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Curcumin possesses a wide range of biological activities; however, its practical 
application is constrained by poor aqueous solubility and low bioavailability. 
Chemical modification via esterification with fatty acids offers a promising 
strategy to enhance its physicochemical properties and biological performance. 
This study aimed to synthesize palmitate curcumin esters through Steglich 
esterification and to evaluate their antimicrobial activity as well as their toxicity 
toward Daphnia magna. The synthesis was performed by reacting curcumin 
with palmitic acid in the presence of N, N-dicyclohexylcarbodiimide (DCC) and 
4 dimethylaminopyridine (DMAP) as coupling agents. The resulting mono- and 
dipalmitate curcumin esters were subsequently purified using column 
chromatography and characterized by Fourier Transform Infrared (FT-IR) and 
UV–Visible spectroscopy to confirm the successful formation of ester bonds. 
Antimicrobial activity was assessed against Staphylococcus aureus and 
Escherichia coli using the disk diffusion method, while acute toxicity was 
evaluated using Daphnia magna through LC₅₀ determination. The findings 
revealed that both ester derivatives exhibited relatively weak antimicrobial 
activity, with inhibition zones ranging from 7.00 to 8.33 mm. In contrast, toxicity 
evaluation demonstrated that monopalmitate–curcumin exhibited higher 
toxicity (LC₅₀ = 153.65 mg/L) compared to dipalmitate–curcumin (LC₅₀ = 
412.28 mg/L). This difference is likely attributed to the presence of a free 
phenolic hydroxyl group in the monoester structure, which may enhance its 
biological reactivity. Overall, the results suggest that esterification modifies 
curcumin’s properties, although further optimization is required to improve its 
antimicrobial efficacy while maintaining acceptable toxicity levels. 
 
Keywords: Steglich esterification, curcumin, palmitic acid, antimicrobial 
activity, toxicity, Daphnia magna 

 

1. Introduction 

 

Infectious diseases remain a major public health challenge in Indonesia. A number of 

emerging infections have been reported, showing increases in both case numbers and 

geographic spread. Emerging Infectious Diseases (EIDs) are defined as diseases that appear 

for the first time in a population or previously existing diseases that rapidly increase in 

https://ejournal.uki.ac.id/index.php/edumatsains
mailto:mentarizikri17@gmail.com
https://doi.org/10.33541/edumatsains.v8i1.4576
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incidence or expand to new geographic areas (re-emerging infectious diseases). EIDs can be 

caused by viral and bacterial infections (Gunawan et al., 2022). In Indonesia, the Ministry of 

Health has identified several diseases with the potential to cause public health emergencies 

and attract global concern, including cholera, meningitis, yellow fever, hantavirus infe
l

ction, 

Se
l

ve
l

re
l

 Acute
l

 Re
l

spiratory Syndrome
l

 (SARS), E
L

bola, Japane
l

se
l

 e
l

nce
l

phalitis, acute
l

 

poliomye
l

litis, anthrax, Nipah virus infe
l

ction, and avian influe
l

nza (Ke
l

me
l

ntrian Ke
l

se
l

hatan RI, 

2025). The
l

re
l

fore
l

, stre
l

ngthe
l

ning e
l

arly de
l

te
l

ction syste
l

ms and e
l

nhancing pre
l

ve
l

ntion and 

control me
l

asure
l

s are
l

 e
l

sse
l

ntial to e
l

ffe
l

ctive
l

ly manage
l

 infe
l

ctious dise
l

ase
l

s. One
l

 promising 

approach unde
l

r de
l

ve
l

lopme
l

nt is the
l

 utilization of fatty acids as pote
l

ntial source
l

s for drug 

de
l

ve
l

lopme
l

nt. 

Ce
l

rtain saturate
l

d and unsaturate
l

d fatty acids have
l

 be
l

e
l

n re
l

porte
l

d to modulate
l

 the
l

 

immune
l

 syste
l

m, e
l

nhance
l

 immune
l

 re
l

sponse
l

s, and e
l

xhibit antimicrobial, antiviral, and 

antiparasitic activitie
l

s (Afroze
l

 e
l

t al., 2024). More
l

ove
l

r, the
l

 de
l

ve
l

lopme
l

nt of such compounds 

may he
l

lp addre
l

ss the
l

 growing global challe
l

nge
l

 of antibiotic re
l

sistance
l

. Pre
l

vious studie
l

s have
l

 

shown that se
l

ve
l

ral unsaturate
l

d fatty acids posse
l

ss inhibitory activity against both Gram-

positive
l

 and Gram-ne
l

gative
l

 bacte
l

ria (Kumar e
l

t al., 2020; Yoon e
l

t al., 2018). In addition, 

toxicity studie
l

s have
l

 indicate
l

d that ole
l

ic acid–curcumin e
l

ste
l

r de
l

rivative
l

s e
l

xhibit strong toxic 

e
l

ffe
l

cts against Daphnia magna (Anty e
l

t al., 2024). 

