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Abstract In the curcumin compound there are aromatic compounds that have electronic spins on each side of the 

benzene. In previous research, the concentration of curcumin and H2O as coatings on copper coils could provide 

physical changes to the characteristics of copper coils, namely increasing the strength of the magnetic field and 

increasing the electric current in the coil. The fuzzification process can be described using membership variables 

with concentrations of curcumin and H2O as input, magnetic field strength and current as output. It is known that 

the greatest concentration of curcumin indicates increased magnetic field strength and electric current. 

Simulation of the aromatic spin on the curcumin compound as an Op Amp shows that the highest curcumin 

concentration value results in an increase in the output voltage (Vout). 
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1. INTRODUCTION 

Modern synthetic biology has been reinvented as an engineering discipline to design 

new organisms as well as to better understand fundamental biological mechanisms. Here, we 

review six principles of living systems and how they compare and contrast with engineered 

systems.[1] One technology that can be represented by biological behavior is electronic 

instruments. Several electronic circuit designs and devices including oscillators[2], latches, 

logic gates, logarithmic linear circuits, and load drivers were designed and ported to biological 

systems and applications[3]. However, operational amplifiers (OpAmps), which are the 

fundamental and most popular electronic devices in negative feedback and regulation loops[4], 

have never been transferred to biology. Here we demonstrate the design and construction of a 

biological operational amplifier (Bio-OpAmp), which achieves precise, robust, and 

controllable molecular homeostasis through three stages of amplification and global negative 

feedback. Homeostasis is a ubiquitous phenomenon in biological systems with broad 

applications in biotechnology and medicine [5]. OpAmp implements a simple circuit building 

block in which the voltage difference of the two control inputs is amplified with a large gain 

and reported at the output terminal. This simple circuit becomes very powerful when connected 

to components in a negative feedback loop. In such a configuration, it enables powerful and 

precise analog computing such as weighted summation, inverting and non-inverting 

amplification, as well as integration despite variations in OpAmp parameters[6]. 
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Fig. 1. Energy path in the aromatic ring of benzene  

In Fig.1, the aromatic benzene ring in curcumin compounds in general, cyclic polyenes 

are only closed shell (each electron paired up) and extra stable for with (4n+2)  electrons 

(n=0,1,2…). These special molecules have the highest delocalization energies and are said to 

be aromatic. For benzene this is the energy by which the delocalized electrons in benzene [7]–

[9] are more stable than those in three isolated double bonds. In experiments with coating 

concentrations of curcumin onto copper coils, it was proven that curcumin compounds can 

increase the strength of the magnetic field and electric current in the coil. This is due to the 

electron spin in the aromatic ring of the curcumin element which generates electrons on each 

side of the . 

 

 

 

 

 

 

 

 

 

Fig 2. Energy level of the aromatic benzene ring in  

curcumin for 6 orbital members 

Each p orbital overlaps equally with both adjacent orbitals creating a cyclic overlap 

involving all six p orbitals[10]–[12]. This allows the p orbitals to be delocalized in elongated 

molecular orbitals around the ring allowing more overlap than obtained from the linear 1,3,5-

hexatriene equivalent. For this to happen, of course, the ring must be planar– otherwise the p 

orbitals cannot overlap properly and benzene is known as a flat molecule. The electrostatic 



 
 
 
 

e-ISSN : 3031-996X, p-ISSN 3031-9951 Page 262-271 

 

potential map of benzene, shown below, shows that the pi electrons are evenly distributed 

around the ring and each carbon is equal.  The plus and minus signs shown in the diagram do 

not represent electrostatic charges, but refer to the phase signs in the equations that describe 

these orbitals (in the diagram, the phases are also color coded). When phases correspond, the 

orbitals overlap to produce a general region of similar phases, with the orbital that has the 

greatest overlap (e.g. π1) having the lowest energy. The remaining carbon valence electrons 

then occupy these molecular orbitals in pairs, resulting in a set of completely filled bonding 

molecular orbitals (6 electrons) [7], [11].In Figure 1.2, the curcumin molecule is constantly 

spinning, producing energy that flows through the bonds in a stable manner. This can be 

illustrated that the energy is assumed to be an inverting and non-inverting op Amp adder. Op 

Amps ideally have infinite input impedance and gain and output impedance equal to zero. In 

fact, op amps have quite large input impedance and gain and small output impedance[13] . 

