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Terahertz radiation enables nondestructive testing of biological samples, but is challenged by its high absorption in aqueous samples, so
micro�uidic technology is introduced to reduce the absorption. In this study, we designed a special temperature control device and an
electric �eld device for a micro�uidic chip to examine the terahertz spectral characteristics of konjac gum at di�erent temperatures,
concentrations, and electric �eld exposure time using the terahertz time domain spectroscopy system. Results demonstrate that higher
concentrations of konjac gum lead to higher transmission intensity of terahertz radiation and a lower absorption of the radiation. Higher
temperatures of the konjac gum lead to lower terahertz transmittance, and longer exposure time in the electric �eld leads to a lower
transmittance of terahertz radiation and its higher absorption by the konjac gum. At the same time, we explain this phenomenon from
the perspective of micromolecules. �is study provides technical guidance for the detection of konjac gum by terahertz technology.

1. Introduction

Electromagnetic waves in the terahertz (THz) band have a
frequency range of 0.1–10 THz and a wavelength range of
0.03–3mm. �ey mark the transition zone from electronics
to photonics.�e research and applications of THz radiation
are extensive, and the most prominent ones are in THz time
domain spectroscopy (THz-TDS) technology [1, 2]. Several
studies demonstrated that characteristic vibration modes of
numerous biological macromolecules can be detected in the
THz band [3–6]. �ese studies provide conditions for
detecting biomolecules by THz technology. Ju et al. [7] used
THz-TDS system to identify the presence of bt63 transgenic
rice in nontransgenic rice in the range of 0.2–1.6 THz,
principal component analysis was used to extract charac-
teristic data, and the accuracy of sample identi�cation
reached 90%, providing a novel method for identifying
transgenic components in rice. Cao et al. [8] analyzed the
mixture of imidacloprid, carbendazim, and the �our matrix

using the THz-TDS system. �eir results demonstrated that
the THz-TDS system combined with Voigt function �tting
and partial least squares can be used for the quantitative
analysis of various pesticides in agricultural products with a
small correction set. Bian et al. [9] measured the THz ab-
sorption spectra of L-lysine (Lys) and L-lysine hydrate (Lys
H2O) in the range of 0.3–2.5 THz using the THz-TDS system
analyzed the vibration frequencies of Lys and Lys H2O based
on density functional theory and established the single
molecule model of Lys and Lys H2O. �e results demon-
strated that the collective vibration modes of Lys and Lys
H2O at di�erent frequencies were derived from the dihedral
torsion or bond angle bending of di�erent molecular chains
in a single molecule. �ese structural changes of Lys and Lys
H2O can be clearly observed by THz technology. �e studies
demonstrate the large role of THz technology in many �elds.

Water plays a central role in the function of biomole-
cules; therefore, most experiments are performed in an
aqueous solution. �e interaction between hydrated
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molecules in solution involves various biological phenom-
ena, commonly known as hydration [10]. Hydrogen bonds
between water molecules strongly interact with THz waves,
and therefore, water exhibits strong absorption of THz
radiation. Hence, it is di¢cult to examine biological samples
by THz technology. Micro�uidic technology is able to ac-
curately manipulate �uids on the microscale. �erefore, the
combination of THz technology and micro�uidic technol-
ogy can better identify �uid substances and detect their
characteristics. Satti et al. [11] designed a centrifugal
micro�uidic chip to evaluate the chemotaxis of human
neutrophils. Zhang et al. [12] made a micro�uidic chip with
thousands of channels made of silicon and probed the THz
absorption signatures of the microcystin aptamer by using
this chip and a coherent photomixing THz spectrometer.
Experimental results showed that one remarkable signature
around 830GHz repeatedly appeared, which indicated that
the THz spectrometer combined with a micro�uidic chip
can be used as an e�ective label-free technology to detect the
THz spectral characteristics of biomolecules in solution.
Baragwanath et al. [13] developed a micro�uidic unit with Si
as the substrate and tested the transmittance of the
micro�uidic unit by the THz-TDS system.�e experimental
result demonstrated that there were signi�cant di�erences in
the time domain spectra, refractive index, and other pa-
rameters of samples with di�erent concentrations and types.
Cai et al. [14] studied the e�ect of deionized water treated by
an electric �eld for di�erent time periods on THz absorption
intensity by using a sandwich micro�uidic chip. �e results
show that the transmission intensity of the THz wave in-
creases with the time spend within deionized water in the
electric �eld. �erefore, it is feasible to identify substances
and examine their characteristics by the THz spectra based
on a micro�uidic chip.

