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N 5 mas'rmcz'r

} The potentxal for a 1act1c acid bacter1um 1solated frmq

_*vacuum- packaged beef to serve as a blologlcal preserV1ng

‘ agent was examined. Lact1c 1solates were screened for thelr“
ab1l1ty to inhibit the growth of selected 1nd1cator
,organ1sms on APT agar by direct and deferred methods: of
ahtagonrsn,-One bacterium,'referred to as isolate #26, was
discovered which inhibited the_growth of a wide range af

organisms. To evaluate the potential of isolate #26 for use

Ll

as a biolbgical preservative parf of-thisAstudy was devooted
}to determlnlng the 1dent1ty of isolate #26 a second part- to
determlnlng the nature of the. 1nhLb1tor(s) produced and a
third part to determining 1f the inhibitor is synthes1zed
and active in ground beef. Isolate #26 1is an atypical l
betabacterium, since ie produces only L(+) lactic acid. It
was identified as L. pISCICOIa, formerly proposed as. L.
caPnls (Shaw and Hard1ng, 1985) Inhibition by 1solste #26
on APT agar was attrlbuted to the productlon of a 2
'protelnaceous bacter10c1n like substance (Bac #26). Bac #26
was active against spec1es of Pedlococcus, Lactobac;llus,_*.
Streptococcus, Leuconostoc, Bacillus, Clostr'idtum and '
LlstePIa,‘but not :galnst the gram negat1ve organ1sms
tested. On APT agar Bac #26 was produced at temperatures as
low‘as 1°C. However, the antlmicrob1al effect was not seen
on APT agar. adjusted to pH 6 0 or less. This suggests that
1nh1b1t10ﬂ by Bac #26 productlon would not occur in meat (pH

< 6.0). Inhlbltlon of S. faecalis fn 1rrad1ated meat A
1

e
Cw



1

oécurred only when high 1nocu1a (102 cFu. of isolate #26/g)
was used. Therefore inhibition of Streptococcus faaballs was

11ke1y the result of organic ac1d productlon and other
*

A~

f?étors, p0551ﬁf§ physical 11m11at1on Jf - growth space.

Successful 1solat10n of a straln (1solate # 26) wh;Fh

-~

\\’\/
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1. INTRODUCTION
1

‘The laotic-acid bacteria (orizj{lactics)'have;éund an .

ecological niche‘in a nomber o ood products/ It is
i ; A : -

4 : . . . o
‘commonly.known that the lactics are used in/the production

2

- of fermented foods, such as dairy and‘meat ‘products, where

| Y
they contrlbute to the characteristic aﬁbma, flavor and i

texture of these products. The laCtICS/alSO play an

important role in the m1crob1a1 econgy of vacuum packaged’
» /
meat (Kitchell and Shaw, 1975; Egam, 1983; Sharpe and ?

Pettlpher, 1983) .

-

' Aeroblcally packaged—fresh meaéahas a- short shelf 11fe

" due to large numbers .of gram negat1ve spoilage bacterla,

'prlmarlly pseudojbnads, my1ch domlnate the. populatlon at

chill temperatures (Erldﬁsen and’ MOan,‘1981 Grau, 1983)

Although. vacuum- packag1ng and re%r1gerat1on can extend ‘the

shelf-life of fresn/meat up to elght weeks, or more, once

- the meat is repack/d into gas permeable fllms, it keeps for:

only a short pegiod of.tlme (Dalnty et al., 1979; Egan,

1983). MethodS/éf_preserving this perishable commodity are

requ1red .;/ % (

¢

' Various researchers have shown that by 1noculatlon of

‘the 1actics,nprimarily dairy lactics, into fresh aeroblgally

stored meat, the growth of the sp01lage flora and also -a

number of pathogenlc microorganisms (" undes1rab1e flora?)

* can be delayed or-inhibited (Prlce and Lee, 1970; Reddy et

al.,g1970;.Reddy,and Chen, J975, G1lllland and Speck, 1975

Newton and Gill, 1978; Raccach.et al:, 1979; Abdel-Bar and




Q. 1"" - ' AZ\

Harr1s, 1984). The use of daxry cultures such as

J

Str'eptococcus lac;tis and Leuconostoc citrovorum (Reddy et
"al., 197‘0),_'Stneptococcds dracetllactrs '(Gllllland and
Speck, 1,9.,75)', and Lactobacrllus bulgaricus (Abdel-Bar and
Harris, i984) all required hlgh¢rn0cu1a to achieve an’ |
.inhibitory effect. o .l | ‘ |

The exact mechanism of the inhibition is not well
understood It 1s generalljxggreed, however, that organic

acids (Abdel Bar anﬁ Harris, 1984), hydrogen peroxideA
(Glllllandrand Speck 1975 Adbel Bar and Harris, 1984) and

L~

1978 Colllns-Thompson

)

perhaps an7
mand Lopez |
1nh1b1t101
early spoiiage of the product through sourlng, while - ;
hydrogen perox1de or hydrogen sulfide production may cause
dlscoloratlon through greening (Egan, 1983; Siarpe -and
, Pettlpher, 1983) Ideally, lactic stralns capable of
'produc1ng broad spectrum antlblotlc— or bacteriocin- type
compounds at refrlgyatlon temperatures would; be effectl's;e
cultures for retention of fresn meat quallty, prov1d1ng
these compounds do no adversely affect the organoleptic
propertles of the meat. In recent: years, bacterloc1ns have
been 1solated and ‘purified from the lactlcs (DeKlerk and
Smit, 1967; Upr%tl and Hinsdill,, 1973,-1975 Barefoot and
Klaenhammer, 1983; Daeschel and Klaenhammer, 1985) ' ’
&

A su1tab1e lactic strain for use as a blologlcal

<

preservatlve in meats must not only produce. an 1nh1b1tory .
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SR K T . 'J ~ .
compound at refrlgeratlon temperatures but also'the ‘ |
1hh1b1tory compound must be synthesized and 1nteract"f£..
effectlvely with the microorganisms present in the meat.
Most of the dairy lact1cs'are mesoph111cﬂ that is, they do
. not drow or grow poorly at refrlgeratlon temperatures,
_therefbre ant1m1crob1a1 substances. which are produced as a»
bylpfoduCt of growth Will’not be formed at refrigeratioh
temperatures. For example StFeptoCoccus lactis produces

»

nisin, an ‘antibiotic whlch is act1ve adainst a number of‘

gram p051t1ve bacterla (Hurst, 1973)° However) if’S. Iactls

A

was 1noculated onto. refrigerated’ carcass meats, these
mLsophlllc bacterla would not be able to grow and produce
d151n. If the temperature was ra1sed to allow growth of S.
“lactis, nisin would be 1neffect1ve agalnst the gram- negat1ve
mgcroflora predominating at the higher tempenitu;e, °

‘The lactics, partlcularly the%lactobacilliJ become the
major group of m1croorganlsms on refrlgerated . ﬂ
vacuum—packaged meat (Roth ahd Clark, 1972; Reuter, 1975;
Sutherdand et al.,.1§;5;’$avelldét él., 1981; Hitcheher'et
al., 1982; Shawfand Hardfhg,<1984). Vacuum-packaged'meat?is
therefore, a rich’ source of <lactics which are capable of
grow1ng at refrlgeratlon temperatures. The fact’ that certa1n

lactlcs proliferate on vacuum- packaged meat, to the v1rtua1

exclu51on of all other bacterial types, suggests that amongL

“them there may exist suitable candidates for use as

biologicaiﬁpreservatives.

¢ > N
}. ) Loy
P - o ] )
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, ‘strain(s) as a tool for retention of fresh‘meaéfquality{

-
o ‘ | | |
.The objective of this. study was to isolate lactic
strains from vacdﬂh—packaged fresh meat stored at chill
temperatures, capable of produc1ng ant1m1crob1al compounds
active aga1nst a broad spectrum of 1ndlcator organlsms, and,
subsequently, to evaluate the potential of using such a
R

hY '
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2. REVIEW OF LITERATURE )

2.1 Tne Lactic Aeid Bacteria | U . - i"

Tne term lactic acid bacteria (lactics) refer to a
diverse group of mieroorganisms that are capable of -
proddcing lactic acid from a fermentable carbonydrate 'f‘
‘sggree. A fairly‘prec@se\definition.of this ggoup was given
in the}classidal monograph‘b;‘Orla-Jensen (1919):'3The true

lactic acid bacteria form a great natural group‘of immotile,
sporeless, Gram p051t1ve cocci and rods Wthh 1n fermentlng
sugar chlefly form lactic acid." The lactlc ac1d bacteria
were‘dlfferent1ated taxonomically by Orla—Jensen,mgased on
‘physiological and morpholdgical properties,.intolrhe~
following six generaf”BetabéctePium, Stﬁeptobacteridm, ; '
-Ther'mobactemum, Begacoc;’;, Streptococcus and Tetr'acoccus. B
7 Although the phy51olog1cal and morpholog1cal descrlptlons of
the groups, as env151oned by Orla- Jensen, have not been
altered 51gn1f1cant1y, Only the genus StFeptOCQCCUS has
retained its taxonomlc rank The - f1rsr*££ree genera,,Beta—
bacterium, Stneptobactenium, and Thenmoqacteﬂium now
represent subgroups of the- genus LactobaCIflus (Reuter

1985) The following genera are‘burrently regarded as 1act1c
acid bacterla. Stneptococcus (group N), Lactobacillus,
Pedlococcus, and Leuconostoc These genera can be separated

: by the characterlst1cs‘g1ven in Table 2.1, Dependlng on the

preva111ng phllosophlcal-attltude, the genera, comprising the

lactics ca£ be merged into a 51ng1e b10chem1cally 51m11ar

2
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‘Table® 2.]. The‘major charééh@riéticé differentiating Lacto-
bacillus, Leyconostoc, Ped iococcus. and Streptococcus.
T 1 X -

Gas Production Isomer of

Genus ' Morphology1 from Glucodse Lactate
~ Streptococcus ~ cocci. d - L(+)
‘pairs/chains :
\ .
~ Pediococcus . cocci : - DL
pairs/tetrads '
Leuconostoc elongated T+ - Dp(-)
: cocci ‘
Heterofermentative rods o + ‘ DL

Lactobacillus-

Homofermehtd@ive‘ y rods - - T+ .~ D,L,DL
Lactobacil.lus 2 )

e

. Dataffrom'Sha;pe et al. (1966)

2 pata from Stramer (1979)



~group; or rhey can be divided based”on morphological
differences lnto two distinct familles, Lactobacteriaceae
and Streptococcaceae, as is.currently in Befbey’s Manual of
SystematichactePiology (Kandler and Weiss, 1986).
_ . :
2.2 Microflora of Vacuum—Packaged Beef
When fresh beef 1s'vacuum packaged in plastlc films of
low gas permeabillty, the.atmosphere becomes depleted in 0,
(often less than 1% Q/v)'and enriched in CO, (generally
greater than 20% v/v) (Dainty et al \ 1979). Vacuum-
packaglng creates a favorable env1ronment for growth of the
lactics as they do'mot require oxygen for growth and their
growth is stimulated by iocreased concenttrations.of carbon

u‘} _
,s*‘ b‘% ?
The comp051tlon of the microflora whlch develops on”

dioxide (Sharpe, 1981) ' o

“vacuum- packaged meat 1s controlled by a comb1nat1on of the
pH @nd the gas permeablllty of the packaging film (Campbell
et al., 1979; Egan, 1983; Grau, 1981, 1983). Initially on
‘_‘fresh beef, there is often less than 10 lactice,écm2 (Egan,

‘ 198?). If the pH of the meat is normal (pH 5.4-5.9) and the
permeability of the packaging film is sufficiently low_(Oz_
permeabilitf‘is less than‘100'mL/m2—24h4atm. et 25°C) the
lactics will grow to the virtual exclusion of all other
bacteriél types (Roth and Clark, 1972; Dainty et al., 1979;
Erichsen and-Molin, 198%; Egao, 1983) . Wbile the lactics
dominate the microflora of Qecuum—packaged fresh meat stored -
at chill teﬁperatures, Enterobacteriaceae and faculrative .

P

‘,. R .



. anaerobes such.a@ Brochothr ix thermosphacta often form a
significant portion of the total population (Dainty~et al.,

T~

1979; Grau, 1983). In F1gure 2.1 the development of a )

—

"typ1ca1" m1croflora on beef of normal pH vacuum- packaged
1n a film of 1ow ‘oxygen permeab111ty is 1llustrated Of the
gram negat1ve bacteria present during’the early stages of
storage, the pseudomonads are the most common group (Dainty
et al., 1979). The énterobacterlaceae; ma1n1y represented by
‘Serratié quuefaciens~'are rarely detected during the first
‘one or, two weeks of storage, but they become the most common
gramrnegatlve bacterlum after four weeks of storage (Dainty
et al 1979; Egan, 1963). After four weeks of storage the
V'Enterobacterlaceae may constltute 10% of the meat microflora
(Dainty et al., 1979). Reports on the growth of B
theFmOSphacta on vacuum packaged beef have been
.1ncon51stent; Plerson"et=al. (1970) and Roth and Clark
(1972) did.not deteéct B. therosphacta, while others
(Sutherland’et gl., 1975; Dainty et aI:, 1979; Eriqhsen'and
Molin, 1981) reported growth to ca. 106/cm2. Campbell et al.
(19795 and Grau (1980, 1981) showed that B.'thé?mosphacta
will not grow anaerobically on meat at»pH 5;8‘or lowér and
-suggested that- the varied reports on its growth are due to
differences in the pH of the meat and/or the permeab111ty of
the packag1ng materials used There is 1ncreased growth of
the Enterobacterlaceae and of B. thermosphacta on meat at pH
2 5 9 and/or packaged in @ film .of h1gh oxygen permeabllltyv

(Dalnty“et al., 1979).
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Figure 2.1. Development of microflora on beef of no'rmal~ pH
(5.4-5.9) vacuum packaged in a film”of low oxygen

permeability during storage at 1°C (Adapted from Bga‘-n,

4

1983)' - ! » .
KEY: (@)total viable count; (O)lactics count on MRS agar,
and (Z)on Rogosa SL agar, (—)B. thermosphacta: Ce -

(®)gram-negative bacteria.
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Not only does the -sition of the microflora vary

w1th the ‘pH of the meati the permeablllty ‘of the

packag1ng film, but also w1th1n the pack between the lean

" and adipose\?ﬁssue. Grau (1983) found that B. thermosphacta
and the Enterobacteriaceae grew more rapidly on the fat o
surfaces of vacuum- pac&aged beef during the 1n1t1a1 stages

of storage. Although B. tpénmosphacfa cannot grow

M
anaerobically on lean tissue at pH less than 5.8, growth

continues on the adipose tissue when oxygen becomes
insufficient for amerobic growth in the vacuum-package (Grau,
1983). This lead Grau (1983) to euggest that “gthin packs of

vacuum-packaged meat there are‘iikely several ecologically

-
v

different eﬁvirogkents.

a
v

2.2.1 1dentity of the lactic acid bacteria isolated from

vacuum—packaged beef :
v
Mgst stud1es on the identity of the 1act1c ac1d

—

bacteria from vacuum- packaged beef found that lactobacilli -
are the major group (Reuter, 1975; Da;:ty et al., 1979; |
| Hitc¢hener et él 1982; Holzapfel-ahd Gerber, 1983; Shaw and
‘Hardlng, 1984). Domlnance of the microflora by Leuconostoc

(,

Spp. has been reported in a few studies (Patterson add
Baird, 1977- Savell et al., 1981). In spite of ‘the many
descr1bedfspec1es of 1actobac1111, it is generally difficult
to. 1dent1fy strains of Lactobacillus 1solated from meat,
pr{sumably because the documented descr1pt1ons and schemes

of identification are based on isolates: from other'sources

3
A
\
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(Kitchelltahd Shaw, 1975). Most lactobacilli isolated from

. vacuum packaged beef have not been identified or could not

be identified at-the species lével. Such terms as
"unclassifiable" or "atypicamf streptobacteria or '
betabacter1a have been used tb refer to thQse isolates - .
(Kltghell and Shaw, 1975 Reuter, 1975; H1tchener et al. |
1982' Holzapfel and Gerber, 1983, Shaw and Hardxng, 1984).

of the 177 psychrotrophic lactics isolated by H1tch?ner et e
al. (1982) from vacgym—packaged beef, only 18 isolates were .
idenfified as Leuconostoc mesenteroides. The remainder’wére
lactobacilli, which they classified as "atypical"

streptobacterla and betabacteria. Although Hitchener et al.

