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Abstract 

Cyclodextrin (CD) is a conical compound used in food and pharmaceutical industry to 
complexation of hydrophobic substances. It is a product of microbial enzymes which 
converts starch into CD during their activity. We aim to detect CD using active-electrode 
biosensor of SnO2. They were grown on active electrode by the VLS method. The CD 
consists of several glucose units which have hydroxyl groups which tend to bind to 
interface states present in nanowires changing their conductivity. Experimental results of 
electrical conductivity at different CD concentrations are presented. A model that describe 
the influence of adsorbed glucose on nanowires and its electrical properties is also 
presented. Some general observations are performed on the applicability of the CD 
adsorption method by the nanowire-based biosensor. 

Keywords: biosensor; cyclodextrin; enzyme; SnO2; nanowire; electrical conductivity 

 

1. Introduction 

CDs (cyclodextrins) are glucose units linked by1,4-bonds 
in the form of a truncated cone [1]. The CDs ability to form 
inclusion complexes with many molecules ensuring that it is 

used into industry [2–4]. The CDs result from starch 
degradation by the action of the enzyme CD 
glycosyltransferase (CGTase) produced by microorganisms, 
mainly bacteria of genus Bacillus. Enzymatic activity of 
CGTase occurs when a starch source is hydrolysed to produce 
CD by transglycosylation therefore it is measured by the 
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formation of these product. Therefore, the goal of any 
enzymatic detection assay is to measure the conversion of 
substrate into product. An enzymatic reaction could be 
observed by the appearance of a colored compound using 
spectrophotometers which determine the absorbance 
wavelengths of these compounds. Enzyme activity can be 
performed by electrochemical methods which is used to 
determine pH changes however its detection is often described 
with errors due to lack of accurate and reproducible data. 
CGTase can be applied to starch hydrolysis to produce CD by 
means of transglycosylation in industry. Enzymatic activity 
measures the amount of active enzyme present in a reaction 
medium which is accomplished by the formation of these by-
products [5]. Although the descriptions of enzymatic assays 
can be found in detail in literature [6], procedures may be 
modified due to the special features of a single enzyme. Thus, 
alternative methods for enzymatic detection have great appeal, 
both academic and commercial. Conductive-type eletrical 
sensors, i. e. those that alter the conductivity of the active 
layer, have shown a great advantage for detection of microbial 
metabolism. The metal oxide-based devices have been known 
since the 1950s when effects of the reaction of metal oxides 
with the surrounding atmosphere were observed [7–10]. 

Metal oxide semiconductors (MOS) have been extensively 
employed as gas sensors due to their advantages including 
high selectivity and sensitivity toward specific gases, low 
production cost, fast response, recovery time, ease of use and 
simple electronic interface [8,11]. In general, metal oxides are 
classified in two types: n-type (the majority of carriers are 
electrons) and p-type (the majority is the “holes”). Among the 
metal oxide semiconductors, tin oxide (SnO2) has been 
explored as a very sensitive material to different stimuli. SnO2 
is classified as a n-type semiconductor presenting a 3.6 eV 
wide band gap at 300K that enables its application in a variety 
of technologies. The sensing principle of SnO2 is based on 
changes in the electrical conductivity influenced by adsorbed 
oxygenated species on its surface [12,13]. 

More recently, nanomaterials MOS – including SnO2 – in 
many different nanoscale devices have emerged enabling the 
development of novel chemical and biological sensors and 
also improving the analytical performance by particle size, 
surface area, functionality, adsorption capability and electron-
transfer properties [14,15]. The high performance of SnO2 
nanomaterials can be achieved through reducing the size and 
also the dimensinality of the material by modifications on its 
morphologies resulting in structures such as nanoparticles, 
nanowires, nanotubes, nanoneedles, and nanoflowers [16–19]. 
The use of pure or doped nano-MOS as biological and 
chemical sensors are very promising due to its distinguish 
features: high surface to volume ratio; modified-surface work 
function; high surface reactivity; high electron mobility and 
high effectivity in retaining biomolecules. They have been 
used in a wide range of scenarios, such as clinical, industrial, 

agricultural, pharmaceutical and military fields. Despite high-
performance gas sensors are the most representative 
application of MOS, the effectiveness as biological sensing 
has been attracted attention due to their fast response, high 
sensitivity and selectivity. In this work SnO2 nanowires were 
used as active electrodes for the CD detection and the 
comparison with the traditional biological method of 
enzymatic activity quantification. 

