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Abstract
The onset and exacerbation of food allergies in children has recently been increasing. To investigate the correlation between the
f development of milk allergies and epicutaneous sensitization with milk allergens, we determined the amount of milk allergens in
cosmetics and quasi-drugs used for skin care. The amount of asi-casein and p-lactoglobulin was determined in 29 products using
immunochromatography and enzyme-linked immunosorbent assay.

In 9 of the 29 products, the levels of asi-casein and B-lactoglobulin were quantified in the range of 7.1-18,810 pg/g and more than
the limit of detection (LOD) to 10,429 ng/g, respectively. Both osi-casein (7.1-18,810 pg/g) and B-lactoglobulin (4.4-10,429 pg/g)
were detected in 5 products that displayed unfractionated milk ingredients such as yogurt or dried nonfat milk on the labels. On
the other hand, B-lactoglobulin was detected in only 2 of 15 products (6.6 pg/g and 6.9 pg/g) that displayed whey fraction on the
label. In addition, the amount of asi-casein was less than LOD in 23 products that displayed whey, casein, or nonproteiny fraction

— ¢8I

on the labels. According to these results, the levels of osi-casein and B-lactoglobulin tend to be influenced by the forms of milk
ingredients.

1 d d

Thus, these analyses revealed that 31% of randomly d products ble levels of os;-casein and B-lactoglobulin.
Moreover, 4 of the 9 allergen-positive products, including soap, lotion, and bath powder, were recommended for infant use. Our study
provides the first data regarding cosmetics containing allergens and the development of food allergy. These results suggest that the

continuous use of cosmetics containing milk allergens may induce epicutaneous sensitization with milk allergens.

Keywords : 5L7 VIV > 7 V87 B, og-casein, B-lactoglobulin, 4 &/ 7 0<% 757 4 —, ELISA
milk allergens, osi-casein, -lactoglobulin, immunochromatography, ELISA
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Dizd. LRI BB R T LVF—DREL T T2
SERTLNF - —FADFREH b DR R e xd ek
£ibhb,

ZRERTFEMEO—D, FFHIENIENT ¥ 20BN
L RETHY. BRIV TAFETEH B, FADF N
7P (pH 4.6) THEA B EILITES (k
IAES) Wb, B¥A USRS VY TS
D Y% EED D, —HAWESIE, T TRT Y
SHMTNT I ST MHTVT IV, RfEs o
T BERARTIAIEDNEENTVE Y, £
EBETUNT 28 oy FE LT HEA Y EG @S TR
23.6 kD O asi-casein A% FLIEHE 412135 FH 183 kD @
B-lactoglobulin ASEIHN TS 9,

FLAROEY T LV F—SEOERI, BHH VI
HAEPSDORYT LIV 2 XTI L ARIIRENEE
LB EEZSNTVS Y L LadbiEETIE, LY
ROBWT VINF—DFAEL, BIROR M A A ik
AL OBMIHBE L DA RIS R, RT LV VY
UINT ORISR T LV —RIED—RTH B &
AR EITNS 9,

GRS % &8 LI AR ORI, RS2 &R
Rz ENFEREMER SN DAY T LV F— DOSE
BIAS, AZETO 450100 RNV T, Hrvig
FREYE O R THRESN TS, B, MK A
FREA R AMROYH 2R, MR EURREHR
WL LW EBTF 71T F% 3 —SEd i SN 7R,
TRGHESMEE o7 1720,

ALAERIEIEREE L) A FRIVHEENTEY, Th
W HE U TRIEMA R D SR OB E I TR TR RIS L
TWwB W, {LiEd, EIRBARICEAEEME L TS
AV AEFMEL TR TIVI ] THES 7]

[HIA] [F=7Wh] REEERENBZE D, ATLVY
V5 ORI B LU TOERIBB STV 2V,

AW BNT, A FALRBE 11 RREEED, 45
EME L HERE LR & EIEHALS. ERRRR
O~y 29 WEFOHT LT v 5 0B TH B,
asi-casein B LU B-lactoglobulin IZDWT, 4 A/ 70T
T4 EBT LA B F MRV RIS enzyme-
linked immunosorbent assay (ELISA) I & B5E it & 1T\, .
EFFEMBETRAR L TRETIE TN LAT LIS V5
SO RGPS MITEILERAL, £
Tou ST VNG 25 287 FORR B EAEOT RIS DVWTE
=30

1. B8

BEHRADA—/ =B LU ¥ 7 —Fy M BWTHE AR
HI3RE AW - o-var - 2 -LREURMB LU
0P RIEH 9 B, ABEH 7REO. 26 RE DL

B LU 3 PROESEIIREA L (Table Do 29 3
1 R TN O AR IR LTV A b D& EIRL
%o FTRTHOEIZHARENO CHEHSRETCHHI L
MR s TV 18 ).

RO STV BTN (2 &R . AF LIy
GG, F—ruh CRED. 3—7VMNE (3RS,
RIA (BEE). 7729 Y GRS Ika s ¥
A Q&) MARSHEAEA Y Na (1 &) FLIE G
S FLE Q). D10 TH ol 2 RN Lo

G FFEE L0 BT 7 BEFEEL .

2. AL/ AR MIST 4 —

asi-Casein 3 & U° -lactoglobulin DI, 7L v >
T4Y fasravbEyh M EEEE  hES
056682, RI.A 5056718, 7w Akki&R) ARVWTH
L7z BVEOMMEEF Y MIWIE L7 T ba—lfEs
P BERTAE. W1 g FFHEL. Fv MEEOREHIG
WRMAT 20 mL %D Z)HBLAL (pH6O ~8.0)0 3%
PG TEEIEE - RA LR 20 Si—BEHHEL
DD, 100T DB T 60 FMEALIZ FKTEIRIC
wH. 4T, 4000 rpm. 20 FEEELHBERITV. L%
L7z LiifidAA% (1S P3801: 5 #l AL HEMAM) <5
SEBL. WsEMBUEE LTV, SRR S b E ¢ 2
EOBET ATV, FRERLZ0

3. ELISA

B-Lactoglobulin {2 7 L V%" > 74 ®ELISA 4-3L% v b (7
VN LREEEE) . asi-casein 13- 4 FASPEK %558 i
BERES Y b RS Y b (FEA ) (&K
HALEBIZERT) 2RV THEL, M OTREEFy M
MEL7Oha—iiftolz, #ldhe, 1 g DRGEER
L. BUBMIEE R CTERIRT 12 BIHRE HRAIL. 39
H\ IR ST 20 mL 1S5 EHRIRLA (pH6.0 ~ 8.0)6
WBEORRAFEIFH T E BT 20 AR WERREEL
oo MRHMZIE=A 7T T L= — 5~ (EMax®, Molecular
devices, Sunnyvale, CA) #JAL. WRELMEL., R
R S BN E T 2 BOREH17\. ZOFEMEN
SEFRBOWEME LT

PR BB OMSEM (X ng/mL) (SMEHOAREERLL
T 20 f5. SHITHEIOAMEFR L LT 20 2R UE,
BT di—L . WRER 1 g B0y N IREEE LT
Y pglg ZHEHLE. DTSR ZERT (XA,

Y pg/g = X ng/ml X 20 (ERFOMIES) x 20 (Ghilh
HEDFHUEHD) % 171000 —— (K A)

m #R

1. AL/ TF57 4 —I0& B30
LSRR E B L 5 29 WREFEBLLT 147
a7 57425 % asi-casein, B-lactoglobulin DL %
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Forze MBLAZFNENOXY OB LD L, ]
HBRFETTF v bebIs, RRRAKERSLYOT LV VY
YRZLE 2 pglg EINT WD,

asi-Casein 1, FLARARECIABH A-11 0 1 $dH,
— ARG TR T V=T B-1 BLO B2, 7xARv7
B-11. A B-15 @ 4 BFHOFH S Rah oMb Sz,
AR ZERTHLES A, B 5 RRERABHRINE
. ESIC— AN B-14 ORISRz, ROPHICX
h. 20 PR, AL 1 BEEEL 6 WA bERB L
DEHHBAR LY asi-casein DR &7z (Table 1) o

B-Lactoglobulin &, FLHRARFTREH Y v> T—
A-ly O—=3ay AT BEOABH A1 O3 RGps, —ik
JHRGCIEAR T V—7 B2, 7xAA/8y 27 B-11, BLUTA
w7 B-15 0 3 Wih S Sh iz, BREEXTHEML
& Zh, KO 6 WRITEBHRB SNz, EOI—BBA
B B-14 LGB HABH A-10 D 2 WE I, HHRA
RN E BN BN RSN RAITICLY.
29 Wapeh, FLERIENT 4 BT &L s WROHERB LY

EIRELI LY B-Tactoglobulin 254 H] &#L7z (Table 1),

IS DRERICEY., 29 B 9 B, S asi-casein &
B-lactoglobulin DFF S, BV iEWTFhrOAT LV V¥
VISP ED R &N F, WMENCHRB SN T
TR SR BGRAT 2 Bid o7 (A-10: B-lactoglobulin,
B-14: ogi-casein, B-lactoglobulin)e € DHM L LT &F
NWCVBET LIV Y vy Ffehs, BliRFUSEViC
HofzZ b, BB REHOMEBFIEC LY BB
T, WERBHEOE IRt HTh ol bt
EF LY (WA

2. ELISAIC & 2947

ELISAIZ &1 29 RGO asi-casein 35 LT B-lactoglobulin
EERL, WFy bebis, EEEFIARRAERSL
WOT VNG 25 282 T 0.31 pglg ThHolz,

ag-Casein t. FLARA 1 RGEE & H S WA (AL
B-1. B2, B-ll. B-15) »BiEfishiz, ZhEhofliiiz
BIIHEARE, FLAE ARG & LTABH A-11 2% 18,800

Table I AFFLEHSRII DSER ENIALHES, - BSEENGIE TNBT LIV 2 ¥ 030 WO SH R

casel F-lactoglobull
AL/71% ELISA A4/%0< ELISA
NI 74—  (nglg) BT TT4—  (nglg)

IIERBLOBEIAG ot s g U2 o2

Al Y AT A 8/12 AN ZUR - - LOD + + 6.6

A2 B vy T 5/13 FIA (44 - - LoD - - LOD

A3 EH T — 16 /24 sk A (45L) - - LOD - - LOD

A4 Ny FI—=F 10/25  A—ZAME(E-7VbI%R) - - LOD - - LOD
Ll as noly—7 (EEmIE KA T RTRY - - b - - LOD
fé’ A6 g 3/1 UG (5L - - Lop - - LOD
| AT = B b O R e e miti=o o LOD e e H 69

Al 8 i

a—yay

1345

B-2 RFq)—7 8,9/20 RIA (L) AFAINY (BE) o+ + 544 + + 4.4
B3 PR 10 /22 1 R -~ - LOD - - LoD
B-4 xS — 9/19 ARG A EA > - - LOD - - LOD
B-5 HFA I~ 11/20 5 7)) (R - - LoD - - LOD
K5t -7 3177 FLIE (42 - - LoD -~ - LOD
RFA )7 11/26 FLIR (49L) - - LOD - - LOD
H=ayoo [P : SALOD e e LODY
" EevaY g3 : - LoD,
W FFAGN b 12T - LOD
SECP ALY

ATRY=RAVH

0.31 pglg) . LOD : HRIFEALLTF

LOQ : FEHERSE (

FLIRAOWNEAEIEL TS 1L BT DWTIERE A-1 95 A1 &L, H

{LHESZ I LTar

1240

BROLCEGIZOWTE B-1 A5 B-18 £ L7

RGO HOMEFE LI FOREDFLALIZATDOZETH b,
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pglge —MRELRELTRF Y V=7 B-1 ¥ 7.1 pglg. ML
RF4 V=7 B2 A 544 pgles 7 A A8y 7 B-11 1% 569
ngfes AHHI B-15 1 487 uglg Tdh o7 (Table 1o

B-lactoglobulin (3. FLANRINT 3 W% BT 8 & (AL
A7, A1y B-l, B2, B-1l. B-14, B-15) % &% fHlA
Sifze TS SPFDILBL DA, fH/70< k7T
TA—THEHBIHENTH RN, e 7 BRI T T
NTCWze EBIAL /70T 7574 —TEARHIOHIA
I TH o7 ABH A-1043, ERBRAR (<031
ng/g)~ BRHBRARLL L& UCH Sz, 2o 20 S
BHBBRALT CTholze FMIEL, HRAES Y > T~
A1 8 6.6 pglgy NE—TO—2a ¥ AT H 6.9 pglg Thorze
—EARFTEBABLO B2 ORIV —ThRENEN
74 pglg & 44 nglg Tholze SHITB-11 DT xA RNy 7 H
1240 pg/g THolzo —BHAABHO B-14 BLU B-15 13
FIb 1.3 pglg OIBEHRAETH o725 HLARBABH
A-1144 10,429 pg/g DILEERARII L7 (Table 1)o

INLOMRITED, 29 WA, LRI 4 W%
a0 9RO & B L TESRERA G LY asi-casein,
pB-lactoglobulin DT J7, HHVEWTFRBDILT LIS v
&8y FATELISA WL DRSS, 2095 8 WD
13 pg/g BLEOERE 2B RSN AMEDSL, K
DIKHERED: agi-casein PEEER R L7z BRI — R T S v —
7" B-1D 7.1 pglg TH D, B-lactoglobulin T ik — i ] A&
# B-14,15 O 1.3 pglg Tdh o720 % 72, asi-casein 7% 18,810
pelg &b B A R LA FLEDIE A A-11 O BL
B-lactoglobulin b 10,429 pg/g LEAEERL. FIFLT LV
PERZAVE Vil ia-Y (WAN

3. HIET IR ARARE ELISA ICL 2 EERRD
Btk

asi-Casein (&7 14 Y Wi512, B-lactoglobulin k7L 53
WHFET 5o 22 TR OFRE & ELISA (2 & A5t
FERDBIFR DT 5720100, WsE R % ZRINS
PZHREAL 72 (Table 2)0 29 BLICFLIR SN A-FLEES 4
LIL TIL IV O 4207 V=707 BilEHl. 2
FAINY, G-Ikl RIS OMLENIEHAFE
RENTVRREGBEL I—F WML hTA4, F7b7xY
¥R ERIM G E EN B DARDER ST DR
U ELIze —Ji. MUKGIHEA 8, A Vilisics
FN WA DVFRSNTCOARGFE I &L, AR FUE%
IS LT MG CH AR DR R EINTHBEGEE IV
EL7ze AP BINLENL IS & ER L NI Eishsz
R 6 WRHETEL 2. FDHIBD S WD 5 agi-casein
& B-lactoglobulin D JFDFLT LIV 2 787 TAGE ik &
. Y 151 B-lactoglobulin 2S5E i &Nz —H
FLIFW & EN DA Z FR LA INIGHIS Nz 15 R
S, 2 BRI, B-lactoglobulin 2SHLRN TR S,
asi-casein W FER SN ah o7z, TBY 13 WRIEEL LT
VT 5 o2 B IR T Ch o /e A4 Y iliS
THD [MKGEAEA V] EFRENZ WL O 3 WH»S
E WTFRORBE, 5D agi-casein S 1 RHO
HSEBRILUT, HIRERFLL L) B-lactoglobulin A3t S
Nizo P oy MW TH BN AMERREINZ IV
D5 FREPSFNTROLT LV v 7 s B bl h
Lol IOFRRIZEY, AP OIMIT SRS EE
RS T LV v 8 o Fhs & S L AW gDt

Table 2. FUCBITAFRKAEMM LT LIV v 8 282

FLN 30
. lactoglobuli asi-casein <LOD®
Wi T B oseasein - Polactoglobulin | elobuin

TR L 1] 1 (A1)
[ RIA - AFLINY 3

EEV A 1

SV (R - R !

