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Effects of Different Types of Resistant Starch on Intestinal Metabolites and Serum Lipids in Rats
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(Chongqing Key Laboratory of Products Processing and Storage, College of Food Science,
Southwest University, Chongqing 400715, China)
Abstract: Rats were fed different types of resistant starch (RS) to study the effect of RS on intestinal metabolites and
serum lipids. The results showed that RS2, RS3 and RS4 had physiological functions to reduce body weight, lower intestinal
pH, increase cecum tissue weight, the weight, moisture content, short-chain fatty acid content and ammonia content of the
cecal contents, and regulate blood lipid level. RS4 could result in the smallest body weight gain and showed the greatest

serum cholesterol-reducing effect. RS3 had the best regulatory effect on intestinal metabolites and was the most effective in

lowering serum triacylglycerol (by approximately 30% at average).
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L.1.1 E Table1 Feed formulations for rats used in study

HylonVI(RS2, RS ® H53%). Novelose sy I 2 g RS241/g RS34/g RS441/g
2480(RS4, RSEH & AN80%) FEERIEHAH; ME Tk 529.486 340.807 273.076 404.486
SD A2 (B HAIES Jy: SCXK(ifi1)2007-005) KM HylonVIl - 188.679 - -
FZL RS A A R A . AR - - 256.410 -
112 ‘ N‘;‘f;gse — - - 125.000

28, i, SR, TRE. S0, W, WK 1 200.000 200.000 200.000 200.000
KW G RGEREN (ATl REST R R AL T - ’ ' ‘ '
s . R . HER 100.000 100.000 100.000 100.000
WA 4. CERORHES, 48 >99.7%) e 5] -
Toh Matthey A s Ji. 1. S HCEMER, 2 K 70.000 70.000 70.000 70.000
onnson Matthey 2y s v RS I /’\‘ ””;m/i T4 50.000 50.000 50.000 50.000
BF 0 = N R > = . \‘
BE>99%) ﬁi%K(L{fﬂtﬁiiﬂk%ﬁmA ? i R YR 35.000 35.000 35.000 35.000
N =y S =2 3 3] v H- i = Sl 22 3
EEE%LTS)U»'JTL?E;;UM\ JE[L{%H/EIH?E?(T‘G){LUE&T AR 10.000 10.000 10.000 10.000
T~ JﬂlYﬁlﬁJ%‘EHE%EHB@?FHPL-C){mUiLﬁﬁUE‘l\ J:ﬂ]jﬁ L-H}Iﬁ,ﬁv—@ 3.000 3.000 3.000 3.000
fikces: S i e L i (LDL-O) e g Ryl SALHET 2.500 2.500 2.500 2.500

+ =1 =

VAR LR R T+ — e BRI AL
1.2 a5

PHS-3CKS B pHIF 1 e A (38 5 R A 7] 5 13.3  RS3HHI % L"
JA2003HL R RS R T PR A T s SYQ- DIHylon VI A 5ok, SR FI Hs #4-74 5118 34 &5 & 1R i

DSX-280A T\ &K s Ll HH 22 PRy 2k
J"; DHG-9240 i #HR S XT84 Rilg— 1 REE
2] 1-15PKA ROl EESigmaA n]; WH-15%
iR G ds BTG AR A 722-P
AL R IRMYES A R A GC-20107%,
AR HAREAT; Stabilwax-DAMIERE %
E Restek/A 7] ; HAir70204 HahEAb i HAHS
Al
1.3

1.3.1

Jiik

SR
32 4@ FERCAE SD K L, MR &, 1R E
160~180g. MEFFHELMNTRIIG BV 1R G, AR A4 B 54 K Bl
BEMLT AL, 418, MEMES:, M RRFRAEANTEAN
o, EIRAEREEQ4£2)C, IR EHIAE (50 10)%,
SR IS ) R B 4% 12 SIZE0 30 1) 4.4 K B0 Sl Tl RS 5
RSHEEA RO B & B 23 201 0% 5 ME Ve RS2
TPRES 2 TR 3 B0 0% PP S A (R R S 3R A5 i et /3 4
10%HTHEVERY RIRSATREL, il R 1k, B4 CUKFE TR
fFo SERIIRR R B ik oK, SER 4
132 Wk s

FR A 3 B AIN-93 G A v I SE b il kL, IFAE Ky A

SR A RE, FIRS2. RS3FIRS44) Ml £ e fif 4
ORI S ) R OK T A C AN [ ) s 30 L k), AR A
HIRSAEFEA PR BT A7 IR L5 oA 10% 0 T H AR ST o iy
TEFHIFIRS2. RS3HFIRSA%3 7 ARS T i 453 % ¥ Hylon VIl |

