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Abstract:  Pandan  leaves  (Pandanus  amaryllifolius  Roxb.)  possess  various
biological  activities  due  to  their  secondary  metabolites,  including  flavonoids,
alkaloids, phenolics, saponins, and triterpenoids/steroids. This study aimed to
evaluate the antibacterial  and antifungal  activities of  pandan leaf  extracts,
fractions,  and isolates against  Staphylococcus aureus,  Escherichia  coli,  and
Pityrosporum ovale, as well as to optimize surfactants in shampoo formulations.
The experimental design used a post-test-only control group. Samples were
processed through maceration, followed by fractionation and isolation using the
KLT-P method. Antibacterial and antifungal activities were assessed using the
agar well  diffusion method. The most effective antibacterial  activity against E.
coli was observed in the n-hexane isolate at 700 ppm, with an inhibition zone of
19.6 mm, classified as strong. For S. aureus, the 100% water fraction produced
an inhibition zone of 9.96 mm, classified as weak. The ethanol extract showed
antifungal  activity  against  P.  ovale  with  an  inhibition  zone  of  6.29  mm,
categorized  as  moderate.  Shampoo  formulation  optimization  using  sodium
lauryl sulfate and cocamide DEA resulted in an ideal ratio of 0.235 to 0.764.
This combination produced a shampoo with acceptable physical characteristics,
including a pH of 5.71, foam height of 2.56 cm, and viscosity of 899.9 cps, all of
which met the standard requirements.

Introduction
The  common  main  health  problem  is  infectious
diseases caused by Staphylococcus aureus,Escherichia
coli,  and  Pityrosporum  ovale.  The  most  common
infectious diseases are gastrointestinal tract infections
such as diarrhea, skin infections such as furuncles, and
scalp  infections  such as  dandruff.  Diarrhea causes 9%
of deaths in children under the age of 5 years and is
the second leading cause of death globally. Diarrhea is
caused by Escherichia coli and Staphylococcus aureus
bacteria (1). Staphylococcus aureus is a major human
pathogen  that  can  adapt  to  various  hosts  and
environmental  conditions  and  can  cause  many
infections(2).  The  prevalence  of  infection  due  to
Staphylococcus  aureus  bacteria  in  Indonesia  is
estimated to  reach 28%,  and around 20% of  these

bacteria are found on the surface of human skin. The
presence  of  abnormal  activity  and  the  number  of
Staphylococcus aureus bacteria on the skin can cause
several  skin  diseases,  namely  folliculitis,  furuncles,
impetigo, and wound infections (3) besides bacteria,
fungi such as Pityrosporum ovale on the scalp which
causes dandruff. Dandruff is an anomalous condition of
the scalp due to an excessive stratum corneum layer,
causing the scalp to become dirty and smelly (4). The
prevalence  of  dandruff  in  Indonesia  is  ranked  fourth
after  China,  India,  and  the  USA.  Dandruff  becomes  a
problem  for  up  to  50%  of  the  global  population,
especially  during puberty and adolescence,  but  it  is
undeniable that it often occurs in children (5).

Dandruff is primarily caused by excessive activity of
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the scalp’s sweat glands, which produce metabolites
that  contribute  to  flaking  and  irritation.  This  condition
is  further  aggravated by  the  presence of  the  yeast
Pityrosporum  ovale,  a  microorganism  commonly
associated with scalp infections(6).Although antibiotics
are often prescribed to manage such infections, their
prolonged use has led to serious concerns, particularly
antibiotic resistance. This resistance can arise through
several mechanisms, including enzymatic degradation
of  antibiotics,  altered  membrane  permeability,
modification of drug-binding sites, or reduction in drug
receptor availability on bacterial cells. In response to
this  growing  challenge,  researchers  have  turned  to
medicinal  plants  as  alternative  antimicrobial  agents.
Among them, pandan leaves (Pandanus amaryllifolius
Roxb.)  have  shown  promising  pharmacological
potential. Traditionally used in Southeast Asia, pandan
leaves  are  known  for  their  antibacterial,  antifungal,
antioxidant,  antidiabetic,  and  anticancer  properties.
These activities are attributed to their rich content of
bioactive  compounds  such  as  alkaloids,  flavonoids,
saponins, tannins, polyphenols, dyes, and essential oils
(7,  8).  Previous  studies  have  explored  pandan  leaf
extracts,  fractions,  and  oils  for  their  antimicrobial
effects  (9-12).  However,  comprehensive  evidence
identifying  which  specific  compounds  contribute  to
these  activities  remains  limited.

Based on these concerns, this study was conducted
to  explore  pandan  leaves  (Pandanus  amaryllifolius
Roxb.)  as  a  potential  source  of  antibacterial  and
antifungal  agents.  In  this  study,  we  evaluated  the
antimicrobial activity of pandan leaf extracts, fractions,
and  isolates  against  Staphylococcus  aureus,
Escherichia  coli,  and  Pityrosporum  ovale.  We  also
formulated  an  anti-dandruff shampoo using  the  active
extract  and  optimized  its  surfactant  composition  to
ensure  effective  cleansing,  stability,  and  safety  (13).
This  research  aims  to  support  the  development  of
herbal-based  alternat ives  to  conventional
antimicrobials,  particularly  for  managing  skin,  scalp,
and gastrointestinal infections.

Methodology 
Materials
The instruments or tools used were glassware, digital
scales (Ohaus), ovens (Memmert), rotary evaporators
(STEROGLASS), separating funnels (Iwaki), water baths,
stands and clamps, Petri dishes (Pyrex), TLC chambers,
drying cabinets, UV lamps 256nm and 366nm, Moisture
analyzers,  LAF,  test  tubes  (Iwaki),  test  tube  racks,
droppers,  loop  needles,  label  paper,  micropipettes
(Joanlab),  electric  stoves,  tube  cylinders,  Bunsen
lamps,  spectrophotometers,  autoclaves  (Hirayama),
and incubators (Memmert).  The materials used were
Pandan leaves obtained from Lamongan, ethyl acetate
(Merck),  n-Hexane  (Merck),  distilled  water,  Mueller
Hinton  Agar  (Merck),  Nutrient  Agar  (Merck),  sterile

distilled  water,  DMSO (Vivantis),  chloroform (Merck),
concentrated sulfuric acid (Merck), HCl 2N, H2SO4 1%,
BaCl2  (Merck),  Mg  powder,  Mayer's  reagent,
Dragendorf's reagent, Wagner's reagent, Clindamycin
1%, ethanol 96%, Escherichia coli and Staphylococcus
aureus  bacteria,  silica  gel  GF254  plates,  aqua  pro
injection,  methanol,  HPMC,  sodium  lauryl  sulfate,
cocamide  DEA,  citric  acid,  menthol,  methylparaben,
propylene  glycol,  Potato  Dextrose  Agar  (PDA),
Pityrosporum ovale fungus, pure ketoconazole dandruff
shampoo 1%, Mueller Hinton, chloramphenicoll.

