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Abstract ; The contents of minerals( Ca,Mg,K,Fe,Zn,Mn,Cu and Cr)in seed coat and embryo and the microstructure of the

embryo were studied in three edible stages(S1,S2 and S3) of two immature Vicia faba( broad bean) varieties ( Fengdoul5 and

18).The results showed that the mineral contents of all broad bean samples were in order of K > Mg > Ca > Zn,and a small

amount of Fe,Cu and Mn was detected , while Cr was not detected.The content of most minerals in the seed coat was higher than

that in embryo.The main amino acids in broad bean protein were glutamate ( Glu) , aspartic acid ( Asp) , arginine ( Arg) and

leucine( Leu) , while methionine( Met) and cysteine ( Cys) were the limiting amino acids. Essential amino acids were accounted

for 12.80% ~37.35% of the total amino acid,and the total amino acid content increased gradually with the delay of edible stage

(P <0.05).The total amino acid content of Fengdou 18 was significantly higher than that of Fengdou 15( P <0.05).Scanning

electron microscope micrographs showed that the starch granules in the embryo of broad bean gradually increased with the delay

of the edible stage, and the polygonal shape was dominant in Fengdou 15, while the oval or round shape was dominant in

Fengdou 18.Correlation analysis showed that there was no significant interaction between the synthesis of amino acids and the

absorption and enrichment of minerals in the immature broad beans of the two varieties.
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1 MBEFE®
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PN S EF 458 XU 15 5 (FD15) F1RL
7 18 Z(FDI18), F 2016 4 10 A 19 H Fifl T R
AV Bl 25 B = SWTF 5T 3L H (Jb 45 100°247, R 45
25°45' if§ % 2090 m) . FDI5 ()44 & Hy 166 ~
170 DAS,FDI18 fy4=/E & Ik 172~179 DAS, A< 5256
L= AE B B S1(138 DAS) . S2(156 DAS) 1 S3
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Bl RS T AR R ML A FR 2 7] 5 RE-3000 Ji 5% 75 &
ar R ISRAEBANAR T s L-8900 H Bh 2 KR 43 AT
I H A H LA A T R 38 (Scanning
Electron Microscopy, SEM)  faf 22 5 2 K F| i H, 1
AT
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121 &EAEIHRE R =8 T B R
G T L REBREITEHETIR(-51 C,12 h) , F1T.
G RO B RUIE = E8 43, Byt 60 H G, i
FEZE-20 CH#HH.

122 YRS ENE S8 Lo S5 0075k, R
FH T IRAL I IEALRE S (FREX 0.5 g #% 32 Fp 2 AR 19 R
TR, BBy Likih, R E TSHHP P
(500 £25) C F KAk 4 h) SR IGEEAE 10 mL 10%
FEIR (V/V) b )5, SR A KO IR I W 43 D' O BE
i %E K Mg.Ca.Zn Fe Cu . Mn Fil Cr 14 & £, 4554
FIRN mg/100 g T, KIGRFRIKSF6CHEETTHT
TESHLER 1,

123 SIEFRH AT MRE Gao 25 By 7 15, HL
R T B By A T ORL R OB SR I f# T NaOH
(pHI10.0)EWH , =R TR I 3 h, 12000 r/min
5.0 10 min, B F V8 W INER R Hiig 1k 2 pH =4
VULTEE )R, H-LA 12000 r/min .0 10 min [FITTHE
BOEE BT, I R (=51 °C,12 h) o BE)S , FE PR
I 100 mg ¥ VR TR T4 & H R IR TER T T
110 °C /H 10 mL 6 mol/L HCI /Kf# 22 h, $R )5 FHiEs%
Z& R 4w (50 °C,200 v/ min) ¥ 45 K f# 7= 1), PRI
PR 51 2% i (0.02 mol/L, pH2.2) i I E AT 2 5 mL,
B )5 B AR B AL 0.22 wm 2R PO 3 £ 4 T LI 15
(PTFE) i 38 , I 2R FH 22 JE 12 43 B AU <2 65 4, 2 iR Sb
17 P BLR & i, BD R E MR (Asp) | J5 & TR

