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Fig. 1 SEM photographies of rape bee pollen cell before (A-magnification x 1 000, B-magnification x 5 000,

C-magnification x 300) and after (D-magnification x 2 000, E-magnification x 3 000,

F-magnification x 1 000) fermentation

2.2 UV ENEBEEHEER

RS BRI T % B 5 20.4 mg, B 100 mL &5
0 95% CREE Ky EARAE AR, T804 N 95%
CIEMBERZEE, #5), RIf$ 0.204 mg/mL 7] X}
SRS R DU T TR R 0.04 1.0+ 2.0+
3.0, 4.0. 5.0, 6.0 mL, 737l'E 25 mL &=, N
A 30%Z 0 10 mL, 5% AHEEH 0.7 mL, 5 min Ji5
BN 10%MH 2% 0.7 mL, 6 min J5 N 10%E %4k
W5 mL, HH30%ORERS 25 mL, &5, ifE
20 min. LAZKAEZ LLAE 510 nm B KAWL G RE (4D
fHo DL A{ENPAANR, R B R AR bR IR AT £ 1k

[, 234 5 B2 ¥Y=0.011 X+0.038 6,7=0.999 0,
KW T 8.16~48.96 pg/mL Bk R RUT K5 %
PRI — & TSR R B I $E ), ] 95% LTy
I 2 A 25 mL s, $24), B S
ST AR E IKAEZS HEAE 510 nm K AL
WsE AfH, VS SR = .
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20 g, #LAF 4 PO R BOERRIG: (1) @A
PEEC: INE/K 2B 120 mL T 25 C#A (Th# 80
kHz) 25 3 &, &% 30 min; (2) Indinlde
INTE/K 4B 120 mL, 85 “Cnd e 3 &k, &
K1 hs (3) BHEE: MIEKLRE 120 mL, &4 3
R, BRX 48 hs (4) B SEIMIiK CIREE 24
h, #RJE UL 4 mL/min ARG EHATIEE. SHEB0R
JEIE, VEWURRIRGEZET, PO, THE I
I, JERE BRI — 52 5t I SRR 3 W S )
KH UV ik S i &, v 5 s B S e
T O H . A5 L AEAR RN 2 1 N ST ERAE 2 IR
TR B Yo SR A 73 I, S A T Ak v T 2 H % RN 4R
Y RIS R R 1. IR, B R
TEEAENT T B IR AL DS BCR R T
i) o £ o A A, R A R HGEAI B R SR
AR PRI =y, (R ERI) S T ) A
i, MR EEIE EARTR I b o sl o) Bt e
HEEIUREAR, T LAE BB WA
R CHREMARIZEAEMELLE 1=3)

Table 1 Camparison of different extracting methods

for rape bee pollen (n = 3)

PRI FRER/% B 5 B0 %
A 42.79 5.69
Inel L 39.68 4.95
ik 9.69 19.74
Bk 18.58 17.43

24 EXREGHAHEEMERSERRIZ

BT YA RO o TR IR 32 BB I 7
PRSI BRI LL ] IR
YR RIS W AR U B 2 I g, x T
WAL, ASZIG A EW T AT, PRSI DRI
rh ST T 2 EON AR, B EGBTRI L E
PRFRA B (A R (B BERARIR & (O)
FNSCEE & (D) S6F H B 5 38 I o £ 0 300 5%
R 3 K. SEgwh g R Wk 2, Tk
M AR 3.

SR RIS Z P F R A A CLREARFS)
¥ >B (BIEKHED >C QBIARRE) >D (X
i), LN ERAEN ABICDy, B LEEARFAI 2K
4 100%, 2] 24 h, BHEAATGLE 2.4 mL/min,

R2 L3 EXRWGIHEL
Table 2 Design and results of Ly(3*) orthogonal test

FI 3 hs%iy Tl
J s - y
A% B/h  C/mLmin") DA% &EH5E0%
1 40 (1) 24 (1) 121 10 (1) 1352
2 40 (1) 48 (2) 24 (2) 15(2) 1186
340 (1) 72 (3 36 (3 20 (3 1079
4 80 (2) 24 (1) 242 203 1691
5 80 (2) 48 (2) 36 (3) 10 (1) 1538
6 80 (2) 72(3) 121> 15(2) 1596
7100 (3) 24 (1) 3.6 (3) 15(2) 2095
8 100 (3) 48 (2) 12 (1) 20 (3) 19.87
9 100 (3) 72 (3) 24 (2) 10 (1) 2116
K, 3617 5138 49.35 50.06
K, 4825  47.11 49.93 48.77
Ky 6198 47091 47.12 47.57
R 2581 427 2.81 2.49

