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Abstract: The study investigated the effects of modifying pineapple insoluble dietary fiber (PIDF) using ultrasonic (US),
ultra-high-pressure homogenization (UHPH), hydrochloric acid (HCI), or alkaline hydrogen peroxide (AHP) treatment on
its structural and functional properties. The correlation between PIDF structural characteristics and functional properties
were analyzed using scanning electron microscopy (SEM), X-ray diffraction (XRD), particle size analysis, hydration prop-
erty analysis, and measurements of glucose and nitrite adsorption capacities. The results showed that all four modification
methods significantly altered PIDF structural characteristics and functional properties. SEM revealed increased surface
folds and porosity in the modified samples, and particle size analysis demonstrated significant reductions in particle size
(P<0.05). Fourier-transform infrared (FT-IR) spectroscopy revealed that no new functional groups were introduced. Among
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the four modification methods evaluated, alkaline hydrogen peroxide (AHP) treatment exhibited the greatest improvement

in hydration properties, increasing water holding capacity to 23.91 g/g and oil holding capacity to 19.68 g/g, while ultra-

sonic (US) treatment yielded the highest water swelling capacity (12.78 mL/g). Regarding adsorption properties, US treat-

ment showed the strongest glucose adsorption capacity (862.74 mg/g). AHP treatment achieved the best nitrite ion adsorp-

tion capacity at pH2.0 (450.66 ng/g), and ultra-high pressure homogenization (UHPH) treatment was most effective for

cholesterol adsorption (4.11 mg/g). These results suggested that AHP was more suitable for enhancing hydration-related

properties, whereas UHPH was preferable for improving adsorption performance. In summary, the four modification

methods not only altered the physical structure of pineapple insoluble dietary fiber (PIDF), but also improved its chemical

functional characteristics, thereby expanding its potential applications.

Key words: pineapple; insoluble dietary fiber; modification; physicochemical characteristics; functional properties; struc-

tural properties
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B 2T 4E (Dietary fiber, DF), 38 # &8 AN HE
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it 45 FH, fiv44 A Original-PIDF(O-PIDF) .
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B 5 g PIDF #y K F 150 mL AYBEFRPIATA 100 mL
ZEIRK, B TR I EEAS B LA 800 r/min FREEi
30 min, 3RFFIILIHIETF IR . B 100 mL Hilf3 A9 B 7%
W, Fe R 22 150 mL BOBepr R, ST AT . 2
HRFE AR 20 kHz, fy il D128k 500 W, XTI iR
SREATALER 1 h(2 s:4 s TAEAREEWD) . AbPRgs
J5 RIRE S AT A YR VR TR, WS, 33 0.25 mm i,
TR el PIDF B4, /744 4 US-PIDF,

1.2.3 PIDF () UHPH sttt =% £ BN 107
VEPCrE . PIDF # BEUEHAZ L 1:100(g/mL) in AZE1H
IKIRG 5], I AR A T I s A 2, dF 224
JHAESTE] 10 min, B 70 AL 7% 546 2 2588 = R AL,
TE 100 MPa J&J) N ATHI B LA . AbFREE RS X
FER AT L AS R T8, B, i 0.25 mm 7, HiliS:
AR YA BTkt PIDF A% 5, @44 &~ UHPH-PIDF .
1.2.4 PIDF (1§ HC1 2t =25 X1 ok 25 U8 14 7
Pttt . PIDF #%Z ORI LK 1:50(g/mL) in A 1.5%
HCl B RIR & ¥4, 48 59 °C 185 iR /K W g J1 Bt +F
(100 r/min) 1.5 h Ji5, BUH &8 RF 58 2 BimUS P85 pH
Z b, T e, AP S R AT B A
R, WP, 3 0.25 mm 7, HIFSEERRTE PIDF A4
i, fir44 4 HCI-PIDF

1.2.5 PIDF (4§ AHP otk S35 0 ik
2ot PIDF $2I8RHE L 1:20(g/mL)JIA 2.0% AHP
EWIRAI4) . R 5 mol/L NaOH ¥ 417 1A F
pH %= 11.0 J&, 80 °C fH R /K &L S1HFE (100 r/min)
4 h, SRR, BL 1 mol/L HCl I B 3 Uk 2 vhik
IRAS, A THIUEAL IR . T IS8 Lo 251 /K I A2 T Uk
2 WRJe, XHRR R A T B AS R, RS, 13 0.25 mm
5, AR AL S ekt PIDF AE4h, 444 AHP-
PIDF.

