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FERMENTATION
FOOD SAFETY
GMPs | GFPs | HACCP
“From Rot to Religion”

1

3-502.11 Variance Requirement.*
A Food or Eating Establishment shall obtain a Variance from the Regulatory Authority, as specified in §8-103.10
and under §8-103.11 before:

2017

(A) Smoking Food as a method of Food preservation rather than as a method of flavor enhancement;
(B) Curing Food;
(C) Using Food Additives or adding components such as vinegar:
(1) As a method of Food preservation rather than as a method of flavor enhancement, or
(2) To render a Food so that it is not Potentially Hazardous Food (Time/Temperature Control for Safety Food);
(D) Packaging Food using a Reduced Oxygen Packaging method, except where the growth of, and toxin
formation by Clostridium botulinum; and the growth of Listeria monocytogenes are controlled as specified under
§3-502.12;
(E) Operating a Molluscan Shellfish life-support system display tank used to store or display shellfish that are
offered for human consumption;
(F) Custom processing animals that are for personal use as Food and not for sale or service in a Food or Eating
Establishment;
(G) Preparing Food by another method that is determined by the Regulatory Authority to require a Variance; or
(H) Sprouting seeds or beans.
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MODULES
01

Fermentations

02

GMPs and GFPs

03

HACCP Preliminaries

04

HACCP

From “Rot” to “Religion”

Foundations to Safe Fermentations

The “Flow” of Fermentations

Hazards and Controls
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1

From Rot to Religion
Module 1.

4
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Ooops, that food spoiled
Can’t let that go to waste –
have to eat it anyway
Its tasty (or we’ll learn to like it)

This stuff kinda makes me feel good
Let’s make more
Feelin’ good again

“

“

Religion is born.
5

FERMENTATION
ANTHROPOLOGY
The CULTURE of FERMENTATION
Preservation
Saves foods for later consumption

Palatability
Reduce bitterness or add flavors

Nutrition
Increase vitamins and digestibility

Cultural & Medicinal

Spoilage to inedibility or illness
Mobile to stationary lifestyle?

Consume only under duress
Last choice for a foodstuff

Incomplete diet
Certain foods lack vitamins, etc.

Just food
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Fermentation Archeology
Louis Pasteur
Fermentations and
Microbiology

Evidence of Sumerian
Fermentations

7000
Evidence of Chinese
Fermentations

4000

1800

1875

Modern Farmer’s
Market
Evidence of American
Fermentations

King Midas’ Feast

BCE

2017

AD
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Beer drinking
straws
Babylonia
c 2500 BC

8
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Egyptian beer
brewers
Tomb figures
c 2000 BC

9

Gordion
(Turkey)
King Midas
Funeral
Feast
Beer vessels
c 1800 BC
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FERMENTATIONS
Lactic Acid
Lactic Acid (+)

Alcohol
Alcohol to acetic acid

Mold
initiated

Others
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“

“

FDA CFSAN
Fermented foods are low-acid foods subjected to the action
of acid-producing microorganisms to reduce the pH of the
food to 4.6 or below. Examples of fermented foods include
some kinds of sauerkraut, pickles and green olives.

Draft Guidance for Industry: Acidified Foods” Issued
December 27, 2010. [Withdrawn].
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(1979) Comments to the proposed rules (21 CFR 114) noted that the proposed rules gave
no examples in which any proven improper fermentation caused a fermented food to be a
health hazard. These comments questioned the inclusion of fermented foods in the
regulations. In the final rules we acknowledged that we could not find reports of cases of
botulism caused by commercially processed fermented foods. We stated that, in the
absence of known illnesses or deaths from commercially prepared fermented foods, the
regulation should apply only to acidified foods.
Draft Guidance for Industry: Acidified Foods” Issued
December 27, 2010. [Withdrawn].

“

“

FDA CFSAN

“Since 1979, we have not received information implicating commercially processed fermented foods in cases of botulism.
However, the food industry evolves over time, and some of the products available today (such as fermented olives stuffed
with a low-acid food) may not have been on the market in 1979”.
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Outbreak – Kimchi (Korea)
1642 school kids ill
Kimchi fermentation
short 1-2 days
Final pH ~ 4.2
Obviously Ec O169
survived
Foodborne illness

14
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Outbreak – Fermented Tofu
Cb spores in tofu

pH 6.5
Placed tofu at room
temperature
(no culture, no salt
> week)

Spores germinated
and produced toxin
Foodborne illness
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Outbreak – Raw Cashew Cheese
Soaked cashews
(temp?)

