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Article Info   Abstract 
- 

Inhaling acrolein, an aldehyde present in cooking oil fumes, is 
detrimental to human health. Fatty acids in oils can undergo the 
degradation process of oxidation, which produces acrolein and other 
volatile aldehydes. To prevent such degradation, plant-based antioxidants 
could be added to the oil. This study aimed to measure and compare 
acrolein concentrations in emissions of palm oil with varying 
concentrations (w/w) of Muntingia calabura ethanol leaf extract. Four set-
ups were subjected to volatilization and dissolution through Rancimat 
analysis. Volatile oxidation products from the Rancimat were analyzed for 
acrolein through high-performance liquid chromatography. Results 
showed that acrolein concentrations decreased as the concentration of the 
leaf extract in the oil treatment increased. Thus, the addition of M. calabura 
leaf extract to palm oil has the potential of controlling oxidation during 
cooking by reducing acrolein emissions; safer kinds of cooking oil could be 
formulated with the preference of incorporating natural antioxidants. 
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Introduction. - Inhaled fumes from degrading 
cooking oil is a major matter of concern worldwide 
[1,2] due to their detrimental effects on the health of 
people staying indoors [2,3,4], particularly in the 
Philippines [5]. Mitigating the effects of indoor air 
pollution from oil-based cooking is important as 
people spend more than 90% of their time indoors 
[6,7,8], especially during the COVID-19 pandemic [9]. 
Meanwhile, among the air pollutants, aldehydes and 
polycyclic aromatic hydrocarbons are found to be 
the major products of oil degradation [3] and the 
most harmful [10,11,12]. 
 

As cooking oil is heated beyond its threshold 
smoke point, fatty acids present in oil oxidize rapidly 
to form aldehydes and free radicals [12]. However, the 
smoke point of the oil is not a reliable basis of 
aldehyde formation, as the formation of volatile 
organic compounds occurs before the temperature of 
the oil reaches the smoke point [13]. Oxidative 
stability is the better indicator of oil performance [13] 
since it is measured in terms of the time it takes for 
oils to start generating volatile secondary reaction 
products (induction time) before the temperature 
reaches the smoke point [14]. In addition, the rate of 
production of aldehydes is inversely related to the 
oxidative stability [12,15] of the cooking oil and 
directly related to cooking temperatures [3], fatty acid 

content [16], and atmospheric oxygen [17]. Hence, in 
this study, the relationship between oxidative stability 
and the amount of aldehydes emitted by the treated 
palm cooking oil samples was investigated.  

 
Most of the studies conducted on cooking oil 

have focused on the improvement of its oxidative 
stability [15,18], but there has been none in reducing 
the harmful constituents found in cooking oil fumes. 
In relation to aldehyde formation, studies have 
postulated a possible association between the addition 
of natural antioxidants to cooking oil and the amount 
of aldehydes released by cooking oil when heated 
[12,18]. This is because the production of aldehydes 
can be inhibited through the use of antioxidants by 
bonding towards the singlet oxygen in the reaction 
intermediate as fatty acids degrade, as established by 
the same studies. The cooking oil emissions will be 
analyzed for acrolein, the simplest unsaturated 
aldehyde and the most abundantly produced by palm 
oil and soybean oil [12]. With this, it is necessary to 
examine the correlation between the addition of 
natural antioxidants and acrolein emissions.   

 
Among various methods to inhibit oxidation, the 

use of antioxidants is most effective, convenient, and 
economical [19]. Between the natural and the 
synthetic   antioxidants,   the   former   are   safer   for  
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consumption due to toxicity problems associated with 
synthetic antioxidants [20]. Several studies 
investigated the effects of incorporating plant-based 
extracts, such as that from Eucalyptus globulus leaves, 
Cinnamomum zeylanicum bark, and Sesamum indicum 
coat, on the oxidative stability of cooking oil, resulting 
in longer induction times [15,18,20]. Muntingia 
calabura (aratiles) is one of the top five Philippine 
fruits to contain high antioxidant activity alongside 
Diospyros blancoi (velvet apple), Tamarindus indica 
(tamarind), Sandoricum koetjape (lolly fruit), and 
Annona squamosa (sugar apple) [22,23], making its 
extract a highly suitable additive, especially its leaves 
where the highest antioxidative activity can be found 
[24]. It is hypothesized that if M. calabura leaf extract is 
added to palm cooking oil (PCO), then its acrolein 
emissions will be reduced as an effect of the increase 
in its oxidative stability.  
 

