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The public needs curcumin because it has strong anti-inflammatory and antioxidant
effects. As the human population increases, agricultural land decreases. Increasing the
curcumin content in red turmeric is necessary to maintain its availability. This research
aims to optimize production results and red turmeric's curcumin, magnesium, iron, and
oxalic acid content. This research uses a magnetic field (MF) whose magnetic flux
density (MFD) changes over time; the exposure time was 20 minutes and repeated every
day for five days. The results showed that exposure to 0.2 mT MFD increased production
by 42.96% and iron content by 13.20%. Exposure to 0.3 mT MFD increased curcumin
content by 85.95% and magnesium by 33.39%. Exposure to 0.7 mT MFD increased the

oxalic acid content by 4.04%. Not all essential substances contained in turmeric change
due to MF processing. Using MF with an MFD that changes over time requires a low

value.

1. INTRODUCTION

Turmeric (Curcuma longa), the most important source of
curcuminoids, which consist of curcumin and two related
compounds, namely demethoxycurcumin and
bisdemethoxycurcumin [1]. Currently, in several countries,
curcumin is a food supplement and primary ingredient for
pharmaceutical applications to prevent disease [2]. Curcumin
has very strong anti-inflammatory and antioxidant effects. In
general, people consume turmeric without processing it, so it
requires a large amount to fulfill the dose. Besides curcumin,
turmeric contains oxalic acid, which, if it interacts with
calcium, can cause kidney problems [3]. The curcumin content
in turmeric is not too high, namely around 0.26-8.9% [4, 5]
and oxalate is around 0.252% [6, 7]. As the human population
increases and agricultural land decreases, increasing the
quality of food is urgently needed so that quantity
requirements can be reduced.

Various efforts have been made to improve the quality of
food products, both during food processing and agricultural
processes. Handling when processing food products is carried
out using non-thermal processing techniques. Handling during
product processing is carried out to prevent a decrease in
product quality. Handling during the agricultural process is
carried out to improve food quality. Therefore, processing
processes in the agricultural system are very necessary.
Several methods have been used in agricultural processing
systems to produce quality food products, including
biostimulants or rhizosphere microbiomes [8] and organic and
inorganic fertilizers that contain nitrogen, potassium, and
phosphorus [9]. Using biostimulants often shows that different
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microorganisms can provide different results on the same plant
species [10], and the same microorganisms can show different
effectiveness on the same plant species [11]. Using
biostimulants requires much money, and food for
biofortification is generally limited [12]. Using inorganic
fertilizers can reduce the soil's functioning ability [13]. The
use of organic fertilizer generally requires large quantities [ 14],
while the availability of raw materials is limited. Therefore,
environmentally  friendly and low-cost agricultural
management methods are needed. One environmentally
friendly handling technique that continues to be developed is
using MF exposure.

It has previously been reported that exposure of MFs to
seeds affects the diffusion of biological particles by inducing
Lorentz forces [15]. The Lorentz force will affect the diffusion
of charged particles from various ions, including plasma
proteins [15]. MF exposure increases plant seed vigor by
influencing biochemical processes involving free radicals by
stimulating protein and enzyme activity [16]. It has also been
reported that an increase in germination, growth and protein
content in canola seeds occurred as a result of exposure to MF
1.0 mT for 1 hour [17]. Shibghatallah et al. [18] showed that
MF increased the activity of antioxidant enzymes in tobacco
cell suspensions. In general, MF exposure is carried out using
a stationary field, requiring a large MFD and a long time.
Meanwhile, the MF gradient influences the magnitude of the
interaction force between the MF and the internal electric field
of the biological system [19]. Therefore, the research used a
MF whose MFD changes with time. The research aimed to
determine the MFD that makes the content of curcumin, iron,
magnesium, and oxalic acid in red turmeric optimal.
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2. MATERIALS AND METHODS
2.1 Sample preparation

The research sample used red turmeric. The seeds are taken
from fresh turmeric cobs and cut into cob twigs of almost the
same size, weighing 7 grams each. Size and weight are
homogeneous to obtain more precise fresh weight data. The
sample consisted of 7 treatment groups and one control group.
Each group consists of 10 samples. Before being exposed to
MF, the seeds are first moistened and placed in kapok.

