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Monitoring of Residual Sulfur Dioxide in Herbal Medicines Distributed at Domestic

Ah Reum Lee, Seol Jang, Tae Hee Kim, A Yeong Lee, Goya Choi and Ho Kyoung Kim '
Herbal Resources Group, Korea Institute of Oriental Medicine, Daejeon 305-811, Korea.

ABSTRACT : This study was conducted to investigate the residual contents of sulfur dioxide (SO,) in commercial medicinal
herbs in Korea in 2012. Among a total of 136 samples of 16 different kinds of herbs, 86 samples (15 Kinds) were domestic,
and 50 samples (14 Kinds) were imported. Sulfur dioxide in the samples was measured by a modified Monier-Williams
method. Of the 136 samples, 17 samples (12.5%, 6 Kinds) failed to meet the regulations for sulfur dioxide residues of KFDA
in medicinal herbs. Among 17 unsuitable samples, 7 samples (8.1%, 3 Kinds) were domestic, and 10 samples (20.0%,
6 Kinds) were imported. The highest amount of sulfur dioxide residues was 3,167.94 mg/kg (Lycii Fructus) in the domestic
samples. The detection frequency of sulfur dioxide by medicinal herb parts used, Rhizoma 25.7%, Flos 20.0%. Cortex
12.5%, Radix 15.3%, Fructus 7.6%, p-value 0.011. This results will be used as a basic data for the future legislation on the
quality estimation and safety of medicinal herbs.
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M 1l THTE ] Bizol S gejA o8AEe] S5l 93
£ 7¥aL At} (Seo et al., 2009).

HZ A AAH R Mqglte] dAE S5 tiAlelte greFae] 717 s debde] s WAskal Mg g
= ghejstel] thgk Palo] oA Qe FAlelH, deplel Al fAlGk A FES I mE AxE S8 #3
ISR woll AaE tiEe] f deIE] §E ¥, ARz S W 01 F&F»II =, ol B sk=
Aol FWEL] #Alo] FUEL ATk (Yim er al, 2009). PR (SO, (g)= TR A=A A WAME 7KL
B3] soHlE 71 S84 oA 2 FEA 5o FAYE 2k (Oh e al, 2007). 0}%% Fe ool v At
S OFEOE ARGl wWet oy B, vidEolu & ol3bS whHEe] oRle] fitow Askd o e dd
# Soz 474 999 slsAo] 2o o2 uy] ¢l St AA 738 FuRR-S 3137, Ascorbate oxidase?] S
o= A frafd steked Fol ARE7IE T (Heo e Alsto] &4kt 2H8-S Yepln] g G of 3 Z2ARkS:
al., 2008; Kim e al, 2004). @eAle] =27} S7HslaA 18]

S ZX3l= Polyphenoloxidase?] AsiA|= 2835l 7+

5 elle T2 FYF &L J= Ao, ek S JAIskE Aoz 4 ATt (Jung e al, 2011). o}

Aol BHES 78, 7, 7H, &9 5o Aol wAsE AR A WA wiEA AksiEo] 4k (MLS0)0E

= 2 digt kAol AEE EZAZ UIFEA (Jang e H T, ooz fEjEEd ol S AA A=sk] 7
A

al, 2012), BRI S B A=E 5 FelEAo] PEH A 4 A S AT WA, 53] o} AR Wy
wgo] HEolHn AEGOR FUY Aofo] FeMIE B AUl L WY B WA 5%, FE, B, TE, @
SV B - RAYE Aok Bl QM BN S F /1F, B4 B AU NS BN o & rky ww
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E2 AT} (Kang et al., 2011).

