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ABSTRACT

Background. The use of natural plant antioxidants has been an alternative approach to synthetic antioxidants 
for food applications. This study investigated the antioxidant properties of the leaves of Curcuma longa L. 
against the oxidation of soybean oil using leaf extracts obtained from seven different types of organic solvents 
and compared to the action of efficient synthetic antioxidants which are widely used and low cost but with 
toxicity risk. The application of natural alternatives from sources still little studied is a proposal and the ex-
traction of compounds with high antioxidant capacity may vary according to the type of solvent, its mixture, 
its polarity and other factors that burden or harm the health of the consumer. 
Materials and methods. The leaf extracts were sanitized, dried, and obtained for solvent selection. The 
quantification of total phenolic compounds (TPC) and antioxidants was performed by using different com-
binations and proportions of solvents: water (100%), ethanol (100%), methanol (100%), ethanol/water 
(70%:30%), methanol/water (70%:30%), methanol/acetic acid (99.5%:0.5%), and acetone/water/acetic acid 
(70%:28:2%). The solvent selected was the one that extracted the highest content of phenolic and antioxidant 
compounds (using the free radical DPPH scavenging method and FRAP assay). It used an accelerated storage 
test and experimental design to assess oxidative stability (using peroxide index (PI), thiobarbituric acid reac-
tive substances (TBARS), dienes (DC) and triple conjugates (TC) and statistical analysis). 
Results. The ethanol/water solvent was efficient in the extraction of TPC (2422 mg GAE 100 g-1). The mix-
ture of solvents extracted an average of 23.65% more TPC when compared to the single solvents. Regarding 
the antioxidant capacity, the ethanol/water solvent showed 1847 mg TE 100 g-1 using the DPPH and 217 µmol 
of FeSO4 100 g-1 using the FRAP assays. In addition, the oxidation of soybean oil was delayed by the ac-
celerated storage test showing equivalent results to BHT at 0.02% for the values of PI, TBARS and DC/TC. 
Conclusion. The E/W extract showed the highest yield in the extraction of phenolic compounds and is a safe 
solvent for food. The addition of Curcuma longa L. leaf extract to soybean oil caused reductions in PI, 
TBARS, CD and CT values. The leaf extract of C. longa L. is considered to be a good alternative to synthetic 
antioxidants against the oxidative degradation of soybean oil.
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INTRODUCTION

Oxidative processes are the main cause of the degrada-
tion of oils and fats, which can change the sensorial and 

nutritional properties of food in addition to the possi-
ble generation of toxic compounds (Noon et al., 2020).  
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The addition of antioxidant compounds is performed 
in the food industry to prevent or delay oxidative re-
actions (Carocho et al., 2018). Synthetic antioxidants 
such as butylated hydroxyanisole (BHA), butylated hy-
droxytoluene (BHT), tert-butylhydroquinone (TBHQ) 
and propyl gallate (PG) are the most commonly used 
ones because of their low cost and high efficiency 
(Taghvaei et al., 2015). However, the use of these com-
pounds is strongly regulated in several countries due to 
the potential side effects and toxicity demonstrated in 
recent studies (Wang et al., 2018). Therefore, the use 
of natural antioxidants from plants has been an alterna-
tive approach to synthetic antioxidants and is widely 
studied to be applied in food (Alizadeh et al., 2019). 
The process of obtaining a plant extract to be applied 
as a natural antioxidant requires a consideration of the 
choice of a non-toxic solvent type and concentration 
and the adequate polarity of the solvent to extract the 
target compounds (Pedro et al., 2018). Among the po-
tential sources of natural antioxidants, C. longa L. (saf-
fron) is a plant of Asian origin mainly grown for its 
rhizomes. It provides a spice widely used since ancient 
times in cooking and medicine. Several studies have 
demonstrated the wide range of pharmacological ac-
tivities of its compounds (Wojcik et al., 2018). C. lon-
ga L. leaves are not widely used and are considered to 
be a residual product during post-harvest operations. 
The data on their composition and antioxidant poten-
tial are scarce. However, some studies have reported 
a high content of phenolic compounds in these leaves 
(Braga et al., 2018) which provide antioxidant proper-
ties that can be used in the food industry to prevent 
the oxidative degradation of oils. In this context, the 
objective of this work was to extract the phenolic com-
pounds from C. longa L. leaves using seven different 
solvents and to use the extract with the highest yield to 
evaluate the oxidative stability of soybean oil in com-
parison with a synthetic antioxidant.

