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Abstract

Research on the effect of cellulose and kaolin addition to alginate-cellulose-kaolin
composites' characteristics as a slow-release agent of urea fertilizer has been done.
The technique used in composites' preparation is an extrusion technique using 2%
CaCl, solution as a cross-linker. The compositions of alginate-cellulose-kaolin were
varied to determine their effect on composites' characteristics such as diameter, color,
swelling ratio, entrapment efficiency, and release of urea. The results showed that the
diameter of beads in wet condition produced ranges from 2.98 to 3.54 mm, whereas
the diameter of dry beads ranges from 1.22 to 1.92 mm. The addition of cellulose and
kaolin affected the color of the beads produced based on CIE Lab analysis. The value
of the swelling ratio decreased with the addition of cellulose and kaolin. The
entrapment efficiency of urea in beads obtained ranged from 37.25 to 45.06%. The
release of urea in aqueous media showed that cellulose and kaolin's addition into the
alginate affected the amount of released urea.
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INTRODUCTION

Urea is a nitrogen fertilizer most often used in
agriculture because it has a high nitrogen content
(46%) and a relatively cheap price (Wang et al., 2012).
However, in application, about 40-70% of the nitrogen
content in fertilizers can reduce the environment
because it experiences evaporation and washing
(Giroto et al., 2017). Besides, the excessive use of
nitrogen fertilizers could cause serious environmental
problems such as soil acidification, heavy carbon
contaminants, and greenhouse gas emissions (Islam et
al., 2011, Zhu and Chen, 2002). Therefore, it will lead
to changes in soil structure, compaction, and decreased
soil content in a long period.

The wuse of fertilizers with slow-release
technology is considered a promising strategy to
increase healthy nutrition more effectively and
efficiently (Li et al., 20164, Li et al., 2016b). Slow
release fertilizers also have many benefits than
conventional fertilizers, such as better fertilizer use
and provide more nutritious nutritional requirements
for plant needs (Nelson et al.,, 2009). Currently,
research on slow-release fertilizer technology focuses
on the use of new materials that are cheap, renewable,
easily degraded, and non-toxic as materials for the
development of late material in agriculture (Kumar et
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al., 2015, Roy et al., 2014). Alginate is a non-toxic
polysaccharide that is easily degraded and has the
potential to become a slow-released material because it
can form cross-linked by increasing the amount of
cation and forming beads (Bashan et al., 2002, Bijang
etal., 2018).

However, high price gains and easy to experience
high grade with a lot of monovalence when applied to
agricultural land could limit its use (He et al., 2015).
The addition of available materials as cheap as
cellulose and clay can reduce the ability to slow down
active substances production and produce higher
efficiency of adsorption of active substances (Wu et al.,
2014, Ningsih et al., 2019, Sekewael et al., 2015).

This study was conducted on the effect of the
increase in cellulose and kaolin in alginate beads
production to improve the urea slow-released
composite material characteristics. Some of the
parameters studied in this study are the compositional
effect of alginate-cellulose-kaolin on diameter,
expansion ability, beads color, the efficiency of
adsorption, and the ability to release urea fertilizer on
alginate beads.
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METHODOLOGY

Synthesis of Alginate Beads

Synthesis of alginate beads using extrusion
techniques (Wu et al., 2011). Solutions of alginate,
cellulose, and kaolin mixture were prepared with
various compositions as in Table 1. Alginate, cellulose,
and kaolin are dissolved in 50 mL hot distilled water
and stirred using a magnetic stirrer for 3 hours to make
a homogeneous solution. The solution is then mixed
with the urea fertilizer, prepared, and stirred slowly
with a magnetic stirrer to keep it homogeneous at
temperature for 60 minutes.

