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This study was investigated the residual contents of sulfur dioxide on the 373 kinds of herbal medicine
distributed from Korea, China, and Japan. A modified Monier-Williams method was described for the determination
of SO, contents in herbal medicines. The residual contents of SO; were not detected at 221 products(59.8%) in
total 373 products. Regardless of region, SO, contents were not found at Farfarae Flos, Zizyphi Spinosi Semen,
Castanea crenata, and Strychni Ignatii Semen. But it's found at Asparagi Radix, Codonopsitis Radix, Lilii Bulbus,
and Kaempferiae Rhizoma of every region collected the samples. Also, SO, contents were not detected at the
herbal medicines which collected cultural fields of dometic. SO, contents ranged 11~3990 mg/kg(mean 152
mg/kg) at domestic samples, 11~3440 mg/kg(mean 603 mg/kg) at imported samples. After treated with water
wash and hot water extraction, the reduction rates of sulfur dioxide were appeared with 24.4%~68.7% and 83.8%~
100.0%, respectively. These data will be used to establish a criteron of residual sulfur dioxide in herbal medicines.

Key Words : Herbal medicines, Bleaching agent, Sulfur dioxide, Modified Monier-Williams method
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(sulfur dioxide), 2tAd o} 84t E B (sodium bisulfite),
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Table 1. List of herbal medicine collected

HE-LEAAEL-
RN

.
2. Mg 9 4y

2L Ak 2 AR

Aol AHEE A B FF, 2AH2A

9q), T=Y AE, N 2 A=EAH)g W AF,
24, A, A, B3 BF, AT 2 FAEA )

A FEEL e 0FEESY A4S FASGD
(Table 1). @A AA|9) o]itstd &fFE =AL
a7] A3 AuFd FFAE U 7AY 105 16
& FHHY. o)2tald ZF54A+= Kontes glass
coAtol Al F{lstgnt. ghek(gol) FAAE oS
A7 F(EF)(N -S4 7], DWP-3000M)9] A&

T8k A AT HAESAE Sigma coAte
AEFE AHEstged 1 9 Agd BE A B

F 53 AHEsth

Name of herbal medicines

Family Name

Korean English

%t Cimicifugae Rhizoma vivtg] ol Al H) 2}, Ranunculaceae
o9k Linderae Radix =Y Lauraceae

AEF Asparagi Radix R Liliaceae

4R Polygalae Radix ult) 23}, Polygalaceae
A5 3} Farfarae Flos =33}, Compositae

A=A Clematis Radix ujv}2] ol A ¥ 3, Ranunculaceae
3454 Morindae Radix BE U3}, Rubiaceae
B Glehniae Radix Cum Rhizoma el %, Umbelliferae
A Polygonati Rhizoma ekt Liliaceae

= Chrysanthemi Indici Flos =383, Compositae

Wz}l Thujae Orientalis Semen 2R3} Cupressaceae
=] Persicae Semen A1}, Rosaceae

g Bletillae Tuber P23, Orchidaceae

wE Saposhnikoviae Radix vlyEl 3, Umbelliferae
Akz9l Zizyphi Spinosi Semen 273, Rhamnaceae
AR Nelumbinis Semen 4#H3}, Nymphaeaceae
LIS Arecae Semen okxl 3, Palmae

4t Codonopsitis Radix =& 23, Campanulaceae
< Pruni Japonicae Semen A3t Rosaceae

3t Lilii Bulbus W3tal Liliaceae

A2 Polyporus Zh8)| 243, Polyporaceae
A4 Scophurariae Radix A4} Scrophulariaceae
A5 Peucedani Radix U3} Umbelliferae
ot Phlomidis Radix ¥E3} Labiatae

o % Amomi Rorundi Fructus A7 Zingiberaceae
Haz Meliae Toosendan Fructus A3&UE 3}, Meliaceae
A Kaempferiae Rhizoma 73} Zingiberaceae