Fatty acids are
l

 ge
l

ne
l

rally classifie
l

d into short-chain and long-chain type
l

s. Palmitic acid 

(C16), a long-chain saturate
l

d fatty acid, has be
l

e
l

n re
l

porte
l

d to inhibit bacte
l

rial e
l

nzymatic 

activity, suppre
l

ss the
l

 growth of protozoa, viruse
l

s, and fungi, and e
l

xhibit antibacte
l

rial 

prope
l

rtie
l

s (He
l

ndy e
l

t al., 2020). It has be
l

e
l

n isolate
l

d from Sargassum polycystum e
l

xtracts and 

de
l

monstrate
l

d antibacte
l

rial activity against E
L

sche
l

richia coli as we
l

ll as anti-inflammatory 

e
l

ffe
l

cts (Maghfira, 2024). Conse
l

que
l

ntly, palmitic acid holds pote
l

ntial for the
l

 tre
l

atme
l

nt of 

inflammatory conditions, bacte
l

rial infe
l

ctions, and viral dise
l

ase
l

s. Pre
l

vious re
l

se
l

arch has also 

re
l

porte
l

d that e
l

ste
l

rification of de
l

canoic and palmitic acids with C5-curcuminoid compounds 

e
l

nhance
l

s anticance
l

r activity (Sanabria-Ríos e
l

t al., 2015). Curcumin is a natural bioactive
l

 

compound wide
l

ly studie
l

d for its antimicrobial, antioxidant, and anti-inflammatory prope
l

rtie
l

s. 

Howe
l

ve
l

r, its application is limite
l

d by poor aque
l

ous solubility and low bioavailability 

(Aggarwal e
l

t al., 2017; He
l

wlings, 2017). Che
l

mical modification through e
l

ste
l

rification with 

fatty acids re
l

pre
l

se
l

nts an e
l

ffe
l

ctive
l

 strate
l

gy to improve
l

 its physicoche
l

mical prope
l

rtie
l

s. The
l

 

pre
l

se
l

nce
l

 of phe
l

nolic hydroxyl groups in curcumin e
l

nable
l

s the
l

 formation of e
l

ste
l

r de
l

rivative
l

s 

with long-chain fatty acids, which can incre
l

ase
l

 lipophilicity and support pharmace
l

utical 

formulation  

E
L

ste
l

rification of curcumin with saturate
l

d fatty acids re
l

pre
l

se
l

nts an e
l

ffe
l

ctive
l

 strate
l

gy to 

modify its che
l

mical and biological prope
l

rtie
l

s, pote
l

ntially improving solubility in non-polar 

solve
l

nts and e
l

nhancing the
l

rape
l

utic applications. This proce
l

ss involve
l

s the
l

 re
l

action be
l

twe
l

e
l

n 

curcumin, which contains two phe
l

nolic groups, and saturate
l

d fatty acids with long 

hydrocarbon chains, facilitating pharmace
l

utical formulation (Agrawal & Jaiswal, 2022).  

De
l

spite
l

 the
l

se
l

 promising findings, studie
l

s on the
l

 synthe
l

sis of palmitate
l

–curcumin e
l

ste
l

rs 

via Ste
l

glich e
l

ste
l

rification and the
l

ir e
l

valuation in te
l

rms of antimicrobial activity and toxicity 

re
l

main limite
l

d. In particular, the
l

 re
l

lationship be
l

twe
l

e
l

n structural modification and biological 

e
l

ffe
l

cts has not be
l

e
l

n syste
l

matically inve
l

stigate
l

d. The
l

re
l

fore
l

, this study aims to synthe
l

size
l
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palmitate
l

–curcumin e
l

ste
l

rs using the
l

 Ste
l

glich e
l

ste
l

rification me
l

thod and to e
l

valuate
l

 the
l

ir 

antimicrobial activity and toxicity as pote
l

ntial nove
l

l the
l

rape
l

utic age
l

nts. 