MATERIALS AND METHODS

Sample preparation
The leaves of C. longa L. were collected between De-
cember 2018 and April 2019 at the Cooperative of Saf-
fron Producers (Cooperaçafrão) (Mara Rosa, Goiás, 
Brazil) (14°00’10.9”S 49°07’11.8”O). They were 
stored in nylon bags and kept under refrigeration in 

the laboratory in the Department of Food Engineering 
at the School of Agronomy of the Federal University 
of Goiás (Goiânia, Goiás, Brazil) for 24 h. 

The leaves were selected according to their typi-
cal green color and integrity. They were washed with 
drinking water and sanitized using sodium hypochlo-
rite solution (0.1 mL L-1) for 15 min. The stems were 
removed and the leaves were cut into approximately 
2 cm squares, placed in perforated stainless steel trays 
and subjected to convective drying at 40°C (Braga et 
al., 2018) in an air circulation oven (Tecnal. TE-394/3, 
Piracicaba, Brazil) for 72 h (final humidity was 10.29 
±0.07 g 100 g-1 on dry basis). After drying, they were 
packed in vacuum plastic bags and stored in cool airy 
conditions protected from light at room temperature 
until analysis.

Obtaining extracts and selecting solvents
The quantification of TPC and antioxidants were per-
formed by using 7 different combinations and propor-
tions of solvents, which are water (W, 100%), ethanol 
(E, 100%), methanol (M, 100%), ethanol/water (EW, 
70%:30%), methanol/water (MW, 70%:30%), metha-
nol/acetic acid (MAC, 99.5%:0.5%), and acetone/
water/acetic acid (AWA, 70%:28%:2%), as proposed 
by Michiels et al. (2012). This previous study was 
necessary to be sure that the solvent used would have 
a good extraction as there are not many studies in the 
literature with the Curcuma longa L. It was mixed to 
1 g of a dehydrated sample at 20 mL of each extrac-
tive solution followed by stirring in a magnetic mixer 
(Tecnal. TE-089, Piracicaba, Brazil) at room tempera-
ture (25°C ±2°C) for 1 h. The extracts were then fil-
tered and the solid residue was scraped from the filter 
and extracted again with 20 mL of the solvent under 
the same conditions as performed before. The volume 
of each extract was measured to 50 mL before being 
stored in amber flasks at –20°C. The solvent selected 
was the one that extracted the highest TPC and an-
tioxidant compounds (using free radical DPPH scav-
enging methods and FRAP).

Analyses of total phenolic content 
and antioxidant capacity
The TPC was determined for each of the extracts pre-
pared according to item 2.2 following the spectropho-
tometric method proposed by Chan et al. (2007). The 
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result of the TPC was expressed as mg of gallic acid 
equivalent (GAE) per 100 g of sample dry matter. The 
antioxidant capacity was measured by analysing the 
DPPH and FRAP. The analysis of DPPH was performed 
according to Chan et al. (2007) with modifications (1 g 
of dry leaf to 20 mL of the selected solvent). The radi-
cal scavenging activity was calculated as IC50 and ex-
pressed as a Trolox equivalent antioxidant capacity (TE) 
in mg of Trolox per 100 grams of material as follows:

TE, mg TE·100-1·g-1 =
IC50 (Trolox)

· 105 (1)
IC50 (sample)

where:
IC –	amount of substance required for 50% reduc-

tion in the concentration of DPPH ion. 
The iron reducing power (FRAP) was evaluated 

using the method suggested by Pulido et al. (2000) 
with modifications (tripled quantities, maintaining 
proportions). The result was expressed in µMol FeSO4 
per 100 grams of material.

Accelerated storage test and experimental design
The accelerated storage test was carried out using 
the extract with the highest yield obtained previously 
and according to the methodology proposed by Mohd 
Nor et al. (2009) where the temperatures chosen were 
close to those used in accelerated storage tests in the 
literature. The parameters of the concentration of the 
extract of C. longa L. leaves (%) and temperature (°C) 
were studied according to Table 1. A complete facto-
rial design 22 was used with 3 repetitions at the central 
point in a total of 7 assays. 

Refined, bleached and degummed soybean oil was 
used without the addition of synthetic antioxidants. 
The ethanolic extract of leaves of C. longa L. were 
first added to 100 g of oil in 150 mL transparent glass 
beakers. The beakers remained under heat in an oven 
(Quimis, Q-317B232, Brazil) for 12 days. Aliquots 
were removed every 3 days to evaluate the oxidative 

stability parameters. A blank and a positive control (oil 
without synthetic antioxidant BHT or ethanolic extract 
and oil containing BHT at 0.02 g 100 g-1) were also 
evaluated for each temperature studied (50, 60, 70°C) 
under the same experimental conditions.