A=W NI (F—=7 W T FR) 2

b 4
. i 9

VA AVES Y 3

BRILA - GY T 1
o ARG B EA 2

IS A £ A~ Na 1

LI 3] 3
R 2 | S T 2T

i 29 0 4 5 20

@ <LOD : HRIERLT
4 LOD PLL LOQ WFO#K M E M 1A (<031 pgle)
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< Y51 asi-casein & B-lactoglobulin D H A E TN AT HE
RN EATRINIz, —F5, FINES, Y E
HHVEIEY o8y SR, R R R L RS
D, asi-casein, B-lactoglobulin b ILELHYEAED B\ EARHIER
FUTERLL,

WA TR OIS O FTRNARLE GOV
THEEL7E (Table 1o BEIEHSAMGR 3 BEFUIBY LTIESES
A ROMLOTEHRA R WO 2 BRI L7z REFLA
LAt 26 T L. FRMD A7 A TR EShTw Bl
TS 45 KA T EN TV ARG T CHEEL. JEF >
PUEESCH BN IEEFMEYE LR TIE, B18
T2 AT 3HE. A-6 TR 3FHRE, ik
HIOFTRIBRLZHY . M LREEG RISV EE LS
P VFRONT LIV 27 287 BB T TH o
7zo MAKGHER YA ¥ EMH L LLRETE, wiho
LT ULNGT & o BT Ch o725 B3 T
22 5 9 FHH, B-4 TI9OMGHITFHCTH o7 &5
FEMEE L ETCIE, asi-casein % LRI W TR
L7z B2 DAFAI NI OFRA 20 A 9 FFH. B-15D
AR FLOZERAT18 B 8 #H T o720 asi-casein &
B-lactoglobulin OG5 A MLz B-11 0T 24 A8y 2
& IV EDOFERH 25 B 9 HHTH o7z TNLS
oo BB OIS DERIBALA L THRT VLT v 5y
2R EDIRIMEN DRGNS DY, FRMLAP I THAT
Vg S AR EN BB L H D e ERIE
SO S RMBIERRO S b o720 TrLA. Table 2 1R
ENzd. EAEFEMEE LR, Ay oo R
Iy X FEBIHRE A2 AL LR LS, A7
VW 2 o’y T IR S Al & n, AT LAY Y
7oy BRR OIS OB IHEFE A5 A
PG DA AR LW B YR Sz,

I\ 2

AFFEIZ BT, HERMHE L EREOLERB LUE
AR LY ., BT VNF—DEET LAY YT 0T
B, asi-casein 3 & UF B-lactoglobulin D & 7 ik % A
Fro AFHETATIRO LHER B L ORI G OFLT Lvy”
YE RGO TORETH b0 29 Wihho 8
R IVWFNHAOILT LIV ¥ 5 2 FhtElit s,
Fro, ERBRALT, RHERL O B-lactoglobulin 24
WL VR R &, LT VVEY SR ER
BT 20 TSP 9 BT, FOILERIL 31% TH o7

B-14 DABHIFD asi-casein t. A L2270 7574 —
TidBp %R L7225 ELISA TRARIBRFL T Th o720
TERED ¥V ELISA TRIBBRFLIY Th o/l &, 14 /00
T 5740 2 BOWESTIE ML B RO RE R
FORLZZZED S, B-14 OWEREHE PRI, BBBRR
S DOIEEN R asi-casein FEL. 4L/ 70%h 7S
T4 —THRIMENZTRMENE SN T2 B-1 DFRF

V=7 {10 B-lactoglobulin DIEHFEHIEL. fa/70~< T
T 74— TidbE7Z 072 0% ELISA Tl 74 pg/g LM SR
720 ELISA @R HUEHE O SLAR I, 2EET 12 Wi
Pk g odRE SR EAT ) RIEXH 5. ORI
SN BeA LN TR TEMEL /2B @ B-lactoglobulin %l
Wb LN SNTWB D, —Jf, fA/70whr5
7 A4 —ORsESEHEOWELBECIL. PHEUKIET 60 31
DIRENRAN L BIMBEIT )0 SOLH %, HIELS
B o0 5 2287 THEEOAREEAT, 2 FEHFOF v b otk
HIREO#E (477055 74— 2 pgla. ELISA:
0.31 pglg) D—EHEHEZLNI,

A oy T, FLERH 2 B, —RHE 2 SR
LIVET LN 25 T BRI EN Tz, iR 1 3
6. agi-casein 7% 54.4 pgle & FCIREOE L TR s
720 WTRBHRETICHVZ R TH D20, JEHLAE
FIC & DR IRIEDEE SN, ABHITHR, LB~
fEE B & L BESEEIM GO A-11 A5 29 RO T agi-
casein 18,810 pg/g. B-lactoglobulin 10,429 pg/g & V™ 5 i fill
ERLI, IR T 2720, B 1820 g 20
200 L OARIZERH LA BEGREEET LT Y50
ZHED 1.0 ~ 2.0 pe/mL 2B TOWETORERIEED
TR DV TIEHS TR, LSRR M OEZ M
A KHIBIRE R FHE LTI e b, HEDRL OB
ST VNG 28 Sy OB D e E
e ZOEPLLALDE. HHVEFAT L F-EEIC
W, A, O-Yar, AR EOBRLIER ORIz
+ SRR CH D, Fia B DT ARy 7 &Y,
569 pg/g @ asi-casein & 1240 pg/g @ B-lactoglobulin 7
Shiz, [WEOEM L, FLRIMEML W EFHEN
B HERBEDRMIEHLT LIV vy oo ik &y
I B R IR B, B~ O,
RSB EVEN PRV ENH B, FRFRTY
W —BEOBHAEL, EESLETHD LD,

KIHGEDHTIE, AP SN ZERL
726 WP 5 B LY agi-casein & B-lactoglobulin DT J7
PRSI, BRIBRED BRI B ok, FRODEH
BFRELTCAFAINY, BIRBA, -V bo=fE
DFIRVLMSNTC e TR ERLEBIRINBGRE
LADb, BUREHEL - A% A3V 7 380 05 B X DB
B, WL b0, 2970 MIELBEW R
WX BEEBEOBIRE R L OTHY.. FRLL LS5 MR
7o TV AV, ZOMELD, £FrsMIEhi
e U RRTR, RETREELED agqcasein &
B-lactoglobulin (Z AW T LA L/ 0w b5 74—
B LU ELISA OFfR TR SN A HM A MR L CHAELT
VAT REHEARIB SN,

—J5. FLISESICE NS, -V O LG M
L7z8—=27 VNl RIA, 57 b7x) SR FEMEETS
15 RO TIE, 2 BRHED 6.6 pglg & 6.9 pale & I
HEIEEE D B-lactoglobulin ASRIHE . B 13 BLRUIMHR
FRTChotzo TORERELY, FLFHTHLL A% FA
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B L GATE. W5 ORHLERE, SV RO RE
TRETHF D B-lactoglobulin 25558, ¥ HBHVIER
FENDTREHEDHE X SN0

Fro. FLNIA B Vi IR AR EAEE L
7223 WETHE. WTIRORED 5D asi-casein ZF s
Birolze HEA VEGREREUTRRL A, FLaE G, L
M. HMEOWE. HEA O THBBESEF TV
TAGFIE T TS 2RI 8T EES IS
HYA LEGOBRFITIETH S LAEEE, —Hh,
HEA PTG E ARG RS A e LT L 22 Rid.
B DR T BH ¥ A~ LOBRYSE R ORI, Ik
SRR B o AR E TV AT RS A 6, &
7oo INSOFR, S LS ER 0L FDE AR
TR AN S LTV AT T 5 S LI TER,

Y—Fy Y T LAF =% MR E L Lack 503 F— Mg
WEB e, SUROEMBHEOFE, HAviFE—Fvrta
WaEETRIER TN FANET S ThIX. E—
F YT LN F - BRI L FIE L L A B R R L
FZ Y, BEEIRIZ LB T LIV F —SSHED TR MATR
ez W, FIRENL T ABSHUR A il (B TS
AZFPOIR T RERELHUT IR, RO
W BRI BAT L7, SIRERAFUDESN 23S
B ARTNTIY (OVA) P, RaTE—F v vy sy
20 BRI E LTS SA1, RSB DR & SR IR ST
BOWHNIEDHBIATd D EMEATRE S L7,

ESIORETFITC LY. REOR L CHDMPEHMOMR
RN 7 HEGERIRD & 237 Alaggrin O AL
B, 7 PSR 2 R T FERSIL, R
DT HERER KSR LB filaggrin ZYARATFIET B )
a8, mEO—OTRTH 2T, S48
PR BRI L L DT 7N AH AR
ZEREMEL, BAL XD LT8R S I LS
NTWB Y, T RE AT O R ) THREC LY
PR IR L 2V 845 Filaggrin OBRER BT LD
SRR AL, SR E U LE, ik A b
A VREHE, HINEERI % 01 MRk SOEASTHAL SN B T LR
S IARLN

RERRAELZ L BT LIV — DS 2 B Lo fLany 7
BIELT, ANES 2R HOMARG T & LSO
W2 XD EIRERINGE 7 LV F— D FSEPIA E S CHds Shtwn
318313 ot pUCik, PEEUARICES TRV
KGR BFH, ZN v 198 ORI B BEE
THREEIEC LY, MEFETAREBINL BRI AEK
FYEEBIEESET F 74 9% ¥ — (wheat-dependent exercise-
induced anaphylaxis ; WDEIA) % &4 L 7 H0 0 25 i &
. HEHEL L7 720, ARG RO AFRORGER LG
i, BESIZIZ5TROHIK (30 ~ 50 kD), HA\VE5
FRFUSBOM I PUR Y E OB, ROk, S
FHTHIEDIERE kol I EHEHE STV ),

iy ERRGOT VN AR B A BRI AT
bITWDB P, WEORMT VNG ¥ 23 HIownT,

A LSRRI AP IE S DI . B O
WEBIRT LT AL ST WA, Fioe TLvs >
HAISA2HE LT, LSS OB~ OEE R
FAMETBIEH] - TS5 & DHREL TV 2T kAT
AbIbo FAMBEEOFTHRGIEENDT LIV PO
A& mY) 2 A5 - RIS SN OBIRIC LY BEEEOY
ALY DEERAMEFEN DI L b, DR TR e
v BB B UG OEME ORI R EN S,
AR LD LT VNG 5 oy e U EED L
iy BEBEERSL S OB 2 AN X BREBIE DY A2 3
FRONTze WL CIEEIRER I BEEL A% EIRISH
YD S D B TR LENEZLOND, T as-
casein. B-lactoglobulin BISADELT LIVo >4 2032 B,
FED plciy s o fm T LYy s
IOWTHWAETEZ LN HEN S,

A,

Vi

AR, AMT UNF —FHEDANZ A LD —/ELTHE
B ERBOEEATRIE SN TV D, FABFLDRIZE W,
LT LV F — DS L R RE ORI DWTE ST
B7201, LRI 11 &% S, TS RLE O EE
{LHER 3 LU MG 29 ROV WlEF Y b
WOEHT LV F—DRBET LIS 25 v R0 TH D osi-
casein & B-lactoglobulin D Mll5E % il Aize ZORE. L)
RHABRRZELIREPSAT LT ¥ 0 Aoty
L7z 2095, @ALOMLENI RS EHEHMELL
72 5 A S B-lactoglobulin 3 & UF asi-casein DT /7 A5
hahz, —J HLNE G, AL LW LA fl
T 5% SR Ak & L7 23 B 3 R & SR IR e
@ B-lactoglobulin S SN2 HE, osi-casein (AHUPFRFLL
TCHotze (LHER - BEBIRICE T IRAHKOTL
W 28 2SS HOPEBERT LIV RIS A RO E T
ik, AT LVF—DRIEL T LV F -2 —=F DT D7
CEEEEZSR 5,

VI R

FECHA LB O— i, BRSPS wie i)
& (RO EMAIGEDIEIEE) CLhb0Tho, TR
W3 LTT & ol JERR TR AT R R A TG A
RO FED W EH L5

VI SEXH

D HANETLVF—2L4807 LIVF-FHE (5
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#E

