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Chapter |

Introduction

In today’s food industry, food safety and quality has reached higiuastds.
Hazard Analysis Critical control Point (HACCP) systems & abd Manufacturing
Practices (GMPs) are set for most processed food products. rEtanpe humidity,
packaging and use of modified atmosphere are some of the faeblave been shown
to influence microbial growth in food (40) and many control measureesgidnese
factors. But, regardless of the best control measures appliedpfoddcts are still
exposed to a risk of contamination leading to disease outbreaks (4).

Outbreaks of human illness due to consumption of raw fruits and vegetables
particular have increased in recent years. Epidemiological sungalf@ograms indicate
that the potential for outbreaks has been enhanced due to changes W lthbits,
increases in the number of immune-compromised consumers, charaggenomic and
processing practices, and increases in the rate of consumption (6).

Agronomic and processing practices may affect the microbial guaid shelf
life of raw and processed fruits and vegetables as a resutbntamination with
pathogenic microorganisms in the field, while harvesting, and during lpawsest
handling. In particular, the quality of wash water, packagindhoakst and materials, and
transportation/storage temperatures may be significant issues (32).

In general, microbial populations are usually higher in fresh @dtables than in

raw ones. There may be a number of reasons for this. Prolongedsmgadames, such
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as a delay in refrigeration after pre-washing and trimnitiag been found to cause
elevated microbial counts (32). The commercial shelf-life ekHrcut vegetables
depends on the ingredients and manufacturing methods and typicallyfuames to 14
days. In addition to lactic acid bacteria, which are respongdiespoilage, the
predominant microbiological population in fresh cut vegetables consipsy/cifirotrophs
such asPseudomonas spp. and Erwina spp. (15). Vankerschaver and others (34)
measured the microflora of fresh leafy vegetables, consistindomiaantly of the
psychrotrophic bacteriasBudomonas and Erwinia spp., with an initial count of £0
CFU/g. Microbial counts of minimally processed vegetables for paaked in modified
atmosphere were found to be approximatel§ @BU/g, 5.6x16 CFU/g, 1.5x10CFU/g
and 16 CFU/qg for aerobic bacteria, coliformseudomonas spp. and lactic acid bacteria
respectively. (25).

Shelf-life studies on ready to eat vegetable salad mix wittti@ of 75% lettuce,
15% carrot and 10% cabbage stored at 4 °C yielded initial counts wf daoxd and
psychrotrophic bacteria at 8 ¥1GFU/g and 1.07 x PACFU/g respectively (15). At the
end of the observation, after 7 days of storage, the population of psychrotrephs/ 2
log cycles. Similarly, studies on the effect of sanitiziratment on shelf-life of fresh
cut iceberg lettuce found that, regardless of different sanittr&agments, the population
of psychrotrophs andEnterobacteriaceae bacteria increased as storage temperature
increased from 5°C to 15°C (38). Dipping of lettuce in water with cidowvas found to
reduce the initial population of mesophilic aerobic organisms. Evdhessame treated
samples were found to have a rapid increase in population of aerobaorganisms,

when they were stored at 15 °C rather than at 5°C(38). A hot wea¢ment (50°C) has



been shown to delay browning of iceberg lettuce and control the populatiease of
naturally occurring microorganisms for few days, though as thagggorogresses, the
population increases (10).

Type of spoilage and quality deterioration largely depends on the of
vegetables being processed. Studies on the level of contamiradtioresh leaf
vegetables show that cabbage, artichoke, and celery are exposedgterlével of
contamination compared to lettuce and spinach (14). The survival aadhgof a
pathogen on or in raw produce may also be influenced by metabolityaahd natural
constituents associated with a specific commodity. For exampkedntettuce and
chicory endive, which naturally contain low quantities of sugar, have btmend to
support the growth of large numbers of Gram-negative microorganignth o not
produce non-volatile compounds. On the other hand, mixed pepper and celerysproduc
which are relatively higher in sugar content, have been shown to suppdaist growth
of different spoilage microorganisms (20). The expression of tbagabilities may
largely be due to intrinsic and extrinsic ecological factorsgmein the produce or
imposed at different points during the entire production system, inclpdoegssing and
distribution.

The rate of increase of microbial growth in fresh cut vegetables has been shown to
be dependent on the form of the product, storage conditions and composition of the
product. Studies on shelf life of fresh cut vegetables (17) showedrdpatity of
processing, the effectiveness of washing, and continuity of redtige are significant

factors controlling level of contamination in fresh-cut salad€hoice of salad



constituents, their ratio, and the presence or absence of wadeingudting also seemed
to be influential factors in controlling microbial propagation during storage.

Individual processing steps can influence microbial populations on fugsh-c
produce. Studies on the microbial quality of fresh-cut red lethroeessed using
standard industrial practices have found the shelf-life of lettitenot exceed 7 days.
Considering production processes, counts of psychrotrophic bacteria, caifidrfactic
acid bacteria were influenced by all steps in the production @atéls a pronounced
effect seen at shredding, rinsing, and centrifuging steps @ling, cutting and
shredding, exposes a product to air and possible contamination. Highelitiaiand
larger cut surfaces create ideal conditions for the growth icfoorganisms (2).
Shredding destroys surface cell and allows juices to leak th@emnner tissues onto
equipment and the produce itself. Similarly, slicers and rsutteay also be powerful
sources of microbial contamination due to the inaccessible shats harbor
microorganisms (9). Considerable contamination lbgteria monocytogenes was
discovered during chopping, mixing and packaging amtieria monocytogenes was

found regularly on shredded cabbage in a study by Nguyen and Carlin (28).

Contamination of lettuce during trimming depends on a number of factors
Handling of a head of lettuce to remove the core and the top laefy&raves is usually
done by humans and it is believed that poor sanitation practices anrandlers in a

processing plant can be a source of contamination (5).

Microbial control efforts for fresh-cut produce have typically fazlison
washing/sanitizing, controlled or modified atmosphere packaging, amgbetature

control. Several studies have demonstrated the effectivenesstoblled atmosphere



storage for increasing the shelf-life and maintaining the quatity safety of minimally
processed fresh produce (28, 21). Carbon dioxide enrichment has been olusdelay t
deterioration and microbial growth in diced onion, particularly thewth of
psychrotrophic microflora (8). But clearly these treatmeats not sufficient to
completely control pathogens.

Washing/sanitizing treatments are not sufficient either. e&ebers have found
that the efficiency of sanitizers used for killing pathogens on fruits and béggetaay be
compromised because the sanitizers are unable to reach loeatinngtissues that may
harbor pathogens (6).

Considering all these microbial issues, production of safe food has dmeen
increasing concern. In order to be able manage food safety theks, is a need to
identify the conditions that are more likely to lead to contaminatioproduce with
particular pathogens and to determine the level of impact such coatamiis likely to
have on human health (23). Developing risk-predicting modelfiéootganisms which
often occur as contaminants in minimally processed vegetalideasgiered to be a way
of predicting the microbiological food safety of minimally prezs$ vegetables. Risk
analysis is one of the fastest growing food safety a@svitn recent years. The major
objective of risk analysis is to provide scientific and experintdrgsed risk estimates
that enable producers and processors to manage food safetyalsk isnown to be a
necessary component to assist in selecting priority hazardsdentifying hazardous
scenarios.

According to the United Nations (UN) Food and Agriculture Orgaiuna24)

and, the UN World Health Organization (WHO) (3ii$k analysis is composed of three



elements: risk assessment, risk management and risk communic@henfirst step in
this series of activities, risk assessment, is a procesxientific evaluation of the
probability of occurrence of adverse health effects from anpiatdhuman exposure to
food-borne hazardsDuring risk assessment, factors contributing to risk are predt
and limits are set to meet the standards (18). The terminofoggkoassessment for
microbial food safety is not definitive and there are differeneenong different
international agencies. Nevertheless, the key elements ireties ®f activities are the
same (11). Application of quantitative risk assessment to micriawdlsafety can help
to identify those stages in the manufacture, distribution and handlifgodt that
contribute to an increased risk of food-borne illness. This helps fesemsirces and
efforts on most effectively reducing the risk of food-borne patho@gehs24). Once
comprehensive risk analysis data has been validated, this syeteeasily be used with
confidence to predict responses of microorganisms under differenttioosd(26).
Quantitative risk assessment may also serve as a foundatianui@ food safety control
systems by minimizing our dependence on the microbiological exaamnaf foods,
particularly difficult-to-assays products such as foods in internaticad (38, 39).

