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[ Abstract | Objective: To optimize ultrasonic extraction of hesperidin from Citri Reticulatae Pericarpium. Methods .
The content of hesperidin was determined by HPLC. The effects of methanol concentration, ultrasonic time, ultrasonic tempera-
ture and liquid — material ratio on the content of hesperidin in extracts were investigated by single factor experiments and orthogo-
nal experiments. Results: The decreasing order of importance of the four process conditions affecting hesperidin extraction was
methanol concentration, ultrasonic temperature, ultrasonic time, liquid — material ratio. The orthogonal experimental results
showed that the optimal conditions were methanol concentration 100% , ultrasonic temperature 70 °C, ultrasonic time 60 min,
liquid — material ratio 80:1. Conclusion: The optimized process is stable and reasonable, accurate and reliable. This optimum ex-
traction process also had advantages of convenience, high efficiency and cost saving.
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1 5%

UltiMate {43 UHPLC ( Thermo Scientific) ; KH-
S00DE HUEHE P I8 Uk A% (B LR QR A A A R
28H]) 5 FW100 BY s 7 GERyARAIL (Lo R 2l A s
AMRAF) ; BP2LID BYHL 43 H7 K- (5 Sartorius
ASSIDI
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B, HEE. 110721201316, 4G >98% ), K4y
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2 FEEER

2.1 AR S il

2.1.1 A& F  Diamonsil C, (2) 4 (250 mm x
4.6 mm, 5 pm); Ji s A £ iE-7K (80:20) 5 it K :
1 mL-min~"; P4 283 nm; gEFEHE: 10 pl;
FEI 30 °C 5 BRI LIRS 2 AT 05, AT
3000, MR RS H AR B I TR] S 16. 138 min, Jf
H 5 HA S 85 B Ao =0 ik 1 LA 1,

2. 1.2 X IR MR B A G PR AR B T R
8 mg, MM EEHFAEAE, B2 50 mL a0, B
JT BV 3 O 0. 16 mg - mL ™ A48 R R AT
TEHTERMRC 1.5 mL, 0.45 wm GSLIEREIES, VT
AN, &H

2. 1.3 B IERATHI R SRR R 2R (i
40 H#)1.00 g, ‘% 100 mL #EIEHH, MIH 80 mL,
ZEUR AR S H 30 min, 2 HUK 3000 r - min T ES L
10 min, H1 mL T 10 mL 55, @25, EHdek
B1.5 mL, 0.45 pm G4ALUEREEE, T WOAH/N,
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2. 1.4 RAEEIEIFEEE RG 2 BURS K 1 0T R 2
4.6, 8,10 pL, $42 2. 1.1 TR (3% 4 A 4 70 a2 o
DIRS Bz e AU AR AR (V) , B R 1 A kA et A A
MERR(X) , 2emilbrifEi g, S5RRM, B E0.32 ~
1.6 pg RYEXRARRL, PIHFERA Y= 4.001 8X +
0.140 1(r=0.999 4) .
2. 1.5 KRS WRIBOGH IR SR 10 pL, A
BE6 R, #2211 TR gl & F kA e, 45 A
R TRIAR Ry 40. 37, W TRTFR RSD 2 1. 26% .
2.1.6 fa MRS R 25 ML) — it R
10 pL, 3 FiHl&fE 0, 2, 4, 6, 8, 12, 24 h %
2011 WUR a3 2 A TN A, 45 S R A 1
BUCREAEM, RSD Jy 1.61% , F WA A5 7 W 1E
24 h NESE
2.1.7 EEMIRE  KEFER RSB A 1,00 g,
MRIR 2. 1.3 TR PATH 4% 6 i i i, #62.1.1
TR (033 5 PR AT I S, 4 SR B - 24 0 T A
36.29, RSD K 1.26% .
2. 1.8 JnAEIIeRI s R PRI 0.50 g O IR K2
HEmIEES 9 0y, ek 3 ANAKFE, aBmA
8 J IR S W6 0.8 1.0, 2.0 mL, $2.1.3 i
TR AR RE B, 2. 11 TR o SR 2
PR O i, A8 AT F 3 IRl 100. 6% , RSD
F1.44% , ZERWFEK 1,
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&1 mMELCKERREER (n=9)

