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Replicate sampling of wieners and cooked ham from

the wrapping line of government inspected packing houses

revealed considerable varíation in bacteríal colony counts,

Total counts \¡/ere higher and variations in count

\^/ere more marked in wiener samples from Packer X than in

those from Packer Y and correlated cl-osely with the

presence of large numbers of "pin-point" coloníes,

ABSTRACT

predominantly Enterococci. In contrast, only a few of

the pin-point colonies on ham from either Packer \^/ere

members of the Enterococcus group. Correlation was also

noted between oxygen permeabitity of various film wraps;

numbers being higher on wieners wrapped in Cryovac from

Packer X than on Cello Wrap wieners from Packer X or

Packer Y.

Growth change studies indicated frequently a

decrease in population numbers with time on plates

incubated at 3To C in contrast to an increasing population

on plates incubated at loo C.

Tt was apparent that the small differences in



temperatures of storage between modern chain stores had

less effect on the shelf-lífe than that exerted by the

original microflora present on shipments from the packing

houses" Many packers' samples would have met a suggested

standard of I x 105 bacterLa/gram total- count. AlmosL

all packers' samples would trave met such a standard had

the "pin-point" col-onies been etiminated.



In recent years Public Health authoritíes have

become increasingly concerned with meat hygiene.

Paradoxically, the mod.ern self-serve meaLs have introduced

an element of risk to the consumer in terms of spoilage

and potential food poisoning. This is due partly to the

introduction of moist low-salt quick pump-cures and fast

smoking and partly to the preslicing of meats, the skinning

of wieners and hand packaging after Ïreat processing. In

addition, the use of films of low moisture permeability

j-n ttre interest of avoiding shrinkage with its economic

implications and, as wel-l, films of 1ow gas permeability

such as Cryovac in order to maintain good colour and sales

appeal in cured meats provide an environment apparently

favourable to the growth of bacteria. There has been

undue faith placed in the ability of refrigeration to

suppress the growth of bacteria not only at wholesale and

retail levels, but in the home (f , 33, 34, 58).

In contrast, the older high salt slow cure and

sl-ow smoking produced a relativety dry stable product which

INTRODUCTTON AND HISTORTCAL



could be kept for extended periods without refrigeration,

Bul-k meats kept better than those which had been sliced or

comminuted and handled excessively, Psychrophiles were

of little significance and surfaces beíng relativety dry

little opportunity was presented for surface contaminants

to initiate growth and spoilage (fO).

Semi-preserved meats include hams and smoked

sausages. Their status may be compared to that of

pasteurized milk. Storage life is l-imíted although it

may vary wíth the type of curing, the temperature attained

during treatment, the type of wrap and the storage

temperature (SS).

The great majority of food poisonings and infections

reported in recent years Ïrave been traced to meats and

meat foods (f4, 52). For example of 3OO cases reported

in Great Britain in f953, L99 v/ere attributed to meats

and of these t64 to processed meats ße¡ .

In a more detailed report (6f) will be found notes

on the expected microflora as it relates to treat

processing and on those organisms implicated in spoilage

and in food poisonings and infections. Suggested

2



standards and codes relating to packing house and retail

practices are also presented. Previous surveys having a

bearing on methods are dealt with more fulty than is

possible at this time. A more extended bibliography is

also incorporated in the earlier report.

The bibliography is not confined to North Amerícan

publications and it must be noted that standards of meat

hygiene in Canada are already among the highest in the

world. However this need not deter pr:b1ic health offíciafs

from attempting to raise standards to an even higher level.

Canada has had two centuries of meat hygiene legislation

(f4) but so far has not adopted bacteriological standards

for processed meats, although maintaining such standards

in many other foods. This is largely d.ue to the fact that

there is such a variety of meat foods and. several- standards

would be required. Thus problems of time, expense and the

number of laboratory workers need.ed would be multiplied

$g). Small differences in technique and procedure used in

different laboratories make an arbitrary nation wide

standard difficult to apply (y). As a guide in

formulating standards for processed meats it may be noted



that the Frozen Food Commíttee of the Association of

and Drug Officials of the United States suggested a

maximum total count of 1 x 105 colonies per gram and

Canadian government fisheries code suggested a total

not exceedínq 2.5 x 105 colonies per gram.

The larger packing houses conform to standards of

their own at the time of manufacture but there is often a

considerable time lapse before the meat reaches the

consumer. Therefore work was undertaken in an attempt to

answer the following questions posed by Jepsen (S¡),

( i) are the bacterial counts at the moment of sale in

conformity with those to be expected from a Ïreat treated

product?

( ii) ooes the keepíng quality permit a reasonable shelf

4

Food

life?

(iii-) are the products in a condition involving risk of

food poisoning?

Historical

the

count

Previous surveys

following: Consumers'

on frankfurters include the

Union investígators reporteó, 2Jfu



of the 4OO pact<ets tested as having high total bacterial

counts although coliform counts \Mere low (g)" Drake,

Evans and Niven (ff) found retail total counts on 36

packets from 11 companies ranged from I x tO4/gm to
o

I x tOÓ/gm. ogitvy and Ayres (49, 50) and Kraft and

Ayres (40) investigated the effect of carbon dioxide

within various wraps used on frankfurters.

Previous surveys on ham include the following:

Goldenburg, Sheppey and Robson (Zf) tested 490 canned hams

and founð, 86% to be satisfactory; those which \^/ere not,

frequently showed the presence of faecal streptococcí.

Clarenburg (B) and Hobbs (24) also reported faecal

streptococci in hams. Barnes, Ingram and Ingram (Z)

and Barnes (¡) found faecal streptococci to be a

prevailing contaminant in bacon factories.

Purpose of the Investigation

5

Some investigators made use of samples f ::c m the

packers, others tested at retail- level; almost all

appeared to use random samplings. The need for a com-

prehensíve survey following the packer's meat through



retail channels seemed evident. Use of code-dates would

enabl-e us to compare the handling at different packers and

retailers. Our aim was to compare samples of the same

meat kept under different conditions, e.g. of wrap or

temperature and also to compare different meats kept under

identical conditions. The survey \^¡as designed to include

an assessment of the real shelf life in contrast to the

optimum and to determine the reliability of results of

tests made on single random samples as commonly submitted

by health inspectors. Consideratíon was to be given to

the possibility of setting up bacteriological standards

for heat processed packaged meats in terms of spoilage

organisms and of pathogens. It was hoped that our

results might indicate where such standards might best be

applied.

6



Considerations Influencíng the Choice of Meats to be Sampled

and their Source.

ft was considered necessary to restrict the number

of meat types used in the survey to two in order that

adequate replicaLion in sampling could be employed. Tf:e

meats chosen represent two types in very comrnon usage;

the comminuted cured smoked sausage and, secondly, sliced

cured cooked ham which is unsmoked" Preliminary

GENERAL CONSIDERATIONS

investígations indicated that various meat loaf products

and corned beef would fa1I, bacteriologically, into a

group intermediate between those two types chosen. For

practical purposes, one pound packets of wieners \^/ere

easier to handle and more readily avaitable at all retail

outlets than were packets of bologna which is more

(

commonly sold in bulk. Accordingly, wieners \^rere chosen

as representing the smoked sausage group. fn support of

this selection of meat types the following statistics

are presented. In L95O wieners constítuted over 4Ofi ot

the North Amerícan sausage production; a total of some



two and one half billion pounds (fS¡. cooked ham

production in North America for L955 reactred some two

billion pounds.

Of all meats implicated in food poisonings, cooked

ham is the most frequently involved (fg). It should be

emphasized that most sliced cooked tram is consumed

without further cooking thus bacterial counts presented

in the Tables of Results represent bacteria actually

consumed. In contrast, reported number of bacteria on

wieners would be somewhat reduced by cookíng before

consumption although published cooking instructions

often call for too brief a heat exposure to reduce

significantly the bacLerial populations present.

Two government-inspected packing houses \Mere

selected as representing a relatively high standard of

quality. These are designated by the letters X and Y.

Both packers represent branches of natíonal companies

shipping from coast to coast.

Retail samples were collected from branches of

modern chain stores operating in Metropolitan Winnipeg.

These are designated as A, B, C' etc. During the first

B



year of the investigation, more than one branch of each

Company was used since samples were not always available

as required. In the second year, code-dated samples

from the packers vrere placed with one outlet representing

each chain in order to permit more adequate replication

and experimental control.

Conditions Influencinq Methods of Samr¡lincr

Packing house laboratories commonly employ surface

counts in routine examination of products after heat

processing and occasionally make use of internal samples

to check on the adequacy of processing methods (23).

Since surface and internal microflora often differ in

type, it was apparent that a cross-section representing

both surface and internal populations vras more desirable.

Since sl-iced ham already represents a cross-section of

the bulk ham a cut was made across the centre of the

packet to ensure access to a more uniform sample.

Similarly, wieners were also sliced transversely through

the centre to provide a more uniform sample. It d:ould

be noted, however, that spoilage of wieners and sliced

9



ham most frequently occurs first at the extremities of

the wieners and the edges of the ham slices. AccordingLY,

the bacterial counts presented in the Tables probably

are lower than would be the case if the ends of packets

and edges of sl-ices had been sampled.

During the first year of the investigation each

packet was considered as a separate sample. When it,

became evident that considerable variation in counts

existed between packets of a single code-d.ate, the

sampling method was changed to allow for blending of four

subsample packets into one bulk sample. The bulk sample

v/as then consid-ered as more truly representative of a

single code-date from one pacl<er. This blending was done

on subsamples from both wtrolesale and retaj-l level. The

blending practice involved collection of eight packets

of one code-date; four ulere left at retail for shelf-life

tests after a seven day interval and four lvere examined

immediatety. The blending practice ensured a greater

statistical reliability of sample (f) since it had been

reported by a numl¡er of workers that meats, bacteriologíca11y

speaking are not homogenous.

10



Considerations Inf luencin

The results of previous surveys lvere examined and

consideration was given to methods which could be carried

out by one investigator ín order to yield as much

information as possíble. Biochemical tests such as dye

reduction, pH determination, indol and H2S production,

register metabolic activity rather than the numbers of

microorganisms present (:Z) and are not satisfactory for

assessing a míxed population. Similarly the Most

Pr'obable Numbers technique is not readily applicable since

the possibifity exists of one particular population

emerging as the dominant one, to the detrement of

statistical reliabílity (SS).

