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Determination of Polycyclic Aromatic Hydrocarbons in Sesame Qils Derived
from Sesame Seeds of Different Places of Origins

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 hydrocarbon(PAH) contents were evaluated in sesame oils from sesame seeds of different
origins and in commercial samples using HPLC with fluorescence detection. The sesame seeds, which had been harvested
from India, China, and Korea, were roasted at 250°C for 25 min, and the commercial sesame oils were purchased from a local
market. The recoveries for eight PAHs spiked into the sesame oils ranged from 80.2 to 99.2%. The mean levels of total
PAHs in the sesame oils harvested from China, Korea, and India were 3.97, 1.57, and 1.20 pg/kg, respectively. The PAH
contents in the commercial sesame oils ranged from 0.79 to 2.15 pg/kg.
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Environmental Protection)*]*]= PAHs % A UIAE2Z 165
o] PAHsZS AN 2m(5), EUNAME 1552 PAHs(benzo[a]
nthracene, cyclopentalcd]pyrene, chrysene, S-methylchrysene, benzo
[b]fluoranthene, benzo[/]fluoranthene, benzo[k]fluoranthene, benzo[a]
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pyrene, indeno[1,2,3-c,d]pyrene, dibenzo[ak]anthracene, benzo[g,A,]
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7159 PAHs A3 tigh A7 olFolAA @A ATH(19-
21). olefl & Apelds ATt g S FA 6 Az
g 7d-oF Aol X F2 739 PAHs ] WskE 4819l
oF E3 Aol 85 9 A7159] PAHs &% RUEPE
&3l PAHs®] ZHFRAEE ZARSITH

2 L ghH

o H
AEM=

2 A AREE e AFdd fEEE A, dEA
SRS ARSATE WA e SHEE S5 THEA
5% (Seoul, Korea)ollX] +43tRow, Sk Axat 7l 7f
gE TFAE A7 (Seoul, Korea)ollA FHstdth e 3+
Me FAIE o 2sd 7Axs & BAAEE ARG Al

ZA = F71E S PAHs TS BUEIES] 98 o
FulEoA 438 FYste] BAAEE ARS-SIGITh

FEA o ALE3F A]2FS p-hexane, dichloromethane, acetonitrile,
N,N-dimethylformamide, water 522 HPLC-S-(Burdick & Jackson,
Muskegon, MI, USA) A2 ARE-3199.2 ™, sodium sulfate anhydrous
£ MerckAl A& (Darmstadt, Germany)S ARSI Th AA 34
o] AME-E= cartridge= Sep-Pak Florisil Vac Cartridge (Waters,
Milford, MA, USA)E 743t ARSIt PAHsS| #A4 B8
-2 benzo[a]anthracene(BaA), chrysene(CRY), benzo[b]fluoranthene
(BbF), benzo[k]fluoranthene(BF), benzo[a]pyrene(BaP), dibenzo
[a hlanthracene(DahA), benzo[g A ilperylene(BghiP), indeno[1,2,3-c,d]
pyrene(ledP)?] 8%F-& AG3tAthFig. 1). F T 222 3-
methylcholanthrene(Supelco, Bellefonte, PA, USAYS AF&-3}]

ALK} CE &I M=

A, JIEAY, A FAE o] A & EF 224F
71(Gene cafe, Seoul, Korea)S ©]-8&3}ed 250°Col|»] 2587+ FHo}
AHE AEE ARSY B2 AEE O 4% FF7I
(NEH-404K, National En., Tokyo, Japan)2 AM&al 78-S A%
sl BAAIERZ ARESIATE AEJAZRE S A PAHs &
FE Yo} Bt 5A @2 V|2 HE 4F FRU1E Bl
A Zste] BAA SR ARSI T

AH
Al

VS|
~

227 g2 A71EH AT eEL e e A=
£ U 49587106 mL, 21x73 mm)ol] o} EFA}A
(Minolta, Tokyo, Japan)E A3} Hunter color value$!
AL (a), FAE(b)E ST A8 FA & ZFgh
TAE Tk, S R71E 3%, 250°CellA] 25 e & A
8 A=4h 4, FlA 71E 3%, BUEHES 28 tE
HtEA A FYst E 45S I NN FHste] 33 wHE
393, 1 Had 3 UAE YISl

e H
HI

PAHs ¥4 93l fluorescence detector(Waters, Milford, MA,
USA)S %25+ HPLC(P680, Dionex, Sunnyvale, CA, USAYS AH&-
slo] F34E 9tk 28-S Supelguard LC-18(Supelco, Bellefonte,
PA, USA)S 42221 LC-PAH column(25 cm x 4.6 mm, ID. particle
size 5 pum, Supelco, Bellefonte, PA, USAYS AM&-3lion £
Z71& Table 191 YER AT

