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INTRODUCTION

The self service type of merchandising was developed
during the depression years of the 1930's, The primary
reason behind this was to cut down the cost of labor in
operating the store, as the customers served themselves
instead of having a clerk assist them,

In the beginning, this type of merchandising was used
only for dry groceries which had a long shelf life, After
the development of ways to display such products as fruits
and vegetables, this service was also extended into the
frult and vegetable departments with sucess, The develop-
ment of the open refrigerator case enabled the markets to
sell cold meat and dairy products on a self service basis,

Todey we find that the trend is to merchandise all food
products on a self service basis, It was not until 1942,
however, according to Gilchrist (9), that fresh meat was
offered for sale on a 100% self serve bssis, Gilchrist (8)
indilcates that it was inaugurated in the Los Angeles area
at the beginning of the last war (1941) when there was a
shortage of labor, He also points out, that due to opene
top refrigerator cases not being available, there was no
immediate expansion of the self service type of meat
merchandising, ' He estimated that by the summer of 1946,
there were only twenty five retail meat departments on a
self service basis, With the close of the war the opene

top refrigerator case azain became avallable, and many



merchants throughout the United States began to convert
to 100% self service retailing of meats,

The growth in numbers of stores offering self service
(28) says that as of April 1, 1948, there were 178 stores
with 100% self service, The same day one year later there
were 878 stores,

This rapid growth of self servicses mest merchandising
1s evidence that it is bYelng received favorably by the
public, There have been numerous surveys made to obtailn
consumer opinion on this new type of merchandising.

In a survey by the United States Department of Agrie-
culture (29), 97 stores were surveyed, In this group of
stores, 65 were chaln stores and 32 were independsnt
stores located in 80 cities in 27 states and the District
of Columbia, Of the 97 stores, 67 reported that their cuse
tomers hed reacted enthusiastically to the establishment of
a self service meat department, Twenty eight reported that
thelr customers reacted with moderate enthusiasm, while only
two stores stated that their self-service meat departments
had not bean well received,

The 97 stores reported 180 instances of favorable
comment by consumers and 50 instances of unfavorable

corment, The most frequently reported favorable comments
were: (1) No waiting, by L6 stores; (2) better selection
by 26 stores; (3) purchase to sult household budget, 18;
(L) customers know what they sre buying, 16; (5) may take



their time, 15; (6) purchase cheaper cuts without
embarrassment, 15, The most common unfavorable comments
were: (1) miss personal contact, 22; (2) prefer to sae
meat cut, 8,

A similar consumer opinjon report by Kramer (15)
showed that more than 70% of the customers answering the
poll gave the following two reasons as beilng most impore
tant in buying prepackaged meat; (1) Weight and total
price are given, 72%; (2) Can shop gquicker, 70%,

In a poll of selfwservice patrons, DuPont (1) found
that 87% of the respondents indicated a willingness to buy
prepackaged fresh meat, Gilchrist (9) found in one case
that 85% of the respondents were willing to buy prepackaged
fresh meat while in a second survey 89% were willing to buy
this type of meat,

DuPont (1) further shows the customers reaction to
selfeservice pfepackaged meats by the following survey:

New England Retaller

30 percent increase over old type service,
MideWest Retaller

35 percent incresse over old type service,
Mid=West Retaller

50 percent increase over old type service,
West Coast Retailer

60 percent increase over old type service,

The author has presented the results of these surveys



to point out the fact that prepackaged 100% selfwservice
meet merchandising appears to be the method of the future
for retalling meats,

If this type of merchandising 1s to be adonted, then
there are probtlems to be 1investigated,

In preparing prenackaged fresh meat for the customer
more handling of the meat 1s necessary, After the retall
cut is made, each piece of meat with any bone dust on it
must be handled by the operator to remove the bone dust
to present a more attractive packsge, In ediition, each
unit of meat 1s handled when placed on trays and returned
to the cnoler for 15«30 minutes to bring out the optimum
color of the meat, It 1s again handled in the packeging
process, Equipment not ordinarily used in the o0ld style
of meat merchandising, such as trays, backing boards, etc.,
are used in preparing the product, &diitional handling of
the product and more equipment with which the product comes
in contact undoubtedly increases the initisl microbial
count of the meat, In prepackaged fresh meat, more pieces
of one particular retall cut of meat are made at one time
than in the old type of meat merchandising and are displsyed
over g longer period of time,

With a probable higher intitial count on the meat and a
longer time over which the meat is usually disnlayed the
author divided this problem into two sections:

(1) To determine the number of bacteria found on the

eduipment and on the environmental surfaces where the meat



was packaged, and (2) To determine the microbial curve of
the meat as displayed in cooperating commercial markets over

a perlod of five days after being cut and psckaged in those

markets,



REVIEVW OF LITERATURYT

In reviewing the literature on prepackaged fresh meat
it 1s evident that there has been 1little work done directly
related to bacteriological aspects of the subject, In fact,
prior to 1946, there were very few references of any kind
dealing with self service meats, During 1947, interest
began to develop, and since that time there have been many
articles, reports and speeches on the subject. Most of
these are of a popular vein and are, therefore, of little
use for this investigation, Much of the review of
literature which follows 1s not taken from articles on
this subject but from articles which the author believes

can be apolied to 1t,



BACTERIOLOGICAL FXAMINATION OF MEAT

A review of the literature shows several different
techniques used by investigators for the bacteriological
examination of meat,

