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ABSTRACT - Known for its effectiveness in weight loss and diabetes prevention, Gymnema sylvestre products
can be found in the US, Japanese, and Indian markets. However, the recommended dosage or safety of these products
has not yet been proven. Therefore, development of an analytical method for detecting the content of Gymnema syl-
vestre in food products is required. Accordingly, this study proposes an analysis method that can examine Gymnema
sylvestre in food using LC-ESI-MS/MS and KASP (Kompetitive Allele-Specific PCR) markers. In LC-ESI-MS/MS,
a simultaneous analysis method for gymnemic acid and deacylgymnemic acid was optimized using negative ioniza-
tion mode, and its validation test was completed for solid and liquid samples. In addition, KASP markers were pre-
pared by finding the specific SNP of G sylvestre in ITS2 and matK through DNA barcodes. The two KASP markers
returned positive FAM fluorescence result when combined with G sylvestre, and this aspect was confirmed in raw G
sylvestre as well. The applicability of the method was tested on 21 different food and healthy functional products con-
taining G. sylvestre purchased on the internet. As a result, although there was a difference in the ratios of gymnemic
acid and deacylgymnemic acid in LC-ESI-MS/MS, the index component was detected in all 21 products samples. In
the KASP analysis, 9 products returned positive FAM result, and the rest of the products were found to be containing
G. sylvestre extract. This study is the first study to use the dual system of LC-ESI-MS/MS and KASP for the analysis
of G sylvestre. The study has confirmed that these two methods are applicable to the examine G sylvestre content in
food products.
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2018 EFSA Journal®]l 43 ‘Risk assessment of
substances used in food supplements: the example of the
botanical Gymnema sylvestre’ ¥ = TaZ= A&
go] Ewweta, =7t AFHA gob S dsgka
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VI, IX, X, XI, and XIIE #E8tal +25 2183t
2E & olsteHE A #3F H2 AT Eed dA T
S 2% A& FEsHA AREE A B4
LC-MS/MS7} Bo] AR&-=aL e, weha] o
= LC-MSMSOA A= #AHE F53kaLat okoint
3 fAsts BAWHOR F WS S 7P tiR
A1 W2 DNA barcode F4]0] AT}, A| 27k Hald
FAZ gk FA38 FEHA = RAPD analysis'™'>!),
AFLP markers'”, ISSR markers'>'¥, Squalene synthase'
o] Qlt}. o] AFolA AFoA FHstHoR FHAZE v
H3l7] 94l DNA barcodes o2 3= KASP
(Kompetitive allele-specific PCR)®H S A 813513 th. KASP
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Materials and Methods

xje} 3 2

LC-MS/MS #4¢l] AMg-E B3} oM EYED, WEHE,
ofghg, XEAFE MS ¥ HPLC grade (Merck KGaA,
Darmstadt, Germany)Z Y 3to] AFEaldth A HEZQ
gymnemic acid [&= AOBIOUS (Gloucester, MA, USA)
deacylgymnemic acid= Tokiwa phytochemical (Sakura,
Japan)oll Al ol sttt FAE AE =4 U A (stock
standard solution)e &3 Z2}A~F 9 gymnemic acid I
10.0 mg/10 mL, deacylgymnemic acid 200mg/20 mLE &
23] Hste] 100% HEE BF =9 & Fge A #
Fddow st RE EddS XJ B3 100%
ek E 3435ke] | pg/mLe] F=89(working standard
solution)>. 2 A}&-3}93 T}

DNA %2 DNeasy Power Plant pro Kit (Qiagen,
ARESEATH 71X E E4 A=
AccPower PCR master mix (Bioneer, Daejeon, Korea)S
AFE-3IR o™ KASP #2404 AL&-¥E KASP assay mix<}

Hilden, Germany)Z
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KASP V4.0 2X Master Mix/High ROX = LGC (Teddington,
UK)ollA Fufataich. 714 ES 91g 532 02mL PCR
Tubes (Eppendorf, Hamburg, Germany) °l] ¥<=3}322 KASP &
LS 8t 2 ELS MicroAmp™ Optical 96 Well Reaction
Plate (Applied Biosystems, Waltham, MA, USA)dl| #-F35}¢]
SZ& FY3A . S tiZE(positive control) 2 AE-E
JAF %= Extrasynthese (Genay, France)©} American Herbal
Pharmacopoeia (Scotts Valley, CA, USA)ollA 43151 Th.
gyE AW A4S HES] fsiA T 3
frelo] Alsel F8Eal Ae voloEv Beet ddd
LA o, AR ERAE 215S Trlste] ARSI

