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S EARGEM - IBFAE IR S S YIRVIFIN K Rg & B2
it R B e E A RS2 A L

B, BEE, i, 18, soR
(4T TR ASA S T2%, RSN 510640)

. ZATR VA S A4k 2K (High-Amylose Maize Starch, HAMS) L5 w94t R ) 64 A5 a4 AL, 4G RibAa
RERFBR a0, AR TR AR K K B A R A RE R 6%, S RA, MUE MG B0 An L 0938, R -BRE &4
(34.87%) 98, BRI LAV R4 HM Y (30.42%~32.93% ). F-TIefafe i oSN KBt fe P AR A AR F M £ 7
(p>005), R&FAFTAR—IK (138~142 mL). 8- Riefafig s R A &4 = T BIKE (14.83~17.91 mmol/L) 1&F HAMS
(22.42 mmol/L ), {254 % T (60.25~63.73 mmol/L) FeFER (21.22~24.81 mmol/L). EA»-TiaAf=fe il 4 a4 ¥ 4k B H 1Lt
Prevotella #9485t 3 /&, X5 L& Se9RB 7= 8A K. &L, H-Taf8hi 5 o4 KL et 2 IS Bief B 9% mils, £
Z 5 RE R oM B H MR K, B ISR ehteAe BT B4k 2RI - T oA IR T G A RE LM B — R,
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High-amylose Maize Starch-unsaturated Fatty Acid Complexes: In Vitro
Large Intestine Fermentation Characteristics and Effects on Gut

Microbiota

XU Shigi, ZHOU Qianwen, FU Xiong, HUANG Qiang, ZHANG Bin”
(School of Food Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: In this study, high-amylose maize starch (HAMS) and four fatty acids with different saturation degrees were used as the raw
materials to form starch-unsaturated-fatty-acid complexes. The effects of the different complexes on the in vitro large intestine fermentation
characteristics and regulation of microbiota were investigated. The results showed that with the increase of the unsaturation of fatty acids, the
formation of V-type starch complexes (30.42%~32.93%) decreased, except for the starch-oleic-acid complex (34.87%). There were no significant
differences in the fermentation rate for the starch-unsaturated fat complexes during the entire fermentation process (p>0.05), with their final gas
productions being essentially the same (13.8~14.2 mL). The starch-unsaturated fatty acid complexes produced a lower concentration of butyrate
(14.83~17.91 mmol/L; compared with HAMS 22.42 mmol/L), but produced higher concentrations of acetate (60.25~63.73 mmol/L) and
propionate (21.22~24.81 mmol/L). The starch-unsaturated fatty acid complexes all significantly increased the relative abundance of Prevotella,
which might be associated with their higher propionate productions. Taken together, the in vitro large intestine fermentation characteristics of
HAMS-unsaturated-fatty-acid complexes were less affected by the fatty acid saturation, but related mainly to their own complex structure. The
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saturation of the fatty acids in the HAMS-unsaturated fatty acid complexes has a certain effect on the microbiota structure.

Key words: starch-lipid complex; in vitro large intestine fermentation; gut microbiota; short-chain fatty acids

NKE RS — Y BRIV ES RS, Z9H
105~10" FIEBEFTIIAG, ZERUAARPEEM, ik
HAE T2 e EAE R R L F g m, W A4S
5. G, HZIREE, iR Egi e E RN
HEz A, BEEE S AR TAIERRR: A
NI BEE FRAVRY, RN RERRE
YNGR, MAERG RS T —EMBR, #)
P RS, i RS SRR R,
i A 5 T TR Al T 7 2B A A A T A B IR DT R
(Short Chain Fatty Acids, SCFAs) sZHiff). SCFAs
TS RN R Gt (R BE R AR L SRR
B, MIEENTE AR S mgn s <Eohae &
fF B EE Y,

