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TEE TS ARAE B 0 A B AR R T2 S R Ay . R A B B 2R 30 A Plackett-Burman 38 5 15
Pl 0 L RN A 3 A B EE S £ MR R B YRR L R R T R SR s vk i — 4B
Ak, 45 H fe A 4 4R 3R LB E] 15 min, & BERFR A28 44 %, Wk 45.5 mL /g, 8 75 B E] 20 min, 5 iR B
34 °C L ULAT  AAE IR TR A B & RN 16.29+0.12 mg/g. IEAN, HPLC 455 8% AU B b EEA5H 18 Fh
By BT A3 4 Fh B ER R 2R B L1 Rl BB 2R I B L6 A S B ZR W BT L 4 R IR W B A 3 Fh £ P ARk B
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KW B BB SR A MBI Placket-Burman; AR T-RON A 5 4L s TRAEH]

mESES TS 201.1;TS 201.4

T B RIS AT s 27 W 58 R WY, 245 HTAE )
HREMER/N GRITFHE A 2, B BOIR YT O I %
TR 1 A 1 T M T8 B R E A 52 4% L 5 Y
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RS T I RO B et oRIERY .

L7l I8 R BB A A Y 5 T AR A BE e A T
& — PR BE A 1 AR AR S T 1 ) o
MPEICZ B 7z Y . R U B & A
el e R P B BB TP i 22 B b AL R O e 3 T O
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b 2 B G 0 A2 20 RN R X W B I R 2 4 Ak
2R BRA .
12 UF5EE

QE-100g =3 J1 BE K3 W HL , Wi V02 37 T 52 A BR
A W] s KQ-300DE 7 M 15 Pk » Y175 B 1L i e 75 4%
A BRI T s Waters €2695 4%, 38 [E Waters 2 7 ;
UV-1800 %8 4k 4 D6 o6 BE 3, H A & H Bl 2 1 8%
YNEIN
13 BEKEHZEZRIMEMEY R

FERFRIC L g BB VR T8 & THOE R, 08
T AL 2 RO P AR e 2E % B SR R 7S 4 B &
B B, B B A IR & W 7E 4 *C LA 8 000 r/min B
O 15 min, W FIF W, IFAE 40 T LR £ &
B, feo K B SR EC DL 80 %0 Y AT T AIE R
A1 : DERT 25 mL @B, 7
oAU
14 MEEBESENUE

HRAE Cliffe S5 Y 77 36 115 24 18 ool s A5 48 42
B v B T
10% 4 Folin & Ciocalteu ByikH], 1B &) 5 G B
5 min, JIA 4 mL 75 g/L Na, CO; & , 7 40 C 1Y
KV H RN 10 min, 55 FE 760 nm &b P17 0% B
AN A o DAAS [R] Jo o 3 32 6 32 0 T B R X R i
N R R o A e R = i R R = )
y=09.9780x +0.0196 ,R*=0.999 3, & i) 5l
SERUBEAER TSI ERE TR Y ER
NS BN mg/ g FEARXINT

B i = CVa/m P

KD, C B R RS SR I 1B F TR
i, mg/mL;V R AR A A 4R By i SR B m L
n A SR AN GO D SE I A o ) B R B m AR
BB R R, g,
1.5 BEZRRKIEIT

SR AR SC 1,37 () A B Ty kL o S 5 5205 i B
[B] VBB EE | 2B R A3 R P R ) R R R AL 5
AP X A R R R R R, OB EE 40
ml./g. LEEARF %0 80 % # 75 B (8] 20 min, M
HEE 30 °C 4R ISR F, H &R [ 2 0.5, 10,
15.20.25.30 min %S08 5 00 52 M) 5 [ 3R i B
] 15 min, ZBEAFL43%0 80 % L 475 Aif 6] 20 min 8
PR EE 30 °C HHEIA A, 5 SEWOR S 10,2030,
40.50,60 mL/g X G\ M 1% 5 (149 52 Wl 5 [ 2 3= i 1 (]
15 min &KL 40 mL/g 8 75 B [E] 20 min ., #75 i