LC-MS/MS M X &

£47]7]2 UPLC/MS/MS+  acquity UPLC  system
(Waters Corporation, Milford, MA, USA) ¥ acquity triple
quadrupole tandem mass spectrometer (Waters Corporation)&
AHE-E T ZHE acquity UPLC HSS T3 (2.1x100 mm,
1.8 um)S AME3HH, 2= 40°CE FA 8T o572
0.1% formic acid’} &% =(Solvent A)%} 0.1% formic
acid7} -2 e (Solvent B)S AFE-31992 M, Solvent
A7} sk 7187188 20 ol &Skt 27120
Solvent A7} 90%ell4 A2t 332o] HE Al 50%, 4
ol = AAAA 10%E 7H428HH 0.4 mL/min®] fF52
2 A6 5589 2 AN 100% HE-EE 34 st
Ko, 7} 2uLE FY3FATh negative (-) ©]238F B
] capillary voltage= 2.5 kV, desolvation 2%+ 400°C,
desolvation gas flow= 600 L/h (N,), cone gas flow 50 L/h A2
Aste] 7Hg A MSMS BAZAS e 9
gk A2 FDA, ICH, USP R3S FHarste]® Solx
(specificity), 21 /d(linearity), ¥FE-/J(repeatability), 3 E 73
(precision), 7 &g (accuracy), HZ THA(limit of detection,
LOD), A @3H| (limit of quantitation, LOQ), S48/ (stability),
3]4& (Recovery)S AA3I a4 AS3IAT

DNA =Z 3l PCR

A= 35 25 mg, ME2] 7 50mgs T F DNA

%2 DNeasy Power Plant pro Kit (Qiagen, Hilden,

Germany)®] 7|8 Z2EZd|| wjetr] 153t DNA &

TE EFFEAE AFESE] 260 oY FHEE =H
32 3ol 19wl DNA %7} 50 ng/ulll o2 7

Akt 2% DNA =52 8lslr] 98t 230, 260,

{0

K (matK)ol il X8yst]om Zeto]mel PCR %71-&
Cold Spring Harbor Laboratory DNA Learning Center2]
‘Using DNA Barcodes to Identify and Classify Living
Things’E #3138t} 5.8S ribosomal RNA - ITS2 &
A2 73 matK F2F 774 W8 PCR S3%5 X8
SRS UM =7E g1¥E PCR 4HES Macrogen (Seoul,
Korea)oll 43 714 ES =gt d71Md 23
= Forward primer®} Reverse primer 23 5 UX|3l= -
7Het 3Z3}e] NCBI DBOIX Gymmema sylvestre 9= 221
ST dlE Y7IAE-S NCBIo| 55321 Accession
Number= MW319025, MW319026, MW319027, MW319028,
MW3190009, MW319010°] T},

FAX E0| KASP O} HIx}
NCBI DBOIA “Gymnema sylvestre S 7AAste] AR

1. MW319028,1 Gymnema sylvestre
2, MW319027,1 Gymnema sylvestre
3, MW 2642461 Gymnema sylvestre
4, KP126836,1 Gymnema sylvestre
5. KP126837.1 Gymnema sylvestre
6, KP126838,1 Gymnema sylvestre
7. KP126839,1 Gymnema sylvestre
5, KP126840,1 Gymnema sylvestre
9, KP126841,1 Gymnema sylvestre
10, KP126842,1 Gymnema sylvestre
11, KM887389,1 Gymnema sylvestre
12, MFOB3780,1 Gymnema sylvestre
13, MGB18139,1 Gymnema sylvestre
14, KX277713.1 Gymnema sylvestre
15, KX277701.1 Gymnema sylvestre
16, MF063779.1 Gymnema sylvestre
17, KP126832,1 Gymnema_latifolium
18, KP126833,1 Gymnema latifolium
19, KP126834,1 Gymnema latifolium
20, KP126835,1 Gymnema latifolium
21, KP163979,1 Gymnema_latifolium
22, KP1268451 Gymnema latifolium
23, KP126844,1 Gymnema yunnanense
24, MK214515,1 Marsdenia abyssinica
25, MK214536,1 Marsdenia phallica

