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In this study, we designed a simple procedure for the synthesis of fungus-derived biomass porous carbon
(FBPC), which was further used to prepare a MnO,@FBPC composite by a hydrothermal method. The
MnO,@FBPC nanocomposite showed a porous structure, large specific surface area, and high

conductivity, and was modified on the carbon ionic liquid electrode (CILE) to obtain a working electrode

for the sensitive voltammetric determination of rutin. The electrochemical response of rutin was studied
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via cyclic voltammetry with electrochemical parameters calculated. Under the optimal conditions, the

linear range for the rutin analysis was obtained by the differential pulse voltammetry from 0.008 to 700.0
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1 Introduction

Rutin is one of the most important flavonoid glycoside
compounds that is widely present in legumes, vegetables, fruits,
nuts, and seeds of plants." Due to the physiological activities
such as anti-inflammatory, anti-bacterial, and anti-tumor,>™*
rutin has been used in pharmaceutical applications. Therefore,
it is necessary to develop sensitive methods to detect the rutin
content in various samples. Numerous analytical techniques
have been established for the analysis of rutin, such as capillary
electrophoresis,” adsorptive stripping voltammetry,® chem-
iluminescence,” high-performance liquid chromatography,®
sequential injection analysis,” and spectrophotometry.®
However, some of these techniques exhibit shortcomings
including time-consuming, high cost, and complicated opera-
tion processes. Among these methods, electrochemical proce-
dures have been applied to rutin detection due to its high
sensitivity, convenient and fast procedure, cheap instrumenta-
tion, and on-site monitoring."* For example, He et al. fabricated
an electrochemical sensor for the rutin detection based on
amine-functionalized Fe;O, nanoparticles and electrochemi-
cally reduced graphene oxide nanocomposite-modified glassy
carbon electrode.” Apetrei et al. presented a graphene-gold

“Key Laboratory of Laser Technology and Optoelectronic Functional Materials of
Hainan Province, College of Chemistry and Chemical Engineering, Hainan Normal
University, Haikou 571158, P. R. China. E-mail: 254787885@qq.com

*Key Laboratory of Optic-electric Sensing and Analytical Chemistry for Life Science of
Ministry of Education, Shandong Key Laboratory of Biochemical Analysis, College of
Chemistry and Molecular Engineering, Qingdao University of Science and
Technology, Qingdao 266042, P. R. China. E-mail: Igjqust@126.com

42340 | RSC Adv, 2020, 10, 42340-42348

pmol L™ with the detection limit of 2.67 nmol L™ (3¢). This MnO,@FBPC/CILE was applied to directly
detect the rutin concentration in drug and human urine samples with satisfactory results.

nanoparticle-based screen-printed voltammetric sensor for the
determination and quantification of rutin in pharmaceutical
samples.” Xing et al. presented a gold nanoparticle-loaded ZnS
nanocomposite-based voltammetric sensor for the sensitive
determination of rutin.* Niu et al. constructed a graphene and
gold nanoparticle-modified acupuncture needle electrode to
detect the concentration of rutin.'” Sun et al. synthesized a gra-
phene-MnO, nanocomposite-modified electrode for the sensi-
tive determination of rutin.'* Among the modified electrodes
reported for rutin detection, numerous types of nano-
composites have been synthesised and used as modifiers that
can adsorb more rutin on the electrode surface, exhibit fast
electron transfer rate for rutin electrochemistry, and show
certain electrocatalytic activity towards rutin. However, the
modifiers have disadvantages such as expensive raw materials
or complicated synthesis procedures.

