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INTRODUCTION

Anaerobjlc bacterla; witlh the exception of nEmbers, of
the spore forming genus Clostridlium, are not detected in
routine food examinations, and their occurrence in foods
has seldom been reported in the literature. The purpose of
this study is to determine first, the presence of anaerobes
in processed foods and secondly, whether under certain con-
ditions of food processing or storage, anaerobic multipli-
cation could occur at rates high enough to produce spoilage
or cause food borne illness.

Anaerobes are part of the normal microflora of the
body of man and other animals. They are found on the skin,
in the oral cavities, respiratory, intestinal and urogeni-
tal tracts. Anaerobes are also found in the soil, marine
and fresh water sediments. Their requirements for anaero-
biosis vary from organisms that are able to grow, though
Just barely, on the surface of solid media exposed to air
te organisms fhat apre una@blé To ‘gPow i Chesspeschee~of .03
percent oxygen.

Most anaerobes are opportunistic pathogens. Upon ob-
taining access to tissue with an impaired blood supply or
tissue that has been rendered necrotic, they can grow and
causie’ sufifilcifenit Gilsisue desitruetiiont el causel pakiieolics:icanl
conditiens. All owgans ow tissues of the body may be In-

volved in anaerobic infection. Genera frequently encoun-




tered in significant 'infeectiems sinelwde Actlnomyces,

Arachnia, Bacteroides, Bifidobacterium, Clostridium,

Eubacterium, Fusobacterium, Peptococcus, Peptostreptococ-

cus, Propionibacterium, Treponema, and Yeillonella (1)(11)

(237.

The responsible pathogen has not been identified in
approximately half of the foodborne disease outbreaks re-
ported to the Center for Disease Control in the last five
years. (5) Conventional food microbiology examinations de-
tect the presence of aerobes, facultative anaerobes, and

two spore forming obligate anaerobes, Clostridium per-

fringens and Clostridium botulinum. Whether food infec-

tions may be caused by other species of anaerobes following
improper handling, processing or storage of foods that would
provide suitable growth temperature, pH, medium requiremeﬁts,
O-R potential, and adequate incubation time for the multipli-
eadsion of anaerobes in nunbers sufficliiemnt €q cauwse i1linéss

has yet to be determined.




LITERATURE REVIEW

Anaerobic microflora of foods

A bacteriological survey of 150 units of raw ground

beef (13) yielded the presence of Clostridium perfringens

in 9.3%, Peptostreptococcus and Clostridium cochlearium in

5.3%, Clostridium difficile in 4%, Bacteroides and Pepto-

coccus in 2.7%, Clostridium bifermentans in 2%, and Clos-

fPidium butyrieum, Clostridium, eapitevale)] Clostridliunm

chauvoei, Clostridium fallax, Clostridium septicum, Clos-

tridium sordelli, Clostridium tetanomorphum, and Veillo-

nella alcalescens in percentages ranging from 0.6 to 1.4,

Isolates from the genera Bacteroides, Peptostreptococcus,

and Peptococcus were not identified as to species.

Clostridium jisolates have been recoveksd FRom fmeat
during slaughter and processing in low numbers ranging from
less than one spore per gram to two or three spores per
gram of meat (28). The three most commonly occurring ana-

erobic spore formers in milk are C. sporogenes, C. perfrin-

ens, and C. butyricum. Clostridia identified as spoilage

organisms of meats and sea foods include C. sporogenes, C.

biféermemtans, CWmascosumf C "para®ifermentans, C. "cepfi-

R, V@ *parapufTifrdcliit Sd' €. pulTrafaldcrlE X&YW, (20Y"

Spoilage™ol cheese has been cTaused by €. .Spolopénes,

C. lentéputresfens, C."pasteurianum, C. 'butyricum, C.

YR o BitNey T IfEmis




Clostridium species that have been implicated in the

gpetlage.of syrups, eandies, canneflsfrnlts,. tomato Julce,

olivessand graper juiece dnglude Cs butyricum, Copnbubydisum,

€. peetobutylicum; €. beljerimekii, ) y;sacecharobutyricumn,

Exrpultiferment ans) C:. pasteurgnum, . C. tyrobubtsricum,. .

=

gperegenes, C. bilfermentansinand.C.sfalidal. - Thermeophijldic
anaerobes responsible for spoilage of non-acid canned foods

include C. thermosaccharolylicum, C. thermoaceticum, and

Desulfomaculum nigrificans ( 8 )(28).

The occurrence of Cwi bofid lnum on raw meats,. fishy
poultry, vegetables, milk, and cream and its subsequent
toxin production following improper food processing has
been thoroughly documented.

Other anaerobic or microacrophilic organisms found as
part of the,normal mieroflowa, of foeds Jdnelude the genera

Propionibacterium, Lactobacillus, and Pediococcus, some

sipieic iesn of whiichwcontributiestc ficed spoj lidbge yand gether

species of which are used in food fermentations.

Food contaminatiog

Any methods of food processing including slaughtering,
slicing, mashing, grinding, milling, heating, freezing,
and packaging may alter a food's ability to support micro-
bial growth, expose a food to contamination, and alter the
microbial flora. - Cross eontaminatlon of foods ean cececur as

contaminated and non-contaminated foods are processed with




the same equipment and personnel. Certaln processing pro-
¢adures may add to the*load’'of contaminant®s.

Water scalding of poultry can result in contamination
of edible parts of carcasses by contaminates from the res-
pipatory system entering the®®ireulatory system via the

scald water (17). C. perfringens, normally not found in

poultry hearts and livers, was isolated from 18% of the
hearts and 36% of the livers of poultry which were water
scalded in a commercial poultry processing plant. In 1971,

Lillard isolated C. perfringens from 2.6% of commercially

precooked broiler parts (6). C. botulinum was found in 9%
of 1400 farmed trout examined in Great Britain, introduced
in particulate matter suspended in the water supply of trout
farms (4).

