QHny) Designation: F 1356 — 99

Standard Guide for
Irradiation of Fresh and Frozen Red Meat and Poultry to
Control Pathogens and Other Microorganisms  *

This standard is issued under the fixed designation F 1356; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The purpose of this guide is to present information on the use of ionizing energy (radiation) in
treating fresh or frozen red meat and poultry products to eliminate or reduce the numbers of
vegetative, pathogenic microorganisms and parasites, and to extend the refrigerated shelf-life of those
products by reducing the numbers of vegetative spoilage microorganisms.

This guide is intended to serve as a recommendation when using irradiation technology where
approved by an appropriate regulatory authority. It is not to be construed as a requirement for the use
of irradiation, nor as a rigid code of practice. While the use of irradiation involves certain essential
requirements to attain the objective of the treatment, some parameters can be varied in optimizing the
process.

This guide has been prepared from a Code of Good Irradiation Practice published by the
International Consultative Group on Food Irradiation (ICGFI) under the auspices of the Food and
Agriculture Organization (FAO), the World Health Organization (WHO), and the International Atomic
Energy Agency (IAEAY1)?

1. Scope E 170 Terminology Relating to Radiation Measurements

1.1 This guide outlines procedures for the irradiation of ~and Dosimetry . _ o -
fresh or frozen meat and poultry as defined by the Codex E;204 Practice for Do§|metry in Gamma Irradiation Facili-
Alimentarius Commission (CAC), (CAC/RCP 11-1976 and _ties for Food Processidg o '
CAC/RCP 14-1976). Codex defines meat as “the edible part of E 1261 Guide for the Selection and Calibration of Dosim-
any mammal slaughtered in an abattoir,” and poultry as* the _€try Systems for Radiation Processing
edible part of slaughtered domesticated birds, including E 1431 Practice for Dosimetry in Electron and Bremsstrahl-

chicken, turkeys, ducks, geese, guinea-fowls, or pigeons.” ung Irradiation Facilities for Food Processing
E 1539 Guide for the Use of Radiation Sensitive Indicators
Note 1—Current U.S. regulations limit the definition of livestock F 1416 Guide for the Selection of Time-Temperature Indi-
species to cattle, sheep, swine, goat, horse, mule, or other equine and catoré

poultry species to chicken, turkey, duck, goose, and gu{2ea). F 1640 Guide for Packaging Materials for Foods to Be

1.2 This guide covers absorbed doses used for inactivation | adiated
of parasites and reduction of bacterial load. Such doses ares 2 codex Alimentarius Commission Recommended Inter-
typically less than 10 kiloGray (kGy). national Codes and Standards:

1.3 This guide addresses irradiation of pre-packaged prod- caoc/RCP 1-1969, Rev. 3, (Annex) Hazard Analysis and
uct for retail sale or for use as an ingredient in other products.  cyitical Control Point (HACCP) System and Guidelines
It also addresses the in-line irradiation of unpackaged product. oy |ts Application
CAC/RCP 11-1976 Recommended International Code of

Hygienic Practice for Fresh Meat
2.1 ASTM Standards: CAC/RCP 14-1976 Recommended Code of Hygienic Prac-

tice for Poultry Processing
CAC/Vol A Recommended International Code of Practice,

1 This guide is under the jurisdiction of ASTM Committee F-2 on Flexible General Principles of Food Hygiene, Edition 2
Barrier Materials and is the direct responsibility of Subcommittee F02.40 on Food
Processing and Packaging. —_—

Current edition approved May 10, 1999. Published July 1999. Originally *Annual Book of ASTM Standardéol 12.02.

