RESEARCH IN PROCESS

Establishment of Operating Standards for Specific Water-Based Processes Through
the Identification of Specific Metrics and Test Methods
SUMMARY

Water disinfection is one of the most critical processing steps in fruit and
vegetable production aimed at preventing cross-contamination. There are several
difficulties in maintaining the microbiological quality of process wash water,
due to: 1) the variability of disinfectant, ii) the lack of operational limits and iii)
test methods to monitor the process. The most common disinfection agents
(peroxyacetic acid, chlorine dioxide and sodium and calcium hypochlorite) are
currently being tested in different scenarios selected based on different water
characteristics. Examples include commercial facilities of shredded vegetables
such as carrots and onions (excessive cell exudates, very high organic matter
and turbidity), chopped lettuce (high organic matter and low turbidity), baby
leaves (low organic matter and low turbidity) and peppers (low organic matter
and high turbidity). Results obtained should inform producers about the realistic
expectations for controlling selected water quality variables.

OBJECTIVES

1. Identification of specific water quality variables suitable as critical parameters
and their optimal operational limits for water disinfection under commercial
conditions.
2. Validation of critical limits of the selected parameters in lab-scale
experiments using artificially inoculated foodborne pathogens.
3. Performance of commercial sensors and test kits for the on-line monitoring of
the critical parameters.
4. Verification of critical and operational limits.
5. Elaboration of evidence-based standards for the most common disinfectants
based on specific metrics and test methods for microbiological quality of
commercial wash water systems.

METHODS

The work performed during the first trimester focused on objective one. Two types
of experiments were performed:
• Establishment of minimum ClO2 residual levels required to inactivate E. coli
O157:H7, simulating commercial conditions of the fresh-cut industry. To maintain
a residual concentration of ClO2, a continuous addition of ClO2 was necessary
in order to cope with the demand posed by the addition of organic matter and
inoculum.

RESULTS TO DATE

• Independently of the dynamics of COD accumulation, residual ClO2
concentrations were maintained close to the target doses. The lowest dose
(0.4±0.2 ppm) was not effective inactivating the microbial inoculum added with
the organic matter while the higher dose (1.0±0.7 ppm) completely eliminated
the presence of E. coli O157:H7 when the concentration was higher than
0.5 ppm (Figure 3). Further studies are necessary to optimize the minimum
effective doses.
• In the commercial packinghouse operation, pre-washing and washing water
samples showed high levels of APC and the presence of Enterobacteriaceae
and E. coli, indicating bacterial accumulation in the wash water (Figure 4). The
concentration of PAA in the washing cascade (≥200 ppm) was able to reduce
the bacterial accumulation in the wash water. PAA was not added in the prewashing step and water was recirculated over time. Microbial loads of the
peppers were only reduced after washing with PAA (Figure 5).

BENEFITS TO THE INDUSTRY

Experiments have been initiated to establish the minimum residual levels of
ClO2 required for inactivating E. coli O157:H7, simulating commercial conditions
in the fresh-cut industry. This is the first time that minimum effective doses of
ClO2 were selected using a dynamic system with a constant addition of organic
matter. This experimental set up will allow the direct application of the results
obtained in an industrial setting. The characterization of commercial facilities
has also been initiated with the monitorization of a commercial packinghouse
operation for peppers where PAA is used as the water disinfectant. In this first
trial, accumulation of bacteria in process wash water was observed, indicating
poor management of the microbiological quality of the water. Current studies
are valuable for the fresh produce industry as they will allow the identification of
critical parameters able to control microbial quality of the process wash water to
improve the water management of the process.
Figure 1. Washing line of a commercial
packinghouse operation for peppers,
including a pre-washing step with recycled
tap water by a shower and a washing step
with peroxyacetic acid in a cascade.

Figure 2. Protocol optimized for the PMAqPCR quantification of molecular E. coli in
process wash water and fresh produce.

• Characterization of the microbiological and physicochemical quality of wash
water for up to 4 hours in a commercial packinghouse operation for peppers using
peroxyacetic acid (PAA) as water disinfectant (Figure 1). Water samples were taken
from the pre-washing and washing tanks for enumeration of aerobic plate count
(APC), Enterobacteriacea and cultivable E. coli. Quantification techniques of viable
but non-culturable (VBNC) E. coli (Figure 2) and F-RNA+ coliphages for process
wash water were optimized. Physicochemical parameters included disinfectant
residual, ORP, turbidity, conductivity, pH, water temperature, COD and UV
absorbance.

Figure 4. Changes
in Aerobic Plate
Counts (APC),
Enterobacteriaceae
group and E. coli in
water samples from
the pre-washing
and washing
with PAA steps
in a commercial
packinghouse
operation for
peppers at different
times. Dotted line
represents the Limit
of Detection (LOD).

Figure 3. Dynamic
washing simulator of
a commercial washing
tank of a fresh-cut
industry in which
Chemical Oxygen
Demand (COD) was
accumulated; ClO2
concentration was
maintained at 0.5
and 1 ppm and E.
coli O157:H7 was
accumulated in the
process wash water.
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Figure 5. Changes
in Aerobic Plate
Counts (APC) and
Enterobacteriaceae
group in unwashed
peppers and those
after pre-washing
with water and
washing with PAA
at different times
in a commercial
packinghouse
operation.
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