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[#% E)] B WRRLHHRN (RS) ZiESF T/ T 2 BIERAE (T2DM) BENIEW. ik
FEAE G750 KA B At E T R SIMERGRIL RS ZafE £/ . #35E T2DM BE 101 A, #%
HEEZER. AREEIEENS N3 A, FRAAH. THBASHEBA, 45RAMEL RS 2k
FER. G XI5 EEE. NESHmEE (FBG) . MESE (FINS) . 2JBEME (TC) .
HMl =8 (TG) SiirMEBAFERBIRRE m, WERER. B, AEREHSEE RMER R,
DLEAMHKE (GSH) . SBELYLE (SOD) . =B (MDA)SEE LM BUK FiERMZ.
FH 3 ARBEANE iR, HBETRAIEHRENELER. R TR A AN E X% &6
(] 1 M FEE PR T X R (P<0.05) , BEIT AT FINS /K. MRS R AR 7> & Difs il 8 2 T %,
H FINS. TC. TG. WHEMRITEMA SR TXEBH (P<0.05) . BRSESBBMER USD . SOD.
HEMLE (AOR) BTHMEEAS, FHAHERTHRA (P<0.05) . 4R 581t RS ZFEH
FEREEEMEE, BEESEREY, SELRERARSER, E T2DM BE5 N EERIEAR
A, ABTHERENGBHRENRERE, HEX— SR .
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RESEARCH ON THE EFFECTS OF RESISTANT STARCH FORTIFIED STAPLE FOODS ON T2DM
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[ Abstract] Objective To study the effects of resistant starch (RS) fortified staple foods on T2DM
patients. Methods Made some improvements based on the traditional herbal Prescription Changshou
Powder to make up the RS fortified staple foods. One hundred and one T2DM patients were recruited, and
according to the proportionality principles of age and BMI, the patients were randomly divided into 3
groups, namely treatment group A, treatment group B and control group. The 3 groups were treated with
RS fortified herbal staple foods, herbal staple foods and ordinary staple foods respectively. Fasting blood
glucose, fructosumine, total cholesterol and triglyeride were measured. The changes of waistline, waist hip
ratio and visceral fat were observed; and oxidative stress markers such as glutathione, superoxide dismutase,
malonaldehyde were also detected simultaneously. The intervention lasted 3 months and the changes of
above indicators were compared before and after the intervention. Results The results indicated that blood
glucose levels of treatment group A at each time-points were obviously lower than those of control group(P
<0.05) . After the intervention, the levels of fructosumine, total cholesterol, triglyeride and visceral fat
significantly were lower than those in control group (P<<0.05) . The levels of insulin sensitivity index,
superoxide dismutase and antioxidant ratio were significantly higher than those of control group(P<0.05).
Conclusion RS fortified herbal staple foods reduce postprandial blood glucose, enhance the sensibility of
insulin, improve
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blood lipid, body composition and the oxidative stress status in T2DM patients, which is benefit for
relieving the disease and preventing complications.

Key words: resistant starch; herbal cuisine; T2DM; insulin; oxidative stress

MERE KB RREZE LT, BRENPIERANEZTEa R ABRIRE, XTHESE
EEHRBERERERB R NERENIEAIEE. MHIEER (resistant starch, RS) RITFEXREFFE
RSP RIS, KEMRIELHEENERHE G IBRBESEKT, XERSRRRASE
REEXEEEMNER",

{EHAT RS MM A CAERSIE, mARSFIARS BRM4EENE, FREERT 2
RIBEFRIA (type-2 diabetes mellitus, T2DM) BEHEK SN . €4, REM RS HITHF ERMHAREK
RWRiE. RHLEEEFRERRRKER, EERAEGAETKEFROEM D#HITATRR, ®itHl
{ET 3B RS e X/ H—PHITT RS BB HEENF], K T2DM BEWEFRITFRS
REEE SRR A RMKIE.