AlZe| X2 wy
Aze] A AFFEIAA AN IS W Hu 5
(13,14)2] S S8 thFig 2). oF 10g2 NEE HAAAE

Table 1. Condition for HPLC/FLD analysis of PAHs in roasted
sesame oils

Instrument Dionex P680 series HPLC
Column Supelcosil LC-PAH Column (25 cm x 4.6 mm)
Gradient method(%)
Acetonitrile Water
0 min 80 20
Mobile phase 27 min 100 0
33 min 100 0
37 min 100 0
39 min 80 20
Excitation(nm) Emission(nm)
Wave]ength 0-22 min 254 390
(Ex/Em) 22-40 min 254 420
40-50 min 269 498
Flow rate 0.8 mL/min
Injection Vol. 20 uL

Benzo[a]anthracene Chrysene

Benzo[Hfluoranthene

Benzo[jfluoranthene

Benzo[a]pyrene Dibenzo[a Alanthracene

Fig. 1. Structures of SPAHs found in roasted sesame oils.

Benzo[g,A,iperylene

Indeno[1,2,3-¢ dlpyrene
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Homogenized Sesame oil 10 g in 100 mL n-hexane
Spike Internal standard (3-methylcholanthrene)
30ppb—1mL

!

Transfer to separatory funnel (1)
Add N,N-DMF:H,0 (9:1,viv) 50 mL
Shack and purify

!

Transfer N,N-DMF : H,0 (9:1, viv) layer
to separatory funnel (II')

!

In n-hexane layer
add N,N-DMF: H,0 (9:1, viv) 25 mL
and shack and purify
Transfer N,N-DMF:H,0 (9:1, viv} layer to separatory
funnel (I} (2 times)

!

In separatory funnel (II)
add sodium sulfate (1%) solution 100 mL
and n-hexane 50 mL
Shack and purify
Transfer n-hexane layer to separatory funnel (1)

!

Fig. 2. Diagram of 8PAHs analysis in sesame oils.

(Ohaus, Pine Brook, NJ, USAYS Al&-ste] 3] o} WHEE
|9 30 pgkges 1 mL H7FSIAL n-hexane 100 mLell =] Ez
7lmell AT EAZ71[Dell N.N-dimethylformamide(DMF):
water(9:1) 50mLE Hol EE59 42 & X5 DMF:water
O:DF& waste o2 EAqZw 7)ol &FTh n-hexaneol
DMF:water(9:1) 25 mLA-S Y3 9]¢} 7o) 23] =Zo|dle] DMF:
water(9:1)%5S EHZN 7D FHE A7 1% FHEF
€A 100mLE Eo] 43 n-hexane 50mLE Ho] TEO 41
% AR5t phexane T LA ZIUDA AT DMF:
water(9:17%°] n-hexane 35 mLAS €3 |9} o] 23] x| Eols)
o nphexane3S 919 FHZW7 A FAHE E 40mA S ¥
3 ZEo A F A seds vEle A4S 29
ol & 7t & <t AR N7 A= WS
F2E 3. n-hexaneZ & FFINMUEF oF 15gS
HAE AHgste] 2ol g 40°C ©]ste] FEAdelA
slod & 2mLE %=3t T} Sep-Pak Florisil Cartridge= vl
dichloromethane 10mL % n-hexane 20 mLE %9 2-3%-29]
2 FEAIZ § ARSI ©] cartridged] 919] 59 1 mL/
min®] &£EZ 7189 th ©]oJA p-hexane 10 mL9} n-hexane:
dichloromethane(3:1) 8§ mLZ Z}Z} &3 A1 % n-hexaned} n-
hexane : dichloromethane(3:1)2] &2 40°C ©|3}] 5
A Arks sl Ee] RA § BFES acetonitriledl] o] A
ZFE 1mLE 32 ©]5 045 um membrane filterZ o] 3}3le] A
Hgdoz ALgsltt o] A18-82 fluorescence detectors &
Zgk HPLCOl FYste] 42 ARntEIfe] Fse-HAHE F
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In separatory funnel (II) add n-hexane 35 mL
Shack and purify
Transfer n-hexane layer to separatory
funnel (I} (2 times)

!

In separatory funnel (I}
washing with 40 mL deionized-H,0 (2 times)

!

