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I A7 40 A H S £ 2T o RV T A e
C AR 5 A A /N TR S A S BUE  W
KJaA AT B, AR AL T3 %
TR 2 2 25 K A o 2 A el s, RT R S R
B LR YE S5 R N GE GRS 1T 52 e LAk 1 o
AR H E A W2 o B H 5 SDF
SEMR A OCHRIE o At , A8 SCR HT Box—behnken 15
THATHE B R BCUL AL T 8 SDF il £ 1220, % L
g% A i RN ZE ) H S SDF Y B Ak RN 9 Ak
Rk, BB 2 A T B v R AT L T
PE, DL SDF $tidfbbEps2m . Ao a B+
W) B H R TR R R AR, DL BN T AR H G HE
I it JOT A S IR

1 MBEF®
1.1 #E 5K

e, A oFw, mE; S o-TER
(100 000 U/g) . ¥E LT (100 000 U/g) | ik il (%
1:4 000), i J5 it A= R A BRA | 8 E R
(FEUE 50 1:3 000 U) , BT 7 T A= Ak B2 % 1y
AIRA T ;- TEREE CRIE TR, =5 Umg),
VORS00 LA (i) 52 5 A BR S W) DNS ]
FEH A R BR S F) 5 K LI 55 0 5 T A
Je R B S R A R A F] L e R
ES YRS o TRAIE 8
12 UE5EF

ZN28YK809-150 £ T GE Hi Z& i , W VL 751 7K
L A R A A LGI-18 FHLZ8 ¥ VR TR AL, b
TR IR AR DB R A BR A F) 5 YB-2500A £ )
BER BRI, K BRET 3 EE T8 A B/ 7] ;SHA-B 15
ARG %, L7 R FBVGAL LR BB A BR A w5 KQ-
400DB EH5E 8 FH g e A, B LR A AR A FR
73 E 5 UV=-8000 2£40-1] WO A BE T, LIt
IS BRZS 7] s H21000R & 28 7B 0L, 159/
IR AL KA BRA T,
1.3 Ak
13,1 HEFER A BBCH &R ToRE Lk
B B RNHE B 0 TH Ui R D)
WA 1.5em BRH .

AEEH AR E S R R TR
it 60 Hifi, & H .

M E2mE &, 3R KZER 20

min, E i HOSJE R VR TR B IR IT L 60 B, %
M.
1.3.2 1% SDF $2HUHil & >R 8 75 5l Bh #0K
PRI AR SDF $2 UK . 2 7% o 300 250900 T 1k
il £ 45 2] H 2 SDF, HARIRAE AT - 1 2 O i)
pHEZ 6.0, ¥ HZEWH AT &E A 2% 5K a-
TERE,60 CHEME 1.5 h; i pH = 4.5, A 1%
WEALEE ,60 CHEME 1 h; JE3 pH{EZE 7.0, A
0.5%Bi1E , 40 CHREME 1 h, BEAELSHS , DL 4 000 v/
min 2.0 30 min, [V VRONE 2R Ve 4 2 IR AR 1/
5,0 4 5K F 95% ., 4 CRl I # & ,4 000 1/
min 250> 30 min WERETIY, %% T 145 %] SDF
FEdl

A ZE A AR B IR A A5 B R A
Aic i SDF-F .SDF-S,

1.3.3 BT Zmn ik R iR
BBCIR R B IR T Oy i B R 2 R Al L DA
SDF-S #i& J A5 26 Fi 42 By v i 2 05 & 4k ok o i
8, R =& =/KFh Box—Behnken i %; 1% i1
XTRBSHEA T, g I F KR 1,

£1 MEAEERAFE

Table 1 Factors and levels of response surface design

R F k-F iR (A)  BE(B)/C B (C)/min
-1 1:10 40 30
0 1:20 50 60
1 1:30 60 90

1.3.4 1% SDF ¥y 5t 41 ) o

1.3.4.1 WS R E R R B - B R
D rhpE Z2 050, KR S LT R 0.1 mg/ml ¥,
W 1.0 mL AE S, A 1.0 mL 5% 2K By % W,
PP A 5.0 mL W BR AR , 7 & 10 min, % BE IR
A), SRIF AR R T 30 CCOK I R LY 20 min,
FEWE 490 nm A0 E WO EE . L D A S R bR
HE A, HIVERR HERR R T3 20 &

