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Influence of Polycyclic Aromatic Hydrocarbons Formation in
Sesame Oils with Different Roasting Conditions

Ilwon Seo, Hejung Nam, and Han-Seung Shin*

Department of Food Science and Technology and Institute of Lotus Functional Food Ingredient, Dongguk University

Abstract Polycyclic aromatic hydrocarbons (PAHs) are environmental carcinogenic compounds that arise by several
means including food processing methods such as smoking and direct drying and cooking. This study examined the
concentration of PAHs in sesame oils with various roasting temperatures (190, 220 and 250°C), methods (direct heating
vs. indirect hot air heating), and times (5, 10, 15, 20 and 25 min). The PAHs in the sesame oils were analyzed using
liquid-liquid extraction and solid-phase clean up (Florisil), followed by HPLC with fluorescence detection. According to
the results, mean levels of total PAHs increased when the sesame oils were roasted at increasing temperatures and times.
The sesame oil roasted at 250°C for 25 min had the highest mean value of total PAHs (4.66 ug/kg). The results of this
study suggest that the indirect hot air roasting method decreased PAH formation during sesame oil processing.
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PAHs®] #4 tldE2-2 BaA, BaP, DahA, BghiP, chrysene
(CRY), benzo[b]fluoranthene(BbF), benzo[k]fluoranthene(BAF),
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Fig. 1. HPLC/FLD chromatogram of PAHs from standards(A) and samples(B). BaA: benzo[a]anthracene, CRY: chrysene, BbF: benzo[b
]fluoranthene, BAF: benzo[k]fluoranthene, BaP: benzo[a]pyrene, DakA: dibenzo[a,/]anthracene, IS(Internal standard): 3-methylcholanthrene,

BghiP: benzo[g,h,ilperylene, lcdP: indeno[1,2,3-c,d]pyrene.
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Table 1. Limits of detection(LOD), limits of quantification(LOQ)
and recovery for PAH analysis.

Recovery 2 LOD LOQ

PAHS %) R (ngke)  (ngke)
BaA 99.15 0.999 0.012 0.042
CRY 97.63 0.999 0.021 0.071
BAF 93.33 0.999 0.023 0.078
BAiF 89.22 0.999 0.032 0.108
BaP 92.52 0.999 0.024 0.080
DahA 87.06 0.997 0312 1.052
BghiP 97.50 0.997 0.382 1.273
ledP 81.19 0.999 0.240 0.802

BaA: benzo[a]anthracene, CRY: chrysene, BAF: benzo[b]fluoranthene,
BAF: benzo[k|fluoranthene, BaP: benzo[a]pyrene, DahA: dibenzo[a,h)
anthracene, BghiP: benzo[g,A,i|perylene, lcdP: indeno[1,2,3-c,d|pyrene

HollA) 222 pnglkg, 25804 2.93 ugkg® & 190°Ce] 5 A17HH
Hop & &) PAHy7F 420t 8PAHs § BaPi= Alzko] A
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Fig. 2. Changes in concentration of SPAHs during sesame oil

roasting with different temperatures and times. -4-, 5 min; -[-,
10 min; -A-, 15 min; -O-, 20 min; - X -, 25 min
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Table 2. Concentration of PAHs in sesame oil roasted with hot air heating at 190°C (unit: pg/kg)
Roasting time (min
PAHs £ (tmin)
5 10 15 20 25
BaA 0.91x0.09" 0.93+0.06 1.02+0.07 1.10+0.06 1.14+0.08
CRY 0.45+0.08 0.49+0.09 0.58+0.08 0.47+0.06 0.50+0.06
BAF 0.15+0.01 0.17+0.02 0.15+0.04 0.16+0.05 0.17+0.09
BKF 0.06+0.01 0.06+0.01 0.07+0.01 0.07+0.01 0.09+0.02
BaP 0.10+0.02 0.11+0.01 0.13+0.02 0.14+0.02 0.14+0.01
DahA ND? ND ND ND 0.18+0.13*
BghiP ND ND ND ND ND
IcdP ND ND ND ND 0.21+0.15*
Total 1.67+£0.14* 1.76+£0.15* 1.95+0.12* 1.94+0.13* 2.43+0.14°

**Means in the same row bearing different superscripts are significantly different (p<0.05) by Student-Newman-Keuls methods.

