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Abstract: Obesity is a metabolic disorder characterized by a body mass index (BMI) >30 and is 
associated with an increased risk of degenerative diseases such as diabetes mellitus type 2, stroke, and 
cardiovascular disease. Anti-obesity drugs such as orlistat are effective; however, they may cause side 
effects, highlighting the need for natural alternatives. This study aimed to evaluate the effect of a 

combination of 70% ethanol extracts of srikaya leaves (Annona squamosa L.) and kelor leaves (Moringa 

oleifera Lam) based on phytochemical content, antioxidant capacity, and pancreatic lipase inhibitory 

activity. Extraction was carried out using a sonication method, followed by formulation of extract 
combinations and evaluation of total phenolic content (TPC), total flavonoid content (TFC), 
antioxidant capacity using DPPH and FRAP methods, and lipase inhibition. The results showed that 

the single extract of A. squamosa leaves exhibited the highest activity, with TPC of 95.15 mg GAE/g, 
TFC of 47.57 mg QE/g, DPPH of 395.10 mg TE/g, FRAP of 476.30 mg TE/g, and lipase inhibition 
of 64.15%. The extract combination showed synergistic effects on DPPH activity and pancreatic lipase 
inhibition, but tended to be antagonistic for TPC, TFC, and FRAP. 
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Abstrak: Obesitas merupakan kelainan metabolik dengan indeks massa tubuh (IMT) >30 yang 
meningkatkan risiko penyakit degeneratif seperti diabetes melitus tipe 2, stroke dan penyakit jantung. 
Obat antiobesitas seperti orlistat efektif, namun berpotensi menimbulkan efek samping sehingga 
diperlukan alternatif dari bahan alami. Penelitian ini bertujuan menentukan efek kombinasi ekstrak 

etanol 70% daun srikaya (Annona squamosa L) dan daun kelor (Moringa oleifera Lam) berdasarkan kadar 

fitokimia, kapasitas antioksidan, serta aktivitas inhibisi lipase pankreas. Ekstraksi dilakukan 
menggunakan metode sonikasi, diikuti formulasi kombinasi dan pengujian kadar fenolik total (TPC), 
flavonoid total (TFC), kapasitas antioksidan metode DPPH dan FRAP, serta inhibisi lipase pankreas. 
Hasil menunjukkan ekstrak tunggal daun srikaya memiliki aktivitas tertinggi, dengan TPC 95,15 mg 
GAE/g, TFC 47,57 mg QE/g, DPPH 395,10 mg TE/g, FRAP 476,30 mg TE/g, serta inhibisi lipase 
64,15%. Kombinasi ekstrak menunjukkan efek sinergis pada aktivitas DPPH dan inhibisi lipase 
pankreas, namun cenderung antagonis pada TPC, TFC, dan FRAP. 

Kata kunci: Anti-obesitas, Annona squamosa, Moringa oleifera, Lipase Pankreas    
 

1. Introduction 

Obesity is a condition characterized by excessive fat accumulation that increases health 
risks and reduces life expectancy. According to the World Health Organization, more than 
890 million adults worldwide were classified as obese in 2022, while the prevalence of obesity 
in Indonesia reached 23.4% in 2023 (World Health Organization, 2025; Kemenkes, 2023). 
Obesity is strongly associated with metabolic disorders, including diabetes mellitus, 
hypertension, and cardiovascular diseases (Hossain et al., 2016). Excessive fat accumulation 
also increases the production of reactive oxygen species (ROS) (Hidayati and Hardani, 2019), 
leading to oxidative stress and decreased antioxidant enzyme activity, which further 
contributes to metabolic complications (Zulfahmidah et al., 2021). 

One of the main therapeutic targets in obesity management is pancreatic lipase, an 
enzyme responsible for lipid hydrolysis and fat absorption in the body (Olivecrona, 2016). 

Citation: Zada EN, Hasim, Faridah DN. 

2026. Potential Combination of Annona 

squamosa Leaves and Moringa oleifera Leaves 

as pancreatic lipase inhibitor. Current 

Biochemistry. 13(2): 11-21. 

Received: August 12nd, 2026 

Revised: October 8th, 2026 

Accepted: October 22nd, 2026 

Published: October 22nd, 2026 

 

Copyright: © 2025 by the authors. 

Submitted for possible open access 

publication under the terms and conditions 

of the Creative Commons Attribution-

ShareAlike 4.0 International License 

(http://creativecommons.org/licenses/by

-sa/4.0/). 

pISSN: 2355-7877 

eISSN: 2355-7931 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Current Biochemistry. 2026, 13, 2 Zada et al.  
 

12 

 

Inhibition of pancreatic lipase can reduce dietary fat absorption, making it an important 
strategy for anti-obesity treatment. Orlistat is a widely used pancreatic lipase inhibitor 
approved by the Food and Drug Administration (Khushboo et al., 2020). However, its long-
term use is associated with several side effects, including steatorrhea, diarrhea, abdominal 
pain, kidney injury, and pancreatitis (Bansal and Khalili, 2022). Therefore, the exploration of 
plant-based anti-obesity agents has gained increasing attention. 

