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Abstract— Boric acid is a toxic contaminant chemical that is found not only in food but also in the environment, especially the water
environment so that its existence needs to be detected. In this work, we design the paper strip using nanoemulsion curcumin for boric
acid detection. Curcumin is a bioactive compound that is able to provide a color change response to boron. However, curcumin is not
stable to certain environmental conditions, so it needs to be encapsulated. Since it has a low solubility so that the proper encapsulation
technique is nanoemulsion. This study investigates nanoemulsion curcumin paper strips' performance as a colorimteric biosensor for
the detection of boric acid. The results showed that nanoemulsion curcumin reagent (CURNnsr) as a boric acid detection had a
smooth spherical shape with a size of 25.70 nm. Interaction between created curcumin paper strips and boric acid led to a color
change from yellow to red. Curcumin paper strip was selective towards sole boric acid after being reacted with various chemicals
such as Pb**, Zn*", Fe?*, Mg**, NaCl, sodium nitrite, monosodium glutamate, sodium benzoate, and formalin with a concentration of
10000 ppm, respectively. The detection limit (LOD) for curcumin paper strips was 105.56 ppm in the range 200-700 ppm of boric
acid. This research results are pledging to develop disposable biosensors that are sensitive, selective, and stable, low cost, easy to use
and detect quickly.
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It causes symptoms of anorexia, indigestion, and exfoliative
I. INTRODUCTION dermatitis [5]. Besides, boric acid cause degeneration of the
spermatogonia epithelium by inhibiting DNA formation in
sperm cells. Therefore, it causes infertility in men. Boric
acid reduces metabolic concentrations such as glucose,
glycogen, and lactate associated with boron and hydroxyl
complexes. It also causes poisoning if the level reaches
2g/kg in liver and brain tissue, and it is lethal if it exceeds
Sg/kg of in adults and 3g/kg in neonates [6], whereas
according to Saparinto and Hidayati [7] borax poisoning
considering safe if the limit does not exceed 10g/kg-20 g/kg
of body weight for adults, and 5g/kg of body weight for
children.

Since it is a hazardous and toxic chemical, boric acid
contamination in the water environment and food needs to
be detected. Some methods commonly used to detect boric
acid include  spectrophotometric  [8], [9], gas
chromatography-mass spectrometry [10], and titrimetry [9].
However, these methods have limitations such as multi-stage
processes, requiring specialized experts, can only be used on

Boric acid is often used as a fungicide, antiseptic, and
pesticide. It is usually used to kill mites, insects, and algae
fungi, such as ticks, cockroaches, termites, and wood decay
fungi [1]. Boric acid is used to manufacture glass (fiberglass,
borosilicate glass, enamel, frit, and glaze), soaps and
detergents, fire retardants, and neutron absorbers nuclear
installations. It has also been used in mild antiseptics,
cosmetics, medicines (as a pH buffer), neutron boron capture
therapy (for cancer treatment), and agricultural fertilizer.
The use of this chemical often leaves a residue. The boric
acid residue is a contaminant source for the environment,
especially the groundwater environment [2]. Besides, in
developing countries such as Indonesia, boric acid or borax
is widely misused as food preservatives [3]. This chemical
can also control the gelatinization of starch and improve the
color, flavor, and texture of food [4]. Boric acid in food can
be found in meatballs, crackers, tofu, and noodles. Borax or
boric acid is very dangerous, even if only in small amounts.
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a laboratory scale, time-consuming, require sophisticated,
complicated, and relatively expensive equipment [11], so it
is not suitable for daily analysis. Thus, a new method for
detecting boric acid in a simple, fast, cheap, and easy to use
is needed. Colorimetric biosensors have been proved are
easy to use, inexpensive, and can be applied on-site [12].
Paper as a matrix has porous and flexible properties [13],
and as an analytical tool, the paper has many advantages
such as cost savings, high portability, ease to be fabricated,
and use of minimum reagents and samples [14].

The diversity of natural plant resources in Indonesia is a
good source for dye and bioactive compounds that will offer
the opportunity to become a biosensor with unique
specificity and sensitivity. Bioactive compounds in the form
of curcumin had the potential to detect borax [15]. So based
on that, we developed a paper strip biosensor using curcumin
for boric acid detection. Curcumin was extracted from the
dried root of the rhizome Curcuma longa. Curcumin acts as
an antioxidant, anti-inflammatory, anticarcinogenic, and
antibacterial [16]

However, curcumin has low solubility and bioavailability
in water [17], and it is quickly hydrolyzed by physiological
pH [18]. To increase the phytochemical solubility, stability,
and bioactivity can be done by nanoencapsulation, which is
by nanoemulsion [19]. Nanoemulsion of oil in water (O/W)
is the most appropriate encapsulation method for curcumin.
This is because curcumin has a low solubility; forming it
into nanoemulsions can increase its solubility [20].

Therefore, in this study, we developed a biosensor for
boric acid detection based on nanoemulsion of curcumin in
the form of paper strips. Curcumin and boric acid interaction
can occur when curcumin is in protonated conditions, so it is
necessary to add strong acids in curcumin nanoemulsion. In
this study, concentrated hydrochloric acid was used. Besides,
oxalic acid was also added in order to increase the sensitivity
of detection. This study aimed to develop a biosensor paper
strip using nanoemulsion of curcumin and investigate its
performance in boric acid detection.

II. MATERIALS AND METHODS

A. Materials

Turmeric (Curcuma longa (L)) was obtained from a local
supplier in Bogor, Indonesia. The paper strip was developed
by using Whatman No.1 filter paper. Tween 80 was used as
an emulsifier, and maltodextrin DE 10-15 as encapsulating
agent (matrix) and stabilizer in the formation of curcumin
nanoemulsion was obtained from the nearest chemical store.
Chemicals used in this research were sodium nitrite, zinc
sulfate, acetate leads, ammonium iron sulfate, magnesium
sulfate, zinc sulfate, boric acid (Merck) in pro analysis grade,
while sodium chloride (NaCl), monosodium glutamate
(MSG), sodium benzoate were food grade.

B. Preparation of Curcumin Extract

A total of 100 g of turmeric powder was suspended in 700
mL of 70% ethanol (1: 7 (w /v)). Furthermore, it was
macerated for 2 days with a stirring speed of + 400 rpm at
room temperature. And then, the maserat was filtered with a
muslin cloth. The filtrate was re-filtered with Whatman
paper No. 41 by using a vacuum filter and then was
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centrifuged (IEC Clinical Centrifuge, USA) at 3000 rpm for
15 min. Soluble ethanol fraction (CURN) was evaporated at
50 °C waterbath and was kept in a dark colored glass bottle
in the refrigerator [21], [22] and was used as curcumin
extract for further analysis.

