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Abstract: Shrimp is one of the important protein sources for 

diet. Shrimp has high water content, causing quick spoilage of the 
product and degradation of its quality from post-harvesting to 
end-consumers. The use of formalin to prolong the shelf life of 
shrimp has become a raised issue in the food safety field as 
formalin could have negative impacts on human health. 
Therefore, its use in food products is prohibited. The electrical 
impedance spectroscopy could be used to detect the food additives 
such as formalin in shrimp. This paper discusses the impedance of 
the shrimp after soaked in formalin solution. The shrimp samples 
were soaked in the different concentrations of formalin solution 
and stored for five days. The shrimp without formalin was used as 
a control sample. The electrical properties of the shrimp samples 
were measured using the electrical impedance spectroscopy 
method using frequency from 1 Hz to 1 MHz each day. The results 
show that the impedance of the shrimp decrease with an increase 
of the storage time. The shrimp with formalin experience a slower 
degradation compared to the shrimp without formalin. Higher the 
formalin concentrations (10% - 40%) added to the shrimp causes 
a slower texture change on the shrimp compared to lower 
formation concentrations (1%-5%). The impedance of the shrimp 
decrease with the increase of injected signal frequency. The 
electrical impedance spectroscopy has the potential to be 
developed as a tool in food safety field to detect food additives 
contained in the food to ensure the safety of the food products to 
the consumers.   

Keywords: Electrical impedance spectroscopy, formalin, 
shrimp.  

I. INTRODUCTION 

Shrimp is one of the fisheries and marine products, which 

is a good source of protein besides fish and meat. Shrimp has 
a high protein content (almost 90% from its dry weight) and 
low lipid content, which are beneficial for diet. Shrimp is also 
rich in essential amino acids (leucine, lysine, and 
phenylalanine), macro minerals (calcium, magnesium, 
phosphor, potassium, and sodium), micro minerals (copper, 
iron, manganese, selenium, and zinc), and vitamins (A, D, E, 
B3, and B12). Shrimp is an important anti-inflammatory agent 
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due to its high selenium and docosahexaenoic acid content, as 
well as low saturated fat. Shrimp also beneficial for cardiac as 
it has a low value of atherogenic and thrombogenic compared 
to other non-vegetarian foods. Besides that, shrimp is an 
essential antioxidant source due to its astaxanthin active 
compound content [1, 2]. 

The water content in shrimps was up to 75% per shrimps 
weight [1]. As other fisheries product, the high water content 
causing the shrimps getting rotten quickly and decrease its 
quality since post-harvesting until reach end-consumers [3]. 
The factors affecting a decrease in shrimp quality are the 
effect of environmental changes from its original habitat to a 
new environment, high content of humidity in shrimp body, 
microbial activities in guts, damage during handling, and 
microbial infection during post-harvest handling. This 
damage appears in the form of changing the odour, colour, 
texture, shape, and composition [3].  

Post-harvesting handling, storage and processing also 
cause protein change in the shrimp. The length of storage time 
or high temperature could increase the degradation of myosin 
and actin chains. Many preservation efforts have been made 
to maintain shrimp quality. Degradation of these proteins 
causes an increase in protein solubility during washing. The 
use of ice cube during shrimp storage is one of the strategies 
to maintain shrimp quality [3]. 

Besides preservation using the ice cubes, it has been 
reported the use of formalin in food [4], including in fisheries 
products [5, 6]. Formalin is a 40% formaldehyde solution in 
water, commonly used for specimen preservation [7]. 
Formalin has negative impacts on human health, such as 
causing damage to the liver and kidney, acidosis, depression 
of the central nervous system, and ulcer in gastrointestinal [7]. 
Therefore, formalin is not recommended to be used in foods. 

