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Table 1 Related information of three broad bean varieties

K H A . TR ER RS EE/% .

oo AP A A A o B LK
LS EWS HE G AL g b B

FD6 Re—% Feb-82 XA 26.7 0.71 46.99 41,5
FD13 HEZ Mar-82 i) g A 30.4 1.62 40.60 [6]
FD17 R g =5 85173-11-935 g A 26.9 - 36.69 [7]

T =" FRR T AR L

TR 31T KR 3 BT A 28 A FR 23 7] 3 Quanta 200 HY 38455 H
i 7 B GUE  #T 2% FEL A H]

1.3 REHZE

1.3.1 TwHFEGATAE &R T LRI AR
TR ARAT R TN T, IFF T B b B2 R 43
KG a ok R R BRRYREE 60 H B GE A =
=30 CH Tk — 250 5

1.3.2 BVREFIIR JFAE & A E 2 K Hy W
(7%, R T DNS 800 7 OB R JEb & 4
1.32.1 ArdEdhZeny 2 dl 4351 i 0,0.2,0.4,
0.6,0.8,1.0,1.2 mL 1 mg/mL % %4 br vfE 15 0 & T
25 mL H 2R P, Bai/K4hE 2 mL, JIA DNS
A 1.5 mL, A7, W KIS 5 min J5 R H 2 E R,
A K 2 2Y 25 mL Z0 b IR AT, T 540 nm
S0 T R Y R o LA 7 A IO Ry R A A RO
T AR, L hl bR fE T 264 Y = 0.5365x — 0.018
(R*=10.9963),

1322 WIEBESEAIIE AR IR HUE R A 2
¥4 1.0 g, I 40 mL ZE487K , T 50 CHE R AK®
TR 20 min &8 SR IEROT 2 4 50 mL, i i
B il AR T 2T S5 R DL ¢/100 ¢ R
1.3.2.3 GBS a9 ERRFRIBURORL 4% TRy
% 1.0 g, MW A 10 mL 6 mol/L fy £k g F1 15
mL B 4K BRI 5] S AR B KA i 0.5 h, %
g, 1 B AR R R, 6 mol/L SR LA
Wb N Z A, ok uE R R BRI 2 A 100
mL, FH T SRS s A o EORE 5 A o i
AT, 25D ¢/100 g R,

1.33 HEARSEMNE RIE (B ZeER
b ol B A A B B 5 6 ) (GB5009.5 -
2016) 2k H1 A sl e Ak g7l E

1.34 YT RGFERMNE S8 Lo F9% 7
2, FARIRE R AR AR . METFREL 0.5 g &% 5L Rl Y

R AR, ey i, REMHHDSHP T
(500+£50) CFKAL 4 h, %1, L 10%7 2 10 mL
VS AR L U8 SR FH KR T WAL 43 S B I
YIOCER &, M E 45 R DL mg/100 g £,

1.3.5 ARMRARW T S B Gao FIH Jr
i, R A L s D UE VA 4 Ry 7 A 1 ROk
TH R L NaOH (pH 10.0) % IR 7% #2 5L 3 h J5 il
JE, JEWANEL R E pH=4, #.0> (12000 r/min, 10
min ) OB DT TE 19 28 1 T, ¥ R T A5 A O A 42
By, #ERFREL 100 mg 78 8 HAEE, DL 10
mL 6 mol/L #X R T 110 CH A F MK 24 h, 1§
FEMe 4, AT IR B4 22 0 (0.02 mol/L,pH 2.2) 5&
2 5mL,0.22 wm BT U8 IS, R S SE R 43 X
I SR & i, 45 SR LA ¢/100 ¢ BR A #RR o
1.3.6 HWMEAHUES B TR A R IUR 2
F4) 53 B80T R AT 5 P UL S A 4 A b O 1 7 3
WE L RS BT B, R
T(20.0 kV .50 Pa)WgHBMLEH

