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Abstract: [Objective] The flesh of the avocado is fine in texture and rich in unsaturated fatty acids, fla-
vonoids, phenols and other nutrients, which have health care functions such as preventing arteriosclero-
sis, stroke and diabetes. Principal component analysis, membership function analysis and clustering
analysis were used to comprehensively evaluate the quality traits of 27 avocado varieties preserved in
the avocado germplasm resource nursery of Guangxi South Subtropical Agricultural Science Research
Institute, to establish a fruit evaluation system, and to determine the difference in fruit quality among

the different avocado varieties. [Methods] A comparative analysis of fruit quality indexes, such as the
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dry matter content, soluble solid content, bioactive substance content and fatty acid composition, were
carried out among 27 avocado varieties. Principal component analysis, membership function analysis,
and clustering analysis were used to evaluate the fruit quality of different avocado varieties comprehen-
sively. [Results] Significant differences were observed in 13 fruit quality indexes among 27 avocado
varieties, with coefficients of variation ranging from 3.73% to 160.07%. Hass was rich in the contents
of dry matter, total fatty acid, saturated fatty acid and polyunsaturated fatty acid. The highest soluble sol-
ids content, total phenolic content and total flavonoid content were found in Guilong No. 4, Lisa and
Guilong No. 3, respectively. Lamb Hass had the highest contents of unsaturated fatty acid and monoun-
saturated fatty acid, while the DPPH free radical scavenging capacity of Tenglong and ABTS free radi-
cal scavenging capacity of Guiyan No. 3 were the highest compare to other varieties. All samples were
clustered based on 13 fruit quality traits, and the 27 avocado varieties were divided into 5 categories.
The cluster 1 included Hass, Fuerte and Lamb Hass. The cluster 2 included Guikenda No. 2, Guilong
No. 15 and Guiyan No. 3. The cluster 3 included Lisa, Guiyan No. 4, Bernecker, Guilong No. 8§,
Guilong No. 12, Booth 8, Guilong No. 4, Nanya D and Choquette. The cluster 4 included Guilong No.
3, Guiyan No. 8, Reed, Qiuhong and Tenglong. The cluster 5 included Loretta, Nanya A, Guilong No. 1,
Miguel, Guiyan No. 10, Wilson seedless and Zijin. The 13 quality indexes of avocado fruits were simpli-
fied and extracted, and the components with eigenvalues greater than 1 were extracted, and a total of
four principal components were extracted, with a cumulative contribution rate of 80.553%, and the con-
tribution rate of the 1st principal component amounted to 46.619%, and the content of total fatty acids,
saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids and unsaturated fatty ac-
ids positively affected the 1st principal component, which mainly reflected the nutritive qualities of the
fruits. The contribution of the 2nd principal component was 12.825%, which was mainly represented by
soluble solids content and M/S value. The contribution of the 3rd principal component was 11.259%.
The main representatives were DPPH free radical scavenging capacity and P/S value. The contribution
of the 4th principal component was 9.850%, which showed a significant positive correlation with total
flavonoid content and ABTS free radical scavenging capacity. Through comprehensive analysis of 27
avocado varieties, a comprehensive evaluation system for avocado quality was established. The results
showed that Lamb Hass, Hass and Fuerte scored the highest in the comprehensive quality evaluation of
avocados. The contents of fatty acids and dry matter were the highest in Lamb Hass, Hass and Fuerte,
and other quality indexes were also better, indicating that the overall quality of the fruit was better than
other varieties. The content of saturated fatty acid, M/S value, DPPH free radical scavenging capacity
and total flavonoid content were the core indexes for evaluating the quality of avocado fruits. [Conclu-
sion] Comprehensive evaluation of 13 fruit quality indicators (dry matter content, soluble solids con-
tent, total phenolic content, total flavonoid content, DPPH free radical scavenging capacity, ABTS free
radical scavenging capacity, total fatty acid content, saturated fatty acid content, monounsaturated fatty
acid content, polyunsaturated fatty acid content, unsaturated fatty acid content, M/S value, and P/S val-
ue) was conducted using principal component analysis, membership function analysis, and cluster analy-
sis. Three varieties including Hass, Fuerte and Lamb Hass were selected as the top 3 excellent avocado
varieties. In conclusion, through the comprehensive analysis of the core quality indicators of 27 avoca-
do varieties, an evaluation system for avocado resources was established, which provided scientific ba-
sis and data support for the quality evaluation and product development of avocados, with certain theo-
retical and practical significance. This can provide a reference basis for screening the excellent avocado

