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SE LR BRE . =5 B A .
R A K OEE. B TR TKBREN .
PUR MRS N o Hral; A4E5=M (5 )7 Ulg) 4
Tra 7 et AR A B A ), BRCPEER IR (26 J7 Ulg)
T s ChED AYEARAF R AR, DPPH
( 1,1-diphenyl-2-picrylhydrazyl ) 4 - Sigma
ALORICH A7,
1.2 NF5RE

FA1004N o7 R CEEPRSRITALEE) D 5
BS223S HiFRF (FEZ ARl b AR
AT s DK-98-1 RUEIE /KR (R 407 T
{X#) ) s TDL-40B Y& A EBLOHL CRAGIE) D
Centrifue 5415D 7 i #0041 (f8[F eppendorf AG
Co.) ; KQ-250 AU aHvEasy CE thiilE /(4%
HIRAFD 3 WCI-802 AUt Jpikrds Cii N E 1L H
A AT]D ; UV-2600A I ANA] WA G RE T
CUJerr Rl XA BR2A D 5 Unic7200 40y
FEHCREE T COT e (O3 G B A #]D ; FE20/EL20
M pH T HRFE-FERI 2 (R ARAFD .
1.3 BEEERREEALTE
1.3.1 SFipEmearia®

FRPE AL = AT RIS LA T2, FREUE &
FACky, DIBRELE 1:5 i pH {H 4.5 BRI
PR NG, TR AR RN 15%14F
deZ M, SSCHEEM# 5 h J5, 4000 r/min 0> 10 min,
S35 L ORI DUTE IR 2 W B S HE TR )
A1 DPPH H H5EiEFREE ), B bae ) mg/g (LA
Veil) Eare.
1.3.2 A& G Bank A 4L 32

RGP T2, FREGE R AEH, DL
BREEE 1:5 I\ pH 18 8.0 [fER Th e i, 1R
Ja ek RN 1% M5 2 T, 55°CIA# 3 h
Js 4000 r/min B0 10 min, 235000 & I AT
JEH R 2 Wy ' ) HOE IR R DPPH H S TERR AE
1, YrEALRE S mg/g (LA Veil) Eom.
1.3.3 ek sk BE LR MR R A0 BRI

8 A BE D CUE ), il DORRB LG 1:5
ANJK (50°C) + /K ZEE. 0.05 mol/L pH 1 3.7
AT IR - T TR A N v, $2HX 30 min, JF4H
[F) 4% A0 N WEAT B8 75 A Bh PR . RIAS S,
4000 r/min 2.0 10 min, 43530 % b i 2
O LA R A DPPH [t R g T .

1.4 BREEZRTEMLAMZEE RIS &

SrNFRUE RACKy, HATWR 3 Bk 4
MG RE AL EE, ISR FIEVE CAbEE 1) 5 HH SRR
HW AT Y 22 A RE O UE ), OARSREO (Ab3E 2)
B AREE 1 AL 2 PEEUAS B EIE W (LhEE 3
3 E S AL TS . 28y IR R )
I DPPH H hd&iE ke Sy . HAbEE 3 % DPPH H
HHHEE BR BE ) ICso {H(ICso E 4 DPPH H HALIE Fr 2
Sk 50% N BT R B () o A B ) R v SR T A
DU BB ¢ 1 B ARXS BON R AR R, DL
PEXT IV IEBR R (%) N Mbbs, BIET5FE, il
JrRESRAF 1Cs0 1o
1.5 SHNERZE
1.5.1 AKRE8NE

7712 1 GB5009.3-20101"%,
1.5.2 ZEr420yne

26 GB/T8313-2008"", R HIMEAIN AT E -
i my SR mg/g (BL GAE i) fefa&os; Uit
LWy S RN me/g (BLGAE i) UIE TYI iR,
1.5.3 DPPH A W A TRAE A 69 ml e

Z [ SCHR[20], 75 4 mL DPPH 95% £ BE R G
B2 0.2 mmol/L) A 1| mL A ek 00k, &
WIRA G, HILEEECE 30 min 5, 7E 517 nm 4b
WEROCHEE, % F AT RIS RE.

