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Comprehensive Evaluation of Vegetable Soybean Quality by Principal Component Analysis and Cluster Analysis
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Abstract: In order to improve the selection efficiency of vegetable soybean and optimize the quality evaluation system,
eighteen leading cultivars of vegetable soybean in Jiangsu province were tested for their physical indexes (pod length, pod
width, pod thick, hundred pods weight, kernel weight, L*, a*, b*, hardness, and moisture content) and chemical indexes
(VC, chlorophyll, crude fat, starch, soluble sugar, soluble protein, isoflavone, and LOX activity). The results showed
that chlorophyll content, LOX activity, isoflavone content, starch content, kernel weight, hundred-pod weight and ¢* had
greater coefficients of variation among species, while L* and moisture content had smaller coefficients of variation, and
the remaining parameters were not significant. Principal component analysis showed that eighteen indicators reflecting the
quality of vegetable soybean might be represented by seven principal components (cumulative contribution rate of 92.332 9%).
According to the clustering results, eight quality parameters including kernel weight, chlorophyll, VC, soluble sugar, crude
fat, isoflavone, hardness and a* selected from seven categories of principal components could substitute the original eighteen
indicators so as to simplify the evaluation indicator system. Among eighteen soybean varieties, the comprehensive quality of
Xudou No.17 was the best, closely followed by Qufan No. 2 and Xindali No. 1, while Sudou No. 8 was the worst.
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Table1l Basic information about eighteen cultivars of vegetable

soybean (Glycine max)
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Table2 Appearance, physicochemical and nutritional quality traits of different varieties of vegetable soybean (x + s, n=10)

A FK/em 5 fem JfFlem EEAS1: BRI g L* a* b* Ko & &%
JhE8E 5.06+0.20" 1.11£0.36° 0.8240.20" 173.16+2.43 38.9240.30¢ 64.20+0.76' —14324022  39.064+0.11"% 63.19£1.15%
HE3E 6.30+0.33 1.24+0.02" 0.88+0.03  284.16+831"  60.12+1.10° 69.31+0.79" —6.2340.16®  40.004+0.49" 61.3540.84°
WH6T 73340.08" 1.4540.01" 0944001 289.60+4.25¢ 64.40£0.77° 6530+ 1.03*  —9.08£020"  41.93+034° 71.9340.62°
HE4E 6.5410.34% 1.2240.04 0.8610.02" 279.96+1.33" 66.12£028°  67.13+£027"  —6.824£020"  42.73£0.20" 61.10+1.01°
T4 53140.207 1.1540.05% 0.75+0.01" 176444144 37.64%+0.17¢ 62.0440.64° —8524+026"  42.84+032% 67.5540.77"
HES 7.65£0.36° 1.4240.05" 106004  456.60£17.71°  102.78+£0.70°  67.67£1.14™  —9.454053" 36.61£0.24" 68.6610.72
HESS 6.4340.04 1.2740.13¢ 0.9440.03 3269341224 77.74+147° 644410177 —142640.12 3827£0.17° 67.13£0.27%

