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ABSTRACT

Nisin is & bacteriocin produced by some strains of Lactococcus
lactis subsp. lactis. It inhibits wost of the Gram positive bacteria,
however, Gram negative, yeast and molds are not affected by nisin. Nisin
has wide spread aprlications in conned foods, processed cheese, mwilk and
milk products. Twenty six strains of Cram positive bacteria comprising
of both lactic and non-lactics showed a wide wvariation in  nisin
sensitivity in broth and skim milk at genera, species apnd strains levels.
Lactococcus lactis subep. cremoris (C.), L. plantarum (R} and B. subtilis
(9144) were found to be most resistaht strains with MIC of 175, 100 and
150 RU nisin/ml in breth  respectively. On the other hand, L. lactis
subsp. diacetylactis {(CRC.}, L. plantarm {89} and B. stearothermophilus
(37) were inhibited at véry low levels of 5, 20 and 0.5 RU nisin/ml
respectively. Activity of nisin was reduced significantly at higher pH,
temperature, incculum and incubation pericds.

MocGe of actien ¢f nisin appears to be non-specific as clearly
revealed by light and electron microscopy. The various changes includes,
clumping or aggregatien, pore and bleb formation, acute perforation,
rupturing of cell and subsequent release of protoplasmic contents and
complete dis-integration can be correlated with bacteriostatic and
bacteriocidal action of nisin. : '

‘ Erncouraging results of nisin acdition in commercial pasteurised
toned milk and lassi were cbtained. The Increase in shelf-life of
 pasteurised milk containing 500 RU nisin/ml by 2% days at 20°C can
be of great significance especially in tropical countries like ours, where
facilities for «c¢pld storage, transportation and distribution are
inadegunte. Nigin wos feund effective in controlling the excess of acid
production in Lassi during storage and considerably improve the product
acceptability.

The nisin resistant strains evaluated in the gpresent study can find
immense practical applications in dairy industry. The precise
information on nisin sensitivity of lactic cultures will undoubtedly be
very useful in enhancime the sheli-life and controlling the desirable
qualities of fermented and ncn-fermented milk and milk products,
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1.0 INTRODUCTION

Nisin is a bacteriocin produced by certain strains of Lactococcus
lactis subsp. lactis. It has wide spectrum of antibacterial activity
and inhibits most of the Gram positive bacteria. The Gram-negative
bacteria, yeast and molds are, however, not affected by nisin. The
ichibitory effect of nisin was noticed aboul sixty years ago, when
inhibitory streptococel were considered to be a problem in cheese
making because of slow acid developrent.

The different ogroups among Gram };SOsitive bacteria i.e.
. Lactococms‘; Streptococcus, Lactobacilluys, M.ic:ﬁ:«c:c:cc:usf Staphylococcus,
Listeria and majority of spore forming species of Bacillus and
Clostridium differ widely in their response towards nisin and Jdepicts
considerable variation in nisin tolerance at genera, species and
strains level. The inhibitory action of nisin is greatly influenced
by physical, chemical and microbiological environment in different
kinds of food. The factcors like pH, temperature, chemical composition.
age, size of inocula and incubation periods have significant effect
on effice-xcy of nisin as substantiated by comprebensive information in
the present study.

A number of studies have been carriéd out on mode of action of
nisin against susceptible vegetative cells and spores. The research
on vegebative cells indicate that the initial point of acticn of nisin
is the cytoplasmic‘ merbrane and subseguently undergoes disruption

either, resulting in leskage of essential cellular material such as
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adenosine triphosphate {ATP) or in more severe cases lysis of cells.
Attempts were made in  the present study to confirm the above
biochemical observations through Scanning Electron Microscopy in terms
of surface damage ameong different groups of Gram positive bacteria.

Nisin has. received considerable  attention  regarding its
application in  food preservation. If is non-toxic as revealed by
toxicological study and is being digested by pancregatic enzymes. Joint
Food and Agricultural Organisation/World Health Organisationn (FAQ/WHO)
has recomended the maximum acceptable daily intake (ADI} as 33,000
RU/kg of body weight. However, the available evidence indicate that
a level of 33,000,000 Units nisinf/kg of body weight has no adverse
effect. -

it has been successfully used in the preservation of number of
thermelly processed foods without | increasing the risk of
bactericlogical spoilage. In fact: nisin was first used to control the
blowing, oftenly caused by spores of anaerobic clostridia in processed
cheese and cheese spreads. Presently: in certain parts of world, nisin
has been used in preservation of canned foods, flavoured milk drinks,
sterilised milk,, canned evaporated miik and other dairy products. The
shelf-life of pasteurised whole milk having very low keeping gquality
can also be increessed by application of nisin as evident from the
present findings.

Nisin has great significance in industrial fermentation processes
like wine, beer, ethyl alcohol, where lactic acid bacteria belonging
to genus Lactobacillus, Pediococcus and Lewonostoc are potential
contaminants and affects the yield and gquality of the products. Nisin
may prove successful to prevent lactic contaminants without affecting

the growth of yeasts and molds.



In developing countries like, India, where facilities for cold

storage, transportaticon and distribution are not adequate, nisin may
be an invaluable preservative for precisely controlling the growth of
lactic acid bacterina in fermented dairy products like Yoghurt, Dahi and
Lassi etc. and therefore, the acid production can be controlled to an
acceptable. lovel.

The present project was successfully carried out with the following

cbiectives:-

1. Comparative Nisin sensitivity of selected lactic and non-lactic
cultures in broth and skim milk system at genera, species and
strains level.

2. Factors affecting the inhibitory action of Nisin like -pH,
temperature,; size of incculum and incubation period.

3. Scanning Electron Microscopy (SEM) of sensitive and resistant
strains among lactic and non-lactic cultures to study the .nisin
induced unltrastructural changes.

4. Preservative action of nisin on shelf-life Qf Pasteurised milk

and Lassi at different temperatures and storage periods.

*xx %
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2-0 REVIEW OF LITERATURE

2.1 BACTERIOCINS OF LACTIC ACID BACTERIA

Bacteriocins are proteins in nature and their action is
bocteriocidal rowards bacteria Itaxonomicaily close to the producer
{Tagg et al., 1976). These were classified inte 2 groups on the basis
of their antibacterial spectrum of activity. One included the
bacteriocins active against taxonomically close to the producer and
other bacteriocins with a relatively Ibroad spectrum  {nisin and
pediocins) 'of activity against Gram positive . bacteria {Klaenhamwer;
196y, Nactoriocins do not respond to well defined criteria, rather
their biochemical properties; molecular weight, spectrum of activity,
mode of action and genetic support are very heterogencus (Reeves, 1872
‘and Tayg et al., 1976). The study of bacteriocins in lactic acid
bacteria has been actively developed , over the past few years
{Klaenhammer, 1988 and Schillinger, 19°90) and these investigations heve
shown that bactericcin production is an extensively prevalent phenctype
in this group of bacteria.

' best known and studied bacteriocin prodhcmd by Jf\ctic‘acid
bacteria is nisin. The initial Iinterest in this substance arese from
its bacteriocidal activity against spores of bacilli and clostridia,
responsible for most o©of the spoilage in canned foods {Hurst, 19?8:'

Somers and Taylor, 1987}. Risin is an inhibitory substance produced
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by certain strains of Lactococcus lactis subsp.lactis and like other
bacteriocins, possesses antimicreobial activity against a limited range
of micro-organisms. It does not inhibit Gram negative bacteria, yeasts
and funcgi. Nisin does inhibit a wide range of Gram positive bacteria
i.e. species of Lactococcus, Streptococcus, Micrococcus '
Lactobacillus, Staphylococcus and majority of spere forming species
of Clostridium and Bacillus, the spore being more sensitive than the
vogelbative eells, Recont studies have shown that strains of the feod
pathegen; Listeria monocytogenes are also sensitive to nisin {Harris

et al., 1991).

2.2 NISIN SENSITIVITY Of LACTIC AND NOW-LACTIC CULTURES IN BROTH
2.2.1 Lactic Cultures

Inhibition of lactic acid bacteria by a metabolite produced by
one of the group merkers is detrimental type of antibicsis j.e.
preventing the growth of desirable lactic organisms. This type of
antibiosis generally cause huge‘ losses to dairy industry associated
with fermentaticn. Hewever, in some fermented products, use of nisin
is beneficial as it centrols the acid production to acceptable levels.

2.2.1.]1 Non-HNisin producers

Studies carried out by brewing Research Foundation in U.K.
demonstrated that lactebacilli and pediccocei, the principal spoilage
bacteria of spirit like fruit brandies, were sensitive to nisi;l at 100
IU/ml in broth, under the laboratory and brewing situations (Ogden and
Tubb, 1985). In a medium inoculated with approx. 105. cells/ml of a

sensitive strain of Lactobacillus (8S0 375} and nisin  added at level



recommended for commercial use (100 IU/ml} killed all the cells in 6 h.
In control samples, this incculum grew to a concentration of lOlo
cells/ml in about 50Ch (Cgden, 1986). Contrelling the contaminating
bacteria by nisin addition to the fermenters is alsc an alternative
method to acid washing which is known to effect yeast viability (Ogden,
1986)

Nisin sensitivity pf 30 strains of lactic acid bacteria isolated
from cured and fermented meat products was carried out by
Collins-Thompsonr. et al., (1985). The maximum concentration of nisin
permibtting growth for 20 strains of lactic acid bacteria including
Lactococcus lactis, Lactobacillus plantarum and L. viridesceus was 50
IU0/ml in MRS broth at 30.°C and 24 h of incubaticn. A wide variation in
nisin sensiti‘vit-y amcng L, brevis strains was observed with MIC ranged
from 10=200 IU nisin/ml.

Growth of Streptococcus thermophilus (ATCC 10987) was completely
inhibited in MRS broth containing 200 IU nisin/ml (Lee and Kim, 1885},
Other test organisms i.e, L. bulgaricus, L. casei, L. plantarum,

L. helvet-icué and L. acidophilus were also inhibited at the same nisin
concentration. Orberg and Sandine (1285) evaluated 26 strains of

S. cremoxis and 12 strains of S. lactis wsing Baver-Kirby disk
suscepﬁibility test. Streptococcus lactis (ATCC 7962) was found most
resistant with MIC atleast 40-fold higher (64 Pg/ml)lthan other strains.
This strain was pctent pnisin producer.

The inhibiticn of 31 s-tfains of 11 species of lactic acid bacteria
in M-17 broth was observed by Bossi et al. {1988_} at very leow nisin
concentration i.e, 5 RU/ml, yet with significant difference. in nisin

sensitivity among the strains. Streptococci were found more nisin

-



tolerant than lactobacilli. A stimulating effect at nisin dose of 0.3
RU/ml was observed on some strains of L. fermentum. Nisin resistant
strains amng L. helveticus and L. lactis sp. were also discovered.
A  comprehensive information on nisin  sensitivity of lactic and
non~lactic micro-organisms has been reviewed by Gupta and Prasad
(1989a). Eighteen strains of lactic acid bacteria were evaluated by Garg
{1992} for nisin resistance in M~17 lactose broth at 32°C and 2%
inoculum. Lactococcus lactis — subsp. diacetylactis (DRCI and DRCE}
strains were completely iphibited at 100 RU nisin/ ), whereas in
Lactococcus and Lactobacillus sp. slight growth was detected at same
nisin concentration. Recently, Kumar and Prasad (1992a,b) reported the
nisin sensitivity of 16 strains of Lactococcus, Streptococcns and
Lactobacillus sp. in Elliker's and MRS broth with MIC ranged from 5-175
and 20-100 RU nisin/ml respectively at 1% inoculum and 24 h of
incubation period.

2.2.1.2 HNisin-producers

Effect of seccondary metabolites added to cultures of the
organisms producing them was imvestigated by Burst and Kruse (19?;2).
Nisin was added to a growing culture of nisin-producing strain i.e.
Streptococcus lactis (354/07) and observed that one guarter (12 pg/ml}
of the amount of nisin formed by the cultures of S. lactis inhibited
any lysed lag and log phase cells respectively, The same amount of qisin
added before inoculation or at a time when nisin synthesis had started
{in late log phase), caused only transient delay in érowth.

In a similar study., Egoro; et al. (1976) further substantiated

the above findings and reported that addition of 100, 250, 500 and 1000
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RU nisin/m! had no effect on the growth of S. lactis (MGU) strain.
However, 1800 or 2000 units of nisin/m' inhibited growth during the
first 24 h but thereafter, biomass increased at the control rate, or
even exceeded it, Additicn of 16000 units of nisin/ml increased the lag
phase to 2 days but later growth was reduced by only 30%. Nisin
synthesis by the culture was increasingly reduced with the increase in
nisin addition.

The maximum producticn of nisin by nisin producing straip of
S. lactis (MHGU) occurred after 9 h at 28°C in a glucose yeast medium
(Egorov et al., 1982). Further incubation resulted in inactivation of
nisin, slowly if acidity was allowed to develop maturally {(pH 4.5) and
rapidly if pH was artificielly maintained at 6.7. It is concluded from
preliminary findings that the inactivation was of enzymatic nature.

2.2.1.3 Nisinase prcducers

Nisin is not inactivated by all the proteolytic digestive
enzymes. Trypsin, elastase, carboxypeptidase™ A, pepsin and erepsin were
without effect (Jarvis and Mahoney, 1969). Both pancreatin and
o-chymotrypsin inactivated nisin. Kooy (1952} reported the appearance
of a nisin destroying enzyme HNisinase from Lactobaciilus plantarum.
Fifty percent of streptecocci isolated from raw milk were able to
destreoy nisin (Galeslcot, 1956). Streptococcus lactis was. more active
in this respect than S. cremoris. Alifax and Cheval'ier {1962) partially
perified nisinase from the most active strain of 5. thermophilus (T7J}
which inactivated nisin but not other antibicotic including subtilin.
Collins~-Thompson et al. (1985) observed weak nisinase activity in most

nisin tolerant strain of Lactobacillius brevis.
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2.2.2 Non-lactic Cultures

rdequately  heat processed canned foeods which are regarded as
commercially sterile ray contain spore bearing rods {aerc-anaerobic)
and the spoilage like sweet curdling: bitterness or flat sour during
storage commenly appears to be due to viable spores of Bacilus subtilis,
B. ecereus, B. coagulans, B. megaterium and B. calidolactis. Certain
species of this group i.e. B. cereus may also cause food poisening and
intoxication, when survived the high heat treatments. The nisin was
found to be effective against Bacilli and Clostridia {Mattick and
Hirsch, 1947; Campbell and O'Brien, 1955) and therefore, these spore
formers can be controlled by additicn of nisin.
2,2.2.1 Bacilli

The inhibition of B. coagulans strains at 5.0 pg- nisin/ml ino
basamin and tomato juice was observed by Campbell and Sniff (1959). The
inhibitory action was sgignificantly higher in basamin broth where 61
and 91% of the total 31 strains were inhibited at nisin dose of 0.1 and
1.0 pg/ml, respectively, whereas in tomato juice 12 and 61% inhibition
was observed under similar conditions.

Denny et al. (1961) studied the effect of nisin o ..
B. stearcothermophilus (1518} strain. The inhibition in tryptone yeast
extract brcth was observed at 25 ppm of nisin. In a similar study,
Jarvis {1967) observed very low sensitivity of B.'stearothe_nmphi_lus
(NCIB B157 and 8224) strains with MIC of 3 and 6 RU nisin/ml
respectively.

The effect of nisin on growth pattern of B. cereus {(NCIB 3329},
B. polymyxa and B. subtilis (NCIB 8057) was demonstrated b-y Jarvis

{1967}, The a&d8ition of nisin to cultures in lag phase resulted in &
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proiongation of that phase, while, in logarithmic phase caused rapid
lysis of the organisms and introduced a prolonged secondary lag phase.
The degree of lysis and the duration of the secondary lag phese were
dependent upcn the concentration of nisin added. When nisin was added
at the end of logarithmic phase, little changes occurred either in the
cencentraticn of the organisms or in the rate of the growth.

The nisin sengitivity of B. cereus and Do sobtilis was also
stucdied by Jorvis (1967}. The inhibition of B. subtilis (NCIB 8739 and
8057} strains was cobserved at 75 and more than 100 RU nisin/mi
respectively, whereas B. cereus (NCIB 3329), was inhibited at more then
100 RU nisin/ml. Nisin was found mocst effective in  inhibiting
exponential growth phase of a steady state growing culture of B, cereus
at 20°C and in presence of 20-100 mg nisin/ml (Shehata and Hassan,
1881). The ccrplete inhibition of growth of B. subtilis, B. megaterium
and B. coagulans strains was demenstrated by Lee and Kim (1985) at nisin
dose of 200 IU/ml in broth,

Some Bacillus sp. were reported to produce nisinase which
inactivated both nisin and subtilin (Jorvis, 1967). This enzyme reduced
the J{~terminal déhyércalanyl—lysine of nisin and was active on nisin
A B, C and E kit not en D {Jarvis, 1970: Jar%is and Farr, 1971).

Effect of nisin scdium c¢hloride interactions on the outgrowth
of B. licheniformis spores was studied'by Bell and De;Lacy, K.M. (1985)
and observed that salt appears to antagonise the sporocidal action of
nisin by intertering with nisin adsorption onte the spore. The complete
inhibition cf spore outgrowth was observed at 100 IU/mi of nisin
whereas, detectable outgrowth was observed when 3% salt was incorporated

along with 100 IU nisin/ml in growth medium.
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Recently, in 1992b, Kumar and Prasad observed that among B8 strains
of bacilli, B, stearothermophilus (37} and B, subtilis (9144) were the
most sensitive and resistant strains with MIC of 0.5 and 150 RU nisin/ml
in broth respectively at 1% inoculum and 24 h of incubatico.
2.2.2.2 Clostridia )

| Considerable speilage may occur when camned foods infected with
Clostriditm sp. or related strains are exposed to hot climates and stored
there. Damage and loss as a result of hard swells due to gaseous
fermentaticn by Cl. thermosaccharolyticuom and 1. past:eurianmn_present
a world wide problem and cause serious damages. Spoilage resulting in
profuse gas producticn and sometimes putrefective digéstim of the
product can lead to various ecchomic losses to dairy and other food
industries. Nigin was found to be effective for controlling clostridiél
spoilage in  these products. Ramseier, {1960} Jemonatrated the
bactericidal effect of nisin on spores and vegehative cells. of
Cl. butyricum. The lytic effect and adsorption was maximum at ph 6.5 to
6.8. The sensitivities of proteolytic and non-proteolytic Cl. botulinum
strains to nisin and other bacteriocins were investigated in tryptose
peptone  yeast extract glucose broth by Montville et al. (1992} and
statistically different nisin sensitivities among 18 strains of
Cl. botulinum were observed, Howe\;ar.; these differences were nob biotype
associated. Clostridium botulimur (169 and 563) strains were  inhibited
Ak nisin dose of 10 and 2500 IU/ml after 20 days of incubation. ﬁoweverr
complete inhibition was observed at 10,000 Iu/ml.
2.2.2.3 Listeria

Listeria wonocytogenes  has become a major concern of the food

industry in many parts of the world. Recent well described outbreaks of
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listeriosis have implicated a variety of foods particularly dairy products
such as wmilk (Fleming et al., 1985) and cheese (Anon. 192852 and Ho
et al., 1986) as Yectors of the bacterium. Benkerroum and Sandine {1988)
evaluated 9 strains of Listeria sp. (L. monocytogenes, L. ivanowii and
L. saligery ) for nisin sensitivity and their MIC ranged from 1.85 to
3.36x103 and 740 to l.lelOS IU/ml in MRS and Trypticase Soy Broth (TSR}
respectively. Nisin activity was found considerably low in TSB in
comparison to MRS broth.

3 significant variation in nisin tclerance among Listeria strains
wvas observed by Asperger et al {1989). The MIC and MBC ranged from 400 to
800 and €00 to 1000 IU/ml of nisin regpectively. Contrary to this report,
no significant difference in MIC and MBC of nisin among 21 Listeria strains
was observed by Url, (1990). However, & linear relationship was cobserved
between nisin concentration and number of Listeria killed/inhibited., Two
different inocula of Listeria strains (1.0x103 and 5.0x107) were inhibited
at nisin dose of 200 and 1000 IU/ml respestively.

Nisin resistance of Listeria strain wes found wmuch higher than
lackic ecid bacteria. Harris et ai. {19%1) demonstrated that nisin
sensitivity of L. monocytogenes (ATCC 18135, Scott A and UAL 500} strains
was found increased by additicn of 2% sodium chlorige or by reduction of
the medium pH from 6.3 to 5.5 in presence of 10}x;nisin/ml.

puenticello and O'Connor (1990) demenstrated that L. monocytogencs
counts decresed from about 106 to lOB/ml in 2-4 h in presence of 100 IU
nisin/ml, but further lysis was not evident even after 24 h. After several
days of incubation at 37°C, c¢ell numbers begins to rise, eventually
reaching levels eguivalent to those in control cultures without nisin. The

possible resscn for increase in counts may be that with a large incculum,
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nisin is essentially used-up and cells which survive the initial event can

then grow in a nisin reduced environment.
2.3 NISIN SENSITIVITY OF LACTIC AND NCON-LACTIC CULTURES IN FLUID MILK

The activity of nisin is strongly influenced by chemical composition
of a particular food to which it is added. It appears likely that binding
or adsorption ol the poly-peptide structuvre of nisin occurs with certain
food components which makes it inactive or unavailable to inhibit micro—
organisms.

Several studies have shown that nisin activity is diminished in foods
that contains fat (Jcnes, 1974). Nisin has been.abserved consistently to
be more active in low fat foods than in high fat foods. How fat or lipids
interfere with nisin activity may relate to its mode of action (Daeschel
et ai., 1990). The reducticn of nisin activity in presence of meat proteins
was observed by Scott and Taylor {(1981). Similarly. it may be possible that
milk proteins can also bind or interact with nisin and may effect its

antimicrobial potential.

2-3.1 Lactic Cultures

2.3.1.1 Non-nisin producers

The nisin sensitivity of 22 straing of lactic acid bacteria
belonging to different species i.e., Streptococcus lactis, S. cremcris and
S. diacetylactis was determined in skim milk at 30°C and 6 h of incubation.

The MIC at 30% inhibition ranged from 0.1-20 RU nisin/ml {Keogh, 1956).

The inhibition of 8. diacetylactis (DRC, &nd DRC,) strains was observed

i 2

at 1.0 and 2.5 RU nisin/ml, whereas, S. cremoris (Cl and CB) strains were



inhibited a2t 0.5 and 1.0 RU nisin/ml respectively. Streptococcus lactis

(Cza C. and C strains also depicted low nisin teolerance with KIC of

5 l{})
2.5 RU/ml.

The inhibitory effect of nisin producing strains of S. lactis as
well as commercial nisin preparation {80 RU nisin/ml) was evaluated by
Gnlesloot (1957) in milk. Scme strains of 8. lactis and §. cremoris were
found capable of destroying the nisin rapidly, however, other strains
were nisin sensitive. Lactobacillus plantarum strains were slightly
inhibited,; e¢ven thcse which destroyed nisin. In a similar stuedy, Teply,
(1962) demonstrated the effect of 10, 50 and 100 ID nisin/ml on acid
preduction of yeoghurt, acidophilus, cream and some pure Lactobacillus
cultures and complete inhibition was observed at 100 IU/ml. Thermophilic
streptococci were found significantly meore resistant among the strains
studied.

Fffect of 2 nisin producing strains of S. lactis against dairy
cartern wirr fuarther stuticd by Shahoni, {196G2) in miik  wmedium
containing 5% pisin broth. Nisin broth was found to have neo effect on
3 strains of 8. lactis, 2 strains each of 8. thermophilus and L.
bulgaricus and a mixed lactic culture. However, slight delay in cell
multiplication and ecid production of 2 strains of S. thermophilus was
chserved inhibitory but upon further incubation, cell count and acid
production were not appreciably effected. It appears that initial nisin
concentration used in the experiment was not sufficient ;:c inhibit
completely the growth ard acid production of selected lactic cultures.

Nisin sensitivity of 26 strains of streptococci and lactobacilli
at very low level of nisin i.e. 10 RU/ml in skim milk was investigated

by Kalra and Dudani (1%©75). Streptococcus lactis-HL, S. cremoris €C13),
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L. bulgaricus (1373), L. plantarum {I-111) and L. acidophilus {L-1) did
not appear to be inhibited whereas, §. lactis (Clo} and 8. diacetylactis
straing were inhibited to the extent of 50%;, Lactobacillus plantarum _-
(1-84}) and L. bulgaricus (I and «} shcwed“ an Inhibition of more than 308%.

The inhibition cf Streptococcus lactis and 8. thermophilus strains
in presence of 50-~1000 RU nisin/ml in skim milk was observed by Negquib
et al. {1985). However, precise nisin doses for individval cultures were
not determined. Similsrly, in 1989, pukundan also evaluated some lactic
cultures i.e. S. lartis (SIR), S. cremoris (SCIJ; CHQ.- LF-40Q, L.bulgaricus
(LB-4) and L. casei in gresence of 100-500 RU nisin/ml in skim milk under
different inocula and incubaticn periods. LF-40 was Found to have higher
resiskance amcng strains studied.

The nisin =ensitivity of 8 strains of lactococci and streptococci
in skim milk was observed by Kumar and Prasad {1992a) at 1% inoculum and
optimom growt\h conditions. The MIC ranged from 25-225 RU nisin/ml and 2~
% wold variaticn in nisin sensitivity of Lactococcus and Streptococcus
sp. was observed in broth and skim milk study.

2-3.1.2 HNisin resistonec in lactic cultures

2.3.1.2.1 Jactococci:

The sensitivity eof nisin resistant streptococel to antibiotic used
as drugs was demonstrated by Lipinske and Marta (1964). Two strains of
5. lac:tis(Saf and 233) and one strain each of S. crem‘ori's and Leuconostoc
citrovorum were adapted te tolerate about 320 IU nisin/ml. These strains
with the exception of S. cremoris were found significantly more sensitive
to all antibiotics tested in comparison to parent sensitive strains.

In 1974, Lipinska further evaluated nisin resistant strains of

8. lactis which c¢o not destroy nisin by producing nisinase enzyme. Lactic
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and propionic acid fermentation was determined in media containing 300
Units of nisin/ml where nisin sensitive strains of S. lactis (233) were
completely inhibited. Nisin resistant strains of S. lactis (2a3) depicted
higher lactic acid fermentation {aceteoin, diacetyl and Coz} and
proteolytic activity. Hewever, some common features i.e. higher metabolic
activity in growth phases and greater sensitivity to temperature and salt
concentration were also observed among nisin resistant and sensitive
strains.

2.3.1.2.2 Lactcbacilli:

The resistance of pure cultures of L. casei was increased by
gradual adaptation to increasing concentration of nisin (Hylmar, 1970:
and Hylmar et al, 1970). In 2 culture medium consisting initislly of full
cream milk enriched with 5% of molasses base, 200-300 Units of nisin)’ml
had wltimotely shown no inhibitory effeck. Adeguate fermenkation and
proteolytic activity of this strain was retained in presence of 200 Units
nisin/ml. However, Ehe original Lactaobacillus culture was shown to be

inhibited completely by 50 Units nisin/ml in milk.

2.3.2 Non-lactic Cultures
2.3.2.1 Clostridia

A ‘comparative inhibition of Clostridm sp. in milk-or casein
peptone medium containing lactate and small guantity of -lactose or
glucese (simulating conditions in cheess) was evaluated by Lind, {(195s58}).
A wide variation in nisin sensitivity was obserxved among strains studied,
However, the inhibitery action of nisin was. found less pronocunced in
casein ﬁeptone medium in cemparisen to milk. In the same vear, Frohlich

further reported that skim milk ineculated with 1 and 5% culture of



.17,

Clostridia and 50-100 RU nisin/ml was found te have no effect on
butyric acid fermertatien. The inhibition of Cl. sporcgenes and Cl.
butyricum spores st 100-120 RU nisin/ml in skim milk was also cbserved
by Efimova et al. (1873}.
2.3,2.2 Bacilli

The nisin sensitivity of 150 strains belonging to species,
B. cereus, B. subtilis, B. mesentericus, B. myceoides and B. megaterium
species in hydrolysed skim milk was evaluated by Efimova et al (1973)
and observed that 100-120 RU nisin/ml decreased the heat resistance
cf spores . Bacillus megaterium, B. cereus, B. mesentericus and _.
B. circudans spores were found comparatively more sensitive towards
nisin. Waijiid and Kelra (1974} observed complete inhibition of
B. subtilis (9144) ond B. stearothermophilus (I-63) strains in
sterilised milk containing 100 RU nisin/ml. The reduction in D-values
of spores in presence of nisin wes further enhanced with the increese
of tomperature of heat treatmeont. A comparstive nisin tolerance of
B. cereus in nutrient broth and skim milk at 20 and 15°C respectively
with inhibition at 20-40 mg nisin/ml was reported by Shehata (1981).
The incorporation of 100 fg nisin/ml in skim milk decreased the heat
resistance of B. subtilis spores. Germination of spores wass 8lso
delayed (Lee and Kim, 1985},

2.3.2.3 Staphylococcei

Apart  from studies cenducted on  the fermentative lactic
organisms, information is available on the inhibitory action of nisin
against pathogenic organisms-like Staphylococcus aureus causing food

poisoning. Jarchovska et al.(1974) fcund that a .cenc. of 500 RU.
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nisin/ml was required to control the growth of this organism is sweetened
condensed milk. Whereas, Jaes (1974) reported the interference of butter
fat on the inhibitory acticn of nisin against S. aureus when present in
whole milk and cheese. The irhibition of 8. aureus was alsc observed in
skim milk by Nequib et al. {1985) at nisin concentration ranging from 50—
TOU0 kUMl Dowever, nisin tolerance was found comparatively wvery low in
broth as reported by Lee and Rim {1985}, where inhibition of S. aureus
was observed at 200 1U/wl. In a similar study, Cwens and Watts {(1987)
demonstrated that the activity of antimicrobictics against S. awureus in
milk was low when compared with the activity in Mueller-Hinton broth.
However, the growth rate of the organism in both media was same. They
observed that the lower effect _appears to be due to action of milk on the
antinicrobics a-m:i not on the growth rate of the orgaﬁism.

