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ABSTRACT 

Nisin is a bacteriocin produced by some strains of Lactococcus 
lactis subs!;. lactis. It inhibits wost of the G1;'am positive bacterial 
however, Gram negative, yeast and molds are not affected by nisin. Nisin 
h,l.":: \;ljCk> ."'rr.(,<lO o.'1ppjj(,"<,tions in c<l"nned foods, processed chE'ese, milk and 
milk products. 'l\.tenty six strains of Gram positive bacteria comprising 
of both lactic and ncn-lactics showed a wide variation in nisin 
sensitivity in broth ano skim IT.ilk at genera, species and strains levels. 
Lactococc1Js lactis subSF_ cr;em;,ris (C

3
L L_ plantarum (R) and B. subtilis 

(9144) were found to be !Tost resistant stl::"ains with MIC of 175, 100 and 
150 RU nisin/ml in brcth respectively. en the other hand l L~ lactis 
subsp. diacetylactis {eRe), L. plantarun (89) and B. stearothel::1OClphilus 
(37) were inhibited at v~ry lew lev~ls of .5 r 20 and 0.5 RU nisin/ml 
t""espectively. Activity cf nisin WaS t"educed significantly at higher- pH, 
temb€rature, incculum and incubation periods. 

Mode of action c:: nisin appears to be non-specific as clearly 
t'evealed by light and electron microscopy~ The various changes includes, 
clumping or aggregaticn 1 FOre and bleb for-matico, ecute perforatien, 
rupturing of cell and subsequent release of pt'otoplasmic contents and 
complete dis-integratioo can be correlated with bacteriostatic and 
bacteriocidal action of nisin. 

Encouraging results of nisin aOditiCfl in cO\TIIYlercial pasteurised 
toned milk und rassi to."ere cbtained. The increase in shelf-life of 
pasteurised milk containing 500 flU nisin/ml by 2~ days at 20"C can 
be of great significance especiclly in trcpical countries like OUl~( where 
faci]itj~s for c~ld storage, transportation and distribution are 
intldcqutltc. Nisjn WiJS fcund 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 ~resent stUdy can find 
irr.mense practical applications in dairy industry. The precise 
information on nisin sensitivity of lactic cultures will undoubtedly be 
very useful in enhancing the shelf-life and controlling the desirable 
qualities of ferrr.ented and nen-fermented milk and milk products. 



CHAPTER ~ 

IN'.LRODVC'TION 



1.0 INTRODUCTION 

Nisin is a bacteriocin produced by certain strains of Lactococcus 

l.1:ctis subsp_ lactis. It has wide spectrum of antibacterial activity 

ar:d inhibits most of the Gram positive bacteria. The Gram-negative 

b",cteria, yeast and molds are, however, not affected by nisin. The 

inhibitory effect of nisin .... 'as noticed about sixty years agor when 

inhibitory streptococci ... .'ere ccnsidered to be a problem in cheese 

making because of slow acid oeveloprrent. 

The different groups among Gram positive bacteria i. e. 

Lactococcus, Streptococcus, Lactobacillus, Micrococcus, Staphylococcus, 

Listeria and majority of spore forming species of Bacillus and 

Clostridium differ widely in their response towards nisin and depicts 

considerable variation in nisin tolerance at genera, species and 

strains leveL Th~ inhibitory actJ.on of nisin is greatly influenced 

by physical, cherr.ical and microbiolcgical erivironment in different 

kinds of food. The factors like pH, temperaturel chemical com~sition I 

age, size of inocula and incubation periods have significant effect 

on efficacy of nisin as substantiated by cowprehensive information in 

the present study. 

A number of studies have been carried out on mode of action of 

nisin against susceptible vegetative cells and spores. The research 

on vegetative cells indicate that the initial point of action of nisin 

is the cytoplasmic merrbrane and subsequently undergoes disruption 

either, resulting in leakage of essential cellular material such as 
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adenosine triphosphate (ATP) or in rrore severe cases lysis of cells. 

Attempts \o,'(?j;;e made in the present study to confirm the above 

biochemical observ"tions thr"ough Scanning Electron Microscopy in terms 

of sut"fa.cc d.fHllClge among diffet"ent groups of Gram positive bacteria. 

Nisin has received considerable attention regarding its 

"rrJ j C<'It.l on in food preser ... atico. It is non-toxic as revealed by 

toxicological study and is being digested by pancreatic enzymes. Joint 

Food and Agricultural Organisation/h'orld Health Organisationn {FAO/WHO} 

has recOfffilendeci 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 nisin/kg of body weight has no adverse 

effect. 

It has been successfully used in the preservation of nurrber -of 

thermally processed feeds without increasing the risk of 

bacteriological spoilage. In fact, nisin was first used to control the 

blowing I oftenly caused by spores of anaerobic clostridia in processed 

cheese and cheese spreads. PresentlYI in certain parts of world, nisin 

has been used in preservation of canned foods, flavoured milk drinks, 

sterilised milkl I canned E::!-vaporated milk and other dairy proc1ucts~ The 

shelf-life of pClsteurised whole milk having very low keeping quality 

can also be increased by application of nisin as evident from the 

present findings. 

Nisin has great significance in industrial fermentation processes 

like wine I beer t ethyl alcohol, where lactic acid bacteria belonging 

to genus Lactobacillus( Pediococcus and Leuconostoc are potential 

contaminants and affects the yield and quality of th~ products. Nisin 

may prove successful to prevent lactic contaminants without affecting 

the growth of yeasts end ~~lds. 
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In developing countries like, India, where facilities for cold 

storage, transportation and distribution are not adequate, nisin may 

be an invaluable preservative for precisely controlling the growth of 

.I"("-ic' ;Iciel h."l('"\· .... rjn in frnllc>ntC'cl dillry productEl like Y09h~lrt, Dnhi l'Ind 

Lassi etc. and therefore, the acid production can be controlled to an 

~cc~ptobJG lovel. 

The present project was successfully carried out with the following 

objectives:-

1. Comparative Nisin sensitjvity of selected lactic and non-lactic 

cultures in broth and skim roilk system at genera, species and 

strains level. 

2. Factors affecting the inhibitory. action of Nisin like -pH, 

temperaturer size of incculum and incubation period. 

3. Scanning Electron Microscopy (SEto1) of sensitive and resistant 

strains among lactic and non-lactic cultures to study the .nisin 

induced ultrastructural changes. 

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

and Lassi at different temperatures and storage periods. 

*** 
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-----.---
2.0 ~EVIEW OF LITERATURE 

2.1 BACTERIOCINS OF LACTIC ACID BACTERIA 

Bacteriocins are proteins in nature and their action is 

bucteriocid~l to ..... ards bacteda taxonomically close to the producer 

(Tagg et a1./ 1976). These ,,'ere classified into 2 groups on the basis 

of their antibacterial spectrtDTl of activity. Crle included the 

baeteriecins active against taxonomically close to the producer and 

other bactedocins with a relatively broad spectrum (nisin and 

pediocins) 'of activity against Gram positive· bacteria (Klaenhanmer'l 

198B). Bacto1:"iocins do not r~spond to well defined criteria, rather 

t/l('jr, hioch(;'mic~l properties, molecular weight I spectrum of ectivitYI 

1I\00e of action and genetic support qre very heterogenous (Reeves, 1972 

and Tagg et aL i 1976). The studY of bacteriocins ill lactic acid 

bacteria has been actively developed over the past few years 

(Klaenharomer, 1988 and Schillinger, 1990) and these investigations have 

shown that bacteriocin production is an extensively prevalent phenotype 

in this group of bacteria. 

'l'hr hr~t known c'lnd .studic-d bc1cte'rlodn proollcro by ]i'lctic acid 

bacteria is nisin. The initial interest in this substance arose from 

its bacteriocidal activity against spores of bacilli and clostridia, 
. 

responsible for most of the spoilage in canned foods (Hurst, 1978; 

Somers and Taylorl 1987)\ Nisin is an inhibitory substance produced 
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by certain strain.=: of Lactococcu.s lactis subsp.lactis 8rld like other 

bact~docins, possesses antimicrobial activity against a limited range 

of micro-organisms. It does not inhibit Gram negative bacteria, yeasts. 

and fungi. Nisin aces inhibit a ~dde range of Gram positive bacteria 

i.e. species of Lactococcus, Micrococcus 

Lactobacillus, Staphylococcus and majority of spore forming species 

of Clostridium and Bacillus, the spore being more sensitive than the 

V01]e[: .. UV0 (;011D. j{cc(mt studies have shown that strains oC the food 

pathogen I Listeria IIKJI1OC}"t:ogenes are also sensitive to nisin (Harris 

et al., 1991). 

2.2 NISIN SENSITIVITY OF LACTIC AND ~LACTIC CUL7URES IN BROTH 

2.2_1 LactiG CUltures 

Inbibition of lactic acid bacteria by a metabolite produced by 

0['10 of the group rr~r:bers is detrimental type of antibiosis i.e. 

preventing the gro~~h of desirable lactic or9anisms~ This type of 

antibiosis generally cause huge losses to dairy industry associated 

with fermentation. HC\o,-ever, in some fermented products, use of nisin 

is beneficial as it ccntrols the acid production to acceptable levels. 

2.2~1.1 Non-Nisin prodUcers 

Studies carried out by brewing Research Foundation in U.K. 

d('ltlClllntrut{'(} tlwt lactcbildlli and pcdiococci, the -principal spoilage 

bacteria of spirit like fruit brandies, were sensitive to nisin at 100 

IU/m1 in brbth l under the laboratory and brewing situation~ (o;,den and 

Tubb, 1985). In a medium inoculated .. -.lith approx. 105 cells/ml of a 

sensitive strain of Lactobacillus (SSO 375) and nisin added at level 
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recommended for commercial use (lOa IU/ml) killed all the cells in 6 h. 

In cOrltrol samplesJ this inoculum gre\<,T to a concentration of 10
10 

cells/ml in about SOh (Ogden, 1986). Controlling the contaminating 

bacteria by nisin addition to the fennenters is also sn alternative 

method to acid washing w'hich is known to effect yeast viability (~den, 

1 (lI\(, ) 

Nisin sensitivity of 30 strains of lactic acid bacteria isolated 

from cured and ferrr:ented meat products was carried out by 

Collins-Thompson, et al. (1985). The maximum concentration of nisin 

permitting gro .... 'th for 20 strains of lactic acid bacteria including 

Lactococcus lactis r Lactobacillus plantarum ana L. viridesceus was SO 

HJ/ml in MRS broth at 30°C and 24 h of incubation. A wide variation in 

nisin sensitivity amcng L .. brevis strains was observed with M1C raO!;?:ea 

from 10-200 1U nisin/mI. 

Grol,.,-th of Streptococcus thermophilus (ATCC 10987) was completely 

inhibited in MRS broth ccntaining 200 1U nisin/ml (Lee and Kim, 1985). 

Other test organisms i.e. L. bulgaricus, L. easei, L .. plantarum, 

L. helveticus and L. acidophil us were also inhibited at the same nisin 

concentration. Orberg and Sandine (985) evaluated 26 strains of 

s. cremoris and 12 strains of S. lactis using Baue~-Kirby disk 

susceptibili ty test. StreptocOCcus lactis (I,TeC 7962) was found most 

resistant with t-lIC atleast 4o-fold higher (64 pg/ml) than othEtr strains. 

This strain was pcte~r nisin producer. 

The inhibiticn of 31 strains of 11 species of lactic acid bacteria 

in M-17 br"oth was observed by Bossi et a1. (l988) at very low nisin 

concentration i.e. 5 RU/mL yet with significant difference- in nisin 

sensitivity among the strains. Streptococci were found more nisin 
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tolerant than lactobacilli. A stimulating effect at nisin doae of 0.5 

RU/ml \>"as observed on some strains of L. fermentum~ Nisin resistant 

strains amcng L. helveticus and L. lactis ap. 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. 

strains were completely inhibited at 100 RU nisin/. rr,!' whereas in 

[.actococcus and Lactcbaci11us sp. slight growth was detected at same 

nisin concentration. Recently, Kumar and Prasad (1992a/b) reported the 

nisin sensitivity of 16 strains of Lactococcus, streptococcus and 

Lactobacillus sp. in Elliker's and HRS broth with MIC ranged from 5-175 

and 20-l00 RU nisin/ml respectively at 1% inoculum and 24 h of 

incubation pe~iod. 

2_2_1.2 Nisin-producers 

Effect of secondary metaoolites added to cultures of the 

organisms producing them was investigated by Hu~st and Kruse (1972). 

Nisin Was added to a growing culture of nisin-producing strain i.e. 

Streptococcus laetis (354/07) and obsetved that one quarter (12 pg/m1) 

of the arrount of nisin formed by the cultures of S. lactis inhibited 

any lysed lag and log phase cells respectively. The same amoun~ of nisin 

added before inoculation or at a time when nisin synthesis had started 

(in lntC" log rh':l$\?) I c.;Jused only transient delay in growth • 
. 

In a similar study T Ego~ov et aL (1976) further substantiated 

the above findings and reported that addition of 100, 250, 500 and 1000 
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RU nisin/ml had no effect en the growth of S. lactis (MGU) strain. 

However, 1500 or 2000 units of nisin/m."'.. inhibited growth during the 

first 24 h but ther-ea£tel:'/ biomass increased at the control ratel or 

even exceeded it. Addition of 16000 units of nisin/ml increased the lag 

phase to 2 days but later gro ... 'th ,.,as reduced by only 30%. Nisin 

t:ynthp!'>L~ hy t:hp culture was incr~asinqly r<?Ouced with the increase in 

nisin additiCf'l. 

The ~aximum producticn of nisin by nisin producing strain of 

s. lactis (HGU) occurrtd after 9 h at 28°C in a glucose yeast medium 

(Egorov et al./ 1982). f\.!t'"ther incubation resulted in inactivation of 

nisin, slo\.;ly if acidity was allowed to ~elop naturally (pH 4.5) and 

rapidly if pH was artificially maintained at 6·,7 .. It is concluded from 

preliminary findings that the inactivation was of enzymatic nature. 

2.2.1.3 Nisinase producers 

Nisin is not inactivated by all the proteolytic digestive 

enzymes. Trypsin, elastase, carboxypeptidase:- A, pepsin and erepsin were 

without effect (Jarvis and NahooeYt 1969). Both pancreatin and 

c(-chymotrypsin inactivated nisin. KOOy (1952) reported the appearance 

of a nisin destroying enzyme Nisinase from Lactobacillus plantarmn. 

Fifty percent of streFtccocci isolated from raw milk were able to 

destroy nisin (Galeslcot, 1956). Streptococcus lactis was .. more active 

in this respect than S .. cremoris. Alifax and Chevalier (l962). partially 

purified nisinase> from the most active strain of So thermophilus (TJ) 

whiCh inactivated nisin but not other antibiotic including subtilin. 

Collins-Thompson et a1_ (985) observed v.'eak nisinase activity in most 

nisin tolerant strain of Lactobacillus brevis. 
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2.2.2 Non-lactic CUltures 

Adequately hE2t processed canned foods which are I:egarded as 

CO[H1110rcii'llly stGrile r..ay ccntDin spore bearing rods (aero-anaerobic) 

.and the spojlagE like s\<'"eet curdling, bitterness or flat sour during 

storage commcnly appears to be due to viable spores of Bacilus subtilis t 

B. corctlSI lL coagula-nsf D. megatedum and B. calidolactis. Certain 

species of this group i.E. B. cereus may also cause food poiscning and 

intoxication, \,'hen survived the high heat treatments. The nisin was 

found to be effective against Bacilli and Clostridia (Mattick and 

Hirsch, 1947; Campbell and 0 1 Bden, 1955) and therefore, these spore 

formers can be controlled by addition of nisin. 

2.2.2.1 I3acilli 

The irthibition of B .. coagulans strains at 5.0 pg nisin/ml in" 

basamin and tomato juice- ""'as observed by Caffii:bell and Sniff (1959). The 

inhibitory action was significantly higher in basarnin broth where 61 

and 91% of the total 31 strains wer-e inhibited at nisin dose of 0.1 and 

1.0 pg/ml, respectively, whereas in tomato jl1ic~ 12 and 61% inhibition 

was observed under similar conditions. 

Denny et aL (l961) studied the effect of nisin on 

s. stearothenrophill1s (ISIS) strain. The inhibiticn in tryptcne yeast 

extract brcth Kas observed at 25 ppm of nisin. In a similar: study, 

Jarvis (1967) observed very low sen$itiviti' of B. stearothe.rmophilu5 

(NeIB 8157 and 8224) strains with MIC of 3 and 6 RU nisin/m1 

respectively. 

The effect of ni5in co growth pattern of E. cereus (NeIB 3329), 

B. polymyxa and B. subtilis (I\X;IB 8057) was demcnstrated by Jarvis 

0967). The addition of nisin to cultures in lag phase resultea in a 
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pro2.ongaticn of that ph~se, 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 phase ..... 'ere 

dependent upcn the concentration of nisin added. When nisin was added 

at the end of logarithmic phase r little changes occurred either in the 

concentraticn of the organisws or in the rate of t~e growth. 

'l'he ni~in sensitivity of B .. cereus and B. subtilis was also 

studied by J.:ln,Ls (1967). The inhibition of B .. aubtilis (NelS 8739 and 

8057) strains \Jas cbserved at 75 and more than 100 RU nisin/rrl 

respectively I whereas B. cereus (l\"cIB 3329) r was inhibited at more than 

100 RU nisin/mL Nisin .... 'as found most effective in inhibiting 

exponential growth phase of a steady state growing culture of B. cereus 

at 20°C and in presence of 20-100 ID'J nisin/ml (Shehata and Hassan, 

19B1). The ccn-plete inhibiticn of gr-owth of D .. BUbtiliar B .. rnegateriLm1 

ilno n. coagulans strains ,,,;as deoonstrated by Lee end Kim (985) at nisin 

dose ot 200 IU/ml in b~oth. 

Some Bacillus sp. 1,..°ere reported to produce nisinase \..'hich 

ilwc!:ivatcd t::cth nisin Clnd subtilin (Jarvis, 1967). This enzyme reduced 

the C-terminal dehydrcalanyl-lysine of nisin and was active on nisin 

Ar Br C and E Cut not en D (Jarvis, 1970; Jarvis and Farr, 1971). 

Effect of nisin sodium chloride interacticos on the outgrowth 

of D. lichenifonmis spores was studied by Bell and De-Lacy, K.M. (1geS) 

and observed that salt appears to antagonise the sporocidal action of 

lIisill uy intcnering with nisin ,Jdsorption onto the spore. 'rile cornp1ete 

inhibition cf spore outgrowth was observed at 100 1U/ml of nisin 

whereas, detectable outgro ... th was observed when 3% salt was incorporated 

along with 100 IU nisin/li'l in grol,th medium. 



.11. 

Recently, in 1992b , Kumar and P~asad observed that among 8 strains 

of bacilli, B. stearothernophilus (37} and B .. subtilis (9144) were the 

most sensitive and resistant strains .... 'ith Nrc of 0.5 and 150 RU nisin/ml 

in broth respectively at l~ inoculum and 24 h of incubation. 

2.2.2.2 Clostridia 

CcnsiclC'rilbJe sr.oilage may occur \-'hen canned foods infected with 

Clostridium 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 thet'll'OSaccharolyticum and ct .. pasteurianum present 

a world wide problem and cause seriou8 damages.. Spoilage resulting in 

profuse gas production and sometimes putrefective digestion of the 

product can lead to various economic losses "to dairy and other food 

industries. i~i$in was found to be effective for ccntrolling clostridial 

spoilage in these 

bacte~icidal effect 

products. Ramseier, (1960) demonstrated 

of nisin on spores and vegetative cells- of 

the 

CJ _ hUl;ydcum. '1'11(' Jytic effect cmd ad.so~ption was maximum tit pI! 6.5 to 

6.8. The sensitivities of proteolytic and non-proteolytic Cl. botulinum 

strains to nisin and oth~r bacteriocins were investigated in tryptose 

peptone yeast extract glucose broth by Mootville et al. (1992) and 

st~tistically di[te~ent nisin sensitivities among 18 strains of 

Cl~ ootulinum were observed. Ho",'€ver, these d.ifferences were not biotype 

associated. Clostridium ootulinum (169 and 56A) strains were' inhibited 

flt -nisin dose of 10 and 2500 IU/ml after 30 days of incubation. However, 

complete inhibition was observed at 10,000 lU/ml.. 

2.2.2.3 Listeria 

Listeria monocytcgenes has become a major concern of the food 

industry in many parts of the world. Recent well described outbreaks of 
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liste~iosis have impliceted a variety of foods particularly dairy products 

such a5 milk (rleminq et al,t 1985) and cheese (Anon. 1~85a and Ho 

et al., 1986) a,s Vectol."s of the b~cterium. Benkerroum and Sandine (1988) 

evaluated 9 strains of Listeria sp. (L. m.:mocytogenesJ L .. ivanovii and 

f.. s.:\ligilty 

3.36xl03 and 

for nisin sensitivity and their MIC ranged from 1.85 to 

740 to 1.18xlOS IU/ml in !'>iRS and Trypticase Soy Broth ('1'S8) 

respectively. Nisin activity ... ·as founei ccnsiderZlbly low in TSB in 

corllpnr-ison to M~S broth. 

A significant variaticn in nisin tolerance arrong Listeria strains 

was observed by Asperger et a1 (1989). The MIC and MBC ranged from 400 to 

800 and 600 to 1000 IU/ml of nisin respectively. ccntrary to this report, 

no significant difference in Nrc and f'mC of nisin amoog 21 Listeria strains 

WClS observed, by UrI, (1990). Ho .... 'ever I a linear relationship was observed 

between nisin concentration and nUrrCer of Listeria killed/inhibited. Two 

different inocula of Listeria strains (l.OxI03 and S.OxI07 ) were inhibited 

ut nisin dose of 200 and 1000 IU/ml respective]y~ 

Nisin resistance of Listeria strain was found much higher than 

lactic acid bacteria. Harris et al. (1991) demonstrated that nisin 

sensitivity of L. monocytogenes (A'l'CC 19135, Scott A and UAL SOO) strains 

.... 'as found increased by addition of 2% sodium chloride or by reduction of 

the medium pH from 6.5 to 5.5 in presence of 10 pg nisin/mI. 

/'1\.AIl;jCl'l.Ic.. ilnd O'CtTl.nor. (1990) dCltIcnntr<:ltC'u that L. monccytogonos 

counts decresed from C!.bout 106 to l03/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, cell numbers begins to rise, eventually 

r-eaching levels equivalent to those in control cultures without nisin~ The 

possible reascn for increase in cOllnts may be that with a large inoculum I 
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nisin is essentially used-up and cells .. ,:hich survive the initial event can 

then grow in a nisin reduced environw~nt. 

2.3 NISIN SENSITIVITY OF LACTIC AND ~LACTIC CULTURES IN FLUID MILK 

'l'he activity of nisin is strongly influenced by chemical composition 

of a particular food to which it is added. It appears likely that binding 

or aU3orption ot tht' f,."Oly-pcptide structure of nisin occurs with certain 

food components which makes it inactive or unavailable to inhibit micro-

organisms. 

several studies have sholn11 that nisin activity is diminished in foods 

that contains fat (Jcnesl 1974). Nisin has been. observed consistently to 

be more active" in low tat focds than in high fat foods. How fat or lipids 

interfere with nisin activity ",ay relate to its moCk of action (Daeschel 

et a1' 1 1990). The reduction of nisin activity in presence ot meat proteins 

W<'lS obs0rvecl hy Scott Clnd 'l'aylot" (1961). Similarly, it may be possible that 

milk proteins can also bine or interact with nisin and may effect its 

untirnic~obial potential. 

2.3.1 Lactic Cultures 

2_3~1.1 Non-nisin producers 

The nisin sensitivity of 22 strains of lactic acid bacteda 

belonging to different species Le., streptococcus lactis, S. crf;![OOris and 

S. diaoetylactis was determined in skim milk at 30°C and 6 h of incubation. 

'The MIC at 30t inhibition ('enged from 0.1-20 RU nisin/ml (Keogh, 1956). 

The inhibition of S. diacetylactis (DRC
l 

and DRC
2

) strains was observed 

Zit 1.0 and 2.5 RU nisin/mI, \,,.hereasl S. cremoris (C
1 

and C
3

) strains were 
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inhibited at 0.5 and 1.0 RU nisin/ml respectively. streptococcus lactis 

(C2, C
6 

and e
lO

) st-rains also depicted low nisin tolerance with MIC of 

2.5 R[J/mL 

The inhibitory effect of nisin producing strains of So lactis as 

'Well as cor.mercial nisin preparation {BO RU nisin/ml) was evaluated by 

GnlE'sloot: (J 957) in .. -i lk. Sen:€> strains of S. lactis and S. cremoris wer-e 

found cflpable of de.stroying the nisin rapidly I however I other strains 

\-Jere nisin sensitive. Lact~cillus plantarum strains were slightly 

jnhjbiteCl, even these ,,;hieh cestroyed nisin. In a similar study, Teply, 

(1962) defOC'nstrated the effect of 10, 50 and 100 IV nisin/ml on acid 

production of yoghurt 1 acidophilu5, cream and some pure Lactcbacillus 

cultures and complete inhibition was cbserved at 100 IU/mI. Thermophilic 

streptococci" .,·:ere found significantly oore resistant among the strains 

studied. 

Effect of 2 nisin" pnJducing strains of s. lactis against dairy 

jn nd]}:; mrdillm 

containing 5% nisin broth. Nisin broth was found to have no effect on 

3 strains of S. lactis, 2 strains each of S. thermophilus and L. 

bulgaricus and a mixed lactic culture. However, slight delay in cell 

multiplication and acid production of 2 stl:"ains of s. thermophilus t.:as 

observed inhibitory but upon further incubation, cell count and acid 

production t·:ere not ar;preciably effected. It appears that initial nisin 

concentration used in the experiment was not sufficient to inhibit 

completely tIle gr-O\'o'th ar.d acid pt:'"oOuction of selected lactic cultures. 

Nisin' sensitivity of 26 strains of streptococci and lactobacilli 

c1t VOl:)' low level of nisin i.e. 10 RU/ml in skiro milk was investigated 

by Kalra and Dudani (1975). Streptococcus lactis-HLr S. cr€flXJris (C13)' 
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L. bulgadcus (1373), L pl<mtarum (L-lll) and L. acidophilus (L-1) did 

not appear to be inhibited t.,·hereasl s. lactis (C
lO

) and S. diacet.ylactis 

strains !""ere inhibited to the extent of 50%, Lactcbacillus plantarum 

Ct-134) and L bulg<lricus (11 <lnd \v) shO\,oed an inhibition of more than 30%. 

The inhibition of Streptococcus lactis and s. theonophilus strains 

in presence of 50-1000 RU nisin/rr.1 in skim rdlk was observed by Naquib 

et al. (l98S). However, precise nisin doses for individual cultures were 

not detern:ined. Similarly, in 1989, ~!Ukundan aloo evaluated serne lactic 

cultures Le. s. lactis (SIR), S. craroris (SCI)' CHgl LF-40, L.bulgaricus 

(LB-4) and L easei in t,:~e.sence of 100-500 EW nisin/rr.l in skim milk under 

different inocula and incubaticn periods. LF-40 was found to have higher 

resistance among strains Etudied. 

The nisin Eensitivity of 8 strains of lac:tococci and streptococci 

in skim milk \.'.;1,5 observed by Kuma.r and Prasad (1992a) at 1% inoculum and 

optirr,um gJ::"owth conditicns. The rue ranged frem 25-225 RU nisin/ml and 2-

5 Lolu variaticn in nisin sensitivity of Lactococcus and streptococcus 

sp. was observed in broth and skire w~lk study. 

2.3.1.2 Nisin resistance in l~ctic cultures 

2.3.1.2~1 Lactococci: 

The sensitiVity of nisin resistant streptococci to antibiotic used 

as drugs ""as demonstrated by Lipinska and Matta (1964). Two strains of 

S .. lactis(3a..~and 2a
3

) and one strain each of S. cremoris and _ teucCJ!:lostoc 

citrCNorum were adapted tc tolerate about 320 IU nisin/ml .. These strains 

with tb~ exception of S. crerroris '.'ere found significantly more sensitive 

to all antibiotic5 tested in comparison to parent sensitive strains. 

In 1974, Lipinska further evaluated nisin resistant strains of 

s. lactis which do 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 (263 ) were 

completely inhibited. Nisin resistant strains of S. lactis (263 ) depicted 

nigher lactic acid fermentation (acetoin, diacetyl and Co2 ) and 

proteolytic activity. Hm,ever, some corrmon f.eatures Le. 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 Lactobacilli: 

The resistance of pure cultures of L. easei was increased by 

gradual adaptation to increasing concentration of nisin (Hylrr,ar, 1970: 

and Hylmar et all 1970). In a culture medium consisting initially of full 

cream milk enriched 'With 5'% of molasses base, 200--300 Units of nisin/ml 

hod u.ltjnlOtcJy sho,",n no inhibitory effect. Adequate fermentation and 

proteolytic activity of this strain ,",'as retained in pt"esence of 200 Units 

nisin/ml. Howevet", the original Lactcbacillus culture was sho ..... 'f1 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 Clostridum sp. in milk or casein 

peptone medium containing lactate and small quantity of ·lactose or 

glucose (sinrulating conditions in cheese) was evaluated by Lind, (1958). 

l\ wiele Vild<ltion in nisin sensitivity ,",'ns observed among strains studied. 

However , the inhibitory action of nisin was found less pronounced in 

casein peptone medium in ccrr:pal:'ison to milk. In the same year, Frohlich 

further reported that skim milk inoculated with 1 and 5% culture of 
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Clostridia and 50-100 RU nisin/ml was found to have no effect on 

butyric acid ferl'!1ef,tatioo. The inhibition of cI. s:porogenes and Cl. 

butyricum spcrE?S at 100-120 RU nisin/ml in skim milk was also observed 

by Efimova et aL (1973). 

2.3~2_2 Bacilli 

'1'lIe njsin sC'nsitivity of 150 str~ing belcnging to species! 

B. cerellS:, B. subtilis, B. mesentericus, B. mycoides and s. megateritml 

species in hyckolysed skirr. milk was evaluated by Efirnova et al (1973) 

and observed that 100-120 RU nisin/ml decreased the heat resistance 

of spores • Bacillus megaterium, B. cereusl B. mesentericus and .::. 

B. circu1ans sf:ores l, .. :ere found ccmp.;ratively more sensitive towaros 

nisin. Wajid and Kalra (1974) observed ccmp:lete inhibition of 

B. subtilis" (9144) and 8. stearothermophilus (I-63) strains in 

sted lised milk containing 100 RU nisin/mL The reduction in D-values 

of spores in presence of nisin h'dS further enhanced with the increase 

oj L<'liIi'f'("alun.' of. hCllt trclltu;cnL A COlltr~arative nisin tolcr~nce of 

B. cereus in nutrient broth and skim milk at 20 and 15°C respectively 

with inhibition at 20-40 reg nisin/ml was re);:Orted by Shehata (1981). 

