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CRESINEF F BEEINNC RN CREEIN S
("BERARFRSBAAFFRE M 350002
PP ZERSELSRMAFE EMZAFR T AN 350002
CRENBEFELRRAAFE IR ELEEE BN 350002
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FAREH P, X IR AT, KRR

HE RHEHA—ETLRNLEMBADER, MR EMALRZ AT TRLIEKRANELERE, ARMEERREE
) &8 2 F M (MP-LRS3 A= WB-LRS3) 4 & At , i@ sk sl 4kl e L e i feid R P a5 e AL 25 5 MR M4
RHEAFE N EREAER R, LR AW RSP H LS MP-LRS3 fo WB-LRS3 #9 4 MM A A% & L P4 & AR FH & (P<
0.05), BAwmA @iy & EEHNESMEABLZE DAL AR EGHE, QARSHM Y BA RBREH T EF K
BT eEEF) B m A B, MP-LRS3 4= WB-LRS3 B # % 7 X R B, #H AL AL B AT UG 0 dh AR 13 B 2 £ 5, AR R AL
B ,MP-LRS3 4% WB-LRS3 & fi# e #2 /£ & , 2ts ,MP-LRS3 #» WB-LRS3 * 42 S AF B 69 4% 3 74 4k 7y 34 KA 74 4 2 A2 32 47 38
3% AR — AL AT A ARG AR ) Bk X TR R EF RN M RRERR S R EMEFH L, B
W2ER BN A 2 EAE M AP L E T RN SN T Yrh, T RL 0 ETREEN S 42 S A
HERIERXZAETEREZ—, AFRERTH T EREEN R AR A 5 AR IR IE
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YiEvE Ry (Resistant starch, RS) 1F R34
I, B E R R AR RS B B RN ER T, ]
0T A L OSUE T BT Ry = 4 465 g 4 0 8 v AR T
ok A7t Ay L 0 O O T 5 AU P ) B R PR AE En-
elyst X T8 Y 28 L5328 vh S0P V8 R o Sk <A
37 CIHALEE IR 22 55558 120 min B AP 77 7E A5 7K f# 5%
FEA PE AR X TR 228 T A
¥y (RS3) il £ B [ i 406 1k 25 B8 3% 3 2 % 1 7
U R LB R R MCRRFEIN T By
PR Z e VE B A DR s AN 43 A, A f) ELR N R B
SEIE IR, AR P AR 23 DI O A AR AR A
P22 5 3¢ B 3P A7 B (8] BIR 5 1) < B M 7 7 7 AH X
PES TR FE B, 76 N T R0 i Ak Ak 38U
Th % BT VE K 1 45 R O BR AL, R ik £
BEAR R /INIURE I F— A5 2400 B LA K L R T AR
FIHERL 3 B I 45 A i B R A AP TE B &
120 min 77 UK i il 2% Je 00 U IE AR B B, BB 7E
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SNYTHACTE T, UK S T TE BT RT BE
W WA FH T 3 350 23 i AR S5 40 ke A= AR Ak, XL
TH A IS F RO R A 508 50 B T 02k T B 14 JF
RAFIH

BUPEVE R 2 I 18 A1 B B IR BT, R ARG
A 541 0k A0 BT B B RE D AR G o e RS3 L RS2
A T A0 TR ) A TR 6 RSB AT B B TR LT A
LRI ZLAT P A1 FLAE SR T 4 Fh 25 A TR Rl s
g N (il W S R A T N [ L . Wi
FHEE B B RS3 34 AT K305 Be 45 1 v BUECAT T A9 4L
AR S S W AOE AR CE 2 0 T IRER
TE 20 TR 0T AR 22 0 0 W A ol AR b TR S R IS
W 2Z 1) B 2 PR R BB IA Ry 2 i AR, TE R
Faxh 40 T B A K AR s ey IR A, AR AT e S
B Z B RGBT RE JAH O . RS3 2 T A4 AL 78 AR
T RS JEE MY AT AR B A R PN OB T TR Y AR
FHUOL 33 285 BV AN AN AT DL 8 B 1 1 IR 68 i
e, L S S A YR S AR TR R B A 1Y)
H el

