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Abstract: In order to explore the best process of acid-heat preparation on sorghum resistant dextrin, the preparation process
of sorghum starch was optimized by single factor and response surface experiment as well as its structural characterization
was studied. The results showed that the optimum preparation process of sorghum resistant dextrin was hydrochloric acid
addition of 21%, pyrolysis temperature of 188 “C and pyrolysis time of 84 min. Under this condition, the content of resistant
dextrin was 86.71% and the chroma was 50.58. The prepared resistant dextrin showed an undulating and lamellar irregular
structure. The original diffraction peaks were completely destroyed and a recrystallization peak was formed. The chemical
groups did not change significantly and the peaks of each functional group were similar to the characteristic peaks of
sorghum starch. The M, of resistant dextrin after molecular degradation was 6.1x10° g/mol. After the glycosidic bond
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cleavage and small molecule repolymerization reaction, the resistant dextrins have both a and f isomers, which indicated

that the molecular properties was good. In addition, the results of simulated in vitro digestion experiment showed that the

content of resistant starch could reach 93.61%, which indicated that it had good anti-digestion characteristics. In conclusion,

the resistant dextrin prepared by acid-heat method could reduce the molecular weight of sorghum resistant dextrin and

improve the digestibility. It also provides a new theoretical guidance for the efficient preparation of sorghum resistant dextrin.

Key words: sorghum; resistant dextrin; response surface optimization; structural characterization; in vitro digestive

properties

RS N4 R, FEFRIEIVE AR | fRDRE A e R
FEEE T R ZFURIY i R HL AiURR Y B IR R,
R E SN LY EAR. 4R T
Fr A E IR NS, P TER & =TT ik 60%~80%, A E
RFE PRI S PIIRE S BHTRE SOnTRR A
THACKITRE , 2 FH UERy A ekl 25 1 B — R 7K
EPEREE A 4EY . Prr W BAT R A0 TARREED,
R, ZHEEAIK. S TR EE, TR H RO s
PRI AF BN T ARSIz R . AR, Bt
HEREIDHIA T ALEERH, AT A AR IR R T 1Y
4 N S TtV R N R = 7 O A E Y NP Y TR
FEHUKF, as B0 P il AR | PR b X i s 254 B
HEP . s H R AR IR i L ATk B gt
R TR, o R E L R A D, 1 LA
FEASTE A, P THRIPRE AT VR — R A b 550 0
FFERFU2, HAln, EPNSNT FHeHE f0ar T
FERET R KIEN . VAR A WS i (e FH 3
A ZEVERY Bl /K A B K/ INZE TE A il A Do RGO 5
AT FCERAL P T s A A 5 S R ARk ) A v ST
PERIRS , TS = ST RDR AR S A 1 ST e o
RN, E RIS 25 F 25 LM A
RpE— 0], X s e RS b T fede e o et
EEE( SIS

XoF TFRIDRE (4 1 A5 120, PR R S dn a8 HL & FH
APl Tl e B A PR SR AT LAs D S By st Ta], {RT
TSFE S B B TR AR S il sz i, S i At B2 i T
P, (AP TrE S B AR AR AR AR
VL S vEAs R ), SR PG Sr iRk il &5 s SR e
A, B e N TR AT RIS 4 A T2, X SRE
A5 B e BEBTCHE RIS (O 25 ¥ EA T2RAE, JT-m RS MELEL
AL SE SRR T S TS BT AR, i Sk
RIS ZE BT Tl i N FH SRR E S 45 A e it
1 MREREE
1.1 MRS

(A 22 %) IWPEREFA BRI o-E
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10 min), B5.0345 55 (5000 r/min. 15 min) =TI E
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24 h), BT RER, FHESS 25 R AR 5 W 5 v di W M
311 BIEA T dn, SR e B e 4 W Ak SN AR BE ISR o
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1.2.3 3,5-_hEHIKAZ IR (DNS) Ho s 2 fo ks
T
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Table 1 Design factors and levels of response
surface experiment
il {H I
T ABMIEIIEN%)  BREWERJE(C)  CAIE (min)
-1 18 170 60
0 20 180 80
22 190 100