C. Encapsulation of Curcumin

Encapsulation of curcumin was prepared by the
nanoemulsion method with an oil in water (O/W) system
referred to Jusnita et al. [23] with slight modifications. 30
mL of curcumin extract (50.99 mg/L) was diluted with 67
mL of pH 7 phosphate buffer solution, and then 3 mL of
Tween 80 solution was added. The mixture was stirred at
800 rpm for 10 min, followed by the addition of 30 g
maltodextrin. Then the blend was re-stirred at 800 rpm for
about 20 min, and it was homogenized using an Ultra-Turrax
homogenizer (HG-15D Wise-Tis) at 20000 rpm for 80 min
to obtain curcumin nanoemulsion (CURNns). Thermal
stability of the encapsulated curcumin extract in
maltodextrin matrix was determined by Thermogravimetric
Analysis (TGA) at 25-500 °C with a temperature rise of 10
°C/min. Microstructure and particle size distribution of
CURNns were measured by Transmission Electron
Microscopy (TEM) (Hitachi, H-7650) and =zetasizer
(Malvern), respectively.

As a reagent used for biosensor paper strips, curcumin
nanoemulsion was added with oxalic acid and concentrated
hydrochloric acid. Curcumin nanoemulsion reagent
(CURNNnsr) preparation referred to Hayes and Metcalfe [24]
and APHA et al. [25]. About 15 mL of 50.99 mg/L. CURNns
was added with 15 mL of 6.25% oxalic acid (w/v). The
mixture of oxalic acid and CURNns solution was added with
concentrated HCI of 5.5% (v/v) of the total volume and kept
in the dark glass bottle for further analysis.

D. Boric Acid Detection by Curcumin

The principle of boric acid detection by curcumin is
determined based on the interactions between both analyzed
based on functional groups and microstructure formed
between boric acid and curcumin. Study of functional groups
between curcumin and boric acid was performed using
Fourier-Transform Infrared Spectroscopy (FTIR) and
microstructure of CURNnsr and its mixture with boric acid
were analyzed using Transmission Electron Microscopy
(TEM) (Hitachi, H-7650). The sample analyzed was a red
solid CURNnsr-boric acid resulting from heating the
CURNRnsr-boric acid solution. Then it was compared with
powder of turmeric and boric acid samples.

E. Preparation of Curcumin Paper Strip

Filter paper Whatman No.1 (diameter 9 cm) was used as a
medium. One piece of filter paper was placed in a petri dish.
Subsequently, CURNnsr was poured on the paper's surface,
and it was immersed for 30 min. Afterward, it was dried in
an oven drying at 50 °C for 15-20 min. CURNnsr paper was
cut into 1.5 cm x 1.5 cm sizes and then was kept in a plastic
vacuum bag at room temperature, and it was called a
curcumin paper strip. Attachment of CURNnsr on filter
paper was observed by Scanning Electron Microscope
(SEM). The paper samples analyzed were curcumin paper
and curcumin paper which had been reacted with 10000 ppm



boric acid. The parts of the paper observed were the surface
and inner edges. It was in dry conditions.

F. Application of CURNnsr Paper Strips as Biosensor for
Boric Acid Detection

For single chemicals detection, curcumin paper strips
were dripped with 0.25 pL of 10000 ppm of each chemical
to examine its selectivity. To investigate the interference of
boric acid detection, in this work, 0.25 pL of each chemical
was dripped on the curcumin paper strip and then followed
by 0.25 pL of 10000 ppm boric acid. The concentration of
boric acid was in the range 100 to 10000 ppm for the
curcumin paper strip sensitivity determination. Color
changes in examinations of selectivity, interference study,
and sensitivity were measured by using colorimeters
following the CIELAB system (L%, a*, b*, ¢™, Hue, AE")
where L" indicates brightness (0 = black, 100 = white), a*
[(Greenness (-) to reddish (+)], b" [(blueness (-) to
yellowness (+)]. The color of sample was calculated as the
Hue value, Hue = tan’' b"/a™ (0° or 360° = red, 90° = yellow,
180° = green, and 270° = blue), while saturation of color was
calculated from chroma value (c*), ¢* = (a” + b"?)”. AE"
indicates the color differences and calculated as AE*= ((Ly'-
Lto")2+ (as™-an” )Y+(bi'-bw"))"?; while Ly", ag*, by are the
color coordinates after treatment, and  before
treatment/control (to) [26], [27]. The morphology of the
curcumin paper strip in boric acid detection was observed by
Scanning Electron Microscope (SEM) and CURNnsr
absorption into the filter paper was observed using a light
microscope (CHIOMOMF Olympus).

G. Statistical analysis

Statistical analysis was performed using IBM SPSS
version 22, where the significance differences inter-
treatments were tested with the Tukey method (o =0.05).

III. RESULT AND DISCUSSION
A. Characteristic of Encapsulated Curcumin

1) Thermogravimetric Analysis (TGA): Curcumin as a
bioactive compound was a soluble fraction of turmeric in
ethanol solvent extraction. Natural curcumin in turmeric
powder is a volatile compound which susceptible to
temperature. Therefore, it must be encapsulated in a matrix.
In this research, maltodextrin was used as an encapsulating
agent and stabilizer for curcumin extract. To determine the
thermal stability of curcumin extract through changes in its
weight, it was carried out using thermogravimetric analysis
(TGA). Figure 1 shows that TGA (thermogravimetric
analysis) of encapsulated curcumin. Turmeric, maltodextrin,
and encapsulated curcumin (CURNns) has three stages of
decomposition. Turmeric had three main stages of
decomposition. The first stage was obtained in the range of
37.19°C-92.68°C. The weight loss might be caused by the
loss of volatile compounds [28]. The second stage of
decomposition existed in the range 135.22°C-191.91°C.
Losing weight in the second stage might relate to the process
of dehydration (evaporation process of free and bound water
in the polymer turmeric) and dihydroxylation of OH groups
[29]. While the third stage of decomposition began at
217.66°C and ended at 340.17°C. In this third stage, a
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complete decomposition was obtained. Until the final stage
of this degradation, the turmeric lost the weight of 57.07%.
Turmeric polymer decomposition took place at this stage.
Delgado et al. [29] reported that turmeric polymer
decomposition began at 193°C. Samindra and Kottegoda [30]
reported that the complete polymer decomposition of
curcumin occurred in the range 200-400°C.

Maltodextrin decomposition was also found in three
stages. The first stage existed in the range of 55.72°C-
73.62°C, which is related to first-order transitions such as
evaporation. The second stage of decomposition occurred in
the range 204.02°C-223.58°C. A weight loss at this stage
confirmed the presence of small decomposition of polymers
in low molecular weight oligosaccharides with DP (degree
of polymerization) about 5-6. That was as reported by
Saavedra-Leos et al. [31]. Complete polymer decomposition
was obtained at the third stage, which began at 241.2°C and
ended at 331.25°C. The weight loss is associated with

thermal decomposition of long molecular chains,
polymerization processes, and isomerization reactions
associated with dehydration [32].
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Fig. 1 TGA curve of of turmeric, maltodexktrin and maltodextrin-ethanolic
curcumin extract

Maltodextrin-curcumin ~ had  three stages of
decomposition as well. The first and second stages occurred
in the range 119.59°C-151.59°C and 206.29°C-240.44°C,
respectively. Polymer degradation occurred at 240.44°C-
336.79°C. There were water loss and small decomposition in
the first and second stages with a weight loss of up to
18.04%. In this study, the degradation of turmeric polymers
containing curcumin began at 217.66°C. Meanwhile, after
curcumin was encapsulated in the matrix, polymer
degradation began at 240.44°C. This indicated that the
encapsulation process would increase the thermal stability of
curcumin extract. This corresponded with the works of
Laczkowski and Sousdaleff [33] and Parize et al. [34]. They
explained that polymer degradation of encapsulated turmeric
in maltodextrin matrix began at 228°C. While turmeric
without encapsulation was degraded at 201°C. Similarly,
Laczkowski and Sousdaleff [33] exhibited that better
turmeric stability was obtained in the form of encapsulation
in the maltodextrin matrix.