Plant Identification
Determination  Letter  issued  by  the  Pharmacy
Laboratory  of  Sultan  Agung  Islamic  University
Semarang No:  007/B.1./SA-F/II/2024.  Identification was
conducted by looking at the taxonomic key containing
the  characteristics.  These  characteristics  were  then
arranged  sequentially  and  appropriately  using  the
taxonomic key by adjusting the characteristics of the
observed  plant  until  the  identity  of  the  plant  was
obtained.

Extraction
Pandan leaves were dried in a cabinet, cut into small
pieces,  and  blended  until  powdered.  Then,  Pandan
powder  was  weighed  and  put  into  a  glass  jar.
Furthermore,  Pandan  powder  was  soaked  in  96%
ethanol with a ratio of 1:10 for three days, then filtered
and  obtained  the  filtrate.  The  filtrate  was  then
evaporated  in  a  rotary  evaporator  until  thick  and
placed in a sterile glass container.

Phytochemical Screening
Flavonoid Test 
The  extract  of  2  mL  of  Pandan  leaves  (Pandanus
amaryllifolius Roxb.) was dissolved in 2 mL of HCl 2 N
added  with  Zn  powder.  If  an  orange  precipitate  is
formed, it contains flavonoid compounds (14).

Saponin Test
200  mg  of  Pandan  leaves  (Pandanus  amaryllifolius
Roxb.)  thick  extract  was dissolved in  5  mL distilled
water, which was then heated in a 60 °C oven for 10
min and shaken vigorously. If foam forms for at least
30  s  (does  not  disappear),  it  contains  saponin
compounds (15).

Alkaloid Test 
100  mg  of  Pandan  leaves  (Pandanus  amaryllifolius
Roxb.)  extract  was  evaporated  on  a  porcelain  cup
inside a water bath to obtain a residue. The residue
was then dissolved with 5 mL of 2N HCl. The solution
was then cooled, and 1 mL of the solution was put into
a test tube with the addition of Dragendorff's reagent.
If an orange or red precipitate is formed, it contains
alkaloid compounds (16).
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Phenolic Test
A thick extract of 2 mL of Pandan leaves (Pandanus
amaryllifolius Roxb.) was dissolved in 2 mL of FeCl3 1%.
If a green, red purple, blue or dark black precipitate is
formed, it contains phenol compounds (14).

Triterpenoid or Steroid Test
A  thick  extract  of  pandan  leaves  (Pandanus
amaryllifolius  Roxb.)  was  dissolved  in  0.5  mL  of
chloroform and heated. Then, 1 mL of the solution was
transferred  into  a  test  tube  and  treated  with
Liebermann-Burchard  reagent.  The  formation  of  a
purple  precipitate  indicates  the  presence  of
triterpenoid  compounds,  while  a  green  precipitate
indicates the presence of steroid compounds (15).

Fractionation
Fractionation  was  carried  out  using  the  liquid-liquid
extraction method. 5 g of  Pandan leaves (Pandanus
amaryllifolius Roxb.) extract was dissolved in 25 mL of
96% ethanol, then added with 25 mL of distilled water.
Then, the solution was put into a separating funnel,
and 75 mL of n-hexane was added. The solution was
shaken, and the tap cover was opened occasionally to
release air into the separating funnel. The separating
funnel was left until the two phases separated. The n-
hexane phase was on top, and the ethanol-water phase
was  on  the  bottom.  Then,  the  two  phases  were
separated,  and  the  ethanol-water  phase  was  re-
fractionated  using  n-hexane  until  a  clear  n-hexane
phase was obtained.  The ethanol-water fraction was
put into a separating funnel and re-fractionated using
75 mL of ethyl acetate. The solution was shaken and
left until the two phases separated. The ethyl acetate
phase will be on top, and the ethanol-water phase will
be on the bottom (17).

Isolation
Isolation was carried out using the TLC method with
preparative  plates.  The  TLC  plate  was  prepared  by
weighing 50 g of silica gel GF 254 to be dissolved with
distilled  water  and  shaken  until  homogeneous.  The
solution was then put into a 20 x 20 cm glass plate
mold and left to dry in the open air.  The plate was
activated by heating in an oven at 120 °C for 1-2 h.
The n-hexane fraction was dropped using a capillary
tube  at  a  distance  of  1  cm  from  the  end  of  the
preparative TLC plate and saturated with ethyl acetate
and n-hexane eluent (3:7). After the eluent had spread
to the upper limit of the plate, the TLC plate was lifted
and dried by leaving it in the open air. The stain was
observed under 254 and 366 nm UV light. The stain
was then scraped and dissolved with a mixture of ethyl
acetate and n-hexane solvents until dry

Isolate Purity Test 
By trial and error, the isolates obtained were eluted
with  3  different  eluents  from  polar  to  nonpolar.

Furthermore, under UV light, the number of stains was
counted. If the number of stains is 1, it can be said that
the isolate is pure.

Antibacterial Activity of Ethanolic Extract,
Ethyl Acetate Fraction, and Ethyl Acetate
Isolate on Escherichia coli
Preparation of NA Media
2.3 g of Nutrient Agar (NA) was dissolved into 100 mL
of  distilled water  in  an Erlenmeyer  flask.  Furthermore,
a  magnetic  stirrer  heated  NA  on  a  hot  plate  until
boiling and homogenized.  NA was then sterilized by
autoclaving at a temperature of 121 °C and a pressure
of 2 atm for 15 min (18).

Bacterial Cultivation 
The test bacteria were cultured by scratching the loop
needle containing Escherichia coli bacteria aseptically,
then planted on nutrient agar (NA) and incubated for
24 hours at 37 °C in an incubator (19).

Preparation of MHA Media
3.8 g of Mueller Hinton agar (MHA) was dissolved into
100  mL  of  distilled  water.  Furthermore,  MHA  was
heated  on  a  hot  plate  until  boiling.  MHA was  then
sterilized by autoclaving at a temperature of 121 °C for
25 min.  The sterile  MHA solution  was left  until  the
temperature dropped to 40 °C, then placed in a Petri
dish that had been previously sterilized (19).

Preparation of Bacterial Suspension 
Escherichia coli bacteria were taken with a loop needle
and suspended in a sterile test tube containing 0.9%
NaCl  solution.  The  bacterial  suspension  was  then
vortexed  until  homogeneous,  and  the  McFarland
standard  was  used  to  compare  its  turbidity  or
equivalent to 1 x 108 CFU/mL (19).

Preparation of Test Solution 
Test solutions of the ethanolic extract, ethyl acetate
fraction, and pandan leaf isolate were prepared at a
concentration  of  1000  ppm  as  stock  solutions.
Subsequently, 600 ppm and 800 ppm solutions were
prepared by diluting the stock solution—specifically, by
taking 1.2 mL and 1.6 mL of the stock solution and
diluting each with 2 mL of 10% DMSO. As a positive
control,  3  mg  of  chloramphenicol  antibiotic  was
dissolved in 1 mL of 10% DMSO, while the negative
control consisted of 1 mL of 10% DMSO (20).