Annona squamosa L. and Moringa oleifera Lam. are medicinal plants reported to possess 
anti-obesity potential. Previous studies demonstrated that A. squamosa exhibits anti-obesity 
activity through in silico, in vitro, and in vivo approaches (Singh and Pattnaik, 2023). 
Meanwhile, M. oleifera contains bioactive compounds such as flavonoids, phenolics, tannins, 
alkaloids, and saponins, which may inhibit pancreatic lipase activity and improve metabolic 
disorders related to obesity (Rahmayanti et al., 2021; Haningtyas et al., 2022). Furthermore, 
combining plant extracts may produce synergistic effects, resulting in greater biological 
activity compared to individual extracts alone (Uduwana et al., 2023). Therefore, this study 
aims to evaluate the potential synergistic anti-obesity activity of combined A. squamosa and 
M. oleifera extracts through pancreatic lipase inhibition and antioxidant-related mechanisms. 

2. Materials and Methods 

The instruments used in this study included standard laboratory glassware, spatulas, 
micropipettes (NICHIRYO Le, Japan), vial bottles, filter paper, 60-mesh sieve, funnels, 
volumetric flasks, stirring rods, nanospectrophotometer (SPECTROstarNano, BMG-
LABTECH, Germany), 96-well microplates, sonicator (Decon F5 Major, Decon 
Laboratories, United States), oven, desiccator, blender, rotary vacuum evaporator (LabTech 
Ltd., United States), analytical balance, micropipette tips of various sizes, and statistical 
software including IBM SPSS Statistics 25 and GraphPad Prism 8.  

The plant materials used in this study were leaves of Annona squamosa and Moringa oleifera 
obtained from Tropical Biopharmaca Research Center, IPB University, Bogor, West Java, 
Indonesia. The chemicals and reagents used included distilled water (distilled water), 70% 

ethanol, Folin–Ciocalteu reagent (10%), Na₂CO₃ (10%), gallic acid, AlCl₃ (10%), glacial acetic 
acid, analytical-grade ethanol, quercetin, TPTZ (2,4,6-tripyridyl-s-triazine), HCl, FeCl₃, 
acetate buffer (pH 3.6), Trolox, DPPH (1,1-diphenyl-2-picrylhydrazyl), pancreatic lipase 
enzyme (Sigma-Aldrich, United States), orlistat, phosphate-buffered saline (PBS; NaCl and 
Triton X-100), and p-NPB (para-nitrophenyl butyrate). 

The methods used in this study included the determination of moisture content, 
extraction yield, phytochemical content consisting of total phenolic content (TPC) and total 
flavonoid content (TFC), antioxidant capacity assays including 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) and ferric reducing antioxidant power (FRAP), as well as pancreatic lipase inhibition 
activity assay. 

2.1. Sample Preparation 
 The preparation of Annona squamosa and Moringa oleifera leaves dried leaf powder was 
conducted according to Alkhalidy et al. (2023) and Ogundipe et al. (2022), respectively. Fresh 
leaves were washed, air-dried at room temperature without direct sunlight exposure, ground 
into powder, and sieved through a 60-mesh sieve to obtain dried leaf powder with uniform 
particle size.  

2.2. Moisture Content Determination of the Dried leaf powder 

Moisture content was determined by the gravimetric oven-drying method following 
Fikriyah and Nasution (2021). Approximately 2 g of sample was dried at 105 °C to a constant 
weight, cooled in a desiccator, and weighed. Moisture content was calculated based on the 
weight loss after drying. All analyses were performed in triplicate using the following equation:  

 

Moisture content (%) : 
𝑆𝑎𝑚𝑝𝑙𝑒 𝐹𝑟𝑒𝑠ℎ 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)−𝑆𝑎𝑚𝑝𝑙𝑒 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑆𝑎𝑚𝑝𝑙𝑒 𝐹𝑟𝑒𝑠ℎ 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)
× 100% 
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2.3. Extraction of Dried leaf powder 
Dried leaf powder (20 g) was extracted twice with 70% ethanol (200 mL) by ultrasound-

assisted extraction for 30 min. The combined extracts were concentrated using a rotary 
evaporator (45–50 °C) and stored at 4 °C until analysis.  

Yield (%) : 
𝐸𝑥𝑡𝑟𝑎𝑐𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)−(1−𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡)
× 100% 

2.4. Combined Extract Formulation 

The crude extracts obtained from both samples were formulated according to the method 
described by Haqiqi (2025). The formulated extracts were dissolved in 70% ethanol to obtain 
a final concentration of 1000 ppm (1 mg/mL) and prepared at ratios of 1:0, 0:1, 3:1, 2:1, 1:1, 
1:2, and 1:3. 

2.5 Total Phenolic Content (TPC) Analysis 

TPC was determined using the Folin–Ciocalteu method according to Yatma et al., (2023). 
Absorbance was measured at 765 nm using a nanospectrophotometer, with gallic acid (0, 20, 
40, 60, 80, 100, 120, and 140 μg/mL) as the standard. Analyses were performed in triplicate, 

and results were expressed as mg gallic acid equivalent per gram of extract (mg GAE g⁻¹).  

