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G) &5 9 Fhpl o AR S A% 1E DRI~ FAR G OR B 18], 8 S2AH R Y QAMS 4381777k, -5 4Msvd: (external standard method, ESM)
D5E 25 BT R, 2558 15 ittt 49 HPLC 8B A 12 MR, Fal T Hd 9 ANRHE (et A5 oy, 4
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Quality evaluation of Stevia rebaudiana Bertoni leaves based on HPLC fingerprint
and quantitative analysis of multicomponents by single-marker method
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Abstract: Objective A method combining high performance liquid chromatography (HPLC) fingerprint with quantitative analysis of
multi-components by single-marker (QAMS) was established to analyze the contents of nine components in Stevia rebaudiana Bertoni
leaves (SrL) and realize the systematic evaluation of the quality of SrL samples. Methods The HPLC fingerprint of SrL samples was
explored through HPLC analysis and comprehensively evaluated through a series of analytical methods including similarity evaluation,
cluster analysis (CA), principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA).

Neochlorogenic acid and Rebaudioside A were selected as internal reference standards for the exploration of the QAMS method, which
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was then applied to determine the content of 9 components in SrL samples including chlorogenic acid, isochlorogenic acid A,
isochlorogenic acid C, Rebaudioside D, Rebaudioside M, Rebaudioside C, Rebaudioside D and so on. Results There were 12 common
peaks in the HPLC fingerprints of 15 batches of SrL samples and 9 peaks of them were confirmed, which were neochlorogenic acid,
chlorogenic acid, isochlorogenic acid A, isochlorogenic acid C, rebaudioside D, rebaudioside M, rebaudioside A, rebaudioside C and
rebaudioside G, respectively. The similarity of 15 batches of SrL samples was 0.900—1.000. According to the further calculation of the
fingerprints through CA, PCA and OPLS-DA, the tested SrL samples can be categorized into two groups. The differential components
among the test SrL samples were identified as peak 4, peak 12 (rebaudioside G), peak 9 (rebaudioside M), peak 6 (isochlorogenic acid A),
peak 7 (isochlorogenic acid C) and peak 10 (rebaudioside A), respectively. The QAMS method for quantitative analysis of the 9 confirmed

components in SrL samples was established, and there was no significant difference between the analytical results from QAMS and ESM.

Conclusion The established HPLC fingerprint and QAMS method were found to be simple, efficient, economical and reliable, which

can provide a reference and basis for the quality evaluation of SrL samples and the derived products.

Key words: fingerprint analysis; quantitative analysis of multi-components by single-marker; Stevia rebaudiana Bertoni leaves; quality

evaluation; chlorogenic acid; isochlorogenic acid A; isochlorogenic acid C; rebaudioside M; rebaudioside C; rebaudioside G

Eif M- 24 Stevia rebaudiana Bertoni N %4 %}
(Asteraceae) HfH 54 J& Z FAFAEY, NAEM
FHRE D BRI, FLA-JR i v A2 R SR A 71 4 4 T 1Y
FEORWEY, FEFEE R R R, B
e R R PER, BORT AR R IR L B I
EAIN; IR 1R K AN 717 11 [ e AR )
T 85 R 7 24 ) 346 6 B AR TRt R R A R 8
A, 0 2 P S5 B DA 3 0 S Sy 28 A 1) 4% 1)
A RPKIER B AR B R 2R
FROE I B A8 E L, ] B 2B et — Al RAER NI
W AT o A DR A R 7 ) B A R St P 4 A TR
B vt P 24 SRR P 2 FH 4% 32 55T 5-00, Tl g
ST TT R AR T LR . H AT 2 )5
BIPN 2 RET B — 8BNS (a4 H . St
HE AD W& AT, X e LS E 5 S AT
AP R R R G VA, & h 2 gy 24
RURFAE T K R4 S0 BT 53 A 52 AR A — 0 22 P ]
TSI KF 24 FH R A R B AT AR 7 o R R Ay
RGP, D)2 B T2 U8 56 77 i ot
I T RS, Dt 4 ) BT R A ST
IR T EESE BT LR, RAHEBLEE
g3 B H R — I 2 3F  ( quantitative analysis of
multicomponents by single-marker, QAMS) % 3/.i&
F Tt et 25 J FLATT AR 77 o o B R G VR I o M T
VRN TRl 2 BRI R RR SR R A B N,
AW S ADAE B T AR UK SR ) i SO AH 103 vk
(high performance liquid chromatography, HPLC)
Hehili g E % HPLC fR4CEIE, FHRZE I
I SE B2 o R R . SR JRTR . REETR AL
SRR C. SR D, SERIEH M. 34 i

