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ABSTRACT

A microbiological testing and support survéillance program monitors the sanitary
state of food contact surfaces and performs food audits of the Rutgers Dining
Services facilities. Analysis of the data over a recent rwo year period revealed
that unacceptable surface sanitation was correlated with the physical presence
of food debris (23.4%), water (45.9%), or both (57.8%). Follow up testing reveal-
ed that the program was able to consistently reduce the probability of surface
Jailure reoccurrence. Poor equipment design was often contributory to especial-
Iy problematic surfaces. Lunch meas {(36.4% unacceptable) and raw mear (34,1 %
unacceptable) were found 1o be the most problematic types of food according fo
university guidelines. Foods failures were most frequently due to unacceptable
levels of indicator bacteria including total coliforms (59.4% of failures, 15.4%
of total samples), total aerobic counts (43.4% of failures, 11.2% of total samples)
and Escherichia coli 24.5% of failures, 6.3% of total samples). The most com-
mon fype of failure die to an unacceptable level of a foodborne pathogen was
due to unacceptable levels of Staphylococcus aureus (12.6% of failures, 3.3%
of total food samples).

INTRODUCTION

There have been no foodborne outbreaks, nor even a single reported case of
foodborne illness associated with any of the more than 75 million meals that have
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been served over the past 21 years by the 18 Dining Services facilities located
on the Rutgers University, New Brunswick, NJ Campuses. This is due in part
to the adoption of a food safety surveillance program desighed and implemented
by the Rutgers Food Science Department. Key components of this program are
the staff microbiologists who perform food contact surface sanitation surveillance
and ready-to-eat and ‘‘requires further cooking’’ food audits. The staff reports
the results of these tests to a Rutgers sanitarian who then takes appropriate action
to ensure a proper margin of safety at the dining facilities.

During the past several years a relational database (Paradox, Borland Inc., Scotts
CA) has been designed and used to manage the data accumulated by the project.
This database allows for both convenient weekly reporting and also periodic
analysis of the accumulated data. Analysis of the data collected recently
(5/1/91-4/30/93) has revealed several interesting characteristics of the food safety
surveillance program which may be universally applicable to many foodservice
operations.

MATERIALS AND METHODS

Surface Testing

The methods used for surface sanitation testing were originally described by
Solberg ef al. (1976) and have been recently updated (Solberg ef ai. 1990). A
gamma irradiation sterilized adhesive tape (Con-Tact-It Tape, Birko Corp.,
- Henderson, Colo.) was utilized to transfer surface samples to petri plates con-
taining plate count agar. This method has been described in detail previously
{Solberg et al. 1976) and was subsequently shown to correlate with the more com-
mon swab testing {Stinson and Tiwari 1978). Practical guidelines for surface sanita-
tion have been used since the inception of the program (Table 1).

TABLE 1.
SURVEILLANKCE STANDARDS FOR SURFACE CONTAMINATION AS APPLIED FOR CLEAN AND IN-
USE ITEMS BEING EVALUATED BY THE ADHESIVE CONTACT TAPE METHOD

| crutsorsin
Condition Clean In-usé®
Acceptable <5 <20
Level of Concern 5-10 20-40
Potential Hazard > 10 > 40

'Colony forming units

In-use is defined within the context of this project to mean in direct contact with food. Some sur-
faces, (mensil storage pans for example} should never be in direct contact with food, and are not
classified as ““in-use.”” -
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Initial surface sanitation inspections were performed randomly throughout dining
facilities hours of operation. Each of the 18 dining facilities was inspected at least
once a month with the six large dining halls inspected two to four times per month,
More than 12,000 surface tests were performed for this study.

The presence of food debris, water or other undesirable characteristics associated
with the surface sampled was defined as an objectionable observation and was
recorded on a written form which cross referenced the surfaces sampled with
the appropriate coded petri plates. When sampling was completed, the form was
taken to the facility manager prior to leaving the inspected facility. Objectionable
observations were pointed out to the facility manager and procedural changes
were suggested in an effort to correct the situation.