Pl RS3 . il 0 B D B S R W RT  R E
30g/100mL. [EHGREE125°C JEHUNAI30mingE F, £
A3 A HAERE, AR5 FHO. Imol/LAT R IR R it b
H12h, HI#3HIRS3AE H39%,
1.3.4  FHISEARI AT 52 7 ik

SR A G, R R N WSk AR R R, A
S, I 9 WS B A B AT BRI (0 SR L, SE B
4°C 4000r/min/ZCr15min, I3 53435025 F2mL 2 0
LRI —70°C¥ R . B B W ER i, 07 &)
WY, — 85 S B e pHAE, R A E T —20°CukF
A HRRAE . UK A B SRR Ve 5 i P e, R 4R
W2 THT R 7K 43 o o 1 N e SR TR
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1342  HipEERmA Rz

B IEETE o RIS e fE AL b, 2 LEE 8L, 45
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13.44  pHAE MM "

HLO. 5B it 5 i N 250, 1045 IR 28 Ak Fise - A%
RIMEIRAR 2 51 9 Je G P pH U HEAT I 52
1.3.4.5  JRBENR DT IR et

KA AR (GOER AR ED E, LA SR A
WhrY . BN SR G, ORI 0.2g (R i &2
0.001g)Ff i T 20 1, IA2mL %17 Smmol/L B 57 & 1)
10mmol/L NaOH ¥, FITHL i 4 1% 45 2 % SR TRNA4C
FE3h)E, 4°CE015min, BTG LA 40.22um i)
LR AT i 8 AR s AT 2 BT

IR O AE(30m X 0.25mm, 0.5um); A&
e 95.5°C, 5C/minfI£150°C, R 7min; JEREIEEE
220°C; AMNELRE: 230°C; BEAERE: 1pLs Jooris AR
#: 0.95mL/min; Z<Ui&E: 40.0mL/min, Wi &E:
30.0mL/min, S : 400.0mL/min.
1346  HAED PSRRI

H W W ARG G, BIEFREZ0.500gH W %
W, WS A me AT 0 10% 12 R B i
0.5mol/LAR R WA 2518k, il SRRV, FHR i
BEPR 25513 o TN 4 77]1(0.5mol/LZE ) F10.00 1mol/L
)T G, BB B 7512(0.625mol /LA AL HIT AN
0.03mol/L XS IRAN), it iff E30min 5 625 nms K ALl
SEWGEA . X FEBRUE ih 28 25 159 2010 s K B p(ug/mL)
W)t

= = v ,DXV
%Lé\gl(ug/g/ﬁfﬁ%)ZT (4)

1.3.4.7  HMUIRHINE
I g A W0 F bR 2 E A IS B [ BE(TC) .
M3E B o =B (TG) . I iE & 25 5 fg & A 8 [N B
(HDL-C). %54 % & g & (& JH [#] i (LDL-C)4 5 o
W I35 A S LE VK b AR R S SR N A R )
TR, 4 O e 3 7 6 A A R P 4 B B R A
AT ACHEAT R I o B IR Ak FiE Hce X (5) T 5.
TC& &—HDL-C& &

ABKBELAREAD = o s

)

135 Sikair

KHISPSS Statistics(hiA17.0) 8 AF 4 45 R AT 48
AT, SEEIE LL(X £5)E ;s KA ANOVA D HT L
P RN, P <0054 %FEFE, P <0.01K4 %7K

B

2 RGN
21 BRSO R N  GRR (A
R R
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Table 2  Effect of resistant starch type on body weight gain, total feed
intake and feed efficiency of rats (x s, n=8)
g1l ENpie Y 1=V O} = B sVl (b &y
i (/A4 (/A4 (&/100g)
payiEs| 130.99+3.19*  576.86+17.96* 23+0.75°
RS2 98.04+10.17°  498.40+15.69° 20+1.49°
ZE RS3 94.194+6.09°  472.42+21.89° 20+2.15°
529
RS4 90.28+9.83°  460.39+21.78" 194+1.22°
pogiskatl 126.72+6.62°  553.67+19.56" 23+0.75°
#E RS2 110.49+8.28"  432.45+8.94" 20+ 1.49°
i Rs3 101.374+12.27° 380.86+15.21¢ 21+2.66"
RS4 91.70+9.74"  367.53+21.07° 22+1.09°

