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- control over the rmcrobral flora on wholesale and (or) retall meat cuts. Attempts to captrol

ABSTRACT -~

.
. 5 . 1
7 S -

Developments in the packagmg of fresh meats have created the potengial for greater- -
|% 1'7 gre ‘

the contaminating; (advenutlous) rrucroﬂora of ground beef by addin g lactic'acid bactena

has ot proven entrely successful. The mmal Ob_]CCtIVC of this study was to determine the

- effect of selected lactic ac1d bacterta of meat orlgrn have on contammadn g" microflora

" Both strains showed an inhibitory effect on the contaminating*microflora, especially when

con51stmg of Staphylocptcus aureus, Pseudonlgnas ﬂuorescens Escherichia coli and *
v o

. The added lacue ac1d bacterla consrsted of an apparently

e . .
nonbacteriocinogerjc strain (UAL_3) and a possible bacterxocmogemc strain (UALS59).. -

they were added at a cancentration of 106 CFU/g. This was inf part a pH effect, but in
L ) ,

" certain circumstances, neither pH, nor lactate, nor Ho0 production could explain the

1nh1b1tory effect and the possxblltty of a bacterioein- hke 1nh1b1tory substance CaUSng the

: effect was apparent Further studies mvolved the abrhty of a bactenocmogemc strain '

UALS to prqduce 1ts inhibitory substance in meat.

d .

Stram UAL8 isa nonac1dunc strain which grows. in meat at pH 5.5 but does not

'\w

produce its bacteriocin-like substance at pH 5. 5 ot below- It was demonstrated that UALS

produces its 1nh1b1tory substance in aruﬁC1al growth media at pH 6.0 and. during 1ncubauon o .

‘ ar4 and 19C, When UAL8 ‘was moculated into pH adjusted’ ground beef, initial °

| bactenocm-hke mhfbttory substance(s) in-the meat. This mdlcates that productlon of

bacteriocin like 1nh1b1tory substances by the lactlc acid cultures in meat is a property wonhy

expenments falled to demonstrate the produchon of the mhtbrtory substance in the meat
}extract 'Modrﬁcauon 1n the extracuon procedures to ehmu;ate coprempttauon of the .
1nh1b1tory substance wrth the meat protems use of ‘y—trradratron to 1nact1vate the producer L

stram UAL8 modrﬁcatmn of the storage temperature to reduce protease acuvrt) and a

change in type of 'membrane filter resulted ulumately in the demonstration of active



of consideration in developing suitablc starter cultures intended to predominate the bacterial

v

population of.anaerobically_packagcd meats. '
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lfINTRODUCTIO(I\i/' |
~ -

The potential for controlling the microbial flora of meat has increased with the
packagmg of fresh and processed meats in plasn/c film. After packagmg in an hermetically
seﬁ‘ed;plasnc bag, change; in the miicrobial ﬂora depend on the rmcroblal load of the meat
at packaging, the gas permeability of the plastxc wrap, the gas atmosphere in the bag, t1me_ }
and temperature of storage. It ha‘s'be'e'ri Well established that under anaerobic conditions -
caused by vacuum or modlﬁed gas atmosphere (MA) packaging of meat, the typical aerobic
.spoﬂage mlcroﬂora of meats is inhibitec, while a facultative anaerobic mlcroﬂora con51st1ng~ )
mainly of lactic acid bacteria (LAB) is able to grow and predommate the meat mlcroﬂora
(Christopher et al., 1980; Lee e al., 1984, 1985). This has had a dramatic effect on the
shelflife of fresh and processed meats. At storage temperatures below.\C and preferably
at-10C, storage life of anaerobzcally packaged fresh meat has been extended to 4-6 weeks

>hckstad etal., 1981; Glll and Penney, 1985) Under these condmons spoﬂave of meat
. is usually caused by souring or.off odors produced by the LAB m1crof1/ora. In geheral,
attempts to extend the shelflife of anaerobically packaged meats b)‘/ the addition of a lactic
microflora have not been successful. In the 1970's, the first attempts were made to use
LAB as biologic s stems for the extension of shelflife by inhibiting the spoilage flora of
aeroblcally stored meats Later the same principle of LAB as starter c;;ures was applied to
vacuum packaged (VP) mem etal., 1970, 19755 Daly er al., 1970). The
inoculated LAB flora was changed from strains of dairy origin, as used b}'/ Reddy et al.
(i970)° to meat isolates (Hanna et al., 1980, 1983; Schillinger and Luecke, 1986) but
always using large numbers of LAB as the starting inoculum to get the desired\ inhibitory
effect on the "contaminating" microflora (Rac\each and Baker, 1978; Raccach et al., 1979).
- LAB produce a variety of antagonistic substances such as hydrogen peroxide,

metabolic end products such as lactic acid, antibiotic-like substances and bactericidal

proteins termed bacteriocins (Klaenhammer, 1988). In recent years, the production and

1
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- chamcteﬁmtion of bacteriocins produced b}' L.AB has receiycd increased attention (Zajdel ez

" al., 1985; Joerger and Klacnharnrncr, 1986; Hoover et al.., 1988). The innibitory spectrum
of some bacteriocins such as Lactocin 27 (Upreti and-Hindsdill, 1973) and Lactacin B
(Barefoot and Klacnhammcr 1984) is narrow, being cff't'-act:ive against closely rclat;d

| spec1es Some gram posmve mrcroorgamsrns howevcr produce bacteriovins that are
‘actwe agalnst a wrder spectrum of bacténa for cxamplc bactenocms prc ‘ucca oy
Pedzococcusvaczdzlacncz and Pedzococcus penzosaceus (Hoover etal, "988).

Several characteristics are desirable for LAB strains to be’ conmdered for use in the ;
extensron of shelflife of VP meats. The strains must be able to grow wcll at rcfngerauon =
tempcraturcs and they must be able to outnumber the advenuuous LAB prcsent‘m meats. If

' dominance of the microflora depends on the production of bacteriocins or bactériocin-like

’ compounds, Lhey must be ablc 0 produce these compounds at low tempcraturc and the
LLAB must grow and produce bactcrlocm at the pH of meat i. e .5.50r lower Anothcr
requrrement is that the LAB strains snould not cause exceste souring of .thc meat due to:
the producn'on of lactic acid. The bacteriocin producingicapacity is ofgan olasmid mediatcd
and through techni jues of genetic engineering it might be possible to combine these
attribuies and "produce” the i'déal starter strain for fresh meats. The use of a combination
of LAB strains as used in the dairy industry may also represent a possibiliry.

| The object;:/e of this study was to determine the inn'ibitory activity of two selected

LAB strains on bactenal sporlage rrucroﬂora and potential pathogens(that mlght contaminate
VP ground beef. In the second part of the study, the production of an inhibitory substance

' by a selected LAB producer strain was tested in VP ground beef at refrigeration

temperature.
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i penetratlon intg the tissue is a slow proce ss since proteolytrc enzymes are only produced in

Y. . |
' 2.LITERATURE REVIEW o |
2.1 Bacterial spoilage- of meat o ‘

Bacterial spoilage of meat may be defined as the state where changes due to growth

4

~ or metabolic activity m:e the meat unacccptable for human consumptlon as a result of off

odor color or flavor (Gardner 1983). Deep tissue of an’ healthy animal is sterile at time of

slau ghter Bactenal growth in meat is mainly dye to surface contamination of the carcass .

from hides, feet equrpment and handling (Nottingham, 1982 Dainty et al., 1983). A
Bacterla do not peneu%ate into muscle tissue unt:tl high cell numbers are rge&ched and

spoilage has deve’loped (Gill and Penney, 1977; Gill, 1986; Kraft, 1986). Bactenal

: . Vi
the Iate log phase of growth (Gill and Penucy, 1977). Among the enzymes naturally /

: -, .
resent in meat are proteases, but their role in post mortem muscle degradation appears
» . "
linuted. These meat proteases are divided into neutral proteases which are active around pH
{ '

7.0, and cathepsins which become active at pH 5.0 to 6.0 (Greasér 1986).

-

The type of bacterial flora predormnanng"h meats varies with conditions of meat

' storage In aeroblcally stored meats, grarn negative aerobic nonsporeformlng bacterla

predominate. Pseudomonas is the main bacterial genus present, followed in lower

nurﬁ}bers by the genera ‘Acinet‘oba'cter Moraxella and Flavobacterium (Jay and Shelef,

© 1978). In anaeroblca.lly (vacuum packaged or modified atmosphere) stored meats gram

positive bacteria predominate, pamcularly lactic a01d bacteria (LAB) and Brochothrtx
thermosphacta S utherland etal., 1975; Christopher et al., 1979) In cured meat products
gram positive bactena also form the largest group of bacteria and high salt concentration
favors the growth of fungl (Kraft, 1986) o~
When microorganisms grow in meat they utilize Iow molecular weight compounds

such as glucose, glucose-6-phosphate, arnino acids and lactic acid (Farber and Idziak,

1982). Pseudomonas spp. in aerobically stored meats preferentia]ly utilizes glucose.

3



During this process no compoﬁnc_ls gauéing off odors are formed. Wheri the glucose is
depleted, amino acids are attaq'kcd vand sulfides, esters and acids are formed (Gill, 1976, .
1986). ’ At concgntraﬁons of Pseudomonas of 100 CFU/c;~2 off 6dors are not detected,
wh;reés ét 107 CFU/cm?2 Ld‘etectat‘.)le §poﬂage begins, principally due to the devélop{xlent of
off odors. At 109 CFU/cm? slime accumulates at the surface of meat (Egan, 1984).

Dark firm and dry (DFD) meat has a final pH above 6.0. This phenomenon is seen
more fréquently in bull meat and is due to the depletion of glycogén by streséed animals
before slaughte'frf The absence of glycogen reduces lactic acid formation and hence the
normal drop in pH does not occur. DFD meat cannot be stored under VP conditions
because the high pH favors; gro;mh of Alteromonas putrefaciens, a s&on gly proté:olytic
rnicrobrganiém, which causes spoilage by "greening” of meat due to break down of sulfur

containing amino acids (Newton and Gill, 1978; Gill, 1986).

2.1.1 Tests for determination of méaf spoiiage
Meat spoilage is usually determined by the number of aerobic nonsporeforming
bactériz} prcsérit or by evaluating the org,anole;z}ic characteristics. Alfefnadve te§§5 are th;
chemighl changes that take pﬁce during bacterial growth such as ammonia production,
; exuac; release volume and pH (Egan, 1984). Nassos et al. (1983, 1985) studi%q the
possiéility of prcdi‘cting early spoilage of anaerobically stored meat by meaéuriﬁg the
amo@nt of lactic acid produced. A direct correlation was found between drop in‘pH, lactic
acidj’jproduotion and the presence of gram positive bacteria in the meat. |
. Recently a different approach for predicting meat spoilage has been used. This
mvolves the detection of diamines such as putrescme and cadaverine in VP beef (Edwards
et al., 1985). . It was found that after 7-8 weeks of anaerobic storage at 10C the ,dlamme
~ ‘concentration corrélatéd better with the presence of LAB than with gram negative bacteria.
' Cadaverihc cc;ncentration increased more rapidly than putrescine. Meésurable amounts/of

" diamines wer= detected before off odors could be detected organoleptically. Total viable

)
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bacterial€6unt is not of great use for dcten'nmatlon of spoﬂage in VP meatsv The presence.
of dmrrzr: is also not evidence for spoilage, but they can serve as a guide for shelflife of -
the product.

Edwards and Dainty (1987) studied the volatile compounds associated with
spoilage in the head space of VP pork stored at59C. A companson of head space gases of
normal and high pH pork showed that the main-difference was the presence of sulfur )
containing compounds in hlgh pH pork. Of these gases, methz%nethtol a metabolite from s
methlomne was the main gas present. A possrble source is- the break down products from
the, metabohc activity of A. putrefaciens or Enterobactenaceae
2.1.2 Methods for control of meat spoilage

Different methods for control of spoilage and sanitizing of carcasses for the
extension of‘shelﬂife of fresh meat have been studied. These include the additionﬂ}of
glucose, reduction of pH and treatment with organic acid . Spraying with organic acids has
proven succesgful in reducing microbial flora on carcasses, but problems with discoloration
could'not b?: overcome (Cacciarelli et al., 1983), except when a concentration of 1.25%
| lactlc a01d was used (Smulders and Woolthuis, 1985). The use of 2 to 3% sodium lactate
has been claimed to be successful in extendmg the shelflife of meats and with preservauon
of the meat color (Duxbury, 1988). Automated pressure spray washing of carcasses wrth
water also proved effective in reducing counts of Enterobacteriaceae (Crouse et al., 1988).

(’)ther methods for the control of meat spoilage are related to storage conditions such
as low temperature, r_nodiﬁed atmosphere or vacuum packaging and the addition of LARB

cultures for the production of bacteriocins such as nisin (Wang et al., 1986).



, 2.2 Lactic acid bacteria in meat » o N \
< _

\\ 2.2.1 Evolutionary chan\ges‘ of -LAB
W : The term LAB,co{mz ses a large group of microorgtﬁsms including groups or
i
./ - .species of Streptococcus; Pediococcus, Leuconostoc, Carnobacterium, Lactobacillus and
N .

Bifidobacterium. The common chamcteﬁsﬁcs of this group‘ of bactena are that they are
gram ;lositive, nonsporeforming, mieroaerophilic and their main .fennentat'fon product from
 carbohydrates is lactate (Kandler, 1983). With the-exception of Bifidobacterium, all genera
of LAB are phylogenetically related and accordin'g to Foxh et al., (1980) they have evolved
from a common clostridial type ancestor. The biﬁdobacteria‘evolved from an actinomyces
branch with the propjonibacteria (Fox et al 1980) The separate grouping of LAB and
bxﬁdobactena parallels their different ecological niches. While LAB are members of the
.' - indigenous flora of raw food and are of direct use in the food mdustr)(, Bzﬁdobacterzum
Spp. colonize the intestine of man and animals and are found in substrates contaminzt‘t)ed
= Gith feces (Mundt and Hamimer, 1968; Kandler, 1983).
v : The evollltlon of the LAB ﬁral‘)n a clostridial type ancestor caused them to develop
. defenses agamst oxygen toxicity. While clostridia adapted to an environment wnhout
oxygen other cells developed enzymatic defenses such as productlon of superox1de
d1smutase for protectﬁgn against tox1c forms of oxygen (Daeschel er al., 1987). Another
defense mechamsm used bysome cells is the mtracellular accurnulauon of Mn2++ which

¢ {'

affords the bactenal cell the f’ollow:mg mechanism for protection ag\nst oxygen toxicity:
O + 2H +° Mn2++ - HyOp + Mn2+
This mechanism has be(en observed in certain spec1es of LAB, in parncular those
associated with plants such as Lactobaczllus plantarum, Laczobaczllus fermentum
Pediococcus pentosaceous and Leudonostoc mesenterozdes while those of dairy and meat
origin have the superoxide dlsmutase mechanlsm Plants are high in Mn?* content

compared with milk or meat, which could e)xplam the different mechanisms acquired

(Arch1ba1cl @gd Fridovich, 1981). - '~ . .



2.2.2 Classlﬁcation of LAB fro n meat
| " Fermentation of glucose by LAB can be of 2 types: homolactic in which lactic acid
’1s the only end product, and heterolactic in whxch the formation of lacue acid, acetic acid or
ethanol occurs (Kandler, 1983). The classiﬁcau’on of LAB isolated from VP meats has not
‘advanced to the same extent as other foods. Until a few years ago a broad group' of
unidentifiable LAB was grouped into homofermenters or "unclassified streptobacteria'y,,
heterofen'nenters and motile lactobacilli (Hitchener et al.,1982). -Shaw and Hardmg (1984)
« determined the existence of 3 clusters of LAB 1solated from VP beef, pork, lamb, and
bacon. Cluster I was described as homofermentative and noraciduric because of their
inability to initiate growth‘ at pH 3'.9; Cluster II was also{Eomofermentative but aciduric,
being able to initiate growth atpH3.9 A hign sylt tolerance ‘was also described for LAB

’

from cluster II. Cluster ITI was the smallest group' rncludln g only heterofermentative

& ’srrams such as Leuconos;oc spp. J S

. 2.3 Modiﬁed atmosphere and , vacuum paclfaging, of meats

1In recent years, methods for beef distribution have changed from shipment of

carcasses as "hanging" quarters or sides to shrpment of prrmal or subprimal cuts (2-9 Kg)
as "boxed beef”. These smaller sized units are packaged under vacuum in bags with low '
gas permeability (Seideman and Durland, 1983, 1984). VP provides a method of
prolongmg the shelﬂlfe and palatability of fresh beef during extended penods of shrpment

~and storage Addmonal advantages include reduced weight loss increased hygienic

" control, controlled agm g and color preservation by the formatlon of reduced myoglobin due
to exclusmn of oxygen Disadvantages include c‘ost of the impermeable film, loss due to
purge, moisture loss and tem%erature abuse during shipping and handlmg which permits
development of anaerobic bacteria at ambient temperature and'consututes a po(e,nual health

hazard (Seideman and Durland 1983; Genigeorgis, 1985). The physical propertles of the

~ impermeable ﬁlm used in VP are one of the most 1mportant factors in mamtammg meat
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quality. Loss of vacuum and entry of oxygen into the packages results in an environment
more, deleterious to meat than storage in a1r, since humidity is high in the vacuum package.
Temperature abuse by packers and retailers also occurs with these. products since the

superiority of these meats compared with fresh meat is well known (Seideman and

Durland, 1983).

