Shelf Stable Success
Any company wishing to sell shelf stable low acid or acidified canned food in the US must follow chapter
21 of the Code of Federal Regulations and work under the advisement of a ‘processing authority’.
by Rachel Zemser

T

he United States Food
and Drug Administration (FDA) and the
food industry share the responsibility of ensuring that
all shelf stable canned foods
sold in the US are safe and
fit for human consumption.
The FDA regulations and
recommendations can be
found in Chapter 21 of the
Code of Federal Regulations
Parts 108, 110, 113 and 114.
These regulations cover key
areas including: the establishment of a thermal scheduled
process, the delivery of that
process, the documentation
of the process, and how a
facility should handle process
deviations. Any company that
wants to sell shelf stable low
acid or acidified canned food
in the US must follow the
regulations and recommendations found in chapter 21 of
the Code of Federal Regulations (CFR) which include

filling out forms for food
canning, working under the
advisement of a ‘processing
authority’ and ensuring that
the supervisors responsible for
critical heat processing operations receive instructions from
an FDA approved school. This
article pertains specifically to
canned foods that contain less
than 3% meat. Meat product
regulations are under USDA
jurisdiction.
Clostridium Threat

Clostridium botulinum is an
anaerobic spore forming rod
shaped microorganism that
has the capability of producing
a deadly toxin when in its vegetative (growing) state. This
deadly toxin causes botulism,
an illness that results in paralysis or death. Back in the 70’s
there were several botulism
incidences that came about due
to improperly produced low
acid canned foods. As a result

of these incidences, the industry knew that action needed to
be taken to ensure food safety.
The actions, lead by the NCA
(National Canners Association)
and the food industry resulted
in the creation of Title 21,
Code of Federal Regulations
Part 113 (21 CFR 113) and is
entitled ‘Thermally Processed
Low Acid Foods Packaged in
Hermetically Sealed Containers’. Six years later, after
several outbreaks of botulism
from acidified canned foods,
the FDA created 21 CFR 114
entitled ‘Acidified Foods’ which
describes best practices needed
to manufacture low acid foods
with acid added to them. These
regulations, as well as the Good
Manufacturing Practice Regulations 21CFR 110 and 21CFR
108 must be followed by any
food manufacturer that wishes
to sell their product in the
US.
Good Practices

Commercial sterility means that the product is free of living spoilage
microorganisms that could grow at room temperature and free of viable
organisms of public health significance.
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While CFR 108, 113 and
114 relate specifically with the
canning regulations of low acid
and acidified foods, 21 CFR
110 entitled ‘Current Good
Manufacturing Practice in
Manufacturing, Packaging or
Holding Human Food’ (GMP)
provides general sanitation
aspects that are applicable to
all food plants. Richard H.
Dougherty, Ph.D, a Food Science professor and Extension
Food Science Specialist at
Washington State University
who teaches FDA regulations

to food processors says “all
food imported into the United
States must meet our domestic
requirements and following
GMP’s is one of those requirements”. It would be impossible
for an FDA agent to supervise
the production of every retail
product on the market so the
FDA and food manufacturers
share this responsibility by using the word ‘shall’ and ‘should’
to clarify which procedures and
equipment are mandatory and
which ones are recommended.
Foreign processors should be
familiar with all of the parts
and sub-parts of CFR 110 adds
Dr. Dougherty, “because even
if they are similar to their own
regulations there are some
monitoring practices that may
not be identical to the food
processors homeland expectations”.
Canned Foods

Canning is an industry
term used to describe a general method of food preservation that renders a food and
the container ‘commercially
sterile’ by using heat, alone
or in combination with pH
and/or water activity or other
chemicals. The container seal
maintains the sterility of the
food. Canned food does not
just refer to food in a metal
‘can’, it can also be a glass jar,
plastic container or laminated
pouch. New and evolving
food packaging innovations
have lead to flexible retort
pouches, semi-rigid plastic
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containers and paperboard
packages. Commercial sterility refers specifically to the
foods shelf stability, meaning
that the product is free of living spoilage microorganisms
that could grow room temperature and are free of viable
organisms of public health
significance. Three types of
regulated canned foods are
low acid canned foods which
have a pH > 4.6 and a water
activity > 0.85, low acid ‘acidified’ canned food which has a
pH <
- 4.6 and a water activity
> 0.85 and lastly, high acid
(known as ‘acid foods’) with
a natural pH <
- 4.6. US FDA
canning regulations only apply
to the low acid canned foods
and the low acid ‘acidified’
foods. The most commonly
used canning methods are
conventional (high heat, high
pressure), aseptic (sterile food
and sterile container, lower
heat) and formulation control
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(making sure the product
is acidified or water activity
controlled). Any food product
made in the US that has a water activity below 0.85 does not
fall under the regulations and
recommendations described in
21 CFR 113 and 114 because
there is not enough available
water to support the growth
of any significant public health
organisms.

