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Abstract: In order to study the differences in the comprehensive quality and processing characteristics of different varieties
of wampee (Clausena lansium (Lour.) Skeels), seven kinds of wampee ('Bingtanghuangpi' 'Jixinhuangpi' 'Jinhuangpi'
'Guifeisanhao' 'Baimihuangpi' 'Huananyihao' 'Wuhehuangpi') were taken as the research objects, the physical property,
chemical composition and antioxidant capacity of the fruits were analyzed, and the processing characteristics of the seven
kinds of wampee were evaluated and categorized using principal component analysis and cluster analysis. The results
showed that the pulping rate, soluble sugar and organic acid content of seven kinds of wampee ranged from 50.51% to
60.71%, 18.93 to 48.91 mg/g and 8.13 to 14.00 mg/g. Respectively, the 'Bingtanghuangpi' had the highest pulping rate, the
'Baimihuangpi' had the highest soluble sugar content, the 'Jixinhuangpi' had the highest organic acid content. The total
phenol content of pericarp, total phenol content of fruit pulp, total flavonoid content of pericarp and total flavonoid content
of fruit pulp ranged from 2446.4 to 4045.5 mg/kg DW, 763.7 to 118.2 mg/kg, 234.1 to 678.7 mg/kg DW, and 96.8 to 143.4 mg/
kg. Respectively, the 'Guifeisanhao' had the highest total phenolic and total flavonoid content, and the strongest antioxidant
capacity (ferric reducing antioxidant power (FRAP), DPPH radical scavenging capacity). Nine phenolic compounds in
wampee were identified by ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), and rutin
was the main phenolic compound. The results of principal component analysis showed that 25 indicators reflecting the
quality of different varieties of wampee, that can be expressed by four principal components (the cumulative contribution
rate reached 87.51%), of which 'Guifeisanhao' scored the highest in the comprehensive evaluation of principal component
analysis, and 'Bingtanghuangpi' scored the lowest. The results of cluster analysis were basically consistent with the results
of principal component analysis. Overall, 'Guifeisanhao' and "Wuhehuangpi' had the highest content of total phenolics, total
flavonoids and the strongest antioxidant ability, but the soluble sugar content was relatively low, which was more suitable
for the extraction of active substances. 'Bingtanghuangpi' and 'Baimihuangpi' had high soluble sugar content and low
organic acid content, with moderate sweet and sour taste, which was suitable for fresh food, and the high organic acid
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content of 'Jinhuangpi' 'Huananyihao' and 'Jixinhuangpi' was more suitable for processing into food ingredient.

Key words: wampee; fruit quality; antioxidant; principal component analysis (PCA); cluster analysis
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Fig.1 Different varieties of wampee
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Table 2 Physicochemical characteristics of different wampee species

i m(¥E, g) B SIZ R w(KTE, %) wOFHE, %) wB IR, %)
iy s 9.99+1.67% 1.26+0.05™ 17.37+0.37° 7.40+0.20° 60.71£0.45"
XG0 10.50+1.10% 1.41+0.05* 19.07+0.14° 13.32+0.46° 53.53+1.22¢

S 7.34+0.66° 1.15+0.02¢ 13.75+0.25" 22.23+0.55 55.84+0.64°
Fd3 s 11.25+1.49° 1.22+0.04° 16.13+0.21¢ 23.4340.29° 50.51£0.52¢
SEFiya 9.72+1.53 1.08+0.02° 15.30+0.25° 21.61+0.33 57.03+0.84°
BRI 1S 6.93+0.64° 1.27+0.04° 12.87+0.248 20.60+0.46° 55.83+0.60°
TeA%H 10.98+1.60% 1.26+0.05" 27.08+0.21° - 67.09+0.26

