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B AR TR BRI S ARG A i B SUBR T 25 4
SR OB ARSI IR I A AR, B BT M VE B (Resis-
tant starch, RS)™ 3 3 B3 XF {8 B 10 25 4 f0 45
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H Ve R b ok R S = R A BR 2 | 42
fit,

3,5-AHHEIOK IR A AR SR A AR
A RGN SR AR (ST aigh ), [ 2 AR A
Pl 223850 BRA 7 s a—TE #3 il (50 Uimg) | UE B #i
ZBETTE (70 U/mg) | H 2 F1H (250 U/mg) , Sigma—
Aldrich 23 7 ,
12 NEE5EHF

101-2AB HL RS KT IR AE , Rl 28 AR AY
TRABRAF]LXI-TB B0HL, B2 SRR
J75AE 2204 HL 20 BT R WA R S PA AR 5 A
FRZA ] TQ-1000Y =53 Z DI REM FEHL, ACHE T K
BEREAE T 5747 FRZA 7 ;K9840 H 3h L IG E /Y, 1L
ARG RERL AN A B W SHZ-B /K VA IR R 3%
i, AR IR B AU A FR 23 F) s TA-XT2i Plus
JE R AL, HElE Stable Micro Systems 2\ F] ;PB-10
pH 11, £ [ Sartorius 23 Fl
1.3 REHZE

1.3.1 HEEHEFEERSMNE KosaEsR
GB 5009.3-2016( & & %4 FE ZipifE &5 K
i EY PR ERE TR E, RIERSES R

GB 5009-2016 (&M &ZL2ERRHE & HIER
AU 52 ) v ) R K i v 0 A 5 LR D % i 2 IR GB
5009.6-2016 (& 544 ERbRE &g
D72 ) Hh A 2% TC AR B s A 1 i 2 8 GB
5009.5-2016 (& &4 ERRME &b & e R
(R0 ) H A L B T 5 LR TR A A T
EZ B GB/T 15683-2008( Kok  FLAE &M & 2 1)
I ) B 3k

1.3.2 HEM 457580 Al BT A

1.3.2.1 Ky &Wac il 2% it sl 20 Jr
BB 20 AR 10 em AR 25K S0 7E 500 mlL 218 7K
HE I 30 min, 10 SEMTAREL, THIAWT AR

W7 4% (% )= &ﬁ;ﬂgﬁ %100 (1)

1.3.2.2  fifidede  BUKEN S em 1 H EH K
20 AR, 7E 500 mL ZE 187K th &8 15 min, £ th %
H L, R AKIE 3k 5 H 2083 4% 1 f K P
R F7 I AT 2.0 mm/s; 0 L 1
mm/s ; M3 )5 2 2 . 2.0 mm/s; fik & 77 . H 81-5 g,{lﬂu
B RS .75 mm; B H A B3 Aol R AR R
200 pps o 175 2 F0b BER FH 25 4t B KB RN I /ML,
BOFME

1.33 HEmAHAERNE WHRAHE 5
H SRy SRR A 0 T AR PE RE AR A Englyst ZR0A 5
AT E RN sl . BART T Rk S
A T REMLFT IR S, i 100 H 04 F . o Bk
10 mg FEAMLASEA 8 mL pH 5.2 BSR4 2% o
W 50 mL B.08 T IR IS R E T KE
B 20 min, BUHE & H E 37 °C 8B 8 AR
FRA BRI 37 CoK I P il B2 SR 5 i A
i A1 mL B 8 B (2 500 U/mlL) 3, 76 37
C R KR 20 min (120 r/min) , FHIA 1 mL 37
CIRA B (a—TE B 170 U/mlL FN3E B 1 25 4 1
fig 21 U/mL), 7 37 C KB ¥% % 150 min (120 1/
min) . 43 B17E 20 min A1 120 min B} HC 1 mL /K fi#
W, AR 4 mL 0.4 mol/L 1S A A8 IA 1Y
15 mL .0, SR 1E 4 000 r/min T &0 20 min,
Bl mL BT 25 mL 2 0 ZI R finA 2
mL 3,5- Zfi§ 5K R (DNS) X7, ¥k 5
min, Ji KRG G H ZEIBKERE 25 mL, T K
560 nm AW 5E W OGAR . [T HC 1 mL 7% 08 7K AR [
FEALER VB 2S . S35 X SR Ty vk 2 i
MR AR 2, D 3 VR ) R B R
AR SRR DL 0.9, 409115 RDS & i \SDS &
i RS &, AW,