2.6 Total Flavonoid Content (TFC) Analysis 

TFC was determined using the aluminum chloride colorimetric method according to 
Arista et al. (2023). Absorbance was measured at 415 nm, with quercetin (0, 50, 100, 150, 200, 
250, 300, 350, 400, and 450 μg/mL) as the standard. Analyses were performed in triplicate 

and results were expressed as mg quercetin equivalent per gram of extract (mg QE g⁻¹).  

2.7 1,1-Diphenyl-2-Picrylhydrazyl (DPPH) Radical Scavenging Capacity Assay 

DPPH radical scavenging capacity was determined according to Hasti and Makbul (2022). 
Trolox (0, 3.125, 5, 12.5, 20, 40, and 50 μg/mL) was used as the standard, and absorbance 
was measured at 517 nm after incubation. Analyses were performed in triplicate and results 

were expressed as mg trolox equivalent (TE) g⁻¹ extract. 

2.8 Ferric Reducing Antioxidant Power (FRAP) Radical Scavenging Capacity Assay 

FRAP antioxidant capacity was determined according to Yatma et al. (2023). Trolox (0, 
25, 50, 100, 200, 300, and 400 μg/mL) was used as the standard, and absorbance was 
measured at 595 nm. Analyses were performed in triplicate and results were expressed as mg 

trolox equivalent (TE) g⁻¹ extract.  

2.9 Pancreatic Lipase Inhibition Activity Assay 

Pancreatic lipase inhibitory activity was determined following Chedda et al. (2016) and 
Pliego et al. (2015). Samples were prepared at 1000 μg/mL and incubated with pancreatic 
lipase and p-NPB substrate under optimized assay conditions. Absorbance was measured at 
400 nm, and inhibitory activity was calculated using a p-NP standard curve (25, 50, 75, 100, 
125, 150, 175, 200, 225, and 250 μM). All analyses were performed in triplicate, with orlistat 
as the positive control.  

2.10 Data Analysis 

Data were analyzed using One-Way ANOVA (α = 0.05), followed by Duncan’s post hoc 
test at 95% confidence level (α = 0.05). Pearson’s correlation analysis was performed to assess 
the relationship between variables. 
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3. Results 

3.1. Moisture Content and Crude Extract Yield of Annona squamosa Leaves and 
Moringa oleifera Leaves 

The analysis results showed that the moisture content of A. squamosa leaves dried leaf 
powder had an average value of 8.10%, while M. oleifera leaves dried leaf powder showed a 
moisture content of 5.54% (Table 1). Based on these data, the moisture content of both 
samples can be considered low, as they were below 10%. The extract yield was calculated 
based on the ratio between the crude extract weight and the dried leaf powder weight by 
considering the moisture content of the samples. Based on the calculations presented in Table 
1, the crude extract yield of A. squamosa leaves was 15.28%, whereas the crude extract yield 
of moringa leaves was 17.55% 

Table 1. Moisture Content and Yield of Annona squamosa and Moringa oleifera Leaves 

Test Average Result (%) 

Moisture Content of A. squamosa leaves dried leaf 
powder 

8.10 ± 0.16 

Moisture Content of M. oleifera leaves dried leaf 
powder 

5.54 ± 0.07 

Yield crude extract of A. squamosa leaves 15.28 ± 0.60 
Yield crude extract of M. oleifera leaves 17.55 ± 4.44 

3.2. Total Phytochemical Content 

The total phytochemical content in this study was evaluated through Total Phenolic 
Content (TPC) and Total Flavonoid Content (TFC) analyses. The total phenolic content of 
each sample extract combination was expressed as mg GAE/g extract, calculated based on 
the gallic acid standard curve equation using the same solvent as the sample extracts. Based 
on the data presented in Figure 1, the highest total phenolic content was observed in the 
single extract of A. squamosa leaves, with a value of 95.15 ± 0.32 mg GAE/g extract. 

 

 

Figure 1. Total phenolic content of sample combination. Values with different letters are significantly 
different (p < 0.05) based on Duncan's post hoc test. 

The total flavonoid content of each sample extract combination was expressed as mg 
QE/g extract, calculated based on the quercetin standard curve equation using the same 
solvent as the sample extracts. Based on the results presented in Figure 2, the single extract 
of A. squamosa leaves and the combined extract at a 1:1 ratio exhibited the highest total 
flavonoid content and were not significantly different, with values of 47.57 ± 0.00 and 46.40 
± 1.64 mg QE/g extract, respectively.  
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Figure 2. Total flavonoid content of sample combination. Values with different letters are significantly 
different (p < 0.05) based on Duncan's post hoc test. 

3.3. Antioxidant Capacity  

The antioxidant capacity in this study was evaluated using the DPPH and FRAP methods. 
The DPPH antioxidant capacity of each sample extract combination was expressed as mg 
TE/g extract, calculated based on the Trolox standard curve equation using the same solvent 
as the sample extracts. Based on the data presented in Figure 3, the single extract of A. 
squamosa leaves exhibited the highest DPPH antioxidant capacity, with a value of 395.10 ± 
3.31 mg TE/g extract. In contrast, the lowest antioxidant capacity was observed in the single 
extract of M. oleifera leaves, with a value of 18.24 ± 1.42 mg TE/g extract.  

