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Optimization of Ultrasound Assisted Extraction of Mangiferin in
Mango (Mangifera indica L.) Kernel

ZHU Furong’, WANG Shuangxiu, MAO Deyuan, WEI Ao, LIU Weiqing

(College of Food and Quality Engineering, Nanning University, Nanning 541699, China)

Abstract: This study aimed to explore the process of ultrasound-assisted extraction of mangiferin from mango kernels.
Through single factor experiments and Box-Behnken response surface design, investigated the effects of five factors:
Material liquid ratio, ethanol concentration, ultrasound temperature, ultrasound time, and ultrasound power on the extraction
rate of mangiferin. The results showed that the optimal extraction parameters were as follows: Ethanol concentration of
75%, liquid-to-solid ratio of 1:50 g/mL, ultrasonic temperature of 45 °C, ultrasonic time of 40 min, and ultrasonic power of
288 W. Under this optimal process condition, the yield of mangiferin was 4.78%, with a predicted value of 4.75%. This

study can provide a theoretical reference for the extraction of mangiferin from mango kernels.

Key words: ultrasound assisted; mango kernel; mangiferin; optimization of extraction technology
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AT FEAE T = K7 DU PR 28 CRHE L L 75 o3
2 HUE FE N $E BB} 18] ) Box-Behnken W i [T 3% 11
(Box-Behnken Response Surface Design, BBD) /5%
AL IR P P IR R IR A, AT R PR )
RAFLE S
1 HRSEE
1.1 MRS

TEIRAZ AR, P A T E TP AT
PR AN R N A e S BT R A e = e 4 by 3]
9%, BRI AP SR AZ FH R LA I Sy A ik
TEAE VKA P B AR D, 4 °C BT TR R R
HER (HPLC = 98%) . JC/K ZE  4rdival, isedy
BHEE BRI 75% LBE. 95% ZE Srfirali, R

WAL T AR T] B 40 H 28247 FEE

AR AT RR A

SB-5200DTD @S IEGENL  TIEHZAYE
A PR ] INESA 5408 U6 e i I
WA S AT LS R ] s DHG-9240 HLEETRBIX
T4 VPSS H TR A BR AN F; FA2204N 41
PRF-(MAX: 220 g d=0.1 mg) FHFRFERIAI TS
AR H]; HBS-2500C M3 HL ARS8 AR R L #RA
[{EE/NEI S
1.2 EWHE
1.2.1 PSR A B e vk s
1.2.1.1  PEERAZ A AR B R 0 SR R BSOR 9 hill 25
PEETCHL | Jof 3 T SRAZ A, v s BT VER
ST ERAE ST S R, FH 40 0L, 25 o

A B FREGEE BAZ R 1.00 g T 150 mL HZE=

MM, A 40 mL 75% B, TEIRE A 50 °C. I
Ay 288 W Y25 F R A 50 min, 1138, JH 75% &,
BEE AR ZE 50 mL, JH 75% ZEERBE 50 1%, B AL S
FRFI o
1.2.1.2 AR nytiles RS2 FREL 20.00 mg AR
FrXF &L, FHIC/K QBRI 2 45 2 100 mL, 153
200 pg/mL AIFRER
1.2.1.3 MR RFZE KEHRECE R X R
20.00 mg, FATC/K ZBEHSiRI B 452 100 mL, $E£5],
1551 200 pg/mL 1T SRTT bR S if & TR, FHRR RS
Sy BIHERAFLEL 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 mL & T
50 mL ZEIRH, I HIK LEEESS, 5], 142
A 2.0, 4.0, 8.0, 12.0, 16.0. 20 pg/mL Ay FEHE %)
BRI . TR 319 nm ABIME OGRS, DAROGREE
X B s bR AE D £ A TR R 5047 -

TR P IR R BRI AN T
C><V><d><
M x 1000

Ao Y SR TERTTERIER, %; C BRI iR
TR EE, mg/mL; V 2R RAT, mL; d J2FE 5,
WRIEFRAEG MR P A AR T, g
1.2.1.4 HEEMHIES SHRARMLEE (riknsiis
M. A BIHETIFREL 6 4 1.00 g BT RAZAHK, %
M8 1.2.1 WHRBCASRAR RS T, 76 319 nm JE K TR
AT Hr A o i, TR X AR ME (R 22 (RSD% ) ,
RN 7 7125 BA S i B M