PitEVER (Resistant Starch, RS) fZIRIEM AL
SIERN I B ER, 120 min N a-TEA R
AR B A AU 4, AT R
Ve NS T e Al o R . HHT, RS AR
FERDFFG TN LA R, = ZL P e N (Type
1 Resistant Starch, RS1). KIRTIPEIEH (Type 2
Resistant Starch, RS2). ZAtjEk; (Type 3 Resistant
Starch, RS3). e (Type 4 Resistant Starch,
RS4) FjEky-femE &) (Type 5 Resistant Starch,
RS5) %53, Hr RS5 & —MEiiyitietsy, e
HH ELEEE R S5 15 0T S IO S A1 ) SRR e s, B
H R HIREE TR s 5 O Foivem st
Sl EAEEEN, e EEEEN pH E, (2
AR, PRAEEIREE R SCRAS DI B izt
R A B REl . AR B AT A\ T B ()
ERIEFVETN, EAE AR N EA R E A T)
e, T 4E A AR Y RAe e (1) B e 45 40 e R AT
PEEME . PUHMCESE D REAF RIS HIAEE . 15 1
B R R SRR, fltn, Annor £
T E MR A RSB, R INKTER SERRERR . I
PR AT S R TS R B2 A Uk A iR BB B Tk
k. HEl, O KEMFRE [Ekm-TER S
TERSALER . 25 R R ThREREE CUTkifb . G PEATYH
by BB (B2 KR T RSS 4% L
FEMESE L. S TVEMANENI MRS 42t
b, TAEFI I R VO A R E FANME, X
ToeRe N R B R AR DG Flk B RO E B,
BRI AMBAR TR STEMm T E & e 5= %
RIS, R R EARRST OGS . H— 5T, A

FRTER I SR R BRI AR S R 5 HA
AT IR FAIARBEIRN, FEREA A4 2 4544
(1) RS5 2 [A] BRI IR LA

ARSI FH v BLAE FORTER AR B SR LI
ERRIAEREER . THER. P IMERFIERRERE AR, R
FARSR 5 0245 A [ VAN BE (R Se k- PR TR B A0
KH X BHATH (X-Ray Diffraction, XRD). Z/~f]
&Y (Differential Scanning Calorimeter, DSC) &
FAETF BRI B FEA I B G 28 0 B B AR A S A A T
b o FIFARSN R R B SEIFT 16S rRNA F: LK,
7R SRR PR PE I B RS AR . RS B 7E
RS5 (1 & BRI S8 E R S R 5245 P R 7 B v A
JEZRIFIRER, NEPHEIF R & o= A ek N
SRR T REME B A ECRHR B T T RE .

1 MREREE

11 #H#

o ELEE K IEN (HylonV), 351 Ingredion 24 &
RERHE, S Ingredion AF]; WINER. WHRER. &
fif o JERIEE (EC 5. 232-468-9; Jh1E: 8>USP/mg).
TERY A AR (EC 5 3.2.1.3(BRENDA, IUBMB);
WE1%E: =260 units/mL), £ Sigma-Aldrich A &]; fif
JEER, Bhr TR A R SR, BTk T 457
Ay HARRT B a5 o i At

12 FEMNBHHA

HYQX-IIA! JRAF, iRk =y7 28t 7 5
MR-Hei-Tec ZUAN#AREFHERESS, 7 Heidoiph 2
A]; LDZH-100KBS A7 A% /1789 K ii%n, Fifg
LT R DL-5-B BB, _BifF SRl 2E A
AT FE20 BUEUE pH 1, S AR -FER] 21038
AIRAF; DSC3 M ZE/ R R, Hi - EAEREEI-1T
FI LA TR A T DIMax-1200 %Y X-SF R AT5 00
1%, HA Rigaku A7]; DYY-6C BUEEHKAL, JEH7/MX
A5 2720 L PCR 4344, &N A R0 A w5
E6090 ! TBS-380 7ttt Abut)m-FiEAMHARE R
A#]; NanoDrop-ND-1000 7t 6Tt SEEZEER K
AH]; 2100 AT FEEZEE AR Hlumina
PE250 %! NovaSeq =i &4, & lumina A ]

13 LHedyik
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1.3.1 8- T8 ik ot &

AR SCH AN - AR TR E S T 5%
Karkalas 257 it 1715050, % 6 g BTN oK
TERVET 400 mL 0.1 mol/L [#) KOH ¥, 7 300 r/min
NEE RS TR SRR R PSE T R 90 °C
{FF Lh B2IBILIENT . [FIRE, ¥ 0.6 g ARIERIA R T
600 mL 0.1 mol/L ft] KOH ¥, 1E 90 °Chn#JFRi4:
PP E5e . 75 90 °C K AR AR 5 e Ve
A7 R 30 min, 2.0 mol/L f¥) HCI ¥
PR GTEE) pH IS 4.6~4.7, 4EFF 90 °C4k4Lhn
#1h, AHEEE, 7£3000 r/min K& 15 min 15
FNPTHE RATER- AR IR R 540 KBTSt
TEPIA TR 48 h AR BIFES, irid i, & Tukaa
BAMRAT . STREARR T A IARIERS, HAR bR
—HRER Y Bl 44 HAMS, & BLEE FoKIEHR : GS,
ILIERY; GS-SA, JEM-HRIRE &4; GS-OA, ¥E
W-HIR T AW GS-LA, JER- TR &54); GS-ALA,
TER-TRRERE &9): SA, FEEIR: OA, W& LA,
g ALA, ERRRZ.