B 1 mL B B A IV A5 mLL

JE 30 C Ry H-BUARMF, B R AR 3 B 200,
40%.60% .80 % 100 %6 X B 2tk 1) 52 M 5 ] A2 2
AT A] 15 min, SR 40 mL/g. £ B R B4 5L
80 %6 IR EE 30 °C Ay 4R HU AR, 25 S A I )
5.10,15.20,25.30 min X i B 7 5 19 52 1R 5 [ 1 12
AT ] 15 min, KL 40 mL/g. £ B4R B2 5L
80 % S AT IH] 20 min AYFEHUE M, % 508 75 il
915.20,25.30,35.40 °C X Bl & s, R4
BRI 06 45 S0 A8 1 45 TR B L
1.6 Plackett-Burman i 3% i& it

% F Plackett-Burman it 56 % 5 4~ [ 28 & #E 17
S DR 2R 1 O 22, A 78 A LA AR 2 SRR
N DARREE B IO T B i O AR 2 X AR A T
B ST R Y 3 AN R i — 2 i
1.7 BRigit-g it i it

M PE Plackett-Burman i 36 % 11 09 45 3, 3£ £
CTERFU B ROREEL BB R IR B 3R 3 AN E L DA
FEHR U Y BT Sk e N {E A 3 AN
5 A9 CCD R4 -G — i i 1z 1 . 3 5211 6
ANEEW PO S TR 2ZE, 78 Design-Ex-
pert 10.0.7 B CCD %0 B 5% mi K 41 1% 1 2
T 7KF 708
18 HMERIYEHREYRREERSESEN
i

HPLC &2 % ik o 50 1 s R R R IB k.
438 43 B 78 ZOR-BAX Eclipse XDB-C18 4, i 41
(250 mmX 4.6 mm,5 pm) P AT FIAHH 0.1%
) F TR 7K I T T R A AR O 50 B 2L L B
VEWE AR FE 40 F :0~20 min, 37% ~50% B;20~ 35
min,50% ~80% B;35~40 min,80% ~100% B,
ZEAHIEAT Ay 4 AN PR HEAT R I, BT A RS g
K 260 nm, LA R EFRA il B2 B K B
B R 2R B | IR R R RA e R AR T K 283
nm , LR SR | T R | BT A IR R B L)1 R e E RN
i Bz Z BRI K 330 nm, B E M £ L%
Y G 30 4 oA 367 o, 55 A I AT O 3 il B E
PR B2 IO A5 AR VR 2R 0.22 pm (O B8CFL A HILUE
Ji 3ot 8 5 HEAT HPLC K3 23 #r
1.9 HELE

AKX EE 3 K, 45 R UL E £ 5
Z7FoR, 18 SPSS Statistics 23 B A% % B #E 4T
VLB 0 T
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o Al R R R

540

2 HBRE5HH

AEMEYMRERIZHERZAR
M 1A AW, 78 0~30 min, B8 LB & &b
VR AT ] A ZE K, S S T v R B AR AR f R
FEVR L 15 min B #E 47 88 75 £ HUIT 19 09 S 19 7 6 J
{54 14.6640.15 mg/g. B B I R] 1Y HE 4, A0
2 R G R B L IR I 25 min S5 AL A B
EACH B SR T0% AT . X T RE R B TR
18] 33 o AML A8 VR 10 AS REAR G b o0 10 A S B 5
BETE VA T e DR S 42 il TR A 2 TR R e T L R
By A5 R, 55—y T, 3= I ) o K 4 il AN S 4 4
OB S L SRR kL E R AR AT 4K
M PR Rm, M THEZHHELR, F8H
AL, 25 b, PR AR 10 ~20 min
T 0 3 K

M 1B A] UL, Bl & WO B 10 mL/g 34 m 3
30 mL/g, S & & B W8, 7E MR 40 mL/g
B S B IR B oK 14.15£0.35 mg/g. BEH I
TR LR A5 1 B, AR R R LR W IR AR
VA )t ) BN A5 A0 B N A 2 R B 22 AR KL 3R B
S A7 2 ) LA/ S AV AR i A AR A R B K. ST

2.1

I A = R 1 25 R S U R L 30~50 mL/g
HEAT O 2 1

MIEL1C W] UL, Bl A 2 B AR AR 43 B0 14 n s AR 48
ST LRGN S D R AE SRR
Bk 40 %0 B, A8 R Gk B B, O 15,66 +
0.51 mg/g. 7E 100% L BEHE AT , B8 B0 7% o %
P2 9.060.51 mg/g, WHEM T HAAH ., S&a
A FRL G 5 2 (AR A8 v (0 Vs M R g v e e I o
PRV L T BOHE IO AR A T 2R ) R R
ZE b, VR OB R A B 3006 ~ 50 %0 i 4T Ui 1
g,