Weinzirl and Newton (30) placed the sample of meat to
be tested into a sterile mortar and then added sterile
sand, With the use of a sterile pestile this mixture was
then ground until the sample of meat was thoroughly
mascerated, A small amount of sterile saline was then
added, followed by more grinding, This was continued until
one hundred cubic centimeters of sterile sgline had been
added, Samples were then taken from this and pour plates
were made using ordinary media, The plates were incubated
at room temperature (20 deg. C,)e After L8 hours, counts
were made of the plates,

Bickert's method as cited by Tanner (25) was to keep
away from the use of mortars for disintegrating the meat
because of the danger of contamination. He suggested the
use of a ball mill with quartz sand and a 1ittle physio=-
logical sodium chloride solution to give fluldity. Twenty
grams of meat were ground with twenty grams of sterile
quartz sand and eighty millileters of sterile physiological
salt solution for one hour at 120 retations per minute,
After the one hour period this was then brought to two
hundred millileters with sterile salt solution and care=

fully mixed for another fifteen minutes, This was then



sampled and plates made using gelatin and agar for medium,
Bickert vlaced very little confidence in results secured
by plating and reached the conclusion that a new method for
enumerating bacteria was needed.

Hoffstsdt (13) used glass beads in a jar to secure an
emulsion for plating, Twenty five grams of meat were placed
into a glass quart jar, To the jar were added sterile glass
beads and enough sterile water to make a one to twenty
dilution, This was then shaken on a mechanical shaker for
ten minutes, From this emulsion dilutions were made and
plated using two persent beef infusion agar as media, The
plates were incubated in duplicate at 373 deg., C. The
average counts of the pnlates, read after twenty four hours
of incubatlon, were used as a basis to determine the number
of bacterla present in the s=amvle,

Ste John's method as cited by Tanner (2l) was the same
as Hoffstadt's except that he Aid not use the mechanical
shalzer,

Garrard and Lockhead (7), working with hog carcasses
used a still different method, These workers used a filter
Paper impression method of obtaining ssmples, Whatman #3
fllter paper was cut into squares, 2 centlimeters by 2 centi=
meters, The paper was then sterllized, Sam;les were taken
by pressing a square of filter pever firmly against the
meat tissue for twenty seconds with sterile forceps, The

square was then dropped into a seven hundred and fifty



milliliter flask containing five hundred milliliters of
physiological salt solution and seventy flve grams of broken
glass, The flasks were then shaken until the filter paper
was disintegrated, Portions were taken from the flasks and
plated with nutrient agar as the media, Plates were in-
cubatad at room temperature for L8 hours and counts made,

These workers used this method of obtaining thelr
samples 1n preference to those involving scraping or cutting
out measured areas, as it did not matilate the tissue being
tested,

Haines! method as reported by Tanner (25) gives the
following procedure, He stated that since spoilage of
tissues, apart from special cases of anaerobic processes,
1s dve to growth on the surface of the meat, the best pro=
cedure isto make counts per unit of superficial tissue,

A sterile cork borer was pressed vertically into the
tissues to a depth of one centimeter or more, This left
a cylinder of tissue and from 1ts top a disc about two
millimeters thick was cut with a sterile scalpel. Micro-
organisms on the surface of the sample were brought into
suspension by shaking vigorously with glass beads and sterile
salt solution, This was then sampled, plated and counts
made,

Haines slso points out that when 1t is thought that the
bacteria may have penetrated, a thicker disc of meat may be

taken and ground, or disintegrated with a mechanical stirrer
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and sterile sand, This may then be sampled, plated and
counts taken after incubstion,

Mallmann and Churchill (18) used a swab method of
examining quarters of beef for thelr bacteriologlcal counts,
Four inch square areas on the surface of the meat were
swabbed with a sterile moist cotton swab, The swab was then
placed in sterile saline solution and then shaken, This was
then sampled, plated, and incubated for counting,

These workers polnt out that this procedure undoubtedly
falls to remove all the microorganisms but that it gives
‘comparable results, 1s much simpler, and involves less

labor and equipment than other methods,
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TYPES OF ORGANISMS EFOUND ON MIAT AND MEAT PRODUCTS

Mallmann and Zalkowski (19) 1solated cultures from fresh
and stored beef in a large packing plant. They found the

‘cultures represented nine genera and 65 speclies as follows:

Genus Number of Species
Micrococcus c2
Flavobacter 15
Bacillus 12
Achromobacter 9
Dirlococcus 1l
Gaffkya 1
Staphylococcus 1
Bacterium 3
Sarcina 1

It is evident from this work that the most common group
of low temperature type bacterla are Micrococcus, Flavobacter,
Bacillus and Achromobacter,

Moran (21) found that most of the bacteria found on meat
kept at 5 deg. C. or below were Achromobacter and Pseudo-
monas.,

Haines (11) found that the predomiration bacteria on
lean meat stored in the range 0-4 deg. C. were composed
almost entirely of Achromobacter. He explains this by their
more rapld growth at that temperature as compared with the

growth of organisms having a higher optimum temverature.
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Cary (5) working with sausagz purchased on the Chicago

market offers the followlng:

Times Found

B. coll 30
Proteus vulgaris 11
Paracolon 9
B. fecalis 8
Yeasts 8
Streptococcus 5
Staph. aureus 2

Brewer (3) did not classify the bacteria he found on
meats by genera but into groups as follows: (1) Colon;
(2) Putrefactives; (%) Liquifiers; (4) Cocci; (5) Sub-
tilus; (6) Molds.