G A Ganoderma AUn) A 43t Polyporaceae
Pl Castanea crenata AUE3 Fagaceae

S Strychni Ignatii Semen ut AR Loganiaceae

1110



22. o488 23

olatstat e muol-BEjgrany o o
3 Agadnt Zuo] dIPUA ZFHAE o &3
o] Zhazo] FHS 400ms AlB o
5% olEHe 100mE 3ol AA BEo] ¥m Wzt
o= circulatorE E3 10CE #FAs9eH, &
A JMAE 02/4/min 52 FYIHA 1
Jqastsith. olojd EAGEE Fa =zx
AN @4 OmE B g 147 4687 73t
Hees 2 Aleko] ArbE 3% TASEAE 30
w7k AR 700 ol 48ge TASNALL o &
A O0IN +ASIEFEA0 R AH o] o4
oste] oatatge] kg ASATh 4 AU
747te] NBE 33 WEs Qe Fe FIRL
so] A& AT
o) k83 (ng/ke) - SIS

pua

ol 2

V : 0.0IN NaOH®| 4] %F(ml)
f : 0.0IN NaOH® %7t
S AR ¥

23. A 2 7tdel wE ojaksldd A
o|4t3}lglo] @o] AEH AR 10F5E
ZAo] w2 olatslstel 3H-F WistE BESIATL
FAPFLE AE < 5gg AAEetaTd FHoto
ZF4 00mE Bolx £o2 187 AH(30rpm)
sttt FARAS 13, 338, 53 WES
3 AAEsE dFsh

d

A 49718 Agsel AR o 5gg H3
B0MLE WS F WO 189S Pole B
ko] 200~300mee] B w7hA 150% 7
& AFFL AARA 1, 3, 58 FA
oz dse] olu8g ARFL Pk 7
AYAE A7e NEE 38 WEHC) I g B

THheR gte] A&t

ﬁd
ov 1R %
o> +
N, o

o] 48
Table 2~5% 2t F 373% F 22150A ol4tst
g $e3o] BAZGISE UEum, F=uz
e AE RS AWE AW BEFH, A42Q,

o]

gl B9 A7

&, 2 HFUER)INE FAAYG @A
Aol od, HEF, T4, 97 2 AHUdES)
B FAANY BFAA HEHAN(Table 2~4).
Asle A& 82 500 mg/kg ©l3HE 20.2%, 500~
1,000 mg/kge 7.0%, 1,000~2,000 mg/kge 2.4%,
2,000~3,000 mg/kgs 05%, 3000 mg/kg ©]d2
16%= Jebgeh 93 60 mgkg, =420
mg/kg, WA 115 mgkg, =9 :59 mgkg, A
#:63 mg/kg, F4:62 mgkg 2 JHA 15
mg/kgo. 2 FAAY AT 100 mgkg vITeRE U
Byron HEE 1698 meke, LF 1 980 me/ke,
W 1633 mgkg, GRS 1487 mgkg, B
085, M3 :738 ¥ 9 :1210 mg/kglE e
th2 Algol "3 ojitstat ol P =2 A
o2 Uewth 3 Ay A, x5 2
Axel g 2 Agh Mg oA 3,000 mg/kg
oj4e] @& o)istas Tt AAUTH

A9 FAFE e o]itsge] AEd FE
&S AHE A3(Table 5), 39 ¢k 71%, A
ot 57% W AE 50% o2 b By, T
B3 29%, & 54 30% E Il AH 31%
£o2 71 @kt A9d o)ilstE BT HEF
Ho & F3o Mot 1068 mgke® 7M1 %2
I tgo]l A% 78 mg/kg, wHE AE 587 mg/
kg S22 YEpgton, I o7 ZE$- 139 mg/
kgl Z 71 @A JElT T3 Mg Ae A
EE2 2000 mg/kg ol 22 AEHS 2 7
(3,230 mg/kg), WH(2,004 mg/kg), DAS(3,377
mg/kg) 2 FAEBOTT mg/kg)oE A = HE
g By