The formalin content in food could be detected using 
chemical reagents [4] and high-performance liquid 
chromatography (HPLC) analysis [6]. Besides those methods, 
detection of food additives could be performed using 
electrical impedance spectroscopy (EIS) method [8]. This 
method evaluates the electrical properties of biological 
materials by employing a signal within a specific frequency 
range to measure electrical impedances of the materials. The 
resulted spectra are then analyzed using an equivalent 
electrical circuit [9]. The EIS method enables the detection of 
impurities in food, opening further development in the food 
safety field. Several studies have used the EIS method to 
analyze the electrical impedance of trout fish [10], the acidity 
level of citrus juice [11], food additives [9], and quality of fish 
and meat [12].  
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This paper presents a work in analyzing the impedance of 
the shrimps, soaking in the formalin solution with varied 
concentrations using the EIS method.  

II.  MATERIALS AND METHODS 

This work was divided into several steps. The first step was 
preparation of formalin solution with different 
concentrations. The second step was soaking process of the 
shrimp samples in the formalin solutions. The last step was 
the measurement of the electrical impedance of the shrimp 
sample using the electrical impedance spectroscopy method. 

A. Sample Preparation 

This study used white shrimps (Litopenaueous vannamei) 
soaked in the varied concentration of formalin solution. A 
37% formalin solution was used to prepare 200 ml of formalin 
solution with concentrations of 1%, 2%, 3%, 4%, 5%, 10%, 
20%, 30% and 40%. The amount of the 37% formalin 
solution required was determined using equation 1. 

2211 VMVM             (1) 

M1 = concentration of the 37% formalin solution (%) 
V1 = volume of the 37% formalin solution (mL) 
M2 = desired concentration (%) 
V2 = volume of desired solution (mL) 
After measuring its weight and length, the shrimp were 

soaked in the different concentrations of the formalin solution 
for two hours. A 0% formalin solution (only pure water) was 
used as a control. The samples were then drained for three 
minutes to remove excess water from the shrimp body. 

The treated samples were then put at room temperature for 
five days, aiming to evaluate the effect of the storage time on 
the impedance value of the shrimp with the formalin and the 
shrimp without the formalin. The impedance measurement 
was performed in each day from day one to day five. 

B. Measurement of Electrical impedance 

The impedance measurement was performed using the 
Picoscope S5000 type 5422B. This instrument was equipped 
with an AC signal generator, producing signals with a broad 
frequency, ranging from 1 Hz to 20 MHz. The signal 
generator produced 1 Volt voltage. The amplitude and 
frequency of the signal could be adjusted using a Personal 
Computer (PC) connected to the Picoscope.  

The voltage produced by the signal generator was 
converted into the current by the V to I converter. The 
electrical current of 1 μA was injected into the sample through 
the probes, consisting of four needle electrodes. The 
Picoscope has two channels: channel 1 displayed the input 
voltage, while channel 2 displayed the output voltage from the 
measurement of the needle electrodes. The measurement 
setting is showed in Fig. 1. 

 
Fig. 1. The measurement setting of the electrical 

impedance [10]. 
 
The needle electrodes were made of silver, having a 

diameter of 0.7 mm and a length of 15 mm. The distance 
between needle electrodes was 0.5 cm, while the distance 
between the first and the second probes was 1.32 cm. The 
impedance measurement was performed using the frequencies 
from 1 Hz to 1 MHz.  

C. Data analysis 

The results of the measurement were the voltage of each 
measured sample. The measured output voltage was 
peak-to-peak voltage (Vpp). Therefore, the voltage could be 
calculated by dividing the Vpp by factor of 2 as shown in 
Equation 2. 

2ppVV           (2) 

The impedance of the sample was determined using Equation 
3.  

IVZ            (3) 

Z = Electrical impedance (Ohm) 
V = Voltage (Volt) 
I = Injected current (Ampere) 
The electrical impedance was plotted with the frequency to 
evaluate the characteristics of the electrical impedance in each 
sample. 

III. RESULTS AND DISCUSSION 

A. The electrical impedance of the shrimps 

Fig. 2 shows the electrical impedance of the shrimps 
without formalin. Higher the frequency causes a lower 
impedance. The impedance value of the shrimps also 
decreases with an increase in the storage time. 

Texture changes were observed in the shrimp without 
formalin on day 2. It was also found that on day 2 the maggots 
were found in the shrimp. On day 5, the shrimp has become 
rotten, changing its color into blackish-brown color and 
producing a strong unpleasant odor.  



