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Abstract: Using Tartary buckwheat grains as the research object, D-chiro-inositol (DCI) was extracted via an enzyme-assisted ultrasonic
method. The effects of pH, enzymatic hydrolysis temperature, enzymatic hydrolysis time, enzyme concentration, solid-liquid ratio, and ethanol
concentration on DCI concentration were investigated, and the extraction process of DCI was optimized using response surface methodology.
The optimal enzymatic hydrolysis pH was 6, enzymatic hydrolysis temperature was 36.4 “C, enzymatic hydrolysis time was 0.5 h, enzyme
concentration was 2.1%, solid-liquid ratio was 1:10, and ethanol concentration was 48%; as such, DCI concentration measured under these
conditions was 5.87 mmol/L. Further, the in vitro hypoglycemic activity of the extract before and after purification was evaluated using
a-amylase and a-glucosidase. DCI was purified with activate carbon and a solid-phase extraction cartridge. Anion (SAX) solid-phase extraction
cartridge produced the best purification effect, increasing the purity by 80%. The 50% inhibitory concentration (ICsy) of DCI on a-glucosidase in
Tartary buckwheat decreased from 0.675 to 0.472 mg/mL, indicating a significant purification effect. The proposed a-galactosidase-assisted
ultrasound method effectively produced a high concentration of DCI, and the purified DCI showed excellent in vitro hypoglycemic activity.
These findings provide a theoretical reference for the comprehensive development and utilization of Tartary buckwheat.
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1.3.1 DCI A7/ & #9284

22 1 el el S O bR 2R T, SR e
FRENE AN E DCI &, HRHLRSfE s FREUE
HIAES DCL, BUSLKREN 0.1, 02, 0.3, 0.4,
0.5. 0.6, 0.7. 0.8. 0.9 mmol/L f{] DCI /K&, &HL
FREE 2 mL 23 BIHNN 4 mL, pH 18 4.5 FIESER S22 R
F11.2 mL, 0.1 mmol/L 1) LL 2 mL 7%
1K, 4 mL pH 18 45 FIESERANZE AT 1.2 mL
0.1 mmol/L 1 = RIS WA E N Z L s T 260 nm il 2
WA o AR IEAE AR, LA DCI I B AR AR
2l ARG o
1.32 FIUNEHEaihh 2 B IR IRIR K T L AL

%1 BERSKTFIRH

Table 1 Single factors and horizontal design

B% pH/E BMBEIC BMITE/h  mEEE/%

TERABSHI% At (mV)

1 3 20 0.5
2 4 30 10
3 5 40 15
4 6 50 2.0
5 7 60 25

1 30 1:10
2 40 1:15
3 50 1:20
4 60 1:25
5 70 1:30
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Table 2 Response surface analysis factor and horizontal design
BHZ AWEE/% B LEIRARS4/% CBEMRZ/IT

-1 1 40 20
0 2 50 30
1 3 60 40

134 BEAFERCAELA (SPE)
(L JEAATIEE: 5 mL £ FKMKE T
SRFEERATR (0.001~0.01 mol/L) ifeiEkl.
(2) BFE BRI ZPERR F, PL 1~2 mL/min
(PRI BEHE R
(3) Mfe: PrBrEi e OReE, WIEFH £ K/
KB TR S TR 55 OR B B IR mhe ok
(4) Pellit: M 5 mL WS EREW (0.1~
0.5 mol/L) B ol 75 A4 5 4y Bl ce e e it 2 1 R ) B ik
B2, SRS VAR A, SRR T 2047
A5G B 100 mg/mL 1) SPE BHRH B8 1/ INEHEAT
atifh, ZEphvESy 128 0.01 mol/L NaCl £i10.5 mol/L
NaCl.
N xcxv/1000x180.16
- m

P x100% D

AP

P——4E, %;

N—— i
c——DCIRE, mmol/L;
V——IRAAAR, L
m——FHRRE, ¢

FEiH DCI FETHEAR:
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_ CxV xn 8
M %1000

NS

X——H#-5% DCl 4%, ¢/100g;

V——HF & SRR, V=2.00 mL;

