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Abstract: To elucidate the quality characteristics of crabapple cultivars and facilitate resource utilization, we systematically
evaluated 30 crabapple varieties using multidimensional analyses. Physicochemical parameters (fruit weight, moisture
content, and soluble solids content) and bioactive profiles (xanthine oxidase inhibitory activity, expressed as 1C) were
quantified. Antioxidant potential was assessed using three established methods: DPPH and ABTS" radical scavenging
capacity, and ferric ion-reducing antioxidant power. Multivariate statistical approaches, including correlation analysis,
principal component analysis (PCA), and hierarchical cluster analysis, were used for data interpretation. Notably, the
cultivars contained substantial levels of total phenolics (2.749~80.877 mg GAE/g DW) and flavonoids (3.522~167.312 mg
RE/g DW), demonstrating strong negative correlations (P<0.05) with fruit morphometric parameters (diameter, length, and
weight). These phytochemical profiles accounted for the remarkable antioxidant capacity and inhibition of xanthine oxidase.

The PCA revealed that the first five principal components explained 82.570% of the total variance. Through the established
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quality evaluation model, cultivar 2010-6' emerged as the most promising candidate, characterized by the highest phenolic

and flavonoid contents, superior antioxidant activities (0.827, 0.654, and 0.518 mmol TE/g DW), and potent xanthine

oxidase inhibition (IC;;=2.724 mg/mL). Despite the suboptimal sugar-acid ratio (0.47~5.48), these findings position

crabapples as valuable raw materials for functional food processing (such as juice and wine production) and natural

bioactive compound extraction. This study establishes a scientific framework for the comprehensive quality assessment of

crabapple resources, providing critical insights for varietal selection in nutraceutical development and value-added

processing.
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F T A= 5o 108,

2.1.4 JKA&E KSR NS S E
FELH AR Sy, AT FHARTPAR SRS 08 E Rk TR | Y
WHEFEFE A . ange 1, FEFTMEY 30 A-ShFPHR, i
S A K 43 & BEAE 74.26%~88.50%, 75 S5 R K
4.69%, 5 Yu FEU TN AE 1Y 12 AN SR HE R 1K
Sy b XA AR — 30, o 7K 43 B dak e v 1) ARk
27, BRI HTN o

2.1.5 HWitER BEREMHITEARS, HE 3.03%~
43.08%, 22 T BN 41.78%, Hob i v & e i 14
Fh A RGEBELT, IR R EELESE . TR
JR B AT BB H R TP S8 RE R, P aSINR e it
Xop SR TR S IO, B g H 7RO,

2.2 ALRMERY (TSS)  WLEEER (TAC) . #
ERtt (TSS/TA)

2.2.1 wEMEREDEY RATHERE  TSS. TAC EITHh
WFHEL A R A EE R R, AENE S BRL S A 1 gk XU
IR RE , Ay SRSB4 RN 3 ) A5 . ange 1, A
BT BT 52 5 TSS M 8.1°Brix #] 20.2°Brix &5
(ZEFRZHBCR 22.88%), AN G R A 2255 W2, Hirp,
2010-6°11 TSS & & i 3 & T HAh PP (P<0.05), AT
e H S A 200, Mk 2°0 TSS & & &K,
TAC 7E 2.609~21.460 g/L Z 6] (£ 1), ZR B2 N
42.74%, ‘R HFEEFE | 2010-6’ TAC =W m T

HAh A (P<0.05), ‘R4’ TAC &A%,
2.2.2 MHEREL TSS/TA P RS ERIE & HiE
BN T A EE R K, 30 P Ah R HR TSS/
TA 7E 0.47~5.48(3% 1), 25 RECH 64.84%, 2= 55
K, Al RE S e BE M A KSR RA K., Hip
TSS/TA % =5 B St b g ‘R4, B AR B S Fp g <R S i
&0, IEHEORUL, WEEE LL/NT 5 B, AlEE HH B R AV TR
W, ASHIT ST T IV S v, 5 R4 DA A 1 H At & A
TSS/TA BJ/NT 5, BRI ZE Y, HIG SR AR L
HOA I T3, 4N Zhang 252 M RE 1 15 FRESL
BHER FLAE 38.21 5] 70.71 zZa], PaBHA/E N [EBH S b
PR S, SER G B AR R, S SRR e H R A,
TS AT, SRS S A R AR L .
23 R RERSEHERSE

