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Abstract. Ahmed ME, Osman ME, Hassan EA. 2021. Characterization, fractionation, and functional properties of Acacia oerfota gum.
Asian J Trop Biotechnol 18: 1-12. Thirty gum samples were collected at two locations around Senga and Wadel Hadad, Sudan during
2015. Fifteen samples of Acacia oerfota were taken from each location. For the fifteen samples, four composite samples were made for
each position by mixing. Chemical, physicochemical, rheological behavior, distribution of molecular weight and molecular weight, and
emulsification properties of A. oerfota gum were all performed. The results show the range for moisture content (11.8-13.1%), protein
percentage (2.19-3.93%), tannin (268-292 ppm), acid equivalent weight (2941-5357), total uronic acid percentage (3.62-6.60%). The
percentage of Senga's cationic composition was calcium 0.287, potassium 0.131, strontium 0.004, and iron 0.010. While the percentage
of Wadel Hadad had a caionic composition of calcium 0.242, potassium 0.145, strontium 0.005, sulphur 0.002, and iron 0.001. The
rheological actions of A. oerfota gum demonstrates Newtonian conduct (when applied stress is removed, the molecular form is restored).
For the two composite sites of Senga and Wadel Hadad, oerfota gum varied between 1.68x105 and 1.80x105 g/mol respectively. The
molecular weight was determined by gel permeation chromatography (GPC-MALLS). This was 6.23x105 g/mole and 9.59x105 g/mole
for the two sites. Samples of A. oerfota gum obtained from the Senga location indicate three fractions; Arabinogalactan protein (AGP)
with a molecular weight of 1.11% by 4.77x105 mass and Rg 50%. The second and third fractions (Arabinogalactan AG + Glycoprotein
GP) were 5.76x105 g/mole molecular weight, 98.89 percent mass. For A, GPC-MALLS. An AGP with a molecular weight of 4.19x105,
percent mass 0.84, and Rg 187 is shown by A. oerfota gum samples obtained from Wadel Hadad. The second and third fractions had a
molecular weight of 8.24x105 g/mole, 99.16 percent mass (AG + GP). Both emulsions exhibit broad droplet size, displaying a standard
distribution of bimodal droplet size with a pronounced shoulder representing weak uniformity and unstable emulsions.

Keywords: Acacia oerfota, characterization, fractionation

INTRODUCTION

The species Acacia, commonly known as acacia, thorn
tree, whistling thorn, or wattle, is a genus of shrubs and
trees. There are approximately 1300 species in the genus
Acacia, of which about 960 are native to Australia, with the
remainder spread across the tropical to warm-temperate
regions of both hemispheres, including Africa, Asia, and
the Americas (Smith and Figueiredo 2011).

Sudan is endowed with the largest ranging species, such
as Acacia senegal (Hasab) Acacia seyal (Talha), Acacia
polyacantha (Kakamut); Acacia laeta (Shubahi); Acacia
mellifere (Kitir), Acacia oerfota (Lao't), Acacia sieberiana
(Kuk). There are more than 30 Acacia species, the vast
majority of which are gum species (Elamin 1990; Abdel
Nour 1999).

Gums have a high molecular weight hydrophilic
polysaccharides, typically with colloidal properties that can
dissolve or swell in a suitable solvent to create gels or
highly viscous suspension. Therefore, the term gum is
applied to a wide range of gum characteristic substances
and cannot be precisely described. Hydrophobic
compounds sometimes referred to as gums, are
hydrocarbons and other petroleum products with high
molecular weight, rubbers, some synthetic polymers,
trendy for chewing gum, and resinous saps that sometimes
exude from evergreens, often commercially tapped, such as
gum balsam and gum resin (Anderson and Cree 1968).

The objectives of this research were (i) to classify
Acacia oerfota gum by investigating the general properties
of the gum physiochemically; (ii) to perform the comparison
and contrast of A. oerfota gum's physicochemical
characteristics with Acacia senegal gum and Acacia seyal,
as well as (iii) to examine: A. oerfota gum's rheological
behavior, molecular weight and distribution of molecular
weight, and A. oerfota gum's emulsifying properties.

MATERIALS AND METHODS

Sample collection

In February 2015, gum of A. oerfota samples were
collected from two locations, namely Senga City Blue Nile
State and Wadel Hadad Aljazeera State (15 samples from
each location) (Table 1 and Figure 1). 10 samples were
collected from each position (sample/tree) and 5 samples
were collected (3 trees/sample). By making incisions of
about 15vem long and 3 cm wide using an axe, many A.
oerfota trees were tapped. There were 10 to 20 blazes on
the branches of the trees.
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Figure 1. Gum oerfota samples.

Table 1. Samples code and location of A. oerfota gum (Collection
date February 2015).

Wadel Hadad location Senga location

No. Code No. Code
1 Sample.1 20 Sample.16
2 Sample.2 21 Sample.17
3 Sample.3 22 Sample.18
4 Sample.4 23 Sample.19
5 Sample.5 24 Sample.20
6 Sample.6 25 Sample.21
7 Sample.7 26 Sample.22
8 Sample.8 27 Sample.23
9 Sample.9 28 Sample.24
10 Sample.10 29 Sample.25
11 Sample.11 30 Sample.26
12 Sample.12 31 Sample.27
13 Sample.13 32 Sample.28
14 Sample.14 33 Sample.29
15 Sample.15 34 Sample.30
16 Comp.1 35 Comp.5
17 Comp.2 36 Comp.6
18 Comp.3 37 Comp.7
19 Comp.4 38 Comp.8

Note: Comp.1 prepared by mixing equal amount of (sample 1-4)
Wadel Hadad. Comp.2 prepared by mixing equal amount of
(sample 5-10) Wadel Hadad. Comp.3 prepared by mixing equal
amount of (samplell-15) Wadel Hadad. Comp.4 prepared by
mixing equal amount of (sample 1-15) Wadel Hadad. Comp.5
prepared by mixing equal amount of (sample 1-5) Senga. Comp.6
prepared by mixing equal amount of (sample 6-10) Senga. Comp.7
prepared by mixing equal amount of (sample 11-15) Senga.
Comp.8 prepared by mixing equal amount of (sample 1-15) Senga.

Purification of gum samples

All of the gum samples were dried and washed by hand
at room temperature to remove foreign particles. Using a
mortar and pestle, the samples were then ground and kept
for further examination in containers.

Determination of physicochemical properties
Moisture content

The humidity content was calculated by FAO (1990).
At 105°C, one gram of ground gum was oven-dried to a
steady weight. The sum of humidity was measured as the
proportion of the weight loss to the original weight.

Moisture content% = (Initial weight-final weight ) x 100
Initial weight

Total ash content

The total ash content was calculated by FAO (1990).
Placed in a crucible, one gram of gum sample ignited in a
muffle furnace at 550 ° C for 5 hours. The estimation of
total ash was as follows:

wox100

Total ash (%) =
Wi

Where:
W;: Original weight of the sample,
W,: weight of the sample after ignition

pH

Using the Berkman Zeromatic IV pH meter at room
temperature, the pH of 1% aqueous solution of gum was
determined.

Specific optical rotation

For the 1% aqueous gum solution, the observed optical
rotation was determined using a Bellingham and Stanley
polarimeter equipped with a sodium lamp and a cell with a
path length of 20 cm at measurements, and the precise
optical rotation was measured using the following
equation:

Specific rotation [o ] o’ = [ (a x 100 )/(Cx L) 1.

Where:

o : observed optical rotation

C : concentration of gum solution

D :sodium imitation line = 532 nm

T :temperature

L : length of polarimeter tube in decimeters

Viscosity measurements

The viscosity of gum solution was measured using a U-
tube viscometer immersed in a water bath with a constant
temperature set at 25 C °. In 0.2 M NaCl, gum solutions
(0.5%, 1%, 2%, 3%, and 4%) were prepared, then filtered
and transferred to the viscometer. Intrinsic viscosity has
been defined by:

Relative viscosity [ Nl ]=1/M- = t/t
Specific viscosity [ Nsp ] = Nrer-1
Reduced viscosity [ Nred ] = Nsp/C
Intrinsic viscosity [n] = lim ¢y 1sp/C]

The intrinsic viscosity [n] is determined from the
intercept in the plot of Mreduces @S @ function of a sample
concentration at zero concentration (infinite dilution). The
inherent viscosity is determined from the intercept in the
plot of nrei/C as a function of a sample concentration at zero
concentration (infinite dilution).
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Calorific value

The IKA C1 calorimeter system was calibrated by 1g (2
Tabs) regular IKA C723 Benzoic acid tabs, with cal.val
cross-section, 26461J/g, RSD 0.03%, and LOT
SZBD2180V. The temperature was 19 C, 30 bar gas
pressure (oxygen) and had 2700 rpm pump flow. The bag
was then covered by rolling and placed in a decomposition
vessel enclosed by a water jacket, weighing around 0.5¢g of
A. oerfota gum and placed in a small plastic bag that has a
cross value of 46463j/g. In an oxygen atmosphere, the
sample was combusted, and the calorific value of the
sample was measured.

Nitrogen and protein content

The total nitrogen in gum samples was calculated
according to AOACAC by the Kjeldahl method (1990).
The process consists of three basic steps: step one,
digestion of the samples with a catalyst in sulfuric acid
resulting in the conversion of nitrogen to ammonia, step
two, distillation of ammonia into a trapping solution, and
step three, quantification of ammonia with a regular
solution by titration. The reactions to these steps can be
seen as follows:

Sample + H,SO4 (conc.) +Heat — (NHy)2SO4
(NH;)2S04 + 2 NaOH — 2NHj; + Na;SO,4 + 2H,0
NH; + HsBO3z — NH4* + H,BO3

H,BO;-+ HCl — H3BOs + ClI”

The method

0.5 grams of each sample was weighed and transferred
to Kjeldahl digestion flasks and a Kjeldahl tablet (copper
sulfate-potassium sulfate catalyst) was applied to each. 10
cm3 concentrated, nitrogen-free, sulphuric acid was also
added. The tube was then installed in the digestion heating
system, which had previously been set to 240°C and capped
with an aerated manifold. The solution was then heated at
the above temperature until a strong pale yellowish-green
color was observed. This signaled the completion of the
digestion. The tubes were then allowed to reach room
temperature. Their contents were moved quantitatively to
the Kjeldahl distillation apparatus, followed by the addition
of distilled water and 30% (w/v) sodium hydroxide. Steam
distillation began and the release of ammonia was absorbed
by 25 cm3 of 2% boric acid. Back titration of the produced
borate was then performed versus 0.02M of hydrochloric
acid, using methyl red as an indicator. This was the same
way with the blank titration.

%N = 14.01 x M x (volume of titrant-volume of blank) x 100
Weight of sample (grams)

Where: M is the molarity of hydrochloric acid. Protein
content was calculated using nitrogen conversion factor
resulting from amino acid analysis as follows:% protein
=% N x 6.51.

Acid equivalent weight
An Amberlite Resin IR (180H+) was packed with a
column of glass. Once the resin was thoroughly washed

with the acid, HCI 0.2M was transferred through the
column. This was then accompanied by distilled water until
the chloride-free column was 20 cm3 eluent equalize to one
drop 0.1N NaOH. The column was then passed through 50
cm3 of 3.0% gum solution, followed by purified water until
250 mL of the eluent and washing volume were obtained.
This 250 cm3 of eluent is titrated against NaOH of 0.1N.
The apparent equivalent acid weight was determined by
means of:

Equivalent weight = Weight of the sample x 1000
Volume of liter x Molarity of alkali

Total uronic acid

Uronic acid was determined by multiplying the
molecular weight of uronic acid (194) by 100 and dividing
by the apparent equivalent weight of gum sample as follows:

Uronic acid% = 194 x 100
Eq. wt.

Determination of total polyphenol (tannin%)

The tannin content was calculated based on the Prussian
blue assay originally conceived by Price and Butler and
subsequently adjusted (Graham 1992). The tannin content
is taken to reflect the "total phenols™ and more specifically,
the "Gallic acid equivalents” as Gallic acid-99% in purity
purchased from Sigma Aldrich was used as an analytical
criterion for the determination of hydrolyzable tannins. 500
pg/g Gallic acid has been prepared in distilled water. This
was then diluted in series to achieve a concentration of 400,
300, 200, 100 and 50 pg/g as normal. 0.10 mL of each
sample or norm was dispensed in a universal 30 mL. 3 mL
of distilled water was applied by vortex mixing for 30sec.
Next 1.00 mL of 0.016M (0.526¢/100 mL,w/v) potassium
hexacyano ferrate(l11) [K3[Fe(CN)g], followed by 1.00 mL
of 0.02(0.324gFeCl3/100 mL d.w+ 0.83 mLHCI) ferric
chloride (FeCl3) were added and immediately mixed by
vortex mixer for 30sec. The stabilizer was prepared by a
combination of 10.00 metric mL (85%) of 85% phosphoric
acid (HsPOs), 1.00 mL (1%) of arabic, 30 mL of distilled
water, exactly after 15 min (Perkin EImer Lambda XLS+,
UV/ Vis's), in three versions, using an absorptive content,
exactly 15 minutes after applying the reagent to the sample
5.00 mL, and the vortex 30 mL of the distilling water.
Instead of A. oerfota gum or gallic acid standards, solvents
are prepared blank by using all reagents and solvent 0.1 mL
instead. For all users of Perkin Elmer Lambda 40 UV/Vis
spectroscopy, the absorbance was estimated at 700 nm. The
measurement error for both samples was less than 10% and
the average.

Determination of number average molecularweight by
Osmotic pressure

One hundred fifty micrometer of different
concentrations (0.25%, 0.5%, 1%, 1.5%, 2%, 2.5%, and 3%)
of A. oerfota gum samples were ejected into Osmometere
150 and the osmotic pressure was digital determined at
25°C. The number average molecular weight determined
using equation:
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The Intercept ==t =RT
C—0 Mn

Where:

7 : osmotic pressure,

R : Gas constant,

T : Temperature,

C : Concentration,

Mn : Number average molecular weight.

Rheological measurement

50% wi/w of the A. oerfota gum solution (based on dry
weight) was prepared in distilled water, then the solution
was agitated overnight on a tube roller mixer (SRT9. Stuart
Scientific, UK) to ensure that the sample dissolves and
hydrates completely. The solutions were then centrifuged at
a speed of 3000 rpm for 10 minutes using a centrifuge
(Megafuge 1.0R, Heraeus SEPATECH, Germany). One
dilution was prepared from the stock solution (25% w/w)
and re-refused to examine the rheological activity as a prior
practice. Rheological measurements were carried out using
the Malvern Series KINEXUS pro+ rheometer (Malvern
Instruments Ltd., Malvern, Worcester, UK), equipped with
a 40 mm cone diameter and a 20 mm angle cone and plate
geometry. For gum solutions ranging from 10 to 50% w/v,
steady shear viscosity curves were determined both by
shear rate ramp-up (from 0.01 to 10000 s-1) and
corresponding shear rate ramp-down (from 10000 back to
0.01 s-1). In the 0.1-10 Hz frequency range, dynamic
rheological measurements were performed to determine the
elastic module (G'), viscous module (G") and dynamic
viscosity. The linear viscoelastic area, at 1 Hz, was evaluated.
Using a Peltier element, the temperature of the samples
were regulated at 0.1 C. The control and data processing of
the rheometer was performed using computer software.

Molecular weight and molecular weight distribution
Sample preparation

Gum samples were prepared (based on dry weight) in 1
mM phosphate buffer at pH 7 containing 0.2 M NacCl, 2.0
mg/mL followed by one dilution (1.0 mg/mL). Then they
were hydrated by roller (SRT9. Stuart Scientific, UK)
mixing the solution overnight to ensure that the sample was
fully dissolved and hydrated. Using Megafuge 1.0R
(Heraeus SEPATECH, Germany), the solutions were then
centrifuged for 10 minutes at a speed of 3000 rpm. The
gum solutions were then filtered prior to injection into the
GPC-MALLS system using a 0.45-pum nylon filter
(Whatman, 13 mm).

GPC-MALLS

Average molecule weight (Mw) and molecular weight
distribution analysis were done using various techniques
such as Osmometere, gel permeation chromatography,
were subjected to gum exudates from A. oerfota tree (GPC-
MALLS). The machine used was the Model 6000A
Solvent Delivery System Waters (Division of Millipore,
USA) connected to a column containing the Superose 6
(Amersham Biosciences) (10 x 300mm), Rheodyne Model

7125 manual syringe. Three detectors, the refractive index
(RI) Wyatt Optilab DSP interferometric refractometer
operated at 633 nm (WYyatt Technology Corporation, USA),
the multi-angle laser light dispersion photometer DAWN
EOS operated at 690 nm with He-Ne laser (Wyatt
Technology Corporation, USA) and the Agilent 1100 series
G1314A UV detector were monitored (214 nm, Agilent
Technologies). MALLS makes absolute molecular mass
and gyration radius (Rg), and UV detects the protein
components of the gum. RI provides a precise
concentration profile (Katayama et al. 2006). Data was
processed by the program Astra for Windows (version
4.90.07, Wyatt Technology Corporation).

Emulsification properties of the gum
Emulsion preparation

In a glass container, distilled water was applied to 8 g
of the gum sample (based on dry weight) to give 40 g in
total with a 20% (w/w) gum solution concentration. The
specimen was mixed overnight on a roller mixer until the
specimen was fully dissolved. For each sample (ranging
from approximately 19.97 to approximately 20 g), the exact
measured grams of the prepared gum solution was filtered
using 100 pm mesh, then combined with 0.52 mL of 10%
(W/v) sodium benzoate solution as a preservative. Next,
0.48 mL of 10% (w/v) citric acid solution was added to
change the pH to 4, 15.71 mL. Follwed by 15.73 mL of
distilled water being added, before 4.2 g of ODO oil was
applied. Using a POLYTRON homogenizer (PT 2100,
KINEMA TICA AC) at 22000 rpm, the mixed solution was
homogenized for 3 minutes. As a dispersing instrument, the
Impeller (PTDA21 9 mm tip diameter) was used. The pre-
emulsified mixture was homogenized using a high-pressure
NanoVater to achieve a small particle size < 1 micron
(NV30-FA, MITSUBISHI GOT1000.). It was passed twice
at 75 MPa to achieve effective disaggregation of the gum.
The final emulsion was held in closed universal glass, and
the particle size of the emulsion was measured. Then it was
put it in the Vacuum Oven at 600C (GALLENKAMP.
OVAQ031.XX1.5). After 3 and 7 days, the droplet size was
measured again.

Droplet size analysis

Using Mastersizer 3000, a laser diffraction particle size
analyzer, the droplet size distribution of the emulsions was
measured (Malvern Instruments). As a dispersant, distilled
water was used and a value of 1.45 was used for the oil
phase refractive index (ODO). After an accelerated stability
test for 3 and 7 days, the emulsification stability of samples
was maintained at 60C and was evaluated by particle size
change. The particle size of the emulsions was determined
by the median diameter of the volume (VMD).

Emulsion stability index of A. oerfota.