 

Figure 3. Antioxidant capacity DPPH of sample combination. Values with different letters are 
significantly different (p < 0.05) based on Duncan's post hoc test. 

The antioxidant capacity using the FRAP method for each sample extract combination 
was expressed as mg TE/g extract, calculated based on the Trolox standard curve equation 
using the same solvent as the sample extracts. Based on the data presented in Figure 4, the 
highest antioxidant capacity was observed in the single extract of A. squamosa leaves, with a 
value of 476.30 ± 1.34 mg TE/g extract. The lowest antioxidant capacity was found in the 
single extract of M. oleifera leaves, with a value of 46.31 ± 1.34 mg TE/g extract. 
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Figure 4. Antioxidant capacity FRAP of sample combination. Values with different letters are 
significantly different (p < 0.05) based on Duncan's post hoc test. 

3.6. Pancreatic Lipase Inhibition Activity 

Pancreatic lipase inhibitory activity was calculated from enzyme activity based on p-
nitrophenol production and expressed as the percentage inhibition relative to the control. As 
shown in Figure 5, the inhibition activity of the extract combinations ranged from 42–64%. 
The single extract of A. squamosa leaves exhibited the highest inhibitory activity (64.15 ± 
2.70%), whereas the single extract of M. oleifera leaves showed the lowest activity (42.36 ± 
1.35%). 

 

Figure 5. Inhibition pancreatic lipase of sample combination. Values with different letters are 
significantly different (p < 0.05) based on Duncan's post hoc test. 

3.7. Correlation Between Phytochemical and Antioxidant Capacity 

Pearson correlation analysis revealed a positive but non-significant correlation between 
TPC and DPPH antioxidant capacity (r = 0.509, p = 0.2433) (Figure 6A). In contrast, TPC 
showed a strong positive and significant correlation with FRAP antioxidant capacity (r = 
0.934, p = 0.0021) (Figure 6B). TFC was strongly and positively correlated with DPPH 
antioxidant capacity (r = 0.866, p = 0.0117) (Figure 6C), whereas its correlation with FRAP 
antioxidant capacity was positive but not significant (r = 0.521, p = 0.2710) (Figure 6D). 
These results indicate that phenolic compounds were more closely associated with FRAP 
values, while flavonoids contributed more strongly to DPPH scavenging activity.  
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Figure 6. Correlation graphs between total phenolic content and DPPH (A), total phenolic content 
and FRAP (B), total flavonoid content and DPPH (C), total flavonoid content and FRAP (D) of the 
combined extracts of A. squamosa and M. oilefera leaves. 

3.8. Correlation Among Phytochemical, Antioxidant, and Pancreatic Lipase 
Inhibition Activity 

Pearson correlation analysis showed positive but non-significant correlations between 
lipase inhibition activity and both TPC (r = 0.622, p = 0.1355) and TFC (r = 0.648, p = 
0.1151) (Figures 7A and 7B). In contrast, DPPH antioxidant capacity was strongly and 
significantly correlated with lipase inhibition activity (r = 0.838, p = 0.0185) (Figure 7C). 
Similarly, FRAP antioxidant capacity showed a significant positive correlation with lipase 
inhibition activity (r = 0.782, p = 0.0377) (Figure 7D). These findings suggest that antioxidant 
capacity was more closely associated with pancreatic lipase inhibition than phytochemical 
content alone.  

 
 

Figure 7. Correlation graphs between total phenolic content (A), total flavonoid content (B), 
antioxidant capacity measured by the DPPH method (C), and the FRAP method (D) of the combined 
extracts of A. squamosa and M. oleifera leaves with pancreatic lipase inhibition percentage.  
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4. Discussion 

4.1. Moisture Content and Crude Extract Yield of Annona squamosa Leaves and 
Moringa oleifera Leaves 

The determination of dried leaf powder moisture content was carried out using 
gravimetry method. The results obtained (Table 1) showed moisture content values below 
10% for each sample. This is consistent with the statement of Wandira et al. (2023). that the 
acceptable moisture content requirement for dried leaf powder is below 10%. Therefore, the 
A. squamosa and M. oleifera leaves dried leaf powder samples were suitable for the subsequent 
extraction process.  

