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Abstract: This study evaluated the processing suitability of crabapple by investigating the correlation of changes in
physiological and nutritional quality of 'Huang Taiping' with different storage period upon the quality indicator examined
using a combination of analytical methods, including ion chromatography (IC), high-performance liquid chromatography
(HPLC), and Fourier transform infrared spectroscopy (FTIR). Notable storage-related changes included significant color
darkening and textural deterioration. Organic acid content decreased markedly, especially malic acid, which declined by
44.56%. Sugar levels exhibited divergent trends: sorbitol and sucrose decreased substantially by 28.53% and 67.93%,
respectively, whereas fructose and glucose levels remained relatively stable. Total phenolic content followed a biphasic
trend, peaking at 25 days with a 17.15% increase compared with fresh fruit, followed by a gradual decline. Antioxidant
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capacity increased concurrently with elevated polyphenol oxidase activity. Changes in pectin structure were also observed,

including reduced yield and linearity of Na,CO;-soluble pectin (NSP), along with increased molecular weights of both

NSP and CDTA-soluble pectin (CSP). FTIR analysis revealed significant branching alterations in the structures of water-

soluble pectin (WSP) and NSP. Principal component analysis identified distinct quality clusters across storage period, with

color parameters closely associated with phenolic compounds, sugars, organic acids, and pectin properties and structures.

Firmness variations showed strong correlated with malic acid and CSP levels. Based on these dynamic storage charac-

teristics of crabapple, processing recommendations were staged as follows: juice/jam production was optimal during the

initial phase (0~2 days), preserved/fermented products were suitable for the mid-term phase (2~18 days), while fruit puree

and functional extracts were recommended after 18 days of storage. These findings offer essential biochemical insights for

improving raw material selection in the crabapple processing industry.
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Table 1 Standard curve for chromatographic analysis
of organic acid content in crabapple

AR i<k WEER
B y=9298.8x-3557.9 0.9997

AR y=1015.2x-994.31 0.9999

R ¥=3996.8x—35321 0.9991

FrigR y=1E+06x—7550.7 0.9997

WIRMR y=575937x+10901 0.9996
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9% B;35.1~45 min, 91% A, 9% B, A
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Table 2 Standard curve for chromatographic analysis
of soluble content in crabapple
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35 °C; Rl : Wk v 22 B ARG I 2%, 4 AR 5 Ao B 5
St A FHRIK, B AH2M 250 mmol/L i) NaOH, C Jy
1 mol/L ) NaAC, 0~20 min, 94% A, 6% B, 0% C;
20~20.1 min, 89% A, 6% B, 5% C;20.1~35 min, 74%
A, 6% B, 20% C; 35~35.1 min, 20% A, 80% B, 0%
C;35.1~45min,20% A,80% B,0% C;45~45.1 min,94%
A, 6% B, 0% C; 45.1~55 min, 94% A, 6% B, 0% C.
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Table 3 Standard curve for chromatographic analysis of neutral
sugar content in pectin of crabapple

T brifih £k PG R
EaR y=1.7325x 0.9999
A=K y=1.4793x 0.9999
(e TR lEL:: y=1.7991x 0.9999
ki y=1.6986x 0.9999
HIzHE y=1.9405x 0.9998
AHk y=2.2038x 0.9999
PR B y=0.5104x 0.9999
TR y=0.9042x 0.9999

1.2.9.2 4rFHIE ZS/8 Njoroge 452 J5yk R H
S B OGO A R 1 FE 4y (Mw) FlT
B35 (Mn) BTN E 30T . —FH 53 R BokE
FAFKEL 10 mg, ] 5 mL 0.1 mol/L A
R, A o BUHIAS SRR S 200 pl 3 A TSK
BE A (G4000PWx1), ik 5514 #ishAH: 0.1 mol/L
NaCl %W, Wi : 0.5 mL/min, #FEEE: 100 pL, R
JH ASTRA 5.3.4 A% Mw. Mn 1 Mw/Mn {8347
ax i
1.2.9.3 (HHEMLTHNEGENE SR AR LT
I HCTEAI 22 e 254 . HXZS 1 mg SRS 100 mg
KBr #/F g, IR 21, KA HH#WE . B3Rk
BN 4 cm ', B 64 WK, I EGE R 4000~
400 cm™ ',
1.3 #IEAIE

