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FOREWORD 

This thcsis is composa! of four papas p r e p d  for journal publication with the 

addition of r literaturc review (Chaptcr 2). and wrwidated introduction (Chiptet l), 

conclusion (Chapter 7) rnd rcferences. Tb Cbpten 3 to 6 are presented u originaily 

wbmitted for publication, with minor changes to format for the purposes of standardking 

piesentition of this thesis. 

Chapta 3, "ln Wu duaiion of aminiaobial combination trcatments using responsc 

surface d y d s  of checker board experiments", was origindly prepared as a report for 

Cuudirn Inovatech Ltd. prpa has not ôeen submitted for pubkation as the experiments 

d e s a i i  wcre upacdd by the work d e s c t i i  in Chrptu 4. Chapter 3 w u  included in the 

thesis so that a cornpuison may be made with the resultr described in Chaptm 4. 

Chapta 4, "Intenctive inhibition of mut spoilage and pathogenic bacteria by 

lysozyme, nish and EDTA in the prescnce of nitnte and d i u m  chloride at 24 O C " ,  was 

aubmit!ed to thc pumJ Lebcbsmittd-WissaucWt und Technologie, on November 18 1999. 

Chiipa 5, '4ïnhibiition of brctaYl growth on hm ud bologna by lysozyme, nisin and 

EDTA", wu rccepted for publication in the j o u d  Food Reseatch Intcrnationai, on 

Novernber 1 1999. 

Cbipa 6, "Sur6ce ippücuion of lymzyme, nisin ud EDTA to inhibit spoilase and 
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pathogenic brctair on hun ud bologni". wu submitted for publication in the Journal of 

Food Protection, Novernber 29 1999. 



ABSTRACT 

C M  pmantim ue ina#sin%y u ~ ~ ~ ~ t i b l e  to consumen. whüe d e d  is 

urmrl\g for mMngy pmceMsd ud convcnicnt food products. Response to this situation 

requitcs the devdopmcris of m d  prrraMtion strategies. Potcntiai alternatives to traditionai 

chernical presenntives are the cnzyma lysozyme and nisin, which can be pcrceiveâ by 

commas u nrninl, dut to th& biologiul origin. Reports published by other authon have 

indicatd tliu YdariEton bctween iysozyme or Nsin with chelaton may nsult in an incrciised 

antimicrobiai effect igainst Gram positive and Gram negative organisms. 

Expaimaits were conducteci in nutnent broth using organisms of concem for dety 

or qmüage nuom in aircd meat productr. The individuai uitimiaobid effect of lysozyme, 

nisin, ethylm diamine tetnicetate (EDTA), tnpolyphosphate and diacetyl was detennined. 

A responsc suiha analysis of fractional inhibitor- concentration data ww conducted to 

detaminc wht, ifuiy, m t d o n s  ocnimd betwccn lysozyme and the other agents, and to 

determine if lysozyme potentiated the action of any of the other antimicrobials. 

PotaitLtion of lctivity by lysozyme w u  obscrved in two cases: lysozyme with nisin 

against Bruchotk t h e m ~ ~ j p k t a  and lysozyme with EDTA and diacetyl against 

S ~ I o c a r c ~ c s  ovmrr The Ws conductad did not indicate the potentiation of e f f i  in any 

of the other combinations tested. 

A two kvd, bvt bcror, ai1 hctoPUl otperimentd design wu dso uKd to s c rm for 

injmdom krwsai the uitmicroailq lysotyme, nisin, EDTk NaCl and NaN02. NaCl d 
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NdSQ were indudcd so u to &amine iftheir prcscnce in cured mut products couid have 

ui intenctivc enCct with the other uitimicrobids. Fourteen orgrniuns of concern in the 

spoilage or safèty of a d  meit product, wcre gmwn in broth media. The absoibancc i t  450 

nm relative to inoculrtd controls w u  determincd d e r  72 h. 

Agents done nducing growth wen: lysozyme against Brochothrix tiremosphcrctu. 

Pecb'acoccus ~ c i d k t i c i ,  i,terucacuc foeculis and W e i w l h  viri&scem, nisin against dl  

GMI positive o r p n h s  testal, including i h t o k i I l u s  d i  and Pediocmcus pentosaceus; 

EDTA rgainst dl orguiisms tested; NaCI or nitrite against Ekcherichia col.. 0157:H7, 

Solmomllo rvphimurium, Sematia grimesii, and Shewmlla puire/<rciens; nitri te against 

Lactobaciîltcs curwiw, k u c ~ t o c  mesenteroiids, Listeriu montxytogenes and 

Stav,hyI~txcus QUTeats. 

Interdons wae obbcrved b a n :  lysozyme and EDTA (En. faecuîis and If? 

viri&scens); nisin ud EDTA (al Gram positive organisms); EDTA and NaCl (E coîi, S. 

rvphimurium, Scr. @mesii); EDTA and nitrite (E. d i ,  Lb. c u ~ t u s ,  Lc. ntesenterotds, 

L. wmayîqpm S r)phrm117itllll); );Win uid nitrite (lc. mesenteroi&s, L monaytogems); 

NaCI and nitrite (S. Wimurium, Sh. putrefocie~~~). AN interactions resulted in rduced 

growth. 

Application of i Iptymh nisin ud EDTA combination trcatment to cured m a t  

products wu thai investigaîed. Hun uid bolognr suisage, wcre p r q m d  with or without 

ddition of5ûû m& lyraymc:iiam::l:3, d 500 m#kg EDTA. Sausager wen uKIculrted 
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with one of: Brociio~hrix tknnqpIisrc~ci, Escherichia cofà Ol57:H7, Lactobuciff~~s d i ,  

LactobacIIIus cumtus, Leucmosîoc mesentemi&s, Listeria monaytqenes, SktfrnoneIIa 

!phmuriun, Senatia grimesii or Shewcmelûaputre~o%iens, vacuum packed and sîored for 

4 weeks at 8 "C. Plate counts were made on selective and nonsclective media. 

Inhibitor treatment reduced initial populations of B. thennosphcta and Lc. 

rne~rnteroi&s on both mats  Treatment of hun and bologna prevented growth of B. 

tkmtqhl~, to wedc 4. Treatment nduced growth of Lb. curmtus on ham and bologns. 

to wedr 3. Tnitmait of bdolgu duccd growth ofLc. miosentem*&s and L. momcytiogenes 

for 2 weeks. Trrrtmaii of ham rduccd growth of E. cofi 0157:H7 for 4 weeks. On treatcd 

ham the growth of S. lyphmurium increased fiom week 3. No differcnce was o b x m d  

bawcm control u d  treatment sunpks with other organisms. 

Since the growth of bacâerid pathogem uid spoilage organisms is localizeà to the 

surâre of cured mat products it was theotized that immobiliition of the antimicrobids in 

a surface coating may result in improved lntimicrobid activity. Cooked h m  and bologna 

sausage wu pnpucd ud raecived one of t h  mtonaits: no d n g  (control); wating with 

a 7?!% (wh) gditin gel (gtl-conuol), or coating with r Ph gelatin gel containing 25.5 Niter 

Iysotymt:nisin: : 1 :3 plus 25.5 glütre EDTA (gel-treated). The samplcs wen thcn hoculaîd 

with one of six test ocguiiuns: Brochothrix tkmacphocta; Escherichia coii 0157:H7; 

~ t o b t z i l l u s  saki; Lrucmostoc mesenteroidrs; LLrPriu momqtogenes, or Solnonella 

lyphmurium. Inoailrtd smplm were vacuum packcd ind stond i t  8 @C for 4 weeb. 
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The mtimictobid gel treatment hrd an Unmadiate bactericidd &êct up to 4 log 

CFUlcm2 on the four Gnm positive o&ms terted (B. k n n ~ ~ i ~ h c t u ,  Lb. saki, Lc. 

rnesmtW&ks ud L. momqtogenes) ud Uihibited the growth of these orguiisrns over the 

4 wceks of stonge. 

The antiniicrobial gel trmtment dso had a bactericidai effect on the growth of S. 

ryphmurium over the pend of stonge. 

The numbm of E coli 01 57:H7 on hm were r d u d  by 2 log CFü/crn2 following 

treatment with both antimicrobid-containin8 and non-antimkrobial gels over the 4 w a k  

storage p e n d  No e f f '  w u  obrrved upon the growth of E. coli 0157:H7 on bologna. 

niere aq#tnents indicate that r lysozyme, nisin and EDTA combination treatment 

may be highly effdve in wntroliing the growth of Gnm positive baacria on curai mcat 

products. Howtvu, the vertment was of l i ited use against the Gram negative bacteria 

studicd. Future dmlopmcnt of this research should be focuscd on the ddopmcnt  of 

pickrging mibaJc to wm u delivay syrtem for the uitimicrobials and the investigation 

of ippiicatiom to fie& meat products. 
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Consumen incnrslligly demand f d s  that ue microbiologicilly Jlfe, minimilly 

processed and have lower kvels of chernid preservrtives, yet rt the sune time ue 

mvenimt, with 1- rhdfüvea Cu~c~ltly thae is much nseuch interest in developing novel 

food preservation systems in an attempt to resolve the conflict between these goals. One 

approrch to this problun h the development of new food prerervative systems that are more 

acceptable to consumen than so d e d  "chernical preservatives." 

Lysozyme and nisin are two antimicrobiai peptides which may be suitable for the 

development of novd preserntivc system. Both lysoryme and nisin may be perceivecl by 

consumers as "naturaf antUnicrobids" u they are produced fiom orguiisms. Lysozyme is 

atrwaâ colllllyrcupl h m  chicken qgs and nisin b produced by Lactucaicus lactls dunng 

fermentation of milk. Both peptides posscss antimicrobial rctivities t b t  are directcd at 

bacterial cc11 structures thot are not prescnt in human ccll. 

The mM abstade to the application of the= antimicrobiai peptides ia their restriaed 

range of IiCtivity. Both peptides ut effective rgainst a range of Gram positive bacteria, but 

are h f f d v e  @ut Gram negative bacteni. This ir puiicululy of conam in the control 

of  the Grun ncgative bacteriai pathogcnq Bmcelk~~, Comp&Iobacter, Escherichia cdi, 

S o l m ~ l ù a ,  Sigellà, VW10 and Yersinia. 

As r consqueiict of these üMWionr, two Inia of nscuch into the application of 



lysozyme ancl nisin have dmlopsd. Fdy, sensitive organisms and their &lowth conditionr 

uc idaitified with 8 view to the use of lysozyme and nisin in speciilized applications where 

their prrsaice miy be u d  to oontrol r sprQhc unwanted organim. Secondly, attempts have 

been nide to incnuc the mqtibi i ty  of Gram negative orguiimu to these agents by using 

than in cornôidon with other antirniaobiais, or in the case of lysozyme by modification of 

the molecule to dta itr fbnction and properties. 

The research program detriled in this thesis w u  undertaken with the objective of 

detennining the &ectiventss of r lysozyme and nisin-bued antimicrobid system against a 

wide range of organirmr and to investigate application of such a qstem to cured meat 

products. S e v d  papers have bsen pubüshed previously on the topic of antimicrobial 

interactions, particululy on the use of Nsin with ethylene diamine tctraacetste (EDTA) to 

target Gnm negative organisms, but these expcriments were deeply flawed, with studies 

conductecl only @nst alls under stirvation or other growth restrictive conditions. Thur it 

w u  necamy to p«fonn an investigation of antimicrobid interactions under conditions of 

growth that arc more rcprcscntativt of food products. The work desaibed in this thesis on 

the application of r lysozyme, Nsin and EDTA antimicrobial qstcm to curai mcat products 

is, to the kat of my loiowladge, the hrot work to k pubüshed on application of lysozyme or 

nisin rs i pmcmtive of thme types of product . 



2.1. Lysozyme 

Lysozyme is the name for r clus of cnqmes wtiich hydrolyze the p(1-4) glycosidic 

linkages betwcen N-acetylmuramic acid and N-acety1giucosamine of peptidogiycan which 

compose the ccll w d  of Gram positive anâ Gmm negative bactena (Fig. 2.1). The discovcry 

of lysozymt Is attributcd to Alexanda Fiemming, who accidentdy observed, in 1922, that 

nasal mucous could dissolve boacrial colonies on an agas plate (Proctor md Cunningham, 

1998). Since then lysozymes have beni isolatcd fiom a wide range of sources including; 

mamrnalian tun,  mucous, Mlk tissues and KIWII, avian eggs, and Mme vegetables 

particularly of the Brassicacere fPmily (Proctor and Cunningham, 1998). 

Figure 2 .l. Site of iyrozyme enzymrtic cluvagt ofpeptidoglyuh Pcptidogiyun con- 
p0W of N- (NAG) mdNNIostyLniMPc acid linlted by K14) 
glycoridic hicaga. (Adrpted Born Roctor Md Cunnin%un, 1988). 



F i m  2.2. The two dimciwiod rvu- of lysozyme with the millio cridc involvd in the 
t h  dm situ indiatecl: site 1, triangîe; rite 2, squue; and rite 3, dotted circk. (Figure 
rdrptd from P ~ o r  ud Cunningham, 1988). 



5 

Reseuch on lysozyme for food applications hy ccntacd on hm cgg lysozyme 

(hereatk refemd to as, lysozyme). Lysozyme is composeci of r single 129 amino rcid 

polypeptide chah containin8 four disulade bonds, at least two of which mut be presait to 

mwnWi aymvDic rtivity (Fig. 2.2). The moleailu weight of lysozyme is 14.3 - 14.6 lEDI 

and its idcctric point ir 10.7 (Proctor and Cunningham, 1998). 

Tht accqta! mcthod of w q h g  the aizymptic activity of lysozyme is by quantifjing 

the loss in turbidity of a suspension of lyophilized Micrucuccus &sodeikticus cells in 

phosphite Mer at 25 "C. A decrase in absorbuice a! 450 nrn of 0.00 l/rnin is taken as 1 unit 

0 of enzyme raivity (Proctor and CuMUighun, 1988). 

2.1.1. Conditions affkctina lysozyme rctivity 

The stabiüty of lysozyme to t h e d  treatment is highly dependent upon the heating 

environment. Lysozyme is M tnKs more stable whcn heated in phosphate buffer than in egg 

white and stabüity is pH dependent, with grcater stabiiity observed under acidic conditions 

than 9rrlin. The thanirl strb'ity of lysozyme mry Jw k inacrPed by the presence of NaCl 

or sugars Qroctor and Cunningham, 1998). 

Drvies et al. (1969) md Chang and Cm (1971) demonstratd that lysoyme i s  

inactive in d i d e d  mer, ud requins 8 minimum ionic stragth for activity. Sgha 

conca*ntioii, of utionr are inhibitory ud lysozyme activity is more sensitive to palyvdent 

thm mono* cationa. Ihe optimun i o ~ c  s t rq th  for lysozyme d v i t y  is pH dependent. 

At pH 7.0, 50 mM of r monovrlent cation rtailts in optimrl lctivity while the urne 



that the dependency of lysotyme rainty on cation ccncentntion w u  r conscquence of the 

involvcmcnt of daetrostatk forces in the intenction of lysozyme with the bacterial ce1 wd, 

and that thc cations may be repuirecl for dignment of the active site of the cntymc with the 

substntt. Howevcr, hi@ conantratiom of poiynierit aiions would interfere with intenaion 

bcwen positivcly chargcd iysozymc and a ncgativdy chargeci ceil w d .  That cations have 

a rolc in fonnin8 an activateû lyoozyme/substrate cornplex w u  confhed by Neville and 

Eyrins (1972). 

2.1.2. The uie of  lysozyme u an rntimicrobiil in food 

Though many Gram positive organisrns are sensitive to lysozyme, its application u 

an antimicrobid has bcen limited by resistanct of Gnm negative orgonisms whose ceil wail 

is protectcd by the pnsence of the outa-membrane. A nwnber of patents have ben issued 

in Japan for the use of lysozyme u r component of pmmative systerns for application to 

a variety of vcgetable, mert and 6sh products. These systerns secm to be eff-ive at 

controllhg somc lactic icid hctW (LM) (Proctor and Cunningham, 1988). Outside of 

Jlpin rrserrch hm caitend on the use of lysozyme to control butyric acid bacteria in checse 

production (Proctor and Cunningham, 1988). 

Hughey ud Johnson (1967) investigatd the sdtivity to lysozyme of 17 Gnm 

positive ud mgah kaat of corican to food spoiîage or saféty. The foîtowing organiau 

wac obravsd to hrc ame seiuitiniy to 200 -ta of iysoqme whcn powing in cornplex 

media; Bau:iIIus (B.) ste~r~liicnnophrIus, Clkstririlium (C.) botulinum type B, C. 
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th--, C I)robuwawt, d ~ I o b e c t e r  jejuni. Inhibition of B. cereus 

ww observed in atatic cultum but not shrkm cultures. Bester and Lombard (1 WO), 

demonJbatad thit 250 U l d  of lysozyme (1 5 0 0  Uhg) inhibited the growth of 2 isolates of 

C. w f y i c u m  d stinwlstd spore germination. The sune mdy showed that 500 - 1000 

Ulm1 reduced the growth rate of 3 of 4 &ctobacillaïs (Lb.) isolates and 3 of 4 coliform 

isolates fiom gouda chuse. 

In the lut decade a number of paptrs have been published on the use of lysozyme 

against Listeria (L.) monocjdugenes. Smith et al. (1 99 1) showed that reduction of growth 

temperature used for L. mmxytogenes, incrwd the susceptibility of cells to lysis when 

susptndeâ in buffer. Mdition of 5000 U / d  of lysozyme (150,000 Ulmg) to tryptose soy 

broth pH 5.5 at 5 OC i n a d  the lai& of the hg p k  from 10 to 20 days (Johansen et al., 

1994). Kihm a ai. (1994) found that L. momcytogenes was les, sensitive to lysozyme in 

whole miîk comparai to growth d a  or phosphate buffer, though scnsitivity was incrcascd 

by hating a 55 O C .  This study dm showed that the protexive effect of whole milk w u  

associatecl with Mg" and Ca2+. 

2.1.3. Lysozyme intemctka with otba iatimkrobiil igeatr 

Though lysozyme is inclfêctivc cgMn Gnm mgative bacteria, their resistance is not 

r conrequcnce the d t a b i l i t y  of the cd wdlr of these orpüyns u a substnte. Several 

rescarch have eumwd the w of lysozyme with other antimictobirls, puticulady 

mankne d h p t h g  agents, in an ctrort to uctd the range of bactcrir that cm bc rffccted 

by IysozymabYcd trmtments. 
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Shrmy ud Hutccll(19644b) demonstnted that the msceptibiiity of Gnm negative 

pseuâomoMQ to lysis by lysozyme un be i n c t d  by the use of the membrane dismpting 

agents, ethylene diamint tetmcetate (EDTA), d i u m  dcoxycholate, isoamyl aicohol, 

ethaml ud thymol. Ofthe agcnt~ testad EDTA w u  the most cffkctive whm combined with 

lysozym in a phosphate bufk systcm. Lysis w u  inhibited by acidic conditions or addition 

ofNaCl, though the lana &bct d d  be revud by p w t h  of cdls on salt-contairing media 

(Shivdy ud Hutsell, 1964b). Expression of hen egg lysozyme in modified El col1 reuihed 

in accumulation of lysozyme in the pcriplamic space and ce11 lysis as a consequence of 

digestion of the dl wall (Fi* a al., 1993). The implication is that the lysozyme resistanw 

of Gnm ncgative organism is r rtailt of protection of the cc11 wall by the outcr membrane. 

Chelators have been a poprlar subject of investigation for use with lysozyme, as they 

may have an antimicrobid e f f i  by limitins the rvailability of cations, and cm act to 

destabilue the crll membranes of bacteria by complexing divdent cations which act u salt 

bridgcs bcniveen membrane mraomoldcs, wch as lipopolysaccharides (Shelef and Seiter, 

1993). 

Ratrvi-RoW ud Griffiths (19%a,b) studied the cffect of lysozyme combined with 

r varicty of o h  agents uring minimal inhibitory concentration (MC) determination by the 

spiral gradient end point m*hod @nst 7 Gnm positive and 8 Gram ncgative organisms. 

Lyrazymcinoomkntion W .  

with EDTA wu laind to be more effective than either agent donc 

agaha the m?jocity of the o@ms tested ud the MIC of rhe combination w u  duced by 

lowcMg pH fmom 7 to 5 or by nisin8 NaCl fiom 0.5 to 5% (SIPv i -Rob  and GrBith 
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19968). Cornbition of lysozyme with sodium c i t a ,  monoglycerol citrate, monolaurin, 

triglycerol laurate or butylatcd hydioxyh1e w u  not observai to reailt in inawed 

inhibition compued to agents donc (Razavi-ROM and M t h s  19%a). The sauitivity of 

test organisms to monoluirin, triglycaol laurate or butylated hydroxyauiizok done, or with 

lysozyme wu obsaved to be i n c r d  with lowered pH, (7 to S), or inweased NaCl, which 

suggcsts tbat rntimicrobial cffectiveness may be h c r d  non-specificdiy by the presence 

of other growth restricting factors. 

Since both lysozyme and the chelator, lactofcrrin, are present in high concentrations 

in human polynucleu lwcocyta and mucus, Ellison and Giehl(1991) speculateâ that they 

may act tog& @rut invading bactda. They showcd the combination could be effective 

agabut fibrio (K) chdeme, Std-Jùa(S.) Wimurium anâ Escherich (E.) CO&, and thot 

lactofemn activity is ruociated with interaction with the lipopolysaccharide . Payne et d. 

(1994) investigatd the potentid of lactoferrin or EDTA ( r  2.5 m m )  cornbineâ with 

lysozyme (s 200 ug/rnl) to control bacterial growth in ultra high temperature milk by a 

chcclra bwd uuy .  It was faind tht: the mtimicrobials had no effcct on Pseuhnoms (Ps) 

fim.sxnr ud S the growth me of E coli w u  rcduced by EDTA done, and 

a combiion of lysozyme and EDTA w u  more eeEèctive than either a~ent done against L. 

rnoytaylogenes. A comôiition of lactoferrin and lysotyme did afftct the growth of E. coli 

and L. mcmqtqenes, but w u  leu e f f i v e  than EDTA. 
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by addition of lipue. Liberti et ai. (1996) showed that a d i n a t i o n  of lysozyme (0.3 

mdd) ud lipase (50 iüfmi) d d  &ct the growth of L monaytogemes in broth at 5 , I S  

and 32 T, depaidine on pH uid NaCl concentration. 

Park (1997) obsmeû that the addition of a combination of lysozyme and papain or 

lysozyme and polysorbate 80 to vegaable juice pH 5.2 at 37 OC, had little tffect on the 

p w t h  ofE cdi. H o m ,  ifthe vegctable juice w u  incubated for 2 h with O. 1% lysozyme 

and I .O% papain, foUowd by addition of 0.0 1% polysorbate 80, E. cdi numbers wete 

reduced by 5 log CFü/ml. 

It has been reported that use of tridium phosphate as a chclator increased the 

scnsitivity of a iwnki of Gnun mgdw organisms to lysozyme and nisin (Cameiro de Me10 

et al., 1998). Howmr, the protocol usd for the assessrnent appcars flawed as the 

exp«imcnts wae conducted in distilled water without stabiliution of pH and no provision 

w u  ma& to protca d s  fiom osmotic rhock during seriai dilution for plating. 