FEabIC BEARE IMARY QAR [EIER SFE[EN RSD

Noo bebt/e  Ht/mg  me mg (%) F(%) (%)

1 0.5032 17.2584 0.1280 17.3893 102.3 100.6 1.44
2 0.5045 17.3028 0.1280 17.4305 99.8
3 0.5021 17.2205 0.1280 17.3471 98.9
4 0.5036 17.2720 0.1600 17.4347 101.7
5 0.5056 17.3406 0.1600 17.4985 98.7
6 0.5019 17.2137 0.1600 17.3732 99.7
7 0.5023 17.2274 0.1920 17.4234 102.1

8 0.5034 17.2651 0.1920 17.4602 101.6

o O O o o o o o ©

9 0.5036 17.2720 0.1920 17.467 6 101.9

2.2 R H 5

2.2.1 WEAARBUMLE 58 K% PRI 1. 00 g PR A2 H
K6y, BT 100 mL HEIEHEH, 40510 A 50% |
60% . 70% . 80% . 90% . 100% HIfE4 80 mL, %
TR S LY 30 min, HEHUHE 3000 r - min ' B L,
0.45 pm fEFLIEREUE T, #2 2. 11 TR (035 S5 (it
TIAE o SPATHERAE 3 IR, AR LA 2,
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HE 2 AIE 1, BEE H B oy 3, #
ARG S oA < N (S X N AR
50% ~90% W}, PEHCEIGK LIRS, MR o5
FE90% ~100% W B T &y . 31X ] B2 R A R
R AN, MR T K S TA L o ok
PEHBARFTE80% . 90% | 100% 15 IEAC IR0 (1)
3 NKF
2.2.2 AR EEE S FEEAHC 100 g Bk H R
6 3, E T 100 mL HEJE R H, fm A 100% H i
80 mL, 4357 30, 40, 50, 60, 70 °C N #EHL
30 min, FEE 3000 r-min "' EL, 0.45 pwm T FLIE
UG, 4% 2. 1.1 TN @35 S5 R AT I . AT #R
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2.2.4 WORHL 58 VI L 00 g BRECKIA 6 (3,
BT 100 mL HEIE R, 4500 A 100% HEEE 50,
60, 70, 80, 90 mL, ik A HIHK 30 min, 2K
#3000 rmin” BL, 0.45 wm BLIEIE, f
2 L VTR @A TINE . PATHRE 3 W, 455
WS,

47 -
46 -
45}
441

43t

T FF RN /mg

a2t

41t

40 1 1 1 1 1 J
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WL ()
BES R X R R ERERN R

M S /I, Kl B2 ORI A5, 8 R
AP IO S BRI iy TS, 31 80 A7 %5 77 4 I
e R UR IS OB T2, Al ILAE—EJER I,
AR, R R IBUBGE 7. D T AR R Y
FEPCRLEPE 70 455, 80 4%, 90 i fy FPYBEAE Jy IE 52
K 3 IR
2.3 ExgiE il

FESR PR B g i il b, DURS B 1 i SR U
PROTREAR, IR R R B R B PR BOROCR 25 I FR
AR OE S i, X A5 SR IO 22 0 #r
AR 2 B BRI . SR 19(3%) IEZC SR, 1M
A (A) A IE (B) . FER AR (C) |
BORLEL (D) MBI E, & EH 3 G AT ISR
WERAKFERILK 2, SLRZHRERILE S, T725)
il 4,

