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& PSDF 457K P (water holding capacity, WHC), ##ili14#:(oil holding capacity, OBC), HMl . #%# . ISEJ}T/,{EI% .
AHEFI B2 & i, 1,1- 2 - 2- = A KL 2R WE (1, 1-diphenyl-2-picrylhydrazyl radical, DPPH) F 1 3 i B Ak

2,27 -BR A -R-3- 2 IR FHEmB k- 6-# iR [ 2,2 -azinobis-(3-ethylbenzthiazoline-6-sulphonate), ABTS]FHE 7 H 13t
TEMREE ST, 5% B RE 77 (glucose adsorption capacity, GAC), JIH [ B0 [ff & 77 (cholesterol adsorption capacity,
CAC), &kt )5 PSDF Fith 465 AR L2 BRIMERERER 8%, KBHRIE N 36 °C, KEENTA]
>k 7 d; PSDF ) WHC K 15.89 g/g, OBC & 4.02 g/g; Hj%ibh . BIHiANER &2 tm, Fo . AREMBERET &2 1%
{i%; DPPH H B EEBRAE S ABTS B2 ¥ H HHEBRAE T34 W42 55, GAC 4275 % 0.77 mg/g, CAC #2155 £ 0.56
mg/g. G50 EEMKRE T2 PSDF, A B FH &R, BiEYtE PSDF A8t 7 HA: B g A7
f#INEE .
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Process optimization of altering the properties of pear residue soluble
dietary fiber by Aspergillus niger and study on its physiological
activity and health function
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ABSTRACT: Objective To optimize the fermentation process of pear residue soluble dietary fiber (PSDF)
modified by Aspergillus niger and study its characteristics. Methods Using single factor experiments to optimize
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the inoculation amount, fermentation temperature, and fermentation time of Aspergillus niger, and determine the
optimal fermentation process; determine the characteristics of the modified PSDF: The water holding capacity
(WHC), oil holding capacity (OBC), fructose, glucose, arabinose, xylose and xylose content, 1,1-diphenyl-2-
picrylhydrazyl radical (DPPH) free radical scavenging ability, 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate)
(ABTS) cationic radical scavenging ability, glucose adsorption capacity (GAC) and cholesterol adsorption capacity
(CAC). Results

temperature, and fermentation time of Aspergillus niger were determined to be 8%, 36 °C and 7 d. Based on the optimal

By optimizing the fermentation process, the optimal inoculation amount, fermentation

fermentation process, the characteristic analysis of PSDF was conducted: WHC was 15.89 g/g, and OBC was 4.02 g/g;
the content of glucose and arabinose increases, while the content of fructose, xylose and xylose decreases; the
DPPH radical scavenging ability and ABTS cationic radical scavenging ability were significantly improved; GAC
increased to 0.77 mg/g, and CAC increased to 0.56 mg/g. Conclusion Modifying PSDF with suitable fermentation
processes can help improve yield. The use of Aspergillus niger modified pear pomace dietary fiber effectively
improve its physiological activity and health function.

KEY WORDS: pear residue soluble dietary fiber; Aspergillus niger; process optimization; physiological activity;

health function
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B AR 4 B RAF R AR AR SIS PR AR ()
REM, HLfTBalh i . mOAE, 7EfL kiR s e i
Bl GE A R RIE R VAR iy 1) B AR I F T T
Ji. BES, XTAMERESYE, MTEBEEELagE. 1l
R Er LR Al | H I A AR A S T OB R B ),
{H 22 WX} F B4 9 fiE 2 4F 4 (pear residue soluble dietary
fiber, PSDF) 5%

e a2 KRR awrmlo, malk . A
TR, FENANBEPERE L 2 (insoluble dietary fiber,
IDF), HA LGB 30 . B0 | R o0 A e 97
TR . R R i B R S R g
HAT, BB 2F 4 i S IO A 1 2 12% | AR TN A W) 1
A, o, b ek m i A e . DA UK
B MR AR IBURE 1 27 4 B WA = i W, ANE
TR T A5 AW R B A R HAT BREE AT | A5
A AR, YNSRI R . BT
T2 N T R R ) — R ECTAE, W LU AR R AR 4R R
' i PSDF (¥ Ak o Bk S A G MELASCR: . W LA
P AR AR RIS AR P s e YT 3R m b AR RE A
FEIRINAY o ANAF R A U ik P Bl A R A B AR, S et
PEACERR FE . i | R Emba] | BEIRL R SE A E T B
FERWECAE, NG 43R E] 13.75%, 4585 b
W2 4L, $#/KJ1(water holding capacity, WHC)FIV& Ik J11
PR T 0.2 4, MR AR IS T 0.70 4%, JIE [ R
BEAE ST 0.28 ;205 U ik F 2 o B K B A A, AL
TRUPRHR G . i | RBEIRE . I 1) %) i £ £F 4
MYFRAL D REVE BT RS2 MR, B T RO AR, KO