Table 1. Variations in alginate-cellulose-kaolin

composition

Alginate  Cellulose Kaolin
Beads Code  “oiin)  ewh)  (%wh)
A2 2.0 0 0
A2M1 2.0 0 1.0
A2M1.5 2.0 0 1,5
A2K1 2.0 1.0 0
A2K1.5 2.0 1.0 1.0
A2M1K1 2.0 1.0 15
A2M1.5K1 2.0 1.5 0
A2M1K1.5 2.0 15 1.0
A2M1.5K1.5 2.0 1.5 1.5

The sample is then mixed and then extruded using
a 10 mL syringe into 2% CacCl; solution while stirring
using a magnetic stirrer for 30 minutes to form the
beads. The formed beads are separated with a filtered
layer of 2% CaCl; solution and washed with distilled
water 2-3 times to remove CaCl, residue. The beads
were dried at a temperature of 40 °C until a constant
weight is obtained.

Analysis of Beads Size

The beads size was analyzed using a digital tunnel
by measuring the diameter of the wet alginate-
cellulose-kaolin beads that had been synthesized. A
total of 15 beads in each sample with each formulation
were measured in three different positions, and the
mean diameter was calculated and recorded.

Analysis of Beads Color

Color measurements were carried out using the
Minota C200 colorimeter by placing the sample on a
white plate. The total color difference (AE), whiteness
index (WI), and yellowness (Y1) index are calculated
by the Equation 1.
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AE = [ (Lstandard' |—samp|e)2 + (astandard - asample)2
+ (bstandar‘ bsampel)2 ]0'5 (1)

Where a indicates a red-green color and b indicates a
yellowish color, and L indicates a light-dark color.

Urea Adsorption Efficiency

The adsorption efficiency of alginate beads
against urea was analyzed by calculating urea
concentration in the CaCl, solution after beads
formation. A total of 2.5 mL of filtrate resulting from
beads’ formation was added to 0.5 mL of p-
dimethylamino-benzaldehyde (p-DMAB) complexing
solution analyzed by using UV-Vis
Spectrophotometer. The absorption efficiency can be
calculated using the Equation 2.

Adsoprtion Efficiency (%)= % x100%  (2)
where No indicates the initial amount of urea in the
alginate-cellulose-kaolin solution mixture and Nu is
the amount of urea fertilizer which left in the CaCl,
solution after the beads formation of the beads.

Swelling Ratio of Beads

The swelling ratio of the beads can be calculated
from the amount of water that can be removed from the
beads. A total of 0.05 grams of dried beads were
soaked in 20 mL of distilled water. The soaked and
swollen beads are separated using a filter paper and the
excess water in the bead is removed by gently pressing
the beads between three of the filter paper. The swollen
beads are weighed and the swelling ratio can be
calculated using the equation:

Swelling ratio (%) = %‘ x 100% 3)

where W; is the weight of the swollen beads and Wy is
the weight of the dry beads.

FTIR Analysis

Beads samples were analyzed using a Fourier
Transform Infrared (FT-IR) ATR Platinum Diamond
Bruker Universal spectrophotometer. This analysis
was carried out to identify the beads' structure and
determine the presence of free-COO or other bonds in
the polymer matrix. The analysis was carried out in the
range 4000 to 400 cm with a resolution of 4 cm™,
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The Slow Release Ability of Urea In Beads

A total of 0.05 grams of dry beads were immersed in 5
mL of distilled water in a closed beaker at room
temperature and then shaken using a shaker. After 12
hours of shaking, the soaked beads were removed. The
amount of nitrogen released can be determined by the
colorimetric method using a UV-Vis
spectrophotometer at a wavelength of 420 nm with the
p-DMAB complex solution.

RESULTS AND DISCUSSION

Synthesis of Alginate-Cellulose-Kaolin Beads

The images of visual observation results of the
alginate-cellulose-kaolin beads can be seen in Figure 1.
In general, wet beads have a spherical shape, even
though they are somewhat less regular. Almost all of
the dried heads have a non-spherical shape and have a
rough surface, where the morphology of the albumen
is affected by the variability of composition (Li et al.,
2016a). The alginate wet beads added to cellulose and
kaolin (A2) in Figure 1 have the exact color. The same
results were obtained from previous studies (Abdalla et
al., 2015) that alginate heads synthesized without other
polymers are round and semitransparent. Beads
alginate-cellulose (A2-M1; A2-M1.5) were whitish
and not transparent. The results obtained were the same
as those of previous studies (Abdalla et al., 2015);
alginate beads added with polysaccharides produced
whiter beads than alginate beads. In contrast to the
alginate-cellulose beads, the alginate-kaolin beads
(A2-K1; A2-K1.5) have a yellowish-white color.