TE: S ARAGIN Y, Rl — S AR RG22 5 (P<0.05); %3l
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Fig.2 Comparison of physicochemical properties of fruits of
different varieties of wampee
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R JCAZ 85 B A1, HAth SR AT b S B g A > SR
WH>10] 45 B, XA~ Ee A9 55 A ARG v ] i R Y LU A5 A
L, X AT e 58 s T 2B/ ARG R AR G, B
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B 2 R 3 T A S AR (P<0.05) s HRE S
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Fig.3 Comparison of sugar content of different varieties of
wampee
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Table 3 Contents of ascorbic acid and organic acid in the fruits of wampee
b R (mg/g) AR (mg/g) SESRAR (mg/g) AR (mg/g) YRR (mg/100 g)
Vi v 1.95+0.20° 0.42+0.01° 0.7740.11¢ 4.99+0.06° 14.15+0.47°
XL HE 3.0620.12° 0.35+0.03¢ 2.40+0.35 8.19+0.10° 13.16+0.25¢
SR 3.80+0.09 0.45+0.02° 1.2140.03¢ 5.8140.39° 11.79+0.54°
by ks 2.40+0.06° 0.26+0.01° 0.89+0.01¢ 5.82+0.25° 16.09:0.66"
Sk 4.18+0.08° 0.30+0.01¢ 2.23+0.03° 4.71+0.02° 11.37+0.12°
115 4.32+0.03" 0.53+0.01° 1.53+0.07° 4.77+0.12¢ 13.2140.34¢
T e 2.42+40.12° 0.37+0.01° 3.0940.11° 7.38+0.11° 18.98+1.19°

FMEZESF(P>0.05), “ToI B E S e R -
25 AREEMEREEIRESHR

R SR PR B g R A E 4A TR,
AN TE) & P B Rz SRR SR A Y B AT R
PE2E 57 (P<0.05), Hrhr 524 3 55 B AR A Y i T
B T H e WA (P<0.05), 4351l 4045.5+
60.4 mg/kg DW F1 1118.2+1.1 mg/kg, VKW Jz *Fl
LRI AR S IR, 435SR 2446.4+49.8
Fl 2476.1+£34.3 mg/kg DW, 5 5 Fh 22 552 N i 35 (P>
0.05), ‘A e R AL & EN 763.742.9 mg/kg, i
FARTHARS R (P<0.05), [Fl—ihFh, S-St
S E> G, SRR (R PR DA B ) e R B e
JIMELA 1.65(1.46) 1% o A A% X} 8 g AN RIS s
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Fig.4 Comparison of total phenolics and total flavonoids in
different varieties of wampee
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LB AW G R A FRAP ., DPPH PR 7 1250 52 85 )
SRRz R RPLEABRE ST, SR ANE 5 TR, SRS
FhZ AP E AL RE AP E B 3 E 22 55 (P<0.05), SR
i FRAP AS {5 h 7568~15556 mg/kg DW, 5[4
FAEALTE BN 2056~3695 mg/kg, Fod<giad 3 55
SN PR AR B8 -3 R HE 77 S 35 i T HAth Rl (P<
0.05), ‘X0 B F2 AR E T 10 I RE 7 2L s Al rh
B 59 109 A ) S AR Hz i) DPPH [ i BE 15 R AE 71748
A3 5l o 3353~8537 mg/kg DW, 5[4 A9 28 4k 5 [l
A 1033~2527 mg/kg, “BHAC 3 5 DPPH [ HH 3L78 %
BB T IR, RGO T RE ) e 55, g R R — &
Fh i) P A AL BE 1 R B I B2 >, A TR L R Y
DPPH [ 375 BRAE )1 S8k ES iR R Re JIAE ML, 22
FRAES PSR T 20 -2 R S, R BRI R R e B
Jz R AP EALE IR TE B N R, HEDN A 58 A
nh APPSR R I AR W TR 22 S S R U R
X, FEEARLPYMIET 120 44 2 P A LRk
& ILEE 7Y DPPH A H3E1ERREE 11 FRAP Préfb
B8 J7 6] A 35 B IEAR O, I I 25 R S AR o T 45 LR
—3,
27 AEGMERREAMESEEIRBX S
FHER 4 AT, SR 00 B & S5 R R
Wz (3 ) FRAP & DPPH M 5 4 i 25 1E 40 ¢
(P<0.01), HpREamESESRALE 8. R
Jz (SRR FRAP il DPPH FYAH & R B053 51152 0.899,
0.781 1 0.852(0.735 F1 0.850), - Py My & i 5 5

