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Ultrasound-assisted Extraction of Proanthocyanidin from Apple Flesh

LIU Chun-hui, ZHOU Ya-ping, ZHU Jun, DAI Hong-yi"
(Department of Horticulture, Laiyang Agricultural College, Qingdao 266109 ,China)

Abstract; The extraction of proanthocyanidin with ultrasound assistance from flesh of ‘Jude Lin’
apple (Malus domestica Borkh) was investigated and compared with the traditional solvent
extraction method by orthogonal design test. The technical parameters of extraction of
proanthocyanidin were optimized. The results showed that the maximal extraction of
proanthocyanidin (0. 14mg/g) were obtained when the extraction was made in 50 % aqueous
ethanol solution at 70 °C (pH =14) for 2 h for ultrasound assisted extraction, Whereas the
maximal extraction of proanthocyanidin (0. 126 mg/g) was obtained when the extraction was
made in the solution of 80 % aqueous ethanol at 90 ‘C (pH=4) for 2 h for the traditional solvent
extraction method. The ultrasound assisted extraction significantly increased the efficiency of
proanthoéyanidin extraction by 10. 9 % at lower temperature with lower consumption of solvent.
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FHEENER—BRAANERRRE, B
FREMANBEANETESAR.2HE. A%, B
EAAFENEELRE RUEEERB A& AL
BERBRAKGE. Bt FERAZENERE
M. BEEWEBRIE A AN NBRAERY
FHAY., BEENSEAESERESE, R
BRE U R IR %, AT LA B B b 0 o A A
MFRENRSHREBGEIE. BMES KR
BEEHMAFAREY . KR B2 Y HENER
FOHREBTREFMHBE. HII Herrera & 7|
FRHEEERESEPNBAEE AP, Pallaroni
SHABFEBBERTIEMERPHEXRR
B BEEAABEEEARERT KEEETH
KEM " KBRS ABSEEPEREAE T
MEMEYRD , RAAEHABHERER T BLY
HHER , FTLESHNMREAVBERERER
PHEBMKETFEEHBENE . FEFTEREYE
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1 Ak

1.1 HE s :
“BRER - BWHLREREN.
KQ-25 B BB [ ¥ 45 : 5 % 40 kHz, oh %
250 W, B I 7 L 28 A PR 2 & 7= & HHSY21-Ni
HEERKBHR AR NBNEERAA =
s FW1000 B3 RER L. RERFBFNEBER
AA=5;ALC-210. 2 B F R P L5 F L H B L
BEGHEMRAFES; SP-2102UV & 4 58] 1L 4
FHREH: LB BENBERAT=&H; B.LoH.
Beckman coulterTM, Beckman 2 &) 7= & ; AR E 7k
4 : Sanyo A,
1.2 RBAE
L2.1 H&42 BRSNMTHFRRMEHERENRR

BRI 3~4 cm BHREEHBRER
BEANSR L VIR R R R, T 7 R T BE M B

HUITHUR B A B AR IR kA &

1.2.2 EX%% HRRERRATHELEER
B CHFEHEYHERE, ZWLBHETIRR
B (50,70,90 C),pH {E(2.4.6) M Z B ARG IR R4
$(20%.50%.,80%)3 HE 3 KFHERIRR, R
FIERE# Ly (32)
1.2.3 RitFE6RRE=NZ BRERE#H1g
EHR AZEEST 10 mL,# pH B, AB DR
EP AEE—EHBEETRE 2 \EBAEKBNE
FEAR 1R A4 [ B 4 7 ok 4R ), 10 000 r/min .0 10
min, R EHER. ERPEAEFESENNERAE
TE-EBEY B 1 mL BB SBRARERE
B RIHNA 6 mL IET BE/2h BV WK (R BLLL 95 ¢ 5)
RERSHO.2HMBIRTAERFE TE. 25,8
K 40 min J5RER KL H, AEBH K 80%
ZERFRBURMS LR K 546 nm R,
1.2.4 REFZERESRSGHE
Elﬁ%?bﬁ%ﬁﬁ(mg/g)=(/&m X0.0462—
0.002 80) X10/m, m HHSEE ().,

2 ZREB55H

2.1 BEEEORDEREADHELSE
BERBERIFBIEE I NKFH K EH
KATH, BEEABERERELETENBRMKN
KFPHAERABC, B ZEERSK 0 %, BE
70 °C,pHEXN 4 MAFHASHREERTF. FHEMRK
MEARERHEHERE HR2AUEL, A
EMES KBRS RENERKEN . ZBER
A >WES pHENZEER > BESERS 5K
MXEfER > pHIE>BRES pHIEMXEER >
R, 3F H Z B 7R 43 O 32 BUROR 1 2 i ok B A
BEKE HES pH HWXEERSMRBREEN
BwisE B EKFE,
2.2 BAERNERRAPHELZEER
HEMNEE 3 NMKFH K EHHKX/NTUE S
BRMAFHAE BRI THAEEERNEERER
FHBENERKFAEN A:BC, , BAZ M4k
Bo% 80 %, @A 90 C,pH AN 4 HKFAEH.
REF. AR4W FEARDMTUELEREE
GRNEREBREREATHEEETERN RN E W
KFEN: ZEEBES B EBRS5S pH HH X T 1k
ABEE HEBESEBRIBNZEER >R
E5 pH EMXEER, AP ZBERSHHR K
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Tab,1 Range calculation for the extraction of proanthocyanidin with ultrasound assistance from apple flesh

e S

A B AXB [} AXC BXC
K, 0.078 18 0.374 60 0.082 96 0.076 08 0. 085 920 0.088 89
K, 0.085 34 0. 106 06 0.078 32 0,090 16 0.075 695 0.079 92
K; ‘ 0.081 96 0.101 96 0.084 21 0.079 24 0.083 870 0.076 67