AR C fsEs i G & 21 QAMS ik,
AR g el 26 5 2 A v 1A B2 T ARV P 26 4 26 7
(1 07 S A2 R A 2 AR
1 XEEHR
1.1 {55

Agilent 1200 Bt CGEE 2 ERHY
AT, Wayeal 3100 Y Syl e CLgmed R
BB RAE]D, Waters-Symmetry-Cis (250 mm X 4.6
mm, 5 pum) B4, Agilent Eclipse Plus Cys (250
mmX4.6 mm, 5pum), Agilent 5TC Ci5(2) (250
mm X 4.6 mm, 5pm) ik, EX224ZH BH-F70 47
KF (d=0.01 mg, ZE[E OHAUS AF]), IS-40 A
PRGN CH MRS R A PR AR
1.2 RFEHH

CSENEIEAL, AKCNAEFIK, iR T
afi, STHSITSRRRR Gt CRNO301, FiE/r$i=
98%). FEEER A (k'S CRN0032, FiEsnE=
98%). FEEER C (k5 CRN0057, FiEN%=
98%). AT G (5 CRNO165, Fi&Es%i>
96%) W EBIACAE [l AL R I B BR A ], 4R
g (4’5 RP90505, FiE/rE0=99%) W H l#l%
WAVREAERAA, RGBT D (S
AFBL1402, JR&E/H 98%). SEiEE M (t5
AFCD1709, JRESTEL 98%). RHiEH A (it's
AZDBO151, JRED%H 98%) T4 H AR RIE AVl
FHBRAR, @i ¢ (it5 C10830335, JiE
T >96%) TH FilEFHEIRD AR AR . 15
HEE 55 (R SRR S B LR 1, S R EA KR
SO b R R B S E A RHE 5 S
rebaudiana Bertoni FJT1&M F .
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Table 1 Sample information of tested Stevia rebaudiana

leaves
s it P
Tl 230401 T
T2 22052103-1 I
T3 23050806 oI5
T4 22052103-2 I
T5 2302001 2
T6 2304051 T
T7 2301045 L35
T8 22052103-3 [T
T9 22123102 T
T10 22052103-4 I
TI1 22052103-5 I
T12 2206002 2
T13 22052103-6 [T
T14 20230703-1 ik
T15 230501 Wk

2 FEEHR

2.1 SMEE (ESM) BHALSRUNE

211 B fF Waters-Symmetry-Cig 4 135 1
(250 mmX4.6 mm, 5 um), WMAHNLEE (A -
0.1%BERRIER (B, BREEVEHL: 0~8min, 0.5%A;
8~10 min, 0.5%~6% A; 10~32 min, 6%~10%
A; 32~34 min, 10%~14% A; 34~45 min, 14%
A; 45~48 min, 14%~18%A; 48~66min, 18%~

21%A; 66~78 min, 21%~24%A; 78~85 min,

24%~30%A; 85~100min, 30%A; 100~107 min,
30%~45%A; 107~115min, 45%~0.5%A;
KN KALF (0~20 min, 203 nm; 20~40 min,
325nm; 40~59min, 254nm; 59~67 min, 210nm;
67~72 min, 325 nm; 75~115 min, 203 nm), FiE
25°C; HEFEE 20 uL; AR E 1.0 mL/min.

