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Nutrients are an essential part of a balanced, active lifestyle in our body, and it is necessary
to develop a rapid, sensitive, selective and reliable multifunctional sensor for the screening
of nutrients. Electrochemical sensors are proven to be very selective, sensitive for the
determination of nutrients. On the other hand, perovskite types of transition metal and
alkaline earth metal-based catalyst have been received an attention due to their unique
properties. Furthermore, the bimetal-based nanocomposite is more attention the electro
catalyst due to their electrocatalytic ability. Therefore, we aim is to fabricate the carbon-
based perovskite electrocatalyst as robust electrochemical sensor for the determination of

amino acids.
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1. Introduction

The magnetic abrasive finishing (MAF) process is an ultra-precise surface finishing process. Since the
grinding tool of this process is a flexible magnetic brush composed of fine particles, it is possible to realize
the finishing of micro-complex surfaces. However, in the conventional plane MAF process, it is difficult to
restore the original shape of the magnetic brush after deformation, so it is difficult to finish all surfaces. We
propose a dual-pole composite magnetic field magnetic abrasive finishing process. This process places a
magnetic pole above and below the workpiece, and the magnetic field above or below can be changed by
changing the current supplied to the coil. When the magnetic field is periodically changed, the magnetic
cluster will periodically fluctuate accordingly, so that the magnetic cluster can be periodically restored to its
original state. In addition, when finishing complex surfaces, by adjusting the distance between the upper
magnetic pole and the lower magnetic pole from the workpiece, the problem of reduced finishing force when
the distance between the surface and the magnetic pole varies can be reduced. In this study, a dual-pole
composite magnetic field MAF process is proposed, the process principle is elucidated, and the finishing
characteristics of this process using alternating and static magnetic fields are investigated. In addition, the
effect of the gap between the magnetic pole and the workpiece on the finishing characteristics was

investigated.

2. Experimental setup and methods

In this paper, a dual-pole composite magnetic field MAF process is proposed. Two coils are placed above
and below the workpiece, and the required current is supplied to both coils to generate a magnetic field. A
certain amount of magnetic compound fluid is placed between the workpiece and the upper magnetic pole.
Magnetic compound fluid forms magnetic cluster under the action of a magnetic field. The magnetic pole I
and the magnetic pole II can rotate, and the workpiece can reciprocate, which makes the magnetic cluster
and the workpiece move relative to each other, thereby realizing effective material removal.

In order to adapt to different workpieces and explore suitable process parameters, the workpiece table and
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the upper coil can be adjusted in the vertical direction. Through the speed control system, the rotational
speeds of the two magnetic poles can be set separately according to the experimental needs. Linear motor is
used to provide reciprocating motion to the workpiece. The current supplied to the coil is provided by an AC

power supply (PCR1000LA), and can provide voltage and frequency in the range of 1-300 V and 1-999 Hz.

e T
Height adjustment! g Motor I
knob of coil T B, 2 Sight

adjustment
~ W8S knob of worktable

— forable pE—

Speed control system

T
Y

Figure 1: Experimental setup.

3. Experimental conditions
Table 1: Experimental conditions.

SUS304 stainless steel plate
100x100x1 mm
Electrolytic iron powder, 149 pm
inmean dia:3 g
WA#10000:1 g
Oily grinding fluid (Honilo 988):

Workpiece

Magnetic particles

Abrasive particles

Grinding fluid 1 ml
Rotational speed of pole I 350 rpm
Rotational speed of pole I 350 rpm

Feed speed 1 mm/s

Reciprocating stroke 40 mm
Number of loops 40(Single 10)

Working gap with pole I 2 mm
Working gap with pole IT 1.5, 10 mm

Current

Alternating current: 1.9 A
(Average). Frequency: 1 Hz;
Direct current: 1.9 A (Average);

The experimental conditions are shown in Table 1. SUS304 stainless steel plate as the workpiece. Use
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magnetic particles with an average diameter of 149 pym and WA#10000 abrasive particles and 1ml of oily
grinding fluid to form the magnetic finishing fluid. The rotational speed of pole I and pole II was set at 350
rpm. The working gap between the workpiece and the magnetic pole I is 2 mm. The stroke of the workpiece
is 40 mm, and the feed rate is 1 mm/s. Therefore, the finishing time of a loop is 80s. The workpiece is cleaned

and measured every 10 loops. 40 loops of finishing were performed.

