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Abstract; Effect of frozen injury in flowering period on nutritional composition of Eucommia ulmoides pollen was evaluated
by determination of the contents of nutritional ingredients and total flavonoids in pollen before and after frozen injury. The
low temperature in flowering period didn’t have any effect on the contents of proteins, amino acids and vitamins in the
pollen, and the contents of total flavonoids increased slightly, and the contents of reducing sugars increased significantly ( P
<0.05) in the pollen. However, after frozen injury, the levels of free amino acids in the pollen decreased obviously, and
the levels of sucrose and crude fats decreased very significantly (P <0.01). In conclusion, frozen injury had an adverse
effect on some nutritional ingredients in the pollen, and therefore appropriate measures should be taken to protect E.

ulmoides pollen against such frozen injury in the process.
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1 #REFE
L1 Rk 0 s
111 FPRERIE

A BT BB R R B TR R E SRk P n L BUR T SE

e R X B B IR S, R R 11.0 ~14.2 C, =10 CFHR 4530 ~5140 C,

ToFEH 200 ~210 d, 4P HFERT & 550 ~700 mm, S EED 800 ~ 1080 m, 4 FiREZIEMR A, HE
SR BT

2007 4¢3 A 25 HIEHSRE , B TRBARMAZIFER , BEFZOCUT( -3 ~ -5C) , HFFLET 3d,
IKSBELE AR , SEAETE FERSTAR TR K E . MEAEZBIRRG , iSO L RIEE .
1.1.2 REEESE 57578

2007 43 A 5 HIFHRWIEE 76 5 AN TEtE R (A3 HBEPLE S 25 ~ 30 Bk, FERHR T 2007 483 A 22 ~28
H XA, 12 5 TR R 2 AZE SR E P ER B AR VB (PG b 4 D7 SRR SF B TER (B4 20g) , IRA
95, o AR  FEZE AT B TR 40 Bif)E  RAREE, &M
1.1.3 3550 {4

H 2 By LC-10AT & 20 (2354 ( B 4%, SHIMADZU ) ; UV-2000 B4 550 T W43t BE i (e e p {3 s
AR F]) s Model cqB860A RUHEFS i b aw ( KA I /RA R ) 5121MB ZEFR /7L (Beckman 73 ] ) 5180-80
JEF R BT ( HA B SLAR]) s VS-KT-P & B E RN (HA B LA R) ;7 T AR e (_E#E50 —
J7) s LB R B Al R Bk (14-30 B) %%,
1.2 sk
1.2.1 FERAEETT ¥

FEAA TN , K 2007 4F 3 A RRRICHA TR0 ARG5S AE NS TER RS N5 Tt
RIREHES PR EFRFE R (508) IRE 5] AE N & RIFE i o
1.2.2 B RIRE Tr i

(1) BRI E (RIEE B REEBR N LR )

HEAREEROME  HEFFRI 20mg THAEBFE S BA KR E b, KR E HH0A 10mL 6mol/L i)
HCL F H AR URHL AP 3 B R B 255 B , FHBUER S O R B O K g8 e 110°C RO4E R TR A8
KR 220 J5  BUHY A o FTIF KR BRI I8 )G , 5B TR S 0P K i R K i iR TR e 6 3
S0ml ZAEIFAN, LR TKER . WHUEH ImL T SmL ZFEHAN , HEZ TIRAE 40 ~S0C T4, B WA
1 ~2ml KEEf, FET R, R BATPIR, S Ja 26T, A 1mL pH2. 2 (R sPRsA , icJa T 121MB BB
A EE 8

WHRERKIE  FREUBEE LS R7ER 45 2. Og, BUABEA 20mL 75% L BRI EEH iR $2 30min, 33 38
I 10mL ZEESES, EIRIRFIIEC G I o IBBAR R L OB, FHIN S BERR 22K IR & W Ja AT I RE

(2) HAERMIWE FER B RATOLENED; 44K E RARBORHEEIEENE?; 44K C RA
2,6-—REEMHE LS

(3) WERHIIE (RJEMERIBENE) R B Hm 2 @

(4) BERMIE RASIRERES, BFRBUBEELLHE B & 2. 0g, B A T S00mL & ZUff

(GB/T 12391-1990)
(GB/T 12388-1990)
(GB/T 6195-1986)
(GB/T 5009.7-1985)
(GB/T 6432-1994)
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HOIA 0. 12¢ BRERHA 3¢ BRERS ) 20mL BiER, H#& R —Jrik i Bkt @2 e R, A N x6125 3t
HEARKEE.
(5) MERMTHIE  RARKHBIED
1.2.3  ARARER B SR AT E -
SR FHFRE TLA: 5 2003 4R (R4 £ S KL 36 S5 PP BOR LT Fh A4 £ o B O T ik
PR R (8] U5 75 2 K AR BRAE 105°C T TR A E A9 T X MR iy 10mg, i Y B0 i, $8 5, E A 3
100mL, i 2 AN 0. Img/mL 57 TARMER IR . RO T ARMER R (0. Img/mL) :0.1.25.2.5 3.75
5.6.25.7.5.8.75.10mL 5 25mL &I, I BERZBE 355, TR 360nm T IERILEE, WAk 1 A& 1,