METFEBELZ (GM) B, SAAT727/av—%
R L BEYO—MTHY, ARt iR
R ELBOE LT, BRERRECERIERECE
ShAERAVEEMNS LicRifile ERBREA TV
AR EE s X CBRKKEEDY = 71 MIZ 2014 487
ABfECHRIh T A5, & BT
L REWMNHER S e 8 fl 290 FEORBI L6 M
72 ORI OMESREDHR T 5. Fie, HBK
FOYECEYHI X BRI E, HREACL-TD
FREMNER S h B 1R GM 1E ORISR L Bt
bhTuwa., Fhicfiv, GM ORI L TH
WHEOBLIEE YD, LORMERERIM KDL S
Bl o

BOETR, BEARETE22E (20000 U235
(20000) W= X b, BAEEEORBEEEDOHERTTL,
GM B OREHFEOREYL L RAROBEL MBI h
o chuc kb, 2000464 A 1 B2b, REUFEYZT
TWigys GM S 7ok & o AR AV o R,
WA, Bk LB EIEShTwh. Fi, BHK
EH (2000) %, BRHWEOBKS L THERROH
AT 53 JASE) w#5< GM AT 5
FHRTREELERL, BREENHER S GM BIFY
LEOMIRBICHTHRRXTI CERRELL. L
MUAEND, Hixls GM {E 2 & E THIR S hiitE i
AT B kb, BReTTRERO GM (FH1E

RIEER « ARk
2014 4F 8 4 13 B 2014 4F 10 A 22 AZH
Correspondence: rakashi@cc.miyazaki-u.ac.jp

ALT#ET HBIDEE > T 5. FBRC, 201142 A
ik, RAHER ETREWRFETHD GM S84
(Carica papaya L.) 7%, BPIZHA LTS LS
iCle -t (BRYEA 2011, BAEFBE 2011, BHKES
2011). TOWALAAAL YL, SALYY v T AHy
b oA LR EEE (YK) OXEEx v 37 HOBET 78
A&hiz GM 234 ¥ (PRSV-YK) ThhH T &bt
—ffiz GM {Ff OBk, AN IAEERRMER
IR (2001) PERAHKEMHRELHER v 5 —
JAS 3BV V7 » 7 “REFHERZAHRE - 2
H==a7 B3 (2012) CX->TEDHRTEY
DNA fitficix> VA ¥ iz 4 7% » P&, A4 4 VR
BT upk, BibeFa Y 2517 vE=Y L (CTAB)
EIED, BHHICR Y 7424 4 PCRBECHAVHRT
WA ChbONEE, GM % BEE THRIET 5 2
ENTEDLN, BIEFXEMTHL LI REAND B,
PRSV-YK e\ Th, v U h ¥ ABEA T 2 b D
WA A R T Ak AV DNARI E ) 7 4
1 4 PCR & & 5B ASEAES HEERERBBDRBELSL
WERLEFRMA 2011) k) RES Wi, K%K
i, CoMmREECES ¥, PRSV-YK O¥EXMAWT,
iS22 3 A b THBRAFLIR TR I B aE 2 i L
D THRET 5.

HHEBLUHE

1. &

BEHE, GM 84 ¥ (PRSV-YK) 2BA LTV
HHEOH2, BEEHRAOENFOSSA ¥ BRI T
AYARTERSR TN, £TOR84 4 (221 #ifk)
DREO—WEH .

RT3 A v ISP 159

2. W%

BB (X Tissue Lyser I (7 % v 38, KELELE
% MX-300 ( $—# ), % XX EE # % NanoDrop
ND-1000 (7 Fo o 7#8) #Mu%. PCR X Veriti
V=247 5— (53475777 ao—XHH), &k
PCR % ABI Prism 7000 Sequence Detection System (7 1 7
77/ mo— X ) REMLE BXKIL, MCE-202
MultiNA (BSEBU/ERTEEY) 1 DNA-500 * » b (B
PERTEEE) #AVTfTo%. O MultiNA KX, <478
F v 7R TR S W e h b ER S hic i v
KB L, BRIOEKESEWBL, vV Fryr4X
PREER ELXTORBTHS.

3. DNA OFRSE

DNA OfliH #8113, DNeasy Plant Mini Kit (¥ 7
VHED) R@M L. ¥, GH6E7 DNA R -
LT, FTA75 v b—R"—h—F (GE~NVAY TH
) A7, DNA OHERH#EE, 20mLBF2—7
Rkt ora=7H— I (EETmm) ZARK
BERCHEE Lotk v 7 A WPER (TissueLyser IT;
F7 7 vER) @ TER 30 RO T 30 BEERT
B & THRE LI, ZOBREL73¥FH% T DNeasy
Plant Mini Kit ICEfF D < = 2 7 L v DNA R L,
DNA % 50 ng/ul (L LT PCR ¥ L & &k PCR 1T
AL,

fili i 7z DNA SRS OB OWTiE, M3 em A
Y- -EREFTA 77 v b —R"—a — FiCiRE, »
R—% LB Enb ¥ 54 X—Dffic & T 15 Bl s
220 —FrREFELLSOXERALL (K 1AB). +
DRSS - FO—FEF 4 27K (EE20
mm) < D#EE (B10), 1.5mLEF 2 —7 AR,
ZODF a—7 1, FTA B8R FE (FTA Purification
Reagent ; GE ~/- 2 7 7 #£) % 200 uL A, B B¥
foth, 5 oMSE ORE L FTA MERELX e~y 2
THD BRI, Z O#fFR 2 [T 7. KT, FTA R
AEORBD I/I0TE S » 7 7 — (10 mM Tris, 0.1 mM
EDTA) # AW TREOBIFEXT-k. ThboffFic
T5 1 27 kY PCRAFEWHL T OO RHH 2T D Bk
¥, BRELCLSCCOEBRBCTHIEBEI LT 4
A 2 % PCR ICEHEF M L1z,

4. PCRZEICL 1R

74 v —x Y, BHREECHE, AV T7FTT7—%
FA47940R 358 Fae—2— (CaM) EFIBHEA
(358-F: 5'-GCC TCT GCC GAC AGT GGT-3'3s X T 358-R:
5'-AAG ACG TGG TTG GAA CGT CTT C-3', #tEHIRE
82bp) & Papaya ringspot virus coat protein (PRSV-cp) #
EF OBERFUR (PRSV-YK) $eti Al (YK-2F: 5'-ACA CGG
GGG ACT CTA GAG-3'% X T YK-2R: 5'-ACC GGT ATC
CAC AGC TTC-3', HESESURE 76 bp) @ 2 Mi¥H AW

B D9 LEARI YEDFTA # — FADBRELE ARy 7 4
v,
(A) EFY, (B) \BHH, (C) A+Xy 74 v/ HKDFTA
H—V.

Fo. S8 A R BB I 1% Chymopapain (Chy) SB{Z
FRIANZHEE 575 1 ==& (Chy-1F2: 5-CCA TGC
GAT CCT CCC A-3'# X T Chy-2R: 5'-CAT CGT AGC CAT
TGT AAC ACT AGC TAA-3', HETERIRR 73 bp) &M\
7o. PCREAW L, 10pL A& T, 5uL AmpliTag Gold
360 Master Mix (7 4 77 2 7 0 o— X ), 10 pmol %
754 <—, 50ng $§% DNA #BM L. E7, FTA 7
TV b e—R—9 — FERWERIGOHAE, %5 DNA
Db H ICERE 20mm OF 1+ A 7% | il hiz. PCR
RISk, 95°CT 10 S %R, 95°CT 308, 60°CT 30
BE3sy4 71Tk RIGKIE, %% ¥ MCE-202
MultiNA i X % T Kk By Bt U S92 JEZ L.

5. E# PCRZEICK B4

SEfk PCR B X 28I, & ClRAREE - 1.
Tihbb, £OPCRATF 4 v—ftichz, #9775
V—%FA4 72 4LA 358 Fee—x—FIKRHAE S
o —7 (YK-2P: 5-FAM-TCC CTT CCA TGG CGT C-
TAMRA-3"), PRSV-cp #{ZF DERFRMRMA 70—
(358-P: 5'-FAM-CAA AGA TGG ACC CCC ACC CAC G-
TAMRA-3"), Chy BIZTFBHMH 7 v —7 (Q-Chy-P: 5-
FAM-TTC CCT TCA T(BHQI)CC ATT CCC ACT CTT
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160 B e - LM - oS - HlL -

CaM PRSV-YK

B 2. PCR k& F » 7 RBRAk B < X 0 BIHFTAET PRSV-
YK & CaM D2 € —#.
12X 108 B 52, | K10V =) 3, B % 103 B 4,
§x10F 3 K—;5,4x10° T ¥— ;6,2 x 1P T E— ;7,1
x10° 3 €= ; * &7 v 7Y 3 v OREE IR

GAG A-3") %M\, TEdk PCR BAWE, 25uL Bk
T, 12.5 pL, TagMan Gene Expression Master Mix (7 4 7
57 no—X M), 20pmol &7 7 4 +—, 2.5pmol
7 u—7, 50 ng $§% DNA ML 7. ¥7, $% DNA
¥R L 75\ Non-Template Control (NTC) % H&ffi L 7c.
Bt 50°C, 2 3RO TRIE LK, 95°CT 105
MR L, v b AZ— b ETRISXMATS. 0%k
95°C 15 BR, 60°C1 4% 1 4272 L1LT, 50 %4
70 DRI R (T - 1o

BRBLUER

L A 70Fy 7TRABTATHREIC L SRHRA

RAA Y OECTIT B GM /38 1 YR IREB O,
747 05 » 7 RELIKEHEEME MCE-202 MultiNA (Z3stF
% PRSV-YK #5 X UF CaM BBk O B H R A O HEZR & 1T -
fo. BRAOHTEE, MultiNA 2T 5 6 BHE N 3 mv
PEodbok L. MR, FoHar—EnililEsh
TBBEHER 79 A § KR BWT PCR 2170, BRIk
E{T ot TOMR, PRSV-YK IKFEWTIL 8% 10° 2 € —
(8.67mV) FT, CaMiZIB\Tik8x10° 2 ¥— (3.55
mV) ¥TCv/rARBERT R TER (K2). ©
DIER LY, WRHEAIK 8 x 10° 2 € — L EFETHIEER
B k) BETTHETH 5 - L RS hk.

2. PCREICEL B PRSV-YK DR
PCR i X AU, EOBBME KM IN, 1
WM R D %2 I 27z b, MultiNA & DNA-500

Wik2l  Hitke9  Rik198
231 2 3 13 3

(ST ——

B3. FTA 7 — Fiz X b flil S hic DNA W THRER T 12
BoF » TRBRKBEED 711 2 -2,
1,CaM ; 2, PRSV-YK ; 3,Chy ; *, %7 ¥ 7V 2 v OHEER
HRRREE.

* v P DR E LRI VT, 25-100bp DV v 2T
+ 5 bp DIEHES THBEFTHE/cto, FIIRMTH v 1 <58
Z OREFEP O Otk & KIE L 1. PRSV-YK DR3¢
Eik, 2HOP LeRTrESE, xo2@EbcE
UsT PRSV-YK ¥ J O CaM D J7 CRE & I8 & huic il
i bt 2 ME L, FTA 2 — F & AW EBOER
221 Wefkh, £ TOREIZIT Chy BREROBHE v
AR SR, 3 BRBIC VT PRSV-YK 3 X OF CaM 3
BomAcBELRLE: (K3). RgofFRE, Mkl
12 DNA BB sV THHER SR ¥, 2@ORTO
5% 1 AT, 8 BT CaM T, 4 BfE T PRSV-YK
CHERR UL, ZhboBREH LTS b 2 BoR
fTRfTotcb s, 2BESBU LRI Ao, O
Zkinh, ChbOBREERHETH D LB L.

3. 7l PCREICK B PRSV-YK O

FTA » — Fio X A RBuc s\ T L HIE S hi 3 8
k& PRSV-YK ¥ 7oik CaM BERC 1| BITH < v FAVHER
Shic RBRECOVT, B PCR CTHERT - 1.
HIGE L, DNA filiHF » b L b il LA DNA % T
fiv, &CHAREECSTS 7 e b ancot. %
OFER, T BhHEC TR R L 3 ke T
FEstt ) 2 HE (i@ 75 Threshold line (351 % Ct fifiAs

TREETFARI A o323 A A il 5 Wkt 161

48 Kl WELTHY, ETOKRI—KLL. Foft
O 12 REGETEERRL, MSMHEC X HiERE—
KLt chbofERLY, FTAS— N2 L% DNA B
HE PCREEIC L D, 2084 YEEW K1) % B IE T8I0 % 6
DOMHBENTHETH D L 2 bhi.

L OBE T, R PCREE O X 5 7l Ao R
P, MES T4 v—FhES L, EHEMEDK
WIEE TR X D PRSV-YK OB BT H & L B TE
. E e, SERLTOIFRELEREN T > 7025, FTA
75V b= R— = FADEFR, BT TSl
¥TEBHLEZONE ChEToOHRETH, BHTO
TR BT 1 BT 890 SOBEUC V- Hh
F A @ TORBRE T PCR BUGI- M7 < M Li-iE
bbb (FaE - W 2005), B cEHdrREcy v
FIVVIL, RDT 7Y r—va Vic Wb I ENATRE
THHEBPRS. ¥, s—h—lhud, Bl
RIECREATCRE ThE, SR TR, TENORE
TREFTELLIRTW5. TEDLIR, H2EH, KK
i (4°C) I THRFAF LI FTA % — F &2 H\WC, FE PCR
HRiC X A RIHER T - iR, PR/ EOhS
ZERHER L.

A, Ek PCRIBICHAS &R N B fodh, Bl
HE7 DNA BOA I B E L S hicfde, K5
SEROYVEBC IS TR EREE S EL bR
B0, WEPEYK ChhET S RE TRIETES
LRI, ¥, FIA 7S5V b e—nR"—ph—F
W, LB ) A RBOBMYET T2 LNTE, 1R

hdptc) OB ETI AL IXMW 190 [THY, HF2%
AV TeF v P X BiH O DNA Hiicm b a2 b (8
300~450 ) & b Rl ENTETH 1. XHE,
FTA 71— Fa e ik, EMAVEEE S hoTun 5 357
T DNA IR T X 2100, MMETHBRZ K THS
THEH: O 5 BB E ORI L h 4 U B RIKED Y 2 7
BT DB EMNTED, S, T OHER RIE
s ORI T E B AR 2SS <, SRIKIBMRE THLR
ZAEDKBEC OB S X O Sk~ D R ik B
MO ERMES RS

31 RISk

BUEE (2011) HuBHSEFEFOR hitp://www.env.go.jp/press/press.php?
serial=13514

4R (2000a) &R 232 5.