Quantitative risk assessment may be more or less systenMbce systematic
methods include assessment of non-pathogenic spoilage microorgantsots provide
a foundation for the prediction and extension of shelf-life and gives amlloleok at
potentially-interlocking issues related to food safety and food spoilage.

The four steps of microbial food safety risk assessment aredhiaeatification,
exposure assessment, hazard characterization and risk chassicter{fFig. 1.1). These

steps systematically identify and evaluate the significahoeicrobial hazards in food of



concern. The result of the process is a risk estimate and suraeaf risk magnitude,

based on current scientific knowledge and understanding.



Description of Food
Safety Problem and
Context

Harard
Identification

What agents arc present in the
food and capable of causing
adwverse health effects?

: !

Exposure
Aszsessment

Whast is the likely frequency
and level of consumption?

1 1

Hazard
Characterization

What is the nature of adverse
effects?

Dase-Res ponse
Assessment

Risk
Estimate

Probability and sewverity of
illness anributable 1o the
food/pathogen source: &g, ndo,
of illnesses per year, or per
100K population.

Uncertainty: What imporiant
data or knowledge are

Risk
Characterization

Integration of Exposure
Assessment and Hazard
Characterization

missing?

Wariability: What variaiblc
factors influence the magnitde
of the risk?

Figure 1.1: Steps of microbial food safety risk assessment (24).



Sampling standards

In most of the studies reviewed, sampling numbers for determingkg ofi
contamination from fruits and vegetables have varied widely. Studtbsdifferent
vegetable products have used different sample populations. One shelfuliy on
ready-to-eat vegetables (15) used a total of 144 samples ofl megetable salad.
Another study on contamination of fresh vegetables in the field andgdorarketing
used population samples of 80, 41, and 38 for lettuce, cabbage and spipachvaly
(14). In fact, many studies have used guantitative data fremopis studies. But in
general studies have used base line quantitative microbial popuati®no predict risk

of contamination by simulation and probability distribution (12).

Assessment of risk from microbial contamination

In recent years, predictive microbiology has been used as anaéiterto the
traditional microbiological assessment of food quality and saf2®). Most risk
assessment models are built based on quantitative data froatuliéerand expert
opinions are often added to fill in the data gaps (12). Unlike epidegists, whose
starting point for risk assessment is disease, food scien#stsvith the food and reason
towards the circumstances of illness. There are differemistgd models available in
predictive microbiology. Polynomial, empirical models can be useilyewithout
applying detailed knowledge of the process, but their predictive pewienited to the
specific experimental conditions and original data collected (@ther models also
enable prediction of risk from microbial contamination of processed produce, andeprovi
many possibilities for quantitative estimation of spoilage and faafétys These

estimations, which are based on quantitative and qualitative informagive an

9



overview of the effect of important processes on risk, which would detigrmine the
rate-determining steps for microbial contamination (39).

Microbial risk assessment studies usually use Monte Carlo gionylavhich
bases its predictions on probability frequency distributions usetpag parameters.
This method takes into account variability and lack of precise kngelethout input
conditions; it also describes the actual system being modelecsemsible, relatively
complex manner (35).

Population curve fitting by multivariate analysis is also onéhefmany models
being used. This was used to predict the growth pattefeschérichia coli in minimally
processed vegetables (7). Population-fitting curves derived finengrowth data of
Escherichia Coli on minimally processed cucumber, carrot and tomato showed that
microbial safety of minimally processed vegetables deperdsiyron initial population
of microbial contaminants, storage temperature, and storage A)meaJqader this set of
influencing factors, predicted population numbers derived from population ftiivg
were compared to experimentally-measured population numbers; tiaé @t predicted
values were found to be in agreement. The statistical valug¢sefanodel fit were also
evaluated (7).

Monte Carlo simulation is a computerized mathematical technidquehwses
statistical sampling techniques and allows one to account koinriguantitative analysis
and in decision making. Based on the range of data of the aittizdios, Monte Carlo
analysis generates random samples for input distribution and freqdestglpution as
input parameters (11, 35, 36). Monte Carlo simulation has been useeate many

guantitative risk assessment models (QRAM) for food pathogeng; shdke studies
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have been ondmonella enteritidis, otherSalmonella spp., ance. coli O157:H7 (18, 12,
11). For example, a QRAM for the survival/growth of salmonellaholes chicken was
built by simulating data using @Risk software (Version 4.0, Palidddefield, NY).
The incidence and minimum and maximum potential growth of saln@zoaellwhole
chicken during consumer transport was predicted using Monte Carldason and
PERT distribution — a probability distribution calculated from minimamximum, and
most-likely population values — was used to model the extent of patltogéamination
events (29).

So-called “worst case” statistical analysis is somesinnsed to quantitatively
determine how risky any given factor influencing a particsistem might be (18). This
approach evaluates a chain of extreme situations in a processpidgstne most
unlikely unfavorable conditions that could occur and possibly compromise product
safety. A worst-case analysis can be useful in thabdyst safety is shown to be within
the acceptable limits even given “worst-case” assumptions, theprdaeicts can be
classified as safe and the risk associated with that proaedsecassumed to be minimal.
The results of “worst-case” analyses are sometimes suthjectirther analysis, as by
definition a “worst-case” analysis always overestimates the ldetlyal risk.

To give a better idea of the possible use of “worst-case” sisalwe may
examine a study that used predictive modeling to examine pagkaesngn for fresh cut
mixed lettuce and mixed peppers. A “worst-case” cold chaimlation was used to
evaluate possible concern related to temperature abuse (T > d®°@jnimally
processed vegetables during transport and unloading at the super manket| as

during storage and display while on sale (19). This study used sepEnastd eight
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moments of sampling in the simulatedistribution chain. The tin-temperature
combinations used to simulate the “worst case” adidin distribution of fresh c-
vegetables are presented in table 1.1. The sthdwed that yeast spoilage coi
negatively impact shelffe, but no growth oiL. monocytogenes was predicted in eithe

the mixed lettuce or the mixed bell pepg

Step in distrbution chain Time-temperatwe combi- Moment of samping

nation
Processing—packaging T<12°C mpment of sanipling 0
Siorage at producer T=4 °C, t e =24 h mpment of sampling !
Transport frem producer to - 1=2-3 °C, I 0ms=3 “C.
distribotion centre =1h
Storage at distribution T=10 °C, 1t gmum=24 h moment of sampling 2
cenire
Transport frem distibution  7=2-3 °C, Tmimen=3 °C,
centre o supermarket t=2h

Unloading at the super- T=10°C,#=1h,{puime=8 moment of sampling 3
market and first siorage h
storage at chilled counter T=7 °C, fpgipup=48 h moment of sampling 4

Purchase by the con- T=20°C,t=2h mipment of sampling 5

sumer and framsport af

domestic refrigerator

Storage in domesfic ree T=7°C, =1 moments of sampling 6, 7 and 8
frigarator

Table 1.1 -Sampling points and temperatures in a study ofigtediListeria
monocytogenes contamination of lettuce and peppers in a modetgssing an

distributionchain 20).