E(DPPH")(%)=[1-(4-41)/4,]x100

X, EDPPH) AL DPPH: E HHEEANERZ, Y%
Ao A 1 mL 7%18/K+4 mL 0.2 mmol/L DPPH ¥R AT
SEAIMOEAE; Ay A 1 mL ZRAER G4 mL 95%[11 4,
BRI E RO 4 9 1 mL ZACH PO
+4 mL 0.2 mmol/L DPPH #§¥7E Il & WO .
1.5.4 &R AeMZ

ZWICER[21]. 76 10mL 808 R oA
0.5 mL ZXAERHEHGH 1.25 mL (0.05 mol/L pH {H 6.6)
TR ER T, 1.25 mL 0.5%EkE AL, JBA))E 50°C
K#F 20 min, FHIA 1.25mL 5% =548, BAG
4000 r/min £5.0 10 min, HX 1.25 mL 353, AR
A 1.25 mL Z€087/K, 0.25 mL 0.05%5404k, % s
5min J5 700 nm FMILI G, HZEEKINZE. [H
i, 0.5 mL ZIR/KAE AP IORIE A T
MEARRIIBAEE, %L N AT )

IR TI=(A 1-A )/ A =

S, A R ZRACK PN 2 s 4 -2 I A
1.6 HIEAESSIT

PR AR AT 3 AT, I 4 IR 4+
222675, KA SPSS 17.0 #AF#H T ANOVA
M CREMEKE p=0.05) , 1 EXCEL 4 AH%
R K2 YU AR T AR G AT
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Fig.1 Effects of enzymatic cell wall disruption on antioxidant
and content of polyphenols
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Table 1 Effects of different extract methods on antioxidant
ability and polyphenols content of sediments
e AEem  DPPHOMIE )
AU Content of kR ) Reducin;
Extracting DPPH radical &
methods p(}lypher}]els scavenging ability / power |
(mg-g") /(mg-mL™) (mg'mL™)
K
A
Warm water g 58.0,00c 0.10£0.01bc 1.82:0.013b
combine
ultrasonic
extraction
i 7K SRR
Warm water 0.28+0.00¢c 0.09+0.00e 1.744+0.027bc
extraction
ey
R
Ethanol * ¢ 66.0.01a 0.22£0.01a 3.45£0.058a
combine
ultrasonic
extraction
SR
Ethanol 0.62+0.01b 0.22+0.00a 3.34+0.162a
extraction
P 4 4 e A D
Acid combine g 5510, gc 0.10:£0.00b 1.6720.030¢
ultrasonic
extraction
B FE
AN 0.26:0.00d 0.10+0.01bd 1.60+0.096¢

Acid extraction

e 2 EHHE AR (n=3); RFEREPAFENE FRHE R
KEREE (p<0.05). ZHEHELL GAEil, DPPH A REEF R it
L Vet N

Note: The data after “+” means the standard deviation (n=3); The shoulder
mark of Lowercase letters between the same column represented significant
difference (p<0.05); The polyphenol content was expressed as Gallic Acid
Equivalent, DPPH scavenging ability and reducing power were expressed as
Vc. The same as blow.

R2 TRRBASESHEEREMENENELR
Table 2 Content of polyphenols and radical scavenging
ability of different extracting methods
DPPH H HIFEMGRRAE)
DPPH radical RIIE}I.JJ
educing

scavenging |
ability/(g-g™) power/(g:g”)

EZlira
Content of
polyphenols

/(mgg")

PRI 5)
PGl
Different extracts
P _b 3 T
LHHRIOK
Enzymatic
supernatant and
ethanol-extract of
sediments
Pt i L3t
Enzymatic
supernatant
B fRDIVE L BER
Ve
Ethanol-extract of
enzymatic
sediments
1oy S SEHOK
Ethanol-extract of
bee pollen
R K AR E
Water-extract of
bee pollen

HIE 2 r LA, SRR e 2T Yl R g Bk Ab 3
Jri> H BV DPPH B S ERAE ) ks &
Z WS R BAC B NUK SIS B m (p