B4 (20000) HRE 233 5.

JEAES A (2011)  http://www.mhlw.go.jp/topics/bukyoku/iyaku/
syoku-anzen/qa/110222-1.html

AN MR R R AR R (2001) &I 110 5.

LG IR ERE AR AMEEBERLLWIEM 201D &
TRFE 0222 55 4 5.

BHOKER (2000) &R 51745,

BAROKEER (2011) 7 v 2 Y Y — = http://www.maff.go jp/i/press/
syouan/nouan/110222 html
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SR - bl B (2005) 598 5 127-135.
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'HNMR I L 2 REEEEFHDHO
REEER % AV 32 B ASLEOKE

A P NE D= B S < = RN T T1 A L S ()
B M PR RIS S N HERKRT AW SR Ml e

iR B, WE BT i 3ed

L Z S =

RSN (NMR) &IV HTEE Gkt NMR 3) TR T & 245812 5, et %o

BHEW I A LB LW CERTE 2 2o A= V58 LT

HEHDTWD, Rk

uﬁ%@ﬁ#%%&%:t#%ﬁﬁ%gb&mén%wrwé~ﬁﬁ,m#mﬂ&%mvu.ﬁﬂ%mzﬁ
ORGSR KR O RFRLE E S ND L) AANE 4o T D, & 2 THFR TR
AEHHBLC B 5 a2 b RN R EHT 50010, INBEHE R V2B R NMR S oW OB L2 B

Wit ek & FhERO ZOo O ETREMR 1T, Wi

SICBERINIC X AL AT E ST A & T

UG Z D MBFEOWMIZoVnTES L. &
EMOAFEOR SR FML, & izt

HEAZBVTH 1% UTORGES TERGHACELZ L ER LML

LM B

BRI (NMR) A2 PV, AL suTE
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SERUABEE I OMILHeE /A S B T AR AN OF
JAAGER, ERNMR I & 5 HARR T REOMIEOH
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HTHB, Ll LAREETE, SR SRS R TS
D, ZOFEICHNS Lo Ei NMR B A
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WEEHAIRETHL LV FANHSE. LarL, SEE
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MR ORI Y &9 AXREICIRINT 2 & Ltk R
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PR BT RS W T 1,4- € X b Y A F
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pgg OWNEIHERE MWL MR L L4BTMSB-d,/
DMSO-d; WIS 10 mL OB 7% AfF TV 32—
A4 T W5 mL YN LA B, DMSO-d, OWkiRY:
DUNT LN, TP SNGFT ETOTRTORES R
BE3% UTFOEMBEFMEO I a—7XKy 7 AdhT
Fo7s.

2:3 REBEOBER
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BBEFMAO 7 T —T Ky 7 P OWHCIT- 7=
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VA

—7J7. BN RENE ClE, AN T RS L
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SERS EE 2503 5“; 25 e 22 i) N 5 FIHEIC BV TN REE OB R LV REBL LD
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Preparation condition
Fig. 3 Comparison of the normalized purity of
benzoic acid determined by several conditions

The samples were prepared either under nitrogen
(condition 1) or atmospheric (conditions 2to #).  In
addition, standard solutions were weighed using either
a gastight syringe (conditions 1 to 3) or a pipette
{conditions 4 and 5). In condition 3, the standard
solution was used without taking off the septum cap
of the vial. @, Gravimetric method; (), Volumelric
method.
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Fig. 4 Purity determination of benzoic acid in each
laboratory
{a) Gravimewric method; (b) volumetric method,
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Study of Sample Preparation Method Using Internal Standard Solution to
Accurate Quantitative Analysis with "FH NMR Spectroscopy
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Since nuclear magnetic resonance (NMR) spectroscopy obtains a quantitative value on the
basis of a oucleus, the quantitative NMR technique does not require an identical standard.
For this reason, it i5 expected to be a universal quantitative method. Recently, the
quantitative NMR method was adopted also as a regulating method.  However, the
quantification using an NMR requires a high-resolution balance in the sample preparation for
accurate weighing of the mass of samples. This is the biggest problems to disseminate a
quantitative NMR as a generally used method.  In this paper, we discuss the quantitative NMR
method using the internal standard solution in order to resolve the problem.  We examined
two methods of sample preparation: the gravimetric method and the volumetric method.  The
influence of the preparation method and condition was evaluated using a standard solution.
Additonally, some organizations have used this method to measure the purity of a high-purity
reference material for the validation of this standard solution method. The accuracy of the
results was evaluated using an internal standard solution by the volumetric method, and
measured at 1 % or less,

161

Keywords: quantitative NMR; standard solution; 'H NMR.
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hMEEPRESNHERROBEYESULEACH D, EHIETE, FHPOSH
FEHEFALKE PAH) BIZoWT SIS b—F 7 VMg BET 220, EE%
BAtBE (Ef NMR: quantitative NMR (QNMR)) #—2>T% 5% AQARI (Accurate
quantitative NMR with internal reference substance) ##% 58 Lizo AQARTEZISHT
BT LY, BENRBRRICETY:, B, BHREHISHICERELRER L MR
HROOND, ERHEEYHEORBRL LTER S A HRAEYS 8HOPAH B
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Bl RS ALMFERAH, T 168-8501 HEMIEEAX LA 1-18-1

T Corresponding author: tahara@nihs.go.jp
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B ABTZEREE (JARC) & b 847 SNZERMEHFC.

X, PAH RIS 1o TERB L, £<{ ®PAH
CHEPAERPEREENS S, b LR, Bbhdb
LEESRTWRY, F/, PAH KO ES
BRE FOF Y5 IHEIC L ) REILERSE
YEERENBZEFAONTENY, IhbH
ASHERERERTIELBHIhTHEY, =
D7z, FETid, PAH ORSIF COFRERD
BRI TR, PAHOZEEB I USHAERE, %
DEEHBIOWTAEN L REFEIERS L
Twb, KEMEPAH (OH-PAH) LU=t ovk
PAH %9, 33 &%% PAH ORGERD R &H7:
SRS DERILEHO—FMTICE, HTA7O<h
777 | BESHE (GC/MS) ®Hitrov s
Z 7 [ BESHE (LCIMS) 0N EEI—
BHICAWLRATYL S~ Lal, EREEL

CHEELTHWA PAH OMEICOWTER S

B3, BoRLERSITEOEEEICHESHITE
%,

ERABEDHORBE LTHAVLNEERL
APOHRAEE, REA-H-MEOFE, Hlz
i, HEXEHLIVEB 70T 754 ETRESH
AEE-OEHENIRE I OHESLSRERL
TWABFEANE, 70T 574 -2k BEHR
BHEPLRLHEML, 50WAAHHOLR
RKYR77 79 —-FEBRFLALTHELEEL
TERGFOBHEEZRTLOC, Y-/ ARETER
¥, 77U 7 FALICBEINRDTRTCOERSTD
E— 7 BROBTH T 2 MERNRLAY DY —
JEMEREL LTELEZODOTH ), TEERL
DELHBFHY 2 ELREDOMEELHBICE
LAaboTERv. —F, WEEOEIIIEE
7% ERRRT RS CH 2 ERBEAR (International
System of Units: SI) 1< P =% 7N RHEICL >
TELNBLERESNTVE, ZOEHIHEST,
TERBEYE] * LR e U gy f 40 v
AT ACEMTENAHRAEZITL A LHRB S
TV, BREEA— 0 — B REREED B THME
DFETHESTF LTV BEERE V. LizdtsT,
SINOFRE P V—FE U 71 OESHS 5N
TWaied, BHICELE, CALICERINH
EE2RET2BRBE 2 IcELwEnS ki
b

RS RE, KE, BEREVHESES
LG FThr, RR32FFHETEL 2 YHEME
ERHOFGFCHoTH, MRTAR/NEMORER
DRFELEEMTH L. SRACRELIL:
IH-NMR Cit, k237 FORRBEY7FLD

ERiti, SFLOZRZCHEALLAERFOR
DRIIBL, WERROILEWOSFHiEcHED
57, TRTAFERFIERMNLESL LTHRIS
Nbe TOTEDPD, AR M ECHEBIhEE

BBEROY T FVEEORILEDICFST

BREDENVKIIHET 2HEEET L. SORT
LA DRI R R L7 QNMR i, STi
PU—H TN LRERGHE (HE) 285 L2
BTHY), ThETORBPELEY X7 AR
TA5FEE (B1) & LCEASNORMERRES L UR
LML DVEE SNED TV,

ZOEIRBEEDPS, HAVINTCIERLE
TR ISR (nuclear magnetic resonance: NMR)
ERVERSHE (quandtative NMR: QNMR)
D—2T&H 5 AQARI (Accurate quantitative NMR
with internal reference substance) #E#IGA L, PAH
BLUERLAYTH S OH-PAH O HAEH
miZownC, EREHISEMSICEREOBVHMERY
PE LD TEET B,

2. R F &

21 WREEY
TWHARURKOPAH O, 4% ERILE
ZOHPAH LT, ZHBEDF 75 LV EHL
i, +75 Ve BRED2HEB LTV ERE
D6FME=TME L BO IS HETRILAD &

| EEARED )

EREFHEE

or
SIbL—HEYT 48
RERE S NI RHEME
(QNMR AR Z: S E)

[ amm ]
= /1IN
weans ()OO0 U0

YVTNI—R =N F X YV TV
EFEH R 2 B IS OB T O WES

1 aNMRZRAWESI FL—HEUTFrFRICES
REROEYEE S 2T 4
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s B R4 Ak -5 B-R W& H EHE

L7zo PAH 93 & O OH-PAH 05 8 Hid,
FEMETERASH, HRAERTHEERSE, B
wib# kR &4, ACROS ORGANICS, Sigma-
Aldrich Inc. DWFRAPADA—H— L H PREHEA

L7zo =B D 4-hydroxybenzo[alanthracene (4-
HBA) B&IRAZ BIIR—#&Es L CFRMET
Hthoss S hEEARE G, mEgL)
FE L LTRV A, HENZCHE LS TE
BLUEER, FFRERLIECTT,

22 HBEBIUHR

qQNMR OHHHEITHE, 1,4-bis (rrimethylsilyl)
benzene-d, (BTMSB, & B NMR A # # ¥

B, MEMERIERRNGE) BLURME
hexamethyldisilane (HMD, #1J6# 3 T #HR
SHEER) 2, EEWHEOREICIREREY

& (Certified Reference Material: CRM) T & %
diethyl phechalate (DEP, NMJ CRM 4022-b, #
¥ 99.98. % 0.09 wiw%, HILITBMEA EEBMR
BB A Lk, EHBEX acetone-4; (99.9
atom% D, Isotec) ZHVi7e
23 &8 -
HRAXBER NMR) &F— v 75—
f+ & INM-ECA (600 MHz, BAETFHASH
(& : %A &4 JEOL RESONANCE)) #®H L7,
QNMR HIEAHE 3 2 IR :
YNVIFIZORBITXP2U (A FF— L P
REM) 2EALL. RFORRMER, ROEE
0.0001 mg ¥ THAMo fEE Rz, B3, R
WL URBSEHOFERICIE, L2RERE (25
S0mLAR7FR3) $-REHA—-FERY

&1 PAH &KUY OH-PAH DIEEYER

PAHs (fna) (3E4) BEEE BFR itk SFR
FTYETRY Anthracene - ate CCO 178.22920
IAEFTUTY Fhoranthene - Gl ():8 20225060
RV @F TR Benzo(a)anthracene - CygHyz CCé) 228.28788
ROV OTNET VT Benzo(b)fluoranthene - Coollyy O% 25230928
ROV QI NET Ty Benzo(K)fiuoranthene - Cutlyy (I:@ 25230928
Ry @ELY . Benzo(a)pyrene - CHlyy C(&) 25230028
A VF I 123 LY Indeno(1,2,3-cd)pyrene - CuHl (Igg 276.33068
VRS @WT R TR Dibenzo(ahjanthracene - CuHly d:ttp 278.34656
NS @hhRY v Benzo(ghj)perylene - Collyy (E@) 27633068
LE KRSy 78 LY 1-Hydroxy naphthalenc IHNP  CyH;0 O? 144,16992
2 Ku®sFraLy 2-Hydroxy naphthalene 2HNP  CyHO | Q:)\ 144.16992
13VE FakyvFraLy 13-Dihydroxy naphthalene  13-DNP  CyoH,0, O?ﬂ 16016933
15V K%y 7oLy 1,5-Dibydroxy naphthalene  LS-DNP  CyoHyOy EIP 160.16933
16VE FrixyFryLry 1,6-Dihydroxy naphtbalene ~ 1,6DNP  C;cHy0, "\C(E 160.16933
23-VE FuFyF7aLY 23-Dhydroxy naphthalene  23-DNP  CyoH;0, CCC 160.16933
26V RegxyrryLy 2,6-Dihydroxy naphthalene ~ 26DNP  CyoH;0, m 160.16933
27-VE Kr¥yFraLy 27-Ditydroxy taphiholene’  27DNP  CyoH;0; _/O:)\_ 160.16933
4 FRrEo_U /@7y F Ty 4Hydoxgbenmfalanthracene  4HBA  CigHpO OO:SJ\’ 244,28940
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K2 RESIUHR/NIA—2—

