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Abstract: This study aimed to establish a new method for simultaneous determination of sucrase and inulinase activity
using ion chromatography. Sucrose was used as the substrate and enzymatic hydrolysised by sucrase. Sodium borohydride
solution was applied for converting glucose and fructose to mannitol and sorbitol. Afterwards, sucrase was inactivated at
high temperature, and inulinase was added to get the mixed solution containing mannitol, sorbitol, glucose and fructose. To
determine the concentration of four compounds in the mixed solution, chromatographic separation was carried out using
CarboPaC™ PA1 250 mmx2 mm column with water, sodium hydroxide and sodium acetate as gradient eluents (the flow
rate of 1.0 mL/min and the column temperature of 30 °C). Finally, sucrase activity was calculated based on the total amount
of mannitol and sorbitol, and inulinase activity was calculated according to the total amount of glucose and fructose. The
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results showed that mannitol, sorbitol, glucose and fructose could be determined within 20 min. All the linear correlation

coefficients were all above 0.9995, and resolutions were above 1.0. Thus, sucrose could be used as substrate for the

determination of inulinase activity. Glucose and fructose could be completely converted into mannitol and sorbitol after

adding 1.2 mL of 10 mg/mL sodium borohydride solution in a water bath at 60 °C for 30 min. The activities of sucrase and

inulinase determined by this method did not show significantly differences compared to 3,5-dinitrosalicylic acid colorimetry

determination method (DNS method) (P>0.05). The relative standard deviation of sucrase activity and inulinase activity

determined were 2.0% and 1.7% respectively. The method did not involve toxic and harmful reagents used in traditional

methods. Therefore, this method could be used to determine the activities of sucrase and inulinase simultaneously, and

would provide a new idea for the determination of other enzyme activities.

Key words: sucrase; inulinase; ion chromatography-pulsed amperometric detector; enzyme activity
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SW22 fHiR /K FHEE FOSS 22 Fl; MS3 et i
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1.2.1.1 %% Gi%H: CarboPaC™PA1 250 mmx
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C: 245 E41(150 mmol/L) ZiR4H (500 mmol/L) iR 5&
VAW, BB VR 2544 DL 1, BERE & 20 pL, AEIE:
30 C, KPIES LR 2. bRvERSIRECH]: H 4 %%
FHL S B HERA PRI 10 mg 1LHFLEE . 10 mg H 83 05
10 mg % HE 1 10 mg S0, FH/KF B E R 225,
13 1000 pg/mL LAYEE | H#EHE . A 200 AR bn v
W
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Table 1 Program of gradient elution

\ kUL (%) i

1] (min) Jit# (mL/min) i<k
A B C

0~18 1 60 40 0 2k

18.1~23 1 0 0 100 2k

23.1~28 1 100 0 2k

28.1~33 1 60 40 0 2
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Table 2 Detection waves

ATl HLAL(V) o iE (s) HLAL(V) oy
0.00 +0.10 - 0.42 —2.00 -
0.20 +0.10 TFHii 0.43 +0.60 -
0.40 +0.10 i 0.44 -0.10 -
0.41 -2.00 - 0.50 -0.10 -
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AN IR IS W A4S 1| mL %2 [F]— 20 mL &
i, DIOKFERE R ZIBE, ¥4, WL BT . H R msE . 46
ZPBERN SRR BE Y N 20 pg/mL IR A E&S W . 5y
Bk B BOZAE AWK 0.04. 0.1, 0.2, 0.4, 0.5. 1 mL
% 10 mL s, DOKFEREEZIE, 325, thil i 5= 5
RA PR W, B LLAYESE | H R0 2 A S
HeFEFI M 0.2, 0.5, 1.0, 2.0, 2.5, 5.0 pg/mL. ¥ibx
HERIN TAEM S ANEA B T O, 1585 BEAR
WE T AER G 1], D52 AR LY B0 RS, DABRIE TAERR
P BE R AR, AT B AARAR, Zetilbruiih k.
1.2.2 JKfEEY) T

