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Effect of Particle Size and Phenolics Bounded-Insoluble Dietary Fiber
on the in Vitro Fermentation Properties of White Kidney Bean Skin

JIN Shu', ZHANG Bin', GAO Tong?, FU Xiong', HUANG Qiang""

(1.School of Food Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2.Guangzhou Restaurant Group, Likofu Food Company Ltd., Guangzhou 511445, China)

Abstract: To investigate the effects of particle size and phenolics bounded-insoluble dietary fiber (IB) of white kidney bean
skin (WS) on in vitro fermentation profiles, the IB was extracted enzymatically, modified by ordinary and superfine
grinding, followed by the preparation of different particle sizes. Their microscopic morphology was observed by scanning
electron microscopy and laser confocal scanning microscopy. /n vitro fermentation experiments and 16S rRNA sequencing
were used to investigate the fermentation properties of the two sets of samples and their effects on the abundance of gut
microbiota composition. The results showed that the bound phenolics were distributed more equally on the surface of the
smaller particles. The slowed fermentation rate and short-chain fatty acid production of WS and IB increased with
decreasing particle size. The smaller particle size promoted the Bacteroides and demoted the Lachnospira more
significantly. The results suggested that IB could promote the beneficial bacteria such as Bacteroides, Bifidobacterium and
Ruminococcaceae ruminococcus, and regulate the structure composition of the gut microbiota. The probiotic effect of 1B

was more significant than that of WS with the same particle size. This study provides the school of thought on the prebiotic
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effect of dietary fiber, guides on the modification of dietary fiber by superfine grinding, and suggests the comprehensive

utilization of white kidney bean skin.

Key words: white kidney bean skin; insoluble dietary fiber; bound phenolics; in vitro fermentation; superfine grinding;

particle size
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BIXT = S BT E A rh AR BE SN HI50] | A4 BEsE
R ST MRSy B8 M L@ I R A U7 T P, i T
RSP AE G L SRR, H T A T
BT 7.5%~8.0%, HAN M BER - ER KL S8
WY R | A iR ORI R SR A YRS, X
PATER G I TR ARG B L.

JEE £ 4 B T AR B Y R R R
B 18 NI T AR . NS AT
YA AT LR #E 7 BT ), B4 nHEE, dieis4 iz 8
T A ) P W i, 7 A 05 5% I8 U5 BR (short-chain fatty
acids, SCFAs), JEIMi A i7iE A ML # A E 75, Ph i imiE
D), AR DA W IRIE T — S R FE Y AN
RS B LR HE KM R IRRRPEC 7, AN, AN ENE
B A4 B R B S A 45 A 2SI TT, Saura-Calixto
SEI) R I W S AP TR AT AT LA DARE B AT LR S 2
A, I SR BKAE AR S I iiss G S
&Y, RIS e & hIE ERE R BRI T eE—25
B ff R AR /NGRS 0T, AE45 1 N R #E AR
1b. PR AR M, B B P ImiE iR

IRE R E LA 4Ea 15 2 b, (B T
ks CURK, B . B BRU R R TR
RS ROUGE P T, RIS I 5K ) s A2 BH
RN, PREFFIL AN U . Ao R oAR I
TRy W ZFEREE LT 4SS ED ), TR
i opuy e S I UTY S Ty AN sl L = =R A a7
JEAEE R, B ETCAA SCHERRAE T A [RPRAR G
ELF4E 7Y K R S SCFAs F= i 25 3Lt i) A 2 5)
FIEERRAAT 2 B S TRARXT NS R B 4T 4T
T8 VAL A B A e SR AT ANIE 7247, BRI AR g
LI 1 2= %2 2 (whole skin powder, WS) A JFURH T $2 HL
19 21 H b iy B 45 6 W S 7 1 i B 2T 4 (insoluble
dietary fiber-bound phenolics, IB) , P & 43 3| £ i
TSE M AR O AR B AN [RISAR AR 5, SB ARG T

S PSS LU AN Rl Ae WS F 1B BARS T % Pl dse i,

HHRTE XTI 18 B B A VR E R . ARSCR R G
SEXT e B AT 4 25 A U, AT SR A A AT ), I
Al LIRS 22 5 R R AN B 4T 4R A G &5
PRt i P AR T %2 o
1 MREREE
1.1 RS EE