Y (%) = 100 (D

RSD(%) = S/X x 100 X (2)

o S SR SCE PR EZE; X 2T GIE 1Y
SEEHE
1.2.1.5 MBS S RARMAE (ks
Mo A PIHETIRRIN 6 14> 1.00 g BITESRAZA— MR, 2
HE1.2.1 PR ECARA AL BEAE 5, 7€ 319 nm K 4y
S A I R A i 6 Wk, SR N () AR
b b HE A 22 (RSD%) , SEL I 58 7 1k M AL #8 0 XS
1.2.1.6 FRsEPESCE SRR 246EEN 1 P ms A
ek, MEFAFREL 14 1.00 g BT RAZ B R, $2 18
1.2.1 RIS AL BRAE 5, 7E 319 nm P R A 0.
20. 40, 60. 80. 100 min HUEEIN = H SERE, 4351
6 K, MELFE W 1 R R A R R e, P e
A5 R S s ] 9 ]
1.2.1.7 JiAREISCRSZE SR AR [ ik
WA . A3 BHERRFREL 6 14y 1.00 g CLAITPIRY &
HAORE S, ARSI 2.00 mg 55X BR &Y, $ g
1.2.1 MHEBERAFABIARE S, 76 319 nm PR 43510
A HA Ao, TR R,

X,

Y(%):%XIOO X 3
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o Xy BRI E 5, g5 X, SRR s
RS E, gsm FRIRE, go
1.2.2 BAREIZRSCE:  EFSLe Rl [, DAz
TR SRICR N IR bR, SR 1.2.1.1 SE3T7 7k, X
B H . R R | RS ETA] L A IR M S T
S AHEFEIATHREFE L AR 4y 1
1:20, 1:30, 1:40, 1:50, 1:60 g/mL5 /K35 20
He BE 435 55%. 65%. 75%. 85%. 95% 5 7K
IR S 1 30, 40, 50, 60, 70 °C 5 K #
PR 4353135 30, 40, 50, 60, 70 min 5 7K 4
PRI RSy I 216, 252, 288, 324, 360 W 5 7K
S, SEIRYCN 3 IREE I IE .
1.2.3 W RS AR R SR 3 -, DA
TR IR BCR YY) Sy B AE, YeBGRE L (A) . LB
W (B) . HEHUEEE (C) FEE N E] (D)4 4~ 3 A8 &,
i# i Design Expert®13.0 [it4kf}: Box-Behnken i1k
TR R A B S, TN 2R =K 27 20
B, B X SE S 2E R T IS RLA, ST BA A
B, AT 225 TR P AE S PRGBS, T B 4%
. 21 0T A28 L RT R g7k

F 1 R A P B KR

Table 1 Factor level design for response surface testing
it 7K T
SR

-1 0 1

BHB L (g/mL) (A) 1:30 1:40 1:50
LEERIE (%) (B) 65 75 85
AR (C)(C) 40 50 60
A IR E] (min) (D) 40 50 60

1.3 #HIELIE

AL /A EE 3 R, BAERRN O EEAPR
HEfmZE2 (n=3)E. EIEZ IBM SPSS statistics 22.0
R AT B3 M5BT, 80T Bonferroni T K3 56, 7E
95% BEAFEAKE T B3 (P<0.05) . Wi mmZdkH Desi-
gn Expert®13.0 AF53047, {8 Origin 8.5 #4225
2 HRE5ESH
2.1 EREFEZENEMmERZER

) R A [6) 5T 2 e B P IR X B MFE 319 nm
A T SGAR, LA B S R Al v, TS BB S A AR AR,
s R bR AR £k, JF LG BT R: y=
0.0377x+0.0003, R*=0.9999, ¥ 0~20 mg/L J&F N,
TR T EWE SUOCE S RAFIZM R, Bild
FHZ 2 2 R A S i S & i B s i
Bk, PR R I .
22 EEMREER

£ 319 nm S FIRE 6 MRS TR IHREL
B GEHIY R 4.77% . 4.7%. 4.79% . 4.75% . 4.77%.
4.74%, VE-YI{E N 4.75%, RSD% & 0.69%. RSD%
/IS, LB AR R 220 /)N, SR &, R AR,

24 RSD% /INT 2% I, 45 R =2 HEacar. Fitk, i
S 25 HER I I 5 i BT A B, vl ATE
TR RIS PR YRR
23 BEEREER

TE 319 nm K F4BIIRE 6 AFE S e SR
PREUR, 455155 3N 4.76%. 4.76%. 4.79% . 4.78%.
4.77%. 4.81%, I {H N 4.78%, A Xt Fr #E i 22
(RSD%) N 0.43%, 3= W] 4524 (H 22 ] i) 25 R )3
BN, IR R . 8T R A R EBCR
MIRE o
24 REMAESER