1.2.2.1 RS IS AR HEvEs
B 1.0 mol/L FEMHZE I (pH6.5 B L RRANZE ik N
#570.8 mL T 10 mL ZIEERAE , DL B TR R
ZBZIFE, F25), B RE 50 550 . ZEM T
BAFLHL 1.0 mol/L 2583y Wk (pH6.5 1Y Hh R RN SE vh
WHET1)0.8 mL T 10 mL ZIEFRAE T, DA oK
MR A, #2550 A5 a1,

1.2.2.2 RERVHBEREREEIZEE EAESHEL 1.0 mol/L
REMHAME 0.8 mL T 10 mL ZIEEiAs b, vERf N AR
RBERF(FH pHA4.5 1Y ZBRANSE MiFi S 1~10 U/mL,
TIE)0.1 mL, (55+1) °C B R /K AR IR 30 min, 7. B
BRI TN 3 min, DAZIEBREOE SN . KRR B2
ZIRE IR R RE 50 SR .

1.2.3 PHEEEALSA M558 &7 0.5 mg W& b
F1 0.5 mg SHHINRGTERTINA—E R 10 mg/mL
W EfBENIZE R (100, 200, 300, 400, 500 uL), HEiRE
BIRA), BT —EIEE (20, 30, 40, 60 C)[YIEE
KR PR, 150 r/min Y& F% — RS A (5. 10, 30,
60 min)J, BUH, WHIZE =I5, A 3 mL 200 mmol/L
PR, - E 10 min J5FE5), R Y5804 )
i FHELRS, eI 40 °C, I JEE A4 30 min;
MIEEGA R AIE], (& A SRS FHE Y 300 L. if
TR SR 40 °C; 4258850 R B, [ %8 i R R
JHER 300 pL, i858 30 min,

1.2.4 Bkl g s B RN A SR pH S
1.2.4.1 BRSO AE  REWE [ ) A o A R L
1.0 mol/L EEFEAW 0.8 mL T° 10 mL % BE ik 45,
HERA I A REBEEE (T pH6.5 19 5 Sl iR 414 2% wh i 7 T
27 4.5 U/mL, F[A])0.1 mL, 7E(37+1) °C {EIRAKE
HFARYE 30 min S5, S7. BRI KIG T IN# 3 min, PAZE R

B SN o

IR AL BUR R A B = RS 0O
WEBEREFRIA I 1.2 mL S LEN7E# (10 mg/mL,
TRED, BERPEFHIRS), B (60+1) °C [HiE/KIEHEIR
1, 150 r/min #E$#% 30 min J5, U, BRIE =R, 0
A 3 mL 200 mmol/L Z R % W, #+ & 10 min J&5 Jill
1 mol/L AFAEALGNEWR 0.25 mL, #55).

SRRV 0 W AREEAE IR T ERR DA
SRIBERS 0.1 mL, (55+1) °C {HIE /KGR 30 min,
ST RIS T nER 3 min, AR R N . FHIKFR
B2, RS, B RS 50 551
1.2.42 AN E  KBiREERITE A T 6
T, 15 2R TR ) 6 TR, AR R ARt £ A5 5]
R v b Ll B L H SR L A A N SR e
(pg/mL), 38 5 IS 773 AT RN Pl 0 5 SR it
Wi 1o TEMEEENG J12R R 7E 37 °CL pH6.5 MR,
LATEBE R RS B 43 oK A2 1 pumol 38 JEUBEAE L 1Y
Pt (L B PR H B ) T i B i (Vs M) 2 SO 1 4
Wil 06 12 . RBHEMETE J1 KRR N 7 55 C.
pHA4.5 54, DLW S 538K #5241 nmol
A TR (A 250 19 0 SR T 75 i g (3 M) 22 Sk
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Ko X, BEBEBES /1, U/mL; C |, iFE P LB
MIHE, ng/mL; C,, iR P H ER B, ng/mL; V,
TRRE A e 28 R, mL; M, LB Y B8 R o,
182 g/mol; M,, H &5 By BE /R 5 B, 182 g/mol; V|,
il A5 1A B R VS MR IR AR, mLs ¢, il A5 iRR
Ff R Pt Tt LR R TR, min

