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B 7 — U >~ ¥ Bond Elut C18 Straight cartridge
500 mg 6 mL (Agilent Technologiesfl:f%)

AT L7 4 vH— : Millex-LCR, PTFE E££13 mm
FL£20.45 um  (Merckf-5d)

WOFa—7 KU r 100mL L—H—<
— 7 — R (AGCT 7 2 7T A (k) )
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4. LC-PDAIE 14

7 A : Imtakt (BF) % Unison UK-C18 (4.6 mm <250
mm, 3um) , BEFE : (AR 0.01%XE: - (BiR) 7k
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—30% (24.1-30 min) , #H#EE : 210nm (SS, RS)
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Fig. 1. Change of the addition recovery by the difference
in shaking condition in the pickles
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ZIRAL, EEBRESHKBEOHDIREICL TS A X
J=NVEMZDZET, AX =ML DO ZB
1T E BN R L.

% < OB THHTK ORI O FlE A B b Tz 72
H, 4,000xg, 105MOELFEEIToTE 25, EEE
BEN L SN, B BELILAEN oI,
— BRSO A LT LT g A E—EF LT RED
AWEITHZ L& L.

2) EfEHHIEC & AR oRSN

BRI E TR, B EROFRMR Y A RIFFCHH S
B2, EMHE D — Y o I L DR AE R LT,
FHTILAME B2 BB L, WAHROCI8Z VWD Z &
L L. GAlFHhHE T ICB WA A DRIETH Y,
SS, RSV REF G < AL Z 5 3 DUk % Hn
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AT 4 a T TIEAY ) — MW T, GADIEH
FHA~DOREFF DM EDOT=DIZ1% X% A=, £7-, #hi
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ATFRFOBEFNPHE(LZ TR L TREE 2 D T,
ZORF, XBIFNENRET S ERHNRALNZ. —T7,
R DB TSR OpHSERMEICE E ThE 2 E U D &
WEINTNWDW, 1%FEE & IR & IR U I=IRTRIT,
PHERERIK CpHBFRE 2R L, TREIIRD bz o7z,
BRI, 1%FEE10 mLZ AV CHef 21TV GADIRERIC
Iz TR E &2 RE LT,

WNT, REWEOREL BIgE LIZBiRE L CXER
c AX ) —RIRDAIRE 2 LRGSR, 10% ¥ Ea
0%A Y ) —NEANDIEE L. FBOTIMIIAZ
—Z X DGAIRH OB LT Z, MR D ZERE L7 1
~ 7' Z 7 EDSS, RSE'— 7 T DORE Y — 7 Mk L
7=

PRI 2 Wi B RS, TR RBRIANLICIRTE L
X OIKRTEN AT o7, WEHTEIRIZIZB0% A & /) — L%

it 22 BF &t A ], xx, 20xx 903

AL, WEXLI0 mLCHHME & HICRRFEILTE 72
728, HhHEEROAR BT FIR#E0.01 g/kg 3 LR T &
LHRBLELTCmMLARNT I EE L.

2. LC-PDAIZ X 5 FIEFAIE S DRt

SS, RSIZ210 nm, GA}E254 nmiZZ I F UV % #F
D7z, LC-PDAZHWTRFFRIES 2 Z & & L7z. ODS
J1T 509 L, SSERSOLEED BAT T o HRAE3 pmd
Unison UK-C187% T A %&584R L 721D, F£7=, SS, RSIZHHH
RHTLTTE b= bV - KZRBEFR CRIFHEFTHE ©
BB, BEYWE TH HCATREFT 5 72 DI B
CHERR 7R & NS T AT L TRET L 7.
GABANEDDLCEMTIX, BIMHAED - Bk 4
1%V TCAZ R SE TV 5. FIFEIEE1% DB I 4
B LTGA, SS, RS%—F 4 Liz & &, MIEHKE210
NMIZEBNTR—ZF A D EFBIO A ZDHERIZ X
NSS, RSOMPENHNEETH -7, FHRIEFEA0.05%LL T
1%, 210 nmOBEIEICB D TEBOWINAA TR XR—2F A
YDA RXBEERL, 0.005%AK0 TIEGAE — 27 TRk A A
nic. 22T, BAEMEEK (1pg/mL) B—27 OSINE
M10LL B3 DGAE — 7 R ZHEFF CE DIRETH S
0.01%%EA L. 001%XF, 7 r=rULZMHND
7Ty NEHRIZEY, 158870 3043 LI Tl H R
B BAF 22 [RMRENTTRE & 72~ 72 (Fig. 2) . EBR ik
DI LI AREO E & T REIF0.01 g/kg TH o 7.
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Fig. 2. LC-PDA chromatograms of GA, SS and RS standard
at the level of 0.05 g/kg

3. HONENNERER

TINEIGRER OFE A Table 1-1, Table 1-21257 L 7-.
SSO[EINERIT, WRINE0.02 g/kg T91.9-105.1%, 0.10 g/kg
TI397.7-104.8% Tdh - 7=. RSOLFAIT, #HNE0.02 g/kg
T92.3-105.2%, 0.10 g/kg Ti%98.1-105.0% T~ 7=. E7z,
GATIZHMN0.02 g/kg T78.3-103.5%, 0.10 g/kg T1%73.9-
99.9% & ) [EIN R NG S 7z, SS, RSIZOWTCid12fE%E
OEFHNTIICEBNTHI0%LL EOfEE 72 Y, £/, GA
TIE@mY v - BIRERONICKREZEL L WET 5/
FZ BN T H70%LL EDENERA G H A, fEx DR~
BHNTRETHS Z LIVRENT.



