

Table 32 reveals that at nmetabisulphite concentration of 600 ppn, no
aflatoxin was detected, It was also observed that below 600 ppn of

e tabisulphite, the level of aflatoxins detected decreased with
increasing cetabisulphite concentrations. .flatoxin I"S1 was nost abundant

while G2 was found to be the least abundant in the extract.
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i DISCUSSIQHN

sction of netabizulphite on growth and apors

ronination of nicroorganisns.,
The data have revealed thot lower metabisulphite concentrotions were
required to prevent the growth of B, subtilis and B, gereus in nutrient
troth (Tables 3 und 4) thun the prevention of the spore gernination of the
two bactaria in the sare mediun (Tables 7 and 8) » This olservation seens
to cgree with the fact that spores are generally knmown to be nore registant
to nost chemicals than their vegetative counterparts (70), The high
resistance of spores to chenicnls has been attributed to 4 nunber of
factors which are still sjeculative,

The difference in the degroe of susceptibility of B. subtilis and

B, cereus to metabisulphite treatuent is difficult t¢ explain sinee it has

net been posaille to correlate differences in susceptilility of the
' organisna %o eithor norpholegical or physiological characteris tics. It
is not out of place te siate that resistance is an inherent genetic
characteristic that varies from species to species,

The finding that the bactoria (B. subtilis and 3. coreus) thrived
be tter in unsweetened full crear condensed nilk (poak) under aercbic
conditions than anaerobic conditiones is note worthy. A higher mefableulphitc
concentration is required to suppress the growth of the organisns under

aercobic condition than under anacrobic condition., Baecillus subtilis and

B. gercus respectively required 700 and 800 ppn netabisulphite concentrations

under aerobic condition tut required 600 and 700 ppn netabisulphite

[y T—
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!
concentrations under ansercbic condition (Table 5), It may ke inferod that
hy leping acrobic organisns which cauge food spoilagze undur anaerobie
conditiong, one nay nininise the extent of the bacteria growthe and nay N
therefore be an added advantuige to the preservation of food with nmetabisulphite.
It therefore follows, that the netabisulphite concentrition thut is capable
of elinincting the erganiamg under aerobic condition should be able to
elininate them under anserobic condition provided the nediwi is the saumc.
it is inportunt o nention here, that in most hones in this country, only
few can afford the usage of a whole tin of unsweetencd condensed nilk in
a day and to avoid ite apoilage ly niercorganisns, the hole nade eon the
_ean of nilk is usunlly covered with paper after 2 very snnll guantity
has been taken. The paper cammot prevent the growth of organisms in the
nilk hence spoilage can easily cccur. The addition of an antinijercobial
agent_lauch as petabisulphite ly the fuod industries noy reduce considerably
poé‘f-;:ﬁ'ocessing contanination of this nature,

The mould (4. flavus) required higher vetabisulphite concentration
than the bacteria in order to stop their growth. However, the differsnces
inl medin conposition nay be an inportent factor. In attenptling to |
2lininute these three organisus studied fron a particular food, it is only
the netabisulphite concentration that is active agoinst the nould thot is
likely to he the nost important since such a concentrition will be active
against the twe bacterial The growth of the three organisrs in powdered
nilk (Nido; Nestle nmake) still revealed that . flivus was more resistant

to netabisulphite treatment (2000ppn) than the two ncteria (500 ppn)
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enployed in this investigatimn (Table 6). The powdered ilk (Nido) was

selected as one of the nedia for this investiga.ion because in nest hores

in this country wherc peak unilk or other forrs of nilk is o luxury, the
powdered nilk (Mido) is the nilk of choice. The iido nilk usually cannot

be consuned 2ll at once but in bits until it is used up., bLzposure of the
nilk could lead to contanination by food spoilnge niercorganisns which then
grow to cause food problens under suitable conditivns, The incorporation of
LG tabisulphite night help to nininise this problen of posat processing
contamination., It has teen shown that 2000 ppn of met bisulphite (equivalent
to 674 ppu 302) is considered unharnful to anin:l and hunan tissues (2) and
therefore the incorporation cf this level of netabisulphite intv food for

the purpose of elivinating noulds is desirable,

action of petabisulphite on sone biocheuicul events associated with
totive cells. Metabisulghite was found to have an

inhibitory effect on rotein synthesis since the jrotein content continucd
tc decrease with increasing concontrations of netobisulphite (Tables 10 - 13).
Judgin,; fron the role of protein in general petibolis: this inhibition of
rotein synthesis nay contribute significantly to the antivierobial aection
of netabisulphite. Since enzynes ‘re moteins, the synthesis of sonme
enzyres inportint in general petabolisn night also be inhibited.

