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Review

Use of antioxidants to minimize the human health risk associated to
mutagenic/carcinogenic heterocyclic amines in food
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Abstract

Heterocyclic amines (HAs) are mutagenic/carcinogenic compounds formed in meat during cooking. Several efforts have been made to
minimize the risk associated to HA human exposure. Supplementation with antioxidants is considered a promising measure to reduce HA
exposure because of their ability as inhibitors of HA formation or as blocking/suppressing agents on HA biotransformation/metabolism.
The aim of this review is to present the current knowledge on the capability of synthetic and natural antioxidants to modulate HA-induced
mutagenicity/carcinogenicity. Data show a general trend towards a reduction of HA formation both in model systems and in real foods as well
as an effective modulation of biotransformation and metabolism. Phenolic compounds, particularly those from tea and olive oil, seem to be
the most effective, although a great variability is observed because of the concentration-dependent pro- and antioxidant effects.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Humans are continuously exposed to HAs, as demon-
strated by detection of these compounds in cooked
foods and human urine samples[1–8]. The presence of
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2-amino-3,8-dimethylimidazo[4,5-f]-quinoxaline (MeIQx)-
DNA adducts found in human tissues, such as colon, rectum
and kidney increased the concern about the health conse-
quences of the intake of these compounds[9].

Although methods for estimation of HA dietary exposure
in the population are still imprecise[10], in some stud-
ies epidemiological evidence suggests that consumption of
high amount of HAs-containing meat products may induce
colorectal, pancreatic and urothelial cancer[11–18]. On
the other hand, other studies did not show such association
[10,19]. Today, more than 20 mutagenic/carcinogenic HAs
have been isolated and identified in cooked foods[5,17,
20–22]. Their formation is the result of complex reactions
that involve creatine, free amino acids and carbohydrates
through the Maillard Reaction (MR). The development of
MR also occurs through a free radical mechanism which
has been shown to play an important role in the formation
of imidazoquinoxalines and imidazoquinolines[23–25].

The pathway of HA formation is shown inFig. 1. Creatine
forms the amino-imidazo part of the molecule by cyclization

Fig. 1. Scheme of HA formation and possible sites for interference with antioxidants (modified from[25]).

and water elimination, whereas the remaining parts of the IQ
compounds arise from Strecker degradation products, such
as pyridine and pyrazine[26,27].

This hypothesis was verified in model systems[26–30],
and the results were later confirmed also in meat-based sys-
tem[31–34].

The presence of HAs in foods depend on many factors
such as cooking method, time and temperature, the presence
of relative amounts of precursors, enhancers and inhibitors,
lipids, antioxidants and the water content[23]. In particu-
lar, supplementation with antioxidants is considered to be
an effective measure to reduce HA exposure because of the
hypothetical free radical pathway leading to HA formation
[8]. Single antioxidant compound and complex mixtures of
antioxidants have been demonstrated to inhibit HA-induced
mutagenesis or carcinogenesis. It is likely, that this effect
is the final result of different actions interfering at various
steps of the HA formation and of HA-toxic activity. In fact,
antioxidants can act as inhibitors along the different path-
ways of the reaction, preventing the mutagens formation,
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Fig. 2. Scheme of HA bioactivation and possible sites for interference with antioxidants (modified from[36]). UDP-glucuronosyl transferase (UDPGT);
Sulfotransferases (SULT);Glutathione-S-transferase (GST); Prostaglandin H (PGH)-sinthase.

through radical quenchers and free radical scavengers activ-
ity (as shown inFig. 1); as blocking agents, preventing the
biotransformation of premutagens into reactive metabolites
by inhibiting metabolic activation, by stimulating detoxifica-
tion enzymes, or by scavenging reactive molecules; as sup-
pressing agents modulating intracellular processes, which
are involved in DNA repair mechanisms, tumour promotion
and tumour progression[35,36] (seeFig. 2).

The aim of this review is to present the current knowl-
edge on the ability of antioxidants to modulate HA-induced
mutagenicity/carcinogenicity.