The completed form containing the results of all surface tests along with recom-
mendations for correction of problems were FAXed or hand delivered to the of-
fice of the dining services sanitarian within 24 h after sampling.

When a tested surface was shown to have an unacceptable number of
microorganisms, the appropriate facility was notified by the university sanitarian.
This surface was re-sampled within seven days to determine whether the prior
failure was either a random occurrence, or if a change in procedure had remedied
the sitnation which led to the original failure. If this surface rermained unaccept-
able, it was labeled as a two time (2X) failure and regarded as a procedural prob-
lem rather than a random occurrence. The facility was again notified of the sur-
face failure along with written instructions which in detail recommended pro-
cedural changes to rectify or eliminate the problem. This procedure was repeated
until a follow up visitation yielded a satisfactory test for the surface. Any subse-
quent failures during this follow up period were recorded as three time (3X),
four time (4 X), etc. failures and treated with increasing amounts of on site train-
ing for food service managers and staff to ensure that the written advice was ful-
ly understood and properly implemented. If the surface failed at the potential
hazard level, follow up testing was performed within a seven day period. If the
surface failed at the concern level, testing was followed up at the next random
inspection. Items that demonstrated a high incidence of failure were tested in a
nonrandom, more intensive manner.

Traditionally % failure has been used to track the performance of either a sur-
face or facility (Eq. 1).

% Failure = Concerns + Pntel.ltlal Hazards 100 (M
: Total Surfaces

This indicator, however, gives both concerns and potential hazards equal weight.
More recently a different indicator, Weighted Overall Failure Ratio (WOFR) has
been used that gives potential hazard occurrences at least twice the gravity of
concerns (Eq. 2).
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WOFR = _Concerns + (2 * Potential Hazards) 100 )
Total Surfaces
Since the lower limit of potential hazards is approximately twice the lower limit
for concerns this indicator gives a better measure of relative performance. Per-
cent follow up failure (Eq. 3) is also used to track repeat performance.

% Follow Up Failure = _Folow Up Failures (3)
Total Follow Ups

Food Testing

At least six food samples per week were picked up on site at the I8 dining
facilities. These ‘‘in-house™ samples were taken from the receiving, service,
preparation or storage areas of the dining facilities. The temperature of these foods
at the time of sampling alopg with any failure to follow standard procedures that
were observed during sample pick up were recorded. These samples were
transported back to the microbiology lab in an insulated container which was
refrigerated by frozen ice packs.

New food items or brands from outside vendors are also tested. These “‘out-
side”” samples must meet or exceed university standards prior to being purchased
for use by dining services,

The methods for food testing have been described previously (Solberg et al.
1976). All food samples were stored at —20C for less than six days prior to testing,
While it is generaily understood that freezing may reduce the bacterial load in
some food samples (Jay 1992), a single freeze/thaw cycle under these conditions
was evaluated in bath ground beef and tuna salad. The treatment did not significant-
ly change aerobic plate count levels {data not shown). The guidelines for limuts
of acceptability were set with an adequate margin of error such that the safety
of the food would not be compromised even if there were a slight reduction in
bacterial Jevels due to a single freeze/thaw cycle. Food samples were tested to
determine the level of indicator bacteria, including: total aerobic bacteria, total
coliform bacterial and Escherichia coli. The samples were also tested to deter-
mine the level of pathogenic bacteria, including: Staphylococcus aureus,
Clostridium perfringens, and Salmonella. Practical guidelines have been estab-
lished for food samples since the inception of the program (Table 2). Tests for
the pathogen, Escherichia coli O157:H7 were recently added to the program.
While the standards shown in Tables 1 and 2 are strict, they are also clearly ob-
tainable, as the projects 21 years of experience have shown.
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TABLE 2.
MICROBIAL GUIDELINES FOR ACCEPTABILITY OF “REQUIRES FURTHER COOKING™ AND
“READY-TO-EAT” FOODS

Microbial test Units Ready-to-eat Requires
further
cooking
Standard Aerobic Plate Count | CFU/gm" <107 s10°
Coliforms MPN/gm® 5107 <10°
Fscherichia coli MPN/gm 0 <50
Stapiylococcus aureus CFUfgm <20 £50
Salmonelia MPN/gm <3 £3
Clostridium perfringers CFU/gm <20 50

IColony Forming Unit

Jt should be noted that fermented foods will pass this criterion unless they are time and
temperature abused.