2.3.1 Historical aspects of modified atmosphere storage of meats

JDuﬁng the 1930's, CO; was added to the air in ship lpckers to extend the storage
life of chilled beef transported to Bntam from New Zealand and Australia ' Newton .,
1977). In the 1950's, the bacterial flora of fresh, raw meats w:; extensive.v studied.. =~
Kirsh er al. (1952)-$tudiec3 the b creriblogy of aerebically packaged refrigerated ground
beef énd stated that the majority of bacteria isolated were nonpigmented Pseudomonas or
Ach(omochter spp, but lactobacilli were also mentioned. Ayres ( 196(;)_;;und that the
pseudornohads weré responsible for slime production bn beef kept at 1006 or lower.
Halleck et al. ¢1958) repbned that two groups of bactr:ria domina:ed the fiora of meats
packaged in oxygen permeable ﬁlm$. During the first tWo weeks Lactobacillus spp. and
nohpigrr)¢nted aerobic gram negative spoila’geBacteria 'we're present, whrle later,
Pseudomo;uzs fluorescens became the dominant bacterium. J aye et al. (1962), using films
with different gas permeabilities and sforage tcmpératures of -1 and 3°C; concluded that
meat stored at low temperature in oxygén impermeable film retained its accéptability for
longer penods of time than aerobically packaged eats ‘

Ingram (1962) reviewed the microbiologi al pnn01ples in prepackagmg of meats to

111ustrale{ome of the conccpts and to lessen confusion about the effects of anaer:)blc meat
- packaging. Many of the principles that he discussed remain valid today. In the 1960's,
packaging iechniques were pnmanly aimed at preservation of the bright red (oxygenated)
color of meat. This was done by packagmg in oxygen permeable films. _Thxs leads to rapxd

spoilage due to growth of the aerobic spoilage flora. %‘he concentration of oxygen present



in a pack 1nﬂuences the microbial ﬂora on the meat (Ingram, 1962) Oxygen in the package
is consumed by the meat and the rmcroorgamsms At the same time carbon dioxide is
released. It is the partial pressure of these gases in the bag that influences the . -
microbiological ﬂoﬁ that develops. This in turn depends on the éas permeability of the
wrap. A balance is established between the metabolic exchange rate of the contents and the

diffusion rate through the wrap.

2.3.2 Effect of different gas atmospheres on meat storage
Considerable effort has been directed toward finding the ideal internal atmosphere

and wrap that will preserve meat color and quality over an extended period of time.
leferem gas gombmauons of CO2, Np, 0o, air or VP have been t sted on different meat
types Hess et ;7 (1980) studied the effects of packagmg in MA containing air, CO5, and
mixtures of CO7 and N2, onthe shelﬂlfe of beef steaks, veal, pork -chops and chicken
stored at 19C. They found that shelflife was generally increased when modified
atmospheres were used and that the be;}\\fesults wefe obtained with 100% CO,. No
coxhparison was made with VP meats. Huffroan et al. (1975) also reported that IbO% COy
was the most effective MA for controlling bacterial growth on beef steaks stored at -10C,
for 27 days compared with Ny, O», air or a gas mixture. Lee et al. (1983, 1984, 1985)
reported sum]ar bacterial counts between VP and N, packagmg in studies on veal, beef and
pork dunng 49 days storage at temperatures below 00C. Slrmlar increases in bactenal
numbers between treatments were observed as storage temperatures were increased,
regardless of the MA used. |

" In studies on the microbial quality of pork and beef stored in different gas
atrnospheres at -1°C, Huffman and co-workers (1974, 1975) reported good re- 'lts for
COz and a mixture of gases contammg CO», while no difference in counts \vas observed

between storage in air, O or Nj. Accordmg to Seideman and Durland (1983) results for

the use of N3 have been contradlctory. This gas only replaces Oy, it does not have the
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same inhibitory effect as CO,. They also stated that bacterial counts for VP meat were

«f

- intermediate between 02 and CO,p étmospherc;es\ N2 is often used as a "filler gas" irl
combination with COy. When the latter is absor%&\m

into the meat during storage, 1\{2
prevents the bag from ciyllapsing onto the meat surface. 'fhe use of cornbinationis of gases
such as CO, and Ny or.COz,‘Np_ and O; have not given clear cut results and different
effects have been reported by various workers. The most effectiye gas 'iias always been
COy, especialiy when used alone (Iitiffmari, 1974; Huffman et al., 1975; Newton et al.,
1977; Erighsen and Molin, 1981; Christopher et al., 1980). |

i

2.3.3 Mode of action of €O, .

The inhibitory effect of CO; on the microbial flora of meat was recognized in the
o

1930's (Haines, 1933) when it was shown that inhibition was not only due to a pH effect
but also some other unknown mechanism. Increased inhibition E)f’the aerobic gram .
negatiy§ spoilage microflora occurs as the incubation temperature is lowered (Coyne,
1933). The exact mode of action of C02 on micfobial growth has still to be cian'ﬁed. Itis
known ﬂ;at CO; extends the lag phase and generaﬁén time of microorganisms. lncrea‘sed
inhibition is seen at r¢ﬁigei‘ation than at higher temperatures dué to the increased solubility
of the gas in the Wwater phase at lower temperatures (Blickstaa and Nﬁ)lin 1983b; Daniels ez
31., 1985). Studjes“(’);"'f~ cellular interaction with carbon dioxide have indicated that CO;

- . - -’ ’ - ‘-
interferes with varius chemical processes of metabolism and that itlalters membrane

, t‘iuidity affecting f)enneability and transport Also a spcciﬁé effect of CO; on certain

metabolic en‘zymes'suc;h as isocitrate- and malate dehydrogenase has been shown (King

and Nagel, 1967; Enfors and Molin, 1978).

i

Ingram (1962) noted that the inhibitory a¢tion of CO3 is Selcctive, a fact that is y

likely to influence the nature of the organisms that siirvive. In early studies of meat
/ - .

processing using COg, it was noticed that the typical spoilage microflora capable of

growmg at low temperatures was inhibited (Haines, 1937). Itis now generally agreed that

10
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the accumulation of CO5 ir VP meats or the addition of CO; selectively inhibits the gram
negative spoilage bacteria, in particular pseudomonads, while it allows the growth of lactic .

acid bacteria (King and‘Na'gel, 1975; Dﬁnty etal., 1979; Blickstad etal., 1981).

2.3.4 Bacteriological aspects of modlfied _Atmosphere storage of meats
Lacuc acid bacterlarepresent a low proporuon of the initial microbial population on
VP meat, but after 20-30 days storage at refngemnon temperature they constitute 70 90% ™
of thé:total bactenal/\p/opulanon (Enfors er al., 1979; Chnstopher etal., 1980; Egan and
Jﬁhay, 1982). On the other hand, the aerobic gram negative spoilage bactena in partlcular
& pseudomonads, are inhibited by the accumulauon of C02 which can reach concentrations
. of 20-60% in the bags (Blickstad and Molm 1983a) Bacterial antagomsm between
aerobic spoilage bacteria and LAB is another p0351ble cause of this inhibition. Collins-
Thompson and Rodriguez Lopez (1980) observed that B thermosphacta declined in
numbers when LAB reached 106 CFU/g of VP bologna Similar inhibitory effects were
noticed by Dainty et al. (1979) for bacterial growth on VP beef. After three weeks storage
, the level of B. thermosphacta and grarn negative bacteria had declined, whrle LAB were
still increasing in numbers. _ )
The maxunum "aerobic total (_:ount'.' of bacteria detected in VP meat is about one
tenth of the ma;timum found with aerobic storage in a gas—permeable film (Roth and Clark,
1972). This was prev10usly noted by Ingram (1962) in his re&ew in which he stated that,
" ina gas permeable film spoﬂage follows the course of unwrapped meat, while at low Oy
coneentratlon the nurnber of organisms able to grow under anaerobic conditions increases.
| Initial numbers and types of microorganisms présent in meat before storage under MA are
important. Aceording to Foegeding et al. (1983), high initial numbers of aerobic spoilage
bactena lead to a shoner shelﬂlfe of the product, since LAB are unable to outgrow the
spoﬂage microflora.” High levels of CO (100%) permit the total domination of LAB.

lﬁgh concentrations of CO, also reduce the growth rate of these bacteria. As a
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consequence, the shelflife of meat stored at elevated levels of CO, ¢an be extended beyond

i _ - :
that of VP meats. This wasShown by Blickstad et al. (1981) and Blickstad and Malin

(19\83b), who stored pork for about three mohthsat low refrigeration temperature without

detectable spoilage. _ - v(}, 0

Another i unponant con51derauOn In vacuum or COz packaged meat is the residual
effect of the gas on the microflora when it is' subsequently wrapped in gas permeable film.
Madden and Moss (1987) demonstrated alag phase of 3-ddys in the growth of the aerobrc
lbactenal ﬂora after storage of the meat for 2 weeks in 20% C02 After 4 weeks of storage.
‘under the same conditions and subseqnent acrobic dlsplay, a slight increase in aerobic
‘ bacterial counts was seen after 7 days. A similar effect was reported by Enfors er a!.
(1979) who storeci pork for 21 riays at 40C under different MA conditions with subsequent

aerobic drsplay at 40C for 3 days Samples stored for 7 days’ in CO7 showed a more rapld

increase in total aeroblc counts when exposed to air comparéd w1th those stored for. 21 days, :
in CO». o e .

B. thenn,osphacza is a'spOilage baoterium that is f‘reciuently isolateo fnom‘ VP meats,
in which it can achieve levels of 106 CFU/g. ,According‘ to Campbell er al. (1979), this
organism requires a pH of 5.8 or higher and a minimal amount of Oy for growth. It was
first reported in high numbers in VP lamb (Barlow and Krtchell 1966) Informatron about
its growth « on VP becf and pork is inconsistent (Roth and Clarxc 1972, Enchsen and Mohn
1981). Accordrng to Glll and Penney (1985) adlposc tissue-has a pH value close to
- neutrality because there is no significant respiratory activity, this results ina heterog eus .
| envgonment for rnlcroblal growth and could explain the different ﬁndmgs between mea ’\ T
- types. | ~ . e .
2.3.5 ~0rga‘?‘oleptic properties y -

Color plays an irnportant role in consdmer‘"aecep‘tance of beef. VP beef rnust be

able to "bloom" Wheh exposed to air by forrni»ng o'xymyoglobin:a The color of meat is
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greatly in-ﬂuenced by the gas atmosphere in the meat pack. Reduced myoglobin is purple
and is the predominant form that occurs in. the absence of oxygen, while metmyoolobm is
brown in color and is formed in the pres. - of 1% or less of oxygen (Seideman and
Durland, 1984). The addition of gases to .ne paClc has different effects on meat color.
Seideman et al. (1970) in a study on beef steaks, observed that 100% CO; caused surface
discoloration wh1le steaks packed in 100% N2 were similar in rating to VP steaks'
illustrating the m:nim  =ffect that N3 has on meat color. Huffn'\an etal. (1975) on the other

hand found that samples stored for 23 days in 100% N> had the least desirable color
| compared with storage in air, O, CO5 or a gas mixture. -

Bacterial growth on the meat surface also inﬂuenc‘es the color of meat. The high' O,
demand of the aerobic spoilage nlicroﬂora leads to rapid formation of metrnyoglobln
Facultauve anaerobes such as LAB do not cause this problem. Some rmcroorgamsms also
produce hydrogen sulfide, which causes green dJscoloratlon of VP meats (Seideman er al
j1984 Cross et al. 1986) Another color defect found’ mainly in beef is the dark firm and
dry meat (DFD), charactenzed by a high pH (above 6.0), Wthh is caused by stress
conduitions before death and causes antemorten depleuon of glycogen The meat appears
dark due to an 1ncrease in the water holdmg capacity and consequent increase in llght
refleciion (Gill, 1986). ¥ s
Ingram (1962) reported that aeroblcally stored meats spoil with development of

putrid odors due-to amino acid breakdewn, wh1le in the absence of oxygen an acid (sour)
spoﬂage occurs. Thelatter is caused as a result of lactic acid produced and gives VP meat a
characteristic cheesy odor (Jayé er al 1962). Accordmg to somc ‘authors this odor
dlsappears soon after opemng the meat bag (Schllhnger and Luecke 1986) In DFD meat,
offensive, putrid and sulfur—hke odors are produced, rnamly due to the growth of
Enterobacteriaceae and Alteromonas putrefaczens Wthh outgrow the LAB

(Edwards and Damty, 1987).
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2.4 Meat fermentations
Lactic acid producing starter cultures used in meat ferméntations may be ﬁesh,

frozen or freeze-dried cultures of the microorganism. They can be sih gle or rnixgd strains
_ with certain metabolic (enzymatic) properties which are utilized during defined processes in
the food industry (Coretti, 1977). The original starter bacteria for use in dairy products
were isolated from sour milk,‘but their natural ecological sources are soil, plant surfaces
and the rumen of bovine animals. Their use in the fermentation of food and beverages
gives the product certain characteristic organoleptic properties (Lewis, 1987).

| Among the undesirable substances that may be produced by LAB in food‘ is carbon
dioxide, which is produced By heterofermentative species. During the fermentat}i/on of
‘cucumbers by Leuconostoc mesenteroides, this gas causes the formation of hollow centers
in the vegetable, a phenomenon alée;\l/cno% as "cucumber bloating”. In sauerkraut
fermentation, L. mesenteroides can cause the defect known as "slimy" or "rOpvy" kraut,
due to the accumulation of dextrans that give sauerkraut a slimy characteristic (Daeschel et
al., 1987). Undesirable characteristics of fermented meat products can be caused by LAB.
Lactobacillus yiridescens is a heterofermentative organism that causes major spoilage losses
of meats due to greening and gas formation, producing color defects .as wéll:-as swelling of
canned and vacuum packaged meats (Tompki.n, 1986). Excess acid production occurs if
fermentation “‘me is prolonged. | |
2.4.1 Starter cultures in the processed meat’ indus}ry

In thé meat induétry, manufacturers traditionally depended u‘p_on the development of

the naturally ock:mriqg microflora to get the desired end product. Another technique i1 the
production of processed meats is th; inoculation of a portion ofa successful, recently
fermented .meat into a frcshiy prepared bétch, a technique known as "back—sloppmg"
b(Bacus and Brown, 1981). Inrecent years, however, more meat processors have started

using specific starter cultures to assure more rapid and controlled predominance of the



désircd microorganism. This has the advantage of shbrtcrﬁng the ripeniﬁg time from
several days to 6-7 hours and standardizing the product (Luecke; 1985; Bacus, 1986).

Initial studies on the developmcnt of starter cultﬁres for the meat industry were done
in the 1940 s, after the successful introduction of starter cultures in the dairy industry. The
original strains used for meats were from dalry sources, but the dairy strains did not
proliferate in the meat environment, probably because of a lack of tolerancg to salt and (or)
nitrites (Bacus and B'»Ep\_)_vn; 198 l).‘ In the 1960's, thé‘ﬁrst commercial starter culture fc;f W
processed meats became avajléble in lyophilized form, under the trade name of "ACCEL"
and consisted of a strain of Pediococcus acidilactici (Deipbe\ki al., 1961). Later a frozen
concentrate of the culture was introduced to avoid the rehydration period, to aéhievé more

consistent results and to shorten the lag phase (Bagus, 1986).

