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Simultaneous Determination of Glycyrrhizinic acid, Stevioside and

Rebaudioside A in Food by Solid Phase Extraction and HPLC

Hideki OZAWA , Masako HIROKADO , Nobuo TAGUCHI , Chigusa KOBAYASHI ,
Yukiko YAMAJIMA and Kazuo SAITO

In this study, a smple and efficient method for detecting and determining the natural sweeteners glycyrrhizinic acid
(GA), stevioside (Stev) and rebaudioside A (Reb. A) in foods is described. These sweeteners were extracted with a
methanol-0.1% ammonium hydroxide (40:60) mixture using a homogenizer. After centrifugation of the homogenate, a
part of the supernatant was diluted with water, added to tetrabutylammonium bromide (TBA) , and then the mixture was
loaded in to a Cis cartridge (Mega Bond Elut Cis). The cartridge was washed with 25 % acetone-water (containing 5 mM
TBA) and water, and the sweeteners were eluted by acetonitrile-0.1% (v/v) phospholic acid (80:20). The eluate was
analyzed by HPLC equipped with an NH2 column and UV detectors (monitored a 254 nm for GA and & 210 nm for
Stev and Reb. A). Recoveries of these sweeteners spiked a 10 or 50 ng/g were 82 - 104 % (GA), 80 - 104 % (Stev)
and 84 -101 % (Reb. A) (Relative standard deviations (CV values) : below 5 %). The detection limits of GA, Stev and
Reb. A were 0.0001 gkg We applied this method to 16 commercially avalable foods with indications of both "licorice
extracts (GA is dominant component)" and "stevia extracts (Stev and Reb. A are dominant components) "; the sweeteners
were detected at levels from 5.1 to 406.7 ng/g (16 out of the 16) for GA, from 5.4 to 160.7 nmg/g (14 out of the 16)
for Stev and from 4.2 to 170.2 ng/g (14 out of the 16) for Reb. A.
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nm GA 10 mL
(1) GA Stev Reb. A GA
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Reb. A — Methanol - 0.1 % aqueous ammonia (40 : 60) 50 mL
100 mg 50 % Homogenize
100 mL Measure up to 100 mL
with methanol - 0.1 % aqueous ammonia (40 : 60)
(2) Mega Bond Elut Cis 5 g/20
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60 mL, |— Water 150 mL
— 1M Tetrabutylammonium bromide (TBA) 1 mL
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Fig.2. Calibration Curves of GA, Stev and Reb.A
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50 mL 20mL 2 10 %
0.1 % (v/v) 80 : 20 GA Stev  Reb. GA Cis
A 10 mL HPLC
(Fig. 1) TBA

GA Stev Reb. A

0.1 % (v/v) 80: 20 3.12 6.25
12.5 25 50 100 ng/mL HPLC
10 nl. HPLC GA
TBA
TBA
5 mM
TBA 25 % 50 mL
30 % GA
Fig. 1 10 g 50 mL
0.1% 40:60 HPLC
100 mL HPLC 0.1 %
GA (80:20) 10 mL
HPLC
0.1% 40:60 HPLC
50 mL GA Stev HPLC
Reb. A 100 L GA HPLC Cis 3
Cis GA
Bond Elut Cis
Cis GA
Stev Reb. A Stev Reb. A HPLC NH:
40 % 80 %
Cis 0.1%
Table 1. Recoveries of GA, Stev and Reb. A from Various Foods Spiked at 10 or 50 np/g
Recovery (%)%
Samples .
Spiked (ny/g) GA Stev Reb. A
Noodles rainy season 10 93.6 (1.5) 90.2 (4.6) 92.4 (4.1)
(Mentsuyu) 50 95.3(3.0) 97.2 (3.4) 100.2 (2.9)
- 10 104.6 (1.2) 93.9 (2.9) 93.1(3.5)
Orange juice
50 101.1(2.3) 97.4 (1.4) 99.3(3.0)
) 10 91.1 (2.0 92.4 (3.5) 91.1 (2.6)
Strawberry jam
50 94.0 (2.1) 101.5 (3.2) 935 (1.7)
Pork cutlet sauce (thick) 10 85.5(1.7) 98.6 (2.5) 95.9 (3.9
50 95.9(1.9) 104.6 (1.5) 101.1 (4.9)
Fish flour  (Furikake) 10 82.7 (4.0 80.5 (4.8) 84.2 (2.9
50 83.2(15) 83.8 (4.9) 88.2(2.7)
Food boiled down 10 97.8 (2.7) 96.7 (3.3) 91.0(3.5)
in soy sauce (Tsukudani) 50 100.9 (1.5) 99.8 (4.3 99.3 (4.0)

1) Average of 3 experiments: mean (CV %).
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Fig.3. HPL Chromatograms of GA, Stev and Reb. A Spiked to the Food at the Level of 50ng/g
Upper profile unspiked, lower profile spiked, in each window.
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54,2003

97

Table 2. Analysis of GA, Stev and Reb. A in Commercial Foods Indicated with all of them

Samples Content (ng/g)
GA Stev Reb. A
Food boiled down in soy sauce 47.7 4.7 16.7
(Tsukudani)
Pickled radish 100.2 62.0 26.4
(Tsubozuke)
Yellow pickled radish 934 17.8 9.9
(Takuanzuke)
Yellow pickled radish 118.1 95.9 428
(Takuanzuke)
Dressing (Japanese type) 18.6 6.0 5.1
Dressing (Japanese type) 25.2 6.6 6.1
Fish flour (Furikake) 14.9 ND ND
Fish flour  (Furikake) 51 ND ND
Fish flour  (Furikake) 19.9 54 59
Snack sea tangle (Sukonbu) 406.7 160.7 875
Smoked squid  (Ika kunsei) 71.0 233 225
Pickled squid (Pickled in vinegar) 47.6 17.0 10.3
Picked squid (Ika shiokara) 44.6 11.8 4.2
Dried squid (Sakiika) 76.8 36.3 21.3
Dried squid (Sakiika) 46.9 94.3 452
Dried squid (Sakiika) 9.5 86.0 170.2
ND : not detected
Table 1 Stev Reb. A 16 2 14
GA 85.5
104.6 %, Stev 90.2 104.6 %, Reb. A 91.0 101.1 % 1 GA 406.7 ng/g Stev 160.7
CV 3 5 % ng/g Reb. A 87.5 np/g
HPLC 3 GA 934 118.1 np/g Stev 17.8 95.9
GA Stev Reb. A ng/g Reb. A 9.9 42.8 np/g
Fig. 3 6 1 GA
9.5 mp/lg Stev 86.0nmp/g Reb. A 170.2 np/g GA
Reb. A
5 GA 44.6
16 Table 2 76.8 mp/g Stev 11.8 94.3np/g Reb. A 4.2 45.2np/g

16 GA

2 GA 186
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25.2 ngle Stev.  Reb. A 6.0 6.6 51 6.1 nylg
GA 5.1 19.9 nplg Stev Reb. A
1 5.4 nplg 5.9 mp/g
2
16 2
HPLC GA Stev
Reb. A
0.1%
TBA Cis
TBA 25 %
GA 82 104 % Stev 80
104% Reb.A 84 101 % (6)%
5 %
16
GA 16

5.1 406.7 nglg Stev Reb. A 16
2 14 Stev 5.4 160.7 ng/g
Reb. A 4.2 170.2 np/g
GA
Stev Reb. A
GA Stev Reb. A
0.0001 g/kg
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