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Optimization the process of increasing the content of slowly digestible

starch in highland barley by B-amylase
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Abstract: Objective: This study aimed to explore a kind of food
with low glycemic index (GD and SDS serial products. Methods:
Using highland barley powder as raw material. The optimal
enzymolysis conditions were determined by single factor test and
response surface test. The hypoglycemic activity of a-glucosidase
and a-amylase in vitro was evaluated. Results: The content of
slow digestion starch in the enzymolysis highland barley powder
reached the highest of 16. 55% ., under the control of the
conditions of 60 U/g f-amylase, 3.5 h enzymolysis time, 51 C

enzymolysis temperature, and 1 : 12 (g/mL) solid to liquid ratio.
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Meanwhile, the modified highland barley powder had a certain
inhibitory effect on a-glucosidase and a-amylase. The highest

inhibitory rates of the modified highland barley powder on
a-glucosidase and a-amylase were 71.39% and 48.32% . respectively.
Conclusion: Under the control of the optimal enzymatic hydrolysis
conditions, the content of slow digestible starch in the enzymatic
modified highland barley powder was significantly increased.

Keywords: highland barley; p-amylase; slowly digestible starch;

a-glucosidase; a-amylase; inhibition rate

HHESEEZMEOREYZ — FE S0 T
LT WU S I R X T, BRI /L
B Y A AR AR B B SR R e A
FRELA WBG 2 %0 DR G . 0 P 25 48 P A 35 952 09 19 T 3k
I INF 17 25 2 0% B SR ML A B T 2% 45 5 AR 0 Il B L
B 0 PR 4 Zh 2 VE R R T AR Ry e AN
{4 P9 1% T8 AR B AN T RO ) L AT 43 SR MR AR TE B (RDS)
1595 AL 3 By (SDS) FIT M 32 43 (RS) =26, SDS J2& 48 20~
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iff 1 A RS P T AL TE R OF BEAT TR Y A 2
fifg Vs m 4 Sy 200 U, 5 A B 1] 25 10 by, ¥ 58 A1 A= B [/] 2
1 d. VER R BE S 15 Y0 A8 T AL JE by & B 32.72 %,

WA LA R o B SR 508 0 Al 2 47 8t i Ak
FEL DUAR R B SDS i, DL A T R IR T & A
FA KB AR B A (GD & L B SDS & B 7= i I & 4R
HEB AR I
1 MRS
1.1 #R5XEE
111 M5

i 2F 2 7 B - 79 DUR A W R B A A A 7

- R 70 77 U/mL, b5 AL RH A R
YNGR

1o VE R 1 45.5 U/mg, & M 135 2E W RL £ A R
AL A

B-VEN .70 JT U/ mlL, i M BB W 5 R A BRA 7 5

A TR R A SR A A T S, R T AR R 4L
AT .

1.1.2 EEAUMEE
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1L.2.1 FHSCPEHEBB WS MRS g H B T4
TEIM 3 B Cmspn ¢ Vegss ) 1 ¢ 10 (g/mL) A
60 U/g WB-TEREE. ¥ 5], T 50 “CIH MK - % 4% b LA
140 r/min #E4% 3 h, ¥k /K K 5 min.5 000 r/min &0
10 min, Z3B& FIE W 15 20 0 BR B ROK R R L R 2~
3K [EAT 45 CHET Ry 15 B B 75 BRI RE &
1.2.2 BARZERE MRS 1.2.1 KB, 0 E R L
t Vewmmw )1 6,1 8,1 10,1 : 12,1 =
14 (g/mL) ] .B-TE M BEAS N (40,50,60,70,80 U/g) . i
fif it 1A (2.0,2.5,3.0,3.5,4.0 h) FFf# IR BF (40,45,50,55,
60 °C )X Bl A A5 2R 5 1

1.2.3  mi R ER K R R S L, R R Box-
Benhnken 45 %1 (4 15 1 J5 3 L 3% 45 ) EL | TG A R L G
i ) L 8- Ao Al A A5 R A O ) 36 =K S A e R T
I LA it 7 B v SDS B 3t oAy Wi N B de p 4 1
1.2.4  SDS & & &

(D HiAREbR Mt 2l . 2 I 22 Al 0 19 Oy 0
Bk, oWl 1 mg/mL Y 7 245 0 AR % W, 4 5 L o,
0.2,0.4,0.6,0.8,1.0 mL, il Z& W /K £ 1 mL, - 4m A
2 mL DNS i H|, ¥ K% 2 min, 3 3k % 20, FIK AN R F)

