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WORHEE 20:1 (mL:g) . $RBGREE 72 °C. HEHUTA] 45 min, BLAHFT ZHHE 255 (19.98+0.25)%; BCP H i i .
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Optimization of extraction process and antioxidant activity evaluation of
black Crabapple polysaccharides
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PAN Jing, YANG Qing-Li, LV Wen-Qing

(Daqing Branch of Heilongjiang Academy of Sciences, Daqing 163000, China)

ABSTRACT: Objective To explore the efficient extraction method and biological activity of black Crabapple
polysaccharides (BCP). Methods Using black Crabapple as the raw material, the extraction conditions of BCP
were optimized through single-factor experiments combined with response surface methodology. The
monosaccharide composition was analyzed by high performance liquid chromatography, and its in vitro antioxidant
activity was evaluated based on the scavenging rates of 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) radicals,

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate acid)diammonium salt cation (ABTS*) radicals and hydroxyl
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radicals. Results The optimal extraction process for BCP was a liquid-to-solid ratio of 20:1 (mL:g), extraction

temperature of 72 °C and extraction time of 45 min, yielding a polysaccharide recovery rate of (19.98+0.25)%. BCP

consisted of 8 kinds of monosaccharides, including glucose, galactose and arabinose, confirming its identity as an

acidic heteropolysaccharide. Antioxidant experiments demonstrated that BCP exhibited concentration-dependent

scavenging capabilities against DPPH radicals, ABTS" radicals and hydroxyl radicals. At a mass concentration of
1.0 mg/mL, the inhibition rates for these 3 kinds of radicals were (84.70+0.38)%, (71.20+£0.91)% and (92.40+0.51)%

respectively, indicating its favorable in vitro antioxidant activity. Conclusion This study optimizes the extraction

process of BCP and proves its excellent antioxidant properties, providing a theoretical reference for promoting the

high-value development of black Crabapple.

KEY WORDS: black Crabapple; polysaccharides; extraction process; structural characteristics; antioxidant activity
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FBOUNEML, 205k HARERENR . SRR & . BRARH
45 E LR SMBETE S AL A BT, AL A
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X HEREAT R A B PR I SR R G R A
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FHXHR BSCR BRI, 729800 S 36 R [R] N 32 T4 SR 1Y
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A5 LA SR AL Ak 8RS B0 3 2R D SO, SR P o T
LA BRI HR 2R A R DR I L2, 458 w0 (&
&% (high performance liquid chromatography, HPLC)H: A fi#
Hr 22 BB SR ZEL AR, I A ol BRI B SE S A 4
e, BEEER B TR I SR I RE TR B AR, A
Bl SR DM T AR R 5557 Ml B S Aeh F A BRI A Hhe
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1 MR5ERZE

1.1 #R5RF

TE AR Rz 52148 HARSUAR 19 e e R (R OE T
FEEBE R P43 B K IR X & e i)

R, B . SR ORI 99%). ToKOEE, i
WERE . W FIA(H0,) . MR EK(FeSO,) . KR . £k
AL SRR O BERR AN . PUIR IR (vitamin
C, VC). R A (o e, IR EEA Y TAA FRA FD);
1,1- — % %& -2- = fi %5 2K Bk (1,1-diphenyl-2-picrylhydrazyl
radical, DPPH) . 1- 28 Bt -3- B JL -5- nib mde sbk i
(1-phenyl-3-methyl-5-pyrazolone, PMP), 2,2°-If%-—(3-2.3%-
BOJF owE oM e WO ) — B O M OB ¥
[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt cation, ABTS |(43H14l, I ZSFRHABRA ),
HERHC) . AL (NaoH) . Ehiz . &5, BERREN (T
ai, bR E AR R AR A F); S-8 KRALRAE
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DEAE-52 &4 £ ( Filg IR A YR A R R, Hi24
RPRUES, . H BN . 2Lanl . A2, BUEE .
TR | P FUBERETR . A AI0E | ZU0E . BTRLTRE | A s ay
SRR UE L, 4lE =98%, HZS Shodex A #]),

1.2 UE5E%

HZ-1000 T2 45 00 35 00 MR Se I 48 (AR 56 1 1 AL 3%
BEHE A B2 F)); ME204E/02 B HL, 43 7 7% OFf )8 R
0.0001 g, MRHE)-FLHI 24038 LA BRA F); JP-100S AU
T I I PR BIL QBRI T 7 B T Ve 45 A B2\ wl); Master-DUF
TS0 5 A K AL Z AT IR A H]); CTISRT 538
o S RO ML I R e A AR A B B 4 TR A R HD);
VRT-20 #Y i 5% 76 48 (g W RS2 U A A IR A H));
Epoch FftR{% (3 E BioTek /A F]); HH-4D B $E /K
B (T L RS AT PR ] ); TQ-2 BURBURE (L 5t =R
A B2 ), RID-20 78 2241 6 2% . C-20 RRORop (i |
Shim-pack GIST ! C g {4,i%41:(250 mmx4.6 mm, 5 pm)( H A<
Shimadzu A F]).

