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ABSTRACT

Background. Bacaba (Oenocarpus bacaba Mart.) has a high yield of oil, with the potential to produce bio-
logically active natural products and can be considered a new “superfruit” with high value added.
Materials and methods. Acid value, peroxide value, refractive index, saponification value, p-anisidine 
value, relative density, iodine value, total oxidation value, specific extinction coefficients at 232 and 270 nm 
(K232 and K270), ΔK, and color were determined. 
Results. The most significant changes in the quality values, such as peroxide (26.25 mEq·kg–1), p-anisidine 
(11.41), acidity (14.66 mg KOH·g–1 oil), and total oxidation (63.92) were determined for 15 min of micro-
wave heating. 
Conclusions. The microwave heating promoted the acceleration of oxidative processes showing that, overall, 
much care should be taken when heating the bacaba oil by microwave to avoid oil degradation.

Keywords: Amazon and Cerrado biomes, bacaba oil, microwave heating, oil quality, physicochemical 
properties
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INTRODUCTION

The Amazon rainforest has a broad diversity of plant 
and vegetable species, including native ones not yet 
explored. The use of this biodiversity has great eco-
nomic importance for this region (Costa et al., 2017; 
Torres et al., 2019). One of the most exploited species 
by regional extractive is the bacaba palm (Oenocar-
pus bacaba Mart.) that produces fruits called ‘bacaba’, 
characterized as edible purple berries. 

Bacaba fruits have a nutritional and bioactive 
potential still little explored. The fruits have a high 
yield of vegetable oils, with the potential to produce 
biologically active natural products. Among these, 
fat-soluble vitamins, carotenoids (provitamin A), to-
copherols (provitamin E and antioxidant), dyes, and 
flavonoids can be highlighted. A significant group of 
compounds present in bacaba is anthocyanins, which 
are plant-derived compounds belonging to the flavo-
noid’s subgroup of phenolic compounds (Costa et al., 
2017; Cunha et al., 2019). The fatty acids present in 
bacaba are considered essential to life and are known 
as essential unsaturated fatty acids and must be sup-
plied by food. The prominent representatives of essen-
tial unsaturated fatty acids in bacaba oil are omega-9, 
omega-6, and omega-3. The oil from bacaba is rich in 
unsaturated fatty acids, mainly oleic (3070%) and pal-
mitic (1030%), and phenolic compounds, has a light-
yellow color, is odorless, does not have a strong flavor 
and is traditionally only used for cooking (Costa et al., 
2017; Cunha et al., 2019; Morais et al., 2019; Nasci-
mento et al., 2019; Torres et al., 2019).

The use of microwave heating at home and in the 
food industry remains a modern technology. This 
presents advantages due to its convenience, speed, 
capacity to transmit heat, and time/energy saving 
(Bakhshabadi et al., 2017; Hashemi et al., 2017; Hayat 
et al., 2019). The process of heating by microwaves 
is almost instantaneous and able to disrupt the cell 
structure by increasing the internal pressure, releas-
ing bioactive compounds (Chan et al., 2017). Various 
chemical reactions may occur during microwave heat-
ing that determine the oil’s quality and safety, and with 
this, some components may be degraded and others 
not (Costa et al., 2017; Musa Özcan et al., 2019).

In this context, the objective of this work was to 
evaluate whether microwave heating has any influence 

on the physicochemical properties of bacaba oil (Oeno-
carpus bacaba Mart.) extracted by pressing.

MATERIALS AND METHODS

Materials
Bacaba fruits (Oenocarpus bacaba Mart.) were pur-
chased from the local market at Palmas city, Tocantins, 
Brazil. The fruits were sanitized, packed in polyeth-
ylene bags, and stored at 18ºC till oil extraction and 
analysis. 