Dehydrate with sodium sulfate anhydrous 15g
Concentrate to near dryness (2 mL)
on a rotary evaporator

!

Purify by Sep-Pak Florisil Vac 6 cc cartridge
Preconditioning : dichloromethane 10 mL
— n-hexane 20 mL
Elution : n-hexane 10 mL
— n-hexane/DCM(3:1)8 mL

!

Concentrate to near dryness by nitrogen gas
Dissolve in of acetonitrile(1 mL)
Filtrate by 0.45 jm; membrane filter
HPLC/FLD

3l AFdS 2dslo] A1d8l T 874 PAHsS] e Tisict

BE A¥e 33 vkEgh Al gk Had 2FAAE e
Sleh At 7ke] BAIEQ] #4492 Sigma-Stat 2.0(Jandel Co.,
San Rafeal, CA, USA)E ©]-8-5}¢] one-way analysis of variance
(ANOVAYZA S AAsislon foid g2 AE72E p<0.05]
Al oulE EA 8T

al —

Zdo g o

ZuM &Y U 58 58
WEEEAR 344 24E )

35221 8% PAHs o)
& HPLC/FLD ‘4o AZwlEI2#L Fig 33 2uch. zhzhe)
PAHsOl T3t 3582 81.19-99.15%2 W= =& ojlon,
AZ3HA(LOD)E 0.012-0.382 ug/kg, 7 HFIHA(LOQ)E 0.042-
1273 pgkg FEoIATh. A AN A4S Yell= g
AFE)yE 0.997-0.9992 FHEETHSE -0 Atk(Table 2).

A7t CIE &JISel PAHs &2

A=, T2k FU IS @F0x Al & e 37
5] PAHs el disll ARSI TH(Table 3). =4 Z74Q1 7
S BA 93 83 7150 PAHs TS 095 pgkeol A
250°CNAM 257 w2 F RIS o 120 pgkg o S718tH
Aot iRl ztele gtk T4t QL A9 BA S%
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Fig. 3. HPLC/FLD chromatograms of 8 PAHs. (A, standard, B,
sample); benzo[a]anthracene(BaA), chrysene(CRY), benzo[b]fluoranthene
(BbF), benzo[k]fluoranthene(BAF), benzo[a]pyrene(BaP), dibenzo[a, /]
anthracene(DahA), benzo[g,A,i]perylene(BghiP), indeno[1,2,3-¢,d]
pyrene(IcdP), 3-methylcholanthrene(IS: internal standard)

Table 2. Limits of detection(LOD), limits of quantification(LOQ),
and recovery of each PAHs from roasted sesame oils"

PAHs  Recovery(%) R? LOD(ug/kg) LOQ(ug/kg)
BaA 99.15 0.999 0.012 0.042
CRY 97.63 0.999 0.021 0.071
BbF 93.33 0.999 0.023 0.078
BAF 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
lcdP 81.19 0.999 0.240 0.802

YValues are mean of triplicate determinations.

Table 3. Concentration of PAHs in sesame oil derived from different place origins

¥ PAHs $#-2 0.84 pg/kg ©IAL 250°CAIA] 2587 #2
S o 397 pgke2 2 7Y Bol AAHUTE UL
BA @%s A AEHA otz HEHS P AL
PAHs & E3om 250°ColA 2587 & & 238k 3]
FoAME= 1.57 pgkeel A4 FTh Benzo[a]pyrened] TS F
4 FHE 250°CAA 257 FAE W 021 pgkel 2 7HE
©ol A sAot = 712X 2 pgkg Bk ER AL o]
AE FAJc FA 23 23S 27150014 PAHs &S B
HOES u, PAHs AT &4t Sk Fulat & otk <
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A& Aoz FSHH

250°Cellx] 25%7F Fe & ZHFE 715014 PAHs 2
WS BQES w) F=RE Uil QA 02 HE HUTE PAHs
7t 7P Wol AEE T4 B AxIAA F PAHs Ao
7 Wol 9% W= AE F5Y 7 UATh o] o FEFS
A s AAs #e 259 AIZE H i met depd F
ko] F71stel Wt benzo
[alpyrene A3 7o) F7Fat L, AF7HE ZE WA o] benzo[qa]
pyrene ° tigk &t fJE|do] =2 Aoz WY ST
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AlS0| HoiEl= E7IES| PAHs &2