The- incorporation of 100 fg nisin/rnl in skim milk decreased the heat 

resistance of B. subtilis spores. Germination of spores was also 

delayed (r-ee and Kim, 1985). 

2.3.2.3 Staphylococci 

Apart frem; studies ccnducted on the fermentative lactic 

organisms, information is avai lable en the inhibitory action of nisin 

against pathogenic organisms-like staphylococcus aureus causing food 

poisoning. Jarchovska et aL (l974l fcund that a .ccnc.. of. 500 BU. 
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nisin/ml was t"equired to centrol the grQ\.,>t.h of this organism is sweetened 

ccndensed milk. \';herec,st Jenes (l974) reported the interference of butter 

fat on the inhibitory acticn of nisin against S .. aureus when present in 

\.Jl101~ milk and cheese. The inhibiticn of S. aureus was also observed in 

skim milk by Naquib et al. (1985) at nisin concentraticn t"anging frern 50-

lOOO IW//ld. IJoI'C'v('l"/ n,ls,in tol~r~nce ,,'as found comparatively very low in 

broth as reported by Lee and Kim (1985), where inhibition of S .. aureus 

was observ@d at 200 IU/rrl. In a similar study, Owens and Watts (1987) 

demonstrated that the activity of antimicrobiotics against S. aureus in 

miJk was low when cOl'npat"ed with the activity in Mueller-Hinton broth. 

However, the grcwth rate of the organism in both media was same. They 

observed that the l~ler effect appears to be oue to action of milk on the 

ilnti!ldcrdl)CS .. inC! not on the gro\,:th rate'of the organism. 

A slightly higher nisin tolerance of S. aureus in milk in 

comparison to scl id medj t,:r.: '·'as alao reported by Broadbent et al. "(1989). 

2.3.2.4 Listeria 

After observing the widespread outbreaks of htmoan listeriosis cue 

to consumption of milk and milk prooucts and the presence of Li.steria in 

the environlT.ent of toed factodest several efforts have been made to 

assure Listeria-free prcCucticn (Ancn, 1988a; Coleman I 1986 and WHC, 

1988). Recently, the a66iticn of bactez:'iocins of la<;t:ic acid bacteria, 

especially, nisin was found to be effective for inhibition or controlling 

the proliferaticn of L. fllCX10CYtcgenes in milk and milk proclucts. 

Same bacteriocins of lactic acid bacteria were found active against 

too monocytogenes. HOQVer et al. (1988) demonstrated that inhibitory 

activity of PediocOC'cus acidolactici (Po
2

) towards 
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L _ monocytogenes (ATCC 19111 t 19113 and 19115). The decrease in viable 

counts and grc\<.th of (. _ ~ogenes in several refrigerated products 

was observed by Fucci et al. (l98S) by addition of a crude preparation 

of bacteriocin Pl\-l prc·~' . .lCed by P". acidolactici (PAC-l) _ The inhibitory 

effGct of nisin against 9 strains of L _ IOOtlocytogenes in sterilised and 

non-.<:tt:'r.i] j sed cott':HJC Ci100SG! was determined by llilnkerToum lind Sandine 

(1988) with r-lIC of 37xlO
L 

and 2.55xl03 IU/g respectively_ 

'l'he inhibitory effect of fat on nisin activity was well 

demonstrated by Daeschel et al. {l990} and Jung et al.. (1992). The 

initial activity of 10 Cnits nisin/ml in sterile milk containing 0 (skim 

milk) I 1.15 and 11.5% fat t-,'as decreased by 30, 50 and 95% respectively 

(D.-1C':;dH:>J ct ill'l 1990). !Iol-'ever, the initial, viable counts of L. 

monocytogenes (746xl03 c&Lu. log growth phase) in milk containing 0, 

1.15 and 2.3% fat were decreased to 200, 2300 and 22,OOO/ml respectively 

at nisin dose of 50 Unitslwl and 24 h of incubation. 

Jung et alA (1992) subsequently reported that initial nisin 

activity of SO 1U/ml in milk containing 0 (skim milk) and 12.9% fat was 

decreassed by 33 and !TOre than 88% respectively. The initial viable 

counts (1og10 7-7~5 c.f.u. log growth phase) of L _ monocytogenes (Scott.: 

A) were found decreased to log10 2.90 C4f.U. and log
10 

30 c.f.u./ml in 

skim milk at 10 and 50 Units of nisin/m1 respectively after 2 h of 

inoculation~ 

2.4 FACTORS AFFEC'IIN3 NISIN ActIVITY 

'fhe various factor-s like cO!Ilp:>sition of the medium, age and size 

of inoculuffit incubation temperature and pH of the solution containing 
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nisin pt:ior to its addition to the broth, affects the antimicrobial 

potential of nisin in foods (Hamseier, 1960; Mohamed et al. t 1984; 

Benkerroum and Sandine, 1988). Among these factorst pH appears to be the 

most important, because nisin is acidic in nature anC! its stability and 

solubility arc pH depcnde:-:t (Tramerr 1964 and Hurst, 1978). At neutral 

or Zllkaline pll, nisin is both relatively insoluble and unstable (Hurst, 

1983). Therefore~ the best solvent for nisin is O.02N HCl in comparison 

to buffer at pH lOt '""here 80% of the nisin get inactivated within 2 

hours. 

2.4.1 Effect of pB 

2.4.1.1 Effect on nisin stability 

, , I" 'kL b' 1 ' d 'd' "j , Nl:-,li"l cox UI)lt~..( grcntc5t sti' 1 ~ty un er ael v: conu tlons 

(L ipinska, 1977). In dilute H~l solution at pH .2.5 or below, solutions 

can be boiled without lo~s of activity and even autoclaving does not 

cause serious loss of activity (Hall, 1966). In a similar- study, '!'ramer 

(1964) further reported that nisin was stable at autoclaving (115.6"C) 

at pH 2.0 but 40% of the activity was lost at pH 5.0. Holding a solution 

of nIsin at lOO"C for 30 min at pH r-ange 2.0-6.0 produces no adverse 

effect. However I in most practical applications, it is preferable not 

to exceed pH 6.5 (Ha ..... ley, 1957). The destruction of nisin in presence 

of proteins is less: drarr.atic (Tramer, 1964). The activity of nisin is 

rapidly lost unoer alkaline conditions (Tramer/ 1964; Hurst I 1978). At 

pH 11.0, the activity may be completely destroyed at 63"C in just 30 min. 

1-la11 (966) stated that nisin has a higher antibiotic activity when 

dissolved in 50!'} HCl than .... 'hen assayed from solutions in distilled water. 

It lllrJY be> because of the fact that the nj sin molecules tend to polymerise 

with the increase of pH. Hc'·:ever I the relationship between the biological 

activity and the polymeric form of nisin has not been establsihed yet. 
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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 pH values. 

Recently, in (1990). t. iu and Hansen further reported that solubility of 

nisin dropped '-sharply and continuously from 57 mg/m1, at pH 2.0 to about 

1.S rrq/ml at pH 6; it dropped again to 0.25 mg/ml, at pH 8.5, where upon 

it levelled off. It is interesting that the pH at which solubility 

leveled off (about pH S.O} coincides with the pH at which nisin began 

to WHJ('t"C,JO pll inc.h.lcC'd moclificntions. The solubility properties and 

electrophoretic behavicur suggested that the iso-electric point of nisin 

might be in the alkaline range. 

The mechanism of inactivation of nisin under alkaline conditions 

is unknown but could be G consequence of aenaturation, chemical 

modification or a corrbination of both. The instability and decreased 

solubility of nisin at high pH may be because of Dehydroalanine (Dha) 

and Dehydrobutyrine (Dhb) which are susceptible to modifications by 

nucleophiles (hydroxyl groups or nucleophilic R groups) that are present 

at high pH (L iu and Hansen, 1990). 

2 .. 4_1 .. 3 Effect on inhibitory action of nisin 

2_4_1.3 .. 1 Bacilli: 

The increased effectiveness of nisin at low pH was re~rted by 

campbell and Sniff (l959) in tomato juice .md basamin broth adjusted to 

different pH~ It was observed that 200 1U nisin/ml was enough to inhibit 

BoO coagulans at pH 5.3, however, 560 IV nisin/ml failed to inhibit this 

bacterium at pH 7.2. In a similar study, Oscroft et al. (1990) 
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demonstrated that a c'Kr-ease in 0.3 units to ptl 5.7 enabled 500 IU/ml 

nisin to inhibit the '?r'o\..th of Bacillus spores 006/ml ) inoculum at 30 D e 

wl1crc.;:!s, tit pri 6.0 no nisin concentration ""3S effective. 'l'he challenge 

of. low ccncentrations cf nisin (125-250 1U/ml) with large inoculum (106 

spores/rr.l) \..:ere ineffective at pH 5.4 or abovel however I inhibition of 

gmwth Has cbserved I.:he:-: pH was adjusted with Bel. 

2.4.1.3.2 Clostridia: 

The effectiveness of nisin in preventing the spores outgrowth of 

six strains of Cl. botulinum types AI B and E in trypticase-peptone-yeast 

p'xtrflct-gJucose ('fYK,) broth ,",'as profoundly affected by pH (Scott and 

Taylor I 1981). Nisin \<,·as considerably rrore effective at pfJ 6.0 than at 

pH 7.0 or 8.0. The enhanced effectiveness o£ nisin under acidic pH 

conditions w~y be becac~e of the increased stability of nisin in acidic 

solutions or some acid dar.',aging effects on the spores of CL botulinum. 

In a simi1a~ study, Scrr~~s and Taylor (1981) demonstrated that at pH 6.0 1 

nisin level of 5000 IE/ml ,",'as insL1fficient to prevent spores outgrowth 

of Cl. botulinum (69A, 1138 and 2l-3B) in cooked meat medium. The 

decreased effectiveness of nisin in cooked meat medium was attributed 

to the bindin{cf nisin to meat particles and this binding is apparently 

not affected by lowering of pH tc 6.0. 

A comparative study on the effect of nisin on cl. sporogenes 

spores in liver veal rr.. V) agar and pork slurries adjusted to:: diff~rent 

pH range 6.0-7.2 and 5.7-6.6 ~ ... as derronstrated by Rayman et aL (l981). 

'I'ha ~ffectiv('ncss of nisin in preventing outgrowth of spores decreased 

with the increase of pH in almost a linear fashion. 



.24. 

frrasad (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 

gro~th temperature and 24 h of incubation. The inhibitory 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 has been a corrmon knowledJe that individual micro-organism has 

its own optimum growth tempe~ature and the metabolic activity is hampered 

considerably at sub-optimum tew.peratures. The most of the studies in the 

past are, hot-"ever, restricted to or near optimum growth temperature and 
.~ 

aLassuroption is usu~lly ~ade that the physiological activities of micro-

organisms at sub-optimum terrperatures are qualitatively the same as 

manifested at optimum terrperature. 

The higher synthesis of unsaturated fatty acid (UFA)· in cell 

membrane at sub-opt.imum temperature ·was observed by Rose (196B) and may 

cause different sensitivities among micro-organisms when treated with 

bacteriocidal substances (Dajani et al.I 1970). The killing effect of 

Staphylococcin 1580 against Streptococcus aureus was adversely affected 

when the temperature of incubation t.,·as dec!:"eased from 37 to 20°C (Jetten 

and vcgels, 1974). 

2.4.2.1 Effect of inhibitory action of nisin 

The nisin sensitivity of 31 strains of Bacillus coagulans under 

different incubation terrpe:ratures i.e. 35, 45 and 5S"C was evaluated by 

Campbell ana Sniff (959). HOI-lever, the inhibition was observed at 14 

11g/m.l i"lrter 7 cloys of incubiltion irrespective of different temperature 

regimes. A substantial increase in inhibitory action of nisin against 
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In a comprehensive study, Kumar and Prasad (l993) reported higher 

nisin tolerance of 8 str8ins of L actococcus and Streptococcus Spa at 

optimum gr-o,,1:h temper-ature than sub-optim.Jm temperatures. The IHC rangE' 

of nisin for (.actococcus SPa ,"'ere 2-65# 5-200 and 2-100 RU/ml at 25, 30 

(optimum) and 37"C v.'hereas, for Streptococcus Spa the respective figures 

were 10-15, 75-150 and 20-50 RO nisin/ml at 30, 37 (optimum) and 4S QC. 

2~4.3 Effect of Inoculum 

A high initial inoculum necessitates the addition of higher level 

of nisin and therefore, the demand of nisin is relate6 to the types and 

numbet"s of micro-organisms present in foods (Gupta et al.I 1971 and 

Oscroft et aL I 1990). Under appropriate conditions of heatin9~ pH and 

spore loads, the amount of nisin required for inhibition of spore 

olJt9l"m,Jth om be lot,'er-ed down consider~bly (Scott and Taylor / 1981). 

The spore load vias found as one of the key determining factor in 

controlling the arrount of nisin necessary to prevent outgrowth in foods 

(Fowler I 1979). The effectiveness of nisin in preventing spore outgrowth 

decreased with the increase of spore load (Rayman et al., 1981: Scott 

and Taylor, 1981 and Oscroft et al .. I 1990). This inverse relationship 

between inhibition by nisin and spore load substantiated the observation 

of Gibbs and Hurst/ (1964) that nisin is ineffective in preventing 

spoilage when the raw material of inferior quality are used. 

Some lactic culturesl like streptococcus lactis (SIR) and 

r. actobaci11us bulgar-icus t B-4) were found to offer comparatively higher 

resistance with the increase of ino~lum from 1 to 2% levels at nisin 

concentr-aticns ranging from 10D-SOO RU/ml in skim milk after 24 h of 

incubation (l'lukundan, 1989). The adverse effect of higher- inoculum on 



.27. 

efficacy of nisin y;as also observed ag.;linst L euconos:toc oenos in Model 

grar:ejuice system containing 100 RU nisin/ml (Splittstoesser and Stoylal 

1989) • 

l\ linear: relationship ... ·as observed between nisin concentration 

and numbers of Listeria killed ot" inhibited (Urll 1990). It was observed 

that the requireffient of nisin for complete inhibition of Listeria 

increased considerably from 200 to 1000 IU/ml with the increase of 

inoculum from LOxI03 to 5.0xl0
7 

c.Lu./ml. 

Among 8 strains of 1 C!ctococci and ,streptococci, 1-2 folds increase 

in nisin tolerance ,."ith the increase of inoculum from 1 to 2% was 

observed by Kumar and Prasad (1993). The nisin tolerance of L actococcus 

sp. (nisin and non-nisin pr-oducers) at 1 and 2'~ inoculum was 5-2000 and 

10-2400 RO/ml respectively, whereas/ for streptococcus sp .. I the 

respective figures v,:ere 75-125 and 100-150 RU/ml. 

2.5 MODE OF ACTION OF BACTERIOCINS 

The Trest published 'Work on bacteriocins of lactic acid bacteria 

revealed that the acsorption of bacteriocins on Gram fX)sitive bacteria 

whether, they are sensitive or resistant, is non-sped fie (Upreti and 

Hinsdill, 1975: Davey I 1981: zajdel et .1. , 1985 and Bhunia et al. , 

1991) • In cose of Gram negative bacteria, however, there is'no adsorption 

as shown in case of nisin by Anderson et al.. (988) and P:ediocins I.e H 

by Bhunia et al .. (1991). 

The prq;-ensity of bacteriocins from lactic acid bacteria to adsorb 

nOn-S[)E'cl ficully on cell envelopes could arise from the bydrophobic 

nature of bactericcins v;hich \,auld hide the presence of specific 
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receptors. l'luriana i'!nd Klaenhammer (1991) rE'ported that lactacin F was 

bacteriocidal tm:ards protoplasts f intact cells of the 

corresponding strains ...:ere imr.une to the bacteriocins which suggest that 

cell wall is involved in irrrnunity. . 
Bhunia et aL (1991) rep.::n:ted that the ~ ipot~hoic acids It TA) are 

pr.C'.:-.('nt only in til" cell wall of Gram positive bnctcrja and the 

involvement of these acids in the adsorption of pediocin Aca would thus 

be consistant with the fact that it adsorbs only in Gram positive 

bacteria. 

2~5.1 Mode of Action of Nisin against Gram positive Bacteria 

Nisin belcngs to a class of amphiphilic peptide called 

LANl'TBIO'rICS with molecular mas:,:(;s bet",>een 2000 to 4000 Da {Schnell ._ 

ct i'JL, 19HB). fr,,()-~ 5ubtilinl gallidermin and epidermin also belong to 

lantibiotic group and their corrrnon feature is the occurrence, of ~ .. fl ~ 
unsaturated amino acids and rare thio ether amino acids lanthionine and 

3-methyllantnionine \"nich forms several intraroolecular thio(,>ther brioges. 

NiSin and rr.ep-s produced by r.. actoctx:cus lactis subsp. lactis 

strains and Staphylococcus epidermidis (S) are low molecular (3500) 

pepUdes with strong cationic properties ano high content of hydrophobic 

amino acids. Both have been shot.i1 to be bacteriocidal for gram positive 

bacteria (Sahl and Brandis, 1982) and have been studied 'extensively. 

A comprehensive information cn rrode 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 Dle:lliJrane 

The primary ~echanism of the antibiotic action of the lantibiotics 

is pr:obably tl1eir- inter-action wi th the cytoplasmic merrbrane of bacteria 
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(SahL 1985 and Kordel et al. I 1988). The structural and functional 

properties of the cytoplasmic meJrbrane is indispensible to understand 

the mode of action of nisin .. This merrbrane is composed of a bilayer of 

phOI";['1110 and qJyco) j pids :in \-"'hich di fierent proteins are embedded. The 

lipids vary in the chemical composition of the polar..- groups protruding 

into the v,'ater phase and in the nature of fatty acid groups forming the 

hydrophobic lipid bilayer. 

Nisin can directly affect the permeability properties of the 

lipids bilayer and makes hole in this membrane through which ions 

including proton can diffuse. As a resultf the proton motive force will 

be dissi~ated and the ddving force for uptake of many solutes will 

collapse. SubsequentlYI gradient of solutes which have been built up by 

proton motive force driven transport system cannot be maintained ana 

efflux of those solutes via their specific transport system will' occur. 

Nisin can also make hoie in the mEmbrane which allow the diffusion of 

solutes. 

The mefT'brane disruption is nO\o.' believed to be the result of 
. 

incorporation of nisin into the rneoorane and subsequent ion channel or 

pore formation (Henning et alo 1986; Sahl et a1.'r 1987; Kordel et al .. , 

1989 and Gao et al. I 1991). The membrane potential is destroyed in 

sensitive Gram F-Ositive cells as a resu)t of the efflux of K+, amino 

acids and ATF; through the membrane pores (Ruhr and Sahl, 1985; Kordel 

and Sah!, 1986). The mode of action of PJ?p-S/ the staphylococcin -like 

peptide produced by Staphylococcus epidernddis 5 appears to be same as 

observed in nisin (Sahl and Brandis, 1981, 1983). 
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2~5.1.2 Effect on peptidoglycan synthesis 

The synthesis cf rrurein (Peptidoglycan) is the target of a large 

number of antibiotics. It is of vital importance for the vast rnajority 

of prokaryotes and is restricted to these organisms. 

Using a In vitro system l L innett and Str-ominger (1973) estimated 

that LJO }Jg/nd nisin caused a 50% inhibition of peptidoglycan si'nthesis 

catalysed by particulate enzyme proteins derived from either Bacillus 

stearothenrophilus or Escherichia coli. In a similar study, Reisinger 

et aL (1980) reported that inhibition was due to the formation of a 

compJ0x l){'tlo. ... C'n nisin Dnd the Jipid intcrmcdiDtc of the protein nnJrein 

biosyntehtic pathway_ The concentration of nisin necessary to bring about 

this inhibition was approxilT'.ately 1000 folds higher than the MIC of B. 

stearothernophilus making it unlikely that inhibition of peptidoglycan 

synthesis was the primary site of nisin action. It is possible that a 

nisin-murein co~plex is involved in initial nisin-cell interaction and/or 

in transport to the membrane (Reisinger et e~.( 1980). 

In another study I Henning et al. (1986) Oelronstrated that 

antimicrobial effect of nisin is caused' by the interaction with 

phospholipid components of the cytoplasmic membrane followed by an 

interference ..... ith the rr:errbrane function. 

2.5.1.3 Effect on autolytic enzymes 

Nisin and ~p-5 nre cationic peptide antibiotics which in addition 

to their membrane disruptive action indllce autolysis in staphylococci. 

The 0nlwncc-d hyclrolysis of cell wall materiC'll is caused by stirrulation 

of the activity of the autolytic enzymes of the cells (Bierbaum and sahli 

19851. 
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Two autolysin of the P-.ep-5 indicator str<3.ins, S. simulans 22 were 

recently purified and identified as N-acetylglycosaminioase and N-acetyl­

muramoyl-L -Dlanine minidase (Bierbaum and Sahl, 1987 and 19B8). 

Experiments ~ith purified amidase, isolated cell walls and cationic 

peptides revealed that at low ionic strength l the amidase with an iso­

electric point> 9.5 binds to the teichoic, teichuronic aod lipoteichoic 

acids of the cell envelopes and is thereby inhibited. 

2.5.1.4 Inactivation of SUlfhydryl groups 

The importance of sulfhydryl groups in membrane associated 

[l1nc-t)on.<:: of ,'1ctivc tt:'Zln.s('JOt"t and oxidative phosphoryltltion has be<,," 

recognised for many years (Hoed and Harris, 1980). Antibiotic such as 

nisin may act as sulfhydryl agent (Gross and Morrell, 1967) _ Thli:< unusual 

dehydroalanine groups of nisin are I?Otential M1chael acceptors which 

might react with membrane sulfhydryl groups and may be useful for the 

identification or design of new antibiotic agents. 

["'.orris et a1. (1984) located and .characteri.sed the sulfhydryl 

groups in the membrane and further studied their reactivity with several 

sulfhydryl agents and outgrowth inhibitors. Nisin at very low 

concentrations inactivates the sulfhydryl sites towards sulfhydryl agents 

and therefore, suggesting that these merrbrane sulfhydryl groups are the 

natural targets of nisin bacteriostatic action. 

2.5 .. 2 MX.Ie of Action of Nisin against Gram negative Bacteria 

'I'lle Gram negative bacteria in genprall are insensitive to 

bacteriocins of lactic acid bacteria as they do not have specific 

receptors (Bhunia et al. f 1991), hO\-,'ever, their inner membrane can be 

destabilised by these bactedocins (Gao et aL, 1991). The sensitivity 
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of some Gram negative bacteria to beth nisin and pediocin A(:H has been 

reported eaclier by f>lattick and Hirsch, (1947); Bhunia et aL (1988); 

Blackburn et al. (1989) and Stevens et al. (l991) , however, the exact 

n~hanisms of sensitivity have not been determined. 

The destruction of outer membrane can be achieved by osmotic 

shock, forlllation of cytoplasmic membrane vesicles or by procedures which 

affect the lipo-polyssccharide components of the outer membrane like 

treatment with EDTA. The mutants of Saluonella typhiEWrium which have 

reduced membt'ane lipe-polysaccharide are sensitive to nisin (Stev~ns .'!:: 

et it!.., 1991). 

Kalchay~nand et al. (1992) hypothesise that adsorption of a 

bacteriocin on a sensitive ".cells impairs the barrier functions of the 

wall allowing the bacteriocins molecules to enter the cell and come in 

contact with the membrane. If this hypothesis is correct f then 

sub-lethally injured Gram negative and Gram positive bacteria with 

impaired cell wall barriers will be sensitive to bacteriocins (Ray, 

1989). 

'l'he validity of hypothesis was tested" by injuring Gram negative 

and bacteriocins resistant Gram positive bacteria by freezing, heating 

and acid treatment and ~easuring their subsequent loss in viability 

caused by nisin and pediocin AcH (Kalchayanand et aL I 1992).. It was 

observed that sub-lethal injury impaired th~ wall function probably by 

some conformational alterations and as a result the bacteriocins 

molecules enter through the impaired ,,·all. 



2.6 EL='RCN MICRC\SCOPY (EM) OF BACTERICXINS TREATED LACTIC AND 
NON-IJ\Cl'rc CULTur~ 

2_ 6.J .. Bncte.t:'iocj ns o( lactic cultures 
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The most published ,",-ark revealed that the mode of action of 

bactericcins have been studied at molecular levels by biochemical studies 

and very little eftcrts were made to corroborate these informations through 

EM (Scanning and Transmission) ~,!hich is also an indispensible tool to know 

the surface and internal details of bacteriocins treated cultures. However, 

few reports on cationic lantibiotics i.e. nisin and Pep-S and some other 

hnctc-rjocins <11':"(' uvailable. 

2 .. 6 .. 1.1 Nisin 

A bacterial culture of Clostridium butyricum when treated with nisin 

undet"goes bacteriolysis and appears more inter-se during logarithmic phasl::.o 

of growth as reported by Ramseier (1960).. The vegetative cells following 

nisin treatment undergo SOir.€ changes in surface tension of cytoplasmiC 

membrane, which results in disturbance in cell permeability leading to 

bacteriolysis. 'The lysed bacterial cells wet"e also found to release some 

substances absorbing at 260 om. The lysis of !1isin prcducing strain of 

Streptococcus lactis was also observed by Burst and Kruse (1972), 'When it 

was treated with nisin during lcgarithmic phase of growth. 

Lactobacillus cells (SSO 28 343, 375) following treatment with nisin 

at concentration of 10, 000 units/ml Iflundergo clumping as. observed under 

light microsccpy (Cgden and h'eitesl 1986). There was no evidence of cell 

lysis CV(:>I') after one hour tollo~dng treatment. The extent of cell 

aggrE;gation appears to depend on both the cell and nisin concentrations. 

The majority of cells cl~rr.ped after 15-20 min. of treatwent and no further 

aggregation ~as seen. 
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2.6.1.2 Pep-5 

'l'he effect of cationic peptide, Pep-S on staphylococci was studied 

by Brandis and Sahl (1984) and reF0r-ted that destruction primarily occurs 

in septul1, arecJ as r:evealed by Ei'l. 

2.6.1.3 Pediocin -AcH 

ThE' uJ trastt"vcture changes in Lactc::t::lacillus (lodLeuconostoc sp. were 

studied by Bhunia et ala (1991). Leuconostoc mesenteroides following 

treatment with Pediccin AcH at concentration of 10,240 AU/ml undergoes 

lysis and revealed the ~resence of ghost cells. On the other hand l 

1. plantarum (I\'COO 955) did nct lyse, hm.'ever, the cytoplasm became denser 

and darker. 

'I'he pt'esence of ghost cells in Listeria mOllocytogenes strains 

treated with 1500 AU/ml of Pediocin AcH ,",'as demonstrated by Motlagh et ala 

(1991) under phase contrast micro~copy. 

2.6 .. 1 .. 4 LactCXX>Ccin A 

Lactococcin A is a. bacteriocin prodUced by [actococcus lactia subsp. 

lactis. The electron microscopy of lactococcin A. treated L.. lactis subsp. 

lactis cells revealed no lysis or other morphological alteration 

(Van-Belkum et a1., 1991) .. HO\o.'ever, the efflux of accumulated substrates, 

suggested that lactccoccin A J.:'enneabilised the cytoplasmic membrane :,t,y 

pore fornic")tion .. In ccntrast to nisin, lactococci A ~s, however, active in 

absence of protcn motive force and its activity is mediated by a rece{::tor 

present in the IT€mbrane of sensitive cells (Van-Be1kum et al .. , 1991). 

2 .. 6.2 Bacteriocins of Non-lactic CUltures 

2.6.2.1 staphylococcin G-55 

Staphylococcin is a bacteriocidal substance isolated from phage type 

71 Staphylococcus aureus c.nd has been studied for its mechanism of action 
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00 staphylococcal cells (Cla ... ·son and Dajani I 1970). The morphological 

changes observed included the condensation of nuclear material I partial 

loss of ribosomes, rrcdification of mesosomes and eventual dissolution of 

cell contents. The cell wall waSt ho· ..... ever, not affected. Almost similar 

kinds of changes "'ere also cetected in sensitive bacteria treated with 

f'trC'ptococcin IIF'F-27 (Tagg et a1./ 1973). 

2~6.262 uacitracin 

It is a cyclic peptide antibiotic, first isolated from a str-ain 

of Bacillus lichenoformis in 1945. 

discovered that bacteriocin inhibits 

Siewart and Stronminger (1967) 

a crucial step in cell wall 

biosynthesis Le. the enzyrr'.atic depho~-'phor:ylation of the G 55 isoprenyl 

pyrophosphate. 

Bacitracin is generally considered to have activity against Gram 

positive bacterial hO'n'ever, its effects on Gram negative- bacteria has 

ceceived very litt1~ attention. Escherichia coli strains, following the 

treatment with zinc bacitracin in logarit~ic phase were examined electron 

microscopically using a negative staining technique which revealed the 

presence of structural lesions in defined area of cell wall (Nalton, 

1976). The lesions describeod \"'ere, pQY.'even not present on all the cells 

examined. 

2.6.2.3 Pblymyxin 

P:blymyxin is a polycations deca~ptide antibiotic and generally 

destroy the barrier prcperties of cytoplasmic membrane by its affirdty 

to bind with phospholipids (Teuber and Bader, 1976~ Storm et aI. f 1977). 

It induced extensive visible alternations in the outer membrane of 

salmonella sp~ as observed under electron microscope (Schindler and Tuber, 

1975: L ounatamc: arKi.Sarues: 1976). 
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2.6.2.4 Megacin 

Megacin is a bacteriocidal substance with narrow antibacterial 

activity against prc<lucing organisms Le. Bacillus megaterium. Ivanovics 

et al. (1959) reported that rnegacin either act like an enzyme which breaks 

thE? osmotic barder of sensitive cells or activate the autolytic enzymes 

of. cells which lco<lds to an autolysis of cytoplasm. 

The megacin treated B. megaterium \o.-ere examined at intervals under 

phase contt"ast microscope. It waS observed that the homogenity of the 

cytoplasm gradually decreased and appeared as distinct granules in the 

centre. The microsccpic and chemical investigations of cultures 

containing rregacin suggested that there .... 'as a marked change in the osmotic 

barrier of the organisms. In a similar stUdyl . Holland, (1962) reported 

that B. negatedurn strain 207«;, ,,'hen treated with megacin at 37"C and 

examined under phase-contrast microscope showed a gradual loss of intra­

cellular materials. Bacteriocidal amounts of megacin transform protoplasts 

of sensitive organisms to empty spherical ghosts and also appear to 

disrupt the permeability barrier ct whole organisms. 

2.6.2.5 Bacteriocin 28 

Bacteriocin 2B induced spheroplast fomation in sensitive strains 

of' ClO.<ltt"idium perfdngens with some loss of cytoplasmic contents as 

revealed by phase contrast and electron microscopy (Mahony et 61. , 1971) 

The dgid cell "'all of the bacterium was missing in these spherical forms 

and small pleomorphic structures with membrane could also have been seen 

to bud off from the larger spheroplast. 