(1982) noted considerable variation in the nature of the
lactobacilli isolated from vacuum-packaged meat,_Egan (1983)
suggests that~within a vacuum—pacﬁgge there éay be

“ relatively few species of lactobacilli and that some

~

packages may even contain a pure culture.
"

7
LY

©2.2.2 Classification and identification of‘the'"atypical"
. lactobacilli ] | ‘

In rééent years a number'of studies have focused on the
"atypical" 1actobacilli‘isolated from vacuﬁm—packaged meat,
in an effort to understand the groupings that exist among
them and the felationship of these organ1sms to described -
species (Hitchener et al., 1982; Shaw and qud1ng, 1984 ;
Holzapfel and Gerber,;1983). Hitche;ér et EY. (1982)

. L4
arranged the atypical lactobacilli into five groups, three
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comprised. of streptobacter}a and two of betabacteria. fhe \\\\‘
atypical streptobacteria could n5£ ferment lactose,\maltose
or mannitol which is considered typical o£ L. plantarum and
is in general also common to all streptobacteria (Sharpe et
al., 1966; Hitchener et al., 1982). The streptobacteria were +
separated into groups ?ased on differences in their sugar
fermentation palterns, their ability to hydrolyze esculin’
and to produce ammonia from"arginine in media with low |
glucose (0. 05%& concentration. The betabacterla were
atypical ln their productlon of only L(+) lactlc acid from
glucose as all other described betabacter1a produce DL
lactic acid (Kandler and Weiss, 1986). The carbohydrate x
fermentation patterns of the atypical becabacteria also '
differed from those of described speciesl Hitchener et al.
(1982) differentiated the atypical betabacteria into two
groups based on dlfferences in the1r sugar fermentat;on
patterns and also on the1r ability to produce am%oﬂia %foml
arginine in' media w1th 2,0% (w/v) glucose.

During shelf-life studies on raw, vacuum- packaged as
well as SOz-treated minced beef, 8 atyplcal betabacterla
were isolated by Holzapfél and Gerber (1983). These strains, ..
like thpse isolated by Hitchener et al. (19d}?, produced
L(+3 lactic.acéd. The acypical betabacteria of tnis_study
also differed from typical '‘strains.by a low nol% guanine +'
cyt051ne (G+C) in the DNA (34 *+ 0.8% G+C). .As the.physio‘*
1oglcal characterjstics of these strains were unllke those

J

of described species, a new species, L. divergens was named.

N .

-
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Shaw and Harding (1984) performed a numerical taxonomic
study on 100 isolates from refrigerated vacuum-packaged
heef, pork, lamb and bacon. Three clusters were observed,
all with 78% similarity within clusters. Cluster I was

comprised of a group of organisms considered to be atypical

streptobacteria, which were referred to as non-acidurit, due

to their inability to grow on acetate agar ay pH 5.6, to

N

initiate growth at pH 3.9 and in ceasing to grow at a
terminal pH > 4.15. The organisms of Cluster I were - later

\
(SHaw and Harding, 1985) shown to be heterofermentative.

This disprepancy in their description was attributed.to
hedium—dependent gas production by these organisms (Shaw and
Harding, 1985). Appreciable quantities of acetate and -
eghanol produced by glucose breakdown confirmed the_hetero-
fermentitive nature 6f these isolates *(Shaw and Harding,

1985). The orgénisms of -Cluster 11 were referred to as

aciduric and they were provisionally identified as Lacto-

bacillus sake and L. bulgaricus (Shaw and Harding, 1984).

Cluster IIX consisted of one strain of Leuconostoc paPa;
mesenteroides and six unidentifiable LeuconostoC strains.

st

‘There existed in each of the three studies cited ‘
(Hitchener et al., 1982; Holzapfel and Gerber, 1983; Shaw
and Harding, 1984) unusual lactobacilli, all betabacteria,
which differed in severdl respécts from all other described

heterofermentatlve lactobacilli. To determine the relation-

‘ship of these atypical lactobacilli, Shaw and Harding (1985)

compared representative strains from each study. The strains
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‘;could not be separated on the ba51s of\mol% G+C values,

{

although certaln propertles 1nd1cated that the strains

’»con51sted of two groups. DNA homology studles revealed that

“the group was comprised of two very 51m1lar spec1es. All the

stra1ns in' .one group showed a h1gh degree o gDNA relatedness

~

‘to_the Lactobacillus dlvePgens type straln. trains in the

other group were 74-109% homologous wit their reference i

'straln._shaw and Harding (1985) concluded tha% thlS latter.
'group represented aenew spec1es, clos ely melated to L.
' ‘dlvergens The name LactobaCIllus carnis was s proposed for

_thlS spec1es, however Shaw (personal commun1cat1on, 1987)

1nd1cated that the lactobac1111 descrlbed as L. carnls, in

fact ~ belong to the prev1ously descrlbed species

Lactobac:llus pisc1cola. L prsc:cola had not .been -

con51dered earlier’ by Shaw- and’ Hard1ng (1984) because it was:

orlglnally descrlbed as a homofermenter which produces
wx%
- 'DL-lactate. L plsclcola can be dlStlﬂgUlShed from L

“divergens by the . absence of lactobac1111c ac1d in the
: cellular fatty ac1ds and by its ab111ty to ferment mann1tol‘

 Ying q:methylfgluc051oe.

) - ., ) N

2.3 Spo11age of Meat by Lactlc Ac1d Bacteria ’

‘The' form of sp91lage that develops in a food product

and how rap1dly it develops is dependent upon the -

‘ comp051t10n of the m1croflora and on the growth rate of the

"spoilage m1croorgan1sms (G111 1986) Development of the

R

laCtICS as the domlnant organlsms w1th1n<the vacuum- package

s
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is generally considered desirable (ﬁgan, 1983),

presence is much less deleterlous to the quallty
-prroduct than other food sp011age bacterla, such as
Y'h'pse@ﬁgﬁonads. However, the lactlcs w1ll eventually cause
sp01lage of the product “In add1t10n to lactic acid,
”ﬁydrogen perox1de, hydrogen sulflde, acetic acid ethanol,
‘acetone, 2{3 ~“putanediol or polysacchargdes may be produced

by the 1act1cs, wh1ch may c0ntr1bute to sp01lage (Blickstad,
-19%3; Shay and Egan, 1981'fSharpe et al. 198%1ﬁ/jp511age of
meat by lac-ic . id bacterla 1s due malnly to the flavor
defect desc. e’ .y tasters as sour: acid, cheesy and
frequently; as bitter or Iiverelike (Egan, 1983). Vacuum-
packaged beef spoils slowly, long after the %actics have(
reached ;helr max1mum cell den51ty, but in the presence of
- pure cultures, partlcularly 1actobac1111 whlch produce |
hydrogen sué%lde, the rate of spo;lage is 1ncreased (Shay
and Egan, '1981; Edan A1983f Among the organisms commonly
found on vacuum- packaged meat the spoilaée abiiity“
decreases in the follow1ng order: B. thermosphacta > het%ro—‘
fermentative LactobaCIllus Spp. > homofermentatlve. |
La@tobacilius Spp. Off flavor and off-odor -are more apparent
at an earlier stage with B, thermosphacta and hetero— - ‘
fermentatlve LactobaCIllus spp. than w1th homofermentatlve

Lactebacillus spp .

b
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t 2.4 Control of Microbial Spoilage in fresh Meats

The shelf llfe of aerobically packaged fresh beef is
11m1ted by the presence of m1croorganlsms capable of growth
at refrlgeratlon temperaturq; About 90% of these organ1sms
‘are’ gram- negatlve, and. predomlnatly belong tq the Pseudo-
| monas-AchPomobacteP group (Plerson et al., 1970, ~Reddy and .
Chen, 19&5 Er1chsen and Molln, 1981) Spoilage'becomes
apparent in fresh meat when the glucose source has been
‘depleted The pseudomonads hen attack am1no ac1ds,
. resultlng in the formatlon malodorous sulfldes, esters
and acids as by products (Glll and Newton 1977--G111
1986). Thus, any technlque that ‘can retard or 1nh1b1t the
‘ growth of these m1croorganlsms would improve the shelf life
at refrlgeratlon temperatures. .

Various approaches to the control of microbial sp01laqe
in fresh meats have’ been documented Gill (1986) has
reviewed a number of _these. approaches 1nclud1ng the.
. addition of glucose to meat- the addltlon of citrate buffer'“
*at pH 4.5 to packs before the vacuum is drawn; and treatment
with organlc acid, wlth partlcular reference to the use of-
.acetic acid. The use of lactlc ec1d as a meat decontaminant
" was comprehen51ve1y rev1ewed by Smulders et al. (1986)
Kraft (1986) cited add1t10na1 procedures for control of
. psychrotrophs in meat, 1nclud1ng the use of hypochlorites
and radlatlon. In thlS sectlon, research on the use of
lactic.acid Pacterla for retent1on of fresh meat quallty is

t

reviewed.-
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'2.4.{ Use of lactic aCid bacteria as aftool for'retentton of
fr;sh meat quality | |
Varlous lactics have been used to extend the shelf-life
of aeroblcally packaged fresh meat (Reddy et al. ’(1970, Daly
et al. 1972 Reddy and Chen, 1975; - Gilliland and Speck,
1975; RaccachQand Baker, 1978 Abdel-Bar and Harris, 1984).
Inoculation of ground beef w1th Lactobacillus bulgaricus,
Lactobacm]lus lactis or Ped;Zcoccus cerevisiae {Gilliland
" and Speck 41975) or wlth Streptococcus lactis and
-Léuconostoc crtrovonum (Reddy et al., 1970) repressed growth.
of the gram- negatlve microorganisms. Daly et al. (1972) |
observed 1nh1b1t10 of’Staphylococcus aureus by v
Stneptococcus dlacetjlacths in ground beef held at 25° C
Abdel-Bar and Harris (1984) observed 51gn1f;gant inhibition
of Pseudomonas fragl, Achromobacter Ilquefacrens and S.°
aureus in ground bee;b1noculatgd with L. bulgaricus. In;
mechan1cally deboned-poultry meat (MDPM) Raccach and Baker
(1978) shbwed that addition of a‘mfxed culture of P. ‘
| cenevrsrae and Lactobacillus plantanum {Lactacel D3)
.repressed growth of Pseudomonas spp and prevented growth of
Salmone]la ryphlmurlum and S. auneus In samples incubated
at 11 dj S. typhimurium 1ncreased from 103/g to 108/g and in

. -samples énCubated at 15°c S. aureus increased from 10°/g to

07/g in 7 4, but 1n the presence ‘of the mixed lactic

.culture there was no 1ncrease ‘of/ either organism. Newton and

G111 (1978) studied the inter ”tlon of a Lactobacillus sp.,

an Enterobacten sp. and B. thermosphacta on meat SllCES

I
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'Although the Lactobacillus sp. q?d the lowest affinity for

| glucose, its growth was not affected by" the presence of the
other organlsms. At a concentratlon of 107/cm2 the
Lactobac:llus 5p. 1nh1%>ed the growth of the Enter-obacten |
‘SP. and B ther'mospacta.

An inoculum of 08 lact1cs/g, or greater,\was required .
to inhibit growth of the undes1rable flora in all stud1es
- cited, except one, in which almost complete inhibition was
observed with a concentrat1on of 106 L. bulgaricus cells/g
(Abdel-Bar and Harrls, 1984). The 1nh1b1tory effedt of the "
lactic cultures was shown to be concentration dependent !
therefore in some studles the 1nh1b1tory effect was 1mproved
by increasing the inoculum (Prlce and Lee, 1970; Reddy et
'al., 1970; Raccach and Baker, 1978; Abdel-Bar and Harriscz/f
1984). For examp . Abdel—Bar and'Harris'(1984) showed that,
when the concentration of L. bulgaricus was increased -
approx1mately 10-fold, 97. 9% of the natural frora of groungz
.beef was inhibited compared with 39. 6% inhibition at the
1ower 1noculum 1eve1 " By 1ncrea51ng the concentratlon of L.
: plantarum and P. cerevisiae - 10~ fold to 109 cells/g, the
microflora of MDPM was prevented from attalnlng 107 cells/g
(s5011age level) w1th1n the 7 d storage period used ( ccach
et al., 1979). Whereas, 2t the lower inoculum concen£§:t1on
of 108 cells/g, the shelf-life of the MDPM stored aé‘3 °c, 4
days, was only prolonged to 6 days. Raccach and Baker (1978)
vshowed that the 1nh1b1tory effect could also be improved by

u51ng a mixture of two, lactlc ‘strains. The shelf -life of

~
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' MDPM was prolonged by 1 d due to treatment with L.

bulgaricus or P. cerevisiae and 2 @ with the.nixture of
both. | ‘ T S

Enhancing or improving the fnnibitory effeot might best'
be achieved by seleéting'cultures which have demonstrated
superior inhibitory potential since the‘inhibitory action ;*‘

ff the 1act1cs is not a universal phenomenon. It dlffers \

)

-between geneéra and among strains and may vary from one

straln to another in the same species (Dubois et al. 1979)

Dub01s et al (1979) compared'tbe inh*oltory action of

_dlfferent cultures of Lactobacillus, Stneptocdécus, Pedio-

coccus and Leuconostoc by arcross—streaklng plate techhlque}
The most inhibitory organisms agalnst 103 bacterla 1solated
from ground beef were selected. The comparlson revealed that
cultures from the genus StPeptococcus, in, part1cu1ar strains
of S Iactls, were the most 1nh1b1tory toward bacterla
1solated from ground beef 1nc1ud1ng, Pseudomonas, SePPatla
and Achnogfbactep spp. The Lactobacillus and Pedlococcus
stralns had practically no 1nh1b1tory capac1ty Dub01s et
al,. (1979) suggested that th1c could account for the fact
that Gllllland and Speck (1975) had to use: large numbers of
Lactobac:llus and Pediococcus to obtaln marked inhibition of
the fresh beef m1croflora. 051ng this argument, Reddy et al.
(1970) ‘may have requlred high 1noculum levels of S. Jact is
and L. citrovorum. because. the stralns selected had poor |
inhibitory ability. Unfortunately, Dubois et al. (1979) did
not suppott their suggestion by demonstrating‘that strains

P Q



with the greatest inhibitory potential on ggar were as
'effective when used to inoculate meat. PR |

"Studies on the lackics as biological oreservatiyes in
vacuum-packaged meat are in'their’infanc?. Atypical
streptobacteria,'{solaZed from vaéuum—packaged refrigerated
beef were‘introduced onto beef steakstjust hefore

. N

vacuum- packaglng (Hanna et al. 1980)' By~inoculating a high

L1

-concentratlon of lactobac1111 the” counts wére numer1cally

i x

~higher than the correspondlng control at nearly all of the
</

storage 1ntervals tested and consisted of the lactobac1111

inoculated. Smith et al. (1980), concluded°1n a companlon

Kstudy that the LactobaCIllus stains tested by Hanna et al.

(1980) d1d not improve storage life or retail case-life and

resulted in a markedly decreased palatablllty of the beef. Q\
' s

[

’

2.5 Mechanism of Shelf-life Extension |

2.5.1 In aerobically packaged meat . ¢
‘ The lactics produce a wide-range<?f inhibitory
substances including: organic acids, hydrogen peroxide, ,/fff

antlblotlcs, and bacterloc1ns (Hurst, 1973: Raccach and .
Baker, 1978; Smlthuand Palumbo, 1981). In general |
researchers have been content to observe and describe the
‘inhihitory effects of the lactics in fresh meats. As af
result’the exact mechanism of inhibition resulting in
shelf-life‘extension of these products is unclear (Smith and

palumbd, 1981).

7
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ﬁy-inocu1€:1ng‘the lactics into fresh meatssome . -
reseaqchers observed a Aecrease in product pH (Reddy et al.
1970; Reddy and Chen, 1975; AbdelLBar and Harrls, 1984)
whlle other workers noted no change in pH or a change too
small to explaln the observed 1hh1b1t10n (Raccach and Baker,-
-1@78 G11111and and Speck 1975). Although Reddy et al.
(1970) offered no explanatlon for inhibition of the gram-

negative mlcféflora in fresh beef, Abdel-Bar and Harris

(4984) suggested that organic.acids were pértly responsible

(1982) found that, of'eeven different genera isdlated

ing plant, Pseudomonas spp. was.least adversely

. affected by the lactlc acid concentratlon in ground beef.

' Lactic acid may 1h fact be a promoter. rather than an
1nh1b1tor of the pseudomonads (Gill, 1976)

Dahiya and Speck (1968), Gllllland and Speck (1975) and
Abdel-Bar ~and Harrls (1984) suggested that hydrogen perox1de
may be partly responsible for 1nh1b1t10n of certain
wunde51raole ‘bacteria in food. Dahlya and Speck (1968) showeéw

~that hydrogen perox1de was the substance 1nh1b1tory to S.

aureus in culture fil® ate~ of L. Jactis and L. bulgamcus ‘
angd that the cofcer' .o - ot ﬁydrogen‘berox1de increased

" for up to 5 days & = .»>t. am at 5°C. Dahiya ana ‘Speck
(1968) aieo showed -~ at » rarnohydrate source was ‘necessary

.