Generally, o very striking point observed with the cffect of metabisulphite
on alkaline phosphatase and gluccse debydrogenase nctivities is the fact
that as the activities of the two enzynes assayed frou the cell extract

decreased there was an incrcase in their activities assayed
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supernatant, The observation le#ds credence to the speculation that the
netabisulphite night be acting on the bacterial cell nenhrance, therehy
cousing the leakage of these ongyrmes into the wediun. Possibly this nay

e vne of the mechanisms by which cetabisulphite ezorts its untinicrobial
effect. Lucker, Mosser and Hanson (53) have earlier postulated leakoges
of 4TP inte the surrounding mediun when bacterial cell menlrons. is ' '
subjected to sulphite. Since ATP nay e in & coouwon pool with other
netabolites and cenzyres, the effect of metabisulphite nay be to cause
leakage of vital netabolites.

.' The netabisulphite concentrations required to stup alkaline phosphatase
activity under aercbic condition when assayed fron sporulating or vegetative
cultures were always found tobe higher than tho metabisulphite concentrations
required to achieve the sane effect under anaerobic conditions. Oxygen
facilitates spore fornation (73) and therefore under ancerobic condition
there would tx less spore fornation and less alkaline phogsphatase mroduction,
Implicit in this stotewsnt is the fnet that there appears to be some | '
correlation betwsen sporulation and alkaline phosphatasc level (55). |
This possibly explains why £ lower metabisulphite concentration was regquired
to stop alkaline phesphatase activity under cnsercbic condition than the
netabisulphite coneentration required under acrobic condition., 4 similar
explanation night account for the c¢bservation in which glucose dohydrogenase
activity ocssayed from the cultures maintained undor aerobic condition wes
shown to require more metabisulphite to stop its synthesis than in the

cultures naintained under anaerobic condition (Pablis 22 - 259,
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The observation that the metabisulphite concentrations roegquired to stop
alkaline phosphatase activity in vegetotive cells under aerobic condition
were nore than the concentrations reguired under anaerobic condition was
not unexpected as the orginisns re pore or less ceroles,

The reaction of the bacterial spore alkoline phosphatase to netobisulphite
treatnent still reveals the higher resistonce of syores to chenical
treatoent then their vegetative counterports, While the B, subtilis spore
and B, cereus sjpore alkaline phusphotase synthesis were stopped by
netatisulphite concentrations of 500 and 600 pia resjectively under
serobic ccndition (Tables 18 and 19) their vegetative counterparts required
300 and 400 pin resiectively (Tables 14 und 15). Morcover, thc hisher
level of the alkaline phosphatase in sporulating culture thian the vegetative
cells is suggestive of the enzyme being involved in sporulation, This waos
found to be the cise with gluccse dehydropgpenase whose dctivity was not
detected at all throughout the period of investipgntion in the vegetative
culture,

Metbisulphite wos observed to hwe an inhibitory effect on the
dipicolinic ncid (DPL) content of the bacterizl gwres since the DPi
level continued to decrease with increasing concenfr:tions of metobhisulphite
until its synthesis wis finnlly stopped. Under acrobic condition, at
ne tabisulphite concantrations of 500 ppu (B. subtilis) <nd 600 ppo
(B. gg‘reuﬂ) and under anaerobic condition, at netabisul, hite concentrations
of 300 pru (3. subtilis) and 400 ppu (B. cereus), the DPa content was

reduced to an undetectable level (Tables 26 and 27). Since retabisulphite




79

was found to reduce the level of DP. in the baeterial spere to an
unde tectnible level, spore resistance as reported with heat and sone
cheniicnls ('?0) ray not be significant., Metabisulphite, therefore, has
& proaising future in the control of ndcroorganisns in food,

In all, there was o parallelisn betweon sporulation anl the levels of
the enzynes (alkaline jhosphatuse and glucose dehydrogennse) as well as
the level of DPa.. This wis bectuse as the degree of sporulation
incre sed so also the levels of the enzynes and the level of DPLA inereased.
Moreover, the sawe level of netobisulphite jrevented the synthesis of
the enzynes, reducsd the DP.. to undetectable level and stopped sporuletion
in tho two bacteria. The biochuniical events arc therefore invelved in
sporulation and hence nay serve as good indices in the food industries
where the preservative efficacy cof antiniercbizl agents are tested,

It woull seen that in all cases, the netabisulphite causes leakage of
the bacterial components ot sublethal dose, the degrec of leakage
increasing as the retabisulphite concentrations inerense. 4t higher but
8till sublethal netabisulphite concentr:tion, the synthesis of enzynes
and jroteins was inhibitcd even thouzh viability was not conpletely
affected and finally, as the lethal dose was oap,rooched the cells

failed to show any sign of viability,
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sffect of metabisulphite on aflatoxin 'producﬁm by Asnefrvillis_ flovus,