To address the issue of aldehyde emissions, this 
study aimed to measure and compare the acrolein 
concentrations in cooking oil fumes from palm oil 
with varying percent mass of M. calabura leaf extract. 
This study specifically aimed to: 

 
(i) Determine the radical scavenging activity 
(RSA) and total phenolic content (TPC) of the M. 
calabura leaf extract through 2,2-diphenyl-1-
picrylhydrazyl (DPPH) UV-visible radical 
scavenging assay; 
 
(ii) Measure the induction time and antioxidative 
activity index (AAI) of the set-ups through 
Rancimat analysis; 
 
(iii) Quantify the aldehyde concentrations 
derived from the fumes of the set-ups through 
high-performance liquid chromatography 
(HPLC); 
 
(iv) Determine if there are significant differences 
among the induction times of the set-ups; and 
 
(v) Determine if there are significant differences 
among the aldehyde concentrations from the 
fumes of the set-ups. 
 
Methods. - The methods of this experimental 

study are composed of: (1) leaf harvesting and 
extraction, (2) DPPH assay, (3) treatment of oil 
samples, (4) Rancimat analysis, and (5) HPLC analysis. 
Four set-ups were prepared, with one set-up as the 
negative control and the other three as treatments. 
 

Leaf Harvesting and Extraction.     M. calabura leaves 
were washed and air-dried for one day, processed into 
smaller chunks, then transferred into a reagent bottle 
with 99% ethanol, following a 1:20 leaf to solvent ratio 
(w/v). The bottles were stored in a cool area for five 
days. Subsequently, the solution underwent vacuum 
filtration and rotary evaporation (60 °C heating bath 
temperature, 90 rpm, 5 hours). Lastly, the solution 
was reconstituted and air-dried in an exhaust for 3 
days. 

 
DPPH Assay.     The RSA and TPC of the M. 

calabura leaf extracts were calculated through DPPH 
radical scavenging assay. Gallic acid was used as a 
standard to calculate the TPC. An extract-ethanol  

solution series (40, 80, 120, 160, 200 ppm) and a gallic 
acid solution (40 ppm) were prepared. Four milliliters 
(4 mL) of 0.1 mM  DPPH-ethanol solution was added 
to 1 mL of each solution. All solutions were wrapped 
with aluminum foil and stored for 30 minutes in a 
cool dark area before the analysis. Absorbance values 
of the extracts and gallic acid were measured at a 
wavelength of 508.40 nm using a UV-vis 
spectrophotometer (Shimadzu UV-1800). 

 
Treatment of Oil Samples.     Four set-ups consisting 

of PCO samples with 0, 0.1%, 0.3%, and 0.5% mass of 
M. calabura leaf extract were prepared to achieve a 
total of 25 g. The maximum treatment concentration 
of 0.5% was based on the study of Mohamed et al. [25], 
which considered the limitations in the amount of 
additives safe for consumption. Oil samples were 
agitated for 5 minutes in an up-and-down motion 
before the analysis.  

 
Rancimat Analysis.     The Rancimat (Metrohm 892 

Professional Rancimat) was set to a temperature of 150 
°C and heated until it was stable to prevent 
temperature fluctuation. The gas flow of oxygen was 
set at the default setting of 20.0 L/hr while 60 mL of 
pure water (Merck, Elix Type II) was poured into each 
measuring vessel. The reaction vessels containing 3 g 
of the samples were heated in their respective heating 
blocks until the last sample had reached the stop 
criteria of 400 μS/cm conductivity. After 5 hours of 
heating, the resulting water samples were collected for 
further analysis of aldehydes. A total of 4 replicates 
were performed. 