T 2 TR A IR N — 2B E G LG,
BT NGRS T A E Y . A
FFFEMIRE T 30 PG50 i) Ry . BBl AL LT 2R
SrE, WEk 2, By S EAE 2.749 mg GAE/g DW %
80.877 mg GAE/g DW X [a], BB & H=A7E 3.522 mg
RE/g DW % 167. 312 mg RE/g DW Z[i], MiE 2
L AE 0~0.851 mg cyd-3-glu/g DW Z[H], 2% 5 %K
43 51°M 65.80%. 75.01%. 115.16%, Sy M S B &
o RIS 2010-67, BB TP R 64-13-97, 4T
RPN SR LG TR PO SR AT 3 hL e, sy

2 NIRRT SR SAETT R AR R ST A AT I

Table 2 Contents of total phenolics, total flavonoids, total anthocyanins, phloridzin and antioxidant capacity of different

varieties of crabapple samples

U T ISYIATE S W e TR DPPH F th % ABTS'H th
AR GAREDW) (mgREEDW) (TEYEIEWE W) (mmol TEe DW) HERRES) HERRES)
s UALE s REg DW) EE & (mmol TE/g DW)  (mmol TE/g DW)
01 A378 37.701+0.881%  68.304+0.787° 0.467+0.032¢  9.139+0.116" 0.281+0.004° 0.413+0.064" 0.180:£0.008™
02 KHEZELL 11.170£0.265°  17.808+0.344° 0.851+0.020°  3.925+0.023" 0.1040.002" 0.303+0.021F -
03  KEBE3E  50.32240.1319  98.462+2.701° 0.197+0.001"  4.917+0.059™ 0.358+0.008" 0.472+0.0118 0.245+0.011
04  KEE  51.787£1.693°  103.423+3.717° 0.090+£0.008%  10.533+0.140°  0.295+0.014¢ 0.466+0.003% 0.337+0.016°
05 NS 5.462+0.076° 7.093£0.172" 0.446+0.004°  3.474+0.090° 0.060+0.003% 0.243+0.010’ -
06  h—% 8.874+0.137" 15.427+0.172¢ 0.194+0.007"  3.661+0.023* 0.079+0.001° 0.243+0.015' -
07 HARF 22.981+0.566'  43.899+1.810 0.020+0.002"  8.681+0.228¢ 0.158+0.002" 0.281£0.010" 0.107+0.007™
08  64-13-3 17.404+0.566"  26.339+0.298° 1.19740.025°  5.089+0.121™ 0.1060.002" 0.038+0.029™ 0.085+0.021°
09 iKJR3C 50.781+0.237%  95.982+1.031¢ 0.569+0.004°  12.068+0.412° 0.274+0.005° 0.136+0.057* 0.358+0.014%
10 S 10.033£0.430°  14.435+0.2989 0.303+0.006"  5.398+0.061' 0.0910.005° 0.475+0.0168 0.119+0.006"
11 64-13-9 2.749+0.066" 3.522+0.957° 0.065+0.003™  2.576+0.077" 0.033+0.003 - -
12 LRI 58.086+0.200"  105.010+0.344° 0.020+0.004"  4.714+0.070™ 0.331+0.021° 0.703+0.032" 0.509+0.006°
13 ] 40.238+0.038°  66.220+0.595 0.053+0.003™  9.923+0.191° 0.254+0.005¢ 0.6940.008" 0.385+0.018°
14 R4 23.681+0.930'  41.022+0.687' - 6.444+0.086 0.135+0.003™ 0.025+0.004™ 0.158+0.009™
15 J\BRIE3E 36.192+£1.051"  63.343+1.639¢ - 10.531+0.308¢ 0.176+0.002% 0.088+0.007' 0.243+0.003!
16 AkINTF  34.09240.7020  57.58940.298" - 3.510+0.084% 0.165+0.004" 0.092+0.016' 0.188+0.002%
17 REMEH 18.388+0.337™  30.903+0.172™ - 7.257+0.172 0.101:£0.003" - 0.101£0.016™
18 AT 36.71740.922¢  63.046+0.620° - 9.100+0.389° 0.233+0.006" 0.632+0.013¢ 0.352+0.015%
19 T 31.249+0.211  52.530+0.515 - 7.461+0.183 0.202:0.009' 0.630+0.045° 0.298+0.015¢8"
20  mAEE 18.147+£0.100™  28.224+0.455™ - 4.536+0.100° 0.133+0.007™ 0.530+0.011° 0.210+0.010*
21 ARMCEAR 3.25240.273 4.117+0.344° - 3.547+0.115% 0.042+0.005" 0.480+0.024¢ 0.084+0.004°
o1 —
i -5 5.768+0.262° 7.986+0.455" 0.270+0.003¢  2.410+0.064" 0.039+0.006" - 0.029+0.019°