1.3 75 &
13.1 ZHERGH &

SR FH DA R i 4 AV B B eV e BT VRS
BT E R, A 13%M I RS .
B, AR AR AR B S 004, HRIREE 1 PR
B4y 6 N BARF ST 7d, HE RIS N BB 6, B
AbFRE SRS TR, TR T EAHR 30%, AP
PR, SRR . T 4 CCA M R BT,

1 EERRTERAEABIZSH

Table 1 Parameters of temperature-variable fermentation
process for black Crabapple

Wi%= "1 x100% 0
m

Ao Wk B S 2 0155, %; my RIS 15
PRI SR 2R TR, @y I IR PRI BRI SR
HI T, go
134 ¥HEAER

FEHFR BRI HE 0 10.0 g R EHF R 300 W, LU
FRSEH S et VEEURCRIEE 20:1 (mL:g), $REURIE 70 °C,
PEIET ] 45 min /E NIV S, AR A IR
[10:1, 20:1, 30:1, 40:1, 50:1 (mL:g)]. $EBUREE40. 50,
60, 70, 80 °C)FI$RIAFE] (15, 30, 45, 60, 75 min)%f B
T HESH Z S S0 .

1.3.5 v kB

HR B PR 2SI I 45 5L, SEIORCRH L (A) . $R BB
(B). HEHHFE(C)h H AR, LAZWEAR R i WAE Y, RH
B A{F Design-Expert 13.0 #E47 W N LA T, £ EEK
T 2,

=2 MO ELWIEHERKFER

Table 2 Factors and levels table of response surface
experimental design

. SN %
A(BUEHEE)(mL:g) BRIBURLE)/°C CHEHLHT[])/min
-1 10:1 60 30
0 20:1 70 45
1 30:1 80 60

AR BB A/ C BT /M
1 22~95 4
2 95 5
3 85 15
4 80 48
5 75 48
6 65 48

132 ZiEgERAME BRI

HETAFRIL 10.0 g MMM HRAE S, WEBFRTIRN
300 Wo 43 BRI ORE G | SR EGE B 5 SR ET ], $REUK
PERLZWE, i Sevage IAUTIEE AR, B0, LiER
D I OB AT ZHETTTE . S-8 KALA AR H A W fi
BERR LB, VRT 515 R
133 ZEHEERSBAEMNL

SR PR B - BR v 1 S 2 WA SR A s k), PRAE
HHUH Z R R A (DA,

13.6 ZiHER S HELIELMR

PR FE IR MR SR AR ) HPLC EE .

(1) Z WK it s ik ¥

FRECZBERES T 20 mL B9 A, WA 5 mL Y
2 mol/L =& MR, V) 10 L/min MFHEBEIHANFEAZS | min
JEEEE R, BT 120 °CHMH KM 2 h; ¥H)E, Bl mL
FESAAIA 1 mL FEDRA), F 70 °CRIRFREE Tl &K T,
HEEMPEIFHRSRT 2 K, UWKER=HZmR; i
A 1 mL 0.3 mol/L NaOH ¥ 7o /i sk ids, RIfS 32
IK AR, & RIS A o

i

53 I 400 pL R4 SR IER 5 400 uL F iR ZHE
IKARERL, 45 HET S mL HIERE T, w2 S8 simA
400 L PMP FIEEHS TR, (eI S]; T 70 °COKIBH UM 2 hy
BORCE A E =, T4 AMA 400 pL 0.3 mol/L ) HCI
HFIZE pH 6~7 J5 il 1200 pL Z848/KIRS], MikEHImAL
IKA AR B S &, R TETR ) IR 8 R4 IS R )2,
FETIZEMGM, WILAEE 2 K, ¥ 2K 0.45 pm
K R AL IE R UE .