To better underline the differences of action and the po-
tential efficacy of antioxidants to minimize the human health

Table 1
Studies on the effects of synthetic antioxidants on HA formation, in chemical model system and food system, and on HA-induced mutagenesis/carcinogenesis,
in Salmonella assays and in bioassays in rats

Effects on HA formation Effects on mutagenesis/carcinogenesis induced by HAs

Chemical model system Food system Salmonella assay Bioassays in rats

BHA [25,37,39,40] [38] [25,38,40]
BHT [37] [18] [42]
PG [25,37,39,40] [38] [25,38,40] [42]
TBHQ [37] [42]
HTHQ [37] [42]

risk associated to cooked meat/fish consume the review was
organised in two main paragraphs dealing on the effect ex-
erted by synthetic and natural antioxidants, respectively.

2. Synthetic antioxidants

Antioxidants are known to exert both anti- and pro-
oxidative effects depending on their concentrations. These
two opposite effects make difficult the comparison between
in vivo and in vitro data. This figure also occurs when an-
tioxidants are added to a heated mixture of HA precursors or
directly to foods before or during cooking[37]. In Table 1,
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some significant studies about the effects of synthetic anti-
oxidants on HA formation in chemical model systems and
in foods are grouped. Also studies reporting the effects of
antioxidants on HA-induced mutagenesis/carcinogenesis
both in Salmonella assays and on animals are listed.

Johansson and Jägerstad[37] showed that many syn-
thetic and natural antioxidants such as butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT), propyl
gallate (PG),�- and �-tocopherol, increased the forma-
tion of MeIQx in heated mixture containing HA chemical
precursors. The highest amount of MeIQx is formed with
the addition of 100 ppmtert-butylhydroquinone (TBHQ)
(220% of increase respect to the control).

On the other hand, opposite data where obtained by Chen
[38] who reported that a concentration of 100 ppm of BHA,
PG and TBHQ reduced the formation of HAs. In this study,
a real food system (frying of beef) was investigated instead
of a chemical model system[37].

Contrasting evidences have been reported on the ef-
fects of synthetic antioxidants on HA-induced mutagenic-
ity and carcinogenicity. Also in this case, the compar-
ison between the various studies is hampered by the
multiplicity of markers observed, by the different ex-
perimental conditions, by the different combination of
individual HA and antioxidant. Data clearly show a gen-
eral trend for a decrease in the severity of HA-exposure
consequence, with some relevant exception. The addi-
tion of BHT to a heated mixture of precursors showed a
concentration-dependent increase in the mutagenic activity
of HAs [25,38]. This effect was attributed to the alkylating
action of BHT which increased the formation of the precur-
sors for 2-amino-3,4,8-trimethylimidazo[4,5-f]-quinoxaline
(4,8-DiMeIQx) in chemical model system[25].

BHA and PG prevent the formation of imidazoquinoxa-
line-mutagens in heated mixtures of creatinine, amino acids
and sugars in a dose-dependent manner[39,40]. These anti-
oxidants were also reported to decrease the mutagenic ac-
tivity of IQ and MeIQx [25,38]. In particular, Kato and
co-workers[40] reported that BHA at 20 and 100 mM re-
duced the mutagenicity, on Salmonella typhimurium TA98
strain with metabolic activation, of heated mixtures of glu-
cose/glycine/creatinine to about 60 and 20%, respectively
while epigallocatechin gallate (EGCG), tested at the same
concentrations, reduced the mutagenicity to about 40 and
2%, respectively. A reduction in mutagenic activity by BHA
was also demonstrated by Wang and co-workers[41]. In pre-
vious studies, BHA, TBHQ and PG had been suggested to
prevent HA formation blocking the reaction with the meat
mutagen precursors thank to their methoxy group that was
converted into a potent free radical scavenger such as a
quinone-like compound[25].

Hirose and co-workers[42] reported that synthetic anti-
oxidants, such as 1-O-hexyl-2,3,5-trimethylhydroquinone
(HTHQ), BHT, TBHQ or PG, are all inhibitors of
MeIQx-induced hepatocarcinogenesis in F344 rats, with
HTHQ as the most effective. In fact each antioxidant at

a concentration of 0.25% (w/w), together with MeIQx
(0.03% (w/w)), inhibited development of preneoplastic
glutathione-S-transferase placental form (GST-P) posi-
tive foci as compared with MeIQx alone, after initiation
with diethylnitrosamine (DEN). 8-Hydroxydeoxyguanosine
(8-OHdG), a marker for DNA damage induced by active
oxygen species, malondialdehyde and 4-hydroxynonenal
levels were not largely influenced by the treatment with
MeIQx or antioxidants, either alone or in combina-
tion. These data suggest that free radicals may not play
a major role for MeIQx-induced hepatocarcinogenesis
[43].