YValues are mean+SD ?ND: Not detected *Below limit of quantification

BaA: benzo[alanthracene, CRY: chrysene, BAF: benzo[b]fluoranthene, BAF: benzo[k]fluoranthene, BaP: benzo[a]pyrene, DahA: dibenzo|a,h]

anthracene, BghiP: benzo[g,h,i]perylene, lcdP: indeno[1,2,3-¢,d]|pyrene
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Table 3. Concentrations of PAHs in sesame oil roasted with hot air heating at 220°C (unit: pg/kg)
Roasting time (min
PAHs £ (tmin)
5 10 15 20 25
BaA 0.89+0.07" 0.92+0.07 0.88+0.17 1.08+0.13 1.11+0.09
CRY 0.45+0.06 0.53+0.06 0.47+0.12 0.40+0.07 0.42+0.15
BAF 0.24+0.05 0.24+0.04 0.30+0.08 0.29+0.03 0.24+0.29
BkF 0.04+0.00 0.07+0.01 0.08+0.01 0.05+0.02 0.05+0.01
BaP 0.10+0.01 0.12+0.02 0.15+0.02 0.16+0.02 0.21+0.10
DahA ND? ND 0.10+0.16* 0.05+0.08* 0.13+0.13*
BghiP ND ND 0.10+0.17* 0.06+0.09* 0.12+0.12*
TedP ND ND ND 0.13+0.19%* 0.65+0.25%*
Total 1.72+0.10° 1.88+0.13° 2.08+0.04* 2.22+0.53* 2.93+0.10°

**Means in the same row bearing different superscripts are significantly different (p<0.05) by Student-Newman-Keuls methods.

YValues are mean+SD ?ND: Not detected *Below limit of quantification

BaA: benzo[alanthracene, CRY: chrysene, BAF: benzo[b]fluoranthene, BAF: benzo[k]fluoranthene, BaP: benzo[a]pyrene, DahA: dibenzo|a,h]
anthracene, BghiP: benzo[g,h,i]perylene, lcdP: indeno[1,2,3-c,d]|pyrene

Table 4. Concentrations of PAHs in sesame oil roasted with hot air heating at 250°C (unit: pg/kg)
Roasting time (min
PAHs £ (tmin)
5 10 15 20 25
BaA 0.71£0.01" 0.89+0.25 1.24+0.11 1.34+0.12 1.47£0.15
CRY 0.56+0.02 0.52+0.06 0.52+0.13 0.52+0.09 0.62+0.05
BAF 0.28+0.03 0.33+0.17 0.29+0.08 0.51+0.22 0.54+0.17
BKF 0.07+0.01 0.06+0.01 0.05+0.02 0.05+0.02 0.08+0.02
BaP 0.15+0.03 0.13+0.01 0.17+0.03 0.20+0.06 0.21+0.07
DahA 0.09+0.07* 0.15+0.13* 0.14+0.13* 0.20+0.15% 0.25+0.21%*
BghiP ND? ND 0.12+0.20* 0.22+0.26* 0.37+0.40%*
IedP 0.93+0.06 0.85+0.14 0.85+0.27 1.14+0.19 1.12+0.22
Total 2.79+0.08* 2.93+0.18* 3.38+0.13° 4.18+0.45¢ 4.66+£0.59°

**Means in the same row bearing different superscripts are significantly different (p<0.05) by Student-Newman-Keuls methods.