1.2.6 M T BMEE(SEM) SRR B T B
BaEE PIDF RETESL, MR 15 kV, 537
TR 300 £%5F0 800 %

1.2.7 AHEHEMHLASEE(FT-IR)ME SR AME R M4
HMCHEAKT PIDF W AEAE (B RE A BEAT 50T o I 4
JEHE 500~4000 cm ', 3 H¥3 4 em !, FHHHIREL 64 IR
1.2.8 BPEALFEXT PIDF i XRD 438 FIAH X &
LA S PIDF M4h sh a5 M A 7326, TAEHR R
30 kV, TAEH L 30 mA, T8 MAFAHTERE A 5°~90°,
M 3HE: 2°/min.

1.2.9 ¥R 5rAMIRE  FREX PIDF A5 AR PR, DAZENE
IKAESF G 45 il 0.1% BRI, 7E 25 °C BHmad g
SRASLEE HAS A3 BT S 2 P-4k A o
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1.2.10.1 f§/KJ3(WHC)  WHC M¥s ZHU S50 fy
J7 M AE . FREL 0.5 g PIDF FE 5 (380 m) B T
10 mL B0 (BB EICN my), LA 5 mL 28
WK FEAHRA), F 37 °C RS FHFE R 1 he

%% 4000 r/min 5.0 10 min 5, B FEERG, K
LD KOTTEY) ST GRS my) . FESRAY WHC
=D PEFTHEL

m; —1m,

= (D

WHC(g/g) =

o, my SRR ETRES TR, g5 m, 2548 0T,
g my SHELLE I K ERES TR, g.
1.2.10.2 i 77(OHC) OHC #R#t ZHU £ (5
HEMAE . FREX 0.5 g PIDF A£45HGEN m )BT 10 mL
BT (EE R EIE N my), IIA 12.5 mL 2Kl
FEATIRA), T 37 CHHBAMH FHE RN 1 he &
4000 r/min &.0> 10 min J&, Bk 1 )2HIE)IZ, FREE
O BULTEY) AR (B8 my) o FESHAY OHC
Q) AT

OHC(g/g) =

m; —1m,

= (2)

R, m, I BTEESS &, g5 m, NS R,
g5 my A B PGS RSB A, g
1.2.10.3 WoKEAK S (WSC)  WSC =Yg ZHU 451
M7 I5E . BRI 0.5 g PIDF ££5: (308 m) &8 T
10 mL B0, inA 5 mL 2808 7K )5 10 R0 iR A TR
G2k Vo £ 37 °C fHIEZ)Y 1 h I 4000 r/min 2
> 10 min J&, IERUTIEWIRLGEN V,) o R
WSC fH=X)#A A
vzr;v, X3

o, m K ETRE T EE, g5 V| KRR
AT, mL; V, AWK SRR SRAAEL, mL.
1.2.11 2CPERTE PIDF #iZE I RE 1 (GAC) iyl
A GAC AR 5 2= 4 B AU 19 7 B a2 o B
100 mL(iC > V)50 mmol/L 7 26 M 15 W () B Tk B
it M ¢), ILA 0.5 g PIDF FE5h(GEN m), F 37 C
IKEZM FIRB N 6 he W R Z: 4000 r/min B
> 15 min J5, B EVEW, >R DNS [E35 T 540 nm
W A ) e W S E P BEiC N o) o BRI Y
GAC HAH= (DI T