Ground cashews
added culture

(fermented room temp)

Culture and acidity
did not lead to
Salmonella lethality
Foodborne illness
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Research – Sauerkraut
Salt 1.8-3%
Took 15-28 days to
eliminate Ec and
Lm
Salt or fermentation
temperature not a
factor
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Research – Kimchi
Sa decreased
rapidly
Sal & Lm took 16
days to decrease
Ec remained viable

18
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Research – Nut cheese
Blanch ≥ 190ºF
2 m.
5 log ↓ Sal.
FDA accepted
Alternative is milk
pasteurization
≥ 145ºF 30 m

Blanching does not preclude the use of the terms “fresh or raw”

19

2

GOOD MANUFACTURING
FERMENTATION PRACTICES
Module 2.

20
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GMPs and GFPs
GMPs = Food Code GFPs = good fermentation practices

WASH

ingredients
when
possible
21

3

Use an
ACTIVE

FERMENT
to pH 4.6
rapidly

safe culture

Do
NOTHING
stupid

HACCP

Preliminaries
Module 3.
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HACCP Preliminaries
5 Steps to get started

after GMPs are met

01

Create a HACCP team

04

Create/verify a flow diagram

02

Describe the fermented food
product and consumer

05

Consult Regulatory Agency

03

List ingredients, packaging,
and equipment

23

HANDS-ON
Understand the document
What is being asked for here?
Where does the information come from?

A
C

Apply to your food safety system
Adapt this document to work for
your process and product.

B
D

Understand the process
Why is this needed?
Where are results used?

Check your abilities
Knowledge
Skills
Abilities

24
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Describe Food & Distribution

Insert product description here
Product name(s)

Naturally fermented nut cheese or ?

Product properties

Finished product is PHF or not PHF?

Product use and intended
consumers

Consumers are from general population and not immunocompromised.
Retail or foodservice? Should health claims be permitted? E.g.
Probiotics?

Packaging

Regular, vacuum packaged, canned, jarred, bottled, etc? Pasteurized in
container?

Shelf life

Depends on PHF status. PHF ≤ 7 days at ≤ 41F. Non-PHF based on
quality. Spoilage for non-PHF determines shelf life temperature.

Where to be sold? Special
distribution control?

Foodservice? Retail sales permitted? Farmer’s Market? Temperature
control during transport may be required.

Labeling

Labels state product name, manufacturing date, expiration date, and
“keep refrigerated”. Anything else? (Unpasteurized apple juice
warning?)

25
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4

FERMENTATION

HACCP
Module 4.
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HA+CCP
06
05
VERIFICATIONS

05
CORRECTIVE ACTIONS

04
MONITORING

+

CRITICAL LIMITS

03

02
IDENTIFY CONTROLS

HAZARDS ANALYSIS

01

07

Food Safety System

RECORDS

7 STEPS (Principles)

Hazard Analysis
Controls

PC
CCP
GFP
GMP

28
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HACCP
7 STEPS (Principles)

02

Hazard: a biological, chemical or physical agent that is reasonably
likely to cause illness or injury in the absence of its control (Note that the

FDA does not address physical hazards in their “Food Code” HACCP document
requirements).

IDENTIFY CONTROLS

HAZARDS ANALYSIS

01

1. Hazard Analysis: a review of each ingredient and each step in a
food process flow for hazards created or eliminated (reduced)
2. Determine controls (GMPs, GFPs, other prerequisites, or
CCPs)(Can be modernized to include Preventive Controls-allergens,
Supply, and Sanitation).
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HACCP
HAZARDSCONTROLS
ANALYSIS
IDENTIFY

01
02

PC

Preventive Controls

CCP

Critical Control Points

GFP

Good Fermentation Practices

FC or GMP

Food Code or Good Manufacturing
Practices (21 CFR 117)

Significance

7 STEPS (Principles)

If a significant hazard requires control –at this step-- (otherwise foodborne illness is possible) a CCP or PC control is required.

30
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Microbiological
HAZARDS

CONTROLS

Ingredients

Pasteurization

pH ≤ 4.6

pH ≤ 4.2

≤ 41ºF

E. coli O157

⚠

🚫🚫

⚠

🚫🚫S

🚫🚫S

Salmonella

⚠

🚫🚫

⚠

🚫🚫S

🚫🚫S

C. botulinum

⚠

🚫🚫

🚫🚫

🚫🚫⚠

L. monocytogenes

⚠

🚫🚫

⚠

🚫🚫

⚠

*

🚫🚫

*

*

*

⚠

🚫🚫

⚠S

⚠S

🚫🚫S

Yeast/mold*
Parasites

⚠

spores

These hazards are
found in soiled
water and on many
raw materials.
Raw produce
frequently has
pathogens related
to animal fecal
materials.
Perspective: compare
hazards of raw to
fermented product.