Of the various methods considered, the plate count

has the advantage of revealing not only types but numbers

(:Z). The method as commonly employed has ínherent in it

a high coefficient of variability (46) but it provides a

rough estimate of the population alive in the sample, oy

at least that part of it capable of proliferating in the

medium at the temperature chosen (Zf). Such total counts

may be of greater value when used in conjunction with

the Choice of Method of Analysis

11



selective media for specific aroups of bacteria (37 , æ)

though food particles sometimes interfere with selectívity

(r).

It is often stated that the count of viable mícro-

organisms in a food is of little value compared to the

identification of the species present. This does not

necessarily apply to cooked meat products o for if the meat

has been carefully prepared the viable counts should be low

(23, 35) " Bacteria of low heat tolerance may be assumed

to have been introduced by handling after heat processíng.

Counts on slightly salted cooked meats correlate well wíth

spoilage (¡f). Thus the quality is related to the action

of the microorganisms present and ttre total coirnt gives an

indícation of the care taken in preparation and handling

of a meat (Zl).

L2

While it is true that food poisoning bactería may

be present in food showing no obvious signs of spoilage

(:Z) the majority of foods implicated in food poisoninqs

and infections yield viable counts higher than 1 x 106

colonies per gram (f4, 24). conversely the majori-ty of

foodstuffs not associated with poísonings or infections



1ríeld counts of less than 1 x 104 per gram at 37o c

incubation (24).

Adequate facilities were not availabl-e in the

laboratory for inclusion of anaerobíc counts (af)"

In view of the foreqioing considerations it was

decided that the main body of the survey should consist

of total counts on plates incubated aerobically at three

temperatures. A number of media selective for Salmonel-lae,

coliforms, coagulase positive staphylococci and enterococci

vúere also to be employed. Mould counts and lipolytic counts

\Mere to be included. In additíon selective broths were to

be used as qualitative indicators " In eactr case population

estimates \,rere to be based on the average count of five

replicates per dilution.

13

Considerations Influencinq the Choice of Media and Incubation

Conditions.

At all stages prior to

is liable to contamination by

properties. Their number and

by the physiological condition

consumption of a meal, meat

bacteria with widely varyíng

type may be influenced initially

of the animal at the time of



slaughter; a high glycogen level insures a satisfactorily

low pH, together with the desired Eh changes affecting

the microflora introduced at the time of killing.

Grinding spreads surface contaminaLion through the

meat and influences the proportion of fat to connective

tissue and the amount of air in the meat. Many gram positíve

bacteria having a lipophylic surface, can survive heating

even at 7Bo C for three hours in the presence of fat (ZO,

2T) 
"

Additives may introduce their bacterial fl-ora and

affect the growth of bacteria already present in the meaL.

The addition of carbohydrates may replace a proteolytic

flora with saccharolytic yeasts and lactobacilfi. Curing

may favour salt tolerant yeasts, lactobacilli, mícrococci

and enterococci (fO, fl, 44, 45). These may multipty

during the initial stages of smoking (45). other bactería

may be introduced at the time of wrapping, and the oxygen

reduction potential of the packet and it^s storage

14

temperature may also ínfluence the expected population.

It is therefore necessary to investigate the

activities of a large number of microorganisms which may

differ widely both in their growth requirements and in



the effects produced by such growth (Z:). Metabolic

changes caused. by heat, cold or curing may make the

surviving population more fastidious nutritionally than

the population found on fresh meats (f). Thus the pH,

sarinity and composition of the medium may have to be

modified to suit the flora. preliminary experiments

indicated that numbers of bacteria recovered were greater

on Tryptone Glucose Yeast agar than on nutrient agar.

Therefore Bacto Plate Count Agar was chosen for

enumeration of tota] counts. In the interests of

maintaining quantitative results no enrichment media were

used (r4).

rncubation temperatures were al-so consid.ered in the

light of the previous history of the meat and the

expected population (23). A sufficiently wide range of

temperature for incubation was available in the

L5

laboratory. seventy two hour incr-rloation periods were

selected for total counts at ejo C and J/o C. The

psychrophilic count was made at ten days (æ) .

media v/ere used according to instructions.

with the exception of plates containj-ng Enterococcrls

agar (Zf) atl plates \^/ere incubated. in an inverted

SeIectíve



position.

In sulrmration, media and time-temperature relation-

ships for incubation are presented in Table I.

Considerations Influencing the Choice of-Llluent

commercial brines. Accordingl-Y, the use of sodium chloride

in dilution blanks for its osmotic effect is u.nnecessary.

Its presence in higher concentrations, moreover, may even

depress the development of some species present.

Obtigate halophiles are no longer cofilmon in

DiluLion blanks were adjusted to pH 7.0 with

Sorenson's phosphate buffer to provide conditions con-

sidered as approaching a pH optimum for the majority of

bacterial species likely to be present. Preliminary

experíments using a l-0 g sample in one litre of diluent

were unsatisfactory. Addition of various surface tension

depressants to the diluent in the hope of obtaining a

more homogenous suspension produced erratic results. After

a number of trials a diluent volume of Ç! ml was selected

because this gave a satisfactorily uniform slurry.

L6



Methods

Except where indicated all packets for sampling

were removed to the laboratory for examina'tion on the day

of collection. The only exception to this practice

occurred for experiments in series If. In this case

wiener packets !úere sampled at each collection site by

aseptíc removal of the wiener sample to a steril-e

polyethylene bag. The remaining wieners in the pacì<et

were carefully re\¡irapped and left at the storage site for

subsequent sampling and examination at regular intervals

to determine the effec'b of these particular storage

conditions on the development of microflora.

Sampling Technígues

EXPERTMENTAL

L7

In general, f0 gm of neat !^/ere

to constitute a samPle. In the case

usually done by combining thin cross

wieners from one packet. In the case

removed asepticallY

of wieners, this was

secLions of several

of ham, the sample



1B

vras obtained by cutting through several s1íces to ensure

a more representative atiquot. Exceptions to this

practice occurred in experiments in Series II and Series

IV. In the former instance, a I0 gram sample was removed

from the centre of each wiener on the day of collection;

white in Series IV l0O gram samples were taken as

representative of each packet. In this instance, four

such samples \¡/ere placed in a sterile Waring blendor and

mascerated without added- dj-l-uent " From ttte resulting

pu.ree a 10 gram sample was transferred to a second sterile

blendor to which 99 mI of diluent \,'rere added. This

constituted the first 1:10 dilution for experiments in

Series IV.

Blendinq

Blending of all samples was done for three minutes

at high speed (43). At the conclusion of the blending

period air bubbles were allowed to subside to ensure

accuracy of pipetting volumes. All transfers by pipette

!\iere carried out while the blended sample was still

homogeneous.



Dilutions

Packers' samples were generally plated at dilutiors

of 1:1OO and 1:1000 for total plate count, and at l;10

where selective media were used. These dilutions for

plating were chosen to permít a counting range u,i: to

25O rOOO,/gram as outlined in the Canadian Government

Fisheries Code.

Plating of samples from retailers took place after

the packers' samples bearing the same production code-

date had been examined and counted. Unl-ess numerous pin-

point col-onies had been noted in the packers' sample it

vras customary to use dilutions ten to one hundred times

higher for the retail samples" Where large numbers of

pin-point colonies had been noted in the packers' samples

dilutions for retail v¡ere l:1OO0r00O and 1:10r0OOr00O.

It may be pointed out that in some cases even plates from

ttrese high dílutions lvere so 'crowded with pin-point

L9

colonies as to permit only a rough estimate of the number.

Plating of all samples was done in quintuplicate at

each of two dilutions for each temperaLure of incubation.



Readinq of Plates

wherever possible only those plates bearing between

30 and 3OO colonies were counted using a Quebec colony

counter. As each colony was counted its position was

checked off with a wax pencil to avoid counting errors.

Results were reported as an average of counts of five plates

per dilution. occasionally, for unknown reasons, the number

of colonies on one of the five plates was signíficantly

different as measured by the Chi square test (fB) from

those of the other four. In such rare cases the variant

plate was rejected as an unreliable statistic'

Each colony was counted as one even when it consisted

of a spreader type or a pin-point, In a few instances the

count of pin-point colonies was complicated by the

presence of minute meat particles in suspension in the agar

medium" It became possible, however, with increasing

experience to distinguish pin-points from meat particles.

At high dilutions each pin-point appears as a separate

colony. With prolonged incubation some of ttrese attain

ttre size of a pin-head. while others remain minute. Ingram

et al (:O¡ described simil-ar coloni-es from brine samples.

20



Pin-points and spreader colonies have been blamed

for abnormal variatl ons in count (lB) as have fungi (:f¡ .

In this survey the nunü:ers of pin-points in each of the

five plates of a dilution set when present seemed to be

consistent. In those cases where numbers of pin-point

colonies \^iere greater than 300 per p1ate, counting was

done by sectoring the plate and counting each of at least

two sectors. The average of sector counts times the

appropriate sector factor gave the final count for that

p1ate.

2I



Method of Presentation of Results

The presence of numerous pin-point colonies posed

a problem in presentation of results which, to a certain

extent, obviated the use of conventional practices. For

example, graphical presentation is quite impractical when

one set of data represents information from a group of

plates with only a f ew hundred colonies; whil-e the next

set of data was derived from plates bearing many thousands

of pin-point colonies.

Accordingly, an index was devised in order to

facilitate comparisons (38, 55). fhie ratio of final

poputation to initial population as a numericaL indication

of population change in storage was sul table providing

there was no more than one variable, i... time. An

example follows: The increase in microflora population

("growth change") in one type of meat of given code-date

could be determined for each of several- retail storage

sites. A ratio of final- population to initial population

thus would índicate the effect of such storage conditions.

Any increase in populations would yield a ratio value

greater than unity. A ratio value of less than unity

22



indicates a decrease in populatíon from the level present

when the meat was received from the packer.

With few exceptions the counts on tellurite glycine

and desoxycholate media \¡vere too low to be reported with

any accuracy. Similarly, mold counts \^/ere low and are not

included in the report. As indicated in Table I, counts

of lipolytic bacteria were attempted on each sample

throughout the investigation. The interference effects

of the lipotytic spreading colonies was such that the

inclusion of these data was not considered advisable,

Conventional methods for enumerating lipolytic microflora

are not readily applicable to heterogeneous populations

from processed meats.

