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 Limbah buah dan sayuran mengandung asam organik yang masih dapat dimanfaatkan, 
menawarkan potensi baru sebagai agen reduktor dalam aplikasi kimia ramah 
lingkungan. Sampel yang digunakan dalam penelitian ini meliputi limbah belimbing 
wuluh, kulit jeruk, dan bayam, yang diketahui mengandung asam organik. Penelitian 
ini bertujuan untuk mengoptimalkan proses pelarutan asam organik dari sampel-
sampel tersebut serta mengidentifikasi potensinya sebagai agen reduktor. Penelitian 
ini menggunakan metode pengeringan dan pelarutan limbah belimbing wuluh, kulit 
jeruk, dan bayam. Sampel dikeringkan pada suhu 60°C, lalu dilarutkan dalam 
akuabides dengan variasi waktu dan suhu. Konsentrasi asam organik dianalisis secara 
alkalimetri dan permanganometri untuk mengukur asam total dan asam reduktor. 
Hasil penelitian menunjukkan bahwa variasi waktu dan suhu pelarutan memengaruhi 
konsentrasi asam organik yang terlarut dari sampel limbah. Konsentrasi tertinggi 
dicapai pada waktu pelarutan 90 menit dan suhu 60°C, di mana waktu dan suhu yang 
melebihi batas ini justru menurunkan konsentrasi asam terlarut. Identifikasi kualitatif 
menunjukkan bahwa belimbing wuluh dan bayam mengandung asam oksalat dan 
asam askorbat, sementara kulit jeruk mengandung asam sitrat dan asam askorbat. 
Data ini menegaskan potensi sampel sebagai agen reduktor, terutama pada kondisi 
pelarutan optimal. 
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ABSTRACT 

Fruit and vegetable waste contains organic acids that can still be utilized, offering new 
potential as reducing agents in environmentally friendly chemical applications. The 
samples used in this study include Averrhoa bilimbi, orange peel, and spinach waste, 
known to contain organic acids. This study aims to optimize the extraction process of 
organic acids from these samples and identify their potential as reducing agents. The 
method involves drying and dissolving the waste samples, which were dried at 60°C 
and then disbanded in aquabidest with varying times and temperatures. The 
concentration of organic acids was analyzed using alkalimetry and permanganometry 
to measure total acids and reduce acids. The results show that variations in dissolution 
time and temperature influence the concentration of dissolved organic acids in the 
waste samples. The highest concentration was achieved at a dissolution time of 90 
minutes and a temperature of 60°C, with concentrations decreasing at longer times 
and higher temperatures. Qualitative identification indicates that Averrhoa bilimbi 
and spinach contain oxalic and ascorbic acids, while orange peel contains citric and 
ascorbic acids. These findings highlight the potential of these samples as reducing 
agents, especially under optimal dissolution conditions. 
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1. INTRODUCTION 
 Fruit and vegetable waste is a source of organic matter that is often underutilized 

and can become an environmental problem if not properly managed. On the other hand, 
the demand for environmentally friendly chemicals continues to rise, especially in 
applications requiring natural reducing agents. Particular fruit and vegetable waste 
contains organic acids, such as oxalic acid, ascorbic acid, and citric acid. [1]–[3], which are 
potentially used in various chemical processes. Utilizing this waste helps reduce 
environmental pollution and provides a safer and more sustainable alternative to 
conventional chemicals. 

Previous research has shown that certain types of fruit and vegetable waste 
contain significant levels of organic acids. Averrhoa bilimbi (bilimbi) contains notable 
amounts of oxalic and ascorbic acids. [1], while the orange peel is rich in citric and 
ascorbic acids, which contribute to its antioxidant activity [4]. Additionally, spinach 
contains a high level of oxalic acid, making it a potential source of organic acids. [5]. These 
organic acids offer added benefits as natural reducing agents that can be applied in 
various environmentally friendly chemical processes. Studies have shown that spinach 
(Amaranthus spp.) contains significant levels of oxalic acid. Spinach is a commonly 
consumed vegetable in Indonesia. It contains oxalic acid, a compound that can bind with 
minerals such as calcium, forming insoluble compounds that may affect mineral 
absorption in the body. [6]. The oxalic acid content in green spinach (Amaranthus 
gangeticus) and red spinach (Amaranthus spinosus) varies, with concentrations reaching 
thousands of ppm, depending on the sample's processing and storage conditions. [7]. The 
high oxalic acid content in spinach makes it a potential source of organic acids for various 
chemical applications, including as a natural reducing agent in environmentally friendly 
processes. 

