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Multidimensional Comprehensive Evaluation of Xinjiang Prune
Quality Based on Multivariate Statistical Analysis

DING Zhenzhen, WANG Xueqing, SU Tingting, WANG Li, WANG Yutao'

(Xinjiang Key Laboratory of Biological Resources and Ecology in the Pamir Plateau, College of Life and Geographic Sci-
ences, Kashi University, Kashi 844000, China)

Abstract: To clarify the quality characteristics and processing suitability differences of major cultivated plum varieties in
Southern Xinjiang, the processing suitability of Prunus domestica samples collected from seven production regions across
four major cultivated varieties (‘Francistown’ ‘Hong Ximei’ ‘Xiao Ximei’ and ‘Blue Plum’) in Southern Xinjiang, was
systematically evaluated in this study. A multidimensional quality evaluation system was established by measuring
appearance, texture, physicochemical properties, bioactive components, and volatile flavor compounds. Cluster analysis and
orthogonal partial least squares discriminant analysis (OPLS-DA) were employed to classify the samples. The results
showed significant differences in key quality indicators such as anthocyanins, total polyphenols, and total soluble solids (TSS)
among different cultivars. Comprehensive quality analysis revealed distinct quality characteristics among the samples:
‘Blue Plum’ from Kashi exhibited notably high firmness and juice yield; ‘Blue Plum’ from Zepu was characterized by high
acidity and anthocyanin content; ‘Francistown’ from Jiashi displayed significantly higher sugar content, polyphenol content,
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and antioxidant activity compared with the other samples, while ‘Francistown’ from Jiashi and ‘Francistown’ from Aksu

were distinguished by their high sugar-acid ratio and abundant characteristic volatile aroma compounds. The constructed
OPLS-DA model exhibited excellent discriminative performance, with an R*X of 0.998 and a O of 0.994. A total of 14 key
quality markers with variable importance in projection (VIP) values greater than 1.0 were identified, including fruit shape

index, TSS, polyphenols, 2-hexenal, DPPH- radical scavenging activity, flavonoids, infrared absorption peak at the

wavenumber of 3300 cm™' (O-H stretching vibration), ABTS" radical scavenging activity, lauric aldehyde, and hydroxyl

radical scavenging activity. This study provides a theoretical basis and technical support for selective breeding, intelligent

grading, and targeted processing strategies in the plum industry.

Key words: prune; quality evaluation; multivariate statistical analysis; volatile flavor compounds; quality characteristics
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Fig.1 Samples of different prune varieties
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Table 2 Measurement results of basic quality indicators of different prune samples
R R (g) 4% (mm) 42 (mm) % (mm) PSIZ A L
=75 (k) 34.10+1.71° 38.63+1.93° 37.23+1.86° 52.53+2.63° 1.0420.06® 32.51+1.63°
L= () 23.64+1.18° 31.45+1.57¢ 33.83+1.69° 41.06+2.05¢ 0.93+0.02" 30.71+1.54°
2275 (fn) 22.60+1.13¢ 31.79+1.59¢ 34.71+1.74° 40.38+2.02¢ 0.92+0.05¢ 32.36+1.62°
WV (5E) 18.50+0.93" 30.65+1.53¢ 32.59+1.63¢ 39.53+1.98¢ 0.94+0.06" 30.00+1.50°
WIS () 82.31+4.12° 47.1742.36" 44.48+2.22° 60.18+3.01° 1.06+0.05* 26.29+1.31¢
WP (BE) 39.60+1.98° 34.50+1.73% 35.09£1.75¢ 48.68+2.43° 0.98+0.06" 26.22+1.31¢
WP (%) 35.14+1.76° 38.25+1.91° 40.41+2.02° 51.57+2.58° 0.95+0.06" 37.77+1.89*
LLEA (K 30.33+1.52¢ 36.27+1.81¢ 39.22+1.96 45.00+2.25° 0.92+0.06° 33.11+1.66°
/NP (4 23.98+1.20° 31.85+1.59¢ 33.03+1.65° 39.71£1.99¢ 0.96:0.06" 27.08+1.35¢