2) Particle Size Analyzer and Polydispersive Index:
Zetasizer analyzed the size and dispersion of curcumin
nanoemulsion. Figure 2 presents the particle size distribution
of curcumin nanoemulsion (CURNns) before and after
mixed oxalic acid and concentrated hydrochloric acid. The
distribution of CURNns was bimodal with a droplet size



average of 59.99 nm (Figure 2a). Meanwhile, after added
with concentrated hydrochloric acid and oxalic acid
(CURNNsr), particle size became smaller, which was 25.70
nm with bimodal distribution (Figure 2b). The presence of
concentrated hydrochloric acid might hydrolyze the
curcumin hydrogen bonds so that the size of CURNnsr
becomes smaller.
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Fig. 2 Curve of particle size distribution for CURNns (a), and CURNnsr (b)

Jusnita et al. [23] used a homogenizer with various
mixing speeds and times to produce nanocurcumin with
droplet sizes below 100 nm. They reported that the stirring
speed and time affected the droplet size. It was obtained
below 100 nm using 30% of curcumin with stirring speed of
12.879 g during 40 min. According to Solans et al. [35]
nanoemulsion has better stability for particle aggregation
and gravity separation due to its small droplet size.

Sari et al. [19] prepared curcumin nanoemulsion using
Tween 80 emulsifier and stabilizer of whey protein
concentrate with ultrasonication technique. Their work
resulted droplets size of 141.6 + 15.4 nm. Yadav et al. [36]
showed that curcumin encapsulated in chitosan nanoparticles
with the addition of Tween 80 obtained a droplet size range
of 20-50 nm. Hu et al. [37] reported that the average particle
size was around 250 nm from curcumin fortified zein-pectin
nanoparticles. The minimum size of droplet that can be
obtained depends on several different factors. Reducing
particle size using high energy depends on the type and
operating conditions of the homogenizer (e.g., energy
intensity, time and temperature), sample composition (for
example oil type and concentration and emulsifier) and
physicochemical properties of component phases (e.g.,
interface voltage and viscosity) [38]

A good homogeneity of curcumin nanoemulsion is needed
to get a uniform color change response in boric acid
detection, which is related to its sensitivity. The
homogeneity of the CURNns and CURNnsr distribution
were described by the polydispersion index (PDI).
According to Galindo-Rodriguez et al. [39], PDI describes
the particle size distribution width and usually ranges from 0
to 1, where higher values indicate a less homogeneous
particle size distribution. The polydispersity index (PDI) also
provides information about the stability of the emulsion.
According to Ahmed et al. [40] nanoemulsion is stable from
the possibility of particle collision and gravity separation if
the particle size is < 200 nm with a polydispersity index of
0.2 <PDI <0.6.
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In this work showed that CURNns had a PDI value of
0.168. While the PDI of CURNnsr was 0.580. In previous
studies, curcumin fortified zein-pectin nanoparticles had a
PDI of ~ 0.24 [37]. Sari et al. [19] reported that curcumin
nanoemulsion in a whey protein concentrate had a PDI of
0.273. A relatively lower PDI value for nanoemulsion is
associated with higher storage stability [41]. This research
had a PDI of 0.2 <PDI <0.6, so it has good homogeneity and
stability.

B. Boric Acid Detection by Curcumin

1) Functional Group of Curcumin in Boric Acid
Detection: Functional group examination and structural
description of compounds were observed using the Fourier-
Transform Infrared Spectroscopy (FTIR). Analysis of this
functional group is needed to determine the bonds formed
between curcumin and boric acid. Figure 3(a) showed the IR
spectra of curcumin powder. Peak of 3510 cm™ confirmed
the OH-phenolic stretch of curcumin [42]. Peak of 1626 cm!
was the stretch attribute of -C = C and -C = O of the inter
ring chain, peak of 1606 cm™ confirmed the -C = C stretch
of aromatic ring, and peak of 1506 cm™ indicated of -C = C,
-C = 0, and —CC = O stretching vibrations in plane bending
[43].

Based on Figure 3(b), O-H stretching appeared at 3191
cml, Peak 2259 and 2516 cm™! were assigned as asymmetric
B-O bands in BO,. While asymmetric B-O bands in BO; and
O-H bands appeared at peaks of 1404 cm™ and 1190 cm’,
respectively. Peak of 883 cm™ confirmed the asymmetric B-
O bands in BOs, peak of 704 ¢cm' was responsible as
symmetric B-O bands in BOs, and the peak of 544 cm!
belongs to boric acid of H3BOs. This is in accordance with

the report of Oge and Keskiner [44].
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Fig. 3 FTIR spectra of curcumin (a), boric acid (b), and curcumin-boric
acid (c)

After curcumin was reacted with boric acid, some changes
in IR band occurred. There was a shift in the O-H and C =0
groups from 3510 cm™ and 1626 cm™ to 3198 cm™ and 1619
cm!, and O-H band became broad (Figure 3c). This
indicates that O-H and C=O groups are involved in the
formation of curcumin and boric acid complexes. Thus, it
can be assumed that the formation of curcumin-boric acid
complex occurs through intermolecular hydrogen bonds.
This similar result also reported by previous researchers.
According to Dible et al. [45], the curcumin-boric acid
(rosocyanine) complex might be form due to the



combination of boron with one of the hydroxy groups of the
curcumin molecule. Yoe and Sarver [46] explained that the
complexes were formed due to ring formation by
coordinating boron with the methoxy and hydroxy curcumin
groups.

The curcumin and boric acid complex caused the
absorption intensity of asymmetric B-O bands in BOs at
peak 1417 cm™ and O-H bands at peak 1191 cm™ to be
decreased. Besides that, the decrease in band intensity also
existed at 700 cm™ and 543 cm’!. While the IR band at 2259
cm’! was relatively stable. These conditions indicate that
boric acid is strongly bound to curcumin so that IR spectra
could still detect its presence.

2) Microstructure of Curcumin Nanoemulsion Reagent
(CURNnsr) in Boric Acid Detection: Microstructural
determination of CURNnsr was carried out using the
Transmission Electron Microscope. Figure 4 shows the TEM
micrographs of CURNnsr and their interactions with boric
acid with different magnifications. CURNnsr had a spherical
shape with a smooth surface in sizes of 25-60 nm. Granular
particles of curcumin were not mutually bonded to each
other. Hu et al. [37] and Raj and Dhesingh [42] reported that
curcumin nanoparticles were spherical.

a3 1
Fig. 4 TEM image ofCURNnsr (a) and aggregation of CURNnsr-boric
acid mixture (b and c¢)

Figure 4(b) shows TEM micrograph of CURNnsr upon
contact with boric acid. It appeared that the interaction
between boric acid and curcumin formed a fine unified
aggregate forming a large circle with a range of 200-500 nm.
The formation of these aggregates confirmed the color
changes of curcumin from yellow to red. A similar result
was also explained by Raj and Dhesingh [42] and Shi et al.
[47]. They described that the color change in the
colorimetric sensor occurred due to an aggregate formation

between the sensor reagent and the targeted chemical analyte.