 
HPLC Analysis.     Acrolein concentrations in the 

samples obtained from Rancimat analysis were 
determined through HPLC analysis (Shimadzu 
Prominence LC-20A UFLC Stack HPLC System), 
equipped with a UV-vis detector and a C8 150 x 4.6 
mm 5µm column kept at 25 °C in the column oven. 
The analysis was carried out using an isocratic mode 
of elution using vacuum filtered distilled water as a 
mobile phase at a 2.0 mL/min flow rate. HPLC-grade 
acrolein (CPI International) standard solution (3, 6, 9, 
12, and 15 ppm) was used to establish the calibration 
curve for quantification. The filtered (0.45 μm) 
samples were individually kept in a glass vial filled up 
to 2 mL volume, while 20 μL aliquots per sample were 
collected by the autosampler for analysis. A total of 4 
replicates for each treatment were performed. 

 
Computation of Parameters.     The absorbance 

values obtained from the UV-vis spectrophotometer 
were used to calculate the RSA of the extract and gallic 
acid using Equation 1. 
  

(1)     % Inhibition  = 
𝜆𝑏𝑙𝑎𝑛𝑘− 𝜆𝑠𝑎𝑚𝑝𝑙𝑒 

𝜆𝑏𝑙𝑎𝑛𝑘
× 100% 

 

where 𝜆blank is the wavelength of the DPPH 

solution at maximum absorbance, and 𝜆sample is the 
wavelength of the DPPH-extract solution. 

 
The TPC of the extract was calculated from the 

RSA of both gallic acid and the extract as shown in 
Equation 2.       

(2)   TPC (mg GAE/g)  =
𝑅𝐸 𝑥 100 

𝑅𝐺 𝑥 𝑀𝐸
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where RE is the RSA of the extract, RG is the RSA 
of gallic acid, and ME is the mass of extract used to 
calculate RE. 

 
Lastly, the AAI of the extract was calculated using 

Equation 3 [14]. 

(3)  AAI  = 
𝐼𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
𝐼𝑐𝑜𝑛𝑡𝑟𝑜𝑙

 

 
where Itreatment is the induction time of the 

treatment group and Icontrol is the induction time of the 
control group. 

 
Data Analysis.     One-way analysis of variance 

(ANOVA) at ɑ=0.05 was performed to determine if a 
significant difference exists between the percent mass 
extract in oil and the induction time among the four 
set-ups, as well as between the percent mass extract in 
oil and the acrolein concentration in its emissions. 
Pairwise comparisons using t-tests were then 
conducted to calculate the p-values between set-ups. 
All statistical analyses were performed using R 
software (RStudio®, v1.2.5033). 

 
Safety Procedure.     The samples and solutions were 

prepared under a fume hood. Personal protective 
equipment was worn at all times whenever handling 
reagents, samples, glassware, and equipment. 
Adherence to the respective safety data sheet of the 
chemicals was also observed. The use of equipment 
was done with proper protocol and training. Chemical 
and biological waste were placed in their respective 
waste containers to prevent further chemical 
reactions. 
 

Results and Discussion. - After the DPPH assay 
was performed, the RSA was calculated, followed by 
the TPC. Through Rancimat analysis, the induction 
times of the samples were measured, and the AAI was 
determined. The water samples used from the 
Rancimat analysis were then analyzed for acrolein 
using the HPLC. 
 

RSA and TPC.     The RSA and TPC of the extracts 
were calculated based on the absorbance values 
obtained through UV-vis spectrophotometry. The 
RSA of extracts from M. calabura at different 
concentrations is shown in Table 1.  

 
Table 1. Summary of radical scavenging activity (RSA), and 
total phenolic content (TPC) of increasing concentrations of 
leaf extract to DPPH solution. Data used to calculate for RSA 
and TPC are expressed in average by the UV-vis 
spectrophotometer. 

Concentration 
(ppm) 

RSA  
(%) 

TPC  
(mg GAE/g) 

40-Gallic Acid 
 

40 
 

80 
 

120 
 

160 
 

200 

  94.24 
 

  54.59 
 
  56.63 
 
  60.47 
 
  63.47 
 
  66.59 

N/A 
 

          57.92 
 

          60.09 
 

          64.16 
 
          67.35 

 
          69.38 

RSA determines how likely the antioxidants 
present in M. calabura prevent the release of free 
radicals. DPPH is a purple-colored solution that 
gradually changes to a yellowish solution depending 
on the presence of antioxidants or antioxidative 
activity [25]. The absorbance of the gallic acid-DPPH 
aliquot at 40 ppm was measured to obtain the TPC in 
terms of mg GAE/g. In DPPH assays with gallic acid as 
the standard, a TPC value greater than 10 mg GAE/g 
is considered to have a high antioxidative capability 
[27]. M. calabura leaves are abundant in flavones, 
isoflavones, and polyphenols, which explain the high 
values for the TPC [28]. 
 