Biomass porous carbon (BPC) is defined as a carbon-rich,
porous solid produced by the thermal decomposition of
biomass in a reactor with little or no available air at moderate
temperatures.'” It has received considerable attention in the
fields of environment, energy, and sensing due to its large active
surface areas, pore volumes, cheap price, high chemical, and
thermal stability.'®" Recently, numerous synthetic methods
have been proposed to prepare porous carbon by the pyrolysis of
biomass in the presence of chemical agents such as KOH, ZnCl,,
and H3PO,.”® For example, Sevilla et al. prepared nitrogen-doped
porous carbon with a surface area of up to 3480 m> g~ ' by the
KOH activation of polypyrrole as a carbon source.** Chang et al.
synthesised biomass-activated carbon via the ZnCl, chemical
activation of a recycled filter paper with specific capacitance as
high as 302.3 F g~ . Dai et al. prepared argy wormwood-based

This journal is © The Royal Society of Chemistry 2020
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porous carbon electrode materials through H;PO, pre-treatment,
hydrothermal carbonization, and subsequent KOH activation for
high-performance supercapacitors.”

The electrode material is a major factor that affects the
performance of electrochemical sensors. Numerous types of
metal oxides have been used as electrode materials.>*>” As an
attractive inorganic semiconductive material with electro-
catalytic ability, MnO, has aroused widespread concern in
sensing electrodes owing to its low toxicity, inexpensive cost,
wide potential range, natural abundance, and high specific
capacitance.”®* Also, MnO, can be combined with other
conductive materials to get composites with improved
conductivity.*® Jafta et al. prepared an asymmetric electro-
chemical device with an MnO,/graphene oxide composite by
a hydrothermal reaction.** Yuan et al. prepared an excellent
electrochemical supercapacitor with MnO, and rice husk-based
carbon composite as the active material.*

In this study, fungus was used as the raw material to prepare
fungus-derived biomass porous carbon (FBPC) by alkali-
treatment activation and carbonization. Then, the hydro-
thermal method was used to get an MnO, decorated FBPC
composite MnO,@FBPC, which was further applied on the top
of a carbon ionic liquid electrode (CILE) to obtain the modified
electrode. CILE is prepared by using a highly conductive ionic
liquid (IL) as the modifier, which has been used as the basic
electrode in electroanalysis due to its specific characteristics
such as faster electron transfer, higher stability, and wider
potential window. Our group fabricated numerous types of
modified electrodes using CILE for electrochemical sensors and
electrocatalysis.**?*” Therefore, CILE is used as the substrate
electrode with the MnO,@FBPC nanocomposite as the modi-
fier. The electrochemical responses of rutin on MnO,@FBPC/
CILE were investigated via cyclic voltammetry (CV) and differ-
ential pulse voltammetry (DPV) with electrochemical parame-
ters calculated. The modified electrode was further applied for
the analysis of samples with satisfactory results.

2 Materials and methods
2.1 Reagents

1-Hexylpyridinium hexafluorophosphate (HPPFs > 99%, Lanz-
hou Yulu Fine Chemical Co., Ltd., China), graphite powder
(average particle size 30 um, Shanghai Colloid Chemical Co.,
China), KMnO, (Tianjin Zhiyuan Chemical Reagent Co., Ltd.,
China), MnSO,-H,0 (Guangdong Xiqiao Chemical Co., Ltd.,
China), rutin (Sinopharm Chemical Reagent Co., Ltd., China)
and rutin tablet sample (Shanxi Yunpeng Pharmaceutical Co.,
Ltd., China, and Shanghai Zhaohui Pharmaceutical Co., Ltd.,
China) were used as received. Fungus was purchased from
a local agricultural market of Haikou. A 0.1 mol L™ " phosphate
buffer solution (PBS) with different pH values was used as
a supporting electrolyte. All the other chemicals were of
analytical reagent grade without further purification, and
ultrapure water (Milli-Q, 1Q-7000, USA) was used in all the
experiments.

