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Abstract: To investigate the differences in comprehensive quality and processing suitability among different varieties of
Chinese olive (Canarium album (Lour.) Raeusch.) fruits, 14 olive varieties were selected as the research subjects. The gen-
eral traits, texture characteristics, antioxidant activity, and phenolic content of the fruits were analyzed. Principal compo-
nent analysis and cluster analysis were employed to evaluate and classify the comprehensive quality of the 14 olive vari-
eties ('Sannian' 'Huangganlan' "Yuanwei 2' 'Xiangtian 2' 'Laoshulingfeng' 'Tuzhongqingguo' 'Cui 2' 'Huanglaxiang' 'Xiaogezi'
'Cuilingfeng' '"Nazhong' 'Tanxiang' 'Sucui 2' and 'Huiyuan'). The results showed that the average single fruit weight, edible
rate, moisture content, pH, and total soluble solids (TSS) range of the 14 olive varieties were 5.46~12.19 g, 77.74%~
84.48%, 77.93%~85.65%, 3.49~4.06, and 9.61~15.43 °Brix, respectively. Among them, the pH value of 'Yuanwei 2' and
the TSS content of 'Huanglaxiang' were significantly higher than those of other varieties (P<0.05). The total sugar, total
acid, total phenol, and total flavonoid contents ranged from 35.71~151.71 mg/g DW, 224.13~299.20 mg/g DW, 17.18~
34.66 mg GAE/g DW, and 7.35~12.46 mg RE/g DW, respectively. Among them, 'Laoshulingfeng' had the highest total
sugar content, 'Tanxiang' had the highest total acid content, and 'Huanglaxiang' had the highest total phenol and total
flavonoid contents, as well as the strongest DPPH and ABTS" radical scavenging abilities, with statistically significant dif-
ferences (P<0.05). High-performance liquid chromatography was used to qualitatively and quantitatively analyze eight phe-
nolic compounds, including gallic acid, pyrogallic acid, and chlorogenic acid, in olive fruits. Among them, gallic acid was
the most abundant. A principal component analysis was conducted on 33 indicators of olive quality characteristics, indi-
cating that olive quality can be expressed through five principal components (with a cumulative contribution rate of
81.236%). Among them, 'Sannian' had the highest comprehensive evaluation score, while 'Xiaogezi' had the lowest. In addi-
tion, cluster analysis mainly divided olive varieties into two categories. The first category includes 'Sannian', 'Huangganlan',
and 'Huanglaxiang', which are suitable for processing into juice, fruit pulp, and other products. The second category covers
the remaining 11 varieties, among which 'Tanxiang' and others are suitable for whole fruit pickling, processed into pre-
served fruits and candied fruits; 'Laoshulingfeng' and 'Cuilingfeng' are more suitable for developing fermentation products;

'Nazhong' and 'Tuzhongqingguo' have the potential to be used in the preparation of functional ingredient products.
Key words: Canarium album (Lour.) Raeusch./Chinese olive; fruit quality; principal component analysis (PCA); cluster

analysis; processing suitability
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Table 1 14 Chinese olive varieties and their respective
production areas

S5 i 7 S5 i 7
1 =i J 2Rk 8 WIEE RISk
2 HOH I 2Rk 9 T TRk
3 FIR—Y ORIk 10 MeRg RISk
4 FH S TRk 11 Yafh J ARk
5 ERRE ORIk 12 itk AN
6 TAER Rk 13 FRME2S A A
7 25 I ARk 14 5 A

B, ISR AR L TR 24 B AR F oY b1 288 N
14 AR 1) BAAP RS T 2 kg, 32 RP
iz ik e R, HA RS- RS S RV 7AE SCFE AR i)
E, FIATRHIHETT 4 C vkFa, T F—21836
Fms. O gal, RO AR A 75 2800
SN, REIREN . TRIREN . MR E TR T
ali, 1R R CRED I FIRFIA BRA F Bl Srrad, |
AR FIE A R FL IHRES sdral, R
Bl R = F A RS A 4i2E R ET AW
(Trolox) . 1,1-—ZRFIEFFHIAPE(DPPH) | 2,2 -BRE-X
(3-Z FEZR I EME -6l 18 ) — it ER (ABTS) . T .
BETIR. SRJ50R . WIMERR . BTERAR . tEARES (Folin-