The extraction yield of M. oleifera leaves in this study was 17.55%, which met the standard 
extraction yield requirement for M. oleifera leaves extract of not less than 9.2%, as stated by 
the Ministry of Health of the Republic of Indonesia (2017). Meanwhile, the extraction yield 
of A. squamosa leaves was 15.28%, which is comparable to several previous studies reporting 
extraction yields in the range of 10–25%, depending on the extraction method and conditions 
used. A relatively high extraction yield may indicate the efficiency of the extraction process in 
dissolving compounds from the raw material. In general, a high yield may reflect the 
extraction of both active and non-active compounds, so differences in extraction yield values 
may influence the concentration of bioactive compounds contained in the extract (Senduk et 
al. 2020) 

4.2. Phytochemical Content and Antioxidant Capacity of Combination Extract 

Phenolic and flavonoid compounds are important plant secondary metabolites and are 
synthesized via biosynthetic such as shikimic acid and phenylpropanoid pathways that 
contribute to antioxidant activity (Diniyah & Lee, 2020; Liunokas & Karwur, 2020). The total 
phenolic content (TPC) and total flavonoid content (TFC) showed similar trends across all 
treatments (Figures 1 and 2). The single extract of A. squamosa leaves exhibited significantly 

higher TPC (95.15 ± 0.32 mg GAE g⁻¹) and TFC (47.57 ± 0.00 mg QE g⁻¹) than M. oleifera 

leaves (51.95 ± 0.21 mg GAE g⁻¹ and 17.26 ± 1.99 mg QE g⁻¹, respectively). Consequently, 
increasing the proportion of A. squamosa in the mixtures increased both phytochemical 
parameters. 

Conversely, equal or M. oleifera dominated mixtures exhibited lower phytochemical 
contents than expected, suggesting antagonistic interactions among secondary metabolites 
that may reduce the release or availability of phenolic and flavonoid compounds (Wardhani 
et al., 2024). Differences in phytochemical values compared with previous studies may be 
attributed to variations in extraction techniques, solvent systems, and environmental factors 
affecting secondary metabolite biosynthesis. 

A similar pattern was observed for antioxidant capacity. The single extract of A. squamosa 

leaves showed the highest DPPH and FRAP values (395.10 and 476.30 mg TE g⁻¹, 
respectively), whereas M. oleifera leaves exhibited the lowest antioxidant capacity (18.24 and 

46.31 mg TE g⁻¹, respectively) (Figures 3 and 4). Antioxidant capacity increased significantly 
(p < 0.05) with increasing proportions of A. squamosa extract. Among the combinations, the 

3:1 ratio exhibited the highest antioxidant activity, reaching 332.80 mg TE g⁻¹ for DPPH and 
346.20 mg TE g⁻¹ for FRAP. The enhanced antioxidant performance is likely associated with 
the higher phenolic and flavonoid contents of A. squamosa leaves and potential additive 
interactions between bioactive compounds. Variations from previously reported antioxidant 
values may reflect differences in extraction procedures and environmental conditions 
affecting phytochemical composition. 

TPC showed a positive but non-significant correlation with DPPH antioxidant capacity 
(r = 0.509, p = 0.2433) (Figure 6A), indicating that phenolic compounds contributed to radical 
scavenging activity but were not the sole determinants of DPPH antioxidant capacity. In 
contrast, TPC exhibited a strong positive and significant correlation with FRAP antioxidant 
capacity (r = 0.934, p = 0.0021) (Figure 6B), suggesting that phenolic compounds played a 
major role in ferric ion reduction. This finding is consistent with the ability of phenolic 
compounds to donate electrons or hydrogen atoms through hydroxyl groups, thereby 
neutralizing free radicals and reducing oxidizing agents (Maryam et al., 2015; Zuraida et al., 
2017). The resulting phenoxyl radicals are relatively stable due to resonance stabilization, 
preventing further radical chain reactions (Dareda et al., 2020). 
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Similarly, TFC showed a strong positive and significant correlation with DPPH 
antioxidant capacity (r = 0.866, p = 0.0117) (Figure 6C), indicating that flavonoids contributed 
substantially to free radical scavenging activity. However, the correlation between TFC and 
FRAP antioxidant capacity was positive but not significant (r = 0.521, p = 0.2700) (Figure 
6D), suggesting a less dominant role of flavonoids in ferric ion reduction. As a major subclass 
of polyphenolic compounds, flavonoids exert antioxidant activity through hydrogen atom 
donation and electron transfer mechanisms, which are strongly influenced by the number and 
position of hydroxyl groups within their structure (Nur et al., 2019; Taufiq et al., 2017). The 
resulting flavonoid radicals are stabilized through electron delocalization and resonance, 
enabling them to terminate free radical chain reactions and reduce oxidative stress (Pietta, 
2000; Cetinkaya et al., 2017; Sadeer et al., 2020). 

4.3. Pancreatic Lipase Inhibition Activity of Combination Extract 

Pancreatic lipase is a key enzyme involved in dietary fat digestion and a major target for 
obesity management. The single extract of A. squamosa leaves exhibited the highest lipase 
inhibitory activity (64.15 ± 2.70%), whereas M. oleifera leaves showed the lowest inhibition 
(42.36 ± 1.35%) (Figure 5). Among the combinations, the 1:1 ratio showed the highest 
inhibition (61.99 ± 1.69%), suggesting favorable interactions between bioactive compounds 
from both extracts. The inhibitory activity may be attributed to phenolic and flavonoid 
compounds, which have been reported to interfere with pancreatic lipase activity (Chedda et 
al., 2016; Meila & Noraini, 2017). Although all extract treatments were less effective than 
orlistat (88.08 ± 0.33%), the relatively high inhibition observed for A. squamosa and the 1:1 
combination highlights their potential as natural anti-obesity agents. 

