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SUMMARY
Chlorine has a long history of use for the microbial disinfection of potable waters and use in
water for food processing. However, in addition to its biocidal activity, chlorine is known to
form disinfection by-products (DBPs) of public health concern during the chlorination
process.
The current report aims to determine:
•
Chlorinated compounds that may be formed during the chlorine washing of chicken
meat;
•
If any of these are likely to present any public health risk; and
•
Appropriate risk management options that can be implemented to protect public health.
Considering the importance of chlorinated disinfectants to the food industry and the
relatively long history of use, there is relatively little information available on the formation
of potentially toxic chlorinated compounds due to the reaction of disinfectants with food
components.
While there is some evidence for formation of chlorinated compounds in chicken treated with
aqueous chlorine, oxidation reactions appear to predominate for chlorine dioxide and
acidified sodium chlorite. Studies on ASC treatment of poultry carcasses indicated no
significant treatment-related changes in fatty acid and amino acid composition of carcasses.
While no equivalent information is available for chlorine dioxide, it is a less potent oxidising
agent than ASC and the lack of significant changes in carcass composition due to ASC
treatment suggest that chlorine dioxide treatment is similarly unlikely to affect carcass
composition.
There is little information on the identity of chlorinated compounds formed from aqueous
chlorine treatment of chicken. Formation of semicarbazide, a chemical belonging to a family
of chemicals (hydrazines) known to cause cancer in animals, has been demonstrated
following exposure of chicken flesh to aqueous chlorine. However, semicarbazide formation
only occurred at chlorine concentrations well in excess of those used in the poultry industry.
Chloroform has been detected in chicken treated with aqueous chlorine. It is probable that
this was due to absorption of chloroform from chiller water, rather than direct formation in
the chicken flesh. Exposure modelling suggests that the levels of chloroform observed would
result in exposure to chloroform at levels well below the tolerable daily intake (TDI) for this
compound. While other halogenated disinfectant byproducts (bromodichloromethane,
dibromochloromethane, bromoform) could potentially be absorbed by chicken carcasses from
chiller or dip water, studies of absorption of these compounds have not been reported in the
literature. Based on monitoring results, the composition of New Zealand potable water
generally does not favour production of these brominated compounds. Water used for poultry
processing in New Zealand must be of a potable standard.
Exposure modelling of potential chlorite and chlorate residues in chicken, due to use of
chlorine dioxide or acidified sodium chlorite, indicates that exposure would be well below
TDIs, even at the 95% level of exposure. This is consistent with conclusions from a European
assessment.
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In conclusion, no safety issues were identified due to the use of chlorine dioxide and ASC for
poultry carcass disinfection. Chlorination reactions appear to be insignificant for these
compounds and oxidation reactions do not appear to result in significant alteration of the
fatty acid and amino acid composition of poultry carcasses.
Aqueous chlorine-based disinfection is widely used throughout the food processing industry,
and direct disinfection of food with hypochlorite is particularly common in the produce
sector. Chlorine has been reported to exert its microbial disinfection activity by both
chemical (oxidation, enzyme inhibition) and physical (disruption of cell walls) mechanisms
and it is to be expected that there will be some reactions between components of the
disinfection system and food components. However, the information collected by this review
indicates that, at least for carcinogens and mutagens, the concentrations of chlorine required
to induce formation are well in excess of those used in practice.
During 2007-2008, FAO and WHO have considered the issue of chlorine usage in food
processing, including an expert meeting on the associated risks and benefits. The meeting
was held during May 2008 and the report from the meeting is not yet available. Unless the
consultation identifies new areas of concern, we consider that there is insufficient evidence to
justify further investigation of the risks to human health from the use of these disinfection
chemicals in poultry processing.
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1

INTRODUCTION

Internationally, poultry has been consistently associated with foodborne disease due to
Salmonella and Campylobacter. Surveillance carried out in New Zealand has detected both
of these pathogens on retail poultry (Wong et al., 2007a; Wong et al., 2007b) and poultry
meat is now recognised as a primary source of Campylobacter in New Zealand
(http://www.nzfsa.govt.nz/publications/news-current-issues/campy-main-web-page.htm).
The New Zealand Food Safety Authority (NZFSA) has developed a risk management
strategy for Campylobacter in poultry, which includes consideration of potential controls at a
number
of
points
along
the
farm
to
fork
continuum
(http://www.nzfsa.govt.nz/consumers/food-safety-topics/foodborneillnesses/campylobacter/strategy/index.htm). One potential control is the application of
sprays or washes containing antimicrobial agents, during poultry processing.
A number of antimicrobial agents have been considered in this context, including (Scientific
Committee on Veterinary Measures Relating to Public Health, 2003):
•
Chlorine dioxide
•
Acidified sodium chlorite
•
Chlorine
•
Trisodium phosphate
•
Peroxyacids
•
Organic acids
•
Ozone
•
Cetylpyridinium chloride
The first three of these (chlorine dioxide, acidified sodium chlorite and chlorine) are classed
as chlorinated antimicrobials or chlorinated disinfectants.
Chlorine has a long history of use for the microbial disinfection of potable waters
(International Programme on Chemical Safety, 2000). However, in addition to its biocidal
activity, chlorine is known to form disinfection by-products (DBPs) of public health concern
during the chlorination process.
The current report aims to determine:
•
Chlorinated compounds that may be formed during the washing of chicken meat with
chlorinated disinfectants;
•
If any of these are likely to present any public health risk; and
•
Appropriate risk management options that can be implemented to protect public health.
The current report only considers chlorinated compounds formed or potentially formed in
chicken carcasses and not compounds formed in chlorinated chiller or wash water.
Compounds formed in chlorinated water will be discussed where there is specific evidence of
absorption into chicken carcasses.
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2

CHLORINATED ANTIMICROBIALS USED FOR DISINFECTION OF
CHICKEN CARCASSES

Three main types of chlorinated antimicrobials have been used internationally for the
disinfection of poultry carcasses; aqueous chlorine, chlorine dioxide and acidified sodium
chlorite. While other chlorinated disinfectants exist (sodium dichloroisocyanurate,
monochloramine), these three are currently permitted as bleaching agents, washing and
peeling agents, under the Australia New Zealand Food Standards Code and have a history of
use in the poultry industry worldwide.
While all three species have some potential to initiate oxidation and chlorination reactions,
their antimicrobial activity is mainly related to their oxidative potential.
2.1