The primary functions of the starter culture in fgnnehted meat products arek%o
produce lactic acid from glucose, to lower the pH and to inhibit growth of -other bacteria.
Mos: is:. ates from naturally fermented meats belong to the genus Lactobacillus. These
generally grow at lower temperatures than P. acidilactici, which makes them more suitable
in tﬁe manufacture of dry sausages (Bacus, 1986); Sorpe processed meats such as dry
sausages are not subjected to a significant degree of heat treatment during mlanufacture.
The safety of these products depends on salting, curing, fermentanon and drymg st
pathogenic bactena are inhibited by the addition of salt and nitrite, allowing the prolm,ratlon
of LAB, yeasts and oth_er gram positive species (Bacus, 1984). The use of starter cultures
in processed meats has not only the advantage ,Of shortening the fermentation time and
assuring a product bf consistent quality, .1t it also ensures the product's safety againsf the
growth and survival of pathogenic microorganisms such as S taphyiéco.ccus aureus and

Salmonella spp. (Bacus, 1986). | o

S. aureus intoxication from the consumption of sausage is not uncorminon in North

America (C.D.C, 1979; Health and Welfare Canada, 1986), and it is often caused by

growth of . aureus in a defective fermented dry or sernidry' sausage. S. aureus generally

15



16

multplies and produces toxin during the initial stage of sausage fermentation, growing only

in the outer portion of the product. A low final pH, low water activity or hig\h salt

concentration does not prevent toxin formation if the bacterium had a chance to reach
counts of 106 CFU/g (Bergdoll, 1980; Bacus and Brown, 1981). This‘pathogen however
is a poor competitor. The advantage of using starter cultures is the rapid production of
acidity and development of high numbers of LAB within a short time: which supresses the
growth of S. aureus’. Inhibition can also occur due to the production of peroxides or other
substances. In raw meats this pathogen 1s reprcssed by the natural microflora*(Smith and

Palumbo 1981; Luecke, 1985).

K
*

Salmonella is ‘also a potential risk in processed meats because it ‘may be present in
high numbers in raw meats, particularly pork and poultry. Certain factors, such as high
initial thand water activity, low amount of fermentable carbohydrate and a low number of
lactobacilli in the raw sausage mixture, favors the growth of Salmonella in these products
(Bacus and Browp 1981; Luecke, 1985). Salmune}losis 1s a common proble€m associated -
with the consumption of fresh spreadable sausage meats in Germany. To retain the fresh
taste of the products, they are manufactured with little or no' added sugar or acidulants,
which permits the growth of the pathogen and other Enterobactériaceae (Luecke, 1985).
In the United States, however, this type of sausage is not popular, and Salmonella afe
rarely implicated in food-borne illness due to consumption of fermented meats.
Experimental work has indicated that lactic acid is én effective agent against Salmonélla

(Bacus, 1986). The degfee of inhibition is dependent upon’ the species and strain of LAB,

o

amount of LAB starter inoculum, load of pathogenic microorga_nisms, incubation
temperature and other factors (Park and Marth, 1972; Sirvioe et al., 1977; Raccach and, -,
Baker, 1978; Raccach et al., 1979).

Gther bacterial pat}logens that could be present in fermented meats, paﬁculmly dry
sausages, are Clostridium botulinum and Clostridium perfringens.. ‘Their occurrensg is

rare because of their poor ability to compete with other bacteria (Bacus, 1984). According



to Luecke (1985), there is noo evidence that C. botulinum will grow and form toxin during
ripening and storage of correctly fermented sausages. C. botfilinum is controlled by low
pH and low water activity, independent of the addition of nitrite. Ina study by Gibbs,
(1987) botulinum toxin was only detected in sausages when glucose was not added and the
pH did not fall below pH 5.5. A new dev{elopmcm in bacon production is the so—cailcd
"Wisconsin Process" in which, by the addition of a starter culture, the amount of nitrite is
lerred but the nece‘ss,ary protection against botulinal toxin prodl.lction is achigyed. For
this process, a straig of P. acidilactici and sucrose are added to the curing brine.. The
starter culture grows slowly at 70C, but rapidly at 23-27°C, producing acid from sucrose if
temperature abuse occurs (Tanaka er al., 1985).

Yersinia enterocolitica 1s anofher pathogen that has been isolated from meats in
recent years, particularly fresh pork. Since’pork is a major ingredient in sausage
formulations and some sausages are not heat treated, the presence of LAB, ‘cﬁring salts and
spices are important for céntrol of the growth of Y. enterocolitica. Raccach and’
Henningsen (1984) tested the inhibitory effect of three LAB strains and found good
inhibition at two concentrations of the starter culture against two serotypes o‘f Yersinia.
They concluded that £he‘presence of lactate, low pH and curing salts had an inhibitory
effect. ‘ ‘
2.4.2 Starter cultures for the extension of shelflife of fresh or vacuum -
packaged meats |

| Storage of m;:at"‘undér aerobic condiﬁons allows rapid spoilage due to grdyqth of
: grainvnegativle nohgpofeforming Bacten'a. When meat is stored under anaerobic Acolnditions,
LAB, constitute th;: main microflora. Their ébility ;o grow at low pH, increased levels of
CO, and under anaerobic conditions allows them to reach high numbers in vacuum

packaged meats (Egan, 1983).

L7
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/ The use of LAB cultures in the fermented meat industl}; has gained wide spréad
acceptance. Their application for the extension of shelflife in fresh xlneats, however, has
not been developed. Reday et al. (1970) conducted a study in which LAB were used to
extend the shelfli*  ~f aerobically stored ground beef. The meat was inoculatcd. with
Streptococcus lactis, Leuconostoc citrovorum or a mixture of both organisms ofgdajry
origin. Th,d results showed good inhibition of the gram negauve flora in aerobically stored
meat over 7 days. “The inhibitory effect mcreascd with ingreased moculum size. The
addition of ascorbic acid improved or retained the color compared with addition of LAB
alone. A similar result was-observed with the inoculation of beef steaks (Reddy er al.,

1975). Gilliland and Speck (1975), using different LAB strains; also observed inhibition

of the psychrotrophic spoilage microflora and concluded that at least part of this effect was

(£

due Ato~produ'ction of hydrogen peroxide.

Roth and Clark (1975) reported that the growth of B. thermosphacta was inhibited
14

by Lactobacillus spp. in vacuim packaged meat: They stated that the inhibition was not -

due to CO3 or agid and that this bacterium started growing after vacuum packaging, but
stopped growth once the LAB reached th‘eir maxir_rlilm numbers. This effect was also

observed in vacuum packaged bologna, particularly with st_rains_of Lacrobacillus brevis

and Lactobacillus plantarum, which had been isolated from the same sausage. The

antagonistic effect was not influenced by temperature, since it was observed at 5 and 150C
(Collins-Thompson and Rodriguez Lopez, 1980). It was also shown that the inhibition of
B. thennosphagxéta ‘was not due té acidity, lactic acid or hydrdgen peroxide and that some
specific antibiotic substance produced by the LAB caused the éffect (Collins-Thompson
and Rodriguez Lopez, 1982). | |

Raccach and Baker (1978) and Racqa’ch eral, (1979) Sh(:)wcd that P. cerevisiae And

, k!
L. plantarum inhibited the growth of S. aureus and Salmonella typhimurium when

Kl

inoculated into cooked poultry meat or broth at a concentration of 10° CFU/g, without

causing a drop in the pH of the meat. A greater effect was noticed in broth than in meat.
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Recentlyf%at amount of work has been done on the effgct of certain lactic starter

»

cultures on spoilage and pathogenic microorganisms in meat (Dubois ez al., 1979; Hanna er-

al., 1980; Abdel-Bar and Harris, 1984; Schillinger an(i Luecke, 1986;. Many difficultes
must be overcome bcfore LAB can be used commercially as starter cultures for the
extension of Ishelﬂife of meats. In most studies large inocula were necessary to achieve the
desired effect. From a practical viewpoint, this would hot only incrcasé: the cost of the
product, but it would also cause undesirable organoleptic‘changes during storage, affecting
the color and odor of meat. Smith et al. (1980) showed that beef steaks inoculated with
Lactobacillus species had a higher incidence of off odors, surface discoloration and poor
flavor ratings compared with uninoculated control samples. The authors concluded that the
disadvantages outwelghcd the beneﬁts obtained from the inoculation of meat with LAB.

Future work should be directed to lookmg for favorable traits in dlfferent_ LAB strains and,

‘ throu;h selection or genetic engineering, to search for starter strains that combine the

desired characteristics for a starter culture for use in ?ﬂ(, vacuum packaged meat.

2.5 Bacteriocins
The texm bacteriocin refers to antimicrobial substances of protein nature, that are
produccd by,bacteria which demonstrate activity against other bacteria of related or

unrelate;g,»sf)emes (Taggetal., 1976). <

2.5.1 Historical perspective
The study of antagonistic interactions between bacteria dates back to the 1800's
when Pasteur and Joubert (1877) noted the inhibitory effect of some bacteria on Bacillus

anthracis. The main concemn in those early days was to find a method of controlling

]

diseases such as anthrax and diphtheria by using nonpathogenic, antagonistic

microorganisms, rather than studying the chemical nature of the inhibitory subs‘ta.nces:that

are produced. Although the inhibitory substances were not identified, according to Tagg er

LG’
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al. (1976), it seems 11kely that many of the interactions observed were caused by

substances now classified as bactenocms.~ The study of bacteriocins dates back to 1925
when Gratia pubhshcd his observ;t/:c;r:s on an antibacterial substance, now known as
cohcm His observatlons were made on a strain of Escherichia coli which produced a
substance bactericidal to another strain of E. coli. Later, Fredericq (1946, 1957) studied
and classiﬁcd the colicins and also reportcd on the methods used to demonstrate them.
Colicins are produced mainly by E. coli and Shzgella spp-, and they were an on- gomg
source of research interest during the 1950's and 60 s. Gardner (1949) reported on an o
antibiotic-like substance produeed by a strain of S. aureus. Jacob et al. (1953) renamed
the colicins to include substances produced by other groups of bacteria, and the térm -
"bacteriocins” was introduced. . '

De Klerk and Coetzee (1961} published the first study on the characterization of
bacteriocins produced by gram positive pacteria, specifically strains of Lactobacillus. They
con51dcred that the antibacterial spectrum was restricted i? members of the farmly
Lactobacteriaceae, similar to colicin activity which wa; restricted to the family
Enterobacteriaceae. During the 1970's more intense work on the bactdriocins pfoduced by

gram positive bacteria was reported and Tagg et al. (1976) i)ublished an extensive review

on bacteriocins from these gram positive bacteria.

2.5.2 Definition ‘of the term bacteriocin
Until the 1970's most investigations on bacteriocins ceritéred on the colicins

produyéd by gram negative bacteria (Tagg et al., 1976). The original definition for
Y

bacterfocins given by Jacob et al. (1953) was based on criteria given for colicins. These

included a bactericidal mode of action, a narrow inhibitory spectrum against homologous
species and adsorption to specific host cell receptor sites. Few bacteriocins produced by
gram positive bacteria fit these criteria, where a wider spectrum of activity against

organisms of different species has often been found (Gagliano and Hinsdill, 1970; Visser *
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et al., 1986). According to Tagg ét'al. (1976), a variety of inhibitory substances produced
by l’)acteda,'_includin g metabolic products, enzymes, defective bacteriophages and classical
antibiotics have been referred to as "bactéﬁoéins". There has oftcﬁ been overlap in the
definition of these substances and a precise explanation fo‘r the term bacted;cm is difficul.
Otﬁer characteristics such as the presence of an essential biologically active protein
moiety and a bactericidai mode of actioﬁ have been applied to bacteriocins from gram
positive as well as gram negative microorganisnis (Tagg er al., 1976). The atltachmcnt to -
specific cell receptors and plasmid borne genetic dctemﬁnants of bacteriocin production
require further study, since variations have been found \amoﬁg strains, and data is not |
available for many strains (Tagg er al., 1976; Joerger and Klaenhammer, 1986). To
overcome the problem of defining bacteriocins, Tagg er al. (1976) suggested the use of the
term "bacteriocin-like substances" for those substances that are r;ot completely defined, and

recommended use of the term "bacteriocin” only for those substances that have been well

characterized.

2.5.3 Composition and characteristics of bacteriocins from lactic acid
bacteria

. Bacteriocins are heteroge}leous substances, chemically diverse but with the

+ ~common characteristic of having an active protein moiety. Some have been described as

. ) . 1 . ‘\
forming a large protein-liffid-carbohydrate complex, which according to some authors can

be fragmented into srﬁaller umits, while retainin’g&xeir activity (Jetten ez al., 1972; Barefoot
and Klaenhammer, 1984). "Others found that the entire unit is necessary to retain the
activity (de Kleirk and Smit, 1967). The amount of eacﬁ component present in the
bacteriocin (_:omplex~varics with the bacterial species. For strains of S. aureus and

Lactobacillus helveticus, the main component of their bacteriocins is a protein, while lipids

- constitute the second largest component (Gagliano and Hinsdill, 1970; Upreti and Hinsdill,

- 975). Carbohydrates are present in less than 10% of bacteriocins. This differs from .

\
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. (Upreti and Hinsdill, 1973) is excreted .dun',ng cell growth, and no increase in acgivit’y

2

findings for the bacteriocin from Lactobacillus fermenti (de Klerk and Smit, 1967) in which

carbohydrate forms 53%, protein 23% and lipid 20% of the molecule. Accordin g to Upreti
and Hinsdill (1975), the bacteriocin Lactocin 27 produced by a strain of L. helveticus/ is’
first synthesized as assmall molecuiar weight compound, which then conjugates with others
to form a larger complex. ?I'he association and dissociation of Qgcteﬁoein into subunits was
shown to be a reversible process (Jetten et al., L972), during whicg the biological activity
is retained (Gagliano and Hinsdill}970; Barefoot and Klaenhammer, 1984). According to
Tagg et al. (1976), the presendé of the monomer or the complex is dependent upon the pH
and 1onic strength of the medium. ‘De Klerk and Smit (1967), on‘the other hand, concluded
that Lhe activity of bacteriocins is dependent upon the integrity of the lipoprotein-
carbohydrate complex. |
Bacteriocins treated with proteolytic _enzqu&, such as pronase or trypsin, are

inactivated. This indicates that the active portion of the complex is the protein (de Klerk
and Coetzee, 1961; Dajani and Wannamaker 1969; Upreti and Hinsdill, 1975; Barefoot
and Klaenhammer 1983). In 1967, Bradley reported that there are low and hxgh»molecular
\nght bactenocms Low molecular wé\*ght bacteriocins are more susceptible to tryp%m and

S

less sensitive to heat inactivation, while the high molecular weight bacteriocins could be

R

phage related,_
- Bacteriocins can be either cell bound; or released into the medium. Gagliano and
I-g.inSdiH (1970) showed that staphylococm'\‘n 414 is only released into the medium after
disruption of the producer cell. On the other hahd, Lactocin 27 produced by L. helveticus
occurs after the disruption ojf the cells. The prodﬁction of bactgriocin jmeulture media can

be pH dependent, as shown for Lactacin B produced by a strain of L. acidophilus

(Barefoot and Klaenhammer, 1984). When the pH of the medium was below 5.9 no )

activity was detected, whereas increased act1v1ty occurred toward neytrality. A dlfferent

result was reported for Helveticin J. This bacteriocin was produced in greatest amotnt at

e “a
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PH 5.5 and accumulation occurred in the late logarithmic and stationary phases of growth

(Joérger and Klaenhammer, 1986).

2.5.4 Antimicrobial spectra

<

Antimicrobial spectra of bacteriocins are generally limited to the same or closely

Id

related species (Fredericq, 1957; Reeves, 1965)! This(is not the case to the same extent for A

' W
gram positive bacteria as it is for gram negative bacteria. For example, the bacterio -in

produced by a strain of Streprococcus faecalis var. zymogenes is not only active against

) clOser related strains, but itis a.lso mamly active against pneumococci (Bottone er al.,

- 1971). Staphylococcm 414 a "bactcnocm produced by Staphylococcus epidermidis is

.
9

" could give LAB an additional advantage when competing with other microorganisms in

active against different gram positive and gram negative bacteria (Gagliano and Hin sdill,
1970) Visser et. al. (1986) showed that a’ smun of L. plantarum inhibited the gram
negatlvc plant pathogens Xanthomonas campestris and Erwinia carotovora when grown in
broth culture. In contrast, Lactacin B produced by L. acidophilus inhibited other lactic

§
acid bacteria (Upreti and Hinsdill, 1973; 1975; Barefoot and Klaenhammer, 1983, 1984).

- According to-Klaenhammer (1988), some strains of LAB produce two types of

=

bacteriocins, one with bactericidal action against closely related species and, less common,

‘ -
one that is effective against a wide range of gram positive bacteria. This(characteristic

7

o
-

foods.
2.5.5 Mode of action of bacteriocins

The lethal action of bacteriocins occurs in two stages. The first corresponds to the

- 3 .
adsorption of the bacteriocin to exposed cell envelop receptors. 'This could be reversible

since no physiological damage occurs to the cell with removal of\g;c bacteriocin ».By trypsin.

A few seconds lafer, the second irreversible process occurs (Plate and Luria, 1992; Tagg et
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al., 1976; Zajdel et al., 1985). This suggests that during the second phase the bacteriocin
penetrates the cell and acts directly on its biochemical targét (Tagg et al., 1976).

