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Learning Goals

• Understand basic harvest and 
post-harvest food safety for 
produce

• Post-harvest storage best 
practices

• Oregon farm direct licensing 
exemption for value-added 
products

• Safety tips for making processed 
products and using your 
home/farm kitchen



Food safety on the farm should not be an 
afterthought

Preventing foodborne illness is 
everyone’s responsibility

Take steps to minimize food 
safety risk throughout the 
production cycle



Why?

• Fresh produce is the leading cause of foodborne illnesses and 
hospitalizations in the United States.*

• Reduce risk on your farm.
• Keep customers safe.
• Access additional markets (wholesale, institutions).
• FSMA (Food Safety Modernization Act).

* Painter JA, et al. (2013) Attribution of foodborne illnesses, hospitalizations, and deaths to food commodities by using outbreak data, United States, 1998-2008. Emerg Infect 
Dis 19(3):407–415.
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Foodborne Illness in the U.S.
Information from the CDC

48 million people sickened 
each year
128,000 hospitalized
3,000 die

Nearly half of foodborne 
illnesses in the US are caused 
by microorganisms on fresh 
produce
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Outbreaks Associated with Produce

Slide from Produce Safety Alliance PSA training



Microorganisms that cause foodborne illnesses

• Bacteria
• Salmonella
• Campylobacter
• E. coli 0157:H7
• Listeria
• Clostridium botulinum
• Staph
• Clostridium perfringens

• Viruses
• Hepatitis A
• Noroviruses

• Parasites
• Toxoplasmosis gondii
• Trichinella spiralis
• Giardia lamblia
• Cryptosporidium 

parvum
• Cyclospora

cayetanensis

• Chemical 
contamination
• Lead & other heavy 

metals
• Farm chemicals
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• Most foodborne illnesses are 
infections caused by a variety 
of bacteria, viruses, and 
parasites

• Common symptoms include 
upset stomach, nausea, 
vomiting, diarrhea, fever, 
stomach cramps

• Farmers are food handlers –
don’t want to make your 
customers sick OREGON STATE UNIVERSITY 8

What is the concern?



What about Coronavirus on produce?

• There is no evidence that the 
virus that causes COVID-19 is 
spread by eating food that 
might inadvertently contain 
small amounts of virus.

• Produce has not been 
identified as a risk factor in 
the transmission of other 
respiratory virus outbreaks.

• Follow good food safety 
practices whenever 
preparing, storing, or 
consuming foods.

• Follow health and hygiene 
recommendations to minimize 
human to human transmission 
when working in shared 
gardens.
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Basics of farm food safety
• Prevention

• Preventing contamination is better than having to take corrective actions.
• Accountability

• As the farmer, you are accountable for all inputs, processes and production 
on your farm. You must be prepared for all the responsibility that comes with 
it!

• Control
• It is important to understand what aspects are under your control and that you 

should attempt to expand that control whenever possible to ensure 
reasonably safe and healthy produce.

• Education
• Everyone who is involved with your production and distribution – employees, 

volunteers, family and consumers – needs thorough training on safe food 
handling practices.

The P.A.C.E. approach was developed by the University of Florida IFAS Extension.
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Assessing risk on your farm

What can you do to prevent contamination of fresh 
produce?
• Before planting

• Prior land-use, neighboring land-use, flooding issues, manure 
and compost.

• During production
• Irrigation water source, domestic animals, wild animals.

• During harvest
• Worker hygiene, field sanitation practices.

• Post-harvest
• Handling produce, worker hygiene, post-harvest water, 

packing area, storage, shipping.
11



Health and Hygiene
• Most cases of food borne illness can be 

traced to a lack of worker cleanliness
• It is the most important part of a food 

safety program but often the most difficult 
to implement

• Proper hand washing is the best way to 
prevent transfer of harmful microbes to 
food

• Train employees, volunteers, and family 
members

• Set a good example and reinforce good 
hygiene practices

• Have a separate hand washing sink
• Signage
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Proper hand-washing
What you need
• Potable running water, hand soap, clean single use 

towels, receptacle for dirty towels.
• Hand sanitizer?
When
• Before starting work, especially harvest and post-

harvest jobs
• After lunch and breaks
• After using pesticides
• After handling animals or manure
• After using the bathroom
• After any other potential contamination event 

(smoking, coughing or sneezing into hands, blowing 
nose, etc.)