2. Referenced Documents

published F 1356 — 91. Last previous edition F 1356 — 93. 4 Annual Book of ASTM Standardéol 15.09.
2 The boldface numbers in parentheses refer to a list of references at the end of ° Available from the Joint FAO/WHO Food Standards Programme, Joint Office,
this standard. FAO, Via delle Terme di Caracalla, 00100 Rome, Italy.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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STAN 1-1985 General Standard for the Labelling of Pre- 5.3 Pre-Packaged ProduetFor pre-packaged product, the
packaged Foods package itself provides a barrier that helps to reduce the risk of
STAN 106-1983 General Standard for Irradiated Food recontamination. Thus, many of the requirements for the
irradiation environment and equipment may not be applicable
o ] ) ] for facilities handling only pre-packaged product. Obtain
3.1 Definitions—Other terms used in this guide may be jnformation on applicable requirements from the appropriate
defined in Terminology E 170. _ ~ regulatory authorities before starting operations.
~ 3.1.1 absorbed doser—the quantity of energy from ioniz- 5 4 pre-Irradiation Inspectior-Inspect packages and con-
ing radiation imparted to a unit mass of a specified materiajainers of red meat and poultry upon receipt at the irradiation
(food). The special name for the unit of absorbed dose is theygility to ensure that the product is suitable for irradiation. (see
Gray (Gy). One Gy is equal to one joule of absorbed energy pes 4 15 4.2, and 5.4.3). Written acceptance criteria for inspec-
kilogram. Formerly, the unit of absorbed dose was the rad (}jon frequency, product temperature and package integrity, as

3. Terminology

rad = 0.01 _GY)- _ _ applicable, should be established by the product owner and
3.1.1.1_D|scus§|0n—A standard definition of absorbed dose agreed to by management of the irradiation facility prior to
appears in Terminology E 170. _ accepting product from an owner. Also, disposition of product
3.1.2 Dyyvalug n—absorbed dose required to reduce theyngyitaple for irradiation should be among the criteria estab-
microbial population in a given food by 90 % (1 lgf lished.
3.1.3 dose distribution n—the variation in absorbed dose 5 4.1 Product Temperature-Using a  calibrated
within a process load exposed to ionizing radiation. temperature-sensing device, measure the temperature of the
3.1.4 process loadn—a volume of material with a specified product upon receipt. Temperature should be between -2 and
loading configuration irradiated as a single entity. +4°C for fresh red meat or poultry or —18°C or lower for frozen

3.1.5 transport systemn—the conveyor or other mechani- (eq meat or poultry. For unpackaged product, insert the device
cal system used to move the process load through the irradiatQyirectly into the product and sanitize the device between each
4. Significance and Use measurement. For prepackaged product, use a device that can

4.1 The principal purpose of irradiation is to control (reducebe placed between individual packages without puncturing

the number of) pathogenic bacteria in fresh or frozen red mea aglzaglgg T(ate”?rﬁ 'nri?'re;t r(;opr;act W't: thre E’;Oducfi' n of
and poultry to make these foods safer for human consumptiort1h o q af ﬁgel keg y—fﬂe_do adse _sz_y i spe? 0 do ¢
Irradiation significantly reduces the numbers of viable, vegeta- € product. o [eakage of Tluids or odor Indicative of produc

tive bacteria such aSampylobacter, Escherichia coli, Listeria spoilage should be evident upon |n§pect|on. . .
or Salmonella 5.4.3 Count the number of containers to be irradiated and

4.2 The process also inactivates parasites suchlras compare that count With_ docu_men;at_ion from the product
chinella spiralisand Toxoplasma gondii owner. A comparison of this pre-irradiation count with a count

4.3 The process may extend the shelf-life of fresh red meatRerformed after irradiation provides a check that all product
' received has been irradiated.

and poultry by reducing the numbers of viable, vegetative 5.5 Pre-Irradiation Storage

spoilage bacteria, such udomona ies. L .
poilage b ce a, such &se 0. ohaspecies 5.5.1 For fresh meats and poultry, the principal requirement

5. Pre-Irradiation Product Handling for pre-irradiation storage is maintenance of the product
5.1 Product should be handled in an environment that doeimperature between -2 and +4°C without freezing.

not increase the risk of contamination from physical, chemical, noe 3y s, poultry regulations presently require a maximum tem-

or biological hazards. Take measures at all times to minimiz@erature of 40°F (4.4°C) for fresh poulf§)

microbial contamination and growth by following relevant . . . .

standards of Good Manufacturing Practice (GMP); see for 5.5.2 A second requirement is that the pre-irradiation stor-

example U.S. Food and Drug Administration (FDA) GM‘B age period at the irradiation facility be_minimized, approxi-

U.S. Food Safety and Inspection Service (FSIS) StandarH]atGIy one day or less, whenever possuble: .