(7)1 Ak
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15 mL, Wl E 540 nm KLU SGAE , 4TI & 3 K, JF i B A
X, 1|3 4 BT S A AR M O B Y =0.931 6X —
0.002 4,R*=0.999 8,

(2) AN 2 BB ST kIt k.
HERRFR B 200 mg M el PE & B AR B THEJR R b, A
15 mL BEBRHN S #h K (0.2 mol/L,pH 5.2),10 mL 3 ¥ fl
FHIR B W O o V2 B 18 F0AE AL B8, 37 C R
150 r/min KB HE T 20,120 min, 28 W 5 mL 7K fif W
KW KB 5 min, K DNS H @320 E 540 nm 4015k
BELFATINE 3 WL IR E S AR, 0D it
BT SDS By E k.

Raps = (G130 —Gy) X0.9/TsX100% , (D
G=(A,+0.002 4) XD/(0.931 6 XW ), (2)
A
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Goo—FEH BEA# 20 min 5 ZHE 89 & /. me/g;
G oo —FE M EEAE 120 min J5 4 % 0509 & & me/g;
A — DR W O AE

D— BT EL

W, —F S E*, mg.

1.2.5 EyEREENE SRR R &R, b ik
ML 7R N Y=5.31X—0.007 4,R*=0.996 4, 3 (3)
TTERER S =,
Ts=XXDXV/(WX1.11), 3
K.

Ts— SIEH & it .mg/g;

X—— D15 B W% o' B X5 I b o i k09 B R ek R
mg/mlL;

D——H A5 5L, 1 0005

V— R BUR SRR 1.7 mL;
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1.2.6 o145 B T BRI R I E S MR DS ME AR 1Y
Jr I B, MERRFREL 0.05 g M ok T BB RE &L 2 3
JA 600 pl. PBS(pH 6.8,0.05 mol/L) #1 300 pxl. PNPG
(20 mol/L) I W, 14,37 “C/K¥ 10 min, A 200 pL
o~ % 5 Y B A W, 37 °C Y 20 min, A 1.65 mL
0.1 mol/L Y Na, CO; ¥ 2% 1k S, W 5 405 nm 215t
8. R ZE TR 0.05 mol/L iy PBS(pH 6.8)1E H ¥
WA AR 1 28 vt BR 3 x (D TH B o7 250 00 1 i
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M=[1—(c—d)/(a—b)]X100%, 4)
A
M o~ 2R T R R 00
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1.2.7 o TEMEEMGIRNE SRR REED kIt
Bk, B150 pl W E R 0.312 5 mg/ml BYRE S0
A 150 pL a-JEMEF - 37 C/KH 10 min, A 250 pL 1%
RIS M VE A, R A1, 37 °C KA 10 min, T A DNS iz 7
500 pL, WK 5 min, B HJF M E 540 nm AW SEME . K6
1 Z 3R 0.05 mol/L B PBSCpH 6.8) 4 Jhy ¥ 1 K 145 I RE
S ZS X IR L3 (5 T o S I ) 2R L

N=[1—(c—d)/alX100%, (5
Hop

N——a-TEA} B 3, 005

a—— TR O 1R

A - VE R VA TRCFAE G OGS

d— % o-VER B WWOGAE .
1.2.8 By iAW ER 31K, R Excel HF A
Design-Expert 8.0.6 XJ i 5 £ §is #1743 Fr db ¥ K 22 14
2 RS0
2.1 BERRRE
2.1.1 BRI LG T AR ORGSR B L AR, SRR
W Cmsme 2 Vawpme) W 1 12 (g/mL) B, BESCHE S B
FSDS SR EE N 16.96%., M KK L (many ¢
Viwenmu ) A 16 (g/mL) I, AT BB K A JiE ) e B2 ik K,
TE A B S L B S T R 4 TN BB S oy 4 il L R
TSI A 4 A /b AR AT UE v T I A B AR X 4
R B, SDS & AT B A K Y 3G R B T
PR TH R Y5 W T o 4 i, ORI Onsg ¢
Vawnwe) N 1312 (g/mL) B, Wi R R, MBR I
Cngme ¢ Vismsn )<<l ® 12 (g/mL) B, B IS 9 75 B0
T R A5 e AR A4S SDS & T R
2.1.2  ERSINEAT ARG AR st B 2 A Y p-E
MBI 60 U/g B, Bl 50t F Bof i SDS & & e &
H31.39% . 24 B-TE R WA N <60 U/g I, il 5 i i i
FRAEF I B oK 68 9 58 43 B8 A . 1 45 09 B8 20t B B D
SDS 5 S BK  24 SV FE AR I > 60 U/ g I i W JE 1Y
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Figure 1  Effects of solid-liquid ratio on enzymatic