1.3.2 X-S&AT4mE

YERFIRE ST 7K 43, B e~ F A TR S it
SRIGHN XRD A HIFE S & A T MR AN
K 0.154 0 nm. MR R 40 KV LI 30 mA. #
FIIXIEA 4~30 20, FHEHEE 2 Fmin, BRI
W, W E TR 4G S R . A S SR TR A S
[ Nara ZEMSHR 775, I Jade B0 45
DX SR R 2 3 A TR A5, TS LA R
FEXTEE S E (Relative Crystallinity, RC).

Ac
Ac+ Aa

AF:

Ac——4% ah R3R @ A7,

Aa—— k4§ R K@ AR,

133 #AFhFnE

HERAREN 3 mg JEky T35 5 2B /KIS 5 A ik
K ERN T0%IREY), HEmEst, fEER TP
M5, FH DSC AR i, 946 24 30~140 °C,
FAHEE A 10 °C/mint™l, H STARe #0443 55k
FIF R RELAIRE (To). WEIRE (Tp). £k
R (To) FME (AHD.

1.34 FAaHEomE

K H Jia M7 N E R E S e, C
HFRRTER-IE I E AT AR . HERRRECER T
300 mg, EFT 5mL 2B K, FEHKIB N
PEEE 30 min, AEIEEE, 7E2 000 r/min KO

RC = x100% (D

22

8 min, § 50 L _F3E 5 2 ml 576 m=1.3% I, F1m=2%
KI SATOM TR A FISYIMT WA 690 nm
A 5 T A5 AR S READ RO B O R 35

ABS

—ABS
Cl = re::eBncSe sample %x100% ( 2 )

reference

NS

ABSeterence— — /R IEANBAAL;

ABSgample— —FF B AAL.
1.35 KA ENE

FUEk & BNE S Xie 2 ML NG
T, ETFRE 0.6 g vt il T2 T 50 mL &
L, 43BN 20 mL 0.1 mol/L (IS R AA2ZE M Al
Wi, IR S G BT 37 °CRE 1 HE /K e 2 v -
BN 5 mL 8RBT Sk ] 26 i ) VR A R i s
FRaaTHR o FERY 2 h JE, AEENE I 0.25 mL
B 10 mL =66%[1 LB G 15 IEBEE R N . T
4 300 r/min N5 min, BL0.1 mL EEHRS 3 mL
) GOPOD &A%, IE 510 nm AbMROLME, Bk
THEIEMW T
TG -G, x0.9

TG

RS = (3

K

RS——iuHizis =, %;

Groo——BK it 2N /& = L Y R BB S, %;

TC——H &L HELE, %.
1.3.6  1RIN KM K B 525

TRAN K R B S0 22 M 5 SRS 2, o) 4% e
TUR VRN FR- B RR 2 il TR AT K -
0.25 g/L -t BRI I\ BUBKIR- P IR i, T8
N CO, S E MRS . THERARREUEANIS 8] 00 K B R
ft 50 mg TR, SR K %5 PRV B IR - R 2%
MR SRS B R ARG TR R P 1 . S o8 DA 3R SR
( Fructooligosaccharide, FOS) 1 A FH XTI, DA
HAMS. GS fll SA. OA. LA. ALA 1ENEAM:XTHIE .

IRANR BSOS T — AR ERE (B
HTR¥HE MEERD R s
K-2021-085-01), fiEfF 3 #EBHMFIEFRE. TR
BTS2 RIS R A & 0, Hr R
PRERFRFIT & . BIEE LA E LR &M (D £
BYTE 20~25 %, BMI AL T 1E % 5 (18.5~23.9 kg/m®);
(2) GiifgrE, TCHBIETHER: (3 R
JE A B IR AT A 5 2 A T IR =, RIS =N H
AR S PiA 2. B8 i AR AR
T E R B R A T R, =2 SR
1 STRIR-BERR % 1:3 L BNR &35, REt
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PEAFRII . ERANPREUR I 4 mL BRIER-BEIR 2%
PPRAD 1 mL BT SR PRI SEFNER 55 2 . 75 37 °C
KT REE 4, 8. 128124 h )5, SEEVELHAERHIR
SO, AR RIS S E SR WERR S
(1) LI AT FIBEAR TR 73 BT UTIEMIIEAT 16S IRNA
BRI, B _LISRADTE I RAFE-80 °CLAE
=L,
1.3.7 JE4ENE IR &2 T