(c,—¢,) XV

WSC(mL/g) =

WD)

o m WRRS TR, g5 ¢ BRI T Y
AEPPEHE, mmol/L; ¢, ARG I8 R s Aipii
B, mmol/L; V A AR, Lo
1.2.12 XM 1T J5 PIDF W A 18 4R 25 7 % [ fe
(NAC) U 52 NAC M5 2= 4 e 2514 19 Jy v i)
o SrilBEeH] 25 mLGESA V) 500 pmol/L MV iR 4N
R (RIEEHRIEIC N ), 2N 1 g PIDF #£ 5 (5
ic >k m), F]JHER R /NaOH ¥ W 8 51K & pH &
2.0(HEHL B R FREE) A 7.0 (B RAEE) o K I
RFZETF 37 C /KGR Y 2 h, 4 4000 r/min
B0 15 min i, BUEW W, SRAERRRZS 2 e th ik

GAC(mg/g) =
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F 538 nm AR E T SCAE CRETHR IR ) o
FESRIY NAC =0 (S) #EF T1HA:
NAC(ug/g) = =XV & (5)
K. m PR, g5 ¢, MWMRT RIS P A
Y AEPRENIE A, wmol/L; ¢, AR 137 v
PR ER A, umol/L; V IR FR, L.
1.2.13 2PERT)/S PIDF AHEBEW Y EE I (CAC) il
A CAC R ZHANG 5P J7 L R i ede E 90 %2
ey L st B e A 2R o IR [ e e 2 LA R
TEAAF AR BB KARRE, AFSE 358 FH BT e AR v
D5 AR R 55 e BSGRT E B BORE o, ¢ 1:9 IRFH L
HEEF/KIES, B PIE A —ZL i Gy
c)o PREX 1.0 g PIDF #£M (22N m), 5 25 mL &%
MBI TR GER o), B WK FR BT 37 C 15
TRIRS 28, BB HEE 120 v/min 2L 2 he W
BT, A 4 AR FRIC/K LB EA TUTIE AL B, il
J& A 4000 r/min 5 .0> 20 min, ¥ H 25 mL 5 5
RERANE R LB X B, SRAE B0 IHIR(IER ), SR
SR I LE 3 T 550 nm I K AR 5 W G .
Feihn) CAC fHH = (6) TR

CAC(mg/g) = W x25 X (6

o m SRR EL, g5 o) M IR EFLK (R
B TK=1 )RR IR [E SR, mmol/L; ¢, A
X RRZH ({1 25 mL FEWA BRI, N0 PIDF #8485 ) &0
J& 1 W AR 4 A [ YR B, mmol/L; oy S SIS
(PIDF #£454+25 mL MBI NS ) &0 _BIEW
F4) RH [] 529 B2, mmol/L; 25 hy 78 15 76 R T A4 B,
mL,

1.3 HiEAIE

AR S R A3 2058 AT 3 Ok, S SR AT
{H+FREZE RN, SR IBM SPSS statistic26 #£4722
S ZEPEST, A Origin 2021, FH1 WPS Office #
ATER AL PRANZ K]

2 FR57H
2.1 ARG ELIEST PIDF # SEM 234

FHFTE B LEEE S AE 300 F1 800 13 A%k
THYEASAE ., WiE 1A F1E 1a iR, O-PIDF 3L
H G 0 2T NS I 25, RT3, Stk ] AR
TR T FR AL, U ARSI g a4 b 5
B B A 2R GE R . AL Z R, PURP e IR
PIDF 280 H SR TN, HAREAE T 75 S0 B i 1Y)
ST WETMEERN B SCI | RIAR S AR IE B3 TE . FE kL
RERR RGN A G 3Bk T2 PR T A b
D) O E N LTI WA sy e AR s e IS o s
2k 2R A B LA ST A PR 2R TR G5 A1) . UHPH Ak
Hif e PIDF 28R S E a8y bl ) | ks
TR A P Rl 7 LA K 25 7R D 48 e 3 30PY . HCL