2.1.4. Modifia tien of iysoqme 

Attanpr have ken d e  to extend the range of wimicrobid acthîty for lysozyme 

by chemid modification of the rnolcule. The modification, include conjugition with 

p o l y ~ ~ ~ ~ h a r i d t ~  and fmy iQdq dtering the peptide chain of lysozyme and denaturition of 

the native lysozyme m o l d e .  nie dm of the majority of lysozyme modifications ir to 

inaaw the hydrophobicity of the robaile to rlkw it to âifhsc through the outer membrane 

to ro#r, the cd wrll of Gram wgaive orpism.  
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Nakamura a al. (1990, 199 1, 1992) produced a number of conju8ates of lysozyme 

with rmdwd polysrchuide groups. A conjugate of iysozymt and dactnn with a molar ntio 

1 : 1.8 and mur ntio of 1 :9.4 w u  shown to have improvd emuls@mg and uitimicrobid 

propaties (Nakamm et J., 1990, 1991). Addition of 0.05% (protein w/v) of the lysozyme 

dextran ooyu@e to d s  nupadd in phosphate k&r at 50 T, i n c r d  the t h e d  derth 

nte of the GRm negaiive bacteni V. ~ ~ c u s ,  E. co4 Aermonar (A.) ky&qphhila, 

Proteta (P.) midilis and Xkbsiella (K)~m0yumOYUue. The lysozyme-dextran conjugate du, 

incnucd the t h d  duth rate of Gnm positive B. cereus, but the conjugate had no more 

effect than native lysotyme on S t ~ ~ l ~ u c c u s  (St.) mreus. The nsidual enzyme activity of 

the coyugate w u  13.3% of native lysozyme (Nakamura a al. 1990, 199 1). A conjugate of 

lysozyme and gaiactomannan (molar ratio 1 : 1.7 and mus ratio 1 : 1.8) rctained 8W of 

enzymatic activity (Nakamura et ai., 1992). The galictomannan conjugate (0.05% protein 

W/V) produad mer thamal death rates at 50 "C in phosphate M e r  of K ~ahoerno&tiicus, 

E. coli. P. mirobilis md K. pneunioniae* The conjugate had no more effect than native 

lysozyme on A. h*ophila 

Lrso~ymc miy dm k d d  by mjugaîion with fhtty icids. (Ibnhim et ai., 1991, 

1993). Conjugrter of lysozyme with palmitic acid were produced with 1 to 4 palmitic acid 

rcsidues. The prlmitic acid conjugates wen uceucd against E e  coli cells suspendcd in 

phosphate buffer rt raom tanpenture for 10 min. Lysozyme with 4 palmitic acid residues 

(0.05% wlv) could rduce E cdi  by 1 log CFU/ml, whüe the other conjugates with lower 

n u m h  of prlniitic acid miduec h d  lower d v i t y .  In the prcsence of 5 mM EDT4 

lysozyme with 2 tesidues w u  the most c f f d v e  ud lysozyme with 3 or 4 nriducs w u  
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propssivcly 1- effdve. Ibrahim et al. (1993) dro constructod conjugates of lysozyme 

with myristic or st&c rcid to compare the eff'ects of different fatty acid lengths on 

antirniaobiai lctivity. Longer chain length w u  cornlrtcd with hi* effectivenes against 

E. coli cdls aispendcd in buffér, but of dircylrted mjugates, palmitic acid w u  the most 

e~actjvt. The fàtty acid conjugates were aiso shown to have improvtd ability to bind E. col. 

iipopdysDochuide, supportiw the hypothesis thpt anti'bacterial activity against Gram negative 

organisms is due to i n c r d  interaction with the outa membrane. 

M d a d  lSBozyme moldes an be proQced by q d o n  of plasmids in transgcnic 

orpimu. NJumun et ai. (19934b) produccd polymannoql(71 kDa) and oligomannosyl 

(18 kDa) lysozyme by acpresion of a p l d d  in Soccbomyces (S.) cerevisiae. The 

oligomannosyl iysozyme possessed 73% of the enymatic activity of native lysozyme, whereas 

the polymannosyl fonn p o ~ s s t d  ody 11% ictivity (Nakamura et al., 1993a). Both of the 

mannor lysozyme fonns posscssed superior emulsion pioperties compareci to native 

lysoyme. but no Uiformation w u  teportcd on the antimicrobial activity of the moâificâ 

lptymc (Nakamm et d., 1993b). Ibrahim a al. (1992) produccd modificd lysozyme with 

5 additional hydrophobie unino acids inserted into the C-terminus from S. cerevisiar. The 

enzymrtic activity of the ditid lywzyme w u  8 W  of native lysozyme and p o d  

enhurced lctivity a g a h  E. cdi ceils mspended in phosphate buffer at 37 OC. A 

conccnimtion of  2.5 pg/ml of the ptapeptide lysozyme rduced 5 log CFWfd ofE coli 

cdb to 49.5 % rt pH 7 and 14.8% rt pH 5 of the initial population. Native lysuzyme u the 

sune concentration reduced E coli to 89.9% at pH 7 and 87.4% at pH 5 of the initial 

population. 
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Ibrahim et al. (1994) dso rnod'ied lysozyme with the phenolic aldehyde, 

paillildhehyde. Three duiMfives with 0.5,2.4 anâ 3.9 midues per lysozyme wcre produccd. 

The auymuic lctivity of the cbnjugrtes decreased with UIcrdng residues, the 3.9 residuc 

coyugatt mainhg 73% rdjvity. Inuasin~ the conjugrte residw increued the bacteticidai 

e f f i  cgwrci both E. d i  ud St. oaur cdls in phosphate M e r ,  but reductions gratter than 

1 log C N / d  w a e  not observed. 

Outside of ki&r systcms, the only report of antimicrobial activity by palrnitic acid or 

@ctomamm ooyugaîes of lysoqme U thaî by Nakamura et al., 1996. The authon reported 

that the feeding of eithcr of these conjugates to live carp infècted 4 t h  Mvmdriella iw& 

increased the s u ~ v a l  rate comparai to control fish. 

Valenta et ai. (1997) produced a conjugatc of lysozyme with 2.46 residucs of 

hydrophobic cinnamaldehyde. The conjugate w u  intendeâ for use as a preservative in 

cosmetics. Fifty pg/ml of the conjugate w u  capable of reâucing both E. coli and St. m e u s  

by 2 log CFUIml in buffêr at 37 O C .  

In the lut 6ve y w r  r nurnber of pipers have ken pubüshcd on hydrophobic hcat- 

darmind lysoymc (ibmhh e! J., 19-b , 1997,1998). Hcating of lysozyme at 80 O C  and 

pH 7 for hcreasing pcriodr of tirne rewlted in progressive irrcvetsible denaturation of 

lysoqme by ôdchg  of the ntapcptde disulfide bonds, with concomitant lou of enzymrtic 

rctivity ( h h h  et 1,1996r). A caneaaition of SOO p g d  of lysozyme herted for 20 min 

at 80 OC d u c d  viable E cdi 4 s  & î ~ ~ & e d  in bu&r rt 37 O C  by 2 log CN/ml, whwm 
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native lysozyme hd no &kt. The denraired lysozyme had no enzymatic activity but wu 

c q d y  effective as native lysozyme against St. wmis d s  nupendcd in buffa (Ibrahim a 

ai., lm). The hertdauturd lysozyme wu sbown to k 14 timer more hydrophobic and 

to have a hi* b h â q  capacity for the membranes of E. cd" and the peptidoglycan of St. 

atacvr compMd to d v e  lysozyme (Ibrahim et ai., 1996b). Furha, the denahird lysozyme 

was demonstnted to be cap& of penneabiîizing liposomes made fiom E. coh 

phospholipids (Ibrahim et al., 1996b). Addition of divilent cations, Ca2+ and Mg'* but not 

Na', bh'bital the antimictobid activity of the denaturd lysozyme against E. c d .  This effm 

w u  rcvmiile by d t i o n  of EDT4 anci Ibrahim et ai. (1 997) ugued that this wpported the 

hypothesis that the activity of the deniturd lysozyme involved membrane interaction. 

Modification of the demurhg protocol to 20 min at 80 Y: and pH 6.0 (80/6) preserveâ SW 

of aizymotic rtivity (Ibrahim, 1998). The 80/6 lysozyme had an enhanced bactencidal effm 

against St. areus, EE col, uid lblnowîllo enteritiidis suspended in buffer at 37 O C  for 1 h. 

Trcatmcnt with 2500 udml of 8016 lysozyme d u c c d  St. meus cells by 4 log CN/ml, 

comparai to 3 log CFüM for native lysazyme . Native iysozymt at 2500 u g h l  had no effèct 

on E. cola and Solndllo enteritidis, but 80/6 lysozyme at 500 ug/ml and 1000 ughl 

,mpcaively, reduced these orglllljsms by 5 log CFü/ml (Ibrahim a ai.. 1998). The 80/6 

lysozyme was no more eaedve thn native lysozyme agaînst B. subtilis and Ps. aemginosa. 

2,2. Nisin 

Nisin is one of a numkt of bactcriocins which u e  a diverse group of d 

mtibact«id peptides produced by LAB ud observed to poucrc mivity aga& Onm 

poBtivc rar;.U, other LAB. Nirin coiiiirtr of8 single 34 mino acid peptide (3354 
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Da) producd by k t -  bc(ls up k I t s  (Fi#. 2.3) (hl-B-ton et J., 1996, 

Hani8 et ri., 1992). Nd b d q p  to tk ~ m u p  dbieterioeinr rrâmd to u luitibiotics which 

contain the uniurl unino &ds, ddiydrorluiine, dehydrobutyhe, luithionine and B- 

methylluithionine. Niin d for c o d  purposes U ni& A,, but anotha mtud fonn 

ir known d c h  U d e d  nisin Z in which histidine aibstituttj for uprneint at position 27 

(Hania a J., 1992). It hm bscn o ô m d  th8t nisin my Bwm d i  or hi* otigomen, but 

it is  not known wha! ~ ~ ~ C U I C ~  thtrc have in rntimimbid d v i t y  (Hamis a ai., 1992, 

'îhe heit rtibüity ud sohrbiiicy ofnisin b dependent on pH (Delver-Broughton et ai., 

1996). Nuin can w & t d  p d o q d  kahg  ir 121 'C at pH 2, but leu stability is  ob8erved 

~p~inacrsaindiemgeofSto7. 'IbarohibilityofiUUiirmurllnil rt pH2.2(56 m@ml), 

udWU l o ~ t o 3 ~ m l a t p H S r n d  1 m@ditpHll .  



2.2.1. Tbe mechaoisai of ninia rctivity 

Nisin inhibitr the outgrowth of spores and is brctaicidd to the growing vegctrtive 

d s  of sensitive specier. Nisin rctivity against s p s  is basal on a mechanism diffmnt fiom 

its action agakt vqpritivc cdls. MonU et al. (1984) showed that Nsin action against spores 

is dependent upon i n t d o n  with ailfhydryl groups of membrane proteins of muly  

g e n n i ~ t d  SpOrCS. 

The mechanism of nisin activity against vegetative ulls has ban shown to involve 

alteration of the c d  membrane resulting in leakage of low molmilar weight cytoplasmic 

components and destruction of the proton motive force (Pm) (Bruno et ai., 1992). This 

action is dependent upon interaction with cell membrane phospholipids Abee et al. (1994) 

obscmd that treatment of L. nimqytogenes cells with nisin resulted in the loss of cellular 

K+ and depolarization of the cytoplamic membrane. Hydrolysis and efflux of cellular 

idenosine triphosphate phosphate (ATP) w u  dso observeci. 

Two modds for nisin rctivity have bmi postdatai. The bbdetergent-disruption" modd 

is one in which the nisin moleaile is postulated to diwupt the physical structure of the ce11 

manbnnc in r muuia simiiu to dm- .  An dtenutive theory is the "poration cornplex" 

modd which postulater the formation of an oli80meric pore in the ce11 membrane by the 

-on of nisin mnomn to yidd c y t o l , ~  1-e (Montyille at ai., 1995). The pore 

fomrrton niada t supportad by arpallnmt, by van Knaij et ai. (1998) which dernonstntcâ 

thrt the Cltaminus of the nisin m o l d e  transloc~fa rcross mode1 membrane vesiclcs. 

However, Breultink et al. (1998) o b m d  nisin Z hm an orientation p d l e l  with the 
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membrane nifice when inscrted into a mode1 phosphoüpid membrane, which is mon 

consistent with a daagent disruptivc action but may indicate that pore fonnation is transient 

and is dependent upon the proton motive force. 

Nùin hu ban o b m e d  to stimulate oxygen consumption by glucose-metaboliking. 

non-growing St. mms and E. coh cciis to wmpsate for dccreued proton motive force 

(Cuniro de Mdo et al., 1996). This nsult indicates that nisin is capable of interacting with 

the cytoplumic membrane of Gram negative organisms and that the outer-membrane does 

not protect cells from nisin by presenting a physical bamier to nisin. 

2.2.2. Nbin mistance in senritive brcterir 

Nisin resistance in nisin producing strains is known to be plasmid mediated, though 

the mdchanism is currcntly unknown. Some non-producer organisms have k e n  identifieci as 

producing enzymes that break d o m  nisin (Harris a al., 1992). 

Nisin mistance may a h  be due to chanses in ceIl structure in resistant strains. 

Analysir of the phospholipid contait of the ce11 membrane of r nisin mistant strain of L. 

mmqytogenes showd thaî though the types of phospholipids presmt w m  identicai in a 

non-resistant drain, the nisin resistant main possesscd significantly lower amounts of 

phoqhrtidylglycerol, diphosphatidylgiycerol and bis-phosphatidylglycgrl phosphate. Nisin 

icriMnt celh wac o b d  to and kir iün ud have a leu hydrophobie cc1 nutace (Min8 

ud Dauchd, 1995). Ihvb ud Adams (1994) dso ob~nrcd reâuced absorption of Nsin to 

the ceIl mcmbrw of estant rsninr of L I I ) Q I I D C Y I ~ ~ I I C S ,  Micatin8 8 nduction in the 



During an acwllrution of two nisin mistant mains of L imaw,  cvidencc w u  found 

for changes in ceil wdi synthesis, though the tar~et of nisin action is the ceIl membrane 

(Maisner-Patin and Richard, 1996). Resistant straim had c d  wnls that were o b s m d  by 

transmission clcaron mierompy to be thicker and rougher surfaced than the pimit  stnin. 

Aâditiody, rcsistant 3Lnin cd1 4 s  wae more hydrophobic and wen obsaved to be more 

resistant to phaees and the ceU wd-tugeting antibiotics, lysozyme, mutanolysin and 

vmcomycin It is possible that the obsavcd changes to cdl wall structure i n c r d  the ability 

of the ceIl wall to serve as a bamtr to nisin. 

Cornpuilion of i Nsin mistant mutant of C. h l i n u m  with the wild type strain found 

no evidarc for the production of r nisin degrading protein or changes to the protein content 

of the spore cort (Muzotta ud Montville, 1999). It was observed that the ce11 membrane of 

the nsistant strain contained leu (23%) unsaturated fatty acids, cornparcd to the wild type 

(50%). nie satwmâ hny a d  kvd in spons nOm both sains w u  similar (23%). However, 

the ratio of straight to branchai chiin satuntcd fatty acids in resistant spores w u  higher. 

M-otta and Montville (1999) mggesteci that nisin tesistance w u  a conScQuence of the 

mutant nnin poucssing r kss flexible ceil membnne that resisteû Uumion of nUin. 

De Mutinis et al. (1997) invcstigatad Che effkcts of pH (5.0,S.S and 6.0). NaCl (0.5, 

2.0 and 3.5% wlv) concentration d tempenhue (10,20 and 30 T) on the gencntion of 

nisin resistant rtninr of L mmqytqenes in ni t rkt  broth. At 20 to 30 Y: the nte of 



19 

production of rcsistmt arins was indepadaii of pH and srlt content. At 10 O C ,  lowering pH 

and NaCl concentration rrduccd the &cquency of nisin resistanee. 

2.2.3. The uu of nisin u an rntimicrobirl in food 

Nisin hu been usal u an antimicrobid in foods since the 1 W s  (for a rcvim #e 

Ddvcs-Bmughton a a!., 1996). Njsh is most effective a9 an antimicrobid against LAB and 

otha GNn podve orguiisms, notaôly spon fomers such as bacilli and clostridia spp. md 

the pathogen L. rnonaytogens. Research on nisin u an antimicrobid in foods has 

col~centcatd on applications @st these sensitive orgdsrns. Examples include addition of 

nisin to cheese uid otha d e  products to control clostridia, addition to low acid canncd 

vegetables to prevent the growth of bacilli and clostridia, and addition to meat as a 

rcplamnmt for nitrite to control C. bohrIimm. Since yeasts are resistant to nisin, it may be 

uscd to control the growth of LAB wntaminants in alcoholic fermentations. (Delves- 

Broughton et al., 19%). 

Jauon d al. (1994) danonstratad thaî addition of 3.75 pglg of pure nisin to crumpb 

batta d d  duce tuunben of B. cerevs by >3.0 log C N f g  in packed cnimpets. Zottola et 

ai. (1994) muuâchirsd Chcddir chme a nisiaproducing starter culhin and p i o c c d  

to contrds when inoailrtd with C. quuqernes, L ~,mayfogews and Sr. a r e w  ceUs. 

I n d d  bactah wcn duced over tirne when aord rt 23 O C  uid 37 O C  in both controls 

and nisin-conuhhg c h  r p t ~ s ,  but numkn r e c o v d  dropped signifimtly fwer in 

nisincontainin8 umpler. 
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The nisin susccptibility of raistant organirmr un be increwd by the application of 

other restrictive conditions. K a l c h r y ~ ~ ~ d  et J. (1992) dawwtratcd r p a t e r  brctericidd 

en9ct with 4000 IU(itemationai units)/mi of nisin at 55 OC t h  heat or nisin done against 

Y. e n t e d i t i ~ ~ ~ ,  Ps m r r s ,  and P P ~  pufida suspadd in O. 1% peptone. A combination 

of freezdthaw and nisin hid an i n c r d  bactericidd effect against A. h@ophilq S. 

~ m u n m u n u m ,  E c d ,  Y. etllerixolititiç Ps. fluorescem, and Ps. pt i& (Kalchayanand a d., 

1992). Addition of Nsin (2500 IU/ml) to media broth inoculatcd with S. enterit~diis reduced 

the time required for pasteurkation at 55 OC by 35%, but the same treatment had a minimal 

effeçt in egg white or whole egg, though it w u  observed that nisin did incrcase the numbw 

ofdamaged ceiis as detamincd by recovery of amples on seleetive and non-selective media 

(BoOarb a d., 1998). A combination of heat tmtnmt d nisin has also been demonstrated 

to have UicnrPed d f i v ~  agahst L mmqfqgenes hocdateci to canned lobster (Budu- 

Amoako a al., 1999). Thomas and W i m p e ~ y  (1996) obsewed that lowering temperature 

from 3 5 OC to 20 Y: and incrushg NaCI concentration (2.1 to 7 % wfv) i n c r d  the 

effcctiv- of Mwi against h m u s  growing on gradient plates Temperature within the 

range of 20 T to 35 O C  w u  observed to have no e E k t  on nisin activity against L. 

monocytqgenes but incrtliSUI8 NaCl incfeased Nsin inhibition. Nisin inhibition of both 

organimu w u  increued by deCrersin8 pH fiom 7.9 to 5 (Thomas and W i m p e ~ y ,  1996). 

Mük fat my protect L. mmaytloguis nom nisin. Jung et al. (1992) observed thit 

inmasal faî content d u c d  the eniacti- of nisin @ut L. rnonaytogevws Scott A and 

Jûi sw in mik ri 37 T. It wu Jlo d a n o ~ ~ e d  that nisin ICtivity could be increucd by the 

rddition ofbw non-ionic ddaeair, -80, ud thir cwld countam the p r o t a  e f f e  
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of fàt. Howcw, anio~c lecithin had no e f f i  on nisin activity (Jung a ai., 1992). Addition 

of 14 m@cg of irisin to ice aam mùc, with 3% fat, resuited in the reduction of inoculated L. 

r n ~ t q e ~ s  fkom rpproximrtely 3.25 log CFü/mi to leu than 0.5 log CN/ml ifta 14 

days storage at -18 T, the sune duction took 84 days storage with IV! ht (Dean and 

Zottola, 1996). 

Ni has kai droM to hyârophilic ud hydrophobie siiicon sufices in an attanpt 

to develop a d h c e  treatmuit system for tugeting microbid biofilm in food production 

ucu (Daachd et al., 1992). The nwnkia of raichsd L nrmo~ytogpnes cells remained static 

on nisin-treated suflaces, whercas bactmr â a l y  increascû on nisin Fra or hcat-inactivated, 

nisin-ttegted mrfàcu. StUNn8 with iodoniuot~razolium m d e d  that 95% of attached cclh 

wae viaMe in controls as o p p o d  to 25% viability on nisin- treated surfaces (Bowcr et al., 

1995). 

Mahadeo and Tatini (1994) uscd a solution of 100 Ulm1 of nisin against L 

rncmq&qtpms cdls in buffer suspension or against cells attachd to squares of turky &in. 

Câir in suspaxion wme reduced by >4 100 CFU/mi, while the yme tnrtment applied to cells 

attached to squares of turky skin produced only a 1 log CNIml rcûuction. 

N I  has been absemd to duce popiltions of L monocytogenes on cooked pork. 

Fang ud Lin (1994) s&udid the efféct of modified rtmosphere packaging (MAP) of cookcd 

pork Ctipped in iii3n (la' Iüld) on rhc p w t h  of L mamytogenes and Ps. fi@, and land 

that whk IiUUi W r kdaiQdJ e&cr on L mmcyt~ogms, and thit while MAP raricted 
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the growth of Ps. #agi there w u  no evidence for an interaction betwan the treatments 

@nst cithcr organisan. 

The effectivcncss of nisin treatment of mut hu ken shown to be incruKd by 

immobiig tht nisin in a 84. Cutter and Singusa (1997) showed that 0.1 m g h l  pure nisin 

incorporâted into a dam iûghtc gd was more & d v e  againd B. tknnoqhactu growhg 

on growd bsâthui unbwd nisin. Fang and Lin (1995) danonstnted grtater reduction of 

L. rnonocyiogems with r nisin tmtmcnt of cooked pork tenderloins when the nisin w u  

immobilized Ui a calcium Jginate gel. These studies dso dernonstntcd that the activity of 

nisin in the m a t  pcrsisted longer when immobüized in alginate gel. Nisin added to ground 

pork a! 300,150 and 3000 W/ml hc ban shown to have a ôactcricidal cffect on L. inmmro; 

howcvtr, in 1 u r e s  the population of s u ~ v i n g  cells started to increase at a rate sirnilar to 

controIs &a 2 days storagc at 4 OC, coincident with the end oflag ph- in wntrols (Murray 

and Richard, 1997). 

Rose et al. (1999) suggested that nisin inactivation may occur in h s h  mat by 

interaction of ni& with @utathione, catdyzcd by glutathionc-S-tnnsferue; 8 reaction that 

m l d  ocair when mUred in product prior to cooking. However, this reaction cannot be the 

wk CPW ofnisin inictivrtion in mat ,  as thc lctivity of nisin w u  reduced over tirne at 4 O C  

in m k d  pork (Fang and Lin 1995). 

2.2.4. Nisin intemction witb otôer iitimicrobid igentc 

arried out on b r a d  c d 8  in buffm hr shown that 8 combination of 
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Nsin and a chditor may k mon d b i v c  at Win8 Gnm negative bacteria than eithcr agent 

alone. 

Stevens et ai. (1991) showed a variety of &am negative bacteria hcluding 20 

Skakmtka spp., EjllQ&ter œrqgenes, SigdIri/remeri, Citrobacterfnurdii, and E. coli 

0157:H7 eqaia<paiawd tdductions of 3 to 7 log CN/ml when subjccted to 50 @nl nisin md 

20 mM EDTA when suspded in b u f k  at 37 O C  for 30 min to 1 h. A lata paper cxtended 

this woik by studying the effécts of dBerent chelators, temperature and nisin concentration 

(Stevens et al., 1992). EDTA and citric acid were the most effktive chelatorq comparai to 

cthyltne bis tetnrcetic acid (EGTA) and dibasic sodium phosphate. Rcduction of cells w u  

increased with incrcasing nisin and temperature fiom 4 to 42 OC. Sirnilar rewlts were 

obsaved by Cutter and Siragusa (199Sb). who dso demonstrated that the addition of Mg'* 

ud w+ had an inhibitoiy effed on the antimicrobial activity. Schved et al. (1994) observed 

a 4 log CFUIml redudon of& coli and a 3 log reduction of S. rvphimurium cells suspended 

in TN buffer at 30 OC with 3200 U/ml nisin and 20 m M  EDTA, no reduction w u  obsemd 

with e i k  agent done. Addition of big'' md Ca2+ w u  again obsemd to prevent ceIl dcath, 

supportin8 the theory thai chdator disruption of the outer membrane dlowed nisin acccss to 

the cytoplasmic manbnne. 