The change in emulsion particle size measured
emulsification stability after acceleration check. The
emulsion stability index (ESI) was determined using an
equation according to the PHRC grading system:

ESI= d0.5as prepared + (d0.53 days@60C-d0.5as
prepared) + (d0.57days@60C-d0.5as prepared)
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RESULTS AND DISCUSSION

Moisture content

Table 2 shows that with an average value of 12.45%,
the moisture content of A. oerfota gum obtained from the
location of Senga varied between 11.8-13.1%. These
findings are the same as those of the samples obtained from
the area of Wadel Hadad (11.8-13.4%) with an average
value of 12.60%, as shown in Table 3. These findings
indicate higher levels of moisture compared to 4.60%,
which is supported by Karamalla (1999). These findings
comply with the moisture content of The Sudanese
Standards (not more than 15%).

Ash content

Tables 2 and 3 rewveal that the ash percentage of A.
oerfota gum is within the range of (1.12-1.40%). The
average is 1.26%, which is almost the ash content of the A.
oerfota gum reported by Anderson (1976) and Karamalla
(1999), which was found to be 1.54% and 1.03%
respectively. These results are lower than the results
reported by Osman (1993) in the A. senegal gum study
collected from different locations in Sudan, with an
average ash content of 3.6%. Results were also lower than
those reported for A. senegal by Karamalla (1998), Omer
(2006), Abdelrahnman (2008) and Younes (2009), 3.77%,
3.27%, 3.32% and 4.89% respectively.

pH value

The average Senga value in Tables 2 and 3 show no
significant variation between the two locations (4.88-5.26)
and Wadel Hadad (4.55-5.28). The A. oerfota gum is
therefore of low acidity nature. These results are lower than
the results recorded by Karamalla (1999), namely 3.5.
Compared to A. senegal gum, the findings are close to 4.66
as reported by Karamalla et al. (1998) and 4.78 reported by
Younes (2009).

Specific optical rotation

Tables 2 and 3 indicate that A. oerfota gum's basic
optical rotation is +65 to +80, with an average value of
72.5%. These findings align with the outcome stated by
Karamalla (1999), which was +64.16. Compared to A.
senegal, Anderson (1977), Osman (1993), Vavdevelde and
Fenyo (1985) reported laboratory values of -30°, -29° to -
31° and -29° to -34.4°, respectively. But research by
Hassan (2000), Siddig et al. (2005), Omer (2006), Younes
(2009), which were +40° to +62°, +45°, +49.4°, and +52°
respectively, show a little increase compared to the results
calculated, corresponding to A. seyal.

Cations composition

Using the electronic scanning microscope process,
cationic composition was studied. Tables 4 and 5 show that
calcium had the highest value among the cations studied at
the location of Wadel Hadad, followed by silicon,
potassium, iron, titanium, and strontium. Tables 6 and 7
show that calcium, potassium, silicon, sulfur, and iron are
the cation composition of the Senga location.

Viscosity

Acacia oerfota gum viscosity was measured using the
U-tube Ostwald viscometer. The results were found to be in
the 3.94-10 cm®g? range, as shown in Figure 2. Their
similarity to the Gummiferae series illustrates these
findings. They are distinguished by their low viscosity
(Anderson and Herbich 1963, 1966). These findings are
lower than the A. senegal (9.7-26.5 cm®g?) which was
obtained by Al-Assaf et al. (2005). For A. seyal, Hassan et
al. (2005) reported 11.9-17.6 cm3g™.

Calculations of the Huggin coefficient (k) and (a) using
the Mark-Houwink equation were made based on the
relationship of viscometer-determined intrinsic viscosity to
GPC-MALLS-determining molecular mass and resulted in
0.86 and 0.0136 respectively.

Interisic viscosity of A . oerfota gum

y =479.33x + 10.744 =&-=copm.1
28 |
=i=comp.2
2 #—=comp.3
(]
318 i cOmp.4
=
13 w=é=comp.5
comp.6
8
comp.7
3
comp.8
0 0.01 0.02 0.03 0.04 0.05

Linear
(copm.1)

Concentration

Figure 2. The intrinsic viscosity of six composite sample of
Acacia oerfota gum.

Table 2. Physicochemical properties of Acacia oerfota gum of
Senga location.

No.  S.name Moisture  Ash pH S.O.
% % Rotation
1 Sample.1 12.37 1.10 4.88 +80
2 Sample.2 13.65 1.12 5.09 +70
3 Sample.3 11.23 1.16 497 +65
4 Sample.4 11.67 1.24 5.15 +60
5 Sample.5 13.46 1.22 4.90 +80
6 Sample.6 12.90 1.34 5.22 +60
7 Sample.7 11.13 1.26 5.09 +80
8 Sample.8 12.5 1.28 5.03 +80
9 Sample.9 12.67 1.22 5.13 +65
10 Sample.10 11.98 1.40 5.26 +65
1 Sample.11 12.79 1.30 5.20 +75
12 Sample.12 11.21 1.30 5.08 +65
13 Sample.13 12.02 1.49 5.26 +80
14 Sample.14 12.25 1.29 5.21 +80
15 Sample.15 11.98 1.26 5.18 +80
16 Comp.1 12.35 1.26 4.90 +70
17 Comp.2 12.47 1.27 5.15 +65
18 Comp.3 12.33 124 5.16 +75
19 Comp.4 12.16 1.30 5.05 +70
Ranges 11.8-13.1 1.12-1.40 4.88-5.26 +65-+80
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Table 3. Physicochemical properties of Acacia oerfota gum of
Wadel Hadad location.

Table 7. The cationic composition% to the total amount of
cations included in Acacia oerfota gum of Senga location.

Moisture  Ash S.0.
No. S. name % % pH Rotation

1 sample.16 12.8 1.60 4.55 +75
2 sample.17 12.2 1.86 494 +65
3 sample.18 12.5 1.56 4.96 +65
4 sample.19 12.7 1.58 4.65 +70
5 sample.20 13.1 1.83 5.02 +70
6 sample.21 12.2 1.43 4.88 +80
7 sample.22 12.6 1.62 4.88 +65
8 sample.23 12.9 1.61 494 +80
9 sample.24 13.4 1.27 497 +75
10 sample.25 11.9 1.83 4.60 +75
11 sample.26 12.6 1.40 4.90 +75
12 sample.27 11.8 1.53 4.90 +70
13 sample.28 12.4 1.16 5.28 +75
14 sample.29 12.6 1.20 4.87 +70
15 sample.30 13.0 1.65 4.90 +75
16 Comp.5 12.2 1.60 4.83 +80
17 Comp.6 12.6 1.63 4.90 +75
18 Comp.7 12.9 131 4.88 +65
19 Comp.8 125 1.65 4.86 +70
Ranges 11.8-13.4 1.18-1.31 4.55-5.28 +65-+80

Table 4. The cationic composition of A. oerfota gum-Wadel
Hadad location.

Element Result Unit
Ca 0.287 %
K 0.131 %
Fe 0.010 %
Sr 0.004 %

Table 5. The cations composition% to the total amount of cations
included in A. oerfota gum of Wadel Hadad location

Element Ca Si K Fe Ti Sr

Percentage 58.783 18.670 16.248 3955 1.285 1.099
%

Element Ca K Sr S Fe
Result 62.633  19.628 12.729 3.549 1.461

Calorific value

Table 8 shows that the calorific values of the A. oerfota
gum are like the calorific values of the gums and were
approximately 4 Kcal/g. This calorific value is very low, so
after evaluating the toxicity value, the A. oerfota gum is
very suitable for use as a food additive.

Nitrogen and protein content

The average nitrogen and protein content of A. oerfota
gum samples was higher than the nitrogen and protein
content of A. senegal and A. seyal gum. The average
nitrogen and protein content of A. oerfota gum was found
to be 0.53 and 3.28% respectively in Table 9. Anderson
(1977) estimated that A. senegal gum’s nitrogen content
was 0.29% and 0.14% for A. seyal. Osman (1993) reported
a nitrogen content of 0.31% and a protein content of 2.4%
for A. senegal gum. Hassan et al. (2005) reported that A.
seyal's protein content had a mean value of 0.96%. Younes
(2009) estimated a nitrogen content of 0.35% and a protein
content of 2.3% for A. senegal. A. senegal's nitrogen
content was analyzed by Idris et al. (1998), from various
age groups and locations. The range between 0.22-0.39%
and the protein content was therefore found to vary, 1.5-
2.6%.

Equivalent weight and total uronic acid

Table 10 revealed that A. oerfota has an acid equivalent
weight and total uronic acid percentages of gum (2941-
5357) and (3.62-6.60) of A. oerfota, and A. oerfota's rule
acidity (1993), while Osman (1993) estimated that the acid
equals 1040, while the uronic acid is 17%.

Table 9. Nitrogen and protein content of Acacia oerfota gum

Nitrogen

L . . location Sample code Protein%
Table 6. The cationic composition of A. oerfota of Senga location content
Wadel Hadad Comp.1 0.49 3.06
Element Result Unit ggmgg ggi g?;’
Ca 0.242 % Comp.4 0.49 3.06
K 0.145 %
Sr 0.005 % Senga Comp.5 0.35 2.19
S 0.002 % Comp.6 0.77 481
Fe 0.001 % Comp.7 0.43 2.71
Comp.8 0.42 2.63
Table 8. The calorific values of gum Acacia oerfota gum.
Samole name Sample Sample bag Cal. value Cross cal. Net Cal. value net.Cal.value. Cal Value
P location weight Jlg Value J/g callg Kcallg
A.Oerfotagum Senga 0.5189 46463 15805 17024 4067 4.067
A.Oerfota gum Wadel Hadad 0.5066 46463 15596 16829 4020 4.020
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Color Gardner and Tannin content

The color Gardner of gum Acacia oerfota is 0.1 for
Senga composite sample and 0.2 for Wadel Hadad
composite sample. Table 11 shows that the values increase
with time (24 hours and 48 hours) due to oxidation of
polyphenol. Tannin content was calculated according to
Kjeldahl method. The two composite samples have tannin
content of about 268.0 and 292.1 mg/g, respectively.

Determination of number average molecular weight by
Osmotic pressure

The results obtained for gum Acacia oerfota are
consistent with the observation that Gummiferae series
typically possess a high molecular weight. Figure 3 shows
the values of number average molecular weight (Mn) of
gum Acacia oerfota obtained by osmotic pressure are 1.68
x 10% and 1.80 x 10°g/ Nol for the two total composites of
two locations. These values were lower than the values
obtained by gel permeation chromatography 6.23x10° and
9.59x10°. The difference in the results is probably due to
the differences between the two techniques. The values of
number average molecule weight (Mn) of A. oerfota gum
is not more variable than that of A. senegal 2-3 x 10°
(Osman, et.al.1993).

Table 10. Equivalent weight and uronic acid of Acacia oerfota
gum.

Location Sample Acid eq. weight  Uronic acid%

Wadel Hadad comp.1 3409 5.69
comp.2 3571 543
comp.3 3333 5.82
comp.4 2941 6.60

Senga comp.1 5357 3.62
comp.2 3846 5.04
comp.3 3192 6.08
comp.4 3409 5.69

Table 11. Color and tannin value of Acacia oerfota gum.

. off Tannin

Location Hue L* a* b* Gardner (ppm)
After 3 hours
Senga 0 99.3 -0.02 084 0.1 268.0
Wadel hadad 0 98.71 -0.05 137 0.2 292.1
After 24 hours
Senga 0 99.6 -0.11 086 0.1 268.0
Wadelhadad 0 99.14 -0.08 1.46 0.3 292.1
After 48 hours
Senga 0 98.04 -0.07 209 03 268.0
Wadel hadad 0 97.83 -0.17 263 0.3 292.1

Infrared spectroscopy (FTIR)

Acacia oerfota defined different functional classes in
the entire spectrum (FTIR) (Figure 4). Glucurénic acid
covers a wide range of 3600-3000 cm-1 in an O-H stretch,
which is the most prominent and strongest band.
Simultaneously, the belt displays a vibration of C=0
stretching in the center of the spectrum in 1730 cm-1. The
deep stretching vibration occurs with 1031 cm-1 hydroxyl
grouping of composite sugars with phenol like C-O band.
Aliphatic C-H strain and still vibration are respectively the
cause of the bending weakness of the beak at 2929 cm-1
with approximately 1,500 cm-1.

Rheology of the gum

In two different concentrations, 25% and 50%, the
Rheological activity of A. oerfota gum was researched. A.
oerfota gum displays Newtonian behavior according to
Figures 5, 6 and 7 (viscosity is constant with increasing
applied shear rate), and the molecules maintain initial
viscosity to remove the applied stress (Braun and Rosen
2000).

The dynamic rheology

Figure 8 indicates that A. oerfota gum's loss modulus
(G™) was higher than the storage modulus (G") and they do
not cross, so A. oerfota gum is not viscous, elastic, or
viscoelastic.

The frequency sweep offers gel strength information,
where a high G curve slope indicates low strength, and a
small slope indicates high strength (Mezger 2002). Both
gums exhibited similar gel strength. As the G' modulus is
frequency-dependent, but the G' modulus depends on the
frequency square (Barnes et al. 2001). G' at higher
frequencies becomes more important. G" is greater than G'
compared to Acacia tortilis, and then Acacia tortilis has
viscose properties at a lower frequency. Systematically,
with increasing frequency over a wide spectrum, the
Acacia tortilis solution transitions from viscose to elastic
properties (Mezger 2002). Above critical frequency, Acacia
tortilis forms solid gels (0.5 HZ).

03 -
M, = 1.68x10%g
0.

0.2 1

0.15

n /C (pacm3/g)

0.1 7

0.05

Figure 3. A plot of G versus C for Acacia oerfota gum at 25 C.
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Figure 4. FTIR of composite sample of Acacia oerfota from (1) Senga location, (2) Wadel Hadad location.
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Figure 5. Shear rate versus shear stress of Acacia oerfota gum.
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Figure 6. Viscosity profile of Acacia gum emulsions with shear
rate-conc. 25%.
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Figure 7. Viscosity profile of Acacia gums emulsions with shear
rate-conc. 50%.

Gel permeation chromatography (GPC MALLYS)

GPC-MALLS with on-line monitoring used R1, LS, and
UV absorbance detectors. The GPC-MALLS result for A.
oerfota and A. senegal gum are shown in Table 12.

GPC MALLS-RI

RI profiles of A. oerfota and A. senegal gums are shown
in Figure 9. The profile consists of three AGP, AG and GP
highlights. In the first AGP peak, the situation is very
different. In contrast to A. senegal gum AGP, the mass
percent of the AGP of the two A. oerfota gums are very poor.
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Table 12. The GPC-MALLS result for Acacia oerfota and A.
senegal gum.

Function/sample A. cerfota.l A. cerfota.2  A. senegal

Mw whole gum (x10%)  6.23 9.59 5.95

% Mass recovery 108.685 105.78 113.97
Rg (whole gum)/nm 178 178 50.6 (6%)
Mw AGP 4.77 14.19 1.68

% mass (AGP) 111 0.84 17.73
Rg-AGP 50 187 38. (3%)
Mw (AG+GP) (x10%)  5.76 8.24 3.59

% mass (AG+GP) 98.89 99.16 82.27

GPC MALLS-LS

Light scattering profiles for AGP and AG of the two A.
oerfota and A. senegal gums are shown in Figure 10. The
first peak illustrates the substantial difference between the
molecular weights of the protein components of
Arabinogalactan in the gums of A. oerfota and A. senegal.
In contrast, the molecular weight of the Arabinogalactan
protein in A. oerfota is very low. However, A. oerfota's
AG+GP molecular weight is higher than that of A. senegal
gum.

A. oerfota - Wadel hadad area
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Figure 8. The effects of frequency on G'and G".
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Figure 9. The RI of two Composite samples of Acacia oerfota
and A. senegal.
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GPC MALLS-UV

The UV and GPC profiles for A. oerfota and A. senegal
gums are shown in Figure 11. Clearly, they demonstrate a
large difference in protein content. In contrast to that of A.
senegal gum, the AGP signal of A. oerfota gum is very
weak. However, the AG and GP signals are nearly
identical, suggesting a similar composition of proteins.

The emulsification properties of A. oerfota gum

Good emulsions are characterized by a narrow band and
a wide particle diameter of between 0.1 and 1 micron. The
emulsification properties of A. oerfota gum have been
analyzed by assessing the emulsion particle size at zero and
after 3 and 7 days of incubation at 60°C.

The position had no major impact on the emulsification
properties of A. oerfota gum, as seen in Table 13. The
mean weighted surface D(3,2) and the mean weighted
volume D(4,3) increased, and the percentage of the
duration decreased with time.

Compared to D, D(4,3) is more susceptible to the
presence of large particles in an emulsion (3,2). Thus,
D(4,3) is more susceptible to the flocculation phenomenon.
As all emulsions display large droplets, this could explain
the higher value of D(4,3) relative to D(3,2). According to
the emulsion stability index value used as a criterion to
determine the grade of the gum sample, the gum is built to
be grade 3.

A. Tortilis spirocarpo
u
g2t

(R
0545 gereeeessgal
=

o

]
aEmnE m A mn | |
o +G' (Pa)
10 mG" (Pa)
n# (Pas)
1
0.1 1 10
f (Hz)
'
LS e A, OEIfOta Senga
1

A oerfota Wadelhadad

g 08 A. senegal

LS. AUX (volts:
° °
; T

5 10 15 20 25
volume (mL)

Figure 10. The LS of two composite samples of Acacia oerfota
and A. senegal.
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Figure 11. The UV of two Composite samples of Acacia oerfota
and A. senegal.

Figure 12 shows more variable particle sizes spread
over a wide range of microns (0.1-10) and most particle
diameter sizes are high, suggesting A. oerfota gum
emulsion instability (Billmeyer 1971). A standard bimodal
droplet size distribution with a pronounced shoulder
representing two droplet groups with the small and largest
diameter was seen in the emulsions. In the range of good
emulsion particle size, it decreased with time according to
the phase of flocculation and coalescence. The instability
of the emulsions was confirmed by the pig droplet size and
low viscosity (3.4 11.4 cm®g?) and pig rate of gyration of
Acacia oerfota gum.

Figure 13 shows a high polydispersity index value
(percent span) for fresh emulsions and after incubation at
600C for 3 and 7 days, respectively. Two positions suggest
low droplet size uniformity. These values indicate emulsion
instability by reducing the amount of protein that is
associated with the emulsion droplet surface.

Relevant surface area (m?g) of cumulative droplet
distributions of (D.5, D.9, >1 micron and >2 micron) are
shown in Figure 14. The results clearly showed that drastic
changes in emulsions were observed during incubation at
600C for 3 and 7 days. Emulsion instability has also
increased by reducing the region of D(0.5) to less than 6%
and increasing the size of droplet particles with a diameter
of more than one micron to more than 80%.