To be most effective and accur: risk assessment should make use of re
from “worstcase” studies, expert knowledge, data from thealitee, and sensib
assumptions about the various risk factors assatiaith a given system that is bei
modeled. All of these empirical data well as values derived from probabil
distribution functions may be drawn together by Mo@arlo simulations Monte Carlo

simulation can provide an important analysis ofrtiee and \arious statistici software

12



packages, such as @RISK by Palisade, are capable of using Mutdesithulations to
link empirical data with probability distribution functions for the eiént processing
steps in the manufacture of fresh-cut produce. Model parameteralstape adjusted
based on various assumptions. Thus, these packages can help cread®,cacoptate
and sensitive predictions that can be used to assess risk of @licobiamination of

fresh-cut produce during processing.
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CHAPTER Il

INFLUENCE OF INCUBATION TEMPERATURE, PUMMELING TIMEAND LEAF
SAMPLING PROTOCOL ON THE RECOVERY OF AEROBIC BACTER FROM
FRESH-CUT SALAD MIX AND MINIMALLY-PROCESSED WHOLE-HEAD

LETTUCE

Abstract

The objective of this study was to determine an appropriate inocobat
temperature, pummeling time, and sampling method for the total reccmaly
guantification of aerobic micro-flora found in fresh produce. Microlialysis for
aerobic bacterial count in fresh cut salad mix was conducted amglesawere incubated
at 21 ° C, 3% or 35C for 48 + 3 hours. Counts for aerobic bacteria recovered from
salad mix incubated at 2C were found to be significantly (P<0.05) higher than those
recovered from samples incubated either a€3ghd or 3%. Aerobic bacterial counts
recovered from fresh cut salad that was pummeled for two mingesn't significantly
(P<0.05) different from those observed following a one minute pummeiimg tiAlso,
recovery of aerobic microorganisms from whole head iceberg lattase’'t significantly

different (P<0.05) from that obtained from the outer layer of leaves alone.
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Introduction

The ecosystem of microorganisms on the surface of fruits anetaldgs is
diverse. The presence and numbers of microorganisms differ depending type of
produce, agronomic practices, geographical location of production and weatkéron
before harvest (5, 16). Many of these microorganisms are bebignsome are
pathogenic. Thus, sanitizing washes are commonly used in the indudaggdantaminate
produce prior to further processing or consumption. Research has shown that tbe effica
of decontamination of produce can be increased by up to 100-fold by addirigatats
to wash water (3). However, the ability of sanitizerdiginfect raw produce varies
greatly. The type of produce as well as the nature and loatimicroorganisms on or
possibly in the produce makes some pathogens inaccessible and thus esfltlenc
efficacy of decontamination treatments. The composition of wasbintjss and the
intensity and duration of washing also vary, and these variatiogsimiaence the
efficiency of bacterial removal. The inability of sanitgdp access and remove all
microorganisms on the surface of raw produce suggests that thewedfective in
removing cells more intimately associated with morphologicaictires (3, 8, 18, 4).
According to Beuchat (3) microbial cells can be harbored icodisuities and biofilms
formed on the surface of produce. Therefore, cells may be motEoim contact with
sanitizers and from physical removal, resulting in an increasesibfitg of pathogens
being present in vegetables and fruits at the time of consumptioh.of Ahis has
implications for the measurement of potential pathogens that mayekent on fresh
produce in that different washing methods may influence the recofeslls present on

the leaves.
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Studies on recovery methods confirm that bacterial recovery frommmuhbean
leaves was significantly better with pummeling using a n@chhstomacher than with
pureeing (7). Comparing the different methods of removing bactea feaves,
pummeling using a mechanical stomacher for a period of atdaasminute was found
to have an advantage over washing and sonication. Unlike sonication, [ignuseng
a mechanical stomacher allowed recovery of essentially alededrom the leaves’
surface. The effectiveness of the different methods of bdctemeval was confirmed
by quantification of the recovered groups of microorganisms. Duringdy ®n the
influence of operations on microbial populations and changes in a naturalflara
fresh produce, Li and others (20) and Sinigaglia and others (17) plegpamgles of
salad mix and cut carrots for microbial analysis by pummedmgple materials in a
mechanical stomacher for two minutes. Thus, although pummelingekasfound to be
an effective method for removing bacteria from plant materiabfmmeration, various
pummeling times have been employed in different studies.

In addition to washing techniques, incubation temperature can havéeenoa
the accuracy of microbial enumeration. Garcia and othersug8dl an incubation
temperature of 37°C to conduct aerobic bacterial counts on leafyabégge including
lettuce and cabbage. Y. Bin and others (20) used an incubation tamp@&faB80°C to
quantify aerobic mesophilic bacteria during a study on appearancetumrdl microflora
changes in iceberg lettuce. A study of microbial qualityamichoke by Gimenez and
others (11) also used ®Dfor total plate counts. Thus, previous studies have not always

been consistent in terms of preferred incubation temperatures.
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The protocol used to sample produce has also been shown to influence microbia
counts. Variation in microbial population densities have been shown tdeuotedfby
accessibility of leaves to airborne microbes and microclifjte Leaf age and position
have also been found to influence the frequency distribution and viyiabibacterial
population sizes associated with leaves of broad-leaved endive. Darvest of endive
the linear decrease in density of epiphytic bacteria frorarqotder) to inner (younger)
leaves of the head was significant (13). However, researsbarstimes continue to
sample leaves randomly and do not take into account the physiolsigigal of the leaf
(20).

Many factors have been found to influence the recovery and successful
enumeration of bacteria on produce. On the other hand, some factormighatbe
assumed to be significant have not always proven to be so, dbleaster types of food
products. For example, incubation time using selective enrichmeihmsbaot plating
methods were found to have no effect on the performance of the nmebitea final
counts obtained fovibrio cholerae in oysters (6). Reviewing preceding research work,
there is clearly contradictory information and no standard protocagitmal sampling
protocols, pummeling time, and incubation temperatures to be used dudrapial
analysis of produce to insure optimal recovery of different groups of microengani

The purpose of this study was to optimize sampling and microbial quattih
protocols in fresh produce. This study focused on the impact of pungntghie, and
incubation temperature on the recovery and quantification of aeroligribacom fresh-
cut salad mix and on the impact of leaf sample selection onrdbevery and

guantification of aerobic bacteria from whole-head iceberg lettubetermining the
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appropriate pummeling time, incubation temperature, and sampling methdadely

assure the best recovery and quantification of aerobic micro-flora fouresimgroduce.

This study consisted of three different but interrelated experiments:

1. Determination of incubation temperature that is best for enuroeratitotal plate
count in fresh-cut salad mix.

2. Establishment of appropriate pummeling time for recovery of aeroditeria
from fresh-cut salad mix.

3. Determination of sampling method that maximizes the recoveryeobbic

bacteria from whole-head iceberg lettuce.

Materials and methods

Impact of incubation temperature on total recovery of aerobic microorganisms in fresh-
cut salad mix

Three 345g bags of salad mix (iceberg lettuce, red cabbageaartds)were
collected each week from a local retail store each week total of three weeks. In
order to maintain the storage temperature, bags of salatvene placed in an ice chest
and transported to the Oklahoma State University Robert M. Kerr Fabdgricultural
Products Center (FAPC) laboratory facilities in Stillwaté& within an hour and
microbial analysis was conducted the same day. Twenty fivesgoarsalad mix were
randomly drawn from each of the three bags of salad mix andasepgically transferred
into separate stomacher bags. Diluent consisting of 225 ml of @ep¥one water was

then added to each stomacher bag and samples were pummeled foinate in a
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mechanical stomacher (IUL Instruments, model CE 2003). A 1 ml aligastthen
removed from each stomacher bag and additional appropriate dilutioaprepared in
accordance with standard procedures described in the Compendium of Meththds
Microbial Examination of Foods (19). Aerobic bacterial counts weterthined using
the pour plate method. Three sets of plates for each dilution wéee pla standard plate
count agar. After the agar solidified, the plates were invertediaplitate plates from
each sample were incubated in three different incubators 8&t @t 32C and 35C for

48 + 3 hours. Colony counts were conducted using a colony counter andetata w

subsequently analyzed to evaluate the effect of incubation temperature.

Effect of pummeling time on microbial recovery of aerobic bacteria in fresh cut salad mix

Experiments to determine optimal pummeling time for a compkstevery of aerobic
bacteria from fresh-cut salad mix (iceberg lettuce, red apblend carrots) were
conducted following the determination of appropriate incubation temperafinee 345

g bags of salad mix were collected each week from a letal store for a total of three
weeks. In order to maintain the storage temperature, bagsadfreét were place in an
ice chest and transported to the Oklahoma State UniversityriRidbe<err Food and

Agricultural products Center (FAPC) laboratory facilitiesStillwater, OK within an

hour and microbial analysis was conducted the same day. Tweatgrims of salad
mix were randomly drawn from each of the three bags ofdsalix and aseptically
transferred into separate stomacher bags. Diluent consisting onl2250.1% peptone

water was then added to each stomacher bag and samplesivaitg pummeled for
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one minute in a stomacher (IUL Instruments, model CE 2003). A liqubawas then
withdrawn from each stomacher bag and held aseptically firetudilution and plating.
The remaining sample mixture was then pummeled for an additional io¢em One
milliliter aliquots were then withdrawn from each stomacherdmbefore and additional
appropriate dilutions were prepared in accordance with standard preceeésoeibed in
the Compendium of Methods for Microbiological Examination of Foods (2&®robic
bacterial counts were determined using the pour plate method. &waplicf plates for
each dilution were plated on plate count agar. After the agalifsal| the plates were
inverted and incubated in an incubator set afQ1ifor 48 + 3 hrs. Colonies were
counted using a colony counter and statistical analyses were cahducthe data in

order to evaluate the effect of pummeling time.