C. Application of CURNnsr Paper Strips as Biosensor for
Chemicals Detection

1)  Physical Appearance and its Microscopy Studies:
The morphology of the curcumin paper strip for boric acid
detection was observed by Scanning Electron Microscope
(SEM), and CURNnsr absorption into the filter paper was
observed with a light microscope. Figure 5(a) showed a
visualization of the curcumin paper strip. It appeared yellow
with an even color distribution on the surface of the filter
paper. CURNnsr solution can be absorbed into the filter
paper evenly (Figure 5b). The color of the curcumin paper
strip changed from yellow to red homogeneously upon
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contact with boric acid (Figure 5c). The color homogeneity
was obtained because the CURNnsr droplets were
nanometer-sized so that the surface area was large; therefore,
the ability to adsorb onto the filter paper surfaces was higher
[42]. Nanoparticles are more active because they have a
larger surface area than micrometer-sized particles [48].
Therefore, when it was reacted with boric acid, the response
of color change was homogeneous. Boric acid solution
adsorbed onto fibers of a curcumin paper strip so that the red
color resulted homogeneous (Figure 5d).

Fig. 5 Appearance of curcumin paper strip (a), optical microscope image
of curcumin paper strip (b), curcumin paper strip upon contact with boric
acid (c¢), optical microscope image of curcumin strip-boric acid (d)

Fig. 6 SEM images of filter paper (a), curcumin paper strip surface (b),

curcumin paper strip-boric acid surface (¢) curcumin paper strip-boric acid,
cross section (d)

The morphological and microstructure determination of
the curcumin paper strip by SEM were presented in Figure 6.
The filter paper consisted of a long fiber that were confirmed
as cellulose (Figure 6a). The filter paper was coated with
CURNRsr solution, and it was used as a sensor strip for boric
acid. Figure 6(b) described the surface morphology of the



curcumin paper strip. When compared to the filter paper, on
the surface of the curcumin paper strip, layers were covering
the filter paper fibers. The layers are suspected as
maltodextrin contained within CURNnsr. Figure 6(c)
showed the surface of the curcumin paper strip after
interacting with boric acid. Aggregates were formed on the
surface of the curcumin paper strip. It was almost no visible
air cavity on its surface. This is because the CURNnsr has
thoroughly coated the filter paper until it was absorbed into
the filter paper. Thick aggregates also covered the filter
paper fibers in a cross-section of the curcumin paper strip-
boric acid. The aggregates appeared as an irregular and thick
layer (Figure 6d). They were estimated due to the interaction
of CURNnsr with boric acid, which also confirmed the color
change of curcumin paper strips from yellow to red (Figure
6d, inserted picture). In another study, Pourreza and
Golmohammadi [49] reported that the aggregate which was
formed between nano curcumin and alkaline solution in pH
sensing indicated the color change.

2)  Selectivity of CURNnsr Paper Strip and the
Interferences of the Chemicals in Boric Acid Sensing:
Selectivity and interference examinations of curcumin paper
strips were carried out to ensure that its performance for
boric acid detection is only selective to boric acid. It is not
interfered with by other chemicals (Pb*', Zn?*, Fe**, Mg?",
NaCl, monosodium glutamate (MSG), sodium benzoate,
formalin, and sodium nitrite). The interaction of curcumin

NaCl, monosodium glutamate (MSG), sodium benzoate,
formalin, and sodium nitrite) did not show color changes
(remain yellow color), however there was minor loss of
color (color fading) when interacting with sodium nitrite
(Figure 7a). The values of b* and ¢” of curcumin paper
strip-nitite differed significantly (p <0.05) towards control
(curcumin paper strip) (Table 1). Curcumin paper strip
interaction with nitrite caused the b" and ¢” values drop as a
sign of a decline in the yellow color intensity to colorless.
This is due to the presence of curcumin which can reduce the
formation of nitrite (NO2) from NO oxidation [50], which
occurs due to sequestration of NO, intermediate reactions
[51]. Unnikrishnan and Rao [51] explained that curcumin
could also inhibit the oxidation of NO, from hemoglobin to
methemoglobin. So, the interaction of the curcumin and
nitrite caused the curcumin paper strip to lose color.

a [¢]

pb7

Pb?*
o nitrite L. <« 2 {

nitrite Zn*

3+
Formalin ke

S Formalin

control control

—
w Mg?* 3 A Mﬁ
Benzoat

Fig. 7 Detection of curcumin paper strip towards 10000 ppm of various

Benzoat

paper strips with boric acid gave a red color change. While sole chemicals (a), chemicals + boric acid mixture (b).
its interactions with other chemicals (Pb*', Zn?*, Fe**, Mg?",
TABLEI
COLORIMETRIC CHARACTERISTIC OF CURCUMIN PAPER STRIP AGAINST 10000 PPM OF CHEMICALS
. Color parameter
Chemical treatment
L’ a’ b ¢ Hue AE’
Control 97.50 + 1.77¢ -19.57 + 4.64%%¢ 43.45 £ 0.49% 47.76 + 2.40%d° 114.09 + 4.76b<
Pb** 97.30 + 2.34<4 -16.44 + 7.87% 40.16 £ 0.89% 43.81 £ 2.78bcde 111.86+9.89b° 5.81 +2.60%
Zn%* 97.54 +0.894 -17.09 £ 3.21%f 37.01 £ 0.664 40.82 +1.91%° 114.66 + 3,78bcde 7.82 + 1.06%
Fe¥* 92.44 +1.10° -17.71 £ 5.89%f 32.62+£1.21° 37.38 +£2.81° 118.15 + 8.03bcde 13.77 + 1.83%°
Mg** 99.98 +0.01¢ -31.97 £ 6.67* 40.56 £ 2.12¢f 51.74 + 5.83¢ 127.93 £ 4.19¢f 13.17 + 1.79b¢
Boric acid 82.16 £ 0.93* 40.61 £ 1.358 10.41 £ 0.44* 41.93 £ 1.41b 14.37 £0.14% 70.37 + 4.53F
NaCl 99.23 + 0.66¢ -43.30 +£2.55% 44.44 £ 1.298 62.05+£2.71F 134.23 +£0.83f 23.85 + 5.99¢
MSG 99.99 + 0.00¢ -54.43 £ 5.35% 48.76 = 1.70" 73.10 £ 5.108 138.06 + 1.82¢ 35.39 + 6.09¢
Benzoate 99.98 + 0.00¢ -29.77 £2.33« 40.52 £ 0.71¢f 50.29 + 1.83% 126.27 + 1.849¢f 10.95 + 3,592
Formalin 99.79 +0.21¢ -26.50 £ 2,77 40.77 £ 0.77¢ 48.64 + 2,16 122.96 + 2.20°def 8.51 +£5.62%
Nitrite 95.78£0.13¢° -6.24 + 0.43F 21.00 £+ 0.45° 21.91 £0.54* 106.54 + 0.84° 26.39 + 3.42de