{iFH SPSS 27.0 FMA-XFE G T 8e T4 Hr Al
F43HT, A8 AR 22 (ANOVA) K B A T b 35 P Fl 2%
SRS, {5 FH Origin 64 1 Excel /EE . M#fafist
SRR EEPE, P S T IR EE
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Fig.1 Appearance, cross section and longitudinal section (A),
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color changes of pericarp (B) and pulp (C) of crabapples
in different storage times
L AN [l 7 BE 3 A [ I (1] 22 52 2 2% (P<0.05) ,
&l 2~& 6. & 8 [fl,

fEHARRY 2 |, Y HRAE 25 d I Rl & 4R T A
HE T 3 4 SR 2 B B RO , ASHE T SR 5 IR SR
PR AR MR AR RS B G 2 BRI SR v /AR )
LERE STy
2.2 AREEECREMSRTHSMIEE M

VO SR R M LR R | AN A, 5
HPBEE ARG . G BEVE P 0 A B b A R
RE PRI SCHERFE bR, B S T VIR W RS A R,
TP 11 JEE N SR Jor St e ) S SO, TRl o
Fay fit B AR RS20 Gt 2 i I ] P4 FE R, 0 SR JEE
NELMEME . G PR S B0 S RS, M M. SRR, i
PEEE BT (R 4), VDIRALSTRE R R, A
IS IT AR AT 1725.57 g FREE 25 d B9 1249.58 g,
TFET 27.58%(P<0.05), iX 1] S T ¥ S0 g it
PRI ST R TTTHEAE . AN RE R S8 P
FIBEAR . SRSLHLURALPT Jrs e m) . R, eE 4
B4 . P9 SRR LA K M WA 26 I b HE B Bt It 1]
Al R EEL A AR L, X S EFLER | RARERST
VEFI S IAR G, b, R4 = 4T 4 1 (Cx) VEH
T ERAAEWTRY, SR REN U TR R, B
M) RSP e 5 e, T SRR o ) e A 22 B~ ZUNHI TR
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N, EAZEIES T Anfulal ksl o, BSOS A, e
MR kS R A [RIE, aX i B s R T
ZMEE L5 b th SR, N RE 80T R S b
BB T 3ARs 201 SR 8 288 k) i SRR 1
A Ak, g b S HE (P25 2 d S ) A9 7 SR 5 st B AR
1k, J5AE a1 EGE R, 2O AE AR, Fihh T
i ENEe 3 (A E B = G S A W= TR s w3 2 S (A S =
TR, AN LU AL S T FEAR AR T i — 25 )
R RTINS SRUYSETCRL . TR ZR
d ATV A B A TS Y SR T
23 AREEHCRIEEBRRBIBRIETRS
MIEEM