In another study, Elliscn et aL (l971) reported extensive 

structural changes like aggregation of nucleoid deoxyribonucleic acid, 
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vesicular configuration of mesosomes and dissolution of cell contents with 

rerr:ainants 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 actien of colicin M against E. coli K-12 32T 19F/T 1 

was studied by Braun et al. (974). It induced the formation of 

spheroplast in presence of 15% sucrose. The electron microscopic 

eXaminZltion revealed bulging of cell envelope either equatorially or at 

sites all aver the cell. 

2.7 l\£P..L ICATIOO OF NISIN IN FOOD I'RESERVATlOO 

During the- past several years, considerable attention has been 

given to nisin fot' its use as a food preservative. Initially, it was llsed 

in processed cheese and cheese products to combat bacteriological spoilage 

caused by clostddia~ r-:'ow a days I nisin has been pennitted in varieties 

of foods in dairy ano canning industries~ This expansion of nisin usage 

has occurr-ed ducing a period in which ultra high temperature (VET) 

treatments have CaIne into vogue~ However. it has not been proved 

satisfactory or efficient for wany p~oducts such as acid canned foods. 

Nisin is being used in processed food under three main categories: 

(il) '1'0 control an existing spoilage problem. (b) To allOw a reduction in 

heat processing conditicns without creating extensive spoilage problems, 

and (c) in the formulaticn of new products, especially where quality 

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

otherwise 1 be a limiting factor. The product treated with nisin could 
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attain corrrnercial sterility • • ..'ith less heat treatment and improved 

nutritional value, flavcur, texture and appearance. 

2.7.1 P.'t"ocessed Cheese and Ch~se Spr~ 

Nisin WC'lS proved an effective preservative in pasteudsed processed 

cheese and cheese spn?<:!ds. The ra ..... ingredients used in the manufacture of 

processed cheese products are typically raw cheese, butter, skim milk, whey 

powder, various flavour additives, emuls1fying salts and water. The 

clostridial spores often unavoidably present in some of these raw 

ingredients can survive the heat treatrrent of 85-10S o c during melt process. 

The composition of prccessed cheese produ.;ts in terms of increased pH 

moisture ccntent and ultimate anaerobiosis favour the outgrowth of spores 

which fi'ay result in subsequent spoilage due to 'the production of gas and 

off odours and liquefaction of cheese. 

The anaerobic s~re formers par:-ticulat:ly associated with spoilage 

of processed cheese are Clostridium butyricum, Cl.. tyrobutyricum and 

Cl. sporogenes (Meyer, 1973, and Thomas, 1977). The' research carried out 

in U.K (Anon, 1991) indicated that 250 m:;J Nisaplin/kg in processed cheese 

and cheese spreads which ,,'ere artificially inoculated with spores of afore­

mentioned Clostridium sp. at level of 2oo/g I prevented the spoilage at 

37°C , however, the partial control ",,'as observed at 100 mg/kg of Nisaplin. 

Somers and Taylor (1987) demonstrated that Nisaplin is effective in 

pasteurised pr:-ocessed cheese spreads in delaying or preventing' the growth 

of Cl. botulinum strains A and B and its subsequent formation of toxins. 

2.7.2 Canned foods 

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 organisrr.s to survive and grow in different temperatures 

r-anges. 
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The processing of low pH foods packed in hermatically sealed 

container is de-signed to kill the heat resistant pathogenic: bacterium, 

i.e~ Cl. botulinum. EO>.'evet", the bacterial spores can survive the heat 

treatment and may cause food spoilage during storage, especially at 

elevated temperature. The spores of therrrcphilic bacteria like Bacillus 

stearotherm::>philus and Cl. therrnosaccharolyticum are a1 so significant 

cause of spoilage dUl'lng hot cl :!iHtes or slow cooling in manufacture. 

Nisaplin was found a powerful inhibitor of heat resistant and 

thermophilic bacterial spores in processed foods. It has widespread 

application in canned foods like canned mushroolflS, canned soups, canned 

tomato products andcanned tomato products (Anon, 1988b) In most of the 

canned foods, Nisaplin treatment of 50--250 mg/kg \>Jas found quite 

effective . 

. 2.7.3 Milk and Milk products 

Dairy products ccrnprise a variety of foods based on milk or its 

by products as a major ingredients. Some of these foods are pasteurisea 

and have a limiteo shelf-life under refrigeratea conditions, other receive 

rrore drastic hE'at treatments \ . .'hich often extended shelf-life in both hot 

ano temperate climates. The different conditioos of climate, milk supply, 

transport and processing throughout the ~~rld bring diverse bacteriological 

problems to the dairy industry. Nisaplin has a significant role in solving 

many storage problems. 

2.7.3.1 Pesteurised whole mdlk 

The climatic conditions and the demands of transporting milk over 

a long distances produce short-tenn s~i1age problern:s: in many countries. 

Extending the shelf-life by 2 days \<--ith a preservative like Nisaplin is 
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an obvious advantage~ Vanini and f>loro (1967) showed that low concentration 

of nisin Le. 2, 4 no 8 p9 

reduced the bacterial counts 

in pasteurised milk at 32"C 

4 4 
from 3 ..28,,10 Iml to 1.19xlO I 

significantly 

8 .oxl03 and 

7.8x:10
3 

respectively. Clotting time was same in each case. Lactobacilli 

and ~,treptococci were prevalent in the samples containing nisin. In a 

~jutlJ .. r Rtlldy. flnon (198Bc) dcm:nstratcd thilt ~iaaplin ilt calcentrntion 

of 30-50 nq/litre doubled the shelf_life of pasteurised milk stored at 

35 and 50°C. The pasteurised milk which stored alternately at lO"e for 

16 h ana then 8 h at arrbient temperature I the Nisaplin concentration of 

10 mg/litre trebled the shelf. life in comparison - to 2 days of control 

samples. 

A nisin concentration of 100-1000 RU(ml in comme~cially pasteurised 

milk with or \oIithout Bacillus subtilis spores (lOOO/ml) was found to have 

no effect on keeping quality {K Q.' at 32°C. However, the K.Q. increased 

from 6-7 to 10 days at 6°C (Mahmoud et al., 1976). The Gram negative 

bacteria like Escherichia coli Type I Aerobacter aerogenes Type I and 

and .9:>euaaoonas £luorescens corrmonly found as contaminants in 

commercially pasteurised milk 'Were not affected by nisin concentration 

of 100-1000 RU/ml. The K Q. of laboratory pasteuriseCl milk at 32<>C was 

extended (rom 1 day (centrol) to 8/ 15 and 26 days at 100, 500 and 1000 

RtJ nisin/ml respectively (Nahrroud et al. I 1976). 

The initial heat shock of 8S"C with no hold before pasteurisation 

significantly affects the preservative action of nisin in pasteurised 

milk (Magdoub et aLI 1984). The K.Q of standardised/recombined 

pasteurised milk containing 3\ faL 0.1% alanine and 100 RU nisin/ml at 

7 and 20°C ~as found increased from 3 to 5~ and l~ to 2~ days 

respectively. 



.41. 

2.7.3.2 ~aporated milk 

The evaporated milk, properly nanutactured may not be necessarily 

.'JtCl"'jli~led, however, it 1I'o.'y contiJin only few spores of the heat resistant 

bacilli and clostridia. Spoilage due to non-sporing bacteria has been 

report~c1, however, the defects were either due to faulty heat treatment 

or defective cans. 

According to published reports, spoilage appears to be due to 

aerobic spore fOt"mers belonging to B. subtilisl B. cereus, B .. megaterium 

B. coagulans and B. ca1idolactis species. Some of these organisms cause 

sweet curdling or bitterness and flat sours. Nisaplin concentration of 

80-100 mg/litre in evaporated milk inhibited the typical spores and 

reduced the process time by 10 min {Raooeva et ~., 1976). '1'he National 

In.stitute for -Research in Dairying in ti..K also found Nisap1in useful in 

reducing the process time without increasing the s{X)i1age 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 terr:perature and storage times. The 

sterilised milk can ccntain heat resistant thermophilic bacterial spores, 

which Can spoil the milk stored at elevated temperature. 

The addition of 100 RU' nisin/ml in sterilised milk was found 

effective in [lrevcnting the outgccil.fth of bacterial spores and increased 

the sh~lf-life from 3-7 days to 60 days (wajid and Kair-a, 1976) .. In a 

similar study conducted in France, it was denonstrated that addition of 

Nisaplin 20 rrq/litre in sterilised milk completely suppressed the growth 

of. thcl:ll1orhilic Bacillus spores ""hich survive the heat treatment of 

llSoe/lS min (Anon, 1988c) The sterilisation of milk in p~esence of nisin 
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was found to be n:ore effective in preventing spoilage of milk drinks as 

reported by Shehata et al. (1977). The addition of 10 RU nisin/ml in whole 

buffalo milk or chocolate flavoured milk products, resulted in 

commercially sterilised milk products, which did not exhibit any spoil8ge 

during storage at 37 and 55°c for 21 days. 

2.7.3.4 Flavoured mdlk 

Chocolate milks are wore susceptible to storage losses than plain 

milk because of the additional bacterial load in the cocoa pJwder, sugar 

and dried milk solid used as ingredients. Heinemann et al. (1964) showed 

that Nisaplin at 80 rng/litre allm .. ed chocolate milk which had been heat 

treated to destroy ClostridilDJl botulinum to be stored for six months at 

35°C or for three weeks at 55°C and 10% loss. after six months at 35°C. 

The addition of nisin reduced the F-value (centre of the can held at 

250°C/3rnin as opposed to 11 min) significantly and the product had a 

better flavour with improved nutritional quality. 

'rile' r:>hC'lf-lifc of chocolate dairy 00sserts increClsed from 7 to 21 

days with 50 IT9 Nisaplin/kg and further extended to 35 days at 7<JC when 

150 mg/kg was added. At higher storage temperature (12 and 25°C), 150 

mg/kg of Nisaplin doublro the shelf-life (Anoor ~985b). 

2.7.3.5 cream products 

The stability and characteristic properties of cream products 

depends crucially on the heat and other t:reatment used. Nisin has been 

determined in specific products and their particular conditions of 

production, transport and storage. Phillips et aL (1983) in their study 

on pasteurised cream in presence of 25-100 RU nisin/ml obtained a 

significant decrease in mesophilic, psychrotrophic and thermophilic counts 
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2~ 7 _ 3. 6 Reconstituted and recorrbin«:i milk products 
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Countries without an indigenolls oairy inoustr;y often i!1I!==Ort milk 

po1Nden3 and butter oil for local manufacture of dairy products. These 

products experience the same bactet"iological hazards and sensitivity to 

excessive heat treatments as fresh milk products. Many of these countries I 

however, have the addi tional problem of arrbient temperatures which means 

that any thernophilic 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 ndlk prodccts is very low due to high 

acid development during storage. In tropical countries like India} where 

facilities for cold storage, transportation and distributiokn are not 

sufficient and therefore, to avoid the cold storage of the product, nisin 

was used in stirred 'tcghurt stored at room temperature and shelf-life of 

the product increased frem < 7 days to 10 days without much change in 

flavour, bOdy , texture and consistency (Gupta and P.tasad, 1989b) 

*** 





3.0 MlITERIJ\LS AND HE'llIODS 

3.1 NISIN SENSITIVITY OF LACTIC AND NCN-LACITC CULTURES 

3.1.1 Collection of Cultures 

'I\.,'enty six 'str:ains boelonging to genus Lact<x:occus, Strept<X:.-<x:cus, 

Lactobacillus and Bacillus _ were collected from National Collection 

of Dairy Cultures (KCOC) at N.D.R.I., Karnal, as well as Microbial Type 

culture Collection "·.'ICC at Chandigarh. 

3.1.1.1 Cultures collected from NCDC 

Lactococcus lactis subsp. lactis (CIO ' MiS), L... lactis subsp. 

lactis 496 (nis.in 9t"oducer): L. lactis subsp. diacetylactis ORC
l

, DRC
2

, 

lnetin sllb.'3p. crefOC)r:is Streptococcus ea1ivariuB subsp. 

thermophilus H, I ~ Lactobacillus delbruecJdi subsp_ bulgaricus 1373, 

R'I'S, W; L. acidophilus 1899, R; L. planta:cum Rt 89:- Bacillus cereus 

10876; B. subtilis 9144, 6633 and B. stearothermophi1us (953). 

3.1.1.2 CUltures collected from HTCC 

Lactococcus lactis subsp_ lactis 440 (nisin producer) I 

L. acidophilus 447 t B. cereus 430 and B .. stearothermcptlllus 37 1 3S. 

3.1 .. 2 Maintenance of CUltures 

3.1.2.1 Lactic cult~res 

Lactococcusl Streptcx:occus and .Lactobacillus sp. were maintained 

and sub-cultured in fresh sterile titrrn.ls milk at .fortnightly inteJ:Vals 

and stored in refdgeratcr at 4 ± I DC after 16-1S h growth at their 

optimum temperatures. 
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COmposition of litmus milk 

Feconstituted skim milk 11% w/v 

Blue litmus 4% aqueous 

Solut.ion ).5% 

A pinch of calcium carbonate (0.5-LO g) was dispensed in each tube. 

Sterilisation WaS carried cut at 1.1 k9/cm2 for 15 min. 

3_1~2.2 Non-l~ctjc cultures 

Bacillus cereus, B. subtilis and B. stearotherlmrophilus strains 

were maintained and SUOCllltured on nutrient agar slant-- at one TflOnth 

interva15 and stored at 4 ± 1 DC after 18--24 h growth at 35, 37 and 55~C 

ccmposition 

Yeast extract 

Beef extract 

Peptone 

Sodium chloride 

Agar 

pll 

NUTRIEl\T AGAR 

7.4 ::!: 0.2 

g/[· 

2 

1 

5 

5 

15 

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

3.1.3 Preparation of Cell Suspension 

The lactic and non-lactic cultures were grawn in their respective 

medium (given below) at optimum gro\o,th temperatures for 18-20 h. The 

cells were harvested at 3000 rpm for 15 min in lEe Co-SODQ centrifuge 

to get tne cell pellet. Tne pellet , ... as washed witn 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 (0.9% Nacl), untill 50% transmission was visible at 750 

nUl using Spectrophotometer (SP-30). This suspension was used for studying 

the effect of nisin. 

3.1.3.1 Medium used for lactic cultures 

a) Lactococci and streptococci 

Elliker's broth (Elliker et alo, 1956) 

composition 

Tryptooe 

Yeast extract 

Sodium chloride 

Sodium acetate 

Ascorbic acid 

pH 7.0 ± 0.1 

Sterilised by autoclaving at 1.1 kg/cm2 for 15 min. 

b) Lactobacilli 

giL 

20 

5 

10 

4 

1.5 

0.5 

De Man Rogosa Sharpe (~iRS) medium (Del')an et aL f 1960) 

composition 

Proteose- peptone 

Beef extract 

Yeast ext ract 

Di-potassium hydrogen phosphate 

Amrrcnium citrate 

'l\leen-80 

Sodium acetate 

Magnesium sulphate 

Manganese sulphate 

pH 6.4 ± 0.1 

giL 

10 

10 

5 

2 

2 

1 

5 

0.1 

O.PS 



Sterilised by autoclaving at 1.1 k9/cm2 for 15 min. 

3.1.3.2 MedUum used for noo-lactic cultures 

s. Bacillus cereus and B. subtilis 

I'\UTRIF.NT BRorH 

COlliposition 

Beef extract 

Yeast extract 

Peptone 

Sodium chloride 

pH 7.4 ± 0.2 

Sterilised by autoclaving at 1.1 k9/cm2 for 15 min. 

b. Bacillus stearothermophilus 

Peptone Yeast Extract Medium 

composition 

Peptcn€ 

YE'Clst extruct 

Sodium chloride 

pH 7.2 :!: 0.1 

Sterilised by autoclaving at 1.1 kg/cm2 for 15 min. 

3.1.4 Nisin 

giL 

1 

2 

5 

5 

giL 

10 

5 

5 

Nisaplin brand ~ith an activi~y of 1.0 x 106 Reading Units (RP) 
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= 
International Units (lU)/9 \"a5 obtained from Mis Aplin and Barrett Ltd., 

Trowbddge, t-liltshire, U.K. (Batch t\to.2 SP). The International unit is 

defined as 0.001 mg of this preparatial. The activity of 19 pure nisin 

is 40 times that of I 9 of nisaplin. The activity of nisin can be 

expressed as 1U/9, ~/kgf ppm or % nisin. Th~ relatiooship between these 



.48. 

1'1 fHl·: NJ ::1 N NlSAPLlN 

rrg/}:g or Ptr:1 mg/kg or IU/g 

2.5 = 2.5 100 = 100 

5.0 = 5.0 200 = 200 

12.5 12.5 500 = 500 

3.1.4.1 Preparation of standard stock. solution of Nisaplin 

The stock soluticn of nisaplin with concentration of 1000 RU/ml 

was prepared by suspending 0.1 9 Nisaplin in 80 m1 of 0.02 N Hel and final 

volumo (100 ml). \.o'llS nlade after:- 2 h storQg~ at room temperature and the pH 

was adjusted to 3.0 with O.lN NaOH. The solution was filter- sterilised 

(0.25 pm pore)/ stored at S"C and used within ooe week. 

3.1-5 Determination of Minimal Inhibitory COOc.entration(MIC) of Nisin 

3.1.5.1 Definition of MIC 

'I'he NIC is defined as the lov.'est concentration of antibiotic in 

pg/ml that pt"event the in-vitro growth of bacteria. In the present study, 

the MIC was interpreted as the concentraticn of the antibiotic contained 

in the first tube in the series that completely inhibited the growth of 

micro-organisms. 

3.1.5.2 MIC in broth 

'rile nisj,n sensitivity of lactic and nen-lactic cultures was 

determined using llRO'l'B DIUll'IOO SUSCEPTIBILITY TEX:HNIQUE. The test tubes 

~ontaining S ml of broth .... '~re inoculated with filter sterilised NisapJ:i.n 

with final ccncentraticns ranging from 0.5-2000 RU/ml. Thereafter, the 

tubes were incculated with cell suspension of lactic and non-lactic 
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clIltures at 1% inoculum. The inoculated tubes without Nisaplin and 

uninoculatcd tubes ccntaining Nisaplin were included as controls. The 

tubes were incubated aerobically at optimum temperature and pH for 

24 h. 

3.1.5.3 Criteria used {or MIC 

The criteria usea for determining the r-lIC of lactic cultures i.e. 

LactOCOCCUS, Streptococcus and Lactc:bacillus sp. were optical density 

(0.0.), standard plate counts (SPC) and pH whereas, for non-lactic 

cultures Le. Bacillus cereus, B. subtilis and B. stearothermophilusl 

was SPC/rol. 

3.1.5.3.1 O.D.: 

'l'he O. D. of LactOCOCC'll.$, Streptococcus anQ Lactobacillus sp. was 

determined at .wavelength 650 nm using SP 30 uv .spectrophotometer (PYE­

UNICHAM) • 

3.1.5.3.2 SK:: 

'l'hE'> src of l.:lctic cultures 1. e. l<C1ctococci 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.e. Bacillus cereus 

and B. subtilis in Nutrient agar and So. stearothermophilus in Peptone 

Yeast Extract agae ,·:ere determined at their optimtlJIl growth temperatures 

and 48 h of incubation. 

3.1.5.3.3 pH: 

'I'he p!l Has determined l,lsing Be Digital pH Meter (pH 5651). 

3.1.5.4 MIC in skim milk 

The nisin sensitivity of lactic and non-lactic cultures \-las also 

determined in skim milk system for coreparative iniormaticn using the same 
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t0chnigue as explained earlier. The criteria used for determining the 

MIC for ladies were titrable acidity (% lactic acid) and pH whereas, 

for nco-lactics was SPC/ml. 

3.1.5_4.1 Titrable acidity:(~~:14791 Part II, 1961): 

'Ten millilitr€ of thoroughly mixed sample of milk was transferred 

to a 25 ml beaker. Thereafter I few drops of phenolphthalein indicator 

solution were added and titrated against standard sodium hydroxide 

t101u\:iorl to " pink colour. 'rile titt"ablc- acidity was calculated from the 

titre value as percent lactic acid. 

3. 2FACTOfIS AFF&:Tm:; THE IN!UBITCRY AcrrOO OF NISIN 

The efficacy of nisin under 3 different pH and temperatures (given 

below) against lactic and non-lactic cultures was evaluated in broth 

inoculated at 1 and 2% levels. The HIe ... -ere detE'rrnined on the basis of 

O.D. for lactics and SPC for non-lactics. The effect of incubation 

periods 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 non-lactics. 

Different pH 
CUltures Ninimum Cptimum Maximum 

f 'lr.!" O{""(lCX' j nnd 5.S (l.5 7.5 
Str-eptococci 

Lactobacilli S.O 6.0 7.0 

Bacilli 6.5 7.0 7.5 
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Different 'le=n,peratures ("C) 
Cultures Ninimum Optlmum Maximum 

[actococci 25 30 37 

St reptococci 30 37 45 

Lactobacilli 
L. delbrueckii subsp. 37 42 48 

bulgaricus 

L. acidophilus and 30 37 45 
L. plantarum 

Bacilli 
B. cereus 25 35 45 

D. subtilis 30 37 45 

B. stearothecmophilus 50 55 60 

3.3 SCANNIN::; BLEC'TRCN MlrnoscoPY OF LACI'IC AND N:E-LACTIC CULTURES 

3.3.1 Selection of CUltures 

'l'he most sensitive and resistant strains among 3 groups of 

lactococci t lClctobacilli ,nnd bacilli (given below) were selected for SEM 

study. 

3.3.1.1 Lactococci 

L. lactis subsp. lactis (Clot NLB) (ncn-ni~in producer), 

L. lactis subsp. lactis 440 (Nisin producer) 

L. lactis subsp. diacetylactis DRC1, DRC2• 

3.3.1.2 Lactobacilli 

[ .• dclbrueckii ,subSfl. bulgaricus RT$, 1'<. 

L .. acidophilus R 

L.. plantarum 89 

3.3.1.3 Bacilli 

B.. cereus 10876 
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B. subtilis 6633 

fi. st0urothcrmophilus 30 

3.3.2 Preparation of Reagents 

3.3.2.1 cacodylate bu£fer 

'1'0 prepaL"e O.lt-l Cacodyla.te buffer J 1. 6 9 of sodium cacodylate 

(Fluka Batch No.135301-120) was dissolved in 100 m1 glass distilled water. 

'I'he pH was adjusted to 7.2 using Ee-Digital pH meter. 

3 .. 3 .. 2 .. 2 Buffered glutaraldehyde soluticn (Sabitini et al., 1963) 

following ccrnpositicn V.'as adcpted to prepare 2.5% buffered 

91 utaralc1ehyde. 

2.5% Glutaraldehyde EN grade 2.5 ml 
(Poly Science, Batch No. 99C-5029) 

0.1 M Cacodylate buffer 12.5 ml 

Distilled .. ·;ater 10.0 ml 

Total volume 25.0 ml 

3.3.2.3 Graded series of ethanol: water mixtures 

For dehydration of cells, graded aedes of ethanol : water mixtures 

of SO, 70, 90, 95 and absolute alcohol V.~re prepared. Propylene oxide was 

used subsequently for final dehydration. 

3.3.3 Preparation of Cell SUspension 

The cell suspension of selected culture was prepared as "explained 

earlier _ 

3.3.3.1 Nisin treatment of cell suspension 

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

with filter-sterilised Nisaplin at tneir l'lIC as well as 1-10,000 times 
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MIC doses. Thereafter I the treated cells ",ere kept at optimum growth 

temperature fer 4-6 hi centrifuged 2-3 times at 4500 rpm for 15 min each 

and washed with distiUed \<"ater to obtain clean cells. 

3.3.4 SCanning Electron Microscc:PY 

3.3.4.1 Fixation 

Nisin treated cells \·o'ere transferred to micro beakers containing 

2_5~ buffered glutar-alcehyde fixative and kept for 3 h in cold • 
. ~".--

3.3.4.2 Drying of samples 

The samples for SL:'~~· observations, both freeze-drying and 

conventional air drying techniques \Jere standardised in our laboratory. 

3.3.4.2.1 Freeze-drying: 

A smear of fixed cells were prepared on cover glass and freez~ 

dded using Tcshniwal lyophiliser. The processed samples VJere kept-

in desiccator till examinaticn. 

3.3.4.2.2 Conventional air drying: 

A ~mecr of the fixed cells similarly prepared was gradually 

dehyd~ated th~CL~h ethanol:water series as under:-

Graded ethanol: water series Duration 

50% 10 min. 

70% 10 min 

90% 10 min. 

95% 

100 (Absolute) -I 30 min. 

100 (Absolute) -II 14 min. {room temp. ) 

After cehydraticn in absolute alcohoL these were subsequently 

dehydrated in propylene oxide for 15 min and allowed to dry. The 

processed saw.ples were kept in desiccator till use. 
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3_3~4.3 coating of specimens 

Dried !:OC!n:ples ,,:el""€ mounted en aluminium stubs with silver paint 

and sputter- coated .... ·ith gold at approximately 200 N' thickness in 

Hitachi I8-3 Ion coater. The ion current was maintained at 6 rnA at fine 

vacuum of 0.05-0.07 tct:r for 4 min. 

3.3.4.4 $EM observations 

The smaples on aluminium stubs were placed in specimen holder 

and inserted into charrJ:.er under vacuum. Hitachi S-40SA Scanning Electron 

Microsc:opa> was op~J:".;;ted at 15 f(V using scconoC'ry electron mode. 

3 .. 3 .. 5 Electron MicrOCJraphy 

3 .. 3 .. 5.1 Processing of photographic films 

l'he observations \<:ere recorded on om.,"O 35 nvn perforated film (50 

J\SA) with the help of attached camera asserrbly. The film was developed 

in film developer (Kodak D-19) to 8-10 min at 20"C and fixed in acid. 

hardening fixer (Agfa-301) fo~ 10-15 min~ The film ~a5 thoroughly washed 

in running water and d~ied in air. 

3.3.5.2 Printing of electron micrographs 

Enlarged prints ,,:ere made on Agfa-brovira normal/hard 

photographic paper. Stan<lard (Agfa-lOO) and high Contrast (Agfa-108) 

develoDers were used for developing the prints. Developing was followed 

by fixation in acid .fixir:g bath (Agfa-300) and washing thoroughly under 

running Water. The prints were finally dried on glazing machine. A 

number of electron micrographs of each treatment were studied for 

interpretation. 
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3.4 SHELP-LIm OF MILK AND MILK PRClOl.X:I'S CCNl'AINIr-G NISIN 

3.4.1 Collection of Toned milk 

Fresh toned milk ccntaining 3.0% fat, 8.6% SNF ana paste1Jrised 

at high temperature short tirr~ (HTST) i.e. 71°C for 15 sec, was procured 

from Experinll:::ntal Dairy plant at N.D.F.L, KarnaL 

3.4.2 Collection of Lassi 

Fre>sh Lassi packets were also procured fran Experimenta.1 Dairy 

Plant of the Institute. The steps involved in Lassi preparation as per 

flow diagram. 

3.4.3 Treatment with NisapJin 

'The pasteurised milk and Lassi "'ere incor~rated with the filter 

sterilised Ni~aplin with the help of pre-sterilised syringe at 

cCflcentration ranging from 100-500 RU/ml. The pasteurised milk stored 

at 3 different tempecatures Le. 37, 30 and 20"C was analysed upto 3 

days at 8, 12 and 16 h intetvals respectivel~" Lassi was stored at 20 

and 30°C ana evaluated upto 2 days at 8 ana 12 h intervals respectively. 

3.4.4 Shelf-life 

The shelf-life ~·as assessed en the basis of chemical and 

microbiolcqical tests as under: 

Pasteuriscd mil)!;:: 

i) Sensory evaluation 

ii) Titrable acidity (% lactic acid) 

iii) Standard plate count (SPC) 

Iassi: 

i) Sensory evaluation 

ii) Titrable acidity (% lactic acid) 



Flo~ Diagram of Lassi Preparation 

em" milk 
I 

Heating to 90"C 
I 

Cooled to 23 ± l~C 

I • 
Additiw of lactic culture 

(@ 1.0-1.5%) 

Setting for 15-20 h 
(Titrable acidity O.B-l.Ot IA) 

I 
Homcg:enisation 

Addition of sugar s~rup 
(@ 15% of milk) 

Addition of flavour 
(Orage sweet ar,d Rose t..'hite @ 20 ml of 100 litres of milk) 

I 
Cooled to 7 or loce 

I 
Packaging 

* BD-4 containing 
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Lactococcus lactis subsp. lactis, L. lactis sub.sp.. cranoris, 

L.. lactis subsp. diacetylactis and Leuconost:oc sp. 



iii) Yeast 3nd mold counts 

iv) Lactic counts 

3.4.4.1 Sensory evaluation 
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Sensory evaluation ,,"as dcne as per the following score card. 

3.4~4.1.1 Score card for pasteurised milk or Lassi: 

Name of the Judge 

1 

Scores 

ccmments if any 

Scores for judging 

SCores to be allott~: 

40-38 

37-35 

34-32 

Possible defects 

2 3 

6atch No. 

Date: 

Incubation temperatureture 

StoragE periods 

Sample No. 

4 5 

Grade 

Excellent 

Good 

Poor 

6 7 

Changes from the natural colour, loss of sweetness and freshness, 

sedjmcnt for"Jl!i1ticn, whey / [£It s(>paratirn, rancidity, acidity, any other 

off flavour, change in consistencYI viscosity or any other remarks. 



3.4.4 .. 2 Chemical analysis 

3.4.4.2.1 pH: 

The pH of thE:' sarrple was mea~ured using EC Digital pH meter 

(pH 5651). 

3.4.4 .. 2.~ 'J'itrablc acidity: 
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'l'he titr:-able acidity (% lactic add) was determined according 

to 1.S.1. (1.S. 1479, part II, 1961). 

3.4.4.3 Microbiological analysis 

3.4.4.3.1 standard plate =mts (Spc): 

The SPC of control and treated toned pasteurised milk samples 

was determined according to standard procedures (APHA t 1972) using 

Tryptone l}extrose Agar. 

Composition 

Tryptone 

Beef extract 

Dextrose 

Agar 

pH 

Tryptone dextrose agar 

Sterilised at 1.1 kg/cm2 for 15 min. 

3.4.4.3 .. 2 Yeast and 1lX.)ld counts: 

7.0 ± 0.1 

g!L 

5 

3 

1 

15 

Yeast and mold counts in Lassi ""el""€ determined according to APHA 

(1978) using Potato Dextrose Agar. 

Potato Dextrose Ag~r 

Composition 

Infusion of 200 9 potatoes in 800 ml distilled water. 

Dextrose 

Agar 

20.0 9 

20.0 9 



.59. 

The volurre was made upto 1000 ml using distilled water and sterilised 

at 1.1 kg/cm2 fat" 20 11>in, cooled to 45°C and tartElric acid (10%) 'Was 

added at the rate of 1 ml p€r 100 rr.l of the medium to adjust its pH to 

about 3.5 at the time of pouring of medium in the plates. 

3.4.4.3.3 Luctic counts: 

The counts of lactic acid bacteria in lassi were taken using 

Lactic indicator agar (r-:cKay et al.1 1970). 