(3) HPLC i 4512

FH Cig AIEFE(250 mmx4.6 mm, 5 um), FBIAH A
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(100 mmol/L BEFRENZE hif, pH=6.4)5 B H(Z &)X, KA Ars As. Acariilhas 4L, R iREEEH
SR R VR, A K B R 245 nm, HE R 6 7E A
30 °C, i 1 mL/min, MEAEARFIH 20 pl. 1.4 HIRGE

1.3.7 HEAE MR E

(1) DPPH [ H 2535 53R 0 2

Z I8 DZIGBOR 2P0 ik A T 2 o 4 S i ) o e vk
B 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/mL BIFRR RN ¥
2 mL ARN[EST S A 2 mL ¥4 0.2 mmol/L DPPH 2 EBEESF

A SE T 3 Yk, FH IBM SPSS Statistics 27 451t
AR B 225307 ik T B VRS HT, P<0.05 fREFRi%2ER
HAGIE X, KM Origin 2022 £,

HREARI NS, 1637 °CEBEIY 30 min; LA VC Ay BH:XT
HE, FEJK 517 nm AbIIE WG, $5MEAR(2)iH4E DPPH 21 BRERFLWERSN
H H AR BR 2 I 1A FiR, YRR 10:1 (mL:g) £ 20:1 (mL:g)

DPPH H HZEHERH/%=[1-(A-A)/A]<100%  (2) i, BAIGEHIR ST R e T ok %, 50l RE AT
A Aoy Ary A Sz L e R RO JE () ZHEAEVR W h R AR, R R v A B0
(2) ABTS" F H FL3H BRI E Mo Rk 2001 (mLig) BE L £ OB A R ik 0% (M
%18 DONOSO-BUSTAMANTE Z£P'EF 70 2 . B (19.89+0.26)%., fHE— LI KR L, RS EIFIR TS
5 mL 7.4 mmol/L ABTS VA5 S AR 45 e B (1) 220 Bk R 47 I TRE . X — M S AT a5 R — 2, i
BWOR G, BOEHE 16 h, /E ABTS' IAEWK; A pH TR 55:1 (mL:g)i, KIRZHHIITRIARELE TR
7.4 (W R EL 2% vP i (phosphate buffer saline, PBS, pH=7.4) R AT, YRR R RS, TS ROk

P HARHE 2 AE 734 nm B FUOEEEN 0.740.1, MERIET (g B g AE K, — 3 04 RORERE AU D, RGBS
e BRI 0.4 mL NIV ZHERE AR, A 4.0 mL AR, (R, 5 5 HEWORL EL Y 20:1 (mLcg).
ABTS' TAE{, 25 °CHEEIY 6 min J5, JI5E 734 nm Lbi A FHEGRE T 2 M3 08 1B FiR. 4
JEREH . L VC FENBRPEXT I, MRAEA3) I ABTS' 40 °CTHREZE 70 °CHE, Z W45 52 3 71 (P<0.05), 1F
SRS = 70 CCH B M550 4 (19.95+0.15)% . X S i1 Tl
ABTS" | HEHE R/ %=(A-A)/Ax 100%  (3) BBETE 5, e T BV B AT, 43 18 3k
Al Ay AN L RESRIBOEBE (L. SRUGN, NS T VAR 5 VAR 2 1A AR AR R, AR £ i
()R [ b LT B 5 B, ARHFSE T, BERHRBUREE M 40 °CTFEE] 70 °C, £

SMXPERDF AT . W2 mL AFREEZHRE g3 K (10.87£0.25)%6 4 H1E(19.95+0.15)%. 25{BAK, B
b, A 9 mmol/L FeSO, ¥ 2 mL, FHIIA 9 mmol/L R M 35 °CTHEIFI 45 °C, BAAREMIRER L T 2%
LK IR 2 mL, )N 8.8 mmol/L HyO, 7K 2 mL R EE WL 45 °CF 2B R I TR XAl
JRBHRNE, WRAJET 37 °CCOKIRTE 30 min, T 520 nm A I TR A B R A RO SR, B IR LS
EWOGCEAE, LL VC FEABAMEXT I, #i B A (@) AR R I, B R BGE R N 70 °C.

H R R BRI A R R M B %, A 10 A
B H LR R/ %=[1(As-A)/A]x100%  (4) 1, BEEARIBUE] 15~75 min B, SIS ZMHSR L

A 227 B 22 c22;
21 20 21 L
a
20¢ 18 20t
X S X
o 19 £ v F
o w16 %19
% g g 14 o gl
&= # &'
R 17 812} RN 17¢
16 10} 16
15— . . s . gl . . . , 15— . . . .
10:1 20:1 30:1 40:1 50:1 40 50 60 70 80 15 30 45 60 75
YR} (mL:g) IR /°C PRI 8] /min

DA TR A B2 SR (P<0.05),
RPN ESOE S22 2 e RS E Al
Fig.1 Effects of different factors on the yield of black Crabapple polysaccharides
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WG BRI, 7E 45 min Ak FIE(E, DERHE
FH(19.9240.13)%, X AT BESE HH F ARG B B,
WEAEFIRTR R A M RE Y, Sy s R T
e tr, X — AR A 2 W R IOOE 58 A 2 56, 6]
TIIBE P 22 MR AR FRBE B )N S min ZE4K % 45 min,
82%IRFE 12.2%, HF— LU BB B e R
R HARY, T 24588 75 B 1] BBk 45 min 5, SEA BRI ] 2
M RE MR REL, HENRRET, BESHET,
7 L I ) 4 PR B R RT RE A R 2 B A A5 b, 3 T 36
PR RO R, B SR AEFR IR ) 45 min.
22 MNESKEERSH
22,1 ®WPEAGAEGES