He found the colon group to predominate.

Brewer concluded that the appearance of fresh meat
could not be taken as an index to its bacterial content.

Jensen (1lly) working with lamb at 80% relative humldity
and at 36 to 28 jeg. F. found the usual nonpathogenic flora
to be of the genera:

Pseudomonas
Achromdobtacter
Proteus

Micrococcus
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BACTERIAL FLORA ON STORED LEAN MEAT

Haines (11) hung small pleces of lean beef (le2 lbs,)
in large glass jars at 0¢0,1 deg, C, In the bottom of each
jar he placed a shallow layer of water to maintain a seture
ated atmospherey At intervals a nearly constant area was
excised from each plece with a sterile cork borer, the area
of which was approximately known, and the tissue cut oft to
a depth of 2=3 millimeters, This sample of meat was
thoroughly shaken for 5 minutes with glass beads and 10
cubic centimeters of sterile saline, Suitable dilutions
were then plated on nutrient agar, The plates were then
incubated for L8 hours at 20 deg, C, and counted, He
also made observations for the appearance of slime, Some
typical counts ar; given on the following page,

From the table it will be seen that there 1s a
reletionship between the initial bacterial load carried

by the meat and the time of appearance of slime,
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BACTERIA WTITHIN NMUSCLE TISSUE

Most of the early work done on the bacteriology of
tissues of normal animals indicates that muscle tissues are
sterile, Hauser, Neisser, Opitz, Messner, Amako,
Wyssokowitsch, Thole, Hass, and Kuster as cited by Jensen
(14) believed this,

Ford (6), Wolbach and Saikl (33), Reith (22), Boyer (2),
Moran (20), Jensen (1l;), Spray (23), and Tanner (25) have re=
ported a varlety of microbes in the blood, viscera, and muse
cular tilssues of healthy animals, Many cther workers as
cited by Jensen (1) also found microbes in the tissues of
apparently normal animals,

Many theorles have been advanced concerning the mcds of
entry of these bacteria, Jensen (1) 1lists 15 of these
theories, advanced by investigators, which have been tested
without finding many promising indications for the solution
of the problem,

Jensen (1) and coeworkers at Swift and Coe used seven
prime hogs for an ante mortemepost mortem investigation to
determine if muscles and marrows of normel hogs were ine
fected. Fxtremely aseptic techniques were used throughout
the experiment, The hogs were anaesthetized and disinfected
thoroughly, Muscle tissue and marrow were removed aseptic-
8lly from the hams to determine if bacteria were present,
The hogs were then killed and dressed and then again using

the same method semples of muscle, marrow, blood and bone
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were taken, KResults of ante mortem and post mortem show:#
TABLR II
Hog 1 2 3 L 5 6 7

Blood BRefore Slaughter - ¢ - - - - -
Blood After Slaughter - + - - - ¢ +
Tibla Marrow Before

Sl&ughter - t - - - - -
Tibia Marrow After

Slaughter - ¢ + - * ¢ *
Spongy Bone in Tibia

Refore Slaughter - + - - - - -
Spongy Bone in Tibla

After Slaughter - ¢ - - - - -
Muscle in Ham Before

Slaughter - * - - - - -
Muscle in Hem After

Slsughter - * + * v + ¢
Femur Marrow After

Slaughtor - + L] - - ¢ -
* (1)

Jensen concluied thet they believed their surgical
technique accounted for the failure to find bscteria in the
blood, marrow, and muscle of the living normal prime hog,
Reith (22) summarized his work on the bacteria found 1in
the muscle tissue of apparently normal animals as follows:
1, Cultures of the muscular tissues of slaughtered
hogs showed the presence of bacteria in 77% of the
216 samples used,

2e Cultures of the muscle tissue of healthy live hogs,
rabbits, and guinea plgs showed the presence of
bacteria in 83% of 108 samples,
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3, Blood of healthy live hogs, rasbbits and gulnea
pigs showed 8L% of %8 samples contained bacteria.

