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Comparison of content of five flavones in Citrus grandis “Tomentosa” and Citrus
grandis with quantitative analysis of muli-components by single marker
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Abstract: Objective To establish quantitative analysis of multi-components by single marker (QAMS) to compare five flavones in
Citrus grandis “Tomentosa” and C. grandis. Methods Four relative correction factors (RCFs) of neohesperidin, rhoifolin, naringenin,
apigenin were established in the HPLC method with the Naringin as internal standard, which were used to determine the content of
four flavones in C. grandis “Tomentosa” and C. grandis. Meanwhile, external standard method (ESM) was employed to calculate the
content of five flavones. The difference between ESM and QAMS were analyzed to evaluate the accuracy of QAMS. T-test was used to
compare five flavones in C. grandis ‘Tomentosa’ and C. grandis. Results RCFs of neohesperidin, rhoifolin, naringenin, apigenin
were 0.898, 1.519, 0.313, 0.406, and repeatability was good in different experimental conditions (RSD < 3.0 %). There were no
significant differences in the quantitative analysis results of two methods. Content of naringin, rhoifolin and naringenin in two species
were significant different. Conclusion The RCFs of neohesperidin, rhoifolin, naringenin, apigenin as reference to naringin are
accurate and feasible. Content of flavones in Citrus grandis “Tomentosa” and C. grandis are obvious different. QASM can be applied
as a strategy for quality control of C. grandis.
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Table 1 Sources information of 25 batches of C. grandis

samples

T L R | S i R
M1 T &AM ARIHRR | G1 O TTPE LA il
M2 THARM ARIHER | G2 TTPE LA il
M3 RN IR | G3 TR EAM i
M4 RN IR | G4 TTTEEAM i
M5 AL fkMAR | G5 T RAK Hh
M6 JUAARIN fkJHAN | G6 UL ERAK Hh
M7 JOHEAM fbMAN | GT TR R Hh
M8 &AM fbAR | G8 TR il
M9 THARM ARIHER | GO TTPERE)I Hih
MI10 T ZAbM ARIHER | Glo TTPETE A Hihi
MI1 T &AM IR | G117 PEREA i
MI12 JUAARIN AkJHAR | G122 IR Hli
MI13  J AR Ak AR

2 HESH

21 —NBIFHEFER

2.1.1  (OE&F (AIEFEA Thermo Bos Hypersil Cg
(250 mmX 4.6 mm, 5 pum), JaIAHNHEE (A -IK
BEIR-7K (4 2 61) (B); BAEESENE: 0~35 min, 25%~
55% A; AR E 1.0 mL/min; #:307% K 283 nm;
FEL 35 °C; dbFERE 10 uL. BRI 1,

1
A
3
L2 4 4 5.
! B
R T S T R
1 C
\ 23 4 5
oo ~ T
0 4 8 12 16 20 24 28 32
t/min

LR 2-BifE Rt 3B 4-RhesR s

1-naringin 2-neohesperidin 3-rhoifolin 4-naringenin
5-apigenin

E1 REMRSE (A)EBL B) MAFL (C) BHPLC

BikE

Fig. 1 HPLC results of mixed references (A), C. grandis

‘Tomentosa’ (B), and C. grandis (C)
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Fetr BRI, M E . SRR RS, R
EROE, WROER, B, BB RO A0k
1.500. 0.001. 0.079. 0.010. 0.001 mg/mL iR &
T BTSRG0T A VR

213 MERMERAHIE B R R Gt 3
i) 2905, MEME, BT HEHERRS,
A 50 mL A7 lilg, HEFEAREE (ZhE 500 W, AR 40
kHz) 30 min, HUHH, JE, #20EM, AT

i, EE AT 30 min, HUH, 0, RRa i, H
FREAD L B R BT B, R840, JBCE, 045 pm flfL
JEMEEIE, HNELUEHE, RO A

214 ZMEORRFE R ERR A S
0.5 1. 2. 4. 8. 16, 20 pL, %@ “2.1.1”7 Wi R
SATRERE, MEEms, DR (X AR,
WAL (YD AR, SEATEME R, 153
FETHE, WK 2.