A HLERAE Sy JE 52 Hp 322 00 XU s 3 o, H:
T I I AT PRI SR ST 1 LR, IR Y
EFEMAED A 2(A) AT, VSR S AT R
2N 25.39 mmol/L, YR AR, W 2 iR & 5
SIS I AR, AT B S IR Rl D SR
W TR SR A BN 2, i PP GRS n] RE (e T SR sk
PNEEAT B LR S IR 4 o (A R fie, T I 30T T i o 1R
IR R RERY, XA LR AR, VOISR SR S Hr S L iR
T, KOS ER A MR . 5% . ZFERR, 3F
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Table 4 Changes of the texture of crabapples in different storage times
JE R T (d) T (g) RikHE(2) 152 1 (%) AR B (%) Jie MELAR 1
0 1725.57+56.99° ~1.87+0.40° 23.0122.73° 0.45+0.03° 64.56:2.09° 784.69+74.40° 509.74+65.61*
2 1669.64+113.24° ~1.46+0.13" 21.95+1.46° 0.45+0.06° 62.070.69° 784.16+88.77° 490.58+74.61°
4 1523.91176.83" ~2.13+0.35" 22.7522.20° 0.48+0.03° 62.42+3.91° 745.40+126.14° 472.35+96.86°
11 1208.9753.52° ~1.54+0.07° 214043 41° 0.49+0.08° 62.84:3.88° 679.29+43.15° 467.32432.51°
18 1229.77495.35° ~1.23+0.08° 27.09+1.49° 0.54£0.01° 68.83=1.18° 669.79+54.24° 462.28+44.54°
25 1249.58+152.88" ~1.25+0.45" 26.49+0.93 0.54+0.02° 68.46:0.51° 674.66:69.47° 461.85+47.43"
T ARG SRR R R IR 7] 22 57 .25 (P<0.05)
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Fig.2 Changes of titratable acid and organic acid content of crabapples in different storages

H: A: T ETR; B: 78 5R; C: BR; D: WA TR; E: A7GIR; F: SERR .

WA TR . FPBER . SERR & 5505k 0.12, 0.29,
1.66. 3.20. 12.43 mg/g. Wik 4 d i, TLAA PR &
BB TR 10.01%. 14.74%. 25.81%. 17.39% L) K
24.31%, WA (25 d) TR LR Y2 B IR
T 23.23%. 43.24%. 37.46%. 35.70%. 44.56%, H:/
SERER R MR . AT R IR R A ik
IKAGE AU RS | SR ESE BEAVHIR 5 R Ak P E
SERVED, Ik, YIRSREI 2 d HE B ia
MU S AN = 5 B MUBR AL, SRR T he Ao Ak
AR A -5 R XU (ol v R s, O s e e B RN o) /2K
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YOS ST i R A T s L R LA
RS, FEERREE LI ROEEE . O] LIAH B A%
AETFFAE R WP AT )BT, DTS2 M) 2K SR 4 XU |
SRR BT IR SRR S i SO e, LR
Wik B 3 AT, VSRR R v R A
HITRRARG, TR 2800 d AR AR, Sl S B Bha s,
LU BUPH R 5 SR Bl RO 0 A RO R . A
0d 3 25d kS 18.71 me/g FRKZE 6.00 mg/
g, FEIRT 67.93%, IIBLHHEE & 5 i 6.17 mg/g FEAIT

% 4.41 mg/g, [AIRT 28.53%. B HFITZBH ILABLEHNE
TER S gl L BOYHRS I SR A SRR, T RER e
B A A B VR T T T 3 i R SR R A
Ko SUbE . MRS B O A T I TR, A
PEAACUH AR, 7E OB (HX K AT (FRK)
ROMEIE T BRI BN 6-BRER A AT HE (G6P) Fl -1
FRABE(FOP), FEi2 SUEky | LT4ER | ~RLT4ERFs
PRS00 -G LA S S FE, SR BT sh2 L RE
HEPOUH R, VPSR REGUIA] Al MRS SR i B3
AR S M HOIN T, SRS 2 d NI AT R RE
REME S 1L AUREEE A ShREME, 11 d AR SR B RO
ARHHR, B2 R DR AU IS A 32380 ™ i T
ST E 2RI
25 AREEHPREBERMEMENTHSEMT
EEM

