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B VEA HAT B8 B AR A e R R e TR e
W SER R R L K N E IR TER , 5%
V€ by BE U8 2 B /s B2 A b B o = T R
(Akkermansia) . ¥ B & #} (Rikenellaceae ) [ AH X
FREES DL K B0 v B KR 185 S DR LA i T R R R
T S AR B K A, R HE My 1 B #0248 5
— BT R PO T R BOL BB AL, 2k 2
AIPTPEVE Ry B D SR FE—SE 1 A0 T, A TE #
PORAK I EY S, RZ T IHAL I TE R e
68/ I AT IR S B, Bk M T TR R R
FERE PO, R0, O T RIS AR EvE M FE 45 I vh i &
[CRER RN SE{ ST

AL UL Th RS ERE M I WF SR XS 5, TE DR HE
il K 3 s RO BGR EE A% — RG0S [ B
TEARBE I VE AL, IR S JE i e TS LR Y
FOR R 0 R AR AN [) Jh e I ) 1) 7= Ui
FERR IR - i, R IRIEAS ) B I AL A i) 4%
TE WY T K I 45 PRI XoF i T AR 2 B e 1 S R
T 5 SR T I AT T A TE A B A 46 1 Xk g i 4
FREGSZA DA Rt I e 0 ) o8 5 M i B 1)
MR HAEENIISE L,

1 MBRERE

1.1 MR =R 5E&

L1 MESIEAH SEZEER ., KRR
(Fructooligosaccharide, FOS) . 2 g £k 2 £k,
& [H Sigma A F] 5 BER WK BRREE BR R BE A1k
EAETCHLER , 2 4 Ak 24 R 8 W 4= 3R
1%, 122 s A AR A

1.1.2 U5 &4E&  HI-M6 £ Mg e S FEK
B TR 2 FHE 2 A FE20/EL20 pH it , |
VR AR - FC R 28 7] TG16-WS £ 2 i 3 B 0
B, WACEG O WL AR A B s Scientz— 10N FL25 ¥ Uk
TR TUOR Z YR A W] DSC200 F3 R 2%
FH 8 #L, #E Netzch 2 7] ;GC-2010 Plus #4
I8 BF AR 0,33 , B 75 Shimadzu (5 ) 23 7 ;ZB-
FFAP J& filA 9 B 448 4, 28 E Scientific 28 A ;
SU3800 i HL T s, HAH 374w ;HV-85
o H K i, DORE S #RH 47 28 W) 5 FE20/EL20 ¥
IRBIFEE AN, b A AR 3 —FE R 2 A W) 5 YQX- TR &
Rigede, LUEEH A A SW-Cl-2G B TAES,

TN B A A

1.2 REHZ*

1.2.1  AS[RIGE M Fh R 52 4% 228 i A0 A o 114 1 5
AN 7] B e A B 1) T 48 S VE R IR A8 T S
Wang SEM 1B T BEARE B, EFRFRIL 10 g 4%
IR K> & BN 16.0%) T RN &S A
1 i ZE IR K B [/ K 53 & & (50% ,45% ,40% ,
50% ,60% , 104 ) (I VERFE b o B IEH 5K FEAMIR
Gla, ol TR B N i B (56,64,66,66,71
C) FIFA 10 min, I0ETE S 37 BRI AGE R
10 min, 75T, RS BB

HERAFREL 3 mg R i E B F 40 wL 5945
Berp A A 9 WL ZE K R A G R
FEE TR R #7112 b, SR)5 TR 2 H R 3 Hr
DI IR 2 10, D IR H A 20~100
°C, FAH A 10 °C/min , B A BE & 000 5E 2 /0 &
23, WK WEKETEE (Degree of gela-
tinization, DG)i+E AT,

DG(%)=(1-AH sumien/AH sommppen )x100 (1)

X AH ponmen i #TE Ky B K AE ) g
AH 5yienm KIRVER HUREAH , /g0
122 RAMREERE  DLRIR DA v Ry A ik
AN [ 5 G AR B 1 T B S A R IS, AR AR ek A
&R 1 Lebet ZEWI) )y Bt A1 1AM & B 56 K
i ] 4 %) e T — W 1 2% o T 121 °CF i TR K B
20 min, EHINA K B R EE R L BRI v A CO,,
TR T VB DN 00 A8 BR8N DR AR TH O R
FrHAR R T .