Extraction of oil from bacaba pulp
Oil extraction from the bacaba pulp was carried out 
at the Laboratory of Materials and Composites at the 
Federal University of Tocantins. The pulp was extract-
ed manually at room temperature. It was then dried 
at 105ºC for 10 h with air circulation until it reached 
constant weight. The oil was pressed using a hydrau-
lic press (Nowak Tons, Brazil) at room temperature, 
where samples of 80 g of pulp were subjected to 
a maximum pressure of 147 MPa. After pressing, the 
oil was centrifuged (3500 rpm/6 min) for the sepa-
ration of suspended material, then packed in amber 
flasks and stored at 4°C till analysis.

Microwave heating
Heating was performed using a domestic microwave 
oven (Eletrolux® MEF14) with 700 Watts (to meas-
ure the effect of domestic heating on the quality of the 
bacaba oil), and the maximum temperature reached by 
the oil was 160ºC. Each sample was placed in petri 
dishes (45 ml of oil) and exposed to 1, 3, 5, 10, and 
15 minutes of heating. The samples were cooled and 
packed in an amber flask and stored at 4°C till analysis.

Oil analysis
The analyses were carried out at the Laboratory of 
Fruit Technology – LAFRUTEC and Laboratory of 
the Food Analysis – LANA, both from the Federal 
University of Tocantins. 

Acid value (AV), peroxide value (PV), refractive 
index (RI), saponification value (SV), p-anisidine 
value (AnV) and the relative density (RD) were all de-
termined according to the proposed method by AOCS 
(2004). The iodine value (IV) was determined using the 
Wijs Method according to the Cd 1b – 87 methods of 
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AOCS (2004), using chloroform as a solvent. The To-
tal Oxidation Value (TOTOX) was calculated with the 
use of Equation 1, as proposed by Silva et al. (1999).

	 TOTOX = 2(PV) + AnV	 (1)

The specific extinction coefficients at 232 and 270 
nm (K232 and K270) and ΔK were determined following 
Regulation Nº 2568/91 (Characteristics…, 1991). 

The heated oil color was measured instrumental-
ly with a colorimeter (Chroma Meter CR-400) pro-
grammed for the model CIE (L*, a*, and b*), using 
a polystyrene cuvette with 45×12.5×12.5 mm (height 
× width × depth) and an optical path of 10 mm and 
1.25 mm thick. The results were expressed as L* 
(lightness), a* (red to green content), and b* (yellow 
to blue content), as the methodology Cc13e-92 from 
AOCS (2004). From the data obtained, the saturation 
parameter (C) and hue angle (h°) were calculated (Pre-
cise color…, 1998).

Statistical analysis
Statistical analysis was performed using the ASSI
STAT® program. A completely randomized design 

(DIC) was used, with an analysis of variance, where 
the samples were analyzed in triplicates. Their means 
were subjected to the Tukey test at the level of 1%.

RESULTS AND DISCUSSION

The bacaba pulp used for the oil extraction had its ini-
tial moisture reduced from 38.37 ±3.65% to 10 ±1.2%, 
and the extraction by a hydraulic press reached a high 
oil yield of 19.34% (w∙w–1). The extraction yield of 
the bacaba oil was above the yield obtained by pas-
sion fruit seed (16.02%) and pomegranate seed (12%) 
(Domingues et al., 2014; Silva et al., 2014). However, 
when compared to oilseeds, the extraction yield of the 
bacaba oil was lower than that determined by Barroso 
et al. (2014) for brown (36.5%) and golden (35.4%) 
linseeds. It was possible to observe the negative ef-
fects concerning the acid value caused by microwave 
heating in bacaba oil (Table 1). The highest acid value 
(14.66 mg KOH∙g–1 oil – Table 1) for the bacaba oil 
was found for 15 min of heating. Hydrolysis can ex-
plain this behavior in vegetable oils and the increase 
of total acidity due to the decomposition of some 