®2 SHEMEMSHILERAFRE

Table 2 Linear regression equations of five kinds of flavones

ELZID Yo EfEW i LMV /g r

Rilt e A Y=1 688 883.889 X+225 570.798 0.750 0~30.000 0 0.999 9
LRy At Y=11892037.847 X+112.436 0.000 5~ 0.020 0 0.999 9
BRI Y=1 111 832.666 X+6 564.114 0.039 5~ 1.5800 0.999 9
il e % Y=5 438 000.375 X+3 303.830 0.005 0~ 0.200 0 0.999 9
NS Y=4171741.179 X+328.618 0.000 5~ 0.020 0 0.999 9

2.1.5 EEEFES REWIOR G TR 10
pl, F%M“2.1.17 TR AR B YR 5 O WE 5
Rl AU IAR, S5 RW], MR, B T,
HPRRRET « Ml 25 L S R T AR K] RSD B 53 71 A
1.18%-. 1.80%-. 1.50%-. 0.79%-. 0.76%, FWIILEs
R % R AT

2.1.6 FREMRE  DUEREZR R (M6 AL
250.5g, MEME, W “2.1.37 WU A
P, EIRCE, Al 0. 4. 8. 12,
16+ 24 h# M “2.1.17 T Nk & RdieE, e
VT AN . 25 WA AT BT AT BT AT Al
R SRR RSD 450 0.57%.
1.04%. 1.58%. 0.88%. 1.52%, B4l /ismk
24 h WEEME RIF.
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T Rl 2= O SR R A RSDAE 73 514 1.30%
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RIf.

2.1.8  NFE RN R B C e Ol A
119.532 mg/g. HFELIF 0.105 mg/g. BFEWFF
13.192 mg/g. A% % 0.330 mg/g. /g% 0.048
mg/g) 1 M6 FHFERZ 025 g, JL 6 4y, Ki%mK
S ar IMVERA I N A B« BT RS B AT PR

M 2. IFSEE O 30,020 0.020 3.10. 0.10.
0.02 mg, $% M “2.1.37 T J7 v i 2% Al i
Pl 92107 BURSAFRERE, e IR, T
ST S 11D S AN T S AN S AN 0~ IS AN 1158 N
FER Z BRI 5N 97.89% . 99.82%. 98.18%-
97.72%- 98.88%, RSD 73l k) 1.56%. 1.86%-
0.94%. 1.44%. 1.49%.
22 fHIIHE
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RT3 URBLH 4 MEPH fITEER (n=6)
Table 3 f'value of four kinds of flavones in C. grandis (n = 6)

M s B
Iﬁﬁ—%/uL S o fmgnmez fomnres

1 0.897 1.515 0.314 0.408
2 0.899 1.517 0.317 0.398
4 0.900 1.516 0.311 0.416
8 0.900 1.524 0.310 0.402
16 0.893 1.520 0.311 0.403
20 0.896 1.523 0.312 0.407
] 0.898 1.519 0.313 0.406
RSD/% 0.305 0.248 0.828 1.533

23 fEEMREREERHEER

230 FEDIMEHS B “2.1.27 TR EHI& T
VRIS, J 2117 TR I i £ AR R
2 % 8¢ Waters E2695 T = 2500 AH (0 15 A
DIONEX ASI-100 %Y & 2 i Al 4 3% {X . Bos
Hypersil C;g t1% #F . Kromasil Cig fil Symmetry C;g
A, THERRR. BN MR R T
KEHSHNSYR LR f SRR 4. K400
S RSD<<3%, KL%,

x4 FEREBUMEIEHERE TUEH f(n=6)

Table 4
chromatographic columns (n = 6)
& iR
Waters E2695

f obtained by different instruments and

o [rwmmes v [
Bos Hypersil C;g~ 0.898 1.519 0313 0.406
Kromasil C;g 0.873 1.547 0.309  0.404
Symmetry Cyg 0.874 1.534 0321 0412

DIONEX BosHypersil C;s 0904 1.508 0308  0.402
ASI-100 Kromasil Cg 0894 1505 0316 0401
Symmetry Cis 0899 1546 0316 0.405
Bfe 0890 1527 0314 0405
RSD/% 1508 1214 1553 0963
2.3.2 R B e B “2.1.27 TR

D V5 A B IR G N S, FR IR 2117 T
S BEAE o 43 99 5 %% Waters E2695 T 5 R0
LI { . DIONEX ASI-100 7 iy 24 i AH (5 3% 4,
Bos Hypersil C;z & i #& . Kromasil C;3 Fl
Symmetry Cyg (041, V1847 20 B A 1T
FPEBITT . M R TR RS NSkl A
YR AR, HARME IR WK 5. &40 o 1 AH
SR B RSD ¥1<6%, RUAMXIFE, Al
T 0 5 .

