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Determination of Polycyclic Aromatic Hydrocarbons in Fumes
from Fried Chicken Legs
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The amount and variety of polycyclic aromatic hydrocarbons (PAHSs) in fumes during frying of chicken
legs in edible oils were determined using a modified smoke collection device and a GC-MS technique.
Chicken legs were fried in soybean oil, canola oil, or sunflower oil at 163 °C for 1—4 h. Results
showed that most smoke (99%) was collected in the condensation apparatus, whereas the rest (1%)
was adsorbed onto adsorption wool. A large proportion of PAHs in the smoke were detected in
adsorption wool, whereas a small portion was found in the condensation apparatus. Canola oil
generated the largest content (500.9 g for a frying time of 4 h) of smoke, followed by soybean oil,
and sunflower oil. A similar trend was observed for PAH formation in fumes, with the exception that
soybean oil produced a higher level than canola oil.
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INTRODUCTION adsorption of smoke by incorporating both adsorption wool and
; glass beads instead of filter paper. Also, the positive identifica-
among female cancers in Taiwan and Chiha 8). One of the tion of PAHS in 'the smoke should be carneql out using a more
major factors has been attributed to the smoke produced in the2dvanced technique such as GC-MS. The objectives of this study
kitchen during cooking4—6). It has been well documented that V€r€ to modify t_he current smoke c_olIeg:non method_s and use
the smoke contained many mutagenic and carcinogenic com-2 G.C'MS teghnlque fpr the detgrmmatlon Of.PAHS n f“m?s
pounds such as polycyclic aromatic hydrocarbons (PAHs) and during the fry!ng of chicken legs in soybean oil, sunflower oil,
lipid degradation products (6—9). and canola oil.

Teschke et al.®) reported that the nitro-containing PAHs
were detected in kitchen air. Vainiotalo and Matveingd)@@lso ~ MATERIALS AND METHODS
found that several carcinogenic compounds such as naphthalene Materials. Soybean oil was purchased from Chia-Hsing Food Co.

Epidemiological study has shown that lung cancer ranked firs

were present in restaurant air. A large amount of beajpgfene (Taichung, Taiwan), sunflower oil was from President Co. (Tainan,
and dibenzo[a,h]anthracene was formed in the fumes when Taiwan), and canola oil was from Tung-Mau Co. (Yuanlin, Taiwan).
soybean oil was heated at 286 for 2—4 h (8). In addition, Chicken legs were bought from a local supermarket in Taipei. Flavoring
the highly carcinogenic benzaj anthracene, benzajpyrene, powder, composed of modified starch, gum, spicy powder, and

and dibenzo[a,h]anthracene were also detected in the smoke’egetable powder, was from Yuan-Yil Co. (Taoyuan, Taiwan). Flavor-

when lard, soybean oil, and peanut oil were heated at°250 ing liquid was made by mixing flavoring powder and water at a ratio
for 30 min’ ©) ' of 1:10. A batter composed of flour, salt, and gum was made by mixing

. . flavoring powder and water at a ratio of 1:4. Glass beads were obtained
The composition and amount of PAHs in fumes could be f,y, jeng-Mei Co. (Taipei, Taiwan). Adsorption wool, a polypropylene

affected by many factors such as variety of foods, smoke ester type of adsorbent, was from Taiwan Filter Technology Co. (Taipei,

collection device, analytical technique, and heating time and Taiwan).

temperature (9). However, little is known regarding PAH Frying and Adsorption Apparatus. The frying and adsorption

formation in fumes from foods cooked in a variety of edible device (Figure 1) consisted of four parts: (A) frying tank and cover;

oils. Most authors used filter paper for collection of smoke ( (B) condensation apparatus and a glass bottle containing 600 g of round

6, 8,10,11), which may decrease adsorption efficiency because 9lass beads with a diameter 0.4 cm each and a cooling tube; (C)

a large volume of steam produced during the frying of food Vacuum pump; an_d (D) coolgr. Six liters c_)f oil with orwithqut chicl_<en

may interfere with the adsorption of fumes. Thus, in this study legs was poured into the frying tank, which was closed tightly with a

. . . . cover. The inner surface of the cover was filled with adsorption wool
we tried to develop a new smoke collection device for maximum (32 x 30 cm). One temperature detection hole and four smoke-out

holes were on the surface of the cover. For the condensation apparatus,

* Author to whom correspondence should be addressed (e-mail 3 smoke inlet was connected to the cover of the frying tank and guided
nutrl007 @mails.fju.edu.tw; telephone 886-2-29031111, ext. 3626; fax 886-

2-29021215) to the bottom using PVC tubes, whereas an air outlet was connected
t Ching Kuo Institute of Management and Health. to a vacuum pump. Al-L gla§s bottle containing l_)ea_ds was immersed
§ Fu Jen University. in circulating water (3t 2 °C) in the tank. The aspiration rate was 15
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B Table 1. Q1 Ratio of 16 PAHs
E