2.2 Magnetic field generation and exposure

This research uses MF with an MFD that changes over time.
MF generation is carried out by connecting the Helmholtz coil
with a direct current power supply with a current strength that
changes with time, as in Figure 1. The current flow in the
Helmbholtz coil generates MF around the coil. The amount of
MF produced is directly proportional to the strength of the
flowing electric current; that is, it fulfills the equation:

Nla?
B= u

(a2 +c2)2 W
where, B = magnetic field, 4 = permittivity, N = number of
turns, I = current strength, a = radius of the coil, and ¢ =
distance between the sample and the coil.

The Helmbholtz coil used has 1000 turns with a coil radius
of 200 mm. The coils are made of copper wire with a radius of
0.5 mm. The distance between one coil and another is 20 cm.
The size of the resulting MFD was measured using a Kanetec
Brand Fieldmeter type TM801. Red turmeric rhizome samples
were exposed using an MFD of 0.1-0.7 mT, and one group was
exposed without exposure. Each exposure was carried out for
20 minutes and repeated daily for up to 5 days.

Sample place

Coll

Power supply

Electric current
mude

Figure 1. Arrangement of MF generating equipment to
provide exposure to turmeric rhizomes

2.3 Planting in polybags

Watering is carried out regularly to maintain the pH and
humidity of the kapok where the rhizomes grow. When the
seeds are 15 days old from the start of exposure, the seeds are
transferred to polybags with a diameter of 30 cm and a height
of 20 cm. Each polybag contains one red turmeric seed that
has grown. The polybag is first filled with a mixture of pure
soil and organic fertilizer in a ratio of 3:1 and moistened. Soil
pH is maintained at around 7.0, while the environmental
temperature of the planting area is 21-30°C with air humidity
of 70-85%. The plants are watered with 200 mL of water every
day, which is done in the morning. When the plants were 15,
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30, 45, and 60 days after being transferred to polybags, they
were fertilized using NPK fertilizer at 3 grams, 5 grams, 6
grams, and 6 grams, respectively. At the age of 75 days, the
plants were removed to measure the weight and content of
curcumin, magnesium, iron, and oxalic acid.

2.4 Determination of curcumin content

The curcumin content was determined using a UV-VIS
Spectrophotometer [20, 21]. Take 10 mg of curcumin and put
it in a 100 mL volumetric flask to make a stock solution. The
curcumin in the volumetric flask was treated with methanol up
to the limit mark to obtain a stock with a concentration of 100
pg/mL. To prepare the standard solution, stock solutions were
taken in amounts of 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, 6 mL,
and 7 mL, respectively. Each solution was then diluted with
methanol until the total volume was 10 mL, thus obtaining a
solution with a concentration of 1, 2, 3, 4, 5, 6, 7 ug/mL.
Search for the maximum absorbance wavelength using a
concentration of 5.0 pg/mL. Absorbance spectrum
measurements were carried out with a wavelength of 200-800
nm. As a measurement blank, methanol is used. The results of
spectrum measurements show that the maximum absorption is
at a wavelength of 424 nm. Next, a standard curve was created
using a curcumin solution with a concentration of 1-7 pg/mL,
and the absorbance was measured using a wavelength of 424
nm. After plotting the measurement results, Eq. (2) is obtained.

y=0.1691x - 0.0052 2)
where, y is the absorption coefficient, while x is the
concentration of curcumin, with a value of R2 = 0.9974.

The curcumin content of the sample was measured from
turmeric rhizomes, which had been extracted using the
maceration method. 1.0 mg was taken and then put into a 100
mL measuring flask. Next, add methanol to the volumetric
flask until the limit mark. The absorbance of the solution was
determined using a UV-VIS spectrometer at a wavelength of
424 nm. The concentration in pg/mL units is calculated using
Eq. (2). Concentration in percent is calculated using Eq. (3):

curcumin concentration
X 100%

)