BE JNM-ECAG00

Fo—7 Bmm 70— FAY Fde bFambru—7

1, « . Multi pulse decoupling with Phase and
CTAYTV 27 Rrequency switching (MPE-8)

fRIGEE -5~ 15ppm

F—-yHAL MR 64000
d—-bFT7 405~ on (84

7Yy TH 90°

55 ReH 60s(>5°T)
TR 8
HrANREY L
Ju—7iRE 22 ~ 25T

F T vE FTEb Y dg

qNMR #HEWH L4-BTMSB-4, ¥ 7z HMD

ks -

¥~ (YNFERY b Xstream (Zy Y F78),
1-5mL (FEE,E % 05%)) &AWk,
24 gNMR KB RL—HEUFr DRBEShIZE
vk i

gNMR HRIERS R OIS BN OBRLHEE £
Il s L CRRAHELBH Z LHTBTHY,
—REEHEEO) B, —REEET DL [
HAROZLE L2 DOEWHER, Fhio
HEI BN TERNOLEYHODARENET S
Tkl THE, FRECTH, NMRERHEL L
TBTMSB & L{ G HMD 2 7z, gNMR 2
LBERSIMED SI b L—H ¥V T 1 ORERICIE,
SLICPL—F 7V REBEYHE (CRM) Td
% DEP #—R#E# & LCHV, qNMRE#EH
O BTMSB & L < i HMD Qi 2 8 IE L2 %12,
BTMSB b L { ix HMD % Z¥iE# & L THES
KALEH O QNMR BIE21T) ZBBEARZHRAL
%o $4bB, BTMSB b L < it HMD % gqNMR
HEEYHE L CHWEBONEN SIS OER
FHED SI P L—¥EY 711, CRM ® DEP %
ALTERL, ABPELED AQARIEZIGHL
1';12~14)o
~qNMR BFH#BICE, BTMSB # 10 mg EHE
IR Y I acetone-d; 50 mL ICEFLAbD, $7=
&, HMD #) 100 mg % M Zf& Y BUY acetone-4;
25 mLIZEHF L, acetone-d;, CSHEHRLD @
TRV NMR ARERTORBY R ORE
it, DEP 2 MREEH L LTRIE LY T2b
5, CRM T3 DEP #1 10 mg # &I/ H D,

QNMR FHEHEH 1.0 mL iCH#E L. OB 0.6
mL % NMR 254 (5 mm ¢ X 200 mm) A
Lizb 0% B RBEREARSSERE L. &
DFEWE QNMR IZff L, DEP @ CH, x 2Bk
TBY TN (8427 ppm) B & T QNMR EE#EH
RO HD CH, x 6 1HRT 5> 7 FVER,
AFE, BESER (1) CRAL, gNMR AR
WhORERHEOBELBRELL.

W, = melm/ Mpep X Ipgp X LPrer
“ Hyg Hpgp X Wpze 100

Sy

T2l Wiy Wope =HHWHE B LT DEP O
B (mg/ml), My, My =%8HE B LU DEP
OFFE (BTMSB 226.4983, HMD 146.3781 5 &
U DEP 222.2337), Hypy Hpe = ZEBWHO CH;
X6BLUDEPHOCH, X 20710 b ¥#, Ly,
Iner = HHHHO CH, x 6 3 LU DEP O CH,x2
DY T F VM, Pog = DEP OFLEE (99.98 wiw%)
ERTo .
25 agNMR (23 PAH $&0F OH-PAH O RIE

TRAEMRZLH 10 mgMEROMY, F
DML A QNMR AT 1.0 mL ICB# L.
4-HBA HRENRTECh ooz, AEIEICE
RSN/ 2102 mg #FFRME L, QNMR FIHRIER
L0 mL T L € 2.102 mg/mL & L7z ZHED
B 0.6 mL # NMREBRFICHA L 02 RE
BHE Lo ZOBBHENE QNMRICH L, i
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WHEOY 7 FVBEERR, LEWICHETSERE
NOREY /F VOHMER, SFR, BRESER
@) RAL, SV 7FVEDMELEHR L, &
D—EOREE 3FITL, BohHEEOHTT
HE (n=3) 2HRAMGICHSESDOMEHEE L
‘Ci Lf\:o

Lo/ Huy . Mo /W,

= X Rorget

T Ty Ml Wy < 100()
m 2

REL, Wy Wy = ZEHRE L USRS
DOBE (mg/ml), My, M, = LEYESLL
UHEEHDSFR (BTMSB 226.4983, HMD
146.3781 3 X U Table 1), fuy Loy, = HHWES

LURBALRHORELED > 7 F VEEEM, Hey,

H . =BEHHAE L UHREPORELED ST
P P =HBRICEYOME (%) 2R
2.6 aNMR E@B0E

qQNMR D7 2 # VY7 Flik, BTMSB B &
UHMD 2&# 75V Oppm) &L, 5%
ppm A TEL . QNMR 7— ¥ #HiHE, #oh
72 Free Induction Decay (FID) E57— % * &
BATY 7 b9 27 (Alice2 for QNMR, HAEF#
A& (B HAKH JEOL RESONANCE)) =
BEALTHEBRELL, T4bb, ZOov7iv=

7ETC, QNMR7—5%7— y TR LU
FEET, HEYES LUREY 7 FVORSH

. BRESTREt, ELUHBLLUHRIEEHOR

B 4T& FEioso b rESEoeYiEEs
b, BRAFE (WES) &R (2) IfHEH LA,

3. BRLER

3.1 PAH &&U° OH-PAH OSSR OMER
E

qNMR {2 & 2 MEEREH 1,5-DNP 281& ¥ 3
(B 2)e 1,5-DNP ® QNMR A7 bV EICRE
ENizcy 7 FVa (8684 ppm, 2H), b (§7.16
ppm, 2H), ¢ ( 87.67ppm, 2H), d (58.78 ppm,
2H) ®5 b, OHED Y 73V d BEAFEERIC
LD ST FVEENRELRVWIEHDERRY 7T
Wi HBA Lz QNMR ARZ PV ECBR SR
AERYEDY 7+ VB L UHESRILEY 1,5-
DNP HIRT 2 ERAY 7 F VOER, KER
BESERAR Q) KTRTRAALME/RLE
Lo EERAY 7 F VL D BEH SN MEE
DEFFHEL ERTOMBEL LTRLE. o
PAH DWW THFRICHMEBEZAH LA &3
i, BERAYVTVCHET 70 B &Y
THVDAEY - REVEE, FIHnvy7 MEB
LUREE, BRTOME (377 VB AHE
DEFFE), ¥ 7 F VHOHBMFIEZE (RSD)

i 2 Acetone
BTN
HMD
6 14 72 70 63
d
____J N
T T T T g T T
8 6 4 2 []
(opm)

2 1,5-DNP @ QNMR 2R ML

HMD % gNMR OPSSREENE S KUBRS UL E LTHER L. 1,5-DNP 070 h/@%ﬁ’él/\’] I\)LBJ:

USSR LIS 7 PRy NTRU.
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3 PAH®&U OH-PAH ORBRY 7L ORE

PAHs DY &R 2 SR
1 2 3 4. - 5 6 7 8 9 10 (RSD %)
a)4H, m 4H,m 2H,s

Anthracene b)7.25 7.82 8.29

c)98.6 983 98,1 98.3 (0.2)

22H,m2d,m 2H,d 2H,m 2H,d
Fluoranthene  b)7.17 7.45 7.68 7.79 7.85
985 990 99.7 994 99.0 99.1 (0.4)

a)2H, m 1H, ¢ 2H,m 1H,d 1H,d 1H,m 1H,m 1H,s 1H,d 1H,s

B"g’;@ b)735 741 748 765 769 788 799 82 873 016
antiracene 992 942 945 91 952 950 949 953 956 955  052(0.6)
Benaolb) 2H,m 1H,: 1H,¢ 1Ht IHm 8Hm 1Hs IHd 1Hd
o hene D722 745 750 760 78 7% 82 839 8%
)93 986 980 994 991 995 1000 993 989 9.1 (06)
D 2H,m 2H, ¢ 2H,d  2H,m 2H,d  2Hs
mm B72 750 770 777 794 8%

9.0 983 976 986 98.2 98.0 98.3 (0.5)

a)1H, ¢ 1H,¢ 2H,d+ 1H,d 1H,d 1H,d 1H,d 1H,d 1H,s 2H,d«d
Benzo(a)pyrene b)7.59 7.64 7.79 7.85 7.95 8.09 814 819 842 896 .
€) 8.5 906 9L0 90.7 80.7 895 8.0 896 899 916 902009

) 2H, vt 2H, +d 1H,d 2H, dvd 2H, dvd 2H, ded 1H, s
Indeno(l,23-cd) 1755 700 705 sol 812 830 857
pyrene 991 887 899 898 009 892 908 90.1 (1.0)

a)2H,¢ 2H,¢ 2H,d 2H,d 2H,d 2H,d 2H,s

E;;;“’c‘;(‘t") B)743 751 762 776 7.8 878 91
996 958 959 960 959 955 954 95.7 (0.2)

Bensolghy D2t Abd 4 2 ZHs 2Hd

e b)78 797 802 808 825 897

pe 990 947 951 953 946 944 94.8 (0.3)
21H,d 1H,t 1H,d 2Hm IHd I1Hd

LHNP b)685 724 732 740 775 818
&I10L0 1005 1010 1010 1010 10L2 1010 (0.2)
a)1H,d 1H,s 1H,¢ 1H,t 1H,d 2H,d+d

2-HNP b7.09 714 721 733 761 .71 )
Q1016 1011 1019  10.7 1016  10L6 1016 (0.2)
a)1H,s 1H,s 1H, ¢ 1H,t 1H,d 1H,d

1,3-DNP b)655 667 715 725 746 8.02
9986 938 1013 989 988 993 99.3 (1.0)
2)2H,d 2H,c  2H,d

1,5-DNP b68s 719 767 )
9969 965 964 96.6 (0.9)
a)1H,d 1H,d 1H,s 2Hm 1Hd

1,6-DNP b)663 702 706 712 805
935 941 933 932 930 93.4 (0.9)
a) 4H, s+t 2H, d+d

2,3-DNP by7.15 754
%99 996 99.7 (0.2)
92H,d 2H,s 2H,d

2,6-DNP B700 706 750 )

- Q976 915 915 975 (0.)

a)2H,d 2H,s 2H,d

2,7-DNP b)608 693 757
91006 997 1003 100.2 (0.4)
a)1H,d 1H,¢ 2H,m 1H,d 1Hm 1H,d 1Hm 2H,dislH,s

4HBA bY7.09 747 752 779 806 809 817 842 929
9943 936 047 933 951 943 045 G43 64l 943 (0.5)

) 78 by BERE Y - AL v (s singler, d: doubler, © wripler, g quartet, m: muldipler). b) ¥ 7 F VDY IANS T M (ppm). ) FV Y
FRORE (%)
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#R Lo QNMR Ti, THBOS 7 FUHHIE
HROEHAY 7 HVICER>TWEHE, E0OY
TFVHOROLMEMIAELRY, BROCE
VYT EDRDLMEMDOIISDE (HAEIEE
Z:RSD) k&L & B, SEKDA 18 H PAH
DFEMEE, ¥ 7 FVEORSD AT 1.0%E
TeLRERoT RS, HELTFNLDIERCH
BEXNRDONTWE L ELLRI,

I, HLAWOMER, NMREUED 3ER
BT ERBROAHFHME £ HARER
# (arithmetic mean = RSD) TH I L7z, 3EE
TORSD BB/ATH 1.22%TH Y, WEHMOES
DEWNEL, BMERHEEISROLATVDE D
LABERR S Nizo PAH BRI & ) MEEHEMSRE D,
90.2 + 0.04 ~ 101.6 = 0.9 % (3EHRITICBITHE
BEROAFFHME + A ELFEE © arichmeric
mean * RSD) DIEAH 5 = L A%bHh 272, QNMR
LW BONLBLAYOMEE L RRBRICHRR S
Twhsuv b 79574 — B ERESEEC

COLAMBEEE FIBLL (F4). 181 131

BYHFHBEBBULET, REMRFRREShHM
 ELoZ b ok, SLEWORBITOVTE
BERRICRERSNAMEEL 5% U LOEND o2,
2035, gNMRIC & D55 NA-SEEMHA 94.6%
D benzo (g,h,i) perylene, 94.3% ® 4-HBA & & U°
93.4% ? L6-DNP i2 2 Tid, Haic#ipEEoR
WA B ofods, BIZIHSOMEL 100%E LT
ERAREHHAORA L L, REREERLERS
HEfToktT2L, BONIERFITMERIENE
N54, 5.7BLU66%DREL LT, ERERY
BREL D,

3.2 PAH MBEARICKBIHEET

REED A — 1 — A R IR OMBERIE DA FHR
i, BHWOX -7 —OREBETHY, MARE
EOVTA—F—RREL TEV, SETAEL
7: OH-PAH BRI HIER E TTCRBAHTHY,
Ho, BEREOFHHABRADOS O TH 5. OH-
PAH #@IZDW T, gNMRIC & B HEEMEA A —
7 — RS EROMERE L Y BV b OB L
I, BAEFRROMBERZHRBMEL LT

R4 PAHBKU OH-PAH OTFRHZERBO INMR (C R BMEE X —H—TMIX
BOyOY NI ST —AVTEHENCHEBE DR

HUEE (%)
PAHs gNMR A gy — iSO
n = 3%¥3Y RSD% adigid BEH
Anthracene 986 0.54 >995 GC
Fluoranthene 99.2 0.10 - -
Benzo(a)anthracene 95.3 0.21 - -
Benzo(b)fluoranthene 99.3 0.17 99.9 HPLC/UV
Benzo(k)fluoranthene 98.2 0.27 >99 -
Benzo(a)pyrene 90.2 0.04 > 96 HPLC
Indeno(1,2,3-cd)pyrene 91.0 0.95 96.2 HPLC/UV
Dibenzo(a,h)anthracene 96.0 0.31 97.1 HPLC/UV
Benzo(g,h,i)perylene 94.6 1.22 - -
1-HNP 101.0 1.2 > 99.0 GC
2-HNP 101.6 0.9 > 99.0 GC
1,3-DNP 99.3 0.8 > 980 GC
1,5-DNP 96.6 06 > 980 GC
- 1,6-DNP 93.4 04 - -
2,3-DNP 99.7 0.5 > 98.0 GC
2,6-DNP 97.5 C Ll - -
2,7-DNP 100.2 0.1 >08.0 GC
4-HBA 943 - - -