Evaluation of oxidative stability
Peroxide index (PI). The PI test was carried out ac-
cording to AOCS (2003). This method is based on the 
mixture of 1 g of soybean oil with 50 mL of 3:2 (v/v) 
acetic acid/iso-octane solution and 0.5 mL of a freshly 
saturated potassium iodide (KI) solution. The sample 
was titrated with 0.01 mol/L sodium thiosulfate solu-
tion (Na2S2O3) until the blue color completely disap-
peared due to the use of 0.5 mL of 1% starch solution 
as an indicator. The test was performed in duplicate 
along with a control test. The calculation was per-
formed according to equation 2:

Peroxide index, mEq peroxide = (S – B) · N · 1000 (2)kg PAwhere:
S	 –	mL of 0.01 mol/L sodium thiosulfate solution 

was used as the titrant in the titration of the 
samples,

B	 –	mL of the 0.01 mol/L sodium thiosulfate so-
lution was used as the titrant in the titration of 
the control,

N	 –	concentration of the sodium thiosulfate solu-
tion, mol/L,

PA	 –	weight of the sample, g. 

The result was expressed in milliequivalent (mEq) 
peroxide per kg of the sample analyzed.

Thiobarbituric acid reactive substances (TBARS). 
The TBARS assay was performed according to Tarlad-
gis et al. (1960), in which 10 g of the sample was previ-
ously mixed with 50 mL of distilled water. The mixture 
was distilled in a Kjeldahl distillation flask, collecting 
50 mL of the distillate at the end. In a test tube, 5 mL 
of the distillate, 5 mL of the TBA solution (0.5766 g of 
thiobarbituric acid diluted in 20 mL of distilled water 
and 180 mL of acetic acid P.A.) were added and stirred. 
The absorbance of the sample was measured using 
a spectrophotometer (Rayleigh model UV 800, Beijing, 
China) at 538 nm. The calculation was done by mul-
tiplying the absorbance reading by 7.8 (experimental 

Table 1. Values used in complete factorial design for two 
factors

Variables Code –1 0 +1

Extract concentration, % x1 0.5 1.0 1.5

Temperature, °C x2 50 60 70
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value) and was expressed in mg of malonaldehyde 
(MDA) per 1000 g of the sample analyzed.

Dienes (CD) and triple conjugates (CT). The CD 
and CT were analyzed according to the AOCS meth-
od (1990). A volume of 10 mL of isooctane P.A. was 
added to the sample (0.01 g). The absorbance was 
measured at 233 nm (dienes) and 270 nm (trienes) us-
ing a quartz cuvette. The dilutions were performed to 
obtain absorbance values between 0.1–0.8. The calcu-
lation was done according to equation 3:

Aʎ = Kʎ (3)cl

where:
Kʎ – E1%

1cm – specific extinction at wavelength,
Aʎ	–	absorbance measured at wavelength,
c	 –	concentration of the solution, g 100 mL-1,
l	 –	light path of the cuvette, cm.

Statistical analysis
The data were analyzed by ANOVA Tukey test (p < 
0.05). The STATISTICA 7.0 program (StatSoft Inc., 
Tulsa, Oklahoma, USA) was used with a significance 
level of 95% (p < 0.05).

RESULTS AND DISCUSSION

Total phenolic content and antioxidant capacity
The TPC and antioxidant capacity in the leaf extracts 
of C. longa L. are in Table 2. 

It can be observed that the composition of the ex-
tracting solvents significantly affected (p < 0.05) the 
TPC and antioxidant capacity measured. Among the 
use of single solvents, methanol M promoted the high-
est extraction of TPC, showing an 87% higher extrac-
tion than the water extract W, which was responsible 
for the lower extraction. The AWA, MW and EW pre-
sented a more efficient extraction among the mixture 
of solvents used. They presented 16.62% more TPC 
extracted than those that showed the lowest amount. 
The solvent mixture extracted an average of 23.65% 
more TPC than the individual solvents. 

Michiels et al. (2012) reported that the extraction 
properties of the solvents significantly affected the 
measured TPC (±25% variation) and the antioxidant 
capacity (up to 30% variation), and also that the most 
efficient solvent for the extraction of phenolic com-
pounds depends on the food matrices analyzed. The 
DPPH and FRAP assays showed a statistically sig-
nificant difference when the solvent used (p < 0.05) 
was changed. In the DPPH assay, the extracts using 
just E and the mixture of MW presented the highest 
antioxidant capacity with an average of 90% higher 
when compared to the extracts of M which presented 
the lowest value. The extracts using other solvents 
showed no significant difference between them.