MIE 1D W] UL, AR S B O L B G )
FE K 52 B ST 0G0 5 T AR 0 AR Ak R A, AR R
[B] >4 20 min B3R5 5 7 o 14.3840.35 mg/g.
AT 2 i R] K B 5 B R T8 BB 75 I E] 15 ~ 25
min 17 0 5 5

PR AR IR AR b, R ) G R
MIETE AL, AR 28 6 By 7 o Bl B R Y 1 T
5% W 8 I o e IR AE 35 °C 8 B R R ME
(15.547+0.32 mg/g), kb 15 CHI W @ B & a3 17
52.80% . PRI, 3% RO 75 i B 30 ~ 40 °C #E 47 i %
KK,

16~ A 16 B 18- C
. . : .
B8 14 =2 14 ) w8 16f
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Q Q o
<3 =z = 14F
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[A] — 2 B0 P A ] 2R 2R 25 5% 18 3% (P <€0.05) ., Values followed by different letters in the same group showed statistically significant

(P<<0.05).
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Fig.1
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Effect of five extraction parameters on the content of total phenol in Citrus wilsonii Tanaka
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2.2 Plackett-Burman i 3 i% it i & 5 lm 4R & 2 &

i H Plackett-Burman & #4797 25 1) [ K i 1%
IR, DARHAE BT 3 dt o e 17 {E 38 2o #F Design-
Expert 10 &3t T 12 Wik %K., S5R AW LK T
A 30% L BEFEWORHEE 50 mL/g 12 20 min J5 .
1E 30 °C M FE AL P 25 min B, 7] U882 31 B A% (9 41 48
My LN 11.42 40,08 mg/g; B % TR A
50% & WEHE W B 30 mL/g B 10 min J&, VA
40 ‘CHE AL FE 25 min, BEI AT 3R A5 B 14 AH 28
&, o 16.0840.44 mg/g.

DiNER AN R A S SN AR
FEEERI RN, R 1 al 0,5 AR &R X A48 B
ENEHEEREIE AN . B>C>E>D>A, L
TRBLAT40(68.52 %6) > Wk L (13.39 %6) = 8 75 il &
(8.59 %) > 7 i} 1] (4.15 %) >3 MU A 1] (0.95 %)
v I8 T B TR R YRR L G AR BB R R I 4R
35 AN T TR FRL 3 5 L P s ] R 75 R
JEELAT 3 IR RN

% 1 Plackett-Burman it P &EMEZN LB SN F I
Table 1 Influence of various factors on total phenol
content in Plackett-Burman design
H % T 1 AL 00 -5 il DUINEE
Factors  Standardized effect Sum of squares Percent contribution
A —0.29 0.25 0.95
B 2.46 18.18 68.52
C —1.09 3.55 13.39
D 0.61 1.10 4.15
E 0.87 2.28 8.59

M7 2200 A 45 51 (3R 2) mT L B IR A AR R R B
(CV=23.27% <<10%) LA L B i R* (Ria =
0.919 ) 5 # 5 ) R? (R4, = 0.824 1) Z [a] f) 22
B/ T 0.2, Ui DB AL B A B0 9 A AR 5 A Y
RERITE FME . #E8 P=0.000 5<C0.001, 3B iZ A1 19
R ELAT W L B 3 (R G T T S B R A R A
G 2EMIRHNZ T IH 2 .Y =13.4980—
0.1451A + 1. 2308B — 0. 5441C + 0. 30 30D+
0.4359E , HiH,Y A .B.C.D.E 45| /R #L4E &
Wy | U I [R] | & A AR A3 B OB L | R R
] PR, o, SRR RSB WOk LG R

