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ABSTRACT

The objective of this study was to select compounds for the standardization of Asparagus officinalis
L. roots extracts(ARE), to develop the analysis method using a liquid chromatography—tandem mass
spectrometry(LC-MS/MS) and to perform method validation. Sarsasapogenin(SAR) was selected as
the standard compounds and developed our own method for analysis. SAR is a steroidal sapogenin
that is used as starting material for the industrial synthesis of steroids. It has various pharmacological
benefits, such as antitumor and antidepressant activities. For SAR analysis in ARE, the separation was
performed on a Restek Rapotr Biphenyl(2.1 mn x 100, particle size 2.7 ym) with a gradient elution of
0.1% formic acid in distilled water and 0.1% formic acid in methanol and a flow rate of 0.5
mL/min. The analyte was ionized by positive ion pneumatically assisted electrospary and detected by
HPLC-MS/MS in the multiple-reaction monitoring(MRM) mode using precursor — product ion
combinations at m/z 417.14 — 25521 and 273.23. A calibration curve was obtained from 50 to
1,000 ng/mL with a satisfactory correlation coefficient of 0.9988. The limit of detection (LOD) and
limit of quantitation (LOQ) for SAR in the matrix were 7.7 ng/mL to 23.4 ng/mL. The recovery of
the seven SAR from spiked samples at 100 ng/mL ranged from 102.8 to 107.7% with a relative
standard deviation (RSD) 2.3%. Therefore, SAR as a marker compoud in ARE was analyzed. The
amount of SAR in ARE was approximately 1.34 ug/mL after triplicate analysis, and the RSD was
0.67% using the validated method. These results suggest that the method is very useful for evaluating

the marker compounds in ARE to develop a health fuctional food material.
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ANE 1) ofavetAX BEYE A& 43

B ATE 20009% AUE T dee] AT olametAL QA4 2
5 9 159 ‘UCIST §9 3559 422 28k ofx
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2 A of| ARggE ofAubebA A (Asparagus officinalis L)+ ‘Atlas’ F35 0.2, 6dAolw F o
A 20209 109 2390l Ak 40C 2o A 48417 57 = (Daedong, Korea)?t ¥ #4471
(Daesung Artlon, DA280-S, Korea)E ©]-83}%] 80 mesh Ato]2&E Eafjsto] Ed3tstct Fa4d&
S FE317] 98l T4 1,000 mLol| ofAmtetAAE FA|51] heating mentle(MTOPs, MS-EAM,
Korea)oll Al 100C, 6A17F 7FE & A2olA thA] 3A7HESE Wabetel &9 A4 E 9 7] (Hanil,
SUPRA 22K, Korea)ol g1 ¥4&2(15C, 4,500 rpm, 15 min) 3}t AZHS etoidt
(Whatman 2# filter paper)3t ¥ %3t F2EE 0.9 bar, -20C 2] oA 48417t 52 A= (shin,
Korea)dto] &4 Alm& AHE-3FiTh

opAmpetA A B9 2 AJEQl sarsasapogenin(Negi ]S et al. 2010), protodioscin(Schwarzbach,
Schreiner, & Knorr, 2006), rutin(J. M. Fuentes Alventosa et al., 2013)= A|ZFAAES 2 AH3}3ch
sarsasapogenin, protodioscin<- Sigma—Aldrich(St. Louis, Mo 63103, USA, purity =98%)°lA %3}
QL FFF rutin trihydratess HPLCE 22 assay =94, O%% Sigma—Aldrich(St. Louis, Mo 63103,
USA)oll Al Fdste] ARG8T 48 &= 25 HPLCHS AHEshilom, ol & ALet e A
oF2 EAF AlE AHESHGT =& 9 ARFEA o ARE-EF MeOH(HPLC grade)-> Fisher Scientific
Co.(Fairlawn, NJ, USA)25E acetic acide= Merck KGaA (Darmstadt, Germany) 25-E] +¢J5}o] A&
3}t Formic acid(LC-MS Grade)2 Thermo scientific(Rockford, IL, USA)lA], acetonitrile (HPLC
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Grade)< Fisher Scientific Co.(Fairlawn, seoul, Korea)oll A,