’ PAH target ion qualifier ion Q1 ratio
1 Y h 1 h naphthalene 128.0 126.0 0.1340
acenaphthylene 152.0 150.0 0.0494
0obo acenaphthene 154.0 154.0 0.0557
fluorene 166.0 165.0 0.0109
D C 00po phenanthrene 178.0 176.0 0.0518
9161610 anthracene 178.0 176.0 0.0535
A fluoranthene 202.0 200.0 0.0484
00pO pyrene 2020 200.0 00478
0000 benz[a]anthracene 228.0 226.0 0.0379
\ chrysene 228.0 226.0 0.0346
L benzo[bfluoranthene 252.0 252.0 0.0436
. . . ) . ) benzo[k]fluoranthene 252.0 252.0 0.0451
Figure 1. Fry_mg and adsorption lapparatus. (A) frying tank an_d cover, benzo[ajpyrene 2520 252.0 0.0430
(B) condensation apparatus containing a glass bottle and a cooling tube; dibenz[a,hjanthracene 278.0 276.0 0.0363
(C) vacuum pump; (D) cooler; (E) PVC tube connecting the cover and indeno[1,2,3-cd]pyrene 276.0 274.0 0.0490
cooling tube; (F) tank containing ice water. benzo[g,h.jperylene 276.0 2714.0 0.0422

L/min. The adsorption wool and glass bottle were replaced every 2 h
to maintain the efficiency of adsorption of the smoke. The smoke was
collected and concentrations were calculated using the following

Table 2. Linear Equation and R 2 of the Calibration Curves of 16
PAHs

steps: (1) The_a_dsorption wool was cut into small_ pieces-bfcm . PAH linear equation R2
square each, divided into two portions, and placed into two extraction
thimbles (45x 150 mm) separately and then refluxed with 300 mL of naphthalene y =16243x - 03331 0.9863
acetone for 20 h using two Soxhlet extractors. The extracts were  acenaphthylene y = 18927x - 0.5482 0.9855
. - acenaphthene y = 1.1379x — 0.2484 0.9854
combined and concentrated to 1 mL. After evaporation to almost fluorene y = 1.3257x - 0.3551 0.9858
dryness, the residue was dissolved in 10 mL of acetone. The solution  pnenanthrene y = 1.0749x - 04544 0.9857
was transferred to a brown vial and stored-at0 °C for GC-MS _ anthracene y = 2.0275x - 0.5152 0.9847
analysis of PAHs. The amount of smoke adsorbed onto the adsorption  fluoranthene y = 2.2586x — 0.5941 0.9846
wool was calculated by the weight difference of the wool before and pyrene y = 2.3381x - 0.5957 0.9961
after heating or frying for 1, 2, and 4 h. (2) The smoke condensate was  benz[aJanthracene y = 2.2980x — 0.8633 0.9896
collected by pouring both the liquid in the glass bottle and glass beads ~ chrysene y = 2.2844x - 0.6641 0.9862
into a Biichner funnel connected to a filtration flask. After 1 min of Eenzo[ﬁ]}l‘lluorantgene y= gggégx:ggzgg 83238
suction, the total amount of condensate was calculated on the basis of ~ enzollfluoranthene ¥y = 2.0850x— L. :
th iaht diff f the flask. One hundred f d t benzo[a]pyrene y = 2.4581x — 1.0114 0.9894
e weight difference of the flask. One hundred grams of condensate jje11 5 3-cdjpyrene y = 1.1361x - 0.0672 0.9916
was collected and concentrated to 1.0 mL. After evaporation to almost  ipenz[a hjanthracene y = 2.0173x — 0.4847 0.9927
dryness with nitrogen, the residue was dissolved in 2 mL of acetone. benzolg,h,ijperylene y = 1.2554x — 0.0835 0.9936