HARS  6.75+0.14" 1.3440.06 LO1£0.03  306.67+£9.43% 75604035 64.63+£0.80° —5.884£037° 35.1140.50' 67.5140.44"
HhE455 7474055 1.62£0.08 1.17£0.03° 296.60+£7.10% 77074233 68.00£0.15" —4.10£0.10" 353540.73' 69.83£0.19™
888 63240.57" 13540.06 0994004 307.07£9.00% 75734128 65894045 —4.38+0.05 35434£032" 69.5740.18™
HE6T 5.8440.30°" 1.3340.04* 1004002 315704835 81.77+087 64.8410.63"  —7.684030° 46.574+0.42° 63.2340.61"
HEST 5314011 1.1240.03 0.77+0.03" 209.504+2.55' 50334089 65534059 —803+0337  47.73+0.52% 65.55+0.49*
F3E201 6.46%0.11 1.334£0.01% 0.96+0.02  319.80+£8.68"  83.67+141° 64.7810.66"  —9.5540.14" 49.39+032" 67.23£1.71™*
3254 6.47+0.24% 1.55+0.05" 0.9640.02" 37807+£730° 101204137 66.57+1.03"  —7.924£0.16"  46.93+038 62.1940.96*
X 2% 6.04+0.27° 1.48+0.07™ 1.02£0.04™  387.76£5.17 88.0440.40° 67.12+0.56™  —8.11£0.107 46.78£0.57° 65.20+0.31%
BE1TS 6.70£0.26 1.5440.03" 1.02£0.02" 401.4749.26" 103.60+147 66704077 —8.07£0.17" 46.9540.14° 64.8240.88
W8T 408018 0.98+0.01" 0.63+0.02' 92.37+2.90* 22.20£0.16" 60.08£0.53  —1056£0.13  48.60+0.20° 6893131
WRKIS 5854039 1.47+0.04™ 1.09+0.04" 334.10£10.17°  102.9343.06° 66731034 —6.934+021° 43.3440.64° 71674053
5% 2 5% 14.35 13.04 14.17 30,00 32.18 332 —32.99 11.63 5.05

= VC& &/ WG RE® BT HE [ A B SR A L I M A L AT SEE AT LOXifi 1/

A (mg/100 8) (mg/100 ) MRS E/%  EWEE% RS E% A% (ugle) g (0D (min+ g) )
HE85 17.1240.23" 6.6610.33" 8.2140.08° 2.58%0.15' 1.98+0.08¢ 5431025 140.62£0.48°  2143.33£17.70' 742.52+8.62
HE3e 18.830.02" 6.42+0.06° 9.25+0.06° 4.18+0.01" 1934001 6.33+0.01" 151.83+£1.48" 32520044665 712.18+2.99
HWE6T 1746+1.11¢ 8.40£0.46" 5.74£0.08 4.61%0.10° 2.79+0.03" 9.80£0.06" 39734069 15713311337 389.42+5.28"
HE4T 16.56+0.64" 6.97+0.01° 8.4240.15° 4274019 22740.13 71140147 1362151714 2771.00+1.00° 772.69+11.07
THAT 20.27+0.44* 123540.93 8.7940.07° 5.4410.20" 1.06£0.01' 6.430.05" 70351098 1384.6749.56" 735.53+10.96
HE1E 25.05+0.25™ 3.6310.06° 6.86+0.04% 3.26%0.10" 1.88+0.04" 3.5340.03 102.87+1.55  1797.3346.01" 1 448.3747.79
HEsT 29.5340.16" 4.0840.14° 6.4510.04" 32940.15" 1.4440.05" 3324007 66.6411.05 219400361 1164.57£30.51"
HARS  2687+0.60" 4714+0.06" 6.82+0.08" 3.9940.06" 1.64+0.08" 5.28+0.16' 45384057 2388.67+6.69° 11262842423
BE4SE 26.8240.12° 4.04£0.01° 548+0.11° 3.63+0.02" 1.91£0.08"% 7334020 103.86£0.75° 2352674463 13934141294
888 25.24+0.20™ 3.68+0.15° 5.52+0.04' 3.00+0.04" 233+0.05% 7814032 100.93 048" 2398334145  1253.16146.75"
HE6% 14.10£0.45° 22.65+1.10" 6.93+0.03" 573£0.15° 2.58+0.10" 7.65+0.15% 182974173 2134.67+1889"  2336.54+4520°
HWEST 14344305 9264041 6.224+0.12° 6.16+0.07° 2.1840.01" 6.70%0.12*" 11879+10.84"  2499.33+7.26"  1899.22+18.85
Fr3E201 24.11£0.23* 16.7440.98 6.4540.06" 430007 236020 6.8610.20° 126.88£1.48°  237200+25.00°  1773.86%35.66°
FisE254 10.78+031" 17.2540.03° 6.60+0.18" 5.07+0.04' 2.58+0.17" 6.88+0.11°¢ 135.62+£0.87" 25625045350 2756.82+£57.37
X L2455 22.9940.15% 11.134+0.04° 6.160.08" 8.63+0.19" 2.80+0.02" 8.66+0.07° 142.15£045  237450+2250°  2895.96+16.36"
BE1TS 25584070 19.2043.73% 6.09+0.05" 5.2940.06' 3.2140.03° 8.1140.07° 99.014£0.84"  334333+26.03°  2290.27+51.62°
HE8S 22.5340.53¢ 23.59+0.41" 5.6310.05' 7.18£0.06° 2.1240.03*" 535+0.13' 121.55£039" 1671334521 1623.18+27.61"