Co.(Fairlawn, seoul, Korea)oll Al +3tof AR&-st9itt,
(Satorius, German)S AHEJTH E A3 oA AFEH
France) AH|E AH&st] AlzxH AS AHEsHSIT

(Ad 3) A A AF HE SAE

J #d A=

ethanol(HPLC Grade)<> Fisher Scientific
=% o= 0.45 um Regenerated Cellulose

=
ES
BE48 32 $524+E Satorius stedium (S.A.,

3 2 Ay

ofAmE AL & Qo] HOo fist dHAZ AlE da SAE Y TR AR 2AE YT =Y
2 a9} SSARE 2ASc Ea, - o) ofaveiAA Re0d FAEC) e AFEAE 3
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(A1 2) okamtaiAL Bl ARGE BUHT
71, OIALIEIHA E7|9| X|EAEO MH

FEF Rutin® peake tr 17.5 minoll HEEHoH, ofiapetAL £7]9] A FEEME B

UV spectrum®] YA|8tATHLH 2).

300 300
Retenson Time
Name

250 250

200 200

17.564 Rutin
i 120 150 g
100 100
%0 %0
o o

ao 2s 5.0 75 10.0 25 150 7.5 200 225 250 275 30.0
Minutes.

a2l 2. FZE Rutin® HPLC chromatogram

Lt RutinOfl CHSE Method validation AIA|
@® Eo] A (Specificity)

ofamtEtA L 2EE F ruting retention timed} peak EEEE FAFFATHIY?).
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a2l 3. Rutin?} OfAIIZIAHA | &= A8 UV spectrum
oF 17 &t A=4 peak?| spectrume &g A3} 230 nmoA o SF=E Hlon 28N
A g A FARE HE L spectrum e UERHS st

FrEE gAste] EA%H A9tz 2 A4S Hristanh Rutin® HE%% 9F 5 pug/mL
E85% 100%2 4A3sto] 18.8~188.0% HelolA 33 HIE H7IStATHE 3~5). B4 5=
2 AAAL ottt 71&7] e 212,908~212,999, R? 35-20.99970] 31t

d
-
ox.

H 3. Rutin B2 0|28t Z2M RHM(15] AIS)
S5 (%) HAE s5(ug/mL) HX(area) 2k M(Calibration Curve)
18.8. 0.94 184,089
41.0 2.35 462,805
94.0 4.7 993,386 M
141.0 7.05 1,454,058
188.0 9.4 1,988,373
71&7] 212,807
y 24 -24150
R’ 0.9995

H 4 Rutin BESNS 0|83 AN X423 A3)

L OO L—- —1 =
SE(%) HE s (ug/mL) HX(area) HZkM(Calibration Curve)
18.8. 0.94 182,104
47.0 2.35 457,898
94.0 477 980,492 - weom
141.0 7.05 1,469,727 -
188.0 9.4 1,976,782
71&7) 212,999
y A4 -27738
R? 0.9998
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H 5. Rutin EZ28HZ 0|2% &M 2433 AF)

SE(%) HE sE(ug/mL) HZX(area) HZkM(Calibration Curve)
18.8. 0.94 181,193

47.0 2.35 457,898

94.0 47 981,258

141.0 7.05 1,452,070

188.0 9.4 1,972,608

71&7) 211,862

y A% -26574
R? 0.9997

® AdA U AYUA(Intermediate precision)

SFATEAL F7] 2EE F ruin TF B4 AUAH AFL o) QURAT A7 BHE Ae)

H 6. Precision and accuracy for the determination of rutin in QC sample(n=3 day, rep 3).