-
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The yellowish color of alginate-kaolin beads may
come from the added kaolin. The color alginate-
cellulose-kaolin beads (A2-M1-K1 and A2-M1.5-
K1.5) also has a yellowish-white color when the
cellulose and kaolin are used together. However, the
alginate-cellulose-kaolin beads' yellow color was
reduced when the ratio of cellulose was added (A2-
M1.5-K1). A different thing also happened when the
kaolin ratio was added; the color of alginate-cellulose-
kaolin became yellowish.

The drying process causes shrinkage of the beads
(Roger et al., 2006). It causes the size of the dry bead
to become smaller than that of wet. Besides, wet tube
beads that formed are not always rounded, and this is
due to the variety of solution composition, which
causes an increase in solvent viscosity so that the
droplets that fall are not rounded. This effect is related
to the increase in droplet size, which increases the size
of the beads (Abdalla et al., 2015).

Analysis of the Alginate-Cellulose-Kaolin Beads
Size

The size analysis was carried out in two
conditions: the wet and dry bead conditions, measured
using a digital caliper.

Table 2. Diameter sizes of wet and dry alginate-
cellulose-kaolin beads

Wet Beads Dry Beads AD
Formulation Diameter Diameter
(mm)
(mm) (mm)
1.40 +
b
A2 3.23+0.08 0.10° 1.83
137+
A2-M1 2.98 +0.142 0.14b 1.61
1,45 +
- a !
A2-M1.5 2.98 +0.11 0,12 1.53
1.22 +
A2-K1 2.98 £0.162 0.08? 1.76
1.67 +
- de
A2-K1.5 3.51+0.19 0.08° 1.84
337+ 1.87 +
3.44 + 1.89 +
A2-M1.5-K1 0,13 0,121 1.55
A2-M1-KL5  3.34 £0.13 16712; 1.62
A2-M1.5- . 1.92 +
KLE 3.54+0.17 0.07¢ 1.62

A2ZMIKLS
Figure 1. Images of Wet Alginate-Celulose-Kaolin
Beads
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Note: Diameter is the average of 3 times the measurement
for 15 beads. Different letters show differences based on the
Tuckey HSD test.
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Beads that have been oven-dried at 40 °C
experience shrinkage, which causes the size of the dry
beads to be smaller compared to wet beads. Table 2
shows the varied beads' sizes, and the AD values in
Table 2 show the difference between wet and dry
beads. Based on Table 2, the smallest wet bead
diameters are in 3 sample formulations, namely
variations in the composition of A2-M1, A2-M1.5, and
A2K1, where the diameters are 2.98 + 0.14, 2.98 +
0.11, and 2.98 £ 0.16. However, the largest diameter is
in the A2-M1.5-K1.5 formulation, which is 3.54 +
0.17. Based on data in Table 2, the alginate beads
decreased in diameter when the cellulose was added.
The same thing happens when the ratio of cellulose is
added; the beads' diameter decreases and has the same
value as the previous cellulose ratio. The decrease that
occurs is possible because the additional cellulose has
low viscosity, so the mixture becomes thinner and
produces smaller droplets.

Indo. J. Chem. Res., 8(3), 219-227, 2021

Analysis of Alginate-Cellulose-Kaolin Beads Color

The color analysis was carried out on beads
samples that had been dried at 40 °C. Each bead was
measured on a white plate using a colorimeter. The L*
value in Table 3 shows the parameters of the dark and
light color of the sample, the a* value indicates a red-
green color, and b indicates a yellowish blue color. The
AE* value in Table 3 indicates the amount of color
change for each sample.