4. Experimental results and discussion

The experimental results are shown in Figure 2. After finishing 30 cycles in the alternating magnetic field,
the surface roughness has reached the best state under the current conditions. Surface roughness improved
from 362 nm to 9.8 nm. After 40 cycles, the surface roughness improved from 362nm to 8.8nm in the
alternating magnetic field, and from 368 nm to 13.4 nm in the static magnetic field. It can be seen that the
surface quality is easier to reach the best state in the case of alternating magnetic field. At the same time,
according to the amount of material removal, it can be seen that the alternating magnetic field is higher than
the static magnetic field. Therefore, higher finishing efficiency and better surface quality can be obtained in
the case of alternating magnetic field. Figure 3 shows the 3D model of the workpiece surface after finishing.
It can be seen that under the current experimental conditions, the workpiece surface has little difference after

40 cycles, but the surface quality is slightly better in the case of AC than DC.

—e—ACRa —e— DCRa
- @& —-ACM - @& -DCM
400 90
350 80
2 300 0
& 250 0 5
@ 50 'S
o 200 5 -
| a0 2 " 289 3D Hose) -
g 150 30 - I-:-lEIOOD
g 100 20 B I
& =
5 50 10 = |
[0}
0 0
0 10 20 30 40
Loops
Figure 2: Variations in surface roughness and material Figure 3: Surface topography of worlpiece
removal. after finishing.

Figure 4 shows the effect of the gap between pole II and the workpiece on the finishing characteristics. As
the gap increases, the finishing efficiency decreases. This is because the magnetic field weakens as the gap
increases. Figure 5 shows the measured magnetic flux density at the pole axis at different working gap.
According to the measurement results, as the gap increases, the magnetic flux density decreases. Furthermore,

the finishing force is reduced. Therefore, finishing efficiency decreases.
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—e—]mmRa ——5mmRa —=—10mmRa
—e-]lmmM =-=+-5mmM -=2-10mmM
100

o0
(=]

Material removal M (mg)

=]

0 10 20 30 40
Loops

Figure 4: Effect of working gap on finishing characteristics.

! B (mT) B (mT) B (mT)
500 500 500
0 0 0
-50 -500 -500
0 1 2s 0 1 2s 0 1 2s
(a) Measuring position (b) Gap: 1 mm (c) Gap: 5 mm (d) Gap: 10mm

Figure 5: Magnetic flux density measurement.

5. Conclusion

In this study, a dual-pole composite magnetic field MAF process is proposed, and the process principle is
clarified. According to the experimental results, in the case of alternating magnetic field, higher finishing
efficiency and better surface quality can be obtained. As the working gap increases, finishing efficiency

decreases. The surface roughness of the workpiece was improved from 362 nm to 8.8 nm after 40 loops of

finishing.
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1. Introduction

Amino acids are playing a vital role in human biological system and pharmaceutical industries. L-
tryptophan (Trp) is one of the most important amino acids contributing to an energetic physiological function
in the biological system. Furthermore, it is highly related with the human metabolism and physiological
functions. However, excessive Trp may also produce toxic waste in the brain, causing delusions and
hallucinations. Hence, the monitoring the level of Trp is great importance in food and biological samples.
Several analytical methods have been studied for the Trp sensing [1, 2]. Among them, the electrochemical
method is a robust, low-cost, high sensitivity and easy to use. Therefore, I synthesized an electrocatalyst via

simple co-precipitation method for the enhanced electrochemical sensor towards Trp sensing.