1.342 WMEZHESENE SR RE LR R
N 7 4 B v R 1 22 W B kel R S R 0.5
mg/mL %W, W HL 0.4 mL FE S, A 40 plL 4
mol/L Z LM R EL W (pH 1.6), FHIA 2.4 mL
75 mmol/L VU B 1% 4h— Bk R V5 VAL, T TR 5T . W 7K
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% 20 min J& , VKRR E, FEINA 80 wL 0.15%IH 72
FEWC ORI W, R BE TR AT, B E 15 min, T IE K 525
nm AN GE R RMOERE L DA FUBEEE R R bR
HPEARE M2, TH SRR b i R 1 2 0 5 i
1.343 WFEHESENE R 3,5- MK
fig 1% (3,5-Dinitro salicylic acid, DNS) I & £ Ht
Py b 3 JERE S T AR IR 1.0 mg/mL ¥
W, WeHC 1.0 mL ARSI, A 2.0 mL DNS i
F IR AT, WK S min FAHEEE, NA
9.0 mL Z&1BI/K IR AT R AE WK 540 nm A0 7 W 5t
o LA DA %0 R bR o, TVEAR M £ TR
JEbE
1344 BEESY4ESENE K GB 5009.88-
2014 (B2 ERRAE S0 TS L il
SE )N 72 R EU) R I £ £ A e
1.3.5 HZ SDF &
1.3.5.1 KN B% Kaur W 7 R 1R
W, ERRFR L —E BT S TR0 A T, 7 125
WL A ZEm K, IREIR S, EiREE 24 h,
4 000xg #5.L> 15 min, B BR 15 WU PR WK FE 5
Jit, #e =S (D) TR REK T

FEK 1 (gfg) =W K B T — 1 I B i
) /TR T R (1)
1352 @k} 2% Wang S0 J7 ik IFR1E
B B AR PR L — o O A 2 B R P e 1
25 W A ZER K, IR E S 24 h, il sk TR A
i VBRI ik e SR AR e 2 (2) T B R R ik
ViF

BERK 71 (ml/g)= (R MKk 5 7R BB Bk i R )/
TR T (2)
1.3.5.3 FHMl 3% Jiang PR 5 IR E B
M, MERR AR — 8 IR S T RO A, 1010
W A R S, I BETR &), IR E 24 h,
4 000xg #3.L> 15 min, BBk )28 5 HI 08 480
BLOERE FER AR MG ¥ 2K (3) TSR A R
771

Feih 1 (efg) =W B BT o — 1 5 R
) /R RE L T (3)
1.3.6 HZ SDF #1311k i 56
1.3.6.1 BRI Z=% Wu F20 5359
il AR 06 0 A7 000 YR T b 3 38 A AL e L

14.54 g/, KSCN,127.49 g/l. NaCl .65.16 g/L. KCI,
61.60 g/ NaHCO;.41.45 go/L. Na,S0,.64.58 g/L
NaH,PO,.18.18 /L X % Fl 210.90 mg/L. a—E ¥} i
Be i, B LA 0.1 mol/L. HCI ¥ i W pH A1 15 =
6.8, K M Fh SDF FL 4 10 mg/mL %, # 5.0
mL SDF ¥ ¥ A1 5.0 mL #2400 0E TR 51,37 CoK i
150 r/min 4% 37 BRI H AL, T 5 min J5 BUFE 2.0
ml, 37 B 7K 5 min KB ZA7 4