PR R R LI 45, AR B ok e R
20:1 (mL:g). $2BURE 70 °C. $EBURE 45 min, HRHEHE 3
HIZE R AT Z 0B 50 0, LA B 2 200 &

Y=20.03-0.0212A+0.1750B+0.0988C-0.12AB-0.3325AC
+0.02BC-1.08A%—0.4358B>-1.46C%, Hh Y L BHEHK, A,
B. CAralrt Lt . SRECE B AR B A]

*3 MNEEEER

Table 3 Results of the response surface experiment

HE

e L
S0 AR B CH e
(mL:g)  IRE)C WfE))/min
! 0 0 0 20.13+1.02
2 -1 0 -1 17.98£0.13
3 ! 0 1 17.68+0.87
4 B 0 0 20.080.45
5 1 0 -1 17.23+0.31
6 0 1 1 18.20+1.06
’ 0 -1 1 17.90+0.33
8 1 1 0 18.86+0.25
’ 0 0 0 19.96:0.18
10 ! -1 0 18.420.84
1 0 0 0 19.90+0.35
12 ! 1 0 18.620.11
13 0 -1 -1 18.1240.28
14 = -1 0 18.18=0.84
15 = 0 1 17.10+1.02
16 0 1 -1 18.341.58
7 0 0 0 20.10£0.84

222 WVABER T E M

M 4 B9 5 200 g5 SRl 0, AR A S 48051 P>0.05,
HAERAR F 2 219.74 (P<0.05), FIFRIICEE LM, ]
A3 BT I R 2SR PO RBL R=0.9965, U]
PUFFRE 99.65% 1 RS S, AR PLAE 2R3 RzAdj:0-9919, )3t —

ARSI N S SR R B A R R . AT

®4 EERERFESH

Table 4 Regression models and variance analysis

SRR FEM AHRE B F P B

R 16.8200 9 1.8700  219.74 <0.0001 **
A 0.0036 1 0.0036 043  0.5354

B 0.2450 1 0.2450  28.80  0.0010  **

C 0.0780 1 0.0780 917  0.0192  *

AB 0.0576 1 0.0576 6.77  0.0353  *

AC 0.4422 1 0.4422 5199  0.0002  **
BC 0.0016 1 0.0016 0.19  0.6776

A 4.9000 1 49000  575.48 <0.0001 **

B’ 0.7995 1 0.7995  93.99  <0.0001 **

c? 8.9500 1 8.9500 105258 <0.0001 **
%% 0.0595 7 0.0085

R 0.0204 3 0.0068  0.6961  0.6011
4iR%E  0.0391 4 0.0098

H2E 16.8800 16 R=0.9965 Rx;=0.9919

e ¥R 22 5 B (P<0.05); **F7R 25 S i 5 (P<0.01),

— I, WO} L (AN SR SR 2R R A S AN
1.3 (P>0.05), & HUH 8] (C) 4 5% i . 2 (P<0.05), & EUR
FE BRI IR 25 (P<0.01), @i WS E ¥ F, &5
B AR A5 MR 5 B MR BRI - SR BB B (B)>
PEIS ) (C)>BOR (Ao FEAE BAR T TH, OB (A) 542
TBUIR B2 (B) 138 HLAE FAR 22845 22 52 ) b 25 (P<0.05), 17V
Ak E (A5 FR R [R] (C) Y 28 AR 3% il S22 (P<0.01)
223  wRE R EAER ST

25 R 28 [ 38 EAR R X 22 A5 30 53 Ml 199 55 18 4 2 ) i
TN 2 Bzm, e i i B EBE, R 2 MEENZ
VR R E R . R 2 WL, BEEACHEAERP
W, ZHRSR RIS LT RS R ELA)
SRR EE(B) . R} EL (A5 R IR [ (C) Xof i 6 v J37 1 3¢
FEARBE, R 2 HERASCEAEH R, mIRIURE(B)
55 L B (] (C) By g 7 T DU S BB 08 b T I S T R 1S
g, W B L HEERAE Y, SRS F4dhIrE
ATEE e —3 . FIA Design-Expert 13.0 #4347, 151
AR S B0 X PR HE R M e R BT AR WOk
19.73:1 (mL:g). $ZBURE 72.04 °C . $EHUHT(A] 44.48 min, It
BT 2452k 19.72%