International Journal of Soft Computing and Engineering (IJSCE) 
ISSN: 2231-2307 (Online), Volume-10 Issue-3, November 2020 

12 

 

Retrieval Number: 100.1/ijsce.C34731110320 
DOI:10.35940/ijsce.C3473.1110320 
Journal Website: www.ijsce.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication 
© Copyright: All rights reserved. 
 

 
Fig. 2. The impedance of the shrimp without formalin 

from day one to day five. 
The addition of formalin solution with the concentrations 

of 1% - 5% results in the impedance value shown in Fig. 3a 
(day 1) and 3b (day 5).  

 

 
(a) 

 
(b) 

Fig. 3. The impedance value of the shrimps with 
formalin 1% to 5% on a) day 1 and b) day 5 

On day 1, the shrimp with formalin 5% has the impedance 
value close to the impedance of the shrimp without formalin. 
The shrimp impedance decreases for the shrimp with formalin 
concentrations of 1% - 4%. The effect of giving formalin 
observed on day 5, where the impedance of the shrimp with 
formalin is higher compared to the impedance of the shrimp 
without formalin. Lower the formalin concentration causes a 
lower measured electrical impedance of the shrimp.  

The shrimp soaked in formalin solution experience a 
slower texture change compared to the shrimp without 

formalin. Higher the concentration of the formalin solution 
causes slower changes in the shrimp texture. For example, the 
shrimp soaked in formalin 5% its texture change on day 5. 

The impedance values of the shrimp soaked in formalin 
solution with higher concentrations (10% - 40%) are showed 
in Fig. 4a (day 1) and Fig. 4b (day 5).  

On day 1, the electrical impedance of the shrimp without 
formalin is relatively similar to the electrical impedance of the 
shrimp with formalin. At frequency above 100 Hz, there is the 
dispersion of the electrical impedance of the shrimp with 
formalin. 

 

 
(a) 

 
(b) 

Fig. 4. The impedance of the shrimp with formalin 
concentration of 10% - 40%, a) on day 1, b) on day 5. 
On day 5, there is a difference between the electrical 

impedance of the shrimp without formalin and the shrimp 
with high formalin concentrations (10% - 40%). The shrimp 
without formalin has a lower electrical impedance compared 
to the shrimp with formalin. The reason is the shrimp without 
formation has become rotten on day 5, while the shrimp with 
high formalin concentrations has not become rotten until day 
5. The texture of the shrimp with high formalin concentrations 
does not change until day 4. The added formalin could inhibit 
the microbial growth causing rotting in the shrimp [14]. 
Table-I presents the impedance of the shrimp on day 5 from 
different formalin concentrations for the selected frequencies. 
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Table- I: The impedance of the shrimp on day 5 from 
different formalin concentrations 

Frequency 
(Hz) 

Impedance of the shrimp on day 5 from different 
formalin concentrations (kOhm) 

 0% 1% 5% 20% 40% 

1 651.67 700.32 930.91 941.16 940.55 
10 608.29 638.67 864.14 876.16 856.74 
100 551.51 574.93 766.77 756.00 765.56 
1000 487.41 511.19 669.40 710.50 615.54 
10000 389.29 377.83 572.03 602.00 513.85 
100000 263.96 224.56 306.44 410.00 407.71 
1000000 33.77 33.76 128.93 157.00 152.53 

B. The relationship between impedance and frequency 

It is shown in Fig. 2 to Fig.4 that the impedance value of the 
shrimp decrease with the increase of given signal frequencies.  