& slightly higher nisin tolerance of S. awureus in milk in
comparison to sclid mediun was also reported by Broacdbent et al. (198%).
2.3.2.4 Listeria

After observing the widespread cutbresks of human listeriosis due
to consumption of milk and milk products and the presence of Listeria in
the enviromment of focd factories, several efforts have been made to
assure Listeria-free productien {Anon, 19_88a: Coleman, 1986 and WHC,
1988). Recently, the addition of bacteriocins of lactic acid bacteria,
especially, nisin was found to be effective for inhibitioﬁ or contrelling
the proliferation of L. monocytogenes in milk and milk products.

Some bactericcins of lactic acid bacteria were found active against
L. monocytogenes. Hoover et al. {1988) demonstrated that inhibitory

activity of Pediococcus  acidolactici (o) towards
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L - monocytogenes {ATCC 19111, 19113 and 19115). The decrease in wviable
counts and growth of L . monocytogenes in several refrigerated products
was observed by Pucci et al. (1988) by addition of a crude preparaticn
of bacteriocin PA-1 preduced by P. acidolactici (PAC-1). The inhibitory
effect of nisin against 9 strains of L. monocytogenes in sterilised and
non=storilised cottage cheese was determined by Bankerroum and Sandine
(1988} with MIC of 37x102 and 2.55x103 IU/g respectively.

the inhibitory effect of fat on nisin activity was well
demonstrated by Daeschel et al. (1990) and Jung et =&, {1992Z). The
initial activity of 10 Units nisin/ml in sterile milk containing O {(skim
milk), 1.15 and 11.5% fat was decreased by 30, 50 and 95% respectively
(bacschol et al., 1990). ilowever, the initial viable counts of .

3 c.f.u. log growth phase} in milk containing 0O,

monocytogenes (7.6x10
1.15 and 2.3% fat were decreased to 200, 2300 and 22,000/ml respectively
2t nizgin dose of 50 Units/ml and 24 h of incubation.

Jung et al. {1992} subsequently reported that initial nisin
activity of 50 IU/ml in milk containing O (skim milk) and 12.9% fat was
decreassed by 33 and more than B88% respectively. The initial viable
count s (loglo 7-7.5 c.f.u. log growth phase) of L. monocytogenes (Scott:
A) were found decreased to loglo 2.890 c.f.u. and Zoglo a0 c.f,u./ml in
skim milk at 10 and 50 Units of nisin/ml respectively after 2 h of

inoculation.

2.4 FACTORS AFFECTING NISIN ACTIVITY
The various factors like composition of the medium, age and size

of incoculum, incubation temperature and pH of the solution containing
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nisin prior to its addition to the broth, affects the antimicrobial
potential of nisin in focds (Ramseier, 1960: Mohamed et al., 1984;
Benkerroum and Sandine, 1%88). Amcng these factors, pH appears to be the
most important, because nisin is acidic in nature and its stability and
solubility are pi# dependent (Tramer; 1564 and Hurst, 1978). At neutral
or alkaline pll, nisin is both relatively insoluble and unstable (Hurst,
1983}, Therefore, the best solvent for nisin is 0.028 HEl in comparison
to buffer at pH 10, where 80% of the nisin get ipactivated within 2
hours. |

2.4.1 EBffect of pH

2.4.1.1 Effect on nisin stability

Misin oxltihitszhﬁrcatost stability under acidiec conditions
 ipinska, 1977}. In dilute H&l solution at pH 2.5 or below, solutions
can be boiled without loss of activity and even agtoclaving dees not
cause serious loss of activity (Hall, 1966). In a2 similar study, Tramer
{1964) further reported that nisin was stable at auteclaving (-115.6"(3)
at pH 2.0 but 40% of the activity was lost at pH 5.0. Holding a solution
of nisin at 100°C for 30 min at pH ramge 2.0-6.0 produces no adverse
effect. However, .:'m most practical applications, it is preferable not
to exceed pH 6.5 {Hewley. 1957}). The destruction of nisin in presence
of proteins is less dramatic (Tramer, 1964). The activity of nisin is
rapidly lost under alkaline conditicns {Tramer, 1964; Hurst;_ 1978). At
pH 11.0, the activity may be completely destroyed at 63°C in just 30 min.
Hall (1966) stated that nisin has a  higher antibiotic activity when
dissolved in 508 HE1 than when assayed from selutions in distilled water.
it may be because of the fact that the nisin molecules tend to polymerise
with the increase of pH. However, the relstionship between the biclogical

activity and the polymeric form of nisin has not been establsihed vyet.
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2.4.1.2 Effect on nisin solubility

The solubility of nisin also depends on the pH of the solution.
At pH 2.5, its solubility is 12% and decreased to 4% at pH 5.0 (Hall,
1966}. It is practically insoluble at neutral and alkaline pB values.
Recéntly, in {1990}, Liu and Hansen further reported that seolubility of
nisin dropped“sharply and continucusly from 57 mg/mi, at pH 2.0 to about
1.5 my/ml at pH 6; it dropped again to 0.25 mg/ml, at pH 8.5, where upoen
it levelled off. It is interesting that the pH at which solubility
leveled off (about pH 8.0} ceincides with the pH at which nisin began
Lo undergo pit induced modifications. The solubility properties and
electrophoretic behavicur suggested that the iso-electric point of nisin
might be in the alkaline range,

The mecl:hanism of inactivation of nisin under alkaline conditioné
is unknown but could be a consequence of denaturation, chemical
modification or & combination of both. The ;i.nstability and decreased
solubility of nisin at high pH may be because of Dehydrcalanine {(Dha)
and Dehydrobutyrine (Dhb} which are susceptible teo wmodifications by |
nuclieophiles {(hydroxyl groups or nuclecphilic R groups) that are present

at high pH L iu and Hansen, 1990).

2.4.1.3 Effect on inhjibitory action of nisin
2.4.1.3.1 Bacilli: |

The increased effectiveness of nisin at low pH was reported by
Coampbell and Sniff (1959) in tomato Juice and basamin broth adjusted to
different pil. It was cbserved that 200 IU nisin/ml was enocugh te inhibit
B. ceoaqulans at pH 5.3, however, 560 IU nisin/ml failed to inhibit this

bacterium at pH 7.2. In a similar study, Oscroft et al. (1290)



demonstrated that a decrease in 0.3 units to pH 5.7 ensbled 500 IU/mi
nisin to inhibit the crowth of Bacillus spores (106fn&} inoculum at 30°C
whereas, at pH 6.0 no nisin concentration was effective. The challenge
of low concentrations of nisin (125-250 IU/ml) with large inoculum l:lCZl6
spores/ml} were ineffective at pH 5.4 or above, however, inhibition of
growth was observed when pH was adjusted with HEL.

2.4.31.3.2 Clostridia:

The effectiveness of nisin in preventing the spores outgrowth of
six strainsg of Cil. botulinum types A, B and E in trypticase-peptcne-yeast
extract-glucose (TYRG) broth was profoundly affected by pH (Scott and
Taylor, 1981). Nisin was considerably more effective at pH G.bO than at
pH 7.0 or 8.0. The enhanced effectiveness of nisin under acidic pH
conditions may be because of the increased stability of nisin in acidic
solutions or come acid damaging effects on the spores of Cl. botulinum,
In a similar study, Scrers and Taylor (1981) demonstrated that at pH 6.0,
nisin level of 5000 IU/ml was insufficient Ito prevent spores outgrowth
of €l. botulinum (6%4, 113B and 2138) in cooked meat medium. The
decreased effectiveness of nisin in cooked meat medium was atfributed
to the bindingﬁ:f nisin to meat particles and this binding is apparently
not affected by lowering of pH tc 6.0.

A cowparative study on the effect of nisin on Cl. sporocgenes
spores in liver veal L V) agar and pork slurries adjusted to different
pH range 6.0-7.2 and 5.7-6.6 was demonstrated by Rayman et al. (1981).
The effectiveness of nisin in preventing outgrowth of spores decreased

with the incresse of pH in almost a linear fashion.
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Prasad (1993). The MIC range of nisin in Elliker's broth were 2-60, 5-
200 and 15-325 RU/ml at pH 5.5, 6.5 and 7.5 respectively at optimum
growth temperature and 24 h of incubation. The inhibitcry action of nisin
was maximum at pH 5.5 and subsequently droped sharply and continuously

with the increase of pH upto 7.5.

2.4.2 Effect of Incubation Temperature

It haeg been a commen knowledge that individual micro-organism has
its own optimum growth temperature and the metabolic activity is hampered
considerably at sub-optimum temperatures. The most of the studies in the
past are, howsver, restricted to or near optimum growth temperature and
ézassumpticn is vsually made that the physiclogical activities of micro-
organisms at -sub-cptimum temperatures are qualitati\rely the same as-
manifested at optimum temrperature.

The higher synthesis of unsaturated fatty acid (UFA) in cell
membrane at sub-optimum temperature was observed by Rose (1968} and may
cause different sensitivities among micro—organisms when treated with
bactericcidal substances (Dajeni et al., 1970). The killing effect of
Staphylococcin 1580 against Streptococcus aureus was adversely' affected
when the temperature of incubaticn was decreased from 37 to 20°C (Jetten
and vegels, 1974).

2.4.2.1 Effect of inhibitory action of nisin

The zﬁsin sensitivity of 31 strains of Baciilus ccagulans under
different incubation temperatures i.e. 35, 45 and 55°C was evaluated by
Campbell and Sniff (1959). However, the inhibition was cbserved at 14
J'JC_}/]H] ofter 7 days of incubation irrespective of different temperature

regimes. A substantial increase in iphibitoxy action of nisin against



in a comprehensive study, Kumar and Prasad (1993} reported higher
nisin teolerance of 8 strains of Lactococcus and Streptococcus sp. at
optimum growth temperature than sub-optimum temperatures. The MIC range
of nisin for L octococcus sp. were 2-65, 5-200 aﬁd 2-100 RU/mY at 25, 3D
{optimum) and 37°C whereas, for Streptococcus sp. the respective figures

were 10-15, 75-150 and 20-50 RU nisin/ml at 30, 37 {optimum) and 45°C.

2.4.3 Effect of Inoc:ulum'

A high initial inoculum necessitates the addition of higher level
of nisin and therefore, the demand of nisin is related to the types and
numbers of micro-organisms present in foods {Gupta et 2l.;, 1971 and
Oscroft et al., 1990). Under appropriate conditions of heating, pH and
spore loads, the amount of nisin required for inhibitien of spo;:e
outgrovth can be lowered down considerably (Scott and Taylor, 1981).

The spore load was found as one of the key determining factor in
contreolling the amount of nisin necessary to prevent outgrowth in foods
(Fowler, 1979). The effectiveness of nisin in preventing spore ocutgrowth
decreased with the increase of spore load {Reyman et al., 1981; Scott
and Taylor, 1981 and Oscroft et al., 1990). ’I‘hlis inverse relationship
between inhibition by nisin and spore load substantiated the obgervation
of Gibbs and Hurst, (1964) that nisin is ineffective in preventing
spoilage when the raw material of inferior quality are used.

Some lactic cultures, like Streptococcus lactis {SIR) and
Lactobacillus bulgaricus { B-4) were found to offer comparatively higher
resistance with the increase of inotulum from 1 to 2% levels at nisin
concentrations ranging from 100-500 RU/ml in skim milk after 24 h of

incubation (Mukundan, 1989). The adverse effect of higher inoculum on
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efficacy of nisin was also observed against L euconostoc oenos in Model
grarejuice system centaining 100 RU nisin/ml (Spl.ittstoesser and Stoyla,
1989).

A linear relationship was observed between nisin concentration
ond numbers of L isteria killed or inhibited (Url, 1990). It was cobserved
that the requirerent of nisin for complete inhibition of Listeria
increased considerably from 200 to 1000 IU/ml with the incresse of
inoculum frem 1.0x10° to 5.0x10° c.f.u./ml.

amcng B strains of 1 ectococci and _&reptococci, 1-2 folds increase
in nisin tolerance with the increase of inoculum from 1 to 2% was
observed by  Kumar znd Prasad (1993). The nisin tolerance of L actococcus
sp. {nisin and non-nisin producers} at 1 and 2% inoculum was 5-2000 and
16-240C RU/ml respectively, whereas, for Streptococ:cus 5D fhe

respective figures were 75-125 and 100-150 RU/ml.

2.5 MODE OF ACTION OF BACTERIOCINS

The mwost publiszhed work on bacteriocins of lsctic arid bacteria
revealed that the adsorption of bacteriocins on Gram positive bacteria
whether, they are sensitive or resistant, is non-specific {Upreti and
Hinsdill, 1975; Da.;vey, 1981y Zajdel et al., 1985 and Bhunia et al.,
1991)}. 1In case of Gram negative bacteria, however, there isnc adsorption
as shown in case of nisin by Anderson et al, {1988} and Eediociﬁs Lc B
by Bhunia et él. {1991). |

The prcrensity of bacteriocins from lacticacid bacteria to adsorb
non—-specifically on cell envelopes could arise from the hydrephobic

nature of bactericcins which would hide the presence of specific
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receptors. Muriana and Klaenhammer (1991) reported that lactacin F was
bacteriocidal towards protoplasts, while intact cells of the
corresponding strains were immune to the bacteriocins which sugges!;_ that
cell wall is involved in immunity. .

Bhunia et al. (1981} reported that the F.ipotq?:hoic acids @LTAa) are
present only  in the ceil wall of Gram positive bacteria and the
inwvolvement of these acids in the adsorption of pediocin AcHd would thus
be consistant with the fact that it adsorbs only in Gram positive
bacteria.

2.5.1 poide of Action of Nisin against Gram positive Bacteria

Nisin belengs to a class of amphiphilic peptide called
L ANTIBIOTICS with molecular masses between 2000 to 4000 Da {Schnell -:
ot al., 1988). rep-5 subtilin, gallidermin and epidermin alsc belong to
lantibioctic group and their common festure is the occurrence ofoglp:
unsaturated amino acids and rare thic ether amino acids lanthionine and
3~methyllanthiconine which forms sevefal intramelecular thicether bridges.

Nisin and FPep-5 produced by L actococcus lactis subsp. lactis
strains and Staphylococcus epidermidis (5) are low molecular (3500)
peptides with strong ceticnic properties and high content of hydrophobic
amino acids. Both have been shown to be bacteriocidal for gram positive
bacteria {Sshl and Brandis, 1982) and have been studi.ed exbensively.

A comprehensive information ¢n mode of action of lantibiotics at
molecular level is available and the following targets have been taken
into considerations:

2.5.1.1 Effect of cytoplasmic membrane

The primary mechanism of the antibiotic acticn of the lantibiotics

is probably their interaction with the cytoplasmic membrane of bacteria
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(Sahl, 1985 and Kordel et al., 1988). The structural and functional
properties of the cytoplasmic membrane is indispensible to understand
the mode of action of nisin. This membrane is composed of a bilayer of
phospho and glycolipids in which different proteins are embedded. The
lipids vary in the chemical composition of the polar groups protruding
into the water phase and in the nature of fatty acid groups forming the
hydrophobic lipid bilaver.

Nigin can directly affect the permeability properties c¢f the
lipids bilayer and makes hole in this membrane through which ions
including proton can diffuse. As a resuvit, the proton motive force will
be dissipated and the driving force for uptake of many éolutes will
collapse. Subsequently, gradient of solutes which have been built up by
proton motive force driven transport system cannot be maintained and
effiux of those solutes via their specific transport system will occur.
Nisin can also make hole in the menbrane whicﬁ allow the diffusion of
solutes.

The membrane disruption is now believed to be the result of
incorporation of nisin into the membrane and subsequent ion chamnel or
pore formation (Hemning et al., 1986; Sshl et al., 1987; Kordel et al.,
1982 and Gao et al., 1521}. The membrane potential 1s destroyed in
‘sensitive Gram positive cells as a result of the efflux of K, amino
acids and ATF through the membrane pores (Ruhr andlsahl; 1985; Keordel
and Sahl, 1886)j. The mode of acticn of Fep-5, the staphylococcin —like
peptide produced by Staphylococcus epidermidis 5 appears o be ssme as

observed in nisin (Sahl and Brandis, 19831, 1983).
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2.5.1.2 Effect on peptidoglycan synthesis

The synthesis of murein (Peptidoglycan) is the target of a large
number of antibiotics. It is of vital importance for the vast majority
of prokaryotes and is restricted to these orgenisms.

Using a In vitro system, L innett and Strominger (1973) estimated
that 40 }Jg/ml nisin caused a 50% inhibition of peptidoglycan synthesis
catalysed by perticulate enzyme proteins derived from either Bacillus
stearothermphilu.é or Escherichia coli., In a similar study, Reisinger
et al. {(1980) reported that inhibition was due to the formaticn of a
compiex bolween nisin and the lipid intermcdiate of the protein nurein
biosyntehtic pathway. The concentration of nisin necessary to bring abount
this inhibiti_cm was approximately 1000 folds hi;ghel: than the MIC of B.
stearothermophilus making it wunlikely that inhibition of peptidoglycan
synthesis was the primary site of nisin action. it is possible that a
nisin-murein complex is involved in initial nisin-cell interaction and/or
in transport to the membrane (Reisinger et #1., 1980). _

In another study, Henning et al. (1986) demonstrated that
antimicrobial effect of nisin is caused by the interaction with
phospholipid comporents of the cytoplasmic membrane followed by an
interference with the membrane function.

2.5.1.3 Effect on autolvtic enzymes

Nisin and Pep-5 are cstionic peptide antibiotics which in addition
to their membrane disrmuptive action induce auvtelysis in staphylocecci.
The cnhanced hydrolysis of cell wall material is caused by stimulation

of the activity of the autolytic enzymes of the cells (Bierbaum and Sahl,

1985).
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Two autolysin of the Pep-5 indicator strains, S. simulans 22 were
recently purified and identified as N-acetylglycosaminidase and N-acetyl-
muramoyl<L ~alanine minidase (Bierbaum and Sahl, 1987 and 1988}.
Experiments with purified amidase, isolated cell walls and caticnic
peptides revealed that at low ionic strength, the amidase with am iso—
electric point > 9.5 binds to the teichoic, teichuronic and lipoteicheoic
acids of the cell envelopes and is thereby inhibited.

2.5.1.4 Inactivation ¢f sulfhydryl groups

The importance of sulfhydryl groups in membrane associated
functions of active transport and oxidative phosphorylation has been
recognised for many years (Ho<;,~d and Harris_, 1880). Antibiotic such as
nisin may act as sulfhydryl sgent {Gross and Mofrell, 1967). Thé unuzsual
dehydroalanine groups of nisin are potential Michael acceptors which
might react with membrane sulfhydryl groups and may be useful for the
identification or design cf new antibiotic agents.

Morris et al. (1984) located and characteriged the sulfhydeyl
groups in the membrane and further studied their reactivity with several
sulfhydryl Bagents and outgrowth iInhibitors, Nisin at wvery low
concentrations inactivates the sulfhydryl sites towards sulfhydryl agents
and therefore, suggesting that these membrane sulfhydryl groups are the

natural targets of nisin bacteriostatic action.

2.5.2 Mode of Action of Nisin against Gram negative Bacteria

The Gram negsative bacteria in general, are insensitive to
bacteriocins of lactic acid bacteria as they do not have specific
receptors (Bhunia et al., 19%1), however, their irmer membrane can hbe

destabilised by these bactericcins (Gao et al., 1991). The sensitivity
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of some Gram negative bacteria to hethnisin and pediocin AE€H has been
reported earlier by Mattick and Hirsch, (1947); Bhunia et al. (1988});
Blackburn et al. (1989) and Stevens et al. (1991}, however, the exact
mechanisms of sensitivity have not been determined.

The destruction of outer membrane can be achieved by osmotic
shock; formatjon of cytoplasmic membrane vesicles or by procedures which
affect the lipo-polysaccharide components of the outer menbrane 1ike
treatment with EDTA. The mutants of Salmonella typhimurivm which have
reduced membrane lipo-polysaccharide are sensitive to nisin (Stevens :t
et al., 1991}.

Kalchayanand et al. (1992) hypothes:_lse that adsorption of a
bacteriocin an a sensitive -~cells impairs the barrier functions cf the
wall allowing the bacteriocins molecules to enter the cell and come in
contact with the membrane. If this hypothesis is correct; then
sub~-lethally injured Gram negative and Gram positive bacteria with
impaired cell wall barriers will be sensitive to bacteriocins (Ray,
1989). |

The validity of hypothesis was tested by injuring Gram negative
and bacteriocins resistant Gram positive bacteria by freezing, heating
and acid treatment and measuring their subseguent loss in viability
caused by nisin and pediccin AcH {Kalchayanané et al., 1982). It was
observed that sub-lethal injury impaired the wall function probably by
same conformational alterations and as a result the bactericcing

molecules enter through the impaired wall.
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2.6 ELECTRON MICROSCOPY (EM) OF BACTERICCINS TREATED LACTIC AND
NON-LACTIC CULTURES

2.6.4. Racteriocing ol Lactic Cultures

The most rpublished work revealed that_ the mode of action of
bactericcing have keen studied at molecular levels by biochemical studies
and very little effcrts were made to corroborate these informations through
EM (Scanning and Transmission} which is alsc an indispensible tool to know
the surface and internal Jdetails of bacteriocins treated cultures. However,
few reports on cationic lentibiotics i.e. nisin and Pep-5 a:-‘ad some other
bactoriocins arc ovailable.
2.6.1,1 HNisin

A bacterial culture of Clostridium butyricum when treated with nisin
ungergoes bacteriolysis and appears more interse during logarithmic phase.
of growth as reported by Remseier (1960). The vegetative cells following
nisin treatment underge sowe changes in surface tension of cytoplasmic
membrane, which results in disturbence in cell permeability leading to
bacteriolysis. The lysed bacterial c¢ells were also found to release sone
substances absorbing at 260 nm. The lysis of nisin producing strain of
Streptococcus lactis was also observed by Hurst and Kruse (1972), when it
was treated with nisin during logarithmic phase of growth,

Lactcbacillus cells (BSCQ 28 343, 375) following treatment with nisin
at concentration of 10,000 units/ml jpondergo clumping as observed under
light microscepy (Cgden and Waites, 1986). There was no svidence of cell
lysiz even after cone hour following treatment. The extent of cell
aggregetion appears to depend on both the cell and nisin concentrations.
The majority of cells clumped after 15-20 min. of treatment and no further

aggregation was seen.
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2.6.1.2 Pep-5

The effcct of cationic peptide, Pep-5 on staphylococci was studied
by Brandis and Sahl (1%84) and reported that destruction primarily occurs
in septum area as revealed by EM.

2.6.1.3 Pediocin —AcH

The ultrastructure changes in Lactobacillus andleuconostoc sp. were
studied by PBhunia et al. (1991). Leuconostoc mesentercides following
treatment with Pediccin AcH at concentration of 10,240 AlU/ml  undergoes
lysis and revealed the presence of ghost cells. On the other hand, _.
L. plantarum (NCDO 955) did nct lyse, however, the cytoplasm became densger
ang darker,

The presence of ghost cells in Listeria monocytogenes strains
treated with.].SOO AU/ml of Pediccin AcH was dernoﬁstrated by Motlagh et-.al.
(1991) under phase contrast microscopy.

2.6.1.4 Lactococcin A

_Lactococc.in A is a bacteriocin produced by Lactococcus lactis subsp,
lactis. The electron micrescopy of laétococcin A. treasted L. lactis subsp.
lactis cells revezled no lysis or other morphological alteration
(Vanwaelkﬁnr et al., 1991). However, the efflux of accumlated sﬁbstrat_es;
suggested that lactccoccin A permeabilised the cytoplasmic membrane jj:?
pore fornation. In centrast te pisin, lactecocci A isy however, active in
absence of proten motive force and its activity is mediated by a receptor
present in the membrane of sensitive cells (Van-Belkum et al., 1991).
2.6.2 Bacteriocins of Nom-lactic Culi:ures

2.6.2.1 Staphylococcin G~55

Staphylococein is a bactericcidal substance isolated from phage type

71 Staphylococcus aureus znd has been studied for its mechanism of action
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on staphylococcal cells (Clawson and Dajeni, 1970). The wmorpheclogical
changes observed included the condensation of nuclesr material, partisl
loss of ribosomes; mcdification of mesosomes and eventusl dissolution of
cell contents. The cell wall was, however, not affected. Almost similar
kinds of changes were also detected in sensitive bacteria treated with
stroptococein AFF-22 {Taag et al., 1973}.

2.6.,2.2 BHacitracin

It is a cyclic peptide antibiotic, first isolated from a strain
of Bacillus lichenoformis in 1945. Siewart and Stronminger (1967}
discovered that bacteriocin inhibits a crucial step in cell well
biosynthesis i.e. the enzymatic dephos-phorylation of the G 55 iscprenyl
pyrophosphate.

Bacitracin is generaliy considered to have activity against Gram
positive bacteria, however, its effects on Gram negative bacteria has
recei\;red very little attention. Escherichia coli strains, following the
treatment with zinc bacitracin in logarithmic phase were examined. electron
microscopically using a negative staining technique which revealed the
presence of structural lesions in defined area of cell wall {(Waliton,
1876). The lesions described were, howeverr not present on all the cells
examined.
2.6.2.3 Polymyxin

Folymyxin is a polycations decapeptzde antlbmtlc and generally
destroy the barrier preperties of cytoplasmic mmbrane by 1ts af_fmzty
to b.u'}d with phospholipids (Teuvber and Bader, 19767 Storm eb al., 1977}.
It induced extensive visible alternations in the outer membrane of
Salmonella sp. as observed under electron microscope (Schindler and Tuber,

1975 Lounatama- ard. Sarvag. 1276},
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2.6.2.4 @acin

Megacin 18 a bacteriocidal substance with narrow antibacterial
activity against procducing organisms i.e. Bacillus megaterium. Ivanovics
et al. (1959) reported that megacin ei'gher act like an enzyme which breaks
the osmotic barrier of sensitive cells or activate the autolytic enzymes
of cells which leads to an autolysis of cytoplasm.

The megacin treated B. megaterium were examined at intervals under
phase contrast microscepe. It was observed that the homogenity of the
cytoplasm gradually decreased and appeared as distinct granules in the
centre. The microscepic and chemical investigations of cultures
containing megacin suogested that there was a marked change in the osmotic
barrier of the organisms. In a similar study, Holland, (1962) reported
that B. negaferium strain 2074, when treated with megacin at 37°C arllﬁ
examined under phase-contrast microscope showed a gradusl loss of intra-
cellular materials., Bacteriocidal amounts of megacin transform protoplasts
of sensitlve organisms to empty spherical ghosts and alsc appear to
digrupt the permeability barrier ¢f whole organisms.
2.6.2.5 Bacteriocin 2B

Bacteriocin 28 induced spheroplast formation in sensiti\}e strains
of Cloatridium perfringens with  some loss of cytoplasmic contents as
revealed by phase contrast and electron microscopy (Mahony et al., 1971)
The rigid cell wall of the bacterium was missing in these spherical forms
and small plecmorphic structures with membrane could also have been seen
to bud off from the larger spheroplast.

In another study, Elliscn et al. (1971} reported extensive

structural chances like aggregation of nuclecid deoxyribonucleic acid,
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vesicular configuration of mesosomes and dissolution of cell contents with
rerainants of cytoplasmic membrane and internal structures were observed
in Cl. botulinum type E strains following treatment with Boticin S51
2.6.2.6 Colicin M

The mode of acticn of c¢olicin M against E. coli K-12 32T lQE‘/‘I‘l
was studied by Brawn et al. {3974). It induced the formation of
spheroplast in presence of 15% sucrose. The electron microscopic
examination revealed buleing of c¢ell ernvelope either equatorially or at

sites all over the cell.
2.7 APPL ICATION OF NISIN IN FOOD PRESERVATION

During the past several years, considerable attention  has beeﬁ
given to nisin for iks use as a food preservative. Initially, it was used
in processed cheese and cheese products to combat bactericlogical spoilage
caused by clostridia. Now a days, nisin hes been permitted in varieties
of foeds in dairy and canning industries. This exéansion of nisin psage
has occurred during & period in which ultra high temperature (UHT)
treatments have come intec vogue. However, it has not beén proved
satisfactory or efficient for many products such as acid cammed foods,

Nisin is beihg used in processed food under three main categories:
(a) To control an existing spoilage problem: (b) To allow a reduction in
heat processing conditicns without creating extensive spoilage problems,
and (¢} in the formulation of new products, especially where quality

demands a minimum of heat treatment and risk of bacterial spoilage would

otherwise , be a limiting factor. The product trested with nisin could
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attain comwercial sterility with less heat treatment and improved
nutritional value, flevcutr, texture and appearance.
2.7.1 Processed Cheese and Cheese Spreads

Nisin was proved an effective preservative in pasteurised processed
cheese and checse spreads. The raw ingredients used in the manufacture of
processed cheese producks are typically raw cheese, butter, skim milk, whey
powder, various flaveour additives, emulsifying salts and water. The
clostridial spores often unavoidably present ‘ in some of thege raw
ingredients can survive the heat treatment of 85-105°C during melt process.
The compositicon of processed cheese products in terms of increased pH
meisture content and ultimate anaercbicsis favour the outgrowth of spores
vhich may result in subseguent spoilage due to the production of gas and
of f odours and-liquefaction of cheese. |

The anaercbic spore formers particularly associated with spoilage
of processed cheese are Clostridium butyricum, Cl. tyrobutyricum and
Cl. sporogenes (Meyer, 1973, and Thomas, 1977). The research carried out
in UK (Anon, 1991) indicated that 250 mg Misaplin/kg in processed cheese
and cheese spreads which were artificially inoculated with spores of afore-
mentioned Clostridium sp. at level of 200/g, prevented the époilage at
37°C, however, the partial control was cbserved at 100 mg/kg of Nigaplin.
Somers and Taylor (1987) demonstrated that Nisapl_iﬁ is effective in
pasteurised processed cheese spreads in delaying or prei:enting' the growth
of C1l. botulinum strains A and B and its subseguent formation of toxins.
2.7.2 Canned fooéa

Many bacterial species are found in foods depending upon the type
of foods and its method of production. There is wide variation in the
ability of these organisms to survive and grow in different temperatmrfas

ranges.
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The processing of low pH foods packed in hermatically sealed
container is designed to kill the heat resistant pathogenic bacterium,
i.e., Cl. botulinum. However, the bacterial spores c¢an survive the heat
treatment and may cause food spoilage during storage, especially at
elevated temperature. The spores of thermophilic bacteria like Bacillus
stearothermophilus and Cl. thermosaccharolyticum are aiso significant
cause of spoilage durling hot climates or slow cooling in manufacture.