Most Probable Number

RESULTS

Surface Testing

Follow Up Failure Rate. The surface sanitation surveillance follow up pro-
cess was successful in rapidly reducing the follow up failure rate (Fig. 1). This
figure shows that there is a dramatic decrease in the number of surfaces that re-
main at an unacceptable bacterial level after any follow up testing cycle. Figure
1 also shows that the ratio of potential hazards to conceras significantly increases
with each follow up cycle.

Microbes and Food Debris or Water. Analysis of the accumulated data shows
a good correspondence between unacceptable microbial levels (% Failure and
WOFR) and objectionable observations recorded during surface testing (Table
3). The most frequent objectionable observation, the presence of food debris
{observed 1,025 times), corresponded well with unacceptable microbial levels
(~23% failure, ~ 34 WOFR), while an even stronger correlation is seen for the
presence of either water (229 observations, ~45% failure, ~ 82 WOFR) or food
debris in combination with water (45 observations, ~ 57% failure, ~ 104 WOFR).
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FIG. 1. RELATIONSHIP BETWEEN REPEATED SAMPLING AND SURFACE
FAILURES

Surface Type Influence on Failure Rates. The surfaces of over 300 different
items were tested on a regular basis. Seven of the eleven surfaces with the worst
WOFR were juice dispenser tips (Table 4). Other problematic surfaces include
pastry brushes, buffalo chopper bowls and stainless steel counter tops. While pro-
cedural changes usually eliminated follow up failures, some items possessed a
high Follow Up Failure rate (Table 5}, Most of these ilems were also items with
high failure rates. There were some surfaces, however, that had higher Follow
Up Failures rates compared to surfaces with similar general Failure rates (Table
4). Buffalo Chopper Bowls and Stainless Steel Counter tops for example, had
similar Failure rates but more than a 25% difference in Follow Up Failure rates.
In these and similar cases the procedural changes recommended in the surface
sanitation reports and on site at the dining facility were changed to better rectify
persistent surface failures. The most difficult and persistently problematic sur-
faces, were either refurbished, replaced, substituted for or eliminated.
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TABLE 4.
RANKING OF SURFACE TYPES BY WOFR FOR SURFACES THAT HAVE BEEN TESTED 50 OR
MORE TIMES
EQUIPMENT Total Concern Potential S WOFR Follow Up Follow Up % Follow Up
hazard Failure Failure Failure
Dispenaer Tip, Fintappie 134 20 52 TLD 115.% 74 55 757
Dispevser Tip, Omnge 7% s EL) 378 1093 44 28 §3.6
Dispenser Tip, Hot Cocon | 293 26 106 5.1 sL2 136 65 514 — |
Drispewser Tip, Grapefruit 107 1f 31 39.3 58.2 4h 17 42.5
Pastry Beushy Fid il 67 353 66.8 64 i 431.8
Drisperaer Tip, Orape Juice 163 13 n 30.1 49.1 48 13 375
Buffalo Chopper Bowl 196 H 45 258 485 47 14 29.8
Disperser Tip.ﬂp!ﬁ 10 25 10 262 4.3 k2] 18 34.6
Counteriop, Staintess Steel i) 23 35 13.1 39.% 5% Fed 435
Dispenser Tip, Cranherry 4 t 9 3.0 3%l 15 6 .8
Dispenser Tip, Lemonade 193 13 27 20.7 4.7 41 12 186
Sheif, Metal B 13 7 4.4 319 20 7 350
Buffilo Chopper Shaft 198 14 72 182 9. 32 ] 150
Shelf, Stainjeus Steet 339 16 56 k5 5.6 84 19 116
Uterwil Storsge Tray 51 3 3 14.8 24.5 H 0 0o
Cutting Board, Plastie 364 2} 33 144 24.5 36 17 30.4
Utensil Slnngz Pan 3%l 7 28 16.6 1.3 50 13 250
Sheif, Alumirmum Bar 97 13 4+ 175 2).6 17 ] 353
Pan, 1/4 Boted a32 + 23 1.6 216 H ki i4.1
Scals Pan, Pelouza 4 10 5 16.0 213 15 1 20.0
BufTala Chopper Blade 1581 6 14 12.4 2Lt 17 3 1746
Disperser Tip, Fruvt Punchh 128 ¥ 9 133 20.3 17 § 35.3
Dispenser Tip, [oed Tea 162 T 13 11.8 19.5 20 3 250
Scai¢ Pan, Porlion 366 30 18 13.1 1B.0 47 5 He
Baine Marie Iruent 95 3 7 i0.5 179 11 T 18.2
FPan, 172 Hotel Long 140 3 11 23 16.4 12 4 333
‘Tomato Slicer Bed 139 ] ] 10,1 (&3] i6 3 i8.8
Utenail Storage Pan, 203 16 8 1L.8 158 30 [ 20.0
Dnawer Floor 531 px) 30 10.0 147 $3 4 6.3
Spoon, Serving 103 3 & 8.6 143 ki Fi 22.2

