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Abstract: In this study, the ultrasound-assisted extraction conditions of total flavonoids were optimized, and the structure
and composition of total flavonoids were further analyzed. On the basis of single factor experiments, orthogonal
experiments was carried out on four factors, including solid-liquid ratio, extraction time, temperature and power to obtain
the optimal extraction conditions based on extraction yield. Under these conditions, total flavonoids were purified by D101
macroporous resin. The structure of total flavonoids before and after purification was characterized by UV-Vis and Fourier
transform infrared spectroscopy (FT-IR). Finally, the constituents of the purified compounds were analyzed by ultra-
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performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). The results showed that the optimal

extraction conditions were as follows: Ethanol concentration of 60%, solid-liquid ratio of 1 : 25 mg/mL, ultrasonic temperature of

45 °C, time of 120 min, power of 250 W, and extraction yield of 2.776%. The characteristic structure of total flavonoids was

analyzed by UV-Vis spectroscopy (UV-Vis). Fourier transform infrared spectroscopy (FT-IR) also showed that the total

flavonoids contained O-H, C-H, C=0, C=C, phenolic hydroxyl groups and other characteristic functional groups, which

was consistent with the typical structure of flavonoids. Thirty flavonoids were detected in the purified products by UPLC-

MS/MS, including citrinin, hesperetin, azalea, protocatechualdehyde, diosmin, naringin chalcone, sweet orange flavone,

naringin and rutin. The relative content of citrinin was the highest, which was 50.854%+0.089% . This study would provide

a theoretical basis for the functional development and utilization of crystal Mesembryanthemum crystallinum.
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T T EZS TN T 48 h, FH B 258 e LA feE,
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PRI L, T2 BIRLEE B R —E 198 75 b i
—EMIAFE], 10000 r/min & 10 min, R H I $2
B 2 IR, 69 b Vs e 75 R AN N 2E 2 J0lER, 1K
IR THE 24 h, 157K vkSE B FERFLIE Y (LU 1
FREHSEY))

1.2.2 BRI FEaERHR L 1:25 mg/mL, #8
FEVEJEE 60 °C, B5F[E] 60 min, T3 250 W, EHLZ i
1% ZBR N8 . PRBR Ay ik R B vk A
WA THEE, I AE & AR, ik B i iR
PR .
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RE LIRS EL 60%, B IR 60 °C, Bf[A] 60 min,
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Table 1 Factor and levels of orthogonal experiment
EEEN
AF AR BESEHE CHEAE  DEAIIR
(mg/mL) (min) (c) (W)
1 1:20 90 45 250
2 1:25 120 60 300
3 1:30 150 75 350

1.2.5 K EH VKSR BB I & s AR g e S5
et TR FEAEIE T, SR NaNO,-Al(NO,) 5 b
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CxVxN
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Q(A))_—MX103 x 100 X @
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REERAARER, mL; N A IR AP 20 MRS ot
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1.2.6 KAVKCRE I 2l AL it R
FH D101 KA AEL ALY, i B s . Shas Rt
i A0 AS B i AR ali A 55 A8 - R R T v
0.30 g/L, pH4, EFEFIE 60 mL/h, FAEAFH 56 mL,
Ve A AR B H 80% ZL BRI R, pH6, 1t it 3
60 mL/h, {&F1 128 mL, FEIZ AT T I 56 23Rk
58 B 2 e s 28 AN P 78 ZE DO IR, VR R T8
24 h, f/K AR RSB ERAl k) (AR RiFRaifed) o
1.2.7 JK SRS RSB ERAO S5 RAE
1.2.7.1 24P A]WOGEERH S50 ik
FHVEIEH, FF 2 mg 9 T hrifid . ¥HERY) . stk sy
BT IRBUE 80% L WEh, I xE4¥ % 10 mL, 7
B 5 %55, #£ 200~800 nm FIU KT, FHEE A6
BETFIATERS AT DG4
1.2.7.2 AESAAFLIAMDGREARE  BESTT AR L R
Yy . alife 53505 T ERRS KBr B3R L 1:100 B9 )5
IR A IR AN S, & TR, R P16 S
A . DAZS 1 KBr AR 5%, RIS 28 4 21
HNCTEACA T, P ETE I 4000~400 em !, FHIIREL
32, PR 4 ecm™ ',
1.2.8 JKHUKEE B EEN a1 ) P B RS E 2R
JH 8 5 S0 A (0,3 - 58 K BT 7% (UPLC-MS/MS) K
M lifb) i B RS W LH A SRR 5

