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Abstract
		
	 Cacao pod husk (Theobroma cacao L.), a major agro-industrial by-product representing 
more than 70% of cocoa fruit weight, is a rich source of bioactive secondary metabolites 
including flavonoids, polyphenols, tannins, alkaloids, and quinones. This study evaluated 
the cytotoxic activity of a methanol extract against P388 murine leukemia cells using 
the MTT assay, cellular antioxidant capacity via superoxide dismutase (SOD) activity and 
malondialdehyde (MDA) levels in hydrogen peroxide (H2O2)-induced human erythrocytes, 
and comprehensive phytochemical profiling with thin-layer chromatography (TLC) 
fingerprinting. Physicochemical characterization of the simplicia, performed to verify 
compliance with standardization parameters, revealed a moisture content of 2.49±0.70% 
v/w, total ash of 6.185±0.103% w/w, water-soluble extractive of 12.47±0.03% w/w, 
and ethanol-soluble extractive of 6.86±0.54% w/w. Phytochemical screening confirmed 
flavonoids, alkaloids, tannins, polyphenols, monoterpenes, sesquiterpenes, and quinones. 
Soxhlet extraction produced a higher yield (21.59%) than cold maceration (19.46%), 
supporting its use for subsequent bioactivity testing. At 53.8 µg/mL, the extract reduced 
MDA levels to a near-normal value (0.8780±0.0060 nmol/mL) and increased SOD activity 
(14.8493±0.0001 units/mL) to values higher than those obtained with the quercetin 
positive comparator, although no formal statistical comparison between groups was 
performed. The MTT assay yielded an IC50>100 ug/mL (extrapolated estimate 106.64 ug/
mL) against P388 leukemia cells, classifying the crude extract as inactive against this cell 
line. These findings indicate that T. cacao pod husk possesses notable cellular antioxidant 
activity accompanied by weak direct cytotoxicity at the crude-extract level, supporting 
its potential as a candidate for bioactivity-guided fractionation in future studies.
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INTRODUCTION 
	
	 Cancer represents one of the most 
formidable global public health challenges of 
the twenty-first century. In 2022, an estimated 20 
million new cancer cases were diagnosed and 9.7 
million cancer-related deaths occurred worldwide 
(Bray, et al., 2024). Hematologic malignancies, 
particularly leukemia, account for approximately 
30% of all childhood cancer diagnoses in developing 
countries, with acute lymphoblastic leukemia (ALL) 
constituting 70–80% of pediatric leukemia cases in 
children under 15 years of age (Steliarova-Foucher, 
et al., 2017 and Bhakta, et al., 2019). The five-
year overall survival rate for ALL in high-income 
countries now exceeds 90%, yet outcomes remain 
substantially lower in low- and middle-income 
countries due to limited access to optimal therapy 
(Pui, et al., 2018  Hunger and Mullighan, 2015).
	 Despite significant advances in 
chemotherapy, standard anthracycline-based 
regimens—most notably doxorubicin—are 
associated with severe and often irreversible 
cardiotoxicity, imposing a substantial long-term 
health burden on pediatric survivors (Zamorano, et 
al., 2016  Armenian, et al., 2017). These limitations 
have catalyzed a global resurgence of interest 
in plant-derived natural products as sources of 
structurally diverse lead compounds with potential 
anticancer activity and improved safety profiles 
(Newman and Cragg, 2020  Atanasov, et al., 2021). 
Indeed, more than 60% of currently approved 
anticancer drugs are derived from or inspired 
by natural product scaffolds, underscoring the 
continued importance of biodiversity as a source of 
therapeutic innovation (Harvey, et al., 2015).
	 The cacao tree (Theobroma cacao L., 
family Malvaceae, formerly Sterculiaceae) is 
one of the most economically significant tropical 
crops globally, primarily cultivated for its seeds 
(Campos-Vega, et al., 2018). However, the pod 
husk—constituting approximately 73% of the 
fresh fruit weight—is generated as a massive 