Nisaplin was found a powerful inhibitor of heat resistant and
thermophilic backeriel spores in processed foods. It has widespread
application in canned foods like cenned mushrooms, camned soups, canned
tomato products sndcanned tomato products (Anon; 1988b) In most of the
canned foods, Nisaplin treatment of 50-250 mo/ky was found guite
effective.

. 2.7.3 #Milk and Milk products

Deiry products comprise a variety of foods based on miik or its
by products as 2 major ingredients. Scme of these foods are pasteurised
and have a limited shelf-life under refrigerated conditions, other recelve
more drastic -heat treatments which often extended shelf-life in both hot
and temperate climptes. The Jdifferent conditions of climate, wilk supply,
transport and processing throuvghoutthe world bring diverse bactericlogical
problems to the dairy industry. Risaplin has a significant role in solving
many storage problems. |

2.7.3.1 Fasteurised whole milk

The climatic conditions and the demands of transporting milk over
a long distances produce short-term spoilage problems in many countries.

Extending the shelf-life by 2 days with a preservative like Nisapiin is
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an obvious advantage. Vanini and Moro (1967) showed that low concentration
of nisin i.e. 2, 4 nd 8 K9 in pasteurised milk at 32°C significamtly
reduced the bacterial counts from 3.28:(104/:111 to l-19x104, 8 0::103 and
7.8x103 respectively. Clotting time was same in each case. L actcobacilli
and :treptococci were prevalent in the samples containing nisin. In a
similor sbucdy, Anon {1988c) demonstrated that Nisaplin ot concentration
of 30-50 mg/litre doubled the shelf-life of pasteurised milk stored at
35 and 50°C. The pasteurised milk which stored alternately at 10°C for
16 h and then 8 h at ambient temperature, the Nisaplin concentration of
10 mg/litre trebled the shelf. life in compsrison - to 2 days of control
samples, |

A nisin concentration of 100-100C RU/ml in commercially pasteurised
wilk with or without Bacillus subtilis spores (1000/ml) was found to have
no effect on keeping guality (X Q.) at 32°C. However, the K.Q incresased
from 6~7 to 10 days at 6°C {Mahmoud et al., 1976). The Gram negative
bacteria like Escherichia coli Type I  Aercbacter aerogenes Type I and
3 and Bsevdomonas fluorescens commonly found as contaminents in
commercially pasteurised milk were not affected by nisin concentration
of 100-1000 RU/ml. The K Q. of labporatery pasteurised milk at 32°C was
extended from 1 day (control) to 8, 15 and 26 days at 100, 500 and 1000
RU nisin/ml respectively {Mahmoud et al., 1876). ‘

The initial heat shock of 85°C with no hold béfdre pasteurisation
significantly affects the preservative action of nisin in .pasteurised
milk {Magdoub et a2l., 1984). The K.¢ of standardised/recombined
pasteurised milk containing 3% fat, 0.1% alanine and 100 RU nisir/ml at

7 and 20°C was found increased from 3 to 5% and 1% to 2% days

respectively.
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2.,7.3.2 Evaporated milk

The evaporated milk, properly menufactured may not be necessarily
sterilised, however, it may contain only few spores of the heat resistant
bacilli and clostridia. Spoilage due to non-sporing bacteria has been
reported, however, the defects were either due to faulty heat treatment
or defective cans.

According tc published reports, spoilage appears to be due to
aervbic spore formers belonging to B. subtilis, B. cereus, B. megaterium
B. coagulans and B. calidolactis species. Some of these organisms cause
sweet curdling or bitternpess and flat sours. Nisaplin céncentration of
80-100 my/litre in evaporated milk Jinhibited the typical spores and
reduced the process time by 10 min (Radaeva et al., 1976). The Maticnal
Institute for Research in Dairying in WK alsc found Nisaplin useful in
reducing the process time without increasing the spoilage rate (Gregory
et al., 1964)

2.7.3.3 Sterilised milk

In commercial term sterilised milks are free of bacterial spoilage
only in the context of elevated temperature and storage times. The
sterilised milk can ccntain heat resistant thermophilic bacterial spores;
- which ¢an spoil the milk stored at elevated temperature.

The addition of 100 RU nisin/ml in sterilised milk was £found
elfcctive in preventing the outgrowth of bacterial spores and'incre_ased
the shelf-life from 3-7 days to 60 days (Wajid and Kalra, 1976). In a
similar study conducted in France, it was demonstrated that addition of
Nisaplin 20 mg/litre in sterilised milk completely suppressed the growth
of thermophilic Bacillus spores which survive the heat trestment of

115°C/15 min (Anon, 1988c) The sterilisation of milk in presence of nisin
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was found to be more effective in preventing spoilage of milk drinks as
reported by Shehata et al., {1977). The addition of 10 RU nisin/ml in whole
buffale milk or cheoceolate flavoured milk products, rESulfed in
commercially sterilised milk products, which did not exhibit any spoilage
during storage at 37 and 55°C for 21 days.

2.7.3.4 Flavoured milk

Chocolate milks are more susceptible to storage losses than plain
milk because of the additicnal bacterial load in the cocoa powder, sugar
and dried milk solid used as ingredients. Heinemann et al., (1964) showed
that Nisaplin at 80 mg/litre allowed chocolate wilk which had been heat
treated to destroy Clostridium botulimm to be stored for six months at
35°C or for three weeks at S5°C and 10% loss after six wonths at 35°C.
The addition of nisin reduced the F-value {centre of the cen held at
250°C/3min .as opposed Lo 11 min) significantly and the product bad a
better flavour with improved nutritional guality.

The shelfi-life of chocolate dairy desserts increased from 7 to 21
days with 50 mg Nisaplin/kg and further extended to 35 days at 7°C when
150 mg/kg was added. At higher storage temperature (12 and 25°C), 150
ma/kg of Hisaplin doubled the shelf~life {Anon, IgQBSb}.

2.7.3.5 Cream products

The stability and characteristic properties of c¢ream products
depends crucially on the heat and other treatment used. Nisin has been
determined in specific products and their particolar conditions of
production, transport and storage. Phillips et al. (19835 in their study
on pasteurised cream in presence ©f 25-100 RU nisin/ml obtained a

significant decrease in mesophilic, psychrotrophic and thermophilic counts
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and shelf-life was increased from 9-19 days when stored at 12°C.

2.7.3.6 Reconstituted and recombined milk products

Countries witheout an indigenous dairy industry often import milk
powders and butter oil for local manufacture of dairy products. These
products experience the same bacteriolegical hazards and sensitivity to
excessive heat treatments as fresh milk products. Many of these countries,
however, have the additional problem of ambient temperatures which wmeans
that any thermophilic bacteria surviving processing can reproduce rapidly
and hamper the shelf-life.

The addition of nisin to dried milk might permit diminished heating

without loss in nutritive value.

2.7.4 Fermented Milk products

2.7.4.1 Yoghurt

The palatability of fermented milk preducts is very low due tc high
acid development during storage. In tropical countries like India, where
faéilities for cold storage, transportation and distributickn are not
sufficient and therefore, to aveid the cold storage of the product, nisin
was used in stirred Yoghurt stored at room temperature and shelf-life of
the product increased frem & 7 days to 1Q days without much change in

flavour, body , texture and consistency (Gupta and Prasad, 198%9b) .

oo ok
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3.0 MATERIALS AND METHODS

3.1 NISIN SENSITIVITY OF LACTIC AND NON-LACTIC CULTURES
3.1.1 Collection of Cultures

Tuwenty six strains belonging to genus Lactococcus, Streptococcus:
Lactobacillus and Bacillus : . were collected from National Collecticn
of Dairy Cultures (NCDC) at N.D.R.I., Karnal, as well as Microbial Type
Culture Cellection (~1CC, at Ch#ndigarh.

3.1.1.1 Cultux_‘es collected from NCRC

Lactococcus lactis subsp. lactis (Czo’ _MLS); L. lactis subsp.
lactis 496 (nisin producer): L. lactis subsp. Jdiacetylactis DRCl. DRC.:

L. lactis sobsp. cremoris Cl' C Streptococcus salivarius subsp.

37
thermophilus H, I; Lactobacillus delbrueckii subsp. bulgaricus 1373,
RTS, W; L. acidophilus 1899, R; L. plantaﬁ:m R, 89: Bacillus cereus
10876; B. subtilis 2144, 6633 and B. stearothermophilus (953).

3.1.1.2 CQuitures collected from MICC

Lactococcus lactis  subsp. lactis 440 (nisin  producer),
L. acidophilus 447, B. cereus 430 and B. stearothermophilus 37, 38.
3.1.2 Maintenance of Cultures

3.1.2.1 Lactic cultures

Lactococcus, Streptococcus and Lactobacillus sp. were maintained
and sub-cultured in fresh sterile Litmus ndlk at fortnightly intervals
and stored in refrigeratcr at 4 + 1°C after 16-18 h growth at their

optimum temperatures.
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Composition of litmus milk

Reconstituted skim milk 11% w/v
Blue litmus 4% agueous
Solution .5%

A pinch of calcium carbonate {0,5-1.0 g} was dispensed in each tube.
Sterilisation was carried cut at 1.1 kgfcm2 for 15 min.

3.1.2.2 Mon—lactic cultures

Bacillus c¢ereus, B. subtilis and B. stearotherhmophilus strains
were maintained and subcultured on nutrient agar slant- at one wmonth

intervals and stored at 4 £ 1°C after 18-24 h growth at 35, 37 and 55°C

respectively.
NUTRIENT AGAR

Cemposition g/L
Yeast extract 2
Beef extract 1
Peptone 5
Sodium chloride 5
Agar 15
pif 7.4 3 0;2

Sterilisation by autoclaving at 1.1 kg/cm2 for 15 min.-

3.1.3 Preparation of Cell Suspension

The lactic and norelactic cultures were grown in their respective
medium (given below) at optimum growth temperatures for 18-20 h. The
cells were harvested at 3000 rpm for 15 min in IEC CU-5000 centrifuge
to get the cell pellet, The pellet was washed with 0.9 percent saline

and again centrifuged at higher speed i.e. 4000 rpm for 15 min to
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collect the cells following each washing. These were then suspended in
sterile saline (€.9% Nacl), untill 50% transmission was visible at 730
mn uging Spectrophotometer {5p~30). This suspension was used for studying
the effect of nisin.

3.1.3.1 HMedium used for lactic cultures

a) Lactoceocci and streptocecci

Elliker's broth (Elliker et al., 1956}

Composition g/L
Tryptone 2¢
Yeast extract 5
Glucone 10
Sodium chloride _ _ 4
Scdium acetate | 1.5
Ascorbic acid 0.5
=3 7.0 0.1

Sterilised by avtoclaving at 1.1 kgfcmz for 15 min.
b} Lactobacilli

De Man Rogosa Sharpe (MRS) medium (Deman et al., 19€0)

Composition o/t
Proteose— peptone 10 .
Beef extract ' 10
Yeast extract 5
Di-potassium hydregen phosphate . 2
Ammenium citrate 2
Tween—-80 1
Sodium acetate 5
Magnesium svulphate 0.1
Manganese sulphate Q.15

pPH 5.4 + 0.1
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Sterilised by autocleving at 1.1 kg/cm2 for 15 min.

3.1.3.2 Medium used fo: non~lactic cultures

a. Bacillus cereus and B. subtilis

RUTRIENT BROTH

Conposition a/L

Beef extract 1

Yeast extract 2

Peptone _ 5

Sodium chleride 5
PH 7.4 £ 0.2

Sterilised by autoclaving at 1.1 kg/cm® for 15 min.
b. Bacillus stearcthermophilus

Peptone Yeast Extract Mediom

Compesition . g/L
Peptone : 10
Yeast extract 5
Sodium chloride ' 5
phi 7.2 £ 0.1
2

Sterilised by auvtoclaving at 1.1 kg/cm™ for 15 min.

3.1.4 Nisin

Nisaplin brand with an activity of 1.0 x 106 Reading Units (RU) or
International Units (IU)/g was obtained from M/s Aplin and Barrett Ltd.,
Trowbridge, Wiltshire, U.K. {Batch No.2 BP}. The Internmational Unit is
defined as 0.001 mg of this preparation. The activity of lg pure nisin
is 40 times that of 1 g of nisaplin. The activity of nisin can be

expressed as IU/g, mg/kg, ppm or % nisin, The relationship between these
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terns are as follows:

PURE. MESIN MISADPLIN
may/ko  or - pem my/kg or IU/g
2.5 = 2.5 100 = 100 .
5.0 = 5.6 200 = 200

12.5 = 12.5 500 = 500

3.1.4.1 Preparation of standard stock sclution of Nisaplin

The stock seolutien of nisaplin with concentration of 1000 RU/ml
was prepared by suspending 0.1 g Nisaplin in 80 ml of 0.02 N HCl and final
volume (100 ml) was nade atter 2 h storage at room temperature and the pH
was adjusted to 3.0 with 0.1N NaOH, The sclution was filter sterilised
(0.25 pm porel, stored at 5°C and used within one week,
3.1.5 Determination of Minimal Inhibitory Concentration{MIC} of Nisin

3.1.5.1 Definition of MIC

The MIC is defined as the lowest concentration of antibiotic in
Fg/ml that prevent the in-vitro growth of bacteria. In the present study,
the MIC was interpreted as the concentration of the antibiotic contained
in the first tube in the series that completely. inhibited the growth of
Ricro--organisms.

3.1.5.2 MIC in broth

The nisin sensitivity of lactic and non-lactic cultures was
determined using BROTH DILUTION SUSCEPTIBILITY TECHNIQUE. The test tubes
rontaining 8 ml of broth were inoculated with filter =sterilised Nisaplin
with final ccncentrations ranging from G.5-2000 RU/ml. Thereafter, the

tubes were incculated with cell suspension of 1lactic and non-lactic
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cultures at 1% inoculum. The inoculated tubes without Nisaplin and
vninoculated tubes containing Nisaplin were included as controls. The
tubes were incubated aerobically at optimum temperature and pH for

24 h.

3.1.5.3 Criteria vused for MIC

The criteria used for Qetermining the MIC of lactic cultures i.e.
Lactococous, Streptococcus and Lactobacillus sp. were optical density
(0.D.), standard plate counts ({SPC) and pH whereas, for non-lactic
cultures i.e. Bacillus cerevs, B. subtilis and B. stearothermcphilus,
was SPC/mi.
3.1.5.3.1 O.D.:

The ©.D. of Lactococcus, Streptococcus and Lactobacillus sp. was
determined at .wavelencth 650 nm using 8P 30 UV Spectrophotometer [(PYE
UNICHAM).

3.1.5.3.2 SPC:

The S80C of lactic cultures i1l.e. lactococei and streptococci in
Ellikers agar and lactobacilli in MRS agar were determined after
incubating the plates at optimum growth temperatures for 48 h of
incubation., Likewise, the SPC of non-lactic cultures i.le. Bacillus cercus
and B. subtilis in BRutrient agar and B. stearothermophiluos in Peptone
Yeast Extract agar were determined at their optimum growth temperatures
and 48 h of incubation.
3.1.5.3.3 pa:

The pil was determined using EC Digital pH Meter {pH 5651).

3.1.5.4 MIC in skim milk

The nisin sensitivity of lactic and non-lactic cultures was also

determined in skim milk system for comparative informatien using the same
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technigue as expleined earlier. The criteria used for determining the
MIC for lactics were titrable acidity (% lactic acid) and pH whereas,
for nen—-lactics was SPC/ml.

3.1.5.4.1 Titrable acidity:{1S:1479, Part IIX, 1961):

Ten millilitre of thoroughly mixed sample of milk was transferred
to a 25 ml beaker. Thereafter, few drops of phenclphthalein indicator
sclution were added and titrated against standard sodium hydroxide

solution to a pink colour. The titrable acidity was calculated from the

titre value as percent lactic acid.
3.2 FACTORS AFFECTING THE INHIBITORY ACTION OF NISIRN

The effiéacy of nisin under 3 Jdifferent pH and temperatures (giveﬁ
below} against lactic and non~lactic cultures was evaluated in broth
incculated at 1 and 2% levels. The MIC were determined on the basis of
Q.B. for lactics and SPC for nen-lactics. The effect of incubation
pericds i.e. 12, 24 and 48 h on inhibitory action of nisin was also
studied in skim milk on the basis of titrable acidity (% lactic acid)
and pH for lactics and SPC for nen-lactics.

Different pH

Cultures Finimum Opt 1mum Maximum
nckocooct and 5.5 6.5 7.5
Streptococci

Lactobacilli 5.0 6.0 7.0

Bacilli 6.5 7.0 7.5
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Cultures Minimum Opt 1mum Maximum
Lactococci 25 30 37
Streptococci 30 37 45
Lactobacilli
L. delbrueckii subsp. 37 42 48
bulgaricus
L. acidophilus and 30 37 45
L. plantaram
Bacilli
B. cereus 25 35 45
B. subtilis 30 37 45
B. stearothermophilus 50 55 60

3.3 SCANNING ELECTRON MICROSCOPY OF LACTIC AND NCN-LACTIC CULTURES

3.3.1 Selection of Cultures

The most sensitive and resistant strains

groups

of

lactococci, lactobacilli and bacilli (given below) were selected for SEM

study.

3.3.1.1 Lactococcel

L. lactis subgp. lactis (Clo‘ MLBJ {non-nisin producer),

L. lactis subsp. lactis 440 (Nisin producer)
L. lactis subsp. diacetylactis DRC;, DRC,.

3.3.1.2 Lactobacilli

L. delbrueckii subsp. bulgaricus RTS, k.
L. acidophilus R
L. plantarum 89

3.3.1.3 Bacilli

B. cereus 10876
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B. subtilis 6633
B. stearcthermophilue 38
3.3.2 Preparation of Reogents

3.3.2.1 Cacodylate buffer

Yo prepare 0.1M Caccdylate buffer, 1.6 g of sodium cacodylate
(Fluka Batch No.135301-120) was dissolved in 100 ml glass distilled water.

The pH was adiusted to 7.2 using EC-Digital pH meter.

3.3.2.2 Buffered glutaraldehyde solution {Ssbitini et al., 1963)

Following «compositicn was adepted to prepare 2.5% buffered

glutaraldehyde.
2.5% Glutaraldehyde E grade . 25w
{Poly Science, Batch Mo, 99C-5029}
0.1'M Caéodylate buffer .12.5 ml
Distilled water 10.0 ml
Total volume : 25.0 ml

3.,3.2.3 CGraded series of ethanol: wvater mixtures

For dehydration of cells, graded series of ethanol:water mixtures
of 50, 70, 90, 95 and absolute alcohol were prepared., Propylene oxide was

used subsequently for final dehydration.

3.3.3 Preparation of Cell Suspension

The cell suspension of selected culture was prepaied as explained

earlier.

3.3.3.1 Nisin ktreatment of cell suspension

The cell suspension of lactic and non-lactic cultures was treated

with filter-sterilised Nisaplin at tneir MIC as well as 1-10,000 times
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MIC doses. Thereafter, the treated cells were kept at optimum growth
temperature for 4-6 h, centrifuged 2-3 times at 4500 rpm for 15 min each
and washed with distilled water to obtain clean cells.
3.3.4 Scanning Electron Microscopy
3.3.4.1 Fixation

Nisin treated cells were transferred to micro beakers containing
2.5% buffered glutaralcehyde fixative and kept Egr 3 h in cold.

L

3.3.4.2 Drying of samples

The samples for SEM  cbservations, both freeze-drying and
conventional a2irvr drying techniques were standardised in our laboratory.

3.3.4.2.1 Freeze-drying:

A smear of fixed cells were prepared on cover glass and ifreeze-

dried using Teshniwal Iyophiliser. The processed samples were kept
in desiccator till exarinaticn.

3.3.4.2.2 Comentional air drying:

A smear of the fixed cells similarly prépared was gradually

dehydrated thrcugh ethancliwater series as under:-

Graded ethanol: water series Duration
50% 10 min.
70% 10 min
90% ‘ lO‘min.
95% 10 min.
100 (Absolute) -1 30 min.
100 {Absclute) -IT 14 min. {room temp, )

After dehydratien in ebsolute alcohol, these were subsequently
dehydrated in propylene oxide for 15 min and allowed to dry. The

processed samples were kept in desiccator till uvse.
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3.3.4.3 Coating of specimens

Dried samples were mounted con aluminium stubs with silver paint
and sputter cocated with gold at approximately 200 A® thickness in
Hitachi IB-3 Jon coater. The icn current was maintained at 6 mA at fine
vacuum of 0.05-0.07 terr for 4 min,

3.3.4.4 SFM observations

The smaples on aluminium stubs were placed in specimen holder
and inserted into chamker under vacuum, Hitachi S-405A Scenning Electron
Microscope was operated at 15 KV using secondary electron mode.

3.3.5 Electron Micrography

3.3.5.1 Processing of photographic films

The cbservations were recorded on ORWC 35 mm perforated film (50
ASA} with the ﬁelp of attached camera assembly. The film was developed
in film develcper (Kedak D-19) to 8-10 min at 20°C and fixed in acid-
hardening fixer (Agfa~-30l1) for 10~15 min. The film was theroughly washed
in running water and dried in air.

3.3.5.2 Printing of electron micrographs

Enlarged prints were made on  Agfa-brovira normal/hard
photographic paper. Standard {Agfa-100) and high  Contrast {Agfa-108)
developers were used for developing the prints. Developing was followed
by fixation in acid fFixing bath {(Agfa-300) and washing_ thoroughly under
running water. The prints were finally dried on glazihg machine. A
number of eolectron micrographs of esch treatment were studied for

interpretation.
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3.4 SUELP-LIFE OF MILK AND MILK PRODUCTS CONTAINING NISIN

3.4.1 Collection of Toned milk

Fresh toned milk containing 3.0% fat, 8.6% SNF and pasteurised
at high temperature short time (HTST) i.e. 71°C for 15 sec, was procured
from Experimental Dairy Plant at N.D.R.I., Karnal.

3.4.2 Collection of Lassi

Fresh Lassi packets were also procured from Experimental Dairy
Plant of the Institute. The steps involved in Lassi preparation as per
flow diagram, |
3.4.3 Treatment with Nisaplin
The pasteurised milk and Lassi were incorporated with the filter
sterilised Nisaplin with the help of pre-sterilised syringe at .
cencentration ranging from 100-500 RU/ml. The pasteurised milk stored
at 3 different temperatures i.e. 37, 30 and 20°C was analysed upto 3
days at 8, 12 and 16 h intervals respectively. [assi wss stored Iat 20
and 30°C and evaluated upto 2 days at 8 and 12 h intervals respectively.
3.4.4 shelf-life
The shelf-life was assessed on the basis of chemical and
microbiolooical tests as under:
Pasteurised milk:
i) Sensory evaluation
ii} Titrable acidity (% lactic acid)
1ii)  Standard plate count (SPC)
Lassi:
i}  Sensory evaluation

ii} Titrable acidity (% lactic acid)
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Flow Diagram of Lassi Preparstion

Cow milk

i

Heating to 90°C

Ceoled to 23 ¢+ 1°C

*
Addition of lactic colture

(@ 1.0-1.5%)

Setting for 15-20 h
{Titrable acidity 0.8-1.0% LA)

Homegenisation

Addition of sugar syrup
(€ 15% of milk}

Addition of flavour
(Orage sweet and Rese white € 20 ml of 100 litres of milk)

Cooled to 7 or 10°C

]

Packaging

* BD~4 containing
Lactococcus lackis subsp. lactis, L. lactis subsp. cremoris,

L. lactis subsp. diacetylactis and Leuconostoc sp.
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iit} Yeast and mold counts
iv) Tlactic counts

3.4.4.1 Sensory evaluation

Sensory evaluation was done as per the following score card.

3.4.4.1.1 Score card for pasteurised milk or Lassi:

Name of the Judge . Batch No.
Date:

Incubation temperatureture

Storage periods

Sample No.
1 2 3 4 5 6 7

Scores
Comments if any
Scores for -udging
Scores Lo be allotted: Grade

40--38 Bxcellent

37-35 . Good

34-32 Poor

Possible defects

Changes from the natural colour, loss of sweetness and freshness,
sedimont forwaticon, whey,fat separation, rancidity, acidity, any other

off flavour, change in consistencyy viscosity or any other remarks.
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3.4.4.2 Chemical analysis

3.4.4.2.1 pi:
The pH of the sarple was measured using EC Digital pH meter
(pH 5651).

3.4.4.2.2 Yitrable scidity:

The titrable acidity (% lactic acid} was determined according

to 1.8.1. (I.5. 1479, part II, 1561).

3.4.4.3 Microbiological snalysis

3.4.4.3.1 Standard plate counts (SPC):

The SPC of control and treated toned pasteurised milk samples
was determined according to standard procedures {(APHA, 1972) using

Tryptone Dextrose Agar.

Tryptcne dextrose agar

Composition g/t
Tryptone 5
Beef extract 3
Dextrose | ) 1
Agar 15

cH 7.0 % 0.1
2

Sterilised at 1.1 kg/em”™ for 15 min.,

3.4.4.3.2 Y¥east and mold counts:

Yeast and mold counts in Lassi were determdned‘according t& APHA

{1978) using Potato Dextrose Agar.

Potato Dextrose Agar

Composition
Infusicn of 200 g potatoes in 800 ml distilled water.

Dextrose 20.0 g
haoar 20.0 g
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The volume was made upto 1000 wml using distilled water and sterilised
at 1.1 kg/cm2 for 20 wmin, cooled té 45°C and tartaric acid (10%) was
added at the rate of 1 ml per 100 ml of the medium to adjust its pH to
about 3.5 at the time of peuring of medium in the plates.

3.4.4.3.3 Lactic counts:

The counts of lactic acid bacteriz in fassi were taken using
Lactic indicator agar (McKay et al., 1970}.

Lactose Indicator Agar

Composition g/L
Tryptone 20
Yeast extract >
Gelatin , 2.5
Lactose : i0
Sodium chioride 4
Sodium acetate 1.5
Ascorbic acid 0.5
Bromo-cresol purple 6.04
Agar 15-

pH 7.0 2 0.1

Sterilised st 1.1 kg/cm2 for 15 min.
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L. NISTN SENSITIVITY OF LACTILIC AND
NON—I.ACTITC CULTIUUORES Irm BROTH
AND SKIM MTIU



4.0 RESULTS RND DISCUSSION

4.1 NISIN SENSITIVITY OF LACFIC AND NON-LACTIC CULTURES IN BROTH

Twenty six strains of Gram positive bacteria belonging fo greurs
lactococci, streptococci, lactobecilli and bacilli were evaluated for
minimal inhibitory concentration of nisin (MiC} on the basis of optical
density, pH and standard plate count (SPC) for lactic and SPC for non~
lactic cultures.

A wide varition in nisin sensitivity was observed among different
genera, spécies and strains. The MIC of 26 strains ranged froom 0.5-2000
RU nisin/ml at 24 h incubation and optimum growth conditions as presented
in Table 1. Qut of these, Lactococcus lactis subsp. cremoris (CB) was
found most resistant strain whereas, Bacillus stearothermophilus (37},
the most sensitive among strains studied. However, nisin producing
strains of L. Jactissubsp. lactis behaved ccnspéc:uously and depicted
unusually high nisin toler;ance.