2. Material and methods 

2.1 Microorganism and CGTase production 

The strain Bacillus lehensis was isolated from wastewater 
samples from a cassava flour mill in Brazil and 16S rRNA 
sequence was deposited in the genetic sequence databank of 
the US National Center for Biotechnology Information 
(GenBank: HQ399547). Bacillus lehensis HQ399547 is 
maintained in the Industrial Microbiology Laboratory of the 
Biological Sciences Institute of Rio Claro (SP, Brazil) [20]. 
The Bacillus lehensis CGII was cultivated in 5-L stirring tank 
reactor (Bio-t-mini Zeta, Rapperswil, Switzerland) at 35°C, 
150 rpm, initial pH of 9.2, containing 2 L production medium 
[21]. 

2.2 CGTase Purification and cyclodextrin production 

The cell-free supernatant of fermentation was purified 
using the method described by[22]. The same volume of 
purified enzyme (0.035 mg/mL) and potato starch (1% w/v) 
solution were incubated at 55°C, pH 8.0 for obtention of CD 
in production times.  

Beta CD was analyzed using a high-performance liquid 
chromatography (HPLC) system equipped with a UV detector 
in a 210-nm column (4.6 × 250 mm; Phenomenex, Torrance, 
USA) at 25°C. 

 

2.3 Device construction and synthesis of SnO2 
nanowires 

The biosensors were constructed following the 
conventional photolithography procedure[23–26]. Initially, 
metal electrodes (separated by 5 µm) were defined on a 
Si/SiO2 (500 nm thick oxide layer) substrate. Then a small 
region (10µm in diameter) was selected (figure 1(a)) for the 
growth of SnO2 nanowires by the Vapour Liquid Solid  (VLS) 
method and following the experimental procedure reported by 
Costa et al.[27]. Then, a thin layer of gold (2 nm) was 
deposited under high vacuum (better than 10-6 mbar), 
responsible for the formation of the catalyst nanoparticles used 
as the preferred site for adsorption of the vapour precursor 
elements. The precursor tin metal powder (Aldrich, purity> 
99.99%) was placed in an alumina crucible and placed in the 
center of a tubular reactor (Lindberg Blue-M). The substrates 
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with the electrodes and a small region covered with gold 
(figure 1(a)) were placed 8 cm downstream from the precursor 
powder. The synthesis temperature was adjusted to 950 °C 
(heating rate 20 °C/min) and remained at this value for 90 min. 
The pressure inside the tube was controlled by a vacuum pump 
and a mixture of oxygen/argon with constant flow of 100 sccm 
was used to transport the precursor vapour to synthesis region. 
After this process, the oven was naturally cooled to room 
temperature. (figure 1(b)) 

 
Figure 1 – (a) an optical micrograph of the metal electrodes 

obtained by photolithography. The highlighted region depicts the 
place where a thin gold layer was deposited and it is responsible for 
the formation of the catalyst nanoparticles that act as the preferential 
site for the nanowires growth; (b) completed device after the 
nanwires  growing on the gold nanoparticles region grown by the 
VLS method. 

 
Figure 2 shows the structural data and chemical 

composition of the as grown SnO2 nanowires. For a first 
investigation of the samples SEM images were taken. Figure 
2(a) reveals nanowires with a good uniformity both on the 
diameters and lengths (several tens of micrometers) and 
Figure 2(b) highlights a single nanowire with a catalyst 
nanoparticle of Au on its tip confirming the grown by VLS 
mechanism. In order to identify the crystal structure of the 
sample X-ray diffraction measurements were performed. In 
Figure 2(c), the XRD pattern indicates that the nanowires have 
a good crystalline quality and in close agreement to  the 
JCPDS Card No. 41-1445 (represented by blue bars) 
indicating that the as-grown material presents a tetragonal 
SnO2 structure (space group P42/mnm). Energy-dispersive x-
ray spectroscopy (EDX) spectrum as depicted in Figure 2(d), 
confirms the chemical composition of the nanowires, 
indicated the presence of Sn, O (Al signal was generated by 
SEM support). 

