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] :;” b:h;: Peport recent points of view with respect to the microbinlogy of meat and meat products
in

be The f$e5e"Se of resistance to microbial colonization.

mice d is a very vast one. Consequently priorities had to be set. It was decided that emphasis
On attaining and monitoring of safety, quality and acceptability of meat and meat products
CARCASS MEAT
tinA” Ecological Introduction

t e amat animals carry large numbers of many different types of micro-organisms in their intes-

th"Ce ang On the skin, particularly of the legs. Of these, only a few are of public health signifi-
& Cage Only a minor fraction will be involved in spoilage when the meat is stored, as is mostly

on's2t chill temperatures, i.e. at -2 to 5° C (Mossel, 1983). Almost all contamination is

no € surface of carcass meat, whereas the deep muscle of nealthy animals jenerally contains

P The & Viable organisms. (Hone et al., 1975; Labadie et al., 1977; Gill, 1979).

Me%enn” bacteria occurring in the depth of meat partly originate from lymph nodes, which

a°°d Stry arbour organisms in the living animal. They might also have been introduced via the

becteh‘a €am by contaminated captive bolt pistols, pithing rods or sticking knives. Finally a few
s of \M9ht enter the blood stream from the gut, during agony or just after death. The low num-

€ organisms normally found in the depth of meat may also result from residual anti-

Viewed. The commodities have been arranged, in principle, in order of increasing stabili- !
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microbial defence mechanisms, which show some activity up to about 24 hours post mortem (6i11 and
Penney, 1979). ) 85)
Viscera are generally more suceptible to spoilage than muscular tissue (Bijker et al.s 1987+
This is the result of (i{ their severecontamination by the mechanisms listed above (Mackey an p
.Derrick, 1979); (ii) being nearer to the gut; (iii) their initial pH is, as a rule, higher tha H
that of meat: for example, liver has a pH of about 6.3 (Shelef, 1975) compared to the normi
5.4-5.8 for muscle (Ingram, 1948; Van Logtestijn, 1965). ndous
In slaughter houses and processing plants the main awm is to minimise contamination. Trem$ e
efforts have been made to achieve this (Snijders et al., 1985). Monitoring per se will, clear Yo can
totally ineffective to improve hygiene, since no act of inspection but rather intervention of %;na‘
attain this (Mossel and Kampelmacher, 1981; Kayser and Mossel. 1984). Nonetheless, regular exichro_
_ tion of meat for numbers of colony forming units (cfu) per cm”~ (Snijders et al., 1984b) of psy
trophic bacteria and thermotrophic Enterobacteriaceae (Mossel et al., 1986) is most useful

ia !
pacter p ales

maintain high standards of hygiene, since it enables to detect excessive increases in ba
loads at an early stage and thus allows prompt rectification of defective practicesv(Snleers
1984a).

Meat sgoilage
The psychrotrophic organisms found on processed carcasses include zpecies of pseudomonas: 4
Moraxella, Flavobacterium, Acinetobacter, psychrotrophic Enterobacteriaceae, £g£§§§§§111§§§§£ a“ats
Brochothrix termosphacta, as well as certain yeasts and moulds. Unlike pathogens occurring of of the
Tvide infra), these organisms do not originate from the gut, but stem mainly from the outsl on®
animal and the environment of chill rooms and the water supply. Of all these organisms the I chill
pigmented pseudomonads are the most frequently involved in the spoilage of meat under nor oding
conditions. On freshly slaughtered meat the proportion of these pseudomonads may not be excghaw
some 10 %, whereas this increases to over 80 % when meat reaches the consumer (Gill, 19833
and Letty, 1984; Eribo and Jay, 1985). :
Close attention to hygiene during the processes of slaughtering, bleeding, eviscerati0 80) -
skinning or dehairing can significantly reduce the microbial load on carcasses (Robertss ely
However, even the most faithfully followed, sophisticated systems of hygiene cannot cqmp!et intos
control contamination (Gerats et al., 1981). Consequently treatment of carcasses by dippil x
or spraying with lactic acid solutions of the appropriate concentration and pH (Snijders e re for
1985a; Woolthuis and Smulders, 1985; Smulders and Woolthuis, 1985) is a recommendable mgasu it
substantially reducing numbers of colony forming units of psychrotrophic organisms. Besides
will virtually eliminate Enterobacteriaceae, including salmonellae, campylobacters and an
occasional more infrequent pathogen (Van Netten et al., 1984). . the types
The temperature of storage is probably the single, most important factor in affecting