agro-industrial by-product and largely discarded, 
representing a significant environmental burden 
and an unexploited bioeconomy resource (Campos-
Vega, et al., 2018  Okiyama, et al., 2017). Scientific 
characterization of T. cacao by-products, including 
pod husk and bean shell, has revealed a complex 
mixture of condensed flavonoids (anthocyanidins, 
catechins, leucoanthocyanidins), polyphenols, 
tannins, and alkaloids including theobromine 
(~0.4% dry weight) (Nzekoue, et al., 2020  Maleyki 
and Ismail, 2010). The pod husk also contains 
monoterpenes, sesquiterpenes, and quinones, all of 
which contribute to its broad spectrum of biological 
activities (Crozier, et al., 2011).
	 Oxidative—stress defined as an imbalance 
between reactive oxygen species (ROS) production 
and cellular antioxidant defense capacity—is 
recognized as a central driver of oncogenesis, 
tumor progression, and chemotherapy resistance 
(Pizzino, et al., 2017  Jomova, et al., 2023). At 
physiological concentrations, ROS serve as second 
messengers in intracellular signaling cascades; 
however, when overproduced, they damage DNA, 
proteins, and membrane lipids, promoting genomic 
instability and malignant transformation (Forman 
and Zhang, 2021  Schieber and Chandel, 2014). 
The redox environment within cancer cells is 
characteristically dysregulated, making antioxidant 
phytochemicals attractive as chemopreventive and 
adjuvant therapeutic agents (Rojo de la Vega, et al., 
2017).
	 Malondialdehyde (MDA), a major end-
product of polyunsaturated fatty acid peroxidation, 
serves as a widely validated biomarker of lipid 
peroxidation-mediated cellular damage (Tsikas, 
2017;  Yin, et al., 2011). Quantification of MDA via 
the thiobarbituric acid (TBA) colorimetric assay is 
one of the most widely used indices of oxidative 
cellular injury in biological systems (Ayala, et al., 
2014).  Superoxide dismutase (SOD), which catalyzes 
the dismutation of superoxide radicals to hydrogen 
peroxide and molecular oxygen, constitutes the first 
line of enzymatic defense against ROS (Fukai and                                                                                                    
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Ushio-Fukai, 2011; Wang, et al., 2018). Depression 
of SOD activity is a hallmark of oxidative stress-
induced cellular damage (Ighodaro and Akinloye, 
2018). The ex vivo model employing H2O2-induced 
oxidative stress in human erythrocytes is a well-
established, physiologically relevant platform for 
evaluating cellular antioxidant capacity of plant 
extracts, given the susceptibility of erythrocyte 
membranes to lipid peroxidation (Kurata, et al., 
1993; Santi, et al., 2011).
	 The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) reduction 
assay is the gold-standard colorimetric method for 
high-throughput assessment of antiproliferative 
activity, relying on the reduction of the yellow 
tetrazolium salt to purple formazan by metabolically 
active cells (Riss, et al., 2016; Vichai and Kirtikara, 
2006). Previous investigations on T. cacao pod 
husk documented potent DPPH radical-scavenging 
activity (IC50 5.38 µg/mL) and preliminary 
cytotoxic activity against brine shrimp (LC50 39.69 
µg/mL), suggesting anticancer potential warranting 
evaluation in mammalian cancer cell models 
(Prayong, et al., 2008).
	 This study aimed to characterize the 
pharmacognostic standard parameters of T. cacao 
pod husk simplicia, conduct phytochemical 
screening and TLC fingerprinting of both cold 
maceration and Soxhlet methanol extracts, quantify 
cellular antioxidant capacity via SOD activity 
and MDA levels using an ex vivo H2O2-induced 
erythrocyte model, and evaluate in vitro cytotoxic 
activity against P388 murine leukemia cells by the 
MTT assay.
	
MATERIALS AND METHODS

Plant Material and Simplicia Preparation
	 Cacao pod husks (T. cacao L.) were 
collected from community plantations in Desa 
Puspahiang, Tasikmalaya, West Java, Indonesia. 
The Herbarium Bandungense, Institut Teknologi 
Bandung (ITB) confirmed the botanical identity 

of the specimen as Theobroma cacao L. (family 
Malvaceae, formerly Sterculiaceae) (verification 
letter No. 590/I1.CO2.2/PL/2014). Ripe fruits were 
harvested; husks were separated, washed, cut into 
smaller pieces, and dried by indirect shade-drying 
to preserve thermolabile active constituents. The 
dried material was pulverized and sieved to obtain 
uniform simplicia powder.

Simplicia Characterization
	 Standard pharmacognostic parameters were 
determined according to Indonesian Pharmacopoeial 
standards. Macroscopic examination recorded 
morphological descriptors including color, odor, 
taste, shape, and dimensions. Microscopic analysis 
at 400× magnification using chloral hydrate was 
performed to identify diagnostic cellular elements. 
Physicochemical parameters determined included: 
total ash content, water-soluble ash, water-soluble 
extractive, ethanol-soluble extractive (95% 
ethanol), and moisture content by azeotropic toluene 
distillation. All determinations were performed in 
duplicate.