This journal is © The Royal Society of Chemistry 2020
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2.2 Instruments

The morphologies of the as-prepared materials were examined
using a JSM-7100F scanning electron microscope (JEOL, Japan).
X-ray diffraction (XRD) measurements were performed on a D2
phaser advance diffractometer (Bruker, Germany) with Cu Ko
(A = 1.5406 nm) radiation. X-ray photoelectron spectroscopy
(XPS) and the surface elemental compositions were performed
on an AXIS HIS 165 spectrometer (Kratos Analytical, UK).
Raman spectrum was obtained on a LabRAM HR system
(Horiba, France) at an excitation wavelength of 532 nm. Elec-
trochemical measurements were carried out on a CHI 660E
electrochemical workstation (Shanghai CH Instruments, China)
with a traditional three-electrode system, including MnO,®@-
FBPC/CILE as the working electrode, Ag/AgCl (saturated KCI)
as the reference electrode, and a platinum wire electrode as the
counter electrode. An Agilent 1200 (Agilent Technologies, USA) was
used for HPLC with chromatographic separation performed on the
Agilent Diamonsil C18 column (250 mm x 4.6 mm, 5 um, USA).
HPLC mobile phase consisted of a 0.4% phosphoric acid-meth-
anol (48 : 52, v/v) mixture, which was filtered through a 0.45 pm
filter, followed by degassing under vacuum and passed at a flow
rate of 0.5 mL min~' at an injection volume of 10 pL. The
measurement process was carried out in a chromatographic
column at 30 °C with the detector wavelength set at 368 nm.

2.3 Synthesis of FBPC

The fungus was washed with water and dried at 100 °C for 12 h.
Then, 2.0 g fungus was mixed with 50 mL of 0.1 mol L' KOH,
transferred into a Teflon lined stainless-steel autoclave (100 mL),
and heated at 120 °C for 6 h. After the product was cooled to room
temperature naturally and dried at 100 °C for 24 h, the sample was
heated in a KMTF-100 tube furnace (Anhui Kemi Instruments,
China) under an Ar flow at 800 °C (10 °C min ") for 1 h. Finally, the
sample was washed three times with water and 1.0 mol L™ HCI,
respectively, until the pH of the solution reached 7.0. Then, the
product was dried at 100 °C in an oven for 12 h to obtain FBPC.

2.4 Synthesis of MnO,@FBPC

The MnO,@FBPC composite was synthesized by a hydro-
thermal method.*® Briefly, 0.17 g KMnO,, 0.28 g MnSO,, and
0.24 g FBPC were dispersed in 10 mL water to form a homoge-
neous solution under constant magnetic stirring. Then, the
mixture was transferred into a Teflon lined stainless-steel
autoclave and heated at 140 °C for 12 h. The sample was
filtered and washed three times with water and dried at 60 °C
for 12 h to obtain MnO,@FBPC.

2.5 Preparation of the modified electrode

According to the previous literature,* CILE was prepared with
HPPF, and graphite powder, which was smoothed to a mirror-
like surface before use. 2.0 mg mL™' of the MnO,@FBPC
suspension was sonicated for 4 h to obtain a uniform disper-
sion. Then, 8.0 pL of the MnO,@FBPC suspension was cast on
the CILE surface and dried at room temperature in air to
construct MnO,@FBPC/CILE.

RSC Adv, 2020, 10, 42340-42348 | 42341
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3 Results and discussion
3.1 Principles

Scheme 1 illustrates the fabrication process of the MnO,@FBPC
composite, which was modified on the surface of CILE and used
for the rutin analysis. The fungus is activated in 0.1 mol L™
KOH and then carbonized at 800 °C to form a loose and porous
structure. Subsequently, MnO, nanoneedles are formed on
FBPC by the hydrothermal method. The as-prepared materials
are used for electrode modification, and the electrochemical
behaviour of rutin is further investigated on the MnO,@FBPC
modified electrode.

