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1GENERAL INFORMATION

Field Tomato Food Safety Guide
Compiled by D Fullelove B App Sc (Horticultural Technology) Grad Dip Teach
Copyright protects this publication. Except 
for the purpose permitted by the Copyright 
Act, reproduction of text or individual images 
by whatever means is prohibited without 
prior written permission of Horticulture 
Australia Limited or the original source.

The project has been funded by Horticulture 
Australia Limited using voluntary 
contributions and matched funds from the 
Australian Government. The project leader 
acknowledges the assistance of Richard 
Bennett and Fresh Produce Safety Centre 

Australia & New Zealand; tomato growers 
and industry staff who gave freely  
of their time to inform the project.

Any recommendations contained in this 
publication do not necessarily represent 
current HAL policy. No person should act on 
the basis of the contents of this publication, 
whether as to matters of fact or opinion or 
other content, without first obtaining specific, 
independent professional advice in respect 
of the matters set out in this public.

How to use the Guide
This Guide is designed to assist growers 
to identify key areas of food safety 
concern and to suggest improvement in 
practice and procedure that can easily be 
implemented on farm. Most growers won’t 
have to do much beyond current practices; 
however this Guide might act as a timely 
reminder of things to be done.

The Guide is divided into Field and 
Packhouse sections with different topics 
in each of these sections. The two main 
sections are coloured coded and the topic 
title can be found at the top and bottom of 
each page.

QR Codes link to further information. 

A QR Code® (Quick Response Code) is a bar 
code that can be scanned on a mobile phone and 
contains a wide range of information. If you have  
a smart phone, and have one of the many free  
QR Code reading apps installed, simply take a 
picture of the QR Code and the full topic version 
will be downloaded to your phone. 

A free QR Code scanner can be downloaded from 
iTunes www.itunes.apple.com
QR Code is registered trademark of DENSO WAVE INCORPORATED. 
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Checklist
Yes No Checklist Page Number

FIELD OPERATIONS

Do topographical features (slopes, depressions) near the field 
encourage run-off to the plantings? 11

Do adjacent fields present microbial risks? 19

Are there hygiene policies in place for the fields? 23

Are field workers provided a separate area for breaks and meals? 24

IRRIGATION WATER

Is the water source protected from run-off and flooding? 13

Is the water source protected from animal contamination? 14

Is contact minimized between irrigation water and the tomato fruit? 13

Is the water used to deliver chemicals and other amendments to 
plants of post-harvest quality? 14

SOIL ADDITIVES

Is only properly-composted or adequately-aged manure used on 
the fields? 15

Is compost stored in an appropriate manner? 16

Are only reputable compost suppliers used? 16

Are all compost applications documented? 16

Yes No Checklist Page Number

PEST MANAGEMENT

Is movement of animals controlled to prevent microbial 
contamination? 17

Does the area have a high bird population? 18

HARVEST CONTAINERS

Are appropriate containers used? 20

Are containers inspected and replaced regularly? 20

Are containers cleaned and sanitized? 20

PACKING SHED

Are storage facilities cleaned and sanitized regularly and kept  
free of pests? 39

Is the building designed to prevent cross-contamination? 40

Are cleaning tools cleaned and sanitized regularly? 40

Is cleaning equipment kept separate from other equipment? 23
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Checklist
Yes No Checklist Page Number

WORKER HEALTH AND HYGIENE

Do employees feel responsible for food safety? 24

Are employees properly trained in personal hygiene and the 
prevention of microbial contamination of produce? 23

Are restrooms adequate and available to employees? 24

Are employees with illness and open wounds prohibited from 
handling produce? 24

Do employees wear clean clothes every day? 24

If gloves are used, are they used appropriately? 24

Is there 1 toilet facility for every 20 workers? 24

Is there 1 hand-washing facility with single-use towels for every 20 
employees? 24

WASH WATER

Is post-harvest water clean and sanitary? 29

Is the dump tank water properly maintained? 29

Are appropriate wash methods used for produce? 32, 35

Are sanitisers used properly in post-harvest water? 33

Is there a method to test sanitizer concentration? 37

Is water reused in the production line? 32

Are appropriate water temperatures used for cleaning and sanitizing? 31

Yes No Checklist Page Number

SAMPLING

Are samples for testing taken properly? 27

Is the sanitiser concentration monitored regularly? 36

Have all adverse water testing results been acted upon? 37

COOLING

Are cooling temperatures maintained properly? 41

Is cooling equipment maintained properly? 41

Are cooling rooms and units cleaned and sanitized appropriately? 42

EQUIPMENT

Is the equipment used to maintain post- harvest water quality 
inspected and repaired regularly? 39

Is equipment designed to be easily cleaned? 40

Are racks and forklifts inspected and cleaned regularly? 39

Is farm equipment cleaned and sanitized routinely? 40

Is the garbage kept covered? 39

PACKING MATERIALS

Are packaging materials stored in a sanitary manner? 39
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Why is food safety important?
First, it’s important to remember that food 
is grown for consumers who expect their 
meals to be safe, just as consumers expect 
their tomatoes not to be contaminated.

There are many microorganisms in the 
environment – some are harmless, some 
are beneficial, and others cause food 
spoilage and breakdown. A small number 
of microbes, pathogens, have the potential 
to cause food poisoning.  

Over the past few years, there have been 
several severe outbreaks of foodborne 
illness that have been traced back 
to tomatoes. Although most of these 
outbreaks have been overseas, there 
have been several in Australia resulting in 
the industry taking action to ensure that 
growers have information available to them 
to minimise future occurrences.

Food borne illness
Salmonella is a bacterium that is a common cause of foodborne illness. 