The solution was transferred to a brown vial and stored &2 °C for
GC-MS analysis of PAHSs. (3) The smoke adsorbed onto the glass beads
was calculated as the weight of residual liquid on the glass beads, whichPA). Chemicals including benzene, glacial acetic acid, TBA reagent,
was obtained by subtracting the total amount of condensate from the petroleum ether, sulfuric acid (98%), potassium iodide, chloroform,
weight of the beads-containing glass bottle gained after heating or frying isopropyl alcohol, methanol, sodium hydroxide, boric acid, and soluble
for 1, 2, or 4 h. The glass beads were placed in a flask containing 250 starch were from Merck Co. (Taipei, Taiwan). Solvent acetone used
mL of acetone and sonicated for 60 min, after which the solution was for GC-MS was of pesticide grade and was from Mallinckrodt
concentrated to 1.0 mL and evaporated to almost dryness with nitrogen.Laboratory Chemicals (Phillipsburg, NJ).
The residue was then dissolved in 2 mL of acetone and transferred to  Determination of Moisture, Crude Protein, Crude Fat, and Ash
a brown vial for GC-MS analysis of PAHs. of Chicken Legs. The proximate analysis of chicken legs was
A total of 420 chicken legs with an average weight of 1545 g performed using an AOAC methodZ). The moisture, ash, crude fat,
was divided into six portions of 70 each. The proximate analysis of and crude protein contents of chicken legs were measured according
chicken legs was performed using an AOAC methda) ( Initially 70 to AOAC methods 950.14, 920.153, 985.15, and 992.15, respectively.
chicken legs were immersed in a flavoring liquid (12 L) for 12 h at Determination of Peroxide Value, Acid Value, and TBARs in
refrigerated temperature. The flavoring liquid was made by mixing Edible Oil. The peroxide value (POV) and acid value of edible oils
flavoring powder and water at a ratio of 1:10, whereas a batter was were measured according to AOAC methods 965.33 and 925.41,
made by mixing flavoring powder and water at 1:4. Prior to frying, respectively (12). The value of TBARs was determined using a method
five chicken legs were immersed in the batterfe& s and then coated described by Hoyland and Taylor (13).
with powder. The chicken legs were then poured into a tank containing  Determination of Fatty Acid Composition in Food Lipids. The
6 L of oil and fried at 163°C for 11 min, which is the standard  fatty acid composition in food lipids was analyzed on the basis of the
processing condition for most fast-food restaurants. Chicken legs weremethod described by Lu et al. (14).
selected as reference sample because they are a popular food commodity Determination of Extraction Recovery of PAHs. A PAH stock
in Taiwan’s market. After frying, chicken samples were collected and solution containing naphthalene (353 ppm), acenaphthylene (400 ppm),
another five chicken legs were fried again after heating time of the oil acenaphthene (310 ppm), fluorene (360 ppm), phenanthrene (316 ppm),
reached 30 min with a temperature maintained at 163 As five anthracene (336 ppm), fluoranthene (382 ppm), pyrene (347 ppm),
chicken legs were fried every 30 min, a total of 10, 20, and 40 chicken benzof]anthracene (308 ppm), chrysene (352 ppm), besjflapran-
samples were used for heating times of 1, 2, and 4 h, respectively. thene (200 ppm), benzdfluoranthene (220 ppm), benzajpyrene (336
Three edible oils, soybean oil, sunflower oil, and canola oil were used, ppm), dibenzo[a,h]Janthracene (157 ppm), benzo[g,h,i]perylene (40
and duplicate experiments were performed. For control treatment, ppm), and indeno[1,2,8d]pyrene (40 ppm) was prepared by dissolving
soybean oil alone was heated following the same procedure as describe@n appropriate amount of each PAH in acetone. Two milliliters of PAH
above. solution was mixed with adsorption wool (32 30 cm) in pieces and
Reagent. Sixteen PAH standards and internal standard 2-meth- 600 g of glass beads separately, whereas 10 mL of PAH solution was
ylphenanthrene (2-mpa) were obtained from Supelco Inc. (Bellefonte, mixed with 100 mL of water. Then the various PAHs were analyzed
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internal standard 2-mpa (50 ppm) were mixed. The standard curve of

Table 3. Composition of Chicken Legs before and after Battering ! !
each PAH was prepared by plotting the abundance ratio of each PAH

composition fresh after battering? to 2-mpa against the concentration ratio. The regression equation and
moisture (%) 7271+ 281 73.76 + 2.09 correlation coefficientr¢) were calculatedTable 2). The PAH content
crude fat (%) 716+ 1.49 6.13+ 0.66 (micrograms per gram) in the smoke was calculated using the following
crude protein (%) 20.09 + 0.69 19.25 + 0.61 formula:
ash (%) 0.80+0.11 0.78+0.10
carbohydrate (%) 0.04 £0.02 0.02+£0.01 PAH (ug/g of smoke)=
A/RRF _— .
2 Mean + standard deviation of triplicate analyses. A x W x volume x dilution factor=- recovery
. . . . . . W,
Table 4. Properties of Commercial Edible Oils during Frying of
Chicken Legs
RRF is the relative response facta¥/g) x (W/Wi), A is the peak
heating AVP (mg of POVP area of PAH,A is the peak area of the internal standaid,is the
time?  chicken KOH/g (mequivikg concentration of internal standard (ppri)s is the weight of smoke
oil (h) legs of oil) of oil) TBARSP (9), volume refers to 2 mL each for glass beads and condensate and 10
soybean 0 0 004+0022° 1.03+007a 10.60+0.72a mL for adsorption wool, and the _dilution factor is 1 for both_ adsorpti(_)n
1 10 0.10+0.02b 1130+ 1.25b 26.60 + 1.25h wool and glass beads (the dilution factor of condensate is the weight
2 20 0.12+0.02b 1593+3.62c 28.70+1.11b of condensate gained after adsorption/100).
4 40 026 £0.04c 3541+4.81d 40.17+1.68c Statistical Analysis. Duplicate experiments were performed, and
canola 0 0 005+£00la 183+017a 11.23+0.78a the various PAHs were analyzed twice. The data were subjected to
1 10 010£001b 1051£052b 32.03+3.12h analysis of variance and Duncan’s multiple-range tests using $8S (
2 20 0.12+0.01b 14.66 +1.26c 35.00 + 3.06b
4 40 0.22+£0.01c 3387+0.96d 45.30+252c
sunflower 0 0 007+002a 104009 12.00+159% RESULTS AND DISCUSSION
1 10 012+001b  7.71+048b 24.43+2.000 Table 3 shows the basic composition of chicken legs before
2 20 0.13+0.01b 19.37+0.97c 29.13+1.16¢c . . o
4 40 023+002c 2268+150d 3123+ 0.25d and after battering. On the basis of the mean value of triplicate