Moreover, studies on effects of HTHQ on the in
vitro metabolic activation of 2-amino-1-methyl-6-phenyl-
imidazo-[4,5-b]pyridine quinoxaline (PhIP) and on PhIP-
DNA adduct formation in rat colon showed that this
synthetic antioxidant is a very strong chemopreventor of
HA-induced carcinogenesis, but the inhibition of metabolic
activation rather than antioxidant activity is responsible
for this effect [42]. Medium-term bioassays using male
and female F344 rats to examine the effects of HTHQ on
PhIP-induced colon and mammary gland carcinogenesis, re-
spectively, were performed by Hirose and co-workers[42].
These experiments showed that the multiplicity of colon tu-
mours induced by 0.02% PhIP after 1,2-dimethylhydrazine
(DMH) initiation was dose-dependently decreased by the
combined treatment with 0.125 and 0.5% HTHQ[42].

Previous studies showed that this synthetic antioxidant
inhibited colon and mammary carcinogenesis but enhanced
forestomach carcinogenesis when used in post-initiation
treatment (1% dietary concentration) in medium-term bioas-
says[44]. Thus, HTHQ was scripted as belonging to the
agents that are cited as giving “stage dependent paradoxical
effects” [44].

According to Hirose and co-workers[42] synthetic anti-
oxidants are more potent than naturally occurring antioxi-
dants, like several flavonoids, in inhibiting MeIQx-induced
carcinogenesis. However, many studies addressed the use of
natural antioxidants which can be considered by consumers
a more friendly way to reduce HA-exposure risk.

3. Natural antioxidants

When tested as single substances, various natural com-
pounds show marked antimutagenic activity in the Ames test
and other mutation assays, but little is known about such ac-
tivity when these compounds are present in food interacting
with other food components, during cooking/storage and in
the lumen of gastrointestinal tract.

The studies about the activity of naturally occurring anti-
oxidants on HAs have been divided into two groups, the first
reviewing papers based on use of pure compounds and the
second using food extracts and whole foods.Table 2summa-
rizes the studies on the effects of natural antioxidants (pure
compounds, extracts and whole foods) on HA formation,
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Table 2
Studies on the effects of natural antioxidants on HA formation, in chemical model system and food system, and on HA-induced mutagenesis/carcinogenesis,
in Salmonella assays and in bioassays in rats

Effects on HA formation Mutagenesis/carcinogenesis induced by HAs

Chemical model system Food system Salmonella assay Bioassays in rats

Pure antioxidants:
Ascorbic acid [18,38,45] [49,50]
�-tocopherol [18,38,45,46] [47]

Flavonoids [51] [58] [8,52] [42]
EGCG [39,40] [40] [8,74]
Ellagic acid and NDGA [8]
Fruits and vegetables [58] [58,61] [47,59,60] [62,65,66]
Soy [41,67]
Tea [39,68] [80] [71,72,75,79,82] [42,81,85–87]
Olive oil [89]
Spices [91] [46]

in chemical model systems and food systems, and on HA-
induced mutagenicity/carcinogenicity, in Salmonella assays
and in bioassays in rats.

3.1. Activity of pure compounds

3.1.1. Antioxidant vitamins
In a real food system, such as fried fish fibre, prepared by

boiling, deboning, eviscerating, separating and pressing of
snake fish meat, the addition of Vitamin C and�-tocopherol
did not show any consistent effect on the formation of HAs
[18]. On the contrary, previous studies showed that these
antioxidants were able to inhibit mutagen formation during
the frying of beef[38,45]. The addition of Vitamin E to the
surface of the beef patties before frying, at the concentration
of 1–10% of the fat content, produced a reduction of PhIP
formation after cooking in the range of 45–75%[46]. These
results can be due to the ability of tocopherols to inhibit
free radical formation and/or producing compounds which
may react with HA precursors and prevent formation of 4,8-
DiMeIQx [25].

The capability to decrease active metabolite formation is
presumably responsible of the reduction of IQ-DNA adduct-
formation exerted by leaves of Kidachi aloe, which are rich
in �-tocopherol, and�-carotene[47].