Lactose Indicator Agar 

Composition 

Tryptone 

Yeast extract 

Gelatin 

Lactose 

SOdium chloride 

Sodium acetate 

Ascorbic acid 

Bromo-cresol purple 

Agar 

pH 7.0 :i 0.1 

Sterilised at 1.1 kg/cm2 for }5 ~in • 

••• 

gil 

20 

5 

2.5 

10 

4 

1.5 

0.5 

0.04 

15-



RESULTS AND DISCUSSION 



I. NISIN SENSITIVITY OF' LACTIC AND 

NON-LACTIC CULTURES IN BROTH 

AND SKIf'-I f'-IILK 



4.0 RESULTS AND DISCUSSION 

4.1 NISIN SENSITIVITY OF UlCTIC AND OCN-LACTIC OJI.'lURES IN BRill1l 

'Iwenty six strains of Gr-arr. positive bacteda belonging to grcuFs 

lactococci, strepto~occi, lactobacilli and bacilli were evaluated for 

minimal inhibitory concentraticn of nisin (MJ:C) co the basls of optical 

density, pH and standard plat~ count (SPC) for lactic and SPC for non­

lactic cultures. 

A \>'ide varition in nisin sensitivity wa's observed among different 

genera, species and strains. 'I'he NIC of 26 strains ranged froom 0.5-2000 

RU nisin/ml at 24 h incubation and optimum growth ccnditions as pl:"esented 

in Table 1. CUt of thesel Lactococcus lactis subsp. crerooris (C
3

' was 

found most resistant strain \o,'hereas, Bacillus stearotbermophilus (37), 

the most sensitive among strains studied. However l nisin producing 

strains of L. lactissubsp. lactis behaved cons~c:uously and depicted 

unusually high nisin tolerance. 

4.1.] r~ctic CUltures 

4.1.1.1 Lactococci and str~ococci 

The MIC of 10 straif\S of Lactococcus and streptococcus sp. ranged 

from 5-175 RO nisin/ml in Elliker's broth"· at 1% inoculum and optimum 

growth conditions. Among lactococci r Lactococcus lactis subsp. 

diacetylactis (DRC
1

) was found ll'Ost sensitive with inhibition at very 

Jew level of 5 Ru nisin/mlf whereas, L. lactis subsp. diacetylactis 

(DRC
2

) depicted higher tolerance \,rith me of 25 RU/ml (Table 1). 



'fable 1. tOniltaJ inhibitory cQneelltr~lioll IInC) of nisin a.gainsl lactic and ~on'1aclic cultures in BiOTB at oplill1V pB, te.peullm and 1\ inoc!lJUli 

------------------------------------ -----------------
81. Cultures !lIe i 

Ro. IRU/.ll 
at 24 h 

--~-------------------------------

LACrOCOCCDS an, 
SIBBnoolCCIS IP; 

J. L. hells 8ubsp, ladis leiOI 

2. t. ladis nbsp. l.ictis I!Lgl. 

l. t. lacUs aubsp. diacetyJadis {Diet' 

4. L. lac Us subzp. diacetyladis 1DRCll 

I, t. laetiE !ubsp. ere.ori, (Cl ) 

6. t. hcth subsp. cre'lfJris le)l 

i. L. lactis subsp. J~CtiB Iml 
(bisin producer I 

S. J" l,actis Jubsp. lactis 11101 
(aish prlldllcerl 

J. str" salivarills snhap. !al 
tberJopbilll3 

In. Str. ulivarills subsp. III 
thetlopb i1 Us 

I Arithmetic leans of three deteni~atioDr 
II "Ie at 18 It (Jf incnhation 

l5 

15 

5 

25 

11 

115 

16GOu 

2000 11 

15 

125 

Cultures !lIe i 

IRUI.II 
at 24 h 

----------------------------------------------
LAClOBICIr.LOS .,. 

[" deJbrvedij sllbsp. bulgaricus I1ml 15 

~. delbrueckjj subsp. bulgaricuN IRISI 15 

r.. delbrueckii subsp. bulgaricuB I~I )5 

~. ~cidophi1u$ Ill)) \0 

t. lCid,pliI" i1B991 15 

[;. acidopbilus IRl 25 

r.. pJantarll1 IRI 100 

b. pJantuDI Illl 20 

Cultutes 

BACl&>US .p. 

8. subtilis 1'1111 

B. subtiJis 11411 

B. tubtiJ is 1663)1 

B. cereUS !l 0816 I 

8. t'UtU! Iml 

8. st!.'HotbenophiJus mll 

B. steuotberJophilus III 1 

S. stear~tbel1lophjJlI" on 

HIe' 
IRUI.II 
at 14 0 

-----------

151 

III 

Jl5 

75 

II 

1\ 

1.0 

1.1 

m 
~ 



.62. 

A 5 fold variation in nisin sensitivity was obsetved at strain level 

{Fig. Ia} .. CoftlPlete inhibition of L. lactis subsp. diacetylactis (DRC
1 

and DRC
2

) 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 beqluse of 

higher inoculum and compositional difference of medium used in the study .. 

Nisin and noo-nisin producing strains of L. laetis subsp. lactis 

differ widely in behaviour t01o.'aros nisin. The HIe of oen-nisin producing 

strains of L. lactis subsp. lactis (CIO and MLS) were 35 and 75 RU 

nisin/ml respectively in £lIikerlg broth at 24 h incubation and more than 

2 fola variation in nisin sensitivity among strains was observed 

(Fig.lb). Collins-Thorr:pson et al. (1985) evaluated 30 strains of lactic 

acid bacteria (LAB) and observed that growth "of 20 strains of LAB 

including L. lactis was inhibited at 50 IU nisin/ml in MRS broth at 3O"C 

and 24 h incubation~ Recently, in 19921 Garg evaluated 18 strains of LAB 

in M-17 t.actose broth at 32~C, 2% inoculum and observed limited growth 

of L. lactis subsp_ ladis and L. lactis subsp_ creooris stra~ml in 

presence of 100 RU nisin/ml at 24 h incubation. 

TwO nisin producing strains of L. lactis suOOp_ ~acti5 (496 and 

440) were investigated in the present study and their MIC were 1600 and 

2000 RU/ml i.n Elliker ' s broth respectively at 18 h incubation period. 

The growth of these cultures was initially inhibited at 18 h but as the 

incubation period increased fur:ther I the growth could be" inhibited only 

at very high dose of 13,200 and 14,000 RU nisin/ml respectively at 24 

h incubation. 'l'he addition of 200 and 400 RU nisin/ml was found to have 

stimulating effects on 9rowth of L. lactis subsp. lactis (496 and 440) 

strains respectively (Fig. Ic). 



fi,E! lta-e) : En tc i or NlSIN ON TIlE BE.'R­
AVlQUR Of L. Ur.TIS STRAINS m DP.oTH AT 

OF"l'IMtlM pH.TENrEPATtlP.E 6; lr.. !NOCl1UJM 

~.? .;.,O"-p"-TI:.:C::;"\L::...:V"",,N;:S/:.:Ti-" ____________ -, 

j., • .. "\ " 

Mj\ \ 
,,·1 \ "'-_ 

\ -~ CI.~ \ --... 

" a.( , \ ''-,,-, 

\ '-',-, 
,,' -I----+--~---~--~----',.,.-----' 

f) f. to t6 -.oJ 3!< 

NISfN CON~TWN (RU/ml) 

fa) ~ LAf....71S SUFSP. D1Acrnurns 

OPTICAL DEN:"'1T'f 
'·~F====~----.,.--------, 

II to (~ ao at; 30 !lG ""0 Al6 W U. M M. 10 n M 

NISIN CONCENTRATlON (RV/wl) 

(~) L. L4.C'l'/S !5VF;:..7. LACTI8 

., :otoo AlOO I}QC !lQ!l lOOQ 1Il00 l~W VJOO l~ lIOOO ~ 

NISIN CONcr.NTRATION {ktIJrnl) 

(e) L. (,A(.TlS SUDSP u..CTlS 
\ Nlsm PROUUCEP.) 
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'111e inCreaE€ in resistance of nisin producing strains after 18 h 

appears ,to be due to FrcOucticn of nisin degrading enzyme i.e. nisinase. 

Moreover, the inhibitory action is largely dependent up:Jn the stage when 

nisin is adoed. either before inoculation or at a time when nisin synthesis 

has started (Hurst and Kruse, 1972}. In our experiment, nisin was added 

before inoculation and hence caused only tran~ient delay in growth. 

Egorov et al. (1976) den,onstrated that addition of 100, 250, 500 

and 1000 RU nisin/ml had virtually nc effects on growth of str. _lactis 

(M3U). However, 1500 or 2000 units of nisin/ml inhibited the growth during 

the first 24 h, but thereafter, biarr.ass increl'sed at the controlled rate 

or even surpassed it. Additicn of 16,000 units of nisin/ml increased the 

lag phase of growth tc 2 days but later growth was reduced by only 30%. 

Or-berg and Sandine (1985) also rer;orted 40 fold nigher MIC{64 pg/ml) of 

nisin producing strain of S. lactis (ATCC 7962) than other strains. 

LlctOCOCCllS lactis 5\lbsp. cremoris (C
3

) depicted highest tolerance 

of nisin arr.ong strains studied sho\oling inhibition at 175 RUjml whereasl 

L. lactis subsp. cremoris (C
1

) was inhibited at comparatively very low 

concentration of 35 RU/wl in Elliker's broth {Fig. 2a}. The possible 

explanation for higher nisin tolerance apl=ears to be nisinase production 

by L. lactis subsp. crerroris (C
3

) strain during growth of the organism. 

Rapid destruction of nisin by S.. lactis and S. cr-emoris strains was 

obSetv00 by Galeslcot (1957) in ~resence of 80 RU/ml in milk. Lipinska and 

Marta (1964) further derr.cnstrated that Str. creJDClris strain was adapted 

to tolerate 320 IU nisin/mI. 

Streptoccccus salivarius subsp. thermophjlus strains depicted 

comp.nr~tively higher- nisin toler-ance than other LactOCOCCUB strains 



Fig 2a ; EFFECT OF NISIN ON THE BEHA­
VIOUR OF L. U.CTIS SUBSP CREMORIS IN 

BROTH AT OPT. pH, TEMP. I< 1 " INOCULUM 

OPTICAL DENSITY 
0.7 ;;":====~-------------------. 

0.4 

0.3 -

0.2 

0.1 

30 "C (eI) 

-I- 30"C (DS) 

0.0 -I~~~-"'-\-...-~~r-~-r---'-~-r--r--'r-~-'----'-=::~-.l 
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to be relatively low and appears to be more nisin sensitive than 

L.. delbrueckii subsp. bulgaricus strains. The MIC of L. acidophilus (R t 

1899 and 447) strains were 25, 35 and 50 RU nisin/ml respectively in MRS 

brat h (Fig.. 3c:) at 37°C and 1 % inoculum. In a similar study f 

Col li nS-'l'hcrrpson et ala (1985' evaluated 30 strains of lactic acid 

bacteria and ~epcrted that 20 strains of LAB comprising mainly of 

Lactobacillus strains were inhibited at 50 RU nisin/ml in r-1RS br-oth at 

30°C and 24 h incubation~ HOI,'ever-, very high nisin tolerance in 

L. bulgaricus and L. acidophilus !""ss observed at 200 IU/ml in £iRS broth 

by Lee and Kim (1985) .. Such variation may exist on account of strain 

characteristics. 

In general I lactococci and streptococci appears to be more 

tolerant to'nisin than lactobacilli. Bossi et aL (1988) evaluated 31 

strains of lactic acid bacteda and derronstrated that streptococci were 

fllore resistant to nisin than lactobacil1L 

4~1.2 Non-lactic CUltures 

4.1.2.1 Bacilli 

The HIe of 8 strains of bacilli belonging to B.. subtilis, B .. 

cereus and B. stearotherrrophllus species ranged from 0.5-150 RU nisin/ml 

in brcth at their optimum growth conditions (Table 1). Bacillus subtilis 

(9144) was found to be the most resistant an-lOng strains studied and 

complete inhibition was observ€c at 150 RU/ml in nutrient broth. 

However, other strains of B .. subtilis (441 and 6633) were inhibited at 

slightly lower nisin concentration of 135 and 125 RU/ml respectively 

(Fig.4) at 37°C and 24 h incubation .. Generally, Bacillus cereus strains 

were found cc;rparatively more nisin sensitive than B .. subtilis strains. 

'l'he f'11C of B .. cereUS (430 and 10876) strains were 45 and 75 RU/ml in 
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nutrient broth respectively at 35°C and 24 h incubation. 

In 1967 1 Jarvis examined 14 strains of 9 species of Bacillus for 

nisin resistance and production of nisin-inactivit.inoenzyrr.es. Jarvis 

observed th.et B. subtHis (t-.'CIB 8739 and 8057) strains were inhibited 

ut nisin connmtrC'lticn of 75 C1nd mDre tl'clJ1 100 nU/wI respc::>ctively. 

Whereas; B .. cereus (i'\CIB 3329) was inhibited at above 100 RU nisin/ml. 

Shehata and Hass~m (981) further demonstrated the effect of nisin (20-

100 fl'9/m1) against BoO cereus in a steady state condition at 20°C and 

observed that nisin \·;as roost effective in inhibiting exponential growth 

phase. 

Bacillus stearothermophilus (37 and 3B) stndns were found most 

s~nsitive not only in .Bacillus groups, but' among all different groups 

studied. Their inhibiticn was cbserved at extre~!€"ly low _level of 0.5 

and L 0 RU nisin/ml in peptone-yeast-extract broth respectively at 55°C 

.clnd ~4 h iocub<')tion. Interestingly, under similal" conditions, one strain 

of B.. stearothermophilus (953) show'ed -comparatively very high nisin 

foleranee and '-'as inhibited at 45 RU/ml in peptcne--yeast-extract broth .. 

The Frobable reason fcr its higher nisin tolerance could be the heat 

resistant SOllrce of this particular ~tra.jn. The inhibition of 

B. stearotherrnophilus (1518) strain at 25 ppn of nisin in tryptone-yeast­

extract broth was also cbserved by Denny ~ al {l9S1}. Further[ Bacillus 

stearothermophilus 'NelS 8157 and 8224) were also found to behave similar 

to DO' stearothermophilU8 (37 and 38) strains showing complete inhibition 

at only 3 and 6 RU nisin/ml (Jarvi~(1967). 

A comparative nisin sensitivity of different groups of lactic and 

non-lactic cultures is depicted in Fig~ 5. It appears that lactococci 

and streptococci are invariably more tolerant to nisin than lactobacilli, 
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whereas, bacilli are !Get€- resistant arrcng the- different groups studied. 

However, it is difficult to ccnclude because of varying conditions of 

pH used for 6i !ferent grcups of cultures. Thereforel the higher nisin 

resistance in lactccccci, streptococci and bacilli may be because of 

decrease in the inhibitory action of nisin with the increase of 

of pH. 

The valuable informaticn on nisin sensitivity of lactococci l 

streptococci and lactobacilli along I..'ith 3 nisin resistent strains of 

L lactis subsp. crem)ris (C
3

), Str. salivarius subsp. thermophilus (I) 

and L plantarum (R) can be of great significance in preparation and 

preservation of fermented milk and milk pro:ructs. This can also be 

beneficial in brewing industry ~here lactobacilli and pediococci are 

principal spcilag~ organisms. 

In heat processed canned foods I the spoilage like sweet curdling, 

bitterness or flat sour, ccmnonly appear due to B .. subtilis, B. cereus 

(faod fX)i.~C;nin9L 13. cO<)9'ulans and D .. megaterium etc. Certain species 

of this group a1::;0 callse food poisoning and intoxication when survived 

the high heat treatrr.ents~ The present findings on nisin sensitivity of 

bacilli with defined terr~erature, pHI inoculum and incubation period will 

beneficial in controlling spoilage in milk and milk products as \<,'ell as 

canned f coos. 

4.2 NISIN SENSITIVITY OF LACTIC AND OCN-ucrIC CULTURES IN SKIM MILK 

The inhibitory action of nisin is strongly influenced by chemical 

cOil/position of the particular food to which it is added. Earlier, it has 

been well dew.cnstrated that nisin activity:.is diminished in foods that 
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contains fat as reported by Jones (1974). Effect of milk components other 

than fat e.g. milk proteins on nisin sensitivity has also been observed 

(Scott and 'I'aylor:1981). 

In present study; 26 strains belonging to different groups of 

lactococci l streptococci, lactobacilli and bacilli were evaluated to 

study the effect of skirr· milk on their nisin sensitivities. A 

considerable" vad<Jtion in nisin sensitivity was observed amcog most of 

the strains in broth and skim milk. 

4.2.1 Lactic CUltures 

4.2.1.1 Lactococci and streptococci 

Skim milk WaS found to have considerC!ble effect on the inhibitory 

action of nisin and 2-5 fold variatioo. in nisin sensitivity of 

Lactococcu.s and Streptococcus sp. was observed in skim milk in 

compild:'lon to broth study. Ttl€ Nrc of Lactoococcus and streptococcus sp. 

in skim milk ranged frcm 25-225 RU/ml (Table 2). Whereas. in broth it 

was 5-175 RU nisin/mI. 

A five fold '/adation in nisin sensitivity was observed in 

L. lactis subsp. diacetylactis (DRC2) with MIC of 25 RU/ml in skim milk. 

On the other hand, Lactococcus lactis subsp. lactis (C
lO 

and MLa) and 

L. lactis subsp. cremor-is (el ) strains depicted 2-3 fold variation in 

nisin sensitivity with inhibition at 75, 175 and 100 RU nisin/ml 

res~ctively (Fig. 6a). Keogh (1956) evaluated 22 strains of lactic -acid 

bacteria and demonstrated 30% inhibition of S ... diacetylactis (ORe! and 

OR:c)at J and 2.5 RU/ml, ",'hereast S. lactis (C2 , C6 and CIO) strains were 

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

incubation. In <l similat:' stUdyl Kalra and nudani (1975) also observed 

50% inhibition of S. diacetylactis and S. lactis (C
IO

) strains. However, 
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S_ Inctis-!l[ .:lnd S. cremoris (C
13

) .... 'er-e not inhibited at all. The 

inhibitory action of nisin in skim milk was found comparatively low 

against L. lactis subsp_ diacetylactis (ORe
2

, t Str. salivarius subsp. 

therrnophi~us (H and I) and L. lactis subsp. cremoris (C
3

) strains with 

MJC ot: 35, 1001 150 and 225 RU nisin/ml respectively. The respective MIC 

of aforesaid cultures in broth were 25, 75, 100 and 175 RU nisin/mI­
t> , 

Among t.actococcus and Str~pcoccus sp .. , it was observed that effect of 

nisin in skim milk vas relatively more on some strains which showed that 

in addition to fat some other factors lib~ milk proteins also influence 

the inhibitory action of nisir.. The differential binding of milk proteins 

to Lactococcus ano ~'treptccoccus $p. or nisin itself may be responsible 

for different skim milk effect. A reduction in nisin activity in presence 

of meat proteins was cbserved by Scott and Taylor (l981). The possibility 

of binding of milk proteins with nisin ,,'as also reported by Jung et al 

(199/). 

Nisin producing strains, L. lactis subsp. lactis (4% and 440) 

in skim milk behaved in a similar fashion as observed in broth~ However, 

the inhibition was observed 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 resulted in higher tolerance of L. lactis 

subsp. lactis (496 and 440) strains and growth could be inhibited only 

at 13,500 and 14,.200 RU nisin/ml respectively. Similar trends were also 

recorded in broth study. 

4.2.1.2 Lactobacilli 

An:ong 8 strains of lactobacilli, 1-2 fold variatiC}'"I in nisin 

sensitivity ,",'as observed in brcth and skim milk which ..... as considerably 

low ,,)hen con.pared .... 'ith lactococci and streptococci. The MIC of 

lactobacillus sp. ranged frem 50-150 RU nisin/mI in skim milk at 1% 
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inocululll, lofhe-l'."eaS, in broth it was 20-100 nu nis.ir./rol (Table 2L Among 

lactob.;1cilli, eq.;al or :2 fold variation in nisin ser.s:itivity was observed 

in L .. plant<:uum (a9) ,e,md toO acidophilus (Ri with nisin tolerance of SO 

RU/ml each at: 37~i?fo~d 24 h incubation. other strains of 1:... &lbrueck:ii 

."'l,.:ihl.~p~ iJvlg;)dcos.r L~ acir3ophilu$ and L.. plantarum depicted re~i\)t;iv&ly 

~r,a:ll variation in nisin sensitivity in broth and skim milk {Fig. 6b) ~ 

'l'he respective NIC for L.. de,lbruecki.i sobsp. bulgari,cus (WI RTS 

and 137.3) strains t<:firE' 501 75 and 100 RU nisin/ml" whet'eas, for _. 

L. acidophil"" (1899 am:! 447) strains ""re SO and 75 RU nisin/ml in skim 

milk~ Lactobaclllus plantar..um (R) depict$d maximum nisin tole-rance flmOf'lg 

lactobacilli and ccCll<:! be inhibi ted at 150 RU/ml in skim milk. rt .pt!1<!rs 

that lact,obacilli are more sensitive than lectoCOGci and streptococ~i 

as well suppor-ted by broth study. eadi~rf in 1962 Teply .also 

ooroonstratoo that ther-lT,ophilic mtreptoc<x::ci were significantly more 

resistant than lactcbaci11i~ Some information 00 ni$in tolera11CQ of 

Lactobacillus sp. in milk was given by Galesloot (1957) who repotted that 

t. plantarum st.rains in presence of eo RU nisin/reI we're slightly 

inhibited wen those which destroyed the nisin. 

The camplet. inhibition of acid production 

100 !lJ nisin/ml by Teply (1962). La<:l:obacill"" bulgeri""" (1373). 

L. plant"""", (t-ll1) and L. aciilophilus (L~l) ""re not inhibited in 

presence of 10 RU nisin/m.l in skim milk as obsE.>t:Ved by Kalr-a end Dudani t 

(1975) .. HOt.IeVE'L/ there is no comparative information on nisin sensitivity 
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streptococcus sp., follo,.,'ed by Lactcbacillus and Bacillus Spa The 

possible explanation fer higher decrease in nisin activity against 

lactococci and streptccocci gr-oups way be related to specific optimum 

pH (6.5) employed ir. both broth and skim milk systems. Whereas t in 

lactobacilli and badllL the optimum pH 'Were 6.0 and 7.0, respectively 

as used in broth study. H~'ever I in skim JIli1k systeml the pH in both 

cases w('IrC' kept- 6.5 ""hich ,,,:;)5 not optimum for Lactobacillus and Bacillus 

SPA and hence differential drop in nisin activity against different 

groups "'{IS cbserv0d. A wide vari<:ltion in nisin sensitivity in skim milk· 

amon9 lactic and non-lactic cultures at genera, species and strains level 

suggest the PJssible involverr:ent of milk proteins in effecting the nisin 

activity~ The valuable data. obtained on compa'Cative nisin sensitivity 

in broth and skimrnilk \-.'culd be of immense use for controlling the growth 

of desirable and non-desirable organisms. 
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The DCtiV) ty of nisin 10 diffecent kinds of food is considerably 

influenced by physical, chemical and microbiological environments. The 

fluid wilk ccntaining fat and proteins appears to have an adverse effect 

on nisin activity as ccserved earlier in broth and skim milk study. The 

nunlbec <:Inc type of micro-organisms, pH and incubation temperature ""ere also 

founa t~ have conside~able effect on nisin action. However~ there is 

scarcity of infermation on these facters and needs to be' explored further. 

Among these factors, ~H is considered as the most crucial because nisin 

itself is acidic in nature and its stability and solubility is affected 

under acidic, neutral and alkaline pH conditions. 

4.3 Fl\CTCPS IIFFEX:TING TIlE ACl'IVITY IF NISIN IN BROl'Il 

4.3.1 Effect of pH 

The inhibitory actiC1i of nisin against lactic and nen-lactic 

cultures at optimum grC\..th temperatures was evaluated in broth under 3 

different pH (minirr,urn, cctimum and maxirr.urr.). The criteria for determining 

the MIC were optical density for lactic ana s.pc for noo-lactic. The MIC 

rangt;: of nisin for Lact<x:occus and streptococcus, Lactobacillus, and 

Bacillus sp. ~~r€ 2-325, 5-150 and 15-225 RU/ml within pH range of 5.5-7.5 r 

5.0-7.0 and 6.5-7.5 respectively (Tablest 3-5)~ In gener';ut the inhibitory 

action of nisin decreased with the rise of pH~ 

4 .. 3 .. 1 .. 1 Lactococci and streptococci 

'The nisin tolerance of Lactococcus and streptococcus sp. at 

respective optirr.um growth terr.perature, 30 and 37"C was stooied in Elliker's 

broth adjusted to different pH 5.5, 6.5 (optimum) and 7.5 using Hel or 

NaOH. Nisin exhibits maxill:um inhibitory action under most acidic condition. 
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Subsequent increase of .!;'E upto 7.5 appears to have adverse effect on nisin 

acticn. The MIC rangE c.: nisin for Lactococcus and streptococcus sp. were 

2-60, 5-200 and 12.5-325 RU/ml at pH 5.51 6.5 and 7.5 respectively 

(Table 3). 

The increase of pH from 5.5 to 6.5 decreased the vulnerability of 

Lactococcus and Streptococcus sp. to inhibitory action of nisin by approx. 

2-17 folds. lIov.'ElJer, the increase in nisin tolerance among few strains of 

lactococci namely L. lactis subsp. cremeri5 (e
l

) and L. l.actis subsp. 

lactis (C10 and [<iLa) v.-as ccrr:paratively high. Their MIC at pH 5.5 were" 2, 

2.5 and 10 RU/ml whereas, at pH 6.5, the respective values were 35, 35 

and 75 RU nisin/ml (Figs. 7a and Sa). other strains of lactococci and 

streptococci like, L. lactis subsp. diacetylactis. (DRC1) I Str. salivarius 

subsp. thenncJ:ph,ilus (H and I) and L. lactis subsp. cremoris (C
3

' were 

comparatively less affected with the increase of pH from 5.5 to 6.5. Their 

MIC were 2, IS, 25 and 50 RU/ml at pH 5.5 and 51 75, 125 and 175 RU/ml at 

pH 6.5 respectively (Figs. 7b and 8arb). 

The nisin tolerance of lactococci and streptococci declined further 

by 1-2 folds, when the pH of Elliker 1 s broth was raised by one unit between 

6.5 to 7.5. The inhibiticn of L. lactis subsp .. lactis (C
IO 

and ~8) at pH 

7.5 was observed at 12.5, 35, 75 and 150 RU nisin/!l"~ respectively (Fig. 

7a/b). How'ever, ether strains cf L. lactis subsp. cremoris (C1 and C3) and 

Str. sal.ivarius subsp. thet'llqirilus {H and I) were inhibited at 50, 300, 

125 and 200 RU nisin/ml at ~H 7.5 respectively (Fig. Sa/b). Nisin producing 

stt"ains also behaved similarly and 1-3 folds increase in nisin tolerance 

was observed within pH t"ange of 5.5-7.5. 'tne mIC range of nisin for 

L. lactis subsp. lactis (496 and 440) were 600-eOO, 1600-2000 and 2000-2400 

RO/w~ at pH 5.5 t 6.5 and 7.5 respectively (Fig. 9). 



'l'able 3. Effect of pt on inhibitory action of nisin against Lactococcus and st.rept:ct.:'occus strains at optimum ternperatuxe 
and different inoculum levels 

S1- Cultures: Inoculum MIe' IRU/ml) in broth at 24 h 
No. levels --------------------------~------------------------

1%) Different FlI 
5.5 6.5 7.5 

1- L. lactis subsp. Jactis IClO) 1 2.5 35 75 
2 3.5 50 100 

2. L. lactis Bubsp. lactis IMLa) 1 10 75 150 
2 15 100 175 

3. L. lactis BUbsp. diacetylactis IDRC1) 1 2.0 5.0 12.5 
2 2.5 10 15 

4. L. l.ctis subep. diacetylactis IDRC2) 1 3.0 25 35 
2 5.0 27.5 50 

5. L. lactis 8Ubsp. crem:>ris (CI) 1 2.0 35 50 
2 2.5 45 80 

6. L. lactis subsp. cretroris IC3) 1 50 175 300 
2 . 60 200 325 

7. L. lactis subep. lactis (440)"' 1 800 2000 2400 
(nisin producer) 2 1000 2400 2800 

8. L. Jactis suhsp. laatis (496)" 1 600 1600 2000 
(nisin producer) 2 800 2000 2400 

9. str. salivarius subsp. IH) 1 15 75 125 
theI7OC!EiUlus 2 20 100 150 

10. stX'. salivarius subsp. II) 1 25 125 200 
t:hel71O];ililus 2 40 150 225 

'II Arithrretic means of three determinations " •• MIe at IS h for nisin producer '" 
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The antimicrobial pctential of nisin against Lactococcus and 

Streptococcus sp. under different pH ~as adversely affected at sub-optimum 

grO\,Jth temrel'"atures (Fig. 10). 'I'he MIC range: of nisin for LactococCUB sp. 

at pH 5.5 and 7.5 were 0.5-5 and 7.5-135 RU/ml at 25°C. On the other hand; 

the respective values at 37°C t<,'"ere 0.5-7.5 and 2.5-175 RU/ml at pH 5.5 

.. and 7.5. Similarly, the rne rang(O for Streptococcus sp. were 2.5-7.5 and 

25-32.5 RU/ml at 30"C ...... hereas/ the respective values at 4S"'C were 7.5-15 

and 45-75 RU nisin/rnl at pH 5.5 and 7.5. The lower values of MIC at sub­

optimum temperatures in comFarison to oFtiwum terr.perature perhaps due to 

their adveJ:'"se effE'Cts on growth pattern of the IactOCCICCUS and 

Streptococcus 5p. (for details refer to 4 .. 3.2). 

4.3.1.1.1 Effect on g~owth pattern: 

A considerable variaticn in grO\.th behaviour of Lactococcus and 

streptococcus ~p. was recorded in centrol samples under different pH 

conditions (Fig.H). At pH 5.5, the growth of cultures ~educed 

significantly in cOlTlparison to optimum pH 6.5 .. However, the reduction 

in growth of L. lactis subsp. lactis (C10 and MLa) at pH 5.5 was 

cOJllr':ll:-;)UvoJy higllc-r th':Hl other strains 01 lactococci lmd streptococci. 

It may be the p:lssible explanation for their high nisin tolerance within 

pH range of 5.5-6.5. The drastic reduction in the growth of Lactococcus 

and Streptococcus sp. in broth at pH 5.5 demonstrate the possibility of 

some acid damaging effects on micr;o-organisms and may be partially 

responsible for such enhanced antimicrobial action of nisin under acidic 

conditions. 

At alkaline pH 7~5, the growth of lactococci and streptococci was 

also affected to some extent, ho ..... ever, it was not as drastic as observed 

at pfl 5~5. It shows that in addition to the effects of pH on growth 
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behaviour of the organisttsl some other factors like solubility and 

stability of nisin rr:ay be influenced by addic, neutral and alkaline 

pH of the medium. 