In an analysis of 150 raw ground beef samples (10) the
overall mean count of coliforms was 4.9 x 103 per gram. The
mean fecal streptococcus count was 1.8 x 103 per gram. The
incidence of these organisms from fecal matter introduced
into foods suggests that the contamination of foods with
anaerobes which are present in fecal matter in counts of up
to 10ll per gram may occur. Human fecal flora, investigated
by Moore and Holdeman in 1974, yielded a mean count of 50.6
X 1010 organisms per gram (18). Two thirds of the isolates

were from ten species of anaerobic bacteria. The most

eommon lsolates yere Bacteraldes wulgatus amnd Bacteroides

distasonis. Anaerobic viable bacteria counts of 2.9 x 1011




per gram dry weight were obtained in another study (1).

In _addition to the intestinal tract of man and ather ani-
méls, anaerobes are also fourd in _the mowth; eonjuncifival
sac, the male urethra, the vagina, and the skin within the

openings of the sebaceous glands.

Oxidation-reduction potential and oxygen exposure

A positive oxidation reduction potential does not
appear to be the limiting factor in growth of certain anae-
robic bacteria (27). The sensitivity of three strains of
anaerobic intestinal bacteria freshly isolated from human
Reeers _to. the di ferentiail of ficctsgoiiaxyeien and adviensie
oxidation-reductional potential was measured. The presence

of oxygen inhibited the multiplication of Clostridium per-

Epineens , Bacteragides fragilis, .and Peptoeaecus magnus ,at

Eh-50 as well as Eh near 500 mV. In the absence of oxygen,
no inhibition was observed at Eh + 325 mV. When grown in
an aerated culture medium, S0f of B: megnus aeells suryiyed

for one hour, 50% B. fragilis organisms were viable after

three hours and 50% C. perfringens vegetative cells follow-

ing five hours. (No C. perfringens spores were observed

by staining.) No viable cells were detected after two
hours for P, maghus, five hours for B. freazilis, and ten

hours .for C. perfrinsens.

Many food items could provide ideal conditions for

anaerobic multiplication. After cooking, exposure to oxy-




B flay be 1imited ormly o Wher surfdee 9T the Foods.' "Also,
the presence of facultative microorganisms may reduce the
oxygen potential to the point where anaerobic multiplica-

tion can occur.

Temperature of foqgi

Studies of a mixed inoculum of two strains of Clo§—

tridium perfringens during heat processing of chicken

parts, frozen storage, and subsequent flash frying showed
a difference in heat resistance in spores between the two
strains (14). One strain was completely eliminated, while
the second showed a 10% spore survival rate.

Another study ( 6 ) showed that temperatures reached
when cooking broiler parts was high enough to destroy sur-
face contaminants but not high enough to kill C. Eﬁfﬁfiﬁ‘
gens, which had been disseminated through the circulatory
system following scalding.

Repair of spores injured by ultra high temperatures
(1050C for 8.5 minutes) occurred in meat broth and milk {2).

A recent study confirmed that microwave heating was
less effective for micrebial destruetlion tham conventiomal
heating when the same internal end point temperatures were
used (7).

Large fooedvitems such' asibeef roasts or turkeys’, and
products prepared in large bulk containers, require a long

time ‘torfceel feven when ‘pilaced under*proper srefrigeration.




Five hours are required to reduce the temperature of a

four pound- roast. from 65° to 2OC, geight heups.for a 6k 1bs
roast (28). After cooking, exposure to oxygen is limited
to the surface only, leaving subsurface portions free of
oxygen and with a reduced Eh. Cooking temperatures destroy
vegetative cells of most microorganisms, including C.

perfringens. Although cooking temperatures are insuffi-

édent for* the destructlon ofifs; pepfrihcens.spores-they, B are

sufficient to heat shock spores thereby stimulating their
germination. After cooking, as the temperature declines
the | freshly germinateds celilis] arey abilepytol muil Chipilayane apilddsye:
Those findings underscore the well-known fact that
proper handling during preparation, distribution, and mar-

keting-is the-effeetive way.ofrpreventing,Clestridium} peps

fringens food infections rather than cooking at.a time and
temperature combinationysufficideng; torensureythemdestruc=
Bdion effadilsispores .

Many foods are consumed in a rare state in which the
heat used in preparation is not sufficient to kill the veg-

etative cells in the interior of the foods.

Preeglng

The composition of focds in which bacteria are con-
tained can increase or decrease the resistance of bacterial
cells to freezing damage (24). Increased resistance is

provided by viscous foods and by food components such as




proteins, simple and complex carbohydrates and triglyce-
rides. Reduced resistance is found in the presence of cer-
f@dn ions; inorganic salts, ,agids; .suvfaeec,aetlijgeconpos
nents and certain enzymes.

The ability of .C: pemfribgeng-teysurvive,freezing 1s

strain dependent (14). The presence of oxygen in the me-
dium during freezing, storage, and thawing adversely af-
Ffeets viability. Cooling retes did net affest -survivel.
The addition of glycerol increased survival significantly.
Mean survival rate has been reported at 17% (14) and 12%

(22) for C. perfringens. Cells present in a frozen product

are probably in a state of sublethal cell injury; with en-
hanficed sensitivity to selective agenl®~T_ Death.of m¥cro-
organisms upon freezing is attributed to alteration of the
cell membrane lipids during cooling, increased solute con-
centrations of intra- and extra-cellular ligquid when fro-
zen, and damage to cell permeability barriers during freez-
ing and thawing. (22).

A review of the effectistolf freezing and storage on
microorganisms in frozen foods suggest that the numbers of
viable organisms markedly exceed those detected by conven-
tional methods in food microbiology. Many organisms con-
sidered to be killed are only injured, and the viability
can be determined by repair in a non-selective medium be-
fore conventional selective medi® “dre used to-wet®rmine

Ghesse PReSenele:.




10

Freeze injured organisms are more sensitive to selec-
tive media. Similar consideraftion should be given when
evaluating the microbiological quality of semi-preserved
products because conditions in such foods may produce sub-

lethal injury to the microbial population present (22).

Susceptibility and resistance of anaerobes to antibiotics

The effect of antibiotics on the growth of anaerobes
Whe studled in an effort te devise a _selecetfliwve medlium tlvat
would inhibit the growth of facultative anaerobes and thus
promote the isolation of obligate anaerobes from foods.