C—— M5 b3 th o9 SBiaik A4 FOR R, mg/ml;

M——#HBHERE, O

n——HABIEH, n=1.
1.35 ZHACRA EEENHT

¥ DCI FranMALHT FEFEMIET o=T0%/F] LN
IR, f A FE 43314 0.18 mg/mL A1 1.8 mg/mL,
SRIE 7K R 0.22 pm TUALIEREEE, HOERsH. 14
FH 538 7] HPLC 4, i Bt A (4.6 mm i.d. <150 mm,
5 um), RZEPOCIEIERIE, #aH 9=81%M1 LN
WWTE L, FFEEN 20 uL, KRR EREN
1.0 mL/min, #:EN 30 °C, 7R KN 512 nm FAI
1.3.6 Xt a-icpy e dp ]

SRR S, 7R TRV 200 uL
AN RIS B S AT JEAE SRR 20 pl 20 U/mg a-iEXn
BV, T 37 “CIEIR 20 min, #RJE 0 200 uL 0.5%
TERYVATR, 37 ‘CIME 15 min, AN 300 pl 3,5- ik
K% (3,5-Dinitrosalicylic Acid, DNS) &R 1L
N, FhEKGHCE 10 min, AH1, FREESHC 200 pL
T 96 FLAH, FHBEFRAE 540 nm K I G AE.
S UL DCI bRt BAYEXT IR, B2

AA,
R1= 1-——2 | x100% 3
[ A J 3

EWiE

Ri——%t a-ieAp B ag -l &, %;

Ag—— ok Su R B0 HE R AR 540 nm IR K T AR AR

Ay—— T huB b 50 = @ SRR AE 540 nm SR K T 9B RAE;

Ay——FHoE Gt 5 & 3t B AL 540 nm KK T 69 BRAA.
137 *f o-F) EAEF BRI 4] F

SHSCRINE L, fE 96 LBV
100 pL ANFIREEATAGHT JEHF LB 20 L 0.125 U/mL
o- BN RRAT, T 37 CHEEASHCE 20 min, %4
JEMN 20 pL 2.5 mmol/L X fif 2 -a- D~ 4 W LR
W (4-Nitrophenyl-a-D-Glucopyranoside, PNPG) J&
W, 37 CHLFE T M 20 min J&, A 100 pL
0.2 mol/L Na,COs I % 11 ¥, FARghR{XAE 405 nm
B FMEOGE . S5 L) DCIbRih ABAME R, 25
L ISR e 11 <

AA
R,=[1-—=—> x100% 4
( A ] “@

100 (2
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Ry——*Fa-H] 4B B 69 FP I 5, %;
Ag——horfdu BB a9 H R A 405 nmik K T 49 B
As—— T AnBl b b 5 5 6 3 FE 405 nmik K T 8 B
Ay—— Aot Sa b % G 3 FRAEA05 nmik K T 89 B RAE.

14 BiEaHr

P SEIR RN 3 IRE R, SLIREE DL xds &
7~. KH Microsoft Office Excel 2007, Origin 11.0+
Design-Expert 8.0.6.1. SPSS 21.0. Calcusyn Demo #
AT EAR AT T A

2 ZR55HT

21 HHEEILBERMN

2.1.1 pH xt DCI Rt %6
L 455 A v il 26 51 09 5 F2 . y=0.937 8x-0.056,
R°=0.999 1, 118 AN[H] pH X DCIWREERISZN, fnE 1.

481
461

44t
42t
40}

38+
36

o ]/{

DCI# % / (mmol/L)

32¢
3.0
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3 5 5 6 7
pHIf
B 1 pH {ExXS DCI ;R ERISSN
Fig.1 Effect of pH value on DCI concentration
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Fig.2 Effect of enzymatic temperatures on DCI concentration
o-FFUEERG A TR RS HT
ey, FESIIAIA A A, SRIEA
B B AR, B BOE pH 8. AR
ANIIEHE Km &5, WE 1 a7A1L, pH {EAE 3~6 IFE
% pH ARG, DCIKEER ETHES, 75 6~7 I £