1 RS F &
1.1 5246 RS 23l 7 =R/ HIH] &

EBRAREHFKERET (FREMF) 2, HAMERAIRLSH, EL 8K, WH3F, &
X1, AB3W, REIH, EFEF, BREY¥T. AMFTUIEHRAGNE RS AT R A
AR, EEGHKEFKERNER DR ITASR, AERREAS, HeBERKBEXNAH,
BEB—-E AN ERRE. FRESRETMER LIZHRELREE, MEEHESYEYE
TULEE S ER, R ONEREF, BMAEEEEIRAEN RS BRESFEE. SWERHLE
FRELEMEEERARREMTERNT, F#TEYALINE. LEXFEREEAIE
WAL 06 = AT B B B2 RS B8, RYE wolever it B MM MAEHRH (glycemic
starch , GD.  100g 38k RS ZiEFEBHRIEMEEN (5540£024) g, 45 100g KTk
RS &84 (13.05£0.26) g, GI{H AN 67.48+15.48. XM EVHREELANE, TEEFRSNE 1.

Table 1 Composition of experimental diets

(g/100g esculent)
Ingredient  Ordinary RS fortified  Herbal
steamed steamed bun  steamed

bun bun
Calories 1530k 1592 kJ 1600kJ
J
Protein 13.3g 174g 14.2g
Total fat 2.2g 1.2g 5.1g
Total 73.5g 61.2g 69.8g
Carbohydrate
Dietary fiber 0.3g 9.6g 7.3g
Sodium 60.3m 21.9mg 45mg
g
Resistant (2.21£0.19 (7.23£0.17)g (4.03+0.06)
starch )g g

1.2 ImR & #

BERCE 2 BRRR EE 101 N, FriRBa%4 1999 ERERRRFLHE NS, £
REERIEORERAISITERERE, THREERAVHEEFE. BN ROHERIF AR,
(D EHEBRENC. . . BERRFEERBITHES, (2) | MEREEE R %R AR
WEE: Q) ATBEERRE. BiENEENEE, W) SEBKNEEL: ORISR bR
Hibz5Y, EmBIRAHMERNEL . HREEEL. KREH (body mass index, BMI) K E
MarR3H, FRAA. THBASHBA, SFRARLRSGEFFE. BEFITA5LERE
B, TRAABE 346, B1oGl, «156], FHERD (52.5483) %; FHBARE 346, B
16 B, 2 18 Bil, PIERS (51.427.8) % WBAERE 33 61, B 124, 7 21 Fl, FHER (53.246.9)
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5. ZAMR. W, E5. I, BLOLES. BMI LRI EETIT LB LR EE =
R (P>0.05), BEAWHME. SEARMASHERZR.
1.3 FHAE

RRBEXRIEHER FR. WG FRE. ERRESITHGREERHRSE. FEER
FRAEAR T & 83.68~104.6K)/(kg d)Btss . = REFREBELLH) 23 5 : BAR 12%~20%, &R 20%~
30%, BRAKALEY) 50%~60%, LAMLIHEECH B, =8 1/5. 2/5. 2/5 WHISEC. BERE 30g
AHENEXLEH M. T A ARG FTAXBAREMENRTREANREGRERYS, SAPE
F 30g 584k RS 2l B EHMR 30 HEE R, TH B ABHPEA 30g 4fEH ETHN 30g Tl
¥R, THABERZHUESSHE, HXHKL, »BOEREHRE20CKEPRE. EdlE
TREMFE (fasting blood glucose, FBG). MRS K (fructosumine, FINS) ZHHEirMEZR{L RS ZfE
FEaAmENERE; Qe 2iBERE (total cholesterol, TC). HIM=ES (trigl- yeride, TG) & MA§
ks BOERNETHE BMI. BERE. BB, KA. NIRRT RAXIES HENL, WERL
RS AR H BN ANERS W, 225 H A (glutathione, GSH). BE ALY {4 EE (superoxide
dismutase, SOD). A _H% (malonaldehyde, MDA) FE NN BUKFIEIFHEN, MEHT NEE
WRIBHENEH. THIANAGEESNE LRER, WRTHRAEREHZLER.
1.4 B EIR KM E T i