Induction time and AAI.     The induction times of 
the samples were obtained through Rancimat 
analysis, while the AAI values of the samples were 
calculated based on the induction times. The 
induction time of cooking oil is one way to determine 
oxidative stability. The longer the induction time, the 
more stable the cooking oil is. The time indicates 
when the oil starts to break down at a certain 
temperature, in this case at 150 °C. The AAI explains 
the relative antioxidative activity between the control 
and the treated samples; the higher the index, the 
higher the antioxidant activity of the oil compared to 
the other [14]. 
 

Among the four set-ups, the set-up with 0.5% 
mass of extract shows the highest induction time and 
antioxidative index. Both induction time and AAI 
increased as the percent mass of extract added to PCO 
increased (0<0.1%<0.3%<0.5%). Meanwhile, the 
acrolein concentration decreased (0.5%<0.3%<0.1%<0) 
as shown in Table 2. 
 
Table 2. Summary of mean values for induction time (IT), 
antioxidative activity index (AAI), and acrolein concentration 
(AC) of palm cooking oil with increasing percent mass of leaf 
extract. Data are expressed in terms of mean ± standard 
deviation (n = 4). 

Extract 
 (% Mass) 

IT (h) AAI AC (ppm) 

0 
 

0.1 
 

0.3 
 

0.5 

2.30 ± 0.20 
 

2.51 ± 0.05 
 

2.66 ± 0.06 
 

2.78 ± 0.08 

1.00 ± 0.00 
 

1.10 ± 0.09 
 
1.16 ± 0.10 
 
1.22 ± 0.08 

9.747 ± 0.67 
 

8.120 ± 0.22 
 

6.914 ± 0.48 
 

5.262 ± 0.99 
 
Each treatment group is significantly different 

(p<0.05) from the control group, which indicates that 
there is an increase in the oxidative stability of PCO 
as the mass percent composition of M. calabura leaf 
extract is increased. However, no significant 
difference (p>0.05) can be found from the pairwise 
comparisons of the 0.1% and 0.3% set-ups, and the 0.3% 
and 0.5% set-ups, as reflected in Figure 3. 

 
Acrolein concentrations.     To quantify the acrolein 

concentrations, HPLC analysis was performed on the 
water samples used for the Rancimat analysis. The 
acrolein concentrations from cooking oil fumes were 
observed to decrease as the concentration of extract is 
increased, as indicated in Table 2. Each pair of set-ups 
was also significantly different (p<0.05) from one 
another, as shown by Figure 3. Furthermore, an 
increase in the percent mass of extract by increments 
of     0.2%     significantly     decreased     the     acrolein 
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concentrations in the fumes of the oil, unlike the 
results obtained for induction time. 

 
The approach of analyzing acrolein in PCO 

fumes through the use of the Rancimat is a novel 
method that utilizes the concept of polarity and 
solubility. The volatile oxidation products generated 
due to the lipid oxidation are directed by the air 
stream to the Rancimat vessels containing pure water 
[29]. Since acrolein and water are both polar, acrolein 
dissolves in water. 

 
Fullana et al. [30] have investigated the level of 

aldehydes emitted at different times at 180 °C and 240 
°C but were unable to analyze acrolein. Aside from 
their study, no studies have analyzed the aldehyde 
concentrations in fumes in cooking oil with 
antioxidant additives but such analysis was 
recommended [12,18]. 

 
The results of Endo et al. [31] show that acrolein 

in cooking oil is not formed from glycerol backbones 
in triacylglycerol but from methyl linolenate and 
methyl linoleate derived from polyunsaturated fatty 
acids, such as α-linolenic and linoleic acids, produced 
at high levels during heating. Thus, cooking with 
vegetable oils at high temperatures is not advisable as 
it induces the formation of acrolein. Furthermore, Da 
Silva and Pereira [12] formulated a reaction 
mechanism on how unsaturated fatty acids degrade to 

acrolein which provides several unstable singlet  
oxygens in intermediate reactions accompanied by 
the production of free radicals along the way. In the 
nucleophilic attack, antioxidants bind to singlet 
oxygen molecules to prevent the reduction of 
carboxylic acids to aldehydes. These antioxidants also 
bind to the free radicals produced due to oxidation, as 
shown in Figure 2 [12]. 