AN AHP AL LT AEOULZE A RN, 5 E0ER I 21 4
R PLT YRR SRRy [, T2 AR T F LI, i
FRAALIR R X BELE RSG5 T KB i
AEJT, [FI il PIDF INER AR MEFNAE R Pk AT B 22 2%
B, MR T S R PRS0 AR AR, oA T SR
Ji. Ry WOKIEIK T 1 . AR R BE T A AR
MRS TR RE T2

K1 AR AR BT S PIDF B RO
Fig.1 Microstructure of PIDF before and after different modifi-
cation treatments
E: A O-PIDF(300x); a & O-PIDF(800%); B >y US-PIDF
(300x); b > US-PIDF(800x%); C >4 UHPH-PIDF(300x); ¢ &
UHPH-PIDF( 800%) ; D “& HCI-PIDF( 300x) ; d & HCI-PIDF
(800%); E iy AHP-PIDF(300%); e &y AHP-PIDF(800% ),

2.2 KHALEE PIDF B9 FT-IR 44f

Wi 2 Fios, FAG e S a9 PIDF EoAAHIRY
JeigAR=C . £ 3300, 2930, 1630, 1336 F1 1035 cm!
A BT W, 43 %) 5 -OH., C-H. C=0. -CH #I C-O
YRBNAFHZE, J2& IDF (98BI ¢ 3300 cm™ 4b
URER BN IS B 52T Yl 2 | LT AR AR
F1-OH mhEPRsA 2%, 5 O-PIDF AHEL, Zead ikttt
ALFRIE Y PIDF, 7E 3300 cm ' AL W7 sC IG5 BE 55, X
LS TR SR B8 55, 2930 em ™' &b
WA S F 22 43— v FE RN Y L1 C-HL (4R 3h

--3300
-- 2930

S AHP-PIDF

5 HCI-PIDF

% UHPH-PIDF
US-PIDF
O-PIDF

4000 35I00I 3600 25|0() 20I00 1I5I()O iO()IO

HEL (em™)
Pl 2 ANy MRS PIDF £LAMGik el i
Fig.2 Infrared spectra of PIDF before and after
different methods
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FEAERY, I T AT HEEE A RRAERY, 1630 ecm™! &b
AR I A, G B IR T AT e R LR Ik . AR
T ul AT 4 32 P B BRI AN S R RS I RER B2
1336 cm™' ZbPYHFFAE UG IR IE, J& B COO-MH4E IR 2N
F AR ILF T & P, ZE 1035 cm™' ARz
U IR F AT 4 R LT 4 FE Yy C-O FPIHgs R
P, 903 ecm " bW, DR R A A
C-H a5 izl XLLIGFRBH, M A BT 2
Wb R R R B S B T AR R R IR
UHPH #bFH S IR LT 4 2 ARSI . 25 1, R
[ ket Jr I ARk PIDF HEr R 82, (H %)
B RER A 4aTR B A T SN .
2.3 UMALIE PIDF B9 XRD 93#f

IDF (4 a3 s b o, anfe
K AR AN K BZRKRE 1 SERH . ANl 3 s, ANEER
PE AN FEXT PIDF A9 XRD & 3% KB AR . O-
PIDF YE 15.53°F0 21.77°4b {2 75 H B 2 a9 SR AE A7 5
W, 7 34.29°4b UL £ 5] 14 A77 5 04 54 3 B AEK, TIESE O-
PIDF f74F HAT JCE N4l i X sk ) 27 4 25 1 s
A3, MRS PIDF AR 2 A S IERESN
LA, RO A B IF R B AE PIDF /Y Sl AR IS A
TE 15.53°FfHT, PURPSCHERE S AT ST AR 58, il fE )
B R P AT 4E R AL R BN PY . AR 21.77° /T,
US-PIDF 1 UHPH-PIDF I AR 199341, 7] 8 5 41
A FETCE T X I S EE W 244 5673, HCI-PIDF 0
JEAS 5 | ISR BEAR S, "I RE S & T A IR T
PIDF MJICETE X, HXTIESE & XA A e T
IR, FEAIR T IS8 TE X, SR A R 6P, PIDF
TE 34.29°Kbigenis AR, X nT BESE TR 06 P21 4
A5 F R IR AN S, R AR AR A SR F IR R,
PIDF FAUEA oA 2 90 S 2B P AR, I 5 3R I 21 4
FALh SRR R A AT