Food and Agriculture Organization (FAO)/World Health
Organization (WHOYIME 1Alol] &<l J&S = 4=
o] ol AFO 19 HANLHFES ol (S0,)SEA
0.7 mg/kg o|3k= A|gkslAaL, Pl Generally Recognized As
Safe (GRAS)E ©F8HFd (ML,S0:)S 10 mgkg o4 dhe
21Ee] 9= FRES FARIES skt Atk (Kim e
al., 2003). 21Fe]oFEPd ol = 2005 AJoke] HAS
grzalr] sl AYoke] Rolitsls HAPIE 3 AIEW
AR 3A8ke] (KFDA Notification No. 2005-44, 2005)
FoEA] 20650 tiste] HAAfel olitsks) dat fesEe
tekAle] mUEE A3E F38l 30~ 1,500 mgkg &= 1 %F
Aglal7] A2, 20003 19 8ARE] K}l 3be Ay
o] zEFolkslsl AT B AIEHR A el oJste] Tl
A=) e Aok oiksks HAPIEL R <lsl A7)
B3F Ao 55 A (Jung et al., 2011)}F PSS
gojjste] Aoke] bAS SRt QI8 265F 5ol tigh
T AEH 2 30mgkg 0= FUste] Aldstar ik
(KFDA Notification No. 2009-35, 2009).

o]xkalgt skl Ui AT Bk gkl &
3 AFHI (Kang ef al, 2001; Lee, 2005)2} AZHH
W o)kslat 27 (Oh er al., 2007y ZFolatalat A
ZAbell thE AT (Han et al, 2008; Sin et al, 2007,
Kim et al, 2003; Lee et al., 2010y} EIALEJA|T, S|
SElYetlr e 17 S 218t skekAe] AMgo] Srtekal
AorF A& A7E Hasi)

mEbA] B AFoXe el FEE, AR, AR
A= olskslge] HEHe ik Ayt A7) ol AAA<L
BUE o] dastua oA A=A FYslo] fEs
= SR o|ikElE RS ARl dekRle] PdAdS

Rt 71 2ARE Algstaat g

ro o o

2 to

fu Lo

N oo ff pE

£ 2

djud

Mz S uiy

b=

AN g E FeEA] (Lee, 2006; Sin et al., 2007)
e N b M e T S o B R e - Reced e S
AN7EFs] (Jung er al., 2011)Q] SFA) kg9 u}
6% 136718 o= AA|7E WA E o
OFNS FUBIAUTH (Table 1). 1367 3HeAlE
d FHorof g o g e 7]9e] 99 #F
HSWI Mixer (HMF-3000s, Hanil, Korea)Z
50 mesh®] A= HA 71D-g7]e] HaAste] ARE-

o —
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Table 1. The list of commercial medical herbs used in this study.

. Number of samples
Class Name of herbal medicines i
Domestic Imported

3

Cortex Eucommiae Cortex (F5)

(AZ&F) Moutan Cortex Radicis (53])
Acanthopanacis Cortex (2.7}9])

Flos  Chrysanthemi Flos (13=)

(EF) Lonicerae Flos (F23})
Carthami Flos (-3}

Fructus Lycii Fructus (7-714})

@1 F) Chaenomelis Fructus (53}
Rubi Fructus (B3-5-4})

Radix Glycyrrhizae Radix (=)
(2] 5) Angelicae Gigantis Radix (7))
Astragali Radix (371)

Rhizoma Dioscoreae Rhizoma (3+2F)
(&7 5) Acori Gramineri Rhizoma (213X)
Cnidii Rhizoma (4-&)
Gastrodiae Rhizoma (7}
Total

U1 o U1 W @
w 1 v~ 1w !
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(@]
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"Herbal medicine is not collected.

. Inlet Adapter

: Addition Funnel

¢ Flask

* Gas Inlet Adapter
: Allihn Condenser
: Bubbler Tube

Q T o g o w >

: Cylinder

Fig. 1. Apparatus for optimized Monier-Williams method.
(KFDA Notification No. 2011-42, 2011).

2. AleF 2 I

o]xksls} B4 98] Hydrogen peroxide (H,O,, Duksan
Chemicals, Korea), Hydrochloric acid (HCI, Samchun chemicals,
Korea), Ethyl alcohol (C;H¢O, Burdick & Jackson, USA)=
EFAEFS A5t AT A A o= Methyl red
(CisHsN30,,  Junsei Japan), 0.01 N Sodium
hydroxide (NaOH, Samchun chemicals, Korea)s, 3|58 7
%5 98 Sodium sulfite, anhydrous 95.0% (Na,SOs,
Samchun chemicals, Korea)S AFE-5ISIt). o]ikslel 45 ¢
3 KontesAl (USA)2] Zuo]-2]¢* (Monier-Williams) 5

chemical,
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FAAE ARSI (Fig. 1).