TE: RIS E AR ING FRFROR B 22 5 03, P<0.05; #2~3K3[A

(82.31 &), (HAMIET H AT | Fh iy KR S Fh “Edwards’
(117.0 g) &P, [a)—ShFP Can 3k 22 78°) ZEAS W] 7= Hb,
PR BAR E 25 5 i 35 (18.50~34.10 g), T4 5
R it ] fEXT B W W . SRS | e
SR AR LS R, A5 SRR AR BUE R AR
FARAE PRI E WG Hoh, WP (5) 7 =301
FAT XA BRI, 4375 I (47.17 mm) | Hife
(44.48 mm) KM% (60.18 mm) . {HSFEAIE, BT
A RE SR MAE AT B 0T HME S kA, SR PE MR
S AT INAR Ty [, SRER S 1) e e . DN 1Al
K IIERAIEAS . BUBFEEUE 52 U Ak in T2
PP, HABTE 0.92(UT B ) &= 1.06(H &
o) Z AL, 5 H AT i iR 252 0 41
T, EALFE PR A T A Sk S g . R
L LMEASALIE BN 26.22~37.77, Horb <k v A
(W) Be i (37.77) , AN WREER 55 WS PE M (L | 38) HAIG
(26.22~26.29), (G, X -5 ENHRIE 2L Fh
LME36) P f7E22 7. FiRINIMIR 22 7 a4k
T A LRI oS 3L T SR, SRt RS
M AP S S IR R B R A il — 2R
et
22 AREISEMEEHEERRIERE ST

e 3 JioR, ASEI VM SRR AERE B | E: . HEIR
i M T SR S T AR b L YA B 25 S (P<
0.05), WAL S EAT T8 i R 2R, 1X 5

)z BIRAL T BORERTRY . AR PO AR S A L SR R
AT 42.33~163.21 N, A< VY g (9% ) g 2
B (163.21 N, “HE VUM () i B Fe Ik (42.33 N)
5 HARF R (53.8~71.1 N)PY A, AiFgE sk
2EPE () (65.13 N) | 1:22P8°(51) (63.60 N) A4
PR B 5 2 AT s RIS, S8 A B K ST [ P £
BRI FH (25 196 NP i B 55 i H 42 TEAHSG,
W PUHE () et B (169.58 N, F2 % S A EAL
WRENIVER N BA BRI UEAENIGE /15 TSS &>

13.75°Brix~25.40°Brix, B & &N 0.32~7.13 g/L,
k22 PE (i) HE B w5 TSS(25.40°Brix) -5 %5 5 2
1% (4.50 g/L), 5% 20 e il v R ) VA IXUBRAREAIE 5 <3 P
g (%) SLAEMH (13.75°Brix) R (3.53 /L) FRAE, XL
RAHXTVE IR s <15 2278 (2 BRI (0.32 g/L), JEAIL
PRAIX R . 5 E A WFEAHEL, AF5TH0 TSS JulFlS
H =5 [ # 5 Fh (15.5°Brix~25.8°Brix ) 2 % [E N #F5Y
(22%)P7 FeA—=, H AL & B 2 M HAR(0.32 g/L)
T (7.13 g/L) WEZE SN, s M RE S AEA PLER
FRERME B0y iz 28 5 4 Fhva Mg v R e oY
15.90%~50.00%, WPt (M) Hi %0155 (50.00% ),
g A HOE A EEARE, A ST R, SRS TR AMY
BTk b, T 50 R YN iuResh+ M A1 2R 7E R4 i
R AT B UIAE P2, Lahaye 85:0P% g —2BHIF
S, e R SR S AN it SR A IR B R, A2 R A Al
HaForEmEAEm A, AR TR i shimiE, M

3 AFEIVHEEE A b TR AR E Y

Table 3 Measurement results of quality indicators of different prune samples

T T (N) Mt (N) TSS(°Brix) B (g/L) (%)
=P (FT) 99.29+4.96¢ 91.97+4.60¢ 15.02+0.75¢ 1.20+0.06° 47.47+2.37°
FEET(E) 122.36+6.12° 115.34+5.77° 20.82+1.04° 0.32+0.02¢ 27.94+1.40"
522V (i) 65.13+3.26" 75.75+3.79¢ 25.40+1.27 4.50+0.23° 22.76+1.148
VEZTE () 63.60+3.18¢ 64.74+3.24° 22.28+1.11° 5.06+0.25" 15.90+0.80"
T () 42.3342.12° 42.3342.12" 21.2241.06" 7.13£0.36° 46.16+2.31°
WP () 56.19+£2.81¢ 57.19+2.86¢ 21.14+1.06" 3.38+0.17° 34.80+1.74%
T () 163.21+8.16" 169.58+8.48" 13.75+0.69° 3.53+0.18° 50.00£2.50°
LT EA (B) 122.07+6.10° 125.44+6.27° 16.15+0.81¢ 1.59+0.08¢ 42.8242.14%
N () 110.04+5.50" 101.40+5.07¢ 23.12+1.16° 0.83+0.04% 22.00+1.108
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Table 4 Determination results of functional components and antioxidant activity of different prune samples