RDS (% )=(6x-FG)x0.9x100 (2)
SDS (%)= (G 1x~G)x0.9x100 (3)
RDS (% )=TS-(RDS+SDS)x100 (4)
A, Coy——RE/K A% 20 min J5 #7450 & 4

/100 g; G —FE/K fift 120 min J5 (990 205 & it
/100 g3 FG——P 7K fifk WA i r i) 1 2 4 2 2 (LA
011),e/100 g; TS—— B JEM & it ,¢/100 g,

134 HEBFEMGHE W30 g HEER, T
150 mL B#R i A 60 g KEEFEH S G B A B
718 cm M ZE &L A ZE 8 H 78 2 min, 2858 )5
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B IKIE 2~3 5,40 CTHE 1 h E &L B R F 00 %, 1
em SERY 5%, PR VAR 0K S5 HE 40 CF T2
FKEART 11% (29 5 h) 55 $ B aF 8 258 A
SESENI Y- i

1.3.5 B FAAh BT E Ry SR R L ue Hi M
1.3.4 97 1Y T2 i AR AR H 20 45 1R b 3R ik
FAFMIREE 105 °C & K 30% BF 1] 2 he, LUK 4%
BR.RTE # RDS % # SDS & & RS & & A # 4
i BTV HE AR, SR SRR FR AR A KR 5 2R A
Ab PR (85,95,105,115,125 °C) H Z e #5 & K
1 (18%,22% ,26% ,30% ,34%) {440 BRI ] (1,
2,3,4,5 h) X H Bk 45 0 BT 5 DL OR 280 4
Ab B JH SR 4 R B B A TR R B A I
PAh H A A

1.3.6  JBHALHH SRy 2% T 200 Ak 7 1 3 56
FRAE AP R S0 S5 5, DUH 250 W 1 A Ak BRI
T (A) TER &K & (B) B AL BEE[E] (C)
B A& H 2k 409 BR Ml RTE & RDS & & .SDS
Fit RS S HMZEE1E 0 Y I RNAE Y5 Box—
Benhnken Design H' 041 A 056 5T L 8,
Design Expert 8.0.6 {31t = A 3 = 7K F Y i
Jf TR IR PR 3R MK LR 1

1 WEERBETEZSKE
Table 1 Factors and levels of response surface

experiments design

& K
-1 0 1
= E(A)/C 85 95 105
2 KE(B)% 22 26 30
& 18 (C)/h 1 2 3

1.4 HiELE

K H Design Expert 8.0.6 #4147 e L 1 it
5511 ,SPSS 20.0 43 Hr £ 4% , Origin 2018 fE &,
HT 1 AR A B R S B 2 K R AR AR S 2
SRR IR 1Y B E K RDS SDS K& RS &
RS IE R BALE I EE 3 K, i 4
FH V- S bR MM 25 R

AE e 137 T 53 A7 v, G RO B G Y TR R
(BR \RDS) il HU{B 8 K B 47 19 X R (RTE .SDS &
i RS &1t ) R Hassan J7 i o0 il i 17 505 %

AR 0~1 Z A A F .

Dmiu: (dm—di )/ ( dmax_dmin> ( 5 )

D= (di=d™ )/ (dy—lin)) (6)

Horp d——RF 4L ir U A5 1) B 52, ¢/100
3 oI 20 TP 1 B R H L, /100 g5 d—iak
5 20 v ) B AR 1A, /100 g

U A BOF 9 485 10 UE B T A B AT L R 2%
(7% 25 B RE) i T, 25 SR B R SC S B AT IR A b
PRy S5 AR PERE R 52 M R BR \RTE AL
Bk 0.2, fEHALERE T RS XHEERE 1 5 40 6y
W2 e RDS & & SDS & & Al RS & f AL
43l 0.1,0.1 F1 0.4, 15214 & % BR RTE
I RDS &+ . SDS & i RS F ML G0 Y, A
LWTF .