: . ; . secon 4.
and numbers of micro-organisms present on meat at retail outlets. Amongst the parameters of us enV]

significance are pH and a, of the meat surface and mode of packaging, particularly the gase o
ronment (Woolthuis et al., 1984). ost mor

. The i of hemeat of cattle, sheep and pigs under optimal conditions falls to about 5.5 gs g

(vide supra);if, however, the pH remains above c. 6.0 for pshysiological reasons, A]terg?gggf seeleyo,
utrefaciens can multiply and produce extremely unpleasant offodours (Gi11 and Newton, ;ycnrqt'
gﬁH’VEEFBEFY, 1973). High pH meat tends also to spoil more rapidly because of the regula’ Pat this

phic association (vide su ra), since they can colonize the meat surface more rapidly. Also 19605
higher pH certain clostr151a can proliferate in the deep muscle (Ingram, 1952; Nottingham»
Gill et al., 1984). ive
Whole carcass meat is normally stored at -2 to +5 °C under conditions of reduced re1a?o
umidity. Cuts are often further protected by an atmosphere containing 10 - 20 % carbon di
aither fortuitously formed as a result of vacuum packaging, or deliberately added. Under ( ngramv
conditons meats will keep for many weeks, provided the initial contamination is kept 19"
1949; Pierson et al., 1970; Gill and Tan, 1980). The reduced environmental humidity dries nce
surface of.meats, where almost all contaminating organisms are located. The only orga"‘s‘“t
colonizing meat surfaces will be psychrotrophs tolerating a, values below c. 0.95. Under v
ditions fungal spoilage dominates. It is due most often to Moulds such as Thamnidium, Mucol?
Penicillium and Rhizopus species, with Cladosporium herbarum, which causes ack spot anecies ora"t
Sprotorichum carnis, the organism of “white Spot™ (GITT et al., 1981). Yeasts including Spre 1e
CandidaL Jorulopsis and Rhodotorula may also grow (Hsieh and Jay, 1984); they tend tO be MO 1aye
Than mo'ias of elevated €O, concentrations. Growth of all fungi is confined to the surfac®
because these organisms arg nonmotile, colonization will be spotty. deeP
Under customary conditions of processing, packaging and distribution of carcass meats’hi1i6
spoilage will not occur. The reason is, that any organisms present there are usually m€5°§s- gut:
rather than psychrotrophic, which follows logically from their original habitat: the ani

Public Health Aspects tor ;gi!f%'
The most common pathogens transmitted by fresh meat include salmonellae, ggggxlgEEEa——rotol?

Staph. aureus, Clostridium perfringens (Mossel, 1984) and species of parasitic worms and Piggh):
TBeaver et al., 1984). A recent acquisition to the latter is Cryptos oridium parvum féyéctiaﬂ1
One of the aims of veterinary meat inspection is to detect these pathogens by carcass “Spacter"
‘and examination. However, there is no way of completely preventing the occurrene of the is

th
pathogens and even of the parasites in the meat supply. There is absolutely no reason ysimi"g1§-
conclusion should be difficult to accept. In spite of immense preventive efforts it has'5e1.19
not proved possible to supply raw milk which is consistently bacteriologically safe




‘ E“Trwhere h

Aiso < 2 y
‘ QHSE;E Principle, as emphasized before, meat examination is an act of inspection, not of control.
Intepye "1¥» contamination of meat and its sequel: infection of the consumer is best avoided by

rv?"tw" (Mossel and Kampelmacher, 1981; Kayser and Mossel, 1984).