analyses, the fresh chicken legs were found to contain 72.71%
moisture, 7.16% crude fat, 20.09% crude protein, 0.8% ash, and
0.04% carbohydrate. Only minor differences were observed for
the same composition of chicken legs after battering.
Table 4 shows the properties of three commercial edible oils
during the frying of chicken legs. Initially low acid values (AV),
by GC-MS using the same extraction procedure for adsorption wool, peroxide values (POV), and thiobarbituric acid reactive sub-
condensate, and glass beads as described above. _ stance (TBARs) values were present for all three oils. An
Determination of PAHS in the Smoke.A method described by i, oaseq trend was found for AV, POV, and TBARs along
Chen and Chen9) was used to determine the various PAHs in the = .~ ~ . : - . .
smoke. An HP 6890 gas chromatography system coupled with a modelWlth mcrgasmg heating time for soyb(_aan_ _O'l' sun_flower oil, and
canola oil. However, there was no significant differenpe>(

5973 mass selective detector was used. An HP-5MS column (30 m c
0.25 mm i.d., 0.25m film thickness) with an He carrier gas flow rate  0.05) for AV and TBARs when soybean oil was heated for 1
(1.0 mL/min) and a split ratio of 30:1 was used. The injector temperature Or 2 h. In contrast, the sharp increase of POV indicated that a
was 290°C, and the column temperature was programmed from 70 to large amount of hydroperoxide was formed. As heating time
250°C at 10°C/min, then raised to 29TC at 5°C/min, and maintained reached 4 h, a pronounced increase of AV, POV, and TBARs
at 290°C for 10 min. The injection volume was 1,0.. The various occurred for soybean oil. This result implied that after prolonged
PAHs were identified by comparing unknown peaks with reference heating, the quality of soybean oil deteriorated. Both sunflower
standards and cochromatography with added standards. Also, a GC| anq canola oil exhibited similar changes of AV, POV, and
MS/selected ion momtormg (SIM) mode.was used to identify the TBARS. However, with the same heating time (4 h), canola oil
unknown PAHs by comparing the Q1 ratio of unknown peaks with .
those of reference standards. The Q1 ratio was defined as the ratio ofshoWed the largest |_ncre§se_ of TBARs, followed by Soybee_ln
oil and sunflower oil. This is probably because canola oil

the area of the qualifier ion to that of the corresponding targefliablé ' - 8 | A
1), and the value should be20% for positive confirmation. contained a much higher amount of linolenic acid (6.75%) and

Each PAH was quantified using an internal standard. Five concentra- Should be more susceptible to hydroperoxide degradation after
tions (5,10, 20, 40, and 100%) of PAH stock solutions and:R@®f extensive heating when compared to soybean oil (5.30%) or

a Heating temperature was 163 °C. ® Mean + standard deviation of triplicate
analyses. AV, acid value; POV, peroxide value; TBARS, thiobarbituric acid reactive
substance. ¢ Values within a column in the same oil followed by different letters
are significantly different (p < 0.05).

Table 5. Yield of Smoke from Three Edible Oils during Heating and Frying

adsorption heating smoke* (g)
device time (h) soybean oil® (heating) soybean oil° (frying) sunflower oil° (frying) canola oil° (frying)
wool 1 0.0099 + 0.0014aA 0.9905 + 0.0308aB" 0.9601 + 0.0107aB 1.0791 +0.0112aB
2 0.0299 £ 0.0024bA 2.0746 £ 0.0305bB 1.9640 + 0.0106bB 2.2603 £ 0.0102bC
4 0.0794 £ 0.0102cA 4.0444 £ 0.0484cC 3.7842 £ 0.0115¢cB 41914 £ 0.0124cD
glass beads 1 0.00 2.18 +0.14aA 2.14 £ 0.09aA 2.08 + 0.08aA
2 1.31+£0.12aA 2.33+0.20aB 2.15+0.18aB 2.20 +0.19aB
4 3.03 £ 0.20bA 4.20 £0.13bB 4.15 +0.06bB 4.18 £0.18bB
condensate 1 ND¢ 144,13 + 1.3%9aB 130.43 + 2.28aA 135.50 + 7.35aAB
2 ND 227.87 + 4.83bA 224,83 +5.87bA 245,00 + 8.72bB
4 ND 472.67 £ 8.36cB 437.16 £ 6.14cA 492,53 £6.67cC

aMean + standard deviation of duplicate analyses. Values a—c within a column or A—-C within a row are significantly different (p < 0.05). ® Only soybean oil was used