 

 

 

 

 

 

 

Fig. 3. (a) Inverting Op Amp, (b) Non Inverting Op Amp 

In the op amp in Figure 3(a), this type of amplifier has a special characteristic, namely 

that the output signal has a phase difference of 180. An ideal amplifier has the condition that 

the input voltage = 0 and the input impedance is infinite.  The strengthening formula is [9], 

[14], [15]: 

I1+ If = I(-)      (1) 

Where the  i(-) = 0, then : 

𝐼𝑓 = −𝐼1      (2) 

𝐼𝑓 =
𝑉𝑜𝑢𝑡

𝑅𝑓
      (3) 

𝐼𝑖𝑛 =
𝑉𝑖𝑛

𝑅𝑖
      (4) 

Equation (3) and (4) substituted into: 

𝑉𝑜𝑢𝑡

𝑅𝑓
=

𝑉𝑖𝑛

𝑅𝑖𝑛
       (5) 

𝑉𝑜𝑢𝑡 = −
𝑅𝑓

𝑅𝑖𝑛
 𝑉𝑖𝑛      (6) 
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The (-) sign indicates that there is a reversal at the output or that it has a phase difference 

of 180 with the input. In Figure 3b, the output signal of this non-inverting amplifier is in phase 

with the input signal. As in the inverting amplifier, the ideal gain is if the input voltage = 0 

volts and the input impedance is infinite, so that the circuit can be stated. 

V(-) = V(+) = Vin     (7) 

𝐼𝑓 =
𝑉𝑜𝑢𝑡−𝑉𝑖𝑛

𝑅𝑓
      (8) 

𝐼𝑖𝑛 = −
𝑉𝑖𝑛

𝑅𝑖𝑛
      (9) 

Equations 8, 9 are substituted: 

𝑉𝑜𝑢𝑡−𝑉𝑖𝑛

𝑅𝑓
=

𝑉𝑖𝑛

𝑅𝑖𝑛
      (10) 

𝑉𝑜𝑢𝑡 = (
𝑅𝑓

𝑅𝑖𝑛
+ 1) 𝑉𝑖𝑛     (11) 

 

2. METHOD 

The research method is to carry out (a) experiments on preparing curcumin and H2O 

compounds at percentage concentrations of 100%:0%, 90%:10%, 80%:20%, 70%:30%, 

60%:40%, 50%:50 %, 40%:60%, 30%:70% and 20%:80%, 10%:90% with a volume of 100 ml 

each. Then measure the output voltage value of each concentration. Next, prepare the circuit 

as in Figure 3 below. (b) Simulate the circuit with Multisim 14.0 as in Figure 3, (c) 

Fuzzification the concentration of curcumin on the influence of strong magnetic fields and 

electric currents in the copper winding. 

 

 

 

 

 

                a           b 

Fig. 4. Method of measuring voltage of curcumin concentration[16], [17],  a. Voltage 

measurement of curcumin concentration with a voltmeter; b. Testing voltage adders 

with Op Amps 
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Figure 5. Modeling of Curcumin and an Inverting OpAmp Adder [18] 

Fuzification Method  

Describe the effect of Curcumin:H2O concentration on the influence of magnetic field 

strength and current values in the copper coil, simple fuzzy logic can be used, which can 

describe curcumin and H2O as input and magnetic field strength and current as output. Fuzzy 

variables in input and output use categories: NB (Negative Big), NS (Negative Small), Z 

(Zero), PS (Positive Small) and PB (Positive Big).[19],[20] 