S T VE M (Lotus seed starch) ¥ B 5% VE ¥y &
IR 40% A7, e % RS3 Y RLEFJEORHY ) 5 R
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B W R R B VE R 1 T B HIL ) A G R R 2
1,5 FVE LS, H BT W R G W kA Il 2R
B, M i 1 BT VE Ky (LRS3) , HA7 iy &8 i
T2 B R o SUIE e 45 44 B 75 5 1A R AR 5 Y A
FRE MRS, He B TR il AR P Dk R B A A [R) 48
P53 LRS3 A 45 22 0, iZ B Be LRS3 id B
A HHE R (R ELAE R OKE Ry | A ) S Ar
A1 RSB AT T 38 8 A% R #0005 PT e 5 HL 45 4
PR, THALIE LRS3 (145 44 28 £k DL K X BUks #F
TR 1 BRI 6 R 194 53 M) v o DL i

EN ISR/ R et R PEEs 7 N A 8 € A2 |
IRV 15 % B 9 Bl LRS3 76 MR A 8131 1k i A v
(25 R A8 AL HLEE I B 45 T AR B B LRS3 X i AL
AT B AR 169 5 e ) R RGFRT R 0, T e ARSI
PRI A T 1 LRS3 45 A4 A48 £b %T i XU FF 147 1 5
52, DL T oM JE R ZE AR N I e fb e 2

1 #MEFE
1.1 RS

fif % | b &k B (RS ) £ AT BR A w4 7 A
AT,

Ja X AT B (Bifidobacterium  breve, B.
breve) , 5[5 DSMZ A 4 B b OR FE 0

A B (GLU ) JE b 15 37 56 5 1 8% K E By
(HAMS) JEfili 5 52 56 . i a-VE ¥y B, 1
ANKOM BHE 20 5] s WEALEG | B & A i e, 55 =
Sigma A w5 H e 34k E 7= o A
1.2 EFRMEREMEH EMnad

1) Tk 2 il 45 3 TP TE R (Microwave—
power LRS3, MP-LRS3) ¥ 150 g fif 3% % i J5
SYECT 1L ZEMK b B E R R R WRTE SO D %
640 W T #A 3 min, WHIEZIRG ,4 CT A
24 h, BEJE, FERIALTER BT 50 CHEAEH T 0% 6
h,80 wm i 3 7, i 4l Zhang 5590 7 i 44k .

2) K 25 E F IO IE N (Water—bath
LRS3, WB-LRS3) ¥ 300 g & 3% i % J5 73 8 T
1L ZE8K ) B UE #9207 W AE 80 CoK VA v B
JKTHCE 20 min, A, TR AN AAR D TR W) MP—
LRS3 il 5%
1.3 HMEH TR

1) MEWRHIE  # 0.16 g NaCl,0.02 ¢ KC1 £l

0.02 g oa—¥E K B i %2 100 mL. PBS 2§ of & (10
mmol/L,pH 7.0) " il AL ME R, A5 R 221 1 Y
P Ff LRS3 (MP-LRS3-0 5 WB-LRS3-0) 45l 5
MY DA & B 121 IR A )5 ,37 CFEIRIR Y 5 min
(100 r/min), &L 40 B (4 000xg, 10 min) , 4 X T
% 2 h J5 B LRS3 #£id 4 MP-LRS3-1 5 WB-
LRS3-1, 42 IR A i 4k 2k B WO il 5

2) HWIE AR 6 0.32% H & F A
0.2% NaCl % fi# T 10 mmol/L. PBS & nl ¥i (pH
2.5) il R HL T VR, R ST SRR S TR D T
w11 IRAE,37 CREIKYRY 4 h (100 t/min) ,
B0 (4 000xg, 10 min) , #1482 h J5 L LRS3
FEid A MP-LRS3-2 5 WB-LRS3-2, FIAIRA W
FHF /N T Ak s

3) /NBHWIHASTT 1 g B R o TE K
(24 U/mg) ¥ T 100 mL i B2 44 — &5 2 22 vh i (0.1
mol/L,pH 5.2) Hifil lUBREEWE . ¥ 2 ¢ WAL EE (10°
Ulg) ¥ AR S 5 8 A 25 mL 25 5 )i rp #2
5] GERS A0 i 08 IS U ML B 0.4 ¢ IR
W T 10 mL B8R - R R 22 vl (0.1 mol/L,
pH 5.2) hifil OB RIS W . SR A5 BT v W AL Tl
AN ER R AR B e 16220 1 Y EL B3R A i %
RPN, B 8 mL /N7 U A TR AR LS LRS3
BT, IREWT 37 CRIKHRY 16 h
(100 r/min) J& &0 40 B (4 000xg, 10 min) , #4 X1
% 2 h J5 HC LRS3 #:ic & MP-LRS3-3 5 WB-
LRS3-3,
1.4 FiHLHE LRSI £HMilllE