for control treatment. ¢ Chicken legs in edible oils were used. ¢ Not detected.
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Table 6. Extraction Recovery of 16 PAHs Spiked onto the Wool, for adsorption wool and glass beads, respectively. Obviously
Bead, and Condensate the large volume of water (72.7%) and complex components
of chicken legs would account for this phenomenon. In addition,
recovery® (%) most smoke generated during frying was collected in the
PAH wool glass bead condensate condensate because of the production of a great level of steam
naphthalene 92.79 + 3.02 100.57 + 8.05 92.04 + 0.09 during frying. For adsorption wool and condensate, canola oll
acenaphthylene 91.86 + 2.08 98.62 + 4.02 90.07 £0.04 produced the largest yield of smoke, followed by soybean oll
acenaphthene 95.00+1.21 9%5.61+£212  9327+023 and sunflower oil, when chicken legs were fried for 4 h. This
Eﬁzge;nethrene gggéig% g;ggi;gg gg:?gig:gi result further demonstrated that linolenic acid played a more
anthracene 90.81 +2.73 96.67 + 4.10 92.02 +0.11 important role in smoke formation than linoleic acid or oleic
fluoranthene 96.11 +1.17 100.02 + 3.03 91.08 +0.03 acid. Nevertheless, this outcome seemed to be contradictory to
pyrene 92.72+4.23 9357+404 92124003 a report by Chen and Che®)( who found that soybean oil
Eﬁ;ﬁ:mhraee”e 3(1)% i ggg gigf i égg ggg i 8:?;11 formed a slightly higher amount of smoke than canola oil when
benzoblfluoranthene  82.01£10.13  88.72£10.03  88.05%007 both were heated alone at 22@ for 2 h. This could be
benzo[k]fluoranthene 82.42 +10.05 85.69 +11.05  88.13+0.04 explained by the difference in smoke collection device and
benzo[a]pyrene 9335+1.07  10033+202 94114001 heating with or without food commodity. A Rancimat oil
g'benz[a'h].a”thrace”e 9248+212 921£113  94.08+003 stability analyzer was used as a model system for heating oil,
enzo[g,h,iperylene 90.55 + 2.47 90.56 + 3.72 92.02+0.11 .
indenof12,3-cdlpyrene  90.35+125  9545+215 9297018 and Tenax was used as adsorbent for adsorption of smoke by
a oL6s 9566 9190 Chen and Chen (9), which are not applicable in our experiment

because smoke formation accompanied by a large volume of

steam during frying would substantially decrease the adsorption

efficiency. In a similar study Wu and Yed 1) used filter paper

to adsorb smoke and reported that canola oil generated a higher

@ Mean * standard deviation of triplicate analyses.

sunflower oil (0.50%). For hydroperoxide formation, soybean

o ! . - level of smoke than soybean oil or sunflower oil.
oil increased more than canola oil, which could be attributed to . .
a much higher content of linoleic acid for the former (54.85%) ! able 6 shows the extraction recovery of 16 PAHs spiked
than the latter (19.85%). Liu and Whitd®) further demon- onto the wool, glass beads, and condensate. Several authors have

strated that the quality of frying oil correlated well to the amount USed cyclohexane to extract PAHs in the smdi@ {7). Other

of linolenic acid in the oilTable 5 shows the yield (grams) of ~ authors used acetone for extraction of PAKSY 8); however,
smoke from the three edible oils during heating and frying. O recovery was reported. In this stqdy we also used acetone to
When soybean oil was heated alone, glass beads were found t&Xtract PAHs in the smoke and a high recovery was obtained.
contain a higher yield of smoke than wool. Interestingly, no The average recoveries of 16 PAHs for wool, glass beads, and
smoke was detected in the condensate, revealing that most fume§ondensate were 91.65, 95.66, and 91.90%, respectively. The
were adsorbed onto glass beads in the absence of food sampldoWwest recovery for adsorption wool is probably due to a long
The amount of smoke formed followed an increased order for "éflux time and high extraction temperature (85), which in

the increase of heating time. When chicken legs were fried in turn resulted in a significant loss of PAHs. Likewise, a low
soybean oil, the smoke was generated at a much greater conterf€covery was found for the condensate, which could be attributed
than when soybean oil was heated alone. For instance, with at0 the long concentration time due to the presence of a large
heating time of 2 h, small contents of 0.0299 and 1.31 g of amountof water. No concentration step was applied to the glass
smoke from soybean oil were found for adsorption wool and beads, and thus a higher recovery was achieved.

glass beads, respectively. On the contrary, with the same frying Table 7 shows the PAH concentration (micrograms per gram
time, high yields of 2.0746 and 2.33 g of smoke were produced of smoke) in the smoke from soybean oil during the frying of

