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Isolation, Purification, Structure Characterization and Antibacterial
Activity Analysis of Polysaccharides from Annona squamosa L.
ZHONG Yu', SHAO Qinghui’, LI Shanyu', ZENG Yufeng', LU Jinxia’, LIANG Jiawei’, HE Qiuxing""

(1.School of Pharmaceutical and Chemical Engineering, Guangdong Pharmaceutical University,
Zhongshan 528405, China;
2.Zhongshan Tiantu Fine Chemical Co., Ltd., Zhongshan 528445, China)

Abstract: To investigate the structural characteristics of water soluble polysaccharides in the pulp of Annona squamosa L.
(WPAS) and their antibacterial effects against foodborne pathogens, WPAS was extracted using ultrasound assisted
extraction, then purified. Its structures were characterized using ion chromatography, high-performance gel permeation
chromatography, infrared spectroscopy, Congo red assay, X-ray diffraction, Zeta potential analysis, and scanning electron
microscopy. The results indicated that WPAS was a neutral polysaccharide composed mainly of arabinose as the primary
monosaccharide, with an average molecular weight of 14.99 kDa, an amorphous structure, a porous network morphology on
the surface, and good stability in solution. /n vitro antibacterial assays revealed that at a mass concentration of 20 mg/mL,
the antibacterial zone diameters against Bacillus subtilis and Pseudomonas aeruginosa were 20.34+0.75 mm and 10.21+
1.47 mm, respectively, and minimum inhibitory concentrations of 12.50 mg/mL and 17.50 mg/mL, respectively. Antibacterial
efficacy against Bacillus subtilis and Pseudomonas aeruginosa was evaluated using cell-membrane permeability assays and
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adenosine triphosphatase (ATPase) activity measurements. The results showed that WPAS disrupted bacterial cell

membrane integrity and significantly inhibited ATPase activity, thereby exerting significant antibacterial effects. In

summary, WPAS demonstrates significant antibacterial activity against Bacillus subtilis and Pseudomonas aeruginosa.

These findings provide a theoretical foundation for the application of Annona squamosa L. polysaccharides in food

preservation and functional product development.
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PR, FERE L 1:15(g/mL) InAZlifboK, 258
SEhEFE 20 min J5 T 100 °C #E47 3 h [ HEEL 78
4000 r/min £5.0> 20 min 53 BEASWIHE MR . URIE LS 15
FHAEAIK ST BRI SE IO IR, & 1 s M 4dn 22 i
WARFR H 52—, A S AR ECH 95% 21
WWT 4 °C #¥ 12 h J, 4000 r/min 0> 20 min X
LVIVEY), 15BN ZH A W
1.2.2 Fapkipisssifh  MRPESCHRITERY, 4HH
ZhE S alifb/kIEE R 1:21BA)5, A Sevag i
FCE DT B T EE=5: 1) #4728 (1, A Wi 3% 52
15 min, 7£ 8000 r/min, &.0» 20 min, E & FICHE M
ZURYY o K ARTE Z5 BR A HLEE R, I AT & 53 %K
15% 3oF Ak S0 MR IS in 4 Sy 15 AR T 20%) T
40 °C TEIRIR G, 4 h, FriS W& kg b 3 )5
AL 531 3500 Da [9iEHT4E, XUZE/KIENT 32 h
JEHATR VR TR . T iE— 20>k DEAE-52 £F4E 3R
( Diethylaminoethyl-52 Cellulose, DEAE-52) #E#£47

chia coli
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SRl KA PRENTAE T S, o 30 mg WY
F 1 mL XEEAKHF(0.45 pm JENFEISIE), VYRR 7%
18K . 0.2, 0.4, 0.6. 0.8 mol/L S ALENIE MR, ik
>4 1 mL/min &, 10 mL/A8 AR BRI UE , 158 FH A8 193 - A
[Pl RSY A b TRs s L | N5 & ) A S (Il B = e S A DIVAY
JBLH 5y, Lo AT R | Wedn Jdn T, 1S B FF5 AL
SR K %5 M 22 B ( Water soluble polysaccharides in
the pulp of Annona squamosa L., WPAS)