acquisi:_ShOUId include (Edel et al., 1973; Oosterom and Notermans, 1983): (i) at the farmer's level:
and on of healthy young animals, design of effective housing and logistics (“all in/all out")
tatiq tuse of decontaminated feed and water of drinking water quality only; (ii) during transpor- !
Mipay. 0, the abattoir: provision of clean lairage, allowing sufficient resting and cleanliness of
Mation ”1} along the processing lTine: carefully avoiding spillage of cut contents during evisce-
decOn a’ ‘E]ear_nng and disinfection of knives and other equipment (Snijders et al., 1984) and terminal
Nispg ommatwn of carcasses by a suitable treatment (Eustace, 1980) to eliminate the few orga-

leve]. ' heal_th significance which hygiene programmes cannot possibly controls (iv) at consumers’
Drevev;t}n Spite of all precautions taken by the industry nonetheless only eating cooked meats and

su,-face "9 cross contamination of cooked from raw meat - e.g. by not cuiting up cooked items on
S contaminated previously by the meat while it was raw.
Mine £ _MINCED (“GROUND") MEAT
th"""gho Ng of meat distributes the micro-organisms that were originally present only at the surface
Shopy, Ut the product. Spoilage is therefore accelerated and shelf-1ife of minced meat consequently
Dathoge".ha" for whole raw me=1. i; addition, initial contamination, including the incidence of
be incOr;gr‘a’:ggnisms is higher, probably because lower-grade meats tend to be used and remnants also
ed. :

op Stea:p]te of the higher risk from pathogens, minced meat, for instance in the form of hamburger
Scegq; tﬂ"sar‘g' is often eaten raw. In order to minimjze_the risk, colony counts at 30 °C not
1975; :9 10" g”' and Enterobacteriaceae cfu's below 10 g  have been' suggested (Mossel et al.,

be ittaiumer et al., 1983). Effective protection of the consumer cannot, as emphasized repeatedly,
ta"'"ﬂatezed by such an inspection procedure. Unless minced meat is systematically terminally decon-
ﬂte"nat' by radicidation (Kampelmacher, 1983; Dempster, 1985; Mossel and Stegeman, 1985) or an

i Ve, effective procedure, consumers have to protect themselves by measures of domestic
oy recommended before.
°Xyge,, €Mperature storage of minced fresh meat in vacuum packs that have low permeability for

°3°"dom§2§ €arbon dioxide prolongs shelf life markedly; vide supra. Numbers of non pigmented

géci] . S are much reduced, because of the CO, that accumulates and they are replaced by lacto-
¢ Nd the related psychrotrophic Gram positive bacteria of fresh meats mentioned earlier.

i Ause
me to Ehe Gram positive psychrotrophs do not produce metabolites that render the product unaccept-
< °°'ltm,,,ity € consumer, shelf life is substantially prolonged when they predominate in the microbial

Structure (Smulder and Woolthuis, 1985).

t DebOn. G FROZEN BONELESS MEATS
a""y cond‘."g 1s often done without application of sufficient refrigeration as well as under insani-
dhere tions, Consequently there is an increasing tendency to require certificates testifying

Rikhmie to Good Practices, and, moreover, monitor imported frozen boneless meats. Colony counts of

anse"Ce "Ophic as well as mesophilic bacteria and Enterobacteriaceae, in addition to a Presence-or

s‘_‘ nd &St for salmonellae have been suggested as a means of verifying that prcper hygienic

tg‘te of 419 Practices have indeed been followed during manufacture %Mosse] et al., 1972). Where in
a5y, €se precautions further intervention seems required, radicidation may be a convenient tool

in .In an Consumer protection (Mossel and Stegeman, 1985).

G an ear]attempt to save energy and to increase yield, a start has been made with deboning carcasse¢

ex"cass . Y post-mortem stage - so-called hot (de)boning. In the case of beef, mutton and lamb, .

]acessi . are usually stimulated electrically before boning, to accelerate glycolysis and thus avoid

c“g Phage Shortening (Williaws, 1978). The lower pH values resulting from stimulation will—&%Xtend tht

1tting of bacteria (Walker, 1982); but, on the other hand, high carcass temperatures during

ot 0+ The the sticky nature of hot meat favour bacterial colonization (Van Logtestijn et al.,

un3 b n latter can be effectively controlled by (i) a high level of plant hygiene, including

th]"termgtfm“‘ the hanging carcass (Buchter, 1982; Smulders and Woolthuis, 1983); (ii) securing an

ese Toy {Pted co1d chain. Hot deboned meat will then show improved storage properties because of

t,sQ"Ce ]n?t"al levels of psychrotrophic spoilers (Smulders and Woolthuis, 1985). Although in