Results of tests on various broths are not included-

since ttrese were qualitative rather than quantitative.

Thioglycoll-ate tubes \^/ere generally positive. Lactose

bile green broth tubes were generally negative confirming

the results obtained on desoxycholate agar. Enterococctfs

presumptive broth proved unsatisfactory because the pH

of the meat in low dilution was often sufficient to

produce a color change in the medium immed-iately on

addition of the sample inoculum. When higher dilut.ions



\^/ere employed in an attempt 'to avoid

negative results were obtained. In

be noted that S, faecalis growth is

as compared to S " faecium (SA¡ and

-bhe one encountered most frequently

the pH colour effect,

this respect it should

favoured in this medium

the latter species is

in our samples.
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Results tabulated in this report are confined to

those based on samples bearing the same code date at

packing house and retail level. Accordingly, results

of Series I are not included; these \Mere based on random

samples and did not provide sufficient ínformation on

which to assess handling at packing house or retailer.

Series I demonstrated the tremendous range of counts

possible in meats of the same age. It was also evídent

that bacterj-al populations increased during prolonged cold

storage, to such an extent that tables of results in an

earlier report had to be presented reduced by tO6 ¡ this

was particularly Lrue of psychrophilic counts. Products

from Packer X tended to cayry a heavier bacterial load

than those from Packer Y.

serr_es 1J-

RESULTS AND DISCUSSÏON

¿.I

Series II was designed- to reduce to a mínimum the

variation in counts by sampling repeateclly at intervals

from one packet at each retailer. Once packets had been



opened and the ínitial sample taken, they were carefully

rewrapped and placed in sterile polyethylene bags. This

was t.o avoid subsequent contamination and inadvertent

sale of the packet by the retailer. Any alteration in

environment was the same for all samples.

Results and analysis of Series II, Expt. 1 are

presented ín Tables II-1 and II-2 respectively. The

initial retail count on Y wieners at retailer A was

greater at all three incubation tempera'tures than the

initiaf retail count of the sample at E. After one week's

storage the count at A had decreased more than the count

at E. I¡ühile counts at A dropped at all three incubation

temperatures, those at. E increased for 25o C ano l/o C

incubation, The counts at U (control at. 30 C at University)

increased markedly at loo c and 2!oC while dropping at

^-o3 ( c r-ncuþacl-on.

Results and analysis of Series TI, Expt. 2 are

presented in Table II-3. There was considerabl_e growth

at all incubation temperatures, particularly at 1Oo C.

Table II-4 indicates tha't wieners of different code daLes

from one packer, held at the same retailer may bear very

28



different populations. Both samples bore similar numbers

at sj-x days on plates incubated at 1Oo C. After a

further seven day storagie at retail there was a consid-erable

difference in counts, particularly on plates incubated at.

1oo c.

Results and analysis of Series fI, Expt. I are

presented in Tables If-5 and II-6. The population on

wieners from Packer X held at U (control) declíned at 3To C

incubation temperature whereas the counts on wieners held

at B increased at 3To c incubation. Counts on sample at

B increased fast.er over a sixteen day period than did

counts on the sample at U despite the fact that the sample

at B had a smaller population initially.

Results and analysis of Series IT, Expt. 4 are shown

in Tables If-7 and II-8. There was a decrease in numbers

dur_ing the first two days of storage at both sites. The

population lras initially lower on wieners at A than at C

and remai-ned so after five days, but increased- rapidly

between the fifth and nineteenth day. Unfortunately the

sample at C was discard-ed by the retailer before a final

tes't could be made.

2A

From this series it was possible to compare the



retailers for each time interval the¡z had in common and

for each temperaLure of incubation provided that the

wieners were of the same code date. However all retail

storage temperatures !'\¡ere less than 40 c (rafte vrrl) and

emphasis must therefore be placed on the numbers and

species of bactería present when the pacl<ets left the

wrapping line at the packing house. Variations in

temperature tolerance of different specj-es would account

for differences in growth, some preferríng l0o C to 3To c.

In general the results of Series If show that counts

from Packer Y are lower and show less variation than counts

on wieners from Packer X. It appears that Y samples \Mere

generally free from pin-poínt type colonies and the

30

population was not likely to increase substantially even

with further holding. The sample in Expt. 2 (rafte rI-3)

shows that this is not invariable. Wieners from Packer

X frequently Ïrad great numbers of minute colonies which

continued to grow under refrigeration.

Series III

Experiments in Series III made use of quadruple



sampl-ing at the packers in an aitempt to discover how much

variat.ion in counts could be attributed to hand-ling at the

packing house. Each of four retailers was represented by

one packet bearing the same code date. The populations

of the retail packets were to be compared to each other

and to the initial counts on packets of the same code d-ate

from the packing house.

Unfortunately the variation in results from the

four packer's samples (fanfe vr) was much greater than had

been anticipated. It became necessary to compare i-ndividual

retaif counts with a mean (tU-f) of the four initial packing

house samples, which gives only a rough comparison of the

effect of retail handling. In order to assess the overall

population of meats of one code date the mean of retail

counts (lvig) is also íncluded; for y samples (tafte III-2)

whose counts showed little variation, the ratio Mg/M1 may

provide a reasonably accurate assessment of quality for

any packets of that code d-ate. However for X samples

where there is great variation on counts (taUles III-4 and

III-6) tfre seven day mean ratio can only serve as a rough

guide to the quality of a given packet,
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Series III, Expt, 1. Results and analysis are

presented in Table III-1 and Table III-2. Counts on sample

at retailer H \^/ere higher than those at D for incr-:l:ation

temperatures of Z5o c and J/o c. Meats at both retailers

showed an increase in populations at aII three temperatu.res

of incr:bation.

Series III, Expt. 2. Results and analysis are

presented in Tables III-3 and. III-4. Retailer D had the

sample bearing the largest numbers. This was not likely

due to retail carelessness sínce the count on the sampl-e

at D in the previous experiment was low. Ra'ther it

illustrates the effect exerted by differences in species

present originally. If pin-point type colonies are present

initially in a refrigera'ted sample the retailer can do

nothing to reduce their numbers. The sample at F was

apparently free from pin-points, consequently the

?D

population decreased at all three temperatures of incubation

Ttre most obvious trend evident in Series III was the

tremendous variation in counts on packets of one code date.

Again the population on Y wieners in cello was low as

compared. to X wi-eners in cello (ratrtes III-1 and TII-J).



Furthermore counts for X wieners in Cryovac (Ttante III-5)

\^/ere Very much greater than for X wíeners in cello, even

allowing for variation in meats of different code dates.

This would indicate that the pin-point population prefers

the micro-aerophilic environment of Cryovac which is

relatively impermeable to gases and moisture compared to

cello.

Series IV

Series IV was designed to minimize the effect of

variation in packets of one code date revealed in Series

III. Bulked samples made up of meat from four packets

v¡ere taken at both packer and retaj-l-er " Al-1 eight packets

were taken together from the wrapping line at the packing

house. Four \^Iere tested the same day and four \Mere lef t

with one retailer for six daYs

33

counters at retail was impossible, because of the danger

of the samples being sold inadvertently. Ttrerefore the

samples were left in the refrigerated space beneath the

counter, or in the walk-in refrigerator. Retail

Storage of samples in the refrigerated sales



temperatures \^/ere no'ted and compared to those at which

wrapped meats were displayed for sale (raffe IX).

Results and analysis of experiments 1-B on Y

wieners, are presented in Tables IV-l to IV-4. one

sample at each retail-er showed an overall decrease in

population at all three temperatures of incr:bation (nxpts.

2, 4, 6 and /). of the other samples, all four increased

at 1Oo c incubation, two showed a slight drop at 3To c

incubation (nxpts. 3 and B) and two a slight increase at

3To C incubation (expts. 1 and !)"

Results and analysis of experiments 9-16 on X

wieners are present.ed in Tab1es IV-l to IV-B " only two

retail samples showed a marked decrease in counts; both

\Mere at G. For the other samples the increase at 3To C

incubation generally appeared to be smaller than that at

1Oo c. Exceptions were one sample at retailer F and one

at H (tarte rv-8, Expts . 12 and 14).

Ratios based on the average counLs of two samples

for each packer at each retailer, showed that for X

wieners retailers F and- H appeared to give a higher count

than retailers N and G, (rafte IV-B). In contrast

34



retailers N and G appeared to give higher counts for Y

wieners than d.id retailers F and H (rante IV-4). Again

this ís probably of little significance, the temperatures

of storage at all four retailers being between 35o F and

3Bo F , all of which \Mere below 40 c.

For meats of different code dates, retail

comparisons can be no more than approximate, when

consideration is given to the different bacterial flora

coming from the packers on different days. However,

comparisons of handling at the packing house may be made

by comparing counts at one retailer where meats are held

under id.enticaf conditions. Packer handling may also be

assessed by comparing the average counts for al1 the

retailers, on wieners from the two packers.

35

Ratios based on counts at individual retailers

show a marked difference between the packers i counts on

X wieners (tan1e IV-B) feing much higher than counts on

Y wieners (tatrte IV- ). The one exception being the

samples at retailer G"

Ratios based on average counts from al-l four

retailers (rables IV-J and IV-/) show the same tendency



but the difference is less marked.

whereas the average retail values are based on 128

packets" The use of averages tends to even out dif-

ferences in countsr ê.g. the wide range of counts on X

wieners (faf:tes IV-6) is not shown up by the averageso

Individual retail values are based on l2 packets

wieners is greater at loo c than Z5o c and 37o C incubation.

An increase in count is generally evident at al-l three

temperatures of incr-:bation if pin-points are present in

Cryovac wrapped wieners (rafte IV-7) " fn contrast the

population on Y cello wrapped wíeners (rabte IV-3) declines

at Z5o c and 37o C incuJration. The increase on plates

incubated at l-Oo c is less than half as great for Y cello

wrapped wieners as for X wieners wrapped in Cryovac.

Different species are probably involved.