Reith made the statement that he did not assume that
bacteria live and multiply in healthy tissues, He belleved
that bacferia having invaded the general circulatory
system are probably filtered out and destroyed., His re=
sults presented evidence that bacteria were present at
tte moment the semples were taken. It should be emphasized
that, as compared with other foods, bacteria were apparently
present in very smell numbers within the tissue samples
with some giving no growth,

Jensen (1ly) and coworkers conducted a series of studies
to determine the source of contaminetion of muscle tissue,
blood, end marrow of hog carcasses handled in a packing
plant, Their conclusions were as follows:

l, When the hog 1s stuck and bleeding out, bacteria
make their appearance in the blood, marrow, lungs,
and muscle,

2e The stick knife contributes bacteria to the blood
stream and bone marrows The hog's skin 1is heavily
contaminated with bacteria which infect the stick
Xnife, |

3¢« The presence of bacteria in the blood, muscle, and
bone marrow of aseptically bled hogs points to
agonal invasion, i.e., entrance during the dying

period, Sterile sticking operations lessened the
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load of bacteria in the heart's blood, bone marrow,
and muscle of the hams, but other portals of entry
of hascteria were avparent,

e The heart of the exsangulnated hog continues to
beat for several minutes after the animal appears
1ifeless, The hog should not be dropped into the
ecalding vat until the regulation holding period
1s passed, |

5¢ Too large a stick hole 1s rot desirable from the
standpoint of suhsequent contamination,

6. Elimination of the scslding vat and substituting
continuous spray in steaming cabinets does not
aid materially in reducing the bacteria in the
carcass, | |

The author has pointed out these experiments to ene

rhasize the fact that it 1is not his bellef that the counts
or organisms shown in this thesis represent only those found
on the surface of the meat sampled, However, it is his be-
lief that the number of bacteria found beneath the surfsce
of the samples used is extremely small when comparing their

numbers with those found on the surface of the samples,
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NORMAL GROWTH CURVE. OF ORGANISMS

LaneeClaypon (16) found the normsl growth curve of

bacteria was broken into four distinct phases,

Phese 1 =

Phase 2 =

Phase 3 e

Phase l} =

A period in which there 1is no increase
in the number of bacteria present,
After completion of phase 1 the bac=
teria commence to divide regularly,
This is shown by the fact that the
logarithms of the numbers plotted
against time are found to fall on a
straight line,

The regular growth persists untll a
maximum has been reached after which the
numbers remain more or less constant,
After the numbers remain constant for sa

period of time they slowly decline,

Buchanan (L) found that the growth curve was in seven

phases,
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FIGURE I « NORMAL GROWTH CURVE OF ORGANISMS#

Logarithms
of Number
of Bacterias

9

g

T2 3 L 5 6 7 8 W0 ITZ 151515 16 I7 IS 19 20

* (L)

1,

2o

Units of Time

Initial Phase =« During this phase the number of
bacteria remains constant, and the plot 1s a
straight line parallel to the X axis indicated
by le~a,

Lag Phase or Positive Growth Acceleration

Phase « During this phase the average rate of
increasse in numbers per organism increases

with the time, giving rise to curve a=-b, This
increase in rste of growth per organism does
not continue indefinitely but only to a certailn

point determined by the average minimal
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generation time per organism under the
condition of the test,

Logarithmic Growth Phase = During this phase
the rate of increase par organism remalns
constant, in other words, the minimal average
generation time is maintsined throughout the
pericd, This gives rise to the atralght line
b=c,

Phase of Negative Growth Acceleration « During
this phase the rate of growth per organism
decreases, that 1s, the average generatlion
time is increased., The bacteria continue to
increase in numbers, but less rapldly than
during the logarithmic growth phase, Curve ced,
Maximum Stationary Phase =~ During this period
there is practically no increase in the nume
bers of bacteris, The plot gives a straight
line d-e parallel to the X axis, The rate of
increase per organism is zero and the averags
generstion time infinity,

Phase of Accelerated Death « During this phase
the number of bacteria are decreasing, slowly
at first and with incressing rapnidity, until
the establishment of a logarithmic death rate,
In the terminology used in the growth phases,
the average "rate of death per organism" 1is

inrcreasing to a certain maximum, This gives
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the curve ee«f,

Logarithmic Death Phase =« During this phase
the "rate of death per orzanism" remains
constant., The plot of the logafithms gives a
straight 1line with a negative slore, This 1is

respresented by feg,
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EFFECT OF TEMPERATURE

The temperature at which the meat 1s held during
prepackaging is very important especlally when viewing
this subject from the bacterinlogical point of view,

Hockman (12) makes the following statement: "The
Froblem of proper refrigeration dlsplay fixture tempera-
tures must be considered. Prepackaged meat has considerably
more surface exposed than have wholesale cuts, and so care 1s
required that proper temperature conditione are maintained,
No real incresse in salable 1life of packeged meats occur
until temperatures below L0 deg, F. are applied, A tempere
ature of 35 deg, F, seems to give good sales life and 1is not
o great desl more difficult to maintain than the higher
temperature,”

Fioure IT = The Effect of Temperature on the Salable
Life of Loin Steaks:

Deg. Fo
55
Display 50
and Holding L5
Temperature Lo
35

1 e 3 L

# (12) Salable Life Days



According to Wiesman (31) (32), when possible, meat
should be cut and packaged under refrigeration., This will
help to retard the bacterial growth and keep the meat in a
fresh condition for the maximum length of time,

Welsman (22) makes the following recommendationg
"Proper handling of product during cutting, packaging,
étorage, shipment, and display 1s very necessary to insure
protection of quality, 41l equipment including machinery,
tables, floors, and walls must be kept in a clean and
sanitary condition at all times, Bacterial development and
subsequent product deterioration in meat products can be
kept at a minimum by proper temperature control,"

