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Comprehensive Evaluation of Durian Quality Based on Principal
Component Analysis and Cluster Analysis
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Abstract: In order to explore the difference in fruit quality between Hainan domesticated durian variety Zhongre No. 1 and
other main commercial varieties, this experiment used the difference significance analysis to compare 10 appearance
quality, 5 nutritional quality and 8 mineral quality indexes of 11 durian varieties, and the principal component analysis and
fuzzy comprehensive evaluation method were used for comprehensive evaluation. Correlation analysis showed that pulp
weight and fruit longitudinal diameter were the most relevant indicators of fruit appearance quality with durian internal
quality. Through the PCA of 23 indexes, five principal components were extracted, of which the contribution rates of
principal component 1 and principal component 2 were 33.344% and 19.889%, respectively. The "fruit size" (single fruit
weight, fruit longitudinal diameter, fruit transverse diameter, pulp weight), K. Zn content in principal component 1, and

Mg. Ca content in principal component 2 were the main indicators in durian variety evaluation. The comprehensive scores
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of durian variety quality indicators were as follows from large to small: Zhongre No. 1, Sultan King, Kang Yaojin, Jianghai,

Hulu King, Musang King, Black Thorn, Tomani, Suzaku, D101, and Fire Phoenix. To summarize, Zhongre No.1 and Kang

Yaojin had good appearance quality and high contents of K and Zn elements, Jianghai and Sultan King had high contents of

Mg and Ca elements, Black Thorn and D101 had good nutritional quality, all of them could be introduced as excellent

durian germplasm resources. "Fruit size" and Mg, Ca mineral elements content were the key indexes to evaluate the compre-

hensive quality of durian, which provided a reference basis for the quality screening and identification of durian varieties.
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Table 1 Comparative analysis of appearance quality of different durian varieties
Ll R R W RAHE SRR T8 My R B A
(cm) (cm) (kg) (kg) (mm) ™) (mm) (mm) (%)
t2)e 15.77£0.74°  14.07£0.65° 0.81£0.09°  0.17£0.03° 9.51+0.43% 7.8+2.75"° 4831+3.61% 27.48+1.97% 1.12+0.11% 21.58+2.21*¢
KA 17.3340.58%  14.63£0.95° 1.41£0.02* 0.27£0.08°* 11.99+£1.34™ 6.3£0.58° 48.14£1.79% 28.39+0.91°" 1.19+0.08" 19.20+5..81°*
KRR 16.38+0.72% 14.77+0.42° 1.33£0.03°* 0.27+£0.08°* 11.70£1.31" 9.3+0.58" 46.58+1.70% 28.94+1.11° 1.11+0.04* 20.58+5.73%

D101 18.17£1.10°°  16.87+0.85" 1.52+0.36*% 0.25+0.04% 12.54+0.58"

RIS 26.4344.02° 19.10£1.28"  3.00+£0.89°

R4 19.53£0.21%  17.37+£0.40°  2.20+0.07°

Ml E

ISIE 21.47+3.26% 17.70£0.46™ 220+0.57° 0.57+0.22%

=yl 17.2041.47%  16.93+0.45"
Vi 18.90+£0.53% 14.37+0.23° 1.08+0.09*
Wi T 24.30+£0.53" 16.63£0.15°  2.19+0.54°
5 R E(%) 18.49 10.48 38.70 58.59

13.344.93*  44.13+1.87° 25.30+£1.20° 1.08+£0.03% 16.48+1.53%

0.69+£0.27® 15.38+1.72° 9.0+£2.65™ 58.16+2.78® 30.43+1.70° 1.38+0.13* 22.72+4.29¢
0.8240.09° 11.95+2.27% 12.043.46™ 54.89+2.18™ 29.49+1.17°¢ 1.13+0.04* 37.19+3.45°
17.40£0.61%  15.13+1.10° 1.74+£0.36™ 0.48+0.10™ 11.67£2.06™ 12.7+2.08" 50.82+1.17°% 31.84+0.94° 1.15+0.05% 27.73+0.72°
7.3240.73¢
1.95+0.07°  0.48+0.05™ 10.39£1.92™ 9.7+£2.31*™ 4599+1.76° 28.83+1.26* 1.01£0.07Y 24.53+2.24"
0.15£0.03°  11.20+0.41%  7.7+1.53%
0.52+£0.26* 10.50+0.24>  7.5+1.53%