N R NI EE PN Ve E N SN ]
TREERAR SR 3 A@FEAE (15 2 % ,185
kg/m? < BMI < 24.9 kg/m?®)!™I b4 (1) S 6 b5 o 22
A4 2 1) JCAR A BRI FAT A 315 Ak e o8 5 2) i R &
B3 A A NKR AR AR 3) LMW E N A
IR FAATART £ A2 TR 7™ i o S UER 3 44 AL A i) i
FEE I 37 BRI A DR AEAT T 00040 It 14 e 1R —
M2 2% pP R ZE AR S AT AR B (mosewtV =1
4),BlJ5H 4 220 A0 o U8 J5 O S T R FR
it 50 mg JEM T IS KR AF B P MO, SRS 4
BN 1 mL B WA 4 mL 28 v, FEAMIRANG S
RV FH A% e ZE TN 4R 5 % B, R AS & 37 CCHE IR K U B
P ATIEE R FE, UL LT TAEY e 28 S 2




524 4 2 M

R R B R A AR I a0 by 0 AR T KB A AT 3

JEH) 2 h W58, 76 & BRI ] 5(0,4,8,12 h
124 ) I FLACMR ™ R pH B B AS [R) A& 2 B
(B 5 0 & W %5 7 2 2 mL Eppendorf &, F-80
C TS, H T 22R9 SCFA 1 16S rRNA
JF o R BB AN i) Bsf i) AT 1) K T ke s 46 47 0% U
T, B W AEE WSS, R TR I R R b
(FOS) FVA TS AT AT 85 7K Ak B 90 1) 2% T 43 ) AR
Shy PR ot R B P X R

1.2.3  JERYRES M Z5FILEE W AN [R) 68 s fb A I
) h A% B Ry R AR AN TR) 2 T T WA 1) & e o v
FHRCIA T e [ FRE i 2 L, et 4 Ah B
L7 i fBE (SU3800) 78 5 kV HL JE N W83 by A
i B A 25

1.2.4  JE4ENE B2 (SCFAs) I 2 2R FH Wang
SOSN8 9 v i 4 g 7
i, e, F-80 CF AU TR BRI T O
(13 000 r/min, 10 min), HX 400 pL 3% W5 100
pL &4 1.56 mg/mL i B 5 5% f B4 2 F1 4— Ak
IR IR ROR A, 0.45 m JE M I U8 IR | HEH
W B 0.2 L 8 W A BC &5 0 il 3 B Al A
ST A AT I A WA AR AR TR I R 80
C, TE A a AR DU 5 i B2 241158 o 230 °C, AR R DA
8 °C/min MR TF = 192 CJ5ff 4+ 3 min, LLASR
J A, TN 1 mL/min,

1.2.5 FEEFEARYIE 16S rRNA K P
1.2.5.1 FEZS DNA $2H0f V3-Vv4 KP4 fli
TGuide S96 DNA 551 &5 X fiff 4 A il i 47 4% R 12
B, {1 Qubit dsDNA HS 5 & Fl Qubit 4.0 %
FEAKTBE S DNA #e B2 SR A7 R0 43 50 FH 51 9
338F ; 5’ — ACTCCTACGGGAGGCAGCA -3’ Al
806R :5' ~GGACTACHVGGGTWTCTAAT -3' %} #f

AR DNA #£47 16S rRNA JEH V3-V4 X
Wy s, P s, I Mlumina novaseq
6000 Xof Fik A7 Al 1y