FESMA W25 BEEAEIR 100 mg T 50 mL
IRBUSEL 80% 114 2 5, #E 75 Ab B 30 min, L=
IR FASEBGEETE 4 °C, 12000 r/min 5544 25.00
20 min, VW _CALARN

3% 55 1F: (0% 4E 8 UPLC BEH C,, (03 AE
(1.7 pm, 2.1x150 mm); 7ish#H: A FH 0.1% H AR /K
WAB A NG HIRFR IR 40 °C, H shiFFERsia
BEiE R 8 °C, HEFRIRFE 2 pL, GBiSEs IR 2
TR o

K2 WG AT
Table 2 Mobile phase conditions of liquid chromatography

st ] (min ) I (uL/min) AH(%) BAH(%)

0 300 90 10

0.5 300 90 10

15 300 40 60
16.01 300 2 98
18.00 300 2 98
18.01 300 90 10
20.00 300 90 10

Jiiis 451k AB Sciex QTrap 6500-+FTi Y 28 S5
B BRI, DAZ2 S0 Wil (MRMOAR G 7 /51
T, B T IRBEANR : TonSpray Voltage: +5000/
—4500 V, Curtain Gas: 35 psi, Temperature: 500 °C,
Ion Source Gas 1:55 psi, lon Source Gas 2:60 psi.
1.3 HEAE

TS AT 3 IR, UL R LA AR E2E SR



843 % 5 4 INEFL | A TG

BRI L2 AR XA T - 199 -

7, FH SPSS Statistics 21 Fl1 Origin8.5 #4475
RS M AN B X RS EGE, 4 Skyline 4%t
MRM a1 A B,

2 GRE5SH
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Fig.1 Different extracting solution on extraction
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rate of total flavonoids

T AREENG PR EZE R BE, P<0.05; & 2 A,
2.2 BEZMIKEKKEERIREERNEN
2.2.1 AN[E] ZEEAFR A B0 K i KSR i B S 3 11

SO NIED 2A TR Y, S AR EHE 40~70%
JLFBIN, ZK A K BB BEA AR s i 42

SPEARE N, 18R S A R R A AT LARIHARRIAR
VPR TR, B — R AR S, WY LIAE
— 5B FIA RS B0 B N N AT R 45, AR 24 AR
SPBGERT, B A RETT R IR, R, B ARFR S ER
HAREN 70%

2.2.2  AN[APERA LEXT 7K Al KSR A 2 T AR 25 ) 52 i
FH & 2B 7, 7K Sl oK BSR4 5 B LE B
PEET, AE 1:25 B9 R &, A 2.589%, )5 BHE Lk
GREEIE R, 19 R R8N XGRS T 540 X
KT E ERER I 45 SR — 3, TR AT e SR kg L)
B, VR SRl BV )N, 1 AR IBCAS 58 425 11 254
B EIG IR, ZUEE KSR 2k RN . PRl R S ik
JEZEIG R, P 42 5 5 (H S0 R i — o iy BR
BERT, 2 5 80Pk b H A s T R Y BRI A
3R, Pk, WORHEIERES 1:25 mg/mL.

2.2.3  AS[A]HRE S B TR X 7K A v A B A S-S )

FHIE 2C BT, 7K VKSR B B A SR b 25 7 s (]
MBS T 2 v, HLAE 30~60 min PN 2RI K, 60~
120 min PN ZEE 1% 1, 120 min B35 B (E 2.170%,
IS B P BRI E 1, 755 T B ARk, UERHTE
120 min B8R L2834 o DRk, B P B[R] e R
“A 120 min,

2.2.4  AS[A]HE 7S IR X 7K DK S B ER AR SR 14 52 )

i & 2D AT, Bl A8 7 TR Y T, KR vKSE R
£ Kf‘aiﬁ}:?[@ T 60°C B 13 = -
2.296%, X 5% i An AN HRAE AN TR R R B X Al
B R EC T 2L g i gl S — 3, R R RT RR R E—
PR R BN, FHRS ISz 3, BRI T7K vk
S MR AETC/K LB s e, AH R IR B o i i, 23X