Bactericidal activity of five antimicrobial agents

against 19 strains of Bacteroides fragilis were tested by

Nastro and Finegold (20). These agents included rifampin,
T-chlorolincomycin, vancomycin, metronidazale and tetra-

cycline. All 19 strains of Bacteroides fragilis were found

to be resistant to vancomycin and eight were resistant to

Gebracyciline. ' HBorty cliniecals dseliates et IBalciticirostdels

fragilis were tested against 2U4 antibiotics by Kislak (16).
He repcrted that more than half of the straimns tested were
resiistant to, tetracyeiline,, andiGluath aibleweretSrelsHisiiantite
aminoglycosides, polymyxins and semi-synthetic penicillinase-

resistant penicillins. Finegold and Sutter (12)(25)(26)

found kanamycin the least active of five aminoglycosides

when tested with 30 strains of Bacteroides fragilis and

Bacteroides melaninogenicus and the most active against




Fusobacterium. The use of kanamycin and neomycin with or

without vancomycin had been previously recommended for use
in selective media for isolating gram negative and other
anaerobes from mixed cultures (9). Kanamycin was prefer-
able for isolating strains of Bacteroides and neomycin for

isolation of Fusobacterium and Sphaerophorus. The suscep-

tibllity of anaerobic bacteria to carbenicillin, cefoxitin
and related drugs was determined by Sutter and Finegold (25).
Their findings showed that most of the strains tested were
susceptible to penicillin G at clinically achievable blood
levels with the exception of a majority of strains of B.
fragilis strains. Ampicillin was found to be as active as
penicillin G. Other semi-synthetic penicillins were found
#@ be less active. CarbemnlicT]liin and CceRoiElEln ywere active
against the majority of strains tested.

Combinations of antimicrobial agents against Bacte-

poglides fragills were tested by Buseh, Sutter, and Finegold

(3). A synergistic effect was noted with the combination
of clindamycin and metromidazale. No antagonism was noted
with any of the strains tested.

Rodriguez, Prieto, Sanchez, Gonzalez and Luengo (21)

reported that Bacteroldes strains were resistant to 500 ug/

ml of phosphomycin, whereas Fusobacterium were sensitive

of 62 ug/ml. Sensitivity testing was described as a rapid

means of distinguishing Fusobacterium from Bacteroides spp.




Research objectives

Anaerobic non spore forming bacteria are not detected
in routine food examinations, and their occurrences in
floods has seldom been reported in the literature..: The
puEpose of this, study is. tey determine jthe" ecicuErencliesnof
non-spore forming anaerobes, the identification of the
isolates found, and the possible growth and multiplication
in foods which might contribute to spoilage or food ill-

ness.

SOUTH DAKOTA STATE UNIVERSITY LIBRARY



MATERIALS AND METHODS

Source of foods

Foods used in this study were purchased from commer-
cial grocery stores. These foods included packaged refrig-
erated meats, fish, and meat spreads, and frozen precooked

meats and fish.

Equipment and supplies

Culture methods included the use of pre-reduced media
with an oxidiation-reduction potential of less than minus
150 millivolts. Culture transfers were made using a three
place swing cannula, and glass Pasteur pipettes or stain-
less steel or platinum inoculating loops. Commerical 002
gas passed through copper heated to 3OOOC in a thermostati-
cally controlled oven was used as a source of oxygen-free
gas. The copper, when oxlidized, was reduced by a'flow of
hydrogen gas.

The necks™of stoppered ‘eulfture Fubest werecksRillameds the
stopper removed with a hemostat, and a flame sterilized 002
cannula inserted. After inoculation of the ftube, the
stopper was placed over the tube ceontaining the cannula
long enough to purge the air from the neck of the tube be-

fore removing the cannula and stopperirng the tube tightly.

Staining method

The Komseloff 'Meoddlficatilon lof the Gram sSElain “was: used

332385




to determine gram reaction. (15)

Preparation of pre-reduced media

All media, staining reagents and solutions were pre-

pared as described in the Anaerobic Laboratory Manual, 4th

edition, Holdeman and Moore. (15).

Pre-reduced media was prepared by boiling, usually for
20 minutes, to drive off the oxygen and reduce the ingredi-
ents as determined by the resazurin Eh indicator, which
changes' from pink to"colierlessi: IThen thesmeditumsiwastceoeled
in an ice bath to room temperature with oxygen-free CO2
bubbling through it. Reducing agent (cysteine hydrochlo-
ride) was added to lower the Eh further. The pH was ad-
Justed to .2 pH unit above the desired preautoclaving pH

with 8N NaOH or 6N HCl, and CO, bubbled through the medium

a
until the pH was Lowercd|ltovthesdesireds valluerssNEEreogen
was bubbled through fthe medium during dispensing and the
tubes were flushed with nitrogen by using two cannulas
soldered together, one dispensing the medium and the other
delivering nitrogen gas. Rubber stoppers were inserted as
the cannulas were withdrawn from the tubes.

Racked tubes were'pllaced: imspresses o heldfthe stopp=
ers securely in place during autoclaving at 12190 (15
pounds) for the desired time. Fast exhaust was used. Agar

erlgelatin, when used) wastaddedatontiiestuibeistibefore Bthe

medla was dispensed. 'All media''contained resazurin,




cysteine hydrochloride, vitamin K and hemin. An excep-

tion 1is the acetyl methyl carbinol media which does not
gentaln resazurin.- DPilut ien.blanks, confained gedeting
salts solution, distilled water and resazurin. Carbohy-
drate concentrates were prepared by pre-reduced media pre-
paration methods with resazurin and cysteine hydrochloride

and stoppered under nitrogen gas.

opecific tests

Chopped meat (CM) was used as a culture maintenance
medium and for determination of meat digestion, and por-
tions were withdrawn and used for determination of motility
and production of indol. Peptone yeast giucose (PYG) was
used both for chromatographic analysis and for pH to deter-
mine acid production. Growth in PYG was compared to PYG-
bile, PYG tween 80 and PYG-rumen fluid to determine inhibi-
tion or stimulation of growth. Biochemical reactions were
determined by the addition of carbohydrate concentrates to
peptone yeast (PY) basal medium. The concentrates were
prepared as pre-reduced anaerobically sterilized solutions
and were added dropwise to the PY medium at the time of
inoculation. The final concentrations were as given in the

summary table for media preparation in the Anaerobe Labora-

tory Manual, usudlly ome percemt o [IVE  DENE poresiTt.

