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Abstract. This research seeks to ascertain the kinetic parameters of VCO 

degradation based on the formation of peroxide and free fatty acids and to 

evaluate the shelf life of bromelain-extracted VCO at various temperatures. 

The kinetic parameters and shelf life of VCO were determined by 

measuring the value of peroxides and free fatty acids (FFA) concentration 

at temperatures of 50 ºC to 200 ºC. The heating was performed in a 1 L 

conical flask immersed in the paraffin bath. Samples were collected for 

each temperature at 0 to 60 minutes. The rate constant of peroxide and 

FFA formation was determined by regression analysis using Microsoft 

Excel, based on the plot of sampling time and value of peroxide and FFA 

concentration. The rate constant of peroxide formation escalated from 

0.0114 to 0.1419 mEq Kg-1 min-1 when the VCO was heated at 50 ºC to 

200 ºC. Meanwhile, the rate constant of FFA formation rose from 0.0188 

to 0.0393 % min-1 when subjected to heating at 50 ºC to 200 ºC. Based on 

the shelf-life prediction established by Indonesian National Standards or 

the Asian and Pacific Coconut Community, the shelf-life of bromelain-

extracted VCO varies from 10 to 3 hours at temperatures ranging from 2 ºC 

to 50 ºC. It was determined that elevating the temperature reduced the 

shelf-life of bromelain-extracted VCO. These findings suggest that 

temperature is crucial for the stability of bromelain-extracted VCO. 

 

 

 
*Corresponding Author. E-mail: sabtanti@umy.ac.id  

 

BIO Web of Conferences 144, 05003 (2024)

SAGE-Grace 2024
https://doi.org/10.1051/bioconf/202414405003

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

mailto:sabtanti@umy.ac.id


 

 

1 Introduction  

Indonesia possesses extensive agricultural and plantation areas. The coconut (Cocos 

nucifera L.) plantation subsector serves as an export commodity and is a significant source 

of the national economy. Almost all coastal areas of Indonesia are covered with coconut 

trees as they can grow in regions with a tropical climate, including Indonesia [1]. 

Accordingly, it triggers community innovation in managing and processing coconut trees 

due to the possible utilization of all parts of the plant. The trunks can serve as building 

frames; leaves can function as decorations; coconut sticks and fibers can be utilized for 

brooms; coconut water can be transformed into nata de coco; and coconut meat can produce 

copra, coconut cream, coconut milk, and virgin coconut oil (VCO), familiar to the public 

because of its rich benefits [2]. 

VCO is an oil derived from processed fresh coconut meat, produced by several 

methods, including physical methods (gradual heating and centrifugation), chemical 

methods (pancaking and acidification or salting), and enzymatic [3]. The oil derived from 

processed coconut meat surpasses ordinary cooking oil. It has an economic value of higher 

selling prices, where the resulting VCO has notable color characteristics, distinctive aroma 

of coconut oil, low water content, and free fatty acids, resulting in a long shelf life of more 

than 12 months [4]. 

The production of VCO by enzymatic methods offers advantages over physical and 

chemical methods since it yields a greater amount of VCO and preserves its 

physicochemical properties due to the relatively tiny heat and mechanical energy required 

[5]. Enzymes utilized in VCO production include bromelain enzymes, which can be 

obtained from pineapple plants (Ananas comosus L.). The required bromelain enzyme 

comes from extracts of stems, leaves, skin, or meat of pineapple fruit, with different 

enzyme activities [6]. Bromelain enzyme is a class of proteolytic or protease, having the 

capability to break peptide bonds in coconut milk emulsions by damaging fat emulators to 

separate oil from water [7]. 

VCO is classified as an oil predominantly composed of saturated fatty acids, amounting 

to 92%, with its saturated fatty acid composition including lauric acid (48.74%), myristic 

acid (16.31%), caprylic acid (10.91%), capric acid (8.10%), and caproic acid (1.25%), 

which encompass medium-chain fatty acids (MCFA). The unsaturated fatty acids of 8% 

consist of oleic and linoleic acids [8]. The content of MCFA can help overcome 

degenerative diseases such as diabetes, heart disease, and obesity and prevent free radicals 

because they are directly digested in the digestive tract and transported to the liver for 

metabolic conversion into energy. At the same time, no excess accumulation occurs [9], 

[10]. 