YValues are mean+SD ?ND: Not detected *Below limit of quantification

BaA: benzo[alanthracene, CRY: chrysene, BAF: benzo[b]fluoranthene, BAF: benzo[k]fluoranthene, BaP: benzo[a]pyrene, DahA: dibenzo|a,h]
anthracene, BghiP: benzo[g,h,i]perylene, lcdP: indeno[1,2,3-¢,d]|pyrene

Table 5. Concentrations of PAHs in sesame oil from directly with closed type roasted at 220°C (unit: pg/kg)
Roasting time (min
PAHs £ (min)
5 10 15 20
BaA 0.58+0.02" 0.71+0.04 0.88+0.12 0.84+0.12
CRY 0.46+0.09 0.56+0.02 1.27+0.11 1.43+0.07
BOF 0.09+0.03 0.08+.0.01 0.06+0.01 0.13+0.06
BKF 0.01+0.01%* 0.04+0.03* 0.05+0.04* 0.02+0.01*
BaP 1.64+0.61 2.31+£0.97 3.23+1.03 3.68+1.21
DahA ND ND ND ND
BghiP ND ND ND ND
IcdP ND ND ND 0.38+0.08*
Total 2.78+0.11° 3.70£0.04° 5.49+0.09° 6.48+0.33¢

*dMeans in the same row bearing different superscripts are significantly different (p<0.05) by Student-Newman-Keuls methods.

YValues are mean+SD ?ND: Not detected *Below limit of quantification

BaA: benzo[alanthracene, CRY: chrysene, BAF: benzo[b]fluoranthene, BAF: benzo[k]fluoranthene, BaP: benzo[a]pyrene, DahA: dibenzo|a,h]
anthracene, BghiP: benzo[g,h,i]perylene, lcdP: indeno[1,2,3-c,d]|pyrene

o F ZH3 FH7)SolX PAHs TS 172, 1.88, 2.08, 2.22, S o) BAEE PAHs TS 278 ughkgl 2 7H4718 whao g
293 ngkgl 2 AZEJL 7EEGAE o]8-3sle] 220°CllA] 5, 10, 2027 FE R Wol AEHATE S 5 o] A7k
15, 208 H2 F 2R3t 3718olA PAHs $H2 2,78, 3.70, wWE PAHs -2 7H71E wlge g8 8oz SUlst
549, 648 pgkgl 2 AZEUTE AH/E WA o7 5E7F Hk AL, ZH7FE Ao Z 250°CAlA] J/E ARG Wol HE
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Table 6. Hunter color values of sesame oil roasted by different times and temperatures

Color
Roasting temperature (°C) Roasting time (min)
L a B

Raw 61.63+0.93 -3.35+0.07 30.60+0.76

190" 5 59.79+0.43% -2.57+0.08° 32.07+0.53°
10 59.06+£0.51%® -2.24+0.16° 30.79+0.63*
15 59.63+1.18%® -3.07+0.06° 30.36+0.53*
20 59.02+0.54* -2.23+0.01¢ 30.62+0.32*
25 59,81+0.10° -2.48+0.04° 30.24+0.38*

220" 5 58.30+1.30° -2.11+0.15% 29.08+1.76™
10 58.36+0.09" -0.14£0.14° 28.54+0.26"
15 53.92+0.19* 4.90+0.14¢ 28.38+0.03™
20 53.32+0.81* 5.26+0.39° 27.95+1.54™
25 53.47+0.31° 6.01+0.09° 28.65+0.22°

250" 5 58.51+0.39° -0.15+0.08° 32.61+0.33¢
10 49.05+0.25¢ 9.47+0.18° 23.02+0.16¢
15 44.87+0.39° 12.68+0.58° 16.94+0.56°
20 42.79+0.27° 13.10+£0.21° 13.57+0.20°
25 42.14+0.20° 13.17+0.05° 11.82+0.11*

2207 5 39.50+0.37 13.18+0.26" 9.88+0.23¢
10 38.47+0.21° 12.09+0.26° 7.42+0.20°
15 35.69+0.24° 6.35+0.21° 2.47+0.11°
20 34.81+0.10" 0.93+0.02* 0.57+0.02*

*Means in the same column bearing different superscripts are significantly different (p<0.05) by Student-Newman-Keuls methods.

DIndirect hot air heating ?Direct heating
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