4.1.1 factic Qultures

4.1.1.1 Lactococei and streptococci

The MIC of 10 strains of Lactococcus and Strephtococcus sp. ranged
from 5-175 RU nisin/ml in Elliker's broth” &t 1% inoculum and optimum
growth  conditions. Among  lactococci, Lactococeus  lactis subep.
diacetylactis (DRCJ.) was found most sensitive with inhibition at very
Jow level of 5 RU nisin/ml, whereas, L. lactis subsp. diacetylactis

(D{?C2) depicted higher tolerance with MIC of 25 RU/ml (Table 1).



table 1. Kinimal inhibitory concenbration {MYC) of nisin sgaimst lactic and non-laclic cultures in BROYTH at sptisun ph, teapersture and 1% inocalus

5. Cultures RICt Cultures M1 Cultytes NIC!
Yo, {Rifa)) {RE/n)} tau/sl}
at 2§ b ak 24 b ab 4 b
LACTOCOCCOS and LACYQBACILLDS ap. BACILLES wp.
EPARPROCOCCNS 1p.
1. L. lactis subsp. lactis {0y} 3% L. delbrueckii subsp. bulgaricas {1373 1% . subtilis {3144 154
1. I, lactis subsp. Jactig {NLg). 15 L. delbrueckii subsp. bulgaricus  (RYS§) i5 B. subtilis {441} 138
3, b lactis subsp. diacetylactis {DRC)) ] L. delbrueckii subsp, bulgaricus (W} 1% B. subtiiis (6633} 128
b, b, lactis subsp. diacetylactis (DRCy) % E. acidophilus (447} he 8. tereus 110874} 7%
5. £. lsctis websp. cremoris {ty) 35 E. acidephilus {199 3 B, cerevs 414 ¥
6. 1. Jactis subsp, cremoris (Cy} 175 E. acidephilus (R 15 B. stearothersophilug 19531 i3
1. L. lactiz subsp, lactis (4961 1600 L. plantarew (R} 100 B. stearotheraophilus (38} 1.0
(nisin producer!
b, I. lactis subsp, Jactis (40} 20444 E. piantarmm (89} F{i B. stearotbermophiive (37} 6.3
(nizin producer)
9. Str. salivariue subsp, (1] 13
thersophilus
18, Str. selivarivs suhsp. 1y 1%

thersophilus

t aritheetic means of three determicalions

tt R1¢ at 18 h of ipeohation

19°
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A 5 fold variation in nisin sensitivity was observed at strain level
{Fig. 1la). Complete inhibition of L. lactis subsp. diacetylactis (DRCl
and DRCZ) strains was observed by Garg in 1992 at 100 RU nisin/ml in M-
17 Lactose broth using 2% inoculum. The higher MIC may be because of
higher inoculum and compositional difference of medium used in the study.

Misin and non-nisin producing strains of L. lactis subsp. lactis
differ widely in behaviour towards nisin., The MIC of non—nisin producing
strains of L. .."i.at:tis subsp. lactis (ClO and MLB) were 35 and 75 RU
nisin/ml respectively in Elliker's broth at 24 h incubation and more than
2 fold wvariation in nisin sensitivity among strains was cobserved
(Fig.1b}. Cbllins—Tﬁompsaﬁ et al. {1985) evaluated 30 strains of lactic
acid bacteria {LAB) and cobserved that growth of 20 strains of LAR
including L. léctis was inhibited at 50 IU nisin/ml in MRS broth at 30°C
and 24 h incubation. Recently, in 1992, Garg evaluated 18 strains of LAB
in M-17 Lactose broth at 32°C, 2% inoculum and observed limited growth
of L. lactis subsp. lactis and L. lactis subsp. cremoris strains in
presence of 100 RU nisin/ml at 24 h incubation.

Two nisin producing strains of L. lactis svbsp. lactis (496 and
440} were investigated in the present study and their MIC were 1600 and
2000 RU/ml in Elliker's broth respectively at 18 h incubation pericd.
The growth of these cultures was initially inhibited at 18 h but as the
incubation period increased further, the growth could'be inhibited only
at very high dose of 13,200 and 14,000 RU nisin/ml respectively at 24
h incubation. The addition of 200 and 400 RU nigin/ml was found to have
stimulating effects on growth of L. lactis subsp., lactis {496 and 440}

strains respectively (Pig. lc).



Fig Ha—c) : EFFECT OF NISIN ON THE BEH-
AVIOUR OF L. LACTIS STRAINS IN BROTH AT
OPTINUN pH TEXPEPATURE & 1T INGCULUIN
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The increase in resistance of nisin producing strains after 18 h
appears to be due tc prcductien of nisin degrading enzyme i.e. nisinase.
Moreover, the inhibitory action is largely dependent upon the stage when
nisin is added, either before inoculation or at a time when nisin synthesis
has starked {Hurst and Krusze, 1972). In our experiment, nisi‘n was added
before incculation and hence caused only transient delay in growth.

Egorov ek al. (1976} dencnstrated that addition of 100, 250, 500
and 1000 RU nisin/ml had virtvally nc effects on growth of Str. .lactis
{MGU). However, 1500 or 2000 units of nisin/ml inhibited the growth during
the first 24 h, but thereafter, bicmass incrersed at the controlled rate
or even surpassed it. Addition of 16,000 units of nisin/ml increased the
lag phase of growth tc 2 days but later growth was reduced by only 30%.
Orberg and Sandine {1985} also reported 40 fold higher MIC{64 ‘Jg/ml) of
nisin producing strain cof S, lactis (ATCC 7962) than other strains.

Lactococcus lactis subsp. cremoris (03} depicted highest tolerance
of nisin among strains studied showing inhibition at 175 RU/ml whereas,
L. lactis subsp. cremoris (Cll was inhibited at comparatively very low
concentration of 35 RU/ml in Elliker's broth (Fig. 2a}. The possible
explanation f£or higher nisin tolerance aprears to be nisinase ﬁroductim
by L. lactis subsp. cremc;ris (C3) strain during qrowth of the organism.
Rapid destruction of nisin by S. lactis and S. cremoris  strains was
observed by Galesloot {1957) in presence of 80 RU/ml in milk. Lipinska and
marta (1964} Ffurther dencnstrated that Str. cremoris si_:rain was adapted
to tolerate 320 IU nisin/ml.

Streptococcus salivarius subsp. thermophilus strains depicted

comparatively higher nisin tolerance than other Lactococcus strains



Fig 2a : EFFECT OF NISIN ON THE BEHA-
VIOUR OF L. LACTIS SUBSP CREMORIS IN
BROTH AT OPT. pH, TEMP. & 1 % INOCULUM
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Fig 3{a—c) : EFFECT OF NISIN ON THE
BEHAVIOUR OF LACTOBACILLUS STRAING IN
BROTH AT OPT. pH. TENMF. & 1 % INOCULLN
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to be reletively low and appears Lo be 'more nisin sensitive than

L. delbrueckii subsp. bulgaricus strains. The MIC of L. acidophilus (R,
1899 and 447) strains were 25, 35 and 50 RU nisin/ml respectively in MRS
broth {Fig. 3c) at 37°C and 1% inoculum. In & similsr study,
Collins-Therpson et al. (1985) evaluated 30 strains of lactic acid
bacteria and reported that 20 strains of LAB comprising mainly cof
Lactobacillus strains were inhibited at 50 RU nisin/ml in MRS broth at
30°C and 24 h incubation. Howvever, very high nisin tolerance in .
L. bulgaricus and L. acidophilus was observed at 200 IU/ml in MRS broth
by Lee and Kim {[1985). 3Such variation may exist on account of strain
characteristics.

In general, lactococci and  streptococci appears to be more
tolerant to'nisin than lactobaciili. Bossi et al. (1988) evaluated 31
strains of lactic acid becteria and demonstrated that streptococci were
more resistant to nisin than lactobacilii.

4.1.2 Non-lactic Culfbures
4,1.2.1 Bacilli

The MIC of 8 strains of bacilli belonging to B. subtilis, B.
cereus and B. stearothermophilus species ranged from 0.5-150 RU nisin/ml
in breth at their optimum grewth conditions (Table 1). PBacillus subtilis
(9144) was found to be the most resistant ameng strains studied and
complete inhibition was cobserved at 150 RU/ml in nutrient broth.
However, other sktrains of B. subtilis (441 and 6633} were inhibited at
slightly lower nisgin concentration of 135 and 125 RU/ml respectively
(Fig.4) at 37°C and 24 h incubstion. Generally, Bacillus cereus strains
were found comparatively more nisin sensitive than B. subtilis strains.

The MIC of B. cereus (430 and 10878) strains were 45 and 75 RU/ml in



Fig 4 : EFFECT OF NISIN ON THE BEHAVIOUR
OF BACILLUS STRAINS IN BROTH AT OPTIMUM
pH, TEMPERATURE AND 1 % INOCULUM
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nutrient broth respectively at 35°C and 24 h incubation.

In 1967, Jarvis examined 14 strains of 9 species of Bacillus for
nisin resistance and production of nisin-ipactivitinoenzymes. Jarvis
observed thet B. subtilis (NCIB 8739 and 8057) strains were inhibited
at nisin concentraticn of 75 and more than 100 RU/ml respectively.
Whereas, B. cereus (NCIB 3329) was inhibited at above 100 RU nisin/ml.
Shehata and Hassan (1981} further demonstrated the effect of nisin {20-
100 mg/ml} against B. cereus in a steady state condition at 20°C and
observed that nisin was wost effective in inhibiting exponential growth
phase.

Bacillus stearothermophilus (37 and 38) strains were found most
sensitive not only in Bacillus groups, but ameng all different groups
studied. Their inhibiticn was cbserved at extremely low _level of 0.5
and 1.0 RU nisin/ml in peptone-yesst-extract broth respectively at 55°C
and 24 h incubation. Interestingly, under similar conditions, one strain
of B. stearothermophilus (953} showed <comparatively very high nisin
tolerance and was inhibited at 45 RU/ml in peptcne-yeast-extract broth.
The probable reason fer its higher nisin tolerance coculd be the heat
resistant souvrce of this particular strain. The inhibition of
B. stearothermophilus (1518) strain at 25 ppm of nisin in tryptons-yeast-
extract broth was alsc chserved by Denny et al {1261). PFarther, Bacillus
stearothermophilus JNCIB 8157 and 8224} were also found to behave similar
to B, stearcthermophilus (37 and 38) strains show‘ing complete inhibition
at only 3 and 6 RU nisip/ml (Jarvis, 1967)}.

A comparative nisin sensitivity of different groups of lactic and
non-lactic cultures is depicted in Fig. 5. It appears that lactococced

and strepltococci are invariably more tolerant to nisin than lactcobacilli,
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whereas, bacilli are mcre resistant ameng the different groups studied.
However, it is difficult to cenclude because of varying conditions of
pH used for different grcups of cultures. Therefore, the higher nisin
resistance in lactccccel, streptococci and bacilli may be because of
decrease in the inhibitory action of nisin with the increase of

of pi.

The valuable informaticn on nisin sensitivity of lactococcd:
streptococcl and lactebacilli along with 3 nisin resistant strains of
L. lactis subsp. cremoris (CS}, Str. salivarius subsp. thermophilus (1)
and L. plantarum (R} can be of qgreat significance in preparation end
preservation of fermented wilk and milk products. This c¢an alsc be
beneficial in brewing industry where lactobacilli and pediccocci are
principal spoilage organisms. '

In heat processed canned foods, the spoilage iike sweet curdling,

bitterness or flat sour, cormenly appesr due to B. subtilis, B. cereus

(food poisdning), B. coogulans and B, megaterium etc, Certain species
of this group alsc cause food poisoning and intoxjcation when survived
the high heat treatments. The present findings on nisin sensitivity of
bacilli with defined tewperature, pH, incculum and incubation period will
beneficial in controlling spoilage in milk and milk products as well as

canned foods.
4.2 NISIN SENSITIVITY CF LACTIC AND NON-LACTIC CULTURES IN SKRIM MILK
The inhibitory acticon of nisin is strongly influenced by chemical

composition of the particular feod to which it is added. Earlier, it has

been well demcnstrated that nisin activity.isS diminished in foods that
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contains fat as reported by Jenes (1974). Effect of milk components other
than fat e.g. milk proteins on nisin sensitivity has also been observed
(Scotk and Taylor.1981).

In present study:, 26 strains belonging to different groups of
lactococel, streptoceocci, lactebacilli and becilli were evaluated fo
study the effect of skir nmilk on their nisin sensitivities. &
considerable variation in nisin sensitivity wes observed among most of |
the strains in broth and skim milk.
4.2.1 Lactic Cultures

' 4.2.1.1 Lactococei and streptococci

Skim milk was found to have considerable effect on the inhibitory
action of nisin and 2-5 fold variation. in nisin sensitivity of
Lactococcus a'nd Streptococcus  sp. was observed in skim milk iﬁ
comparison to broth study. The MIC of Lactoococrus and Streptococcus sp.
in skim milk ranged from 25-225 RU/m) (Table 2). wWhereas, in broth it
was 5-175 RU nisin/ml.

A five fold wvariation in nisin sensitivity was oObserved in .
L. lactis subsp. diacetylactis (DRCQ) with MIC of 2% RU/ml in skim milk.
On the other hand, Lactococcus lactis subsp. lactis (Clo and-ML8) and
L. lactis subsp. cremoris (C}_) strains depicted 2—; fold variation in
hisin sensitivity with inhibition at 75, 175 and 100 RU nisin/ml
respectively (Fig. 6a}. Keogh (1956) evaluated 22 straiﬁs of lactic atid
bacterie and demonstrated 30% inhibition of 8. diacetylactis {DRCl and

DRC.Jat ] and 2.5 RU/ml, whereas, 8. lactis {Cz, C6 and Clo) strains were

o)
inhibited st 2.5 RU nisin/ml in skim milk respectively at 6 h of

incubation, In a similar study, Kalra and Dudani (1975} also observed

50% inhibition of S. diacetylactis and S. lactis (Clo) strains. However,



Table 2. Kinimal imhiditary concentration {MIC} of nisis agaisst lactic and sea-lactic cultures in SETM MILY 2t optisme p3. Lemperature and 13 isoculum

Sl. (ultures KIC* Caltores det Lultures e
Fo. {R/nl} {RUful} (’iful}
at 24 b ' at 24 h at M h
LACTOC0CCDS and [4CTOBACILLBS 1p. BACILLDS p.
STIEPRACONCOS 2.
1. Dy lactis subsp. lactis 9! ] L. delbryeckii subsp. bulgaricus {1311 100 8. subtilig I 5]
3 L, Jactis subsp. lactia L1%Y 175 L. defbrueckii subsp. bulgaricus  {R1§} 13 B, subtilix i 150
3o L. Jactis subsp. diacebylactis (DRC() 25 L. delbrueckii subsp. bulgaricus  {W} 50 B. subtilis (6633 150
. L. Jactis subsp. diacetylactis (DRCy} 15 L, acidephilug tin 75 B. cersus {10876} 100
5. L, lactis wubsp. creporis {4} 180 L. acidophilus {1899} 5¢ 8. cereus {30t 15
6. L. lactis subsp. cresoris fty) 15 L. acidophilus {a 59 B, stesrobhermophiivg 19331 5%
1. L. lactis subsp. lactiam {4351 000t* L. plantarus . ’ R} 1580 B, stearotherzophilus {38) 2.5
{nisin producer}
8, 1. lactis subap. jaclis - {448} 2400t L. plantarsa (83) 50 3. stearothersophiluz {30} 1.4
{nisin producer}
8. SEr. salivarivs sabsp, (8} 146
therwophilus ' -
10. Str. salivariss subsp, (1} 15¢
thermophilus

t Aritheatic means of three determizaticns
¢ Wig at 18 b of incobation
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Fig G{a—c) : COMPARATIVE MISIN SENSITI-
VITY OF LACTIC & NON—LACTIC CULTURES IN
BROTH & SKIN KILK AT OPT.TEMP.& 1% INOC.
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S. lactis-H#i and §. cremoris (Cl3) were not inhibited at all. The
inhibitory action of nisin in skim milk was found comparatively Jow
against L. lactis subsp. diacetylactis (DRCz), Str. salivarius subsp.
thermophilus (H and I} and L. lactis subsp. cremoris (CB} strains with
MIC of 35, 100, 150 and 225 ®U nisin/ml regpectively. The respective MIC
of aforesaid cultures in broth were 28, 75, 100 and 175 RD nisin/ml.
Among Lactococcus and Str%f:cocmxs sp.; it was observed that effect of
nisin in skim milk was relatively more on some strains which showed that
in addition to fat some other factors like milk proteins alsc influence
the inhibitory action of nisin. The differentisl binding of milk proteins
to Lactococcus aﬁd Streptococcus sp. or nisin itself may be responsible
for different skim milk effect. A reduction in hisin activity in presence
of meat proteins was cbserved by Scott and Taylor {1981). The pOSSibili‘ty
of binding of milk proteins with nisin was also reported by Jung et al
(1992).

Nisin producing strains, L. lactis subsp. lactis (496 and 440)
in skim milk behaved in & similar fashion as cbserved in broth. However, .
the inhibition was cbserved at relatively higher nisin concentration of
2000 and 2400 RU/ml respectively at 18 h incubation., Further increase
in incubation frcm 18 to 24 h resuvited in higher tolerance of L. lactis
subsp. lactis (496 and 440) strains and growﬁh could be inhibited only
at 13,500 and 14,200 RU nisin/ml respectively. Similar trends were alsc
recorded in broth study.

4.2.1.2 Lactobacilli

Among 8 strains of lactobacilli, 1«2 fold variaticrs in nisin
sensitivity was observed in breth and skim milk which was considerably
low when conpared with lactococei and  streptococci. The MIC of

Lactobacillus sp. ranged from 50-150 RU nisin/ml in skim milk at 1%
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inoculum, whereas, in broth it was 20-100 RU nisin/ml (Table 2. Among
lactobanilli, egual or 2 fold varistion in nisin sensitivity was observed
in L. plantarss (88) and L. ecidophilus (R} with nisin tolerance of 50
RU/el each st 37°Chnd 24 h incubation. Cther strains of L. delbrueckii
sy, badgorious. L,: ascidophilos end L. plantarum depicted rﬁa{tativt_z._’iy
small variation in nlzin sensitivity in broth angd skim milk {Plg. b},

The respective MIC for L. delbrueckii subsp. Pulgarcicus (R, RIS
and 1373} straing wsre 50, 75 and 100 RU nisindml, wvhereas, for ..
L. acidophilus (1899 snd 447) strains were 50 and 75 RU nisin/ml in skim
milk. Lactobacillus plantarum (R} depicted maximum nigin tolerance smong
lactobacilili and could be inhbibited et 150 RU/ml in skim milk. It apears
that lactobscilll are wore sensitive  than la-;:tomcc:i and streptocoe
a8 well su@@rteé by broth  study. ﬁar}i@m. in 1862 Teply also
dowonstrated that thermephilie streptococei were significantly  more
registant than lactobacilli. Some informstion on nisin toleranve of
Tactobacillue sp. in milk was given by Galesloot {1957} who reported that
L. plantarem streins in presence of 80 RO nisindml were slightly
inhibited even those which destroyed the nisin.

The complste inhibition of acid production by  youhust,
aeddorhd fus, cream ol some pure lactobescillus culture was obssrved st
100 IV nisindml by Teply {1962}, Lactobacillus bulgaricus (1373}, ..
L. plaptarus (L-111) and L. acidophilus {L-1) were not inhibited in
presence of 10 BU nisin/ml iﬁ skim milk a3 chserved by Kelrva and Dudani,
{1975}, However, there is no comparative information on nisin sensitivity

of Lactobacillus sp. in broth and skim milk,



Streptococcus sp., followed by Lactabacillus and Bacillus sp. The
possible explanation fcé higher decrease in nisin activity against
lactococci and streptccocci groups may be related to specific optimum
pH ({6.5) employed ir both broth and skim milk systems. Whereas, in
lactobacilli and bacilli, the optimum pH were 6.0 and 7.0, respectively
as used in broth study. However, in skim milk system, the pH in both
cases werC. kept” 6.5 which wes not optimum for Lactobacillus and Bacillus
sp. and hence differential drop in nisin activity against different
groups was cbserved. A wide variation in nisin sensitivity in skim milk
among lactic and non—lactic cultures at genera, species and strains level
suggest the possible involvement of milk proteins in effecting the nisin
activity. Thé valuable Sata obtained on comparative nisin sensitivity
in broth and skimmilk wculd ke of immense use for controlling the growth

of desirable and non-desirable organisms.



IT. FACTORS AFFECTTNG THI¥ INHIRBITORY
ACTION OF NISIN
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the activity of nisin in Jdifferent kinds of food is considerably
influenced by physical, chemical and microbiclogical environments. The
fiuid milk centaining fet and proteins appears to have an adverse effect
on nisin activity as ctserved eerlier in broth and skim milk study. The
nunber and Lype of micro—organisms, pH and incubation tempe;ature were also
found to have considerabl-e effect on nisin action. However, there is
scarcity of information on these fasctors and needs to be explored further.
Among these factors, pH is considered as the most crucial because nisin
itself is acidic in nature and its stability and solubility is affected

under acidic, neutral and alkaling pH conditions.

4.3 FACTORS AFFECTING THE ACIIVITY OF NISIN IN BROTH

4.3.1 Effect of pH

The inhibitory acticon of nisin against lactic and nopn-lactic
cultures at optimom grewth temperatures was evaluated in broth under 3
different pH {(minimum, crtimum and maximum). The criteria for determining
the MIC were optical density for lactic and SPC for non-lactic., The MIC
range of nisin for Lactococcus and  Streptococcus;, Lactobacillus, and
Bacillus sp. were 2-325, 5-1530 and 15-225 RU/ml within pH range of 5.5-7.5,
5.0-7.0 and 6.5-7.5 respectively (Tables, 3-5). In general, the inhibitory
action of nisin decreased with the rise of pH.

4.3.1.1 Lactococcl and streptococed

The nisin tolerance of Lactococcus and Streptococcus sp.  at
respective optimum growth temperature, 30 and 37°C was studieq in Elliker's
broth adjusted to different pB 5.5, 6.5 {optimum} and 7.5 using HC1 or

NaCii. Nisin exhibits maximum inhibitory action under most acidic condition.
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Subsequent increase of pE upto 7.5 appears to have adverse effect on nisin
acticn. The MIC range c¢Z nisin for Lactococcus and Streptococcus sp. were
2-60, 5-200 and 12.5-325 RU/ml at pH 5.5, 6.5 and 7.5 respectively

{Table 3}.

The increase of p& from 5.5. to 6.5 decreased the vulnerability of
Lactococcus and Streptococcus sp. to inhkibitory action of nisin by approx.
2-17 folds. lowever, the increasein nisin tolerance among few strains of
lactococci namely L. lactis subsp., cremoris {CI) and L. lactis subsp.
lactis (ClO and NLBJ was comparatively high. Their MIC at pH 5.5 were- 2,
2.5 and 10 RU/ml whereas, at pB 6.5, the respective values were 35, 35
and 7% RU nisin/ml (Figs. 7a and 8a). Other strains of lactococci and
streptococei like, L. lactis subsp. diacetylactis (DRC_,L) + Str. salivarius
subsp. thermophilus (H and I) and L. lactis subsp. cremoris {Cs) were
comparetively less affected with the increase of pit from 5.5 to 6.5. Their
MIC were 2, 15, 25 and %0 RU/ml at pH 5.5 and 5., 75, 125 and 175 RU/ml at
pH 6.5 respectively {Figs. 7b and Ba.b}. _

The nisin tolerance of lactocccci and streptococci declined further
by 1-2 folds, when the pH of Elliker's brcth was raised by one unit between
6.5 to 7.5. The inhibiticn of L. lactis subsp. lactis {Clo and ME.S} &t pH
7.5 was cbserved at 12.5, 35, 75 and 150 RU nisin/ml respectively {Fig.
7a,b). However, cther strains of L. lactis subsp. cremcris (Cl and CB) and
Str. salivarivs subsp. thermophilus (H and I) were inhibited at 50, 300,
125 and 200 RU nisin/ml at pH 7.5 respectively (Fig. 8a:b). Nisin' produ‘cing
strains also behaved similerly and 1-3 felds increase in nisin tolerance
was obhserved within pH ramge of 5.5-7.5, The wIC range of nisin for
L. lactis subsp. lactis (496 and 440} were &600-800, 1600-2(}{}0 and 2000-2400

RU/ml at pH 5.5, 6.5 and 7.5 respectively {Fig. 9}.



Table 3. Effect of pH on inhibitory action of nisin against Lactococcus and Streptococcus strains at optmmn temperature
and different incculum levels

51. Cultures Inoculum MIC* (RU/ml) in broth at 24 h
No. levels -
{%) Different pPH
5.5 6.5 7.5
1. L. lactis subsp. lactis (€10 1 ) 2.5 35 75
2 3.5 50 100
2. L. lactis gubsp. lactis (MLg} 1 10 75 150
; 15 100 175
3. L. lactis gsubsp. diacetylactis (DRCy) 1 2.0 5.0 12.5
2z 2.5 10 15
4, L. lactis subsp. diacetylactis (DRCy} 1 3.0 25 35
2 5.0 27.5 50
5. L. lactis subsp. cremoris (Cy) 1 2.0 35 50
2 2.5 45 80
6. L. lactis subsp. cremoris (C3) 1 50 175 300
2 . 60 200 325
7. L. lactis subgp. lactis ' (440)>* 1 800 2000 2400
{nigin producer) 2 1000 2400 2600
8. L. lactis subsp. lactis . (4961 ** 1 600 1600 2000
{nigin producer) 2 800 2000 2400
9. &tr. salivarius soubsp. (8} 1 15 75 125
thermophilus 2 20 100 150
10. Str. salivarius subsp. (1) 1 25 125 200
thermophilus 2 40 150 225

* Arithmetic means of three determinations
% MIC at 18 h for nisin producer

g4



Fig 7 {a & b} : EFFECT GF pH ON INHIBI-
TORY ACTION COF NISIN IN BROTH AT OPTIMUM
TEMPERATURE AND 1 % INOCULUM

OPTICAL DENSITY

.80

0.70 — pH 5.5 (ML)
—— pM 55 (C10)

G.60 —%—  pM 6.0 (MI&)
=2 pH 5.8 (10

0.50 d (cro)
-~ pH 7S (MLE)
~o—  pit 7.6 (G106}

0.30

8.20

.10

0.00 +H-—— N T T T L S —r\xt\l“{

0 1D 20 30 40 50 g0 TO 8O0 B0 100 110 12D 130 140 150 160

NISIN CONCENTRATION {RU/m!)
{a} L. LACTIS SUBSP LACTIS

OPTICAL DENSITY

0.70 A —— pH 55 (DRCI}

t ~= oH 5.5 (DRCZ)

0.60 ¥~ i 8.6 (DRCT)

I ~&~ pH 8.5 {DRCZ)
.00 4

_\\ ~¥= pH 7.5 (PRCI)

0.40 4\ ——  pH 75 (DRC2)

1

0,20 -

e \

0.00 ¥ e : P ; ¢
0 5 i0 156 20 25 30 35

NISIN CONCENTRATION (RU/ml)
(b) L. LACTIS SUBSP DIACETYLACTIS

40



Fig 9. EFFECT OF pH ON INHIBITORY ACTION
OF NISIN IN BROTH AT OPTIMUM TEMPERATURE
AND 1 % INOCULUM
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The antimicreobial petential of nisin against Lactococcus and
Streptococcus sp. under different pH was adversely affected at sub-optimum
growth temperatures (Fig. 10). The MIC range of nisin for Lactococcus sp.
at pH 5.5 and 7.5 were (0.5~5 and 7.5-135 RU/ml at 25°C. On the cother hand,
the respective values a2t 37°C were 0.57.5% and 2.5-175 RU/ml at pH 5.5
.and 7.5. Similarly, the MIC ramge for Streptococcus sp. were 2.5-7.5 and
25-32.5 RU/ml at 3C°C whereas, the respective values at 45°C were 7.5-15
and 45-75 RU nisin/ml at pH 5.5 and 7.5. The lower values of MIC at sub- -
optimum temperatures in comparison to optimum temperature perhaps due to
their adverse effects on growth pattern of the Iactococcus and
Streptococcus sp. (for deteils refer to 4.3.2). .

4.3.1.1.1 Effect on growth pattern:

A considerable wvariaticn in growth behavicour of Lactococcus and.
Streptococcus gp. was tvecorded in control samples under different pH
conditions (Fig.ll). At pH 5.5, the oagrowth of cultures reduced
significantly in compariscn to optimum pH 6.5, However, the reduction
in growth of L. lactis subsp. lactis {Clo and MLB) at pH 5.5 was
comparatively higher than other strains of lactococci and streptococcei.
It mey be the possible explanation for their high nisin tolerance within
pH renge of 5.5-6.5. The drastic reduction in the growth of Lactococcus
and Streptococ;:us sp. in broth at pH 5.5 demonstrate the possibility of
some acid dameging effects on wicro-organisms and may be partially
responsible for such enhanced antimicrobial action of nisin under acidic
conditions.

At alkaline pH 7.5, the growth of lactococei and Streptecceci was
also affected to some extent, however, it was not as drastic as observed

at pH 5.5. It shows that in addition to the effects of pH on growth
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behaviour of the organisms, some other factors like solubility and
stability of nisin may be influenced by acidic, neutral and alkaline
pH of the medium.

As  reported earlier, nisin exhibits maximum stability under
acidic conditions and its activity is rapidly lost ﬁnc’:‘er alkaline pH
(Tramer, 1964; Lipins.ka, 1977 and Hurst, 1978). At opH 2.5, the
solubility of pisin is 12% and docreased to 4% at pH 5.0, Nisin is being
practically insoluble at neutral or alkaline pH as reported by Hall
{(1960).