13
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Pack-house design considerations for food safety 
& efficiency.
• Layout

• Streamline flow of produce.
• Field           Wash            Pack            

Cooler
Separate dirty produce from packing and bagging 
area, esp. salad mix.

• Facilities
• Floors      
concrete > packed gravel > loose gravel > 

dirt
• Covered work space. Enclosed or open 

sided
Make sure washing and packing area is 
separated from equipment, tool & chemical 
storage.
• Drainage
Avoid standing water, move water away from 
packing shed. Sinks and tubs drain easily. 15
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Pack-house design considerations for food safety 
& efficiency.
• Facilities cont’d

• Food contact surfaces (wash tables, sinks, 
root washers, screen tables).

Easy to sanitize. Surfaces that come into contact with 
fresh produce should not be wooden.
• Lighting 
• Work station height. Keep harvest bins and 

packaging off floor.

• Use food grade lubricant in any motorized 
washing and packing equipment.
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• Water
• Must be potable.
• Water supply sufficient to change wash water frequently.
• Keep hoses off of floor. 

• Separate handwashing sink.
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Pack-house design considerations for food safety 
& efficiency.
• Coolers

• Easy to keep clean
• Close to packing area and loading area
• Zoned storage

• Harvest tools cleaning and storage
• Packaging and harvest bin storage

• Only use new boxes or bags for packing clean produce or bins that can 
be sanitized

• Clearly label bins used for culls or compost – do not use for anything 
else

• Do you have a place to wash and sanitize harvest bins?
18
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Produce washing methods for quality and safety
Benefits of washing

• Remove soil
• Improve marketability
• Removes some field heat
• Increase shelf life by removing spoilage organisms

Possible risks associated with washing
• Transfer contaminants.
• Microorganisms thrive in moist environment.
• Damage sensitive crops.

Not everything needs to be washed
Batch water vs. single use
Water temperature (no more than a 10°difference for batch water when 
produce is submerged esp. for tomatoes & melons).
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Post-harvest washing

Photo: https://blog.uvm.edu/cwcallah/ 

Photo: https://blog.uvm.edu/cwcallah/files/2019/01/IMG_0291.jpg



Postharvest water safety
Washing produce and food contact 
surfaces, hydro-cooling, delivery of 
fungicides and wax coatings, ice, 
transporting product (flumes), drinking & 
handwashing
• Must be potable
• Municipal or ground water.
• Make sure check valves are installed 

and there are no opportunities for 
contamination

• Have your water tested and keep 
records! 22



Sanitizers for wash water and 
food contact surfaces
Why?
• Kill microorganisms on food contact surfaces.
• Reduce the spread of microorganisms in batch 

wash water.
• Does not sanitize the produce!
When?
• For food contact surfaces either before starting 

washing and packing operations for the day or at 
the end of the day.

• For batch water using a triple rinse the sanitizer 
is usually in the 2nd tub and is followed by a rinse 
with clean water (depends on the sanitizer).

https://www.youtube.com/watch?v=-K1DbOsKmEc
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Cleaning: Physical removal of dirt 
(soil) from surfaces. Can include the 
use of clean water and detergent.

Sanitizing: Treatment of a cleaned 
surface to reduce or eliminate 
microorganisms.

Cleaning vs. Sanitizing – What’s the difference?

24

You cannot sanitize a dirty surface. Cleaning always comes first!



• Don’t mix cleaning products
• Residual cleaners, esp. chlorine 

can cause off flavors
• Chlorine is highly erosive
• Chlorine looses effectiveness 

quickly

A few notes about sanitizers
September 23, 2020
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Post-harvest packaging Things to consider
• Buyer needs
• Reusable containers – Can they 

be easily cleaned and 
sanitized?

• Single use containers – wax 
boxes, bags, pint/containers, 
rubber bands, twist ties, etc.

• CSA options



Post-harvest transportation

• Quality and safety maintained 
until the customer has it in 
hand 

• Different concerns for 
different sales outlets: market, 
CSA, wholesale

Photo: Oregon State University, Lynn Ketchum



Post-harvest cooling
What works best for different 
crops?