NEMBE AT BRI MENERAREE, HEREFHELTTRBE; DREEN
e R G ik AMERS TG E IR E 2t SOD. MDA GSH ZHiE {Lishrit) e 1
BEREREY TRER A REN A ERIED RTH. B DEBURMETE S (insulin sensitivity index,
IS1) i+ EH ISI=Ln (1/FINSxFBG); BMI=4E/5%&* (kg/m®).
1.5 REFEH

e b, BRSE. WEEREFRHAR, BREE—FES, BFREER. HEENR
RAMIFEARE, REREREHERK WA
1.6 Giit 5

JE 45 03 LA UF N 5885\ Microsoft office excel 2003 #fF, A SPSS for window 17.0 B¢
REEEH TR B, RARRZEFZSTR -REHTEERRE, TREFUX £5 R,
L P<0.05 AZRAFLIUTFERE N
2 & R
2.1 B RS ZifE 7 ERMRERBRE (82, 3)

Table 2 Glucose tolerance test results after OGTT (mmol/L, x *s)

Time glucose

Group fasting___ 15min 30min 45min 60min 90min 120min
Control group ”'32*2'9 123246240 13913397 1436:230 13924273 12.84:2.95 11.02+2.84

Treatment group 7.2122.31 ¢ 5/ g0 10254272° 9.4142.54® 890278" 8.1142.52° 7.76:1.54°

A

Treatment group 10'1(3)*2'3 11.8342.62 13.64+3.90 13.20:2.92° 12.4242.47° 11.9342.84 10.85+2.11

B

P<<0.05 vs control group; Y P<0.05 vs treatment group A

Table 3 Changes of insulin values and ISI after interventions (x +s)
FINS (mwL) ISI
Before  After  Before  After

Control group 15.67+4. 14.34+6. -4.92+0 -4.79+0.52

Group

7 17 67
Treatment  14.51x4. 10.033. -4.93+0 -4.25+0.46
group A 93 66 34 0*
Treatment  15.21%4. 12.9143. -4.87+0
group B 37 85° 45 -4.76:0.59

p<0.05 vs before intervention; ° P<<0.05 vs control group; °P<<0.05 vs treatment group

ARAREEHTERTH, 2575, THRAAPENAHnEESKTHEBE, EREE,
H4i%E L (P<0.05); HA7E 45, 60min B fkt, THA ARMBEEKTTRB A, ZREF4%
HE%E&E N (P<0.05, £2).
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mF 3 i, SFMETHL, FHA L, FHB A, SRAR FINS HISFF TR, ISHEFA
e, HPTFmA HMTB 4K FINS 8T WAl FHEAE, THA AN ISIRAHE, EREFS
HEFEX (P<0.05). TG, SXBAML, A AN FINS ETRAE, 5+ B AL,
HISIEASHE, EFFZKIIEEN (P<0.05).
2.2 384k RS ZikE 5 T AN IS BITRM (F4)

FTHAA. FHBAH. HEBAM TCEM TGETIEINAER TR, HPTFHRAHMNTEB A
M TCETHHEE, T ALK TG EHTHEHEE, ERGEITH¥EN (P<0.05). FHE, FMA
H, FHMBA. HBHAZAILE, FWA HY TC ABRNBHEERK, EZREFHITHEEL (P<
0.05). }EUBTRESHN TGHE, THAHNTGCHEMKTTRB A (P<0.05).

Table 4 Effects of interventions on lipid metabolism (mmoL/L,x £5)
TC TG
Before  After Before  After
Control group  5.51+0.7 5.34+£0.6 2.32£0. 2.12+0.8
0 7 77 2
Treatment group5.58+0.9 4.80+£0.6 2.33£0. 1.75+0.8
A 6 9% 94 6%
Treatment group5.44+0.7 5.01+0.8 2.27+0. 2.06+0.6
B 7 1° 96 9
2P<0.05 vs before intervention; "P<<0.05 vs control group; “P<C0.05 vs treatment group B
2.3 321k RS Z4fE 7 RN FIR M (K S5
THRAA. FHRBAH. HRAKKE. BMI. EE. ERLTHRENER TR, THAHA8%
. SEOABNARENRTRAATERHE, ZERFHTFEN (P<0.05. HETHRAA. T
B A, HRATFHREHETMEER, THRAASTFRBAZAMLEEEERER, BFHA
A, FHBAMAMAENHRETEE, ZREHIEEL (P<0.05).