1.2.3 RIS RAE

1.2.3.1 NGRS AP BRI E SN
S AT S BEER I (4 7 3 EA T 5 BB 2 ) e AR A R
ATEEPY W 5k, B AR TR T 2 mL 3 mol/L
= LMR, 80 °C F/KME 2 h g FHHASR W T, Jin A
5 mL /KIRZE], B 50 pL #E 5, I A 950 uL Z&4E K,
11000 r/min B.0> 5 min, B_E3E R IEFT B T (3% 5y
ro B F %4514 "~: Dionex CarbopacTM PA20 4,
AT A2 E R 25, T shAH: A: H,O; B: 15 mmol/L
NaOH; C: NaOH-NaAc 25 (15 mmol/L NaOH #
100 mmol/L NaOAc); Vel A& : 0~30 min HH 100%
C ZRPEAEZE 50%A Fll 50%C; 30.1 min YIH5] 30%B
I 435 F 46 min; FHE 0.3 mL/min, FEFER 25 pl,
IR 30 C.

1.2.3.2 43 FEE Z88 CHANG 252 Jyifyfe
Bk, @ik RSEME4 BRT105-103-101(8%300 mm)
BE A Xon Z Y1 6K 28, Wi s 4H A 0.5 mol/L
NaCl, i 0.7 mL/min, FEi#& 40 °C, #FEEE 100 uL,
B B B AR AE S (5. 10, 20, 50, 100, 200, 400,
800 Da) FIFE 4 AT 1 mL FahAH, Bl
5 mg/mL W, #7575 4LBE 15 min J§ 11000 r/min 25
Lr 10 min, B EIERZE 0.22 um JERGENEE IS, R
oA o it L8 B B TR] 2 AR o I £k 1gMp=—0.1188x+
9.1895, R?=0.9953; 1gMw=—0.1179x+9.1556, R’=
0.9947; 1gMn=—0.1185x+9.1642, R>=0.9960; 3 & Fx
WAL, TR AR I 4 TR/

1.2.3.3 £I4MGIE T L0AMNGE AR PR AR A2 (1Y
Tk, B 1 mg 285 100 mg KBr o B & F, 7E
4000~400 cm " FA LI/ GG

1.2.3.4 X GFLRATHIIE R X Sram g ife =
AR RE 5°~90°(20) 5 FEl AR & B9 Sh A4 25 44,
Cu-Ka 57 5T, HLE A 40 kV, HLT 40 mA, 33 10°/
min, 251 0.02°,

1.2.3.5 ZISGELSMME  ARIEFER TR, K
1 mL ZHHEW (1 mg/mL) 5 NIERLTE# (80 pmol/L)
SRR, W ] 5 BA5 =18 hesh ) n 2 hhm
i 7K AE I Uk S e 2 G, S 330H: e W e
KAk, HEIMA 1 mol/L EEALNIE R, 1
AEALENE TR U BE 5352 0. 0.1, 0.2, 0.3, 0.4,
0.5 mol/L, IR G ¥&% 5 J5 2 IR & 25 min, BEE
DA B T v, — MBI 435 A0 320 T i e Al ) SR T 0 S

B, PR R AR TEERE . T 400~
600 nm YA PN BT IR TS, B 2 AR FR i R IR

1+ ( Maximum absorption wavelength, A, ) b7 29\ 4

b, BRI LA TR A AR R 100 NaOH 285t Bk B Ak

AEFRZE I HIER

1.2.3.6 Zeta BB AL xE AR H8 STk J7 75 P, 5T

WPAS WAL L. il 1 mg/mL i WPAS
KW, F13m s HC1 A1 NaOH 5 H pH & 2.,
4. 6.8 Fil 10, 7E= ik N FIH Zate H AL 53 AT A 7
pH X WPAS # A5 tEAh, 45 1 mg/mL
i) WPAS ¥, 534 NaCl. CaCl,. MgCl,. KCl1
Fil FeCly, R ZARGHW T Na™, Ca™ Mg™ . K"l
Fe "B Tk JE X F] 1 mmol/L, IH#iH Zate HL/ 57
BT HEZE IR T 5T AS R B X WPAS 8 W HL LY

Al
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O ATEREE . KIGHFT B . SRIRAT B o0 PP T KB

B el s, F 36 C HIRE A i E
¥ig% 24 h SEMWIAE NG . FETCEE SR, PR 2~3
MIEAG R B 551 2 K A B S iR R s a2 5 b, T

36 °C [HIEFEFEFA P k3% 1k 15 ho B/ HICH
A BRER K PR AR PRI, R BRI TR PR B R

% 1x10° CFU/mL. S HER 518 45~50 C 19
EFEHNRETIRILAE 1110 MR IR A 5 i,
HEE J5 DA TS T FLAS #8542 6 mm FLo<, Bl

A 80 uL AR[EFEHHEE (5, 10, 20, 40 mg/mL) £
WEES WL, For B A BHPEXT IR (30 mg/mL A8 R IH

WO AT (GBI ZK ) o 37 °C fHIERTFE 24 h /5,
SRR R RO P Rl A% (mm) .