1.3.7  Blsb B (x £5) %o, >R H] SPSS
25.0 GEvTAR A AT b 25 PR A 50 A DG A3 AT L 32 AR
oM R0, P<0.05 N EF A G E L,
K Origin 2021 #EAF1EE

2 HR5HM
21 ERE.EEREARSENNE

3 A S RO [A] TR B B S L RO &
BT e S5 R W3 2, Bl R
FEVEEN 1.16~2.41 g/100 g, HFE % Al £ B BL i)
FEJ5 ,FD6 FD13 Fl FD17 i JFOpE & B4R 5L B2 i
B ke 34 ) — Rl B B B, AN (] B ) 75 e AP A 25
S, ERE B BE S1,FD6 & & e ,FDI13 & & i
ik, 78 S2 Al S3 BB ,FD17 5 FD6 2 [] 22 5% L4t
T E S HY B E ST FDI3, whdim s,
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H L H N 35.87~53.46 ¢/100 g, 5 if JFUOBE & & M
B, BEE AT E Y BER AL S5, 3 A S A R
BT A, LR — T BB B, A [ b ]
HWAAEESR, Er BB S1,FD13 & & i &,

FD6 & fefik, 7F S2,3 A~ fhFhle] & &2 5 (P>
0.05) . fE S3 B ,FD6 & it fie i , FD13 & it fef%
AP, A EEY 25.44%~27.45% , H.
3 AN EFPAS R T B B 22 R e g it
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Table 2 Contents of reducing sugar, total sugar and protein of three types of broad bean at different edible stages

S At TRH B i A lg- (100 g)! % Hlg- (100 g)?! Ea RI%
FD6 s1 241 +0.25% 35.87 £ 0.61 27.15 +0.57
s2 1.61 + 0.03" 4549 + 1.64" 26.01 +0.13
s3 1.32£0.07" 53.46 + 0.56* 25.44 +0.42%
FD13 s1 1.43 + 0.03 4522 + 0.49" 27.34 +0.47%
$2 1.37 +0.01" 45.97 = 1.35% 27.45 + 0.48
s3 1.16 + 0.04° 50.94 + 0.45" 26.96 + 0.85"
FD17 s1 1.92 + 0.05% 38.58 = 0.26 26.11 +0.27
$2 1.63 + 0.08" 45.03 + 1.10" 26.47 + 0.65
s3 1.32 +0.01 52.93 +0.74 25.77 +0.92:

T RS RNG SRR [ — 28 S 5 R AN 7 il £ B BEAY 22 5 B e 727 38 3 (P<0.05) 5 RIFIAS AR B S 8 3R [F] — 0] 2 [y BEAS [l 8 5

it ) B4 22 S HLA 24 R L(P<0.05) 5 R AL,
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Jo B B I A SR L 3. A5 R o B R
W BT 2 AR 22 5, MR BT A R v
BFEEMTYEE K (472.23~983.10 mg/100 g) ,
Hk & Mg (45.08~61.94 mg/100 g) .Ca (17.27~
82.25 mg/100 g) .Zn (2.05~7.10 mg/100 g) .Cu
(0.53~3.71 mg/100 g) .Mn (0.51~1.38 mg/100 g) Fl
Fe (0.12~1.84 mg/100 g) ; M= v & & dsc - 6 1984
Ji & K (544.66~771.87 mg/100 g), H K& Mg
(39.42~48.77 mg/100 g) .Ca (2.43~21.34 mg/100
2).Zn (4.27~6.80 mg/100 g) .Fe (2.09~5.14 mg/100
) .Cu (0.74~1.38 mg/100 g) F1 Mn (0.48~1.04 mg/
100 g) ;s HTA AR S P BR A Cr, HHILTT WL K
Mg.Ca il Zn B2EE T EET Y FRICE, 55 W
B SR HE, AT B B BE ST ORI S2 By AR LR M 3
AT R B Y Zn B R E T E SR (3.91
mg/100 g) , H KK F i Cu & &t T 1132 (0.87 mg/
100 ), A T /L Zn Al Cu RAFHEYRIE,

