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f;ffd"ersf: Herbal plants traditionally used to treat various diseases and serves as basis for
Infusion; modern drug development. The traditional medicines in Indonesia must meet
Maceration; safety, quality, and efficacy standards, including extract standardization and
Moringa Leaves; screening phytochemical. Pharmaceutical industry activities are closely related

Standardization to implementation of standardization, from raw materials to finished product,

in order to ensure efficacy, batch-to-batch consistency, stability, and safety.
This study aims to support the utilization of Indonesia herbal plants,
particularly moringa leaf. The extract evaluation must be qualified through
phytochemical screening and standardization tests. The screening
phytochemical result showed both methods contained alkaloids, flavonoids,
tannins, saponins, terpenoids, and glycosides. Organoleptically, both extract
exhibited similar characteristics besides infusion extract showing a more
intense color. The water-soluble extractive values of maceration and infusion
methods were 63.95% and 64%. Most non-specific parameters were within the
specified limits, including loss on drying (9,07% and 10,23%), specific gravity
(1,017 g/mL and 1,007g/mL), total ash content (6,08% and 7,1%), moisture
content (9,40% and 10,82%), heavy metal contaminations were negative, while
microbial contaminations were at 1,2 x 105 CFU/mL and 3,35 x 102 CFU/mL.
Overall, both maceration and infusion methods produced M. oleifera extracts
with similar phytochemical profiles and fulfilled most of the evaluated
standardization parameters. Infusion produced a higher extraction yield and
lower microbial contamination, whereas maceration showes lower moisture
content and loss on drying values. However, neither method met all quality
c°pyright:2023bytheauthors'Submittedfor requirements nor considered superior overall based on the parameters
possible open access publication under the ~evaluated, and further optimization is required to obtain a better extract

terms and conditions of the Creative Commons t d d t. It
Attribution (cc BY) license standardization result.

(https://creativecommons.org/licenses/by/4.0/).

Indonesia is an archipelagic country Herbal medicines from natural sources such as plants,
possessing abundant  biodiversity, including animals, and minerals have been traditionally used
approximately 30,000 plant species, which around for generations according to local cultural practices.
7,000 are considered to have medicinal potential[1]. This empirical knowledge developed over centuries,
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has become a valuable foundation for modern drug
discovery and contributes significantly to the
advancement of pharmaceutical sciences.

Moringa oleifera L., also known as “miracle
tree”, widely recognized for its extensive
pharmacological properties. This plant was from
India, Moringa is well distributed and thrives in
tropical regions, including Indonesia. Different parts
of Moringa plant have been utilized as traditional
medicinal purposes. In Ayurvedic medicine, the stem
sap is used to treat fever[2], while in Indonesia,
particularly in North Maluku, boiled M. leaves are
consumed to reduce uric acid levels. In Central
Sulawesi, fresh leaf extracts were used to treat
conditions such as malaria, stroke, and
hypertension[3]. M. leaves also widely consumed as a
nutritional food source[4].

Phytochemical studies have revealed that M.
leaves contains a lot of secondary metabolites such as
flavonoids, alkaloids, tannins, steroids, saponins, and
glycosides[2,5]. Previous studies have reported
moderate antioxidant activity of aqueous M. leaf
extract, with an ICs, value of approximately 217.21
mg/g, largely attributed to its flavonoid content[6].
Aqueous extracts have demonstrated potential in
improving hemoglobil levels in women with anemia
[7]. Quercetin, one of the flavonoids present in M.
leaves, plays an important role as a strong
antioxidant, exhibits anti-inflammatory properties,
and provides cardioprotective effects by reducing
oxidative stress [8]. It also shows antityrosinase
activity or as a skin-brightening agent[9].

The wide range bioactive compounds of M.
oleifera leaves can be potentially to become health
products. Traditionally, people were commonly used
extraction methods such as boiling or infusion, where
the resulting infusion is consumed directly to treat
various conditions including hypertension, fever,
cough, and respiratory discomfort[10-12]. Variations
in extraction methods may lead to inconsistencies
extract results and various concentration of active
compounds, especially may affect its quality, safety,
and efficacy.