Table 1 shows that the values of a*, b", Hue and AE” on
CURNRnsr paper strip-boric acid were significantly different
(p<0.05) toward control and curcumin paper strip-other
chemicals. Meanwhile, on curcumin paper, strip-other
chemicals did not differ significantly (p > 0.05). The value
of a" on curcumin paper strip-boric acid increased, while b*
value decreased. Where a” and b" value of 40.61 =+ 1.35 and
10.41 + 0.44, respectively. And the value of °Hue and AE"
on the curcumin paper strip was in the first quadrant on the
CIELAB scale with values of 14.37 + 0.14 and 70.37 + 4.53,
respectively. The Hue value from 0 to < 45°C indicates red
[52]. This confirmed that the interaction of boric acid with
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CURNnsr led to the color change from yellow to red.
Similarly, the AE" value of curcumin paper strip-boric acid
was significantly different (p <0.05) to the others with a
value of 70.37 £ 4.53 (AE* > 5), the value AE" > 5 indicates
the color difference that can be seen evidently by the human
eye. According to Obon et al. [53], the values of 0.0<
AE'<1.5 confirm undistinguishable color differences by the
human eye. When 1.5< AE*<5.0 color differences perhaps
discernible and become evident when AE* >5.0. The
interaction of curcumin paper strips with other chemicals
was stable at yellow. So that curcumin paper strips have
good selectivity towards sole boric acid. Figure 7(b) shows



curcumin paper strips' performance in detecting boric acid
when it interacted with various chemicals simultaneously
(interfering chemicals). Visually, the boric acid detection by
curcumin paper strips remained red color even though it was
added with various interfering chemicals such as Pb*", Zn?",
Fe**, Mg*", NaCl, monosodium glutamate (MSG), sodium
benzoate, formalin, and sodium nitrite. Table 2 showed the

color characteristics with parameters of L", a*, b", Hue, and
AE" values on the biosensor paper strips to various
interfering  chemicals. Curcumin paper strips-boric
acid/chemicals had L*, a*, ¢*, Hue, and AE" values that were
significantly different (p <0.05) (Table 2), where the
smallest L* value was 81.66 + 0.63.

TABLEII
COLORIMETRIC CHARACTERISTIC OF BORIC ACID SENSING BY CURCUMIN PAPER STRIP UPON CONTACT WITH 10000 PPM CHEMICALS INTERFERENCE

Color parameter

Chemicals interference

L’ a' b ¢ °Hue AE’
Control 99.99 £ 0.00° -69.74 + 8.03* 54.45 +1.87¢ 88.55 + 7.424 141.90+2.31¢
Pb** 86.10 £ 0.95° 25.38 £ 0.45% 19.66 £ 0.44¢de 30.38 £ 3.41% 40.81 £ 4.86° 10225 £7.712
Zn** 88.61 £ (0.44bd 17.43+£0.37° 19.31 £0.25¢ 26.02 £ 0.282 47.93£0.774 94.69 +9.512
Fe’* 88.47 £ 0.61b«d 18.10 £ 1.43° 16.96 £ 0.42b¢ 24.81 £1.30* 43.18 £ 1.67¢ 96.23 £7.29*
Mg?* 88.65 £ 1.02¢d 25.03 £ 1.99b° 15.97+0.38% 29.71 + 1.47% 32.64+2.71° 102.92 + 8.93%
Boric acid 81.66 + 0.63* 40.95 £ 0.794 13.74 £ 0.41* 43.19 £ 0.68° 18.55 +0.75% 119.36 £ 9.68®
NaCl 87.40 £ 1.34bd 28.51 £2.96% 18.06 £ 0.14b° 33.78 £2.45° 32.48 £2.77° 105.55 + 8.62°
MSG 89.31 +£0.74% 23.10 £ 0.61%° 22.51 £ 1.66 32.26 £ 1.47% 44.22 £ 1.72¢ 98.78 £ 9.37%
Benzoate 89.50 + 0.454 22.33 £ 1.54% 21.72 +0.29%f 31.20 + 1.38% 44.17 +1.70% 98.29 + 8.36%
Formalin 86.93 £ 1.03% 21.96 £ 0.57° 23.21 £0.65° 31.96 + 0.49% 46.59 +1.27% 97.76 + 7.99%
Nitrite 88.36 +0.11bd 21.12 £ 0.66 22.77 £ 0.86" 31.06 £ 0.97® 47.33 £0.71¢ 96.96 + 8.95%
This result presented that the red color of curcumin paper
strip-boric acid was darker than others, indicating that a* and
c¢" values were higher. It could also be seen that from its Hue
value of 18.55 + 0.75, which indicated the dark red color
because it approached 0 [52]. While the value of Hue , 2 ; e = = e :00 e X
curcumin paper strip-other chemicals was in the range of ¥ ,, ‘ ]
32.48 + 2.77 to 47.93 + 0.77, which indicated a red-orange s R i i i R
color. Thus, chemicals such as Pb*", Zn*", Fe**, Mg?', NaCl, 700 200 900 1000 2000 3000 4000
monosodium glutamate (MSG), sodium benzoate, formalin, _ '
and sodium nitrite in boric acid detection caused the . . . - E i
response of color change to became a reddish-orange (red
5000 6000 7000 8000 9000 10000

color to fade slightly). This is probably due to CURNnsr
solution having a very small size droplet. So, when it was
dripped with a chemical solution, curcumin dye became
soluble and decays. Consequently, the curcumin
concentration in the paper strip reduced and caused the
binding with boric acid became decline, so the intensity of
the red color decreased. However, these chemicals' presence
maybe not interfered with boric acid-sensing because it still
responds to a similar color change (no contrast in color
differences).

3)  Sensitivity of CURNnsr Paper Strip to Boric Acid:
The sensitivity of curcumin paper strips to boric acid was
examined with different boric acid concentrations from 100
to 10000 ppm. The curcumin paper strip color response scale
for various concentrations of boric acid was presented in
Figure 8. There was a change in the color of the curcumin
paper strip from yellow to red. The color change began from
200 ppm, so the visual limit of detection (LOD) value of 200
ppm where the detection time was about 1 hour. The
detection time needs a long time because the interaction
between boric acid and curcumin paper strip occurs in dry
condition, so it needs about 1 hour to dry the paper strip at
ambient temperature.
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Fig. 8 Color scale of the curcumin paper strip response to various
concentration of boric acid solution from 100-10000 ppm

Based on Table 3, it was seen that a* value of curcumin
paper strips-boric acid from 100 to 10000 ppm of boric acid
increased in the range of 10.34 + 0.08 to 38.03 + 0.17.
Similarly, AE" increased in the range of 7.5 £ 0.27 to 46.89 +
0.23. This showed that the red color intensity of the
curcumin paper strip-boric acid increased. However, the
increase was relatively not a significant different (p > 0.05).
While the values of Hue (Figure 8) and b* decreased from
the range 72.42 + 0.14 to 11.71 + 0.12 and 32.63 + 0.04 to
10.43 + 0.08, respectively. But the decrease that occurred
was relatively insignificant too (p > 0.05). When it contacts
with 100-600 ppm boric acid, the curcumin paper strip color
changed from yellow to reddish yellow. That was evidenced
by the Hue value ranging from 43.04 + 0.23-72.42 + 0.14.
Nevertheless, it was in red color with higher intensity upon
interacted with 700-10000 ppm of boric acid, where the Hue
values ranged from 11.71+£0.12-35.93+2.98. According
Camgdz [52], Hue values ranging 0-45 and 45-90
correspond to red-yellow and yellow green, respectively.