Aqueous Chlorine

Chlorine has been used for many years by the food industry as the main sanitising and
disinfection agent. In the US, chlorine and hypochlorites have GRAS (generally recognised
as safe) status for specified food processing uses and for use in the preparation of bottled
water (Fukayama et al., 1986).
Chlorine is produced as a diatomic gas (Cl2). Chlorine gas hydrolyses rapidly and almost
completely in water to form hypochlorous acid (HOCl) which dissociates to form the
hypochlorite ion (OCl-) (Fukayama et al., 1986):
+
Cl2
HOCL

H2O

HOCl +
OCl- +

HCl
H+

Chlorine, hypochlorous acid and the hypochlorite ion are all present in equilibrium in an
aqueous solution, with their relative proportions dependent on the pH of the solution.
Hypochlorous acid is the dominant species at neutral pH, while the hypochlorite ion
dominates at alkaline pH (above approximately pH 7.7 at temperatures above about 10ºC).
While all three species will readily oxidise organic matter, hypochlorous acid has the highest
redox potential (+1.49 V), followed by chlorine (+1.36 V) and the hypochlorite ion (+0.90 V)
(Fukayama et al., 1986). Hypochlorous acid is the main antimicrobial agent in aqueous
chlorine.
Aqueous chlorine has been reported to have three major disadvantages for use as a
decontaminant in the poultry industry (Kemp et al., 2000):
•
Its relative ineffectiveness against Salmonella;
•
Its ability to act as a corrosive on plant machinery; and
•
Its ability to combine with organic matter to generate mutagenic substances (Haddon et
al., 1996; Masri, 1986; Tsai et al., 1997).
2.2

Chlorine Dioxide

Chlorine dioxide is a polar gas that is highly soluble in water, but does not react with water
(Fukayama et al., 1986). While the redox potential of chlorine dioxide (+0.95 V) is lower
than hypochlorous acid or chlorine, its oxidation capacity is greater as its primary reduction
product, the chlorite ion, is also an oxidising agent with a redox potential of +0.78 V:
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ClO2 +
ClO2- +

e2H2O +

4e-

ClO2Cl+

→
→

4OH-

The antimicrobial activity of chlorine dioxide is virtually independent of pH. Chlorine
dioxide is primarily an oxidising agent. Chlorine dioxide may chlorinate a wide range of
organic compounds, however, the rates of these reactions are much lower than for reactions
with hypochlorous acid (Fukayama et al., 1986). Chlorination due to chlorine dioxide should
be considered to be a minor reaction pathway.
2.3

Acidified Sodium Chlorite (ASC)

Acidified sodium chlorite (ASC) is produced by the addition of food-grade acid (citric,
phosphoric, hydrochloric, malic or sodium hydrogen sulphate) to an aqueous solution of
sodium chlorite. Under these circumstances chlorite is converted to chlorous acid, which can
subsequently form a mixture of chlorite, chlorate, chlorine dioxide and chloride (Scientific
Committee on Veterinary Measures Relating to Public Health, 2003):
NaClO2
ClO2- +
ClO2- +
2ClO3- +

+

H
H2O
8H+

→
→
+

ClO2- +
HClO2
ClO3- +
7e→

Na+
2H+
ClO2

(Chlorite ion)
(Chlorous acid)
+
2e(Chlorate ion)
+
Cl+
4H2O
(Chlorine dioxide, chloride)

Solutions of ASC consist mainly of chlorite ion (65% at pH 2.3 to 95% at pH 3.2), hydrogen
ions and chlorous acid (25% at pH 2.3 to 5% at pH 3.2) (Food Standards Australia New
Zealand, 2003).
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3

CONCENTRATION OF CHLORINATED DISINFECTANTS USED IN THE
POULTRY INDUSTRY

3.1

Aqueous Chlorine

Chlorinated water is used in New Zealand poultry processing for spray washes of the
carcasses during primary processing and for immersion chilling at the end of primary
processing. Information gathered during a visit by ESR staff to a poultry processing plant and
from discussions with an industry representative (Roy Biggs, Tegel Foods, personal
communication), indicated use patterns were:
•
Carcass sprays at chlorine concentration of 45-80 mg/L; and
•
Immersion chiller at chlorine concentration of 45-80 mg/L, with residence time of 7075 minutes. Chlorine concentration of water exiting the immersion chiller should be
0.5-5 mg/L (the residual chlorine concentration equals the initial dose less the chlorine
demand).
Chlorination of process water can be achieved by addition of sodium hypochlorite or chlorine
gas. Both of these processes have been reported to be used in New Zealand (Roy Biggs,
Tegel Foods, personal communication).
Literature sources suggest similar concentrations of chlorine are used for immersion chilling
in the USA (50 mg/L) (Robinson et al., 1981).
3.2

Chlorine Dioxide

An EFSA assessment describes use of chlorine dioxide in poultry processing as (Scientific
Panel on Food Additives Flavourings Processing Aids and Materials in Contact with Food,
2005a):
•
Used in on-line reprocessing (sprays or washes) or in chiller baths at concentrations up
to 50 mg/L, to maintain a residual concentration of 2.5 mg/L.
3.3

Acidified Sodium Chlorite

An application to use acidified sodium chlorite in poultry processing has been assessed by
FSANZ (Food Standards Australia New Zealand, 2003). Intended use levels were:
•
50-150 mg/L ASC for whole carcass of poultry; and
•
500-1200 mg/L ASC for carcass parts of poultry; meats and formed meats (such as
sausages, luncheon meats, and pressed hams); fruit and vegetables (intact and cut-up);
and freshwater fish and seafood.
Equivalent permissions are in place in USA and Canada (Food Standards Australia New
Zealand, 2003).
An EFSA assessment described use of ASC for poultry processing as (Scientific Panel on
Food Additives Flavourings Processing Aids and Materials in Contact with Food, 2005a):
•
500-1200 mg/L, with pH in the range 2.3-2.9, for either a 15 second spraying or a 5-8
second dipping; or
•
Immersion in chilling water at concentrations up to 150 mg/L, at pH 2.8-3.2. Residence
time is typically one hour, but may be as long as three hours.
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4

CHEMICAL SPECIES FORMED FROM CHLORINATED DISINFECTANTS
DURING POULTRY PROCESSING

The literature discusses three main components of foods that chlorinated disinfectants may
react with; lipids (fat), amino acids, peptides and proteins, and carbohydrates (Fukayama et
al., 1986; Scientific Panel on Food Additives Flavourings Processing Aids and Materials in
Contact with Food, 2005a). Poultry contains negligible amounts of carbohydrate (<0.01
g/100 g) and reactions between carbohydrates and chlorinated disinfectants will not be
discussed further in this report.
4.1