 
Figure 2 – Structural data and chemical composition of the SnO2 
nanowires: (a) SEM image of as-grown nanowires exhibiting lengths 
of tens of micrometers and (b) SEM image of a nanowire’s tip where 
the catalyst nanoparticle can be seen confirming the grown by VLS; 
(c) XRD pattern obtained from SnO2 nanowires’ sample, agreeing 
with JCPDS Card No. 41-1445; in (d) EDX analysis for the SnO2 
nanowires confirmed that the nanowires are composed only by Sn 
and O. 

2.4 Electrical setup 

The experimental setup for characterization of the 
biosensor is shown in figure 3(a): it is constituted of three 
electrodes: i. working electrode formed by a set of nanowires 
grown by VLS method; ii. reference electrode and iii. common 
electrode. The last two were made of a 100 nm layer of 
titanium. Electrical characterization was performed by a four-
probe measurement, whose scheme is shown in figure 3(b). 
The electric current-voltage characterization was performed 
by applying an electric current (0 to 250 nA) between the 
working electrodes and the common electrode and the voltage 
between the working electrode and the reference electrode was 
measured. Measurements with respect to solvent and 
cyclodextrin solution were performed by inserting 20 µL of 
solution on the device, closing the electrical circuit. 

 
Figure 3 – (a) scketch of the used devices and the electrical 
connections and (b) diagram of the 4-probe setup which was 
performed to perform the electrical measurements. 

Electrical characterization was performed in two different 
devices: i. all electrodes only made of titanium and ii. one of 
electrodes consisting of nanowires, as seen in Figure 3. In both 
configurations measurements were taken only with the solvent 
to eliminate its contribution. The configuration (i) is only 

Page 3 of 8 AUTHOR SUBMITTED MANUSCRIPT - NANO-122867.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



Journal XX (XXXX) XXXXXX Author et al 

 4  
 

intended to demonstrate the effectiveness of nanowires as CD 
detectors. The CD were tested in concentrations of 0.001 
mmol to 0.1 mol. In addition, current-time characterization 
was performed, maintaining a fixed voltage of 5.0 V and 
increasing CD concentration from 0.001 mmol to 10mmol. 

3. Results and discussion 

3.1 Cyclodextrin production 

A microbial enzyme was produced by Bacillus lehensis 
CGII and purified by two-step method using ammonium 
sulphate precipitation and bispecific affinity chromatography. 
Enzymes are present in all living cells therefore, in all 
microorganisms. Each microorganism strain produces a large 
number of enzymes that hydrolyzing, oxidizing or reducing 
metabolites in natura. The quantity of microbial enzymes 
produced varies among species and strains. Microbial 
CGTases are extracellular enzymes that differing in the 
amount and type of CDs produced, most being α, β and γ-CDs. 
The optimization of the fermentation conditions for CGTase 
production has been studied to increase the rates for this. 

Cassava starch was used as substrate to perform a chemical 
reaction for production a mixture of α-, β- and γ-CDs under 
the optimum conditions to form the enzyme substrate 
complex. The amylases enzymes are catalytic converters of 
biological processes specifically cleave the starch and related 
compounds by hydrolysis of the α-1,4 and / or α-1,6 glycosidic 
bonds. There are some amylases that have additional activities 
beyond the properties of amylolytic enzymes, such as the 
CGTase which is capable of converting starch into CDs and 
derivatives by performing the cyclization (conversion of α-
1,4-glucan starch to CDs by intramolecular transglycosylation 
reaction), coupling (by opening the rings of the CDs and 
transferring the linear maltooligosaccharides formed to the 
acceptors) and the disproportionation by means of the 
intermolecular transglycosylation reaction.  

The conversion of starch into CDs by CGTase enzyme from 
Bacillus lehensis CGII HPLC was obtained in hours with 
production ratio of  β- CD (g/l) was 6.33 (Table 1). 