Although specific information on effect of pH on inhibitory
action of nisin sgainst lactic cultures is not available, except a few
reports on food borne pathogen, Listeria monocytogenes. A 16 fold
increase in fisin tolerance of L. monocytogenes {4379) was observed by
Mohamed et al. {1984) within pH range of 5.5-7.4. In a similar study,
RBenkerroum and Sandine, (1988) further demonstrated the pronounced
inhibitory action of nisin ot pH 3.5, 4.0 and 4.5 in cowparison to pH
5.0, 6.5 and 7.0. ’

4.3.1.1.2 Mechanism of pH effect on inhibitory action of nisin:

The action of pH may effect either the growth pattern of the
erganisms or the solubility and stability of nisin. The enhanced
effectiveness of nisin under acidic ceonditions may as well be due to
scre acid dawaging effects on the growth of lactc}ccc;:i -and streptococci
or higher stability and solubility of nisin. However:; it is gifficult
to conclude thch of the two factors is significant. Earlier in 1981,
Scote and Taylor; Mchamed et al., 1984 and Benkerroum and Sandine, 1988
also attributed to the similar effects of low pH for enhanced

effectivencss of nisin.
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The neutral or alkaline pH appears to have considerable effects
on stability and sclubility of nisin, however, the actual mechanism is
yet to be known. In one report, Liu ard Hansen {1990} demonstrated that
inactivation of nisin at high pH may be because of Dehydrcalanine {Dha)
and Dehydrobutyrine (0Dhb)} which are susceptible to modification by
nucleophiles (hydroxyl groups or nuclecphilic R groups) that are present
at high pii. The polymerisaticn of nisin molecules may also occur with
the increase of pH as reported by Hall (1966). Howeveyr, the relationship
between the biological activity and the polymeric form of nisin has not
been estasblished vet.

4.3.1.2 Lactcbacilli

The inhibitory action of nisin against 8 strains of Lactobacillus
belenging Lo species, L. delbrueckii subsp, bulgaricus, L. acidophilus
and L. plantarum was carried out in MRS broth at optimum temperature
and wunder Jdifferent pR.5.0:6.0 {optimum) and 7.0. The MIC of nisin for
Lactobacillus sp. ranged from 545, 20-125 and 35-150 RU/ml at pH 5.0,
6.0 and 7.0 respectively (Table 4). The nisin sensitivity of
Lactobacillus sp. dropped by approx. 2-10 folds within pH range of 5.0~
7.0.

The increase of pd by one unit from 5.0 tc¢ 6.0 increased the
nisin tolerance of Lactobacillus strains. However, the increase was
comparatively higher in case of L. delbrueckii subsp. bﬁlgaricus strains
with 5-9 folds followed by 2-4 feolds in L. plantarwn and 1~ 3 folds in
L. acidophilus strains. At pH 5.C and 6.0, the MIC of nisin for L.
delbrueckii subsp. bulgaricus (RTS, 1373) strains were 5, 15 and 45,
75 RU/ml. Whereas, for L. acidophilus (R, 447} strains the respective

values were 10, 30 and 25, 50 Ru/mi (Fig. 12a/b). Lactobacillus



Table 4. FEffect of pH on inhibitory action of nisin against Lactobacillus strains at optimm temperature and different
anoculum levels

sl. Cultures Troculum MIC* (RU/ml} in broth at 24 h
No. levels -
{%) Different pH
5.0 6.0 7.0
1. L. delbrueckii subsp. bulgaricus (1373) 1 15 . 75 100
2 20 100 125
2. I. delbrueckii subsp. bulgaricus (RTS) i 5.0 45 50
2 10 60 75
3. L. delbrueckii subsp. bulgaricus (W) 1 7.5 35 50
2 10 50 75
4. L. acidophilus (447} 1 30 50 75
‘ 2 45 7% 100
5.. L. acidophilus (R} 1 190 25 45
2 15 45 - 60
6. L. acidophilus ) {1899) 1 15 35 50
2 20 50 75
7. L. plantarim (R) 1 30 100 125
2 45 125 150
8. &. plantarum ' (89) 1 5.0 20 35
' 2 10 25 50

* Arithmetic meang of three determinations



Fig 12(a & b) : EFFECT OF pH ON INHIBI-
TORY ACTION OF NISIN IN BROTH AT OPTIMUM
TEMPERATURE AND 1 % INOCULUM
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plantarum (89, R) differ widely in nisin tolerance at strain level and
their MIC were 5, 20 and 20, 100 RU nisin/ml at pH 5.0 and 6.0
respectively (Fig. 13). At newtral pH, the nigin tolerance of
Lactobacillus strains further increased by 1-2 folds and the MIC range
of nisin for L. delbrveckii subsp. bulgaricus, L. plantarum and

L. acidophilus straine were 50-100, 35-125 and 45-75 RU/ml respectively

{Figs. 12a,b and 13}.

The effect of pH on nisin tolerance of Lactobacillus strains at
sub —~ optimum temperatures was also studied. It was observed that
sub-optimum temperatures affect the growth behaviour of the Lactcbacillus
strains adversely and thevefore, relatively low MIC values were observed
at pH 5.0, or 7.0 as compared to MIC at optinmum temperature {Fig. 14a,b).
The MIC range of nisin for L. delbrueckii subsp. bulgaricus strains atl
pH 5.0 and temperatures 37 and 48°C were 2.5-12.5 and 2.5-10 RU/ml
whereas, the respective wvalues at pH 7.0 were 25-75 and 10-30 RU
nisin/ml. Similarly, the MIC range of L. acidophilus and L. plantarum
strains at 30 and 45°C were 2.5-25%; 2.5-10 RU/ml and 2.5-10, 2-15 Ri/ml
at pH 5.0. The respective values at pHB 7.0 were 10-75, 20-50 RuU/ml and
10-25, 10-100 RU/ml (Fig. 14a,b).

4.3.1.2.1 Effect on growth pattern

The metabolic aéﬁivities of ILactobacillus sp. in MRS broth were
maximum 2t pH 6.0. However, L. delbrueckii subsp. bulgaricus (1373}, .
L. acidophilus (447) and L. plantarum (R) strains showed comparatively
highér growth amcng 3 c¢roups of Lactobacilius sp. The superior growth
of these strains at optimum pH may be possible due to their higher nisin

tolerance amcng the respective group (Fig. 15a.bl.



Figis: EFFECT OF pH ON INBIBITORY ACTICN
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The increase or decrease over optimum pH £.0 by one unit impeded
the growth cf the organisms considerably. However, the effect was more
or less comparable at both pH. The inhibitory mwechanism of nisin against
Lactobacillus sp. appears to be similar as observed in lactocccel and
streptococci.
4.3.1.3 Bacilli

Six strains of bacilli belonging to species, B. ceéreus;

B. subtilis and B. stearothermophilus were evaluated for nisin tolerance
in broth ot neoutral pit j.eo. optimur and sub-optimum pll (6.5 or 7.5). The
nutrient broth tubes incculated with 1 and 2% cultures of B. cereus and
B. subtilis were incubated at their optimum growth temperatures 35 and
37°C.  However, B. stearcthermophilus strains wer;e incubated at
thermophilic crowth temperature 55°C for 24 h after inoculation in
peptone—vyeast-extract broth.

Nisin exhibited higher inhibitory action at pH 6.5 and
progressively decreased with the rise cf pH upte 7.5. The increase of
pti by 0.5 units from €.5 to 7.0 and 7.5 increased the nisin reguirement
from 15-75 to 45-175 and 60-225 RU/ml respectively for complete
inhibition of Bacillus sp. (Table 5)}. “The increase in nisin tolerance
among bacilli within pH range of 6.5-7.5 was higher in B. subtilis
strains {3-8 folds} followed by B. cereus (4-5 folds) and
B. stearcthermophilus (3 folds). ' |

Bacillus cereus (430, 10876) strains were found comparatively more
sensitive than B. subtilis and their MIC were 15-25, 45-75% and 60—:125
RU/ml at pH 6.5, 7.0 and 7.5 respectively {Fig. 16a). Under similar
conditions, B. subtilis (441, 9144) strains were inhibited with MIC range

of 35-50, 135-150 and 175 RU/ml each at pH 6.5, 7.0 and 7.5 respectively



Table 5. Effect of pH on inhibitory action of nisin against Bacillus strains at optimum btemperature and different

inoculum levels

5. Cultures Inoculum MIC* (RU/ml) in broth at 24 h
No. levelas = e e e e e e e
{%) Different pl
6.5 7.0 7.5
1. B. subtilis {9144) i 50 150 175
2 75 175 200
24 B. subtilis {441) 1 35 135 175
2 50 150 200
3. B. subtilis (6633} j 4 25 125 200
2 50 150 725
4, B. cereus . (10878) 1 25 75 125
2 50 100 is0
5, B. cereus ' (430) 1 15 45 60
2 20 60 75
6. B. stearothermophilus (953} 1 20 45 60
2 25 60 75

*  Arithmetic means of three determinations

-cg*



Figl6(m—c) : EFFECT OF pH ON INRIBITORY
ACTION OF NISIN IN BRUTH AT OPTINUN
TEMPERATURE AND 1 % INOCULUN
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(Fig. 16b). As reported earlier, B. stearothermophilus strains were the
most sensitive among Bacillus sp. However, their response was alse
similar under different pH conditions. The nisin tolerance of B.
stearothermophilus - (953) increased from 20 to 40 and 60 RU/ml with the
increase of pH from 6.5 to 7.0 and 7.5 (Fig. 16c).

The i'.nforrnation on the effect of pH on vegetative cells is meagre
with few reports on spores of bacilli ané clostridia. Complete inrhibition
of 31 strains of B. coagulans at 200 and 560 IU/ml in basamin broth at
pH 5.3 and 7.2 was observed by Campbell and Sniff {1959j. A decrease of
0.3 units to pH 5.7 enabled 500 1IU nisin/ml to inhibit the growth of
Bacillus spores (106/mlj incculum at 30°C, however, at pH 6.0 no nisin
concentration was effective (Oscroft et al., 1990).- |

The effectiveness of nisin further impr@ed when the optimum
temperatures was either decreased or increased to sub-optimum levels
vnder similar pH conditicns. The increase in pH by one unit from 6.5 to
7.5at 25°C increased the nisin tolerance of B. cereus from 5-15 to 40—
75 RU/ml. Whereas, at 45°C it increased from 2.5-10 to 20-50 RU/ml
respectively (Fig. 17a,b). Similarly, for B. subtilis strains at 30 and
45°C, the MIC increased frem 15-50 to 100-175 and 10-25 to 50-100 RU/ml
respectively with the increase of pH from 6.5 to 7.5. fThe inhibitory
action of nisin at 45T was considefably higher than 25 and 30°C within
6.5-7.5 pH range.. |

The nisin requirement for complete . inhibition of  _.
B. stearothermophilus (953) at 50°C increased from 5-10 to 35-50 RU/ml
with the increase of pH from 6.5 to 7.5. However, at 60°C the effect was

low and MIC varied from 2.55 to 10-15 RU/ml within pH 6.5-7.5.
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The increase cor decrease of optimum pH 7.0 by 0.5 units adversely
affects the growth behaviour of B. cereus, B. subtilis and
B. stearothernmophilus strains. The factors responsible for enhanced
antimicrobial action of nisin under acidic conditions appears to be
similar as cbserved by Scott and Taylor {1881} who demenstrated that some
factors like acid damaging effects on the spores of Cl. botulimm and
higher stability of nisin were responsible for enhanced effectiveness
of nisin under acidic conditiens,

This informaticen on effect of pH on nisin action can be of great
significance in low and high acid foods where the spoilage like sweet
curdling, bitterness or flat scur are comenly caused by aerobic and
anaerobic spore formers.

4.3.2 Effect 6f Incubation Temperature

The nisin telerance of lactic and non-lactic cultures was
evaluated in broth at optimal and sub-optimal growth temperatures. An
18«20 h o0id culture pre-grown at optimum temperture, centrifuged and
washed with saline was incculated in  broth containing different
concentrations of nisin, at 1 and 2 % levels. The MIC were determined
at 24 h of incubation con the basis of c¢ptical density for lacticg and
SPC/ml for non-lactics. In general, the efficacy of nisin against lactic
and non—llactic cultures increased with the decrease. or increase of
optimum growth temperature.

4.3.2.1 Lactococei and streptococci

Any increase or decrease of optimum growth temperature decreased
the nisin tclerance of lactecoccl and streptocecei by approx. 2-12 folds.
The complete inhibition of Lactococcus sp. was observed at MIC range of

2-65, 5-200 and 2-100 RU/ml at 25, 30 ({optimum) and 37°C whereas,
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Streptococcus sp. were iphibited at MIC values of 10-15, 75-150 and 20-
50 RU/ml at 30, 37 (optimum) and 45°C as presented in Table 6.

At sub-optimumr tenpertures of 25 or 37°C, the decrease in nisin
tolerance among L. lactis subsp. lactis (nisin and non-nisin producing
strains), L. lactis subsp. dlacetylactis was comparatively more at 37°C.
Lactococcus lactis subsp. lactis {I\!La) was inhibited at 40, 100 and 45
Riy/ml at 25, 30 and 37°C (FPig. 18a) whereas, L. lactis subsp. lactis
(C_.LO) was _inhibited at 30, 50 and 15 RU/ml respectively under similar
conditions. Likewise, the MIC values for L. lactis subsp. diacetylactis
{DRCZ} were 7.5, 2-7‘.5 and 2.5 RU/ml at 25, 30 and 37°C respectively {Fig.
l8b}.

Nisin producing strains of L. lactis subsp. lactis albeit
responded similarly, however, the inhibition was observed only at ve;r‘y
high concentrations of nisin as explained earlier. The MIC valt;es for
E. loctis subsp. lectis (440) were 1200, 2400 and 800 RU/ml at 25, 30
and 37°C respectively (Fig. 18c).

The rosponse of few strains among( Lactocoecus and Streptococcus
sp. like L. lactis subsp. cremoris (03) and Str. salivarius subsp.
thermophilus (B, I) was relatively different at sub-optimum témperatures
and exhibited lower nisin tolerance at 25 or 30°C instead of 37 or 45°C.
The nisin tolerance of L. lactis subsp. cremo;is (C3) at optimum
temperature 30°C was 200 RU/ml whereas, at sub-optimum temperatures of
25 and 37°C was 65 and 100 RU/ml (Fig. 192). Similarly, for Str.
salivariuvs subsp. thermophilus (I) the inhibition at 37°C was observed
at  1%0 RWWnd whereas, at 30 and 45%°C, the inhkibition occurred at
comparatively low nisin concentration of 15 and 50 Ri/ml {Fig. 1%b}.

Teply {1962} cbserved an enhanced effect of nisin action against nisin



Table 6. Effect of temperature on inhibitory action of nisin against Lactococcus and Streptococcus strains at  opbimum
pH and different incculum levels

81. Cultures © Inoculum MIC* (RO/ml) in broth at 24 h
No. levels - -
{%) Different temperature
25/30°c** 30/37°C** 37/45°C**
1. I@.. lactis subsp. lactis (C1q) 1 25 35 10
P 30 50 15
2. L. lactis subsp. lactis (MLg) 1 35 75 25
2 40 108 45
3. L. lactis subsp. diacetylactis (DRCp) 1 2.0 5.0 2.0
| 2 5.0 10 2.5
4, L. lactis subsp. diacetylactis (DRCyp) 1 5.0 25 2.0
2 7.5 27.5 2.5
5. L. lactis subsp. cremoris {cy) 1 12.5 35 5.0
2 20 45 6.0
6. L. lactis subsp., cremoris ' (C3) 1 50 175 75
2 65 200 100
7. L. lactis subsp. laclis {440 p*=xx 1 800 2000 600
(nisin producer} 2 1200 2400 800
8. L. lactis subsp. lactis {A96 )y xxx 1 600 1600 400
{nigin producer} 2 800 2000 600
9. Str. salivarius subsp. {H) i 10 75 20
thermophilus : 2 12.5 100 22.5
10. Str. salivarius subsp {1} 1 10 125 ‘ 35
thermophilus : 2 15 150 50

* Arithmetic means of three determinations
** Lactococcus/Streptococcus
*#a2x MIC at 18 h for nisin producer

-ecg "
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producing  strain of Streptococcus lactis, when the femperature of
incubation was increased frem 30 to 55°C. In a similar study, Mohamed
et al. {1984} further cveported 8 folds increase in inhibitory action
of nisin against Listeria wmonocytogenes (4379) with the increase of
temperature from 22 to 37°C and the respective MIC values were 256 and
32 iy fml,

4.3,2.1.3 Effect on growih pattern:

The growth of lactococcus and Streptococcus sp. in control samples
was remarkably high at coptimum growth temperatures;3C and 37°C. However,
a pronounced adverse effect on growth pattern was cbserved with either,
the decrease or increase of optimu temperature (Fig. 20). Aong
lactococci, the adverse effect of sub-optimum temperatures 25 - or 37°C,
with the excepticn of L. lactis subsp. cremoris '{C3) was prominent at
37°C.. Bowever; in streptococei, the iphibition was relsatively more at
30°C than 45°C.

The higher synthesis of unsaturated fatty acid (UFA) at
sub-cptimm temperature was observed by Rose (1968) and this may cause
different sensitivities ameng micro-crganisms when treated with
bacteriocidal substances {(Dajani et al.. 1970}. However, the mechanism
is5 not understood. The correlation between the nisin tolerance and the
growth pattern of lactococci and streptococci i.e. higher is the growth,
more will be the nisin tolerance and wvicewversa sounés valid -to some
extent, however, may not be sufficient per se for complete and -explicit
delineaticn of the fact.

The higher nisin tolerance of Lactococcus and Streptoroccus Sp.
at optimum growth temperature albeit, difficwlt fo explain, It may be

possibrle that after initial bacteriostatic action of nisin on lactococcal
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and streptoceccal cells which occurs maximally in log phase along with few
cells in lag or stationary phase, end enter lag phase again {Jarvis, 1967).
Henceforth, the incubation of these lag phase cells wunder dJdifferent

temperatures, higher c¢ell counts will be expected at optimum growth
temperature and hence, the reguirement of nisin for complete iphibition
of large incculum at optimimm temperature within 24 h will be more in
comparison to sub-optimum temperatures.

4.3.2.2 lactobacilli

The behaviour of 8 strains of lactobacilli belonging to species
L. delbrueckii subsp. bulgaricus, L. acidophilus and L. plantarum was
evajluated in MRS broth incculated at 1 and 2% levels under different
concentrations and temperstures. The optimum and sub-optimum temperatures
used for L. delbrueckii subsp. bulgaricus were 42 and 37 or 48°C whereas,
for L. acidophilus and L. plantarum were 37 and 30 or 45°C respectively.
The response of Lactobacillus sp. showing maximum nisin tolerance at
optimup temperature was comparable as ¢bserved earlier in lactococei and
streptococcd.

The MIC range of nisin for L. delbrueckii subsp. bulgaricus strains
at optimum 42°C and sub-optimum temperatures 37 and 48°C were 35;-100, 15-
60 and 5-20 RU/ml respectively. Whersas, for L. acidophilus strains the
respective figures were 2575, 10-50 and 10‘-‘-30 RU/ml at 37, 30 and 45°C
{Table 7). Lactobacillus plantarmm strains were the most resistant 'and
sensitive among 8 strasins of lactobacilli and their inhibition was cbserved
at 20-100, 10~50 and 5-75 RU nisin/ml at 37 (optimum}, 30 and 45°C
respectively.

Any increase or decrease of optimum growth temperature in genersl,

enhanced the inhibitory action of nisin against Lactobacillus sp. The



‘fable 7.

Effect of temperature on inhibitory action of nisin against Lactobacillns straing at optimum pH and different

inoculum levels

sl. Cultures Inoculum MIC* (RUO/ml) in broth at 24 h
No. levels - - _—
(%) Different temperatures
3073700~ 37/742°0%= 45/48°0**
1. E. acidophilus (447} 1 % 50 10
2 50 75 20
2. L. acidophilus (R) 1 10 25 15
2 15 45 30
3. L. acidpophilus (1893 1 25 35 10
2 40 20 20
4. L. plantarum (R} 1 25 100 50
2 50 125 7
5. L. plantarum {8%) 1 - 10 20 5
2 15 25 1p
6. L. delbrueckii subsp. bulgaricus (1373) 1 50 75 15
_ 2 60 100 20
7e L. delbrueckii subsp. Bdgaricus (RTS) 1 30 45 10
2 40 60 20
8. I. delbrueckii subsp. bulgaricus (W) 1 15 25 5
2 30 50 10
* Arithmetic means of three determinations
** L. delbrueckii subsp. bulgaricus strains : 37/42/48°C

‘69"
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decrease in nisin tolerance of L. delbrueckii subsp. bulgaricus strains
at sub-optimum growth temperature 37 or 48°C, was relatively higher at
48°C. The inhibition of I. delbrueckii subsp. bulgaricus {(RTS . 1373}
strains was observed at 60, 100; 40, 60 and 20 RU/ml each at 42, 37 and
48°C respectively (Fig. 2la,b). Similar response was obtained ameng
L. acidophilus and L. plantarum strains at sub-optimum temperatures with
the exception o©f L. acidophilus (R) and L. plantarum (R) where the
inhibitory action of nisin was relatively higher at 30°C than 45°C. The
requirenent of nisin for complete inhibition of L. aciéophilus {189%, 4473
straing were 50, 75; 40, 50 and 20 RU/ml each at 37, 30 and 45°C
respectively (Fig. 22a,b). whereas, L. plantarum (82, R) strains were
inhibited at 25, 125; 15, 50 and 10, 75 RU[ml at 37, 30 and 45°C
respectively (Fig. 23a, bj). |
Like lactccocci: ang strepteococei; the 'impertance of effect of
temperature on inhibitory acticn of nisin against Lactobacillus sp. was
overlocked in the past. Heowever, in an exclusive report, Lipinska {19%7)
demonstrated that the nisin tolerance of L. acidophilus strain which was
initially resistant to 200 IU nisin/ml at optimum growth temperature,
dropped by 10 folds with the increase of temperature to 55°C.

4.3.2.2.1 Effect of growth pattern:

In woverall, the growth of Lactobacillus sp.; especially
L. delbrueckii subsp. bulgaricus ({1373), L. acidophilus (R) and ..
L. plantarum (R) was stupendous at coptimum growth temperature {F-'ig. 24a,b},
The increase or decrease of optimum growth temperature adversely affected
the growth pattern of lLactobacillus strains. The effect was more pronounced
with the increase of optimum termperature with the exception of .

L. acidophilus (R} and L. plantarum {R}.
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The variation in growth behaviour and nisin tolerance observed in
Lactobacillus sp. follcwed the same patéern as observed In lactococei and
streptocecei and therefore, the possible reasons for differential nisin
sensitivity at optimum and sub~optimum temperatures could be explained on
similar lines as discussed earlier.
4.3.2.3 Bacilli

Six strains of bacilli belonging to species, B. cereus, B. subtilis
in nutrient broth _and B. stearcthermophilus in peptone-yeast—extract broth
were evaluvated for their nisin tolerance at 1 and 2% inoculum and different
temperatures. The optimum terperature used for B. cereus, B. subtilis arnd
B. stearothermophilus strains were 35, 37 and 55°C, while sub-optimum
tenperatures were 25, 45; 3C, 45 and 50, 80°C respectively.

As reported earlier, B. subtilis strains were the most nisin
resistant among Bacillus sp. followed by  B. cereus and .
B.' stearcthermophilus. The nisin tolerance of Bacillus sp. was maximum at
optimim growth temperature, however, the adverse -effects cbserved at sub-
optinum temperatures were similar to lactic cultures. The MIC of nisin for
© B, subtilis strains were 125-175, 50-100 and 25-60 RU/ml at 37, 30 and 45°C
respectively whereas, for B. cereus strains the respective figures wete
45-100, 15-50 and 10--25 PU/ml at 35, 25 and 45°C {Table 8). The efficacy
of nisin against Barillus sp. in general, increased with either increase
cr decrease of optimum growth temperature. The decrease of optimum
temperature 37%C of B. subtilis (441, 9144) strains to 30°C decreased the
nisin telerance from 150 and 175 Ru/ml to 73 and 100 RU/mi. Howsver; the
effect was comparastively more when the temperature was increased to 45°C
and the inhibition was observed at 50 RU/ml each {Fig. 25a.b). Similarly.,
the inhibition of B. cereus (10876), strain was observed at 50, 100 and

25 RU/ml at 25, 35 and 45°C respectiively (Fig. 26a). Bacillus



Table 8. Effect of temperature on inhibitory action of nisin against Bacillus strains at optimum pi and different
inoculum levels

sl. Cultures Inoculum MIC* {(RU/ml) in broth at 24 h
No. - levels et o e
(%) _ Different temperatures
25/30/50°C* 35/37/55°C** 45745/60°C**
1. B. cereus (10876) 1 25 75 15
2 50 100 25
2. B. cgreus (430} 1 is 45 10
2 25 60- 15
3. B. subtilis (9144) 1 75 150 35
2 10G 175 50
4. B. subtilis (441) 1 50 135 25
. 2 75 150 50
5. B. subtilis {6633} 1 60 125 40
. 2 80 150 60
6. B. stearothermophilus {953) 1 25 435 10
2 35 60 15

*  Arithmetic means of three determinations
**x B. cereus/B. subtilis/B. stearothermophilus
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stearothermophilus (953} strain alsc followed a similar trend and was
inkibited at nisin concentration of 35, 60 and 15 RU/mi at 50, 55 and 60°C
respectively (Fig. 26b).

Campbell and Sniff (1959) studied the effect of different
temperatures 35, 45 and 55°C on 31 strains of B. coagulans and reported
that the inhibition was chserved at 14 Pg/ml after 7 days of incubation,
irrespective of different temperatures. In another study, Oscreft et al.
{1980) reported thet the efficecy of nisin was adversely affected at or
near optimon growth temperature. The germination and oukgrowth of Bacillus
spores at 12°C was severely restricted in comparison to 20 or 30°C.

The salient findings on nisin tolerance of lactic and nen-lactic
culture at their optimur and sub-optimum growth temperatures can be of
great value  for controlling the arowth of these micre-organisms 'in
fermented and non~fermented milk and milk products:

4.3.3 Effect of Inoculum

The behaviour of lactic and non~lactic cultures in broth containing
different concentrations of nisin was evalusted under optimum growth
conditions and two Jdifferent inocula i.e, I and 2% levels. The efficacy
of nisin was adversely affected with the increase of incculum and 1-2 folds
increase in nisin tolerance was cbserved among the strains studied. Similar
varistion in nisin tolerance was also observed when broth adjusted to
different pH and incculated with cultures at 1 and 2% levels was incubated
at .sub-optirum temperatures as reported earlier {(Tables 3-8). The nisin
tolerance of 26 strains of lactic and non-lactic cultures was found to
increase from 0.5-2000 to 2.0-2400 RU/ml with the increase of 1 to 2%

inoculum {Table S).



Figog(a & b) 1 EFFECT OF TEMPERATURE ON
INHIBITORY ACTION OF NISIN IN BROTH AT

OPTIMUX pH AND 2 % INOCULUM

o LOG COUNTS/m!

—— 85 T {10878)
—t— 35 C (10879)
—H- 48 0 (10878)

I ¥ 1] H [}

1 $ i

30 40 50 60 Y0 80 60 100 110
NISIN CONCENTRATION (RU/m!)
(a) B. CEREUS
o LOGC COUNTS/m)
g - - 80 T {053
s ~- 65 T (965}
~¥- 80 v (555}
] T ¥ 1 t b ] T ] ]
20 25 B30 35 40 456 B0 B5 B0 65

NISIN CONCENTRATION {RU/ i)
{b) B. STEAROTHERMOPHILUS



fable 9. Bffect of inoculum on inhibitory actien of nisin against lactic and son-lactic cultures in BROTH 2t optimex pH, Lewperature and 24 h of incuhabion

81, Cuitures HIC _ Colfures Hict Cultures e
No. [RB/0]) ~ {R0/sl] {RB/a]}
tn B e e on
LACTOCOCCON and BATPORACILLES 5. BACILLTS sp,
STREPTOCOCCIS 1p,
b, L. dactis subsp, Jactis Wb B 5 L. delbrueckii sebep. bulgariczs {1373} 73 100 8. anbilis (3L44d 150 11
% L. Jactis sobep, lactis Ihgh 75 100 L. delbreeckif subsp. bulgaricus [RTS) ¥ 5 B swblilis 441} 139 19
3. L. lactis subsp. diacetylactis {DRC}) 5 10 L. delbrueckii subsp, bulgaricus (¥} 5 5% B, sebtilis (66331 125 14
I. I. Jactis subsp. diacelyfactis (DRC;} 23 115 L. acidophifus {4 5 15 8. cereus (L4876} %1
5. b. lactis subep. cremoris {1 38 1] . acidophilus [189%} AL B. vereus (130 540
6, L. lactiz subsp. cresaris tey) 115 B b. acidophijus (Rb 2% 45 8. steavotherwoghilug (933 5o
7. L. Jactis sobsp, lactis {456} 1600t 2066%t L, plantaruw ' (R} 100 125 5. steavotheraophiles 38) Ld 1S
{nisin prodacer) . )
8, . lachis eubep. lactis {440} 2000t 2400t L, plantaruw {89) W 25 B, stearothermophilus {171 0.5 1.4
{nizin prodacer)
Y. Str. salivarivg subsp. | {n} %5 16
thetwophileg
10, Str. salivariug suhap, - i 15 1%
thermophilus

t Aritheetfic neang of three detersinations
4 wi¢ at 18 b of incubation
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4.3.3.1 Lactococci and streptococci

The nisin tolerance of B8 strains of lactococci belonging to
species, L. lactis subsp, lactis (Nisin and non-nisin producers}, L. lactis
subsp, diacetylactis and L. lactis subsp. cremoris, increased from 5-2000
te 10-2400 RU/ml with the increase of inoculum from 1 to 2% levels., The
adverse effect of higher incculum on nisin efficacy was comparatively more
against least resistant strain of lactococei i.e. L. lactis subsp.
diacetylactis (DRCJ_) and the inhibiticn at 1 and 2% inoculum was cbserved
at 5 and 10 RU/rfrl respectively. Among other lactococci strains, the effect
cf higher inoculum was comparasble to non-nisin preoducing strains of
L. lactis subsp. lactis {CIO' MLB) and inhibition was cobserved at 35, 75
and 50, 100 RU/ml at 1 and 2% respectively {Tc-_able 9). iLikewise, the MIC
values for L. lactis subsp. ézexmris {Cl' C3) at 1 and 2% incculum were
35, 175 and 45, 200 RU/ml respectively.