Jz (B A1) FRAP & DPPH 2 % i 35 1F AH & (P<
0.01), AHE R ESr )M 0.821. 0.958(0846. 0.930),
Ui B 3 2 o SR S b AR AR e ) i S o, A5 E
FEIRIE T HURALBE S 5 AW A 2 Rl A AR SR 26,
AIFFTLER S Z —8, UbAE, PIRMAS MNITEAL RN T
VPR PR Z [R) A 2 ) 2 EAH DG (P<0.01), U AH A AL
N SRy TR P R U R S A JLRE 1A DPPH H i
FIHBRAE I ROERIA— 3, L5 R 58] 5 30T —3K .
28 A RImMEREFRBMMEREE

SRyt — 2D g R R S R i e IS 2 1, B A
ANTR] SR E] 22095104 22 57, SR FH R S 80 H i DUAR T
TRAT AT A 43 PRI RE X B B Z2 Wy A T A A T,
TS B« RIS 1 L R B s 18] 5 b o il o)
LU SCHRAE ()P Ak, RS e Y 9 R 2k &,
Horp R Hz o B, JREY 8 Fi . LIPS T il IEBS T
HEAF BT m/z 611.2 [M+H]"; m/z 465.1020([M-
CeH, O, +H]" ) AiZAL &M o F BT L —4r 1 s
BEAS 2] R IR A5 m/z 303.0517([M-C,H, 09+
HI+H) iz & W5 F 5 F B R — 4 T A S
B B, ShnvER T R e iz te SR T, HoAl
PRGN S 2 I, a5 e 5 iR, 9 Fhi
B R BRI E FILAE . LR . Mk
R JRIRER . mnMERR . 28GR . 1 RE 2R
P o A RSO A A T X A e SR A T
ZERANER 6 PR, B 2 AT RIFRALI) 2 18 & 5 A
I 22 5 (P<0.05), SRR 2 My & i bb SR e e,

E X V& R S ERS R X7/ i LI VE EPS

Table 4 Correlation between antioxidant properties and active substances in wampee

AR SRRz B3PSy R TR SR LT SR FRAP HNFRAP 7 DPPH S ADPPH
B3 =Y 1
SR 0.899™ 1 .
SRz TR 0.336 0.311 1
FR BT 0.425 0.578" 0.443" 1
R EZFRAP 0.781" 0.8217 0.080 0.178 1
RINFRAP 0.735" 0.846™ 0.084 0.203 0.963" 1
LK DPPH 0.852" 0.958™ 0.178 0.369 0.905™ 0.922" 1
A DPPH 0.850™ 0.930™ 0.122 0.274 0.942" 0.955™ 0.955™ 1
TE: #*7E0.01900 (BUR ) , AHICHE R 25 *7E0.058050 (WU ), FHOCHEILZ
5 AIEIE R RS AR AE 2 P A
Table 5 Qualitative identification of the chemical structure of monomer phenols in different wampee