As reported earlier, nisin exhibits maximum stability under 

acidic conditions and its activity is rapidly lost under alkaline pH 

(l'ramerl 1964; Lipinska, 1977 and Hurst, 1978). At pH 2.5, the 

solubility of nisin is 12% and decreased to 4% at pH 5.0. Nisin is being 

practically insoluble at neutral or alkaline pa as reported by Hall 

(l9GG) • 

Although specific information on effect of pH on inhibitory 

action of nisin against lactic cultures is not available, E>xcept a few 

reports on food borne pathogen, Listeria IIJJHCCytogenes. A 16 fold 

inct'c<1se in rHsin tolerance of L. mooocyt03@-nes -(4379) was observed by 

Mohamed et aL (984) \..'ithin pH range of 5.5-7.4. In a similar study, 

Oenk0tTOUfll Dnd Sandine.. (1988) further demonstrated the pronounced 

inhibitory action of nisin at pH 3.5, 4.0 and 4.5 in comparison to pH 

5.0, 6.5 and 7.0. 

4.3.1.1.2 Mechanism of pa effect on inhibitory action of nisin: 

'the action of p!1 may effect either the growth pattern of the 

organisms or the solubility and stabilH:y of nisin. The enhancl':!d 

effectiveness of nisin under acidic ccnditions may as well be due to 

sm.e acid damaging effects on the gr~ .. th of lactococci ·and st:r;eptoc9cci 

or higher stability and solubility of nisin. However! it is difficult 

to conclude which cf the t\..'O factors is significant. Earlier in 1981, 

Scott and Taylor; Moharred et ale I 1984 and Benkerroum and Sandine, 1988 

also attributed to the- siwilar effects of low pH for enhanced 

effectiveness of nisin. 
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'I'he neutral or alk<:lline pH appears to have considerable effects 

on stability and solubility of nisin 1 however, the actual mechanism is 

yet to be known. In one report, Liu and Hansen (1990) demonstr9 ted that 

inactivation of nisin at high pH may be because of Dehydroalanine (Dha) 

ilnd 00hyO'robutyrine- (Dhb) which are susceptible to modification by 

nucleophiles (hydroxyl groupE Or nucleophilic R groups) that are present 

"t Itl9fl rll. 'rile poJymcris.;Iticn of nisin molecules may also occur with 

the increase of pH as reported by Hall (1966). However, the relationship 

between the biolcg-ical activity and the J;Olymeric form of nisin has not 

been established yet. 

4.3.~.2 Lactobacilli 

The inhibitory action of nisin against 8 strains of lactobacillus 

belonging to species, I·. delbrueddi subsp. bulgaricus, L.. acidcphi.lus 

and L. plantarum ..... as carried out in ~1RS broth at optimum temperature 

zmd under different pH:S.O/6.0 (optimum) and 7.0. The NIC of nisin for 

Lactobacillus sp. ranged from 5-45, 20-125 and 35-150 RU/m1 at pH 5.0, 

6.0 and 7.0 respectively (Table 4). The nisin sensitivity of 

I.actobacillUs 51? dropped by a~prox. 2-10 folds within pH range of 5~o-

7.0. 

Tne increase of pH by one unit from 5.0 tc 6-:0 increased the 

nisin tolerance of Lactcbacillus strains .. However, the increase ,,"'as 

comparatively higher in case of L. delbrueckii subsp .. bulgaricus strains 

with 5-9 folds followed by 2-4 folds in L. plantarum and 1- 3 folds in 

L. acidophilus strains. At pH 5.0 and 6.0, the MIC Of nisin for L .. 

delbrueck:ii subsp. ~u1garicus (RTS, 1373) strains were 5/ 15 and 45, 

75 Iw/mI. whereas, for L .. acidophililS (R, 447) strains th€! respective 

v-alues were 10, 30 and 25 1 50 RUjml (Fig. 12a,b). Lactobacillus 



Table 4. Effect of pH on inhibitory action of nisin against Lactobacillus strains at optimum temperature and different 
inoculum levels 

81. Cultures Inoculum MIe' IRU/ml) in broth at 24 h 
No. levels ---------------------------------------------------

1%) Different pH 
5.0 6.0 7.0 

1- L. delbrueckii subsp. bulgaricus 11373) 1 15 75 100 
2 20 100 125 

2. L. delbrueckii subsp. bulgaricus IRTS) 1 5.0 45 50 
2 10 60 75 

3. L. delbrueckii subsp. bulgaricus IW) 1 7.5 35 50 
2 10 50 75 

4. L. acicJophilus (447) 1 30 50 75 
2 45 75 100 

5.. L. acidophilus (R) 1 10 25 45 
2 15 45 . 60 

6. L. acidophil uS (899) 1 15 35 50 
2 20 50 75 

7. L. plantarum (R) 1 30 100 125 
2 45 125 150 

B. L. pJantan>n IB9) 1 5.0 20 35 
2 10 25 50 

* Arithmetic means of three deberrnrrnations 

. 
'" 
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plantarum (89, R) differ widely in nisin tolerance at strain level and 

their MIC .... 'ere 51 30 and 20, 100 RU nisin/ml at pH 5.0 and 6.0 

respectively (Fig_ 13). At neutral pHt the nisin tolerance of 

Lactobacillus strains further increased by 1-2 folds and the HIe range 

of nisin for La delbrueckii subsp. bulgaricusl La plantarum and 

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

(Figs. 12s , b and 13). 

The effect of t:;H on nisin tolerance of Lactobacillus stJ;ains at 

sub - optimum temperatures was also studied. It waS observed that 

sub-optimum temperatures affect the growth behaviour of the Lactobacillus 

strains adversely and therefore, relatively low MIC values .... ere observed 

at pfl 5.0, or 7.0 as ccrrpared to NIC at optimum temperature (Fig. 14a,b). 

The MIC range· of nisin for L. delbrueck.ii subsp. bulgaricus strains at 

pH 5.0 and terr.peratures 37 and 4S"C \o,'ere 2.5-12.5 and 2.5-10 RU/IT'l 

whe~eas, the respective values at pH 7.0 were 25-75 and 10-30 FU 

nisin/mL Similady, the MIC range:: of L .. acidophilus and L .. plantarum 

strains at 30 and 45°C ",-ere 2.5-25 1 2.5-10 HO/ml and 2.5-10, 2-15 HU/m} 

at pH 5.0. 'I'he respective values at pH 7.0 were 10--75, 20-50 RU/ml and 

10-25, 10-100 FU/rnl (ri~. 14a,b). 

4.3.1.2.1 Effect on growth pattern 

The metabolic activities of Lactobacillus spa in MRS broth were 

maximum at pH 6.0. Hm.;ev€r, 1. .. de:lbruecki.i subsp. bulgaricus (1373) J. 

L .. acidophilus (447) and L. plantarum (R) strains showed comparatively 

higher growth among 3 group-s of Lactobacillus Spa The superior growth 

of these strains at optirrum pH may be possible due to their higher nisin 

toJ0rr.mC0 E'lITIcnC) U,e resr-ective group (fig. 15a,b) .. 
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The increase cr decrease over optimum pH 6.0 by one unit irrpeded 

the growth of the organiSITls considerably. However, the effect \.las more 

01:' less comparable at both rHo The inhibitory mechanism of nisin against 

Lactobacillus SPA appears to be similar as observed in lactocc-cci and 

streptaco..-::::ci. 

4.3.1.3 Bacilli 

six struins of bacilli belonging to species, B. cereUB, 

B. subtilis and B. stearothermophilus were evaluated for nisin tolerance 

in broth ilt nC'lltrnJ ['I! i.co. cptirr,urr Dnd sub-optimum pH (6.5 or 7.5). The 

nutdent broth tubes inoculated with 1 and 2% cultures of B .. cereus and 

B. subtilis t.,'ere incLlbated at their optimum growth temperatures 35 and 

37°c. HO\<J€ver, B. stearothermophilus strains were incubated at 

thennophilic growth terrperature 55°C for 24 h after inoculation in 

peptone-yeast-extract broth. 

Nisin exhibited higher inhibitory action at pH 6.5 and 

progressively decreased with the rise of pH upto 7.5. The increase of 

pi] by 0.5 units (rom 6.5 to 7.0 llna 7.5 increased the nisin requirement 

from 15-75 to 45-175 and 60-225 RU/ml respectively for complete 

inhibition of Bacill.us sp. ('Table 5). -The increase in nisin tolerance 

among bacilli within ~H range of 6.5-7.5 was higher in B. subtilis 

strains (3-9 folds) follm·:ed by B. cereus (4-5 folds) and 

B. stearothermcphilus (3 folds). 

Bacillus cereus (4301 10876) strains were found comparatively more 

sensitive than B.. subtilis and their NIC were 15-25, 45-75 and 60-125 

FU/ml at pH 6.5, 7.0 and 7.5 respectively (Fig. l6a). Under similar 

conditionsl B .. subtilis {441, 9144} strains were inhibited with MIC range 

of 35-50, 135-150 and 175 RU/ml each at pH 6.5 1 7.0 and 7.5 respectively 



'I'able 5. Effect of £iI on inhibitory action of nisin against Bacillus strains at optimum tenperature and different 
inoculum levels 
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3. 

4. 
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6. 
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B. cereus 

B. stearotherrrophilus 

(9144) 

(441l 

(6633) 

(10876) 

(430) 

(953) 

* Arit.hnetic means of three detenninationa 
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levels 

(%) 
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2 

1 
2 

1 
2 
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25 
50 

15 
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Different pH 
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(Fig. 16b). As reported earlier, B. stearothermophilus strains were the 

most sensitive aJTlong Bacillus SPA However, their response was also 

simi lar under different pH conditions. The nisin tolerance of B. 

st&lrothernophilus (953) increased frolT' 20 to 40 and 60 RU/ml with the 

increase of pH from 6.5 to 7.0 and 7.5 {Fig. 16c}. 

The infonnation on the effect of pH on vegetative cells is rr.eagre 

with few reports on spores of bacilli and clostridia. Complete inhibition 

of 31 strains of Bo coagulans at 200 and 560 IU/ml in basamin broth at 

pH 5.3 €Ina 7.:2 was observed by Campbell and Sni ff (1959). A decrease of 

0.3 units to pH 5.7 enabled 500 1U nisin/ml to inhibit the growth of 

I3acillus spores (106/rr.l) inoculum at 30~C, however, at pH 6.0 no nisin 

concentration was effective (Oscroft et al., 1990). 

The effectiveness of nisin further improved when the optimum 

temperatures was either decreased or increased to sub-optimum levels 

under similar pH conditicns. The increase in pH by one unit from 6.5 to 

7.5at 25~C increased the nisin tolera:1ce of B. cereus from 5-15 to 40-

75 RU/ml. Whereas I at 4S"C it increased froin 2.5-10 to 20-50 RU/rrJ 

respectively (Fig. Darb). Siw.i1arlYI for B. flubtilis strains at 30 and 

45~CI the MIC increased frem 15-50 to 100-175 and 10-25 to 50-100 Ru/ml 

respectively with the increase of pH fran 6.5 to 7.5. The inhibitory 

action of nisin at 45'C was considerably higher than 25 and 30"C within 

6.~7.5 ~H range. 

The nisin requirement for complete 0 inhibition of 

B. stearotherrnophilus (953) at 50"c increa.sed fro.m 5-10 to 35-50 Ru/n:l 

with the increase of pH from 6.5 to 7.5. HO\"'ever/ at 60"C the effect was 

low and MIC varied frorr: 2.5-5 to 10-15 RU/ml within pH 6.5-7.5. 
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The increase or decrease of optimum pH 7.0 by 0.5 LJnits adversely 

affects the grOVJth behaviour of B. cerEUS} B. subtilis and 

B. st~arothermophilus strains. The factors responsible for enhanced 

antimicrobial action of nisin under acidic conditions appears to be 

similar as observed by Scott and Taylor (1981) who demonstrated that some 

factors like acid damaging effects on the spores of Cl. botulinum and 

higher stabibty of nisin ",'ere responsible for enhanced effectiveness 

of nisin under acidic conditions. 

This informaticn on effect of pH on nisin action can be of great 

significance in low and high acid foods wnere the spoilage like sweet 

curdJin91 bitterness or flat sour are commonly caused by aerobic and 

anaerobic spore for~ers. 

4.3.2 Effect of Incubation Temperature 

The nisin tolerance of lactic and non-lactic cultures was 

evaluated in broth at optiw.sl and sub-optimal growth temperatures. An 

18-20 h old culture pre-<Jro ... 'll at optimlJIll temperture, centrifuged and 

washed with saline \,,'as inoculated in broth containing different 

concentrations of nisin, at 1 and 2 % levels. The MIC were determined 

ilt 24 h of incubution on the basis of optical density for lactic5 and 

SPC/ml for ncn-lactics. In general, the efficacy of nisin against lactic 

and nan-lactic cultures increased with the decrease or increase of 

opt imum growt h temperature. 

4.3 .. 2.1 Iactcxx>cci and streptococci 

Any increase or decrease of optimum growth temperature decreased 

the nisin tclerance of lactccocci and streptococci by approx. 2-12 folds. 

'}'11(' complete i nhibi ti on of lactococcuB sp. was observed at MIC range of 

2-65 1 5-200 and 2-100 RU/~J at 25, 30 (optimum) and 37°C whereas, 
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Streptococcus S!? were inhibited 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-o~tirr.u", terrpertures of 25 or 37"'C, the decrease in nisin 

tolerance among L. lactis subsp. lactis (nisin and non-nisin producing 

strains) f L. lactis subsp. diacetylactis was comparatively more at 37°C. 

Lactococcua lactis subsp. lactis (l'lLa) was inhibited at 40, 100 and 45 

RU/ml at 25, 30 and 37 c c (Fig. l8a) whereas I L_ lactis subsp. lactis 

(ClO) was "':'inhibited at 30, 50 and 15 RU/ml respectively under similar 

conditions. Likewise, the NIC values for L. lactis subsp. diacetylactis 

{DRC
2

) .... 'ere 7.5, 27~5 and 2.5 RU/ml at 25, 30 and 37"'C respectively (Fig_ 

l8b) . 

Nisin producing strains of L. lactis' subsp. lactis all:eit . 

responded similarly I however, the inhibition wa's observed only at very 

high concentrations of nisin as explained earlier. The MIC values for 

L. lactis subsp. ladls (440) were 1200, 2400 ano 800 RU/ml at 25, 30 

and 37°C respectively (Fig. lac). 

'l'he response> of few straj ns among Lactoeoccus and Strepto::occuB 

sp. like L. lactis subsp. cremoris (C3 ) and Str. salivarius subsp. 

thermophilllS (H, I) was relatively different at sub-optimum temperatures 

and exhibited lower nisin tolerance at 25 or 30°C instead of 37 or 45°C. 

The nisin tolerance of L. lactis subsp. cremoris (C
3

) at optimum 

temperatura 30"C was 200 RU/ml whereas, at 5ub-optimtml temperatures of 

25 and 37°C was 65 and 100 RU/ml (Fig. 19a). Similarly, for str~ 

salivarius subsp. thermophilus (I) the inhibition at 37°C was observed 

ill 15U WJ/fI.l wI ler-eas , at 30 and 4SoC, the inhibition occurred at 

comparatively low nisin concE?ntration of 15 and 50 HU/ml {Fig. 19b}. 

Teply (1962) oosE?rved an enhanced effect of nisin action against nisin 



Table 6. Effect of tstperature on inhibitory action of nisin against Lactococcus and streptococcus strains at opt.iJr,um 
pH and different inoculum levels 

Sl. 
No. 

1-

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Cultures 

L. lactis subsp. lactis 

L. lactis subsp. lactis 

L. lactis subsp. diacety lactis 

L. lactis subsp. diacetylactis 

L. lactis subap. cremoris 

L. jactis subsp. crem:>ris ' 

L. lactis subap. lactis 
(nisin producer) 

L. lactis subsp. lactis 
<nisin producer) 

str. salivarius subsp. 
therrrophi1us 

str. salivarius suhsp. 
tbenroFhilus 

ICw) 

(MLs) 

n:oc1 ) 

(ooe2) 

(ell 

(e3) 

'440)Uflt 

(496)*u 

(HI 

II) 

* Al:ithmetic rre.ans of three determinations 
** LactOCO'.:;!l'7W)/streptocOCCW!l 

*** M[C at 18 h for nisin ?roducer 

Inoculum 
levels 

( %) 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

MIC' (RU/ml) in broth at 24 h 

Different temperature 
25/30°C .... 30/37°C'" 37145°Cu 

25 35 10 
30 50 15 

35 75 25 
40 100 45 

2.0 5.0 2.0 
5.0 10 2.5 

5.0 25 2.0 
7.5 27.5 2.5 

12.5 35 5.0 
20 45 6.0 

50 175 75 
65 200 100 

800 2000 600 
1200 2400 800 

600 1600 400 
600 2000 600 

10 75 20 
12.5 100 22.5 

10 125 35 
15 150 50 

. 
'" m 
~ 
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producing strain of streptoccx:cus lactis, when the temperature of 

incubation was increased frCfTI 30 to 5S"C. In a similar study, Mohamed 

et al. (1984) further reported 8 folds increase in inhibitory action 

of nisin against Listeria monocytogenes (4379) with the increase of 

temperature from 22 to 37°C and the respective MIC values "'ere 256 and 

32 lU/nl!. 

4.3.2.1.1 Effect on gr~h pattern: 

The growth of lactcxxx:::cus and Strepto..."OCCUS sp. in control samples 

was rerr'crkably high at optimum growth temperatures: 30 and 3JDC. However, 

a prooounced adverse effect on grO'Wth pa:ttern was observed with either l 

the decrease or increase of optiITl\.UI'_ telrlperature (Pig. 20)_ Among 

lactococci I the adverse effect of sub-optimum temperatures 25· or 37c C, 

with the excepticn of L. lactis subsp. cremoris -(C
3

) was prominent at 

37"C. HO\-,leverl in streptococci, the inhibition was relatively more at 

30°C than 4S<>C. 

The higher synthesis of unsaturated fatty acia (UFA) at 

sub-optimum temperatut:'e was observed by ROse (1968) and this may cause 

different sensitivities ama19 micro-or9anisms when treated with 

bacteriocidal substances (Dajani et al~ I 1970) ~ However, the mechanism 

is not understood~ The correlation between the nisin tolerance and the 

growth pattern of lactococci and streptococci i.e. higher is the growth, 

IT.ore will be the nisin tolerance and vic:e-versa sounds 'valid ,to some 

ext€'nt, ho .... 'cver ... may not be sufficient per se for complete and explicit 

delineation of the fact. 

'1'he higher nisin tolerance of Lactococcus and Streptococcus sp. 

at optimum growth temperature albeit, difficL1lt to explain. It may be 

possible that after initial bacteriostatic action of nisin on lactococcal 
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and streptococcal cells which OCCllr~ rraximally in log phase a100g with few 

cells in lag or stationary phase r ano enter lag phase again (Jarvis, 1967). 

Henceforth, the incubation of these lag phase cells under different 

temperatureSr higher cell counts will be expected at optimum growth 

temperature and henCE, the requirement of nisi.1 for complete inhibition 

of large inoculum at o~imum teIT'perature 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 

evaluated in MRS broth inoculated at 1 and 2% levels under different 

ccncentraticns and temperatures. The optimlUll and "sub--optimum temperatures 

used for L. delbrueckii subsp. bulgad~ \.'ere 42 and 37 or 48°C whereas, 

for L .. aciOophilus and L. plantarum were 37 and 30 or 45°C respectively. 

The respcnse of Lactobacil1:us sp.. shcl'I .. dng maximum nisin tolerance at 

optiwUITI temperature was comparable as cbserved earlier in lactococci and 

streptococci .. 

The MIC range of nisin for L. delbrueckii subsp. bulgaricus strains 

at optilTtum 42"C and sub-optimum temperatures 37 and 48"C 'Were 35-100, 15-

60 and 5-20 RU/ml respectively. h"hereas, for L acidophilus strains the 
• 

respective figures were 25-75, 10-50 and 10-30 RU/ml at 37, 30 and 45"C 

(Table 7).. Lactobacil~us plantartml strains 'Were the most resistant and 

sensitive alPOng 8 strains cf lactobacilli and their inhibiticn was observed 

at 20-100, 10-50 and 5-75 RU nisin/ml at 37 (optimum), 30 ana 45°C 

respectively. 

Any increase or decrease of optiOOIl'i growth temperature in general, 

enhanced the inhibi tory act ion of nisin against Lactobacillus sp. The 



'fable 7. Effect. of t.eaperature On inhibitory action of nisin against Ldctobacil1us strains at optirra.xm pH and different 
inoculum levels 

51. CUltures lnooullll1l MIC* (RU/mU in broth at 24 h 
No. levels ---------------------------------------------------

(%) Different temperatures 
30/37Q C",· 37142°C ...... 45148°C""'" 

1. L. acidof'/lilus 14471 1 35 50 10 
2 50 75 20 

2. L. acidophilus IR) 1 10 25 15 
2 15 45 30 

3. L. acidq:ililus 11899) 1 25 35 10 
2 40 50 20 

4. L. plantarum IR) 1 25 100 50 
2 50 125 75 

5. L. plantarom (89) 1 10 20 5 
2 15 25 10 

6. L. delbrueckii subsp .• bulgaricus (1373) 1 50 75 15 
2 60 100 20 

7. L. delbroeckii subsp. bulgaricus IRTS) 1 30 45 10 
2 40 60 20 

8. L. deJbrueckii subsp. bulgaricus (W) 1 15 35 5 
2 30 50 10 

iii Arithrretie: rreanB of three dete.rminaticns 
** L. delb.rueckii subsp. b.zlgaricus strains 37/42/48°C . 

~ 
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decrease in nisin tolerance of L. delbrueckii subsp. bulgaricus strains 

at sUb-optimurr: grO\.Jth tewperature 37 or 48"C, was relatively higher at 

48"C. The inhibition of I. delbrueckii subsp. bulgaricus (RTS; 1373) 

strains was observed at 60 1 100; 40, 60 ond 20 RU/ml each at 42, 37 and 

4S0C respectively 'rig. 21al b). Similar response was obtained arr-ong 

L. acidophilUB and L. plantarum strains· at sub-optimum temperatur-€s with 

the exception of L. acidophilus (R) and L. plantarum (R) where the 

inhibiter)' action of nisin ...... as relatively higher at 30"C than 45"C The 

rcqui r{'>l1lent of nisin foe ccmplete inhibition of L. acidophiluB (1899, 447) 

strains W€t:'e: 50, 75: 40, 50 and 20 RU!ml each at 37, 30 and 45°C 

respectively (Fig. 22a,b) • ~vhereasl L. plantarum (89, R) strains were 

inhibited at 25, 125: 15, 50 and 10, 75 RU!ml at 37, 30 and 45"C 

respectively (Fig. 23a, b) • 

Like lactccocci and streptccocci, the importance of effect of 

temperature on inhibitory acticn of nisin against Lactc::bacilluB sp. was 

ovedocked in the past. H~'everl in an exdusive report, lipinska 09,7) 

denx:mstl"'ated that the nisin tolerance of L. acidophilus strain which was 

initially resistant to 200 1U nisin/ml at optimunl growth temperature, 

dropped by 10 folds with the increase of temperature to 55°C. 

4.3.2.2.1 I':ffect of growth pattern: 

In overall, the growth of Lactc::bacillus sp. t especially 

L. delbruec1di subsp. bulgaricus (373), L. acidbphilus (R) and 

t. plantarum (R) WaS stupendous at optiffiUrtl gr-owth temperatut"e (Fig. 24a,b) .. 

The increase or decrease of optirnU1/'l gro\,.1:h temperature adversely affected 

the growth pattern of Lactobacillus strains.. 'l'he effect was more pronounced 

with the increase of optimum teroperature with the exception of 

L. acidophi1us (R) and L. plantarum (R). 
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The variation in grO\olt.h behaviour and nisin tolerance observed in 

Lactobacillus sp. follcwed the: sanle !;attern as observed in lactococci and 

streptococci and therefore, the possible reasons for differential nisin 

sensitivity at optin:urr. and sub-optimuIr. terr.t::eratures could be explained on 

similar lines as discussed earlier. 

4 .. 3 .. 2.3 Bacilli 

Six strolns of bacilli belonging to species, B. cereus, B~ subtilis 

in nutdent broth and B .. stearothermophilus in peptone-yeast-extract broth 

were evaluated for their nisin tolerance at 1 and 2% inoculum and different 

temperatures. The optimum terr~ratlJre used for B. cereus, 8. subtilis arid 

B.. stearother.mophilus strains wete 35, 37 and 55°C, while sub-optimum 

te~~rBtures were 25, 45: 30, 45 and 50, 60°C respectively_ 

As rePorted earlier, B.. subtilis strains were the most nisin 

resistant among Bacillus sp. follrn.'ed by B. cereus and 

B. stearothet:mophilus. The nisin tolerance of Bacillus sp. was maximum at 

optimum growth ternr:erature, ho'\.,'ever, the adverse :e'ffects observed at sub­

optimum teroperatures \"'et'e similar to lactic cultures. 'l'he MIC of nisin for 

B. subtilis strains were 125-175, 50--100 and 25-60 RU/ml at 37, 30 and 45°C 

respectively \-!hereas! for B. cereus strains the respective figures were 

45-100, 15-50 and 10-25 RU/ml at 35, 25 and 45"C (Table 8). The efficacy 

of nisin against Bacillus sp. in general, increasea with either- increase 

or decrease of optimum growth temperature. ~he decrease of optimum 

temperature 3~C of B. subtilis (441, 9144) strains to 30"C decreased the 

nisin tolerance from 150 and 175 RU/ml to 75 and 100 RU/wJ.. Howeverl the 

effect was comparatively more when the temperature was increased to 45°C 

and the inhibition "'as observed at 50 RU/ml each (Fig. 25atb). Similarly, 

the inhibition of B. cereus (0876) I 

25 RU!rrJ at 25, 35 and 4S"C 

strain was observed at 50, 100 and 

r(::spectiively (Fig. 26a). BacilluB 



Table 8. Effect of temperature on inhibitory action of nisin against Bacillus strains at opt~ pH and different 
inoculum levels 

SI. CUltures Inoculum MIC~ {RV/mll in broth at 24 h 
No. levels ---------------------------------------------------

1%1 Different temperatures 
25130/S0°C"'''' 35/37/55°CU 45/45/60°C" * 

1- B. cereus (108761 1 25 75 15 
2 50 100 25 

2. B~ cereus 14301 1 15 45 10 
2 25 60- 15 

3. 8. subtilis 191441 1 75 150 35 
2 100 175 50 

4. B. subtilis (4411 1 50 135 25 
2 75 150 50 

5. B. subtiJis (66331 1 60 125 40 
2 eo 150 60 

6. B. siearothenoophilus (953) 1 25 45 10 
2 35 60 15 

• Arittm..tic means of three determinations .. B. cereus/B. subtilis/B. stearot.hemophilus . 
<0 
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stearothepnophilus (953) strain also follOY.'ed a similar trend and was 

inhibited at nisin concentration of 35, 60 and 15 RU/ml at SO, 55 and 60°C 

respectively (fig. 26b). 

Campbell and Sniff (1959) studied the effect of different 

temperatures 35/ 45 and 5S"C on 31 strains of Ba coagulans and repartee! 

that the inhibition was observed at 14 pg/ml after 7 days of incubation, 

irrespective of different temperatures. In another study, Oscrcft et a1. 

(990) reported that the efficacy of nisin \o.'a5 adversely affected at or 

near optimurr, growth telTper-ature. The germination and outgrowth of Bacillus 

spores at 12°C was severely restricted in comparison to 20 or 30°C. 

The salient findings on nLsin tolerance of lactic and non-lactic 

culture at their optirnU!ft and sub-optimum growth temperatures can be of 

great value for controlling the growth of these micro-organisms -in 

fermented and non-fermented milk and w.ilk products. 

4.3 .. 3 Effect of Inoculum 

The behaviaut." of lactic and nen-lactic cultures in broth containing 

different ccncentrations of nisin was evaluated under optimum growth 

conditions and two different inocula i..e. 1 and 2% levels. The efficacy 

of nisin was adversely affected with the increase of inoculum and 1-2 folds 

increase in nisin tolerance was observed among the strains studied. Similar 

variation 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-optirrum temperatures as repcrted earlier (Tables 3-8). The nisin 

tolerance of 26 strains of lactic and nen-lactic cultures was fotmd to 

increase frar, 0.5-2000 to 2~o-2400 RU/wl with the increase of 1 to 2% 

inoculum (Table 9). 
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4 .. 3 .. 3.1 Lactococci and streptococci 

The nisin tolerance of 8 strains vf lactococci belonging to 

species, L. l~ctis subsp. lactis (Nisin and non-nisin producers), L_ lactis 

subsp. diacetylactis and 1 .. lactis subsp. cremoris, increased frorr. 5-2000 

to 10-2400 RU/ml t;..>'ith 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 lactococci i.e. L~ lactis subsp. 

diacetylactis (DRe
l

) and the inhibiticn at 1 and 2% inoculum was observed 

at 5 and 10 RU/ml respectively .. Among other lactococci strains, the effect 

of higher inocultml was ccrnr:;arable to non-nisin producing strains of 

toO lactis subsp. lactis (C
IO

' l'lLS) and inhibition was observed at 351 75 

and SOt 100 RU/ml at 1 and 2% respectively (Table 9). Likewisel the MIC 

values for L_. lactis subsp. crerroris (el' C
3

) at 1 and 2% inoculum were 

35 , 175 and 45, 200 RU/ml respectively. 

The nisin producing strains of t.. lactis subsp. lactis (496, 440) 

which were ~pable of tolerating very high doses of nisin, also depicted 

tIl{' C,,1II:(> hr-hnviow:- c:lt higher inoculum. :rhcir inhibition was observed at 

1600 1 2000 and 20(0,2400 RU/ml et 1 and 2% inoculuw respectively. 

The adverse effect on nisin efficacy at higher inoculum was also 

observed i;;Imong streptococi and nisin tolerance of str. salivarius subsp. 

thermophilus (H and I) increa~d frem 75 ano 125 to 100 and 150 FU/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 

requirc1I!ent trom 25-80'l. atTCrlg B strains of L.. delbrueckii subsp. 

bulgaricus, L. acidophilus and L. plantarum. The r~sponse of L. delbrueckii 
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sUbsp. bulgaricus strains towards nisin at higher inoculum was ccmparable 

and their MIC values increased from 35-75 to 50-100 RtJ/ml ":ith the 

increase of 1 to 2% inoculum (Table 9). The adverse effect of inoculum 

on nisin among ractcbacillus sp. was rr.aximum in L. acidophilu5 (R). The 

MIC values fer L. acidophilus strains at 1 and 2% levels ranged from 25-

50 and 45-75 FU/ml respectively. The effect of increase of incculum on 

nisin tolerance among most sensitive and resistant strains of 

L. plantarum (59, R) ' ... :as found similar. Their inhibition at 1 and 2% 

inoculum was observed at 20, 100 and 25, 125 RU/ml reEpectively 

depicting 25% increase in their nisin tolerance. 