 
Comparing the values, it can be inferred that the 

induction time of oil is directly proportional to the 
antioxidant activity of the oil and inversely 
proportional to its acrolein emissions. This confirms 
the proposed association between the amount of 
natural antioxidants and the aldehyde emissions of 
the oil [12,18].  

 
The basis for the oxidative stability of cooking oil 

majorly depends on its polyunsaturated fatty acid 
composition [32]. Hence, aside from the addition of 
antioxidants in cooking oil, the mixing of 
polyunsaturated fatty acid-rich oil with 
monounsaturated fatty acid-rich oil can be done to 
increase its oxidative stability [33]. The fatty acid 
composition of the oil is also the basis in determining 
the nature of volatile aldehyde formation [30,33]. The 
four parameters, namely fatty acid composition, 
antioxidant concentration, induction time, and 
volatile aldehyde concentration, are likely 
interrelated and can be the subject of further studies.

 
Figure 2. Reaction mechanism of the degradation of oleic acid—a monounsaturated fatty acid in palm cooking oil—into 
acrolein and the interaction of an antioxidant, gallic acid, in the prevention of such reaction [12]. 
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Figure 3. Induction time (IT) and acrolein concentrations 
(AC) in the fumes of palm cooking oil with varying % mass of 
M. calabura ethanol leaf extract. Data are presented as mean ± 
standard deviation (n=4). Values with different superscript 
letters represent significant differences among set-ups 
(p<0.05). 

 
Limitations.     The results of this study partially 

support the claims in the literature that the addition 
of antioxidants contributes to the reduction of 
aldehydes present in cooking oil fumes. However, the 
researchers were not able to identify specific 
antioxidants present in the extract. Second, the extract 
was not freeze-dried to maximize solubility in PCO.  
Third, the cooking oil used was already incorporated 
with butylated hydroxytoluene, a synthetic 
antioxidant. Fourth, other aldehydes aside from 
acrolein were not analyzed. 

 
Conclusion. - Antioxidant capacity to reduce 

aldehyde emissions of palm cooking oil was 
investigated. Before treatment of the oil, it has been 
verified that M. calabura leaves contain high 
antioxidative activity, total phenolic content, and 
antioxidative activity index. Induction times of the 
treated oil samples increased, implying that oxidative 
stability increased. Hence, the addition of natural 
antioxidants, specifically M. calabura leaf extract, to 
palm cooking oil increases oxidative stability of the oil 
and reduces the aldehyde concentrations in palm 
cooking oil fumes. Significant differences were 
observed between the induction times of all pairs of 
set-ups except for the 0.1% and 0.3% pair and the 0.3% 
and 0.5% pair. Meanwhile, significant differences were 
observed between the acrolein concentrations of all 
pairs of set-ups (0 & 0.1%, 0 & 0.3%, 0 & 0.5%, 0.1% & 
0.3%, 0.1% & 0.5%, and 0.3% & 0.5%). Lastly, this study 
can serve as a basis for the establishment of the 
correlation between the addition of antioxidants in 
cooking oil and its emission of aldehydes as fumes. 

 
Recommendations. - It is recommended that 

similar studies are done with the use of gas 
chromatography-mass spectrometry which is more 
suited for volatile analytes. Other cooking oils, 
aldehydes, and sources of natural antioxidants should 
also be analyzed to compare the power and versatility 
of the natural antioxidants. Another recommendation 
is to test the treatments at varying higher 
temperatures and heating duration. Sensory analysis 
of the treated oil is also encouraged. Moreover, it is 
recommended to analyze the fatty acid composition 
and aldehyde concentrations of oil subjected to high 
heating temperatures to determine if the results are 
consistent with the aldehyde emissions. Lastly, 
antioxidant profiling and the determination of 
antioxidant binding ability with acrolein could be 
performed. 
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