ZEA 139 Y=Doin aX0.2 + Duin s #4,%0.1 +

D iy X0.2 + Dyss a0 56X0. 1 + Dyes 50x0.4 - (7)

2 #HRESWH
21 HEEHMAEAS

h 2 EW, ZESPERSTEN
86.29% , 8 M i & =AU 1.46% , IG5 Wi A K i, 7K
TR 12.21% , Uk WA IR 5 E R A o 2l R A
IR R AT

x2 HEERHMAS

Table 2 Components of sweet potato starch

AR & Z/%
B2 86.29 = 1.09

iRz A
a R 1.46 +0.03
K5 12.21 £ 0.17
R 30.06 + 0.89

22 HEWEIREMZ

MNEEL T HRT g, A 2 W B R R A RO
Z I 2P O R R A, H 0 IH 07 B2 8 y=0.4454x+
0.0213(R>=0.9988) .
2.3 EMLEXMEHEMERRNEIE
231 BRI R A S T R
&3 A, i A A B 5 A [ T Ak
JHAY H 5 V€ By A 89k 45 ,BR RTE \RDS & & |
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Standard curve of glucose

Fig.1

SDS & it M RS & it 8 5 REOI K (FRe/MAH
12.16%) , ¢ W1 4 4h B R BE X0y 2% & Jo 52 i 7R
Ko BTG | Ky 45 1 i I i o 0 AR Ak B 3k
(T e T IR BRI, 5 B 5 A P F g 45 2R
—3, 7E 85 CCH1 95 CHI #3545 BR &AL T i 0
3F LR AREE(P>0.05), iR EEF 105 Clh,
¥ 4& BR 2 #2155 (P<0.05) , RTE 7£ 105 °CH ik %)
He i, M 139.23 g, IR B 4K SE B L B 4% RTE 3%
FEAIK (P<0.05) , B A AT BEJE: ,95 C R A Ab F I i

*3

Aefg 1 H e o FREE A T AR, S350
TH P AL S 4 K A S HE RN IR ), ol XCUER e 445 ) %
Tl B 5 5 5 T > I B ok v B, PR AR A 1Y
PRIV FHNGE o AT R 4 25 45 40 27 31 9 il 3R
TR RS R T J HE AR B o U by e R TG e A R EE RS
XU e 25 #) i >, RDS & HE7E 95 CH ik 3] B
i, H5JERE R B A PR 1 25 5 1 2
(P<0.05) ; SR A 3 2k 7% SDS % i i 3 %
ik (P<0.05) ; M FAb RS H 2508y 2% RS & 2 & & 12
# (P<0.05), 7€ 95 CH 35 B fg KMH R G IF IR
R, IR T 2 125 CitAg il I, ml BE i J P
T A Ak o 2 M 1 L Y /S B U A L E
R, T LB SE A b S B A A (R A s R DT
4 T R RS, 24 U BE 4k 25 T i, SR E M R0 45
BB IR, B RS & A B TR TR TR 125
I, il 5 L5 V8 K3/ S0 B Ve M3 EAEL I 4 223 K, B
B YE Ry B BE R A7 B E S, S 3RS o [l
F, A7) B ARSI LR A R
h 95 CHY , M3 55 254515 51 R 0.86 , LI #5325 i JoT
A

BEIREAALEHENERROZNE

Table 3 Effects of temperature on the quality of sweet potato vermicelli treated by heat moisture treatment

BR/% RTE/g RDS 4 %/% SDS &% /% RS & %/%
R 5.00 £ 0.00° 101.24 +3.92¢ 36.87 £ 0.48" 39.68 + 0.60° 21.73 £0.12
85C 0.00 £ 0.00° 135.16 £ 5.38* 39.01 +0.48* 29.01 £0.11* 30.26 = 0.57¢
95C 3.33 £0.06° 126.73 £ 0.97" 26.25 +0.52" 31.52 £0.61° 40.51 = 1.12¢
105 C 16.67 + 0.06" 139.23 + 6.65° 27.53 £ 0.45° 33.38 £ 0.64" 37.37+0.23°
115 23.33 £ 0.06 112.70 + 9.03¢ 34.18 £ 0.29° 29.46 +0.12¢ 34.64 £ 0.41°
125 C 40.00 = 0.10* 92.75 £ 6.01° 30.66 + 0.46° 28.28 +0.29° 39.34 £ 0.25"
A E 13.89 17.17 4.68 3.88 6.42
BFAHK 94.36% 14.55% 14.44% 12.16% 18.89%