PR = Atk AFRATHRROMER 7 O } /T A - ERESEL AV CHS
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#, chEruvty7 71 - S0ERARE
PRELTEOTIRVE I L ILEY TRV
ANHHILIERENSZ, —F, SEMELL
PAH BEEHHETH Y, LEPoRERILE
WHICRRLZ LD L, BEFOEERCHEFICL

DMBEAET LATHRERTETE 2. Thb
b, NMR & Fv BRI L), mRESIC
ERMSNAMEHEEHRPR RS L EHRL,
T/, BHEOSETESEETH S I LATRKRE
iz,

Fald, BB -FEY T 1 ORERENT
Wi WHEREE ERMTCAVASE, Bohl
ERSFEICHEEICREREL2E2HY, HRE
LT, TRREOMEOENERFITEOTHENE
k&L, FIREMBECEELSLTWAIL
ZEEICHRE L T35, QNMR CREFEEH L —
FEYF 4 OBBRSNMEERHEEICRETE
BT Edb, HRARFERAFEDEL LTHER
TEAUERAOMELFT I, EI PEHET
ARETBOEMICOARATHILEZ LN,

4.F & B

AR TIX, PAH ORBEEAERRKICHL, ST
M- TN RERSHE QNMRO—2THS
AQARI - & b, 18 HOTHRAERGOMEMEE
HEL. TORR, HHRRESROMR 90.2
£ 0.04 ~ 101.6 = 0.9 % (arithmeric mean*RSD)
Tholte A—h—RRTEROMBEMFHEETH
PL—HEYF A RBRIATRRVAORERET
BVEENH Y, ERBMEL LERAEEYHE
LTI S iRBETIREVWI L, S5 ICTHIRRE
HENEHEOREEENER ST EOREILK
W RIZTHRERE W EARBR S, BE
FFHEO QNMR RED AR AT LE LTH
WAOTEEME L URESH L W EB &R, Ak
HAEENTEAEMRICH LCEHShEDTY
3o Lo T, T &) ICEEE N V—YEY
7 4 OFEAR S NI FRE R R R EAER L
ChLEFHLTWL 2T, BEFOLERHED
BEiE= ¥ Y ¥ VicBi 5 ERFNEOBEMED
mMETaLEZLNG,

- # B

FHEORE, FEAOHHEMARMBE (]
ROEL REFEREETE] B &L U TBERE< v
7Y IHRERE] 0—BEELHOTH 5,

X R

1) BHEE (2000 &7 MR/MLFRYEICHLHHE
FEislzonTl
2) International Agency for Research on Cancer
(IARC) (2012) Agents Classified by the IARC
Monographs
heep://monographs.iarc.fr/ENG/Classification/
index.php (accessed 2013-12-19). .
3) Yao J.J., Z.H. Huang and S. ]. Masten (1998)
The ozonation of benz[a]anthracene: pathway and
product identification. Wat. Res., 32, 3235-3244.
Kurihara R., F. Shiraishi, N. Tanaka and S.
Hashimoto (2005)Presence and estrogenicity of
anthracene derivatives in coastal Japanese waters.
Environ. Toxicol. Chem., 24, 1984-1993.
Kameda T., K. Inazu, Y. Hisamatsu, N. Takenaka
and H. Bandow (2006)Isomer distribution of
nitrotriphenylenes in airborne particles, diesel
exhaust particles, and the products of gas-phase
radical-initiated nitration of triphenylene. Atmos.
Environ., 40, 7742-7751.
BRERS - 44 i - GEEZ - ENF0- - TR
i (2010)GC-MS % BVt ARHSREFRRAL
ARERIOSTENRICIT 5 EER. B
{b#, 20, 173-181.
BN - NEFHR - REESE-FRARK (2007)
K, AEKRUHS L iKERS OSRGE
Bk, KBS &H, 30, 309-315.
Lintelmann J., K. Fischer and G. Matuschek(2006)
Determination of oxygenated polycyclic aromaric
hydrocarbons in particulate matter using high-
performance liquid chromatography-randem mass
spectrometry. J. Chromatogr. A, 1113, 241-247.
Rissanen T., T. Hydtyldinen, M. Kallio, J.
Kronholm, M. Kulmala and M.L. Riekkola (2006)
Characterization of organic compounds in aerosol
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Application of Quantitative Nuclear Magnetic Resonance
to Determine the Purities of Analytical Standards
of Polycyclic Aromatic Hydrocarbons

Maiko TAHARA, Naoki SUGLMOTO, Takashi OHTsUKi, Atsuko TADA,
Hiroshi Aktyama, Yukihiro Gopa and Yoshiaki IKARASHI

(National Institute of Health Sciences,
1~18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan)

Abstract

The absolute value of substance should be determined with traceability to
International System of Units (SI units). However, it is very difficult to provide and/
or obtain the analytical standards with the purity certifications because miscellaneous
chemicals are targeted in the environmental assessments..In fact, the most of commercial
reagents of standards are labeled relative values on manufacturer’s own approaches without
traceability to SI units. This missing traceability causes a problem that quantitative
values using chromatography are not robust because of getting only relative value against
its analytical standards. In this study, to find a solution to this problem, we targeted
determination of the purities of commercial reagents of environmental pollutant polycyclic
aromatic hydrocarbon (PAH) which are used generally as the analytical standards. 18
kinds of PAH and hydroxyl PAH (OH-PAH) wete measured the reliable purity by using
AQARI (Accurate quantitative NMR with internal reference substance) method which is a
traceable quantitative technique. The purities were distributed from 946 = 1.210 1016
0.9 % (arithmetic mean = RSD).

Key Words: Polycyclic aromatic hydrocarbons, gNMR, purity, standard material
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An inter-laboratory evaluation study was conducted in order to evaluate the antioxidant capacity of food additives by
using a 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Four antioxidants used as existing food additives (i.e., wea extract,
grape seed extract, enju extract, and d-o-tocopherol) and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(‘Trolox) were used as analytical samples, and {4 laboratories participated in this study. The repeatability relative standard

deviation (RSD,) of the ICs of Trolox, four antioxidants,

and the Trolox equivalent antioxidant capacity (TEAC) were

1.8 ~2.2%, 2.2 - 2.9%, and 2.1 - 2.5%. respectively. Thus, the proposed DPPH assay showed good performance within
the same laboratory. The reproducibility relative standard deviation (RSDy) of ICs of Trolox, four antioxidants, and
TEAC were 4.0 - 7.9%, 6.0 - 11%. and 3.7 - 9.3%, respectively. The RSDp/RSD, values of TEAC were lower than, or
nearly equal to. those of ICs of the four antioxidants, suggesting that the use of TEAC was effective for reducing the
variance among the laboratories, These results showed that the proposed DPPH assay could be used as a standard method

to evaluate the antioxidant capacity of food additives.

Keywords DPPH assay, inter-laboratory study, antioxidant, food additive
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Introduction

In Jupan, antioxidants are widely used as food additives in order
to prevent oxidative rancidity and oxidative discoloration of fat
and oil in food. Because the oxidalive degradation of food
constituents redoces the value of food, and ingestion of
peroxides may have hazardous effects on the human body.
antioxidants play an imoportant role. Quality evaluation of
antioxidants is crucial.!

The antioxidants commercially used in Japan are classified
into designated additives or existing food additives.  For
designated additives. ingredient standards are established after
their safety and availability have been validated. On the other
hand, the use of existing food additives has been approved as a
transitional measure since the revision of the Food Sanitation
Act in 1995. Many existing food additives are complicated
mixtures originating in nature, and the standards used as the
index of known antioxidative compounds andfor compositions
of these compounds need to be established.? To establish the

* o whom correspondence should be addressed.
E-mail: tomokos @kochi-u.ac.jp

standards for existing additives, verification of composition.
identification of active compounds, and development of
quantitative methods have been reported.™ However, it is often
difficult to tdentify all the active compounds found in existing
food additives. Thus, for antoxidants such as existing food
additives, which do not have standards based on known
antioxidant compounds, it seems 1o be necessary (0 propose a
standard based on their antioxidant capacities to ensure quality.

In a previous report,® the candidates of standard methods for
evaluating the antioxidant capacity of existing food additives
were selected for the following reasons: (i) they bave been
widely applied in past studies, (ii) they can be performed within
a short time, (iii) they are commonly-used spectrophotometric
assays. Consequently, we selected the 1,1-diphenyl-2-
picrythydrazyl  (DPPH)} assay and the  2,2-azinobis(3-
ethythenzothiazoline-6-suifonic acid) (ABTS) assay among the
methods ased to measure the radical scavenging activity. In
addition, the 2-(d-iodephenyl)-3-(4-nitrophenyl-5-(2,4-
disuifophenyl)-2H-tetrazolium  (WST-1) assay wus chosen
among the methods used o measure the active oxygen species
scavenging activity. In a small-scale collaborative study
conducted at three laboratories,” nine antioxidants (... catechin,
quercetin, sesamol, ferulic acid, gallic acid, morin, ellagic acid,
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d-gr-tocopherol, and o-3-tocopherol) were evaluated using the
above-mentioned assays. The protocol of the DPPH assay was
then improved based on the results of the small-scale
collaborative study. Herein, the antioxidative activities of five
analytical samples, four antioxidamts used as existing food
additives (f.e., tea extract, grape seed extract, enju extract and
d-c-tacopherol), and 6-hydroxy-2.5,7 8-tewramethylchroman-2-
carboxylic acid (Trolox) were evaluated asing the DPPH assay
based on the improved protocol at fourteen laboratories.
Thereafter, we investigated the validity of this assay as a
standard method.

Experimental

Participating labovatories

This  inter-laboratory evaluation study was conducted
according to an international harmonized pratocold  The
founeen laboratories that panticipated in this study was as
follows: Food Analysis Technology Center SUNATEC;
International Coliege of Arts and Sciences, Fukuoka Women’s
University; Mycotoxin Research Association; Japan Food
Research  Laboratories; Faculty of Agriculture, Graduated
School of Kyushu University; Japan Inspection Association of

Food and Food Industry Enviromment; Japan Frozen Foods

Inspection Corporation; College of Pharmacy. Kinjo Gakuin
University; Faculty of Agriculture, Kochi University; Gradvate
School of Pharmaceutical Sciences. Nagoya City University:
Division of Food Additives, National Instite of Health
Sciences; College of Bioresources Science, Nibon University;
Shin Nibon Kentei Kyokai: Tokyo Kenbikyoin Foundation.
These laboratories were indicated as A o N in a random order.
The analytical procedure listing the methods for preparing
reagents and analytical samples. measuring, and the handling of
data was distributed to the participating laboratories.

Analytical samples

Tea extract (main component: catechin). grape seed extract
(main component: proanthocyanidin), enju extract (lapanese
Pagoda Tree extract; main component: rutin), and d-g-tocopherol
were obtained from the Japan Food Additive Association. One
gram of the food additive sample from the same lot was
distributed (o each laboratory. The water solubility of active
compounds in tea extract and grape seed exuract is relatively
high, and that in enju extract and d-o-tocopherol is relatively
fow. Based on the resulls of a preliminary experiment, tea
extract and grape seed extract, which belonged to the class of
high antioxidunt capacity, enju extract, which belonged to the
class of medium activity, and d-o-tocopherol, which belonged
to the class of low activity, were selected as analytical samples
among the various antioxidants of existing food additives.

Trolox of the same lot was purchased from Sigma-Aldrich (St
Louis, MO) and distributed (o each laboratory without opening.
The method used for storing analytical samples was detailed in
the analytical procedure.

DPPH radical scavenging assuy

In this study, the DPPH assay was conducted according {o the
following procedure. DPPH (Wako Pure Chemical Industries.
Osaka, Japan) of the sawe Jot was distributed to the participating
laboratories.  The methods for preparing each reagent were
detailed in the analytical procedures. To prevent the influence
of static electricity during the weighing of a reagent, a static
electricity remover (EST-M, Ishiyama Seisakusyo Co., Ltd..
Tokyo, Japan) was distributed to the participating Jaboratories.

ANALYTICAL SCIENCES  JULY 2014, VOL.. 30

(1) Preparing DPPH solution

DPPH (7.89 mg) was weighed on a chemical balance with a
minimum weighing limit of 10 g or smaller. Thereafter. it was
dissolved in 99.5% ethanol to obtain a constant volume by
filling 100 mL of a measuring flask or a measuring cylinder
with a stopper (0.2 mM DPPH). The absorbance of a DPPH
solution is empirically known to decrease with time untl
approximately | h after preparation.  Therefore, it was kept in
the dark for 2 h until the absorbance stabilized. After 2 h, | mi,
of the DPPH solution was added into a st tube or sampling
wbe, and the 200 pl. of ethanol and 800 pl. of 0.1 M Tris-HCl
buffer (pH 7.4) were added. After mixing, the absorbance at
517 nm was measured. A mixed solution containing 1.2 mL of
ethanol and 800 pl of Tris-HCI budfer was used as the blank.
When the absorbance was in a range of 1.00 £ 0.05, the prepared
DPPH solution was used directly for the measurements; when
the absorbance exceeded 1.05. ethanol was added 1o dilute the
solution to he within a range of 1.00 % 0.05. Afterwards, the
solution was used for the measurements. The DPPH solution
was stored in the dark at room temperature during the assay, and
used up on the day of preparation.

(2) DPPH assay procedure

After 200 pL of an analytical sample solution and 800 uL of
0.1 M Tris-HCI buffer (pH 7.4) were added {oto a test tube or
sampling tbe, | mL of the DPPH solution was added.
Immediately, the solution was mixed with a test ube mixer for
10 5. Thereafter, it was left at room temperature in the dark.
Exactly 30 min after the addition of the DPPH solution. the
absorbance of the solution at 517 nm was measured. A mixed
solution of 1.2 mL of ethanol and 800 L of Tris-HCI buffer
was used as the blank.