The adsorption of bacteriocins is a non-specific process, indicating that the

 specificity for attachment is not entirely dependent upon the presence of particular receptors

ona §ensiﬁve cell (Upreti and Hinsdill, 1973, 1975; Tagg et al.,~_1976; Barefdgjt'angi
Klaenhammer, 1983, 1984) con » ded that ;in\‘tshe case of Lactacin B the ;argc?‘and mégns
by which the bacteriocin specificity is determined remain unknown. According to Zajdel et
gl/ (1985), the bactericidal effect of Las 5, a bacteriocin produced t;y Streptococcus ’

cremoris , is highly dependent on pH of the medium, but the temperature at which the

. susceptible cells are treated has no influence on the killing effect of this bacteriocin. They

also showed that ions such as K+, Ca2+ and Mg2+ can have 4 protective effect on

.

' bacteriocin treated cells. They found that Mg2+ was the most protective and that the effect

1

increased with higher ion concentrations. |
Bacteriocin-like compounds can have a bactericidal or bacteriostatic effect on

susceptible cells. Accordiﬁg to Tagg et al. (1976), an inhibiting sibstance should not be

classified as bac@iﬁil or bacteriostatic until a wide range of indicator strains have been

‘tested. They also suggest that these variable effects might be due to two or more

substances pre'sent, with different modes of action against bacterial cells. The majority of

reports on a variety of bacteriocins deals with their bactericidal rather than their

~ bacteriostatic effects (Dajani and Wannamaker, 1969; Bottone et al., 1971; ‘Barefoot and

Klaenhammer, 1983; Zajdel et al., 1985). On the other hand, Lactacin 27 (IQ)reti and
v TN
Hinsdill, 1975) showed only bacteriostatic activity against the indicator L. helvericus LS

18. The mode of action was mainly a slowing down of protein synthesis, but changes in

_the sodium-potassium exchange were noticed, which suggests that the bacteriocin acts on

the cell membrane.  Staphylococcin 414 on the other hand is bactericidal, but cell lysis was

not observcd for sensitive broth cultures treated with this bacteriocin (Gagliano and

—

Hinsdill, 1970). Y
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The number of ba_cteriocih molecules necessary to kill or inactivate a sensitive cell
has been studied and there is no agreement that a one to one interéction occurs (Reeves,
1965; Tagg etal., 1976). The effectiveness of a bacteﬁocin also depends on the
‘physiological state of the indiCatqr microorganism. A bacterial cell ie more eensidve when /¥7
1t 1s actively mulnplymg This indicates the requmernent for an actve cellular metabohsm 1o |

-cause the dé&;h of the cell (Tagg ez al., 197‘5)

o

2.5.6 Immunity‘ of broducer cells to their own bacteriocins
To ensure the survival of the becteriocﬁn producer cells sorhe form of protection
must be present to avoid.a suiciaal activity. "I‘agg etal. (1976) stated that the nature of the.
producer cell immunity is not well understood, and that a specific immune substance could
be produced by the cell. Data from earlier work (Davie and Brock 1966) indicated that
Streptococcus zymogenes produces a specific inhibitory sfxbstance which neutrahzes its
own bacteriocin. The inhibitory substance is a ribitol teichoic acid, containing glucose, D-
3‘ alanine, phosphate and ribitol, whlch is released by the cell dunng\rhld and late loganthmlc -
growth. Thls explams the loss of activity of the lytic agent during th‘e growth of the
culture. A similar phenomenon was observed in a strain of Serratza marcescens. Foulds
and Shemin (1969) observed that when this strain was grown at 30 to 379C no bacteriocin
activity was detecte:i whereas at 390C bacteriocin actvity was readlly observed. The ‘ L
, bacterlocm inhibitor lost its activity when heated at 399C for 1 h. It appears to be a
pretéase Jetten et al. ( 1972) noted the presence of a small molecular weight inhibitor which
{ ;/;!S elthe‘g produced by S. epidermidis 1580 or present in the ori iginal medium. Barefoot
and Klaenhammer (1983) stated that an L. aadophzlus producer strain showed

autoimmunity against its own Lactacin B by lacking or mask’ 1¢ _~e appropriate receptors in

- their cell‘.

¥y
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2.5.7 Screening prodedures for ’detection of bacterial antagonism -

When testing bacterial strains for possrble bacteriocin production, the screemng
procedures used are 1mportant These can be divided into direct or deferred antagonism.
For the dlrect test, producer and indicator orgamsms are grown sxmultaneously Inhrbmon
depends upon the release of a diffusible inhibitor dunng the early stage of growth of the
producfr strain. For deferred antagonism the test organism is grown first and theg-killed
by e><posure to heat or chloroform before bemg overlayered with the indicator strain.
When usmg‘-)these screening methods a variety of conditions and medra should be tested
since the optimal conditions for growth of the test strain are not necessanly the best for

bacterlocm production. These methods have the mdonvemence of not specifically

demonstrating bactericidal activity (Tagg er'al, 1976).

2.5.8 Antagonism not related fo bacteriocin production }

The study of bacteriocin 'production requires the differenu'atlon of true bacteriocin
inhibition from substances or phenomena that mimic their action. Several bacterial '
products can cause inhibition of a sensitive Indicator lawn, including bacteriophages, .

“hydrogen peroxide lactic acid, antibéoﬁt—like substances such as nisin, MOni‘a -free fatty
acrds etc. The difference between bactenophage and bacteriocin is that the ﬁrst is able to
self-rephcate within a susceptible orgamsm/ Tlus can be shown by the appearance of
plaques of 1nh1b1t10n \/;lth increasing dilutions spotted onto an mdrcator lawn. On the other
hand the 1nh1b1tory activity of bactenocms decreases and disappears with i 1ncreas1ng

_ drluuon (Tagg et al., 1976).

Hydrogen peroxrde when accumulated in a culture medium has a’.toxic effect, |
unless the microorganism produces enzymes such as catalase or peroxidase which break |
down-the perox1de Among the LAB streptococci oftencproduce hydrogen perox1de Thrs
was shown byMalke etal. (1974) who studred drfferent serotypes of group A streptococcr

and found that 78% of them gave a pos;twe peroxide test. No 1nh1bmon was seen under
: o

v
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anaerobic conditions, which is a.lso an indication that hydrogen peroxide is the inhibitory
substance.

Another important consideration when working with LAB is the inhibitory effect of
lactic aci‘d This was recognized by Tramer (19665 when he studied the“inhibitory effect of
L. acidophilus on a strain of E. coli. He noticed that ralsmg the pH of the broth containing
the producer strain above pH 4.5 caused the inhibitory effect 1a disappear.

| Among the antibiotic like substances, produced by S. lacﬁs nisin is the most
thoroughly‘ characterized. ‘Tt is proteinaceous and bactena‘dal‘to gram positive bacteria and |
prevents outgrowth of Clostridium and Bacillus spores. In European countries it is used
as an antimicrobial substance in food processing (Klaenhammer 1988). Walstad er al.,
(1974) looking for bacteriocin production by gonococcx found that inhibition caused by
Neisseria gonarrhoeae was due to long cham free ta"atty acids dnd phosphollplds dssocmted
w1th the cell envelop and not a bactenocmogemc effect Rogul and Carr (1972) found that
inhibition by Pseudomonas pseudomallez was due to producuon of ammonia.
" These studres emphasize the need to rule out the possibility that inhibitory.

‘substances other than a bacteriocin or bacteriocin-like compound are responsible for
inactivating the indicator organisn1 before drawing conclusions about a possibie

bacteriocinogenic effect.

2_.5.‘9 Production of inhibitory sub'stances by LAB in 5 meat system

In an earlier study by Bums (1987) it was shown that @ .train of LAB isolated from
: ground beef produced an 1nh1b1tory substance The identity of the producer sirmn nature
of the mhlbltory substance and its acuv1ty on synthetlc medid and VP ground beef were
- tested. ‘The LAB strain was active against a rdnge of mlcroorgamsms but it d1d not produce
_ mhrbltory substance on synthetxc med1a at pH below 6.0. Inhibition of Streptococcus

faecalzs by the LAB producer strain m,fﬁundr beef was only seen when the producer strain




was inoculated into ground beef at high concentrations (10? CFU/g). The inhibitory effect
_ seen was assumed to be mainly an acidity effect. '

| The previous study failéd to demonstrate bacteriocin-like inhibitory substance
production in ground beef. Therefére one of the objectivés of the;'p"resent study was to
‘show production of the inhibitory substance by a selected LAB strain in refrigerated ground

- beef and also test the conditions necessary for the production of bacteriocin-like substance

" in broth.
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'3.MATERIAL AND METHODS
3.1 Preparatior of ground beef
Freshly excised beef semitendinosus muscle was used to prepare samples of
ground beef for use in the meat studies by aseptically trimming the muscle and grinding the
inside portion in a sterile, manual meat grinder. Samples weighing 100 to 200 g were

- asepuically weighed into sterile plastic bags and stored at -70°C. _

3.2 Bacterial cultures
" The lactic acid bacteria used in this study were obtained from different sources:

a-Isblates obtained from vacuum packaged fresh beef (University’ of Alberta)
included: UAL 3, 4, 26, 59, 72 and 86. o

b-Isolates donated by Dr B. G. Shaw (AFRC Institute of Food Rescarch,
Langford, Bristol UK): UAL 7, 8, 9, 11, 12 and 16. .

c—ATCC cultures: Leuconostoc mesenteroides ATCC 23368.

The "contaminating" microflora used in this study were either ATCC strains or
bacteria that had been isolated in previous meat studies (University of Alberta) and
included: Staphylococ;cus aureus (ATCC 25923), Pseudomonas fluorescens (ATCC

. 3525), Escherichia coli (meat isolate #1840) and Klebsiella pneumoniae (meat isolate #2).

3.3 Maintenance and culture of the strains
| LAB were stored in cooked meat medium (CMM, Difco Laboratories, Detroit, MI)
at 40C and sﬁbéultured every 3 months. Before use ‘in an experimcnf the cultures were -
grown in BM broth for 18-20ﬁ at 250C with one sub_culture in the same brbth. BM broth
is modified MRS broth as described by Wilkinson and Jones, (1977). Strains used as the
contarmnatmg rmcroflora were kept on tryptic soy agar (TSA, Difco) slants at49Cand

subcultuned monthly. Before use in an expcnment they were subcultured twice in tryptlc

| 29 b
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~.» broth (TSB, Difco) and incubated at the appropriate tcmperatﬁre for each étrai_n (25 or

350Q).

*

9

Bacterial inocula for addition to the meat samples were prepared from a 20-h ~ °
culture, centrifuged at 7,700 x g for 15 min and the cell pellet resuspended in' 1 mL of 50
mM phosphate buffer (NaH2PO4-NapHPOy, Fisher Scientific, Fair Lawn, NJ) at pH 7.0.
This inoculum was used for the experiments'unlcss otherwise stated. A 10 mL aliquot of
culture of the LAB strain in BM broth was inoculated into 11 g of ground beel. The
inoculum of the "contaminating" microflora censisted of an equal volume of eacﬁf the 4

e et

strains and 40 pL was added to the ground beef sample.

3.4 Culture mgdié |

The broth and agar media used for this study are listed in Table 3.1. Media were
prepared following the manufacturer's ihstructions or the directions given in the reference.
éited. The pH of Lactobacilli MRS agar (MRS, Difco) was adjusted to pH 5.6 with 85%
lactic acid (Fisher Scientific). The pH of other mcdia"wa's-adjustcd with 1 N HCl (Specific
v émvity 1.19, BDH Chemicals; Toronto) or 1 N NaOH (Fisher Scientific). BM broth was
used as the general culture medium for growth of LAB.

3 5 Inoculatlon of selected LAB in ground ‘beef

3.5.1 Bacterial moculum

‘ The LAB used for this study were UAL3 and UALS59. UAL3 was chosen as a
strain without a bacteriocin-like inhibitory acgivi'ty but good grdwih capacity at low
temperature. 'UAL59 produced a bact;:ribcin-like inhibitory substance, grew less efficiently
at low temperature, but had a wide inhibitory spectrum against gram positive and gram
negative bacteria. Other physiological apd biochemical atm’buteé of these LAB are shown

in Table 3.2 o
- » A



3.5.2 Sample preparation

Ground beef prepared as described in section 3.1 was thawed and weighed

aseptically (11 g) into Whirl-Pak bags (Nasco, Fort Atkinson, W]). Bacteria were

inoculated into the meat according to the followin g scheme:

Samp/le

Control

"Contaminating" microflora -

UAL3

UALS9

UAL3 with "contaminating" microflora

UAL3 with "contaminatipg" microflora
. UALS9 with "contaminating" microflora

UALS59 with "contaminating" microflora -~

LS ¥

Inoculum size

" uninoculated

103 CFU/g
103 CFU/g
103 CFU/g
103 CFU/g
106 CFU/g
103 CFU/g
106 CFU/g

i

The inoculum was mixed thoroughly by manipulating the meat and bacterial inoculum in

o

. (final concentration)

thc Whirl- Pak bag. The meat was flattened to an area of 4 x 10 cm in the Whirl-Pak bag,

evacuated and sealed. Sets of 8 bags representing each treatment were placed in tri-layer

"Vacpac” bags (Cryovac, Oy transmission 30-50 cm3/m2/h, 220C, 1 atm), vacuum

packaged and sealed. Storage and sampling was done as indicated:

31
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Temperature Sampling days
100C : every 2 days up to 28 days
40C : every 4 days up to 42 days
« 10C ‘ every 7 da.ys up to 42 days
7 R.',v\“
) 4

\
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Table 3.1. Selective and nonselective media used and their suppﬁ\er or reference.

Name ‘ Abbreviation,Supplier/Reference

‘Non-selective Broth Media o _
Cooked Meat Medium , CMM, Difco!

Basal Medium (modified MRS broth) BM, Wilkinson and Jones (1977)2
All Purposdween Agar APT, Difcol
Tryptic Soy Broth TSB, Difco!

: . . Ry
Non-selective Plating Media
Tryptic Soy Agar ~ TSA, Difco!
Selective Plating Media :
Streptomycin, Thallous Acetate, Actidione Agar STAA, Gardner (1966)2.3
Baird-Parker Agar ' o Difcol
Cephaloridine, Fusidic Acid, Cetrimide Agar CFC, Mead and Adams (1977)2,3
Violet Red Bile Agar VRBA, Difcol
MacConkey Inositol Carbenicillin' Agar MCIC, Bagley and Seidler (1978)2.3
Lactobacilli MRS Agar (pH 5.6) ~ MRS, Difcol |

1 Difco Laboratories, Detroit, MI. .
2 Prepared from Difco ingredients and chemicals from Fisher Scientific, Fair Lawn, NJ.

3 Antimicrobial agents: cephaloridine, fusidic acid sodium salt, cetrimide: (hexadecyl trimethyl ammonium
bromide) from J.T. Baker Chemical Co., Phillipsburg, NJ; actidione (cycloheximide) and streptomycin
sulfate from Sigma Chemical Co., St. Louis, MO; thallous acetate from Fisher Scientific.

Lt
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Table 3.2. Physiological and biochemical attributes of LAB strains UAL3 and UALS59.

\ UAL3 UALS9
NaCl 5% + +
7.5% + +
10% { + +
200 ppm NaNO, ‘ ' o + +
200 ppm NaNO, + 5% NéCI o+ +
Growth at low temperature
40C 2 days +
10C o 3 days +
pH
Growth at pH 3.9 ¢ - - +
Final pH in La !broth (7 days) 3.9 | 3.7
Inhibitory substance production
at low temperature
4°C : . - | ' . i
10C _ - ' -
Inhibitory substance production
at low pH (deferred antagonism)? ,
PH 5.0 | B ‘ +
pH 4.5 o, +

1

La = MRS broth without phosphate, sodium citratg replacing ammonium citrate, adjuslcd to pH 6.7 - 6.8
2 :

acidity effect or bacteriocin - like substance mhxbxuon

~
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3.5.3 Sample testing

Organoleptic characteristics of color and odor of groﬁnd beef samples was
evaluated as an indication of possible consumer acczaptance of the meat dufi’ﬁg storage. For
odor a scoring system wés used, in which the following scores were used: ‘ |

1+ slig};tly sour

244 sour

3+ strongly sour

4+  -very sour, with off odors

The color of the meat was’also deséﬁbed.

For the microbiological analysis, samples were tested at time Zero, immediately
after inoculation and at the indicated storzige intervals (section 3.5.2). Sterile 0.‘1% peptone
water (99 mL) was added to the meat in the Whirl-Pak.bag and blended in a Colworth
Stomacher (Model 4(/)0\ Al Seward 3 Cavendich Rd., Bury St. Edmund, Suffolk,

U.K.) for 2 min. Dllutlons were madquO 1% peptone water and surface plated onto thc
appropriate selective and nonselec_:tlve mcdla to determine the viable bacterial counts.