Antibacterial Activity Test 
The antibacterial activity test was conducted using the
agar  well  diffusion  method  against  Escherichia  coli.
Sterile media inoculated with E. coli  were punctured
aseptically using a sterile cork borer to create wells
with a depth of 6 mm. Test solutions at 600 ppm and
800 ppm, along with positive and negative controls,
were  added  to  the  wells.  The  plates  were  then
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incubated at 37 °C for 24 h. The formation of a clear
inhibition zone around the wells indicated antibacterial
activity.

Antibacterial Activity of Water Fraction
on Escherichia coli and Staphylococcus
aureus
Preparation of Concentrate
Ethanol extract and water fraction were made into test
solutions  in  concentrations  of  70%,  80%,  90%  and
100% by weighing 3.5 g, 4 g, 4.5 g and 5 g of sample
and  then  diluted  with  10% DMSO solvent  until  the
volume was 5 mL (18).

Preparation of Positive Control
The  solution  was  made  by  dissolving  0.01  g  of
chloramphenicol in 1 mL of 10% DMSO (21).

Preparation of 1% BaCl2

1 g of BaCl2 was dissolved into a 100 mL measuring
flask  with  distilled  water  to  the  mark  and  then
homogenized.  The  mixture  was  transferred  into  a
tightly closed and dark reagent bottle and then stored
in the refrigerator (22).

Preparation of 1% H2SO4

50  mL  of  distilled  water  was  put  into  a  100  mL
measuring  flask.  A  1.02  mL  solution  of  concentrated
H2SO4  was  put  into  the  measuring  flask,  and  distilled
water was added again. The solution was transferred
into a closed reagent bottle and then stored at room
temperature (22).

Preparation of McFarland 0.5 Solution
0.05 mL of 1% BaCl2  was put into a screw cap test
tube, and then 9.95 mL of 1% H2SO4 was added. The
solution  was  then  vortexed  until  homogeneous  and
then stored in the refrigerator (22).

Antibacterial Activity Test
A  petri  dish  containing  MHA  media  that  had  been
planted  with  Escherichia  coli  and  Staphylococcus
aureus  bacteria was mixed with ethanol extract and
water fraction of Pandan of leaves, chloramphenicol,
and 10% DMSO. The petri dish was then incubated at
37 °C for 24 h to obtain the zone of inhibition, which
was then measured with a caliper (23).

Antibacterial Activity of Ethyl Acetate
Fraction and n-Hexane Fraction on
Staphylococcus aureus
Preparation of Bacterial Suspension 
Staphylococcus aureus bacteria were taken with a loop
needle and suspended in a sterile test tube containing
0.9% NaCl solution. The bacterial suspension was then
vortexed  until  homogeneous,  and  the  McFarland
standard  was  used  to  compare  its  turbidity  or
equivalent to 1 x 108 CFU/mL.

Preparation of MHA Media
After  being  poured  into  a  sterile  petri  dish  and
solidified  without  any  bacterial  suspension,  Mueller
Hinton  Agar  was  then  incubated  for  24  h  at  a
temperature  of  37  °C.  After  24  h,  the  antibacterial
activity was observed.

Antibacterial Acitivity Test 
Antibacterial  activity  test  was  conducted  using  the
agar  well  diffusion  method  on  Staphylococcus  aureus
bacteria.  Sterile  MHA were made into wells  using a
sterile tube cylinder with test samples, namely 20 µL of
ethyl acetate and n-Hexane fractions. The test solution
was diluted using 156.25 mg of fraction dissolved using
25 mL of 10% DMSO solvent (24).

Petri  dishes  were  then  made  into  different
concentration series, namely 20, 40, 60, and 80% v/v.
This  study  used  control  petri  dishes  and  test  petri
dishes. Control petri dishes consisted of media control
(Mueller Hinton Agar), negative control (media + DMSO
solvent),  and  positive  control  (media  + clindamycin
1%). The test petri dishes consisted of Test 1 (media +
20% b/v concentration fraction), Test 2 (media + 40%
b/v concentration fraction), Test 3 (media + 60% b/v
concentration fraction) and Test 4 (media + 80% b/v
concentration fraction) (25).

50  µL  of  bacteria  were  transferred  using  a
micropipette to a sterile petri dish. Then, 20 mL of MHA
media was added, and the media was homogenized
with  the  bacteria  in  the  petri  dish.  20  µL  of  ethyl
acetate fraction of Pandan leaves with concentrations
of  20%,  40%,  60%,  80%,  and  20  µL  of  n-hexane
fraction of Pandan leaves with concentrations of 20%,
40%, 60%, 80% were added to each well that had been
formed  and  then  incubated  for  1  x  24  h  at  a
temperature of 37 °C. After 24 h, observations were
made on forming a clear area on the MHA media. The
clear area was used to indicate bacterial sensitivity to
the  antibacterial  substance  used,  and  then  the
diameter  of  the  inhibition  zone  was  measured  in
millimeters with a caliper (24).

Antibacterial Activity of n-Hexane Isolate
on Escherichia coli
Preparation of Bacterial Suspension 
Escherichia  coli  bacteria  were  taken,  inserted,  and
homogenized into a sterile test tube containing NaCl
solution. The bacterial suspension was then incubated
at a temperature of 37 °C for 24 h, and the McFarland
standard  was  used  to  compare  its  turbidity  or
equivalent to 1 x 108 CFU/mL.

Preparation of Test Concentration Series 
The test concentration series was taken from the 9000
ppm stock solution by weighing 90 mg of  n-hexane
isolate sample in 10 mL of DMSO. The series solutions
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made were 500 ppm, 600 ppm, and 700 ppm. The 500
ppm test concentration series solution measured 0.16
mL of stock solution dissolved in DMSO to 3 mL. The
600 ppm test concentration series solution was carried
out by measuring 0.2 mL of stock solution dissolved in
DMSO to 3 mL. The 700 ppm test concentration series
solution was carried out by measuring 0.23 mL of stock
solution dissolved in DMSO to 3 mL.

Positive Control and Negative Control 
The  positive  control  used  was  the  antibiotic
ciprofloxacin.  The  positive  control  was  made  by
weighing  50  mg  of  Ciprofloxacin  powder  and  then
dissolving  it  in  10  mL  of  DMSO.  Meanwhile,  the
negative control used was 10% DMSO.

Antifungal Activity on Pityrosporum
ovale and Preparation of Shampoo 
Preparation of PDA Media 
3.9 g of Potato Dextrose Agar (PDA) was dissolved into
100 mL of distilled water. Furthermore, the PDA was
heated  on  a  hot  plate  until  boiling.  NA  was  then
sterilized by autoclaving at a temperature of 121 °C for
15 min. Then, the media was poured into a sterile petri
dish and left to solidify (26).

Preparation of Positive Control 
Ketoconazole  shampoo  1%  was  used  as  a  positive
control by adding 0.1 g of ketoconazole to 10 mL of
distilled water and homogenized (26).

Preparation of Control Media 
The preparation of the control media only contains PDA
media  and  fungal  suspension  applied  to  the  PDA
media.

Preparation of 10% Extract Test Solution

1 gram of thick extract was dissolved using 10 mL of
10% DMSO.

Preparation of Fungal Suspension 
Pityrosporum ovale was cultured using PDA media and
then incubated for 18-24 h at 37 °C. The colonies were
then taken and put into a test tube containing 10 mL of
0.9% NaCl and homogenized. (27).

