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Abstract: The convenient determination of methylsulfonyl-
methane (MSM) for a commercially available dietary supple-
ment was developed using gas chromatography (GC)-flame
ionization detector (FID). Chromatography was performed on
a capillary column (0.32 mm I.D x 30 m, 0.25 pm) coated with
dimethylpolysiloxane using diethylene glycol methyl ether as
an internal standard. The performance characteristics of GC
were evaluated in terms of selectivity, linearity, precision,
accuracy, recovery, limit of detection (LOD) and limit of quan-
tification (LOQ). The calibration curve was highly linear (the
coefficient of determination: 0.9979) within the concentration
range of 10.0~800.0 pg/mL for MSM. The recoveries for three
fortified concentrations were 96.7~97.1%, 96.6~97.3% and
96.8~97.2%, respectively. The LOD and LOQ of the method
were 0.29 pg/mL and 0.97 pg/mL, respectively. All obtained
results were acceptable according to the guidelines of the As-
sociation of Official Analytical Chemists for dietary supple-
ments. Thus, the validated analytical method using the GC-FID
system is suitable for the determination of MSM in dietary
supplement formulations for quality control.
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1. INTRODUCTION

H & A 32 J o] & [methylsulfonylmethane (MSM), dimethyl sul-
fone]-& A~U-5- (Pine tree, Pinus sylvestris) 2 WX E T U
A7) tu el ZAbo| & (dimethyl sulfoxide, DMSO)Z A
stste] S5, AA, o1, w52 AAH 2RI F7] F3)
&0 Aol ol [1]. o™ AlEolv By, A4, FE,
= 5ol A, sl 919 TSl A T FdE
Afipia Al<t0] S P 0 & o] &= 5 Ao @ FE2Eo]
Atk [2]. @A, vt M= ok YR E AR 4 ¢l
O, 7] 5/ HEEA MSMO| 3ol 98% o] o= FF3}
HE g st A4 7 s AR AHEE 4 == ISt
AL Qlok (1] E3, vl=, Ay SollA e Ao foe 5
= 452 £2l5 o] EFAI (glucosamine)} ZEFZ o]
(chondroitin)} Zetste] HHE A oY stAY A5 =
= & T UEE Ao KA = dj el itk MSMS &
Y A A 1257 583 4§, S8 A A (Wes-
tern Ontario and McMaster Universities osteoarthritis index,
WOMAC)7F &4l o SA44Ql 751 F5ol a7t Sl
ZAo] Hi1E it} [3]. 3t Herschler [4]= MSM9] A 5}5H4]
Aol A SAFE oA oloFE} Ao REA = AHEE o A
o] A5, S A, fel f8strhar sk ich I ahef
Kalman [5] 5 " 3.0g2] MSM& A HT 4, &5 &
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289 527 728 39 4 Aok Q740 E v1el
© o], Barmaki [6] &2 104 5%t
RER R D W

f
3R o2 32

= A& g4ls
ohT MR SRS B3t Usha [7] 52 2249 278 A3l
o] A (randomized controlled trials) MSMo| 2= 2] E| 3§ A]

A T5= U3tk 205 BsGinh dhellA 7)<
gk BRef o] Aol HEA| = MSMo] Zlgou ¢, drefA],
Y 5 REARE Ao 92 A8 H 0] SEol Ba)
T ob A AT A RS ST AEE MSM B4
= 7] BaE %] ofy s} ¢itt. Takeuchi [8] &2 AFHE2] 421
O 2 HE Y e dEZA}o] & (dimethyl sulfoxide, DMSO)2} T
H &4 2 (dimethyl sulfone, MSM2] old name)& £43}7] 9
A 22-T) | EA 201} FARS A 8] 5Fo] DB-WAX cap-
llary columnoll 4 GC-MS 2 48 4 & 7ss o,
AA 2] ol BArehol A3byo] v, Aeke EA A
7} A% E17) k3. o} 2ol Satinsky [9] 5-& 2 o]
HZA| 5] MSM A&7 fused silica cyanopropylphenyl-
methylpolysiloxane2] Alltech AT columnof| 4] GC-FIDZ 4
shol 2414, ASHY, B AU, AT, AFUAE T
SHe BAW S R astoth SR e o] B Alo| B3R
A8 MSM-2 quality controld}7] 13 £41¢15L0] 9] a1, 4]
o|H A BAH A2 ¢35l A% Association of Official
Analytical Chemists (AOAC) 7}o| =212l ufg} 7 E31 x| =
okt [10]. 1A AR S} 7] A M Stof| o3t vhEA
4, ALEEAA Y 3 g Al 5E FaYsEA] 2%kal, GC +
Az 4 255 190°CE A sH A3 2 A]
Agde iy a4l Ao A% 4= S8
o] aLesA| okskeh A= A e A}, 2H, Al 2 A A 59
Wol i alofA WA st= AIFHH Y Ed4ddS Hebst
71 o8& JHAIE 7HA AL Sl o EF A AT A = HE
A, ARRA = Fs] Fe AWE HolFa gl o] 9
o= AEZE=Fu; A HA (cerumen)ol] TH-F-E MSM 24
2 9]3f silica fused Stabilwax-DA ZAH-& AF-&-3}o] GC-MS
wAYoR v Ho| AT o5 HAWYS Hojnd
A2 AFEE MSM H4 0 2 AL 57 |51 ghol 4
Aokx] gt [11,12]. wheha] & kol A= MSM 7| s 9=
£ o] g:3fo] cobat A7 0.2 TS0l A Mo E 7 ik A%
715415 A S 2 Association of Official Analytical Che-
mists (AOAC) 7}o]=e}el [10]9] S Ao wheh A4,
224, S LT, BelSHAAE 240 AFE BA
WS A astol Alo]nEA MSMe| 71 2 AR o 3
e SeAE R &8stz skl [13].