Food Testing

More than 500 food samples were tested by the Food Science microbiological
surveillance team during this project (Table 6). Approximately % of these samples
cofitain an unacceptable level of bacteria in accordance with the strict university
parameters (Table 2). Potentially hazardous salad items were the most common-
ly tested and the most common failure. Both lunch meat and raw meat food samples
were more problematic on a percentage basis.

The majority of these failures were due to unacceptable levels of indicator
bacteria (Table 7). In 85 of the 143 total food failures (59.4 %) there was an unac-
ceptable level of total coliform bacteria making up the most frequent type of food
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TABLE 7.
FOOD SAMPLE TESTING RESULTS SUMMARY BY FOOD TYPE AND PICK UP TEMPERATURE
Total Failure due to unacceptable levels of: )
Food Type Failures' | TPC | Coli. | E.coli ) Staph. | Salm. ] C. per.

Lunch Meat 2 23 15 6 2 0 0
Raw Meat 29 3 10 16 7 0 1
Salad 70 24 54 12 4 1 1]
Precooked Meat Ingredients 1 1 1 1 G ] 0
Non meat Ingredient 1 ] 0 1 i} 1]
Entree H 0 1 o 0 0
Dessert 2 2 2 o] a 0
Qutgide 7 4 2 o 4 1 0
Total 143 62 85 35 18 2 i
TPC Total Aerobic Plate Count

Coli. Total Coliforms Bacteria

E.coli. Escherichia coli

Staph. Staphylococcus aureus

Salm. Salmonella

C. per. Clostriditon perfringens

Failures due to specific tests do not sum to tosal failures since one item may fail for more than
one reason,

failure. Unacceptable levels of total acrobic bacteria were also commonly observed
(62 of 143 failure or 43.4%).

Unacceptable levels of pathogen bacteria were much less commonly observed,
occurring in only 21 of the 552 total food samples (3.8 % ). The most commonly
observed foodborne pathogen was Staphyiococcus aureus accounting for 12.6%
of the total food failures and 85.7% of the pathogen food failures.