10.0£3.61% 48.7043.96* 35.59+2.59° 1.21+0.15% 25.54+3.10™

34.90+0.53F  16.57+0.16° 1.32+0.02° 13.48+1.98°
62.83£1.94" 28.36+1.109 1.46+0.02° 23.05+2.88"¢

19.90 24.16 15.05 16.56 12.33 24.54

T PR =SB E A R/ING PR oR 22 57 3% (P<0.05); #2~K3 Al
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1 51 K &EM Ca &EAEMK S HEFT S 4,
H K S S ERS AT 2E 5 N3, {2 Ca Fa i
AR T RREER A AV (P<0.05) . ILAh, 3 1 S
Zn it i, 58] 28.92 pg/g, BE m T HAbA R
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X 11 ANERRR R, SRR B A R OCER TS
R, P & E . K &8 Fe &8 E, H Fe &
L T Al AP (P<0.05), UL RS EAT 5
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Table 2 Comparative analysis of fruit quality of different durian varieties

dn ALV i (mg/g) AR A R B 1t (%) P (mg/100 g) Al R I (%) A VA 2 1 2 it (mg/g)
t2)e 366.50+4.24" 0.25+0.00% 42.50+1.17° 30.90+0.10% 5.25+0.27¢
KA 383.40+30.60% 0.27+0.00° 27.62+2.28¢ 36.87+0.35° 6.75+0.10°
R 377.98+15.49% 0.24+0.02% 27.59+0.73¢ 36.97+0.29° 6.62+0.16
D101 375.90+13.17% 0.32+0.00° 22.01+0.83¢ 35.20+0.20° 7.87+0.25
kS 340.48+7.56" 0.19+0.01¢ 30.26+0.78¢ 29.43+0.15 4.23+0.28"
R4 274.44+41 48° 0.19+0.01¢ 25.89+1.68% 29.17+0.50" 4.45+0.27°
ML E 274.65+25.32° 0.20+0.01¢ 20.60+0.87° 32.80+0.26° 6.42+0.15"
IHFFE 289.02+47.95% 0.26+0.03° 24.96+2.91% 32.57+0.87¢ 5.35+0.04¢
=2yl 412.74+6.14* 0.18+0.01¢ 51.60+1.31° 34.33+0.29° 4.85+0.04%
VLI 324.39+2.56% 0.23+0.00° 36.65+6.50° 31.60+0.72¢ 3.41£0.228
W E 394.10+6.42° 0.18+0.01¢ 28.1943.26" 30.70+£0.36° 5.96+0.67°
5 R E(%) 14.93 19.93 30.24 8.22 23.11
3 [E) SRR 0T B 25 R A AT
Table 3  Analysis of the difference in mineral quality of different durian varieties
i P& HE(mg/g) K&HE(mglg) Cafid(ug/g) MgHE(pg/e) Fefd(ug/g) MnigE(ug/g) Zn&iE(pg/lg) CufiE(pg/g)
2R 5.84+0.38% 8.42:+0.45% 104.19+3.417  554.08+41.40°  63.47+0.90 11.17+1.25° 15.710.49°" 4.32+0.81"%
S 5.34+0.38" 9.39+0.41 140.48+2.97°  664.16:6.09°  60.96£1.20°*  8.79+1.19"¢ 14.02+1.21" 6.23+0.77%
KR 5.36+0.20° 8.07+0.22° 97.03+1.44%  586.96+10.62%  57.08+1.39¢ 9.70+1.07% 14.23+0.68" 3.94+0.58¢
D101 7.13£0.13% 7.69+0.28° 88.39+£0.58  640.19£16.54°"  59.57+1.02*"  10.29+0.77* 12.48+0.67" 6.46+0.66"
thAS 6.52+0.40" 10.97£0.95®  172.04+0.90°  664.73+26.12°  58.20+1.14% 7.58+0.51% 28.92+1.02° 5.48+0.53%F
FRRE 4 6.47+0.36"¢  11.01£1.03®  188.66+7.45"  685.93+45.11%  55.02+1.51" 8.37+0.85% 19.92+1.51° 16.07+1.04*
Al 5.74£0.26 9.44+0.77% 134.29+1.79°  883.30+54.15°  62.09+0.93" 6.26£0.69 13.66+0.83%" 4.99+0.86°"
HFE 7.68+0.70° 11.89+0.41° 162.7£25.9¢  1004.93+21.63°  66.81+0.77° 8.2120.53% 16.05+0.46° 4.89+0.73"
SR 4.64+0.19¢ 9.57+0.34*  183.57+1.43%  735.37+29.57¢  58.96+1.51°% 5.85+0.64" 16.53+0.73% 2.38+0.22"
AR 7.04£0.45®  11.03+1.33%  313.0244.94°  1432.53+28.18"  61.29+1.10% 9.74+0.87% 22.53+0.81° 10.53+0.53°
i E 6.06+0.44°%  10.25£0.72%  146.95+1.48°  660.30420.03°  54.89+0.56" 6.06+£0.85°" 18.03+1.21¢ 8.87+0.77°
5 R E(%) 15.15 14.89 38.21 31.88 6.02 22.58 26.94 55.63
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T HH AU 5 4 SR ) EE RN S AR B 25 ) 27 B AH
RSN S BT BRI sl sE

