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OE: DUEEHRIBCE pdetr, RAMEARSINED 7 R R G R I T BRI . OB

WL 70% . B EE 1:30, $REUERE 70°C, $RHXEFA] 40 min, HEIZEL 3 Wk, TEMLACH: T IS e 2K b BB

B 7.24 mg/g, FEAEMCARMEFIIE T8 10 Aah R AR B A il 4.16 ~ 7.84 mg/g,  HLFEA [l & ZR 1Y
SEBIREIR KT, SRR AR AR ST KA, CGMG121 | 2 R I Ay, h ke

th 28 FhALSY . ATFF XS TR A ML B R L R R G AR A AREEE XL,

KRR UR WIS R, PR BRI AU IS BB T HOR
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Optimal Total Flavonoids Extraction and Identification of
Volatile Oil Components in Miscanthus sinensis

XU Le-Le', ZHANG Yan-Hong', ZHOU Xiu-Xiu', Diao Ying®, HU Zhong-Li*, JIN Su-Rong'*
(1. School of Chemistry, Chemical Engineering and Life Sciences, Wuhan University of Technology, Wuhan,

Hubei 430070, China; 2. College of Life Science, Wuhan University, Wuhan, Hubei 430072, China)
Abstract: An ultrasonic assisted method was used to study the optimum extraction of
flavonoids in Miscanthus. The determined optimal extraction conditions of flavonoids were as
follows: 70% ethanol concentration, 1:30 ratio of raw material to liquid, 70°C extraction
temperature, 40 min extraction time, and three extract series, respectively. Under these
conditions, total flavonoid content of M. lutarioriparius was 7.24 mg/g. The experimental yields
of flavonoids from various kinds of M. sinensis were significantly different, ranging from 4.16 mg/
g to 7.84 mg/g. The volatile oil components in Miscanthus x giganteus ( hexaploid ),
‘GMG121’ , and M. sinensis hybrid were determined by GC/MS, with 28 different components
identified. This study provides useful information on genetic breeding, which has great
significance for the development and utilization of M. sinensis.

Key words . Miscanthus sinensis; Flavonoid contents; Volatile components; Ultrasound assis-
ted extraction; GC-MS
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Hook.) . Fd 3k ( Miscanthus lutarioriparius L. Liou
ex S. L. Chen & Renvoize) %8, 34047 75 25 W11
R, REAFEHCERERE, (ARNRE
A K DUAEIR . 43 < ( Miscanthus x giganteus) .
‘GMG121" | FFi AN, B Ak AT AR, AL R
. ‘W819 . =74 ( Miscanthus sinensis hybri-
dization) | WAREREARITE

TR DIHmAY B R ROKIEEFE BORIER
BEb NS B2 R E . HAtE N AMEE
XFPERL G E AR e A W2 R | BRI
INTAFFEAE I ST R o o 2
RPTELTYE R | L AR AR R H S & = 140
Br, Ao m i A B D

TR ATLAGC A R, SENET, AR
Wk, TERE-Frp G, A gk, mdk
A LA T G, R kR,
FER AR AR EE TR, B 2 A2
Fevk, Bilan. EEEA LG . I 9T 3 koK A Al
. BRI RGN . ik, UMIE . P,
PrAALRITE BR A d 2R F D W R K £
HAPIH, A%, PURSESEYEHE, B,
X T B LA AR K R s B i &, (R4 et
Frf SR i DL SR R i AR D

AR SR FH e P A B v e R R A B R 2SR
Y, TR Z 60 T3] 10 v/ 5 R
Bl S, I T 22 AT U TN R AR R
B SRR 22, IR AR AR X 7 i 7S %
&, ‘GMGT21 | v Z% b 5 & Il Bl 43 3E AT 43 BT 4
FE, DA Jm A o A 2R A R AR A —E 1Y
PR

1 RS

1.1 #R5E&

PEIRRE ) S AR 5L i 6 B 28 24 28 I 10
ARG R, WRME T AL RRIEAR Y A FRA F
TR YR IR AR Y 2R,
FEE(8HK) . TEA% (5 HK) . WMk (3 #%) . WIL
k(4 tR) . AIR(5 HR) . AR ASRE AR (2 BR) 3k
POk (2 k) . BEFKPURSAR (3 #R) . ‘GMG121" (7
). ‘W819” (4 #k), 10 4Nih &R ILH 43 BAtk},