1.2.7 SRRy M e S RIS 1A 458 2 AE
1.2.7.1 FEEME  BGE i TR T =
FEAE S, 8T S FR R [T S A i, A i R RIS b
B, PRAFRAE 20 KV NS EL R R 435K 500 F1 5000
15 G EEAE S RO 35
1.2.7.2 X-BTEEATHH(XRD)MSE KRS TR i
Ja B TAIAR ., 78 30 KV, 3 mA £&4F, FH 8
FFHHSCN AE , B8 S5k : ARG )E 2°/min,
F Xk 5~60°(20), §H 444k Cu Ka, DS-SS-RS 24 1~
0.1 mm, M2 45 o 5 5 H AT 5 i 4 5 R i 4%
A,
1.2.7.3 fESLFLTAMEIEMIE  FREL 1 mg BEM S
100 mg T MTRACATRY AR T I B F A b FE 4 T TR
S, TELTAMIH s b RS 45, B AR R Al
0.4 mm YT, SRS K R 7% 2 B 214161
177, 394 500~4000 cm ™! X [a] AL A GRS RIS,
1.2.7.4 Sy FEME KR EWE N 2 mg/mL PL
PERPREAE S KSR 08 (3 pm BERRET 4E ) J5
1ft TR, 3% 0.15 mol/L NaNO; 5 0.02%
NaN, #3140 (50 mL 3 mol/L NaNO;+0.4% NaN,
FEAF 1 L), HEN 0.4 mL/min, {8 FH & 280N ~FHERH
10155 - Z2 A BE PO GIBUN A -7 22 9T 6K I #5 (HPSEC-
MALLS-RD B R G, -2 fa e fo W -0 s i e
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T 2520R

Hoh, M, RoARE ST, g/mol; SV, KIRiE
FHAERRR, em’/g; R, FORBIFF42, nm.
1.2.7.5 KEEGENE S8 Bai 5807 ik HAEME
. FREL 20 mg FEALIEA# T 1 mL D,O Ff B #pi
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TE 32 YA HhREE'HNMR ERE, 3955854 16 ppm,
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A 4.5 mL 09 Jo/K L EEREAT K AL FE, >R F DNS
LRI FERE S TP AR R i, DT RRR S K R AP
ALTEH (RDS) . 12 7HILTERT (SDS) |« PLtETER (RS)

A5

W



%5 a4 % 45 190 U 5 FRRBCHERIRS I T2 B s H RIS AR 265 -
IR = 50 %100 2 j: A 0
T a
RDS(%) = (G, - Gy) X 0.9 x 100 ]%;H o] T2 ;C/P/? 50
SDS(%) = (G, — G,) X 0.9 x 100 % 6. i><g\ 70 &
RS(%) = 1 — (RDS + SDS) & 60- 3\
o G, FE AR IR P24 B A8 2 i, mgs = / s [
M 27 B R , mags 0.9 2675 A1 2 W 00 5% 2 %K, ol | | | g
Gy, 2 77% A Bl W FH 1 RE B oP 3 25 B8 5 L me/gs 14ode 8200 2
G, 7 B VEFH T RE i 20 min J 7% A= 1 A 2 M i IR (%)
mg/g; G, F/RBHEHTHES 120 min J5 7= A2 (14 b 807 e HOMES S 90
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FHIED 1b AT, FAE IR X ho s & M R
B 2 (P<0.05) 52 M . BlE iR 19 Er s bt m
A B N . G BRI, {HAE 180~200 °C = [A]#aHi
1%, AT HESE T UEMTE S R IR g L R b, O
PRI S P g At S A 43 IR, B w25 1
WENEFRIL R BT BRI I, 7E5r T R A WA IR]
IsH B i T BTSSR A e A R
T HEAT IR R N 2 ke Ak, TR 5 B30RE L O (et
R, 7£ 200 °C BFHTHMiG AR S f2 88 (o 3647 A5k
A, A EE SN T H JeikAS 2A 2R, Rk sE &
ZEPUTERTRE S AN R A R 2, e GRS TR R
170, 180, 190 °C A7 5L iy a5

FH & Lo nT 0, otHRmRs i) & H Rl BBz s [E] 1
SR T HG 1T, 7E 80~120 min =22 [A] 5% 111 4 34 17 SF-
o DR R AR SN PRI LR R BE, TERY R T-i%
SR BRI N A3 BT, i S SR BsE Al g 3, /)
SO 2 H R AAERA RV, SRt
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AT E] (min)
BT ERmRES I (a) | PASRELEE (b) AL ] () X4k
A 5 i S (B 52
Fig.1 Effect of hydrochloric acid addition (a), pyrolysis
temperature (b) and pyrolysis time (c) on the content and
chromaticity of resistant dextrin

