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A'mong the desirable qualities that should be
gissociated with foods is freedom from infectious
forganisms. Although it may not be possible to
jachieve a zero tolerance for all such organisms
inder good manufacturing practices (GMP), the
prodiiction of foods with the lowest possible
numbers is the desirable goal. With fewer pro-
ssors producing more products that lead to
i) ?Sj!s_bcing held longer and shipped farther be-
_r'e';ihey reach consumers, new approaches are
e_eded,to ensure safe products. Classic ap-
bproaches to microbiological quality control have

[elied heavily on microbiological determinations

o both raw materials and end products, but the
time'rcquired for results is too long for many
¢products. The development and use of certain
$repid methods have been of value, but these alone
§have not obviated the need for newer approaches

mnsunng safe foods. The hazard analysis criti-
Feal control point (HACCP) system is presented
§in.this chapier as the method of choice for ensur-
ging the saTety of foods from farm to table, When
Fdeemed necessary, microbiological criteria may
jbeestablished for some ingredients and foods,
g‘thcsc in connection with sampling plans are
 presented as components of the HACCP system.
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pisiThe concept and early history of the HACCP
:}) stem are presented in the previous edition of
i ‘:. -
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this text. The presentation that follows is not in-
tended to be used alone to establish an HACCP
program in either a food production plant or food
service establishment. For these purposes, a more
detailed HACCP reference should be con-
sulted 8113162 A 150 additional references may
be consulted for meat and poultry plants and they
include references 1, 20, and 29; and for
seafoods, references 9 and 17. More general in-
formation and background can be found in ref-
erences 6, 21, 25, and 26.

The objective of this section is to provide a
general overview of what HACCP is, and ex-
amples of how one might go about setting up an
HACCP system.

HACCP is a system that should lead to the
roduction of microbiologicall safe foods b
analyzing for the hazards of raw materials—those
that may appear throughout processing and those
that may occur from consumer abuse. It is a pro-
active, systematic approach to c;lﬁ?(ﬁ%:g
foodborne hazards. Although some classic ap-
proaches to food safety rely heavily on end prod-
uct testing, the HACCP system places emphasis
on the quality of all ingredients and all process
steps on the premise that safe products will re-
sult if these are properly controlled. The system
is thus designed to control cmzanisms_y-_-e] the point

of production and preparation. T} adin
factors that contributed to foodborne illness in
the United States for the years 1961_19g2 are

noted in Table 21-1, and it may be noted tlTaft‘
events associated with the handling and prepa-
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Table 21-1 Leading Factors Contributing to Outbreaks of Foodborne liiness in the United Stalesljlg
Faclors _ 195"79823_;3;

Improper cooling 44% ;'f
Lapse of 12 or more hours between preparation/eating 23 ‘_.‘i
Contaminated by handlers ’ 18 i
Raw Ingredient added without subsequent healing/cooking 16 :i
Inadequate cocking/canning/healing 16 ':.;

Note: N = 1,918,

Source: From Bryan.*?
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ration of foods were significant.’ Mishandling
“of foods in food service establishinents in Canada
in 1984 was involved in about 39% of foodborne
incidents.?® Proper implementation of HACCP
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Briclly staled, prerequisite programs include £
concerns and aspects of the entire food environ-;
ment before the LIACCP system is initiated. They &
include the suitability of facilities, control of

in food service establishments and the home will

supplicrs, safcty and maintenance of production ;

lead to a decrease in foodborne illness.

A subcommittee of the U.S. National Research
Council, National Academy of Sciences, made
the following recommendation in 1985": Be-
cause the application of the HACCP system pro-
vides for the most specific and critical approach
to the control of microbiological hazards pre-
sented by foods, use of this system should be
required of industry. Accordingly, this subcoin-
mittee believes that government agencics respon-
sible for control of microbiological hazards in
foods should promulgate appropriate regulations
that would require industry to utilize the HACCP
system in their food protection programs. Be-
fore an HACCP program is developed, there are

_some prerequisile programs that should be in

place.

Prerequisite Programs
s

Prerequisite programs include a wide range
of activities and events that may have an impact

cquipment, cleaning and sanitation of equipment
and facilities, personal hygiene of employees, s
control of chemicals, pest control, and the Jike. 3
These prcrcquisite;iﬁcllﬁe good manufacturing e';'
practices,' and they shiould be brought up to ac- 3
“Ceptable standards before the HACCP system is £
o “rer

initiated.
——

=

Definitions \

The following terms and concepts are v:llu-'§
able in_the development and executlon of an$

on an HACCP system for a specific food prod-
uct even though they are not parts of the HACCP
ézﬁcm per se. Some examples of prerequisite
programs are noted in reference 16, and they are
explained in more detail in reference 24.