904 Ann. Rep. Tokyo Metr. Inst. Pub. Health, xx, 20xx

Table 1-1. Recoveries of GA, SS and RS spiked in foods

Recovery (%)

Sample

GA SS RS
Tsukudani (kombu) 96.4(2.1) 1029 (4.9) 1030 (25)
Teriyaki sauce 101.7 (0.8) 1052 (3.8) 1037 (39)
Furikake (dried bonito) 85.2 (2.3) 935 (12) 930 (17)

Seasoned and smoked squid  100.7 (1.3) 965 (64) 996 (4.3)
Salted squid guts 888 (32) 973 (46) 994 (28)
Satsuma-age 80.2 (47) 941 (51) 919 (27)
Soy-braised pork 914 (36) 988 (08) 977 (0.9)
Pork sausage 99.9 (20) 930 (38) 925 (47)
Rice cracker 783 (22) 1041 (51) 1008 (2.4)
Potato chips 834 (34) 1026 (36) 1051 (24)
Soy sauce 1035 (1.0) 1022 (22) 1011 (35)
Pickles (cucumbers) 1006 (25) 923 (8.7) 937 (4.0)

GA, SS and RS were spiked at 0.02 g/kg.
Each value represents the mean (RSD) (%) of five experiments.

Table 1-2. Recoveries of GA, SS and RS spiked in foods

Recovery (%)

Sample GA SS RS
Tsukudani (kombu) 965 (1.2) 1009 (1.0) 998 (1.1)
Teriyaki sauce 99.0 (1.2) 1042 (1.4) 1042 (05)
Furikake (dried bonito) 90.8 (2.7) 1022 (0.9) 1010 (1.4)
Seasoned and smoked squid 958 (1.2) 981 (1.8) 985 (1.7)
Salted squid guts 756 (6.6) 989 (1.3) 989 (0.7)
Satsuma-age 802 (47) 996 (15) 983 (1.9)
Soy-braised pork 76.6 (36) 988 (08) 977 (0.9
Pork sausage 944 (3.7) 1003 (0.9) 102.4 (0.6)
Rice cracker 78.3 (2.2) 1041 (51) 100.8 (2.4)
Potato chips 80.3 (7.7) 1050 (1.1) 1047 (1.4)
Soy sauce 99.9 (1.2) 1000 (1.8) 1010 (1.4)
Pickles (cucumbers) 95.2 (1.3) 1022 (1.8) 1016 (1.3)

GA, SS and RS were spiked at 0.10 g/kg.
Each value represents the mean (RSD) (%) of five experiments.

Table 2. Contents of GA, SS and RS in Commercial foods

Number of Analytical result (g/kg)
Sample

samples GA SS RS
Soy sauce 3 0.05-0.16  0.07-0.43  0.06-0.25
Sauce (Yakiniku) 0.02 0.03 0.03
Sauce (Tamagoyaki) 0.10 0.14 0.07
Sauce (Kabayaki) 0.01 0.01 0.03
Pickles (Takuan-zuke) 0.01,0.09 011,015 008,014

Salted squid guts

1

1

1

2

2 0.03,0.05 0.03,0.16 0.03,0.09
Fried squid 2

2

2

1

1

0.03,0.07 027,041 0.28,0.29
Rice cracker 0.01,005 ND,0.04 ND,0.05
Corn snacks ND,001 ND,003 ND,0.01
Potato chips ND ND ND
Ume-kombu 0.14 0.22 0.34

ND : <0.01 g/kg

4. BRI L OB
1) FERE L O ER K OBEFIES 2 L ORISR
T4 TR L T D BIC OV TR RFAEZI T2 & &
A, WHREOOFIEL X S, 1B, TohE, KE, R
Ty 7B BLOA BINTan EERLPEGITH) TE< A
vz, RS, JWNEOH AL L S, 1356550 & 5

TRLBBQIR S O 7o AV BT HH T OO B S s o 72

W H RO 2 R & % & 5] < HIRE DR E AL - 7o Y

T < A ST,

P EoRER A, WHEE O ARROH 58518
WEBAL, REZHWVTHEAEZHELZ (Table2) .
ZOFER, WTNORRIZIBNT S HHR MM &3
RUVMEBNCH Y, BB ORI Z2TE» Lo HRE o5
BLOY a 02 OMOFEEOMBIN 2% & LTS
NIEZ EMRENTZ. BT, KERLAT v 7 BT IR
Wi, EETIRME (0.01 gkg) FId L <IXER TR
AR (ND) Thotz. ZISIEHMWE 2L 7=kt
GHOEE (Lx o, 72h, v—X=r 780 2—5)
DOFRBERETOEENDETH 722 LRS-,