Effect of leaf-sampling protocol on microbial recovery of aerobic bacteria from

minimally-processed whole-head iceberg lettuce

Two minimally-processed whole heads of iceberg lettuce wellected each
week from a local retail store for three weeks. Each weelplea were transported to
the Oklahoma State University Robert M. Kerr Food and Agriculioradlucts Center
(FAPC) laboratory facilities in Stillwater, OK within an hoamd microbial analysis was
conducted within 24 hours. Each head of lettuce was cut into twd pgds. The
cutting knife was sanitized between uses and all handling was damg sesitized
gloves, which were changed between samples, and all cutting wailasanitized

cutting surface, which was freshly sanitized between samphdter the outermost
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wrapping leaves of each of the two halves were removed to $emntamal hand
trimming, the three most outer layers leaves from one half weagl shredded by hand
with a stainless steel knife. Again, the cutting knife wastigad between samples.
Twenty five grams of the shredded pieces were then weighed aretigh a stomacher
bag. The entire remaining half of head of lettuce was thexddbd and 25 grams sample
were transferred into a stomacher bag. The cutting knife ar@tzed between uses.
Diluent consisting of 225 ml of 0.1% peptone water was then added tctachcher
bag and samples were pummeled for one minute in a stomacheinftsiments, model
CE 2003). A 1 ml aliquot was then withdrawn from each stomacherrzhgdditional
appropriate dilutionsvere prepared in accordance with standard procedures described in
the Compendium of Methods for Microbiological Examination of Foods (19pli€ates
of plates for each dilution were plated on plate count agar. Afeeagar solidified, the
plates were inverted and incubated in an incubator set % 2dr 48 + 3 hrs. Aerobic
bacterial count was determined using a colony counter and thavdegaanalyzed in

order to evaluate the effect of leaf sampling protocol.

Satistical Analysis

Proc mix was used to determine the quantitative difference darl@cecovery
of the different incubation temperatures, pummeling times and methoslangdling.
Data was analyzed using Statistical Analysis SystenB(8’titute, Carry, NC) to find

differences among means of log colony forming units.
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Resultsand Discussion

Recovery of aerobic bacteria from fresh cut salad mix wasfwiantly impacted
by incubation temperature (Table 2.1). Aerobic bacteria counts recbfrem salad mix
incubated at 2iC were significantly (P<0.05) higher than those recovered fronplss
incubated either at 32 and or 3%. Microbial analysis with incubation temperature of
21°C resulted in 6.9 log colony forming units per gram (CFU/g) coetbto 6.1 and 6.0
log CFU/g at incubation temperatures of @2and 35 C respectively. There was no
significant difference (P<0.05) observed in the recovery of aerobtermdérom fresh
cut salad mix and incubated at 32 andC35 Thus, we determined that 21°C was an
appropriate incubation temperature to use for maximizing recoveagrabic bacteria
from fresh produce.

Results of the statistical analysis on the recovery of aelauterial population
presented in Table 2.2 shows that the aerobic bacterial load (6.5 ldkgy)recovered
from fresh cut salad that was pummeled for two minutes wasgnificantly (P<0.05)
different from that observed following a one minute pummeling time I CFU/q).
Therefore we conclude that a one-minute pummeling time is adedaabbtain
maximum recovery of aerobic bacteria from our samples.

Recovery of aerobic microorganisms from whole head icebetgcéetas
influenced by sampling method is shown in table 2.3. Previous work has #etvwhe
initial aerobic mesophilic load of lettuce usually ranged betwednand ~. 6 log CFU/g
and occasionally even more, and the counts from the outer most ldgtucé exceeded
those from interior layers by one to more than log CFU/g (1, 10, B&).in our study,

recovered aerobic bacterial population was 9.2 CFU/g for the whaleldéttace and 8.8
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log CFU/g for the outer three layers of leaves. The micrtiea on whole head lettuce
wasn't significantly different (P<0.05) from that observed ontlustouter three layers of

leaves alone.

Conclusion
Based on our statistical analyses, the two methods of sampBtegdt— whole
head versus three outermost leaves — did not significantly &fiectbserved recovery of
aerobic bacteria in minimally-processed whole-head icebengcéett We also did not
observe any difference in aerobic bacterial counts between samptaneled for either
one or two minutes using a mechanical stomacher. We did obseher legunts in
samples incubated at 21°C versus those incubated at 32°C and 35°C. Adtgording

samples in subsequent experiments were incubated at 21°C for aerobic bacterial counts
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Table 2.1 Comparison of Incubation Temperature for aerobic bacteria Eatiorer
On ready to eat Vegetables

Incubation temperature Population meand@fu g*

( degree celsius)

21 6.9
32 6.7
35 6.0

NB: Mean values followed by the same letter are not significantly difféRz 0.05).
Mean is the average of three experiments, each with three samples intduplica
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Table 2.2. Effect of pummeling time on recovery of aerobic bactereauhyrto eat

vegetables
Pummeling time Population mean Jp@FU g*
(minutes)
1 6.7
2 6.5

NB: Mean values followed by the same letter are not significantly difféRz 0.05).
Mean is the average of three experiments, each with three samples in duplicat
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Table 2.3. Effect of sampling method on enumeration of aerobic migarisms on
minimally processed whole head Iceberg lettuce

Mean
|Og 10
Sampling Method CFUg*
Whole head 9.2
Outer leaves 8%

NB: Whole head- lettuce (composite of surface and tissue of the produce)
Outer leaves- the three most outer layers of the same head of lettuce
Mean is the average of three experiments, each with two samples in @uplicat
Mean values followed by the same letter are not significantly differen®.(5).
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CHAPTER Ill

A SIMULATION MODEL OF QUANTITATIVE MICROBIAL RISK
ASSESMENT DURING PROCESSING OF FRESH CUT LETTUCE

Abstract

This study used a quantitative risk assessment model to prediot¢heence,
death, and/or survival of groups of microorganigineng commercial fresh cut lettuce
processing. The specific objectives of this study were to buiflantitative risk
assessment model, develop a computer simulation program, and modetuhrerue,
death, and/or survival of groups of microorganisms in lettuce frarmiing all the way
through de-watering and packaging. The model inputs included bactariak taken at
the unit processing operations of trimming, shredding, washing deadiatering
(centrifugation). A predictive model was built using this microloata, which was

collected from a local produce processing plant.

The microbial population change was simulated in a sequenceabbr wnit
operation using death and survival models, and the model built was gtkiousvaluate
these processing steps so as to determine the overall impgobadssing on the

microbial load of fresh cut lettuce.

The simulated model predicted that the process of shredding ibidhgest
contributor to the total aerobic and coliform bacteria estimatefesh cut lettuce

production. Washing with chlorinated water was not predicted tolgrestuce the
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microbial load for all three groups of microorganisms. In faensitivity analysis
predicted that washing actually contributed to an increase st,y@ald, and coliform
counts in the lettuce. The process of centrifugation was predactamhtribute the least
to both the aerobic and coliform bacteria estimates. On the ludher it was predicted

to contribute the most to yeast and mold counts in lettuce processing.
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Introduction

In today’s food industry, high standards have been set for footy sei@ quality.
Hazard Analysis Critical control Points (HACCP) systems @wbd Manufacturing
Practices (GMP’s) have been developed and are in some wesekated for most
processed food products. But, regardless of the best control exaqplied, food
products are still exposed to risk of contamination that may tedséase outbreaks (6).
These risks may be hard to assess because they are nahurfifor example, studies on
the level of contamination of fresh vegetables show that cabbdighoke, and celery
may be exposed to a higher level of contamination than lettuce mndcls (15).
Production location, which includes the climatic and environmental condidns
production fields, plays a big role in the microbial safety ofrfrest produce. Irrigation
and harvest practices are some of the common sources of contaminBtezay and
injury caused by plant pathogens can also act as an entry portrfi@nhpathogens.
Farm workers’ personal hygiene also has an influence on the tssi@mof pathogenic
bacteria to produce that is being harvested (FDA Commodity spggdiftelines, April
2006). During vegetable production, farm implements come in direct contfictthe
produce and therefore serve as a vehicle of contamination. Anothatantpaspect to
consider is that wash water in tanks is generally reused andenagntaminated with
pathogens if a contaminated product coming from the field is wlashé¢hat water.
Therefore, if not properly sanitized, wash water can become aesofinicrobiological

contamination for every piece of product that passes through that water (17).
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Aside from the variable risks described above, production processesista
influence risk for any given product. Producing fresh-cut leafgetables usually
involves trimming, coring, slicing, shredding, washing, centrifugiaying, and
packaging. In fresh bagged lettuce, higher microbial counts ohpdyaphic bacteria,
coliforms, and lactic acid bacteria were influenced by afisste the production process
with a pronounced influence being seen at the shredding, rinsing anduggmdgr$teps in
a study conducted by Allende and others (2). This is not difftoulinderstand as

peeling, cutting, and shredding exposes a product to possible contamination.