L™ R ik, v+~

it netabisulphite concentration of 600 ppu, no aflatoxin was detected
and ot this sane retabisulphite cuncentration, no grovth of .. flavus
was obgerved in the buffered yeast extract nediun {Tobles 9 and 32).
Lt appeared that the netabisulphite inhibited the growth of the nould,
resulting in less aflstoxin production, In wore acidic mediun such as
coke (H 4.5) conmpered to buffered yeast extract nediun (pE 6.5)

lower petuabisulphite concentration would be required to etop aflatoxin
roduction since nmotabisulphite is norce active ot low i values than
at high H values (53). The netabisulphite concentration of 600 ppn
8till falls safely within the level tolerated Ly humans (47). It
inlj;;es, therefore, that the possible use of metohisulphite in
minim.a:.ng aflatoxin production Wy 4. f£l2vus in drinks like orange

Judoe and carbonated leverages night have a promizing future. -
4

.m"
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CONCLUSIONS AlD SUMM Y

Metabisulphite concentration of 600 ppn was found to be the nmaxinun
netabisulphite concentration required to adequitely prevent the growth and
the gernination of spores of Bacillus sybtilis and L. gereus over a period
of 72 hours under 2erobic condition in nutrient broth,

In unsweetened condensed (penk) nilk, the retabisulphite concentration
required to stop the growth of B. subtilis over a period of 5 days under
aerobic condition was observed to be 700 ppn while B, cereus required o
petabisulphite concentraticn of 800 ppu over the sane periocd. However,
under anaerobic condition, netabisulphite concentrations of 600 and 700
ppo were observed to stop growth of B, subtilis and B, cereus respectively
over & pericd of 5 days in unsweetened condensed nilk. It is felt that
keeping foods under anserobic condition especinlly in the jresence of
netabisulphite nay therefure be 2n added advantage to the preservation

of food.

The reaction of B. subtilis, B. cercus and .. flavus to metabisulphite
treatrent in powdered nilk (Nido; nestle make) showed that the nould was
nost resistant, requiring metabisulphite concentration of 2,000 ppn to
stop its growth over a pericd of 7 days. 1t nay be sugegested that when
the nould (4. flevus) 2nd the tested bacteriz are to be elindnated with
netabisulphite, it is the concentr:tion required by the nould that is of
inportance since this concentration will elininate the tested bacteria,

It was observed that netabisulphite concentriiions of 500 and 600 ppn

were required to stop spore formation of B, subtilis and . cereus
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reapectively over i period of 72 howrs under aerobic condition in

effeet under anfercbic condition. It was alse obsdrved that the sane

TR

}
‘ N T
sporulating nediun. Lower metabisulphite concentrations nchioved sane 1{
i

netabisulphite concentrations of 500 and 600 ppm wore required to stop

alkaline phosphatase, glucose dehydrogenase activitics as well as reducing
the motein and DPai contents to undetectable levels in 3, subtilis and B, gereus

respoctively under acrobic condition over & pericd of 72 hours. Lower

netabisulphite concentrations wore observed to achieve sane effect unier

b e ek o

anaerobie condition for the two bacteria. 4 paralielisn nay therefore be
drawn between the degree of sporulation and the levels of enzynmes and DPA
f:"""_:investigated since as there is increase in degree of sporulation 3o alasc
.there iz an incrense in the lovels of the enzypes and the FPA level.

1t is felt that the bicehenical cvents investipgaied nay scerve as good
indices in focd iﬁdustries where the preservative efficocy of
antinierobial agents are tested. The action of netabisulphite on the
enzynes suggests that netabisuiphife acts Wy cousing leskages of these
enEyLes .

.Aflatoxin production by f. flavus in buffered yonst extract nmediun was
Irevented by netabisulphite concentration of 600 ppu whoen ineubated for
a pericd of 7 days. The same 600 ppm retobisulphite concentration
stopped the growth of 4, flavus for over & pericd of 72 hours in the sare
mediun. The metabisulphite thus inhibits both growth and aflatexin

production.

i N




SUGGESTIONS FOR FUKTHER STUDIES

although the results ¢btiined so far have shown thot pe tabisulphite
is a pronising antinicrobiul agont, there is still the neced to carry
out further studies along the follouwing suggestions:
1. The effect of conposition of various nedin 2nd retabisulphite on
sporulation and gpore gerndinstion,

24 The influence of netabisulphite on spere fornation and gernination

over & longer durction than enpleoyed in this investigotion,

3e The influence of natabisulphite on caleiun ion uptake of bacterial
spores and on the forpation of DPA.

4. The effect of metabisulphite on different aflatoxigenic strains of
a8porgillus,

5e The effect of nmctabisulphite on the organcleptic quality of a

nunber of food products.
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