Sanitary Operating Procedures (SS@B) and CAC Recom- 5.5.3 For frozen meats and poult_ry, maintain th_e product

mended International Codes of Practice, (CAC/RCP 11-197d€mperature at or below -18°C at all times. The relatively short

CAC/RCP 14-1976, and CAC/Vol A)(see 2.2) duration of frozen storage prior to irradiation is not particularly
5.2 Unpackaged’Produet-ln facilities ha{nd.ling unpack- critical under normal commercial conditions. However, freez-

aged product, the irradiation environment and equipmeniﬂqg does not provide an unlimited product life without loss of

should be designed and constructed to be cleanable and dura@i@lity, and the pre-irradiation storage period should therefore

to maintain a sanitary condition and, thereby, not increase thB& Minimized. _
risk of contamination. 5.6 Handling of red meats and poultry differently from the

_ _ o _ _ procedures described in 5.5 violates the principles of GMP,
Note 2—An operating environment with high moisture or air flow may whijch constitute the total of all measures taken to produce meat
contribute to the risk of bacterial contamination. Moisture provides a3nd poultry products containing as low a level of contaminants

growth medium for bacteria and air flow provides a means of transport for . . - -
bacteria. Food contact surfaces may contribute chemical or physic g4s possible. Holding product under refrigeration for an unduly

contaminants to products unless such surfaces are fabricated froif?ng time would .V'O|ate these prlnc!ples because such Freat'
appropriate materials and properly maintained and cleaned. Also, enfnént may result in excessive bacterial g_rOWth and _UndeS|rab|e
ployee hygiene and pest control should be closely monitored. changes in products. Radiation processing can neither reverse
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these undesirable changes nor replace GMP. 7.3.1 Absorbed Dose-Food irradiation specifications from
5.7 Product Separation-It may not be possible to distin- the owner of the product should include minimum and maxi-
guish irradiated from unirradiated product by inspection. It ismum absorbed dose limits (see 7.4): a minimum necessary to
therefore important that appropriate means integral to thensure the intended effect; and a maximum to prevent product
facility design, such as physical barriers or clearly defineddegradation. One or both of these limits may be prescribed by
staging areas, be used to maintain unirradiated product separatgulation for a given application. See, for example, FDA

from irradiated product. regulations(8). It is necessary to configure irradiation param-
. eters to ensure that processing is carried out within these limits.
6. Packaging Once this capability is established, it is necessary to monitor

6.1 Packaging meat or poultry products prior to irradiationand record absorbed dose values during routine processing (see
reduces the risk of contaminating the product and the irradiall.2.2).
tion facility. Prepackaging may not be necessary in the case of 7.3.1.1 Routine dosimetry is part of a verification process
irradiation for inactivation of parasites or if other control for establishing that the irradiation process is under control.
procedures (for example, aseptic processing) are in place to 7.3.1.2 Select and calibrate a dosimetry system appropriate
maintain the intended effect of the treatment. to the radiation source being used, the environmental condi-
6.2 If products are packaged, use materials suitable to théons, and the range of absorbed doses required (see Guide
product considering any planned processing (including irradiaE 1261).
tion) and consistent with any regulatory requirements (see 7.3.1.3 Verify that the product receives the required ab-
Guide F 1640). sorbed dose by using proper dosimetric measurement proce-
6.2.1 Packaging materials should provide appropriate gagures, along with appropriate statistical controls and documen-
and moisture permeability to maintain product quality. (sedation. Place dosimeters in or on the process load at locations
7.6) of maximum and minimum absorbed dose. If those locations
6.2.2 For frozen red meats and poultry, the package shouldre not accessible, place dosimeters at reference locations that
be as free as possible of voids or open spaces. Such spaces t&ve a known and quantifiable relationship to the maximum
cause a form of desiccation known as “freezer burn.” and minimum absorbed dose locations (see Practices E 1204
6.3 To achieve a more uniform dose distribution within aand E 1431)

process'load, the prc_)duct packe}ges F’r containers ,ShOUIq beNOTE 5—Radiation sensitive indicators (RSIs), such as labels, papers,
geometrically well defined and uniform in shape and size. Withyr inks, that undergo a color change or become colored when exposed to
certain irradiation facilities, it may be necessary to limit use toirradiation in the pertinent dose range are commercially available. The
particular package shapes and sizes based on the density of thepose of RSls is to determine visually whether or not a product has been
product and validation testing at known product densities in thdradiated, rather than to measure the absorbed dose received by the

irradiation facility. See Practices E 1204 and E 1431 product. RSls are not dosimeters and must not be used as a substitute for
' ' proper dosimetry (see Guide E 1539).
7. Irradiation 7.3.2 Process Load DesigrThe size and shape of the