In the United States, from 1973 to 2010, there were 15 multistate outbreaks of 
illnesses attributed to Salmonella contamination of raw tomatoes, with 12 of these 
outbreaks taking place since 2000. They resulted in almost 2,000 confirmed illnesses 
and three deaths. Unfortunately the conditions in which tomatoes thrive are also the 
conditions in which Salmonella thrive.

Scan this Code  
to view the Guidelines for 
On-Farm Food Safety for 
Fresh Produce publication.
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Things to consider:
• Microbial contamination can kill or,  

at least, cause illness

• Contamination can be either on the 
surface of tomatoes or internalised  
within the fruit

• The stem end scar of tomatoes is a prime 
entry point for pathogens

• The majority of contamination occurs 
from water use, animal access, soil borne 
contamination, organic fertiliser use or 
poor hygiene practices

• Using contaminated water at processing 
– not checking sanitiser or changing 
water infrequently can cause buildup  
of microbial contamination

• Contamination can be caused by infected 
or unhygienic workers

Remember:
• Good hygiene practices reduce the  

risk of contamination

• Most contamination can also be 
prevented or minimised

• Food safety programs help to reduce  
the probability of contamination
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What is food borne illness?
Issue
Foodborne illness is any illness caused by 
eating contaminated food; it can be serious, 
causing death. The need for longer shelf-life 
and the period of time between harvest and 
consumption can leave food exposed to 
potential contamination.

Why is this important? 
Many microorganisms have the potential  
to cause foodborne illness in humans.  
The most common are bacteria or the toxins 
they produce. The common ones that occur 
in tomatoes are:

Salmonella is a very common bacteria found 
in the gut of domestic and wild animals, 
birds and insects. It causes diarrhoea, 
abdominal pain, nausea, vomiting and fever. 
It is dangerous to young children and people 
whose immune defence is weakened due to 
old age, previous illnesses or medication.  
Infection can be fatal.

Listeria bacteria can be found in the soil, 
water, waste water, on plants and in the 
gut of animals and can survive at very low 
temperatures, down to 2.5°C. Healthy people 
usually do not become ill but listeria can have 
very serious effects on young children, elderly 
people and pregnant women. 

Escherichia coli (E. coli) are present in the 
human intestinal tract but there are some 
dangerous strains that cause severe internal 
bleeding. It can be transmitted through direct 
contact with infected animals or humans or 
indirectly via contaminated foods. 

IMAGE: SALMONELLA

IMAGE: E. COLI
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Things to consider
Micro-organisms are readily found in 
normal environments and food can be 
contaminated at many stages of its 
production. From planting, through to 
transport, to customers, there are many 
opportunities for pathogens to contaminate 
fresh produce. 

What can I do? 
Food safety involves a multi-faceted approach. 
Potential sources of contamination include:

• Soil and dust

• Organic products used as fertilisers  
and soil additives

• Water used for irrigation, spraying, water 
dumps, hydrocooling, top-icing, washing 
and postharvest treatments

• Workers who handle fresh produce at 
harvest, during grading and packing

• Wild and domestic animals, birds  
and vermin 

• Harvest bins and containers, and harvest 
and packing line equipment

• Packing containers and materials

• Storage facilities and transport vehicles
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Growth of microorganisms 
Issue
Tomatoes are susceptible to microbial 
contamination because the plant and fruit 
grow in an environment where they can 
come into contact with bacteria from a range 
of sources. Fruit can also pick up pathogens 
during harvest, handling or preparation.

Why is this important?
In order to grow, bacteria need time, 
nutrients, moisture and warmth. Under the 
right conditions they double their number 
every 10 to 30 minutes. 

Bacteria need water to dissolve the food 
they use for energy and growth.

They like warm temperatures; generally grow 
faster around room temperature, but will 
multiply anywhere between 5°C to 60°C. 

 

When the temperature drops below 5°C 
most food poisoning bacteria will not grow 
or will only multiply very slowly.

When the temperature is low, they become 
inactive until it warms up again. However, the 
bacteria do not die. Some bacteria can survive 
a temperature of minus 20°C for one year. 

Even a small amount of bacteria can be 
dangerous if it reaches the inside of the 
tomato, because once there, it can increase. 
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Things to consider 
Tomatoes have a number of characteristics 
that influence the effect of pathogens:

• Tomatoes can be in direct contact with 
soil and organic manures

• Heavy rains may also cause tomatoes to 
be covered with soil due to rain splash

• Wildlife visit tomato paddocks

• Microorganisms can infiltrate through 
stem scars

• Tomatoes are sensitive to chilling injury 
and require warm weather growing 
conditions which can favour pathogen 
growth

• Tomatoes have a fragile skin making 
them susceptible to mechanical damage

• Washing and sanitising will reduce but 
not eliminate pathogens

• Multiple tomato harvests may increase 
the likelihood of tomato contamination 
due to tomatoes being mechanically 
damaged during prior harvest operations

• There are complicated and sometimes 
long supply chains

• Tomatoes are popular in food service, 
pre-cut salads and mixed with other 
foods
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Field production
Field tomatoes are grown out-of-doors under a wide range of climatic and geographical 
conditions using various agricultural inputs and technologies. Biological, chemical and 
physical hazards may therefore vary significantly from one type of production system to 
another. In each production area, it is critical to consider site-specific growing practices  
that promote the safe production of tomatoes. 

This section focuses  
on food safety  

in the field 
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Field production
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Irrigation water
Issue
Water is used during tomato growing for 
irrigation and spraying, and after harvest 
for washing. Water can be applied to the 
crop via overhead, furrow, or drip irrigation. 
Trickle irrigation that does not contact 
produce is compatible with good food 
safety practices.

