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Determination of Content of 6 Triterpenic Acids in Malus doumeri
Fruit by High-performance Liquid Chromatography

HUO Huazhen, CAI Aihua®, XIE Yunchang

(Guangxi Key Laboratory of Plant Functional Phytochemicals and Sustainable Utilization, Guangxi Institute of Botany,
Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, China)

Abstract: A HPLC method was developed for the simultaneous determination of euscaphic acid, 2a,19a-dihydroxy-3-oxo-
urs-12-en-28-oic acid, maslinic acid, corosolic acid, oleanic acid, and ursolic acid in Malus doumeri fruits. Analyses were
conducted on the distribution and content of these six triterpenic acids in Malus doumeri fruits from six producing areas in
Guangxi. Using gradient elution at a flow rate of 0.8 mL/min, a Diamonsil C 4 (2) column was used with a mobile phase of
0.1% formic acid aqueous solution/methanol (v/v). The detection wavelength was 210 nm and the column temperature was
30 °C. The results showed that the mass concentrations of the six triterpenic acids had a good linear relationship with the

chromatographic peak areas in the linear range. The correlation coefficients were greater than 0.9990, the detection limits
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were within 0.46~2.00 pg/mL, the lower quantitation limits were within 1.53~6.67 pg/mL, the coefficients of variation were

less than 5.0%, and the recovery percentages were within 99.2%~101.3%. Six samples from different production areas

contained six triterpenic acids (euscaphic acid, 2a,19a-dihydroxy-3-oxo-urs-12-en-28-oic acid, maslinic acid, corosolic

acid, oleanic acid, and ursolic acid). Each of the six triterpenic acids was a pentacyclic triterpenic acid. Among the six

triterpenic acids, euscaphic acid and 2a,190a-dihydroxy-3-oxo-urs-12-en-28-oic acid were first detected in Malus doumeri

fruits. Ursolic acid, euscaphic acid, and 2a,19a-dihydroxy-3-oxo-urs-12-en-28-oic acid were predominant, accounting for
71.82%~81.38% of the total triterpenic acids. The total triterpenic acids content ranged from 808.74 to 1090.75 ng/g FM.
The total triterpenic acids content of fruits from Liujiang district of Liuzhou and Pingle of Guilin were relatively high,
reaching 1090.75 ng/g FM and 1045.20 pg/g FM, respectively. Overall, this study's HPLC method can detect the triterpenic
acids content of Malus doumeri fruits and provide scientific references for the quality evaluation of Malus doumeri fruit's

raw materials and products.

Key words: HPLC; Malus doumeri; fruits; triterpenic acids; content
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A H TR 4 R R, & SR 3% BH 45 T s TR] AR AR DA
45 min ER ZFE 82 min, (HJ2 =5 R 5 MWL . o i 55
TP TR BB S5, GETE A X, = s 7
ERIIHT. I, BEPEEAIEAE RS-y Diamonsil Cq
(2)(4.6 mmx250 mm, 5 um) . 0.1% HIPFR/KIER (A)-
FH I (B) Ay i s AH . A B8 e I B 18] #2 )5 (0~10 min,
79%~79%B;10.01~60min, 79%~82%B,60.01~75 min,
82%~82%B, 75.01~82 min, 79%~79%B) . #1:i# 30 C,
it 0.8 mL/min. #EFEARFR 20 pL VR4S 19