NS pHAE 6, DCIRE R, 451 mmol/L.
[RIE, 3¢ pH N 6 .
2.1.2 BEaffRET DCIIRE 6 #vh

M 2 B, BEfFEEE(E 20~30 ‘CHY, DCI#E
BEIE R S B T AE 30~60 'CHY, DCI R EERE
T RIF T N ARSRESR M) o- LSRR B
RN, JE TR, 2l o- P RLE K
—FPONIREE RS, XHEFER pH E B, R
I S PTREREIR T a- - FUREEF R A0 1, U
FERIEMEF S5 DCI & &M%, BEffREE 30 C
i, DCIREERCK, A 5.71 mmol/L. RIZEBHEIRE N
30 ‘CHY, $EHUSCRELT o AFIFZRI a- AL BEHEET)
BOGIRE AR, G0 o- LI EEEE VR L,
T. thermophilus HB27 o- = 7L W84 Bl 50 3& U ] I8
90 C; MMiHERE o7 5OE R E — AT
50 CHM, AGRIGFSE oL FUREHERHREL DCI (150
IEH 30 C, Mg Tz D-F M7 B
SR 7 — SO BT R R — 5
2.1.3 BgfRntia]xF DCI K 6%

3 KM, 0.25~0.5 h P& EHAERS ALK,
DCI & Tt i, ULHAREERT T K, e 5K
Hefi, AWIRER DCI B4 s 0.5h, DCIKEIAZE]
enfE, ESEEE R SR, BE#SE4s, DCIH
RSEaTAH; WRIE I, DCLIRFEET T4, wfE
ST E TR A R TR KIS, 20 TR
Mo Cin pH (%) AIFCERM, o FURF
BT PEAE 25~55 °C IR R Agfas 25/ 30 min?), i
) KB T e i . A% 0.5 h A{d DCI R EHOK,

I TR AR e o DAILE, 3%4% 0.5 h AR & fiE 1)
kA ) o

6.5
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55¢
50F
4.5F
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25+
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DCIRFE / (mmol/L)
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BEAEET ] / h
& 3 EgfEATEIXT DCI K IR
Fig.3 Effect of enzymatic hydrolysis times on DCI
concentration
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Hahn, DCIREEZMEIG M, MEGELE 2% DCIKE
&K, 5 5.80 mmol/L, MEFRECR fem: INBFE A
=1, DCI RFETCRENIN, R 2%1 M &k
B 5EVIN e 4 Er, B 2153 3%~5%, DCI 7
IR RN, AR5 ER, R
Bflr G P RS SERE, FEN 1.23%, HUbshi g
BT . MOREE 2% I RO B8 .

6.0

551 E\-i }
50
4.5
4.0}
35F
3.0
2.5

DCI# JE / (mmol/L)

1 2 3 4 5
TR/ %
4 fnBgExt 0C1 SREAIFM

Fig.4 Effect of enzyme dosages on DCI concentration
2.15 Akt DCIRE IR A

WKl 5 pos, EEEYE—E RS, BER
BugmIsg 2, RINERE FThEs, H EFBREN
Pz HRrE 1:30 RHREL AR, DCI R H A
CIAHRIR, DCIKEFRAFZELE 5.75 mmol/L. 5ERK
EEA 1:10 B 5.45 mmol/L AL, ZERIARBE. 45
K& Guf Rz 5SLbrM A5 RE, W 1:10 FRREEL
HL DCI, 5 F L 7P R 1:15 RHRHAREUE 1
FHT

7-

6F f—’}———i

—1
5 -

DCL&FE / (mmol/L)

1:I]0 l:l20 1:;0 1:;10 1:50
BHELE (g/mL)

& 5 Rkttt DCI R E RIS

Fig.5 Effect of solid-liquid ratio on DCI concentration
216 TERAARSHAT DCIIREHI %R

HE 6 FIRL, (£ LEAAR N 30%~50%HT
DCI K FERE ZREARFR M K T T K, 7E 50%0 5
FlHcRAE, S~ 5.89 mmol/L, ¥ DCI ARG ETK,
B 1) LEARFR > Frox itk DCI RJFREY; TAE LBF
PRI HCN 50%~70%TH, DCI R EEATL6VF FRE, 15t