Table 7. Concentration of PAHs in the Smoke from Soybean Oil during Frying

concn («g/g of smoke) at heating time of

1h 2h 4h

PAH wool beads condensate wool bead condensate wool beads condensate
naphthalene NDP ND ND ND ND ND ND ND ND
acenaphthylene 2293+0.28 208+132 0.20+0.03 19.50+0.47 289+1.04 023+0.03 2024+1.46 2.80 £ 0.61 0.24 +£0.08
acenaphthene 7424+028 1606+1.32 0.62+0.03 5404+047 20.03+1.04 0.68+003 43.94+146 17.22+0.61 0.53+£0.08
fluorene 65.68+0.09 2271+099 058+0.01 53.08+1.35 2481+230 055+006 4731+163 22.85+1.13 0.53 £0.06
phenanthrene 75.86+1.04 1044+182 061+0.04 7755+152 1476+3.70 0.82+002 7030+242 17.70+1.44 0.75+0.06
anthracene 5151+292 1491+165 041+0.06 4245+147 19.46+067 051+0.02 4394+131 16.80+2.79 0.58 £0.03
fluoranthene 86.50+1.71 1048+187 047+0.06 8325+145 1840+242 0.81+£0.03 7920+3.72 20.03+1.21 0.52 £0.09
pyrene 83.35+199 ND 054+£005 66.44+119 1677+0.70 084+0.02 63.98+287 1467+1.11 0.62£0.14
benz[a]anthracene 5496+169 596+066 044+0.07 46.38+233 17.31+0.66 0.61+0.03 48.04+3.90 21.35+0.08 0.61+0.06
chrysene 49.00+161 298+033 039+014 4342+2.64 9.21+£027 055+0.03 3528+176 10.86+0.78 0.48 £0.02
benzo[b]fluoranthene 404+£128 ND 0.05+0.01 3.54+£0.28 ND 0.05£0.02 4.65 £ 0.62 0.86 £0.27 0.07 £0.02
benzo[k]fluoranthene 280+£029 ND 0.02+£0.01 2.55+0.27 ND 0.05 +0.02 5.70 £ 0.97 0.47+0.11 0.05 +0.02
benzo[a]pyrene 24.00+0.30 ND 0.17+£0.02 17.17+1.09 ND 0.22+0.03 18.15+1.80 5.26 £0.76 0.17£0.01
indeno[1,2,3-cd]pyrene ND ND ND ND ND ND ND ND ND
benzo[g,h,i]perylene ND ND ND ND ND ND ND ND ND
dibenz[a,h]anthracene 23.44+0.39 ND 0.18+0.01 17.17+3.83 572+0.06 035+0.03 31.49+1.06 8.52+160.44 0.36+0.05
total 595.38 83.54 4.47 507.04 146.46 6.04 491.97 156.58 5.26

2 Mean + standard deviation of duplicate analyses. ® Not detected.
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Table 8. Concentration of PAHs in the Smoke from Sunflower Oil during Frying

concn? (uglg of smoke) at heating time of

1h 2h 4h

PAH wool beads condensate wool beads condensate wool beads condensate
naphthalene NDP ND ND ND ND ND ND ND ND
acenaphthylene 2157+5.09 449+038 022+0.02 3020+269 951+040 031+009 2455+0.79 816+194 0.25+0.02
acenaphthene 22.60 £0.90 568055 0.18+0.02 2215+£0.16 1191+0.33 0.25+0.05 19.66 £ 0.61 927+0.14 0.22+0.04
fluorene 13.08 +2.25 ND 0.12+0.01 13.07+£0.71 244+£049 0.14+0.06 11.25 £ 1.56 262+010 0.15+0.01
phenanthrene 5954 +3.65 486+040 054+0.02 4529+1.18 1093+099 059+0.12 39.71+264 651+0.69 0.37+0.02
anthracene 4410 +1.17 357+023 042+0.05 41.56 £3.19 593+£0.27 0.57+0.02 50.67 £3.31 548+0.88 0.47+0.08
fluoranthene 25.01+£0.63 7.42+027 0.23+0.05 22.84+162 1500+022 0.29+0.02 23.16+0.68 13.16+0.12 0.27+0.06
pyrene 69.56 + 1.45 543+1.07 0.53+0.09 48372 +3.15 1049+177 0.67+0.04 30.20+£0.28 744+020 0.35+0.02
benz[a]anthracene 31.82+058 397+165 028+006 38.02+058 868+052 0.38+0.02 3234+353 9.08+045 0.38+0.04
chrysene 2291+ 257 350+099 0.21+0.06 28.14£0.35 727+£0.72 0.31+0.04 27.05+2.90 540+£0.76 0.31+0.01
benzob]fluoranthene ND ND ND 9.31+0.92 ND 0.09 £0.01 11.19+1.42 028+0.11 0.22+0.01
benzok]fluoranthene ND ND ND 12.44+053 ND 0.11£0.01 16.02+0.40 145+0.69 0.08+0.01
benzo[a]pyrene 3.08+207 ND 0.07 £0.03 6.84+046 ND 0.09 +£0.04 886+0.13 2.00+046 0.12+0.02
indeno[1,2,3-cd]pyrene ND ND ND ND ND ND ND ND ND
benzo[g,h,i]perylene ND ND ND ND ND ND ND ND ND
dibenz[a,h]anthracene 12.71+257 ND 014+004 13.05+060 6.69+0.18 0.19+0.02 1477+1.03 587+124 0.16+0.01
total 325.98 38.93 2.94 331.64 88.85 3.99 309.44 76.70 3.34

aMean + standard deviation of duplicate analyses. ® Not detected.