Concentration (ug/mL) Mean=+SD(ug/mL) Accuracy(%) RSD*(%)
2.35 2.3240.02 98.73 0.82
Intra—day* 4.7 4.61£0.03 98.05 0.63
9.4 9.203%0.02 97.90 0.21
2.35 2.3340.03 99.03 1.25
Inter—day” 477 4.5940.01 97.74 0.31
9.4 9.13£0.02 97.08 0.22

x Relative standard deviation
y Intra—day: three times per day
z Inter—day: one time analysis of rutin per day for 3 days

@ 3]4&(Recovery)

ohavtelA s 27] £E%o] EYH HEY BEGU AF HEG FEE0| BUHA e Fu
E2§Y 4% BT M8 Lot o] g ofrutebAL B7] FHBU BAS] F2W S
GOE piro] At EEE FEW ABYLY H5ES 9651~107.56%2) WAoH HA

=
L2k 10% o= S = At

X 7. Recovery of rutin,

Concentration (ug/mL) Recovery(%) RSD(%)
2.35 107.561+0.026 0.026
47 98.79040.022 0.022
9.4 96.514+0.060 0.060
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® W<l (range)

ohrstebAL £2E F ruin FS AHA/ A LM AY WL A4 FuE 33
& Teistel, 094~9.4 pg/ml W2 A st

Ct opAampafrA £2|9] X|EgE 4F

ofAmtEtAA B Yo = ekt S o] A%t glE A= FH ¥+ 7FEAL (Hartung et al.,
1990; Huang et al., 2006) AEH|Zo|EALEZY A oL 7 d (sarsasapogenin), Z2ETo] 2
4l(protodioscin)©] ATHEZA, 1999)(1H AL, FHdsAHE, dilEs)
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Prtodioscin

RIS TELEE

(@ Protodioscin® HPLC &4 =HA
x7

H 8. Protodioscin®| HPLC &AM =HA

Parameter Condition
HPLC Nanosapce SI-2 (Shiseido, Tokyo, Japan)
column Unison UK-C18 (4.6 X 150mm, 3um)
Detector Photo Diode Array (PDA) 200 nm
column temp 35T
samle temp 4T
Injection Volume 5 ul
Flow rate 0.8 mL/min
Mobile phase At D-water B: Acetonitrile
Run time 35 &
Time(min) %B DA
Init 10 90
. 15 60 40
Gradient 20 60 20
30 10 90
35 10 90
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(@ Sarsasapogenin® HPLC £4 %4
3RtE 2 4 B5F single bondZ Fo]%lo] HPLC-PDAE £40] ojgf& Ao W=t
LC-MS/MS BHIE ol §3te] EAME Sheistelch(E 9)
H 9. Sarsasapogenin®| HPLC 24 X7
LC - Nexera XR 20 Series(Shimadzu, Japan),
Instrument
MS/MS -TSQ Quantum Ultra(Thermo, USA)
Detector UV spectrum(260nm)
Column Raptor Biphenyl 100 x 2.1mm ID 2.7 mm (Restek, USA)
Column Oven 40T
Injection vol 1uL
A, 0.1% Formic acid in d-water
Mobile phase
B, 0.1% Formic acid in methanol
time(min) flow rate(z L) A%) B(%)
0.5 0.5 50 50
3 0.5 5 95
Gradient
7 0.5 0 100
7.1 0.5 50 50
10 0.5 50 50
lonization Type ESI(Electronic Spray Ionization)
Sheath Gas Pressure(Arb) 45
Aux Gas Pressure(Arb) 20
MS condition Ton Sweep Gas Pressure(Arb) 2
Capillart Temp. 300
Vaporizer Temperature 350
Spray Voltage(V) 4,000

2t X Eg29 43

ofAubElA L HlE] #3EF protodioscin®] peak+ tr 10.12 min®] AEE oW, ofAubepA A K]
4 FEENAE g D UV spectrum®] YA|8FATHLH 5). Protodioscin chromatogram®] baseline®]
QA o] B2 method validations A3Fst7]dl 2|7t §l& A= ATdHETH(TH 06).
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2000 2000

I PDA: Qhannel 1, 200 nm/Bw: g nm Ref 330 nm/Bw:40 nm
samplf-10ml-1.dat
Rptentiony Time
Allea
Hpame
15004 1500
g 10004 [~ 1000 g
E E
004 00
LA e S