R 7 M AR T W B E 18T T 24.04%.27.37%
8.26% . 19.64%,

ARSI AL R M D3R | R TR R R TR B
6], e At R B L2 TR R BE LM Al b, Xt
PSDF ) WHC . il (oil holding capacity, OBC) . ffflizH
B BURARYE | 5 BE A RE I (glucose adsorption capacity,
GAC) I JIH [#] P2 W% [ B8 71 (cholesterol adsorption capacity,
CAC)HEA TN E RN A, 4 2 FLA JRE PR AN LR g h g, LAY
I SRR AR AR A B SRR

1 RS

1.1 MR5RF

F|ACAL. AW A . TP ER I A K 25
5 AR BRI B b R R Y TR R R E G

KA, REREE . BERRE W . IR . BEIREN
HWIENE . WATREEN . KRR . 3,5-hFK IR |
ARR HEE R R AT Al RETT R AR ),
1,1- = % K& -2- = 1§ £k %% B (1,1-diphenyl-2-picrylhydrazyl
radical, DPPH) . 2,2’- I %&( - X -3- Z, 5 7 - 10 1M b -6- itk ik
[2,2’-azinobis-(3-ethylbenzthiazoline- 6-sulphonate), ABTS](43
Mrali, JEsEARIEREA IR A, JOKCEE KR . HE()
Mral, KETRKAARFA BRA D), 98%BMR[/Hral, Bk
AL T AR A FRA R
1.2 UE5EF

DFT-100 #5 #% #L (5 £ £ 9 B £ Bl A F);
DHG-9000-9005 Ht 4f ( | 1 & 15 X #% &% & A R A 7 );
214DDFBA HL PR 0.01 g, FELZFIIRL AR A TR
2val); LGI-12A-80 AR TIRHL( 4k il B A B A
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Al ); SX-700 fm F 28 K K W (=W LR N 25 4 );
HS-1300-U i TVE G (I M L Fa SE ARG R A,
DK-98-11 H, #4413 7K 1 6% (R 28 307 4 B 2 BR A A );
UV2700 284036 BT (i 5 HE S B0 284 A R |,
MJ-500-11 8 ik A A 3G 7246 (il —TERLF AR A BRA F);
ST3100 pH T (EZEWEHH R ), 1260 =8OR A €%
I CEEZERBHE AT R AT,

1.3 XLWHE

1.3.1 33k ey Beh)

TR SR B B EUIS (potato dextrose agar, PDA)RE F7 4k:
I AR 20 /L. BiBERY 20 g/L.

Bl 735 35 3 3% 4008 . 1.5%8E A . 0. 1%FR AR EE |
0.3%BE MR 8 . 100 mL Z8487K, % pH, 121 °CKH
20 min,

KWL Rk 5 g, WY 1 g, (NH,),S04 0.4 g,
ZEM7K 100 mL, 121 °CK B 20 min,

132 ZWwEGELT KR

# A BN T PDA #HE R 3R3E |, 37 °CFRiFR 6 d
R EEAL T, FICHR KRR B .

K R MER B 13107 N7, 4280 T 30 mL Fil
FREFEH, 36 °C. 220 r/min &M T THE 1S 24 h,
75 3 2A h E A
133 #2HZFER

B IIERLE B IE L 40 HTE, BoEre sl & T 80 °CHLAR
PR, B %M BMEMN TR TR R,
36 °C. 220 r/min £FF TR LIEFR 8 d A5 2154 & B
W TR, TR HPIMA 4 AR 2R, HE
W, WAEDTHE, A% T1845%8] PSDF. TEIIEAY EH TN &R
I, BT R (4%, 6%, 8%, 10%. 12%). KR (32,
34, 36, 38, 40 °C), KEEHHE(G. 7. 8. 9. 10 X5
BIFEN o ARRARR AT LA ().