• static room cooling
• hydro-cooling icing 
• bulk tank washing 
• single pass water 
• forced air cooling 



Removing field heat improves product quality

• Harvested produce still 
respires, even after being 
removed from the plant

• Fresh produce cannot replace 
carbohydrates or water after 
harvest

• Slow respiration to improve 
quality

• Respiration cannot be 
stopped

• Cooling slows the process 
down

Image: http://www.fao.org/3/t0073e/T0073E06.GIF



Post-harvest cooling

OREGON STATE UNIVERSITY 30

Photo: https://blog.uvm.edu/cwcallah/files/2018/10/IMG_1066-
e1539131506918.jpg

Pallet Forced Air Cooler
Plans available here: 
https://blog.uvm.edu/cwcallah/2018/10/09/
construction-details-for-a-pallet-forced-air-
cooler/#more-1663



Cooling considerations for quality and safety

• Colder temps. slow the growth of most  
microorganisms 

• Use produce bins/ boxes or store in a 
way that allows air flow

• Keep bins and boxes off the floor
• Keep coolers clean
• Catchment pan and drain line under 

cooling unit. Make sure they are kept 
clean.

31
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Examples of coolers
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Post-harvest storage
• Short-term vs. long-term

• Cooler/Root cellar: 
• Where is it? 
• What are you storing?
• What’s the temperature?
• How long will you keep things 

there? 
• How is it organized/accessed? 



Storage options for value-
added processing
• Freezing for items like berries 

and tomatoes
• Quality in = quality out
• Long-term storage for off-

season processing
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Compatible fresh fruit and vegetables during 7 day 
storage. Thompson, J., A. Kader, and K. Sylva. 1996. Compatibility chart for fruits and vegetables in short-term transport or storage. Oakland: Univ. Calif. Div. Ag. and Nat. Res. Publ. 21560 

(poster). http://postharvest.ucdavis.edu/Commodity_Resources/Storage_Recommendations/Compatibility_Chart_for_Short-term_Transport_or_Storage/index.cfm 

• Group 1: 32° to 36° F, 90% to 98% relative humidity. 
Most produce grown in North America, including most leafy 
vegetables, Cole crops, and temperate-origin fruits and 
berries (apple, fig, peach, pear, blueberry, strawberry, etc.). 
Also – garlic, beets, carrots, peas, corn…

• Group 2: 45° to 50° F, 85% to 95% relative humidity.
Citrus and subtropical fruits (watermelon, cranberry, olive), 
and many fruit-type vegetables (basil, beans, peppers, 
summer squash, eggplant, cucumbers, tomatillos)

• Group 3: 55° to 65° F, 85% to 95% relative humidity.
Common root-type vegetables (potatoes, sweet potatoes, 
dry onions), winter squash, tomatoes, most tropical fruits 
and melons. 

For all groups ethylene level should be kept below 1 ppm in storage area. See 
resource for products that are sensitive to ethylene damage.



Ethylene damage

Title: Temperature and Ethylene Effects
Photo Credit: Marita Cantwell, UC Davis
http://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/Datastores/Vegetables_English/?
uid=6&ds=799

Broccoli is extremely 
sensitive to exposure to 
ethylene. 
Floret yellowing is the 
most common symptom. 
Exposure to 2 ppm 
ethylene at 10°C (50°F) 
reduces shelf-life by 50%.

Title: Ethylene Damage
Photo Credit: Adel Kader, UC Davis



Cold storage damage
From: http://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/ 
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Title: Chilling Injury (2)
Photo Credit: Yilmaz Ilker, Postharvest 
Consultant, New Jersey

Title: Chilling Injury (2)
Photo Credit: Marita Cantwell, UC Davis



PAUSE FOR 
QUESTIONS
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Oregon Farm-Direct Law
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•Acidic
•Acidified
•Lacto-fermented

Only applies to fruits, 
vegetables, edible 
flowers and herbs

Three categories of producer-processed food products allowed

40



• Raw juices
• Kombucha
• Homemade vinegar

Producer-processed products not allowed under farm direct*
*this is not an inclusive list. If you have a question about your product 
contact ODA food safety.
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Other products allowed under farm direct