- 276 - £ Tl B 2024 4F 7 H
A A 150
75 125
) S 100
< 5 <
£ E 75 !
i g
= | 5 50
g2 4 S = 25 2 34 56
2 3 /\7& 0 L__MI——AL
0 10 20 30 40 0 10 20 30 40
PREAFTE] (min) R EA A (min)
B B 150
125
50 _
§ 2 100
g E 75 )
z g 50
= =
E = 25 2 34 56
M oM
; ' ' ‘ ' ' 0 10 20 30 40
0 5 0 15 20 25 30 (R (i
(R AL (min) FTA] (min)
C 150
C
125
30 -
= 5 100
> <
< 20 E 75 1
= 1 iEl
iigl‘ 3, 5 50
0 0
0 10 20 30 40 0 10 20 30 40
P B AL (min) L FABTTA] (min)
D 100
D
30 75 1
=) =)
<
< 201 EREL
ht 1
m w 4
B 10/ 4 S 25 2 3 56
= 5 3 56 = /\/\
M : s
0.
— : . , 55 .
0 10 20 30 40 0 10 20 30 40
{REARHTE] (min) (R EARTE] (min)

K2 4 FPEFEREXS 6 Fh =l B AR IR
Fig.2 Effect of 4 chromatographic columns on the separation
efficiency of six triterpenc acids
: A: Symmetry Cg, B: ZORBAX SB-Cjg, C: BEH Cyg, D:
Diamonsil C,g(2); 1. # kR, 2. 2a,19a- " F2FE-3-5 FE- 124 -
28-EH5MR, 3. LLIHETR, 4. BRI, 5. FPHCRAR, 6. ARAAR, K] 3~
[l 4 [A] .

WA

2.1.3 @igEIHT  ORHRE R IR A IO 22
i A IE R LY 6 )™ M) — R R P U AR >R
H 2.1.2 e fbs 45 2 i k252547 HPLC 5347,
XF HEC i AR A 09 €3 18] 20 5] UL IEL 4A R B, 6 FiF
= R X AL (3 1 09 RT 43 B 8 . 35 2k R

K3 JahARXS 6 Fh =il iR o3 B R 5
Fig.3 Effect of mobile phase on the separation efficiency
of six triterpenc acids

: Az 0.1% BRI/ =50 L MK -FBE; B: 0.1% BEIR/ = IR £ 1
IK-ZE; C: 0.1% FERK-Z ;5 D: 0.1% HRR/K-FREE,
(10.215 min) | 2a,19a- " F2IE-3 3 IE-12-475-28- LT
fig (12.414 min) . INAEFEZ (34.213 min) . B2 R
(37.177 min) . FF R L (67.504 min) . AE SRR
(70.199 min), PP =GR (o i ds 2 [R] i 4385 BE B R
T 1.5, W RERT AR, HLARE S b3 8 i 1 BE SR iR £
T I (4 B EEEARCEOR T 8000, KhLk TR, A AR
HPLC 38 FH T M B ORI AE SR s b i
6 P =S RIS SY -
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Fig.4 HPLC chromatogram of mixed reference substances (A)
and triterpenic acids samples (B) from Malus doumeri fruits

22 FEFERER

221 ZMHEXRCKBREERR MR 1AL
EH i, 6 Fh =iE R X BE S 2r SAE 1.53~156.00. 2.32~
90.54. 4.69~500.00. 5.00~500.00. 5.77~500.00 F0
6.67~1000.00 pg/mL FHEETEREINLRTESC R R AT, AH
K F %L 0.9990~0.9999, £ H BR 0.46~2.00 pg/mL, &
HEBR 1.53~6.67 ng/mL, 2B 7 s ELAT 455 A
R, BEXAE &, T IGHR BE 1Y =S PR TR TR
SEHIMT