HZER TP REFF] O E e A R F
PRl AR AHE 52 1E Ingredion 237l R a-TEMY
i (EC 5. 232-565-6; i 4: 10000 U/g) . B & F1 B

(EC 5 232-629-3; #fiPh: 3000 U/mg) . JiEfiF(EC 5
232-468-9; IEME: 4000 U/g) B iFZE STk AL RLEL
PRI AT IR 5 HoAthi5) 5824 54 39 R 53 Hrali o
Dhg-9070( A)fEIR S A TEFE il —fERl
AT PR 7] FWS0 sy ie bl R 28
#5A R 7] XDW-6B 5L 56 % £ FH A IR A8 T i AL
GFER iR A LA A BR 2\ 7] ; Mastersizer 3000 £ /K 3¢
BLEEAY FE[E Malvern 22l EVO18 i BT Ak
4% flE[E Zeiss Y H]; Leica TCS SP5 oG ££4
Wi i%ss  72E Leica Microsystems 23 #); STA 8000
[F2E ST 22 PerkinElmer 2\ ) ; BS201S %

L4371 K f#[E Startorius 2\ &) ; MR-Hei-Tec
HRUMIAALRE S FERs  FE5E Heidoiph 2\ 7]; LDZh-

100KBS #ISr &K S 28K HER LI 2 EITHR
PROANTE] HY QX-II RAAUEFRFA I ERIE BRI T 35k
BRI F]; 7890A GC-FID ARG SEE Agilent
A HE]; DYY-6C AU KA Jbmis— R PRHA BR
s W3 2720 B PCR §7 144 32 [E Applied Biosys-
tems 237 ; E6090 # TBS-380 2851t Jb 5t 5 i
AR PR E); nova seqPE250 77 &l Y
FZ[E Ilumina 2Y 7)o

1.2 XWFHE

1.2.1 HZESRZ(WS) B wEsert: B o 5 kR
VEIFEBRZT S 40 C SR THRAR I HET 48 h,
WET 5 FH v O R AL BEA T AR 4R 0, 43 Silak 200 H
40 Hfif55] WS-200. WS-40, 55 B+ & Jz A8k
PEHIEYRIE 5.5 mm., 13 0 °C S Rl kIR
2y =08 oy R b B, FE 5 500 H i 45 ] WS-500,
P FIRAE SR VR EAS, TSR N T TR
M.

1.2.2 EEEMANEMHREEL4E(IB) iy HREU DBy
WECrE 1B RIS Go 4501 (L lig i I h kAT
FATE . 4 100.00+£0.01 g WS HILAZEA 1000 mL
85% LIEEAEMRMIEEIH, 7E 30 °C AR 5RZ% 40 min,
FEA 3 W, I IR R VEYE 3 K. ] iR A FR A
S HIILA 800 mL pH7.5 BUBEIRERZZ #1¥#%(0.1 mol/L),
FHAF B S8, E pH = 1.5, i A 3000 U/mg 1
BAEHEF 1.2 g IF7E 40 °C T/ 1 h, ¥ pH JAY
= 7.5 JFA 4000 U WJERGEIAE 37 °C TiHEM 4 he
WAL BB R IINFAE 65 °C ALFE 40 min, RS
A 800 mL EhkPRERZE i (0.1 mol/L), 4 pH ¥
I 6.9, AN 10000 U/g 19 iR a-TEBYEE 30 g 5
TE 37 °C TJWE 16 he FAFESTE 4500%g Z0> 10 min,
UUUE FHZR IR /K BEG IR, LSRR TR /51593 1B,
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1B-40. 1B-200. IB-500, B F T lesd 4.