26, DQ334420,1 Marsdenia carvalhoi

Species/aphry =
(A)

GCCTTCCC
GCCTTCCC
TGCCTTCCC
kTEEECTTCECE
W TGCCTTCCC
A TGCCTTCCC
L, TGCCTTCCC
GCCTTCCC

ATGCCTTCCC
A TGCCTTCCC
A, TGCCTTCCC
TEECT TEEC BEE
L. TGCCTTCCCGCG
L\ TGCCBITCCCGCG
3 CBITCCC

(AR~

L\ TGCCGTCCC
A\ TGCC@TCCC
A\ TGCCEITCCCGCG
" TGCCEBITCCCGCG
GCCTTCCCG
AGIGCCTTCCC
ATGCCTTCCC
ATGCCTTCCC

OOOO6

27, DQ334486,1 Hoya telosmoides A GCCTTCC G
28, DO334494,1 Hoya albiflora GcecTTCC G
29, HE794407.1 Hoya guppyi GccTTCC G

TG R ST TER|
ATGCCTTCC
ATGCCHMTCCCGCG
TGCCTTCCCG
ATGCCTTCCCG

)

30, MF188112,1 Hoya hamiltoniorum

31, HE794436,1 Hoya nyhuusiae

32, MT084410,1 Jasminanthes tuyetanhiae
33, LR794780.1 Ruehssia carvalhoi [
34, MGB18142,1 Jasminanthes mucronata . A A

OO0

oo

B M I C I EEE R R IR aE
TTITTTGTACAR
TTTTTGTACAA
TTTTTGTACAA
BTTTTTGTACAA
TTTTTGTACAA
BTTTTTGTACAA
BTTTTTGTACAA
TTTTTGTACAA
TTTTTGTACAA
TTTTTGTACAA
TTTTTGTACAA
TTTTTGTACAGA
flTTTTTGTACAA
BTTTTTGTACAA
flTTTTTGTACAA
BTTTTTGTACAA
BT TTTTGTACAA
AT TTTTGTACAA
TTTTTGTACAA
TTTTTGTACAA
HTTTTTGTACASA
TTTTTGTACA
BT TTTTGTA
TTTTTGT
TTTTTGTA
fTTTTTGTACAA

Species/Abbry
(B) T MW319010.1 Gymnema sylvestre & T & A A G T C & & G
2. MW319009,1 Gymnema sylvestre AT AAAGTC A A
3. MW264305,1 Gymnema sylvestre AT AAAGTC A A
4. MW2643021 Gymnema sylvestre AT AAAGTC A A
5. MW264306,1 Gymnema sylvestre AT AAAGTC A A
6. NC_D471751 Gymnema sylvestre AT AAAGTC A A
7. MN711723.1 Gymnema sylvestre AT AAAGTC A A
5. MNDOB746, Gymnema sylvestre ATAAAGTCAA
9. MFO64339.1 Gymnema sylvestre AT AAAGTC A A

10, MFOB4338,1 Gymnema sylvestre AT AAAGTC A A
11, KX911179.1 Gymnema s

lvestre ATAAAGTCAA
12, MH598795,1 Hoya wallichii ATAAAGTCAA
13, MH598794,1 Hoya vitellina ATAAAGTCAA
14, MH598793,1 Hoya villosa ATAAAGTCAA
15, MT370577.1 Ruehssia altissima A A
16, MT370576,1Ruehssia megalantha & A A
17, MT370575,1 Ruehssia heringeri A A
18, MWT19070,1 Dischidia nummularia 4
19, MW719058,1 Dischidia milnei

20, MW719066,1 Dischidia acutifolia
21, MW719062,1 Papuahoya urniflora 2
22, MF198226,1 Marsdenia urniflora. A
23, MF198230.1 Oreosparte sp.
24, MF198229,10reosparte sp,
25, MF198193,1 Marsdenia flavescens &4 T
26, MWT19052,1 Marsdenia flavescens & T

B e I e e R e e R R R R R S

Fig. 1. Sequence aligment of the Marsdenieae plants.