WA, WAEmREN , S SRS R o)
Mrati, SEE s £ 2 k. FA2004 HLF K (d =

0.1 mg); FW80 & /1 e ifHL; UV-5800PC %4 4%
Hh-1l Wb
1.2 ZWHE
1.2.1 HmahE

BEXT RS EREFF 65 CTHEHE, RF
FRRERLI I, TRt 40 HrBEGT, BEMLICEUL &
(AR AR B T3 FHAS R g RE
1.2.2 HMEUEWHRIFGE

KAk 0.5000 g (A5#f%] 0.0001 g) T HKY
HVATRE 3 4, BT 50 mL #EE M, A —&E
R S A S, ] 0.45 um IR IS,
IR BTk EZA 2 50 mL A,
1.2.3 BREEZLE

FREL 0.5000 g (fEHA%] 0.0001 g) FFk# A,
SR FH A Pl Bl A B R R SRR 2R A, AR
WOREE | BRI sk | BRI ] A4 I L
R 8 A B T AT LR R S, AEI G — R
X R B PR OCRRT, B E R ER,
1.2.4 IEXLLE

H TR SECE M ERN R, AR
T2, S 2 S0 0 45 2R DS i B £ O 1Y
SRR | RRACH . RIGRE | REUEE Ry 4 AN
MR Z, R Lo(3") IEZRER (R 1), HAEK
WEE 21K,

F1 EXIBESEE

Table 1 Quadrature level pilot factor table

A B C D
S B T
Levels  Temperature  Solid-liquid . Time

o . concentration .
(°C) ratio N (min)

(%)

1 50 1:20 70 20

2 60 1:25 80 30

3 70 1:30 90 40

1.2.5 HEREUEYESEWNE

2 B 52 A0 43l 0 B 177 o B v 1
B S R TIE , AEE AR TR RER 1 mL InA
#| 25 mL AT, FHKRIOMA 5%/ NaNO,
W 0.75 mL, 10%1 AICI,#5# 0.15 mL, 1 mol/L
) NaOH ### 0.5 mL, &5 H &5 7 /K E % 3
25 mL, BCHE 5 min J57EE AR 507 nm Ak g
JEEE AL SR ThR M 2k B

TR S AN
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m

K, n AFERAEEG ¢ MR (ng/mL); V
RFI SRR (mL) s m SR (g); wh
i (mg/g) .
1.2.6 EEHRELZHESNRIEEE

VEHCESH 3 AN R . ARG, (GMG12T
My HERIFREL 1.5 ~2.0 g 3K, BT 50 mL
HOEHT, DL 1015 BRI IMA F R 2 h 5
AR 2 Y, $REGREE Y 40°C, B [E] 30 min,
BEFH 0.22 um A8 I & I IR, e 45 |
WIS B, M O R MEE ., RIE4 CE
fife . BL, UREE L VEWCE T UKAR P AR

SIS, ik, DB-5 A BB
(30 mx0.25 mm, 0.25pum); FEFFFHE: 50°CH
£ 3 min, LA 6°C/min ) F il % 2% 12 Tt 2] 90°C,
JEF 90CHREHF 1 min, FELL 8°C/min A K I+ 2
220°CH-R-FF 2 min, &J5 LA 8°C/min F+ % 250°C,
PEEF 2 ming #A08 He <5 J#l 1 mL/min; FID
R4 8 R 250°C; #EREAR R R 250°C; ANy
TR, R 0.5 ul,

RIS RS (BD BT, BFREs
70 eV; B TIRIEE 250°C; R mILE N 40 ~
600 amu,

2 HER59H

2.1 ZESREISEMIREERN RN

Bl CBER RV R BN, #E RS R A 4R H
RABBEZ I, B K E] 70% IR BUR B,
ZJE OB (1) o 3K A R PR o S 28
6.0
5.5
5.0
4.54
4.0
3.54
3.01
2.54
2.0

BT
Flavonoids conthet (mg/mL)

40 50 60 70 80 90
LBFIRE
Concentration of ethanol (%)
B 1 ZEREXBEMREENZMm
Fig. 1 Effect of ethanol concentration
on total flavonoid yields

Y BIE T/KEPER, ARk & R, K
WAL S YA eSS . SRR, HEls
PRI B R, TR ERER N, Hik, e
T A BB B I R SR N 70%
2.2 Bk S HERRRN RN

BEF IR L A3, B A 4 R 2 i
RRR LA E] 120 BB ROR(E, 25 BERY)
JRAGHRBCR D (18] 2) 302 PO Bl 5 4 1
m, EESRE AW L, BRI
AW BRI R, RV RS
PRl iy, ot 23 1 AN FIDRZS R 3 i
BHAS SRR AL S P9