Oxidation can cause damage to VCO. Hydrolysis and microbial contamination can be 

identified by changes in the chemical properties of VCO, such as peroxide value and free 

fatty acid concentration [11]. Therefore, this study aims to determine the kinetic parameters 

of peroxide and free fatty acid formation for predicting the self-life of VCO produced using 

bromelain enzyme from pineapple extract. The shelf-life determination of VCO utilized the 

Arrhenius equation approach. 

2 2. Materials and Methods 

2.1 Materials 

Bromelain-extracted VCO was prepared following [12]. Several chemicals were employed, 

encompassing analytic grade glacial acetic acid (Merck), chloroform (Merck), potassium 
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iodide (Merck), starch (Bratachem), NaOH (Bratachem), oxalic acid (Merck), potassium 

dichromate (Merck), 95% alcohol (Bratachem), and phenolphthalein (Merck). All 

chemicals were directly utilized without additional treatment. 

2.2 Experiment 

Data were obtained by heating 550 g of VCO samples in a 1 L Erlenmeyer at 50 oC, 100 oC, 

150 oC, and 200 oC for 60 minutes using a paraffin bath. An electric stove was deployed as 

the heating device. Samples of 5 g were taken at 0, 10, 20, 40, and 60 minutes. The formed 

peroxides and free fatty acids were analyzed on each sample for two replications using 

iodometric and acid-base titration methods. Figure 1 portrays the setting of this experiment. 

 
 

Fig. 1. Setting of experiment 

 

2.3 Analysis 

2.3.1 Peroxide Value 

A 5 g sample of VCO was put into an Erlenmeyer iodine flask, and 1 g of potassium iodide 

and 30 mL of glacial acetic acid-chloroform mixture in a 3:2 ratio were added and then 

homogenized. After mixing the solution, it was immediately covered with aluminum foil 

and allowed to stand for 30 minutes. Subsequently, 50 mL of distilled water and 1 mL of 

starch indicator were added and titrated using 0.01 N sodium thiosulphate until the color 

changed from blue to colorless [13],[14]. The titration was carried out for two repetitions. 

According to [15], peroxide value could be calculated using formula (1), where a denotes 

the volume of sodium thiosulphate used to titrate the blank, b implies the volume of sodium 

thiosulphate used to titrate the sample, N represents the normality of sodium thiosulphate, 

and W signifies the weight of the sample. 

 

  (1) 
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2.3.2 Free Fatty Acid (FFA) 

A 5 g VCO sample was put into an Erlenmeyer, and 50 mL of neutral alcohol was added. 

Then, three drops of phenolphthalein indicator were added and titrated using 0.1 N NaOH 

until the color changed from colorless to pink in exactly 30 seconds [13],[16]. The titration 

was carried out for two repetitions. According to [15], the free fatty acid concentration 

could be calculated using formula (2), where V denotes the volume of NaOH, N represents 

the normality of NaOH, 200 signifies the molecular weight of lauric acid, and m refers to 

the weight of the sample. 

FFA (%) =  x 100%  (2) 

3 Results and Discussion 

3.1 Peroxide Value 

Peroxide value analysis determines the degree of oil rancidity caused by an oxidation 

reaction characterized by the presence of rancid taste and aroma. This rancid aroma and 

flavor arise from unsaturated fatty acids that can bind to oxygen in their double bonds. This 

oxidation reaction can occur due to continuous exposure to the sun or high-temperature 

heating; the higher the heating, the greater the peroxide value formed [17].  

The peroxide value describes the amount of peroxide formed in oil, expressed in milligram 

equivalents per 1,000 g of the oil sample. The value of peroxides could be determined using 

the iodometric titration method, with a maximum limit of 2 mEq/kg as specified in [18]. 