varieties, and their development and utilization.
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Table 1 Differential distribution of dry matter content, soluble solids content, bioactive substances content, and antioxidant

ability in pulp of different avocado varieties

EEE IZONE] HR/ME ¥iE bR 5 R AL
Index Maximal value ~ Minimal value Mean value Standard deviation Coefficient of variation/%
w D 31.31 12.98 20.02 4.65 23.21
Dry matter content/%

w4 [ 4% Soluble solids content/% 12.40 6.10 8.67 1.84 21.26
wCEY) 6.43 0.86 3.56 1.52 42.69
Total phenolic content/(g-kg™)

w ST ) 6.37 0.69 2.22 1.30 58.70
Total flavonoid content/(g-kg")

DPPH H %R 62.41 2.36 31.34 17.99 57.42
DPPH free radical scavenging capacity/%

ABTS H &5k 93.49 78.51 88.96 3.32 3.73

ABTS free radical scavenging capacity/%
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Fig. 2 Comparison of content of dry matter and soluble solids in pulp of different avocado varieties
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Fig. 3 Comparison of contents of total phenol and total flavonoid in pulp of different avocado varieties
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Table 2 Differential distribution of fatty acid composition in pulp of different avocado varieties

by PN | IR/ ME ¥iE ik 2 A5 R

Index Maximal value Minimal value Mean value Standard deviation Coefficient of variation/%
w( A & 7R ) Myristic acid content/(g-kg™") 0.18 0.07 0.11 0.03 29.81

wUEEAEHER) Palmitic acid content/(g-kg™) 34.18 22.61 29.86 2.93 9.82

wEAHETHER ) Palmitoleic acid content/(g-kg™") 13.86 5.55 9.83 2.41 24.48

w( Bk IRER) Heptadecanoic acid content/(g-kg™) 0.04 0 0.01 0.02 160.07

w(iffEER) Octadecanoic acid content/(g-kg™") 1.93 0.75 1.22 0.29 23.48

wHIER) Oleic acid content/(g-kg™") 51.54 29.51 37.93 5.26 13.87

wCIEHER) Linoleic acid content/(g-kg™") 24.85 13.69 19.24 2.99 15.51

w({EAER) Arachic acid content/(g-kg") 0.17 0.05 0.11 0.03 26.80

w(a-JEJBRER) a-Linolenic acid content/(g-kg") 3.40 0.61 1.54 0.69 44.43

w( —+hx— &2 Eicosenoic acid content/(g-kg™) 0.24 0.07 0.15 0.04 25.37

wCSRIR) TFA content/(g-kg") 184.35 24.87 93.62 41.19 44.00

w LA TR SFA content/(g-kg™") 54.64 7.96 28.91 11.51 39.81

wCR AR T2 ) MUFA content/(g-kg™") 102.09 10.44 46.06 23.92 51.93
w(ZAHFIR TR ) PUFA content/(g-kg") 36.98 6.48 18.65 7.20 38.61
wCNLRTIR IR ) UFA content/(g-kg™") 135.21 16.91 64.72 30.41 47.00

P/S1H P/S value 0.95 0.40 0.67 0.13 19.35

M/S{E M/S value 244 1.17 1.56 0.30 19.25
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Febm , K I8 BR o AT 0T 27 N T AL o b 1 R S
I HEAT SR A VR, A R LR 60 27 AN AL i 1)
SER SRR R AV RN 0.23~0.76. b, PR JE
PR B =0.60 [ A 3 /> &R, 73 7 24 Hass Fuerte
1 Lamb Hass ; 0.40<"F-1 5§ J& b8 ${H <0.60 ) ith B
A AP 104N, 17 14 /3 AL St b 1) <1350 S i ek BU{E
/NT0.40.

223 RESH FET 27 AUMALE P 13 TR L
i JI AR AR AT B0, IR T R F Ward ¥, R
FRIX (A 5 B EGRE B, 45 SR WL 6. 7ERR PR &
3.0 AL AT LIS 27 AN AL i M 3 N S AN KRR, KL
J4E T Hass.Fuerte il Lamb Hass; 2872 B4 T 1
BR25 HERISSAEMNI S  BHIRETIN
i AP, GLFE Lisa #H:40F 4 5 \Bernecker #£ 8 8 5 i

R TR 35 8 5 (Reed RKZLFN I e s S5 HF
554 T Loretta. 7 I A FE K 15 Miguel EEHF 10
5 . Wilson seedless FI58 4. Hodr, BB 1 B9 IE TR
EEMTYE SR, FAR SR bR A, RS
R iR AL R o