Extraction
	 Two parallel extraction methods were 
employed on ~300 g simplicia each using redistilled 
methanol. Cold maceration (301.01 g): immersed 
in methanol, stirred intermittently during the first 6 
h, then left for 18 h; repeated three times until the 
filtrate was colorless. Soxhlet continuous extraction 
(300 g): placed in a cellulose thimble with 1.7 L 
methanol and extracted for 3 days at 8 h per day 
until the solvent in the siphon was colorless. Both 
extracts were concentrated under reduced pressure 
at 60°C using a rotary evaporator and further 
evaporated on a water bath to yield viscous crude 
extracts.

Phytochemical Screening
	 Qualitative phytochemical screening 
of simplicia powder and methanol extracts was 
performed using standard colorimetric methods. 
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Alkaloids were identified using Mayer’s and 
Dragendorff’s reagents after chloroform–HCl 
2N partitioning. Flavonoids were detected by the 
magnesium–HCl reduction test with amyl alcohol 
partitioning, yielding red-to-orange coloration as a 
positive result. Quinones were detected by treatment 
with KOH 5%, tannins by 1% gelatin solution 
precipitation, and polyphenols by FeCl3 1% (blue-
black coloration). Saponins were identified by 
vigorous shaking producing stable foam, steroids 
and triterpenoids by the Liebermann–Burchard 
reaction, and monoterpenes and sesquiterpenes by 
vanillin 10% in H2SO4 reagent.

Thin-Layer Chromatography (TLC) 
Fingerprinting
	 Methanol extracts were spotted on silica 
gel GF254 aluminum plates. The mobile phase 
n-hexane–ethyl acetate (6:4 v/v) was used; the 
development chamber was pre-saturated for 30 
minutes. Plates were observed under UV light at 
254 nm and 366 nm, and AlCl3 1% in ethanol was 
sprayed to detect flavonoids by their characteristic 
yellow fluorescence under UV 366 nm.

Cellular Antioxidant Assessment
Preparation of 10% RBC Suspension
	 Blood type O from a healthy, non-smoking 
male volunteer (not medicated for at least 2 days) 
was centrifuged at 3000 rpm for 5 minutes. The 
plasma was discarded and the erythrocyte pellet 
was washed three times with 0.9% NaCl solution 
(3× pellet volume), with re-centrifugation at 3000 
rpm for 5 minutes after each wash. Ten mL of 
the washed pellet was resuspended in phosphate-
buffered saline (PBS, pH 7.4) to 100 mL to yield a 
10% RBC suspension.

Experimental Groups
	 Six groups in triplicate were used:                        
(1) normal control, 2 mL RBC 10%; (2) negative 
control, 1 mL RBC 10% + 1 mL H2O2 200 mM;               

(3) positive comparator, 1 mL RBC 10% + quercetin 
538 µg/mL + 1 mL H2O2 200 mM; (4) test group 1, 
extract 5.38 µg/mL + H2O2; (5) test group 2, extract 
53.8 µg/mL + H2O2; and (6) test group 3, extract 
538 µg/mL + H2O2. Extract solutions were prepared 
by dissolving the viscous extract in DMSO then 
diluting with distilled water.

Measurement of Malondialdehyde (MDA) 
Levels
	 For all treatment groups, the RBC 
suspension was pre-incubated with extract or 
quercetin at 37°C for 60 minutes, then H2O2 200 mM 
was added and incubation continued for a further 60 
minutes at 37°C. After centrifugation (3000 rpm, 5 
min), 0.25 mL supernatant was combined with 0.25 
mL distilled water and 1.25 mL TCA 20%, then        
re-centrifuged. From the resultant supernatant, 1 mL 
was added to 0.5 mL TBA 0.67%, heated at 100°C 
for 30 minutes, cooled under running water, and 
absorbance read at 532.5 nm. MDA concentrations 
were interpolated from a tetraethoxypropane (TEP) 
calibration curve (y = 0.058x − 0.0087; r = 0.9985) 
(Tsikas, 2017; Santi, et al., 2011).