FRUER) AT FE 0 s PR (ERIR (Poghezl)  PuBe Al (Thr) (222412 (Ser) AF2AM(Glu) (HZBL (Gly) (A
Bt A BROS w5 SR AL (AT all) R AR R AR Z MR (Ala) PIPEZ R (Cys) (B2 18 (Val) | R 2R
SR IR IR AN (B al) R XU R (Met) 578242 (le) 3E2AMR (Leu) (Mg 242 (Tyr) |

TR A R

Scientz—ND B Z G| FLAS R VR THRML T H 2
A BB A A6 RS 7] 5 AA—6200 KA T 0% W 5
YOG HAR S HLAE]; RIM-28—-10 T3k ]
MY H ARG T DK-98-11 iy R =87
R ER A BR A 7] DFY —600 £ #8251 3 7 /g 9y i

AN 2R (Phe ) ZNE (Lys) (ZHZAMR (His) RS 2418
(Arg) FIHZIR (Pro) .

124 WFRAEETIN R TR0 A SRR Y 2
S AR ERG AT S FE U] I A A A L, SR T8 5 TR 2R
B b TR A B, 20.0 kV 50 Pa 9 2518 T X H
MLEEAL BEAT A L BE (1000 x ) W&,

R IIER TN TAR SRS H

Table 1 ~ Working conditions of flame atomic absorption spectrophotometer

. JTHL R WK Yk NE 2N ; 2 R
e I(T io)m ﬁj (Z;ij) Mfﬁiit@ MR ( L-?nin ) ( L-?nin )

K 4 166.5 0.7 M LR 8 2

Mg 4 285.2 0.7 Tl R/ LR 8 2

Ca 5 422.7 0.2 e SRS IR 8 2

Zn 6 213.9 0.2 TS LR 8 2

Fe 8 248.3 0.2 5 A SRS LR 8 2

Cu 10 324.8 0.7 s LR 8 2

Mn 5 279.5 0.2 5 e S5/ LR 8 2

Cr 5 357.9 0.2 5 e SRS LR 8 2
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1.3 HiELE

SEEEHR RN Ry AN A S A5 R 0 o
B = P22 (x = s) , WEEPERE R H SPSS 17.0 giit
BAFFHAT M, P <0.05 tA 225 A G240 X,
2 ZER55Hh
21 AEARRANMBREENTYRSE

PR A =~ FH Y B9 R BT SR 2 Fn iR
o & e I e 5 R DL 3R 2, S5 IR R, Pl b & i
L B ) R 2 K (49023 ~ 87301 mg/100 ¢ DW),
R EMg(45.43~58.21 mg/100 ¢ DW) .Ca(16.11~
81.09 mg/100 g DW) .Zn(3.83~7.59 mg/100 g DW) .
Cu(0.76~291 mg/100 g DW)  Mn (0.73 ~1.24 mg/
100 ¢ DW) Fl Fe (0.00~1.58 mg/100 g DW) ; it &
R 42 K (525.86~760.84 mg/100 ¢ DW) , Hivk
J Mg (34.71 ~ 43.88 mg/100 g DW ) . Ca (2.39 ~
26.12 mg/100 ¢ DW) .Zn(4.26~5.45 mg/100 ¢ DW) .
Fe(1.87~3.78 mg/100 g DW) Cu (0.84 ~ 1.46 mg/
100 ¢ DW) 1 Mn(0.47~0.87 mg/100 ¢ DW) ; H. Cr 7
A A AR M R . AT U, PR A R =
A FH B B ) S i s e TR B RV i B SR 2 i 5T
P32 K Mg . Ca Zn, HICER 43 REAG I 2| /b 5= 1Y) Fe .Cu
F1 Mn

W) J0E T 2 AE TP B RN R Y 4 A BB 2 A
PEo BilAn, Mg 19 & S E WS SR Y S1~83 BirBedb 3k
B R Fp Rz v TR, T Fe IE4FAH ;K Fll Cu 19 & = 7E
P SH AR Y S1~S2 [y Be 34 2R 30 N Bl Bz i 1 I, T AE
S3 MrBei & ar R I A B TR, Ca Zn F1 Mn |
FrigTE FDI8 thy) S1~S3 B B3R M b j2 v T
Ti7E FD15 r Ca & &7 S1 By B R 80 0y Fh AL F
1 S2 ~S3 By B R Bz & i TR Zn FT Mn 7E
FD15 v S1~S2 [y B Sy Fh Jz & 4 i T, i 7€ S3 Bir
BOAH I o