s FBUA RS TR RS 22 i i 3 (P < 0.01) 5 [FFIA[H/ING F-5)
FoREREFH (P <0.05). N,

W20 DUE tH, A BT & . HE R PRS2,
RS3. RS4ZIH W AR T X AL(P<0.01); MRl
RS2. RS3. RS4AMKT XA, HRS3. RS44IAZ|
WEIKP(P<0.05). RSAH LT AE g, Fikn] Lk
A TR Y, AT RS2, RS3. RS4413
INTOF A ) A T i, L T RSAAT (1) 44 i 1
wmiN. PRER . HER RS2, RS3. RS4Z4LIGH T
ZICT XA (P<0.01); MERITRS2. RS3. RS4Z{ {1}
W B FAR TR 4L(P<<0.01), HRS3FIRS44] 3 £ &%
BECTRS241(P<<0.01). K557 AT C, Hul
T % £ B B AR B Wi PR A G, AR A P R
H R I A RS A B T e e g, R & .
de RoosZ ! 77 & LK IR 7] 458 A RS Eb 5 N 7] 268 B 07 A7
MR, AWF5E PRS2, RS3. RSALAGELR &84/
TP, JLrPRSAAER frfine /), HENIRSAM IR I 55
Mo RICE, MERUTRS2. RS3. RS441H 8L T4
MHZH(P<<0.05); MEFLAFRS2. RS3. RS445jx} A AH L
T 2R AR I WERLE B 38 T A
RIS o AHFFT A HERLAIRS2. RS3. RS44L 1l kF 2%
R BEACT X AL, RSB BB AL A %
22 PIVEIERBNEAKRE MRS E. B E A
AR LA T P 254000 o o )55 T

MEILLAEH, Hame: fRPRS2.
RS3. RS44 ¥ m Tl al, HRS2HARSAYLEFIH
FIKFE(P<0.01); MERHPRS2. RS3. RS4A4IIIH &
T RAL(P<0.01). 7EH MRE =TI : MR PRS2,
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RS3. RS4Z¥y X 4l; MR RS2, RS3. RS44]
BB Em TR A (P<0.05). B AR m. b
RS2. RS3. RS441¥mTxfM4l; MR RS2, RS3.
RS441¥)EFXE A, HRS441iE 3 5% /KT (P<0.05).
HenningssonZ:! 5% & ILAE K AR, RSJLT- 4 i e 45
W R, 7 A IISCFA RS LASE I &5 g b 5 40 i iy is e
e F 45 i 40 M A0/ i A e R0 A AR KRk, A%
[N OIS R e 7B o S =i (2
F s DR AH BRI 2 v AT Ak it TAIMERS K BUE 1
AR R, AUFSTPRS2. RS3. RS44 1) & ke i
AR &S TXEA. SN AEwETE: B+
RS2. RS3. RS44 ¥ s T- X 4l, HRS2FIRS44LIAFH
BEACF(P<0.01); HER RS2, RS3. RS4LIH T %
T I AL(P<<0.01).

#£3 HiEBMEGARERERE. EHBEREMEAR. Bh
WA DR REHEN(x £5 n=8)

Table 3  Effect of resistant starch type on caecal weight, the weight and
area of the ceacal wall, and the wet weight of the caecal contents in rats
(x s, n=8)

yi5l =]i705) H ke éiﬂil%i% 5l N )

it /g it /g i /cm® Wi /g
WAL 6.84+0.45°  1.29+0.09° 29.48+3.94° 55540.49°
M RS2 9354050 1.524+0.09° 36.54+4.42° 7.83+0.42°
B RS3  8.14+0.59"" 13740.02° 33.70+1.82° 6.77+0.61""
RS4  8.58+0.33% 133+0.26° 36.89+6.20° 7.25+0.57*

WA 631+033%  1.12+0.09° 17.05+5.10° 5.20+0.37°
ok RS2 9.41+023" 1.40+0.08" 22.824+2.34" 8.01+0.18"
. RS3  8.9040.50" 1.3840.04° 23.12+2.03" 7.51+0.48"

RS4  8.95+0.34" 1.38+0.02° 26.40+3.72° 7.574+0.34"

2.3 PUPESE S KBS I A YIpHE . K2 i

AN R

x4 HikEHENKEERNEUPHE. kI ESRMESENE
mi(x s, n=8)
Table4 Effect of resistant starch type on pH, moisture and ammonia
levels of the caecal contents in rats (x +s, n=8)

219 pH
W4 6.24+0.17"