Applications of nirinlchelitor-twd uitirnicrobiai trutments towuds organimu 

attachai to the siimce of mat have rauhed in krc qcctaculir resultr against Gnm mgativc 

orgulsni, thui observed in M e r  sysimis. Treatment of bcâcubcs with 50 &mL of pure 

ni.n ud 50 mM EDTA reduced .#rc&d S. WimYni or E cdi  0157:Hî by 1- than 
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0.5 Log CFW/cm2 (aina d Sin lprq  199%). Whai bedms treated with solutions of 2% 

(whi) M c  r i d  or 2% (whr) polyhaic u5d done, or in combination with 200 LU/d of pure 

nisin, a bactcricidai e f f i  w u  obmed against the Enterobacterjaceae and Pseudomoms 

spp. Addition of nisin did not increase the cffsctivencss of the acid traitmentir. and none of 

the treatmmts rffccfed the numbers of LAB recovered (Ariyapitipun et ai., 1999). Sheffet 

et al. (1995) d a n o m a d  chat M o n  of nukcy d<Ui for 30 min in a solution of lûû pglml 

nisin, 5 mM EDTh 3 % (wh) abic acid and 0.5 % Twecn 20, renilted in a 4.9 log CFüIrnl 

mer duction of amchal S WrmLfjlllll cds cornparcd to 20 ppm chlorine. Application 

ofthe rune tnrmwnt to wholc turkcy drumsticks incrtrwed the shelf lifc by 1.5 to 3 days at 

4 OC (Sheffkt a ai., 1995). Trcatment of vacuum packed betf at 4 O C  with 5000 IUlml nisin 

or 20 m M  done or wmbined had no efféct on E. coli 0 1 S7:H7 inoculateâ at log 3 

CFUIcd ( Z h q  and Mustapha, 1999). L monoqtogenes on becf subjccted to the same 

trutment were rduced 2 log CFU/cm2 by Nsin and 1 log CFUlcm2 by nisin ind EDTA. 

Since the numbcrs of L momcytogews recovered from controls and trcated beef w u  

constant ovcr the stonge pcrioâ of 30 days, no conclusions can be drawn about the efficts 

on a population of cells capaôle o f  recovery (Zhans and Mustapha, 1999). 

Pdgat a al. (1998) investiped the possibüity incorporating nisin A t h  EDTA, or 

lysozyme with EDTA into edible nlm, muiuhctured fiom soy protein or wm min. It w u  

obsaved bat the inhibition zona ofU. p h p b i i c i y r i  gencratcd by the nIms were srnailer when 

the films wen h a - p r d  u opposecl to wld cast, indiahg that heiting reduced the 
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As an dtemativc to chchtors, Zapico et ai. (1998) examincd the use of nisin with 

L. momaytogeamr in UHT mik, but the system w u  not investigated for i n c d  acîiviîy 

a~ainst OMI negativc orguiisms. 

2.3. Combinitionr af lysozyme and nisin 

The only study publishaî to date on the use of both lysozyme and nisin in an 

antimîci.ob'i trament wu a study by Haben a al. (1996) on the effect of these agents and 

EDTA @ut E coli subjccted to high pressure treatments. The authors o b s e d  that 

application of increrring pressun in the range of 220 to 320 MPa nrulted in i n c r d  

lethality of E. col1 cells suspendecl in phosphate buffer. The addition of lysoryme, nisin and 

EDTA, alone, paircâ or dl t h  simultaneously, resulted in grcater reductions of E. coli 

under pressun. At 320 MPa of pressure, the treotmcnt was sufficient to cause a 4.06 log 

CFU/ml duaion of E. coli, whilc addition of the antîmicrobiai agents produced log 

reductions of, 5.46 (lysozyme), 5.71 (nisin), 6.05 (EDTA), 6.90 (lysozyme + Msin), 7.92 

(lysozyme + EDTA), 8.22 (nisin + EDT'A) and B8.22 (lysozyme + nisin +EDTA). Since high 

p m e s  dimpt the membrane of bacteriai cdls these results can be considercd to provide 

some support for the hypothesis that membrane disniption can enhance lysozyme and Nsin 

mivity a@uc Gnm negatiw kciau Ho-, hi& p r ~ r c s  have cornplex e f fm on the 

mu:tornok~~~Ica Uut comprise bacterial cells beyond mernbnm diwuption. 
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2*4* Summiiy 

A &m of the avnnt litahire on lysozyme and nisin indicates that a number of 

issues stüi have be resolved in the development of new prcservativc systems b w d  on these 

peptides. Tht mediiiiiim of nisin rdivity dl has to be M y  elucidated. 'ïhough nisin may k 

used as r pracwativc without compltte unâerstanding of its mechanism of action, more 

cornplat knowledge would perhaps permit rationai development of methods to extend its 

activity range. 

The rum argument can be made regarding lysozyme. The work of Ibrahim and CO- 

workers (ibrahh et al, 1996a, 1996b, 1997; Ibrahim 1998) on heat-denatured lysozyme 

indicrie that its Bntimjcr0b.i actjvity my not be wlely due to its entymatic activity. Further, 

identification of any cofacton involved in lysozyme activity in animal tissues and secretions 

may provide a basis for development of systems for use in food. 

A si~nificant body of worlr hu been produced dcmonstrating that combinations of 

lysozyme or nisin with otha uitimicrobids have increased activity againsi &am negative 

bacteria. Conclusions on the suitability of these systmii for use in food produas should be 

drrwn with caution, u the ~gcrt rnajority of these studies wen conduad a@nst c d s  

suspenâcd in kt&r systans ntha chui on p w i n g  ceils in nutrient rich envimnmcnts, as are 

found in foods. Simiiu aiticism my dm be made of the methods u d  to assay the 

antimicroôiai rciinty of mdified Iywqme, though the modification of lysozyme appan  to 

be a promishg fine of rererrch. 
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It should be notd thaigh that r number of studies have demonstntcd that addition 

of lysozyme or nidn to spccitic food systems may be succtssfirl in controlhg specifically 

tugeted sensitive orguiismc, aich u Listeria or CIos~~l'diurn species. 



3. Eviloitioi of ratimicrobid combination tmtmtatr uring 

mpoase sudace andyda of checkcc board uperimenb in nutrient bmtb. 

3.1. Abtract 

Eirpaniairr wae oonrhicted in mtrienî broth to determine an effective antirniaobiai 

treatmait for use in uared m u t  products u t i k g  lysozyme in combination with Nsin, 

chclrtors (EDTA ud tripolyphorphrtc) ud diicctyl. The teas w a e  conductcd against r 

variety of Gram positive rnd ncgative orguiiwnr that ut of con- for s a f i  or spoilage 

rermns in wd m a t  produas. nie reailts wae s~tisticaily adyzeci to deteîminc if 

intedons  a c c u d  betweetl lysozyme and otha agents and to determine if' lysozyme 

potentirteci the d o n  of uiy of the other mtimiaobiils. 

Potentiation of lysozyme activity w u  observed in two cases: lysozyme with Nsin 

against B m h t h i x  t h e m e t u  ud lysozyme with EDTA and diacetyl against 

S i c p l r y ~  aarvr The triûs did not Uidicrte potentiation of lysozyme rctivity in any of 

the othcr combinations tested. 

3.2. Introduction 

A body of wodc h u  ôœn poducsd ngltdtig the use of chelrtors or other m«nbranc 

disnipting agentr such u polytorbrte 80 ind bof-  with lysozyme (Hughey ud 

J o h m q  1987; EIlison ud Gidil, 1991; Payne a al., 1994; Park, 1997) or nisin (Stevm, a 

al., 1991, 1992; Cutter d Swu, 199Sab) to rchicvc ahmcaî mtimicrob'i lctivity 

agaha food b o m  b r c t d  prthogem or f d  ~~e brctda. nie use of r inanbnnc 
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disnipting mtimicrobid in combination witb lysotyme or nisin h u  bcm hypotheswd to k 

mort efftcfive than the rppüdon of thme agents dont h c e  they tuget dEaent cd 

structures (Stwcm et d., 1991). 

Lysozyme is a 14.6 kDa sinde peptide (Proctor and Cunninaam, 1988). which 

posscsscs aizymttc ictivity agabu& tbc B(i-4) giycosidic linkages between N-acetylmursmic 

acid and N-lcetylglucosamine found in peptidoglycan. Gram positive bacteria am more 

Knativc to tysotymc rctivity thn Onm negativt bacteria which are highly tesistant (Proctor 

and Cunningham, 1988). 

Nisin is a bacteriocin produced by the lactic acid bacteria (LAB), LUC~OCOCCUS lacfis 

(Delves-Broughton et ai., 1996). Nisin activity involveo alteration of the ce11 membrane of 

sensitive organims muhng in the ladcage of low moldar might cytoplumic componmts 

and destruction of the proton motive force (PM) (Bruno et al., 1992). 

The antimicrobiai &éct of chelaton, such as tripoiyphosphate and ethylencdiamine 

tcbaacdrrtc (EDTA), is L to toilization of the cd1 membrane of bactcria by compldng 

divdent cr t io~  which rct u sait bridges betwœn membrane macromolecules, such as 

üpopoly~huridcs  (for rcvicws sœ, Vama, 1992; Shelef and Seiter, 1993). 

Diacctyî wu dso irichided in these a<periments u it has bcai demonrtnted to be an 

effective mtimicrobii agahm r wide w e  of Gnm w t i v e  and GMI positive bacteria, 

rlthough LAB ue genmiiy mibuit (hy, 19824 1982b; Jay et d., 1983; Jay md Rivar, 
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1984). The resistana of LAB to dircstyl wu seen as potaitidly rdventitious. In vacuum 

packagecl a d  mat pfoduds LAB adad selflifè and then wrs rome conceni that the use 

of lysozyme ud Nsin could inhibit LAB but be incffcctive agaha Gram negative bacteria. 

The uitimiQObUI mechhm of di-1 ir unknown though Jay a ai. (1983) suggested that 

it may nsuh from inhibition of rrgininc metaboliun. 

In this study we conducted apciimcnts, in nutrient broth to evduate the potentid 

efktiveness of lysotyme, used done and in combination with other agents. as an 

antimicrobid for use in d m a t  products to enhance rhelf life and product safety. 

The oornbinations of agents duated in this study with lysozyme includcd: nisin, Nsin 

and EDTh iDsin ud tripolyphospke, niin Md di- EDTA and diacetyl. The organisms 

tested were, Brochhrrix tknnaphta ,  kkrichja coli 0 157:H7, LoctobaciIfus &in 

1Au:t&iIIus cuniotus, Leuc~l l~~luc  rnes~ntetoictes, Listeria munucytogenes, Pedioctxcus 

acidiluctici, Pedocuccw pentosaceus, &lmonelkr rvphimurium, Serratic1 grimesii, 

Stap@lucocrccvs aureus, Eittemcoccus ~QQCQI~S. and Weisrelkr viridcscens (Luctobcrcillus 

viriàkscens). The organiw chosen wae sclcted u representativc organisms of spoilage 

or saféty concm, which my k found composing the Oon of curd m a t  products. 

3.3. Mattrirlr and Metbods 

3.3.1, Culturu rad Incubation Conditions 

B. B2 fi0m h O. Gmï A 8 f i ~ ü b C  uid A@OOd C d 8  

(AAFC) Raclrdi S l i t i g  Lacombe, AB; BHI; rciobic. E d i  0157:W drain E3 18 w u  a 
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humrn clinicd isolate provided by Dr. R Johnson, Herihh Cuuda, Guelph , ON; BHI; 

aerobic. Lb. d e  W7, Lb. nawihrr #l5 ud Lc. wmwnîem'des Il 1, were iwlated âorn spoiled 

cured mats (Holiey et J., 19%); APT; macrobic. Listeria moltocyt~genes, University of 

Manitch, Dcputmaa of Food Science aihwe coUe&n; BHI; rerobic. P. ucidhctici 122P 

and P. pQnto91KIeus 116P, were isolatcd from comacial m a t  starter cultures; APT; 

arwxobic. S. iyphrmhm #98 was nom the M F C  collection, Guelph ON; BHI; anaerobic. 

Ser. @mesii SI2 wu isolated from cooked rout bed, M C  collection, Summeiland, BC; 

BW, d i c .  Sh ptref4ciem, w u  fiom the ATCC as #BO7 1; BHI, acrobic. St mreus # 

427 war from the AAFC collection, Ouelph ON; BHI; aerobic. En. faecaIis 1128 (ATCC 

#7080), w u  h m  the AAFC collection, Guelph, ON; Bm; anaerobic. W: viri&scens C 13 

(ATCC # 12706), wu Rom the AAFC collection, Guelph ON; APT; anaerobic. 

Cultures were tranafer~ed to 6nsh agu slmts at 4 "C monthly and stored as fiozen 

glycaol stocks. Culaurs wm streak-plated once a week and cultures for experiments were 

inoculated hto media from 8 single dony and incubatcd ovemight undcr the appropriate 

atmosphcric conditions. AU cultures were mUntwKd in cither APT or BHI media, except 

for Lb. sake #7 which w u  maintainecl on Ml7 agu but grown in APT. Incubations were 

conduad at rwm tempcntwe, (24 T). 

3*3.2* Mate- 

Lysozyme HCI (lot# A7333-F) uid nisin (25 glKg w/w Chrisin, lot# 17127 ) wwe 

provided by Cuudiui I n o a  AbbotsfOrd, BC. Morpholinoethane suIfonic acid, MES (2- 

4-morphoüno-cthne suifonic ad), EDTA (d iduna  ethyienediunine tctnicctrte) d 
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tripolypbosphate (sodium phosphate tripoly) wae obtrind fiom Fisher Scientific, Toronto, 

ON. Diacctyl(2 J-butadione) w u  ftom Aldrich Chcmicais, Oskvillt, ON. The APT broth 

(dl pirposc twsa bmth) w u  fiom BBL, Bedon-Dickinson, F rWm Lakes, NJ . The BHI 

bmth (brin hmrt Uinuion bmth) d Iguubted agu, wen firom DIFCO, Detroit, Michigan. 

The M17 broth wu fiom Oxoid, N e p q  ON. W& Jus (BBL, Becton-Dickinson) were 

d e  anaerobic uing the GasPak Plus Anaetobic System with paliadium catdyst. An 

anaerobic inaibator (National Appümce Co., Portland, Oregon) flushed 3 times with CO2 

w u  dso used for uuerobic incubations. Growth was monitored in 96 well polypropylene 

micro-titre plates (Coming-Costu, Coming Incorporateci, Acton, MA), using a Titretek 

Muitislcan MCU'340 Mk il type 347 sptrophotometa (Flow Labontories International SA, 

Switdand), at a wavelength of 450 m. 

3.3.3. Metbodr 

The protocd describecl here w u  aâapted fiom that of Maclean et al. (1997qb). 

The mcdii useû in thae arpaimait, werc, ATP bmth or BHI btoth, both were buffered with 

10gLL m o ~ h o ~  Sulphonic r i d  (MES) ( B d c  et al., 1995) and adjustcd to pH 6.0 

with O. 1 moVL HCl and NIOH. 

E r h  wel  of r s t d e  % micotitre plate, one for each orguiism and combination to 

be tcsted, wu 6Uad with 100 pL of APT broth or BHI . Lysozyme, nisin ud lysozyme-nisin 

mixes werc pnpMd f i d y  (1 m-), diuolved in prcviously staüued broth. EDTA, 

tripo1yphosphrte MCI dircctyl rolutio~w wcre dm prepard nesh =ch diy. Stock solutions 

of EDTA or tripolyphosphrtc wae prepued in distillai wata ud rddd to pmiously 
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wtodrwd kah mdir Mowing nhs jtailizrsi~n to .~hieve the d e s i d  nnil concentration. 

Diacetyl wrr weighed directly into sterilizd broth to achitve a concentration of 

approximately 1000-1200 mfi. The concentration of the agents p r ~ a r c d  w u  recordeci. 

Whtn necessvy, agents wae prepubd t o g e  in the same M e r  to facilitate testing of 

threc way interactions. 

The fint column of wells in each microtitre plate received 100 PL of broth media 

containing the fint agent to be tested. Mer d n g ,  100 pL w u  transfe~ed to the second 

column of wdls. The proeerr of swhî dilution wu repeattd until the last colurnn, # 12, which 

was lef? without the iirst agent. The first row, #A of weUs rcceivcd 100 pL of solution 

containing the second rpnt  to be ttsted, which w u  mixed and 100 CL transterred to the 

second row of wds. 'Ihe process w u  npeited until the last row, #H, which was left without 

the second agent. 

Each bactaium to be tcsted was inoculated, fiom a single colony, into 5 mL of APT 

or BHï broth in r test tube and incubated overnight. Incubation w u  at room temperature 

unda h i c  or uYaobic conditions, as appropnate. Serial 1/10 dilutions (50 pl in 5 mL) 

of ovemi* ailturr wae pqmmd in broth to 1 0 .  The i n d u m  w u  enumerated by plating 

the 10' dilution on to me& phter which were incubateci for two drys and then counted. 

Each w d  in the micro-titre plates w u  hoailatecl with 10 pL of IO4 dilution of the culture 

to be testeci. The w d  WH12 m e d  u r positive control uid the row IRI and column W12 

indicatal the minimum inhibitoiy concentration (MC) of erdi agent done. The inocdatecl 

micro-titre plate, were thai inaibated for 60 hwn at 24 'Cs under the appropriate 
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ahnosphcric conditions. At the end of incubation, the wells w m  scored visually as growth 

or no growth. The conwitntion of the in the Iast wclls in the row or column in which 

growth did not occur wcre recordcd for data analysis. 

For cach combination of agents that M orgmism was subjeeted to, the minhum 

concentration at which inhibition of growth occumd w u  recordeci. These inhibitory 

concentrotions wae usai to generate a response surface mode1 (HiII Pnd Hunter, 1966; Box 

et al., 1978) by trtlting the inhibitory concentrations as points dong a curve (2 agents) or 

surface (3 agmts) that describes the intedacc baween inhibitory and non-inhibitory 

concentrations of agents. The responsc aifiacc modd w u  developed using the JMP IN 

statistics program (Sd and Lehman, 1996). The responsc surface model wlu an effkct- 

screening modd in which lysozyme concentration U detemiined to be the response and the 

surf'acx is dcscribcd by the hnction: 

Wh=: y = lysozyme concentration (mg/L) 
a= y interccpt (mfi) 
x = agent x concentdon (mgL) 
z - agent z concentration (mg/L) 
b, c, d (Umg), e (Umg), f (ymg), = mode1 parameters for uch effkct 
A rrptcsmtative mode1 md contour plot ir prmcnted in Figure 3.1. 

the pdbû i ty  of the rienificulce of individuai agents (&bas) contribution to the respom. 

Prob>F is the uprobrb'iity of behg wrong if you declue rn to be non WU" (Sa ud 
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Letunan, 19%), This cui be intcrpreteû u the probdüity that the data e n t d  does not 

Udicate an interaction between Iyso~yme and the 0th- agent. The apparent presencc of an 

intadion betwssi iysozyme ud mtha a p t  was dctmnind using an alpha vaiue of O. 10. 

In other words, it w u  determinad that no interaction w u  present whcn there w u  a pater 

than 0.10 pmbubûity of behg mens ifthe d hypothds (no interaction) were njected. This 

fom of andysis does not indicate the type of interaction ocairring, it merely indicates the 

probabüity of M o n .  The characteriuition of the interaction as additive, antagonistic or 

synagistic rrmM with inveSIjgator. An mmple of a contour plot gencnted fiom a mode1 

is  s h o w  in Figure 3.1. 

Pigurr 3.1. C4iitair pbt of r nrponw aufrcc modd gmmted for the rctivity of lysozyme, 
NM and EDTA rgiinst B. ~ ~ t o  at 24 O C .  The moâd tllndion ir: 

y = r + b x + a + e + d + a t  
The moda puuneters ut: y = lysozyme mg&, x = nisin mfl, z = EDTA mg& a = 3.950 
nifi, b = -2.237, c = 0.00344, d = 0.2171 Umg, e = -0.0003 Uma f = 0.01 10 Umg 
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The aitry 'lost d.f" was nudc in Table 3 and 5 for two of the combinations tested: 

E. cdi 0 157:IIl mth lysozymdniJin(EDTA, ud L cu1~1tus with lysozymddiaceîyüEDTA, 

respectively. The data for these combinat ion^ did not possess enough variability to dlow 

c a l d o n  of r ProbF. It can be concludecl that no interaction occurred in these instuicea 

3.4. ~ u l t r  

The MICs q u k d  for inhibition of growth for the various agents done are reported 

in Table 3.1 u parts per million. W h m  no inhibition of growth w u  obsmed the highest 

wncaitntion of agent testad was rrported. Of the organisms tested, only B. themqhuctu 

B2 was inhibiteci by concentrations of lysozyme of 500 mg/L or iess. Nisin w u  ef'fbctive 

against JI of the Gram positive organisms testai at varying concentrations. Nisin wwu 

Uieffdve against ail of the Gram ncgative organisms at the concentrations tested. Of the two 

chelators testcd, no inhibition w u  obrerved with tripolyphosphrte at the concentrations 

tested, however, EDTA wrs inhibitory against most of the organisms tested. The only asent 

teaed that w u  efféctive against both E. coli and &JmorteJJa w u  diacetyl at 250 mgL. 

Semûk gn'mesii was resistuit to ali of the trutments in this senes of acperiments. The M C  

of iysozymc ad lymzymc:nisin:: l:3 mix wrr aiso detaniincd in the pnsence of sodium nitrite 

to d&e if the preraice of thU chanid enhanced or înhibited the activity of lysozyme. 

No c&d upon the MIC of iysazyme or 1ysozyme:nisin:: l:3 w u  obKmd with nitnte levds 

of 40.80, and 160 mgL. 

In Tabla 3.2 to 3.14 the rrsuhs of statistid analysis for the combination trcatments 

are nporttd. for erh orgmism indcpendently. The results ut rrported u: n, the numkr of 
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data points on which thc d WU basai, not the numôer of apaimentai replicrto, (where 

no inhi'b'in of growth wu obwMd thac whae m âata points and the entry «-" ir d e ) ;  

effect. the a ~ m t s  w h o ~  interaction is beiq tested; Prob>F, the probability of the nuU 

hypothesis be in~  tme, no i n t d o n .  Whcre interaction w u  obsmcd it w u  c h u a c t w d  

is positive or negative. A determination of positive interaction w u  made if increasing the 

concentration of the agent comistently rduced the concmtntion of lysozyme required to 

achim inhibition. A nepiive interaction was d e t d e d  where incrcuing the concentration 

of the agent consistmtly i n c r d  the concentration of lysozyme nquircd to achieve 

inhibition. Whcre interaction was not observed it can be concluded that inhibition occurred 

u a rtsult of the prescnce of a limithg concentration of only one of the agents present. 

Figure 3.2. Inhibitory concentratio~~ of lysozyme ud ni& comb'ition trutmcnts cgrinst 
Bmhthrix themvcqka. ?hc dotted lim dnmi betwetn minimum inhibitoy 
concaitntion duec for the two agents done, indicltes the arpeaeû d t  of ui additive 
interaction. A concave wt bdow thir üne inâiutes a pcrgistic intenction. A conva 
curve above the he indiutcr M antqonisâic interaction. 
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The nsults of the statisticrl d y s b  indicated an interaction only between lysozyme 

and nisin with B. tkmag>hUctu B2 ( T k  3.2). The interaction betwœn these two agents 

w u  rppuaiuy poaitM (F@ 3.2). The only other apparent intenetion objeryed w u  r thra 

way i n t d o n  bctwctn lysozyme, EDTA a d  diacety1 in the treatment of S. uureus (Table 

12). The 10- & i v e  inhiiitory wnantratio~~~ of al1 threc agents in combination w u  120 

mg& iysozyme 1 3  1 m a  diacety! 1 62.5 rngiL EDTA. S. meus  was mistant to lysozyme 

and diacetyl done or in combination. The MIC of EDTA agrinst S. -eus was 125 rngL 

3. S. Discussion 

Pmious studies have reportcd observation of antimicrobid action by lysozyme 

(Shively and HartseU, 19644 1964b; Hughey and Johnson, 1987; Ellison a d  Giehl. 1991; 

Payne et al., 1994; Park, 1997) or Risin (Stevens et al., 1991, 1992; Cutter and Siragusr, 

1995%) against Onm ncgative and Gram positive orgadsms in the presence of membrane 

disrupting agent S. 

The majonty of these reports are bascû upon obsmtions made with organisms 

suspended in r buGer nther than growing in nutricnt media (Shively and Harâsell, 1964a, 

l964b; Ellison anâ Giehl, 1991; Stevens a al., 1991, 1992; Cutter and Simgusa, 1995b). 

Where studie, have been conduad in d a  aprblc of supporthg growth, no d v i t y  

against Gnm negative orgnnirms hm kcn nported cxcept whac u n r d s t i d y  hi@ levels 

of agents tOr bai rppticatio~ have beai useci. Puk (1997) ciumcd lysozyme activity against 

E. col1 in nutrient btoth and vegetable juice, rt lmls of 1 to 4% w/v. Cutter ud Simgusa 

(1995W repated - rebniity of nisin with chchtors cgrins( E coli and SalmmlIb 
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in buffet, but reported no si@cant effkt upon the m e  oiganisms when tri& were 

conducted on bccf (199%). 

The c f b d m c s  of iysozyme ad nisin in pot- a n t i r n i d i  &ects when used 

in coyunction with didaion rppan to k only &dve under restrictive growth conditions. 

nie &mu of potdation cfftct~ under less restrictive conditions may indicate the ability 

of the o@sm to -vu  h m  damage inflicted by the uitimicrobiais or protection effects 

ocnimng in cornplex media. Since food produas am nutrimt rich cornplex environments, 

Mhution of antimictobids unda nutrient deficient conditions would appcar to be of limitai 

value. 