3. Aty
FopA) 5 olAlBlE A HFIRERAY TN u}

2} (KFDA Notification No. 2011-42, 2011) Monier-Williams

ol Fato] FRBldlon, ole A% 2 ol (H,S0;),
o

Aol 3

(H:$:05) B L F57 58 M oA FF/3te
ksl golow xystar, AGE ks dElE AF
stod FiFole Welth. Byoj-2ejeks SRR (Fig. 1),
223 (O T/ 400mL B3

oI T
B
A=

O
=

A 4 N Fikgd 90 mLE
© B FFhl HAAaTtAE Tk
0.21 L/min®] £E2 FY8IHA 15F 5
ANE 50 g0l 5% olEkE 100 mLe} Ao FE
A 90mLE Skl ¥ F IARE 458 FY
Heg= z|A|eke] H7tE 3% IAFeEAgd 30 mLE

71l o] §4E 0.01 N FASMEFEIY

2w

2

= =

R IS

<]
& Alslgint. 7h d8AE el NS 33 wkasl
(o]

L e HAgoz o] skEenh

320 % Vxf

=

= Ee (mgkg) =

V1001 N F2sPEFS] 487 (mL)
(0.01 N NaOH 1 mL =320 /g SO,)

f: 001 N FAspEFS o7t

S AA ANHZF (2)

AE T oitskge

(e}

4. 38

EFE olgRIEFSZ 30 mgke, 100 mgke, 200 mgkgo)
HER F8HE At olgiide] AEHA &2 AR
50 g7t A A3 Ete] Hit 89.3%2] A=S AU (Table 2).

5. Sl

FAEA]S Minitab 16 (Minitab Inc., Pennsylvania, USA)
< o] &3, A ZHe] oS SHEE ttestE A
siiom, ofgH-9lol oA ke dARA B4 AR A
42 TukeyHS AAISISAT

Table 2. Recoveries of sulfur dioxide in commercial herbal

medicines.

Added SO, (mg/kg)  Found SO, (mg/kg) Recovery (%)
30 25.2+1.8 84.0+6.17
100 89.7£2.9 89.7£2.9
200 188.3+4.1 94.242.1

‘Data are expressed as mean £S.D. (n = 5).
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A

1. AL Y ESY o FhRE

U FEA 165 136850 gk o]ikeld)t w5
Table 30| UERAUTE. =4k Shebd) & zhRolilslst
Fd-e TR (527.99 £1,293.31 mgkg)’t 67 5 17] A
AN AZHAAT 2 oA 9] HaFo] thE A58} v
A 7P =k, AReF (44.13 £32.17 mglkg), 23} (7.13+
15.95 mghkg)e] =02 A& Hto] %o Ul )=
10mg/kg ©3t= AEFHUL, =, A=, B9, 75, 53, &
o], BE), ARE, A7, vl S8k AEEA v
Yt stekAle] ZERolAkslEe 7R (694.04 +1,202.11 mg/kg)
7F 7P =9k, Bk (27541 £469.23 mgke), B (241.74
+5424 mg/kg), vl (75.89 +131.45 mgkg), F23} (3530 +
36.90 mg/kg), AFeF (28.67 £26.53 mg/kg)e] 0B HE Ht
o] ko g3}, )= 10 mgkg oletE AZEHUNL, =,
Az, T, B3 B FF ool AEe AEEA &
Ut FEseRAe] W oliksls) FERe Uik Fate
2 AE Ax, suat el 86 5 101 (11.6%), 3
TFE 40,90 +340.50 mg/kg, ULt FRRl= 5071 F 131
(26.0%), %S 77.82+314.23 mg/kg )AL t-testAF p-
value:= 037622 +2]5HA] &kt B 49 Uit 671
< BT oliislglo] HAEER] ko), ULk 2
203.38 mg/kg, 280.10 mgkge] o]itslalo] & o
b Bl B2 ZHrolitste ks SRl o ddTh