TABLE III
COLORIMETRIC CHARACTERISTIC OF CURCUMIN PAPER STRIP UPON CONTACT WITH BORIC ACID FROM 100-10000 PPM

Concentration Color parameter
of boric
acid (ppm) L" a’ b" ¢ °Hue AE"
0 89.48 +0.29! 3.64 £0.25* 34.62 +0.20! 34.81 £ .18« 84.00 £ 0.451
100 86.78 £ 0.12k 10.34 +0.08" 32.63 £ 0.04% 34.23 +£0.02% 72.42 £0.141 7.5+£0.272
200 83.95+0.25 17.95+0.38° 27.76 £ 0.13 26.26 £ 0.67* 31.81 +£0.35¢ 16.80 + 0.04°
300 84.09 £ 0.19 18.72 +£0.32¢d 27.76 £ 0.13 33.48 +£0.08% 56.02 +0.57" 17.41 £0.77°
400 82.03 £ 0.05 20.61 +0.15% 28.16 + 0.02 35.63 £ 0.96%4 39.34 + 1.67¢ 19.62 +0.55°
500 82.08 + 0.06! 21.98+0.11¢ 25.09£0.16 33.36 £ 0.05" 48.78 +£0.33¢ 21.95+0.58
600 80.96 £ 0.20M 24.98 +0.16" 23.32+0.04" 34.18 £ 0.09% 43.04 +0.23° 25.60 +0.18¢
700 79.85 +0.86% 26.92 +0.83% 19.51 + 1.54¢f 33.27+0.23% 35.93 +£2.984% 29.38 +£2,13%f
800 80.19 +0.29¢ 27.16 + 0.08fh 21.11 £ 0.50% 34.40 £ 0.38% 37.85+£0.58¢° 28.67 + 0.484%
900 80.96 + 0.66 27.56 + 1.40fh 22.58 +£0.19¢" 35.63 £ 0.96%4 39.34 + 1.67¢ 28.98 £ 1.08°f
1000 79.35+0.01fh 28.74 £ 0.08¢" 18.71 £0.01¢ 34.30 £ 0.08% 33.06 + 0.064 31.40 + 0.46°
2000 77.57 £ 1.16% 29.75 +1.95" 18.72 £0.58¢ 35.16 & 1.34bede 32.23 £2.494 32.81 +2.66
3000 76.14 £ 0.28% 34.25 £ 0.481 14.46 £ 0.20° 37.18 £ 0.37°f 22.89+0.57¢ 39.00+0.178
4000 75.26 + 0.18b«d 34.71 £0.151 12.20 + 0.06" 36.79 £ 0.16%¢f 19.37£0.01%° 40.87 + 0.42M
5000 75.39 +0.28< 35.01 £0.28 11.68 +0.31% 36.91 £ 0.16%¢f 18.45 + 0.59% 41.33 + (.08
6000 73.59 +0.35% 36.81 £ 0.491 10.26 £+ 0.06* 38.21 £ 0.49fh 15.58 £0.11% 44.11 + 0.87ik
7000 73.74 £ 0.11%¢ 36.84 + 0.221 10.28 £0.10* 38.25+0.19fh 15.60 + 0.23% 44.07 + 0.147k
8000 72.54 £ 0.45* 37.80 £ 0.721 11.32+£0.03% 39.46 + 0.69" 16.67 £0.25° 44.69 + 1.117k
9000 72.60 £ 0.72* 37.83 £0.801 10.43 £0.08* 39.24 +0.80% 15.42 £ 0.19% 45,15+ 1.2/
10000 72.14 £ 0.08* 38.03+£0.17 7.88 +0.044 38.84 £ 0.16fh 11.71£0.122 46.89 + 0.23%
0 . constant. This was shown based on the values of a* and b,
a) . kK respectively (Figure 9a). Increasing the intensity of the red
> x/*'_*_rf %—a Lo color based on the value of a” led to a linearity curve in the
0] F —O—b* range of 200-700 ppm of boric acid where the linear
By 300700 ppm - 83 regression equation was expressed as y = 0.0186x + 13.497
W 2 ' = and the correlation coefficient (R?) was 0.972 (Figure 9b).
13 - 80 The linear graph obtained the limit of detection (LOD)
1 | 25 value of curcumin paper strips for boric acid-sensing of
105.56 ppm. A decrease in the intensity of the yellow color
04 . . . . [ 70 based on the linear b" value was also occurred at 200-700
o 000 4000 6000 8000 10000 ppm, resulting in a linear equation y = -0.0085 + 85.997 and
Concentration of boric acid (ppm) R2=0.927.
b) 28 r 83 D. The Future Applications of CURNnsr Paper Strips in
27 ” Food Product
In the future, this paper strip will be applied to detect
= 5 boric acid in food. Its use is preceded by the preparation of a
23 3'=°£,13=6§_;?123'49E| S food sample containing borax. The food samples containing
a1 |6 borax are extracted by crushing them with a bit of water
added. The food extract about 0.25 pL is then dripped onto
1% 4 ¥ =-0.0083x + 85.997 5 80 the paper strip's surface, then let dry until the color changes.
17 . 1}2 - u_gzsil . | 7 The color change is matched with a color series of paper
200 300 400 500 600 700 strips of 0-10000 ppm borax concentration. It is conducted to
Concentration of boric acid (ppra) estimate the borax concentration in the food.
Fig. 9 Relationship between a* and b* values of curcumin paper strip-

boric acid and concentration of boric acid from 100 to 10000 ppm (a)
calibration line drawn for boric acid sensing by curcumin paper strip based
on a* and b* (b)

The red color change of the curcumin paper strip against
boric acid increased. In contrast, the intensity of the yellow
color decreased to a certain concentration; then it became
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IV. CONCLUSION

Curcumin encapsulation in the form of nanoemulsion is
successfully carried out. Curcumin nanoemulsion reagent
(CURNNsr) for boric acid detection has a smooth spherical
shape with a size of 25.70 nm. After CURNnsr is applied as
a paper strip, it can detect boric acid with good sensitivity,



selectivity, and stability. Interaction with boric acid causes
the color of the curcumin paper strip to change from yellow
to red with the visual LOD of 200 ppm. The color change
intensity of the curcumin paper strip increased
proportionally to the concentration of boric acid, forming a
good linear graph at 200-700 ppm. The linear graph results
from the LOD of 105.56 ppm with the detection time of
about 1 hour. Curcumin paper strip is one form of
colorimetric ~ biosensor  development that provides
practicality in use. In the future, it is also promising to apply
it in societies by use of advantages including low cost,
environmentally friendly, easy to use, sensitive, selective,
stable, and quick in detecting.