£S5 ARBIENFEIEEZETNSREIMREE (n=06)

Table 5 Relative retention time obtained by different instruments and chromatographic columns (z = 6)

e SN b et/ b T whgi s/t ¥ e/ w1 ¥ jss/mitr
Waters E2695 Bos Hypersil Cjg 1.238 1.369 1.852 2.682
Kromasil Cyg 1.151 1.231 1.896 2.429
Symmetry Cig 1.166 1.244 1.914 2.447
DIONEX ASI-100 Bos Hypersil Cjg 1.243 1.367 1.831 2.621
Kromasil Cyg 1.148 1.227 1.845 2.345
Symmetry C;g 1.158 1.269 2.035 2.670
ifE 1.184 1.285 1.896 2.532
RSD/% 3.736 5.164 3.976 5.648

2.4 —MBIEESIMRENEL R L

HORE oM AT B, % “2.1.37 TR k&
BER VAW, 4% “2.1.17 TR €05 4% I A 04 T
B, R AR ST A 20 oA S S B R B
PR M R TSR R R AT S e,
) B SR ) — 0 22 D90 2 57 1 9 2 W Rh S B
PER . BV M 3. PSRRI SIS
TR, SRILE 6. KM Z LS4
PRy S A B AR 2, IR FIA SPSS 19.0
GV HEAT ¢ RS, SR BRI REORT

0.9999, FW 2 Mkt HaEREEEHEZER.
2R 6 nl 4, MM R KT 3.5%, o

CrE 25y 2015 FRME . AR IMRETHE
P BMGS eG4 5 Fhas iRl & &
B, o mEH SPSS 19.0 #EAT AT ¢ K56, KF4h
WENEIKE 0=0.05, 5> 45 SRR HER L5 UG
grrp, MR BPEMTE. MR BRI E
Z5% (P<0.05).

3 itHig

I VPR RENE AR IR AR B A T, Bl
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Table 6 Contents of five flavones determined by QAMS and ESM (n =3)

—MZ LS IMRENSUABLD S HEHHEZE (n=3)

Fedh Al H

PR B %

B % Tl B2 2%/%

TR/ Y%

WEZAE ks RSD/% —IZW  4Mr RSD/% —WZAE Ahks RSD/%  —WZAF  Ahkr RSD/%
M1 169.989 0.157 0.156 0.041 14325 14398 0362 0576 0571 0.649  0.090 0.089 0.172
M2 171711 0.104 0.104 0.182  11.124 11.167 0272 0579  0.574 0.651 0.054  0.054 0.583
M3 110907 0.130  0.131 0251  6.844 6882 0392 0406 0402 0.616  0.057 0.057 0.182
M4 219468 0.070 0.069 0.522 5617 5598 0237  0.68 0.680 0.675  0.073 0.072 0.464
M5 90.755 0.039 0.039 0286 10785 10913 0.834 0320 0317 0.676  0.045 0.045 0215
M6 120325 0.101  0.101 0.081  13.427 13.544 0.611 0.341 0337 0.896  0.047 0.047 0.465
M7 274573 0.148  0.148 0305  12.110 12.121 0.061 1.034  1.026 0565  0.094  0.094 0.390
M8  184.092 0.163 0.163 0.081 11271 11308 0234  1.167 1.162 0318  0.08  0.085 0.252
M9 134107 — — — 3.659  3.643 0312 0.826 0.823 0.247 — R —
MI10 116570 0.053  0.053 0262 5934 5955 0250 0336 0332 0.887  0.050 0.050 0.369
MII  90.658 0.140 0.141 0495  13.773 13.953 0918 0464 0462 0258  0.096 0.097 0.441
MI2 99244 0.050 0.050 0.145  6.693  6.740 0495  0.103  0.097 3.721 0.064  0.064 0.047
MI3 137.722 0.070  0.070 0.223 5924 5932 0.103 0382 0377 0.878  0.043  0.043 0.697
Gl 64.506 0.124  0.126 0.946 1.674  1.656  0.772 1.087  1.099 0762  0.119  0.121 1.042
G2 65.559 0.070  0.071 0.661 0.908  0.871 2960  0.185 0.182 1.193 — R —
G3 73.865 0.059  0.059 0362 5615 5675 0758  0.104 0.099 3254 — - —
G4 52015 — — — 4.006  4.068 1087  0.087 0.083 3.462 — - —
G5 77.499 0.047 0.047 0.110 2768 2765 0.073  0.088  0.084 4.095  0.024 0.024 1.065
G6 89.778  — — — 3288 3287 0.031 0262 0258 0968  0.024 0.023 1313
G7 90.714 0.091  0.092 0.334 1113 1.073 2570 0241 0237 1.124  0.056 0.056 0.030
G8 53.402 0.070 0.071 1.042 1701  1.692 0372  0.169 0.167 1.027  0.085 0.087 1212
G9 115429 0.104 0.104 0.129 0917 0871 3.680 0309 0304 0991  0.012 0011 4.076
GI0 37365 0.048 0.049 1.636 0942 0923 1470  0.105 0.103 1.704 — - —
GI1 104501 0.104 0.104 0230 1485 1449 1.768  0.176  0.171 1.965  0.060  0.060 0.067
G12 57317 0.141 0.143 1.197 8673  8.852 1445 0311 0311 0.003  0.075 0.076 0.984
“— R )
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