Anyway antimutagenic effects and possible mecha-
nisms of action of several vitamins against genotoxic
HAs have been reported by Edenharder and co-workers
[48]. Results showed a lack of efficacy of ascorbic acid
and �-tocopherol against HA-induced mutagenicity in the
Salmonella/reversion assay.

Opposite results were obtained by Snyderwine and co-
workers[49] who hypothesised that ascorbic acid could pre-
vent the oxidative break-down ofN-hydroxy-IQ, enabling
the mutagen to remain active for a longer time in vitro
with a consequent enhancement of mutagenic activity. In
fact, 0.5 and 1 mM ascorbic acid, added to the plates, pro-
duced 11,000 and 11,500 revertants per plate compared to
1000 revertants per plate produced whenN-hydroxy-IQ was

tested alone. Subsequent studies using ascorbic acid andN-
hydroxy-IQ reported no enhancement of mutagenic activity
in absence of cytosolic enzymes, thus suggesting that the
enhancement of mutagenicity reported by Snyderwine and
co-workers (1988) was probably due to some metabolites
of ascorbic acid or ofN-hydroxy-IQ generated by cytosolic
enzymes[50].

3.1.2. Phenolic antioxidants
Lee and co-workers suggested that flavones inhibited for-

mation of IQ-type mutagens in a glycine/glucose/creatine
model system reducing the formation of Maillard reac-
tion products[51]. Edenharder and co-workers[52] some
years later reported that, among the 30 flavonoids tested,
all of them but two inhibited the mutagenic activity in the
Salmonella assay; in presence of diosmetin and isorham-
netin a slight increase was observed. Among flavones and
flavonols, the inhibitory effects increased in dependence
on number and position of hydroxyl functions. This figure
suggests that in poly-hydroxylated compounds the number
and the position of OH groups are involved in the mod-
ulation of the activity of the enzymes responsible for IQ
n-hydroxylation inhibition[52,53].

These in vitro evidences were not confirmed by an in vivo
study performed to verify the effect of several flavonoids on
hepatocarcinogenesis. Hirose and co-workers[42] reported
that quercetin, rutin, curcumin, daidzin, ferulic acid and
genistein were co-carcinogens for MeIQx-induced hepato-
carcinogenesis, because they were able to enhance GST-P
positive focus development.

Also studies on ellagic acid and nordihydroguaiaretic acid
(NDGA) gave apparently contradictory results. Ellagic acid
reduced the formation of MeIQx but enhanced that of PhIP
while NDGA had the opposite effect[8]. The enhancement
of MeIQx formation by NDGA could be explained according
to the authors by the same alkylation mechanism described
by Pearson and co-workers[25] for BHT, while in the case
of PhIP formation some reactive groups derived from ellagic
acid were supposed to be involved[8].
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Consistent evidences have been found using other phe-
nolic antioxidants such as (−)-epigallocatechin gallate
(EGCG) which has been reported to suppress the formation
of imidazoquinoxaline-type HAs in heated mixtures of cre-
atinine, amino acids and sugars[39]. Kato and co-workers
[40] demonstrated that generation of the mutagens in a
heated chemical model system was effectively prevented
by phenolic antioxidants, sesamol, esculetin and EGCG in
a dose-dependent manner (being MeIQx content reduced
to 35% of control in the presence of 100 mM EGCG)
and in heated-and-dried bonito meat by pre-treatment with
0.5% EGCG or 5% green tea extract. The mutagenicity
of heated-and-dried bonito meat, tested onS. typhimurium
TA98 strain with metabolic activation (by liver microsomal
S9 system) after blue rayon extraction and determined as
number of histidine revertant colonies, was dramatically re-
duced by pre-treatment with 0.5% EGCG and 5% green-tea
extract resulting less than 50 and 30% respectively[40].
The authors postulated these antioxidants acted prevent-
ing the formation, through Maillard reaction[25,54–56],
of the unstable pyrazine cation radical. In a subsequent
study, phenolic antioxidants such as green tea catechins
and their major component EGCG, two flavonoids (luteolin
and quercetin), and caffeic acid were found to decrease
up to 75% both MeIQx and PhIP, and to reduce the total
mutagenicity of heated mixtures[8]. Also in animal ex-
periments green-tea catechins have been shown to exert
inhibitory effect against GST-P positive focus develop-
ment[42].