2. MATERIALS AND METHOD

21 A8A =
T2z 0]

FFEd U MSMHY Y REZEH (IS)Q] HollE == v
gofg| 2 (diethylene glycol methyl ether)x= Sigma-AldrichA}

(St. Louis, MO, USA)Z F- & L3} 1L, W ek2-2 MerckA}
(Darmstadt, Germany)=2 -8 HPLCHF-& *+Y5to] AF&-31%
oh. 3 ATLolA] ALgR AR F o nhEe A A T
A om, A% = e of w2t MSM1, MSM2 5! MSM3
2 FE5to] ARk

22. B2 4 A P EE LY 24

it EEgde dolddae s e oEH2E vg-&ol

o] 20 mg/mL7} & =5 g REEH L2 EEEH MSM
[e)

—_—

12
T |0
u
fNOEN o S

o0 2 3.

2.3. AP L9 9 A
Aol 71 do] THE 3740 HEAR (MSMI, MSM,
MSM3)E diAfo.2 e Al Uae A7E T Fa5 e
18] FABkAI7| R, BA S SRS o] §5te] 93
BT T FAS)7| 2 FASAT AL AHEsheth 17
T AR LTS 100 mL SeFEetsTe] Hoha U EE
8 ImLE Y& F e S0 mlE Yo F vphE g
S0°CA 1087 28052 Ak 22 5 5
A8 vk g 0.2 48Tt 2EE Alg

um) & o 3}fo] AJ -8 o 2 gt

2.4.717] A

715 (A2 24817 s EE0l23dE7] (flame
ionization detector, FID)7} @& 7} A3 2l & 18| 1) 6890 7]
7] (Agilent Tech., CA, USA)E A&3l5 o1, AHL DB-1
capillary column (0.32 mm LD. x 30 m, 0.25 um, dimethyl-
polysiloxane, Agilent Tech., CA, USA)S AF&-3} i th. 711 2] o
At ALE AEINAT, G4 BT L0mLE B

o 7)€} 24 %712 Table 137} 2t}

25. 999 AF

2.5.1. Z-&-¥ (applicability)

Az OE 7180 F2A Rl tsto] H Ao Refse A%
317] 91814] AOAC 7Fo]=2kol [10]9] A2 % E4 (reliabi-

Table 1. GC conditions for analysis of MSM

Items Conditions
Column DB-1 Capillary co.lumn (0.32 n.lm I.D x 30 m,
0.25 pum, dimethylpolysiloxane)
Garrier gas Nitrogen
Flow rate 1.0 mL/min
Injector temp. 250°C
Detector temp. 300°C
Oven temp. 60°C (4 min) — (8°C/min) — 120°C (3 min)
Split ratio 25:1
Injection vol. 1uL
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lity characteristics)of| A] A|¢taFaL Q= ASHA, UEEA WA
ZX*%ELE XH&];H oA =7 AdA

= AlAsto] 23

2.5.2. A& (selectivity)

AR E FEA 7O A ZhESH= W& (interference)< A
AT 400 AT Ol S22 229 4 )
Loupg e A NS, 220k o) 2 4
5 A8 S A Belos A4S )

SFRATE.