For the inoculated LAB strains, MRS zigaf adjusted to pH 5.6 was used. TSA was
used as a general growth medium to determine the aerobic piaie count of the uninoculated
control sample. The selective media includcd:wStreptomycin, Thallous Acetate, Actidione
Agar (STAA, Gardner, 1966) for presumptive'.detection of B. thérmosphacta; Baird-
Parker Agar (Difco) for S. aureus; Cephajoridinc, Fusidic acid, Cetrimide Agar (CFC,
Mead and A@s’, 1977) for P. fluorescens; Violet Red Bile Agar (Difco) for E. coli; and
M;ac;Conkey, Inositol, Carbenicillin Agar (MCIC, Bagley and Seidler, 1978) for K.
phlewzzoniae. Incubation of MRS agar was done aﬁaerobicauy (anaerobic-jar flushed twice
with a mixture of, 10% CO7 and 90% Np) and iﬁcubated at 250C for 72 h. CFC and STAA
agar plates were (chbatcd aerobically at 25°C for 43 h, while VRBA was incubated at

44.50C for 24 h. MCIC and Baird-Parker plates were incubated at 35°C for 24 and 48 h,
¢
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respectively. Colonies of P. fluorescens growing on CFC agar were chetked for
fluarescense under UV light (Fotodyne Incorporated, USA).
0 >Thc pH of the samples was measured in the 10 1 dilution of the meat sample usmg

an @non combination electrode (Orion Rcsearch Inc., Cambridge, MA) connected to a

Flsher AccumetR pH meter Model 600.

3.6 Preparation of pH adjusted ground beef

Ground beef prepared as described in section 3.1 was mixed with IM phosphate
- buffer (NagHPO4-NaH2PO4) at pH 6.5 to give a final concentration of 0.1M in the meat
or with- CaCO3 (FlShCI‘ Scientific) to give a final concentration of 10% (w/w) in the meat.
T he pH of the adjusted meat samples was 6.5 for both systems LAB strains UAL 3 8
and 59 and the "contaminating" microflora were inoculated into the ground beef to give a
final concentration of each organism of 105 CFU/g.. Samples were stored in VP at 150C
and sampled after 2 and 5 days of storage. Viable cell counts and pH of the meat were.
checkeci at ime zero, and on each samplin g day. Plating was done on the appropriate

selective and nonselective media described in section 3-5-,__2;/_/ ~

3.7 Addition of catalase to moculated ground beef

\J"

Ground beef prepared as described in section 3.1 was mlxed with CaCO3 (10%
w/w), weighed in 11 g portions into Whirl-Pak bags and y-irradiated for 22 hours (7 kGy)
- ina Gamma cell 220 (Atomic energy ofjCanada Ltd., Ottawa, Ont.). LAB strain UAL3
‘inoculum was prepared as described in section 3.3 and added to give a final concentration
of 107 CFU/g in the meat, The contar;lifiating microflora was inoculated to give a final
" concentration of each organism -1 109 CFU/g. Filter sterilized catalase (from Bovine liver,
Sigma Chemical Co., St Louis, MO) was added to give a concentration of 100 units/g of
‘meat. Thé ground béef samples' were VP, stored at 159C, and tested after 24 and 48 h. As

- acontrol for catalase activity T \the incubated ground beef, the enzyme - was added to
L

:
No
~ 7

iy
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uninoculated meat samples and catalase activity checked after incubation by adding a 3%

solution of hydrogen peroxide (Fisher Scientific).

. ) <
3.8 Ground beef adjusted .with lactic or hvdrochf{or'ic acids
1*«“
~Meat samples were prepared as described in secuon 3.1 and the pH was adjusted to

4.5 and 5.0 with 8.5% lactic acid (Fisher Scientific) and 1N HCI. Sarnples were y—

1rrad1a$ed for22 h (7 kGy) and inoculated with the contammaung rrucroﬂora to give a final
4

concentration of 105 CFU/g of meat. Vacuum packlged samples were stored at 4°C and

sampled every second day for 10 days. At each sampling time viable bacterial counts of the

contaminating microflora were determined on selective media described in section 3.5.2,
3.9 Methods for detection of inhibitory substances produced by LAB .

Conditions necessary for production of inhibitory substance by LAB were tested
for 11 different producer strains isolated from mea:s. ' ‘

»

3.9.1 Direct antagonism S

Test am?. indicator microorganisms were grown simultaneously on the agar plate
(Tagg et al., 197h6)‘ Spot inocula of the producer organisms thét had been grown in BM
broth at 259C for 20 h were inoculated onto APT, MRS and TSA agar‘p]étes using a
replicating inoculator (Cathra International Syst;ams %or the Microbiologist, ljiagnosdc
Eqﬁipmcnt, Inc., St. Paul, MN) and dried in a lglminar flow cabinet (The Baker Co., Inc.,
Sanford, ME). Plates inoculated with potential producer strajhs were overlayered with 6
mL of tﬁe respective soft agar (0.75% agar) that had been inoculated with the indicator
strain at 106 CFU/mL using 0.6 mL of a 10-1 dilution of the indicator strain grown in BM
broth at 259C for 20 h. Inoculated and overlayered plates were incu})ated at 250C for 24 h
in an atmosphere containing 10% CO2 and 90% N7. The i“ndica_tor lawn was examined for

7
zones of inhibition surrounding each producer strain.
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3.9.2 Deferred antagonism
: . .
Pr?ducer strains were spotted onto agar plates using the inoculator and incubated

under anaerobic conditions for 24 h at 250C.. Subsequently the plates were overlayered -
with the indicator strains, as described for direct aﬁtagohism, and incubated under

anaerobic conditions at 259C for an édditional 24 h. The indicator lawn was examined for

' z0hes of inhibition surrounding each producer strain. ' | /\\

Y

3.9.3 Bacteriocin detection in broth’ supernatant

~

A 24~h/c;ulture of the producer strain grown in BM broth at 259C was centrifuged at
7,700 x g for 15 min. Thé'supematam ‘wa_s adju’s'ted to pH 6.5 with 1IN NaOH and
remaining LAB cells were inactivated by heating the surernatant at 620C for 30 min. ‘Wells
were cut into APT plates with a 7 mm sterile cork borer. The bottom of each well was
sealed with 2 drops of APT agar. A 60 pL aliquot of pH adjusted (6.5) supernatant was
placed in each well, allowed to diffuse into the agar at room temnerature for 4 h and then
dried in t‘he laminar flow cabinet for 15 min, An 8 mL overlay of inoculated APT soft agar
was added to the plate, as described for direct antagonism. The inoculated plates were
incubated under anaerobic conditions at 250C for 24 h. The indicator lawn was checked </

for zones of inhibition surrounding each well.

3.9.4 Tést for inhibition due to bacteriophage

| The reverse side inoculation technique was used, in which the test supernatant was
inoculated into the agar by the well technique, as descn'bed}.n section 3.9.3, but after

drying the agar was invertcdb into the cover of the petri dish. The reverse side of the agar

was covered with the indicator lawn as described in section 3.9.1. Plates were incubated | t

anaerobically at 25°C for 24 h and checked for zones of inhibition around the wells.
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3.9.5 Bactei‘idcin production on solid media using the method of Barefoot
and Kiaenhammer, (19&3) ' | -
N Five APT p\l_}ates were surface inocillated with 0.2 mL of a 20-h culturé of the
pMucer strain and incubated anaerobically at 250C for 48 h. The agar was removed from
the plates, placed into a sterile Whirl-Pak bag and weighed. An equal wei ght of sterile 3
mM phosphatc buffer (NaH2PO4-NapHPO4 at pH 7. O) was added the agar- buffer
Qﬁxmre was crushed in a Stomagh e?ide\ r for 45 sec and left to ethbratc at 10C for 24

h. The agar- -buffer mixture was preﬁltered through Whatman no. 1 filter paper under

~vacuum, followed by centrifugation-at 7,700 x g for 15 min. The supematant was adjusted
?

to pH 6.5 with 1N NaOH and filter s.terili;ed through a 0.45 pm Nucleopore filjer
(Nucleopore Cbrporati_on, Pleasanton, CA). The: activity of the extracts was checked by
the agar well method described in section 3.9.3. As a variation of this method the, produder
strains were grown in APT with 0.5% agar. A 20 mL aliquot of the soft APT agar was
mixed with 0.2 mL of a 20-h culture of the strain grown in BM broth. The ﬁltratlon step

LS
‘through Whatman filter paper was omitted and replaced by two clanfying centrifugations.

3.10 Concentration of the inhibitory substance

. 3 s
The inhibitory substance fr&m the broth supernatant (section 3.9.3) or the culture

extract (section 3.9.5) was concentrated usin g an Amicon ultrafiltration apparatus (Amicon |

Division, W.R. Grace & Co., 24 Cherry Hill Drive, Danvers, MA) using .a membrane
(Diaflo ultrafilters PM 10, Amicon) with a 10, 000 MW cut off. Attet concentration of the
, supematailt (10 to 15 times) the solution was adjusted to pH 6.5 and vegetative cells were
inactivated by hcating (620C for 30 m'ui). ' | |
3_.:}1 Determination of arbitrary activity units of inhibitory substance
/ Arbitrary activity units (AU) of the mhlbxtory substance per mL were determjned by

thc spot on lawn techmquc (Barefoot and Klaenhammer 1983). APT agar was

—~ -
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. overlayered with 6 mL of soft APT agar contammg the sensitive indicator strain at- 106 i

»

CFU/mL. A series of twofold dilutions of the prepared inhibitory solution was made in 50
/‘/\

mM phosphate buffer at pH 7.0.and 20 pL of eacll:y\as{"tted onto the prepared
lawn. The AU/mL was determined from the recip of the highest dilution at which
complete inhibition was obscrvcd‘_‘(i. e. clear zone of inhibition with sharp edges).
3.12 Characterization of the nature of the inhibitory substance

To test for the proteinaceous nanre of the inhibitory substance an aliquot of the pH
adjusted and sterilized supernatant was treated with filter sterilized protease from Bacillus

subtilts (1 mg/mL, Sigma). Inactivation was checked usiﬁg a 20 KL aliquot of the protease

treated and control samples by the spot on lawn technique described in section 3.11.

o

3.13 Production of inhibitory substance by UALS in heat treated ground

beef ‘ o &

3.13.1 Extraction of inhibitory substance from heated.and raw meat

Ground beef was prepared as described in section 3. I, 1.25 g of the meat Qith 1%
CaCO3 (w/w) was weighed into a sterile test tube and 10 mL of sterile, dlS[lHCd water
added. Half of the tubes containing the meat was autoclaved (1‘210C for 20 mm) ‘The pH
of the meat before moculauon was 6.5. Also, 20 g samples of ground beef containing 1%

CaCO3 (w/w.) were placed in Whlrl Pak bags. LAB strain UAL8 was growrym BM broth

-at 2590C for 18 to 20 h, then ccntnfuged @, 700 x g) for 15 min. The pellet was

resuspended in 1 mL of sterile 50 mM phosphate buffer at pH 7.0.. From thls suspension,
100 mL were added to each 10 mL of meat suspension or 200 pL to each 20 g sample of

meat in a Wh1r1 Pak bag. The 1noculated ground beef samples were placed i I vacuum bags
(02 transmission 40 7 cm3/m2/24 h at 220C 1 atm, Unipac, Edmonton, Alberta; this type

vacuum bag was used in the successive meat inoculation expenments) VP and stoncd at

150C for 48 h. CMM and BM broth were inoculated with strain UALS as positive controls

I3 -
\ ) ' 5
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for production of the inhibitory substance BM broth or CMM supernatant was
centrifuged (7,700 x g) for 15 min and heat treated (620C for 3gm1n) Extraction of the -
inhibitory substance from ground beef] was dOne by adding an equal volurpe (20 mL) of 5
mM phosphate buffer at pH 7. O The samples were centnfuged and heat treated (629C for

30 min). Activity was tested by the spot on law nn technique (secuon 3.1 l) agalnst indicator

UAL9. ,. : , / | ,’ ] | J

’ L
3.13.2 Production and staM of the inhibitory substance in different

concentrattons of ground beef )

: \
A 0.5 mL aliquot of 50 mM phosphate buffer at pH 7.0 was added to 1 g of ground

beef and twofold dilutions up to 1/16 were made with added buffer. To eaeh d1lut10n 0.1

’\\

‘mL of 1nh1b1tory supernatant from strain UAL8 (20- h culture in BM broth grown at 25°C,
x o adi ’!sted to pH 6.5 and heat treated),was added. The dilutiohs were equilibrated at 150C-
" for 3 h and clarified by cenﬁ‘ifugation (7,700 x g for 15 min). The pH ofuthe supernatant "
was checked, adjusted to pH 6.5 when necessary and heat treated (629C for 30 min). |
Strain UALS was also added to dilutions of ground beef to check for production o‘f the |
‘inhibitory substance. Samples of ground beef (2 g) were mixed with l% CaCO3 (w/w),
‘placed into test tubes and 1, 2, 4, 8 and 16 mL of sterile, distilled water was added. Also
10 g of ground beef were placed in Whirl-Pak bags. A 24-h culture of strain UALRZ grown
- in BM broth at 250C was eentrlfu ged the pellet resuspended in *l mL of 50 mM p§dsphate
; buffer and different amounts of the culture added to each test tube, to achieve 10 mL

'ﬁf' ‘)noculum per gram of final suspension according to the followmg protocol:




GROUND BEEF. DISTILLED WATER o ~ UALS (109 CFU/mL)
10g - . | 100 mL ’
2g 7 S - ImbL ’ negative gontrol
2g - 1 mL | \ 30mL
2g : 2mL ~ 40 mL
20 4mL | 60 mL
V?.g _' - . 8mL 4 B lbOmL
2g : 16 mL | L 180 mL

The ground beef samples in Whlrl—Pak bags were VP and all samples were stored at
159C for 48 h. Liquid samples were centnfuged the supernatant adJusted to pH'6.5 and
heated at 620C for 30 min or ﬁlter sterilized (0.45 ttm Mlll1pore Corporation, Bedford,
MA). The actwlty in the supernatants was checked by the spot on lawn technlque (secuon
3.1D). The ground beef without added llqu1d was left to equ1hbrate i 50 mM: "phosphate
bufferfor That lOC and treated in the same 'manner as that descnbed for-ne llqu1d samples

.- above.

3 14 v-i rradxatron of moculated ground beef :
3 14 1§ Extractlon w:th buffer durmg lrradnatxon ‘
Ground beef 1noculated w1th UAL8 and stored for producuon of inhibitory -
/

, substance was lrradlated to 1nact1vate the producer strain. The meat’ samples stored in a

Whtrl Pak bag were rmxed with an equal volume of 50 mM phosphate buffer at pH 7.0,

blended in the Stomacher for 2 min and 'Y—uradtated

‘ - 'I‘ g .- '» ° “ . .
3.14.2 Freezing of the mea}/sample | o - s
To improve the extrac..on procedure, after adding the phosphate buffer to the

ground beef sample in the Whir' bag. samples were transferred into a test tube and
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~ frozen at -700C for 30 min before irradiation. Durin g irradiation the samples were kept in a

- beak with ice.

3.15 Production o'f inhibitory substance by strain UALS8 in ground beef at
40C ‘ | _

Ground beef was 'prepéred as described in section 3.1. Sterile CaCO3 was added
to the meat during grinding to a final concentration of 1% (w/w). Ten gram samples of
ground beef were weighed into sterile Whirl-Pak bags and treated as follc')ws;:

(af Ground beef with 1% CaCO3 inoculated with UALS

(b) Ground beef without CaCO3 inoculated with UALS

(c) Croimd beef with 1% CaCOj (control) |

(d) Ground beef without CaCO3 (control)

(e) CMM broth inoculated with UALS (positive control)

Test samples were stored at 40C for 15 days and tested "t 5-div intervals. Growth
of strain bAL8 in the meat samples was monitored on MRS agar before y-irradiation.
Extraction in buffer Was done as described in section 3.14.1 and 3.14.2. After irradiation,
the samples were centrifuged. The activity of the supematimts was tésted by the. spot on

lawn technique (section 3.1%). )

3.15 Stabiiity of the inhibitory substance in ground -beef stoéed at 40C
A 4 g sample of aséptically ph:pared ground beef (section 3.1) was placed in a
Whirl-Pak bag and 1 mL of 10 times concentrated UALS sup.e,,métz;nt (1600 AU/mL) was
. gd:ied to give a final concentration of 400 AU/mL. The ground beef and the UALS
~ supernatant were mixed By manipulation of the meat and then VP. The samg)les were
stored at 40C for 5 days and testeéd at 12 h intervals. Extraction of the inhibitory substance
from the meat was done b&adding 4 mL (W) of sterile 50 mM phosl_);%zng buffer at pH.

7.0, allowing the mixture to equilibrate at 10C for 22 h, centrifuging and filter sterilizin g

42
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the supernatant through an Acrodisc membrane (0.55 pm Gelman Science Inc., Ann
Arbpr, MI). A series of twofold dilutions of the extract was made to determine the activity
pfesent in the supemnatants (AU/mL) by the spot on lawn iechnique (section 3.11).