1.2.3 WS il IB FZRSTI5HT  STER S ayi
FE % M8 Megazyme K-TSTA i 3E #5346 I 42 771 & 07
2 BER SR NESZ GB 5009.9-2016 MIZILES
RER s LPYEER | PLF4ER | ARRR & Rl e =%
NY/T 3494-2019 J7iE; ZEy &8 E =2 Hossain
SEUS (I HANGE 2, SRR AR, T
1% 24 5 (mg GAE/g) A ; BAIZR IR S &2 Il a2 R &
RORAH (3% 5R I BT sy 01

1.2.4 FEREEFFRAE

1.2.4.1 RiARMIIE  FERE S S BT 288K,
Mastersizer 3000 E5 /R SCHREEE AU & AL Sl i~ HAer 44
FNEE TR, SR FHIRIRVERE, PritRh 1.3361"7, Il
BF7E 3000 r/min 7745 FE . 80% D5l 75 45 F T il
FESAEZER K P IR A 5 o

1.2.4.2 FOWIESRAONEE AR TF R WEs: 43
R S A SRR &, Sead kgl
HAE) oA, TR EASIRASTT, (8 3 I S s A Sk
AT G, R 5 T A5 A T AR PN, 7 800K
T AR o N B R R 15 kv, TAEFE &
(WD)l 7.3 mm ZeA7; BOGHER AR BN BOER: =k
RS RISEZ S RPUVE -7 N = S Tits R ey U7 R SN R IV
TS EOEE N 72 1085, i 405 Diode 3%
FCUE, I & SRR B A 440~470 nm'™ ., FAHEEA
Y e i i i o

1.2.5 RGN R ERSZH:

1.2.5.1 IRANEESAE 275 Wang 551 (1 )7 itk
ATIFVEIE Mok, Bl RiR-wE iR h 22 vhi, K 1 5
S TR P HAAA R A S KR R R T 121 °C
T KEA 20 mine SR )5 TR R Ak 1R - 1 £h 2% vh i v
INACEDE R BRER MR R I8 A —E A LA, T
JIREFEII . METRFRELT %L 50 mg 19 WS F1 1B ££
i T A AR ZE 1 PR AR/ I, AR LB (fructoo-
ligosaccharide, FOS) AU S INAEA oK Ak G- 40 19 R
ST FVE B RN ES FAXT IR, SR A 528 nhi— TRl
ANIREFA - RIBITHMZEREARI A =LA R AT
20~30 % 2Z[a]. BB EF54(body mass index, BMI)
YIFETEH 5B N (18.5 kg/m*<BMI<25 kg/m?) a5
AR, RIS E AT E G R A . ARSI S R
BB B ESRAE AL T IC RS vh I 7 B R 21 R AU
i, B = A AR IR TSR EIR S SRR L - e £h 22 vh
WA 1:3(Cw/v) Y LB A, SR )5 o PU 22D A 3t vk
S BT RFN AL B 1 mL 2E(F R s
4 mL fRFR-WEIRER S v 53 S I A D SO, AR L
FERSR S B O BT 37 C /KB R 1% 55 35 L 19
BiRanings