Why is this important?
Water used during production should be 
assessed for:

• The potential for pathogen contamination 
(e.g., from livestock, human habitation, 
sewage treatment, manure and 
composting operations)

• The water’s suitability for its intended use

• Potential for change in pathogen 
contamination levels if events such as 
environmental conditions change
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Things to consider
River and creek water may be 
contaminated if they flow near intensive 
livestock operations such as feedlots, 
dairies, piggeries or near areas of high 
human population. Chemical contamination 
may occur near industrial or agricultural 
areas that may release chemicals into the 
water or through run-off.

Dam water may be contaminated from 
surface run-off and entry of livestock or bird 
life, or by chemicals if the chemical storage 
or spray rig washing and filling areas are 
close to the dam or watercourse.

Bore water may be contaminated due to 
seepage from septic systems or heavily 
grazed catchment areas.

Rainwater storage tanks may be 
contaminated by dead animals or faecal 
matter from birds, rodents or other animals 
on the roof, in the gutters of the roof where 
water is collected, and in the actual tank.

Reclaimed water is derived from sewage 
systems and industrial processes. 
Reclaimed water used on produce must 
have E. coli < 1/100 ml.

IRRIGATION WATER

What can I do?
It is impractical to test water for every 
possible microbiological pathogen. An easier 
approach is to test for the presence of a 
group of bacteria called faecal coliforms. 
These are a good indicator of wider 
contamination. The level of thermotolerant 
coliforms in pre-harvest water that does 
not contact the harvestable part of the 
crop should be less than 1000/100 ml. 
Remember that preventing contamination  
is time and money well spent when 
compared to the consequences of rectifying 
problems later. 
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Soil additives
Issue
Organic soil additives such as manures, 
composts, compost teas, fish emulsions, 
seaweed and any animal-based products 
can cause the level of pathogens to rise.  
As long as the fertilisers are stored 
and applied correctly, the risk of cross-
contamination will be significantly reduced.

Why is this important?
The pathogens can exist for weeks or 
even months under the right conditions 
in the organic material, however synthetic 
fertilisers do not contain any sources of 
microbial contamination and therefore are 
safer to use. Contamination can occur 
through direct contact of tomatoes with 
untreated organic material, or indirectly 
through contact with residual untreated 
organic matter in the soil.  

Things to consider
• Raw or untreated organic fertilisers 

should not be applied to crops and 
certainly not within 90 days of harvest

• Proper composting is more effective than 
aging. Longer treatment periods are required 
for aging. Usually at least six months for 
aging, about 6 weeks for composting

• Heat generated during correct 
composting of manure will kill microbes 
of concern for food safety

• When purchasing treated manures, 
composts or soil additives from suppliers, 
request information about the treatment 
methods used and any microbial testing 
results i.e. certificates of analysis

• Only fertilisers and soil additives that 
comply with the legal limits for cadmium 
should be used

• Cadmium is a widespread mineral and  
is considered toxic 
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What can I do? 
There are a number of practices that can 
be adopted to minimise the risk of microbial 
contamination:

• Preferably avoid the use of untreated 
fertiliser and organic soil additives

• Maximise the period between application 
of untreated fertiliser and organic soil 
additives and when the crop is harvested

• Compost heaps must be aerated and 
turned for the process to work efficiently 
and all organic material must be exposed 
to a minimum temperature of 55oC for at 
least three days to be effective

• Locate or cover compost stockpiles to 
avoid contamination from wind drift onto 
adjacent crops, and make sure excess 
water cannot run off into dams  
or streams

• Use an application method or growing 
practice that minimises the chance of 
untreated fertiliser and soil additive of 
organic origin coming into contact with  
the harvestable part of the crop

• Incorporate untreated fertilisers and 
soil additives of organic origin into the 
soil as soon as possible to minimise 
contamination of adjacent crops from 
wind drift or rainfall runoff

• Avoid fertiliser and soil additive 
applications when the risk of wind drift 
and run off onto adjacent crops is high

SOIL ADDITIVES
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Animal pest management
Issue
Wild and domestic animals, rodents and 
other pests are known to carry many human 
pathogens including E. coli which can all 
be a source of microbial contamination. 
Tomatoes have a high sugar content and  
are extremely attractive to many sources  
of microbial cross-contamination.  

Why is this important? 
Any animal, including humans, present in or 
near the production environment can be a 
potential pathogen carrier. Animals are also a 
potential source of contamination of surface 
water that may be used on tomatoes. While 
it is impossible to totally exclude animals from 
growing areas, growers are urged to put in 
place measures to minimise animal access to 
these areas wherever possible. This can be 
particularly difficult where properties adjoin 
native bushland, have native habitat as part of 
their environmental program or where animals 
are a protected species.

Things to consider
• Animals and pests, including dogs, 

cats, rats, mice, reptiles, birds and 
cockroaches, can all be a source  
of microbial contamination

• A thorough site-specific evaluation should 
be conducted prior to planting and prior 
to harvest

• Dams are a natural attractant for animals 
seeking drinking water, or for birds 
especially ducks

• Check the legal requirements around 
dealing with any native animal species 
before taking action
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What can I do? 
While it is not possible to eliminate this 
problem, there are many things that can be 
done to minimise the risk of contamination:

• Livestock, domestic animals and wildlife 
(where possible) should be excluded from 
growing sites

• The presence of animals and pests in and 
around produce handling, packing and 
storage areas needs to be minimised

• If using chemicals for pest control it 
is important to make sure they do 
not contaminate produce through 
inappropriate use or storage

• Properly maintain handling areas to 
reduce animal attraction - minimize 
standing water, restrict access to water 
sources, keep production sites and 
handling areas free of waste and clutter 
that can provide shelter for animals

• Workers should report all pest sightings 
in the field or packhouse

• Remove all tomato waste from the fields, 
sheds and cool rooms and clean down 
harvesting equipment to reduce insect 
attraction

• Screen doors and windows and seal 
cracks in the packing and storage areas

• Deter birds from roosting on overhead 
beams or structures in the packhouse

ANIMAL PEST MANAGEMENT
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Harvesting
Issue
Harvest is a process that can easily 
contaminate produce. Fruit comes into 
contact with a range of surfaces including 
humans, buckets, soil, and water. Any of 
these can contaminate the fruit and start  
a microbial build-up.