Reactions with Lipids

The fat content of poultry varies considerably. Skin typically containing approximately 30%
w/w of fat, mainly as triacylglycerols, while breast contains 1% w/w of triacylglycerols and
phospholipids and thigh contains 2-4% w/w of triacylglycerols (Scientific Panel on Food
Additives Flavourings Processing Aids and Materials in Contact with Food, 2005a). Chicken
fat typically contains approximately 60% mono- and poly-unsaturated fatty acids, most of
which are oleic (C18:1) and linoleic (C18:2) acids (American Oil Chemists Society, 1997).
Being an animal fat, the unsaturated component of chicken fat is lower than most plant oils,
for example olive oil.
Reactions of chlorinated disinfectants with lipids are principally addition reactions to the
unsaturated double bonds. Additions may be of chlorine or hydroxyl groups (Fukayama et
al., 1986).
4.1.1

Aqueous chlorine (hypochlorous acid)

Hypochlorous acid labelled with 36Cl was used to measure the degree of incorporation of
chlorine into free fatty acids (Ghanbari et al., 1982). The amount of chlorine incorporated
was proportional to the degree of unsaturation, with three times as much chlorine
incorporated into arachidonic acid with four double bonds, as was incorporated into oleic
acid with one double bond. However, in animal fats the fatty acids are present as
triglycerides, not free fatty acids. Ghanbari et al. (1982) found much less incorporation of
chlorine into triglycerides from olive oil or wheat germ when treated with hypochlorous acid.
The chlorine concentration used was 180 mg/L, with reaction times up to 60 minutes.
Gas-chromatography-mass spectrometry (GC-MS) analysis of methylated solvent extracts
from the reaction of aqueous chlorine and oleic acid identified six reaction products, of which
only one was chlorinated (9-chloro-10-hydroxymethyl stearate), while the remainder were
hydroxylated derivatives of oleic acid (Fukayama et al., 1986). The chlorinated reaction
product accounted for approximately 95% of the modified lipid products.
A series of studies comparing the metabolism of chlorinated and non-chlorinated lipids in
rats concluded that chlorinated oleic acid was slightly less well absorbed than nonchlorinated oleic acid (Cunningham and Lawrence, 1976). Even greater discrimination
against absorption and deposition of chlorinated linoleic and linolenic acids was observed
(Cunningham and Lawrence, 1977a). Similarly, when radiolabelled oleic acid (3H) and
chlorinated oleic acid (36Cl) were fed to pregnant and lactating rats, proportionally less 36Cl
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than 3H was observed in foetal lipid or suckling rat lipid on the day following administration
(Cunningham and Lawrence, 1977b).
4.1.2

Chlorine dioxide

Chlorine from chlorine dioxide (180 mg/L, reaction time up to one hour) radiolabelled with
36
Cl was incorporated into fatty acids and their methyl esters to a much lower extent than
chlorine from radiolabelled aqueous chlorine (Ghanbari et al., 1982). It has been concluded
that the major reaction of chlorine dioxide with lipid is oxidation, rather than chlorination
(Scientific Panel on Food Additives Flavourings Processing Aids and Materials in Contact
with Food, 2005a).
4.1.3

Acidified sodium chlorite

The fatty acid profile of the lipid fraction from chicken carcasses was examined after
immersion of the lipid in dips containing 150 or 1200 mg ASC/L (Scientific Panel on Food
Additives Flavourings Processing Aids and Materials in Contact with Food, 2005a). Samples
and controls were cooked before analysis, with no chlorinated organics being detected at a
limit of detection of 0.05 mg/kg. No detectable changes were noted in the fatty acid profile,
including the more sensitive polyunsaturated fatty acids. An increase in thiobarbituric acid
reactive substances (TBARS) was observed in skin following ASC treatment, but not in
muscle. TBARS is a measure of lipid oxidation. The skin has the highest fat content of the
chicken carcass components.
4.2

Reactions with Amino Acids, Peptides and Proteins

Amino acids and their oligomers (peptides) and polymers (proteins) make up approximately
23% w/w of chicken breast, 13% w/w of chicken skin and 20% of chicken thigh. Proteins
make up most of this group of compounds in chicken meat (Scientific Panel on Food
Additives Flavourings Processing Aids and Materials in Contact with Food, 2005a). Table 1
summarises information on the major peptides found in poultry meat.
Table 1:

Peptides found in poultry meat

Common name

Chemical name

Carnosine
Anserine
Balenine
Glutathione
Carnitine

β-alanyl-L-histidine
β-alanyl-L-1-methylhistidine
β-alanyl-L-3-methylhistidine
L-γ-glutamyl-L-cysteinglycine
Β-hydroxy γ-N-trimethyllysine

Typical
concentration
(mg/kg)
600-1800
2000-7800
20-100
44-282
111-214

Reference
(Aristoy and Toldrá, 2004)
(Aristoy and Toldrá, 2004)
(Aristoy and Toldrá, 2004)
(Jahan et al., 2004)
(Shimada et al., 2004)

The free amino acid content of meat, before aging, is low with typical levels of 300 mg/kg
(Scientific Panel on Food Additives Flavourings Processing Aids and Materials in Contact
with Food, 2005a).
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4.2.1

Aqueous chlorine (hypochlorous acid)