Table 1. Effects of microwave heating on acid value (AV), iodine value (IV), refractive index (RI), saponification value 
(SV), relative density (RD), peroxide value (PV), p-anisidine value (AnV), total oxidation value (TOTOX), specific extinc-
tion coefficients at 232 and 270 nm (K232 and K270) and ΔK of bacaba oil at different exposures times

Time
min

AV*

mg KOH·g–1 oil
IVns

mg I2∙g
–1 RI* SV*

mg KOH∙g–1 oil
RD*

g∙mL–1
PV*

 mEq∙kg–1 AnV* TOTOX* K232
* K270

* ΔK*

0 1.65e

±0.02
51.35a

±1.53
1.46a

<0.01
225.56a

±0.29
0.91a

<0.01
6.79e

±0.86
1.34d

±0.71
14.92e 17.31d

±0.18
2.92d

±0.03
3.00d

±0.13

1 9.26c

±0.07
50.76a

±0.75
1.47a

<0.01
224.59a

±2.18
0.89ab

±0.01
9.68de

±2.42
1.40d

±0.10
20.75de 16.06e

±0.23
2.72e

±0.13
2.63d

±0.17

3 9.31c

±0.24
51.56a

±1.39
1.47a

<0.01
223.49ab

±1.20
0.91a

<0.01
12.06d

±0.02
2.84cd

±0.52
26.97d 18.06c

±0.09
3.10c

±0.09
3.19d

±0.03

5 8.37d

±0.10
50.77a

±0.58
1.47a

<0.01
220.09b

±2.34
0.88b

±0.01
17.69c

±1.45
4.43c

±0.14
39.81c 18.54bc

±0.15
7.72bc

±0.14
7.42c

±0.16

10 10.47b

±0.17
50.25a

±0.36
1.45b

±0.01
210.26c

±2.19
0.86c

±0.01
21.53b

±0.22
7.30b

±0.63
50.36b 19.11b

±0.20
12.52b

±0.43
11.75b

±0.53

15 14.66a

±0.11
49.89a

±0.66
1.44c

<0.01
201.45d

±0.55
0.84d

<0.01
26.25a

±0.13
11.41a

±0.95
63.92a 22.39a

±0.49
15.13a

±0.18
14.26a

±0.59

*Significant at the level of 1% probability (p = 0.01), by the F test.
nsNot significant (p ≥ 0.05), by the F test.
Results expressed as mean ±deviation of analyses in triplicate. 
Different letters in the same column indicate a significant difference by the Tukey test.
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phospholipids and triacylglycerols to glycerol and free 
fatty acids promoted by microwave heating (Musa Öz-
can et al., 2019). Chiavaro et al. (2010) observed the 
same tendency of the acid value to increase with an 
increase in the time of exposure to microwaves for 
vegetable oils from peanut, sunflower, and canola. 

Microwave heating did not significantly affect the 
iodine index of the samples (Table 1). Iodine value 
indicates the degree of unsaturation of oil (Fathi- 
-Achachlouei et al., 2019) and is often used as a rough 
criterion of stability during heating (Anjum et al., 
2006). So, according to the results obtained (IV – Ta-
ble 1), bacaba oil tends to have fewer mono or polyun-
saturated compounds and a higher resistance to heat. 

The Refractive index is a parameter that shows the 
purification and quality of oil. This parameter increas-
es with an enhancement in the chain length and the 
unsaturation of fatty acid contents (Bakhshabadi et al., 
2017; Fathi-Achachlouei et al., 2019; Godswill et al., 
2018). Short exposure times to microwave heating (up 
to 5 min) did not change the refractive index of bacaba 
oil, but it can be seen that there is a downward trend 
in this rate with increasing exposure time (10 and 15 
min – Table 1). This behavior may be a result of the 
higher temperatures obtained with longer exposure 
times since the temperature is considered a factor of 
influence on the refractive index (Bakhshabadi et al., 
2017). These results demonstrate a possible change 
in the unsaturation or size of the hydrocarbon chain, 
showing a direct correlation with the results obtained 
for the iodine index (Table 1), which is also a param-
eter that indicates the degree of unsaturation of oil 
(Fathi-Achachlouei et al., 2019). 