36

R QBRI B EAS T DCIEK P HE H . 72
75 7R SCO I T B A H R Z AR 30 50%,
Ik, 1M CEEARRR >80y 50% K s AFKEZEL DCI

FiyNrssiin
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= e
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g
= 4r
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¥ 3r
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2 2l
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6 ZEFAFASHIXT DCI IRERISN
Fig.6 Effect of ethanol concentration on DCI concentration

2.2 R ML R A

{§iF] Design-Expert 8.0.6 {H-3:47 e B [fi [=] )= 43
Br, WIS
DCI #J%=6.14-0.017A+0.14B-0.018C-0.007 034
AB-0.058AC+0.097BC-0.39A%0.21B%-0.30C%, ik7E %k
R’=0.8255, B A H AT, SLBAH- 5 TR & HL e e«
Ml 7 T SEBRAE TH A 45 R ANk 1.
1 WA RER
Table 1 Response surface test design and results
F% A% B/% C/'C  DCI#E/(mmoliL)

1 2 40 20 5.79
2 2 40 40 541
3 2 50 30 6.28
4 3 50 20 541
5 2 50 30 6.39
6 1 40 30 5.28
7 1 50 40 5.62
8 2 60 20 5.67
9 2 50 30 5.96
10 1 50 20 5.38
1 2 50 30 5.88
12 2 60 40 5.67
13 2 50 30 6.18
14 3 60 30 5.78
15 3 50 40 5.40
16 3 40 30 5.32
17 1 60 30 5.77
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% 2 NI HESHT
Table 2 Response surface test analysis of variance

Source Sum of Squares  Degree of Freedom  Mean Squares ~ F-value Erz)lglflg
Model 153 9 0.17 3.68  0.049 significant
A 0.02 1 0.02 0.05 0.83
B 0.15 1 0.15 3.25 0.11
C 0.02 1 0.02 0.06 0.82
AB 0.00 1 0.00 0.04 0.95
AC 0.01 1 0.01 0.29 0.60
BC 0.04 1 0.04 0.81 0.39
A’ 0.64 1 0.64 13.86 0.01**
B? 0.18 1 0.18 3.97 0.09
c? 0.37 1 0.37 8.04 0.03*
Residual 0.32 7 0.05
Lack of Fit 0.14 3 005 0.99 Notggﬁ%mam
Pure Error 0.19 4 0.05
Cor Total 1.85 16

7E: P<0.05 ARE, FkT; P<00l AMEBE, B kT,

MTTZEHTER TR H, F A 3.68 B R A
BEE; 4 P<0.01 B, ®ERIEHEZE;: 4 P<<0.05
i, REE. MRATLEH, A% C*REEE KN
RI3R; M 4.73>4, U EH G RLAG 2 05 5 14 i 3
55 BIEHRE R R%g=0.601 2, EHIIZHMEE
fif e 60,1290 AR AR o S4BT SR T AR TR
Srib WS AR, B - HE R, S0
P=0.483 3>0.05, MHRALZEHFIN, TRIMKIZRAFLE,
AL AT A A2 [ VA 7 R AR X8 B sEOn ) S 28 St A T
3T IR A T, AT NS ERERL DCI ()
R 2R, WAL Y FEIHRE, HEEE K
FEATAL, #FEZ0 DCLIREREZmITN: B (4
PR HO >C (MfEEE) >A ONigE).

N 5RES ] DUd S 2R AR AT, A
BNl o e R (32 5 A 3 b Sl AT (Tl S a9
e B KRR, W6 BHAE BT 7 R R 3K Bl
R, R A, R, ZERE BRI
fiElRLEEXT DCI YR EE XA 2 IR

Bl 7a FONEG AN LT H00 DCI KRB 4
RRE, BEEIMEEREREEM, DCIIRERR, XL
RENE 78 40 K5 TR R PR DCURERESATAE M) FpEr
DI, BRI, ff DCI ISR N. nigE
9 2%0, DCIRFE =, HEAEREH CA B A
BEE IR =R KT 2%, DCI REEFHK, HIHR
IR NBE, R 2%HI8ECZ4E DCI R A