3.2 Characterization of MnO,@FBPC

SEM images of FBPC and MnO,@FBPC were recorded and are
exhibited in Fig. 1. As for FBPC (Fig. 1A), a tubular channel and
three-dimensional porous structure could be observed, which
was attributed to activation by KOH and further high-
temperature carbonization. This porous structure can provide
a good interface for the further attachment or growth of other
nanomaterials on and inside its structure. As for MnO,@FBPC,
MnO, nanoneedles could be observed on the FBPC surface
(Fig. 1B and C). The possible formation mechanism of MnO,
can be described with the following chemical equation:

3MHSO4 + 2KMHO4 + ZHzo d 5Ml’102 + 2H2SO4 + KzSO4.

Raman spectroscopy is an effective approach to study the
structure of carbon materials and the curves are shown in
Fig. 1D. The characteristic peaks of the Raman spectrum are
located at 1603 cm™ ' and 1337 cm ™" (curve a and b), which are
attributed to the G and D bands of the carbon material,
respectively. Because the intensity ratio of Ip/I; represents the
disorder/defect degree of the carbon material, the Ip/I values of
FBPC and MnO,@FBPC were obtained as 1.2 and 0.7,

drying

\‘Q\%\O“

a%

Fungus l ~ |
Wv
OH O o L«OH

Rutin m, O )
noJ/\Ion OH

on

Electrochemlcal

detection

View Article Online

Paper

respectively. Obviously, the Ip/Ig value decreased in the pres-
ence of MnO, nanoneedles, indicating a relatively high degree
of graphitization. Compared with that of FBPC, a new peak
could be found at 631 cm™* (curve b), which belonged to the
characteristic peak of MnO,.

XRD patterns were recorded to determine the crystal struc-
ture of FBPC and MnO,@FBPC, and the curves are shown in
Fig. 1E. In the XRD pattern of FBPC (curve a), two typical
diffraction peaks at 26 values of 29.1° and 42.4° could be
ascribed to reflections from the (002) and (110) crystal planes of
the carbon material. For the MnO,@FBPC nanocomposite,
strong diffraction peaks appeared at 18.0°, 22.4°, 28.7°, 37.6°,
41.9°,49.8°, 56.0°, 60.1°, and 65.5°, which were attributed to the
(200), (220), (310), (211), (301), (411), (600), (521), and (002)
crystal faces of MnO,. Therefore, the MnO, crystal face is
retained in MnO,@FBPC.

XPS was performed to obtain the elemental composition of
FBPC and MnO,@FBPC, and the resulting curves are shown in
Fig. 1F. The C 1s spectra were fitted with five component peaks,
as shown in Fig. 1G. The peaks located at 284.78 eV, 286.38 eV,
288.38 €V, 292.02 eV and 294.78 eV are attributed to the struc-
ture of graphite carbon (C-C), carbon-oxygen (C-O), carboxyl
group (C=0), K 2p,/; and K 2p,,, respectively. The character-
istic peaks (529.80 eV, 531.28 eV, and 532.72 eV) of O 1s indi-
cated that the structures of Mn-O, C-O, and C=0O0, respectively,
as shown in Fig. 1H existed in the composite. Mn 2p was
combined with the fitted peaks (642.00 eV and 643.90 eV) of Mn
2p,s3 and the fitted peaks (653.40 eV and 654.70 eV) of Mn 2p;,.
Therefore, it was concluded that MnO, was synthesized and
coated on FBPC. Moreover, the atomic ratio of Mn in the
MnO,@FBPC composite was calculated as 9.95%.

3.3 Electrochemical investigations

Cyclic voltammetric responses of different electrodes were
recorded using a 1.0 mmol L' [Fe (CN)]*~ solution as an
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o
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Scheme 1 Fabrication process of MNnO,@FBPC composites and the electrochemical detection of rutin.

42342 | RSC Adv, 2020, 10, 42340-42348

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra05739h

Open Access Article. Published on 20 November 2020. Downloaded on 4/7/2026 12:16:28 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

View Article Online

RSC Advances

Intensity (a.u.)
Intensity (a.u.)

Intensity/a.u.