The results of these acperirnents do not indicate a potentiation of lysozyme in 

combination with the other agents tcsted, against the tested organkms. At this point it may 

well be valuable to rcasscss the strategy to be foUowed for the application of lysozyme 

combination treabmnts in cured meit products. The bactena-specific nature of the enzymstic 

activity of lysozyme mrkes it of continuhg interest in seew ncw antimicrobiil treatrnents. 

It has been sqgested that the protection âorn lysozyme trutment observed in 

cornplex media ir r relateû to charge e f f ' s  bom the presence of ions which interfen with 

the rbity of lysozyme to fom close u30c ia th  with the ccll wdl (Davies a ai., 1969). 

Mditiody, the prtscnce of numaous M y  ivaüable ions in cornplex media can dso be 

expccted to d u c c  the membrane dimption effcct of chelatorr. S u d  application of 

lyroyme to the tratmait of a d  mat producta my quire  the we of mme other method 
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to ciuure lysozyme is able to fonn close amciation with the dl w d  of w~et otguiisms. 

Pmious nrurch hm demonstratecl the mtimicrobid action of chemiully modified 

lysozyme against GMI negative or@m (Nakamura et al., 1996,1992, 1991; Ibrahim et 

al., 1992, 1991). In thes studies the action of lysozyme w u  tested against such organisms 

as E. coli, Mbrio puatahoento~ticais, Proteus nrftubifis, Klobsielka pneumoniae and 

Irrik.ua$rieIla k d ~  da ooyugation with gdactomannan or pslmitic acid. The aim of these 

conjugatiom w u  to incrase the lipid rolubility of the moleaile, to d o w  lysozyme to 

penctnte the outa membrane and act mzymatiully upon the cell waîll. Though this line of 

reswch has not ban investigatd in the context of application to cured m a t  products it 

could provide M Jternative approach to developing r aiccessfbl rntirnicrobid treatment 

basal upon the enzymatic activity of lysozyme. 



Table 3.1. Minimum inhîbitory concentration of singie agents testcd in mgh igainst organism 
incubatcd in broth cuitures rt 24 Y. 

0-i= LM NMm EDTA DiaceQI T ~ P ~ Y -  

Weisella virihcens XWO 7.8 1OOO >%XI ~4000 

1. Whae "y is u d ,  the number following represents the highest concentration tested. 
2. NT - not tested 



TI& 3.2. Reaiks of combination trcaûnents against Brarhothrix themapir#:k~ grown at 
24 .C in BHI broth, rerobidy. 
Corn binrtion a Efftct Prob>F Interactioa Qpe of 

a = 0.10 Interaction 
- - 

lyrozymdnisin 40 nisin 0.0589 Y= positive 

IywzymJtiih 65 nisin 0.0262 Ycs positive 
/EDTA EDTA 0.948 1 no 

nisineEDTA 0.7225 no 

lysotymdnisin 55 nisin 0.0276 Yes positive 
fdiacetyl d i a m  0.343 1 no 

nisin* diacety I 0.6398 no 

1 y sozymdnisin 51  n i S i  0.03 16 YeS 

ftripoiy PO, ~~POIY P o 4  0.338 1 no 
niwi8tripoly PO, 0.3005 no 

positive 

1ysozymdEDTA 24 diacetyl O. 1206 no 
/diacety l EDTA 0.2327 no 

diaetyleEDTA O. 5 820 no 



Table 3.3. Rcsults of combiition m e n u  @nst Éschen'cia col1 0157:H7 grown u 
24 T in BHI broth, r a o b i d y .  
Combination a Effet ProbF Intenction 

Cr - 0.10 

1 y sozymdnisin 
/tripoly PO, 

37 nisin 
EDTA 
nisineEDTA 

58 nisin 
diacetyl 
nioinediacetyi 

- nisin 
tnpoly PO, 
Nsin%poly PO, 

23 diacetyl 
EDTA 
diacetvleEDTA 

No rCtivity 

lost d.f. no 



T a k  3.4. Results of combination trutrrmts &rut LuctobgctllEiu d i  grown at 24 Y: in 
APT broth, d i c r l l y .  

Interaction a Effut PmbF Interrction 
a = 0.10 a- 0.10 

l y wzymelnisin 53 nisin 0.7952 no 
EDTA EDTA 0.7270 no 

nisineEDTA 0.8468 no 

lysozyme/nisin 54 nisin 0.6374 no 
ltnpoly Po4 tripoly PO, 0.5276 no 

nirinetripoly PO, 0.92 15 no 

lysozymdEDTA 12 diacctyl 0.7228 no 
Idiacety1 EDTA 0.8829 no 

diacetylaEDTA 0.7899 no 



Tabk 3.5, Re& of combuutHm O O 

ttertmcnts @nst ktobocilhu amliu grown at 24 .C 
in APT broth, uuerobicrlly. 
Combination a Effet ProNF Intenctioii 

a= 0.10 

1ysozymelNsin 58 nisin 0.642 1 no 
EDTA EDTA 0.6 173 no 

nisineEDTA 0.9784 no 

lyso~K/Nsin 30 nisin 0.5539 no 
/tnpoly PO, ~ ~ P O I Y  Po, 0.63 19 no 

nisin8tripoiy PO, 0.94 17 no 

1ywsymdEDTA 20 diacetyl lost d.f, no 
fdiaceîyl EDTA 

diacetyleEDTA 



T a k  3.6. RtJults of combination trertrncnts a@nst Leuconmtos: mesenferoi&s grown at 
24 O C  in APT broth, uutroôidy. 

Corn biartion n E f h t  ProbF Intenctioa 
a - 0.10 

!ys~tymd~SiJl 32 
ftripoly PO, 

nisin 
EDTA 
nisin'EDTA 

di-1 
EDTA 
diacctvl'EDTA 



Tabk 3.7. Rejults of combination trutments against Listecria monucytqgenes grown at 
24 T in BHI broth, rerobidy. 

Combination a Effet Prob>F Interaction 
a = 0.10 

Iy~zymdnirUi 40 nisin O, 1 120 no 
IEDTA EDTA 0.8509 no 

nisineEDTA 0.3 199 no 

l y sozymdnisin 43 nisin 0.3853 no 
/tripoly PO, ~ ~ ~ P o I Y  Po, 0.1372 no 

Nsin%poly PO, O. 1 126 no 

lysozyme/EDTA 16 dircetyl 0.9793 no 
/diacetyî EDTA 0.99 12 no 

diaccty lSEDTA 0.9204 no 



Tabk 3 A  Rcailts of combination treatments mgaimit PC~OCOCCUS ucidiktici grown at 
24 .C in APT btoth, uutrobidy. 

Combination n EfTmt PmbF Interrctioo 
a = 0.10 

lysozyme/nisin 64 
EDTA 

lysozymdnisin 40 
Itripoly PO, 

nisin 
EDTA 
nisineEDTA 

Nsh 
tnpoly PO, 
nisinStripoly PO, 

dilcetyl 
EDTA 



Table 3.9. R d t s  of combllution tttrtnientr agairwt Peeüucuc~~spent~eus grown at 
24 .C in APT bioth, u u a o b i d y .  

Corn binrtioa n E&ct PmbF Intemction 
u - 0.10 

lyrozymelnisin 55 nisin 0.6355 no 
IEDTA EDTA 0.3278 no 

nisinmEDTA 0.68 1 1 no 

iysoqmdEDTA 12 diaeayl 0.4266 no 
ldiaceîy l EDTA 0.4036 no 

diacetyleEDTA 0.4 168 no 



Table 3.10. Results of combmuution treatmcnts agahst & z h d l a  Icy-iimri~m grown at 
24 'C in BHI broth, rnierobicilly. 

Combinatioa a E f k t  PmbF Interaction 
a - 0.10 

lywzyme/nish - nisin No d t y  
EDTA EDTA 

nisineEDT A 

1ysozymJEDTA I 5 diacetyl O. 7944 no 
/diacctyi EDTA 0.6086 no 

diacetyl*EDTA 0.6 157 no 



Table 3.11. Resu1ts of combination trcatments agrinst Scwatia grimesii grown at 24 "C in 
BHI broth, uicicrobidy. 

Combinatioa n Effet PmbF 

lysotyme/nisin - nisin No acthity 
EDTA EDTA 

nisin8EDTA 

lysozyme/nisin - nisin No activity 
Idiacetyl diaceîyl 

nisinsdiacctyl 

No activity 

No activity IysozymdEDTA - di-1 
/diacetyl EDTA 

diacctylmEDTA 



Table 3.12. h u l t s  of combination tre8tments @nst S ~ I O ~ C O C C U S  aunus grown at 
24 .C in BHi broth, iaobidy.  

Corn binrtion a EITcct Prob>F Interaction 5 p e  of 
a = 0.10 Interaction 

Iysozymdnisin 58 n ih 0.4889 no 
/EDTA EDTA 0.53 12 no 

nisin*EDTA O. 5226 no 

1ysozymdNsin 42 niJin O. 5934 no 
ltripoly PO, tripoly PO, 0.5232 no 

nisinetripoly PO, O. 5365 no 

1ysozyrndEDTA 29 diacctyl O. 5272 no 
Id ia~ay l  EDTA 0.7259 no 

di.cetyl*EDTA 0.0621 Yes positive 



Tabk 3.13. ReJulLI of combinition tmîmcnts against Entemcuccus faemlis grown at 24 "C 
in APT broth, uiicrobicilly. 

Combination a E f k t  ProbF Interaction 
a - 0.10 

lywxymdniin 40 nish O. 8662 no 
EDTA EDTA 0.6980 no 

nisineEDTA 0.8153 no 

IysozymdEDTA 34 diace@ O. 2654 no 
ldiacety 1 EDTA 0.2205 no 

diacetyleEDTA 0.4529 no 



Tabie 114 Rcuhr of combiition mtments against Wei.swJla virirlescens grown at 24 'C 
in APT broth, ~laobical1y. 
Corn binatioa n Effet ProbsF In teraction 

a = 0,10 

IywzymJniSin 12 niin 0.97 18 no 

lysozymclnisin 18 nisin 0.9242 no 
EDTA EDTA O. 5060 no 

nisin'EDTA 0.543 5 no 

lysozymdnislli 19 nisin 0.5743 no 
/tnpoly PO4 tripoiy PO, 0.8736 no 

nish%@~ly PO4 O. 4999 no 

LytozymdEDTA 9 diacctyl 0.7102 no 
/diacctyl EDTA 0.6968 no 

diacety laEDT A O. 7045 no 



4. I i tmct ive  inhibition of mmt rpoihge and prthogenic bacteda by lyroyme, 

nbia and EDTA in the pmence of aitrite and rodium chloride at 24 O C .  

4.1. Abrtrrct 

A two levd, five frctor, fidl fâctorid exp«Uncntai design was used to scrcm for 

h t d o n s  bctwmi the mtimidids, lysozyme (0,450 mgh), nisin (0,450 mg/L), EDTA 

(0,900 men), NaCi (0,0.27 g/L) Md NaNO, (0, 180 mg&), by F test (a = 0.01). Fourteen 

organisrng of conceni in the rpoilage or d k t y  of curd m a t  products werc grown in broth 

madir. nie rb~orimce at 450 nm relative to inoculatecl controls wu detennined aAer 72 h. 

Agents done reducin~ growth wete: lysozyme against Brochothrix thennosphacta. 

Pecii'oic0s:cus aci&Jacticci, Enlerocaccus faecalis and WeisselIa viridescens; ni sin against al1 

Gram positive o@m testal, including LactobaciIIus d i  and Pediucaims pentosaceus; 

EDTA agabut di orguiisrns tcsted; NaCl or nitrite against Ekherichirr coli 0157:H7, 

SiaIrnonelkà ~himurium, Senatiu grimesii, and Siiewcmel& pubefactem, nitrite against 

Lactobacihs m ~ t u s ,  L c u c ~ o s :  rnesenteroidks, Listeriu mortocytogenes and 

StaphyIaiccus aumrr 

Interlctiom w m  o b d  betwcen: lysozyme d EDTA (En faecallis and W: 

vin'&scem); niain uid EDTA (dl Gnm positive orguiisms); EDTA and NaCl (E. cdi, S. 

rvpriimuriuw, Scr. p'nwsii); EDTA and nitrite (E coii, Lb. cuniiattcs, Lc. mesenteroides, 

L. S Wrrrmjtllll); nM d nitrite (Lc. rnesenteroitks, L m ~ t o g e n e s ) ;  

NaCI and nitrite (S ryplrimwr*um, fi pumfeiens). AlI the intdons observed rcâuccd 



4.2. Iiitroductioi 

Lysoqm is an aizyme whkh poswssa adMy agahm the 8(14) glycosidic linkiigea 

ktweai N-acetylmunmic rQd ud N-rcstyl@ucorunine of the bacterid cd wrll, raltiw 

in cd! lysc (Procm tnd 1988). Lysozyme is a 14.6 kDa single peptide protein 

which ir produccd by mrny uwnlr, including mui (Proctor and Cwuiinghasn, 1988). 

Applicrtiom of lysozyme in foods ut currmtly limitai by the high resistance of Gnm 

qptk arguiUM, whaw cdl mO ir protected Eom interaction with lysozyme by the outer 

membrane of the uli. 

Nuin U r baidaioein producd by the Iriic rid brctaium (LAB) L~C~OCOCCUS k t i s .  

NUin ir mod &&ive u an mtimicrobid q a h t  LAB and other Grun positive orgdsms, 

notrbly clorvi& 9pp. (Delv~Broughton et d., 1996). Nisiri intencts with the ce11 

mankuw of d t i v e  orpisms, r d h g  in laicage of low m o l a i l u  weight cytoplasmic 

compwnt, and tk hc ofthe ofthe piOroci fkce @MF) (Bruno et al., 1992). Two 

rnodelr for nisin activity h v e  been portulrted. The "detergent-diwption" modd in which 

the niain molecult ir posûhted to d h p t  the phydcrl structure of the cdl membrane in r 

muna iniilu to r dctagait. An rhanrtive theory in the "porrtion cornplex" mode1 which 

poshilita tk tomytion of- in thc cdl memônne by the aggregation of  nisin mmmcn 

(Montville rt al., 1995). 

Due to the m s b m  of Gram nsgioiva otgmisms tomrd lysozyme and N I  we dm 
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invcstigated the use of dircciyl as an mtimicrobid. Dircetyl hu been demonstrated to be an 

effktivc uitimicrobid wainst a wide nn~e  of Gnm negative and Gram positive bacteria, 

though LAB u e  gcncrrlly resibant (Jay, 1982a,b: Jay et al., 1983; Jay and Rivers, 1984). 

Kang md Fung (1999) have dmonstnted thas addition of 300 m f l g  of diacetyl to duni  

fermentation rcduccd E cola uid S. iphimurium numkn by 1 Log C N f g  over a 24 h. 

incubation, without reducin~ acid production by P. midiIÙctici. The resistance of LA8 to 

discctyl wu seen as potentialiy odvaititious. In vacuum packagecl cured mut products, LAB 

actend shelf life and there wrr some conum that the use of an antimicrobial system which 

was effective rgainst LAB, but inefftctive against Gram ncgative orgdsms could rcsult in 

the latter king in a position to colonize products without cornpetition from the normally 

dominant LAB. The mcchanisrn of diacetyl antimicrobial action is unknown though Jay et 

al. (1983) suggested that it may result fiom inhibition of argininc metabolism. 

A body of work has b a n  produced regarding the use of chelators, with lysozyme 

(Hughey and Johnson, 1987; Eiiison and Giehl, 199 1; Payne et al., 1994) or nisin (Stevms 

et al., 1991, 1992; Cutter ad 199Sa,b). The antimicrobial activity of chelators, such 

as tripolyphosphatc and ethylenediamine tctraacetate (EDTA), is by limiting the availabüity 

of dons ud complcxing the divrknt cations which ut u u t  bridges betwecn membrane 

macromoleailer. such as lipopolys~ccharides (for revims sec, Proctor and Cunningham, 

1988; Delva-Broughton a ai., 1996; SheIef and Seita, 1993). 

In this aady we cunQacd CVlihllfiOm of the rtinty of iysotyme in combination with 

n& dketyî d the dishar EDTh hviq hypotherind thit the diaait taget lctivitier 
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of the thne agaits miy rerult in in i n c r d  bacteriostatic or bactcricidd activity due to 

antirniaob'i intardons. The uqmhcnts were conduaed in nutrient bmth to cvduate the 

potentid effectiveness of lysozyme, useû done and in combination with other agents, u an 

antimicrobid for use in curcd meat products to enhance shelflite and produa szifety. 

nie minimum inhibitory concentration (MIC) of the individual antimicrobid agents 

wae detuminai. On the basis of the MIC vaiues two agents, nisin and EDTA were selectcd 

for investigation to determine ifany interactions with lysozyme or each other occurred that 

might result in an i n c r d  inhibition of microbial growth. Since the intention of these 

experiments w u  to develop an antimicrobid tmtment for use in cured meat products, 

screming tests for interactions with nitrite and NaCl were dx, conducted. 

The inclusion of nitrite and NaCl in tests for possible interactions was alw conducted 

u it hm been reported that high ionic concentrations have a negative effkct on the activity of 

lysozyme (Davier a ai., 1969). Mditionally, the presence of numerous fieeiy available ions 

in complu msdii un &O be acpcasd to duce the membrane disruption e f k t  of chelators. 

Wi t t  ud NaCl are tw0 comrnon ingrdents of a i r d  mat produas which are widely held 

to contribute to the restriction of the growth of rome bacteriai specics and these Jso KNZ 

u an additional sowce of ions in proctsscd mats. Thur it w u  important to dctennine 

whaher thc lctivity of lysozyme, nisin and EDTA was chuiged in their pnsence. 

To r c m n  for interactions bnmcn the five agents a two levcl, &il fictorid, 

a<paimaitrl desip wu d. Tbe conccntrilionr of the r%cnts used wcn; lysozyme (0,450 
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men.), nisin (O. 450 mg/L), EDTA (O, 900 w), d i u m  chioride (0,0.27 fi), and d i u m  

nitrite (0, 180 m&). The levelr of lysotyme, nisin and EDTA wwe choren on the buis of 

effective M C  concentrations. The concentratiow of NaCl and nitrite were selected w 

reprcmtin8 an average range of concentrations found in c d  m a t  products (rZ0 mg/L 

nitrite is permitteci in curai mats, a<cept bawn, in Canada). 

The organisma tested were: Bruchothix p.) thennoqphactu, Escherichla &) coli 

01 57:H7, Lacfobacillus (Lb.) d e ,  Lue!o&cillw (Lb.) c u ~ t u s ,  Leuconost~~ (Lc.) 

mesentem'des, Ust~ria (L) rm~taylqgene4 Pedioroccus (P.) acidilactici, Peditxtxc11rs p.) 

pentosocew, S a l m o ~ l a  (S.) lyphmutium, Serrafia (Sor.) grimestj, St 'hy l~~occus  (Si.) 

aureus, Shewonelh (Sh.) putrefbcfens, Ehtertxoceus (Eh.) foecalis, and Weissella W.) 

viri&scens. Ilme o@m wae seiscted as orguiisms representative of spoilage or dety 

concet-n, which may be found comprishg the fiora of cured meat products. The tests were 

conducted in BHI or APT media, u appropriate, buffercd to pH 6.0 with morphoiinoethane 

ailphonic rcid (MES) (Bunic et ai., 1995) to mimic the pH conditions found in curai mat 

products. 

4.3. Materiais rad Methoda 

4.3*1. Cultum UHd, Source rad Incubation Conditionr 

B. thenmphxfu B2 wis âom Dr G. Grca Agriculture and Agifood Canada 

(AAFC) Roarcb Statioq Lacombe, AB; BHI; ~ttobic. E c d  0 1  57:H7 suain E3 18 w u  r 

humm clinid imke pmvided by Dr. R Johnson, Wdth Cuudi, Gudph , ON; BHI; 

umbic. Lb. sph #7, Lb. amam #lS ud k mesemkmkbs #Il, wttt  irolucd fiom rpoiled 
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curd mertr (Hdly et al., 19%); APT; uuuobic. Aidertu monaytogenes, Univeraty of 

Dcpcutmaii of Food Science culture coucdion; BHI; ierobic. P. ucidiklctici 122P 

and P. pentos4ceu.s 1 16P, wae isolatad from commercial mat  stlrtcr cultures; APT; 

uuaobic. S. r)phrnwnin, ü98 waa fiom the AAFC collection, Gudph ON; BHI; werobic. 

Srr. grtmesii SI2 wu isolatcd from cooked roast beef. AAFC colltction, Summerland, BC; 

Bm, ~ ~ e r o b i c .  Sh putruf4cieas, w u  h m  the ATCC as #8071; %HI, aerobic. Sf. mmrreus # 

427 was fiom the AAFC coUcction, Guelph ON; BHI; aerobic. En. faecaIis $28 (ATCC 

#7080), w u  fkom the AAFC collection, Guelph, ON; BHI; anaerobic. iY. viridescens # 13 

(ATCC 1 12706). w u  from the AAFC collection, Guelph ON; APT; anaerobic. 

Culaim wcre ndntaiiiad monthiy on agar siants a 4 Y: d as frozen giycerol stocks. 

Cuhures were muk-plated once r week and cultures for experirnents were inoculated into 

media Born a single colony and Umibated ovemight under the appropriate atmospheric 

conditions. AU dtures wcrt maintainai in either APT or BHI media, except for Lb. sak 

#7 which w u  maintaincd on Ml7 rgu but grown in APT. Incubations were conducted at 

room temperatun, (24 OC).  

4.3.2. Materiab 

Lysozyme HCI (lot# A7333-F) urd nisin (2.5 g/Kg w/w Chisin, lot# 17127 ) wac 

providai by cliudw inowîech, Abbotrford, BC. Morpholinoethant sulfonic acid, MES (2- 

4-morpboünwthne ailfonic acid), EDTA (didiwn cthylncdiunine tetnrcctate) and 

tri- (dm phosphate uipoly) w m  obtiined firom Fisher Scientific, Toronto, 

ON. DUccryl(2,3-but.dionc) wu h m  Aldrich Chemiah, Ohi lk ,  ON. nie APT brotb 
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(dl pupox tweai broth) wu from BBL, BedorrDkkhaon, Fnnklin Mes, NJ . BHI broth 

('min hart ididon koui) and grmulated apr, w m  nom D?FCO, Detroit, Michi8an. The 

Ml7 broth ms h m  Oxoid, Nep- ON. GuP& Jus (BBL, Becton-Dickinson) were d e  

uurobic ushg the Ga@& Plus Aniaobic S y t t a  with paiiadium catdyst. An uuaobic 

inCubator (Natonal Appiiancc Co., Portlud, m o n )  flushal 3 timcs with COa was also useâ 

for uvaobic M o n s .  Growth was mnitored in % wdl polypropylene micro-titre plates 

(Coming-Costrr, Coming hcofporated, Acton, MA), using a Titretek Multiskan MCCI340 

Mk II type 347 spectrophotometer (Flow Laboratones International SA, Switzaland), at a 

wavelength of 450 m. 

4.3.3, Determination of MIC 

The protocoI described here w u  adrpted fiom that of Maclean et ai. (19974b). The 

media d in these a<paimaar mn utha ATP or BHI broths, d both were prepared with 

1 O g/L MES buffer, adjusted to pH 6.0 with O. 1 moVL HCl or NaOH. 

Eich well of a sterile % micro-titre plate w u  filled with 100 PL of APT or BHI 

broth. Aii mcdir CO- the qm to k tcsted mn prrpued &esMy each dry. Lysozyme, 

Nsin and d i w t y l  were preprnd as 1 mglmL solutions, diuolved in pmiously s t e r b d  

media broth. Standard stock solutions of EDTA and tripolyphosphate wae prepued in 

deionized -ter uid filter sterüized when ddeâ to previourly urtodaved broth media, to 

rchieve the d a i d  final concentration. 

The nnt coiumn of w d c  in e u h  micro-titre plate received 100 pL of broth meâii 
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containhg thc agent to be testsd. Atta mk@, 100 pL w u  transfic~td to the second column 

ofwdls. The proceu of said dilution w u  repcated until the lut column, #l2, was rcachcâ 

and it WU lett wîthout the cgent. 