Curcumin (%) = - -
solution concentration

2.5 Determination of magnesium content

Magnesium content was determined using Atomic
Absorption Spectrophotometry (AAS) [22, 23]. The stock
solution is made from 1000 pg/mL magnesium chloride, taken
in 10 mL, and put into a 100 mL volumetric flask. The solution
in the volumetric flask was diluted using distilled water to the
limit mark. From the dilution, a stock solution with a
concentration of 100 pg/mL was obtained. Standard solutions
were prepared by taking 0.0, 0.2, 0.4, 0.6, 1.0 and 1.4 mL of
each stock solution and diluting with distilled water in a
volumetric flask to when the volume reached 100 mL.
Therefore, standard solutions were obtained with
concentrations of 0.0, 0.2, 0.4, 0.6, 1.0, and 1.4 pg/mL,
respectively. The absorbance of each solution was measured
using AAS at a wavelength of 285.2 nm. Using linear
regression, plotting the measurement data obtained an
equation:

y=0.5774x + 0.0386 4)



where, x is magnesium concentration, and y is absorption,
while with a value of R? = 0.995.

Sample measurements used planted turmeric powder. Take
0.50 grams of turmeric in powder form, then dissolve it using
HNO; and HCl in a ratio of 1:3. Next, it was heated at 100°C
for 10 minutes using a hotplate. After cooling, the filtrate
formed is separated and filtered using filter paper. The filtrate
that has been filtered is diluted with distilled water with a
volume of 50 mL. Magnesium content was determined using
AAS at a wavelength of 285.2 nm. Magnesium concentration
is determined using Eq. (4).

2.6 Determination of iron content

Determination of iron content was carried out using AAS
[24, 25]. The stock solution contains iron at 1000 pg/mL of
ammonium ferrous sulfate [26]. 10 mL of the stock solution
was taken and put into a 100 mL measuring flask and diluted
using distilled water to the mark so that the stock solution had
a concentration of 100 pg/mL. Standard solutions were made
by taking 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5 mL of the stock
solution, then diluting it with distilled water until the volume
became 100 mL. By dilution, successive standard solutions
were obtained with concentrations of 0.0, 0.1, 0.2, 0.3, 0.4 and
0.5 pg/100mL. The absorbance of each solution was measured
using AAS at a wavelength of 248.3 nm [27]. The
measurement results are plotted, and a regression equation is
obtained.

y =0.1044x + 0.0047 5)
where, y is absorbance and x is iron concentration with R? =
0.9989.

Samples were taken from the turmeric powder produced in
0.50 grams, then dissolved in HNO; and HCl in a ratio of 1:3
in an acid cupboard. It was then heated at 100°C for 10 minutes
using a hotplate. After cooling, the filtrate formed is separated
and filtered using filter paper. The filtered filtrate was diluted
with 50 mL distilled water. Solution absorbance
measurements were carried out using AAS at a wavelength of
248.3 nm. Iron content was calculated using Eq. (5).

2.7 Determination of oxalic acid contens

The oxalic acid content of red turmeric was determined
using UV-VIS Spectroscopy [28, 29]. The stock solution was
made from an oxalate solution with a 100 mg/L concentration.
A total of 10 mL of standard solution was put into the flask,
then 1.0 mL of acetate buffer solution (pH 5), 1.0 mL of
Ammonium iron (II) sulfate, 0.5 mL potassium iodide 0.12
mol/L, and 1.0 mL of potassium bromate was added. The
mixed solution is put into a 100 mL measuring flask, and
distilled water is added to the mark to be diluted until the
solution becomes homogeneous. The resulting solution with a
100 pg/mL concentration was taken in 0, 2, 3, 4, 5, and 6 mL
respectively. Each volume was diluted with 10 mL of distilled
water to obtain standard solutions with concentrations of 0, 2,
3,4, 5, and 6 pg/mL. Determination of the wavelength with
maximum absorption was carried out using a concentration of
4 pg/mL. Measurements were carried out in the wavelength
range of 280-375 nm. The measurement results show that the
maximum absorption wavelength is 345 nm. Next, absorbance
measurements were carried out at oxalic acid concentrations
of 0,2, 3,4, 5, and 6 ng/mL. From the measurement results, a
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linear regression graph was created, and an equation was
obtained.

y=0.0364x + 0.0712 (6)
where, y is absorbance and x is oxalic acid concentration with
R?=0.9564.