In the FRAP assay, the extracts using the solvents 
MW, EW and AWA presented the highest antioxidant 
capabilities with no statistical difference between 
them. The results of the FRAP assay showed that 
the extracts using a mixture of solvents presented 

Table 2. Total phenolic content and antioxidant activity in the leaf extracts of C. longa L. obtained using seven different 
solvents

Solvent TPC
mg GAE 100 g-1 dry matter

DPPH
mg TE 100 g-1

FRAP
µMol FeSO4 100 g-1

W 273 ±39.69e 3 337 ±341.41b 65 ±20.64d

E 1 042 ±65.05d 8 587 ±341.41a 119 ±5.61d

M 2 148 ±166.42c 777 ±0b 200 ±13.81bc

E/W 2 422 ±141.16bc 1 847 ±1306.08b 217 ±6.43abc

M/W 2 723 ±81.62ab 7 274 ±1204.77a 263 ±12.32a

M/A 2 346 ±206.58bc 1 433 ±584.30b 192 ±18.72c

A/W/A 2 813 ±142.65a 150 ±0b 255 ±17.69ab
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an average of 75% higher antioxidant capacity when 
compared to the extract using just W. The solvents that 
presented the best results from the FRAP assay also 
showed the best extraction of phenolic compounds 
from the DPPH assay. 

The data demonstrated that the combination of sol-
vents with W obtained better results than the use of sin-
gle solvents. The higher efficiency of mixtures of organic 
solvents and W when compared to the use of a mono-
solvent system can be explained by the high solubility 
of the glycosylated phenolic compounds in W. The use 
of M/W and E/W also extracts the non-glycosylated 
compounds well because of the high availability of free 
electrons from the solvents M and E (Pedro et al., 2018). 
The type of solvent and polarity play a fundamental role 
in increasing phenolic solubility by affecting the single 
electron transfer and the hydrogen atom transfer, which 
are key aspects in measuring the antioxidant capac-
ity (Pérez-Jiménez et al., 2006). The differences in the 
structure of phenolic compounds also influence their 
solubility in solvents of different polarities. Therefore, 
the type of extraction solvent, as well as the insulation, 
can have an impact on the yield of polyphenols extract-
ed from plant material (Złotek et al., 2016). 

A greater amount of TPC (834%) (2148.31 mg of 
GAE 100 g-1) was determined in the extract M of the 
leaves of C. longa L. when compared to that found by 
Chan et al. (2007) for the same species grown in Ma-
laysia. In the other vegetables, the CTP found in  the 
leaves of C. longa L. was superior to that found in 
the extracts (M) and (E) of the broccoli variety Italica 
and leek cultivar Blue Liege (AWA extract, 120 mg of 
GAE 100 g-1 and 80 mg of GAE 100 g-1, respectively; 
Michiels et al., 2012). However, they showed less ex-
traction of TPC when compared to the lyophilized leaf 
of basil Ocimum basilicum L. (AWA extract, 15 000 
mg of GAE 100 g-1; Złotek et al., 2016).

Priya et al. (2012) obtained an IC50 of 3.227 mg 
mL-1 for DPPH radicals at an extract concentration of 
4 mg mL-1 and an IC50 below 100 mg GAE 100 g-1 
for FRAP in the extract concentration of 800 mg mL-1 
with oil from C. longa L. leaves. It is considered that 
the effect of antioxidants on DPPH is due to its ability 
to donate hydrogen. The authors concluded that the oil 
of C. longa L. leaves can act as a proton donor and 
antioxidant. The extracts containing acetone and M 
have high amounts of TPC and antioxidant capacity. 

Regarding the toxicity of the solvents, E and W are 
considered safer solvents than acetone, M and other 
organic solvents, and therefore they are recommended 
for use in food (Balboa et al., 2014). Thus, the EW 
extract was considered the most suitable one to be ap-
plied in soybean oil.

Evaluation of oxidative stability
Peroxide index (PI) and thiobarbituric acid reactive 
substances (TBARS). The results of PI and TBARS 
index are shown in Table 3, Figure 1 and Figure 2. 

PI is an indicator of the oxidation state in the early 
stages of lipid oxidation and also a measure of the con-
tent of hydroperoxides and primary compounds in oil 
samples (Zamuz et al., 2018). From the oil samples 
with extracts of leaves of C. longa L., it can be ob-
served that the oil with extract of 1.0% showed a simi-
lar response to BHT until the 6th day of testing. This 
extract concentration also showed a greater reduction 
in PI since this parameter increased from day 3. The PI 
in oil containing 1.5% of extract was lower than that 
with BHT at 70°C. However, the use of 0.5% showed 
a similar response to this positive control and both 
with lower than white.