Acid production from carbohydrates was determined by pH

readings, and carbohydrates used included arabinose,
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cellobiose, esculin, fructose, glucose, inositol, lactose,
maltose, mannitol, mannose, melibiose, raffinose, rhamn-
gisel) Salilicinl, sorbit ol Ssucnrosel) thHehalioisiel P sirarcliiSxsaio)s e
dulcitol and galactose. Esculin hydrolysis was determined
by adding ferric ammonium citrate. Sfarch hydrolysis was
determined by adding Gram's iodine.

Acetyl methylcarbinol production was determined by
using AMC media (PYG with no resazurin) to which alpha nap-
thol and potassium hydroxide solutions were added. Ammonia
production was determined by adding Nessler's solution to
Bwiel ¥d rops' Foif: PY G feulftiuirer. - KiGa sMproducithiiontiandmresiazuiEiin. re—
duction was noted by inoeculation of' PYG fagar 'deeps which
had been melted and cooled to UEOC. Gelatinase production
was noted by inoculation of gelatin. Lactic and pyruvate
utilization were determined by chromatographic comparison
e Hlialcibiattiel PY ‘andt pyiruvia tie’ BYe icluilliifurestit oRiPAaic iNlitizeiSisie 1
increased products. Spore production was determined when
necessary by inoculation of a chopped meat agar slant, and
by heating inoculated starch broth at 80°C for 10 minutes
in a water bath followed by cooling to 3700. Nhreordne
conversion to propionate was determined by chromatographing
gther extracts of hreenine and PY «€Lilfitirees to a2k dart afn
the presence of more propionic acid in the threonine cul-

ture.




Gas chromatography

The gas chromatography used was the Dorman Anaerobic
Bacteriology System (ANABAC) distributed by the Clinical
Analysis Products Company (CAPCO), employing a dual thermal
conductivity detection system with a linear chart recorder.
HEeY colfumn useéd for®thelinjection "of veldrile  Fatty acias
and alcohols was packed with 15% Supelco-1220 H3Pou of. 100/
120 chromosorb. The column used for non volatile fatty
acids was packed with 10% Supelco-1000 1% H3P0u on 100/120
chromosorb. Operating conditions were 8X attenuation (un-
less otherwise specifically noted), column temperature

O, detector block temperature 1500C andSheltinmiSclaisese e

50
gas at 20 psi pressure, column 1 at 86 cc/min and column 2
B M 'ic ¥/min [MJSt e PO CUrPertc 1@ .o DS

Volatile fatty acid and alcohol analysis was made by
acidifying 1 ml samples of culture with H2SCM to change the
fermentation acids to the protonated form, (soluble in
ether as well as water) adding ether, and adding NaCl for
salting out the volatile fermentation acids (27).

The ether layer containing the short chain fatty acdds
was extracted and MgSOu added to remove dissolved water
from the ether. An aliquot of 14 microliters of the ether
extract was injected.

Methyl deriwvatives offi pyruviie . llactiite,. sofiimairiicy and

succinic acids were prepared by adding methanol and H2SOM

to PYG cultures, followed by heating at SSOC for 30 minutes
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or holding overnight at room temperature, then adding water
and chloroform and mixing. Fourteen microliters were then
withdrawn from the chloroform layer containing the methy-
lesters for injection.

Commercial standards (CAPCO company) of volatile fatty
acids, non-volatile fatty acids, and alcohols were used.
Injections were made using a Unimetrics Corporation teflon
tipped glass syringe. Chromatographs from unknown cultures
were compared to the chromatographs of standard solutions.
Peak heights of fatty acids equal to or greater than stan-
dard solutions containing one milliequivalent per 100 ml
aqueous solution were designated with capital letters.

Peak heights less than standard solution (less than 1 meq

per 100 ml.) were designated with small letters.

Antibiotic susceptibility testing

Antibiotic susceptibility testing was done by the

broth disc method (Anaerobe Laboratory Manual, Holdeman and

Moore). (27). Prereduced BHI broth was inoculated with one
drop of culture from a Pasteur pipet after antibiotic discs
oFr antibiofic ‘'selutlens were added...Tubes ywanie rneubated
for 24 hours at 37°C. (Readings were also taken at U8

hours for slower growing organisms). Antibiotic tubes with

E0% or more of the turbidity of the control culture were
reported as resistantaTubes wibthine turbidity or lesis

than 50% of the control tube turbidity were reported sus-




céptible. Tubes in which the turbidity was questionable

were reported as indeterminate.

Al tural counts- to detgzmine anaeroQgg_and facultative

anaerobes
Food samples of approximately one gram were asepti-

cally added while under a CO, cannula to 9.0 ml pre-

2
reduced salts solution containing glass beads. The tubes
were reweighed and the actual weights of the food samples
were determined for later correction of cultural counts per

= dilution, was mixed

gram. The contents of this tube, 10
using a vortex mixer, and serial dilutions were made under
a 002 cannula by adding 1 ml to 9.0 ml of salts solution.
Wide tipped pipets were used to measure the diluted food.
These were prepared by cutting off the lower portion of a
E@vmlf pd pette. CO2 was drawn into the pipette routinely
before any fluid was drawn into the pipette to prevent
oxidat¥en of $he foods: TFood dilttlons peEe CEORpElnwed to
gidiluwtlion of 10-5. Onermit o eachl divfutiion Wwaish added" o
molten and cooled pre-reduced brain heart infusion agar
(BHIA). The tubes were inverted several times to mix the
contents and then the agar rolled. The roll tubes were
incubated at 37°C two days or at room temperature for 2-5
days. Roll tubes were marked with spiral lines and colo-

nies counted at 40 x under an American Optical Stereo dis-

section microscope.
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Anaerobe Isolation

Colonies picked from BHIA roll tubes were transferred
to chopped meat glucose (CMG), peptone yeast glucose (PYG),
and (aerobic) brain heart infusion broth. Organisms show-
ing good growth in the BHI broth, 1+ to 44, were discarded
as facultative bacteria. Organisms showing no growth or
doubtful growth in aerobic media and growth in pre-reduced
media were identified. Isolates were checked repeatedly
feP -aerotolerance with" aerobie BHT media. Some facultatiwve
anaerobes did not grow aerobically upon primary isolation.
Isolates growing only anaerobically were identified by gram

staining, chromatographic analysis, and biochemical tests.