P F4 2t [M+H] EB TR IR BT [M-H] B TR T RS BRAL
1 REETILEE  CHL0, - - 305.0669 305.07; 125.02; 137.02 I
2 JUR# CysH,04 - - 289.0721 289.07; 245.08; 205.05; 109.03 R
3 Je R C,HO, - - 153.0185  153.02; 132.82; 125.02; 109.03; 98.33  #&Ij
4 LI CyHy0y, - - 179.0344  179.04;135.05; 107.05; 89.02; 63.31  Hef
5 AR C;sH,,0, - - 303.0514  303.05;286.99;273.04; 191.02;85.76 &R
6 AR CHyO; 1650549  165.06; 147.04; 119.05; 91.06; 65.04 - - THHL
7 T CyHy0, 6111617 611.16; 465.10; 303.05; 231.08 - - R
8 R R C,H 405 303.1050 303.10; 177.07; 153.03 - - R
9 N E CyH,,0p  403.1396  403.14; 388.12; 373.09; 355.08; 327.09 - - R
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Table 6 Comparison of monomer phenol content of different varieties of wampee (ng/g)
LEEREN j A il
ATk it iy XN B H3s P M5 TR e
REETFILEER Rz 3.86%0.12° 5.65+0.05" 0.80+0.03" 1.24+0.02¢ 4.10+0.01° 4.13+0.08" 3.59+0.05¢
R 3.13+0.35" 2.7240.04° 0.59+0.06" 1.0340.12¢ 2.09+0.05° 1.1940.03¢ 1.64+0.05¢
IS Rz 0.46+0.01¢ 0.62+0.05° 0.30+0.02¢ 0.41£0.10% 0.79+0.01* 0.65+0.01% 0.91£0.15"
R 0.34+0.01° 0.29+0.01¢ 0.28+0.01¢ 0.29+0.01¢ 0.16+0.03° 0.38+0.01° 0.61£0.01°
TEM Rz 0.22+0.01 0.27+0.01° 0.19+0.01¢ 0.27+0.01° 0.25+0.01% 0.204£0.01% 0.37+0.04°
R 0.27+0.08¢ 0.30+0.01% 0.29+0.01¢ 0.34+0.01% 0.40+0.01% 0.35+0.01% 0.41+0.01°
R Rz 0.27+0.01% 0.30+0.01° 0.18+0.01¢ 0.21+0.01% 0.32+0.01° 0.31£0.08° 0.15+0.02°
R 0.07+0.01°¢ 0.12+0.01° 0.04+0.01¢ 0.06+0.01¢ - 0.12+0.01% 0.11+0.01°
Je iR R 0.27+0.01¢ 0.44+0.01° 0.26+0.01% 0.24+0.01% 0.73+0.01° 0.23+0.04¢ 0.32+0.01°
A 0.19+0.01% 0.09+0.01¢ 0.10+0.01¢ 0.05+0.01° 0.16+0.01° 0.27+0.01° 0.19+0.01°
IR Rp 0.93+0.01° 0.93+0.01¢ 0.80+0.02¢ 1.07+0.01° 1.63+0.03* 0.47+0.04° 0.62+0.01°
A 0.46+0.08% 0.26+0.01¢ 0.40£0.07" 0.28+0.01% 0.54+0.12° 0.44+0.01% 0.47+0.03*
A IR Rp 0.70+0.01° 0.53+0.01¢ 0.62+0.01¢ 0.65+0.01¢ 1.08+0.01* 0.29+0.01° 0.14+0.01¢
A 0.21£0.01° 0.20+0.01° 0.22+0.01¢ 0.48+0.01° 0.44+0.01° 0.65+0.01° 0.29+0.01¢
JRRE % R 0.36£0.03° 0.35+0.02" 0.19+0.02% 0.28+0.01% 0.25+0.01% 0.65+0.20° 0.16+0.01°
A - - - - - -
T R 13.7442.60" 23.4642.60° 10.96+0.13° 10.45+0.14¢ 14.68+0.25 8.12+1.60° 14.26+0.16
A 2.03+0.04° 0.45+0.02" 3.8240.15° 3.63+0.02° 4.16+£0.07° 3.0240.02¢ -

TE: =G, A — AT AR TR AR R 2252 (P<0.05)

AR TR B P A i e B E, S T EERY [
WA 3 XSO IR e T & E
23.46 ng/g, XG0 B O R R TSR EAR, S 0.45 pg/
g, PIEAHZE 52.13 1%, WETREETILEAR S
TR T T, A0 3 B2 SR B i =5 (5.65 pg/g),
4 T 2 SR v o i B IR (0.59 pg/g) , PR 2%
9.58 15 JI Bk R2 22 AN A 28 Fe SR B vh G Y 5 TG s
Wy & VB B 7E 0.06~5.65 ng/g Z[al. Lin M FE 8
Bz SRS i HY 10 Rl 2SR, SRR B TR .
JLASE . UHERR . Az 3R . R 3R L ISRl . SRR .
JERRFR . 2T Ak, Horb s . JRARER A T
TR R, WY SRR IS A E] AT B R L D RIAT
K, Wy W R B AT A 25 S ] BRI S TR 45 A 3
[