|->.
3
S
]
|
S.
3

ol ol LN LD 5

A& AOAC 7Ho| =&}l [10]0] A] Xﬂ?loh ‘21% ARASTY
0.99 o] /FAA & &<lat it

2.5.4. F 38 (accuracy)
AN&27F A A AR s HiEs

S84 7Pl ket el R 000] K] 5 45t 28
FE W Y 52 20 B 300 EERAEE F7Fel]

Recovery (%) = (C;— C,) x 100/C,

C;= Concentration of the fortified in test sample

C, = Concentration of the unfortified in test sample

C, = Calculated(not analyzed) concentration of analyte added
to the test sample

2.5.5. ZZ3L4 (limit of detection, LOD) & F3F3L4] (limit

of quantitation, LOQ)

iﬁ}zﬂ o AeFshA = 2 A B (blank)Q] 23 7ol ZA| 2O
WS IS 0T e AFVAR Yoo, BEUA

£ 108 & B3 32 AFSA R obaL, 1 A o5k 2

—,—lL

i=

LOD = XBI + 3SBI

LOQ = XBI+ 1OSB[

Xg1 = Blank value
Sg1 = Standard deviation of the blank

2.5.6. U3 94 (repeatability precision)

B AZE W ol S AR EARE, Ao, ], 71 5 2730] F
UsHA A E = FHolA Az B 71d, 55, AgtelA
SA wHES ST 9] WA E S F ) olX 3k
O t}ofst vt E ¥ HALE L5t 5] Q] 2A L AEF
Wl ELS- (mass fraction, C)2 RSDr = C*12] Alof w}2} 243}
ek ol=5E AxE @S S4E WA RSDr b
HORRATr 5] [10]0] &J 8} H]13}o] 0.5~2.0 Abo]of g
A9 BA 249 WA BAE YA B4l

ahsct.

3. RESULTS AND DISCUSSION

31. 344

Y §E 29 MSM EEA| o tiste] A A 2E o3t
FoEAMZGE S AF, YEEA 5)9 37 BEARE
(MSM1, MSM2, MSM3)& A& 5to] BAw AZS 233
on), A 20| MSM J &3 #-U29] 1= Table 27} 2
=23

3.2. 494

A1 YTl S ) ikl MSM 3555
3} A Ro| 4] Bel% B v RS A|7HS Helssic. Fig 19]
Az #2548 MSMI R EEE4 (IS 2 ?E?Z} LA
B8 I R20E T o], B MSMISHSE o270
B3 g 2ntg 1 o|t) EoF C= BA| 5o FFE2 MSM
2 spiking%t & AU x A0 2 B A5 3 2ulE 132l Fig.
1 Aol A MSM A &3} 1SO] M F-FAI7ko] Az dAohE
& 4= At} E3F &5 (resolution, R)Z &Qls}7] i}
ARG 20| 5 o] 3jze] v B2 AL 17} 9] He A
218 A2l B Q) 93 E W, 1 WS 2AE AT 582
LFE O 24 AOAC 7FolSekel [10]of 4 AJA3H= 24
1.0 o9 Ee)5S 7H& gQldh &= gl ol

IﬂJ ﬂ?l

3.3. 344
BZ8N 7o L2 HA3] 345+ 10.0, 25.0, 50.0,
100.0, 200.0, 400.0, 800.0 pg/mL &= ol T3t A AL AE

Table 2. Description of the commercially available MSM samples used in this study

Sample Formulation Dosage form Source
MSM1 62.5% MSM plus other ingredients” Tablet Korea
MSM2 54% MSM plus other ingredients” Capsule Korea
MSM3 53.6% MSM plus other ingredients® Tablet Korea

YGlucosamine hydrochloride, Microcrystalline cellulose, Coral calcium, Shark cartilage.

YMixed lactose powder, N-acethylglucosamine, Coral calcium, Fish collagen.

YN-acethylglucosamine powder, Shark cartilage powder, Hydroxypropylmethyl cellulose, Magnesium stearate.
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Fig. 1. GC chromatograms of MSM in dietary supplement [A: standard MSM (6.59 min.) and IS (diethylene glycol methyl ether, 7.88
min), B: MSM1 sample and IS, C: MSM1 sample and IS spiked with standard MSM].