Wiesman (32) recommends the following tempefatures
during the course of operation:

1, Cutting and packaging Room ‘emperatures
Minimum 4O deg., F, « Maximum L5 deg, F,
2o Holding Room Temperatures
Minimum 3} deg, F, = Maximum 38 deg, F,
3+« Retall Self-Service Case Temperatures
Minimum 34 deg, Fe = Maximum LO deg, F,

If i1t is possible to control the temperatures very
closely, a general classification according to proper
holding temperatures follow as given by Wiesman (31),

l. Fresh Red Meats e 34«36 deg, F, (Lamb should

be held at a lower temperature than beef or

veal,)






25

2, Smoked Meats = 38~,2 deg, Fq (This class of
products will keen at temperature up to
45 deg, F,, but the lower temperature is
recommended,)

3, Fresh Pork Sausage - 2l deg, F,

4o Frankfurters - 36 deg, F,

S5e¢ Luncheon Meats e 36 deg, Feo

6. Dry and Semi Dry Sausage = 38-l2 deg, F,

In most cases it 1s not possible to control the case
tempersture closely. The cases fluctuate from Lje8 deg, F,
and also vary at different heights in the case, Wiesman (31)
recomuends that we should therefore set the temperature
controls so that the low point of the cycle falls slightly
above 32 deg, F,

Gowland (10) made some temperature studies of the stores
ir which this author's work was done. The first study was
to check the temperatures of the display cases tc determine
the fluctuation at different times and to discover the
varlation of the temperature with the cases,

Each case was divided into five areas for checking the
temperatures, ©°n three trials he found the varlationto be
from 34,2 deg, F. to 39.2 dege Fo with an overall averags of
3643 deg. F, '

Gowland found that the temperatures of the rackeaged
meat in the cases varled l deg, F,, from 38 deg. F, to
L2 dege F, He concluded that this variation was due to the

location of the pPackage 1n the case and to the amount of
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handling of the package,
Gowland (10) also studiod the temperature changes of

the meat as it was processed through the cutting and
wrapping operaticns, He found that the temperature of the
meat rose as mﬁch as 10«12 deg., F, during the time required
for these operstions., He also noted that when there was

a lag in the wrapning and weighing onerations there was a
rise up to 16 dege. F,

Jensen (1) makes some pertinent comments on the tem=
rerature 6f fresh meat and the activity of the microorganisms
thereon, Quick chilling alters the bacteriological picture
in the following manner: "When we hold a joint of fresh meat
above 26,7 deg, C, (80 deg., F.) for three to four hours,
mesophilic bacteria start their accelerated phase of growth,
which enters into a logarithmic phase of multiplication, and
then continues at a slower rate for at least eight hours at
freezing tempsratures, The bacteria may divide evary 30
minutes, and with a high initial surface count the increase
in numbers cannot be comprehended except as a mathematical
concept., When the colder temperatures are reached (80 deg, F,
down to LO deg, Fo), the mesophiles and psychrophiles may, by
direct microscopic determinations, appear to divide every
hour, If the bacteria continued to divide every hour, the
descendents of an original cell would, in 48 hours, number
281,500,000,000 cells, Fortunately, bacteria of the many
species encounter some unfavorable factors, so that their

increase 1s not as grest as theory permits "
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Scott, as cited by Jensen (1)), studled the growth rates of
three species of Achromobacter and one species of Pseudomonas
on beef muscle at eight different temperatures ranging from
20 tc 86 deg., Fo Similar studies were msde for three asporo=
genous yeasts belonging to the genera Candida, Gectricholdes,
and Mycotorula, He found that the Achromobacter, Candida,
and Geotricholdes were psychrorhilic, and that the Pseudomonas
and Mycotorula strains studied must be regarded as mesophiles
capable of growth at low temperatures, For microorganisms,
the commonly accepted optimum temperature i1s that at which
the maximum rate of growth occurs, Scott's results show that
for Achromobacter and Geotrichoides yeasts, the maximum
populations decrease at temperatures greater than 59 dege F,,
while for Pseudomonas they show no tendency to decrease on beef
muscle at 77 deg. I,

Richardsen and Scherubel, as cited by Jensen (1),
observed that nonproteolytic microorganisms were able to
develop on frozen meat, and to develop well on meat held at
32 deg, F, Bacteris penetrated one centimeter after 30 days
on meat held at 2 to L @es. C, (35,6 to 39,2 deg, F,) The
authors estimated that temperatures of =9 to =12 deg. C

(1548 to 10.l deg, F,) were required to check all microbial

growth on stored beef,
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EXPFRIMENTAL PROCEDURE ~ PART 1

The object of part one was to determine the number of
organisms found on the equipment and environmental surfaces
on which the meat was cut and packaged,

Cutouts of different dimensions but equaling one square
inch were made in a %} by 5 inch piece of sheet metal, as
prescribed by Jensen (1l;), for use in the work., <lhese were
sterilized before each repeated vse by wiping with alcohol
and then flaming untll dry,