1523 /%= U1 VE 15 B (V8 VR T 4 43 T /oK & e T
PRALES T % 100% (1)
1.3.4 PSDF #9451

FE LR R SL R 45 WLl L JEF T R 8, $EEL PSDF, Jf
XH WHC, OBC., HBEgimk. $isfbit:. GAC 1 CAC
HEF TN AE o

(1) WHC

MR I, HEIFREL 1.0 g #E4L T 50 mL
FHEE LB, A 20 mL ZE08K, RERBES] 3 WA,
TRJE 1 min, ZIE T HE 18 h, 3500 r/min &.0» 25 min, 2%
LIVEW, IERRARYIE my, T ILARQ):

WHC/(g/g)=(my—m;)/my 2
o my HUTTEAR B R TR L5y T, g my B
Jia, g.
(2) OBC

SEHPEPV I, EFRICS.0 g FEAL T 50 mL

FHRBELLE S, A 15 mL fE4Ew, EREUREES) 3 )5,
1€ 10 min, 2000 r/min 2.0 20 min, 32 FIER, 055%
AYE my, HEILAREG):

OBC/(g/g)=(ms—my)/my 3)
K my HUTESR RIS R TR iR, g m IR
Jit, go
(3)BAAAH B

2% 4 PGP T, WEFFREL10.0 mg 5T
10 mL S8 F, A 2 mol/L =M ZMEK 1 mL,
120 °CHI# 2 h, AT o AW EEE VIR T, EX 3
Wo MA 1 mL B, JRAT, i 0.45 pm S FRE0 . RA
Dionex™ CarboPac™ PA20 (150 mmx3.0 mm, 10 pum)¥&
MR, R S ul. WM A (H,0), 3 B
(0.1 mol/L &4 fL4), WishtH C (0.1 mol/L & H fb4H,
0.2 mol/L EEER4N), Wik 0.5 mL/min; HEiEN 30 °C,

(4) DPPH H Hi3EF1 ABTS™ [ Hi B35 R

£ WANG P ke fesh i) DPPH [ fFE35ER
K BT AR = RE L ABTS H FAEEFRR.

(5) GAC

ZIREE SIS, MERRRRE 1.0 g FEAL, JILA 20 mL
Y 1.0 mg/mL FZRAR, 37 °C/KIE % 2 h, 4000 r/min E5.0
20 min, KA 3,5- _fl KK B2 (3,5-dinitrosalicylic acid,
DNS)EME b3 W h A AR, 7 H5 A (4):

GAC/(mg/g)=(C—Cp)/mxV, 4)

K C IR AT IR, me/mL; C, Mt 5 %
PR, mg/mL; V) ARIATR, mL; m WFET R, go

(6) CAC

S ik, BUBEE B —H, 9 iR
ZENRIK, BEFEY STHC T R B A - TERRFRIL 0.5 g RS T
B, A 50 mL B EFR L TWIFERRS) 3 E, W
& 10 min, 435955 pH 3 2.0 #1 7.0, T 37 °C¥E% 2 h )5
B0 o R AR ZE — W B (1,2-Phthalic dicarboxaldehyde, OPA)
TR0 AR A, SO SRR IVRAE DK 550 nm Ak
B, TR RAS):

CAC/(mg/g)=(C,—C3)/MxV, (5)

A M R BTRL, g Cp A [ 2H Hp I R B BT
mg/mL; C; N Zad A il W [ f HE J] P2 Joi o ¥ B, mg/mL; Vs,
SHIMA R EERAARF, mL.

1.4 EIEAIE

KJH Excel 2016 #H478085 5811 RA SPSS 22.0 Ff4h:
AT i 22 T3 1 (Duncan), B3 2 5K B P<0.05;
SLIRER KB n=3,

2 HFR55H

21 BERIHRLER
211 BAEAEF RO
NI R R XA AR A S UL 1 o i 1 AL R
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[ Fh 12 = PSDF 15 R M/ER: 8%>10%>12%>6%>4%
fRME SRR, ST SRS, &
W, N 8% RN &I T & I, PSDF MR, M
72.68% HEFIEHR 4%, 6% . 10%F1 12%HF, PSDF Ayf5R
AR 67.46%. 70.03%. 72.36%F1 72.35% . 1E 4%~8%1%
PR PN, 5 R Bl T Rh e A 3R B e . X
TR SR MBI, 82T 5 2 5k 0 RS 3l T AR
2R EE, P T AR, JEmig s TSR, HAE
8%~ 12% LA i3 [l N, 15 J bl % He D 2 10 52 = 1T 212
e X PTREE M Fid AW B TR T, X R AL
AT R, MBI T A%, 25 F, & 8% Nk
EEERE