 

2. Methods 

 

Materials 

The
l

 mate
l

rials use
l

d in this study include
l

d palmitic acid, N,N-

dicyclohe
l

xylcarbodiimide
l

 (DCC), 4-dime
l

thylaminopyridine
l

 (DMAP), me
l

thanol, e
l

thanol, 

distille
l

d wate
l

r, silica ge
l

l, he
l

xane
l

, e
l

thyl ace
l

tate
l

, nitroge
l

n gas, cotton, n-he
l

xane
l

, Whatman 

filte
l

r pape
l

r, dime
l

thyl sulfoxide
l

 (DMSO), 1 M H₂SO₄, Gram-positive
l

 bacte
l

ria (Staphylococcus 

aure
l

us), Gram-ne
l

gative
l

 bacte
l

ria (E
L

sche
l

richia coli), nutrie
l

nt agar, pe
l

ptone
l

, and be
l

e
l

f e
l

xtract. 

The
l

 e
l

ste
l

r products we
l

re
l

 purifie
l

d using column chromatography with silica ge
l

l 60 (70–230 

me
l

sh). Qualitative
l

 characte
l

rization was pe
l

rforme
l

d using Fourie
l

r Transform Infrare
l

d (FTIR) 

spe
l

ctroscopy (Shimadzu) and a UV–Visible
l

 spe
l

ctrophotome
l

te
l

r (Shimadzu 2600). Toxicity 

te
l

sting was conducte
l

d using Daphnia magna. 

 

Esterification 

The
l

 synthe
l

sis of palmitic acid–curcumin e
l

ste
l

rs was carrie
l

d out following a re
l

porte
l

d 

proce
l

dure
l

 (Anty e
l

t al., 2024). A total of 20 mmol of palmitic acid was dissolve
l

d in 25 mL of 

dichlorome
l

thane
l

, followe
l

d by the
l

 addition of 9 mmol of the
l

 coupling re
l

age
l

nt (DCC). The
l

 

mixture
l

 was stirre
l

d for 20 minute
l

s at room te
l

mpe
l

rature
l

 (25°C). Subse
l

que
l

ntly, 10 mmol of 

curcumin and 13.5 mmol of DMAP we
l

re
l

 adde
l

d. The
l

 re
l

action mixture
l

 was stirre
l

d for 20 hours 

in the
l

 dark. Afte
l

r comple
l

tion, the
l

 mixture
l

 was dilute
l

d with dichlorome
l

thane
l

 and filte
l

re
l

d. The
l

 

filtrate
l

 was the
l

n conce
l

ntrate
l

d unde
l

r re
l

duce
l

d pre
l

ssure
l

 to obtain the
l

 e
l

ste
l

r product. 

 

Thin Layer Chromatography (TLC) Analysis 

The
l

 pre
l

cursor compounds (palmitic acid and curcumin) and e
l

ste
l

r products we
l

re
l

 

dissolve
l

d in dichlorome
l

thane
l

 and spotte
l

d onto silica ge
l

l plate
l

s using a he
l

xane
l

:e
l

thyl ace
l

tate
l

 

(1:1, v/v) solve
l

nt syste
l

m. Spot visualization was carrie
l

d out using 1 M H₂SO₄. 

 

Column Chromatography Purification 

The
l

 e
l

ste
l

r products we
l

re
l

 purifie
l

d using silica ge
l

l column chromatography following 

Anty e
l

t al. (2024). The
l

 mobile
l

 phase
l

 consiste
l

d of n-he
l

xane
l

:e
l

thyl ace
l

tate
l

 (12:1, v/v). Fractions 

(10 mL) we
l

re
l

 colle
l

cte
l

d in vials and analyze
l

d by TLC using n-he
l

xane
l

:e
l

thyl ace
l

tate
l

 (1:1, v/v). 

 

FTIR Characterization 

The
l

 products we
l

re
l

 analyze
l

d using FTIR to ide
l

ntify functional groups. Liquid sample
l

s 

we
l

re
l

 place
l

d on a KRS-5 plate
l

 and scanne
l

d as thin films afte
l

r solve
l

nt e
l

vaporation (6,11). 
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Antimicrobial Assay 

Nutrie
l

nt agar (NA) was pre
l

pare
l

d by dissolving it in 100 mL distille
l

d wate
l

r, he
l

ate
l

d to 

boiling, and homoge
l

nize
l

d. The
l

 me
l

dium was dispe
l

nse
l

d into te
l

st tube
l

s (10 mL for te
l

sting and 

5 mL for culture
l

). Nutrie
l

nt broth (NB) was pre
l

pare
l

d from be
l

e
l

f e
l

xtract and pe
l

ptone
l

. Both NA 

and NB we
l

re
l

 ste
l

rilize
l

d in an autoclave
l

 at 121°C for 15 minute
l

s, while
l

 Pe
l

tri dishe
l

s we
l

re
l

 

ste
l

rilize
l

d in an ove
l

n at 170°C for 2 hours. 