Hypochlorous acid has been shown to react rapidly with a range of amino acids in aqueous
solution, with formation of N-chloro compounds (Fukayama et al., 1986). Hypochlorous acid
has also been shown to react with aromatic amino acids, resulting in ring cleavage and
inclusion of chlorine (Kirk and Mitchell, 1980). However, the exact reaction products were
not identified.
Peptides and proteins can undergo oxidation, substitution and addition reactions with
aqueous chlorine (Fukayama et al., 1986). Cunningham and Lawrence (1977c) exposed beef,
pork and chicken meat to radiolabelled aqueous chlorine at 200 mg/L. Increases in aqueous
and lipid soluble radio-chlorine in lean muscle meat were observed, with the degree of
incorporation increasing with time. However, reaction products were not characterised
(Cunningham and Lawrence, 1977c).
Considerably more research has been carried out on the interaction of chlorine and wheat
proteins. Gaseous chlorine was shown to oxidise cysteine and methionine, destroy a
proportion of the tyrosine and histidine and cause some deamidation, possibly due to the
action of hydrochloric acid formed in situ (Ewart, 1968). Chlorine bleaching of wheat flour
was shown to result in a progressive increase in extractability of the proteins in water and
acetic acid (Tsen et al., 1971). The changes were attributed to the dispersing, hydrolytic and
oxidative actions of chlorine. Oxidation also resulted in changes in the sulphydryl (-S-H)
content of the wheat proteins, degradation of the aromatic amino acids, and chlorination of
tyrosine. These reactions have also been reported for reaction of hypochlorous acid with
human proteins (Peskin and Winterbourn, 2001; Winterbourn, 2002).
Semicarbazide (SEM) has long been considered to be a side chain residue of the antibiotic
nitrofurazone (Hoenicke et al., 2004). Tests indicate that SEM is weakly mutagenic and
carcinogenic (Scientific Panel on Food Additives Flavourings Processing Aids and Materials
in Contact with Food, 2003). Hoenicke et al. (2004) demonstrated formation of SEM in
chicken following treatment with active chlorine (sodium hypochlorite). Incubation of
chicken overnight in solutions containing 1% and 12% active chlorine (10,000 and 120,000
mg/L) resulted in formation of SEM at concentrations of 1.2 and 2.5 μg/kg respectively.
SEM was not detected after incubation of chicken in solutions of active chlorine at lower
concentrations (0.015 and 0.05%; 150 and 500 mg/L). The authors speculated that SEM was
formed through degradation of substances such as arginine, histidine, citrulline, creatine or
creatinine. Treatment of these compounds and urea with active chlorine demonstrated
significant SEM formation from arginine, creatine, creatinine and urea.
4.2.2

Chlorine dioxide

Reaction of high levels of chlorine dioxide with proteins and amino acids does not appear to
result in chlorinated derivatives (Meredith et al., 1956; Moran et al., 1953). Oxidation of
cysteine and methionine, and reductions in levels of tryptophan and cystine were observed in
wheat flour treated with chlorine dioxide (Moran et al., 1953). A study of the reaction of
chlorine dioxide with 21 amino acids found similar results, with only seven of the amino
acids reacting (Tan et al., 1987). Cysteine, tryptophan and tyrosine reacted rapidly at pH 3, 6
and 9. Methionine reacted only at pH 9, while histidine, hydroxyproline and proline reacted
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at pH 6 and 9, with reactions at the higher pH being too rapid to monitor. The authors noted
that chlorine dioxide only reacted with sulphur-containing or aromatic amino acids.
Chlorine dioxide was shown to react rapidly with two dipeptides (L-glycyl-L-tryptophan and
L-tryptophylglycine), but not with a third (aspartame; L-aspartyl-L-phenylalanine methyl
ester) (Tan et al., 1987). This is consistent with the observed reactivity of the individual
amino acids and the authors suggested that the reactions of the dipeptides were actually
reactions of the tryptophan moiety. Two proteins (bovine serum albumin and casein) were
also shown to react rapidly with chlorine dioxide (Tan et al., 1987). The reaction products
were not identified for reactions of chlorine dioxide with dipeptides or proteins.
4.2.3

Acidified sodium chlorite

No information was located on reactions of ASC with amino acids, peptides or proteins.
However, available evidence suggests that treatment of poultry carcasses with ASC will
results in oxidation reactions, rather than chlorination reactions. No chlorinated amino acids
were detected in chicken wings soaked in 2,500 mg/L ASC for 5 minutes (Scientific
Committee on Veterinary Measures Relating to Public Health, 2003). Comparison of amino
acid profiles for untreated and ASC treated poultry carcasses were identical, with
concentrations of the most reaction amino acids (cysteine, tyrosine, threonine, tryptophan)
unchanged after ASC treatment (Scientific Panel on Food Additives Flavourings Processing
Aids and Materials in Contact with Food, 2005a).
4.3

Absorption of Disinfection Byproducts From Water

Extensive research has been carried out on the formation of disinfection byproducts through
reaction of disinfectants with organic material in water. However, little information is
available on the occurrence of these byproducts in chicken.
4.3.1

Chloroform

Table 2 summarises information from a study that looked at the formation of chloroform in
immersion chiller water and accumulation of chloroform in chicken flesh (Robinson et al.,
1981).
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Table 2:

Chloroform in chicken flesh following different immersion treatments

Treatment

Chloroform concentration (μg/kg)
Mean (Range)
Skin
Fat1
Muscle
Control
5 (3-7)
NT
NT
Chlorine
5 mg/L, 20 minutes, 1.5°C
3 (<3-6)
14 (<10-26)
3 (<2-4)
20 mg/L, spray, 13°C
68 (47-82)
159 (90-249)
12 (10-14)
50 mg/L, 5 minutes, 15-16°C
144 (102-192) 447 (53-1241) 177 (90-374)
50 mg/L, 20 minutes, 1.5-2.5°C
30 (17-22)
146 (56-295)
17 (13-25)
Chlorine Dioxide
5 mg/L, 5 minutes, 15-16°C
19 (12-25)
20 (10-30)
2 (<2-6)
5 mg/L, 20 minutes, 1.5-2.0°C
6 (5-8)
14 (<8-20)
<2
Combined chlorine treatments
Plus cooking
134 (113-164)
46 (26-82)
64 (61-71)
From Robinson et al. (1981)
NT = not tested
1
Depot fat collected from the abdominal cavity and neck skin

Chloroform residues in chicken were generally greatest in fat, followed by skin, followed by
muscle. Temperature appeared to have a greater impact on incorporation of chloroform into
the carcass than contact time. The authors hypothesised that the chloroform observed after
chlorine dioxide treatments may be have been due to hypochlorite used to generate the
chlorine dioxide, rather than being due to the chlorine dioxide itself (Robinson et al., 1981).
4.3.2

Brominated trihalomethanes

The oxidation potential of aqueous chlorine is sufficient to oxidise bromide ion to
hypobromous acid (analogous to hypochlorous acid). As a result, waters containing bromide
ion may also contain brominated members of the trihalomethane family (CHBrCl2,CHBr2Cl,
CHBr3). Brominated trihalomethanes can be the dominant members of the trihalomethane
family even when bromide concentrations in the water prior to chlorination are less than 1
mg/L.
Increased bromine substitution in trihalomethanes increases their lipid solubility and the rate
at which they permeate through human skin (Batterman et al., 2002; Xu et al., 2002). This
suggests that if present in water, bromine-containing trihalomethanes are likely to appear in
chicken fat at higher concentrations (on both a weight and molar basis) than chloroform.
The possible formation of brominated trihalomethanes is noted here, but in most New
Zealand water supplies chloroform is the dominant member of the family. Of 881 samples
analysed through the Ministry of Health’s Priority 2 Determinand Identification Programme,
chloroform was undetectable in 32% of samples and bromoform in 88% of samples (Nokes,
1999).
Haloacetic acids are the other major disinfection by-product formed in water. At the pH
typical of potable waters these acids exist in their dissociated ionic form. The corresponding
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haloacetate ions will have a low tendency to dissolve in fat and to migrate through skin (Xu
et al., 2002).
4.3.3