Ky AR (ng/g)
0.754+0.03" 620.30+46.67"

i RS2  5.48+0.38"" 0.84+0.02* 532.25+30.15"
il RS3 5.10+£0.27° 0.81+0.03*° 420.424+36.02°
RS4 5.22+0.32° 0.824+0.01* 522.46+41.24""
WA 6.31+0.30 0.76+0.04° 636.38+33.58"

I RS2 5.56+0.18" 0.85+0.01" 546.00+39.12""
i RS3 4.88+0.19° 0.824+0.01* 454.42+55,08"
RS4v  5.0040.15% 0.81+0.01*° 563.27+21.10""

MEATTLUE H, BN AYpHE: MR RS2,
RS3. RS44IIMET 0L, HrPRS3. RS4IEFIM
KF(P<<0.01); MER RS2, RS3. RSALIHIME W E LT
XA (P<0.01). SCFAIN=ARERF K pHIE, 450
i LG A B R R (W pHAB A B8 VGRS = B B0

T, 38 pHAR 1 BRARAT T3R8 A 2R K, 6T
B a7 BiE e oA mE R XY AR RS2,
RS3. RS4AME AN AW pHIE T XA, THLHRS3
YpHEAK. EH MW AWK S G5 MR PRS2,
RS3. RS44 ¥ TX A, HRS2FIRSAL ik )4 bk %
KF(P<0.01); MERLHRS2. RS3. RS44E w15 K
41, HRS2FIRS3IL B B E /K P(P<0.01). T
KGN R TR =) S EE T SR, kb
FEATALE W v (4= i I 1) S S v A S i b
(Ml R), X TR PGS . R i e
BEMER . AWFSCHRS2. RS3. RS4H K E N &Y &
KER TR, HRS24 e, At m T
12%. HmWNAEWR SGE: M PRS2, RS3. RS441E
RTX AL, JLRRS34LIA B /K T-(P<<0.01); HfEFR
5 SR AR TR o S AN T A B 1 DA 45 i P9 TS )
L), R 45 W 3R B A M ) TS R, BEAk
2 4 W VB AE I R R 2 TR 1o RSN &5 10 P9 1 4 T 4 1t
G IE IR F & RSk s, Al 4 R R R A
W2 B T AR E G A R, AR08 M SCFARITR P
B A LB = . W F R R 6% RS2
HFN12% RS24LUK RIS . BN HED P2 R E 0%
RSYL B E BRL(P<<0.01), HESHRSHIMAN L EE N
M. AWFITHRS2. RS3. RS4Z KIS B AL T5 i
2, FARS3IHZ T E K.
2.4 PriETE R R K RS W A A b BEAR R 1
1) 5% 1)