AR A R OR 25 5 8 2 (P<0.05), R,

2.3.2 Pk R AR AL B R 2% S T R T

MR 4 AT, HBERm EAE K 5 SR EKET
T ARk BE ) H R 259 BR.RTE \RDS % = .SDS
i RS SRS R R BOYER (5/IME N 890% ) ,
FERH B UE M 10 & BRI P B H EOR 4% 0
AR, BR 75 & K & 34% 0w, iK%
33.33%, 5JEFE R 18%,22% ,26% 5 /K K T #4

bR (R 4 25 5 B # (P<0.05) , 1T 5 30% % /K
AN IR IA Y R 4% 25 R 3 (P>0.05)
RTE 7£ 26% 1 5 K, AR B 18% ,22% ,30% ,34%
Tk TR ARAN B S i 45 25 3 0 3 (P<0.05) .
JEFE Y RDS & & Al SDS 5 2 43 il 36.87% Fil
39.68%, 52 RIAk L A H R SRR 22 R 1Y
3% (P<0.05), £WALE 105 C FIZ P AL 2 h, 7]
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DL 25 AR H 00 4519 RDS FI SDS & 4 A% i
FE AR S K a0 H 2 5E R, 76 105 °CF i # Ak 21
2 h J5 S H R 4 RS AR B E R (P<O.
05), Horffili FHTE 26% & 7K it T 2000 HAh 31 T 25
E M L RS 4% RS i i, 1A F 42.04% , 4
KA ARLERE K RS & B WA, T REM R,
TE 0y 38 ok U AR 45 5 R K A I AT EL, e
ok REr) R o B 1) d e T N ol ik VA RR R e

KA E A FER AL T B 45 R X S 3 R TE R
{14 T 1) 3 R0 A 23R 200 A 5% i SR 4% 55 T
MK AR LRI N, K 4> F I B AR o, 53
FEM 3T 1] 2R T 2L | LB 78 JE | S 0 4% W 4
BRI | T 100 R X5 235 & B8 A RGO M 4% i BT 2R N
B, B (7)) SRER LA, TKE R
26% I, Ky 25 25 45 50 0 0.90, U A5 10 T, 1 3R
Qb B () R 4 i I B e

x4 BKRENEARALEHEMEZERFNZMN

Table 4 Effects of water content on the quality of heat moisture treatment sweet potato vermicelli

BR/% RTE/g RDS & %/% SDS 2% /% RS 4%/%
JR A 5.00 + 0.00° 101.24 + 3.92¢ 36.87 + 0.48" 39.68 + 0.60° 21.73 £0.12¢
18% 3.33 £ 0.06 95.71 £ 6.61° 32.88+091" 34.27 £0.21° 31.13 £0.70°
22% 10.00 + 0.08" 125.60 + 5.72" 29.81 = 1.18° 31.12 £ 0.46° 37.35 £ 1.65"
26% 3.33 £0.06" 147.78 +7.33° 28.33 +0.25¢ 27.92 £0.91¢ 42.04 £ 1.10°
30% 20.00 = 0.10* 113.05 + 12.35" 31.63 £0.07" 28.66 = 0.36" 37.99 £0.31°
34% 33.33 +£0.15° 101.35 + 9.69 29.62 + 0.79° 31.02 £0.13° 37.64 £ 0.67
AR %2 10.96 17.95 2.80 3.95 6.60
T+ Rk 87.70% 15.73% 8.90% 12.30% 19.04%

2.3.3  Ab IS [) X6 AR A B Sy 2% i B A 5

HER 5 AT, H S VE M AR 45 5 2 AN [R] A 1]
T HR A B Ry S5 R R RDS & AR R R B
IN AN 6.59% , FFHAE 1~5 h P, A [R]J8 #Rah s
X H Ry 2% 1 RDS & &2 AN K, SDS & il
RS & & 248 5 R BT 12.94% 1 15.72% , 3
B B[] %) 384 i X%k SDS Ko RS By 7 B A7 5 R F2 0
BR (%78 5 2 50 5, N 87.56% , T 1 FA4 4k B 5} (7]
3 h DN, HE0 40 BR 55k 2 5 A 5% (P>
0.05), £ WIFE 105 °C . 30% & K &4~ B #ak