 

 

 

 

 

 

 

 

 

 

Figure 6. (a). FIS Editor Membership, (b) Fuzzy Variable 

 

3. RESULTS AND DISCUSSION 

From the method based on Figure 5, the voltage measurement results obtained at the 

concentration of Curcumin: H2O: (100%:0) shows a voltage value of 0.85 volts, 80%:20% 

shows a value of 0.65 volts, 60%:40% shows a voltage value 0.45 volts, at a concentration of 

40%:60% shows a voltage value of 0.30 volts and at a concentration of 20%:80 shows a voltage 

value of 0.20 volts. Calculations based on Figure 5 can be analyzed using equation (2): 

𝑉𝑜 = − [
500

100
𝑥 0.65] = 3.25 volt 
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𝑉𝑜 = − [
500

100
𝑥 0.45] = 2.25 volt 

𝑉𝑜 = − [
500

100
𝑥 0.30] = 1.50 volt 

𝑉𝑜 = − [
500

100
𝑥 0.20] = 993,706 mV 

From the voltage measurements (Vout) in the multisim simulation in Figure 5, the 

following table can be seen: 

Table 1. Vout measurement results using Multisim simulation 

Cur H2O 
Vin 

(volt) 

Vout 

(volt) 

100% 0 0.72 3,60 

90% 10% 0.70 3,50 

80% 20% 0.65 3,25 

70% 30% 0.55 2,75 

60% 40% 0.45 2,24 

50% 50% 0.35 1,75 

40% 60% 0.30 1,49 

30% 70% 0.22 1,10 

20% 80% 0.20 0,99 

10% 90% 0.09 0,45 

0% 100% 0 0 

From the calculation results of equation (2) and the results of multisim measurements, 

it shows that the highest concentration of curcumin:H2O (100%: 0%) has a Vin value of 0.72 

volts and a Vout OpAmp voltage of 3.60 Volts.  

From the voltage measurements (Vout) in the multisim simulation in Figure 7, the following 

table can be seen:  

Table 2. Vout measurement results using Multisim simulation 

Cur H2O 
Vin 

(volt) 

Vout 

(volt) 

100% 0 0.72 2,679 

90% 10% 0.70 2,677 

80% 20% 0.65 2,675 

70% 30% 0.55 2,674 

60% 40% 0.45 2,672 

50% 50% 0.35 2,671 

40% 60% 0.30 2,670 

30% 70% 0.22 2,660 

20% 80% 0.20 2.654 
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10% 90% 0.09 2,500 

0% 100% 0 2,000 

Fuzzy Process Results  

The rules used in fuzzy can be seen in the following table 3 [23]: 

Table 3: Fuzzy Rules for Concentration of Curcumin:H2O in copper and  

Magnetic Field -Current Output 

Curc-H2O 

 

B-I 

NB NS Z PS PB 

NB NB NB NB PS PB 

NS NS NS NS PS PB 

Z Z Z Z PS PB 

PS Z Z Z PS PS 

PB Z Z Z PS PS 

B = magnetic field,  I = Current 

From the applied fuzzy rules, it shows that the highest concentration of Curcumin:H2O 

results in the value of the magnetic field strength and electric current increasing by the same 

percentage. For more details, see the following rule: 

 

 

 

 

 

 

 

 

Figure 7. Fuzzification Rules Curcumin Concentration:H2O 

From Figure 8, it can be stated that the largest percentage of curcumin compared to 

H2O produces the largest values of magnetic field strength and electric current. From the fuzzy 

rules, the value of curcumin concentration: H2O produces a linear magnetic field strength and 

current which has a linear percentage increase, as in table 4. 
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Table 4: Curcumin:H2O Concentration and Magnetic Field and Current values 

Concentration  
Magnetic Field 

(B)  

Current(I) 

 
Curcumin (%) H2O  

(%) 

10 90 0,500 0,500 

20 80 0,500 0,500 

30 70 0,500 0,500 

40 60 0,500 0,500 

50 50 0,510 0,510 

60 40 0,511 0,507 

70 30 0.624 0,620 

80 20 0.756 0,756 

90 10 0.797 0,797 

100 0 0.920 0,922 

Figure 8 shows the surface of the fuzzy logic process of the fuzification process of 

Curcumin:H2O concentration on magnetic field strength (B) and electric current (I). 