Cultural counts to determine growth of anaerobes in food

Anaerobic isolates obtained from foods were inoculated
into the same food type from which they were originally is-
olated, and growth at 32°C was determined.

The foods were'blended inta bilfenderWjar that had been
flushed with nitrogen. Approximate one gram amounts of

the blended” food: were® then piliaced Hnspreweidished  niitizesen

flushed tubes containing glass beads. The tubes were re-
weighed to determine the actual weight of the food added,
and the foods were autoclaved at 12100 {15 by fer 30 mén=
utes. The food samples were inoculated with a PYG culture
of the anaerebe:r that had-been originaliy iseoillatied from “the

food, and placed in a 32°C water bath. Counts were made
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from the inoculum and from the inoculated foods at 0 hours,
6 hours, and 24 hours by adding one ml. of serial dilutions
to molten and cooled BHIA. The tubes were mixed by inver-
slion g golled and .incubated -at 37OC for two days. Tubes
containing 30-300 colonies were counted. The colony count
was corrected according to the initial weight of the food

sample, and counts from duplicate samples were averaged.

Cultural counts following freezing

Two of each food type of the weighed sterilized food
samples were 1noculated with anaerobes and then frozen and
held at -18°C for two weeks. Cultural counts were then
made to determine the reduction in numbers following

freezing.

Growth curves of anaerobes

Growth curves, of, anaerebie jsolztessmetdnakredfrom
foods were determined at 37OC by inoculating side arm
flasks containing 100 ml of pre-reduced anaerobically
sterilized PYG krethaswithy2 ml of ard2PhouRBIEYGWeU liHHres
Absorbance readings were taken at timed intervals at 580

nm on a Bausch and Lomb Spectronic 20.




RESULTS AND DISCUSSION

Antibiotic susceptibility festing of bacteria

Antibiotic susceptibility testing of fourteen stock
cultures of anaerobes and three facultative anaerobes was
done using different concentrations and combinations of
kanamycin, neomycin, colistin, polymyxin B, vancomycin, and
streptomycin. Kanamycin and vancomycin were alsc tested in
combination with bile. Kanamycin, table 1, inhibited the
facultative anaerobes at a concentration of 352 ag/ml but
also inhibited eight of the obligate anaerobes. Two spe-

ciles of Bacteroides and two of Clostridium were resistant.

Neomycin at 12 ug/ml, table 2, did not inhibit the faculta-
tive tested. Colistin, table 2, inhibited just one of the
facultative anaerobes at 4 ug/ml, as did polymyxin B at 120
units, table 3. Streptomycin, table 3 at 4 ug/ml did not
inhibit the facultative anaerobes. The combinations of
kanamycin at 88 ug with neomycin at 6 ug/ml, colistin at 2
Mg/ml, polymyxin B at 60 units/ml and streptomycin at 2 ug/
ml table 4, inhibited just one of the facultative anaerobes
but also inhibited several obligate anaerobes. Bile, both
alone and in combination with vancomycin and kanamycin in-
hibited many obligate anaerobes, tahle 5. Vancomycin at
7.5 ng/ml in combination with kanamycin at 352 ug/ml in-
hibited the facultative anaerobes as well as many of the

obligate anaerobes. However, it was decided that this com-
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bination might be useful in isolating some species of

Bacterolides or Fusobacterium from food samples, and that a

duplicate test of some Qf . the,samples would be Wade using

this combination of antibiotics added to BHIA as a selec-

tive medium.
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Table 1 FKanamycin Sensitivity

Kanamycin
352 ug/ml 176 ug’/ml 88 ug/ml

Bacteroides -

fragilils R R R
Bacteroildes

thetaziotaomicron R R R
Bacteroides

ruminicola

ss ruminicola S S S
Clostridium

perfringens type D R R R
Clostridium

clostridiiforme R R R
Peptococcus magnus S S R
Peptostreptococcus

intermedius S R R
Fusobacterium

varium I R R
Prooionibacterium

acnes S S S
Eubacterium lentum I I L
Levototrichia buccalis S S S
Peptococcus

morbillorum S S S
Bifidobacterium

ericksonii S S S
Actinomyces 1sraellil S S
Streptococcus faecium S S R
Streptococcus faecalis

ss liquifaciens S R R
Escherichia coli S S

R = Resistant
I = Indeterminate
S = Susceptible




Table 2 Neomycin and Colistin Sensitivity

Neomycin Colistin
6 ug/ml 12 ug/ml 2 ug/ml 4 ug/ml
Bacteroides
fragilis R R R R
Bacteroides
thetalotaomicron R R R R
Bacteroides
ruminicola
ss _ruminicola I i b G i
Clostridium
perfringens type D R R R R
Clostridium
clostridiiforme R R R R
Peptococcus magnus R S S S
Peptostreptococcus
intermedius R R R R
Fusobacterium
varium R R S S
Propionibacterium
acnes I I R R
Eubacterium lentum 3C I
Leptotrichia buccalis R R R R
Peptococcus
morbillorum I 3 26 G
Bifidobacterium
ericksonii 16 3¢ S S
Actinomyces israelli I ! I I
Streptococcus faecium R R R R
Streptococcus faecalils
s8 liquifaciens R R R R
Escherichia colil R R S
R = Resistant
I = Indetermirate
5 = Susceptible

25
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Table 3 Polymyxin B and Streptomycin Sensitivity