~for this inhibitory acis ..y by resting: cell suspensxons of

lactobacilld. P

Y- N | ' | , .L.

. _ 0
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Newton‘and Gill (1975) concladed that ihhjbition|of an
.-Enterobacten sp. and B. theﬁmosphacta was not due to
productlon of lange amounts of ac1d or to hydrogen peroxlde,
but was the rejult of an antibiotic. An ‘inhibitor(s), yet
undetermineé which was neither ‘hydrogen "peroxide or organic
acid, was reSpon51ble for inhibitdon of ‘the gram—negatlve
flara 1n fresh meat by P. CePeVISlae (G11111and and Speck

1975) and by P. cenevtsrae and L. plantarum (Lactacel DS)

-

7/

(Raccach and ﬁaker, 1978),
2.5.2 In vacdca—packaged meat ’

The extension in shelf-life of fresh meat achieved by
»vacuum—packaging can by attribu@%d mainly to failure of the
pseudomonads to grow 5ufficiently (Dainty et al., 1979).
With the growth of the pseudomonads.festriCted, B._
thermosphacta and Serrafia ] iquefaciens become ootentia; B

epoilage bacteria yet tﬁeir growth is also restricted by
“vacuum -packaging (Dainty ét al. 1979) | '

Factors which contrlbute to the restriction of
undesirable bacterial growth in the vacuum%pack inglude:
oxygen deprivation, 1ncreased ‘levels of carbon ledee, aad
ant1m1crob1allact1v1ty of the lactobac1111 (Glll 1986) '
Carbon dioxide may fupctlon by extendlng the lag phase of . )
the pseudomonads and thus allow1g§;éev ciopment of the
lactics to a polnt where subsequent growth of the

pseudomonads is severely restrlcted by the synerglstfc

effect of carbon dioxide, low oxygen tension and
50 _ _

e
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antimicrobial agents. Although B. thermosphacta and S.

quuefacfens may be 1nh1b1ted\to some extent by carbon

leXIde, this does not fully-explain why their growth ceases

in vacuum- packed meat. Dalnty et al. (1979) suggested that.

ant1m1crob1al act1v1ty of the lactlcs is most 11ke1y the
» cause. Ant1m1crob1al activity-of the lactobac1111 may
explain the failure of the Enterobacterlaceae to 1ncrease\
durlng prolonged storage of vacuum- packed meat, an increase
that would otherwise be expegted, as the Enterobacteriaceae

, - ,
can ferment substrates such as glucose-6—phosphate that—are
present in meat, but not utilized by the lactobacilli.
|2.€ éroduction of Bacteriocins by Gram=Positive Bacter{a
Until recently most studies on bacteriocins have

centered on those produced by gram-negative bacteria, in
partlcular the prototype bacteriocins, the collclns.
Although there has been an increasing number of publlcatlons
on’ bacterJoc1n or bacteriocin-like antagonish by gram- o’

A+ .
positive bacteria, knowledge in this area remains l1m1ted

a

Research on bacter1oc1ns produced by gram positive

bacterla is compllcated by the fact that there is no

n1versally accepted definition for this group of substances
g‘et al., 1976). There is a wide range o;-lnh1b1tory
products which may 1nappropr1ately be. attrlbuted to the

7 .
action of bacterloc1ns 1nclud1ng. "class1ca1" low molecular
’ o

'weight antibiotics, metabolic products, defective
bacteriophgge! lytic agepts and enzymes, The divisions

\ g

2
2
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between these inhibitors are not cleaf. As a result a number '
of often poorly charaeterized bacterial 1nh1b1tors have been
somewhat loosely referred to as "bacteriocins”

The follbwing are "definltions of bacteriocins given by
. two groups of researchers: i

"Bacteriocins are antagonistic proteins or peptides,
that show bactericidal activiﬁy against closely related
speciesd (Barefoot and Klaenhammer, 1984);1 | t

“éacfefiocins are antibiotic-like substances
‘synthesized by certain strains of bacteria against clooely
related sbecies" (Upreti and Hinsdill, 1975). |

In both definition; the bacteriocids zéie defined based
o colicin chargcteristics. (classical criteria). The
followimg classical criteriaihavé béen used in varying
Combinations and applied with different degrees of
oonsistency and ‘proof in defining‘the‘bacteriocins‘of
gram- p051t1ve bacteria:

(1) a narrow 1nh1b1tory spectrum of act1v1ty centered
around homologous spec1es;

(ii) thewpresence of an essential, biologigallg active
prote{n moiety; ‘ )

(iii) a'béctericidal mode of action;

(iv) attachment to specific cell receptors;

(v) plasmid-borne genetic deterﬁinénts of bacteriocin
production and of host cell immunity; and

(vi) production°by lethal biosynthesis (Ta;g'et al.

1976 )~ -



~ (Lueck, 1980).

4
\

The suitability’of using these characteristics to
define bactérigpin?like subétances produced by gram-positive
Bacteria-is glettionable since a number of these compounds
show discrepancies from' the classical criteria. Some .of the
commonly reported atypical fegtures incluée: a less solid
host cell immunitx, and.a.widgs specérum of'act}vity against
gram-positive Ofganisms~of different specifs and even
genera. Tagg et al. (1976) q&so cited gfém—positive
bacteriocins that are active against gram-negative
ofganismé. Exceptioné have also been noted.to criteria (iv;
aed_(v) (Upreti and Hinsdill, 1975; Joerger and Klaenhammer,
1986) . ”

In the definition given by.Upreti and Hinsdill (1975);
bacteriocins were reférred to as antibiotic-like subétancesf
The narrow inhibitory spectrumAand proteinaceous character
of the bacteriocins Qere considered to distinguish these two
groups of similar compodnds: An antjibiotic is usuallx active
agaénst diverse orgaﬁiéms taxonomicallx‘distant from that
which produces it. However, the boundary between antibiotics
and bacteriocins becomes increasingly vague, as some
inhibitors with a broad spectrum of activity are considered
to be bactetiocins, while sthers, altﬁough proteinaceéus in

‘ N

nature, are considered to be antibiotics, such as nisin_
1

\

Most of the info;%ation regarding the mode of action of
/
bacteriocins has alsq/bgen based on studies of colicins. A
single bacteriocin molecule appears_to be sufficient to kill

Y
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a sensitive call (Tagg et al., 1976). The mode of action of
a bacteriocin is believed tb pccur in two stages. In the
first stage the bacteéiocin absorbs to a recebtor‘on the
bacterlal cell wall Generally there is a specific receptor,
however non-specific adsorption has been shown \n the case
of Lactocin 27 (Upreti and H1nsd1ll 1975) Removal of the
bacter10c1n during the first stage by treatment w1th
tryp51n for q}ample, leaves the cell unaffected. In the d
secqnd stage the cell-bound bapter10c1n becomes 1nsens1t1ve
to proteases,,ang the cells undergo irreversible changes.
The bacterﬁocin‘may interfere with energy metabolism,'
protein or nucleic ac1q§synthe51s, or membrane permeability.
Lactoc1g 27 and Lactostrepc1n'3\are\tacter1oc1ns produced by
the lactics for which th® mechanism &f action has been
elucidated; they ihterferé with the permeability of the cell
envelop (ppreti and Hinsdill 1975; ajdel-et al., 1985).
~ Tagg et al. (1976) prepared a comprehensive review of
the bacteriocins of gram-positive bacteria and discussed” the
problems that\can confront investigators in this fi{{a. The
literature reviewed in the follow;ng‘section has been -
selected to illustrate the potential of the lactic acid ,
bacteria, prlmarly the Lactobac1111, to produge substances
regarded as bacter10c1ns and also to 111ustrate the diverse
nature of these substances. .
"Only a few bacteriocins produced by the laqtobaciili
have been extens1vely studied. These include: a bacteriocin

produced by a LactobaCIIIus fermenti strain (DeKlerk and

\ »

&
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" smit, 1967); Lactocin 27, a bacteriocin profluced by

¢ .
Lactobaclllus helvet icus strain LP27 (Upreti and Hinsdill

o
»,

1973, 1975); Lactacin B, a bacteriocin produced by
‘Lactobacillus acfdophilus N2 (Barefoot and Klaenhammer,/
1984) and Helveticin J, a bacteriocin produced by
Lactobacillus helveticus 481 (Joerger and-Klaenhammer,
1986)..These bacteriocins meet hany of the classical
cr&Ler%a. All have a narrow spectruﬂygf activity which is
restrigted.toJorganisms of the genus Lactobacillus and have
a biologicaily‘active prétein moiety. The bacteriocin of L.
ferment i, Helveticin J, an%afactacin B have a bactericidal
mode of action, however Lactocin 27 i%s an anomalous
bacteriocin-like agent in that it is only bacteriostatic in
its action agains£ sensitive indicator organisms (Upreti and
Hinsdill, 1575; Tg%g et al.,.1976). A plasmid-borne genetic
detevminant could not be detected,for any of these
bacteXiocins.
| n contrast to the bacteriocin; described ,above, other
lactics produce bacteriocins whiclf have a broad spectrum 65
aFt1v1ty (Tagg et ali, 1976; Daeschel and Klaenhammer,
1985) For example Pediocin A, produced by a strain of
Ped iococcus pentesaceus, inhibits species of Ped iococcus,
Lactobac:llus, Leuconostoc, Streptococcus, Micrococcu
Staphylococcus, Bacillus and Clostridiu. but W% mzactwe
against the graﬁ-negative bacteria £ested (Daeschel.and

Klaenhammer, 1985) Ped10c1n A is protelnaceous and has a

bactericidal mode of actlon. Both the genetic:- determinants

N\
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fof'oroduction off Pediocin A and host immunity are encodedfﬁk
l'by a 13. G}megadalton pl@smld. ' .-.: |
The bacter1oc1ns, dlscussed above, show the dlverse
nature of thlS class of ant1m1crob1al compounds produced by
the lactics. Some bacter10c1ns (Helvet1c1n F Ped10c1n A
LactaC1n B). 1nh1b1t only closely- related spec1es or 1nh1b1t
spec1es within a number of gram- p051t1ve genera (Ped10c1n‘
" A); some .are bacterlosta?ic in thelr act1v1ty (Lactocin 27)
or bacter1c1dal (Lactac1n B); some are encoded by genetic
determ1nants that re51de on plasmlﬂ DNA (Ped10c1n ) or have
’ chromosomally borne genetic detegminants (Helvet1c1n J), but»
\1n all cases’ they d;ffer sllghtly from the classical c011c1n

model
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3. MATEd&ALS AND METHODS

Y

-~

3.1 Bacterial Cultures
The lactic cultures used in this study are llsted 1n

Table 3 1. They 'were obtained from the Amerlcan Type Culture
Collect1on (ATCC)f kindly donated by the 1nd1cated sources
(Table 3.1) or'isolated frogla vacuum-packaged beef. Isolates
- #1-#61 were randomly s_ele_ctd frorn,vacuumfpacl'(aged beef
sahples plated onto APT agar (Difco Laboratories, Detroit,
MI) and Lactobacllli MRS agar (deMan, Rogosa and Sharpe,
1960) ad]ustLd to pH 5. 5 (Balrd and Patterson,‘1980)

iIsolates A-P were collected 1n a prev1ous study (Harris,

1986). from irradiated vacuum packaged meat samples- plated

onto MRS agar 1ncubated at 20°C. all lact1c acid bacterla'if
used in thig study were shown to be gram-positive, and %
Catalase-.and ben21d1ne negatlve. Non-lactic 1nd1cator.

. cultures were obtained from ATCC and other sources as

indicated in Tahle 3.2, o - ‘
3.2 Media o L . .
The culture medla used in this study are llSted in
Table 3.3. Media were prepared as directed by ‘the '
> manufacturer or.as desdr1bed in the references cited. Agar
(0.15% w/v) wasg%dded to APT broth or to trypticase soy
" broth (T8B) to make soft (overlay)-acars for lactic and

‘non-lactic indicators,Arespectively. The pH of MRS (5, 5) a9ar

was adjusted to 5.5 with lactic acid (85%). pH adjustment of

+

»
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A

~Table 3.1. The lactic acid bacteria used in this study and
their sources. '

Organism ‘ : ’ source®
®ped jococcus pentosaceus’ - Leel
Ped iococcus cerevisiae (Hansen) - Lee
ePed fotoccus "cerevisiae (Lactacel) Lee
ePed.iccoccus acidilactici: : ATCC 8042
- ePediococcus parvulus | : ATCC 1937
c 42 | - ©© HolleyS®
oC 352 : L Holley
c 432 S ' Holley
eLactobacillus v iridescens . ATCC 12706. -
elactobacillus plantarum ' ATCC 4008 a
Lactobacillus wlantarum (Rosellac C)3 Holley
eLactobacillus R.S.M. 4 ‘ , Holley
”-LeuconostOC mesenteroides . "~ © ATCC 23368
Meat‘IsolateS #1-61 g 'V-P beef
eat Isolates A-P : - Irradiated V-P beef

8 ATCC = American TYpé,Culturé Collection;
V-P = vacuum-packaged

’Wb ﬁ:. B. Lee, Agrlculture Canada, Ste. Hyacynthe, P.Q

C Dr. R.A. Holley, Food Research Institute, gnlculture
, Canada, Ottawa, Ont.

“? 1solate from commercial starter Lactacel 75, Lot 05&12

2 jsolates from commercially cured meats,‘cooked or uncooked
g$alami :

w isoiaté.from Roselle moat starter culture Lot 27 B.E.

4 jsolate from santamafia italian salami

Used as 1nd1cator organlsms for initialscreening of test
cultures .
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study. and their sources.

3

"Table 3.2. The non-lactic gﬁdicetor organisms used ‘in this

Or%anism / "Source
“Gr&m“Positive:‘ , ' o
Bacillus cereus NCDO 577
‘Bacillus cereus - N ATCC 14579
Clostridium perfringens JACKSON‘M,
oStreptococcus faecalis . —— — atce 7088
Streptococcus bovis ' ATCC ]53
L isteria monocytogenes * ATCC 1&313
Listeria monocytogenes _ HPB 81-8612
Listeria monocytogenes S HPB 85-307%
Listeria innocua .ATCC 33090 -
Staphy lococcus”aureys - ATCC 25923
Staphylococcus eprd rmidis ' ATCCk12228
Gram;Negatlve: ¢
eEscherichia colj ) ATCC 1840
eKlebsiella pngumon #2 STILES
Klebsiella pneumoniae - "ATCC 13883
Klebsiella oxytoca STILES®
.Serratla liquefaciens ATCC 27952
eYersinia enterocolitica ~ ATCC 23715
eSal | 1a typhimurium ATCC 13311
: : nas putrefaciens . ATCC 8071
ePseu as ?P

ATCC 27853

eruginosa

' pr. H. ;\&E;on, Department_of Food Science, Uniyersit§ of -

Alberta

2 1éo0lates from the Health Protectiébn Branch, Health and

Welfare Canada, Ottawva, Ont.

. 3 stiles and Ng»(1980)

®* Indicator orgahisms used for initial screenimg of test

cultures

< ~
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Table 3.3. The culture and selective platiné media used in
this study and their suppliers or reference. )

Name : Supplier or Reference
Culture Media: .
: ‘ . 1

APT' Broth/Agar - . APT, Difco
Cooked Meat Medium . CMM, Difco
Trypticase Soy Broth/Agar  TSB, TSA, BBLZ |
Basal Medium 'BM,.Wilkinson and Jones (1977)3
SBM SBM, Wilkinson and Jones

- © (1971713 » -
Selective Plating Media: A
‘Acetate Agar AA (5.6), Rogosa et al. 19513
MRS Agar- (pH 5.5) ' MRS (5.p), Difco -
MRS Agar (pH 5.6)8 " MRS (S.S\), Difco ,
Lactate Agar = * 'LA,- Shaw\and Harding (1984)3
Streptococcus KF agar KF, Difco ,
, — 7

1 pDifco =‘Di£éo media, Difco Laboratories, Detroit, MI

©

2 BpL = Becton Dickinson and Co., Cockeysville, MD

3 Prepared'ffom Difco ingredients and chemicals from Fisher
Scientific or J.T. Baker Scientific ‘



33

'all other media was done with.1,0 N NaOH or.0:1 N HCl. The
comp051tlon of lactobac1111 MRS medlum (leco) and modlfxca—
tions of MRS med1a used 'in this study are‘11sted in Table
‘3.4 (see p 46). Modifiel MRS broth or agar, referred to as
BM broth or agar by W11k1nson and Jones (1977), was used as
? general culture medium and also as a.basal medruq'for a

number of‘biochemicel tests.J
_ « .
3.3 Conditions for Growth and Maintenance of‘Stock¥Cu1tures
Lactic oultures were maintained in Cooked‘Meat Medi
(CMMZM?t 4°C and subcultured'every three months. Beforeglse,
qkthe cultJres were propagated twice in APT or BM broth for

?