REBOWHHE ST 0 ARYE TS AR A L SR
e, FH R A, 15581 SREBHNGG 11, SR IR
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C,xV C,xV
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b X, REBNENGS J1, U/mL; Cs, 3 %

BEIHEE, ng/mL; C,, iEAE P SUBIIOM I, pg/mL; V,
TRRE AU e 258 2R, mL; M, 45 26 W0 A4 B8 O o
180 g/mol; My, FLBH Y EE /R BT, 180 g/mol; V,, il
AR B SR BB S R BB AR, mL; t,, il 85 iR
A SR SR Pl Bl P T B R, min.
1.2.5 DNS EME FEFEEA R IOBENRS 1 T 5
TEAS TGN A2 R AN SR SRR IG 7 0% ] Sk, A
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DNS J 5% GB 5009.255-2016 H0 b ifg Fi 5 5
HHIGIE T AMIE . RN
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SR 0.5 mL 3,5- AHILKAG RIS, IR )G T
KN 10 mine B JE 7 BV BSEA R 7K )
BEMRHR I A, /K EZE S 10 mL, 1R5], AR
A HIENEY Ee 45 S 25 11, A6 TR e % 1
540 nm AbICAE . DAOSGIE A DN AL R, 46 450 ot
R R AR, £ hIARERRZR
1.2.5.1 JFEFERESTENE  HEFFLEL 1.0 mol/L JFEH
W 0.8 mL T+ 10 mL Z 048 b, AERA I A BEHE
fiff 0.1 mL, 7£(37«x1) °C E{R/KBFILIE 30 min J5, W
FRE T INE 3 min, PAZCIEEFAE S0z, O, i 2 E
TS, TREIZE R I 0.5 mL 3,5- A KK A AR
WG TR 1.2.5 bR R4 HIEAE, IR SIS TRE 5 fiF
M, AR R A F I R e v AR s i)
RE W AR BT R R B . CEAHRIR SRR, AT
WALV E AT A o AR 1.2.4.2 FEVENERG /1
TGRS ).
1.2.5.2 RIEPEBHEMIE  AEFFZEL 1.0 mol/L ¥
PEA W 0.8 mL F 10 mL ZI B4 b, MERIIn AR B
Wi 0.1 mL, 7E(55+1) °C fHIR/KAARIE 30 min J5,
WA AR 3 min, DAL IE R RN, B S 7 BD
TN ATV K M ph R 1 2= 2= 78, A 0.5 mL,
3,5- AHFE KA PR TS WS [R] 1.2.5 br v ph £ 4 il 35
VB, IRSIEMRE SATIIE o FRARE 23 13 A5R ) ity
)50 Y R TR A P I AR A 2 R ) S R R
TEAREI AR, LA /K A A iR 45 .
YR 1.2.4.2 SRS A RIS /1 .
1.3 BRI

7R 3% FH Chromeleon Client Program( 6.80) f%,
P TAE A TR R AR, 5 R E M S IR,
X Microsoft Office Excel 2007 #4745 58115, it
FE IS5 SRR SPSS 23.0 Gt 4Rt A i Iy vk
55 DNS J5 ki g BOBENG 145 b A 77 225007, BA5
XTI E 43 LR 95%, (o4 & S AR T AELL
HRAY A4 L
2 HBRESH
2.1 BIEEHHERIRERZST

H /T ST FH B s e I Y SR E AR
2%, de Souza 2P FHENT Tl [R] HSFARG I i 285 WG R A
S . A BB AINEES Y 7, SN RERE Y s T —
FhES T35 Tk v 22 152 IR B 2 B v 9 FiobiRITi
WA 72, SRR 25 Ny T —Fh S g - ik o
LR A HT B L LTEC Oy ZUAs v aobE FOE B 1) 7725 o
AR 5514~ CarboPaC™PA1 250 mmx2 mm,
40% 100 mmol/L & &b, HFEixaigsiid ., LA
s H BRI . AR SRR s AR A S, H O
WAL, 4 Pl &9 P AR St R AT, BENSTH A
SIMTERSR, BARGEIR L 3 Al 1,
2.2 IKERIEIRNTFIE