In modern pharmaceutical practice,
extraction methods may influence the quality,

stability, and bioactivity of herbal extracts. Extraction
methods are classified into cold and hot techniques.
Cold extraction methods include maceration. It is
suitable for thermolabile compounds due to its low-
temperature process. On the other hand, hot
extraction methods include infusion, it uses hot water
at 90°C for a shorter extraction time. Although both
methods use aqueous solvents, differences in
extraction temperature and duration may affect
chemical composition and  physicochemical
characteristics of the extract. The heat effect of the
infusion can enhance the release of water-soluble
constituents from the plant matrix, whereas the
maceration methods relies on passive diffusion of
metabolites into the extraction medium[13]. This may
influence the extract quality and standardization.

According to the Decree of the Indonesian
Ministry of Health No. 55/MENKES/SK/I/2000,
traditional medicines in Indonesia must fulfill the
quality, safety, and efficacy requirements[14],
including specific and non-specific parameter of
standardization based on the Indonesian Herbal
Pharmacopoeia[15]. However, comparative
evaluation studies about the standardization of
aqueous M. oleifera leaf extracts prepared by two
traditionally relevant extraction methods namely
maceration and infusion are still limited.

Therefore, this study aims to evaluate the
effect of maceration and infusion methods on
phytochemical  profile and  standardization
parameters of aqueous M. oleifera leaf extracts, also
to support the development of standardized and safe
herbal products.

Results and Discussion
Extraction Yield

M. oleifera leaves powder was extracted using
maceration and infusion methods with 1000 mL of
aquadest as the solvent. The obtained liquid extracts
were thickened in an oven at 50-60°C until thick
extracts were formed. The extraction yield of both
extracts were 18,986% for maceration and 25,157%
for infusion. The higher yield obtained from the
infusion method may be associated with heating
process, which can facilitate the release and
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dissolution of water-soluble constituents from the
plant material. This finding is supported by previous
studies on M. oleifera leaf aqueous infusion prepared
at 90°C for 15 minutes showed a higher total
polyphenol content than M. oleifera leaf tea prepared
at 70°C for 5 minutes[16].These findings indicate
suggest that heating during aqueous infusion may
enhance to improve solvent penetration into the
plant matrix and facilitate the dissolution of soluble
constituents into the extraction medium[13].
Therefore, the higher extraction yield obtained from
the infusion method in the present study may be
related to the use of heated water. However,
differences in extraction methods may also affect
extraction efficiency, even when the same solvent is
used[17,18]. Both extract were further used for
screening phytochemicals and standardization
relating to stability and quality assurance of the
extracts. Standardization was referring to general
requirements established by Indonesian Ministry of

Health through evaluation of specific and nonspecific
parameters [19].

Phytochemical Screening

The Phytochemical analysis of both M.
oleifera leaf thick extracts showed the presence of
alkaloids, flavonoids, tannins, saponins, glycosides,
and triterpenoids. These findings are consistent with
previous studies reporting the presence of similar
phytochemical constituent in M. oleifera leaves[16].
Although  both  methods  showed  similar
phytochemical profiles, elevated temperature may
affect thermolabile secondary metabolites. Previous
studies on M. oleifera reported that high-temperature
treatment can alter phenolic, flavonoid, and tannin
contents, with prolonged heating potentially causing
thermal degradation of these compounds [20].
However, no differences in the detected
phytochemical groups were observed in the
qualitative screening conducted in this study. The
result are presented in Table 1.