Pearson correlation analysis revealed positive but non-significant correlations between 
lipase inhibition activity and both TPC (r = 0.622, p = 0.1355) and TFC (r = 0.648, p = 
0.1151) (Figures 7A and 7B). This suggests that lipase inhibition was influenced more by the 
composition and structural characteristics of individual compounds than by total phenolic or 
flavonoid content alone. Other bioactive constituents, such as terpenoids, may also contribute 
to the observed activity (Moreno-Córdova et al., 2020; Singh & Pattnaik, 2024). 

In contrast, DPPH and FRAP antioxidant capacities showed strong and significant 
positive correlations with lipase inhibition activity (r = 0.838, p = 0.0185 and r = 0.782, p = 
0.0377, respectively) (Figures 7C and 7D). These findings indicate that extracts with greater 
antioxidant capacity tended to exhibit stronger lipase inhibitory activity. Since antioxidant 
assays reflect the combined effects of multiple bioactive compounds, antioxidant capacity 
may better represent the overall biological activity of the extracts than TPC or TFC alone. 
Overall, antioxidant capacity showed a stronger association with pancreatic lipase inhibition 
than total phytochemical content, suggesting that multiple bioactive constituents contribute 
to the anti-obesity potential of the extracts. 

5. Conclusion and Recommendation  

The combination of 70% ethanol extracts of Annona squamosa and Moringa oleifera leaves 
exhibited different interaction patterns across the tested parameters. Antagonistic effects were 
observed in total phenolic content, total flavonoid content, and FRAP antioxidant capacity, 
whereas synergistic effects were found in DPPH antioxidant capacity and pancreatic lipase 
inhibition activity. Overall, the single extract of A. squamosa leaves showed the highest activity 
in all parameters tested, and increasing the proportion of A. squamosa leaves in the 
combinations generally enhanced the activity values, although not always synergistically. 
Correlation analysis indicated that antioxidant capacity was positively associated with 
pancreatic lipase inhibition, while phytochemical content showed no significant direct 
correlation, suggesting that lipase inhibitory activity may involve multiple bioactive 
compounds and complex interaction mechanisms. 

Further studies are recommended to evaluate other phytochemical groups, particularly 
total alkaloid and terpenoid contents, as potential contributors to pancreatic lipase inhibition. 
Comprehensive phytochemical profiling using mass spectrometry instrument and molecular 
docking analyses of A. squamosa leaves extract is also required to identify the compounds 
responsible for the observed bioactivity. In addition, determination of concentrated extract 
moisture content and in vivo studies are necessary to validate the anti-obesity potential of A. 
squamosa, M. oleifera, and their combinations. 



Current Biochemistry. 2026, 13, 2 Zada et al.  
 

20 

 

References 

1. Alkhalidy, H., Al-Nabulsi, A., Mhawish, R., & Liu, D. (2023). Low-dose of phenolic rich extract from Annona squamosa Linn 
leaves ameliorates insulin sensitivity and reduces body weight gain in HF diet-induced obesity. Frontiers in Nutrition, 10. 
https://doi.org/10.3389/fnut.2023.1146021. 

2. Arista, R. A., Priosoeryanto, B. P., & Nurcholis, W. (2023). Total Phenolic, Flavonoids Contents, and Antioxidant Activities in The 
Stems and Rhizomes of Java Cardamom as Affected by Shading and N Fertilizer Dosages. Yuzuncu Yıl University Journal of 
Agricultural Sciences, 33(1), 29-39. https://doi.org/10.29133/yyutbd.1193221. 

3. Bansal, A. B., & Khalili, Y. A. (2022). Orlistat. StatPearls Publishing. PMID: 31194359. 

4. Cetinkaya, H., Kulak, M., Karaman, M., Karaman, H. S., & Kocer, F. (2017). Flavonoid Accumulation Behavior in Response to the  
Abiotic Stress: Can a Uniform Mechanism be Illustrated for All Plants. In Flavonoids from Biosynthesis to Human Health (pp.152-160). 
IntechOpen. http://dx.doi.org/10.5772/68093. 

5. Chedda, U., Kaikini, A., Bagle, S., Seervi, M., & Sathaye, S. (2016). In vitro pancreatic lipase inhibition potential of commonly used 
Indian spices. Journal of Pharmacy, 6(10), 10–13. 

6. Dareda, C. T., Suryanto, E., & Momuat, L. I. (2020). Karakterisasi dan aktivitas antioksidan serat pangan dari daging buah pala 
(Myristica fragrans Houtt). Chemistry Progress, 13(1), 48–55. https://doi.org/10.35799/cp.13.1.2020.29661. 

7. Diniyah, N., & Lee, S. H. (2020). Komposisi senyawa fenol dan potensi antioksidan dari kacang-kacangan: Review. Jurnal 
Agroteknologi, 14(1), 91–102. https://doi.org/10.19184/j-agt.v14i01.17965.  

8. Fikriyah, Y. U., & Nasution, R. S. (2021). Analisis kadar air dan kadar abu pada teh hitam yang dijual di pasaran dengan 
menggunakan metode gravimetri. AMINA, 3(2), 51. https://doi.org/10.22373/amina.v3i2.2000.  