®1 FATHRERBRKESREENXR

Table 1 The relation between absorbance and concentration of standard rutin solution

Wi H Item 0 1 2 3 4 5 6 7
e Concentration (wg/mL) 0 5 10 15 20 25 30 35
1 Y Absorbance 0 0.137 0.272 0.413 0.545 0.674 0.803 0.928

X b IR AR SR A
EIE 742 K C = 37. 6094 — 0. 2324, # % BB R = G
0.9997 ,7E 5 ~35ug/mL JEFE X HE G I B SO ER
RIFMZLITR R, R, C hXT BEAE S ¥ (ng/mL) ,
A S FriAS OB BE

ME A TR B 1g 2 BE AL T IS W) A8 Ry iR, I
75% WM BEERE 25mL, 5] J5 , @B S $2 B 20 min, ji{
B 1h JFRE EEW 1. 0mL, T2 KL, hn 1g R B
(14 ~30 H) WM, BAEKE L ER R, REHEAE
Mtk SEH 20 mL 2R3, R 52, AR5 A 50 mL FEE
Ve (PRI AE 2 ~ 3 1%5/10s) , EA Z 50mL(—

30

20 +

AL Shik ¥ Concentration (ug/mL)

AR A 25mL, (ELA B o B 0 A R, 25 0 . .
FEAFEI 25 mlL, WA W EDAR o Ao 2 3 L, ' BT Avortance h
5478 S0mL) 3SR AEIREAL HUR — /NG T

B) 75 360nm A0 KO, (R A T b M1 TR

AR, SR U2, R b SR A g 1 The standard curve of rtin

2 BREHH

2.1 FEMAVRE XS AL ARTER 3B E IR A R
MR 2 T L, FERAVRE X AL AR R R BB B RS B AR R (P >0.05) R JFOR & 8 B33 hn (P <
0.05) , B ARG B 5 AR 2.2 el /b (P <0.01) ¢

R2 FEXNEMERIEEFTHS SEHHE(%)

Table 2 Effect of frozen injury on nutritional composition in Eucommia pollen

i H Item & i Protein & JFBE Reducing sugar HREBE Sucrose HIEHF Crude fat
Y HiAEH Natural pollen 26.3517 £0. 1341 12.9933 +0.2380 * 7.0033 £0.1102 ** 3.4100 +0. 0656 **
% J5 AE# Frosted pollen 26.7043 £0.2157 13.5133 £0.0702 * 4.5067 £0.0777 ** 3.1067 +0.0306 **
P 0.0740 0.0222 0.0001 0.0019

® (GB/T 14772-1993)
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2.2 TEMIURE XS AL RAER BB S B R

FERRIM IR EFRMER M EZER . NER3 WLUEY , RENESEAREERTERATA
W HAAL AR IR . RERTEHAER HERRERR SR 19¢/100g £h , HRAERKN SR B
N Teg/100g ZEd5 o TAT L, FEHAVR 3 X AL AP A0S 2 B AR IR & B MA R . X 5EARERER L
RER K.

R3 FENEMEREARSEERSEHN

Table 3 Effect of frozen injury on amino acid content in Eucommia pollen

EA AR i (g/100g) EA AR i (g/100g)
AR Amino acid contents HHR Amino acid contents
Amino acid YRAGAEN VYR Amino acid FRETTER Ak
Natural pollen Frosted pollen Natural pollen Frosted pollen

KA Asp 1.618 1.684 = IR lle 0.851 0.838

* SRR Thr 0.829 0.811 * ZL R Leu 1.339 1.377
2GR Ser 0.980 0.929 % &R Tyr 0.657 0.809
A Clu 2.215 2.308 = KPR R Phe 0.953 1.054
&AL Pro 1.967 2.318 * JiZ R Lys 1.484 1.479
H4® Gly 0.794 0.849 21 His 0.696 0.671
WA Ala 1.015 1.035 AR Arg 2.179 1.862
&R Cys 0.174 0.135 W A IR Essential amino acid 7.029 7.287

* BER Val 1.136 1.253 IR B Total amino acid 19.320 19.890

* AR Met 0.437 0.475

* KD TER IR  Essential amino acid

MK 4 L, BN E R i S BB P BRI AR R I E SN, ER B AR S B IA I T I,
HpRAEZR HER FERE BB OB K4 0L, B R E R ER B EERE BB T
448mg/100g, K iif R A L HBER OB WA P BED . WA BHEENRE , FEHIGRE X+ ek
e FAERR R 2 LB B A, R U - AE A 0 SRR (MR8 ) 2 3 il S BRI S I A R
Wk LA, ZELLG B A 7= i AR v LR R Ut , BB X IR DL 2

