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Optimization of total flavonoids extraction process and study on antioxidant
activities from the perianth and pollen of Hippophae rhamnoides L. subsp.
sinensis Rousi male flower

MU Jia-Qin', YANG Wen-Xi'**, YE Liang', CHENG Chun-Ya', LIU Cai-Xia', LI-Miao',
CUI Qiu-Yuan', ZHANG Qi-Li'**, CUI Zhi-Jia'*"", SHAO Jing"**"
(1. School of Pharmaceutical Sciences, Gansu University of Chinese Medicine, Lanzhou 730000, China; 2. Research Center of
Chinese Medicine of Gansu, Lanzhou 730000, China; 3. Northwest Collaborative Innovation Center for Traditional Chinese

Medicine Co-constructed by Gansu Province & Ministry of Education of the People’s Republic of China,
Lanzhou 730000, China)

ABSTRACT: Objective
pollen of Hippophae rhamnoides L. subsp. sinensis Rousi male flowers and compare their antioxidant activity.
Methods

method. The content of total flavonoids was determined by spectrophotometry. The optimal extraction process of both

To establish the optimal extraction process of total flavonoids from the perianth and

The total flavonoids of perianth and pollen were extracted by ultrasonic-assisted alcohol extraction

was optimized by single factor experiment and response surface optimization. Additionally, in vitro experiments were
conducted to evaluate the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and the 2,2’-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) cationic radical scavenging activities of total flavonoids from the calyx and pollen.
Results The optimal extraction process for the perianth was 60% ethanol by volume, a solid-to-liquid ratio of 10:1
(mL:g), ultrasonic extraction at 61 °C for 39 min, under which the total flavonoid yield was (4.59+£0.12)%. The
optimal extraction process for pollen was 70% ethanol, solid-to-liquid ratio of 10:1 (mL:g), ultrasonic extraction at
52 °C for 62 min, under which the total flavonoid yield was (1.88+0.06)%. At a mass concentration of 4.0 mg/mL, the
DPPH radical scavenging rates of total flavonoids from perianth and pollen were (84.87 +0.03)% and (82.53 +0.11)%,
respectively. At a mass concentration of 0.80 mg/mL, the ABTS cationic radical scavenging rates of total flavonoids
from perianth and pollen were (83.21+0.13)% and (79.37 = 0.06)%, respectively. Conclusions This study analyzes
the differences in total flavonoid content and antioxidant capacity between the perianth and pollen of male flowers
from Hippophae rhamnoides L. subsp. sinensis Rousi. The results showes that the total flavonoid content and
antioxidant capacity of the perianth were higher than those of the pollen, and both exhibited good antioxidant
capacity. The differences provide ideas for the separate development and utilization of the perianth and pollen, while
the similarities offer data support for the overall development and utilization of male flowers from Hippophae
rhamnoides L. subsp. sinensis Rousi resources.

KEY WORDS: Hippophae rhamnoides L. subsp. sinensis Rousi male flower; pollen; perianth; total flavonoids;

extraction process; antioxidant activity

0 3 B

v = Vb il (Hippophae rhamnoides L. subsp. sinensis
Rousi) & #F1FFHD S o A VB0 F AL RR, |2 50
MATREFE. TN TE. v, B, 5N e
Sl E YRR — R A A FME T
0 FE A AR TR AL T, 2R S R R O T
R BB AU ZE U R G AR M R,
BABEANE . PR, i, BeiEaEmET . B
IR PRITFARRE . A LA N R T AE A 2 B 1Y, A
IHRETEEDAn . KRG . BRI I H AR IR S 4 A
Bz NS IR,