These results showed that the temperature posi-
tively influenced the formation of peroxides. This can 
be noted from the increase in PI from 50°C to 70°C in 
the concentration of 0.5%. Considering that the lower 
the PI the lower the oxidation rate of the sample and 
the greater its oxidative stability, the leaf extracts of 
C. longa L. contributed to the oxidative stability of 
soybean oil. These data can be compared to those ob-
tained by Mohd Nor et al. (2009), who performed an 
accelerated storage test using palm oil heated to 60°C 
and found that the peroxide values were significantly 
reduced by the E extract of C. longa L. leaves in a dose 
dependent manner. These authors determined that this 
extract has good antioxidant capacity and is another 
potential source of natural antioxidants to be explored 
in the food industry. 

The PI of microencapsulated fish oil in the pres-
ence of 0.15% rosemary extract were lower (3.08 mEq 
peroxide kg-1 of oil) than the control group using com-
mercial antioxidant BHT (4.25 mEq peroxide kg-1 oil) 
at the tested temperatures (Yeşilsu et al., 2019). Our 
study also showed lower PI values at a concentration 
of 1.0% of the leaf extract of C. longa L. (10.8 mEq 
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Table 3. Peroxide index (PI) and thiobarbituric acid reactive substances (TBARS) in soybean oil subjected to accelerated 
storage test for 12 days