2




=300 - B Tk B 2026 4 3 H
k2
. . BAEER R DPPH H i 3& ABTS H i &
5% wasn B BEW c;i—';ju/g wct  prmies i fﬁl@?ﬁ?
g GAE/gDW) (mgRE/gDW) DW) (mg/gDW)  (mmol TE/g DW) (mmol TE/g DW) (mmol TE/g DW)
23 2010-6 80.877+1.511°  167.312+1.744° 0.173£0.004°  11.695+0.131°  0.518+0.005 0.827+0.024 0.654+0.020"
24 2 34.136+1.218 55.208+1.657 0.138+0.006’ 8.073+0.110' 0.213+0.004! 0.687+0.010>¢ 0.289+0.013"
25 PR 19.154+0.328™  29.315+0.595™  0.049+0.008™  6.678+0.145 0.135+0.003™ 0.653+0.024% 0.166+0.019"™
26 Tl L 13.226+0.447°  17.708+0.298° 0.024£0.005"  3.923+0.032° 0.102:£0.007" 0.625+0.008° 0.162+0.019™
27 M7 19.285+0.286™  30.407+0.620™ - 5.568+0.103' 0.134+0.003™ 0.630+0.025° 0.189+0.015%
28 HFUEEE  36.170£0.230"  66.319+1.045 - 18.830+0.329°  0.264+0.003 0.682+0.002¢ 0.319+0.013"
29 B7E4 25.212+0.422%  44.990£1.045% - 8.369+0.036" 0.18120.002’ 0.64620.015% 0.270+0.006i
30 HIAN(9.205%) 38.510+0.512°  69.792+1.297° 0.075+0.001  10.398+0.114¢ 0.258+0.013¢ 0.700£0.015° 0.367+0.025%
ERFE 65.80 75.01 115.16 51.07 60.38 52.29 57.49
AL 2.749~80.877  3.522~167.312 0~0.851 2.41~18.830 0.033~0.518 0~0.827 0~0.654
T S FRARM

APPSR 64-13-3°, H AR T3 T T —
URPEHL, PRI DA E 3G 53 3 b 5 S BRas RAH L AT
BRI . ZEAMAE 3 M52 T 14 Pl i 5% S 0% S 1 F
BB S, 4y 9N 62.96~287.86 mg GAE/100 g
FW H1 83.77~604.11 mg RE/100 g FW, HiZ i H 5
SRR S 2y R R et e RN SR B 1
A Y, B b 2 My M e . A
S P B A 1 S b ) B e T RO, AT R
A R IEE RIS L S DR 3 OG, B0 iR & i n ]
AR HA T PR g 4 I PR 22—, PRI, Vg 3R R S
HAGA A AR SAFN HR SE 0 A= e P S, A HAE
RRTE RS DhREME RS T & P R B S
ARSI (] 2), S B0 1y e R SR S A
1% PR WE AR (P<0.01), SR ER BE7
FHIE(P<0.001), SR 5 25 R SRR | AR FN
WEWAIMMER, FI50, Kl B & RS
KA SR R AR SE (P<0.001) . Rtk 7 g 5 SR
SN RS S A, HLRy | R T e