shold] FEEE Yehd 435 A9 EH (Table 3),
HaS 7712} (583.34 + 1,153.44 mg/kg)7} 718 =%k, &
3 (13771 £317.42 mg/kg), G (60.43 +109.91 mgkg), A+
°F (39.49+29.24 mg/kg). v} (28.46+77.77 mgkg), o3}
(2122 £29.82 mgkg)e] o2 ZHFolitsls)l HE Htol
o ¢7h, &3}, 7] 10mgkg ol8kE AEHAL 7
=, A%, T%, 53, 524, AR, AT AEEA U
FE9 ttest 27 p-values 0.001 ©]3FR 3L Tukey HA A,
TS AL BE F52 2 ZAE ahot] 1Rk
Uz F52 oA A= t2A Yeldth

olikslel Rl E2 71Ake] A Kim (2007) 52
Aol 30 mghkg 2 233 HAT 147 T 1,500 mgkg ©]
de] =& gz AEH HAF7E 670192 H, Han
(2008) 5o AFolAM= F71A 879 Ha RO
408.1 mg/kgl Z o= HI AT} SEAIRE Jung (2011) SollA]
T2 87 Ha RFS S5Tmgks, HEWHHAE
2.810.3 mgkg 02 YER} 1hRafo] st o2 7HAagh 4
= BRI F drpal BHiEoy 2 AFoMe 1A F
o T 7S HEHA ¥kod, UHA 279 HAEFol
3,167.94 mg/kg 9F 2,082.11 mgkg &, 5]-87]%F 30mgkg o] oF
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Table 3. Result of detection of sulfur dioxide residue according to the nation.
Domestic Imported Total
Herbal medicines o e Mean £ S.D. N N Mean £ S.D. Mean £+ S.D.
(mg/kg) (mg/kg) (mg/kg)
Acanthopanacis Cortex 5 1 0.45 +£0.90 5 0 0.18 £0.56"
Acori Gramineri Rhizoma 5 0 4 0 N.D.”
Angelicae Gigantis Radix 6 0 2 2 241.74 £54.24 60.43 +109.91°
Astragali Radix 6 1 0.51+1.24 2 1 2.84+4.02 1.09 + 2.06"
Carthami Flos St 5 1 0.69 +1.54 0.69 +1.46"
Chaenomelis Fructus 7 0 - - N.D.”
Chrysanthemi Flos 6 0 4 0 N.D.’
Cnidii Rhizoma 6 0 2 0 N.D.”
Dioscoreae Rhizoma 7 6 4413 +£32.17 3 2 28.67 +26.53 39.49 +29.24P
Eucommiae Cortex 8 0 - - N.D.P
Gastrodiae Rhizoma 5 0 3 1 75.89+131.45 28.46£77.77°
Glycyrrhizae Radix 5 0 5 0 N.D.’
Lonicerae Flos 5 1 7.13 £15.95 5 3 35.30 £36.90 21.22 +29.82°
Lycii Fructus 6 1 527.99 +£1293.31 3 1 694.04 £1202.11 583.34 £ 1153.44°
Moutan Cortex Radicis 3 0 3 2 275.41 +£469.23 137.71+317.42°
Rubi Fructus 6 0 4 0 N.D.b
mean +S.D. 40.90 + 340.50 77.82+314.23
P-value 0.376 < 0.001
F-value 4.02

"Number of collected samples.

“Number of herbal medicines detected sulfur dioxide.
““Herbal medicine is not collected.
b: Post-hoc by Tukey.

Table 4. Comparison of sulfur dioxide residues by part used.

Mean(mg/kg) S.D. F-value P-value
Fructus® 201.92 722.49
Cortex® 34.50 164.94
Radix” 18.93 65.84 3.34 0.011
Rhizoma® 17.79 43.23
Flos 10.61 23.42

b Post-hoc by Tukey.

1008 A== JeRgTh. ghekale] Az e o|itslst
b (Oh et al., 2007) W=, F7]zke] HA feff o]A4
sl8 g2 10mgkg ©J3t= A 04} o] o= AF
AL QEofA A FHF oliksidlo] HEHA] edth 1
By detdxz & B olilsldte] HER A2 IR &
FE o] o] dAvt AR T #AF obalEIte] Al
7F Jge UEER 7 o] 22 dokile Ax A
o dst A&AR1 A2l o] Fado] Uk

2. k=2L9|d FiRek) oLl HEE WER
FEEHL AE A 2 B 13650 e kg9
AFolrkeldl daks 4% 43S A9 HE (Table. 4), A&
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>1,000 ma/kg 1.4 %
100 ~ 1,000 mg/kg 2.9 %
50 ~ 100 maskg 3.6 %

30 ~ 50 mg/kg 4.4 %

Fig. 2. Average amount of sulfur dioxide residue by external
morphology.