R HEH(mgLl) ZM(mgg)  HEl(mg/lg) FHRIAHMILERR(%)  ABTS HHIIEERH(%)  DPPHHA HAIERR(%)
=75 (k) 70.23+3.51° 3.2540.16° 1.92+0.10° 61.36+3.07¢ 67.15+3.36" 64.29+3.21¢
L= () 30.00+1.50° 3.07+0.15¢ 1.72+0.09" 30.00+1.50" 89.22+4.46" 78.57+3.93%
225 (fi) 43.4142.17° 9.63+0.48" 1.41£0.07 92.43+4.62° 97.88+4.89° 73.8143.69%
L= () 15.55+0.78° 7.30+£0.37° 0.85+0.04¢ 87.50+4.38° 91.68+4.58" 80.95+4.05%
PG () 142.97+7.15° 7.35+0.37° 1.14+0.06° 90.45+4.52% 82.09+4.10° 73.48+3.67%

A ) 85.97+4.30 8.56+0.43" 0.93+0.05 67.50+3.38¢ 77.50+3.88° 97.62+4.88"
WP (%) 17.88+0.89° 8.10£0.41° 0.90+0.05 71.71£3.59¢ 87.61+4.38° 64.29+3.21¢
LLEAM (K 25.96+1.30° 2.28+0.11° 0.62+0.03¢ 92.50+4.63" 61.12+3.06 83.33+4.17°
</INPE A (f) 16.10+0.81° 3.98+0.20¢ 0.82+0.04¢ 90.00+4.50™ 91.43+4.57° 90.48+4.52°
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Fig.2 FTIR spectra of different prune samples

WA 2 Fros, ANEPEHES AT FTIR 405 e 1



%478 5 16

THE, % ETZIai i S e 5 - 435 -

FLAH 0 RE Ab 2720 B 25 55, IR 5 R 200 ot
JEPERIAHSEE . FE 1050 em ! BT (C-0), i PE A
(%) 521354 (B P IROGRE AR XHEAIG, 2EBHH 254y
PR IL R T BB X GRS R
PAREE (122.07 N) 25 UITAESC, SRRz g M RefiE vl e
RT3 SRS PTH LRI AT B 120 A, W vE
Mg (PR ) A8 12 X 3% G B 458 vy, - G e IR 1) il
(42.33 N)AHAE, W5~ FoAh e 25 A B A B . 7F
1450 cm '(C-H)5 1630 cm '(C=0) X I Eig 25 5,
CA W UESE 5 R S0 TR e S e s HAT Y
FEBE R, WV (W) 7E 1450 em™ XIS AIESE K
W, G54 H e etk (169.58 N)AFIHTH%(50.00%),
2 B H IR B RS A A dn 8] B 838 45 6 5 et
24031 AR, < 22 PE (D AE 1630 cm ' (C=0) [ffiT
FGIERRIE, W RE S H = 9 2 ) & 5 (9.63 mg/g)
KB AR A — B R, SRR B nT e
M) I R IR EERS IR I B 1Y 22
5, 5. TSS. MHEE | 2y SCHE S e bR R I
—REMAE I, T Ak E T S5 PE A Sl T 1 22 R BE P
R RIS ARG . (ESFEAZE, 1600~1630 cm™
AL P W AL AT A [R] 2R 2 LB TRE 1 1) HH PR AR S A
HAE AN RE LT (9 25 TR] o3 AT, OB A8k S5 2R
JEUAE K B S A AR BAE AR,

7 b, AN [HVE A RE S AE 1450 cm '( C-HD Al
1050 cm™' (C-O) AN FFAEIR IS IR B 25 55, S5 RS2 6L
M2 . TSS K B 45 S5 i B FR AR 19 AR AL A 34 B 1
—EAHSCME . X 45 R R, FTIR HRBBAEAT 2K
Sz e S AR P AR A PR E LA 2 L 25 5, 36T
A E 2 AR S AT SR S S B 25 SR T i s
A -