] 5 i 5 20 25 30 5
Minutes
(A)
2000 2000
_ll  PDA: fthannel 1, 200 nm/Bw:8 nm Ref 350 nm/Bw:40 nm
sampl-3ml-1.dat
HEtention) Time
==
e
15004 1500
2 1000 F1000 2
E E
E00 500
i} 5 i) 15 20 25 30 a5
Minuies
(B)
a2l 6, €4 FE3 AR s (A) 100 mg/10mL, (B) 100 mg/5mL2] HPLC chromatogram
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ofAulelA A BE] EFEFE sarsasapogenin®] peak= tR 4.09 mindll HEE loH, ofAutEAs B
219 d 2EZEAE (Ro] YA5te] B0l HATHY 7). Sarsasapogenin chromatogram®] 7
-, baseline®] ¢t & ol Priya Kashyap 5(2020)¢] UPLC-QTOFE ©]&3lo] ofAmtetA A ghA|

A 2~ (Asparagus racemosus L.)IA] sarsasapogenin A4 2Rt} EAAHS @&t

cbealibun..\2stm-1000 102721211221

RT.0.00-1000 SMTG
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b_2010271
4000000 C Rl
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2000000
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4000000
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2000000
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00 05 10 5 2 0 5 . i 50 7 85

“ime (min)

a2l 7. (A)20 LK sarasasapogenin 1,000 ppb (B) ZX| L sarasasapogenin 1,000 ppb (C) 204 (D) ZX||

OF. Protodioscini} sarsasapogeninOil Ch3t Method validation AIA|
@ Eo]A(Specificity)

ofAmEtA A FEE 5 sarsasapogenin®] retention time¥ peak == EQIFHITH

® A XA (Linearity)

ofATtEtAA B 22 AR M &I (matrix effect) S 312 3F0] matrix matched calibrationS
A&kt ofAmtebA A B =& Eof sarsasapogenin 50, 100, 200, 300, 500, 700, 1000 ng/mL7}
Hes MUkt & AEEN Azl 71sE vhel 2ol A stslth. Sarsasapogenin®] H A
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y = 4273.6x + 66214 (R* = 0.9988) o] 3itt,
A7 SAE NP Welgold sto|=etele] waw A4l Wrb Al R2ZH] 0.9900]
b}, o] 7]&x o v 2 AH 9 sarsasapogenine 50 ~ 1000 pg/L HY A -

AFS 7]
o=
a5k A A

Uetilen, HESA(LOD)+ 7.7 ng/mL, AFTALOQ = 23.4 ng/mL 2 LUrt.

s

mlo ot rJd

=
R
A

® A EA(Precision), F&4(Accuracy)

=
AdA SHE 8l 199 sarsasapogenin 100, 500, 1000 xg/Le] Al@-8H-& vhE0] 3RkEs1 o0,
I Y REE 397 shFo 4 3704 whEo] LC-MS/MS #4313t

8792 sarsasapogenin®] WHFFZEE Y peak HAH| Y FFHAE sarsasapogenin®] Y3

=29 peak HAH 9| FAGOR UE BE(%, RSD)= At&stth(® 10)

N

¥ 10. Precision and accuracy for the determination of Sarsasapogenin in QC sample(n=3 day, rep 3).

Inra—day Inter—day
Concentration
(ng/mL) Found RSD" Accuracy Found RSD Accuracy
(ng/mL) (%) (%) (ng/mL) (%) (%)
100 108.8 3.09 108.79 105.3 3.08 105.27
500 499.7 0.92 99.93 483.1 2.87 96.63
1,000 088.1 1.71 98.81 974.6 1.82 97.46

1) RSD: Relative Standard Deviation

& /\] H-Z sarsasapogenin 100, 500, 1000 pg/L &%= 9 HA §Ho|A 9 A sl4=&2 2YPs}
qow, BAEES 7R ARE FE5H dojdl AEntsy 24 EEe] A7 A wEE4Y At
o= Husto] 3eEs TR 11)

3 11. Recovery of sarsasapogenin (n=7)

Splked<r?:/nr§5)r1trat|on (:gl/Jrr;dL) (%’Rzzz\;eirysm mean+SD
100 105.26 105.26 + 2.46
500 482.35 96.47 £ 2.82 100.19+2.38
1,000 988.40 98.84 + 1.87