The amount of organic acids that can be extracted from the waste of Averrhoa 
bilimbi, orange peel, and spinach highly depends on the extraction conditions. Extraction 
time and temperature are crucial factors influencing the solubility of organic acids in 
water. Insufficient extraction time may lead to incomplete dissolution, while excessive 
time can result in degradation or re-binding of the dissolved acids. Similarly, higher 
extraction temperatures can accelerate the extraction process but may cause evaporation 
or degradation of organic acids at certain levels [8]–[10]. Therefore, this study optimizes 
extraction time and temperature to achieve the most efficient conditions for extracting 
organic acids. Although the utilization of fruit and vegetable waste as a source of organic 
acids has been widely studied, research exploring its potential as a reducing agent 
remains limited. Previous studies have primarily focused on extracting and characterizing 
organic acids without further evaluating their reducing capability in chemical 
applications. Therefore, this study introduces a novel approach by assessing the 
effectiveness of organic acids derived from waste as a more environmentally friendly 
natural reducing agent. 
2. METHOD  
Materials and Equipment 
This study utilized laboratory equipment, including an analytical balance, drying oven, 
beaker glass, Erlenmeyer flask, hot plate with a magnetic stirrer, digital thermometer, 
volumetric pipette, measuring cylinder, filter paper, and pH meter. The primary materials 
used in this study included dried waste samples of Averrhoa bilimbi, orange peel, and 
spinach, which were obtained from Yogyakarta, and distilled water. The chemical 
reagents used were NaOH (e-Merck p.a), KMnO₄ (e-Merck p.a), H₂C₂O₄ (oxalic acid, e-
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Merck p.a), Na₂C₂O₄ (sodium oxalate, e-Merck p.a), AgNO₃ (e-Merck p.a), FeCl₃ (e-Merck 
p.a), and CaCl₂ (e-Merck p.a). 
Sample Preparation and Extraction Process 
Averrhoa bilimbi, orange peel, and spinach were dried using an oven dryer at 60°C for ±1 
hour and then ground before extraction. A total of 5 grams of sample was dissolved in 100 
mL of aquabidest with varying extraction times (30, 60, 90, and 120 minutes) at room 
temperature. The extraction process was also carried out at different temperatures (30°C, 
60°C, 90°C, and 120°C) to evaluate the effect of temperature on the solubility of organic 
acids. A hot plate with a magnetic stirrer maintained homogeneous mixing during 
extraction. 
Identification and Quantification of Organic Acids 
The identification of organic acids was carried out using qualitative tests, including 
precipitation tests with AgNO₃ and CaCl₂ to detect oxalic acid, redox tests with methylene 
blue to detect ascorbic acid, and complexometric tests with FeCl₃ to detect citric acid. The 
concentration of organic acids in the extracted solution was analyzed using alkalimetric 
titration with NaOH to determine total acids and permanganometric titration with KMnO₄ 
to determine reducing acids. The results of these identification and analysis processes 
were used to determine the optimal extraction conditions and evaluate the potential of 
organic acids as reducing agents. 
3. RESULT 

The analysis results indicate that variations in extraction time affect the 
concentration of total and reducing acids dissolved in the samples. The acid concentration 
increases with longer extraction times until it reaches a maximum value, after which 
changes occur at longer durations. The data on the concentration of total and reducing 
acids at different extraction times are presented in Figure 1. 

  

 
  ∎total acids   ∎reducing acids 

Figure 1. Effect of Extraction Time on the Dissolved Acid Concentration in Averrhoa 
bilimbi, Orange Peel, and Spinach 
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After determining the optimal extraction time, temperature optimization was 
carried out to evaluate its effect on the amount of dissolved organic acids. The analysis 
results indicate that variations in extraction temperature influence the concentration of 
total and reducing acids in the samples. The acid concentration increases with rising 
temperature until it reaches a maximum value, then changes at higher temperatures. The 
data on the concentration of total and reducing acids at different extraction temperatures 
are presented in Figure 2. 