74

/%

T ARVNG FREFOR N 25 53 .35 (P<0.05), K 2~3 [Fl.
RN E U SO E RSP

Fig.1 Effects of bacterial inoculation volume on extraction rate

2.1.2 AR EXNFRGH 0

AN R TR R BE A 2 0 g i DL IR 20 B 2 WIS
W] &% P il 42 55 PSDF 132 91E: 36 °C>38 °C>34 °C>
40 °C>32 °C 24 L BERIE Ny 36 °CINt, PSDF W5 R 5w, M
72.33%; MAEBEIREE N 32 °CHf, PSDF (13 HRKEAL, K
57.85%. 3R MHE L EARE IR, BRI LR ETHR)GE
ZSPRACH NG . X P RESE i TR AR, BhEE A K22
MERRSH T R EEERE . MRS RS EE R, AMUERR
WS B2 I, B 25K A 7 A AR A R BRI 25
I, WhE feih A IR 36 °C.
2.1.3 KBRS AF R0 R

AN & B ) o A 2 4 g e DL &) 3. | 3 R S
] &% IS} [F] 32 =5 PSDF 153 KIMEH: 7 d>8 d>9 d>10 d>6 d.
b, PSDF 453 4E4T 7 d B A (71.26%), 1E55 6 d B i
fIK(70.25%) . PSDF 17525 i 5 & g s i) 7Y 4iE 4 SE 82 18 J5 2%
TR . XAl AERPER A BRI A, K BEE 725, it
MR T3, (B2% B E| & R Rl PSDF (915 311,
FLF] . ATy A= SR 2 55 A A N B e o 25 0,
E AR R BT 7 d.

751
73+
71+
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¥ 65+
E&‘ 63+
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55 : . . . !
30 32 34 36 38 40

R/ C

B2 SR B A5 2 (0 52 )
Fig.2 Effects of fermentation temperature on
extraction rate

/%

72.0 -
71.5F a a a a

71.0 -

135%/%
o

70.5

70.0 -

69.5 -

690 1 1 1 1 ]
5 6 7 8 9 10

R IEmTa]/d

13 BRI

Fig.3 Effects of fermentation time on extraction rate

2.2 PSDF R4S SR

TE3ERD 8% h A, IR N 36 °C L 7 d )5, X PSDF
AT HIRFIE o
2.2.1 PSDF # WHC #= OBC

WHC 46 57K 43 1 9 PR B i 200, mT L3 i
FEAE Y KR SRR, A BT R E A HEE; W] LAKE K
Hezs ], A BhF R mOBE A A K OF; BT L AR
B, BB TEEHATE . OBC 5 H Xl i i W fH fiE 1, AT
VA RH 1k i 38 % 22 4% 1R [ e vy W i, A B B o L
S IOk A B Ak 2 BT AT DAY A £ o0 TR IR R A 45
KPY, PSDF 153 o i o Sk 5K P4 &, AR
I, RS g s 2L, A R R R K
FEI P

EAEALE K BRI 0 WHC #1 OBC Xl 20 3 1.
1 A, SR KBS, PDSF MEK e Tt
1.22 %, PDSF M43 1425 T3 1.26 15, PSDF ) WHC 4
15.89 g/g, OBC 4 4.02 g/g. ILAh, AT EBAEIRIENA
BT B 2R 4 9 F ok S A am 40 R, 1R SEF
SEH, AT T A X EFRTOR R S A R
PSDF HEPEMIFEN; A [F] BFP & BEXT PSDF 5tk i 520
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F1 SHEBLEFIERN WHC 71 OBC 3TEL 52 #(g/g)
Table 1 Comparative analysis of WHC and OBC of snowflake
pear residue before and after fermentation (g/g)

HFR WHC OBC
KRBT ARLE 7.1540.16 1.78+0.10
k)5 PSDF 15.89+0.08" 4.02+£0.12"

TE: S5RBERIBUEA L, **FR 2250 B 3% (P<0.01), £ 2 [A].