Raman Shift (cm™)

2 Theta (degree)

700 600 500 400 300 200 100 0

Binding Energy/eV

I I

—Raw G
= = Fitted c-C

Intensity/a.u.
Intensity/a.u.

— Raw
- = Fitted

O-Mn Mn 2p3 I

Mn2py

Intensity/a.u.

297 4 21 85 2 538 536 34

1 288 2
Binding Energy/eV

Binding Energy/eV

532 530 528 660 658 650 645 640 635

Binding Energy/eV

Fig. 1 SEM images of (A) FBPC and (B and C) MnO,@FBPC at various magnification, (D) Raman spectra, (E) XRD survey and (F) XPS patterns of
FBPC (a) and MnO,@FBPC (b); XPS spectra of the MnO,@FBPC (G) C 1s, (H) O 1s, (I) Mn 2p.

electrochemical probe, and the results are shown in Fig. 2A. A
pair of symmetric redox peaks could be observed on bare CILE
(curve a), and the redox peaks increased gradually on FBPC/
CILE (curve b) and MnO,@FBPC/CILE (curve c), indicating
that the highly conductive FBPC and MnO,@FBPC composite
were beneficial for the electron transfer and further effec-
tively improved the interfacial conductivity. The linear rela-
tionships between I, and the square-root of the scan rate (WY
*) was obtained with the equations as I, (LA) = 46.408v"> —
14.348 (n =17, v = 0.992) and I, (1A) = —40.043v"* + 11.628
(n=17,v =0.990). According to the Randles-Sevcik formula,
Ipa (A) = (2.69 x 10°)n*?AD'>Cou"?,* the effective surface
area (A) of MnO,@FBPC/CILE was calculated to be 0.241 cm?,
which was 1.67 times larger than that of CILE (0.144 cm?),

indicating that the presence of the MnO,@FBPC composite
on the electrode increased the effective area and provided
more active sites on the electrochemical surface with
improved electrode performance.

To get the impedance information, electrochemical imped-
ance spectroscopy (EIS) was performed in a 10 mmol L ™"
[Fe(CN)e]>~ and 0.5 mol L~' KCl solution with frequency
ranging from 10* to 0.1 Hz. The experimental data were fitted by
the R(CR)(CR) model in Fig. 2B. The R, of MnO,@FBPC/CILE
(35.0 Q, curve a) was smallest among those of three elec-
trodes, and the R., of FBPC/CILE (182.3 Q, curve b) was lower
than that of CILE (302.4 Q, curve c), indicating an improved
electron transfer, which was attributed to the presence of
porous FBPC and MnO,.
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Fig.2 (A) Cyclic voltammograms of CILE (a), FBPC/CILE (b) and MnO,@FBPC/CILE (c) in 1.0 mmol L~* [Fe(CN)g]*~ and 0.5 mol L~ KCl solution at
a scan rate of 100 mV s~ L. (B) EIS of MnO,@FBPC/CILE (a), FBPC/CILE (b) and CILE (c) in 10.0 mmol L™ [Fe(CN)e]®>~ and 0.5 mol L~ KCl solution
with frequency ranging from 10* to 0.1 Hz. (C) Cyclic voltammograms of 1.0 x 10~ mol L™ rutin in PBS (pH 4.0) on CILE (a), FBPC/CILE (b) and
MnO,@FBPC/CILE (c) at a scan rate of 100 mV s,
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Fig. 3 Cyclic voltammograms of 1.0 x 10> mol L™* rutin on MnO,@FBPC/CILE with (A) different pH PBS (a—g: 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0) at
the scan rate of 100 mV s; (B) different scan rates in pH 4.0 PBS (a—L: as 20, 60, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 mV s™}).