Flavonoid

4.0 A
3.5

1:10 1:15 1:20 1:25 1:30
B E
The ratio of solid-liquid (g/mL)
B 2 Bkt S 5mREE R m
Fig. 2 Effect of solid-liquid ratio
on total flavonoid yields

2.3 #BAEREN S HRENEN N

1] 3 RIAT, Bt A 7 s ) 388 i, 2R Ak
BYIRECRE I, 4t EsE] 30 min B, HEEL
R PR M, B EE S 30 min J5 R EBUR TR,
AR S TR A TR A AE K, BRI A 2% TS

o o o
(6} o (6]
1 1 1

PO =R
il 5 £
> o
o
1
n

(S
L

¥
Flavonoids conthet (mg/mL)

i}
i
>
o
L

e
(S}
L

/

T T T T T

10 20 30 40 50 60
A Time (min)
E 3 REAE R BRI R
Fig. 3 Effect of ultrasonic extraction
time on total flavonoid yields
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I, WRAEEER, RMANARE, SEUR
2S5 WA 2 s o TR] IR i I [ B FE
K, L, B E 4R BUR AR E] 2 30 min,
2.4 AEEREXSHMERNENZ MW

BEFH IR R T, B AP BCR A TR, 2
I HE 50°C)R, BEZAL & P i S BURAZ LA
WK 4), FRENAE—ERELEN, HER
BORBEERI TR, Tz sha i, 2 BiE i
e, $RBCR R ERIN, SRR R —E
W, SRR, ARSI NRAE , X BRI
EIEA R, Wi, REGRELE 60 ~ 70°CH

]
c
(] "
T 36 /
w

30 40 50 60 70
PRI
Temperature (C)
B4 REGREXZEMENENZIN
Fig. 4 Effect of ultrasonic extraction
temperature on total flavonoid yields

2.5 REEREX S HEMERNENRMm

BEE P O KA B 0, e i Y 4 BOCR AN I T
W, HARI3 YOS, SR A R LA (A
5), P, FAT AT LA 2 ¥l s AL, Ak F

100 4
80

60 -

Extraction rate (%)

40

20

L
\.\.

04

1 2 3 4 5
SRIREL
Extraction times
B 5 REUKEX S EINRINENHMT
Fig. 5 Effect of ultrasonic extraction
time on total flavonoid yields

SCH HBORRATER T, B R, BRI, &
Lkt 3 AR N e R IR
2.6 EXXKLHER

TERATR 2R S0 i HEAt 1, SR Lo (3%) IEZE 5L
BAFRIRLRILE 2,

F2 EXTIRER
Table 2 Results of orthogonal experiment

A B C D
LB G
LB mpr Fh Ethanol il Gontent
No. Temperature Solid-liquid concent Time (mg/g)
(°C) ratio ration ('min)
(%)
1 1(50) 1(1:20) 1(70)  1(20) 5.29
2 1 2(1:25) 2(80) 2(30) 5.43
3 1 3(1:30) 3(90) 3(40) 5.08
4 2(60) 1 2 3 6.18
5 2 2 3 1 4.87
6 2 3 1 2 6.22
7 3(70) 1 3 2 5.48
3 2 1 3 6.43
9 3 3 2 1 6.18
K1 15.80 16.95 17.94 16.34
K2 17.27 16.73 17.79 17.13
K3 18.09 17.48 15.43 17.69
k1 5.27 5.65 5.98 5.45
k2 5.76 5.58 5.93 5.71
6.03 5.83 514 5.90
0.76 0.25 0.84 0.45

MIE AZ S 45 v LAE Y, 5% i o I 2 B
RS HERFR, OEERE > RBURE > 2
BB ] > BHR LG, H P 2 R B X 1 2
ORI S ) fe A, HL U= 4R BT B 4R A (]
VR EE o 5 o B ) B AR R R T2 $R
IRE N 70°C, B 1:30, W 70% ., $RH
BFE40 min, $EREEN 3 k., TERIETZ %
PF I e Bk R B 5 = 7.24 mg/g, KT
IEAS S 45 5
2.7 ERMRAEEGLREMESE

IR T 4T, X 10 A R
RIS A TIE (% 3) .
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Table 3 Content of flavonoids for different
Miscanthus species

TEEBATHEMENLESYHISE(Mmg/Q)