Antifungal Activity Test 
Erlenmeyer from the autoclave containing PDA media
was  poured  into  a  petri  dish.  4  sterile  Petri  dishes
where each dish was given a 6 mm diameter  tube
cylinder poured 20 mL of media and then left until the
media  became  solid.  The  surface  of  the  solidified
media was poured with 100 μL of fungal suspension.
The  tube  cylinder  was  then  removed,  and  samples
were  added  in  the  form  of  10%  extract,  positive
control, and 20 μL of negative control to each labeled
petri dish. The petri dishes were then incubated for 24
h at 37 °C. Furthermore, the diameter of the inhibition
zone in the test media was measured using a vernier
caliper (mm) by looking at the clear zone indicating the
fungal growth inhibition area (28).

Preparation of Anti-Dandruff Shampoo 
The  modified  formula  was  based  on  Goel  (2020)  (29),
as seen in Table 1. All eight shampoo formulas (F1–F8)
contain 10% ethanol extract of pandan leaves as the
active ingredient, supported by a consistent base of
humectants,  preservatives,  and  fragrance.  The  key
variations  lie  in  the  surfactant  composition:  Sodium
Lauryl Sulfate ranges from 1% to 10%, while Cocamide
DEA varies from 11% to 20%, adjusting the cleansing
and foaming properties across formulations. HPMC is
held steady at 1.5% in most formulas, except F4 which
increases it to 15% to likely influence viscosity.

Table 1. Anti-dandruff shampoo formulation of Pandan leaves ethanolic extract.

Shampo Formula (%b/v)
Ingredients Function F1 F2 F3 F4 F5 F6 F7 F8
Ethanol extract of
Pandan leaves Active Substance 10 10 10 10 10 10 10 10

Sodium Lauryl Sulfate Primary Surfactant
(Detergent) 10 7.75 3.25 5.5 10 10 1 1

Cocamide DEA Secondary
Surfactant 11 13.25 17.75 15.5 11 11 20 20

HPMC Base 1.5 1.5 1.5 15 1,5 1.5 1.5 1,5
Citric Acid Ph Increaser qs qs qs qs qs qs qs qs
Menthol Fragrance 0.25 0.25 0.25 0.25 0,25 0.25 0.25 0.25
Methyl Paraben Preservative 0.15 0.15 0.15 0.15 0,15 0.15 0.15 0.15
Propyl Paraben Preservative 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Propylene Glycol Humectant 15 15 15 15 15 15 15 15

Distilled Water Solvent Ad 50
mL

Ad 50
mL

Ad 50
mL

Ad 50
mL

Ad 50
mL

Ad 50
mL

Ad 50
mL

Ad 50
mL
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Preparation of Shampoo 
All ingredients were weighed in container (A) and then
mixed with HPMC in hot water, while in container (B),
Sodium Lauryl Sulfate was mixed in hot water along
with Cocamide DEA and propylene glycol.  Then, the
mixture in container (B) was mixed into container (A)
until homogeneous. In container (C), methyl paraben
and propyl  paraben were added and dissolved with
96% ethanol and methanol. The mixture from container
(C) was put into a container containing a mixture of
containers (A) and (B) and stirred until homogeneous
then the extract was added, and the distilled water was
added to the desired volume. Physical evaluation in the
form  of  organoleptic  tests,  pH,  homogeneity,  foam
height, and viscosity were then ready to be carried out.

Optimal Formula
After  the  evaluation  (pH,  viscosity  and foam height
tests) of eight formulas using Design Expert software
version  13.1,  the  optimum  formula  was  obtained,
which  is  said  to  be  optimal  if  the  formula  has  a
desirability value close to 1.0.

Result and Discussion
Identification
Plant identification was conducted in the Laboratory of
Pharmacy,  Faculty  of  Pharmacy,  Universitas  Islam
Sultan Agung Semarang with the following results,

Division: Tracheophyta
Class: Magnoliopsida
Sub Order: Lilianae
Order: Pandanales
Family: Pandanaceae
Genus: Pandanus
Species: Pandanus amaryllifolius Roxb.

Determination  Letter  issued  by  the  Pharmacy
Laboratory  of  Sultan  Agung  Islamic  University
Semarang  No:  007/B.1./SA-F/ I I /2024.  Plant
identification was carried out to obtain the appropriate
and clear identity of the plants to be used in the study
and to avoid errors in taking the main materials in the
study. The results showed that the plant used for the
study was Pandan, which was indicated by Pandanus
amaryllifolius Roxb.

Extraction
Simplicia  was  made in  several  stages.  In  the  initial
stage,  washing  was  carried  out  to  remove  other
impurities  attached  to  the  simplicia,  using  clean
running water until  the leaves were completely free
from dirt  or  foreign objects.  Furthermore,  shredding
was carried out using a knife to help speed up the
drying process. After the drying process, the simplicia
was  ground  with  a  blender.  The  fine  simplicia  powder
caused the surface area of the powder to increase so
that the contact between the powder and the solvent

was also greater so that more components contained
in the simplicia could be drawn by the solvent (30).

Pandan leaves were extracted using the maceration
method,  where  the  material  was  soaked  using  a
solvent in accordance with the active compound. This
process can be carried out with low or even without
heating  (31).  The  maceration  process  requires
repeated stirring or shaking to speed up the time of the
solvent  solution  in  extracting  the  sample  (30).  The
maceration method is easy to do, uses simple tools,
and has low damage to plant compounds. Maceration
was  carried  out  using  96%  ethanol  solvent.  96%
ethanol was used because it has selective properties, is
not a toxic substance, has good absorption power, and
can separate polar and semi-polar compounds such as
flavonoids  and  alkaloids,  which  have  potential  as
antibacterial agents. In addition, 96% ethanol solvent
penetration into  the sample  cell  wall  is  easier  than
ethanol solvent with a low concentration (32).

Through the  maceration  method,  1,670 g  of  dry
simplicia was soaked in 96% ethanol solvent for 3 days
and  stirred  occasionally.  The  thick  extract  obtained
was 182.5  grams with  a  yield  of  10.9281%.  In  this
study, the yield of the extract obtained was greater
than  the  yield  of  the  extract  in  a  study  by  Patala
(2022),  namely  9.2%.  This  is  due  to  the  difference  in
solvents used. Ethanol solvent 96% can extract more
chemical  compounds  than  ethanol  70%  (33).  The
results of the water content test of the Pandan leaves
simplicia were 2.96%, and the thick extract of Pandan
leaves was 5.40%. According to Utami (2017), based
on Formularium Herbal Indonesia, the water content of
the simplicia and extract must be ≤ 10%. This aims to
avoid  microbial  growth  in  the  sample.  The  water
content results of this study indicate that the simplicia
and thick extract of Pandan leaves were in accordance
with the water content requirements set (34).

Phytochemical Screening 
Phytochemical  screening  was  carried  out  using
qualitative analysis with the tube method, namely by
observing color changes in the sample. The results of
the phytochemical screening test of the ethanol extract
of Pandan leaves are presented in Table 2.

Table 2. Phytochemical screening results.