0.12+0.01a 0.19+0.00a  24.84+1.24a

0.08+0.01b 0.18+0.01b  12.89+0.55b

0.05+0.00c 0.06+0.01d  11.95+0.43b

0.05+0.00¢ 0.06+0.00d  8.81+0.13d

0.01+0.00d 0.08+0.00d  9.70+0.09¢

<0.05) ; WEESUEMEA ORI, 2
w4 248 mg/g (UL GAE 1) , BT IekmEsd
WRIK$EH, DPPH V5 FRAE ) SBEHEMAH Y, #m
FREEH, Tk e 2 . HLE AR LS
5YiE LI RS DPPH i FRiE
J1 R JEU K 2 Wy (W STk e g 2 oA 311
1.6:1. 1.08: 1, LR It — P i-5imT LA
KU, KB LSRR R OR & ),
DPPH H HIHEISFRAE )« 65 ) 2 2 & S b ] i
P, 5 ORARBORAHLE, 20E T 1.4 f%5. 2.17
. 1.82 fiF, SUKERWAHLL, Al T 11 £
1.38 1%, 1.56 fi5. KUk, MAEMBEHAEITTEY T Ik
M Z Wy, S5AEFRIBEEG T3 ARk e
WP RIS ST AR I AR IR 4 v B
W SR FAME
2.4 REGHREEYMENENERIELRE

H2E 2 AT4N, AAACK eF 4 25 Bl _L 1S WOt
TE LR IURR SR I T A BRI,
HEmaaR®. WK HPTEETE IR 1Z 3R I
T ERIPTRALRE 5 Er AR S Rk T 6k b, K51z
TR WL AN [F) B B 23330 2 3 DPPH H
SLiEkRRe ), AR WE 2 Fios.
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Fig.2 DPPH free radical scavenging of mixture of
supernatants of cellulose hydrolysis and ethanol-extract of
sediments

2 nTUUE H, F 4 = BEnRE FIS W AnDTvE
LRI R S %F DPPH [ Hh 2 3 B 1 1 55 3L
JFUEW L BRI E M EBOCR, & HATH, H 1Cs)
44 0.58 mg/mL.
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ARy SIS I KEE I 2
&, SR A B ERE R AT T, RIS E
PR 2 1 & ffe s, 1E B DPPH [ HHE 168
lf, HZm& S5k DPPH A th3Ehe ) st
% . Morais ZEPWIIE T 5 FhAS RIS (111164 %t
DPPH H HAEMEBRER, THEAT H L ICso EYE[H
£ 2.16~5.87 mg/mL 2 i), FhENSEEEPE T L4
AR 80%REFLI ML IR )y, BfE AT 43.9~
1032.6 ug/mg (LA Veil) ZIH.

ARG P 3R AT AT 4E 2= M i BE LI S UTTE &
W R BORIR Y05 DPPH H L 1Cs 1A
0.58 mg/mL, FEAAES W R T Morais®HR 6 By
Y (2.16~5.87 mg/mL) ; ifJ5 ) B
TPV SR IE A 2 4] (1 032.64 ug/mg) , H
AT B B (43.88 ug/mg ) AL 23 Wy 41
(323.21 ug/mg) 2], LTS L5 B alith )5
P32 1) 20 A = VAR 21, T AR 7 (3R 5
SR -
2.5 FIEMMENEHSEZ IS E0HE MR

it e ARG T S 2
BZMPSCR, FIHE 2 PR LES, &M
WS Z W58 2 MU AIebRdE T A G M43
Mr, gilandk 3 s,

K3 FUMESHEESHENTIENERXRE

Table 3 Correlation coefficient of total phenols and
antioxidant activity

DPPH H
Wi THERGET) NV EUi R
Itéms DPPH radical ~ Reducing Content of
scavenging power polyphenols
ability
DPPH [ Hi2E7E B fE )
DPPH radical scavenging 1
ability
M%Ejj 0.8098 1
Reducing power
A A
FHA 0.8685 0.7600 1