ERERM], R P AR S A 4.16 ~ 7.84
mg/g Z 1], Fe v T I R 2k b o i A R, Ol
7.84 mg/g;AF i A A R G R R A, 1R

o SEER SR AnifERE . o .
Ssgfi;es Flavonoid ~ Standard 4.16 mg/g. 10 ~fh R [B] w2 N 3.68,
content deviation 2 8 ﬁﬁﬁ%ﬁiﬁg%mig'ﬁﬁ*ﬁ
HIUAEIR M. sacchariflorus (tetraploid) 472 0.34 X 10 AR 5 2R ST b R 2 A 1 22 St
I M. gigant 4.87 0.55 S s =
S o o T 25001 (3 4) AR R, AL & Y& A
' ' BESAIEESE=S oA 2 KA
AR AEE M. giganteus( hexaploid) 416 0.25 Z:qufliﬂ Eﬁ%ﬁiﬁﬁﬁ TR
FAKIUAEAR M. lutarioriparius( tetraploid) 6.57 0.39 2.9 EXBEUEGMHSH
LRIk M. lutarioriparius of Hubei 7.84 0.82 Fig R R 0 35 - T3 2% 4 X6 12 5 v 3 31l R A
‘Wg19’ 5.94 063 T8, H GC-MS A NIST §i5 1 H gl R 4o Hr
4% M. sinensis hybridization 6.63 1.33 oW i, IR Ae R 2h kAT N TR 1537
e Bk M. lutarioriparius of Hunan 7.24 0.09 AT CGMGI21 2% 3 AN i 2 19 45 R Il L4y
™ M. sinensis 6.06 1.32 (%:2 5) i
F*4 TEEMRPEMELEUWNHAEDSN
Table 4 Analysis of variance for flavonoids in different Miscanthus species
258 , Bk
Plaﬁ*?nzﬁals Difference 7‘;? ﬁgﬁ:r J’\;iSZE £ Fios Foo Significance
resources level
W A 2f1[H] Inter-group 40.42 4.49 5.69 2.18 3.01 ok
Flavonoid content 20N Intra-group 26.06 0.79

x5 BERENTEHELHUFEINEESER

Table 5 Components of volatile oils extracted from Miscanthus by ultrasound-assisted method
-t/ A~ L (o +
(5B ] , ‘ *HXTQ HIX & (%) Relative content
N R . c N d Molecular Relative ISR TR
0. Restention ompoun formula molecular M. giganteus ‘GMG121’ M. sinensis
time mass (hexaploid) hybridization
1- FH 35 s
H,N - -
! 6.35 1H-Tetrazole, 1-methyl- CzHiN, 84 1.58
4, 8- —HER OB
’ CioH1,O - -
2 6.550 Benzeneethanol, 4, a-dimethyl- 1074 150 033
2-Hi-4,5-— Sk
’ HgN -
3 6.717 1H-Imidazole 4 ,5-dihydro-2-metheyl- CaHeNo 84 1.86 0.65
N-F2 562 B 7 220 7R Y I
4 7.175  Benzenecarboximidic acid,N-hydroxy-, CgHgNO, 151 44,51 11.61 19.24
methyl ester
3 F3k-4 5- A W
’ C,HsO - -
5 7.908 2(83H)-Furanone, dihydro-3-hydroxy- 4rems 102 2.09
1,2,3-T =
6 8625 ,2,3-Butanetriol CaH100s 106 040 B B
2-NEEN R
CgH400O - -
7 8.783 Propanedioic acid ,2-propyl- 6' 104 146 1.69
8 10.308 SRR C,HsO 72 - 1.00 -
Cyclopropanemethanol
(1H,3H) -5-% H-6- V. fiff H-2 , 4-W5 g — Tl
9 10.517  2,4(1H,3H)-Pyrimidinedione , 5-amino-6- C4H,N,O4 156 - 1.10 -