TR, TR 0 R SR FH 04 JERY R R, SRR

3 INAEE, TR AR A L S Y
2tk KA
Table 3 Linearity and range of annitol, sorbitol,
glucose and fructose

e /EA FrifE £k MEZEH MR (pg/mL)
T Y=9.031X+0.7566 0.9996 0~4.5
HiEmr Y=7.050X+0.4133 0.9999 0~4.5
Gkl Y=9.137X-0.1150 0.9998 0~5.5

pSi Y=4.866X-0.2568 0.9995 0~5.5
9 s
80 | - %
70 + 3= i
a2 # o
60t 2 o F| S
_ sof b iz i
Q wf =R m ~ 2
30t T3 i)
201 . '1 . &
10 f | [ I
o A
-10

0 13 25 38 50 63 75 88 10.7
(min)

B R e S Es s B

Fig.1 Chromatograms of mannitol, sorbitol, glucose and
fructose

Wit 3D AE R SR 2683, AR AR AR D K it
H g B Y35 ARXMEDATE 2 [ 2 S —E B TE
BEANSHS 0 AT RN A i 1], T LR (it iderp
AN R AR, T35y 55— R B A
TR, BIRFH s 43 S SRS A S ) SR SR 1T s i
o MRS RO AR T A5 22 R SCHRAR A
T SR ROV it T AR REORE TR 3RS FH REHE A RS
Yy, ARSI B RS, ] DL A B T
BN, RIER] 1 AR SRMH R RENS /I St FHb 1
ZPHEANORE, BRI L REAS I I SR SR
A5 1 o PRIHAS 6 AT R FH [R]— R 4 ROpE L[] A0
RE TERHT AR SR ME R Y15 T

4531

40.0

30.0

200}
j.0f FBEHEE 5 s 0600

NES! [ 1-tiith-s.467 ] -

1

(nC)

-10.0f —
TR (i I
_201 1 1 1 1 1 1 1 )
12 40 60 80 10.0 12.0 14.0 16.017.7
(min)

2 S A (kI

Fig.2 Chromatograms of inulin and sucrose
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Fig.3 Chromatograms of sucrose enzymatic hydrolysised by
inulinase

PP B AT SR BRI J 13 T, P RER I 2Rt
(i) o TV PR A Pt A A SR AT AR W RN OB, A 43
N FL IR PP e MR 1 oG . AR — i
TR e BRAST A RN SRR R, REAS RS B A
TSR BARN UEE ., Tathod 253028 gty T —FhFI FH
R4 JE AT AL % 57 (C5 B . C6 Bl J4F
YEF | S ANV TR ) S AL B . R
RGPV TF T — i s R I S AR IR TR, oA
ZEPHH A ) A5 A5 2] LU B 7 SEOGIAAERY AN FF
T —FhFFERRR ER A AT, (SR A I A
VEF R I H S8 BN L AL B 5% Ak, SCEIRER SO R
Ay H ERIEAN LB vk . AT UL, kT A
K SRR B S 00 7 40 25 HE A SO AT LA A TR
RSN H ER AN LU AL, AE bS5 T A 7 SR SR
TR OB S N A5 B L= ) A A AN SR, re AN 2
FEE TP 120 BIA] 43550 A H @8 B LU B i g3k e
PHEG VS 1, PR A AN SO 268 S BROBERE 175 75
AT RAS SIS A IR OCE TR, UL 4.