TEPITE SR BT v, o AR - A B A G
Bk, b 5 K &&= 5 W M AEE(P<0.05), 5 Ca
TR Zn R AR B AE A OC(P<0.01), S ATIEME
EEY) 5 3 IEAE G (P<0.05) . TEANULS B e bR,
S A EE 5 H At NUR SR AR S fre i, SR
R RSN R FE bR 6 A4, Hirp SRt E | R
SEREAR AT B R A 0 3 IR AR SG(P<0.01), FHIE R4
S35 0.883. 0.795 Fl 0.823, H 55z Fh+
AR AR T 2 W 35 IEAH DG (P<0.05) o X HLibiaA,
RANFESRELE R, RELITUN, FFIONIERSZ
(7] A A S o
24 AEEERMERNERS S

LL 10 ASH UL, BT AT 13 F1PY 78 5 B8 AR
b, BT RS HTIEEXT 11 R S A T4 A
Mo dEE F S TR IR 5 A F gy, RitoT
BRFRIAF] 84.691%, HAFNFEIIK T 1, UiBH T2 HL
P4 A T PP AR 322 i P27 5 il B AT — o PRV,

PRUHCEEGX 5 A4 531 R U 2 S R 255l BT
FHE 5 AT, B0 1 BBTHRER KN 33.344%,
FHIE(EA 7.669, UBEAH A4 1 ZES3 TP ke 32 5
YEf . TEEMS 1, RN E., s, Rtz
SRR A M K. Zn & B3R mifE 58w, X 6 4
BARXT TS 1 e AR IE MR, Dd B SR 92 A M AR G
FEARA K. Zn & XA S PP I P 52 ) 25
2 )M A TR R 19.889%, FEMF(E N 4.574,
Hop Mg &1 Ca &8 b sy 2 hakfr e mn i
FRAE )2, ARy AR R M, A 2 T AR AR
SEVPRRRE S T B e bR . 5E 3 S BTEk
SRR 13.275%, JFAEME R 3.053, X itk 35 a4 7= A IR
[ARZIN A P i, ZRmr (s =, TP A 6 [m] 520 1)
SEATETENE . 28 4 RS TTRRER 9.953%, SFEIE(E
A1 2.289, HoP Al IR . Ve S SRR &
RPN A B AR, RIEASS . 55 5 Ak
43 BT R RS 8.230%, 4REME(E N 1.893, EFFEHRN
Fe @i, X =20y 2B TE A1 5E 00, 1T Cu & 2 11
iEE S
25 11 MBERMRIMRMEEITFN
DA F2 053 1 STRR AR, FAH X B 11 32 0