1.2.4.2 H/NMIEEHE (MIC) il AR 8 SCHk oy

10OV e WPAS X) 32 i B 19 B /NI PR M BE . AE
96 fLAR v 43 Fm A BT &= e B Dl 20,00 17.5. 15.0,
12.5.10.0. 7.5, 5.0, 2.5 mg/mL ) WPAS(100 pL),
PREEARBUIMA BB (P2 1x10° CFU/mL) 5 5%

FEFIR A, BRIl 300 pL. K 96 FLIRE T 36 °C
BEFEFA T RE SR 24 h 5, SA S EE AR RSN ODg,, {EL AN
PRI 37 3B AR Wy A B O, LATC AR T B

ARARE BT S v B A e MIC H .

1.2.4.3 A0S SEMENNR SR B SRR =

XS 0 PR 2 S 32 PR AR i R A TR A

P8 A B ZF 0 AT B RN SR AT B 4 B o IR s L

0.01 mol/L B2 L% vhER W MK VE U =R I H & . HL

10 mL B2 4 BN A 1 mL ¥ 5 48 Jy 2MIC .,
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MIC. 0.5MIC 14 Z I B SR BT B 7K (25 [ X
1), IR-EJE ST EISRAE 0 min WIUAEFREAR, bS53 30 min
[E)BEAFFEERE S 180 min, AHTELEIALE 5 mL IR &
W&, 2000 r/min E5.0> 10 min Ji7 B - 375 W B 10 7%,
SR FH B85 30 RS W FBL (L, AE FR 538 g LT i
B AR AT

E, -E,

n(%) = ¢ x 100

i n FoRAAXTHL T, %; B TN AR SAb
BRAT A L S22, uS/em; E| s AL EE 0~180 min
B AR5 38, uS/em; E, FRnFE AL 180 min J5 48
AR HE M HS2%, uS/em.,
1.2.4.4 ATP BHEMEME  RA ATP BEE A
S PRl Z AT AN B R AR 9 m, 201 1.2.4.3
IO B AT R R AT B A AT B PR A . 535
1] PR R TR AN BT = vk 5 Sl MIILC 1Y 220 v A 31
5 h, 2000 r/min B5.0» 10 min JEUSSEEIAZS 0.01 mol/L
W IR 22 vhER I MR P Uk — R 3T HE &, 8000 r/min &5.0»
10 min FREX_ 5, 248 10 5 BE 2 B S a2
ATP BEFHPER, ATCE KA FRLHAE R 2 AT A
1.3 HIELIE

SCEG YRR 3 IR, FU¥E A Excel 2021 #EFTHEEE,
SR DPS 44t 725 55 i 2 ST, 18 R4 il A
GraphPad Prism 8. Origin 9.0 Z5§k{4:.,

2 ZERE5Sh
2.1 EHBZHENRE. SBEA

K 2 ¥ il i+ DEAE-52 A1 )2 M 40 B )5, 18
0.2 mol/L NaCl # BEVe it 4514, 3R15 — 2 45
(WPAS) WNIE 1 s . WEEIR L 43 & T M R+
TR PR, DAy - iRy s JHL OB & e, SR P
W SRR 22 il W DG B -k B2 il 2% (y=0.0078x+0.1405,
R>=0.9911), 45 B3] WPAS BB & H N 85.26%==
0.69%. 53CHR [33] KR8 197 75 B S S 20 BobE &
H(51.54%+1.30% ) AH Lk, MR 5B alifh s i 2ol &

.
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Fig.1 DEAE-52 elution curve of WPAS

