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Objectives 

1. To demonstrate the maintenance of adequate 
antimicrobial levels in recirculating systems for 
a) high-pressure washing and b) fungicide 
application in packing houses 

2. To verify antimicrobial effectiveness of water 
samples from recirculating fruit washing and 
fungicide application systems of citrus packing 
operations 

3. To present the project’s final report at a CRB 
meeting and publish a scientific paper in a 
referred journal based on findings 

Problem and Significance 

Although existing food safety regulations do not 
require citrus packing operations to implement 
critical control points (CCPs), packers under the 
regulation of the Food Safety Modernization Act 
(FSMA) and industry best practices have utilized 
control points (CPs) to prevent potential cross-
contamination of fruit during fruit washing and 
fungicide application.  

Currently, the industry does not have a clear 
guideline on how to validate CPs. This study, once 
accomplished, will provide an example on how to 
validate CPs of citrus packing-lines. Subsequently, 
the implementation of validated CPs will help the 
packers to ensure food safety and provide evidence 
of validation for food safety audits.      

 

Benefit to Industry 

The industry will receive an example methodology 
that shows how to validate the control of cross-
contamination in recirculated high-pressure washers 
and fungicide flooders during citrus packing 
operations. Subsequently, the report of this study 
will be published in a scientific journal as evidence 
to meet audit and/or regulatory requirements.  

The approach reported by this study has the 
potential to be used in food safety training for 
implementing control measures in packing facilities.  

The project also builds a local, California-based 
research team to help in strengthening the California 
citrus industry’s knowledge and capacity in 
addressing emerging food safety challenges.  

Progress Summary 

We have evaluated three high-pressure washer 
systems (in early- and mid-seasons) and three 
fungicide flooder systems (in mid- and late-seasons) 
at two commercial citrus packing facilities. Although 
data is pending further analysis, we have gained 
some preliminary insights from this study: 

High-pressure washer 

• Either a handheld pH probe or a pre-installed pH 
monitoring system can measure the pH of wash 
water in the high-pressure system, but the use of 
pH strips for this purpose may be affected by 
chlorine. 

• The temperatures of wash water measured at 
two locations (nozzle and tank) typically increase 
during each day of operation, the water 
temperature is relatively higher at the nozzle 
point. 

• The presence of Enterobacteriaceae or 
coliforms is sporadic, low-level, and infrequent. 

• The participating high-pressure lines can 
achieve controls, but inconsistent management 
can lead to chlorine levels below the limit.  

• The wash water with ≥ 15 parts per million (ppm) 
of chlorine likely can cause a ≥ 5 log reduction of 
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introduced L. monocytogenes within 15 seconds 
of contact time. 

Fungicide flooder 

• The turbidity of fungicide water does not 
increase in a linear fashion in the recirculating 
tanks under intermittent packing operations up to 
five days. 

• The temperatures of fungicide water at two 
measuring points (weir and tank) are positively 
correlated and mostly similar. 

• The presence of Enterobacteriaceae or 
coliforms is sporadic, low-level, and infrequent. 

• The participating fungicide lines can achieve 
controls, but inconsistent management can lead 
to Peracetic acid (PAA) levels below the limit and 
there is an identifiable risk of pathogen 
contamination associated with insufficient PAA 
in fungicide water. 

Despite unanticipated low fruit availability and 
scheduling delays due to COVID-19, the team has 
accomplished about 2/3 of the study in the 2020-
2021 fruit season.  

During this summer, the team has identified 
detection and management issues that could be 
better addressed to achieve the goals of this project. 
We will include these management elements in the 
extended project year:  

• Project PIs will provide data collection sheets 
and revised SOPs 

• Supervisors will review and approve each of the 
SOPs  

• Technicians will receive a 2-hr briefing on 
detection principles and methods  

• Technicians will estimate and maintain all 
required test materials and supplies 

• Technicians will contact Food Safety Net 
Services (FSNS) in Fresno for microbial sample 
submission  

• Technicians will have an ample amount of time 
to perform the tests   

• Technicians will ensure the tanks are under 
control (meets criteria) prior to packing 

• Technicians will ensure testing devices are in 
sync with each other (at least initially)  

• Supervisors will review collected data on a daily 
basis  

• Supervisors will submit data sheets to PIs after 
each week of work  

• Project team will communicate when it 
encounters unexpected challenges/outcomes 

• Project team will document all performed tasks 
for final data analysis 

Under the approved project extension for a year, the 
team will evaluate available data for preparing 
another run of packing-line evaluation in spring 
2022. The existing budget is sufficient to cover all 
the supplies and the project's collaborators 
(packinghouses) are willing to absorb the additional 
cost of staff and microbial analysis by a 3rd-party 
commercial lab. 
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