Table 13. The emulsification properties of Acacia oerfota gum.
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Figure 12. The emulation particle size profile of Acacia oerfota
from two locations.
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Figure 13. The span% of Acacia oerfota gum from two locations

Senga location

Wadel Hadad location

Character As prepared After 3 days After 7 days As prepared After 3 days After 7 days
D(@3,2) 0.674 181 1.99 0.364 2.08 1.79
D(4,3) 1.26 443 4.34 1.56 5.42 4.46
span% 2.32 1.95 19 1.98 174 1.68
Dx(10) 0.40 0.69 0.74 0.166 0.63 0.58
Dx(20) 0.49 0.96 1.16 0.238 2.95 217
Dx(50) 0.72 4.26 4.08 0.477 3.23 4.42
Dx(80) 11 7.3 6.91 351 8.1 6.63
Dx(90) 2.1 8.98 8.49 5.4 9.71 7.98
Grade 3 3 3 3 3 3
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Figure 14. The volume-weighted mean diameter of Acacia oerfota gum emulsion from two locations

In conclusion, Acacia oerfota gum displays
physicochemical properties that indicate its similarity to the
sequence of Gummiferae. The rheology of A. oerfota
solution gum indicates that Newtonian fluid is formed by
the gum. The modulus of loss of A. oerfota gum is larger
than the module for storage. A. oerfota gum's molecular
weight varies between (6.23x105 and 9.59x105 g/mole)
with the same gyration radius. In contrast to A. senegal, the
Arabinogalactan protein of A. oerfota gum has just 1%
mass and low molecular weight. A. oerfota gum forms an
unstable emulsion that is weak.
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Abstract. Nortey-Mensah R, Teye MA, Ofori MF. 2021. The carotenoid biosynthesis pathway in the asexual intraerythrocytic stages of
Plasmodium falciparum. Asian J Trop Biotechnol 18: 13-27. Plasmodium falciparum, like other Apicomplexans, possesses a dormant
plastid called the apicoplast. Because it houses metabolic pathways peculiar to the parasite, such as isoprenoid production, this organelle
promises a new target for the chemotherapeutic control of malaria. Although the phytoene synthase (PSY) gene has been shown to be
critical for carotenogenesis; nothing is known about its evolutionary relationship with P. falciparum and other Apicomplexans. The goal
of this work was to identify the evolutionary history and relatedness of the PSY gene in Apicomplexans and other animals, as well as to
profile the carotenoids generated in the asexual intraerythrocytic stages of P. falciparum. Fluridone's IC50 and effect on parasite
population were determined utilizing in vitro inhibition experiments on the asexual intraerythrocytic stages of P. falciparum. To
examine the evolutionary history and relatedness of the PSY gene in Apicomplexans and other taxa, HPLC was used to profile
carotenoids created at the asexual phases, and an unrooted phylogenetic tree was built using MEGA 6. Dose-dependent inhibition of
parasite population was observed with fluridone treatment on all the asexual stages, with the ring stages being the most vulnerable. The
carotenoid profiles revealed that carotenoids are generated cumulatively in P. falciparum throughout the asexual intraerythrocytic
phases, with carotenoids such as lycopene, a-, B-carotene among those synthesized. The discovery of relatively high quantities of
abscisic acid (ABA) in the schizont stages, but not in the other stages was an interesting novel finding of this study. This is the first time
ABA has heen shown to be synthesized by P. falciparum, and additional research into the specific role of ABA in P. falciparum
schizont phases would be groundbreaking. The phylogenetic study revealed that the P. falciparum PSY was most closely related to P.
reichenowi, a chimpanzee strain of the malaria-causing parasites, supporting the hypothesis that malaria species in humans originated in

chimps.

Keywords: Bioinformatics analysis, carotenoids, HPLC, in vitro, inhibition assays, Plasmodium falciparum

INTRODUCTION

Malaria is still one of the most serious parasite
infections that affect humans, producing significant
morbidity and mortality in tropical areas. According to the
World Malaria Report, 198 million cases of malaria were
reported worldwide, resulting in 580,000 fatalities (WHO
2014). Malaria is still endemic across five continents,
despite ongoing and extensive attempts to suppress the
illness. As a result, more than half of the world's population
is at risk. Plasmodium parasites, of which there are five
species, namely P. falciparum, P. vivax, P. ovale, P.
malariae and P. knowlesi (Jiang et al. 2010;
Sermwittayawong et al. 2012), cause human malaria, with
the great majority of malaria-related deaths are caused by
P. falciparum (Bousema and Drakeley 2011; Hay et al.
2009). The failure of vector control initiatives, the lack of a
vaccine, and an increase in parasite resistance to routinely
used therapeutic medicines have all contributed to the
global spread of the disease (Sharma and Dutta 2011; Shiff
2002). The development of new chemotherapeutic techniques
and medicines to attack Plasmodium necessitates a thorough
understanding of the parasite's metabolic pathways. These
new chemotherapeutic strategies and agents can be

developed in one of three ways: (i) by developing new drug
candidates based on previously validated parasite targets,
(ii) by identifying new potential parasite targets for malaria
chemotherapy, or (iii) by performing high-throughput drug
library testing (Choi et al. 2008).

As in other apicomplexans (e. g. Toxoplasma spp.),
Plasmodium parasites have retained a relic plastid
organelle known as apicoplast which comes from plastid-
bearing red algae of secondary endosymbiosis millions of
years ago (Foth and McFadden 2003). As a result, the
apicoplast is prokaryotic in origin, containing pathways
that do not exist in the human host. It possesses a genome
that is like that of plants and algae, and according to
proteome research, its metabolic processes include type Il
fatty acid and isoprenoid production (Sato 2011). A range
of new plant-like enzymes has recently been found in
malaria parasites, particularly the most virulent species, P.
falciparum, with some of these being linked to the
apicoplast (Kalanon and McFadden 2010). These enzymes
are known to be part of many important biochemical
pathways in plants and algae (Foth and McFadden 2003;
Gornicki 2003; Seeber 2003). The carotenoid biosynthesis
pathway is one of these metabolic pathways. It is an
intriguing topic for research because it is required in algae,
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higher plants, bacteria, and fungi but not in mammals. The
pathway's products are engaged in a variety of vital
metabolic functions (Paniagua-Michel et al. 2012).

Plasmodium also retains biosynthesis of isoprenoids
(resident in apicaloplast) resulting in the synthesis, by the
pathway  mevalonate-independency, of isopentenyl
pyrophosphates (IPP) and dimethylallyl phosphates
(DMAPP) (Jord&o et al. 2011; Rodriguez-Concepcidn and
Boronat 2013). These isoprene units serve as building
blocks for the synthesis of isoprenoids, rather than being an
end in themselves (for example, carotenoids).
Fosmidomycin, an inhibitor of non-mevalonate isoprenoid
precursor production in the apicoplast, has previously been
shown to impede the proliferation of asexual blood-stage P.
falciparum (van der Meer and Hirsch 2012; Wiesner et al.
2003). Supplementation with IPP, the pathway product,
chemically reversed fosmidomycin inhibition in P.
falciparum, according to Yeh and DeRisi (2011). In
addition, abscisic acid (a product of the isoprenoid
pathway) has been linked to the control of calcium-
dependent parasite egress in T. gondii, a similar
apicomplexan, with suppression of its synthesis resulting in
dose-dependent delays in parasite egress from the host cell
(Nagamune et al. 2008). The isoprenoid biosynthetic
pathway is required for the survival of apicomplexan
parasites during their infective phases, according to these
findings. Most of the downstream products of this pathway,
as well as their roles in the asexual intraerythrocytic stages
of P. falciparum parasites, are unclear currently.

In Plasmodium, various genes have been proposed to
play a role in the carotenoid biosynthesis pathway, but only
the phytoene synthase (PSY) gene (PfB0130w) has been
definitively identified through functional experiments
(Rodrguez-Villalén et al. 2009; Toledo-Ortiz et al. 2010).
The phytoene synthase (PSY) gene encodes the enzyme
phytoene synthase (PSY), which is a crucial protein
because it catalyzes the first committed and rate-limiting
step in the carotenoid biosynthesis pathway (Welsch et al.
2000) and acts as a key regulator of carbon inflow into the
process. Rodrguez-Villalon et al. (2009) and Welsch et al.
(2000) found that it catalyzes the condensation of two
molecules of geranylgeranyl diphosphate (GGPP) to create
phytoene, the basic C-40 carotenoid skeleton of all carotenoids.
The PSY protein's structure (secondary and tertiary),
function, and phylogenetic history in apicomplexans,
plants, bacteria, and algae have all been studied (Tonhosolo
et al. 2005; Agarwal et al. 2015). The evolutionary history
and relatedness of PSY gene have been studied in other
species. However, there are no studies on the gene's
evolutionary history and relatedness in apicomplexans.

The specific goals of this study were to: (i) investigate
the effect of fluridone on the asexual intraerythrocytic
stages of P. falciparum using in vitro inhibition assays, (ii)
to profile the carotenoids synthesized by the asexual
intraerythrocytic stages of P. falciparum using High-
Performance Liquid Chromatography (HPLC), and (iii) to
figure out the evolutionary history and relatedness of the
phytoene synthase gene in P. falciparum and other
organisms through bioinformatics analysis.

MATERIALS AND METHODS

All work relating to parasite culture was performed in a
biological safety cabinet (BSC) using aseptic techniques.

Media preparation and parasite culture
Preparation of media for culturing

RPMI 1640 [with L-glutamine and HEPES (N-2-
hydroxyethyl  piperazine-N'-2-ethane  sulfonic  acid)]
(Gibco, UK) which was supplemented with 7.5 %
NaHCO3 (Sigma-Aldrich, USA) (working concentration,
32 mM), 20 % glucose (Sigma-Aldrich, USA) solution
(working concentration, 20 mM), and gentamycin (Gibco,
UK) (working concentration, 10g/ml) was used to generate
500mL parasite washing media (PWM). PWM
supplemented with 5mg/ml Albumax Il (Invitrogen, USA)
and 0.2g/mL hypoxanthine (Sigma- Aldrich, USA) was
used to produce complete parasite medium (CPM). All of
the culture mediums were kept between 4 - 8°C of
temperature.

Thawing of cryopreserved parasite

Plasmodium falciparum 3D7 strain [which was
cryopreserved and obtained from the Immunology
Department of the Noguchi Memorial Institute for Medical
Research (NMIMR), Ghana] was removed from liquid
nitrogen storage and thawed in a 37°C water bath for 1
minute. After that, for every 100L of parasite suspension,
12 % NaCl (Sigma-Aldrich, USA) was added. After a 5-
minute incubation period at room temperature, one-tenth of
a parasite suspension in 1.6 % NaCl was introduced drop
by drop to the tube while gently rotating it. At room
temperature, the suspension was centrifuged for 5 minutes
at 1500 revolutions per minute (rpm) (RT). The
erythrocytes were resuspended in complete parasite
medium (RPMI 1640 containing 5mg/mL Albumax I,
10g/mL gentamycin, 0.2g/mL hypoxanthine, 2 mM L-
glutamine, 25 mM HEPES, 23.8 mM NaHCO3) after the
supernatant was removed. After that, the suspension was
centrifuged at 1500 rpm for 5 minutes at room temperature.
The parasitized RBCs were added to 200l of freshly
generated sickling negative, O+ human erythrocytes in a
25ml tissue culture flask (Corning, USA) containing 5ml
CPM after the supernatant was removed.

Parasite culture and maintenance

Plasmodium falciparum 3D7 strain (NMIMR, Ghana)
was cultured as described by Trager and Jensen (1976),
with a few changes (Maier and Rug 2013). In either 25ml
or 75ml tissue culture flasks, site cultures were maintained
in CPM with human O+, sickling negative erythrocytes at
4% hematocrit (Corning, USA). In 25ml and 75ml tissue
culture flasks, five milliliters (5ml) or twenty-five
milliliters (25ml) of CPM were employed to keep the
cultures alive. The flasks were then gently flushed with the
gas combination, firmly closed, and incubated at 37°C. The
RBCs utilized to sustain the cultures were obtained from a
donor and placed in CPD vacutainers (BD biosciences,
UK). Before processing, the blood was kept at 4-8°C for 48
hours. The blood was then placed into 15ml centrifuge
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tubes and washed three times with PWM by centrifuging at
1500 rpm for five minutes and discarding the supernatant.
After centrifuging for 5 minutes at room temperature in a
swinging bucket rotor at 2,000 rpm, the hematocrit was
calculated from the packed RBC volume. This was then
refrigerated at 4-8°C for two weeks before being utilized
for culture. Unless otherwise noted, spent CPMs were
replaced with new ones, and the population and health of
the cultures were monitored daily. By forming thin smears
of the culture on a microscope slide, fixing them with
methanol and staining them with 10% Giemsa (Fluka
chemicals, UK) for 15 minutes, the parasite population was
calculated. Parasitemia was determined by counting at least
1,000 erythrocytes with a 100-fold oil-immersion objective
to determine the percentage of infected erythrocytes. This
technique was carried out daily.

Synchronization of parasites
D-Sorbitol synchronization for rings

With few changes, P. falciparum cultures were
synchronized as described by Lambros and Vanderberg
(1979). For synchronization, cultures with high ring stage
parasite populations (8%) were chosen. The selected
cultures were placed into 15ml centrifuge tubes and spun at
2000 rpm for five minutes to establish synchrony, with the
supernatant discarded and the pellet resuspended in 5ml of
aqueous 5% D-sorbitol solution pre-warmed to 37 °C in a
water bath. The cell suspension was then cultured in a 37°C
incubator for 10 minutes. The suspension was centrifuged
at 2000 rpm for 5 minutes after the incubation period, the
D-sorbitol solution was removed, and the pellet was
washed twice with PWM and once with CPM. All the
washing stages took 5 minutes at 2000 rpm. A small smear
from the cleaned cultures was put on a microscope slide,
fixed with methanol, and stained with 10% Giemsa for 15
minutes. It was viewed with the 100X magnification
objective lens assured successful synchronization. When
the majority (90 % or more) of the parasites spotted under
the microscope were in the ring stages, synchronization
was declared effective. The cleansed pellet was then
transferred into a new 25ml tissue culture flask containing
5ml CPM and uninfected O+, sickling negative human
RBCs at 4% hematocrit to start a new culture. The content
of the flask was then gassed for 30 seconds with the
specific gas mixture, sealed promptly and snugly, and put
into an incubator at 37°C of temperature.

Percoll® synchronization for schizonts

Nine parts of 100 % Percoll® (Sigma-Aldrich, USA)
were gently mixed with one part of 10X phosphate-
buffered saline [(PBS), Gibco, USA] to make 90%
Percoll® solution. By combining the 90 % Percoll®
solution with PWM, 65 percent (65%) and 35 percent
(35%) Percoll® solutions were produced. To make the 65
% Percoll® solution, mix 6.5ml of 90 % Percoll® with
2.5ml of parasite wash medium (PWM), and mix 3.5ml of
90 % Percoll® with 5.5ml of PWM to generate 35 %
Percoll® solution. After that, a 0.22 um filter (Millipore,
France) was used to filter sterilize them. The purpose of
these solutions was to establish a gradient. Meanwhile, the

parasite cultures were placed into 15ml Fisherbrand
centrifuge tubes, centrifuged at 2000 rpm for 5 minutes at
room temperature. The supernatant was then discarded
and the pellet resuspended in PWM to a 10% hematocrit
(total of about 2.5ml). The Percoll® gradient (35 % /65 %)
was created by gently transferring 3 ml of 65 % Percoll®
into a 15 ml centrifuge tube and then gently transferring 3
ml of 35 percent Percoll® onto it along the tube's wall with
a Pasteur pipette. The freshly generated Percoll® gradient
was then carefully overlaid with the resuspended parasite
culture (2.5 ml). This was then centrifuged for 15 minutes
at 2500 rpm at room temperature without a break in a
swing-out rotor. Parasites were retrieved from the 35-65 %
interface after centrifugation, transferred to a new 15ml
centrifuge tube, washed twice with PWM and once with
CPM, and cultured at 6% hematocrit.

Preparation and sensitivity assays of test compounds
Preparation of test compounds

Fluridone [test compound (Sigma-Aldrich, Germany)]
dissolved in dimethyl sulfoxide [DMSO (Sigma-Aldrich,
Germany)] and artemisinin [control drug (Sigma-Aldrich,
USA)] were uniformly coated in flat-bottom 96-well
microtitre plates (Thermo Scientific NuncTM, USA). Two-
fold serial dilutions of the test compounds were prepared in
triplicates in the respective wells. For the sensitivity assays,
the working concentrations for fluridone were 500 mM,
250 mM, 125 mM, 62.5 mM, 31.25 mM, and 15.625 mM,
while for artemisinin, they were 152 nM, 76 nM, 38 nM,
19 nM, 9.5 nM, and 4.75 nM. Until they were ready to use,
the drug-coated plates were kept at - 20°C.

Inhibition assays of test compounds against P. falciparum
asexual stages

At 1% parasitemia and 2% hematocrit, in vitro
inhibitory assays were performed for the asexual (rings,
trophozoites, and schizonts) stages of P. falciparum 3D7
strain. The plates were put in an incubation chamber,
gassed with a specific gas combination for 6 minutes, then
incubated for 48 hours at 37°C. Following the incubation
period, 100L of a 1:10,000 SYGR Green | (Sigma-Aldrich,
USA) solution in lysis buffer (20 nM Tris base, 5 mM
EDTA, 0.008% saponin, 0.08 percent Triton X-100, pH
7.5) was added to the cultures in the wells and carefully
mixed. After that, the plates were incubated for an hour at
room temperature in the dark. After incubation at excitation
and emission wavelengths of 485 nm and 535 nm, the
fluorescence intensity of the cells in each well was
measured using a fluorescent plate reader (Tecan endless
200pro, Japan).

Extraction of carotenoids from P. falciparum asexual stages

Plasmodium falciparum 3D7 parasites were cultivated
in three 75ml tissue culture flasks for each asexual stage to
generate a high ring stage population. To synchronize for
the ring stage parasites, these cultures were treated with 5%
D-sorbitol. At a parasitemia of 8-10%, the synchronized
cultures were allowed to proliferate to obtain rings,
trophozoites, and schizonts. To obtain the cell pellet, the
cultures at each stage were pooled and collected by
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centrifuging at 2000 rpm for 5 minutes. The pellet was
resuspended in 20ml of PBS, and the number of RBCs in
the solution was determined using a hemocytometer. The
parasitemia and RBC count were also used to estimate the
number of infected RBCs. The number of parasites
necessary for the extraction was set at 500 million. The cell
pellets were obtained by centrifuging the pooled cultures at
3500 rpm for 10 minutes at room temperature. The pellets
were then resuspended in 10ml PBS with 0.1 % saponin
(0.007M Na2HPO4, 0.01M Na2HPO4, pH 7.4 and 0.15M
NaCl). The resuspended pellet was rinsed three times with
PBS before being centrifuged for 10 minutes at 6000 rpm.
When extraction could not be done right away, the pellets
were kept at -80°C until needed. The carotenoids were
extracted by adding 1 mL of methanol to the parasite pellet,
followed by 2 mL of hexane. After then, the suspension
was vortexed for 2 minutes. After that, Iml of water was
added to the mixture, which was vortexed for another
minute. This was then centrifuged for 20 minutes at 4,000
rpm. A 0.2m nylon filter was used to capture and filter the
supernatant phase. Following that, the filtrate was used
straight for HPLC analysis.