DL AT ARBY BE LRS3 A9 2545 1 4 #1855 (En-
vironmental scanning electron microscope, ES-
EM) ML [ 45 PC-NMR % g S 9= 1 fn X5k
A7 5 % 2 W8 Zhang S5PH9 7%
15 ZHHEHUMBE LRSI BEEFER|KLBEN
AT E

3 ) IE ) Bl U 5T i MR BE Ol 20 /L Y GLU A&
Bili 455 5 e (HAMS J il 15 7 B A0 45 0 Ak Bir B LRS3
RIG K JR 3L ¥ o8 DL TPY K 3R 3L N L al  f Horp
BRVESY A GLU \HAMS F1 LRS3 F:4C 6 XUk
FETE DR TR 350 2% 45 Fh s 8 37 CHE R K =46
IRA G F% 36 h, 76 55 5% 1 B v e B HORE | i s LA
%K 600 nm AL AW G1E
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1.6 &IEM BB LRSI 543 X ik #F 5 B 5 B &
HME

W X H5) J BB A T B A A 10 mL 0.1 mol/L
PBS ZZ #hif (pH 7.0) Pk 2 Ik, 8 T AH 7] 22 vh ik
rf A0 2 Bl 107 CFU/mL, BUH: 2 mL 41
HARW S LRS3 ® AW (10 ¢/L, T F PBS 22 th il
ZAFFE EHTEEAS 1 em iIXE P REFHRS, &= ikR
FE L h, BEMVITES , EWE T 0.5 em Ab WL
Py 150 pl FEVR, FHBEAR A0 2 I K 540 nm 4b
FIWESEAE , LA PBS Ry 2s (A6 R R 34 Zh BT e 4
T i IO A R A 40 b, AR
JEAH L5 J 5 LR A X6 BRI AR A RE 5 OD sy, THL
PR HCAE 1) AN TS0 A3 1) 40 PR T B VA 5 2) S ¥ im 4
VR VE by T B, BB TR VE R L 4 R L B Y
TR,

B (%)=100- (4" x100)

Ko a——RE A B VE B A Al B RO
{H 3 b———A3 PO 8 493 110 G 40 1 A RO (B ;e——TC
P VE R 1T A 4058 1 WG E
1.7 HESKITHH

JIT A RE ARSI R 56 T 3 Uk O IME SR
MDI Jade 6.5 il Peakfit 4.12 ¥EAT 3% 20 H7 , Ori-
gin 8.5 £l 1% ,DPS 9.0 ¥E47 5 4b B 43 Hr

2 HERE5HMH
2.1 LRSI ZEM#MNEWEH ESEM M EER
i ESEM 25 3 (& 1 #1/& 2) vl %1, MP-LRS3

2000 X

5000 X

(a)MP-LRS3-0 (b)MP-LRS3-1

1 WB-LRS3 2 H AL W AE 5 24 % A= B B i) g 28
A4k, THALET , MP-LRS3-0 FUk: & 3 F ALY A
2450y B (K 1a) . 3% R R 32 i ik 4
W B TE R o> F AR H R v, ELBEE M 4> T4
R Y BORT B R IE R i HL 4l Ak VR
TG TR A A, T R R A A Y B U
B, WB-LRS3-0 Jr 245k BN U] i, (H s 52 55
KRR AR IE 2 (B 2a) .

Wi & IH AL B 64T, & B Be MP-LRS3 #l WB-
LRS3 MURL 1 R~ 35 52 B /N 4 i R 2 i 2
fiff A, b £ 32 i I3 5 P ABE A0 15 R/ IN i AR T B
By mr & W AR 2 T B, L bR AL R 1
Fom Zd Wi i (F 1le #1 d, B 2¢ #1 d), X L] g
JE FR T U T R T T AV R BB TE A 6 A i
R, AN NE 1 ME 2 ikl E H MP-LRS3 5
AL A B B () WB—-LRS3 A H, ks b 4% 3% ik
/I, HdbiR £ im 20 £ U MP-LRS3 7614
PO IR T BT ) A 6 e i SRS
2.2 LRS3 FEMIMNELEN X-SEITHER