1252 AYEEY k2B Egitoat WF
A8 B il QIIME2 W ) DADA2 5 ik 2%
Mg U671 iy Jp 5] BF 42 I 25 R ik 5 1R P 41 449 31 A
LA, DL SILVA h 2 2% 54 e il AN &R
DU U7 23 S A8 RPRRAE P 9 37 00 2820 1R, T A
B A AR XS N BB Rl 245 B ETTAET] (Phy-
lum) A& (Genus ) K F _EGeit eI nl #AL b B
T, RHIRFEME AR 224, >R A Shannon
Simpson ,Chao 1 fil ACE %548 #5 bt 58 H a—- £
PE o g i — 20 B S 4 S 07 1R 5 g 3 TR Y A G
P X A I 25 R J 7K1 BE R 15 AL A3 1 K
AR S B SR . IR AT Rk i kAT
(Pearson ) FH 3¢ 73 Bt I 44 2 AH S 24 A
1.2.6 s abry e Bl H 20 4 P17l 56
V(B T7 223808, R SPSS Geit it (L
SPSS 7y wHl) AT HUHE HY H R 3R O 22 43 (ANO-
VA) B 5 (P < 0.05) 22 543 o 7 S 0™ g it
2k ¥ GraphPad Prism #ff (Version 7.0, [
GraphPad software 2 ] ) 2 il 1M 1% .

IR b

2 #HRERH
21 ARBRKEEDILZEMHHE

AN TR AR A A B A 3 (1) 5 % S B A 3R )
2SR G I B AL R BE 3% 1 B s, T LA
B, 0 AR S 1 A B Ak R A
16% % 100% W 5E AL 588 B VEN . FERE S 150
AN TR A T B B R DG iTE X 30R o n
RFE TR

x1 DRETHERNANZSHREERLEE

Table 1 Thermal transition parameters and degree of gelatinization of potato starch samples
A S T,/C T,/C T./IC AH/J-g! DG/%

R R B4 5 by (NPS) 55.5+£0.1° 62.4 £0.1° 71.8 £0.8" 15.5+0.6" -
NPS-50%-56 C 57.6 £ 0.4 62.8 +0.1° 722 + 0.4 13.0+0.1° 16.0 + 0.2
NPS-45%-64 C 61.5+0.2° 66.2 +0.2" 73.1 0.4 7.9 £0.6* 489 +1.0°
NPS-40%-66 C 61.5+0.7 67.5+£0.5° 73.1 £0.6" 5.4 +0.0 65.0 £ 0.0°
NPS-50%-66 °C 622 £0.8° 67.3 £0.0° 72.4 £2.1° 3.7+0.1° 76.0 0.2
NPS-60%-71 C ND ND ND ND 100.0 = 0.0°

VE « 80 S B (B A0 o i 22, R — SR [R) S B AR R 22 57t 135 (P<0.05) o ND. RAGW L, T, BEME AL IR I 5 T, BEMSAL I (IR 5 7.

BERE AL AL L s AH. BEREALKS (DG, BERALRRE



O &

[

H

A,

22 2024 4E55 2 W

i

H

15

ED -»- NPS

2 12 = DG16

: % g -+ DG49
iz I <, - DG65
%r: j%' £ c - DG76
S g = - DG100

E © 3 = FOS

o

2

3 0

0 5 10 15 20 25
pAA|

Fermentation time/h
T A IF /NG B IR (] — 2 19 I ) s, A [ B 4 3 0 M R Y
7L 22 5 (P<0.05)
E1 AEEKHLEEDRETMERELER
7[5 B 8 A B 75 S %
Fig.1 Gas production curves of potato starch samples
with different gelatinization degrees at different