The electrochemical behaviour of 1.0 x 10~ mol L™" rutin
on different electrodes was studied via CV in PBS (0.1 mol L™*,
PH 4.0), and the curves are shown in Fig. 2C. A couple of well-
defined redox peaks could be observed, which was the typical
electrochemical reaction of rutin. On CILE, the peak currents
were obtained as 3.206 PA (Ip,) and 3.268 pA (I,c) with the peak-
to-peak separation (AEp) of 35 mV (curve a). On FBPC/CILE, the
redox peak currents of rutin were increased to 4.100 pA (Ip,) and
3.474 pA (I,) with AE, as 39 mV (curve b), proving the positive
effect of FBPC to the rutin electrochemistry. Also, the increase
in the background currents was due to the porous structure and
large surface area of FBPC, indicating that the presence of the
porous structure increased the interfacial capacitance. Moreover,
on MnO,@FBPC/CILE (curve c), the electrochemical responses
were further increased with the decrease of AE, to 31 mV, indi-
cating that the redox reaction of rutin become more reversible. The
corresponding redox peak currents were 5.338 PA (I,) and 3.997
MA (I,), and the currents were enlarged 1.7 times for I,, and 1.2
times for I, as compared to that of CILE. The modification of
MnO, nanoneedles on the surface of FBPC significantly increased
the electrocatalytic activity towards the oxidation of rutin with the
enhancement of the electrochemical responses. Therefore, the
presence of the high conductivity of MnO,@FBPC promoted the
electron transfer ability towards rutin.

3.4 Effect of pH and scan rate

The effect of buffer pH on the electrochemical responses of 1.0
x 107° mol L' rutin on MnO,@FBPC/CILE was investigated,
and the results are shown in Fig. 3A. With the change in pH

from 2.0 to 8.0, the redox peak potential shifted towards the
negative direction and the peak current achieved a maximum
value at pH 4.0, which was selected as the supporting electro-
lyte. The formal peak potential (E”) had a good linear rela-
tionship with the pH value and the regression equation was E”
(V) = —0.054 pH + 0.65 (n = 7, v = 0.998). The slope of 54 mV
pH ' was close to 59 mV pH ', which suggested that the
number of electrons transferred was equal to the protons in the
electrode reaction process.

The effect of the scan rate on the redox response of 1.0 x
107° mol L™ rutin was recorded, and the results are shown in
Fig. 3B. The redox peak currents increased gradually with the
increase in the scan rate in the range from 20 mV s~ ' to
1000 mV s~ ', and the linear relationship of peak currents and
scan rate were Ip, (LA) = 32.64v (Vs ') +1.13 (n = 13, y = 0.997)
and I (hA) = —28.81v (Vs ') — 1.11 (n = 13, y = 0.998), which
indicated that the electrode reaction was an adsorption-
controlled process due to the porous structure of FBPC. The
redox peak potential and In v also exhibited good linear relation-
ships with the linear regression equations, as Ep, (V) = 0.023 In v +
0.458 (n = 8, v = 0.990) and E, (V) = —0.025 In v+ 0.358 (1 = 8, v
= 0.994). According to the Laviron's equation,* the values of the
electron transfer coefficient («), electron transfer number (), and
electrode reaction standard rate constant (ks) were calculated as
0.48, 2.14, and 4.65 s, respectively.

3.5 Effects of accumulation conditions

To improve the detection sensitivity, the effects of accumulation
time and potential on the oxidation peak current were

e — -\-

/

00 01 02 03 04 05 06 07
E/V

Fig. 4 Effects of (A) accumulation time and (B) potential on /,, of 1.0 x 1075 mol L™ rutin on MnO,@FBPC/CILE.
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Fig. 5 DPV curves of rutin with various concentrations (A) a—g: 0.008, 0.01, 0.1, 0.6, 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 30.0, 50.0, 70.0, 100.0, 300.0,
500.0, 700.0 pmol L™2. (B) The linear relationship between /,, and rutin concentration.