Ciocalteu) 43#rali, L ipiR A= 9Fl-Aa R 7] JC
IKZWE Srprat, RKEET E TR Al 1T B2 w5 At

W Z obral, e va MR R A BN F s Al
ES T T e I E VA RS X v e Lo <l RN I
PBJ-SO2E U el BHAL - VI 177 DL 2R it ey
A BRNF]; HBS-800A ZINEEMFEIL  ARZETTIELR
A FRAS F]; 101-3ABS BUH PG XU HHefE it
BHESDY & A BRAA F]; DK-98-1 Y e, HVE IR /K 545
RS AR RN F] 5 TW-1042 BRI B L AL
LA AR ZRE A AT B ] TS7700 435G €43
I 7R = R B A R4S 7 s ME204 B 743 BT R
F-. FE28 pH i1 MpReil- 464 20 ( B ) AR
F]; JJ1000 B B8 F RSP B ST RS IR A BR TS
ZAY-30-900DS #EEPIEvESs AN A ST ARG IR
N 7] LC-20AT 3 20 A (6354 . UV-1800 284k AT
AT BEUER (TR MDA R A
1.2 EWHE
1.2.1 JFORMGER ASTHE] SRR A SR S 45 S S s s
W FNSIMFER, 156 ORI 6 T0 5 B2 i AOoNE S 512, v 0k .
W, T2l ZAZ, KRR R U s Nt S e
IR RS I 40 B 7, 15 20 T8y, 4 °C W7
=H.
1.2.2 MRS SCHRAMIE B AP BE A LIk
B 20 A4, s (RA%) B R H B 7 R FRsl
YA R AR F PR ieprn - RO, SIB s $0E
Raghte 5 IRIRIE Z o Feos 2R n B3

ML, S5 AR RIS SRS SRS B i RO TaE B TAN <25 -
A=
AR (%) = 100 (D
Al (%) et =
% i B
&*X%(%F%xloo &®
R

1.2.3 EKRREWNE S5 =955 195 7K
FETT o WA SRR RO R PR R AR L,
T 105 C FHLEEE Ik, EFACRTHEA N
G 7R,

TIRE (%) =

m, —m,

x 100 2 (3)

m, —m,
P my FORFRIEMLE , g5 m, FoRMLHRTE
Hi, g m, Rt EER, g6
1.2.4 AT R B il e A4 S P PAONE BE A Lk
B 10 A, A8 HH 4360 oA SO s A4~ SR S AR T AH
Xt 4 AEAEY LE . o H . bETERR, TSSO
FebR PR b FIEAIEE C.

h=a'/b X @

C=Va’+b? X (5

1.2.5 MRS AR E S35 30wk [11]
P79, BEVEIE T . ISR MRS SR 52, F9- R o
Fi 10 AR SZ, MR 45 A S SCCE T TPA ity
L & HP o, R B e U S i SO A 4k, i
RSk BEARTIEX RSP ER . SR BA%E 2 mm Y P/2
RIFETE R ,, BEE AT EREE Y 1.50 mm/s, P A 3 RE
1.00 mm/s, M5 10 mm/s, He/NERFI T 5 g, 20
W 3 mm. MNATEPr F2H R AERE | SR A i
P RAGEE  SRANEN: 4 T,
1.2.6 pH. Al MEFIEY (TSS) B E  Fratins
IR T, BT B VIR TR ST, TR EE L
HEALH, By vt e FH )22 A iy Uk, B H )%
T AR

pH i A pH 31 2 ; ol i1 FHEH (TSS) R H
B BT DL TGS 2 o
1.2.7 BHFRLAR I E  REHRFREL 0.2 g MONE T
B, A 5 mL 80% Z I, #f AT #8 75 4l B %
120 mim, & ¥ F 4201xg FYES.C> JTES.Cr 10 min, BX
EVEW, EARZE 25 mL, RIS HE BOR AR

SEOPE S R FH S T i R AU T SO Y A
FEEAES I . BGE MBI EGR 1 mL, IA 1 mL
5% AEHHAW, BUEANA 5 mL 18.4 mol/L HUBIAR, ¥R
VAW, TR HAE 30 °C KBS /% 30 min f5,
TE 490 nm W2 H S FE AR, L) 200 0 Ve 38 oA 1 Al
i, DA OG BE (B S PA AL B, i) a2 e 2 B s o it
(y=7.6381x+0.0234, R>=0.9994) .