_18 24 h at 25°C. Nonﬁlactlc cultures were maintained ap
trypt1c soy agar (TSA) slants at 4° C and subcultured

. monthly’ These cultures were subcultured tw1ce in APT at
25°C (1act1cs) or tryptic soy broth (TSB) at. 35°C (non—

lactics), before use in experlmental studies.

3.4 Isolation of Lactic Acid Bacterfa'from Vacuum—Packaged
Beef o
Lean grodnd'beef, purchased from a locei supermerket,
wasgdivi d into approximately 100 g portions and.vacuum-'
~.packed in- tri- layer "Vacpac" bags (Cryovac,>DRG Packaglng,.
Edmonton, Alberta; O, transmission 30-50 cm3/m2/h 22°C, 1
atm.). These samples"were_seored at 4°C for up to B8 weeks.
"After 6 or 8 weeks, 10 g samples were homogenized with 90 mL

Iz
of sterlle 0.1% peptone water (Difco) for 1\ﬁfﬁ\1n a

/Y : L
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Colworth Stomagher (Model 400, A.J. Seward Sulfolk, U.K. )
" Serial d1lut10ns of the homogenate were prepared in 0. 1%
peptone water, and su1tab1e d11ut1ons were surface plated in
dupl1cate onto both MRS (5, 5) and APT. One set of plates was
1ncubated aeroblcally at 25°C for 2 days and the other was
incubated anaerobically at 4°C for 7 days{ Anaerobic
conditions were created by flushimg an anaerooic jar with a
- gaseous mixture of 95% H, and 5% €O;. Anaeroblosis was
verified with ™ Gas Pak” Anaerobic Indicator (BBL Becton,
~Dickinson & Co., Cockeysville, MD) . Typical colonies vere
randomly selected from the MRS(g.g) and APT agar plate&
Each 1solate was propagated twice in APT broth at. 25° C
overnlght before characterization (gram stain, benzidine and
“catalase tests) and storage in cooked meat medium. u <

1 [

3.5 Development of Screen1ng Procedures for Bacter1oc1n like

N\ .

Antagonlsm

" A number of direct- antagonlsm procedures were
investigated, including the methods of Tagg et af. (191}),
Geis et al. (1983) and Barefoot and Klaenhammer (19835: In.t
all methods the plates were incubated at 25°C. T \

for the‘deferred antagonism technique a number of

procedures was investigated to find a su1tab1e treatment for
‘k1111ng the bacterial cells (?{gg et al , 1973; U reti and

Hinsdill; 1973; Gei's et al., 1983). Culture‘pla es with and

ed to chloro—

wlthout the surface growth removed were exp

form vapor'for 30, 60, 90 and 120 min by/placing the plates



™

. . [ ]
in a sealed container with chlo{oform or by inverting the

culture plates over glass petri dishes conuaining a few
F +

drops of chloroform. Culture plates were exposed to UV light

in a UV hood (Labconco Corporation, Kansas City, MO) for 30,

60 and 120 min. In some trials,ffollewing the UV treatment,
the culture plates were also exposed to chloroform vapor for
30 and 60 min.: Additionally, some culture plates were placed
"in a drying oven at 7UPC for 30 60 and 90 min. To determine
the lethal effect of a partlcular treatment treated agar
plateS'or tubes of APT broth, 1noculated with colonies
removed from treated plates, were ipcubated overnight at
25 C. VlSlble growth follow1ng 1ncubation at 25°C 1nd1cated
that some cells had surv1ved the treatment. The methods . of
deferred and direct ‘antagonism adapted for use in this study

are as described below.

®

3.6 Screening for Bacteriocin-like Antagonism

.

Eadh of the lactic cultures~listed in Table 3.1 was
tested for ‘its ability to 1nh1b1t a number of 1nd1cator
strains by delerrec'andfdlrect (51mulﬂhneous inoculation)
antagonism procedures (laéé et al., 1976). To detect the
simultaneous antagonism of one strain,(indiqator strainl by
another (test strain), the test strain was inoculated onto
the snrface of an APT agar plate using a reélicating,
inoeulator‘(Cathra,International Systems for the Micro-
bioligist, Diagnostic‘Equipmeni, Inc., St. Paul, MN). A

maximum of 4-5 ‘gest strains was inoculated per plate,
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following which the surface of the plates was dried at 25°C

for 30-40 min in a Bioflow champer (Germfree Laboratories,
Inc., Miami, FL). After drying, an overlay, containing
approx1mately 106 CFU of the 1nd1cator culture/mL wai///
poured onto_the;surface of each plate; Ea;h indicator
overlaynwas prepared by adding 0.15 mL from a 10-1 dilution
ofJQp lé h indicator culture to 4.5.mL of APT soft agar, and
gently mixing. All_indlcator overlays were prepared in this

manner, unless ot\erwise stated. The plates were then

"1ncubated anaeroblcally overn1ght at 25°C. Pailure of ‘the .

indicator strain to grow. ‘in the vicinity of the test straln

1nélcated the release of growth 1nh1b1tor(s) by the test

straln.

’ . A

-

In the deferred procedure, the test strain was

inoculated onto APT plates and incubated anaerobically for -
18-24 h. A;ter pre-incubation of the culture plates, the
surtace growth was removed with a glass slide..Any_remaining
~bacter1al cells were killed by plac1ng the plates above the
water level 1n a covered 80 C water bath for 30 min,
Following this heat treatment the -surface of the agar
- pla‘tes was dried for 30-40 min in the sterile Bioflow’
chamber before adding the indicator overlay. The plates were
1ncubated anaerobically overnight at 25°C and examlned for
zones of 1nhlb1t1on in the 1nd1cator lawns.
U51ng these screening procedures, only one 1solate,

strain #26, from vacuum-packed meat was foundmto be

antagonistic to the indicator cultures tested (refer to
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Results p. 58). Because of the relatively brdag spectrum of
antimicrodbial activity'demonstrated‘by‘this i oléte, it was
used for further study-. .

» !

A
3.7 Tests to Distinguish Antagonism Unrelated to Bacteriocin
Production '
Several factors can mimic bact;riogin activity in the
deferred and d;rect screening tests (qug et al., 1976). ,
Tests were performed to determine whether the observed
inhibition was caused by the ré ease of.bactericphage,
prdduction of hydrbgen peroxyte ér development of organic

acids.
.

'3.7.1 Bacteriophage infectivity testing

The method outlined by Gangliano and Hinsdill (1970)
was used. Following the defeéred’antagoﬁism test, a block of
agér was asepfically removed from an area within a zone of
inhibition, and crushed in a glass tube with a sterile metal
spa;ulgﬁ SLerile'APT’broth&£1OJmL) was;addédvtb these tubes
prior to incubation overnight at 25°C. From samples which’
showed no bacterial growiﬁ, a 0:;1 mL aliquot wés added to a
soft APT'agar.overlay containing an indicator culture,
‘gently mixéd, aqd poured onto the surface qf an APT agar
plate. Folldwing incubation, the culture plates vere
examined for plaques indicating the presence of phage.

The reyefse~side‘agar technique descriﬁed by Scherwitz

et al. (1983) was also dsed to determine if the observed
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antagonism was due to bacteriophage. In tp1s procedure, test
cultures were grown anaerobically for 18 h on APT agar
plates. Following incubation, the agar was detached from the~
edges of the petr1 dish u51ng a sterile spatula. The covered
\plate was then 1nverted an8 tapped on a hard surface Sso that
the agar fell rnt?_the 1id and an indicator overlay was
poured onto the inverted agar. Following anderobic ﬁ
incubation for -24 h at 25°C the plates were examined for

zones of inhibition, indicating the ability of the inhibitor"

to diffuse through the agar.

3.7.2 Hydrogen peroxide production

Two lines of evidence were used to e11m1nate hydrogen
peroxlde as .the bac;er1a1 1nh1b1tor. Throughout the study,
:cell culture plates were incubated anaerobically. As a
second lime of evidence, in some.trials, the A;T agar and
APT soft agar overiay'were supplemented with 68 units of
filter-sterilized catalase (Q;gma Chemical Co., St. Louis,;
MO) per mL )of agar or soft agar ABarefpot and Klaen}}ammer,q

1983). Production of the inhibitor during anaerobic

1ncubat10n or in the presence of catelase shows that the

EUEY

1nh1b1tor is not hydrogen peroxidef '-{ - ' .
. ' ‘ \ A' S
v g
3.7.3 Neutralization of acidity .

To determine whether acidity was responsible for the
observed antagonlsm, tire method of Dahlya and Speck (1968)

was modified for use in thlS study. APT agar (100 mL) was



tempered to 45°C and mixed with 10 mL of a 20% calcium
carbonate solution. Addition of calcium carbonate to the
;dar make; it impossible to detect growth of the test
culture; therefore, 1 mL (0.01% Q/v) of 2,3,5-triphenyl-
tetrazolium chloride (TTC) was addedffo the agar-calciup
carbonate mixture. Growth of isclate #26 was detected by its
ability to reduce TTC which turns the agar red. This
modified AM® agar was added in 10 mlL aliquots to petri
dishes to prepare 5 Uninoculﬁtea control plates. The .
remainder of the agar mixture was inoculated with 0.1 mL of
an 18 h test culture and similarly dispensed into sterile
petri dishes. Wells were formed in the solidified agar by
pressing a sterile metal cap (diameter 22 mm) onto t%e
surface#te form two circles, and then removing the agef
within these c¢ircles using a sterile spatula. A. tube‘
conta1n1ng 10 mL of tempered soft APT agar, and 0.1 mg of a
10"-'1 dilutlon from an indicator culture was mixed. -
Approxlmately 1 mL amounts of thlS mixture were used to fill
one ~ircle in both the control and 1ﬁ\uulated APT agar
plates. The other circle of each plate was Lllled with soft
agar containing a second indicator~culture:,Following

anaerobic incubation at 25°C for 24 h, the plates were

examined for inhibition of the indicator cultures.
0 , _ - s



3.8 Conditions Affedting Inhibitor Production on Solid Media
3.8.1 Effect of pH g

APT agar, dispensed in 25 mL emoqnts into screh}cep
tubes, was adjusted to pH 5.0, 5.5, 6.0, 6.5, 7.0 and 7.5
with 1 N HCl and 85% lactic acid or with 1 N.NaOH, and
poured into petri dishes. The pH of the poured agar plate
was confirmed using an Orion combination pH electrode (Orion :®
Research, Inc., Cambridge( MA) and also with pH paper strips o
(EM Universalindikator pH 0-14). The pH4adjusted'plates‘yere

compared as substrates for production of growth inhibitor(s)

by the deferred antagonism technique.

3.8.2 Effect gf incubation temperature
" Sets of APT plates were inoculated and incubated
anaerobically at 1, 4 and 10°C in low temperature incubators

’

for up to-8 4. After various 1ncubatron periods, the
deferred inhibition procedure was performed on erlates from
each temperature.
. LN
3.9 Seqsitivity_to Proteolytic Enzymes \
The method described pyJScherwitz et al. (1983)~was
ﬁgdified fcr use H& this study to assesscthe~susceptibility
cf ¢ inhibitory substance(s) to a proteolytic enzyhe..
Following the deferred antagonism technique, 0.4 mﬁ‘of
protease Nc.‘P—53800(Sigma Chemicale Co., St. Louis,‘M0: 1
mg/mL_in. 0.1 M sodium‘pgosphate.buffer, pH 7.0) was added to

-



3 Y

the agar plate. The'plate was fhen overlayered with an
indicator culture and incubated at 25°C overnight. No zone .
of inhibition compared with inhibition on S?ﬁffol plates
treated with buffer only or heat iﬁactivated enzyme

indicates sensitivity to the proteolytic enzyme.
FOR

\ A "

0 ) 3\
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3.10 Partial Purification of the Inhibitor(s) J'J

Partial purification of Bac #26 was attempted by the
method of Geis et al. (1983). Following overnight 1ncubat1on
in AbT broth (100 mL), the cells of isolate #26 were removed
by centrifugat;on (3,000 x g for 20 min). The neutralized
supernate was concentrated to 1/]0 its ortginal volume with
a rotary evaporator (Buchler Instruments, Fort Lee, N.J.) at}

40°C. Solid ammonium sulfate was added at 100 % saturatioh,

e
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to the concentrated supernate and gently stirred overnighqu‘i‘“

at 4°C. The ammonium sulfate precipitate was®sedimented by
ultracentrifugation (50,000 x g for 1 hr). Following
centrlfugatlon, the prec1p1tate was resuspended in a’ m1n1mal
‘amouhL\of tris buffer (10mM, pH 8.0) and extensively
dialyzed against the same buffer overnight, The dialyzed
solution was tested for inhibitory activity (see below).
Partial purification of Bac #26 was also attempted'by
preparing culture extracts. Culture extracts were prepared
using a modification of the method of Barefoot and Klaen-
hammer (1983). A Q.1 mL aliquot of an 18 h APT broth culture
was surface inoculated onto each of seven APT aéar plates.

After anaerobic incubation for 72 h, the agar was removed
N

&

Ce
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from the petri diSh' weiéhed ~and added to an equal weight
_of sterxle phosphate buffer (3 mM NaH2P04—Na2HPO4, pH 7.0)

. in a Wh1rl Pak bag’ (" Nascu" ‘Systems Plus, Waterloo ont.).

The buffer agar: mlxture was crushed by hand and allowed to
'equ111brate for 24 h a; 4°c, following which the mixture was 7>
pre-filtered through Whatman no., t filter paper (Whatman ' |
Ftd.,’Kent,-England). After centrifugation. at 10,000 g
for 10'min,§the supernatant was conoentrated,20—fold5in an
Amicon (Model 8400 Amicon .Canada Ltd;ﬁ Oakville, Ont.)
.under N, pressure conta1n1ng a dlaflow ultraf11trat1on
membrane (PMIO, Amlcon) The *etentate (pH 5. 1) was thenf?
_heated for 30 min at 60°C and/or adjusted to pH 6.5 or 7. O

o K . -~

w1th 3 N NaOH - o . : ' '8

- . AR B

Inh1b1tory act1v1ty of the culture extract ‘as'tested

5 method o

using the modlflcat1on of Tagg and Mcleen

>descr1bed by Barefoot and Klaenhammer (1983) Well

14

.asept1cally in APT ‘agar plates and seﬁled by the add‘ hen

two drops. of sterlle agar. Culture extracts (50-uL)
S .
control 50 uL of sterile 3 mM'phosphate buffer, were placed

in sealedwwells and allowed. to dlﬁfusevinto the - agar,for 6 b

. at 25°C. FOllOWlng ?lffuslon,van 1ndicator'“"

poured over the surface of the APT well plate.l> ;f

e )@_
3.11 Phys1olqa1cal ‘Metabol1c and Bzechem1cal Tests

?,‘ 'Is§¥§te #26 was exam1ned mopphologléally by preparlng a

gram staln of an. 18 h culture grpwn 1m APT broth ~ !

2 .
5



3.11.1 Phy51ologxca1 tests T i ‘ ‘

(a) Growth rang;. The temperature range of growth for

v"‘lsolate #26 -was estlmated in-a temperature gradient ' W;f
1ncubator (Scientific Industries Inc., New York). Culture

tubes contalnlng 10 mL of APT broth were allowed to

equ111brate overpight in the 1ncubator pr1or to inoculation

‘w1th 0.1 mL of an™18 h culture d1luted 100-fold in 0 1%

r

peptone water. The tubes were shaken at approx1mately ‘50

bl

strokes per min. Temperature readlngs ‘across the gradlent

were taken da11y in a duplitate 1nterspaced set of. tubes,»
.conta1n1ng water, u51ng a probe thermometer (Caspar

Integrated Systems, Fort Bragg, CA). Growth was determined ei&é
by measurement of ObGOO'mu at 24 h intervals for up to ]4

days using a Spectronic 20 spectrophot&meter (Bausch & Lomb,
Rochester, NY). | “

s

(b) Growth at various temperatures. Tubes of BM broth

inoou1ated with a 1% inoculum of isolate £26 were lncubated,
innrefrigerated incubators at l and 4°C for 8 days, atv15°C'
and in a heated water bath.at 45°C for 5 days and examined
for visible signs.of growth (Hastings and Holzapfel, ]987Y:

(c) Growth at pH 3.9 and 4.4. Tubes of medified APT

M

broth (with phosphate omltted) adjusted to pH 3.9 and 4. 4

A . kY

@3,

with 1 N HCl (Shaw and Hardlng, 1984) vere 1noculated with
: . \ ' ¢
isolate #26 and oBserved for visible s;gnsjof growth aﬁter-7
. . . . ?‘ - e ' ) K:)
days incubation at 25°C. ey 1
SO

fﬂnce of 1nh1§1tors. The methods

and&tlmes of 1ncubatlo? descrlbed by wllklnson and Jones

-
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(1977) were used for gronth in broth or~agar contalning one
of the following inhibltors:(all percentages w/vl: 8% NaCl;
0.1% NaNOz, 2.5% pota551um thlocyanate- 0. 5% potassium

' tellur1te' 0,01% 2,3,5- trlphenyltetrazollum chloride (TTC).