=1, HAE 70% Bk ENE(E 2.441%, )5 BE L BEAFR B R AR I IR, FRARAR R, IR, s YR e 2R
3.0 2.8; a 24,
>sl 26L B ab 22f C ¢ a
26F 24f b 20 . b
241 221 r
o 22¢f <20} . < 18t
S 20f <18t S 16f
¥ 1.8F M16f %14-
w Lot ¥ 14} e
14F 121 d 1.2+
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1.0F 0.8 i 0.8
08F < s s s s 0.6 L— s s s s 0.6 T —
40 50 60 70 80 1:10 1:15 1:20 1:25 1:30 20 40 60 80 100 120 140 160
AR (%) BRAH (mg/mL) FEAETTE] (h)
22+
E a
2.0 ?
= C
S 1.8 d
14} ¢
1 1 1 1 1 1 1 12 1 1 1 1 1
30 40 50 60 70 80 90 150 200 250 300 350
AR (0) A IE (W)
B2 NRISREUE R XK K S RS 2 A5 e

Fig.2 Different factors on extraction rate of total flavonoids
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60 °C.
2.2.5 ANIE]EFS DX 7K pKERE R 2 B A 558 14 5 1)

FHIEl 2E AI A1, 7K Sk B e i A 1S 23R B2 A 1)
MG RSE DFHE R, £ 250 W ARIAS- R 55
2.032%. VI RESRH THES AU ET U] 18R T 4
faghs), A AT EERZEY B0V Y, (A D ZRak 5]
—ERRAERT, 23RS 43 BRI 0T 44, S0 B
PSR T RES, T 200 W HT S BEHRTS 545
%, BRIHESE 250~350 W TS 221856 .
23 IEXRIELER

2 3 BN IEACIRE I 25 R >R>R,>R,, ATLL

X 7K A KR R A S 5 R ) Fe R PR 2R S L,
UOBABFEIRRE | TSR AN a], 1245 5 Sl 20 Xkt
Art B E PRI P IE S R — 3. 3R 4 T ZET
485 5L 3% B Rk R Lb X 45 2R 09 52 ) ik 2] i 2 K P
(P<0.05), 522004 e—2. R IEsgiER s 7k
ERVKCR B B A BRI &8 A,B,C D, Bl 2B
He BE N 70%. BRI EE 1:25 mg/mL. R 45°C. I
3R 250 W 945 B 120 min, X BB $RECT 2
PHATIGAIE, PRI RAGT R 2.776%, Uil i IEAS T304
B e T 245 nT R MR .

F3 Exiess R

Table 3 Results of orthogonal experiment

S ARRRE L Bﬁfﬁ:ﬁﬂ'r‘fﬂ CHISIELE DHEMIIA HEER
(mg/mL) (min) (c) (W) (%)
1 1 1 1 1 1.944
2 1 2 2 2 1.512
3 1 3 3 3 1.358
4 2 1 2 3 2.196
5 2 2 3 1 2.592
6 2 3 1 2 2.286
7 3 1 3 2 1.752
8 3 2 1 3 2.378
9 3 3 2 1 1.938
K, 1.604 1.964 2.202 2.158
K, 2.358 2.160 1.882 1.850
K, 2.022 1.860 1.900 1.978
R 0.377 0.150 0.160 0.154
H4 EAREIT A
Table 4 Orthogonal test variance analysis

TR WV Al Flt PH M

A 0.214 2 2.563 0.046 *

B 0.035 2 0.419 0.718

C 0.049 2 0.587 0.623

D 0.036 2 0.431 0.710

R 0.33 8

TE: *FRGRIA B R 7K T (P<0.05)

2.4 K@K EFINESRIELSR

2.4.1 ZSPAIVDCTELER T BB G (flavo-
noids) {Z $i8 - BRI A = [t il A B
e — R ML S ISERR, RIEA C6-C3-Co FEAR
LRI —IAEEYIRIGERR o X APRER B L5 R4 A