2.2 XPHESUA TR S R R X R
B, 1 50% F BEE AR S ek iR . SRR
SRR AL FEEERR C. AT DL SEALH T M.
SERLIMTF AR C MSERTImTF G FEIRE S
559 2.090. 1.493. 2.985. 3.284. 25.187. 28.358.
25.933. 48.507. 25.373 pg/mL IR &% IR VA TR,
% H .

213 BEEAVE R B g A OB R
G 290.5g, FEHEMRE, B 100 mL HZEHETZIR
b, RS AR % 90% FEE 10 mL, FR5E &,
65 CHIFAERHEEL 30 min, JH4, FRRERE, A
PARFR 55 90% FH AN R 80K i &, Y, 48 12000
r/min 5 10 min, BB, 5.

2,14 LMEXRRFEE  HL “2.27 TEE NI
W, g “2.17 TR @SS FHERE 100 204 40,
60+ 80, 100 pLP-19, JesgUg A, PLALEE o it
FERDABARRR (X0, WETHRCNNAR (V), 1321
2 9 s o P ] U O R R 2 VT (3R 2D

R2 IMMOMLKMEASGREREIEEE

Table 2 Linear regression equation and linear range of 9 components

By DY e r AR H/pg
Brak R IR Y=3057.4 X+13.07 1.000 0 0.034~0.343
SRR Y=2568.7 X+17.077 0.999 4 0.021~0.209
FEERIRA Y=1475.5 X+57.237 0.999 4 0.030~0.299
4R RRC Y=3139.7 X+6.07 0.999 9 0.033~0.328
SEALE D Y=308.84 X+7.030 0.999 7 0.252~2.519
AL M Y=287.89 X+3.599 0.999 4 0.284~2.836
SEALIHE A Y=363.77 X+28.45 0.999 8 0.259~2.593
SEALIHEC Y=219.65 X—1.483 0.999 7 0.485~4.851
SEALIME G Y=265.81 X—14.375 0.999 4 0.254~2.537

215 BEMEREE oAk s AR IR . 4k
AR AarE IR A FRExIEIR C. SREIHE D, 3K
BT M, SRAH T A SRAEH T C FISRAH T G
VR 5 X IR A AT St 2 (i v (T 4%
“2.1.17 TUNE TGS E . 45 R

IR AR — B, RRIEIE /MRS T = )
B F OIS EEXRT 15, RUTETREER
i, WK 1.

2.1.6 REHEFEAL  REERA “2.1.37 WU B4
SRV, A% “2.1.17 TR SR IESLERE 6 K,
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0 20 40 60 80 100
t/min

1-HEIRIR: -G 6-FRERIRIR A 7-FERRIR C; 8- 3-AIMTY D; 938
AT M; 10T A; 11-2RAIHT C; 123640l G; B2 7.
1-neochlorogenic acid; 2-chlorogenic acid; 6-isochlorogenic acid A; 7-
isochlorogenic acid C; 8-lebaudioside D; 9-lebaudioside M; 10-lebaudioside
A; 11-lebaudioside C; 12-lespidin G; same as Fig.2.

1 HMEER A REAXERAE B) HEMEHEE
&
Fig.1 High performance liquid chromatography spectra

of SrL sample (A) and mixed reference substances (B)

FEIR 20 pL, 10 SRAR R OR B B () R0 T AR 5 o1 SR
RSD, H&RIR. SRR FERIR A, FERIR
C. SEfiiF D, SEALET M. SEEHTF A, S
M C FISEALIHE G i r A6 £ B B /] RSD
354 0.98%+0.96%- 0.40%- 0.40%- 0.14%- 0.14%
0.20%- 0.41%. 0.37%, AHXTIERFL RSD 437109
2.49%-1.81%-2.70%- 1.75%- 2.20%- 2.36%- 2.45%-
2.60%- 2.96%, FHICHSHIRE B RE R AT .