Amorphophallus konjac is a food with low heat energy,
low protein, and high dietary �ber and is rich in more than a
dozen amino acids and trace elements required by the
human body. As a functional food, konjac has a certain e�ect
on hypertension, obesity, diabetes, and constipation. It is
capable of draining toxins and garbage from the body and
preventing colon cancer. It has multiple physical and
chemical properties, such as water solubility, capability of
thickening, stabilization, suspension, gel, �lm forming, and
bonding, making it a natural health food and ideal food raw
material. Konjac gum is primarily obtained from the tuber of
plant konjac. Konjac glucomannan (KGM) is the unique
primary component of konjac tuber. Figure 1 shows its
molecular structure [15]. It is a high-molecular-weight
heteropolysaccharide formed by D-glucose and D-mannose
in the molar ratio of 1 :1.6 and connected by β-1, 4 sugar
sweet bond and β-1, 3 sugar sweet bond. �e content of
KGM in konjac gum is 44%–64%, and the remainder is
starch and other polysaccharides. Acetyl groups forming
every 9–19 sugar units along the KGM skeleton contribute to
the dissolution of KGM [15]. �e natural KGM exhibits two
structures: one is α-type (amorphous) and the other is β-type
(crystalline). Moreover, KGM, the main component of
konjac gum, is a natural neutral polysaccharide, which can
automatically absorb water and expand into gel solution

after being dissolved in it. It yields an elastic gel after alkali
treatment, forming a thermally irreversible gel. Konjac �our
dissolved in water can form konjac gum, a hydrophilic
colloid. Konjac glucomannan can be used as a thickener,
stabilizer, binder, and gel. It is extensively used in food,
medicine, chemical industry, and other �elds, and its de-
velopment prospects are very extensive. �erefore, research
on konjac gum holds extensive practical signi�cance.
However, there are few papers using THz technology to
study colloids at present, so this study combined THz
technology with micro�uidic technology to study the THz
spectrum of konjac gum. Because the konjac gum solution
used in the experiments is a mixture of konjac �our and
deionized water, THz-TDS andmicro�uidic technology may
be combined to better examine the THz absorption char-
acteristics of konjac gum. �is provides a new method for
the identi�cation of colloids and a technical method for
konjac gum to be better applied to food processing and
chemical detection in the future. Compared with other
technologies, THz waves can detect the characteristic vi-
bration modes of many biological macromolecules, in-
cluding konjac gum, and thus, THz waves can be used to
obtain rich information about the structure and properties
of substances. At the same time, the THz energy is of low
intensity and facilitates nondestructive testing of the sample.

2. Experimental Device

2.1.ExperimentalLightPath. An in-house-constructed THz-
TDS system was used in this work. �e light source is a self-
mode-locked �ber femtosecond laser purchased from
Peking University, with a central wavelength of 1550 nm,
pulse width of 75 fs, pulse repetition rate of 100MHz, and
power of 130mW. �e working principle of the whole
system is as follows: the femtosecond laser is divided into
two beams after passing through the polarized beam splitter
(PBS). One beam is pump light, which is coupled into the
optical �ber photoconductive antenna through the me-
chanical translation platform (bpca-100-05-101550-c-f of
Batop company) to generate THz wave; the other beam is
probe light, which is coupled to another photoconductive
antenna (bpca-180-05-101550-c-f of Batop company) to
detect THz wave. �e fabricated micro�uidic chip is placed

M=Mannose
G=Glucose
Ac=Acetyl,CH3CO
n=Degree of polymerization

CH2OH CH2OH CH2OH

CH2OH CH2OH

OO

O O

O
OOO

O

OH HH

H
H

H

H

H

H

H

H
H

H
H

H H

H
H

H

H

H

H
HH H

HH
H

H

H
H

H
H

H
HH H

HH

HH

OO
OO

OHOHOHOH

OH

OH

OHOH

OHOHOH

OH

CH2OHCH2OCCH3

O

=

β-1,3 linking

β-1,4 linking

—(G-M-M-M M-G-M-G-M-M-G-M-G-M-M-G-M-G-M-M-G-M-G-G-M-M-M-M-G-G-M-M-M)n

GM Ac G—M--Ac

Figure 1: Molecular structure of KGM.
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between two photoconductive antennas. �e THz wave
generated by the THz generation antenna carries the in-
formation of the sample after passing through the micro-
�uidic chip �lled with konjac gum solution, and then, the
THz wave is received by the THz receiving antenna. Finally,
the THz signal is ampli�ed by the phase-locked ampli�er,
and then, the signal is collected and processed by the
computer. A schematic of the experimental optical path is
shown in Figure 2.

