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ABSTRACT

Sweetness is an indicator of the sugarcane and sugar quality. Therefore, the objective of
this research is to fabricate a sweetness test kit of sugarcane and sugar by measuring the
concentration of sucrose. It was based on the biosensor technique to fabricate cryogel biosensor
which consisted of invertase, mutarotase, glucose oxidase, peroxidase, polyvinyl alcohol, chitosan
and magnetic nanoparticles. When sucrose and o-dianisidine were added, the brown solution was
obtained. Then, the absorbance of this solution was measured with UV-visible spectrophotometer at
a wavelength of 430 nm.

Firstly, the magnetic nanoparticles were synthesized. A test kit was fabricated from
cryogel biosensor. The conditions of a test kit were optimized. Then the performances of a test kit
were evaluated and a test kit was used to measure the concentration of sucrose in the real samples.

The results showed that the synthesized magnetic nanoparticles were 43 nm of size with
superparamagnetic properties. Under optimal conditions, the test kit had high precision and
accuracy. The concentrations were linear in the range of 10 to 60 mM. Limit of detection and limit
of qualitative detection were 3 and 11 mM, respectively. Finally, the test kit was brought to measure
the concentration of sucrose in sugar cane and sugar samples by comparing the results with the
measure method of sugar industry with t-test statistics. Both methods showed no significant
difference at the 95% confidence level. It was concluded that this test kit has several advantages
such as it is specific to sucrose, easy to measure, requiring only three-minute analysis and can be

reused up to 32 times.

Keywords: sweetness test kit, sucrose, cryogel biosensor, sugarcane, sugar
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Sucrose ——» Glucose + Fructose
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Polymerization

Thawing

Freezin .
g in frozen state

Monomer and initiators
Ice crystals
Initially forming polymer

Cross-linked polymer gel

(—) supermacropore
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3.1 ;sal

3.1.1 9 1A3e (Sucrose, Sigma-Aldrich, USA)

3.1.2 Sunai'mﬁ (Invertase, EC 3.2.1.26, Sigma-Aldrich, USA)

3.1.3 1o lsma (Mutarotase, EC 5.1.3.3, BIO Basic Canada Inc., Canada)

3.14 ﬂgiﬂﬁ@@ﬂgfimﬁ (Glucose oxidase, EC 1.1.3.4, Sigma-Aldrich, USA)

3.1.5 1leSoonFiaa (Peroxidase from horseradish, EC 1.11.1.9, Sigma-Aldrich, USA)

3.1.6 Woa lhfiaueaneass (Poly (vinyl) alcohol, Sigma-Aldrich, USA)

3.1.7 laTasnu (Chitosan, Sigma-Aldrich, USA)

3.1.8 NgA150aa 189 (Glutaraldehyde, Sigma-Aldrich, USA)

3.1.9 uuWoou (Nafion, Sigma-Aldrich, USA)

3.1.10 To'lneztizau (o-Dianisidine, Sigma-Aldrich, USA)

3.1.11 wesSanan lsdmasy lamsa (Iron (II) chloride tetrahydrate, Ajax Finechem,
Australia)

3.1.12 lessnaaslsmanae laase (Iron (IIT) chloride hexahydrate, Ajax Finechem,
Australia)

3.1.13 Txaeulans ’é]ﬂulclfﬁ’ (Sodium hydroxide, Ajax Finechem, Australia)

3.1.14 Twdewn'lalalasnuees Inoamla (Sodium di-hydrogen orthophosphase, Ajax
Finechem, Australia)

3.1.15 lalwdenlalaswueas Ineama (di-Sodium hydrogen orthophosphase, Ajax
Finechem, Australia)

3.1.16 laipenezsian (Sodium acetate, Loba Chemie, India)