Bacte
l

rial culture
l

s (S. aure
l

us and E
L

. coli) we
l

re
l

 inoculate
l

d into ste
l

rile
l

 NB and 

incubate
l

d for 24 hours. Bacte
l

rial de
l

nsity was adjuste
l

d to the
l

 McFarland standard (0.08–0.1) 

using a UV–Vis spe
l

ctrophotome
l

te
l

r. 

For te
l

sting, 200 µL of bacte
l

rial suspe
l

nsion was adde
l

d to e
l

ach Pe
l

tri dish, followe
l

d by 

20 mL of NA. The
l

 mixture
l

 was homoge
l

nize
l

d and allowe
l

d to solidify. Ste
l

rile
l

 discs we
l

re
l

 

place
l

d on the
l

 agar surface
l

, and 5 µL of sample
l

 was applie
l

d to e
l

ach disc. Plate
l

s we
l

re
l

 incubate
l

d 

at 37°C for 24 hours, and inhibition zone
l

s we
l

re
l

 me
l

asure
l

d. 

 

Toxicity Test 

Adult Daphnia magna we
l

re
l

 culture
l

d in we
l

ll wate
l

r that had be
l

e
l

n se
l

ttle
l

d ove
l

rnight and 

fe
l

d at le
l

ast e
l

ve
l

ry two days (12). Ne
l

onate
l

s (<24 hours old) we
l

re
l

 use
l

d for toxicity te
l

sting. 

The
l

 e
l

xpe
l

rime
l

nt include
l

d control and sample
l

 groups. The
l

 control containe
l

d we
l

ll 

wate
l

r, DMSO, and 10 ne
l

onate
l

s. The
l

 sample
l

 group containe
l

d te
l

st solutions dilute
l

d to 5 mL 

with we
l

ll wate
l

r and 10 ne
l

onate
l

s. Afte
l

r 24 hours of e
l

xposure
l

, mortality was re
l

corde
l

d. LC₅₀ 

value
l

s we
l

re
l

 calculate
l

d using probit analysis base
l

d on mortality pe
l

rce
l

ntage
l

s. 

 

3. Result and Discussion 

 

Steglich Esterification of Palmitic Acid with Curcumin 

The
l

 palmitate
l

 curcumin e
l

ste
l

r products obtaine
l

d consiste
l

d of dipalmitate
l

 curcumin as 

a pale
l

 ye
l

llow solid (0.3326 g) and monopalmitate
l

 curcumin as a bright ye
l

llow solid (0.5226 

g). Thin-laye
l

r chromatography (TLC) analysis using an n-he
l

xane
l

:e
l

thyl ace
l

tate
l

 (1:1, v/v) 

e
l

lue
l

nt showe
l

d Rf value
l

s of 0.91 for dipalmitate
l

 curcumin and 0.76 for monopalmitate
l

 

curcumin. 

 

FT-IR Characterization of Palmitate Curcumin Esters 

The
l

 FTIR spe
l

ctrum of dipalmitate
l

 curcumin is pre
l

se
l

nte
l

d in Figure
l

 1. A notice
l

able
l

 

shift in the
l

 carbonyl (C=O) absorption band was obse
l

rve
l

d, from 1689 cm⁻¹ (carboxylic acid 

in palmitic acid) to 1753 cm⁻¹, indicating the
l

 formation of an e
l

ste
l

r group. In the
l

 finge
l

rprint 

re
l

gion, characte
l

ristic pe
l

aks we
l

re
l

 ide
l

ntifie
l

d, including the
l

 ke
l

tone
l

 carbonyl (C=O) at 1631 

cm⁻¹, aromatic C=C stre
l

tching at 1579 cm⁻¹, aromatic C–O stre
l

tching at 1298 cm⁻¹, and C–

O–C stre
l

tching at 1030 cm⁻¹, confirming the
l

 structural fe
l

ature
l

s of the
l

 synthe
l

size
l

d e
l

ste
l

r 

compound. 
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Figure 1. FT-IR Spectrum of Dipalmitate Curcumin Ester 

 

The
l

 FTIR spe
l

ctrum of monopalmitate
l

 curcumin is shown in Figure
l

 2. It indicate
l

s a 

shift in the
l

 carbonyl (C=O) absorption band from 1689 cm⁻¹ (carboxylic acid in palmitic acid) 

to 1753 cm⁻¹, confirming the
l

 formation of an e
l

ste
l

r group. Additionally, an O–H absorption 

band is obse
l

rve
l

d at 3258 cm⁻¹. In the
l

 finge
l

rprint re
l

gion, characte
l

ristic pe
l

aks include
l

 the
l

 

ke
l

tone
l

 carbonyl (C=O) at 1631 cm⁻¹, aromatic C=C stre
l

tching at 1579 cm⁻¹, aromatic C–O 

stre
l

tching at 1298 cm⁻¹, and C–O–C stre
l

tching at 1030 cm⁻¹. 