Chlorinated water is often used to provide some disinfection df-tresproduce.
The US FDA recommends 50-200 mytbtal chlorine at pH 6.0—7.5 and contact times
of 1-2 min, (24) for washing/sanitizing fresh produce. The Internatibredh-Cut
Produce Association (17) Model HACCP Plan for shredded lettuce sisggenaximum
chlorination of 100-150 mg total chlorine at pH 6.0-7.0 (13). Free residual chlorine
concentrations between 2 and 7mg*kare required to ensure a complete destruction of
microorganisms in water (Food Processors Institute, 1980). Howeveralkeeports
suggest that the effectiveness of a chlorinated wash in reduatngbmi populations on
shredded lettuce is minimal at best (1, 4, 8, 11). Washing shrezitlezelin chlorinated
water resulted in a decrease of the initial counts by 0.7-Lsdads (3). Washing time
had no effect on microbial reduction. This is in accordance with ogisearchers who
found that increasing the washing period above 1 or 2 min showed no iMgraven
the reduction of mesophilic bacteria (1, 6).
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There is evidence to suggest that the effectiveness of chlarineeer for
removing microorganisms from the surface of cut lettuce campmved by increasing
process temperatures. Delaquis and others (11) showed that Iresiduabial
populations were 2 log CFU/g lower on cut lettuce washed in chlednaater at 47 °C
compared with product washed at 4°C. Y. Li and others, (26) also segdgiest the heat
treatment employed (50°C) may have reduced initial populations mé gpoups of
microorganisms naturally occurring on iceberg lettuce, but enhanezdbial growth
overall during subsequent storage. Overall, the effectivenesasbiing with chlorinated

water for eliminating possible pathogens appears to be limited.

The purpose of this study was to develop a model system to snprzduce
contamination and cross-contamination for the purpose of determiningetbé df
microbial risk on fresh and minimally processed vegetables atetfitfestages during
processing. Determining the level of contamination and/or crossroordtion will
enable prediction of the critical points to be controlled at difteretages in the
production system and help set criteria for regulation. Applicatiomiofobial risk
assessment also provides an additional tool to food safety professiomhls study
focused on assessing the realistic hazards present deituncel processing; it developed
a model to predict quantitative microbial load of aerobic bactéggiene-indicator

bacteria (coliforms), and yeast and mold on fresh cut lettuce.
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Quantitative microbial risk assessment models have previously lsseh far
microbiological assessment of food quality and safety (19). Tineskels were used to
enable prediction of risk of microbial contamination and cross contaonndtiring
commercial processingThese predictions, which are based on quantitative information,
gives an overview of the impact of important process steps on natnodgpulations,

which can help determine levels of relative risk.

Material and Methods
Samples of Iceberg lettuce were collected asepticaliy fa fresh cut vegetable

Processing Plant in Oklahoma City, Oklahoma.

Unit operations sampled during fresh cut lettuce production

The flow diagram of fresh cut lettuce processing as employed by our industrial

cooperator is presented in Figure 3.1.

Reception: Heads of lettuce were transported to the Processing Plant and
were stored at the reception port. It was assumed thaerstalil
followed standard produce handling and transportation

procedures.

Trimming: Three outer most layers of leaves and the core were removed

manually from each head of lettuce using a knife and a corer.

Shredding: Lettuce was shredded into pieces of about four cm in size,

using an industrial rotary stainless steel bladed shredder.
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Washing: Shredded lettuce pieces were washed in chlorinated water for

about one to two minutes.

Centrifugation: The washed shredded lettuce was centrifuged for about a

minute to remove the free water.

Samples were taken immediately after the lettuce complatgdmocessing step.
At trimming, samples were collected after trimming and aprinDuring shredding,
samples were taken after heads of lettuce passed throughréueliing machine and the
shredded lettuce dropped on a conveyor. Samples were also taken from the conveyor belt
immediately after passing through the chlorinated water wagh The final sampling
point was immediately after the shredded and washed lettuceewas/ed from the
dewatering centrifuge.

Samples were originally also taken from the “Reception” stejpr po any
trimming and handling. However, these data were found to Htetwidely and to not
correlate well with data obtained further along in the process. This may be ttheefact
that lettuce heads at the “Reception” step were still intaks it was not feasible to
sample multiple heads of lettuce, we determined that it wasssible for us to obtain a
sufficiently representative sample with which to enumerate aligl counts at the

“Reception” step. Therefore, this data was not used in our model.

Samples were collected at four different points in the production ggdéggure

3.1). A trimmed, intact head was collected after trimmingr(Pdj and approximately
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200 grams of shredded lettuce was collected at subsequent steps 224). Duplicate
samples were collected at each processing step to givd aft8taamples collected per
visit. Samples were collected on eight different days oveeréogp from June to
November, 2005. Thus, a total of 64 samples were collected altgpgeth&om each

sampling point in the process.

Because the initial microbial populations in different batchegrofluce were
observed to vary a great deal, perhaps because the produce wasddiptamevidely
varying production areas, population data from the processing step “Tryhnvere
used as a baseline population level from which to calculate thevealapact of further

processing.

Samples were transported to the Robert M. Kerr Food and AgriduRtoducts
Center (FAPC) at Oklahoma State University in Stillwatel Within one hour after
sampling was complete and microbial analyses were conducted vidthiours.

Samples were kept on ice or under refrigeration (<5°C) until they were ashalyze

Microbial analysis

Standard microbial enumeration methods developed by the AOAC (Associat
of Official Analytical Chemists) modified as described imaPter 1 were used for
microbial quantifications. Approximately 25 gm of shredded lettuge pummeled with
a Stomacher IUL Instruments (CE 2003) in 225 ml of sterile 0.1 %opepivater
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(Difco). Additional appropriate dilutions were prepared in accordavitie procedures
described in the Compendium of Methods for the Microbiological Exaromaf Foods
(25). Aerobic bacterial count was determined following the pour phatdhnod. Plate
Count Agar (Difco) was used for plating and duplicate plates weubated at 2C for
48+2 hrs. Coliforms group count was determined using Violet Red Bji A/RBA)
with incubation temperature of %5 for 24+2 hrs. The same plates used for coliforms
were overlayed with 5ml Violet Red Bile Agar with MUG (44tm@umbelliferyl-beta-D-
glucuronide) for enumeration of genekcColi. Potato Dextrose Agar with 3% tartaric
acid (Difco) was used for enumeration of yeast and molds. Thatss were incubated

for 5 days at room temperature.

Model design

Our model was similar to those used by other researchersviioysevork with
other food products. Specifically, a Quantitative Microbial Rislse&sment model
(QMRA) was created in an Excel spread sheet (Microsoft, RaaldimWA) for prediction
and quantification of incidence, distribution and inactivation of aerobicebagct
coliforms, and yeast and molds. The model then was simulated usingk @R
Professional Version 4.5 (Palisade, Newbury, N.Y). Monte Carlo atronlwas used
for identification of critical points. Lettuce processing was nextias a series of unit
operations: trimming, shredding, washing, and de-watering (cegdtiin). Sensitivity
analysis of Monte Carlo simulation was performed to provide a quargitaeasure for
determining the most important factors affecting the risk afrobial contamination
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during fresh cut lettuce processing. Sensitivity analysessomes the importance of each
unit operation(10). Unlike QRAM by Oscar (22), sensitivity analygs considered in
this model because all randomly-selected values from the norastabdiion were used

to calculate the model output.