15.53° 21.77°  34.29°

W4 i HCI-PIDF

UHPH-PIDF

SHRE

US-PIDF

o L . ) IO-PIDF
10 20 30 40 50 60
20 (°)

K3 AFETJ5kkRT PIDF 9 XRD 4]
Fig.3 XRD patterns of PIDF before and after modification
by different methods

2.4 KMHEAIERT PIDF RfR AN

kit 2 IDF YR fb 2 fige et iy — 4~ 22
FRAE, 5 WSC. W8 77 DL K B 5 il e is B (el A
B & 4 J¥F R, US-PIDF(121.22 um) . UHPH-
PIDF(138.07 um) . HCI-PIDF( 156.67 um) Fll AHP-

PIDF(191.70 um) T O-PIDF(391.98 pum) kide .
UM S RAR RN RS 55 AHP 20 F 5 A 5T 22 19 5
SRR A3 TS P IO ) DB %, XA Al AL N 5
EKGHEREMSGE R BUEAESCOC R P, FRAb R 5 R
AU/, AT T B 4T ks b 2R AR, i385 m
T AkSE Y 5T W BRI A A i, 2 1T R 5 B R
F1B%, UHPH B S50 RIAR B8 ) U3 B 588 e &
LA E TP A= 04 i S8 U] . XA | A5 o R
YEFIRAE PIDF fYSS MR IR, JURZ T2, AT 5234
BEAE YA /INEOT R R AR FHURE ARy /N U DR TR R X
PIDF MZsAU/ERMY . L 4EmpRifsmis)s, th R
BB, A R H P ES G PERL AT 2 8, $ i HoK &
HE I I RFTRE

400

K4 ARJTESERTS PIDF BF-Hpkife
Fig.4 Average particle size of PIDF before and after modifica-
tion by different methods
T AR PR R 2257 3 (P<0.05), T 5~ 7 [

2.5 BUMEALIERT PIDF 7K & S1RIE2M0

= WHC ml e gEHEME A, D s B, A i4a
RI5R B B AR g N BT B B TR), A3 AT B i i
PR IO A nEk 1 s, 2SS PIDF @9 WHC
2.3 # T O-PIDF(P<0.05), 5 O-PIDF #H Lk, AHP-
PIDF 1 WHC ik 2] f K {H 23.91+0.02 g/g, ¥4/ T
3.76 % . XA ALV T2 S5 PIDF 2 LA T
LER AT L) g B 2 A KL A I R Pe e i AR, Al
HAARAR IR, H AHP ZbEEAT LIEIR () 27 4E 2R
R SV, SECRIBABEN LB, FE5 2T 4ES5 A N
YRR BRI, 2T 4 N AR SR AR B, DT

1 AFIESERTS PIDF (955K ) Rl s

FIIKREZNK 1
Table 1 Water-holding capacity, oil-holding capacity

and water absorption expansion capacity of PIDF
before and after different methods

il Fik (gl FrmAi(glg) WMok S (mL/g)
O-PIDF 5.02+0.28° 4.56+0.03° 5.68+0.05¢
US-PIDF 9.37+0.44¢ 16.68+0.20¢ 12.78+0.31°
UHPH-PIDF  20.97+0.06 17.76+0.14° 11.29+0.08°
HCI-PIDF 13.94+0.31° 18.36+0.31° 10.210.15¢
AHP-PIDF 23.91+0.02° 19.68+0.03° 10.55+0.12°

TE: [FFUA ) 5 BEROR 22 53 .35 (P<0.05)
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Fig.5 Glucose adsorption capacity of PIDF before and after
modification by different methods
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Fig.6 Nitrite ion adsorption capacity of PIDF before and after
modification by different methods
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