Polymyxin B Streptomycin
60 units/ml 12 uniis/ml 2 ug/ml 4 ug/ml

Bacteroldes

fragilis R R R R
Bacteroides

thetaiotaomicron R R R R
Bacteroides

ruminicola

ss_ruminicola o I I L
Clostridium

perfringens type D R R R R
Clostridium

clostridiiforme R R R R
Peptococcus magnus S S
Peptostreptococcus

intermedius R R R R
Fusobacterium

varium S S R R
Proplonibacterium

acnes S S S S
Eubacterium lentum I 00 I IS
Leptotrichia buccalls ] S I i
Peptococcus

morbillorum 0 I I I
Bifidobacterium

ericksonii S S I I
Actinomyces israellil S S I
Streptococcus faecium R R R R
Streptococcus faecalils

ss Iiguifaclens R R R R
Escherichia colil S S R

R = Resistant
I = Indeterminate
S = Susceptible
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Table 4 Antibiotic Combinations

Kanamycin Kanamycin Kanamycin Kanamycin
88 ng/ml 88 ,ug/ml 88 ug/ml 88 ug/ml
Neomycin Colistin Polymyxin G Streptomycin
d 6_ug/ml 2 ug/ml 60 units/ml 2 mg/ml
Bacteroides
fragilis R R R R
Bacteroides
thetaiotaomicron R LR R R
Bacteroides
ruminicola
ss_ruminicola S S S S
Clostridium
~ perfringens type D R R R R
Clostridium
clostridliforme R R R R
Peptococcus magnus S ] S
Peptostreptococcus
1ntermed1u" R R R R
Fusobacterium
varium R S ] R
Propionibacterium
acoee S S S S
Eubacterium lentum i e I 1
Leptotrichia buccalis S I R R
Peptococcus
morbillorum S S i iIs
Bifidobacterium
ericksonil S S S S
Actlnomyces israell S S S S
Streptococcus faecium R R R R
Streptococcus faecalils
ss lligulfacliens R R R R
Escherichia colil S S
R = Resistant
I = Indeterminate
S = Susceptible




e e

28

Table 5 Bile and Antibiotic Susceptibility

Bile, 2% Bile, 2% Bile, 2% Bile, 2%
Vancomycin Vancomycin Kanamycin
7.5 ng/ml 7.5 ng/ml 352 ng/ml

Kananycin

=it 352 ug/ml
Bacteroides

fragilis R R R R
Bacteroides

thetaiotaomicron R R R R
Bacteroides

ruminicola

ss ruminicola S S S S
Clostridium

perfringens type D R S S S
Clostridium

clostridiiforme S S S S
Peptococcus magnus S S S S
Peptostreptococcus

intermedius S S S S
Fusobacterium

varium R R R S
Propionibacterium

acnes S S S S
Eubacterium lentum R S S S

|

Lentotrichia buccalis S S S S
Peptococcus

morbillorum S S S S
Bifidobacterium

ericksonii S S S S
Actinomvces israelll S S S S
Streptococcus faecium R S I S
Streptococcus faecalls

ss liquifaciens R S S S
Escherichia colil S S R S
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Table 6 Vancomycin and Kanamycin Susceptibility

Vancomycin Vancomycin Vancomycin Vancomycin

7.5 ug/ml 15 ug/ml 7.5 ug/ml 15 ug/ml
Kanamycin Kanamycin
352 ug/ml 352 ug/ml

Bacteroides

fragilis R R R R
Bacteroides

thetalotaomicron R R R R
Bacteroides

ruminicola

ss ruminicola S S S S
Clostridium

perfringens type D S S S S
Clostridium

clostridiiforme S S S S
Peptococcus magnus S S S S
Peptostreptococcus

intermedius S S S S
Fusobacterium

varium R R R R
Propionibacterium

acnes S S S S
Eubacterium lentum S S S S
Leptotrichia buccalils S S S S
Peptococcus

morbillorum S S S S
Bifidobacterium

ericksonii S S S S
Actinomyces israelli S S S S
Strepteccoccus faecium S S S S
Streptococcus faecalis

ss liguifaciens S S S S
Escherichia coli R R S s
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Cultural counts from foods

The cultural counts obtained from the serial diluctions
of foods plated in BHIA roll tubes consisted of toth facul-
tative anaerobes and obligate anaerobes. Transfers to
aerobic BHI as well as prereduced chopped meat glucose
(CMG) showed that most of the colonies were facultative
anaerobes. From 20 to 40 colonies from each food type were
picked from the BHIA roll tubes. Most grew aerobically as
well as anaerobically and were discarded following two days
incubation at 37OC. Some isolates that grew only anaerobi-
cally were discarded later as facultative anaerobes that
would on original isolation grow only anaerobically.

The BHIA tubes containing vancomycin, 7.5 ug/ml, and
kanamycin, 352 umg/ml, inhibited the growth of facultative
anaerobes from one to four logarithms. The use of anti-

biotics was helpful in isolating Bacteroides species.

Anaerobic isolates from foods

Anaerobic isolates included species from the genera

Bacteroides, Lactobacillus, Clostridium, Peptococcus and

Pepfostreptococcus. Anaerobes were ilselated) frem E1x 0T

the  ten foods tested. Their charaeheriizaEiiomitisiicstverimn

ithe | fioldiewing, tabilesy: |




Table 7 ROLL TUBE CULTURAL COUNTS PER GRAM OF FOOD

BETA BHIA
Vancomycin
:5 HE/ml
Kanamycin
5 352 yg/ml
x 10° /gm g A0 A
Chicken Liver 3,000 6.3
Ground Beef #1 boo 53
Ground Beef #2 140 18
Bologna 30,000 5.5
Ground Pork 1,400 o o
Ham Salad Spread #1 125 o3
Ham Salad Spread #2 19,100
Oysters 610
Fish Miniatures (frozen) ;.

Turkey Pot Pie (frozen)

130
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Table 8

FOOD

2

ANAEROBE ISOLATES FROM FOODS

_ISOLATE

Chicken Liver

Bacteroides vulgatus
Lactobacillus plantarum

Ground Beef #1

Clostridium tertium

Ground Beef #2

Bologna

None

Bacteroides ruminicola
ss brevis

Ground Pork

Ham Salad Spread #1

Ham Salad Spread #2

Oysters

Fish Miniatures (frozen)

Turkey Pot Pie (frozen)

Lactobacillus sp.

Clostridium sp.