WS 2898+044° 20.69+0.83™ 447+0.10 7.88+0.16° 242+0.15% 3.7610.08 413240560 2043.67£71.07°  1829.69+20.47%
AR5 2 5% 2572 62.74 18.94 3447 23.76 2731 38.12 2045 48.46

W R REUD =FREE PME X100 ; FFVNS FREAFRIFRRZRFRE (P <0.05).
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TrEET25mg/100 g, FRE55AUH AR S R VCE E
Wi mMEVCEHEREZREE (P<0.05) , X5HTAW
Feas AT AR A R N3.63~23.59 mg/100 g,
HphGes . MEsS. MikbISHHEREERES
T HAd S A (P<<0.05) , F53E201. Z53E254H145 6175
AR AR R SRR E R 18 AR R B A
FILOXIG F1, RWFTA S84 A [FIRLEJE (1 5 k™,
Hp X FL2 5 LOXIE Jyfems, HAORT72R254, BH 65
LOXiE 1A%, 10°4389.42 OD,,,,./ (min -+ g) ; %3
K b e S5 2 7 AR G YE B 039.73~182.97 nglg,
F i FhA ZE R (P<0.05) .

Fan e, Mg RS ENAE R R E K, LOXE
F1, B, VERM SR La*. FORLR B R B
e RHABR, LK > 582w KBRS, KK
FA R SRR« KRR /N B A 25 DA AR 3K 1) i i ) 22
S, MFFRLL*RIK 538 B0 F 22 S AR X i o

22 N[E SRR KOG 5 MR AR D 4
B3 TR, & T PR 2 (R A7 78 1B AH DR A7 7E £
FHOG, FFH 2 B e AR AH ¢ KRB 4 0E >0.5, KA
B R 2 WA B G E . B E. AR
JEKey B FEJE . LHAESMULMEIR AIAH O Mk B K
o X GE AP SR . AR ESLOX
WA RIS, b EHGR. k. TR
PEBE & B R LOXE A B BRAEAH G, 7K F & S5 A e i
ST e SRR ) A B iR ) R e
2.3 AN[RISRFR OR R IR 1 2 A BT

S AN [R] b 2 K AR 3 S IR 3R AT R a4
Br, SR ERETT AT R R TR % 892.332 9%
(R4, RFFT NERD CEAEE TR KT MR
PRI A S, PTHATT A3 Hgg & Bk AT PP
o BT AT, HE1E RS I TTHR N 32.614 6%,
WEHIE B KA FEERFEK, K. KE. T
e, EEEMLY, PRI ERSEEREHRE
AR RKNLGEE TR, WHRSTSREEREH KGR
VP R A B EENER E2E M TR N
23.113 2%, REF2F WM EERZb*, MR, 1[5
PEREAERY S, HEmEOR, 2 R B R WOFF
Wit B, rE— @R LW TR S . BB3E
BT TTHR N 17.169 6%, 58 553 1 i I £ B 27K 4y
o, SRS RN e, 3RS E
BLEA RWOFRLI B RS DS BT 2543 1 Uik %
H8.011 5%, PREFAFEMHS M ELERTIEEA S E;
B5F KA TTIRE N5.038 1%, Y5 E A £ 52
a*, WEEE. VCHNER & &I MR 263 pisr
HRFN3.564 5%, REFOL MWL ERME, HIKE