7.1 Scheduled Processirradiation of food should conform Process load are determined partly by certain design param-

to a scheduled process. A scheduled process for food irradigters Of the irradiation facility. Critical design parameters
tion is a written procedure that is used to ensure that thdnclude the characteristics of the transport system and of the

absorbed dose range and irradiation conditions (for exampléadiation source as they relate to the dose distribution obtained

product temperature) are adequate under commercial proceé’.!:':th_'n the progess Iqad. Thz size Ignt_i shape oflthe p;roducthand
ing conditions to achieve the intended effect on a specifing'n'mum and maximum dose limits may also afiect the

roduct in a specific facility. The procedure should also addres92ding configuration of the process load.
b b 4 P 7.4 Absorbed Doses Required to Accomplish Specific

disposition of improperly irradiated product and corrective o
actions to be taken if the irradiation process is not adequatellyTects—The minimum absorbed dose that has been shown to
hieve the intended objective of the process should be used.

controlled. The scheduled process should be established a hiah bsorbed d he f . f
validated by qualified persons having expert knowledge inl 00 high an absorbed dose can cause the formation of an

irradiation requirements specific for the food and the proces:;)ff'ﬂ"’“’.Or in t'he pr?]dl;]ct. The sensitivi]Ey to thiﬁ off—fllilvo_r
sor’s irradiation facility. See, for example, FDA regulatidi ormation varies with the type and cut of meat, the packaging

7.2 Radiation Sources-The sources of ionizing radiation 2imosphere, the product temperature during irradiation, and
that may be employed in irradiating meat and poultry product?ther factors. In addition, excessive absorbed doses may cause

are limited to the following (see CAC STAN 106-1983): discoloration in some mea(®,10) Care should therefore be
7.2.1 Gamma rays from the radionuclic¥€o orl37Cs. taken to control the absorbed dose and other irradiation

7.2.2 X-rays generated from machine sources operated at 8pnditions that may affect the intended process objective and
below an energy level of 5 MeV, and product quality. Experience indicates that a higher minimum

7.2.3 Electrons generated from machine sources operated %?Se. may pe required for frozen prod_uct than that for.product

or below an energy level of 10 MeV. |rre_1d|a_ted in the fresh state to ach_leve the same mtendgd
objective. The owner of the product is responsible for speci-

Note 4—The depth of penetration of electrons in a material is fying for each lot the required absorbed dose range to achieve
dependent on the energy of the electrons and the density of the materig e intended objective. Historical information on previously