Why is this important?
Maintaining good hygiene and clean 
harvesting means that pathogen 
contamination in the packhouse is less likely.

Things to consider
Maintain high hygiene standards for harvest 
staff. See page 24 for further information  
on general worker hygiene.

Keep all equipment as clean as possible 
including harvest buckets and crates. 

What can I do?
Tomatoes that have fallen from the plant  
to the ground or had contact with any 
faecal material should not be harvested.  
If animal activity is detected, measures 
should be taken to remove or prevent the 
harvest of any potentially contaminated 
product. Damaged, soft or decayed 
tomatoes should be excluded so they do  
not introduce pathogens to clean fruit.
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Bins and boxes
Issue
Tomatoes are usually picked into buckets 
in the field and then either tipped into larger 
bulk bins and trailers or carried directly to 
the pack house in the buckets. Any surface 
in contact with fruit should be clean, free of 
soil and rotten fruit.

Why is this important?
Foodborne illness can be transmitted on 
many different surfaces so good hygiene for 
both reusable and disposable buckets and 
containers is important.

What can I do?
Start the harvest with bins, buckets and 
other harvest equipment that have been 
thoroughly cleaned.

Remove as much dirt as practicable from 
harvest containers and trailers between 
harvest uses. This should be done outside 
the packing facility and isolated from any 
water source used for postharvest handling. 
Establish routine cleaning and sanitizing 
programs for all reusable containers.  
Store empty boxes off the floor in a way 
that protects them from contamination. 

Inspect containers for damage on a regular 
basis. Damaged containers should not be 
reused as the broken surfaces may harbor 
pathogens.

In the packhouse, protect unused, 
cleaned and new packing materials from 
contamination when in storage. 

HARVESTING / BINS AND BOXES



21PACKHOUSE

Packhouse
A well-designed and managed packing facility, and its corresponding food safety program, 
can minimize the risk of contamination. The needs of each facility may vary due to location, 
environment, local requirements, and the volume of tomatoes handled. Facility design and 
layout should permit appropriate maintenance, cleaning and sanitation, and minimize airborne 
contamination. Food contact surfaces and materials should be nontoxic, durable, smooth,  
non-absorbent, and suitable for cleaning and sanitizing.

Because of the seasonal nature of the tomato harvest, facilities may be used for only a few 
months of the year, leaving them dormant for many months and susceptible to pest infestations. 
Food contact surfaces and equipment may become contaminated. The design should permit 
thorough cleaning and sanitizing before the start of the season.

This section focuses  
on food safety  

in the packhouse 
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Packhouse

PACKHOUSE
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Worker health and hygiene
Issue 
Contamination of tomatoes by humans 
is a serious health risk. Hygiene and 
sanitation practices must be implemented 
in the packhouse during the handling and 
preparation of fresh produce for market. 
In addition all practices must be regularly 
monitored and reviewed periodically or 
whenever practices change.

Why is this important? 
There are two parts to ensuring that 
workers maintain healthy practices:

1. Establishing hygiene practices for 
workers which are appropriate  
for the field and/or packhouse

2. Worker training on hygiene practices

Infectious diseases, diarrhoea, open wounds, 
boils, sores, or infected wounds are a source 
of disease-causing microorganisms. Contact 
of fresh produce with faecal matter is another 
major cause of foodborne illnesses, often due 
to the lack of proper worker hygiene practices. 

Workers who have direct contact with 
tomatoes during production, harvesting and 
postharvest activities should maintain personal 
cleanliness. Sick or injured workers with 
symptoms of illness should remain at home 
or be assigned to duties in which they do not 
come in contact with fresh produce.

Things to consider 
• Restrict visitors, particularly children,  

to growing and packing areas

• Anyone in production and handling areas 
should adhere to high personal hygiene 
standards

• All workers and visitors should be banned 
from tobacco use, spitting, chewing gum 
(or similar) and eating in the production 
and handling areas

• Unhealthy practices such as unprotected 
sneezing or coughing over tomatoes 
or food contact surfaces must be 
discouraged

• Workers should receive instruction on 
proper hand washing techniques and 
what to do if they are unwell
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What can I do?
• Workers should have a designated area 

for eating and breaks
• Workers should begin the work day in 

appropriate, clean clothing
• Before handling tomatoes, workers 

should wash their hands properly using 
soap and potable water

• Monitoring for compliance with hand 
cleaning policies should be done

• If gloves are used, hands must be 
washed prior to use. Gloves should not 
be worn to the toilet

• If the gloves are reusable, they should be 
made of materials that are easily cleaned 
and sanitized

• Disposable gloves are preferable and 
they should be discarded when they 
become torn or contaminated

• Workers should be encouraged to 
report symptoms of diarrhoeal or food 
transmissible, communicable diseases

• Cuts, wounds and other injuries should 
be properly cleaned and disinfected, then 
protected by water proof dressings

• Toilets should be provided at a ratio of 
one per twenty workers and be located 
not more than 500 metres from workers

• Toilets must be maintained in a clean and 
hygienic way with single use paper towel 
or hand dryer

• Equipment used to clean toilets should 
be labelled and kept separate from other 
cleaning materials 

Further information: 
www.daff.gov.au/corporate_docs/publications/
pdf/food/nfis/guidelines_onfarm_food_safety_
fresh_produce_2004.pdf

Scan this Code  
for more information

WORKER HEALTH AND HYGIENE
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Microbial testing
Issue
Microbial testing of tomatoes is a useful 
tool to test for contamination of fruit 
and to monitor the effectiveness of 
management practices used to prevent, 
reduce or eliminate contamination. Unlike 
chemical residue testing, where Maximum 
Residue Levels (MRLs) are specified by 
government regulations, there are currently 
no regulations that specify critical limits for 
microbe levels on fresh produce. However, 
your customer might have a specification 
that includes microbial limits that must be 
tested for. 