The color characteristics of the dry beads samples
obtained varied for all formulations, as shown in Table
3. Based on data in Table 3, the alginate beads show an
increase in L* values in the addition of cellulose from
52.84 + 0.11 to 63.14 + 0.14. It indicates that the
alginate beads sample becomes brighter or whitish
after adding cellulose, as well as when the
concentration of cellulose is increased, the L* value
becomes more extensive, which indicates the sample
become brighter. Different results occur for the a* and

Table 3. Color Characteristics of Alginate-Cellulose-Kaolin Beads

Formulation L* a* b* AE*

A2 52.84 +0.11¢ 4.95 +0.08° 18.70 + 0.14¢ 56.26 +0.194
A2M1 63.14 +0.14" 4,94 +0.19° 16.54 +0.31° 65.46 + 0.39"
A2M1.5 65.13 £0.21 4.00 +0.112 15.21 +0.342 67.01 £ 0.41
A2K1 49,56 +0.172 6.02 +0.22¢ 17.35 +£0.20¢ 52.85 +£0.342
A2K1.5 51.04 +0.12° 483 +0.17° 15.18 +0.162 53.46 +0.26°
A2M1K1 51.81 +0.15°¢ 5.74 +0.06° 16.44 +0.19° 54.66 + 0.25¢
A2M1.5K1 56.29 +0.20f 5.52 +0.08° 16.29 +0.05P 58.85 + 0.22f
A2M1K1.5 55.54 +0.24¢° 5.51 +0.11°¢ 16.41 +0.20° 58.18 +£0.33¢
A2M1.5K1.5 57.37 £0.10¢ 5.50 + 0.06° 16.60 +0.17° 59.98 +0.219

Note: The measurement is carried out five times and then averaged. Different letter notes

indicate differences based on the Tuckey HSD test

The diameter of beads also decreased when kaolin
was added to the alginate. However, when the ratio of
kaolin increases, the diameter of beads also increases.
It is possible because the increase in the amount of
kaolin causes the mixture's viscosity to be higher and
produce larger grains than the alginate beads (Wu et
al., 2011).

The addition of cellulose and kaolin to alginate
increases the beads' diameter, which is possible
because of the high viscosity of the mixture. In the A2-
M1-K1 and A2-M1-K1.5 formulations, the increase
was not too high. In contrast to the formulations A2-
M1.5-K1 and A2-M1.5-K1.5, the increase was
relatively high. The A2-M1.5-K1.5 formulation had
the largest diameter and was possible because of
adding cellulose and kaolin with a large ratio and
causing the mixture's viscosity to be larger.

DOI: 10.30598//ijcr.2021.8-sun

b* values. The addition of cellulose to the alginate
beads caused a slight decrease in the a* and b* values.
The decrease in the value of a* indicates that the
alginate beads sample shifted to a greenish direction
when cellulose was added. The same results were
obtained when the ratio of cellulose was added, and the
a* and b* values decreased compared to alginate beads.
This decreased b* value shows the color of the beads
shifting towards blue. The change from the beads' color
also looks much different. Table 2 shows that
cellulose's addition causes the AE* value to increase
from 56.26 + 0.19 to 65.46 + 0.39 and 67.01 + 0.41.
Table 3 shows that the addition of kaolin to the
alginate caused a decrease in the L* value from 52.84
+0.11 t0 49.56 + 0.17. It indicates that the color of the
beads will become darker when kaolin is added. This
result also occurs when the added kaolin ratio, the L*
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value became less when the alginate was added with
kaolin. Still, the kaolin ratio's addition causes the L*
value to become more significant if the kaolin ratio is
smaller.

An increase of a* value occurred when the
addition of kaolin to alginate was carried out. An
increase indicates the color of bead leads to a greenish
color, but when the kaolin ratio is added, there is a
decrease of a* value, which indicates that the color of
heads shifts towards redness. The decrease also occurs
in the b* value; when the addition of kaolin, the b*
value decrease, and so when the kaolin ratio is added,
the decrease is more significant. The decreasing of b*
value denotes a shifting of color to head to the blue
direction. The same phenomenon happened to the AE*
value; the AE* value decreased when kaolin was added
to the alginate. These results indicated that the sample
added kaolin did not experience a sufficiently large
color change as seen in the A2K1 and A2K1.5
formulations.