“HACCP system and are taken from lmcmalional‘;

Commission on Microbiological Specifications 3
for Foods (ICMSF)' and/or National Advisorjfi
Committee on the Microbiological Criteria'for;
Foods (NACMCF)"¢: (‘-7553
cp i

Coni int: Any point in a specific foddg

system where loss of control does not lcaéj

to an unacceptable health risk \ ".,-; ]

Critical control point (CCP): Any pointl 01“-3
procedure in a food system where control:

can be exercised and a hazard can be minj-*

mized or prevented ' '(4.[?

£y

P
- A




Critical Jlimijt: One or more prescribed toler-
ances that must be met to ensure thata CCP

effectively controls a microbiological
health hazard

CCP decision tree; A sequence of questions
to assist in determining whether a control
point isa CCP

Corrective action: Procedures fi ollowed when
a deviation occurs

Deviation: Failure to meet a required critical
limit for a CCP

HACCP plan: The written document that delin-
cates the formal procedures to be followed
in accordance with these general principles

Hazard: Any biological, chemical, or physi-
cal property that may cause an unaccept-
able consumer health risk (unacceptable
contamination, toxin levels, growth, and/
or survival of undesirable organisms)

~ Monitoring: A planned sequence of observa-
" tions or measurements of critical limits de-

signed to produce an accurate record and
intended 1o ensure that the critical limit
maintains product safety

Risk category: One of six categories priori-
tizing risk based on food hazards

Validation: That element of verification focused
on collecting and evaluating scientific and
technical information to determine whether
the HACCP plan, when properly imple-
mented, will effectively control the hazards

Verification: Methods, procedures, and tests
used to determine whether the HACCP sys-
tem is in compliance with the HACCP plan

HACCP Principles

Although interpreted variously, the ICMSF
and NACMCF view HACCP as a natural and
systematic approach to food safety and as con-
sisting of the following seven principles: ,

T idenly Hvngd_ )
l. Asscss the fazards and risks associated
with the growing, harvesting, raw materi-

als, ingredients, processing, manufactur-
ing, distribution, marketing, preparation,
and consumption of the food in question.
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2. Delermine the CCP(s) required to control
the_identified hazards.

3. FEstablish the critical limits that must be met
at each jdentificd CCL

4. Establish procedures to monitor the
CCR(s)-

5. Establish corrective actions_to be {aken
when there is a deviation identified by
monitoring a given CCP.

6 Establish procedures for verification that
the HACCP system is working correclly_.—

7. Establish effective recordkeeping systems
that document the HACCP plan.

Each of these principles is discussed in more

detail below.
e

e =
Principle 1: Assess Hazards and Risks_

IHazards and risks may be assessed for indi-
vidual food ingredients from the flow diagram
or by ranking the finished food product by as-
signing to it a hazard rating from A through F A
plus sign (+) is assigned when a hazard exists.
Six hazard categories have been defined, repre-
senting an expansion of the three proposed by
the National Research Council (NRC)" for sal-
monellac control. However, this system of rank-
ing and hazard category assignment is not popu-
lar in the late 1990s and it may be ignored (sce
reference 16 for alternative). It is prescnted here
for historical purposes:

A. This is a special class of foods that consist
of nonsterile products designated and.in-
tended for consumption by individuals at
risk, including infants, the aged, infirmed,
and immunoincompetents.

B. The product contains “sensitive” ingredi-
ents relative to microbiological hazards
(e.g., milk, fresh meats).

C. There is no controlled processing step
(such as heat pasteurization) that effec-
tively destroys harmful microorganisms.

D. The product is subject to recontamination
aller processing but before packaging (c.g.,
pasteurized in bulk and then packaged
scparatcly).
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I Substantial potential for abusive handling
exists in distribution and/or by consumers
that could render the product harmful when
consumed (¢.g., products to be refrigerated
are held above refrigerator temperatures).

. There is no terminal heat process afler
packaging or when cooked in the home.