Things to consider
It is important to design an appropriate 
microbial testing program and determine 
what microorganisms are most appropriate 
to test for. Looking at trends in testing data 
is as important as one-off testing.

How often wash water is tested  
is very important.

Test water when:

• The likelihood of contamination is highest

• The condition of the water source 
changes

• Commencing or changing a water 
treatment process

Water should be sampled at the point 
where it contacts produce.

Test fruit:

• Once each growing season for the first  
12 months and then at least once  
every 12 months

• After a corrective action is taken

• When fruit is ready for dispatch

To check the effectiveness of a particular 
practice, sample the fruit immediately after 
the practice.
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Microorganism tolerance levels

MICROORGANISM ACTION THRESHOLD ACTION

Escherichia coli (E. coli) Less than 20 cfu/gram Investigate recent faecal 
contamination

Listeria Less than 100 cfu/gram Possible contamination  
from water, soil, manure  
or compost.

Salmonella Any Salmonella is detected  
in a 25 g sample

Check for animal faeces in 
contaminated soil, water,  
or pasture

MICROBIAL TESTING
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Sampling
Issue 
It is important to understand the limitations 
of microbial testing and what the results 
mean in terms of food safety. Preventive 
measures are superior to testing every batch 
in assuring the safety of harvested tomatoes. 

Why is this important? 
It is important that you have a corrective 
action plan in place before a positive sample 
is found so that if one is identified in a test, 
corrective actions can be taken quickly.

Things to consider
In selecting the testing laboratory, ensure that:

• The laboratory is certified (such as  
ISO 17025 or equivalent) and uses test 
methods that have been validated for  
the intended use

• The laboratory has experience in 
conducting the type of testing needed  
for the particular type of sample

• Before sampling, contact the testing 
laboratory for instructions on sampling, 
handling and transport of samples
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What can I do?
Guidelines for sampling are:

• Collect three samples at random from a 
batch eg three tomatoes or water samples

• Use disposable gloves to collect the 
sample

• Place the sample in a clean plastic bag 
and then in a package to protect it during 
transport

• Clearly label the sample with your 
name, address, telephone number 
and other details (record the date of 
sample collection, and from where it was 
collected)

• Store the sample in a cool (but not frozen) 
state until ready to transport

• Transport samples under refrigeration 
conditions such as in a polystyrene 
container with ice

• Use overnight freight to ensure the 
sample gets to the laboratory promptly

The laboratory must have third party 
accreditation for testing fruit and vegetables 
with the National Association  
of Testing Authorities (NATA). 

Request the laboratories to provide 
evidence of their accreditation or  
visit the NATA website;  
http://www.nata.com.au/nata/orgs-and-
facilities/advanced-facilities-search

Scan this Code  
for more information  
on laboratory certification

SAMPLING
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Water in the packhouse
Issue 
Washing is any process that allows 
water to contact fruit. It includes dump 
tanks, flumes, spray bars or wiping with 
a wet cloth. The risk of microbiological 
contamination is higher if water is applied 
to fruit immediately before harvest or during 
packing. It is also a greater risk when water 
is recirculated in the packhouse. 

Why is this important?
Water is an excellent medium for spreading 
pathogens. One contaminated tomato can 
transfer millions of bacteria to water, which 
can then contaminate entire lots of the 
produce being washed. Once tomatoes are 
contaminated, the only way of thoroughly 
decontaminating is by cooking, although 
the fruit should be discarded.

Things to consider
The source of water used to wash 
tomatoes is very important. Creek and river 
water may be contaminated with microbes 
if they flow near intensive livestock 
operations such as feedlots, dairies, 
piggeries and near areas of high human 
population. Other risks include water 
sources with toxic algal blooms.

Dam water may be contaminated by 
surface run-off or entry of livestock or bird 
life. Bore water can be polluted by seepage 
from septic systems or from heavily grazed 
catchment areas. 

Water storage tanks may be infected by 
birds, rodents or other animal faeces. 

It is important to test each water source to 
assess its suitability for postharvest uses. 
Water that may be suitable to irrigate a potato 
crop may not be suitable to wash tomatoes. 

Reclaimed water (water derived from 
sewage systems and industrial processes), 
even if treated, should not be used to wash 
fruit after harvest.
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What can I do?  
• Assess all water used in the packhouse for 

risk of produce contamination; including 
water dumps, washing, hydrocoolers, top-
icing, postharvest treatment, cleaning of 
equipment and water used for staff facilities

• Water used for hand washing should be 
potable water

• Treat water dumps and hydrocooler 
solutions with an approved sanitiser

• Replace water dump, hydrocooler 
and postharvest treatment solutions at 
appropriate intervals and do not allow 
water and treatment solutions to stagnate 
between uses

• Heat water dumps to 5°C above fruit 
temperature to avoid infiltration of 
microbes through the stem end

• Water should be tested at least annually but 
the frequency of testing should depend on 
the source of the water and associated risk 

If the water source is found to have 
unacceptable levels of pathogenic 
organisms, corrective actions might include:

• Eliminating sources of contamination in the 
water system

• Using a different water source until the 
contamination is corrected

• Treating the water to eliminate pathogens 
in a manner that is acceptable for contact 
with food.