SSugg 1S would allow hot boned, vacuum packaged meat to be slowly cooled, particularly fatty

s
& (Ha]w;l :gus)be subject to bacterial growth, unless temperature and a, are effectively control-
» 1982

|

A & 4o Ot boning is not preceded by electric stimulation, high temperature conditioning is re=
Stute"ia avoid loss of sensory quality. This procedure may, however, lead to growth of mesophilic
198‘”&5 (;nmc‘Uding Enterobacteriaceae. This calls for strict temperature control supported by

4), the fate of mesophiles during the process (Herbert and Smith, 1980; Smulders et al.,

SEMI -PRESERVED MEAT PRODUCTS

#? Fl"gm th Definition and inventory of the group
dg to +5 °Ce ecological point of view, all products which keep well. for a number of weeks at
Of"ﬂi » although spoiling in a few days if kept at ambient temperature, could well be classed

“Pry 3 2n
( f“odp $Served commodities. In practice, however, this term is ‘usually limited to only two groups
i) %0d,

Uy, Pay h;" the field of meat technology these include, in increasing order of intrinsic stability:
S pa s bacon and various types of sausages; (ii) canned cured meat products which have been
®uUrization rather than.a more severe heat treatment, because the latter would affecct their 3?4




organoleptic quality; this applies particularly to larger size hams and a few other meat P"°ducts'

) Raw meat products agef

In addition to ham and bacon this group comprises 'British fresh sausage" and fermented ﬁausand
e.g. salami. The preservatives used in ham and bacon include sodium chloride and sodium nitrité
sometimes smoking besides. British type fresh sausage is usually preserved with sulphite only ts
(Dowdel} and Board, 1968) though this is prohibited in most European countries. Fermented produc
generally also contair curing salts but are moreover preserved by lactic acid, produced by
Lactobacteriaceae which are responsible for the fermentation. Salami types of sausage are oftef
also dried to some extent, in appropriate machines. ! ead

In all these products the normal putrefactive Gram negative spoilage association is inh‘P’ti
due to the reduced a, and/or preservatives. It is replaced by lactic acid bacteria and some§1mea]“
M. thermosphacta togyther with yeasts and moulds (Gill and Tan, 1980). Micrococci can somet imes
pe found, Eut Ttaph. aureus does not usually occur in high numbers in uncooked cured products’.ty
pecause of inhibition resulting from competition from other components of the microbial CO"m”";
structure (Mossel, 1983). Staph. aureus (Daly et al., 1973) as well as salmonellae (Smith et @ é'
1975) have, nevertheless, occasionally caused outbreaks of food poisoning from fermented sausad s
i.e. when the fermentation process has been delayed, resulting in a slower than normal drop 11 gin
Even though the staphylococci may subsequently die out, their enterotioxins will persist. M 91t°an
the final product is of little use here as elsewhere; rather should the course of fermentatiof
the fate of suitable marker organisms mimicking the behaviour of pathogens be followed car
(Erichsen, 1983).

Cured, raw meat products may also presant a risk of botulism. This applies particu1ar]y ‘?owmq
commodities with a relatively high a,, or where the curing slats are unevenly distributed, al oné
germination of spores of Clostridium species at sites with elevated a,. Home-cured hams are pr
to this event (Famerée et al., 1975; Colardyn et al., 1976; Billon, 1!84).

- More perishable cooked meat products ;

These are the most popular and therefore the most important of the more perishable sem” thes
preserved meat products. When contained in the intact casing wherein they were heat-processe 1
products are quite stable under refrigeration, because they are protected by their reduced ag;taﬂ
nitrite content and mostly slightly lowered pH. All bacterial endospores will survive tO ac nta"
extent the “cooking" of sausages (Mol and Timmers, 1970). In addition such products most1y Coreis
some viable streptococci of Lancefield's group D, which are rather heat resistant so that the vﬂues
little that there can be done to eliminate them entirely (Bell and De Lacey, 1984). Referencg Mﬂ"“’
for Dutch types of cooked sausages have been elaborated from surveys on commercially markete