222 KEEEME F—IREHMIESEKEI 6 K,
6 Fh =52 m AL RSD {HAr51 0 353512 0.86% .
20,190- " FR FE-3-PR FL-12-055-28- 1 IR R 1.17%. 1L
TR 0.76% . BFBRIE 0.70%. FEURIR 0.85%. fAE
RIZ 0.67%, T RKINAL ST RECH 1.17%, RYIKEE R
RAT, FF AR ZEK .
223 RUEMEME  ASFEHE =mEX S H N
1 H Ta) R P 2 S5 SR AN 2 FToR, 45 Fh =5 PR TE
H N RSD {HIY/NTF 1.59%, H 8] RSD {H /]
T 3.85%, FHAXTRASAAECE Y 6 d PFaaE kR AT
224 FBEEMNE  S5R BT 6 B =mEERY
RSD {8 53 % H #4412 1.93%. 20a,19a- ¥ K-35
Fe 12475 -28- 5 J5 8 2.29% . LLIAETR 1.67%. BL& &
fi 2.30% . FFIECHRAR 2.70%. FERFR 1.62%, fix KA
RSD fHly 2.70%, ZEHiZ 7 B RAFEE M, 175
GoTHTESR
2.2.5 IAREBCRAGINE A7k RS LA SR S
i 6 P =S IR A AR ISR EE R ULER 3, SR inpR(E]
W A AR IE FIE 99.2%~101.3% =[], RSD {4 /)>
T 2.29%, FWHIZ 7 B BA BT HERR S
23 6 NEHARRUERI=MERNSE

6 - RS LR SRS Rl <2 19 6 Fp =1
UL 4, PRSP IR AR | 20,190 FR3E-3-5K
F-12-075-28- S I5RR . LLARHR . BLY R . FTHEUERIR .
RESRMR 6 Fh=GML, ¥ N I =MERRIb-&W, Hohik
PHIR . 20,190~ F2 FE-3- P FE- 1207 -28- 5 DR ER 1E K
SRR S B R . PR Ry 2550, A
[F) 7= b TR S = PR A A A% — i IR = 8] B & s 77
2 ZE R (P<0.05), A - S i S =ik e & i
TE 808.74~1090.75 ng/g FM 2 [a], DAMIN ANV X F
T AR B B SRS 8 i S AR e, 4 ik #

16 A= IR S M R PR L AHOC R B A PR AIE 5 R (n=6)
Table 1 Linear range, linear equations, correlation coefficients, LOD and LOQ of six triterpenic acids standards (n=6)
TR Lk (pg/mL) KT HHEREL K PR (ng/mL) FE R (pg/mL)
T1 1.53~156.00 y=11173x—8514.8 0.9996 0.46 1.53
T2 2.32~90.54 y=8108.8x—4366.5 0.9997 0.70 2.32
T3 4.69~500.00 y=8662.7x+92708 0.9990 1.41 4.69
T4 5.00~500.00 y=9554.1x+66524 0.9994 1.50 5.00
TS 5.77~500.00 y=9573.2x+3122 0.9999 1.73 5.77
T6 6.67~1000.00 y=8385.2x+108129 0.9995 2.00 6.67
TE: TI~TO MR TG IR | 20,190 —FBFE-3-FRIL-12-05-28- 5 F0FR . BHBRIR . LML . FPHURIR . REALIR, F22~F4l),
2 XHEESNAY H PRI H [ RSD {H (n=6)
Table 2 RSD of inter-day and intra-day of standards (n=6)
- H AL (pg/mL) H [ AbH (pg/mL)
i
30.0 62.5 90.0 250.0 400.0 30.0 62.5 90.0 250.0 400.0
Tl 1.02 0.97 0.87 - - 1.80 1.42 1.08 - -
T2 1.43 1.59 1.32 - - 3.85 3.53 3.24 - -
T3 - 1.29 - 0.88 0.82 - 2.20 - 1.66 1.50
T4 — 0.98 - 0.80 0.80 - 2.51 - 1.57 1.30
TS - 1.11 - 0.86 0.75 - 2.37 - 2.06 2.16
T6 — 0.83 - 0.80 0.68 - 2.19 - 1.69 1.52