 
 
 
 
 
 
 
 
 

Table 1 – Production of β- CD from Bacillus lehensis CGII. 

Ciclodextrin production by Ciclodextrin 
Glycosiltransferase 

Concentration (mmol) Enzimatic activity (U/mL) 

0.06 30 
0.15 45 
0.20 50 
1.00 110 
2.00 175 
4.00 238 
5.00 303 

 
The CDs can reversibly capture molecules of varying size to 
form inclusion complexes which is the result of the balance 
between the included substance and the CD molecule. Specific 
CDs (α-, β-, or γ-CD) will complex guest molecules of specific 
sizes. Α, β and γ-CD have external diameters (nm) of 1.52, 
1.66 and 1.77 and internal cavity diameter (nm) of 0.45, 0.60 
and 0.75. Enzyme activity has been measured based on the 
discoloration of solutions as phenolphthalein during the 
formation of inclusion complexes. The rate of enzymatic 
activity (U/mL) in a sample can be determined from the rate 
of enzyme-catalyzed reaction. The enzymatic activity 
corresponds to the amount of enzyme that catalyzes a reaction 
with 1 micromole of product per minute. 

3.2 Electrical characterization of biosensor 

Initially, the electrical response towards the presence of CD 
was evaluated by comparing (i) the device composed only by 
metallic electrodes and (ii) device containing SnO2 nanowires. 
The concentration of CD was ranged from 0.001 mmol to 
10mmol in order to verify the effect of a large range of CD 
concentration on the sensor's responsivity. Figure 4 shows the 
biosensor electrical response regarding the presence of CD in 
the two device configurations discussed earlier. 

Figure 4(a) shows the current-voltage curves for the device 
described in case (ii) with different CD concentrations. 
Initially, the sensor was measured in contact with the solvent 
(H2O) used to dissolve the CD (black line-square symbol). In 
this figure it is easy to observe that there is a shift of the origin 
for lower concentrations of cyclodextrin, consequently it 
shows the control measurement (H2O). This may be due to a 
potential drop caused by photovoltaic effects, charge 
polarization or space-charge effect. Also, we observe that with 
increasing concentration of CD the device needs a lower 
voltage to reach the current level of 175 nA (highest resolution 
range highlighted in the graph). At concentrations a higher 
than1mmol the device response tends to saturate and the 
response is almost superimposed at those concentrations. Data 
regarding the configuration without nanowires as electrodes 
were omitted because they were very noisy and inconclusive. 

The biosensor sensibility SNW can be defined in terms of 
conductivity (or electric current), and it is simply written as 

 
𝑆"# = %&'(%)*+,

%)*+,
= -&'(-)*+

-)*+,
,            (1) 

 

Page 4 of 8AUTHOR SUBMITTED MANUSCRIPT - NANO-122867.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



Journal XX (XXXX) XXXXXX Author et al 

 5  
 

where Gsol and GNW are the electrical conductance of SnO2 
nanowire under only solvent (w.r.t. H2O) and CD solution, and 
Isol and INW are corresponding currents, respectively. 
Sensitivity zero was considered to be that obtained with 
respect to H2O. Since higher SNW was observed in the forward 
bias than the reverse bias, the analysis of the SNW was 
performed in the forward bias conditions for highly sensitive 
detection.  To calculate the SNW of the SnO2 NW biosensors, 
the currents were extracted at a given forward bias considering 
the constant electric current level of 175 nA; it was done using 
the I-V characteristics before and after exposure to CD 
solution. The calculated SNW is shown in figure 4(b)  

As can be seen in figure 4(b), the responsivity behaviour 
as a function of the increase of CD concentration is 
considerably enhanced by the presence of SnO2 nanowires, 
while for the electrode made only metal the response was 
poorly increased by CD. It was found an enhancement factor 
up to four times when the SnO2 nanowires were present on the 
sensor. This can be explained by the adsorption of CD 
molecules on the surface of SnO2 nanowires by oxygen 
interactions and then resulting in the increase of the electrical 
conductivity, which is not observed for the device without 
nanowire as electrode. Therefore, the presence of SnO2 
nanowires enhances the sensor's response when there is an 
increase of CD concentration. For the device formed only by 
metal electrodes there is not a clear response with increasing 
concentration.  