_ which were previously validated for following good manufacturing and distributing praCt‘ces'
are presented in Table 1 (Mossel, 1961). : hey aré
An other very popular commodity are sliced, vacuum packaged sausages. During s1icing % did
subject to recontamination by lactic acid forming bacteria and micrococci, that are apsent iz?w
a

es
p and

r i
tely after cooking. This can be controlled by meticulous application of hygienic prinC1P1 1oniZ
slicing as well as packaging. Nonetheless these products eventually spoil due mainly to co
by psychrotrophic micrococci, lactic acid bacteria, B. thermosphacta and streptococci of tta1ase, g
N groups (Mol et al., 1974; Eagan, 1983; Gardner, 1983). Many of these organisms beind ca oduC?" i
negative, they can produce hydrogen peroxide; this may attack the red cured-meat pigment' ts,thﬁ
choleomyoglobin, which is a green compound. Besides surface greening in sliced meat pr9d“C 0
may cause core greening in whole, cooked sausages, i.e. when neating has been insufficient o6
completely eliminate catalase negative organisms (Niven et al., 1949; Gardner, 1983). 3 hasb
~ " In cooked cured meats Staph. aureus is a definite hazard. Because the competitive flore. 1ess
eliminated by cooking, an occasional recontaminant may develop freely and form enterotox1f? cooke
the temperature at which the product is stored precludes this. It is for this reason tha that
sliced cured meat products should be labeled: "keep refrigerated until use" and, of coursé
the consumer should follew this advice (Oblinger and Kennedy, 198C). date ot

Because of their big sales volume, sliced cooked sausages are often monitored to vall stored
GMP and identify an occasional case of process failure. For this purpose the productslar?uding_ 75 .
10 °C until the final date for consumption occurring on the label. Obvious spoilage, M€ e gl .
greening, should notoccur. Testing for Enterobacteriaceae, Stagh. ayreus ang Gram p051t‘Yve1y
has been recommend¢ 1; Reference Values found attainable are 5 10g and 10% g respect!

(Mossel and Ratto, 1973).

e
Meat pies casio"

These are fully baked products made from meat or poultry. A few spores along with an gcbyﬂ
fat-entrapped Micrococcus is all that should survive, and their growth should be inh‘b1tethat no
properly adjusted salt and nitrite content. The low water activity of the crust is suchs &
bacteria will grow there, but moulds will. ne]]oﬂb;

After baking, sometimes gelatin is added to pies. This has led to outtreaks of sall0 “;ies ic
because the gelatin was contaminated (Jardin, 1966). Such experience has prompted test’?gano15geuw

2

challenging them for c. 5 days at 20-25 °C and at the end of this time checking their © he :
properties and assessing cfu's of the most hazardous organisms : Enterobacteriaceae, _,EEETat1"buW
C. perfringens and B. cereus (Mossel and Ratto, 1973) in thg mog t vuTnerable part, i-€: d dist’
None of these counts have been found to exceed the order 10° g ' in pies manufacture ah .
according to GMPs.

/i




\

Proys _ggﬁnedm]afge Si
Storeg a‘d?d these commodities have beer
Sists OfS Instructed on the Tabelj 1.8% i
Sroyp PSychrotrophic bacteria that are rel:
Pegarg ts réptococci and the occasional psych
%binso 0 the incidence of pathogenic orga
mﬁsencn et a1.? 1982 ). The 1 t ?ikﬁ]j
Pecont € resulting as a rule from inad

aMination (Buttiaux, 1953; Ingra
ﬁctugr the testing of these products

€. Suitable conditons of time and J
Nsteucy years. An ecologically sound appro
of “ZEd milk. The product is incubat
phﬂigkgrotrophic bacteria, without excee
9royt wyPeS. Investigations relying on
requiPEmaS Studied as a function of tin
ass o.onts (Mossel and Ratto, 1973).
Mfere €Mi-preserved canned meat product

S
aMPs and are uninterruptedly
their spoilage association con-
These are mainly Lancefield
Canned hams have a good record with
otulinum (Pivnick et al., 1969;
“and monellae, their
iuse of post-process

vely heat

rophic

ining them immediately after manu-
e a realistic challenge have been discussed
similar to that which is currently used for testing
ficiently high to accelerate growth

ng the max m growth t 1ture of the most psychro-
ples p d GMP, wherein microbial
shown ature which fulfills these
ys at mperature is well-tolerated by first

r conte ubsequently appeared to meet the

oy

Nce Values for cooked 4 e i
MOSt MOPEAFULLZ HtHF.PH’CLSSEU MEATS ﬁACALU IN HERMETICALLY SEALED CONTAINERS . !
Comm0n Containers used in food preservation are cans, but seale pouches are a1sq becoming moreé
angd p - Both groups of heat-treated foods can be divided in two categories: thoe which are sterile
MmduCisef at contain low numbers of viable, though dormant bacterial spores. The latter type of
lgn fozd;re known as appertized (Goresline et al., 1964) or, less appropriately ‘commercially ster-