• Fruits, vegetables, herbs, and edible flowers (fresh; cured or dried 
as part of routine post-harvest handling*)

• Dried or cured fruits, vegetables, herbs, and edible flowers for 
which drying or curing is not part of routine post-harvest handling*
*All principal ingredients must be grown by the farmer and the products must 
be labeled with a list of ingredients and the name and address of the farmer 
who produced the ingredients.
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• Legumes and seeds (fresh & dried)
• Grains, whole or cracked
• Parched and roasted grains that are customarily 

cooked prior to eating
• Nuts (shelled or unshelled)
• Flour
• Eggs, in shell
• Natural honey, no additives
• Popped popcorn, roasted nuts, roasted peppers, 

& roasted corn-on-the-cob*
• Olive oil

43



• Principal ingredients must be grown 
by the farmer*

• Products must be processed by the 
farmer (or farm employee) at his/her 
farm

• Labeling requirements
• No resale or consignment sales
• Limit of $20,000 per year in sales of 

producer-processed value-added 
products

• Must be sold directly to the end-
user/consumer

General requirements for producer-
processed foods

44



Labeling Requirements
Must be in legible, all capital, and bold face type no less than 1/8th

inch
• Product identity
• Name of agricultural producer
• Address of agricultural producer
• Net. Weight (US lbs./oz. and metric scale)
• List of ingredients (including any major allergens)
• The following statements:

• “THIS PRODUCTS IS HOMEMADE AND IS NOT PREPARED IN AN 
INSPECTED FOOD ESTABLISHMENT”

• “NOT FOR RESALE”
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Recordkeeping Requirements
• Sales (product(s) sold, price, quantity sold, and current 

rolling total of year-to-date sales)
• pH testing and pH meter calibration (for acidified foods 

only)
• Copies of all records must be maintained and available to 

the ODA for a period of three years.
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Foods that are naturally 
acidic (have a pH of 4.6 or 
below) and are processed 
in a clean, healthful and 
sanitary manner.
• Allowed:

• Fruit jams, jellies, and preserves 
• Fruit in syrup
• Fruit syrups

• Not allowed – raw fruit juices

Acidic Foods
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Low acid foods that have 
vinegar (or another acid) 
added to them to bring the 
pH to 4.6 or less

Acidified Foods
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• Quick pickles
• Pickled fruits & chutneys
• Relish
• Herbs in vinegar*
• Tomato products*
• Salsa
• Hot sauce*
• Pepper jelly

Types of acidified foods
allowed under farm direct
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• One of the most popular 
condiments in the U.S. 

• Most salsas mixture of high and 
low acid foods 

• Must use research-based, tested 
recipes 

• Untested recipes or original 
recipes must be approved by a 
recognized process authority

• Salsa recipes must be acidified to 
make them safe 

54

Salsa



• Because tomatoes do not have a 
consistent pH below 4.6 it is best to use 
a tested recipe for straight tomato 
products. 

• If you are making a tomato product with 
low acid foods added (tomato sauce) 
must use a tested recipe.

• Always add the recommended amount 
of acid (bottled lemon juice or citric 
acid)

55

Tomato products – acidic or acidified food?



Herbal & fruit vinegars
• Herbs must be fully acidified
• Considered an acidified foods 

when the herbs or fruit make 
up at least 10% of the 
ingredients

Pepper and herb jellies
• Mixture of low acid food with 

acid and sugar
• Be careful with low sugar 

recipes
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Hot sauce
• May or may not be an acidified 

food 

• Hot sauce can also be lacto-
fermented

57

Photo: https://www.facebook.com/dancingbearfarmwilliams/



• Must follow a tested recipe and 
process from an approved 
source 

• or have your recipe tested and 
approved by a recognized 
process authority

• pH test each batch and keep 
records

Special rules for acidified foods
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Process Authorities & References 

USDA 
Complete 
Guide to 
Home 
Canning

Pacific Northwest 
Extension Service 
Food Preservations 
publications 
(PNW)

So Easy To 
Preserve –
National Center 
for Home Food 
Preservation



Let’s talk about pH

• pH value is a measurement of the concentration of free 
hydrogen ions.

