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Pyrolytic Formation of Benzo[a]pyrene in Foods
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ABSTRACT — The pyrolytic formation of benzo[a]pyrene during the cooking procedure was
analysed in beef, pork, pacific saury, rice, and soybean by HPLC. In raw foods, benzo[alpy-
rene (B[a]P) was not detected or negligible, but it was increasingly formed when foods
were boiled (0.010~0.037 ppb) and more dramatically during broiling (0.302~0.851 ppb) in
a time dependent manner. Human daily intake of B[a]P in Koreans and cancer risk assess-
ment were estimated based on food consumption per capita and carcinogenic potency of
B[ a]P. When cooked foods were consumed for entire life time, cancer risk was estimated
to be 1.77X1076>1.65X10"7>1.32X107# by the order of broiled, boiled, and raw foods con-
sumption. These data suggest that broiled foods produce more benzo[alpyrene than water
boiled foods. Thus cooking procedure is an important factor for the formation of carcinogens
and needs to be modified to reduce cancer risk for man.
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Table 1. Major nutritional analysis of beef, rice, soybean,
pacific saury, pork chop and pork belly

units (%)
Protein Fat Ash Moisture }? arbo-
ydrate
Beef 1691 537 094 65.05 11.73
Rice 8.40 091 042 9.23 81.40
Soybean 4068 16.73 4.16 9.15 29.28

Pacific saury  9.13 402 166 11.14 74.05
Pork chop 1453 1389 1.06 69.98 0.72
Pork belly 1861 2743 091 52.66 0.93
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Fig. 1. Calibration curve for benzo[a]pyrene determined
by HPLC.
B[a]P solution in CH;CN was injected into co-
tumn of p-Bondapak Cys (3X3cm), Temperature:
ambient, Flow rate: 1 m//min, Inject volume: 10
w, Eluent: CH,CN:H,O:MeOH (80:10:20),
Scanning type.

Table 2. Effect of broiling on the formation of benzo[a]pyrene in foods
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Fig. 2. HPLC chromatogram of benzo[a]pyrene.
A: standard solution, B: sample solution.

(units: pg/kg)

Broiling time {min)

Samples”
0 5 10 15 20

Beef nd? 0.007+ 0.006” 0.127+ 0.026** 0.254+ 0.086 0.632+ 0.091*
Rice 0.002+ 0.001 0.003£ 0.003 0.012+ 0.003* 0.225+ 0.035** 0.302£ 0.047
Soybean 0.005% 0.001 0.010% 0.001** 0.138+ 0.063* 0.400+ 0.149** 0.604% 0.171*
Pacific saury nd 0.008% 0.001 0.013+ 0.007 0.108+ 0.017** 0.550% 0.149*
Pork chop nd 0.016+ 0.002 0.213+ 0.017** 0.365+ 0.016** 0.596* 0.115*
Pork belly nd 0.026% 0.003 0.243+ 0.003** 0.533% 0.046** 0.851+ 0.147*

#Samples were broiled on frypan, "Values are means SD of three experiments, “nd=not detected.
* Significantly different from increasing broiling time (*: p<0.05, **: p<0.01, student’s t-test).
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Table 3. Effect of boiling on the formation of benzo[a]pyrene in foods
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(units: pg/kg)

Boiling time (min)

Samples?

0 5 10 15 20
Beef nd” 0.007 0.015% 0.004 0.022+ 0.008 0.021+ 0.006
Rice 0.002+ 0.001° 0.003% 0.002 0.002% 0.008 0.010% 0.009** 0.024+ 0.009
Soybean 0.005* 0.001 0.008+ 0.011 0.011+ 0.003 0.016% 0.010 0.010% 0.007
Pacific saury nd 0.021% 0.009 0.027+ 0.010 0.037+ 0.011 0.031% 0.012
Pork chop nd 0.018+ 0.009 0.021% 0.003 0.028+ 0.002 0.037+ 0.011
Pork belly nd 0.026+ 0.010 0.032+ 0.011 0.033+ 0.003 0.035+ 0.007

“Samples were boiled in water, Ynd=not detected, “Values are meanst SD of three experiments.

** Specificantly different from 10 min boiling time (p<0.01).
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Table 4. Estimation of benzo[a]pyrene levels in broiled
foods and expected daily intake in Koreans

Table 6. Human daily intake and cancer risk assessment
in Koreans

Samples Consumption BlalP Estimated
of agricultural levels human daily
product (ug/kg) intake of
(g/kg/day) BlaJP
(ng/kg/day)
Beef 0.19 0.254” 0.048»
Rice 551 0.225 1.240
Soybean 0.74 0.400 0.296
Pacific saury 0.86 0.108 0.093
Pork? 0.54 0.449 0.288

“Measured from the samples broiled for 15 minutes,
YEgtimated for adults (60 kg body weight), “Pork belly
and pork chop are included.

Table 5. Estimation of benzo[a]pyrene levels in boiled
foods and expected daily intake in Koreans

Samples Consumption B[a]P Estimated
of agricultual levels human daily
product (ug/kg) intake of
(g/kg/day) BlalP
(ng/kg/day)
Beef 0.19 0.021% 0.004%
Rice 551 0.024 0.132
Soybean 0.74 0.010 0.007
Pacific saury 0.86 0.031 0.027
Pork? 0.54 0.036 0.020

“Measured from the samples boiled for 20 minutes, "Es-
timated for adults (60 kg body weight), “Pork belly and
pork chop are included.
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