AR IS RE TS AE— YRR S5 RIS . HEAHI 2 H PR
PG 7, BT R 1 r = P A A S b RE A
SEATEAL A L BB AN H E2 1, PRS0 %3 5 A
SALEN & . YRR TR S A E R A T T 545

iRE LA 1 mg 36 5UBE (0.5 mg #2500 . 0.5 mg R
) ARSI, FHE AR (LU BRI H 2R Y S 5 4
ZE AN S S Y E S EUAE, 45T 100%, T bk
R MFeds, [FIR LI AR, B i R A L
R AEFB TRV IV E RNRE . S5 8558 5 il

Sty &, EHRIVEH A S 30 min, 37 E R
40 °C, N3 4 0 H, BEE S L= 0938, %
AR T, B E A bsHEIAF] 400 pL B 2L LIS
TR AOE 50 A3 oA LR RT H 8, RpA% b
BELZ35F) 100%, Bl 0.5 mg #ZHHFT 0.5 mg SRAHE
GBI A DB O Sy 2A IR I A AL AR
POV PR RS TE], 225k PRl 300 pl . VEFITRIE A 40 °C.
M 5 T LLE HAE AR EIZE 30 min AFFEfEREL A
#] 97%, 60 min LA 98%,

K4 BIEGHHIEHALR R S

Table 4 Effect of reductant dosage on conversion rate

i 5 A (pL) ILAYEE S H R A (mg) AR (%)
100 0.896 91
200 0.967 98
300 0.975 99
400 0.985 100
500 0.981 100
%5 BRI (LR
Table 5 Effect of reduction time on conversion rate
i J5 ] (min) AR S H R R A (mg) HALR (%)
5 0.635 64
10 0.813 83
30 0.956 97
60 0.960 98

P 252 5 AN K, DR PR IS ] 8 30 min; A
5 SR R BEBER A S, 2 R IR B = AL B
o~ 300 uL. FEFHEF A 30 mine MR 6 AT LLE
Y, B IR T, Rk B TR, AR T
% 60 °C B, FALFRIKLF] 94%, ) LI LS50 T5R .

® 6 IR XA AR
Table 6 Effect of reduction temperature on conversion rate
SO (°C) LA 5 1 e s 4k (mg) AL (%)
20 0.441 45
30 0.784 80
40 0.900 91
60 0.926 94

2 I, WA A e & VR ETRL . VR
R4y S RE A 400 pl. 30 min, 60 °C, 7E L &1
T, &l 5 s, SEEFR R AT IE T TR, sEa s
AR LB R H 28 It i . FESEBRn R

Glc-ol
Gle Gle-ol + All
Sucrase or inulinase + NaBH + Inulinase or sucrase Man-ol Detected
Sucrose > > > —>
+
Fru 4 Man-ol By
+ + Gle IC-PAD
Sucrose Sucrose +
Fru

Bl 4 Seghad fe A
Fig.4 Principle diagram of experimental process
4:: Sucrose: JFEAH; Sucrase: FEAHT; Inulinase: S MHEE; Gle: #i 43 HE; Fru: FoM; Gle-ol: IIALEE; Man-ol: H#20%; IC-PAD: & T i

LRI s o
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A JEL R B S AR 1) FH -5 A5 S ARSI SRR B
F, SFZLEORIG ST 1.0 mol/L EEMHAWK 0.8 mL,
{53 FH RIS (A 7K S 7= ) 2945 38 5 3 mg, PRIHRKE
SR EA AR R A E 1.2 mL. 123507 5L
FIIN A fb 4N FH A 1.2 mL . FEFETE ) 30 min, 75
BEA 60 °C 2514, MDA IS o FE I i = SR
WA A o8 5% A oA LB H 8 e, VLRI 6.
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Fig.5 Chromatogram of complete conversion of glucose and
fructose to sorbitol and mannitol
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Fig.6 Comparative chromatograms of complete conversion of
glucose and fructose to sorbitol and mannitol
under experimental conditions

24 FFEXSEE

SR ISIEAS J7 100 R A RN SR SROPE RS 104 mT
ek, KA IS T e I Es SRS 3,5- M3 KSR
Ebfa 7k (DNS 35) Il 8 45 SR AT b8 #R HiE DNS
VI 5 il T ) DL, IR S %) A Ay R 2 B AR
B, P A IR, PRIL Y B8RS 3,5- gk R
K A AR IR 58, I fESE ) DNS
VEINAS Y S BR SRR R S, RIS TR