F0_05(2, 2): 19.00 F[)_o[(z, 2):9900

x3 HESH
Table 3 Analysis of variance
TR WEIOIM A By FE BENE
A 111.177 2 55.589 107.542 P<<0.01
B 3.435 2 1.717 3323
C 1.467 2 0.734 1419
D 1.034 2 0.517

W N 10 £ .
2.5 BRI

FREX 3 AR I 1 It il B o SR A 6K B I S A
U K 2064 22.3. 19.8 g, SGINTE/K LB
24 h, #RJELL 2.4 mL/min AR R TIBNE. 50
HORpERL, JEBRERAZE T, FowE s, THE
M P, R BRI — o 1 I S A ER S 2
Wy, Fx “2.27 TR J7ERHT SR E R e,
3 b B a4 B v e S T S E o i 21.67 %
20.68%. 22.91%.
2.6 HPLC-UV JENEREEM AR H 3 &
ETEStA=x
2.6.1 (iEA&AF  AiEHA Capeell PAK-Cig #E (250
mmX4.6 mm, 5 um), JHEIAHN LME-pH 2.2 B K
W (351 65), RllPEK 360 nm, MAFIE 1.00
mL/min, FEilf 40 °C, HEFERE 20 pLo XFIEGE Al
SEACH I s L 2.
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Fig.2 HPLC chromatograms of mixed reference substances (A), flavonoids extract from enzymatically

pre-treated rape bee pollen (B), flavonoids extract from untreated rape bee pollen (C),

hydrolyzed sample of flavonoids extract from rape bee pollen (D)

2.6.2 ARSI EI RS RSB R AR
TR M 2= A m . 5 RAEEA N 16.64

17.8. 10.7 mg, & 100 mL &, WESRMITE
2%, RIASR A Mo Ll 0

2.6.3 RAMKMI ARSI RS
IR BWEESE IS S AR AR A, DA
FEW IR IEE A4 100 mL, LA 0.45 pum ffFLuEREDERS
RI7S R 48 B /K A A T VR

2.6.4  FR/KARI MR IO HI S R PR AR
S SEE, N 70% 40 20 mL, ¥f#, I 7.5%
I8 20 mL, 95 CRIFAHI 2 h, #H], B2 50
mL £, MEKLEEZEE, #%), LL0.45 um
TUALUERE g, RIAS R /KA Al

2.6.5 ZMERHRFEL MBI “2.627 TIUNES
X FE R 1.04 2,04 3.0 4.0, 5.0, 6.0, 10.0 mL
53 25 mL S G SRR N TR, a3 A
RO 3 W HUR FEE ) S 59 20 L, 335 N i R AT
A, & “2.6.17 TR SR TI e, LUE
AL (V) RHREIRE (X)) FHATLIERE, #3505
JiFE: Mt & Y=84 394 X—25 213, r=0.999 9;

1251y Y=86 229 X—20 614, r=0.999 9; Fil%
% Y=76014 X+7 997, r=0.9999; FKHH K 2.

25y, S RZER DI 6.64~66.4. 7.12~71.2.
4.28~42.8 pg/mL £ 56 R K AT

2.6.6 KUMBR L IR HEREI “2.6.27 TRE
£ %8 SRR VR R IS R 3R 52 (R 0T R o, 40l
MR VK 5 W BN [ A S PR 6 S99 20w, TR
BB R, H% “2.6.17 TN (0 A 34T I
S, LSS EOMENELEE 3 0 1 R PR, fEMEEE 10 01