ACKNOWLEDGMENT

The researchers are grateful to the Ministry of Research,
Technology and Higher Education of the Republic of
Indonesia (Hibah PMSDU Contract no.
1540/1T3.11/PN/2018) and to the Faculty of Life and
Environmental Sciences, University of Tsukuba, Japan for
the funding and support to this research.

REFERENCES

KY. Yang, C.L. Lei, Y.T. Ting, C.W. Shau, and H.T. Tung, “Oral
bioavaibility of curcumin in rat and the herbal analysis from
Curcuma longa by LC-MSMS,” J.Chromatogr. B, vol.853, no.1-2,
pp-183-189, 2007.

World Health Organization. (2009). Boron in drinking-water:
background document for development of WHO guidelines for
drinking-water ~ quality. World Health  Organization [online]
[downlodded 2019 11 07] Available at
https://apps.who.int/iris/handle/10665/70170.

D.F.A.L. Suntaka, W.B.S. Joseph, and R.C. Sondakh, “[Analysis of
formaldehyde and borax content in meatballs served by permanent
meatball stalls in several places in Bitung City in 2014]” “Analisis
kandungan formalin dan boraks pada bakso yang disajikan Kios
bakso permanen pada beberapa tempat di Kota Bitung tahun 2014,”
Kesmas, vol. 4, no. (1), pp. 39-45, 2015, Indonesian.

P.H.Yiu, J. See, A. Rajan, C.F.J. Bong, “Boric acid levels in fresh
noodles and fish ball,” Am. J. Agric. Biol. Sci, vol. 3, pp. 476-481,
2008.

P.I.Strong, K.Robert, C.K. William, “Boric acid and inorganic borate
pesticides”, In: Handbook of Pesticide Toxicology, Strong, P.L. (Ed.).
2nd Edn. Academic Press, San Diego, ISBN: 978-0-12-426260-7, pp:
1429-1437,2001.

A.W. See, A.B. Salleh, A.B. Fatimah, N.A. Yusof, A.S. Abdulamir,
L.Y. Heng, “Risk and health effect of boric acid”, Am. J. Applied Sci.
7(5): 620-627,2010.

C. Saparinto, D. Hidayati D, “Bahan Tambahan Pangan [Food
Additive]”. Cetakan I. Yogyakarta: Kanisius, 2006. In Indonesian.

W. Horwitz, “Official Methods of Analysis of AOAC Internatioanal”
18" edition Volume 1 Agricultural Chemical USA Chapter 47.
pp.13-14,2015.

S.S. Mizura, E.S.Tee, and H.E. Ooi, “Determination of boric acid in
foods: comparative study of three meethods,” J. Sci. Food. Agric, vol.
55, pp. 261-268, 1991.

Z. Zeng, H. Zhang, T. Zhang, S. Tamogami, and J.Y. Chen,
“Analysis of flavor volatiles of glutinous rice during cooking by
combined gas chromatography—mass spectrometry with modified
headspace solid-phase microextraction method,” J. Food Compos.
Anal, vol. 22, pp. 347-353, 2009.

J. Chiou, HH.L. Arthur, W.L. Hang, and W. Wing-tak, “Rapid
testing methods for food contaminants and toxicants,” J.Integr. Agric,
vol. 14, no. 11, pp. 2243-2264,2015.

N. Kaur, and S. Kumar, “Colorimetric metal
Tetrahedron, vol. 67, pp. 9233-9264,2011.

C. Parolo, and A. Merkoci, “Paper-based nanobiosensors for
diagnostics,” Chem.Soc. Rev, vol. 42, pp. 450-457,2013.

[10]

[11]

[12] ion sensors,”

[13]

817

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[26]

[27]

[32]

[33]

[34]

W. Liu, J. Luo, Y. Guo, J. Kou, B. Li, and Z. Zhang, “Nanoparticle
coated paper-based chemiluminescence device for the determination
of L-cysteine,” Talanta, vol. 120, pp. 336-341, 2014.

A. Wulandari, T.C. Sunarti, F. Fahma, and E. Noor, “Potency of
Bioactive as Biosensor for Detection of pH and Chemicals in Food
Products” [Thesis], Bogor (ID): Faculty of Agriculture and
Engineering, IPB University, 2018.

R.A. Sharma, A.J. Gescher, and W.P. Steward, “Curcumin: the story
so far,” Eur.J.Cancer, vol. 41, pp. 1955-1968, 2005.

R.K. Bhawana, H.S. Basniwal, H.S. Buttar, V.K. Jain, and N. Jain,
“Curcumin nanoparticles: preparation, characterization, and
antimicrobial study,” J. Agric. Food Chem., vol. 59, pp. 2056-2061,
2011.

JK. Lin, HM. Pan, and S. Lin-Shiau, “Recent studies on the
biofunctions and biotransformations of curcumin,” Biofactors, vol.
13, pp. 153-158, 2000.

T.P. Sari, B. Mann, R. Kumar, R.R.B. Singh, R. Sharma, M.
Bhardwaj, and S. Athira, “Preparation and characterization of
nanoemulsion encapsulating curcumin,” Food Hydrocoll., vol. 43, pp.
540-546, 2015.

K. Ahmed, L. Yan, J. David, M.C. Clements, and H. Xiao,
“Nanoemulsion-and emulsion-based delivery systems for curcumin:
Encapsulation and release properties,” Food Chem., vol. 132, pp.
799-807,2012.

A, Setyowati, C.L. Suryani, “Peningkatan kadar kurkuminoid dan
aktivitas antioksidan minuman instan temulawak dan kunyit
[Increased levels of curcuminoids and antioxidant activity of ginger
and turmeric instant drinks]”, J. Teknol. Pert. Agritech. 33:363-370,
2013. In Indonesian.

P. Waghmare, P. Dheeraj, K. Pramod, Extraction, isolation,
purification and identification of curcumin: a review article. Eur. J.
Biomedic. Pharm. Sci. 2 (3): 108-123,2015.

N. Jusnita, L. Haditjaroko, M. Yusron, and E. Noor, “Production of
nanocurcumin  from  Curcuma  xanthorriza  Roxb. by
homogenization,” J.Biology Agric. Healthcare, vol. 4, no. 16, pp. 79-
83,2014.

B.Y.M.R. Hayes, and J. Metcalfe, “The boron - curcumin complex in
the determination of trace amounts of boron,” Analyst, vol. 87. pp.
956-969, 1962.

[APHA, AWWA, WEF]. American Public Health Association,
American Water Works Association, Water Environment Federation.
1999. Standard Methods for the Examination of Water and
Wastewater. [Online] downloaded at 2019-08-23. available
http://kpatco.com/Download/SM- CHLORINE_DIOXIDE 5232.pdf.
L.S. Kuck, and C.P.Z. Norefia, “Microencapsulation of grape (Vitis
labrusca var. Bordo) skin phenolic extract using gum Arabic,
polydextrose, and partially hydrolyzed guar gum as encapsulating
agents, “Food Chem., vol. 194, pp. 569-576, 2016.