Test Parameter Results Description
Alkaloids Orange precipitate +
Phenolic Strong black +
Flavonoids Orange +
Saponins Foam formed +

Steroids /
Terpenoids

Steroids: Green ring
Terpenoids: Purple
precipitate

+

https://etflin.com/sciphar


Wijayanti, R. et al. (2025) etflin.com/sciphar

Sciences of Pharmacy Page 57

Phytochemical  screening  was  conducted  to
determine  the  content  of  secondary  metabolite
compounds contained in  a plant.  This  study used a
qualitative test by observing the color reaction in the
sample given the reagent. This study used a qualitative
test  by  observing  the  color  reaction  in  the  sample
given the reagent. In the alkaloid test, a change in the
reaction causes an orange deposit. The precipitate is
formed due to the addition of reagents so that a ligand
replacement  reaction  occurs,  namely  nitrogen
compounds in alkaloids that have free electron pairs
that produce covalent bonds with K+ ions derived from
potassium tetraiodobismuth  and  produce  potassium-
alkaloid complex deposits. The phenolic compound test
obtained the result of the change in the color of the
solution  to  a  strong  black.  The  change  occurred
because the Fe3+ ion in FeCl3 underwent a hybridization
of an ion suspected to be iron (III) hexanofolate (35).
This  study used a  qualitative test  by observing the
color reaction in the sample given the reagent. In the
alkaloid  test,  a  change  in  the  reaction  causes  an
orange deposit (36).

The  identification  test  of  saponin  compounds
obtained the result of the formation of foam or foam,
which occurs due to the chemical composition reaction
in the sample. The structure that constitutes saponins
in the form of hydroxyl and carbon groups causes the
compound to be soluble in water and causes foam. In
addition,  foam  is  created  because  glycosides  form
foam in water and are hydrolyzed into glucose with
other  compounds  (37).  The  results  of  the  last
phytochemical  compound  test,  namely  the
identification  of  steroid  compounds,  showed  a  green
solution.  The  green  color  is  produced  due  to  the
reaction  between the  steroid  compound's  OH group
and the reagent in the form of Lieberman-Buchard so
that  a  group  containing  green  chromophores  is
obtained (38). The results of phytochemical screening
of  the  ethanol  extract  of  Pandan  leaves  (Pandanus
amaryllifolius Roxb.) showed the content of secondary
metabolites  in  the  form  of  flavonoids,  alkaloids,
phenolics, steroids, terpenoids, and saponins. This is
per a study by Suryani (2018) showing that the ethanol
extract  of  Pandan  leaves  (Pandanus  amaryllifolius
Roxb.) contains secondary metabolites in the form of
flavonoids,  alkaloids,  phenolics,  steroids,  terpenoids,
and  saponins  (39).

Fractionation
Fractionation  was  carried  out  using  a  separating
funnel. The yield of water, ethyl acetate, and n-hexane
fractions is shown in Table 3.

The thick extract obtained was fractionated using a
nonpolar  n-hexane  solvent,  which  breaks  down leaf
tissue to allow the extraction of secondary metabolites.
Ethyl acetate, a semi-polar solvent with low toxicity,

and  ethanol-water,  a  polar  solvent  capable  of
dissolving  most  secondary  metabolite  compounds,
were  also  used.  Compound  separation  based  on
polarity  was  carried  out  through  liquid-liquid
fractionation  using  a  separating  funnel.  During  the
fractionation process, two distinct layers formed: the
upper layer contained the n-hexane fraction, and the
lower layer contained the water fraction. This is due to
the  difference  in  density—n-hexane  has  a  density  of
0.4 g/mL, while water has a density of 1 g/mL—making
the  water  fraction  heavier  and  thus  settle  at  the
bottom. The partitioning process was repeated multiple
times  until  the  n-hexane  fraction  became  clear,
indicating  that  nonpolar  compounds  had  been  fully
extracted into  the  n-hexane layer.  Meanwhile,  polar
compounds  remained  in  the  water  fraction.
Subsequently, the water fraction was repartitioned with
ethyl acetate, forming two new layers: the upper ethyl
acetate fraction and the lower water fraction. This is
because ethyl acetate has a lower density (0.66 g/mL)
than  water,  so  the  water  fraction  remains  at  the
bottom (40).

Table 3. Yield of water, ethyl acetate, and n-hexane
fractions.

Sample Mass Yield (%)
Water Fraction 50.79 g 32.7%
Ethyl acetate Fraction 52.56 g 29.2%
n-Hexane Fraction 9.43 g 23.575%

Isolation
Isolation of Ethyl Acetate 
Isolation was carried out using the TLCP method. The
ethyl acetate fraction was obtained and then dropped
and eluted with ethyl  acetate and n-hexane eluents
(3:7). After elution, observations were made under 254
nm UV light and 366 nm UV light to see the stains
produced. There were 3 isolate stains produced from
the ethyl acetate fraction of Pandan leaves (see Figure
1).

Figure 1. Isolates of ethyl acetate fraction on TLC-P.

The  first  ethyl  acetate  isolate  was  obtained  in  a
quantity of 10 mg with an Rf value of 0.61. The second
isolate weighed 4 mg with an Rf value of 0.50, and the
third isolate weighed 10 mg with an Rf value of 0.28.
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Isolation using the TLC (Thin Layer Chromatography)
method  involves  two  phases:  the  stationary  phase
(adsorbent)  and  the  mobile  phase  (eluent),  which
function  to  separate  chemical  components.  These
components  separate  based  on  their  affinity  for  the
stationary phase or their degree of polarity (41). TLC is
a  simple  and  rapid  method  frequently  used  in
compound separation and drug analysis (42).

The  ethyl  acetate  fraction  was  processed  by
spotting and eluting with a mixture of ethyl acetate
and n-hexane in  a  3:7  ratio.  After  elution,  the  TLC
plates were observed under UV light at 254 nm and
366 nm, revealing three distinct spots with different Rf
values. The first isolate (Rf 0.61, 10 mg) corresponded
to  a  flavonoid  compound  of  the  quercitrin  type  (Rf
0.60–0.65). The second isolate (Rf 0.50, 4 mg) matched
the  flavonoid  hyperoside  (Rf  0.45–0.50).  The  third
isolate (Rf 0.28, 10 mg) corresponded to the flavonoid
rutin (Rf 0.25–0.30) (43).

Each isolate from different Rf values was tested for
purity to obtain a pure isolate and indicate that the
isolate obtained is a single compound. The purity test
was conducted by spotting the isolate and eluting it
with  three  eluents  with  different  polarity  indices.  The
1st eluent was n-hexane and toluene (7:3),  the 2nd
eluent was ethyl acetate and chloroform (1.5:8.5), and
the 3rd eluent was ethyl acetateand methanol (2:8).
The  results  obtained  proved  that  the  three  isolates
obtained were pure compounds because there were
single spots on the TLC plate. This can be interpreted
as the separation pattern of the compound is good, as
seen from the presence of a single stain pattern with
no tail (44).

n-Hexane Isolate 
The Rf values of n-Hexane isolate in stain 1 (Node 1),
stain 2 (Node 2), stain 3 (Node 3), stain 4 (Node 4),
stain 5 (Node 5), and stain 6 (Node 6) respectively,
namely  0.80;  0.77;  0.72;  0.61;  0.5,  and  0.38.
Furthermore, one stain was taken, which was expected
to  have  good  antibacterial  inhibition,  to  continue
testing against Escherichia coli bacteria. The results of
the TLCP of the n-Hexane isolate can be seen in Figure
2.