3.1.17 N5A0ETAN (Acetic acid, RCI Labscan, Thailand)

3.1.18 ansazaeeamlamivivies anududu 0.1 Tuans Wity 6.50 wisen'ldan

asazas A : esazane e lalalasnuess Invleara 0.2 Tuans wiesn

Taeda Tmdonla'laTaswueed Inveala 5.6784+0.0005 n$1 V5u5uasdretinaudiu 200

Uaaans
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TaosalaTmaoy lalasnueos Inweoavla 3.1202+0.0005 nFu UsvSuasarerinawilu 200
Haaans wauasaza1w A Usu1as 137 daaans asluaisazale B Usu1as 63 Uaaans 15
H ) I Aa aa @
WSasdrsinauliilu 400 Tadans uazisudies1i 1o 6.50
a Y] 4 Y 9 Jd A ~ 9
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= a 4 = < = A
71592219 A : @1592a18 lsAguesHan 0.2 Tuais iy Inewe lney oy s-
@ ] 9 90’ o g A aa
99 0.7216+0.0005 N5y U5uSuasarerinauily 100 Hagans
aa 14 = a an
#1502819 B : @1502a19n3aezEan 0.2 lua1s e lasthilansaossan
Aa aa [ g R A Aaa
1.15 Haaans YSulSuasdrerinawiu 100 Haaaas
nauaIsazale A U31195 29.6 ¥aaans adluaisazale B 151195 70.4 Haa-
a [ 90’ < 3 A aa [
a3 Usursuasareinnau iy 200 Hadans vazdSudiey1d ey 5.00
(Y 1 9 a o g A o w
3.1.20 $19813998 1INVIHNUIAIAIFLT 3109
.Y 2 R 3 s £
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[

4
MNUTHNUINIAIY q% 1NA

3.2 1n3eqile nazqinsal

3.2.1 m’%mq’%‘i?f!,ﬁamﬂﬂhﬂmﬁﬁma% (UV-Visible spectrophotometer) 31 UV-
1601 (SHIMADZU, Germany)

3.2.2 m’%m’i’mumwmmzﬁuuﬂu (Particle size analyzer) JU Delsa nano C
(Beckman-Coulter, USA)

3.2.3 NADIYANTIAMIBIANATOUIUUEDIHIU (Transmission electron microscope) FU
TECNAI 20 (Philips, USA)

324 m’%ﬁmswﬁmiu,ﬁmmu%’ﬁmﬂcﬁ (X-ray diffractometer) ‘éu X’PertPRO
(PANalytical, UAE)

3.2.5 insoananas 1aeldA@ge (Vortex mixer) 34 VORTEX-GENIE 2 (Scientific
Industries, USA)

326 seanIuimanuuulFanuden (Hotplate stirrer) 1 IKA RH basic 1X

(Laboratory & Medical Supplies, Malaysia)
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3.2.7 Lﬂ%@ﬂﬁ@fﬂﬂ’ﬂmﬂi‘miﬂ-@hﬂ (pH meter) g'u Model UB-10 (Denver Instrument,
USA)

3.2.8 1n30ea IfhuuvaziBen neflew 4 §uniis (Analytical balance) J1 AZ series
(SARTORIUS Instrument, USA)

3.2.9 Lﬂtiﬂl'm??(‘) umméq 3 (Sonicator) §' U Transonic Digital S (Elma, Germany)

3.2.10 é’eu (Drying oven) §' U Loading Model 30-750 (Memmert, Island)

3.2.11 M Tasua3 adn1] (Microcentrifuges tubes) Y119 0.6 1.0 uag 2.0 Haaans
(Molecular Bio Product, USA)

3.2.12 luTnsthtla (Micropipette) Y119 100 tag 1,000 1u1nsans (Brand, Germany)
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Pure and Applied Chemistry International Conference PACCON 2016

gy, The development of biosensor for the detection
2 of sucrose based on multienzyme

Thidarut Laochai and Siriwan Tecpoo™

Abstract

The beosensor technigue was developed for d of via multierzyme nchuding invertase, mutarotase, ghocose oxidase and
borseradish peroxadase. The first step the sucrose was hydrolyzed by invertase to obtain the production of glocose umd fructose. Then these
wuh:umdmngu!wlhwuop-ughmmlwmmmmhﬁmbyghxwoum Finally, H,0, and o-dianisidine were
cmbndbyhmuuduhpavxudummlmwmbwwnoobf N The resulted sh |humsrhmhnfmm1mnlbotptmun'-30
nm. The absorbance value was prc iom] fo the conc of The ad gex of thas b oty and short
u-.ly;hdm(in-ncnhcalﬂbnrdnlnummemuumwlhemtﬁ-zsm.m‘*
detection in industrial and agricultural applications.

Objective

+ To develop a biosensor for detection of sucrose.