ENGIEINY /) v A S S P o R DR E f P N
mlo fhn, e B A B E s, K & &P 5

Thonw

4 el iz RV o 14 5L I ] S R R A 34 Ca 76 A

B ol g P A T I T AR VR R A 5 R A
FEAK 5 5 Ca AHIZ , Cu 7E P A 54 R 54 b iz vh &5 5 22
REEALG , 1710 75 S HP 1) 2 2 38 97 T 45 5 Min 6 9 A 5 b 1)
Rz G AR (P > 0.05) | T AE IR h i 75
YTy e . B B B B SE S, R A R
YIRS Rt AR AR 22 5, Mg 78 FD15 Fh iz v i & f i
£ FH B BERY ST 5 328 W ARG, 76 IR v %) 2 S JE AR
JETHE I B AR LA H (P <0.05) , R 7E FD18 Fl:
Bz FR A i B2 G 3 AR A

ST LI FR W, & SRR 2 MU 5 ) R A
P4y A w40 W 0 00 S B 5 R AR I A
HRAS AN B BEA G, 33X 5 A 7 B @ L N =
0 I SR 4 SR — 25, RV 9 0 ) 5 2
e Ak 2 T R LK L B iR KO M AR B AR BE
J1 YRR N R R . DI, 7R SRR Rz Py
A A Y T, TR A B o R B4R B FE R R
Besh, BEE B B 0 I TS 5 BT S AR AR R R, T B
R FH 5 SR A B M 16 W A
22 FARARAMBEEENESERARK

AIF B Y B A O A LR s W3 3. i
23 WAL & Cys ARAGIN BN Sh, HAY 16 Fhs FERR 4
WF, AR (TAA) & E U F o 20.71~85.44 o/
100 g & /15, w1 s & LR (EAA) B IE N
2.65~27.86 g/100 g TE i, I s E IR (NEAA)
TrEEEl 18.06~57.58 ¢/100 g F 1)l ., & RN
FE A LML 2 Glu  Asp \Arg Fll Leu, 2575 & FL RS
T Leu 4k, Lys Ile Phe I Val &gkt hFEe, X5
Vioque 25" fit) & 91— .

TAA & EEMAS SR AG S1~S3 [y By g 3548
(P <0.05), EAA FIRFBSF oA~ 20 FE IR & 1 5 TAA
FrE LA 3, TAA FI#B4r EAA (Leu . Ile, Val
1 Met) & H 76 =& H B B h R 8y FDIS >
FDI5. oAk, BiA~ & Fl =42 F B B i) EAA/TAA
JE R 12.80% ~37.35% , AN S F A EAA 5 1By

2 AIFE BB SRR R B ) 5 i (mg/100 ¢ DW)

Table 2 Mineral content in seed coat and embryo of broad bean in different edible stages( mg/100 g DW)

A E?; K Mg Ca Zn Fe Cu Mn Cr
Tl e

SI  873.01 £26.13°* 5528 £0.65"*  16.11 +0.82** 6.71 £0.10"* 1.58 +0.44%% 2.49 +0.26"* 1.02 £0.26* ND

FSL% S2 74267 £137"" 5301 £042" 2773 255" 6.87 £0.13" 0.97 £0.07° 291 £0.01"® 1.24 £0.17°" ND
S3 494.17 £32.90** 4543 +0.71**  81.09 £0.348 3.83 £0.63* ND 1.20 £0.01°® 0.85 £0.04 ND