224 FAEILAHIIE

T B T 45 S ) AR 1 [R] B 4 REFE S R R4
YRR R, RN OB 20:1 (mL:g). $2IX
IR 72 °C, $REURE] 45 min, 7EMEMET, ZBH0S2PRTS
FIRF(19.98+0.25)%, L5550 brfE B30 B % M 22
5(P>0.05), RUIBAITATSE | HER .
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P2 45 RS AR O S SR A A0 55 g 2k T o T ]
Fig.2 Contour and response surface plots illustrating the interactive effects of various factors on the extraction yield of
black Crabapple polysaccharides
2.3 BEERZERRIEERSH 96.7%. 22 Wl v 5 A A1 26 W TS TR A~ LB TS TR S TR 1 P
1 HPLC Xof B3 35 5L 22 4 v B 41 40 MEA T I 22, A Wor, WRixZ T Re LA BRI Z AR . 455 H b
MZER IR 5 AP 3~4. BFHR DT d 8 Rt AL, PIRIAAEWTH Y — R DL A 32 TRE S A MR

B, SRR AR . CEFURE . BTRLAORE . R FLRRERR . B
PR AWM. TR, AR . P A R HELE
I 3 SLE9 7 B il . LR BTRLARE, A B

BEBTI e 2, SO PR RS HIER
Al ZAEAE T, FEARKGIN AR5 2 2 FUME, A5l T —
B LN 52 PR S B0
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Table 5 Detection results of monosaccharides in black Crabapple

| 0 8 .
P W 44 7 R min TRV weppmau  TOREIEL s gk et ugle)
(mAUxmin) 1%
1 T EEbE 10.963 0.317 1.884 0.18 0.50 360.0243
2 ikt 14.097 1.859 6.557 1.08 1.73 2926.7819
3 2 R 14.813 0.126 0.487 0.07 0.13 362.1871
4 RER 17.210 2917 10.315 1.69 2.72 4258.8658
5 k)i 22.083 143.367 313.245 83.21 82.75 209982.8112
6 L FUH 25.367 13.789 26.725 8.00 7.06 15613.3934
7 BT 7 A A 27.223 9.459 18.182 5.49 4.80 10346.9690
8 R 30.000 0.373 0.737 0.22 0.19 551.8056
180 - IHEE, 0.2~1.0 mg/mL JR Rk B S FEL P9, SR S5 SR 2 % 3 4 1l
15001 asfonmtanr O 135 55 7 249 1 R v B RO, (L A
125+ . - ;
20 T - L FE SR S (LA, FUd DPPH [ H 36T B3 %
#\i 75 (FREEE TR TEFE R BT 0.8 mg/mL J5 A1, i fbaE it
L 5 e || A FHRaSE, ABTS* [ 2 5 [ 36 i R ik e JE 196 i 428 1 7+
= SHBERR NN . . R
251t R R (AR T 27, Ak B 2 05 B 2R D) A 4 A o i
0 BE XA N PR ER RS T 24 R SR 2B B vk B TR 3

72?0.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0
1 B4 B[] /min

K3 B B AL HPLC S0 M (i Kl
Fig.3 HPLC analysis chromatogram of monosaccharide
reference standards

7- MK

350
300}
250}

)
<200}

150}

K100} &

E_?\< 501 ?“

o\

"9- BRI BE

>— ST
Fro-ssmm

s
+ —*

,50 1 1 1 1 Il Il 1 1 I
10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0
{5 B4 B5F 18] /min

Bl 4 MR 20 HPLC 4047 6 ik
Fig.4 HPLC analysis chromatogram of black Crabapple
polysaccharides

24 MEANFEMEST

MUARAE B MR R b Rl A2 A 3k, KIHRL
B A S5 kA, HE LA B R K
PORCH . R T HER T RIS R 2 R BT T T, AHE
%454 DPPH [ i3t . ABTS [ 5 R it [ iy BL0 e ab
BT AT, A S FR ZHExHEI A 5k . DPPH
A H A ABTSH H 2L bR AE ) HoA Fl ki, FEHAE
W R T E NI, BRI FELR R E N

1.0 mg/mL B, 3 F' B HIETERRBCR 2 B2 5, Hd i
e H SRR, 1K92.400.5)% HE T HA 2 F A
M3k, FREE A EE AR e D dcim i A B 5, HAEH
LR S AR F45 65 ki, mhRGERZH 6
AR R T 5 R A R A AT RS T
PRI Ak [ 645 U Y, DPPH [ BT BRI 2
FLIH 5% (84.70+0.38)%., DPPH [ i JEAE Ry P B da o2 1
TR BB, HIEBRYURR 5P E Y A & B DPPH,,
{87 517 nm b MR ISCIE TR FE T B . ABTS* [ FH B30 B A X 45
i, M(71.20+0.91)%, % A B FE 035 BR AR A A0 5 h
FRdk | BRI AN R E B . A R I SR
FW, VC FHEEXTHEXTX 3 FlH I EEA IS BRIG MR L,
B 1.0 mg/mL Ay SRR SRR B B FREE T 5
0.4 mg/mL ) VC M4, 2R 5, SRR 3 FA
H B HATVEBRAE )y, AR R IE B th J>DPPH H
3 >ABTS H 56 19 15 BRYE MR, U A IO 3 42 1k
PRI B 3T B .