MWE SHTLLEH, 48 HERTRS2. RS3. RS441
Ben T e, o RS241 1A BIAK & 3 /K T (P<<0.01);
ME B HE UG OOAH . IR HERLPRS2. RS3. RS441
BT, iR RS2, RS3. RS4ZH & T
41, HRS3EF L E/KT(P<0.05). TH: HFHRS2,
RS3. RS44Hym ot A, HhRS3ALIA R 2 K7
(P<<0.01); MER PRS2, RS3. RS44¥ & TR, It
HHRS3. RS441IA B Z E /K T(P<0.01). 5 TTR:
HRS2. RS3. RS4ZHYm T-xF M4, HRS3LE 4 W
K (P<0.01); MERUTRS2. RS3. RS44H I T-%F IR
“. FSCFA: MERIPRS2. RS3. RS44 I 2 v T-4)
M (P<<0.01), MR HE UG LA A . SCFAXT AR K
AR R Th RERL A R MER, JLrh TR IR T 4F ok
ZRRAKI KT, e SRRy ER, &
bl b Bz AN M ) B R R U, BB S R & 1 4
) A KA AN B 23400 N AR 8 4 1 &% P = £E SCFA
[FIRE ) A2 Z AN AU . pHAR AR R (5, AN [l iE
W3 10 25 K FI 20 J 2 5% M SCFA R F= 2R 307 . B FRR 2
CummingZ5PV R BLR S2 76 14 I 3648 v £/ 25 = 5 Thi /F H
B S MRS3HE 2 ME R IR 1) & 5. ABFSTHRS2,
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#£5  HEBHENARERASY P ERETREBHPN(x s, n=8)
Table 5 Effect of resistant starch type on SCFA in the caecal contents of rats (x *s, n=38)
4153 LFR 5/ (umol/g) A R 5 B/ (umol/g) TR G/ (umol/g)  FTERS E/(umol/g)  KASCFA i/(umol/g)
pagistiil 90.03+8.62° 38.32+2.88 16.98+3.72" 6.28+0.81° 151.61+13.39"
. RS2 133.37+8.83" 40.89+2.40° 25.60+5.19"" 7.4840.72*" 207.33+8.73"
RS3 117.41+£12.53" 40.41+2.50° 27.05+1.70* 8.34+0.52* 193.20+11.20"
RS4 112,69+ 11.40%° 40.34+1.28" 24.73+1.77" 6.9940.19*" 184.74+12.17*
papiced 83.49+4.59" 34.20+3.14° 16.55+0.69¢ 6.91+0.31° 141.15+12.48"
R RS2 109.68+6.36" 40.29+3.56® 20.74+1.99" 7.4440.54" 178.15+9.48"
RS3 95.28+3.10° 44.81+7.73" 29.8342.06" 7.10£0.75" 177.02+11.63"
RS4 95.79+4.58" 43.74+3.06"° 23.89+0.79" 7.13+0.65" 170.54+13.82*
#6 BB R ARBLIEEIEN(x +5, n=8)
Table 6  Effect of resistant starch type on serum lipid parameters in rats (x *s, n=8)
203 TG f/(mmol/L) TCH&/(mmol/L)  HDL-C%#/(mmol/L) LDL-C7 #/(mmol/L) KL FE £ AL
Xof AL 1.5440.19° 3.10+0.27" 0.80+0.11° 0.46+0.08" 2.89+0.37"
RS2 1.3640.08% 2.8340.16" 0.90+0.07° 0.42+0.12° 2.1740.36°
HERR RS3 1.06+0.15° 2.65+0.27" 0.7740.04° 0.43+0.06" 2.4440.28"
RS4 1.134£0.24° 2.5140.46" 0.7940.12° 0.38+0.07" 2.1640.11°
AL 1.26+0.32° 2.5340.20" 0.7240.08" 0.27+0.06" 2.5540.64°
W B RS2 1.15+0.07* 221+0.29® 0.75+0.09° 0.2140.04* 2.03+0.03°
RS 30.9240.19" 2.1940.26™ 0.7040.04" 0.22+0.01° 2.1340.23"
RS4 1.2040.33" 1.9340.20° 0.65+0.06" 0.220.04' 1.9740.07"

RS3. RS441 5 X} M4 LG #AS R 2 B #3890 7 5 i N
T g W TR 7 T BRAGSCFAM & &, H
RS2/EHIN L8 &5/ AR BE %, RS3/EHMAIR. T
. 5 TR S A
2.5 PUPERERY BRSO B 5

MW 6n[LIEH, TG . MR RS2, RS3. RS44]
PR TRHEAL, HRS3IFIRSAZ 412k 3 i 2 /K F(P<0.05);
HEFL PRS2, RS3. RSAA ML T X 4], de Deckere
A2 LR S AT LA A 48 I B ARG B KT, S EUE
JFF 0 G 1 2 280 i T BR AN TG & I 2« ASHIF 57
RS2. RS3. RS4AAIAHLL XS L #L REFFACMLIE TG & &
P RSIA MR I W, VBRIV TIA30% A5 4
TCE & : HEFLFRS2. RS3. RSAAIIHME T S AL, M
EUAHIR],  HRS4ZHE 3] 1 # /K1 (P<0.05). RSF:ZEil
Sk 3 I 2 o R R HE I R PR LS TC R &2, FRik 2
Ah, dbEraE. B KT SCFAW ] LU M MG TCH
B KBS PRS2, RS3. RS4ZH A EL st I 2 4 A BAAIG
MIFTCH 5, HARSAHM R IREH . HDL-CHHE: M
U RS24H i T X 4L, RS3FMRSAIME T X 4L ; M fil
(1) 5 1 B LA ) . LDL-CH5 . MERUHRS2. RS3.
RSAZ G T B s ol BRI S5 VI DO AR ) o AL

BTRS2. RS3. RS4AIIHME T A 4L, L RS2HIRS4
2K B i 2 K (P<<0.05); M RUHPRS2. RS3. RS44]
PUR TR AL s RS R A o 2 B ks Al
AT LI RE i DR, e v 8 R G A AR IO A 2 R
(180 JEL [ 2 336 i) e 3 [P U 1 2 B 50, I 2 5 e B 1
N T B e ] i e i B 4 S AL 2 £ B X, Rl
R A B KR FERE AL I TE R, S 2 8L
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