2.9 AEISMEK MR PCA

2.9.1 FERSTHEFRIEE BTSSR R A
JEFEARZ AIAFAEZE S, R T I BRAS BE 2 el R A AH
Xt RN XG5 SR A IR ), T X 25 B A TR
VEALAL P DL 7 ASEEEL I 25 - fh B dsRtaak 25x7

RT P BHERR R X TR

Table 7 Eigenvalues and contribution of quality indicators of

wampee
F sy FHE(E BUREE (%) Fat ik (%)

1 10.018 40.072 40.072

2 5.952 23.809 63.881

3 3.374 13.497 77.378

4 2.533 10.131 87.509

5 1.958 7.832 95.341

6 1.165 4.659 100.000

FEFEVEST PCA, 45638 7 fEl 6 U 4 4~ PC,
S 2 TTHRRIAT 87.509%, L4y T K S FS bR
B CFR S B, R bR LA X 4 4~ PC ARER LR AY
25 A TR AR AS R SFI B B2 ST TR S

12
10

FEIEA
o N b o o

2 4 6 8 1012 14 16 18 20 22
AL
K6 BRI A

Fig.6  Scree plot of individual quality traits of wampee

ZEBFR 7T MR 8, B — FE ST I 22 BTk RN
40.1%, TSS. 590, A2tk . wivh. PUIRImmEL . SR
SR PRI S RS — S B BRI AT B
SRS IT 25 TR RN 23.80%, HIEHEEL . K | A
12 . SR P FRAP FE55 . E RSy A BRI 4R 1er;
5 = RS TT 25 TUERR R 13.5%, BT L WA
[ SN YT e d o St 1) %l B S SN )
ZRAr s &5 DU R A 1 T 252 TTHRECN 10.10%, H 3R
T TA ZEEE DU A5 A BRI 2T
2.9.2 A[EJEE RS THIRIZES P A 2805y
RATRE R (2 8) TP A FE R EE RS LA 2 o3 AH XTI 1
FRIEE AR AR, 1531 4 o h & 354R r
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Table 8 Factor loading matrix of principal components on each
quality indicator

B Sy
AT bR
1 2 3 4

P (X)) 0.5 -0.156 -0.714 0.435
ESIZ 208 0.246 -0.724 0.325 0.489
BEE(Xy) 0.635 ~0.563  —0483  —0.183
FFE(X,) —0.345 0.684 0.407 0.153
HER(X) 0.208 -0.402 —0.411 -0.607
pH(X,) -0.636 0.593 -0.42 -0.033
TSS(X,) 0.876 0.341 0.206 ~0.094
TA(Xy) -0.274 —0.512 0.282 0.659
I LE (X)) 0.699 0451 -0.043 0412
HHE (X)) -0.861 0.428 —0.053 0.195
AR (X, ) —0.824 0.388 —0.188 0.156
HERE(X ) ~0.882 0.268 -0338  —0.053
FR(X,5) ~0.456 0.279 0.47 —0.498
THARR(X,,) -0309  —0.202 0.674 -0.366
SR (X ) 0.308 0.5 0245  —0.502
FAEIR (X, ) 0.469 —0.768 -0.026 0.134
PR Im AR (X,,) 0.908 -0.169 -0.226 -0.004
R (X,5) 0.824 0329 0.189 0258
AR (X)) 0.844 0.398 0.144 -0.001
BT (X,,) 0.489 -0.352 0.634 0.254
SN BT (X,,) 0.375 -0.002 0.689 -0.368
RHEFRAP(X,,) 0.587 0.785 0.013 0.187
RIFRAP(X,;) 0.602 0.711 ~0.081 0.194
R EDPPH(X,,) 0.828 0.523 -0.051 ~0.009
R ADPPH(X,5) 0.776 0.589 -0.099 0.094