• Testing frequency should be increased 
until consecutive results are within the 
acceptable range.

Testing may be necessary after a change 
in water source, flooding or a heavy 
rainfall when water is at a higher risk of 
contamination. Refer to Microbial Testing  
on Page 25.

WATER IN THE PACKHOUSE
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Water temperature
Issue
Water and warm fruit provide an ideal 
environment for foodborne pathogens  
to flourish. 

Why is this important? 
When a tomato cools, a vacuum is created 
causing water, and potentially pathogens, 
to be drawn into pores on the tomatoes. 
The wash water should be heated above 
the fruit pulp temperature so pathogens 
cannot enter through the stem scar and 
into the internal seed cavity, where they are 
protected from the action of sanitizers.

Things to consider
Ensure the wash water temperature is at least 
5°C warmer than the internal tomato pulp 
temperature. Soaking tomatoes or storing 
them in standing water is not recommended.

What can I do? 
Provide shade to incoming bins of tomatoes 
in the pre-grade area, so that fruit is kept 
cool. In general, tomatoes should not be 
submerged in more than 30 cm of wash 
water for more than two minutes total time.
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Sanitising wash water
Issue
Taste, odour and colour of water may be 
the first indication of a potential food safety 
hazard, but should not be relied upon 
when assessing water. No one sanitiser 
or system is the best one; growers should 
choose the one that works under their 
individual conditions and all systems should 
be validated under individual conditions. 
Verification of a sanitation system involves 
ongoing measurement and adjustment to 
ensure that the system is being managed 
as well as possible.

Things to consider 
It is important to understand the sanitiser 
chemistry as the performance of the 
sanitation system can be affected by a 
number of factors. The sanitisers discussed 
here are:

• Chlorine-based - Sodium Hypochlorite; 
Calcium Hypochlorite; Nylate; Stabilised 
Chlorine Dioxide

• Peroxyacetic acid

• Oxidising water

• Ozone

• Iodine

• Organic-based

What can I do? 
• Validation to demonstrate that your 

process is capable of accomplishing 
what you expect from it – with technical 
support for the system and practical  
on-farm demonstration

• Verification requires ongoing monitoring 
and recording to ensure that the system 
is working well

• Operational Set Point is the margin above 
or below the specified critical limits e.g. 
with a critical limit of 10ppm free chlorine, 
the Operational Set Point could be to 
always operate above 12 ppm 

Scan this Code  
for more information

WATER TEMPERATURE / SANITISING WASH WATER



33PACKHOUSE

Sanitation systems
Chlorine
Chlorine, either as Calcium Hypochlorite or 
Sodium Hypochlorite, is a very effective way 
to sanitise fruit and vegetables.

The most common Calcium hypochlorite 
system is tablets that dissolve slowly as water 
is passed over them. The level of chlorine 
in this system is variable, depending on the 
flow of the water and on the way the tablets 
are made. In many cases, this leads to under 
chlorination, particularly if there is a large 
organic load (including soil) on the tomatoes.

Sodium Hypochlorite is also available in a 
liquid form, making it easy to add the required 
volume to automated dosing systems. An 
Oxidation Reduction probe can be used to 
regulate the addition; however these probes 
must be checked on a regular basis.

Nylate
Nylate (bromo-chlorodimethyl hydantoin) is 
stable, effective across a broad pH range 
and at much lower concentrations than 
Chlorine. Nylate can be used at 5 to 10 ppm.

Stabilised Chlorine Dioxide
Stabilised Chlorine Dioxide is activated 
when it encounters bacteria. It is very safe 
and effective as a sanitising agent against all 
bacteria and viruses and does not corrode 
metal. However, it is expensive.

Oxidizing water
Oxidizing water is produced by passing an 
electric current through ordinary tap water 
containing dissolved sodium chloride. The 
process produces a solution of sodium 
hypochlorite and hypochlorous acid. This type of 
system is automated and easy to operate with 
monitoring based on measurement of residual 
free chlorine. Maintenance is low cost and simple. 

Australian manufacturers of oxidizing water 
units seem to be uncommon, however 
Unipolar http://unipolarwater.com/applications 
do promote a patented electro-chemical 
technology to generate disinfectants for food 
(including fruit and vegetable) washing. 

Scan this Code  
for more information on  
an oxidising water system
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Peroxyacetic Acid
Peroxyacetic Acid (PAA) is made by reacting 
acetic acid with hydrogen peroxide. PAA will 
work in cold temperatures and can used on 
pre-cooled fruit. It is generally used at 50 
to 150 ppm and is highly effective against 
a broad spectrum of bacteria. PAA is more 
expensive than other sanitation methods 
and can be difficult to monitor. Monitoring is 
best done with test strips that show a colour 
change for PAA.

It is available under a number of different trade 
names including Tsunami, Adoxysan, Summit 
and Proxitane.

Ozone
Ozone is a gas that has to be generated 
on site as it is very unstable. It is even more 
unstable in water and over very short periods 
of time it decomposes into oxygen. 

When there is a large amount of dirt and 
organic matter present, the activity of 
ozone decreases significantly. It is also very 
corrosive. It is a colourless gas and has a 
pungent smell which creates a WHS risk.

Iodine
Iodine has strong anti-microbial activity. 
The iodine concentration used depends on 
contact time and the microbial load on the 
product to be treated. Iodine is less corrosive 
than chlorine and works at a wider pH. Due 
to iodine’s lack of reaction to organic matter, 
it has been shown to be effective at killing 
pathogens in higher water turbidity levels.

The Iodoclean System http://www.ioteq.com/
index.cfm is a fully automated and enclosed 
postharvest sanitising system that uses iodine 
as the active ingredient. 