Figure 2. Isolates of n-hexane fraction on TLC-P. Note: (a)

Node 1 Rf 0.80, (b) Node 2 Rf 0.77, (c) Node 3 Rf 0.72, (d)
Node 4 Rf 0.61, (e) Node 5 Rf 0.50, and (f) Node 6 Rf 0.38.

The n-Hexane fraction  from 96% ethanol  extract
from Pandan leaves was isolated using the TLC method
to  obtain  pure  compounds.  The  Preparative  TLC
method  has  a  more  efficient  separation  time.  The
resulting  stain  is  easy  to  observe  and  easy  to  do.
Isolation was carried out using the eluent n-Hexane:
Ethyl  Acetate:  Methanol  (7:3:1).  The  selection  of
eluents  was  carried  out  using  the  TLC  method,
considering  the  best  optimization  and  separation
results. Ethyl acetate eluent was used because it is a
semi-polar solvent, so the visible stain can come from
nonpolar  or  polar  compounds.  The  isolation  process
begins  by  preparing  the  n-hexane  fraction,  then
dissolving  it  with  1ml  of  chloroform  and  1ml  of
methanol.  The  selection  of  fraction  solvents  with
chloroform  and  methanol  is  because  chloroform  is
nonpolar and methanol is polar, so both can dissolve
the n-hexane fraction. The stains obtained on the TLC
plate were observed under UV lamps at 256 nm and
366 nm with the aim that the stains were visible. After
that,  the  Rf  value  on  the  visible  stain  was  then
calculated. The Rf value is calculated as the distance
traveled by  the  component  divided by  the  distance
traveled  by  the  eluent  (mobile  phase)  for  each
compound. The Rf values obtained from the stains on
the TLC plate of n-hexane isolate are classified as good
because it has a value of 0.2 to 0.8. The isolate used
for antibacterial testing was stain 1 because stain 1 is a
target  compound  with  a  good  Rf  value,  and  it  is
suspected  that  stain  1  is  an  alkaloid  compound
because it has an Rf value of 0.8. Previous research by
Maziyah (2019) showed that the n-hexane fraction of
Pandan  leaves  contains  alkaloid,  saponin,  and
flavonoid  compounds,  which  can  inhibit  bacterial
growth (45).  The results  of  n-hexane isolation  were
tested for antibacterial activity in bacteria Escherichia
coli.

Isolate Purity Test 
Purity Test of Ethyl Acetate Isolate and n-Hexane
Isolate
This study conducted a purity test using three eluents
for  ethyl  acetate  fraction  with  different  polarity
indexes. In the 1st eluent, namely n-hexane and toluene
(7:3), the 2nd eluent was ethyl acetate and chloroform
(1.5:8.5),  and  the  3rd  eluent  was  ethyl  acetate  and
methanol (2:8). The results showed that there was 1
stain that appeared on the TLC plate in each eluent
used. These results show that the isolate obtained is a
pure compound, as presented in Figure 3. The purity
test of Pandan leaf isolates was conducted using the
TLC method. The eluents used were n-hexane:toluene
(7 :3) ,  n -hexane:ethy l  acetate  (7 :3 ) ,  and
chloroform:methanol (8:2) with Rf values of 0.25, 0.72,
and 0.45 respectively. The purity test result of the n-
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hexane isolate can be seen in Figure 4.

Figure 3. Purity test results of ethyl acetate isolates.
Note: black arrow points to a single node.

Figure 4. Purity test result of n-hexane isolates.

The  purity  test  of  the  n-hexane  isolate  was
conducted  using  the  TLC  method  with  three  different
eluent  ratios  to  determine  the  most  effective  eluent

based on polarity. TLC is a simple and relatively fast
method for assessing sample purity. It is particularly
practical for small-scale analyses, as it requires only a
small amount of material. The three eluent ratios used
were  n-hexane:toluene  (7:3),  n-hexane:ethyl  acetate
(7:3), and chloroform:methanol (8:2). The purpose of
the  purity  test  was  to  confirm whether  the  compound
in stain 1 was a single compound. With the first eluent
(n-hexane:toluene,  7:3),  a  single  spot  was observed
with  an  Rf  value  of  0.25.  The  second  eluent  (n-
hexane:ethyl acetate, 7:3) also produced a single spot
wi th  an  Rf  va lue  o f  0 .72 .  The  th i rd  e luent
(chloroform:methanol, 8:2) yielded a single spot with
an  Rf  value  of  0.45.  Eluent  selection  is  influenced  by
the polarity or solubility of the compounds in the n-
hexane isolate. Variations in Rf values can result from
several factors, including the type, properties, and size
of the TLC plate, the direction of mobile phase flow, the
composition  of  the  mobile  phase,  and  the  sample
preparation method.

Antibacterial and Antifungal Activity Test
The results of the antibacterial and antifungal activity
tests of the ethanol extract, water, ethyl acetate, and
n-hexane fractions, as well as the ethyl acetate and n-
hexane isolates, are presented in Table 4.

Table 4. Results of the antibacterial and antifungal activity tests.

Sample Concentration Staphylococcus aureus
(mm)

Escherichia coli
(mm)

Pityrosporum
ovale (mm) Category

Ethanol Extract
96%

600 ppm - 10.8 - Intermediate
800 ppm - 15.8 - Intermediate
10% - - 6.29 Intermediate

Water Fraction

70% 8.76 10.36 - Intermediate
80% 9.8 10.13 - Intermediate
90% 8.56 10.86 - Intermediate
100% 9.96 11.53 - Intermediate

Ethyl Acetate
Fraction

20% 0 - - -
40% 0 - - -
60% 0 - - -
80% 0 - - -
600 ppm - 0 - -
800 ppm - 0 - -

n-Hexane Fraction

20% 2.4067 - - Resistant
40% 6.613 - - Resistant
60% 6.0467 - - Resistant
80% 3.78 - - Resistant