It was found that there was no significant change 
in the saponification index values up to 3 min of expo-
sure. A progressive decrease to the minimum amount of 
201.45 mg KOH∙g–1 oil (10.7% concerning the control 
sample) obtained for 15 min of exposure was observed 
(SV – Table 1). Musa Özcan et al. (2019) determined 
that the saponification values of chia oils heated in a mi-
crowave change between 215.03 mg KOH/g (900 W)  
and 218.03 mg KOH/g (180 W). The results ob-
tained in this work for bacaba oil (SV – Table 1, for 
5, 10, and 15 min), as well as results obtained for chia 
(Musa Özcan et al., 2019), indicate that an increased 
time of exposure or even an increase in the potency 
of microwave radiation can promote the degradation 

of mono or polyunsaturated compounds. As a deter-
mination of the saponification value (SV) of oils is 
crucial for estimating their quality (Endo et al., 2005), 
exposure to microwave radiation for longer times 
or at higher powers can affect the quality of the oil.

The times 0, 1, and 3 min were statistically equal 
for the relative density measurements; however, from 
5 minutes, a significant change was observed in the oil 
density (RD – Table 1). The results suggest a break in 
carbon chains that can interfere with density values, 
already induced by the reduction of saponification and 
refraction indexes, as the variation of density is direct-
ly proportional to the chemical reactions that occur in 
the oil (Albi et al., 1997; Musa Özcan et al., 2019).

Microwave heating triggered a gradual and sys-
tematic increase (r2 = 0.9539) in the peroxide value 
in bacaba oil (PV – Table 1). The maximum value 
obtained for the peroxide value was 26.25 mEq∙kg–1 
for the time of 15 min. However, an increase in the 
exposure time from 5 min is already sufficient for the 
formation of organic peroxides that exceed the limit es-
tablished by Brazilian legislation (RDC nº 270/2005 – 
Brazil, 2005), which stipulates a maximum IP value of 
15 mEq∙kg–1.

Malheiro et al. (2009) observed that microwave 
heating changed the quality of olive oil obtained from 
3 cultivars. The authors also observed that in only one 
of the cultivars, it was possible to define a positive cor-
relation between the increase in exposure time and the 
increase in the peroxide index, the same tendency as 
that determined in this work for the bacaba oil. The 
authors suggest that the other cultivars’ oxidation pos-
sibly reached the maximum value and then started to 
reduce to secondary compounds, demonstrating the 
instability of olive oil under microwave heating.

Microwave radiation can accelerate the deterio-
ration of bacaba oil once longer times of microwave 
heating causes an increase in the peroxide value and 
the p-anisidine values (PV and AnV – Table 1). An in-
crease in microwave power or exposure to radiation 
can result in an enhancement in oxidation. When the 
peroxide concentration reaches higher levels, different 
alterations are generated in the available fat contents’ 
physicochemical and organoleptic properties, result-
ing in unpleasant tastes and smells for the consumer 
(Bakhshabadi et al., 2017). These alterations can occur 
in bacaba oil exposed to microwave heating since the 
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peroxide value increases with an increase in heating 
time (PV – Table 1).

The p-anisidine value (AnV) refers to the forma-
tion of more stable secondary products of lipid oxida-
tion. This relates the susceptibility to the oxidation of 
fatty acids differently from that analyzed by the perox-
ide value (Casal et al., 2010). AnV values below 10 in-
dicate low concentrations of degradation compounds 
(Casal et al., 2010; Silva et al., 1999). Values above 
those recommended for this index were found for 
bacaba oil only when the samples were subjected to 
microwave heating for 15 min (AnV = 11.49 – Table 
1). Therefore, this extended time of exposure to micro-
wave radiation can be considered the only treatment 
that produced secondary degradation compounds. 
With the results obtained for the AnV (Table 1), it was 
possible to establish a positive correlation between the 
time of exposure to the microwave and the increase in 
this index (r² = 0.9935).