2.2 BEHFZPELEMIFRIE
2.2.1 EAHMNERE B BAEH AT WPAS 24Nt

(& 2)7E 260 nm F1 280 nm A0 UL BH S 5cig, FEHH
RNEZBAE AT BT O aPras R wos (& 3
IR BANERRUE, B 4 Sy WPAS K5, WPAS [ Ara,
Gal. Glc. Rha Fll Xyl T EbHLE L, BEIR LY 0.892:
0.066:0.020:0.017:0.005( & 1), LA Ara Ffll Gal &
x, Ew TR, 5B SO0 BB b
(Rha: Ara: Gal: Glc:Man=3.79:58.08:4.75:1.34:1.00)

0.20 A

200 300 400 500 600 700 800
Pk (nm)
Kl 2 WPAS £4MGREE

Fig.2 UV spectrum of WPAS
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Fig.3 Chromatogram of mixed monosaccharide standards
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Fig.4 Monosaccharide composition chromatogram of WPAS
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Table 1 Molar ratio of monosaccharide composition in WPAS
b WPAS
Ara 0.892
Gal 0.066
Gle 0.020
Rha 0.017
Xyl 0.005
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AL, ARG KB T Xyl BIAFAE, X —Z= 5SS
SEEAA AL B A BT I B AR G .

222 SFFESHT SrTEESPENOCHEEMESZ —,
e 00 4y iR R S BOA TR T R TS TR N B

Jin, AT R LA R R R RE A R 450 aniE] 5 B
7R, WPAS TE 35 min 7247 T 4f 6, SR H 7 5
FAXTEL /N AR YR SRR E I Z 58, WPAS Y&
#1453+ 5 (Weight average molecular weight, Mw ) &
14.99 kDa, IE{H 43T 1= (Peak molecular weight, Mp)
A 14.85 kDa, ¥{J 4 F 3 (Number average mole-
cular weight, Mn) & 14.42 kDa, CHEN Z5P iff 53¢ %
B, 43T TR N AT SR Ze M R I AR B AR

ATEPE . BLBHEAR A 43T 2 005 P e U

VERIECSS, P2t 1 T8 2 a0 s A R AL, XA B 1

HAYE TR R HEPT,

—-10 0 lIO 2I0 3I0 4I0 5I0 6I0 7I0 8I0 9I0 1(I)0
AHIE] (min)
Bl'5 WPAS 45T (1 ]
Fig.5 Molecular weight distribution chromatogram of WPAS

2.2.3 £IAMCIELERIrT WPAS £L 48635 E an
Kl 6 Fr7n, 76 3440 F1 2941 cm™ &b H B0 14 W2 AL 15 53
SFFETF O-H H45I=sh A1 C-H 145 I=3h5; 1624,
1411 F1 1346 cm™ &b 453511 5 C=0. C-H &
C-O FYAFNEPR AR SE; 1097 F1 1028 cm™! A4k A9 W% Wi
LEFE RBEERH 1Y) C-O-H FIl C-O-C #Pr3h, 1E Fyntkisg
HAAFNE R ISGE, FRIHIZ T 205 — il
MRPHEERE) 37 F 840 cm™ ALAM I A o TR NIEIRG i
PEEREYERAE, T 910 em ™ BRHIT A4 W2 S0 D)X 7. B 750
NHk R P B B AR AE B AT, WPAS J&E —FR R
a K B RUBE T BEE A A LR o

B (%)

4000 35IOO 30'00 25]00 20IOO 15'00 lOIOO S(I)O
AL (cm™)
Kl 6 WPAS [HLLAMLIE
Fig.6 FT-IR spectrum of WPAS

224 X-HIERIGHIES R8T @i XSt atE:
AT WPAS B9 St F e R T 2 AE, AT S -G an
7 s . SEEGZS R BN, WPAS TE 26 8 21°8tiT
ST AR AT S0, ARSI B I8 1) S AR R I,
X R HZ AR R ARG 7 1 R 44,
HFRLITEESIE A WARRRHIETTREH £
WAL A4 55 1) S ERFITEAEARAH B AE R PITEL, TCIRIE AL
FasE 1 i A HEZ 01,
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2100 -

80 -
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GiEp!
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3120 (°)

K7 WPAS 1 X SH&ATaT A

Fig.7 X-ray diffraction pattern of WPAS

2.2.5 SMEGEZERSHT  WIZRLIS RS G S5
T A, FOZIRS, DRI T LA A SoARFRE i 75 AT =
WEBELE A, Srub gk AN E 8 B, B S A LN
VA YR HC S BB B B, WPAS-RI SR 4T 58 A1k & 1Y
Dmax EFRERSE N RS, HHAS L5 BT B2
OKAEAR Z2) FHAL, 2] WPAS JC = I8 A 24 1E .
XRS5 I ST A A S EA T
EZES, el TR 2 5 . R T 2N s,