i FHER > FR 2 A G W0 00 52 A G 7E 200~400 nm
VAW FE P9 P AS S22 Y W 2 B, — S TE 220~
280 nm I [FH A, B AR I, A LI A BRAYEE
FH PR B 2= 1) F, R 2 A I W IS, T 5 — 1 7E
300~400 nm Ju [EI N, FRHF T, — A2 H B 3
PRI SR 22 19 F T BRAE = AR R sy 22, ANE]
AR A8, B T A 1 AUETE | 067 A
WA BEAFAE 22 5, DRI AT LAGE 3 84 N O G sie )
Wr BRI S 2SR lr A 3 AT, R Y
MWy ok 267 nm, RIIEHT T 24 324 nm; 2lifb
Yy iz SRty 1124 278 nm, WISOEEHY T 24 320 nm.
Horpr 267 5 278 nm A& 1 WIS 18 B 7K DK
BRI RE S A FRAEFBESHAR, 324 5 320 nm
Ab AW IS BEBH AT RE AT B IR A R . /K
A VKR S B R 4 Fnali b 4 B W SIS T AR
Yo TR 1, HIGHY T AR EF2%, vl GEAY 5N
A BRI B 2RI IR ARSI B s
A=, A7 S R ) 58 A IS GRS AREAE P, 1T ELE X
b K B Atk 4 e e e B S s TR . PR
JEAE 200~230 nm Y] AW I I4s T 25 U0 B P RT i
AL A, L AT HUEX K SOk SR R e
filR 2544 8400 25 R AE, BARSE 1S TR e e gt —2

300, RN
S CEF
it -- PEF
B 2.0
=z )
b 1.5k}
IE| SN
Q1opi >
05+
0.0 - -
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PP (nm)
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Fig.3 UV-Vis spectrogram of rutin, crude and purified
flavonoids from Mesembryanthemum crystallinum
{E: RNT: P4 T 4R dh; CEF: /K i KR S B ML 15 PEF: K
ARV B B R 2 1)

2.4.2 AESLAHETAMNS GRS AT S IERE S S22 E
BRI LEAS A LT S N R BB, LTI T e
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Fig.4 FTIR spectrogram of rutin, crude and purified flavonoids
from Mesembryanthemum crystallinum
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Fig.5 TIC chromatogram of mixed standard purified flavonoids from Mesembryanthemum crystallinum
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Table 5 Components and relative contents of total flavonoids purified from Mesembryanthemum crystallinum
75 YESLAFR AR b MRME AT FRER R E] (min) BRI (mAU min)  AHX E 4 & i (%)
Raca e R R 1\ — B BT [E] (min E A (mAU-min FHX (%
BT ERETFES FETF
1 Tangeretin Tt e & CyoHy0;  372.781 1 342.901 14.340 8183934 50.854:0.089°
2 Nobiletin JIR R & C, H,,0¢  403.4 1 372.801 13.153 3369730 20.949+0.115°
3 Farrerol FERY C,;H,i05  301.3 1 180.901 12.611 1413145 8.781+0.072¢
4  Protocatechualdehyde  JLJLASEE C,HO; 138.862 1 93.101 3.090 637589 3.962+0.107
5 Diosmin WA CuHy,0p5 609.062 1 463.001 6.880 462651 2.875+0.079¢
6 Chalconaringenin ~ MlEZ /KB C,,H,,0,, 272.913 1 152.901 10.489 409064 2.523+0.054°
7 sinensetin B CyHy00; 372.955 1 342.901 12.097 360637 2.24140.056¢
8 Naringenin il CisH,05 2733 1 152.801 10.043 346185 2.151+0.066"
9 Rutin T CyH306 610974 1 302.901 4.645 177213 1.723+0.0528

¥ AFA/NEFRAERZE R B, P<0.05,

T EBRAS R AT 3K 2.776%, 45 T T LA Mg 254
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PECEARBIFRIER . FRT 0 AR B K Sl kSR
AR T 12 A AR AR, (ERATRESERS SR s T -
AR P A BB PRI B, 1350 1.189%, Rt Am
SERO SRe A A P A Bh A2 O T 5 S B A A5 AF, 4%
FIHIFFH 2.682%, PHE IR TALEAR, AT HRIEAK &
ISRAE S — T B SR (B3, 550 DL ISR L, 7K
SrEEFERE, TR B A HAHSUSEN, AT
FE T ER AR R IR, T3 B 5o i R

K D101 AL g2l b /K vk e 2 8 i 15 21
alifbdyy, it UV-Vis 4393 & BUK vk SR alifl
WIFE 278 nm Al 320 nm A4 B g A4 I IR0 gs, 3
T S T AR R B AT AR B FINEAT T, 11 A4 TE
FROE, AT LI 2EHEM L A ] B &G 2R | w5
HHAZEALE8; ad FT-IR S A HA4A O-H.
C-H. C=0. C=C. Wy 3LE Z P E T REHI YR 3]
W lgs, 77 & B2 G P i LA 25 14, IS5 TR
THE O R AT P 2 R B U JEL 5 B B A 54,
A RESA Y T BAfA; UPLC-MS/MS HURINZERH, 4lifk
YbE AT R IR MRS E . JRLSSIE .
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