Tests x1
C, %

x2
T, °C

Time, days

0 3 6 9 12

Peroxide index (PI), mEq peroxide kg-1

Blank – 50 2.73 ±0.33 4.49 ±0.71 7.46 ±3.52 5.42 ±0.62 8.43 ±0.66

– 60 2.73 ±0.33 2.95 ±0.01 42.08 ±2.55 96.51 ±0.82 163.60 ±6.52

– 70 2.73 ±0.33 23.36 ±0.66 55.70 ±0.08 120.94 ±0.39 166.04 ±1.81

Control (BHT) – 50 4.48 ±0.69 5.73 ±2.46 6.97 ±0.72 7.15 ±1.12 7.99 ±1.43

– 60 4.48 ±0.69 1.24 ±0.36 15.62 ±0.33 66.86 ±3.22 102.33 ±1.17

– 70 4.48 ±0.69 23.11 ±0.36 52.24 ±0.23 84.73 ±2.41 114.05 ±1.18

C1 0.5 50 4.98 ±0.02 9.45 ±2.14 11.90 ±3.5 9.69 ±0.33 8.97 ±0.04

C2 0.5 70 4.98 ±0.02 19.96 ±0.67 48.94 ±0.96 82.34 ±2.93 109.88 ±0.52

C3 1.5 50 5.48 ±0.69 11.67 ±2.48 14.19 ±0.3 14.02 ±0.48 8.40 ±0.77

C4 1.5 70 5.48 ±0.69 8.45 ±3.53 41.90 ±3.53 71.67 ±0.59 92.05 ±4.43

C5 1.0 60 6.69 ±0.32 4.47 ±0.04 8.88 ±0.08 32.97 ±1.72 121.20 ±0.20

C6 1.0 60 6.69 ±0.32 6.18 ±0.33 16.33 ±0.73 27.11 ±3..13 74.56 ±3.23

C7 1.0 60 6.69 ±0.32 4.67 ±0.31 7.19 ±0.31 47.67 ±0.16 62.01 ±6.43

Thiobarbituric acid reactive substances (TBARS), mg of malonaldeide kg–1

Blank – 50 0.20 ±0.02 0.10 ±0.01 0.76 ±0.2 0.16 ±0.05 0.19 ±0.03

– 60 0.20 ±0.02 0.43 ±0.03 1.08 ±0.07 1.05 ±0.01 0.19 ±0.00

– 70 0.20 ±0.02 0.26 ±0.02 0.71 ±0.04 1.12 ±0.04 1.60 ±0.01

Control (BHT) – 50 0.13 ±0.05 0.07 ±0.02 0.16 ±0.02 0.04 ±0.02 0.24 ±0.04

– 60 0.13 ±0.05 0.47 ±0.01 0.46 ±0.02 0.63 ±0.02 0.94 ±0.01

– 70 0.13 ±0.05 0.29 ±0.01 0.88 ±0.01 0.98 ±0.04 1.27 ±0.02

C1 0.5 50 0.10 ±0.01 0.13 ±0.03 0.19 ±0.03 0.21 ±0.02 0.16 ±0.01

C2 0.5 70 0.10 ±0.01 0.27 ±0.02 0.94 ±0.02 0.70 ±0.03 1.15 ±0.01

C3 1.5 50 0.06 ±0.01 0.22 ±0.01 0.18 ±0.01 0.03 ±0.01 0.16 ±0.01

C4 1.5 70 0.06 ±0.01 0.35 ±0.03 0.59 ±0.02 0.49 ±0.02 1.11 ±0.03

C5 1.0 60 0.14 ±0.03 0.18 ±0.05 0.71 ±0.07 0.73 ±0.01 1.46 ±0.11

C6 1.0 60 0.14 ±0.03 0.18 ±0.01 0.45 ±0.00 0.60 ±0.01 0.83 ±0.09

C7 1.0 60 0.14 ±0.03 0.23 ±0.02 0.48 ±0.01 0.52 ±0.01 0.74 ±0.01

Values constitute mean ±standard deviation of two repetitions.
C – concentration, T – temperature.
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peroxide kg-1 of oil) when compared to the control us-
ing BHT (15.62 mEq peroxide kg-1 of oil) at a temper-
ature of 60°C on the 6th test day with greater inhibition 
in the formation of peroxides that mainly occurred on 
the 6th and 9th days. According to international stand-
ardization, the maximum level of peroxides in oils is 
up to 10 milliequivalents of active oxygen kg-1 of oil. 
It was observed that the oil containing leaf extract of 

C. longa L. showed a PI average of 10.8 milliequiva-
lents of active oxygen kg-1 of oil on day 6, whereas the 
PI in the oil containing BHT was 15.62 mEq of active 
oxygen kg-1 of oil during the same period and with the 
same temperature tested. Thus, the PI values of extracts 
of C. longa L. were within the maximum acceptable 
concentration. The BHT, however, presented greater 
PI values than the maximum allowed (FAO, 1999). 

Fig. 1. Evaluation kinetics of peroxide index (PI) depending on temperature and time, mEq peroxide kg-1. a. Experiments 
at 50°C: ■ – C1, 0.5%; ▲ – C3, 1.5%; ▲ – blank, ● – control (BHT). b. Experiments at 60°C and 70°C: ■ – C2, 0.5% at 
70°C; ● – C4, 1.5% at 70°C; ▲ – C5, 1.0% at 60°C; □ – blank 70°C, □ – blank 60°C; ● – control (BHT) at 70°C, ○ – control 
(BHT) at 60°C

a b

Fig. 2. Evaluation kinetics of thiobarbituric acid reactive substances (TBARS) depending on temperature and time. a. Ex-
periments at 50°C: ■ – C1, 0.5%; ▲ – C3, 1.5%; ▲ – blank, ● – control (BHT). b. Experiments at 60 and 70°C: ■ – C2, 
0.5% at 70°C; ● – C4 1.5% at 70°C; ▲ – C5, 1.0% at 60°C; □ – blank 70°C, □ – blank 60°C; ● – control (BHT) at 70°C, 
○ – control (BHT) 60°C

a b
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The 1.1.3.3-tetraethoxypropane malonaldehyde 
(MDA) quantified through the TBARS method is one 
of the most abundant aldehydes generated during sec-
ondary lipid oxidation and is probably the most com-
monly used as an oxidation marker (Shahidi et al., 
2015). From the results, it can be seen that the E ex-
tract of the leaf of C. longa L. at 1.0% concentration 
tested at 60°C presented a similar response to the BHT 
from the 6th day. The TBARS in the soy oil containing 
1.5% of extract at 70°C was lower than in the soy-
bean oil containing BHT in the evaluated period. The 
soybean oil containing 0.5% of extract had a similar 
response to the control until the 6th day. Therefore,  
TBARS was lower than that shown in the positive 
control. These results were similar to those of the PI. 
This was expected since TBARS represents the sec-
ondary oxidation compounds which are derived from 
the degradation of the hydroperoxides represented by 
the PI (Shahidi et al., 2015). The greatest formation 
of secondary oxidation compounds happed on day 6 
with a decrease on day 9 and a later increase until the 
end of the experiment. In general, the TBARS values 
showed an increasing trend during the food storage pe-
riod with no standardization (Zhang et al., 2017). Ac-
cording to Matumoto-Pintro et al. (2017), aldehydes 
are secondary oxidation compounds that are produced 
by the decomposition of DC. These primary oxida-
tion compounds are better identified in longer storage 
times. The storage temperature also influenced the li-
pid oxidation during the storage period.