As far as the mechanisms of action of phenolic antioxi-
dants, beside the direct scavenging and reducing action and
the modulation of enzymes involved in the detoxification
system also a mechanism involving signal transduction has
been described[57]. The alteration of pathways that control
apoptosis or cell-proliferation could explain the protective
effect observed during the initiation phase of HA-induced
carcinogenesis by several phenolic antioxidants.

3.2. Activity of food-extracts and whole food

In the last years, many studies have been performed to
test the effective capability and the mechanism of action of
rich-antioxidant food in preventing HA-induced mutagenic-
ity/carcinogenicity. The attention for the use of whole food
or food extracts is due to the need of increase our knowl-
edge on the behaviour of antioxidants in conditions which
can resemble as much as possible the reality.

3.2.1. Fruits and vegetables
Almost all studies present in the literature consistently

showed a strong antimutagenic activity, detected in liver-
enzyme mediated bacterial assays, exerted by fruits and
vegetables against HA action. This effect was strictly corre-
lated to the presence in these foods of vitamins and related
compounds (ascorbic acid,�-carotene, retinal, retinoic acid,
�-tocopherol etc.) having antioxidant properties[48].

3.2.1.1. Carotenoid-rich foods. Vitaglione and co-workers
[58] have reported that carotenoids from tomatoes inhibit
the formation of imidazoquinolines both in chemical model
system, containing as precursors creatine, glucose and
glycine, and in meat juice model system, based on freeze-
dried bovine meat juice. In particular using carotenoid
extract at a concentration of 1000 ppm, inhibitions of 36
and 11% of IQx and MeIQx formation respectively in the
chemical system and of 13% of MeIQx and of 5% of 4,8-
DiMeIQx in the meat juice model system was observed.
Quercetin, the main tomato flavonoid, tested at 10 ppm in
the meat juice model system, exerted an inhibition of HA
formation of 67%[58].

N-hexane extracts of some carotenoid-rich fruits and veg-
etables such as apricots, oranges, Brussels sprouts, carrots,
yellow-red peppers, and tomatoes were directly tested on
histidine-deficient strains ofSalmonella typhimurium [59].
This study demonstrated a reduced mutagenic activity of
IQ probably due to carotenoids (�-, �-carotene, lycopene),
xanthophylls (�-cryptoxanthin, lutein), and also carotenoid
esters (oranges) contained in the tested extracts. In partic-
ular, 100�g of orange extract reduced the bacterial muta-
genicity of IQ by 27%. Previously solvent extracts from 13
fruit and 12 vegetable residues had been demonstrated to
exhibit antimutagenic activity against IQ and 2-amino-3,4-
dimethylimidazo[4,5-f]quinoline (MeIQ) inS. typhimurium
TA 98 assay[60].

3.2.1.2. Anthocyanin-rich foods. Tart cherry tissue has
been also demonstrated to exert inhibitory effect on HA
formation in ground beef patties[61].

The potential beneficial effect of fruits has been recently
confirmed by Miyata and co-workers[62] who showed that
grapefruit juice suppressed PhIP-induced colon DNA dam-
age in a concentration-dependent manner. The migration of
DNA and frequency of tailed colon nuclei as indicators of
DNA damage were measured. In particular, a 40% reduction
of DNA damage was observed in F344 rats given 60 mg/kg
of PhIP by gavage after pre-treatment with grapefruit juice
for 5 days. This result was independent of PhIP absorption
in the intestine because serum level of PhIP was compara-
ble between grapefruit juice—pretreated and non pretreated
rats.

Furthermore, it has been reported that genotoxic activ-
ity of PhIP was strongly reduced in a dose-related manner
by blueberries, blackberries, red grapes, kiwi, watermelon,
parsley, and spinach and that protection by beverages, fruits,
and vegetables against genotoxicity of HAs might take place
by enzyme inhibition[63,64].

The administration of 5% purple corn color, an antho-
cyanin extracted from the seeds of corn, in rats pre-treated
with 1,2-dimethylhydrazine (DMH) and given PhIP in the
diet, has been evaluated to reduce development of colorec-
tal carcinogenesis[65]. Furthermore, cacao liquor proantho-
cyanidins showed to inhibit in vitro mutagenicity of PhIP,
as well as rat pancreatic carcinogenesis in the initiation
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stage, but not mammary carcinogenesis induced by PhIP
[66].