S=survival *=spoilage possible
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Microbiological Hazards
Bacteria, Yeast, Mold, Water parasites
Raw materials may likely contain any or all of
these microorganisms

Refrigeration
Cold holding increases shelf life and
limits pathogen growth and spoilage

GFP

Maintaining Hygiene
Preventing contamination
during and after pasteurization

GFP

PC
CCP
GFP
GMP

CCP
CCP

Raw material pasteurization
Kills all except sporeforming
bacteria - (Clostridium botulinum) is
main concern

Fermentation
Achieving a fermentation pH of 4.6 or
below as rapidly as possible inhibits
the growth of C. botulinum. pH ≤ 4.2
inhibits all pathogen growth (not
survival)

32
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Microbiological Hazards
Refrigeration / Label
Cold holding increases shelf life and
limits pathogens and spoilage
OPTIONAL

WARNING: This product has not been
pasteurized and, therefore, may contain
harmful bacteria that can cause serious illness
in children, the elderly, and persons with
weakened immune systems.

Bacteria, Yeast, Mold, Water parasites
Raw materials may likely contain any or all of
these microorganisms

GFP

Maintaining Hygiene
Preventing contamination
during and after pasteurization

PC
CCP
GFP
GMP

GFP

GMP
CCP

No Pasteurization by choice
Wash raw materials (produce) to
minimize pathogens

Fermentation
Achieving a fermentation pH of 4.6 or below
as rapidly as possible inhibits the growth of
C. botulinum
Ferment to pH 4.2 or below and demonstrate
a 5 log reduction of E. coli O157 and
Salmonella. Hold under acid conditions.
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Chemical Hazards
Allergens, Pesticides
Raw materials may contain allergens and may
have pesticide residue

Allergens
Ensure that allergens are properly
disclosed on the product label

PC

Maintaining Hygiene
Preventing allergen cross
contact

PC

PC
CCP
GFP
GMP

GMP
PC

Pesticide residues
Wash raw materials that might
contain pesticide residues.
Pesticides are all water soluble.

Allergens
Schedule allergen products separate
and after non-allergen products

34
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…are required for food facilities that produce FDA
regulated foods (with a few exceptions) that gross
over $1 million $ annually. It is optional (but
recommended) for “small” and “very small” food
operations.

Process Control

Allergen Control

Sanitation Control

HACCP

GMPs

GFPs

FSMA Preventive
Controls (HACCP)
…are required for food facilities that produce FDA
regulated foods (with a few exceptions) that gross
over $1 million $ annually. It is optional (but
recommended) for “small” and “very small” food
operations.

Supplier Control

35

…are required for food facilities that produce FDA
regulated foods (with a few exceptions) that gross
over $1 million $ annually. It is optional (but
recommended) for “small” and “very small” food
operations.

Process Control

Allergen Control

Sanitation Control

Supplier Control

Preventive
Controls

FSMA

Allergen labeling required. Do you have nonallergen food products in the same facility?

If you choose to have a completely “raw” product,
you must have a policy in place to prevent pathogen
presence in your facility. The Food Code may suffice
for Retail-foodservice operators.
If there are hazards in your ingredients that are not
controlled in another manner, you must control them
by verifying your supplier has controls. Food Code
= “should” control them.

36
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HANDS-ON
Understand the document
What is being asked for here?
What does each column mean?
Where does the info come from?

Apply to your food safety system
Adapt this document to work for
your process and product.

Understand the process
Why is this needed?
Where are results used?

A
C

B
D

Check your abilities
Knowledge
Skills
Abilities
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Hazard Analysis - simplified
Packaging, ingredients and processing steps

What can go wrong?
Biological, chemical, or physical

Receiving incorrect raw
materials or ingredients
containing products such as
allergens or additives. This can
cause harm to some customers
and may mislead others.

What can I do?
Make sure you know what is
present in the foods you use as
ingredients.
Make sure raw materials,
packaging or ingredients you
receive are to your specification.

How can I check?
Compare brand name, grade of
food received with your
purchase details, and/or your
specifications.

What if it is not
right?
Reject raw materials, packaging
or ingredients that do not match
the correct specification.
Reject suppliers that do not
provide food and packaging the
way you want it.
Change practices and labels
so that they comply with the
Code.

What is the significance level of the hazard-control? [ ] no hazards [ ] FC - GMP [ ] GFP [ ] CCP [ ] PC

38
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Hazard Analysis

PRODUCT:

PAGE X of Y

COMPANY NAME
ADDRESS

(2)
Identify hazards
introduced, controlled
or enhanced (at this

(1)
Packaging
Ingredient or
Processing Step

step)

(3)
Any hazards
require
control?