HERRR, MM = s m. BRI
B> 510 2.88. 3.36. 2.26 ng/mL, & &ER5HIA
9.60. 11.20. 11.30 ng/mL.
2.6.7 AEELRL RSN R LM, R
A2 0 83.00 89.0. 53.5 pg/mL VA XTI G,
W, HEURE 6 I MR iR AR
AR ) RSD 43930 0.6%- 0.3%- 0.3%.
2.6.8 FaE AL R —EEALRE S A I A
AR, S, A AE 0L 20 44 8.
12, 24 h PsE, M 25, LSy An S Bl 2 25 R
TR RSD 23510 1.3%+ 0.6%- 1.8%, 2 HIHHR
VRIRAE 24 h IWE&ESE.
2.6.9 FEILTERLS B 6 U EERLEE A I S
AR, S, i ERE 20 pL, U
SEM R 2 AR S R A R i A, AL
S 74U RSD 230l 4 1.8%. 1.5%. 0.7%.
2.6.10  JNFE RIS EREG RS SR 0 1 R
BEMSEACHHBIG AR IR 2] 0.4 g, AT 6 4, 4
SIS % 83.0 pg/mL+ 111251} 89.0 pg/mL. 5
A3 53.5 pg/mL A L 2 mL, &tk
R, TEREI A o 25 S B 2 TR DR 98.8%,
RSD 4 0.6%; L4340 K 96.8%, RSD K
1.8%; 5 A= 2 P-4 R Hy 100.1%, RSD A4 2.0%.
2.6.11  FEAIIGE KSR RRI— 2 5 1) i I Al
MURBBRE M SEAC R SRS I, 4% Bk Tl ok
R K ff R 7K A i () e S A0 S I P (i
W, RS M R = A, R RERE
L AREERDETRE, VM R LEm . R
R E WS h i T o B SR WAR 4.
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Table 4 Determination of flavonoids in rape bee pollen

o R 0%

ABEEETCRY RUKMERT  0.07  0.09 0.01 0.17
WKMIE 173 4.92 0.11 6.76

R R BRAKMERT 237 5.06 0.17 7.60
KRG 258  6.04 0.21 8.83
3 it

AeK 40 N BE B sy 7 AR SR . AT IEGTHRIE
FEA 20 b B AT AR SR IR A 27 S ol SO 4. Bt
WA T ERPR AR . AR AR S AL
B R L/ NN S A R 2 B B . )
A SCHRARE , RO 2 NMAASUER A 0.158 4 Clkg,
T A6 K50 40 I T8O Bt F T ik 0.077 4~0.129 0
Clkgo MM H 4518 AN HE R 41 P BEREA T i B
ARBE” o F LRI RE 72 MU R | e 2
BEVE R A IR e vkl 0K BB Fe 00 40 i 2
BIARIFRRE B, MR A P 378 IR ) I R
L RS, w3 FEE R ORYEAER TE
AMREREFE 7328 TeRBE F A LA ST, WA
B R ALAb S s FER BERR I R fLAL, HoAth s 7l
AR, N A R LR LA 5 Ak KB ik H
TR BESE R RN EIIR F, WEYATE H . A
A2 R FH 8 A I R R Y 0 S SR A by 1A T e o e
TR, ) E Rl A R e ARk AR e, 3 A
e I AEAE, S DLIER BE A, )%
hAE, WREREM G, 7E 90%LL L.

PR R R R SR G AR B A R A, R
T $ XS T 2 A 25 40 1) [ Bt 41 L A Bl 2 B
K, BT CASEEUA) v o S I 5 S ARG . B IR
AR 2R FE— @ IR B 22, BT AR AT i
i, HAHUR A SO B s TR, JFRA
WA R BT WRHEE . AFR A,
AR T AN S AP IR TR 1. RLEA ]
PASR H B UV E SR IO SAR K IR B 28 Ak 5 ) o

Vit A PR Ak BB A A A5 A K B 8 2R 1K) [ I
2 AR T S Ab 22 A A AP e R, JER
Wi AR 4 A P B Le Ak 2 1o PR T, AN HPLC-UV
0 Tl R DR B A K R AR A AR B T Ak 5 )

AT g T UG, 7Emsedetn h i ik 59
T L LU TG AP, 0 5 B AE ALK AR R (1) [T I
RN VTR ARt /b (5= Y TR &5
TG, X AT REAE Tl A B IR P A ST IR
BTSRRGS0 iy 1) — LR /K A A 4 2
TR KRR T SETT 7c. Bbah, A Seikiig™
Ak b e T K AR R B I S oo E . AR T
BN . BRERRRE FER A5 ) v v o B e T
RAEELENT, Re St TAek &k i REAb 2, 15
AEKRL DU T AR A DK, SR AR5 771 110 2 f i AR K,
B HA A A ) T SEAE R BIURL P S A 7 B A
DI G TR N Y e S s 0 NN By B €]
T A S P I FE R

HPLC a3 E ik de: H3HPI%H Eclipse
XDB Cg FEMl 5y =4840 R e 25 Rl Ay 2
By BUAF T EF AR (H AR e e e R R,
AU FE S 25 1% SCwk iR R N e L Aty . #t Rz
FASE RN, RILLAE R R 2 E AR Lk
4385 . 2K H Capcell PAK-C g BUAF T 1R U5 1143 BS54
R, 7E 15 min W HIESES, RORIRE R TAERCR .
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