  

 

∎total acids   ∎reducing acids 
Figure 2. Effect of Extraction Temperature on the Dissolved Acid Concentration in 

Averrhoa bilimbi, Orange Peel, and Spinach 
 
The identification of organic acids in Averrhoa bilimbi, orange peel, and spinach was 

conducted using qualitative tests. The presence of oxalic acid was determined through 
precipitation tests with AgNO₃ and CaCl₂, ascorbic acid was identified using a redox 
reaction with methylene blue, and citric acid was detected via an complexometric 
response with FeCl₃. The results of these qualitative tests are presented in Table 1. 

Table 1. Identification of Oxalic Acid, Ascorbic Acid, and Citric Acid in Averrhoa bilimbi, Orange Peel, and 
Spinach 

Sample Oxalic Acid  Ascorbic Acid  Citric Acid  

Averrhoa bilimbi Present Present Not Detected 

Orange Peel Not Detected Present Present 

Spinach Present Present Not Detected 
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The concentration of total and reducing acids in Averrhoa bilimbi, orange peel, and 
spinach was determined using alkalimetric and permanganometric titration methods. 
Total acid concentration represents the overall organic acid content in the sample while 
reducing acid concentration indicates the fraction of acids capable of acting as reducing 
agents. The percentage of reducing acid relative to total acid was also calculated to assess 
the potential reducing capability of each sample. The results of this analysis are presented 
in Table 2. 
Table 2. Concentration of Total and Reducing Acids 

Sample Total Acid 
Concentration (M) 

Reducing Acid 
Concentration (M) 

Reducing Acid/Total 
Acid (%) 

Averrhoa bilimbi 0.0141 0.0128 90.78 
Orange Peel 0.0164 0.0147 89.63 
Spinach Leaves 0.0277 0.0193 69.67 
Spinach Stems 0.0185 0.0128 69.18 

 
4. DISCUSSION 

This study demonstrated that the extraction time and temperature significantly 
influence the solubility of organic acids from Averrhoa bilimbi, orange peel, and spinach. 
The results indicate that optimal conditions maximize acid extraction while minimizing 
potential degradation, highlighting the efficiency of controlled extraction parameters. 

In addition to optimizing the extraction conditions, this study highlights the 
presence of reducing acids in Averrhoa bilimbi, orange peel, and spinach, distinguishing 
it from previous research that primarily focused on total organic acid content. The 
percentage of reducing acids relative to total acids varied among the samples, with 
Averrhoa bilimbi exhibiting the highest proportion (90.78%), followed by orange peel 
(89.63%), spinach leaves (69.67%), and spinach stems (69.18%). These results indicate 
that while all samples contain organic acids, their ability to act as reducing agents differs 
significantly. 

The high proportion of reducing acids in Averrhoa bilimbi and orange peel suggests 
that these samples possess more significant potential as natural lowering agents. This is 
likely attributed to specific organic acids that play a role in redox reactions. Ascorbic acid, 
detected in all samples, is well known for its reducing properties. Oxalic acid, found in 
Averrhoa bilimbi and spinach, also reduces potential. Citric acid, identified only in orange 
peel, is not typically considered a potent reducing agent, further supporting the varying 
reducing capabilities observed in this study. 

These findings provide new insights into the potential application of organic acid-
rich plant waste as environmentally friendly reducing agents. Unlike previous studies that 
focused solely on extraction and characterization, this study emphasizes the functional 
role of these acids in redox processes. This distinction highlights the importance of 
identifying organic acids in fruit and vegetable waste and assessing their specific chemical 
behavior for practical applications. 

Previous research has demonstrated the reducing capabilities of ascorbic and oxalic 
acids. For instance, a study by Putri et al. (2016) investigated the influence of ascorbic and 
oxalic acids on reducing Au(III) ions under UV irradiation. The results indicated that both 
acids effectively enhanced the reduction process, with optimal conditions at a molar ratio 
of 2:3 (Au(III): organic acid) and a pH of 3. Ascorbic acid exhibited a stronger effect under 
UV irradiation, while oxalic acid was more effective without UV exposure [11].   

