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Abstract: Seven types of Guizhou kidney beans were used to eval-

m%ﬁﬂﬂz%i‘%’%é

uate their quality based on principal component analysis of main
nutritional components. The results showed that the content of
protein in kidney beans ranged from 19.11% to 23.69%. The
total contents of the dietary fiber were found ranging from
23.09% to 27.60% , and those in British red bean were the high-

est. Seven kinds of kidney beans were rich in Ca, Mg, P, and K,
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ranging from 0.09% to 0.20%, 0.19% to 0.29%., 0.45% to
0.61%, and 1.48% to 1.69% ., respectively; The contents of glu-
tamic acid, aspartic acid, and leucine in these kidney beans were
higher than that of the other amino acids, which ranged from
3.41% to 4.61%, 2.52% t0 3.33%, and 1.68% to 2.28% of their
dry weights, respectively. After the principal component
analyses, five principal components were extracted, and the cu-
mulative variance contribution rate reached 95.711%. The infor-
mation of the original 18 indicators was explained by the main
factors such as protein, manganese, amino acid, fat, dietary fi-
ber, potassium, and sodium. The comprehensive scores were cal-
culated by the evaluation model, and the top three varieties were
found to be British Red, Long 12-2614, and Ke Yun 1.

Keywords: kidney beans; quality characteristics; principal com-

ponent analysis
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Table 1 Nutritional composition of 7 kidney beans %
i Koy HLVE R HEA HLAR Wi Y ¥ix SR B AT 4 HBEVE R KR A
Bl 9.3640.09" 28.35+£1.53> 22.1940.53> 1.2840.03¢  4.5740.23> 23.97410.21¢ 10.83+0.51> 16.10+2.03*
e [H 41 11.194£0.19¢  30.5944.10%> 21.2948.09¢ 1.14+0.10f 4.0140.32¢ 27.604+12.36* 9.78+1.43 12.78+3.39¢
J¥12-2614  11.79+1.23> 30.31+£1.08* 23.6940.53* 1.02+0.09% 4.5740.36> 23.394+11.25¢ 9.98+0.75> 16.54+2.10°
BE15 11.3340.58¢  32.654+3.41% 19.59+£1.77¢ 1.7740.02¢  4.6440.14* 24.81+£11.89> 10.5240.67" 11.6341.82¢
KREEHZEE 10.7140.79¢  31.13+3.76% 19.11+£0.18" 1.68+0.18> 3.8240.19" 24.35+13.87¢ 11.2140.27¢ 9.76+2.15¢
K28 2015-1 11.32+£0.54¢  32.18£3.17* 22.11£2.47> 1.2540.13°  4.234+0.27¢ 24.31£17.29¢ 9.6040.65> 11.81+3.64¢
25 12.0442.14*  35.4540.59* 20.48£3.76¢ 1.5940.16¢ 4.2140.06¢ 23.09+18.36' 10.3241.03" 13.2742.88"

T [F3) T EER R R oR A B3 P2 5 (P<<0.05).,
k2 THEEPTYENEE
Table 2 Mineral content in 7 kidney beans
i /% /% #/(mg+ Hi/(mg+ H1/(mge #F/(mge H/(mg- Y% %
kg™ 1) kg™ 1) kg™ 1) kg ") kg™ 1)

Bl 0.20 0.24 73.09 28.31 16.56 35.15 308.67 0.45 1.48

L [H 21 0.13 0.22 86.86 26.37 14.22 38.48 533.79 0.57 1.69

¥ 12-2614 0.20 0.29 86.28 44.19 18.38 34.29 379.43 0.61 1.59

BE15 0.11 0.27 81.89 24.11 12.29 32.46 372.24 0.58 1.69

PN N =351 0.12 0.26 75.40 17.92 13.51 25.50 349.67 0.45 1.58

HE 2 2015-1 0.10 0.27 75.88 19.37 19.94 31.02 315.07 0.57 1.55

iz 25 0.09 0.19 70.59 23.32 16.28 35.21 428.60 0.48 1.51
BN 0.19%~0.29%, B 1 ML 12-2614 1y Ca & 2614, BRFE™ IR A ZBRRERTIRICIC T S B 1R 5 M
iR 0 12-2614 H Mg I P i iR m R FIR ICICBEMMRE A —E MR I NLE D RBEA SN