H:ARRE,B 5 Z BB .CH pH , AXBYEESKRAS BN ZEER AXCHBES pHEMNZEEM BXC
FEBAHS pH WX EER. K BEERESMKFHTHE. .
£ BEEMDRNERRATFETRNFTEZDN

Tab.2 Analysis of variance for the extraction of proanthocyanidin with ultrasound assistance from apple flesh

ERKR A B AXB C AXC BXC e
AlE 2 2 2 2 2 4 14
F1{E <1 47.135 64**  3.285 99 1.739 033 1.374 226 4.291071°

H.ANBRE.BHZEERAK.CHpH AXBYHRES®RBASBMXEER AXCHRES pHEMXEEMH,BXC
HERAE S pH EHNZENER e RIRET, Fo0s(2,14) = 3.74,F0.01(2,14) = 6.51,F0.05(4,14) = 3.11,F6(4,14) =
5.04, » EREREE, » » RRERREE.

£3 BHNARDYRRAPREFTRNERITER

Tab.3 Range calculation for the extraction of proanthocyanidin with traditional solvent extraction from apple flesh

. R

A B AXB C AXC BXxC
K, 0,071 72 0.046 16 0.075 52 0.086 75 0. 085 02 0.092 16
K, 0.079 63 0. 088 66 0.082 48 0. 087 33 0. 081 50 0,077 40
K; : 0. (?92 46 0.108 98 0. 085 80 0.069 72 0.077 29 0.074 25

HANBE.BHZEEBRMN.CHpH AXBNRESKBRSBNXEFH . AXCHEES pHEMZERM,BXC
HERSHSE pH EMZEAR K AEEEGH KT FEHE.
R4 BAERNERRADEEBENFTESH

Tab.4 Analysis of variance for the extraction of proanthocyanidin with traditional solvent extraction from apple flesh

TREKE A B AXB C AXC BXC e
BEHE 2 2 2 2 2 4 14
F{fi = 3.664266 34.35576°°  3.143 671 3.447 88 1.259 747  4.189 815*

HANBE.BHZEERSB.CHoH,AXBAHRESUBIENAERMAAXCHEREYS pHERNXEEM,.BXC
REES S pHIEMEE/E e HIRET,Fo0(2,12) = 3.89,F0.0(2,12) = 6.93,F.05(4,12) = 3.26,F0.00 (4,12) =
5.41. » RREREE, » » RREFREE.

2.3 BEEBHERESEAEARIENLER

HR 5 AT, A AR S R R R A
B WATRBEN, EENNARBST %,
BURBEFEET 20 'C,HF R BERRA T 10.9%.,

3 9 #
BEERBRRERRAPHELET RN R
ERET C) RFEEEMERRERFET R

RBGERE 90 C, XA THBARE BT M
REYHE L BESHNBERIERRETAE

MR KERE SIEREEFEALAGHNELE
. BEENEEDATASNEER S, xR
BA P MR W AR, T B T SR BUR B o &
FralEMREE W, 1T RBAE.
BERHBERRGESEARS S REVRE, A
BRREAR-ZMESWAERMEN, EXFEE
HEAR-ZBIRENEN-KESRPRELEBR
BHREDD, MEHANERBREEINHRSER
FHW:VOK) : VOEHLEH) =50 : 50 K HLE
RABUEBH) X TR &R, BF K



#15%

MNARF FRRATREF TR S ROMBER 83

WHRBRFERTELETENBREZHEBI K
(GOYOE FHEARARRMNEEZBEERY K
(80%4), R R AT BE & A 45 T R 8R40 #8075 iy
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Tab,5 The difference between ultrasound- assisted extraction

BAEKERAT.RRSRS0NMZEREERRE
f R BERCR , NIRRT A M B #€ . Eskilsson 72

and traditional solvent extraction for the extraction of

ST 4% th R 7 S TR o 1 B AR R M IR ""”“"’“’*"‘“";M&

o b g P
ﬁl&ﬁ?ﬁf}ﬁ%ﬁ#upﬂﬁ%ﬁl% EERRB LR e aral i
H—50, < ha/%

FRHEZMERERELE EWEE pH ﬂzggﬂﬂ 70 50 & 0.139 862
B 4, BE pH (T AL h 1 T A I B AR« ,
%ﬁﬁﬂ 90 80 4 0.126 112
REREEERANBRESN T OERERLF BRI :

Bl pHEN 4 B ILEE, —REARE
S o 5 BT X B Y R B 45 RE N BRI AR 3

RAEXERBIT . REECAN BRI TR
HEMEM L ANEZHEENAKE, KRBT
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