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Analysis of Piperonyl Butoxide in Herbs and Processed Foods of Cereals or Beans

Yukinari TATEISHI®, Ichiro TAKANO™, Maki KOBAYASHI*, Yasuhiro TAMURA®,
Sanae TOMIZAWA™, Naoko SAKAT*, Kyoko KAMIJO*and Akihiro IBE*

An analytical method for the determination of piperonyl butoxide in herbs and processed foods of cereals or

beans was developed using HPLC equipped with a fluorescence detector. Piperonyl butoxide was extracted with

acetonitrile. The crude extract was washed with saturated NaCl solution. After concentration, the extract was

partitioned between saturated NaCl and n-hexane. The n-hexane layer was concentrated and put on an

ENVI-Carb™ mini-column for cleanup, and was eluted with ethyl acetate-acetonitrile (3:7). Piperonyl butoxide

was detected without interference on a chromatogram. The recoveries of piperonyl butoxide from samples were

75.6-94.4%, and the quantitation limit was 0.01pug/g.

=]

Keywords : £~z =/L'7 k%3 K piperonyl butoxide,

Wik v~ 777 4— HPLC, /~—7 %A herbs, A

JNT.4h processed foods of cereal, THANNT. i processed foods of beans, [EFHflH solid phase extraction

I C & IC

EXu =7 hE&v K (PBO) X HARTHR SN -HEY
BERERTHY, BENTIXIZIZ 2 iIERSh TV,
B L L ToOREIE, 2004 47 H 1 BT TR L2,
BN O BA & U CTBAESBBICER SN TV,
F7o, EAEICBWTIIE L A A FRERAOIL T H &
LT OREMICEEFENRR T ONTNDEZ 0D,
20064E5 A XL VEASNAERTT 47U A2 MK LT
METAIMLERDHDHLODOUNEDSTHS.

EE LI, LRI B EEM AR HPLC 2 VT, —i%
B 72 ESR O HITEIC £ 0 B FEEEEEY) L O O T8Iz 20
TPBO OEHEEREEMEL CEX. ZOFTIELALEDOR
BEC I VAR % 4 B3 IS B2 HPLC TOHT 23 AIREC
HoT, N—T ROBHH - SN T RO Tl fhS
kOB EE—27 BE L WEICHEEE A U, 2 2 T4,
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1. #HH
HOHNU® PBO MR L TWARWT & 2R LR
DN—T OGS - EFM T A% AW,

2. HEBLIUVEESR

1) PBO: BB (Bk) HoORERERBAEEL %
v, TOEHER 10 mg % A ¥/ —VICEfELEE®% 50
mL & UCHEEEREE L., FEMLBEINCTAY ) —b
THRL, BIEEERRKRE LTHWE.

2) EAEFHE A — VU > ¥ Supelclean™ Envi™-Carb
(0.5 g/6 mL, SUPELCO #-1)

3) TEM=RFIABIORAY ) —MFEERE 7 u~
N7T 74—, OMORIEIIIRE IS 2 v,

3. ¥E

HPLC : EEERUERT (BF) # LC-10AT, #tMities @ H
AR5y Y (BF) B4 FP-9308S, THIRTE : A A4y (1) # CTO-10AS,
T — HAUERAEE - BERBERT (BK) %Y C-R7A plus

4. RIESEH

777 I : CAPCELL PAK C18 UG80 (5 ym , 4.6 mmi.d
X150 mm, EAERE (BF) ) , BEHE: 72 F=FYU -
K (6:4) RIK, BT LHEE :50°C, Fik : 1.2 mL/min,
SO EE (BIAEIHE 290 nm, HOLIEE @ 340nm) , ¥
A : 10 pL
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5. HMEBERORHR

HE 10 g 21TV, FEMOGEITITEBIZ KT
BERO A6 2 BERRIE L 72, 72 b= MU v 50 mL 2%,
5 DEREV A XBRS| AR EITo72. AR
F MU UL 100 mL Z2Mx TS oREES L, 7& b
= MUNBESBRLUT%, /SR b — & — CREIRE L7z,
F DB A~FY > 100 mL K OEARELT B U 7 A%
100 mL ZMx T 5 afkEE S L, ~FVU@aimmL
oo RV UBEROKEEET N Y v ATHAK, Ak, B
JEHERE L, FREWIZ 2 mL O A ¥ ) —L &I HER &
L7-.