• pH of 4.6 divides high-acid foods from low-acid foods
• Logarithmic scale so-

pH of 3 (0.001 moles/liter) 
Is 100 times more acidic than

pH of 5 (0.00001 moles/liter)
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pH testing your products

62

• Test every batch of product 
for equilibrium pH and record 
the pH.

• If your final pH is above 4.0 
you must use a pH meter 
with two decimal places of 
accuracy



• If the pH is below 4.0 other 
methods can be used such 
as pH paper or a pH meter 
with one decimal place

• pH meters must be 
calibrated and you also have 
to keep records to verify 
calibration
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What is equilibrium pH? 
Equilibrium pH is the pH of a food product after the added acid has 
reached throughout the food; the pH of the acid brine and the food 
have equilibrated. 
• For a proper pH reading, you should test the pH of the product 

roughly 24 hours after processing, once the jars have cooled to 
room temperature and stabilized. 

• Do not take the pH of a product just before or right after canning 
because it will not be an accurate measure of the equilibrium pH.
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Fruits or vegetables that have been 
naturally fermented by lactobacilli, 
creating lactic acid which decreases 
the equilibrium pH of the food to 4.6 
or lower. No additional acids are 
added.
• Allowed:

• Sauerkraut, kimchi, hot 
sauce, etc.

• May be sold as a shelf-stable processed 
product or refrigerated

Lacto-fermented

67

No – homemade vinegar, kombucha, or products of other types of fermentation



How it works
• Salt draws moisture out of the vegetables to create a brine
• Lactic-acid forming bacteria are anerobic, competing bacteria are 

not
• Salt helps preserve the texture of the food and deter undesirable 

bacteria and yeasts
• Lactobacillus (lactic acid bacteria) convert carbohydrates (sugars 

and starches) into lactic acid

September 23, 2020
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• Fermented foods must be 
below pH of 4.6 to process

• Follow recipe processing times 
(PNW 355 Pickling vegetables)

• Fermented pickles are only 
processed after pickles taste 
tart

Steps for processing

• Pour off brine into pot.

• Bring to boil and simmer 5 minutes

• Filter through coffee filters.

• Pour over pickles placed in sterile jars.

• Leave ½” headspace.

• Process in boiling water canner at least 5 minutes.

• If processing for less than 10 minutes, sterilize jars 
and lids first

Processing for shelf stable product
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PAUSE FOR QUESTIONS
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Concerns specific to processed value-added 
products
• Botulism – toxin produced by vegetative spores of 

Clostridium botulinum. Potentially fatal neurotoxin!

• Mold – some can cause allergic reaction, a few 
produce mycotoxins which can make you sick.

• Yeast – grow as a dry film. Most likely to form on high-
acid foods containing lots of sugar.
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Facts on botulism

• C. botulinum bacteria are 
found in soil and water 
throughout the world in their 
inactive spore form

• Spores germinate into 
vegetative or active cells. As 
these cells grow, they 
produce the deadly toxin that 
causes botulism



Conditions conducive to production of toxin

• Grows without air
• Canned foods
• Vacuum-packaged foods
• Smoked fish
• Sausages
• Some cooked foods not properly cooled or refrigerated

• Baked potato in foil
• Pot pies
• Garlic/herbs in oil



Conditions conducive to production of toxin (continued…)

• Needs moisture, so not a problem in properly dried 
foods

• Likes pH conditions between 4.6 and 7.0
• The higher the pH (lower the acid) the greater the amount of heat 

needed to destroy the spores

• Temperature—most types like warm room 
temperature, however some grow as low as 38°F and 
some as high as 122°F

• Improperly home-canned foods are a perfect medium 
for growth



Symptoms
• Usually appear between 18-36 hours

• But have been known to occur six to eight days after food is 
eaten

• Blurred vision, difficulty swallowing and 
speaking

• Could have some vomiting, nausea, cramping

• Causes loss of muscle control, muscle paralysis 
including breathing

• No fever



Prevention
• Clean food well before processing
• Process all low acid foods (meats, fish, vegetables, 

poultry) in pressure canner – not allowed under the 
farm-direct exemption

• Do NOT can overripe fruit or tomatoes
• The acidity decreases during ripening
• Make sure you follow a tested recipe for acidified 

foods



Precautions against botulinal toxin
• There may be no signs of spoilage when the 

toxin is present
• Some strains produce a foul odor, others do not

• Toxin is destroyed by heating

Botulism



• Dehydration removes 
moisture

• Acidification lowers the pH
• Canning kills bacteria, 

mold, and yeast through 
heat

• Sugar acts as a 
preservative in jams and 
jellies binds with moisture

How does food preservation work?
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• Carefully selecting and washing fresh 
food