All plants in figure are Marsdenieae plants such as Gsylvestre.
Base on the results of sequencing and NCBI Data Base, Two single
nucleotide polymorphisms (SNP) were found on ITS2 (A) and matK
(B) gene. each SNP is indicated by a red triangle( V). In this study,
the sequence obtained for the Gsylvestre were MW319027 and
MW319028 (ITS2), MW3190009 and MW319010 (matK).



£ U3 Mega X (version 11.0.10, Penn State University,
PA, USA)Z 24483 FaxE FES F+ Je 5o
Single nucleotide polymorphisms(SNP)S %4 3} th(Fig.
D). 3 522 1TS29] 11984 A7 L F=A F-712F
matKe] 100207 F7|M 8-S G4z 5o] SNPE HdA 3}
R3L KASP A& A 4Fsl3i th(Table 4). NEFM19GS01+=
3l FHARRD ITS200A 11994 A71AGo] €l FAar=xo
sl FAM &33o] %A% Forward primers} 23l FAM
FFE Y XZFo AAE=EE A ZEHA
NEFM19GS02= FEA F42H] matKol|Al 100284 &
71 go] Tl Jatxo) thall FAM &33o] ¥X|¥ Forward
primer¥} Agste]l FAM 332 Yeplin XFell 925t
=5 AZEHA

KASP 24 &y

KASP assay mixi= LGC genomics Aol ]3] KASP by
Design (KBD)Z A &F&taitt. §-42 5% 9 242 7900
HT real-time PCR system (Applied Biosystems, Waltham,
MA, USA)ollA 83t em AZE o= SDS software
(Applied Biosystems, Waltham, MA, USA)E A}-&-3}t}.
5uLe] 3% DNA, 5uL of KASP V4.0 2X Master Mix/
High ROX ¢} 0.14 uL of KASP Assay mixZ 41°] PCR
S-S w50 MicroAmpIM Optical 96 Well Reaction
Plateol] 10.14 pL 2 &5 5 53 3 45 I8l
A8 LGCAA AF3E “Guide to running KASP
genotyping on the ABI 7900 instrument”} &U3HA 213
e FZ 2748 61°C-55°C touchdown protocol %
Attt A Ao A recycling stepe F7F= 3
gttt THTE T3 DNAE tAld sAduxzEe=
AREEFR o Anitt 27) 9] At ET, 271¢] FAM &
A Z7(FAM positive oligo), 271¢] HEX YAtz
(HEX positive oligo)s B oA AE35

Edolyg WY AFL dFFS viE FHSa H

ere] WEETS Hated A48S st LC-
= A A5 AA AR 7+ 1 gS FH )

= 50 mL &% ZgkaIo) 94 A 8E 10mL

g Fetade] 9a dAEFY] 100% deeS H7bst

&

T 30% &9t 2205E, HEE F 100% oHEE A
&3tk C18 7FEZA(500 mg, 6 mL)E ©] 83 SPEY
o2 AF W W3l EZS AAST & HF £59H 12mL
o] &L 20mL & ZtLTo| ¥ 100% oS
2 L3 F LC-MS/MSZE #4351 th KASP H2J0llA

2A NES A AE 7F 50mge 3] DNeasy
Power Plant pro Kit (Qiagen, Hilden, Germany)E A}&-3}

K
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o] DNAS FZ39th. 323 DNAE -20°C ©]3 ¥%
2ol BAg FH, KASP B4& 333l