None

None |

Peptostreptococcus intermedius
Peptococcus morbillorum




Table 9 CHARACTERIZATION OF

Identity:

ISOLATE #1

Bacteroides vulgatus

Morphology and Gram stain:

Food source: Chicken live

GLC Products ASp

Acetic > 1 meq/100 mls
Succinic 9 1 meq/100 mls

propionic £ 1 meq/100 mls

Gram negative

r

Growth in PYG
PYG - Tween
PYG - Bile S
PYG - RF
Indole
Motility

AMC

NH3
Gas (agardeep)
Esculin hydrol
Starch hydrol

Threo- prop

bacillus

+4+++
+++4+
+++4+

+++

arabinose

cellobiose

dulcitol
esculin
fructose
galactose
glucose
inositol
lactose
maltose
mannitol
mannose
melebiose
raffinose
rhamnose
salicin
sorbitol
starch
sucrose
trehalose

xylose

> » £ X > P> % P = > > > > >

=

-3




Table 10 CHARACTERIZATION OF ISOLATE #2

Jdentity: Lactobacillus plantarum

Morphology and Gram stain: Gram + bacillus

Food source: Chicken liver

GLC Products.Las

Lactic > 1 meq/100 mls Growth in PYG ++++ arabinose
acetic ¢ 1 meq/100 mls PYG - Tween ot cellobiose
succinic < 1 meq/100 mls PYG - Bile +++4 dulcitol
PYG = RF +++ esculin
Indole - fructose
Motility - galactose
AMC - glucose
NH3 - inositol
Gas (agardeep) = lactose
Esculin Hydrol + maltose
Starch Hydrol + mannitol
Gelatin - mannose
Arg. - melebilose
raffinose
rhamnose
salicin
sorbitol
starch
sucrose
trehalose
xylose
g N R T

> > P r P> P >

> » P P P P > P> %

> » > P>
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Table 11 CHARACTERIZATION OF ISOLATE #3

Identity: Clostridium tertium

Morphology and Gram stain: Gram + bacillus

Food source: Ground beef

GLC Products Alpbs),

Acetic;> 1 meq/100 mls Growth in PYG ++++ arabinose =
lactic'> 1 meq/100 mls PYG - Tween cellobiose =
propionic € 1 meq/100 mls PYG - Bile ++++ dulcitol w
butyric { 1 meq/100 mls PYG - RF esculin
succinic < 1 meq/100 mls Indole fructose
1 meq/100 mls Motility galactose
AMC glucose
NH3 inositol
Gas (agardeep) lactose
Esculin Hydrol maltose
Starch Hydrol mannitol
Gelatin mannose
melebiose
raffinose
rhamnose
salicin
sorbitol
starch
sucrose
trehalose

xylose
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Table 12 CHARACTERIZATION OF ISOLATE #U4

Identity: Bacteroides ruminicola ss brevis

Morphology and Gram stain: Gram negative bacillus

Food source:. Ring balogna

GLC Products ASp

Acetic » 1 meq/100 mls Growth in PYG  ++++ arabinose A
Sucé¥fiie "> 1 meq/200 ‘mls PYG - Tween cellobiose w
propionic <1 meq/100 mls PYG - Bile - dulcitcl w
PYG - RF esculin w

Indole - fructose A

Motility - galactose w

AMC - glucose A

NH3 & inositol w

Gas (agardeep) + lactose A

Esculin Hydrol  + maltose A

tarch Hydrol + mannitol =

mannose A

melebiose w

raffinose W
rhamnose A
salicin w
sorbitol w
starch A
sucrose A
trehalose w
xylose A




Table 13

Identity:

Morphology and Gram stain:

Food source:

GLC Prcducts Las

Lactic > 1 meq/100 mls
acetic < 1 meq/100 mls

succinic € 1 meq/100 mls

CHARACTERIZATION OF ISOLATE #5

Lactobacillus spp.

Ground pork

Growth in PYG

PYG - Tween

PYG - Bile
PYG - RF
Indole
Motility
AMC

NH3

Gas (agardeep)
Esculin Hydrol
Starch Hydrol
Gelatinr

Argenine

Gram + bacillus

+++4

++

arabinose

cellobiose

dulcitol
esculin
fructose
galactose
glucose
inositol
lactose
maltose
mannitol
mannose
melebiose
raffinose
rhamnose
salicin
sorbitol
starch
sucrose
trehalose

xylose

> >

E

> >

X




Table 14 CHARACTERISTICS OF ISOLATE #6

Identity: Clostridium sp.

Morphology and Gram stain: Gram + bacillus

Food source: Ham salad spread

GLC Products Ls

Lactic > 1 meq/100 mls Growth in PYG

succinic < 1 meq/100 mls PYG - Tween

PYG - Bile
PYG - RF
Indole
Motility
AMC

NH3

Gas (agardeep)

Esculin Hydrol

Starch Hydrol

Gelatin

Argenine

++++

++

++++

arabinose
celloblose
dulcitol
esculin
fructose
galactose
glucose
inositol
lactose
maltose
mannitol
mannose
melebiose
raffinose
rhamnose
salicin
sorbitol
starch
sucrose
trehalose

xylose

t 3

=]

-




Table 15 CHARACTERIZATION OF ISOLATE #7

Identity:

Peptostreptococcus intermedius

Morphology and Gram stain:

Gram + cocci

Food source: Frozen turkey pile

GLC Products Ls

Lactic > 1 meq/100 mls

succinic £ 1 meq/100 mls

Growth in PYG

PYG - Tween

PYG - Bile
PYG - RF
Indole
Mortility
AMC

NH3

Gas (agardeep)
Esculin Hydrol
Starch Hydrol
Gelatin

+4+++

+4++4

+++4+

arabinose
cellobiose
dulicliton
esculin
fructose
galactose
glucose
inositol
lactose
maltose
mannitol
mannose
melebiose
raffinose
rhamnose
salicin
sorbitol
starch
sucrose
trehalose

xylose

- ¢ o maE = > % W03

=

>

£

%
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Table 16 CHARACTERIZATION OF ISOLATE #8

Identity: Peptococcus morbillorum

Morphology and Gram stain: Gram + cocci

Food source: . Frozen turkey pie

GLC Products Ls

Lactic 1 meq/100 mls Growth in PYG  ++++4 arabinose w
succinic < 1 meq/100 mls PYG - Tween 4+ cellobiose =
PYG - Bile - dulcitol !
PYG - RF ++++ esculin -
Indole - fructose w
Mortility - galactose -