E.C.Q. Lacerda, C.V.M. de Aratjo, M. Monteiro, P.V. Finotelli, A.G.
Torres, D. Perrone, “Starch, inulin and maltodextrin as encapsulating
agents affect thequality and stability of jussara pulp microparticles,”
Carbohydr. Polym, vol. 151, no. 500-510, 2016.

K.C. Huang, Z. Zhao, G.E. Hoag, A. Dahmani, P.A. Block,
“Degradation of volatile organic compounds with thermally activated
persulfate oxidation,” Chemosphere, vol. 61, pp. 551-560, 2005.
A.Y.C. Delgado, HJ.C. Velasquez, D.A.R. Molina, “Thermal and
thermodynamic characterization of a dye powder from liquid
turmeric extracts by spray drying,” Rev.Fac.Nac.Agron, vol. 69, no.1,
pp. 7845-7854,2016.

K.M.S. Samindra, and N. Kottegoda, “Encapsulation of curcumin
into layered double hydroxides,” Nanotechnol.Rev, vol. 3, no.6,
pp.579-589, 2014.

Z. Saavedra-Leos, C. Leyva-Porras, S.B. Araujo-Diaz, A.Toxqui-
Teran, and A.J. Borras-Enriquez AJ, “Technological application of
maltodextrins according to the degree of polymerization,” Molecules,
vol. 20, pp. 21067-21081, 2015.

B. Jiang, Y. Liu, B. Bhandari, and W. Zhou, “Impact of
caramelization on the glass transition temperature of several
caramelized sugars. Part I: Chemical analyses,” J.Agric.Food Chem.,
vol. 56, pp. 5138-5147,2008.

I.M.Laczkowski, and Sousdaleff, “Microencapsula¢io de curcumina
com maltodextrina, avaliagdo da estabilidade e aplicagio em
alimentos,” In Memories: VIII Encontro de Produgdo Cientifica e
Tecnologica, Campo Mourdo — PR, 2013.

Parize, A.H. Stulzer, M. Marghetti, I. Da Costa, T. Rozone,
“Evaluation of chitosan microparticles containing curcumin and



[38]

[39]

[40]

[41]

crosslinked with sodium tripolyphosphate produced by
drying,” Quimica Nova, vol. 35, pp. 1127-1132,2012.
C.Solans, P. Izquierdo, J. Nolla, N. Azemar, and M.J. Garcia-Celma
“Nano-emulsions,” Curr. Opin. Colloid Interface Sci, vol.10 no.3—4,
pp.102-110, 2005.

A. Yadav, V. Lomash, M.S. Samim, and J.S. Flora, “Curcumin
encapsulated in chitosan nanoparticles: A novel strategy for the
treatment of arsenic toxicity,” Chem. Biol. Interac. 199:49—-61,2012.
K. Hu, and D.J. McClements, “Fabrication of biopolymer

spray

nanoparticles by antisolvent precipitation and electrostatic deposition:

Zein-alginate core/shell nanoparticles,” Food Hydrocoll, vol. 44, pp.
101-108, 2015.

D.J. McClements, “Formation of nanoemulsions stabilized by model
food-grade emulsifiers using high-pressure homogenization: Factors
affecting particle size,” Food Hydrocoll, vol. 25, pp. 1000-1008,
2011.

S. Galindo-Rodriguez, E.Allemann, H. Fessi, and E. Doelker,
“Physicochemical parameters associated with nanoparticle formation
in the salting-out, emulsification—diffusion and nanoprecipitation
methods,” Pharm.Res, vol. 21, pp.1428-1439, 2004.

K. Ahmed, L. Yan, J. David, M.C. Clements, H. Xiao,
“Nanoemulsion-and emulsion-based delivery systems for curcumin:
Encapsulation and release properties,” Food Chem., vol. 132, pp.
799-807,2012.

H.J. Kim, E.A. Decker, D.J. McClements, “Role of postadsorption
conformation changes of beta-lactoglobulin on its ability to stabilize
oil droplets against flocculation during heating at neutral pH,”
Langmuir, vol. 18, n0.20, pp.7577-7583, 2002.

S. Raj, R.S. Dhesingh, “Curcumin based biocompatible nanofibers

for lead ion detection,” Sens.Actuators B, vol. 226, pp.318-325, 2016.

C.S. Mangolim, C. Moriwaki, A.C. Nogueira, F. Sato, M.L. Baesso,
AM. Neto, and G. Matioli, “Curcumin-beta-cyclodextrin inclusion
complex: Stability, solubility,characterisation by FT-IR, FT-Raman,

818

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[52]

[53]

X-ray diffraction and photoacoustic spectroscopy, and food
application,” Food Chem., vol. 153, pp. 361-370,2014.

T.0. Oge, and A.U. Keskiner, “Experimental and DFT calculation
studies on boric acid and salicylic acid-boric acid-ethanol solution.
Boron,” vol.3, no.2, pp. 118 — 125, 2018.

W. T Dible, K.C.Berger, E. Truog, “Boron determination in soils and
plants: Simplified curcumin procedure,” Anal Chem., vol. 26, pp.
418-421, 1954.

JH. Yoe, L.A. Sarver, “Organic Analytical Reagents,” New Y ork
(US): Wiley.pp 133, 1941.

H. Shi, G. Zhao, M. Liu, L. Fan, T. Cao, “Aptamer-based
colorimetric sensing of acetamiprid in soil samples: Sensitivity,
selectivity and mechanism,” J. Hazard Mater., vol. 260, pp. 754— 761,
2013.

H. Chen, J. Weiss, and F. Shahidi, “Nanotechnology in nutraceuticals
and functional foods,” J.Food Technol., pp. 30-36, 2006.

N. Pourreza, H. Golmohammadi, “Application of curcumin
nanoparticles in a lab-on-paper device as a simple and green pH
probe,” Talanta, vol.131, pp.136—141, 2015.

B.D. Johnston, and E.G. DeMaster, “Suppression of nitric oxide
oxidation to nitrite by curcumin is due to the sequestration of the
reaction intermediate nitrogen dioxide, not nitric oxide,” Nitric Oxide,
vol. 8, pp. 231-234,2003.

M.K. Unnikrishnan, and M.N. Rao, “Curcumin inhibits nitrogen
dioxide induced oxidation of haemoglobin,” Mol. Cell. Biochem., vol.
146, pp. 35-37, 1995.

N. Camgoz, C. Yener, and D. Gu“venc, “Effects of Hue, Saturation,
and Brightness on Preference,” Color Res. Appl., vol. 27, pp. 199-
207,2002.

JM. Obon, M.R. Castellar, M. Alacid, and J.A. Fernandez-Lopez,
“Productionof a red—purple food colorant from Opuntia stricta fruits
by spray drying and itsapplication in food model systems,” J.Food
Eng.,vol. 90, pp. 471-479, 2009.