Results and Discussion

TAX XH P2 250 TRt LC-MS/MS £ &

Fabz o] Qo= triterpene saponins (gymnemic acids),
oleanane saponins (gymnemasaponins), dammarene saponins
(gymnemosides), gurmarin, triterpenoid saponins (gymnemasins),
gymnemanol, gymnestrogenin, flavonol glycoside, sterols,
d-quercitol, lupeol, parabin, conduritiol A & TS ARE
o] HrEo] ATkl LA Au. o] T BE
= FHo] 7153 gymnemic acid 19} deacylgymnemic acidell
tHell A LC-MS/MS SIS A3 sttt MS 245 st
o] ESI (Electrospray lonization)§]2 A 8]3}H 3, 7k A& 9]
1000 ppb E890- A4 719 213 =Y (direct infusion)
st 7+ ZEAEol At o] 23 B=, FE A (precursor
ion)E ZFIT}. Negative (-) ©]23} E=0f|A capillary voltage
+ 2.5 kV, desolvation temperature~= 400°C, desolvation gas
flows= 600L/h(N2), cone gas flow 50 LhZ g3t 714 F
o] MSMS B4 21E Ssiditt. Ak miatol] 5
ENUR S AR 718199, Dol (product ion)] intensity
£ Hlaste] Aol et A o] 25 AElsiditt H 2o &
ol&e] Aisle FEUA & 7|e s E A7 sto]
g El MS/MS2] MRM(Multiple Reaction Monitoring)3271-2
Table 13} 2tk SA] 245 93 o] FLEd S &
3 W EAS 5le] 0.1% formic acidE X33 water, M &
2 o5 7oA HSS T3 BHS AH8ahs AC® LC &
GEE- A

FAXO] O3t LC-MS/MS BMYH AF
Y ¥ LC-ESI-MS/MS #4¥ & FDA, ICH, USP
guidelineS F318}0]202 Eo) 4 (specificity), 21414 (linearity),
WFE- (repeatability), = (precision), 7 ¥4 (accuracy),
AZ3A(limit of detection, LOD), % #F3HA|(limit of

Table 1. Precursor and product ions by LC/MS/MS multiple reac-
tion monitoring in negative ion mode

Chemical Precursor ~ Product CE (6)Y
ion(m/z) ion(m/z)  (eV) (kV)
84.7 50
98.8 45
Gymnemic acid [ 805.30 35
112.80 45
597.25 50
84.9 45
Dyacylgymnemic acid ~ 681.42 112.9 40 35
505.25 40
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quantitation, LOQ), 2Fg7d (stability), 3|5&
sl fad HAS3HATH(Table 2).

EIC (extracted ion chromatogram)2 %3 42 ZAZn}
Eafe THE AR 2Tl 8o A &2 AR ZA
o] ARvtEa vlassls o &Y LC-MS/MS &
Az Bz 7 gEo] RS e WEYA 4R

EE5E HMS A 9oL B o 2M] 5ol (specificity)

(recovery)yS A1

Gz 24 AndEe] A=IA(LOD)S} 4 FeHA
S IS FE 9] A= (calibration curve)
S AR, 7 A E AR s 5-100 ng/mL F= H

104 signal-to-noise ratio of 3 (S/N=3) & |35t}
A xR HESAL AFeA= 242 1.0-3.0 ng/mL
(Gymnemic acid 1), 2.5-7.5 ng/mL (Dyacylgymnemic acid)
2 SIapinh. A7l o] AAAIFRY)7E 1.000 1738 A
2% (linearity)& VFERAZATH,

™A (precision)Z} 7 8 (accuracy)S 2135171 13141
e Mgl distel 3714 FEel stel sl 33 w

Table 2. Validation results on LC-EIS-MS/MS

& A At tHintra-day). 3}, 7} ol thste] 3
A 33] WkE 23519 thinter-day). A EA L ¥3 W
o] EFWAE A WA PFHAFOE e vl wEg
(3 xS HA}, RSD, CV%)ZE T-3iem, 43ge 7

Aol ofsll, At v HAwe 71A9 TR o

fr oo
jas)

1o] MEL(%)ZE A ST F =& gymnemic acid
739- 5, 10, 100 ng/mL, dyacylgymnemic acid®] 73
10, 100, 1000 ng/mLZ A3ttt A& A7}, AU é
0.22-4.20% (intra-day), 0.00-6.67% (inter-day), 7 &4 &
90.40-106.20% (intra-day), 93.83-106.11% (inter-day)] %}
oh e EA 7N SdER U 9 JEAdo] at
o7} J&& AL —’F AATH.