otk TE By 0 45 M AL A5 B X A B B B X, H
H 28 i DX SERT 43 SRy A DXORITIE Bl i X, 485 i IX
F2 B LA VE A DU E S N ini T B X R
FH G 7 U B 2 2, FH T UE A A 5 A i B G R IR
TG T DX AR o i IX 21, R LRS3 AT 254
b B R I A B HTE R T X R, I 3 a)
PLFE i, MP-LRS3-0 #l WB-LRS3-0 2 ¥ H AH
B R B, e B T RUK IR LRS3 HA A
IR ARG , H A3 5I7E 260 9 17°,22°,19.77°F1

(¢)MP-LRS3-2
B 1 &HEWUHE MP-LRS3REHAMBERRA
Fig.1 ESEM micrographs of MP-LRS3 at each digestive stage

(d)MP-LRS3-3
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2 000X
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(a)WB-LRS3-0

(b)WB-LRS3-1

(¢c)WB-LRS3-2 (d)WB-LRS3-3

B2 &HEWUHE WB-LRS3IHEHHBERA
Fig.2 ESEM micrographs of WB-LRS3 at each digestive stage

25.60°1F A48 Sk 1 | 34k B AR 2 0E ik
J& ,MP-LRS3-1 F1 WB-LRS3-1 15y B—% 4% /i ;
iii MP-LRS3-2 MP-LRS3-3 il WB-LRS3-2 #il
WB-LRS3-3 43 3l 7€ 20 & 11.62°,22°,23.26°,
29°,31°F1 35°0 H BRA LI AT 5 1, 3X 1] BB S TH
TR A B Y 0T, A AT RE A I Ak
FPE B I LR E R R T A AR R R R A TR
e T HE , LL&h A S A B A b, T g
M RS — 324,

b & T 1L 19 54T ,MP-LRS3 #l WB-LRS3
SRR L TE O R AR TR A (R 1R
#2), Hh MP-LRS3 i & & 3% & &5 T WB-
LRS3, 1M MP-LRS3 (94544 [t WB-LRS3 B2 e,

55001
5000}
4500} MP-LRS3-3
2 4000}
£ 3500}
%(5 3000F
% § 2500L MP-LRS3-2
< g
1000+
500 %@i
00 ll() 2IO 3I0 4I0 5I0 60
26/°
(a)MP-LRS3

PovE Ve K B B A AE 0 R R A S BETE R AR A,
TH ALK i MP-LRS3 ()76 I X, i HL B 4 v By
R R Yy B TE R S ™, B i Ak
J& MP-LRS3 f B 55 W 445 i B AT e KA &, 16
25 MR R PR AR 5 A, R 1 e
— YR YE R R T X 45 R B 8 AR 1A
RS HEVE R O IR, AT RGN T VE R 1 4G
BE o AR S B VE R R B R SR AR T
e 1 BUIR TR 245 A1, 9K, WB-LRS3-3 1Y JC &
¥ B 5 F WB-LRS3-2, /)M By B ) W45 & B2 A 7t
KB, Ul BNz W AR HBR AT T WB-LRS3 5% 445
b AR K08 xRl BE S T A O SR R S B
23 [ S5 k0 25 5 A G

5000
4500
WB-LRS3-3
4000
£ 3500
z
i g 3000
BT 2500 WB-LRS3-2
E S 2000 F
& L WB-LRS3-1
1000
500 WB-LRS3-0
0 1 1 1 1 1
0 10 20 30 40 50 60
26/°
(b)WB-LRS3

3 HiHAHE MP-LRS3(a)#n WB-LRS3(b) i X—&t & 17 5t & i
Fig.3 X-ray diffractogram characteristics of MP-LRS3 (a) and WB-LRS3 (b) at each digestive stage
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x1 JBHAKMEK MP-LRS3 & &1
Table 1 Crystallinity characteristics of MP-LRS3 at each digestive stage

A S i A fik dh JE /% T 25 & JE /% R ZTY A%
MP-LRS3-0 B 24.00 = 0.05¢ 20.88 = 0.03¢ 55.12 £ 0.10°
MP-LRS3-1 B 29.02 + 0.03¢ 26.16 £0.07" 44.82 +0.11"
MP-LRS3-2 B 44.24 £ 0.07* 25.13 £0.13" 30.63 £0.18°
MP-LRS3-3 B 39.01 £ 0.08" 32.80 + 0.09° 28.19 £ 0.15¢