7.3 Radiation Process Parameters processed lots may be useful for determining the appropriate
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range. The irradiation facility is responsible for delivering thethey are irradiate6). Therefore, a 10 kGy absorbed dose would destroy
specified dose range (see Practices E 1204 and E 1431). 2.5 to 3 log colony forming units (cfu) d€. botulinumspores. A 12 log
7.4.1 Absorbed Dose for the Control of Pathogenic cfu reduction is generally required for commercial sterilization using a
Bacteria—A number of pathogenic bacteria may be present inthermal treatment.
red meats and poultry, includingalmonellaspeciesCampy- 7.6.2 Irradiation can improve the shelf-life of meats and
lobacter jejuni, Escherichia coli0157:H7, Staphylococcus Poultry only by its action on their microbial load. There are
aureus and Listeria monocytogeneslhe absorbed dose re- mechanisms other than bacterial action that cause meat spoil-
quired to reduce the numbers of these bacteria to leveldge. These are largely chemical in nature and generally involve
commensurate with product that is safe for consumptiorPXidation of the product, resulting in discoloration and rancid-
depends on a number of criteria. The required absorbed dodd. Other measures in addition to irradiation may be necessary
range should be established on the basis of the microbial lod@ obtain a satisfactory product. Where applicable, a package
in the unirradiated product, the radiation sensitivity of theproviding a reduced oxygen environment (for example,
bacteria present, the temperature of the product during irradidacuum packaging) minimizes such effects.
tion, the atmosphere surrounding the product during irradia- \ore g Fresh red meats, especially the more highly pigmented ones
tion, and the regulatory or customer requirement for acceptablguch as beef, ordinarily require the presence of oxygen in order to
residual numbers of bacteria. Appendix X1 provides somenaintain their normal red color. The use of vacuum packaging and
information, taken from the scientific literature, about theoxygen-impermeable films causes meat to darken in the package, although
radiation sensitivity D, values) of the principal vegetative the normal red color will return when the package is opened. For the less
pathogenic bacteria found in meat and poultry products. pigmented red meats and for_poultry, the color change resulting from
7.4.2 Absorbed Dose for Inactivation of Parasitedlost oo pakaag!ng_ 's less S_'gn'f'(_:ar]_t' )
parasites will be rendered noninfectious by absorbed doses of /-7 Reirradiation—Reirradiation generally is not recom-
less than 1 kKGy. The minimum effective absorbed dose wilMmended because of the possibility of exceeding the maximum
depend on the specific parasite to be inactivfdd15) recommended absorbed dose (STAN 106-1983). Incremental
7.4.3 Absorbed Dose for Shelf-Life Extensieifthe ab- application of the specified absorbed dose is not considered to
sorbed dose that produces shelf-life extension of fresh meak® reirradiation provided that the maximum recommended or
and poultry depends on the initial level of contamination, thePermitted absorbed dose is not exceeded and that pre-
radiation sensitivity of the bacteria present, and the customdfradiation handling requirements are met. (see 5.5) Keep
requirement for acceptable residual numbers of bacteria. ~ Product that has received a portion of the total specified dose
7.5 Product Temperature-Measure and document the tem- Separate from either unirradiated or irradiated product.
perature of the product as it exits the irradiator to ensure thaé Post-Irradiation Handli d St
requirements of the scheduled process have been met (See 5:4 ost-irradiation Handiing an orage
and 7.1). Irradiation at absorbed doses less than 10 kGy should8.1 Post-Irradiation Inspection-Inspect packages or con-
result in a temperature rise of not more than 5°C above thdginers of red meat and poultry again after irradiation to ensure
recorded during pre-irradiation inspection. (see 5.4.1) If théhat the product meets written acceptance criteria (see 5.4).
temperature of the irradiation area and the time required to 8.1.1 Product Temperature-Bring fresh product to a tem-
achieve the desired absorbed dose result in a greater tempeRgrature between —2 and +4°C within the time necessary to
ture rise, conditions of the scheduled process are not being mddfevent growth of any surviving bacteria. Bring frozen product
Appropriate changes to the scheduled process could includ® a temperature at or below —18°C as soon as possible after

insulation of the product load or refrigeration of the irradiationirradiation.
area. 8.1.2 Package Integrity-No leakage of fluids or odor
S indicative of product spoilage should be evident upon inspec-
Note 6—Temperature control is critical in irradiation as a food safety ti
intervention because bacteria multiply more rapidly as temperature rises.
For example, at temperatures above 5°C, the number of salmonella in a

8.1.3 Count the number of containers irradiated. A compari-

meat or poultry product can double every 20 min. son of this information with a count performed before irradia-
) tion provides a check that all product received has been
7.6 Environmental Effects irradiated or otherwise accounted for and so documented.

_7.6.1 As with other pathogen reduction processes, irradia- g > pogt-Irradiation Storage-Store irradiated products in
tion at absorbed doses of less than 10 kGy may reduce thge same manner as unirradiated products. For fresh product,
ngmber of Clostridium bo'Fullnum spores. A conS|derany' the temperature should be maintained between —2 and +4°C at
higher dose would be required, however, to produce a steriley) times during storage. For frozen product, the temperature
shelf stable product equivalent to that produced by thermalyoyid be maintained below —18°C at all times during storage.
retorting. Especially in Fhe absence of oxygen, |rr§d|at|on, like g3 Attention should be given to all aspects of product
other pathogen reduction processes, may significantly retargeterioration not associated with microbial content. For ex-
the growth of spoilage microorganisms that compete With 5 ple pigment changes can cause product discoloration, and
botullnum_Proper storage temperatures (s_ee 5_3.4.1) minimiz@niq oxidation can affect flavor. If vacuum packaging or
the_ potential for producnon of botulinum toxin without sensory oxygen-free modified atmosphere packaging is used, particular
evidence of spoilage. care must be taken to ensure that the storage temperature is