2.1.7 EEMWRE  AEEPREUE S # R
(T1), % “2.1.37 Wi N AL PATHIE 6 bl i
W H2 “2.0.17 TGS AEN 20 pL B
BT, R EIERE, SRR SRR FARER
A REERR C. BT D, SERINT M. SR
H AL SRR C RSEEIEE G FARXS LR B i ]
RSD 1E 43514 1.14%: 1.16%- 0.68%- 0.70%- 0.28%-
0.23%- 0.43%- 0.66%- 0.57%, AHXTUETHEIFN RSD 43
AN 1.14%. 1.81%-. 2.37%- 1.46%- 1.87%- 2.22%-
2.24%- 1.73%- 2.80%, FKITTEELEM R,
2.1.8 FRoEMEIRES A B WA — R R TR
(T1) 20 pL, 2. 1.1 TEEZAE25F 04 24 44
8 12+ 24 h HEFES T, 03825 AN I s B T s f AR G
WETIAN, 115 RSD A, Higk/iiR. SRIFHE . F4r)i
g AL F4EEE C. A Dy SRR M. 3K
RLIHEF AL SERLIE T C FISERLIMTEF G AR BE i

/6] RSD {5735 2.18%. 2.22%. 1.15%. 1.16%-
0.23%. 0.20%. 0.22%. 0.29%. 0.47%, AHXFI&IH]
FH RSD 43514 1.93%.2.66%- 3.19%- 2.14%. 2.59%
2.57%. 2.77%. 2.84%. 2.02%, IR 5 RAE
24 h WA E M R AT
2.1.9 FEREICRIREE % “2.1.37 TR HEH
FRFEEJRF-TATH £ 6 il s, BB etk
PR R ARDOE R, IS
TP AN R 2 S oA 10 1 G R AR 10 mL,
i “2.1.37 DUEEEUH| & AR, FHig “2.1.17
TR 5 I e S5 AR e RE U 5, DS S TR b o)
XSPUETHIAN, TFEUBISRRIR. SRR . JaRER Al
SRR C. AT Dy SRR M. SRR T
A SEREGETF C ASERLMTF G KPR BIR 4
51175 103.06%. 104.26%. 98.82%. 102.69%. 97.08%.
100.21%. 102.49%. 99.14%. 97.41%, RSD %5l Ky
1.39%. 0.51%. 2.80%. 1.85%. 3.0%. 2.94%. 1.64%.
2.67%. 2.02%.
2.2 QAMS EMEBHHK 7
221 MXRERT (OME WHFE “2.1.17 5
A 2, BUR A B o A aERE 200 30,
40, 50, 60, 80. 100 puL[!, QL& RS (116 TH
B, DISREEE A NNSY), it EAR S W
ZW) fi2,

[=AiX C(4sX C)) eD)
ACNFEM B TR, CONPRI RS, As 98 ST
i, Co NN SR

GERRHY, WMFERIE NN SR SRR sk
JRR A FERJERR C 1 f 4358 0.877 0. 0.729 0.
1.0087; ELIHE A fE NN SN EA-H D, 3k
BIHFE M. SERET C FSERIEE G 1 £ 25k
0.8009. 0.791 4. 0.5269. 0.5799, RSD ¥/ T 3%,
222 AFEETEAEX £ BRSO HE
W, #AEEEN 50 uL, Al FEZFE 1 Waters-
Symmetry-Cs ELiE4E (250 mm X 4.6 mm, 5 pm).
¥ 2: Agilent Eclipse Plus Cis (250 mm X 4.6 mm,
5um). #£3: Agilent STC Cis (2) taifAE (250 mmX
4.6mm, 5um) Ft 3 AREPERENTE G 9 Bk o
f R, GERERY, SRR N NS YN 4R
M. AR Ay RERIR C 1 £ 537125 0.886 8+
0.723 8 1.004 9; SEELIHTFT A 1E NP S0 3K 41t
D, ¥ E M, EadtF C Mgmdif G
() £ 43518 0.839 1. 0.791 6. 0.540 6. 0.562 6.
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RSD /T 3%, B (R Bt 5% A 10 £
e A