During the time the cooperating markets were at work
hbacteriological examination of equipment and environmental
surfaces were made, Samples were taken at 2:00 F, M, Trays,
walls, saw blades, knives, scales, boning blocks, etc, were
sampled, Using sterile cotton swabs, swabbings were taken
by thoroughly rubbling the area exposed through the opening
of the metal forms The swabs were then placed in dilution
blanks containing a 99 cublic centimeter portion of sterile
saline, These were then shaken until the cotton was well
fluffed, Samples of the saline were removed and plated
using T.G.E., agar as the media. Incubation was at room
temperature, 20 deg., C., with counts made at the end of
L8, 72, and 120 houra, The numbers of organisms éounted
represent organisms per square inch of surface sampled,

The counts obtalned after 120 hours of incubation are shown,



PART 2

The object of part two was to determine the microblal
curve of prepackaged fresh meat as displaeyed in cooperating
markets over a perlod of five days,

The meat used for this work in all cases except one was
from animals killed in the Michigan State College meats
laboratory. Reef, pork, and lamb were used, The anlmals
were killed in the usual way and chilled at 33 deg. I's for
at least forty eight hours in the meats laboratory cocoler,
Portions of the carcass (as shown on each individual graph)
were taken to a local commercial market offering the pre=
packaged style of meat merchandising, In the cooperating
stores, under commercial market conditions using all their
equipment, the portions of meat were btroken down into retail
cuts, #l11 retall cuts used in this work were of the steak
or chop varlety. It was found that it was easier to sample
this type of cut and that it took less equirment, The steak
or ehop was cut about threse=querters of an inch in thickness,

All portions of meat with bone in them were cut on a
band saw, The bone dust was removed from these pieces by
means of a piece of spring steel attached to a handle,
Portions of meat not having bone in them were cut with a
steak knife,
| A plece of meat butcher paver was placed on a meat tray
and then the retail cuts of meat were placed upon the paper,

The cutting, screping, =nd placinc of the meat upon the tray
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was done in the cutting and packaging room of the cooperating
stores at a temperature which varied from 50~£2 deg. F. The
trays of meat were thern taken into the stores' cooler for a
period of from twenty to thirty minutes., The temperature of
the coolers varied from 33«36 dege Fo From ths start of the
cutting operation until the meat was returned to the cocler
required on the average twenty five to thirty minutes,

After this holding period, the meat was returned to the
cutting and packaging room, At this point samples were
taken from five or moreApieces of the meat and designated
as the immedlate samples, The remalning pleces of mest
were packaged to be displayed in the store dlsplay case over
a period of five days. These cases were the same as those
reported upon by Gowland (10).

The packaging materials used were 300 MIAT #80 cello-
phane and Rodeo backing boards, Depending upon size, the
cut pleces of meat were placed upoh the backing board,
wrapped tightly with the cellophane, and sealed with a
sealing iron. The author did all of the cutting and
packaging so that no extra precautions were made in the
process,

Each twenty four hours up to aand including one hundred
and twenty hours after the start of the trial another five
or more pleces of meat vere taken from the cooperating
stores' displasy case and sampled,

The samples were taken by means of a sterile cork borer

made to have an area of one square inch, The cellophane of

the package was cut along the edges with a sterile knife,
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The cellophane was then removed. Using the cork borer, a
bore was taken from the pleces of meat aseptically, Each
bore represented two square inches of exposed surface plus

a volume of meat the thickness of the cut. The upper surface
had been in contact with the celloptaene and the lower surface
in contact with the backing board. In determining the
bacterial count for each sample of meat, the counts obtalned
were considered to be the counts of organisms found on the
two square 1inch surface of the meat. 1In this Investigation
there was no way of segregating the surface organisms from
those found within the meat. These, as shown be Mallmann (17),
are negligible when workling with such large numbers of
bacteria as are found on meat.

A preliminary test was run on two different methods of
getting the organisms on the meat into an emulsion for
sampling. The first method was to use twenty five grams of
glass beads in a bottle with sterile saline. The meat was
placed in the bottle and then shaken vigorously one hundred
times. Thils was then sampled, plated, and aftsr a forty
elght hour incubatlon perlod at room temperature, counted.
The sedond method was by use of the Warlng Blender. Ninety
nine milliliters of sterile saline were placed into a sterile
blender jar and then the sample added. The blender was then
allowed to run until the sample was thoroughly broken up
.(three to four minutes). This was then sampled, plated, and
counted after a forty eicht hour incubation period as before.

A comparison of the two methods showed a much higher count
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secured with the Waring Blender. It waes concluded that the
author was unable to satisfactorily get the bacteria into
an emulsion with the glass bead method so decided to

use the Waring Blender method.

Due to glass Warling Blender jars having a steel blender
assembly, autoclaving for sterilization was Impossible as
the jars would break unless taken apart. If they were taken
apart it would be impossible to reassemble them without
contamination., With thls in mind the author tried a method
of cold sterilization of the jars.