£33  HWRIEARRIEEES B
Table3 Correlation analysis among various quality indexes

RN ¥k %5k ¥E  AERE  ENME L* a* b KidE  VCARE  WHRERE MARNAE RhGE WAEEGE TREEORE REWAE BE
E) 07642

¥B 07128 0890

BERE 07675 08090 08110

BHEE 06645 08349 08359 09465

L 06838 0628 06722 06969 06477

a* 03529 0417 0436 02335 02900 04743

b —04744  —01579  —03199  —0.1366  —0020 —02769  —0.1789

KAEE 00672 02037 02460 —00208 00411 —02418 00966  —02639

VCAE 0249 0290 04313 02439 02538 00197 00399 —04235  0.6033

IHEEAE  —04884 00383 —01873  —0255 00562 —03760  —00678 08080  —0.0440  —0.1917

MEHAE 0041 —0440  —04168  —02253  —03990 00412 —01650  —01022 —0.6971 04311  —02753

WEHAE 04418 00158 —01256  —00641 00540 01538 01207 06784 00890  —00537 06694  —03518

EEEAE 01465 04676 02882 03967 04642 03141 01846 05054 —00953  —02181 04550  —04383 03743
MHEEEAAE 01560 02867 00534 00303 —001SS 01476 03947 02974 01162 —04180 00976  —00392 01524 0593

REEEE 02644 —01875  —01802  —0.0444  —00887 01630  —0049 03810  —07446 05632 02183 0347 0081 02927 02402

T 02186 02528 02317 03478 03640 0648 03201 00691  —06082 —00548 —00676 01764 01104 03837 01997 03771
LOXIE/  —00914 04026 02861 04323 05508 01260 0076 08551 —0I827  —00850 05633  —04317 05836 05491 01377 03785 02491

s PO B FR MR R B AR > 0.5,
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FLVATERE SR ST E R TTRRER N2.821 5%, HRESHRT
TR ) R R R, MR e & EAILOX
ALl A TRk 5N

x4 TAHAERSHFIENE, SIEE, SERRERRITRRE
Table4 Eigenvectors, eigenvalues, variance contribution rates and
cumulative contribution rates of seven principal components
S T 1. . %V I 1% I .. L .. ¥ I 2. L I .7
¥k 03391 —01807  —0.1082 01033 —02634 00672 01597

% 03861 0091 00619 00780 —01309 01262 00148
¥R 03852 —00732  0M79 =001 —00023 01197 01993
BERE 038 0038 —00413 02348 01933 0dll1 0.1463
HHEE 03754 00764 0043 —02527 00909 00833 0115
I 03210 —00033  —02697  —00023 01635 00320 01355
o 02051 00307 —00502 04407 06075 0380  —0047
b 0091 04313 01075 00459 —0MITI  —00466 02926

AR 0097 —02154 04656 02232 —0044  —00128  —00871
VCiE 00322 —02497 02850 02189 03449 —03650  —00241
& 00686 0335 0261 —0099 00142 0047 01278
fEHGEE 01706 —00590  —0446  —00826  —00193 02602 0.3896
WERAE  -0054 0351 02884 00126 03M8 02565 0345
MEMEAE 00913 03452 00464 01944 —02154  —04329  —00086
MEREARE 00776 02187 —01029 06499 01918 —01187  —0025
AR 00578 02914 —0339  —00136 00186 01163 —06138
01692 01505 —03322  —00978 03958 —03668 01369
00527 03685 01286 —02603 00665 01703 03208
58706 41604 3095 1421 09069 06416 05079
066 BIB32 171696 80115 50381 35645 28015
ZiTHEG 06146 S77T T893 809088 859469 895114 923329
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Table 5  Principal component scores of different varieties of vegetable soybean
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Fig.1  Cluster dendrogram of eighteen indicators of quality evaluation
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