223 AFEAEEX £ B#mE K H Waters-
Symmetry-Cis 1845, Al fEA R (20, 25,
30 °CO FAF FIEE A T 9 FPRA I S, 25 R
K, W EZ IR NS SRR . Rt IR A
FEELJEIR C 1 £43 108 0.881 24 0.531 7. 1.004 9;
SERETE A VENNSYIN SEIEE D, SEGm T
M. SR C FISERLHEF G 1 £ 43318 0.8175.
0.785 9. 0.550 6. 0.531 1. RSD #J/NTF 3%, FH
FEIR AT 8 547 1) f A TG 2 25 Ve

224 AFERENABEFR R £ EREmE KA
Waters-Symmetry-Cis (035 #1, 554 R 4A TR &
(0.8+ 1.0. 1.2mL/min) X35 9 Falisy fEH
S BRIV N SN SRR . AR AR A
FERRER C 15058 0.886 3. 0.738 6. 1.024 05
KA F A fEANS YN SERMEF D, el TF
M. 34 C FISEELHE G 11 £ 318 0.831 3,
0.799 8. 0.5547. 0.5826. RSD ¥J/NTF 3%, FHIA
[FARFRIA T & B TR 2 M.

225 AFEAEET AERSE K Waters-Symmetry-
Cis tilit, HEAFES (Agilent 1200, Wayeal 3100)
XTEIHSE 9 PRy £ BRI . Hrak R RIS
H A ENASYIN, %2 Agilent 1200 A1 Wayeal 3100
P IERATERIRIR . FERRIR A FRARRIE C. AL
H D, SEAEF M. SERLET C FSEEIEF G M f
ERIEEm, THERTS 7 M) AR 0.891 1.
0.718 4. 1.0292. 0.8098. 0.7939. 0.548 3. 0.5918,
[F]— A 7R R X R £ TRLF- RSD 347 3%,
R R 2 185) f BTG R o

22.6 EREIEELSH O IE I HER E A2 IR

1E QAMS T8 H I H , £ Bk e 1) 5 A 7 AT fR B
I E 22 CAD SEFIAEXT R B I 1] () 925, F4OSCHRIT
SO, RIS DUE SRR Al T A NS
W1, BURAX RS AREERE 50 pL, HEAFE MRS
F:[Waters-Symmetry-Cis 4344, Agilent Eclipse Plus
Cis (il HE. Agilent STC Cis (2) fiHE]. AFEAE
B AEABURE RN B ER . SRR FaER
A\ FEERER C AHXT T B2 JRBR 1 At Al tr, DAACE
HAMTF D SRR M. SERLE T AL SERIMTT C.
ST G AHX TSIl E A 1 Ar F tro

FERAEGIERY, Frll s F A S A Ar Fl
RAEWEBNEDN, HRSD ¥/ 0.1% (R 3. 4), it
B I 1) Z2 (B VR ARAFDS O BRI (B2 ) B T e i
SEAT .
2.3 QAMS 5 EMS EMELERELER

SR FH ARSI ST 1) AR R K- FE BRI HPLC 3%
XF 15 fET SRR ST A, EER ESM VRS
BITHE RSP AER . SRR FER
A. REJRER C. ¥ainif D, EalH M. EH
WA AL ERRTF C MR G 3t 9 R
B SNE O T SRR R A S AT IE T A Y QAMS
ERIA S, AR S0 AR (1 8 7 K . )~ 3514
MRIER T £ ZIRANR (2) HEILA 7 B r
FrEUL g BESM VESEE S QAMS VT HAE
TR ¢ K e el,

F=(AiX We)l(As X Wi) ¢))

Wi RRFN S & &, A RPN AR, W AN SYE
i, As ANSPIETITR .

FER BN, PAEYI>0.05, £ 2 FhojikilE
SR Z TR 7, IR 1) QAMS VEA BT
R P E R AT AT, WK 5.