The nisin producing strains of L. lactis subsp. lactis {496, 440}
which were capable of tolerating very high doses of nisin, also. depicted
the rcome hehaviour at higher inoculum. Their inhibition was observed at
1600, 2000 and 2000, 2400 RU/ml at 1 and 2% inoculum respectively,

The adverse effect on nisin efficacy at higher inoculum was also
observed among streptoceci and nisin tolerance of Str. salivarivs subsp.
thermophilu=s (H and I) increased from 75 and 125 to 100 and 150 RU/ml with
the increase of 1 and 2% inoculum respectively.

4.3.3.2 lactobacilli

Increasing inoculum from 1 to 2% involved an additional nisin
requirement from Z5-80% among 8 strains of L. delbrueckii subsp.

bulgaricus, L. acidophilus and L. plantarm. The response of L. delbrueckii



subsp. bulgaricus strains towards nisin st higher inoculum was comparsble
and their MIC velues increased from 35-75 to 50-100 RU/ml with the
increase of 1 to 2% inoculum (Table 9). The adverse effect of inoculum
on nisin among ILactobacillus sp. was maximum in L. acidophilus (R). The
MIC values for L. acidophilus strains at 1 and 2% levele ranged from 25~
50 and 45-75 RU/ml respectively. The effect of increase of incculum on
nisin tolerance among most sensitive and resistent strains of
L. plantarum (83, R} was found similar. Their inhibition at 1 and 2%
incculum was observed at 20, 100 and 25, 125 RU/ml respectively
depicting 25% increase in their nisin tclerance.

In similar studies, lactic cultures, like Streptococcus lactis
{8IR) and Lactcobacillus bulgaricus (LB~4) in- skim milk were found to
offer comparatively higher resistance (Mukundanm, 1989). He reported this
based on increase of inoculum from 1 to 2% at nisin concentratins ranging
from 100-500 RU/ml after 24 h of incubaticn. The adverse effect of higher
ineoculum on efficacy of nisin against Levconostoc oenos was also chserved
by Splittstoesser and Stoyla (1989} in Model grape Jjuice system
containing 100 IU nisin/ml. Url, {1990} reported that under two cifferent
inocula l.OxlOB and 5.0:(107 c.f.u./ml, the inhibition of Listeria sp.
was observed at 200 and 1000 R, nisin/ml respectively, -depicting 5 folds
variation in nisin tolerance.
4.3.3.3 Bacilli

The effect of inoculum on vegetative cells of 8 bacilli strains
belonging to species;, B. subtilis, B. cereus and B. stearothermcphilus
was studied in broth at 24 h of incubation and their nisin tolerance was
found increased from 0.5-150 to 2.0-175 RU/ml with the increase from 1

to 2% inoculur ({Table 9}. The response of higher nisin tolerance as
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offered by bacilli et  higher incculum was maximum in .
B. stearothermophilus follewed by B. cereus and B. subtilis strains. The
nisin tolerance of B. subtilis strains at two different inccula ranged
from 125-150 and 150-175 RU/ml respectively whereas, for B. cereus
strains, the respective figures were 45-75 and 60-100C RU/ml. Among

B. stearothermcphilus strains, 1-4 folds increase in nisin tolerance was
cbserved with the increase of inocviuw and their MIC values ranged from
0.5-45 to 2.C-60 RU/ml at 1 and 2% inoculum respectively.

The infermaticn cn inoculum effect against vegetative cells of
aerobie spors formers, however, is scanty with the excepticon of few
reports on spores of bacilli and clostridia. The spore load as cbserved
by Powler (1979) was cne of the key determining factors in controlling
the amount cn nisin necessary to prevent outgrowth in foods. Thé
efiectiveness of nisim in preventing spore outgrowth was found to
decrease with the increase of spore load as reported by Rayman et al.
(1981}, Scott and Taylor {1981) and Oscroft et al. {13890).

4.3.4 Effect of Incubation Period in Skim Milk

The nisin sensitivity of lactic and non-lactic cultures 2t 1%
inocculum was  evaluated in skim milk incubated at optimuh growth
temperature for different incubation periods i.e. 12, 24 and 48 h. The
MIC were determined on the basis of titrable acidity for lactic and SPC
for non-lactic as encleosed in Appendix {Taebles xi -xx}. A econtinuocus
increase in nisin tolerance of 26 strains of iactpcoccus, Streptococcus,
Lactobacilins and Bacillus sp. was oﬁserved with the increase of
incubation from 12 to 24 and 48 h,

4.3.4.1 Lactococei and streptococei

Among B strains of lactococci and streptococci, 1-4 folds decrease

in nisin activity was cbserved with the increase of incubation from 12
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12 to 48 h. However, the effect was pronounced against L. lactis subsp.
cremoris and E. lactis subsp. diacetylactis strains (Table 10). The MIC
valvues of nisin for L. lactis subsp. cremoris (Cl, 03) were 50, 75; 100,
225 and 150, 300 RU/ml at 12, 24 and 48 h respectiveiy. Whereas, for

L. lactis subsp. diacetylactis (DRCl; DRC2} strains, bthe respective
figures were 10, 15: 25, 35 and 35:, 50 RU/wl. The non-pisin producing
strains of L. lactis subsp. lactis (Clo,. MIB} aléo behaved similarly and
their nisin tolerance 50, 150 at 12 h increased to 75, 17% ang 100, 200
RU/ml with the increzse of incubation to 24 and 48 h respectively.

On the other hand, nisin producing strains of L. lactis subsp.
lactis (4%6, 440) were inhibited at 1200.-'160[)’ and 2000 RU/ml at 12 and
18 h respectively. Subseguent increase in _iﬂcubaticn resulted - in
tremend_‘ous growth of these cultures and could be inhibited only at
13,500, 14,20( BRU/ml at 24 h of incubation respectively (Appendix Table,
riwl. |

Arong streptecceei, 2 folds increase in nisin tolerance of Str.
salivarius subsp. thermophilus (H, I) strains was observed with the
increase of incubaticn periods and their MIC values were 75,100: 100,150
and 150, 200 RU/ml at 12, 24 and 48 h respectively (Table 10},

4.3.4.2 Iactobacilli

The loss of nisin activity among 8 stfains of lactobacilli was -
2-4 folds with the increase of incubaticon from 12 to 48 h. However, the
adverse effect on nisin efficacy at higher incubation was comparatively
more agaimst L. delbrueckii subssp. bulgaricus (RTS), L. acidophilus
{1899) and L. plantarum (R} strains (Table 11). The MIC range of nisin

for L. delbrueckii subsp, bulgaricus strains were 25-50, 350-100 and 75~



Table 10. Effect of incubation period on inhibitory action of nisin against Lactococcus and
Streptococcous strains in SKIM MILK at optimum pH, temperature and 1% incculum

sl. Cultures MIC* (RU/ml}
" | R Different incubation periods (h)
12 24 48
1. L. lactis subsp. lactis (Cyo) 30 75 100
2. L. lactis subsp. lactis (MLg ) 150 175 200
3. L. lactis subsp. diacetylactis (DRC;) 10 25 15
4. L. lactis subsp. diacetylactis (DRC3) 15 35 50
5. L. lactis subsp. cremoris {(C1y 50 100 150
6. L. lactis subsp. cremoris (cy) 75 225 300
7. &tr. salivarius subsp. (H) 75 100 150
thermophilus : ;
8. Str. salivarius subap. (1) 100 ' 150 200
thermophilus

* Arithmetic means of three determinations

%"



Table 1l1. Effect of incubation period on inhibitory action of nisin against Lactobacillus strains
in SKIM MILK at optimum pH, temperature and 1% inoculum

Sl. Cultures MIC* {(RU/ml)
e T Different incubation periods (k)
12 24 48
1. L. delbrueckii subsp. bulgaricus (W) 25 50 " 75
2. L, delbrueckii aubsp. bulgaricus (1373) 50 100 150
3. L. delbrueckii aubsp. bulgaricus -(RTS} 25 75 100
4, L. acidophilus (447 50 : 75 125
5. L. acidophilus (1899 25 50 100
6. L. acidaphilus (R} .25 50 75
7. L. plantarum ’ {R) 50 150 200
8, L. plantarum (89) 25 50 75

*  Arithnetic meanz of three determinations

QoT”
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150 ru/ml at 12, 24 and 48 h respectively whereas, for L. acicophilus
strains, the respective figures were 25-50; 50-75 and 75-125 RD nisin/ml.

The response of other Lactcbacillus sp. like L. plantartm (89,
R) was also similar and their nisin tolerance at 12, 24 snd 48 h was 25,
50; 150 and 75, 200 RU/ml respectively.

The present findings were supported by Shahani (1962), who studied

the effect of 10 units- of nisin against Streptococcus lactis,
L. bulgaricus and Str. thermophilus strains in skim milk and reporied
that cell counts of the organisms decreased continuously for the first
6 h of incubation but thereafter, the surviving organisms multiplied
normally and proximated the counts of the control samples at the end of
24 to 36 h.

In a similar study, HMukunden (1989} studied the effect of
different incubation pericds of 6, 9, 12, 24 and A8 h on nisin tolerance
of 8. lactis {SIR), 8. cremoris (SCl, CH9, 1P-40), L. bulgaricus {LB-4)
and L. casei in skim milk containing 100-500. RU nisin/ml. The nisin

tolerance of lactic cultures increased continuously with the increase

of incubation pericds.
4.3.4.3 Bacilli

The response of 8 strains of Bacillus belopging te B. subtilis,
B. cereus &nd B. stearothermophilus species in skim milk at different
incubation periods was comparable to lactic cultures. Increase upto 3
folds in their nisin tolerance against B. subtilis (9144) and
B. stearcthermophilus (953) was obgerved with the increase of incubation
from 12 to 4B h {Table 12}. The nisin tolerance of B, subtilis strains
from 75-100 at 12 h; increased to 150-175 and 175-225 RU/ml at 24 angd

48 h respectively. Similarly, for E. cereus {430, 10876) strains, the



Table 12. Effect of incubation period on inhibitory action of nisin against Baci/lusg strains in
SKIM MILE at optimum pH, temperature and 1% inoculum

51. Cultures ' MIC* (RU/ml)
NO! ks

e AR v e M T R AR n A e W dEr A A e TR B kv A M M e il A AR N Sm e s e e R

Different incubation periods (h?

12 24 48
1. B. subtilis (6633) 100 | 150 200
2 B, subtilis {9144) 79 175 225
3. B. subtilis - {441) . 100 150 175
4. B. cereus {10876 75 100 150
5, B, cereus (430) - ’ . 50 75 180
6. B. stearothermophilus  (953) 25 50 75
7. B. stea;othermqphilus {(37) | 1.¢ 1.8 2.5
8. B. gtearothermophilus (38) 2.5 2.5 5.0

* Arithmetlic means of three determinations

Ash
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nisin telerance 50, 75 at 12 h, increased to 75, 100 and 100, 150 RU/ml
ot 24 and 48 I respectively. Bacillug stearothermcphilus strains also
required more ccncentraticn of nisin with the increase of incubation
pericds and their MIC wvalues varied from 1.0-25, 1.0-50 and 2.5-75 RU/ml
at 12, 24 and-48 h respectively.

In the present study, the growth of 26 strains of lactic and non-
lactic cultures was found increase with the increase of incubation
periods as evident from titrable acigdity and standard plate counts
enclosed in Appendix Table xi-xx,

The loss of nisin activity at higher incubation periods was
difficvlt to explain, whether it was a chemical inactivation or because
of additional growth of the micro-organisns. .However, based on the
present findings, it is likely that efter initial bacteriostatic action
of nisin against growing micro-organisms, the residual nisin in milk
appears to be insufficient for complete inhibition. Asa..result, higher
nisin concentration would be reguired as the incubation period is
extended.

The comparative higher loss of nisin activity observed amwong
Lactobacilins plantarum (R} and B. subtilis (9144) perhaps be due to

inactivating enzymes produced by these strains as reported earlier.
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Most published work on bacteriocinse of lactic acid bacteria
especially nisin related to mode of action is confined to biochemical
_ investigations. However, very' litle efforts were made to study at the
Electron Microscope level which is an indispensible tool for fine
structural morphology.

In the present study, attempts were made to ascertain the mode of
nisin action against most sensitive and resistant strains of Lactococcus,
Lactobacillus and Bacillus sp. through SEM. .Nis:'m was found to execute
its bactericcidal ection only at very high doses ranging from )-10,000
times of minimal inhibitory concentration and brought about extensive
surface damages in and around bacterial cells as clearly revealed by SEM.
At. MIC doses; however, only nominal changes like,l clumping or aggregatior_l

of cell was observed under both light as well as scanning microscope .
4.4. SCANNING ELECTRON MICROSCOPY OF LACTIC CULTURES

4.4.1 Lactococci

4.4.1.1 L. lactis subsp. diacetylac_:tis ([ﬂ'\‘cl)

The most sensit_:ive strain among lactococel was L. lactis subsp.
diacetylactis (DRCI}. The untreated cells were maximally in pairs or small
chains (Plate I Fig.l). When éxposed to nisin at MIC dose of 5 RU/ml,
cells tend to aggregate at few po:tnts result:mg in development of big
clunps. This response of the cells further, intensified with the increase
of nisin concentraticn to 500 times of MIC. However, fusion of proximal
cells conld be seen quite frequently within a lump (Figs. 2 and 3).

Whereas, complete disintegraticn of cells was cbserved at one



Plate I
(Figs. 1-4)

Scamning Electrcn Micrographs of normal and
NISIN treated cells of Lactococcus lactis
subsp. diacetylactis (DRCl)

Fig.1l

Fig.2

Fig.3

Fig.4

Control {Untreated) sample showing intact cocci

%
in pair and small chains .

Nisin kreated at MIC {5 RU) cells depicting
clumping or aggregation; forming a compact mass.

MIC { x 500) treated showing aggregation and
fusion of cells {sclid arrows) at several places.

MIC (x 1000) treated shewing corplete
disruption of cells into scattered remnants.

* 25 kv operating voltage
60* 2NM = 60 x 102 NM correspending to the length of the
bar above it (8etailed chart is printed in Table XXI).
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thousands times of ®IC coicentration as evident in Fig. 4. Cellular
fragments follewing disintegration could alsobe freguently seen.

4.4.1.2 L. lactis subsp. diacetylactis (DRC,)

Untreated c¢ells of L. lactis subsp. diacetylactis (DRCZ) Were
maximally found in long chains censisting of arcund 15-20 cells ({Plate
11, Fig.l). This strain forms still lenger chains as examined under light
microscope.

At MIC of nisin with 25 RU/ml, hormally aggregation or clumping
of cells was observed (Fig. 2). However, the effect was not as intense
as observed earlier in L. lactis subsp. diacetylactis (Dﬂcl}. The
increase in nisin concentraticn te cne thousancs times MIC brought about
stretching of cells resulting in lengthening of chain length as could
be seen in Fig. 3. In addition, complete dissolution of cytoplasmic
contents was also obéerved (Fig. 4}. The bacteriocidal action of nisin
war inbtonsiflicd considerably at two thousands times MIC depicting star
and V-shsped structures, lump formation, protoplast-like structures and
appearance of fragments of cellular compenents (Figs. 5-7). Complete
disintegration of cells sand its subsequent fusion could be meen at very
high nisin concentration of five thousand times MIC (Fig. 8). '
4.4.1.3 L. lactis subsp. lactis (C,.)

The untreated cells of non-nisin producing st-\:ain of L. lactis
subsp. lactis (Clo} cccurs maximally in relatively smell chains .Plate
ITI, Pig.l). Cells treated with HMIC 35 RU nisin/ml szppears to aggregate
involving few cells at places in microscepic field as observed in
Fig. 2. However, it was not as prominent as cbserved earlier in L. lactis

subsp. diacetylactis strains.



Plate I1 Scanning Electron Micrographs of normal and
(Figs. 1-4) RISIN treated cells of Lactococcus lactis
subsp. diacetylactis (Dﬁcz)

Fig.1 Control sample showing intact and well
preserved coccal cells in long chain,

Fig.2 Nisin treated at MIC ( 25 RU) showing clumping ..
or aggregation of cells.

Fig.3 MIC {x 1000} treated showirg inter- and
intra cellular stretching in a chain.

Fig.4 - MIC {x 1000} treated showing few intact and
partially disintegrated cells.
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Plate I
{Figs. 5-8)

{Contd.)

Figs., 57

Fig. &

MIC (x 2000) treated showing various degrees of
cellular fusicn involving few to several cells
forming star, V and irregular Jump. Fragments
of cellular compenents are also seen

{S0lid arvows).

MIC {x 5000} treated depicting compact mass of
fused cells {Solid arrow) with partially
damaged ¢ells under fusion (Eroken arrow).
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Plate III Scannirky Electren Micrographs of normal and
(Figs, 1-4) NISIN treated cells of Lactococcus lactis
subsp. lactis (Clo}

Fig.1 Control sarple showing well preserved and

intact cccel in small chains.

Fig. 2 Nisin treated at MIC (35 RU) showing the tendency
of cells to aggregate.

Fig.3 MIC {x 2000} treated showing partial
disintegraticon of cells in chains as
indicated by Solid arrows.

Fig.4 CMIC (x 600)) treated showing fused cells
(B0lid arrows) and protoplast-like

structurces (Rroken arrows)
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The partial disintegration of few cells within lactecoccal chain
in specific mwid regicn and its subsequent release of protoplasmic
contents could be seen clearly at two thousandg times MIC of nisin as
apparent in Fig. 3. Thereafter, loss of chain character and appearance
of protoplast-like structures along with fused cells were cobserved at
six thousands times MIC of nisin,

4.4.1.4 L. lachis subsp. lactis (MI.B}

A considerable variation in nisin tolerance of I. lactis subsp,
lactis (MLBJ was chserved at strain level. The untrested cells were diplo
or in small chsins {Plate 1V, Fig. 1).

Partial disintegration cculd be seen in one thousands times MIC
of nisin. PRelease of preotcplasmic contents was seen in the vicinity of
the damaged cells (Fig. 2). In cther microscopic fislds, protoplast-like
spherical structures were e2lso cbserved (Fig. 3).

At six thousands times MIC of nisin, fusion of cells to complete
disintegration was commonly chserved (Fig. 4).

4.4.1.5 L. lactis subsp. lacti_s {440)

It is & nisin producing strain ang the cells are highly resistant
to nisin with MIC of 2000 RU/ml. The untreated cells occur largely in
swmall chains, however, few cells in peirs could alsp be seen (Plate V.,
Fig.1]}.

The partial defcrmetion of cells within chain was observed at two
thousands times of MIC (Fig. 2)}. Whereas, extensive bacteriocidal action
of nisin with complete disintegration of cells was observed only at four
thousands times MIC of nisin {Fig. 3)}.

The basic informsticn on Electron Microscopy of nisin treated

lactic  ovwituree  is lackimng. However, prrelimipary shudies on  the



Plate Iv Scanning Electron Micrographs of normal and

{Figs. 1-4} NISIN treated celis of Lactococcus lactis
subsp. lactis (HLB)

Pig.1 Control sarple shewing intact and well
preserved coccli in pairs and small chains.

Fig.2 MIC (x 1000} treated showing onset of partial
disintegration with leakage proteplasmic
contents frem the damaged cells (Solid armow)

Fig.3 MIC {x 1000) treated showing fused cells
{50lid arrow) and formation of protoplast~
like structures (Brokent arrow)

Fig.4 MIC {x 6000} treated showing complete

disintegraticn aleng with few partially
deformed cells {Broken arrows)






Plate ¥
{Figs. 1-3}

e e e T

Fig.l

Fig.2

Figr. 3

Scanmning Electron Micrographs of normal and
NISIN treated cells of Lactococcus lactis

subep. lactis {440)

Control sample shewing intact and well preserved

coccl in pairs, small chains and in grooups.

MIC {x 2000} trested showing disintegrated
mass of cells aleng with intact cells

{Brcken arrows)

MIC (x 4000) treated showing fused mass of
deformed {Sclid arrows) and disintegrated cells
(Broken arrows)
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bacteriolysis of nisin producing strzins of Streptococcus lactis  with
nisin during legarithiic phase was reported by Burst and Kruse (1972).
Recently, Van-Belkum et al (1¢91) studied the effect of lactocotcin A
against its producing strains i.e. L. lactis subsp. lactis through EM.
However, they could nct find any lysis or other morpheological alterations
in treated bacterial cells.

Cther bactericeins of Gram positive bacteria like staphylococcin
C-55, a bacteriocidal substance producea by Staphylococcus aureus was
earlier studied for its mede of acticn against streptococcal cells
electron mnmicrescopicelly (Clawscn amd Dajand, 1970). The sub-cellular
changes observed inclucded the condensaticn of nuclear materials, partial
loss of ribescmes, rocdificsticn of mesosomes and eventual disscolution
of cell contents. Sirilar kinds of changes were alsc observed iﬁ
sensitive bacteria treated with streptococei AFF-22 {Tagg et al., 1973).

A caticnic pepticde Pep-5 with similar mode of action of nisin was
alsc studied by Sahl end Brandis ({1983) and Brandis and Sahl (1984)
and reported that destruction primarily occurs in septum area in
staphyviococcal cells as revealed by SEM.

On the basis of present findings, it can be concluded that the
lactococcal cells feollowing treatment with nisin  in  increasing
concentraticn underge feollewing surface changes in sequence as folleows:

1. Clurping or acgregation of cells

2. Stretching of c¢ells in ¢hain

3. Pormration of pretoplest~like structures '

4. Partial digintegraticn of cells with expulsion of protoplasmic

contents

5. Complote disintegration of cells forming structure less matrix.
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In geﬁeral, the aggregation and stretching <f lactococcal cells
without any surface darage fcllewing treatment with MIC doses indicated
the bacteriostatic action of nisin. Cn the other hand, the partial or
complete disintegraticn of cells and appearance of protoplast-like

structure under SEM revealed bactericcidal action.

4.4.2 Lactobacilli

4.4.2.1 [. delbrueckii subsp. bulgaricus (RTS)

Untreated normal cells invariably appeared as long rods with round
ends and occur largely in short chains with defined intercellular gaps
(Plate VI, Fig. 1). When exposed to MIC of 4% RU nisin/ml, the cells
loosely aggregated in clumps as first visible effect. Partial initiaticon
of surface damage of cells is also discernible {Fig. 2}.

Extensive surfece damaces in L. delbrveckii suvbsp. bulgaricus
(RTS) were alsc observed at very high dose of nisin. 2 well defined pore
throngh cell wall with subsequent release of cytoplasmic contents can
be clearly seen. The cells, usually showed uneven undulation with the
formation of typical blebs at the terminal region at three thousand MIC
of nisin. The intercellular distances also become indistinguishable (Fig.
3}. #owever, cowplete disintegraticn of few cells.was cbserved, when
treated with ten thousand times MIC {Fig. 4).

4.4.2.2 L. delbrueckii subsp. bulgaricus (W)

Untreated cells were relatively bigger rods than L. dJdelbrueckii
subsp. bulgaricus (RTS) and found maximally in single or pairs {(Plate
YII, Fig. 1).

Bacterial cells treated with three thousand‘s' times MIC of nisin

infuced extensive surface darages with numerous blebs formation as



Plate VY1 Scanning Electron Micrographs of pormal and

(Figs.1-4) NISIN treated cells of Lactobacillus delbrueckii
subsp. bulgaricus (RTS)

Fig.l Contrel sample showing intact and well preserved
lactobacilli.

Fig.2 Nisin treated at MIC {45 RU) showing
loose aggregation.

Fig.3 MIC (x 300C) treated depicting well defined
pores. A number of blebs could be seen on the
bacterial surface {Solid arrow). Loss of
cytoplasmic fluid is seen through‘one of
the pores {Broken arrow)

Pig.4 MIC (x 10,000} treated showing sequence

of cellular disintegration {Sclid arrow)}
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Plate VII Scanning Electron Micrographs of normal and

{Pigs. 1-4} NISIN treated cells of Lactobacillus
delbrueckii subsp. bulgaricus (W)

Fig.1 Contrel sample showing intact and well
preserved long reods of lactobacilli.

rrig. 2 MIC {x 3000) treated showing blebs
{Sclid arrow) with irregular outlines.

Fig.3 MIC (% 10,000) treated showing prominant blebs
getting detached frow the cell surface
(S0lid arrow)

Frig.4 MIC {x 10,000} treated showing dis-

integraticn of cells along with debris in
the background (Solid arrow}
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depicted in Fig. 2. The bleb formation becomes more prominent (Fig. 3)
with the increase of nisin ceoncentration to ten thousand times of nIC.
Whereas, cells in advanced stage of dJisintegration was observed in scre
microscopic fields. Fraoments of disintegrated cells could also be seen
forming the backgrouné (Fig., 4). The blebs formation appears to be 2
common  feature ~ particularly ewong L. delbruveckii subsp. bulgaricus
strains.

4.4.2.3 L. acidophilus {R)

The control sarple of L. acidophilus (R) under SEM depicted medium
size rods in sj{gﬂle and short chains (Plate VIII, Fig. 1). Partial
disintegration of c¢ells with pore and bleb formation were some of the
prominent surface changes observed in Lactobacilius cells treated with
three thousands times MIC {Fig. 2). In some microscopic fields, fusicn
of cells leading to filamentous structures could alsc be seen in Fig.3.

The vulnerability of bacterial cells increased further with nuch
higher nisin concentraticn st ten thousands times MIC. The treated cells
undergo complete loss of criginal rod character as e result of extensive
deformation (Fig. 4).'

4.4.2.4 L. plantarum (89)

The Scamning Electron Microscopy of I. plantarum ({89) revealed
usually thin cylindrical rods with rounded ends. These cccur invariably
in small chains (Plate IX, Fig. 1). Inter-cellular cﬁains links appear
to get dissolved following treatment with three thousand times MIC of
nisin. Slight perforation and prominent blebs could also be seen (Fig.2).
Further increase in npisin concentration to ten thousand times MIC
brought about extensive rugturing of cells. Az a result, the protoplasmic

contents arcund the damaged cells could be seen {Fig. 3). Extensive



Plate VIII
(Figs. 1-4)

Scanning Electren Mizregraphs of normal and
NISIN treated cells of Lactobacillus

acidophilus (R)

Fig.1

Fig.2

Irig.3"

rig.4

Contrel sample showing intact and well
preserved cells of lactdbacilli singly or

in shert chains.

MIC (x 3000) treated depicting pore formation
ot the surface as indicated by Solid arrow.

MIC {x 3000} treated showing filamentous
appearance of cells. Initiaticn of
blebs on the surface could alse be seen

{8olid arrow)

MIC (x 10,000) treated showing fused
cells covered with blebs.



Plate I Scanning Electren Micregraphs of normal and

(Figs. 1-4) NISIN treated cells of lLactobacillus
plantanm (89)

Fig.1l Centrol sample showing intact and well
preserved slender rods in chain and groups.

Fig.2 MIC (x 3000} treated showimng intensive
undulation and bleb formation (Solid arrow)

Fig.3 MIC {x 10,000) treated showing partiaily
damaged cells with release of protoplasmic
contents from ane end.

Fig.4 MIC (x 10,000) treated showing acute

perforstion of cell surface with a large bleb.
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gdamage fhrough acute perforgiation at this high dose of nisin was
frequently dbserved (Fig. 4).

Few reports on light and electron microscopy of nisin treated
lactobacillus celis are available. In one study, Ogden and Waites (1986}
demcnstrated that Lactobacillus cells {Bso, 28, 348 and 375} following
treatment with nisin at 10,000 Units/ml undergc clumping as revealed
under light microscope. Lysis of treatéd cell was, however, not reported
by them.

The aggregation of L. delbrueckii subsp., bulgaricus (RTS) at MIC
was most commenly observed in the present study. Similar aggregation
pattern in other ILactobacillus species was also confirmed by light
MmiCrCSCopy-

The ultrastructure changes 1in Lactobacillus and ILeuconostoc sp.
were studied by Bhunia et al. {1991). Leuconostoc mesentercides {Ly)
following treatment with pediccin AcH at 10, 240 AU/ml resulted in lysis
and revealed the presence of ghost cells. On the other hax-xd; in L.
plantarum (955) 1lysis of cell was nct cbserved. However, Ithey described
conclensation of cytoplosm to form dense and darker cells.

On the basis of present findings, it is convincing that
Lactobacillus strains undergo some well defined nisin-induced surface
changes like pore and bleb formation., These findings are consistent with
the earlier reports of Henning et al. (1986}; Sahl et al. (1987); Kordel
et al. (198%9) and Gac et al. (1991). They observed that nisin bring about
~disruption in membrane function due teo ion channel or pore formation.
The subseguent release of low molecular compounds like k¥, amino acids
and ATP through these pores was olso reported based on biochemical

analysis.
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4.5 SCANNING ELECTRON MICROSCOPY OF NON-LACTIC COITURES
4.5.1 Bacilli

4.5.1.1 B. cereus (10876}

Untrested cells under SEM revealed small rods in short chains
(Plate X, Fig. 1). 2t MIC dose cf 75 RU/ml, visible changes cculd not
be chserved under 1light as well as 8EM. Bowever, rupturing of cell
specifically in the mid region was noticed at three thousand times MIC.
Preteplasmic fluid sleong with cell fragments could alsc be seen near the
disrupted cells (Fig. 2).