The mixture of alginate, cellulose, and kaolin
beads experiences a decrease in L* value if compared
with the alginate bead. The decrease of the L* value
from 52.84 + 0.11 to 51.81 + 0.15 indicates the heads'
color is more visible in the A2M1K1 formulation.
When the cellulose ratio is added, the L* value
becomes 56.29 + 0.20, which is seen in the A2M1.5K1
formulation, the same as the A2M1K1 ratio added to
the A2M1.5K1 formulation. The L* value becomes
larger if it is compared with the alginate beads. The
highest L* value was found in the A2-M1.5-K1.5
formulation, indicating a more extensive white or
lighter weight after adding cellulose and kaolin with
more excellent ratios. The L* value in this formulation
is 57.37 + 0.10, which is very far from the L* beads
alginate value, namely 52.84 + 0.11.

This result corresponds to the a* value if it is
compared with an increase in the alginate amount. This
result indicates that cellulose and kaolin's addition
causes the color to shift in a green direction. The A2
formulation, if compared with the A2-M1-K1, A2-
M1.5-K1, A2-M1-K15, and A2-M1.5-K1.5
formulations, differed significantly, but the addition of
ratio cellulose or kaolin make a little changes for a*
values.

In contrast with a* value, the value of b *
decreases in proportion to alginate beads' value. The
value of b* alginate from 18.70 + 0.14 decreases to
16.29 £ 0.05 when cellulose and kaolin were added.
This shows the color of the heads shifting toward a
bluish direction. The AE* value obtained in the A2-
M1-K1 formulation is smaller than the A2-beam
formulation; this indicates that the change/difference in
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the beads' color is less. Still, in the A2-M1.5-K1, A2-
M1-K1.5, and A2-M1.5-K1.5 formulations, an increase
in the value of AE* indicates the change/difference in
color heads are getting bigger.
Analysis  of Beads
Swelling Ratio

Swelling ratio analysis was carried out to measure
the swelling ability of the sample of beads. Based on
the graph obtained in Figure 2, the highest swelling was
in the 2% alginate formulation, which is 67%. When
the cellulose addition was carried out, a decrease in the
swelling ratio's value was not much different, seen in
the A2M1 formulation. The same thing was obtained
when the cellulose ratio was added to the A2M1.5
formulation; the decreased swelling ratio increased.
The addition of kaolin to alginate also caused a
significant decrease in the welling ratio value. The
same was right when the kaolin ratio was added, but the
decreased swelling ratio value was not more significant
than the previous ratio.

The same results were obtained when the addition
of cellulose and kaolin was carried out; there was a
decrease in swelling ratio value. The difference is that
when the cellulose and kaolin were added, the decrease
in the swelling ratio value is more significant. Based on
the swelling ratio chart, three formulations have
relatively the same values: A2-M1.5-K1, A2-M1-K1.5,
and A2-M1.5-K1.5.
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y 40 [}
50
20
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(R -
" . . \ - \ \ . “
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o~ - -~ N »

- o = -

- -

Alginate-Cellulose-Kaolin

Swelling Ratio (%)

wo¥

Beads Formulation

Figure 2. Value of the Swelling Ratio beads. The data
displayed is the mean of three times measurements +
standard deviation. Different notations indicate
different results of the Tuckey HSD Test.

The swelling ability of alginate may be due to
carboxyl groups, which bind strongly to water. The
decrease in welling ratios may be due to the addition of
polysaccharides, which then bind with the carboxyl
group in the alginate and reduce the active groups in
the alginate and induce the hydrophilicity system of
alginate release (Roger et al., 2006). The results
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obtained in this study are similar to previous studies
where there was a decrease in the value of welling
ratiometric added by polysaccharide and cellulose (Li
et al., 2016b). This is possible because there is an
electrostatic anionic resistance of cellulose, which is
hydrophilic, reducing the osmotic pressure between the
tissues and the solution outside (Zhao et al., 2006).

A high swelling ratio of alginate is possible
because alginate is a very ionic polymer with
carboxylate and hydroxyl groups so that it can bind
more hydrogen to water (Liu et al., 2013). The addition
of clay in the form of kaolin to the alginate mixture is
also possible to only strengthen the alginate structure
and make the beads compact so that there is a decrease
in the swelling value ratio. This result can be seen in
Figure 5 that the lower welling ratio in A2K1 and
A2K1.5.