E15H KRR, Igbal % HEITE T, £ 5 A Mg
MK SEmTHMEE, Mg 7772 TR A AR AT, 2
A PR 22 i i A T TR R T AR TCA 6 36 L B B TR
EALEE, 7 Fh 2 5 9 Fe, Mn, Cu.Zn.,Na & & 73 5 N
70.59~86.86,17.92~44.19,12.29~19.94,25.50 ~ 38.48,
308.67~533.79 mg/kg, 7T j&— ML ¥ K, X Na
T2 K RS 5 0 MR R A — e E AR ST A AR

B8 35 e R R BT A 3 R e I AR I B AE AR
HhiEE, X9y CaFe Mg . P KETTR T Hmm T
BRIEMRB YR,
2.3 THMEEMNSEBRS W

t % 3 ATAN L BRER S I 1 41, Hofth 6 22 B A e 4l
BCARTRD ekt 17 P IE TR AL HE 7 R 7 A LR A
10 FhAE LA FF S IE R . 7 Fp2s 0 SR F ik 19.88 %60 ~
26.48% . AL T B A 7.86%~10.o9%,ﬁtlth =
2015-1 B BER & b dp = . B 12-2614 R bl R IR
. BER. kkﬂ&\mﬁﬁaﬁiﬁ?%m%% 5
YK 3.41% ~ 4.61%, 2.52% ~ 3.33%., 1. 68% ~
2.28%0, o 3 A A SR A A R RAE Y HLE e 12-

AR s 2 B A B S UL 42 ] A O 42 4 sk
AERT . X R L 12-2614 L T HAL 6 X,
FR O BB B K (0.77 % ~3.33%) , Hih B 25 2015-1 By &%
R, RS 2 B AR .

R Y PA()/WH() P AR AEDS B RE L A R

b

HH 2

LR BRI R ERR S B (EAA/TAA) 0.4,
%ﬁ%ﬁﬁuﬂkﬁ PR GRS L E (EAA/NEAA) J7 0.6,7 R

BIRA JLA ST EAA/TAA fl EAA/NEAA iy L
ﬁﬂ%l_@JM 0.6, By F 0 75 2 SL TR v iy 0 20 B2 7E B 1 5%
T REBK AR, K& AR ALE EAA/TAA dEF %R
0.4, B R MWZET EAA/TAA TEF 0.4; A, B2
Jo 12-2614 , R4 H 22T B2 2 B 1) EAA/NEAA™0.6,
1 B 25 L0 10 Bt A 2 ORI

HI 2 4 T 7 B2 SLA A — PR R O W A
PR 2 B R L B R B AR o e R I 4 << 100, 1
TS SEFR T 43 ¥ 1005 35 [F{ 21 19 5 52 2 TR L 52 24 IR L 9 &
R RN AR+ AR 43w T HAL 6 fh =557 fh =T
W4 R BRI 43 22 S vk B /N (P>>0.05) , HUBR & 8 + 2R &R
T 1 P9 24 R+ T SRR T 43 22 5 Mk die K (P<C0.05)
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Table 3 Analysis of amino acids in kidney beans %
) ) S5 EH FES ) ) )
i i HEM T WART EART SRR WA, 2H@ R AEBR AR
AR AR AR
=N 1.20 1.39 0.13 1.12 2.07 1.48 1.78 3.12 1.40 4.12 1.06
B [E 21 1.04 1.36 0.29 1.26 2.12 1.50 1.83 3.06 1.43 4.34 1.02
Jo 12-2614 1.10 1.45 0.38 1.32 2.28 1.59 1.96 3.33 1.51 4.61 1.06
Bzl 1.04 1.24 0.10 0.91 1.79 1.32 1.61 2.67 1.27 3.78 0.91
REWHET 0.94 1.22 0.31 1.06 1.68 1.20 1.45 2.52 1.15 3.41 0.86
2 2015-1 1.24 1.35 0.30 1.22 2.10 1.45 1.80 3.04 1.46 3.96 1.02
Kt 5 1.03 1.24 0.30 1.16 1.90 1.35 1.65 2.78 1.31 3.76 0.95
S EAA/  EAA/
i o WA R . AR HER HER HER TAA EAA NEAA .
AR TAA  NEAA
=N 1.09 0.04 0.00 0.72 1.53 1.29 23.54 9.17 14.37 0.39 0.64
Y E L 1.08 0.04 0.76 0.73 1.47 2.54 25.87 9.40 16.47 0.36 0.57
o 12-2614 1.06 0.12 0.78 0.80 1.83 1.10 26.29 10.09 16.20 0.38 0.62
Bzle 0.97 0.04 0.75 0.63 1.22 2.79 23.04 8.01 15.03 0.35 0.53
KA 25T 0.96 0.06 0.60 0.56 1.12 0.79 19.88 7.86 12.02 0.40 0.65
K2 2015-1 1.10 0.11 0.83 0.71 1.47 3.33 26.48 9.45 17.03 0.36 0.55
Kt g & 1.00 0.04 0.78 0.66 1.30 0.77 22.07 8.61 13.46 0.39 0.64