S R ITRRIN P B 3% Wang 25207k,
ARSI SE o K AN TR R T I TR SRR DA
12 000 r/min 3% 2.0 10 min, 2> 58] LiEw. LA
A- LRI AR S, F 200 uL 1N FRIES
HIAZE 800 uL 1 B3EW R, RG], EANSAHELE
Ao ot R P R B T 7 PR S i B 4 A (Zebron,
ZB-FFAP, 30 mx0.25 mmx0.25 pm) A& 1K IGH:
WIBE, FEFOEA 1 mUmin BIES T 45E E I E W .
BARZAE Sy AL 10:1, BERE RS AR 3815y
230 °C, ¥R 80 °C, L 8 °C/min FHE A 192 °C,
{R¥E3min. FEPZH)E, oG, IR IEN
PR PRI T AR AR i 1) B bR R R AR A T e BB
1.3.8 DNA #9388 5 55| 547

] QIAamp® DNA RFEL, WA RIS (] i [
fEPESL FH R DNA, FH1E-20 °C AR T3 #
X DNA 347 € &, PARIR e hEEERe Fo ikl DNA 1)
PHUT R, BEJE XA G DNA FEAR, INIFEAR
Fe 5% Barcode J¥AI, fdFH IE AR [A) 5 400 4H B
16S rRNAV3-V4 X 1T A BHE A B3, HRH
WP AT IO E R IR MR R R,
TCREEERY G, A& A B BT IR &
SR H Mlumina 2 5] ) MiSeq (5G4 T w38 2 X0t
R, SFRARFIEA MiSeq Reagent Kit V3.,
1.3.9 16S rRNA % H 55| 547

KH DADA2 J7iFExf ot 17 2k, FELL 100%
FRIARBURE 255, SRIA53) ASVs 751, HcHl: Greengenes
HHfE e A Classify-sklearn 55X B4~ ASV T HIFE
e, JRAE B R = °F & 3 AT 20 TR A0 R 22 )

Chttps://www.genescloud.cn/login) .

1.3.10 #ELit S5 oM

S st R AR E RN . RABRR R Z
IR Turkey’s 22 BAGIISE A VPRI L 2 (A1) 25 5%,
KH p<0.05 NHGIT4E L. LKA
GraphPad Prism 7.0 fiRASHEATAEEIF SPSS 20.0 fiuAsift
A=

2 #ER51Te

2.1 X-B 8T A AT

I X-G AT F BT HAMS R AT AN R
vEk-Ma R SR 4 aretE, SR wE 1 Fs.
HAMS 7£ 5.6 17.1° 22.11 24.0 b HJA i
P, T HAMS 23U B BY5E 2422, ke i
GS [ B U4, SFFIFVE S 20855, (NAE 17.19F1 20.0°
b A TS IRFIEVE o v FORTE R - AN R TR
EYEEIT 7.32 131K 20.0 Kb HUE T 40N, iX
& V RIGE IR TR R ) B B A SRk
TE YIRS RS T Re a1 i /KAH LR Joidk
N EIFRIEE SR BE B /K 1 2 s P R A R e S5
(IR VARG P, BT IR SR T ek S L
PRI R B Ih A F AR T MBS & 4. (H2R
GS-OA 4t, Bt e NGRS I, V RS ARIER
WiRgy, SI GS-SA>GS-LA>GS-ALA s, 1t
Ab, GS-SA 7E 21.6 M1 24.1 4 B T 5 2t HIRRIE
U, IR R R SRR R RRIREE G, H T AN
FIRIR IR T RS, B2 9=50%I1) L BEH
Vet R BRI RE T RRTE IR TR RS, R
PERC S, FE5 1R XMELAE o=50%I1 ZBEA R E 4,
PRl B T AR (R R R e ),