Sy A5 AL ER AR A4S 20 25 5 PEHr sR 2, B 2=
0.3937xY1+0.2348xY2+0.1567xY3+0.1175xY4+
0.0972xY5, BT PRECTTAH 11 DREEE S PP RS2
mhREE G AS T FIHE P A5 2R, 558U R, RV
SELEA TS (32 6) o AT LE AR Ah S o E)
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Table 4 Correlation analysis of fruit appearance quality and internal quality of different durian varieties

X12 X13 X14 XI5 Xl16 X17 XI18 X19 X20 X21 X22 X23

X1 X2 X3 X4 X5 X6 X7 X8 X9 X100 XlI1
X1 1
X2 0.454 1

X3 0255 0.695" 1

X4 0465 0558 0.833" 1

X5 0325 0.115 0.017 0399 1

X6 0.319 —0.395 —0.145 —0.019 0.271 1

X7 0259 0.632° 0.597 0.257 -0.253 -0.150 1

X8 0381 0.424 0457 0233 -0.454 0.073 0319 1

X9 —0.537 —0.546 —0.288 —0.437-0.288 0.032 —0.189 —0.458 1
X10-0.389 0.456 0371 0.028 —0.475-0.719" 0.506 0.228 —0.141 1
X11-0.471-0.034 0.304 0.039 0.042 —0.031 0.183 —0.295 0.500 0.285

X12-0.384-0.609" —0.395 —0.158 0.144 0.173 —0.694" —0.518 0.467 —0.555-0.071

1

X13-0.153-0.714"-0.816"—0.516 0.004 0.113 —0.788"'—0.348 0.304 —0.574—0.501 0.683" 1
X14 0.183 0.580 0.073 —0.138-0.311-0.650" 0.562 0.125 —0.220 0.485 —0.222-0.446—0.231 1
X15 0.426 0.631" 0226 0.050 —0.263 —0.420 0.720° 0.222 —0.125 0.369 —0.231-0.586—0.3260.831" 1

X16 0.348 0.481 0.021 —0.158-0.230 —0.440 0.493 0.110 —0.158 0.240 —0.151-0.414—0.1860.92370.752" |

X17 0.125 0.158 0.005 0.244 0.547 0.032 —-0.477 —0.157-0.075-0.152 0.206 0.071 —0.088—-0.332-0.299-0.257 1

X18-0.252 0.141 0.246 0.065 0.038 0.101 0.241 —0.122 0.487 0.099 0.427 0.038 —0.278-0.212 0.124 —0.346 0.128 1

X19-0.108 0.216 —0.351 —0.572-0.462 —0.522 0.248 0.141 —0.024 0.516 —0.269—0.454 0.064 0.692" 0.637" 0.528 —0.201 0.010 1

X20-0.085 0.150 —0.544 —0.467 0.167 —0.417 —0.188 —0.317-0.240 0.142 —0.295-0.008 0.267 0.536 0.206 0.461 0.210 —0.273 0.601 1

X21 0.346 0.533 0360 0.259 —0.194 —0.239 0.620" 0.277 —0.057 0.332 —0.209—-0.504—0.331 0.402 0.808™" 0.222 —0.190 0.483 0.449 —0.139 1

X22-0.099 0.342 —0.102 —0.286-0.241 —0.421 0.051 0.376 —0.526 0.543 —0.154-0.449-0.177 0.476 0.112 0.393 0.088 —0.434 0.565 0.626" —0.183 1

X23 0.119 0.604" 0.075 —0.168-0.343-0.612" 0.425 0.361 —0.454 0.596 —0.232—0.549—0.2940.883"" 0.603" 0.795" ~0.167—0.358 0.700" 0.608" 0.187 0.823"" 1

e X1 PR iE; X2: K X3: Caffit; X4: Mg i XS: Fef fit; X6: Mn¥ 5 X7: Zn i X8: Cuf¥y s XO: MMM & ft; X10: AT A8 AR & i X1 1: V@i X12: 1]
PR & s X13: WP RS A At X14: SRR X1 S: SRSCAE; X16: SRR X172 R B JRRE; X18: Fh T4 X19: Rl 190425 X20: FhyBife; X21: RIBAE 4L
X22: AL X23: RAT; 7 F/RAE0.05SHUM (W), ML B, “ " FR1E0.01 9 (WU, MR B3
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Table 5 Loading matrix and contribution rate of each quality
factor of different varieties of durian