Chiavaro et al. (2010) analyzed microwave heating 
on peanut, sunflower, and canola oils at different times. 
The oils obtained showed initial AnV values (0 min)  
of 2.70, 3.15, and 1.90 for peanut, sunflower, and can-
ola, respectively. For a heating time of 6 min, all sam-
ples showed AnV > 10, with a positive correlation of 
r² = 0.8266 (canola), r² = 0.9248 (sunflower), and r² = 
0.8565 (peanut). These correlations between exposure 
time and index variation are similar to the results ob-
tained for bacaba oil. It can also be observed that the 
bacaba oil is more resistant to heating by microwave 
and more stable to the formation of secondary oxidation 
compounds concerning the oils studied by Chiavaro et 
al. (2010). This highest resistance can be explained 
since AnV values more significant than ten were deter-
mined only after 15 min of microwave heating (Table 1). 

Wai et al. (2009) and Silva et al. (1999) demon-
strated that it is possible to calculate the total oxidation 
value (TOTOX) from the parameters of PV and AnV; 
in addition, it should be considered that oil is stable 
when it has a TOTOX value up to 10. The control 
sample of bacaba oil (0 min) had the lowest TOTOX, 
but all samples had TOTOX > 10 (Table 1). According 
to Silva et al. (1999), the calculation of TOTOX from 
the parameters PV and AnV make it possible to es-
tablish the correlation between the level of peroxides, 
which represents the potential for degradation of the 
organoleptic quality, and aldehydes. Thus, the results 

obtained in this study allow us to state that the longer 
the exposure time to microwave heating, the greater 
the degradation in bacaba oil. This behavior is also 
confirmed because the correlation between the expo-
sure time with the TOTOX was positive (r² = 0.9725), 
ensuring that the quality of bacaba oil is significantly 
influenced by the time of exposure to microwaves.

The K232 correlates with the formation of conjugat-
ed dienes of polyunsaturated fatty acids. At the same 
time, the K270 values are indicative of the presence of 
primary and secondary oxidation products, includ-
ing conjugated trienes and carbonyl compounds. The 
maximum amount allowed for K270 is 0.90 for com-
mon vegetable oils, and the K232 values are required 
to be lower than 2.5 or even not evaluated. The ΔK 
is also a measure of lipid secondary oxidation, with 
maximum amounts of 0.15 for oil blends (Casal et al., 
2010; Gharby et al., 2016; Pannico et al., 2015; Par-
askevopoulou et al., 2007). There is a significant rise 
in K232 and K270 values with an increase in microwave 
heating time, as can be observed in Table 1. The high-
est values of the K232 and K270 coefficients obtained for 
bacaba oil were 22.39 and 15.13, respectively, both in 
15 min. As changes in the ultraviolet spectrum have 
been used as a relative measure of oxidation (Gharby 
et al., 2016) and K232 values larger than 2.5 are deemed 
rancid (Pannico et al., 2015) it can be assumed that 
microwave heating proves detrimental to the quality 
of bacaba oil.