HIwol ASUAE 2747 (357) 25.7% (5.88 ~ 227.68 mg/kg),
25 (2571) 20.0% (3.45~8820mgke), AAF (247) 12.5%
(1.08~ 81721 mgkg), BalF (2671) 153% (3.03 ~280.10 mg/kg),

A7 (267) 7.6% (2,082.11 ~3,167.94 mg/kg)E LFEFSTE 7
9 Fde AEF 201.92 mgkg, AR 34.50 mgkg, W]
F 1893 mgkg, AT 17.79 mgke, ZF 10.61 mgkg £
2 A JERAL, o] daks o9 Rl oJgk ol
Absls) et zHRekel AR/, AR, AAF, AT =R
ToZ ByHE Kim (2003) 53 fARSE 235 YeEpIITH
AJAEX A} pvalues 0.0112 2|3 ettt

=49 Folislate] kol thek BEZ v, 7H= 9
11971 (87.5%) ZHrolksldto] A& AEEA| AU el
skslEto] 10 mgkg olst= JERSaL, olitsldo] A& ek
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Table 5. Result of detection of sulfur dioxide residues of domestic
vs. imported samples.

No. of No. of Detection Average amount
sambles detected  Frequency  of detected
P > 30mgke) () (mg/ks)
Domestic 86 7 8.1 351.73
Imported 50 10 20.0 299.32
= 174 (125%)°0.2 Hag 322.11 +764.59 mgkeo| STt o]
9o AEHA= T3t 9] 5 (44%) 30~50 mgkg, AkeF
9l 47 (3.6%) 50~100mghkg, FA & 37 (2.9%)

100 ~ 1,000 mg/kg, 771AF 274 (1.4%)S 1,000 mgkg 232 7]
ZH903, Fig. 28 AFolI81E AE% Mg RIS Yl

WAt}

3. Orstet GI2V1E bl

136712] 3k 3 11474 (83.0%) A AZSHA Rk
571 (3.6%)> 10mgkg ©lste] TS vEhdler, 1771
(12.5%) skeRA) o)iksls 2 81871% 30 mgkgs Z3a)
ATE £ AFolA olatsis o] 30 mgkgs 233t
= AEE0] 125%= UEht 21 Sin (2007) So] BHig
2227 & 747 (333%)3F, Yoon (2010) SollA 1,821 =
2817 (15.4%)2 ¥wslds o tha v A= o] ghef
Aol 71sEol YA A= sk FA A ogk Ao

2 ek,
olatslsl AF 871F 30mgkg ol 23 LA olqk

O] Z2=0]

shs} SHrEF 23S Table 59 WFERASIAL, YA
7

(20.0%)°] =Lt gk} 8671 5 77 (8.1%)

AR (70.0%)
I AEEs wog dRolklsls AE Huo] =2 %
(2,625.02 mg/kg), B (413.12mgkg), B (241.74mgkg), Hn}
(227.68 mg/kg) 5o A= AU ®ule] HHo= 7he ¢F
o] olgMIARFE ARSIt s ARSIV AoF Afro] &
B4 EAol me} o] aksls) 1HREke] & Apolrt W] wii
o (Sin et al, 2004) A% % By So] wWr} XFs

o
o)
N
s
)
°
o,

Agjo] ol%o] A% glws )7 Wasit,
2 ATE Fa) olield 5187152 2k BAY gL

Thax Sholx|ar AT olitsld) 31875 2Hsle HIE
T G oM ZRelteld) dge] A et o]
2bele Rl 7P A JERd 1A A9 A He FH
AHFS 200g02 FHS o (Lee. 2006), ol1kslete]

FE 633mgel ol=m olatEige] 19 AN EF 0.7 mgkg
< IHT 9 AF 60kge] ARlo] aFol HAT F U=

sletfe] TR0 lMSIE
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