ﬂbovepzerEiZEd foods are thosewhich are safe and stable, provided they are not stored at temperatures
Which Organisms which affect the safety of these packs include (i) spores of C1. botulinum
SUff‘qmy SUrvive if the heat treatment is inadec e and grow out subsequently if there is in-
OrEnteent INtrinsic preservation; (ii) post-process recontamination usually due to Staph. at
“aﬁgifggiﬁfgfjggeae, caused by seam faults and/or contamination of the cooling water or

thuc rtation Tines. Both deficiencies occur so sporadically that monitoring of the manufactured
Prog s']s of Tittle use in protecting the consur Control lies in carefull supervision of the
Stanc ng ]1nes and intensifying intervention where required. Where checks are required, for in-
GMwa Upon Importation, an extensive survey of appertized meat products manufacturedaccording to
8 Own, that, after challenging for a few weeks at about 30 °C aerobic and anaerobic colony

Unts
l? 1 %&2c93511y attained which (a) consist entirely of spores; and (b) never exceed the order
]Wpoint Ssel, 1956). Colony counts substantially over this level are not acceptable, because
Count 0 One of the following intrinsic defects: (i) a correct, i.e. infinitesimally low spore
g~8.pr0dthe ﬁ"LfSh]y processed commodity, but increasing as a result of the incubation cha]1$nge,
reased UCt with insufficient stability; or (ii) an initial colony count of at least 10 g in-
“dtion_ " not during incubation, corresponding to inadequate processing or post-process recontami-

Fuiy
??ﬂic- ya3§$r11ized packs should of course contain no viabie org
~+ bot dC111aceae, i.e, sporing organisms with a 357 ¢
Ul e . d <
EFET\\JEI@D group and quite often with a rather
ut

Y mi g -
th ing ;;roforga”1sms to survive heat-treatment.
e 5
few OUtS]d

anisms whatever. So-called *therfio-
nce well over that of the

imum temperature of growth, are the most
nitoring concentrates on detecting these,
recontaminants, particularly by examining

2S)

Sting, should, however, also be carr
SPorg. Part of solid pack products. There is

Na lid : h ore, no point in searching dirgct}y for the
Ofm\ t SeOF thermoph111c jgpw]]@cefgﬁthat ma ‘have sufv1vcd'1n tﬁg food or.the S| raﬁwc recontam1—
ThappePtiz Organisms should alTowed to ge nate and mg}cwply‘f1; » as indicated in the testing
(Eeca dina$d Products. The optimal temp rature for challenge testing has been subject to mugh debate
t’“eroba temperatures for the thgrmgphxlue qnd.thg cus rily encounte cdrToz\age organisms

| he§ QTYEf\SEJEEﬁEE, pseudomonads and mlcrococcxi ind1pdte that 15 'C fur th forme an 30 °C for

| Obys o u(re suitable challenge temperatures. hon;.suguld bg getecteq in fully ster111zeq foods;
te]OUSly wfual enrichment tests using appropriate Iquxq enrichment wod17 have to hq applied, .

examinat?th the usual precautions to avoid contamination as a result of the use of an inappropri

on technique (Mossel and Visser, 1960).
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TABLE 1
Bacteriological reference values for cooked sausages of standard Dutch quality
Sampled when leaving the factory, all with a core temperature not exceeding 7 °C
cfu g'1
Enterobacteriaceae* 10
Staph. aureus* 102
Lancefield group D streptococci* 103
Clostridium spp* 103
Aerobic mesophilic colony count* 105
Anaerobic mesophilic colony count* 105
5
 med at'ad
* In all instances the usual “three class tolerances" apply, i.e. the values @} hoM

of thesé

recorded, may be exceeded by a maximum of 2 out of 10 samples, but none
show a cfu g'1 value over 10 times the reference value