(e) Growth on acetate or lactate agars. Cultures were

‘streaked onto acetate(g g) and lactate(g, ¢g) agar, incubated
anaerobically for 5 days, and examined for visible signs of
growth (Shaw and Harding, 1984). |

(f) Surv1va1 at 60°C for 15 min. Overn1ght cultures in

.BM broth were placed in a water bath at 60°C for 15 min. A
pasteur pipette was used to’ place 2 drops of the beated
culture onto BM plates. The plates were incubated at 25°Cf

for 3 days and observed for V151b1e 51gns of gro}

(Hastings and Holzapfel, 1987)

3.11.2 Metabolic and biochemical characteristi

(ai Fermentation tests. The following'carbonvsourcesv

*

" were tested/u51ng the laboratory procedure outllned by

AKlaenhammer (personal communlcatlon) amygdal1n, arablnose,

Y
’ Celloblose. dextrose, galactose, pota551up gluconate,

glycerol, lactose, maltose,_mann1tol mele21tose, meliblose,

&
raff1nose, rhamnose, ribose, salicin, sorbitol sucrose;”

trehalose and xylose. All carbon sources were prepared as 4%
stock solut1ons and added 1n 0.05 mL amounts to the wells in
a ster1lenM1n1tek plate (BBL, Becton Dickinson and Co.,

ysv1lle, MD). The test culture was prepared by

tranSferr1ng enough growth from an overnlght MRS culture’

A



plate with a sterile swab to 5 mL double strength MRS

ideqtification broth (2X MRSﬂI.Dr} see Table 3.4) to give an
optical density approximat’pg a number’5_McFarlandAstandard.

A 0.05 mL aliquot of thls'cultuge suspension was added to
‘each of the wells_contataing the test solutions. . '

As controls, 2X MRS I.D. broth (0.05 mL) was added to a.
‘secohd set of wells containing each test solution (0.05 mL)
and a vell containing distilled water (0.05 mL) A third
well conta1n1ng the culture suspens1on and dlStllled water

(0.05 mL of each) was also prepared as a control

' After anaeroblc 1ncubat}en of the 1noculated Minitek

plates for 2 days at 25 CJ,' 05 mL of bromocresol purple

(0.04% w/v) was added dir rely to each well. The wells were

then §cdred as positive by.developﬁent of a bpight,yellow'

color, as () by development of a yellow purpleor yellow-

)

gray color, and as negative, if the 1nd1cator remained

.purple or turned gray. e

(b) Production of ammonia from arginine. The method

described by Klaenhammer (pereonal communication) was used.
nThe procedure outlined in. (a) above was followed except \
_that the culture suspen51on was added to a well contalnlng
0. 05 mL of an arginine stock ‘solution ‘(arginfine- HCL, 2% w/v
and glucose 2% w/v). After the adélt1on of bromocresol e
purple, development of a purple color 1nd1cated a positive

result, and a yellow color 1nd1cated,a negat1ve result.

(c) Detectlon of esculin hydroly51s. The method

described by Klaenhammer (personal co%mun1cat10n) was used.
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Table 3.4. The composition of'MQ; and modified MRS media.

—r

. v-‘-, ‘ ]:dedia1 '

‘ - 'MRS BM 2% . GP LI . La
Composition (g/L) agar medium MRS/I.D. agar broth broth
Peptone 10 10 20 10 10 10
Beef extract 10 10 - 10 -- 10
Yeast extract 5 5 10 5 5 .5
Dextrose | 20 20 -- 20 2%3 . 20
Tween 80 (mL) 1 1 2 1 1 1
K, HPO, 2 2 -- 2 2 --
NaszO47H20 -= - 4 - - -
Sodium acetate: 5 g = s 10 5 . - 5
(NH®; citrate 2 -- ~- -- 2 --
(NH4)2H citrate ) -- - 4 - - ‘\f)——
SOdL¥m citrate -- -- -- -- -—- 3
(NHg) 2504 - -- -- - 2 - ~-
MgS0, - TH,0- 0.2 0.2 0.22. 0.2 0.2 0.2
MnSO4 - 4H0 7 0.05 0.05  0.12  0.05 0.05 .0.05
Agar 15 A ' 15

- 1 aAbbreviations:

" MBS, Lactobacilli MRS (Difco) as propose
#58 Sharpe (1960)
BM, Basal Medium |

* 2X MRS/1.D., Double Strengt

ilkinson and Jones,
h MRS identification broth

(Klaenhammer, personal communication)
GP, modified MRS agar used for determination of gas

production from glucose (Hitchener et al., 1982)
LI, MRS medium without acetate and beef extract

1977)

Harding, 1985) used for growth of cultures prior to
lactate isomer determination
La broth (Shaw and Harding, 1984)

2 added in the form of a salt solution (2 mL/L):

Ay,

g; .MnS0,, 5 g; distilled H,0, 100 mL

3 Glucose added as'a filter—gterilized solution

d by DeMan, Rogdsa

(Shaw and

4
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The procedure descrlbed in (a) above was followed except
that the culture suspens1on was added to a well conta1n1ng
0.05 mL of the esculin stock solution (esculln 4% w/v and
ferric ammonlum c1trate, brown granular, 1% w/v). Follow1ng
incubation, development of a black color indicated a
positive reaction and a brown color,indicated a negative
reactlon.

(d) Reduction of potassium tellurite and 2, 3 5—

triphenyltetrazolium chloride (TTC). Test cultures were

streak 1noculated onto BM agar conta1n1ng 0.05% (w/v).
potassium tellurite and onto SBM agar conta1n1ng 0.01% and
0.1% (w/v) TTC (see Table 3.3). Blackening of the agar or
the formation of a deep red color after 1 or 2 days
incubation indicated reduction_of tellurite and TTC,

respect1vely.

* (e) Nitrate reduction. The method descrlbed by

Wilkinson and Jones (1977) was used. Tubes of BM broth plhs
0.1% KNO3 containing an'inverted Durham_tube uere examined
after 2 and 8 .days incubatlon'at 25°C for the presence of
gas. At the same time,‘samples'were removed and tested for

_ the presence oﬁ nitrite, as described by Wilson and Miles
(1964). A positive result (red color) occurs within 1 to 2
m1n. Negative tubes (no color development) were tested for:
‘the presence of unreduced nltrate at 8 days by adding zinc
dust. At this stage,'a p051t1ve test (no color devglopment)

1nd1cates that nitrate was reduced to nitrite and then

further reduced to non- gaseous products and a negat1ve test
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(pink to dgep red color formed within 5 to 10 min) iﬁdioates

nitrate'was fot reduced.

(f) catalase. After anaerobic 1ncubat10n for 2 days on .
BM agar, one drop of hydrogen perox1de (30%) was added
B
directly to the test culture on BM agar.

(g) Terminal pH;.The pH of ,the cultures was measured

after 7 days‘incubation~at 25°C iﬁ La broth (see Table 3.4).

(n). Production of gas from glucose. Prodiction of gas

from glucose was determin@ﬁ by the method of Gibsoh’and
Abdel Malek (1945) using the mod1f1cat10n described by
‘Hltchener et al. (1982).'§prew cap tubes were filled to a
depth of 5- gtcm with modified MRS agar referred to as GP
agar (see’ Table 3.4). Follow1ng sterlllzatlon, GP agar was
cooled to 45°C and inoculated with a 0. 1 mL aliquot of an
overnlght test culture. After the agar had hardened, vaspar
tempered to 45°C was poured into the tube to form a layer

2-3 .cm deep above the agar stub. The tubes ‘were 1ncubated at
25°C for 10 days and observed da11y for gas product1on,_

‘indicated by accumulation of gas under the vaspar plug.

(i) Identificatiop of lactate isomer. The test culture
was grown for 2‘days in LI broth (see Table 3.4) at;25°C«in
st.opper_ed- glass f_lasksflushe_d._with a 95% H, and 5% o, gas
mixture. The cells were removed by centrifugation at .
8,000 x g for 10 min. L- and D-lactate weré‘determéned
enzymatically from the test culture supernatahéﬁusing the
reaction kits obtained from Boehringer (139084). In this

procedure, L- and D-lactic acid are converted to pyruvate'
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using stereospecific L- or D-lactate .dehydrogenases (LDH) in
the presence of nicotinamide-adenihe dinucleotide, NAD

(Equation 1) (Food Analysis, Boehringer Mannheim).

Equation 1: ' N ,
- L-LDH or D-LDH
L-lactate + NAD® = =~ pyruvat® + NADH + H°

The reaction equilibrium lies almost completely on the side

of lactate, so it is necessary to,trap‘the pyruvate to drive
the reaction to compiétion..The equilibrium can be diﬁblacéd
én favo; of pyruvate and NADH in a subsequent reaction
cataiyzed by»glutaméﬂe—pyryvate‘transaminase (GPT) in the

presence of L-glutamate (Equation‘Z) (Eood Analysis,

Boehringer Mannheim). , 1<v//r
. . : - N

Equation 2: ‘
GPT

pyruvate + L-glutamate =—= L-alanine + a-ketoglutarate

The amount of NADH-formed in the above reaction is stoichio-
metric with the cqﬁcentration-of L-(+)- or D—k~)?lactic‘acid
present in the supernatant. The increase in NADH was
me;surgd by absorbanﬁe at 340 nm usiﬁg.a Hewlett Packard
8451A Didde Array Spectrophotometer. The concentration of
each lactate isomer was calculated using the following -
equation: | |

@'.

V X MW

C = exdxvxi100F” AA [S/L] 
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where: V = final volume; MW = molecular weight of the

substance to, be assayed; e = absorption coefficient of NADH;

d = light path (cm); v = sample volume; AA = absorbance
difference = AAg (sample) - DAg (blank) (Food Analysis

Boehringer Mannheim). Standard solutions contafning known

IV
=

concentrations of the L- or D-isomer of lactic acid were

prepared as controls.

v

(j) Methyl red test. A positive methyl red test was

indicated by the formatlon of a brlght red color after
addition of a few drops of methyl red solutlon to cultures
growﬁ in MRVP broth (Difco). ~

(k) Pseudocatalase. Isolate #26 was grownnoh tryptose

agar containing 5% sheep blood for 48 h. A p051t1ve result
was indicated by bubbllng of the hydrogen peroxrde (30%)
dropped onto the bacte:1al growth (Hastings ‘and Holzapfel,

1987).

(1) Oxidative/fermentative utilization of glucose. The

method of Hugh and Leifson (1953) was used. Test cultures

were stabbed into two tubes of OF-Basél medium (Difco)
containing 1% (w/v) glucose. One tuberf eaéh set wa§
overlayered with approximétely 1.0 to 2.0 mL.of sterile
vaspar. Culture tubes were incubated &t 25°Cfénd é#aﬁined at
frequené inte;vals for up to 14 days. Fermentative capacity
is indicated by yellow (acid pfoduction) in both the open
and covered tubes. |

(m) An API 20s™ streptococcus System (API Labcratory

Products Ltd., St. Laurent, QueSec) was used to determine if

i
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Bhgluéosidase, N-acetyl-glucosaminidase, B-galactosidase,
phosphatase,\ledcine and serine aminopeptidase, pyroglutamic
acid,'acylamid;se, and/or aminopeptidase are produced.
Growth of isolate #26 removed from an APT culthre plate was
resuspended in sterile'O.BS% saline to approximate a No. 1
McFé;land standard. Each microcupule was filled with 2-3
drops of the_bactefial suspension. Results were recorded

"after 4 h incubation at 25°C.

»

3.12 Growth in Ground Beef Samples

3.12.1 Preparation of lean ground beef samples

'Fresh, lean ground beef purchésed from a local
supermarket was packaged in 10 g portions in-"Whirl-Pak"
bags ("Nasco", Systeps Plus, Waferlob, Ont.). These samples
were irﬁadiated in a Gammacell 220 (Atomic Energy of Canada
Ltd., Oftawa, ont.) for 24 h,.resulting in exposure to
approximately 880 krads. A prepared inoculum containing@both'
S. faecalis ATCC 7080 and isolate #26 (see below)vwas édded
to the irradiated ground beef and mixed thoroughly into the
sample by manipulating the meat in the sealéd "Whirl-Pak"
bag. Additionally, a set of uninoculated‘éamples, ;'s;
inoculated with a pure culture of S. faecalis ATCC 7080 (10°
CFU/g), and a set inocUlated with only isolate #26 (105
CFU/Q) wasvprepared. The meat samplé§‘wer incubated in
anaerobfc jars flushed with 95% H, and 5%‘C02'at 25°C or at

4°cC.
e



3.12 2 Preparation of inocula for éround beef samples
Ezther 10 mL or 100 mL of an 18 h cultura of isolate
#26 was eentr1fuged at 6,500 x g and 8, 000 X g, ';
respectively, for 10'min. The cell pellet was resuspended in
1 mL or 10 mL volumes of sterlle 0. 1% peptone water to
achieve a desired 1noculum level. An 18 h culture of
Streptococcus faecal is ATCC 7080 was diluted 100-fold in
0.1% peptone‘water. Equal volumes (0.1 mL) of the
resuspended isolate #26 cellssend the diluted S. faecalis
culture were mixed immediately prior to inoculation. A 0.2
mL aliggot of these mixtures was used to inoculate eachA
irradietea ground beef sample. Sets of samples were prepared

to contain approximately 10° of S. faecalis and 109, 107,

108, or 10° CFU of isolate #26/gram of meat.

3. 13 Growth 1n Nutrient Broth

' Nutr1ent broth (10 mL) in screw cap test tubes was used
as a substrate for associative growth of S. faecalis and
isolate #26 test‘cultures. Following inoculation (inocula
were prepared as descrlbed for the meat’ gamples) the
samples were mixed by vortex and overlayered with 2 mL of
Sterile mineral oil (Sigma) to reduce the oxygen tension.

Inoculated tubes were stored at 25°C or at 4°C.
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3|14 Sample Testing O
The meat and broth samples at b8th temperatures were
tested on day 0, 1mmed1ate1y aﬂ'@r inoculatlon, and every
day or alternate day thereafter for 8 or 9 days. Sterile
0.1% peptone water (%@ mL was edded directly to the meat
g
sample in téh\Whlrl Pak bag~und homogenized for 1 min using
a Colworth Stomacher. Duplicate APT andlStreptococcus KF |

agar plates were surface inoéugated with 0.1 mL of a

‘suitable dilution. APT agar plates were incubated ¢

anaerobically for 48 h at 25°C and the KF plates were
incubated aerobically for 24 h at 35°C. The APT agar was
USed;to enumerate the total bacterial population, including

both isc.ate #26 and S. faecalis cells.

\/ There was no media f

that could selectively

-r

enumerate isolate #26. A t Ggh S. faecalis;end isolate #26
could not be distinguished morpHologically after 48 h gn APT
agar, arf additional overnight incubation period

(aerobically, 25°C) made differentiation possible due to

?utolysis of isolate #26 colonies (see Results p. 64).

‘Therefore, a total count of the sample was determineqqat 48

h and an isolate #26 count a{e72 h. S. faecal is*bacterial

counts were determined on KF agar.

3.15 pH Measurement of the Meat Samples
After homogenization in 0.1% peptone water and

microbial analysis of the meat sample, the pH was measured

using an Orion combination pH electrer (Orion Research



Inc., Cambridge, MA). .
.‘ » ‘;
3.16 Plasmi%@hnalysis ﬁ' ’_
The technique used. to ogﬁain plasmid DNA from isolate
#26 was described by Kla;nhammef\(1984). For cell lysis, 75
uL motanolysin and/or lysozyme (1 mg/ﬁL in 50 mM*Tris-HCl, 5

mM Na,EDTA, pH 7.5) was added to the sample held in an ice

bath for 1 h or, in some trials,‘to the sample at 37°C for 1 '

h. Agarose gel electfophoresis was done as déscribedfby

Klaenhammer (1984) using ‘sample volumes of 20 uL.