PRI RN FFEHIE 3 h DL TR A B[] 1~4 h
BBy 25 19 RTE AR R W25 10 ) ik %] 5 h
B, By SR BH ) CAK IR S R AT AR AR IR A
b 3 AR v R URL N RS R ER HES A B T
HHE-HEE BRSO SRR SCRE AR AR B
AT 4 U A A, ORUIBE 45 R 45 A 1 T i
Bt 25 W A A G R A Ak S | ELBE TE R L)
FEHLIN VE A SRR G R 1 J2 R T A S s TR
Sy Z BNWEIR, S AREEH 14 AR 45 5 X B I8 e 45+ 7]
32 BRI SRR | Bl % 1A B[R] (3

F5 AIEEEX R AL EHENERRAFNT

Table 5 Effects of treatment time on the quality of heat moisture treatment sweet potato vermicelli

BR/% RTE/g RDS 2 %/% SDS 4% /% RS & %/%
JR A 5.00 £ 0.00 101.24 £ 3.92 36.87 £ 0.48° 39.68 + 0.60° 21.73 £0.12°
1h 6.67 £0.11° 139.53 +13.18° 31.29 £0.93" 30.21 £ 0.53" 36.78 £ 0.39°
2h 7.50 £ 0.15 136.35 +21.17* 35.81 £ 0.27° 29.24 £ 0.12° 3323 £0.15°
3h 15.00 £ 0.07" 126.44 +7.05" 31.75 £ 0.50 29.98 + 0.24" 36.55 £ 0.25°
4 h 36.67 £0.12° 125.21 £ 6.50" 36.27 £ 0.47° 27.13 £0.27¢ 34.88 £ 0.20
5h 53.33 £ 0.06 88.37 £ 12.41° 36.35 = 0.89° 29.80 = 0.42" 32.13 £ 0471
AF e 2 18.12 18.57 2.29 4.01 5.12
TR 87.56% 15.53% 6.59% 12.94% 15.72%




174 oE & A W 2022 4E45 5 W
TN, K 289 RTE Selhn, 5w , 2830 $40 BEAE 5 24 EBERHAMEBEERNEIREER
) SDS 5 & i I T AL (P<0.05), 1 RS & &t i 2.4.1 BOX-Behnken i 56 % i1 M 45 5 AR5 5

19 T IR (P<0.05) , Al fig /2 iy T 0 24 A 216 55
TIEE R X W 5 A AR, AT TR
B R R ER B A0 AR AR AL FRIN ) 0 1 h i,
HRERBATIT T 0.92, AR PET B9AD 2% b I i

K& L9645 5 . FH Box—Behnken 2 56 1% 11 J5 3
XF R (A) &K (B) RN (C)3 MR T
=N&E =K FI: 17 i85 . Box—Behnken 14 [A
REKFUE 6,

*6 MEEMRAKZITRER
Table 6 Response surface test design and results
N BEA) Ak E B (C)/ s N BEA) A KE B (C)/ e
KI5 e
(B)/% h waY C (B)/% h waY
1 85.00 22.00 2.00 0.73 10 95.00 30.00 1.00 0.84
2 105.00 22.00 2.00 0.71 11 95.00 22.00 3.00 0.72
3 85.00 30.00 2.00 0.75 12 95.00 30.00 3.00 0.78
4 105.00 30.00 2.00 0.78 13 95.00 26.00 2.00 0.85
5 85.00 26.00 1.00 0.81 14 95.00 26.00 2.00 0.85
6 105.00 26.00 1.00 0.82 15 95.00 26.00 2.00 0.86
7 85.00 26.00 3.00 0.73 16 95.00 26.00 2.00 0.86
8 105.00 26.00 3.00 0.77 17 95.00 26.00 2.00 0.85
9 95.00 22.00 1.00 0.81
242 MAETFRMET S REERR MR H:Y=0.85+0.00754 +0.0238-0.035C+0.0124 B+