Table 1. Phytochemical screening of M. oleifera Leaves Extract

. Maceration . .
No Screening Reagent Infusion Result Observation
Result
Mayer + + White precipitate
1  Alkaloids Bouchardat + + Brown precipitate
Dragendorff + + Orange precipitate
HCI 2N, Mg powder, Reddish phase
2 Flavonoids &P + + . P
H,S0,, amyl alcohol in upper layer
. Hot water, shaken + + Soapy foam
3 Saponins
HCI 2N + + Soapy foam
FeCls + + Greenish-black
4 Tannins Gelatin + + White precipitate
Gelatin-NaCl + + White precipitate
i Liebermann Buchard - - Orange color
5 Glycosides . .
Borntrager + + Reddish-pink color
6 Steroid/ Lieberman Buchard + + Orange color
Triterpenoid Salkowski + + Yellow phase

Notes: (+) present, absent

Extract standardization is defines as the
process of ensuring that extracts, extract products, or
herbal medicines has constant and fully defines
parameter values [19]. The quality of extract must
meet the requirement to ensure that raw materials
meet standards before being processed into final

product. The standardization extract of M. oleifera
aqueous leaf from both extraction methods were
evaluated by specific parameters such as identity,
extract organoleptic, and water-soluble compound
content, and several nonspecific parameters such
loss on drying, specific gravity, water content, total
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ash content, qualitative heavy metal contamination,
and microbial contamination using total plate count
method. The result has been reported in table 2.

Table 2. Standardization Extract of M. oleifera leaves extract

No Parameters

Infusion Standards
Result [20]

Maceration Result

1.  Organoleptic

Odor Distinctive odor Distinctive odor Distinctive odor
Color Green-brownish Yellow-brownish Green-brownish
Tastes Bitter Bitter Bitter
Form Thick Thick Thick

2. Water solubility 63,95% 64% >4,9%

3. Lossondrying 9,07% 10,23% <10%

4,  Water content 9,40% 10,82% <10%

5.  Total ash content 6,08% 7,1% <9%

6.  Specific gravity 1,017 g/mL 1,007 g/mL -

7.  Heavy metal contamination - - negative

8.  Microbial contamination 1,2 x (10°) CFU/mL 3,35x (10%) CFU/mL <(10°)CFU/mL

Specific Standardization Parameters

As shown in table 2, the specific parameter
evaluated in this study included extract identity,
organoleptic extract, and water solubility. The result
showed that both M. oleifera leaf extracts produced
using different extraction methods had similar
characteristics with distinctive odor, bitter taste, and
thick consistency. However, the infusion extract has
darker color than maceration extract. This result
suggest that higher temperature may dissolved more
soluble constituents,
concentrated color extract than maceration method.

resulting in a more

The water-soluble extractive value indicated
the amount of compounds can be extracted or
dissolved in water solvent [19]. The water-soluble
content of both extraction methods met the
requirement of Indonesian Herbal Pharmacopeia,
which specifies a minimum value is 4,9% [19]. It
showed that uses of aquadest as solvent effectively
dissolves polar compounds in the extract [21].
Compared with the previous study, which proposed a
minimum water-soluble extractive value of 41% for M.
oleifera leaf extract, whereas the values obtained in
the present study were higher[22].

Non-specific Standardization Parameters

Also shown in table 2, the nonspecific
parameters were evaluated to provide the stability
and quality of extract. The determination of specific
gravity reflects the fluidity characteristics of liquid or
thick extract [22]. In this study, the thick extract were
diluted until 5% concentration. The result of specific
gravity values obtained were relatively similar to
aquadest (1 g/mL).

The water content was analyzed to evaluate
the amount of water or moist liquid inside the thick
extract. The maceration method met the requirement,
whereas the infusion extract exceeded the specified
limit. Meanwhile, loss on drying test was used to
evaluate the amount of compounds contained in
extract that are lost during the drying process [20].
Similiarly, the maceration extract met the
requirement for loss on drying, whereas the infusion
method also exceeded the limit. The higher moisture
content and loss on drying observed in the infusion
extract may be associated with the different
extraction conditions, particularly the heating
process used during infusion. In addition, heating
factor may increase the solubility of compounds into
the extraction medium [23]. The moisture contents
observed were lower than that reported by previous
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study, who reported a moisture content by 75,85% in
aqueous M. oleifera leaf extract[18]. This difference
may be related to the different forms of extract and
concentration processes used in the two studies.
Higher water content in extract may increase the risk
of microbial contamination[19].