1 ANRIFRER R R —FE R a) 22 5 B 3 (P<0.05) .

MRS 0 B i T BB PR RT3, (U BE R
WAL /IS, B TR]E AAS T FHo RS id) 2 0, K 11 8%, 7E
BRI AR P RCRARRAR, PRIERG 25 e TR 5
A P, BEEGRAFRT ] 60, 80. 100 min
BEAT i S o T
22 MEERELESR
2.2.1 VARG K Jy 224307 W h e i T
M EERULER 2. FIIH Design-Expert 11 43156044
5, IR B Z oo IH I R R & 5= (%)=72.23+7.25A+
6.75B+3.21C+0.8750AB+1.98 AC+1.44BC+0.7845 A%
2.24B*-1.31C?
£0,5=65.50—-9.88A—6.62B—2.54C—1.39AB—2.52
AC+1.22BC+1.56A%+1.97B*+0.9278C>
T3 EMIEFF R T Z5ras R, Hd, H
F ARG 502570 B o w137 (B i Sk =P 9 v I, AR i)
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Table 2 Response surface experimental design and results

ST A PURREE BURRTE SUHEBIR S (%) @

1 -1 -1 0 57.22 85.06
2 1 -1 0 70.68 68.03
3 -1 1 0 69.11 72.8

4 1 1 0 86.07 50.21
5 -1 0 -1 63.69 77.63
6 1 0 -1 73.5 62.95
7 -1 0 1 65.94 78.07
8 1 0 1 83.67 533

9 0 -1 -1 60.11 78.11
10 0 1 -1 70.61 64.23
11 0 -1 1 63.87 70.12
12 0 1 1 80.11 61.12
13 0 0 0 72.87 64.76
14 0 0 0 72.24 65.62
15 0 0 0 72.34 65.02
16 0 0 0 72.12 65.57
17 0 0 0 71.56 66.54

Il F B, AR P<0.05 B, BIER
AT EA G4 P, R 3 ATH, S =M
JE RIS P AEERS/NT 0.01, JEBH PSR E AR
S, BB P AEABIKT 0.05CA R
), R & LG, HSCHnR 280N, 7l
LA 25 R 22 ARl W AR [R) S EA TR A, RIVT FHX
P AR RS 00 & S F AT 50T R4S
FE FAEATAL, = AP35 5 A0 B 4 522 i I
i A>B>C, BNERFR VS > F R > BT A kb
A, SRR T A TLIN AB AT A2 B3 (P<
0.05); —¥XIT A, B, C, 32 H.I0 AC, BC K& ¥k B2,

Sesessetest
LSS
0““‘

>

o
g, 175 70 W
%\
“ry, 170 600%@

3 MR R RS B DT R T 22 e A R
Table 3 Variance analysis results of regression equation fitting
response value content and chromaticity

g Sty AR
UE =3
Pl Pl WEM Pl Pl WEMH
MIFRA 352,07  <0.0001 o 110.90  <0.0001 o
A 1437.96 <0.0001  ** 621.02 <0.0001  **
B 1249.11  <0.0001  ** 278.60 <0.0001  **
C 28228 <0.0001  ** 40.97  0.0004 ok
AB 1049  0.0143 * 6.14  0.0423 *
AC 53.70  0.0002 o 2023 0.0028 ok
BC 2821  0.0011 o 473 0.0661
A? 8.87  0.0205 * 812 0.0247 *
B? 7238  <0.0001  ** 1292 0.0088 ok
C? 2476  0.0016 ok 288  0.1335
SRANIR 175 02943 492 0.1153
R 0.9978 0.9930
Ry 09950 0.9841
fEMELL 67.5453 38.3639

T *FR 7 B (P<0.05), **FR 20 B3 (P<0.01)

C? M B35 (P<0.01) . O FEARANP 2 H I AB 1
I A* .35 (P<0.05); —KIL A, B, C, & HIJI AC
Fe — YRI5 B? M .35 (P<0.05) o ASCge b S R B
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Fig.2 Response surface diagram of the content and chromaticity of antagonistic dextrin under the interaction of various factors
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characteristics of sorghum starch and sorghum resistant dextrin
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