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Fig. 1. Change of the addition recovery by the difference

in shaking condition in the pickles
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Fig. 2. LC-PDA chromatograms of GA, SS and RS standard
at the level of 0.05 g/kg
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Table 1-1. Recoveries of GA, SS and RS spiked in foods

Sample Recovery (%)
GA SS RS
Tsukudani (kombu) 96.4(2.1) 1029 (49) 103.0 (2.5)
Teriyaki sauce 101.7 (0.8) 1052 (3.8) 103.7 (3.9)
Furikake (dried bonito) 852 (23) 935 (1.2) 930 (1.7)
Seasoned and smoked squid  100.7 (1.3) 96.5 (6.4) 99.6 (4.3)
Salted squid guts 88.8 (32) 973 (46) 994 (2.8)
Satsuma-age 802 (47) 941 (51) 919 (2.7)
Soy-braised pork 914 (3.6) 988 (0.8) 977 (0.9)
Pork sausage 99.9 (20) 930 (3.8) 925 (4.7)
Rice cracker 783 (2.2) 1041 (5.1) 1008 (2.4)
Potato chips 834 (34) 1026 (3.6) 105.1 (2.4)
Soy sauce 1035 (1.0) 1022 (22) 1011 (3.5)
Pickles (cucumbers) 100.6 (2.5) 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 s RS
Tsukudani (kombu) 96.5 (1.2) 1009 (1.0)  99.8 (1.1)
Teriyaki sauce 99.0 (1.2) 1042 (1.4) 1042 (0.5)
Furikake (dried bonito) 90.8 (2.7) 1022 (0.9) 101.0 (1.4)
Seasoned and smoked squid 958 (1.2)  98.1 (1.8)  98.5 (1.7)
Salted squid guts 75.6 (6.6) 989 (1.3) 989 (0.7)
Satsuma-age 802 (47)  99.6 (1.5) 983 (1.9)
Soy-braised pork 76.6 (3.6) 988 (0.8) 977 (0.9)
Pork sausage 944 (3.7) 1003 (0.9) 102.4 (0.6)
Rice cracker 783 (22) 104.1 (5.1) 100.8 (2.4)
Potato chips 80.3 (7.7) 105.0 (1.1) 1047 (1.4)
Soy sauce 99.9 (1.2) 1000 (1.8) 1010 (1.4)
Pickles (cucumbers) 952 (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

0.02 0.03 0.03

0.10 0.14 0.07

0.01 0.01 0.03
0.01,0.09  0.11,0.15  0.08,0.14
Salted squid guts 0.03,0.05 0.03,0.16  0.03,0.09

Sauce (Yakiniku) 1
1
1
2
2
Fried squid 2 0.03,0.07 0.27,0.41 0.28,0.29
2
2
1
1

Sauce (Tamagoyaki)
Sauce (Kabayaki)
Pickles (Takuan-zuke)

Rice cracker 0.01,0.05 ND,0.04 ND,0.05

Corn snacks ND, 0.01 ND,0.03 ND,0.01
Potato chips ND ND ND
Ume-kombu 0.14 0.22 0.34

ND : <0.01 g/kg
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Ty VTR IO DINLE (OB EGITE) T°E< A
L. FR, UMNEOH D L X 5, 1iEHHESL X 9l

P BBQIE S O 7o VA B T T OO AN - 7.
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Fig. 3. Correlation between results obtained with existing methods and proposed method

Rice cracker 1

Rice cracker 3

Corn snacks 1

Potato chips 1
Potato chips 2 ] .

I

i_ . DA O R OE OB L OREHE L AR RO
Ricecracker2 [ . EOBOMIRE LTV, KE, 2) v 775 LOWR
|_ . TR F oy T RZBWTE, HERICKE % < FTe ARk
DIF, EENTE LD 2.1-16.0fE @ O EMEI R RS S 1,
INBOFEHZB W TEAREO F R LTV D 2 &R

TR, R & R 2> IERENED & W TR D35

Potato chips 3 _ 1
0 20 40 60 %0 00 DAV S OITIHEUREN RAFHD T B ARSI AL
Recovery (%) L7 U= T F U RERELEOIETHY, B
Oproposed method W existing method TICEHIZEEZEZD.

Fig. 4. Recoveries of GA spiked in foods with existing method

(ABFFEOBEE 5 57 e E A L A B g 2 =,

and proposed method (spiked at 0.10 g/kg, n=5
prop P g ) 20204F11H, IZBWTHEEKRLE. )

* & » x

BHTDGA, SSELURSIZOWT, U AREEK « A
2 ) —RIR A T B 3 K OEERh IS K 238
A 72 ATALERYE & LC-PDAIC & % B I 72 [ B 8 S 11 % fife T
L7z.

AEORHLEE T, BB L0 ThHr7 =T
KRS NI AR LW o, MsE ~OfaERR 4
"HEL L7z, E£72, KIEIERED A ARBINAETH
D, 1053 & R TR T i DAEE A D A il
RONHETH 5.

INENGRER T, 12fHOWFRORMIZBN TS
SS, RSIH90%LA E, GAIXT70%LA Lo BATF 7R [RIERTH -
7.

THHATIEL, Lx 5, 5§, 72, K, ATy
JHEFBIOA IR R0 R 8T %) ClH e
OFRBEERE - T, Fe, HEHERETIE, Z2< 0o/

—_

81-86, 2004.

3) /NRFGH, JAPTHEF, HE PRI,
i, 54,93-98,2003

4) ROKBA(E, R, LA 2,
408-412, 1986

5) /NRFER, JRPTHET, WBATEREE,
51, 75-79, 2000

6) © Bk, FEEAEIL, B AT,
29(1), 193-198, 1978.

7) /NUBGE, EHEFES, PR,
78, 2005.

[
) WHOE, BARUAS T, BB, il RERS, 45,

L

L

it

it

2y REDTH, £ FHk, ok FE M H)NRESGE
fEFet o 2 —H, 10, 80-84, 2011.
f,

HOR 2w 4

B, 27,

HOR AR,

HOR AR,

BAEE, 46, 72—

8) JEALTIEAE RS - ATRR/E R R RERARE, B4

JrEE S - AR R R EA L ERE  RERE

THHWEE BICPBOBEHATH -7, ZhbORERKE
M, TIHBE OB & TE ) L HRE O 55 LU a

F0624551 5, FAEREIR0624551 7,

[ i R D b

I SHTE ] OUIEIZ2WT GBEN) , 3464

PEOE DM OFEFEDO IR 2 EE & L QRIS Cnd &
A5y (W

i H R AR & BEFIE & ORISEMEEZHER LI L 25,
SS, RSIZFEAIE & RSN HR S, —F, GATIIAM
WX W ERBMEICEND -7, 2L, KiEEEMECBT

24H.

16, 23-28, 1992.

9) EAIR, FEAABIE ¢ THREANIEIMI S,

10) B @EEE, RanG/EREaiEet SRIRNYHRE,

555-563,2003, fEEEAN B ARG SEAERS, HK



198 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 75, 2024

1) FJI—BS, AR, SHERT, i & LRIEER 12) ASHIFY, HFE—, AR, i B85, 57,
HERAIEE ¥ —, FREIEAISE, 5, 21-29, 1986. 155-159, 2016.



HOR B’ 7 B kv & i, 75,2024 199

Simultaneous Analysis of Glycyrrhizic Acid and Stevia Sweeteners in Foods Without Using Ammonia Solution

Natsumi TAKAHASHI?, Etsuko ISHII?, 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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