Measurement of Superoxide Dismutase 
(SOD) Activity
	 SOD activity was determined by the 
adrenochrome assay based on inhibition of 
epinephrine autooxidation in alkaline medium. 
After treatment and oxidative induction as above, 
1 mL supernatant was diluted with 7 mL distilled 
water; 1 mL of this dilution was mixed with 1 mL 
chloroform–96% ethanol (3:5 v/v) and centrifuged 
(3000 rpm, 5 min). From the aqueous phase, 50 µL 
was combined with 2900 µL carbonate buffer (pH 
10.2) and 50 µL 0.02 M epinephrine. Absorbance 
was measured at 480 nm at minutes 1, 2, 3, and 4. 
SOD activity (units/mL) was calculated from the 
percentage inhibition of epinephrine autooxidation 
relative to the blank (Fukai and Ushio-Fukai, 2011; 
Wang, et al., 2018; Ighodaro and Akinloye, 2018).
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Cytotoxicity Assay — 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) Method
	 Cytotoxic activity was evaluated against 
P388 murine lymphocytic leukemia cells following 
the MTT protocol established by the Cancer 
Chemoprevention Research Center (CCRC), 
Universitas Gadjah Mada (Riss, et al., 2016).
Cells were maintained in RPMI-1640 medium 
supplemented with 10% FBS and kanamycin at 
37°C under 5% CO2. Cells were seeded at 3×103 
cells/well in 96-well flat-bottom plates and pre-
incubated overnight for equilibration. Serial 
concentrations of both the Soxhlet and cold-
maceration methanol extracts (0.1–100 µg/mL, 
triplicate) and doxorubicin as positive control were 
added and incubated for 48 h. MTT solution (0.5 
mg/mL in PBS, 20 µL/well) was added; after 4 h, 
formazan crystals were solubilized with SDS 10% 
in 0.1 N HCl. Absorbance was read at 540 nm. IC50 
values were derived from logarithmic regression 

using OriginPro 8.0. Extracts with IC50>30 µg/mL 
are classified as inactive per established criteria 
(Vichai and Kirtikara, 2006; Prayong, et al., 2008).

RESULTS

Simplicia Characterization
	 Botanical verification confirmed the test 
material as authentic T. cacao L. (family Malvaceae, 
formerly Sterculiaceae). Macroscopic examination 
of fresh cacao pod husks revealed ovoid-to-oblong 
fruits (length approx. 19 cm, width approx. 7 cm), 
yellow-green to yellow-orange in color, with a 
characteristic pungent odor and bitter taste (Figure 
1A–B). After shade-drying and pulverization, the 
simplicia powder was blackish-brown in color 
(Figure 1C). Microscopic analysis identified stone 
cells of the epicarp and monocellular covering 
trichomes as the primary diagnostic elements 
(Figure 1D). Macroscopic characteristics are 
summarized in Table 1.

Figure 1. Macroscopic and microscopic characterization of Theobroma cacao pod husk. (A) Cacao plant 
and fresh pod husks from community plantations in Tasikmalaya, West Java, and a transverse section 
of the fresh husk. (B) Length (approx. 18 cm) and width (approx. 9 cm) measurement of the fresh husk.                       
(C) Chopped fresh pod husk before drying (left) and dried simplicia (right). (D) Microscopic appearance of 
the simplicia powder showing epicarp stone cells and monocellular covering trichomes (chloral hydrate 
mounting medium, 400× magnification).



210

Faramayuda, et al., 
Indones. J. Cancer Chemoprevent., 16(3), 205-220

Table 1. Macroscopic characteristics of T. cacao pod husk and its simplicia.

	 Standard physicochemical parameters are 
presented in Table 2 Moisture content (2.49±0.70% 
v/w) satisfied the pharmacopoeial requirement of 
<10%. The water-soluble extractive (12.47±0.03% 
w/w) substantially exceeded the ethanol-soluble 
extractive (6.86±0.54% w/w).

Extraction Yield
	 Soxhlet continuous extraction of 300 g 
simplicia over 3 days yielded a viscous dark extract 
with a yield of 21.59%. Cold maceration of 301.01 
g simplicia yielded 19.46%, indicating a higher 
extraction efficiency for the Soxhlet method; the 

Soxhlet methanol extract was therefore selected for 
the cellular antioxidant assays, while phytochemical 
screening and the MTT assay were performed on 
both extracts for comparison.

Phytochemical Screening
	 Qualitative phytochemical screening 
(Table 3) revealed identical profiles across simplicia 
powder and both methanol extracts: flavonoids, 
alkaloids, tannins, polyphenols, monoterpenes, 
sesquiterpenes, and quinones were detected in all 
samples, while saponins and steroids/triterpenoids 
were absent.

Table 2. Standard pharmacognostic parameters of T. cacao pod husk simplicia.