(4)
Why

CREATED

mm/dd/yy

MODIFIED

mm/dd/yy

(5)
Control(s)
FC, GMP, GFP, CCP, PC

(6)
CCP,PC

B

C

P

Hazard Analysis Form Example -other formats may be used | This form is provided in paper for the hands-on session
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(1)
Packaging
Ingredient or
Processing Step

(2)
Identify hazards introduced,
controlled or enhanced (at this
step)

(3)
Any hazards
require control?

(4)
Why

(5)
Control(s)
FC, GMP, GFP, CCP, PC

(6)
CCP, PC

B

C

P

B
C
P
B
C
P

40
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HACCP
7 STEPS (Principles)

HAZARDS
ANALYSIS
CRITICAL
LIMITS

01
03

Operating Limits: values that “control” a non-critical hazard or a
process parameter (safety or quality)
Critical Limits: minimum or maximum value that controls a critical
hazard at a critical (or preventive) control point
Examples
1. Cook (≥ 145ºF) ingredients to kill vegetative bacteria
2. Ferment to pH (≤ 4.6) to prevent C. botulinum growth/toxin
3. Refrigerate to (≤ 41ºF) to prevent growth of pathogens or spoilage
microorganisms
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HACCP
7 STEPS (Principles)

MONITORING
HAZARDS
ANALYSIS

01
04

Monitoring: the process of determining if a critical limit has been met.
What

How

Frequency

Who

Temp.

*Calib.
Thermometer

At end of
cook

Staff

Acidification

pH

*Calib.
pH meter

Every 12 h

Staff

Refrigeration

Temp.

*Calib. Frig.
Thermometer

Daily

Staff

Cooking

*Calibrated (or verified accurate)

42
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HACCP
7 STEPS (Principles)

HAZARDS ANALYSIS
CORRECTIVE
ACTIONS

01
05

Deviation: term describing when a critical limit is not met
Corrective Actions: an action (predetermined) that can bring a
deviation (unsafe) back under control (safe)
CCP

Possible Corrective Actions

Cooking

keep cooking

recook

?

discard

Acidification

keep
fermenting

increase
temperature

?

discard

Refrigeration

check food
temperature

move to new
refrigerator

?

discard

43

HACCP
06
01
05

Are you doing what you say you do?

HAZARDS
ANALYSIS
VERIFICATIONS

7 STEPS (Principles)

•

Review monitoring records (every batch)

•

Review calibration of measuring devises (every batch)

•

Review employee performance of monitoring (periodic)
(Do they know what to do? Do they do that?)

•

Review retained samples during shelf life
(safe pH? hermetic seal? spoilage?)

44
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HACCP
01

02

03

04

05

06
05

07

HAZARDS ANALYSIS

IDENTIFY CONTROLS

CRITICAL LIMITS

MONITORING

CORRECTIVE ACTIONS

VERIFICATIONS

RECORDS

7 STEPS (Principles)

Each
batch

Hazard Analysis
CCP Summaries

Batch Records
Traceability
Monitoring
Calibrations
Verifications
↓

Other Records

↓ ↓ ↓ ↓ ↓ ↓
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HANDS-ON
Understand the document
What is being asked for here?
What does each column mean?
Where does the info come from?

Apply to your food safety system
Adapt this document to work for
your process and product.

Understand the process
Why is this needed?
Where are results used?

A
C

B
D

Check your abilities
Knowledge
Skills
Abilities
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kombucha

sauerkraut

nut cheese

vinegar
black garlic

kimchi

yogurt /
buttermilk

cucumber
pickles

47

PRODUCT: Sauerkraut | Nut Cheese |
Kombucha
COMPANY NAME: Kraut-Nuts LLC
ADDRESS: Cheyenne, WY
Process
Control

Hazard(s)

PAGE 1 of __

Critical Limits
What

Monitoring
How

Frequency

Created
Modified
Corrective Action

mm/dd/yy
mm/dd/yy

Ver

Records

Who

Pasteurization

Fermentation

Refrigeration

48
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PRODUCT:
COMPANY NAME:
ADDRESS:
Process
Control

Hazard(s)

Created
Modified

Monitoring

Critical Limits
What

How

Frequency

Corrective Action

mm/dd/yy
mm/dd/yy
Ver

Records

Who
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Hazards and controls
Salmonella is associated with nuts!

A

B

Heat Nut Milk

Blanch Nuts

≥ 145ºF 30 m

≥ 190ºF 2 m

Pasteurization

Only heats
surface

“No longer raw”

Is this still raw?

C
Buy nuts or milk
pasteurized
Safe
Get LoG
(Letter of Guarantee)
“Raw?”

Control?

Control?

Control?

Nut cheese
HACCP
D. Or, wash nuts carefully to
minimize presence of Salmonella.
Ferment nut milk to cheese and risk
foodborne illness in the same
manner as any “fresh” product.
Determine if pH and acids reduce
Salmonella during fermentation or
aging (not researched yet).
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