K6 AR R E RS LRSS0
Table 6 Principal component scores and comprehensive scores
of different varieties of durian for each quality

FEr FRA 5
A bR AR GHEENZ T4
2 3 4 5 Y1 Y2 Y3 Y4 Y5
Po 0.1054  0.1739  0.3966 —0.2994  0.0996 2 -004 013 -019 027 091 0.11 8
Kt 0.2874 01922  0.1168  0.1163  0.1803 FS 0.08 -0.14 -030 -0.13 1.02 0.04 9
Cafihit 0.1426 03937  0.0332  0.1322  —0.0741 SR -0.06 -045 -026 -0.06 0.69  —0.11 11
Mg #ri 0.0426 03890  0.1826  0.0919  0.0720 D101 008 -044 046 070 066  —0.08 10
Fefrfit ~0.1199  0.1295 03039  0.1481  0.4375 RIS 228 007 041 —046 112 0.87 1
Mn -0.2044  0.1473  0.1431 —0.2313 —0.1475 FE3E: 42 198 —021 041 035 0.02 0.84 3
Zni ik 02679  0.1987 —0.1648 —0.1289 —0.0102 JEIE 087  -045 049 043 072 043 6
Cuiy it 0.1686  0.1351  0.1202 —0.0859 —0.4753 HIHE 127 008 097 020 164 0.85 2
WM 01625 —0.0711 04361 —0.1190  0.1439 l 072 -025 -076 089 102 031 7
ARERR S 02463 —0.0117  —0.2593 03007  —0.1185 L 075 172 0.00 -0.01 0.72 0.77 4
Ve -0.0538 01510 03468 03503  0.0916 HIFE 163 -026 -0.66 —0.27 1.08 0.55 5
AWEEETEY 02795 —0.1169 —-00229 00357  0.0916 DI (%) 33344 19.889 13275 9.953 8.230
AR -0.2055 -0.3077 0.0996 —0.2294  0.0313
R 03124 —0.1585 —0.0160 —0.0793  0.1461 2.6 TRIEERMEBEIT
HRAnytk 02990  0.0065 —0.0670 -0.2915 0.2268 i RGBS iEXT 23 A SR AR AT
MYt 02676 —0.1459  0.0549  —0.1170  0.1395 R BUEE F 11 AHESE SR EAT Q BRI, 455 4n
%&EE -0.0863  0.0608  0.1917 03463  0.3220 BRI 2. B 1 AL ERRGREE RSy 16 B, AR
ﬁ%&ﬂ/z —0.0412  0.1926 —0.3508 —0.0654  0.2820 S 23 WHEAT A S 5. A5 1 sk ML A A
hFHz 02318  —0.2815 —0.1265 —0.0919  0.0647
FhFiEte 0.1069 —0.3488  0.1557  0.1626  0.2980 P R, R, BRI RS
RS 02073 0.1548 —0.1368 —0.3206 0.1970 LAt R AR A AT 2 IR, M5 sy 1 R 2T (E
AR 02040 —02212 0.1408 03318 02122 B TR N . 55 2 ZE4UFE Ca. Mg, K. Zn. P.
RAE 03163 —0.1824 0.0773  0.1157 —0.0494 Cu 250 T 22 S LU S S AR TSR TS B4R
It:t{?(ﬁ"/) 373.636494 ;587849 133.025735 jﬁij ;.23(3) AL WL Ty 2 RT3 s AR i (R
AR < ) . . . . . . S NN , K S
ZItoiEkR(%) 33344 53233 66.508  76.461  84.691 BRICE XL 5 3 Iy TR Al HOR Ve

/NATHD, 3X 11 AR HER R 1 S>on )t B>
PR 4>V > 77 B> 11 B> >F6 =2 e > A 46>
D101> Kk JXUE

Tt 4 SN MIEPEEDEY) . nlE SR, A 5 28
18 Mn, Fe & AR J2 B, SR 48 bR AE oy
4 MFERIr 5 s s . a1 sk 5 ala,
RS i SO ) T AR AT FAOR | R IR L RS
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Fig.1 R-type cluster pedigree diagram of different varieties of durian
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Fig.2 Q-type cluster pedigree diagram of different varieties of durian