Methodology

The reactions for the detection sucrose were shown tha following;

Pavertare

Sucrase + H,0 @D-Glucose + Frictose T3 Honee oF iy v
a-D-Glucase "™ B.D-Glucose

B-D-Glwcase + 2H0 + O, " Glucomic acid + 2H 0,

H,0, + Restuced o-Diasisidine ™" Oxidtred odianisidine + H,0

Hrown ety

The reaction war siopped with sulfinc acd . Thes the solmon was the
shaorhance ot & wavelength of 530 um wacrra ()
Fig 3 Efect of soenestration for detection scrose tangity Sioen 5-25
Results and Discussion

Conclusion

m", of b for the & of sucrose hased on
glucose oxidase and  horsersdish
mundur shawed bgh slectivity uod son somlysis time (5 tdestes), The
bear value was prop i to the of mcrose It
exiibited & Bocw resposse 10 murose over the raage 5-25 mM . The
blosenmoe appeared %0 be suitable for sucrose detoction in industrial aed
aricultural applicatioes
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Abstract

Magnetic nanoparticles were synthesized by simple co-precipitation method in agueous medium. The structural characteristics of
the powders were studied by XRD and the sizes of manoparticles were messured with dysamic light scattering. The prepared
magnetic nanoparticles were obout 43 nm in diameter and were then subsequently incorporated into a chitosan and poly (vinyl
alcohol) eryogel and applied to immobilize the horseradish peroxidase through covalent binding method (MNP-CS-PVA-HRP
cryogel microbar). The MNP-CS-PVA- HRP eryoge! microbar was opplied for the detection of hydrogen peroxide. The
hoeseradish peroxidase can catalytically oxidize the substrate of hydrogen peroxide and o-dianisidine, generating blown colour
that are propormional to the concenteations of hydrogen pesoxsde. The results showed that the absorption values at 430 nm
increased with the hydrogen p 5 entrations ranging from 10-1,000 mM. The immobilized horseradish peroxidase on
magnetic nanoparticles retained enzyme oetivity up to the 10" reusable. The proposcd approach confirmed that the magoetic
nanoparticles not only possessed enzyme activity but also showed potentinl application in varicties of simple, robust, and cost-
effective analytical methods in the future.

@ 2016 The Authors. Published by Flsevier Lid, This is an open aceess asticle under the CC BY-NC-ND license
(hupicreativecommons argllicense why-ne-mi-LIV).
Peer-review under responsibility of the onganizing comenittee of the 12th EMSES 2015

Keywords: Magnetic punaparticks: Horseridish peroaidase: Hydrogen peronide: Poly (viny!) akaobol cryogel

L. Introduction

Over the past few decades, nanoparticles have much interésted due to their own advantages such as high surface
area, excellent in chemical, physical and biological properties [1-2]. A variety of nanoparticles with differem
materials such as gold [3], silver [4], titanium oxide [5] and magnetic nanoparticles [6] have been applied in many
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scientific fields. Among the various nancosterials, magnetic nanoparticles have been rising as o significant useful
material for variety applications, Firstly, magnetic nanoparticles have a very large surface-to-volume and good
biocompatibility [2]. Morcover, the magnetic nanopasticles are especially used for concentration, separation,
purification and identification of interested analyst {7-8]. The magnetic nanoparticles were synthesized in several
forms mostly includes Fe;0, (magnetite), o-Fe;0; (hematite), v-Fe,0; (maghemite), FeO (wustite), £-Fe,0; and
P-Fe,0;, among which magnetite und maghemite are popular candidates since its biocompatibility have already
upplications in biotechnologies {9], Magnetic nanoparticles were widely applied for immobilization of enzyme [10],
immunoassay [11), bioseparation [12] and brosensor [13]. Magnetic nanoparticles have a wide pmmbe o
immobilize enzyme on ity surface not only to perform better than coaventional bulk supports used in enzyme
immobilization but also faster separution by external magnetic field which resulting in immobilized enzyme could
be reused, Various attempis have been made to immobilize enzyme on magoetic nanoparticles with different
methods including using layer-by-layer {14], electrostatic force [15) und covalent binding [16]. Recently, Kuo and
co-workers have been used the FesOy-chitosan nanoparticles for the immobilization of lipase via covalent method.
The results found that, after twenty repeated uses the immobilized lipase retains over 83% of its original activity
[17).

In this work, we synthesized magnetic nanoparticles (MNP) and were incorporated into s chitosan (CS) and poly
(vinyl) alcohol (PVA) cryogel (MNP-CS-PVA cryogel nucrobar). This magnetic-CS-PVA cryogel was applied for
immobilization of hosseradish peroxidase (MNP-CS-PVA-HRP cryogel microbar) for hydrogen peroxide detection,
To our knowledge, this MNP-CS-PVA-HRP cryogel miciobar is used for the fiest time as a support material for
enzyme immobilization. As shown in Fig. |, horserdish peroxidase wus covalently immobilized on MNP-CS-PVA
cryogel microbar by using gultaraldehyde as a crosslink agent. In the peesence of hydrogen peroxide, o-dinnisidine
was oxidized by horseradish peroxidase resulting in the color change 10 blown color [18)]. The absorbance value of
the colorful products is proportional to the concentration of the hydrogen peroxide.