Table 1: pH ranges of some common foods.
Food

pH range

Dairy products

Butter
Buttermilk
Milk
Cream
Cheese (American mild and cheddar)
Yogurt

6.1-6.4
4.5
6.3-6.5
6.5
4.9; 5.9
3.8-4.2

Meat and Poultry

Beef (ground)
Ham
Veal
Chicken

5.1-6.2
5.9-6.1
6.0
6.2-6.4

Fish and shellfish

Fish (most species)
Clams
Crabs
Oysters
Tuna Fish
Shrimp
Salmon
White Fish

6.6-6.8
6.5
7.0
4.8-6.3
5.2-6.1
6.8-7.0
6.1-6.3
5.5

Fruits and Vegetables

Apples
2.9-3.3
Bananas
4.5-4.7
Oranges (juice)
3.6-4.3
Grapes
3.4-4.5
Carrots
4.9-5.2; 6.0
Corn (sweet)
7.3
Cucumbers
3.8
Lettuce
6.0
Onions (red)
5.3-5.8
Potatoes (tubers and sweet) 5.3-5.6
Tomatoes (whole)
4.2-4.3

Process Registration

Chapter 21 of the CFR
section 108 details the manufacturer’s general requirements for thermal processing
of acidified and low acid shelf
stable canned foods. If you
want to process low acid or
low acid acidified canned food
you must first register your
facility with the FDA using
form FD-2541 no later than
10 days after production. In
addition to the registration
of the manufacturing facility

Source: FDA
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all processors must also file
with the FDA information on
the specific scheduled process
used to make their low acid
and acidified food products.
For products that are manufactured aseptically, use form
FD-2541c and for all other
processes of low acid and acidified foods use form FD-2541a.
This chapter also states that if
a product made by a foreign
processor is not registered, has
not filed a process or is out of
compliance with 21CFR113
and 21CFR114 the FDA will
not allow their product to be
imported into the US.
Microbiology Crash Course

It is a never ending competition between man and
microorganism. The microorganisms want to consume
and utilise our food, breaking it down and causing it to
spoil and/or become unsafe.
We focus on preserving food,
making it a hostile environment for microorganisms in
order to prevent their survival
and growth. The three microorganisms that are of concern
in the food industry are bacteria, yeasts and moulds. All
of these microorganisms are
ubiquitous in nature and occur naturally in water, soil and
the air. Yeasts and moulds are

very versatile and can grow in
the presence of salt, acid and
cold temperatures but both
are destroyed when food is
properly heat processed and
usually only cause spoilage
if the thermal process is not
adequate. Bacteria are the most
significant microorganism in
the food industry because of
its capability to cause illness
and death. There are two
kinds of bacteria, spore formers and non spore formers.
Non spore forming bacteria
like E-coli and Salmonella
can grow in food and cause
illness by infection, but the
vegetative cells are destroyed
at boiling temperatures of
212˚F (100˚C). Spore forming
bacteria includes a group that
is very resistant to heat and are
only destroyed at very high
temperatures (250˚F/121˚C).
One specific spore forming
bacteria is Clostridium botulinum, and the entire food
industry is based on preventing
the growth of this deadly toxin
producing bug. C. botulinum
is widespread in nature and
can be found in any raw food,
thus any raw food must be
processed in such a way to
prevent the survival of the
bacteria and/or prevent the
germination of its thermo
resistant spores. While heating

food to 250˚F is one way to kill
all C. botulinum spores, food
cooked to such high temperatures does not always taste very
good. As an alternative to high
heat, the industry will sometimes use acid in conjunction
with a lower heat treatment
(165 to 212˚F). The lower
heat treatment can kill all the
vegetative non spore forming
bacteria while the addition of
acid (to a pH <
- 4.6) prevents
the spore from reproducing.
A non-growing spore is not a
food safety concern.
Acidified Foods

There are two kinds of
food in the world, those with a
pH above 4.6 (low acid foods)
and the kind that has a pH
below 4.6 (high acid foods). It
is important to note that low
pH = high acid and high pH =
low acid and the wording has
been known to confuse people
unfamiliar with the technical
terminology. Naturally acid
food can be made commercially sterile by simply heating
to a temperature hot enough to
inactivate yeast, moulds, non
spore forming bacteria and
some spore forming bacteria
that are capable of growing
in an acid environment. Any
remaining spores will not
germinate due to the natural