 

 

Figure 2. FT-IR Spectrum of Monopalmitate–Curcumin Ester 
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The
l

 FT-IR characte
l

rization shown in Figure
l

 2 indicate
l

s the
l

 pre
l

se
l

nce
l

 of functional 

groups consiste
l

nt with the
l

 targe
l

t mole
l

cule
l

. A ke
l

y distinction be
l

twe
l

e
l

n fatty acid–curcumin 

die
l

ste
l

r and monoe
l

ste
l

r products is that the
l

 monoe
l

ste
l

r still e
l

xhibits a phe
l

nolic O–H absorption 

pe
l

ak that has not unde
l

rgone
l

 e
l

ste
l

rification. This confirms the
l

 succe
l

ssful formation of the
l

 e
l

ste
l

r 

products. 

 

UV–Vis Characterization of Palmitate Curcumin Esters 

UV–Vis absorption me
l

asure
l

me
l

nts we
l

re
l

 conducte
l

d in the
l

 wave
l

le
l

ngth range
l

 of 200–

700 nm for both monopalmitate
l

–curcumin and dipalmitate
l

 curcumin. The
l

 analysis was also 

pe
l

rforme
l

d using sodium hydroxide
l

 (NaOH) as a shift re
l

age
l

nt to ide
l

ntify unre
l

acte
l

d phe
l

nolic 

hydroxyl groups (Pradana, 2014). The
l

 UV–Vis spe
l

ctrum of dipalmitate
l

–curcumin without 

NaOH shows a main absorption band at 400–410 nm, corre
l

sponding to π→π* e
l

le
l

ctronic 

transitions within the
l

 conjugate
l

d curcuminoid syste
l

m, while
l

 absorption in the
l

 UV re
l

gion at 

200–230 nm is attribute
l

d to π→π* transitions of the
l

 aromatic rings. The
l

se
l

 re
l

sults indicate
l

 that 

the
l

 e
l

ste
l

rification proce
l

ss doe
l

s not disrupt the
l

 primary chromophore
l

 of curcumin but inste
l

ad 

modifie
l

s only the
l

 phe
l

nolic hydroxyl groups. Upon the
l

 addition of NaOH as a shift re
l

age
l

nt, 

no spe
l

ctral shift was obse
l

rve
l

d for the
l

 dipalmitate
l

–curcumin e
l

ste
l

r. This is due
l

 to the
l

 abse
l

nce
l

 

of fre
l

e
l

 phe
l

nolic hydroxyl groups in the
l

 structure
l

, as both  OH groups have
l

 be
l

e
l

n e
l

ste
l

rifie
l

d 

and are
l

 the
l

re
l

fore
l

 unable
l

 to unde
l

rgo de
l

protonation by NaOH (M e
l

t al., 2018). 

 

 

 

Figure 3. UV–Vis Spectrum of Dipalmitate Curcumin Ester Product 

 

Base
l

d on Figure
l

 4, the
l

 UV–Vis spe
l

ctrum of the
l

 monopalmitate
l

 curcumin e
l

ste
l

r product 

shows a bathochromic shift, indicating the
l

 pre
l

se
l

nce
l

 of a phe
l

nolic hydroxyl group (Swantara 

e
l

t al., 2016). This shift occurs due
l

 to the
l

 de
l

protonation of the
l

 phe
l

nolic hydroxyl group, which 

is se
l

nsitive
l

 to the
l

 basic NaOH re
l

age
l

nt, re
l

sulting in the
l

 formation of a phe
l

nolate
l

 ion. This 

proce
l

ss e
l

nhance
l

s e
l

le
l

ctron de
l

localization within the
l

 conjugate
l

d π-syste
l

m and lowe
l

rs the
l

 

e
l

ne
l

rgy of the
l

 π→π* transition. As a re
l

sult, the
l

 e
l

ne
l

rgy gap de
l

cre
l

ase
l

s, making e
l

le
l

ctron 

e
l

xcitation e
l

asie
l

r and causing the
l

 absorption wave
l

le
l

ngth to shift toward longe
l

r wave
l

le
l

ngths. 
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In addition, this shift is also influe
l

nce
l

d by the
l

 pre
l

se
l

nce
l

 of a hydroxyl auxochrome
l

 in the
l

 

chromophore
l

 (L e
l

t al., 2019; Suhartati, 2006). 