*2 HBHWKHEK WB-LRS3 & Rt
Table 2 Crystallinity characteristics of WB-LRS3 at each digestive stage

# T i A 1% dh 1% T 2& &b E /% T BTG JE 1%
WB-LRS3-0 B 221 £0.04° 48.75 £ 0.13" 49.04 £ 0.09*
WB-LRS3-1 B 1.83 £ 0.03¢ 49.40 £ 0.07° 48.78 £ 0.03*
WB-LRS3-2 B 4.41 +£0.05" 62.18 + 0.04 33.41 £0.08°
WB-LRS3-3 B 14.57 £ 0.08* 38.93 + 0.05¢ 46.50 £ 0.07"

2.3 LRS3 7ESMNE K I B 1% Rk 2L R4 T 45 R
B X =5 4k A7 49 25 3 vT 1 ,MP-LRS3-0 5
WB-LRS3-0 HA FHLH) I 1% Fe 1, 5810, 278 1k
Ab R A5 B 4h fh B RN IG RE T R A0 S B [ A AR
e, A 5% 308 0 % % L PR 3 1 B AR B 9 kit
T2 MP-LRS3 F1 WB—LRS3 [ PN 3 45 #4725 £k (1]
4), VER ARG AR IR B CH R CH, 2
Aoy F RS 3h, DL B 14 RN SCRE E # AN [5) 1) 2 4

120 110 100 90 80 70 60 50
(AT iE:7
Chemical shift
(a)MP-LRS3

WEER L AR 5 122 i fb A RS 7E 106~96 Ab
A AR I 55 A A B BT C1 A 06, (RS 1 2 R s ke
VE M 45 i EE RUSUIR e X FR M B- A AR LE 101 Al
100 4b A P> C1 4RI ;72~76 JEHE 1 1E S G2,
C3.C5 MTCIP 4 o6, 8RR B4R Ve Ry ik 5t
B B B— 71 XU I E 45 #) 5 79~85 i il 1y i 5 C4
A, A 82 A B ILR, FBATCE I X
59~62 L g5 C6 A7 X

120 110 100 90 80 70 60 50
(AR

Chemical shift

(b)WB-LRS3

4 FiEHMLHME MP-LRS3(a)# WB-LRS3(b)#) CP/MPS #%#4 £ #x $3 3 i ik
Fig.4 CP/MPS NMR spectra of MP-LRS3 (a) and WB-LRS3 (b) at each digestive stage

12 3 M 4 7] %0 ,MP-LRS3 fil WB-LRS3
1) C1 i34 os 2 JE AL 4RIE (B MP-LRS3-3 #1
WB-LRS3-3), by HL R (1) B—HY f R AF ; H W&
A HEL G 235 T B T A AR i R AT R K, ARk

Py B SERE R T RUSERE S TR XS XS4
fiy 8 S —% i MP-LRS3-3 fil WB-LRS3-3 7
C1 A H 5% (100.03 ), 156 B B BTE B 2 1) b 14
SERUSP 3K 5 XA A A — 5,
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TR 5 A T A RO E 25 ) i 5 G e T X
YIMOG, ToE T X% Ak, DU E 45 44 % ot i
& 1 PPA g C4 or WA 0045 T FR 5 0 33 A 1 AR
() LU AR, FEREALLIE AL AE T, MP-LRS3 1) PPA
B2 B AL, Ul W LR 45 4 o LU 3G K, i SR AR
MEZAEMFLREEIX; i WB-LRS3 A &I H
i MP-LRS3 —E( () PPA ZRfbita#h | B Z48 T+

*3 HHWLKEK MP-LRS3
Table 3 Chemical shifts and relative crystall

o e AR R B U I 3 T T R T i R X
B 7 #2 TE BUASTR . WB-LRS3 Y PPA 7£4% B Bt 44
f5 - MP-LRS3, 15 B HOUUIR i 25 44 5 HAIR T MP-
LRS3,iX 5 ESEM 1 X— 5 £& 177 5 45 5 — 2, 4
XA] g5 T A O O R B SR =GRS5
EHRAKX,