The bacteriostatic action of nisin becomes more drastic at ten
thousands times MIC. Complete disintegration involving only a- few cells
within chain cpuld be seen. Fragments of’ disintegrated cells and
prorinent bleb formaticn in few cells were evident (Figs. 3 and 4).

4.5.1.2. B. subtilis (6633)

Bacilius subtilis {6633) was found to be resistant strain among
bacilli. It occurs maximally in long chains (Plate XI, Fig. 1).‘ The chain
character of the organism.s arpears to be lost following treatment with
three thousends times of MIC (Fig. 2). It is likely that the bacterial
¢chain links are first target of nisin-induced changes at low
concentrations. Psrtisl disintegration of cells was cbserved at five
thousands times of MIC. However, a peculiar clamp connection was noted,
Whether such a structural mcdification is functioral or a chance factor
cannot be ascertained (Fié. 3). In addition, few cells were :in rel.;.atively
advanced stage of disintegration as seen in Fig. 4.

4.5.1.3. 1, stoarothermophilus {38}

These rods were relatively thick, small and curved {Plate XIT,

Fig. 1). Bacillus stearcthermophilus {38} was inhibited at very low level



Plate ¥ Scanning Electran Micregraphs of normal and
{Figs, 1-4) NISIN treated c¢ells of Bacillus cereus {10876}

Fig.l Control sample showing intasct and well
preserved small rods in pairs, chains

and in groups.

Fig.2 MIC {x 3000) treated depicting acute
surfaece rupture of the intercalary
cells in chain {Solid arrow).

Fig.3 MIC (x 10,000) treated showing dis—
integration of cells in chain (Solid arrow).

Fig.4 _ MIC {x 10,000) treated showing:fragments
of disintegrated cells (Solid arrow}. Bleb
formation {Broken arrcw) can also be seen.
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Plate XI
(Figs. 1-4)

Scanning Electkron Micrographs of normal and
NISIN treated cells of Bacillus subtilis (6633}

Fig.1l

Fig.2

Fig.3

Fig.4

Contrel sample showing intasct rods in chains.

MIC {x 3000) treated showing partial
dissolution of chain links (Sclid arrow}.
Surface undulation in some cells are

also visible.

MIC (x 5000} treated showing conspicuous
clamp cennecticn (Solid arrow) amidst
partially damaged cells. '

MIC {x 5000) treated showing relatively

advanced stage of cell disintegration.






Scanning Electrcon Micrographs of normal and NISIN '

Plate XII

{Figs. 1-6) treated cells of Bacillus stearothermophilus (38)

Fig.l Control sample showing intact smeil rods.

Fig.2 MIC (x 1000) treated showing rod with
swollen tips ar ocne end.

Figs. 3 & 4 MIC {x 1000) treated showing partial to
complete disintegration with balloen like
profrusicns.

Fig.5 MIC {x 3000} treated showing dis-
integration throughout the surface.

Fig. 6 MIC (x 3000) treated showing complete

disintegraticn of cells.
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of 1.0 RU nisin/ml as reported earlier (Chapter I). Normally, the tip
of cellwas found more prone to nisin action. At one thousand times MIC,
swelling of bacterial cells specifically in the tip region was observed
{Fig. 2). 1t may perhaps a;gée due to weakening of the cell tips
resulting in accurulation of protoplasmic contents. Appesrance of Balloon-
like erupticns could be explained on similar lines (Figs. 3 and 4}.

Further intensive structural damages were noted at three thousand$
times MIC. Partial to complete dJdisintegration of cells and loss of
cellular outlines was observed. Complete rupturing of cells and
splattered protoplasmic ceontents could be seen around damaged éells
{Figs. 5 and 6}. In one report, Rémseier {1%60) demonstrated that
Clostridium butyricum after Lreatment wikh nisin vndergo bacteriolysis
and appears-nnre intense during logarithmic phéSe of growth. The lysed
bacterial cells were also found to release some substances absorbing at-
260 nm.

The presence of structural lesions in defined areas of cell wall
of EBscherichia coli following treatments with Bacjtracin a bacteriocin
produced by B. licheniformis were cbserved by Walton (1976) under EM
using nregative staining technique. In ancther study, BHolland (1962)
reported that B. megaterium (207M) strain when treated with megacin at
37°C showed a gradual loss of intra-cellular material examined under
phase contrast microscope.

Based on overall informations from the present study, it can-be
concluded that the acticn of nisin particularly at MIC concentrations
is bacteriostatic. Most bacterial strains studied at MIC undergo loose
or compact aggregation preceeding less of chain. The precise surface

changes at cellular level were, however, not cbserved.
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The bacteriocidal action of nisin was guite apperent at high doses
of pisin ranging frer 1-10,000 times of MIC. The initial nisin-induced
surface changes like pore and bleb formation, specific rupturing of cells
and its subsequent release of protoplasmic contents, acute perforation
of cells and dissclution of links, were freguently obsetved amcng the
strains stuedied. The partial or complete disintegration of cells and
appearance of protcrlast-like structures were cobserved at very high
concentrations of nisin. However, the action of nisin on lactic and non-
lactic cells is non zpecific. Mereover, it is difficult to explain the

nature of surface darages following hisin treatment.



IV. PRESERVATIVE EFFECT OF NISIN
TITNCORPORATION IN MTLK AND
MITLK PRODUCTS
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4.6 SHELF-LIFE OF MILK AND BILK PRODIXTIS

The delry proeducts corprise a variety of foods based on milk or L:
its by-products as major ingredients. Some of these foods are pasteurised
and have a limited shelf-life under refrigerated conditions. Different
conditions of clirzste, milk supply, transport and processing throughout
the world bring abcut diverse nature of bacteriolegical problems to the
dairy industry, 3cdition of nisin appears to have egignificant role in
solving many storage problems in pastevrised milk and milk products.

4.6.1 Shelf-life of Pasteurised and Nisin trested Pasteurised milk

The commercial pasteurised tconed milk précured from Experimental
Dairy Plant of the Institute, was incorporated with nisin at
concentrations ranging from 100-500 RU/ml and’ shelf-life was asseséed
on the basis of sensory scores, titrable acidity (% lactic acid) and
standard plate counts (SPC) at three temperatures, 37, 30 and 20°C at
8, 12 and 16 h intervals respectively ({(Tables 13-15). The preservative
a;ction cf nisin was found significantly higher at 20°C foliowed by 30
and 37°C.

4.6.1.1 Shelf-life of pastexwised milk at 37°C

The initial quzlity of the pasteurised milk at O h {4.96 c.f.u/mi)
was ot as per the prescribed standard {(4.47 c.f.u./_’nﬁ) and the control
sample was spoiled in less than 8 h (Table 13). The senscry "evaluation
of the untreated sample at 8 h of storage revealed sore changes in
consistency of the product, flakes formation {clot on boiling)} and slight
bitter taste. On 'subsequent storage for 16, 24 and32h resulted in whey
formation, bitterness or sweet curdling and off odours in the spoiled

products.



Table 13. Preservative effect of nisin addition in 'Toned pasteurised milk' at 37°C and different storage periods

Nisin Sensory scores* Titrable acidity (pH) spC
COnCen-~ % lactic acid Log counts/ml
tration - —- -~
(Rti/ml) Storage period (h} Storage period (h) Storage period (h)
8 16 24 32 B8 16 24 32 8 16 24 32
J7.5%x» 0.17%*= 4,962
{6.69)
0 34 32 32 32 0.23** 0.28 0.3% 0.41 5.91 6.48 7.59 8.14

{6.48) (6.26) (5.91) (5.72}

100 36.6 33 32 32 0.19 0.22** 0.26 0.32 5.38 5.88 6.58 7.02
(6.66) (6.54) (6.36) (16.09)

200 37 33 32 .32 -0.17 0.18 0.21**  0.25 4.83 5.44 5.98 6.74
: {6.69) (6.65) (6.367 {6.40)

300 37.3 36.5 32 32 0,37 .18 - 0.20 0.23%* 4.07 4.76 5.30 6.00
(6.68) (6.67} (6.61) (6.49)

400 37.5 37 M 13 0.17 0.18  0.18 0.21 3.92 4,17  4.88 5,32
' : {6.69) (6.68) (6.67) {6.57)

500 37 37 36 34 0.18 0.18 0.18 0.19 2.80 3.44 3.91 4.55
' (6,68) {(6.68) (6.67) (6.66)

*  40-38, excellent; 37-35, good; 34-32, poor
**  Clot-on-Boiling (0Q0B)
%% control sample at 0 h

ST
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The shelf~ life of pasteurised wmilk containing 100 or 200 RU
nisin/ml was not significantly affected. However, the product remained
unchanged upte 8 h and subseguent increase in storage periods for 16,
24 and 32 h emulate the similar chanées, albeit, at a slow rate, as
observed in untreated sample.

The preservative effect of pnisin in pasteurised milk enhanced
significantly at higher doses and increased the shelf-life from initial
B tod6 h at 300 and 32 h at 500 RU nisin/ml. These products were highly
acceptable in terms of sensory, chemical and microbiclogical guality upto
24 h.. llcwever, at 32 h of storage, some changes in consistency of the
product was observed which appears to be due to the presence of high
levels of proteases and lipases in initiéli raw milk used for
pasteurisaticﬁ. '

4.6.1.2 Shelf-life of pasteurised milk at 30°C

The decrease in incubaticn temperature from 37 tc  30°C; resulted
in slightly improved shelf-.-l:ife, of un-trested sample {Table 1l4).
Subsequent increase of storage pericds to 24, 36 and 48 h brought about
similar kinds of organoleptic, chemical and wicrobioclogical c_hanges as
observed at 37°C.

The addition of 100 RU nisin/ml was found to have very little
effect on shelf lifz of pasteurised milk at 30°C, however, 200 and 300
RU/ml incré’eﬁ the acceptability of the product té 12 and 24 h
respectively. The inhibitory effect of nisin at higher doses 400 or 500
RU/mi in pasteurised milk was rather encouraging and further improved
the acceptability of the product upte 48 h. 2 small change in consistency

of the product was: hcwever, cbserved at 48 h of storage.



Table 14. Pregervative effect of nisin addition in 'Toned pasteurised milk' at 30°C and different storage pericds

-Nisin Senscry scores* Titrable acidity (pd) spC

concen- % lactic acid Log counts/ml

tration e - e ———— e e

{RU/ml) Storage pericd (h) Storage period (hl Storage perioed {h)
12 24 36 48 12 24 36 48 12 24 36 48
37. 5%k Q.L7%== 4. 0g%xr

{6.68)
Q 33.% 33 32.5 2 ¢.23** 0.29 0.36 D.42 5.85 6.39 b.94 7.68

{6.50) {6.22) {5.89) ({(5.75)

100 34 33.5 33.3 33 0.19 p.23* 0.28 $.33 5.25 5.72° £.08 6.81
(6.66) (6.50) {6.26) {6.02}

200 36.5 34 32 32.5 .17 0.19 0.22%~  0.25 4.73 5.25 5.483 6.46
‘ (6.70)  (6.6%) (6.33) (6.40)

300 37 36.3 34 33.5 0.17 0.18 - 0.20 0,232 3.96 4.54 5.00 5.74
' (6.69) (6.68) (6.61) (6.50)

400 37.5 36 34,8 34 0.18 0.18 0.19 0.20 2.44 2.78 3.51 4.08
' (6.68) (6.68} (5.66) (6.61)

500 37 37 38,5 35 0.18 0.18 6.18 0.19 1.30 1.75 2.27 3.63
: (6.68) (6.68) (6.67) (6.87}

*  40-38, excellent; 37-35, good; 34-32, poor
** Clot-on-Boiling {(COB)
***  Control sample at O h

"LTU”
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4.6.1.3 Shelf-life of pasteurised milk at 20°C

The chelf-life of un-treated sample increased by 2 folds with the
decrease of storage temperature from 37 to 20°C (Table 15). The
bactericlegical analysis of the un-treated spoiled sample at 32, 48 and
64 h stcrace indicsted the pre-fominance of yeast and moulds at 20°C which
may be partially respensible for spoilage of the product.

A considerable enhancement iﬁ. shelf life of nisin treated sample
was observed with -the decrease of incubation temperature from 37 tc 20°C.
Nisin concentration of 200 RU/ml in pasteurised milk deubled the shelf-life
and the acceptability cf the product in terms of sensory, chemical and:
micrebiclogical quality upto 32 h storage (Table 15).

Further increase in nisin concentration: to 500 RU/ml in pasteurised
milk, increésed the shelf dife upto 2% Gays. However, the changes chserved
in the consistency cf the product at higher temperatures 30 or 37°C were
not detected at 20°C during sensory evaluvation of products,

Cn the bsasis of above: results; it can be concluded that the
preservative action of nisin at higher temperature 37 cr 30°C was effective
only at very high doses of approximately 500 RU/m)! angd the shelf-1ife could
be increased upto 1 and 1% days respectively. Nisin concentration ¢ 100-
1000 RU/mi in commercial pasteurised milk was found to have no effect on
the keeping quality at 32°C as reported by Mahmoud et al. (1976). [—Ecwever.f
in other reports, Ancn (1988a) demenstrated that & nisin concentration of
35~50 mg/litre in pasteurised milk was effective at 35 and 50°C and shelf
life Ooubled in corpariscn to contrel sample. This way be because of better
initial quality of the rew milk  environmental factors and its subseguent

processing conditions.



Table 15.

Preservative effect of nisin addition in 'Toned pasteurised milk' at 20°C and different storage periods

Nisin

Sengory scores*

Titrable acidity (pd) SPC
concen- % lactic acid Log counts/ml
tration e i o i e s e e 1 1 i P
{RU/mi) Storage period (h) ] Storage period (h) Storage period (hi
16 32 48 64 16 32 48 64 16 32 48 64
38.5%xn 0,17%** 4.92% %
: (6.68)
0 34 33 32.5 32 ©0.23%* Q.28 0.34 0.39 5.78 6.38 6.95 1.72
(6.30)  (6.26) ({5.94; (5.78)
100 38.7 32,58 32.5 32 0.20 0.23** 0,27 0.32 5.28 5.79 6.34 6.83
{(6.62) (6.50) ({6.31) (6,09}
200 38 34.8 33.5 32.5 0.17 0.20 8.23**  0.27 4.39 4.94 5.70 6.00
(6.70)  {6.62) (6.50) (6.31)
300 38.5 37.2 34 33 0.17 0.18 0.21 0.23%* 3.83 4.38 4.99 5.51
{(6.69) {(6.69) (6.58) (6.50}
400 39.7 38 35 34 0.18 0.18  0.19 0.21 2.57 2.78  3.50 4.95
- (6.69) (6.69) (6,67} (6.59)
500 38.7 38.5 37 36 0.18 0.18 0.18 0.19 1.08 1.89 2.62 3.86

{6.68) (6.68) (6.68) ({6.67)

* 40-38, excellent; 37-35, good; 34~32, poor

*x W
Ak

Clot-on-Bailing (COB)
Control sample at G h

NS
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The speilage like, bitterness or sweet curdling, off odours and whey
separaticn was chbserved in pasteurised milk at higher temperatures 37 or
30°C in the gresent study. This may appear due to higher counts of hest
resistant and therwephilic bacteria in posteurised milk or the OGram
negative bacteria which are known to be unaffected by nisin, as 3 result
of post-pasteurisation contamination or their presence in high numbers in
initial raw milk. In a similar study, Mahmoud et al. {1976) demonstrat_ed
that Gram negative backteria like Escherichia cooli; Aercbacter aecrogenes
and Pseudomonas fluorescens were hot inhibited in presence of 100-1000 RU
nisin/ml in pasteurised milk and were mainly responsible for the spoilage.

in the presént study, the pregervative effect »of nisin in
pasteurised milk was encouraging at 20°C anr:*l the product was acceptable
for more than 1 and 2% days at 200 and 500 RU nisin/ml respectively.

In a similaxr study, Magdoub et al. (1984) demcnstrated that the
shelf-life of pasteurised milk containino 100 RU nisin/mi and 0.1% slanine
extended to 2% days at 20°C. However, prior té;;asteurisaticn, additional
flash heat sheck at 85°C was also given which may have contributed towards
enhanced preservative action at low level of nisin.

4.6.2. Fermented Milk Products

The fermented milk products have vary Iow keeping quality because
of high acid development during storage which makes the product
unacceplable, In tropical countries like India, where facilitiea for cold
stcragé, transportation and distribution are not sufficient and therefore,
toavoid the cold storage ©of these products, altogether, nisin can play an

important role in c¢ontrolling the excess of acid production and thus the

shelf-1ife can be increased considerably.
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4.6.2.1 Shelf-life of lassi and nisin treated Lassi

In.the present study, an attempt was made to enhance the shelf.life
of commercial product Iassi procured from Experimental Dairy Plant.of the
Institute., Nisin was inccorporated at concentrations ranging frcmrﬂloo—SOO
RU/m]l and the shelf-life was &sssessed on the basis of sensory scores,
titrable acidity (% lsctic acid), lactic and yeast and mold counts at two
temperatures i.e. 30 and 20°C at 8 and 12 h intervals respectively. The
preservative acticn of nisin was found superior at 20°C in comparison
to 30°C.

4,6.2_.1.1 Shelf-life of Lassi incubated at 30°C:

The control ILassi sample was acceptable upto 8 h apd thereafter,
with the increase cf storage; the product ® becomes unacceptable due to
tremendous growth of lactic acid bacteria (7.76 to 9.54 c.f.u; log
counts/ml). As a result, the titrable acidity increased from 0.85 to
1.05% lactic acid. The yeast and nold counts were also found to incresse
from 2.47 to 3.79 c.f.u. log counts/ml (Table 16)}.

The major defects observed in spoiled samples during sensory
evalvation were sour taste, whey separation and changes in consistency
cf the products,

The addition of éOO te 300 RU nisin/ml waese found to have
significant effect on shelf-life of lassi and increasé the acceptability
of Lthe product by 3 folda. 7The lactic counts nnd. the titrable acidity of
Lassi containing 200 and 300 RU nisin/ml were 7.07, 6.77 c.f.u./ml and
0.85, 0.82 respectively at 24 h storage.

The growth of yeast and mclds in nisin treated samples was slightly
higher in comparisen to control samples. However, the presence of higher

yeast and meld counts in Lassi  samgples containing 400 or 500 nisin/ml
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Preservative effect of nisin addition in 'lasei' at 30°C and different storage pericds

Nisin Sengory scoreg* Titrable acidity (pH) Yeast and molds (lactic)
concen— % lactic acid Log counts/ml
tration - et e v o A A Ak e ot 3
{RU/ml) Storage period {h) . Storage period (h) Storage period (h)
8 i& 24 3z & 16 24 32 & 16 24 32
3gHx S 70 2.32%%
(4.55) (6.69)
0 38 14 33 32.5 0.85 0.89 0.9 1.05 2.47 2.69  3.00 3.79
(4.43)  (4.31) (4.12)  (3.88) (7.76)  (8.03) (B.93) (9.54)
100 38 33.5 33 2.5 0.82 0.85  0.91 0.96 2.51 2.69  3.08 3.83
(4.48)  (4.43) (4.25)  {4.17) (6.91)  (7.37} (7.85) (8.34)
200 38 2% 35 33.5 0.80 0.83  0.85 0.90 2.54 271 3.25 3.90
(4.52)  (4.45) (4.43)  {4.29) (6.20)  (6.86) (7.07) (7.8%
100 37.5 36.5 35 34 5.768 0.7% - 0.82 0.85 2.54 2.71 3.39 3.99
{4.55) $4.52) {4.46) {4.43) {5.78) (6.10) «(6.77) {7.34)
400 38 37.5 37 4.5 0.78  0.79  0.8L  0.83 2.55 2,74 3,51 4.11
(4.55)  (4.52) (4.48)  (4.45) (5.307  (5.81) (6.30) (6.78)
500 38 37.5 47 35 0.79 0.79  0.80 0.82 2.55 2,74 3.54 4.17
, : (4.52) (4.52) (4.50) (4.47) 14.91)  (5.54) (5.93)  {6.44}

*  40-38, excellent; 37-33, good; 34-32, poor
**  Control sample at 0 h
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Table 17. Preservative effect of nisin addition in 'lassi' at 20°C and differsnt storage periods

Nisin Sensory scores® Titrable acidity (pH) Yeast and molds {lactic)
concen- % lactic acid Log counts/ml
tration - : e o - e e o e it A e e
(RU/md Storage period {h} Storage period (h) Storage period (h)
12 24 36 48 12 24 36 48 12 24 36 48
Jgrx Q.75%* 2.41%%
{4.61} (6,61}
a 38.5 34 33 33 0.8C £6.83 0.89 .95 2.76 3.27 3.72 4.07
{4.50)  (4.45) (4.300 (4.13) (7.07)  (7.76) {8.07) (8.6%
160 38 37 33.3 32 0.7% 0.81 0.8% 0.89 2.77 3.30 3.72 4.09
(4.53) {4,300 (4,437 (4.30) {6.91) (7.34y (7.78} (8.17}
200 37 37 33,5 31.5 0.75 0.78 0.82 0.85 2.79 3.39 3.73 4.17
{4.60)  {4.54) (4.46) (4.43) {6.40) 16.83y (7.57) (7.%1}
300 37 37.5 36 33.5 0.75 0.76 0.79 0.83 2,81 3.44 3.76 4.25
(4.607  {4.57} (4,53) (4.45) (5.92} (6.41} (6.89) (7.5%)
400 37 37.6 38 35 0.76 0.76 0.78 £.80 2,83 3.47 3.77 4.34
{4.58)  (4,58) (4,54) (4.52) (5.32) (5,800 (6.253) {6.74)
500 37.5 37 37.2 35 8.76 0.77 0.78 6.80 2.83 3.48 3.77 4.36
(4.58)  {4.56) (4.55) (4,52) (4.82y  (5.00) (5.71)  (6.07)

*  40-38, excellent; 37-35, good; 34-32, poor

**  Control sample at O h

R4
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RU nisin/ml could be kept upto 8-10 days without much change in
acceptability. |

However, the scepe for nisin incorporation in commercial products
like Lassi and pasteurised toned milk and such others appears to be very
encouraging as evident frem the inc¢resse in thelr shelf-life at ambient
temperature. Moreover, the efficacy of hisin can be further improved if
the hygienic conditicns are properly maintained during the processing of
raw milk and its subsecguent conversion into products.

The infcrmation sc generated can be of great significance in dairy
industry  especially in  our  context, wvhere the facilities for
refrigeration, transportetion and distribution are extremely limited. The
sheli~-life of milk and milk products 1like flavoured, pasteurised and UHT
milk is not satiéfactory because of pcor initial quality of raw milk and
therefore, the addition cf nisin in these producks can improve the shelf-

life censiderably without much addition in the cost.

x4k



CHAPTER 5

SUNVMARY AND OONCLUSTIONS



5.0 SUMMARY AND CONCLUSIONS

The present research project was undertaken with definite cbjectives
in mind to study the behavicur of different groups of Gram positive
bacteria at gehera, species and strains levels when treated with nisin.
The comparative information in broth and skim milk presented a wide
variation in nisin sensitivity amcng varicus strains studied. The
inhibitory action of nisin was aversely ‘caffected at higher pH,
terperature, _inocculum and incubation periods. Bacteriestatic and
bacterioridal action ©f nisin at Minimal Inhibitory Concentreticns {(MIC)
and higher doses respectively was confirmed by light and scanning
electron mwicroscopy. Finally, a ccoosiderable enhancement in shelf-life
of commercial pasteurised toned milk and Lassi was achieved without much
additional cost. The salient features of research findings ave summarised
as follows:

Twenty six strains of Gram positive bacteria belenging to different
greups, lactococci, streptoceoccei. lactobacilli and bacilli were evalusted
for nisin sensitivity in breth at 1% incoulum under optimum growth
canditions. lLactococcus lactis subsp.  cremoris {CB}, 8tr. salivarius
sobsn.  theowophiiua {1), L. plantaruom (R) and B, subtilis {9144} were
found to be the most nisin resistant strains among their‘ respective
groups. Their MIC were 175, 125, 100 and 150 RU nisin/ml in broth at 2Ch
incubaticn. Lactococcus lactis subsp. diacetylactis (DRCIJ, L. plantacun
{89} and B. stearcothermophilus (37 and 38} were highly sensitive and
inhibited at very ilew level having MIC of 5, 20, 0.5 and 1.0 RU nisin/mi

respectively.
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The behaviour of nisin producing strains of L. lactis subsp. lactis
{496 and 440} was very dJifferent. These depicted a very high nisin
tolerance of 1600 and 2000 RU nisin/ml at 18 h of incubation. However,
their inhibition was ohbserved only with 13,200 and 14,000 RU/ml
respectively at 24 h. Higher nisin tolerance among nisin and non—nisin
producing strains may be related teo inactivating enzyme NISINASE during
their growth. A number of factors were found to be associated with a
wide respconse in nisin sensitivity.

Niein sensitivity in skim milk was also carried out on similar lines
for comparative information. A significent reducticn in inhibitery action
of nisin by approx. 2-5 folds was observed in comparison to broth study.
The dJrastic decrease in nisin activity may be- assigned to the binding
of milk proteins either, with bacterial cultural or nisin itself. The
involvement of fat in skim milk in inhikiting the nisin activity also
cannot be ruled out.

Activity of nisin in low or high acid foods is greatly influenced
during storage at different incubation temperatures. Further; nisin is
acidic in nature and its stability and solubility is largely affected
by different pH of sclution. The increase of pH from 5.5 to 'f.S in
Bliiker's broth incressed the nisin reguirements ameong lactococei and
streptococci by "approx. 2-19 folds., Their MIC were 2-60, 5-200 and 12.5—
325 RC nisin/ml at pHE 5.5, 6.5 {optimum) and 7.5 respeétively.

The response among lactobscilli was relatively low ij¥ MRS broth.
Approximately, 2-10¢ folds inciease in nisin tolerance was noted with the
rise of pH from 5.0 tc 6.0 {optimum) and 7.0. However, inhibition of
bacilli was cbserved at MIC range between 15-75, 45-175 and 60-225 RU

nisin/ml at pH 6.5, 7.0 {cptimum) and 7.5 respectively.
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The enhanced effectiveness of nisin under acidic cenditions appears
to be due te acid damaging effects on the growth or higher stability and
-mlubilj.ty of nisin. &g reported in literature earlier, nisin contains
some unusual amine acids like Dehydroalanine (Dha) and Dehydrobutyrine
(Dhb). Susceptibility of these emino acids to hydroxyl groups at alkaline
pH may be responsible for its loss of activity.

In general, the recuirement of nisin was found maxirum at optimum
growth tempersture fcr a2ll the strains. However, a considerable
enhancement in activity of nigin was observed with either. the decrease
or increase cf optimal temperature,

Complete inhibiticn of lactecocei was observed at MIC range between
265, 5=200 and 2-100 RU nisin/ml at 25, 30 {optimum} and 37°C
respectively. Whereas, streptocecci were inhibited at 10-15, 75-150 and -
20-5¢ RU/ml at 30, 37 ({cptimum) and 453°C respectively. However, the
behaviour of lactobacilli and kacilli under 3 dJdifferent temperature
regimes was comrparable with Jlactocececci and streptococcei. Higher cell
counts of the crganisw at optimum growth temperature, perhaps increase
the nisin regquirement considérably as compared to  sub-optimal
temperatures. So also; the reguirement of nisin was found to increase
with the increase of inccula. Approxirately, 1-2 folds increase in
inhibitory dose of nisin was observed with the rise of incculum from 1
to 2% level.

A centinucus loss of nisin ectivity among lactococei, streptococei,
lactobacilli and bacilli was cbserved with the rise of incubation period
from 12 to 24 and 48 h. Residual nisin in milk after initial
bactericstatic action appears to be insufficient for the complete
inhibition of growing micrcflora at higher incubation periods.

L
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tode of action of nisin was studied through Ilight and EScanning
Electron Microscepy {SEM). Most sensitive and resistant strains, selected
on the basis of preliminary findings were evaluated for nisin-induced
surface changes. Information revealed under light and scenning electron
micros::cpe indicated that action:ofnisin appears to bacteriostatic at MIC
treatments. The tendency of cells to form & lcoose or compact aggregates
resulting in develcprent of clumps was most commonly observed. However,
the surface damages were nct detected in any strain at MIC of nisin.

Bacteriocidal action of nisin was gquite apparent :at very high doses
of nisin ranging frem 1-10,000 times of MIC. The initial nisin-induced
surface dameges includegs pore and bleb formation, rupturing of cells and
subseguent release of proteplasmic coontents, acute perforaticn and
dissclution of chain links. Partial to complete disintegration of cell
was uwsually cobserved at very high doses of nisin.. Proteplast-like
structures were most commonly observed particularly in lactococci and
streptococci., In fact, the bacteriocidal action of nisin can be
s::onvenienﬂy explained in terms of such structural damages at cellular
levels. It is alsc apparent from the above that the cellular damages are
random and no specific site for nisin acticn was identified.

The study also coentributed knowledge to applied aspects through
selective use of nisin, Incorporation of nisin ih commercial Pasteurised
toned milk- exhibited much success. Shelf —1life _ of rasteurised wmilk
containing 500 RU  nisin/ml  was extended upto 2% days at ambient
temperature. The increase in shelf-life ¢of vaw and pasteurised milk by 2-
3 days can be of great significance in tropical countries like ours, where
the facilities for refrigeration, transportetion and distribution are not

satisfactory. During sensory evaluation of pasteurised milk  at higher
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temperatures; changes in consistency of nisin treated product was observed.
Perhaps these may be asscciated with high level of proteases and lipases
present in initial raw milk.