The decrease in the impedance is caused by the presence of 
capacitance effects of the cell membrane in the shrimp tissues, 
which acts as barrier between intracellular fluids and 
extracellular fluids. Both of these fluids are rich in ions. 
Extracellular fluids are rich in Na+ and Cl- ions, while 
intracellular fluids are rich in K+ ion and anion from protein 
and phosphates [13,14]. Intracellular and extracellular fluids 
act as conductors modeled as Ri and Re, while cell membrane 
act as a capacitor modelled as Cm [14]. The cell membrane is 
selectively permeable to certain compounds. The lipid bilayer 
components of the membrane do not permeable to the charged 
ions, showing capacitive properties. The presence of the 
membrane protein, which has a function as the channel for 
ions transport in and out of the cell, causing the membrane has 
resistive properties. The value of Ri, Re, and Cm parameters 
depend on the ion content within the cells and their mobility 
during the metabolism process [14]. When the injected 
current has a low frequency, the shrimp body show resistive 
properties. This is because the current flows only outside the 
cells. Therefore, the measured impedance is high. As the 
injected current increases, the ion mobility within the tissue 
increases, causing the conductivity within the tissue also 
increases. Therefore, the value of the measured impedance is 
low. At high frequency, the electrical current flows both in the 
extracellular fluids and intracellular fluids because it 
penetrates the cell membrane. Therefore, the capacitance of 
the membrane could not be neglected at high frequency [8]. 
When the injected current has a very high frequency, the 
impedance value is getting very low. A dramatic decrease in 
the impedance value is observed for the injected current with 
the frequency above 100 kHz. The decrease in the electrical 
impedance of the shrimp at specific frequency range could be 
explained using the Schwan dispersion theory. The 
impedance dispersion observed at a few Hz to kHz is called 
alpha dispersion, which appears due to the polarization 
phenomenon in the lipid bilayer. The impedance dispersion at 
the frequency range from kHz to MHz is called beta 
dispersion, which appears due to the polarization of the 
interface in the system. The beta dispersion is related to the 
dielectric properties of the membrane cell and its interaction 
with the extracellular fluids or intracellular fluids [13]. 

C. The relationship between impedance and storage time 

As the storing time increases, the impedance of the shrimp 
decreases. The longer the storage time might increase the 
possibility of cell membrane damage and causes changes in 

the extracellular and intracellular fluids [13]. The changes in 
the cellular properties affect the electrical properties of the 
shrimp.  The length of the storage time affects meat quality. 
The longer the storage time decreases the meat quality due to 
the decrease of the protein function within the meat. As the 
results of the protein damage, the concentration of ion Na+, K+ 
and Cl- in the extracellular and intracellular fluids increases. 
Consequently, the electrical conductivity within the tissue 
also increases. Therefore, the measured impedance of the 
tissue is getting lower. The decrease of the impedance is also 
affected by the presence of microbes in the shrimp body. As 
the amount of the microbes increase, the measured impedance 
is getting lower. This phenomenon was observed on day 5, 
where the shrimp has become rotten. Formalin addition with 
high concentrations could prevent the presence of the 
microbes in the shrimps. Therefore, the shrimps has a longer 
shelf life. Since formalin bind with protein, the protein could 
not be damaged by the bacteria [14]. This phenomenon was 
observed at the impedance of the shrimp soaked in the 
formalin solution with the concentration of 40%. The 
impedance of the shrimp for the formalin concentration of 
40% is higher compared to the impedance of the shrimp 
soaked in the lower concentrations of the formalin solution.  

This study shows that the EIS method can demonstrate the 
difference in the impedance value between the shrimp with 
formalin and the shrimp without formalin. Future works could 
explore further the potential of the EIS method to be used as 
one tool to detect the presence of food additives, which may 
endanger the consumers besides the chemical analysis 
method.  

IV. CONCLUSION 

Formalin addition to the shrimp affect the electrical 
impedances of the shrimp. Higher the formalin concentrations 
results in a higher impedance compared to lower 
concentrations especially after five days of the storage time. 
The addition of high formalin concentrations causes a slower 
texture change of the shrimp. The impedance is also affected 
by the storage time. The impedance tends to decreases with 
the increase in the storage time, especially for the shrimp 
without formalin. The frequency of the injected current also 
affect the measured impedance. The impedance tends to 
decrease when the frequency of injected current increases. 
The EIS method could be further developed as a tool in food 
safety to ensure that food product received by the consumers 
are free from toxic compounds. 
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