2}, OtALIEIAHA BE| &S LY sarsasapogenin &

E A9 rutin E4H H3(validation) S E3) ot uatetA 225 Y9 rutin® AFo] o] &=
Te, BolA, AT 9 AUy, A & IRt otauebAAs He 2559

SH-% rutin TS —E—QGV] A3l FFolA AFSE ofATEtAA Bl 2EE 57N lotE WS AT

= 0

=13

[

o
A

4. BSABAT

i
A
o1
o1
o1



A1 AR F rutin®] BT 2.376 ug/ml Atk &, ofATAA 225 $0.232 ~ 0.240%2] rutin®|
A HP
[e]

Fouo] S SIS ol4te] B4 AT HPLC/PDARS H8sto] ofisfelr] s we| 2550
rudn FFEAS A& oS BAT £ U YRS Aol 1 BPS BETAHE 12)

H 12, Amount of sarsasapogenin in Asparagus root extract.

I ) o
1 1.354+0.011% 0.81 0.135
2 1.362£0.007 0.51 0.136
3 1.270+0.015 1.18 0.127
4 1.358+0.004 0.29 0.135
5 1.398+0.008 0.57 0.139

1) Mean contents of sarsasapogenin in Asparagus root extracts.

2) Each data was obtained by triple analysis (n=3).

(NE 3) FAA AE 98 SAS A% B A8 $8 2 24
7b 2L - 9 EFKIER $F U 24
© FY S3iz7

ol A Asparagus officinalis®] <& AFUER AHE7hs Sty e AFol AM7FsRE 9=
of SAE UA FUATHE 13).
# 13, DLl ofAmatAHA & AFEHE

= % J|EIEE E= = = ANEE
= Asparagus officinalis L. | Asparagus officinalis

7 OFAS N -
AZHI6900 - o7 Asparagus var. alltilis L. / Asparagus polyphyllus Stev.

® 2 BA7FH

Asparagus officinalis L= A&°] AHEE & Q= FEolU AFGRSI7E BT o R A E o] 9l
&7] 9 o= A AA otk digt=roFd o) (R eh) AR BEH, HEE AE
1% 9 Al wek AFe RUARE A st

® %9 E3az
& o
FDAL ofisbebr| 29] #ot Hele) £35S FuZUAR Belotn ULkE 14),
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H 14, 0|29 OfALIZIHA HHa| AZAIE HE
substance other name AEEE (Zled™ &1
3] Z204
(FLAVOR ENHANCER),

CAS Reg. No
FSHA 52 HEA|

(or other ID)
ASPARAGUS, SEED AND ASPARAGUS SEED AND
ROOT, EXTRACT ROOT EXTRACT

977082-96-4
LS| A hT. Asparagus officinalis

Al ol fs gl

© 9=

osfetA 2 wel W 2718
sg3k7 9

Lo Welg A5 op
H 15, Asparagus officinalis #2|9] ME 2x 52 2E(H2)
THR Grant  Registration Product Active inaredient Product indication
Number date holder name 9 Traditional use
Asparaid ~ Asparagus Root(Asparagus AEA] QRS
32294/0005 03/03 lantanhile Ltd Film officinalis L.), Parsley Herb /\]_‘;L%};q < _g]‘_ofg
/2011 P Coated  (Petroselinum crispum(Mill.) ° hﬂzbﬁ °=
Tablets AN, Hill) =T A
05/12  Plantaphile  Asparflow A 4 A5Hd e
antaphile sparflow sparagus root (Asparagus ;1 q 451 sujo] opo.
3229470024 /2013 Limited tablets officinalis 1.) }OO}_ LLﬂ °=
Eﬁt‘ N
Aok ol selsA ghotet

© A7tx=
Asparagus officinalis 1..2] 215 4

AR AHE ZHA] 35kl EU Novel food catalogue

® FHIT
Asparagus officinalis L. 25 A& 2 Q1A%
T A Tk BUONA Asparagus racemosus L.2] B & A FESAZ