 
Figure 4 - Experimental results concerning the biosensors electrical 
characterization: (a) current-voltage characterization for different 
cyclodextrin concentrations for the device using SnO2 nanowires as 
working electrode; (b) sensitivity versus cyclodextrin concentration 
for the control sample, without SnO2 nanowires and for those with 
SnO2 nanowires on the electrodes. 
 
The time-dependence of the current flowing through SnO2 
nanowire device under contact to different concentrations of 
CD (from 0.001 to 1 mmol) is presented in figure 5. It can be 
seen a fast and pronounced increasing of the current after 
contact with CD (down to 0.001 mmol). The sensor's response 
time can be estimate in 50 s, which is the time where the 
current remains unchanged, followed by the recovery time of 
100 s – when the current values reach the baseline – before the 
measurement of the next concentration. For calibration 
purposes, the analytical signal was evaluated by measuring the 
electrical current of different concentrations of CD in 
triplicate. The linear relation between analytical signal and 
concentration was obtained within the range of 0.001 mmol to 
1 mmol of CD, which is suitable for its use in quantification 
from enzymatic activities. 
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Figure 5 – Current-time characterization for the nanowire biosensor 
containing SnO2 nanowires as electrodes under various cyclodextrin 
concentrations. 
 
As seen previously, it is very clear that increasing the CD 
concentration, the electrical current arises accordingly. In this 
study, the SnO2 nanowires which present a great area/volume 
ratio, allowed a dramatical increase of the surface area 
subjected to the aqueous solution containing CD. The 
variation of the electrical current depends itself on how much 
electron activity is affected by the amount of chemisorbed 
oxygen species from the carbohydrate[28]. In this way, the 
hydroxyl groups present in the CD interacts with the SnO2 
nanowires surface, causing notable changes in resistivity and 
electric current of the device. The results obtained in this study 
were compared to other methodologies for cyclodextrin 
sensing already published in literature which  are summarized 
in Table 2. Our results have showed advantages in terms of 
fast response (i.e. 50 seconds), wide concentration range of 
CD that can be probed, no need of derivatization steps and 
easiness to use. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Comparison of analytical methodologies for 
cyclodextrin sensing 

Analytical technique Concentration 
range 

Remarks Ref 

Absorbance/photometry 0.17-2 mmol L-1 Indirect method 
(Derivatization 

with 
phenolphthalein) 

[29] 

Capillary 
Electrophoresis – 

Fluorescence detection 

0.01-1 mmol L-1 Indirect method 
(Derivatization 

with 2-
anilinonaphthalene-

6-sulfonic acid) 

[30] 

Liquid 
Chromatography/refracti

ve index detection 

0.01–4 mg mL-1 Chromatographic 
running time of 20 

min 

[31] 

Liquid 
Chromatography/Pulsed 
Amperometric detection 

20–1500 pmol Chromatographic 
running time of 20 

min 

[32] 

Hydrophilic Interaction 
Chromatography/Light 

Scattering detection 

0.5–1.5 mg ml-1 Runtime of 10 
minutes 

[33] 

Nanowire 
electrode/conductivity 

1–1000 µmol L-1 Direct method 
Response time of 

50 s 

This 
work 

 

4. Conclusion 

In conclusion, we have built biosensors which use SnO2 
nanowires grown by VLS method as active electrodes. The 
sensory characteristics of biosensors have been carefully 
studied the high sensitivity and fast responses for the 
biosensor were observed at room temperature. These results 
demonstrate the potential of the SnO2 nanowires to CD 
detection placing them as strong candidates for the in situ 
detection of enzymatic activity of CD glucosyltransferase. 

Acknowledgements 

The authors thank the Brazilian research funding agencies 
FAPESP (FAPESP 2014/19692-4) and CNPq (305615/ 2014-
0) for the financial support of this work.  