Each brderim tutad wu Piooilrtcd fiom a nngk wiony into 5 mL of APT or BHI 

broth in a test tube and incubated overnight. Incubation was at room tempenturc under 

aerobic or iiuerobic conditions, u appropriate. SMd 111ûû dilutions (50 pL in 5 mL) of 

ovamight eulain wae don in mcdir broth to 101. 'Ihe hlum was enurneratcd by surface 

p- the l@ dilution on to solidifid qu plates which were incubated for two d. at 24 O C  

and then counted. Each wcll in the micro-titre plates, except four in co1um.n Y12, wu 

ina~latcd with 10 pL of a IO4 dilution of the culture to bc tcsted. Four wells (inocuiated, 

no agent), in dm 112, semd u r positive control for growth and four (uninoculated, no 

agent) as a negative control for growth. 

The inoculatcd micro-titre plates were then incubated for 60 h. at 24 OC (room 

tanpcratun), unda the appropriate rtmospheric conditions. The wells were scorcd visudly 

a~ gmwth or no growth. The conoartrition in the lowest secial dilution of the agent at which 

~rowth did not occur wis rccordcd as the minimrl inhibitory concentration (MIC). 

Expaimmtr wac repeatd four thes .  

13.L Iatenctioi Screeniig 

The mcdir dm u d  in thm atperimcnts w u  ATP or BHï broths and both were 

p t c p u d  with 10 MES buffa. djusîcd to pH 6.0 with O. 1 moVL HCl or NaOH. 
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The ercpWents were eonducted in % wcll polypropylene micro-titre plates, with 

f w  plates being u d  for ach orphm. In cduniiur 1-10 of cach plate, appropriate volumes 

of the six inhib'ir test agent solutions rnd growth media w e n  added to cach well to produce 

d l  32 combinations of the five agents at minimal or murimal concentration, with a finil 

volume of 100 CL. With r 10 pL inoailum the final concentrations of the 5 agents wcre: 

iysozyme, 01450 mgL; nisin, 0/450 mgL;  EDTA, 0/900 mg& NPNO, W80; NaCl 

OIO.27fi. Column 1 1 containcd 100 pi, malia without added test agents and w u  inoculated 

as a positive contrd. Column 12 containcd 110 pL of media and was not inoculated so u to 

sme as a negative control. 

Each süain to k testcd wu inoaûated h m  a single oolony into 5 mL of APT or BHX 

broth in a test tube and incubated oveniight. Incubation was at 24 O C  under aerobic or 

anaerobic conditions, u appropriate. Serial 1/10 dilutions (50 pL in 5 mL) of ovemight 

culture wae niide in mdir broth to 10". The k u l u m  w u  enumerated by plating the 10' 

dilution on to a p  media phtu wtY& wae incubated for 3 d. and then counted. Each well 

in the micro-titre plates w u  inoculated with 10 pL of a 104 dilution of the culture to be 

test4 except for the mllr of column 12. The inoculated plates were then hcubated for 3 d. 

at 24 OC. 

Ma hahtbn  hd ben compkted, the rbsorbancc rt 450 nm w u  meuurd using 

a Tirntd< hvluhiacwwr. By the daduction of the avmge of the negative wntrol wells on uch 

plate (1 10 pL of uhmhtd india) the net rbrorôance of the wells for erch trament w u  

dewmimâ. Thac vrluer wwe d to nlnilar the rvaage relative ùmrbu~ce of treatment 
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wch compared to the potive controis (1 10 pL of inoculated meûia). The vaiues for relative 

absorbuw were thm entercd into the statistical modd for analysis. Values for relative 

absorbuiee were dculatd  fiom 10 nplicates. 

4.3.5. Str t ist id  Andyiu 

These experiments were analyzed using a two level test to Ecreen for pair4 

interactions ammg 6ve antimiaoôii agents (lysozyme, nisin, EDTq NaCl and niuite). The 

cxp&mt mr daignd with 32 trutments (or combinations of the agentr) u this was the 

mPPmun iumkr thai wouid aüow tcs01ution of two way interactions between a~ents without 

confounding effects b e e n  asents. The pattern of trcatments is show in Table 4.1. 

The values for relative absorbante were dctemined for cach treatrncnt and enterd 

hto the apaimaarl dcsign u the rcsponse. The JMP prognm (SAS Institute) w u  uscd to 

evduate the probability that individuai agents significantly riffecttd the response (relative 

rbsorbuict) by oonducthg an F test, the nwltr of which are descnbtd by the value ProbF. 

ProbF is the "probrbiüty of being w o n g  if you declare an effect to be non nuU" (Sd and 

Leiunan, 19%). niis cm be interprctd as the probability that an agent or combination of 

agents doer not &d the relative absorbante of the inoculatcd media der  incubation. It is 

d üut the rative ibso~tion of inoculated media is related to the growth of the test 

organiun. 

The ippuait &kt of an apnt  or itr intmaion with r second agent on the relative 

abdmcc mr determineci ushg M alpha nhie of 0.01. In o h  words, it wu determincd 

thiirhcigaoimracrianhdm~onthcnLoivecbraburcswhnthnmsagrert~t 
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than 0.01 probrbüity of bcing won8 if the nuIl hypothds (no effkct) were rejected. The 

efièct on p w t h  wu & m c t a i d  u ne@k ( d a  absorption or growth) or positive 

( d g  absorption or growth) by the direction of the dope of the rcsponre prdicted by 

the statistidy genaitd modd. A confidence kvd of W.01 w u  chosen. as the uie of a 

high murimal level (ie. test concentration) and zero minimai levd should result in a hi@@ 

signifiant e f k t  upon the mponse. 

4,4, Ruulta 

The MICs detemiined for inhibition of growth by lysozyme, nisin, EDTA, 

tripolyphosphate and diawtyl arc reported in Table 3.1 u mg/L. Where no inhibition of 

growth w u  obsemâ, the highcst concentration of agent tested w u  reported. Of the 

orgMisnr testaî, only B. the-& w u  inhibited by conccntntions of lysozyme of 500 

m#L or les. N i  was &idetive qainst dl of the Gnm positive organisrns tested, at var id  

concenuitions. Nisin w u  ineffective rgrinst JI of the Gram negative organisms at the 

concentrations testcd. EDTA w u  inhibitory against al1 of the organisms tested except S. 

e m u r i m  and Sor. grimesii. Diratyl was inhibitory towuds S. @phimwium and E. coli 

0 157:Hf at 2250 mfi. Tnpdyphosphate w u  ineEiive u an antimicrobid agent at the 

concentrations tested. 

Intaaction amenhg a<pamicnts were not wnductcd umng tripolyphosphate duc to 

its poor uitimiuoôid lctivity. DUcctyi wu rejccted for furtha investigation u rt t k  

concentntions n q W d  for inhibition causeci scnsory chan~es muttery dot)  that d e  it 

unniitrble for ippl idon to mut proûucts. 
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The results of the two level, five frctor snidy ue pre~ntd in Tables 4.2 to 4.4. 

Lysozyme done wu obscrved to be cfféaive rgainst B. tAennosphaclo, P. acidiIucticiD En. 

foeC(lfjs ud W: v i r i k m .  The resultr dw, showed growth Vihibitory efkcts by both NaCl 

md nitrite on E coli O 1 S7:H7, S. iM>himtium,, Scr. grimedi, and Sh. puha/oienr. The 

following orpims wae d t  to the prCS«ICt of nitrite, thwgh not NaCl: Lb. curyyltus, 

Lc. rnesenteroi&s, L. morwcytcgeem, and Sf. mreus. 

Statistid d y s i s  of the nsuliJ Yidicated that a group of interactions occurred which 

wac  dl @ve (raducdd growth). For both En. fwcuiis and W; viriàèscens an interaction 

w u  o b d  betwsen lysozyme d EDTA An interaction w u  obsmed between nisin and 

EDTA for JI of the Gram positive orguiisms testai. Variou different patterns of interactions 

were observeci among the organisms tested including: EDTA and NaCI (E. col& S. 

@@mwiwn, Ser. grimedi); EDTA and nitnte (E. col& Lb. cumhrs, Lc. mesenteroi&s, Le 

monwytogenes, S. tphimwium); Nsin and nitrite (Lc. ntesenteroi&s, L. monucytogeenos); 

anâ NaCl and nitrite (S. &Aimuriiurn, Sh. putrefwiens). No antagonistic interactions were 

observeci betwan the factors tcsted. 

4.5. Discussion 

In this rtudy no inmue in uitirnicrobid lctivity wrs observeci when Nsin w u  usd 

with EDTA or when !yso~yme wu ured with EDTA a@st my of the Gram negative 

otganisms tcsted. In contmst, 8 numba of authon have nported obscmtion of i n c d  

4 .  ummnmarl wMy by lyroyme (Sm d Hvtrg 19648,b; Hu& and Johnson 1987, 

E b n  uid GieN, 1991, Payne et J., 1994, P a  1997) or nisin (Stevens a ai., 1991,1992; 
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Cutter ud S a  199%; CvnQro De Mdo a al., 1998) against Gram negative and Gram 

positive o~anisrns in the presmce of membrane diaupting agents or aib-lethd injury 

(Kalachyuund, 1992). The majority of these reports were bued upon observation of 

organisms nispcnâed in r kincr, ntha than when growiqg in nutrient media (Shivcly and 

Hutrdl, 19643; Ellison uid GieN, 1991, Stevens et al., 1991,1992; Cutter and Sin- 

1995b; Kaiachyanand, 1992). Although in one study (Cameiro De Me10 a d., 1998), the 

authors uscd cüstüîcd wita as a suspension medium. Whm midies have bem conducted in 

media capable of supporthg growth, no activity a~ainst Gram negative organisms haa ben 

nported, exccpt w h m  udis t icaüy  high kwls of agents for food applications have bun 

usai. Plrk (1997) obsnyad iyrozyme activity against E coli in nutrient broth and vegetable 

juice at kwls of O. 1 to 0.4 g/L. Cutter and Simgusa (199%) reported antimicrobial activity 

of nisin plus chelaton against El coli and ScrImonelIa in buffer, but nported no signifiant 

e f î '  upon the rune organisms when trials were conducted on beef (l99Sa). 

Since foad products pmvide r nutrient ridi environmcnt, tests of mtimicrobials under 

conditions of ceU starvation would appear to bc of limited value in cvaluating than for 

appiidon in food pducts. For thir reason out experiments were designed to aumine for 

interactions ûetwccn the mtirnicrobid agents of interest undcr non-nutrient rtstricted 

conditiom. The fulw to observe h t d o n  bttween lysozyme or nisin with EDTA in this 

study my indicaie that the obsawd interaction betwcen these antirnicrobiais in buffer 

systenw w r consequena of ceil stuntion which prwcnts cc11 reprit. 

Tbe two ûvû, five rieta apaimntii design usrd in this study dowed identification 



of eich -or which my contribute si@candy to the raponse and whether any two wry 

intaaction bnwan frcton ocaimd. This approach ptovided certain advantages ova  the 

chacka-ôoud m d d  (Mrhui et J., 19974b) for prelllninuy evduation of antimicrobials, 

prior to studia in food qstems. This rnethod w u  as npid and inexpensive u the checker- 

board method but cm provide considenbly more information by allowing observation of 

reSQOllSeS in systems contuiing mon uiyi two antimicrobid agents. Additiodly, evduation 

of results bascd on a variable nsponse rather t h  the growthho-growth scoring of the 

checker-board method allowcd the detamination of effects on growth in cases where the 

growth rate w u  slowed u weIi as where growth was inhibited. 

The mahod presenteâ hae does possess some limitations. Interactions betwem 

factors con ody be dctected where the effect of one factor alone dots not exceed the 

maximum rrspolrre. Furtha, if r shgk agent should inhibit growth below the damable level 

thcn any further inhibition by other factors will not dlow detection of the initial inhibitory 

event and will not wntnbute to the statirtid model. In addition, aithough the relative 

absorbante of the media cui be rehteû to the bacterial population level due to incrcasing 

turbidity, bacterid populations k low 10' CF'ülm~ have Iittle or no effect on turbidity. 

The d t s  of these acperiment indicated a cornplex pattern of interactions betweai 

prin of agents, which ditriecl betwecn diercnt orguiism. However, there were no 

i n t d o n s  o b d  ktwan Iysozyme, nisin in EDTA TA thud thch effccfivencm 

@ait uy of tk ûnrn @vt orpimu. In contnn, s t v d  intenaions were obscrvd 

~lyroymcorMnudEDTA,tbitmiltcdhailwecdlctivity8g8instmnlOnm 



There w u  no widcnct tht  the p r a m e  of nitrite and NaCl prwcnted the 

antimicfobial rictjvity of lysozyme, Ndn and EDTA yllrind my  of the organim u d  in this 

study. In fâct, severai intenaions which enhlilced inhibition were observecl betwan nisin 

or EDTA and nitnte or NICI. Theu interactions inciudcd enhancement of activity agiinst 

Gram nepfive organism~, uch as EDTA and NaCl (E. coli, S. rvphimurium, Sr. grimesii); 

EDTA and nitrite (E. d i ,  S. tjphimwium); and NaCl and nitrite (S. tvphimurium, Sh. 

pubre faiens) . 

Thac naihr indiate that the rctivity of iysozyme and nisin was enhancd against the 

testai Gram positive organisms in the presence of' EDTA under conditions in which growth 

is not nmicted by starvation. T h m  was no prottctive effcct of nivite or NaCl upon the 

inhibitory action of iysozymc, nisin and EDTA Furtha? the naihs indicateâ that the addition 

of lysozyme, nisin Md EDTA to cwed ma! produas containine NaCl and nithte should 

mult in 8 wider spectrum of antimicrobid activity. 

The results of these upriments niaestcd thu the application of r 1ysozymcI nisin 

ud EDTA uhicdirl ystan for use in d mat produas mmnts fbrther investigrtion 

in the form of triais utilirins commercial produa held at siightly abusive but modentdy 

restrictive tempennire. 



Tabk 4.1. Pancm of treatments uced for the 2 Id1,  5 Bao? expcrimental design a g h t  
14 diierent orguisma. 

Lysozymc Nisin EDTA NaCl NaNo* 
450 mgh 45OmgL 900 mgII, 0.27 g/L 180 m@ 

Trament design 
group intends 

Tube number 
c o n t a h g  agent 

16-32 9-16 5-8 3 4  dl even 
25-32 3-16 7-8 tubes 

2 1-24 11-12 
29-32 15-16 

19-20 
23-24 
27-28 
3 1-32 

1.  Tuks identifiai in the taôk containai the test agent concentrations noted. The rtmaining 
16 tubes did not contain the q a t .  
2. Each agent was tated individuully MCI Ath 1-4 other agent8 against the 14 orgrnisrns. Al1 
combinations were tested . Trcatment 1 contained no agents, trutment 32 contained dl 
a p t s .  The arpniment w u  ttpcated 10 times. 



Tabk 4.2. Sisnificancel of two agent inhi'bitooy i n t ~ o n s  @st s e v d  Gram positive 
bacteria studid in 5 f1ctorI2 levd tests. 

Iy=zyme 

nisin 

Iysozyme'ni~ 

EDTA 

lyso~yme@EDTA 

nisinaEDTA 

NaCl 

ly sozymeaNaCI 

nisinaNaC1 

EDTAaNaCI 

nitrite 

lysozyme%itrite 

nisinanitrite 

EDTAinitrite 

NaClenitrite 
1. Values tabdated ue Prob>F. These reprcsent the probability of being wong if an e f k t  
U dccLrsd n o + d  (iu3uiiory). The e&a of an agent or its interaction with a second agent 
upon rbrorbrnce wu d d e r e û  signifmnt ushg an J p h  (a) value of 0.0 1. In di instances 
of aitirtical rignificancc (dmotd by superscript "a"), the interaction had r negitive effect 
on bacteriai growth. 



Table 4.3. Significancc' of two agent inhibitory interactions aaainst s e v d  Gram positive 
b a a e ~  mdKd in 5 -or, 2 levd teru. 

1yso?mie 

nisin 

1 y sozymeanisin 

EDTA 

lysozyme8EDTA 

nisin 'EDTA 

NaCl 

ly swymeaNaCl 

nisinaNaCl 

EDTAeNaCI 

nitrite 

lysozymeanitrite 

nisinenitrite 

EDTA*nitrite 

NaCl'nitrite 
1 .  Vduer tabulated u c  ProbF. niese rcpremt the probibüity of king wrong if an effect 
is dechmi n o 4  (hhiiitory). The &kt of an agent or its interaction with a recond agent 
u p n  absorbur;e wu considaed signifiant usine an aipha (a) vdue of 0.0 1.  In ail instances 
of strtidcri si@mce (dmoted by niperscript "a"), the interaction hd r negrtivc effkt 
on butuid growth. 



Table 4.4. SigniIïcu~cc' of two agent inhibitory interactions rgainst s c v d  Gnm negative 
bactuii studied in S -or, 2 I d  tests. 

Iywrymc 

nisin 

lysozyme'nisin 

EDTA 

lywzyme*EDTA 

nisineEDTA 

NaCl 

lysozymeWaC1 

nisinmNaC1 

EDTAeNaCl 

nitrite 

ly sorymea nitrite 

nisine nitrite 

EDTAenitritt 

NaC18nitrite 
1. Vduer tibulued are Prob>F. These represent the probability of being wrong if an e f k t  
is declusd non-nul1 (iinhiiory). Tne eff'ect of an agent or its interaction with i seçond agent 
upon rbQorbuiee wu amiderad Q@cant using an aipha (a) value of 0.01. In alî instances 
of stitistid significuice (denotecl by supasaipt "a"), the intenaion had a negative effect 
on bacterid growth. 
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5. Inhibition of bicterirl p w t h  oo barn and bolognr by îysozyme, nisin and EDTA 

5.1. Abatrrtt 

Ham d bologna siusages wen prepued with or without addition of 500 mg. kg-' 

1ysozymc:nisin:: l:3, uid 500 mg.W1 EDTA. Sausages wen inoculatecl with one of; 

BroichWx thennoqpclci, Escire~ichia coli O 1 57:H7, Luctobacillirs d i ,  LactobacilIus 

curyy~tus, L e u c ~ a e  mesenteroi&s, W e r i a  mollocytogenes, Sàlmonel~ ~h imur ium,  

&miha grt*medi or ~ i b p u ~ f a c i e n s ,  vacuum pockd and s t o d  for 4 weeks at 8 O C .  

Plate counts were made on sclective and nonsclcctive media. 

Inhibitor trament n d u d  initiai populations of B. tknnosphtu and Lc. 

mesee!erui&s on both m a t s  Trcatment of ham and bologna prevented growth of B. 

thonilapiiharh, i. to 4+ Trcatment reduced growth of Lb. c u ~ i i r s  on h m  and bolognr, 

to wedc 3. Tn;rtmait of bologm d u c d  growth of k. c.n!em*&s and L m o ~ r o g e e m s  

for 2 wcdrr. Tmimait of hun rduced growth of E. coli 0 1  57:H7 for 4 wceks. On trcated 

hun the growth of S. ryphmurium wiu incrcased Born wcek 3. No differencc was o b m d  

bctwcen control and treatment samples with otha organiuns. 

5.2. latductioo 

Lysozyme is 8 14.6 k h  singe peptide proteh (Proctoi a d  Cunningham, 1988), 

which po- -tic 8ctivity the Ml-4) glycosidic linkages bctwccn N- 

licctylmutunic acid and N - ~ I g l u c o ~  found in peptidoglycan. Peptidogîyun ic the 

major component of the cd1 wS of both Gnm positive ud Grun ncgative brctair. 
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Hyârolysâs ofthe csll mll by ~~ un damage the structural int@ty of the ceIl wrll uid 

result in the lysis of bacterial ceiis. Lysozyme is of interest for use in food ystms as it is a 

nrtunlly occwirtg aayme that L producd by miny ullmnls, hcluding man, and h u  activity 

against r cellular stnicture spccific to bacteria (Proctor and Cunningham, 1988). 

The bactaioh, nisin, has bcai wcd ss an wtimicrobial in foods since the 1960's (for 

a miew sce Dd-Broughton, Blackburn, Evans & Hugcrihohq 1996). The activity of nisin, 

like lysozyme, is spccific for bacterial cells. Nisin ir produced by the lactic acid bacteriurn 

(LAB) L ~ ~ ~ Q C ~ C C I I S  bcais. Nisin is rnost effective as an uuimicrobial against LAB and other 

Gram positive orpisms, notably clostridia spccies (Delves-Broughton et al., 1996). The 

mechanism of nisin activity has becn show to involve aiteration of the ce11 membrane of 

sawitivc organisms d t h g  in lcakage of low molcailar weight cytoplasrnic components and 

destruction of the proton motive force (PMF) (Bruno, Kaiser & Monîville, 1992). Two 

modcls for nisin activity have k e n  postulated. The "detergent-disniption" model is one in 

which the nisin moleaile is thought to dimpt the physicaî stmcturt of the cell membrane Ui 

a muuwr similar to detergents. An aitamiive thwry is the "poration cornplex" model which 

postululites the formation of ui oli~orncric pore in the all membrane by the aggregation of 

nisin monomers to yield cy top ldc  leaicage (Montviiîe a ai., 1995). 

It hm b ~ # ~ ) g n b d  sinu the 1Ws dut susc~ptibiiity of Gnm nqative organisms 

to lysis by lysozymt cui be increasecî by the use of membrane disrupting asents, such u 

d v  ud chchton (Shively ud HutscU, 1%4% 1964b). Ethylmdiaminetetrucetate 

@TA), achaitot, crnhmrnuiimi#okrl a 

d'kt by limiting the rvrilabüity of cations ud 



un act to desirbilue the cdl mmkrnr of Waii by carnplucin8 divdent cations which act 

u sait bridger between membrane rmcromoleculeq such u lipopolysacchnmdes (Vun, 

1992; Shelefuid Sutcr, 1993). 

P d o u s  cxpeiimcnts in rll purpose ~ « i  and bnin h m  infiision broths have 

indicated that a combination treatmcnt of ly$oq"rm, Nsin and EDTA rnay be effective in 

controlling the growth of organiomr of wncern in the spoilage and safety of cured m a t  

products (Chpta 4). 

In t h  sais of arpatmnts, conimaarlly fodated  ham or bolognr batter was u d  

to preparc muges with 500 mgkg-' lysctzyme:nisin::l:3 plus 500 mg.kgw' EDTA 

(treatment), or without uiy inhibiton (control). The products were cooked, cut into 14 mm 

thick coinr and then inoculated with one of 9 organisms: Brochthtix (IR) fkmoqirrrctu, 

Escherichia @.) c d  01 S7:H7, lactobcicilîus (Lb.) d i ,  Lactobacillus (Lb.) c t 4 ~ t u s 9  

Leucamttoc (k) maentemiiclcs, Listena fi) ~~~iop~oc~~ogenq Salmonela (S.! tphimuriunt, 

Sem (Sr.) @mï, or   on el fa (Sh.) putrefaiem. The produas were then vacuum 

packcd and inaibatcd at 8 'C. The microbial populations on the mats wcre monitored by 

plating onto eleaiw and non-seICCtive media, to determine whether thete w u  r differcnce 

ôetwœn the popilrtion Ievelc on contrai and trcatd siunples. 

Sadier have bsai puôlisheâ by a numkr of authon on the use of lysozyme or Nsin 

as u l f i m i m  in mde wKty of food produas (for nviewr see, Dclves-Broughton, ct al., 

1996, and Proctot ud CunNnehm, 1988). Studies on the use of lysozyme or nisin u 
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antimicrobiah for use in mat prducts have ben primuüy concetned with surhce 

treatmaiu applid to fnsh m a t  products (Cutter ud Siragum 1995a and 1997, Sheffet, 

Sheldon & Kiaenhammcr, 1995, Murray and Richard 1997). Appiication of antimicrobiai 

trertmaits to airsd meit proQar is ui rrci th8t hm I##ved little mention. However, cund 

meat producta mry be an cxceknt system in which to use lysozyme, nisin and EDTA 

combination treotments, since the premce of othcr growth restrictive c M c a i i  and 

conditions, such as nitrite and NaCl (Chapter 4) may increase the cffectiveness of 

antimicrobial treatment against spoüage flora and pathogens. 