2 b b R R O A 1 L PR L T R A B,
TR AR AE T 2P LR R RLARE (4 22 Wi 2 B R A
X R BB AR TR PEDS), i, LIN 2B & I 7L
T S 2R PR ARTE R R ARG, Ik, MM
RPN 0 B LT BR IS 2 AT AR AR I B2
A, RUSTHRERR AR, (HH 5 i 22U Fpar bz
AR, AR e AT T A A e W i By 25 28 R 254,
Al RESE R TR M SR TR TR RE S, TR HE BT
SRR o I JEL G e LA T R M b 1) A 4
ek



172 B il 2 A iR A I A 4 CIRVES

100 - [ 100 " . .
Lo s
el g 90
% 90! B /
# ]
v 85+ /_/’a =
o o 70% "
= 2
& 75] —— SRR g 60F MR TS —— BISCR
——VC VO ——V(C
70 : . . . 50 . . . : 70 : L : !
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
SRR E/(mg/mL) R VR E/(mg/mL) SRR /(mg/mL)
P 5 AT B SR S 2R MRS B R BRI BR R 5
Fig.5 Effects of different concentrations of black Crabapple polysaccharides on the free radical scavenging rate
3 2}5 i‘e [4] ZENG X, LI H, JIANG W, et al. Phytochemical compositions,
health-promoting properties and food applications of crabapples: A review
AHFFE AR L . SREBGELE | $RIBURTE] 3 AN A7 [J]. Food Chemistry, 2022, 386: 132789.
PRLPRZR ) O] TR S 56 0 Ak BRI SR 2 BRI TS, A [5] ZEHIMH, Z5FEE0, WTUTEH, %5 3T SPME-GC-MS $5AR4MT MG
ET LN OBk 20:1 (mL:g) . $REUEE 72 °C . $2BU ] DT R LR ORI, SRR, 2025, 36(1): 136-143.
45 min ﬁf’éljgﬁﬁ%ﬁb(w 9840 25)%‘ Xﬁg*ﬁﬁ*ﬁéﬂm LI BY, LI GW, JI YR, et al. Analysis of volatile aroma components of
’ N N ’ . Begonia crabapple fruit before and after processing based on
4 i MR ZHEER 8 BELALAE, b
ﬁﬁ%/ﬂ ﬂ%%gﬂ% % ﬁ%*% Jﬁ’ EP%% SPME-GC-MS technology [J]. China Food Additives, 2025, 36(1):
B R FURERITRL (R & H RS, IS R & e
HERPEEEBL R PSR 2 0, B s RZ W% DPPH HH [6] JI X, HOU C, GUO X. The fruit Malus prunifolia (Malus micromalus
3t ABTS' Al 3L . B3E A 3 B BRI miERRE R P Mak.): A minireview of current knowledge of fruit composition and health
Eﬁ%@%%g*ﬁﬂ-ﬁgi E"Jﬁ/ﬁfh’“ﬁﬁgﬁ R /@%%g%'ﬁ benefits [J]. Journal of Chemistry, 2020, 2020: 1-8.
ﬁ@%%gﬁﬁ:ﬁﬁﬁﬂﬁﬁiiﬁﬁﬁﬁ jﬁgﬁifﬂﬁ D 7k [77 ARNOLD M, GRAMZA-MICHALOWSKA A. Recent development on
= [l (HE= > -
N .. the chemical composition and phenolic extraction methods of apple
) \+P—Hn +P,L¢\ LLy Sy A‘z Z:E ﬁ‘rﬂﬁ/:,j—» \‘EI
;?E R BRER E‘@*E# /ﬂé} I_J’ ) ifﬁé(éﬁi i (Malus domestica)—a review [J]. Food and Bioprocess Technology, 2023,
P 1) Z W5 A AT i B AR 0L, HL AT 3 R 2 b IR [8] MARIA-JOHN KM, ENKHTAIVAN G, KIM JJ, et al. Metabolic variation
E]’J fﬁff\"f{ﬁﬁj}[”]o and antioxidant potential of Malus prunifolia (wild apple) compared with
%Lﬂ?ﬁ, SE ok ;ggﬁg%ﬁg‘ g ;v—r:% g *% E/‘]%’fi EI:XE!I:EX high flavon-3-ol containing fruits (apple, grapes) and beverage (black tea)
.. ; . Ny F hemistry, 2014, 163: 46-50.
T W T SRR MR L R A B I T L bt
TSN o [9] #HE#, AW, KIEM, & R TEA fEzlanT
J:E e ‘js}gé«l:., N7 i 23N l\ /3”_4\:—'—» 4 rL’ S )
i ﬁ&‘m H/J‘(E' He éﬁib‘}h Ak a:%gméfﬂff Ak ST R E RSN, 2024, 35(12): 13-30.
= Na oy I 7 Py > I
Wﬁﬂ:)ﬁﬁip‘] HYEEN S5 T Lﬁij@kﬂz%‘?o PRI Sk LI GW, SHI Y, ZHANG ZH, et al. Optimization of extraction process and
ij]@%%{%ﬁuiﬁﬁﬁﬁﬁfﬁﬂkiﬁﬁ1$%1ﬁgﬁu;E%Eqﬁl' antioxidant activity analysis of polyphenols from Malus hupehensis [J].
2 o China Food Additives, 2024, 35(12): 13-30.
- . [10] fEWHG, A8, KIERE, 5 BEERN TR T EE AT
2% 3k [7]. 477 T, 2024(19): 15-18.