Table 1 Comparison of various modified electrodes for rutin
detection

Linear range

Electrodes (umol L™')  LOD (umol L") Ref.
PABSA“/GCE? 0.25-10.0  0.0012 12
GR’~-MnO,/CILE 0.01-500.0  0.0027 43
Ni-GO%/GCE 0.011-15.0  0.0032 44
Cu,0-Au’/NG//GCE 0.06-512.9  0.03 45
Au-AgNT®/NG 0.79-61.0  0.16 46
PdPc-MWCNT"-Nafion/GCE 0.1-51.0 75.0 47
MWNTSs'/3-CD//GCE 0.4-1000.0 0.2 48
MnO,@FBPC/CILE 0.008-700.0 0.00267 This work

“ Poly(p-aminobenzene sulfonic acid). ” Glassy carbon electrode.
° Graphene. ? Nickel nanoparticle-graphene oxide. ¢ Cuprous-oxide-
Au nanoparticles. / N-doped graphene. ¢ Au-Ag nanoparticles.
" palladium phthalocyanine-multiwalled carbon nanotube. ' Multi-
wall carbon nanotubes.”’ B-Cyclodextrin.

investigated, as shown in Fig. 4. I,, increased rapidly with the
accumulation time from 0 s to 40 s and then decreased by more
than 40 s, indicating the saturated adsorption of rutin (Fig. 4A).
Simultaneously, I,,, increased with the increase in the accumula-
tion potential from 0 V to 0.4 V and gradually decreased when the
accumulation potential was more than 0.4 V (Fig. 4B). Therefore,
40 s and 0.4 Vwere chosen as the optimal accumulation conditions
in the subsequent experiments.

3.6 Calibration curve

Differential pulse voltammetric (DPV) curves of different rutin
concentrations on MnO,@FBPC/CILE are shown in Fig. 5A. The

oxidation peak currents increased with rutin in two concentra-
tion ranges, i.e., from 0.008 to 100.0 pmol L™ " and 100.0 to 700.0
pmol L™". The linear regression equations were calculated as I,
(A) = 0.643C (wmol L") +4.733 (n = 14, v = 0.996) and I, (LA)
= 0.047C (umol L") + 61.095 (n = 4, vy = 0.992) with the
detection limit calculated as 2.67 nmol L™ (3¢). Two different
slopes of the calibration curves could be attributed to the
difference in the activity of the modified electrode surface at low
and high rutin concentrations. At the low concentration range,
a large slope was due to the relatively high ratio of active sites to
the total number of rutin molecules. At the high concentration
range, the active sites decreased in comparison to the total
number of rutin molecules at the electrode surface, leading to
a smaller slope value. The analytical parameters for the elec-
trochemical detection of rutin on different modified electrodes
are summarized in Table 1. The low detection limit was due to
the presence of MnO, on the surface of FBPC with a porous
structure, larger surface area, high conductivity, and excellent
electrocatalytic activity.

3.7 Analytical applications

In order to verify the practicality and reliability of the proposed
sensor, MnO,@FBPC/CILE was applied for the determination of
rutin content in compound rutin tablets (20 mg per tablet) and
human urine by the calibration curve method and standard
addition method. Drug tablets were purchased from Shanxi
Yunpeng Pharmaceutical Ltd. Co. (B080302) and Shanghai
Zhaohui Pharmaceutical Ltd. Co. (090904). A piece of drug
tablet was ground and dissolved in 5.0 mL ethanol to obtain
a 6.02 mmol L™ stock solution. Then, a 100 uL stock solution
was diluted with pH 4.0 PBS in a 10.0 mL calibration tube for

Table 2 Detection of rutin in different samples with MnO,@FBPC/CILE (n = 3)

Sample Labeled (umol L) Found (umol L") Added (umol L™ %) Measured (umol L) RSD (%)  Recovery (%)
B080302 60.20 59.18 20.00 80.67 2.18 107.46
090904 60.20 60.03 60.00 121.96 3.23 103.22
Normal human urine — 0.00 20.00 18.49 4.79 92.45