AMC - glucose . |
NH3 - inositol -
Gas (agardeep) + lactose W
i?; Esculin Hydrol = maltose A
.r?} Starch Hydrol - mannitol w
' A Gelatin = mannose A

I St R

-if_x_
s T b

4y

melebiose w

raffinose w |

53-

(5

én rhamnose w
H%ﬁi salicin -
¥ §¢ sorbitol -
%;% starch -
%‘4 sucrose A
A

trehalose w

xylose -
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Growth curves of the anaerobic isolates

Growth curves of four of the anaerobes isolated "from
foods showed a lag phase lasting from four to nine hours
when inoculated into PYG media and incubated at 370C. Ab-
sorbance readings were taken at 30 minute intervals on a
Bausch and Lomb Spectronic 20. Growth curves of Peptococ-

cus morbillorum, Peptostreptococcus intermedius, Bacteroides

vulgatus and Bacteroides ruminicola ss brevis are plotted on

Figures 1 through 4, and a composite of the four growth

curves is given in Figure 5.
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Growth of Anaerobes in food

The foods from which anaerobic isolates were obtained
were used to determine the growth of the anaerobes in the
foods at 3200. Sterilized anaerobically prepared food
samples were inoculated with anaerobic isolates cultured in
PYG. Serial dilutions of the inoculum and the food samples
were plated and counted in BHIA roll tubes following 0, 6,
and 24 hours incubation at 32OC. Some food samples were
also inoculated with facultative anaerobes to determine the
possible inhibition or stimulation of anaerobic growth
rates. Cultural counts are recorded in table 17.

An increase in numbers from three to four powers of ten
occurred over a 24 hour period in the foods inoculated with
anaerobes. The results of the cultuwal .counts o7 JERERROSE =
lated food samples indicate that optimum conditions for
anaerobic growth were not present. The food samples were
placed in nitrogen gassed tubes, but were not prereduced by
heating. The net effect could be comparable to the inte-
rior of anaerobically packaged foods in which facultative
or aerobic organisms utilize the available oxygen.

Colonies from foods inoculated with both an anaerobe
and a facultative organism were identified after six hours
incubation and after 24 hours incubation, table 18. The
colonies were picked, stained, and identified by morphology.

Streptococcus faecalis outgrew the anaerobe in the bologna

inoculated food sample, and Bacteroides ruminicola was not
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detected in the colonies examined at six hours or at 24

hours incubation. Bacteroldes vulgatus was not overgrown

by the Streptococcus faecalis in the chicken liver samples.

Ten percent of the colonies examined after 24 hours incu-

bation were gram negative rods. Bacteroides vulgatus would

not have been detected in the final dilution tube from the
food sample of the logarithmic growth rate if the organism

had not been roughly equivalent to that of Streptococcus

faecalis. The turkey pie samples inoculated with Pepto-

coccus morbillorum and Escherichia coli also showed equiva-

lent growth rates.

Sur#ival of anaerobes in froZen feods

Survival rates of anaerobes following freezing was de-
termined by inoculating the sterile food samples in The ni-
trogen gassed tubes, mixing, and freezing for one week at
_18°C. Cultural counts of serial dilutions of the food sam-
ples were made to determine the viable cell count. Survival
rates varied from four to fifty-eight percent, table 19.

Survival of bacterial cells following freezing depends
upon the rate of freezing, the rate of thawing, the temper-
ature of storage, the media in which the cells are suspend-
ed, and the inherent resistance of the individual species
or strain. Proteins, simple and complex carbohydrates, and
triglycerides present in foods provide increased resistance

of bacterial cells to freezing.




Table 17 CULTURAL COUNTS OF INOCULATED FOOD

Food plus Organisms Inoculum O hrs. 6 hrs. 24 hrs.
I L 4
x 0"/m  x 10%gm x 20°/gmn x 20"'/gm
Chicken liver
Bacteroides 248 86 285 46,100
vulgatus
plus Streptococcus 200 95,100 236,000,000
faecalls
Bologna
Bacteroldes ruminicole 17.6 .361 3.81 3,030
ss brevis
plus Streptococcus 200 511 123,000,000
faecalis
Turkey pile
Peptococcus 4o 20 10,810 70,000
morbillorum
plus Escherichia 220 51,100 181,000,000

coll

6n
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Table 18 IDENTIFICATION OF ORGANISMS FROM FOODS INOCULATED
WITH MIXED CULTURES OF BACTERIA

Food and Organisms Percentage of Colonies
6 hours 24 hours

Chicken liver

Bacteroides vulgatus 48 10
§§reptpggpch_faeE§li§ 52 90
Bologna

Bacteroides ruminicola - -
ss brevis

Streptococcus faecalis 100 100
Turkey pie
Peptococcus morbillorum b2.9 585

Escherichia. €13 5%.1 48.5




Table 19 COLONY COUNTS AFTER FREEZING

Food and Organism Inoculum Immediate After Percent
y Recoxery Freeﬁing Survival
x 10 /ml x 10 "'/gm x 107/gm
Chicken liver
Bacteroides 248 86 3.6 h.2
vulgatus
Bologna
Bacteroides 17.6 .36 L2 58.3
ruminicola
ss brevis
Turkey ple
Peptococcus Lo 20 2.9 14.5
morbillorum

16




CONCLUSIONS

1. Anaerobic nonsporing bacteria are sometimes present
in foods in numbers at least as high as 103 per gram.

2. ©Obligately anaerobic.bacteria can be 1selkatecdiron
commercial foods with increased frequency through the use of
selective media such as the vancomycin - kanamycin selective
media.

3. Multiplication of anzerobes in foods can occur to
htlleh » dfeiezls, (107/g), under certain conditions including an
above normal food.storage temperature, anaerobic packaging
of the food, or the possible presence of associated aerobic
or facultatively anaerobic bacteria. These may lower the
available oxygen present to a level where growth cf anaero-
bliec bacteria can occur.

4. The possibility exists that nonsporing anaerobic

bacteria, when' present: in,foods" inThishrnumbeErsy Celslidpbie

responsible for foodborne disease.
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