U F5 A9 A9 AAFoZ 11~3990
mg/kg BN HFT 340 meke oloH, =9
5 okl A9 11~3440 mg/kg BHAAA #H
T 603 mg/kgo 2 e TuU {5 kAo u] 3|
oF 28 71% E=A uelyten A HF HE o
460 mg/kg o= VEISITE

33 AAGH Y

Bopa) ARG o)WY FHFE St T
AFR A 163(HF, AE, 25, AAA,
Foh, 94, 994, A, AEE, 2D A
X, Aekd SAANE, ASE, Bul A 94, g
WelH FAs] AAE B, B o|A5e] 4
257 o} o5 2] wseldE BopAl A
o ol BEHFE A9 €eL T & AU

34, 54 2 A1l W2 ousla AAN B2

YRHoB FEFY VHAE Beld ooz

il
B
=

o

[o}

—

9

¢

g

M

1111



A

org

SRR

i=

g -

- Z &

2

A(—)].

OO]

PN
2.
T A

2

a

Table 2. Determination of SO- resiual contents in imported herbal medicines by modified M.W. method

Herbal medicines Conc.(ppm) Tokyo Osaka Chundu Xi’an Ankuo
Cimicifugae Rhizoma NDZ? 11 34 348 128
Linderae Radix 23 N.D. 194 445 344
Asparagi Radix 1185 122 947 1487 533
Polygalae Radix 20 N.D. 269 N.D. N.D.
Farfarae Flos N.D. N.D. N.D. N.D. N.D.
Clematis Radix N.D. N.D. 11 16 N.D.
Morindae Radix N.D. - 20 N.D. N.D.
Glehniae Radix Cum Rhizoma N.D. ND. 947 1202 790
Polygonati Rhizoma N.D. 106 463 N.D. 207
Chrysanthemi Indici Flos 18 N.D. N.D. 3230 N.D.
Thujae Orientalis Semen N.D. N.D. 14 N.D. N.D.
Persicae Semen N.D. N.D. 59 N.D. N.D.
Bletillae Tuber N.D. N.D. N.D. 2004 444
Saposhnikoviae Radix N.D. N.D. N.D. N.D. 35
Zizyphi Spinosi Semen N.D. N.D. N.D. N.D. N.D.
Nelumbinis Semen N.D. N.D. 2489 3377 N.D.
Arecae Semen N.D. N.D. N.D. 67 207
Codonopsitis Radix 11 1515 3414 3077 1253
Pruni Japonicae Semen 13 588 1! 636 N.D.
Lilii Bulbus 17 261 3440 82 833
Polyporus N.D. 37 117 N.D. N.D.
Scophurariae Radix N.D. 34 50 19 31
Peucedani Radix N.P. N.D. 736 38 63
Phlomidis Radix - 863 578 N.D. 52
Amomi Rorundi Fructus - 90 N.D. N.D. ND.
Meliae Toosendan Fructus - 14 N.D. 21 ND.
Kaempferiae Rhizoma - 134 732 273 81
Ganoderma - - 1210 N.D. N.D
Castanea crenata - - - - -
Strychni Ignatii Semen - - - - -

’N.D. : the calculated values less than 10 ppm.

°-: herbal medicine is not collected.

Table 3. Determination of SO: residual contents in domestic herbal medicines by modified M.W. method