B E A R BV B FBE Py Z—, A

T VBRI, BAPURAL . BRI . FEmET A |
DU S Z A RSN, B b ED R S T, X
HR I PBRSE D G T A R EAT F AN (L 7E R ARV,
VO TRMERE LEAH T, ELMERRMEEAE P A, AERRER, BEIR
Fu, HA D & RS, H R v o A i w5
FEAETE G Y, Gz X B SR R RS
IFTE o BRAZH BT SIAIEE B [ Vb e AL S IR 5 i
R4, BATHF RS, HUAALR T o i 7
ez —, IR RS R a5, AL
PLAIPT AT B UL o AT ST R AR TP B VDB AE, 5T
SR DR 0 v ] SRR A AR R AR5 A B T 412 B 2 )
ST E 4R, R Box-Behnken #5 i1-i Ji 17 1 AL AL 52
BCTZ, X AERANAE R AT RSN AAL TG PR, DU



218 B il 2 A iR A I A 4

FH1TE

VDR Z2 oA A AR AR R K, 1 — 5 R VST
PEBIA

1RSI

1.1 #R5ERF

b E VD BROEAE SR B 22 N T A e BRI, R R AE B
WAL TR 4G, & 120 BE, 4508 Bk, s
e, i 80 B, 45IE T-20 °Clfifr4 .

PR RGN (ZERE = 98%) . HEER C XM (4iE =
99.8%) (AL A YR A RAFD); 1,1- 8 FE-2- =g 5k
ZEJJk(1,1-diphenyl-2-picrylhydrazyl, DPPH)FI 2,2’-Hk % -
3- 2 KK I omE ok omko-6- B BR [2,2°-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid), ABTS](43#r4l, i
gy WAL ARG BRA ], JoKEE ., AR . ASERER |
AN SRR (P al, K K= ).
1.2 UE5REF

DHG-9123A B PG XU T 446 (I S5 IRBH A AU
FRZ\ F]); Multiskan GO I Z I EFR1Y . UV-power FIE4h
A UL 43 0 0% B2 i (A6 5% Sk A0 45 B 28 IR 0 A BR 2 ] );
KH-5200B #0588 75 P A FRAS (B L R A A AL A R A
f]); Legend Micro 17R % i v VR B D LR ER G IR BHE
(PENEBRAF]; XS105 B+ 52— F 0 KPR
R T AR A, HH-4 BRI KBS (LR 4 is
T FER2EER) ).

13/ &
1.3.1 BgERE&Zim e

Z AR E S D RS &, il 0.2 mg/mL
AP T ARUER WL, T 510 nm ALPE O EAE, FFahilbri
29
132 EFHEEREGN T

K R SRR AR IURE A, SRR SRV 1.3.1

HE—

7 HEAT SRR SIS, it 5 R TR
e

W/%=(Cx VxN/M)*100% 1)

o Wl MR IRECR, %; C A IV TR Y S
UM, mg/mL; V oARRMBAARY, mL; N NHFBEEG M
Shy v VDR AL AR RN AEAS A0 T i, mg
133 #HEZEE

()RR BB R REUCS RS 1 g, WOk
HR 12:1 (mL:g), F 50 °CHBA I 50 min, 435 L4 40% .
50%. 60%. 70%. 80%Z FAARB BRI, e & i WS
B, B RE P E VDR AL A R N AE A L T R R BRI £ A
AL

Q)RCRH IBfE: RIS ARR 1 g JREBUML

H 60%, HFTREE R 50 °C, AR 50 min, RSB
PEFE8:1. 10:1, 12:1. 14:1, 16:1 (mL:g), WIE M EFAE2E, B
S P VDU AR RS B AR B TR
QA R S RIS FEM 1 g, ORI
R 60%, BORHHE A 12:1 (mL:g), $EBUFA] S 50 min, ¥
FEIREAMTIESE 30, 40,50, 60, 70 °C, W2 B ATHHTS2, 1
E VD RAEAEAE ARG S T B IR i 7 I
(ORI E A KBRS 1 g, 12 mL
60%LEEEE, T 50 °Cor A $ZEL 30,4050 .60 .70 min,

R R P B[]

PIAER R g xi 4, JETHR R Lo as R, A
IPE(A) . WORHEG(B) . REATIREE(C) . A IR (D) 2y 5 i [
K, BEMEICR () WM TEHR, SRA Design-Expert 13
BAMACER IR T Z 0 AR IR R A LR 1,