1252 PRENME SR 4. 8. 12, 24
1 48 h i, MKW s B PRV, FHARS A 208

BIESFLAARIEE FE, AR R LR 220 B2t A 1
FEREEEE . WS TTHAS B 205 1R DR AR AR Y Ak 2
N, SRJ5 5 AR & T )e i 3l WD LG E M IR AT
TE—80 °C LAAR S £iix.
1.2.5.3 SEEERIME & miilE AR R s b
HWE, R FHASAE @ISR S RE & v sk AE DT iR 1Y)
. B EIFWAE 16000xg F4 3 N B.L> 10 min, %
B2 800 puL 35 200 pL PIRRIESHI(E 50 mmol/L
4-FELR) T IO & OCE TR G5, Els s
FID Kl #& i SAH (O35 53T B E BB W TR 1 R 2 Fn
i, TS e ZB-FFAP 40454 (30 mx
0.25 mmx0.25 pm) . FEIRFEVILHIRE B E N 80 °C,
LA 8 °C/min FEEEETIE 192 °C, FF4E 192 C R4
3 min. FFEAE D FTETAS I &% A9 iR BB S 230 °C,
LA 1 mL/min B%1E 2 Fi 8328 2 SVE M 38 . AR
B ER AR M i 08 i (] v 252 A RR D 1R ) R B st
(I E L S TP EENR TR RS, FELLIB T IR bR vE i
i 4-F BL % S AR S B ARHE IR W AR Ly
By AE R, ARYRAE S, TP A S BE N e T R A A XU T AR
1T
1.2.5.4 DNA $2HCFIINY MR R I e I DLTED)
28508 QlAamp®DNA Stool Mini Kit {8 1M
BH, B DLHERE S FE 13000 t/min K 25.05 10 min, 3F2%
IER, A AR ER S vhR N IZUUTERITT, RS
P HIL AL BN A SR A T, 1T DNA #2880, M
VUTERE S HEHAN TR B DNA, if77E—20 °C F%5fF
SR . BTSN R SR E Y DNA HREE,
I B EE IS R UK S8 a2 LAl . #E+E 16S rRNA
FIPRHELN Y V3~V4 X 4T PCR ¥ 14, #&1  W AF
Thermocycler PCR % &t P i 47, H 32 B R 7 AL F5
98 °C FHiZEME: 2 min, 98 °C ZEPE 15 s, 55 °C Bk
30 s, 72 C 3EAH 30 s, AL 2527 DNER, w5
72 °C #EAif 5 min, PCR j774¥){#i F§ Agencourt AMP-
ure Beads 50 & AT 4lifb, Fouk B8 o AEE DNA
A A I 32K ) & I 2 . i ] MiSeq Reagent Kit
V3 R I EEAT SO #E, #E lumina MiSeq V&
HLHAT BT o
1.2.55 AYFEEES 2085 MY HA
YIE B 25 QIIME 2 18.0 MRk 743 HT. X E LA
JPANHEAT R 1Y) Biiad k. R0 PrEEm i G
&, e r= A AR EAF IR ASVs (amp-
licon sequence variants), 2T Greengenes $di/% 13.8
MRASXT Y 18 F P AR S (AS Vs ) IHF R . (%5t
28 43 71 1 ( MEtaGenome Analyzer, MEgAN) #lI
e R 48 & B 43 #7 (graphical phylogenetic analysis,
GraPhlAn) Xt B HE 9 432825 2 il B 2 B A B k7 mT]
AWALITHT o BEFESAET TANE K B 5325 ot =E
B R LMK E R, K H A & 6000 B2y
ASV FRorA“FEE ASV”, i gplots R X} “F &
ASV7HATIE ST, FHESFERRICFE S i sy
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43 #T (principal component analysis, PCA) XJ A~ [F] #£
AR IR A IS G5 A I AR T RT AR ST
1.3 B

S CE LA EE A e 1) ST P (B R R v 25 FKOR o
{37 SPSS 19.0 WIAXT R HATHe1H43 P dE
KR I7 225087 (ANOV A) AT G242 74047, >R
Duncan £ 5 & I 2% & PF iR 06 41 = 18] i 22 55
(P<0.05). 18] GraphPad Prism 7.0 RRASHEA 72514 .
2 RS9
2.1 WS #11B BIEER S

WS i IB i EZERSGTUNR 1 s, WS iy
EE NI EANEVERE LT 4, T EAAFRLT4ER | 2Lt
YE AT K0, Forp 2 4 R4 4 5 S R
=5, AR 28.64%+2.01% Fl 32.65%+0.93%, A 5T
EI A, AU 1.37%+1.40%., A WS His &
1 19.49% MMTEN . Lo i LMk HE A 2y 1B vh
TER R 5 2 e U AR T (53512 4.01% F1
0.51%), M£F4E R 2l EEHE = T 29 30.57%, UiHH
W a-GEMTE . B AR 585 25 T WS i gE
By RSN, PR TR A 4E SR,
IZEE SRR LA (s s e —3. WS
WYl 1.848 mg GAE/g, 1Mij 1B HH 2035
EAHXT AR, o 1.598 mg GAE/g, H. IB SRR &
HEHRREIR T 24.8 pg/g, O FAEFREL IB (19 f# b
5 25 T HR A3 U RS I IS TR, i AR BRAR A 2 1 S B
NN
22 BERAENESHELERER

FA 25 5 H B RS 6 47 4 il kAR o A an &l 1
2% 2 i, EITR AT LU, I AR s s o — B i
FRREAR 3 A 04, T BHRE 5 JUkE R~ o3 A1 B8 45,
ELASTA] B ECRE 5L 23 BITE 20, 110, 500 pm f77E—
AW, SEBPRIAR AT 25 S B . WS T IB 1Y
A FR OS5 67 A4 28 1ok 5 3l WY T )5 43 3 A 575.00.