Herbal medicini onc.(ppm) | Chunju | Keumsan | Jecheun | Seoul |Bongwha| Kwangju| Daegu Busan
Cimicifugae Rhizoma 923 N.D. N.D. N.D. 524 ND. N.D. 97
Linderae Radix 36 35 191 29 156 66 13 79
Asparagi Radix 624 783 1185 475 510 498 462 259
Polygalae Radix 13 188 273 149 284 N.D. 97 19
Farfarae Flos ND? N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Clematis Radix 203 N.D. N.D. N.D. 11 N.D. .D. N.D.
Morindae Radix NP. N.D N.D. N.D. N.D. ND. D. N.D.
Glehniae Radix Cum Rhizoma - - N.D. - - - - -
Polygonati Rhizoma N.D. N.D. N.D. 11 N.D. N.D. N.D. 159
Chrysanthemi Indici Flos 1056 N.D. 625 3990 N.D. 600 N.D. N.D.
Thujae Orientalis Semen N.D. 11 N.D. 19 N.D. N.D. N.D. N.D.
Persicae Semen N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Bletillae Tuber N.D. N.D. N.D. 576 108 N.D. 31 N.D.
Saposhnikoviae Radix N.D. N.D. N.D. 304 ND. N.D. N.D. N.D.
Zizyphi Spinosi Semen N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Nelumbinis Semen N.D. N.D. 70 N.D. N.D. 13 N.D. N.D.
Arecae Semen N.D. 46 N.D. N.D. N.D. N.D. N.D. N.D.
Codonopsitis Radix 729 311 727 183 446 443 346 353
Pruni Japonicae Semen 93 107 374 28 74 N.D. 31 36
Lilii Bulbus 419 435 302 1141 528 146 294 932
Polyporus 68 11 N.D. N.D. N.D. N.D. 57 0
Scophurariae Radix 24 N.D. N.D. 138 95 129 14 51
Peucedani Radix N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Phlomidis Radix 16 N.D. 160 N.D. 730 969 12 485
Amomi Rorundi Fructus N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Meliae Toosendan Fructus N.D. N.D. N.D N.D N.D. N.D. N.D. N.D.
Kaempferiae Rhizoma - 861 - - - - - -
Ganoderma N.D. N.D. N.D. N.D. N.D N.D. N.D. N.D.
Castanea crenata N.D. N.D. N.D. N.D. - N.D. N.D. N.D.
Strychni Ignatii Semen N.D. N.D. N.D. N.D. - N.D. N.D. N.D.
*N.D. : the calculated values less than 10 ppm.
®_ . herbal medicine is not collected.
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Table 4. Determination of SO: residual contents in the various herbal medicines by modified M.W, method

N Conc.(ppm) Imported Domestic Total
© | Herbal medicines n® SO Mean n SO Mean | n | Mean
1 Cimicifugae Rhizoma 4 11~348 130 3 97~923 515 7 295
2 Linderae Radix 4 23~445 251 8 13~191 76 12 134
3 Asparagi Radix 5 122~1487 &5 8 259~118 600 13 698
4 Polygalae Radix 2 20~269 145 7 13~284 146 9 146
5 Farfarae Flos 0 - - 0 - - 0 -
6 Clematis Radix 2 11~16 14 2 11~203 107 4 60
7 Morindae Radix 1 20 20 0 - - 1 20
8 Glehniae Radix Cum Rhizoma 3 790~1202 90 0 - - 3 980
9 Polygonati Rhizoma 3 106~463 259 2 11~159 85 5 189
10 Chrysanthemi Indici Flos 2 18~3230 1624 4 600~3990 1568 6 158
11 Thujae Orientalis Semen 1 14 14 2 11~19 15 3 15
12 Persicae Semen 1 59 59 0 - - 1 59
13 Bletillae Tuber 2 444~2004 1224 3 31~576 238 5 633
14 Saposhnikoviae Radix 1 35 35 1 304 304 2 170
15 Zizyphi Spinosi Semen 0 - - 0 - - 0 -
16 Nelumbinis Semen 2 | 2489~3377 2933 2 13~70 42 4 1 1487
17 Arecae Semen 2 67~207 137 1 46 46 3 107
18 Codonopsitis Radix 5 11~3414 1854 8 183~729 442 13 985
19 Pruni Japonicae Semen 4 13~636 323 7 28~374 106 11 185
20 Lilii Bulbus 5 17~3440 1081 8 146~1141 525 13 738
21 Polyporus 2 37~117 7 4 11~90 57 6 63
22 Scophurariae Radix 4 19~50 34 6 24~138 80 10 62
23 Peucedani Radix 3 38~1736 281 0 - - 3 281
24 Phlomidis Radix 3 52~863 498 6 12~969 395 9 429
25 Amomi Rorundi Fructus 1 90 90 0 - - 1 90
26 Meliae Toosendan Fructus 2 14~21 18 0 - - 2 18
27 Kaempferiae Rhizoma 4 81~732 305 1 861 81 5 416
28 Ganoderma 1 1210 1210 0 - - 1 | 1210
29 Castanea crenata 0 - - 0 - - 0 -
30 Strychni Ignatii Semen 0 - - 0 - - 0 -
Total 0 11~3440 603 130 11~3990 340 515 460

*n : number of herbal medicines detected sulfur dioxide.