MR GB 12456-2021 & 5224 E R bR
B R ER I 2 Y T R S —k-pH A
BT, SR DIATERIT .

1.2.8 Sy & EpgillE  FREC 1 g MO8y, A



- 26 - £ Tl B4

2026 4F 8 A

10 mL 80% Z I, #ATH S N ZEHL 120 mim, i
T 4201 xg BYES.C> ST ES.C> 10 min, HU VB, E R =
25 mL, RIS REIIN o
& JH Folin-Ciocalteu 7213 ] 2 Bl (9 &5 2, IF
WEAEME T, OGS SFE R ER IR 1 mL, A 2 mL
Folin-Ciocalteu iR 7], R FH IR I JE & E 5 min, ITA
2 mL 10% BRERENISR, ZE i T #EDGHCE 120 min )5,
4201xg FYES.Cr JIESLr 5 min J5F 760 nm WG R
M HW G . DA B TR R AL bR, WG
SRHYARAR, 2 & TR fERRZR (y=16.18x+0.0876,
R*=0.9994), AW & E LI E 7R 2 5 (mg GAE/g
DW) IR, B i =an(6) s .
cxDxV £ (6)
i ¢ FRIRIEOCEEEACASRHEZRITA
FHE OB BT B e BE, mg/mL; D 3o RO BB
V FoRFIRARER, mL; m R AR IR, g
1.2.9 SOEERNSEAIE  SRASCGEEEN IS
TR S, FRSEIE . BOE MRS 1.2.8 i85
MM B 1 mL, I A 0.3 mL B 5% VA4 iR 4l 7%
W, PR% RSG5 5 min, LA 0.3 mL B9 10% fl§
BRES A IR % IR AT 5 iR 6 min, A 2 mL 4% &
FACENE I, YR Z IR SIS 8 30 min, 4201xg 1955
U2 JTES 0 10 min, B FIEFVRINZE 510 nm Ak 14 '
{H o DAA T ubmdidb 2l dm i th £ (y=1.6575x+
0.0588, R>=0.9993), Sh il & & LU T 1) 2 &5 (mg
RE/g DW)FIR. SR =i s =Xan(7) i,

cxDxV = (7

i ¢ FRIRIBEOCEEEACASRHEZRITA
FHEBOR BT B BE, mg/mL; D 3R R R A8
V FoRFRARER, mL; m R AR, g
1.2.10 PrEALERIIAGMRE  DPPH 75 B 1 mL i&
FERBEIHEEIN A 2 mL DPPH #5%#%(0.2 mmol/L),
R G e IR A T #E 6B 20 min, 4201xg [
B0 J7 50 10 min 5 T 517 nm &b %, LA
Trolox “AHRUEN, M E A [FHE Trolox X DPPH H
Fh 35 i 75 B e 0 O 4 i AR o il 2k (y=—19.8160x+
0.9575, R*=0.9993, H. 1 y 2K G MH, x Sy Trolox
), 452 LI Trolox X4 i (mg TE/g DW) £ IR,
DPPH H HEERRE 1A (8) i .

cxDxV £ (8)

K. ¢ FRIRIBEUOCEEEARASRHEMZRITHH
FIFRBOR TR B, mg/mL; D Fos$R R BB
V FORFFMBEAARRL, mL; m FREE T BER, g.

ABTS 19, % 7 mmol/L #9 ABTS % # (50 mL)
5§ 140 mmol/L ML IR 7 (0.88 mL)IR &, £
i RECISE F R E R, TE AL ABTS fifi 85K -
i FAT A JC K Z B B 2 734 nm P AL G)E

S B (mg GAE/g DW) =

MR & & (mg RE/g DW) =

PPH H 275 K6 /1(mg TE/g DW) =

0.7+0.02, 25 ABTS T AEW . HX 0.10 mL i 5 #6i B
PIFEBORINA 2 mL ABTS TAEM, F5&50 5 BG 0T
20 min, F 734 nm FE WIS ; BL Trolox HHRHE
i, 225 i bR vE Bl 2R (y=—3.3944x+0.6278, R*>=0.9993,
Horp y 2SR, x S Trolox M), 455D Trolox
ix;-a(mg TE/g DW) /R, ABTS'H 3L s AE
MR AN(9) iR