1.0

Bt

Pt

ESIZ 1154
UL

AR RS L)

-0.2
-0.4
—0.6

-0.8
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<
B2 SRESRPIESR bR SR Wis P RR B a] A AR S A
Fig.2 Correlation coefficients between fruit traits
and biological properties

e e Bl R R A 26 R B 35 M P<0.05. P<0.01 Al
P<0.001,

FE . IECHER fOFIT R B, M SRR IR,
SN T o AR
24 REEHESE

MR R T 2 S B AR A ML () 5 2 T, Bl
S ASEIRAR R A RIS B A5 S I 2 JoT, R T
Jerprply A HE 2 i RO, B REAR OB . B4
fb. Pk . PUBFIN RS P E 2 AN ER i
FAEASEREMY), P S m B8R E R . an
2 2 R, TEASWFFE TP Y 30 AN S 5 S Al b, KRz
T & F7E 2.41~18.830 mg/g DW Z [, 225 2% N
51.07%, BRI AR B2 1 S B, 15 18.830 mg/
g DW, HIR R IAIR 30, 2010-67, R aEfdsk’ | <\
WA )TN (9.20) 7, MR RZ & & 43 5N 12,068,
11.695. 10.533. 10.531. 10.398 mg/g DW, & & f%
R R 4L —5 (4L ), X 2.41 mg/g DW. Han
LEUO A = Rpifg e p B T AR B2 T, MR E Sy S
24.57.94.42. 131.02 mg/kg DW, L3EH(2.87 mg/kg
DW) . PRI S R AV S R HUR R ) R AR5

FASEPESHT (E 2) L8R, AR #55 DPPH
FHIETE R RE ) 2 8 3 IE A2 (P<0.05), 5 ABTS'H
FHIETEBRAE /1 . B T8 R EE ) 2 i 3 IE A >
(P<0.001), X 5R 21 B A R 4Pt tb A 5%
FiHh, MR B S e RS E AR Y 1C, B W
M BAH MR (P<0.001), HER AR H2 7 AT RE & —Fh R4
P B RS A A R A 571D
25 IMRENIEME SR

A BF 5% 38 i 9 2 DPPH [ Hy 3L %% 5 68 11 .
ABTS" H HILIERAE T . KBS TR JERES), LHE T AN
[) s P 00 B SR g R A B AR AR TG PR . SR AR 2,
30 AR, ©2010-6° RS ML A I PR iR R, DUl
) DPPH H HH Z:iEBREE J1 . ABTS™H H &R BRAE
1. BRI REE J1 438128 0.827 mmol TE/g DW .,
0.654 mmol TE/g DW #1 0.518 mmol TE/g DW, Z=
LS %) 3 B SR SR U RS ML SR A e P EEA T
T 48T, H DPPH [ H 3% 75 1565 16 P A9 28 £k 70 FEL R
3715.88~8948.83 pmol TE/100 g DW, ABTS" [] Hy %t
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W EEIETER AR AL IS F N 4984.66~13325.81 pmol TE/
100 g DW . S52Z ALk, AT Arill i3858, 4:64-13-
3, ‘64-13-9°, ‘R4’ KRB M 3. ‘4O — 5 (HF
F) s A EhFh AN, DPPH H WS BRAE ¥ KT
8948.83 umol TE/100 g DW, % 2010-6"7E N 20 >
P, ABTS" H BB RRBE IR T 13325.81 pmol TE/
100 g DW, X A e 5G4 R . $2B07 NEA 6.
FRITEER XF 11 SRR S AP E R TE R T T
SE, G5 BoRSERAY ABTS 3 375568 /1A DPPH
H H 337 4 BE J1 43 B 16.2338~20.0307 pmol TE/
100 g DW. 14.088~27.2631 umol TE/100 g DW,
I, 5 FEIRNE BISESRAH b, AT Bt sE R HoAa
SRAPLAEATE .