2.5 AEGMS it ig R F 2R NIRRT
mE 3 fras, SRATH TSI AR GG 2T
] A 8L X 53 AS R PUMEAE S (R 3 A SBRERAE . ] 3(a)
TRIAE BN T AFERESTE 10 MEEAR(WI1C &
W6S) L [ 37 5 5 25 57 . AL JERER W N (B A AF B 5
2= L AR EEAE P AE WIS, WIW Fl WSS I,
M W1C., W3C., W5C S5A% B85 i i {8 2= 5 587N,
XFEI WIS, WIW Fl W5S J&IX 5y 9 NP L
SUFIE R DTG RS . BARTI S, B P (3
T WIS L ERES 22 30 BH = T L AASE & 174 g iz g
B, FRIAHATRE & S0 B9 W 2R el 55 5 R e
JB; WE PO B/ TE WIW 5 WSS f&)skss - #3
B 2 v T A S R I AR, T TR () A
SEVEME (M) TE WIW AL s b ity i A8 W) Sy fe
%o AL RS A AR = 55 A IS/ SR XU SR AE A 5T
) R BRAETE S, RO FEY R . BRI G R
BRGNS RS 2 5 209K 30 9 A-PH iR
TE PCA =S [alh 43 A s il e 2 k22 = . & 3(b)
F SR R, PCL 5 PC2 i Bt sik ik
91.9%, HENE i Tl DX 5325 A% i 1 XUR FE B ) AE

PCA 1547 I, 9 D PUMGAE SV PCL1 S 2 B0 B
M) as () 3R 2. W P (V) 5 Wi v Al (3E) Y
PC1 IE24 Xk, 1 HiAy 7 RS S A 7E PC 17
2l HARXS M. 75 PC2 #il F, </INIEHE (A A2 T
PC2 i 2fefihim i, <3k 24 P8 (50) 4bF PC2 FHNUMT
(7)), “WEPEHMgE (W) | 28t () . TR 2278 (BT Az
TR2ZVPE (DT PC1 G S & AHLR, <9 2278 (1)
MFEff 2 PC2 IE R ims, XA THE A MY
FeLUW B TS, SRR A S F 2 Wy A DI RE S
)25 SR E HAA SRR OCER, DR XUk B i A= &
RIS TR T M ZE A AR A 5T A R 4%
AL PHEIEEEN, £ I, H T8 PCA HARBEASIK
o S SRR AR N, SRy 22 VU AR Sl (PR L 200 AL
RIS 5 o R AT FRA i

w2 (BT
—e- ZIEMF (1)
L Ca HEP (B
v /N ()
£ W8 iy (%)
SRR - P ()
e BE2ETE ()
ST WS en it ()

’ e YA (W)

(a)

was =
_WsC

(b) N Cfin)
AR ()
T ()
VEEVE (1)
Bt (ff)
2IEM ()
P ()
Wi (PE)
§ i (3

NS}
]
X+ o 4ron

PC2 (9.8%)

-4 -2 0 2 4 6
PCI (82.1%)
C B NCITicY 12 SO R R
Fig.3 Electronic nose analysis of different prune samples

1 (a) Bk (b) FERAr i

2.6 ANEGIPSFHAEEHCEIEL M RIR RS

Ay ) B AN [ PG A it Ao e A XU 4 40 Jo 22 5, G
b T0 23 [ AH S 26 HC-SOFE 620135 - 0T 15 5% FH (headspace
solid-phase microextraction gas chromatography-mass
spectrometry, HS-SPME-GC-MS) ¢4 OAV #EF747
Bro SERRW, W AR TR 48 A ) o 5 6 B A
TE 28 57, XS 22 Sl il 1 HOXUBRAR 228 2, anlEl 4
(a) 7, /NP (1) (58.23 pg/kg) 592 2275 (1)
(42.51 pg/kg) PR 0T 28 & B B ey, T < W P AR
(F2)(2.17 pg/kg) . L2205 (1) (0.68 pg/ke) | WPl
Mg (1) (2.28 ng/kg) FERENUE S U R, I
JRIERIN TR, BERM A e A R e X 2
T (A P T 85% ), A AR AIE 5 WA WF
FEEETE—E . VUM SR A A B R ISR 2



- 436 - é’lﬂlT\“/ﬁ*ﬁ

2026 4F 8 A

(@

TP (1) —_
o ) =1
< IR () i
& W () S A

=1 A () |
/NFERE (i) |

®EE)
LLEAME (1)
% (k)

NG

0 10 20 30 40 50 60
RS (ng/kg)

2 T
O
i
N i

—~
=
~

WA (1)
2P (5E)
2 ()
WG ()
VI () R
NP () N\
PG () R
rEf ()
EEUENG TN\ ! ‘ ‘

0 2 4 6 8 10 12

PR B
Kl 4 TR PE AR R ME ) T

Fig.4 Volatile compounds in different prune samples
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