F2 % M1 LERFFR (ARAFR) Vol.22 No. 1
2017 421 A Journal of Jimei University ( Natural Science) Jan. 2017

[XEHS] 1007 —-7405(2017)01 —0021 - 08

EYHBEHEEFSHINIZHMR

2 OF, R, B, R, SR, MR, B 8, AT

(1. B£AFAGEEYTAREFR, BE BIT1361021; 2. BEIIWEFIREAGEATLKEE, 2 B 361021;
3. BMELAEFIREEIEZKRFN, BE B[] 361021;
4. KFEBEMIHARERXB TBHRATEFE PO, B2 FIT 361021)

[FEZ] DU Ot SRITIBRE R BE BOR R B AR A IBCEOR , B ST LT 4 R Mg . SRR B 2 i 52 5
B X Z2 W ASCRAOSE M, TR0 e i T 2055 SRR WY, R T RIS R EA 7 A 0, B T 20 5%
4 i 20 000 U - kg™', fiff# pH {E 5.0, BEAFIRIZE 60 C, BEMEASIH] 90 min, ¥ £ B 2 HUR 5
1.68 g/kg; ZEAMZFERLEAIS, WEH 2 S BOR A TS (high performance liquid chromatography, HPLC)
S EE R T 9. 24 4%, ZRBUEN R, SCEL T 22 Y e Ak il .

(KR W5, 20 WS BRI

[FESDZES] TS201.2

Extracting Polyphenols from Laminaria japonica Based on

Bio-enzymes Extraction Method

LIU Meng', LIU Guangming'***, LIU Yixiang'***, CHEN Qingchou',
QIU Xujian', SUN Lechang', YANG Shen', HAO Gengxin'
(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Xiamen Key Laboratory of Marine Functional Food, Xiamen 361021, China;
3. Marine Functional Food Engineering Technology Center of Fujian Province, Xiamen 361021, China;

4. National Joint Engineering Research Center for Deep Processing of Aquatic Products, Xiamen 361021, China)

Abstract; Bio-enzymes and solid phase extraction were used for the extraction of polyphenols from kelp.
The extraction efficiency for polyphenol extracts from Laminaria japonica by using cellulase, pectinase and
their compounds were evaluated and then the optimal technological conditions were determined. The results
showed that the extraction efficiency of polyphenols was 1. 68 g/kg after pectinase enzyme hydrolyzing the cell
walls of Laminaria japonica; and the optimum parameters of enzyme hydrolyzing were as follows: enzyme hy-
drolyzing for 90 min, 2000 U « kg™', pH 5.0, 60 °C, the signal value of high performance liquid chroma-
tography (HPLC) was improved to 9. 24 times and the impurity peaks were significantly reduced after solid
phase extraction being employed.
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TRARES T L4150 L REAIAE G A RENS A A IO 5 BRSO 45 & a4, TR 75 4
BRI, AR, T 00 DA S T — (1R A I P AR A ) 450 2 W v 9 0T

ST P REVEHE R 50, BFSE 2T 4 0 . SRR K 2 10 B 4 T4 2 T v Hh R 9 3
W, SRR T A b, K MR B RS B A B R AT 40 Ak, LU B &
B P2

1 MHBERE
L1, A (s

IRy, AT TR BH I K ™ S TR FRA A

LY %W (100 000 U + g7'), Imperial Jade Biotechnology Company; %M (30 000 U - g™'),
b AAE A RHER A BR A R 5 XAD -7 RALB G, Sigma Aw]; XDA -7 RALBHAG, 742 HER
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56 T FH HC Al i) 2 A T 24 A
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L2 1.4 RERRTZZEM

i g B P B AN R R AR ORI A R, SR G5 A N R s, v ORI MRk A pH (E
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Tab.1 Factors and levels of the orthogonal test

K [Kl 2% Factor
Level A (Tif§fi# pH Enzymatic hydrolysis pH)  B(JEEF Temperature)/°C C ([T /] Enzymatic hydrolysis time ) /min
4.0 50 60
2 5.0 60 90
6.0 70 120

1.2.2 HASIEARAR Bk AL s 22

[ AR ZE U UL BRI v, B IR G . IR A SO A, B A B AR A O AT
Zet ARG R IR A A AR, AR R S A B AR A RN, e T R R A A B

FH T #5025 B AR A€ B0 (1 2 By sl AR Ty 22 WL M — AL I #3285 R o — 150 2 A I — 1
JIE e 2 R O — D s R 4 — VR T —> ¥l 2 By 2l
1.2.3 il 21 5 = il
1.2.3.1 Sy & i AR ORI E