5.3. Materiala and Metbods 

5.3.1. Cultures Uaed, Iacu bation Conditions and Sdective Media 

B. them0~ipUcira B2 was fiom Dr. G. G m r ,  Agriculture and Agnfood Canada 

(AAFC) Research Station, Lacombe, AB (bnin heart infusion broth, BHI, rerobic). E. coli 

01 57:H7 E3 18 w u  r h u m  c h i d  isolate provided by Dr. R Johnson, H d t h  Canada, 

Guelph, ON, rcsistant to 30 ppm naiidixic acid @HI, rerobic). Lb. saikoi #7, Lb. cun i~~ tus  

# 15, Lc.  me^^^ #Il, wae U o W  bom spoiled aind mats (Holley et ai., 19%) (al1 

purpose twem broth, APT, merobic). L. monaytogerns, Univ. of Manitoba, Department 

of Food Science culture collection @HI, acrobic). lyphmurium #98; AAFC collection, 

Gudph ON (BE4 d c ) .  Su. @wJii S12, was mlated fkom cooked roast bccf, AAFC 

collection, Summaknd, BC (BEII, uloerobic). Sh puirefaciem, ATCC #8071, @HI, 

cierobic). 
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Cubes were streJr-plrted once a week and cultures for txpcMients w m  inmla td  into 

media from r sin& wlony and incubated o v d g h t  under the appropriate atmosph& 

conditions. AN cultures were mUntwKd in eithei APT or BHI media, except for Lb. d e i  

$7 which wu mwitrind on Ml7 agw, kit grown in Am broth . The MI7 medium w u  usecl 

for the maintenance of Lb. sakci wice the glycerol phosphate it CU& prwented mpid 

reduaion in pH. 

OrgMisms waa reeovclcd h m  iroaikted m a t  smpks using the following selective 

media: B. ~ r r n ~ ~ j p ~ & a ,  rerobic, rtreptomycin thallous acetate actidione a p r  (STAA); E. 

coli 0 1 57:H7, wrobic, BHI agar with 30 ppm ndidic acid (BHI+nal); Lb. cumtus, Lb. 

mkei and Lc. mesenteroides. uuaobic, dcMan, Rogosa and Sharpc agar (MRS); L. 

m(3i110Cylogelte~, h i c ,  modified oxford medium aaar (MOX); S. tjphimurium, anaerobic, 

brilliant g m n  agar with sulfadiazine (BGS); Ser. grimesii, aerobic, v iok  red bile glucose 

agar (VRBG); Slr. putrefbciew, aerobic, peptone uon r g u  (PI). In JI cases colonies on 

stlective media were cnumerattd &er 48 h incubation at 24 OC. 

5.3.2. Mate- 

Commercially prepued chopped ham mix (12.5% meat protein, pork, wata, sait. 

sugar, dextrose, d i u m  phosphate, umgeaun, d i u m  erythorbate, d i u m  nitrite) and 

bologna ernulsion @ork, mechanicrlly reparated twky ,  chicken or pork; beef or beef 

byproducts, wrta, wheu fleur, potato starch, sait dextrose, spices, d i u m  erythorbate, 

sodium nitrite, uid m k c )  were providcd by Mple M M -  WUUUpeg, MB. Suisage 

intestine, 30 mm diuneter) were fiom Cuudr Compound Wena,  Whpeg, 
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MB. Sunage &gs were ~nrffêd with meit anul&oio~ u h g  8 9L apacity mechnid 

suisage stuffkr 60m F. Dick Gmbh, Gennuiy. Low oxygtn permeable polyvinylediene 

chioride (PVfX:) pluoic bags were kindly provided by W~npak, Winnipeg, MB (25 x 35 cm, 

Ddi #1). Lysqme:nisin: : 1 :3 (lot# 93 12-26,23.75 % (wlw) pure lysozyme, 1.69 % (wlw) 

pure nisin ) mr pmnixed d provided by Cuudian hovatech, Abbotsford, BC. EDTA w u  

from Fisher Scientific, Toronto, ON. APT broth, BGS and SMA (standard rnahods agar) 

w m  from BBL, Baton-Dickinson, FnnWUi Lakes, NJ. BHI broth, granulated agar, MRS 

broth (LrtobriUir MRS ôroth), violet d bile bide glucose ~lpr, peptone iron agu, proteose 

peptone No. 3, oâord mcdium b w ,  modified oxford antimicrobic supplement (coüstin 

sulfate 10 mg.L1, moxalactam 20 mg.L1) for MOX, and yast  extract were fkom Difco, 

Becton-Dickn. Ml7 rgar was supplid by Oxoid Ltd, Basingstoke, U.K. Streptomycin 

sulphate, cyclohcximide md thallous wtate  wen from Sigma-Aldrich, Oakville, ON. An 

Autoplrta 4000 equipped with a CASBA4 automated counting system w u  used for nirfaa 

plating on prs-paind rlpr maîh ud awunntion (Spinl Biot& Inc., Bahesdq MD). The 

anaerobic incubator (moâel3640-6) was from National Appliancc Co., Portland, OR, and 

anaerobic conditions were crcated by tlushing twia with 3W CO4 70 % N2. 

5.3,3. Mcthodr 

nie hm and bologm mum~es u d  in these cxperimcnts were each prepared from 

8 single atch of diopped hm mix or bdogm d d o n  The nw m a t  batten wen obtained 

from the tmdacûm on the dry of production and stored i t  -20 OC until the r u i q e ,  wue 

to be d e .  
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The mat binas wae t h a d  overnight at 4 'C ud then ciivided into two c q d  lots. 

One lot r«nrined untnrted uid w u  u d  to pnpon control samples. The trated sunpler 

were prepued by the ddition oT: 500 mg.kgl of Iysozymc:nisin:: 1 3 and 500 mg.kgL of 

EDTA, followed by mcchuiicû mi- to insure homogeneity. Using a 9L capacity hud- 

crankd ausage Mêr, matad Md cantrd sausages of ham and bologna mix were prepared 

in the naturd C(LSin8s. The casings were originaîly saited, but were soaked ovemight in 

deionusd wata at 4 'C to runove the dt. Atta riuffing to 12 cm Iengths, the sausages were 

clipped with r metd ring, then cookd to M intenul temperature of 69 O C ,  packagcd and 

stored at -20 'C until inoculated. The h d n g  of the musages w u  conductcd in a jacketcd 

stam k d e  for 3 intavrls of 20 minutes at tempemm of 52.8 O C ,  63.9 O C ,  and 75 O C .  The 

sausages mn thai vacuum packcd in hcat-seaicd Oz barder (PVDC) plastic bags and storcâ 

at -20 O C  until rcquired for inocu111tion. The p H  of the cooked sausage was deteminecl by 

suspendhg 5 g runples in 45 mL of distiltcd water. 

A 50 mL ailhue of the orgadsm to be tested was prcpared in BHI or APT broth, as 

appropriate, and inaibatal rerobicaily or anaerobidy for 48 h at room temperature. A 

dipping bath for inoculation of the wntrol uid inhibititor- treated sampler with each test 

orguiism w u  prepud by diduting 1 mL of culture in 1L of O. 1% peptone, remking in an 

initiai population of rpproximatcly 10' C N . ~  on the mcrtr. 

Hun ud control (m inhibitor) d t racd msager wcrc thawcd o v d g h t  

(t4.Crndthaiadonrctailcboudu~rtlunc-stailiredMeinSo 14mm"coins". This 

producd portions of mcn~ 29-3 1 mm in diuneîer ud 14 mm on r side, with i nufrcc uu 
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(maximum) of 28.73 cm2 ud wdgbg 10 g 1 g. Thne coins wae prcppnd for eich 

sampüng grcn~p (hui5 bdogm, control and treatment) and samples for ail 5 subscquent time 

point d y r e r  w a e  prepued wmiltuieoudy. The sampler were then inoailated by dipping 

in the inocuhim bath, using a 2 1 cm diuneter stinless steel mesh basket for 30 scc ud then 

were allowed to dry on s t d e  filter papa in 8 laminar rirflow hood for IS min pnor to 

packaging. 

Tbice c o h  Erom awh ample p u p  wae uscd as time zero samples, held at 4 O C  and 

sunpled within the ncxt 8 h. The remaining sample units were divided into group  of 3 for 

ereh tirne point ud vaaium packrd in hea!-ded low O2 permeable PVDC plastic bass (<lS 

cm3/cm2lday.atm.23 T) uring a Bizerba mode1 GM 2002 vacuum packaging machine 

('Mjssissauga, ON). The samples wete then placed at 8 'C to Uicubate for Iats sunpling. 

Sampîing ms conducfcd wekiy for 4 weeks iAer inoculation or until the test organism had 

rcachcd levels of 2 10' C N . C ~ ' ~ .  

At each time point the cohs fiom each sunpling group were mnoved from their 

packages and plrccd sepuitely in 8 stomacher b a ~  with 90 mL of 0.1% peptone and 

maaqai (Stamdwr 400, AJ. Srnucl, Caniab, Toronto, ON) for 2 min, to produce a 1û' 

dilution. The mixcd runpla wae then d y  dilutcd, 100 CL in 9.9 mL O. 1% peptone, to 

produce dilutionr of IV' and IO-? The 3 dilutions prrprrrd were then plrtd, in dupliate, 

on the appropriate se1cctive medium and SMA ushg the spiral platcr. The c d d v e  d i a  

wae inaibitcd unda rppopLse conditions (see abovt) for the individual test orguiirmr to 
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dow for s p d c  arimarrtion, d the SMA pLta wac hahted waobically to yield total 

MICfObic numkn (TAN). The number of cdony forming units (CFU) per gram of runple 

wen converted to CN.cm4 of sunpk surfhce. 

5.3.4, Data Tmtmcnt 

The tUn of the Malysis of the data gcnenittd by this experiment was to deterniine if 

the presence of lysozyme, nisin and EDTA in the truted samples nsuhcd in significantly 

d'ierent brcialll popilitiom of the test organism and TAN compued to inoculated control 

sampla without the inhibitors. 

The data wae 6ni meened to determine if there was a practical difference between 

the b w t d  popiktion of the oontrol and treateâ sampla at each time point during storrge. 

It w u  de«ned thaî r p d c a l  diffkrencc in population levels w u  present if the difference 

betwctn the means for the contrd and treatmtnt w u  qua1 to or grmter than one log 

CFü.cm-*. A nbK of one l q  wrr h a a i  fw pnctical sipifiunce u diffc~cnces of one order 

of magnitude are gaWnny neifdecl as k n g  of microbid significancc (Jarvis, 1989; Gill and 

Baker, 1998). If the diffemia between the two means wwe of pnctical signifiane, a two 

way t-test with a = 0.05, w u  conducted to detetmine whether the diffcrtnce between the 

merns w u  mtis!idy dgniac8nt. For m l t s  to have been considerd sipificuit, the 

clükum mana of control and tmtment met the conditionr of ôoth pncticrl and 

swistical rignlficu~cc. 
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Sm4m Rt~ultr 

The results of the atperimenta using B. themt03jphucta and Le. mesenteroidcs were 

intapreted with the knowledge t b t  these w m  initiaîly paciugtd under hcomplete vacuum 

Once this was discovered, the sunples w«r immediately rqackrged appropriately unda 

vacuum. 

On both control (iioculatcd but no inhibitor) and trcatcd (with inhibitor) samples, 

populations of Lb. suhi, Le. mesenteroides on ham, L. monaytogenes on ham, and Ser. 

@medi on both mats, rose to araed 7 log ~Fü.cm'' within the bot week of storage at 8 

OC. No s i p i k a n t  di&mice ms obsawd betwœn ôactaiil numks ncovered fiom control 

and trcatcd samples of ham and bologna inoculateci with Lb saki, Ser. grimedi and Sh. 

putre facieens 

On both h m  and bolognr samples treated with lysozyme, nisin and EDTA, no B. 

thermosphacta were recovered (< 1.81 log CFU.cm"), up to and including 4 weeka of 

stomgc. In cuntriist, on control runpks B. h n n a l p h r r c ~  populations rapidly increued (Figs. 

5.1 and. S.2), reaching numbers > 7 log CFü.cm" within one wak of stonge at 8 O C .  

On ham the n u m h  of E coli 0 1  57347 remained constant at approximately 4 log 

CFU.cm4 on treated sunples, whaur  the n u m h  on control mples imwd by 3 log 

C F U . C ~ ' ~  (Fig. 5.3). The E cofi 0157:H7 population on tmted bologna droppod by 

r p p r o e  1 log C N . d  ova the bnt 3 w d s  ofriorage More  sudddy risin8 to 8.33 

108 CFU.ano2 by the fourth wœk. On control bologm the population of E c d  0157:HI 



rose steadily to 7.03 log CN.crnD2 (Fig. 5.4). 

Nthough initiai numben of Lb. mmtw on control and trcated mats w m  not 

siflcantiy ditiémg aibsequar~ mmbcn of viable orgakm on both ham and bologna w m  

s i g n i f i d y  lowcr on the trcated samples, up to and includig 3 weeks of incubation. The 

diaence in Lb. cwww popdation ievel between control ud treated sampia on hun was 

1 log CN.cm'' rt waks one and two, which i n c r d  to 2 log CFU.cmo2 at week 3 (Fig. 

5.5). On bolognu the difference in population levels w u  approxirnately 2 log CFü.cm'* at 

weeks one, 2 and 3 (Fig. 5.6). 

The numben ofLc. mesentemW&s movered fiom barn was observed to be lower on 

t m t d  aarnplm (Log CFU.cm-*, 2.22 d 0.39) than control samples (Log CFü.cm-', 4.75 sd 

0.0 1) at time zero. Howcver, on hun no difftrenct in bacterial populations was observed 

between control uid treated mpl t s  fkom week one onward. The Lc. mesenterotdks 

populatio~ on trcated bologna wae significantly lowa by at lust 1 log CN.cm'' up to 

week 3 of stonge (Fig. 5.7). 

No signifiant difkrence w u  observed bchvcen L. mollocytogenes populations on 

constol or tnited samples of hm. On bologna, the population of L. rnonaytogews w u  at 

1- 1 log CN.an4 lowa on t m t d  runples up to two weeks of incubation (Fig. 5.8). 

The naihr rbo wat taken to indiate t h t  the powth of S. rvphimun'um on treited 

bdoery or hua wu mt sieriibantly dilbaaii h m  catds. The n u m h  of S. iyphinnirium 
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on both wntrd ud mai hiun ad bologna dropped by 1.5 to 2 log CN.cm" bewm the 

hnt WC& and weel: 4 (kiss. 5.9 and 5.10). 

S.S. Discussioa 

The d t s  grneratad fiom this arperirncnt indicrte that the addition of 500 me. kgg' 

1 :3:: lysozyme:nisin and 5W mg. kg-' EDTA to ham and bologna pnor to caoking may 

testrict thc growih of B. themosphrrcta, E. d i  0 1 S7:W and Lb. mmtus. Mdition of the 

same MtUnicrObiaî agents to bologna also restricted the growth of k. mese~eroides and L. 

n i O Y t O C y I ~ ~ .  The pmence of the uitimicrobiais had no apparent effect upon the growth 

of Lb. d e i ,  Le. mesentemids, L momicylopnes on hm, or S. tphimurium, Ser. grimes& 

and Sh. p~tefuciens on either m a t .  Results obtained with tc. mesenteroides and L. 

monocytognes inoculated ham as well u those with Lb. d i ,  Ser. grimesaà, and Sh. 

puûefociem an not prescnta! hae. Vacuum pirked mked harn and bolognr did not appw 

to k 8 hvorable environmcrrt for S. iyphimwitlm as the numbers of this organism decreascd 

on controls over 4 wocks of storage rt 8 O C .  

It wrs obierved that the numbcn of B. tkmtmphcta and Lc. nwsenferddes 

recovatd h m  both hun and b o l o g ~  dut w u  trcatad with inhibitors were lower than those 

recovered from controls rt T= O. Sina both control and inhibitor treated samples wen 

irioailrtad h m  the sune source this w d  indiate that the mtimicrobiais hod r bactericidd 

&kt upon these org"rmr. The tnitment reâuoed B. tknnqhactu numbers bdow 

d e t h l e  lmls ( 4 .8  1 Log CN.cm') d inhibited the growth of any sunivon for four 

w a h  of ineubation. The tmtmnt rlso nduced the initiai population of Lc. mesentemidks 
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on both hm ud bololgii. Though Lc. memtemkks populations recovereâ within i wœk 

on ham, the growth rate on bdolpu w u  rduced d it took 2 weeks for populations on 

inhiiitor-trcatd sunpkr to nrch the same levels u controlr. The lack of vacuum conditions 

for the fint two days of incubation supports the conclusion that the inhibitor was highîy 

effective a~ainst B. thennapkta, as the growth of this organism at cund m a t  pH is 

unrestricted d e r  poor vmum (Bor&, Kyrt-Mue~illii~l~ & Bu, 1996). However, the poor 

vacuum conditions may have resulted in an i n c r d  growth rate for B. tkmosphocta on 

controls and aitaed the composition of th background flon. For the facultative anaerobe Lc. 

mesenteroides, the lack of a vacuum rnay have reduccd inhibitor effeas at week one and 

d t d  the composition of the background Bon, but this would not have afkctcd the initiai 

population levels. 

The lymzymenisin ûcatmcnt appeued to rcduce the growth rate of Lb. ctlniyïtus on 

both hm and ôologna but did mt ap- to inhibit growth by other LAB. Similsr resultr were 

obtaincû with L mmqtrognes, though growth w u  oniy significantly inhibitecl on bolognr. 

Tht inhibitor trrrtmaa teduceci the p w t h  of E odi 0 1 57:H7 on hm.  On bolognr, 

tnitmait wrr r littie more effbctive but remltcd in only i drop of 1 log CN.cni2 in E cdi 

OlS7:Hf numbas ovei the first 3 weeks of ston~c.  This indicates that on bologni the 

tmtmait hd r lethal effèct on E coli 0 1  S7:H7 celis unda vacuum storage. The cuire of 

theaddaiciseintheE aoUOl57:IFINmknon~boiogniktwanwcek3 udwcek 

4 ia damwn. If due to 8 hiled d on thc p(rck8gin8 thir could indiutc t h t  the trerrment 

w u  Wktive unda aerabic conditionr. It w d d  not sem Mcdy that the rise w u  r d t  
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of d u d  uitiMcrobiJ activity of lysozyme-nisin over tirne u the sune rewh w u  not 

obsewed on ham. 

It w u  obmd in dl txperiments, atcept those with B. thennqhrrctu and E coli 

0157:H7, thit the total anacrobic numbers (TAN), fiom incubation on SMA, closely 

pardelcd the population levels on the selcctive media. This indicates that, even when 

inhibital by lysozyme-nisin treatmmt these organisms stiil fonned the dominant microflon 

on the product. With B. themqhxta it w u  observed that TAN nom both control and 

treated runples npidly rose to spoüa~e levels on both bam and bologna. This suggests that 

in the absaia of B. k ~ h c t u ,  other organisms (probably LAB) were able to replace it 

as the dominant flora On ham, S I)phmwium remained the dominant flora on both control 

and treated samples, until week 4 when TAN were obsend to be significantly greatcr on 

contruls. On treated bolop S. rvphimwiwr fomcd the dominant don over the pend of 

storage. However, on inoculatcd control boiogna the population of S. @phimuriun was 

cansistcntly 1- than the TAN. 

In a numkr of the cqmhmîs d a c r i  hae it was notai that the* was a diffience 

bctweai the activity of the inhibitory uertmait agrinst a pvticular organism on ham u 

opposed to bdognt. The pater effiveness on bologna mry have resulted frorn the 

prroawv or ibaKncc of dditiond rrrtnctive conditions, such rs pa te r  residuai nitnte l d s  

(aibiiity)or lowa wlta acMy (Holby, Doym, Fortin, M p e  & Cubo~eau, 19%). Our 

uuiysis rula out uiy C f f i  of pH. The pH VI(ues of cooked hun uid bologna mcuurcd in 

our study (6.52 ud 6.49, mpctively) were typicû of cornmerciai products. Other u i b m  
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(Cutta ud SUIslrq 1997; Murray ud Ridiud, 1997) hrvt ob-ed that nisin activity may 

be rapidly r d u c d  der aâdition to m a t  produas. It w u  speculatcd that the differencx 

between the effcctiveness of the trtrtment baween hun and bologna may result from r 

diicrence in the ibüity of the antidcrobid agents to @st in the product. 

The results of these expiments indicate that a lysozyme, nisin and EDTA 

combination treatment mry bc of use in wntrolling the colonization and growth of sclcct 

o~~ of wnccm in d i  ad spoiiagc of aired mat products. Homofermtntativc LAB 

and tetramsta: spp. (Holley, 199%; Yang and Ray 1994) are most frequently responsible 

for spoilage of thes types of produas. Sice these experiments wen conducted at 8 O C  to 

Jlow npid duation of inliibitory effects, it un be expccted that the observed inhibition of 

rniaobiai gowth would k aihnccd by incubation at Iowa tapathires, such u 4 OC, which 

is ccirnrnody rccomended for stonge of cured meat products. 

Future research is required to mamine the effect of this treatmcnt on a wider range 

of organisms. Mditiody, investigation of alternative treatment delivery systems may be 

wamntd. 

The cookhg of the product my d u c c  the lctivity of mument agents UlCOtponted 

h o  the pioduct. At pH 2 Nsln cui withstand prolongad hening at 1 15 OC, though stability 

decruses u pH Uiacuet rnd rom f d  componentr cui be protective. PutewUltion of 

miik fot cheese production does not duce  wùi llctivity by more thui 20% @dvec 

Brou@ton a ai., 1996). The enzyme rctivity of lysotymc cm be duccd by pasteurkation 
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tanpaiauea though the actent of inactivation is dependent upon the environment (Proctor 

ud C h h g h m ,  1988). In CO- h h i m  (1998) hc hown that the antimicrobid activity 

of  lysoryme miy k enbceû by hciting though -tic raivity ig reduced. 

If heatin~ does teducc antimicrobid activity of the ancimicrobill agents then one 

approrch may be to incorporate the treatmcnt agent3 into a packaghg systm to be applied 

to the JurEia of the product afta thermai treatment. This is an attractive dtemative since it 

has ban o b m e d  that the growth of microbiai populations on cured m a t s  ocairs on the 

surface o f  the products and coloMntion remhs fiom pst-heat trutment contuninition 

(HoUy, 1997hb). Sapetering ofthe tmûmnt agents in r packaging material or film would 

loulte the qcnt ~ o d o n  at the site of microbiai activity, which would probably result 

in more efficient activity against sensitive orgcuiisms. 



Figure 5.1. Growth of Brociwrtivix themosphacta on ham formulated with 
lysozyme: nisin: : 1 : 3 (500 mg kg') plus EDTA (5 00 mg.@') (treated), or without inhibitor 
(«witiol). AU sunples war M y  cooked kfore inoculation with the test organism, vacuum 
pack@ ud s t o d  i t  8 T. Orguiimu were ncovend on standard mcthodr rgar (SMA) 
or rrnptomycin thdius ICCtlte addione agar (STM). Vertical bars represcnt one standard 
dewtion intanl. Dm pobm without visible vertid ban have i st~dud deviation of <O. 1 
C N .  
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Figure 5.2. Growth of Brochoth& tkmqhsK:&a on bologna fomiulated, cookd, 
inoculateci, paclagd, and stord as describecl in Fig. 5.1. 
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Figure 5.3. Growth of Escherichia mîi 0 1  S7:H7 on hun fomnilated with (trcatcd), or 
without inhibitor (control) u in Fig. S. 1. Ali runples wae fuly cooked befon hoculation 
with Escherichia coli 0157:H7, vacuum pacbgcd and stored at 8 O C .  ûrganisms were 
recovctdd on otudud mcthodr ytu (SMA) or bnin heart infiidon agar containing 30 ppm 
d i d ' i c  rcid (BHI:+tul). 
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F i i m  5.4. Growth of ikkriciiio 4di 01 57:H7 on bologna fornulata& cooked, inoculatcd, 
pu:krgcd, and s t o d  u dcscribed in Fig. 5.3. 



F o i r e  S.S. Giowth of LactobociIlus curwtus on ham fomuld  with (treated), or without 
inhibitor (control) u in Fig. 5.1. AU samples were &lly cookd before inoculation with 
Loclobociilluscunrdrt, maam pack@ and stored at 8 T. ûr@m wcre recovmd on 
standard mcthodr ajpr (SM.) or deMan, Rogosr uwl Shupe agar (MRS). 



Figure SA. Growth of lactobacillus cw tw  on bolognr fonnulated, cookcd, inoculated, 
packrgeâ and rtored u dt~ribed in Fis. 5.5. 



Figurr S.7. Growth ofLetrcanadcic mesenteroi&s on bolognr fonnuhted with (treated), or 
without inhibitor (cuntrol) u in Fig. 5.1. AU samplcs w m  fully cooked before Uiwlation 
with Leuccmacuc rmscnteroi&s, vrcuum packoged and sîored at 8 T. Otganism were 
rccovered on standard m*hods rgu (SMA) or deMui, Rogosa and Sharpe (MRS). 



Figure 5.8. Growth of fisîeria moltocytqpes on bolognr fomulated with (treated), or 
without inhibitor (control) rr in Fig. 5.1. AU amples were fbiiy cookcd M o n  inoculation 
with Lima imnraytogcms, r,um packageci ud stored at 8 OC. Or@smr wcre 
rtcovaed on standard mcthods agar (SM.) or modifieci oxford agar (MOX). 