Table 5. Determination of SO: residual contents in herbal medicines collected at 13 sites by modified M.W.

method
Imported Domestic
City n®/Total® Mean (ppm) City n/Total Mean (ppm)

Tokyo 7/23 184 Chunju 12/28 350
Osaka 12/26 315 Keumsan 10/29 279
Chundu 14/28 789 Jecheun 9/29 434
Xi'an 16/28 1068 Seoul 12/28 587
Ankuo 20/28 358 Bongwha 11/26 315

Kwangju 8/28 358

Daegu 10/28 139

Busan 11/28 233

’n . number of herbal medicines detected sulfur dioxide.
®Total : number of herbal medicines collected.
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Table 6. Comparision of SOy residual contents in water wash from various herbal medicines

. SO2 contents (ppm) Rate of decrease (%)
Sample City
Raw A B C Raw A B C
Codonopsitis Radix Osaka 503 467 404 345 0 72 19.7 314
Nelumbinis Semen Chundu 823 742 543 460 0 9.8 34. 4.1
Lilii Bulbus Chundu 777 698 644 537 0 10.2 17.1 30.9
Bletillae Tuber Xi'an 778 698 603 511 0 103 225 343
Asparagi Radix Tokyo 480 314 306 271 0 346 36.3 435
Phlomidis Radix Osaka 355 311 233 193 0 124 34.4 456
Chrysanthemi Indici Flos Xi'an 1154 1005 895 872 0 129 224 244
Cimicifugae Rhizoma Chunju 417 323 283 142 0 25 32.1 659
Kaempferiae Rhizoma Keumsan 329 274 239 103 0 167 274 68.7
Saposhnikoviae Radix Seoul 212 195 163 134 0 8.0 231 36.8

A : After washing once with distilled water
B : After washing twice with distilled water
C : After washing three times with distilled water

A#sted, dAAE dole HH F
o 7tg o]F 9 o|ikstE AFF
of AA g9 A
e A A B
A FAd wE WsE BB AN Hzx
?M AA F olakstgto] ZF o] 200~500 mg/
kgQl Al 5EE(FA, &9, 5o, &4t B3
500~1,000 mg/kg$! t&%k A SEE(AAS, U, W
&, 34, 2ol disld EA% A3 Table 64
2ok Fuksk A A FAF oibEE ga
o] 60%°]doz epytch 33 FARAH AN B¢
9] o] 233y AAaEL 244%~687% S 2 VBN
T3 gkl dolv HA I o] st wWE o
Arstat AF % W3E Table 791 UYeElld. &v}
(417 mg/kg)= 33 FAFE Dol A9 o]4ts ol
AEHA @gow, 779 AfAME B%elde
Btk 33 FASE dole A4
&8¢ 838%~1000%2 uUEtst &
AR 2 HEE EO]ZI ‘*»WU&, g
0

Az A
o Wsg zAbe
Jdsige) drhy za

3

4. 4 &

A, T= % AN fFEHL gls dFAE
ez ojitatd FwFE AR 23, F 313F
T RIFAME BEHEGo8%)INeH, #Fsh A
Z9, A&, ¥ BFUER)AAE FAAG &4
glo] &l ey, HEF, 24, ¥ 2 A4
)9 B FAAYG BEFAA AEHAD T

o Qb= A Ho] BFH T 0FF22 7PF Bol &

51, T FF G 283ZEZ BEEoE
Vg AA AEHAT S A dEA 2HA)
o] olit3lg FiHS XAl -H?'SHH FAE 16
F& BT olitsldo] %51*1 o3kt