 

 

Figure 4. UV–Vis Spectrum of Monopalmitate Curcumin Ester Product 

 

Antimicrobial Activity Test 

The
l

 antibacte
l

rial activity of e
l

ach pre
l

cursor and e
l

ste
l

r product was e
l

valuate
l

d against 

the
l

 Gram-positive
l

 bacte
l

rium Staphylococcus aure
l

us and the
l

 Gram-ne
l

gative
l

 bacte
l

rium 

E
L

sche
l

richia coli. In this study, the
l

 sample
l

s ge
l

ne
l

rally produce
l

d large
l

r inhibition zone
l

s against 

E
L

sche
l

richia coli compare
l

d to Staphylococcus aure
l

us. The
l

 re
l

sults of the
l

 antimicrobial activity 

obse
l

rvations are
l

 pre
l

se
l

nte
l

d in Table
l

 1. 

 

Table 1. Measurement Results of Microbial Inhibition Zone Diameters 

Test Sample 
Inhibition Zone Diameter 

(mm)  

 
S. aure

l

us E
L

. coli 

Monopalmitate
l

–Curcumin 7.00 7.50 

Dipalmitate
l

–Curcumin 7.00 8.33 

Palmitic Acid 6.50 6.67 

DMSO (–) – – 

Chloramphe
l

nicol (+) 13.33 17.00 

 

Base
l

d on the
l

 re
l

sults pre
l

se
l

nte
l

d in Table
l

 1, all te
l

ste
l

d sample
l

s e
l

xhibite
l

d we
l

ak 

antimicrobial activity against both bacte
l

rial strains, as indicate
l

d by the
l

 re
l

lative
l

ly small 

inhibition zone
l

s. The
l

 monoe
l

ste
l

r product showe
l

d lowe
l

r e
l

ffe
l

ctive
l

ne
l

ss against the
l

 Gram-

ne
l

gative
l

 bacte
l

rium E
L

sche
l

richia coli, which may be
l

 attribute
l

d to the
l

 pre
l

se
l

nce
l

 of an oute
l

r 

me
l

mbrane
l

 compose
l

d of hydrophilic lipopolysaccharide
l

s. This structure
l

 acts as a barrie
l

r to 
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macromole
l

cule
l

s and hydrophobic compounds, the
l

re
l

by incre
l

asing bacte
l

rial re
l

sistance
l

 to such 

antimicrobial age
l

nts (Naulidia e
l

t al., 2020). 

Antimicrobial activity may occur through se
l

ve
l

ral me
l

chanisms, including inhibition of 

bacte
l

rial quorum se
l

nsing (QS) syste
l

ms, inte
l

raction with DNA le
l

ading to bacte
l

riostatic 

e
l

ffe
l

cts, disruption of RNA and prote
l

in synthe
l

sis, inte
l

raction with ce
l

llular prote
l

ins or 

e
l

nzyme
l

s, and damage
l

 to the
l

 ce
l

ll wall and me
l

mbrane
l

 (Zhe
l

ng e
l

t al., 2020). In this conte
l

xt, the
l

 

hydroxyl (–OH) groups pre
l

se
l

nt in the
l

 e
l

ste
l

r products may contribute
l

 to bacte
l

rial ce
l

ll lysis and 

re
l

duce
l

d me
l

mbrane
l

 pe
l

rme
l

ability, ultimate
l

ly impairing ce
l

llular function and le
l

ading to 

bacte
l

rial ce
l

ll de
l

ath, as re
l

fle
l

cte
l

d by the
l

 obse
l

rve
l

d inhibition zone
l

s (Yaqoob e
l

t al., 1994). 

The
l

 antimicrobial activity of fatty acids is also influe
l

nce
l

d by factors such as carbon 

chain le
l

ngth, de
l

gre
l

e
l

 of unsaturation (numbe
l

r of double
l

 bonds), and the
l

 configuration of the
l

se
l

 

bonds (cis or trans) (Yoon e
l

t al., 2018). Short- to me
l

dium-chain fatty acids ge
l

ne
l

rally e
l

xhibit 

stronge
l

r antimicrobial e
l

ffe
l

cts, particularly in the
l

 form of monoglyce
l

ride
l

s, whe
l

re
l

as long-chain 

saturate
l

d fatty acids te
l

nd to be
l

 le
l

ss e
l

ffe
l

ctive
l

. Additionally, the
l

 numbe
l

r and position of double
l

 

bonds in fatty acids with 12–22 carbon atoms play a significant role
l

 in antimicrobial activity. 

