Proc. Natl. Acad. Sci., India, Sect. B Biol. Sci. (February 2024) 94(1):101-106 q

https://doi.org/10.1007/s40011-023-01512-0

Check for
updates

RESEARCH ARTICLE

Improving Simplicia of Kerangas Forest by Minimizing Microbial
Content Under Ultraviolet Radiation Treatment

Kissinger!® - Huldani Huldani? - Amar V. Nasrulloh®

Received: 11 July 2022 / Revised: 20 September 2022 / Accepted: 10 June 2023 / Published online: 12 August 2023

© The Author(s) 2023

Abstract Kerangas forest is known as a source of tradi-
tional medicinal plants and thus potentially the source of
simplicia. Medicinal plant preparations of simplicia are usu-
ally dried to meet water content standards (< 10%). However,
in some cases the drying process carried out still does not
eliminate the microbial content in the simplicia. This study
aims to analyze the phytochemical compounds contained
in three types of medicinal plant simplicia and the total
microbial content by treatment with ultraviolet (UV) irra-
diation. The types of simplicia used were Baeckea frutescens
leaves, Shorea balangeran bark and Vitex pubescens leaves
(obtained from the kerangas forest). Before testing the total

Significance’s statement The use of medicinal plant simplicia
must meet various requirements regarding the quality of the
simplicia. The often-used traditional drying methods are by air
drying or drying under the sunlight. Modern drying methods
usually use tools such as ovens, microwaves and freeze dryers.
Different drying methods produce different quality simplicia.
The three medicinal plants simplicia from kerangas forest
which are Baeckea frutescens leaves, Shorea balangeran bark
and Vitex pubescens leaves contain phytochemicals including
flavonoids, phenolhydroquinone, triterpenoids, and tannins. UV
irradiation has various effects on the total microbial content of
each medicinal plant simplicia. The present study provides data
that S. balangeran simplicia did not contain microbial colonies
either without irradiation or with UV irradiation. As such, S.
balangeran simplicia is potentially high to be developing as an
antimicrobial or antibacterial.
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microbial content, simplicia first received UV irradiation.
The first simplicia sample was not irradiated, while the next
simplicia sample was given UV irradiation with a power of
60 watts and an irradiation time of 1, 2 and 4 h. The micro-
bial content test used the total plate count method with the
pour plate analysis technique. S. balangeran is unexposed
species to microbes, even without UV irradiation. Radiation
with a UV lamp for 1 h with a lamp power of 60 watts and
a distance of the sample with a lamp of 30 cm effectively
eliminates microbes in B. frutescens simplicia. Radiation
for 4 h with a UV lamp of 60 watts and a sample distance
of 30 cm was only able to eliminate the microbial content
in V. pubescens simplicia. The results of this study indicate
that S. balangeran has high potential to be developed as an
antibacterial.

Keywords Kerangas forest - Microbes - Medicinal
plants - Simplicia - Ultraviolet

Introduction

Kerangas forest is known as a source of natural ingredients
of medicinal properties. Previous study found that out of
40 plant types, there are 35 plants can be used as medicinal
ingredients [1]. Utilization of medicinal plants is conducted
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by boiling or brewing hot water [2]. With regard to utiliza-
tion for a long time, it is necessary to prepare plant materials
in the form of simplicia. Simplicia is a dried natural mate-
rial that is used for treatment and has not processed unless
otherwise stated and the drying temperature is not more than
60 °C [3]. Plant bioactivity does not only depend on the
phytochemical content, but also depends on the quality of
the obtained simplicia. The simplicia quality parameters are
including water content and microbial contamination.

The use of medicinal plant simplicia must meet various
requirements regarding the quality of the simplicia. Based on
Regulation of the Head of the Food and Drug Supervisory
Agency (BPOM) of Republic of Indonesia Number 12 year
2014 concerning Quality Requirements for Traditional Med-
icine states that one of the requirement as simplicia is the
number of microbial contamination. Simplicia in the form
of chopped and powder one of the conditions must have
microbial contamination with a Total Place Count (TPC)
value 106. The required water content of simplicia is <10%
[3, 4]. Fulfillment of moisture content reaches 10% by a dry-
ing process. The process of microbial spoilage and metabolic
activity of degrading enzymes is minimized by drying, so
that plant material can be stored for a long period of time
[5]. The drying process can reduce microbial activity and
minimize physical and chemical changes during storage of
simplicia [6].