Ty 24 o S A 40 5 B R AE AR =, KR
M 3 | AR A R B s A TR P B DA DG o
Al 4 Fro, B IR ] e, R b B A
e DS RS, R AT FI b
B, HAp i 18 d B R B f Gk B 3.61 mg
GAE/g, 25 d i Gl & = o iE R 1Y 117.15%, 55 1
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Fig.3 Changes of the soluble sugar content of crabapples
in different storage times
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Fig.4 Changes of total phenol content and antioxidant capacity
of crabapples in different storage times

e A: B A & B: DPPH B HEEIEBRAE J; C: 8B T8 R
fetis

B TR IRAE S 12.92 umol/g FFHZE 21.54 pmol/
g, BEJE A B EME2E R (P>0.05) . W RN
JRSPUEARE T Z AR IEAH S R, 2 bt
SEARE T EE DT, AR S IPT ALK S
FSBEERAN L-PrdR MR 1 -G i oG, v SR i
T2 i S P TR R RE T I s PRI AR A H i T
DrReRr B SCH R E R . s AV SR S i
B Bt s A S P ERRIRON, 38 TR RETE SR Bk
TR T4

Z 1 AL (PPO) FTE 145G R 35 /K SR IE R 2R
S B S R S s S R . anEl S PN, YR
£ 5B PPO Vi LN 70.20 U/g, I HATE] PPO W& PEAF
TEPE B, (AR 28 T, FEIN R 25 d Bk
£ 130.95 U/g, PPO W] BELS IR 254 o3 19 8 b 4%
B, FEORS R A EAR AR BRI Er AR
L5 PPO ARG AFHE— 2 25 5%, RV SR
S Z e AR 2 RS S AR R N Y,
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Fig.5 Changes in PPO enzyme activity of crabapples
in different storage times
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Fig.6 Changes of pectin yield of crabapples
in different storage times

TEHEAIK, 7 0.11 g/1 g AIR; CSP 155455, A 0.42 g/
1 g AIR; NSP } 0.26 g/1 g AIR, 53520 il —
FOS, R AR NSP 1523 i 2 I8 (P<0.05) , #£
5% 25 d IS 0.17 g/1 g AIR, WSP Fl1 CSP 153
A ARk

XJAS RN g v SRR R 1 B 53 F- B (Mw ) |
3557 (Mn) . 25580 (PDD) S bl (36 5)
ZH AT 53 AT, ZEN A #2 v CSP 1Y Mw. Mn 43
HH 19.05x10%, 13.75x10% g/mol ¥4I ZE 26.90=<10%,
20.05%10*g/mol;NSP Y Mw.Mn i 13.50x10%, 6.55x
10* g/mol ¥ JINZE 27.30x10*, 10.20x10* g/mol; WSP
) Mw . Mn Je NS08/ . PDI R TII 2
Stk . =AU A R R Y PDI JC i 3 22
5(P>0.05), FRHH = Fh S LH 43 1) 53F S it A3 il
M A TR S P AT 2 A0 SRR R ZH B
i 5 SR 4% . SRS EAT DG, Yo b =Fh
SRIBELH 5304 T B 2H RSB A T 1] S K A AN T
FREEAR b, W 25 d B AP R4 43 o b ks
CAsobl . BRZR0E . FTh b . ~2LBE . #iZhi . K