 

 

 

 

 

(a)                       (b) 

Figure 8. Surface Fuzification Concentration of Curcumin:H2O,  

(a) Magnetic Field Strength effect, (b) Electric Current Effect  

From the explanation regarding the implementation of the curcumin:H2O concentration 

add with Op Amp, it can be proven by the results of voltage measurements at liquid curcumin 

concentrations and simulations using Multisim prove that the largest curcumin concentration 

produces the largest Vout. In the fuzification process, by determining several membership 

variables it was found that the highest concentration of curcumin produced the highest values 

of magnetic field strength and electric current in the copper winding.  

The implementation of the use of curcumin concentration on copper, which is simulate 

with  OpAmp as biomaterial elements, this is still a preliminary study that needs to be discussed 

further to examine more deeply the benefits of curcumin concentration in increasing the 

efficiency of magnetic field strength in copper coils in electronic applications. 
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4. CONCLUSION  

The aromatic ring in curcumin has rotating electrons on each side, and the electron 

donation in the copper winding. The electron donation from the two aromatic rings is added 

with Op Amp  which can strengthen the output voltage in the copper winding. The largest 

percentage concentration of curcumin produces increased current values and also the strength 

of the magnetic field around the live copper coil. 

 

5. ACKNOWLEDGEMENTS    

The author would like to thank the promoters who have guided me, the engineering 

faculty laboratory for all its facilities, and the financial assistance from the LPPM Univeristas 

Islam Lamongan. 

 

REFERENCES  
[1] J. Ali, J. Najeeb, M. Asim Ali, M. Farhan Aslam, and A. Raza, "Biosensors: Their 

Fundamentals, Designs, Types and Most Recent Impactful Applications: A Review," J. 

Biosens. Bioelectron., vol. 08, no. 01, pp. 1–9, 2017, doi: 10.4172/2155-6210.1000235. [2] B. 

A. Bartley, K. Kim, J. K. Medley, and H. M. Sauro, "Synthetic Biology: Engineering Living 

Systems from Biophysical Principles," Biophys. J., vol. 112, no. 6, pp. 1050–1058, 2017, doi: 

10.1016/j.bpj.2017.02.013. 

 [3] W. Batista-Silva, P. da Fonseca-Pereira, A. O. Martins, A. Zsögön, A. Nunes-Nesi, and W. 

L. Araújo, "Engineering Improved Photosynthesis in the Era of Synthetic Biology," Plant 

Commun., vol. 1, no. 2, 2020, doi: 10.1016/j.xplc.2020.100032.  

[4] L. T. Collins and D. T. Curiel, "Synthetic Biology Approaches for Engineering Next-

Generation Adenoviral Gene Therapies," ACS Nano, vol. 15, no. 9, pp. 13970–13979, 2021, 

doi: 10.1021/acsnano.1c04556.  

[5] BioBuilder, "BioBuilding: Synthetic Biology for Students." 

[6] V. Grubelnik, B. Dugonik, D. Osebik, and M. Marhl, "Signal amplification in biological 

and electrical engineering systems. Universal role of cascades," Biophys. Chem., vol. 143, no. 

3, pp. 132–138, 2009, doi: 10.1016/j.bpc.2009.04.009. 

 [7] E. Matito, "Electronic Aromaticity Index for Large Rings," 2016, doi: 

10.1039/C6CP00636A. 

 [8] R. Mancini, "Op Amps for Everyone," 2017, doi: 10.1016/B978-0-12-811648-7.01001-3.  