Parameter Fresh Husk  Dried Simplicia 

Color Yellow-green to yellow-orange Blackish-brown 

Odor  Characteristic, pungent Characteristic, pungent 

Taste Bitter  Bitter 

Shape Ovoid to oblong  Irregular fragments 

Size Length approx. 19 cm, width approx. 7 cm Variable powder 

 

No Parameter Result 
(mean±SD) 

Unit Reference/literature range 

1 Total ash content 6.185±0.103  % w/w  No compendial monograph 
exists for T. cacao pod husk; 
general Indonesian Herbal 
Pharmacopoeia guidance for 
leaf/bark drugs was used as 
reference only 

2 Water-soluble ash 4.90±0.17 % w/w As above 

3 Water-soluble extractive  12.47±0.03 % w/w As above 

4 Ethanol-soluble extractive  6.86±0.54  % w/w  As above 

5 Moisture content 
(distillation) 

2.49±0.70 % v/w Indonesian Herbal 
Pharmacopoeia general limit: 
<10% v/w 
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Compound Class Simplicia Maceration Extract Soxhlet Extract 

Flavonoids + + + 

Alkaloids + + + 

Tannins + + + 

Polyphenols + + + 

Monoterpenes & Sesquiterpenes + + + 

Quinones + + + 

Saponins – – – 

Steroids & Triterpenoids – – – 

 

Table 3. Phytochemical screening results of T. cacao pod husk simplicia and methanol extracts.

(+): positive; (–): negative

Thin-Layer Chromatography (TLC) 
Fingerprinting
	 TLC analysis of the Soxhlet methanol 
extract using n-hexane–ethyl acetate (6:4 v/v) on 
silica gel GF254 revealed a fluorescent spot at Rf 

0.73 under UV 366 nm (Figure 2). Upon spraying 
with AlCl3 reagent, an intense yellow-fluorescing 
spot was confirmed at Rf 0.21, characteristic of 
flavonoid compounds. The maceration extract 
showed a corresponding spot at Rf 0.70.

Figure 2. TLC profile of T. cacao pod husk methanol extract (mobile phase: n-hexane-ethyl acetate                                                                                                                                         
6:4 v/v): A. upper panels, fluorescent spot at Rf 0.73 under UV 366 nm; B. lower panels,                                                            
yellow-green fluorescence at Rf 0.21 after AlCl3 spray reagent under UV 366 nm, indicative of                        
flavonoid compounds.

Cellular Antioxidant Capacity
Malondialdehyde (MDA) Levels
	 The TEP calibration curve was linear over 
0.25–2.0 nmol/mL (y = 0.058x − 0.0087; r = 0.9985; 
Figure 3).

	 H2O2 induction in the negative control 
markedly elevated MDA levels (1.6504±0.0066 
nmol/mL) compared with the normal control 
(0.7888±0.0037 nmol/mL), confirming successful 
oxidative stress induction (Figure 4). All three test 

A

B
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concentrations reduced MDA relative to the negative 
control. Test group 2 (53.8 µg/mL) achieved a 
near-normal MDA level (0.8780±0.0060 nmol/
mL), lower than that of the quercetin comparator 
(1.4991±0.0032 nmol/mL); no formal statistical 
test was performed to compare these two groups. 
Test group 3 (538 µg/mL) showed less reduction 
than test group 2, suggesting a non-linear dose-
response relationship.

Superoxide Dismutase (SOD) Activity
	 SOD activity was severely depressed in 
the negative control (1.8362±0.0003 units/mL) 
relative to the normal control (3.6427±0.0009 

Figure 3. Calibration curve of tetraethoxypropane (TEP) standard at λ 532.5 nm. Linear regression:                      
y = 0.058x − 0.0087; r = 0.9985.

units/mL) following H2O2 induction. Test group 
2 (53.8 µg/mL) demonstrated the highest SOD 
activity (14.8493±0.0001 units/mL) among all 
groups, exceeding both the quercetin comparator 
(12.8356±0.0001 units/mL) and test group 1 
(12.4247±0.0009 units/mL); again, no formal 
statistical comparison between groups was 
performed. Test group 3 (538 µg/mL) showed 
paradoxically lower SOD activity (4.0000±0.0007 
units/mL) than groups 1 and 2. MDA and SOD 
results for all experimental groups are summarized 
numerically in the Supplementary Data; the values 
are illustrated in Figures 4 and 5.