fermentation time points
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HEI IS, ERRE B (12~24 h), R
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E Bl PR R T K K TE By (NPS) FlA & 115 Ak 72
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2.3 WHRTK
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B[]S AR S A R B R R A 1] 2 e . PR AR
TE B (NPS) FHER 4385 ¢ Ak TE B3 A 5 (DG16 ,.DG49 |
DG65 Fl DG76) K& I 24 h Jo W42 A 2 3E 4 vk i
A AN R 7 2 eI 12 h 9 3 K3 3 A8 Ak 5 1 %
6 A EE AL I YE YRR (DG100) , & % 8 h J& stk
EARFNTER IR (URR KEE 4 h EHAEL, KR
[Fi) 3 3 it I 5 A T 10 114 A28 4 2 30 AN [ ) T
SARAE . AR FIIGE e AL B 1) T 48 B U M R
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Fig.2 SEM images of potato starches with different DG before and during in wvitro fecal fermentation
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VWY pH E PR R, RS 2 EEE R R
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Fig.3 pH value change curves of potato starches with

different DG during in vitro fecal fermentation course
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12 h PR S B RS T R, FLRA S Sk
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BE(12~24 W) JLF %A KA B AR, KR D8
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Fig.4 Acetate (a), propionate (b), butyrate (¢) and total SCFA (d) production of potato starch samples

with different DG at different fermentation time

25 MEEBESTER

25.1 a-ZFMESTT A TIPS KB 24 h
J AN TR0 %) 0 T AR 0 A SRR A XA TRT Y -2
FEMEFE B TN E . Hod Chao 1 $58%UFT ACE $5
BT T MY F A9 3 & B, Shannon F5 £4 1
Simpson $8 £ T S B F (4 Z2 BEE, O [R]AE h
RGN a-ZFEMEARECINR 2 s, 550
ZHAH H, BT A A i (R B 7 F 5 B2 4R 2 (ACE $5 80R
Chao 1 $5%5) FiE V% Z £ PE 48 £ (Simpson 18 £
Shannon 4 %0) 14 Fr 34 s AHEE T FHAEXT R FOS,
KR A4 T 0 by AN T 358 e AL R B ) 5 48 B 0
(DG65 BRAN ) HE 540 2 B 5 19 2 & B 48 5L

(ACE 501 Chao 1 38%0) IS = B9 fE v ZAEE
F8 50 (Simpson 485U H1 Shannon 8 %) , S48 33 SL 4k
P Z R Ge it 22 AN 2RI D X Be 55 R R T
AN TRIEE I AR B2 1) T o A % i 4 e — o AR JE b 2
A S R 2R

252 T1RE R g B A8k A [n] e
JIE A T A4 B E s K I X i T TR R AE D KT AH
XA BE R SZ M AN 1 5 T BB AT AL JEERE TR TR
UFFE TR E A 0 A, A 8
P S BV 1 90% LA I o BRI Z AN ABIE T
B TR T ] B BARAT B 1] 0 B AR A s, 52
P AH L, FOS 20 1 J52 R TR 1 1 A 0T = B 52 g6 o



H24% H 2

R R B R A AR I a0 by 0 AR T KB A AT

R2 TRERUBEDIRBEMEIIRE24h B - S HFEER

Table 2 a—diversity indices of potato starch with different DG after 24 h of in vitro fermentation

H o ACE & % Chao 1 354 Simpson 7§ 4k Shannon #& %t
= H A 466.45 + 0.86° 464.03 + 1.62° 0.97 £ 0.00* 6.19 £ 0.07*

NPS 538.54 +36.49* 535.48 +35.55* 0.98 = 0.00" 6.26 £ 0.08*

DG16 614.58 + 150.03* 612.20 = 151.10* 0.98 + 0.00 6.44 +0.13"