WS S e R MY T 2 I &
FPUE AL AR R, AT D 58 T 3 s A 19 T R
DPPH H i 2% Fll ABTS™H i 3 /4% fiE 771 fl &k & 1
B R BE 74391 N 96.0~114.5 pmol TE/g FW . 26.9~
47.9 pumol TE/g FW #I1 16.8~77.9 umol TE/g FW, Tiij
A SR A R Won B 100 g DA AR 2 o B v
% DPPH H i ZLFll ABTS'H Hi 3L A9 BE J1 4351 M
716.19 pmol TE/100 g FW. 2433.72 pmol TE/100 g
FW, £k % Fif JR 68 714 1780.73 umol TE/100 g
) SAVVARE 71 = W RN =0 R =8 o e (= v W e 2 s Ll e A X e ST =T A1
SEAKIR, UL SR B B T s P

AHET R, DPPH [ fHESIEBREE 71 550 5
Py, EEE R R 3 IR A2 (P<0.05), ABTS ' H i
FIEBRAE 1 5 A Ry . B BN S R W IR A
K (P<0.001), [FIFE, #kEs 70 SR Ge 7t 51 5 R B
P R B R i AR i S IEAH 22 (P<0.001), 3X 5 Chen
RIFSR S R 3P, Li 502 ok BR, Vg 5 2R 50 £l
PPN 2,18 B P B 00 By . R S P
ARG TR W RS, H AR P A TE T
55 B A B A SRR R (452 0.927. 0.944 F
0.975),

FE W) 22 I BRI 2 R AR TP AAALTR Y, Z T
FEARFR B, Y BB A LR S Bl & R AT
TE WM IEA M . Huber 2504 2B, A5 3% 51 fz IF
BRI T 2t 5, () -FRILASE . (O)-JLEE
2. RFHR-3-O-LFLME . AR AGER ST
FAkBe T BAA A . MRS R s b A fkiE
TR ISER I Y R AR, BB S A =
R E R 7.

2.6 HEIEMSKEE (XO) HNHIEM 24T

WM S S AL = 55 A P9 i IR AT, 2 R TR
Az B I SRR O, 00 o) B I A SR A g 1 3 R AT LA
I 20 PRIG 104 A= i, AT B ATR L 37 PR R /K - ASBF
FERTIN T 30 A il A v e L B8 B XoF i IS A A
it () 2= 0 1) e B (IC5) , &5 SR AN 3 s 451
it P ) YR G SR A LA — S 1 2 M AU Ak il T 7
ko Hirr, 2010-6°19 XO il 16 M f 5, 1Cs, (BN

i (9.20) 3
B7E4

LG

= d

0 é lIO ll5 2I0 2IS 3I0 3‘5 4I0
1Cs, (mg/mL)
P 3 AN [] i oty SR SR BRI 0] B IR S AL B )
IR EE (1C,,)
Fig.3 ICy, of Xanthine oxidase inhibitory activity of different
varieties of crabapple fruit extracts

T ARG PRI i Z B 5 25 5 (P<0.05)

2.724 mg/mL, HKJ& 400, 1ICs, fH >l 3.075 mg/mL,
FIHh, RER L GRIRIC YURWP L BRI
<IrA I XO IMEIE MWL, 1C, (H 33 6.928.
5.817. 5.631, 6.513, 6.682 mg/mL. Wang %58 il
T 21 PR XO MG, 45258 2.619~
17.950 mg/mL, A7 Z 58 & ER, FRAEAE AT ARSI L
DRIR ) i, FELRIR XU 2 A2 077), AR T i Vg 3
e XO Wil e 5 22 A 2, U6 BH Ve IR HL AT RGN
5 DRER 7K, VAL 1o PR R IMUAE PV AR TS P o