2.2. Fabrication of Micro�uidic Chip. In this study, a new
sandwich THz micro�uidic chip is fabricated, which is
mainly composed of three parts: substrate, cover, and
microchannel layer. �e material of substrate and cover is
zeonor 1420R, which is an ideal material for preparing THz
micro�uidic chips. Its transmittance to THz waves can reach
more than 85%, and there is no absorption peak. �e size of
the substrate and cover is 3 cm× 2 cm× 2mm. In addition,
there were liquid inlet and outlet ports on the substrate and
cover, respectively. �e diameter of the liquid inlet and
outlet is 2mm. �e middle is a 50-μm-thick strongly ad-
hering double-sided adhesive, a hollow concave micro-
channel is carved in the middle of the double-sided adhesive,
and the liquid outlet and liquid inlet are �xed at both ends of
the concave microchannel. �e depth of the microchannel is
the thickness of konjac gum solution injected into the
micro�uidic chip. Figure 3 shows the process for preparing
the micro�uidic chip.

In order to test whether the fabricated micro�uidic chip
would be a�ected by temperature, the micro�uidic chip
without injection solution was heated in the range of 20–60,
and it was found that the THz wave transmittance had not
changed, as shown in Figure 4. It can be seen that the
micro�uidic chip designed in this study was not a�ected by
temperature, which provided a guarantee for the smooth
progress of the experiment.�en, the micro�uidic chip �lled
with konjac gum solution was heated. It was found that the
micro�uidic chip had no liquid leakage, indicating that the
chip had a good sealing performance.

2.3.TemperatureControl System. To control the temperature
of the konjac gum, a high-precision temperature control
system was designed. Its manufacturing method is to stick
the micro�uidic chip to a 2-mm-thick iron sheet with
thermal conductive silica gel. A circular hole with a diameter
of 8mm is created on the iron sheet for THz waves to pass
through. At the same time, the temperature sensor is secured
to the same side of the iron sheet using thermal conductive
silica gel. A circular alumina ceramic heating plate with holes
(outer diameter is 40mm and inner diameter is 10mm) is
bonded with thermal conductive silica gel on the other side
of the iron sheet in order to heat the micro�uidic chip. �e
heating plate and temperature sensor are controlled by the
temperature controller (ST700 intelligent PID temperature
controller).�e rated voltage of the temperature controller is
220V, the working frequency is 50–60Hz, and the accuracy
is 0.1°C. It can be adjusted in the range of 0–100°C. �e
temperature controller automatically controls the rise and
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fall of the temperature, and the temperature controller can
dynamically correct the temperature to maintain a constant
value close to the target temperature. Figure 5 shows the
temperature control device. In the experiment, the tem-
perature sensor is pasted on the patch, so the detected
temperature cannot be completely consistent with the
temperature of konjac gum solution in the micro�uidic chip.
�erefore, this paper indirectly and qualitatively re�ects the
temperature change characteristics of the sample through
the gradient temperature rise.

2.4. External Electric Field Device. A schematic diagram of
the external electric �eld device utilized in the experiment is
shown in Figure 6. A high-voltage power supply (dw-p153-
05c51) is used to provide power. �e two electrodes of the
high-voltage power supply are connected with two metal
plates, respectively, and a uniform electric �eld is generated
by two parallel metal plates. In order to ensure the uni-
formity of the electric �eld through themicro�uidic chip, the
size of the two metal plates is much larger than that of the
micro�uidic chip. �en, the micro�uidic chip that has been
injected with konjac gum solution is placed vertically be-
tween the two metal plates and the power switch is turned
on. After standing in the electric �eld for di�erent time
periods, the transmission characteristics of micro�uidic chip
are tested by THz-TDS system.