XV ) F2 B BIARRAE 1] 52 B0, 5 4 A MRS IR
N Fy. Fy. Fyo Fy, DURFIE ) S AR A 4 > 3L
3 AR5 2R AN Fs:
F,=0.158X,+0.078X,+0.201X;~0.109X ,+0.066X s~
0.201X+0.277X,~0.087X+0.221Xy—0.272X o~
0.260X,,-0.279X,,—0.144X,;—0.098X,,+0.097X , ;+
0.148X,,+0.287X,,+0.260X 5+0.267X o+0.154X 5+
0.118X,,+0.185X,,+0.190X,5+0.262X,,+0.245X .
F,=0.064X,—0.297X,—0.231X;+0.28X,,—0.165X s+
0.243X+0.14X.—0.21X+0.185X,+0.175X,,;+0.159X, , +
0.11X,,+0.114X,,—0.083X,,—0.205X,,—0.315X,,—
0.069X,,+0.135X,4+0.163X,,—0.144X,,—0.001X,,+
0.322X,,+0.291X,,+0.214X,,+0.241X,
F,=—0.389X,+0.177X,-0.263X,+0.222X ,—
0.224X,-0.229X +0.112X,+0.154X4—0.023X,—
0.029X,,-0.102X,,~0.184X ,+0.256X ,;+0.367X , ,—
0.133X,5-0.014X,,-0.123X,,+0.103X,4+0.078X -+
0.345X,,+0.375X,,+0.007X,,—0.044X,,—0.028X,,—
0.054X,
F,=0.273X,+0.307X,—0.115X,+0.096X ,—

0.381X—0.021X,—0.059X,+0.414X3—0.259X o+
0.123X,,+0.098X,,—0.033X,,—0.313X,5—0.23X, ,—
0.315X,5+0.084X,,—0.003X,,+0.162X,,—0.001X, o+
0.16X,,—0.231X,,+0.117X,,+0.122X,,—0.006X,,+
0.059X,

LAAS T3 XTI B 5 28 DTRRSF AL, IS4
BN FRECA F=0.457F,+0.271F,+0.154F,+0.117F,,
A = 25 G648 8, THR - S R Y
LEEART AP A RN 9 PR . AR SRR B Y
At B HERE R BURARK I : <S4E 3 5 ToAE B e
P 1S B B X B R U R B R

RO ER RN ERMR S LRER S XA
Table 9 Principal component scores, composite scores and
ranking of wampee quality indicators

fn A F, F, F, F, F He#
KB 258 075 -142 126  -1.46 7
MOWE 075 383 0.52 162 -111 5
)3 -191  —0.03 1.30 -129  —0.83 4
3 3.79 323 -0.10 2.03 2.83 1
HEHE 315 219 220 -1.10  -131 6
1S —0.38 1.16 315 —0.63 0.55 3
T L 4.98 -197 -125 -1.89 1.33 2
2.10 FEmMEERELESH

X Rz 25 TS IR AR B R AT Z-score FRifEfk
AbER, SRS AT RIS, g5 unE 7 Frow, R EE 7
WNPOSE: SRUC 3 BRI oA R N —2, A
B FAERmg 1 5 88 28, vkl B B A B e R
SNES =S, R EE R RS DUZE . RS2
Al BEAL 3 S RN IO B B BUBTIR ILAR . T . B
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Fig.7 Heat map of cluster analysis of different varieties of
wampee



- 262 - £ Tl B4

20244 7 A

B BGOSR, (2RSS HT A
PEAHEIT S SRS — IS0 4% 505K (2
B RIS 1 )RR P R 5
At o ORI R BB S T
BN G s 57D 0 0B R BRI R
BERERG . 5 1, VRBIEHE A N L Wk SRS

AL, o R EREE A, FRIE AN T B s
AR
3 &g

A FEXT-E A d Fh B B2 11 i SRR AR A T I E
VT 5 S BAHSCHY 25 PRt T oo B, A
PRI 4 A FSY, SRITTTHRRIA R 87.51%, nlEs
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