P ELULI: M R, 45 DR 3 R M R B v A B B
BOEMHET I D >A>B>C, AR, R
A, B, CHEARFZRILREIEZS, MHED KK

%2 L, (3)EXRBEZRAKTE

*3 EXTRWEHSEHERDH

K- A B D Wikt C At
L/ it ]/ min Lo/ A 3% )
1 50 40 70 80
2 60 50 80 90
3 70 60 90 100

No. A B C D P R 5 B/ mg
1 1 1 1 1 17.77
2 1 2 2 2 21.23
3 1 3 3 3 40. 30
4 2 1 2 3 40. 30
5 2 2 3 1 26. 14
6 2 3 1 2 24.97
7 3 1 3 2 31.9
8 3 2 1 3 45. 14
9 3 3 2 1 36. 11
K, 26.433  29.990  29.293  26.673
K, 30.470  30.837 32.547  26.033
Ks 37.717  33.793  32.780 41.913
R 11.284  3.803  3.487 15.880
x4 FEHZW
& SS f MS F P
A 196. 122 2 98. 061 8. 604
B 23.924 2 11.962 1.050
R 22.795 2 11.398 1. 000
D 484. 842 2 242. 421 21.270 <0.05

WE: Foos(2, 2) =19.005 Foo (2, 2) =99.005 H&ITHE C
BRI RN, A5 IR L A

Rz E 2= A R E . N EDW B R mT LLE
C,Cok P MR e iU LI A 2 7, CK ik
A —E BN, A58, B RN SR IR
B R R s A T2 458 AB,C,D,, HI70 CF
80 {4t 100% H FELHE 7 #2 L 60 min,

2.4 BHESCE:

KRR 3 (R PR By R 4% 1.00 g, 430 & T
100 mLAEE T, #BBER) A, B, C, D, T2 45k 1T
PREC, 4% 2. 1.1 TR 09 €0 335 2500 2 48 R 1 i 4 B
45 Bk 45.182, 45.389, 45.804 mg, ¥ {H
45.829 mg, RSD 50.95% , iz T.2.fax . BE
PERAT
2.5 A T2 BRCR e

KRR Ky R 1.00 g, finZ Mk 80 mL R I[K
R ETE, FROMmE, AESET, P EE 80 mL,
RRERELE", W1 oL PEERGEST
10 mLZEE, JEAERTO. 45 pum LIS 0E, HE
3R, FE2. 101 TR By A5 A5 4 000 R R ) B
, 45 ol 45.549 . 45.632. 46.306 mg, H1{H
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45.448 mg, RSD N 1.25% . Fi%L55 5 2.4 T il
PP SR LA TR, R PR HGL 5
7 PRICEAT 21 B8 B PRI A — B

3 ARt

TEFALDR 28 75 5¢ LA I 2 9 790 e P i BORES B )
SCHTHT, SEHTEHIANTRIR B B £ X R B P 4R
KL 60% LBEZATT, WK Bz BORS Bz 7S O
i, (HERBCRACE P BRI 0 =2 —, IR
DA A] RE A6 e 1 5 B MR ol (R 2 9 T
B

R SRR B B B IE, 2 e A B R R Y
DRI Z R/ INIGE Py g PR e (A B B > b P L S8 > ol 7
] > YORE L, HE v R st R 2 B0 S Bz ) i BB R
AWFEVER W, B R O X
B AR BCR A B 1S A e ik
Ay R T 2. AR E 70 °C, ]
60 min, FEEARRISEL 100% | Wk H 80:1, 54 A1
AR G IR P U AR L, 2% T 2000 R B B 4
REARELW, AHmiRnd, ZeR805, #
B AN 60 min, AR 3 R O $ L — IH #E
i 8 h, ZIEPTTIERAKAE TS, FIMETTEA
T CORERCHL, BRI, BiEscs R, A
TEEEVERL. Wik, ZEA R T U R
RIDA S, A5y — ] B A7 . 4 I i il 4 K
R BR B RE AR B A R A
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