3. Experiment

3.1. THz Spectral Characteristics of Konjac Gum Solution at
Di�erent Temperatures. Konjac gum solution was prepared
by adding 0.05 g konjac �our (Hubei Konson Konjac Gum
Co., Ltd) to 50mL of deionized water at room temperature
(25°C), and then, the mixture was evenly stirred and heated
in a water bath, resulting in 0.1% konjac gum solution [16].
�e optimum water bath temperature for konjac gum so-
lution is 50.0–60.0°C. After preparation, konjac gum was left
to rest for 8 hours to yield a more uniform solution and
better swelling conditions. By irradiating the solution with a
laser pointer, a distinct Tindal e�ect can be observed, in-
dicating that the solution is a colloid. �e prepared konjac
gum solution was injected in the micro�uidic chip and
probed by the THz-TDS system with 10°C increments. �e
temperature control system used to heat the micro�uidic
chip is shown in Figure 4, and the temperature variation
range was set from 30 to 60°C. When the temperature
reaches 65°C, the konjac gum solution in the chip produces
bubbles because of an extremely high temperature, and
when it is heated to 80°C, it almost becomes an aqueous
solution and loses its viscosity. Both of these scenarios have
an e�ect on the experimental results. To ensure the accuracy
of the experimental results, each temperature gradient was
repeated three times and all subsequent experiments in this
study were treated in the same way. �e THz frequency
domain spectra of konjac gum solution at di�erent tem-
peratures are shown in Figure 7. Higher temperatures of the
konjac gum solution lead to lower transmission intensities of
THz and higher absorption of konjac gum to THz radiation.

3.2. THz Spectral Characteristics of Konjac Gum Solution at
Di�erent Concentrations. �ree konjac gum solutions with
concentrations of 0.1%, 0.2%, and 0.3% were prepared with
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deionized water and subsequently injected in the micro-
�uidic chip. �e chip was placed into the THz-TDS system
and tested to obtain the spectra diagram shown in Figure 8.
THz holds the greatest transmission intensity via deionized
water. Higher concentrations of konjac gum solution lead to
higher transmission intensities of THz and lower absorption
of konjac gum to THz radiation.

3.3. THz Spectral Characteristics of Konjac Gum Solution in
External Electric Field. �e konjac gum solution with a
concentration of 0.1% was injected in the micro�uidic chip,
and its THz spectrum was obtained without an electric �eld
via the THz-TDS system. �en, the micro�uidic chip in-
jected with konjac gum solution was vertically placed be-
tween two metal plates, and an electric �eld was applied to it
using the external electric �eld device with an electric �eld
strength of 2500V/cm. �e e�ect of electric �eld on konjac
gum was examined by varying the standing time of the
micro�uidic chip in the electric �eld. In this experiment,
three time gradients are set with a measurement interval of
10min and a measurement range of 0–20min. �e THz
spectra are shown in Figure 9. �e peak value of THz
changes with the standing time in the electric �eld. A longer
standing time leads to a lower THz transmission intensity
and stronger THz absorption.

4. Discussion

�e THz spectra of the konjac gum solutions at di�erent
temperatures show that the transmission intensity of THz
decreases with the increase in temperature. �is is in con-
trast to the theoretical analysis, which indicates that a
temperature increase will lead to hydrogen bond breaks and
therefore enhanced THz transmission intensity. Prelimi-
narily, we consider that KGM, the primary component of
konjac gum, is a large polymer having a high molecular
weight. With an increase in the temperature, the molecular
thermal movement intensi�es, and the aggregate size de-
creases. Certain KGM molecules break away from KGM
macromolecular clusters because of hydrogen bond fracture
[16], forming small konjac gum molecular clusters. �e
vibration and rotation of molecules separated from hy-
drogen bonds are strengthened because of their thermal
movement. During this process, the absorption of the THz
wave caused by the increase of small konjac gum molecular
clusters and the intensi�cation of thermal movement is
stronger than the absorption of the THz wave reduced by
molecules breaking away from the hydrogen bonds.
�erefore, with the increase in temperature, the THz
transmission intensity decreases, and the absorption of THz
by konjac gum increases.