TE 319 nm P N4 E 6 AFE S e SR
PEHCK, 45 B398 4.76%. 4.77%. 4.77%. 4.77%.
4.78%. 4.78%, “F-¥J{H J 4.77%, RSD% 4 0.12%,
25 B Hh I B 1 B Bl ks v, BdiEnd
AFSEEG/IN, AT EEPERE S .
2.5 mAREEERIRELEER

(RN P 53 HT 7 NG 8 B R AR 3 1 B 2L
FEPRZ—, B [RNACR R RN S BT 7 A AT S ROk
o MRPEZE 2 PRALAY LG5 5L ) A0, {8 A AR a1k
A PPH PR AR Ak 2 1 0 HERR PR R AT SR
ZIT VB INAR BIACEETE 98.84%~100.40%, 5% 4<%
SRS R 5 il B 2 P SR v SR S AR [Tl
3R 92.80%~103.72% —E . J& T FLESBIAR Y Rk %R
IRV, FHHIZ T BAT e v e R A T S 42 M, AT
FHTF P A P P SR e o

K2 pRIECR SIS

Table 2 Results of spiked recoveries

R e ARBOR(%) MpnkE $RHCR(%) AL (mg) R (%)

1 0.7087 4.70 0.7420 4.92 2 100.4
2 0.7182 4.76 0.7451 4.94 2 99.56
3 0.7189 4.77 0.7445 4.94 2 99.39
4 0.7245 4.80 0.7481 4.96 2 99.13
5 0.7208 4.78 0.7463 4.95 2 99.38
6 0.7263 4.81 0.7477 4.96 2 98.84

2.6 TRERBIZHEFRZLHRER

2.6.1 AS[RPEHA X S ST R HCR 1 52 i)
B HE RO R T R B B S —. N
IRFTAS PRI LU X A P SR FE R A2 ), 1
££1:20~1:60 g/mL BHE LA 756 . AR 1 T,
ORI LR 1:20~1:40 g/mL B, PSR AU HRIBCR E
FRNE AR IR . X TR R TR,
RS A b A R, AT AMAA R FE Sy
. SRR LE A 1:40~1:60 g/mL B}, S48
AR LB, P S P EGE R 2, $EECR
HIBEAE B IR, T2 AR5 e 2%
BE 5 AV, DT BELAS T P55 1 i, 1F 1T % 2 H
PR T Rl RIS R EE A 1:40 mL/g
AT S S B T AL RS
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2.6.2 AN[E] LA X T A TS SR R R Y 52 )
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o & 2 AT, ¥RITAS A 20 B 5 %o 2 SR HEH
RN, PR 55%~95% SR HATIREG . M
B BE AN 55% N E 75% B, $EHUR M 2.94% 7
FEHEE R 4.62%(P<0.05), AT REJE T L ok
P e, REA AU sR e REAfE ] . TS sk B
1T 75% Bt PESRAT PR ECR A IR, TTRER R
PR AR A A A TR IR L ) EAB T v, AR T
SREIERY . H AL EEERET, AR TR0
VA AN E, (H T A S A R A FH sk R, LR
5 ARG B e I e R E B B U R,
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Fig.2 Effect of ethanol concentration on the extraction rate of
mangiferin

2.6.3  AS[RDEEFS fa B X A v SR PR R A9 5 i)

R T IR A S W IR SN, P e T
AR . PR, AT 75 TR A B AR S
X AR B  HAT B . A 3 g, kil
FHIREEIN 30 °C BIHNZE 50 °C, FEHUER M 3.94% H5
F| 4.66%, XS TR 125 A0 FNFRGEUN FT S .
S AR A Sl a e AR X R J A B B 1)
Tl o 23 AAZ TR IR R R 28544, fias 1< it

ANEs AR R B2 SR BERE R B9 T Enm
15, ZEUEXS AR A A A ZS A EEAT AR KB 52
TERARAIREE T, 28 UREAR, th T2 e e, M
PR S A IEAR D, 2 AR XS Y g B,
CHARYPEHE RTBIAY LR . POV nT BE 2 2
BTG RZ I ARA L, BEHnEsRl a5 B b B ik, 34
SRR R B S B A IR TARE , DATT HE Jin
RN rarE R B AL Bl A b, TR ER R R
T EA SR AR RE T, BRI s P, Hog
i T AR, e A OSCR I R o AT 50 °C i, %
TR R BT 5K T AN BE ARG, nT el i A 1 2= A,
A2 IS RN, PRIPCFR ST R R A T L lEAs B
SRR, IR, LR R, SRR IR IRRE
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FEFRIBEIERY . I R 2 5 Wk b
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TR v, 3R T PB4 i ) SE
F| 50 min ZJ5, TR IRBCRITLE TR, XOEH T
A ] A 7 AL P, 5 A RSON EIR,, A3 T PSR
FAEZE A, DATTTREAIR T 2o SR B R CR