Functional Group Analysis of Alginate-Cellulose-
Kaolin Beads

FTIR analysis was carried out to determine the
functional groups' changes in each bead formulation
and determine the interactions that occurred. The
results of the FTIR spectra in this study can be seen in
Figure 3. Based on Figure 3, can be seen that the shifts
in the number of wave number when the material is
added to the alginate mixture. In the range 3300 cm™,
which shows the O-H group, the peaks formed are more
significant and broader, except for the A2K1.5
formulation where the peak peaks are not visible.
Besides, all the peaks showed a sharper shape when
cellulose and kaolin were added. A shift in the
wavenumber indicates a change in the environment of
the functional groups that occur when the addition of
material is carried out.

Specific alginate absorption at 1023.583 cm
showed vibration of carboxyl and ether. The typical
absorption of carbonyl groups on the alginate was
shown at wavenumbers 1592.467 cm-™. The absorption
wave numbers 3207.364 cm? and 1404.879 cm’
showed the absorption of wavenumbers for O-H
vibrations. The O-H group on the alginate shows a
widened band due to hydrogen-molecular binding (Asa
etal., 2016). Meanwhile, C-H stretching alkyl vibration
is shown in wavenumbers 2925.981 cm-.

In 2% alginate beads, there is a more excellent
absorption in the OH cluster's vibrations, which is
3254.261 cm?, which is possible due to its strong
interaction between the OH clusters with Ca* (Verma
et al., 2013). Increased absorption also occurs when
cellulose and kaolin were added, which reach 3329.705
cm* at beads formulation A2-M1-K1.5. The increase
in the -OH group's absorption intensity comes from R-
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OH on alginate or Si-OH or Al-OH in kaolin, which
indicates a hydrogen-bonding interaction between
alginate and kaolin (Athaillah et al., 2018).

Transmittance (a.u)

Wavenumber (1/cm)

Figure 3. FTIR Spectra beads formulation. Note: (a)
alginate powder (b) beads A2, (c) beads A2-M1, (d)
beads A2-M1.5, (e) beads A2-K1, (f) beads A2-K1.5,
(9) beads A2-M1-K1, (h) beads A2-M1.5-K1, (i)
beads A2-M1-K1.5, dan (j) beads A2-M1.5-K1.5.

The absorption at wavenumber 694 cm-1 is the
Si-O vibration, and the absorption at 949 and 3672 cm-
1 is the AlI-OH vibration and is a unique absorption in
the kaolin spectra. The absorption obtained from the
characterization of beads alginate added with kaolin
was 909.399 cm?, a shift from 949 cm from kaolin,
namely AI-OH vibration, showed the presence of
kaolin interaction in beads. Absorption at wavenumber
1003.193 cm of kaolin showed symmetric Si-O-Si
vibrations. The loss of absorption at 694 cm, a Si-O
vibration, and 3672 cm, a vibration of Al-OH from
kaolin, shows the formation of interactions between
kaolin and alginate on the surface of AI-OH and Si-O
kaolin through hydrogen bonding (Athaillah et al.,
2018).

Shifting in absorption also occur in the carbonyl
group, compared with the number of alginates higher
when cellulose and kaolin are added. The shift that
occurs between 1582.272 cm? to 1592.468 cm
wavenumbers. The shift that occurs indicates the
interaction of the carbonyl alginate groups when
cellulose and kaolin are added.

Besides, a shift also occurred in the carboxyl
group, uptake of the alginate's wavenumber
experienced an increase in intensity when added
cellulose length from 1023.584 to 1025.623 cm™.
When kaolin is added to the alginate beads, there is a
decrease in the absorption intensity of the waves to
1001.154 cm. Similarly, when alginate is added with
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cellulose and kaolin, there is a decrease in the number
of waves' absorption intensity. Sufficient reduction is
possible due to strong interactions of carboxyl groups
intermediate alginate, cellulose, and kaolin.

Analysis of the Alginate-Cellulose-Kaolin Beads
Adsorption Efficiency

The adsorption efficiency analysis was performed
to determine the ability of alginate-cellulose-kaolin
beads to absorb urea. This analysis was performed by
measuring the concentration of urea present in the
CaCl; solution. The efficiency of adsorption efficiency
of beads alginate-cellulose-kaolin is shown in Table 4.