9. Haningtyas, N., Budiani, S. R., & Subandono, J. (2022). Ekstrak etanolik daun kelor (Moringa oleifera Lam.) menurunkan ekspresi 
reseptor ACE2 (pintu masuk SARS-CoV-2) duodenum tikus Wistar (Rattus norvegicus) jantan model sindrom metabolik terinduksi. 
Plexus Medical Journal, 1(2), 49–59.  https://doi.org/10.20961/plexus.v1i2.26.  

10. Haqiqi, M. R. (2025). Kapasitas antioksidan dan inhibisi lipase pankreas kombinasi rimpang lengkuas (Alpinia galanga) dan rimpang kencur 
(Kaempferia galanga) secara in vitro. Institut Pertanian Bogor. 

11. Hasti, S., & Makbul, R. (2022). Aktivitas antiradical DPPH ekstrak etanol kulit batang Artocarpus altilis (Parkinson ex F.A. Zom) 
Fosberg. Jurnal Penelitian Farmasi Indonesia, 11(2). 

12. Hidayati, A. O., & Hardani, E. (2019). Analisis faktor risiko terjadinya stres oksidatif pada wanita obesitas.  Journal of Health, 6(1), 
51–57. 

13. Hossain, M. K., Dayem, A. A., Han, J., Yin, Y., Kim, K., Saha, S. K., Yang, G., Choi, H. Y., & Cho, S. G. (2016). Molecular 
mechanisms of the anti-obesity and anti-diabetic properties of flavonoids. International Journal of Molecular Sciences, 17(4), 569. 
https://doi.org/10.3390/ijms17040569. 

14. Khushboo, N., Pinki, N., Kumar, P., Tripathi, A., Luthra, U., & Dubey, K. K. (2020). Enhanced production of lipstatin from 
mutant of Streptomyces toxytricini and fed-batch strategies under submerged fermentation. 3 Biotech, 10(4). 
https://doi.org/10.1007/s13205-020-2147-0.  

15. Kemenkes. (2017). Farmakope herbal Indonesia (Edisi II). https://farmalkes.kemkes.go.id/2020/08/farmakope-herbal-indonesia-
edisi-ii-tahun-2017-3/. 

16. Kemenkes. (2023). Survei Kesehatan Indonesia (SKI) 2023 dalam angka. https://www.badankebijakan.kemkes.go.id/hasil-ski-
2023/.  

17. Liunokas, A. B., & Karwur, F. F. (2020). Pala (Myristica fragrans Houtt) sebagai bioreaktor hayati senyawa fenilpropanoid: Suatu 
kajian pustaka. Jurnal Biologi Udayana, 24(2), 96–106. 

18. Maryam, S., Baits, M., & Nadia, A. (2015). Pengukuran aktivitas antioksidan ekstrak etanol daun kelor (Moringa oleifera Lam.) 
menggunakan metode FRAP (ferric reducing antioxidant power). Jurnal Fitofarmaka Indonesia, 2(2), 115–118. 
https://doi.org/10.33096/jffi.v2i2.181.  

19. Meila, O., & Noraini. (2017). Uji antioksidan antidiabetes dari ekstrak metanol buah kiwi (Actinidia deliciosa) melalui penghambatan 
aktivitas α-glukosidase. Jurnal Farmasi Galenika, 3(2), 132–137. https://doi.org/10.22487/j24428744.0.v0.i0.8814.  

20. Moreno-Córdova, E. N., Arvizu-Flores, A. A., Valenzuela-Soto, E. M., García-Orozco, K. D., Wall-Medrano, A., Alvarez-Parrilla, 
E., Ayala-Zavala, J. F., Domínguez-Avila, J. A., & González-Aguilar, G. A. (2020). Gallotannins are uncompetitive inhibitors of 
pancreatic lipase activity. Biophysical Chemistry, 264, 1–8. https://doi.org/10.1016/j.bpc.2020.106409. 

21. Nur, S., Sami, F. J., Wilda, R., Awaluddin, A., & Afsari, M. I. A. (2019). Korelasi antara kadar total flavonoid dan fenolik dari ekstrak 
dan fraksi daun jati putih (Gmelina arborea Roxb.) terhadap kapasitas antioksidan. Jurnal Farmasi Galenika, 5(1), 33–42. 
https://doi.org/10.22487/j24428744.2019.v5.i1.12034.  

22. Ogundipe, A., Adetuyi, B., Iheagwam, F., Adefoyeke, K., Olugbuyiro, J., Ogunlana, O., & Ogunlana, O. (2022). In vitro 
experimental assessment of ethanolic extract of Moringa oleifera leaves as an α-amylase and α-lipase inhibitor. Biochemistry Research 
International, 2022, 1–8. https://doi.org/10.1155/2022/4613109.  

23. Olivecrona, G. (2016). Role of lipoprotein lipase in lipid metabolism. Current Opinion in Lipidology, 27(3), 233–241.  