Other models, for example the quantitative risk assessment wio@skar (21),
have used input settings empirically derived from various pretexiskperimental data
sets. However, no assumptions and/or data from previous studiedatengere used in
this simulation. Rather, the input settings in this model weredbestirely on locally-
collected microbial data. During QRAM simulation, @Risk sachmellected data for

all unit operations randomly from within the calculated normal distribution.

Input setting

As noted above, our quantitative risk assessment model was based atigopul
data obtained from microbial analysis of lettuce processetbatbprocessing company.
These values served as a baseline for aerobic bacteria, roglitord yeast and mold
populations. The relationship between input and output variables was constructed in such
a way that the difference in microbial load was added to thenwiolg processing step.

Shredded lettuce after centrifugation was taken to be the final output.

Our model assumed that heads of lettuce were from the samedidhat the
microbial population was evenly distributed throughout the lettucesftedding. It was

also assumed that processing a batch of heads of lettuceomgdeted within twenty
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minutes and that there was no growth in the population of indigenous nganigms

during processing.

Input values used by @Risk for predicting aerobic bacteria, aolf@and yeast

and molds population at different stages of processing were calculated as:follow

e Average microbial populations for a given type of microorganismse we
calculated for lettuce after trimming. The log valuethese counts were used as
the input population value for @Risk calculations for the process of trimming.

e The average log value changes observed in microbial populati@rsaafiiven
processing step were used to calculate the input population valuashi®quent
processing steps.

Table 3.1 gives the empirical population data that was input into thel meeé by
@Risk to predict population changes as a result of processing for aerokiicbiactresh

cut lettuce.

Impact of lettuce processing on aerobic bacteria, coliforms,yaast and mold
population distributions in fresh cut lettuce processing was sietblmased on the values
of our sixteen baseline sample data points. These values were téttadstep-wise
simulation model and data was simulated from 10,000 iterations. Tm@nation in
table 3.2 is presented to show the cell addresses and formulas ugRIBK during

simulation of the different microbial population data. In this pro@$dsk chose risk
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normal distribution function for all groups of microorganisms of intedesing fresh cut

lettuce production.

For example, note that the first node in the quantitative riskssasgent model for
coliforms (Table 3.2) simulated the impact of process of trimyncell D6, and was
created with @Risk using normal distribution with a mean of 3.04uloigs and a
standard deviation of 0.72. The impact of shredding in cell D7 was modsieg
normal distribution as a best choice of @Risk, with a settingeaimvalue difference of
-0.15 log units and a standard deviation of 0.77. Mean value difference aheD(B29
log units and standard deviations of 0.58 and 0.55 were used in the inmgssefti
coliforms during model creation for washing and centrifugaticocgsses respectively.
At the input settings for both washing and centrifugation steps, @dRisge normal

distribution.

Results and discussions
Aerobic bacteria
The microbial load of aerobic bacteria on lettuce after head=taté following
the unit operation of trimming was predicted to be 4.6 log CFU/QI€Ta3). This load
was within the range found by other scientific studies (1, 16, A8)the same trimmed

heads of lettuce pass the next step of processing, shreddimgoded which simulated
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aerobic bacterial population predicted an increase of 0.8 log urtiis.relative increase

of the simulated aerobic bacterial load was also in agreement with othesg@id).

Besides eliminating plant debris, soil and nutrient rich celldlaids, the
operation of washing was believed to reduce the initial microbgal (16). Others have
reported a reduction of approximately 2.7 log units of aerobic mesophitrofiora
when lettuce was washed by chlorine solution (1). Washing leittucediately after
shredding also decreased the initial aerobic bacterial load by Ol@glB) CFU/g in
another study (3). In addition, fresh cut vegetables have sometiraesobserved to
harbor lower microbial populations compared to whole vegetables, pmbbuiue to
washing in chlorinated water, (9, 20). Washing shredded lettucdyusiaimed at

removing soil and debris and at reducing microbial loads (23).

However, the mean aerobic bacteria population numbers for processee let
after washing predicted in this study were that same ae tiftesy shredding and before
washing, namely 5.4 log CFU/g (Table 3.3). Thus, no reduction in papulaias
predicted. The simulated @Risk model also predicted the aerolteribhdéoad of
centrifuged lettuce to be higher than the washed cut leltyd@4 log units. Published
scientific studies have found that fresh cut produce that followsdradard processing
procedure had lower microbial loads than that of unwashed whol¢abéege (1, 4, 5).
But our model indicated that fresh cut lettuce had an aerobicrisadved that was 1.2

log units higher after shredding, washing and centrifugation comparéek toad after
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trimming (Table 3.3). These predictions are seen as a trend ih ghake 10,000

iterations (Figure 3.2).

Coliform group

The population data used in the quantitative risk assessment modsllifom
bacteria in fresh cut lettuce by @Risk is presented in table Thé. simulated data for
trimming (Table 3.5) predicted a coliform count of 3.7 log CFU/grafimming. After
shredding, the predicted value increased by 0.6 log units. Washingxpasted to
remove nutrients from the cut produce and reduce microbial load thhensurface of
shredded lettuce. But the predicted microbial mean value for theemunh coliforms
increased to 4.4 log CFU/g after the shredded lettuce wdsed/as chlorinated water,
and did not differ much with the count after shredding, which wasog. 2ihits. This
value instead increased by only 0.1 log units. The centrifugatgmpveas predicted to

increase the population of coliforms to a mean value of 5.0 log CFU/g.

Comparison of the predicted simulated mean value which modelenohpiaeti of
each processing step on the distribution of coliforms during &ethuacessing indicates
that coliform load after the process of centrifugation increbget3 log units compared
to the initial count after trimming. Shredding contributed to theeamed predicted value
of 0.6 log units of coliforms. Washing didn't have a significant imgactcoliform
counts during fresh cut lettuce production. Values in figure 3.2 sinevexample of the

10, 000 iterations from simulation of QRAM. The coliform load in log ufiien the
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different processing steps in this iteration (Fig 3.2) relates vetyavile mean values of
the output in table 3.5. This is true both for aerobic bacteria af &aBland figure 3.2

and yeast and molds of table 3.7 and values of a random iteration in figure 3.2.

Yeasts and molds

Yeasts and molds distribution in fresh cut lettuce production was ndobgle
@Risk in the same manner as for the aerobic bacteria and caslifdduring simulation
of the model, @Risk randomly sampled normal distribution, which wasllatéd from
log mean population data. Node 1 (Table 3.2) calculated the yeaspaisldistribution
on lettuce after heads of lettuce were cored and the top ldyees of leaves were
trimmed. The load at this level was considered to be the ilaadl of yeasts and molds
during fresh cut lettuce processing. Similar to the simulatoraérobic bacteria and
coliforms, empirical yeasts and molds counts were used by @#Rigke inputs for

modeling the impact of shredding, washing and centrifugation (Table 3.6).

The model simulating the impact of trimming gave an output of 2.3 raa
CFU/g of yeasts and molds (Table 3.7). Simulation results omthael after heads of
lettuce had passed through a shredding machine indicated that thgeastand mold
load increased by 0.3 log units due to shredding. The model simulatinydcess of
washing predicted an increase in yeasts and molds load of 0.1 teg étithe end of

fresh cut lettuce processing, the simulated model resulted a O&nitsyincrease in

a7



yeasts and molds population due to centrifugation compared to a trineaddf lettuce.

The same trend was observed in the different iterations (Figure 3.2).

Sengitivity analysis

Quantitative risk assessment is intended to systematicalifiddazards and
estimates their risk. But it is generally agreed thet ilnpossible to determine risk with
high accuracy (27, 28). Quantitative evaluation of food safetgrgtex, since in most
cases many variables have a great deal of statisticabildy (28). Sensitivity analysis
is a way to measure the effect of a parameter’'s variatolit the variability of the
predicted output value, which in our case was the variability of microbial loagsim €ut
lettuce at the end of processing. It is also of value in detemgnoorrelations. Rank
correlation determines the degree to which a given variablmpscated when the
overall risk is high (10). Correlation coefficients rangeneen -1 and 1. The closer the
coefficient is to one, the higher the correlation and thus the mqmertamt the factor is

for introducing risk into the production process.