] — ) JoT T 3% 76 A S R e i 3 S AE A 2
5o Mg Fl Ca 7E 3 >R & B Be 4 3R 90 A e v 35
e TR0 Fe IE4F 520K, RICHM D & &7

fm TRl B ;Cu A1 Mn 7E AT B Bir B S1 A S2 Bk 1
R Rl Rz v R TR A S3 FR B IR A
TR 5t K 5, FD6 IR 7E 3 4~ 0l £ [ B fl
Bz & R TR FD13 M FD17 230 0 76 Al &
BB S1 FN S2 Fi e v & ft g TR T AE S3 Bz
FRATVTM,; 3 Zn W5 ,FD6 RINAE 3 A&
B B R v 5 3 R TR 2 L FD13 R FD17 R B K
FENT B B BE ST A S2 R b i TR T AE S3
o i S AR TR

Ay L R R AN TR 04 i T 3R A ] A AR
AL R I AR AT B B S1~83,K R
hy TE TP R Hh ) 5 R 2 R T AL Ca I A A
ot R v i) o B R T R, T R S R 0 B R
I Mg Zn F1 Cu 34932 3K 76 i Bz v ) 5 k340 T
0, A R B T T e Min R IR AE AR Rz
T SRS TR R AR, TR IR T i T
1o s Fe B0 7E R 2 rp i & S B MR A, T FE IR
TR TR Sl R R AR 22 5%

25 B3 A SR G A SRR R IR T A A
& AR T B E BT R K Mg, Ca f/0 8% 7
M EICE Zn Fe .Cu Mn, HAFESA . AFEF
B AR AT B B B R T 3 5 Al 2 14
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112 e 20 R 4 AR A I 2 | 3X 5 Vasconcelos Z51A
Laurena 8" i — 20, BV R Z B XM Y & 6
BAER G EIRD
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LR 2.9~28.54 ¢/100 ¢ R, & EFER S
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Fig.1

Representative chromatogram of amino acid
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PESK AT Ca 19 & i 5N SRR I & i 22 10 35 IE A OC
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WER) MEE2EENIHCKER;Ca i F i
5/ AMmMKE RN &R R EWIEMLEER,
SRR &R R E WA R Mo 1Y i
H5RWER HER AR KRINEAR 223
R A SR 52 2 R ARG 2R 1) & it 35 52 B 2 10 OF
FHOGHE B As SRR, Mg M Cu 19 8 55 Al
FE Y 16 Bl & SRR & =2 8] 35 0 35 AH 6 Mn
1 i FU5 I R 1Y) 5 i 22 R A7 7 3 RORH 56 56
FZn W& 54 & AE 2R 1 & 2 B E R
IR ;Ca & i 5N AR M & it 2 3% 71
KKZR,HMEAR BEAR HEAR AKNEAR 5%
AR e &R NAMR A AR 22 Z R &
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BEEMCKR, SHEAR Bk HAEAR AN
R e AR NEAR AR M2 RN & 2
b A SE O F BT SE Y 16 PP 3L AR , bR 95 &
e H AR AR TR AR AR AL Fe 1
5 H A 11 PRI RR (0 A A ) A
KX FR VIR R RO AR e R
i IR E R A AR 22 55 IRl R TR