Over the past years, perovskite types of metal oxide-based catalyst have been received an incredible
attention because of their electrocatalytic properties and widely used in numerous applications. Perovskite-
type oxide material has general formula ABO; and A2BO4, where A is a larger rare earth metal cation having
cuboctahedral coordination with oxygen atoms and B is a smaller transition metal ion having octahedral
coordination with oxygen atoms. Importantly, there have been a scarce report on electrochemical sensing of
amino acids based on strontium manganese oxide (SMO) [2]. To improve the stability and conductivity of
the perovskite-type oxides, carbon-based matrix including carbon nanotube (CNT) or graphene have been
used. The present research is to develop a novel SMO/functionalized-multiwall CNT (F-MWCNT)
nanocomposite using co-precipitation followed by sonication methods. It was exploited to setup a sensitive
and non-enzymatic sensing platform for the finding of a-amino acid. The SMO/F-MWCNT nanocomposite
was characterized by several analytical techniques. Significantly, the nanocomposite displays an enhanced
electrocatalytic activity towards the a-amino acid especially Trp. The selectivity, stability and reproducibility

of the established sensor have been studied.

2. Experimental section
The monosodium dihydrogen phosphate and disodium hydrogen phosphate mixed in distilled water and
used as electrolyte phosphate buffer solution (PBS: 0.1 M, pH 6.0). In order increase the solubility and

reactivity of MWCNT functionalization was performed by using acid oxidation functionalization method [3].
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Bimetal-type of SMO nanoparticles were prepared by a co-precipitation method. In a typical experiment,
a stoichiometric composition of strontium nitrate and citric acid was dissolved in ultrapure water and ethylene
glycol together, and these solutions were mixed and stirred at room temperature (RT) to get clear solution.
Manganese nitrate was added, and continued the stirring for about 30 min. Potassium hydroxide was
dissolved in ultrapure water and then added to the solution until basic pH under stirring. The formed
precipitate was washed with ultrapure water several times and centrifuged at RT. The obtained product was
dried and calcined at 900 °C for 3 h in a muffle furnace to obtain pure perovskite phase.

SMO/F-MWCNT nanocomposite was prepared by simple sonication followed by stirring. First, SMO and
F-MWCNT were dispersed in distilled water by sonication, separately. The solutions were mixed and stirred
for 6 h at RT. Then solvent was evaporated by continuous heating with stirring. The resulting precipitate was
again dried overnight in a hot oven to remove any unevaporated water.

To study the molecular structure and average crystalline size of SMO, F-MWCNT, SMO/F-MWCNT, X-
ray diffraction (XRD) studies were carried out using a Rigaku Ultima IV X-ray diffractometer. The surface
morphology of the samples was analyzed using field-emission scanning electron microscopic analysis
(FESEM, Hitachi S-4500) and elemental composition was identified by energy dispersive X-ray micro
analyzer (EDX) (Horiba EMAX-5770). The electrochemical behavior for determination of Trp was examined
by using cyclic voltammetry (CV, Electrochemical workstation, ALS CHI 660E analyzer) and linear sweep
voltammetry techniques (LSV). A three-electrode system was applied for the electro-chemical studies,
including a reference electrode of Ag/AgCl (sat. KCl), a platinum electrode (PE) a working electrode, and a
platinum wire as a counter electrode.

Prior to modification, the nanocomposite was dispersed in water by simple ultrasonication process. Then,
dispersed solution was drop cast on the PE surface, followed by drying at RT. Furthermore, the same product
was applied to fabricate the control electrodes. Finally, the fabricated electrodes were applied for the

electrochemical determination of Trp.

3. Results and discussion
XRD and FE-SEM analysis

A XRD pattern of the prepared SMO was matched with the Sr;Mn4O 5 crystallinity in monoclinic system
with a space group of P21/c, indicating the successful formation of SryMn4O;s having high crystalline.
Besides, the F-MWCNT exhibited the diffraction peaks assigned to carbon. The XRD of SMO/F-MWCNT
shows both SMO and F-MWCNT diffraction peaks, which confirms the formation of nanocomposite.