2. BANELIM Ca, Mg T FITERS,

I 2 AT, FERRGE RS Dy 17 B, nDRE 11 54

SESFR R =2 B IEAEARE L FE= e . KR
JE. D101 FIEEH . ISR/, AT RN, AT
PEME SRR . B TR TP 1 S W R
£ AL T RITRPT T, SRR L, v R, NI
REMRE B Ve Sl 55 =20, i1
M/ )N, PTESRAIK, B IR BN, (B0 BC R S ieh
3 e

FE TR B B R T, IR S A PR AN
TR E R SANULE T, 8 SR S PN AR S5, S
BTN G ER & . ARPEAN G 25 S o T
PR TR A L, AR [ 22 A b () SR S8 MU B A7 I
2259, AR S RBO, 22 BRI, BA—E ) vk
FRFRAPERY, Hip Cu SrE AR N E 2R, 48
SEREBUTHN A 55.63% Fll 58.59%, BiHHIX P ~HEFR
IR RN B 22 5, TSR T ], ] e
ZEEEE R, P EEIE Y & B Fe B MAE R R
BEZ/IN, 53 3M 8.22% F 6.02%, L AP PEE I L 7E
FEl% 7N

SEHSZEREIH, HE 1 S BRI E Y 3.00 ke,
KIFDE, IR, P73, MIREIMHIE, R, 07
JROCE SRR, BRI H 5. Jackie
SRR (RIS S SR PR SR S R RN 26%, T
P S HPER ARy 22.72%, A B RAR TR
FEA]E,, Somsri ZFP AR | Al EERFIME
SRR PO AR 35 O 0 B PR P B 2R AR, AN
5, HrEk 1 S A R R R SR FE B, B SRR AT
A ERAE AL R P b P AR LA, YA I RIS
P, EIFRAEDT @, PSRRI RS A BRI,
HoA e AN A e IR S = A, T DA

AT PR R P B BRI B 4 A0 3 b 250K oAt 5
(P<0.05) . 174k FRIAMEESR S0 B3R M &
o, Hob Rl K, Ca 1 Zn SRR, T b3
1 SHER BRI, K K. Ca fll Zn & 546, KHER
Sy )RS, JUHUE Zn Fr i, miik 28.92 ng/g,
W T HALA R (P<0.05), T Fe S EHHUE, SRIA
WFFE A — B . LG A BT AN UL AT N AE BT, rh AR
1 S8 MIRAIT TG 2R 0T o BB, nTVE MG AR
SESH PR P A T R

TR . PTG R AN AT R D T
R N AT NN ER L so T (S o B 1T P U = EA
BT E2E AT E R SE 13 T SRRV 5 4
FRFE RIS S s RR, FE s 32 o rdE s AN A]
FRFEFE PN TR S IS . B HEAEE XA R4
S SRR IR S IR S FINE FRFE AR IEA TR I, W25 T
T 9 MRRES PO S T 25 5, SARUGR IS 45 A L,
FE EHE S AR B0 F5 5 TR T s A —2k, AT RE S5
SIEPE | AR B A Ly SRR G, AR UGS
AR SR W T 117 3 sl As b R A e, 3472 AR I .
Youryon 450 Fg HARE I SR A AR T I EDE
PR S TN TR . 1 S
AN BN 340.48 mg/g, Voon 53 8 H, M3
SR PR SR R 1) b SR B R . LB A 2
WE, R T AT R 1 SRS A B S 2R,
JE S n] LIRS AR SR RS R TR 4Hi
A I

FRAT TR A B R AR e iz FHLR &
M B TAESS, DAIRBIRRLE Zocsei it o
BeAESR, ERSTHTENE) s TR AR, AFE
[0 SOl AN R N SN 812 0 N oY1) % a s o 11
FESESAral 0, 20 5 ANMEREE R T 1 A9 2k
4%, BiTTkRIA R 84.691%, TN HreR- o155y
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