- 278 - B Tl B4 2024 4E 7 A
36 A =R IAR IR (n=3)
Table 3 Recovery of six triterpenic acids (n=3)
=GR JiA 7 (mg/g) JinA = (mg/g) 15 (mg/g) [ENSC (%) T4 ERCR (%) RSD(%)
0.2196 0.3666 100.2
T1 0.1464 0.1464 0.2951 108.8 99.6 1.63
0.0732 0.2146 97.7
0.2333 0.3888 99.9
T2 0.1555 0.1555 0.3110 102.4 100.8 1.42
0.0778 0.2330 100.0
0.0981 0.1613 98.6
T3 0.0654 0.0654 0.1311 100.2 99.2 0.86
0.0327 0.0970 98.8
0.1311 0.2251 103.0
T4 0.0874 0.0874 0.1760 100.7 100.8 2.15
0.0437 0.1294 98.7
0.1587 0.2621 99.1
TS 0.1058 0.1058 0.2190 103.5 100.9 2.29
0.0529 0.1589 101.1
0.5859 0.9816 100.5
T6 0.3906 0.3906 0.7977 102.1 101.3 0.78
0.1953 0.5931 101.2
£ 46 DAIEHIISR AR =R I 2 M i (n=3)
Table 4 Composition and content of triterpenic acids in Malus doumeri fruits from six different producing areas (n=3)
A~ EL
-~ & (pg/g FM)
T1 T2 T3 T4 TS T6 J=8
DI 146.58+2.11° 155.53+2.65" 65.43+1.26" 87.35+1.32° 105.83+1.91° 390.63+8.87° 951.35+8.18¢
D2 159.60+3.70° 164.74+6.40° 42.66+0.82° 53.1140.89¢ 108.97+1.51* 366.25+13.3° 900.47+28.50°
D3 200.81+3.42" 272.03+£1.92* 55.28+1.01¢ 51.94+1.33¢ 106.16+0.87" 307.83+7.72¢ 994.05+41.12¢
D4 220.57+1.01° 201.56+3.92¢ 71.00£1.32° 111.36+2.13° 45.54+0.92° 158.714+4.18° 808.74+4.61°
D5 216.79+1.98° 260.67+3.09° 48.08+0.59° 43.35+0.90° 103.22+1.38° 373.10+10.5° 1045.20+£12.77°
D6 200.05+3.12° 213.5144.09° 57.51+1.19° 135.41+£2.75% 99.07+0.36% 385.19+7.39%® 1090.75+17.08*

TE: [FISIAN R NG R R A R MRS i e =5 AT 35 22 57 (P<0.05)

1090.75 pg/g FM Fll 1045.20 pg/g FM, {H 3 #9 34
ZMEER S EAFAER R ZE T (P<0.05) 5 BIsa v e pd S
SEAb, HA 5 A7 g 2R S i = R 1A LA R IR R
(307.83~390.63 pg/g FM) & e i, Hik N 2a,19a-
TFRRE-3PRAE-12-075-28- IR (155.53~272.03 pg/g
FM) | #7512 (146.58~216.79 ng/g FM), =H 5H2=>
N S =ERRY 72.82%~81.38%, FEIUENR . BB &R
PR | LLIAR R 5 B AR X IR ARG, o PG 7 b ) SR S v =l
B8 LA 38 A R o Fec e e, 1A 8 220.57 ng/g FM, Hik R
20,19a- IR FE-3- R KE-12-475-28- 575 R (201.56 ng/g
FM) . RESR2(158.71 ng/g FM), =FH S22 MLAN
ELTMERRY 71.82%, SRR . BHE KR . LIAERR 5
AR . AL AT UL, SR AR S BR = R
TR, JFLIRRIRER | #EAUIR | 20,19a- — S HE-3 -
Fe-12-75-28- LRI R FE RS, BE AR LA D HE
i T A PR =R BT A
3 WieELHie

AR S S AAA Ak, BN T R L Y
[] 0 e AR LA SR S v 6 B i R 1 HPLC ¥4,
1207 ¥ 5 RAAE SR LU AE = R A 4G Iy 320217 A1
b, M5 =S ERFI IS 22, —RhlR 2 (8] 53 8 A, =ik
12 5 T4 d o 2 (A4 24 R0 B, FELRP-38, i

B RGO ORI | B AR e A s S 4y
HTAZER, AT FH TS LA SR S v =il e 2 2 19 43
1o %14 R : Diamonsil C,¢(2) (34 (4.6 mmx
150 mm, 5 pm), A 0.1% HFER/K w3/ B (viv) R
ZhAH, BEEE VRN, FE¥E 30 °C, FiEE 0.8 mL/min, &
P 210 nm, #FEE 20 pl.