®3 EHMET O MARIH n

Table 3 tr of nine components in Stevia rebaudiana

I o R
WA= i N RARMA RARMC RABHD RABHEM RAEFC REBHEG
fiEfE Waters-Symmetry-Cis 9.769 39.272 45.081 8.572 6.763 5.071 8.071
Agilent 5TC Cis 9.740  40.207 45.607 8.029 6.067 4335 7.027
Agilent Eclipse Plus Cis 9.961 39.696 44.987 8.133 5.933 4339 6.979
R 25 C 9.687 38911 44.466 8.344 6.412 4.509 7.123
35 C 8.741 36.923 41.603 10.281 7.763 4.986 7.509
30 C 9.414 39315 45.155 8.535 6.747 5.056 7.771
AR E 0.8 mL-min™! 9.618  39.246 44.979 8.141 6.279 4.545 7.218
1.0 mL-min™! 9.635 39.169 44815 8.303 6.294 4.439 7.211
1.2 mL-min™! 9.659  39.443 45283 8.154 6.328 4.608 7.470
FIE 9.580 39.131 44.664 8.499 6.510 4.654 7.375
RSD/% 0.036 0.023 0.027 0.082 0.083 0.065 0.049
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Table 4 At of nine components in Stevia rebaudiana
ioES " S ———— — —
SRR RFIRA FERIRC SEREIMTTD SERMETM  SERIMETC SERIMTG
B3 Waters-Symmetry-Cis 1.411 2.653 2.897 0.909 0.928 1.054 1.086
Agilent 5TC Cis 1.423 2.746 2.981 0.913 0.934 1.047 1.076
Agilent Eclipse Plus Cis 1.427 2.703 2.930 0.911 0.935 1.047 1.076
FE R 25 C 1.410 2.647 2.882 0.910 0.931 1.049 1.077
35 C 1.399 2.685 2.899 0.889 0.916 1.054 1.081
30 C 1.419 2.748 3.008 0.909 0.928 1.054 1.083
AR E 0.8 mL-min! 1.407 2.660 2.903 0.912 0.932 1.049 1.078
1.0 mL-min™! 1.410 2.667 2.907 0.910 0.932 1.048 1.078
1.2 mL-min™! 1.409 2.672 2.919 0.912 0.932 1.050 1.080
FIME 9.580 1.413 2.687 2.925 0.908 0.930 1.050
RSD/% 0.036 0.006 0.014 0.014 0.008 0.006 0.003

&5 ESM 1 QAMS ME 15 #tEHM FME M 9 PTRO S EBHE

Table 5 Determination of nine components in 15 batches of SrL samples by ESM and QAMS

P HRIERRY%  RER % RERRR A% RGIERE C/% KRBT A/% KRBT D/% EAHE M/% R C/% EaEt G/%

ESM EMS QAMS EMS QAMS EMS QAMS

EMS QAMS EMS QAMS EMS QAMS EMS QAMS

Tl 02956 1.85661.81163.20093.18670.84990.7985 10.0379  0.55600.5353 0.3398 0.3269 1.50291.47211.56121.5110
T2 02318 0.75220.76474.06874.22061.15421.1299 119456  0.53010.5104 0.2635 0.2535 2.061 7 2.020 01.9156 1.853 9
T3 0.1811 0.70350.71523.65033.78650.98740.9666 10.8131 0.524 8 0.5054 0.2438 0.2345 1.666 6 1.63252.0107 1.946 0
T4 0.1962 0.54260.55174.07314.22511.92551.8849 139475 0.6639 0.6393 0.339 8 0.348 1 2.265 2 2.21 89 2.069 1 2.002 6
TS 02542 1.53661.56224.20104.35770.69030.6758 115710 0.53870.5187 0.3429 0.3299 1.90191.86312.57562.4927
T6 02621 1.27681.29813.70933.8477099410.9731 109654 0.50580.4870 0.3305 0.3179 1.6859 1.651 4 2.068 6 2.002 0
T7 02291 0.10100.10263.61693.7518 0.968 0.9476 10.7036  0.55600.5353 0.3022 0.290 7 1.732 8 1.697 3 2.054 7 1.988 6
T8 02278 1.17691.19653.63603.77171.38411.3549 118384 0.67640.65130.33350.3208 1.91191.87281.80421.746 2
T9 03033 194771.98024.01214.16180.86270.8445 113082 0.53700.5171 0.376 6 0.3622 1.702 4 1.667 6 2.382 2 2.305 6
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