Note 7—C. botulinumspores have radiation,gvalues ranging from ~controlled at or below 4°C in order to prevent abuse of the
3.45 to0 3.85 kGy depending on their serotype and the temperature at whigroduct and subsequent outgrowth@f botulinum
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9. Criteria for Assessing Irradiation Efficacy ’ ~
9.1 Irradiation for Control of Pathogenic BacteriaThe
numbers of pathogenic bacteria that can result in an infectious ' ‘ ‘
product vary with the specific bacterium and the susceptibility
of the consumers involved. The adoption of criteria, such as V
those used in the U.S. for the pasteurization of milk or in
scheduled processes for low-acid canned food, is the most
reasonable in the absence of microbiological end product FIG. 1 Radura Logo
criteria for expected pathogenic bactefia,18)

9.2 Irradiation for Inactivation of Parasites-The criterion
should be that the parasites in uncooked, irradiated product are10.2 Some countries, for example the U.S., require that
noninfectious or noninvasive, as appropriate. (This does nghbels or documentation for wholesale packages of irradiated
necessarily require the parasite to be killed by the irradiationoods carry the phrase “Treated by irradiation—do not irradiate

process.) again” when shipped to a food processor for further processing.
9.3 Irradiation for Shelf-Life Extensieh-The criterion

should be the bacterial plate count using appropriate time, NoTe 9—Labeling requirements differ with different national authori-
temperature, and media parameters. Reduction in bacteri s. Users sr_lould always contact such authorities before designing
. - e eling materials.

counts or absolute counts as final criteria cannot be specmea

unless local regulations,_customer specific_a_tion_s, or both,_ arl  Documentation

known. Therefore, the final product specification regarding .

bacterial plate count should be determined by the customer. 11.1 Ensure that each lot of product to be processed carries
9.4 Failure to meet these criteria should direct attention t&n identification number or other code that will distinguish it

the scheduled process (see 7.1) and the reestablishment,fri‘Pm other lots of product in the facility. Use this identification

necessary, of GMP. Such failure should not serve as the sof" all lot documents.

basis for regulatory action. The hazard analysis and critical 11.2 Establish a record of the operation of the irradiation

control point (HACCP) system or another similar processfacility.

control system should be applied to the entire processing and 11.2.1 Record and document the number of containers in the

distribution chain. With this system, any point in the chainlot and the condition of the lot, the date it arrives at the facility,

where a hazardous or critical situation could result is monitoredhe temperature and condition of the lot upon receipt, the date

and controlled to prevent unsafe and unwholesome produdt is irradiated, the starting and ending times of the irradiation,

from reaching the consumer. See CAC/RCP 1-1969 anthe temperature rise during irradiation, the temperature and

(19,20) condition of the lot after irradiation, the date the lot leaves the
9.4.1 Implementation of a process control system to assegacility, the name of the operator, and any special conditions

radiation processing efficacy should include bacteriologicathat could affect the irradiation process or the irradiated

examination of the product before and immediately afterproduct.

irradiation, use of time/temperature indicators throughout the 11.2.2 Record and document all dosimetry data associated

processing chain (see Guide F 1416), and testing of packaggith product absorbed-dose mapping and routine processing

integrity. Bacteriological testing should reveal a significant(see Practices E 1204 and E 14322, 23)

reduction in relevant bacterial counts compared to those of the 11 2 3 Record and document any deviation from the sched-

unirradiated product. Temperature monitoring should alerfyied process in order to assess the validity of the process.
observers of any product abuse that could result in increases in 11 3 aydit all documentation prior to product release to

bacterial counts after iradiation. (see 7.1 and 7.5) ensure that records are accurate and complete. The person
10. Labeling making the audit should sign the documentation. Make all

. deficiencies the subject of a separate file available for exami-
10.1 Because some consumers may wish to choose betweﬁgtion by a regulatory authority.