6. EHHEEI—HSLALICKSFEE

ENVI™.-Carb 2 =47 & (05g, 6mL) ZFHEETF /L 10
mL, 72 h=FU L 10 mL LOXA %X /—/L 20 mL Tz
Ta4va=ry T Lk, KR0S mL 2 AWML, A ¥/ —
b SmL TYF L=, BT 1-7& h=rVU L (30:
70) JBHE 15 mL TIH L2, = 0OREEZBITEGE S, %Y
M A &/ —)v 0.5mL %I 2 C HPLC ARBRIEK & L7z,

BRRUEE

1. HdEORE

3 EEOMBEIC OV THRF L ZFig ). — i
PBO OHHED P IZHW LN TV D ~F 4 Zihic A
Wiz E, 13 & A EOFET HPLC ERMEWIZ X A 155
R LN o7, LvL, BEOZWESE - BEINT
T, E6IETE b= USRS X B IR EREDS 2
R E0 Ay, PBO OEILERNE T L7z,

T, —BREEOMHIZAVWLND T Fr-~F
P (2:3) BRI K DM TIE, 355 L e 2 KHEM R
%<, BEMLHCTIEREAZZ L L7, BIREIER L

A)

BECThHoT.
EABBEPOH SN —FoMEICHNL TN D
7 b= b U TiX. KHEEmITZ b OO, il
WEICZFIN TR CORIRBAER REThH - 72
ZZTHE, EUNERRL, KHEDICLD2HERD ]
<, LbBIEBRIEORE R FEE LT, BicT7T & b
= hFULTHIHL, RIZ~AFFH o THMETZE 2L
7o, ZORR, 3L EDORIENPEE HPLC THHTTE
5857 o 7= (Fig. 2). LL, LEUVNN—LARTF a2
U— b= AN—Z2DOEAEIZIE, PiFRSSE PBODOE—Y
NERDLZELDoTIEND, EBITI=HTAITEL
BAEHEZ SO W TRE LT,

2. BRI A5 LDKE

BA L I =5 5 A%, Sep-Pak® Plus Florisil®,
Sep-Pak® Plus Silica, Sep-pak® Vac Diol, Supelclean™
ENVI™.-Carb, BOND ELUT-SCX, BOND ELUT-SAX,
Sep-Pak® Plus NH2, Sep-Pak® Plus C18 }2 U} Sep-Pak® Plus
Waters Accell™ Plus QMA & 43yBffE— RO F/e % 9 fliIC
DV THRFILT.

PBO %, Florisil®IZxt9 2 WA ) A3 Lk pysk <, ko
BWESCREHE LIS WEEhTWwWsZ k2, —
MBI Florisil® X =4 7 A& A, BHIZT & b -~
YV UREE A TOEREMTbhTWwWaY . 22T, £
PTTE R ROANFH AL DERIC OV THRFT L.
BT BDITHERE S O~V IR OV 2N L 7=
N—THHEEENEN L ug/g & 0.5 mL AR L, BEHIE
B L TAFH U EBRDICT® - ~X Y U RIEAE
WIBEEZEZ TREMIICTE P £ TH 10 mL 2T L
7. L2L, &ETOHITLIEBNTA~AFY U2/ T LE
WEm Tl & A & PBO K OV HEW) 23 5 1 S AU A+ 431

B) 0

/ j\) M /
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Fig. 1. HPLC Chromatograms of Lemon Balm Extracted Material in Each Organic Solvent

A) n-Hexane

B) Acetone : n-Hexane (2 : 3)

C) Acetonitrile

* The arrow point is the position where PBO would be detected
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Fig. 2. HPLC Chromatograms of Sample Extraction Solutions Spiked with PBO

A) Coffee bean

B) Lemon balm

C) Chocolate wafer

*The arrow is a position of PBO

TR EN72 o T2, Florisil®IZRFF e b - 72 R IENIE,
A BNz Florisil® DYEPEEE MK o T2, & 2 WITIREFF
RENRELEZLZDEEZON. UEoZ b2
=0T KEHW AT U EOFBREE T o R R
LWwE Bbir.

WIZAZ ) ——IKIZ L DRIC O THRE Lz, &
BT BRSO A X ) — VIRTE 1 png/g & 0.5 mL Aff
L, WHIRE LTKRELEDIZA X/ — KR & IHR
BEEEZ TREMICAY ) —VETE 10 mL 2 F
L7-&Z 5%, CI8 &M T AT PBO AEIYT
Epnodz. Cl8 TOREUNEIL 60% ThH>7h, Ki
EDRTORMBIX, TOROBHERESNEETH -7

FITAL ) =Nzl d LB OO TIRET L
7. ZHTRZHONWCT =R, AH ) =LK
W2 DRI % W TR DO EIEE % Table 1 ITR L7z, A
H ) =L & T LR T ENVI™M-Carb % [R< 4T
DH T LT 80%LLED PBO MEH Lz, F7-, =AU
WML T~ — 7 hitER AR LER AT 728 25,