Conjugated dienes and trienes (CD/CT). The results 
of CD and CT are shown in Table 3. The hydroper-
oxide formed from unsaturated fatty acids is usually 
accompanied by the stabilization of the radical state 
through the rearrangement of double bonds (electron 
displacement) which allows the formation of CD and 
TC during the propagation stage of oxidation (Ward-
hani et al., 2013). The results obtained showed the 
formation of CD and CT reduced from day 3 in oils 
containing 1.0% of extract at 60°C. These oils present-
ed lower values of CD and CT when compared to the 
control using BHT, especially on the 6th day. This pro-
tection against oxidative degradation obtained by the 
addition of the leaf extract of C. longa L. may be the 
result of the ability of natural phenolic compounds to 
slow the rate of formation of CD and to protect against 

the degradation of linoleic acid. Phenolics transfer 
hydrogen atoms to lipid peroxyl radicals in order to 
quench the radical process (Mohd Nor et al., 2009). 

Baştürk et al. (2018) reported that CD had an al-
most linear increase (1.6 to 7.1) in 6 weeks of acceler-
ated storage testing, whereas the CT values fluctuated 
during the evaluated period (0.233 to 2.18). This be-
havior was similar to what was observed in this pre-
sent study. CD ranged from 1.16 to 8.62 and CT from 
0.32 to 1.89 in the 1.0% extract at 60°C. It was ob-
served that the values varied more in the 1.0% and 
1.5% extracts among the other concentrations. Higher 
concentrations of extracts had a bigger influence on 
the inhibition of the formation of these compounds. 
CDs can be used to measure the primary oxidation, 
which can be correlated with PI (Zamuz et al., 2018). 
The same can be verified for 1.0% extracts at 60°C. 

According to the data presented, the temperature 
of 50°C was the best condition, as it did not strongly 
induce the formation of primary and secondary com-
pounds of PI oxidation under any of the experimen-
tal conditions. However, different concentrations of 
the extract had no significant effect on the response 
variables. The temperature was then the only limiting 
factor of the test. It was also observed that on the 6th 
day of the oxidative stability tests the best response 
for the extracts was seen, which was demonstrated by 
the reduction in the results of PI, TBARS, CD and CT. 
The data showed that after this day all the parameters 
increased considerably. When considering that in 24 
hours at 65°C it corresponds to a month of storage at 
room temperature (Sadeghi et al., 2017), the period of 
best response of the extracts corresponds to approxi-
mately 6 months of storage of soy oil at this temper-
ature. It can be inferred that 6 months would be the 
maximum time that the antioxidant capacity of the ex-
tract E of the leaves of C. longa L. would be effective 
under the conditions tested. 

Statistical analysis. The effects of the variables of 
temperature and extract concentration relating to time 
are shown in Table 4 for each variable response: PI, 
TBARS and CD/CT. 

It can be seen in Table 4 that the effects of the inde-
pendent variables, concentration and temperature were 
not statistically significant at the significance level of 
5% (p < 0.05) in the PI, TBARS, CD and CT responses. 
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Table 3. Conjugated dienes (CD) and trienes (CT) in soybean oil subjected to accelerated storage test for 12 days

Tests x1
C, %

x2
T, °C

Time, days

0 3 6 9 12

Conjugated dienes (CD)