24. Pietta, P. G. (2000). Flavonoids as antioxidants. Journal of Natural Products, 63(7), 1035–1042.  



Current Biochemistry. 2026, 13, 2 Zada et al.  
 

21 

 

25. Pliego, J., Mateos, J. C., Rodriguez, J., Valero, F., Baeza, M., Femat, R., Camacho, R., Sandoval, G., & Herrera-López, E. J. (2015). 
Monitoring lipase/esterase activity by stopped flow in a sequential injection analysis system using p-nitrophenyl butyrate. Sensors, 
15(1), 2798–2811. https://doi.org/10.3390/s150202798.  

26. Rahmayanti, A. N., Febriyanti, R. M., & Diantini, A. (2021). Review article: Antihyperlipidemic activity study of plants utilized by 
West Java society based on indigenous knowledge. Indonesian Journal of Biological Pharmacy, 1(1), 33–39. 
https://doi.org/10.24198/ijbp.v1i1.34969.g16136.  

27. Sadeer, N. B., Montesano, D., Albrizio, S., Zengin, G., & Mahomoodally, M. F. (2020). The versatility of antioxidant assays in food 
science and safety: Chemistry, applications, strengths, and limitations. Antioxidants, 9, 709. https://doi.org/10.3390/antiox9080709.  

28. Senduk, T. Q., Montolalu, L. A. D. Y., & Dotulong, V. (2020). Rendemen ekstrak air rebusan daun tua mangrove (Sonneratia alba). 
Jurnal Perikanan dan Kelautan Tropis, 11(1), 9–16. https://doi.org/10.35800/jpkt.11.1.2020.28659.  

29. Singh, R. P., & Pattnaik, A. K. (2023). Anti-obesity potential of bioactive guided fractions of Annona squamosa Linn. leaves extract: 
A combination of in vitro, in vivo and in silico studies along with profiling of lead compounds by HPTLC-MS-MSn method. 3 
Biotech, 13(6). https://doi.org/10.1007/s13205-023-03603-1.  

30. Singh, R. P., Pattnaik, A. K., Rudrapal, M., & Bhattacharya, S. (2024). Annona squamosa Linn.: A review of its ethnobotany, 
pharmacology, phytochemistry, toxicity, and conservation needs. Pharmacognosy Magazine. 
https://doi.org/10.1177/09731296241281422. 

31. Taufiq, H., et al. (2017). Potensi fraksi-fraksi dari ekstrak tanaman yang dikenal sebagai antioksidan. Jurnal Farmasi Sains dan Praktis, 
3(1), 1–9. 

32. Uduwana, S., Abeynayake, N., & Wickramasinghe, I. (2023). Synergistic, antagonistic, and additive effects on the resultant 
antioxidant activity in infusions of green tea with bee honey and Citrus limonum extract as additives. Journal of Agriculture and Food 
Research, 12. https://doi.org/10.1016/j.jafr.2023.100571.  

33. Wandira, A., et al. (2023). Menganalisis pengujian kadar air dari berbagai simplisia bahan alam menggunakan metode gravimetri. 
Jurnal Ilmiah Wahana Pendidikan, 9(17), 190–193. https://doi.org/10.5281/zenodo.8299996.  

34. Wardhani, M. K., Hanafi, M., & Wibowo, A. E. (2024). Formulasi serum wajah kombinasi ekstrak daun pedada (Sonneratia 
caseolaris L.) dan ekstrak rimpang kencur (Kaempferia galanga L.) sebagai sediaan kosmetik. antioksidan. Jurnal Ilmu Farmasi dan 
Farmasi Klinik (JIFFK), 21(2), 161–172.  

35. World Health Organization. (2025). Obesity and overweight. https://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight. 

36. Yatma, F., Falah, S., Ambarsari, L., Aisyah, S. I., & Nucholis, W. (2023). Optimization of extraction of phenolic and antioxidant 
activities from Celosia cristata seeds using response surface methodology. Biointerface Research in Applied Chemistry, 13(2), 1–16. 
https://doi.org/10.33263/BRIAC132.148. 

37. Zulfahmidah, Fajriansyah, Makmun, A., & Rasfahyana. (2021). Hubungan obesitas dan stres oksidatif. UMI Medical Journal, 6(1). 
https://doi.org/10.33096/umj.v6i1.140.  

38. Zuraida, Sulistiyani, Sajuthi, D., & Suparto, I. H. (2017). Fenol, flavonoid, dan aktivitas antioksidan pada ekstrak kulit batang pulai 
(Alstonia scholaris R.Br). Jurnal Penelitian Hasil Hutan, 35(3), 211–219. https://doi.org/10.20886/jphh.2017.35.3.211-219.  

https://doi.org/10.20886/jphh.2017.35.3.211-219


    S a m p l e   F r e s h   W e i g h t   ( g ) − S a m p l e   D r y   W e i g h t   ( g )  S a m p l e   F r e s h   W e i g h t   ( g ) × 100 %


    E x t r a c t   W e i g h t   ( g )  S a m p l e   W e i g h t   ( g ) − ( 1 − M o i s t u r e   c o n t e n t ) × 100 %