DISCUSSION

Surface Testing

A sanitary surface is achieved by a combination of proper cleaning and sanitiza-
tion techniques, surface composition and surface design. While surfaces fail
microbiological sampling due to incomplete, infrequent or improper cleaning and
sanitization, the frequency of these problems can be influenced by the design of
the surface.
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The infleence of design on the sanitary guality of a surface can be simply
demonstrated by comparing utensil storage containers (Table 4). Pans were fre-
quently used to store utensils of all types. These utensil storage pans need to be
emptied, cleaned and sanitized on a routine basis. In 1992 the microbiological
sutveillance team tecommended to the Rutgers Division of Dining Services that
perforated rather than unperforated pans be used for the storage of utensils. The
perforated pans can be run through a dish washing machine without the need to
empty the pans of their utensils. The perforations promote drainage and facilitate
drying of the contents. Perforated utensil storage pans were therefore easier 1o
clean and sanitize than the unperforated pans and hence, had a lower (~12%
vs ~ 17%} failure rate. More recently, a second switch 1o wire baskets had been
recommended as an even better replacement for both the perforated and the unper-
forated pans. The baskets have the same desirable attributes as the perforated
pans, and possess even larger openings which ailow more rapid drainage and
drying. These larger openings also facilitate removal of debris during routine
use and cleaning. Onty smaller particles of food debris can pass through the per-
forated pans, while alt food debris is retained by the unperforated utensil storage
pans. Thus the failure rate for utensil storage baskets (0%, data not shown) is
even lower than that of perforated utensil pans.

The sanitary quality of stainless steel shelving is also influenced by design in
an analogous manner to the storage pans. Shelving made from stainless steel wire
allows rapid drainage and does not collect food debris as easily as unperforated
stainless steel shelves. Thus, a much lower Failure rate is observed for the stainless
steel wire shelves (~ 8%, not shown in Table 4), versus stainless steel shelves
(~15%).

Design is also a major factor in the cleanup problems experienced with juice
dispenser tips (Table 3). Consistent microbial failure of dispenser tips led the
microbiological surveillance team to search for the cause of the problem. While
the tips themselves were relatively easy to disassemble, clean and sanitize, the
dispenser itself contains components which can not be disassembled. Thus, the
problem lies in the design of the internal working parts of the device. These in-
ternal parts include a plastic manifold where mixing and dilution takes place and
the attached plastic tubing connects. Removal of this manifold and tubing showed
an accumulation of food debris within the tubes and on the manifold at connec-
ting surfaces. The plastic manifold was sectioned and split to reveal even more
debris accumulated in the channels that conduct both the diluted juice and con-
centrate. High levels of microbial growth were observed in samples taken from
the surfaces taken from the internal channels of the plastic manifold. Juice,
especially juice that is thick and/or pulpy, gets trapped in the plastic tubing and
within the plastic channels of the manifold in the interior of the machine. This
retained debris provides favorable conditions for microbial attachment and growth.
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Despite more thorough and more frequent cleaning and sanitization procedures,
there was little improvement in the failure rate. Possible solutions to this pro-
blem include a single use dispenser or one which allows full disassembly of the
juice dispenser parts. The latter design should allow mechanical scrubbing of all
beverage contact parls.

The juice dispenser problern also points out a need for inspection by qualified
personnel of equipment prior to purchase to ensure that it is designed for easy
cleaning and sanitization. Such a change in purchasing procedure was recently
adopted at Rutgers as result of the problems experienced with the juice dispensers.

If the surface testing results for dispenser tips is subtracted out from the total
of the data for all other surfaces, the balance is equal to 2 9.4% Failure rate and
& 14.8 WOFR (Table 3). This falls within the project goals (% Failure rate <
10% and WOFR < 15%).

Analysis of the balance of the surface sanitation data (excluding dispenser tips)
can be further broken down into surface appearance comment categories (Table
3). The first category contains the data for which there was no visually observed
problems recorded during sampling. The sanitary quality of these surfaces is much
better than those in other categories containing various recorded negative obser-
vations. This suggests that inspectors can detect some problematic surfaces visually
and highlights the importance of on site corrections. It should be pointed out,
however, that although the failure rate of visually acceptable surfaces (~6.7%)
was much lower than those that were visually unacceptable (~24.3%) the total
number of failures (271 concerns + 344 potential hazards, and hence the percen-
tage of all failures 615/(432 + 588) = 60.3%) is still greatest for surfaces that
outwardly appear acceptable. These data along with the juice dispenser problems
discussed above indicate a true need for a complimentary microbiological testing
program.