The size and shape of the prepared SMO, F-MWCNT and SMO/F-MWCNT were characterized by the
FE-SEM studies. Fig. 1 shows the FE-SEM micrograph of SMO (a, b), F-MWCNT (c-d), SMO/F-MWCNT
(e-f) at various magnifications, elemental mapping (g-j) and EDX (k) spectrum of SMO/F-MWCNT nano-
composite. SMO shows the flake-like structure with uniform arrangement. From the F-MWCNT image, no
sign of structure destruction over the exterior of MWCNTSs was observed. The SMO/F-MWCNT composite

showed both SMO and F-MWCNT structures with uniform arrangement, which confirms there is no altera-
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tion in the shape and size of SMO and F-MWCNT after the composite formation. The elemental composition
of SMO/F-MWCNT nanocomposite was analyzed by EDX (Fig. 1(g-k)). The elemental mapping results
validate that the uniform distribution of each element in the SMO/F-MWCNT nanocomposite.
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Fig.1 FE-SEM micrograph of SMO (a, b), F-MWCNT(c-d), SMO/F-MWCNT (e-f) at various magnifications,
elemental mapping (g-j) and EDX (k) spectrum of SMO/F-MWCNT nanocomposite.

Electrochemical Behavior of Trp at SMO/F-MWCNT modified PE

The electrochemical properties of the Trp (100 uM) were investigated at different modified electrodes such
as SMO/PE, F-MWCNT/PE and SMO/F-MWCNT/PE by CV in PBS. The bare electrode exhibited low
oxidation peak current towards Trp. Moreover, the oxidation peak current was increased for PE modified
with SMO and F-MWCNT. Interestingly, the lowest oxidation potential and excellent anodic peak current
were obtained at SMO/F-MWCNT/PE (Fig. 2 (A)). Therefore, the nanocomposite showed improved electro-
chemical performance towards Trp oxidation originated from the synergistic activity of SMO/F-MWCNT
nanocomposite. The electrochemical oxidation of Trp was evaluated by CV with SMO/F-MWCNT modified
PE in the presence of 100 uM Trp containing various pH (PB) solutions from 3-11. Upon increasing the pH,
the anodic current increased up to pH 6.0 and then decreased at the higher pH ranges. Furthermore, the higher
anodic peak current was obtained at pH 6.0. Therefore, pH 6.0 was selected further sensor studies. For the
effect of concentration of Trp, it was found that the anodic peak current increased linearly with the increase
of Trp concentration in the range of 40- 120 uM . This result suggests that the excellent performance of the
SMO/F-MWCNT modified electrode without fouling. For the effect of scan rate, CVs of SMO/F-MWCNT
modified electrode in a 100 uM Trp-containing 0.1 M PB solution at pH 6.0 was performed (Fig. 2 (B)). The
oxidation peak current of Trp increases with increasing the scan rates from 20 to 200 mV/s, and has a linear

relationship with the square root of the different scan rates. This result is preferable when the electrochemical
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oxidation of Trp at SMO/F-MWCNT/PE is a diffusion controlled process. LSV response of SMO/F-
MWCNTY/PE to successive addition of Trp was performed. The anodic peak current was increased with
consecutive addition of Trp. The SMO/F-MWCNT/PE has linear LSV response to Trp concentration between
2.6 and 386 uM with detection limit of 0.02 pM. These results confirm the good electrochemical performance
of the SMO/F-MWCNT modified electrode for the detection of Trp.
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Fig.2 CV of solution containing for 100 uM L-Trp in 0.1 M PBS (pH 6.0) (A) at bare PE, SMO/PE, F-
MWCNT/PE and SMO /F-MWCNT/PE at 50 mV/s in the presence of N> and (B) at SMO/F-MWCNT/PE
with the different scan rate from 20-200 mV/s

4 . Conclusion

The SMO/F-MWCNT was carefully synthesized by a facile co-precipitation followed by sonication
method. As-prepared SMO, F-MWCNT and SMO/F-MWCNT were characterized by XRD, FE-SEM and
EDX analysis. The obtained results confirmed the formation of SMO, F-MWCNT and SMO/F-MWCNT.
The as-prepared SMO/F-MWCNT was utilized as an electrocatalyst for the detection of Trp by CV and LSV
techniques. Moreover, the SMO/F-MWCNT modified electrode showed an outstanding electrocatalytic
activity with a higher current response in the oxidation behavior of Trp. The low-level detection of Trp was
performed using LSV was found to 0.02 uM. In addition, the proposed sensor exhibits good reproducibility,

and stability for the effective determination of Trp.
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Sawdust waste from the Sengon wood industry in Indonesia