Additionally, ascorbic acid is an antioxidant by donating electrons, thereby 
neutralizing reactive oxygen species. This electron donation capability underscores its 
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role as a reducing agent in various biochemical processes [12]. These studies corroborate 
our findings, reinforcing the potential of utilizing plant-derived organic acids as natural 
reducing agents in various applications. 

This study identified the organic acid content in Averrhoa bilimbi, orange peel, and 
spinach and compared the findings with existing literature. In this study, Averrhoa bilimbi 
and spinach contained oxalic acid and ascorbic acid, while orange peel contained ascorbic 
acid and citric acid. 

Previous literature states that oxalic acid is the predominant organic acid present in 
Averrhoa bilimbi [13]. Additionally, Averrhoa bilimbi is known to contain citric acid at 
concentrations ranging from 92.6 to 133.8 mg/100 g [14]. However, in this study, citric 
acid was not detected in Averrhoa bilimbi, while oxalic acid was identified. 

This discrepancy may be due to differences in extraction methods, environmental 
growing conditions, or the ripeness of the fruit at the time of sampling. Genetic variations 
and analytical techniques may also influence the identification of organic acid content. 

Previous literature states that one of the major components in oranges is organic 
acids, such as citric acid, tartaric acid, and ascorbic acid (vitamin C). The ascorbic acid 
content in oranges reaches 27 mg per 100 grams or 53 mg per 100 grams of mandarin 
orange juice. The peel of sweet oranges (Citrus sinensis) contains approximately 1.4% 
citric acid [3], [15], [16]. These findings are consistent with our study, which detected the 
presence of citric acid and ascorbic acid in orange peel. Spinach contains oxalic acid, which 
can be a reducing agent. Spinach also contains ascorbic acid (vitamin C), which acts as an 
antioxidant and a natural reducing agent [5], [7], [17]. These findings align with our study, 
which detected the presence of oxalic acid and ascorbic acid in spinach. 

This study's findings indicate that Averrhoa bilimbi, orange peel, and spinach 
contain organic acids with potential as natural reducing agents. This discovery has 
significant implications across various fields, including environmental sustainability, 
industrial applications, and green chemistry. 

The presence of ascorbic and oxalic acid in these samples suggests their potential 
use as eco-friendly reducing agents in chemical processes. Utilizing plant-derived extracts 
as natural reducing agents aligns with the principles of green chemistry, offering a 
sustainable alternative to synthetic chemicals. Research has demonstrated that plant 
extracts, rich in phytochemicals such as polyphenols, saponins, and terpenoids, can 
effectively act as reducing and stabilizing agents in nanoparticle synthesis [18]. 
Furthermore, the concept of waste valorization is supported by these findings. Extracting 
valuable compounds from fruit and vegetable waste can reduce environmental pollution 
and promote a circular economy. Studies have shown that agricultural waste extracts can 
serve as natural reducing agents, contributing to sustainable nanoparticle synthesis [19]. 

The identified organic acids, particularly ascorbic acid, are recognized in the food 
and pharmaceutical industries for their antioxidant properties. Their application as 
natural antioxidants can enhance product preservation and contribute to health benefits. 
Additionally, oxalic acid's reducing capabilities may have potential applications in 
pharmaceutical formulations. The efficiency of extraction methods plays a crucial role in 
obtaining these bioactive compounds. Ultrasound-assisted extraction (UAE) has been 
identified as an advanced and efficient technique for enhancing the extraction of bioactive 
compounds from plant materials [20]. Implementing such green extraction methods can 
improve yield and maintain the integrity of the compounds, making them more viable for 
industrial applications. 
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In summary, this study provides insights into the organic acid content of certain 
plant materials and highlights their potential applications as natural reducing agents and 
antioxidants. Adopting sustainable extraction and utilization practices can significantly 
advance environmental sustainability and industrial processes. 

 
5. CONCLUSION 

This study demonstrates that bilimbi fruit, orange peel, and spinach contain organic 
acids with potential as natural reducing agents. Extraction optimization showed that the 
best conditions were 90 minutes and 60°C, with organic acid concentrations decreasing 
at higher temperatures. Bilimbi fruit and orange peel exhibited a higher proportion of 
reducing acids than spinach, indicating their more significant potential as reducing 
agents. These findings support the utilization of fruit and vegetable waste as a sustainable 
source of natural chemicals for various industrial applications. 
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