% 2 Plackett-Burman iR 5& B 77 Z 5 #7
Table 2 Analysis of variance table for the Plackett-Burman design experiment
T7 2 AR S5 Fl ¥r F{H P e
Source of variance Sum of squares Df Mean square F value P value Significance
1 Model 25.36 5 5.07 26.09 0.000 5 * %%
A 0.25 1 0.25 1.30 0.297 9
B 18.18 1 18.18 93.48 0.000 1 * %%
C 3.55 1 3.55 18.27 0.005 2 * %
D 1.10 1 1.10 5.67 0.054 8
E 2.28 1 2.28 11.72 0.014 1 *
7% Residual 1.17 6 0.19
R? 0.956 0 R 0.919 4
CV/% 3.27 Rig 0.824 1

B FEMEAKFE: « P <<0.05, % *x P<{0.01, * * * P<{0.001 (Tukey #:3%), F[d], Level of significance: * P < 0,05, * * P < 0.01,

* % % P <0.001(Tukey’s test). The same as below.
Rk X e o7 B A ik 2 A S e (P < 0.05) . AR,
T2 Y60 I [R] 1R A I R) 4 5 S B 3 (P> 0.05)

LE bRk [ e B IR R A 15 min AR
FEEFRIR 20 minCE 1), %58 £ BEAR B0 B0k
I 7 R AT HE— 2P I R e T X 3 AN R K
HORH ELAE TR AR 2 S 5 5 S
23 EBRE-BEEEHERERRYRNRE
REEH

H¥E Plackett-Burman 2 4 #3815 1 25 51, 5
CCD i — Ak T3S E R AL B & 1
11.89 4 0.36 ~ 16.35 4+ 0.26 mg/g, WML HH K.

e 3 fron it gy 22 43 M kb CCD -RSM . #5 #4

HEAT TIPALG . BB P {E/NF 0.001 30K AN [ Ak
T[] 22 St W 2 R T fF BE Ry . [RDINE O S R
PLI (P = 0.05) FIEAR A LE1R 2 (0.13) BIRE %
RURRG O G . 3 A — I3 A~ kI R A8 h.
T AC XA 28 R & 5052 R 3 (P << 0.05), iR
i FAE /NG 45 T50XT ) R A ) 52 ) AR R b o 2]
BRI N C? > A > A >B*>B>AC>C >
BC > AB. MR i 43 A A5 0 2 oo [l E J5 #E o
Y = —20.3584 +0.4802A + 0.5174B + 0.7403C +
0.0016AB +0.0049AC — 0.0034BC — 0.0084A°% —
0.0050B* —0.0105C* ,HH1, Y A .B.C 430l 4
SR i SRR FR ST ERORE L B 7S IR
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Table 3 Analysis of variance for the central composite design response surface model
-3 F-J5 A A ¥y F{i P i 2
Source of variance Sum of squares DI Mean square F value P value Significance

7 Model 41.00 9 1.56 23.14 <<0.000 1 * % %
A 6.87 1 6.87 34.89 0.000 1 * % %
B 2.65 1 2.65 13.45 0.004 3 * %
C 1.74 1 1.74 8.84 0.014 0 *
AB 0.22 1 0.22 1.10 0.319 1
AC 1.93 1 1.93 9.79 0.010 7 *
BC 0.92 1 0.92 4.68 0.055 7
A? 11.12 1 11.12 56.48 <<0.000 1 * %%
B? 4.01 1 4.01 20.38 0.001 1 * %
Cc? 17.21 1 17.21 87.37 <<0.000 1 * %%
B % Residual 1.97 10 0.20
FAIT Lack of fit 1.34 5 0.27 2.11 0.215 4
4l % Pure error 0.63 5 0.13
R? 0.954 2 Rig 0.912 9
CV/% 3.11 Rivea 0.739 6

2 1 S e 2 R T A, 2T R R BORT
FREZ AR FE N EEN, K5 mLE L
PR S 2 RS s R (R 3
—FH(P<C0.05) , [A] B, 2 BEAR A 20 ORI ORE b 22
6] B 28 HAE LA K ORE LU RN RE R R 22 ) Y 58
HAEM AR B #E(P>>0.05), H & 5 24 B Wk #

SEE A (mg/g)
T'otal phenol content

o
H
@ o
E B
z 5
5
26.29 36.29  46.29 56.29 6629 2620 36.20
LB By %
Ethanol volume fraction
-1 1
3% 5 10
£S5 CERE
=7 ah £
o £ £5 14
415 wE 18
23 gl
pERc) o
e s !
ME 1
64.96
S ~"56.2
4.96 2 o o
By 34.96 36.29 B
419”%/&/, 24.96726.29 L
Id“ol,-all“/@/ & &
47,5[1_0 1‘)00\«\
«°

ZEHRE B %

Ethanol volume fraction

i B .