A

W'\-N ¥ 4 %W GS-0OA
/\MM

e e gl GS-LA
GS-ALA
R et GS
m s

5 10 15 20 25 30 35

20/°
B 1 e aFBERAERE AR X-ST T H EG

Fig.1 X- ray diffraction pattern of starch-unsaturated fatty acid

complex

7E: HAMS % 3 H4% 2R, GS A#ULiTH; GS-SA
HRA-ARNEBR A AW, GS-OA AiRir-ihik .46-4; GS-LA
- TR E A4, GS-ALA A iedy-T R 5 a4; SA AR
REEL; OA AhmBR; LA AT, ALA A AR,

i EKVER-MBEFEITR E & HAMS (1)
V&L B RIS RIS RS R 1 R, XRD
Pl e R U (SR P AR B PT AR B S 7%
FERIR/N, JEId Jade B0 XRD B i 4 d gk
TRy, RIL GS-OA 1) V ugh it i 34.87%,
HUE GS-SA H 32.43%. GS-LA N 32.93%. GS-ALA
9 30.42%. th&ER5 eI SCIRIE — 2, A ENITR
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e FEAR RIS, AN IR ERIP) 7 SRR 1A s
RR, TS — AR R A R EL &5 A P AN AN
RV 6 S TR RN JRR R A4 ) 22 1) R 9L B /2,
ICHEERAH FI,  SEky 5 AR IR IR 5 2 2 T 1%
TEY), HUORBAIRIIRG, &4 22 AEFIED
FR. S—7J71H, Fiih GS-SA HIESESIE N 38.73%.
SEE AR T B AL, VARG SR R AR R A
P, BT BE AR R E I N A LABEE, DRI
GS-SA Rl ETHE A — 84 & R B e iR

TR A1
®1IRM-NEFERBRESYT VE B REEENIERESE

amfE (%)
Table 1 V-type, B-type and total crystallinity for
starch-unsaturated fatty acidcomplex

A o V % BA/  E&ERE%
HAMS  571#024* 23424023 29.3140.34°
GS 2124019 5632021° 7.7240.18°
GS-SA  32.4340.11° - 38.7340.29°
GS-OA  34.8740.11° - 34.8840.19°
GS-LA  32.9310.24° - 32.964.23"
GS-ALA  30.4240.14° - 30.460.10°

E: HAMS % & 4% 2 K028, GS AMMLIH; GS-SA
HIRA-FRNGER E 4, GS-OA Aiiyr-ih B Z.440; GS-LA A
- B A A4; GS-ALA Hit-T A4 5] F 48
RINBFEATEFAEE (p>005), REMNATEFZE

(p<0.05).

22 #HAFERAA

It DSC #H7T BB K TER - AR R B R 4
F1EEMER T, AR 2 fon. FESL GS-SA A
Weigg, Horb, S MEAREARFEM R AR A Hik
Pl R IR, 55 — MNEARER - B A4
[FIREH, Zhang 252700 BLE FoKUEM 5 H EERR IS
EWAT DSC i, AL T S — NGB T AR ut
MR RERR . JER SR, ER. ERRER TR R &
VA BRRE AT R A, PR iR AN AT TR A
WA, Bo¥lsEse. W S5HR. Wilig. KR
T E EYIA IR IR e, RN &R N AN
MRRWTRNES, BoTlies. WAk, E=AFE
ORI T — AN ARG, FIR LS 91~114 °C
JEFE Y, X2 T o e AMERIIR TR A, R
P52 G IR AR BRGSO 23 A T ek FUIR D R ) 52
A BRI E S 3 BN EARRE FIER |
REEY, a5 IS I S A0 752 e
RIS EL A FREE R A RE R, Syl 5 A
WAERINERE GG, WA AEMERIEIN, To.
Tp. TeBHTBEAK. YR SCHRIROE, X T RESE T AN
IR XA S S [RIRE 7, M99 T A AR S5t
EVE, HAEMXE SRR L R E M), -
THER AW NG = ek -BEARER B A1, HHE &
BRI A B ANRL AN T 7 R PR AE 5 Tl T AR Vs HL B4
BT IREEY) . (HREAEFIERIG I, GS-LA
FI GS-ALA [¥] AH BT FRM%,  EIRE IR AN BRIR
TR RS 5 oy B TR, (R R AN T g 1) 3
% SECLA RS AR KBRS AW REY, Xk
5 & XRD 455 —#.