In this experimem a positive result was recorded when slight inhibition was seen,

> le. the last dllunon before complete overgrowth of the mdlcator lawn. This dilution was

used for calculatlon of the AU/mL. This interpretation of a positive result differs from the

- one used in broth (section 3.17) because the activity recovered from ground beef was

always less than from a broth culture.

v (¢4

3.16.1 Monitoring production of the inhibitory substance at 40C

" Ground beef was prepared as described in section 3.1 \X)ith 1% CaCO3 (w/w)

" added during grinding. An1lg éample was weighed into Whirl-Pak bags and inoculated

. with a UALS inoculum prepared as descnbed in section 3.1. The samples were VP and

t

stored at 40C, T -

Plate count and activity of the inhibitory substance were determmed at 2-day
intervals for 12 days. Viable cell counts were determined by plating on MRS agar.

Extraction of the inhibitory subStance was done with 50 mM phosphate buffer at pH 7.0.

" The meat and buffer were equilibrated at 10C for 20 h. Samples were centrifuged and the

_PH was'checked and adjusted to 6.5 where necessary. The samples were filter stenhzed

t}@rough an Acrodisc membmne (O 45 um). The activity of the extract was tested by the

spot on lawn technique (secuqn 3.11). Inhibitory act1v1ty was interpreted as described in

section 3.16.
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3.17 Produétion of ‘inhibitory substance by strain UAL8 in broth under
different conditions of pH, carbohydrate condenltratio'nb and storage ..
temperature |

The experimedt vas done using BM broth modified for the required test conditioﬁ."'

Variabj;és for this experiment were:
o . w

pH o S 6.0, 5.5 and 5.0 -
Carbohydrate concentration (glucosé) - * 2% and 0.2%
Storage temperature _ 25,10, 4 and 1°C”

* The pH of the broth was adjuited with 85% lactic acid.
The modified broths were inoculated with a 24-h culture of strain UALS rééusp%nded in 10
ml; of 50'mM phospha{c buffer at pH 7.0 to'%lve a concemmuon of 108 CFU/mL. A 1%
moculum was added to each tube to give a ﬁnal concentration of approx1mately IO6
CFU/mL The broth was held at the storage. tem;;cratures and sampled as follows
| 25°C every day for S‘days A
10°C  evety 2 dpys for 10 dayS:
4°C every 4.days for 20 days -
1°C every 4 dayé for 20 days
‘At each samplin g time the pH of thé culture was. measured, viable courits were determined
on MRS dgar and inhibitdry acﬁvit;' w;as checked. To determine the "irﬁxi‘bitory activity,
culture supernatants were adjusted to pH 6 5 heated at 62°C for 30 min and tested by the
spot on lawn techmque (sectxon 3 11). The AU/mL were calculated from the highest

dilution showing complete clcanng of the mdlcator lawn.



4.RESULTS
\.

4.1 Influence of LAB strain UAL3 and UALS59 on the growth and survival
of a "contaminating" microflora inoculated into vacuum packaged ground
beef stored at different temperatures

4.1.1 Temperature effect on growth of selected LAB inoculated into ground

%

beef .

Inoculated ground beef stored at 10, 4 and 19C showed differences in fhc ability of
the LAB strains to grow. At 109C strain UALS9 grew to 107 CFU/g in 30 days. At4 and
IOC poor growth of UALS59 was even more marked. As shown in Fi gure 4.1 at 19C there
was less than 10-fold inicrease in count of UA'L59 inoculated at 103 CFU/g during‘42 days
of storage. In meat inoéulated with this LAB at 103 CFU/g, a large number of small, |
pinpoint colonies grew on MRS agar together with the typical inoculated tAB colonies.
Strain UAL3 inoculated at 103 CFU/g into ground beef and incubated at 10 andiloC
reached 108 CFLJ/g after 11 and 14 days, respectively. At 10C a maximum population of
10,7 CFU/g was achieved after 14 days, with no further increase during storage up to 42

days. “ |

| o Growth of adventitious lactic acid bacteria is shown in Figure 4.2. LAB counfs
incgeased to 107 CFU/g during 7 days storage at iOOC, while at 4 and‘l’(% it took 14 days
to reach this count. Minimum pH was reached after 21 days incubation at 40C (Figure

- 4.3). The growth rates Qf the adventitious LAB and UAL59 é.t 109C were similar. On the
oti;er hand, UALS9 inoculated at 103 CFU/g only grew to 105 CFU/g at 4°C and to 104
CFU/g at 10C, while the adventitious LAB reached counts of 107 CFU/g in 14 days at
"both temperatures. UAL3 showed a comparable growth rate with that of the adventitious

LAB at all three storage temperatures.
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E i gure 4.1. Effect of inoculum level on growth of LAB strains UAL3 and UALS59 in
E vacuum packaged ground beef during storage at 1°C.
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Figure 4.2. Growth of adventitious lactic acid badteria in vacuum packaged ground
beef stored at 10, 4, and 1°C.
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Figure 4.3. Growth of adventitious lactic acid bacteria and change in pH of vacuum
packaged ground oeef stored at 4°C.
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4;.'1.2 Growth of B. thermosphacta in VP ground beef ‘
‘ Adven‘titious B. thermosphacta enumerated dn STAA agar reached counts of 104
CFU/g in the control samples at 100C during the first 7 days of storage. A sharp decline o
undetectable levels (<100 CFU/g) occurred after 11 days of storage. ' At 40C, maximum
counts of 103 CFU/g were recorded after 11 days, followed by a rapid decline in numbe-s
by. 14 days. lB;ﬁermosphacta could be recovered from samples stored at 19C up to 42

b

days. Datai l€§4 1 shmwat in meat with %ﬂ UAL3 added at low moculum B.-

thermo&p/zacta w% detectddf uﬂ? G
mocu?ﬁm level B. thermosphacta was tot'd

& ] PR
storage. : ;

o f

4.1.3 Survival of an addedg‘:)contaminating"' miereﬂpra in tile groynd beef

The "contaminating” microflora consisted of . aureus, P. fluorescens, E. coli and
K. pneumoniae. It was determined that these Racteria grew associatively without the
production of antagonistic sﬁbvstances that were inhibitory to their survival or growth. Each
of‘me;cont:‘crlminating bacteria was inoculated into ground beef samples at 103 CFU/g. The
survival of the inoculated nﬁcroﬂom in ground beef was .srudied at three temperatures and )
in the presence of added LAB. ‘ _ |
From the data shown in Table 4.2 it can be seen that S. aureus vck/% the least

affected by the added LAB. There was a slow decrease ih viability, particularly at 10C, but

- even after 42 days of storage surv1vors could st111 be detected. The surv1val of P.

Sluorescens was markedly affected by high concentrations of LAB. However whenLAB
strains UAL 3 and 59 were added at 103 CFU/g,'P. Sluorescens first increased in
numbers, and then declined slowly during the remainder ogihe storage period. The control /

sample stored at 49C with added contaminating microflora, but without added LAB,

“showed similar results to those obtained with UALS9 inoculated at the lower concentration. -
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Table 4.1. Effect of incubation temperature and lactic acid bacteria inoculum on survival
of Brochothrix thermosphacta in vacuum packaged ground beef. g

Storage temperature &

Added Lactic Acid Bacteria 10°C 4°C 1°C
‘\\, . : Days to nondetectable level (<100 CFU/g)~
Control (no added microflora) 9 14 42 i
A : s
UAL3 (103 CFU/g) 4 11 28 '
L

UAL3  (10¢ CFU/g) ND ! ND ND

> UALS59 (103 CFU/g) 4 ND ND
UALS9 (105 CFU/g) - 4 ND 21

1 not detected on STAA agar at 102 CFU/g C\J
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Table 4.2. Time to achieve maximum population of lactic acid bacteria, pH

<4.7 and elimination (<102 CFU/g) of contammatmg microflora in vacuum
packaged ground beef.

Control 2

b

£

UAL3 UALS9

Inoculumy; 103/g 106/g 103/g 106/g
Storage temperature 10°C
LAB (max. 107/g) 4 2 18 2 7
pH <4.7 9 9 i1 9 9b -
S. aureus 21 21 21 28 >9
P. fluorescens 28 7 28 4 -9
E. coli 21 11 28. 11 >0
K. pneumoniae 28 21\ 21 11 >9
Storage temperature 4°C

" LAB (max 107/g) 7~ 4 14¢ - 7 14
pH <4.7 14 14" 14 14 14

o . AY

S. aureus 42 35 427 35 >21
P.fluorescens 25 4 25 18 >21
E. coli 28 11 21 11 18
K. pneumoniae 28 35 25 14 >21
Storage temperature 1°C - G :
LAB (max 107/g) .14 7 74 N7 14
pH <4.7 35 35 35 35 28
S. aiifeus >42  >42 >42  >42 | 42
P. ﬂuorescens 42 7 - 42 21 42
E. coli ’ 21 14 3s. 14 35
K. pneumoniae 21 28 21- 28 42

a advcnuuous LAB or added "contaminating" mlcroﬂora wnh(éut added LAB
b only tested lo maximum of 9 days storage

pes

¢ maximum 10 /g
d maximum 104/g
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of UALS9 at 106 CFU/g.

P
A
*
v

However, data in Figure 4.4 show a marked differenc «: survival of P. ﬂyoresce_ns

‘ between the control and the higher LAB concentration for both strains of LAB. In the
A

presence of strain UAL3, P. ﬂuorescens was isolated at fime zero, whereas with: strain
Q

UALS59 it was 1solated up 11 days of storage at 40C

The survival of E . coli at the three incubation tempera)urcsﬁivs also shown in Table

4.2 were the death rate with an inoculum of 1Q3 CFU/g was sl&ver than yy‘i'thban inoc¥lum
of 106 CFU/g for both LAB su‘"ains; This was especidlly nom‘cedble at 1°C, where even
after 30 days storage, E. coli could still be detected a1 103 CFU/g of UALS9. At the
higher LAB concentration there was a sharp decline in the number <?f E. coli7 so that after
14 days at the three storage temperatures and with both LAB strains they could no longer
be detected. E. coli in the control samples at 40C survivedfor 18 days (see Figure 4.3).

K. meae showed a similar pattern of survival to E. colz at the three ;torage
temperatures except for UAL3 at 100 CFU/ g were a longer survival of K., pneumoniae
was seen. When comparing the survival of K. pneumoniae at 49C with that in the control
sample without added LAB (see Figure 4.6) it can be seen that at the higher concentration -

of UALS9, K. pneumomae could not be isolated, while ; in the uninoculated control sample

it survived up to 21 days leferent pattemsx(mhlbmon were observed for the

] _ contammatmg strains, dependmg of the strain of LAB added and its concentration. The

contaminating microflora survived longer in the controls than in the test samples with the

* added LAB. This was especially noticeable for-E, coli and P. fluorescens in the prescnce
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B2 UALS9 10° CFUJg

B UAL59 103 CFU/g'
O control

W UAL3 10° CFU/g
B vuaL3 10 cFusg

11

Ny

Days of storage

5. Survivial of Escherichia coli in vacuum packaged ground beef at 4°C in the preserce of LAB strains UAL3 and UALS59

. Figure 4.

inoculated at two different coricentrations.
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Figure 4.6. Survival of Klebsiella
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pneumoniae in vacuum packaged ground beef at 4°
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4 1.4 Changes ir mcat pH durmg storage -w

The pH of th. mezt in the control samples dro;;\@ed from 5. 3 t0 4.6 W1th1n 9 davs
for samples stored at 10°C. At 40C this pH change;,occuxred w1th1n 18 days w1th a sharp

decline occurring between 7 and 14 days comc1d1ng w1th ioganthrmc grthh of t&ne

adventitious LAB (see Figure 4.3). The pH was 4 Gv-iifter 20 days of stomge at 40C. The

Sy
emia

vEIF

rate of drop in pH was similar for samples inoculated thh, LALB at elther moculu -
(see Table 4. 2). It was also observed that after the added LA% T if’hed rnaxxmum

population (107 to 108 CFU/g) the pH conttnued to decline 1ndepe dent of thc ‘stram of

LAB inoculated. The survival of the contaminating microflora related to changes in pH of

ground beef is shown in Figures 4.7 and 4.8. o ‘
a A

4.1.5 Organoleptic characteristics of vacuum packaged ground beef during

‘Storage

Color of the VP meats did ngt comparé favorably with oxygenated, retail ground
beef. Samples were descnbed as varying from hght brown with pink Spots to grey. st
samples between 4and9 days of storage had ¢ wrey color except for UALS9 at 106 CFU/g

which had a pmk color for approximately 18 days. The odor scores for the samples shown

in Table 4.3 indicate that there were no differences in degree of sourness of the meat -

between inoculum levels of LAB. At 10 and 49C, UAL3 produced sour odor sooner than

UALS9, but this dtfference was not seehat 19C. The meat samples tended to have sour*
smell after approximately 10 days of sto/ rage at the three temperatures //l
| /
4.1 6 Effect of acidity on contaminating microflora in ground beef
The ?ddmon of a chemical to buffer ground beef (CaCO3 and phosphate buffer)
enabled mieat pH to be maintained above pH 6.0 (only w1th (,aCO3) Under these

b4

conditions and with added LAB it was seen that the contarmnaung n‘ucroflora was not

mhlbtted, indicating that part of the loss of viability detected in the previous experiment was

4
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B yALs9 103 CFU/g
O pH-
P. fluorescens

pH

&

[

UAL59 106 CFU/g
O pH
P. fluorescens

pH,

Figure 4.7. Survival of Pseudbmonasﬂuorescens at 1°C in the presence of I:AB

strain UALS9 and change in pH of the meat.
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| o '
due to low pH. K. pneumoniae and E. coli increased in count by 100- and 1000-fold,

respecdvely ovcr't.he 5 day"incubation period at 159C, while the viable counts for S. aureus
remained the same. P. fluorescens showed a 10-fold cycle decrease in number over this
period.

CaCO3 was more eff(gcrive in buffering the meat pH above 6.0 compared with
phosphate buffer. The starting pH of the meat after addition of the buffers was 6.5. After

5 days of storage at 15°C with added CaCQ3 the pH was at 6.1, whereas with phosphate
buffer it had dropped t0 5.5. . .

To check the inhibitory effect of low pH and lactate ions on the contarninating
microﬂora without added LAB, ground beef was acidified with lactic or hydrochloric acid.
Meat sampl;as were Y-irradiated l‘)efore inoculation to decrease the levtl and retard the
growth of adventitious LAB. Samples were inoculated with the contaminating microflora
at 105 CFU/g, vacuum packaged and stored at 40C.

This study showed that S. aureus, E. coli and K. pneumoniae are not greatly affected
by low pH during 10 days storage at 40C.‘ Only a 10-fold cycle decrease in the viable
counts was observed. There was no noticeable difference between samples adjusted with
lactic orhydrochloric acids. On the other hand, P. fluorescens was markedly affe'cted by
low pH and by lactate as illustrated in Figure 4.9. After 2 days of storage inj meat adjusted
to pH 4.5 with léctic acid, P. fluorescens counts dropped apprbximately 1000-fold and
after 4 days éf storage, P. ﬂuorescenS could not be isolated. In the presence of HCI (pH
45)P. ﬂ_uoresceﬁs could still be detected after ld days of storage. |

4.1.7 Addition of catalase to inoculated ground beef
.. When catalase was added to ground beef inoculated with LAB straih UAL3 and ~
contaminating microflora, no difference in'viable count for the contaminatin g flora was

- ‘ ) | - - - - - . .
seen compared with the control without catalase. This indicates that inhibition caused by
% . : "

bESi R
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Figure 4.9. Effect of pH of ground beef on survival of Pseudomo

vacuum packaged ground beef at 4°C.,
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. )
UALS3 is not due to the production of Hydrogen peroxide. "he pH of the ground becf with
and witho:lt catalase was 6.6 after 48 h, whereas, the unbu ffered meat was at pH 4.9.
&
,4./2 Factors influencing productioﬁ of inhibitor: substance by LAB
In an éarlier study by Burns (1987) efforts were ma: '~ to demonstrate the

produciion of bacteriocin-like compounds in different broth and meat systems. \}aﬁous

methods of extraction and concent'ratioh’é‘f the inhibitory substanées were tried, but the

inhibitory effect of the bacteriocin-like compound could not be demonstrated. In this study

a systematic approach to establish the production of inhibitory substance(s) by different

LAB strains was undertaken.