HPLC analysis of carotenoids extracted from P. falciparum
asexual stages

The HPLC analysis was carried out on a Shimadzu
Prominence (Shimadzu Corp.) separation module outfitted
with a Shimadzu Prominence (CTO-10ASV, Shimadzu
Corp.) column oven, SIL-20AC HT auto sampler
(Shimadzu Corp.), Shimadzu Prominence DGU-20A3
online degasser (Shimadzu Corp.), Shimadzu Prominence
LC-20AB solvent delivery system (Shim (Shimadzu
Corp.). The analytical scale AcclaimTM C30 reversed-
phase column employed (250 mm x 4.6 mm internal
diameter, 5 m particle size) was set at 25°C. At a flow rate
of 1 ml/min, the mobile phase was a non-linear gradient of
acetone/water with a starting composition of 50:50 (v/v).
The overall run time was 45 minutes, and the filtrate
injection volume was 20ul. The eluents were detected using
a UV-VIS detector with a wavelength of 475 nm. To
determine the identity of the resulted peaks, the retention
durations of six carotenoid standards (lycopene, -carotene,
-carotene, abscisic acid, lutein, and apo-carotenal) were
calculated separately under the circumstances described
above and compared to those obtained from the filtrate.

Bioinformatics analysis of PSY PPS/O

Nucleotide sequences of phytoene synthase (PSY) or
octaprenyl pyrophosphate synthase (OPPS) from P.
falciparum (PF3D7_0202700, PFBO0130w) and other
organisms were obtained from the gene databases of
National Center for Biotechnology Information (NCBI,
www.ncbi.nlm.nih.gov/gene/), PlasmoDB
(www.plasmodb.org/) and ToxoDB (www.toxodb.org/).
Table S1 lists the primary accession numbers or gene 1Ds
received for the PSY gene for the analysis. The P.
falciparum OPPS/PSY gene sequence was utilized as a
query for Basic Local Alignment Search Tool, nucleotide
(BLASTn) (blast.nchi.nlm.nih.gov) analysis to find
homologs in other organisms. The best blast hits included

T. gondii and T. thermophilus octaprenyl pyrophosphate
synthase. The nucleotide sequences were chosen from the
BLAST result because the carotenoid production pathway
has been extensively explored in these organisms.

RESULTS AND DISCUSSION

In vitro inhibition assays

Artemisinin and fluridone were used as control and test
drugs in in vitro inhibitory experiments on the P.
falciparum 3D7 strain, respectively. The inhibition assays
were performed on the parasite's intraerythrocytic asexual
stages (rings, trophozoites, and schizonts) to assess the
effect of the compounds on the parasites as well as the half-
maximum inhibitory doses (IC50) against each stage. After
48 hours of incubation with the chemicals, the parasites
were treated for an hour with a SYBR Green | in lysis
buffer solution. The absorbance from the respective wells
in the microtitre plates was measured with a fluorometer
immediately after this incubation period. The fluorometer
absorbance and chemical concentrations were put into
Excel® spreadsheets and converted to % parasitemia and
log concentrations, respectively. These were then entered
into the GraphPad Prism® program (version 5) and a non-
linear regression was run to obtain dose-response curves
and IC50 values for the drugs tested.

As percentage parasitemia is plotted on the y-axis
against the log of concentration of the test chemicals on the
x-axis, a sigmoidal curve and a dose-dependent response
are apparent in all the results from the inhibition assays
performed. This was expected because high concentrations
of the inhibitors, if effective against the parasite, will result
in a higher level of inhibition of the targeted cellular
process; resulting in a decrease in parasite population
(lower parasitemia), if that biological process is essential
for parasite survival, and vice versa. Figure 1 shows that
fluridone therapy resulted in a gradual decline in the ring
stage parasite population, with an ICs, of 17.00mM.
Treatment of the parasites with artemisinin (Figure 1)
revealed a minimal response of the parasites to the first two
lower concentrations of the compound, followed by a
gradual decline in parasite population as the concentration
of artemisinin increased. This resulted in an I1Csp of 11.53
nM against the ring stages. When the concentrations at
which fluridone and artemisinin attained their half-maximal
inhibition were compared, artemisinin (ICso in nanomolar)
demonstrated to be a far more effective inhibitor than
fluridone, because its I1Cso is substantially lower (ICsp in
millimolar). This was observed in all the inhibition trials
for the other asexual stages, where half-maximal inhibition
values of artemisinin were obtained at considerably lower
doses than fluridone against the same stages. Fluridone
inhibited growth at rates ranging from 43% to 62%, while
artemisinin inhibited growth at rates ranging from 55% to
75% (Figure 1).

The inhibition experiments for both compounds on the
parasite's trophozoite stages (Figure 2) were comparable,
with essentially little response to the effects of both
fluridone and artemisinin at lower dosages. Both
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compounds had a very flat line at the beginning of the
graph (Figure 2). The slope of the graph for fluridone
(Figure 2) increased sharply as the concentration of
fluridone increased, resulting from a drop in percentage
parasitemia. After treatment with the fourth-highest
concentration of fluridone, the graph leveled off. After
therapy with the sixth-highest concentration of artemisinin,
the percentage of parasitemia begins to level off again.

As a result, additional increases in fluridone and
artemisinin concentrations had no discernible effect on the
parasite's trophozoite population. Fluridone treatment
yielded a half maximum inhibitory concentration of
50.31mM, while artemisinin therapy yielded a value of
9.67 nM. Fluridone inhibited growth by 40 % to 60 %,
while artemisinin inhibited growth by 50 % to 70 %. Figure
3 depicts the results of the inhibition experiments against
the parasite's schizont stages. At this stage of the parasite
life cycle, both drugs tested had a dose-dependent effect.
The graph for fluridone treatment reveals a dose-dependent
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influence on the population of the parasite's schizont
stages. From the beginning of the graph, there was a high
slope. Fluridone's half-maximum inhibitory concentration
was 25.10mM, while fluridone's growth inhibition on the
schizont stage ranged from 15% to 60%.

In the instance of artemisinin (Figure 3), the
compound's action can be seen even at the lowest
concentration, when the parasite population begins to fall
immediately, and this continues until the fourth-highest
concentration, when the curve begins to level out. At 5.362
nm, artemisinin reached its half maximal inhibitory
concentration against the schizont stage. With regards to
both drugs in this investigation, this was the lowest 1C50
for the asexual phases. The percentage of growth inhibition
ranged from 45 to 70%. The ring stages were the most
responsive to fluridone treatment, with an IC50 of
17.00mM, almost three times and one-and-a-half times
higher than the trophozoite (50.31 mM) and schizont
(25.10 mM) stages, respectively.
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Figure 1. Dose-response curves for Plasmodium falciparum 3D7 ring stage parasites. Growth inhibitions by (1) fluridone and (Il)
artemisinin after incubating the parasites with different concentrations of these compounds for 48hrs. Error bars represent the standard
error of mean (SEM) from triplicate readings of each concentration used.
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Figure 2. Dose-response curves for Plasmodium falciparum 3D7 trophozoite stage parasites. Growth inhibitions by (I) fluridone and
(I1) artemisinin after incubating the parasites with different concentrations of these compounds for 48hrs. Error bars represent the
standard error of mean (SEM) from triplicate readings of each concentration used.
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Figure 3. Dose-responses curve for Plasmodium falciparum 3D7 schizont stage parasites. Growth inhibitions by (1) fluridone and (11)
artemisinin after incubating the parasites with different concentrations of these compounds. Error bars represent the standard error of

mean (SEM) from triplicate readings of each concentration used.

Carotenoid extraction and HPLC analyses

Retention time is plotted on the x-axis and milli
Absorbance Unit (mAU) is plotted on the y-axis in the
chromatograms (Figures 4, 5, and 6) shown below. There
were few detected or observed peaks on the chromatogram
of the extract from the ring stage parasites (Figure 4). The
organic solvents (methanol and hexane) utilized for the
extraction have peaks at the beginning of the chromatogram
with retention durations between 2-4 minutes. At the outset
of the run, they elute rather quickly. These peaks can also
be seen in the trophozoite (Figure 5) and schizont (Figure
6) stage extraction chromatograms. The lone peak with a
retention time of 22.754 minutes that can be seen farther
down the chromatogram from the ring stage extract (Figure
4) is lutein. The peak was identified by comparing its
retention time to the retention time of the standards
employed in the investigation. The lutein concentration in
the ring stage was determined to be 0.0032 mg/ml. This
was calculated using the HPLC machine's area under curve
for each peak and the specific equation of line derived from
the standard curves of the different carotenoid standards.
Experiments that were duplicated yielded similar findings.

In comparison to the ring stages, the chromatogram for
the trophozoite stage extraction (Figure 5) had a few more
peaks. Aside from the initial peaks with retention periods
of 2-4 minutes, three more peaks in the range of carotenoid
retention durations were discovered. The peak's
identification with a retention time of 17. The duration of
763 minutes is unclear because it does not relate to any of
the standards' retention times. With a retention duration of
19.573 minutes, the next peak was recognized as -carotene.
The amount of -carotene generated by the trophozoite stage
parasites was calculated to be 0.0031 mg/ml. The last
detectable peak (Figure 5) was recognized as carotene, with
a retention period of 30.303 minutes and an estimated
amount of 0.0019 mg/ml. The carotenoids produced by
trophozoite stage parasites were not the same as those
produced by ring stage parasites. Duplicate experiments
yielded similar results yet again.

There were multiple peaks on the chromatogram for the
schizont stage extract (Figure 6). Some of these peaks had

retention periods that matched the criteria, while others did
not and so were not detected. The peaks detected at
retention times of 3-5 minutes are, once again, those of the
extraction solvents. 19.550 minutes (o-carotene), 23.567
minutes (apo-carotenal), 24.114 minutes (abscisic acid),
30.086 minutes (lycopene), and 30.348 minutes (j3-
carotene) were the peaks having retention periods that
corresponded to those of a standard utilized. The identity of
the remaining peaks could not be validated because they
did not have retention periods that corresponded to any of
the criteria. In the schizont stage, the estimated levels of the
detected carotenoids were 0.0824mg/ml (a-carotene),
0.0032mg/ml (apo-carotenal), 0.664mg/ml (abscisic acid),
0.8321mg/ml (lycopene), and 0.0022mg/ml (B-carotene).
Experiments that were duplicated yielded similar findings.
The largest peak in Figure 6 was recognized as abscisic
acid. This indicates that high levels or quantities of this
phytohormone are being generated, and it was only found
during the parasite's schizont stage of life. As the parasites
progressed from the young to the mature stages, the kind
and quantity of the produced carotenoid clearly changed.

Evolutionary history and phylogenetic analysis

The phylogenetic link between the PSY gene of P.
falciparum and homologs in other species is investigated
(Figure 7). The PSY/OPPS gene sequence from P. falciparum
was utilized as a query in a BLASTn search for homologs
in other organisms. The PSY/OPPS sequences were chosen
for the phylogenetic analysis using the BLAST results since
the carotenoid production pathway has been extensively
explored in these taxa. P. falciparum PSY was one of thirty
PSY/OPPS gene sequences chosen from various taxonomic
groups. Apicomplexans, fungi, plants, and bacteria were
among the creatures chosen for the analysis. CLUSTAL
W2 was used to align all the selected gene sequences, and
MEGAG6 was used to create an unrooted phylogenetic tree
from the alignment using the Neighbor-Joining method.
The numbers, along the branches, represent the
evolutionary distance. These were calculated using the
Maximum Composite Likelihood technique and was
measured in number of base substitutions per site.
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Figure 5. Chromatogram of carotenoid extracted from Plasmodium falciparum trophozoite stage.
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Figure 6. Chromatogram of carotenoid extracted from Plasmodium falciparum schizont stage. Carotenoids were extracted from
synchronized cultures using a ternary solvent system (methanol/hexane/water) and the organic phase fraction was collected and run on a
C- 30 column with a mobile phase of acetone/water for 40 minutes. Detection of the eluents was at 475nm.

On the unrooted tree, there are two major clades with
multiple subclades branching out of each major clade
(Figure 7). Plasmodium, Cryptosporidium, Theileria,
Babesia, and Toxoplasma were found on one of the major
clades, whereas Eimeria and the other apicomplexans were
found on the other clades. As a result, the PSY gene in
apicomplexans (yellow circle) split earlier in their
evolution. The Plasmodium PSY gene forms a single
subclade with 99 of bootstrap value, indicating a greater
level of gene relatedness within this group and the
likelihood that these species shared a common ancestor at
some stage in their evolution. Surprisingly, P falciparum
established a subclade with P. reichenowi, a chimpanzee
parasite, with 99 of bootstrap value, indicating that the P.
falciparum PSY gene is most closely related to P.
reichenowi among all the sequences utilized in this study.

The Neighbor-Joining approach was used to infer the
evolutionary history. The ideal tree is presented, with a
branch length sum of 15.24929587. Next to the branches
are the percentage of duplicate trees in which the related
taxa clustered together in the bootstrap test (100
repetitions). A total of 30 nucleotide sequences were
examined. For each sequence pair, all unclear locations
were deleted. The total number of places in the final dataset
was 5432. MEGA 6 was used to conduct evolutionary
analysis.

Discussion
In vitro inhibition assay

Over the last decade, efforts have been made in
numerous areas, including vector control, vaccine
development, and medicine research projects, to eradicate
malaria from the world's impacted regions (malERA
Consultative Group on Vaccines 2011; Raghavendra et al.
2011; Rieckmann 2006; Schwartz et al. 2012). The genetic
plasticity of P. falciparum allows it to elude the host
immune system (Jeffares et al. 2007; Wright and Rayner
2014) as well as develop resistance to some of the existing
medications used to treat and control malaria (Djimdé et al.
2001; Dondorp et al. 2010; Schellenberg et al. 2006). More
effort and resources must be directed toward vector
management, vaccine development, and therapeutic
research to win the battle against the illness. Currently, the
hunt for a viable vaccine candidate to aid in the eradication
of the illness is well underway (Casares et al. 2010;
Crompton et al. 2010; Malik et al. 2012). Novel chemicals
and their effects on new or established targets in P.
falciparum metabolic pathways are also being studied
(Crowther et al. 2011; Qidwai and Khan 2012). In
apicomplexans, the apicoplast organelle is an attractive
new target (Kalanon and McFadden 2010; Maréchal and
Cesbron-Delauw 2001). In apicomplexans, the apicoplast
organelle is an attractive new target (Kalanon and
McFadden 2010; Maréchal and Cesbron-Delauw 2001).
Metabolic processes such as fatty acid synthesis and
carotenoid production are housed inside it (Seeber and
Soldati-Favre 2010).
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Figure 7. Phylogenetic relationship of PSY/OPPS gene in Plasmodium falciparum and other species.

Research has recently focused on the apicoplast,
partially because this organelle is unique to the parasite and
because it provides a fresh window into the parasite's
metabolism (Goodman and McFadden 2013; Ralph et al.
2001). The carotenoid biosynthesis route is a fascinating
metabolic route that occurs in the apicoplast and has gotten
a lot of attention from scientists. The parasite has this route,
but this route is absent in human (Tonhosolo et al. 2009).
Fluridone, which inhibits phytoene desaturase in plants, is a
well-known inhibitor of this process (McCowen et al.
1979). Other inhibitors of carotenoid biosynthesis, such as
norflurazon and fosmidomycin, have been studied in the
past and proven to be efficient at suppressing parasite
growth in a dose-dependent manner in Plasmodium and
Toxoplasma (Tonhosolo et al. 2009; Umeda et al. 2011;
Yeh and DeRisi 2011). Fluridone's effect on Toxoplasma
has also been examined, with results indicating that
suppression caused a delay in egress and stimulated growth
of the parasite's slow-growing, dormant cyst stage
(Nagamune et al. 2008). However, the effect of fluridone
on Plasmodium has not been explored. The goal of this
research was to see how fluridone affected the carotenoid
production pathway in P. falciparum.

Artemisinin was utilized as a control medicine in this
research because its inhibitory capability against P.
falciparum is known (Klonis et al. 2011). Fluridone was
utilized as a comparison drug since its inhibitory capability

against P. falciparum is unknown. The results of the
inhibition assays (Figures 4.1 to 4.3) against the asexual
stages revealed that fluridone was less effective than
artemisinin at reducing parasite population, when
comparing the concentrations at which each compound
achieved its half-maximum inhibitory concentration against
each stage. This could be owing to the incapability of
fluridone to successfully traverse the membrane barriers
surrounding the intraerythrocytic parasite, such as the RBC
and parasite's lipid bilayers, as well as the parasitophorous
vacuole encircling the parasite, preventing the molecule
from reaching its intended target. The ring stage of the
parasite life cycle was the most responsive to fluridone
treatment of the three asexual stages because it had the
lowest IC50 value (17.00 mM) of the three asexual stages
(Figure 1).

For an inhibitor to reach its target, it must be able to
cross any barrier that stands between it and the target, such
as enzymes and ligands, in sufficient numbers to disrupt or
inhibit the target's activity (Clay and Sharom 2013). The
plasma membrane is selectively permeable, allowing only
certain chemicals to flow through while preventing others
from doing so (Vaara, 1992). The inhibitor's physical and
chemical features can help or hinder its passage across the
phospholipid bilayer. Simple diffusion or osmosis allows
small, non-polar (hydrophobic) substances like water,
oxygen, and carbon dioxide to pass through the gaps in the
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membrane (Haines, 1994). Larger, charged molecules like
glucose and amino acids, on the other hand, are transported
across the membrane through active or passive diffusion
through channels or pores (Stillwell 2013). Fluridone
(Figure 2.4) is a fluorine-containing heterocyclic molecule
that belongs to the nitrogen-containing heterocyclic class.
Because this is a big molecule, it may require active or
passive transport across the membrane via pores or
channels. This could explain the high 1C50 values obtained
for fluridone treatment of the three intraerythrocytic stages
of P. falciparum due to the restriction of fluridone mobility
across membranes (parasitophorous vacuole and RBC and
parasite membranes). The difference in the targets or
modes of action of artemisinin and fluridone could also
account for the high IC50 values seen for fluridone
therapies. Artemisinin has been shown to inhibit
hemoglobin uptake in P. falciparum intraerythrocytic
stages (Klonis et al. 2011), whereas fluridone inhibits the
activity of phytoene desaturase, the enzyme that catalyzes
the conversion of phytoene to lycopene in the carotenoid
biosynthesis pathway (Klonis et al. 2011 & Tonhosolo et
al. 2009). When phytoene desaturase is inhibited by
fluridone, parasites may be able to salvage lycopene
existing in the host blood circulation (which comes from
ones diet), but proteins derived from hemoglobin digestion
may not be salvaged.