3



4. RESULTS

4.1 Development of Screenf;g Proceduresg

““Methods .of detecting bacterial antégonism; referred to (/{
as direct or deferred antagonism procedures (Tagg et al.,
1976) were developed for use in this study. The direct
procedure.used in Ahis study is similar to the one described
by Geis et al. (1;23). ;

A number of treatments for killing bacterial cells was
examlned for use 1n the deferred procedure Bacterial cells
//§urv1ved at- var1ous time intervals of exposdre to chloroform
vapor, UV 1lgh§ and dry heat. The 30 min heat treatment, in

~the covered water bath set at 80°C, was the only treatment

in which visible growth did not occur during subsequent

’.incubation, therefore, this ,treatn@a;s used,
Q ‘/ ¢ - 4 N '

1%
4.2 Incidence of Inhﬂb1tor Production

Lactic cultures, primarily 1solates from vacudm-
packaged beef,’were initially screened for their ability to
© inhibit the growth of 16-arbitrarily selected lactic and,
non-lactic indicator cultures (indicated by a "e" 1in Tables’
3.1 and 3.2). of nearly 100 1solates screened, only four
test cultures, Pediococcus cenevisiae (Hansen), Llacto-
_bacillus plantarum (Rosellac C), C 4, and an ®solate from
vacuum packaged meat referred to as isolate #26 produced
substances antagomlstlc to the growth of the selgzted v .

14
1nd1cator cultures.on APT. Inhibitor(s) product1on was

55
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RV,

ev13ent in the dlrect procedure by zones of 1nh1b1t1on 3-5°

mm in d1ameter surroundlng the producer . strains, and in. the

[y

deferreo orocedure by zones 10 20 mm in dlameter in lawns’ of

| the sen51t1ve 1nd1cato cu;ture (Flgure 4.1). Although

/
Lactobac:llus plantaﬁum (Rosellac C) and C 4 were inhibitory

tO some indicator Stralns, PeleCOCCUS Ce‘f‘eVISlae (Hansen)
R N‘

and 1solate #26 produced 1nh1b1tor(s) active against-a wide

.spectrum of mrcroorganlsms.

4.3 Spect;um of Activity. | s A i .
> The 1nh1b1tory spectra of g?olate #26 and P. CePeVISIae
(Hansen) are ‘{llustrated in Table 4.1, Most gram- pos1t1ve
organlsms, 1nc¢ud1ng species of Pedloéoccus, Lactobacillus,
Leuconostoc, Str'eptoco cecus, Clostmdlum, Bacrllus and
Llstenla are susceptlble to the 1nh1b1tor(s) produced by
isolate #26 and P cerevisiae (Hansen) however, none'of the
- gram- negat1ve organlsms (see Table 3. 2) examined 1s

e

AV o
1nh1b1ted Ve1ther 1solate #26 nor P *cerevisiae (Hansen)

~

"synthe51zed an 1nh1b1tor ‘which was aCtlvgkiizlnSt itself

N

when tested by the d1recb~and deferred procedures, thus-"

.t

these strains are 1mmune to at least nomlnal levels of their
&
own inhibitor(s). Although ﬁﬂfcerev:s:ae (Hansen). produced a

potentially useful ant1m1croﬁ1al system, it was not examlned

further due to 1ts 1nab111ty to grow at low temperatures.*
AN -
Some stralns, 1nclud1ng S. faecalls,bL mesenteroxdes and L.

vtrldeSCens are part1cular1y susceptlble to the 1nh1b1tory

N substance(s) releasedjby isolate #26; therefore these~‘

:4

s
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Figure 4.1. Dirkct

"'showlng 1nh1b1€10n

faeca,L;&Ach 7080

."
7

(A)‘aﬁd deferred (B) antagonism tests

oi a lawn culture of Stneptococcus
by isolate #26. -



ﬂable 4.1. Activity spectra of
cervtsrae (Hansen)

' 58 -

isolate'#26 and Ped lococcus

U

Sensitivity to strain]

-
Indicator drganism #26 | PCH
Ped iococcs_spp. -
P. cerevisiae (Hansen) + -
p. cerevisiae (Lactocel) - -
P. pentosaceus + +
.P. acidilactici + o+
P. parvulus M o
c 4 = -
C 35 ' + A +
C 43 + e
Lactobacillus spp. ' ‘ '
L. viridescens + +
L. plantarum s +
L. plantarum (Rosellac C) , + -
Lactobacillus R.S.M. + o+
Leuconostoc spp. é
[. mesenteroides o - + *1
Streptococcus spp. e
S. faecalis: + +
S, bovis ' + . 0T
Bacfllus Spp. ) ,
B. cereus ATCC 14579 gt +
@?@ cereus NCDO 577 - -
Clostrxdlum Spp. "
C.’ per*?ringens S + +
'Llstenla spp
L. monocyfbgenes ATCC 15313 + )
L. innocua - ) E -
L. monocytogenes 81-861 - -
L:,monocytogenes‘85—307 - =
_Staphylococcus spp. N
S. aureus - -
S. epidermidis - -
. v‘n ! . v '
1 Producer stralns demonstrated bacterxal antagonlsm by

direct and deferred antagonism procedures.

PCH =

Ped iococcus cerev:srae (Hansen)
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~illustrated 1n~£1gure 4. 2. The effect: of acidity was

‘agar, 1nd1cat1ng that the 1nh1b1t10n is not due to. orqanlc

59

.‘“

strains were selected for use a¢ indicator strains in many

of the subsequent analyses.

4.4 Distinction from other Bacterial Inh1b1tofs {

Tests were performed to exclude unrelated phenomena*

R
3

that may mimic bacterloc1n-11ke antagon1sm on SOlld agar.

“When® bacterlophage infectivity test1ng was performed with é

agar cut from the 1nh1b1tory zones, there was no plaque

{

’formatlon, demonstratlng that"the 1nh1b1tor was not a self-

repllcatlng infective entlty The inhibitor dlffused through

the agar, as evidenced by . zones of 1nh1b1tlon in theﬁ ‘ 'f

1nd1cat:; overlay on the reverse 51de of an APT culture

pl&te; Production of the 1nh1b1tor durlng anaerobic

1ncubat10n showed that the 1nh1b1tor was not ‘hydrogen ‘ . ‘ﬂ

perox1de. Thls was supported by ‘the f1nd1ng that 68 units of ]

catalase/mL 1ncorporated into the agar did not interfere ‘

with the inhibitory effect. | .
Inhibition of Lo mesentero:des and L. v:r'ldescens by

isolate #26-1noculateﬁ 1nto APT agar containing 68 unlts.og'

catalase/mL and aiso calc1um carbonate (2% w/v) is:

=

fneutrallzed by the: addltlon of calc1um carbonate to the i

R TN

[ 4

ac1ds. The exc1u51on of bacterlophage, hydrogen perox1de and -

| organlc ac1ds as explanatlons for the- 1nh1b1tory effect,

glves ev1dence to sﬁggest that the 1nh1b1tor produced by

; 1solate #26 is bacteﬁzoC1n 11ke (Tagg. et al., 1976). This
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-

Figure 4.2. Agar well method.of Dahiya and Speck (Y9657\‘
demonstrating (A) inhibition,of L. viridescens ATEC 12706
ttop) and L. mesenteroides ATCC 23368 (bottom) on APT
inoculated with isolate #26, catalase (65 U/wL) and calcium
Carbonate (2% w/v)™@5 illustrated by a black ring
surrounding these cultures and (B) no inhibition on the

uninoculated control plate. 4
: ‘ , _ : P
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bacteriocin-like inhibitor is subsequentiy referred to as

| L 4-“‘
Bac #26. - »
¢ ' -
[N <
SIERA
. & »ly

4.5 conditions Affeeting Bac #26'Product3%n'oﬁ3$olid Media

Plates of APT agar adjusted to pH 5‘q$:3 5,. ,J 6.5, -
7.0 and 7.5 with 1 N HCl or ‘85% lactic acid and with 1 N
NaOH were compared as substrates for the productlon of Bac
#26 using the deferred antagonlsm techn1que. Growth of
isolate #26 was poor on plates adJUSted to pH 5 0 and 5.5
with 1 N HCl. There was no growth and poor growth on APT
‘agar plates adjusted to pH 5. 0 and pH 5. 5 with-85% lact1c
acid, respectively. Growth but no zone of 1nh1b1t10n was
observed at ‘pH 6.0, although_zones of 1nh1h1tlon were
detected gn APT'agar at pH 6.5, 7.0 and 7.5. The diameters E -
of these inhibitory zones atveach pH value is given in Table
g.2. | ‘

To determlne whether Bac #26 was produced dur:ng growth
‘of isolate #26 at low temperature, isolate #26 was
inoculated onio APTkplates,!rncnbated at 1, 4 and 10°C and
examined for inhibitor production at 2 day intervals by the
deferred antagonism technlque. Productlon of Bac #26 was
evident after 6 days at 1°C, after 4 days at 4°C and after 2

daYs at 10°C. The diameters of the zones of inhibition were

measured at each tjﬁﬁbratUre and are recorded in Table 4.3.

LY
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\TaBle 4.2. The effect of pH on Bac #26 productiod-én APT

agar measured by the diameter of the zone'of inhibition
appearing in the indicator overlays. '

.

: Diameter (mm) of zone of

inhibition at given pHL

‘Indicator organism 7.5 7.0 6.5 6.0
L. mesenteroides 1515 1@ 0
o . - : \ . :

S. faecalis 10 9 - .10 0
L. plantarum x 16 15 , 14 0
C 43 ,_ ~ N.D. 18 17 0
Lactobacillus N.D. 14 7 0
R.S.M.

- P. pentosaceus N.D. 10 7 0

1 Average diameter (mm) of the zone of inhibition appearing
in the indicator overlay by the deferred antagonism ‘
procedure. 0 = no inhibition. N.D.'= not determined.

“ M -

[
JN" o )

it
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Table 4.3. The effect of incubation temperature on Bac #26
production on APT agar measured by the diameter of the
zone of inhibition appearing in the indicator overlays.

Incubation - o a Indicaj:or1
Time .
Temperature  (days) L. mesenteroides L. viridescens

2 ' 8 . : 10
10°C 4 . 19 20
6 Y 25
| 4 5. - 4
4°c 6 12 o 15
8 18 18
1°c 6 3 14
) T .8 , 18 20
25°C 1 14 / 11

_1 Average diameter (mm) of the zone of inhibition £ppearing
~in the indicator overlay by the deferred antagonism ‘
technique. ' ,
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4. 6 Enzyme lnact1vat1on of Bac #26 _ \

When Bac #26 was tested for 1nact1vat1on by proted‘e,
no zones of. inhibition were observed in the indicator lawns.
4.7 Plasm1d Involvement

Since most of the genetic determinants. for bact¢r10c1n
production are plasmid-borne, isolate 426 was analyzed for‘
plasmid DNA. ngever,'attempts to demonstrate the presence

of plasmid DNA were unsuccessful.

4.8 Morpholog1ca1 Character1st1cs
Cells of 1solate #26 are rod- shaped occurring 51ngly-

or in palrs, and frequently 301ned at an angle, formlng a
V—shape.'On APT agar, 1so£ate #26 grows as’ small creamy-
white colonies. The colonies are convex after anaerobic
incubation at 25°C for 48 h, but after exfended aerobical
indubatidn (24ih) aufolysis occurred, that is the colonies
developed a central plateau with an elevated rim.
4.9 Properties of Isola’t’%h#zs3

© 7o deﬁermine the identity of isolate #26,.a number of
metabolic, blochemlcal and physiological tests was
performed. Esplate #26 was identified as a heterofermenta—
tive Lactob

characters%?csx Gram-positive rod; non-spore forming;

77&@ species based on the following

fermentftive growth on glucose; catalase negative; benzidine

negatFﬁe##oxidase negative; nitrate reduction negative;
N ' ‘-‘\ v ]

®
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‘arginine dihydrolase"positiVe and production of CO, from
glucose in GP agar (see Table 3. 4). Gas proéuction was
ev1dent after 5 d growth of isolate #26 in GP agar by
displacement of the vaspar plug. However, gas did not
accumulate in Hurham vials when isolate #26 was gréwnﬁin GP
broth. | -
Further properties of isolate #26 are listed in Tabies-
4.4, 4.5 and 4.6. In prelihinary tests it becamg'apparent
th#t isolate #26 differed from.other'heteroﬁermen@aﬁive
lactobacilli, in that it grows poorly on MRS (5 5) agar and
does not grow on acetate(s_s) agar, media ‘which are qommonly
employeé‘for the selective isolation of this genué (Sharpe #
and Ff;er,‘1965). It also differé by producing almost
exclusively (98%) of the L(+) isomer of lactic acid fr&mv
glucose, reducing 0.1% {w/v) TTC and ceasing to grow at a
terminal pH >4.15 in La broth.>Theréfore, the character-
istics of isolate #26 were compared with those of L.
divergens and L. piscicola (atypical species with respect to
/'other cla551f1ed betabacteria) to determine how closely |
related 1solate #26 is to these species. In Tables 4.5 and
4.6 some of the properties of isoléte‘#ze are listed with
the properties published for':epresentative spp. of L.
divefgens and L, piscicola. As shown in Table 4.6, the
carbohydrate fermentation pattern of 1solafe #26 is the same
as that glven by Shaw and Harding (1985) for L piscicola,

~which suggests that isolate #26 is a strain of L. piscicola.

Iy
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N-Acetyl-glucosaminidase
B-Galactosidase
Phosphatase

Leucine aminopeptidase
Serine aminopeptidase
Pyroglutamic acid
Acylamidase
Aminopeptidase

Table 4.4. Physiological, biochemical and metabolic
properties of isolate #26. :
Growth on: Acetate agar pH 5.6 -
Lactate agar pH 5.6 -
. ‘ N
- Growth at: pH 3.9 -
' pH 4.4 -
Growth in: 8% NaCl -
0.1% sodium nitrite +
0.05% potassium tellurite +
2.5% potassium thiocyanate :
0.01% TTC +
0.1% TTC | *
'Reduction of: 0.05% potassium dellurite +
0.01% TTC ’ +
0.1% TTC +
nitrate -
NO3 = amine, no gas - -
Survival at: 60°C/15 min -
End point pH
in La broth: 4.83
Lactic .acid isomer: L{+) 98% -
D(-) 2% 7
- Hydrolysis of: Esculin +
Oiidate/fermentative
with glucose: F
ngéyl red test: +
Production of: Pseudocatalase +
B-Glucosidase +
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Table 4.5. Biochemical properties of isolate #26 and those
published fcu L. divergens and L. piscicola spp.

Y

e

L. divergeq;l

Property Isolate #26 DSM 20623 L. piscicela1
Gas production2 - + wk ¢
from glucose ’?
Lactate isomer L L L
NH, from arginine + + +
*
Growth on acetate - - -

agar, pH 5.6

Reéduction of 0.01% + S+ +
(w/v) TTC
|

1 patal from Shaw and Harding (1985)

T = Type strain *

2 Gas production from glucose determined in GP broth }///

S

s
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‘Table 4.6. Tne\carbohydnate‘:grméngatfaﬁvpatterns of isolate
#26, Lactobact]lus dlvergens‘nd Lactobacillus piscigola.. .

[} T e P e ; 2
LV piscicola

' . T 2 A Sy . A
" Fermentation of a;solate'ﬂZGH;%gl vergens
il R L

Amygdalin 3 + Ty o S+
Arabinose - : - -
Cellobiose + + +
Dextrose + + +
Galactose’ - d d

K gluconate .- + + o
Glycerol + (+) + a
Lactose - ’ - - d

Maltose + é* +
Mannitol + _ - +
Melibiose .- - d
Melezitose - - d
Raffinose - - / -
Rhamnose . - - -

Ribose + + +

Salicin + + + #(/“
Sorbitol + - ' LT E
Sucrose + + S+ . i
Trehalose + + + '
D-xylose - - o=
a-methyl- N.D. T (#) L
D-glucoside ' : e

! pata from Kandler and Weiss 1986, Bergey's Manual j\ﬂ"

. of Systematic Badteriology * ' o, A
.2 pata from Shaw and Harding (1985) 5153 *1“f

Symbols: d, differential; -, negative; +, positive; (£), .
weak positive reaction : s
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Isolape #26 grew in BM broth at ;°C within 8 4, at 4°C
within 4 d and at 15°C in 24 h, but not at 45°C., The
temperature runge for growth of‘isolatg #26 was estimated
using a temperature gradient incuuator. Growth curves 'in
Figure 4.3 and 4, 4 show growth of isolate #26 in APT broth.
‘over temperature; rang1ng from ‘approximately 1°C to 38° C
Growth of isolate #26 was poor at temperatures near 36°C. -

’
4.10 Associative Growth of Isolate #26 and S. faecalis in

Ground Beef =

The subsequent experlments were de51gned to determine
whether Bac #26 could be synthesized in the meat environment
and, if synthesized, whether it would inhibit S.vfaqgalis
that had been added téitbe meat.