The often-used traditional drying methods are by air dry-
ing or drying under the sunlight. Modern drying methods
usually use tools such as ovens, microwaves and freeze dry-
ers [7]. Different drying methods produce different qual-
ity simplicia. Drying by an oven at a temperature range
of 50-60 °C and a relative humidity of 20-30% produces
standardized Zingeberacea sp simplicia, but drying with
the wind-dry method under the sunlight does not produce
lean simplicia [8]. The use of sunlight during the drying of
Angelica keiskei is not recommended since it has a lower
total phenolic content and antibacterial activity than in the
oven. The problem that occurs is the simplicia of medicinal
plants produced by local communities generally through the
drying process using sunlight. It takes between 7 and 9 days
in the drying process by drying in the sun [9]. Meanwhile,
simplicia with a water content of 10% may still contaminated
with microbes. Further treatment needed so that microbial
contamination in simplicia can be minimized.

The ultraviolet (UV) radiation is one of the methods to
control the growth of pathogenic bacteria. Ultraviolet (UV)
light is part of the electromagnetic spectrum with wave-
lengths between 100 and 400 nm [10]. The advantage of UV
light is highly effective in killing most pathogenic bacteria
such as E. coli, Giardia Lamblia and Cristoporidium [11].
Research conducted with Bacillus sp showed that irradiat-
ing 38 watts of UV light for 10 and 15 min with a distance
of 45 cm on media containing Bacillus sp bacteria showed
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no colonies growing, while on control media that were
not irradiated with UV, colony growth was very high and
uncountable [12]. UV irradiation with a lamp power of 60
watts and irradiation for 50 min effectively reduce the total
microbe [13].

There are nine native species of medicinal plants that
is found in various locations all in kerangas forest, namely
Vitex pubescens, Adina minutiflora, Shorea balangeran,
Callophylum lowii, Melaleuca cajuputi, Cratoxylon arbo-
rescens, Combretocarpus rotundatus, Tristaniopsis obovata
and Baeckea frutescens [14]. Three of the nine species of
kerangas forest plants are most often-used by local commu-
nities in medicine are B. frutescens, S. balangeran. and V.
pubescens. Local people generally understand that medici-
nal plant simplicia uses sunlight, so it has the potential to
experience microbial contamination. This study aimed to
analyze the effect of UV exposure on the microbial content
of three species of simplicia from drying under direct sun-
light kerangas forests.

Material and Methods

The material used in this study was simplicia in powder form
from the leaves of B. frutescens and the bark of S. balan-
geran. The simplicia material dried using direct sunlight for
9 days. After the water content < 10% is met, the medicinal
plant material simplicia is grinded into powder. Meanwhile,
Simplicia leaves of V. pubescens were obtained from V.
pubescens trees and washed flowing fresh water until dirt
or foreign objects are not found on the leaves. After clean-
ing, the leaves cut into small pieces to speed up the drying
process. The leaves are then dried in the sun for 7 days and
then grinded into powder [15].

The content of secondary metabolites was identified qual-
itatively using standardized methods. The test of qualitative
phytochemicals was conducted by using color visualization
[16]. Alkaloid test: 0.5 g of sample was put into a micro-
plate, then 0.5 mL of 1% HCI was added, and 2-3 drops of
Mayor’s reagent, Wagner’s reagent or Dragendroft’s reagent
was added. A creamish or brownish red or orange precipi-
tate indicated the presence of alkaloids. Flavonoid test was
performed by adding 5 ml of dilute ammonia solution to
a portion of the aqueous filtrate of each plant extract, fol-
lowed by addition of concentrated H,SO,. A yellow color in
each extract indicated the presence of flavonoids. The yellow
color disappeared on standing. Few drops of 1% aluminum
solution was added to portion of each filtrate. A portion of
the powdered plant sample was in each case heated with
10 ml of ethyl acetate over a steam bath for 3 min. The mix-
ture was filtered, and 4 ml of the filtrate was shaken with
1 ml of dilute ammonia solution.
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A yellow color indicates opposite test for flavonoids.
Test for phenolhydroquinone was 500 mg of powdered
sample and added with 50 mL of water and boiled for
5 min. Three drops of concentrated sample was added to
form layer. Few drops of NaOH 1 N was added. The red
color indicated the presence of phenol hydroquinone. Test
for steroids was performed by mixing 500 mg sample pow-
der with 20 mL ether and maceration for 2 h, and then
those 3 drops of concentrated sample were added to form
a layer. Next step is to add few drops of glacial acetic
acid- H,SO, (Lieberman—Bourchard reagent) to the con-
centrated sample. The red color indicated the presence of
steroids. Triterpenoids test was performed by mixing 5 ml
of each extract with 2 ml of chloroform and 3 ml concen-
trated H,SO, carefully added to form a layer. A reddish
brown color of the interface was formed to show positive
results for the presence of triterpenoids. Tannin test was
performed with 0.5 g of sample added to water and then
boiled for several minutes.