Next, the formulated product should be as-
signed to one of six hazard categorics, expanded
from four suggested by the NRC':

V1. A special category that applics to
nonsterile products designated and in-
tended for individuals in hazard cat-
cgory A

V. Food products subject to all five gen-
cral hazard characteristics (B, C, D, E,
and F)

1V. Food products subject to any four gen-
cral hazard characteristics

1. Products subject to any three of the gen-
eral hazard characteristics

11. Products subject to any two general haz-
ard characteristics
1. Products subject to any one of the gen-
eral hazard characteristics
0. Products subject to no hazards

Principle 2: Determine CCP(s)
——
The ICMSF" recognized two types of CCPs:

CCP1, to ensure control of a hazard, and CCP2,
to minimize a hazard. Typical of CCPs are the

Principle 3: Establish Critical Limits

|
Principle 4: Establish Procedures To 1

A critical limit is one or more prescribed tol-
erances that must be met to ensure that a CCP.

eMectively controls a microbiological hazard.:

TTis could mean keeping refrigeration tempera-+
tures within a certain specific and narrow range
or making sure that a certain minimum destruc--
tive temperature is achieved and maintained long

enough to effect pathogen destruction. Examples |
of the latter include adherence to the tempera- |
tures noted in Table 21-2 for the control of the
respective organisms. 1

Monitor CCPs n
The monitoring of a CCP involves the sched:.
uled testing or observation of a CCP and its hm-
its; monitoring results must be documented. lf
for example, the temperature for a certain pro-,
cess step should not exceed 40°C, a chart re- )
corder may be installed. Microbial analyses m;,
not used to monitor since too much time is rc:».
quired to obtain results. Physncal and chcmxcal
arameters such as time, pH, temperature, nnd
water activity (a.) can be quxcklﬂ!ctermmcd and

results obtained immediately. 4
— 5

Principle 5: Establish Corrective Actions };‘,

following:
————

o Heat process steps where tilne-temperature
relations must be maintained to destroy

—
riven pathogens
o Freezing and time to freezing before patho-

gens can multiply
e The maintecnance of pH of a food product
at a level that prevents growth of pathogens

o Employee hygie

Establish corrective actions to be taken when'f
deviations occur in CCP moniloring The action?,
taken must eliminate the hazard that was crealcda
b iati If a product is'in4
volved that may be unsafe as a result of the de-;
viation, it must be removed. Although the ac
tions taken may vary widely, in general they must
be shown to bring the CCP under control. ¢ '}j

L

Principle 6: Establish Procedures for )"_

Verification

U———
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an.¢ with the plan. Verification confirms that all

"hazrds were identified in the HACCP plan when
{it wasdeveloped, and verification measures may
jinclude compliance with a set of established
tmicrobiological criteria when established. Veri-
gﬁcalion activities include the establishment of
E\'criﬁcation inspection schedules, including re-
;vicw of the HACCP plan, CCP records, devia-
! tions, random sample collection and analysis, and
'}'v}rincn records of verification inspections. Veri-
fication inspection reports should include 4he
:dcsignation of persons responsible for adminis-
itering and updating the HACCP plan, direct
imonitoring of CCP data while in operation, cer-
tification that monitoring equipment is properly
‘calibrated, and deviation procedures employed.

Principle 7: Establish Effective

Recordkeeging Systems *

Establish effective recordkeeping systems to

document the HACCP plan._The HACCP plan

must be on file at the food establishment and

must be made available to official inspectors

upon request. Forms for recording and docu-
menting the system may be developed, or stan-
dard forms may be used with necessary modifi-
cations. Typically, these may be forms that are
completed on a regular basis and filed away. The
forms should provide documentation for all in-
gredients, processing steps, packaging, storage,
and distribution.

i

e —— ——

L

Some Limitations of HACCP
R S R

Although it is the best system yet devised for
controlling microbial hazards in foods from the

o HACCP requires the education of noop D:
fessional food handlers, especially;inithe

et a ‘propen

to monitor such steps. This has theipoleg

tial of eroding the confidence of others in
HA

o The adoption of HACCP by industry has the
potential of giving false assurance to con-
sumers that a product is safe, and, therefore,
there is no need to exercise the usual pre-
cautions between the purchase and con-
sumption of a product. Consumers need to
be informed that most outbreaks of
foodborne illness are caused by errors in
food handling in homes and food service
establishments and that no matter what steps
a processor takes, HACCP principles must
be observed after foods are purchased for

consumption.

Flow Diagrams

Thc' development of an HACCP plan for a food
establishment begins with the construction of a

flow diagram for the entire rocess. The diagram
Should begin with the acquisition of raw materi-

;glizmd include all steps through packaging and

isubsequent distribution.
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