Bow], A@A Lhehd 5 9l 03 912 Sl Slato]

7} o] il A 33 uhE AE S s gict 11 An A A4 160
AR A 22 0.99972 AOAC 7}o] =23l [10]o] 4] 878} 140 T
AA A 095 0 4E WETE A AT (Fig.2). e L

R? = 09997

1.00
<
34. @SR HEFYY g 080
3.4.1. A Wslo] gyt vrEF Yy 060
A ] Wt thgh ulE AU A S shels}y] 9)5te] T 040 1
A2 MSMIL 3709] %1 (616.1 mg/gx 1], 26} € 382 & 020
#]32 Zkzkoll thf Al 53] Wk S Bk 1 At Table 304 o

0 100 200 300 400 500 600 700 800 900
Concentration(ug/mL) ‘

B 9l vt o], FEA| 2o XS] MSMI FHeg2 1
|2 Z2F8F -2 61.6%, 2ol A 59.8%, 3ol A= 60.4%
2 Yehg o, o MSM T2 60.6%=2 Q15 k. = Fig. 2. Calibration curve of MSM (n=3).
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Table 3. Repeatability precision data for different sample amounts
of MSM1 (n=5)

Table 4. Repeatability precision data for different sample matrices
of MSM (n=5)

Different sample amounts of MSM1"

Treatment = I i
Mean (mg/g) 616.1 597.7 604.1
Mean (%) 61.6 59.8 60.4
S.D. 6.2 5.5 8.4
RSD (%) 1.0 0.9 1.4
Acceptable values (%)? 0.3~1.1

PKnown amounts (1-3 times) of MSM1 were used.
Y Acceptable values proposed by AOAC guideline [10].

S AT 2 E A 1.0%, 0.9%, 1.4%E
), B TFarS o]-85ko] AOAC 7ho| =gkl &
g 13t A3} 0.3~ 11 B ZIE U} [10]. whepA] Al
2 AAES Hslo]| M2 AU A REe] HILE
616.1 mg/gx1vlf 9 2u}7}2] Fe|vlete 5 Ugt 271049
HEEA o EA7F §lcks A & 5 Aoy, Al57F9
H3HE 3ui 2 g2 7 -9-ol= AOACH A A|¢tah= 3-8 H ¢
& Z2Iel= A0 2 Hol it U2 Al 5ifFo] FS

e A4S g5 Al

3
Uhebyt
Q

mlm lo
Jh"ﬁ
(o]

3.4.2. A2 7] ¥ gfo] o or v LY

A& 7] A sto] gk gk A& gHelstr] flske] A=
02 73S 7HA T gl BEAR 37) (MSMI, MSM2,
MSM3)E 717} 53] BHE A st glch. 7 A3} Table 40 4] &
o] a1 Q= "} o], MSM o] MSMI Al 5ol A=
61.6%, MSM2 A| 20| Al = 47.9%, MSM3 A| 20| A = 49.6%
2 et o] 23 A ghE o] 85t 581915 el
A} 37 ] FEA| RO A B 0.3~1.1%0] $1t} [10]. AH=4
-GS ol8sto] 72t REA R JHEZHATL 5§
W Qo] LI E] =5 golgt Aut MSMI1-S 1.0%, MSM29}
MSM3-& 1.1%= Urebdof whet A = o 7] 85 7FA L 9l
£ FEA R HEAUAL FUT 20 EA7F §

i RS BT 2 99l

3.4.3. B4 A 7MY HIEF 9y
B4 A|7He] W35t tff 3t v é‘?:l*é% ; st7] fJsto] o
A5IA 7] A2 MSMI1L 4°C YA of B 3kstE A] Oh, 24h,

Table 6. Accuracy data at fortified concentration of MSM1-3 (n=5)

Several MSM dietary supplement

Treatment formulations
MSM1 MSM2 MSM3
Mean (mg/g) 616.1 4794 495.8
Mean (%) 61.6 479 49.6
S.D. 6.2 5.1 5.3
RSD (%) 1.0 1.1 1.1
Acceptable values (%)”  0.3~1.1 0.3~1.1 0.3~1.1

YAcceptable precision values proposed by AOAC guideline [10].

Table 5. Repeatability precision data at changed analysis time
(n=5)

Different analysis times of MSM1

Treatment oh >ah a3h
Mean (mg/g) 616.1 606.0 607.2
Mean (%) 61.6 60.6 60.7
Inter-day S.D. 6.2 6.6 6.6
Inter-day RSD (%) 1.0 1.1 1.1
Intra-day RSD (%) 0.9
Acceptable values (%)" 0.3~1.1

YAcceptable values proposed by AOAC guideline [10].