B R BMENERE
inity of MP-LRS3 at each digestive stage

1 3 45 45
H A X 25 & R % PPA/%
Cl C4 C-2,3,5 C6
MP-LRS3-0 100.22 81.28 71.96 61.42 84.71 £ 0.07 4.78 +0.02°
99.59 80.60
MP-LRS3-1 100.15 80.86 73.88 61.45 81.23 £ 0.06! 2.55+0.03"
99.43 71.79
MP-LRS3-2 100.36 80.92 71.82 61.47 88.54 + 0.09" 2.55£0.02
99.38
MP-LRS3-3 100.03 81.57 73.86 61.34 94.98 +0.12° 1.15 £ 0.03°
80.84 71.64
79.58
T PPA FoR¥EM T JCE R X S
F4 FHUHME WB-LRS3I WL ZMBMBILERE
Table 4 Chemical shifts and relative crystallinity of WB-LRS3 at each digestive stage
ook )
# A8 X 2 &b E 1% PPA/%
Cl C4 C-2,3,5 C6
WB-LRS3-0 100.21 81.00 74.78 61.37 8298 £0.11° 3.49 £ 0.06°
99.37 79.58 71.94
WB-LRS3-1 100.19 80.79 71.91 61.48 74.41 = 0.06" 3.47 £ 0.03¢
99.61
WB-LRS3-2 100.10 81.42 74.82 61.41 95.24 + 0.09* 5.46 £ 0.04*
99.60 80.76 71.72
80.30
80.00
WB-LRS3-3 100.03 80.71 74.79 61.27 88.81 + 0.05" 4.66 = 0.08"
71.34

2.4 MP-LRS3 #1 WB-LRS3 i 48 3 i #F & &9
#EER

ARSI AR SR LRS3 1 45 44 M X i WLk #F
PRI FE R Z e, LLAS TH AR B Be MP-LRS3 #1 WB-
LRS3 Sy 85 57 St U5t i 53 LA 0t LIS AT 17 34 7 A
M.

W5 BTR 4 QA [ e U515 5% 1 TR bR 34 7E 8
h 2 A7 ik A K80 24 h A2 A oE A Ra e ) MP-
LRS3-0 Il WB-LRS3-0 st % 41 B Fk fix K 34 5 ik
FMERRKAKEY R E ST GLU Al HAMS Xf i
20 (P<0.05) , i WA Fl LRS3 #4 HAT L 55 i Al i A
TG () AR BB AT B YG FE KR L 3K 5 Zhang 4545
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W2, EXECER A, LRS3 REH 5 GLU M
HAMS ¢ @A F e M4 . FEmtRAE K 8~
16 h,LRS3 20 1 B (1% 3 5 2 2 Bt = T Xf B4
XU LRS3 A Bl s UL T B B P | A R A
FH M AE 16~24 h WIAH Bz, 14 58 1 R 00 8 77 2% |
X ] fig S i T AT B R A LRS3 5 IR 7K 34 i
5, BA B A 446 B 3 3R ) S B RR o R Pk, It
Ah, TEIRP R —BUW R4 T, MP-LRS3-0 41§
PR B K R R A e KAE K Bt i | T
WB-LRS3-0 41 (P<0.05) , 15t B {if 7 5 %) #% Ji SUk;
FFTR PR E V)0 1 A H 33k mT g 5 45 7 X 5 8k
M L5 25 5 % . G55 AR, & 9 MP-LRS3-
0 % WB-LRS3-0 25 ¥ # 8l , Jo e JE A5 B v, U
RBP4 g i R R T B E A T
TEFIX,

BEAN, 20 AR WAL B LRS3, #e A ] BE X
XU AT A 8 384 51 7 A AN TR R 2 i), Gl 6 T | 78
0~8 h B, 0 RUIBE AT 81 7 JIT A5 45 55 25 v %) 346 B o 3
AL, A GLU 4078 &5 JIr A LRS3 156 20 i PR 7E 8
h B AT ECE K BT, T GLU M HAMS X B8 41 78
8 h B AE K 2218 ,20 h J5 A T bA PR 1 51 . 155
AWM AR BB EE (P<0.05) Stk &%
(P<0.01) @ FXF 4, X RIPTTIL B LHMI
Ab B LRS3 % GLU Fl HAMS B 5 9 5 XU, A
BRI