Figum 59. Growth of Wmllljtllll on ham fiMmulatad with (treatd), or without 
inhibitor (control) u in Fie. 5.1. AU sampler were M y  cooked More inoculation with 
WmneIkr ~ i m u r i ~ r n ,  vmum prckaged and stored at 8 'C. Organisms w m  recovwed 
on standard mcthOd8 qpr (SMA) or brüliant green i g u  with sulfdazine (BGS). 



Fi- S.10. Gmwth of Sdkmltcr Wwnîrium on bologni formulated, cooked, inoculatcd, 
packageci, and gond u dcscribcd in Fig. 5.9. 
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6. Surfkt application of iymqme, nisin, and EDTA to iibibit 

apohgt and pithogtnic bacteria ou barn and bologna 

6.1. Abstnct 

Cooked h m  and b o l o g ~  swrge received one of thne treatmentr: no wating 

(wnhd); c d n g  with r Ph (wlv) gelatin gel Cget-control), or coating with a 7?4 gelatin gel 

containhg 25.5 gllivr iyr0zymt:iiriin:: 1 :3 plus 25.5 fltre EDTA (gel-treated). The samples 

wcre thai hoahtd with one of six test wgmim: BmMwir  t h e n n ~ ~ & ;  Escherichia 

cdi O 1 S7:Hf; LocrobaciIhu d e i ;  Lamwstoc mesenteroiidrs; Listeriu monocytogenes. or 

Sdhmdb  &phimuritm. Inoculated sunples were vacuum packad and stored at 8 O C  for 4 

weeks. 

The UttimiQObid gd treatment hid 8 bactericidd cffect up to 4 log CFU/cm2 on the 

Gram positive organisms tested anâ inhibited the growth of these organisms over the 4 weeks 

of stongc. 

The mtimicrobid gel trtltrnent dsa hid a bacttncidal effect on the powth of S. 

ruphimurium over the period of stoorge. 

E. adi O1 57:W p w t h  on ham w u  reduccd by 2 log CN/cm2 folowing inrumit 

*~ -con t l i iwe~-  
. . @ 

gds wu the 4 wcek stonge paid. 

NO e f f i  wu obswed upon the wowth of E cdi 01S7:Hî on bdognr. 
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6.2. Introduction 

Previous studies (Chapter 5) demonstrated that the addition of 500 mgkg 

1pzymc:nisin:: l:3 p b  500 cthylmediunine tttnrcctate (EDTA) to h m  or bologna 

sausage bitter prior to cooking, nduced the n u m k  of viable cells of Brochothrix (B) 

thennosghiich, &kEEhrrchia (E) d i  O 1 S7:H7, and LactobactfIus (Zb.) cur~&s on vacuum 

packed sausige stored at 8 OC. The addition of thesc antimicrobiais to botogna batter Jso 

resultcd h rduced numks of IR11c0110stoc m.) mesenieroides and Listeria (2.) 

rncmqtogenes The treaamnt was f d  to be ineffèctive against Lactobocii~us 6 b . j  sakei, 

Salnonello (S.) tphimuriurn, Semtiu (Sep.) grimesii, or ShewmeIlu (31.) puîrefuciens. 

Davies et al. (1999) reportecl that the aâdition of ZS mgkg pure nisin (equivalent to 1OOO 

mgkg d a  2.5 % commercial preparation) to bologna botter increued the time required for 

spoihgt by a Mxd lactic acid bacterium (LAB) population from 7 days to > 50 days when 

vacuum packed at 8 O C .  

A n u m k  of uithon have published studies of nisin and nisinfchelator b d  

a n t i m i d i  tmtmarir dirsetd towud otganisms attachecl to the surface of m a t .  Many of 

thcse studies have U d i d  that organisms are more resistuit to the antirnicrobial trcatments 

whai in r f d  rystan compued to wben cdlr u e  in üquid suspension. Mahadeo and Tatini 

(1994) obsmed that the numben of L mmcytqenes subjscted to 100 IUJd of nisin 

(prepued fiom r 2.5% commcid preprntioa of nisin, with wivity of 106 W g )  in 

suspension were duccd by >4 log CFü/ml, while the sune trcatment rpplied to cellr 

attrdwd to squug of turkcy dM rsduccd L mmq@gms by approximattly 1 log CFüfml. 

Trtltment of kdcubes with 50 ~glmL of pure Win ud 50 mM EDTA teduccd attachai 
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S. @phimuriatm or E coli Ol57:H7 by lem than 0.5 log CFUlcm2 (Cutter and Simgusa, 

1995). Whai kcfwu tnitd with solutions of 2% (w/v) Iactic acid or 2% (wlv) polylactic 

acid done, or in combiion with 200 KJfml of pure nisin, a bactencidai effm was observecl 

against dw Enlcmb~criixxœ and P- spp. Mdition of nisin did not incrcase the 

e f f e c t i n  of the r 9 d  tnitmaiy and none of the treatments affected the numbers of LAB 

recovered (Ariyapitipun et ai., 1999). Shefet et ai. (1995) demonstroted that immersion of 

hirkcy skin for 30 min in r solution of 100 &ml nisin, 5 mM EDTA, 3 % (w/v) citric acid 

and 0.5 % Tween 20, resulted in a 4.9 log CFülrnl pater reduction of attached S. 

@-um cdlr campard to 20 ppm ch lo~e .  Application of the rame treatment to wholc 

turkey drumsticks increuod the shdf life by 1.5 to 3 dayr at 4 "C (Shcfa et al., 1995). 

Tlertmait of vacuum packd baf at 4 O C  with 5000 W/ml nisin or 20 mM EDTA alone or 

combined, had no efféct on E. coli 0157:H7 inoculated at 3 log CN/cm2 (Zhang and 

Mustapha, 1999). L. momqtogenes on becf subjected to the same treatment w u  reduced 

2 log cFü/cm2 by nisin and 1 log CN/cm2 by nisin and EDTA. Since the n u e s  of L. 

monocytogews recovered fiom controls and treated beâ was constant ovcr the stonge 

period of 30 days, no conclusions u n  be drawn about the effects on a population of d l s  

capable of reeowry (Zhang and Muaapha, 1999). 

The effffiiva#l of nisin trrumn of mat wu inaarcd by its immobilization in gel. 

Cutter and Shgusr (1997) showed tht 0.1 mdmi pure nisin incorpontcd into a caicium 

alginate gd wu mon effective a g h t  B. tkmqhacfa  growing on ground bœf t h  

wibowid nisin. Fang ud Lin (1995) demonstrated p a t e r  reduction of L moltocytqgelt9S 

in c o o M  pork tcnddoim when nisin w u  munobüucd in r calcium Jgimte gel. Thme 
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rtuditr dm demonrtnted that the lctivity of nisin in the mat  persisted longer when 

immobilized in dginrte gel. Nisin d d d  to lgound pork rt 300, 1 5 0  and 3 0  IUlrnl has 

been shown to h m  r bactaicidai effc* on Listeria ~~VNECUU; however, in ail cases the 

population of su<mng cells i n d  i t  r rate s i d u  to controis ifter 2 days stonge at 4 

OC, coincident with the end of la8 phase in controls (Mumy and Richard, 1997). 

HoUq (19974b) demonstrated that the growth of microbid populations on vacuum 

packed cured meau ocnos on the w r b  of the products and cdonization results from pst-  

hcat tnamni oontuiiinition. fi was hypothesized that the eff-iveness of a lysozyme, nisin 

Md EDTA trrrtmait d d  k aihirobd by applying the uitimicrobii tnatment to the surface 

of the cooked mats. ïhis could be achicved by dipping products in an antimicrobial bath, 

or by application of an edible gel, or by use of a packaging systnn that would sequestcr the 

antimicrobial agents at the site of microbial activity 

In the prcscnt expcrimentr, a Y!  (wh) gelatin gel was used to immobilirc the 

antimiavbiaîs. Thc  diti in gd provideû r 1 mm thick, transparent and colourless coatine for 

hm and bologna, with üttle differcnct in the visual ippeamnce between gel-coatcd and 

control samples. 

Pnüminuy trirls againsî B. tkt-mcqhcta, Lb. saki and L. mmaytogems wae 

conductad durin8 which lower concentntiona of lysozyme, nUin and EDTA wae d e l i v d  

by dippins mm! in an qucour suspension or by matin8 in a 7?% gelath gel (results not 

shown). Tr#tmerit collctntntion, of 500 n@ütcr lptyme:nih::l:3 plus 500 mfltcr 
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EDTA ud ZOO0 m@a l ymzyrne :~ :  l:3 plus 1000 +ter EDTA were found to be less 

effective than whcn 500 r n @ ~  lysozymt:nisin::1:3 plus 500 m m  EDTA were added 

duectly to the m a t  batter (Chapter 5). Delivery of mtimicrobidr by dipping in an aqumus 

swpauion w u  o b m d  to be less &èctivt at the same concentration thn by delivery UI a 

7% gelrtin gel; thus. dippllig in an queoui wlution wu rejected u a ddiveiy method for 

furtha triais. The tri& dacribed in d i s  report u d  25.5 glliter lysoryme:nisin: : l :3 p h  25.5 

Mita EDTA incorpontcd into a surface applied 7% gelatin gel. This is equivalcnt in 

concentration to 450 me/lrll of antimicrobial aâdd M y  and mixd with the srusage batter 

(the calculation is bosed upon 10 g of sausage being coated with 0.2 g of gelatin gel). 

6.3. Miterirlr and Metbodr 

6.3.1. Culturu ured, incubation conditions and wlective m d i i  

B. t h e ~ ~ t u  B2 wu nom Dr. O. Gmr, Agriculture and Agrifwd Canada 

(AAFC) Rescarch Station, Lacombe, AB (brain hart  Uifiision broth, BHI, aerobic). E. coli 

O 1 S7:Hf rrnin U 18 wu r human clinid i s o b  providd by Dr. R Johnson, Hcalth Canada, 

Gudph, ON (BHI, raobic). Lb. sahi #7 and Lc. mesenteroides #Il were isolateci from 

rpoiled curd mats (Holley et d., 1996) (JI purpose tween broth, APT, uucrobic). L. 

mamgdqgems wu 6om the UNV. Manitobi, Depuhait of Food Science culture collection 

(Bq raobic). S @nnarnnart(lll #98 wu fimn the AAFC aihun dcction, Guelph ON @Hi, 

anaeroôic). 

Culhue, wae transfimd monthly on agar Juitr i t  4 T and mUntrined u frozen 

gScaol itodo. For expimental use cultures wae &-plrted once r wœk and ai1twu 
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for q a h a t t s  wcre inoculated into media fiom a single colony and incubated ovemight at 

24 Y: inda the appropriate atmospheric conditions. AU cultures were maintained in eitha 

APT or BHI medy c x q t  for Lb. d e i  W7 which w u  maintaincd on Ml 7 agar, but grown 

in APT bmth. The MI7 medium wu usai for the maintenance of Lb. s a k i  since the giycerol 

phosphate it contains prevcnted npid reduction in pH. 

OrgMsmr mre raovaed h m  UioaJated muû samples using the following selective 

meda: B. ~V~nnqpiiaCta, aerobic, streptomycin thdlous acetate iaidione agar (STAA); E. 

coli, MaConkcy sorbitol agar with 0.050 mgh ccfii<ime and 2.5 mgL tellurite (ct SMAC). Lb. 

sakei and Lc. rnesenteroi&s , aruurobic, deMan, Rogosa and S h q c  agar (MRS); L. 

rnumpqgenes, h i c ,  modified odord medium agar (MOX); S. rvphimwium, anaerobic, 

briuiant gteai agar with suhüazine (BGS). The Uioculated &MAC medium was incubated 

for 24 h at 37 T priot to enurneration; 1 other media were incubated for 48 h at 24 O C .  

6.3.2. Mrttrirlr 

CornmercUlly prepued chopped ham mix (12.5% m a t  protein, pork, water, dt, 

sugar, d a t m c ,  sodium phosphte, ~ C t n a n ,  sodium erythorbatc and sodium Ntnte) and 

bologni andsion @ork, mcchanîdy scprnted nirkcy, chicken or pork, bcef or ka 

byproducts, water, w h t  flour, potrto starch, sait, dextrose, spices, d i u m  erythorbatc, 

sodium nitrite, ud mokc) were kindly provided by Mipk Lerf M m ,  Winnipqg, MB. 

Sausage Cyings (hog intestine, 30 mm diameter) wae fiom Cuuda Compound Western, 

Winnipeg, MB. Susage &gs were mfkl with mat batten using a 9 üter caprcity 

mechMd m e  &u h m  F. Dick Wh, ûumany. Knox Matin distributecl by 
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Tomas J. Lipton Ltd., Toronto, ON wm uwd. Low oxygen permeable polyvinykdiaie 

chbride (l'WC) pplraic bap were kindly provided by Winprk. Winnipeg, MB (25 x 35 cm, 

Ddi 111). Ly~oyme:nisin: : 1 : 3 (lot# 93 12-26,23.75 % (w/w) pure lywzymt, 1.69 K (w/w) 

pure Nsh ) mr prrnlaed d pvided by Cliudiui hMtcch, Abbotdord, BC. The EDTA 

w u  îmm F i  SQarific, Toronto. ON. Thc APT broth, BGS and SM. (standard methds 

agar) wcre h m  BBL, Bccton-Dickinson, F r d n  Mes, NJ. The BHI broth, granulated 

agar, MRS bmth (kaobacillur MRS broth), proteose peptone No. 3, oxford medium bue, 

m d d  oxfiod antimiaobic supplemcllf (ab& sulfate 10 mg& moxalactam 20 mg/L) for 

MOX, and yeut extract wen fiom Difco, Becton-Dickinson. The Ml7 agar wm aipplied 

by Oxoid Ltd, Bashgstoke, U.K. Streptomycin sulphate, cycloheximide (actidione) and 

thallm rcctate wae 6wn Sigma-Alârich, Oakviile, ON. An Autoplater 4000 equipped wit h 

a CASBA-4 uitomated counting systcm w u  uscd for surface plating on pre-poured agar 

media a d  enurneration (Spiral Biotcch, Inc., Bethesda, MD). The uuerobic incubator 

(mode1 3640-6) w u  Rom the Nationai Appliance Co., Portland, OR and anaerobic 

conditions were created by flushhg twice with 3W CO4 70 % N,. 

6.3,3, Methodr 

The hm and bologna musages usai in these expcrimcnts were cach prepued fiorn 

r singic batch of choppd hun mix or bdolgii &on. The mw meat batten w a e  obtrind 

h m  the muri8caua on thc &y of production and s t o d  at -20 'C until the sausages wue 

to be d e .  

The meit bitters w a e  tbwed ovdght  at 4 OC. Usin8 the 9 liter capacity W- 

ciinked m q e  rtuffa, ruiges of hun md bolop m k  were p n p d  in the ~ t u d  
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casings. The cuings wae origbdy srhed, but w n  soakd ovcmight in deionizcâ witu at 

4 O C .  Mer mfijng to 12 cm lenahr, the ausages were ciipped with a metai ring, thcn 

cooked to an intaul temperature of 69 "C. The hcatin8 of the ruisages w u  conducted in r 

j8cketeâ stem M e  for thne intwds of 20 min i t  53 OC, 64 T, and 75 O C .  Thc sausages 

wcn then vacuum pckd in kat -dad Oz bimer (PVDC) plastic bags and atored at -20 OC 

un til required for inoculation. 

A aihun of thc organîsm to be tested w u  prepued in 50 mL of BHI or APT broth, 

as appmpriatç and incubated aerobically or anacrobidly for 48 h at 24 O C .  A dipping bath 

for inoculation of the contrd and inhibitor treatcd w n p l a  with each test organism w u  

prcpued by diluting 1 ml of culture in 1 litcr of 0.1% peptone, resulting in an initial 

population of approximately 4 log CN/cm2 on the mats .  

Ham and bolo~pu musages were thawcd ovanight at 4 OC and then cut on r sterile 

board using a flamestcrilizcd knife into 14 mm "coins". This produced portions of meat 29- 

3 1 mm in dllm ud 14 mm thick, with 8 surface a m  (maximum) of 28.73 cm2, weighing 10 

g * 1 p. T h  coins were prepued for cach sampling group (hun, bologna, control, gcl- 

control uid gel-ttcated), and sunples for al five wbseqwnt timc point anaîyses were 

Conrrd cimpks wen inonihed with no Guitha trrrtmcnt. Gcl-control samples wae 

dipped tk 5 r in r 7?h (wlv) solution of selatin in rterile m t a  rt 45 O C  and thai cooled for 

10 min i t  4 OC to set the gduin. Od-trtatd samplcs wae dipped for 5 s in a 7% (wlv) 
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whhn of gclrtin in s t d e  wrta, to which 25.5 g/iiter lysoyme:nisin: : l:3 plus 25.5 glliter 

EDTA h d  kai rddcd in powda fonn to yield the q u i r d  concentration, and t h  coolcd 

for 10 min rt 4 T to set the gelatin. 

The m q h  wae thea inoaJatd with bac!& by dipping in the inoailum bath, using 

a 21 cm diuneter Itrinless stul mcsh basket with 2 mm holes, for 30 sec md th«i wne 

Jlowed to dry ai gtaile fiha p a p  in r laminar rimow hood for 15 min prior to packagîng. 

Thne coins h m  ach ample m p  wae uscd u tirne zero samples, held at 4 "C and 

sampled within the ncxt 8 h. The remairing sunple units wen divided into groups of three 

for ach time point d vacuum packeû in h u t - d e d ,  low 4 permeable PVDC plutic b a g  

(CI5 cm3/cm2/day.atm.23 T) ushg a Bizerba mode1 OM 2002 vacuum packaang machine 

(Mississauga, ON). The runpler were then placed at 8 O C  to incubate for iatcr sampling. 

Samphg wu conductad weddy for 4 weeks afta inoculation, or until the test organism had 

reacheû leveh of 2 7 108 CNlcm2. 

At arh smphg thrœ coins wem nmMd h m  thcir packaga and placed separately 

in a itomuha bag with 90 ml of O. 1% peptone and m u ~ ~ g e d  (Stomacher 400, A.I. Smud, 

Cuilab, Toronto, ON) for 2 min, to produce a 10" dilution. The mixed samples were then 

KNUy âiîutd to producc dilutions of 1W3 uid IV? The thrcc dilutions prepared were then 

plited in dupüate on the ipproprttc sdective medium ud SMA using the spinl pliter. The 

dective medir wat incubated unda appropriate conditions (sec rbovt) for the individuil 
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test organisrns to dlow for specific enumention. The SM. plates were incubated 

anaerobidy for 48 h. rt 24 O C  to yield totd werobic numben (T'AN). The number of 

C N f g  of sunple wu convertcd to CN/cm2 of sample ni&. 

63.4, Data Trertment 

The data gaiaatcd Born this arpaimmt were anaiyred to ddemiine if the prexnce 

of lysozyme, nisin and EDTA in the gel-treated samples tesuitcd in significantly diffemt 

bacterial popdations of the test orpnism and TAN compued to hoailated-conttol and gel- 

control samples. 

The &!a wae 6nl scrembd to detennine if there w u  a pmctical difltrence between 

the b a c t d  popiltion of the wntrol and treated sampla at cach time point during storage. 

It w u  deemed that a ptactical difference in population levels was present if the difference 

betmen the meuu for the control ud treatment w u  equd to or greata than one log 

CFU,/an2. A vJuc of one log wu diosa for p d c d  significance u differences of one order 

of magnitude are gamdiy regadad as of miciobial signi6cance (Gill and Baker, 1998; 

Jarvis, 1989). If the diffience betwem the two muns  w m  of pnctid significanct, a two 

way t-test with a = 0.05 w u  conducted to daennine whether the diffemce bctwccn the 

means was rtrtiaidy cigniîiunt. For d t s  to have been considered ignificant, the 

difbmce khueai manr of control rnd tmtment met the conditions of both p n c t i d  and 

riatirticil rignificune. 
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6.4. RtsuIta 

Sampîing of B. tkmmpklai inoculated h m  or bologna trcated with gelatin gd 

contakg 25.5 @ita iyS0zyme:niain: : 1 :3 plus 25.5 gh EDTA (gel-treated) EUled to rewver 

any B. themaphc&a colonies during stonge, whereas the growth of B. thenn~~jphcto on 

controls and samples coated with non-antimicrobid containhg gel (gel-control) w u  

unrestriçted (Tables 6.1 and 6.2). 

On h m  or bologna inwulatecl with B. thennoqhacta, the number of colonies 

recovered on SMA fiom gel-treated sampla rose to spoilage levels >7.00 log CFüIcd 

within two wœks, though no colonies were recovered fiom this treatment using S T M  

medium over the period of storage. There w u  no significant dflerencc between colony 

numkn on SM. and STAA mdll âom B. thennogJvr&a <iated control and gelîontrol 

samples (Tables 6.1 and 6.2). 

Differing treatments had no signincant effect on the numbers of E. coli recovereâ 

initially fiom hm (Thle 6.3) and bologna (Table 6.4).Little change w u  observed in the 

numkn of E 4di colonies ncoverd from control amples of hm over the 4 week p e n d  

of stomge (Table 6.3). The numben of E. coli recovered fiom gel-control and gel-trcatcd 

amples dropped by rppro~mately 1.5 log C N / ~  ova the Mod of stonge, Ath tht 

reduction beghing in week one of stonge for gel-treatd samples and week two for gel- 

control sunpler. nKle w u  no si@unt différence ôetween the numben of E coü 

f c c o v d  âom sunples of b o l o p  at my point duhq ston~e (Table 6.4). However, the 

aiaba ofE ceab mcowral on ctSMAC h m  ôologna wu reduccd by approximately 2 log 



CFU/cm2 cornpucd to the initial inocuhun. 

The numba, of colonies r e a d  on SMA &om E d i  inoculateci ham and ôologna 

rose on control ud gdcontid sunples over the 4 w& of storage (Tables 6.3 and 6.4). The 

nnunben of colon= rccovadd on SMA 6om gel-trcated sunples was obs«ved to drop over 

the sune pend. 

The numkn of Lb. h i  remmai fiom h m  or bologna on gel-treateû samples were 

consistmtly Iowa t h  those on control and gel-control samples (Tabler 6.5 and 6.6). Lb. 

d i  on control and gelîontrol samples rose to >7.5 log C ~ ~ l c r n '  within the first week of 

storage. Lb. saki was not r a w d  fiom gd-tnated ham until wcek two of stotage and did 

not a d  4.5 log C N / d  dunng stonge (Table 6.5). Lb. d e i  was only recovered fiom 

gel-treated bologna at week t h  of stonge (1.8 log CFUlcm'), (Table 6.6). 

The number of colonies rtcovcred on SMA fiom Lb. sakei inoculated ham and 

b o l o p  w u  leu thui or quai to the number colonies recovcrtd on MRS for control, gel- 

control and g e l - t r d  sunpler (Thles 6.5 and 6.6). 

The numkn of k nnsrntemkk recovtteâ fiom harn and bologna conttol and gel- 

c~ntrol wiipler rose h m  l ~ ~ c o m m t d y  4 l q  CFU/an3 to >7.5 log CFUlcm2 within the first 

wcek of storage (îables 6.7 and 6.8). No Lc. mesenteroirtes colonies were recovcrd from 

gel- treated vmpla acept at wedc thice, with 1 .JO log cFU/cm2 on ham (Table 6.7) uid 

2.39 log CFU/cma on bologru (Tabk 6.8). 
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Then wu no rienificuit dflertnct obrawd betwecn the numben of colonies 

rccovered frorn h m  or bololpu inoculateci with k mesen~e~oi&s on SMA cornparcd to 

MRS atapt at week thrœ for gel-trcated sunples on h m  (Table 6.7). 

L m a m c y ? ~ r t e s  w u  ody ncovcred fiom gel-treated h samplea der 3 weeks 

of storage (Table 6.9). At week three Le monocytogen~s levels were 2.33 log CFU/cm2 and 

at week four w m  0.65 log CFü/cm2, cornpucd to >8 .O log CN/cm2 on control and gel- 

control ham sunples (Table 6.9). On gel-treated bologna L. monucytogenes w u  oniy 

rtcovereû a f k  4 weeks of storagc rt 0.60 log CFUlcm2 (ïable 6.10). 

There w u  no significant diffaence betwen the number of colonies recovered on 

SMA cornpueci with MOX for any of the samples from L. monocyogems inoculated h m  

or bologna (Tables 6.9 and 6.10). 

On hun the numben of Sm ryphimurium fiom gel-treated samples were wnsistently 

lower than thoa on control samples fiom week zero onwards (Table 6.11). Gelantrol 

sample numkis wae dro significantly lower than control mples at weeks thrce and four. 