Organic sanitisers
Organic sanitisers are not as effective in killing 
bacteria and must be left in contact with 
produce for up to 45 minutes. 

This group of sanitisers includes:

• Citrox, a formulation of soluble citrus 
bioflavonoids

• Aussan is derived from fruit and vegetables

• CitroFresh is composed of citric acid, 
malic acid, bitter orange extract  
and vegetable glycerine

• Acetic acid – best results with  
4% acetic acid

Scan this Code  
for more information  
on an iodine system

SANITATION SYSTEMS
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Comparison of sanitation systems

Active ingredient Product name Advantages Disadvantages Monitoring

Chlorine dioxide Vibrex®
Oxine®

Not affected by organic matter in water
Effective at low concentrations and varying pH

Must be generated on site
Explosive at high concentrations
Requires good ventilation

Redox probe

Calcium hypochlorite Klorman®
Activ 8®

Relatively inexpensive and easy to use
Effective against most organisms
Tolerant of water hardness
Low WHS risks with handling and use
Good residual effect
No rinsing of product required

Inactivated by organic matter
Requires pH control (6.0 - 7.5)
Corrosive to metal
Continuous dosing required to 
maintain levels

Need to monitor pH and 
chlorine with test strips 
or meters

Iodine Iodo-clean Fully automated system
Stable in high organic loads
Effective at broad pH range

Relatively expensive Automated analyser

Bromochlorodimethylhydantoin Nylate granules Efficacy reduced by organic matter
Works at pH 7.4 - 8.4
Can adjust ‘chloro-bromo’ products into the alkaline range to reduce corrosion

Must be used in a Nylate erosion 
feeder

Data logging and remote 
access. Can use Three 
Way Test strip

Nylate gel Suited to batch style of post harvest washing As above As above

Peroxyacetic acid PAA Tsunami
Adoxysan 

Stable in high organic loads 
No pH control necessary
Breaks down into water, oxygen and acetic acid in wastewater 
Particularly effective against Listeria

Can react with metals
Too high a concentration can shorten 
the shelf life of the produce

Specific test kit
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Monitoring systems
Issue
The purpose of adding sanitisers to wash 
water is to effectively kill microorganisms 
and monitoring the sanitation system is 
crucial to having a useful system that will 
assist in controlling pathogens on fruit. 
Some sanitation systems have customised 
monitoring systems and manufacturers 
should be consulted to ensure that 
monitoring is properly undertaken.

Things to consider
Many sanitisation systems such as Nylate and 
Iodo-clean have a built in monitoring system 
that recharges the wash water automatically. 
Systems such as Tsunami On Farm measure 
the residual peroxyacetic acid concentration 
in wash water using a manual Test Kit 
available from Ecolab, the supplier. 

However, the most commonly used sanitation 
systems are chlorine-based and rely on 
manual monitoring of chlorine level in wash 
tanks and spray lines.

SANITATION SYSTEMS / MONITORING SYSTEMS
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Monitoring chlorine in wash water
Issue
The effectiveness of sanitising solutions  
that are chlorine-based depends on:

• Chlorine concentration

• Amount of time surface is in contact  
with chlorine solution

• Water temperature – lukewarm water  
is best (24°C)

• pH – between 6.5 and 7.0

• Water quality

Why is this important?
Chlorine concentrations that are too high can 
damage the product and harm employees. 
Concentrations that are too low will not 
adequately control the growth and survival 
of microorganisms that cause spoilage and 
human illness.

Things to consider
• Chlorine is most effective when  

water pH is between 6.0 and 7.5

• Any organic matter in the water can 
reduce the effectiveness of chlorine.  
More chlorine is required to achieve  
the same level of control in dirty water

• Lower concentrations of chlorine  
require a longer contact time to  
achieve the same disinfection as  
higher concentrations

• Lukewarm water is best. Hot water 
increases the corrosiveness of chlorine 
while chlorine is somewhat less  
effective in cold water

What can I do?
Measuring total and free chlorine through 
chlorine strips and pH strips and probes is 
necessary to monitor the amount of chlorine 
in wash water. Total chlorine is the total 
amount that has been added to the water 
while free chlorine is the amount of chlorine 
that remains active in the water.

Measuring total chlorine is most useful when 
determining and checking how much chlorine 
to start with in clean water. Measuring free 
chlorine is a much more accurate way of 
monitoring the effectiveness of a chlorination 
system over time.

Generally, maintaining 2 - 7 ppm of free 
chlorine and a pH of 6.0 - 7.5 in wash water 
at all times is sufficient to kill bacteria in water. 
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Chlorine Test Strips 
Chlorine Test Strips are dipped into still 
wash water and the test strip immediately 
compared to the colour chart, pH level 
then recorded. Chlorine levels may need 
adjustment when temperatures are high, 
when product is unusually dirty or when 
washing large volumes.

Always test the chlorine levels after adding 
chlorine to wash water.

Test strips can be purchased at pool supply 
stores, although the test strips should be 
able to measure up to 10 ppm chlorine. 
They need to be used in conjunction with 
pH test strips.

A high pH should be lowered with acids. 
However, between 50 -150 ppm of TOTAL 
chlorine are usually added to wash water to 
start. This will help ensure the free, active 
chlorine will not be used up too quickly.

Follow the QR Code for more information  
on adding chlorine.

Oxidation-reduction potential meters
This is a rapid and accurate way to 
measure chlorine effectiveness. Water 
with an ORP value of 650 - 700 mV can kill 
bacteria in a few minutes.  
The ORP meter is easy 
to use and avoids over 
chlorination but does 
need to be cleaned and 
calibrated on a regular 
basis.