Ethyl Acetate
Isolate

600 ppm - 0 - -
800 ppm - 0 - -

n-Hexane Isolate
500 ppm - 13.9 - Intermediate
600 ppm - 15.5 - Intermediate
800 ppm - 19.6 - Strong
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The results of the antibacterial activity test on the
ethanol extract, ethyl acetate fraction, and n-hexane
isolate  at  concentrations of  600 ppm and 800 ppm
showed that only the ethanol extract, water fraction,
and n-hexane isolate of pandan leaves exhibited zones
of  inhibition,  indicating  antibacterial  activity  against
Escherichia  coli.  The  ethanol  extract  at  600  ppm
produced  an  average  inhibition  zone  of  10.8  mm,
categorized  as  intermediate,  while  at  800  ppm  it
produced an average inhibition zone of 15.8 mm, also
within  the  intermediate  category,  based  on  CLSI
standards (2020). This is per a study by Rosidah et al.
in 2021 that at 600 ppm and 800 ppm, ethanol extract
of  Pandan leaves can inhibit  gram-negative bacteria
with moderate and strong categories (20). Meanwhile,
the ethyl acetate fraction and ethyl acetate isolate did
not show antibacterial activity with no formation of the
inhibition  zone,  which  means  that  in  the  same
concentration  as  the  ethanolic  extract  of  Pandan
leaves, it cannot inhibit the growth of Escherichia coli
bacteria.  Alkaloid,  phenolic  and  flavonoid  compounds
that  can  inhibit  bacteria  were  identified  in  the  ethyl
acetate fraction from the results of the phytochemical
screening test, but in reality, no inhibition zone was
formed in the ethyl acetate fraction. This is because
the compound levels  are  unknown,  so  it  cannot  be
ascertained  that  it  has  antibacterial  activity.  As
explained  by  previous  studies,  the  levels  of  a
compound  are  direct ly  proport ional  to  the
pharmacological activity possessed by a sample (46).
Isolates  obtained  from  3  different  Rf  values  are
included  in  the  flavonoid  group  compounds  such  as
quercitrin,  hyperoside,  and  rutin  (43).  Based  on
previous  studies,  flavonoid  compounds  can  work  as
antibacterials by disrupting the synthesis of bacterial
cell  macromolecules,  causing  damage  to  the
permeability of bacterial cell walls (47). However, the
three isolates obtained in this study did not show an
inhibition  zone  around  the  agar  well  diffusion  holes.
This  is  because the amount  of  concentrate  used in
extracting  flavonoid  compounds  that  act  as
antibacterial is lower, so it cannot inhibit the growth of
Escherichia  coli  bacteria.  Suppose  the  sample
concentration used in the antibacterial activity test is
greater. In that case, the active substance dissolved in
the  sample  is  also  greater,  so  the  inhibition  zone
formed is greater (46).

The  n-hexane  fraction  sample  of  pandan  leaves
formed  an  inhibition  zone  against  the  growth  of
Staphylococcus  aureus.  The  inhibition  zones  varied
with concentration: 2.41 mm at 20%, 6.61 mm at 40%,
6.05 mm at 60%, and 3.78 mm at 80%. In contrast, the
ethyl  acetate  fraction  showed  no  inhibition  zone
against S. aureus.  In a study by Setiyanto R.  et al.
(2024),  antibacterial  activity  testing  was  also
conducted using the ethyl acetate fraction of pandan
leaves  against  E.  coli  at  10%,  20%,  and  30%.  The

results showed no inhibition zones, indicating that the
ethyl acetate fraction lacked antibacterial activity. The
study  used  the  disc  diffusion  method  and  confirmed
that the compound content in the ethyl acetate fraction
had  no  antibacterial  effect  against  E.  coli  (48).
According to CLSI  standards,  antibacterial  activity  is
categorized based on inhibition zone diameter:  <14
mm indicates  weak or  resistant  activity,  15–19 mm
indicates moderate or intermediate activity, and >20
mm indicates strong or susceptible activity (49). Based
on  this  classification,  the  n-hexane  fraction  falls  into
the resistant category, as shown by the relatively small
inhibition  zones  observed.  The  lack  of  antibacterial
activity in the ethyl acetate fraction is likely due to the
structure of S. aureus, whose cell wall is composed of
peptidoglycan,  polysaccharides,  proteins,  and low-fat
content. This structure allows nonpolar compounds to
penetrate  more  easily,  which  may  explain  why  the
semi-polar  compounds  present  in  the  ethyl  acetate
fraction were ineffective (17).

The n-hexane fraction at concentrations of 40% and
60%  produced  larger  average  inhibition  zone
diameters, while at 20% and 80%, the inhibition zones
were smaller. This aligns with a study by (50), which
found that several factors, including the test sample's
concentration and the bacterial suspension's turbidity,
can  influence  antibacterial  activity.  A  higher  test
sample  concentration  can  affect  the  stock  solution's
consistency, potentially reducing the number of active
compounds that diffuse into the medium. For the water
fraction sample at concentrations of 70%, 80%, 90%,
and 100%, the inhibition zones against Escherichia coli
were 10.36 mm, 10.13 mm, 10.86 mm, and 11.53 mm,
respectively—indicating  that  the  water  fraction
possesses antibacterial activity. Meanwhile, the water
fraction produced inhibition zones of 8.76 mm, 9.8 mm,
8.56 mm, and 9.96 mm against Staphylococcus aureus.
Based  on  CLSI  (2020)  guidelines  (49),  these  values
classify  the  activity  as  resistant  (≤12  mm).  An
inhibi t ion  zone  of  13–17  mm  is  considered
intermediate, and ≥18 mm is categorized as sensitive.
Among the three fractions, the water fraction was the
most  effective  in  inhibiting  the  growth  of  both
Staphylococcus  aureus  and  Escherichia  coli.

The inhibition of Escherichia coli  by the n-hexane
isolate of Pandan leaves was tested at concentrations
of 500 ppm, 600 ppm, and 700 ppm. The ability of this
isolate  to  inhibit  E.  coli  growth  is  attributed  to  the
presence  of  alkaloid  compounds.  Alkaloids  contain
nitrogen groups that act as antibacterial agents. They
work by disrupting the bacterial cell wall, damaging the
peptidoglycan  structure,  and  preventing  the  proper
formation of  the cell  wall  (51).  The inhibition zones
observed were 19.6 mm at 700 ppm, 15.5 mm at 600
ppm, and 13.9 mm at 500 ppm. These results indicate
that  higher  concentrations  result  in  stronger
antibacterial activity. Therefore, the n-hexane isolate
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demonstrates  effective  antibacterial  activity  against
Escherichia  coli.  Additionally,  a  96% ethanol  extract
showed  an  inhibition  zone  of  6.29  mm.  Based  on
standard  classifications,  antifungal  activity  is  grouped
into four categories: an inhibition zone of <5 mm is
considered weak or resistant, 6–10 mm is moderate or
intermediate, 11–20 mm is strong, and >20 mm is very
strong (9). Thus, the ethanol extract of Pandan leaves
(Pandanus amaryllifolius Roxb.) falls into the moderate
antifungal activity category. This antifungal activity is
likely due to the presence of secondary metabolites,
such  as  flavonoids  and  alkaloids,  which  are  known  to
inhibit fungal growth.

Physical Properties Test of Shampoo from
Ethanol Extract of Pandan leaves
(Pandanus amaryllifolius Roxb.) with
Surfactants
Organoleptic Test
The  organoleptic  test  was  conducted  by  visually
observing the shampoo from ethanol extract of Pandan
leaves  (Pandanus  amaryllifolius  Roxb.),  especially  in
terms of shape, color, and smell based on appropriate
parameters  such  as  semi-solid  (thick)  shape,  dark
green in color, with a distinctive odor of Pandan leaves
(Pandanus  amaryllifolius  Roxb.)  (52).  The  results  of
observations on eight formulas with a combination of
surfactants in the form of sodium lauryl  sulfate and
cocamide  DEA  did  not  significantly  affect  the
organoleptic test. In formulas I to VIII,  there was no
difference  in  shape,  color,  and  smell.  In  the
organoleptic test, the shape or texture of the shampoo
was  influenced  by  the  shampoo  base  used,  namely
HPMC, where the higher the concentration of HPMC,
the  thicker  the  shampoo  will  be.  Based  on  the
organoleptic  test,  formulas  I  to  VIII  have  met  the
requirements  because  they  have  the  same
characteristics of shape, color, and smell (53).