N N xDxV
ABTS" H H 5% A8 /1 (mg TE/g DW) = c

X (9)

;¢ FORARYENOCEEIEACASRHE T
PO T B R JBE , mg/mL; D R R BB AR5
V FORFFIBARRL, mL; m FoRs TRy R, g
1.2.11 B2 i & il KRS FRE 2 g i+
By, JIn A 5 mL 80% &£ W5, #EAT B A5 4l B K B
120 mim, & & T 4201xg {4250 J7 5.0 10 min, HX
[ IEWR L AFAS SR I -

SR SR A (352 (HPLO) M I E, B 1 mL
RN LS 0.22 pm A PIFASERS I EA . Aok
14:: Waters C,g 01541 (4.6 mm=250 mm, 5 pm); —
WA B2 (PDA) Kl 4% 5 T shAH A: 0.4% LBRIFE,
Waht B: (ai%elk 2NE; FEIR 30 °C; i 0.8 mL/min;
BEFEE 10 pL; B VRER T : 0~40 min, 95% A, 5%
B; 40~45min, 75%A., 25%B; 45~50min, 50% A, 50%
B; 50~60 min, 10% A, 90% B; 280 nm. LPIFRyAESLHY
WA TR REURITAR BE 2 i 2, Ao P 2 o i) 55 4
ARYEPRIE 2RI T3
1.3 HIEAIE

REASSCEGAC RIS B AT 3 1R, S5 R LA S E R
I 25 #2 7~ , B T (8] 19 8 25 P 25 57 K8 56 . Duncan's
test AT 43 4T, 18 ] Microsoft office Excel 2021 Fi
Origin 2022 #7HHEGEIHrHr g K.

2 HBRESH
2.1 EIRMEET R —AR AR 4
FH AL 1 AT R B, MO S — A R, LA WA i

‘90 000000 00 00 00

=1 WG BRSBTS EMRE LRER 25

%»ww¢w¢

WIS MYT O MEREE g HE B2

Be@a@g% O’ &QG@;@@

=i W EIR TS RS R BRI M2S

8¢ @) @¢ @4 0p @) @¢
HiEA MYT BMERIE 2 A S HR
F1 IR IR SR (A) | BT FSRAZ (B)

Fig.1 Whole fruit (A), cross section and kernel (B) of different
varieties of Chinese olive
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Fig.4 Texture property determination results of Chinese olive
fruit of different varieties
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Fig.5 pH and TSS content of Chinese ohve fruit
of different varieties
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Fig.6 Total sugar, total acid contents (A) and sugar acid ratio
(B) of Chinese olive fruit of different varieties
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0.15 mg RE/g DW, ‘JEBR — 5 AKX, S 7.3540.12 mg
RE/g DW. AWF5 45 R 5 SCik [31] 4z i 19 i
(26.26~104.74 mg GAE/g DW) Fl & 2 i ( 6.26~
17.47 mg RE/g DW) & &3%iT

40
35
30,
25

S (mg GAE/g DW)
N
(=)

Ffil £ (mg RE/g DW)

P 7 A [w) RO R S 1y | B 75 e L
Fig.7 Comparison of total phenol and total flavonoid content
of different varieties of Chinese olive fruit
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Fig.8 Changes in antioxidant capacity of different varieties
of Chinese olive fruit
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Fig.9 Types and contents of monomer phenols in different 6 1911 5.792 87.028
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Table 3  Principal component loadings matrix of fruit quality
indexes of 14 Chinese olive varieties

TSR PCI PC2 PC3 PC4 PC5
HRE 0.847 0.283 -0.12 -0.13 0.291
RIPz 0.115 0.787 0264 0219 0295
RIHAR 0.906 0.084  —0.182  —0.19 0.226
eS| iy —0.772 0.476 0.382 0.023 —0.026
R 0.667 0213  —0487 —0.176  —0.307
iz -0.667 —0213  0.487 0.176 0.307
FKE -0.849 0064  -0296  —0.181 0.262