Carotenoid profiling and HPLC analyses

Since the discovery of the apicoplast in 1996
(Mcfadden et al. 1996) and the association of certain
pathways in apicomplexans, including the isoprenoid
biosynthesis pathway (Tonkin et al. 2008), scientists have
been interested in determining whether this organelle
serves a function in this parasite group and could be
targeted for  chemotherapeutic  management. In
apicomplexans, the carotenoid biosynthesis pathway has
been connected to the manufacture of isoprenoid precursors
(Eisenreich et al. 2004). The condensation of two
molecules of GGPP to generate phytoene, the first
committed step of the carotenoid biosynthesis pathway, is
catalyzed by phytoene synthase). Nagamune et al. (2008)
were the first to show that carotenoids are synthesized and
that inhibiting this pathway leads to development and
growth inhibitions in apicomplexans (Toxoplasma).
Tonhosolo and colleagues have also shown carotenoid
production in P. falciparum intraerythrocytic stages (2009).
However, only a few carotenoids have been found to be
synthesized by P. falciparum, including p-carotene,
phytoene, and lutein, leaving an incomplete picture of the
carotenoid synthesis landscape in P. falciparum.

The types and quantities of carotenoids generated in
three asexual stages of P. falciparum were studied in this
study. The carotenoids were extracted using a ternary
solvent solution that contained methanol, hexane, and
water from synchronized P. falciparum cells at the ring,
trophozoite, and schizont phases. Because carotenoids are
soluble in organic solvents, they partition into the organic
phase of the extraction solvent (methanol and hexane),
which was then employed for reverse-phase HPLC
analysis. The non-linear gradient was utilized to

progressively decrease the polarity of the mobile phase by
progressively increasing the volume of acetone to water in
the mobile phase. This was done to allow non-polar
chemicals (carotenoids, for example, and any other
compounds removed) to elute later in the run. Because
carotenoids have similar structures and could all elute
together, the C-30 column is a favored column for
successful separation. The C-30 column provides a greater
number of interaction sites for the carotenoids to engage
with the column than a C-18 column, ensuring complete
partitioning of positional isomers, as occurs in carotenoids.
The C-30 column increases the contact period of the
eluents with the packing elements of the column, extending
the retention period and considerably improving the
selectivity of the carotenoid isomers (Breitenbach et al.
2001; Emenhiser et al. 1995).

Only one identifiable peak with retention time
corresponding to lutein, and with one of the standards
employed, was visible on the chromatogram for the ring
stage extract (Figure 4). This could be because the
carotenoids generated at this stage are so low that they are
below detection limits. This shows that carotenoids'
functions in the early stages of the parasite life cycle may
be noncompulsory. Carotenoids protect organisms from
oxidative damage by quenching photosensitizers,
interacting with singlet oxygen molecules, and scavenging
peroxy radicals. This then reduces the accumulation of
hazardous oxygen species created during active
metabolism, which is one of the major roles played by
carotenoids in the organisms (Shimidzu et al. 1996; Stahl
and Sies 2003). There are probably not enough free radicals
present currently in the parasite's life cycle to cause
activation and robust synthesis of these carotenoids in
significant quantities, resulting in low levels of carotenoids
at the ring stage.

Three peaks were found in the chromatogram for the
trophozoite stage extract (Figure 5), compared to a single
peak for the ring stage extract (Figure 4). Two of the peaks
exhibited retention periods that matched the standards that
were employed. o -carotene (19.573 minutes) and f-
carotene (30.303 minutes) were found as the peaks. The
retention time of the third peak, which was 17.763 minutes,
is unknown because it did not relate to any of the standards
utilized in this study. However, because its retention
duration falls within the range for carotenoids in our study,
it is suspected to be a carotenoid. In comparison to the ring
(Figure 4) and trophozoite (Figure 5), the schizont stage
(Figure 6) generated several additional carotenoids. When
comparing the schizont, ring, and trophozoite stages, it was
discovered that the schizont stage had the highest quantities
of carotenoids. This supports the findings of Tonhosolo et
al. (2009), who found that carotenoid synthesis begins in
the ring stages and builds up in the schizont stage. In their
study, Tonhosolo et al. (2009) found carotenoids such as
lutein and -carotene, which were also found in this study.
Other carotenoids such as -carotene, apo-carotenal,
lycopene, and abscisic acid were also profiled in P.
falciparum for the first time in this study.

The presence and quantity of abscisic acid (with a
retention period of 24.114 minutes) generated in the
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schizont stage was also discovered to be quite fascinating
and interesting. Abscisic acid (ABA) is a phytohormone
that controls a variety of critical plant processes, including
stress responses, embryo development, and seed dormancy
(Nakashima and Yamaguchi-Shinozaki 2013; Nambara et
al. 2010). A surge in abscisic acid (ABA) levels signaled a
calcium-dependent egress of the parasites from the host
cells in T. gondii (Nagamune et al. 2008), a similar
apicomplexan. But the inhibiting abscisic acid synthesis
resulted in the formation of cysts, a dormant form of the
parasite (Nagamune et al. 2008). Exogenous abscisic acid
was shown to induce the formation of cyclic adenosine
diphosphate ribose (CADPR, a second-messenger) in
Toxoplasma gondii, stimulate calcium-dependent protein
secretion, and induce parasite egress from the infected host
cell in a density-dependent manner. This confirms the role
of ABA in Toxoplasma. In addition, specific disruption of
ABA production by the inhibitor fluridone delayed egress
and induced formation of the Toxoplasma parasite's slow-
growing, latent cyst stage. In Toxoplasma, a closely related
apicomplexan to Plasmodium, ABA-mediated calcium
signaling governed the decision between lytic and chronic
stage growth, a developmental switch that is critical in
pathogenesis and transmission (Nagamune et al. 2008).

The absence of ABA in the ring and trophozoite stages
was most likely due to the lack of or extremely low
quantities of this phytohormone produced at these stages,
which were below detection limits. However, there was an
unexpected surge in ABA levels that was only found in the
schizont stage. This could be the result of synthesis from
the many individual merozoites still imprisoned in the
parasitophorous vacuole. The discovery of an increase in
abscisic acid levels in only the schizont stage is fascinating
because it is the first time the phytohormone has been
linked to P. falciparum. This means it could be serving the
same crucial role in mediating parasite egress in this
parasite as it is in T. gondii. To date, there has been no
evidence of a signal for parasite egress from infected RBCs
during the schizont stage, when merozoites are discharged
to infect fresh RBCs. Whether or not ABA regulates or
relates to merozoite egress in P. falciparum is unknown.
Given that P. falciparum and T. gondii belong to the same
Phylum Apicomplexa and share similar features such as the
presence of the parasitophorous vacuole and the use of
similar machinery for invading, it is possible to
hypothesize that ABA may play a similar role in P.
falciparum as it does in T. gondii, where it mediates
parasite egress from its host cell (Kemp et al. 2013).

Bioinformatics and phylogenetic analysis of the phytoene
synthase gene

Plasmodium  falciparum, the most common
Plasmodium species that infects people; it produces the
most morbidity and mortality, with millions of clinical
cases and over one million deaths reported each year
(Greenwood et al. 2005; Hay et al. 2004). Although
significant progress has been made in the management and
control of P. falciparum (Kappe et al. 2010), the
evolutionary origins and relatedness of this parasite and
other Plasmodium diseases remain a source of debate and

interest in recent years. Malaria phylogenetic research can
aid in the development of new treatments and vaccines, as
well as the understanding of host-pathogen interactions and
the evolution of treatment resistance in the pathogen (Datta
and Chauhan 2010). The chimpanzee parasite, P.
reichenowi, has recently been shown to be the closest
known relative of P. falciparum. This was thought to have
diverged from its human counterpart, around the same time
as the progenitors of chimps and humans, more than 5
million years ago (Escalante and Ayala, 1994; Jeffares et
al. 2007; Rich et al. 1998). Different studies have found
other Plasmodium strains in chimps, western gorillas, and
bonobos in recent years. This suggests the probability that
P. falciparum in humans emerged because of cross-species
transmission from one or more of these apes (Rich et al.
2009; Krief et al. 2010; Prugnolle et al. 2010). Plasmodium
species and other apicomplexan parasites have plastids,
which suggests their fondness for cyanobacteria and green
algae. Plasmodium species are assumed to be of
prokaryotic origin since the apicoplast is produced through
secondary endosymbiosis of an algal progenitor
(McFadden 2011). Because the apicoplast lost its
photosynthetic function in its new host, it kept certain
prokaryotic remnants, the apicomplexan group of
organisms is assumed to be connected to algae and plants
(Foth and McFadden 2003; Arisue and Hashimoto 2014).

Plants, algae, and their endosymbiont apicomplexans
have all been studied for isoprenoid and carotenoid
production (Botella-Pava et al. 2004; Cunningham et al.
2007; Janoukovec et al. 2015). Isoprenoids and carotenoids
are synthesized in apicomplexans via a separate mechanism
(Goodman and McFadden 2013). The enzyme phytoene
synthase (PSY), which catalyzes the first committed step of
the isoprenoid to carotenoid biosynthesis pathway, is also
found in apicomplexans parasites such as P. falciparum
(Tonhosolo et al. 2009). Except for the PSY gene coding
for the PSY enzyme, which has been identified through
functional tests (Rodrguez-Villalén et al. 2009), no genetic
evidence has been obtained for the enzymes assumed to be
involved in the carotenoid biosynthesis pathway. Studies
have looked at the structure and evolutionary relationship
of the PSY gene in plants and other creatures (Giorio et al.
2008; Li et al. 2009; Lépez-Emparan et al. 2014). This has
recently been investigated in P. falciparum (Agarwal et al.
2015). The evolutionary relationship of the PSY gene in
apicomplexans and other creatures is, however, poorly
understood.

This study examined the evolutionary history and
relationships of the phytoene synthase (PSY) gene in P.
falciparum and other organisms. PSY orthologues were
found in all Plasmodium species whose genome sequences
were available, according to a BLAST search. Toxoplasma,
Eimeria,  Cryptosporidium,  Babesia, and  other
apicomplexans employed in this phylogenetic analysis all
had orthologues of this gene. However, because the
apicomplexan species (shown by the vyellow circles)
bifurcate into two separate clades on the tree, all these
orthologues in the apicomplexans were not closely related
(Figure 7). Plasmodium, Cryptosporidium, Theileria,
Toxoplasma, and Bebasia species formed a big
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monophyletic group with other species such as plants
(green triangle) and algae (black triangle), and the other
apicomplexans (Sarcocystis, Eimeria, and Hammondia
species) formed another big clade. This shows a huge and
substantial evolutionary event that generated a divergence
in this gene; but most significantly, the PSY was still
retained by the apicomplexans, implying that the PSY and
carotenoid synthesis are crucial to the apicomplexan
parasites.

Figure 10 shows that apicomplexan species (yellow
circle) are members of a vast monophyletic group that also
includes plants (green triangle) and algae (black triangle),
supporting the theory that the apicoplast evolved from
photosynthetic ancestry (McFadden 2011). All the
Plasmodium species included in this study formed a
subclade on a branch of the tree with a bootstrap value of
99, showing a high level of relatedness in the PSY
sequences in this species. When taxa or species constitute a
clade, it means they have a high level of relatedness when
compared to members of other clades. Species that share a
clade on a branch of the tree with a bootstrap value of 70 or
higher indicate that there is a higher level of support for the
existence or formation of that node, and the organisms that
make up the node are likely to have shared a common
ancestor at some point in their evolution (Soltis and Soltis
2003). With a bootstrap value of 100, P. falciparum and P.
reichenowi (the chimpanzee strain of Plasmodium)
occupied the same clade as the other human strains
employed in this investigation. This evidence backs with
the theory that P. reichenowi is closest known relative of P.
falciparum (Escalante and Ayala 1994; Jeffares et al.
2007).

In conclusion, the inhibition assays demonstrated that
fluridone inhibited all three asexual stages of P. falciparum
in a dose-dependent manner, with the ring stages being the
most responsive to fluridone treatment. When compared to
artemisinin, fluridone, a known plant carotenoid
biosynthesis inhibitor, was not as effective at reducing
parasite growth. This research also discovered that
carotenoid production in the asexual stages is cumulative,
beginning with the ring stage and ending with the schizont
stage, with large quantities of abscisic acid created at this
time. PSY orthologues were found in all the apicomplexan
species analyzed using bioinformatics and phylogenetic
analysis. It also revealed a significant amount of
relatedness between the PSY gene in all the Plasmodium
species examined. The PSY of P. falciparum is most like
that of P. reichenowi, the chimpanzee malaria parasite,
confirming the theory that P. falciparum is chimpanzee-
derived. Because the apicomplexans formed a
monophyletic group with the plants and algae included in
this study, the tree also supports the notion that the
apicoplast has photosynthetic ancestry. The above-
presented data is significant because it sheds more light on
the carotenoid biosynthesis pathway in P. falciparum and
apicomplexans. This included the types and quantities of
carotenoids synthesized and the compounds that affected
the pathway. This study also strongly supports the notion
that the pathway can be targeted for the control and
possibly eradication of diseases caused by the parasite.
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Table S1. Table showing the gene ID of PSY/OPPS in the various organisms used for the phylogenetic relationship study

Organism Gene ID Database
Plasmodium falciparum 3D7 PF3D7_0202700, PFB0130w PlasmoDB, NCBI
Plasmodium vivax PVX_003575 PlasmoDB
Plasmodium berghei ANKA PBANKA_0300800 PlasmoDB
Plasmodium reichenowi 0i|832044551 PlasmoDB
Plasmodium knowlesi strain H PKNH_0418400 PlasmoDB
Cryptosporidium hominis TU502 cgd5_4532 ToxoDB
Cryptosporidium parvum lowa Il cgd7_3730 ToxoDB
Eimeria brunette EBH_0010260 ToxoDB
Eimeria falciformis EfaB_MINUS_800.g99 1 ToxoDB
Hammondia strain H.H.34 HHA_224490 ToxoDB
Theileria annulata TA03505 ToxoDB
Toxoplasma gondii TGME49_269430 ToxoDB
Sarcocystis heurona SN3_00400385 ToxoDB
Arabidopsis thaliana 0i|240256493 NCBI
Aspergillus oryzae 0i|169781061 NCBI
Babesia bovis T2Bo 0i|156087461 NCBI
Chlamydomonas reinhardtii 0i|159486413 NCBI
Escherichia coli 0i|387615344 NCBI
Galdieria sulphuria gi|545700663 NCBI
Methylobacterium radiotolerans gi|170746450 NCBI
Neorhizobium galegae gi|752716557 NCBI
Rhizobium leguminosarum 0i|752843554 NCBI
Rhodopirellula baltica 0i|32470666 NCBI
Rhodospirillum rubrum 0i|83591340 NCBI
Saccharomyces cerevisiae 0i|330443520 NCBI
Streptomyces coelicolor 0i|32141095 NCBI
Tetrahymena thermophila 0i|229594551 NCBI
Thermus thermophilus 0i|593268528 NCBI
Trichinella spiralis 0i|331705224 NCBI
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concentration of DNA extracted from intron patho gene-spin extraction on processed crab food product samples. Asian J Trop
Biotechnol 18: 28-31. The purpose of this study was to optimize the Intron patho gene-spin DNA/RNA extraction kit on processed crab
food products so that it can be used for testing samples, other than viral and bacterial samples. The method used in purity and concentration
analysis to analyze total DNA (yield) is the absorbance method using a nanophotometer. The method used to isolate the sample DNA is the
centrifuge column or spin column method. The research data showed that the extracted sample concentration was in the range of 15.15-
15.75, with an average of 15.46. While the purity values measured at the A260/A280 wavelengths were obtained with a purity range
between 2,124-2,346. The total DNA analysis (yield) results obtained an average of 755.04, with the lowest yield value of 575.50 and the
highest yield value of 787.50. As a suggestion for further research, it is hoped that modification can be made to perfect the isolated DNA so

that it has better purity and concentration values.

Keywords: DNA, gene, intron, PCR, RNA

INTRODUCTION

Processed crab food products are very popular with
Indonesians. The process of processing it into other food
ingredients such as chips, crackers and frozen food is a way
to increase the economic value of processed crab products.
The future challenge of this product is the authentication of
products whose raw materials have high economic value.
The potential for fraud by changing the main raw material is
an act of violation of the law.

Currently, POM ensures the quality of goods in
circulation is of guaranteed quality and safety. The strategic
function of the POM in ensuring high quality is becoming
more difficult; especially if improvements in the technical
capacity of personnel and the personnel who support their
main duties and functions. For this reason, this study was
conducted to provide a new reference in the form of test
results on processed crab products. With this research, it is
hoped that it can become a reference in developing technical
testing to support surveillance activities.

In DNA testing, extraction is an early stage that has a
very important role in the success of testing using PCR. This
is in line with the opinion expressed by Jhosi et al. (2016)
and Fulton et al. (1995) which states that DNA extraction is
the key to the success of PCR analysis. According to lbrahim
(2010) in PCR analysis, DNA extraction results with good
quality and quantity are needed to proceed to the
amplification stage. The presence of contaminant
compounds in the extracted DNA, such as polysaccharides
and polyphenols, makes the enzyme work slow in the PCR

amplification process (Hoarau et al. 2007). The Intron patho
gene-spin (viral DNA/RNA) extraction kit is an extraction
kit made for the extraction of DNA and RNA virus types.
However, this kit can also be used for plasma, blood, serum
cell-free body fluids, cells, and tissue samples. Because one
of the specifications of this kit is that it can be used to extract
cell and tissue samples, it is possible that this kit can be used
to extract processed crab food products.

The novelty aspect of this research is to optimize the
Intron patho gene-spin DNA/RNA extraction kit against
processed crab food products so that it can be used for
testing samples, other than virus samples, so it can be used as
one of the references in extracting samples from processed
crab food products. Additionally it may be a reference source
in modifying the types of extraction kits in situations that
allow modifications to be made.

MATERIALS AND METHODS

Materials

The materials used in this study were processed crab
food products, which were sampled from several
restaurants selling processed crab menus. Also Intron
Patho Gene-Spin (viral DNA/RNA) Extraction (cat.
17154.100) extraction Kits were used.

Sample preparation
Purchased samples from several restaurants were
washed clean, so that the crab meat that was to be extracted
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had no other matrix besides crab meat. Furthermore, the
crabmeat was then separated between the meat and the
shell, after which it is crushed and homogenized. The
homogenized sample was then be extracted.

DNA isolation

The sample was weighed to be 1 g and put it in a 2 mL
microcentrifuge tube. 500 pL of VL buffer solvent was
added. It was incubated for 10 minutes at room
temperature, while occasionally vortexing for 1 minute
every 2 minutes of incubation. Next 700 uL of BL buffer
was added and then incubated again for 2 minutes then
vortex 1 minute. 750 puL of the solution was transferred into
the spin column, then centrifuged at a speed of 14.000 rpm
for 1 minute. The liquid was discarded before adding 750
RW 1 buffer. This was then put in the centrifuge at a
speed of 14.000 rpm for 1 minute. The liquid was
discarded, before 750 RW 2 buffer was added. This was
then centrifuged at 14.000 rpm for 1 minute. The spin
column was transferred into the 1.5 mL microcentrifuge
tube, before adding 50 uL of EB buffer. Incubation was for
2 minutes, then centrifuged at 14.000 rpm for 2 minutes.
The spin column was discared and the extracted DNA was
then calculated for its concentration and purity using a
nano photometer.