FT AL 2 f = 2k e 1o g T PR AT £ R SE Y R
0 PP B I A B B D R (A T S B
BN S D b R e 2 AR BRI

5

il JEE 1149 58 “FL AR A% o R R T 39 e BE L SR WSS
VB REAS 10 5 52 i AR B I 9%

B &L (me/g)
Total phenol content

S E (mg/g)
Total phenol content

» 43
o
= &

E
gé& 40
iz
#3

S o35

T 1
14.96 5496 64.96
R (mLg)

Liquid-solid ratio

46.29 56.29 66.29 24.96 34.96

BEE B (me/e)

Total phenol content

40

U, ) 35 : .
[ra%aj-%;l??& WS
o :ﬁx“fb %ox‘xb
e, X3
“ar, N
Ure, O

B2 ZEBARSH AHMENMESEENZEEANRESBSENHN

Fig.2 The effect of the interaction of ethano

temperature on the

I volume fraction, liquid-solid ratio and ultrasonic

content of total phenol
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i 11 Plackett-Burman Bt 4 CCD #1789 141k
TR AR AT 014 o A % 1 2 IR I ) 15 min, & B A
U 44,254 % HREEE 45.529 mL/g . M 7 L &
34.208 °C B B[] 20 min, A A9 A9 46 20 T & &
9 16.260 mg/g. MRHELERIGEI SR B
AP 15 min, & B4R B 20 80 4420 0 W ORE LG 45.5
mL/g BB B 20 min R R 34 °C LT T
SWEIEI I . 4R LI %A T AL B & &

Tr ARG A DA AR 1 26 Wy G 4 HOR nT 5 HL S
F .
24 MMERBYE LY RARK S5

HTIEL 3 A1 4 n] 1, MR 28 4 B o [R] i o0
18 Ml AL S W, o, A A 2 R A
YA RO A B R 94,6020,
AR 2 ROUCH VI ECH R B BT B
T FA B2 3R 6 Ao AR R SRR S 29 12.00

B SZBRE K 16.294+0.12 mg/g, 3 T FI {4 .
.38 33 Plackett-Burman %35 2 & % 31 1w L 1H

mg/g. # 5 & B
WRM EZARIRZ — RS R Z X T 6

R4 RERBYTBMELENHNESE

& B 91.

36%, J&= H

Table 4 The concentrations of phenolic compounds in Citrus wilsonii Tanaka extract
FABFIA]/min A6 9k 4 . [EYEpE HLFRE Lk o
e PREITR fmin AGMRCEC oy oy S fesi - BEREC em e
Retention Detection . Regression Correlation (pg/mL) R .
Peak ) Compounds . . . Concentration
time wavelength equations coefficient Linear range
o )5 R B ) -
1 4.930 330 . X . y=30842.01x+331642.04 R*=0.999 1 1.27~40.63 54.86+1.95
Chlorogenic acid
2 4.990 283 {L{‘R% vy=9899.51x+314.36 R?=0.999 1 1.43~45.71 146.38+3.66
Catechin
R B . )
3 7.330 330 . . . y=98542.71x —64816.42 R?*=0.999 5 2.22~71.11 33.20+2.92
Caffeic acid
WK
4 9.227 283 i% Aﬁ y=21862.072—13065.80 R?=1.0000 4.13~132.06 94.82+0.89
Eriocitrin
q s
5 11.380 330 H?%MA y=62040.21x —15474.48 R?=0.995 8 1.59~50.79 44,46 +1.08
Ferulic acid
T ,
6 14.129 260 Ruti y=20216.342+33737.39 R?=0.999 2 4.13~132.06 113.48+15.20
utin
lt ¢ 1 _ _ , F
7 14.844 283 . y=25415.13x—28397.11 R?=1.000 0 2.86~1 462.86 11 996.464250.75
Naringin
bt
8 15.146 283 Pg}xH y=17788.4520+1130.51 R?=0.996 7 2.22~71.11 27.45+2.48
Hesperidin
. bt
9 15.959 283 i 12 ],I . y=36184.48x — 22198.32 R?=0.999 0 1.90~60.95 39.20+0.17
Neohesperidin
10 17.257 367 %ﬁ% y=10613.020+3418.13 R?=0.999 3 1.59~50.79 64.39+2.81
Myricetin
<
11 21.362 283 Lﬁ% y=52133.132x—51958.62 R?=0.999 0 0.95~30.48 176.914+2.41
Eriodictyol
12 26.300 283 . WEE& . y=101636.03x+18985.60 R?=1.000 0 2.86~91.43 54.86+3.68
Cinnamic acid
13 27.209 367 ) y=43013.392+23737.18 R?=0.997 8 5.71~182.86 54.13+2.39
Quercetin
i
14 27.393 283 )Fﬁi'))ci. y=129031.56x—6851.28 R?=0.999 9 0.95~30.48 87.36+12.05
Naringenin
e , W% ) o
15 31.483 367 y=125911.812+416015.41 R?=0.999 1 2.54~81.27 80.13+7.98
Kaempferol
) IS 2 T - , . -
16 34.269 330 N ) y=280500.18x 1 5445.88 R?=0.999 9 0.79~25.40 30.46+2.57
Sinensetin
IR B =
17 37.164 330 ) I%EZ% y=143383.05x —33848.01 R?=0.998 7 2.38~76.19 21.74+3.96
Nobiletin
18 39.603 330 B2 y=42734.11x+24180.04 R?=0.999 1 2.22~71.11 10.8642.00