T RUAAIEN; TAA B EIEM  EAA R 5 EIEH . NEAA AR i B LR EAA/TAA Jy b5 B AL/ S A S FR 1Y LU {8
EAA/NEAA b5 2 202 /35 o il A 2R 1 LU (.

x4 THEZEFIERITS

Table 4 Amino acid scores in 7 kidney beans

1 135.22 124.99 125.90 133.45 145.98 22.03 111.22
e [E 2 122.16 127.41 148.05 142.16 156.44 45.26 177.03
T 12-2614 116.13 122.71 139.66 137.20 150.59 61.09 166.48
BZE15 133.11 126.16 116.28 130.36 149.65 19.61 176.04
K= 122.46 127.58 138.06 125.70 138.37 56.11 110.22
Be 2 2015-1 140.18 122.07 137.42 135.85 147.71 52.58 171.77
It 25 125.29 120.80 141.96 132.61 146.13 47.52 173.28
FAO/WHO ##z{ 40.00 50.00 40.00 70.00 55.00 35.00 60.00
24 THEZRBRERSIW x5 ZERRTENEFHFEEMERATEREHE
FRAA DM B 2 A Fe kA Sl b Bds ki it k%  Table 5 Eigenvalue and accumulative contributionrate of
OB (2 B0 S g A I 3 5 T 6 JE 1A B HE AT quality evaluation of kidney bean
Rk 2 b 3, AR i BR R 5 22 BT 2R > 80 00 AN ) U R AE R > 1 F oy FRAEMH 20/ 0 Bl or 2 5iEE/ %
B SO0 T R R B H . i aR 5 R AL SR I 1 6.733 37.406 37.106
5 A FE RSy, HASRMEE > 1, ity Z sink % ik 95.711%, 2 4.313 23.960 61.366
AE MR 2R 22 O AR 15 . DR TR Y 5 A 34 ’ 2061 14.229 75595
fRBR 2T 00 18 A bR R T 25 5 00 i AT VAR ! 2190 1831 §7.426
5 1.491 8.285 95.711

26 R ZERY 18 A 5h ST 8 AR 19 3 B 4 3R A 0 I K
BB T 18 AN & R AR X AR A IS RE BE Y . kR LR L3 NISRRRIAE 1 A AR TE B 0 5 1 2R T
M7 6 Al LA 1 E A P IE ST AR S AR o R A5 I 46 A A R 7 3R AT BB —0.893, X5 1 F A4
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Table 6 Rotated component matrix of the principle component analysis
LD %1 E 52 EWr %3 Esr %4 Eor %5 i
KA (X)) 0.092 0.601 —0.598 0.311 0.279
TEH (X2) —0.453 0.392 —0.729 0.121 0.308
FEH (X)) 0.929 —0.280 —0.186 —0.042 —0.136
BRI (XD —0.893 0.037 0.033 0.212 0.352
KA (X5) 0.519 —0.331 0.023 0.237 0.568
N 2T 45 (Xs) 0.084 0.714 0.489 —0.317 —0.340
HAEE R (X —0.653 —0.505 0.470 —0.039 0.266
KIEPEE [ (Xs) 0.783 —0.438 —0.049 —0.296 0.324
5 (Xg) 0.655 —0.544 0.46 —0.126 0.125
B (Xi0) 0.344 —0.176 0.351 0.842 —0.133
B (X11) 0.610 0.595 0.449 0.206 0.075
5 (X12) 0.833 —0.140 0.104 0.041 0.417
i (X13) 0.563 —0.380 —0.609 0.102 —0.396
BE(X10) 0.605 0.282 —0.117 —0.633 0.275
B (Xy5) 0.120 0.803 0.024 —0.512 0.151
W (Xi6) 0.665 0.567 —0.057 0.466 0.070
B (Xq7) 0.079 0.838 0.456 0.253 0.124
R (Xig) 0.886 0.244 —0.170 0.062 —0.271