Sy iR H Folin — Denis 2%, WU 28 (9 W8 22 Wy 2 IBOH, 71530 H3 AR b 22 1 9 o B 9k 32
(pg/mL) , % FRA XM ZMARECR . ZEHZECE (g/kg) =pxVxn/(mx10°) , X p
2R (pg/mL) 3 VAR BOR AT (mL) 5 n AR RATEG m A by 0y 5T &
(kg) o
1.2.3.2 i ZEaiEr) HPLC S04y

{0, 1% 2514 . Merck Purospher STAR RP - 18 fjif4E (4.6 mm x250 mm x5 pum), K 280 nm),
iR 30 C, P 0. 80 mL/min, PEBEHI N (A5 40 H EE
1.3 HiESH

IR 3 AT ISR L A2, Origin 8. 0 BRI, SR SPSS V17, 0 GEi x4
AT 25387 (One —Way ANOVA) . R/ P <0.05, FREMEER; = +»FRP <0.01, Ak
R

2 WHImER
2.1 pnEgE. BERE pH {E. BE. NEXETSHRNENID

IR A pH A, W IRIHE Z B BCRIR A 1 s, A La sl LIE L, BE
IR BRI, a2 W S BCRE IR 22, TR ARG REEE AR IR, B T Z IR0
o AR, RBCHEE AR AL T AT e R B . SRR B NEG A5 16 000 U - kg ™', ¥ 2
BRI, JRECRA 0.99 ¢/kg, LAMBEHHRERM 1. 83 £%; SUEHE N AF] 20 000 U - kg™
i, Ty 2 R BCRIKE 176 ¢/ke, JERMMMER 3. 26 15, M pHAEART, pH (HASILRT £ 4 R AR I
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gty Z2 By A W AR, (DN TR, 2 pH {E/NT 6.0 1, $RIRCREE pH (ERYHE RS, 24 pH
HILF] 5.0 0, Vs 20 04 BUR A B K (H 1. 84 g/kg, WK 1b iR, MWIEEESKE, MERET
T, AT 2R BCREEZ AN, YRR AR 60 CHY, RECRIAEIR A, Horh 2 4 R EEAb BRI
w2 EPEIRER 0. 84 o/kg, RACHEAL P $2 AN 1. 88 o/kg, Gl e o, MISIRIRE, BEE
f I TR SEAS , M RGN, HAE 90 min AR . F4ERMBAHRIEN 0.75 o/kg, RILHE
AR 1. 66 g/kg, WA 1d 7R .
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Fig. 1 Effects of enzyme concentration,pH value,temperature and time of
hydrolysis conditions on the extraction rates of polyphenols from Laminaria japonica

2.2 A EEBHETENEESHMRNR LR

2 AT, EREBERER AN BERE T, 25 .
W Z M RICE (P <0.01) | JFRARMY =0 [, X l,
BRI R TR (P <0.01) , HEAM 2 . :
FORUR S R AR L e e, i 25 Y "
A FRFRMLIAT, WWEBBIERA Eop [ 1
IFGHY 169 fif, RMMHLIALAEI T34 fh, 22 1
ARG T 3. 66 15, BAEANL ==
BRSO B A SRR M A R (S O
CEE LA TR R [P, 3 5 TR R T s S e Control Cellulase Pectinase Compound enzyme
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N Vi NN Fig.2 The effects of enzymic hydrolysis on
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febr, ERCRAEM pH (E (A) . IR (B) | WA (C) 3 AMHER 3 /KFIEAT Ly (33) IEAIKE,
FHALWEL 3 W, GPRLE2,

R 2 IR AR AR ZZ 0 AT R W, e ERAAR T 2, Sy Z IR ICR 19 N 23R K
WGFF 2y s WAL > MRARRAREIE] > Wi pH A, SR 20L& o ALB, Gy

WG 3 19 T7 2200 Mt R T LAt 2R RO S ORI, AR . MR N IR] . A pHL
XHRBCREE AN B2, #on] UG B AL A ALB, CoilEATI6IE . B FH SRR TR A SR rh S BT Al 22 1
Bigfig pH A0 5.0, BHFIRIE 60 °C, BEAR AT E] 90 min, AL BRIFAE M A H 5, M3 YOPA7 Bk
%o, R ZHEICRN 1. 68 ¢/ke.