DNA vyield

After knowing the concentration and purity values, the
next step was to calculate the yield. DNA vyield is the final
DNA product calculated using the formula:

DNA vyield (ug) = DNA concentration x total sample
volume (mL)

Purity and concentration analysis

Analysis of purity and concentration were performed
using a nano photometer NP80 (IMPLEN), method setting;
Nucleic acid, dsDNA type, nano volume mode, 2 pL
sample volume, nucleic acid factor 50.00, background
correction 320 nm, air bubble recognition off, manual
dilution factor 1.000.

Data analysis

Data analysis was performed by comparing the purity
and concentration values against the standard DNA extract
sample where the purity was in the range (1.8-2.0) while
the concentration was greater than 20 ng/mL.

RESULTS AND DISCUSSION

Data from concentration and purity analysis

The analysis of concentration and purity was carried out
using a nano photometer and the results were obtained
(Table 1). From the table, the concentration value of the
extracted sample was in the range of 15.15-15.75, with an
average of 15.46. The purity values measured at the
A260/A280 wavelengths were obtained with a purity range
between 2.24-2.346. According to Sambrook et al. (1989),
the purity value of DNA extract above 2 indicates that the

DNA extraction results still contain protein contamination.
Whereas if the purity results show a value of less than 1.8,
this would indicate that the DNA extract still contains
phenol residues and other solvent contaminants.

DNA extraction results are good if the purity value is in
the range 1.8-2.0, the concentration is greater than 20
(ng/pL) (Kirby 1990; Artama 1991). However, to conclude
that an extracted sample can be tested using real-time PCR,
the purity and concentration values that are the benchmark
for isolation are said to be good because real-time PCR
technology is possible if the amplification process can
occur with low concentrations even though it depends. on
the sensitivity of a PCR device.

DNA yield

After analyzing the slides and concentrations, the total
or yield DNA was them analyzed. From the research
conducted, an average of 755.04 was obtained. With the
lowest yield value of 575.50 and the highest yield value of
787.50. Further results are presented in Table 2.

One of the methods to perform yield analysis is by
using the absorbance method. This method is done by using
a spectrophotometric instrument. The absorbance readings
were carried out at a wavelength of 260 nm or (A260). This
is because DNA at this wavelength absorbs light so that the
resulting turbidity can be used to estimate the amount of
DNA detected. To ensure this, the reading is carried out at
the linear range of the instrument (0.1-1.0).

Table 1. Extracted nano photometer data.

Concentration Purity
Sample ng/ulL (A260/A280)
Sample 1 15.65 2.268
Sample 2 15.40 2.124
Sample 3 15.60 2.346
Sample 4 15.55 2.221
Sample 5 15.15 2.349
Sample 6 15.35 2.225
Sample 7 15.45 2.225
Sample 8 15.35 2.255
Sample 9 15.75 2.188
Sample 10 15.40 2.200
Average 15.46 2.240
Table 2. DNA yield.
sample Concentration  Total dilution vield

ng/pL volume (pL)

Sample 1 15.65 50 782.50
Sample 2 15.40 50 770.00
Sample 3 15.60 50 780.00
Sample 4 15.55 50 777.50
Sample 5 15.15 50 575.50
Sample 6 15.35 50 767.50
Sample 7 15.45 50 772.50
Sample 8 15.35 50 767.50
Sample 9 15.75 50 787,50
Sample 10 15.40 50 770.00
Average 15.46 50 755.05
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Discussion

The method used was slightly modified at the extraction
stage, namely by adding the length of time and incubation
temperature. The manual kit suggests the incubation be
carried out at room temperature for 10 minutes. In this
study, the incubation was carried out at 70°C for 30
minutes while occasionally in the vortex. Modifications at
this stage were carried out to produce perfect lysis of the
sample to be extracted. The observations made on the
characteristics of the extracted sample show that the
turbidity frame is getting higher with the length of time and
homogenization is carried out using the vortex.

Based on the extraction data read using a nano
photometer, it is known that the extracted DNA does not
have good purity and concentration values. This could be
because this kit is made only for the extraction of DNA or
RNA viruses, so optimization of the processed crab sample
does not guarantee the success of the extraction.

The principle of the extraction kit used in this study was
to use the silicon dioxide method, which is made in a spin
column that can absorb DNA. This method generally has
no difference from the phenol-chloroform method in DNA
extraction. This method, DNA extraction, will go through
three stages: cell lysis, DNA separation, and DNA
purification (Corkill and Rapley 2008). DNA extraction
begins with lysis where at this stage the sample is lysed for
30 minutes with occasional vortices every 3 minutes to get
a better lysis process.

The observations made on the samples in the vortex
showed that the samples were getting cloudier when
compared to before vortex. This gives an idea that the cells
have undergone lysis which is marked by turbidity
occurring in the lysis solution. The lysis process is an
important step in DNA extraction because at this stage the
trapped DNA in the cell will be removed. The cell lysis
process occurs in the early stages of extraction, which
works by two mechanisms: enzymatic and chemical. The
enzymatic mechanism occurs by adding proteinase-K.
According to Surzycki (2000), the proteinase K enzyme
functions to break the amino acid carboxyl group in the
peptide bonds that make up the peptidoglycan layer of the
cell wall. While the chemical mechanism occurs by adding
sodium dodecyl sulfate (SDS) detergent. The addition of
SDS serves to dissolve lipids in the cell membrane so that
cell membrane destabilization occurs and binds to proteins
and polysaccharides on the cell membrane to open
(Surzycki 2000; Demeke et al. 2009). In the process of cell
lysis, the cell wall covering has been destroyed so that the
DNA will mix with other cell macromolecules.

According to Held (2001), the analysis of concentration
and purity was carried out using a nano photometer, which
reads DNA absorption at wavelength A260/A280.
However, the absorption reading method at the A260/A280
wavelength is the method most used. Another opinion was
expressed by Matlock (2015) which states that the results
of the analysis of purity and good concentration on the
sample do not guarantee that the sample is successfully
amplified. Another equally important factor is the sample
itself. However, the purity and concentration analysis
method to see the quality and quality of isolated nucleic

acids using a nano photometer is an effective method to
determine the quality of the extracted results in a short
time.

The results of the purity analysis of the samples showed
values and concentrations outside the good DNA extraction
category were between (1.7-2) for purity and above 20
ng/uL for concentration. However, Kapa Biosystems
(2014) revealed a different matter: to carry out PCR
analysis, isolated DNA concentrations with a value
between 10-100 ng/pL are needed. However, these results
are not necessarily usable, but a confirmation test using
PCR is needed. The results of the DNA yield showed that
the amount of DNA was quite large, namely around
755.04. This value is very good when compared to the
DNA vyield value required for DNA amplification using
real-time PCR.

It is suggested that this should be continued until the
confirmation test stage to prove the results of DNA
extraction, even though it does not mean that the category
of good DNA extraction results can still be used. This is
important because every real-time PCR tool has a different
detection limit level so that the accuracy and detection
ability will be different. The smallest value that can be
detected ranges from 0.01-2 p/uL, (Perandin et al. 2004;
Cnops et al. 2011; Kamau et al. 2013; Xu et al. 2015;
Srisutham et al. 2017).

Based on the research conducted, it was discovered that
the results of the analysis of purity and concentration
outside of the DNA standard extracted were good.
Therefore in future research, modifications are needed so
that the kit used can have good DNA extracted results for
use in samples of processed crab food products.
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Abstract. Mufidah LN, Setyono P, susilowati A. 2021. Density of coliform bacteria in well water filtered using a filter coated with silver
nanoparticles. Asian J Trop Biotechnol 18: 32-36. The poor filtration process causes low water quality due to coliform bacteria. Today's
nanoparticle technology is growing, one of which is silver nanoparticles known to have antimicrobial properties. Silver nanoparticles
can be an alternative for making water filters while also killing bacteria. Therefore, this study was conducted to see the density of
coliform bacteria in well water filtered using a filter coated with silver nanoparticles. It is an experimental study with five significant
steps: synthesis of silver nanoparticles via reduction, coating filter paper with silver nanoparticles via the shake flask method, water
filtration, bacterial density determination via the Most Probable Number (MPN) method, and coliform bacteria viability determination.
The main parameter observed in this study was the density of coliform bacteria in well water through a filtering process, namely the
MPN value. The synthesis of silver nanoparticles in the form of a gray-green-brown colloidal solution was formed at a wavelength of
437 nm. Silver nanoparticles can stick to the filter paper, which will be used for filtering, indicated by the change in the color of the
paper to grayish brown. The MPN value of the control group in all wells was >1,100/100 mL, while the treatment group's wells were
1,2,3, 9.05; 553.65; and 1.5/100 mL. The t-test analysis of the MPN value showed a significant difference between the control and
treatment groups with a significance value of <0.05, i.e., 0.04. The coating of silver nanoparticles on the water filter also killed coliform
bacteria, which was indicated by the absence of bacteria growth from the filter paper used. The density of coliform bacteria in well

water filtered using a filter coated with silver nanoparticles was lower than the control (without silver nanoparticle coating).

Keywords: Coliform, filtering, Most Probable Number, silver nanoparticles, water quality

INTRODUCTION

Water is a source of life because water is vital for all
organisms, including humans, animals, and plants.
According to Istipsaroh et al. (2016), water is the primary
resource with many benefits in life, especially for humans.
Humans cannot survive without water because most of the
human body consists of water.

Human needs for water always increase from time to
time, not only because of the increasing number of people
who need water but because of the increasing intensity and
variety of water needs. Humans use water to meet their
needs, such as washing, bathing, and daily consumption.
The rising number of people, the increasing human demand
for clean water, and the increasing pollution level (Boretti
and Rosa 2019; Hertika et al. 2021). Human activities can
lead to water pollution, such as throwing garbage out of
place and a lack of awareness of the cleanliness of the
surrounding environment (Ferronato and Torretta 2019).

Well water or groundwater comes from the ground or
infiltration of rainwater. Well water is widely used by the
community, especially in rural areas. However, not all
communities have water sources that meet health
requirements. Population growth causes the need for clean
water or water suitable for consumption. The well water
used by the community has reasonable physical, chemical,

and biological qualities, which still need to be tested to
determine its suitability of the water for daily use (WHO
2006).

People tend to pay less attention to the water quality
they consume in the current era, both water content and
processing. According to Pradana and Marsono (2013), this
is due to the advancement of technology and the increasing
busyness of society. Hence, people choose a more practical
way to meet their consumption water needs at a lower cost,
one of which is filtering techniques.

The poor filtering process can cause water quality not to
meet the regulations on drinking water quality. One of the
causes is that the coliform bacteria content will be greater
due to the filtering system or equipment used. According to
Khag (2016), coliforms are a group of bacteria as an
indicator to determine the contamination of pathogenic
bacteria in a water source. Examples of a group of bacteria
called coliforms are Escherichia coli, Enterobacter
aerogenes, Citrobacter freundii, and Shigella sp., which
causes diarrhea.

Nanoparticle technology, called nanotechnology today,
is growing. According to Wahyudi et al. (2011), one of the
nanotechnology applications in the engineering of metal
particles and metal oxides such as silver (Ag), copper (Cu),
TiO,, ZnO, and nanometer-sized MgO, which are applied
to various antimicrobial products such as textiles, pulp, and
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paper, ceramics, and so on. Nanotechnology can be used as
an alternative to water filters by manufacturing and
applying structures/materials with nanometer dimensions.

The antimicrobial properties of colloidal silver can kill
all pathogenic microorganisms, and there have been no
reports of microbes that are resistant to silver (Ariyanta et
al., 2014). The antimicrobial properties of silver can be
used as an alternative for making water filters while also
killing bacteria by coating the filter.

So far, many studies have been carried out on the
application of silver nanoparticles. Some examples of silver
nanoparticle applications that have been carried out include
silver nanoparticles as a catalyst, a real-time optical sensor,
and an antimicrobial agent (Haryono et al. 2008). As an
antimicrobial agent, silver nanoparticles are used for lining
wound dressings (Ariyanta et al., 2014). In addition, silver
nanoparticles can be inoperable on other materials such as
water and air filters and textile fibers. Therefore, this study
was conducted to test a water filter coated with silver
nanoparticles against the density of coliform bacteria.

This study aimed to determine the density of coliform
bacteria in well water filtered using a filter coated with
silver nanoparticles.

MATERIALS AND METHODS

Research time and place

This research was carried out from October 2018 to
April 2019 at the Biology Laboratory and Integrated
Mathematics and Natural Sciences Laboratory of Faculty
Mathematics and Natural Sciences, then the Central
Laboratory of Universitas Sebelas Maret, Surakarta,
Central Java, Indonesia.

Ingredient

The materials used in this research include silver
nanoparticles synthesis materials, silver nanoparticle
activity test materials, silver nanoparticle coating materials
on filter paper, water filtering materials, coliform bacteria
test materials, and bacterial viability test materials. The
materials used to synthesize silver nanoparticles include
AgNO; 1.0 mm, sodium citrate 1%, and aquadest. The test
materials for silver nanoparticle activity include sample
water, silver nanoparticles, and NA medium. The silver
nanoparticle coating material includes filter paper no. 1,
aquadest, and silver nanoparticles on filter paper. Water
filtering materials include sample water and filter paper
infused with nanoparticles. Distilled water, lactose broth
single media, lactose broth double media, BGLB media,
aluminum foil, plastic wrap, and label paper are used in the
coliform bacteria test. The materials used to determine
bacterial viability are NA medium and filter paper used to
filter water.

Procedures
Silver nanoparticle synthesis

Synthesis of silver nanoparticles was made by heating
150 mL of AgNO; with a concentration of 1.0 mm to
boiling in an Erlenmeyer flask. 1% sodium citrate was

added to this solution in 15 mL of distilled water dropwise.
The mixture was stirred using a magnetic stirrer until it
turned pale yellow during the heating process. Pale yellow
indicates that silver nanoparticles have been formed (Mailu
et al.,, 2010).

Silver nanoparticle characterization

According to Ariyanta et al. (2014) research, the silver
nanoparticles  formed  were  then  characterized.
Characterization was carried out using UV-vis Spectro,
which determines whether or not silver nanoparticles are
formed. The appearance of the absorbance peak at a
wavelength of = 410 nm to determine that silver
nanoparticles have been formed.

Silver nanoparticle activity test

The silver nanoparticles that have been created are then
combined with sample water in a ratio of 1:2, 1:3, or 1.5,
depending on the amounts of silver nanoparticles present in
the sample water. When silver nanoparticles are mixed
with sample water, the results are diluted by a factor of 10
and 107, and each dilution is planted on NA media for two
repetitions.

Silver nanoparticle coating on filter paper

The coating of silver nanoparticles on filter paper was
carried out by Duran et al. (2007). The filter paper used is
filter paper no. 1. Filter paper soaked in silver
nanoparticles, then incubated using a shaker incubator for
36 hours and allowed to stand for 5 minutes. The filter
paper coated with silver nanoparticles was dried again in an
oven at a temperature of 70°C for 5 minutes.

Water sampling (well water)

The wells used were three sampling locations around
the river flow, Banjarsari District, Surakarta. The sample
container used was washed and sterilized by covering the
mouth of the bottle using aluminum foil and coated with
plastic wrap, and then sterilized using a sterilization
autoclave. The sampling device is lowered into the well.
Then the sampling device is removed after filling the
sample. The water is transferred from the sampling device
into the sample container preheated with a Bunsen burner.
After being filled, it is heated again with a Bunsen burner
and closed again (SNI 6989.58:2008).

Water filter

Filter paper that has been coated with silver
nanoparticles is then applied to filter water samples. The
filter paper is placed or affixed to the funnel. Then the
funnel is inserted into the culture bottle as a container. The
water sample was then poured into a funnel that had been
pasted with nanoparticle filter paper at a speed of 10
mL/min. The filtered water was then tested for bacteria
using the Most Probable Number (MPN) method.

Coliform bacteria density and viability test

Coliform bacteria test was carried out on filtered water
samples and filter paper used for filtering water samples.
Coliform bacteria in filtered water samples were counted
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using the MPN method. In contrast, on filter paper used for
filtering water, samples were grown on NA media and seen
whether coliform bacteria were alive or not.

Most Probable Number (MPN) test. The test for the
MPN consists of two stages: the presumptive stage and the
confirmed stage. 10 mL, 1 mL, and 0.1 mL samples were
inoculated on Lactose Broth media in three series of tubes
for each volume, then incubated at 37°C for 24 hours.
Positive tubes were identified by the presence of gas and a
change in the purity of the Durham tube. The verified test
is next performed on the positive tube from the
presumptive test. A sample of 1 ose needle inoculated with
Lactose Broth media was transferred to BGLB media and
incubated at 37°C for 24 hours. The number of positive
tubes (cloudy and gaseous) was counted, and the number of
coliform bacteria per 100 mL of sample was calculated
using the MPN table.

Bacterial viability test. The viability test was carried
out by planting the filter paper directly on NA media and
incubating it for 24 hours at 37°C. Planting results were
observed to see the viability of bacteria.

Data analysis

The data obtained is the number of coliform densities in
water filtered using silver nanoparticles and controls
(without silver nanoparticles). The data were then
compared and analyzed using the T-test method.

RESULTS AND DISCUSSION

Silver nanopatrticle synthesis

The principle of synthesizing silver nanoparticles uses a
reduction reaction with silver nitrate (AgNQOs) precursor
and sodium citrate as a reducing agent. The reduction
reaction occurs when the dropwise addition of a reducing
agent and a stabilizer, namely sodium citrate solution, is
added to a boiling silver nitrate solution. The colloidal
solution synthesized by silver nanoparticles is shown in
Figure 1.

The colloidal solution formed from the synthesis of
silver nanoparticles is gray-green brown. The color
indicates that silver nanoparticles have been formed, as
stated by Zielinska et al. (2009), that the color of the
colloidal silver nanoparticle solution is red to grayish-green
depending on the ratio of the reducing agent. Apart from
looking at the appearance of the color, it is necessary to
carry out characterization to ensure further that silver
nanoparticles have been formed.

Silver nanoparticle characterization

The purpose of characterizing colloidal silver
nanoparticle solution is to ensure that silver nanoparticles
form successfully in the solution. Characterization utilizing
a UV-Vis spectrophotometer in which UV light with a
wavelength of 300 to 600 nm is fired onto a colloidal
solution of silver nanoparticles. Silver nanoparticles
formed successfully will exhibit wavelengths between 400
and 500 nm, as these are the wavelengths of silver
nanoparticles (Bagyalakshmi and Haritha 2017). The

findings of the UV-Vis spectrophotometer's
characterization are displayed in Figure 2.

The UV-Vis spectrophotometer determined the
colloidal silver nanoparticle solution had a wavelength of
437 nm and an absorbance of 1.49403. These findings are
consistent with previous research, which indicates that the
produced silver nanoparticles have a wavelength of 418-
419 nm (Ariyanta et al. 2014), a wavelength of 420 nm
(Jain and Pradeep 2004), and a wavelength of 411.4-432.7
nm (Wahyudi et al., 2011). Characterization with a UV-Vis
spectrophotometer revealed that silver nanoparticles were
generated throughout the manufacturing procedure.