ARG RN o [R5 2 T A R I A RO R A b
O I BT T Ak BB AT AU A3 ) Dy 0.714,0.838,0.803 5
55 3 A TR G AR AT BB g SE R S AT AU —0.729
5 A4 FE R I R OB R B 4 b D B R R
0842, B4 K B 45 A oAy B BRATALHL Ty —0.633 558 5
RS H I SR AR S K G BRART AR 0.568
2.5 AE=ZmMRRSESEEITN

i FH A 6 7 200 BT R LR 5 i i R AIE (B T -7
AR SRR 5 A A P AR T R R A
5 A R 9 Rk KO -

F,=0.035X, —0.175X, +0. 358X, — 0. 344X, +
0. 200X 40. 032X, — 0. 252X, +0. 302X +0. 252X, +
0.133X 1, +0. 235X, +0. 321X, +0. 217X 5 +0. 233X, +
0. 046X 15 +0. 256X 15 +0. 030X 17 +0. 341X 15 » ¢))

F,=0.289X, +0.189X, — 0. 135X, + 0. 018X, —
0. 159X +0. 344X —0. 243X, — 0. 211X — 0. 262X, —
0. 085X 1 + 0. 287X, — 0. 067X, — 0. 183X, + 0. 136X, +
0. 387X 15+0. 273X 15 +0. 404X 17 +0. 117X 15 » €3]

F,=—0.374X,—0.456X,—0. 116X, +0. 021X, +
0.014X;+0. 306X +0. 294X, — 0. 031X +0. 287X, +
0.219X + 0. 281X + 0. 065X, — 0. 381X, — 0. 073Xy, +
0.015X 15 —0. 036X 15 +0. 285X 1, —0. 106X 15 » &)

F,=0.213X, +0.083X, — 0. 029X, + 0. 145X, +
0.162X5—0.217X5—0.027X; —0. 203X — 0. 086 Xy +
0.577X 1, + 0. 141X, + 0. 028X, 4 0. 070X, — 0. 434X, —
0.351X;+0.319X,5+0. 173X, +0. 042X 5, (4

F,=0.229X, +0.252X, — 0. 111X, + 0. 288X, +
0.465X;—0.278X;+0. 218X, +0. 265X +0. 102X, —
0. 109X, + 0. 061X, + 0.342X,, — 0. 324X,; + 0. 225X, +
0.124X 15 +0.057X 15 +0. 102X 1, —0. 222X 15, (5

HEST L5 A AR A BT

Fu=0.391F,+ 0.250F,+ 0. 149F,+ 0. 124F, +
0.087F;, (6)

MR 7 LSRG HEA T 3 19 = 54 B o S
L8 12-2614 FH 5 1 5 LB 15 40 0 WU i =5 FL W 45
B i B AR5 AR A AL RO R B S
3 g5

TS e R VR UL IR TR B AT A LS Lk
PEVE BB IR S 8 bR BEAT A0 A OR SR 0 E A A R A
TEN BN 7 B = TR R B, SRR O EO
FEHmEE RN 19.11% ~23.69% ; MG 44
Bl 23.09%~27.60%  Hh R EAM T ERE. 7%
Hr CaMg.P.K & BEEST, RN 0.09%~0.20%,
0.19%~0.29%,0.45% ~0.61% ,1.48 % ~1.69% , H rh &
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Table 7 Evaluation results of prediction for different varieties kidney bean

i i Fy F, F Fy Fs Fy ey
Il 0.77 —3.48 1.11 —1.50 —0.02 —0.59 5
BE[E 21 1.36 3.32 1.06 —1.81 —0.70 1.24 2
Je 12-2614 4.19 —0.61 —0.04 1.13 0.77 1.69 1
I —1.17 1.37 1.01 1.52 1.49 0.35 3
RKEH AT —3.87 —0.66 1.30 0.66 —0.75 —1.47 7
Ee 22 2015-1 0.62 —0.04 —1.74 1.27 —1.94 —0.04 4
Hoh o5 —1.91 0.10 —2.70 —1.28 1.15 —1.18 6

M1 AJe 12-2614 (1 Ca & Bk m. AFEEZHEH
R RARR AR e T H AR LR, H & =50
Jg 341 % ~4.61%,2.52% ~3.33%,1.68% ~2.28% ., 1&
TS AT BRI 5 A . BT 2 TR Kk
95.711 %, Horp 2B R il VIR BR G (R B AT 4 L LA
R T NSRS 5 A AR 4r BOR T 3 Y R AR IR 3R
L e 12-2614 FF 25 15, U5 BT ¥ 2o i 25 5 Flom
A W 6 75 55 /0, S 45 T K0 25 T 4 5 R ARG T 48 A L ST
HnsEH NG ETEMIRR .
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