In similar studies, lactic cultures, like streptococcus lactis 

(SIR) and Lactobacillus bulgaricus (LB-4) in . skim wilk were found to 

offer cOIn[)aratively higher resistance (Mukunoan,' 1989). Be reported thlS 

based on increase of inoculum from 1 to 2% at nisin concentratins ranging 

[rOIl' ] 00-500 HU/ml il[t0r 24 h of incubation. 'l'he adverse effect of higher 

inoculum on efficacy of nisin against Leuconostoc oenes was also observed 

by Srlittstoesser and Stoyla (l989) in Model grape juice system 

containing 100 IU nisin/rr,I. UrL (1990) repjrted that under two different 

inocula l.Oxl03 and 5.0xl07 c.f.u./ml, the inhibition of Ltsteria sp. 

was observed at 200 and 1000 RU. 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 speciesl B. subtilis, B.. cereus and B .. stearot:hermophi1us 

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 witt! the increase from 1 

to 2% inoculum ('I'able 9). The response of higher nisin tolerance as 
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offered by bacilli at higher inoculum was maximum in 

B. stearothermophilus follcwed by Eo. cereus and B. subtilis strains. The 

nisin tolerance of B. subtilis strains at two different inocula ranged 

from 125-150 and 150-175 8U!rnl respectively whereast for- B. cereus 

strains, the respective figures were 45-75 and 60-100 RU/ml. Among 

B. stearothenrophilus strains, 1-4 folds increase in nisin tolerance was 

obsetved with the increase of inocul\..1lTl and their MIC values ranged from 

0.5-45 to 2.0-60 RU/ml at 1 and 2% inoculum respectively_ 

The information cn inoculum effect against vegetative cells of 

aerooic spore fermers, hGwever, is scanty with the exception of few 

retX>t"ts on spcres of bacilli and clostridia. The s[X>re load as cbserved 

by Fowler (979) was cne of the key determining' factors in controlling 

the arrount ci nisin necessary to prevent outgrowth in foods. The 

eftectivencss of nisin in preventing spore outgrowth was fcund to 

decrease with the increase of spore load as reported by Rayman et aL 

(1981), Scott and Taylor (1981) and Oser-oft et al. (1990). 

4a3 .. 4 Effect of Incubatico Periexl in Skim Mi1.k 

The nisin sensitivity of lactic and non-lactic cultures at 1% 

inoculum was evaluated in skim milk incubated at optiJTIum growth 

temperature fer different incubation periods Le. 12, 24 and 48 h. The 

MIC were aeter-n'ined on the basis of titrable acidity for lactic and SPC 

for non-lactic as enclosed in Appendix (Tables xi -xx). A ~ontinuous 

increase in nisin tolerance of 26 strains of Iactococcus, streptococcus, 

Lactobacillus and Bacillus sp. was c:bserved with the increase of 

incubation from 12 to 24 and 48 h. 

4.3.4al Lactococci and streptococci 

Among 8 strains of lactococci and st~e~tococcil 1-4 folds decrease 

in nisin activity was observed with the increase of incubation frcm 1-1 
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12 to 4B h. Howev~r t the effect was pronounced against L. lactie subsp. 

cremoris and L. lactis subsp. diacetylactis strains (Table 10). The MIC 

values of nisin for L. lactis subsp. crerroris (CI, C
3

) "'ere 501 75; 1001 

225 and 1501 300 RU/ml at 12, 24 and 48 h respectively. Whereas, for 

L. lactis subsp. diacetylactis (ORCll DRC2) strains, the respective 

fjgu["es we~e 10, 15; 25, 35 and .351 50 RU/ml. The non-nisin pt"cducing 

strains of L lactis subsp. lactis (ClOt Mla) also behaved similarly and 

their nisin tolerance 50, 150 at 12 h increased to 75, 175 and 100, 200 

RU/rnl with the increase of incubation to 24 and 48 h respectively. 

On the other hand, nisin prooucing strains of L. lactis subsp. 

lactis (496, 440) ~,.'ere inhibited at 1200/ .1600 and 2000 RU/rnl at 12 and 

18 h resp!2ctiv~ly. Subsequent increase in incubation resulted· in 

trem(?noous growth of these cultures and could be inhibhed only at 

131 500/ 14/ 20( ~U/ml at 24 h of incubation respectively (Appendix Tablel 

xiv) .. 

A1l'OOg streptocccci. 2 folds increase in nisin tolerance of Str. 

salivarlus subsp. thermophilua (H~ I) strains was observed with the 

increase of incubaticn periods and their MIC values were 75,100; 100 1 150 

and 150, 200 RU/ml at 12, 24 and 48 h respectively (Table 10). 

4.3.4.2 lactobacilli 

The loss of nisin activity arrong 8 strains of lactobacilli waS 

2-4 folds with the increase of incubation from 12 to 4B h .. Howev",r, thE! 

adverse effect on nisin efficacy at higher incubation was comparatively 

more against L.. delbrueckii subssp.. bulgaricus (F'!'S) I L... acidc:l(irllus 

{l899} and L. plantarum (R} strains (Table 11). The MIC range of nisin 

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



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

8l. Cultures MIC· IRU/mll 
No. --------------------------------------------------

Different incubation periods Ihl 
12 24 48 

l. L. lactis subsp. lactis (C1OI 50 75 100 

2. L. lactis subsp. lactis ( ML8 i 150 175 200 

3 . L. lactis Bubsp. diacetylactis ( ORel) 10 25 35 

4. L. lactis subsp. diacetylactis ( DRe2) 15 35 50 

5. L. lactis Bubsp. cremoris (e1 ) 50 100 150 

6. L. lactis subsp. cremoris (e3) 75 225 300 

7. Str. salivarius subsp. ( H) 75 100 150 
thermophil us 

8. Str. salivarius subap. (I) 100 150 200 
thermophilus 

• Arithmetic means of three determinations 

• 

'" " 



Table 11. Effect of incubation period on inhibitory action of n1s~n against Lactobacillus strains 
in SKIM MILK at optimum pH, temperature and 1% inoculum 

S1-
No. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

S. 

Cultures 

L. delbrueckii subep_ bulgaricus (W) 

L. delbrueckii Bubsp. bulgaricus (1373) 

La delbrueckii Bubep~ bulgaricus (RTS) 

L. acidophilus (447) 

L~ acidophilus (1899 ) 

L. acidophilus (H) 

L. plantarum (R) 

L. plantarum (89) 

* Arithmetic means of three determinations 

MIC' (RO/ml) 

Different incubation periods (hl 
12 24 48 

25 50 75 

50 100 150 

25 75 100 

50 75 125 

25 50 100 

'25 50 75 

50 150 200 

25 50 75 

,.., 
o 
o 
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150 RU/ml at 12/ 24 and 48 h respectively whereasl for L. acidcphilus 

strainst the respective figures were 25-50; 50-75 and 75-125 RU nisin/mI. 

T'he response of other Lactcbacillus sp. like t .. plantarmn (89, 

R) was also similar and thei!: nisin tolerance at 12. 24 and 48 h was 25 , 

50i 150 and 75, 200 ~U/m1 t"espeetively. 

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

the effect of 10 units - of nisin against Streptoc:cx:cus lactisJ 

L.. bulgaricus ana Str.. thenncphilus strains in skim milk and repJrted 

that cell counts of the organisms decreased continuously for the first 

6 h of incubation but thereafter l the surviving organisms reultiplied 

normally and proxilTlated the counts of the control samples at the end of 

24 to 36 h. 

In a' similar studYI Mukundan (1989) studied the effect ef 

different incubation peri cds of 6 r 9 r 12, 24 and 48 h on nisin tolerance 

of S. lactis (SIR), S. cremoris (SCI' CH
9

, IF-40), L. bulgaricus (1.6-4) 

and L. casei in skim milk ccntaining 100-500, RU nisin/ml. The nisin 

tolerance of lactic cultures increased continuously with the increase 

of incubation period$. 

4.3 .. 4 .. 3 Bacilli 

The response of 8 strains of Bacillus belonging to B. subtilis l 

B. cereus and E!. stearot.hermophllus 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_ stear<thernx:phi.lus (953) was cbserved with the increase of incubation 

from 12 to 48 h (Table 12).. The nisin tolerance of B.. subtilis strains 

from 75-100 at 12 hi increased to 150-175 and 175-225 RU/ml at 24 and 

48 h I:"€spectively. Similal:"1y, fal:" B. cereus (430, 10876) strains, the 



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

S1. Cultures MIC* 1 RU Imli 
No. ~------------------------------------------------

Different incubation periods (h) 

12 24 48 

1. B. subtilis (6633) 100 150 200 

2. B. subtil.is (9144) 75 175 225 

3. B. subtilis (441) 100 150 175 

4 • E. cereus (10876) 75 100 150 

5. B. cereus (430) 50 75 100 

6. B. stearothermophilus (953) 25 50 75 

7. B. stearothermophilus (37) 1.0 1.0 2.5 

B. B. stearothermophilus (38) 2.5 2.5 5.0 

• Arithmetic means of three determinations . ... 
0 
N 
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nisin t.olerance 50, 75 at 12 h, increased to 75, 100 and 100, 150 RUjml 

at 24 LInd 4U h respectively. BacilluB Btearothermophilu8 strains also 

required more concentraticn of nisin with the increase of incubation 

periods and their MIe values varied from 1.~251 1.0-50 and 2.5-75 RU/ml 

at 12/ 24 anO_ .. 48 h respectively. 

In the present stUdyl the growth of 26 strains of lactic and noo­

lactic cultures V.'as fcuno increase with the increase of incubation 

periods as evident from titrable acidity and standard plate cotmts 

enclosed in Arpendix Table xi-xx. 

The loss of nisin activity at higher incubation periods was 

difficult to explain, whether it .... as a chemical inactivation or because 

of additional growth of the l'fIicro-organis.ns. ,However, based on the 

present findings, it is likely that after initial- bacteriostatic action 

of nisin against growing micrQ-organiSll'.s, the residual nisin in milk 

appears to be insufficient for corr.plete inhibition. Asa .. result , higher 

nisin concentration would be required as the incubation period is 

extended. 

The comparative higher loss of nisin activity observed awcng 

Lactobacillus plantarum (R) and B.. subtilis (9144) perhaps be due to 

inactivating enzymes produced by these strains as reported earlier. 



III. SCANNING 

OF NISIN TREATED LACTIC 

LACTIC CULTURES 

JS1ON-
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Most published \.:ork on bactedocins of lactic acid bacteria 

especially nisin related to rrode of action is confined to biochemical 

investigations. Howevet"/ very litle efforts were made to study at the 

Electron Microscope level which is an indispensible tool for fine 

structural rror~hology. 

In the present study, attempts were made to ascertain the mode of 

nisin action against Ir.ost sensitive and resistant strains of Lactococcus, 

Lactobacillus and Bacillus s~. through SEM. Nisin was found to execute 

its bactericcidal action only at very high doses ranging from 1-10/000 

times of miniwal inhibitory concentration and brought about extensive 

surface darrages in and around bacterial cells as clearly revealed by SEM .. 

At t1rC aosesl ,however, only neminal changes like, clumping or aggregation 

of cell was observed under both light as well ~s scanning microscope • 

4_4. SCANNIN3 ELB:"l.'RCN KIc:::RC6COPY OF LACTIC CUl.TlIRES 

4_4 .. 1 Lactooooci 

4_4.1_~ L .. lactis subsp. diacetylactis (OOC
l

) 

The roost sensitive strain among lactococci was L .. lactis subsp. 

diaoetylactis (DRC
1

). The untreated cells ~~re maximally in pairs or small 

chains (Plate I, Pig .. I). When exposed to nisin at MIC dose of 5 RU/rnl, 

cells tend to aggregate at few points resulting in development of big 

clunps. This response of the cells further, intensified with the increase 

of nisin concentraticn to 500 tirr.es of (olIe. However, fusion of proximal 

rells could be seo;:m qllitp frequently within a lump (Figs. 2 and 3). 

Whereas, complete disintegration of cells was observed at one 



Plate I 

(Figs. 1-4) 

Scanning Electron Micrographs of normal and 

NISIN treated cells of lactococcus lactis 

subsp. oiacetylactis (DRC1 ) 

-----------------------------------~---~-~-----

Fig.l 

Fig.2 

Fig.3 

Fig.4 

Control (Untreated) sattple showing intact cocci 
• in pair and small chains • 

Nisin treatoo at NIC (5 RU) cells depicting 

clumping O~ aggregation, forming a compact mass. 

NIC ( x 500) treated showing aggregation and 
fusion of cells (solid arrows) at several places. 

MIC (x 10Cl0) treated shewing cOO'plete 

disrupticn of cells into scattered remnants. 

----------------------------_. 

* 25 kv operating voltage 

60* 2NM = 60 x 102 NM correspcnding to the length of the 

bar above it (detailed chart is printed in Table XXI). 





.105. 

thousands ti~es of r':IC crncentratioo as evident in Fig. 4. Cellular 

fragments follcwing disintegration could alsobe frequently seen. 

4.4.1.2 1-. lactis subsp_ diacetylactis (OOC2 ) 

Untreated cells of L. lactis subsp. <1iacetylactis (DRC2 ) were 

maximally found in long chains ccnsisting of around 15-20 cells .(Plate 

II, Fig.I). This strain forms still Icoget' chains as examined under light 

microscope. 

At MIC of nisi:1 \..'ith 25 RUIn'll, normally aggregation or clumping 

of cells was observed (Fig. 2). However, the effect was not as intense 

as observed earlier in L. lactis subsp. diacetylactis (DRC
l

}. Th£:o 

increase in nisin ccncentraticn to coe thot.15anct times MIC brought about 

stICetching of cells r-esulting in lengthening of chain length as could 

be s~en in Fig. 3. In aadition, cow.plete dissolution of cytcplasmic 

crntents was also observed (Fig. 4). The bacteriocidal acticn of nisin 

W.:1f> j nt<:>nd J.j cd consi derably <:It t,,'O thousands times MIe depicting stat' 

and V-shaped structures, 1UfI1-P formatico, protoplast-like structures and 

appearance of fragments of cellular components (Pigs. 5-7). Complete 

disintegratia1 of cells and its subsequent tusicn could be seen at very 

high nisin concentration of five thousanc' times MIC (Fig. B). 

4.4.1.3 -'::. lactis subsp. lactis (C
lO

) 

The untreated cells of non-nisin producing strain of to. lactis 

subsp. ladie (e
10

) cccurs IPaximally in relatively small chains .Plate 

III, Fig.l). Cells treated '-lith MIC 35 RU nisin/ml appears to aggregate 

involving tel,.; cells at places in rrricrosccpic field as observed in 

Fig. 2. HoweverJ it ..... as not as prominent as observed earlier in L. lactis 

subsp. diacetylactis strains. 



Plate II 

(Figs. 1-4) 

Scanning Electrm r-licrcgraphs of not'lJ\al ano 

NISIN trEated cells of Lactococcus ~actis 

subsp~ cuacetylactis (DRC2 ) 

---------------------------------------------------._---------------

Fig~l 

Fig. 2 

Fig~3 

Fig.4 

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

Nisin treated at MIC ( 25 RU) showing clumping 

or aggregatioo. of cells. 

MIC (x 1000) treated showing inter- and 

intra cellular stretching in a chain. 

MIC (x locx) treated showing few intact and 

partially disintegrated cells. 





Plate II 

(Figs. 5-8) 

Pigs. 5-7 

Fig. 8 

(Contd. ) 

MIC (x 2000) treated shewing various degrees of 

cellular fusicn involving few to .several cells 

forming star, V and irregular lump. Fragments 

of cellulur cow.pcnents are also seen 

(Solid arrows). 

MIC (x 5a>O) treated depicting compact mass of 

fused cells (Solid arrow) with partially 

damaged cells under fusico (Broken arrow). 





Plate III 

(rigs. 1-4) 

scanning Electron Micrographs of normal and 

NISIN treated cells of Lactococcus lactis 

subsp. lactis (CIO ) 

--------------------------------------------------

Pig.l 

1"i9. 2 

Fig.3 

Fig.4 

Centrol sarrple showing ~~ll preserved and 

intact eccci in small chains. 

Nisin tredted at f"llC (35 RU) showing the tendency 

of cells to aggregate .. 

MIC {x 2000} treated showing partial 

disintegration of cells in chains as 

indicated by Solid arrows • 

. MIC (x 6O<X» treated showing fused cells 

(Solid arrows) and protoplast-like 

structures (Broken arrows) 
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'The partial disintegration of fe\oJ cells within lactococcal chain 

in specific mid regien and its subsequent release of protoplasmic 

contents could be seen clearly at tv .. o thousand;;; tiIile<s MIC of nisin as 

apparent in Pig. 3. 'l'het'eafte~1 loss of chain character and appearance 

of protoplast-like s!::ructures along ""ith fused cells were obser-ved at 

six thousands times NlC of nisin. 

4.4 .. 1..4 ~ lactis subsp. lactis (MLa) 

A considerable variaticn in nisin tolerance of I.... lactis subsp. 

lactis (MLS) WaS observed at st~ain level. The untreated cells were diplo 

or in small chains {Plate IV, Fig. 1). 

Partial disintegration eculd be seen in cne thousand7' times MIC 

of nisin. Pelee:se of protcplasmic ca1terlts was $'2en in the vicinity of 

the damaged cells (Fig. 2). In ether microscopic fields, protoplast-like 

spherical structures were also cbserved (Fig. 3)~ 

At six thousands tifl"1es HIe of nisin, fusion of cells to complete 

disintegration .... 'as cOm.Tlonly cbserved (Fig. 4). 

4.4.1.5 -": lactis subsp. lactis (440) 

It is a nisin producing strain and the cells are highly resistant 

to nisin with me of 2000 FUjlT'.L The \.mtreat",d cells occur lST:gely in 

5",.011 chains, ho\,:ever I fey; cells in }?Sirs could also be seen (Plate VI 

Fig. 1) • 

The partial oefcrrre:ticn of cells ,,'ithin chain was observed at two 

thousands times of NIC (Fig. 2). ~h~reas, extensive bacteriocidal actioo 

of nisin ~ith ccrr.plete disintegration of cells was obsG!rved coly at four 

thousands times MIC of nisin (Fig. 3). 

The basic inforreaticn on Electron Microscopy of nisin treated 



Plat€: IV 

(Figs. 1-4) 

Scanning Electt"oo Micrographs of normal and 

NISIN treated cells of Lactococcus lactis 

subsp. lactis (MIS) 

--------------":"'"--------------------------~---------

Pig.l 

Fig.2 

Fig.3 

Fig.4 

Cantr.ol sarrple shewing intact and well 

pres~rved cocci in pairs and small chains. 

MIC (x 1()(x) treated showing onset of partial 

disintegration with leakage protoplasmic 

contents frcm the damaged cells (SOlid arvow) 

MIC (x lOCO) treated showing fused cells 
(Solid ar:row) and formation of protoplast­

like structures (Broken arrow) 

NIC (x 6(XX» treated showing complete 

disintegration along with few partially 

defomed cells (Broken arrows) 



3 

4 



Plate V 

(Figs. 1-3) 

Fig.l 

Fig.2 

Fi9·3 

Scanning Electrcn l'lict""ographs of nonnal and 

NISIN treated cells of Lactococcus lactis 

SUbEp. lactis (440) 

Centrol sample sho\-.'ing intact and well preserved 

cocci in pai~s, small chains and in groups. 

MIC (x 2000) treated showing disintegrated 

mass of cells aloog 'I.'ith intact cells 

(Broken arr"",,) 

NlC (x 4(x)()) tre-'lted sho ...... ing fused mass of 

deto~ed (SOlid arrows) and disintegrated cells 

(Broken arr"",,) 
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bacteriolysis of nisin producing strelins of Streptococcus lactis with 

nisin during lcgarith±:-ic phase was re,!X'rted by Hurst and Kruse (1972)_ 

Recently, Van-Belku/ll et al (991) studied the effect of lactococcin A 

against its producing strains i. e.. L lactis subsp. lactis through EM. 

HOWever, they could nct find any lysis or other morphological alterations 

jn tr:-e.,tcd bi)ctC'!:"iill cells. 

Other baeter-ieeins of Gram positive bacteria like staphylococcln 

C-55, a bacteriocidal substance produced by Staphylococcus aureus was 

earlier studied for its Woode of acticn against streptococcal cells 

electron microscopically (Clawson and Dajani, 1970). The sub-cellular 

changes obset"Ved incluced the condensation of nuclear materials, partial 

loss of ribcsomes, rrccificaticn of rr.esosomes and eventual dissolution 

of cell ccntents. Si~ilar kinds of changes we~e also observed 10 

sensitive bacteria treated with streptococci AFf-22 {'l'agg et a1. ( 1973). 

A caticnic peptice Pep-5 \.Jith similar mode of action of nisin was 

also studied by Sahl and Brandis (19B3) and Brandis and sahl (1984). 

and reported that destruction primarily occurs in sertum area in 

staphylococcal cells as revealed by SEM. 

en the basis of present tindings, it can be concluded that the 

lactococcal cells fcllowing treatrr~nt with nisin in increasing 

concentraticn under90 follOwing surface changes in sequence as follows: 

1. cluw~ing or aggregaticn of cells 

2. Stretching of cells in chain 

3. Forrration of ~rctoplast-like structures 

4. Partial disintegraticn of cells ",ith expulsion of pr-otoplasmic 

contents 

5. Conp)c>tc disintegration of c011s forming stt"ucture less matrix. 
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In general, the aggregation and stretching cf lactococcal cells 

without any surface ce"age fcllcwing treatment with MIC doses indicated 

the bacteriostatic action of nisin. en the other hand, the partial or 

complete oisintegraticn cf cells and aPFearance of protoplast-like 

structure under SEM revealed bacteriocidal action. 

4.4.2 Lactobacilli 

4.4.2.1 L de1brueckii subsp. bulgaricus (RTS) 

Untreated normal cells invariably appeareo as long rods with round 

ends and occur largely in shot't chains with defined intercellular gaps 

(Plate VII Fig_ 1). t':hen exp::!sed to NIC of 45 RU nisin/mIl the cells 

loosely aggregated in clurr.ps as first visible effect. Partial initiaticn 

of surface dan~ge of cells is also discernible (Fig_ 2). 

Extensive surface dareages in L. delbrueckii subsp. bulgaricus 

(RTS) were also observed at very high dose of nisin. A well defined pore 

through cell \.:all 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 nisi04 The intercellular distances al~o become indistinguishable (Fig. 

3). Howe-vet'l CGIllplctc disintegrDticn of few cells was observed, when 

treated with ten thousand times MIC (Fig. 4). 

4.4.2.2 !,. de1brueckii subsp. bulgaricus (W) 

Untreated cells !'·;ere relatively bigger rods than L. delbrueckii 

subsp. bulgaricus (RTS) and found rr.aximally in single or pairs (Plate 

VII, Fig_ 1). 

Bacterial cells treated .. ·:ith tht'ee thous,mds times MIC of nisin 

induced extensive sl.Irf'::ce darr.ages I,.:ith numerous blebs formation as 



Plate VI 

(Figs.1-4) 

scanning Electron />ticn:1Jraphs of normal and 

NISIN treated cells of Lactcbacillus delbrueckii 

subsp. bulgaricus (RTS) 

------------------_ .. _--- -------------

Fig.l 

Fig.2 

Fig.3 

Fig .. 4 

Contrel sample showing intact and well preserved 

lactobacilli. 

Nisin treated at MIC (45 RU) showing 

loose aggregation. 

MIC (x 3000) treated depicting well defined 

pores.. A nurr.ber of blebs could be seen co the 

bacterial surface (Solid arrow). Loss of 

cytoplslSmic fluid is seen through one of 

the pores (Broken arrow) 

MIC (x 10,000) treated showing sequence 

of cellular disintegration (Solid arrow) 





Plate VII 

(Figs. 1-4) 

Scanning Electron Micrographs of normal and 

NISIN treated cells of Lactobacillus 

delbrueddi SUb3p. bulgaricus (w) 

-------------------------------------------------

Fig.1 

E'ig.2 

Fig.3 

t'ig.4 

Control sample showing intact and well 

preserved long rods of lactobacilli. 

HIe (x 3000) treated showing blebs 

(SOlid arrow) with irregular outlines. 

HIC (x lOI()(X) treated showing prcminant blebs 

getting detached frorr· the cell surface 

(Solid arrow) 

('HC (x 10/000) treated showing dis­

int€graticn of cells alcng with debris in 

the backgrcund (Soaid arrow) 
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depicted in Fig. 2. The bleb totlTlation becomes more prominent (Fig. 3) 

\.o,tith the increase of nisin ccncentration to ten thousand times of Ere. 

Nhereasr cells in Clcr..'2oced stage of disintegration was observed J.n scrr:e 

lIlicroscopJ.c fields. fragrrents of disintegrated cells could also be SEEn 

forming the backgrouno (Fig. ~). The blebs formation appears to be a 

COllUllcn feature J;ar-ticularly 8JllOilg L.. delbruec1di subsp. bulgaricus 

strains. 

4.4.2.3 .!:-.:. acicloftlilus (R) 

The control sarrple of L. acidophilus (F) under SFJI1 depicted meoiu[f. 

size rods in s~e and short chains (Plate VIII, Fig. 1).. Partial 

disintegration of cells \.lith pore and bleb formation were some of the 

prominent surface changes observed in Lactobacillus cells treated with 

three thousand~ times ~:IC (Fig. 2). In some microscopic fields, fusion 

of cells leading to filaJr.entou5 structures could also be seen in Fig.3. 

The vulnerability of bacterial cells inct:'easea further with nlUch 

higher nisin concentrat.icn at ten thousands tirr.es MIL The treated cells 

undet:'go complete loss of criginal rod character as a result of extensive 

deformation (Pig. 4). 

4.4.2.4 L. plantarum (89) 

'I'he Scanning Electron Nicroscopy of 1. plantarum (89) revealed 

usually thin cylindrical rods with rounded ends. These occur invariably 

in small chains (Plate IX, Fig. 1). Inter-cellular chains link.$ a);pe.ar 

to get dissolved following treatment ""ith three thousand times MIC of 

nisin. Slight perforation and prominent blebs could also be seen (Fi9~2) .. 

Further increase in nisin concentration to ten thousand times HIe 

brought about extensive rupturing of cells. A~ a result, the protoplasmic 

contents around the darr:aged cells could be seen (Fig. 3). Extensive 



Plate VIII 

(Figs. 1-4) 

Fig.1 

Fig.2 

I!'ig.3" 

Fig.4 

Sccnning Eleetrcn l'1i-:rcgcaphs of normal and 

NISIN treated cells of LactobacilluS 

acidophilus (R) 

Centrel sample showing intact and well 

preserved cells of lactobacilli singly or 

in shcrt chains. 

MIC ex 3000) treated depicting pore formation 
on the surface as indicated by Solid arrow-. 

MIC (x 3000) treated showing filamentous 

~p~earance of cells. Initiation of 
blebs en the surface could also be seen 

(Solid arr~) 

MIC (x 10(000) treated showing" fused 

cells covered with blebs. 



Plate IX 

(Figs. 1-4) 

Fig.l 

Fig.3 

Fig A 

Scanning Electrcn Nicrographs of normal and 

NISIN treated cells of lactobacillus 

plantarum (89) 

Centrol sample snQ\..ling intact and well 

preserved slender rods in chain and groups. 

HIe (x 30c0) treated showing intensive 

undulaticn and bleb fOrn'l2ltiro (Solid ~) 

f>UC (x IO,CXX)) treated showing partially 

damaged cells with release of protoplasmic 

Caltents from ale end. 

f>lIC (x 10J 000) treated showing acute 

perforation of cell surface with a large bleb. 
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damage through acute perfo~ation at this high dose of nisin was 

frequently observed (Fig. 4). 

few reports on light and electron microscopy of nisin treated 

Lactobacillus cells are available. In on.a study, Ogden and Waites (1986) 

demonstrated that Lactobacillus cells (Esci 28, 348 and 375) following 

treatment with nisin at 10,000 Units/wI undergo clwnping as revealed 

under light ~icroscope. lysis of treated cell was, however, not reported 

by theJ11. 

The aggregation of L. delbrueckii subsp. bulgaricus (RTS) at MIC 

was W()st comronly observed in the present study. Similar aggregation 

pattern in other Lactobacillus species was also confirmed by light 

microscopy. 

The .ultrastructure changes in r.actobacillus and I.euconostClC' sp. 

were studied by Bhunia et al. (1991). Leuconostoc resenteroides (ry) 

following treatment with pediccin AcH at 10, 240 AU!ml resulted in lysis 

Clnd revealed the presence of ghost cells. On the other handi in L. 

plantatlJm (955) lysis of cell was not observed. However, they described 

conc"l('n.silUon of CytoplDSIll 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 for.mation. These findings are consistent with 

the earlier reports of Henning et aL (1986) j Sahl· et al. (1987): Kordel 

et a1. (l989) and Gao et al. (1991) They observed that nisin bring about 

-disruption in membrane function due to ion channel or pore formation. 

The subsequent release of low molecular compounds like K+ t amino acids 

and ATP through these pores was also reported based on biochemical 

analysis. 



4.5 SCANNrn::: ELECTROO MICROSCOPY OF NCN-LACTIC cutTURES 

4.5.1 Bacilli 

4.5.1.f 8. cereu3 (10876) 
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Untreated cells under 5EI'1 revealed small rods in short chains 

(Plate XI Fig. 1). P.t MIC dose of 75 RU/Il'~, visible changes could not 

be cbserved under light as well as sm. However, rupturing of cell 

specifically in the mid region was noticed at three thousano times MIC. 

Protcplasmic fluid along with cell fragments could also be seen near the 

disru~ted cells (Fig. 2). 

The bacteriost.3tic action of nisin becomes more drastic at ten 

thousands tilTes MIC. Complete disintegration involving only a· few cells 

within chain could be se€n. Fragments of diSintegrated cells and 

prowinent bleb formatien in few cells ~~re evident (Figs. 3 and' 4). 

4.5.1.2. ~ subtilis (6633) 

Bacillus subtilis (6633) was found to be resistant st rain among 

bacilli. It occurs maximally in long chains (Plate XI, Fig~ 1). The chain 

character of the organisms' at:pears to be lost following treatrr:ent with 

thl:"ee thousands tinl€S of folIC (Fig. 2). It is likely that the bacterial 

chain links are first tar-get of nisin-induced changes . at low 

concentrations. Partial disintegration of cells was observed at five 

thousands times of MIC~ However, a peculiar clamp connection was noted. 

Whether such a structural mooification is functional or a chance factor 

cannot be ascertained (Fig. 3). In addition, few cells were in relatively 

advanced stage of disintegration as seen in Fig. 4. 