In the first trial, two sets of irradiated ground beef
Samples were inoculated with S faecal is at 10° CFu/g “one
set was also 1noculated with iselate #26 at 10° CFU/g,'and a
" third set of irradiated sampHFs served as aE/EDLQQEEiiEii\\
~control The samples were ;tgred in anaenpﬁic jars flushed
with 95% Hjp and 5% CO, at 25°C for up go 9 days. In samples
inoculated with only S. faecalis, growéh of S. faecalis.to
108 CFU/g occurred within‘one day. When;grown in‘association
with isolate #26 S. faecalis was not inhibitedf Both isolate
#26 and.S? faecal is grew to apbroximately 108 CFU/g within 1
d at 25°C, after which no further c ange in cell dénsity

1

occurred (Figure 4.5).

5& . N

*y . LS
f



*

*

70

PR |

104 .
3
] r
b ) A
-

.
L

el

|

i

N

=

C

o

o)
N
L
S o
Q-
O

0

$ 8

o

n

0

<

0.01

.
.

L yaiagtd

L1
N \ .

\\ C 5 ‘

[ T N N -

"
.
-
.

.. . - Time(days) .*

- Figure 4.3. Growth of isolate #26 in APT broth measured by

" absorbance (600 nm) at temperatures ranging from 1.3 to )
*10.4°C. o . L

o~

e

’ ] r ) . - : -
0o 3 o8 9 12 15

3



AbSSrbance (600; nm)

%

10

Al

G

TP 1
X

e
[ U W

o

o-

- 0.01

7

-

R 4 'v":b s

. s DT T RGP
Figure 4.4. Grdwth.of 1sbldte

T T 1

200 - 3" 6.5 .. 9 12 ‘:; 15

T he

%6 in APT broth measured by

"absorbapee (%00 ni) at temperatures ranging from 15.5 to
M ooao T :

38.2°C. .

F v

TR



@

£ OGACFU/mL

o .

10

0 4
N L L A L T A
o 4 6 8
. \TIME (DAYS) "~ '

Fxgurq/%ﬁg Growth of StPeDtOCOCCUS“FéeCalls 7080 in pure

culture (B\
(@), 197 ),
»reinoculated

and n assoctatil n with 1solace #26 added &

(@) and 10§ (O) CFU/g din irradiated
Lean ground bé@f stored at 25°C.

KN o

ﬁ@

105

-



* ’ ‘ v
Based on the above/results, a second exg

performed to determlne if growth of

N

&

@

This experlment was 1dent1eal o experlment #1, except that
1solate #26 was 1noculated at ‘07 108 or 109 CFU/g. lh
1rrad1ated beef samples with 107 or 108 CFU of isolate
#26/g, the -numbers of S faecal is plateauved approzﬁmately
one log cycle less than was observeé?ﬁn the contr 1 samples

(Fxgure 4. 5). When S. fapcalis was inoculated w1th isolate =,

,
(.‘

'#26 at 109 CFp/g it waslalmost cOmpletely 1nh1brted There
3was however a sudden ircrease 1n|numbers of S, faecal is at
day 4, followed by a sudden decrease at da¥47, as
. illustrated in Figure 4.5. o _ - ‘ﬁ
Although S. féecalis does not gnew at 4°C, a subsequent
trial was carried out at this temperature'to'determing
-whether non- grow1§§ cells were sensitive to the bacterial
inhibitor produced by@solate #26. Three sets of 1rrad1atmiy
. ground beef were inocu ted with S. faeca]ls at 10° CFU/g. &
‘Two‘eets were alse inoctilated with 10° and 109 CFU/g of
_iselate‘#26. A set 5{ inocdlated, i;radiatéd samples wae
also incubated a££2°c. In the S; faecal is control samples
and in the\samples inoculated with s. faecal is and isclate
426 at 10° or 102 éFU?g; there was no decline in the numbers -
of Sr faecalis over the 74 study For example, the log
CFU/g on KF agar was 5. 2, 5.3 222 5 2 at é%y 0, and 5, 3 572 -
and 5.3 at day 7 in samples 1noculated with only S R

e->—>

faecal:s, w1th 105 and. with. 109 CFU o@‘ "wﬂate #26/g,
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vrespectively.

4;11;Assooiative Growth of‘lsolate #26 and S. féeéalis in
| 'Nutrieht‘Brothu o “ } |
Nutrhent broth was used as a substrate for assoc1at1ve
growth of isolate #26 and S. faecalls to determlne whether
‘the 1nh1b1tory substance could be produced in a medrum
"11thout a carbohydrate sourc'”‘é Three sets of nutrlent broth
were 1noculated w1th 5. faeqalls at 105 CFU/mL and two of
these were also 1noculated with 1solate #26 at 109 or 109
| CFU/mL Growth of'S. faecalls was almost completely ‘
1nh'1b1ted at 25°C" 1ru assoc1at1on w1th 1solate #26 at '165

' (’ - » N . ‘I
xﬁmu/mL (Flgure 4, 6). When grown. 1n'assoc1at10n w1th a.

oo ! AN
ra 1501ate 26 at . 109 CFU/mL llttle if an 1nh1b1tion w » -
y :

A

\
observed b?‘the ahd oﬁ rhé 7 day ﬁ;q@x@perlod also

1llustrated 1n Flguré 4, 5 }‘

f% ]¢'~,§'7'

-

°*
e

4 12 pH of the Beef Samples. aDqut the Nutrlént Bgoth
“"4 ‘ -As shown in. Table 4 7, 1n1t1al pH values of‘the ground
beef samples varled from 5 6 to 5 8. The pH decreased%to 5¢4%
in all samplei 1noculated with a mixed culture (S faecalis
plus ‘isolate #26 at 105 107 108. or 102 CFU/g)/hy day 1
: after wh1ch there was no further decline in pH .
In samples 1noculated only wgth S, faecalrsz the pH levels
‘decreased to 5. 2 In the unlnoculated -conyr 1 samples,.the X ;l

PH levels decreased to 5.2 by day 2 of e study and to p;r;7
’ -»

"(‘ 5. 0 by "!!'ay 3, ,after wh1ch there wasmo further decllne.~

° . IR S ) v

v
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‘Table 4 I‘he pH of ground beef 1noculated with- S Faecalrs

7080 and 1solate #26 during anaerobic storage at 25°C for. 9

76

days, = ‘ -
. Inocula' » }
Sampling g a" <« L
Day ' SF ). 26(8) 26(9) U
- M . ) e
0 5.8 " 5.7
: T T L i
1 5.2 5.1 5.2 «..5.1 BB 2g 57

? )

- @ -
4 * 5.2 5. 1 5.0 5.1 5.1 5. 08
e « *

6. . ‘ilF;ZA‘ 5.1 5.0 5.0 5.0 N.D
. C o
9 5.2 5.1 5.1 5.1 5.1 5,1
1 Abbrev1at10r¢‘ ; ’ ‘ i | '
SF = 102 CFU of Streptococcus Faecal is/q" e

26(n) 105 CFU of S. faecalis + 10" CFU’ os isolate #26/9
U = umnoculated control b s
‘ N. D. = not determined 4 ,.‘W

T ‘ - B : » »
RN W* . . ©



¢ Table 4. 8 The pH of Nutrient Broth inoculated with Strepto-
cocouys faecalls 7080 and isolate #26 stored at #5°C for 7

\\dgggr | . | i
' Inocula! 2
Day SF . 26(5) ' - 26(9)
0 66 Y 6.6 6.6
2. 6.6 » 6.6 . 6.5
| TRy w I
. e . N ‘.!“ - ek o u?,i.“‘ . J.&a“i
cw 03 W TBEEen S b A . 6.6
4 6.6 7 6.6 . 6.5
. [ @ .
5 6.6 6.6 6.3 '
Sy
€ ﬂt,.‘w 5!"’
6 6.6 6.5 6.4 ity
. /‘.1’ [ ;,4
/ ' z“ _
1 6.6 6.6 6.4 g
. ,
! Abbrev1at10ns~ . : ' ‘ S
SF, = 10 CFU of, Streptococcus faecal i§/g e

26(n) = 10° CFU of S. faecalis + 100 CFU of isolate #26/g <.
o . -
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v

The initial pH of nutrient broth was 6.6, as indicated
in Table 4. 8 A decllne 1n pH occurred only in tubes

inoculated w1th 109 CFU of 1solate #26/mL In these tubes

the pH values decreased to 6.3-6. 4‘!*

- | , N



5. DISCUSSION AND CONCLUSION

This study‘was,done to determine if lactics which |
proliferate on vacuum-packaged meat during chilled storage
could be used as biologioalkpreserving agents. During
slaughter procedures and processing, particularty during
gr1nd1ng of fresh meat, microbial contamination occurs. The
storage life of meat is highly "dependent on. the 1n1t1al
microbial‘load (Ingram, 1972) and it has often been
demonstrated that keeping q&ality is first and foremost
affected by hygienic pract1ces (Ch1lders et al. 1973;
Smulders and Woolthu1s, 1983). Desplte good hyglenlc
measures, meat becomes contamlnated ‘during prepatat1on. ;
Addltlonal means are requ1red to retard spoilage and
eliminate pathogenlc m1croorgan15ms, and thus -improve the
qquallty and shelf- llfe of. such produ;%s. . K“ﬂ'
| Dom1natlon of the microflora by %he lactobacilli in

~

vacuum-packaged mea

is generally con51dered desirable. .

Their. presenoe' ohtributes to the extension of shelﬁﬁlife P

o o

(up to elght weeks or more) achieved by vacuum- packaglng and
chllled storage (Dalnty\et al., 1979; Egan 1983). The
lactics contribute to the extension ‘of shelf—iife~bj
.sucéessfully competing for growth spdce and by the |
production of compounds antagonistic to the growth of other
microbes ',(Bl_l,ickstad, »1983‘By’extrap0‘latlon of in vitro.
”ihteractiOns (Upreti and Hinsdill, 1975: Newton and, Gill,
'1978; Dub01s et al., 1979) it seems reasonable to suggest

‘that bacter10c1ns or ant1b1ot1c type compounds play a role

" < 79 . ' : - \
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in the d%velop%Fnt and ma1ntenance of bacterial populations
;1th1n vacuum-packaged meats. It follows that among the
lactobacilli proliferating on vacuum- packaged meat there may
be sttains which are suitable for use,as biological
preservatives. |

Isolate #26 was identified as L. piscicola. This is not

surprising since the lactbbacilli, often atypical species,

~ predominate at chill temperﬁtures on vacuum-packaged beef

(Hitcheéner et al., 1982 Holzapfel and Gerber, 1983; Shaw

and Harding, 1984, 1985). By the production of L(+) lactic.

acid frem glucose;, isolate #26, like L. divergens and L.

'DISCIcoIa spp.’

piscicola, differs from formally-recognized speeies of beta-

bac ich produce DL lactic acid (Kandler and. Weiss,

1986)", necessary ‘the 1deht1ty of 1solate 426 could be

.

confirmed by showing the a%seﬁce of lactobacillic acid in
the cellular fattj”a@ids TsRaw aﬁd”ﬁatd}ng, 1985), by

Qetermining its mol% G+C and by DNA hybridizatien with L.
e L ]

Division of the 1actobac1111 1nto homofermentative and
heterofermentative species is based~on detectlontof C02

produced by the heterofepmenters (Shatpe et al., 1966) .

'Isolate #26 1is con51dered to be‘heterofermentatlve, however /’

1nconslstenc1es in gas productlon were apparent between agar

: y

and droth forms of the test medium. No visible gas: was -

} .
"formed in Durham tubes for.perlodS'Up to 10%days when .

isolate #26 was grown ifi broth. Shaw and Harding (1985),

observea no gagmproduction or very small quantities of gas

/
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produced by L. plscicola {solates grown in breth. f »
ThF methods used for c1a551f1ng the meat lactlcs gke
based onwpropertles of organlsms from quite dlfferent

env1ronments (Kltchell and. Qggw, 1975). Certa1n procedures

4

may not be satlsfactory for c1a551fy1ng the lactoba 111
isolated from vacuum packaged beef, unless modific tidnsuare
made. For example, productlon”gf CO, 1s normally determxned
using the method of Gibson and Abdel- Malek (1945) Us1ng
this method (i.e with a high ‘glucose, milk_based ‘medium) }
Shaw and Harding (1984) concluded;that strains fromluster
I (now known to contain isolates belonging to L. pisticola
and L. divergens) were homofermentatlve. The heterof » ™
fermentative capd0111ty of these isdlates was conf1rmed in a
hd &

subsequent study (Shaw and Harding; 1985) by analysis:of

bt l'

' their metiabolic end products, which included acetate and

: ’S,,: -

ethanol owevef, the molar ratios of ethanol and acetate. ».

and CO, tb lactate were extremely low in both L. divergens

VA

Shaw and

icola compared with typlcal heteroﬁermenters.
arding (1985) concurred w1thf£he buggestlon/flrst

madefgy Halzapfel and_Gerber (1983) tHat glgcose

the traditional

pathway of| they h terofermentat1ve }actobac1 11, S
, ' Varlo s metEBdE‘bi\dlrect and deferred a;tagon1sm vere

1nvestlgat d The d;rect

" fermentatilon by these organisms; %}ffeQE fro

- Qiffers fro )"'ot?m"‘,x
Upret1 and insdil

in that the knd1tator lawn

.‘ . Av
c .
.

.
! Bt i
1 ' o _—
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.of the test strain. Slnce a larqe number of test strains,

)

‘approximately 100 was scr&ened for antagon1sm, add1tlon of

the indicator organisms g 1n an agar overlay, follow1ng

inoculation of the teétf es by a replxdﬁte plater, was
felt to be more timefeA
‘defined<inhibitory 20 #han the other procedures
investigated. , ®

In both the deferred and direct antagonism tests, -
isolate #26drnhibited a wide range of gram-positive |
organisms on APT agar. Antagonism of the growth of one °
bacterium by another may'resdlt from a number ofwdifferent
mechanisms, including: (i) the release of.bacterial,
.inhibitors such as bacter¥ocins, baoteriophage, hydrogen
peroxide, or organic,acids;'(ii) the establishment of a
“restrictive physiological env;ronment by alteration‘Ff
”factors such as pH onﬁ;edox potent1a1 and (iii)‘depletion
of essent1a1 nutrlents or growth factors (Tagg et al.
1973) . |

Bacteriophage did not seem to be responsible for the

obsefved inhibition since the inhibitor readily diffused
through the agar (Barefoot and Klaenhammer, 1983) and the
1nh;b1t%ty zdhe; were not infective. Inhlbltxon couLd be
' demonstrated under anaerobic conditions and in the presencer

K

h of catalase- therefore, hydrogen peroxide was also excluded
aS é"@ . WA

'ftrom cOn51deraﬁlon. “Under ‘conditions which neutrallzéﬁethe”“'j:
‘effects of ac1d1ty, 1solate #26 retalned its 1nh1b1tory N

act1v1ty, 1nd1cat1ng that the observed rnhlbltlon was not

\
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caused by adverse pH conditions or by the inhibitory effects

of the aci& molecule itself. Inhibition of indicator

. cultures due to the depletiop of essential nutrients or.to a,

T

gtatement, the growth of S. f@eéalis, for examplé; was not
‘inhibited on APT plates on which isolate #26 had-previoﬁsly
grown and to which protease had been added. BY excludingw
phenomena which can mimic bacteriocin activfty on solid
media, the inhibitory activity of isolate #26 on APT® agar
can be attributed to the production of{a‘bacterﬂogin—like

A
compound (Bac #26). ‘

Inhibitory activify was eliminated on culture plates
treated with protease, indicating that Bac #26 1is \ *
‘proteinaceoué in nafure. However, based onpthe'Tagg et al.,
(1976) definition, that bacter}ocins are proteinaceous in

< .
nature and have a bactericidal mode of actidn, Bac #26 wag

not confirmed to be a bacteriocin. An ‘active extract
containihg Bac #26 could not be,prepared from the culture
supernate or from APT cultures plates of isolate #26,

therefore it was not possible td determine its mode of

action. .« | : : ~

I

Failure to isolate active bacteriocin from the culture:

4 .- o - o .
supernate  is not ugcommon. For a numbef of gram-positive
P B [ . ! A

‘organiSms,vpgoductio&,éf bacteriocin-like SUbstanc“s has
. Y ’ ) -
been demonstrated only on solid media (Tagg et al:, 1973;

Tagg et al., 1976). Yagg et al. (1973) suggested that

. . N \ ..
failure to recover active bacteriocin from the culture _

®

a

‘reduction of redox potentiad is unlikely. In'sqpportAof this

e



, sgperﬁate may be due to its 1nac51vat10n by proteases

S

‘produced later in the growth of the culture. On sof.g agar,

the bacter10c1n may d1ffuse ahead of the active protease and\

-

so’be-protected-from inacti tion; It 1s not~known ‘whether
strains of . L. plSCIcola pgggice proteases which would

h”1nact1vate a bacter10c1n 1n broth.culture. Further attempts

éaWére mada to extract ‘active bacter10c1n from APT culture'

. plates us1ng the . method and modlflcat}ons of the method'

t o
_proposed by? refooﬁ and, Klaenhammer (1983). Although / ‘
L /
'extracts with active Lactacin B vere prepa\ed us ng th;é
—
procedure (Barefoot and Klaenhammer, 1983), the 1nh1b1tory

b

act' 1Ty of Bac #26 was not retained rn\these culture

: )eitr . It is p0551b1le that Bac #26 was 1nact1vated by

the pur1f1catlon procedures or thatalt was not effectlvely

extracted from the agar. + , 'v' -~

.