3% W

SRS T VP A T8 A0 S P R B U ) R AR A
22—, T A S B ol O R P S i 11 B R
ko RSELR G TR 2 AT RS RE F 45
T I8 DR 3R 2k A [ o T I SR S T R 1
KR R, AT KL, 23 /N i i FR AR AE A
[) 7 24 o A () A7 AE 0 3 22 57 (P<<0.05) , HAR 5 R 4L
1E 3.73%~160.07% , 15 BH I B4 5 52 5 ot 48 475 5] 32 47
TEFEE MR,

P A ()53 5 9050 ) SR 5 i Jo 22 S K, an el B
EVPAY S S i IR 97 128 18 S o B VR 2 O B R
TR AV T S B TR TR ARG
AR IR s AR . — B D B LA SR AR AT VP
MAKEE, BRIV L&A Rk S Fik, ¥
Z PO T iR G A AT AT VRN B A R AT
o DU EEPYIE FH PR 40 B R0 5 2 A R R
UR LA 41 AN S TR bR AT SR B VR . R
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F 4 PCA HTTER
Table 4 PCA loadings matrix

izl FH 1 F 2 FHr3 FRr 4
Index Principal component 1 Principal component 2 Principal component 3 Principal component 4
F¥)Jfi & & Dry matter content 0.136 0.155 0.004 -0.059
P ) 2 i Soluble solids Content 0.015 0.470 -0.070 -0.083
S & Total phenolic content 0.038 -0.044 -0.490 -0.099

S TR B i Total flavonoid content -0.070 -0.065 0.117 0.610
DPPH H HH i B AE ) -0.066 -0.284 0.428 -0.133
DPPH free radical scavenging capacity

ABTS H HHA:E B A ) 0.019 0.070 -0.069 0.616
ABTS free radical scavenging capacity

S IRIR 7 & TFA content 0.168 -0.067 -0.001 -0.006
TR R iR & & SFA content 0.187 -0.134 -0.149 -0.004
PRV AR 2 2 B MUFA content 0.154 -0.085 0.090 -0.011
Z A B WTER 2 & PUFA content 0.151 0.113 -0.067 0.007
AN AN A R 2 B UFA content 0.157 -0.04 0.055 -0.007
M/S {8 M/S value -0.124 0.479 0.221 0.061
P/SAH P/S value 0.030 0.056 0.440 -0.029
FF{iF{H Bigenvalue 6.060 1.667 1.464 1.281
TTik* Contribution rate/% 46.619 12.825 11.259 9.850

%5 TRBMRSMRRERHBIREAE

Table S Principal component and comprehensive score of different avocado varieties

il Variety Fl1 F2 F3 F4 Y HE4 Rank
Lamb Hass 1.721 0.676 1.782 0.325 1.122 1
Hass 2.049 0.111 0.483 0.391 1.063 2
Fuerte 1.660 -0.141 1513 -0.174 0.909 3
H: 4% 155 Guilong No.15 1.094 0.931 -0.024 -0.401 0.587 4
F7.D Nanya D 0.039 2.365 -0.100 0.346 0.344 5
FEWF 3 5 Guiyan No.3 1.002 -1.478 -0.002 0.550 0.331 6
FE R X 25 Guikenda No.2 1.010 -0.729 -0.423 -0.148 0.315 7
Lisa 0.601 1.135 -1.848 -0.015 0216 8
Bernecker 0.484 0.961 -1.108 -0.083 0.216 9
4% 4 5 Guilong No.4 0.030 1.529 -1.447 0.687 0.115 10
Choquette -0.042 -0.583 0.624 1.069 0.081 11
FEJE 3 5 Guilong No. 3 -0.358 -0.819 0.540 2317 0.017 12
Reed -0.243 0.287 1.261 -1.068 -0.040 13
FEWF 4 5 Guiyan No.4 0.333 -1.075 -1.663 0.407 -0.130 14
Ji& 7. Tenglong 0.240 -2.032 0.247 -0.446 -0.165 15
Booth 8 0.035 -0.261 -1.143 -0.712 -0.216 16
4L Qiuhong -0.524 -0.685 0.564 0.307 -0.238 17
FEWF 8 5 Guiyan No.8 -0.046 0.039 0.270 -2.769 -0.259 18
FEJE 12 5 Guilong No.12 -0.284 -0.082 -1.227 -0.011 -0.282 19
Loretta -0.901 0.197 1.013 -0.045 -0.285 20
H: 3% 15 Guilong No.1 -0.736 0.338 0.014 0.071 -0.291 21
B43F A Nanya A -1.007 0.102 1.046 -0.010 -0.340 22
24> Zijin -1.349 1.469 0.740 -0.192 -0.376 23
FEJE 8 5 Guilong No.8 -0.227 -1.098 -1.368 -0.139 -0.414 24
Wilson seedless -1.908 0.196 0.323 2.180 -0.613 25
FEHF 105 Guiyan No.10 -1.109 -1.111 -0.498 -0.692 -0.784 26