QYA (stability)y2 EH21317] 2131 gymnemic acid 1¢] 73
5, 10, 100 ng/mL, dyacylgymnemic acid®] “3-%- 10, 100,
1000 ng/mLA 7} HEE A|z3 E&OH 6A1 7+ WA

gl

)

o i %

&3 }04 Eﬁwrﬂ St 1:}. a 7&4, 7t 45
A ESE HAHRSDYF 11.28% ©oJUH = =,

Performance characteristic

Solid sample

Liquid sample

LOD 1.0~2.5 ng/mL 1.0~2.5 ng/mL
LOQ 3.0~7.5 ng/ml 3.0~7.5 ng/mL
Percision 0.57~4.20% (intra-day) 0.22~2.94% (intra-day)
0.08~4.45% (inter-day) 0.00~6.67% (inter-day)
Accuracy 95.07~106.20% (intra-day) 90.40~106.13%(intra-day)
96.31~106.11% (inter-day) 93.83~104.57% (inter-day)
Stability 0.23~3.01% RSD
Recovery 84.10~107.44% 88.43~103.19%

Table 3. Information of KASP marker

Marker name

Sequence(5’—37)

Forward primer-FAM CCGCGGGAAGGCATCCCG
Forward primer-HEX CCGCGGGAAGGCATCCCA
NEFM Reverse primer GCGGGAAGCGCCAAGGACTT
19GS01 FAM positive oligo CGCCGGGCAACCGAAACAAAAACCGGCGCGGGAAGCGCCAAGGACTTGNGAAAC
GGGATGCCTTCCCGCGGGGAGTGCCGTTCGCGGANTCCTCGCCGCGGGG
HEX positive oligo CGCCGGGCAACCGAAACAAAAACCGGCGCGGGAAGCGCCAAGGACTTGNGAAAT
GGGATGCCTTCCCGCGGGGAGTGCCGTTCGCGGANTCCTCGCCGCGGGG
Forward primer-FAM TGAAAGATAACCCATAAAGTCAAGGGAT
Forward primer-HEX ATTGAAAGATAACCCATAAAGTCAAGGGAA
NEFM Reverse primer GAAGGGCCCATATAAAGCAATTGTACAAA
19GS02 TGAAGGGTTTAGTCGCACAATTGAAAGATAACCCATAAAGTCAAGGGATTTTTTGT

FAM positive oligo

HEX positive oligo

ACAATTGCTTTATATGGGCCCTTCGCGAGTGAAACCACAGGT

TGAAGGGTTTAGTCGCACAATTGAAAGATAACCCATAAAGTCAAGGGAATTTTTGT
ACAATTGCTTTATATGGGCCCTTCGCGAGTGAAACCACAGGT
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Fig. 2. KASP assay result of a. NEFM19GS01 and b. NEFM19GS02.
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Table 4. The result of product analysis including G sylvestre using LC-EIS-MS/MS and KASP

LC-ESI-MS/MS KASP
Sample number Indicate the ingtedients Sample Gymnemic acid [ Dyacylgymnemic acid ~ NEFM NEFM
G sylvestre type y yacylgy
(ng/mL) (ug/mL) 19GS01 19GS02
HFF-1 leaf powder 4536 187 FAM FAM
HFF-2 leaf powder 3112 706 FAM FAM
HFF-3 leaf powder 4623 401 FAM FAM
HFF-4 leaf tea 3532 49 FAM FAM
HFF-5 extract + leaf capsule 7673 486 FAM FAM
HFF-6 leaf capsule 7351 232 FAM FAM
HFF-7 leaf capsule 3411 N.D. FAM FAM
HFF-8 leaf capsule 1329 120 FAM FAM
HFF-9 extract capsule 9746 21674 FAM N.D.
HFF-10 extract capsule 4083 1186 N.D. N.D.
HFF-11 extract powder 9834 11568 N.D. N.D.
HFF-12 extract capsule 10059 7973 N.D. N.D.
HFF-13 extract tablet 9475 8411 N.D. N.D.
HFF-14 extract capsule 4196 3885 N.D. N.D.
HFF-15 extract capsule 9107 2689 N.D. N.D.
HFF-16 extract capsule 15352 14019 N.D. N.D.
HFF-17 extract tablet 5815 N.D. N.D. N.D.
HFF-18 extract capsule 893 738 N.D. N.D.
HFF-19 extract capsule 11357 29151 N.D. N.D.
HFF-20 extract capsule 10085 12531 N.D. N.D.
HFF-21 extract capsule 5375 38350 N.D. N.D.

* N.D.= Not Detected
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