4.5.] .3~ n~ ntn..,rothm:mophiluG (38) 

These rods were relatively thick, srr.all and curved (Plate XlI, 

Fig. 1) ~ Bacillus stearothermophilus (3B) was inhibited at very low level 



Plate X 

(Figs. 1-4) 

Scanning Elect~cn Micrographs of normal and 

NISIN treated cells of Bacillus cereus (10876) 

----------------------

Fig.l 

Fig.2 

Fig.3 

Fig.4 

control sampl~ showil~ intact .~ well 

p~eserved small rods in pairs, chains 

and in groups. 

MIC (x 3000) treated depicting acute 

surface rupture of the interca!ary 

cells in chain (Solid arrow). 

MIC (x 10,000) treated showing dis­

integration of cells in chain. (Solid arrow). 

MIC (x 10,000) tre~ted showing fragments 

of disintegrated cells (Solid arrow). Bleb 

format ion (Broken arrow) can also be seen. 





Plate XI 

(Pigs. 1-4) 

Fig .1 

Fig.2 

Fig. 3 

Fig.4 

Scanning Electt"CI1 Mict"ographs of nomal and 

N1S1N treated cells of Bacillus subtilis (6633) 

-------

Control sa~ple showing intact rods in chains. 

MIC (x 3000) treated showing partial 

dissolutior, of chain links (Solid arrow). 

Surface undulatim in sorr.e cells are 

also visible. 

MIC (x 5000) treated shewing caJspicuous 

clarrp ccnnectieo (Solid arrow) amidst 

partially d~aged cells_ 

MIC (x 5000) treated showing relatively 

advanced stage of cell disintegration. 





Plate XI! 

(Figs. 1-6) 

Scanning Electron Nicrographs of nOnTlal and NISIN 

treatE!d cells of Bacillus stearothennophilus (38) 

----------------------------

Fig.l 

Fig.2 

pjgs. 3 & 4 

fig.5 

Fig. 6 

control sample showing intact small rods. 

MIC (x 1000) treated shewing rod with 

swollen tips aE one end. 

MIC (x 1000) treated showing partial to 

complete disintegration with balloon like 

protrusicns. 

MIC ,(x 3000) treated showing dis­

integration throughout the surface. 

MIC (x 3000) treated showing complete 

disintegration of cells. 



L 
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of LO R() nisin/ml as r-eported earlier (Chapter I). Normally, the tip 

of cell was f9und rrore prone to nisin action. At one thousand times MIe, 

swelling of bactedal cells sPe:cifically in the tip region was observed 
l 

(Pig. 2). It ~ay Fer-haps ar~se due to weakening of the cell tips 

resulting in accuffiulation of protoplasmic contents. Appearance of Balloon­

like eruptions could be explained on similar lines (Figs. 3 and 4). 

F\lrther intensive structural damages were noted at three thousand~ 

tirr.es MIe. Partial to couplete disintegra'Cion of cells and loss of 

cellular outlines was observed. 'Xmplete rupturing of cells and 

splattered protoplasmic contents could be seen around damaged cells 

(Figs. 5 and 6). In one report, Ramseier (1960) demonstrated that 

Clostridium butyricum aft"er treatment with nisin undergo bacteriolysis 

snd apr;::ears rrore intense during l09arithmic phase of growth.. The lysed 

bacterial cells were also found to release Some substances absorbing at 

260 mI< .. 

The presence of structural lesions in defined areas of cell wall 

of &scherichia coli follOWing treatrt.ents with Bacitracin a bacteriocin 

produced by D_ lichenifornUs were observed by Walton (1976) under EM 

using negative staining technique. In another study, Holland (1962) 

reported that B .. megaterium (207N) strain when treated with meg-acin at 

37"C showed a gradual loss of intra-cellular w.atedal examined under 

phase contrast microscope_ 

Based on overall informations fran the present study, it can be 

concluded that the action of nisin particularly at MIC concentrations 

is bacteriostatic_ Most bacterial strains studied at Mle undergo loose 

or compact aggregation preceeding less of chain. The precise surface 

changes at cellular level were, however/ not observed. , 
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The bacteriocical action of nisin was quite apparent at high doses 

of nisin r:-anging fre,,· 1-10,000 times of ,.,IIC. The initial nisin-induced 

surface changes like pore and bleb iOI'lTlation, specific rupturing of cells 

and its subsequent release of protoplasmic contentSt acute perforation 

of cells and dissolt.:tion of links/ were frequently observed an-tOng the 

strains studied. The partial or complete disintegration of cells and 

appearance of protc;:last-like structures were observed at very high 

concentrations of nhdn. HCfW'€vet', the action of nisin on lactic and non­

losctic cells is non specific. M.cr-eover, it is difficult to explain the 

nature of surface darrages following nisin treatment. 



IV _ PRESERVATIVE EFFECT OF NISIN 

INCORPCYRATION IN MILK .AND 

MILK PRODUCTS 
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4.6 SHELF-LIFE Cf' IIILK AND MILK PRODUCTS 

The dairy prccucts ccrr:prise a variety of foods based on milk or __ 

its by-products as ~~jor ingredients. Same of these foods are pasteurised 

and have a limitEc shelf-life under refrigerated conditions. Different 

conditicns of clir..at€1 milk supply t transport and processing throughout 

the world bring al:-cut diverse nature of bacteriological problems to the 

dairy industry. Addition of nisin appears to have significant role in 

solving many storage problems in pasteurise<:i milk and milk products. 

4.6.1 Shelf-life of Pasteurised and Nisin treated Pasteurised mdlk 

The commercial pasteudsed tcned milk pr6cured from Experimental 

Dairy Plant of the Institute, was incorporated with nisin at 

concentrations ranging from 100-500 RU/rol and shelf-life was assessed 

on the basis of senSQry scores, titrable acidity (% lactic acid) and 

standard plate counts (spc) at three terr.peratures, 37, 30 and 204 C at 

8, 12 and 16 h intervals respectively (Tables 13-15) .. The prE!servativf! 

action of nisin was found significantly higher at 20"e followed by 30 

and 37 QC. 

4.6.1.1 Shelf-life of pasteurised milk at 37·C 

'l'he initial qUE..lity of the pasteurised milk at 0 h (4~96 c.f.u/ml) 

tvas I1Jt as ~er the prescribed standard (4.47 c.f.u./ml) and the control 

sample was spoiled in less than 8 h (Table 13) .. The sensory "evaluation 

of the untreated sarrple at 8 h of storage revealed scme changes in 

conSistency of the product t flakes formation (clot on boiling) and slight 

bitter taste. (')n subsequent storage fo'C 101 24 and 3.2h resulted in whey 

formation, bitterness cr sweet curdline:j and off odours in the spoiled 

products. 



Table 13. Preservative effect 6f nisin addition in 'Toned pasteurised. milk' at 37 Cl C and different storage feriods 

Nisin Sensory scoresfl Titrable acidity (pH) SPC 
concen- % lactic acid Log counts/roI 
tration ------------------------------ ------------------------------ ------------------------------
lRU/ml) storage period (h) Storage period (hI Storage p!:'!'riod (h) 

8 16 24 32 e 16 24 32 8 16 24 32 

37e5*u O.17*u 4.96- u 
(6.69) 

a 34 32 32 32 0.23** 0.28 0.35 0.41 5.91 6.48 7.59 8.14 
(6.48) (6.26) (5.91) 15.72) 

100 36.6 33 32 32 0.19 0.22u 0.26 0.32 5.38 5.88 6.58 7.02 
16.66) 16.54) 16.36) 16.09) 

200 37 33 32 32 ·0.17 0.19 0.21u 0.25 4.83 5.44 5.98 6.74 
(6.69) (6.65) (6.56) (6.40) 

300 37.3 36.5 32 32 0.17 0.18 0.20 0.23** 4.07 4.76 5.30 6.00 
(6.68) 16.67) (6.61) (6.49) 

400 37.5 37 34 33 0.11 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 
16.68) (6.68) (6.67) 16.66) 

• 40-38, excellent; 37-35, good; 34-32, poor 
•• clot-on-Boiling (COB) 

••• control sanple at 0 h . .... .... 
en 
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The shelf- life of pasteuriseO milk containing 100 or 200 RU 

nisin/ml was not significantly affected. However! the pr-oduct remained 

unchangl?d upto 8 h and subsequent increase in storage periods for 161 

24 and 32 h emulate the similar changesr albeit, at a slow rater as 

observed in untreated sample. 

'the preservative effect of nisin in pasteurised milk enhanced 

significantly at higher doses and increased the shelf-life from initial 

8 to,,}6 h at 300 and 32 h at 500 RU ttisin/rrd. These products were highly 

acceptable in te~s of sensory I chemical and microbiological quality upto 

24 h~. Hewever, 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 initial raw milk used for 

pasteurisation. 

4.6.1.2 Sho1f-lif~ of pasteuris~ milk at 3O·C 

The decrease in incubation temperature frow. 37 tc 30"C, resulted 

in slightly improved shelf - life of un-treated sample (Table 14). 

Subsequent increase of storage periods to 24, 36 ana .!l8 h brought about 

similar kinds of organoleptic, chemical and microbiological changes as 

observed at 37'"C. 

The addition cf 100 RU nisin/ml was found to have very little 

effect on shelf lif~ of pasteudsed milk at 30"C, however, 200 and 300 

, 4.. 
~ncr~ed the acceptability o.t the product to 12 and 24 h 

respectively. The inhibitory effect of nisin at higher doses 400 or 500 

RU/ml in pasteurised rrilk was rather encouraging and further improved 

the acceptability of the proouct upto 48 h. A small change in consistency 

of the product wasl hCy,-ever, cbserved at 48 h of storage. 



Table 14. Preservative effect of nisin addition in 'lbned pasteurised milk' ~t 30 0 e and diffe~ent storage periods 

Nisin Sensory scores* Titrable acidity (pH) SPC 
concen- % lactic acid Log couots/ml 
tration ~----------------------------- ------------------------------ ~-------------------~---------
(RU!ml) storage period (h) Storage period (h) Storage period {h) 

12 24 36 48 12 24 36 48 12 24 36 48 

37.5*** 0.17"'** 4.64*",111 
(6.68) 

a 33.5 33 32.5 32 O.231U 0.29 0.36 0.42 5.85 6.39 6.94 7.69 
(6.50) (6.22) (5.89) (5.75) 

100 34 33.5 33.5 33 0.19 0.23"" 0.28 0.33 5.25 5.72 6.08 6.81 
(6.66) (6.50) (6.26 ) (6.02) 

200 36.5 34 32 32.5 0.17 0.19 0.22*- 0.25 4.73 5.25 5.83 6.46 
(6.70) (6.65) (6.53) (6.40) 

300 37 36.5 34 33.5 0.17 0.18 0.20 0.23** 3.96 4.54 5.00 5.74 
(6.69) (6.68) (6.61) (6.50) 

400 37.5 36 34.5 34 0.18 0.18 0.19 0.20 2.44 2.78 3.51 4.86 
(6.68) (6.68) (6.66) (6.61) 

500 37 37 36.5 35 0.18 0.18 0.18 0.19 1.30 1. 79 2.27 3.63 
(6.68) (6.68) (6.67) (6.67) 

• 40-38, excellent; 37-35. good; 34-32. p:>or 
" Clot-on-Boiling (COB) ... Control """",Ie at 0 h 

~ 
~ 

" 
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4~6~1 .. 3 Shelf-life of pasteurised milk at 20D C 

The shoH-lifc of lm-tr:eatcd sarr.p)e .:increased by 2 folds .,.:ith the 

decrease of stor:age terrperature from 37 to 20 DC (Table 15). The 

bacteriological analysis of the un-treated spoiled sarr.ple at 32. 48 and 

64 h stcrage indicated the pr~dominance of yeast and moulds at ZO¢c which 

way be ~~rtially res~cnsible for spoilage of the product. 

A considerable enhancement in shelf _life of nisin treatec sample 

was observed with -the decrease of incubation temp@t"ature from 37 tc 20c C. 

Nisin concentration of 200 HU/ml in pasteurised ~ilk doubled the shelf-life 

and the acceptability of the product in tern,s of sensory t chemical and· 

microbiological quality upto 32 h storage (Table 15). 

further increase in nisin concentration: to 500 RU/ml in pasteuriseo 

milk, increased the shelf -life upto 2!:; days. However; the changes cbserved 

in the consistency cf the product at higher temperatures 30 or 37';>C were 

not detected at 20~C during sensory evaluation of products. 

On the basis of above' results, it can be concluoed tr,at the 

preset"Vative action of nisin at higher temperature 37 cr 30~C \,;as effective 

only at very high doses of approxiw~tely 500 RU/ml and the shelf-life could 

be increased upto 1 a.nd l1z days I""espect.ively. Nisin concentration c: 100-

1000 RU/ml in commercial pasteudsed milk \"as found to have no effect on 

the keeping quality at 32°C as reported by l'lahrr.oud .et aL (1976). f.c .... 'ever/ 

in other reports, Ancn 0988a) deiOOnstrated that a nisin concentration af 

35-50 mg/litre in t:asteurised milk was effective at 35 ana 50°c ano shelf 

life doubled in corr.pat"ison to control semple. This Ir.ay be because of better 

initial quality of the raw milk.l environmental factors and its subsequent 

proceSSing conditions. 



Table 15. Preservative effect of nisin addition in 'Toned pasteurised milk' at 20 ClC and different storage periods 

Nisin Sensory score3~ Titrable acidity (pH) SPC 
concen- % lactic acid Log cotmts/ml 
tration ------------------------------ ------------------------------ ------------------------------
(RU/mll storage p'riod (h I Storage r?eriod {hI Storage period <h1 

16 32 48 64 . 16 32 46 64 16 32 48 64 

30.S-JIII: 0.171<u 4.92"'"11' 
(6.68) 

0 34 33 32.5 32 0.23-1111: 0.28 0.34 0.39 5.78 6.38 6.95 7.72 
(6.501 (6.261 {5.941 (S.78) 

100 38.7 32.5 32.5 32 0.20 0.23"".... 0.27 0.32 5.28 5.79 6.34 6.83 
(6.62) (6.501 {6.31) (6.09) 

200 38 34.8 33.5 32.5 0.17 0.20 O.23*" 0.27 4.39 4.94 5.70 6.00 
(6.70) (6.621 (6.501 (6.31) 

300 38.5 37.2 34 33 0.17 0.18 0.21 0.231\"1< 3.83 4.39 4.99 5.51 
(6.691 (6.691 (6.58) (6.<;01 

400 39.7 38 35 34 0.18 0.18 0.19 0.21 2.57 2.76 3.50 4.95 
(6.69) (6.69) (6.671 (6.591 

500 38.7 38.5 37 36 0.18 0.18 0.18 0.19 1.06 1.89 2.62 3.86 
{6.681 (6.681 {6.681 (6.67) 

• 40-36, excellent; 37-35, good; 34-32, poor .. Clot-on-Boiling (OOB) ... Control sample at 0 h 

,.. ,.. 
'" 



.120. 

The spoil2!ge like I bitterness or sweet curdling, off odours and whf:!Y 

se!;araticn ""as cbserved in pasteurised milk at higher temperatures 37 or 

30"c in the ~res€nt study. 'I:his may a~ar due to higher counts of heat 

resistant and therwcphilic bacteria in pasteurised milk or the Gram 

negative bacteria \·;hich are known to be unaffected by nisin, as a result 

of post-pasteurisation contamination or their presence in high numbers in 

initial raw rrilk. In a similar study, 1"1ahrnouC; et al. (1976) derronstrated 

tll~t GriJ!!' ncguti'Je bacteria li\{e Escoorichii\ coli, J\erd:xlcter aerog~neB 

and PseudOIl()[laS fluorescen.s were not inhibited in presence ot 100-1000 RU 

nisin/Jr.l in pasteurlsed milk and were mainly responsible for the spoilage. 

In the present study, the preservative effect of nisin in 

pasteurised milk \·:as encouraging at 20°C and the product was acceptable 

for more than 1 and 2~ days at 200 and 500 RU nisin/ml respectively. 

In a similar studYI Nagdoub et al. (984) demonstrated that the 

shelf-life of pasteurised milk containing 100 RU nisin/ml and '0.1% alanine 

extended to 2J; days at 20"C. However, prior tci- pasteurisation, additional 

flash heat shcck at 85f>C t.'as also given 'Which may have contributed tOVJards 

enhanced preservative action at low le'IJel of nisin. 

4.6~2. Fermented Milk Products 

'The fermented milk products have very low keeping quality because 

of high acid develor;;ment during storage which Inakes the product 

unacceptuble. In tz:opical count des like India, where facilities' fot' cold 

storage, transportation anc distribution are not sufficient and therefore, 

toavoid the cold storage of these prcducts, altogetherl nisin can play an 

important role in controlling the excess of acid production ana thus the 

shelf-life can be increased considerably. 
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4~6.2.1 Shelf-life of lassi and nisin treated Lassi 

Io .. the.~present study, an attempt was made to enhance the shelf_life 

of corr:mercial product Iassi procured from Exp€rimental Dairy Plant of the 

Institute." Nisin ~,.'as inccrporated at concentrations ranging from 100-500 

RU/ml and the shel f - Ii te 1,..'85 a5~essed on the basis of sensory scores, 

titrable acidity (t lactic acid), lactic and yeast and mold counts at t~~ 

temperatures i.e. 30 and 20"C at 8 and 12 h inte:r::vals respectively. The 

preservative Clction of nisin was found sLlp!1rior at 20°C in comparison 

to 30"C. 

4.6.'.1.1 Shelf-life of Lassi incubated at 30"C: 

The control I.assi sarrple 1,..'a5 acceptable upto 8 h and thereafter, 

with the increase cf sterage, the product· becowes unacceptable due to 

tremendous growth of lactic acid bacteria (7.76 to 9.54 c.f.u. log 

counts/rr.l ) . As a result, the titrable acidity increased frow. 0.85 to 

1.05% lactic acid. The yeast and rr.Dld counts were also found to increase 

from 2.47 to ).79 C.f.D. log counts/ml (Table 16). 

The majo~ defects observed in spoiled samples during sensory 

evaluation Here sour taste, whey sepa~ation and changes in conSistency 

of the products. 

The sddition of 200 to 300 RU nisin/ml was found to have 

significant effect on shelf -life of tassi and increase the acceptability 

oj lht' pt"<.)duct by 3 lolu.']. 'II1e- lactic countD and the! titroble acidity of 

Iassi 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 molds in nisin treated samples "'-'as slightly 

higher in comparison to control samples. However, the presence of higher 

yeast and mold counts in Lassi samples containing 400 or 500 nisin/ml . 



Table 16. Preservative effect of nisin addition in 'lassi' at 30°C and different storage periods 

Nisin Sensory scores* Titrable acidity (pH) Yeast and molds (lactic) 
concen- % lactic acid LocJ cotmts/ml 
tration ------------------------------ --~--------------------------- -----------------------------~. 

<Ru/ml) Stcrage period (h) Storage period (h) Storage period (h) 
a 16 24 32 8 16 24 32 a 16 24 32 

36* "" O.78H 2.32H 
(4.55) (6.69) 

0 3B 34 33 32.S 0.85 0.89 0.96 1.05 2.47 2.69 3.00 3.79 
(4.43) (4.311 (4.12) (3.86) (7.76 ) (B.031 (8.93) (9.54) 

100 36 33.5 33 32.S 0.02 0.05 0.91 0.96 2.51. 2.69 3.00 3.83 
(4.48) (4.43) (4.25) (4.17) (6.91l (7.37) <7.851 (8.34) 

200 38 36 35 33.S 0.80 0.83 0.85 0.90 2.54 2.71 3.25 3.90 
(4.52) (4.45) (4.43) (4.29) (6.20) (6.861 (7.07) <7.89) 

300 37.5 36.5 35 34 0.78 0.79 0.82 0.85 2.54 2.71 3.39 3.99 
(4.55) (4.52) (4.46) (4.43) (5.761 (6.10) (6.77) (7.34) 

400 38 37.5 37 34.5 0.78 0.79 0.81 0.83 2.55 2.74 3.51 4.11 
<4.55) (4.52) (4.48) (4.45) (5.30) (5.81) (6.30) (6.78) 

500 38 37.5 37 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) (4.91) (5.54) (5.93) (6.44) 

• .40-38, excellent; 37-35, good; 34-32, poor .. Control .....,le at 0 h .... 
'" " 



Table 17. Preservative effect of nisin addition in 'lassi' at 20°C and different storage periods 

Nisin Sensory scores"" Titrable acidity {pH) Yeast and ooIds (lactic) 
concen- % lactic acid Log cOW1ts/ml 
tration ------------------------------ ----------'------------------ ---------------------------
(RU/roll storage pericd (h) Storage period (hI storage period (h) 

12 24 36 48 12 24 36 48 12 24 36 48 

39l:1li O.75*"" 2.41H 
(4.61) (6.611 

0 38.5 34 33 33 0.80 0.83 0.89 0.95 2.76 3.27 3.72 4.07 
(4.501 (4.451 (4.301 (4.131 17.07J 17.761 18.071 18.691 

100 38 37 33.3 32 0.79 0.81 0.85 0.89 2.77 3.30 3.72 4.09 
(4.531 14.501 (4.43) 14.301 16.91) (7.341 17.781 (8.171 

200 37 37 33.5 31.5 0.75 0.78 0.82 0.85 2.79 3.39 3.73 4.17 
14.601 (4.541 (4.461 14.431 (6.401 16.83) 17.571 (7.911 

300 37 37.5 36 33.5 0.75 0.76 0.79 0.83 2.81 3.44 3.76 4.25 
14.601 14.57)' 14.531 (4.451 (5.92) 16.411 (6.891 (7.551 

400 37 37.6' 38 35 0.76 0.76 0.78 0.80 2.83 3.47 3.77 4.34 
(4.581 (4.581 (4.541 (4.521 15.321 (5.801 (6.251 (6.74) 

500 37.5 37 37.2 35 0.76 0.77 0.78 0.80 2.83 3.48 3.77 4.36 
(4.581 (4.561 (4.551 14.521 (4.82) (5.001 (5.711 (6.071 

• 40-38, excellent; 37-35, good; 34-32, p;or .. Control sanple at 0 h . 
'" " '" 
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RU nisin/ml could be kept upto 8-10 days without much change in 

(1cc0pt.:'Jbili ty. 

Ho.Jever-, the scc~@ for nisin incorporation in C(lm[f.er-cial products 

like Lassi and pasteurised toned milk and such others appears to be very 

encouraging as evident frcm the increase in their shelf-life at arrbient 

terr.per-ature. Ncreover, the efficacy of nisin con be further improved if 

the hygienic conditicn.s are properly maintQined during the processing of 

raw wilk and its subseq~ent conversion into products. 

The information sc generated can be of great significance in dairy 

industry especially in our context, where the facilities for 

rcfrigerationr transEX'rtation and distribution are extremely limited. The 

shelL-life of milk and r.:ilk products like flavour-ed, pasteudsed and UHT 

milk is not satisfactory because of peer initial quality of raw milk and 

tber-cfore, the addition cf nisin in these products can improve the shelf­

life considerably without much addition in the cost. 

*.,. 





5.0 SUMMARY AND CONCLUSIONS 

The present research projf:!ct \<"a$ undertaken with definite objectives 

in mind to study the behaviour of different groups of Gram positive 

bacteria at general sr:ecies and strains levels 1"Ihen treated with nisin. 

'l'he comparative information in broth and skim milk presented a wide 

variation in nisin sensitivity amcng various strains studied. The 

inhibitory action of nisin was adversely 'affected at higher pH, 

temperature, ~inocull.1m and incubaticn periods. Eacteriostatic and 

bacteriocidal acticn of nisin at Minimal Inhibitory Ccncentraticns (f'lIC) 

and higher doses respectively was confirmed by light and scanni~g 

electron microscopy. Finally, a considerable enhancement in shelf-life 

of cornrr:ercial pasteurised toned milk. and Lassi was achieved without much 

additional cost. The salient features of research fin~ings are surrrnarised 

as follows: 

'!wenty six strains of Gr:am positive bacteria belcnging to different 

grcut;:'s, lactococci, streptococci. lactobacilli and bacilli were evaluated 

for nisin sensitivit~ in broth at 1% incculum under optimum growth 

crnditions. Lactococ:cus lactis subsp. craooris (C
3

), str.. salivarius 

[;llb~;[1. thcrmophiluD (1) I L. plilf1tilrtml (H) una 0. Bubtilia (9144) ,-:ere 

founa to be the most nisin r;esistant strains arr~g their respective 

gr:oups. Their MIC wer-€ 175/ 125, 100 and 150 RU nisin/rnl in broth at 20b 

incubat i on .. I.actococCUB lactis subsp. diacetylactis (DRC
1

) ( L .. plantarum 

(89) <;lnd B .. stearothernq:tUlus (37 and 38) were highly sensitive and 

inhibited at very lo~ level having l>He of 5, 20, 0.5 and 1.0 RU nisin/ml 

respectively. 
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The behaviour cf nisin producing strains of L. lactis subsp. lactis 

(4% and 440) was very differ-ent. These depicted a very high nisin 

toler:ance of 1600 and 2000 RU nisin/wI at 18 h of incubation. However, 

their inhibition ..... '.315 observed only with 13,200 and 14,000 Ru/ml 

r~spectiv!?ly at 24 h. Higher nisin tolerance amoog nisin and non-nisin 

producing strains may be related to inactivating enzyrr.e NISlNASE during 

their growth. A nun-ber of factors \'ere found to be associated with a 

wide ~esponse in nisin sensitivity. 

Ni::in sensitivity in skim milk was also carried out 00 similar lines 

for comparative information. A significant reducticn in inhibitory action 

of nisin by appro>:. 2-5 folds was cbserved in comparison to broth study. 

The crastic decrease in nisin activity roay be· assigned to the binding 

of milk proteins either, with bacterial cultural or nisin itself. The 

involverr.ent of fat in skim milk in inhibiting the nisin activity also 

cannot be ruled out. 

Activity of nisin in 10\.1 or high acid foods is greatly influenced 

during storage at different incubaticn temperatures. furtherl 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 7.5 in 

l::l1ikee's beath increased the nisin requirements among lactococci and 

streptococci by "approx. 2-19 folds. Their MIC were 2-60, 5-200 and 12.5-

325 RC nisin/ml at pH 5.5, 6.5 {optimum} and 7.5 respectively. 

The resf'OOse arr.cng lactobacilli was relatively low in MRS broth. 

Approxiwately, 2-10 folds increase in nisin tolerance was noted with the 

rise of pH froo 5.0 to 6.0 (optiJ1ll..Dl1) and 7.0. However, inhibition of 

bacilli wes observed at MIC range bett.."eE:>n ]5-75, 45-175 and 60-225 l<U 

nisin/ml at pH 6.5, 7.0 (cpti~m) and 7.5 ~espectively. 
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The enhanced effectiveness of nisin under acidic conditions appears 

to be due tc acid dawaging effects on the growth or higher stabili ty and 

solubilHy of nisin. As rep:Jrted in literature earlier, nisin contains 

some unusual amine acids like Dehydroalan~ne (Dha) and Dehydrobutyrine 

(Dhb). Susceptibility of these amino acids to hydroxyl groups at alkaline 

pH IT·ay be responsible fo< j ts loss of acti",'ity. 

In geoeral( the requirement of nisin was found maxirrum at optiwufP 

growth telT1perature fer all the strains. HOY.'ever, a considerable 

enhancement in activity of nisin was observed with either. the decrease 

or increase cf opti~21 teJrperature. 

Com~lete innibiticn cf lactccocci "'as observed at MIC range between 

?-6S, 5-200 ~nd 2-100 RU nisin/ml at 25, 30 (optimum) and 37~C 

respectively. Whereas/ streptococci \Jere inhibited at 10-15/ 75-150 and 

2~50 RU/ml at 30 1 37 (cptimurr.) and t;5"'c respectively. However/ the 

behaviour of lactobacilli and bacilli under 3 different tewperature 

regimes was corrparable ... ,oi th lactocccci and streptococci. Higher cell 

counts of the organislf' at optiwum grol<.th temperature I perhaps increase 

the ni sin requirerr.ent considerably as compared to sub-optirral 

temperatures~ So alsol the requirerr,ent of nisin was found to increase 

with the increase cf inccula. A[:,proxir.atelYI 1-2 folds increase in 

inhibitory dose of nisin 'I,.,:as observed ,,'ith the rise of inoculum from 1 

to 2% level. 

A ccntinuous loss of nisin activity anx;ng lactococci, streptococci( 

lactobacilli and bacilli \·;as observed with the rise of incubation period 

from 12 to 24 and 48 h. Residual nisin in milk after initial 

bacterlcstatic action af:pears to be insufficient for the complete 

inhibition of growing n:icrcflora at higher incubation perioos. 
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Mode of action of nisin was studied through light and Scanning 

Electron Microsccpy (SEN). /I~05t sensitive and resistant strains, selected 

on the basis of preliminary findings were evaluated for nisin-induced 

oStltL1C0 ch<"1ngC's. Inforn'DUon revealed undel:" light Clnd sCilnning electron 

microsccpe indicated that action~ofnisin appears to bacteriostatic at MIC 

treatlf.ents. The tendency of cells to fonn a loose or compact aggregates 

resulting in develcprr.ent of clumps \>"a5 most corrmonly observed. HQ'I..'ever, 

the surfece damages wer~ nct detected in any strain at. MIC of nisin. 

Bacteriocidal action of nisin ",,-as quite apparent ; at very high doses 

of nisin ranging frern 1-10,000 times of MIC. The initial nisin-induced 

surface oaIl'.ages includes pore and bleb forroation l rupturing of cells and 

subsequent release of protcplasmic contents; acute perforation and 

dissclution of chain links. Partial to complete disintegration of cell 

w~s usually observed at very high doses of nisin~. protoplast-like 

structures were most ccrr.monly observed particularly in lactococci and 

streptococci. In fact, the bacteriocldal action of nisin can be 

conveniently explained in tern's of such structural damages at cE>llular 

levels. It is also apparent frem the above that the cellular oamages are 

ranoom and no specific site fer nisin action was identified. 

The study also contributed knowledge to applied aspects through 

selective use of nisin. Incor-poration of nisin in cOfT1mercial Pasteurised 

toned milk exhibited much success. Shelf -life of past~urisec;J' JPilk 

cmtaining 500 RU nisin/ml was extended upto 2~ days at ambient 

temperature. The increase in shelf-life- of -::'aw and pasteurised milk by 2-

3 days can be of great significance in tropical countries like ours, where 

the facilities for refdger-ation l transportatiro and distributicn are not 

satisfactory. During sE>nsory evaluaticn of pasteurised milk at higher 
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terrper-atures{ changes in ccns.istency of nisin treated product was observed. 

Perhaps these may be associated \-Jith high level of proteaaes and lipases 

present in initial raw ~ilk. 

Nieln can play an iwportant role in enhancing the shelf-life of 

fermented milk f:'t"oducts. AOditiCfl of 400 to 500 RU nisin/rnl in commercial 

product Lassi was effective at 20°C. The product could be kept for over 

2 o<;lYs without any deterioration in sen.50tyl chemical and microbiological 

quality. 