Content of polyphenols

% 3 A%, S PR AL TR 2 o S
DPPH | H13&35EREE N MBI 1R DU — 52 (I IEAH 2%
(=0.8685 2 r=0.7600) , HIJAEE (p>0.05) . ik
kilk 2 AR, IRk P D AN UL
WTHA P RE—2 )i, Wnl fee 2 P ik [FAE
FH (45 Bt o o i ek AT 25 i L 8 I O e 6 K 3
DPPH [ HIEM FE 2 —; B4k, s
2 Campos 2EPTHRIE AL R P IR . 2. 2%
% MR Voo Ve RA —EMitsE /e

ARG PR AW P sE AR YR S o 2
5o SR FE I I 2 R A 1 T — R 9T

3 4 it

1) Ak 4B RE IR M REAR LE,  He i
BT s A B 50 DPPH. [ tHIEWE I fe Jus et
Y ZR AN AE LU BRI B 1 A R 1) T 2R TR

2) St /KFIRACEEAILL, T 4 R BEHEBE DL
M ORE RIS, WIRZ IS R Pl
TR 5

3) KA LT 4 W LIS ORI E SRR
BRI A G, H DPPH H thi3kiG ke fi. IR &
Sy EY B, SEGMEIRBAHEL, 7
PET 1465, 217 5. 1.82 fi5, S/K$LwiALL,
SrAREE T 11 fE. 1.38 fif. 1.56 fif. IS
ZMW sl 24.8 mg/g (UL GAE i) , ik DPPH
HHIEREIIM 1Cso M (0.58+0.15) mg/mL;

4) FACKHRIRE % DPPH H & fg e
JR 3 5 H 2 Wy o HAT 8 A O, (AR R
5590 0.8685 F10.7600, HIAEE (p>0.05) .

(& % x WK
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Enzymatic cell wall disruption process improves antioxidant activity
and polyphenol content of camellia pollen extracts

Dong Yating®, Yang Yuanfan'**, Ni Hui'*, Peng Wenjun?

(1. School of Bioengineering, Jimei University, Xiamen 361021, China; 2. Institute of Apicultural Research, Chinese Academy of
Agricultural Sciences, Beijing 100093, China; 3. Food Bio-engineering Research Center of Xiamen, Xiamen 361021, China)

Abstract: Bee pollen is used as a dietary supplement which contains nearly all nutrients required by humans. Tt
has been used as a folk medicine for centuries to alleviate or cure conditions such as colds, flu, ulcers, premature
ageing etc. Related researches have indicated that pollen has stronger antioxidant activity home and abroad. It has
been pointed out that polyphenols have unique effect on human health and are the most widespread biodiversity
natural material, which is widely recognized in the scientific community. Bee pollen is rich in polyphenol
compounds, which can be used as potential antioxidant. Because of the solid pollen wall, some biological active
ingredients and nutrients are not effectively absorbed by human body, thus the cell wall disruption is essential.
Although research has manifested that the enzymatic cell wall disruption can increase the extracts antioxidant, few
studies have conducted on the basic active ingredients and the extraction progress. In order to establish the
extraction progress of pollen antioxidants and explore the relative correlation between the polyphenol
contents and its antioxidant activity, a series experiments were conducted on the influence of antioxidant
ability and the polyphenol contents with different factors which were cell wall disruption enzyme, extraction
solvent, and ultrasonication. The results showed that compared with the alkalase, the supernates from
celluase progress showed higher free-radical scavenging ability of DPPH and reducing power; compared with
warm water and pH3.7 citric acid-phosphate buffer, ethanol extracts from the sediments of the celluase
showed higher polyphenol contents and free-radical scavenging ability. It showed some correlation
coefficient between total phenols and two antioxidant indices in camellia pollen was 0.8685 and 0.7600
respectively (»p>0.05). In terms of ethanol and water extract, cell wall disruption with celluase and ethanol
extract increased the polyphenol contents reducing power and the scavenging ability of DPPH by 1.82, 2.17,
1.4 times and 1.56, 1.38, 11 times respectively. The contribution to the reducing power, DPPH radical
scavenging ability and the polyphenol content of the mixture were 1.6:1, 3:1, 1.08:1. The results provide
some reference to the development and the utilization of the pollen resource.

Key words: extraction, cellulose, alcohols, camellia pollen, cell wall disruption, polyphenols, antioxidant
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