irradiated and unirradiated foods, many governments have . . .

adopted labeling requirements (see Section 5.2 of Codex STA 114 Retain aII' records about_ _each lot irradiated a_t_the
1-1985). Labeling identifies the food as irradiated, and ma acility for the perloq of time specn‘le_d by relevant authorities
also serve to inform the purchaser of the purpose and beneﬁ?é1d have them available for inspection as needed.
of the treatment. An increasing number of countries are

adopting the internationally recognized “Radura” symbol as a2 Keywords

part of product labeling (see Fig. 1). In some countries, for 12.1 bacteria; cattle; chicken; duck; equine; goat; goose;
example the U.S., the symbol must be accompanied by guinea; HACCP; horse; irradiation; labeling; meat; microor-
statement, such as “treated with radiation” or “treated byganisms; mule; packaging; parasites; pathogens; pigeons; poul-
irradiation” (21). try; processing; sheep; swine; turkey
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APPENDIX
(Nonmandatory Information)

X1. RADIATION SENSITIVITY OF BACTERIA FOUND IN MEAT AND POULTRY PRODUCTS

X1.1 Table X1.1 provides some information, taken from theof the principal vegetative pathogenic bacteria found in meat
scientific literature, about the radiation sensitiviy,fvalues)  and poultry products.

TABLE X1.1 D,, Values (kGy) for Foodborne Pathogens in Meat
and Poultry at Irradiation Temperatures of 5 and —20°C

D,, value (kGy) D, value (kGy)
Pathogen @ 5°C @ —20°C Reference
Campylobacter jejuni 0.18 = 0.00 0.24 = 0.02 A
Escherichia coli 0157:H7 0.30 + 0.02 0.57 BC
0.24 = 0.01 0.31 = 0.24 A
Listeria monocytogenes 0.45 + 0.03 1.21 + 0.06 b
0.59 = 0.06 0.61 = 0.04 E
Salmonella species 0.41 = 0.00 0.63 = 0.00 F
0.70 = 0.04 0.92 cG
0.62 = 0.09 0.80 = 0.05 A
Staphylococcus aureus 0.46 + 0.02 0.74 CH
0.45 = 0.04 0.45 = 0.04 b

A Clavero, M. R. S., Monk, J. D., Beuchat, L. R., Doyle, M. P., and Brackett, R.
E., Inactivation of Escherichia coli O157:H7, salmonellae, and Campylobacter
Jejuniin raw ground beef by gamma irradiation. Appl. Environ. Microbiol. 60:2069-
2075, 1994.

B Thayer, D. W., and Boyd, G., Elimination of Escherichia coli 0157:H7 in meats
by gamma irradiation. Appl. Environ. Microbiol. 59:1030-1034, 1993.

€ Thayer, D. W., G., Boyd, J. B. Fox Jr., Lakritz, L., and Hampson, J. W.,,
Variations in radiation sensitivity of foodborne pathogens associated with the
suspending meat, J. Food Sci. 60:63-67, 1995.

P Thayer, D. W. and Boyd, G., Radiation sensitivity of Listeria monocytogenes
on beef as affected by temperature. J. Food Sci. 60:237-240, 1995.

EMonk, J. D., Clavero, M. R. S., Beuchat, L. R., Doyle, M. P., and Brackett, R.
E., Irradiation inactivation of Listeria monocytogenes and Staphylococcus aureus
in low- and high-fat, frozen and refrigerated ground beef. J. Food Prot. 57:969-974,
1994.

F Previte, J. J., Chang, Y., and El Bisi, H. M., Effects of radiation pasteurization
on Salmonella. |. Parameters affecting survival and recovery from chicken. Can. J.
Microbiol. 16:465-471, 1970.

G Thayer, D. W. and Boyd, G., Survival of Salmonella typhimurium ATCC 14028
on the surface of chicken legs or in mechanically deboned chicken meat gamma
irradiated in air or vacuum at temperatures of —20 to +20 C. Poultry Science
70:1026-1033, 1991.

H Thayer, D. W. and Boyd, G., Gamma ray processing to destroy Staphylococ-
cus aureus in mechanically deboned chicken meat. J. Food Sci. 57:848-851, 1992.
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