Miguel -1.561 -0.245 0.429 -1.745 -0.883
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Table 6 Average membership function value of different avocado varieties
v P22 38 e HUE g || A PR R HUE 4
Variety Mean membership function value  Rank || Variety Mean membership function value  Rank
Hass 0.76 1 Choquette 0.39 12
Fuerte 0.71 2 H:HF 8 5 Guiyan No. 8 0.39 12
Lamb Hass 0.65 3 FEE 125 Guilong No. 12 0.39 12
F:J¥ 15 %5 Guilong No. 15 0.54 4 FEHTF 45 Guiyan No. 4 0.38 13
Lisa 0.53 5 FK4L Qiuhong 0.36 14
FEJE 4 %5 Guilong No. 4 0.48 6 Booth 8 0.35 15
¥EJ 3 %5 Guilong No. 3 0.48 6 ¥EJE 8 5 Guilong No. 8 0.34 16
FER K25 GuikendaNo. 2 0.47 7 4 Zijin 0.34 16
. D Nanya D 0.47 7 . A Nanya A 0.33 17
J& J& Tenglong 0.45 8 Loretta 0.32 18
Reed 0.44 9 Wilson seedless 0.31 19
FEAFF 3 5 Guiyan No. 3 0.43 10 FEAF 105 Guiyan No. 10 0.27 20
Bernecker 0.43 10 Miguel 0.23 21
FE % 145 Guilong No. 1 0.39 11
0 5I 1|5 2|O 2|5
Loretta [—

FIE A Nanya A — KW 5 Cluster 5

FEH 1 5 Guilong No. 1
Miguel —

HWF 10 5 Guiyan No. 10 —|
Wilson seedless

%4 Zijin

#: % 3 %5 Guilong No. 3 —

HEWF 8 5 Guilyan No. 8 —|
Reed —

FKLL Qiuhong

Jt& J¢. Tenglong —

Lisa —

FERE 4 5 Guiyan No. 4 —
Bermecker —

#7% 8 % Guilong No. 8
FEJ2 12 5 Guilong No. 12
Booth 8 —

#E% 4 % Guilong No. 4 ||
47 D Nanya D
Choquette —

FEE K 2 % Guikenda No. 2 —
H:JE 15 5 Guilong No. 15

KP4 Cluster 4

T 3 Cluster 3

2K5H¥E 2 Cluster 2

#EWF 3 %5 Guiyan No. 3
Hass —

Fuerte

Lamb Hass —

Z5RE 1 Cluster 1

E6 274 mEMA

MBI RGRED I

Fig. 6 Hierarchical cluster analysis of 27 avocado varieties
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By, Bt TR IA 80.553% . FE TR T Mgt
AN TR] it ol 1) SR I 5 R HEAT 256 DAY, T i% T Lamb

Hass+Hass il Fuerte A/ Jl AR K AR B e ] A, SR
SR RBOELEG VR 27 AT A R i SR S i,
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Lamb Hass ALK 3 A5 . ok, BT 134N
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()4 P IR LA™ 8, PR s e | . L,
VP AR AL AE 77 Th %% Fuerte Ml Lamb Hass .

2: b Jitid , Hass Fuerte Al Lamb Hass A % S i
Jo7 22 IR A5 0 1R it B, WA SR R M BT AR i & A
Bho SR, LT V2 G A B PPN B T~ S S b i
SEBRAE PRI 75 25 RS SR P M B M A e v Sk 2
PR DL S AS [R] A 2 B A S DR 25, DUE T4 R H

4 %@

27 A AL P R SRS SR A TR AR AR
725, R 05 o B ORI 0 SR R ek B DL S R R
a3 BT A 4 G 10 J7 V5 AT 25 A VR AN, 0% I
Hass- Fuerte Al Lamb Hass 24 % S & Jii 55 48 19 & A o
VRN i 17 R 5 B \MU/S i \DPPH. [ H 3535 R B 1 A
SHER EE AL R S VR AR D FR bR . AT
FLEE R AT AE BRIk B IR AT KR iR AL
WAKHE .
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