In general the increase in population for X

JO

Tables IV-ll includes counts on Enterococcus agiar

which was used during the second half of Series IV. It

is evident that high total counts (tables IV-I and IV-!)

are paralleled by high Enterococcus counts (raffe IV-I1),

Enterococci are not invarial:ly plesent on X wieners



(ralrfe rv-11, Expt " L6), but they are found much more

frequently than they are on Y wieners"

Table IV-3 indicates little difference in the rati-os

for groups 1 and 2 into which Y wieners were divided in

order to assess the effect of holding Group I for four

days before wrappingo fhe difference woul-d Iikely have

been greater had Enterococci been present in numbers" All

Packer X samples were the same age when wrapped and

collected, so there was no opportunity to ascertain

whether the ratios for X wieners cooked at different times

prior to wrapping would have been the sameo

In general the results of Series IV show that counts

on X wieners are higher and vary more than courtts on Y

wieners (rables Iv-z and TV-6) " This may relate to the

low proportion of Enterococci present in Y wiener samples

as compared to X wiener samples.

JI

Reasons for this difference may incl-ude the

following:

(f) Difference in the diameter of wieners would

influence the effective heat penetration during smoking

and cookirgt X packs nine wieners to a pound in contrast



to the twelve packed by Y"

(Z) Difference in the oxygen/reduction potential

within the wrapping film. X has recently changed from

Ce1lo \^rrap to Cryovac wrap for wieners i Y still uses the

Cel1o r^/rap" Cryovac is relatively impermeal:Ie to gases

and moísture and appears to encourage Lhe growth of

microaerophiles such as Enterococci. The Enterococci

increase relatively slowly wtren meat is wrapped in the

more permeable cello.

(:) Use of ascorbate by X would add further to

the reducing condition.

Series V

3B

Series III had been designed to include ham but

it was impossible to collect the required packets at

retail level. fhe initial counts (ranfe vrÏ) for ham

strowed a great .r"ti-tion as did counts on many packets of

wíeners. Therefore it seemed important to ascertain t}-e

effect of a week's storage on Ïram, under the same

condition as wieners. Series V was designed to para]lel

Series IV, with ham under investigation instead of wieners.



Time allowed for only one set of results on ham for each

retailer.

Results and analysis of Series V are presented in

Tabl-e V-1, et seq. Comparison of Tables V-I and V-l

indicates that there is less overall difference apparent

between populations on ham from Packers X and Y, than was

evident on wieners.

Ham from looth packers is subject to the appearance

of pín-point colonies and when these are present counts on

X ham are higher than counts on Y ham. Counts on ham from

both packers are either very high if pin-points are

present, or very low if they are not; intermediate numbers

were few.

39

Experiments 1 and I show that on Iong-term storage,

counts are in the range of 2O-2OO million which is too high

for a product which is consumed without further cooking.

Counts at retailer N \^/ere ten tj-mes higher for X ham than

for Y ham at 1Oo c incubation.

However, it is apparent that only a small-

percentage of the pin-point colonies from ham are

Enterococci" Y samples incubated at 37o c (rafle v-l)



bore a great number of pin-points only O.L% of which lvere

confirmed as Enterococci (rante V-11). The percentagie

of Enterococci for X Ïram at retailer N (rabtes v-5 and

V-11) was even lotuer.

In general retailers N and G appeared to favour

higher cou-nts than retailers F and H on ham from both

packers (rartes v-4 and v-B) " This is probably due to

chance distribution of pin-points rather than to retail

handling, little variation in retaif storage temperatures

being noted.

Again it is evident that ratios comparing ham from

packers X and Y are higher when based on counts at

individual- retailers (rable V-9) than when counts from all

retailers are added (raffe V-10) and averaged"

At 1Oo c the raLio X/Y is lower for ham than for

wieners but at ZJo c and J/o c it is considerably higher

than it was for wieners. fncrease in numbers was apparent

on ham samples from both packers at al-l- three incuJ¡ation

temperatures, indicating the presence of a more varíed

bacterial population on ham than on wieners.

4o

The interval between cooking and wrapping tends to



be longer for ham ttran for wieners; some hams being kept

up to ten days before being sliced and wrapped. Ttris

prolonged cold storage allows for considerable bacterial

growth before the meat is shipped,

Tal:le VI-l and VI-2 present the counts on one day

wieners subsamples and shows the variation in numbers

possible, within four packets bearing the same code date"

It appears that for both packers, the winter corrnt seems

to be slightly lower than the sufilmer corrnt. There is

little difference in counts on cello wrapped samples from

both packers taken in the winter. However the count on

Cryovac wrapped wieners from packer X are much higher t'Ïran

on Cello wrapped wieners from packer Y taken in the summero

In general the higher the count, the greater the

variation.

4r

tables

numbers

random

When consideration is given to the fact that the

present counts reduced by 103, the variation in

is sufficient to cast doubt on the value of

sampling as a means of quality controf"

Table VII presents the counts on ham one day after

and wrappingo The same argument obtains here asslicing

,6'"'ffiÞ*"\
$ l¡enånv Ï
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as for wieners i variation is sufficient to make random

sampling doubtful.

Variati on between packets of wieners of one

code date (ratrles VI-l and VI-2) probably relates not

only to the homogeneity of the meat but to the efficacy

of smoking. Points of contact between the wieners and the

stick and between each other may result in lack of

smoking uniformity. The temperature of the wieners on

entering the smokehouse and the height of the wiener on

the sti-ck may influence the internal temperature attained,

as does the diameter of the wiener itself. Further

variation may be introd-uced d-uring tempering to facilitate

skinning and in hand packaging. The efficiency of the

smokehouse is of paramount importance because it is here

that any bacteria present should be destroyed. If the

heat is inadequate to reduce the numbers of bacteria

significantly, smoking may serve to incubate any heat

resistant bacteria present. Many of these are capable

of growing under subsequent refrigeration conditions.

others will grow well at 50o F, the temperature commonly

employed for tempering and- wrapping"
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Variation between packe'ts of ham of one code date

(ratrte vIl-ll) probably results from slicing and hand

wrapping practices. The s1i-ces at each end of the oblong

block receive greater treatment ttran do those in the

centre and might be expected to carry a smaller bacterial

load. Ham is not generally sliced the day it is cooked

but may be sliced to order at the packing house up to

ten days after cooking. Were ham shipped sooner ttre

bacterial population would have less time to increase.

This is the policy behind. the design of new packing houses

with minimum cold storage facil-ities (ZO).

ft has been emphasized that the main responsíbilíty

for high counts must rest with the packer, The retailer's

chief responsibility is to see that the packets are

adequately refrigerated and sold before they become

overage. From Tab1e IX it may be observed that during

the second year survey all four city retailers kept both

wieners and ham for periods exceeding seven days despite

their avowed company policies to the contrary. Code dates

of displayed meats !úere ctrecked, over a period- of four

months every time samples were deposited or collected,

4Z



This was done in an effort to determine whether the time

interval chosen for testing was realistic, Each figure

represents one or more packets of that age present in the

sales counter. These lapses were not the results of

carelessness on one or two days but were fairly consistent.

A minimum of six visits was made to each retailer. These

examinations indicate that more care should be taken in

checking code dates regularly (g) r meats should be sold

in order of receipt from the packer (39, 62) . It cannot

be stressed too strongly that the terms "cured" and

"vacnum packed." d.o not infer s'terility ot even stability.

Ideally the consumer should be able to checl< the code

dates; this would help the heatth inspecLor and encollrage

retailers to compete in rapid turnover. It is to be

expected tha't retail stores in out.lying districts would

tend to have stocks even older than those in the city.

Should retail investigation ever be established,

the method used in Series II provides a fairer assessment

of holding conditions than does random samplíng, which

is of littte value unless the search is for specific

pathogens. Removal of part of a packet to the laboratory
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for testing while leaving the balance with the retailer for

testing later, provides two sets of results economically

and with variation reduced to the minimum. A comparison

of counts from the tests woulo indicate whether the

population was increasing or decreasing.

The same method might well be employed in comparing

the effect of various storage conditions within one

retail outlet; packets could be sampled and replaced above

the load line, ofl bargain tables or under proper

refrigeration for a given interval and subsequently

retes-ted.

Investiqation of Pin-point Coloníes

45

Throughout the survey it was evident that despite

every attempt to avoid errors in sampling and technique,

the interpretation of results was often hampered by the

appearance of very large numbers of minute col-onies "

Sj-nce these were not invariably present their appearance

made it. difficult to compare storage sites. Accordingly

although the survey did not include a breakd-own of total

count into species, it seemed advisable 'to determine



whether the pin-point colonies v/ere likely to influence

Lhe shelf life or wholesomeness of the meat.

The majority of the pin-points grew as sub-surface

colonies on aerobic plat.es, Ïrence transf er by needle was

very difficult (:O). Even those colonies on the surface

did not subculture readily by the usual- methods. Therefore

enríchment cultures for use as ínocul-a in d-iagnostic tests

vì/ere prepared by removing agar containing pin-point

colonies to thioglycol-l-ate broth (13)"

Slides for microscopic examination were prepared by

imprinting colonial growth on a cover-slip by pressing it

firmly on to the exposed colony surface. All the colonies

appeared to consist of Gram positive cocci in pairs and

chains. Trl:ese \^/ere apparently f aecal Streptococci. Tests

for tolerance to temperature, pH and high salt concentration

and biochemical- tests appeared to confirm our opinion"

A duplicate set of diagnostic tests vias prepared for

incubation und-er a CO2 atmosphere in a Brewer iar. Growth

ín these tubes was more rapid and results were available

24 hours earlier than for those tests incubated under a

normal atmosphere" Under aerobic conditions growth was

46



very good in thioglycollate broth to which CaCO3 had been

added, good in trypticase soy broth and brai-n heart

infusion broth but poor in Enterococcus presumptive broth

(o:-fco). Tween BO was added to dilution blanks during the

course of earlier experiments in an attempt to form

homogenous suspensions of fatty meats. Pin-point growth

\^zas apparently stimulated by addition of Tween BO (lZ, 13 )

to plates incubated without added COZ.

There appeared to be sufficient justification -1or

introducing the M-Enterococclr.s agar of Slanetz and Bartley

into 'the routine plating (rables IV-II and V-11). As well,

incubation of plates at 45o c was resumed. Millipore

f ilters and pour plates \^/ere used but although counts

correlated well, there appeared to be no advantage in using

filters in this case. Frequently counting on filter

surfaces was complicated by the development of numerous

colonies. One millipore filter was used at high dilution

however, âs a routine check. It was found to be

4T

advantageous to place the millipore filter disc face down

on the bottom of the Pe'tri dish bef ore adding the agar.