�e THz spectra of konjac gum solutions at di�erent
concentrations show that the transmission intensity of THz
increases with increase in konjac gum concentration in
solution.�e results show that an increase in the konjac gum
concentration leads to the intertwining of KGM polymers
and increase in the resistance of the �uid and the viscosity.
However, when the concentration of konjac gum solution is

low (<0.4%), the increase in the viscosity is relatively small
[16]. With the increase in viscosity, the forces between
molecular chains increase, the number of hydrogen bonds
increases, and consequently, the THz absorption of konjac
gum rises [10]. In this study, the highest concentration of
konjac gum solution is 0.3% such that the increase in the
number of hydrogen bonds because of the increase in vis-
cosity is miniscule. Joanna et al. [17] reported that the in-
crease in konjac gum concentration will reduce the elasticity
of the biopolymer chain. Furthermore, with increase in
konjac gum concentration, the number of polymer molec-
ular chains compared to the solvent rises, the molecular
chains break because of insu¢cient elasticity during ex-
tension, and the number of hydrogen bonds decreases. �e
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reduction in the number of hydrogen bonds because of
molecular chain breaking is more than the increase in the
number of hydrogen bonds caused by the increase in
abovementioned viscosity. �erefore, the THz absorption of
konjac gum decreases. Liu et al. [18] studied the refractive
index (n) and absorption coe¢cient (α) of blue phase liquid
crystal samples using formulas (1) and (2), respectively.

n � 1 +
c

ωd
ϕsample − ϕCOC( ), (1)

α � −
2
d
ln
[n + 1]2

4n
Esample

ECOC

∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣,
(2)

where c is the speed of light in vacuum, ω is the angular
frequency of the THz wave, and d is the thickness of the
sample. If the refractive index of air is set to 1, ϕsample, ϕCOC,
Esample, and ECOC are the phase and amplitude of the THz
�eld passing through the sample and the COC empty chip,
respectively. �e THz absorption coe¢cient of konjac gum
with di�erent concentrations was calculated by using for-
mulas (1) and (2), as shown in Figure 10. �e THz ab-
sorption coe¢cient of water in this study is similar to the
results of �rane et al. [19] and Son et al. [20]. It can be seen
that the absorption coe¢cient decreases with the increase of
concentration, which is consistent with the trend observed
in the experiment; that is, the increase of konjac gum
concentration corresponds to the increase of transmission
intensity.

�e THz spectra of konjac gum standing in the electric
�eld for di�erent time periods show that longer standing
time lead to lower transmission intensities of THz and
higher THz absorption of konjac gum. �is is in contrast to
the result claiming that longer standing time of deionized
water in the electric �eld leads to higher transmission in-
tensity of THz spectra [14], indicating that application of the
electric �eld has a certain e�ect on the konjac gum solution.
�e study demonstrates that in the absence of an external
electric �eld, the orientation of molecules in the solution is
disordered, and the optical anisotropy e�ect of each mol-
ecule is canceled out. Under the action of an applied electric
�eld, the molecules are arranged along the direction of the
electric �eld, which increases the rigidity of the molecular
chain [10], as shown in Figure 11. With the increase in the
exposure time of the konjac gum solution in the electric �eld,
the e�ect of electric �eld force may disengage the acetyl
group on the side chain of KGM molecule, enhancing the
agglomeration ability of KGMmolecules [21] and increasing
the hydrogen bonding between molecules. �erefore, the
THz absorption of konjac gum rises. Similarly, the THz
absorption coe¢cient of konjac gum under di�erent electric
�eld exposure time periods was calculated using the above
method, as shown in Figure 12. It can be seen that the
absorption coe¢cient increases in direct proportion to the
time spent within the electric �eld, which further shows that
the experimental results are correct.
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5. Conclusion

(is study introduces a novel fabrication method for a THz
microfluidic chip. (is chip has the advantages of a short
manufacturing time, no liquid leakage, and temperature
dependence. In addition, the material used for the substrate
and cover plate of the microfluidic chip is zeonor 1420R with
high transmittance to THz waves. Furthermore, to examine
the effects of different temperatures on the konjac gum
solution, we designed a high-precision temperature control
system. Experimental results demonstrate that the THz
transmission intensity decreases with the increase in tem-
perature. (e THz spectra of different concentrations of
konjac gum solutions demonstrated that the transmission
intensity of THz increases with increasing concentration.
Finally, we studied the THz spectral characteristics of konjac
gum solution with different standing time periods in a strong
electric field. Compared with no electric field, the THz
transmission intensity decreases with increase in the
standing time.(e combination of the microfluidic chip and
THz-TDS provides technical guidance for the detection of
konjac gum, provides a new method for identifying colloids,
and lays a foundation to expand research related to THz
technology.
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