4.2.1 ,l’\xjod‘uction of inhibitory substance on different growth media |
.'Direct and deferred antagonism tests on different solid media showed that APT agar
was the best culture medium for growth of the LAB producer and indicator strains. MEQS
at pH 5.6 and TSA gave poorer results for production of inhibitory subs}aﬁccs.
Autoinhibition was not observed when the producer strains were testcd against themselves.
4.2.2 Production of mhlbltory sub;t’ance m SOlld and hqund media
Testmg for production of 1 inhibitory substances in the presence of the v 1able
bacterial cells by direct and deferred antagonism compared with productjon in a liguid
.mgdium (extrécellular producdon), showed greater 'u;hibition by deferred than by direct
‘anta}gonism. CQmp,éﬁson of these results with production of inhibitory substance in broth
o s shdwn in Table 4.4.. In pH adjusted, (pH 6.5) heat treated (62°C for 30 min)
SUpematahts, activify ‘was only detected for strains UAL3, 4,7, 8, 11, 72 and 86. This
, injdjc,ates that inhibition by deferrcd.antagonism was in part or entirely due to acid
' fnroduction on fhé aéar plate or that thc inhibitory substance produced by some of these
’ LAB strains is mtracellular No dlfference in result was observed between = rcgulisly

m‘
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overlayered and an inverted overlayered plate indicating that the inhibitory activity was not

. 4?;due to the action of bacteriophage.
il

4’,‘%3 Production of inhibitory substance on APT agar i

... Results for the extraction of inhibitory substances produced on APT agar indicated

enhancedlhc»mhlbltory activity for UAL8 and UAL11 when tested against indicator UAL9. -
Better production of inhibitory substance occurred on APT with 0.5% agar than on regular
APT agar, however differences in the extraction miethod might have influenced this result.

'S

4.3 Production of inhibitory substance by strain UALS in culture medium
and in ground beef . - |
| In the previous experiments, UALS shqwed strong inhibitory activity espcc_ially
against UAL9 under different test conditions studied, and it was selected as a model strain
_for future meat 1nocu1at10n experiments. Because UALS does not produce inhibitory
substance at pH lower than 5.0 it was necessary to add a buffenng system to keep the pH

-~

of the broth or meat at 6.0.

4.3.1 Extraction of inhibitory substance produced in heated and unheated

ground beef _

Results for inoculation of UALS into autoclaved and raw ground beef followcd by
hcat treatment (62°C for 30 min) of the supematants are shown in Table 4. 5. Inhibitory a
activity was detected in the raw and autoclaved ground beef with added distilled water,

whereas no activity was detected in the raw meat without added water. This indicated

either that binding of the inhibitor in meat occurred during heating or that the inhibitor was

64



Table 4.5 Produc‘:ion of inhibitory substance by strain UALS in raw and

65

g

autoclaved ground beef and its heat stability (62°C for 30 min.).

Inhibition
, after heat
CFU/g pH ~ treatment of
S extract

CMM 9.3 x 108 6. ]
BM broth 9.1 x108 5. ++ %
Ground beef (autoclaved)
+ 10 mL distlled water 5.7 x 108 6.8 ++
Ground beef (raw)
+ 10 mL distilled water 29 x 108 6.7 4+
Ground beef (raw), o
no water added 6.6 x 108 6.4 -

T

 gee footnote of Table 4 4.

2 pH adjusted 10 6.5 before testing inhibition.

\

I
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not produced. However when the organism <vas grown in successive dilutions of meat,
binding of the inhibitéry substance did not occur. |
4.3.2 Extraction of inhibitory substances from diluted éround beef

Dilutions of ground beef inoculated with a constant number of cells of strain UALS
or with a standard amount of inhibitory substance from UAL8 showed similar resulfs, as
shown in Table 4.6. With increased dilution of the meat it was posmer the
é‘h\)h-ibitory substance after heat treatment. The inhibitory substance added t the meat
showed less activity than when it was.produ.ced in the meat by UAL8. When the cells of
UALS were added to dilutions of the meat, no decrease in activity was seen as a function of
dilution of the meat . Millipo;c filter sterilization gave negative result.s for all dilutions,

indicating a probable binding of the inhibitory substance to the filter membrane.

4.3.3 y-Irradiation of inoculated ground beef to inactivate the producer
strain UALS |

Ground beef inoculated with producer sirain UALS and stored at 150C for 48 h
was y-lrradiated to inactivate the LAB strain. Loss of inhibitory activity was observed
during the 22-h irradiation period corﬁpared with the _untreated (unirradiated) control sample
(Table 4.7). Iﬁoculated ground beef treated with protease (1 mg/g) showed loss of
inhibitory activity. In ground beef with additibn of concentrated inhibitory substance, little
inhibitory activity was detected after y—irradiafion. There was a complete loss of activity
when the unconceﬁlrat"cd inhibitory substance was used. ‘

In a similar experiment, meat samples were irradiated during extraction with buffer.
This improved recovery of the inhibitofy substance frorﬁ the meat (Table 4.7). The
concentrated inhibitory substance added to ground beef showed less aétivity than the
sample inoculated with stra?n. UALS. Irradiation (7 kGy) of the inhibitory substance did

not cause a reduction of activity. The sterility of the meat san: les after irradiation was

66
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Table 4.6. Activity of inhibitory substance produced by strain UALS in diluted groind
beef.! |

Ground beef dilutions ISAL8 inhibitory substance Strain UALS
. 1

oculated into dilutions ~ (107 CFU/g) inoculated
of ground beef into ground beef
. and incubated at 15°C
for 48 hours
Heated 2 Heated, Filtered 3

10g ' NT 4 - -
1g+05mL3 - ' " - -
12 . o + i

1/4 _ » + " g A+t -

/8 ++ ' ++ B

1/16 + ++ -

see footnote Table 4.4 \ . v

heated at 62°C for 30 min. - o -
millipore filter, 0.45um

NT = not tested ¢ : .

starting amount for twofold meat dilutions

L O R N
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Table 4.7.  Effect of y- irradiation of inoculated ground beef after storage at'15°C for

48 h on activity of inhibitory substance of strain UALS using two methods
. for extraction.

Inhibition

Sample/treatment
' . . of indicator UAL9

.t

T

Extraction buffer added after irradiatioh
Irradiated ground beef (7 kGy) ' ‘

+
Protease-treated ground beef (1 mg/mL) - .
Inhibitéry substance (concentrated) added to ground beef +
Inhibitory substance (not concentrated) added to ground beef -
Not irradiated ground beef (control) ++
Extraction buffer added before irradiation g L | u
Vacuum packaged storage of ground beef +
Modified atmosphere storage of ground beef + -
Inhibitory substar_;gg addqd (concentrated) +
Inhibitory substa oth (concentrated) ++
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* verified by inoculating 20 p.L'of treated supernatant into BM broth. Meat samples were VP

or stored under modiﬁed‘almosphere (10% CO9 and 90% N2). No differencc in production

\

of the inhibitory substance was obse rved. These results showed that extractin g the

inhibitory substance from grqund beef with buffer during imidfation facilitated the

o™,
N

extraction process.

0

An experiment was de51gned to determine whether a shorter extraction period in
phosphate buflfer could be used. When the samples were equ111brated for2,4and 8 hin

buffer, only slight or no inhibition was detected. In broth and meat with added inhibitory

R

substance, good activity was detected after y—inadiation for 20-22 h (7 kGy) The control

~ sample-showed greater mhtbltory activity after 2 h than after 20 h in the extracuon buffer.
Bactenﬂ%ounts of strain UAL8 were 2.7 x 107 CFU/g at time zero and 4.4'x 108 CFU/g

k%

after 48 h at 150C. \

4
+

4.3.4 Production of inhibitory substance by strain UALS in ground beef |
stered at 40C . \ ’ )
. Productxon of inhibitory substance by. stram UAL8 in CMM and BM broth could be
detected after 3 days of storage at 40C Samples of grownd.beef with and wrthout 1%
‘?CaCO3 werqunoculated with strain UALS at 1.8x 107 CFU/g. Inhtbltlory substance was
‘detected in the Bxtract fmm ground: beef contammg CaCO3 compared with no actlvrty in the
\’extracts from unadjusted ground beef : ’ | ' - '

B Addition of 1.9% filter sterﬂized glslcerophosphate (disodium salt, Sigrrla) to buffer
the meat initially above pH 6. O resulted in less act1v1ty compared with 1% CaCOj3 (T agle
4 8). Good inhibition was detected when strain UAL8 was grown,in CMM or BM brath
with added glycerophosphate ;. A o -

" Production of the mmbxtory substance was detected in buffered meat aér 4 days of

b
storage at 40C After 8 days of storage, a sha1p decliné in aCUVIty occurred and \t L2 days B

*

"nhlbltory activity could notbe detected (Flgures 4. 10 and 4. 11) From an 1mua1 moculum o
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F igure 4.10. Growth of strain UALS in ground beef at 4°C and dctecnon of
inhibitory substance in the meat extract.

- AU/mL = reciprocal of highest dilution showing inhibition of the indicator strain
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Figure 4.11.

>

Days of storage

4

Produuxon of inhibitory substance by strain UALS in vacuum packaged
gDround beef storcd at 4°C.
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N
of strain UAL8 at 1.7 x 107 CFU/g a steady mcrease of viable cell numbers was noted up
to 8 days, reachmg 8.7 x 108 CFU/g.
4.3.5 Loss of activity of inhibitory substance in ground beef .

In contrast to the stability of the inhibitory substance produced in broth culture to
heat and membrane filration, activity was lost in meat extracts by heat treatment (62°C for

30 min). Inhibitory substance added to meat and extracted after 2 and 24 h of storage at

~19C showed decreased activity after 24 h. Differences in activity were also detected as a

result of the methods of sterilization of the meat extraats (T able 4.9). Inhibitory substance

added to meat at 200 AU/g and immediately heat treated or filtersterilized, showed no

inactivation by heat treatment, Mjllipore ((5.45 pm) or Acrodisc (0.45 um) filter

- sterilization. Within 2 hours of storage of the meat at 1 OC, losses of activity were

observe;d. After 24 h no activity could be 'recovered using Milli[;ore membrane filtration of

the meat extracts, whereas with Acrodisc ﬁltmuon activity was retzuned Frlter stenhzaUOn
&

of the extracts from ground beef (5 days at 40C) showed srrmlar results to,those 1llustrated

.

in Figure 4.12.

-

The inhibitory substance produced in ground beef by strain:UALS at 40C was

. extracted with buffer and filter sterilized through Acrodisc ﬁlters (0 45 um) To check the

nature of the 1nh1b1t(ary substance other charactensues such as sensitivity to protease

:( 1 mg/mL) or mactwauon by catalase (100 umts/g) was tested. The results are summarized

in Figure 4.12.

Y. .. . ,.'- .
4 v

~ 4.3.6 Activity of inhibitory substanée added to ground beef and stored at

40C
In Pprevious expenments it was shown that acnvrty in ground beef decreased .
fas-ter durmg Y- umd1at10n at rocr?temperature (200C) and storage at ISOC compared with

\storage at 1°C Smun UALS irthibitory substance w?s added to ground beef and stored at

73



% S

74 .

Table 4.9.  Inactivation of inhibitory substance added to ground beef using different r
methods for sterilization of cell supernatant.
Treatment Time of storage at 1°C (h)
” 0 2 24
Activity of inh.ibitory substance!
Millipore filter (0.45 pm) ++ + . -
;  Heat (62°C for 30 min) ++ , + +
Acrodisc filter (0.45 yim) - o s

S

ki

-

1 see fomnote of Table 4.4

i
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Meat

Broth

S

<

dligure 4,12,

Treatments of supernatants and extracts

A Protease B- Control C Catalase
1 mg/mL no treatment 100 units/ml.
D Heat , E " Acrodisc F* Millipore
62°C for 30 min filter 0.45um : filter 0.450m
G Heat- H. Acrodisc . I Millipore
62°C for. 30 min . filter 0.45um - filter 0.-45um

Nature of inhibitory substance produced by lactic acid bacterium [ ° 1 -
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>

40C. During the first 24 h no loss in activity occurred (Figure 4.13), after 72 h of storage
: the.\acti\"'ity dropped to 200. AU/mL, hoyve\‘/er,v even after 5 day§ of storage some activity
remairied (100 AU/mL). o o
4.3.7 Effect of pH glucose concentratlon and storage temperature on the
| productlon of mhlbltory substance by stram UAL8 in broth

“Both temperature and pH affect the production of inhibitory substance by strain
UALS. This is shown in Table 4. 10 for the 2% glucose concentratlon Slmllar results
;vere observed with 0.2% glucose. At 25 and 10°C a similar increase in act1v1ty was seen
- with time of incubation. At 4 and 10C activity increased at a much slower fz_ite proportional
"‘to‘ the slower growth rate. Growth of the test organism at the two czirbohydrate
doncentrations gave. sirrlilar results for production of inhibitory substance at all storage
témperatures, with the exception of 40C. At 40C the inhibitory substance was only
detected in BM broth containing 0.2% and not 2% carbohydrate. pH had a marked effect
on production of the inhibitory substance. Good activity was detected in _the controls (pH
* 6.6-6.7 in BM broth), and at pH 6.0. At' pH 5.5 some activity was detected at IO‘OC for
both carbohydrate cog,;;e,ntrgg‘ons. Only trace amounts of activity were detected at other
temperatures. No actfi}i'ty was recorded at pH 5.0 at any storage temperature or glucose
conceptration B |

Dunng 1ncubmon pH of the udeusted controls dropped below 5. O wuhm 2 ddy
_'at 250C 8 days at IOOC and 16 days at40C. In samples stored at 10C the pH stayed
above 5. O for up to 20 days The rate of drop ) n pH for broth deusted to 6 Oor5.5 was

similar to the controls at both carbohydmte conccntmuons In'broth dd._] usted to pH 5.0,

growth of strain UALS dld not occur. C ontrol &unples of BM broth with ac ded mhltmor\

substance (200 AU/'n; ) stored under different tuung conumonx retaihed 1s activity at >

200 AU/mL.

76
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Figure 4.13. Lossof actwny of inhibitory subsmnuc from strain UAL8 mocuhtud
: ~ into ground beef stored at 4°C.

! AlU/mL = Ixrbxuan ac.nxt) units of inhibitory substasce/mL calculdted from the recprocad

- of the highest dilution showing inhibition of the indicator strain
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Viable cell counts for strain UALS grown under the different’-‘?,?st conditions -
showed that temperature, pH and carbohydrate concentration had a maﬂ%b‘_d effect on
growth. At the four incubation temperatures active growth occurred at both“'fq_arbohydﬁte

concentrations, with decrease in maximum cell population at lower pH levels. Atd, and

10C a slower growth rate was observed at 0.2% carbohydrate concentration than at 2% - * .-

(Figures 4.14 and 4.15). Control samples reached higher viable cell counts than the pH

adjusted test samples at all four incubation temperatures.
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Figure 4.14. Growth of lactic acid bacterium UALS and production of inhibitory
substance in BM broth containing 2.0% ghicose at 4°C.
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S.DISCUSSION
Lactic acid bacteria are able to grow*under environmental-conditions that occur in

different foods, because ﬂ'iey do not require Oy, they are resistant to CO5 and are able to
grow in relatively high siilt coiicep,tratioris (Egan, 1‘983). _When meat is stored in an 0,
imBer:ieable film, LAB rapidly become the predominant populaton, and outgrow the gram
negative aerobic spoilage microflora. Meat packaged in‘low perrrieabiiity film consumes
O3 during respiraﬁoriland COy s produced, resulting in an atmosphere of 20-40% CO5 and
less than 1% O3. This constitutes a favorable environment for the growth of LAB. The
ability of LAB to grow and reach high numbers in mezit varies among strairis of LAB, size

- of stamng inoculum, storage temperatare and gas atmosphere during storage (Christopher
et al, 1979 Hanna er al., 1980) Earher studies with LAB added to meats have shown that
spoilage and pathogf;gic microflora can be mhibned (Reddy et al 1970 1975 Daly eral.
1972; Raccach et al. 1979). The strains used in these studies were usually of dairy origin

~and incubation was done under aerobic conditions.

In our study,'iLABAstrains isolated‘from nieats were used. Strains'UAL3 and
UALS9 were selected because of basic differences in their phyeiolo gical characteristics.
Strain UAL3 grows well at refrigerator temperattires and‘appears to be
nonbacteriocinogenic. In contrast, UALS9 was selected for its inhibitory action resembling
a bacteriocin active against a relatively wide ran ge;'of indieator organisms, ciespite its poor
-

‘growth at 1 and 49C. It was anticipated that UALS59 would inhibit growth of sp011age and

potumaliv pdthogemc bacteria under condmons of temperature abuse, for example 109C or

higher.