Cis double
l

 bonds e
l

nhance
l

 antimicrobial e
l

fficacy compare
l

d to straight-chain fatty acids, while
l

 

trans configurations are
l

 ge
l

ne
l

rally le
l

ss active
l

 (Yoon e
l

t al., 2018). In line
l

 with the
l

se
l

 findings, 

palmitic acid de
l

monstrate
l

d re
l

lative
l

ly small inhibition zone
l

s due
l

 to its long saturate
l

d carbon 

chain. Antimicrobial activity is commonly classifie
l

d base
l

d on inhibition zone
l

 diame
l

te
l

r as 

strong (>14 mm), mode
l

rate
l

 (10–13 mm), we
l

ak (7–9 mm), and inactive
l

 (<6 mm), according 

to standard classifications use
l

d in non-clinical disk diffusion studie
l

s (Balouriri e
l

t al., 2016; 

Davis & Stout, 1971). 

 

Toxicity Test on Daphnia magna 

This study was conducte
l

d in two stage
l

s, name
l

ly a pre
l

liminary te
l

st and a de
l

finitive
l

 

te
l

st. The
l

 pre
l

liminary te
l

st was carrie
l

d out to de
l

te
l

rmine
l

 the
l

 optimal conditions unde
l

r which 

the
l

 te
l

st organisms e
l

xhibite
l

d le
l

ss than 10% mortality, while
l

 the
l

 de
l

finitive
l

 te
l

st was pe
l

rforme
l

d 

by re
l

fining the
l

 sample
l

 conce
l

ntration base
l

d on the
l

 re
l

sults of the
l

 initial obse
l

rvations (E
L

dwin 

e
l

t al., 2017). The
l

 pre
l

liminary te
l

st was conducte
l

d unde
l

r thre
l

e
l

 conditions: we
l

ll wate
l

r only, 

we
l

ll wate
l

r with 2% DMSO, and we
l

ll wate
l

r with 5% DMSO. DMSO was use
l

d as a solve
l

nt 

for the
l

 e
l

ste
l

r products and varie
l

d to e
l

valuate
l

 the
l

 tole
l

rance
l

 of D. magna to the
l

 solve
l

nt. The
l

 

re
l

sults of the
l

 pre
l

liminary te
l

st are
l

 pre
l

se
l

nte
l

d in Table
l

 2. Base
l

d on the
l

se
l

 findings, the
l

 optimal 

condition for subse
l

que
l

nt te
l

sting was ide
l

ntifie
l

d as we
l

ll wate
l

r with 2% DMSO, as it re
l

sulte
l

d 

in a mortality rate
l

 of le
l

ss than 10%. 
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Table 2. Preliminary Toxicity Test Results of Daphnia magna 

Condition Population (individuals) Mortality (%) 
 

  
24 Hours 48 Hours 

We
l

ll Wate
l

r 10 0.00 80.00 

We
l

ll Wate
l

r + 2% DMSO 10 3.33 96.67 

We
l

ll Wate
l

r + 5% DMSO 10 26.67 100.00 

 

The
l

 ne
l

xt stage
l

 was the
l

 de
l

finitive
l

 te
l

st, the
l

 re
l

sults of which are
l

 pre
l

se
l

nte
l

d in Table
l

 4. 

Base
l

d on the
l

 data, for e
l

ach e
l

ste
l

r product as we
l

ll as the
l

 pre
l

cursor compounds, highe
l

r 

conce
l

ntrations corre
l

spond to incre
l

ase
l

d mortality of Daphnia magna. The
l

 highe
l

st mortality 

pe
l

rce
l

ntage
l

 for e
l

ach e
l

ste
l

r product was obse
l

rve
l

d at a conce
l

ntration of 1000 ppm. In the
l

 toxicity 

asse
l

ssme
l

nt, LC₅₀ value
l

s we
l

re
l

 calculate
l

d to de
l

te
l

rmine
l

 the
l

 conce
l

ntration of a compound 

capable
l

 of causing 50% mortality in the
l

 te
l

st organism (D. magna). The
l

 LC₅₀ value
l

 was 

obtaine
l

d from the
l

 re
l

gre
l

ssion e
l

quation (y = a + bx), whe
l

re
l

 y = 5 re
l

pre
l

se
l

nts 50% mortality as 

the
l

 de
l

pe
l

nde
l

nt variable
l

, allowing the
l

 de
l

te
l

rmination of x as the
l

 inde
l

pe
l

nde
l

nt variable
l

. The
l

 

obtaine
l

d x value
l

 was the
l

n conve
l

rte
l

d into its antilogarithm to yie
l

ld the
l

 LC₅₀ value
l

. 