Figure 4. Mean MDA levels (nmol/mL) in 10% RBC suspension across experimental groups. Test group 2           
(53.8 µg/mL) achieved the lowest, near-normal MDA level among the treated groups. Data are presented 
as mean +/- SD (n=3).
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Figure 5. SOD activity (units/mL) in 10% RBC suspension across experimental groups. Test group 2 (extract 
53.8 µg/mL) achieved the highest SOD activity among all groups. Data are presented as mean +/- SD (n=3).

Cytotoxic Activity Against P388 Leukemia 
Cells
	 Logarithmic regression analysis yielded an 
extrapolated IC50 of 106.64 ug/mL (i.e., >100 ug/
mL, the highest concentration tested) for the Soxhlet 
methanol extract against P388 leukemia cells, which 
is classified as inactive according to the widely 
applied threshold of IC50>30 µg/mL for crude plant 
extracts (Vichai and Kirtikara, 2006; Prayong, et al., 

2008). Doxorubicin, used as the positive control, 
demonstrated strong cytotoxic activity (IC50<5 µg/
mL). The concentration–response data underlying 
this IC50 value (mean absorbance at 540 nm across 
triplicate wells, 0.1–100 µg/mL) are shown in 
Figure 6, together with the corresponding data for 
the cold-maceration extract (extrapolated IC50 of 
112.65 ug/mL, i.e., >100 ug/mL) for comparison.

Figure 6. Concentration–response data underlying the reported P388 IC50 values for the T. cacao pod husk 
Soxhlet methanol extract (IC50=106.64 µg/mL) and the cold-maceration methanol extract (IC50=112.65 
µg/mL). Points show individual triplicate absorbance readings at 540 nm; lines connect the concentra-
tion-wise means. Vertical dotted lines mark the corresponding IC50 values, previously determined by             
logarithmic regression (OriginPro 8.0). Both IC50 values lie above the highest concentration tested (100 
ug/mL) and are therefore extrapolated estimates.
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DISCUSSION

Pharmacognostic Standardization
	 The standardization of T. cacao pod husk 
simplicia establishes essential quality bench-
marks for biological activity studies. Moisture 
content of 2.49±0.70% v/w confirmed adequate 
drying, well below the critical 10% threshold 
above which microbial proliferation and enzy-
matic hydrolysis of thermolabile constituents 
are initiated (Mukherjee, et al., 2017). The total                                                                                          
ash value (6.185±0.103% w/w) falls within the 
range commonly reported for dried plant materials,                                                                                
although no compendial limit exists for T. cacao 
pod husk. It represents the sum of physiological                                                                                          
minerals—including calcium, magnesium, 
and potassium—as well as non-physiological                                         
contaminants such as silica and soil particles.
	 The markedly higher water-soluble            
extractive content (12.47±0.03% w/w) relative to 
the ethanol-soluble extractive (6.86±0.54% w/w)               
indicates that the predominant compounds in T.                                                                                                  
cacao pod husk are polar, including flavonoid 
O-glycosides, hydrophilic polyphenols, and organic    
acids, consistent with reports on other Malvaceae 
(formerly Sterculiaceae) species and cocoa-derived 
matrices (Panche, et al.,  2016; Tungmunnithum, et 
al., 2018; Fraga, et al., 2019; Tsao, 2010”.

Phytochemical Composition
	 The phytochemical profile of T. cacao pod 
husk—flavonoids, alkaloids, tannins, polyphenols, 
monoterpenes, sesquiterpenes, and quinones— 
was consistent across simplicia powder and both                 
methanol extracts (Table 3), confirming that both 
extraction methods solubilized the same compound 
classes (Campos-Vega, et al., 2018; Nzekoue, et al., 
2020). The principal flavonoid constituents of T.                                                                                                        
cacao–catechins, epicatechins, and procyanidins–
are potent radical scavengers that neutralize reactive 
oxygen species via the o-dihydroxyl group on the 
B-ring and chelate transition metal ions that would 
otherwise catalyze Fenton-type radical generation 

(Panche, et al., 2016; Xu, et al., 2019; Procház-
ková, et al., 2011; Pietta, 2000). Tannins contribute 
antioxidant activity through protein precipitation 
and iron chelation, while the alkaloid theobromine 
(~0.4% dry weight) and the quinones detected 
here have been separately linked to cardiovascu-
lar, anti-inflammatory, and redox-active biological 
effects (Smeriglio, et al., 2017; Oo, et al., 2021; 
Bautista-Expósito, et al., 2021; Aniszewski, 2015;                                                                                             
Martínez-Pinilla, et al., 2015; Khader and Eckl, 
2014; El-Far, et al., 2018). Collectively, this 
multi-class phytochemical composition provides a                     
plausible chemical basis for the cellular antioxidant                  
activity observed in this study.