This served to reduce the oxygen tensj-on in the vicinity



of the colonies. Similarly for pour plates an extra layer

of agar was added over the inoculated medium when it had

aa{-

Results of this pilot experiment are included in

Tables IV-II and V-11. It was evident that in some cases

the numbers on plate count agar were far in excess of

those appearing on M-Entero"o""o= agar. fn others, counts

correlated well on both media. Contrary to expectation,

counts were generally reduced on plates incr,¡Jrated at 45o c.

This reduction in numbers could not be attributed to

dehydration because other plates in the same incubator

showed good growLh. Therefore it is apparent that not

aIl pin-point colonies are faecal Streptococci. It seems

probable that among the pin-point colony formers may be

found. S. lactis, Leuconostoc spp. and. Pediococcus spp"

(fO, 29, 38). oddly enough there was better agreement

between counts on plate count agar and Enterococcus

agar for wiener samples than for ham samples, although the

wieners might well be expec-ted to carry a load of

Lactobacilli present in the dried millc added.

4B

It is regrettable in view of the introd-uction of



wrapping films relatively impermeable to gas and to

moisture vapour (ZZ) that an anaerobic survey could not

be carried out. since heat processing is in many cases

insufficient to kill faecal streptococci, it is possible

that spores of anaerobes could also survive, both in

ham and wieners. This question must awai-t investigation.

Due to the necessity for the continuation of

routine sampling and. testing, time was not available to

pursue the identification of those pin-point colonies

which \Mere not Enterococci. Further research is

necessary on this point" The fact remains that the sale

of meats bearing a heavy load of bacteria, regardless of

species, should be discouraged. These may represent

49

species surviving 'L.he cure

íntroduced subsequentlY in

the packer

the packets

house, and

retail.

must bear most

are sealed before they leave the packing

are noL liabl-e to further contamination at

Many ot

consisting of

and heat processing, or those

handling. In either case

of the responsibility since

the samples tested

IO)/gm total count,

met the standard

less than 10 coliforms



and less than 100 Group D Staphylococci per gram as

suggested by various workers. Most samples woul_d have

met 'this stand.ard had pin-point colonies been el-iminated,

Both packers have succeeded in eliminating them from

some packets of ham, and Packer Y has managed to do so

in most packets of wieners. Theref ore it shoul-d be

possible to approach a standard of LO/gm for Enterococci

in processed meats.

have their own standards for various catagories of meats.

The results from tests are not usual-ly available however,

in time to stop shipment of meat which shows a high

bacterial population and which is reported as

"unsatisfactory" (59). Therefore in lieu of a hard and

fast bacteriological standard, it seems that a cod.e of

hand-ling would be easier to enforce. This should insure

adequate heating and cool-ing, use of the correct \^/rap

and mi-nimum inventories for quick turnover at both packer

and retail l-evels,

GeneraLly speaking the packing houses already

5o



Resul-ts of experimental work in seri-es I to series v

include the following gieneral trends :

(f) Counts tended to be higher and to vary more on

meat products from Packer X than on those from Packer Y.

(Z) In general psychrophilic counts increased with

time of refrigerated storage while mesophilic counts showed

corresponding decline " This tendency was more marked wi-th

wieners than with ham and appeared to correlate with the

presence of Enterococci (faecal Streptococci).

(:) Pin-point colonies developing on plates from

wiener samples \^¡ere predominantly Enterococci. Few pin-

point colonies developing from ham samples were confirmed

as Enterococci.

SUI4MARY OF DTSCUSSION OF EXPERTMENTAL WORK

5L

(4) Wiener samples wrapped in Cryovac developed

larger bacterial populations than did samples wrapped in

ce11o. This was probably due to the microaerophilic

nature of the Enterococci.

(i) Variation in both population and species was

apparent in packets of one meat bearing one code date



from one packer.

With these trends in mind it is possible to attempt

to answer the three questíons posed at the outset.

(f ) Ìrlith the exception of the samples harbouring

Enterococci, the initial counts are in conformity with a

heat treated product, bearing in mind the fact that these

meats are hand packaged after heating.

(Z) With the exceptíon of the samples harbouring

Enterococci, the bacterial counts might permit a

reasonable shelf tife, i.". one week at retail. Longer

retail storage particularly of slíced cooked ham, is not

advisabl-e.

(S) The products do not aFpear to be in dangier

causing food poisoning by Staphylococci or Sal-monel-la

spp. The presence of Enterococci does however, serve

a warning that Clostridium spp. may be present. Some

Enterococcal strains may cause food poisoning,

particularly if the bacteria are present in large numbers.

of

AS



Series II involved repeated sampling of weiners from

single packets and replacement of packet for further retail

storage between samplings.

Results of each experiment are presented- as total

counts reduced by 103 for each temperature of incubation.

In order to facilitate tabulation the packers are

labelled X and Y; the retaíIers are labelled A, B' Ct etc.

The letter rrlJtr denotes samples held ín our laboratory cold

room at 30 c. Addítion of a subscript numeral to the

letter indícates the age in days of the sample from that

retailer. e.g. 44, A6, 413 would denote samples held by

retailer A for four, six and 13 days respectively.

Analvses of results are presented in the form of

ratios of total counts. These may be used to compare

populations at different times at one site. For example,

if the ratio of final count/ínitial count is gireater

than unity, dD increase in population has occurred; íf

less than unity there has been a decline in numbers.

Ratíos may also be used to compare growth at

different sites provided there ís no more than one

GUTDE TO TNTERPRETATTON OF TABLES FOR SERTES ÏT
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variable. e.g. for a stated time interval íf ratio total

count at e,/total count at B is more than unity it follows

that sample held at A has a higher population than that

held at B.

Use of Ratio Table involved pJ-acing the count from

the horízontal listíng over that on the vertical. For

example, to compare the psychrophil-íc count on samples

held at U for four and thirteen days in the first experiment

At 1Oo c the f igrure for U13 was f .1 while f or U4 it was 0.1.

Solving the ratio T .L/O.l yields a value of TI.O

indicating an increase in population by a factor of TL.

Similarly comparison of A5 with E5 gives 9/L. Thus

sample at A has nine tímes the population of that at E

at six days.
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serl-es l-I

Table IT-1, Packer Y Cel1o Wrap Weiners at Retailers A.
E. U. Total colony counts x 1O3 based on
repeated sampling at íntervals from one
packet at each retaíler. All packets bore
the same code-date,

Incubation
temperature Retail site and age in days of sample

u4 IJ6 ur3 A5 Ar3 E5 Er3

rooc o.r 0.5 T.r 9.o 8.6 1.0 0.3

z'o c r. o r.D 5. B 10. o 4.2 L.6 r.9

3To c a.o 1.4 o.T 2.5 1.0 1.3 2.4

55

Total colonv counts x 103



Tab1e TL-2. Comparative growth ratios based on data from
Tab1e TI-1.

loo c Sample
Site
and age

UlrT

u6

ur3

^6
E5

Er3

u6

Ratios

ur3

qC)

25o c

h{-)

TI.O

!4.2

A6

u4

u5

UraJJ

A.
O

E5

Er3

Ar3

1.8

oa)

E5

L.2I

o.96

)r?

r.5

Er3

2"O

0.11

58"O

3.8

0.3

a\t\J.J

6,6

6.2

o.T

Iì ll-

l_.r

o.2

0.3

r"2



Table r.T.-2 (cont).

370 C Sample
Site
and age

UJ'
I

U.
O

ur3

A6

E6

Er3

u5

Ratios

ur3

r\E

5T

ÔD

o.5

A5 Ar3

1.8

'to

E5

1.4

0.4

ô)r

E13

ôo

o.5

c)tJo"-r

1.8



Table IT-3. Packer Y Cello Wrap Weíners at Retailer E.
Total colony counts x 103 based on repeated
sampling from single packet.

Incubation Retail site and Growth ratío at T days
temperature age of sample final count/initial count

lOO C

25o c 60.0

Total colonv counts x 103

3TO C

ET

I,6

5B

1.3

Er lrIT

86. o

89. o

LT.T

55.o

r.5

13 .4



Table II-4. A comparison of seven-day ratios on Y weiners
of two different code-dates held at same
retailer E. Data from tables I-I-2 and II-l '

Incubation
temperature

too c

250 C

3TO C

J9

Ratios

55.o/o .3

L.5/L,2

ß.5/r.B



Table If-5. Packer X Ce11o Wrap Wieners at Retailers B

and U. Total- colony counts x tO3 based on
repeated sampling at intervals from one
packet at each retailer. All packets bore
ttre same code-date.

Incubation
temperature Retail site and age in days of sample

u4 ü5 vzz B6 Bg Bzz

loo c 0.1 6.0 2ooo . o o .T 2 .o 15oo . o

25oc L5.5 BZ.O 12OOO.O 5.5 3.5 2400.0

3To c 110.0 1ro.o T5.o 4.5 2.o 1700.0

6o

Total colonv counts x 103



Table Lf-6. Comparative growth ratios based on data from
Table TI-5.

1oo c Sample
site
and age

Ur,+

rt5

IJ^ ^

B5

BB

Ratios

u5

nrO ^1) \-

6t

uzz

6o.o

u4

ü5

vzz

B6

Bg

333 .0

B5

370 c

Bo()

0.1

s.2
) o)

Bzz

')u

U,IT

v5

vzz

B5

Bg

146.0

o.T

750.o

\).(

0.0

air

ôÃ

700.0

o.6 <0.1

l_LL- I )

<0.1

Or ^Q).v



Table ff-|. Packer X Cello Wrap tr{einers at Retaílers A
and. C. Total colony counts x 103 based on
repeated sampling at intervals from nne
packet at each retailer. All packets bore
the same code-date.