Based on data in Table 4, there is an increase in
the efficiency of alginate uptake when added
polysaccharide and cellulose and when the cellulose
ratio is added to increase the adsorption efficiency, but
not as big as the previous ratio. The same thing was
done when the addition of kaolin to alginate increased
adsorption efficiency, but there was a decrease in the
kaolin ratio.

Table 4. Adsorption efficiency of alginate-cellulose-

kaolin beads
Beads Formulation éﬁ%:ggg;
A2 39.25
A2M1 4483
A2M1.5 39.96
A2K1 45.06
A2K1.5 31.67
A2M1K1 42.86
A2M1.5K1 46.12
A2M1K1.5 38.08
A2M1.5K1.5 37.25

An increase in the adsorption efficiency of
alginate also occurs when adding cellulose and kaolin.
Increases occurred in the A2-M1-K1 and A2-M1.5-K1
beads formulations, but there was also a decrease in the
A2-M1-K1.5 and A2-M1.5-K1.5 beads formulations.
Based on Table 4, the value of the beads' adsorption
efficiency obtained for each formulation is not much
different.

Previous research (Kassem et al., 2012) stated that
stirring timing is one of the most critical factors in
preparing the beads. Increased stirring time can reduce
adsorption efficiency due to prolonged exposure to the
media resulting in the more extended release of active
ingredients via alginate cross-linking. When cellulose
is added, there is an increase in the adsorption
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efficiency of the alginate beads. The increase in
trapping efficiency may be due to an increase in the
prepared beads mixture's viscosity. It is also possible
because the added material will cover the alginate
beads' pores and prevent release from the cross-linking
solubility active (Narra et al., 2012). The decrease in
absorption efficiency can also be caused by an increase
in the concentration of kaolin added. It can occur
because the active groups that have been bound
become inactivated by the active material (Kumar et
al., 2009).

Slow release ability of alginate-cellulose-kaolin
beads

The slow-release ability of the beads can be
determined from the amount of urea release in the
water. A total of 2.5 mL of the filtrate obtained was put
into a cuvette and added with 0.5 mL of complexing,
shaken, left for 10 minutes while analyzed using a UV-
Vis spectrophotometer that the concentration of the
amount of urea released was obtained. Based on the
graph, the amount of urea released decreased when
cellulose was added to the alginate mixture (Figure 4).
When the cellulose ratio was increased, there was also
a decrease in urea released, although it was not
significant.
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Figure 4. Graph of the amount of urea released for
each bead formulation. The data shown are the mean
of the two times measurements included standard
deviation. Different notations indicate different results
of the Tuckey HSD Test

A different thing happened when the alginate
beads were added with kaolin; there was a significant
increase in urea released. An increase also occurred
when the kaolin ratio was added, but the increase was
not significant. The same thing happened when
alginate was added with cellulose and kaolin, and the
highest increase was in the A2-M1-K1.5 formulation.
In other formulations, the increase also occurred not
much different.
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Based on Figure 4, the amount of urea released
decreases when cellulose as polysaccharides was
added. This is following previous research (Li et al.,
2016b), which states that cellulose can improve the
alginate bead system by affecting the rate of release of
agricultural chemicals. The increase in the amount of
urea released is possible because the added material
makes the structure more open or the addition of
material to the alginate inhibits forming electrostatic
interactions with Ca?* in the beads (Li et al., 2016a).
Also, the increase in urea release with additional
kaolin is possible because urea is not intercalated into
minerals but is retained on the surface and ends of
kaolin (Barral et al., 2008). Kaolin is also known to
have a neutral or slightly negative charge structure and
has a weak bond so that it is unable to bind urea
strongly (Reyes and Fiallo, 2011).

CONCLUSION

The addition of cellulose and kaolin to the alginate
had a significant effect on alginate beads'
characteristics, including wet and dry beads diameter,
color, and swelling ratio but not significant to the
adsorption efficiency of urea. The addition of cellulose
to alginate reduced urea release while the addition of
kaolin and cellulose-kaolin was small increase the
release of urea in the water.
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