Extraction Efficiency and Thin-Layer                 
Chromatography (TLC) Fingerprinting
	 The Soxhlet method yielded a higher               
extraction efficiency (21.59%) than cold macera-
tion (19.46%), consistent with the thermodynamic 
advantage of continuous hot-solvent extraction for 
matrices with thick-walled, lignified cell structures                      
such as cacao pod husk: continuous renewal of 
fresh solvent maintains a high concentration                                                                                           
gradient, while moderate heating enhances                              
solubility and facilitates solvent penetration through 
the cell wall (Do, et al., 2014; Chemat, et al., 2012; 
Spigno, et al., 2007). Although both methods                                                                 
solubilized the same compound classes (Table 3), 
the higher yield obtained by Soxhlet extraction                       
supported its selection for subsequent testing.
	 TLC fingerprinting identified a flavo-
noid-class compound (Rf 0.21, showing yellow- green 
fluorescence under UV 366 nm after AlCl3 spraying)                
as the major UV-active constituent of the Soxhlet 
extract. This fluorescence pattern is consistent                                                                                                               
with chelate-complex formation between Al3+ ions 
and the carbonyl/hydroxyl groups of flavonol–or 
flavone–type compounds, and the Rf value obtained 
is consistent with a moderately polar flavonoid 
aglycone or partially acylated glycoside (Stalikas, 
2007; Saeed, et al., 2012).
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Cellular Antioxidant Activity: Malondialde-
hyde (MDA) and Superoxide Dismutase (SOD) 
as Biomarkers
	 The ex vivo H2O2-induced erythrocyte                                                                                                         
model used here is a well-established,                                                                                                                               
physiologically relevant system for evaluating                                                                                                                             
cellular antioxidant capacity, since erythrocytes 
are particularly susceptible to oxidative injury 
owing to their haemoglobin-iron content, their                                                                                                                                     
polyunsaturated-fatty-acid-rich membranes, and 
their inability to repair oxidative damage once 
it  occurs (Kurata, et al., 1993; Santi, et al., 2011; 
Niki, 2009; Frei, et al., 1988; Mhaidat, et al., 2017). 
The marked elevation of MDA and depression of 
SOD activity in the negative control confirmed 
successful induction of oxidative stress, while the 
concentration-related reduction in MDA and resto-
ration of SOD activity by the extract indicate that its                                                                                                            
constituents can intercept the lipid peroxidation 
chain reaction and support the enzymatic antioxidant                                                                                                       
defense system (Tsikas, 2017; Yin, et al., 2011; 
Ayala, et al., 2014; Fukai and Ushio-Fukai, 2011; 
Wang, et al., 2018; Ighodaro and Akinloye, 2018).

Optimal Concentration and Dose-Response 
Analysis
	 The non-linear, hormetic dose–response 
relationship observed—with test group 2 (53.8 µg/
mL) outperforming both the lower (5.38 µg/mL) and 
higher (538 µg/mL) test concentrations—is a well- 
documented phenomenon with plant polyphenols. 
At the intermediate concentration, the combined 
action of multiple antioxidant classes (flavonoids, 
polyphenols, tannins) is thought to achieve maximal                                                                                       
ROS interception without mutual interference,                 
consistent with the phytochemical-synergy                                                                            
hypothesis (Liu, 2004; Arts  Hollman, 2005). At 
the highest concentration tested (538 µg/mL), 
the reduced antioxidant response is consistent 
with the known prooxidant–antioxidant duality 
of polyphenols at high doses: at elevated concen-
trations, phenolic compounds can reduce Fe3+ to 
Fe2+, generating Fenton-reactive iron, and may 

also interfere with the epinephrine-based SOD                                                          
assay itself (Galati O’Brien, 2004; Lambert, et 
al., 2007). This concentration-dependent behavior 
has practical implications for selecting an optimal                                                  
therapeutic concentration in future in vivo work, 
and should be confirmed with formal statistical 
comparison (e.g., one-way ANOVA with post-hoc 
testing) among groups, which was not performed in 
the present study.