The oxalic acid content in turmeric rhizomes was measured
from the turmeric extract, obtained by placing 1.0 mg of the
extract in a 100 mL graduated flask. In a volumetric flask, 1.0
mL of acetate buffer solution (pH 5), 1.0 mL of Ammonium
iron (II) sulfate, 0.5 mL of 0.12 mol/L potassium iodide, and
1.0 mL of potassium bromate were added. The mixture formed
is added with distilled water up to the mark and stirred until
homogeneous. The solution absorption was measured with
UV-VIS Spectrometers with wavelengths of 345 nm. The
concentration in pg/100mL units is calculated using Eq. (6).
Concentration in percent is calculated using Eq. (7):

oxalic concentration.

Oxalic(%) = x 100%

(7

solution concentration

2.8 Statistical analysis

The research data was tested for homogeneity, and if it was
homogeneous, it was then tested using Analysis of Variance
statistics. If significant differences are obtained, testing is then
carried out using the Duncan Multiple Range Test (DMRT) to
determine the significance of the differences between
treatment groups.

3. RESULTS AND DISCUSSION

3.1 Fresh weight
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Figure 2. Fresh weight of red turmeric rhizomes produced by
exposure using 0.1-0.7 mT MF

Measurement of the weight of turmeric production was
carried out after 75 days. Measurements are carried out with
fresh turmeric clean from other adhering materials. Measured
weight is the total weight without deducting the weight of the
seeds at the time of seeding, namely 7 grams. The results of
measuring the weight of production results show that exposure
to MFs affects production results. Figure 2 shows that the
lightest weight was obtained from plants that were not exposed
with a MF, namely 17.58 + 0.438 grams, while the most
optimum was obtained from plants exposed with a MFD of 0.2
mT, namely 25.13 £2.61 grams or an increase of 42.96%. In
exposure with a MFD of 0.3-0.7 mT, the increase was smaller,



and the lowest occurred in exposure to a MFD of 0.7 mT,
namely 5.23% or 18.49 +2.79 gram. The statistics analysis
showed that exposure to a MFD of 0.1-0.5 mT significantly
affected (p<0.05) the fresh weight of red turmeric.

3.2 Curcumin content

Curcumin is an antioxidant that has anti-inflammatory
effects. Curcumin is a natural compound that gives turmeric
its bright yellow color. Curcumin content was measured when
the turmeric plants were 75 days old. The content of curcumin
was affected by exposure to MF, as revealed by the
measurement results. Without exposure to MF, the curcumin
content was 0.79 +0.27% (Figure 3). When exposed to a MF
with a MFD of 0.1-0.6 mT, the curcumin content increased. In
comparison, when exposed to a MFD of 0.7 mT, the content
decreased compared to without exposure. The optimum
curcumin content was obtained from plants exposed to a MF
with a MFD of 0.3 mT, namely 1.4830.46% or an increase of
85.95% compared to those without a MF. The statistical
analysis results of exposure with a MFD of 0.3-0.4 mT gave a
significant effect (p<0.05) on curcumin content. In contrast,
exposure with a MFD of 0.1-0.2 mT and 0.5-0.7 mT gave
unreal influence.
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Figure 3. The amount of curcumin in red turmeric rhizomes
that were exposed using MF 0.1-0.7 mT

3.3 Magnesium content

Magnesium is a vital nutrient that the body cannot produce
naturally. Magnesium has been shown to be beneficial in
maintaining the body's metabolism, producing enzymes,
maintaining healthy bones, muscles, and hearts, and reducing
the risk of diabetes and heart disease. Turmeric rhizome has a
relatively high magnesium content. Increasing the magnesium
content in red turmeric rhizomes can be exposed using a MF
at the beginning of growth. Figure 4 shows the magnesium
content of turmeric rhizomes exposed with a MF with a MFD
of 0.1-7.0 mT. Magnesium content was higher when exposed
with a MFD of 0.1-0.5 mT, while magnesium content was
lower when exposed with a MFD of 0.6-0.7 mT. The optimum
magnesium content was found in turmeric rhizomes exposed
with a MFD of 0.3 mT, namely 153.93 +26.36 mg/100g, or
an increase of 33.39% compared to without exposure, namely
115.40420.90 mg/100g. The statistics analysis showed that
treatment with a MFD of 0.3 mT significantly (p<0.05)
increased magnesium content, while other MFDs were
insignificant.
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Figure 4. Magnesium content of red turmeric rhizomes that
have been exposed using MF 0.1-0.7 mT