Table 9. Concentration of PAHs in the Smoke from Canola Oil during Frying

concn? (ug/g of smoke) at heating time of

1h 2h 4h

PAH wool beads condensate wool beads condensate wool beads condensate
naphthalene NDP ND ND ND ND ND ND ND ND
acenaphthylene 2062+0.87 329+144 019+£0.03  25.06%0.50 725+178 031+0.02 4235+153 8.72+145 044%0.01
acenaphthene 44.27 £0.15 6.79+£0.66 0.39+0.09 33.79+1.36 10.08+0.77 0.37£0.09 40.42 +1.85 10.82+0.15 0.36+0.01
fluorene 54.65+0.69 ND 0.53+£0.07 5256 +1.29 ND 0.61+0.07 41.80+1.73 ND 0.42 £0.02
phenanthrene 4468 +£0.72 19.17+147 043+0.09 3650+0.88 2026+1.42 040+0.07 3854+054 1756+0.12 0.36%0.02
anthracene 46.38+1.33 18.13+237 0.51+0.01 48.78 £ 0.95 26.29+1.02 0.47+0.03 43.78 £1.42 2211+0.74 0.46+0.03
fluoranthene 4382+0.19 19.86+0.95 0.39+0.07 37.92+1.32 26.78 £1.55 0.40+0.05 36.68 £ 1.11 18.61+1.28 0.37+0.02
pyrene 5766 £0.13 ND 0.55+0.05 51.21+0.21 ND 0.71£0.07 48.90 +0.27 288+021 045+0.01
benz[a]anthracene 5207+0.69 711+118 045+0.14 38.08+1.03 12.85+0.12 038%+0.05 41.17+1.87 9.62+0.67 0.39+0.03
chrysene 48.14+0.63 ND 0.52+0.10 47.06 £ 0.62 1.01+0.05 0.18+0.04 44.34 +0.47 1.36+£091 0.17+0.05
benzob]fluoranthene ND ND ND ND ND ND ND ND ND
benzo[k]fluoranthene ND ND ND ND ND ND ND ND ND
benzo[a]pyrene 20.90 £0.26 2474313 0.19+0.06 15.54 £ 0.34 1.01+0.06 0.17+0.02 15.57 £ 1.60 3.07+0.09 0.16+0.02
indeno[1,2,3-cd]pyrene ND ND ND ND ND ND ND ND ND
benzo[g,h,i]perylene ND ND ND ND ND ND ND ND ND
dibenz[a,h]anthracene 20.90 +1.89 0.18+£0.03  18.71+0.07 449+007 026+0.01 23.53+1.40 6.26 £057 0.21+0.02
total 454.08 76.83 4.33 405.21 110.03 4.26 417.09 101.00 3.78

aMean + standard deviation of duplicate analyses. © Not detected.

chicken legs. Adsorption wool was found to contain the highest and benzo[a]pyrene. A similar result was reported by Li (8),
content of PAHs, followed by glass beads and condensate.who found that dibenza]h]anthracene was formed at a larger
Unlike glass beads, the total amount of PAHs for adsorption amount than benzo[a]pyrene when soybean oil was heated at
wool and condensate did not show an increased order for the265 °C for 2—4 h. However, in another study Chian§)(
increase of heating time. This is probably because chicken legsreported that benzo[a]pyrene was produced at a higher content
contain a large volume of water, which could be evaporated to than benzo[a]anthracene and dibergbJanthracene during
form steam that would then be adsorbed onto adsorption wool heating of soybean oil at 25@ for 30 min. As stated before,
or condensed to form liquid during frying. The dilution effect the amount and variety of PAHs generated in fumes could
of water would thus affect the PAH concentration. In addition, depend on many factors such as heating method, time and
the weight variation of chicken legs may also cause this temperature, variety of edible oil, smoke collection device, and
difference. With a frying time of 1 h, 13 PAHs were detected heating with or without food samples.
in both adsorption wool and condensate, whereas 8 PAHs were Chiang et al. (6) used a glass fiber filter paper and a vacuum
present on glass beads. The same trend was observed for fryingpump to collect fumes from cooking oil. The same smoke
times of 2 and 4 h, with the exception that 9 and 13 PAHs collection device was also used by Qu et d). §nd Wu et al.
occurred for glass beads, respectively. It is apparent that after(11). However, this device may not be applicable to our study
extensive heating, some more varieties of PAHs were formed because chicken legs contain a high amount of water, which
and adsorbed onto glass beads. can form steam during frying and thus decrease the adsorption
For the three most carcinogenic PAHS, beazahthracene efficiency of filter paper. Therefore, in our experiment both
was present in highest level, followed by dibergbJanthracene adsorption wool and condensation apparatus were employed.