nitroso-
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&gR5
(B2 ] FHXT 43 MXFE&E (%)  Relative content
i 5 FK FRh
i Fas Ly | f B
r?\laj; R(mml) C{t”% Molecular Relative A R AR /S
0. Retention ompound formula molecular M. giganteus ‘GMG121° M. sinensis
time mass (hexaploid) hybridization
4-ZHRH RS T Be
H —_ —_
10 95 Benzoic acid ,4-ethyl-, 1-methylpropy! ester CraHe02 206 14.29
el P o PV
CgHgO
11 13.508 Benzaldehyde , 4-methyl- gHg 120 29.98 36.69 52.05
1,2,3-T =8
' C4Hy0 - -
2 14025 1,2,3-Butanetriol 4710s 106 0.27
(2R,3S)-1,2,3,4-T Uiz C.H. O _ _
18 14125 1,2,3,4-Butanetetrol, (2R, 3S) -rel- 410 122 021
2-Hl A KE-4- 2 I B iy
CoH40O
4 15125 Phenol, 4-ethenyl-2-methoxy- 9 o2 150 8.96 533 6.03
2- 1 JL-3-J7 T F o Ty
CioH1,0 - _
1 17238 Phenol, 2-methoxy-3-( 2-propeny!) - ot 22 164 1.94
3-SR 2T
CioH1cO - -
16 17.608 Ethanone, 1,1’-(1,3-phenylene) bis- 10702 162 2.90
3,5- TR T IEAE
: C1aHpO0 -
7 18217 phenol,3,5-bis(1, 1-dimethylethyl) - 142z 206 0-99 1.2
(1R,28) -1-#3k-2-2 32, 3- & Bfi-2-F
18 20.183  1H-Inden-2-ol, 1-amino-2, 3-dihydro-, CgH{{NO 149 - 1.79 -
(1R,2S)-rel-
2,6 AR - 4- 05 TR SR
’ C1H,,O - -
19 20425 Phenol, 2,6-dimethoxy-4-( 2-propenyl) - nhas 194 201
3-( 2-Hl S - 4-F2 3k ) R IL-2- Y M
CioH10O - -
20 20675 2-Propenal, 3-( 4-hydroxy-2-methoxypheny!) - 107703 178 328
2-H Ik -4- (3-: BN IR 3L ) 5y
21 20.817  Phenol,4-( 3-hydroxy-1-propenyl) -2- CioH1204 180 - 7.40 -
methoxy-
5-( 4-N PRI ) -2- 10k e HY
CgH{{NO - -
22 277 2-Furancarboxaldehyde , 5-( 4-morpholiny!) - oS 181 336
1,20k " HR-1-(2-F I N 3% ) 1K
23 22.383 1, 2-Benzenedicarboxylic acid, 1-( 2-methyl-  C,oH3,0, 334 - 2.54 -
propyl) 2-octyl ester
1,2-28 I #R-1-TFg-2-+—Fd
24 22,725 1, 2-Benzenedicarboxylic acid,1-butyl 2-un-  Cy3H30, 376 - - 4.63
decyl ester
3-(4-F2 -3, 5- VAU BE ) AR -2- I s g
25 23.550  2-Propenal,3-(4-hydroxy-3,5-dimethoxy Cy1H,0,4 208 - 4.69 -
phenyl)-, (2E)-
T AR
H — —
26 23750 o tadecanoic acid CisHa0 02 242 9.22
3,3,8,8-PUHIH-=3R[5.1.0.0(2,4) ] Fki-5-
FH 7% PP g
Ci4H»,0 - -
2r 23992 Tricyclo[5.1.0.0( 2, 4) ] octane-5-carboxylic ™ 272 222 1.90
acid, 3,3, 8, 8-tetramethyl-, methyl ester
7
28 24.167 CuoHap 0, 312 - - 11.76

Eicosanoic acid
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R 5 A, M&EFHAfEER, ‘GMG121 |
Zerp e 28 PR RSy, Hob A RS AR
HAE D 6 AP T, CGMG121 2E5E 1 20
PR R e 4y, P52 LR 10 P &M LA
H AT 2 B 1 AR SO Y R il AN
b I B R S A 2R, T Rh
MR R FEENR . B, BESE, X 3R
A R N-FR R W 2 R . 0 H 2R
W 2-W A BE-4- LR HOR Y s Ak, 3,5-TRUT 5k
KRN ‘GMG121 FisZe i dh | Hop —2e
gy RaE R AR . CGMG121 | PR

3 it

AR SIZ I8 SR FH R P i B A AR B R v B 2
Y, SRFHCEWE 70% , FEHUE R 70°C
B H1: 30, MR A 40 min DL &% $ B KL 3
UON B BB B T 7, A FIAE AR
[F) it R P B BT ) B S Y L7 4.16 ~ 7.84 mg/g
ZE, AR ENER, MEMEY A EENE
2S5, N TR) A 2R 22 () B4 o5 B 4 i 22 R AROK
L, M s R ORI 2 ) i, W20 R P R
iR, JiAh, ASIRLE R PSR B A2 A
ST(IMAgER | FAGER ARR) TRUEAR
Eve2e R R DUE A AR ) 4SS B ik A T g
R, 15 F AR 1 2 2 08 I AR A R A
F e

R A5 3K 2 R 43 B 2 B ep i 4 K T
4y, MWAFRIASRER . CGMG121 | et ke g
28 PR KMk Ay, R R R R R
W5y, HKRZJE TR &R0y &R E
Y, FTHERRIVERR . &R, WImsiEmor &
BB

AW R T A I & AR PR T B A BRI
85,

SE Lk
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