Incubation
temperature Retail site and age in days of sample

looc 25.O B.O BOOOO,O 130.0 2O.O

25o c g5.O B.O 24ooo.o 2oo.o 5o.o

3To c T5 .o 50 . o 140 .o 2oo. o 45 ,o

Total- colonv counts x 103

6z

A^
7

A-) Ar9 C-
.)

c5



Table II-8. Comparative
Table rI-7.

loo c

growth ratios based on data from

Sample
site
and age

A3

A-)

"3
c5

Ratios

^3

25o c

oJ

A5

A3

A5

a)h

or9 
"3

3To c

c3

c5

10000.0

o.5

A-
7

^5

c5

5.2

C-
5

c5

3000.0

o.2

0.4

2.r

1.1

T\)V¡J

2.5

D^

ô2



Series III

Table III-1. Packer Y Ce1lo Wrap Weiners at Retailers D

and H. Total colony counts x 103 based on
four day-old subsamples from Packer Y. The
four counts on Packers subsamples are
averaged and reported as the mean (¡nf) for
initial count. One subsample at each
retailer was taken seven days later;
reported as DB and Hg respectively. The
average of both retaíl counts is reported
as Mg for comparative purposes.

Incubation
temperature Sample site and age of sample in days

M1

loo C 0.6

z:-o c 1.8

3To c 1.4

64

Tota1 colony counLs x 103

Mg

L.6

Oa)

7.4

Dn
Õ

10

3.0 15.0

1.8 13 .0

Ho
cl

r.3



Table IT.I--2. Comparative growth ratios based on d.ata from
Table III-1.

1oo c Sample
site
and age

M1

Ratios

z5o c

M,r
ö

Dg

o,

Mg

Hoo

M1

MB

Doo

Hg

'¿.Õ

3Ta c

Dg

r.2

r.5

Ml

5.0

Mo
ö

Hoo

Dg

Hg

0.8

o.T

L.6

0"3

o.2

5.3

B.¡

L.7

5.o

1.3

ÔD

0.1

(J ?

r.7

l.r



Table III-3. Packer X Ce11o Vürap Weiners at Retaílers f,
H, G and D. Total colony counts x 103 based
on four day-old subsamples from Packer X.
Four counts on Packer's sr-ilrsamples are
averaged and reported as the Mean (¡nf ). one
subsample at each retailer was taken seven
days later; reported as IB, HB, GB and Dg
respectively. The average of all retaíI counts
is reported as Mg for comparative purposes.

Incubation
temperature Sample site and age j-n days

M1 MB Ig Hg GB DB

loo c 1. O 73 .9 100 .0 180 .0 r2.5 3 .3

z'o c a . I jj6 .o 1ooo. o BT5 .o 150. o 2oo. o

3To c L.T 232.0 BT. o 640 . o 46. o LTD .o

66

Total colonv counts x 103



Table III-4. Comparatíve growth ratíos based on data from
Table III-3.

loo c Sample
site
and age

M1

M.to

IB

Hg

Gg

Dg

Mg

Ratios

o/

't 1 (J
lJ.)

ïg

250 C

100 .0

1.3

Hg

M1

Mg

ïg

Hg

Go
C)

Dg

r8o .0

)r¿.+

1.8

Gg

o,6

0.8

30 .3

L79.3

L2.5

a)2

o.1

<0,1

¡l)
J.C)

Doö

?cD 6

1.8

1.4

ah^

<0.1

<0.1

<0.1

<0.1

282.O

L,6

o.9

1.1

6.6

5.o

48.3

0.3

o.1

ô)

64.5

0.4

ti /

ÔD

1.35.8

L)l o.7



Table III-4 (cont. )

3To c M"l-

Mg

IB

HB

Goö

Dg

Mg

L36.4

ïo
Õ

5r.2

0.3

0.1

L.9

o.5

Hg

376.5

¿. I

7?l.J

13.g

J.O

6B

Go(J

2T,L

ÔD

.ìtr

<0.1

ô?

Doo

ro2,9

o.T

orl

tt I

aÕJ.0



Table TIr-5. Packer X Cryovac Wrap I{einers at Retaílers D

and F. Total colony counts x 103 four day*
old subsamples from Packer X. The four counts
on Packers subsamples are averaged and
reported as the Mean (¡,tf ) for initíal count.
one subsample at each retailer was taken eight
days later; reported as D9 and F9
respectively. The average of both retail
counts is reported as M9 for comparative
purposes.

Incr-rbation
temperature

1Oo

^-O

-nO)t

69

M1

IT.2

7LT .2

ooô r^)

Total colonv counts x 103

Sample site and age of sample in days

M9

7505.o

L253B.o

L2665.o

Dn
Y

15000 . O

25000 . o

25000 . O

"9

11.0

T6.o

330.0



Tabl-e IIT-6. Comparative growth
Table III-5 

"

1oo c Sample
Site
and age

ratios loased on

M1

Mot

F9

Dg

z5o c

Ratios

M^
Y

7o

data from

435 O

M1

M9

lil

,g

3To c

869.5

1Oto,./

L363.6

D9

F
Ŷ

L7 .5

M1

u.o

<0.1

<o.1

M^
v

Fg

D9

20,9

T,9

328. o

l,2,4

0.1

<0.1

<0.1

2,O

T6 "o

75.5

0.3

ô?

<0.1



Guide to the Interpretation of Tables for Series IV and V

Use of bulked samples from packets of one code date

at both packer and retailer allows presentation of the

results of eight tests to be made in one table. For each

code date the first site given is the packer (x or Y);

below this is the site of retail storage (N, F, H, or G).

ResulLs of previous series ì^zere based on the age

since the code date was applied, i.e. since the wrap was

placed on the meat. For purposes of comparison with the

results of other series, the ratio tables are agaín based

on the age of the packet. An additíonal column however

is íncluded in the tables of total counts, díviding age

into "since cook" and "since v/rap". This was made

necessary by the reaLization that there is frequently a

dífference in the time interval between cooking and

wrapping, which interval may be as long as ten days.

Ratios based on the age of the cooked meat rather tÏran of

the packet might have been considerably higher.

7T
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SETAES IV

Table IV-l. Packer Y Cello Wrap Weiners at Retailer
Nr^F, H, and G. Total colonY counts x
10J based on quadruple sampling at both
packer and retailer. All samples bore
the same code-date. Four \Mere left at
one retaíler for six days whíle the
remaining four \¡¡ere tested the day of
coll-ection. The four subsamples were
pooled for testing in each case.



Since Sínce
Expt. Site cooked wrapped 1Oo c 25o c 37o c 45o c

1. Y 4 I 3.8 5.2 4.2

N 10 T 6.4 7.6 6.8

2. Y I 0 r.T T.B 6.r

N 7 6 o.B 4.3 2.5

3. Y 4 1 0.6 L.T r.g

F 10 T L.6 2.r 1.8

4. Y 4 l- z.D 1.4 t.z o.l
F 10 7 0.5 1.4 r.1 O.4

5, Y I 0 1.1 2,L 1.4

H T 6 4.4 r.7 r.T

6, Y 1 o r.6 2.9 4.2

H T 6 1.1 O.B L.2

T, Y 4 r 2.4 LO.T O,T

G 10 T O.B 0.6 O.T

B. Y 4 o 0.6 3.j 3.7

c 10 6 L,2 3.2 2.7

Aqe ( davs ) plate count asar incr-rbated at

Total colony counts x 103

73



Table IV-z. Packer Y Cello lVrap Wieners. Range of
total colony count x 103. Data from
Table IV-l, based on 16 samples to each
group.

Group I

Tncubation Range Average Range Average
temperature

looc 0.6-r"T 1.3

z'o c z.t-T .B 4. r

3To c r.\--6 .7 4 .0

Group Iï

Total colony counts x fO3

74

0 davs

Davs since wrapped

looc 0.6-3.8 2"3

zjo c 1.4-10.6 4.1

C,zOr.^r7 ltaô^3(- u v.(-+.¿ ¿.v

6 days

I de¡¿

o.B-4.4 2.6

o.B-4.o 2.6

r.2-2.7 2.O

Õ.5-6.4 2.3

ô6,-z^cov.'.) I.\/ ¿t)

o "T-6 "B 2.6

7 days



Table IV-3. Packer Y Ce11o Ï{rap Wieners. Comparative
growth ratj-os from averages in Table IV-2
representing average population change on
Y wíeners at all four retailers duríng
six storage days.

Group ï

Group ïï

Average,
retaílers

loo c

7trI)

*A ratio of less than unity
numbers; ratios greater than
in over the six day storage

L.5

1.O

1.3

Ratios* at

z5o c aTo c

U.O

0.6

o,6

represents a decrease in
unity represent íncreases

period.

nÃ

1.3

no



Table TV-A. Packer Y Cel1o Wrap Wíeners. Comparatíve
growth ratios for wieners at individual
retailers. Data from Table IV-l.

Expt.

1

2

3

4

tr)

6

T

B

Retailer

N

N

F

F

H

76

Ratios at

loo c

r,T

o,5

c)t

tt/

3.8

O,T

ôa

DR

H

G

z1o c

1.4

Õ6

1.3

0.0

0.8

al?

0.1

o.9

3To c

L.6

o.4

ôo

ôo

L.2

0.3

1.0

o.7



ryrytí

Table IV-5. Packer X Cryovac Wrap Wíeners at Retailer
N, F, H and G. Total colony counts x fO3
based on quadruple sampling at both
packer and retailer. All samples bore the
same code-date and were taken from the
wrapping line together; four v/ere left at
one retaíler for six days while the
remaining four \^zere tested the day of
collection. The f our subsamples vTere
pooled for testing ín eacÏr case.



Since Since
Expt. site cooked wrapped 1Oo c 25o c aTo c 45o c

Ase (d.y") plate count agar incubated at

g x 1 0 10 .0 2rr.o 189 .0

N 7 6 170.0 3OO.O 6OO.O

10x1O5O.012OO.O 2OO.O

N T 6 120 .0 1860 .0 2100 .0 430O. O

11 x I O 2.2 2500.0 25OO ,O

F T 6 59To .o 7180.0 7750 .o

Total colonv counts x 103

LzXlO

FT6

7B

13 x 1 O 15.0 r57.O rT3.O

H T 6 l8o.o 4zo.o 460.0

14 xx I o 2,9 to. B B.z

Håí T 6 2o.o 65.4 62.6

L5x10100.0238.0200.0
c T 6 3.0 6.O 12.0

L6 x 1 O 3.0 L66,O 121.0

c 7 6 B.n 36.0 64.o

*These packets contained slim wieners (te per 1b) símilar to
those of packer Y. All other packets from packer X contained
9 per pound.

2 .5 500 .0 500 .0 5 .o

o.4 6oo.o 450.o 4.0



Table IV-6. Packer X Cryovac Wrap Wíeners. Range of
total colony counts x lOJ on wj-eners of
the same age from all four retailers.
Each average based on J2 packets represents
the count at one temperature. Data from
Table IV-5.