[9] J. J. Y. Teo and R. Sarpeshkar, "The Merging of Biological and Electronic Circuits," 

iScience, vol. 23, no. 11, p. 101688, 2020, doi: 10.1016/j.isci.2020.101688.  

[10] H. Matsui, K. Hayasaka, Y. Takeda, R. Shiwaku, J. Kwon, and S. Tokito, "Printed 5-V 

organic operational amplifiers for various signal processing," Sci. Rep., vol. 8, no. 1, pp. 1–9, 

2018, doi: 10.1038/s41598-018-27205-7.  

https://issn.brin.go.id/terbit/detail/20231010201171247
https://issn.brin.go.id/terbit/detail/20231010171064532


 
 
 
 

Magnetoelectric Studies on Curcumin : Analysis of Voltage and 
 Conductivity in Electrochemical Mediums Based Fuzzy Logic 

271        URANUS - VOLUME 3 NOMOR. 1 MARCH 2025  

 
 

[11] S. A. W. G.E. Bacon, N. A. Curry, "Structure and Stability of Benzene," Libretexs, 1964. 

[Online]. Available: 

https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_(LibreTexts

)/15%3A_Benzene_and_Aromaticity/15.02%3A_Structure_and_Stability_of_Benzene. [12] 

D. J. Raymond, "Magnetic Induction and Inductors."  

[13] S. Mühl and B. Beyer, "Bio-organic electronics—Overview and prospects for the future," 

Electron., vol. 3, no. 3, pp. 444–461, 2014, doi: 10.3390/electronics3030444. [14] M. 

Santhanalakshmi and P. T. Vanathi, "A 1.2V Improved operational amplifier for bio-medical 

applications," vol. 9, no. 4, 2012. 

 [15] V. Šimić De Torres, "Instrumentation Amplifiers for the Measurement of Biosignals," 

2020. 

 [16] G. Patrick, M. Sridhar, and J. Kishore Babu, "Electrical resistivity and setting 

characteristics of some biomaterials," Mater. Today Proc., vol. 44, pp. 2797–2801, 2021, doi: 

10.1016/j.matpr.2020.12.832.  

[17] E. Lab, "Multisim 14 Tutorial," pp. 1–7, 2009.  

[18] C. Liao, M. Zhang, M. Y. Yao, T. Hua, L. Li, and F. Yan, "Flexible Organic Electronics 

in Biology: Materials and Devices," Adv. Mater., vol. 27, no. 46, pp. 7493–7527, 2015, doi: 

10.1002/adma.201402625.  

[19] D. Kraft, G. Bordogna, and G. Pasi, "Fuzzy Set Theory," Encycl. Comput. Sci. Technol., 

pp. 441–458, 2021, doi: 10.1201/9781315115894-44.  

[20] M. I. Dieste-Velasco, "Application of a fuzzy inference system for optimization of an 

amplifier design," Mathematics, vol. 9, no. 17, 2021, doi: 10.3390/math9172168.  

[21] W. Zainal Abidin, E. Siswanto, and W. Wijayanti, "The Effect of Coating Concentration 

of Curcumin: H2O on Copper Winding Characteristic," Eastern-European J. Enterp. Technol., 

vol. 3, no. 6, pp. 42–55, 2023, doi: 10.15587/1729-4061.2023.275727. [22] J. K. Roberge, 

Operational Amplifiers: Theory and Practice. 1975. 

 [23] S. Jain, "Design and simulation of fuzzy membership functions for the fuzzification 

module of fuzzy system using operational amplifier," Int. J. Syst. Control Commun., vol. 6, no. 

1, pp. 69–83, 2014, doi: 10.1504/IJSCC.2014.062805.  

[24] M. Rauhalahti, Quantum Chemical Studies of Ring Currents Of Aromatic Molecules, no. 

November, 2022.  

[25] B. M. Samuel, J. Ling, and J. Sanny, "14.3: Self-Inductance and Inductors." 

 

 