At thE mtECA sl 459 F7]EolA PAHs
UE® AFE Table 401 YERHSITE PAHs & d AAl
o] 0.79 uglkg, BAIEC] 2.15 ughkg, CAIE°] 1.77 ughkg, DA
o] 1.15 pgkgS 2 AE =AUtk BaA, CRY, BAF= 47119 AF
oM BE AE H9lon, £3] BaA, CRY o] Th2 PAHs 3}
G vls] Bol A =AUk BaP BF 15 3702 AFel
A1 0.19, 0.16, 0.10 pgkgel AZEAoY BF 71EA] o8t
DahA, BghiP, ledPE 4712 AFoA AH3A olsle HAEEA
U AEHRA &)tk Chung S(12)°] B3k Aol sk 7]
F % PAHs 932 503 ugkgo = Yeht £ ddnn B2 &
o] AZEUE & AdoM e A dol AF =HAUEd ol F
= 71504 BaP ol 71EA] oo ® AEHUTE 2 oF

A
o
A=
T
A=

(Unit : pg/kg)

Harvested country

PAHS India China Korea
Roasting temperature (°C)

0 250 250 0 250
BaA 0.40+0.06" 0.66+0.14 0.28+0.03 1.47+0.15 traces 0.35+0.04
CRY 0.32+0.08 0.27+0.03 0.14£0.02 0.62+0.05 traces traces
BAF 0.24+0.05 0.15£0.05 0.30+0.02 0.54+0.17 traces 0.21£0.03
BiF traces traces” 0.12+0.01 traces traces traces
BaP traces 0.11£0.03 traces 0.2140.07 traces traces
DahA ND? traces N.D. traces N.D. traces
BghiP N.D. traces N.D. traces N.D. traces
IedP N.D. traces N.D. 1.124£0.22 N.D. 1.00£0.06
Total 0.95+0.04° 1.20+0.26" 0.84+0.01* 3.97+0.59 traces” 1.57+0.29

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

DValues are mean+S.D. of triplicate determinations.
IN.D., Not detected Ytraces, Below limit of quantification.
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Table 4. Concentration of PAHs in commercial sesame oil products

(Unit : pg/kg)

Commercial products

PAHs
A C D

BaA 0.360.17" 0.7620.05 0.51£0.10 0.4240.22
CRY 0.31£0.12 0.88+0.30 0.94+0.09 0.47+0.06
BbF 0.1240.06 0.1610.04 0.1620.03 0.17£0.06
BiF N.D? 0.17+0.04 traces traces
BaP N.D. 0.19£0.03 0.1620.03 0.10£0.02
DahA N.D. N.D. traces traces
BghiP N.D. traces” traces traces
ledP N.D. traces traces N.D.
Total 0.79£0.29 2.15+0.28 1.77+£0.07 1.15+0.30

YValues are meantS.D. of triplicate determinations, ?N.D., Not detected, Vtraces :

NS Foll B2 719l PAHs A zstol] oigh
2o A7t 2 AR €3 9
Ho] PAHs A 7+slo] J3ke n3E& Aolgky =

f?j_ T ‘:} PAHS Azksto] thgk A= o7 ®alo] oafA
olFAIL Sl=Hl Vitor 5(23-25)l °lakd H71Ee AxHg F
deodorizing, bleaching, neutralizing 2}°3-2 PAHs #7438}l 3-g
g7t e e 3T

HAX|7 CIE E7IES Mz H|u
A7 b2 S olgste] Az AVIEe] HEL), 4
A (a), FAEDLE AAS ol8sle] 43 AAE Table 5
of Jepdth ¥xs Uehlle Lgke stk 39 A4S #
2 S W 62,6394 250°ColA] 2587F BokS w 41.647} =
ATk AEAR A 62.52004 43310] HAL, FFAA A$

61310014 41.157F Stk 2o 27)2ox] YA HEE b
AL 9 FH] G ofFHOw BHA, AmA oIt

=

A75Y W= PAHs BAAHES ¥uds o, F & FF

7150l BA ¢ AH3 215 ET PAHs A7l S718
R HEE A ole #Fe el IPErE vt
Bl HEE ZFPS o HErt RolRA Hi 2=9F A7l
g L= A e

solvks Ao Algdrh HAw
b, w2 AN gk 7Y
ol A0S =Hgnk Qlmate] 4679109 Aol Fe F 1301
2 7P A S7rskch P%*P" ~423914 12482 F718F%
3 FFke 3359004 13122 FUIsIT 3RS YeRls

Below limit of quantification.