40.00 42.01 5.95 105.03

60.00 59.05 1.69 98.42

This journal is © The Royal Society of Chemistry 2020
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Table 3 Influence of co-existing substances on 1.0 x 10™> mol L™ rutin analysis

Co-exiting species Concentration (mol L™") RE (%) Co-exiting species Concentration (mol L") RE (%)
KCl 5.0 x 107* 5.18 BaCl, 5.0 x 107* 2.82
NaCl 5.0 x 10°* 2.87 CoCl, 5.0 x 10°* 7.16
CaCl, 5.0 x 107* 2.16 Bisphenol A 1.0 x 107° 6.65
Glucose 5.0 x 10°* 2.87 Ascorbic acid 1.0 x 107° 1.63
Alanine 5.0 x 107* —0.62 Catechol 1.0 x 107° 2.86
Glutamine 5.0 x 107* 2.99 Hydroquinone 1.0 x 10°° 8.03
Uric acid 5.0 x 107* 3.36 Baicalin 1.0 x 107° 6.73
Dopamine 5.0 x 10°* —3.74 Luteolin 1.0 x 10°° 3.07

further detection. Drug samples were also detected by the HPLC
method based on the ref. 49 with the average value as 62.29
umol L™", which was close to the electrochemical data (shown
in Table 2). The human urine sample (from health volunteer)
was collected and the supernatant from the static solution was
removed. Then, 0.1 mL sample was further diluted to 10.0 mL
with pH 4.0 PBS, detected by the proposed procedure with the
addition of a standard rutin solution to test the recovery, which
was in the range of 92.45-105.03%. All the above results
confirmed that MnO,@FBPC/CILE could be efficiently applied
for rutin detection with good accuracy.

3.8 Interferences study

The influence in a number of inorganic ions, amino acids,
glucose, and some flavonoid drugs on the detection of 1.0 x
10> mol L™ ! rutin was also investigated. As shown in Table 3, it
can be seen that higher concentrations (by 50 times) of inor-
ganic ions, amino acids, glucose, uric acid, and dopamine led to
the relative error (RE) less than 7.50%. Similar concentrations of
bisphenol A, ascorbic acid, catechol, hydroquinone, baicalin,
and luteolin had a relative error of less than 8.0%. Therefore,
this MnO,@FBPC/CILE may be used for the analysis of the rutin
content in drug or biological samples.

3.9 Reproducibility, repeatability, and stability

The reproducibility of MnO,@FBPC/CILE was performed by
detecting the 1.0 x 10~> mol L™ " rutin solution. The RSD value
of six parallel measurements with a single electrode was
calculated as 6.98%, indicating the good reproducibility of this
method. In a series of five electrodes prepared in the same way,
an RSD of 2.40% was obtained for the 1.0 x 10~> mol L™" rutin
solution, indicating excellent repeatability. The long-term
stability of MnO,@FBPC/CILE was tested after being stored at
room temperature for a week. The current responses were
retained at 90% of its original signal strengths for the same
rutin solution, which showed long-term stability.

4 Conclusions

The fungus-based biomass porous carbon (FBPC) was prepared
by activation and high temperature carbonization, and the
MnO,@FBPC composite was directly synthesised by a hydro-
thermal method. The morphology, structure, and composition

42346 | RSC Adv, 2020, 10, 42340-42348

of the materials were characterized by SEM, Raman, XRD, and
XPS. The results showed that the MnO,@FBPC composite had
a porous structure, large surface area, good conductivity, and
high electrocatalytic activity. The electrochemical response of
rutin on MnO,@FBPC/CILE was investigated with the electro-
chemical parameters calculated, which exhibited a wider linear
range (0.008-700.0 umol L™ ') and lower detection limit for the
rutin detection, and the method was successfully applied to the
real sample detection. This work extended the usage of biomass
porous carbon and the related composite in the field of
electroanalysis.
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