R4 FEXLMIERHEES SERS BTN

Table 4 The influence of frost on free amino acid content in Eucommia pollen

i B AR 5 B (mg/100g) U BRI 5 B (mg/100g)
R Free amino acid content AL Free amino acid content
Amino acid ZRRTAER RIS TER Amino acid ZRRTAER RIS TER
Natural pollen Frosted pollen Natural pollen Frosted pollen

REEAR Asp 140.8 98.59 = IR lle 32.45 26.69

* R BR Thr 0 0 * FL R Leu 21.04 12.06
245 BR Ser 140.30 87.58 AR Tyr 16.13 12.28
AE M Glu 110.90 82.96 * KPR Phe 10.90 8.260
% & Pro 887.20 929.40 * AR Lys 60.36 54.75
HE&® Gly 12.96 9.65 2H &R His 129.10 70.79
HER Ala 53.41 38.88 AR Arg 580.70 315.50
BEE®R Cys 9.60 9.71 T R IEMR Essential amino acid 156.06 133. 601789

* SR Val 17.95 20.59 FHH M Total amino acid 2237

* AR Met 13.36 11.25

* W AEDFE R F IR Essential amino acid
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2.3 TEMIURTE XS AL RAER 4R R S R R
MRS MK 2 AT, RERARERMERPREERSBEZRABE . WA, AR e 48 A4
REBEPIAK,

RS FEXLMIEBLELERSEEFIM(mg/100g)

Table 5 Effect of frozen injury on vitamin content in Eucommia pollen

1E43 Pollen Ve Vi Vi Vee Vee Vi Vee +38 +7E
YHiAEH# Natural pollen 135 0.535 1.140 1.648 0.591 1.149 3.388
% J5AEH Frosted pollen 126 0.528 1.180 1.561 0.935 1.275 3.711

A FADTERY- BT Eucommia pollen-before frost 27 B MAPAERY-15 J§ Eucommia pollen-after frost

mV
oo
T T T T T T T1

12 :
6 ol
4 61
2 3L
0 ok
20 —3T[)|||||||||||||
F2 4 6 8 10 12 14 2 34 567 8 91011121314
i} ] Time (min)
&2 VE ) HPLC {5 &
Fig. 2 HPLC chromatography of VE in the pollen of E. ulmoides
2.4 FEMMRE R ALY R O R R P
334%6 EI'J_IL;,EﬁE iﬂﬂbiﬂ_T,gﬁ%E ZE*},} E‘J;E'\ﬁ Table 6 Effect of frozen injury on total flavones content in
R & 2 mA I, Eucommia pollen
3 #p5itie i dRHITERY TR
-+ ulmoides Ol . . Item Natural pollen Frosted pollen
7|‘:|:1E|J(Eucommm ubmordes V- )jg*i,ﬁ]*)l’*i ,ﬁ:‘}% £ Content (mg/100g) 3190 3267

E IR FERRE 20 208 (T BIRIX) HE 70,
FAETE AL 36 J7 hm” . HE M SR ERE S EZMR
SRIE VYR, B B 25 R , AL AR B M R RERERE B 0T S O 25 i B R AR B A o B TR I L LA
U IR E2 FUEEE SR F R . MR M ER AT B EE, ERMASF L, SREFE
B, I A RN L2 290 R AEH B S RO HE A 1.4 A5 o BTLA, AL R IE R TR TE R R £ A T
SR 5 T R A 25 T O AR A AR = R R OE . R, SR B & RS SR A PR = B 5 T &
USRI AS

FERAVRE (IR MG ) XA ER P AR EAR EAREAERSBESARARENEN(X5EA
B B RERRICBRER K) , BRI S BMA I, & 50 B B E (P <0.05) . {HRE, 7L
Wr R AR B B B > (i B R B N R B LR R B SR 2 — ) 5 BERE AORLAR 7 B 5
BB E KA (P <0.01) o BFLA, #2455 B A 7= i B BR BUH T T B 640 52 1

TEARPFERMT, Rl RR T RER M EA fT R Y E i E . E—ERE L, MYXI s
ilvis 25 B ittt R, AR AR R P R F A A ROB SR o R, YA AR O B R A 2 A
i W B AL , AT AOR PR 552 B0 IS E S o PRSI (AR IR I8 ) 2B B AL Al
(IR 3, IR A RIS I & B, B TFRGUAR IR BRI 200, T B M 2R Ak A 0 ORI P IR BB R E
R A B Z IR BT a2 & RS RE AR BT AR S AL ARk 3R & R AR IR e Tt &k
Prs o TIAL R FEAR P JEORE 5 B A S 2 SO, T B -5 R 3 T 40 8 38 JOWE AR R A 5, 38 TR Y
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SR R/ PR oK TR B SR R R R U RE
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