FEOI AR AR, PRGN 00 S i 2 (A
FIAPRER AR IR, FHAG 7 DCI ¥ . RN, 28
PRAR I At o Y FIRE AL a3 . BEE ZBE AR ARy
KB n, DCIIKREZSEHE ARG /N o

a
= 5
( > )
o J
P

AT

DCI [ / (mmol/L)

B: ZRHABU L %

C: BINRIRIE / °C

o

C: BYRFIRIE/ T

Fig.7 Effect of factor interaction on DCI concentration
E: oa wBEEL LRI BT SR XA, b ok
THBBREF SRR RAEM; ¢ LRSS IR
EHR5RAKA.
K 7b o 1B EABE AR DCI KR EEHIRY
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Wi, B ERT, DCI ¥R GBI A3 2
DL I ss . X VR HRI&RE, et
B RE FR IR AR R I B KT 70, A8 DCI I sk
N AR HIRERUR. TERGARIEE —E R, Il
RN RIS, INREERTE 2%/ AT
DClIRFERK. nTLAEH, sl L ifly, JnE
BT, FRUEFHEEXTT DCI KR ISR NAL,
HARHAEHRE,

CEERFR S BRI AR IR FEXT DCI R B I 52
(E7c) KM, FEMREE—Ch, B CREAR 4L
(3, DCIIREESEIEERVDN, X ZF S DCI 5%
TK, —ERLEEAFR A EA T DCI I H; H
FEARAR A oL =i, (AR DCI AT 20, Afi2s%t
DCI & e, FENEM DCHIRERE. By
TLEEXT DCIHR EE s ma AR ], HADSEURFFE R K

M TENEAE AL A, ] S8 T SR8 P B FE SRR AT -
INEGEA 2.12%, LPEEARFR 40N 47.80%, BEfRHEE

4 36.39 C. fEMZKMTIFET DCI KER
5.94 mmol/L. A T 3G uFFR IR n S, HrEsLhs
BB, RIERETZSHUWR: RN 2.1%, L8
RS HCN 48%, BEMRIREN 36.4 C. TERLEMET,
TRIEENR LN 1:10, B SEB0ATI N K, BEfR
I TE 0.5 h, 3 YTATSEE S, DCREE 53N 5.86.
5.76. 5.99 mmol/L. =K V47256 KT H1{E N
5.87 mmol/L. S pr & & S A FIA 1% 25 4 1.01%.

2.3 EAMFER/NMEAA (SPE)

{5 FH BB+ SPE /X7 FE A1 ) DCHERAEAT
aifh, WABIIAT TR, B[R EAREAR. SAX /N
FEAAL IR 95%. iz FH IR AN A I e HL At
RIS FAARE A B SR YIRE L 1) 7.37 fi5 .

H4E HPLC Pt RVEHRE (3% 3), BEIFHIMT
Fi: $=222 062C-1 137 (S NIKTHFD, MHIEZRECH
0.9999, HUMLAHFRMETFEATTSER 4 L5 R,

%< 3 HPLC tRERTIHIRE
Table 3 HPLC standard series data

A5 1 2 3 5 6 7
Cmg/mL) 0 050 1.00 2.00 4.00 8.00 10.00
S 0 123177 223961 436589 868426 1774544 2227913
#z4 BHEEE a ool
Table 4 Content of each sample 350 000 |-
s, m ; c X 300 000 |
" lq /(mg/mL)  /(g/100 g) _ 20000r
— 0 = 200000 -
siALATREd  0.05 181541 0.82 3.15 150 000 L
EHR Y 0.05 - - ND 100 000 - 10.301
SAX #ifbds  0.05 334003 151 5.67 30000 _1 - [L
0
SCX #hitkdn  0.05 - - ND 0 1‘0 2'0 5
7£: ND, Bf not detected, & T4 MAK, #2HALZEAM ¢/ min

SEE, STIEMT AR, b 30000l
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Fig.8 High performance liquid chromatogram
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Fig.9 Effects of different concentration DCI standards and
solutions before and after purification on the inhibition rate of
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