Mutagenicity

Studies of poultry chiller water, and simulated poultry chiller water have examined the effect
of chlorine and chlorine dioxide on the production of mutagenic compounds in the water
(Tsai et al., 1997). Mutagenic compounds were isolated and identified from simulated chiller
water containing homogenised poultry meat and about 4% available chlorine (approximately
40,000 mg/L) (Haddon et al., 1996). Water from actual poultry chillers was shown to be
mutagenic in the Ames test when treated with 400 mg/L chlorine, but not 100mg/L chlorine
dioxide (Tsai et al., 1997). These authors commented that it cannot be assumed that chlorine
use at lower "real-life" levels (20-50 mg/L) would have the same effect.
No reports have been found that examine whether these chemicals are taken up into poultry
meat.

Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

12

August 2008

5

TOXICITY OF COMPOUNDS FORMED DURING TREATMENT OF
CHICKEN CARCASSES WITH CHLORINATED DISINFECTANTS

Two classes of compounds will be considered in this section:
•
The chlorinated disinfection compounds and their direct breakdown products; and
•
Compounds formed by reactions between the chlorinated disinfection compounds and
components of the chicken carcass.
5.1

Chlorinated Disinfection Products and their Breakdown Products

5.1.1

Hypochlorous acid and the hypochlorite ion

Hypochlorous acid and the hypochlorite ion together constitute aqueous chlorine. A WHO
Working Party has established a tolerable daily intake (TDI) for chlorine of 150 μg/kg body
weight/day (International Programme on Chemical Safety, 2000).
The TDI was based on a study carried out under the US National Toxicology Program (NTP).
In a 2-year study, chlorine was fed via water to F344 rats and B6C3F1 mice. The only
treatment-related non-tumour effect was found to be a dilation of renal tubules in male mice
receiving 24 mg/kg body weight/day for more than 66 weeks. No non-neoplastic lesions were
observed in either male or female rats. A positive trend in stromal polyps of the uterus in
female mice and an increased in mononuclear cell leukaemia for high-dose female rats were
not considered to be treatment related.
Based on this study a No Observed Adverse Effect Level (NOAEL) of 15 mg/kg body
weight/day was approximated. A safety factor of 100 was applied in deriving the TDI.
5.1.2

Chlorine dioxide

The toxicology of chlorine dioxide is considered to relate to its hydrolysis product, the
chlorite ion (International Programme on Chemical Safety, 2000).
An oral TDI of 30 μg/kg body weight/day was assigned to chlorine dioxide on the basis of an
NOAEL of 2.9 mg/kg body weight/day for neurodevelopmental effects of chlorite in rats,
with inclusion of a safety factor of 100. The study was a two generation study in Sprague
Dawley rats. The NOAEL related to lower auditory startle amplitude, decreased absolute
brain weight in the F1 and F2 generations, and altered liver weights in two generations
(International Programme on Chemical Safety, 2000).
5.1.3

Acidified sodium chlorite

The toxicology of ASC is considered in terms of the toxicity of the chlorite and chlorate ions
(Benford et al., 2008). The toxicity of the chlorite ion was discussed in the previous section.
For chlorate, the most sensitive endpoint was considered to be changes to the thyroid gland in
male rats, specifically follicular cell hypertrophy in a two-year carcinogenicity and toxicity
study (Benford et al., 2008). No NOAEL could be derived from this study, but a Benchmark
Dose (BMD) approach was used to derive a lowest BMD of 1.1 mg/kg body weight/day. Rats
are highly sensitive to agents that disrupt thyroid hormone homeostasis and it was considered
Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

13

August 2008

likely that humans would be less sensitive than rats to thyroid effects. An interspecies safety
factor was considered unnecessary. However, due to noted deficiencies in the toxicological
database for this chemical an extra safety factor of 10 was applied. Along with the interindividual safety factor of 10, this resulted in establishment of an ADI of 10 μg/kg body
weight/day for the chlorate ion.
5.2

Disinfection Byproducts – Trihalomethanes

Cancer following chronic exposure is the primary hazard of concern for this class of
compounds (International Programme on Chemical Safety, 2000).
5.2.1

Chloroform

Chloroform has been classified as a possible human carcinogen (group 2B) (IARC, 1999b).
However, there is inadequate evidence to establish its carcinogenicity in humans and safety
assessments have been based on its toxicity in laboratory animals.
Chloroform most commonly affects the liver and the kidneys. Several different approaches
have been used to derive a tolerable daily intake (TDI) for chloroform, but have produced
reasonably consistent TDIs in the range 10-15 μg/kg body weight/day.
http://www.inchem.org/documents/cicads/cicads/cicad58.htm
5.2.2

Bromodichloromethane

Bromodichloromethane has been classified as a Group 2B, possible human carcinogen, based
in animal studies (IARC, 1999a).
In rats and mice, it induces tumor formation in the kidneys, and in rats there is tumour
formation in the large intestine. As with all the brominated THMs, it is weakly mutagenic.
Based on kidney tumor formation a dose of 2.1 μg/kg body weight/day is estimated to
produce a risk level of 10-5 or an excess cancer risk of 1 in 100,000 (International Programme
on Chemical Safety, 2000).
5.2.3

Dibromochloromethane

The IARC has classified dibromochloromethane in Group 3 (not classifiable as to its
carcinogenicity to humans) (IARC, 1999a).
Dibromochloromethane has been found to induce tumours in livers of female mice, but not
rats. Based on slope of the dose-response curve for the formation of these tumours, 1.5 μg/kg
body weight/day is estimated to produce a risk level of 10-5 or an excess cancer risk of 1 in
100,000. A TDI of 30 μg/kg of body weight has been calculated based on the absence of
histopathological effects in the liver of rats after 13 weeks exposure (International
Programme on Chemical Safety, 2000).
5.2.4

Bromomethane (Bromoform)

The IARC has classified bromoform in Group 3 (not classifiable as to its carcinogenicity to
humans) (IARC, 1999a).
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Bromoform has been found to produce a small increase in tumours in the large intestine of
rats. Based on this endpoint 7.7 μg/kg body weight/day equates to a risk level of based on
these data of 10-5 or an excess cancer risk of 1 in 100,000. The absence of liver lesions in
rats after 13 weeks exposure to bromoform has led to a TDI of 25 μg/kg body weight
(International Programme on Chemical Safety, 2000).
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6