%=1 7E£# Box-Behnken N& 5 A FE FE K E

Table 1 Factor levels of Box-Behnken response surface
methodology for perianth
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ABTS FHE T B HEIEBR R/ %=[(4~4,)/4,]%100% (3)
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Fig.1 Effects of different factors on the total flavonoid extraction for perianth
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Table 3 Design and results of Box-Behnken response surface
methodology for perianth
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Fig.3 Response surface plots of various factors of for perianth
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Table 5 Design and results of Box-Behnken response surface
methodology for pollen DPPH H HFAENENE A RN RE, 82T
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Fig.4 Response surface plots of various factors for pollen



224 B LA R

SRR % SRR %

SRR %

40
R ] /min - 35

60
PR/ °C

RIS 178
4 i HE R /%
50 SR ICR %
45
.8
£
g
:E 40
2,
# 35
30
50 55 60 65 70
AT U Y%
o S B %
65

9 10 11 12
WRHEE (mL:g)
Sk BT IR %

g
g
ey
g
i,
2z}
30#
8 9 10 11 12
WOk} EE (mL:g)
50 LI Y%
45
R
E
=
:E'40
.
e

60
R/ PC

Pl A(2E) 2% PR 2 i i R

Fig.4 Response surface plots of various factors for pollen

AH, SRV IR AG DU i KRR R BT AL, BE NS T4 1T M T
A AL RE F1 0, BRI nT LA FR 3 SRS 7
R, A I DA B AR A RS R AR I 1 AR A
[N BL i 2L A P R B — s BB R AL RE T

PI4EHE R C (vitamin C, VO N FHEXTIR, i 5 A%,
r [ VD A AR AR R RN AR B AR BOR ) DPPH F1 ABTS [H

BSF R T R A T 2 VR A1 RS, LA o
A B FERREE R L AE Ry R . AT EL R R — P BB AR
Bl SR TR, H TR SR IR A S K,
A6 1) 40 L R R A o P T R L T T T v R R
A PR 1 55 TR A e A AT ISR P,
— S ERE D A SRAR TS M Y R R 0.4 mg/mL I,



46

RAES, & FEVDBMEEAE WAL B B BT 20 S e i P 5

225

9. ¥ DPPH H M ZEIH B B M EE6E J1 43510
(37.51£0.04)%7F1(23.43+0.02)% . # B AiE F17E 0.4~1.6 mg/mL
JoT R Ve B N T PSSR IR R K, Bl R R IR RN, Y
WE N 40 mgmL B4 5155 2 i K (H (84.87+0.03)% .
(82.53+0.11)%; 7 0.08 mg/mL STy ABTS BHE T H Fit
TEREESI4M N 58.26% ., 50.44%, TE 0.08~0.80 mg/mL, FEHIHN

-a-VC
100 1B, . . .
a-AEk = S—
or 2'// i b ab a
£ sor ¥ O S—
%: 70 / c b a
= d
-
ERUSEL
& 30f /
820 4
20F F
10
0 1 L 1 1 1 1 1 L 1 1 1
0 0408 1.2 1.6 2.0 24 28 3.2 3.6 4.0 44
JHi ik B /(mg/mL)
&l 5

ABTSPHE T H HHITE R %%

TERIGT ABTS PRI Hh 3 14 ¥ B A8 7 349 B 45 o ek v J32 14
M E, T 0.8 mgmL JF & Hk Bk 2 i K ME 5 5N
(83.2120.13)%F1(79.37+0.06)%, Wil [ Fh JE (1) 2 10 4l e Ji
(half maximal inhibitory concentration, I1Cso)fJ K/ FR %
N RSAERESVC, BFFEUESE, 68 AR 35 HA B
DPPH H1 ABTS FHE T A t13LiEFRaceE, HEET VC,

100 —=—vC
—e— 1btk a a
oo | ~+HM
d
80
70 |
60
50

0 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80
JE YR B /(mg/mL)

TER ALK B DPPH H1 ABTS FHES 7 H i SL35 BRAE )
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