Hydrolysed Vegetable Protein Salmonella Scare Spurs Major US Recall

The US Food and Drug Administration is taking steps to protect the public following the early identification of Salmonella Tennessee in one company’s supply of hydrolysed vegetable protein (HVP).
This is a common ingredient used most frequently as a flavour enhancer in many processed foods,
including soups, sauces, chilis, stews, hot dogs, gravies, seasoned snack foods, dips and dressings.
The manufacturer of the affected product is Basic Food Flavors Inc. in
Las Vegas, Nevada. Only HVP manufactured by Basic Food Flavors is
involved in this recall. The FDA conducted an investigation at the facility after a customer of Basic Food Flavors reported finding Salmonella
Tennessee in one production lot of HVP to the new FDA Reportable
Food Registry. FDA collected and analysed samples at the facility and
confirmed the presence of Salmonella Tennessee in the company’s
processing equipment. The company is recalling all hydrolysed vegetable protein in powder and
paste form that it has produced since Sept. 17, 2009.
“This situation clearly underscores the need for new food safety legislation to equip FDA with the
tools we need to prevent contamination”, said Dr. Jeff Farrar, associate commissioner for food safety,
FDA’s Office of Foods.
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acids in the food. Foods that
are not naturally acidic must
undergo a high heat treatment
and are considered ‘low acid
foods’ or a food processor can
‘acidify’ the food by adding an
acidifying agent such as lemon
juice, citric acid or vinegar.
This type of food is referred
to as low acid ‘acidified’ food.
Food acidification can reduce
the pH <
- 4.6 and allow a
processor to give it a reduced
heat treatment which can
result in a better tasting food.
If a food is not acidified properly and/or subsequently not
heated correctly, then spores
of C. botulinum can survive,
grow and produce the deadly
toxin. Both 21CFR 113 and
114 deal with the specific rules
and recommendations that a
processor must follow to safely
manufacture these foods.
21 CFR Part 113 covers low
acid foods which are defined as
any foods, other than alcoholic
beverages, with a finished equilibrium pH greater than 4.6
and a water activity greater than
0.85. Examples include canned
beans, and corn. Part 113 also
elaborates on FDA regulations
related to the manufacturing
of low acid foods including the
establishment of a scheduled
thermal process, legal record
keeping and how to manage
product deviations that have
resulted in under-processed
and/or unsafe food. 21 CFR
Part 114 covers acidified foods
which are defines as a low acid
food to which acid(s) or acid
foods (s) are added to produce
a product that has a finished
equilibrium pH of 4.6 or below
and a water activity greater
than 0.85. Examples include
marinated beets, acidified artichoke hearts and brined green
beans. Part 114 also elaborates
on proper acidification procedures, ways to determine a
foods acidity (pH) value and
procedures that must be followed if a product deviation
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results in an equilibrium pH
above 4.6. Equilibrium pH
is a condition that the food
achieves when both the solid
and liquid components of the
food have reached the same
pH below 4.6. For example,
if vinegar (pH less than 3) is
blended with green beans (pH
5.6 to 6.5), the finished equilibrium pH is achieved when
the inner portion of the green
bean itself has been saturated
with enough acid so the final
pH is <
- 4.6.
Being in the Know

As one can gather, the
manufacturing of low acid
and acidified foods either by
conventional or aseptic canning methods is not a simple
process. Due to the complex
nature, microbiology and dire
food safety consequences that
can result from improperly
processed canned foods, the
FDA explicitly states in both
21 CFR 113 and 21 CFR114
that the scheduled thermal
process for canned foods be established by a ‘qualified person

sors manufacture products for
US export. The FDA further
states in 21 CFR 108, 113
and 114 that ‘supervisors of
critical operations such as
heat processing, acidification
and pH control and container closure inspections must
have satisfactorily completed
a prescribed course on these
subjects in a school approved
by the FDA’. In the US, a food
industry supervisor can attend
Better Processing School, a
programme designed to meet
CFR requirements. A list of
these FDA approved programmes can be found online
at the GMA/FPA website. Foreign processors are not exempt
from this regulation and while
21CFR 108 does imply that the
FDA will accept a statement
from a foreign government
that the food processor has
been adequately trained, Dr.
Dougherty who teaches Better
Processing School across the
US and abroad recommends
that the manufacturer contacts
the FDA and asks them for
guidance on where they can

If a food is not acidified properly and/or
subsequently not heated correctly, then
spores of C. botulinum can
survive, grow and produce
the deadly toxin.
with expert knowledge of thermal processing requirements,
acidification and processing of
acidified foods’. This person
is referred to as a ‘Processing
Authority’. Dr. Dougherty,
a Food Science professor at
Washington State University,
who is also the official processing authority for the state of
Washington recommends that
foreign processors check in
with their local government or
food trade agencies to locate a
trained processing authority.
Many countries have
government supported programmes to help their procesMARCH 2010
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obtain approved FDA training.
The manufacturing of low acid
or acidified foods is serious
matter due to deadly nature of
C.botulinum and its ability to
grow in anaerobic canned shelf
stable food.
Both domestic and foreign
processors should have a clear
understanding of both FDA
mandatory rules and their own
personal responsibilities as
they relate to the manufacturing of these highly regulated
products. Working together,
the FDA and the manufacturer
can continue to ensure a safe
food supply.t
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