Table 5 Effects of dietary interventions on body composition ( x £s5)

Group

Measurement Control group Treatment group A Treatment group B
Indexes Before After Before After Before After
Weight (kg) 66.47+12.58 65.11+10.60 67.37+11.29  63.60+£9.98"  66.90+10.36 65.69+11.55
BMi(kg/m?) 25.10+4.15  24.22+4.38 25.21+3.51 24.01+4.29 25.44+3.85 24.88+5.36
Waistline (cm) 91.13£11.82 90.71+£10.47 92.53+13.42  87.34+11.40  90.41+10.84 88.10+9.53
WHR 0.95+0.64 0.94£0.21  0.96+0.46 0.93+0.72 0.94+0.25  0.95+0.33

body fat percentage30.59+7.55  31.14£8.45 33.47+8.36 30.20+7.32%  31.17+8.64  30.44+9.19

(%)

visceral fat (cm®)  125.47+28.95 132.62+30.11 129.75+33.58  119.84+31.07" 126.2730.15 1b20.32i34.89
a

?P<0.05 vs before intervention; "P<<0.05 vs control group

2.4 3L RS ZREH E A MEMKPHE®  (K6)

FHAHALTRURS BBES T ETHG, SOD{E. AOR B EFHE, EXFELiH%EN (P
<0.01); FMB AL THM T ERTHS, SOD EHEFH &, EREE, HHKH¥EN (P<0.01);
FHRENSTREER, THRALES5THB A2 AMLSTEGFHTHEER, ETH A 4 SOD
{EF AOR EHEF/TXBYA, ERE4IHH¥E L (P<0.05), FH B 4# SOD EHEMBATHE
MREHEAEASE, EREE, FZITHEENL  (P<0.05).

Table 6 Effects of dietary interventions on antioxidant levels of DM patients ( 5 +5)

Measurement Control group Treatment group A Treatment group B
Indexes Before After Before After Before After
GSH(g/L) 5.58+2.88 5.69+3.32 5.69+2.67 7.97+4.36 5.73£3.15 7.66+7.23
SOD(U/ml) 56.74+17.85 58.12+18.59 57.33+£13.86 , 66.37+12.58 59.86+28.35 , 63.27+£31.22
al a

MDA(mmmol/L) 4.69+22.31 4.25%1.77 5.02+2.40 3.98+1.36 4.96+2.20 4.22+1.80
AOR 13.10+6.83 13.55+7.47 12.42+7.11 18.09+6.19 12.76+6.62 14.34+5.78

ab

*P<<0.01 vs before intervention; P<<0.05 vs control group
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MREH, ERRBEEENENGTAVENEM L, ARG PRERT TRNSEEENE
B, LCEURBIMTENEREEXEENER, THAESEENEERED. KHEFAE
IR, B EFPABAARTEAZENRITHBR A FRXBEM. ALRERZAREHKSE
MR T THEHFRR, BHZERERNENRMERSENMESEIAESY EE, # RS
S5%BEABARER, Frfl&K5Ei RS g7 E&X FoE T2DM BEFERRE. ERaTIEER
WRIBERAIIHE —E M.