There are three basic types of ORP meters:

1. Pocket meters are the least expensive, 
small enough to fit in a pocket, and are 
reasonably reliable. Generally they need 
to be replaced after a year or two

2. Hand-held meters offer a high degree of 
accuracy and reliability. The electrodes  
of hand-held meters need to be replaced 
approximately every two years

3. Process meters are mounted in a 
fixed location and provide continuous 
monitoring and recording of ORP readings. 
They are more expensive and most 
commonly used with automatic chlorine 
injection systems

MONITORING CHLORINE IN WASH WATER

Scan this Code  
for more information
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Packhouse and equipment hygiene
Issue
The packhouse offers many opportunities for 
cross-contamination from arrival of produce 
in bins to final pack-out. Therefore, hygiene 
in the packhouse is very important. 

Why is this important?
All surfaces and equipment that come 
in contact with the tomatoes need to be 
identified and monitored for cleanliness.  
The packhouse and packing equipment 
should be thoroughly cleaned at the start 
of the season to remove any build-up of 
dirt and contaminants. This should then be 
followed up with a regular cleaning regime 
using food grade cleaners and sanitisers. 
Microorganisms can become airborne and 
carried on water droplets throughout the 
packing and storage areas.

Things to consider 
Consider the type of floor in the packhouse 
(dirt or solid) and ensure that there is adequate 
drainage for wet areas. Develop and follow a 
cleaning plan that ensures that the cleanliness 
of the packhouse is maintained.
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What can I do?
• Equipment design is important. Conveyor 

guides, splash-guards and safety guards 
should be designed for easy cleaning

• Avoid use of hollow structures such as 
table legs and racks because they may 
collect water and debris

• Conveyors must not have roll-under 
edges, creases, gaps or open seams

• All welding must be smooth and 
continuous to prevent the accumulation 
of debris

• The equipment line should not have dead 
ends where product can accumulate

• Plumbing should not have dead ends 
where water can collect and pathogens 
can multiply 

• Equipment should be installed at least  
six inches off the floor

• Any surfaces that contact tomatoes 
should be constructed of materials that 
can be easily cleaned and sanitized.  
Do not use wood or other porous 
materials (e.g. carpet)

• Tools and equipment should be designed 
so they are easily disassembled for 
cleaning and inspection

• Equipment that is damaged, pitted, 
corroded or cracked should be repaired 
or replaced 

• Pallets and bins should be kept 
smoothly-sanded, and should be 
maintained in a clean, dry state

• Racks and forklifts should be included  
in the cleaning plan

• Cleaning tools should be sanitized with a 
high concentration of sanitizer (600 - 1000 
ppm chlorine) and should be stored dry

PACKHOUSE AND EQUIPMENT HYGIENE
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Cooling practices
Issue
Water used for any purpose in the packhouse 
must be considered as a potential source of 
contamination. This includes water used for 
cooling of tomatoes. Water cooling systems 
can be particularly hazardous, as often they are 
not considered in water treatment programs.

Why is this important?
If the water used in cooling systems is 
not checked regularly and the cooling 
equipment is not cleaned, it becomes a 
perfect environment for microbial growth and 
therefore contamination. Cooling towers can 
allow the introduction of microbial pathogens 
into packing and storage areas. This generally 
occurs from the spread of aerosols produced 
during normal cooling tower operation. 

Things to consider 
When deciding which method to use to 
cool tomatoes, the contamination risk 
needs to be assessed. The following table 
indicates the contamination risk of differing 
cooling systems.

COOLING TYPE CONTAMINATION RISK 

Forced Air Low 

Vacuum Low 

Room Cooling  
(Walk-in) Low 

Hydro-cooling High 

What can I do?
Forced air cooling and vacuum coolers 
present a lower risk, but may also spread 
product contamination if equipment is not 
cleaned and sanitized regularly. Pre-cooling 
tomatoes by air in a cold room prior to 
processing will assist in decreasing the 
potential for pathogen build-up on the fruit.

Hydrocoolers have the potential to 
contaminate tomatoes if not properly 
controlled. As the purpose of the hydrocooler 
is to apply cool water to the tomatoes to 
draw out the field heat, there is potential  
for microbial pathogens to infiltrate or 
become internalised due to the difference  
in temperature of the water and the fruit. 
This type of cooling should be avoided unless 
the water source is a potable standard.
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To manage the risk factors:

• Cooling and cold storing tomatoes as 
soon as possible after harvest to slow 
down multiplication of pathogens

• Stack crates and bins to allow uniform  
air flow and distribution

• Water that is used in hydrocoolers should 
be potable (drinkable). Water that is  
used only once and not recirculated  
is preferable

• If water used for cooling is recirculated, 
it should be monitored to ensure that 
sanitation levels are sufficient to reduce 
potential risk

• Cooling systems including forced air 
cooling equipment should be cleaned 
and sanitized on a regular basis

• Cooling systems’ condensation units 
should drain directly into drainage 
systems

Top icing of tomatoes should be avoided. 
This practice poses a food safety risk if the 
ice is contaminated. In addition, ice melts at 
refrigeration temperatures so that water will 
drip from one tomato to another, potentially 
cross-contaminating fruit.

COOLING PRACTICES



There are many microbes in the environment, a small number  
of which have the potential to cause food poisoning. A well managed 
quality assurance and food safety system can prevent an outbreak of 
food borne contamination on the farm.

This Guide is designed to assist growers to identify key areas of concern 
and to suggest improvement in practice and procedure that can easily be 
implemented on farm.

The keys to marketing safe fresh produce are good agricultural practices 
during growing and harvesting and good hygiene and sanitation practices 
in the packhouse.

Field tomato growers can reduce the risk of microbial contamination of 
fruit by understanding industry guidelines and implementing a food safety 
program across the entire farm.

Further information is available at www.foodsafetycentre.com.au
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