Cytotoxic Activity Against P388 Leukemia 
Cells
	 The extrapolated IC50 of 106.64 ug/
mL (>100 ug/mL) obtained againstP388 murine                                                                                               
leukemia cells classifies the crude Soxhlet methanol 
extract as inactive by the widely applied threshold 
of IC50>30 µg/mL for crude plant extracts (Vichai 
and Kirtikara, 2006; Lichota  Gwozdzinski, 2018;                                                                                                             
Gordaliza, 2007). This modest result should be inter-
preted in the context of the P388 model’s aggressive 
growth profile and the fact that, in a crude extract, bio-
active constituents are diluted by pharmacologically                                                                                                    
inert matrix components such as polysaccharides, 
chlorophylls, and waxes (Newman  Cragg, 2020; 
Atanasov, et al., 2021; Harvey, et al., 2015). The  
flavonoid, tannin, alkaloid, and quinone constituents                                             
identified here have each been separately                                                                                                 
associated with antiproliferative mechanisms                                                                                                             
in leukemia cell lines—including cell cycle                                   
arrest, caspase activation, topoisomerase inhibition, 
and metalloproteinase suppression—in previous                                                                                                        
reports on structurally related compounds                                                                                                                           
(Smeriglio, et al., 2017; Oo, et al., 2021; Bautista-                               
Expósito, et al., 2021; Aniszewski, 2015; Khader                                        
Eckl, 2014; El-Far, et al., 2018; Russo, et al., 2017; 
Murakami, et al., 2008; Meiyanto, et al., 2012; 
Spagnuolo, et al., 2018; Othman, et al., 2007;                                                                                                  
Elmore, 2007; Hassan, et al., 2014; Evan                                                                              
Vousden, 2001). Although these mechanisms                                                                                                      
cannot be confirmed from the present crude                           
extract data alone, they provide a plausible rationale, 
together with the weak activity observed, for pursuing                                                                                                            
bioactivity-guided fractionation in future work, 
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potentially in combination with sub-therapeutic                                                                                           
doses of doxorubicin to explore whether cardio-
toxic dosing could be reduced (Meyer, et al., 1982; 
Cragg  Pezzuto, 2016; Thakkar, et al., 2013; Yin, et 
al., 2013). 

Implications for Agro-Industrial Waste                     
Valorization
	 Beyond its pharmacological significance, 
the demonstrated cellular antioxidant activity of 
T. cacao pod husk extract underscores the broader                                                                                                        
potential of this agro-industrial by-product as a 
source of value-added bioactive ingredients. Indo-
nesia is one of the world’s largest cocoa producers,                                      
generating hundreds of thousands of tons of pod 
husks annually that are currently discarded or used 
as low-value animal feed (Campos-Vega, et al., 
2018; Okiyama, et al., 2017). Valorization of pod 
husk as a pharmaceutical raw material or nutra-
ceutical ingredient would contribute to sustainable 
bioeconomy goals, reduce environmental waste, 
and create economic value for smallholder farmers,                                                                                    
in line with circular bioeconomy frameworks                       
increasingly adopted by the food and pharmaceuti-
cal industries (Lim, 2013; Grasso, et al., 2014; Dai  
Mumper, 2010; Rifai  Saleh, 2020).

CONCLUSION

	 This study demonstrates that T. cacao 
pod husk is a pharmacognostically characterized,                                     
phytochemically rich agro-industrial by-product                                                     
with notable cellular antioxidant activity. 
The Soxhlet methanol extract (yield 21.59%)                                                                                 
contained flavonoids, alkaloids, tannins, polyphe-
nols, monoterpenes, sesquiterpenes, and quinones. 
At 53.8 µg/mL, the extract reduced MDA levels to a 
near-normal value (0.878 nmol/mL) and increased 
SOD activity to 14.8493 units/mL in H2O2 induced 
human erythrocytes, values higher than those                                                                                               
obtained with the quercetin comparator, although 
this difference was not confirmed by formal                                                                    
statistical testing. In contrast, the crude extract 

showed weak direct cytotoxicity against P388 mu-
rine leukemia cells (IC50 >100 ug/mL; extrapolated                                                                       
estimate 106.64 ug/mL; inactive by established                                                                
criteria), which may reflect dilution of any                                              
active constituents within the crude matrix.                                                                             
Taken together, these findings support T. cacao pod 
husk primarily as a source of cellular antioxidant                                                 
activity, with its modest basal cytotoxicity                                                        
providing a rationale for future bioactivity-guided                                  
—fractionation including liquid–liquid partitioning,                                                                                    
chromatographic isolation, and testing of isolated 
fractions against a panel of human leukemia cell 
lines—to identify and concentrate the constituents      
responsible for its anticancer potential.
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