R 2 EM-TIEFAEIRE SRR N F MR

Table 2 Thermodynamic properties of starch-unsaturated fatty acid complex

. Peak | Peak II

o TJ/<T T/T T/ AHI(Jg) TJ/T T/T T/ AHI(J/g)
HAMS  72.1240.92° 80.0140.63° 90.5240.61*° 6.5140.72° 112.424.71°  120.1240.17%  126.1242.11¢  2.8740.63°
GS 3 - - 92.83+1.41° 102.4340.51® 108.9240.94° 0.9240.11¢
GS-SA  66.13:1.91° 69.67H.74° 7317+.72° 12.3440.66° 97.29+4.14° 103.91+.11° 113.89+1.93% 4.6140.39°
GS-0OA 3 - - 94544229  103.4740.93° 114.2740.35% 4.8540.42°
GS-LA - - - 91724234  101.7340.95° 108.25+1.63° 4.1240.33°
GS-ALA - - - 88.7140.45°  100.9140.15° 109.4640.79° 3.5340.31°

E: HAMS 4 & B4 2RI, GS AMMLIEEy; GS-SA HIim-AEAsE L 64; GS-OA Hi#-wBR S a4; GS-LA HihH-
LB o4; GS-ALA AT o4 . R THEINEFHRATEFAREE (p>0.05), REMEATELZREE (p<0.05).

23 BadiAagiEen & EaAr

R 3 o T RESOKTER - MU IENTTR R &)
I AR ClLE. ClEARAERZIEm A IS S RET)
RIREARRERE, BRI Sk T HIPE, IS

24

RS EIE S INENTRR I EE . fEAHR AR S A
T, E&EBEBEIAET GS-OA>GS-SA>GS-LA>
GS-ALA [filfd, X2 FNm s iy, Ro5
BB B B R K 2 s W &9, (Hi TS
B ANABFIXCEE, AR AR S8 NS AR
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PR s RIS L, 6o LR NS DR PR 303 A —
SE MIAE, M SEBULRIIE YRR R, Kk Cl
AN B 2 TRE A GS-SAPT, D HREIER, FaETER
WS TEA RGN, S RALRHAR K, FERR IR Ak
/b, PRI CIE tig i (k2

KA TALFER) HAMS & —Fh i) RS2, HA
BRI, H RS BN 62.41%. AT, H
TG IRE i GS FLIHETERD B B KRG, 1) 28.79%,
ATREERILE, TR S S RN, AT
VI 2 BEEEN FIBE, SRS SR KKK, (H)
F71E 28.79% /5 A BT HEERT, RRUATEA I FE R,
TR IR R E S U T ek, XEE 11
XRD 45—, GS FEMNAE B BU4h S FFIEEAL H IR
T B HREIE . EBE SKIER-AMB R R R A
VI REITERITINN, 7E—E LT L FR T vek Higie
A5, HRRT V RGBT K . X ey B
A Ak B TR A F BRI 1 s e R K e M- AN A D R
AV ER, PR A B m DR T,
Hik RS & EMINF N GS-OA>GS-SA>GS-LA>

GS-ALA, HszissE 00 RS 45 ClHE = bIMER,

R 3 EM-TMEMEMRE SYNE SR AT EM S8
Table 3 Cl and RS value of starch-unsaturated fatty acid

complex

- Cl/% RS/%
HAMS 62.414.02°
GS - 28.7940.40°
GS-SA  4291H.02° 54.4240.61°
GS-OA  447240.73*  53.3340.45%
GS-LA  39.1140.99°  51.5441.09
GS-ALA  37.3240.30° 50.5440.33%

7E: Cl AA A48 RS ARMITH4E; HAMS AFH
2 RN GS AMMLiEdy; GS-SA HiAy-sig B 5 540,
GS-OA Aigty-ihBR 64, GS-LA AieAy-TLihii 5 54;
GS-ALA it ty-TL R 2 o4, B3P MR B FHAT LR
FREF (p>0.05), REMATEREE (p<0.05).

24 @AKREEFRE

e T KVE R - AR T T 1R 2 S ik o K
=S P 2 Fios . FHMERTHIE FOS 7R R R
HR s S R R, 5 CRHoE — 8, HId R
() R ek 2 75 5 SIS AEAEREY., 55 FOS A EL,
HAMS 7N KSR B A SRR . 15
FOS #HLL, ik TOKTER - AN R IR & SR i
GS-SA. GS-0S. GS-LA. GS-ALA 7EBAIFEM K
TR AR NG, (B4 ) TG 2 35 1 22 57 (p>0.05),

RAWIE PR ST P S A —3(13.8~14.2 mL),
DRI EAEIRT, i ToRKGE Ry - AR B TR 2 S W Rt b
RRBEER, SRR RO Y, HHES
K S E AP RIRIRRIEAE T . ok, Rt
YErE S A IR I R R, PR AR

TARMRREE SR Hodh AR RS B T AP AR,
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Fig.5 Heatmap from 16S rRNA gene sequencing of the
starch-unsaturated fatty acid complex after 24 h in vitro fecal
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