2. Experimental

2.1. Chemicals and reagents

All chemiculs used in this study were of unalytical grade. [ron (113 chloride und iron ([1) chloride were purchased
from POCH SA, Poland. Chitosan with low molecular weight and 75% dencetylation degree, acetic acid, sodivm
hydroxide (NaOH), 30% hydrogen peroxide solution, poly (vinyl) alcohol {(PV A, 87-90% hydrolyzed), o-dianisiding
and horseradish peroxidase (HRP; EC 1.11.1.7) were obtained from Sigma-Aldrich, Glutaraldehyde was purchased
from Fluku. All solution was prepared with high purity water.

2.2, Instrumentation

The size measurements of magnetic nanoparticles were done with dynamic fight scattering (DLS, Delsa nano C
Particle Analyzer, USA), XRD stundy was carried out by using Xeray diffractometer (X'Pert PRO, PANalytical) for
structural characterization of magnetic nunoparticles. The absorbance measurements were carried out by using a
UV-1601 UV-visible spectrophotometer (SHIMADZU, Japan) with a 10 mm path length quartz cuvette sub-micro
(16.40/Q/10 Stama, USA).

2.3. Symthesis of magnetic nanoparticles

The magnetic nanopartiches were prepured by co-precipitating of Fe™* (FeCl, 4H,0) and Fe™* (FeCl, 6H.0) ions
in base solution with nitrogen gas as the protective gas. Briefly, the 0.3 mmol ferric and 0.6 mmol ferrous salts
(molar ratio 1:2) were dissolved in detonized water and were then mixed under nitrogen gas at 90 °C, Then 2,5 M
NaOH was added into above mixture solution with vigorous stimming for 30 min. The black precipitates were formed
und were sepanited by magnetic decantution. Finally, the precipittes were washed with deionized water 10 remove
excess base and were dried at 80 °C for 3 h. There resulting magnetic nanoparticles were characterized with dynamic
light scattering und X-may diffractometer,
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2.4 Preparation of MNP-CS-PVA-HRP cryogel microbar

Firstly, The PVA was dissolved in ultrapure water (90 “C) a finul concentrution of 0.3% w/y und was stirred for
| b and left to cool at room temperature, Next step, resulting PVA solution was mixed with 2% w/v chitosan. Afier
that, 0.1 g of synthesized magnetic nanoparticles and 2.5% glutarnldehyde were added to above solution with
vigorous stirring for 30 min and were than incubated in ice bath for 5 min. This composite was poured into the
template and kept at 0 °C for 12 h. Then, the frozen gel was removed from the template and left it at room
temperature for 10 min, After tha, the 2.5% glutaraldehyde was added and was incubated as for 30 min to coupling
with enzyme. Finally, 2 mg/ml HRP enzyme was added to resulting cryogel with incubated at 4 °C for overnight to
obtain MNP-CS-PVA-HRP cryogel microbar.

2.5, Detecrion of hydrogen peroxide by MNP-CS-PVA-HRP crvogel micrabar

The procedures of the assay are as follows (Fig. 1): First, a piece of the MNP-CS-PVA-HRP cryogel microbar
(0.5 ¢m x0.5 cm) was placed in a vial. Then aliquots of 50 pl of hydregen peroxide and o-dianisidine were added
into a0 vial containing MNP-CS-PVA-HRP cryogel microbar and were incubated for a few min. Subsequently,
brown solution was obtained and was monitored the absorbance at a wavelength of 430 nm with a UV.visible
spectrophotometer,

Uydwern ﬁ lﬁ w2 “ -
! ' FS } %ﬂm i i "&S’ -7—1-47
u b A =430 v
{ w

Fig. 1 Schematic illustration of the MNP-CS-PVA-HRP cryogel microbar procedure for the detection of
hydrogen peroxidase.

3. Results and discussions
3.1 Characterizations of magnetic nanoparticles

Fig. 2 shows the synthesized magnetic nanoparticles by co-peecipitation method. The results found that the
magnetic nunoparticles showed magnetism property with can be isoluted from solution by external magnet.

- E)

Fig, 2 The photograph of magnetic nanoparticles.