The loss on drying values also differed from
those reported in previous studies by 10,66% for
Jantho and 12,80% for Lampeneurut[18,24]. This
difference may be related to differences in sample
form and processing conditions, as the previous study
evaluated M. oleifera leaf material, whereas the
present study evaluated thick extracts.

The total ash content was determined to
evaluate the total mineral content that presentin the
extracts. The total minerals comes from internal
factors, which are the mineral content from plant, and
external factors, including dust or other
substances[25]. Both extraction methods met the
required standard. The infusion extract showed a
slightly higher total ash content than the maceration
extract, indicating a difference in the amount of
mineral and inorganic constituents recovered by the
two extraction methods. Compared with previous
studies on M. oleifera leaf material, the total ash
values obtained in the present study were higher[18].
This difference may be also related to difference in
sample form and processing conditions, as the
present study evaluated thick extracts.

The heavy metal contamination was
evaluated to assured that the extract was not contain
heavy metal such as cadmium, lead, copper, and
other heavy metals exceeding the limits that have
been required. High contamination of heavy metal
might interfere and toxic for body functions,
particularly in the digestive system [26]. The process
of determining heavy metals in extract in this study
used qualitative identification, by destroying metal
bonds within the sample matrix using nitric acid and
hydrochloric acid to release free metal ions for
analysis [27]. The results showed that both extract
were free from detectable heavy metal contamination
or contained levels below the qualitative test. Further
quantitative analysis may be performed using

instrument such as atomic
spectrophotometry.

absorption

The microbial contamination was evaluated
to determine the number of microorganisms and the
presence of microbial in the extract. The infusion
method met the requirement evaluation value,
whereas the maceration method exceeded the limit.
The result of infusion methods is lower
contamination than maceration methods, where can
be influenced by heating factors which have the
potential to reduce the number of microbes[28].
Therefore, the implementation microbial
contamination of aquadest-based extract required
sterility during the extraction process and controlled
environment to ensure standardized microbial
contamination results.

Overall, infusion method showed advantages
in extraction yield and microbial quality, while the
maceration method showed advantages in loss on
drying and moisture content parameters. Therefore,
neither method can be considered superior overall
based on the standardization parameter evaluted in
this study

Conclusion

Taken together, this study demonstrated that
both maceration and infusion produced aqueous M.
oleifera leaf extract with similar phytochemical
profiles. Infusion provided a higher yield and lower
microbial contamination but exceeded the limits for
loss on drying and moisture content, whereas
maceration met these limits but exceeded the
microbial contamination limit. Thus, neither method
fulfilled all standardization requirements. Therefore,
quantitative test for bioactive compound of each
method have to be done in future work and also
optimitization of sample and solvent ratio for better
extract standardization result.

Materials and Methods

This study used true experimental laboratory
design, with laboratory analysis to identify secondary
metabolites and standardization of maceration and
infusion extraction methods using aqueous solvent.
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The research was carried out from February to April
2026 at Pharmacognosy Laboratory of Hermina
Health Institute. All evaluations were performed in
duplocate (n=2), and the result are presented as mean
values.

Sample

The powdered simplicia of M. oleifera leaves
was produced and cultivated for research purposes
by UPT Materia Medica Kota Batu, Indonesia, located
at an altitude 875 masl with an average temperature
of 20-25°C. The plant material was identified and
authenticated as M. oleifera Lam. by UPT Materia
Medica Kota Batu, and the identification documented
under certificate number
400.7.29.2/3704/102.20/2025. This sample was used
for evaluation of maceration and infusion extraction
methods, with aqueous as solvent.