2.2.2 PSDF #3540 5%,

BIERE KBNS 1) AL LA T LA 4.
Bl 4 Al50, KEELS S, PSDF FEi 250 . Bilhr(mom o
FEw, B RN A SRR, BT R AR
Em FRMENERRMRET ZMNE0, SR
FHEAS R B A 2000 B g A ) ML B i
A AL MR A AR SRS o BUWH I 220 ke 0 A 1l o0 280
SR A KA S I FE TR A M A Y, AR T
HAERTT BT MA T EIE & . WA 4 Z PR,
PR T BRI ARME & it BRAh, AR St A
FUASR] (4 B8 b & B IR O B TP RO o B AN R], 2 53K
A A [ B

18
a m R R

|I m Zz?ﬁFPSDF

R WA Nhﬂfﬁﬁ AHE

—_ = =
N A
T T T

T ht/(mg/g)
S

(=R e

P4 BAERUE K S ) SO H AT
Fig.4 Comparative analysis of monosaccharide composition of
snowflake pear residue before and after fermentation

2.2.3 PSDF # 4 Akt

TR KBRS PR AR T T L2 2. i
2 n[H, Bk EESUE S, PSDF A DPPH H 3675
AEJIFN ABTS™ H M SLTE BRBE 1 1 0 & 4w, UdIH JA il 8z el
ﬁpﬁmiu%ﬁﬁﬁﬁwﬁﬁo%%im@ﬁMUMH

gEit: BLE G AL 4ENT DPPH « 1 O* B — & EIREE T,
ﬂm(ﬁ%%}ﬂu;@ 60.28%F1 41.32%. X A] BES2 h T2l
F otk PSDF J&, Mmoo g, shoh, stk )Em
PSDF W LLRMEIFIE AR, Wk T 5 B B SR W3 il e%,
MfiET T AR T -

*2 BUHBLBIENINELEDNLES (%)
Table 2 Comparative analysis of antioxidant capacity of
snowflake pear residue before and after fermentation (%)

HFR DPPH A H3EiHR%  ABTS'A M Lg%
K EERIANE 60.45+1.25 48.54+1.10
K5 PSDF 75.47+£2.87" 57.1842.18"

2.2.4 PSDF # GAC #= CAC

GAC Fl CAC 43l ZTTM G S 4 4iam il 48 Js Mg
T TV P R M Y B LR bR . T BB i e TR
2 A DL [0 A 4 W B FE DL L S o PSDF B2 vl L BHLAS- 7
EINEY L, NI AE SRRk K AL A 0 R A, B0 AR
Xof MU B (3R 5 BE 753, PSDF AT L 424000 il AL 11
JBE o HP A T AR, AR R [ e M o A RO P4, mp
VA5 RE T R 285 6 T 42 AR ARG AL 338 0 A I ) L ] st 7k S 050
GAC M A BERTIY 0.42 mg/g ETHEIEZBEG ) 0.77 mg/g,
R T BRI ML | By SL AR LSS AR IR AR,
FEHE T 2L, # KT PSDF 5#%E ST [
MHEMEM. CAC HEBERIN 0.35 mg/g LIRS 1Y
0.56 mg/g, X 54 EB AU 45 FANDL . X Al A S
TR A PSDF HIWHIZEH, KT R E L,
Sy L[ P 2 AR 48 1 5 22 g i 7 A R B2 )

Vel 5 Ty AR e TR A S % 0 e A L T e VR

Fig.5 Adsorption of glucose and cholesterol of snowflake pear residue before and after fermentation
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PSDF 3B Bl (942 i, SBLH JeTh Jm b
RMBLE; B A BRI EE 5, S BT R e 1R AL,
W 5 A2 T I ) S I S B v S Gt e . s L f R 1
Z, WE T RN E R S R 8%, fRid A IR
36 °C, s WEN A 7 do F i PSDF HAT RLAF
MIRFAPERIRIPE, HA2 B4R R T GAC Fl CAC. X—Ff
PERTREAT B T2 A0 HEME . RS R A AR A L A
o BB . SRR SRR . AR R AT LB
A% PSDF WS B, S Hpn AL Re . 22 b, AR
FE0C1E PSDF, AR 1 AR FE P AR T BE L Ah,
X PG 28 VIR 55 A= ) A AT PSDF A 14 5 1 AR ] 2 ol
KX PSDF R 52 i 427 T Ak s 82 B0 5 1) o

SE R
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