However, it is slightly different from [19]. The maximum limit of peroxide value that 

complies with the standard is 3 mEq/kg. Table 1 lists the peroxide values of VCO produced 

using the enzymatic method. 

 
Table 1. Peroxide values (mEq Kg-1) 

Temperature 

(oC) 

Time (Minute) 

0 10 20 40 60 

50 0.191 0.573 0.860 0.955 0.955 

100 0.191 0.764 0.860 1.433 2.674 

150 0.191 2.101 3.629 4.680 5.730 

200 0.191 4.680 6.112 7.258 10.123 

   

Following Table 1, the peroxide values in VCO produced using the enzymatic method, 

using young pineapple pulp, escalated with rising temperatures and longer heating times. 

The peroxide values meet the quality requirements of VCO determined by [18], with 

heating at 50 oC for 60 minutes and at 100 oC for 40 minutes. 

The high peroxide values are caused by oxidation reactions between unsaturated fatty acids 

that bind to oxygen to form peroxides, aldehydes, ketones, and other short-chain fatty acids, 

thus changing the physicochemical properties contained in VCO [20]. As exhibited in 

Figure 2, the reaction of peroxide formation has followed [20].  
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Fig. 2. Peroxide formation reaction [20] 

 
3.2. Free Fatty Acid Concentration 

 Free fatty acids concentration refers to the amount of free fatty acids contained in oil or fat 

due to the hydrolysis reaction. Hence, analyzing the free fatty acids concentration is critical 

for assessing oil deterioration. Hydrolysis reactions in oil can occur quickly due to factors 

such as temperature, water, acidity, and enzyme catalysts [20]. 

 
Fig. 3. Triglyceride hydrolysis reaction [21] 

 
Figure 3 exhibits the hydrolysis reaction of triglyceride to produce free fatty acids. 

Enzymes capable of breaking bonds or catalyzing triglyceride compounds belong to the 

hydrolase group, including lipase and proteolytic enzymes: bromelain and papain enzymes 

[22], [23]. 

Free fatty acids are triglyceride compounds decomposing into glycerol and free fatty acids 

caused by hydrolysis reactions. The reaction of free fatty acid formation refers to [21]. The 

concentration of free fatty acids in VCO could be determined by the number of milligrams 

of base (KOH/NaOH) required to neutralize the free fatty acids in 1 g of oil using the acid-

base titration method [24]. Table 2 displays the concentrations of free fatty acids in VCO 

produced by the enzymatic method. 

Table 2 discloses that the free fatty acid concentrations in VCO produced using the 

enzymatic method, with the addition of young pineapple pulp, escalated with elevated 

temperatures and prolonged heating times. The concentrations of free fatty acids have 
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fulfilled the quality requirements of VCO according to [19], with heating at 50 oC for the 

initial ten minutes due to the maximum limit of 0.5%. However, it differs from the free 

fatty acid concentrations according to[18], setting the maximum free fatty acid 

concentration at 0.2%. Hence, none of the samples analyzed met the VCO standards. 

 

Table 2. Free fatty acid concentrations (% FFA) 

 

Temperature 

(oC) 

Time (Minute) 

0 10 20 40 60 

50 0.259 0.299 0.539 1.018 1.297 

100 0.259 1.178 1.517 1.796 1.996 

150 0.259 1.088 1.537 2.036 2.455 

200 0.259 1.597 1.856 2.056 3.114 

 
3.3. Reaction Kinetics 

The reaction kinetic model could help predict the shelf life of a food product using the 

accelerated storage studies (ASS) method. The ASS method involves modifying the 

environmental conditions to be abnormal to accelerate the deterioration of food product 

quality. The observations involve analyzing the empirical approach using the Arrhenius 

equation, which often adheres to zero-order or first-order kinetics in the analysis of the 

shelf life of a food product [25]. 