The control sample (0 min) showed K270 to be great-
er than 0.90 and K232 to be greater than 2.5, suggesting 
that it already had residues of primary and secondary 
oxidation compounds before the microwave treat-
ment. This characteristic of the control sample may 
be the result of the formation of conjugated dienes 
and trienes proportional to the uptake of oxygen and 
the formation of peroxides during the initial stages of 
oxidation (Gharby et al., 2016) which ends up directly 
affecting increased absorption at 232 nm and 270 nm 
for samples exposed to microwave heating. ΔK values 
for all samples were above the recommended value 
of 0.15 (Table 1). As the control sample (0 min) and 
those exposed to heating for 1 and 3 min showed no 
statistical difference for ΔK, it is possible to observe 
that exposure to microwaves tends to raise the forma-
tion of organic peroxides and secondary degradation 
compounds with an increase in exposure time.
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Microwave heating can alter the luminosity of 
bacaba oil, as significant changes to the parameter L* 
were observed from the exposure time of 5 minutes, 
with the most considerable interference determined at 
15 min (Table 1). It was observed that the microwaves 
changed the parameters a*, b*, and C discretely. Al-
though not perceptible to the human eye, the samples 
submitted to heating for 1 and 3 min showed higher hº 
values (Table 1), approaching a more yellowish color. 
The hue angle at 90° represents pure yellow (Ramallo 
and Mascheroni, 2012). The angle values (hº) deter-
mined for samples heated for 0, 5, 10, and 15 min (Ta-
ble 1) indicate a tendency to have a more reddish color 
since the proximity of the hue angle with 0° represents 
pure red (Ramallo and Mascheroni, 2012). The longer 
the heating time, the greater the intensification of the 
color, as browning substances tend to be formed. The 
formation of browning substances can be related to 
the hydrolyzation of triacylglycerols by microwaves 
to produce free fatty acids. An increase in microwave 
heating time can be accompanied by an increase in the 
browning substances and degradation of phospholip-
ids, which may be attributed to the increase in polar 
lipids. Phospholipids were reported to cause brown-
ing of the oil during heating. Besides that, an increase 
in browning substances may be attributable to the in-
crease in contents of other lipids, such as glycerogly-
colipids, in the oil (Anjum et al., 2006).

As the food color is arguably one of the most 
critical determinants of acceptability for many food 

products (Giusti et al., 2017), microwave heating for 
short periods, up to 15 min, can be used to prevent 
visible changes of the product to the human eye. The 
tendency presented in this study shows that the longer 
the heating time the greater the color change, as well 
as the degradation of bacaba oil (Table 1).

CONCLUSION

The results of this work show that the time of exposure 
to microwave heating has a significant effect on the 
physicochemical parameters of bacaba oil. Microwave 
heating did not change the iodine value of bacaba oil. 
Refractive index, saponification value and relative 
density partially decreased together with an increase 
in exposure time. The highest values of acidity (14.66 
mg KOH∙g–1 oil), peroxides (26.25 mEq∙kg–1), p-anisi-
dine (11.41), total oxidation (63.92), K232 (22.39), K270 
(15.13) and ΔK (14.26) were determined for 15 min 
of heating. Longer times of microwave heating also 
promote the greatest color changes. Overall, it can be 
concluded that times longer than 15 minutes of expo-
sure to microwave heating at 700 watts can deteriorate 
the quality by promoting the oxidation of bacaba oil.
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Table 2. Effect of microwave heating on color properties of bacaba oil at different exposures times

Time
min

Parameters

L* a*, * b*, * C* hº*

0 19.42a ±0.06 1.89a ±0.08 3.33a ±0.03 3.83a ±0.06 60.43b ±0.87

1 19.45a ±0.30 1.43b ±0.06 3.44a ±0.15 3.72a ±0.15 67.47a ±0.90

3 19.36a ±0.23 1.46b ±0.05 3.51a ±0.17 3.80a ±0.18 67.33a ±0.30

5 18.58b ±0.09 1.40b ±0.02 2.37b ±0.07 2.75b ±0.05 59.41b ±1.10

10 16.43c ±0.09 1.35b ±0.03 2.27b ±0.04 2.64b ±0.04 59.19b ±0.62

15 14.34d ±0.11 1.18c ±0.02 1.94c ±0.06 2.27c ±0.06 58.68b ±0.59

*Significant at the level of 1% probability (p = 0.01), by the F test.
Results expressed as mean ±deviation of analyses in triplicate.
Different letters in the same column indicate a significant difference by the Tukey test.
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