Correlation coefficients of Monte Carlo simulations have previobegn used to
measure the importance of risk determining factors during freskettuce processing
(10). We also employed sensitivity analysis, specificalhked correlations, to evaluate
the effect of different processing steps on the final microbialsloa fresh cut-lettuce

after centrifugation. The model here simulated 10, 000 iterationsrandomly selected
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data points and higher positive correlation coefficients signthedrelative impact of a
unit operation to the final predicted microbial load. It is importanhote that these

comparisons were relative within simulations.

Aerobic bacteria

Results of the sensitivity analysis (Table 3.8) on the impaptaxfessing lettuce
indicates that shredding has a correlataefficient of 0.576, which indicates that it was
the biggest contributor to the increased population of aerobic bactémsh cut lettuce.
This result was in agreement with other scientific resl& and also confirms that in
this particular processing plant, shredders are the biggest sofircentamination.
According to a study on the effect of unit operations on counts fobiaebacteria in
fresh cut lettuce, the counts on shredded lettuce increasea bygwinits compared to a
whole lettuce and dipping shredded lettuce in chlorinated water retheembunts for

aerobic bacteria in fresh cut lettuce by three log units (16).

The process of washing, with correlation coefficient value of 0.479 fowand to
have the second greatest impact. The processes of trimming ranifugation with
correlation coefficient values of 0.468 and 0.388 respectively takeahddourth place
in terms of the relative ranking of their contribution to the incréaseints of aerobic
bacterial in fresh cut lettuce (Table 3.8). Other studies has@opisly found that

conveyors and centrifuges were not a significant source of contamninél6).
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Similarly, our results indicated that the process of ceigaiion contributed the least to

the aerobic bacterial load during production of fresh cut lettuce.

Coliforms group
The process of shredding and trimming (Table 3.9) had correlatidhceod

values of 0.567 and 0.527 respectively. This nominally indicatesstiiatiding was
predicted to contribute more to the final coliform counts than trimmwigch would
generally be in accordance with other studies (16). However, lBetaeiscorrelation
coefficients are fairly close, it is difficult to concludetlaoritatively that there was any
practically significant difference in the relative impacttioé two processing steps. In
any case, @Risk's simulated model predicts that these two proggsrocedures are
very nearly equally important and taken together have the langgstct on final
coliform counts in the shredded lettuce. Washing was observed to bartheanked
contributor (Table 3.9) to the overall counts of coliform estimafée centrifugation

step was predicted to contribute the least to the final coliform counts.

Yeasts and molds

Contrary to the results observed for bacterial populations, oursasabave a
predicted correlation coefficient of 0.620 for the centrifugation ggscthus predicting
that centrifugation had the highest impact on the counts of yeastai@ds in fresh-cut

lettuce (Table 3.10). Washing would ordinarily be expected to redum®bial load.
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However, according to the simulated model, washing was actuallycfgeé to be the
second largest contributor to increased yeasts and molds populatioa waetinelation
coefficient of 0.538 (Table 3.10). The processes of shredding anditgmvere the two
smallest contributors to the yeasts and molds load estimateredded lettuce with
correlation coefficient values of 0.417 and 0.317 respectively (Table 348y a
contrast to what we observed with bacterial populations, particularly coliforms.

We can only speculate on why we saw such different predictedttefiof
processing on bacteria versus yeasts and molds. It may smplyat our model is
inaccurate in some respects due to limited sampling. Or ytbwathat centrifugation
served either directly or indirectly to inoculate shredded letiite yeast cells and/or
mold spores but not with bacterial cells. For example, if the emhlair in the facility
was contaminated with yeast cells and/or mold spores, the movemainithrough the
shredded lettuce during the centrifugation process may have servedctdate the
product. Other studies have found that centrifugation may contribute rteasec
microbial counts during lettuce processing, though yeasts and malelsatespecifically

implicated (2).

Comparison of overall predicted population data to a single predicted iteration

Comparison of overall predicted population numbers for the different groups of

microorganisms are compared with the numbers from a randomlyeskleeration in
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Figure 3.3. From this we can see that the population trends foem iggration do not

differ dramatically from the overall trends as predicted by @Risk foralis.

Conclusion

Our model, which simulated the impact of lettuce processing orobmadrioad,
predicted that shredding would be the biggest contributor to the counteralfia
bacterial estimate in fresh cut lettuce. However, foif@moh bacteria the processes of
trimming and shredding were predicted to be the most important contsbiatoan
increase in microbial numbers estimates. Although our observed poputatints for
aerobic bacteria in fresh cut lettuce decreased slightlyva#tehing, our model predicted
that washing in a chlorine solution doesn't actually help reduceomatrload during
shredded lettuce production. The simulation model by @Risk also pedict the
process of centrifugation contributes the least to aerobic androolcounts estimate.
Centrifugation was predicted to contribute the most to for yeastsialu$ load estimate

during processing.

Although the results from the simulation during fresh cut lethroeessing seem
to be reasonable and generally agree with previous studies, teectearly areas of
improvement for the model. As noted previously, we were not able tdatisdérom the
“Reception” step in our model because it was not feasible to obtasnfficiently
representative sample with which to enumerate microbial countsviad correlate

with data collected at subsequent points in the process.. This ndiffleutt to establish
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a solid baseline from which to estimate actual changes imobna populations. In
addition, we observed a fair amount of variability in the baselitee wWa used as inputs
in our model. Overall, more sampling would probably be needed to @aitheralidate

our model.

In addition, there may be other factors that were not quantifigisrstudy that
had a significant influence on the baseline data used to cheaprddictive model. For
example, we did not measure chlorine strength, water temperatuesidence time in
the sanitizing wash. Evaluating the effects of these additfaotdrs could be helpful in
refining and validating our model. In a typical industrial sgttivhere much more
baseline data regarding microbial populations and control factorsasusdmitizing wash
strength are routinely collected, it should be possible to createafiddte a much more

robust risk assessment model.

Overall, our model predicted that fresh cut lettuce would have arhgleeobial
load at the end of processing than at the beginning. Moreovemamel indicated that
the sanitizing wash, which according to our baseline data effectdght decrease in
microbial populations across the board, was not predicted to bativedfen reducing
microbial loads and some cases was predicted to contribute toraas@an microbial
counts at the end of processing. This demonstrates the potahtiabtitisk assessment
models for determining critical points and establishing confidencentrol measures as

they relate to food safety.
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Table 3.1. Population data used as inputs into the quantitative risisiaesg model
for aerobic bacteria in fresh cut lettuce.
Step Sampling point Measured Input Measured Output
(log CFU/q) (log CFU/qg)

1 After trimming 4.2 4.2

2 After shredding 0.3 4.5
3 After washing -0.3 4.2
4 After centrifugation 0.2 4.4

Note: Output values are mean values of the sampled data.

Input falszsnpling

points 2 — 4 are the mean log difference in microbial load from the precedmng ste
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Table 3.2. Cell addresses and formulas used in the quantitative risk assessohs
of @Risk in fresh cut lettuce processing

Unit Operation Distribution Cell Formula

Aeraobic bacteria
Trimming Input
Shredding Input

washing Input
Centrifugation Input
Trimming Output
Shredding Output
washing Output

Centrifugation  Output

Colforms group

Trimming Input
Shredding Input
washing Input
Centrifugation Input
Trimming Output
Shredding Output
washing Output

Centrifugation  Output

Yeasts and mol

Trimming Input
Shredding Input
washing Input
Centrifugation Input
Trimming Output
Shredding Output
washing Output

Centrifugation  Output

C6 RiskNormal(4.21327, 0.54336, Ris{@4000, 59905, "Best Chi-Sq"))

C7 RiskNormal(0.3253, 0.68342, Ri¢8#@00, 92720, "Normal"))
C8 RiskNormal(-0.2935, 0.56086, Risk&i00, 23058, "Normal))
C9 RiskNormal(0.20432, 0.44125kRit(64000, 46820, "Normal"))

D6 RiskOutput(,"microbes",1) + ROUNDBN (P OWER(10,C6),0)

D7 RiskOutput(,"microbes",2) + ROUNDWN(POWER(10,C7)*D86,0)
D8 RiskOutput(,"microbes",3) + ROUNDD®W OWER(10,C8)*D7,0)
D9 RiskOutput(,"microbes",4) ©BNDDOWN(POWER(10,C9)*D8,0)