%2 EXRRGITSER

Tab.2 Orthogonal experiment design and the corresponding results

e A B C T Z B R IR
Experiment number Polyphenol extraction rate of kelp/ (g + kg™")
1 1 1 1 0.997
2 1 2 2 1.799
3 1 3 3 1.498
4 2 1 2 1.678
5 2 2 3 1.690
6 2 3 1 1.648
7 3 1 3 1.477
8 3 2 1 1.622
9 3 3 2 1.623
K, 4204  4.152  4.267
K, 5016 5111 5.100
K, 4722 4769 4665
k, 1.431 1.384  1.422
k, 1672 1.704  1.700
, 1.574  1.590  1.555
R 0.241  0.320  0.278
Fx3 BESHHARERNAESTEBREMEEN
Tab.3 Variance analysis of orthogonal experiments
Iy 2 A e . . W
Source of variance  Sum of squares of deviations Free degree . Significance
A 0.088 2 1.257 Noizj%;ince
B 0.157 2 2.243 F, 0 (2,2) =19 NUiZi%;ince
C 0.116 2 1.657 NO?;fziince
2% Enor 0.070 2

2.4 BEESBRAL

LA SR BTl 22 Wy, B RALA G I RE S S B DA — 2B S0 ge it . 255 3C
MRARGE ', B ZGRH XAD -7 A1 XDA -7 KALRAR, XAD =7 SR v R AL B, W B 22 T
LI T W s XDA =7 RESRRSSMAERAR, Al LUTEA LR 22 BOIRK PR BR P . A T A —
EREE FEREER,
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2.4.1 LRI R A K AR

PEARAE, S IR AE I I I 7E 280 nm, 300 ~ 500 nm JEAEHIE N 2K HHAE R, T
680 nmfffTEMERE A AW, B3 il IR, BRI S AR LM R F, 4 XAD -7 #f
EAifLIR 2, 280 nm AbER A A A AR S, B S AL MR M4 XDA -7 f#i54ifk
G2, ALAE 280 nm ZEWLICI LSS T, ZeBitiA W, I, e XAD -7 WIS 1E halifk
i KL G . #E— BRI RERC R IR IR 2R, S5 R, SRS, £ a5 852,
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3 EMAERREYE £ IR E LT
Fig.3 The ultraviolet-visible spectral scan maps of the extraction by different extraction methods

2.4.2  HPLC Bk [ AHZE A i AL CR

) A AR S, Al R A, 4 HPLC 2 )5 BEnE 4, W 2R Y7 280 nm
MMESEER, HAJEENI, RRARRKE . FFRET, 4 XAD -7 Wigaif)s 2 W5 S Eik
B 7 AifEATAY 1. 92 4, T XDA =7 BEIE AT 5 S(ER m 2 8. 44 1 WIRBE— D RRERW M ERZS, 5
SERE T 9.24 %, HZABEIH BN, R, XDA -7 RIS - fef e B A A O R BA R
aRCR

3 Wit

AR AR TR T R R ICR AR T B, I, ZHANG 5 A SR JH B i )
L AERMPEIEPACE TP I 2y, JRBCRINE] 1.75% , 78 T8 75 4 ORI PAOK 2 48 45 5 B 5 2 1) 2 i
%, KONG %™ HGREGE 45 R A W], FLF A R WK G M0, BEOUT MOBEY) 2 1), HRIROCR 25 ik
3.03% , {EIF PRI Y, ROH 4\ SRR ft — AALBRE R, ZB RN 770 g/, 1
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B4 E#MAFERRYH HPLC Bk
Fig.4 The HPLC spectrum of the extraction by different extraction methods
HATKIG WA SRR 45. 83%  S7HCE % IO R B AR UL BRI T 2 BRI T2, Wi %
BHRIBCR N 1.2 g/kg, WARTAIERY 1. 68 g/kg, 7ELUALTT I, MILAAGRIAEZIIEAR, AOFFER
FH A TETAH AR B R A 25 7 e bt S R ek #, HAT ARG 8 (. AR L3S, & T Tl feA:
o W, SERKEREETORIH AB -8 AR MBI, DA R AR ORI, AT R AR A 1 B A
BARZBHFEN 10.5% 5 FHNE S RN AB - 8 MR HAS IR 1T 2 B, ZE3EN T75.78% ,
SHEIRE] 63.56% o TR/ R XDA -7 MR H SIS B W, BEER 70. 65% o SR, A1
ARTEHFHEZ W AT AR WA . e B A WM R AIBE TS, I, AR R BRI HE— 20 25 ity
Wy AT WSO I R B, RERC LA R AW B LT A (R A MR A
BHTARE RN, SEERRME, B ZBEREORR, Sl KA, HOeREDE TR,
22 HPLC 738, (O35 P A A i . 25 i /b , 2 0emi B (R IR B v, R REIR A S L BRifgly Z P Y
R, e HAE,

4 g

1) ARSI I B R IR 6 e P SR, B T 20250 - Jni &k 20 000 U - kg ™', il pH
{E5.0, MEfRIEE 60 C, MEfEISE 90 min, FRECRIKFE] 1. 68 o/ke.

2) FHBAHAA ARG, GRS IR Sk e A B, i 2 By i) HPLC {5 S 1
9.24 ff, ZRBRWEN] W, SCEL TR 2 W m Rl
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