Follow up testing is a crucial part of a surface sanitation surveillance program.
This is indicated by the data which show that follow up testing accounted for
28.9% (447/(579 + 970)) of the total failures (Table 3) and by the increasing
tendency of a surface to fail at the potential hazard versus concern level with
each round of follow up testing (Fig. 1). This indicates that surface failures that
had not been rectified had a tendency to get worse. This latter data indicates both
the need for persistent follow up testing and cooperation by those that clean and
sanitize the item to achieve rectification. Indeed, personnel appear more eager
to correct discovered problems with the anticipation of an impending follow up
test. Also, the on-site verbal recommendations (provided during testing) and the
written instructions (after follow up test failures) have proved to be very useful
in correcting problems.

Upon request, our microbiclogical surveiltance program has also been briefly
applied to Rutgers dining facilities not under the control of Rutgers Dining Ser-
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vices Department. Although the results vielded a failure rate much worse (~30%)
than that observed for Ruotgers Dining Services facilities (~9%), this result is
not surprising, since there is a significant lag period as personnel becoming in-
creasingly educated in proper storage, cleaning and sanitization procedures. Never-
theless, consistent improvement in the Failure rate was observed and a similar
decrease with each round of follow up sampling was also observed.

Food Testing

The category corresponding to lunch meat was the most problematic on a percen-
tage basis (Table 6). It can be seen that unlike the other categories, the failures
in this category were predominantly in samples that were picked up at unaccep-
table temperatures (above 4C). The majority of these lunch meat failures were
due to unacceptabie levels of total aerobic and total coliform bacteria (Table 7).
This emphasizes that, despite the preservatives contained in these food items,
proper temperature is a critical control when serving or storing this item to pre-
vent spmlage

Raw meat is also quite problematic overall, with a ~ 34% failure rate (Table
6). This type of food most frequently failed (16 of 29 failures) due to unaccep-
table levels of the indicator bacteria, Escherichia coli (Table 7). These failures
often corresponded to either high levels from the source or extended in-house
storage times, The program guidelines require that raw meat which is to be used
within 48 h must be stored at less than 4.4C. Any raw meat that is stored more
than 48 h should be kept below ~17.8C. It is recommended that raw meat be
ordered so that it is used up within 14 days and preferably within 48 h. This retrac-
tion is not problematic, as raw meat is delivered to Rutgers Dining Facilities three
times a week by the distributor.

Recent events have increased the public awareness of the importance of detec-
tion of Escherichia coli O157:H7 in meats. Testing for this emerging pathogen
was added to the program in 1989. This addition was both timely and conve-
nient, since Escherichia coli levels were already being determined and this pre-
ceded the most recent outbreak in the pacific northwest region of the US.
Regardless, this pathogen has not been detected in any of the 85 raw meat samples
tested by the program,

Raw sausage was the most problematic raw meat, Due to consistent sausage
failures Rutgers now serves a precooked sausage patty instead of the raw Ttalian
style sausage. Ground beef and hamburger patties had also been historically pro-
blematic but a switch in vendors for these two items have greatly reduced the
frequency of failures.

On a percentage basis desserts was the third most problematic food category
{Table 6). This was totally due 10 the test results for two rind-on cantzloupe
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samples, however, which were used as examples 10 demonstrate the high bacterial
content of this item to the dining facility managers and therefore, the need for
refrigeration following cutting of the rind.

Most foodservice personnel want to have a sanitary facility. A program such
as that described above provides the education, training and feedback which are
instrumental in both achieving and maintaining this goal.
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