 

Table 3. Definitive Toxicity Test of Daphnia magna 

Sample 
Concentration 

(mg/L) 
Log [C] 

Mortality 

(%) 

Probit 

Value 

LC₅₀ 

(mg/L) 

Control – – 0 – – 

Curcumin 50 1.69 30.0 4.47 84.84 

 
100 2.00 56.7 5.16 

 

 
250 2.39 76.7 5.72 

 

 
500 2.69 100.0 8.71 

 

 
1000 3.00 100.0 8.71 

 
Palmitic Acid 50 1.69 20.0 4.16 125.24 

 
100 2.00 30.0 4.74 

 

 
250 2.39 66.7 5.42 

 

 
500 2.69 83.3 5.96 

 

 
1000 3.00 100.0 8.71 

 
Dipalmitate

l

–Curcumin 

E
L

ste
l

r 
50 1.69 0.0 0.00 412.28 

 
100 2.00 10.0 3.71 

 

 
250 2.39 33.3 3.16 

 

 
500 2.69 66.7 5.42 
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Sample 
Concentration 

(mg/L) 
Log [C] 

Mortality 

(%) 

Probit 

Value 

LC₅₀ 

(mg/L) 

 
1000 3.00 96.7 6.82 

 
Monopalmitate

l

–

Curcumin E
L

ste
l

r 
50 1.69 23.3 3.06 153.65 

 
100 2.00 46.7 4.91 

 

 
250 2.39 73.3 5.62 

 

 
500 2.69 80.0 5.84 

 

 
1000 3.00 100.0 8.71 

 
 

Base
l

d on the
l

 toxicity re
l

sults, the
l

 obse
l

rve
l

d LC₅₀ value
l

s can be
l

 inte
l

rpre
l

te
l

d according 

to the
l

 toxicity classification propose
l

d by Anty e
l

t al. (2024), as pre
l

se
l

nte
l

d in Table
l

 4. The
l

 LC₅₀ 

value
l

 of monopalmitate
l

–curcumin is lowe
l

r than that of dipalmitate
l

 curcumin, indicating 

highe
l

r toxicity. This diffe
l

re
l

nce
l

 is like
l

ly due
l

 to the
l

 pre
l

se
l

nce
l

 of a fre
l

e
l

 phe
l

nolic hydroxyl (–

OH) group in the
l

 monoe
l

ste
l

r, which may disrupt ce
l

ll me
l

mbrane
l

 pe
l

rme
l

ability. In addition, the
l

 

compound may act as a stomach poison, inte
l

rfe
l

ring with the
l

 dige
l

stive
l

 syste
l

m of Daphnia 

magna and ultimate
l

ly causing mortality (Anty e
l

t al., 2024). The
l

 toxic prope
l

rtie
l

s of a 

compound are
l

 strongly influe
l

nce
l

d by its che
l

mical structure
l

 and functional groups. Pre
l

vious 

re
l

se
l

arch by Alfi N. (2017) on e
l

sse
l

ntial oils re
l

porte
l

d that the
l

ir toxicity is associate
l

d with the
l

 

pre
l

se
l

nce
l

 of functional groups such as hydroxyl (–OH) and carbonyl (C=O), which can 

contribute
l

 to biological re
l

activity and toxic e
l

ffe
l

cts. 

 

Table 4. Toxicity Levels Based on LC50 Values 

LC50 (mg/L) Toxicity Le
l

ve
l

l 

0-100 Highly Toxic 

100-500 Mode
l

rate
l

ly Toxic 

500-1000 Low Toxicity 

>1000 Non-Toxic 

 

4. Conclusion 
 

Ste
l

glich e
l

ste
l

rification of palmitic acid with curcumin succe
l

ssfully produce
l

d 

dipalmitate
l

–curcumin and monopalmitate
l

–curcumin e
l

ste
l

rs. The
l

 formation of the
l

se
l

 e
l

ste
l

r 

products was confirme
l

d through FT-IR and UV–Vis characte
l

rization. Antimicrobial te
l

sting 

re
l

ve
l

ale
l

d that dipalmitate
l

–curcumin e
l

xhibite
l

d gre
l

ate
l

r activity against E
L

sche
l

richia coli, while
l

 

monopalmitate
l

–curcumin showe
l

d highe
l

r activity against Staphylococcus aure
l

us. Toxicity 

e
l

valuation using Daphnia magna indicate
l

d that monopalmitate
l

–curcumin is more
l

 toxic than 

dipalmitate
l

–curcumin, which is like
l

ly attribute
l

d to the
l

 pre
l

se
l

nce
l

 of a fre
l

e
l

 phe
l

nolic hydroxyl 

group in the
l

 monoe
l

ste
l

r structure
l

. 
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