:/)///;
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The results of the characterizations of magnetic nanoparticles were shown in Fig. 3. The size of magnetic
nanoparticles was measured by dynamic light scattering technique. The magnetic nanopaticles are shown in
Fig. 3A. From this figure, magnetite nunoparticles are well dispersed. The nanoparticles are narrow size distribution
with a mean average size of 43 nm. The XRD results were used o confirm the structural of the magnetic
nanoparticles as in fig.3B. It shows the XRD pattern of magnetic nanoparticles. The churacteristic peaks presented at
20 = 30 36° 43° 53", 57°, 63° and 74° for synthesized magnetic nanoparticles (Fig. 3B (a)), which were
correspond to the XRD pattern of standard magoetite from the ditabase (ICSD collection ¢ode: 084611) (Fig. 3B
(b))
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Fig, 3 Characterizations of magnetic nanoparticles; dynamic light scattering result (A) and XRD pattern
results (B) of synthesized magnetic nanogarticles (t) and standard XRD pattern of magnetite (b)

3.2. Chavacrerizations of MNP-CS-PVA-HRP cryogel microbar

Fig. 4A shows the constructed MNP-CS-PVA-HRP cryogel microbar with a diameter of 0.5 cm. and (.5 cm.
long. The incorporation of the magnetic nanoparticles in ¢ryogel heiped to separate the MNP-CS-PVA-HRP cryogel
microbar from solution by external magnet to reuse for next experiment (Fig. 4B). Then the activity of this MNP-
CS-PVA-HRP cryogel microbar was studied by adding hydrogen peroxide und o-dianisidine. As shown in Fig 4C,
after the reaction the blown color was oblained feading (o absorbance of this solution reached 1o 0.4 at the maximum
wavelength of 430 nm indiesting successful incorporation of HRP molecules in MNP-CS-PVA cryogel microbar,

ce

! o4
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Fig. 4 The photograph of MNP-CS-PVA-HRP cryogel microbar with the size of 0.5 emx(0.5 cm (A),
MNP-CS-PVA-HRP cryogel microbar held in place by an external magnet (B) and UV-vis spectrum obtained from
adding | M of hydrogen peroxide and o-dianisidine (C).
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3.3. Oprimization of composition of MNP-CS-PVA-HRP cryogel

The ratio of PVA to chitosan can affect the amount of HRP in cryogel microbar which was optimized. As
shown in table I, the absorbance value increased with the increasing ratios of 1: 1, 1: 2, 1 3 and I: 4 because higher
amount of HRP on cryogel microbar via amine group of chitosan. Therefore, the ratio of 1:4 was selected as the
optimal ratio of PVA to chitosan for further experiments,

Table L. The stmdy of the ratio of PVA 1o chitosan m cryogel,

Ratio PV A : Chitosan Absoebance
1l 0379
12 0398
13 0.457
14 0553

3.4. Study the effect of pH on hydrogen peroxide detection

The optimum pH values of 0.1 M phasphute buffer were studied ranging from 5.00 to 8,00, According 1o Fig. 5,
the maximal absorbance value was achieved at pH of 7.00. However, the activity decreased sharply when the pH
value was above 7.00, which might be caused by the denaturation of HRP at such pH vulue, Accordingly, pH 7.00
was selected for use in subsequent experiments for detection of hydrogen peroxide.

03y
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Fig. 5 The effect of pH,

3.5, Application of MNP-CS-PVA-HRP cryogel microbar for the derection of hydrogen pevoxide

The MNP-CS-PVA-HRP cryogel microbar was ¢valuated foe the hydrogen peroxide detection at difference
concentrations, As shown in Fig. 6. the absorption values at 430 nm increased with the increase of the hydrogen
peroxide concentrations in the range of 10-1.000 mM. This result indicated that the MNP-CS-PVA-HRP cryogel
microbar might have the potential epplication for analysis of hydrogen peroxide.
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Fig. 6 Calibration curve for determination of hydrogen peroxide by using MNP-CS-PVA-HRP cryogel
microbar.

3.6. Reusability MNP-CS-PVA-HRP cryogel microbar

The possibility of the reuse MNP-CS-PVA-HRP cryogel microbar for successive activity measurements was
investigated, Each experiment, the MNP-CS-PVA-HRP cryogel microbar was seperated from the solution by using
external magnet and was the washed with distilled water, The results found that, the MNP-CS-PVA-HRP cryogel
microbar can be reused up to 10 times without any significant loss of enzyme activity. Thus, the magnetic
nanoparticles were successfully applied for the construction of MNP-CS-PVA-HRP cryogel microbar,

4. Conclusions

In this work, we described the fabrication MNP-CS-PVA-HRP cryogel microbar by incorporating magnetic
nanoparticles and HRP into PVA and chitosan ¢ryogel for the detection of hydrogen peroxide, It exhibited high
sensitively to hydrogen peroxide. Additional, it can be reused up to 10 times resulting in cost effective chemical
analysis,
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