Instruments and Materials

The instruments included an analytical
balance (Vibra), erlenmeyer glass (Pyrex®), beaker
glass (Iwaki®), test tubes (Pyrex®/Iwaki®), oven (Model
DHG-9030A/Memmert), crush porcelain, pycnometer
(Pyrex®), petri dish (Onemed), incubator (Memmert),
waterbath (LabTech), desiccator, vortex (DLab), dan
measuring glassware (Pyrex®).

The sample used was powdered dried M.
oleifera leaves from UPT materia medica. Aquadest or
distilled water was used as the extraction solvent.
Reagents included hydrochloric acid merck, sulfuric
acid merck, ferric chloride merck, Dragendorff
reagent merck, Mayer reagent, Bouchardat reagent,
amyl alcohol merck, sodium hydroxide smartlab,
potassium iodide merck, chloride acid merck,
nutrient agar himedia, dimethyl sulfoxide merck.

Maceration

Sample (100 g) of leaf powder were macerated
with 1000 mL aquadest (1:10) for 18 hours nearly cold
brew extraction technique at low temperature of 4°C
to maintain stability and minimize degradation
during the extraction process[29,30]. The filtrate were
concentrated using oven at 60°C, and extracted yield
was calculated.

Extract mass (g)

%Yield = x 100%

Simplicia mass (g)
Infusion

Sample (100 g) of leaf powder were infused
with 1000 mL Aquadest (1:10) for 15 minutes after
reaching 90°C [14]. The filtrate was concentrated
using oven at 60°C , and extracted yield was
calculated.

Extract mass (g)

%Yield = x 100%

Simplicia mass (g)
Screening Phytochemical

Phytochemical screening to identify secondary
metabolites on aqueous extract of both methods
includes alkaloids, flavonoids, saponins, tannins,
steroids/terpenoids, and glycosides using standard
qualitative reagents.

Alkaloids

Sample (300 mg) was added with 1mL of 2N
HCl acid and 9 mL of Aquadest, heated for 2 minutes,
cooled, and filtered. The obtained filtrate was added
with 2 drops of Mayer reagent, Bourchadat reagent,
and Dragendorff reagent[31]. The formation of a
white precipitate with Mayer reagent, a brown
precipitate with Bourchardat reagent, and an orange
precipitate with Dragendorff reagent indicated the
presence of alkaloids.

Flavonoids

Sample (1 g) was added with 10 mL of hot
aquadest, boiled for 5 mins, filtered while still hot.
The Filtrate (5 mL) was added with 0,1 magnesium
powder, 1 mL hydrochlorid acid, and 2 mL amyl
alcohol, then shake[31]. The appearance of red,
yellow, or orange color in the amyl alcohol indicated
the presence of flavonoids.

Saponins

Sample (100 mg) was added with 10 mL of hot
water and vigorously shaken for 10 seconds.The
formation of stable foam with height 1-10 cm
indicated the presence of saponins, addition of 2N
hydrochloric acid confirmed the presence of
saponins[31].
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Tannins

Sample (50 mg) was boiled in 10 mL of
aquadest for 3 minutes, filtered, and the filtrate
added with 1% gelatin solution, NaCl-gelatin
solution[32], and FeCl; reagent[31]. The presence of
white precipitate after addition gelatin solution
confirmed the presence of tannins, and the formation
of greenish-black color after addition of FeCl; reagent
indicated the presence of tannins.

Steroids/Terpenoids

Sample (100mg) was added with 2 drops of
concentrated acetic acid and 1 drops of concentrated
sulfuric acid (Liebermann-Burchard reaction). The
appearance of orange, red, or yellow color indicated
the presence of terpenoid, while green color
indicated the presence of steroid[24,32]. In the
salkowski method, sample (200 mg) added with 1 mL
chloroform and 1 mL concentrated sulfuric acid, two
phases with red or yellow coloration indicated the
positive presence of sterols[33].

Glycosides

Sample (500 mg) was added with concentrated
acetic acid and sulfuric acid, the greenish-blue color
indicated the presence of glycosides[34]. In
borntrager reaction, the sample was reacted with 2
mL chloroform and 2 mL ammonia solution[35]. The
pink-reddish color was considered positive for
glycosides.