3.2.1.3. Soy. The addition of soy protein concentrates
(SPC) to beef patties also have shown to inhibit the mutagen
formation in pan-fried beef patties during cooking. This ef-
fect was not related to protein alone but mainly to the pheno-
lic antioxidant component in SPC such as chlorogenic acid
[41]. More recent studies have not confirmed this finding.
In fact Lan and Chen[67] found that soy sauce-marinated
pork, eggs, and bean cakes show an increase of HAs. More-
over, adding soybean-oil during frying of fish fibre the same
effect of enhancing HA formation was exerted[18].

3.2.1.4. Tea. Polyphenolic compounds from tea are effec-
tive inhibitors of HA formation in model systems[39,68].
Several studies report that tea polyphenols attenuate muta-
genic activities of HAs by various mechanisms such as: in-
hibition of NADPH cytochrome P450 reductase[64,69–72],
inhibition of mutagenic activity ofN-hydroxylated HAs
in the absence of S9 in vitro[69,73] and electrophile-
scavenging[73]. The first mechanism has been recently
recapitulated using specific isoforms of human cytochromes
P450, including inhibition by epigallocatechin-3-gallate
(EGCG) of human CYP1A2-mediated activation of PhIP
in genetically engineered Salmonella strains[74]. Data
showed that the protection towards HA action depended not
only from quality and concentration of antioxidants but also
from their relative levels in food and from the influence of
other minor food constituents on their activity.

This correlation has been demonstrated in green- and
black-tea extracts whose antimutagenic activity reduction
corresponded with reduction in antioxidants and in particu-
lar with a decrease in concentration of three catechins (cat-
echin, epigallocatechin gallate and epigallocatechin)[75].
Furthermore, an artificial tea produced by mixing nine of the
major constituents found in green tea (including high level
of EGCG and several other polyphenols) exhibited a smaller
antimutagenic potency in Salmonella assays compared with
the complete tea[76].

The bioavailability of potential antimutagenic compounds
is another key-factor that has to be taken into account. Krul
and co-workers[75] evaluated the influence of the food
matrix on the bioavailability of tea antioxidants using an
in vitro gastrointestinal model, simulating the conditions in
the human digestive tract. In particular, they investigated
whether black tea and green tea preserved their antimuta-
genic properties against HAs, alone or together with milk
at different fat content, after passage through the in vitro
model. The antimutagenic activity of the filtrates obtained
introducing in the gastrointestinal model tea extracts alone,
together with MeIQx and with whole or semi-skimmed or
skimmed milk, was determined in the Ames test. The max-
imum inhibition of mutagenicity in Salmonella assay was
observed with black tea filtrates, while adding together with
the tea extract whole, semi-skimmed or skimmed milk, a

reduction of the antimutagenic activity of 22, 42 and 78%,
respectively, was observed. The authors hypothesized that
these findings were due to the formation of milk protein-
tea polyphenol complexes, resistant to gastric hydrolysis,
with consequent reduction of absorbed antimutagenic com-
pounds[75,77]. Furthermore, antimutagens of green-tea,
such as catechins (90% of dry weight) and quercetin, bind
stronger to milk proteins than the antimutagens of black-
tea, thus explaining why the effect of green-tea was more
affected by milk than that of black tea[75]. When tea and
MeIQx were added together into a digestion model system,
MeIQx mutagenicity was efficiently inhibited, green tea had
a slightly stronger antimutagenic activity than black tea.
Moreover, purified polyphenols from black tea extracts are
more potent inhibitors of mutagenicity caused by PhIP in
the S. typhymurium TA98 assay than the polyphenols from
green tea extract[78]. Application of polyphenols extracted
from both tea varieties to the surfaces of ground beef be-
fore cooking is able to inhibit the formation of mutagens in
a dose-related fashion[79]. Furthermore, both theaflavins
and theafulvins from black tea brews are able to prevent, at
a dose-range 0.1–0.5 mg/ml, in a concentration-dependent
manner, the DNA damage caused by heterocyclic amine
3-amino-1-methyl-5H-pyrido[4,3-b]indole (Trp-P-2)[80].

The chemical mechanisms implicated in the inhibition by
tea extracts of both HA-formation and HA-induced muta-
genicity/carcinogenicity, have been amply studied.