[1] ABUDUAINI M, LI J, RUAN JH, et al. Bioassay-guided preparation of JL YR, LI GW, ZHANG ZH, et a. Study on the changes of main
antioxidant, anti-inflammatory active fraction from crabapples [Malus components in begonia crabapple fruit during processing [J]. Agricultural
prunifolia (Willd.) Borkh.] [J]. Food Chemistry, 2023, 406: 135091. Products Processing, 2024(19): 15-18.

[2] ZHAI XY, WANG X, WANG XY, et al. An efficient method using [11] CHEN YJ, SUI X, WANG Y, et al. Preparation, structural characterization,
ultrasound to accelerate aging in crabapple (Malus asiatica) vinegar biological activity, and nutritional applications of oligosaccharides [J].

produced from fresh fruit and its influencing mechanism investigation [J]. Food Chemistry X, 2024, 22: 101289.

Ultrasonics Sonochemistry, 2021, 72: 105464. [12] VIEIRA TF, CORREA RCG, PERALTA RA, et al. An overview of
[3] MO J, RASHWAN AK, OSMAN AL et al. Potential of chinese bayberry structural aspects and health beneficial effects of antioxidant

(Myrica rubra Sieb. et Zucc.) fruit, kernel, and pomace as promising oligosaccharides [J]. Current Pharmaceutical Design, 2020, 26(16):

functional ingredients for the development of food products: A 1759-1777.

comprehensive review [J]. Food and Bioprocess Technology, 2024, 17(11): [13] YAO SW, WEN XX, HUANG RQ, et al. Protection of feruloylated

3506-3524. oligosaccharides from corn bran against oxidative stress in PC 12 cells [J].



oM

PHARH, S5 R SCR 2R 2 R BRI 173

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Journal of Agricultural and Food Chemistry, 2014, 62(3): 668—674.

ZHAO B, WANG X, LIU H, et al. Structural characterization and
antioxidant activity of oligosaccharides from Panax ginseng C. A. Meyer
[J]. International Journal of Biological Macromolecules, 2020, 150:
737-745.

TRIPATHI S, MURTHY PS. Coffee oligosaccharides and their role in
health and wellness [J]. Food Research International, 2023, 173(Pt 1):
113288.

XbEfh, HA, TR, 5 WERSERGTAMARE] & B xHh R LA
AR, A5, 2024, 37(5): 43-48, 83.

LIU XW, CUI M, WANG ML, et al. Preparation of antioxidant peptides
from ornamental crabapple fruits and their antioxidant effects on oils [J].
Cereals & Oils, 2024, 37(5): 43-48, 83.

DONG S, WU Y, LUO Y, et al. Study on the extraction technology and
antioxidant capacity of rhodymenia intricata polysaccharides [J]. Foods,
2024, 13(23): 3964.

NAI J, ZHANG C, SHAO H, et al. Extraction, structure, pharmacological
activities and drug carrier applications of angelica sinensis polysaccharide
[J]. International Journal of Biological Macromolecules, 2021, 183:
2337-2353.

AR, AN T 2RI R LM B R BUE AR PRI SR [D]. Hh E
Behi, 2025, 50(7): 218-222.

LI SH. Study on the extraction of polysaccharides from cistanche and their
antioxidant activities by different processes [J]. China Condiment, 2025,
50(7): 218-222.

DZIGBOR A, NEGLO D, DZAH CS, et al. Total phenolic content,
phytochemical screening, antioxidant and antimicrobial activities of
borassus flabellifer and borassus aethiopum fruits [J]. Food Chemistry
Advances, 2025, 7: 100937.