Silver nanoparticle activity

The silver nanoparticles that have been formed are
tested for their antibacterial activity by mixing a colloidal
solution of silver nanoparticles and sample water with
various comparisons to then calculate the number of
bacteria that grow with the total plate count. The results of
the antibacterial activity test with a total plate count are
presented in Table 1.

In the control group, seeding a solution of colloidal
silver nanoparticles and sample water at a dilution of 10-2
revealed that bacteria grew in wells 1 and 2 but were too
few to count (TFTC), but well 3 had 25 x 102 cfu/mL.
Bacterial growth on the growing media was not seen in the
treatment group; it means that when silver nanoparticles
come into direct contact with a material, they behave as an
effective antibacterial.

Figure 1. Solution of colloidal silver nanoparticles
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Figure 2. Graph of wavelength and absorbance of colloidal silver
nanoparticle solution
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Silver nanoparticle coating on filter paper

The filter paper gets coated by immersing the filter
paper in a colloidal solution containing silver nanoparticles.
The results of putting silver nanoparticles on filter paper
are shown in Figure 3. After 36 hours of soaking in a
colloidal silver nanoparticle solution, the filter paper
produced a color change. Initially white, the filter paper
gradually took on a grey-brown hue. This color change
indicates the presence of silver nanoparticles on the filter
paper. These findings corroborate Jain and Pradeep's
research (2004) on silver nanoparticle coatings on
polyurethane.

Most Probable Number (MPN) filtrate

The MPN method determines the density of coliform
bacteria in the filtrate. The MPN test consists of two stages:
estimation and affirmation. The presumptive test is used to
predict the presence of coliform bacteria. In contrast, the
confirmation test is used to confirm the presence of
coliform bacteria based on the outcome of the presumptive
test. The comparison of MPN test reactions during the
estimation and confirmation stages is shown in Figure 4. A

color change in the media and the formation of bubbles in
the Durham tube (Figure 4 Al, A2, B1) indicate the
presence of coliform bacteria in the sample water; on the
other hand, if no color change occurs in the media and no
bubbles form in the Durham tube (Figure 4 A3, A4, B2),
there are no coliform bacteria in the sample water. The
MPN value of filtered water from three wells with two
replications is reported in Table 2.

According to the MPN value, there is a decrease in the
density of coliform bacteria in the sample water filtered
with a filter coated with silver nanoparticles compared to
water filtered with a filter not coated with silver
nanoparticles. MPN levels for water samples in all control
groups exceeded 1100/100 mL, but MPN values in the
silver nanoparticle coating treatment were 9.05; 553.65;
and 1.5/100 mL, respectively. The t-test analysis revealed a
significant difference between the control and treatment
groups, with a significance value of 0.05 or 0.04. This
demonstrates that adding silver nanoparticles to the filter
reduces the density of coliform bacteria in the filtering
process.

Table 1. Bacterial growth in well water after added colloidal silver nanoparticles

Well Control Treatment (addition of silver nanoparticles)
(without nanoparticles silver) 1:2 1:3 1:5

1 TFTC (5x10? cfu/mL) Not growing Not growing Not growing

2 TFTC (8x10? cfu/mL) Not growing Not growing Not growing

3 25x10 cfu/mL Not growing Not growing Not growing

Note: 1:2; 1:3; 1:5 = ratio of colloidal silver nanoparticle solution and sample water

Figure 4. Reaction to MPN Test: A. Prediction test; B. Affirmation test
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Table 2. MPN value of well water after filtration

Coliform Test
(MPN/100 ml)
>1100
>1100
>1100
9.05
553.65
15

Category Well

Control

Treatment

WNEFEWN -

Table 3. Observation of bacterial viability on filter paper

Bacterial viability

Category well Growing Not growing
Control 1
2 V
3 V
Treatment 1 \/
2 V
3 v

Bacterial viability on filter paper

Bacterial viability testing on filter paper is used to
establish whether silver nanoparticles can actively Kkill
bacteria or work mechanically to decrease the pores in the
filter paper. Table 3 summarizes the results of observations
of bacterial viability on filter paper.

The results of the bacterial viability test on the filter
paper used for filtering are shown in Table 3. When
uncoated filter paper was planted on NA medium after
filtering, bacteria grew (control group). In contrast, when
coated filter paper was planted on NA media, bacteria did
not grow (treatment group). These findings suggest that
covering filter paper with silver nanoparticles acts as a
filter and Kills bacteria throughout the water filtering
process.

Ariyanta et al. (2014) also reported on the capacity of
silver nanoparticles to kill germs. According to his
research, the wound dressing cloth coated with silver
nanoparticles eliminated the bacteria E. coli, Bacillus
subtilis, and Staphylococcus aureus in vitro using the shake
flask method followed by a total plate count to determine
the bacteria's quantity.

According to Franci et al. (2015), silver nanoparticles
can physically interact with the surface of bacterial cells. It
damages the cell membrane, causing structural changes that
make the bacterium more permeable. It is well established
that when silver nanoparticles accumulate on the cell
membrane of E. coli bacteria, they generate a gap that
penetrates the bilayer, increasing permeability and
ultimately cell death.

In conclusion, the density of coliform bacteria was
significantly lower in well water filtered through a filter
coated with silver nanoparticles than in control water
(without silver nanoparticle coating).
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Abstract. Prisillia RMA, Susilowati A, Solichatun. 2021. Screening of phosphate solubilizing bacteria from sugarcane plant rhizosphere
as biofertilizer agent for sorghum growth (Sorghum bicolor). Asian J Trop Biotechnol 18: 37-45. Sorghum plants (Sorghum bicolor L.)
development in Indonesia is still behind due to limited application in a few locations. Sorghum is a crop that can be grown on marginal
terrain. The scarcity of nutrients in marginal land necessitates the addition of nutrients. Biofertilizer is a biological fertilizer that
comprises microorganisms that act as nutrient suppliers and promote plant growth in the soil. This research included soil sampling,
prospective testing, and screening to identify a biofertilizer solubilizing bacterium candidate. Bacterial screening entails bacterial
identification, bacterial growth measurement, and a media pH test. The biofertilizer application experiment used a completely
randomized design (CRD) with two factors: the first component was the addition of phosphate solubilizing bacteria, which was divided
into two levels, without bacteria, and with bacteria. The second factor was variations in the NPK (Nitrogen, Phosphorus, Potassium)
fertilizer concentrations of 0, 25, 50, and 100%, which correspond to 0; 0.625; 1.25, and 2.5 g NPK / plant, respectively. The vegetative
phase of sorghum growth was observed for 50 days, and height, the number of leaves, leaves color, root length, fresh weight, and dry
weight of sorghum plants were determined using ANOVA and DMRT test levels of 5%. Seven isolates of phosphate solubilizing
bacteria were obtained from this research. Two possibly superior isolates were produced as biofertilizers: BPF 5 and 12 1. Compared to
control treatments, adding BPF 5 and 12 | isolate in combination with varied NPK fertilizer concentrations significantly altered sorghum
growth parameters, such as plant height, root length, fresh weight, and dry weight. The addition of BPF 12 | isolates at 0% and 25%

fertilizer concentrations results in sorghum growth.

Keywords: Biofertilizer, phosphate solubilizing bacteria, sorghum plant growth

INTRODUCTION

Sorghum  (Sorghum bicolor L.) production and
development in Indonesia fall behind rice, corn, and other
cereals due to sorghum's limited use as a food crop.
Sorghum has excellent commercial development potential
in Indonesia, owing to favorable agro-ecological conditions
and the availability of sufficient acreage (Tuwu et al.
2012). Sorghum has many cultivated varieties, such as
grain genotypes, fodder, fiber, sugar, and dual-purpose
genotypes (Arbab and Dagash 2017). Sorghum can also be
fermented to produce beer. Additionally, sorghum stalks
and seeds can be utilized in the sugar business, and
sorghum seeds can be converted to bioethanol. Biomass
from sorghum harvesting can be utilized as a source
material for biogas production (Sumarno et al., 2013).
Sorghum growth and cultivation remain limited in some
areas of Indonesia, most notably in Java, South Sulawesi,
Southeast Sulawesi, West Nusa Tenggara (NTB), and East
Nusa Tenggara (NTT), both as a source of indigenous food
items and animal feed. Sorghum's tolerance for drought and
waterlogging is one of its properties. Sorghum can be
planted on a marginal, marsh, or acidic land (Anas 2007).

Because marginal lands have a limited supply of
nutrients, they require additional nutrients such as
fertilization to boost crop output. Excessive use of
chemical fertilizers can harm the ecology of agricultural

land, resulting in the loss of indigenous microbes and
disrupting the soil's nutrient balance (Yuliar 2006). The use
of an excessive dose of chemical fertilizer can be mitigated
by using a biofertilizer that reduces the quantity and
eliminates the need for chemical fertilizers (Sudiarti 2017).
Biofertilizer is a biological fertilizer made up of
microorganisms that encourage development by increasing
the nutritional requirements of plants that act as a source of
nutrients in the soil. They are readily absorbed by plants
and have been shown to improve plant productivity
(Nugraha et al., 2014). Numerous soil microbes in the
rhizosphere, including non-symbiotic nitrogen-fixing
bacteria, symbiotic nitrogen-fixing bacteria, and phosphate-
solubilizing bacteria, can be employed as biofertilizers
(Setyorini et al. 2006).

The rhizosphere is the zone between the root surface
and the soil influenced by plant roots' exudation and
microorganisms' interaction. The exudate produced by
plant roots results in a greater bacterial population in the
rhizosphere than in other soil regions (Akbari et al., 2007).
Bacteria that solubilize phosphate can convert it to
dissolved phosphate, which plants can take via the release
of organic acids. Phosphate solubilizing bacteria can
dissolve P ions attached to soil cations such as Al, Fe, Ca,
and Mg and convert them to a form suitable for natural
plant absorption (Subowo et al. 2010). Biofertilizer
research to accelerate the growth of sorghum plants is still
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in its infancy, and its use requires development. The goal of
this research is to produce phosphate-solubilizing bacteria
from the rhizosphere for use as a biofertilizer and a suitable
concentration of chemical fertilizer for use in conjunction
with the biofertilizer to accelerate the growth of sorghum
plants in a controlled environment.

MATERIALS AND METHODS

Research site

This research was carried out from June to December
2019 at the Environmental Microbiology Laboratory,
Center for Biological Research of the Indonesian Institute
of Sciences (LIPI), located at JI. Raya Jakarta-Bogor km.
46, Cibinong Science Center, Cibinong (16911), Bogor,
West Java, Indonesia.

Materials

The soil samples were taken from the root zone of
sugarcane plants from sugarcane estates in Tasik Madu,
Karanganyar. Sorghum seeds were employed in this
investigation (Sorghum bicolor 1.) Seeds were obtained
from the south Sulawesi cereal crops research institute. The
nutrient agar (NA) media employed in this investigation
contained 5 g peptone, 3 g beef extract, 20 g agar, and
1,000 mL sterile distilled water. The lysogeny broth (LB)
media had 10 g polypeptone, 5 g yeast extract, 5 g sodium
chloride, 10 g agar, and 1,000 mL of sterile distilled water.
Selective media for phosphate solubilizing bacteria, namely
Pikovskaya media (PK), consisted of dextrose 10 g,
Cas(PO4) 2.5 ¢, yeast extract 0.5 g, MnSO4 0.0001 g,
MgSO04 0.1 g, FeSO4 0.0001 g, (NH.).S0,0.25 g, KCL 0.2
g, agar 18 g, and sterile distilled water 1000 mL.

Experimental design

The biofertilizer application to sorghum plants was
designed experimentally using a completely randomized
design (CRD). The treatment entailed two components; the
first was the administration of phosphate solubilizing
bacteria, which came in two forms: without bacteria and
with bacteria. The second factor is the change in NPK
fertilizer concentration, which is divided into four levels:
0%, 25%, 50%, and 100%, which correspond to 0; 0.625;
1.25, and 2.5 g NPK/plant, respectively (Sudiarti 2013).
The NPK fertilizer utilized in this study is Phonska NPK
fertilizer, which PT Petrokimia Gresik manufactures. It
contains 15% nitrogen (N), 15% phosphate (P2Os), and
15% potassium (K20). Three replications of each treatment
were obtained, and the following treatment combinations
were obtained: (i) The first treatment consisted of no
bacteria (control) and a 0% NPK fertilizer concentration.
(i) The second treatment consisted of no bacteria (control)
and a concentration of NPK fertilizer equal to 100%. (iii)
The third treatment involved the administration of
phosphate solubilizing bacteria and NPK fertilizer at doses
of 0%, 25%, and 50%.

Soil sampling and isolation of rhizosphere bacteria

The rhizosphere was sampled by extracting soil from
around the plant roots at a depth of 20 cm below the soil
surface. Three random soil samples were gathered and
composited. Bacteria were isolated from sugarcane
plantation soil using a dilution procedure, which involved
weighing 1 g of soil into a test tube containing 9 mL of
sterile distilled water and vortexing for 15 minutes. The
obtained suspension was diluted to a concentration of 10
dilution sessions (Amaria et al., 2013). The dilution results
were multiplied by 100 and then grown in NA medium
using the pour plate method and incubated at room
temperature for 2 x 24 hours. Each bacterial colony
growing on the NA medium was isolated using the streak
plate method and purified until a single colony was
produced. Each purified isolate was cultured in a slanted
NA and LB medium.

Phosphate solubilizing bacteria potential test

The isolated bacteria were then cultured in PK using the
spot method with sterile toothpicks. The edge of the petri
dish was wrapped in plastic wrap and incubated at room
temperature for 7 x 24 hours to avoid contamination. On pk
media, the activity of phosphate solubilizing bacteria was
assessed by the presence of a clear zone (Rao 1994).
Observations determined the presence or absence of a clear
zone. If the isolate produced a clear zone, it was chosen for
further investigation, and the phosphate dissolution index
was calculated using the following formula (Sharon et al.,
2016):

Clear Zone Diameter — Colony Diameter

Phosphate Solubility Index (SI): ol Diamote
olony Diameter

Bacteria identification

Identification of bacteria  was performed
macroscopically and  microscopically.  Macroscopic
observations were made by examining the morphology of
the single colonies that formed following the application of
the streak plate method. Single colony observations
included colony shape, color, borders, and the height of
bacterial colonies (Cappuccino and Sherman 1998).
Microscopic observations were made by examining the
Gram staining data. Microscopic investigations of the form
of bacterial cells were also made. Purple staining indicates
that the bacteria are Gram-positive, whereas red staining
indicates Gram-negative bacteria (Fitri and Yasmin 2011).

Preparation of liquid Pikovskaya media containing
phosphate solubilizing bacteria

Phosphate  solubilizing  bacteria isolates  were
rejuvenated on NA media for 1 x 24 hours, then grown on
LB media with the same Optical density (OD) value as
measured using a spectrophotometer with a wavelength of
600 nm. Then it was cultured into 50 mL of liquid PK.
Each Erlenmeyer containing phosphate solubilizing
bacteria was shaken using a shaker incubator at 120 rpm
for seven days (Rahayu et al. 2014).
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Measurement of growth of phosphate solubilizing bacteria

OD measurement of phosphate solubilizing bacteria
taken from liquid P.K. media. Then the bacterial culture in
the medium was taken at 0.5 mL diluted with 7 mL of
sterile distilled water and then put into a cuvette and
measured using a spectrophotometer with a wavelength of
600 nm (Purnomo et al. 2017). With three replications, OD
analysis was carried out every 1 x 24 hours from day 0 to
day 7.

Media pH test

Measurement of changes in pH was carried out by
taking 2 mL of the bacterial culture from liquid PK media
in a test tube and measuring it using a pH meter. Analysis
of changes in the pH of the media for each bacterial isolate
was carried out every 1 x 24 hours starting from day 0 to
day 7 with two replications.

Bacterial growth standard curves

The standard curve for bacterial growth was constructed
by determining the population of live bacteria using the
pour plate method and measuring the optical density of the
bacteria using a spectrophotometer (Hadioetomo 1993).
The optical density was determined directly on bacterial
cultures grown in an LB medium using a
spectrophotometer set to a wavelength of 600 nm.
Inoculum is extracted from the rejuvenated stock culture
and placed one time utilizing the ose into 50 mL of LB
medium, then shaken. Bacterial culture from shaken LB
media is added in a volume of up to 1 mL to 9 mL of
physiological salt. Several dilution sessions and NA media
growth using the pour plate method were performed
(Nurhayati et al., 2007). Measurements were taken every
two hours for 24 hours, from the Oth to the 24th hour. The
number of bacteria growing on NA media was determined
as follows using the TPC formula (Sukmawati and
Hardianti 2018):

cfu _ (Numberof Coloﬂiss}(mgj

ml Dilution Factor

Making biofertilizer

A 2% molasses solution was prepared by heating 14 mL
molasses in 686 mL water to a boil and allowing it to cool
before adding each bacterial culture. The molasses included
10% cultures (70 mL of bacterial culture from LB media in
630 2% molasses) (Sudiarti 2013). Bacterial cultures were
added to molasses at a concentration of 2% with the same
OD value. OD absorbance is determined using a
spectrophotometer with a wavelength of 600 nm. Total
Plate Count (TPC) was determined in bacterial cultures
using a series of dilutions up to 10-° and incubation at 37°C
for 24 hours. TPC was determined using the cfu/mL unit
(Sudiarti 2017) with three replications.

Preparation of sorghum seeds

Sorghum seeds are chosen for their uniform shape and
lack of physical damage. Seeds were sterilized by washing
with distilled water and 1% sodium hypochlorite to remove
fungus infection and then immersed in hot water at 60°C

for 24 hours to aid in germination. Seeds that swell and
settle due to water absorption are used as research items.

Planting of sorghum seeds

Sorghum seeds are planted in ultisol soil. The soil was
sterilized first in an autoclave at 121°C and 1 atm pressure
for 20 minutes and then in an oven (Karti and Setiadi
2011). After baking, the soil was placed in polybags of the
same size and weight as 300 g, and the pH of the soil was
determined using a soil tester. Each polybag contained
three sorghum seeds and was watered with 50 mL of sterile
distilled water. Sorghum is grown for 13 days after planting
and then treated with NPK fertilizer at various
concentrations, namely 0%, 25%, 50%, and 100%,
followed by biofertilizer in the form of molasses solution
containing inoculated phosphate solubilizing bacteria and
without inoculation bacteria (control) at a biofertilizer
concentration of 15 mL/plant (Sudiarti 2013).

Observation of sorghum growth

For 50 days, observations of sorghum growth in the
vegetative phase were made (Agil and Bunyamin 2013).
They were determined every three days by measuring the
sorghum plant's height with a ruler and counting the leaves
produced. Then, during the harvesting process, leaf color
was determined using the Munsell color chart book's
standards, root length was determined using a ruler, and the
wet and dry weight of the complete sorghum plant was
determined using a scale.

Analyses of data

This research gathered both qualitative and quantitative
data. The Analysis of Variance (ANOVA) test was used to
assess quantitative data on sorghum development to
identify the effect of phosphate solubilizing bacteria and
fluctuations in the content of NPK fertilizer at various
concentrations. If a substantial difference exists, it will be
further tested using Duncan's Multiple Range Test (DMRT)
with a 5% test level. Simultaneously, descriptive analysis is
used to analyze the qualitative data.