The jars were thoroughly washed after each use, A
detergent sanitizer powder and tap water were placed in the
Jar. The blender was then allowed to run three to four
minutes, This was then rinsed with tap water. After rinsing,
a solutlon of two hundred parts per million of available
chlorine was put in the jar and this was allowed to run for
three to four minutes, This was thoroushly rinsed out with
running tap water., Ninety nine millliliters of sterile saline
solution was then placed in the jar. After allowing the
blender to run for a minute this was then sampled, plated
and counted bsfore each sample was run. This count then
showed the 1initlal contamination of the jar. In some cases
counts for a one to one hundred dilution ran from six to
ten. In most cases the count obtained was below three, often
the count was zero,

After a sample of the blender jar water was secured, a

sample of meat taken aseptically was placed in the jar. This
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was allowed to run three to four minutes until the sample

was completely macerated, By means of sterlle plpettes
samples were taken from the jar and placed in sterile dllue
tion tlanks contasining sterlle saline., Pour plates were

then made using T.G.F, ager as the medla, These were allowed
to stand at room temperature (20 dez, C,) for forty eight
hours before counting, They were again counted after
seventy two howrs and after one bhundred and twenty hours,
These counts were recorded,

In analyzing the data obtalned, the counts were cone=
verted to logerithms, The logarithms for the forty eight
hour counts were added and then divided by the number of
samples to obtain the geometric mesne, The antilog of
the geometric mean was determined and recorded, This was
also done for the 72 and 120 hour counts.

Upon viewing the data one will find a great range of
counts obtained, To present the data graphically the
following method was used.

The graphs are based upon the antllogs of the geometric
means for the seventy two hour counts of the samples for
successive days, The antilog of the geometric mean obtained
for the immediate samples seventy two hour count was divided
i1nto the seventy two hour count of successive days to obtain
the amount of increase or decrease for that dayes The increase
or decresse was then graphed, A value of 1 was given the

immediate 72 hour antilog of the geometric mean,
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Example 1, Lamb Trilal 1

Antllog of Amount of

Geometric Mean Increase
Immediate Samples 9&8,0Q0 1
2ly Hour Samples 2,170,000 2029
48 Hour Semples 3,210,000 2,39
72 Hour Samples z,%00,000 3.8
96 Hour Samples 6,410,000 6079
120 Hour Samples 22,700,000 2 .19

The antilogs of the geometric means for each successive
day were divided by 948,000 with the resulting increase as
shown., JThese points were then plotted against time to show
the increase in number of the organisms,

To show the relative positinn of one trial with
another the lowast antilog of the geometric mean for
Immedliate samples of all trials was divided into the
antilogs of the gzeometric means of immedlate samples
obtained for agll other trials, To illustrate, an example

follows:



Example 2

The lowest antilogarithm of the geometric mean for
immediate samples obtained was 6,620 for Pork, Trial
one. To find the relative position of Lamb, Trial one,
6,620 was divided into 948,000 (entilogarithm of
geometric mean for immedlate samples of Lamb, Trial
one). The result was 14,3.20. Therefore the starting
point for Lamb, Trial one is 143.20.

Data are shown in Appendix A.

The three trials of pork, beef, and lamb in store
one were combined and shown graphically. The method
used 1s shown in Appendix B. Similarly, the two trials

of beef in store two were comblned.

35
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RESULTS OF STUDY

The results of part one of this study give a general
indication of the condition of the environmental surfaces
and equipment in the cooperating stores in which this
study was made, The counts obtained after 120 hours of
incubation time are shown in Table III, It should be
noted thet all surfaces sampled except those dealing
directly with the cutting operation, were low in numbers
of organisms, £nives, saws and the boning blocks used for
cutting the meat were found to offer the greatest source
of contamination to pre-psckaged fresh meat. This was to
be expected as this equipment comes in direct contact with
the meat, The meat julces dry on the surfaces of the
tools and offers an 1deal media for bacterial growth, The
two cooperatling commercial stores in which this study wss

made would be classified as sanitary,
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TALBLE IIT = SWAR SAMPLES OF EQUIPMENT

Store 1 Store 1 Store 2
Trial 1 Trial 2 Trial 1
Ract/Sq.Inch Bact/Sq.Inch Bact/Sq.Inch

Tray 300 740 880
Tray 100 2,960 690
Cutting Room Wall 130 480 380
Cutting Room Wall 50 Loo 230
Cutting Room Wall 200 210 210
Cooler Wall 200 180 110
Cooler Wall 100 61,0 670
Ccoler Wall 260 220 1,170
Band Saw Blade 212,000 610
Cold Meat Saw

Blade 2,100 1,290 261,000
Ccld Meat Saw

Platform 2,600 230 1,390
Steak Knife 970 1,080 22,100
Steak Knife 480 17,600
Packaging Table

Top 1,100 L10 1,850
Hand Saw Blade 8,800 1,380
Cleaver 84,000 1,990
Scale 620 1,170 390
Boning Block 7,190,000 12,400,000 €,1400,000
Hamburger Shoot 2,800 80,000
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Part two of the study discloses a wide range in
numbers of organlsms present on prepackaged fresh meat.
The collection of representative quantitative samples
of the microorganisms on the meat 1s extremely difficult,
due to the variatility of contamination. Considerable
variatlions 1n bacterial counts must be expected.