References 

[1]  Bernardi N S, Blanco K C and Contiero J 2017 Reutilization 
of Microbial Cells for Production of Cyclodextrin 
Glycosyltransferase Enzyme Res. J. Microbiol. 12 229–35 

[2]  Loftsson T and Duchêne D 2007 Cyclodextrins and their 
pharmaceutical applications Int. J. Pharm. 329 1–11 

[3]  Loethen S, Kim J-M and Thompson D H 2007 Biomedical 
Applications of Cyclodextrin Based Polyrotaxanes Polym. 
Rev. 47 383–418 

[4]  Anon 2018 Cyclodextrin Applications in Medicine, Food, 
Environment and Liquid Crystals 

[5]  Mäkelä M J, Korpela T K, Puisto J and Laakso S V. 1988 

Page 6 of 8AUTHOR SUBMITTED MANUSCRIPT - NANO-122867.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



Journal XX (XXXX) XXXXXX Author et al 

 7  
 

Nonchromatographic cyclodextrin assays: Evaluation of 
sensitivity, specificity, and conversion mixture applications 
J. Agric. Food Chem. 36 83–8 

[6]  Bernt E and Bergmeyer H U 1974 l-Glutamate UV-Assay 
with Gutamate Dehydrogenase and NAD Methods of 
Enzymatic Analysis (Elsevier) pp 1704–15 

[7]  Taguchi N 1972 Gas Detecting Devices U.S. Pat. 3,631,436 

[8]  Dey A 2018 Semiconductor metal oxide gas sensors: A 
review Mater. Sci. Eng. B 229 206–17 

[9]  Kolmakov  a, Zhang Y, Cheng G and Moskovits M 2003 
Detection of CO and O2 Using Tin Oxide Nanowire Sensors 
Adv. Mater. 15 997–1000 

[10]  Shen Y, Yamazaki T, Liu Z, Meng D, Kikuta T, Nakatani N, 
Saito M and Mori M 2009 Microstructure and H2 gas 
sensing properties of undoped and Pd-doped SnO2 
nanowires Sensors Actuators B Chem. 135 524–9 

[11]  Kołodziejczak-Radzimska A and Jesionowski T 2014 Zinc 
Oxide—From Synthesis to Application: A Review Materials 
(Basel). 7 2833–81 

[12]  Dattoli E N, Wan Q, Guo W, Chen Y, Pan X and Lu W 2007 
Fully transparent thin-film transistor devices based on 
SnO2 nanowires. Nano Lett. 7 2463–9 

[13]  Amorim C A, Dalmaschio C J, Leite E R and Chiquito A J 
2014 Fluorine doped SnO2 (FTO) nanobelts: Some data on 
electronic parameters J. Phys. D. Appl. Phys. 47 

[14]  Jakob M H, Dong B, Gutsch S, Chatelle C, Krishnaraja A, 
Weber W and Zacharias M 2017 Label-free SnO2 nanowire 
FET biosensor for protein detection Nanotechnology 28 

[15]  Soropogui K M, Jameel A T and Salim W W A W 2018 
Enzyme-Based Biosensors for Electrochemical Detection 
of Pesticides–A Mini Review Indones. J. Electr. Eng. 
Informatics 6 

[16]  Kamimura H, Araujo L S, Berengue O M, Amorim C a., 
Chiquito A J and Leite E R 2012 Growth and electrical 
characterization of semiconducting Ge nanowires Phys. E 
Low-dimensional Syst. Nanostructures 44 1776–9 

[17]  Berengue O M, Chiquito A J, Pozzi L P, Lanfredi A J C and 
Leite E R 2009 Electron-phonon scattering in Sn-doped 
In2O3 FET nanowires probed by temperature-dependent 
measurements. Nanotechnology 20 245706 

[18]  Colinge J-P, Lee C-W, Afzalian A, Akhavan N D, Yan R, 
Ferain I, Razavi P, O’Neill B, Blake A, White M, Kelleher A-
M, McCarthy B and Murphy R 2010 Nanowire transistors 
without junctions. Nat. Nanotechnol. 5 225–9 

[19]  Jang C-O, Kim T-H, Lee S-Y, Kim D-J and Lee S-K 2008 Low-
resistance ohmic contacts to SiC nanowires and their 
applications to field-effect transistors. Nanotechnology 19 
345203 