S. @murhm nwakn on control vmplu fcmained fürly constant u uound 4.0 to 5.5 log 

CN/cm2. 

S r)phrmwfm nimkn on control bologna dsopped fiom 4.20 log CFühn2 to 1.49 

log CFU/cm2 over 4 wekr of sîoryle rt 8 OC. The numlms of S. t)@hwhm fecovcred 

fiom gel-trertd vmplcr wu not différent fkom control sunplcs i t  WC& zero, kit were 



significantly lower rt waks one to t h ,  though by wedc four there was no signifiant 

difference on BGS plates due to the decrease in numben rccovend ffom control samplcs 

(ïable 6.12). 

nie onIy sunpk for *ch rhere w u  a signifiant diffcrcncc bawan the numben of 

SMA and BGS recovcrtd colonies for S. ~ h i m u r i u m  inoculated ham wzu gel-control at 

week three (Taôle 6.11). On S. lyphimurium inoailated bologna, the nurnber of colonies 

recovcred on SMA fiom control and gel-eontrol mpks rose over the storage pend 

whetw the number of colonies rccoverd on BGS dedincd. Howem, there w u  no 

signincuil d i t f i  in numkn of rccovered colonies on SMA c o m p d  to BGS from gel- 

treated sunples on bologna (Table 6.12). 

6.5. Discussion 

In the triais of the antimicrobial gel trcatment against the Gram positive organisms, 

B. thermosph&a, Lb. saki, Lc. mesenteroides. and L. momxytogenes, no colonies were 

dctccted on selectivc or SMA mdia fiom sunples t a l m  immcdiatcly ifter inoculation, 

although control and gelantrol samples had populations of 3 4  log CFW/cd (Tabla 6.1. 

6.2 and 6.5 to 6.10). Since the different sunples were inoailated fkorn the same source, this 

would indiate that the uisurinrobul 
. . -containhg gel had r bactericidai efféct that rcduced the 

numkrs dthe Grun positive wgmims by at least 4 log CFü/cm2. The fülun of the Gram 

positive orguiisms on gel-treated mat  to rccovcr to the m e  lmls as on control ud gel- 

convol smples, ovcr the 4 wedr period of stonge, indicatcs that the activity of the 

mtidcrobiilr w u  uctriacd ova the stonge pcriod. 



114 

No dgnüicant dincrcllct was observed b c m  the initial populations of E. coli on 

hm or bololgu and S. ~ h i m u r i u m  on bologna. The initial numben of colonies recovcred 

on BGS h m  S 3phrnnat'ian inoaJltd ham were significuaiy Iowa for gel-trcated amples 

compareû to contrd Yniples, indic8ting r ûactuiadrl e f f i  of rpproxirnately 1 log CFü/cm2 

(Table 6.1 1). 

nie antirnicmtiial gel had no apparent effect on E. coli inoculated to bologna, u the 

population on ail samples was cquaUy rcduced ovcr the period of storage. Coating ham with 

gel containing, or without antimictobids appeared to be q u d y  efféctive in reducing the 

growth ofiZ d i  by 2 log CFU/crn2 over 4 weeks of storagc, while the population detcctcd 

on ct SMAC-platcd controls remaîned static (Table 6.3). Thcse rewlts indicate that the 

antirnidid gd trcatment was not CffCctivc against E. coli. In a previous study in which 5 00 

mgkg 1ysozyme:nisin:: l:3 plus 500 mg/kg EDTA w u  added dircctly to sausage batter 

(Chapter S), the antirniaobial treatment was shown to result in static numbers of E. coIi 

0157:Hï oova the paiod of storage, whereas the numben recovetd on controls increased. 

In the pmiw rtudy, brain hcart infusion agar with 30 mg/liter of nalidic acid WU u d  as 

the daetive meda, which may have resulted in the rtcovery of organisms other than E. coi1 

0157:H7 ud thus yklded an unbiguous m l t  which w u  ivoidcd in this study by the use of 

ctSMAC as the wlcctive medium. 

The uiriniiaobiil gel trsmnaii ms o b m d  to have r delayed bactaicidd effect on 

S. ~phimriu~t ) .  The numbets of S rvphimurium fccovc~cd werc rducd over 4 weeb of 

st- by 3 4  log CFWcm', while the population sligtîy increued on control samplr uid 
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remained static on gel-control runples. The same conclusion cari be reached for S. 

typhimurium growth on bololpu. for dthough the numbers of S. tuphimun'um recovaed 

dtopped over stomge for rll snmples, the rate of duction on gd-trcatcd samples w u  -ta 

t h  on gel-controi samplcs, which wu, in tum, gratm than on control sarnples. 

The Purfgce application of a 7'% gelath gel containhg antimicrobials u 25.5 glliter is 

quivalerit in total uiiliiiaobial supplid to the prduct as would be the case when 450 mglkg 

is direaly added to the sausage batter. Since the results obtained with 25.5 g/liter of 

antimicrobid were superior to the addition of 500 m@g to the batter, it appean that 

immobilizing the antimicrobid at the surface of the product is more effective than direct 

addition to the mat formulation. 

Coating the surface of h m  or bo log~  with a 7% gelatin gel without antimicrobials 

did not mult in significuitly different numks of recovered colonies relative to control 

umples, except the in cues of S. ryphimutium (Tables 6.1 1 and 6.12) and El coli on ham 

(Table 6.3). The restriction on the growth of these organiuns by the prescnce of the gelatin 

gel mry have beai cuised by rduced wss to nutnmts, Jthough the gelatin blm h d  no 

effcct on the o h  orgullsms studied. 

Tbe only o r g u h  for which dgni8untly highei numôers of colonies wcre found on 

gel-tterted sunpleq when plated on SMA as opposd to selcctive media w u  B. 

kmqhx&z,  idiathg that for the other orguiipns testcd the uitimicrobiaî gel trcatrnent 

did not dow growth of anothcr opportunistic or@m to domhate the prduct fion. 
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The obwvd increuse in the eff'vcness in the antimicrobiaî tnitment against B. 

thennqhQca Lb. d e i D  Lc. rnesentemide~~ L. monaytogernes and S. t)phimurium when 

applid u 8 gd rrficc aeimwnt 8s opposai to direct ddition to the swsage batta may have 

kai due to 1 numkr of factors, in addition to locrlization of the antimicrobids rt the site of 

bactuiai growth a! the surfia. Padgett a ai. (1998), o b s m d  that the inhibition zones of Lb. 

pk4ntcirll~ generated by wy protein and corn zein fih in which lysozyme or nisin, or 

lysozyme with EDTA, or nisin with EDTA hrd been incorporateâ, were smaller when the 

nImr wcrc k a t - p d  u opposed to cast, indicating that huting rcduced the antirniaobial 

activity. The direct aâdition of the antimicrobids to sausage batter may result in lowereû 

activity when the product ic cooked. The themai stabEty of lysozyme is highly dependent 

upon the chanid cnvironmcnt within which hcating occun. The stability of lysozyme is hi& 

at low pH, in high srlt or wgu solutions, but may be greatly reduced in the presence of 

proteinr due to r d o n  with sulfhydryi groups (Proctor and Cunningham, 1988). Nisin 

t h e d  stability is dso dependent on the chernid enviionment. with various food 

components having the potentid to incteue or decrease its thermal stability (Delves- 

Broughton et al., 1996). 

Rose et ai. (1999) w~gestcd that nisin inactivation may occur in fiesh mat by 

intaraion of nisin with gîuuthione, cataiyüed by glutathione-S-tnnsfc~c; a reaction bat 

muid occur whcn m i ~ ~ e d  in product prior to cooking. However, this reaction cm not k the 

. 
sole ciurc of nipn inictmtion in mmt, rr the lctivity of N C  w u  reduced o v a  time at 4 T 

in codred pork ('Fang ud Lin 1995). It ir pouibk tht the imrnobilurtion of antimicrobids 

in the gelrtin gd rltowcd dinucion of the mtimicrobiilr over tim, whüe rducing arposure 
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to inactivating agent8 in the rntit. If this hypothesir U correct, thai this antirnicrobid gel 

system my be ippliuble for deveiopment u d  uae with k h  mat.  

Future work on thh mrbnait -an h u l d  foais on the developmait of packaging 

techniqua thaî d d  be used to apply this treatment to cornmerciai products. Work should 

dso be done to ch i@ the effect of heat treatment of the produa upon the aaivity of the 

antimicrobials, 



Tabk 6.1. Growth (log CFülan3 ofB1~1huthrix f h e m ~ t a  on hm: without trmtment 
(contrd); corted in r 7% gehth gd (gel-control), or 7% gelatin gel con- 25.5 %litre 
lymyme:ni&~: l:3 ud 25. 5 fltre EDTA ml-tteatd). 

Rseavry W d O  W d  l Week 2 Watk 3 Wcck 4 
Indium 

I 

S T M  4.M8 0.09 8.37' 0.08 8 , W  0.20 6.85' 0.63 7.19 0.34 
conml 

STAA 3.35' 0.21 8.14 0.31 8.25' 0.06 7.94' 0.14 7.65' 0.12 
gclcantd 

STM ndb gW nde - ndb .a ndc - ndb - 
gcl-lreued 

SMA 3.86' 0.10 7.81' 0.46 8.23' 0.04 8.1Sb 0.12 7.87' 0.20 
gcl.control 

SMA ndb - 4.32' 1.04 7.73' 0.29 7.39" 0.57 8.00" 0.18 
gel-tdd 

Düfaing superscripts in the sune column indicate a sipificuit âiierence arnong means, 
(n), of 3 repliates plrted in duplicate. Standard dcviation (std). 
nd - none detccted. 



Table 6.2. Growth (îog cFü/un? of Bmhothrk t h e ~ h a c t a  on ôolopa: without 
treatrnent (control); mtd in r 7% gehtin gd (gel-control), or 7% gelatin gel containin8 
25.5 ~trelymtyme:nirlli::1:3 rnd 25.5 f l tr t  EDTA (gd-truted). 

Raoovty W a k  O Wœk 1 Wcek 2 Wak  3 Wek 4 
Indium 

d- 22 ad R std si std si std R std 

S ' r u  3.16' 0.20 
conml 

STM 3.15' 0.12 
gel-ntrol 

STM ndb - 
84- 

SMA 3.62' 0.25 
mntd 

SiUA 3.72' 0.14 
gtlconml 

SMA nd' H 

8.01' 0.07 8.1 1' 0.06 7.91' 0.10 

7.80' 0.20 7.95' 0.05 7.77' 0.06 

ndb Do nd' œœ ndb H 

7.98' 0.19 8.12' 0.06 8.11' 0.34 

7.85' 0.14 7.84' 0.16 7.86' 0.07 

5.29 0.36 7.87' 0.18 8.25' 0.05 
@Io- 

Differing superscripts in the rune column indiate a significant dinerence among means, 
(n) ,  of 3 rq&ut&platcd in dupliclte. Standard deviition (std). 
nd - none detccted, 



Table 6.3. Growth (log C F U / C ~ ~  of kiierichio coli on hamwithout treitmmt 
(contrai); a t e d  in (i 7% gdatin gel (sdantrol), or 7% gelatin gel wntaining 25.5 e/iitre 
lymtymt:nisin::l:3 and 25.5 EDTA (eel-trcatcd). 
m Wick O Wuk 1 Weck 2 Week 3 W a k  4 
Illddilll~ 

Ud sz ad E std si std R std >i std 
trertmcnt 

aSMAC 4.35' 0.03 4.43' 0.06 3.57* 0.05 3.73* 0.16 4.12": 0.44 
contml 

SMA 3.95' 0.26 3.78, 0.049 3.30' 0.21 3.21d 0.12 3.16~ 0.22 
el- 

Diffkng superscripts in the rum dumn indicate a signif~cant diffcrence among means, 
(n), of 3 repücater plateâ in duplicate. Standard ddation (std). 



Table 6.4. Growîh (log cFW/cm') of Ekherichia coii on bo log~ :  without treamait 
(control); corteci in r 7% gelath gel (gd-control), or Fi gehtin gel containin8 ZS. 5 me 
lyw~e:nisin: : 1 : 3 and 25 . 5 fltre EDTADtl-trcated)). 

Raeavcy Wmk O Wak  1 Wœk 2 Wwk 3 Weck 4 
Indium 

and R std ii std z std .x std n std 
tnrtment 

flMAC 4.17' 0.07 
control 

ctW.AC 4.17' 0.12 
gcl-~ontrol 

-c 4.04' 0.09 
gel- 

SMA 4.16' 0.13 
control 

SMA 4 . w  0.17 
gclcatltrol 

SMA 4.07' 0.16 
gel-trtated 

Ditfiering superscripts in the samc column indicate a sipificuit difference among means, 
(n), of 3 repliertes plated in duplicrte. Standard deviation (std). 



Table 6.5. Growth (log CFW/crn') of LactokiIlw sPki on ham: without treatmcnt 
(contrai); coatd in FA gelrtin gel (gel-control), or 7% gelatin gel containing 25.5 g/iitre 
1ysozyme:nirin: : l:3 and 25.5 a t r e  EDTA (RcI-treated). 

R@QW=Y Week O Wcck 1 Wœk 2 Wetk 3 Weck 4 
mddium 

and E std >i std R std jz std si std 

MRS 4.19' 0.07 
conml 

MU 3.46' 0.16 
gelconml 

hm ndb go 

gcl-lrtrtad 

SMA 4.46' 0.05 
control 

SMA ndb - 
gclcontrol 

SMA ndb - 
Differing superscripts in the same colurnn indicate a si@mt difference among means, 
(E), of 3 replicltes plated in dupliate. Standard deviation (std). 
nd - nonc detccted. 



Table 6.6. Growth @g C N / d )  of lacto~ilIus d e i  on bologni: without treatmt 
(control); coatd in a 7% gel (gd-control), or 7% gdatin gel containing 25.5 flue 
@xym:nirin:: 1 : 3 ud 25.5 atre EDTA (gel-trerted). 
R='w WœkO Wick 1 Wetk 2 Wak 3 Wek 4 
d u m  

ml R std s std R std R std E std 
triElbnCnt 

MRS 3.53' 0.07 7.68' 
mntd 

MRS 3.28' 0.21 7.77' 
gdantfol 

MRS ndb H ndb 
gel& 

SMA ndb - ndb 
control 

SMA ndb - ndb 
gclcbnml 

SMA ndb go ndb 
si- 

Diffcring supmmipts in the sum wlumn indicate a si@cant difference among meuis, 
(ri), of 3 r~liutes-plated in duplicate. Standard deviation (std). 
nd - nonc dctectcd. 



Tabk 6.7. Growth ( l q  CFü/crn? of Leucomutoc wtesentemi&s on ham: without 
matment (cantrol); coited Ui a 7!% gelath gel (gel-control), or 7% gelatin gd containing 
25.5 gîiitre 1ycozyme:nisin: : l:3 and 25.5 fltn EDTA (&treatd). 

ud 51 ad R std si std R std R std 
UmmHlt 

MRS 4.63' 0.14 7.74' 0.09 7.66' 0.06 7 . W  0.30 7.7P 0.29 
c0ntlOi 

SMA 4,W 0.08 7.75' 0.05 7.60' 0.06 7.12' 0.73 7.16' 0.22 
gcl-amtrol 

ShtU ndb - 2.09 2.09 ndb O- ndc - ndb H 

si- 
Difftriq superscripts in the sune wlurnn indicate a signifiant d'itrmce unong m a s ,  
(n), of 3 replicrtes plated in duplicate. Standard deviation (std). 



TaMc 6.8. Growth (log ~Füicrn? of Leuconarttoc mesenteroi&s on bologru: without 
trtltment (wntd); c01ted in r 7% gelath gel (gel-control), or 7% gdatin gel containing 
25.5 glütre 1ysozyme:nisin:: 1 :3 ud 25.5 fltre EDTA bel-tmted). 

m Week O Wœk 1 Week 2 Week 3 Week 4 
mbdium 

d 5i std R std si ad R a d  R ad 
Éiicitmcnt 

eei- 
Differing superscripts in the same column indicate a significant difkrence m n g  means, 
(n) ,  of 3 replicat& platcd in duplicate. Standard deviation (std). 
nd - none daectd. 



Table 6.9. Growth (log C N l c m ~  of Lisleria monoCylogrns on ham: without tnatment 
(contrai); c o a t d  in i r / r  gelatin gd (gel-control), or 7?! gelath gel containhg 25.5 gllitre 
lysozyme:nUUi::l:3 ud 25.5 fltm EDTA (gel-Md). 

R=Q=Y Wœk O Week 1 Wttk2  Week 3 Week 4 
Inedi~~ll 

and R std x std E std x std 2 std 
trertment 

MOX 5. 1 '  0.27 
control 

MOX 4.70' 0.17 
gdcontrol 

MOX ndb - 
gcl-tmcad 

SMA 4.8V 0.35 
conml 

SMA 4.568 0.22 
gel-ntrol 

SMA db - 
pl-titrted 

Differing superscript, in the urne cohimn indiate a significant difference mong means, 
(n), of 3 npücates plat4 in dupücate. Standard dwiation (std). 
nd - none detected. 



Table 6.10. Growth (log CNIcm') of Lisleria rnumytogenes on bolog~:  without 
treatmcnt (control); coited in i 796 gelath gel (gcl-control), or 7% gelatin gel containhg 
25.5 fltrelysozyme:nidn:: 1:s ud 25.5 gilitre EDTA (Pd-trcatcd). 

m Wetk O Wœk 1 Wetk 2 Wctk 3 Wtek 4 
medium 

ud s std R std si std si std sz std 
mamEat 

MOX 4.32' 0.22 7.74' 0.31 7.95' 0.15 8.3V 0.17 8 1 3  0.08 
mnm1 

MOX 3.99 0.24 7.63' 0.15 8.26' 0.04 8.23' 0.04 8.06' 0.15 
gci*ntn,l 

MOX ndb œO ndb - ndb - ndb - 0.68b 0.97 
&Pl- 

SM 4.46' 0.05 7.71' 0.17 7.48' 0.37 7.86' 0.06 8.08' 0.23 
control 

SMA 4 . W  0.05 7.89' 0.05 8.15' 0.05 8.01' 0.13 7.85' 0.15 
gclumtrol 

SMA ndb œ- ndb œW ndb O* ndb - 0.60~ 0.85 
gcl-matcd 

Differing supcncripts in the s ~ i e  column indicate a signifiant dinerence mong meuis, 
(n), of 3 repliutes plated in dupticate. Standard deviation (std). 
nd - none detected. 



Tabk 6.1 1. Growth (log C F U / d )  of WhmeIlo r )p l , i ~ r ium on hun: without 
trtlûnent (control); coated in a 7% geluin gel (gel-control), or 7% gelatin gel contakg 
25.5 #litre lys0zyme:nih:: 1:3 ud 25.5 fltre EDTA (&treated). 
Rsoavty WeekO Wak 1 Wetk 2 Wtck 3 Wetk 4 
d m  

ad 2 std x std R std >i std E st d 

BGS 4-80' 0.03 5.58' 0.14 
CQW 

BGS 4.04" 0.14 4.6p 0.08 
gc l~nt rd  

BGS 3.59' 0.33 2.73' 0.24 
gel- 

SUA 4.75' 0.06 5.62' 0.20 
cantml 

SMA 4.12~ 0.10 4.52' 0.18 
gtl.control 

SMA 3.81, 0.18 1.31' 1.31 
FI- 

Differing nipemaiptr in the sune cdumn indiate a Ugniticant diffcrence among means, 
(n), of 3 repliaes plated in dupliate. Standard dcviation (std). 
nd - none detectd. 



Table 6.12. Growth (log CNlcmZ) of WmoneIla @imurium on bolo(gu:without 
tnrtment (control); c01ted in r 796 gtlatin gel (gel-controt), or 7% gelatin gel containhg 
25.5 ~trt1ywzymc:nisin:: 1:) and 25.5 fltre EDTA (nd-tnated). 

Racxivty W& O Wcck 1 Walc 2 Week 3 W a k  4 
d u m  

BGS 
oontrol 

BGS 
gc l~ntro l  

BGS 
si- 
SMA 
control 

SMA 
gclcantrol 

SMA 
gtl.trerited 

Differing supencripts in the s ~ ~ c  colwnn indicate a si@cant difference arnong means, 
(r), of 3 rcplicrtes plated in dupliate. Standard dcviation (std). 
nd - none detcctd. 



7. Conclusions 

Compuiion of the investjgations wtlincd in Chaptm 3 ud 4 into the antimicrobid 

activity of lysozyme ud nisin with other antllnicrobids indicate the difficulties involved in 

amashg rntimiaobidr for use in foodr by using broth ystcmr. niough both of these sets 

of scperimaito were conduded in the m e  nutrient broth systems the dinering experimental 

designr resulted in diffwmt, though not contndictory, observations of antimicrobid 

intctacfionr. Thc factorial apa9naitrl design dacrikd in Chapta 4 provides more cornplete 

informatio~ more npidly, on interactions than the mponsc surface mcthod desaibed in 

Chapter 3. The fktorid experimentd desip is wperior to other experimental designs 

reported in the iiterature as it d o m  c k u  interpretation of collecteâ data to detennine 

whaher or not an antimicrobid effbct is sienificant and if interactions m occumhg. h the 

experiments describai in section 4 the factorial design was uaeâ to interpret turbidity data 

rfter 8 h e d  pcriod of incubation, which provides information on the effect of the 

mtimicrobials upon the finai popuîation lweh of the bacteda. ïhe factorial method could Jso 

k ~pplied to impsdence -on datq which wwld dow duation of the cffèct on growth 

The results of the broth study dcscribed in Chapts 3 indicated that interactions 

betwm lyraryme ud EDTA or win and EDTA did not incrclwe the mtimicrobid effect of 

Uwrc qpht Gnni n@ve orSUypnr, u reportcd in butlia systcm studies by other 

urhm. Since EDTA mc h w n  to Séct orpisma in broth it would rppear tht itr rbility 

to dirupt memkvwr U not ncauuily inhibitai in mtrietit broth. The führe to & m e  ui 
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efkt  of nirin on EDTA-trated Gnm q a t i v e  cdls in broth may k a consequence of cdr 

in the nutriait rich broth bcing able to compensate for the loss of low molecular weiat 

moleailes by incrdng th& rate of metabolisin (see Cuneiro de MeIo et ai., 1996). 

The r d  of the h t h  study in Chapter 4, thou* not supporthg a role for lysozyme 

or nisin in controt of GRm n@ve oqanbm did inciicate that the combination of lysozyme, 

nisin and EDTA u well u the NaCI and nitnte presait in cured m a t  produas presents i 

broder antimicrobid spectnim than any of the agents aione or paired. Addition of these 

antimicrobials to ham and bolog~ batta was demorwtrritcâ to r f f i  the growth of  number 

of spoila~e and pathogenic bacteria at 8 OC, though Gnm negative bacteria remainecl 

garaiUy resistuit (Chapter 5). The effèctivtness of the antimicrobial treatment when applied 

to cured m a t  systems wrr o b s m d  to be dnmrticaily increascd when applied as a gel- 

immobilired rurfhce treatmcnt (Chapts 6). This result supports the hypothesis that sudace 

application rllows dctivery of antimicrobiais at a higher local concentration at the site 

m i d i a l  growth. Mciitionaiiy, gel Vnmobilization may prtscrve nisin activity by protocting 

it 6 w i  h t d o n  with inhibiton in mat .  It is rny rccomrnendation, in light of these results, 

that the flltun devdopment of mvd UitimjcrObirl systaii~ for use in m a t  systems be directed 

towuds application by prcLypn8 or matin8 systuns. ?hi$ would have the aâvantage of 

increuing the efktivcness of the m e n t ,  as weU u pemiitting removai of the 

uitimicrobiai source prior to consumption, which would bc highly desidle in terms of 

consumer ud regdatory acccptmœ. 

Though broth expehmts (Chaptm 3 and 4) indiate that lysozyme, done or with 



132 

otha ieaitr, a n  gsd the p w t h  of Brtxhotviix t h e n n q i i a c ~  Pedocomrs ~~idIOctici, 

Entenn:occlcs j b e d i ,  WeisseIIu viri&oscem and S ~ I o c u c m u s  moumu, all of thm 

orgullrm, wac obswcd to bc d t i v e  to nisin to r greatet or quai extent. Though trials 

of the uitimicrob'd systan on d mat,  to date, have incorponteci both nisin and 

lysozyme it hs not bsai detaniined whetha both these agents contribute significuitly to the 

eontrd of Grazn positive bPdaio. CompMfon of tri& on d mut inwrporating lyoozyme 

with EDTA or nisin with EDTA would dlow molution of this question. 
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