2.6.5 AS[ALHE S Dyt v S T S HR IR M 52 )

TFFFE T AS[RIHE 7 DR P SR B BCR A S, 445

B, YA DIRTE 216~288 W L IR, TEERAFHRER
SR R RS DR A RN, RS Ui E A 288 W
f, PR PR IBCR IR BNIEAE, Sy 4.58% (5] 5) , X
PRI Ay 75 A A SR I 5T P U K - R a2, A
TP AN L e 22, AR A 3 S TR BRI P s
HANMEPI AR 22 DRIGRR P T 3R g i Ak ey, sk
AR BT AR P PRI AR S, r= A s Akssni 7 et
MK . VRIS LIRS R, Pk 25 35
AR, MTTRAS B = A FE IR . SR 8 s T3l
iof 288 W I}, i A A AR 25 = A W 2 1 L Ik
24, DTS2 e 8 75 8 1A% 5 B 0T IR, BRI
R HRECRP,

4.6 A /
b
4.5 4
.
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Fig.5 Effect of ultrasonic power on the extraction rate of
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27 MNEERHERERRIZ

2.7.1 W ENRE AT AP R ER S0 AR, HEE
BHE L (A) . LEEHRE (B) A IR (C) A At
[E](D), 2% Box-Behnken FRIPEF T PU K 2 — /K1Y
TIHEASEES . DIPTSR R IR A, 252 &
KL 3.

HRYE Design Expert®13 4% 3 H it T
ZInEEFHIE 8T, LB L (A) .« ZEHk 3 (B) Fl
AR IR (C) A A BT[] (D) 2 B A8 &, P2 R 12
W Ay B AE o [T 5 B 2R . y=4.61+0.0983A+
0.0442B—0.0392C—0.0517D+0.0175AC—0.0825AD+
0.0175BC—0.0100BD+0.0575CD—0.0492A%—0.6174B>—
0.0879C*—0.0667D?,

2.7.2 N 7T AU AL Uy 22 43 A 3B i Design
Expert®13.0 AT Z 5007, 45 R WLk 4, iy
2RI AT AN, L m T Ty B 25 A i 25 (P<0.0001 ),
BT A S ARG B L (A) . SEEAREE(B) | BB T
BE (C) FHE 75 B 8] (D) &2 35 52 mi) 4 51 1 1 $2 BiCR

3 MR EHAR BT 54

Table 3 Response surface experimental design and results

EES O RHRLL OB ORIFSIREE RARIE AU ERIRCR (%)

1 1 1 0 0 4.08
2 0 1 ! 0 3.97
3 0 1 0 1 39
4 0 0 -1 -1 4.61
5 0 -1 1 0 3.82
6 0 0 0 0 4.61
7 1 0 0 -1 4.81
8 1 0 -1 0 4.56
9 1 -1 0 0 4.03
10 0 0 -1 1 4.43
11 -1 1 0 0 3.87
12 0 0 0 0 4.59
13 0 -1 0 1 3.86
14 -1 0 0 1 4.36
15 1 0 0 1 4.46
16 -1 0 0 -1 438
17 0 0 0 0 4.63
18 -1 0 1 0 432
19 0 -1 0 -1 39
20 0 0 1 -1 438
21 0 -1 -1 0 3.85
22 0 1 1 0 4.01
23 1 0 1 0 4.47
24 0 0 1 1 4.43
25 0 1 0 -1 3.98
26 -1 0 -1 0 4.48
27 -1 -1 0 0 3.82

K4 BRI 2200

Table 4 Analysis of variance for regression models

FEHRIRE  FHM ARE ¥ FE PHE B
i 2.50 14 0.1789 50.66 <0.0001 ok
A 0.1160 1 0.1160 32.86 <0.0001 ok
B 0.0234 1 00234 663 00243 *
C 0.0184 1 00184 521 0.0414 *
D 0.0320 1 0.0320 9.07 0.0108 *
AB 0.0000 1 0.0000 0.0000 1.0000 -
AC 0.0012 1 0.0012 0.3469 0.5668 -
AD 0.0272 1 0.0272 7.71 0.0168
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Fig.6 Response surface and contours of the effect of
material-liquid ratio and sonication time interactions
on the extraction effect of mangosteen
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