Incubation
temperature

T9

10o c

z'o c

3TO C

Range

Total colon

2 . 0-1000 .0

10. o-250o.0

B.o- eoo.o

Days since wrapped

Average

counts x 1O3

D?D T^)

572.o

986.o

Range

6

o "4-59To.o

36. o-Zr8o . o

6z.o-TT5o .o

Average

Bo9. o

13OB. o

1439. o



Table IV-7. Packer X Cryovac Wrap Ï{ieners. Comparative
six day growth ratios based on averagie
total counts from four retailers. Data
from Table IV-6.

Average,
retailers

Bo

Jo)

Ratics at

)? L.5



Br

Table fv-B 
"

Packer X Cryovac Wrap
six day growth ratios
individual retailers.

Wíeners. Comparative
for wieners at
Data from Table IV-5"

Incubation temperature

Expt. Retailer loo c cr,o ¡ 3To c

9

10

11

L2

13

14

'1 6

T6

N

N

F

F

H

H

G

G

TT.O

))r

2722.O

o,2

12.O

o,9

<0.1

2"8

L,5

r.5

T,2

2.6

6.t

0.1

alD

0.5

?Ã

a\o

7,6

0.1

o,5



Table IV-9. Wieners from Packers X and Y. A comparison
of wiener populations using ratio averages
(inoiviaual retailers) trom Table rv-B and
IV-4 respectively. Results are based on
LzB samples, 64 from each packer. of these,
32 samples from each packer \¡¡ere held at
retail.

Retai-ler loo C

N

F

Bz

UA
vt)

1027.0

)r n

ôov.)G

Ratío s x/Y at

z5o c

L.5

B.r

a))

370 c

T,9

c)t

iì (l

0.3



Table fV-10. Wieners from Packers X and Y. A
comparison of wiener populations
ratios from Tables TV-7 and IV-l
respectively. Results are based
packets, 64 from each packer.

Retaí1er

Average,
retaílers

B:

using

on ]-2B

loo c

^O¿.o

Ratíos

25o c

J.l

3To c

L.6



Table IV-I1. Countsx of Enterococci x tO3 based on
quadruple sampling of wíeners at both
packer and retailer. Counts hrere made
on M-Enterococcus Agar (oitco).

Packer Y

Expt.

Site of

Sampling

4

Y

N

Y

F

Y

H

Y

G

Cooked Wrapped

davs ) since

6

I

T

4

10

I

T

4

10

B4

B

0

6

I

T

0

6

o

6

Colon

1oo c

Packer X

10

counts x

u.o

o.1

o.1

250 C

12

103 at

X

N

X

F

H)ilÉ

1.3

0.1

3TO C

14

0.4

1.1

0.1

0.1

0.1

0.1

0,1

1

T

1

T

1

T

450 c

0.1

0.1

o

6

o

6

o

6

200.o 1600.0

Aeoo . o

2960.o

1000 .0

1000 .0

14 .0

6a )rvJ¡ ¡

T,2

0.1



Table IV-ll (cont.)

L6

+For parallel total counts see Tables fv-l and IV-1.

x*These packets contaíned 12 wieners/tA as did all Y

packets. Packer X normally packed nine wieners per porrnd.

X

G

1

.7
l

0

6

B5

0,1



('\ /'
OO

Series V

Table V-l. Ce1lo Wrapped Sliced Cooked Ham from Packer
Y at retailers N, F, H and G. Total colony
counts x 103 based on quadruplicate sampling
at both packer and retailer. Of eight sub-
samples collected from packer, four lr¡ere
left at one retailer for seven days. The
remaining four were stored for one day at
30 c (u) then tested. In each case the four
subsamples were pooled for testing. All
subsamples came from wrapping line together
and bore the same code date. Plate count
agar was the medium used.



Since Since
Expt. site cooked wrapped loo c z5o c aTo c 45o c

1 Y* T 2 27L.O 22.4 rT .5

N* 20 t5 20000.0 7500"0 7500"0 2.o

2 Y 6 I 1.5 L2.6 13.4

F 13 B LT.6 3g.B 3B.g

3 Y** 2 O 0.3 6.6 7.9

H 9 7 1"0 l-1.0 9"0

4YT1t.o3t.42B,B
c 14 B 5OOO.O 6OOO.O 2696.0

*Delayed one week at retail"

i+åêTested immediately, not held 24 hours,

Aqe (davs) plate count agar incubated at

Total colonv counts x 103

Br



Table V-2. Packer Y Sliced Cooked Ham ín Cello tr{rap.
Range of colony counts x 103 on ham packets
of same age from all- four retailers. Each
average represents the count at one
temperature on 16 packets. Data from Tabfe
v_].

Temp. Range

loo C O "3-2Tr.O 63 ,O

25o c 6.6-3L.4 1B.o

3To c T .9-28 "B tT "o

one dav since wrapped ten davs since wrapped

Total- colony counts x tO3

BB

Average Range

1.0-20000.0 6255 "O

11 . o-75O0 .,0 33BB .0

g .0-7500 . o 2567 "o

Average



Table V-3. Packer Y Sliced Cooked Ham in Cello Wrap.
Comparatíve seven day growth ratios based
on average total counts from four retailers.
Data from Table V-2"

Average,
retailers

xThese ratios represent the increase in totaf population
over a seven day period at retail" Thus at 25o C the
average increase in population on ham for all four
retaifers \^/as by a factor of 188.2.

lOo c

Bg

OO?

Ratios at

250 C

188.2

3To c

r5o.6



Table V-4. Packer Y Sliced Cooked Ham in
Comparative seven day growth
ham at indívídual- retailers.
Table V-1.

Expt.

I

¿

3

4

Retailer

Cel1o Wrap
ratios for
Data from

N+ç

*Time ínterval in this

F

H

qo

Ratios at

foo c

74.o

L.2

3.0

50oo.0

instance was

G

250 C

312.0

3.1

L.7

194"0

13 days.

37o c

4zT.o

DO

1"1

93 "o



9r

Table V-5. Cello Wrapped S1íced Cooked Ham from Packer
X at retailers N, F, H and G, Total colony
counts x 103 based on quadruplicate sampling
at both packer and retaíler. Of eight
subsamples collected from packer, four v/ere
left at one retailer for seven days. The
remaining four were stored for one day at
30 c (u) then tested. In each case the four
subsamples v/ere pooled for testing. All
subsamples came from the wrapping line
together and bore the same code date. Plate
count agar v/as the medium used.
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Table V-7. Cello Wrapped Sliced Cooked Ham from Packer
X. Comparative seven day ratios based on
average counts from four retailers. Data
from Table v-6"

Average, 134"0
retailers

loo c

94

Ratios at

250 C

1523.O

370 C

3627 .o



Table V-8. Cello Vlrapped Sliced Cooked Ham from Packer
X. Comparative seven day growth ratios for
ham at indivídual- retailers. Data from Tabl-e
v-5.

Retailer

NåÊ

F

H

G

too c

30000 .0

L.65

460 . oo

4rz.o

(lh

xIn this instance there was an interval of 13 days.

Ratios at

250 C

10000.0

130. O

r40 .0

22L4.O

3To C

17000.0

rT2 "O

121"0

264.o



Table V-9. Cello !{rapped Sliced Cooked Ham from Packers
X and Y. A comparison of ham populations
from packers X and Y, using average ratios
from Tables V-B and. V-4 respectively. Based
on 64 packets, 32 from each packer of which
16 represent retailers.

Retailer loo c

F

qf)

4o0.4

1 .41

153 " 30

0.10

Ratios X/Y at

250 C

32 .O

4L,9

84 .3

11.4

370 C

39 .0

59 "3

r07.1

^Oé.\)



Table V-10. Cello Wrapped Sliced Cooked Ham from Packers
X and Y. A comparison of ham populations
from Packers X and Y using ratios from Tables
v-T and- V-l respectively. Based on 64 packets,
32 from each Packer.

Average,
retailers

10o c

9T

r"4

Ratios x/Y at

250 C

B.r

3To c

24.1



Table V-l-l-. Counts* of Enterococci x 103 based on
quadruple samplíng of CelIo Wrapped ham
at both packer and retailer. Counts vrere
made on M-Enterococcus Agar (Oifco).

Packer Y

Expt. Sampling cooked wrapped lOo c 25o c 37o c 45o c

site of Ase (days) since colony counts x 103 at

4Y

G

Y

N 20 L5 O.r 7.6 0.1

Packer X

9B

7r
T4

BX

G

x 5 I 5.L

N 18 14 o. t 10.0 28. O 0.1

0.4

*For parallel total counts see Tables V-l and. V-1.

L2.O

T1
14 50.0



Table VI-l. Varíation in initial colony counts orr four
packets of day-old wieners from Packer Y.
All packets bore the same code d.ate.

Group

1.)Ê

Season

Winter

Wrap

Cel1o

Total- col-ony counts x 103

Summer

99

100 c

0.8

o.9

0.1-

0"5

aJr Ã

cÃ

2.3

1"1

)D

2.5

2"3

r.T

Ce1lo

25o c

Summer

Dñ

2.O

L.6

1.1

6o.o

OO

)r^

0.5

1.0

1.4

6,o

0.9

*Counts from Group
M, used ín Table

3To c

Cello

I.2

r.6

2.L

r.7

L25 "O

elO

?u

o.4

1.1

1.3

aô

J.u

1.0

I were averaged
TIT-1.

to gíve initial count



Table VL-z 
"

Variation in initial counts on four packets
of day-old wi-eners from Packer X. All
packets bore the same code date.

Group

1*

Season

Winter

Wrap

2x

Cello

Total colony counts x 103 at

100

Summer

lOO C

o,T

nJr

c)s

a\o

11.0

OÔ

48. o

r1 .0

crì

0.1

tì2

0"4

Cryovac

250 C

2.O

2"6

c)r

960.o

300.0

r5o0.o

IIO. O

9r.0

170 .0

22rl
JJ ¡v

160.0

Summer

*Counts from Groups
initial- counts (¡,if )

370 c

1.4

2.r

L.5

Dñ

1300 
" 
o

500 .0

1500.0

162.o

48.o

108 .0

- 
l.