The absorbance at the addition of the analytical sample was
expressed as As, the absorbance at the addition of ethanol
instead of the sample as Ac, and (he inhibition rato (%) was
obtained from the following equation:

Inhibition ratio (%) = {(Ac - As)/Ac] x 100,

In the analytical procedure distributed, the measurements at
six points of concentration, incloding control, were required.
‘The measurement of the DPPH radical scavenging activity for
the analytical sample solution at each concentration was
repeated three times.

(3) Calewlation of 1Cs

The 1Csy of each analytical sample was caleulated aceording
to the following procedure:

(1) Inhibition ratios (y) were plotted against the sample
concentrations (x) at all six points, and the respective regression
line (¥ = ax + b) was drawn.

The regression line was not required to pass through the
origin. In this step. we verified that all of the measurement
points were basically on the regression line. In addition, it was
also verified that two points at around the 50% inhibition did
not have a deviation from the regression line. In fact, because
the inhibition curve is not completely straight, but slightly
curved, we decided to calculate the ICw value using the
interpolation method by joining the two points around the 50%
inhibition with a straight line as follows:

(2) Two points enclosing a 50% inhibition ratio were selected,
and a regression fine (¥ = AX + B) was drawn. The regression
line was not required to pass through the origin.

(3) X (sample concentration) was calculated, when Y in the
regression equation of (2) was substituted with 50.
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Table 1 ICw of antioxidants used as existing food additives
determined using the DPPH assay in the inter-lnboratory study
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Table 2 1Cs of Trolox determined using the DPPH assay in the
inter-laboratory study

ICo/ig mL'+
Laboratory "
i tea extract  57P¢ seed enju extract  d-g-tocopherol
extract

A 270204 380208 766+04 14117
B 252%03 337£18 756x02 139%54
C 257+£10 335%07 739%15 133435
D 29402 3273202 77.6£10 137£08
E 24204 311£03 778309 133209
i 308117 36.1£08 778130 14230
G 253£0.8 74.1£05 12817
H 24.4£0.03 74901 1340

1 262%0.6 782£05 143£08
J 20714 74.6£2.0 148+£64
K 253%0.1 764 %45 150%3.1
L 275%04 92.1%1.2 13716
M 257408 753%37 130 %4
N 26305 315205 74314 135217

@ Mean 2 S.D. (n = 3).

(4) The average value of (3) obtained at each of the three
repetitive measurements was calculated. This value was set as
the ICs (g mL-1) value of each analytical sampie.

(4) Caleulation of Trolox equivalent anrioxidunt capacity

The DPPH radical scavenging activity of each amalytical
sample was expressed as the Trolox equivalent antioxidant
capacity (TEAC). TEAC was calculated as follows:

TEAC = IC of Trolox (g mL-)YICy of sample (g mL).

The higher TEAC value means the higher DPPH radical
scavenging activity. in this study, the values of the ICy of an
analytical sample and 1Cso of Trolox, measured on the same day,
were used to obtain the TEAC.

Statistical Analyses

Suatistical analyses of the collected data were conducted as
follows:® outlier detection was conducted using the Cochran’s
test, single-Grubbs’ test, and paired-Grubbs’ test. The Cochran’s
test was used to identify the outlying variance. The single and
paired-Grubbs® tests was used to identify the outlying value
from the averages. Based on the result of each test, the outliers
were rejected.  An analysis of the variance was then conducted
for each analytical sample so as to calculate the repeatability
standard deviation (S,), reproducibility standard deviation (Sg),
repeatability refative standard deviation (RSDy), reproducibility
relative standard deviation (RSDg), and RSD ratic {(RSDe/RSD,).
Microsoft Office Excel 2010 was used for data analysis.

Results

Virlues reported by the participating laboratories

Tables | and 2 show the ICy of the antioxidants (pg mL*)
and the ICs of Trolox (g mi-), respectively, which were
reported by the fourteen laboratories. In this study, one
antioxidant and Trolox were measured on the same day, and the
TEAC of each antioxidant was calculated based on the ICy of
Trolox obtained on the same day. Therefore, as shown in
Table 2, Trolox measured on each day was dealt as an

ICsofpig mL-t?
Laboratory Trolox
tea extract gra?c seed enju extract d-g-tocopherol
exteact
A 642208 643%07 64.6+1.0 613+ 1.2
B 579420 619324 614222 63.0£1.9
< 629+11 608+14 598x1.1 586+ 1.6
D 659£0.08 61.8£05 63.5+05 62.7%0.3
E 56.7£02 376%02 61.5%07 61.8:£0.8
F 61211 652£14 627%05 65112
G 391218 S9.1%+19 S593+1.8 585407
H 564£0.1 3581x0.1 585201 60.520.1
1 62905 61.2%1.0 63.1%04 619307
b 559+12 S55%13 61.2%04 644420
K 61.5£28 50613 610x18 63.0%1.7
L 64.1£08 629+12 70110 61.5£0.6
M 588+1.8 614218 576134 583£16
N 591213 580%03 593+03 61.9+0.3

@ Mean £ 8.D. (n=3).

Table 3 TEAC of antioxidants used as existing food additives
determined using the DPPH assay in the inter-laboratory study

TEAC*
Laborator; y .
(I — e seed oy extract d-a-tocopherol
extract

A 2382004 1.69+£004 0.843:0.004 04420005
B 2302003 1.84%0.10 081£0.002 0451002
C 245£0.10 1.82:0.04 0.8120.02 0442001
D 224+001 18930009 0.82+0.01 04610003
E 2344004 1852002 07910009 04710.003
F 199£0.11 1.812004 081£003 046£001
G 2343007 1772006 08020006 0.46%0.006
21 2.32£0.003 17320 0.78£000F 045%0

1 2402006 1861005 08120005 043+0.003
J 271048 L772003 082£002 0441002
K 244£0.008 1.35£0.05 080005 04210008
1. 2331003 L762003 076+001 045304005
M 2294007 1794005 077004 045£001
N 225004 1.85£0.03 0801002 0460006

4. Mean 2 8.D. (n=3).

independent data point for statistical analysis. Table 3 gives the
TEAC calculated from the values appearing in Tables 1 and 2.

Results of inter-laboratory study

Tables 4 and 5 show the results of an inter-laboratory study on
the ICq of the antioxidants used as existing food additives and
the ICy of Trolox, respectively. Table 6 gives the results of the
inter-laboratory study on TEAC.

(1) ICso of the antioxidants used as existing food additives

In the results on the ICso of tea extract, grape seed extract,
enju estract and d-oetocopherol (Table 4), the result of enju
extract measured by Laboratory L was detenmined as an outlier
by a single-Grubbs’ test. The reason was that the average of
ICso at Laboratory L was largest among all of the laboratories
(Table 1), because the decrease ratio of the absorbance due to
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Table 4 Inter-laboratory study results for ICs of antioxidants used as existing food additives

tea extract grape seed extract enju extract d-ex-tocopherol
Number of laboratories 14(0) 14(0) 13¢1)y [EX(H)
Grand mean/pg mL-! 260 340 759 138
Repeatability standard deviation (S 0.76 0.88 202 305
bility relative dard deviation (RSDr, %) 29 2.6 2.7 22
Reproducibility standard deviation (Sg) 2.96 276 238 8.27
Reproducibility relative standard deviation (RSDy, %) It 8.1 3.1 6.0
RSDR/RSD; 39 3.1 1.2 2.7
a. Laboratory L was detexmined as outlier.
Table 5 Inter-laboratory study results for ICs, of Trolox
Trolox
tea extract grape seed extract enju extract d-g-tocopherol
Number of laboratories 14 ¢0) 140 122y 140)
Grand mean/uig ml. 60.5 599 613 616
Repeatability standard deviation (8o 134 1.30 111 1.21
Repeatability relative standard deviation (RSDy. %) 22 22 {8 2.0
Reproducibility standard deviation (Sp) 4.05 474 243 270
Reproducibility relative standard deviation (RSDy, %) 6.7 79 4.0 44
RSD#/RSD, 3.0 36 22 22

a. Laboratory L and M were determined as ogitliers.

Table 6 Inter-laboratory study results for TEAC of antioxidants used as existing food additives

tea extract grape seed extract enju extract d-o-tocopherol

Number of laboratories 12(2) 14.(0) 14 (0 14 {0}
Grand mean 234 1.77 0.80 045
Repeatability standard deviation (S,) 0.05 0.04 0.02 0.01

bility relative standard deviation (RSD;, %) 2.1 235 25 2.3
Reproducibility standard deviation (S} 0.09 017 0.03 0.02
Reproducibility relative standard deviation (RSDy, %) 38 9.3 38 37
RSD/RSD. 8 38 5 Lo

a. Laboratory F and J were determined as outliers.

the addition of an analytical sample at Laboratory L was quite
smaller than those at other laboratories on that day.

The RSD, of ICs of the four antioxidants was 2.2 - 2.9%, and
RSDg was 3.1 - 11%.

{2} ICsq of Trolox

The results of Trolox evaluated on the same day as enju extract
at Laboratories L and M were determined as outliers by a
single-Grubbs’ test and Cochran’s test, respectively (Table 5).
In the case of Laboratory L, the reason for such a result was that
its average 1Cso was largest among all of the laboratories,
because the decrease ratio of the absorbance due to the addition
of an analytical sample at Laboratory L was quite smaller than
those at other laboratories on that day. In the case of Laboratory
M. the reason was that the variance of the resalts of the three
repetitive measurements was determined 1o be larger than those
at other Jaboratories.

The RSD: of ICx of Trolox was 1.8 - 2.2%, and RSDx was
4.0 - 7.9%.

(3} TEAC

The resuits of the TEAC of tea extract evaluated at Laboratory
F and } were determined as outliers by single-Grubbs’ test and
Cochran's test, respectively (Table 6). In the case of Laboratory

F, the reason was that the average TEAC was smallest among all
of the laboratories. This was caused by the fact that the ICso of
Trolox was an average value, whereas ICy, of tea extract
measured on the same day was the largest among all of the
taboratories. In the case of Laboratory J, the reason was that the
variance of the results of three repetitive measurements was
larger than those at other Juboratories. This was caused by the
fact that the variance of the 1Cs of tea extract was relatively
larger. On the other hand, the TEAC of enju extract measured
at Laboratory L, where both ICs of enju extract and ICy of
Trolox on the same day were determined as outliers, did not
result in an outlier. The reason seems 1o be that both 1Cs of
enju extract and Trolox were higher than those at other
iaboratories, which compensated in the conversion to the TEAC.

The RSD, of TEAC was 2.1 - 2.5%. and RSDy was 3.7 - 9.3%.

Discussion

The RSD, of both 1Cs and TEAC was smaller than 3.0%, which
showed that the proposed DPPH assay had a high repeatability
within the same laboratory. In general, the RSD ratio of a
chemical analysis is expected to be 1.5 - 2.7 Although most of
the RSD ratios were larger than 2 for the results of ICso (Tables 4
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and 5), the RSD ratios of tea extract, enju extract, and
d-ee-tocopherol were smaller than 2 concerning the result of
TEAC (Table 6). This result suggests that the use of the TEAC,
a value calculated from the ICq of the antioxidant and ICs of
Trolox measured on the same day, was effective for reducing the
inter-laboratory difft by comy ing for the variations.

Although many inter-laboratory evaluation studies on standard
methods for food components bave been conducted. there are
few reports on a large-scale evaluation study on antioxidant
capacity assays.® In the case of the inter-laboratory collaborative
study on improved Hydrophilic Oxygen Radical Absorbance
Capacity (H-ORAC) assay. in which 14 laboratories participated,
and (+)-catechin, ferulic acid, caffeine acid, hesperetin, Trolox,
and five Kinds of food (ie., cabbage, onion, apple, Satsuma
orange, and eggplant) were used as analytical samples, it was
reported that the RSD, of the H-ORAC value (umol Trolox/L)
was 4.6 - 19%, and the RSDy was 7.0~ 21%.% Ag the result of
evaluating further improved H-ORAC assay at five laboratories
using similar samples, it was reported that the RSD, was
1.8 - 9.4%, and the RSDx was 4.4 - 14%.° An inter-laboratory
collaborative study on the DPPH assay for 11 kinds of food and
beverages at nine laboratories was also reported.” In the DPPH
assay used in the previous report,’ the DPPH concentration was
0.1 mM, the volume of the reaction solution was approsimately
50 ml., the reaction time was 4 h, and the reaction temperature
was 35°C; those reaction conditions were largely different from
those used in this study. As & result, it was reported that the
RSD, of the antioxidant capacity (umol Trolox/100 g) was
1.1 - 25%, and RSDg was 5.3 - 59%.)% Since the measurement
principle of the DPPH assay was different from that of the
ORAC assay, and the procedure and nature of the analytical
samples in the DPPH assay used in the previous report were
largely different from those in our study, the results of the two
studies cannot be directly compared. However, the repeatability
and reproducibility obtained in our study was found to be higher
than those in the previous two reports.®?

Herein, the absorbance was measured with spectrophotometers
owned by the laboratories. Therefore, the equipment type was
not unified. Although one of the laboratories used a shipper unit
to measure the absorbance, neither the difference in types of
spectrophotometers nor the difference in absorbance measuring
methods had any influence on the results of this study.
Therefore, the proposed DPPH assay had robustness not to be
affected by types of the spectrophotometer.

As mentioned above, we selected antioxidants having different
water solubility and antioxidant capacity based on the results of
a preliminary experiment, The inter-laboratory evaluation
revealed that the difference in the water solubility and antioxidant

capacity of antioxidative compounds did not have a large
influence on the precision of the proposed DPPH assay.
‘Therefore, the proposed DPPH assay is applicable for evaluating
the antioxidant capacity of a wide range of antioxidants.