b ¥ E
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K Mg Ca Zn Fe Cu Mn
(b)Bl Bz
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Fig.2 Correlation analysis between amino acids and minerals
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AN TR AT B B B S A 2 BRI Ay A
Mres e 5, 78 16 D& LA IRECT 2 4
F AT CRRAEME>1), F 5 1 RRIE(E 2 13.95,
FERURETTHRR N 87.19% , EE A F AR H
B RNARR S &R, B 2 WARIE(E N
1.58, BRVERAE STHR R R 97.08% , £ EHL I K 1 H
WBEmR N ER WER KR = EH SR
JE R BRI, A 2 A FEM A ERIR N FL =
0.2627,, + 0.255Z, + 0263 Zs,, + 02437, + 026 25, —
0.23Zy, + 0257 Zyy + 0.123 Zy. + 02652, + 02677, +
0.264Z1,+0.267 Zin, + 02612, + 0262 714, + 02227, +
0256Zp,;F2=-014Z,,+0215Zy, - 0127, — 03275, +
0.162Z5, +0.077 Zy, + 0.211Zy, + 0.687 Zy,, + 0.107 2y, —
0.03Z,,, + 0.13Zy, — 0.03Zp, + 0.166Z,. — 0.11Zy, -
0.42Z,, - 0.16Zp,. BT F1 F2 X 2 A~ E R A
[v) 7 TR BT A () m] £ B A 8 1 ) Ak R
SEKOF TR RS — 32 R o Tk o A 25
AWM, UG AE ER S EEA R F A=
0.872F1 + 0.099F2 1+ 8 & FE M 25515 55, 7 8K
o AV T R B AN [t AN ) ] £ B B A R v A
FEREEA A A = AR, 2R 6 v R G AR B
[ & FD6 1 FD17 1 S3 B Bt , 3 43 A 19 )& FD6
I FD17 1 S1 BB, & 01 LA 5L R 8 & = PF A
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Table 6 Principal component scores, comprehensive scores and their ranking of samples
28 7 Fl1 &2 A F2 75 % He A R A
FD6S1 -8.29 9 -1.01 7 -7.33 9
FD6S2 0.77 5 1.49 2 0.82 5
FD6S3 3.97 1 -1.33 9 3.33 1
FD13S1 0.26 6 1.4 3 0.36 6
FD13S2 1.45 4 -0.05 4 1.26 4
FD13S3 2.47 3 -0.82 6 2.07 3
FD17S1 -3.29 8 -0.24 5 -2.89 8
FD17S2 -0.02 7 1.83 1 0.16 7
FD1783 2.68 2 -1.27 8 2.21 2
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Fig.4  Ulirastructure of broad bean embryos at different edible stages (x1 000)
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Changes in Main Nutrients and Ultrastructure of Three Types of Broad Beans
at Different Edible Stages

Gao Chunyan',

Li Wang?,

Li Yuanli?,

Lu Yuehong"

(‘College of Biological Science and Engineering, North Minzu University, Yinchuan 750021
XCollege of Public Health, Dali University, Dali 671000, Yunnan)

In order to explore the changes of main nutrients and microstructure of broad bean

(Vicia faba) during the

process of harvesting. The composition of reducing sugar, total sugar, protein, minerals, protein amino acid composition

and the microstructure of embryo of three broad bean varieties (FD6, FDI13 and FD17) at three edible stages (S1, S2

and S3) were studied using the spectrophotometer, flame atomic absorption spectrophotometer, amino acid analyzer, au-

tomatic nitrogen determination analyzer and scanning electron microscope. The results showed that the content of reducing
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sugar, total sugar and protein of three broad bean varieties was in the range of 1.16-2.41 g/100 g, 35.87-53.46 ¢/100 g
and 25.44%-27.45%. K, Mg, Ca and Zn were the major mineral elements in broad bean. Moreover, the changes of dif-
ferent mineral elements in seed coat and embryo during the edible process were diverse. The content of total amino acid,
essential amino acid and medicinal amino acid of broad bean ranged from 19.59 to 88.14, 2.90 to 28.54 and 10.58 to
61.59 ¢/100 g protein, respectively. When taking amino acid content as the evaluation index, the qualities of FD6 and
FD17 at S3 were higher than those of S1 stage. The result of correlation analysis showed that the interaction between
mineral absorption and enrichment and amino acid synthesis of broad bean embryo was different from that of seed coat.
Scanning electron microscope micrographs showed that there were differences in starch granules between different varieties
and different edible stages. On the whole, the seed coat and embryo of broad bean are rich in nutrients.

Keywords broad bean; edible stages; nutrients; ultrastructure