500

495 +

(nm)

490

%
g

o

485

Ot T T T T 1
-0 0 01 02 03 04 05 0.6
NaOHV& % (mol/L)

K18 WPAS HINIRELAR A
Fig.8 Congo red binding assay result of WPAS

2.2.6 ZHRHERITEETESNT  Zeta M BISTHL
A 22 114 2 T Pl s AR R HES R ), LA XA ORI R
R UnE 9 Fras, WPAS BRI Zeta HL v 58
pH 2ACAx 5L 5 LA AR b FEIR MRS (pH2) T,
Zeta A S—5.81 mV, FARLL X {H 2= BH 1L A 22 i i
o7 295 LA, R 8] i L R AN 2 DL SE AR B fE AR S |
J1, IR R A TF 3 1 AR Fa S IRAS s XS pH THE 4 B,
Zeta L A—33.86 mV, X AN T 25 F AT
HER 22 BT E FH o B T 1 2 ra e 2% 2, (e filt
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R HEFR J1 8k 3 AR E AR, AT BekasE ik
R 25 T pH6~10 JLEEIN, Zeta HL A7 48 B IR 24T T
10 mV, FHMR RN LRI A 1o RR e T, (FLBE 5 3
BN, ¥R LA B R R SR T BE S R T RE M S AR,
TS FEL R RSO 55 A TRIASE BEASON, i P RV E FH & 2R
AR PRI 4 B B X WPAS Wk sE vk
sz ULIE 10, 455 B 525 X IEZH (Zeta HAAZ
HXHEN 36.03 mV)AHEL, 4 (Ca®'. Mg?") Xt
A (Fe*) &)@ B 7 I BIEAK Zeta HLZ ZEXHE, Hop
FS'"VEHE . IR ATE Schulze-Hardy #L0U, B[
T2 75 BH S 3 e R 4 XA 2 7 A FEL ey o i s
HI 55 % i HEFR J1 IR 5T MK & &, S EUAR R
FEME TR, Na'tys5| A Zeta H A 48 % {H 3 K
(37.13 mV), "l BB R RS MR B s R s fer .
RIHFTLE PR, WPAS TR pH MAKE R4
F P EAE RS E .

10

-40 30 20 -10 0
ZetafLfi (mV)
K9 WPAS 7EAIR pH 44 F AL
Fig.9 Zeta potential of WPAS at different pH
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Fe¥

E[.E Mg2+ -

-
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SR T

Na* 1
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T T T T 1
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K10 WPAS e [RGB 745 1F T B fir
Fig.10 Zeta potential of WPAS in the presence of different
metal ions

2.2.7 FARETFRAE AT R AR A

E 11, WPAS 7E 2000 AEECT S BTG E TE 4
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Fig.11 Scanning electron microscopy images of WPAS

at magnifications of 2000% (a) and 20000x (b)
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Fig.12 Antibacterial effect of WPAS on Bacillus subtilis,
Staphylococcus aureus, Escherichia coli,
and Pseudomonas aeruginosa

#2  WPAS X PUA e 30 B B4R (mm)

Table 2 Antibacterial inhibition diameters (mm) of WPAS
against four bacteria

i LUMATI A EAATERE KRR AR A
30 mg/mLAAREER 18.14+1.15  19.67+0.87 17.83+0.36 28.56:0.28
5 mg/mL / / / /
10 mg/mL / / / /
20mg/mL  10.21+1.47 / / 20.34+0.75"
40 mg/mL  13.52+0.88° / / 21.47£1.39

e AR EEN; SEBEHE L, *FREF 13, P<0.001,
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B/ IMIERHR SR WPAS XAl B ZE AT B Fag ik
FRER AN B RE 1o 2 3 NI 1, WPAS X Al 90 254t
RS A B/ MIEETACEE S 12,50 mg/mL, 5% £ AT
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3 WPAS XA 2 AT B RS AT BT Ay foe /N T ik i
Table 3 Minimum inhibitory concentration of WPAS
against Bacillus subtilis and Pseudomonas aeruginosa
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Fig.13 Relative conductivity of Bacillus subtilis (A)
and Pseudomonas aeruginosa (B)
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