Based on the above reasons, we concluded that the protocol of
the DPPH assay used in this study is applicable as a standard
method to evaluate the antioxidant capacity of antioxidants used
as existing food additives. From now on, the antioxidative
capacities of other existing food additives will be continuously
collected to establish standard values for individual antioxidants
based on their antioxidant capacities.
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Natural ester-type gum bases, which are used worldwide as food additives,

mainly consist of wax esters composed of long-chain fatty acids and long-chain
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fatty alcohols. There are many varieties of ester-type gum bases, and thus a useful
method for their discrimination is needed in order to establish official specifica-
tions and manage their quality control. Herein is reported a rapid and simple
method for the analysis of different ester-type gum bases used as food additives
by high-temperature gas chromatography/mass spectrometry (GC/MS). With

this method, the constituent wax esters in ester-type gum bases can be detected
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origins have specific and characteristic total ion chromatogram (TIC) patterns
and ester compositions. Food additive gum bases were thus distinguished from
one another based on their TIC patterns and then more clearly discriminated

using simultaneous monitoring of the fragment ions corresponding to the fatty
Food Science & Nutrition 2014; 2(4): 417-  acid moieties of the individual molecular species of the wax esters. This direct
425 high-temperature GC/MS method was shown to be very useful for the rapid and
simple discrimination of varieties of ester-type gum bases used as food additives.

doi: 10.1002/fsn3,117

Introduction

Natural ester-type gum bases are used worldwide as food
additives to provide, for example, specific textures to
chewing gums and surface coatings for chocolates and
fruits. There are various kinds of natural ester-type gum
bases, and each is comprised of a characteristic mixture of
wax esters composed of a specific combination of long-
chain fatty acids and long-chain fatty alcohols, and thus
they each have different properties with respect to their
elasticity and flexibility. To assess the safety of these ester-
type gum bases and to appropriately manage their quality
control, it is necessary to establish their specifications.
Specifications for some ester-type gum bases such as
beeswax, candelilla wax, and carnauba wax have been
adopted by the Joint FAO/WHO Expert Committee on

Food Additives (JECFA; FAO: Food and Agriculture
Organization of the United Nations; WHO: World Health
Organization), the EU, and the USA. In Japan, the use of
many varieties of ester-type gum bases as natural food
additives is allowed. However, for the most ester-type
gum bases, there is no specification in the Japanese food
additive regulation. To establish official specifications for
these ester-type gum bases, a simple analytical method for
confirmation and discrimination of the different ester-
type gum bases is required. We previously reported (Tada
et al. 2007) an analytical method for 10 types of food
additive gum bases such as lanolin, beeswax, and jojoba
wax using gas chromatography/mass spectrometry (GC/
MS) following hydrolysis and derivatization of the wax
esters. Using the method, major constitutive fatty acids
and alcohols of the food additive gum bases were identi-

® 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc. This is an open access article under the terms of 417
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fied, and it was clarified that each ester-type gum base
has a characteristic composition of these constituent fatty
acids and alcohols. However, this is a time-consuming
and complicated procedure. In addition, it does not pro-
vide information on the composition of the wax ester
species in the gum bases or the combination of fatty acids
and fatty alcohols in each wax ester.

Several direct analytical methods for wax esters have
been reported (Moldovan et al. 2002a; Regert et al. 2006;
Stranskzy et al. 2006; Fitzgerald and Murphy 2007; Vrko-
slav et al. 2010, 2011; Zhang et al. 2010). However, GC/
MS methods using conventional temperatures (Strinskzy
et al. 2006; Fitzgerald and Murphy 2007; Zhang et al.
2010) can be applied only for wax esters with carbon num-
bers of ~40 and are not suitable for the detection of wax
esters with carbon numbers of 50-60. Because the volatili-
ties of long-chain wax esters are extremely low, they are
not sufficiently detectable via GC using conventional col-
umn temperatures, which are typically less than 330°C.
Although  liquid chromatography/atmospheric-pressure
chemical ionization-mass spectrometry (LC/APCI-MS)
and LC/APCI-MS/MS methods (Vrkoslav et al. 2010,
2011) have been applied for the detection of wax esters
with carbon numbers of 52 and 54 and are more suitable
for the detection of unstable highly unsaturated wax esters
(Vrkoslav et al. 2010), these methods take longer than
100 min for the detection of wax esters with carbon num-
bers greater than 52. Furthermore, some direct high-tem-
perature GC/MS for the detection of wax esters have been
reported (Moldovan et al. 2002a; Regert et al. 2006;
Vrkoslav et al. 2010), but the target materials for these
analyses were mainly wax ester standards or sculptures. To
the best of our knowledge, development of a direct GC/MS
method for the determination of many varieties of gum
bases used as food additives has not yet been achieved.

Therefore, we developed a high-temperature GC/MS
method for the discrimination and identification of ester-
type gum bases used as food additives via direct detection
of the wax esters. With this method, the wax esters in
gum bases can be directly analyzed with simultaneous
identification of the constituent fatty acids of each wax
ester using the MS spectrum of each ester peak.

Materials and Methods

Samples

Samples of nine types of natural gum bases used as food
additives (one sample each of lanolin [LA-1], beeswax [BE-
1], jojoba wax [JO-1], candelilla wax [CA-1], shellac wax
[SH-1], carnauba wax [CR-1], rice bran wax [RI-1], and
Japan wax [JA-1} and two samples of urushi wax [UR-1
and UR-2]), along with montan wax (MO-1), which was
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listed as a type of food additive in Japan up to May 2011,
were obtained through the Japan Food Additives Associa-
tion. Additional experimental reagents corresponding to
the above food additives were purchased as follows: I. Lan-
olin anhydrous (MP Biomedical, LLC, Santa Ana, CA)
(LA-2), lanolin (Alfa Aesar Co. Ltd., Ward Hill, MA) (LA-3),
beeswax (white pellets, Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) (BE-2), beeswax (yellow pellets, Wako Pure
Chemical Industries, Ltd.), beeswax (yellow, Nacalai Tesque,
Inc., Kyoto, Japan) (BE-3), beeswax (white, Nacalai Tesque,
Inc.) (BE-4), carnauba wax (Wako Pure Chemical Industries,
Ltd.) (CR-2), carnauba wax yellow (Acros Organics [part of
Thermo Fisher Scientific, Geel, Belgium]) (CR-3). Jojoba oil
(JO-2), two candelilla wax samples (CA-2 and CA-3), rice
bran wax (RI-2), Japan wax (for cosmetics) (JA-2), Japan
wax (unbleached) (JA-3), and Japan wax (bleached) (JA-4)
were purchased from Japanese online shops.

Standards for GC/MS analysis

Fatty acid methyl ester standards: An oil reference stan-
dard (containing various types of fatty acid methyl esters)
(Supelco, Bellefonte, PA), methyl 16-methylhepta-decano-
ate, methyl 12-hydroxystearate, and pr-a-hydroxystearic
acid methyl ester were purchased from Sigma-Aldrich
Co., St. Louis, MO. Methyl lignolenate (18:3) (Fluka,
Buchs, Switzerland) was purchased from Wako Pure
Chemical Industries Ltd. Fatty acid methyl esters (satu-
rated straight chains) and a bacterial acid methyl ester CP
mix were manufactured by Supelco.

Long-chain ester standards: Stearyl arachidate, arachidyl
arachidate, behenyl arachidate, oleyl behenate, arachidyl
behenate, behenyl behenate, behenyl oleate, and behenyl
stearate manufactured by NU-CHEK-PREP Inc., Elysian,
MN, were purchased from Funakoshi Co. Ltd.,, Tokyo,
Japan. The esters, 2-octyldodecyl myristate, hexadecyl 2-
ethylhexanoate, and isohexadecy! stearate were purchased
from Wako Pure Chemical Industries, Ltd.

Glyceride standards: Tripalmitin (Fluka) was purchased
from Sigma-Aldrich Co. Ltd. Glyceryl-1,2-palmitin-3-
olein, glyceryl-1,3-palmitin-2-olein, glyceryl-1,2-palmitin-
3-stearin, glyceryl-1,2-olein-3-palmitin, glyceryl-1-
palmitin-2-olein-3-stearin, and glyceryl-1,2-stearin-3-pal-
mitin were manufactured by Larodan AB Co. Ltd,
Malmd, Sweden and were purchased along with 1,2-di-
palmitin and 1-monopalmitin from Funakoshi Co. Ltd.
All other chemicals were GC reagent grade and used with-
out further purification.

instrumentation

The GC/MS system (Shimadzu Co. Ltd., Kyoto, Japan)
consisted of a GC-17A gas chromatograph equipped with

® 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.
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an MS-QP5050 mass spectrometer run in electron ioniza-
tion (EI) mode using an AOC-20i auto injector.

GC/MS analysis of wax esters in gum bases

GC/MS analysis of the wax esters was performed on a DB-1
HT fused-silica capillary column (15 m x 0.25 mm, film
thickness of 0.10 pm; J&W Scientific, Folsom, CA). The
injector and detector temperatures were set at 390°C, and
the column temperature was programed from 120°C to
240°C at 15°C/min and then from 240°C to 390°C at 8°C/
min and finally maintained at 390°C for 6 min. Samples
(1 L) were injected through a split-injector (1/5). MS
spectra were detected in EI mode by scanning m/z values
ranging 50-920. Samples and standards were dissolved in
hexane, toluene, or ethanol (0.1-1.0 mg/mL). Each sample
solution was injected in duplicate, and reproducibility of
the results was confirmed.

Results and Discussion

Establishment of a direct analytical method
for wax esters via high-temperature GC/MS
on a capillary column :

The major constituents of gum bases used as food addi-
tives are wax esters. They are composed of long-chain
fatty acids and long-chain alcohols. Since the volatilities

Direct GOMS Method for Food Additive Gum Bases

of these wax esters are very low, they are not sufficiently
detected via GC using conventional column temperatures
(<330°C). To overcome this problem, a GC/MS method
was developed using a capillary column that enables high-
temperature analysis for the direct detection of wax esters.
The appropriate temperatures for the capillary column,
injector, and detector were examined using standard wax
ester mixtures. It was observed that, considering the sensi-
tivity, the suitable temperature for the injector and detec-
tor was 390°C. In addition, an increasing program for the
column temperature from 120°C to 390°C provided good
separation of the structural isomers of the various trigly-
cerides in the standard mixtures.

Figure 1A shows the GC/MS total ion chromatogram
(TIC) of a standard mixture of various esters analyzed
using the established method. This standard mixture con-
tained straight-chain esters, branched-chain esters, satu-
rated esters, unsaturated esters, and hydroxy esters with
carbon numbers ranging from 19 to 44. All of the stan-
dard esters were well-separated within 19 min. As shown
in Figure 1B, retention times of the standard esters
approximately correlate with their carbon numbers,
regardless of their structural type (Stranskzy et al. 2006;
Zhang et al. 2010). These results suggest that the carbon
number of esters can be estimated from the retention
times of their peaks. Next, to assess the linearity of the
relationship between peak areas in the TIC and the
concentrations of the standard esters, calibration curves

(A)

@

& MO8l e Mexc2e C18xC20

8 c1gen o 1

£ Caot cazx

5 €30 '

3 xC14 181 conncaz

@

2

E

&

[

x

3 5 7 9 11 13 15 17 19 21 23
Retention time (min)
(B) 25 (€) 1C29
= & Lincar & e
g 2 .g”/ Unsaturated x gf:
= s Branched o «
@
g A » Hydroxy a #025
- % £C34
£ 10 3 «C38
[ a
€ c40
5
2 # C44
[ . .
0 20 30 40 50 0.0 0.2 0.4 0.6

Number of carbons

Concentration (mg/mL)

Figure 1. GC/MS analysis of long-chain esters standards. (A) Total ion chromatogram (TIC) of a standard mixture of esters. Esters are labeled as
the carbon number of the constitutive alcohol x the carbon number of the constitutive fatty acid. Me, methanol; OH, hydroxy; br, branched;
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were constructed. As can be seen in Figure 1C, sufficient
linearity for rough determination of the concentrations of
wax esters with carbon numbers ranging from 29 to 44 is
observed over the concentration range 0.1-0.5 mg/mL
(correlation coefficient R? = 0.9876). These results indi-
cate that analysis of the TIC peak areas of the wax esters
can be used to roughly determine the concentrations of
the corresponding esters in the gum bases.

Application of the established GC/MS
method to the analysis of wax esters in
food additive gum bases and experimental
reagents

To investigate the types and quantities of esters contained
in various gum base samples, TIC patterns of food addi-
tive gum bases and experimental reagents were deter-
mined using the established GC/MS method. As shown in
Figure 2, similar TIC patterns were observed for gum
bases derived from the same waxes. It was also confirmed
that MS spectra of the TIC peaks were consistent with
those of TIC peaks observed at identical retention times
for gum bases derived from the same types of wax
(data not shown). These results confirm that the gum
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bases formulated with the same types of wax have specific
and characteristic TIC patterns and ester compositions.
Next, GC/MS TIC patterns of 10 types of food additive
gum bases derived from different types of wax were
obtained (Fig. 3). Based on the results for the molecular
ions and correlation between the retention times and ester
carbon numbers (Fig. 1B), it was possible to estimate the
carbon numbers of the wax esters represented by the indi-
vidual TIC peaks. In addition, the other constituents were
also identified using previously reported data (Asano
1977; Lawrence et al. 1982; Tonogai et al. 1985; Tachi-
bana et al. 1992; Jover et al. 2002; Moldovan et al. 2002b;
Bonaduce and Colombini 2004; Jiménez et al. 2004; Jin
et al. 2006) and by comparison to the analyses results
described above for the standards and libraries of MS

spectra such as NIST 147, NIST 27, and Wiley 7. As

shown in Figure 3, each TIC of the 10 types of food addi-
tive gum bases has a characteristic pattern. In addition, it
was observed that the composition of major esters in the
food additive gum bases was nearly the same as those
previously reported (Asano 1977; Lawrence et al. 1982;
Tonogai et al. 1985; Tachibana et al. 1992; jover et al.
2002; Moldovan et al. 2002b; Bonaduce and Colombini
2004; Jiménez et al. 2004; Jin et al. 2006). For lanolin
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Figure 2. GC/MS TICs of food additive gum bases [LA-1 (A), CA-1 (B), BE-1 (C), JO-1 (D), CR-1 (E), and RI-1 (F)] and commercial samples.
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