L 0.699 0.481 0226  —0239  0.121
a 0.909 0.052 0.192  —0.045 —0.321
b 0.679 0.613  —0.003  —0.069 —0.209
0.877 0.068 0351  —0.052  —0.236
C 0.695 0.584 0.001  —0.081 —0.236
L2105y 0.3 0.123 0.07 0715 —0.269
TP Mtk 0.65 -0.027 -0251 -0318  —0.007
SRR 0.514  —0.095 0.099 0.757  -0.311
RPNerE 0.673 0.15 -0.21 0.423 0.493
pH -0.549  0.288 0.619 0.23 —0.125
TSS 0.665  —0.167  0.256 0.099 0.063
ki 0.115 0.783  —0.012  0.384 0.141
KR 0.576 0.04 0.272 0.414 0.018
WERZ L -0.021 0.761 -0.083  0.261 0.148
NI 0.621  —0.083 0526 —0.036  0.171
SR 0.45 —0.83 0.037 0.009 -0.25
DPPH 0.653  —0.394 0434 0252  —0.193
ABTS' 0.703  —0.036 048  —0256  0.115

WETHR 0.852 0.053 —-0.296 0.179 0.126

MR A TR 0.664 0.311 -0.261  —0.136  —0.166
ES LT 0.435 -0.62 0.193 0.023 0.405
I E 0.545 —0.334 0.295 0.006 0.584
R 0439  —0.198  —0.551 0.379 0.379

BT 0.39 -0.825 0018  —0.077  0.123
Witz % 0.123  —0.863 —0.107  0.067 -0.23
iz % 0.021 -0.568  —0.156  0.221 0.019
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Zyynge i 0. 124X Zygr g 5 +0. 110X Z s -+0.035% Zgy - e+
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Z,1+0.063%Z 14 +0.244%Z iy 0 +0.264%Z 4 o +0.166%
Zigg i 1, —0-023%Z py ys +0.006%Z oy s iy —0.160%XZ 11—
0.163%Z \ prs+0.114%Z s o 155 —0.087%XZgpe oy fr 7 1+



35474 5 15

WIEZE , 45 AR FRIER S

AR & T SO S BN 33

0.015%Z g 5 5 +0.004X Zyy e +0.24 1 X Zgy g0 —0.049
Z s ;+0.043% Zgy 1 00 141% Z gy 1 e

Y=0.199%Zy g 5 +0.202%Zgs 4 4 45 +0.155%
Z gz g 2 —0.018%Z g gy e 3 —0.210%Z ;o 2 +0.210%
Z 0. 1805 Z 5y 24+0.083%Z, ,—0.220%Z,,,—0.143x
Z,—0.162xZ,—0.162xZ~0.184%Zg 1 i iz —0.005x
Z iz i v —0-213%Z gy 1y g yie T0.338%Z gy g s gy —0-086
Z,1y+0.043%Z 1o +0.097 % Z gy gy +0.012%XZ 0 +0.101%
Zog s 1. TO 117X Z g e =017 1% Z gy s g —0.132XZ b+
0.079%Z 515 +0.086%Zyy v 1155 —0- 114X Z ey e i+
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LAAS FE a3 XN R 7 22 BTRR A ALER, T A4
5 A VE M PROEC R - Y=0.38270XY,+0.19913xY ,+
0.09120xY;+0.07477xY ,4+0.06456xY 5, A2 #i 3= 8 53
LRSS,

4 MBEEBHEARE TR LR KT
Table 4 Principal component scores, comprehensive scores
and ranking of Chinese olive quality indicators

i Y, Y, Y, Y, Ys  ZiAEAY) HA

=45 6265 4113 —2.482 0561 1.296 3.116 1

WML 5481 —0.245 —0.364 —0.246 —2.997 1.804 2
JFIRTS —3223 2720 1.154 —0413 —0.192  —0.630 9
FM TS -4910 0418 0952 —0.163 —0.130  —1.903 13

EMRE 0112 2745 -0922 0285 0.396 0.552 6
TRER 0652 -3.666 0.152 2473 3.054 —0.085 8
Me25 3329 —0.477 0969 —0.877 0.508 -1.313 11
WA 5136 —4309 1.780 —2.381 0.574 1.129 3

T 2,072 —4329 -3.623 0.695 —1.676  —2.042 14
iR W -1.900 0.460 —0.821 0262 0.599 -0.652 10
298 1.002  1.096 0.706 —1.856 0.392 0.553 5
W& 0206 0472 3.125 3.441 —1.826 0.597 4
FRiE2S 3682 0.139 0.026 -1.736 —0.345  —1.531 12
HE 0262 0864 1253 —0.046 0.349 0.406 7
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