Tangeretin
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2000 283 nm 400 330 nm
600 260 nm 7
- g 500 52 1500 o g 300
<2 400 Tz e 200
S 2 £ 2 1000 £o 2
2200 ey 12 ey
z3 40 E3 N R 11 Eg 20 113 5 16
x4 6 4 20 C 1 4 1718
20 0 0 ; A 0 A
0 L 0 10 20 30 40 0 10 20 30 40
10 20 30 10
e £ 58 i) /min {8 1 E)/min
B [k
R Dj.‘l ]/I.nm Retention time Retention time
Retention time
1000r
3
50 367 nm , 800k
o D E
2z 40 E S
£5 30 E @z 1
D 2 B 2 400 16
&g 20 ES s
E3 = 200k 9
w 10 2i4 06 . 4t 7
0 o { 12
0 10 20 30 10 0 10 20 30 40
F54 B 1E)/min {554 [N [7)/min

Retention time
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Optimization of ultrasound-assisted ethanol extraction of polyphenols from
Citrus wilsonii Tanaka using Plackett-Burman coupled with response surface design

ZHANG Zhen,SHI Kaixin,PAN Siyi

College of Food Science and Technology ,» Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology of Ministry Education sWuhan 430070,China

Abstract Citrus wilsonii Tanaka is a kind of medicinal citrus local variety in southern Shaanxi
Province. It can be made into Chinese herbal medicine or soaked in water to treat gastric acid, bloating
and dyspepsia. In order to provide theoretical basis for the development and utilization of Citrus wilsonii
Tanaka resources,the ultrasound-assisted ethanol extraction technology and components of total phenol
from Citrus wilsonii Tanaka were studied. Firstly, the five extraction parameters were investigated by
single factor test and Placket-Burman design. Three factors with significant effect were selected as etha-
nol volume fraction,liquid-solid ratio and ultrasonic temperature. On this basis,the central composite de-
sign response surface method was used to further optimize. The optimal conditions were as follows:soa-
king time 15 min,ethanol volume fraction 44 % ,liquid-solid ratio 45.5 mL/g,ultrasonic time 20 min,ul-
trasonic temperature 34 ‘C. Under the condition, the total phenol content per gram of Citrus wilsonii
Tanaka lyophilized powder was 16.294+0.12 mg gallic acid equivalent. In addition, the results of HPLC
showed that there were 18 kinds of phenols in the extract,including 4 kinds of flavonols,1 kind of fla-
vanols,6 kinds of dihydroflavones,4 kinds of phenolic acids and 3 kinds of polymethoxyflavones. Naring-
in accounted for 91.36 % of the total phenol.

Keywords Citrus wilsonii Tanaka; total phenol content; ultrasonic-assisted extraction; Plackett-

Burman; central composite design-response surface method; components; anti-inflammatory effect
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