[FRE DOfE B2 S 4L, ENVI™-Carb Ti, PBO Z{R#F T
XL ENHST=. L, TEI=MIAE ETFT
t, ENVI™.-Carb Ti% PBO MRS THY, 7
£ h=hF UL 100%THE F L TH 9%FRRE LAY T & 7
MNol-. T IZT, WIZ ENVI™-Carb 75 PBO DIAH
FrEBFILIZE A, BFiB=T VA2 M5 & TRAT
RFERBGONT. TROBEREN 1 ng/g % 0.5 mL A
fil, 7 h=hrVU ), EiE=FL-7T& h= kU L&
REFEE T VOREZIARE 2 72 b O K OFERE = T
V&4 10 mL 328 F &8 PBO OIFEHFRIZHOW TR
L. ZORE, BE=FL-TE =V (20:
80) 1R Z 10 mL Jii F L7-FE58 T 90%LL LR H &
72(Fig .3). ZOZ & LY, WHEHIIINR T -
TERr=FU (30:70) HiKEZH WD L& L, PBO
% 1 pglg MLz A —7 BRIV TR L. 2
D, KM — 27 725X RS20, YIDICRAZ )
—/b 5 mL THEHFLZITY, W TERBFL-T& F=
F UL (30:70) IR 10mL TIAHESEDZ L & Lz,

Table 1. Elution Patterns of PBO Using Various Kind of Cartridges

Recovery (%)
Cartridges Acetonitrile - Methanol
0:100 10:90 20:80 50:50 80:20 100:0 Total

Florisil ® 102.4 0 0 0 0 0 102.4
Silica 93.2 0 0 0 0 0 93.2
Diol 87.5 0 0 0 0 0 87.5
ENVI-Carb™ 0 0 0 0 0 9.1 9.1
SCX 100.4 0 0 0 0 0 100.4
SAX 98.6 0 0 0 0 0 98.6
NH2 97.8 0 0 0 0 0 97.8
C-18 91.0 0 0 0 0 0 91.0
QMA 83.4 0 0 0 0 0 83.4
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100 1 Table 2. Recovery of Spiked PBO from Samples (n=3)
. Added( 1 g/g) Recovery(%) C.V.(%)
§ Herbs
GE; Lemon balm 0.05 90.7 49
g 09 Chamomile 0.05 84.9 52
~ Yarrow 0.05 84.7 7.2
Processed foods of Cereals
Cornflakes 0.05 92.5 4.8
0 T T T T 1 Chocolate wafer 0.05 90.1 5.6
0 10 20 30 40 50
Ethyl acetate(%) Hardtack 0.05 75.6 5.6
Fie 3. R 6 ENVI b™ with Ethyl Acetat d Processed foods of Beans
18- > necovery from BRVI-carb ™ with By Acctate an Coffee Bean 0.05 85.0 45
Acetonitrile )
Chickpea (Garbanzo) 0.05 94 .4 5.1
A) B) ©)
1 l LAA—MAA—‘\.;L,M
4 é 1I2 min :1- 8I 1I2 min tll I8 1I2 min

Fig. 4. HPLC Chromatograms of Cleanup Samples Spiked with PBO

A) Standard 0.25 ¢ g/g

B) Lemon balm

C) Chocolate wafer

* The arrows is a position of PBO

TORER, KHEMBRKIBIZHD L, ThETHETH-
FLEUVN—LREDON—THEHLTF g al— 7T —2R
LDOFIEM T IZOWT S PBO O EME K OVE 728 il HE
7t o 7= (Fig. 4).

3. HINEUREER

O L7-aBHT K 2 N2 T 1 RIS 2 iR s,
N =L 7 RV RBEEF T 0.05 nglg &b & H IR
m, 30 oE%, EIGRBREIT 7. ZORER, BUGEEIX
LEUAN—A, BEI—)L, BT aFx) VoD
— 7T 84.7%LL E, =—r 7L —7, Faal—}y
ToN— A, HRVUEOBSAIN LT 75.6%L0 E, 2 —b—
T, EIaTEOTHEIC OV TIE 85.0%LL F &R R,
Brikd LT, BIFRFFRES X b (Table 2). 7235,
MREARIT 0.05~1pg/g T TTREFREMRELZ KL, AIEIC
£ % PBO O E&EREHIT 0.01 ug/lg TH-o 7.

xF & O
HPLC M HEMIC LD =T R OEEMN L%
PBO SHTIEIZ DWW TR L.

HEZIE T 7 b= N U L R O o Bl A
HEbtD & TREMERDESEDLENTE T

S HIZ Envi™-Carb Z W T 21T o712 L 2 5, &M
VN KIBIZHD L, EEBLOEENAREL o7
BT 0.05 pg/g & 72 5 & 912 PBO & IR0 L BN AR
EITolob 2 A, 15%LL k& RIFRBEIENE O, BE
DEBZHmEMATEDZ LAV L.

(AW OB AR S AESSE 91 MR iEHS
2006 £ 5 HTREFLRI. )
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