1.3.6.2 HHIEHEA 2= % Goni 5521 ] Chen
S5 B 7 O A AR el e AT L B R T A
%, ¥ 0.62 g NaCl.0.22 ¢ KC1.0.05 g CaCl, A0
0.12 ¢ NaHCO; ¥ T 200 mL Z€4% 7K, H 0.1 mol/L
HCL 37 pH (183 & 2.0, Hil #5540 5 i IR
W, F 1.0 mL 1.0 mol/L. CH;COONa (pH 5.0) Al
23.6 mg B & FEE A 100.0 mL A58 B H f# R
W IRAT, A 0.1 mol/L HCL KA T pH. (R 18 35
2 2.0, HlAFEHIE W . A 1.0 mol/L. HC1 ¥ 1.3.6.1
e 2 1 A UL M VRV ARV pHL (BT T & 2.0,
A SR B BT W, TR AT, 37 C/KIE 150 o
min G HLE L, T 0.5,1 h #1 2 h J5 BUEE 2.0
ml, 37 BB 7K 5 min KEGHZRA7F 4

1.3.63 HEU/NZIA ¥ 0.54 ¢ NaCl,0.065 ¢
KCI 1 0.033 g CaCl, # T 100 mL 75 18 /Kt , J
0.1 mol/L. NaOH ¥ W ¥ pH {E 15 £ 7.0, i &5
/N i v i TR, FRE 100.0 g 49 0 3 1 A
50.0 g 7% MR BN 50.0 g A A8L /N g H £ T
W, 0.1 mol/L. NaOH ¥ ¥ pH {E 17 &
7.5, HAFEEL NG . F 0.1 mol/L. NaOH %5 W
1.3.6.2 715 el 4 9 400 B JH AL W 1Y pH (IR T &
7.5 FARTEL 3:10 (L0070 7 8- 3R A B 40 1 9 4k
) I ABLAL /N, TR ST, 37 C/K I 150 r/min §i&
NI L, T 0.5,1,2 h A1 3 h J5 BURE 2.0
ml, 37 BP 7K 5 min KEGHZRA7 4

1.3.6.4 SDF /Kfi#3ME  # 1.3.4.3 5 ik Jr
5 2% W BORBTILIH A I LR i # e (4)
T A B BEARITH Ak SDF 7K i 2%

SDF 7K fift % (% )=

UL P 38 JEORE B B —SDF J5UAT 38 J5URE & (4)
BEALIH AL W S B B —SDF J5UA7 38 Uil 35

1.3.7 Hdgodr Ll 3 EE A E
brifE 25 378 o SR Design—Expert 13.0.1 53100 i
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AR, FEAT AR AL A 22 0 A MR BT 2 28
Ak s K IBM SPSS Statistics 26 [ BC % FEAS ¢—
K 56 H 58 W9 B SDF 1 I 22 57, P<0.05 fl - 2 7
LT

2 HRE5SMW
21 REIZSHMREHBEMLSHESEN
=1

2,11 B YERBUE S AE 50 °C, R 4R
HCA 60 min BF R X B 2R AR 2 08 5
B S IE ULIE 1a, TERME LA 1:10 B, SDF-S A i
RS R ] (6.3320.25)% ) ; FE R HE A 1:20 B,
SDF-S A fi iy b 24 & 1 [ (53.35+0.71) %] . FHK
Fb B3 2438 K, ] Akt A P A R 22 K A
FF SDF-S (4 Hoa . SR, 7 570 i K 4
KA PR AR E 52 i S RE 4 A5 2t AN T
PRI

2.1.2 $REGRE  FEERHR A 1:20, 4850 E]
S 60 min B, 45 HCIE B G i BRA SR RN B 20 A
B2 UL 1h, HE A 60 CHY,SDF-S A fix =
BUG R [(5.73+0.47)%) ,SDF-S HY i £ B & b
Tk B AR Ak F B S R R B AR kg, 7E 50 °C
ff,SDF-S A i i i 20 & [(72.19£0.61)%].,
T AR, 2 Tis sh 548  SDF-S R FE/ME
T B 0 T v R R B R A, WA T Y
FROE LS AR, A R AR o, SR i B 3 v D)
A BES AL SDF-S A%, MR 2 B £ BEDTTE |, 3L
e 1 RS R FILEL 22 B R,