Sl 85890 +£49.12°* 5821 £3.68*4 2587 +5.99 7.42 +0.13"® 1.00 £0.10™* 2.54 +0.43% 1.19 £0.25 ND
F;i;, 2 61573 £1555"  56.66 £0.41*®  31.00 +0.09® 7.59 +0.12"" ND 2.15 +0.18" 0.73 £0.06* ND
S3 49023 +11.40* 5649 +0.38"  63.82 £5.79" 6.79 +0.07*" 1.06 +0.2° 0.76 +0.01** 0.90 +0.06* ND

i

Sl 760.84 £24.27""  40.67 £0.28"®  26.12 +1.78®  4.46 +0.02® 3.36 £0.28™ 0.84 £0.08* 0.58 £0.03%* ND
FsL% S2 61244 £1443"® 3792 +0.03®  11.38 +0.88"% 4.67 £0.17* 331021 1.02 £0.10** 0.63 £0.01** ND
S3 54743 £5431*  43.88 +0.49" 5.48 +0.27" 5.45 +0.38* 2.98 +0.73* 1.46 0.02"8 0.87 +0.03"® ND

Sl 68175 £8.90"  34.83 +0.37**  6.59 £0.07°* 426 +0.09* 3.78 £0.10% 0.96 +0.02°® 0.47 £0.03* ND
IJXSL‘;; S2 52586 £17.33** 3471 £0.55* 4.93 +0.02%4 4.57 +0.30*4 1.87 +0.24*4 1.23 £0.03"8 0.59 +0.07**  ND
S3  567.15 £21.53** 3875 +2.06" 2.39 +0.27* 5.38 £0.17" 2.99 £0.10" 1.37 £0.05" 0.69 +0.01" ND

E ND ARRBA I ] ; [FIFUA R NG F-RE s AR 4 S i R R & Y Be2E 5 i35 (P <0.05) 5 [R5 [R) RS 5 R AR [
B BOA R # 52 R 8] 22 53 .25 (P < 0.05) 536 3 [
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*3 OANFEE BB L A R A (2100 g 2 %)

Table 3 Amino acid composition of broad bean protein in different edible stages(g/100 g protein)

Ty e 1= Asp Thr? Ser Glu Gly Ala Cys Val? Met?
. S1 2.14 £044*4  0.60 £0.09%% 071 £0.08%%  3.69 £0.45°4 ND 6.11 +1.4128 ND 0.73 £0.2134 ND
EL% S2 6.28 £0.16"% 275 +037"4 310 £042P% 856 £1.758% 270 £0.40%"  4.89 +0.45 ND 3.62 £0.71"  0.53 £0.0324
S3 9.15 £0.52¢A 293 +0.48"% 468 +042°% 1647 £1.07"" 321 £0.442% 432 098 ND 391 £0.61" 035 +0.06"*
. S1 550 £+0.30°B 230 £042:8 266 0338 7.88 £0.66°8 216 £0.69°  4.48 +0.58A ND 3.02 £0.5838 031 £0.07°
F;% S2 7.17 £02128  305+027B 373 +£037PB 1033 £1.5838 3,07 £0.57°B 508 £0.71B ND 4.04£0.7158  0.65 +0.06"B
S3 9.14 091" 298 +0.31*% 467 +0.28"F  16.39 £1.94P4  3.13 £0.928A 452 £0.7428 ND 4.00 +0.88°8  0.54 +0.03B
A BB B lle® Leu® Tyr Phe? Lys* His Arg Pro TAA
- s1 0.35£0.09%* 026 +0.06°*  0.31 £0.0484 ND 0.71 £0.08%A 049 £0.14%4 429 £0.69° 032 £0.03%A 20,71 £3.8584
FSLE'%: 2 296 +0.83"4 493 +0.34P" 2,67 £0.44P4 279 £0.85°0  4.65 £0.52P4  1.61 £0.57°P2 475 £0.99°A 273 +0.40PA  59.52 £4.22PA
S3 3.61 £0.57"% 690 £0.75P% 326 +0.86P* 420 £0.95°% 576 +0.81"B 256 +048"8 930 +096"" 434 £0.62P8  84.95 +7.58°A
- s1 2390528 414 +0758 2210788 231 £0.64* 386 072" 1330648 397 £037%4 247 £0.72%®  50.99 +4.71B
FSL;; 2 3.39 040" 5700918 304 £0.858 340 £041°® 584 +055 201 £096°B 572 £0.71°% 361 +0.64°8  69.83 +3.86"B
S3 376 051 69409550 338 £044°B 420065 544 2081°% 238 £0.85* 1009 +1.31"B 388 +0.79%A 8544 +7.11B

e [RFEUTFEILM  TAA RFEDEILM .
S S2 B BEEL R . A LR T4 45 S 5, Met 7E P A
SRR I 45 £ FH B B b 4 5 TR DT 43 (AAS) B LI
(8.9~18.6) , L. Cys 7£ i3 & T2 AE i rh 2 A A% 1, 3
5 SR A S FRAE T — 3, B sk SRR T e =
PTG . AN [E] Rl R 45 1 W B A R A
R 7 1k 1 22 55 K AE Ak AT U PR 40 6 i 3l 3 T 5% R
(AAP) AWM BRASAE By | 59 50 0 A1 S5 3 15 25
E 0L AT) 01 G