Standardization
Extract Identity and Organoleptic Test

Extract identification included plant part uses,
organoleptic evaluation covered form, color, odor,
and taste [14].

Water-soluble extraction value

Extract (2 g) were macerated with 40 mL water-
chloroform solution for 24 hours. The filtrate (20 mL)
was evaporated and dried at 105°C until constant
weight was obtained. The water-soluble extractive
value was calculated [19].

water—soluble mass 40
Water-soluble%= 9) X—
extract mass (g) 20

x 100%

Loss on Drying

Extract (1 g) was placed into a previously
heated and tared crucible porcelain, placed in an
oven under open condition and heated at 105°C for 30
minutes. The crucible transferred into desiccator in
closed condition and allowed to cool to room
temperature before weighing. The heating process
was repeated until a constant weight [19]. The loss on
drying value was then calculated.

Weight before heat—after heat

x1009
weight before heat 00%

Loss on drying =

Specific Gravity

The empty pycnometer, pycnometer filled
with water at 25°C temperature, and pycnometer
filled with 5% concentration extract (1 g in 20 mL
aquadest) were weighing using the same
pycnometer[19]. Then the specific gravity value was
then calculated.

g L Wa-W,
Specific gravity = WiW, x 100%

Expl:

W, = weight of the empty pycnometer (g)

W; = weight of the pycnometer + water (g)

W, = weight of the pycnometer + extract (g)

Moisture Content

In gravimetric method, an empty crucible
porcelain was heated, cooled in a desiccator, and
weighed. Sample (1 g) was placed into the crucible
and dried at 105°C for 5 hours, then weighed again.
The drying and weighing process was continued at 1-
hour intervals until the last two weighing was not
more than 0,25% [19]. The moisture balance value
was then calculated.

. _Wi-w,
Moisture balance% = Wi, < 100%
Expl:
W, = weight of empty crush (g)
W, = weight of crush + sample before heating (g)

W, = weight of crush + sample after heating (g)
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Total Ash Content

Sample (2 g) was placed into a porcelain
crucible, that previously has been tared. The crucible
was ignited until all charcoal disappeared and no
smoke remained. The crucible was cooled and
weighed [19]. The total ash content value was then
calculated.

(€-4)

%Ash Content = X 100%

Expl:

A =weight of empty crush (g)

B = weight of crush + sample before ashing (g)
C = weight of crush + sample after ashing (g)

Microbial Contamination (Total Plate Count
Method)

The total plate count was performed using
serial dilution method. Sample (1 g) was dissolved in
10 mL of 10% DMSO solution and homogenized to

obtain a 10 dilution. Test tubes contained 9 mL of 10%

DMSO solution were prepared, and put 1 mL of the 10°
! dilution into the first tube to obtain a 10 dilution,
followed by serial dilution up to 10°. Every serial
dilution (1 mL) was transferred into petri dish,
followed by the addition of Nutrient agar medium and
mixed thoroughly. The plates were incubated at 35-
37°C for 24 hours [14,36]. Colonies ranging from 30-
300 colonies were counted.

Heavy metal contamination (Qualitative test)

Sample was destructed using nitric acid (HNO;)
and hydrochloric acid (HCI) reagent, then the sample

solution was used for heavy metal contamination test.

In Copper contamination, sample solution (1
mL) was added with 3 drops of potassium iodide
solution with the presence of dark brown color, and 3-
5drops of sodium hydroxide with the presence of blue
precipitate[37].

In Lead contamination, sample solution (1 mL)
was added with dilute HCl reagent. The lead
contamination were indicated by the presence of
white precipitate[27,38]. Then, test was continued
using potassium iodide reagent with the same

procedure, it contains lead indicated with formation
of yellow precipitate [27]. In Cadmium contamination,
sample solution was added with 5 drops of sodium
hydroxide, the white precipitate comfirmed the
presence of cadmium contamination [39].
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