2.1.3  HRHUEFE] BE R EE 1:20 42 HUR BE 50
C, WG T ARG 7 4 Ut 8] R S B i 2
WS EREL, 2SR 1, MR RN 30
min B, SDF-S 7 5 = $E B 23 [ (5.87+0.21)% ) Fil
e RS E [(61.8620.75)%)., 7 30 min L
-, SDF-S # BUAS 5 b B} 7] 4iE 1< 36 20 1 PG ba 2
SDF-S i 22 Ml & 12 8 0t B A — T v — T M AR 1
P, MR E] A AE K — 5 TR 512 SDF-S 1 B
i, 55— 5 T, PRk A R K K Akt f B A A R
Wer LA 45y, {23 SDF-S MR, HC7E 90
min [ SDF-S & 205 & 5 S T 227,

22 MNEREERSHH

22,1 BRHUESITET W R I PR O 4
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30 N . L . L 2
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s i)
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(c)
1 Btk (a) B E (b) & AHE (c)Xt SDF-S 2 E
RERREERENHN
Fig.1 Effects of solid-liquid ratio (a), temperature
(b), and time (c¢) on the yield and total sugar
of SDF-S

R 2, £ A K M SDF & A% (V) 7F
4.32%~6.40% 2[R 4k , #F S 20 S a5 (Vo) A
T 60.84%~89.85% Wl . XF 2 />l )i F ) B 40
(RRCIVEE S S E =S 1D Ve

Y, = 10.532 - 0.0854 — 0.145B + 0.012C -
0.0034 B + 0.001A4 C + 0.001BC + 0.0054> + 0.002B> —
0.001C?;

Y, = 9511 + 3.8224 + 1.267B + 0.711C -
0.0044 B + 0.0084 C — 0.012BC - 0.1014> - 0.008B> -
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0.004C2, FHREUE R | 25 K W52 0 R BEAR IR A L B R (C) >

H 2% 3 nl 1, ARSI 350 18 2 (P<0.05) , 2Kk
L3 K6 5 45 R R 2 R 4 5 R 0.8605 FI
0.9455, ULEA I E s XP AT LG A, A
13.95%F1 5.45%1) J5 25 AN he B RSk fi ks, 3@ i
Ll 358 [ U1 )y 8 v 4% 10 [ 0151 2R 250 A 40 ot {8 0 ) 25 4%
Brid) FAEL(3R 3) , iff 2 45 PR 25 X0 i 7 (A 5 0, X6

BHERLE (A)>TREZ (B) s % T B2 & & A IR
SRR JEE U < B E] (C)> T (B)>FHIEE (4)
WA i 5 I E) Y 32 BAE IS SDF-S & 24 &
AT B R (P<0.05S) , 71 B i 1T b, 2 Bk 3¢
HEZBE , SF s 2B WA (K 2)