Pearson FHSCHESIHTEEHH, XO 19 1Cs, 1B -5 S0
E i (P<0.001) . B & & (P<0.001) 57 b 3 T AH
Fek, A0 5 BAETT R A EIC W A HE(P>0.05) .
I, VR B G XO G AT RE S H T S
FEE IS B AT OC, AT T i e 5
LSBT RS B RAR, PTRRE S XO g
TC b EARSCHER RN . A 2528, AR
HIZ Wy . EERSEY)BEAT XO IHIIEPERS, dn-22
Wbtz 22 L LRy SERAEER L T A gepk
L LS R A R AF 2 W 2k S Ik 2
XO Ml F, ICs, fH 43524 0.03. 0.11. 0.07. 5.62.
11.48, 22.13 1 367.82 mg/mLP”, 352 H0 43
B 8 b G i HAT B s b AP I P,
ICs, 7E 0.65~29.11 pmol/L Z [A]W, ASHF 5T JUr il (1
W H AL HA B i AR A XO Ifilg vE, & B A W
TE PG 5 PRI IAE DR DO RE M £ 5 o
2.7 ERSOR

i SPSS X ifg S SR M A5 14 B s 2047 2 s34y
BT, THEA S i R S Ty 22 BTk, T
EARBE 00 Ry s R, DARIURRRIEAE>1 S
BbrifE, + 3 4R E/R, AT 5 EAMS(PCL, PC2,
PC3. PC4. PC5) ) Bt 7 22 5T#kF N 82.570%(>
80% ), B HWIHT F.A4 Wl 53 B % i R B 43 iy B s A2
5, W4T 17.430% MYZE AT RESK H MRS sl R ZE R 3K,
LR O [ R N (1 T s B 3 o2 N S s s v L el |



- 302 - £ Tl B4

2026 4F 3 A

(& 4) R W45 32l o T AR A B B E s O, 26
5 FERorJa R 22 DI, AT esRair i
T HATIREE ST

# 3  PCA PIRTFHIEE ) TTHkR

Table 3 Initial eigenvalues and contribution rates of principal

COmpOnentS
Fsr FEF(E J5 22 BT (%) R TTkE (%)
1 8.333 43.856 43.856
2 2.632 13.855 57.711
3 2.143 11.280 68.990
4 1.546 8.138 77.128
5 1.034 5.442 82.570
8 i L]
6 4
o
E 4
ﬁt
L
N
2 '\.
e
04 I e P,

2 4 6 8 10 12 14 16 18 20
B4 AR R SR 38 e £
Fig.4 PCA scree plot for different varieties of crabapples
38 3o 8L 3 R A X A A A B B T R T S PR
Mo WOTFERESEHR (R 4) oK, PC1 (U7 22 TRk 3
Uy 43.856%, X ILFURRER A LTS . i . ST IS
Ko, FPOREAE, EUMR TR IRARE, 8 S
AREZAYAE AR AIAA O, AT TIFR RS A I
ARGUANAEAPZES: . PC2 BYTJT ZETTRRAN 13.855%, X

F4  NOEME

Table 4 Component matrix

P Bzt PCI PC2 PC3 PC4 PC5
1 Mtz 0921 —0.126 0.153 0.041 0.279
2 WPtz 0.900 —0.175 0.249 0.023 0.219
3 LS| 21 0.900 —0.146 0.180 —0.005 0.309
4 R 0.896 —0.016 0.292 0.183 0.043
5 ALE T A1 -0.834 0.064 0.142 -0252 0.024
6 KAy -0.803 —0.300 —0.001 0.294 0.149
7 R -0.767 0.044 0.470 —0.080 0.043
8 A 0.679 0.425 0228 0367 0.247
9 A 2 R -0.638 0.150 0266 0451 0258
10 AT 0.615 —0.192 0264 0377 0.100
11 W2 L 0.453 —0.060 0.404 0.180 —0.345
12 pENE} -0.014 0.884 0.040 0.030 0.244
13 ST 0.298 —0.801 0.011 —0.337 —0.002
14 MAEHR 0451 0757 —0.076 —0.128 0.035
15 DPPHHAMHEIEIREES -0278 0475 0.054 -0287 0.436
16 ABTS HHIZIGBREES) ~0.616 0.042 0.743 —0.205 0.001
17 BB TIRREES -0.626 0.022 0.706 —0.207 0.028
18 ICy, 0.497 0.013 0.526 0309 -0.432
19 AT —-0.540 —0.054 —0.082 0.670 0.303

HITTHRA R BNy . IR . AR, R
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Table 5 Principal component and comprehensive scores
of different varieties of crabapples
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Fig.7 Cluster analysis of different varieties of crabapples
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