Stavric and co-workers[72] reported that extracts of
various teas (green, oolong, orange pekoe, decaffeinated
orange pekoe) and herbal teas (chamomile, orange spice,
linden flowers), were able to inhibit the Salmonella as-
say mutagenic activity of eight different HAs. The effect
was strongly dependent from the concentration of tea ex-
tracts and it decreased at high concentrations. In particular,
studies on the antimutagenic actions towards IQ of tea
extracts (green, pouching, oolong and black tea) using a
Salmonella/microsome assay showed that they were due
to a combination of two distinctive mechanisms: inhibi-
tion of the cytochrome P450-mediated metabolism of IQ
to its mutagenic metabolite form and interaction with IQ
promutagens and metabolites in such a way to reduce its
mutagenic potential[70].

Tea polyphenols could have also additional mecha-
nisms of protection against HAs, such as the induction of
UDP-glucuronosyl transferase (UDPGT), another enzyme
involved in phase II metabolism of HAs[57,82,83]. This
is the prevalent mechanism associated to the inhibitory
activities of white, green, and black teas against IQ and
PhIP-induced colonic aberrant crypt foci (ACF) and DNA
adducts in the rat[84,85]. In fact rats fed with white or
green teas extracts (1.5 or 2% w/v), in place of drinking
water, before treatment with PhIP or IQ had reduced parent
compounds and sulfamate in the urine. Accordingly, the
concentration of ring glucuronides increased[84–86].

White tea is also able to inhibit PhIP-induced colonic
ACF inducing glutathione-S-transferase (GST)[85] thus
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assessing glutathione-dependent reduction ofN-acetoxy-
heterocyclic amines back to the parent compound[87].

On the contrary, liver S9 or microsomes from rats given
aqueous extracts of green tea enhanced the mutagenic ac-
tivity of 2-amino-6-methyl-pyrido[1,2-a:3′,2′-d]imidazole
(Glu-P-1) and IQ in the Salmonella assay[71] through the
induction of CYP1A and consequent enhanced formation
of N-hydroxylated HAs, which were substrates for further
activation by bacterialO-acetyltransferase and by enzyme
S9 [36].

3.2.1.5. Olive oil. Monti and co-workers[88] reported that
olive oil inhibited the formation of different IQ-type HA,
in a chemical model system. The fresh made oil was more
effective than the same oil after 1 year of storage thanks
to the presence in the first of largest amount of dihydroxy-
phenylethanol derivatives. Their data supported the
hypothesis that HA formation partially involved free-radical
reactions, thus a reaction between phenolic compounds and
key intermediates of HA formation could also contribute to
reduce the levels of HAs.

Previously Johansson and co-workers[89] reported that
using frying fats with an initial high antioxidant level lower
amounts of MeIQx and DiMeIQx in the beef burgers and in
the pan residues after frying were obtained.

3.2.1.6. Spices. Thyme, marjoram, rosemary and Monas-
cus red extracts added, each at three different concentra-
tions (4, 10, and 50 mg that is about 0.0005, 0.0025 and
0.00625%), in chemical model system, caused an increase of
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[37] 

[40] [89] 

[37] [58] [37] 

Antioxidant 
Antioxidant 

amount 
Chemical model system 

TBHQ 1000 ppm

Ascorbic acid 1000 ppm

Tocopherol 100 ppm (f.c.)* 

0,9 mmol creatinine, 0,9 mmol glycine, 0,45 mmol glucose and (10 g) corn oil in 

water (2,5 mL) 180˚Cx10 min

l

EGCG 100 mM
0,4 M creatinine, 0,4 M glycine, 0,2 M glucose in diethylenglycol-water (8:2 v/v) 

120˚Cx2h 

Carotenoid 
extract 

1000 ppm
creatinine 0,4 5mmol, glycine 0,45 mmol, glucose 0,225 mmol in water-

diethylenglycol (2:1 v/v) 180˚Cx30 min

Fresh oil 500 mg
creatinine 0,9 mmol, glycine 0,9 mmol, glucose 0,45 mmol in water-methanol 

(2:1 v/v) 180˚Cx30 min

* (f.c.) is for (fat content) 

Fig. 3. Selection of data on the inhibition of HA formation in chemical model system. The number on the top of each bar represents the reference while
the conditions of each experiment are summarized in the table below the histogram.