4ghvth A 2242 53] 9he A 8Hg{ct. 2 A7 Table 5o
A Bz ket o], MSM &Fo] 0hofl A<= 61.6%, 24hof A=
60.6% 2 48hol A= 60.7%= Lrebgkon], At EE A=
7}7} 0h2: 1.0%, 24T} 4802 1.1%3 B¢l =] 9lch. 53] ke
2745 59 Shalst % S ol ol 54U S 3
QIsk A3}, Al7hE Abd 2 A2} intra-day RSD%7} WL
ﬂ%@%%%é@%%*“%qﬂmﬂﬂﬂ%ﬂﬂiﬁ
ste et EEofl A AlAIshE Aldd
A7k flek 2 Bhel e 4 Uik

A= a2 T MM

3709 BEA|E (MSM1, MSM2, MSM3)dl| thalo] zHzko] 3¢
2o 1), 26 2 367} 9 w8 A eke] MSM EF G
g AT, 53] MEAYS Foto] B A4S
A3heAch. 1 2} Table 60] 4] BoiZ31 9l uke} o], 37)
O] HFEA R A 9] 3480 Z+Z} 96.7~97.1%, 96.6~97.3%,

Fortified Concentration MSM 1

Fortified Concentration MSM2

Fortified Concentration MSM3

Treatment" (ug/mL) (ug/mL) (ng/mL)
1254 250.8 376.2 108.3 216.6 3249 108.3 216.6 3249
Mean (%) 97.1 97.3 97.0 97.1 96.6 97.2 96.7 96.7 96.8
S.D. 0.7 1.3 1.4 2.1 2.2 2.0 1.6 2.4 1.6
RSD (%) 0.7 1.4 1.4 2.2 2.3 2.1 1.6 2.5 1.7
Acceptable values (%)” 96.8~101.4 96.4~101.5 96.5~101.5

PKnown concentrations (1-3 times of each MSM content) of standard MSM were added to the corresponding MSM1-3 samples for fortified

concentrations.
P Acceptable values proposed by AOAC guideline [10].
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Fig. 3. GC chromatograms of MSM for LOD (0.29 pig/mL) (A) and LOQ (0.97 pg/mL) (B).

96.8~97.2% Lk o m], AFt 32 A= 0.7~2.2%, 1.4~2.5%,
1.4~2.1%% VrepTh o] 213 A 3= AOAC 7Fo] =)0l [10]
o A Al AISFAL 3-8 9fof] B 2 E = ACRA T AIY
Hof thsto] A= thE 78S 7H Az o thske] FEHd o

EA7F elh= A o = At
3.6. AEHA 9 AFEA

AZuE TR A 7] (X FE) 0] A8k 9] lol=
(nosie)gh= 103] S REEH FEZHAE ALokaL 30 &
U3t ZH A&, 1081 S B3t 3h2 A A = s
1 A3 HESHA= 029 pg/mLo| ™, A e A= 0.97 pg/mL
Z UERgT) (Fig. 3). 2 249 9] &34
£ 2o Hay 53 4 o] B FA F MSME GC-FIDE +
A5t Satinsky [9] 52 AT Aot (AZEHA: 7.1 pg/mL, 3
etA: 23.5 pg/ml) Bl & of Ad] 2> 2SS B

o131 9let.

o
o
o
<t
)
(L,
R

4. CONCLUSION

& Qo A= MSM Ao A 2 E A 422 MSM&
GC-FIDZ 7H A 24 sh= W& 7dsh9laL, AOAC 7}
ol =2kl [10]o)l A AlStel= A 54 o2 £ 2AWE AT
shglet. 2 A3k dedoll A 252 5.8% 7ol =eklof A
83z 1.0 oS wEFon, AAd2 7709 s =94
10.0~800.0 pg/mLo Al ZAA4=71 0.999720.2 gl = glct.
T1e)an gL Btelsy] fisted 3709 AR (MSMI-
3 AkEE T S8E ol gste] S8 AE AT
T e gl A7 net sl gead et 2
T} 22} 96.7~97.1%, 96.6~97.3%, 96.8~97.2%% H.oj 20| 7}
o=2kqle] M B S-S & 4 gl B3
RHE S Belsh] fisted MSMILS| B2 A RS 247
616.1 mg/gx1ul, 2ull, 3ufj 2 FeFsto] 53] W49 A},
616.1 mg/gx1vl e} 28 = 7ho] =2kl 181 915 w5513l

O, 3uiR SRS A 8 E Holu= A
Gt e 7)o ogl
O FEAEE A2 MSMS 53] HHE57 gt
T2HEA7L 2+ 1.0%, 1.1%, 1.1%2 1% 91
21 0.3~1.1%& B ThEgich B A7 whEAg
o A= TEA|E MSMIS A O 2 Oh, 24h, 48h
st A, AIZHE A EEH A9 intra-day ATt E
5899 03~1.1%2 TEES & = lsloH
A 9F A eFhA = 2H2E 0.29 pg/mLe} 0.97 pg/mLO 2
= i}
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