EXPOSURE ESTIMATES FOR DISINFECTION BY-PRODUCTS

Exposure estimates for disinfection by-products by the New Zealand population were
determined stochastically, using distributions for chicken consumption for adults and
children determined previously (Cressey et al., 2006). Body weights were also represented as
distributions fitted to data from the 1997 National Nutrition Survey (Russell et al., 1999) and
the 2002 National Children’s Nutrition Survey (Ministry of Health, 2003).
Distributions used were:
•
Adult chicken consumption
•
Child chicken consumption
•
Adult body weight
•
Child body weight

Lognormal(124.32,230.33)
Lognormal(95.84,138.02)
InverseGauss(74.81,1550.35)
InverseGauss(41.90,225.66)

Simulations were run for 10 000 iterations, with mean and 95th percentile confidence
intervals for disinfectant by-product exposure being reported. The results of exposure
assessments are summarised in Table 3-6 in the following sections.
6.1

Aqueous Chlorine

No information was found on chlorine residues in chicken flesh following treatment with
aqueous chlorine.
6.1.1

Chloroform

The data of Robinson et al. (1981) was used to provide values for the concentration of
chloroform in chicken following chlorinated disinfectant treatment. It was considered that fat,
as defined in the study of Robinson et al. was unlikely to be commonly consumed. Excluding
fat, the highest average concentration of chloroform (177 μg/kg) was observed in muscle
meat following dipping in a solution of 50 mg/L chlorine for 5 minutes at 15-16ºC. While
this concentration is consistent with our knowledge of chlorine use in the New Zealand
poultry industry, the contact time and temperature are not. However, a chloroform
concentration of 177 μg/kg was used to model the exposure of New Zealander to chloroform
from consumption of chicken. Results are shown in Table 3.
Table 3:

Estimated dietary exposure to chloroform from consumption of chicken

Population group
New Zealand Adults (15+ years)
New Zealand Children (5-15 years)
TDI

Estimated exposure to chloroform from treated
chicken (μg/kg body weight/day)
0.3 (0.01-1.6)
0.5 (0.03-2.4)
10-15

95% CI 95th percentile confidence interval
TDI
Tolerable Daily Intake

The results of Robinson et al. (1981) suggest that cooking of chicken may reduce the
chloroform concentration significantly.
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6.2

Chlorine Dioxide

No analytical data were found on chlorine dioxide residues in chicken. A European
assessment hypothesised that treatment of chicken with chlorine dioxide in the chiller bath
for 1 hour at a concentration of 20-50 mg chlorine dioxide/L would result in maximum
residue levels in the chicken of 0.13 mg chlorite/kg and 0.06 mg chlorate/kg in the finished
chicken carcass (Scientific Committee on Veterinary Measures Relating to Public Health,
2003). The chlorine dioxide present would add a further 0.01 mg/kg of residue in the form of
chlorite.
Results of exposure simulation for the New Zealand population, using these concentration
values, is presented in Table 4.
Table 4:

Estimated dietary exposure
consumption of chicken

Population group

New Zealand Adults (15+
years)
New Zealand Children (5-15
years)
European mean adult
TDI

to

chlorine

dioxide

residues

from

Estimated exposure from treated chicken
(μg/kg body weight/day)
Chlorite
Chlorate
Chlorine dioxide
Mean (95% CI)
Mean (95% CI)
Mean (95% CI)
0.2 (0.009-1.2)

0.1 (0.004-0.5)

0.02 (0.0007-0.09)

0.3 (0.02-1.7)

0.2 (0.009-0.8)

0.03 (0.002-0.14)

0.33
30

0.15
10

0.02
30

95% CI 95th percentile confidence interval
TDI
Tolerable Daily Intake

6.3

Acidified Sodium Chlorite

Table 5 summarises ASC manufacturer’s (Alcide Corporation) data on residual levels of
chlorite and chlorate on chicken carcasses following various treatment regimes (Scientific
Panel on Food Additives Flavourings Processing Aids and Materials in Contact with Food,
2003). An application to FSANZ for use of ASC on a range of foods reported the results of
residue analyses for chlorite and chlorate (Food Standards Australia New Zealand, 2003).
While the results are presented in a different format (summarised for a range of foods), they
appear to include the data in Table 5 for poultry.
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Table 5:

Residual chlorite and chlorate levels on chicken carcasses following
differing treatments with acidified sodium chlorite

Treatment
Immersion in 1200 mg ASC/L (pH 2.5) for 5 seconds,
post chiller tank and after 5 minutes drip
Immersion in 150 mg ASC/L (pH 2.8) for 1 hour in
immersion chiller, immediately post treatment
Immersion in 150 mg ASC/L (pH 2.8) for 1 hour in
immersion chiller, 20 hours post treatment

Residual
chlorite
(μg/kg)
<9

Residual
chlorate
(μg/kg)
<11

540

<19

<16

<19

ASC acidified sodium chlorite

It was considered that chlorite and chlorate concentration data from the 20 hour post
treatment analyses were most applicable for human exposure assessment. Manufacturer’s
data indicated that both compounds were undetectable at this time. An upper bound exposure
assessment was carried out by using the limit of detection values as surrogates for the
concentration of chlorite and chlorate. These values (16 μg/kg chlorite and 19 μg/kg chlorate)
and New Zealand food consumption and body weight data from the 1997 National Nutrition
Survey (adults) and 2002 National Children’s Nutrition Survey (children) were used to model
potential chlorite and chlorate exposure due to use of ASC as a poultry disinfectant. Results
are summarised in Table 6.
Table 6:

Estimated dietary exposure to acidified sodium chlorite residues from
consumption of chicken

Population group

New Zealand Adults (15+
years)
New Zealand Children (5-15
years)
European mean adult
TDI

Estimated exposure from treated chicken
(μg/kg body weight/day)
Chlorite
Chlorate
th
Mean (95 % CI)
Mean (95th % CI)
0.03 (0.001-0.15)
0.03 (0.001-0.17)
0.04 (0.002-0.22)

0.05 (0.003-0.26)

0.04
30

0.05
10

95% CI 95th percentile confidence interval
TDI
Tolerable Daily Intake
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7