DG49 554.16 + 137.92* 551.08 + 137.94* 0.98 = 0.00" 6.32 £0.12*

DG65 503.07 + 142.71* 501.61 + 143.43* 0.98 + 0.00 6.27 £ 0.04®

DG76 529.15 £ 100.91* 526.23 + 101.86* 0.98 = 0.00" 6.30 £ 0.04*
DG100 663.19 + 16.37* 660.71 + 16.24* 0.98 + 0.00 6.36 + 0.03*

FOS 512.87 £ 101.02* 510.71 £ 101.03* 0.98 £ 0.00" 6.27 £0.18*

T P Al — A ] 5 R 22 5 W 2 (P<0.05)

TR RIR TR Z e Ry AR BE I AR 1
BB RERYRE S (DGL6) AL R BUAT B 1] 32 BE 38 i , ifi
JEREG T T F R oy | B R AL B ) 4% B U
#3241 (DG49 . DG65 1 DGT6) Fil 58 4= 5 e Ak 3 45 41
(DG100) 7E 1A 14 B RE 728 AL B/ TR SR TE o
B AL TE Ry 4, 5 FOS 4125, 5525 (% HR A
Fb, A R S 2 A8 T8 B 1T A B I T R
R T 2 B TS [ 9 e A R S 0 A0 B
BEVE 2 5, HEIBURBE 24 h J5 AR ERERT 15 08
AT (F 6), S25 H4M L, FOS & B 51 2
1k BB 1 R (Megamonas ) B A2 K (B BAIG T 2%
W& (Faecalibacterium) FIENEFF A& (A gath-

LEROESE S
Relative abundance/%

B5 TRESERUBESREEMEILE240F
TR B E A TR M EE N0
Fig.5 Changes in microbiota composition at phylum

level after 24 h of in vitro fermentation of potato

starches with different DG

2.5.3  WRESICS REENG RR BAR SR T
E— 25 B W o A A -5 B R DT TR 2R A G AR
e UE K AR FBERT 15 MY S R IR
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Fron-

Studies on the Characteristics of Potato Starch with Different Gelatinization Degrees

in Vitro Fermentation

Wang Shujun,

Wang Qian,

Wang Shaokang”

(State Key Laboratory of Food Nutrition and Safety, Tianjin Uniwversity of Science and Technology, Tianjin 300457)

Abstract Although starch with natural B-type crystal structure is a typical type 2 resistant starch, most of them have to

undergo varying degrees of thermal processing before consumption, resulting in a significant decrease in enzymatic resis-

tance. Under certain conditions, even the digestible starch could escape digestion in the small intestine and enter the

colon to be utilized by microbiota, which, however, has rarely been reported. The present study prepared a series of

potato starch samples with different gelatinization degrees (DG) and investigated the fermentability by human fecal micro-
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biota in an in wvitro batch system. Gas production increased from 9.8 ml of gelatinized starch with low DG (DG 16) to
14 mL of gelatinized starch with high DG (DG100) during the first half of fermentation (0—12 h), and the acetate and
propionate production also gradually increased with increasing DG. For instance, the yields of acetate (67.26 mmol/L.) and
propionate  (61.19 mmol/L) of high gelatinized starch sample (DG100) were significantly higher than those of low gela-
tinized starch sample (DG16, 41.29 mmol/LL of acetate, 21.27 mmol/L. of propionate). Compared with other groups, gela-
tinized starch groups with low and medium DG (DG16, DG49) exhibited the higher butyrate yields at the end of fermen-
tation. Moreover, Roseburia, Lachnospiraceae and Blautia were promoted by gelatinized starches with low and medium
DG. Compared with other groups, gelatinized starch groups with medium and high DG (DG49, DG65 and DG76) promoted
the proliferation of Megamonas, and generated higher levels of acetate and propionate. The proliferation of butyrate—pro-
ducing bacterial and higher production of butyrate by gelatinized potato starch with low and medium DG (DG 16 and
DG49) suggested that these starches could potentially improve the colon health function.

Keywords potato starch; gelatinization degree; fermentation characteristics; short chain fatty acid; gut microbiota