= 55 kAo A4 11~3990 mg/kg(Hd

340 mghg)lHeH, 79 FE B A9 11~
3440 mg/kg(BE 603 mg/kg) o & UER FU &
E kAol wel o 2o /b ¥4 vhehdon 2
A WE 460 mg/kgE e Sl BE A4
wals B9 A, 38 SA94 AD 499 o
28 A8 244%~637% o2 VERGT E
Aol npe olAslg AFF WIE 38 FAF @
ol A9 olisld FAEL 838%~100.0%=
vehe,

2 ATdA o] Ats s /%S 11~3990 mg/kg
o wslz AEINUTt £A L ALHAL AA 4
A ARee gee BodAE A4aRY o
@) AFFol A Pasgort @43 AAHA
= Qv Aoz Ut Bed, dHT Bt
ZRelA gFer] AN oty ¥

I—OPJ: ] cH
o AEHA ZYEY 2 FAAY) 2o Ao
Z Al gt

ZFa Ty

1) Talor, S. L., N. A. Higley and R. K. Bush,
1986, Sulfite in foods, Adv. Food Res., 30, 1-7.

2) Roberts, A. C. and D. J. Macweeny, 1972, The
use of sulfir dioxide in the food industry, J.
Food Technol.,, 7, 221-226.

3) Sy, Y. C. and S. L. Taylor, 1995, Sulphite
analysis of food ingredients : false positive

1114



F5 BepA ol e

responses with butter flavourings in the
optimized Monier-Williama method, Food Add.
Conta., 12, 153-160.

4) Korean Code of Food Ingredient, 2002, Korea
Food & Drug Administration.

5) U. S. A. Code of Federal Regulations 21, 4-1-
08 ed., § 182.3862, Sulfur dioxide, 438.

6) The Korean Herbal Pharmacopoeia,
Korea Food & Drug Administration.

7) Kim, H Y, Y. J. Lee, K. H. Hong, Y. K
Kwon, H. S. Ko, Y. K. Lee and C. W. Lee,
2000, Studies on the Contents of Naturally
Occuring of Sulfite in foods, Korean ]J. Food
Sci. Technol,, 32(3), 544-549.

8) Kim, H. J, Y. K. Kim and M. Smith, 1988,
Sulfite analysis by ion exclusion chromatography
. Application to the food and beverage in-
dustries, Food Technol., Nov., 113-115pp.

9) Holak, W. and B. Patel, 1987, Differential pulse
polarographic determination of sulfites in foods,
J. Assoc. Off. anal. Chem., 70, 572-578.

10) Lawrence, J. F. and R. K. Chadha, 1988,
Determination of sulfite in foods by headspace
liquid chromatography, J. Assoc. Off. Anal.

2002,

1115

Chem., 71, 930-933.

11) Perfetti, G. A., F. L. Joe and G. W. Diachenko,
1989, Liquid chromatographic determination of
sulfite in grapes and selected grape products.,
J. Assoc. Off. Anal. Chem., 72, 903-906.

12) Holak, W. and J. Specchio, 1989, Determination
of sulfites in foods by simultaneous nitrogen
purging and differential pulse polarography, J.
Assoc. Off. Anal. Chem., 72, 476-480.

13) Sullivan, J. J, T. A. Hollingworth, M. M.
Wekell, R. T. Newton and J. E. Larose, 1986,
Determination of sulfite in food by flow
injection analysis, J. Assoc. Off. Anal. Chem.,,
69, 542-546.

14) Kim, C. M,, B. J. Song and H. S. Na, 2000,
Determination of sulfite contents in medicinal
herbs, Korean J. Food Sci. Technol, 29(3),
375-379.

15) Korean Code of Food, 2002, Korea Food &
Drug Administration.

16) Official Methods of Analysis of AOAC Inter-
national, 17th ed., 2000, Assoc. Offic. Anal.
Chem., Ch47, 29-30.