3.4 Iron content

Iron is a mineral that plays a significant role in forming
hemoglobin in red blood cells. Iron needs in humans depend
on gender and body weight. Turmeric rhizomes contain iron,
although in limited quantities. Exposure to a MF can increase
or decrease the iron content in turmeric, as shown in Figure 5.
Exposure with a MFD of 0.2 mT and 0.3 mT increased the iron
content, while exposure with a MFD of 0.1, 0.4, 0.5, 0.6, and
0.7 mT decreased iron content. The highest iron content was
obtained in plant exposure with a MFD of 0.3 mT, namely 5,10
+2.29 mg/100g, or an increase of 13.2% compared to those
without exposure, namely 4.50 +1.79 mg/100g. Test results
using statistics showed no significant effect of MF exposure
on iron content.
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Figure 5. Iron content of red turmeric rhizome after exposure
using MF 0.1-0.7 mT

3.5 Oxalic acid content

Oxalic acid is a chemical compound with the formula
H.C>04 with the systematic name ethanedioic acid. Many
metal ions form insoluble precipitates with oxalic acid, one of
which is calcium oxalate. Excessive consumption of oxalic
acid can cause stone formation in the urinary tract. Turmeric
rhizome is a food ingredient that contains oxalic acid.
Exposure using a MF when growing turmeric affects the oxalic
acid content. Figure 6 shows the oxalic acid content in
turmeric rhizomes exposed with a MFD of 0.1-0.7 mT. The
lowest oxalic acid content was obtained from turmeric
exposed with a MF of 0.4 mT, 0.33 £0.01%, or a decrease of



2.18% compared to without exposure, 0.34 +0.00%. Optimum
oxalate levels were obtained from plants exposed with a MF
of 0.7 mT, 0.36 +0.00%, or an increase of 4.04% compared to
those without exposure. The test results using exposure
statistics of 0.4-0.7 mT had a significant effect (p<0.05) on the
oxalate content in turmeric rhizomes.
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Figure 6. Ovalic acid content of red turmeric rhizomes
exposed using MF 0.1-0.7 mT

3.6 Discussion

The use of MF in the agricultural sector is worthy of
development because it can have a positive influence.
Exposure to MF during seeding affects agricultural product
growth, productivity, and quality. The magnitude of the effect
depends on the MFD, frequency, exposure time, and type of
MF. Exposure using a MF with a MFD of 0.2 mT increased
red turmeric's production yield and iron content. Exposure
with a MFD of 0.3 mT increased the curcumin and magnesium
content. Exposure with a MFD of 0.4 mT reduced the oxalic
acid content, but it increased at a density of 0.7 mT. The
percentage increase and decrease in production and content of
red turmeric can be seen in Table 1. Similar conditions have
been reported that exposure using a static MF of 4 mT for one
hour increased the total phenolic content by 93.89%,
flavonoids by 36.43%, and reduced the 1C50 value amounting
to 43.01% [30]. Another study reported that 50 mT MF
exposure for 45 minutes had higher vitamin E concentrations
than the control group [31]. Static MF exposure of 0.44 T, 0.77
T,and 1 T for 1-3 hours was proven to increase the bioactive
content of lettuce [32]. The magnitude of changes in mineral
content differs depending on the type of mineral and the
magnetic field used. Using MF with a Time-changing MFD
requires lower exposure times and MFD compared to static
MF.

