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Fig.2 Total ion chromatograms and mass spectrum of PhIP formed by heating of phenylalanine and creatinine. (A)
Non-heating, (B) heating at 200C for 3 min, (C) mass spectrum of PhIP peak of (B).
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Fig.3 Effects of heating time (A) and temperature (B) on the formation of PhIP. Phenylalanine (100xg)
and creatinine (10g) were heated in dry model system.
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Fig.4 Effects of addition of pepper and piperine on the formation of PhIP by heating. (A) Control, (B) and
(D) piperine addition, (C) and (E) pepper addition.
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Fig.5 Effects of addition of (A) ingredients and (B) extracts of seasoning and spices on the formation of PhIP by heating.
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Fig.6 Chromatograms obtained from standard heterocyclic amines (50 ng) and (B) protein fraction of

cooked fish (50 g) by GC-NPD.
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Fig.7 LC-MS spectra of protein peak purified from cooked fish.
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Fig.8 Effects of cooking time and temperature on the formation of free and protein-adduct of PhIP in cooked beef.
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Fig.9 Chromatograms of PhIP-adduct formed by heating of albumin and PhIP.
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Table 1 Contents of PhIP bound to protein in several cooled foods.

PhIP content (ng/g food)

Saury 9.00 Yellowtail (white flesh) 0.90 Beef 0.75 Eggyolk 061
Cod 8.74 Yellowtail (red flesh) 159 Pork 1.37 Egg white 0.65
Salmom 4.92 Dried cuttlefish ND* Chicken 0.65 Bread ND*

*ND ! not detectable.
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Fig.10 Chromatograms and mass spectra of PhIP-Gly adduct formed by heating. (A), (C) and (E) : total ion chromatograms obtained
from heated Gly, PhIP and Gly+PhIP ; (B), (D) and (F) : mass chromatograms (m/z=282) obtained from heated Gly, PhIP and
Gly+PhIP ; (G) : mass spectrum of PhIP-Gly adduct ; (H) : MS-MS spectrum of PhIP-Gly adduct.
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Fig.11 Proposed structure and fragmentation of PhIP-Gly L7, X 51z Trp-P-l IQ MGIQX 73 @fg
adduct. ’ ’ ’
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Fig.12 Effects of Gly/PhIP ratio, heating temperature and time on the formation of PhIP-Gly adduct.
Table 2 Formation of adducts from various amino acids and heterocyclic amines by heating.
Compund PhIP Trp-P-1 1Q MelQ Compund PhIP Trp-P-1 1Q MelQ
(MW) (224) (211) (198) (213) (MW) (224) (211) (198) (213)
Gly ( 75) 290 ND 3 16 Asp (133) 104 3 31 28
Ala ( 89) 485 Clu (147) 73
Val (117) 40 Asn (132) 10
Leu (131) 26 Gln (146) 175
Ile (131) 18 His (155) 225
Ser (105) 43 ND 40 45 Srg (174) 54
Thr (119) 13 Lys (146) ND ND ND 7
Cys (121) ND ND ND ND Phe (165) 170 36 19 60
Met (149) 17 Tyr (181) 31
Pro (115) 181 ND 18 290 Trp (204) 29

Data show peak area counts of the adducts formed from each amino acid and heterocyclic amine.

WiRS R LT, M
LC-MS K U GC-NPD 53#f L7z & 2 5,
W T&/ £2°T, PhIP
U, ki BE R Ry 1A &

PhIP IZx L C Gly %

, PhIP & fk4 72

2 & B AR R D W TGS

2R3 L9112, Cys* Lys
FEAEDT I B

RO BN,



BEHOMBIZEBEATFOF AL 7Y v 77 I AR D AR &

TP X B ZF o f 139

Figs.13 (A) Gly + Trp-P-1 . (C) Gly only (m/z=269)
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Figs.13-15 Formation of Gly-Trp-P-1, Gly-IQ and Gly-MelQx adducts by heating.
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Fig.16 Effects of addition of seasoning and spices on the formation of PhIP by heating.
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Fig.17 Effects of addition of pepper on the formation of MeIQx and PhIP by heating.
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It is well known that mutagenic heterocyclic amines (HCAs) are formed in cooked
meat and fish. Recently, it is suggested that HCAs are released from high molecular weight
compounds in cooking foods by acid hydrolysis, and HCA adducts with proteins and amino
acids are formed by heating. However, human HCA exposure and carcinogenic risk have
not been elucidated in sufficient detail. In this study, we investigated about the formation of
HCAs and their adducts, and control under various cooking conditions such as presence of
seasoning and spice. HCAs and their adducts were analyzed by liquid chromatography-mass
spectrometry (LC-MS). PhIP and PhIP-amino acid adducts were easily formed by heating
of the mixtures of precursor phenylalanine and creatinine at 200 C within 3 min and by
heating of the mixtures of PhIP and Gly at 200C within 5 min, respectively. Their
formations were suppressed by addition of piperine and catechin during heating. Same
suppression was observed by addition of seasoning and spice, and the formation of PhIP and
MelQx also decreased in cooked beefsteak after sprinkling with pepper. These results
suggest that addition of seasoning and spice in cooking may influence the formation and
degradation of HCAs and their adducts, and provide useful information for prevention

carcinogenic risk by HCA exposure.