AR R EREAFRES BT IERZRR P, T8 A 44 S S0 ER T RA,
BEit#EE N (P<0.05); HHE 45, 60min B kb, FH A HNMBERTTFHBH, ERFS
HERN (P<0.05). XTRE 53R RS RS P AL RS SEK S, W UE—CBEH LREKLEHA
BiEE, BAHa RSARHERTIEEABTIRAMORE, BEK Gl RYNER. BiE
£U% RS AT XMERSZEMMOIETTAE CDllc EREMHARATRELSRDKER, AMAREE
W E5FHaiMAL, FMAH. FMB A, AR FINS HHHFF TR, ISIERFRE, HbT
A HFT-F B A FINS B T-HAI FRRHE, T8 A HE ISTIEABAE (P<0.05). RHZ RS 53
e, THAANBESRBBSST T B AMXEA.

RSH AR B & % A A, KERBFFIESERSH B 15 ILRE R A BEMERME. RS
EHIE NP R GBI BB EREANERE, UL FAERAE. RSELEHT AR
£REBE, FHRECE. AR, TREEERIR, SAERK, FHTRLIERSERABRILIEE
5E, BB, XAMTHROEEERK, FHAE. Pak SPMAABRSTAMBHIBFEEES

GETARMERE120% %) MMBE. RSE XS BT AERERFE FIE B T8 nl il 5 H AR S R g
RIEEH, RSKE M2 — 0T eI 7E Rl o B VR ML 54, BeesRzmafis A R h IRl
BimAE KT, HRAFRSTIREEFEER, MMBEKLEE, EBRUEE, RELRFEHDY.
RARSHHBEASMEIES., BARSHMEARS /N P Hmd, MR ELES =26, S
BEAKT, UBEBATEMEE. i, RSIENERF4EN—FIERABITFHIRKER, HK
BYEERREREE, TRERVEFVHEHLBREGTRE, EKAMEEBR. Fit, PRSENER
BEERBAIGES, AU CUREE L ># S EREEAENBAN, BORENRR, ERMEHEE.
FABFARREGI/ER, T ERSE KRS HRBEAERER T KRB R HRSERMH.

AHRERERTHAA. FHRBAK AN ARIETHEA (P<0.05), LHlayagopalZIf
RER—B, RARSHAEFAA T WAERERT =4 — e . M&4ArBML. EE. BELTM
BHEFRTE, HETERAEE (P>0.05), XEHRSH FAERSMEWARTHRN, FTEK
PR BRSHIE A e B ARSI IER .

IAESR 2 ROBERRR R H ARSI RE SR IR B 8 & IILBE 5| R AL RIBUK P18 5aF X183 T
ERIEENEE. BESBUEN SOD. GSH SHEMAAKERED, MDA SEHEAR, |
BUNIBKAHEMRE. HTERMRER, RBE 7 EKEAGMERERRRE, EMETES,
HETSBH ARG, XTERERFELERTHERERZ —, ARNEEHARBKGIESANT
BHINUE I EALRIBORED, 0 Hu S5 R A BE & AT GI S MK T i) MDA K FE2EMRK. —M
ABHRIR R, B0 RS BACKRAXTRAHLL AT LARME 2 BB RR AT RS2 W s KR B R
BILEEKTE, FREREHMERE EPY. ARRERER, THE A 4 SOD. AOR #E E
F, BHASODMELF, ZREE, AGIHFEEN (P<0.01).

PTG, BaifiE ] B RE S 2P E R RR R RENRE, XERELRMER
SHEERTSEMAXR. HOENSFERENE SEAMNEAQRNOFEENR S KRR S EUMER
EMEFERR, EHNEOENENESERN K> FOREN=YE, B & MR mEERR
HREHRERR. BHRRT RS 688 0 AR & o DA B R R B H mE SRS,
BMALRSZIE S X A A RGINIHE, HhaEBRESHREMRS . HMLED. BEFENtET
%, ST EREESRENRENRD FHFRE, FAKGIEDPEEEEEBRNBKILED,
HEAHMERE. REFE/NSEA, EKNSHEERAN. RBAREFTAERENRR.

B2, BENWSERA SRR RATYTINK R, RAEMURSERES &7 USET2DM
BEMBENMNERES, FBTRERENGRIFRENRERE, R RARGIHRILRSZ RS
AT REN AN KA —EER, ERE SRR ANE.
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