% 2 Box-Behnken i®iiZit 54 R

Table 2 Box-Behnken design with experimental results

KI5 A (A) B (B)/C B 18] (C)/min PIATF (V)% & ST (V)%

1 1:20 40 90 4.32 81.44

2 1:20 50 60 541 85.53

3 1:10 50 30 5.89 83.38

4 1:20 60 30 5.22 88.61

5 1:10 50 90 4.80 60.84

6 20 50 60 5.18 86.88

7 30 40 60 6.11 81.93

8 20 50 60 5.50 89.85

9 20 50 60 4.93 82.04

10 30 60 60 4.68 72.23

11 20 50 60 5.31 86.45

12 20 40 30 5.49 85.83

13 10 60 60 6.31 69.52

14 10 40 60 6.40 77.48

15 30 50 90 4.87 66.06

16 30 50 30 5.32 78.30

17 20 60 90 4.66 69.82

x®3 FEDW
Table 3  Analysis of variance
Y . : j’!%ﬁlfgr%i : &5 HmeE
T 7 Fe ¥ F1a P1a T 7 Fe ¥ 7 F1a P1a
BEA 9 4.82 0.54 4.80 0.025 1114.81 123.87 13.49 0.001
Frir(A) 1 0.72 0.72 6.45 0.039 6.65 6.65 0.72 0.423
B (B) 1 0.25 0.25 2.19 0.182 87.73 87.73 9.55 0.018
BF 1) (C) 1 1.28 1.28 11.46 0.012 419.86 419.86 45.73 <0.001
AB 1 0.42 0.42 3.78 0.093 0.76 0.76 0.08 0.782
AC 1 0.12 0.12 1.10 0.330 26.47 26.47 2.88 0.133
BC 1 0.12 0.12 1.10 0.330 51.80 51.80 5.64 0.049
A? 1 0.38 0.88 7.89 0.026 426.97 426.97 46.50 <0.001
B? 1 0.10 0.10 0.93 0.366 2.64 2.64 0.29 0.608
c? 1 1.02 1.02 9.14 0.019 65.17 65.17 7.10 0.032
7% 7 0.78 0.11 64.27 9.18
%k LR 3 0.57 0.19 3.58 0.125 32.75 10.92 1.38 0.369
®E 4 0.21 0.05 31.53 7.88
<Y 16 5.60 1179.08
R’= 0.8605 R’= 0.9455
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Fig.2 Response surface plots of the interactive effects

of temperature and time on the total sugar content

of SDF-S
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222 RWMTZMALSRUE = R ECE AT
22 W) 7 AL (%) ) 1 TETARAY 38 3 R R A 5 e 7 (B
V485 A e 2 i i, [va) 70 2 A Sy B i 3 () ABE A T
T A8 a5 (0 2046 o 3 S ) B 9 B A
Al Z AR (0) A1 HAR{EL (1), BRI T 1, HAh
FHERARRS2L DL SDF $2 HUCR AR 208 & /i KAkl
H ¥, i H] Design—Expert 11 & B o 22 GE X |
A A A5 R [ SR RO A, W R T2 4%
k. BHEEE 1:15.94, L 40.0 °C, B [E] 40.90
min,SDF-S #& §5 10 5.87%, 2S5
1 87.86% , i HUAH 2 K Joh Z2 M 1 1) TG T R 43 )
9 0.75 F10.93, W35 KA 19 2 0.83, B4k
F 1, FRERANWIZITZSHT SDF-S fig
BT S O SRS (LR 3) AR AR
VA PR 258 VAR AR R A BRI L 1216, IR 2
40 °C, BF[] 40 min, PALSRAF#EAT 3 P47 50 55
UE,SDF-S $2 HU 5 2R 4y (6.13+0.25) % , Jh 22 4 & &t
1 (84.68+0.64)% , ¥4 5 il (H 3

B L

I

I [5]

Time/min

FEE S
Yield/%

ISE2 s

R
Combined

0.000 0.250 0.500 0.750 1.000
W=
Desirability
(b)

B3 MUIEZEMMNLER (a)RHHEHE(b)
Fig.3 Prediction (a) of optimized solution and desirability (b)

2.3 ZFIRT. 5 HZE SDF A&
KA BT 25, A ZE T A9 H 2
A AR B 2 SDF-S 1 SDF-F, 453 20 min 7K
Z&M0, 2% H 2 SDF £55% SDF B vk 2 b &
o, BEZHTEUARS SRR ERE (P<
0.05) (WL3% 4), 43 5y HE S T 25 19 2.12,1.27,2.64

5 1.50 15 . 7E Valetudie 55P%F1 Nakamura 25PVR)
WFoErh, Bk I AR ZE ) A b H S A0 o Y
TE My UKL B 1 K O 57 T8 20 M BE f Rk A . AR
Arevalo SFPIXF 5 Fif JU5 I A AF 58 ) e B, 28 25
FIHLRE I 04 J8 1 1 rh R K OB . A R R

3R AE R & VRS E Y TR E W R P,
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EA B ZE 4T, H 2 SDF $2 B0 R0 8 2 B 5
R ZE S M R R AT REA . H— e 2%
IR AR 0 PN SE R ORI AR Bk B T
20 0L P T 2 R S 1 0 R R I A R AR T
KNG F i LT 4E R RIS o e 2 e
i e e e ) ok AR b AR T P IR BT
K SRS BB AR, 78 il Ab #AE SDF 75
FREE BRI -G EFLES FFEM N
SR B R S 5 TP A iR