D6 RiskNormal(3.04113, 0.72392, RiskF#610, 61547, "Normal’))
D7 RiskNormal(-0.14672, 0.77824, Ri€k8610, 69574, "Best Chi-Sq"))
D8 RiskNormal(-0.31255, 0.5737, RisKE10, 14540, "Normal’))
D9 RiskNormal(0.29056, 0.54598KRit(10610, 88773, "Normal’))

E6 RiskOutput(,"microbes",1) + ROUNDB® (P OWER(10,D6),0)
E7 RiskOutput(,"microbes",2) + ROUNDDOWN (P OWER(10,DEg:0;
E8 RiskOutput(,"microbes",3) + ROUNDDOWN(P OWER(10,DBY*0
E9 RiskOutput(,"microbes",4) + ROUNDDOWN(POWER(10,DEB:0

C6 RiskNormal(2.2757, 0.19568, Risk¥#9$49, 62476, "Normal"))
C7 RiskNormal(0.22914, 0.26134, Ri$88649, 23517, "Normal"))
C8 RiskNormal(-0.09704, 0.33383, RigRB®49, 92851, "Normal’))
C9 RiskNormal(0.35239, 0.3809ikRit(99649, 91117, "Normal"))

D6 RiskOutput(,"microbes",1) + ROUNDBN (P OWER(10,C6),0)

D7 RiskOutput(,"microbes",2) + ROUNDWN(P OWER(10,C7)*D86,0)
D8 RiskOutput(,"microbes",3) + ROUNDD®W OWER(10,C8)*D7,0)
D9 RiskOutput(,"microbes"4) ©BNDDOWN(POWER(10,C9)*D8,0)
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Table 3.3. Predicted effects of processing lettuce on microbial tdaaerobic
bacteria as simulated by @Risk from 10,000 randomly selected data

points.
Predicted Mean
Sampling point log 10 CFU/g
Output
After trimming 4.6
After shredding 5.4
After washing 5.4
After centrifugation 5.8

NB: Output values are mean values of 10, 000 iterations
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Table 3.4. Population data used as inputs into the quantitative risksragsse model
for the coliforms bacteria in fresh cut lettuce.

Step Unit operation Measured Input Measured Output
log CFU/gm (log CFU/gm)
1 After trimming 3.0 3.0
2 After shredding -0.1 2.9
3 After washing -0.3 2.6
4 After centrifugation 0.3 2.9
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Table 3.5. Predicted effects of processing lettuce on microbs bf coliforms
bacteria as simulated by @Risk from 10,000 randomly selected data points

Predicted Mean

Sampling point log 10 CFU/g
Output
After trimming 3.7
After shredding 4.3
After washing 4.4
After centrifugation 5.0

NB: Output values are mean values of 10,000 iterations.
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Table 3.6. Population data used as inputs into the quantitative redsasant model
for yeasts and molds in fresh cut lettuce.

Step Sampling points Mean log 10 CFU/g
Measured Input  Measured Output

1 After trimming 2.3 2.3
2 After shredding 0.2 2.5
3 After washing -0.1 24
4 After centrifugation 0.4 2.8

Note: Output values are mean values of the sampled data. Input f@lsssnpling
points 2 — 4 are the mean log difference in microbial load from the preceding step.
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Table 3.7. Predicted effects of processing lettuce on microbidl dbayeasts and
molds as simulated by @Risk from 10,000 randomly selected data points.

Predicted Mean

Sampling point log 10 CFU/g
Output
After trimming 2.3
After shredding 2.6
After washing 2.7
After centrifugation 3.2

NB: Output values are mean values of the 10,000 iterations.
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Table 3.8. Processing steps ranked as predicted to their impact on aerobal bacteri
load in shredded lettuce 10, 000 iterations.

Rank Processing step Correlation coefficients
#1 After shredding 0.576
#2 After washing 0.479
#3 After trimming 0.468
#4 After centrifugation 0.388
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Table 3.9. Processing steps ranked as predicted for their impegliform bacterial
load in shredded lettuce following 10, 000 iterations.

Rank Processing step Correlation coefficients
#1 After shredding 0.562
#2 After trimming 0.527
#3 After washing 0.419
#4 After centrifugation 0.384
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Table 3.10.  Processing steps ranked as predicted for their iolpgetsts and molds
load in shredded lettuce as following 10, 000 iterations.

Rank Processing step correlation coefficients
#1 After centrifugation 0.626
#2 After washing 0.538
#3 After shredding 0.417
#4 After trimming 0.317
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Figure 3.1.

Flow diagram of fresh cut lettuce processing.

Sampling points 1-4 are denoted by number.
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Figure 3.2. Comparison of micro-organisms load during fresh shreddedtele
production with data from a randomly selected iteration

—— Aerobic bacteria —— Coliforms Yeastsand Molds
6
5
2
<_g 2
1
0
Trimming Shredding Washing Centrifugation

68



Figure 3.3.  Relative comparison of microorganism load from outputtsefor one
randomly selected iteration.
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Appendix
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Experimental microbial data for comparison of incubation temperé&iu@erobic

bacteria Enumeration On ready to eat salad mix

Population miaan lag CFU

Incubation temperature Sample g
( degree celsius)
21 1 7.1
21 2 6.6
21 3 7.1
21 4 7.1
21 5 7.5
21 6 7.3
21 7 6.1
21 8 6.8
21 9 6.4
32 1 5.8
32 2 55
32 3 6.0
32 4 6.0
32 5 6.4
32 6 6.3
32 7 5.8
32 8 6.3
32 9 6.3
35 1 6.0
35 2 5.6
35 3 5.9
35 4 6.1
35 5 6.2
35 6 6.2
35 7 5.7
35 8 6.6
35 9 6.3

NB: Values are counts from mean of duplicate plates and of nine samples
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Experimental microbial data used to measure the effect of pummelingriineeovery
of aerobic bacteria in ready to eat salad mix

Stomaching time Sample Population meand@fu g™
(minutes)

6.3
6.1
6.3
6.9
6.4
6.5
6.7
7.0
6.3
6.5
6.3
6.3
7.1
6.8
6.5
6.9
7.3
5.5

NNMNNNNNNNNRRREPRREREREPRR
© O ~NOUDNWNEROOOWNOOWAWRNLR

NB: Values are counts from mean of duplicate plates and of nine samples
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Experimental microbial data used to measure the effect of samplihgaat
enumeration of aerobic micro-organisms on minimally processed whole ledagc

lettuce

Mean
|Og 10
Sampling CFUg
Method Sample B
Whole head 1 9.3
9.2
9.1
9.0
10.1
8.5
9.3
8.9
8.8
9.1
8.4
8.3

Outer leaves

O Ul b WNEFEP OO, WN

NB: Values are counts from mean of duplicate plates and of six samples
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L ettuce
Aerobic bacteria

Tornado graph for correlation between the risk estimates for the aerotedddoad in
fresh cut lettuce and the four predictive factors during processing.

Correlations for Centrifugation / CFU/gm/D9

Shredding / log CFU/gm/C7 .576

washing / log CFU/gm/C8

Trimming / log CFU/gm/C6 .468

Centrifugation / log CFU/g.../C9 .388

1 075 05 025 0 025 05 075 1

Correlation Coefficients
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Coliforms group

Tornado graph for correlation between the risk estimates for coliformesim ¢ut
lettuce and the four predictive factors during processing.

Correlations for Centrifugation / CFUIgm/E9

Shredding / log CFU/gm/D7 562

|

Trimming / log CFU/gm/D6 521
washing / log CFU/gm/D8 419
Centrifugation / log CFU/g.../D9 384

| | | | | | | |
I T T T T T T T T T T 1

Il Il Il
1 07 05 T-0.25 0 02 05 075 1

Correlation Coefficients
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Yeasts & molds

Tornado graph for correlation between the risk estimates for the gedstsolds load
in fresh cut lettuce and the four predictive factors during processing.

Correlations for Centrifugation / CFU/gm/D9

Centrifugation / Input/C9 .626

Shredding / Input/C7 417

Trimming / Input/C6 - .317
x ] ] ] ] ] ] ] ] ] ] ]

I T T T

1
4 075 05 025 0 025 05 075 1

|

Correlation Coefficients
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