SABER 5 W T 22 18] 1 A DG S BT 4 R
FDI15 1 Mg Fl Ile \Leu \ Tyr  Lys HAT i 2 A T AH Gk
(r=-0.999,P <0.05;r =—-0.998 ,P <0.05 ;r = —-0.999 ,
P <0.05;r =-1.000,P <0.05) ,Fe 55 Glu th A5 2%
By AR e (r = —0.999, P <0.05), FDI18 1 Zn F
Gly Val 2 [a] HAT 5 3% 19 T4 e (r = 0.999, P <
0.05;r =0.999,P <0.05) ,K Il Pro HAG i 2 14t 48
Kk (r =-1.000, P <0.05) , HiAth i 1) )5 5 44 3 ik =~
) 449 JCAF G o 30 U8 W A o A R R v R 4 SR
(WA | B A R KL IR 11 A =2 T A W 1 A B
I
23 AEAEAMBEEENEREH

SR T WRGEAS [ £ FH B 2 U 1) R 45 A A5 Ak
SR FHAAH P, T 5 A X L AU 5 AL R AT T LB, 4%
SULEE 1, P S E 4 M I B ERIE R IR R L AN £ T B i B 4 HL T S R (1000 )
A RS2 T U . R 8 TR RE L i AR B A1 R Figl

—
N %10k 100 pm

Scanning electron micrograph of

R g o, E AT QR B P B AR el SR R )
JEREF AE A3 (A L3 5 Ma 257 FE A 6] S RHE
Yo BT I B9 — 20, AT TR R, SRR AR AT AR
COR LR R e N e D) | RN R R I ED o
A e S UKL 18 D) Bt B B B A SE ) 3 T 4
i, i 2 B e S v R A 5 R A i el BE R rh T
A3 OB R /N S8 i e Ah, B s R 149 2 R % R
TEAIE SR 2Z (8] 2 AN [\ 1Y, FD1S v 2 08 5 25,
i FD18 H i [RIE sl B 5 22 %, HXUE 18 5 rh e
UL B 5 R T RGE 15 50 X AT RE S IBAL P 3R |
RPLI FE SRR BE B P i S AN AR O
3 &it

P AR A T 2ty Ao o 5 e v B 0 B 84 R
K Mg Ca Zn, FEJHERGIN £ > HE ) Fe ,Cu Fl Mn, 4
AAGIE] Cr, HISHB I 67 4 o 76 Fb B b i) 3 B T

broad bean in different edible stages( 1000 x )
AL~ A3 FIRRT 15 51 S1~S3 BBt
BI~B3 F/R KU 18 S SI~S3 BBt

A s AR, 4 ST & B AL PR S SR s A
PR 2 IV v 249 B B FH 9 B2 11 SEE 5 388 7 A 5 s 52
HH P AR S S E A, P EAA & &
FEloh 2.65 ~27.86 g/100 g K H i, 5 TAA & &Y
12.80% ~37.35% ; F 8 4 B A~ S B 2 Bl TAA 55 5t 56
HEAP BT 5 AW, H FDIS 1 TAA & &t
FIK S 43 EAA (Leu lle Val FI Met) (1) & & & T
FD15,Met £ Cys Ay FR il P4 20 2L 1R 5 i AH OC M 43 BT 45
REBW, R A TP E TR 50 B 2 A
W HAH ELAE 5 OO S5 A LB 45 2R WOR T A S UE A
R AEAS IR FH B B ok A2 v i A2 Ak, A T BE R Uk Y
K/NBE B B B 04 2E 5 328 W 1 I, X 3R W] A TR
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