723, NDTd o 723l % bi < 15 I DUV CIEBETR L
(GA : WY, SS+RS: [UALDFIEDY) THLER
TV, WHEOEREEZBARICT 1y b LHBEGREE R,
ZOFEFAFig. 31CR L=, SS, RSTIIARE & BEFIEICE
W CFIBAFR20030.997 L4 E & SR IE O AHBEREILR A3 ER O B A,
F%OREBENEONE LD LRENTZ. GATIIMR
RISEMERZ LN ED, PLFIZIER5 —#HORMICE VT
EREICEN DN, A DI HECRST%) o
Eok@my g - GIFEORBTITERMIIAES L
NBBENED TR E ol —F, KEBIUORF v/
T CILEAED ERENARIED LU T Thotz. Fi-,
KHOENZLS GEENLIHOONELARE L W EEEN
Ko 7=,

RIETH SR P O KO EH BN EN—T, BEINET A
&)= VERBENEWZD, BRICE > I Z oMoz
WK L CERMICENE L EEZ DN, FFlT, XK
B 2F v 7 BETBILOKGDENRELLEENIH OO
AHEIZBWTHE, @AEO AR CIXIRTEHIE & 2372
WERHEE AL, RE~DRE, BB R+ ThoTz.
THAMHARREZSISHEIL, TRECKTOHER L -
Tz F7o, BEIONERRKE DK BDIRNGET,
Akt & & HBEEROLRAFE W2 & (10 g—100 mL) b
TEREERTO—REZEZLNE. REOHETX, Ko&
HEOE VIR Z A5 2 & B L URREE it o
EEERAMEWNZ & (5g—100 mL) (2 & 0 EREOWEICE
HLllZ &EWREni.

2) GABHIE & BOMNEIIL R D higk

AR, GABFNE CHHARRR TSN D AT v 7 K71
WMIRB X OKE, KT v 7 2AE3RIROFHTRIROFE
[T, AR L ONERAEZ T4 H B0 10g/kg i
ML, FRATEELSE CHRMELGRER 21TV, [EIER O g
ZFig. 4l L7z, 7ok, L&D 5 HRice cracker 2,
Potato chips 200 AREDRIIL [T Table 1-21Z 783755 % H
L.

WEITE DA 134.6-30.1% TH ¥, AH1360.9-80.3%
Thotz. A, AEZEAEL D 2.1-16.00%m W [EILE
BiESh. ZhboREHT, ko HAEFERE LY,
FRENER FIREMITE ThH-T- 2 b, BN BT
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Fig. 3. Correlation between results obtained with existing method and proposed method
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Fig. 4. Recoveries of GA spiked in foods with existing method
and proposed method (spiked at 0.10 g/kg, n=5)
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Nh, WHREIOREEIEN LI HRE O 5B L0y =
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Simultaneous Analysis of Glycyrrhizic Acid and Stevia Sweeteners in Foods Without Using Ammonia Solution

Natsumi TAKAHASHI?, Etsuko ISHII2, Narue SAKAMAKIP, Chigusa KOBAYASHI?, and Kenji OTSUKA?

To assess the efficiency and improved recovery rates considering clean analysis, the simultaneous pretreatment of glycyrrhizic acid
(GA, including licorice extracts) and stevia sweeteners (stevioside(SS) and rebaudioside A(RS)) without using ammonia solution and
the simultaneous determination conditions with LC-PDA were investigated. Therefore, this study developed a simultaneous
pretreatment method that performs direct extraction with Tris buffer/methanol mixed solution and solid-phase extraction with a C18
cartridge. Using Tris base and Tris hydrochloride, the Tris buffer solution does not require pH adjustment with hydrochloric acid. In
addition, gradient measurement conditions were established using LC-PDA on the ODS column with formic acid and acetonitrile as the
mobile phase. In this way, good simultaneous measurement of both sweeteners was enabled within 30 min per analysis. The results of
spiked recovery tests on 12 kinds of foods revealed good recoveries of >90% for SS and RS and >70% for GA. In addition, the
proposed method was confirmed to be equivalent to those of the existing methods. As for GA, quantitative values for some foods
differed from those obtained by the Ministry of Health, Labour and Welfare’s “Method for Analysis of Food Additives in Foods”
(existing method) due to the difference in the composition of the extraction solution and the ratio of the sample amount to the extraction
solution amount between this method and the existing method. This method, which contains a large amount of water in the extraction
solution, gave spiked recoveries of rice crackers, snack foods, and potato chips that were 2.1-16.0 times higher than the existing
method, and was considered useful for routine testing.

Keywords: food additive, sweetener, glycyrrhizic acid, licorice extract, stevia sweeteners, stevioside, rebaudioside A, ammonia
solution, tris buffer, LC-PDA
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