[20]  Blanco K C, de Lima C J B, Monti R, Martins J, Bernardi N S 
and Contiero J 2012 Bacillus lehensis—an alkali-tolerant 
bacterium isolated from cassava starch wastewater: 
optimization of parameters for cyclodextrin 
glycosyltransferase production Ann. Microbiol. 62 329–37 

[21]  Nakamura N and Horikoshi K 1976 Characterization and 
Some Cultural Conditions of a Cyclodextrin 
Glycosyltransferase-producing Alkalophilic Bacillus sp. 
Agric. Biol. Chem. 40 753–7 

[22]  Blanco K C, De Moraes F F, Bernardi N S, Vettori M H P B, 
Monti R and Contiero J 2014 Cyclodextrin production by 
bacillus lehensis isolated from cassava starch: 
Characterisation of a novel enzyme Czech J. Food Sci. 32 
58–53 

[23]  Amorim C A, Dalmaschio C J, Leite E R and Chiquito A J 
2014 Fluorine doped SnO 2 (FTO) nanobelts: some data on 
electronic parameters J. Phys. D. Appl. Phys. 47 045301 

[24]  Berengue O M, Amorim C A, Kamimura H, Chiquito A J 
and Leite E R 2012 Oxygen-induced metal-insulator-
transition on single crystalline metal oxide wires J. Appl. 
Phys. 111 

[25]  Amorim C A, Bernardo E P, Leite E R and Chiquito A J 2018 
Effect of inhomogeneous Schottky barrier height of SnO2 
nanowires device Semicond. Sci. Technol. 33 

[26]  Amorim C a, Berengue O M, Kamimura H, Leite E R and 
Chiquito A J 2011 Measuring the mobility of single 
crystalline wires and its dependence on temperature and 
carrier density J. Physicscondensed Matter 23 205803 

[27]  Costa I M, Colmenares Y N, Pizani P S, Leite E R and 
Chiquito A J 2018 Sb doping of VLS synthesized SnO 2 
nanowires probed by Raman and XPS spectroscopy Chem. 
Phys. Lett. 695 125–30 

[28]  Yuliarto B, Gumilar G and Septiani N L W 2015 SnO2 
Nanostructure as Pollutant Gas Sensors: Synthesis, 
Sensing Performances, and Mechanism Adv. Mater. Sci. 
Eng. 2015 1–14 

[29]  HigutiI I H, Nascimento P A da S, PappII J, OkiyamaII V M 
de E, AndradeII E A de, MarcondesIII A de A and Aguinaldo 
José do 2004 Colorimetric determination of a and b-
cyclodextrins and studies on optimization of CGTase 
production from B. firmus using factorial designs Brazilian 
Arch. Biol. Technol. 47 837–41 

[30]  G. Penn S, Chiu R W and Monnig C A 1994 Separation and 
analysis of cyclodextrins by capillary electrophoresis with 
dynamic fluorescence labelling and detection J. 
Chromatogr. A 680 233–41 

[31]  López L A, Alonso P C and Stanley Eugene Gilliland 2009 
Analytical Method for Quantification β-Cyclodextrin in 
Milk, Cream and Butter by LC Chromatographia 69 1089–
92 

Page 7 of 8 AUTHOR SUBMITTED MANUSCRIPT - NANO-122867.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



Journal XX (XXXX) XXXXXX Author et al 

 8  
 

[32]  Kubota Y, Fukuda Ma, Ohtsuji K and Koizumi K 1992 
Microanalysis of β-cyclodextrin and glucosyl-β-
cyclodextrin in human plasma by high-performance liquid 
chromatography with pulsed amperometric detection 
Anal. Biochem. 201 99–102 

[33]  Strege M A, Huang S and Risley D S 2019 Quantitative 
determination of beta-cyclodextrin in a powder insulin 
formulation for nasal delivery using hydrophilic interaction 
chromatography with evaporative light scattering 
detection J. Liq. Chromatogr. Relat. Technol. 42 74–8 

 

Page 8 of 8AUTHOR SUBMITTED MANUSCRIPT - NANO-122867.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t