hydrolysis
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Figure 2 Effects of enzyme additions on

enzymatic hydrolysis
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Figure 3 Effects of enzyme digestion temperature on

enzymatic hydrolysis
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B L . YEHER AT R > 3.5 h iR A AR R
BB AS R a1 1 p-JE M B4R F T C 2B iy SDS, i 15
T B T SDS Btk — 45 El A 0L

2.2 WA R EK I

2.2.1 W ARG BT M AR BT R, R
Design-Expert 10 ¥ 4 #* Box-Behnken J& ¥ 5% i1 Wi [ T
AT L B-TE 453 WG o < . 8 o7k 1) 18] MG A O P8 R A
WL AR B W R 55 B SDS A i N AA L 1
BRI 1R B Bt g R W3R 2,

F1 MRTESHEEFMAKE
Table 1 Factors and levels of RSA
A BEMEERIN B MG C EEE D AR Gy
e H/(U-g ) WE/h #@BE/C Vignme) (g/mL)
—1 50 3.0 15 1:10
0 60 3.5 50 1:12
1 70 4.0 55 114
F2 MEERBEARRER
Table 2 Results of surface test
PR A B C D SDS &4/ %
1 —1 0 —1 0 9.50+1.21
2 0 0 —1 —1 11.16+1.28
3 0 0 —1 1 10.88+0.50
4 0 —1 —1 0 9.4840.66
5 0 1 —1 0 10.45+0.77
6 1 0 —1 0 10.2940.80
7 —1 —1 0 0 11.14+0.65
8 —1 1 0 0 10.79+0.86
9 —1 0 0 —1 11.44+0.52
10 —1 0 0 1 13.42+1.59
11 0 —1 0 —1 11.68+0.89
12 0 1 0 —1 12.2840.64
13 0 —1 0 1 13.43+1.10
14 0 1 0 1 13.02+0.55
15 0 0 0 0 15.86+1.87
16 0 0 0 0 17.09+1.51
17 0 0 0 0 15.47+1.31
18 0 0 0 0 16.5241.40
19 0 0 0 0 17.02+0.90
20 1 —1 0 0 10.87+1.19
21 1 1 0 0 12.53+1.66
22 1 0 0 —1 13.05+1.44
23 1 0 0 1 13.43+0.75
24 —1 0 1 0 12.0642.07
25 0 0 1 —1 12.49+1.03
26 0 0 1 1 14.37+0.82
27 0 —1 1 0 11.20+2.26
28 0 1 1 0 11.02+3.17
29 1 0 1 0 12.17+0.71

B 2648 | 2023F 10 A | AR5V

2.2.2  [AIEASE R 2 VEAG 56 K 2245 81 B Design
Expert 10 #F X3 2 B4 #E47 40 7 . A5 [H 4 7 72
Y=16.39 + 0.33A + 0.19B + 0. 96C + 0. 54D +
0.51AB— 0. 17AC — 0. 40AD — 0. 29BC — 0. 25BD +
0.54CD—2.36A% —2.72B*—3.07C*—1.12D*, 6)
B2 3 AL BEE P <<0.01, F W13 [l )3 7 FE e B
5 R AUI>0.05 , 32 WA I AR A 26 R B2, U0 A 3 06 1% 2%
BN A SEBR G B T LA 2 b o o A6 AT B0
—IIH C A D B P A <C0.01 . i3 BA F i 15 B AR
bl e il P 7 R R SDS B A A R — KT A W
P {E<C0.05, Ut FIEG VR N & %t F B b SDS & & B F ¥
Wil o - DR 2R 0 e 7 (L 74 352 0 A2 BE AR Ry C>D>A>B,
2.2.3 HHEERZXEEH K5 ZEEBEEXNER D SDS &
i A L I T VA NSNS U NV RSB UEE Slh E
PR 3R 2 ] 4 32 B AR T LA B o) e oy {1 79 5 00, o 3 167 ] oo
b 2 b L R A A, DU R R 3 e R i A R T
e L5 R L il A TR RRE R EL A e Ry T T P 35 R A
T U0 I Tl AR B ROR R L I S BAE R R L 5 24
UIEE S O
2.2.4 BIESEH: A Design-Expert 10 #¢F 47 M H
R 3 B, 16 2P 75 BB R SDS A 3 31 88 K I Y SR A