In Java island, Indonesia, the Sengon (Falcataria molucana) (Figure 1) wood industry has grown rapidly
since the 1990s. Currently, approximately 130 wood industries in Java are using Sengon wood as a raw
material for producing wood products, such as plywood, barecore, block-board, and others. Sawdust waste
derived from wood processing was one of the big problems in the wood industry after the early 90's. Since
the number of mushroom baglog farmers increased after the 2000's, the Sengon sawdust waste can be utilized
as a medium for mushroom cultivation.
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Figure 1. Photographs of the Sengon tree (right), the sengon wood industry (middle), and sawdust waste
from the wood industry (right)

Mushroom farming using baglog in Yogyakarta, Indonesia

Mushroom farming in Yogyakarta, Indonesia began around 1995. So, farming activities related to
mushrooms are still a new challenge. In the early period of mushroom farming in Yogyakarta, the training
of mushroom production for farmers in the community was conducted by the Department of Agriculture,
Food and Fisheries of Sleman Regency, Yogyakarta, Indonesia with support from a foreign party, namely
Taiwan. Unfortunately, some local farmers unfamiliar with mushroom farming were given training and seed
assistance, so they needed help to make baglogs and cultivate mushrooms. Although it is a new activity,
mushroom farming is rapidly distributed to local communities. In 1995, there was only one pioneer farmer
whom one other farmer followed, but in the 2000-2010 decade, many mushroom farmers began to emerge.

Currently, there are at least 30 baglog makers in Yogyakarta. Although the makers of the baglog are also
mushroom farmers, many did not make baglogs by themselves. This means that these mushroom farmers
buy baglog from baglog makers and cultivate the baglog in their respective places to harvest mushroom fruit
bodies. The scale of this mushroom farming is from small (only maintaining 200 to 1000 baglogs) to large
scale (maintaining more than 30,000 baglogs). The species of mushrooms cultivated are oyster (Pleurotus
ostreatus), ear (Auricularia polytricha), and reishi (Ganoderma lucidum) (Figure 2). There are 58 tons per
year of mushroom production from Sleman Regency. Of total mushroom production, 90% of them are Oyster
mushrooms. Besides Oysters and Ears, there are also Reishi mushrooms whose market is quite open as raw
materials for making medicines.
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Figure 2. Photographs of fruiting bodies of Oyster mushroom (left), Ear mushroom (middle), and Reishi
mushroom (right)

Searching the alternative wood species for mushroom media

The increase in the number of mushroom farmers has also resulted in an increase in demand for Sengon
sawdust, coupled with other users of Sengon sawdust, such as for horse stalls and fuel for the coconut sugar
processing industry. Currently, mushroom farmers are challenged to obtain Sengon sawdust. Therefore, we
try to analyze various sawdust from other wood species, such as Mango (Mangifera indica); Mohogani
(Switenia mahagoni), Rpsewood (Dalbergia latifolia), and Jackfruit (Artocarpus heterophyllus) which are
also produced by the wood industry in the Yogyakarta region. In addition, the use of non-commercial species
of wood from the Leguminoceae family, such as Gamal (Gliricidia sepium), Johar (Senna siamea), and
Lamtoro (Leucaena leucocephala), for mushroom cultivation media as a substitute for Sengon sawdust. We
have checked the growth rate and glucosamine content as indicators of mycelia amount in media.
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Figure 3. The glucosamine content of Shiitake mushroom on media consisted of four wood species from
Indonesia

The results show that Mango and Mahogany sawdust are two promising sawdust to replace Sengon sawdust.
Moreover, if extraction is carried out before use, the amount of mushroom mycelia that grows can increase
up to three times. In addition, when using non-commercial fast-growing tree species from the Leguminoceae
family, Gamal wood is a species that can replace Sengon (Figure 3).

Concluding remarks

Many other wood species still need to be analyzed for their possibility as mushroom cultivation media. This
challenge still needs to be solved to find out the optimal results of utilizing sawdust waste from the wood
industry for mushroom cultivation media.
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