PhIP formation stronger for thyme, marjoram and Monascus
red in comparison to rosemary flavour[90]. No correlation
could be found between the antioxidative properties of the
tested food additives, measured by the Rancimat system,
and the formation of PhIP. In fact PhIP content increased in-
dependently to pro- or anti-oxidative properties of flavours.
The extracts of thyme and Monascus red showed an an-
tioxidative potential measured toward rapeseed oil oxidation
while marjoram and rosemary showed pro-oxidative prop-
erties. On the contrary, some years before Murkovic and
co-workers[91] found that the addition of spices including
rosemary, thyme and sage to the ground beef, reduced the
concentrations of HAs in fried beef. Balogh and co-workers
[46] also showed that rosemary oleoresin added directly to
the ground beef patties or to the surface of the patties before
frying, at the concentration of 1–10% of the fat content, pro-
duced a reduction of PhIP formation after cooking of 44%.

4. Conclusions and future needs

Data above reviewed show that various antioxidants
are able to inhibit HA formation in chemical model sys-
tems and often to reduce the HA-induced mutagenicity/
carcinogenicity in vitro and in vivo biological systems.
Some of the most impressive results obtained in chemical
systems and in cooked meat foods are summarised inFigs. 3
and 4, respectively. This reduction can be partially respon-
sible for the reduction of the risk associated to HA-induced
mutagenicity/carcinogenicity with a consequent beneficial
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[46] 

[58] [46]

[46][46]

[58] 

Antioxidant Antioxidant amount Meat system 
Carotenoid extract 1000 ppm

Quercetin 10 ppm

freeze-dried bovine meat-juice:water (1:2 w/w)

180˚Cx30 min

Vitamin E (a) 1% (f.c.)* 

Vitamin E (b) 10% (f.c.)* 

Oleoresin rosemary (a) 1% (f.c.)* 

Oleoresin rosemary (b) 10% (f.c.)* 

Antioxidants+1 mL corn oil added to the ground beef 

patties 2h before frying (10 min/side at 225˚C) 

* (f.c.) is for (fat content)

Fig. 4. Selection of data on the inhibition of HA formation in meat-system. The number on the top of each bar represents the reference while the
conditions of each experiment are summarised in the legend below the histogram.

effect on human health. InFig. 5, some data about this ef-
fect have been resumed. Many findings summarised in this
review should be carefully considered as they have been
obtained in model systems. Further studies should prove if
the observed results can be transferred to living organisms
which are more complex than chemical or biological sys-
tems. Only the complete elucidation of the in vivo working
mechanisms would suggest the most appropriate strategies
to reduce HA-related risk for humans.

Several strategies for the prevention or reduction of HAs,
and consequently exposure to these compounds, are simple

Fig. 5. Selection of data on the inhibition of HA-induced mutagenicity in Salmonella assay. The number on the top of each bar represents the reference,
while the experimental model adopted to prepare the compound to test in Salmonella assay (Ames Test) are summarised in the table below the histogram.

and are a matter of changing cooking and eating habits,
whereas in other cases more research is needed[24].

The experimental works carried out using food-extracts
or whole-food as source of antioxidants provide easy-to-use
tools to reduce the HA dietary intake. Pre-treatment with
phenolic antioxidants derived from tea and olive oil results
in a marked reduction of HA formation. Cooking meat and
fish together with foodstuffs containing phenolic antioxi-
dants may be useful to lessen the levels of carcinogenic
HAs produced[8]. The same effect may be obtained cook-
ing meat with tomatoes, carrots or other vegetables rich of
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carotenoids and antioxidant vitamins able to exert inhibition
of HA formation [92,93]. In particular, Mediterranean way
of cooking can be regarded as particularly suitable, as it is
based on the use of sauces and spices rich in antioxidants.

The formation of HAs should also to be taken into ac-
count when optimising the conditions for various food
processes and food processing equipment, in order to in-
crease both quality and safety. Food industry have to handle
carefully the current knowledge about HAs considering the
large amount of meat-based products offered on the mar-
ket. Meat processing industry could evaluate the effective
possibility to use spices, not only as flavouring or food
preservative but also as protective agents against HA for-
mation during technological processes, and domestic cook-
ing. This approach could be well accepted by consumers
that are against synthetic food additives and which usu-
ally respond favourably to the concept of food regarded as
natural.
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