PAHs in Fumes from Fried Chicken Legs

Tables 8and9 show the concentration (micrograms per gram
of smoke) of PAHs in the smoke from sunflower oil and canola
oil, respectively, during frying. A similar outcome was shown
as inTable 5; that is, adsorption wool possessed the highest
efficiency to adsorb smoke, followed by glass beads and
condensate. However, the variety of PAHs formed was different
from soybean oil. Aftel h of frying in sunflower oil, 11 PAHs
were found for both adsorption wool and condensate, whereas
8 PAHSs occurred for glass beads. With frying times of 2 and 4
h, 10 and 13 PAHs were present for glass beads, respectively,
whereas 13 PAHs were found for both adsorption wool and
condensate.

By comparison of the results shown above, a high proportion
of total PAHs was adsorbed onto adsorption wool, which
amounted to 75.3—87.1, 78.1—88.6, and 78.0—84.8%, respec-
tively, for soybean oil, sunflower oil, and canola oil. Conversely,
a low percentage of total PAHs was found for condensate, which
ranged from 0.65 to 0.92%, from 0.80 to 0.86%, and from 0.72
to 0.82% for soybean oil, sunflower oil, and canola oil,
respectively. For glass beads, the proportions of total PAHs were
12.2—23.9, 10.6—20.9, and 14.4—21.2%, respectively, for
soybean oil, sunflower oil, and canola oil. Although most PAHs
were adsorbed onto adsorption wool, the amount of PAHs in
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(3) Ko, Y. C.; Lee, C. H.; Chen, M. J.; Huang, C. C.; Chang, W.
Y.; Lin, H. J.; Wang, H. Z.; Chang, P. Y. Risk and protective
factors for primary lung cancer among nonsmoking women in
Taiwan.Int. J. Epidemiol.1997,26, 24-31.

(4) Qu, Y.H.; Xu, G. X.; Zhou, J. Z. Genotoxicity of heating cooking
oil vapors.Mutat. Res1992,298, 105—111.

(5) Shields, P. G.; Xu, G. X,; Blot, W. J.; Fraumeni, J. F., Jr.; Trivers,
G. E.; Pellizzari, E. D.; Qu, Y. H.; Gao, Y. T.; Harris, C. C.
Mutation from heated Chinese and U.S. cooking ailsNatl.
Cancer Inst.1995,87, 836—841.

(6) Chiang, T. A.; Wu, P. F.; Wang, L. F.; Lee, H.; Lee, C. H.; Ko,
Y. C. Mutagenicity and polycyclic aromatic hydrocarbon content
of fumes from heated cooking oils produced in Taiwistutat.
Res.1997,381, 157—-161.

(7) Teschke, K.; Hertzman, C.; Netten, C. V. Potential exposure of
cooks to airborne mutagens and carcinogeéngsiron. Res1989,

50, 296—308.

(8) Li, S. Analysis of polycyclic aromatic hydrocarbons in cooking
oil fume. Arch. Environ. Health1994,49, 119—-122.

(9) Chen, B. H.; Chen, Y. C. Formation of polycyclic aromatic
hydrocarbons in the smoke from heated model lipids and food
lipids. J. Agric. Food Chem2001,49, 5238—5243.

(10) Vainiotalo, S.; Matveinen, K. Cooking fumes as a hygienic
problem in the food and catering industriésn. Ind. Hyg. Assoc.
1993,54, 376—382.

glass beads and condensate could not be ignored. Thus, both(11) Wu, S.C.; Yen, G. C.; Sheu, F. Mutagenicity and identification

glass beads and condensate should be taken into consideration

for smoke collection in order to avoid quantitation error of
PAHSs. In contrast to the result for smoke formation, soybean
oil produced a higher level of PAHs than canola oil. This may
be explained as follows: In addition to PAHSs, it has been well
established that the smoke contained many carcinogenic lipid
degradation products such as 2-buterems,trans-2,4-decadi-
enal, and benzaldehyd®,(11). It was postulated thatan-
strans-2,4-decadienal may react with 2-butene to form 4-pentyl-
2,3-dimethylbenzoic acid, which in turn results in the formation
of PAHs such as 2,3-dimethyl-4-pentyl-1-carboxylnaphthalene
through further reaction with 2-buten®)( As linoleic acid and
linolenic acid were probable precursors for these lipid degrada-
tion products, soybean oil should be more susceptible to PAH
formation than canola oil because the former is abundant in
both fatty acids9). Also, the presence of other toxic compounds
in the smoke such as heterocyclic amines may cause this
variation (18). It has been well documented that heterocyclic
amines can be formed through heating of four precursors: amino
acids, creatine, creatinine, and sugar (19). However, it is also
possible that the lipid degradation products may facilitate the
formation of pyridine or pyrazine compounds through Maillard
reaction, which in turn results in the formation of heterocyclic
amines R0). Further research is necessary to study the formation
mechanism of PAH derivatives in the smoke.
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