After filtering, the filtrate was added with 3 drops of
FeCl;. The dark blue or greenish black color formed indi-
cates the presence of tannins. The saponin test was carried
out by boiling about 2 g of sample powder in 20 ml of dis-
tilled water using a water bath. Then boiled water sample
(filtrate) was filtered. A total of 10 ml of filtrate was mixed
with 5 ml of distilled water and then shaken vigorously
until stable foaming. Foam formation is indicating the pres-
ence of saponins. Before testing the total microbial content,
simplicia first received UV irradiation treatment. The first
simplicia sample was not irradiated, while the next simpli-
cia sample was irradiated with a UV lamp with a power
of 60 watts and an irradiation time of 1, 2 and 4 h. During
the irradiation process, the simplicia was wrapped in black
cloth. The irradiation holder is made of aluminum box with
the position of the lamp being 30 cm away from the sample.

The tools used in testing the total microbial content are
Erlenmeyer, petri dish, oven, incubator, autoclave, hotplate,
electric balance, aluminum foil, and pipette. The materials
used are distilled water, Plate Count Agar (PCA), Violet Red
Bile Agar (VRBA), and 95% alcohol. The testing process
consists of two stages, which are the manufacture of agar
media and testing for microbial content using the Total Plate
Count (TPC) method with pour plate analysis technique.

The sequence of activities is as follows [17]:

(1) Media creation

e Prepare and sterilize Erlenmeyer for samples and agar
media.

e Enter distilled water into the Erlenmeyer followed by
using an autoclave for 15 min at a temperature of 121 °C
and a pressure of 2 atm.

e Weigh the agar media and dissolve it with distilled water
that has been sterilized.

e Heat the agar medium solution in an Erlemeyer glass and
stir until evenly mixed.

e Autoclave at 121 °C and 2 atm pressure for 15 min.

e Maintain the temperature of the solution in the water bath
at45 °C.

(2) Preparation of test materials and TPC testing.

e Prepare two test samples, each weighing 10 g, which
diluted with 100 ml of sterilized distilled water.

e Pipette 1 ml of sample into a petri dish.

e Pour 12-15 ml of agar medium into a petri dish contain-
ing the sample.

e Invert the petri dish and incubate for 48 h at 37 °C.

e Count all colonies after those in the dish with a colony
counter.

e Record the total colonies on the Microbiological Analysis
Report.

The microbial content test used the Total Plate Count
(TPC) method with the pour plate analysis technique. TPC
analysis was carried out in the Biopharmaceutical Labora-
tory of IPB Bogor. The ingredients for making agar media
consist of casein enzyme hydrolysate, yeast extract, dex-
trose, and agar. The agar medium was dissolved in aqua
distillate by forming a suspension of 22.5 g/L and then
sterilized in an autoclave for 15 min at 121 °C. The equip-
ment used is analytical balance, autoclave, oven, micro-
pipette, hot plate, spatula, Erlenmeyer, 100-ml measuring
cup, petri dish, stirring rod, and test tube.

A total of 5 g of powder sample for each simplicia was
put into a 100-ml Erlenmeyer containing 45 ml of sterile
physiological saline, then homogenized with a vortex and
allowed to stand for about 10 min and followed by dilu-
tions of 10-2, 10-3, and 10—4. A total of 1 ml of the 10—4
dilution sample was put into a sterilized petri dish and
then 12—-15 ml of PCA media was poured. The petri dish
was shaken slowly so that the sample and media were well
mixed and solidified. Then the samples were incubated at a
temperature of 37 °C for 2 X 24 h. The microbes that grow
were counted with the colony counter [17].
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Results and Discussion

Content of Phytochemical Compounds of 3 Simplicia
Medicinal Plants from Kerangas Forest