F 5 AR AR L 1

Table 5 Changes of pectin properties of crabapples in different storage times

. WSP Csp NSP
Eiztan

0d 11d 25d 0d 11d 25d 0d 11d 25d
Mw(x10* g/mol) 15.05£0.35°  19.45+0.05°  15.85+0.75° 19.05+0.45° 23.40+0.60° 26.90+0.30° 13.50+1.50° 18.55+2.25" 27.30+1.2°
Mn(x10* g/mol) 8.01£0.22°  10.45+0.25" 8.3+0.43° 13.75+0.85° 18.35+0.35° 20.05+0.15°  6.55+0.56°  6.86+0.74°  10.20+0.51°
PDI=Mw/Mn 1.89+0.01°  1.87+0.04*  1.91+0.01°  1.39+0.05°  1.27+0.01* 1.35£0.02°  2.09+0.41°  2.70+0.04*  2.69+0.01°
5 3 (mg/g) 0.86£0.18"  0.23£0.09°  0.61£0.27*  0.17£0.02*°  0.11£0.01°  0.12+0.00®  0.75+0.04*  0.80+£0.06°  0.98+0.05"
2= Hi (mg/g) 9.63£0.05°  3.39£0.06°  7.48+0.11°  2.03£0.22°  1.33%0.12° 1.47+0.11° 10.93£0.45" 12.59+0.4%®  14.68+1.02°
B AF (mg/g) 77.85+0.13°  41.10+0.78"  78.07+1.22° 13.06+1.96" 8.50+0.01"  8.93+0.71° 38.54+3.16" 54.74+7.36°  54.58+1.87"
7B (mg/g) 29.1140.01°  26.46+0.35°  34.01£0.33*  4.72+0.70°  4.38+0.00° 3.86+0.31° 21.24+1.51® 51.61+6.88*  40.91+1.60"
HIEHE (mg/g) 12.90£0.00°  13.59+0.10°  11.75+0.04°  0.94+0.07° 1.28+0.19*  0.79+0.02°  2.09+0.31°  2.66+0.61°  2.08+0.26"
At (mg/g) 8.090+0.01°  3.83+0.05°  6.36+0.08°  0.64£0.29°  0.28+0.04°  0.34+0.04°  4.51+0.42° 5.37+0.93*  6.04+0.20°
AEZUPERERR (mg/g)  165.59+0.28° 178.52+1.47° 205.47+1.13*  38.98+0.35° 28.25+4.13° 27.94+0.88° 59.36+4.81° 54.99£11.05° 59.74+14.13"
M BERER (mg/g) 1.4240.02°  1.15£0.01®  1.19+0.01®  0.14+0.00°  0.08+0.01°  0.08+0.01°  0.37+0.04°  0.41£0.05*°  0.62:0.08"
Ratiol 1.3240.00°  2.53£0.44°  1.80£0.67°  1.93+0.28" 1.93£027* 1.90+0.08"  0.78+0.01°  0.43+0.03°  0.51+0.10°
Ratio2 0.06£0.00°  0.02+0.00°  0.04+0.01°  0.05+0.01*  0.05+0.00°  0.05+0.00°  0.18+0.01°  0.24+0.04®  0.26+0.04°
Ratio3 11.1840.79°  20.26+0.83*  15.03+0.17°  8.74+0.34*  9.79+0.89°  8.70+0.04*  5.46+0.20° 8.41+0.81°  6.52+0.22%

TE: Ratio 1=2F LR IR/ CABbl+ BB RL AR+ U+ A ; Ratio 2=FZENE L FURIEERR; Ratio 3=(BTHARE+E208)/ B2 Mn: S92
Mw: T4 F 5 PDIZ AR : Mw/Mn; AS[R]/ING “F B 2R AR IFst 1a] 22 57 . 35 (P<0.05) .
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Fig.8 Changes of PG enzyme activity of crabapples in different
storage times
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Fig.7 Changes of the pectin structure of crabapples in different storage times
F: (A)WSP; (B)NSP; (C)CSP,
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Fig.9 Principal component analysis of crabapples
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LI BERAR AR B FNAE B ) T2 05 T8, DRtasE
SAR AR 7= 5 B AR =, IS ME VLR A 528 fL AT e
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Wa] (0~25 d) ¥ F IR FIBRAL 8 5 5 B A AR T L AL,
PG T AFEPRARARI OCER . S5, TEEVE sy
I, 625 T [a) f B, VIR 2 B AR 3 | SR
TR G SRICAORE B I B R M. FRAL A SRS R T
T, ATV R & B AR S TS R, SEIRIRAS S A
FA MR S B R R TEAE AL B & R S BRI,
SRbE R 2 08 S B OR R R A s B S RSN S U,
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PEPPAR RO T S A SRR A S TR T JE SR
G TR ASFERTIC SR St BT84 - HL, IR 5
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