FbAsE, AT 10 FHK AR =) B4 e Bofe B R b . SRR
BHEGTE 10K AT S DNS 3005 1) b it
RIS SRR BTG 7 bb e UL FE 7. FIH SPSS 4R A4:-XF #
Fh Tk M as AT Ge i o BT, ST aE R LR 8. 7E
95% EAm X8l E 43 L, 75 2 S P Fh 7 20 a2
MIGETTHEE R . STy 2255 RITER 5 o, P=0.121>
0.05, B J7 2555 MRS 5o 25 SR Sy W 2 7 225514, BRI
H LB E I EAE R RIS R T 1 P=0.291>
0.05 MRl Esh I Ieg 242255 . R RR
RBHRF G145 SR 0L 3R 9 HBE SOy 2226 R TEAG 56
7N, P=0.058>0.05, RN Jy 2= 55 A 56 2 5 Ay P 2H
2255, BRI Lh BT A R R ¢ KB4 S— T
1) P=0.433>0.05, & SRMH R 1 PG Rl 7 00 78 25 R
TG H#2E5 . HARTTIEN 5 I E 1 i g 7%
F1. REERFNG 1 RSD 4352 2.0%. 1.7%, BtEHAS
JT RN AT, 25 L ATiR UL AR B i -k vh 22 55
325 (RIS e AR T AT SR SRR TG PR S T A T AT 520

#7 BFOIES 3,5- KRR H O8I E B
BRI 1 H8s
Table 7 Comparison of enzyme activity determined between
ion chromatography-pulsed amperometric detector method and

DNS method
e TEWEREE J1(U) SERBEREE 1 (U)
T . ; : :
ENyIR7S IR k7S AT BRUr7S
1 4.66 4.45 6.06 5.98
2 4.79 4.74 6.03 6.20
3 4.63 4.46 6.19 5.65
4 4.79 4.78 6.23 5.74
5 4.58 4.56 5.99 6.35
RSD 2.0% 3.4% 1.7% 5.0%
3 ZEip

ARG AE LSRN S AN . L BREE S RS A 4t
TEFIIRTHE T %A CarboPaCTMPA1 250mmx2 m
A% A, 40%, 100 mmol/L S A A LAN S5 R et i 4
AT H R . LLBYEE | A2 RN T AT
R, BETH A DUFRME S e 22K s BIEF IR T2
FHTFRENS /K M FEEE R S A AN S, SRR 1109
e A DR FHRERE )5y ; & fesm iy 1.2 mL,
VEAIRHE] 30 min, YEFIRE 60 °C, AT LA SLE6 HH
FI) TR TR = ) 4 R RN R 52 Ak M L B s
H B, e Jm A I 5 DNS b T e, mFh s
RN SE 4 RS ) . S SRMER G 71500 W 2k 2
5F(P>0.05); HAT 002 B RENENG TG 1) . SREEHH

K8 PRI ARG VRS R G

Table 8 Statistical analysis of sucrase activity by two methods

- B triRgs 295 BHEIXH
=1 | - A7 o =
F BEE t A W) TFHEZEE P = R
T e S 2 3.019 0.121 1.131 8 0.291 0.09200 0.08133 -0.09554  0.27954
A e A
ENEEE P 1.131 6.670 0.297 0.09200 0.08133 -0.10225  0.28625
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Table 9 Statistical analysis of inulinase activity by two methods
Ty 22 A R R VSBR[ P o6

. " B . bR FAH95% E (5 X Ja]

F e 2 t H HEE ) EHME 2 o = T
. 1B 55 75 2 4.898 0.058 0.825 8 0.433 0.11600 0.14059  —0.20820  0.44020

SREHEG s

MEESFTT % 0.825 4977 0.447 0.11600 0.14059  —0.24591  0.47791

7% 71 RSD 4350 2.0%. 1.7%, K55 BELT, BIASIR S
TEST B B (R - Bk 22 B R [T 0 S TR T AT SR 2R
BEBEAONE J1 T AT o YA U, AR
SRERMEBE I ANGT 2 vT PASS e, HoAaT DA I Horp
— PR T, RIS AR e 4 T DA S
P IEA RGN I, HCRER )2 AR B T (iR I T
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