The phytochemical compounds contained in the 3 sim-
plicia are listed in Table 1. All types of simplicia tested
contained flavonoid compounds, phenol hydroquinone,
triterpenoids, and tannins. The results shown in Table 1
indicate that the medicinal plant simplicia from the keran-
gas forest has the potential to have bioactivity as antimi-
crobial or antibacterial. Flavonoid compounds, steroids,
tannins, saponins, and phenol hydroquinone contained
in Nypa fruticans leaf extract have antibacterial capac-
ity [18]. Flavonoid compounds [19], terpenoids [20], and
tannins [21] have antibacterial capacity. The flavonoid
content in the ethyl acetate extract of Drimys becariana
has moderate to strong inhibition against Escherecia coli
and Bacillus subtilis [22]. Phenol hydroquinone is one
of the phenol group compounds, and an antimicrobial
compound is widely used in the pharmaceutical industry,
such as disinfectants and oral anesthetics [23]. Steroid
compounds were also act as antibacterial and antifungal.
These compounds damage bacterial cell membranes and
inhibit bacterial growth [24]. Only Vitex pubescens does
not contain saponins. Saponins also have antibacterial
activity [25]. In this research, it is found that S. balan-
geran as a simplicia contains alkaloids. Pfoze et al. in
[26] stated that alkaloids have potential as antibacterials.

Effect of Long UV Radiation on Total Bacteria in 3
Medicinal Plant Simplicia

The results of the measurement of total bacteria are pre-
sented in Table 2. The value of the number of microbes of
all types of simplicia still meets the standard allowed value
(£106). The drying process in the sun for 9 days can meet
the standard standards for microbial content that are allowed
in simplicia, especially for simplicia the processing method
brewed with hot water or boiled [3]. UV irradiation has var-
ied effects on the total microbial content of each medicinal
plant simplicia. Ultraviolet irradiation against pathogenic
bacterial contamination in liquid food was not effective in
killing pathogenic bacteria during the waiting time of 60
and 120 min. Penetration variations of material characteris-
tics and irradiation time affect the effectiveness of bacterial
inhibition [27].

Radiation with a UV lamp for 1 h with a lamp power of
60 watts and the distance of the sample with a lamp with
a simplicia of 30 cm is quite effective in eliminating the
microbes contained in the simplicia B. frutescens. Methanol
extract of B. frutescens did not show antibacterial capac-
ity against Escherichia coli, Morganella morgani, Serratia
marcescens, Salmonella typhii, and Listeria monocytogens,
but the p-cymene content in B. frutescens is known to be
antibacterial [28]. Radiation for 4 h with a UV lamp of 60
watts and a sample distance of 30 cm was only able to elimi-
nate the microbial content in V. pubescens simplicia. These
results indicate that V. pubescens leaf simplicia has less
potential as an antibacterial. The n-hexane, ethyl acetate and
dichloromethane fractions from V. pubescens leaves were

Table 1 Phytochemical

. List of plant species 1 2 3 4 5 6 7 Part of plant
compounds of three medicinal
plant simplicias from the Baeckea frutescens - + + + + + + Leaves
kerangas forest Shorea balangeran + + + - + + + Bark
Vitex pubescens - + + + + + - Leaves

1. Alkaloid, 2. Flavonoid, 3. Phenolhydroquinone, 4. Steroid, 5. Triterpenoid, 6. Tannin, 7. Saponin

Table 2 Total bacterial content in simplicia with various UV irradiation times

Simplicia Total colony (without UV) Total colony (1 h) Colony/gram  Total colony (2 h) Colony/gram  Total col-
Colony/gram ony (4 h)
Colony/
gram
1 2 1 2 1 2 1 2
Bark of S. balangeran 0 0 0 0 0 0 0 0
Leaf of B. frutescens 0 1.1x10° 0 0 0 0 0 0
Leaf of V. pubescens 3.3x10* 3.6x10* 1.2x10° 3.1x10° 2.5%x10° 2.8x10° 0 0

Sub-column 1’ is first repetition and sub-column ‘2’ is second repetition
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not able to inhibit the activity of Staphylococcus aureus and
Escherichia coli bacteria [29].

No microbial colonies were found on the simplicia skin
of S. balangeran, although it did not receive UV irradiation.
The content of alkaloids, flavonoids, phenol hydroquinone,
triterpenoids, tannins, and saponins thought to be factors
that influence the absence of bacterial colonies on the sim-
plicia bark of S. balangeran. These results indicate that S.
balangeran has potential as an antibacterial. Local people
around the kerangas forest use the skin of S. balangeran as
a diarrhea medicine. [13].

Conclusions

The three medicinal plants simplicia from kerangas forest
contain relatively complete phytochemicals including flavo-
noids, phenolhydroquinone, triterpenoids, and tannins. The
drying process in the sun for 9 days is sufficient to meet the
quality standards for microbial content in simplicia (< 106).
UV irradiation has various effects on the total microbial
content of each medicinal plant simplicia. S. balangeran
simplicia did not contain microbial colonies either without
irradiation or with UV irradiation. Results of the experiment
indicate that S. balangeran simplicia is potentially high to be
developing as an antimicrobial or antibacterial.
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