£3 HRAABRBAZEHSNR
Table 3 Regression equation analysis of variance
KR EOrAM AMEE B FE P1{H B

oAl 125.99 14 9.00  37.38 <C0.000 1  x x
A 1.33 1 1.33 5.51 0.034 2 *
B 0.44 1 0.44 1.83 0.198 1
C 11.12 1 11.12 46.20  <C0.000 1 * %
D 3.47 1 3.47 14.41 0.002 0 * %
AB 1.02 1 1.02 4.24 0.058 5
AC 0.12 1 0.12 0.48 0.499 7
AD 0.65 1 0.65 2.69 0.123 2
BC 0.33 1 0.33 1.37 0.261 8
BD 0.25 1 0.25 1.05 0.321 8
CD 1.17 1 1.17 4.85 0.045 0 %
A? 36.25 1 36.25 150.56  <C0.000 1 * %
B? 47.85 1 47.85 198.78 <C0.000 1 * %
C? 61.03 1 61.03 253.50 <C0.000 1 * %
D? 8.13 1 8.13 33.76  <C0.000 1 * %
T 337 14 o2
R AU 1.34 10 0.13 0.26 0.960 3
afi iR 22 2.03 4 0.51
BE 129.36 28

Tox x RARERWBF(P<0.0D); » RREREEF (P
0.05);R?=0.973 9,R35=0.947 9,
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Figure 5

BBOKF N B-IEM BRI 60.48 U/ g, B i i 18] 3.5 h,
B R 5101 °C, BHW b Cmgme 2 Visewmw ) 1 ¢
12 (g/mL) , Wt £ T et & B b SDS & 4 2516.56 7%,
IR ER G 0 PR AE M SRR T A S B B TE R
FF U A 60 U/ g, iR 05F 6] 3.5 b B AR IR 51 °C LB
P Gngme * Vspmn)1 12 (g/mL) K50 B & B
i SDS 9 &4 (16.55+0.25) % , 5 B #2250 , Ui B3k 86
ZERA L,

2.3 kSRR MUMEETE

2.3.1 o-VEMEEMEIE W E 4 ATH, KRG B-TE K
fige Aub 3 1) 5 RRNE ) o VE B I R R 22,8204 4o B B
Tit ik 2% A2 Aub 3R A 300 100 T o5 7 R 1Y - TR K B D R % Sy
48.32% . Ut W Wt J5 35 BR A 00 o-YE M BRI R RS T
25.50 NH SR

2.3.2 o WA EEA R R R 4 AL R E BUER
it T e Ak 2 19 75 R 1Y o 0 AR AT 1 R 41.46 %05
2 3k i £ T A A% R A BT 30 1) i 21 T RR o - R OB

R4 o EHEI - AEBEEHEIHENELR
Table 4 Results of a-amylase and a-glucosidase
inhibition rate determination %
FE gL a-TE Bl o~ 5 Tl
il i 1 9 FR A 48.324+1.03 71.3941.36
JE BB 22.8240.33 41.4640.43

(e) BD
A5 BREXZAEMT SDS A EH YW

The effect of interaction of various factors on SDS content
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Slowly digestible starch
content/%
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RIS
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52
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content/%

5 Slowly digestible starch
)

=
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52

1

FEEE 2R R 71.39 %0, U W Bl A T RRR ) o- A RE T
B ) SRAR B T 29.93 N E AR A
5 ik

SR FH W 1 T A3 AT TRV B L G R O R L A BT ()
B-VE i il T R 4 A4S B ey IR 3 o o AR RN T A T R A e
S MR I o Bl A R AT Ak . SRR E Rk g
TH A0 T M 1 g AR Tl 120 O B3 B S n 60 U/ g, il
fife it (] 3.5 ho BEAF IR E 51 C O RHRH Onamn ¢ Visemesn)
1: 12 (g/mL), B M J5 75 BB 0 12 05 fL JE B & & oA
16.55% . WA )G 75 BB X o4 25 W5 1 B30 Rk 5 T
71.39% , LEARAL BT 4R 5 T 29.93 AN T 43 44 s W it 5 75 B0
Xt o~ B A R GA F) T 48.32%. LAk AT IR T
25.50 MH G AL,
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