DONOSO-BUSTAMANTE V, OSORIO E, ARIAS-SANTE MF, et al.
Antioxidant activity of sinapic acid anilides: DPPH, ABTS, FRAP,
electrochemical and theoretical analysis [J]. LWT-Food Science and
Technology, 2025, 222: 117656.

X ARRER, K, S5 REZWE Ll SRR
WPERFFE). AR Sk, 2025, 38(3): 81-86, 101.

LIU D, REN HF, YUN MY, et al. Purification, structural characterization
and antioxidant activity of ganoderma lucidum polysaccharides [J].
Cereals & Oils, 2025, 38(3): 81-86, 101.

XU 'Y, ZHANG L, BAILINA'Y, et al. Effects of ultrasound and/or heating
on the extraction of pectin from grapefruit peel [J]. Journal of Food
Engineering, 2014, 126: 72-81.

DU C, LIU X, ALGADI H, et al. Polysaccharide extraction optimization,
monosaccharide composition, and antioxidant activity analysis of different
varieties of gastrodia elata B, aerial parts [J]. Biomass Conversion and
Biorefinery, 2023, 14(23): 29353-29365.

CHEN C, ZHAO Z, MA S, et al. Optimization of ultrasonic-assisted
extraction, refinement and characterization of  water-soluble
polysaccharide from dictyosphaerium sp. and evaluation of antioxidant

activity in vitro [J]. Journal of Food Measurement and Characterization,

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

2019, 14(2): 963-977.

TESVICHIAN S, SANGTANOO P, SRIMONGKOL P, et al. Sulfated
polysaccharides from Caulerpa lentillifera: Optimizing the process of
extraction, structural characteristics, antioxidant capabilities, and
anti-glycation properties [J]. Heliyon, 2024, 10(2): e24444.

St BERZHHRICT 200 B AU S5 RO []. 2 ih e 42
BRI A4, 2025, 16(21): 303-312.

SHI JH. Optimization of extraction process of black garlic polysaccharides
and its anti-fatigue effect research [J]. Journal of Food Safety & Quality,
2025, 16(21): 303-312.

KURD F, SAMAVATI V. Water soluble polysaccharides from spirulina
platensis: Extraction and in vitro anti-cancer activity [J]. International
Journal of Biological Macromolecules, 2015, 74: 498-506.

WANG Y, XIONG X, HUANG G. Ultrasound-assisted extraction and
analysis of maidenhairtree polysaccharides [J]. Ultrasonics Sonochemistry,
2023, 95: 106395.

YUAN Q, ZHANG J, XIAO C, et al. Structural characterization of a
low-molecular-weight polysaccharide from angelica pubescens Maxim. f.
biserrata Shan et Yuan root and evaluation of its antioxidant activity [J].
Carbohydrate Polymers, 2020, 236: 116047.

U, AT SRR SR RAE R AR NS ERTSE[)].
[E & A5, 2023, 34(7): 81-89.

JIANG WM, ZHOU SY. Study on extraction, structure characterization
and biological activity of polysaccharides from Malus hupehensis [J].
China Food Additives, 2023, 34(7): 81-89.

JIAD, LIAO G, YE B, et al. Changes in fruit quality, phenolic compounds,
and antioxidant activity of kiwifruit (Actinidia eriantha) during on-vine
ripening [J]. LWT-Food Science and Technology, 2024, 206: 116564.

YIJ, LI X, WANG 8, et al. Steam explosion pretreatment of achyranthis
bidentatae radix: Modified polysaccharide and its antioxidant activities [J].
Food Chemistry, 2022, 375: 131746.

CAPEK P, MACHOVA E, TURJAN J. Scavenging and antioxidant
activities of immunomodulating polysaccharides isolated from Salvia
officinalis L [J]. International Journal of Biological Macromolecules, 2009,
44(1): 75-80.

WANG M, ZHU P, JIANG C, et al. Preliminary characterization,
antioxidant activity in vitro and hepatoprotective effect on acute
alcohol-induced liver injury in mice of polysaccharides from the peduncles
of hovenia dulcis [J]. Food and Chemical Toxicology, 2012, 50(9):
2964-2970.

LIN L, CUI F, ZHANG J, et al. Antioxidative and renoprotective effects of
residue polysaccharides from flammulina velutipes [J].
Polymers, 2016, 146: 388-395.

WaE. JREFEREHHRIUH % B A YRS RS [D]. R 7k
22,2024,

Carbohydrate

BU JY. Research on the extraction and preparation of polysaccharides
from North American hydrangea fruit and their biological activities [D].
Shenyang: Liaoning University, 2024.

(WAEHE: 852 R