The model of food quality change and the reaction order of change could be investigated 

using the integration method, followed by an analysis of the estimation function. The 

accuracy of the estimation function model was assessed by comparing the coefficient of 

determination (R2) value closest to 1 from the relationship between concentration and time 

for zero order, natural logarithmic concentration and time for first order, and one per 

concentration and time for second order [26]. The higher the resulting R2 value, the greater 

the linearity, signifying that the mathematical model can accurately predict the actual 

quality value [27]. Furthermore, in the kinetic analysis, the formation of peroxides and free 

fatty acids followed the zero-order because they have coefficients of determination (R2) 

values closest to 1. Table 3 demonstrates the coefficient of determination (R2) at zero, first, 

and second orders for peroxide values and free fatty acid concentrations. 

 

Table 3. Coefficient of determination (R2) of peroxide and free fatty acid values 

Temperature (ºC) Peroxide value Free fatty acid value 

Order Order 

Zero First Second Zero First Second 

50 0.7058 0.5908 0.4822 0.9786 0.9495 0.8749 

100 0.9538 0.8477 0.5506 0.7866 0.5871 0.4467 

150 0.9066 0.6103 0.4083 0.9161 0.6901 0.4857 

200 0.8728 0.533 0.3814 0.8526 0.6098 0.4346 

 

Following the opinion expressed by [26], the zero-reaction order could help identify the 

deterioration of food quality, such as rancidity due to oxidation, hydrolysis, and microbial 

processes. Table 3 illustrates the kinetics of the zero-reaction order obtained from the 

analysis of the coefficient of determination closest to 1. Meanwhile, Figures 4 and 5 depict 

the linearity graphs of peroxide and free fatty acid formation. 

The reaction kinetic orders in Figures 4 and 5 disclosed that the rate constants of peroxide 

and free fatty acid formation could be determined as the slope of the equation generated 
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from regression analysis, as provided in Table 4. Utilizing the data in Table 4, a plot of the 

constant peroxide formation rate and free fatty acid formation constant against the 

reciprocal of temperature (K) could ascertain the shelf life of VCO [26]. Figures 6 and 7 

portray the plotting results, showcasing an activation energy of 5146.73 KJ mol-1 K-1 for 

peroxide formation and 1531.44 KJ mol-1 K-1 for free fatty acid formation. 

 

 
Fig.4. Zero-order peroxide formation 

 

 
Fig. 5. Zero-order FFA formation 

 

Table 4. Peroxide and free fatty acid formation rate constants 

Temperature (ºC) Peroxide constant (mEq kg-

1 min-1) 

Free fatty acid constant (%FFA 

min-1) 

50 0.0114 0.0188 

100 0.0382 0.0251 

150 0.0862 0.0339 

200 0.1419 0.0393 
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Fig. 6. Plot of the natural logarithmic rate constant of peroxide formation (ln peroxide) vs. 1/T 

 

 
Fig. 7. Plot of the natural logarithmic rate constant of FFA formation (ln FFA) vs. 1/T 

 

 

Table 5. Predicted shelf life of VCO 

Temperature (ºC)  Peroxide (Hour) Free fatty acids (Hour) 

2 10.050 0.327 

15 6.554 0.287 

25 4.863 0.263 

50 2.645 0.214 

100 0.789 0.160 

150 0.350 0.118 

200 0.212 0.102 

 

Table 5 displays the prediction of VCO self-life following the Arrhenius equation when 

VCO was stored at modified temperatures. The VCO depicted a too short shelf life. 

Extending the shelf life could be performed through purification using zeolite, activated 

charcoal, and rice husk ash [28]. Additionally, the results disclosed VCO as an extremely 
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temperature-sensitive material. Hence, the storage and transportation must be placed in a 

temperature-conditioning room. Therefore, preservatives, such as antioxidants, should be 

added during the formulation of any food or pharmaceutical preparation. 

4 Conclusions 

The analysis unveiled that heating reduced the quality of VCO produced with bromelain 

enzyme. The peroxide and FFA values rose with elevating temperature. The reaction of 

peroxide formation and free fatty acid followed the zero order. The rate constants of 

peroxides and FFA formation escalated with rising temperatures. The Arrhenius equation 

could determine the shelf life of VCO. 
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