CONCLUSIONS

Considering the importance of chlorinated disinfectants to the food industry and the long
history of use, there is relatively little information available on the identity or formation of
chlorinated or oxidised compounds due to the reaction of disinfectants with food
components.
While there is some evidence for formation of chlorinated compounds in chicken treated with
aqueous chlorine, oxidation reactions appear to predominate for chlorine dioxide and
acidified sodium chlorite. Studies on ASC treatment of poultry carcasses indicated no
significant treatment-related changes in fatty acid and amino acid composition of carcasses.
While no equivalent information is available for chlorine dioxide, it is a less potent oxidising
agent than ASC and the lack of significant changes in carcass composition due to ASC
treatment suggest that chlorine dioxide treatment is similarly unlikely to affect carcass
composition.
There is little information on the identity of chlorinated compounds formed from aqueous
chlorine treatment of chicken. Formation of semicarbazide, a chemical belonging to a family
of chemicals (hydrazines) known to cause cancer in animals, has been demonstrated
following exposure of chicken flesh to aqueous chlorine (Hoenicke et al., 2004). However,
semicarbazide formation only occurred at chlorine concentrations well in excess of those
used in the poultry industry. A recent assessment concluded that semicarbazide is a weak
non-genotoxic carcinogen for which a threshold mechanism can be assumed (Scientific Panel
on Food Additives Flavourings Processing Aids and Materials in Contact with Food, 2005b).
Likely human exposure is several orders of magnitude less than doses causing tumours in
laboratory animals.
Chloroform has been detected in chicken treated with aqueous chlorine (Robinson et al.,
1981). It is probable that this was due to absorption of chloroform from chiller water, rather
than direct formation in the chicken flesh. Exposure modelling suggests that the levels of
chloroform observed would result in exposure to chloroform at levels well below the
tolerable daily intake (TDI) for this compound. While other halogenated disinfectant
byproducts (bromodichloromethane, dibromochloromethane, bromoform) could potentially
be absorbed by chicken carcasses from chiller or dip water, studies of absorption of these
compounds have not been reported in the literature. Based on monitoring results, the
composition of New Zealand potable water generally does not favour production of these
brominated compounds. Water used for poultry processing in New Zealand must be of a
potable standard.
Exposure modelling of potential chlorite and chlorate residues in chicken, due to use of
chlorine dioxide or acidified sodium chlorite, indicates that exposure would be well below
TDIs, even at the 95% level of exposure. This is consistent with conclusions from a European
assessment (Scientific Committee on Veterinary Measures Relating to Public Health, 2003).
In conclusion, no safety issues were identified due to the use of chlorine dioxide and ASC for
poultry carcass disinfection. Chlorination reactions appear to be insignificant for these
compounds and oxidation reactions do not appear to result in significant alteration of the
fatty acid and amino acid composition of poultry carcasses.
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Aqueous chlorine-based disinfection is widely used throughout the food processing industry,
and direct disinfection of food with hypochlorite is particularly common in the produce
sector (McIntyre et al., 2008). Chlorine has been reported to exert its microbial disinfection
activity by both chemical (oxidation, enzyme inhibition) and physical (disruption of cell
walls) mechanisms (Morato et al., 2003) and it is to be expected that there will be some
reactions between components of the disinfection system and food components. However, the
information collected by this review indicates that, at least for carcinogens and mutagens, the
concentrations of chlorine required to induce formation are well in excess of those used in
practice.
During 2007-2008, FAO and WHO have considered the issue of chlorine usage in food
processing, including an expert meeting on the associated risks and benefits. The meeting
was held during May 2008 and the report from the meeting is not yet available. Unless the
consultation identifies new areas of concern, we consider that there is insufficient evidence to
justify further investigation of the risks to human health from the use of these disinfection
chemicals in poultry processing. For further information on the FAO/WHO project see:
http://www.who.int/ipcs/food/active_chlorine/en/
http://www.fao.org/ag/agn/agns/chemicals_chlorine_en.asp

Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

20

August 2008

8

REFERENCES

American Oil Chemists Society. (1997) Official Methods and Recommmended Practices of
the American Oil Chemists Society Fourth Edition. Physical and Chemcial Characteristics of
Oils, Fats and Waxes. Champaign, Illinois: AOCS Press.
Aristoy MC, Toldrá F. (2004) Histidine dipeptides HPLC-based test for the detection of
mammalian origin proteins in feeds for ruminants. Meat Science; 67: 211-217.
Batterman S, Zhang L, Wang S, Franzblau A. (2002) Partition coefficients for the
trihalomethanes among blood, urine, water, milk and air. The Science of The Total
Environment; 284: 237-247.
Benford D, Hill F, Jackson P, Larsen JC, LeBlanc J-C. (2008) Acidified sodium chlorite.
Food Additive Series 59. Geneva: IPCS.
Cressey P, King N, Lake R. (2006) Food consumption data for risk assessments. ESR Client
Report FW0602. Christchurch: ESR.
Cunningham HM, Lawrence GA. (1976) A comparison of the distribution and elimination of
oleic and chlorinated oleic acids and their metabolites in rats. Food and Cosmetic
Toxicology; 14: 283-288.
Cunningham HM, Lawrence GA. (1977a) Absorption and metabolism of chlorinated fatty
acids and triglycerides in rats. Food and Cosmetic Toxicology; 15: 101-103.
Cunningham HM, Lawrence GA. (1977b) Placental and mammary transfer of chlorinated
fatty acids in rats. Food and Cosmetic Toxicology; 15: 183-186.
Cunningham HM, Lawrence GA. (1977c) Effect of exposure of meat and poultry to
chlorinated water on the retention of chlorinated compounds and water. Journal of Food
Science; 42: 1504-1509.
Ewart JAD. (1968) Action of glutaraldehyde, nitrous acid or chlorine on wheat proteins.
Journal of the Science of Food and Agriculture; 19: 370-373.
Food Standards Australia New Zealand. (2003) Final assessment report. Application A476.
Acidified Sodium Chlorite as a processing aid. Report Number 12/03. Canberra: FSANZ.
Fukayama MY, Tan H, Wheeler WB, Wei CI. (1986) Reactions of aqueous chlorine and
chlorine diodie with model food compounds. Environmental Health Perspectives; 69: 267274.
Ghanbari HA, Wheeler WB, Kirk JR. (1982) Reactions of aqueous chlorine and chlorine
dioxide with lipids: chlorine incorporation. Journal of Food Science; 47: 482-485.
Haddon WF, Binder RG, Wong RY, Harden LA, Wilson RE, Benson M, Stevens KL. (1996)
Potent bacterial mutagens produced by chlorination of simulated poultry chiller water.
Journal of Agricultural and Food Chemistry; 44: 256-263.
Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