Turmeric seeds contain water and living cells. Water and
living tissue are diamagnetic materials [33] and have a weak
magnetic moment when subjected to an external magnetic
field. Therefore, exposure to external MF does not make the
electron spins of the material undergo rearrangement [34] but
makes the water experience molecular polarization and its
distribution changes. Therefore, exposure of MF to seeds
containing water can reduce surface tension [35], the self-
diffusion coefficient of water molecules, change viscosity [36],
and result in increased hydrogen bonding [36] in water. A
further consequence of MF exposure to seeds is influencing
plant physiological processes, which can have additional
effects on their growth and development. It has been reported
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that exposure to MF during seeding results in increased
changes in water and mineral metabolism [37].

Table 1. Changes in fresh weight and curcumin, magnesium,
iron, and oxalic acid content due to exposure to a MF of 0.1-

0.7mT
o)
M!; - . Increased (.A)) e
(mT) Weight Curcumin  Magnesium  Iron Acid
0.1 1001 31.64 8.75 -0.93 -0.65
02 4296 31.41 18.99 1320 -111
03 2573 85.95 33.39 2.13 -1.11
0.4 24.24 44.89 8.69 -9.33 -2.18
0.5 24.04 41.77 4.35 -16.40 2.31
0.6 15.68 8.56 -16.61 -34.93 2.31
0.7 5.23 -17.62 -18.07 -29.42 4.04

control 0.1 mT 0.2mT 03mT
04 mT 0.5mT 0.6 mT 0.7 mT

Figure 7. Physical form of turmeric rhizomes exposed to a
magnetic field of 0.1-0.7 mT

Exposure to MF seeds also increases enzyme activity in
embryos [38], thereby affecting plant growth and physiology
and even the final stages of seed processing, such as harvesting
mature plants [39]. Shine et al. [40] stated that the increase in
germination of soybean seeds treated with MF was possible
due to reactive oxygen species (ROS). The increase in ROS
production in these seeds was facilitated by the oxidative
peroxidase reaction [41], while the antioxidants promote the
removal of excess free radicals [42]. The balance between
ROS production and its scavenging has a better effect on the
germination of seeds treated with a MF [43]. In addition, MF
influences cell membrane structure by increasing permeability
and ion transport through ion channels [44] and influencing
several metabolic activities [45]. Vashisth and Nagarajan [46]
reported that exposure to a static MF of 50 mT - 250 mT on
sunflower seeds strengthened membrane integrity while
reducing cell filtering and electrical conductivity. Therefore,
exposure to an electric field with a MFD of 0.1-0.5 mT causes
the production content of iron, curcumin, and magnesium to
increase, while the iron content increases at a MFD of 0.2-0.3
mT and acid oxalate at 0.5-0.7 mT. The physical form of
turmeric rhizomes due to exposure to magnetic fields can be
seen in Figure 7. The color of the rhizomes appears yellower
when exposed to 0.1-0.5 mT MF. The curcumin in turmeric
rhizomes is a yellow pigment [47], which is also proven by the
measurement results that the highest curcumin content was
obtained with exposure to an MF of 0.3 mT.



MF with MFD changes over time to handle the seed
growing process, requiring low electrical energy, cheap
equipment manufacturing costs, and is easy to develop for a
larger scale. Handling seeds using MF has very low side
effects on the environment and users because MF is more
concentrated in the area between the two coils. The low
electrical energy required makes the seed-handling process
cheaper. Meanwhile, exposure to turmeric seeds with an MFD
of 0.2 mT increased production yields by up to 42.96%.
Therefore, the application of MF in the agricultural sector is
very possible. Exposure to MF was also proven to increase the
curcumin content of red turmeric by up to 85.95% and the
magnesium content by up to 33.39% at an MFD of 0.3 mT. In
other cases, it has also been reported that exposure using
alternating MF with an MFD of 0.4 mT for 15 minutes and a
frequency of 100 Hz was able to increase the anthocyanin
content by up to 22.5%, vitamin C up to 40.70%, and
flavonoids up to 32.50% [48]. Therefore, the application of
MF to handle seed growth has the potential to support the
development of the pharmaceutical sector.

4. CONCLUSION

Increasing production content of curcumin, magnesium,
iron, and oxalic acid can be done by treating it using a MF with
the MFD changing with time. The magnitude of the MFD used
plays a role in the magnitude of the increase. The required
MEFD is relatively low, so it is economically more economical.
Exposure using a low MFD makes this method
environmentally friendly.
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