Nisin can play an iwportant role in enhancing the shelf-life of
fermented milk products. Addition of 400 to 500 RU nisin/ml in commercial
product Lassi was effective at 20°C., The product could be kept for over
2 Gays without any deterioration in sensory, chemical and microbiolegical
guality.

The valuable infcrmation generated in the present study can find
enormous spplications, During the preliminary screening of lactic cultures,
Lactococcus lactis subsp. cremoris {Ca} was found to be the most resistant
strain. However, there are common problem of starter failure in dairy
industry due to  inhibitory substances especially cn account  of
non-Judicious use of nisin which can otherwise be controlled precisely.
Other nisin resistant strains screened in the present investigation, can
be advantageously used s& starters in various fermented daii-y and non—dairy
products. The relative growth of the organisms can be conbrolled suitably
to improve the cheese ripening and fermented beverages.

Further, in various industrial fermentation processes like wine, beer,
ethyl alccohol fermentation etc. lactic acid bacteria éspecially
lactobacilli appears as contaminants and affects the yield drasticelly.
Based on results of present study, growth of t;h:itssj potential contaminant
can be fully checked in such fermentstions,

lactic and non-lactic Grganiém which constitute the main microflora
of varicus wilk and wilk products are generally sengitive to nisin. The
miniral inhibitcry concentraticn (MIC} of nisin therefore, will ba directly

helpful irn increasing the shelf-life and retaining the desirable guality
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of raw, pasteurised rilk, sterilised/UHT and processed milks. Similarly,
the shelf-life of several other fermented milk products like Dahi, Kefir,
Kumiss and Shrikhand can be considerably improved by regulating the acid
production without affecting their organoleptic properties.

The wuse of SEM for study of bacterial cultures has been fully
Justified while explazining the nature of fine structural Jdamages at
cellular levels as a result of nisin action. This opens up a wide scope

for the study of their wede of action by other bacteriocins.

A&k
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TARLE X.

EFFECT OF NISIN ON THE BEHAVIOUR OF LACIOCOCCTS LACTIS SUBSP. LACTIS STRAINS AT 1% INOCULIRM AND 24 H OF
INCUBATION IN BROTH AT OPTIMUM pH AND TEMPERATURE

L. lactis subsp. Jlactis (Cyq)

. L. lactis subsp. lactis (MLg)

Na. ——— - ——
Nisin Optical pH Log counts/ml Nigin Optical pH Log counts/ml
concen- density concen- density
tration (650 nm) tration {650 nm)

{RU/ml) (RU/ml}

1. ¢ 0.582 4.84 7.51 0 0.646 4.72 8.03

2. 5 0.476 5.30 6.08 15 0.438 5.43 6.58

3. i0 0.364 5.64 5.59 25 0.237 6.07 5N

4. 15 0.269 5.93 3.45 35 0.171 6,20 4.00

5, 25 0.124 6.30 1.89 S0 0.069 6,38 2.90

6. 35 0.000 6.48 0.00 75 0.000 6.48 0.00



TABLE II. EFFECT OF NISIN ON THE BEHAVIOUR OF LACTOOXXUS LACTIS SUBSP. DIACETYTACTIS STRAINS AT 1% INOCULIRM AND 24 H
OF INCUBATION IN BROTH AT OFTIMIM pH AND TEMPERATURE

Sl. L. lactis subsp. diacetylactis (DRCy) L. lactis subsp. diacetylactis {(DRC;)

No. - e S : ——
Nisin Optical pH Log counts/ml Nisin Optical pH Log counts/ml
concen- density concen- density
tration (650 nm} tration {650 nm)

(RU/ml} (RU/ml }

1. 0 0.664 4.64 7.66 0 0.535 5.09 6.55

2. 2.5 0.609 4.76 6.50 2.5 0.382 5.60 © 3,63

3. 5 0.428 5.48 5.46 5.0 0.600 6.49 0.00

4. 10 0.349 5,70 4.41

5, 15 0.275 5.92 2.61

6. 20 0.116 6.38 1,28

7. 25 0.000 6.48 0.60




TABLE II1. EFFECT OF NISIN ON THE BEHAVIOUR OF LACTOMDOMNS LACTIS SUBSP. CREMORIS STRAINS AT 1% INOCULIM AND 24 H OF
INCUBATION IN BROTH AT OPTIMIM pH AND TEMPERATURE

1. L. lactis subsp. cremoris (C3) ' L. lactis subsp. cremoris (C1)
No e -

Nigin Optical pH Log counts/ml Nigin Cptical pH Log counta/mi

concen~ density - concen dengity

tration {650 rm} tration {650 nm}

{RU/m] } ' {RU/ml}
1. ¢ 0.688 4.62 8.92 0 0.649 4.70 8.43
2, 25 0.502 5.20 6.73 5 0.584 4.92 S 7.3
4, 75 0.246 5.99 4.49 15 (.358 5.68 4.98
5. 16G 0.108 6.24 3.82 25 0.152 6.24 2.26
6. 125 0.086 6.38, - 2.46 ‘ 35 0.000 6.49 0,00
7. 150 D.049 6.41 1.29

8. 175 0.000 .  6.48 (.00




CTABLE IV. EFFECT OF NISTN ON THE BEHAVIOUR OF LACIOCOOCUS IACTIS SUBSP. LACTIS STRAINS AT 1% INOCULIM AND 24 H OF
INCUBATION IN BROTH AT OPTIMUM pH AND TEMPERATURE

Sl. L. lactis subgp. lactis {440} L. lactis subsp. lactis (436)
N {NISIN PRODUCERI] . (NISTH PRODUCER)

Nigin Optical pH Log counts/ml Nigin Optical P Log counts/mi

concen- density concen- density

tration (650 nm) tration (650 nm)

{RU/ml) (RU/ml)
1. 0 0.698 4.60 8.67 0 0.658 4.68 8.13
2, 400 0,704 4,58 8.71 200 0.698 4.61 8.35
3. 600 0.569 4.92 7.67 400 0.475 5.30 7.97
4. 800 0.468 5.35 5.68 600 0.362 5.64 6.58
S. 1200 0.398 5,56 3.90 : 800 0.219 6.10 4.69
6. 1600 0.216 6.12 2.04 1200 0.048 £.38 2.92

7. 2000 0.000 6.45 0.00 1500 0.000 6.46 0.00




TABLE V. EFFECT OF NISIN ON THE BEHAVIOUR OF STREPROCOCCUS SALIVARIUS SUBSP. THERMOPHILUS STRAINS AT 1% INOCULIM AND
24 H OF INCUBATION IN BROTH AT OPTIMUM pH AND TEMPERATURE

81. Sti. salivarivs subsp. therophilus (H) Str. malivarius subsp. thermophilug (I)
I‘b' — ) e - T —
Nigin Optical pH Log counts/ml Nigin Optical pH Ing counta/ml
concen- density concen- density
tration {650 nm) tration {650 nm}
{RU/m}} (RU/m1)
L. 0 0.720 4.58 7.83 ¢ 0.782 4.45 8.38
2. 5 0.662 3,74 7.43 25 0.529 5,10 6.19
3. 10 0.440 5.43 5.90 50 0.248 5.98 4,50
d. 25 0.216 6.10 4,29 75 0.168 6,21 2.99
5. 50 0.116 - 6.31 - 3.61 100 0.1729 6,32 1.84

6, 75 0.000 £.48 0.00 125 ' 0.000 6,48 0.00




TABLE VI. EFFECT OF NISIN ON THE BEHAVIOUR OF LACTOBACILLUS DELEBRUECKII SUBSP. BULGARICUS STRAINS AT 1% INOCULUM ANO

24 H OF INCUBATION IN BROTH AT OPTIMIM pi! AND TEMPERATURE

sl. L. delbrueckii subsp. L. delbrueckii subsp. L. delbrueckii subsgp,
o, bulgaricus (1373) bulgaricus (R1S) bulgaricus {W}

Niain Optical =31 Log Nisin Optical pH Log Nisin Optical pH

concen~ density countg/ml cuncen- density count.s/ml concen— densaily countg/ml

tration (650 nm) tration (650 rm) tration (650 nm}

{RU/m]) (RU/ml } {RU/ml }
1. O 0.744 4,51 §.37 ‘ 0 0.5640 4.7 7.45 0 0.59% 4,75 7.20
2. 5 €.675 4.68 7.24 3 0.515 4.98 6.54 5 0.362 5,28 6,38
3. 15 ¢.595 4.7% 5.96 0 0,49 5.02 5.26 10 0.317 5.37 5.68
4, 25 0.459 5.10 4.59 15 0.390 5,23 4.24 15 .287 5,41 4.17
5. 35 0.330 5.35 2.92 3151 0.206 5.68 2,46 25 0.120 5.83 3.00
6. 50 0.196 5,71 1.81 45 0.G00 5.99 0.0D 35 0.500 5.99 0.00
7. 75 0.000 5.98  0.00-




TABLE VII. EFFECT OF NISTN ON THE BEHAVIOUR OF LACTOBACLLUS ACIDOPHILUS STRAINS AT 1% INOCULIM AND 24 H OF
INCUBATION IN BROTH AT OPTIMM pH AND TEMPERATURE

81. L. acidophilus (447) L. acidophilus (R) L. acidophii{us (1899)

NOW = e it e ; e
Nigin Optical pH Log Nisin Optical pH Log Nisin Optical pH Log
concen~ density counts/ml concen— denaity counta/ml concen- density counts/ml
tration {650 nm) traticn (650 nm) tration {6%0 nm?}

(RU/ml) (RU/ml) {RU/ml)
R 0 0.776 4.44 8.%1 0 0.640 4.70 A.19 0 0,661 4.65 8.40

2. L) Q0. 580 4.80 7.83 5 0.528 4.92 6.82 >} 4.5440 4.38 5.79

3. 10 0.310  5.39 6.38 10 0.316  5.36 5.59 10 0.286  5.47 5.57

4, 15 0.250 8.44 5.17 15 0.148 5.79 4.72 . 15 (0.148 5.80 4.73

5. 25 0.246  5.55 4.71 26 0.065  5.92 2.93 25 0.069  5.93 2.61

6. 35 0.128 5.84 2.39 25 0.000 5.99 0.00 35 0.000 %.99 .00

7. 50 0.000 5.99 0.00




TABLE VIII. EFFECT OF NISIN ON THE BEHAVIOUR OF LACTOBACILIUS PLANTARIM STRAINS AT 1% INOCULLM AND 24 H OF INCUBATION
IN BROTH AT OPTIMIM pf AND TEMPERATURE

81, L. plantarum (R} . L. plantarum (89)
No. - . :
Nisin Optical o] Log counta/ml ' Nisin Cptical ot Toy counts/ml
concen- density : concen- density
tration {650 om} tration (650 nm)
{BU/ml) (RU/ml}
1. 4] 0.592 4.76 7.02 0 4.520 4.88 7.49
3. 15 0.353 5.29 5.28 5 0.368 5.28 5.40
4. 25 0.305 5.44 4,82 10 0.244 5.56 4.60
6. 75 0.148 5.80 1.98 &0 0. 000 5.99 G.C0




TABLE IX. EFFECT OF NISIN ON THE BEBAVIOUR OF BACILLUS SUBTILIS STRAINS AT 1% INCCULIM AND 24 H OF INCUBATION IN BROTH
AT OPTIMIX pH AND TEMPERATURE

Sl. B, subtilis {9144) B. subtilis (441} B. subtilis (6633)

e Nisin concen~ Loy counts/mi w;;sin concen~  Log cotmtsfr:lm ”_“;;in co;c;n— @:;untszm;“
tration tration tration
(RU/ml) (RU/m}) (RU/m)

L o 6.07 ¢ 7.04 0 6.68 -

2. 25 5.46 5 6.64 ' 25 5,57

3. 50 4.77 i S 5.83 50 4.90

4. 75 3.50 50 4.68 B 3.83

5. 100 2,49 75 - 2.98 100 2.20

6. 125 i.za 100 1.51 125 0.60

7. 150 ¢.Go 138 G.00




TABLE X. EFFECF OF NISIN ON THE BFHAVIOUR OF REACILLUS CEREUS AND BACILLUS STEAROTHERMOPHILUS STRAINS AT 1% INOCULIM
AND 24 H OF INCUBATION IN BROTH AT OPTIMUM pH AND TEMPERATURE

sl. B. cereus {10876) B. cereus (430} B. stearothermophilus {953)
NO. - [y

Nigin concen-— Standard Nisin concen- Standard Nisin concen- Standard

tration . plate tration plate tration plate

{RU/m1) count /mi . {RU/mi} count: /ml {(RU/ml} ootink /mi
1. 0 7.40 Q 6.59 4] 4,27
z. ' 5 6.38 5 5.71 10 3.94
3. 15 5.81 10 5.20 15 3.63
4. 25 4.54 15 4.44 25 2.84
5. 5G 2.96 30 - 2.55 35 1.69

6. 75 0.00 45 0.60 45 0.00




TABLE XI. EFFECT OF INCUBATION PERIOD ON INHIBITORY ACTICH OF NISIN AGAINST L. LACTIS SUBSP. IACTIS STRATNS IN SKIM MILK
AT OPTIMIM pH, TEMPERATURE AND 1% INGCULUM

3l. L. lactis subsp. lactis (Cyp) L. lactis subsp. lactis (Mg}

No. - _ - —
Nisin Titrable acidity (TA) % lactic acid Niain Titrable acidity {Ta) % lactic acid
concen- concen- - e = -
tration Incubation period (h) tration Incubation period (h)
(RU/ml) 12 24 483 {RU/m1) 12 24 48

1. 0 0.46 $5.72 0.81 0 0.45 0.75 0.89
{5.76} {4.92} {4.65) (5.78) {4.84} {4.50)

2. 29 0.28 0.56 0.64 100 0.29 0.52 0.68
(6.25) t5.49) {5.24} (6.21) {5.62) {5.12)

3. . 50 0.19* - 0.36 .55 125 0.25 0.40 0.59
{6.48) {6.05) (5.52) {6.28) (5.97} {5.40)

4, 75 0.19* 0.38 156G 0.15% 0.32 0.46
(6.48) (6.00) : (6.48) {6.12) (5.75)

5. 160 0.19* 175 0.19* 0.32
' {6.47)} (6.48) {6.13)

6. 200 0,19«
(6.47)

* Minimal inhibitory c¢oncentration
Figures in parentheses indicate pH valuves



TABLE XIl. EFFECT OF INCUPATICN PERIOD CN INHIBITCRY ACTION OF NISIN AGAYNST L. LACTIS SUBSP. DIACETYLACTIS STRAINS IN

SKIM MITX AT OPTIMIM pH, TEMPERATURE AND 1% INOCULIM

sl. L. lactis éubap‘ diacetylactis (DRCy) L. lactis subsp. diacetylactis (DRCp)
quQ -
Nisin Titrable acidity (TA) % lactic acid Nisin Titrable acidity (TA) % lactic acid
concen- concen- -
tration Incubation period (h) tration Incubation period (h)
{RU/ml} 12 24 48 {RU/ml} 12 24 48
L. 0 0.37 0.64 0.71 0 0.42 0.68 0.74
{6.00) {5.14) (4.92) (5.81) (5.08) (4.78)
24 5 0.30 0.50 0.62 10 0.26 0.43 0.57
(5.16) {5.57) {5,500 (6.25) {5.78) (5.48)
3. 10 0.19* 0.30 0.46 15 0.19* 0.32 0.45
(6,49} (6,15} {5.70) (6.49) {6.09) {5.72}
4. 15 c.23 0.30 20 0.26 0.36
{6.31) {6.14) . {6.24} (6.00)
5. 25 0.19* (.23 35 0.19* 0.24
: (6.48) (6.30} (6.48) (6.25)
6. 35 0.19% 50 0.19*
{6.48) ' (6.48)

* Minimal inhibitory concentration
Figures in parentheses indicate ph values



TABLE XIII. EFFECT OF INCUBATION PERIOD ON INHIBITCRY ACTION OF NISIN AGAINST L. LACTIS SUBSP. CREMORIS STRAINS IN SKIM
MILK AT OPTIMM pH, TEMPERATURE AND 1% INOCULIM

51. L. lactis subsp. cremoris (Cy) L. lactis subsp. cremoris (C3)
No. - - -
Nisin Titrable acidity (TA) % lactic acid Hisin Titrable acidity (TA} % lactic acid
concen— concen- i i e
tration Incubation period (h) tration Incubation period (h)
(RU/ml) 12 24 48 (RU/ml)} 12 24 48
1. ¢ 0.57 0.82 6.96 0 0.58 0.85 0.98
{5.47} (4.64) {4.42) {5.49} (4.56]) {4.40}
2. 25 0.31 0.64 0.76 25 0.35 0.69 0.76
(6,14) {5.26) (4.80) (6.09) (5.09} {4.80)
3. 50 0.19* 0.45 0.56 75 0.19* 0.5¢ 0.62
{6.48) (5.81) {5.50} {6.48) (5.64) (6.50)
4. 75 0.34 0.39 150 0.32 0.46
(6,10} (6.02} {6.10) {5.78)
5. 100 0.19% 0.30* 225 0.19* 0.30
(6.48) (6.16) (6.48} (6.19}
6. 125 0.19* 360 0.19%
{6.47}) (6.47)

* Minimal inhibitory concentration

Figures in parentheses indicate pH values



TABLE XIV. EFFECT OF INCUBATION PERIOD ON INHIBITORY ACTICON OF NISIN AGAINST L.LACTIS SUBSP.IACTIS STRAINS IN SKIM MITK
AT OPTIMUM pHi, TEMPERATURE AND 1% INOCULUM

L. lactis subsp. lactis (496)

. L, lactis subsp. lactis (440)
NO- e
Nigin Titrable acidity (Ta) % lactic acid Nigin Titrable acidity (TA) % lactic acid
concen~ —_— : concen-
tration Incubation period (h) tration Incubation period (h)
{RU/m1) 12 18 24 (RU/m1)} 12 18 24
1. 0 0.55 0.73 0.81 0 0.56 0.76 0.92
(5.50) (4.82) {4.52) (5.40) {4.59) (4.28)
2. 400 0.38 0.75 ¢.78 800 0.50 0.70 0.78
(5.92} (4,72} {4.66) (5.51) {4.83) (4.56)
3. 800 0.26 0.61 0.72 1200 0.44 0.67 0.75
{6.28) (5.36) (4,86} (5.76} (5.04) (4.62)
4. 1200 Q.20* g.42 .55 1800 0.20* 0.54 0.72
{6.46) (5.92) (5.43) {6.46) {5.45) (4.80)
5. 1600 0.30 0.50 2000 0.37 B.70
(6.14) {5.52) (6.00) {4.79)
6. 2000 0,20* 0.43 2400 0.20* 0.58
{6.46) {5.79) {6.46) {5.40)

* Minimal imhibitory concentration

Figures in parenthesey indicate pfl values



TABLE XV. EFFECT OF INCUBATION PERICD ON INHIBITORY ACTION OF NISIN AGAINST STR. SALIVARIUS SUBSP. THERMOPHILUS SIRAINS

IN SKIM MITK AT OPTIMRM pHl, TEMPERATURE AND 1% INOCULIM

Sl. Str. galivarius subsp. thermophilus (H) Str. salivarius subsp. thermophilus {1}
bb. e - T e B T e T e e et I i e el v i
Nisin Titrable acidity {TA) % lactic acid Nisin Titrable acidity (TA) % lactic acid
concen- = concen~ e - -—
tration Incubation peried (h) tration Incubation period (h)
(RU/ml) 12 24 48 (RU/ml } 12 24 4B
1. H 0.42 0.58 0.86 0 0.46 0.62 a.91
(5.89) (5.40) (4,52} {5.73) (5.10) {4.46)
2. 50 0.26 G.43 0,65 25 0.32 0,47 0.74
{6.27) {5.87) {5.20) (6.09}) (5.74) (4.810)
3. 75 ¢.18% G.28 0.46 50 .24 0.32 0.50
(5,48} (6.24) {5,80) {6.29) {6.10} (5,62}
4. 100 0.18* 0,32 100 0.18* 0.26 0,38
{6.48) {6.10) (6.48) (6,20} {5.99)
5. 125 : 0.24 150 .18~ 0.30
{6.30) (6.48) {6.12)
6., 150 0.19* 200 ' 0.19*
(6.47) (6.47)

* Minimal inhibitory concentration
Figures in parentheses indicate pH values



i

TABLE XVI. EFFECT OF INCUBATION PERTIOD ON DNHIBITORY ACTION OF NISIN AGATNST ILACTORACILLUS DELERURCKIT SUBSP.

BULGARTCUS STRATNS IN SKIM MILE AT OPTIMIM pH, TEMPERATURE AND 1% INOCULIM

8l. IL.delbrueckii subsp.bulgaricus (1373} L.delbrueckii subsp.buigaricus (RIS} L.delbrueckii subsp.bulgaricus (W)
No. - g ;
Nisin . Titrable acidity (TA) Nigin Titrable acidity (TA) Nisin Titrable acidity (TA)
concen- % lactic acid concen— % lactic acid concen- % lactic acid
tration tration tration
{RU/ml) Incubation period (h! {R0/m] ) Incubation period (h) (RUD/rl)- Incubation period (1)
12 24 48 12 24 48 - 12 24 48
1. 0 0.50 1.18 1.56 0 0.42 0.98 1.38 0 0.56 1.26 1.67
(5.65) (4.08) {3.86) (5.90) (4.40) (4.00) {5.49) (3.98) {3.70)
2. 25 0.37 0.84 0.92 5 0.27 0.61 0.96 5 0.40 .92 1.21
(6.03) {(4.60) (4.44) (5.28) (5.38) (4.50) {5.93) (4.45) {3.91)
3. 50 g.19* 0.48 0.56 25 0.19* - 0,39 0.56 15 .28 0.54 .80
(6.48) (5.72) (5.50} {6.29} (5.98) (5.49) {6.23) {5.56) {4.52)
4. 75 0.27 0.42 50 0.30 0.36 25 0.19* 0,34 0.44
{6.25) {5.90) {6.14) (6.00) {6.48) (6.08) {5.84)
5. 40 0.19* 0.32 75 0,19* .28 50 {.19* .36
(6.48) (6.1 {6.48) (6.22) (6.48) {6.01)
6. 125 D.19* 75 G,19* 75 0.19*
(6,48} (6.48) {6.48)

* Minimal inhibitory concentration
Figures in parentheses indicate pH values



TABLE XVII. EFFECT OF IRCUBATION PERIOD ON IWHIBITORY ACTION OF NISIN AGAINST ILACTUBACILLUS ACIDOPHILUS STRAINS IN
SKIM MILK AT OPTIMUA pH, TEMPERATURE AND 1% INOCULIM

8l. L, acidophilus {447) L. acidophilus {(R) L. acidophilus (1899}
No. e
Nisin Titrable acidity (Tal Nisin Titrable acidity (TA) Nisin Titrable acidity (TA)
concen- % lactic acid concen— % lactic acid concan- % lactic acid
tration tration tration —
{RU/ml) Incubation period (h) {RU/ml) Incubation perioed th} {RU/ml} Incubation period (h)
12 24 48 12 24 48 i2 24 48
1. 0 .38 0.988 0.92 V) 0,32 0,78 0.81 0 0.36 0.82 0.86
{6.00) (4.50) {4.44) (6.18) (4.7} (4.68) (6.04) (4.64) (4.52}
2. 25 0.27  0.58 0.66 5 0.26  0.50 0.56 5 0,32  0.69 0.72
(6.25) (5.46} {5,137} {(6.26) (5.65) (5.49) {6.15) {5.10) (5.01)
3. 50 0.15% 0.29 0.40 15 0.24 0.39 0.42 15 0.26 0.42 J.58
(6.48) (6.201) (5,92} {6.29) (5,94} {5.90} {6.29) (5.91) {5.503
4. 75 0.19*  0.34 25 0.19%  0.26  0.30 25 6.19*  0.24 0,35
{6.48) {(6.04) {6.48) {6.27) (6.14) (6.48) {(6.28) {6.00)
5. 100 0.28 50 0.19* 0.24 30 G.19* 0.26
(6.23) {(6,48) (6.30) (6,48} {6.28)
6. 175 g.19% 73 0.19* 100 0.19*
{6.48) (6.48) {(6.47)

* Minimal inhibitory concentration

Figures in parentheses indicate pH values



TABLE XVITY.

EFFECT OF INCUBATION PERIOD ON TNHYBITORY ACITON OF NISIN AGAINST ILACTOBACILIAIS PLANTARIM STRAINS IN SKIM
MITK AT OPTTMUM pH, TEMPERATURE AND 1% INOCULIM

sl. L. plantarum (R) L. plantarum (189)
hb'
Nisin Titrable acidity (TA) % lactic acid - Nisin Titrable acidity (TA) % lactic acid
concen- concen- -—
tration Incubation period (h) tration Incubation period (h)
{RU/m]) 12 24 48 {RU/ml ) 12 24 48
1. 0 0.42 1.04 1.06 0 0.36 0.88 0.96
{5.90) (4.36) (4.32) {6.07} (4.69) {4.42)
2. 25 0.26 0.72 0.83 5 0.30 0.60 0.69
(6.28}% (5.02} {4.63) (6.1%) {5.43) {5.1.0)
3. 50 0.19* 0.58 0.66 15 0.24 0.46 0.50
{6.48) {5.45) {5.15) (6.32) {(5.75) {3.05)
4. 75 0.39 0.47 25 0.19% 0.28 0.36
(5.98) (5.74) (6.48) {6.26) (5.98)
Se 100 0.25 0.35 50 0.19*% .25
{6.29) (6.02) (6.48) (6.27)
G 150 0.,19* 0.27 75 0,]19*
{6.48) {6.28) {6.47)
7. 200 0.19*
(6.47}

* Minimal inhibitory concentration
Figures in parentheses indicate pH valueg



TABLE ¥IX.

OPTIMIM pH, TEMPERATURE AND 1% INOCULIM

EFFECT OF INCUBATION PERIOD ON INHIBITORY ACTION OF NISIN AGAINST BACILIUS SUBTTLIS STRAINS IN SKIM MILK AT

B. subtilis (9144)

. B. subtilis {6633) B. subtilis (441)
No. -
Nisin Log counts/ml Nisin ‘Log counts/ml Nisin Log counts/ml
Concen— concan- : - concen~ ——
tration Incubation period (h) tration Incubation period {(h} tration Incubation period (h)
{RO/ml) A{RU/m]) (RU/m] )
12 24 48 12 24 48 i2 24 48
1. 0 4.80 6.59 6.83 0 5.16 6.60 6.84 0 5.54. 6.85 7.3
2, 25 2.74 5.08 5.46 54 3.94 5.03 5.88 75 3.77 5.04 5.94
3. 75 ¢.00* 4.8 4.90 75 2.57 3.93 4.69 100 0.00* 3.92 4.65
4. 125 2.65 3.17 100 0.00%  2.60 3.58 125 2.05 3.84
5. 175 0.00= 1.50 ‘1150 0.00* 1.69 150 0.00* 2.02
6. 225 g.00* 0.00* 173 0.00*

200

* Minimal inhibitory concentration



TABLE XX. EFFECT OF INCUBATION PERICD ON INHIBITCRY ACTION OF NISIN AGATNST BACILLUS CEREUS AND B. STEAROTHERMOPHILLS
STRAINS IN SKIM MITX AT OPTIMIM pH, TEMPERATURE AND 1% INOCULUM

5l. B. cereus (10876) B, cereus (430} B. stearothermophilus (953)
NO.,

Nigin Log counta/l Nisin Log counts/ml Nisin Log counts/ml

concen- concen~ concen-

tration Incubation period (h) tration Incubation period (h) t.ration Incubation period (h)

(RU/ml) {RU/ml1} (RU/ml}

12 24 48 12 24 48 12 24 48

1 0 5.66 6.66 7.07 0 4.17 5.55 5.77 0 4.98 6.82 7.02
2 50 2.44 5.43 5.76 25 2.94 3.25 3.42 ) 2.23 4.70 5.18
3. 75 0.00% 3.06  3.67 50 0.00* 2.84  2.95 25 0.00" 2.85  3.86
4. 100 0.00% 2.81 75 0.00* 1.76 50 0.00* 2,06
5. 125 1.01 100 0.09 75 0.00”
6. 150 0.00*

* Minimal inhibitory concentration



TABLE XXI. NANOMETER/MICRON MARKER SCALE FOR HITACHI S5~-405 A-SEM

Magnification Marker position Microng (1_1!
X 100 30 x 4 HM 363
X 150 20 x 4 NM 200
X 200 15 x 4 NH 150
X 300 10 x 4 NM 100
X 400 75 x 3 NM 75
X 5080 60 x 3 NM 60
X 1,000 30 x 3 NM 30
X 1,500 ' 20 x 3 NM ' 20
X 2,000 15 x 3 NM | 15
X 3,000 10 x 3 MM 16
X 4,000 75 x 2 NM 7.5
£ 5,000 - . B0 x 2 WM 6.0
X 6,000 50 x 2 NM 5.0
X 7,500 40 x 2 NM ' ‘ 4.0
X 10,000 30 x 2 WM 3.0
X 15,000 20 x 2 NM 2.0
X 20,000 15 x 2 BM : 1.5
X 30,000 10 x 2 NM 1.6
X 40,000 75 x 1 NM 0.75
X 56,000 60 x 1 nM 0.60
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