SDF-S W 21 4 & et R A W e (P<
0.05),2% SDF-F 1 1.53 £ (WL 4) . 5 5 i
GB 5009.88-2014 (& fh% 4 FEEbrME £ g
LR 2 I ) T H T 1k BGE T A R A
BT RE AR A R e, (AR i
BARA G B LT 4R 2H 731, DRk G £ 28 24 1) 00 5 25
WA KRB A SDF w4 & 43 1 o i 22 B0
Gy o SR, 78 8 A8 H BLAIN T 05 =0l 5 R 2 DAl
W) 22 W8 AW SR 2 0 R IR ) 22 M K i Tl
W, 22 PR PO T R I BT R i 5 A 1) 2
MEEAgES ESm, BRI T H 2 40 i B
R TR YR RIS R,
2.4 #ZHlar. 5 HE SDF BU RS

H 2 5 %0, PN T 25 SDF 13 4 B4k M T
FEFE2 5 . SDF=S (457K J1 Fids i 71 %8¢ SDF-F &
FH 5 (P<0.05) , R 7K J1 4300 R (4.60+0.31) g/g il
(3.2720.21)g/g, FFuH153510 (3.30+£0.40)g/g
(1.82+0.28)g/g, PIHLEMIK I T 0% 2 5,
Ui W ZE il A AT RE kAR T B SDF B LAY
i 2 RS TR, Bk MBI e Rk
F1 FEh 77 B A9 SDF ELAT 45 i 19 2 5 i T
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Table 5 Physical and chemical properties
of sweet potato SDF
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Effects of Steaming Processing on the Extraction, Physiochemical Properties

and Digestion Properties of Sweet Potato Soluble Dietary Fiber

Liu Buyu'?, Liu Xingquan', Zhang Zhiguo*, Wu Liehong’, Cai Jing’, Yang Kai’, Wu Weicheng”
(College of Food and Health, Zhejiang A & F University, Hangzhou 311300
’Food Science Institute, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021
‘Institute of Crops and Nuclear Technology Utilization, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021
“College of Food Science and Technology, Zhejiang University of Technology, Deqing 313299, Zhejiang)

Abstract Objective: This work was aimed to analysis the influence of steaming processing on the extraction, physio-
chemical properties, and digestion properties of sweet potato soluble dietary fiber (SDF). Methods: The response surface
methodology and desirability function were conducted to optimize the solid—liquid ratio, extract temperature, and extract
time of sweet potato SDF extraction for higher yield and total sugar content. SDF from steamed sweet potato (SDF-S)
and from fresh sweet potato (SDF-F) were extiracted by the optimized parameters. The yield, polysaccharide composition,
and dietary fiber content, as well as water holding capability and oil holding capability, were measured to compare the
differences of two SDF. Besides, simulated digestion in vitro was performed to assess the digestion properties. Results:
The optimized parameters were 1:16 of solid-liquid ration, 40 °C of extraction temperature, and 40 min extraction time.
The SDF-S showed significantly higher yield [(6.13+0.25% ) vs (2.89+0.18)%], neutral polysaccharide content [(59.31+
0.73)% vs (46.83+0.63)%], acidic polysaccharide content [(25.3620.48)% vs (9.60+0.14)%], dietary fiber content
[(54.71+6.70)% vs (35.69+3.25)%], water holding capability [(4.60+0.31) g/g vs (3.27+0.21) g/g] and oil holding capa-
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bility [(3.30£0.40) g/g vs (1.82+0.28) g/g] than SDF-F (P<0.05), while the SDF-F showed better resistance to digestion
than SDF-S. Conclusion: Steaming processing improved the accessibility of sweet potato SDF but weakened its resistance
to digestion.

Keywords sweet potato; steaming processing; soluble dietary fiber; neutral polysaccharide; acidic polysaccharide; simu-

lated digestion