6 DI IR LLAE SRS b =i 1R 7 A ¥
Kt #5 R IR | 20,190~ — PR HE-3-F FE-12-475-28- 15 5
2 . LLAETR . BESRIE . FHECRIR FIRERER 6 Fh —iif
BR, Y512 T =ik R, HrP 3 550R | 2a,19a- — 5 HE-3-
PRI -12-05-2 8- 12 D R 7E AR LR SR S B oK H
S [F) = Hb SRS v B R R Ay — TR Z A1 A i R AR
22U B, R = TERR 0 4 I S RE SRR | ik
iR\ 20,19a- " F2IE-3-FRIL-12-45-28- L IR, L5
RS B EENRAY 71.82%~81.38%, S Ak
) =GR AT PR IR . B R . LR . &
FHER Y 3 Fh =i5MR 5 Wen 2502 fyfif oe 48 53,
T =R £S5 Wen 2502 3238 (19 SR 92 b =512
AT A REIR IR F I 4 R S AT, AT A AR
S G R R A B BE IR R 2 A, S AL FE I AR R
20,190~ "R IE-3-PRIE-12-45-28- L TR AR, I HIEPH I
SRS e F B TR Ry S AR T 1 REARR, i X

=
== 1}
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—2Z R A E R B AT RO LA SR S i =i e
A2 RS HBTSE, JoIk S RS rh s IR i e e
RIS, S EAART A LA =i BRZH 43
PG ATAN AT, Ja SRR X SR S i i) =R RIS A 2A ali sy
AT RGN 51 B S A5 S, AE 5 IR I 622
43 g R Bsp Ay RS v =G R 1Y) R PR B AT R AR
AR M AR HEYI T .

RERR H A B . P fh. Pri S dzg>),
JTIZAEE TR B G KRR S v P28, i iR
HA R A . Priab . PRSP0 MEDIRL, /K
SRR IE R, AR YR gk BB AR,
24 SR R LD AR SR S R S5 R R B B2 1Y 0.05%~0.07%,
THPNRI AR BT 2 W BB i B =i 2 &t dzs /)
FLIR, AT LA SRS i e 5 et v T
U SRR ) 5 s 20, 19a- A3 -IRH- 1 2-J75-28-
1 D R EL A il 35 S % M 2 PR i A8 RIS 5 1 U0 ¢
HIV-1 28 FEEE PR B 73), (B LE K SR b i 2R DL i
SR R PERE AT ST . L, RESRAR L ik
BR . 20,190- " F2IE-3- 3R IL-12-44-28- L TR IR W 1E K
R LA SR SRR E 5, FE IR L LA S5 25211 1)
REF=Mh & BRI T A H P ES S,

9 20, 190- —F2FE-3 -5 F-12-04-28- L A R TE
KR LA R S v & AR e, (O T =il IR i s P
SR, A R IR P D RETE PR3, Tk frit—2b
248, JE 2] X HZ o B IS PR TS, SRR
LLAETRE ™ ST RS R 2222 . 548, =ik
PR ZH AN P e AN S R L = A G, I AR SE A K
ARSI AR SRS N [F] s R LA TR s =
WETRIS AL ML RN B LA TS M, P — g2
SRR LA SR S A R A v i AR AR, A )
TFRFAN [ b AR LA TR S ) & BT A TR, SRR
LS IS B RAF R LR 22 225 . AT SE IR ] Sy R
SR A SRS HR R BB R M R AT IR A AR
SEAE, RIS RE A A LLAR S SRR ™ i 8 S B A AL
BRIRN T R AR AR AR
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