21

August 2008

Hoenicke K, Gatermann R, Hartig L, Mandix M, Otte S. (2004) Formation of semicarbazide
in food by hypochlorite treatment: is SEM a specific marker for nitrofurazone abuse? Food
Additives and Contaminants; 21: 526-537.
IARC. (1999a) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.
Volume 71. Re-evaluation of some organic chemicals, hydrazine and hydrogen peroxide
(Part three). Lyon, France: World Health Organization/International Agency for Research on
Cancer.
IARC. (1999b) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.
Volume 73. Some chemicals that cause tumours of the kidney or urinary bladder in rodents
and some other substances. Lyon, France: World Health Organization/International Agency
for Research on Cancer.
International Programme on Chemical Safety. (2000) Disinfectants and disinfectant byproducts. Environmental Health Criteria 216. Geneva: World Health Organization.
Jahan K, Paterson A, Spickett CM. (2004) Fatty acid composition, antioxidants and lipid
oxidation in chicken breasts from different production regimes. International Journal of Food
Science & Technology; 39: 443-453.
Kemp GK, Aldrich ML, Waldroup AL. (2000) Acidified sodium chlorite antimicrobial
treatment of broiler carcasses. Journal of Food Protection; 63: 1087-1092.
Kirk JR, Mitchell SK. (1980) Risks and benefits associated with chlorine in the food
industry. In: Water Chlorination: Environmental Impact and Health Effects, Ed: Jolley RL,
Brungs WA, Cumming RB, Jacobs VA. Ann Arbor: Ann Arbor Science Publishers Inc. pp
283-303
Masri MS. (1986) Chlorinated poultry chiller water: The generation of mutagens and water
re-use. Food and Chemical Toxicology; 24: 923-930.
McIntyre L, Cressey P, Lake R. (2008) Discussion document on pathogens in fruits and
vegetables in New Zealand. ESR Client Report FW0737. Christchurch: ESR.
Meredith P, Sammons HG, Frazer AC. (1956) Studies on the effect of treatment with chlorine
dioxide on the properties of wheat flour. I. The chemical composition of protein of treated
flour. Journal of the Science of Food and Agriculture; 7: 361-370.
Ministry of Health. (2003) NZ Food NZ Children. Key results of the 2002 National
Children's Nutrition Survey. Wellington: Ministry of Health.
Moran T, Pace J, McDermott EE. (1953) Interaction of chlorine dioxide with flour: certain
chemical aspects. Nature; 171: 103-106.
Morato J, Mir J, Codony F, Mas J, Ribas F. (2003) Microbial response to disinfectants. In:
The Handbook of Water and Wastewater Microbiology, Ed: Mara D, Horan N. London:
Elsevier. pp 657-693
Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

22

August 2008

Nokes CJ. (1999) Disinfection by-products in New Zealand drinking waters: occurrence,
controlling factors and management. ESR Client Report FW9978. Christchurch: ESR.
Peskin AV, Winterbourn CC. (2001) Kinetics of the reactions of hypochlorous acid and
amino acid chloramines with thiols, methionine, and ascorbate. Free Radical Biology and
Medicine; 30: 572-579.
Robinson D, Mead GC, Barnes KA. (1981) Detection of chloroform in the tissues of freshly
eviscerated poultry carcasses exposed to water containing added chlorine or chlorine dioxide.
Bulletin of Environmental Contamination and Toxicology; 27: 145-150.
Russell DG, Parnell WR, Wilson NC, Faed J, Ferguson E, Herbison P, Horwath C, Nye T,
Reid P, Walker R, Wilson B, Tukuitonga C. (1999) NZ Food: NZ People. Wellington:
Ministry of Health.
Scientific Committee on Veterinary Measures Relating to Public Health. (2003) Opinion of
the Scientific Committee on Veterinary Measures Relating to Public Health on the evaluation
of
antimicrobial
treatments
for
poultry
carcasses.
http://ec.europa.eu/food/fs/sc/scv/out63_en.pdf. (Accessed on 15 June 2008).
Scientific Panel on Food Additives Flavourings Processing Aids and Materials in Contact
with Food. (2003) Statement of the Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food updating the advice available on
semicarbazide in packaged foods. EFSA/AFC/FCM/17-final. Brussels: European Food
Safety Authority.
Scientific Panel on Food Additives Flavourings Processing Aids and Materials in Contact
with Food. (2005a) Opinion of the Scientific Panel on food additives, flavourings, processing
aids and materials in contact with food (AFC) on a request from the Commission related to
treatment of poultry carcasses with chlorine dioxide, acidified sodium chlorite, trisodium
phosphate and peroxyacids. EFSA Journal; 297: 1-27.
Scientific Panel on Food Additives Flavourings Processing Aids and Materials in Contact
with Food. (2005b) Opinion of the Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food on a request from the Commission
related to semicarbazide in food. EFSA Journal; 219: 1-36.
Shimada K, Sakuma Y, Wakamatsu J, Fukushima M, Sekikawa M, Kuchida K, Mikami M.
(2004) Species and muscle differences in L-carnitine levels in skeletal muscles based on a
new simple assay. Meat Science; 68: 357-362.
Tan H, Sen AC, Wheeler WB, Cornell JA, Wei CI. (1987) A kinetic study of the reaction of
aqueous chlorine and chlorine dioxide with amino acids, peptides and proteins. Journal of
Food Science; 52: 1706-1711, 1717.
Tsai L-S, Wilson R, Randall VG. (1997) Mutagenicity of poultry chiller water treated with
either chlorine dioxide or chlorine. Journal of Agricultural and Food Chemistry; 45: 22672272.
Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

23

August 2008

Tsen CC, Kulp K, Daly CJ. (1971) Effects of chlorine on flour proteins, dough properties,
and cake quality. Cereal Chemistry; 48: 247-254.
Winterbourn CC. (2002) Biological reactivity and biomarkers of the neutrophil oxidant,
hypochlorous acid. Toxicology; 181-182: 223-227.
Wong TL, Hollis L, Cornelius A, Nicol C, Cook R, Hudson JA. (2007a) Prevalence,
numbers, and subtypes of Campylobacter jejuni and Campylobacter coli in uncooked retail
meat samples. Journal of Food Protection; 70: 566-573.
Wong TL, Nicol C, Cook R, MacDiarmid S. (2007b) Salmonella in uncooked retail meats in
New Zealand. Journal of Food Protection; 70: 1360-1365.
Xu X, Mariano TM, Laskin JD, Weisel CP. (2002) Percutaneous absorption of
trihalomathanes, haloacetic acids, and haloketones. Toxicology and Applied Pharmacology;
184: 19-26.

Chlorine Compounds Formed During
Chlorine Wash of Chicken Meat

24

August 2008