Of the three meats used in the study, pork was found
to have the lowest number of microorganisms. A study of
the graphs, numbers IA, IB, and IC presented for the three
trials of pork shows some inconsistency of the slope of
the line when a comparison is made. This may be accounted
for 1n several ways: 1. rise in display holding tempera-
ture during the display perilod, 2.,. meat sampled may have
been held toward the top of the display case thereby being
at a higher temperature than meat held near the bottom,

%2, veriation in initial contamination, L. laboratory
technique error. The inconsistencies are nct the impor-
tant point to consider. The important point 1s the general
trend in the growth curves presented. The first two days
of display time may be considered the Initital Phase, as
described by Buchanan (l}), during which time the number of
organisms remains nearly constant. At the end of two days
the curves indicate that the organisms have entered the
Positive Growth Acceleration Bhase (4). During this phase
the average rate of increase in numbers per organism in-

creases with time,



The pork used in this study appeared to be in a good
salable cordition even at the end of five days. This
would indicate that the appearance of the mest 1s not
an indication of its Dbacterial content as at the end of
five days the microorganisms were well into the positive
growth accelerastion phase when high counts were found,

The three trlals of pork were combined, The method
used for combining the trials 1s shown in Appendix B,

The combined curve 1s number ID, This curve eliminates
the inconsistancies and presents a more accurate picture
of the growth curve of microorganisms found on pork,

The importance of obtaining these growth curves may
be pointed out in the following manner, The practice of
commercial meat retallers 1s to use color and the general
appearance of the meat as an indication of quality, So

long as the apvearance is satisfactory the product is

left for sale, As has been pointed out, the pork appeared

to be in a good salable condition at the end of five days
displey time, but the number of organisms found was high,

Suppose a patron purchased a package of pork which had

been displayed five days., Manv people buy a large quantity

of meat at one time to be used throughout the course of a

week, If our Imaginary patron held the package of meat in

the home refrigerstor five or sir days in addition to the
five days it had been held in the commercial store before

using 1t, one can imagine the number of microorganisms 1t



would contain, Haines (11) has shown that lean beef held
at temperatures of Q:0.1 deg, C, increased from an initial
count of 40,000 to 1,650,000,000 per square centimeter of
surface area, He noted that slime appcared on this meat

in elght days, Temperatures of home refrigerators are
generally about 4O deg, F, or higher, The rate of increase
in number of bacterie would be greater in the home refrigera=-
tor, at the higher tempersture, than in the commerciel
merket display case which 1s about 34 deg, Fo Although
there are extremely few cases of food poisoning due tc
organisms found on meat today, the quality of the meat

would be very low after so long a holding time,
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The teef used in this study would indicate essentislly
the same results as those found with pork, The initial
counts obtained using beef were higher than those found
on porke, The graphs number IIA, ITB and IIC show the re-
sults of three trials of beef 1in store one, The combined
curve, number IID, for these three trials of beef indle
cates that it took three days of display time for the
initlal number of organrisms to double in number, The
fourth day's count indicates that the numbers had ree
doubled 1in 24 hours, while the count at the end of five
days indicates that the numbers had incressed nearly three
times as much, The curves for the beef used in store two
are shown in graphs number IIE and IIF, The combined curve,
number IIG, for these trials is the same as that found for
store one except that the starting point is much higher
(36 compared with 180,7L)s The beef used for trial two of
store one was held in the Michigan State College meat laborae
tory cooler for 18 days before use, thereby having a higher
initial count, All other meat used in the study was cut
and sempled seven to ten days after slaughter, The bacterial
load of equipment in store two was higher than store one,
probably resulting in a higher initial contamination of the
meat prepackaged in store two, The anvearance of baef after
five days of display varied, Some of the individual retail
cuts of beef were still in a salable condition while cthers

were not,
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The results obtained with lamb shows an 1initlal
phase during which time the number of organlsms remains
nearly constant, In two of the three trials with lamb
th's phase lasted three days while in the third trial
this phase lasted but two days, The organisms then
entered the positive growth acceleration phase, These
curves are shown in graph numbers IIIA, IITB, and IIIC,
Tt should be noted that the increase in numbers of organisms
was much greater with lamb than with pork or beef,
Wiesman (31) recommends that lamb should be kept at a
lower temperature than pork or beef, At the end of two
or three days of display time, the lamb appeared to be
dark colored and dried out. In wmost cases at thils point
1t was no longer in a salable condition, Had the lamb
been held at a lower temperature as Wiesman recommends, the
increase in numbers of organisms may have been less,

The slope of the combined trial curve, number IIID,
gives the seme results as pork and beef except for the
fester rate of increase after the positive growth accelarae

tion phase was entered,
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CONCLUSITNS

That eguipment concerned directly with the cutting
operation offers the greatest source of contamins-
tion for prepackaged fresh mest in the retail store,
During the first thres days of dlsplay time, the
increase in numbers of organisms on pre=nackaged
fresh meat is small,

After three days of display time the number of
microorganiams fourd on prepackaged fresh meat

18 greatly increased,

Prenackaged fresh meat should not be displayed
longer than three days even under 1deal conditions,
If displayed three days it should be consumed

immedlately to prevent further loss in quality,.
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APPENDIX A
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APPENDIX A « Continued
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Store 2

Combined Besf « Trials 1 and 2
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Combined Lamb « Trials 1, 2 and 3
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