The factors controlllng roductlon of bacter1oc1ns are

. poorly understood, ’whlch is compllcated by the fact that not

f‘\ell cells in a. partlcul\; culture produce bacter1oc1ns at

\\\ the same tlmé or under the’ same c1rcumstances (Tagg et al

1976) Qarlatlon in comp051t10n of the media, as well as i A';
.condltlons such as time,. aeratlon, temperature‘ and pH can

’ haVe profound effects on the y;eld of~act1ve bacter;oc1n

(Tagg et al. l976) Although 1n1t1al attempts to isolate

'Lactac1n B from the culture supernate were unsuccessful

/
-

'Barefoot and Klaenhammer (1984) found that by growlng the I

cells under opt1ma1 cond1t10ns 51gn1f1cant act1v1ty was

1]

”detected They found maximum t1ters of act1v1ty at pH 6. 0

//



4

~ ‘ :
after growth of the culture for 10 h,; but that act1v1ty

‘fdecreased by 75% w1bh1n 4,h. ThUS,\lt is pdh51ble that’ Bac~.~

| #26 could arso be part1a1y.pur1f1ed from. tﬁé culture
supernate’ by systematlc research to determlne ‘the opt1mal

cond1t1ons for its 'production. in broth S : 5

L4 4

The 1n1t1a1 pH of - the ‘APT agar was found to be an-
1mportant factor in determ1n1ng whetheryBac #26 1s*produced.
The diameters of the zones of 1nh1b1t10n produced-by 1sof§teg//
#26 on APT at pH 6. 5 7% Ornd 7.5 were. very 51m1lar s |

RN T
N
suggestlng c #26 produétlon occurs equally well at these
/Ba i \

pH 1evels. Although 1solate #26 grows on APT at an 1n1tral .

pH af 6.0 and 5.5, there was nou1nh1b1tory act1v1ty,

vf\suggestlng that Bac #26 is not produced or that it 4s .

inactivated at pH values below 6.0. s 6 . e

Lactacln B production by LactobaCIllus aCIdophIIus was |
"also reported to be dependent on the initial pH of the agar
/\
(Barefoot and Klaenhammer, 1984) Act1v1ty was not detected

. ~ © e S \
if the initial pH. was below 5. 9 However, ‘maximum production

of Helvet1c1n J (Joerger and Klaenhammer, 1986):was'reported‘=‘

o

.at pH 5.5. It should also be- noted that the optlmal pH for
-productlon of bacteriocin is not necessarlly the pH at which

the bacter10c1n is stable: As ﬂgntloned prev1ously, maxiﬁqm

3
N

productlon of Lactacln B occurred at pH 6.0, but at this pH
Lactacin B was;unstable.ffn‘thisbcase,’actiiity was
stabilizedlby adjustinb;the pH to 5.0. (BQ{Sfoot and

Klaenhammer, 1984). . . '_L: . o

i S : . i

g T
1



"Generally, bacteriocin production~is greatestvat'a )

temperature optlmah for growﬁh of the producer stra1n (Tagg

@

et al., 1976). Growth-of\lsolate<if6‘at low temperatures
(1 C, 4°C and 10 °Cc) did not affect its ability to. produce€

" Bac #26 prov1d1ng that it was’ 1ncubated at these ;

temperatures long enough for suff1c1ent growth of 1solate

-

#26 to occur. L , o ' , ' C IR

Most of the genetic determlnants for bacterlocgn
productlon are plasm1d Borne (Tagg et al + 1976). Howederﬁ
attempts to isolate plasmld DNA from 1501ate #26 hy var1ous

progfcols, 1nclud1ng both large and small soz&e extractlon,

. were unsuccessful (personal communication, Stiles and

2 ’

Cerrone, 1983).'Isolate.#26'does not appear'to.contain -
'plasmid'ﬁNA .suggesting that “the genetic determinant'fbr Bac
#26 is chromosomally located Demonstratlng stab111ty of
bacter10c1n productlon under’ condltlons that’ 1nduce plasm1d
cur1ng would support this: ayggestlon. As 1nd1cated by
-Joerger andyKlaenhammEr (1986), unt11 genes for the N
productlon & bacter10c1n are actually local1zed in the
chromosome, there remalns the remote p0551b111tj that a‘
stable, undetected pla 1d 1s wespon51ble for bacter10c1n
¥,

‘production. When‘L.'h' viticus was dgrown in the presence pf

odlum dodecyl sulfate, rifampin,=ethidium bromide,"acridine
orange, neutral acr1flav1n and at higher temperatures it
malntalned'the ability to produce Lactoc1n 27 (Upreti and

H1nsd111 ©1975) . “Thi sugéests that the genetic.determinants
N

: for Lactoc1n 27 productlon are not plasmld borne. Other
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attempts to, demonstrate'plasmid+mediated bacteriocin
‘ 2
. production ;n the 1actobac1111 have also been- uq;uccestful

jBarefoot and Klaenhammer, 1983; Joerger and Klaenhammer,

o, o

1986), Chromosomal determlnants ﬁor bacteriocin productlon
may therefore be common among'the 16Ct0b%¢1lil;hA stra1n -
| ¢With a chromosomal determinant Tor-bacteriocin prddhction!

rather than a plasmld borne determlnant, may be more

A

suitable for use as a bloﬂoglcal preservative. Strains tﬂ%t

carry plasmid,DNA.have Longer generatlon-tlmes,.whlch,could

. affect their ab111ty to dominate the mlcroflora. -

—
’

Isolate #26 was the-only straln amorng - 1solates frod 7
vacuum-packaged meat which prodXed a bacteriocin- like
_inhibitor. Althodgh'thie was the'bhly.isolate, suggestidg
low numbers of bacter10c1n producers, the rxtidehCe of’euch
stralns in vacuum—packaged meat cannot be gg&culated due to
the random nature 1n ‘which the isolates were selected 1n

’thls study

' '
\ Bacteriocin productlon has been reported for other
lactobac1111, 1nc1ud1ng strains of L. ac:dophllus Baﬁ%foot
‘and Klaenhammer, 1983), L. ferenti (DeKlerk and Smit,

1967), and L. hehvetlcus (Upret1 and Hinsdill, 1975; JOerger
and Klaenhammer, 1986), but there have.been no previous:
freborts on production Of_bacteriocin—Iike compounds bf
Lactlcs isolated from: vacuum- packaged meat, presumably,

because: bacter10c1n productlon has never spec1f1cally been

examlned among these organlsms. I

' .
“ . . “
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. , ‘ \ o . _
* Bac #26 inhibited a broad spectrum of gram{positive ~

organisms, but it was not active against any of. the gram—
negatlve organlsms tested Bac #26 differs from all .

previously reported LactobaCIllus bacterloc1ns with respect

td 'its broad act1v1ty spectrum. The-actrv;ty spectrum for.

- "other LactobaCIIIus bacter10c1ns, Lactac1n B (Barefoot and_

Klaenhammer, 1983) Lactoc1n 27 (Upretl and Hinsdill, 1975),

- and the L. fermentum bacteriocin (DeKlerk and Smit, 1967),

is restricted to species w1th1n}$he genus Lactobacillus and
with Helvet1c1n J (Joerger and 5laenhimmer,‘1986) restrlcted"‘
further, to only closely related_spec1es. The spectrum of
activity for Bac #26 is not unique when‘compared with the
spectra cited by Tagg et al. (1976) for other gram-positive
organdsms. In fact the range ofrorganisms inhibited by ﬁac

#26 is almost 1dent1cal to Pediocin A (Daeschel and

-Klaenhammer, 1985) Isolate #26 demonstrated host cellu \m~)

immunity to Bac #26. K’“lndlcated by Joé?ger and Klaeﬁ“immar
(1986)\!the 1mmun1ty of the producer cell to 1ts own
bacter10c1n, although'poorly understood is belleved to
‘result from synthe51s of a spec1f1c immune substance

‘ Irradlated ground beef stored anaeroblcally at 25°C was
evaluated as a substrate for bacter1oc1n productlon by
isolate #26. ThlS study confirmed the reports of others
'(Reddy et al 1970, Gilliland and Speck, 1975, Abdel Bar
and Harrls, 1984; Gill, 1 1986) that a hign Lnoculum is
requ1red ‘to. achieve’ 1nh1b1tory effects. The inhibitory

——

effects of the 1act1cs 1noculated into fresh ground beef
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have been attrlbuted to acid productlon (Reddy et al.,
1970), to a comb1nat1on of Hy0, product1on ‘and ac1d d
. ~ 1
 productio (Abdel-Bar and Harr1s, 1984). and ta Hy0p
(.G'illi"land and speck, 1975). KIthough growth of S. faeca]rs

'was 1nh1b1ted Bac #26. medlated 1nh1b1t10n is unllkely 51nce

4

the 1n1t1a1 pH of fresh ground’ beef is below pH 6‘0[ and itr

o ¥
is commonly reported to be'j~8, That Bac #26 was not
6

detected on APT agar at pH 0\}suggests that 1t would not

be produced in fresh ground meat.:Inhlbltlon also cannot be

at r1buted to Hzoé productlon ‘as incubation of“ the meat

‘ S

: anaeroblcally should preclude this poss1b111ty S
The pH of the beef decllned rapldly from approx1mate1y.
5.8 to approx1mately 5.0 in all samples 1noculated with 107rk
108 and 109 CFU of 1solate #26/g, suggestlng that organ1c
acid may contrlbute or be solely respon51ble for the - v;)

‘ observed 1nh1b1t10n. Inh1blt10n by;brgan1c ‘acids may depend

" on three factor5° ' ” : f L~

(1) the effect solely of pH
. & Yo
(ii) ithe extent. of dlssoc1at10n of the~acid, .and

L4 .

(iii) a specific effect related to the acid molecule |

(Smulders et al., 1986) .
There is disagreement'among,researeherS’on\the relative
7 'importance of each of-these'factors. Gill and Newton;(197>) r)
suggested that lact1c ac1d e&prts an ant1m1crob1a1 effect

only by reduc1ng pH Other 1n$est1gators (Grau, igg1;

L 1,

Woolthurs and Smulders, 1985} believe that the undlssoc1ated

form of the acid molecule isl also of 51gn1f1cance. Grau

N
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(1981) showed that both the lactate contént and the pH of‘f'
'beef were 1mp0rtant factors in controlllng the growth

some gram- negatlve bacter1a and B. thermospacta. Under the
same condlt10n§ qf.pH and.ac1d dlssoc1at10n there are ' -
“différences-iﬁ the antimiorobial action of varioUs-orgaﬁge
Vacids‘(Smulders et altﬂ 19865.tFo; example, g:‘wth of,
;§almonéllé'galllnaﬁUm~was inhibited by Ghdtsso iated acetic
aoid, but undissociated lactic acid waa‘only slightly
inhibitory (Sorrells and Speck, 1970). . | | ”

:;f inhibition'is solely{tﬁe {esult ofuaoid production,
it is unclear wh® inocula of 107 and.108 CFU of isolate
#26/§wdo not inhibit S. faecalis to the same extent as an‘

inoculup of 103 CFU/g;vAptinoculum‘of 109 CFU of isolate
f#2679;may redyce the oxidation-réduction potential to a
levei which contributes to the increased inpibition’of S.
faecalis, or: may cause increased inhibition by 11m1t1ng the
"space" avallable for growth of S. (faecalls, that 1s, by

"‘breatlng a physical barrler.~ " " p .

Inoculation of 1solate #26 and S. faecalis ‘into
nu;&ient brbthhilIUStrates further how the efiect of a%-
particular culture may vary under different environmental

_conditions. £;E§BTtiQQ\Of the growth of S. faecal?s was
_obse£§ed with an inotulum of'105 CFU/g but not with higher
.xnpcula. Although the PH dropped to 6. 3, S. faecalls was

vable to initiate growth at this pH;. therefore,p1nh1b1t10n‘

Ay

caused by organ1c ac1ds is unl1kely. Use of a m1neral

overlay at ‘the surface of the nutrlent broth reduc‘g the

o
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likelihood of H,0, as the inhibitory mechanigm. Inhibition

in this case may -be duesto,production of a‘bacteriocin~lﬁke

e . :
inhibitor, however cell-free supernatants of the broth

culture were not inhibitory.

,
N -
. .
. 1 ‘ .
— . - ) : - .

05 y Conclgs1ons . | . SR

lactobacilli which produwe antimicrobial'compounds‘that are

bacterloc1n like in. nature. "This study suggeSts that isolate

#26 could not be used as a biological preservatlve in fregh

-

‘ground beef by Bac #26 medlated antagon1sm.

I
-

Further stud1es are required to determlne the frequency
.of organlsms which produce bacteriocin-or bacterloc1n llke

2

compounds on vacuum—packaged beef, to determlne whether
there are otherdstrains of L. pisc7cola,'which prodJce
bacterloc1ns, and to determine whether bacter1oc1ns produced
by other lactlcs 1solated from vacuum-packaged be€f d1ffer
:from Bac #26 part1cularly w1th respect to pH sen51t1v1ty
To foster an understandlng of the potent1a1 and p0551ble
11m1tat10ns of bacter10c1n medlated antagonism ‘in meats,

further study on the nature of Bac #26, its mechanlsm of

action and the conditions or factors which.affect its”

act1v1ty should be determlned., o o . \

X Knowledge of the taxonomy, phys logy and ﬁetabolism of
v
--thé lac?gcs a530c1ated w1th vacuum-pac aged meat 1s’Iam1ted

s

~ Further/taxonomic study on +the vatuum-packaged meat

v

J.

e

-
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-blochemlcal pathway used by the L. dfvergens and L.

v'of the product w1ll inevitably be raised. ‘Further . studies,

.lact1cs (Barefoot and Klaenhammer, 1983 Daéschel and

“Klaenhammer '~1986) further examlnatlon of the meat lactlcs

R Yre——

“ .

microflora is required. Knowledge of the.takonomy is Y
essent1a1 before a total survey of the bxotechnlcal R
potential. of this group .of organ1sms can be made, Further ,

research is also requ1red to eluc1date the nature of. the'
-]
‘,

piscicola for carbohydrate fermentat1on, as it appears to

differ from the‘s—phosphofgluconate pathway used by other L

betahacteria.\° o |
With any new techniquelfor-preservihg foods} questions

regardlng consumer acceptablllty\of the productaand safety

therefore, could be directed toward determln}ng whether the

Organoleptlc propertles of fresh meat are affected by, the

0

additlon of lactlc acid bacteria and also to: addre551ng

safety concerns.

Despite the most sophisticated hygienic procedures,

spoilage and‘pathogenic;miCroorganisms will be ihtrgduced

e .

'into/ontO'fresh meats during preparation. The challenge

rema1ns to develop technlques such as that proposed in th1s

study for e11m1nat1ng unde51rable microbes from fresh meats.

. Based on the dlver /;/bf the bacter1oc1ns produced by the - '

oy

9 -

/ s ‘ - 0.
may reveal an organism that produces a bacterloc1n at the pH

of fresh meat. Further study may reyeal strains which are

X
more su1tab1e for use to become, biolbgical preservat1ves or
strains whose deficiencies mlght ‘pe Qvercome by genetic

a

. . . . . v
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