ARS 30,0994 15242 7P AA A5k =]
WEe] e A ¥aL A7 WEET w2 5 AR
7150l A Uehd ofiwal Bt AS HRlARE 94k
Aol Holx| it A 7|59 =
—(26)«] BAgE Aol QEAl, =it Ste s W2 W
& Uehle] & ddde ool ApolE Hith EF Shin 5
@7Nel Bareld =fiat 37159 BEL), AN E(), FAEDbE
2544, 0.86, 247% £ AFRTE W& e YRR ol A
FAE B e 2719 Aol <7 AL

=

morje ol o

AlB0 ToiEls #7189l M= H|m

Az FE T Y F7E 450 T MEH|ZE Table 6
o YERAATE HES VeElE L3k 3709 AlEo] 40.22-41.92
2 "5 Hs YeRI T DAlEC] 43552 T2 A|Eol vls)
o oA i%iu} @&*Eg e = aghk> 3719 AlFol 11.64-
12052 B3k ks e DAIEC] 11588 T2 A|Eo
Hlg]] w2 @% D} TS el b3k DAIEC] 1543
2 7M=& S JERleH tE 9] AlEFE 10.20-12.592
YeR et 4719 Zﬂ%g 23S u) DE A9 1Y AE
=g 2 A|Fol vls)
_ﬁ_ﬂ Bl O A O gq_;r_ g}g_o_ o) ,{,: 01041;]_ E o‘_:]_:rLoﬂ,H Zﬂi‘ﬂ'
7153 MEE v EH 250°C
F=A U 7R BT Al &
miEs #7129 W), AN (), SE by HISEA Uesit

bats Hlaal] Boks W, H2 A bk EF ZAasleh kv of
F=tato] HA) Ak w 3245010 Zo] e F (1952 7}
A 3A ATk FRe 30.600014] 11.872 ZAEaL, 2 B ATe A=A, T, S e 9% A § A
Table 5. Hunter color values of sesame oil derived from different places of origin
. . Color"
Country of origin Roasting temperature(°C) 5
a
Korea 0 62.63+0.30° —4.23+0.05° 32.45+0.25
250 41.64+0.35" 12.48+0.21° 11.95+0.24°
India 0 62.62+0.39 —4.67+0.07° 30.0940.14°
250 43.31£0.11° 13.11£0.39 15.2440.69"
China 0 61.31+0.93" —-3.35£0.07° 30.60+0.76"
250 41.15+0.28" 13.1240.15° 11.87+0.23°

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

YValues are mean + S.D. of triplicate determinations.
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Table 6. Hunter color values of commercial sesame oils

Commercial Color"
products L a b
A 41.41£0.10 11.8540.08 11.7540.08
B 40.22+0.07 11.6440.15 10.20£0.18
C 41.9240.16 12.05+0.28 12.59+0.19
D 43.55+0.15 11.5840.15 15.431£0.22
YValues are mean + S.D. of triplicate determinations.
718 B3l Az F7Igelr el PAHs Fgistel oy nhE]
A T Qe @718

2
ANEIT EAEEEDS B9
2 987 §7FX] PAHsE 4143} HPLC/FLDE o] 43l &4 -
AHEN S 3197, WA S L), AA
S(b)E Sk BAAR A E Be $ ARe 3]
oAl PAHs T #A] S wrrh folHo
FA & V1SS A5 PAHs SHEE QIEAY, F=Ak, Sk
oAtk A=AF 7oA 0.95 ng/kge PAHs 7} AZEH =0
ol $HoZHE PAHs AFE F Utk = A
AT} 250°CAIA 2587F Fe A Sl
E2F =02 PAHs7} AEHIAUTE T4 F7lolA PAH qFS
397 ug/kg_i FA ks wuTh o 4 o) ST
=3 e vE AR A vl Be 2= Al 9%
gt el A=y s e
% PAHs ¥ 43 23}, PAHs & 3 0.79-2.15 ughkg o2
AE FJ9Y S 71E A2 A E Y = Benzo[alpyrene
L 0-0.19 ugkegS 2 71EX1Q 2 pgkg ©l3E AEHATH 1
Az wmw PAHs A7tslE 8] AxadS wsAzl 4
#H2 F5T 5 otk YA 5 Algd A 2
F}o vlws] 2 Adf 250°ColA 25% ES ¥ it
—

] % T T
S} S2ak A A28 HEL)E 4331, 41.15, 41.649)
R, AT (@E 1311,
8 95013

13.12, 1248|103, A= (b)= 15.24,
1.87, 11 ATt ole AlFel dAnjEE 4F9 37
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