MR 45 5, 8 Design Expert 8.0.6 #XfF X H
EMALGEAES Y MR Z oo IH 58T,

e N

B3] Y 5 KR BE R KA T[] )5 5 7

0.00754 C+0.0075BC-0.0584-0.053B8>-0.013C>,
S 2 6 IO 1 0 4% SR A 2 43 B 6 9 ol
V1 R A S R T T

R 7 Box-Behnken iR &R FEHH

Table 7 Analysis of variance of Box—Behnken test results

FERR B WA B EF T A % F A& P14
ol 9 0.045 4.96x107 93.87 < 0.0001 o
A 1 0.00045 4.50x10* 8.51 0.0224 *
B 1 0.00405 4.05x107 76.62 < 0.0001 wE
C 1 0.0098 9.80x107 185.41 < 0.0001 o
AB 1 0.000625 6.25x10™ 11.82 0.0109 *
AC 1 0.000225 2.25%10™ 4.26 0.078
BC 1 0.000225 2.25%10™ 4.26 0.078
A? 1 0.014 0.014 270.29 < 0.0001 wE
B? 1 0.012 0.012 225.88 < 0.0001 o
c 1 0.000739 7.39x10™ 13.99 0.0073 ok
xE 7 0.00037 5.29x107
& R 3 0.00025 8.33x10° 2.78 0.1744
Yk £ 4 0.00012 3.00x10°
B o 16 0.045
R*=0.9918 R?,;=0.9812

TR RN 25 T 3 (P<0.05) , 7KK 25 F i 3 (P<0.01)
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He 7 vl A, AR P<0.0001, %81 B 3% 2
At X, E R R*=0.9918 , % W H i 5
(R S B (i 5 TR0 285 SR A 3 B — Bk BN
B RE RY,=0.9812, KA K 45 A 98.12%
Z A5 PR 2 ) 52 ) 5 A8 57 22 80 (Coefficient of vari-
ation, CV)H 0.91% , 3 B AL 7 72 Fl I {E 55 52 bR
B B HIORR B /N s SR G HU0E P AE ly 0.1744, 2 F A
3 (P>0.05) , Ul BB R4 B 8007 AR 4T 1 R
WSRO, 25 b BT | A5 R0 n T 40 R T
HEB RGBT,

i FH 7 22 43 A 0 DB 1 A A B B K R
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Effect of Heat Moisture Treatment on Edible Quality and Digestibility
of Sweet Potato Vermicelli

Gan Zengpeng, Tang Xue, Liu Huihui, Deng Huiqging, Liao Luyan"
(School of Food Science and Technology, Hunan Agricultural University, Changsha 410128)

Abstract In order to further study the effect of heat moisture treatment on the edible quality of sweet potato vermicelli,
on the basis of previous research, the breakage rate (BR), resistance to extension (RTE) and digestibility of vermicelli
[rapid digestible starch (RDS), slowly digestible starch (SDS), and resistant starch (RS)] content were used as the
quality evaluation indicators of vermicelli. The single factor test and the Box-Behnken test design model in the response
surface method were used to optimize the heat moisture treatment conditions of sweet potato starch. The results showed
that the water content of starch and the time of heat moisture treatment had an extremely significant effect on the quality
of sweet potato vermicelli (P<0.01), and the temperature of heat moisture treatment had a significant effect on the quali-
ty of sweet potato vermicelli (P<0.05). The best heat moisture treatment conditions were temperature 95 °C, water content
of starch 26% , time 1 h. Under these conditions, the BR of the sweet potato vermicelli was 3.33%, the RTE was
162.25 g, the dry basis RDS was 25.83%, the SDS was 27.07%, and the RS was 45.38%. Compared to the original
sweet potato starch vermicelli, the BR, RDS and SDS of the optimal conditions heat moisture treatment sweet potato
starch vermicelli were respectively reduced by 33.33%, 29.94% and 31.78% , the RTE and RS respectively in-
creased by 60.27% and 108.84%. The replicated stable results proved that the conditions were reasonable and feasible,
and the research results provided a theoretical basis for improving the taste and nutritional value of sweet potato vermi-
celli by heat moisture treatment.

Keywords response surface method; heat moisture treatment; sweet potato starch; vermicelli quality; digestibility