The valuable intcrmation generated in the present study can find 

cnorn'ous ufPlications. During the preliminary screening ot lactic cultures, 

lactococcus lactis subsp. cremoris (C3) was found to be the most resistant 

strain. Howev€t"j there are commcn problem of' starter tailure in dairy 

industry due to inhibitory substances especially cn account of 

non-judicious use of nisin which can otherwise be controlled precisely& 

Other nisin resist~nt strains scr~ened in the ~rasent investigatico, can 

be advantageously used ilS starters in various fermented dairy and non-dairy 

products. The relative growth of the organisms can be controlled soitably 

to irr.prove the cheese ripening and fe~nted beverages. 

furtherl in various industrial ferwentation processes like wine, beerl 

ethyl alcohol ieroentation etc. lactic acid bacteria especially 

lactObacilli appears as contaminants ano affects the yield drastically. 

Based cn results of p:'esent study I growth of this J?CItential contaminant 

can be fully checked in such ferw.entations~ 

lactic and non-lactic organisms ",'hich constitute the main microflora 

of various trilk and milk prodvcts are generally sensitive to nisin. The 

minirr.al inhibitcry concentraticn (r-lIC) of nisin therefore, will be directly 

helpful in increasing the .shelf-life and retaining the- desirable quality 
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of raw, pasteurised rrilk, sterilised/UHT and processed milks. Similarly, 

the shelf-life of several other ferlT"ented milk products like DahL Kefir, 

Kumiss and Shrikhanc'i cao be considerably iwpt:"oved by regulating the acid 

production "dthout affecting their ot:"ganoleptic properties. 

The use of SE1~. tel:" study of bacterial cultures has been fully 

justified "-'hile explcinil19 the nature of fine structural damages at 

cellular levels as a result of nisin acticn. This opens up a wide scope 

for the study of their r.ode of action by other bacteriocins. 

*** 
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TABLE!. EFFECl' OF NISIN 00 THE BffiAVIOUR OF MCZ=S MCTIS SUBSP. MCTIS S'IRAINS AT 1% = i\ND 24 H OF 
INCUBATIcti IN BI10TII AT OPI'IM1:M FB i\ND TEMPEFATIlRE 

S1-
No. 

1. 

2. 

3. 

4. 

5. 

6. 

Nisin 
concen­
tration 
IRU/mll 

0 

5 

10 

15 

25 

35 

L. lactis subsp. lactis (CIO> 

Optical 
density 
(650 MI) 

0.582 

0.476 

0.364 

0.269 

0.124 

0.000 

FB 

4.64 

5.30 

5.64 

5.93 

5.30 

6.48 

Log counts/ml 

7.51 

6.08 

5.59 

3.45 

1.89 

0.00 

Nisin 
concen­
tration 
!nU/mll 

0 

15 

25 

35 

50 

75 

L. lactis subsp. lactis (MLa) 

Optical 
density 
(650 run) 

0.645 

0.438 

0.237 

0.171 

0.069 

0.000 

pH 

4.72 

5.43 

6.07 

6.20 

6.38 

6.48 

Log counts/cnl 

8.03 

6.58 

5.71 

4.00 

2.90 

0.00 



TABLE II. EFFECr OF NISIN 00 THE BEIlAVIOIlR OF LA=S LACTIS SUBSP. DIACETYIACTIS SI'RAINS AT 1.% lNOC!JUM AND 24 H 
OF INCUBi\TlOO IN IlIl!mI AT OPTIMlM pH lIND TEMPERATURE 

SI. L~ lactis subsp. diacetylactis (DRC2) L. lactis subsp. diacetylactis (ORCl' 
No. ------------------------------------------------- ---------------------------------------------------

Nisin Optical pH Log counts 1m! 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.e3 

3. 5 0.428 5.48 5.46 5.0 0.000 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 0.00 



TJIBLE III. El'Ea-r OF NISTIl eN TIlE BElIAVIOOR of LA= Mel'IS SUBSP. CREMJRIS STRl>.INS AT 1% J:OOCUUl1 AND 24 H OF 
INCIlB1ITIeN TIl m:Jl'II AT OPTIMlM Ffl AND TEMPJ:1lAT!lRE 

81. L. l~ctis subsp. crerooris (C3) L. lactis subsp. crern::>ris (Cl) 
No. ------------------------------------------------- -------------------------------... ----------------

Nisin Optical Ffl Log countslml Nisin Optical Ffl Log counts/ml 
concen- density concen- density 
tration (650 run) trc').tion (650 run) 
mU/m)) (RU/m] ) 

1- 0 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 7.39 

3. 50 0.399 5.56 5.36 10 0.506 5.19 6.08 

4. 75 0.246 5.99 4.49 15 0.358 5.68 4.98 

5. 100 0.108 6.34 3.82 25 0.152 6.24 2.26 

ti. 125 0.086 6.38. . 2.46 35 0.000 6.49 0.00 

7. 150 0.049 6.41 1.29 

8. 175 0.000 6.48 0.00 



TABLE IV. EFFEXOT OF NISIN ON THE BE1lA1J10UR OF IACl(~UJS IAt::rrs SUBSP. IACXrS STRAINS AT 1% lNXULI:M l\ND 24 H OF 
INCUllI\TION IN BROTH AT OPTIHU1 Ffl AND TEMPEAATURll 

S1. L. l .. ctis subsp. l.ctis (440 I L. lactis subsp. lactis (496) 
No. (NISIN PRODUCER I (NISIN PRODUCERI 

-------~----------------------------------------- ---------------------------------------------------
Nisin C\OI: ;",,1 til Log counts/ml Nisin Optical Ffl Log counta/ml 
concen- density concen- density 
tration (650 nml tration (650 nml 
IRU/roll (Ru/roll 

l. 0 0.698 4.60 8.67 a 0.656 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 

5. 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 6.38 2.92 

7. 2000 0.000 6.45 0.00 1600 0.000 6.46 0.00 



TABLE V. EFFECT OF NISIN eN THE BE!lIIVIOUR OF ~S SIlLl"IIlmIUS StJIlSP. 'l'/1ImM)PHIWS S'I'AAINS AT 1\ m:x:ur.tM AND 
24 Il OF INCUBi\TICN IN BROTH AT OPTIIM! I;fl AND TEMPERATURE 

81. Str~ saliv~ritls aubsp. the1.7'tr:>fJhilus (H) Str. salivarius subsp. therrrophilus (I) 
No. ------------------------------------------------- ---~-----------------------------------------------

Nisin Optical I;fl Log countslml Nisin Optical I;fl Log countslml 
concen- density concen- density 
tration (650 run) tration (650 nm) 

(RU/mll IRU/m]) 

1- 0 0.720 4.58 7.83 0 0.782 4.45 8.38 

2. 5 0.662 4.74 7.43 25 0.529 5.10 6.19 

3. 10 0.440 5.43 5.90 50 0.248 5.98 4.50 

4. 25 0.216 6.10 4.29 75 0.168 6.21 2.99 

5. 50 0.116 6.31 3.61 100 0.129 0.32 1.84 

6. 75 0.000 6.48 0.00 125 0.000 6.48 0.00 



TABLE V1. EFE'ECT OF NISIN 00 '!'HE BEllAVIOUR OF IAClOBiICILWS DELBl/UECKII SUBSP. BCJUWlICUS S'I'RAlNs 1\T 1% IOOCULUM MTI 
24 H OF INC!l!lIlTION IN !l!1Olll 1\T OPl'IM1J>l fil AND TEMPrnlI'l'URE 

51. L. delbn:teckii subsp. L. delbrueckii subsp. L. delbrueckii subsp. 
No. bulgaricus (1373) bulgadcus IRI'S) bulga.ricus (W) 

----------------------------------- -------------~--------------------- -----------------------------------
Nisin Optical £*l Log Nisin Opbcal £*l Log Nisin Optical £*l Log 
concen- density counta/ml l..""I.Jt.cen- density counts/ml concen- density counto/r.t! 
tration 1650 nm) tration 1650 "") tration 1650 nm) 

(RU/mll IRU/mll I RU/ml ) 

1. 0 0.744 4.51 8.37 0 0.640 4.71 7.45 0 0.595 4.75 7.20 

2. 5 0.675 4.68 7.24 5 0.515 4.98 6.54 5 0.362 5.28 6.38 

3. 15 0.595 4.75 5.96 10 0.491 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 0.287 5.41 4.17 

5. 35 0.330 5.35 2.92 30 0.206 5.68 2.46 25 0.120 5.83 3.00 

6. 50 0.196 5.71 1.81 45 0.000 5.99 0.00 35 0.000 5.99 0.00 

7. 75 0.000 5.98 0.00, 



TABLE VII. EFFECr OF NISIN 00 TIlE JlEEAVIOIlR OF rACllJmCLWS ACIlXJPffIUJS STRAINS AT 1% INXlJIlli AND 24 H OF 
INCUB.'>.TlOO IN llROTI! AT OPTIMIl1 PI AND TEMPEro\TlJRE 

S]. L. acidophilus (4471 L. dcidophilus (R) L. acido?Jilus (18991 
No. -------~--------------------------- ----------------------------------- -----------------------------------

Nisin Optical pH Log Nisin Optical PI Log Nisin Optical pH Log 
concen- density counts/ml concen- density counts/ml conc:en- density counts/ml 
tration (650 runl tration 1650 run) tration 1650 run) 

mU/m! ) IRU/m! ) IRU/mli 

l. 0 0.776 4.44 B.9l 0 0.640 4.70 B.19 0 0.663 4.65 B.40 

2. 5 0.580 4.80 7.83 5 0.529 4.92 6.82 5 0.540 4.88 6.79 

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

4. 15 0.290 5.44 5.17 15 0.148 5.79 4.72 15 0.148 5.80 4.73 

5. 25 0.246 5.55 4.71 20 0.066 5.92 2.93 25 0.069 5.93 2.61 

6. 35 0.128 5.B4 2.39 25 0.000 5.99 0.00 35 0.000 5.99 0.00 

7. 50 0.000 5.99 0.00 



TABLE VIII. EFFECl' OF NISIN rn TIlE llEHAVIOUR OF IACW8ACILLUS PUlNI'ARr.M S'!WHNS liT 1% rn::JCUUM 1IND 24 H OF INCUE/ITIOO 
IN JlROIH liT 0PrIMl.M P'l J\ND TIMPERATURE 

S1- L. plantarum (R) L. plantarom 189) 
No. ----------------------------------------.-------- -----------------------------------------.---------

Nisin Optical pH Log countS/Ill] Nisin Optical pll Log colIDts/ml 
concen- density concen- density 
tration 1650 nml tration 1650 nm) 
(RU/mll IRU/m) 

1. 0 0.592 4.76 7.02 0 0.520 4.88 7.49 

2. 5 0.460 5.08 6.18 2.5 0.478 5.05 6.62 

3, 15 0.353 5.29 5.29 5 0.368 5.28 5.40 

4. 25, 0.305 5.40 4.82 10 0.244 5.56 4.60 

5. 50 0.267 5.50 3.43 15 0.129 5.84 2.33 

6. 75 0.148 5.80 1.98 20 0.000 5.99 0.00 

7. 100 0.000 5.98 0.00 



TABLE IX. EfEtcr OF NISIN 00 THE BEHAVIOUR OF BACILL(JS SUBTILIS S"IWlINS AT 1\ INOCULlM AND 24 H OF INCUB1\TIOO IN IR1rH 
AT OPI'IMU1 J;fl AND TEMPERATURE 

SI. B. subtilis (9144) B. subtilis (441) B. subtiJis (6633) 
No. --------------------------------- ~-------------------------------- -----------------------------------

Nisin concen- Log counts/rol Nisin concen- IDg countsfml Nisin concen- IDg count./ml 
tration tration tr.ation 
(RU/ml) !aU/mll mUfml) 

1. 0 6.07 0 7.04 0 6.68 

2. 25 5.46 5 6.64 25 5.57 

3. 50 4.77 25 5.83 50 4.90 

4. 75 3.50 50 4.68 75 3.83 

5. 100 2.49 75 2.9B 100 2.20 

6. 125 1.28 100 1.51 125 0.00 

7. 150 0.00 135 0.00 

'-



= X. EFFEcr OF NISIN CN TIlE B.mAVIOOR OF B7!CILWS CERE1JS AND PACILWS ~HILVS S"!'WIINS AT 1% m:ctJLtl1 
AND 24 H OF lNCtJB1\TIOO IN BROm AT OETIM!M J;il lIND TEMPrnATtlRE 

51. B. cereus (108761 8. cereus (430) B. ste!lrotiJernvp/lilus (953) 
No. --------------------------------- --------------------------- -----------------------------------

Nisin concen- Standard Nisin concen- standard Nisin concen- Standard 
tration plate tration plate tration plate 
(RU/mll countlml • (HU/mll oount.'ml (RU/ml) co\mtlml 

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

1. 0 7.00 a 6.59 0 4.27 

2. 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. 50 2.96 30 2.55 35 1.69 

6. 75 0.00 45 0.00 45 0.00 



Tl\BLE XI. EFFEX:r OF INCIlBATICtii PEruOO CtiI INHIBI'rORY ACl'ICtii OF NISIN lIGAINsr L. LACI'IS SUBSP. LACI'IS srnAINS IN SKIM MILK 
AT OPTlMlM I'fl, TEMPmATORE AND 1% INX!JL(M 

5l. 
No. 

1-

2. 

3. 

4. 

5. 

6. 

L. lactis subsp. lactis (CIO) 

Nisin 
concen­
tration 
fRU/mI) 

Titrable acidity (TA) % lactic acid 

Incubation perioo (h) 
12 24 48 

0 0.46 0.72 0.81 
(,.76) (4.92) (4.6,) 

2, 0.28 0.56 0.64 
(6.25) (,.49) (5.24) 

50 0.19' 0.36 0.55 
(6.48) (6.0,) (5.52) 

75 0.19' 0.38 
(6.48) (6.00) 

100 0.19' 
(6.47) 

* Min~l inhibitory concentration 
Figures in parentheses indicate FH value!'; 

Nisin 
concen­
tration 
mU/m]) 

0 

100 

125 

150 

175 

200 

L. lactis subsp. iactis <MLa) 

Titrable acidity (T.A) % lactic acid 

Incnb..)tion ~ricxl (h) 

12 24 40 

0.45 0.75 0.89 
(5.78) (4.84) (4.50) 

0.29 0.52 0.68 
(6.21) (5.62) (5.12) 

0.25 0.40 0.59 
(6.28) (5.97) (5.40) 

0.191; 0.32 0.46 
(6.48) (6.12) (5.75) 

0.19' 0.32 
(6.48) (6.13) 

0.19' 
(6.47) 



TABLE XII. 1lFFECl' OF lNClreATICN PERIOD CN IN!lIBI'IORY AC'rICN OF NISIN i\GlUNS'I' L. IAcrIS SUESP. DIACErYIAcrIS S'l'RAINS IN 
SKIM MILK AT OPTIMIM [ii, TEMPERATURE AND 1% lNXlJLI1.! 

SL 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

L. lactis subsp. di.acetylactis (ORCl) 

Nisin 
concen­
tration 
(RU/ml) 

Titrable acidity (TA) % lactic acid 

In:::ubation period (h) 
12 24 46 

0 0.37 0.64 0.71 
(6.00) (5.14) (4.92) 

5 0.30 0.50 0.62 
16.16) (5.57) 15.50) 

10 0.19' 0.30 0.46 
(6.49) (6.15) 15.70) 

15 C.23 0.30 
(6.31) (6.14) 

25 0.19' 0.23 
(6.48) (6.30) 

35 0.19' 
(6.48) 

* Mini.rr.a.l inhibitory concentration 
Figures in parentheses indicate [:6 values 

L. lactis subsp. diacetylactis (DRC2) 

Nisin 
concen­
tration 
(RU/mll 

0 

10 

15 

20 

35 

50 

Titrable acidity (TAl % lactic acid 

Incubation period Ch) 
12 24 48 

0.42 0.68 0.74 
15.61) (5.08) 14.78) 

0.26 0.43 0.57 
16.25) 15.78) 15.48) 

0.19' 0.32 0.45 
(6.49) (6.09) (5.72) 

0.26 0.36 
(6.24) (6.00) 

0.19' 0.24 
(6.48) (6.25) 

0.19' 
(6.48) 



TABLE XIII. EFE'ECr OF JNCtlBll.TIoo PERIOD 00 INHIBI'l'ORY ACTION OF NISIN llGIIINST L. MCTIS SUB$P. C'RFM)['.IS S'IRAINS IN SKlM 
MIll< liT OPTIMI:M r6. TEMPEllATURE AND 1% m:x:uLl.M 

SI. 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

L. lactis subsp. cremoris (ell 

Nisin 
concen­
tration 
IRUlmll 

Titrable acidity (TAl % lactic acid 

Incubation period (h) 
12 24 48 

0 0.57 0.82 0.96 
15.47) (4.64) (4.42) 

25 0.31 0.64 0.76 
(6.14) (5.26) (4.80) 

50 0.19' 0.45 0.56 
(6.48) 15.81) (5.50) 

75 0.34 0.39 
(6.10) (6.02) 

100 0.19' 0.30' 
(6.48) (6.16) 

125 0.19' 
(6.47) 

'* Minimal inhibitory concentration 
Figures in parentheses indicate Ffl values 

Nisin 
concen~ 

tration 
IRU/m!) 

0 

25 

75 

150 

225 

300 

L. lactis subsp. cremoris (C3> 

Titrable acidity (TAl % lactic acid 

Incubation period (h) 
12 24 48 

0.58 0.85 0.98 
(5.49) 14.56) (4.40) 

0.35 0.69 0.76 
(6.09) 15.09) (4.80) 

0.19' 0.50 0.62 
(6.48) 15.64) 15.50) 

0.32 0.46 
16.10) 15.78) 

0.19' 0.30 
(6.48) (6.19) 

O.19~ 

(6.47) 



TABLE XIV. EFFECr OF INCUBATION PERIOD 00 INHIlll'l'ORY AcrION OF NISIN i'<3I\INST L.LIlc:TIS StJllSP.IAc:TIS S'lWUNS IN SKIM MIll( 
AT oPrIMllM pH. 'l'EMPERATURJ:: AND 1% INXllLU1 

S1. L. lactis subsp. lactis 14961 L. lactis subsp. lactis 14401 
No. ------------------------------------------------- --------------------------------------------------

Nisin Titrable acidity (TAl % lactic acid Nisin Titrable acidity (TAl % lactic acid 
o::mcen- -------------------------~----------- concen- -----------------------------_._----
tration Incubation period Ch) t-ration Incubation period (h) 
IRU/mll 12 18 24 (RU/ml ) 12 18 24 

-----

1. 0 0.55 0.73 0.81 0 0.56 0.76 0.92 
15.501 14.621 14.521 15.401 14.591 14.281 

2. 400 0.38 0.75 0.78 800 0.50 0.70 0.76 
15.92) 14.72) 14.66) 15.51) 14.83) 14.56) 

3. 800 0.26 0.61 0.72 1200 0.44 0.67 0.75 
16.28) 15.36) 14.66) 15.76) 15.04) 14.62) 

4. 1200 0.20· 0.42 0.55 1600 0.20* 0.54 0.72 
16.46) 15.92) 15.43) 16.46) 15.45) 14.60) 

5. 1600 0.30 0.50 2000 0.37 0.70 
16.14) 15.52) 16.001 14.79) 

6. 2000 0.20' 0.43 2400 0.20' 0.58 
16.46) 15.79) 16.461 15.40) 

'" M.inima.! inhibitory corlC!entration 
Figures in parentheses indicate pH values 



TMLE XV. EFFECT OF INCUa'irloo PERIOD 00 INHIBIm<Y ACrIoo OF NISIN I\G1UNST srn. SALIW\RIUS SUBSP. TfI1'RIo1:)PHtWS STRAINS 
IN SKIM MILK AT OprlMI.M Fil. IDlPERlITIJIlE AND 1% I.NClCUI.aI 

SI. 
!'k>. 

l. 

2. 

3. 

4. 

5. 

6. 

Str. salivarius subsp. thern>:>philus (H) 

Nisin 
(::oncen­
tration 
(nU/mi) 

Titrable acidity {TA) % lactic acid 

Incubation period (h) 
12 24 48 

0 0.42 0.58 0.86 
(5.89) (5.40) (4.52) 

50 0.26 0.43 0.65 
(6.27) (5.87) (5.20) 

75 O.lS' 0.28 0.46 
(6.48) (6.24) (5.80) 

100 O.lS' 0.32 
(6.48) (6.10) 

125 0.24 
(6.30) 

150 0.19' 
(6.47) 

'" Minitoal inhibitory concentration 
Figures in pa.rentheses indicate tfl values 

str. salivarius subsp. theIlT'DfiJilus (r) 

Nisin 
concen­
tration 
(RU/ml) 

0 

25 

50 

100 

150 

200 

Titrable acidity ('rAJ % lactic acid 

Incubation period (h) 
12 24 48 

0.46 0.62 0.91 
(5.75) (5.10) (4.46) 

0.32 0.47 0.74 
(6.09)· (5.74) (4.84) 

0.24 0.32 0.50 
(6.29) (6.10) (5.62 ) 

0.181'< 0.26 0.38 
(6.48) 16.28) (5.99) 

0.18'" 0.30 
(6.48) (6.12) 

0.19' 
(6.47) 



TABLE XVI. EFFECI' OF INCUllATIOO PERIOD 00 ·INHIBI'I\:Rl' ACTlOO OF NISIN 1r<:i\INST MCIt:lB'lCILWS ==II gUBSP. 
BlJI.li'<RICUS srnAINS IN SKIM MILK AT OFTlMU1 !'fl. TEMPEl<ATURE AND 1% IOOC\JLtM 

31. L.delbrueckii suhsp.bulg<lricus (1373) L.delbroeckii subsp.bulgaricus IRTS) L.delbJ:Ueckii subsp.bulg<lncu.s (W) 
No. ------------------------------------- -------------------------------------- -----------------------------------

Nisin Titrable acidity (TA) Nisin Titrable acidity ITA) Nisin Titrable acidity (TAl 
concen- % lactic acid eoncen- % lactic acid concen- % lactic .acid 
tration ---------------------- tration ---------------------- tration ----------------------
mU/mll Incubation period Ih) mVlm] ) Incubation period (h) IRU/ml)· Incubation period (h) 

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) 13.9B) (3.70) 

2. 25 0.37 0.84 0.92 5 0.27 0.61 0.96 5 0.40 0.92 1.21 
(6.03) (4.60) (4.44) (5.28) 15.36) (4.50) 15.93) 14.45) <3.91) 

3. 50 0.19' 0.48 0.56 25 0.19' 0.39 0.56 15 0.28 0.54 0.86 
(6.48) 15.72) 15.50) 16.29) 15.98) 15.49) 16.23) 15.56 ) 14.52) 

4. 75 0.27 0.42 50 .0.30 0.36 25 0.19' 0.34 0.44 
16.25) (5.90) 16.14) 16.00) 16.48) 16.08) 15.64) 

5. 100 0.19' 0.32 75 0.19'111 0.28 50 0.19' 0.36 
16.48) 16.12) 16.48) 16.22) 16.48) 16.01) 

6. 125 0.19* 75 0.19:11 75 0.19' 
16.48) 16.48) 16.48) 

'/r. Min.unal inhibitory concentration 
Figures in parentheses indicate pH values 



TABLE XVII. EFFECT OF rnctJB.l\TlOO PERlCO ON INHIBI'ImY ACrrOO OF NISIN 1lG1\INST IACIOBilCILWS ACrWPHILlJS STRAINS IN 
SKIM MIIlI AT QPTIMll1 ffl. TEMPElUITORE AND 1% INXUUM 

81. L. acidophil us (447) 
No. -----------------------------------

1. 

2. 

3. 

4. 

5. 

6. 

Nisin 
concen­
tration 
IRU/ml) 

0 

25 

50 

75 

100 

125 

Titrable acidity (tAl 
% lact.ic acid 

Incubation period (h) 
12 24 48 

0.38 0.88 0.92 
(6.00) (4.50) (4.44) 

0.27 0.58 0.66 
(6.25) (5.46) (5.15) 

0.19* 0.29 0.40 
(6.48) (6.21) (5.92) 

0.19' 0.34 
(6.48) (6.04) 

0.28 
(6.23) 

0.19' 
(6.48) 

• Minimal inhibitory concentration 

Nisin 
ooncen­
tratior­
IRU/ml) 

0 

5 

15 

25 

50 

75 

Figw:es in parentheses indicate pH values 

L. acidophi]us (R) 

Titrable acidity (TAl 
% lactic acid 

!ncliliation period (h) 
12 24 48 

0.32 0.78 0.81 
(6.lG) (4.72) (4.G8) 

0.26 0.50 0.56 
(6.26) (5.65) (S.49) 

0.24 0.39 0.42 
(6.29) (5.94) (5.90) 

0.19' 0.26 0.30 
(6.48) (6.27) (6.14) 

0.19' 0.24 
(6.48) 16.30) 

0.19' 
(6.48) 

L. acidophilus (1899) 

Nisin 
concen­
tration 
(RU/mll 

0 

5 

15 

15 

50 

100 

Titrable acidity (TA) 
% lactic acid 

Incubation period (h) 
12 24 48 

0.36 0.82 0.86 
(6.04) (4.64) (4.S2) 

0.32 0.69 0.12 
(6.15) (5.10) (5.0ll 

0.26 0.42 0.56 
(6.29) (5.91 ) (S.50) 

0.19" 0.24 0.35 
16.48) (6.28) (6.00) 

O.19~ 0.26 
(6.48) 16.28) 

0.19* 
(6.47) 



TABLE XVIII. IlFFEX:r OF INCUEATIOO PERIOO 00 INHIBl~Y ACTIoo OF NISIN l\GI\INST U.CIOB.IlCILWS PIANI'AR(M S1.'RA1NS IN SKIM 
MILK AT O?rIMtM pfl, TEMPERATURE AND 1% IOOCULlM 

S1. 
No. 

1-

2. 

3. 

4. 

5. 

6. 

7. 

L. plantarum IR) 

Nisin 
concen­
tration 
IRU/m!) 

Titrable acidity (TAl % lactic acid 

Incuh3.tion period (h) 
12 24 48 

0 0.42 1.04 ).06 
(5.90) (4.36) (4.32) 

25 0.26 0.72 0.83 
(6.28) (5.02) (4.63) 

50 0.19" 0.58 0.66 
(6.48) (5.45) (5.15) 

75 0.39 0.47 
(5.98) (5.74) 

100 0.25 0.35 
(6.29) (6.02) 

150 0.19"" 0.27 
(6.48) (6.28) 

200 0.19" 
(6.47) 

1< Minimal inhibitory concentration 
Figures in parentheses indicate t=fl values 

Nisin 
concen­
tration 
IRU/ml) 

0 

5 

15 

25 

50 

75 

L. plantarum (lB9) 

Titrable acidity (TA) % lactic acid 
-------------------------------------

Incubation perioo (h 1 
12 24 40 

0.36 0.66 0.96 
(6.07) (4.69) (4.42) 

0.30 0.60 0.69 
(6.19) (5.43) (5.10) 

0.24 0.46 0.50 
(6.32) (5.75) (5.65) 

1i.19" 0.28 0.36 
(6.48) (6.26) (5.98) 

0.19* 0.25 
(6.48) (6.27) 

0.19'" 
(6.47) 



TABLE XIX. EE'FECl' OF INCtlBATltll PERlOO CN INHIBI'rOOY AcrlOO OF NISIN l\GI\ll'lsr BACIWlS SUBTILIS ST!lA.INS IN SKIM MILK Nr 
OPTIM!.M );6. TEI!lPIl!lATORE IlND 1% lNXI.IU.M 

51. B. subtilis (9144) 
No. -------------------------------

1-

2. 

3. 

4. 

5. 

6. 

Nisin 
concen­
tration 
(RU/roll 

a 

25 

75 

125 

175 

225 

Log counts/ml 

Incubation period (h) 

12 24 48 

4.80 6.59 6.83 

2.74 5.08 5.46 

0.00' 4.81 4.90 

2.65 3.17 

0.00' 1.50 

0.00' 

'" Min.i.nal inhibitory concentration 

Nisin 
concen­
tration 
(RU/rol) 

a 

50 

75 

100 

150 

200 

B. subtiiis (6633) 

. Log counts/ml 
-----------------------
Incubation period (h) 

12 24 48 

5.16 6.60 6.84 

3.94 5.03 5.88 

2.57 3.93 4.69 

0.00' 2.GO 3.58 

0.00' 1.69 

0.00' 

Nisin 
concen­
tration 
mu/ml) 

a 

75 

100 

125 

150 

175 

B. subtilis (441) 

Log counts/ml 

In=ubation period. (h) 

12 24 48 

5.54 6.85 7.92 

3.77 5.04 5.94 

0.00* 3.92 4.65 

2.05 3.84 

0.00* 2.02 

0.00' 



TABLE XX. EFFECl' OF INCUBATION PERIOD ON IN/IIBITCliri ACrrON OF NISIN AG1<INST BACILWS CJiRE(JS AND B. S'I'F.IlROTHERMHIlJJS 
STRAINS IN SKIM MIll< AX OPr= !;iI. 'l'EM'ERATUREAND 1% m:x.:ur.m 

SI. B. cereus 110876) 
No. -----------------------------------

1-

2. 

3. 

4. 

5. 

6 • 

Nisin 
concen­
tration 
IRU/ml) 

a 

50 

75 

100 

125 

150 

Uog count./ml 

Incubation perio:! Ihl 

12 24 48 

5.66 6.66 7.07 

2.44 5·43 5.76 

0.00' 3.06 3.67 

0.00' 2.Bl 

1.01 

0.00* 

." Minimal inhibitory. concentration 

Nisin 
concen­
tration 
1 RU/ml ) 

a 

25 

,50 

75 

100 

B. cereus (430) 

Uog counts/ml 

Incubation perio:! Ih) 

12 24 48 

4.17 5.55 5.77 

2.94 3.25 3.42 

0.00' 2.84 2.95 

0.00' 1.76 

0.00 

B. stearothenrophilus (953) 
-----------------------------------

Nisin 
concen­
tration 
IRU/ml ) 

a 

5 

25 

50 

75 

Uog counts/ml 

Incubation ~riod (h) 

12 24 48 

4.98 6.82 7.02 

2.23 4.70 5.18 

0.00* 2.95 3.85 

0.00' 2.06 

0,00' 



TABLE XXI. NANOMETER/MICRON MARKER SCALE FOR HITACHI 8-405 A-SEM 

Magnification Marker p08·ition Microns (u) 

X 100 30 x 4 Nt-! 3QG 

X 150 20 x 4 NM 200 

X 200 15 x 4 NM 150 

X 300· 10 x 4 NM 100 

X 400 75 x 3 NM 75 

X 500 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 NM 10 

X 4,000 75 x 2 NM 7.5 

X 5,000 60 x 2 NM 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 NM 3.0 

X 15,000 20 x 2 NM 2.0 

X 20,000 15 x 2 NM 1.5 

X 30,000 10 x 2 NM 1.0 

X 40,000 75 x 1 NM 0.75 

X 50,000 60 x 1 NM 0.60 



REPRINTS OF PUBLISHED 

RESEARCH .PAPERS 