^Jt).1

119 .0

Cryovac

I and 2 were averaged
in Tables III-3 and

to yield the
III-5 respectively.



Table VII. Variation in initial colony counts on four
packets of cello wrapped ham from Packer X,
All packets bore the same code date and
were examined the day after wrapping.

Group

Total colonv counts x 103 at incubation temps. of

loo c

21"0

15.4

45 .0

L2 "3

53.o

TTO "O

t01

250 C

16 "T

11.3

4r.o

l-9.7

/to r)

58.0

c ,zO r-
JI U

1.1

L,5

ÔO

JJ ov

5"L

4.2



Table VIII. Facilities available at the various retailers
included in the surveys f, II and III.

Retailer

A

B

closed case at 36o r; walk-in at 35o r'. Does
own slicing as well as handling pre-sliced meats,

open case at 27o E; walk-in at llo F. No
slicing facilities.

open case at 2Oo F; walk-in at 34o r, No slícing
facil-ities.

open case at 31o F; walk-in at 34o ¡'. No slicing
facílitíes.

Closed case at 3Bo ¡'; walk-in at 35o F. No
slicing facilities,

D

G

L

Facilities

M

ro2

Closed case. Store closed during course of
investigation,

open, double-deck case at 3Bo r overhead lights.
Walk-in at 3Bo f. Does own slicing.

E Open, double-deck case, Store closed during
course of investigation.

F open counter at 4Oo }'. Walk-ín at 3Oo F.

H open counter at 29o E. watk-in at 35o F.

I Double-deck open counter at 3To T. Walk-ín at
3To F. Delicatessen section with closed counter,
Does own slicing,

J and K Department stores, open counter type. Do o\ún
slicing.

U University walk-in at 37 "5o F.



Table TX. Facílíties of retaílers
and V. An indication of
wrapped is given,

Retailer

N Samples kept in walk-in at 3Bo tr'.

Packets of the following types and ages were noted.
Packer X wieners, ages 5, B, 9, 11, 14 days.
Packer Y wieners, ages 4, 5, 61 91 10, L2, 14 days.
Packer X ham, none.
Packer Y ham, ages I, 5, 11, 13, 14, LT, 79, 32,

35 days.

F

included in Series IV
age of stocks since

Facilities

SampJ-es kept below counter at 34o ¡'.

Packets
Packer
Packer
Packer
Packer

r03

H

Packets
Packer
Packer
Packer
Packer

G Samples

Packets
Packer
Packer
Packer
Packer

of the following types and ages v/ere noted,
X wieners, ages 4, 4, 13, 14, L4, L6 days.
Y wieners, ages 4, 7, B, If, 14, f4 days.
X ham, ages 1, 6, 6, 7 days.
Y ham, ages 5, 6, If, L2, lB days.

Samples kept in walk-in at 35o F.

of the following types and
X wieners, ages I, 5, 9, 11
Y wi-eners, ages 5, 6 , 6, 6,
X ham, none.
Y ham, ages L, 6, 6, 6, T ,

kept in walk-in at 34o r'.

of the following
X wieners, ages
Y wieners, ages
X ham, none.
Y ham, 9 , 14, LT

ages were noted.
days.
T , 7 days.

7, 13, t4 days.

types and ages were noted.
2, 6, 12, 14 days.
3, 4, 5, 5, 5 days.

days,
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Conclusíons recrardinq the síqnificarìce of meat-borne

Enterococci in pr:blic health and industrial practice.

From the foregoing summary of the experimental work

it is evident that the Enterococci may constitute a problem

not only to the meat packers but to public health offícials.

Ttre sporadic appearance of very large nunücers of faecal

Streptococci from time to time tends to inval-idate the use

of random sampling as a control measure. It also

complicates the setting up of bacterial standards based on

a total count; hígh total counts may present an artifical

picture unless ttrese are paralleled by high counts on medía

selective for Enterococci. These organisms are difficult

to eliminate ín the course of processing" Furthermore they

gro\^/ readily under cold storage conditions particularly

when the meat is wrapped in an impermeable film,

Reference to the literature revealed that in recent

years the EnterococcÍ trave been recognLzed as a major

contaminant in processed meats although there appeared to
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be few cases where wieners with very high counts of

Enterococci have been reporbed (6, 25, 26, 54), This may

be due to the fact that workers at packer laboratories may

not observe them during routine surface counts. The

colonies are minute and might tend to be overl-ooked

particularly if low diluLions are used. As well, because

of crowding and because of the masking effect of the

d.iffuse meat inoculum the minute col-onies are often difficult

to recognize.

The presence of Enterococci as evídence of under-

processing of ham has been of concern to a number of

investigators (5, 16) and. was noted frequently at the

First International Symposium on Semi Preserved Meats at

Lille in L955 (25, 44) . Even more concern may be

LL6

occasioned by the very high counts of Enterococci in wieners.

Wieners being smaller should require Iess heat treatment

than a ham. Streptococcus faecium of bovine or porcine

origin frequently survives smokehouse temperatures. This

species appears as pink or whj-te colonies on M-Enterococcus

agar. In contrast S. faecalis of human origin, forms dark



red colonies on this medíum, Streptococcus faecalis was

seld-om encountered. in this survey, indicating relatively

tittle human contamination, The prevention of access by

S. faecium to meats can only be accomplished by the

avoidance of agonal bacteraemia initially and by strict

hygiene thereafter (25, 26, 54) . Many workers believe

that the Enterococci represent a surer index of faecal

contamination in meats than do the coliforms which

frequently fail to survive processing.

A process which fails to elíminate the microaerophilic

faecal- Streptococci must be regarded as inadequate because

these organisms prepare the way for growth of the strictly

anaerobic clostridia with whích they are often found in

direct association in the gut (26). Ingram attríbutes one

basic cause of meat spoilage to the failure to eliminate

the Enterococci-Clostridial faecal association together with

the micrococci (26). Not only are the Enterococci involved

in the production of greening (25,30) and of cheesy and sour

flavours, but they are implicated in cases of food

poisoning though there are relatively few outbreaks

reported in view of their wide distribution

LIT



Host susceptibility and the potency of various strains may

vary. Enterococci may invade the bowel and may also

produce an enterotoxin (60). Numbers are important, e.9.

cases were caused by ham and beef bearing 3.5 x 106 and

Ê
4,5 x loo Enterococci per gram respectively (r4o). Meat

a

showing no obvious sign of spoilage and. bearing I x l-Oo s.

faecalis per gram was also responsible for an outbreak (ff¡.

fhe first case reported involved canned wíeners.

The committee suggesting a code for ham at the L955

symposium on semi-preserved meats (eB) maintained that faecal

Streptococci should be absent. They also gave as their

reasons the following pointst (1) raecal origin, (ii)

evidence of underprocessing, (i-ii) clostridial association,

/, \ . - f \ .(i.r) implication in spoilage, (t) implication in poisoning.

The problem thus becomes one of Ïrow best to eliminate

Enterococci from meat should they gain access to it. They

tolerate a wide range of pH, a high salt soncentration (6)

and a low Eh (f+¡. fheir resistance to penicillin enables

them to increase as col-iforms decline. Enterococci can

survive freezing (S>) and may grow at Oo c and !o c (zt, z5) ¡

they resist any practical level of irradiation (17) -9.. faecium
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even more than S. faecalis.

effective agent though here

resistant.

Goldenburg et al (Zf) found it necessary to maintain

a temperature of T5o c for one hour in the centre of a ham

to destroy an inoculum of tOO x fO6 faecal Streptococci

within the bone cavity; hams treated at BOo c \Mere over-

cooked and those held at 65o c still contained viable

organisms.

Thatcher and Ross (Sn) reported that Enterococci

Heat

again

appears to

S. faecium

survived in LOft of frozen pies cooked accordíng to

instructions on the packet. Meat particularly if it is

fatty, protects bacteria from the effects of heat; a coccus

isolated from ham withstood 40 mins at 1500 F in vitro but

when tested in meat it survived 400 mins at that temperature

(5).

United States Federal Regulations call for an

ínternal temperature of 66o C in the geometric centre of a

ham but producers have voluntarily raised this to TLo C in

an attempt to timit faecal Streptococci to IO/gm (46).

Some workers believe one hour at 7Oo C to be too severe

be

is

LL9

the only

unusually



and therefore impractical, it being better to rely on good

hygienic practice than to manufacture dry friable ham (Zf).

The same argument can be applied to wieners because pork

is more susceptible to heat than most meats (4f)

particularly when it is comminuted, cured and smoked; protein

breakdown releases fat from the emulsion and. causes shrinkage.

Ttre internal- temperature chosen must be a compromise between

excessive shrinkage and the need for killing bacteria (26).

If the packer cannot heat to kill he must attempt to

eliminate the source of contamination (Z>) 
"

Typical putrefaction j-s an anaerobic process and

the addition of nitrate to meat is designed to maintain an

aerobic condition in the bacteriological sense, preventing

the growth of strict anaerobes and subsequent putrefaction

ßZ) . It would seem then that the use of ascorbate and of

film wraps ímpermeable to air, such as Cryovac and Saran (ZO,

p. 22) as a means of preventing oxidation in cured and

smoked meats, is contradictory. Furthermore these packing

films tend to retain surface moisture conducive to rapid

microbial growth (47). Sixty percent moisture content ís

permitted in wieners and any lowering of water content would

L20



result in a weight loss and consequent financial loss.

Introduction of more permeable film wraps might also

necessitate some modifications in government regulations

govèrning weight loss.

Apart from the advent of refrigeration perhaps the

greatest change in meat processing of late has been the

trend to prepackaged convenience foods (40, 47, 6Z). It

ís questionable whether consumer demand for these should

be paramount when such conveniences may induce health

hazards. Questíons of weight, color and attractive display

must be weighed against possible dangers implícit in an

anaerobic pack. Shoutd the consumer prei-'er skinless wieners

of sliced ham for convenience, wrapping in cello appears to

be safer than wrapping in Cryovac. The use of the latter

\Mrap may involve an unwarranted risk as it appears to

favour the growth of Enterococci and would atlow the growth

of Cl. botulinum shoul-d it be present in the meat.

L2T

Accordingly, unless a standard is set up at packing house

level limiting the permitted number of Enterococci to l-ess

than ten per gram, it seems that the use of a breathing film

wrap affords one of the few effective means of control in

holding numbers to a safe level.