480.67 pm [%E 127.67. 111.33 um, S B0 ek
P 5 B9 WS-500 1 IB-500 I 43 51 & L3k £ 33.00,
28.27 um Z£45 (58 1) . FHIEPRIAZ 4319 WS F1 1B
H He R i AR A BT AN [A], WS-40 19 bk 28 1 LAY Ry

18.24 m¥/kg, BT IB-40 19 41.84 m¥/kg(P<0.05),
BOZ T WS G5M 5888, & A vEM S5 Sy, 1B
KL 4R g vl B Ry bR E AR, Bl

FERIAERIUER/N, WS il TB /1 LR 1 AL s o, 1EA5
F =Y & WS-500 19 bk 22 1 AR i 3 K F 1B-500
(P<0.05), 3X 1] RES HH FHE oy s R 20 e T

INT 1B BYTHURL G 6 Ko I P S g £F R AR AR 4544 201,
L R T B A S R R L HAT B U K M L R

P PrEfbinm SRR e RO,

20 1

WS-40
16 1 WS-200
—+— WS-500
IB-40
2121 —1B-200
< —— IB-500 ~
w8 4 \
= 1
4 ‘\
\
0 -
0.1 1 10 100 1000

RifE (pum)
Bl 1 SRR R AR S A
Fig.1 Particle diameter of different samples
. WS-40: 255 12 -40 H; WS-200: 4255 12200 H ; WS-
500: (1255 4 -500 H ; IB-40: ANEPERE R £F4E-40 H ; 1B-200:
AR LT4E-200 H; 1B-500: NATEREELT4E-500 H; & 2~
& 8. 22 [,

23 BERFHERNMIIR

FNFPREER AOBOTE SR ANE 2 s, MEIRTAT L
FEH, AZEE R (WS) BIORSS M hse 38 380%, A
/D B R FNERIE IR, 7T e 5 AT FE AT S5
GF o &I 14 SR B BUAS 1) 09 AN VA P I B 41 4

#1 WS HIBHFEERS

Table 1 Main components of WS and IB
FEdh TERH (%) HEEF(%) LYEHR (%) FLYER (%) AIE (%) £ (mg GAE/g) P25 (ng/g)
WS 19.49+1.33 2.95+0.67 28.64+2.01 32.65+0.93 1.37+1.40 1.848+0.09 228.0+11.2
1B 4.01+0.89 0.51+0.08 59.21+1.04 17.29+1.25 1.91+0.78 1.598+0.03 203.2+7.8
TE: WS: FZE 5 IB: S8 ABEARAEIE R 4 4t
2 R[RERE SR RIAR 53 A SR T AR
Table 2 Particle size and specific surface area of different samples
R D [3,2](um) D [4,3](um) Dx (10) (pm) Dx (50) (um) Dx (90) (um) SSA(m¥kg)
WS-40 329.33+9.29¢ 575.00+6.24° 297.00+3.60° 546.00+5.29" 920.67+9.61° 18.24+0.51°
WS-200 59.93+0.25° 127.67+0.58° 36.73+0.65" 121.00+0.00¢ 225.33+1.15° 100.12+0.38°
WS-500 13.53+£0.25% 33.00+4.21* 6.18+0.06" 19.87+0.45° 49.304+2.75% 442.97+7.85°
1B-40 143.67+6.11° 480.67+2.52¢ 266.00+13.86° 486.33+0.58° 730.67+3.51¢ 41.84+1.81°
1B-200 56.50+1.31° 111.33+0.58° 38.63+4.48" 107.00+0.00° 189.67+3.51° 106.27+2.46°
1B-500 16.63+0.05° 28.27+0.06* 7.88+0.02° 25.1340.15° 53.23+£0.32°% 360.60+1.57¢

B TR R R /NG iR B .38 25 55 (P<0.05); D [3,2] 48Uk L R i AL YRA%; D [4,3] A BURAFLE 481 4%; Dx (10), Dx (50) Ff1Dx (90)

A RN T HORAR AR AR AR & B 1 TR IURL Y 10% ., 50%F190%; SSAJ AL HL R I,
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Fig.2 Scanning electron microscopy image of different samples
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level (A) and genus level (B) after 48 h in vitro
fecal fermentation
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Fig.7 Heatmap of the microbial community composition at ASV level after 48 h in vitro fecal fermentation
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