ARGSEIL Qi

=L - 2| OfALIIEZIAHA BHo[EH 28 oF XA
O =l AHEER
=Y ofiamtelAL £7] 9 B S o] §ste] fF - WujE L QIA At

@ =9 AHEEF

ofiutetAL RS dubAFOoR st Itk FE2 Atea) FEE Y &2 ME X
tea, tea bags, easy brew bags 52 FE= THjstaL QITh(3E 16). £, Atk 25 FolA

ATHEE 17).
4, SME

A= Ao



# 16, =29 Xt Ex= THoj E.
HzE = =
-?—_I H St Iz x|
Loose Tea(2oz, 4oz, 8oz, 1lb)
Asparagus root Naturally Caffeine Free TerraVita

tea(powder)/Terr
aVita

Pure Asparagus Root
Tea

Packed to Ensure Freshness
Description: Asparagus Root. Botanical
Name: Asparagus officinalis

Asparagus root

Asparagus officinalis
L. Other Names

Tea Bag(25,50,100, 200)

Toralitd, |

t der)/T A French 3
powdenflem | operge rench | olrtelles el ol oAz A8, | | G2
: Asparago(ltalian) A A9 P& Tt b ats s
‘Esparrago(Spanish).
Pure Asparagus Root Tea
Descrintion: Naturally Caffeine Free
pron: Packed to Ensure Freshness
Asparagus Root | Asparagus Root .
. Precautions
Tea (Powder), Botanical ) .
reahaven.com Name:  Asparaets If you are pregnant, nursing or taking any
) ofﬁcin-alis parag medications, consult your doctor before use.

Consult your health care provider before
beginning use of any herb.

Asparagus Root
Green Tea Blend
Tea Bags/Tea
Haven

Green Tea, Asparagus
Root (Asparagus
officinalis)

Precautions
If you are pregnant, nursing or taking any

medications, consult your doctor before use.

Consult your health care provider before
beginning use of any herb.

Green Tea Blend

s
(haven) E

7 17, 2900 ANEENEOR BOf HY
AES 3 ; s -
e SEL EAINE AEA
fprd |

Asparagus Root
450mg/TerraVita,
e

gelatin, water

Asparagus(root) 450mg/serving,

Serving size. 1 capsule. 1%

331, Axtek @A 4

Asparagus Root

450 mg
| 1

Asparagus Root
Powder/TerraVita,
e

Asparagus(root) 450mg/serving | -

Asparagus
Root

Rowrineg
L, 4
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=Y

SIS HA|AFEL MEALZ
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Asparagus Root 1:5 | Asparagus root 1:5 extract.

Extract(Strawberry Other ingredients: a9 =29 &, shders,
flavor)/TerraVita, Glycerin(vegetable source), UETF AZo| 9
== Artificial Strawberry Flavor.
Corn silk extract parsley herb serv, size! ltablet
extract, dandelion leaf extract, (ofrule}AA Ba 228
asparagus root extract, other 5mg) & 90EREE ; =
Herbalife ingredients: maltodextrin, Cell-U-Loss& &4 i
Cell-U-Loss, o]= microcrystalline cellulose, apple | 922 wEolx]&=d|, %i v =
cider vinegar powder, o|AE &5 1AM ot
croscarmellose sodium, stearic AAs=H A=
acid, A= B
ProFemaTM Asparagus Extract(Root), Serving size 2 capsule, 30
- Natural Bamboo Extract(Stem and Leaf), | servings
Menopause Biotin(as D-biotin), Black Pepper | YAl4G-H= ARg-A o
Multivitamin, ©]= Fruit Extract(Bioperine g2 AT AEsE A

Potassium 33mg
Uva Ursi Leaf 3:1 [ |
Extract(Arctostaphylos uva ursi) |90 Vegetarian Tablets. E

Water—AwayTM, 120mg Herbs plus potassium Vital Health
ul=t Juniper Berry 2:1 Extract Serving Size: 1 Vegetarian -
(Juniperus communis)60mg Tablet
Buchu Leaf 4:1 Extract (Barosma
betulina)30mg
)
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Standarization of a functional food ingredient using roots of Asparagus
officinalis L. extract
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