UALSY inoculated at low concentration into ground beef (103 CFU/g) grew poorly,
.rc;zc"'hing maximum population of 107 CFU/g at IOOC-; while UAL3 with the same starting
~
moculum reached 108 CFU/g. U AI 59 did not compete w1th the natural meat microflora

\.i‘\ n inoculated ar 103 CF Ufz \ argc number of LAB colonies grew on the plates,

ronhably sorresponidsng to other L /\B that do not dcvelop well on MRS agar, as reported
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" meats was done by Reddy

- by Egan (1983) These orgamsms were suppressed when UAL59 was 1noculated in hrgher .
nurnl?rs mdrcatu{g an mhrbxtory effect of UALS9 on the adventitious meat microflora.
The adventitious LAB in ground beef reached’a maximum of 107 CFU/g after 14 days of

storage. T'his_is in agreement with work done on other VP meats such as beef steaks

(Pierson et al., 1970), lamb chops (Newton et al.,1977), po'rlc‘ loins (Christopher et al.,

- 1980), and ground beef (Lee et al., 1984), where. the same magdrnum counts fof

adventmous LAB were found per cm? of meat surface (with the exceptlon of gmund beef
study in which results expressed per gram of meat) 3) ‘9‘

The growth of B. thermosphacta in VP meats is mainly controlled by 2 factors pH , -‘
of the meat and ava1lab111ty of Op. Campbell ez al. (1979) found that in VR, beef at pH less ‘.
than 6.0, the growth of B thermosphacta depends on the availability of 02 in the package
", Above pH 6. 0 the bactenum £TOWS even in the presence of very low amounts of 02,
reachmg concenuatlcjns of 107 CFU/cm2 Roth and Clark ‘(1975) suggested that the

growth of B, thennosphacta was suppressed when LAB were present 1n hlgh numbers in

VP meats. Because CO3 is not inhibitory to thlS bactenum they suggested that /an

~ inhibitory compound produced by LAB may have eaused the rnhnbmon They stated that it

could not be an acidity effect because B thermosphacta also produces ac1d Collms—

' Thompson and Rodngu,ez Lopez (1980) also reported an inhibitory effect of LAB on the

growth of B thermosphacta specifying that among a group of LAB, lactobaczllus brevzs '
and L. plantarum showed the greatest' antz\t‘gomsm toward B. thermosphactg: Contradrctory o Q o
results for 1nh1b1t10n of B. thermosphacta évere observed in this study.

Our results mdrcaﬁé’ that moculatron of ground meat w1th 106 CFU/g of LAB
1nh1b1ted the growth of the added pathogemq,,and spbllage rmcroﬂora. One of the first
studies in the use of LAB as a biologic system for the control of undesrrable rmeroflora in "
‘et ai. (1970), in-which mllk starter cultures ‘were moculated
into aerobxcally stored groﬁlp veef. Daly etal. (1972) demonstrated 1nh1b1t10n of .

pathogenic and sporlage rrucroﬂora in different foods by various LAB strains. The nature

’ -
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of the inhibitory acnvrty of LAB varies. Gllhland and Speck (1975) and Abdel Bar and
Harris (1984) reported that the mhlbltory effect was due to the productton of H>0,,
whereas Strv10e etal. (1977, Raccach and Henmngsen (1984) and Tanaka er.al. (1985)
attributed themhtbttton to an ac@ty effect. Park and Marth (1972) and Dubors et al ( 1979) .
claimed that inhibition was caused by an inhibitory substance produced by LAB-
In this study the LAB strains showed drfferent inhibitory activiu’es against the added
confanunaung" microflora. S. aureus was the least affected hy the added LAB in the
. ground bee¥: S. aureus is resistant to adverse envuonmental condlnons such as low pH,
'hlgh salt concentrauon low Aw and it can can grow under anaerobic conditions (Brock
1974) Accordmg to ng and Nagel (1967) P. Jluorescens 1s inhibited at a CO)
concentration of 10% or higher. In meats inoculated with LAB and stored under VP
condjtions, pH drop‘s_rapi.dly below 5.0 (approximately 11 days at 4°C) and COy-
accumulates to around 26%. Both cOnditions may have contributed to the inhibition of P.

. ﬂuorescens in this study. This strain was the most affected by the LAB added to the meat.
;ﬂuorescens was only dtfécted dunng a short period in the presence of LAB inoculated
at 1()6 CFU/g compared w1th the control samples which had not been moculated with LAB
strams E colz and K. pneumomae were also inhibited in the presence of the 106 CFU/g

inoculum of LAB

To mle out the possrblllty that the mhrbttory effect was due to the productton of

o ‘Hy0o, supematants from LAB strains UAL3 and@AL 59 were treated w1th catalase. No

' dlfference in thetr 1nh1b1tory effect on a sensmve 1nd1cator strain was seen compared with

the untneated contnol When catalase was added to ground beef 1nocu1ated wrth UAL3, no

,dlfference in survival of the contammatmg rrucpoflora was notlced compared w1th the

ground beef w1thout added catalase

" The pH of VP ground beef. drops dunng storage dueto accumulatton of lactlc acid
'. produced by the LAB. 'Ihe normal pH of fresh beef is 5. 5 During anaerobrc storage the:

pH drops to 4. 5 4.6. The. drop in- pH was slower in the control samples n whrch the

I

o C
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_ broth observed no 1nh1b1t10n of S. aureus or P. fluorescens when these strams were

adventitious LAB grew, than in the;'sam.ples inoculated with LAB, even at‘the lower

concentration of 103 CFU/g. ThepH of the meat continued to drop after the LAB reached

their maximum population of 107 to 108 CFU/g, indicating that acid productlon was N

N

independent from growth at maxrrnum populatlon . ”
Inoculum size of LAB d1d not influence the degree of souring Grey discoloration

of the meat occurred atall 3 storage temperatures .and W1th both stmms of LAB. More

favorable color preservation was observed in the presence of UAL59 added at 106 CFU/g

The effect on meat color was probably. more pronounced in thls study because only small

" amounts of ground beef (11 g) were used. Larger amounts representing commercial |

quantities might give a different result.

- Schillinger and Luecke (1986) found that meat pieces (200 £ each) inoculated with
LAB and stored for 30 days at 20C only showed slight grey discoloration in the meat juice
al’ter the storage period had expired. Hanna ez al.(1983) also found acceptable color and.
odor for VP beef staaks inoculated with LAB and stored for 28 days. Different; results
were found by Srruth et al. (1980) when beef steaks were inoculated with LAB.
Pronounced surface discoloration and high incidence of off odors were reported compared

with uninoculated controls. Color and odor variations of meat inoculated with LAB remain

~ adifficulty in the possible a'pplicau'onlof LAB as starter cultures in fresh®neats.

. . . r__/"
Differences in organoleptic characteristics reported between studies could depend on the

straln of L.AB, gas permeability of the wrapping or type of meat. c
" The addition of lactic and hydrochlonc a01ds to VP ground beef with added
"'contanunaun'g/, ‘microflora showed tlzat at pH 4.5 thére was a marked 1nh1b1tory effect' of

P. ﬂuorescens )The inhibition was more pronounced for lact;fw than hyﬂrochlonc acxd
TR X -

o '\ ) B

'especmlly at pH 4 5.8. aureus, E coli and K pneumomae were not 1nh1b1ted to the same-

extent by low pH orin the presence of. lactate Daly etal ( 1972) in'a snmlar study done 1n R f-

<«

'grown in assocrated culture with Streptococcus dzacetzlacns in 4 medium controlled at pH

.-
'A:“_.“_‘ o
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6.8 with sodium carbonate. “They also obsérved that HCI allowed'bacterial grov_vth atall
pH levels tested, while lacu'c acid showed a léO-fold decrease in bacterial counts at pH 4.5.
“They concluded that low pH could nof have been the only 1nh1b1tory factor against S.
aureus. In our study, S. aureus was more re51stant to dcid conditions which might have
been due to deferences In experimental conditions between studies (such as meat vs broth &
and absence vs presence of LAB) Nassos et al. (1985) stated that the lactic acid produced
during VP storage extends shelflife of ground beef when subsequently exposed to 02 in
retail packages (

From the results of this study it appeared that strain UAL3 would cause sourin g
resulting in rejection of the meat. In contrast UALS9 was selected for its apparently
bacteriocinogenic quality. Producuon of bactenocm llkC compounds in meats should allow
the producer strain to predommate the populauon It was hoped that the spe01al properties -
of UALS9, namely poor growth at nonnal refngerauon temperature below 50C but growth
and producuon of 1nh1b1tory substance at abusive storage temperatures might be valuable |
atmbutes for extending the shelﬂlfe of VP ground beef. Unfortunately the results were .
eqmvocal Further studies with UALS9 revealed that it no longer produced the inhibitory
compound. As a result studies on the growth of this strain in meats were not considered

appropriate. Studies were desxgned that would emphasize the ability of LAB to produce

T 1nh1b1tory substances in meat and the persistence of these substances desplte the presence

Y .

of proteases in meat. ‘ . )
- At*enuon was thereforé focused o1 'stmm UALS that was shown tobea rehable
rqducer of “inhibitory substance(s) in broth culture. This strain is nonaCIdunc which;
accordmg to Shaw, and ngdmg s (1984) classification, implies that the organism will not
initiate growth at pH 3.9 and that after 1 week in La broth it produces apHof
" ';"approxxmately 4; 7 Such an organism would be expected to 1mt1ate growth in fresh ground \

beef (pH approxunately 5 5 to 5. 6) Sumn UAL8 was shown to be a prod1g10us producer

.....
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early in the loganthmic phase of growth (Sules etal. 1987, unpubhshed data) Because not

. much information is available in the hterature showing the presence of bacteriocin- like

A

compounds in meats, studies on the use of LAB as inhibitory substance producer strains
for use as potenual starter orgamsms in meat would be done. To determine the producuor\/

of 'nhibitory substances produced by LAB isolated from meat, screening procedures such .

/ 7 3

F— ’/ N y
as dikect and deferred antagonism and produc}ion of the mhibitory substance n broth)/ere @

.

. done. Direct and deferred antagonism do notidifferenuate inhibition due to acid production,”
often givrng false posmve results In direct antagonism testing there is no time for
d“lffusmn of the mh'ibitory substance into the gnowth medium. With direct antagonism the |
release of the inhibitor is tested durin g early phase of grow_th_ (Tagg et al., 1976). Most o’f
our bacteriocinogenic meat isolates were shown to be positive by the deferred antagonism -

test,
A

" Bacteriocin, production can be cell associated or extracellular. When inhibitory
substances are secreted intothev grovvth medium, they can be recovered-from :he -
supernatant and tested. According to-Tagg et al. (1976), the proportion in which cell
bound and extracellular forms of bacteriocins are present could depend on the composition
of the growth medium. S. aureus 414 bacteriocins is bound to the cell surface and can
only be released by mechanical disruption of the cells (Gaghano and Hmdsdrll 1970),
whereas Helveticm J produced by Lactobacillus helvetzcus 1s recovered from culture
supernatant (Joerger and Klaenhammer, 1986). In this study, activity was detected in
broth supernatants indicating that these cultures producee)itrac‘ellular inhibitory substances.

Detection of inhibitory substances was also tested on sohd media in an effort to
rmrmc the production in a meat system. Only 2 of the 11 strams produced 1nh1b1tory
J 'substances under these condiuons Bacteriocin producuon could be favored by growth on C e
semisolid culture media, such as that used by Barefoot a}d Klaenhammer (1983) Results
indicated that strain UA\L26 produced 1ts mhlbztory subsmr\ce under tlrus condition, but-it Sy / :

could only be detected after concentrauon of the extract Poor recovery on sohd media

-
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differs from the report of Barefoot and Klaenhammer (1983) in which a variety of strains
was shown to produce inhibitory substances by this procedure. |

| Inhibitory substances such as bacteriocins bind nonspecifically to different 'sur;faces
(Upreti and Hindsdill, 1975) and such binding may occur Wth they are produced in -
meats This phenomenon may explam the failure to detect act1v1ty during extraction from
ground beef as opposed to the positive result when water was added to meat system
Since the 1nh1b1tory substance apparently binds with the fmeat proteins, when the extract is
heated and protein precipitation occurs it is assumed that the inhibitory substance i is
coprec1p1tated. However dilutions of the meat.showed recovery of activity mdicatlng that
as gnore water was present less binding of the inhinitory substance to the meat occurred.

To deterrnine ;the pr.)e.s'ence of inhibitory substance‘in meat the _LAB ‘strain(s) must be -
inactivated to avoid direct antagonism by the viable cells. Since heating could not be |
applied because of the coprecipitation of the rheat proteins and inhibitory substance, y- g
irradiation of the ground beef was used as an alteniati{}e Lactobacilli are more résistant to
y—uradiatmn sthan gther bactena (Hast:mgs et al., 1986) and therefore a dose of 7 kGy had to
be applied which required a long perlod of exposure (20—22 h). - This resulted in the

mhibitory substance produced in the ground beef being exposed to proteolyuc meat

\ : .

mhlbitory substance and madg 1t necessar?@ to ﬁnd a method of keepmg the Séi“ples at low ‘b'\__\

i} temperature dunng uradiatton It Jvas shown that addmon of buffer to the grot il b ef ™

dunng.lrmdm:mon hélped in the extraction process but that the activity of inhibitory T —

It was con51dered11mportant to-demonstrate that the 1nh1b1tory substance was

produced in ground beef at 4°C. This has a practical apphca;;on if LAB are to be use



the storage temperatures of the VP meat_ Bactenocm production by LAB can occur dunno
the log or statronary phases of growth dependmg on the bacterial strain (Tagg et al:; 1976
Barefoot and Klaenhammer, 1984) According to results from our laboratory it wa?
determined that strain UALS produces its inhibitory substance in the early log phase Thc

meat inoculation/extra;

n.experiments showed that inhibitory activity from the meat"

extract was detected After 4 days of storage at 4°C showing maximum activity.at that time =

and maintenance the activity up to 8 days A shatp decline occurred thereafter and, af 12

days of storage 1nh1b1t10n could no longer be detected This prbbably indicates that the
\

bacterial population reached stdtic onary phase that the 1nh1b1t N substances are no lonoer

B being prbduced and the rapid loss of act1v1ty may indicate o r1ty of proteolytic enzymnies:

A similar activity curve was observed for Helveucm Jby Jou ser and'Klaenhammer

v (1986) in which a stable level of acttvrty was detected for a certain perlod followed by ..

| A

sharp drop in actvity. ’I’helr study—was done in an automanc controlled fermenter where

A‘v" "\

_proteolytic enzymes could not interfere. No explanatton was given for their result This

ﬁndtn g md1cates that after 12 days of storage at 40C bactenocrn lrke substances may no.

longer be able to 1nh1b1t unde51rable flora in | VP meats.

The addition of the concentrated 1nh1b1tory substance produced by stram UALS8 to

‘ ground beef stored at 40C showed a perﬁ)d of several days where the act1v1ty remamed the

, same. ThlS expenment was done to demonstrate the mfluence of proteolytrc enzymés from

3
meat. on 1nh1b1tory substance produced by stram UAL8 It seems ltkely that protease

: act1v1ty occurs, but at low temperature the mactrvaubn of ,the 1nh1b1tory substance ts slowed

%

&

,down* _ :,., ) _ v ‘ RN

Killing of the LAB cells by y—urad1at10n 'was a cumbersome procedure, whereas the
use of "ACI‘OdlSC" low protem binding ﬁlters to sterilize the meat extracts represented a.
tnarked improvement in the extraction: procedure. It was important to extract the 1nh1b1tory

substance from meat for 20-22 h to obtain good yrelds

eV
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~ According to ’l‘agg et al. (1976), bacteriocin production is usually greater at the
| optimurn growth temperaﬁire_of the LAB. This was also observed in our study where a
decrease in acuvrty occurred as the storage temperature dropped. The amount of glucose in
" meat is vanable but approxunately 0.2% is accepted as an average amount (Newton and.
. Gill, 1978; Greaser% 1986). The presence of carbohydrate can be i 1mportant for the
_ producuon of the §h1b1tory substance as discussed by Tagg et al. , (1976). The pH also

plays an rmportant role in producuon of thbltory substance Some rmcroorgamsms

_/\l\{’oduce thexr mlubltory substances at low pH, for example Las 5 is produced around pH

5 O (Zajdel et al., 1985) whereas others are produced at higher pH of 6.5 to 8.0 (Jetten.er
al., cl 972). Accordmg to our results glucose concentration-did not have a marked
influence on the production of 1nh1b1tory substance by stnun UAL 8 in broth. In contrast

. pHhada noueeable effect, with good activity produced above pH 5.5.

This study confirmed that an added- "contammatmg microflora in VP ground beef

can be markedly affected by aLAB microflora. However,’ it became apparent; that the role

' of 1nh1b1tory substance(s) produced by LAB isolated-from imeats requires further study and

classrﬁcauon_. It was demonstrated that the LAB strain UALS could produce its inhibjitory
substance(s} in VP ground beef, and that they remtained active in meat stored at 4°C or .
‘below Unfortunately, strain UALS is not ideal for use in a meat system, because it does
' not produce its inhibitory substance(s) at pH 5.5. Several opuons for further studies are
avarlable It may be poss1b1e to select other LAB strains that produce their inhibitory

substance(s) at lower pH. In on-going studres in the laboratory 1t has been shown that

B producnon of 1nh1b1tory substance(s) by stram UAL8 1s'most probably plasrmd medlated

As a result it may be possrble to transfer productmn of mlub1tory substance(s) to strains

capable of growth acnd produaon of mh1b1tors at the pH of normal gmund beef

—
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