• Peeling some fresh foods,
• Hot packing many foods
• Adding acids (lemon juice or vinegar) 

to some foods
• Using acceptable jars and self-sealing 

lids
• Processing jars in a boiling-water for 

the correct period of time
• Sterilize jars and lids if processing time 

is less than 10 min.

Proper canning practices include: 
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Jam, jelly, fruit butters, 
marmalades, and preserves  

• High in solids (sugar)
• 65% or more soluble 

solids (sugar)
• High in acid

• Require relatively short 
heat treatment

Making acidic foods safely
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• High fruit solids and the 
pectin bind moisture 
sufficiently to lower the 
water activity (Aw) to a 
level where only molds 
can grow (0.85 or lower)

• Hermetic sealing protects 
product from moisture 
loss, mold growth and 
oxidation
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• Moldy jams and jellies 
are not safe to eat and 
should be discarded. 

• Caused by 
• Lack of sanitation
• Imperfect seal
• Too little sugar

Issues with mold
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• Vinegar should be 5% acidity
• Use at least a 1:1 ratio of vinegar to 

water
• Do not decrease the amount of 
vinegar

• Tomatoes do not have consistent acidity 
add bottled lemon juice or citric acid to 
be safe

• Figs and Asian pears require acidification 
(bottled lemon juice or citric acid)

• Do not use overripe fruit

Acidified foods critical canning steps: ingredients
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• Wash hands correctly and often – do not use 
antimicrobial soap

• Start with vegetables grown with food safe 
practices

• Rinse vegetables in cool water without soap or 
bleach

• Wash all surfaces and containers with hot sudsy 
water and rinse well before use.

• Make sure fermenting foods only come in contact 
with food-grade materials

• Start fermentation process within 24 hours of 
harvest

Health and hygiene for lacto-fermentation
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Practice good personal hygiene
• Wash hands correctly and often
• Wear clean clothes
• Wear head covering
• Prevent items from falling into 

food (jewelry, pens, etc.)
• Do not eat, drink or smoke 

when handling food

88
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One more note about sanitizers

• Mix:
• Household bleach*: 

1/2 tablespoon per gallon of water = 50-100 
ppm

1 Tbsp. per gallon = 200ppm (maximum 
concentration)

• Mix can last up to four hours
• More is not better 
• Spray bottles hold concentration longer 



Home kitchen food safety for value-added producers

• Keep value-added ingredients 
separate from home food supply (dry 
& refrigerated)

• Separate your cutting boards
• Wash fruits and vegetables thoroughly
• Keep children and pets out of the 
kitchen
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• Keep insects out
• Make sure your water is 
safe

• Keep records of your 
batches

• Use food grade plastics for 
food storage

• Clean and sanitize sponges 
and reusable towels 
frequently: 
https://www.canr.msu.edu/news/sanitizing_kit
chen_sponges
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• Make sure your packaging 
is food grade

• Wash jars, even if they are 
new

• Inspect for defects
• Sanitize if the processing 

time is less than 10 
minutes.

Packaging: jars & lids
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Tips for using your home kitchen
• Clear clutter
• Designate separate cabinets
• Invest in the right equipment
• Add storage space
• Keep an inventory
• Manage your time
 Plan your schedule
 Establish family boundaries
 Take care of yourself
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Questions?

Sara Runkel, Assistant Professor 
(Practice)
Josephine County 
Department of Horticulture
Small Farms and Community 
Horticulture, Master Gardener 
Coordinator, OR Farm Food Safety 
Team
P: 541-476-6613 (x106)
Sara.Runkel@oregonstate.edu

mailto:Sara.Runkel@oregonstate.edu
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