Homogeneity Test
The  homogeneity  test  was  conducted  by  observing
whether coarse grains were in the shampoo from the
ethanol  extract  of  Pandan  leaves  (Pandanus
amaryllifolius Roxb.). The results of the homogeneity
analysis  on  8  formulas  showed  that  there  were  no
coarse grains in the shampoo, so it can be stated that
the 8 formulas are homogeneous. This indicates that all
the ingredients used have been dispersed properly and
correctly (53). Ethanol extracts do not always affect the
homogeneity of shampoo preparations. Still, the base
used  can  affect  the  homogeneity  because
inappropriate bases can cause the ingredients to not
mix homogeneously (54).

pH Test, Viscosity Test, and Foam Height Test 
The pH test was conducted on eight formulas to ensure
compatibility  between the shampoo's  and skin's  pH,
ensuring safety and comfort (see Table 5). The ideal

pH range for shampoo is 5.5–6. If the pH is too acidic, it
can irritate the scalp; if it's too alkaline, it can cause
dryness.  The  results  showed  that  the  pH  of  the
shampoo  formulas  exceeded  the  acceptable  range
(55).  One contributing factor is  the concentration of
sodium  lauryl  sulfate,  which  affects  the  preparation's
pH. Higher concentrations of sodium lauryl sulfate can
raise the pH, as it has basic properties with a pH of
7.5–8.5  (56).  Other  factors  influencing  pH  include
storage conditions,  temperature,  humidity,  and light
exposure,  which  can  affect  material  stability  (57).  A
viscosity  test  was  also  performed to  determine  the
thickness  of  each  formula,  which  influences  the
shampoo's  effectiveness  and  user  experience.  Testing
was done using a Brookfield viscometer with a spindle
size  of  63  at  20  RPM.  All  eight  formulas  met  the
required viscosity range of 400–4000 cps. In general,
higher  concentrations  resulted  in  thicker  shampoo
preparations.  Foam height testing was conducted to
ensure the amount of foam produced was appropriate.
Ideal foam height for shampoo ranges from 1.3 to 22
cm. The results showed that all eight formulas met this
requirement as presented in Table 5.

Table 5. Viscosity, pH, and foam height of Pandan
shampoo formula.

Formula pH Viscosity (cps) Foam height
(cm)

F1 7.69 ± 0 1170 ± 10.39 8.83 ± 1.04
F2 8.19 ± 0 529.9 ± 99.73 15.66 ± 0.57
F3 8.24 ± 0 1911.66 ± 508.95 9.16 ± 0.76
F4 8.01 ± 0.01 987.86 ± 48.98 9.56 ± 0.92
F5 7.8 ± 0 903.8 ± 12.49 12.33 ± 0.57
F6 8.04 ± 0 593.9 ± 31.74 11.5 ± 0.5
F7 8.52 ± 0.02 901.9 ± 217.78 10.66 ± 0.57
F8 8.83 ± 0.01 839.8 ± 98.22 10 ± 1

Formula  optimization  was  carried  out  using  the
Simplex Lattice Design (SLD) method to determine the
ideal concentration of various ingredients and obtain a
formula with the desired physical properties. The SLD
method is  fast  and practical,  avoiding the need for
trial-and-error formulation. It also allows optimizing two
or more ingredient combinations to achieve the best
possible  formula  (58).  The  optimization  process
produced  eight  formulas  combining  a  primary
surfactant  (sodium  lauryl  sulfate)  and  a  secondary
surfactant  (cocamide  DEA).  These  formulas  were
evaluated  through  physical  tests,  including  pH,
viscosity,  and foam height.  Once the eight formulas
were  prepared,  shampoo  samples  were  made
according to the SLD outputs. Physical tests were then
conducted, and the results were fed back into the SLD
for analysis to determine the optimum formula.  The
optimum pH and foam height were selected based on
in-range  response  criteria,  while  viscosity  was
optimized  using  a  target  response  goal.  The  best
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solution was identified with a desirability value close to
1.0,  indicating  optimal  formulation.  The  ideal
combination was found to be 0.235 parts sodium lauryl
sulfate and 0.764 parts cocamide DEA. A desirability
value close to 1.0 indicates a more optimal product
outcome (9). The anti-dandruff shampoo using ethanol
extract  of  Pandan  leaves  (Pandanus  amaryllifolius
Roxb.)  was  formulated  based  on  Simplex  Lattice
Design analysis to determine the optimal proportions
of  sodium  lauryl  sulfate  and  cocamide  DEA  as
surfactants (see Table 6).

Table 6. Results of phyical optimization and evaluation
of ethanol extract shampoo from pandan leaves.

Physical Properties Mean ± SD Predicted
Value

pH 5.71 ± 0.07 8.40
Foam height (cm) 2.56 ± 0.40 10.72
Viscosity (cps) 899.9 ± 207.62 1793.44

The  results  of  the  physical  evaluation  test,
conducted in three replications, were then compared
with the predictions from the Simplex Lattice Design
(SLD).  The  physical  test  results  of  the  anti-dandruff
shampoo formulated with ethanol  extract  of  Pandan
leaves (Pandanus amaryllifolius  Roxb.)  did  not  show
significant  differences  from  the  SLD  predictions.  This
indicates  that  using  the  SLD  method  effectively
identified  the  most  ideal  and  appropriate  formula  for
the  anti-dandruff  shampoo,  using  a  valid  and  reliable
combination  of  sodium lauryl  sulfate  and  cocamide
DEA (13).

Conclusion
The ethanol extract of pandan wangi leaves (Pandanus
amaryllifolius  Roxb.)  shows  effective  antibacterial
activity  at  800  ppm  against  E.  coli  and  antifungal
activity against Pityrosporum ovale at a concentration
of 10%. Among the water, ethyl acetate, and n-hexane
fractions,  the  water  fraction  was  the  most  effective  in
inhibiting E. coli and S. aureus. For the isolates, the n-
hexane  isolate  demonstrated  antibacterial  activity
against E. coli, indicating that the n-hexane isolate is
the  most  effective,  classified  as  strong.  Against  S.
aureus,  the  water  fraction  was  the  most  effective,
falling into the moderate category. The ethanol extract
also  showed  moderate  antifungal  activity  against
Pityrosporum ovale.

In the shampoo formulation, the optimal surfactant
ratio  was  0.764  for  cocamide  DEA  and  0.235  for
sodium  lauryl  sulfate,  equivalent  to  17.876%  and
3.124%, respectively. The physical evaluation results
showed a pH of 5.71, foam height of  2.56 cm, and
viscosity  of  899.9  cps—all  meeting  the  required
standards.
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