RESULTS AND DISCUSSION

Isolation and characterization of phosphate solubilizing
bacteria

Bacterial isolates and purification from soil samples
collected from sugarcane farms in  Tasikmadu,
Karanganyar resulted in the isolation and purification of 19
bacterial isolates, 15 of which were bacteria and four of
which were actinomycetes. The isolated bacteria were then
examined for their capacity to dissolve phosphate using
Pikovskaya selective media containing Cas(POa)2
(tricalcium  phosphate).  Five bacteria and two
actinomycetes isolated exhibited a distinct zone, suggesting
their ability to dissolve phosphate. The transparent zone
generated by organic acids is composed of dissolved p.
Organic acids can bind to the calcium ions in Ca3(PQO4)2
and liberate HyPO4, resulting in a clear colored zone
(Widawati and Suliasih 2005).
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Macroscopical and microscopical examinations were
used to identify phosphate solubilizing bacteria. Macroscopic
identification was accomplished by observing colony
structure, edge, elevation, and color (Cappucino 1998),
whereas microscopic observations were accomplished through
Gram staining. Table 1 summarizes the observations of
morphological characteristics and phosphate solubilizing
bacterial cells.

Observation of phosphate solubilizing bacteria obtained
bacteria with a variety of morphological characteristics.
The acquired bacterial isolates were almost entirely circular
colonies with flat (entire) colonies, with only one
undulating. Three isolates were milky white, one was
yellowish-white, one was brownish-white, and one was
orange-yellow. Six isolates were Gram-positive in Bacillus
and Coccus cells, while one isolate was Gram-negative in
Coccus cells. Suryanto and Munir (2006) discovered that
spherical colonies contained more bacteria than white
colonies. Dewi (2008) found several Gram-positive bacteria
in the form of Coccus and Bacillus cells. Gram staining is
used to characterize bacterial cells and distinguish between
Gram-positive and Gram-negative bacteria. It is purple in
Gram-positive bacteria because of crystal violet iodine,
which is retained even when treated with an alcohol bleach
solution. In Gram-negative, on the other hand, it is red
because crystal violet dissolves in an alcohol bleach solution,
imparting a red hue to the safranin solution (Lay 1994).

Two isolates of actinomycetes, BPF 5 and BPF 15,
were macroscopically examined for colony morphological
characteristics, including substrate hyphae color, aerial
hyphae color, and reverse pigment (Listiana et al., 2018).
Microscopic investigations of hyphae structure using
lactophenol staining. Septate (septate) hyphae were
detected, and nonseptate hyphae (Nuryadi et al. 2016). The
colonies of BPF 5 isolates were strongly connected to the
media, with white substrate hyphae, gray aerial hyphae,
brownish-yellow reverse pigment, and a non-insulated

hyphae structure. By contrast, BPF 15 isolates were adherent
to the media via white substrate hyphae. The aerial hyphae
are gray, the reverse pigment is greenish-yellow, and the
hyphae are septate (septate). Figure 1 shows the
morphological characteristics of actinomycetes isolates.

Actinomycetes are prokaryotic organisms that include
Gram-positive bacteria and are frequently found in various
soil types (Akbari et al.,, 2017). Actinomycetes can be
identified from other bacteria when examined in colonies in
solid media. Actinomycetes colonies are distinct in that
they are hard due to their growth on agar media, whereas
other bacterial colonies are soft. Actinomycetes are
characterized by their circular shape, flat edges, and
uneven, starchy surfaces. The floury surface comprises
many hyphae (Sulistyani and Akbar 2014). Actinomycetes
are a kind of bacteria that generate hyphae (mycelium)
composed of a substrate and aerial hyphae. Aerial hyphae
develop from the mycelium substrate and quickly blanket
the colony, like cotton or flour (Kumalasari et al., 2012).
Hyphae that sprout straight from the substrate are called
substrate hyphae. The reverse pigment is a color that
develops at the bottom or base of an actinomycetes culture
(Listiana et al., 2018). Additionally, actinomycetes can
degrade phosphate, promoting plant growth and
productivity (Chang et al. 1986).

Phosphate dissolution in Pikovskaya media

When cultivated on Pikovskaya agar media, bacteria
can dissolve phosphate, as evidenced by forming a clear
zone around the colony. The phosphate solubilization index
(SI) is calculated as the ratio of the clear zone diameter
formed by phosphate solubilizing bacteria to the diameter
of their colonies. The dissolving index quantifies a
bacterium's ability to qualitatively release phosphate, and
the higher the dissolution index value, the greater the
bacterium's ability to release phosphate (Elfiati et al.,
2016). Table 2 contains the phosphate solubility index.

Table 1. Morphological characters and phosphate solubilizing bacterial cells

Characterization

Isolate Colony morphology
Shape Edge Elevation  Color Gram Cell shape
BPF 5 Circular Entire Convex Gray milky white with gray spots in the middle + Bacilli
BPF 6 Circular Entire Flate Yellow-orange + Cocci
BPF 7 Circular Entire Raised Brownish white + Cocci
BPF 121 Circular Entire Raised Yellowish white (transparent) - Cocci
BPF 12 11 Irregular Undulate Flate Milky white + Cocci
BPF 13 Circular Entire Raised Orange white + Cocci
BPF 15 Circular Entire Flate Milky white + Cocci

>\

Figure 1. Observation of morphological characters at 100 x magnification (A) isolate BPF 5 and (B) isolate BPF 15

“
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Table 2. Phosphate solubilization index for seven days of incubation

Phosphate solubility index

Isolate Day -
1 5 3 5 6 7 SI Means
BPF5 -1.00 -1.00 1.00 0.67 1.00 1.00 1.25 0.42
BPF 6 -1.00 2.00 2.00 1.00 1.00 0.67 0.67 0.90
BPF 7 0.50 0.67 1.00 1.33 1.00 0.60 0.50 0.80
BPF 12 | 2.00 2.50 3.00 2.00 2.67 2.25 2.50 242
BPF 12 11 1.50 2.00 2.50 1.67 2.00 2.33 2.67 2.10
BPF 13 0.50 0.67 0.50 0.75 0.60 0.80 0.67 0.64
BPF 15 -1.00 -1.00 0.50 0.50 1.00 1.50 1.00 0.36

The phosphate solubilization ability of 7 isolates
capable of dissolving Cas(PO4), was indicated by forming a
clear zone around the bacterial colonies. Observations were
made for seven days, and various clear zones were created.
The BPF isolate, which had the highest phosphate SI, was
characterized by forming the largest clear zone, namely
BPF 12 | of 2.42 with a clear zone of 1.4 cm. In contrast,
the actinomycetes isolates were BPF 5 of 0.42 with a clear
0, 9 cm zone. It indicated that BPF 12 | and BPF 5 isolates
had higher phosphate solubilization activity in releasing P
bound to Cas(PO4)2 media, and organic acids produced by
BPF isolates reacted with Caz(PO4), to form a chelate of Ca
release higher P so that the application of BPF isolates as
biofertilizer is based on the speed of BPF isolates in
dissolving phosphate and the diameter of the clear zone
which is expected to improve plants experiencing P
deficiency. Superior phosphate solubilizing bacteria can
produce the largest clear zone diameter compared to other
bacterial colonies (Rahayu et al., 2014). Each isolate will
create a phosphate Sl that varies from one another. It is due
to producing organic acids such as acetic acid, lactic acid,
oxalic acid, malic acid, and citric acid produced by bacteria
(Richardson 2001).

Growth of phosphate solubilizing bacteria on
Pikovskaya media media

Bacterial growth can be measured by cell concentration
or cell density. The bacterial growth curve can be divided
into four phases: the lag phase (adaptation phase), log
phase (exponential phase), stationary phase, and death
phase. The results of measuring bacterial growth by
looking at the absorbance value of OD can be seen in
Figure 2. Based on Figure 2, the growth chart of phosphate
solubilizing bacteria increased from day 0 to day 7. On day
0, BPF isolates experienced a lag phase (adaptation phase),
where the time needed by BPF isolates to adapt to their
new environment. From day 1 to day 3, BPF isolates
experienced a log phase (exponential phase). BPF isolates
experienced a cell division phase that would divide until
the maximum number of cells was reached. From the 4th
day to the 6th day, there was a stationary phase, in which
the number of dead cells was the same as the number of
living cells (constant growth), while on the 7th day, there
was an increase in the growth of all BPF isolates and had
not yet experienced the death phase. The growth medium

used is rich in P, so bacteria take a long time in the
metabolic process to dissolve P.

One way to determine the quality of a biofertilizer is the
number of bacteria. The calculation results of the number
of bacterial colonies showed that the number of phosphate
solubilizing bacterial colonies was 1010 CFU/mL. It is in
accordance with the quality standard of the biofertilizer,
which must at least reach a concentration of 107 CFU/mL
(Simanungkalit et al. 2006). BPF isolates that had the
highest average number of bacterial colonies during the
incubation period were BPF 6 of 86.66 x 1010 CFU/mL
and 12 | of 81.69 x 1010 CFU/mL, while actinomycetes
isolates were BPF 15 of 103.83 x 1010 CFU/mL and BPF 5
of 98.09 x 1010 CFU/mL so that they can be used as
biofertilizer candidates. The application of biofertilizers
with a high number of bacterial cell densities can compete
with microorganisms found in the soil so that they can
dominate around plant roots (Santoso 2000).

Changes in pH in Pikovskaya media media

The decrease in pH is one of the causes of the
dissolution of Ca-phosphate into orthophosphate ions. The
mechanism of phosphate dissolution results in changes in
pH due to the synthesis of organic compounds released into
the media (Widawati et al. 2008). Changes in the pH of the
media during the seven-day incubation period can be seen
in Figure 3.

According to Figure 3, the pH in the media decreased
starting on day 0, which was caused by heating during
sterilization, which disrupted the Ca-phosphate bond,
resulting in the formation of dissolved phosphate (Rahayu
et al. 2014), where the initial pH before sterilization was
Neutral pH is 7. After seven days of incubation, the pH of
the media was changed from neutral (pH 7) to acid (pH 5 -
4). According to Figure 3, the BPF 12 | isolation had the
most significant drop in medium pH (4.14). In contrast, the
actinomycetes isolate BPF 5 had the most significant
decrease in media pH (4.45). It indicates that BPF 12 | and
BPF 5 isolates exhibited the highest phosphate
solubilization activity by producing high levels of organic
acids, which resulted in a significant decrease in the pH of
the media, implying that the use of phosphate solubilizing
bacterial biofertilizers can increase the availability of P
nutrients by liberating bound phosphate ions into available
forms that plants can absorb, thereby improving soil
fertility in areas with phosphate deficiency.
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Figure 2. Phosphate solubilizing bacteria growth
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Figure 3. Changes in pH of P.K. media on BPF isolates

The pH of the media decreased during the incubation
period due to the activity of BPF isolates that created
organic acids as a mechanism for dissolving phosphate.
Organic acids react with phosphate-binding elements such
as Als*, Fes*, and Ca,* to generate stable organic chelates
in plant-utilizable forms (Firdausi et al., 2016). Bacterial
organic acids result from oxidative respiration or fermentation
of organic carbon sources to liberate phosphate ions bound
to media containing CasPO, and convert them to H,POs-
ions via the exchange of acid anions with phosphate anions
or the formation of stable organic chelates (Elfiati 2005).

Sorghum plant measurement

Measurement of plant height and number of leaves was
carried out when the plant was 13 days old with a height of
10 cm and the number of leaves in four pieces (Figure 4).
The application of various concentrations of NPK fertilizer
combined with biofertilizer in the form of BPF 12 | and
BPF 5 isolates with an absorbance value of 0.557 OD and a
colony number of 4.7 x 108 cfu/mL. Measurement of plant
height and number of leaves was carried out periodically
when the plants were 13, 17, 20, 23, 26, 29, 32, 35, 38, 41,
44, 47, and 50 days after planting. Measurements of root
length, wet weight, dry weight, and leaf color were
measured during the harvesting process for plants aged 50
days after planting. Figure 4 demonstrates that the BPF 12 |
treatment with 0% and 25% NPK fertilizer concentrations
produced significantly higher plant height, number of
leaves, root length, wet weight, and dry weight than other
treatments. The results from the BPF treatment with a 50%
NPK fertilizer content were less than optimum. 0% and
100% resulted in the most diminutive average plant height,
several leaves, root length, wet weight, and dry weight of
plants, indicating that a low concentration of NPK fertilizer
mixed with BPF 12 I could improve plant growth.

Because the significance value for the ANOVA test was
0.00 (0.05), it was determined that the application of
various concentrations of NPK fertilizer and biofertilizer
had a significant effect on the height, root length, wet
weight, and dry weight of sorghum plants. Thus, the
DMRT test was continued. Because the significance value
of 0.77 (0.05) indicated that the administration of various
NPK fertilizers and biofertilizers quantities had no
significant influence on the number of leaves, the DMRT
test was discontinued, and the Tukey test was used. (BNJ)
level 5% to determine the effect of the treatments, which
are shown in Table 3.

According to Table 3, the BPF 12 I treatment and NPK
fertilizer concentrations of 0% and 25% had significantly
distinct impacts on plant height, root length, wet weight,
and dry weight, but not on the BPF 5 fertilizer
concentration of 0% NPK. The number of leaves produced
by treatments with varied concentrations of NPK fertilizer
mixed with BPF 5 and 12 | was not substantially different
from the control treatment.

Table 3. Growth of sorghum after treatment with 0%, 25%, 50%, and 100% concentration of NPK fertilizer and biofertilizer in the form

of BPF 5 and BPF 12 I isolates.

Plant height Number of leaves Root length Wet weight Dry weight
Treatment
(cm) (strands) (cm) (9) ()

Control 0% 24562 £ 0.10 498+ 0.42 17.672+£2.10 36.66% + 1.42 16.482+1.13
Control 100% 25.71% + 0.64 5212+ 0.46 20.60° + 2,02 40.78° + 0.57 20.49° +1.73
BPF 5 0% 28.48°£0.51 5.372£0.58 23.88% + 0.96 51.86% + 1.89 27.65% +0.72
BPF 5 25% 27.97% +0.43 5.452+0.39 23.40°+£0.70 49.08% +1.99 25.77% + 0.67
BPF 5 50% 26.66" + 0.46 5.302 £ 0.46 22.34% +0.83 46.59¢ +2.09 24.08° £ 0.54
BPF 12 1 0% 30.00°+0.88 5.60% £ 0.49 25.88° £ 0.60 55.357 + 1.48 30.72f+ 1.62
BPF 12 1 25% 28.95¢ £ 0.27 5.542 + 0.51 24.59% +0.87 52.97¢"+ 2.34 28.00°+1.29
BPF 12 1 50% 27.11% +0.46 5.302+0.48 23.09°+ 0.59 49.01% +2.79 25.40°+£0.70

Note: The same letter in the same column shows no significant difference based on the DMRT test and BNJ test at = 5%
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Figure 4. Sorghum plant growth 50 days after planting (DAP)

Because measurements are taken every three days until
the plant reaches 50 days following planting, the data
acquired are not statistically significant between
treatments. Nonetheless, NPK fertilizer and biofertilizer
administration can provide the nutrients necessary for plant
growth. According to these findings, BPF 12 | treatment
with 0% and 25% NPK fertilizer boosted plant growth
compared to 50% NPK fertilizer and control treatment.
Biofertilizers can help reduce the amount of NPK fertilizer
used because both fertilizers can provide and complement
the nutrients required by plants. As a result, crop yields are
more optimal, and soil fertility is improved, providing
long-term benefits and promoting sustainable agriculture
(Pangaribuan et al. 2017).

Using 50% and 100%, NPK fertilizers resulted in less
optimal sorghum growth. High concentrations of NPK
fertilizers cause poisoning in plants, inhibiting chemical
reactions such as metabolism, photosynthesis, and
respiration, thereby impairing plant growth and
productivity (Rahmatika and Sasmito 2017). When large
doses of NPK fertilizer are applied to young seedlings, the

plants will not thrive because they cannot synthesize the
fertilizer (Pasaribu et al., 2018).

Leaf color was observed when the plant reached its
maximal vegetative phase, approximately 50-60 days
following planting. Leaf color was observed using the
Munsell color chart to assess the chlorophyll content of
plants. Table 4 summarizes the results of the leaf color
analysis.

The findings of the leaf color observation using the
Munsell color chart indicated that the level of greenish hue
in the leaves varied according to the concentration of NPK
fertilizer mixed with biofertilizer. According to Table 4, the
BPF combination treatment with NPK fertilizer
concentrations of 0%, 25%, 50%, and 100% showed darker
green leaf color, namely 5 GY 6/6 and 5 6/8, compared to
the 0% control treatment with 2.5 GY 6/10 and 5 GY 7/8. It
is possible because the availability of nutrients such as N,
P, and K affects the leaf's green hue. The darker the green
color of the plant, the more nutrients it absorbs, which
increases the plant's dry weight and yield (Nugroho 2015).
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Table 4. Observation of sorghum leaf color based on Munsell
Color Chart

Treatment Fertlllzel_’ Leaf color Color on
concentration Munsell

Control 100% 5GY 6/6

Control 100%

Control 100%

Control 0% 2.5 GY 6/10

Control 0% 5GY 7/8

Control 0%

BPF 5 0% 5GY 7/8

BPF 5 0%

BPF 5 0% 5GY 6/6

BPF5 25% 5GY 6/8

BPF5 25%

BPF5 25% 5GY 6/6

BPF5 50% 5GY 6/8

BPF5 50%

BPF5 50%

BPF 12 | 0% 5GY 6/8

BPF 12| 0%

BPF 12| 0% 5GY 6/6

BPF 12 | 25% 5GY 6/6

BPF 12| 25%

BPF 12 | 25%

BPF 12 | 50% 5GY 6/6

BPF 12 | 50% 5GY 6/8

BPF 12| 50%

The aging process is accelerated in the control
treatment. Simultaneously, the addition of NPK and
biological fertilizers results in a lighter and darker
coloration of the leaves since the microbes included in
biological fertilizers can offer nutrients during the
vegetative period (Suryadi et al., 2019). The usage of NPK
fertilizers containing nitrogen affects the color of the leaves
as well. If these nutrients are in short supply, the leaves
will become yellow or yellowish-green, impairing the
photosynthetic process.

To conclude, seven isolates of bacteria with potential as
phosphate solubilizing bacteria were recovered from the
rhizosphere area of sugarcane. Five isolates of bacteria and
two isolates of actinomycetes were obtained, with two
isolates having outstanding potential, namely isolates BPF
12 | and BPF 5. The addition of phosphate-solubilizing
bacteria from the Sugarcane rhizosphere to an NPK
fertilizer substantially affected the growth of sorghum (8.
bicolor) growth, particularly on parameters such as plant
height and root length leaf color, wet plant weight, and dry
plant weight. The combination of BPF 12 | isolate with
fertilizer concentrations of 0% and 25% significantly
affected and resulted in improved sorghum growth.
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