AN, 5 IE AL HT AR L, W Ak )5 4 MP-LRS3

L4 rawpirso
—e— MP-LRS3-1
12 [ MPLRS32
41" |---MPLRS3-3
- GLU
1o} CXHAMS [,
*
= 0.8f i
5 ;
= i e~
S o6} ;]
1
0.4 3
0.2} il /
,,,,,,,,,,,,,,, v
v S ! aacatd
0.0 & -V 1 1 1 1 L )
0 3 10 15 20 25 30 35 40
FrFR i )
Culturing time/h
(a)MP-LRS3

—=—GLU
- #- WB-LRS3-0 *
-4~ MPLRS3-0 A
Lof --v-- HAMS -
0.8
£ 06f
20
=)
0.4}
0.2}
r =3
0.0E 1 L L | )

0 5 10 15 210 2‘5 30 35 40
Hi IR i il
Culturing time/h
i . * /8 MP-LRS3-0 5 WB-LRS3-0 7 12~36 h
HAA 25 (P<0.05)
B 5 MP-LRS3-0 #1 WB-LRS3-0 3 58 W I #F &
MRS EE A LR
Fig.5 Comparison of the effects of MP-LRS3-0 and

WB-LRS3-0 on the proliferation of B. breve
WB-LRS3 21 B #k 14 55 16 Bk 5 Al e R A K B
5 BT (P<0.05) , BLHEAE DK H A/
A R AT, S ECR AR W T R
MP -LRS3 -3 >MP -LRS3 -2 >MP -LRS3 -1 >MP -
LRS3-0,WB-LRS3-3>WB-LRS3-2>WB-LRS3 -
I>WB-LRS3-0, £S5 LAY LRS3 BA H T %6
XUBCHF TR R385, H i L3 3009 LRS3 4544
A iff SRR S e LR T R BESOR B AR S Y
PUPETEN BAT B aF 1 2 AR AE ), B ORAE PUPETE A
5 i JEE ) 2 v F 2 BT R I A M Sk 5 STk [31 -
32—,
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Effect of Structural Changes of Lotus Seed Resistant Starch through Digestion in Vitro
on Bifidobacterium breve Proliferation

Huang Yaping'?*?, Liu Xia"**, Yang Shujie"*?, Lu Xu"?*?, Miao Song**, Deng Kaibo"**, Zheng Baodong'?*?
(‘College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002
*China~Ireland International Cooperation Centre for Food Material Science and Structure Design, Fuzhou 350002
‘Fujian Provincial Key Laboratory of Quality Science and Processing Technology in Special Starch, Fuzhou 350002
“Teagasc Food Research Centre, Agriculture and Food Development Authority of Ireland, Cork 999014, Ireland)

Abstracxt Resistant starch is a kind of important carbon source for colonic microorganisms. The study of its structure—
function relationship is helpful to understand the mechanism of dietary nutrition in the body. In this paper, lotus seed
resistant starch prepared by microwave—power method (MP-LRS3) and water-bath method (WB-LRS3) were used as raw
materials. With digestion in wvitro, MP-LRS3 and WB-LRS3 were used to determine the structural changes and estab-
lished their nutritional interactions of Bifidobacterium breve. The results showed that after digestion in wviiro, the crys-
tallinity of MP-LRS3 and WB-LRS3 changed significantly (P<0.05), the layered structure with rough surface gradually
depolymerizated into smaller particles with rounded corners, and both of their crystal structure still were B type. After
recrystallization, the double helix structure was compacter and the arrangement of starch molecules was more orderly.
However, due to the different preparation methods, the crystal properties were different after digestion. At the same di-
gestion stage, the depolymerization degree of MP-LRS3 was higher than that of WB-LRS3. In addition, MP-LRS3 and
WB-LRS3 showed a better adhesion reaction to Bifidobacterium breve with the process of digestion, but the level of the
former was higher at the same digestion stage, which might be related to the different depolymerization degree in the di-
gestion environment of lotus seed resistant starch caused by the structural differences. There was a positive correlation
between the adhesion reaction and the ability to promote proliferation. It was speculated that the structural difference
caused by the different degree of depolymerization made that MP-LRS3 was stronger than WB-LRS3 on adhesion ability
and proliferative effect. The results of this study could provide a theoretical basis for improving the metabolism and pro-
biotic action of resistant starch in vivo.

Keywords lotus seed resistant starch; digestion in wvitro; structural characteristics; Bifidobacterium breve ; proliferation