Blank – 50 4.11 ±0.17 4.42 ±0.2 3.88 ±0.09 4.33 ±0.03 4.74 ±0.05

– 60 4.11 ±0.17 4.37 ±0.03 8.03 ±0.00 12.73 ±0.01 17.35 ±0.75

– 70 4.11 ±0.17 5.52 ±0.01 8.53 ±0.06 16.13 ±0.04 17.35 ±0.35

Control (BHT) – 50 4.12 ±0.04 4.35 ±0.08 3.93 ±0.05 4.27 ±0.03 4.42 ±0.03

– 60 4.12 ±0.04 4.49 ±0.08 5.18 ±0.03 8.05 ±0.07 12.43 ±0.02

– 70 4.12 ±0.04 6.42 ±0.00 7.97 ±0.31 12.73 ±0.11 14.24 ±0.14

C1 0.5 50 4.05 ±0.01 4.20 ±0.04 3.41 ±0.02 4.47 ±0.10 4.91 ±0.07

C2 0.5 70 4.05 ±0.01 5.46 ±0.01 5.60 ±0.01 12.43 ±0.02 14.50 ±0.05

C3 1.5 50 3.81 ±0.03 1.78 ±0.00 4.12 ±0.04 4.49 ±0.00 4.34 ±0.26

C4 1.5 70 3.81 ±0.01 1.97 ±0.03 5.32 ±0.02 11.49 ±0.02 12.98 ±0.03

C5 1.0 60 3.04 ±0.03 3.96 ±0.00 1.79 ±0.00 1.57 ±0.00 13.84 ±0.67

C6 1.0 60 3.04 ±0.03 2.06 ±0.01 0.45 ±0.02 0.60 ±0.02 0.83 ±0.02

C7 1.0 60 3.04 ±0.03 4.22 ±0.05 1.23 ±0.04 8.69 ±0.01 11.19 ±0.10

Conjugated trienes (CT)

Blank – 50 3.47 ±0.01 1.93 ±0.14 1.70 ±0.06 1.84 ±0.01 1.81 ±0.02

– 60 3.47 ±0.01 1.73 ±0.01 1.83 ±0.00 2.39 ±0.00 1.95 ±0.00

– 70 3.47 ±0.01 1.82 ±0.00 1.75 ±0.00 2.09 ±0.00 1.95 ±0.03

Control (BHT) – 50 1.71 ±0.01 1.79 ±0.02 1.71 ±0.02 1.82 ±0.02 1.79 ±0.04

– 60 1.71 ±0.01 1.84 ±0.05 1.74 ±0.00 2.56 ±0.04 1.93 ±0.00

– 70 1.71 ±0.01 1.98 ±0.01 1.79 ±0.00 2.03 ±0.01 2.16 ±0.01

C1 0.5 50 1.84 ±0.02 1.78 ±0.02 1.23 ±0.00 1.85 ±0.01 1.81 ±0.02

C2 0.5 70 1.84 ±0.02 1.99 ±0.01 1.81 ±0.01 1.97 ±0.01 2.14 ±0.01

C3 1.5 50 1.90 ±0.01 1.69 ±0.05 1.73 ±0.00 1.86 ±0.01 1.79 ±0.02

C4 1.5 70 1.90 ±0.01 0.65 ±0.01 1.48 ±0.02 1.97 ±0.00 1.94 ±0.02

C5 1.0 60 1.34 ±0.03 1.58 ±0.00 0.21 ±0.00 0.32 ±0.01 2.01 ±0.00

C6 1.0 60 1.34 ±0.03 1.58 ±0.00 0.33 ±0.00 0.25 ±0.03 1.88 ±0.00

C7 1.0 60 1.34 ±0.03 1.83 ±0.01 0.41 ±0.02 1.83 ±0.02 1.77 ±0.00

Values constitute mean ±standard deviation of two repetitions.
C – concentration, T – temperature.
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The concentration had a positive effect on the PI and 
CT values and a negative effect on the TBARS and CD 
values. This demonstrates that the variation in the con-
centration of the leaf extract of C. longa L. presents 
a better response over the secondary oxidation com-
pounds represented by TBARS.

Regarding the effects of extract concentration, 
Wardhani et al. (2013) observed that with larger 
amounts of the antioxidant of soy extract fermented 
in lipid emulsions and sunflower oil, there was a neg-
ative effect on the inhibition of primary oxidation 
causing a decrease in lipid oxidation. According to 
these authors, the presence of the extract suppressed 
oxidation in a concentration-dependent manner. As 
for the temperature, it was observed that it positively 
affected the four parameters evaluated. It is known 
that higher temperatures for a certain time can in-
crease the pro-oxidant capacity in food, likely due to 
the loss of natural antioxidants and the formation of 
oxidative molecules (Matumoto-Pintro et al., 2017). 
The results of the oxidative stability tests of vegeta-
ble oils submitted to thermal treatments are highly 
variable. The polyphenol profile of plant species, 
the extraction methods, the concentrated extract and 
the low content of lipophilic phenolic compounds in 
antioxidants are factors that impact the antioxidant 
capacity. Regarding the nature of the oil, the main 
factors are the degree of unsaturation, the tempera-
ture and the method used for the oxidation of lipids 
(polar compounds, PI, DC and TC), among others 
(Jiménez et al., 2017).

CONCLUSIONS

The EW extract showed the highest yield in extracting 
the phenolic compound as a safe solvent for food. The 

addition of Curcuma longa L. leaf extract to soybean 
oil caused reductions in PI, TBARS, CD and CT val-
ues. This extraction showed equivalent or more effi-
cient results when compared to BHT, contributing to 
the oxidative stability of the product. Thus, the leaves 
of C. longa L. can be used as a potential source of 
natural antioxidants to be exploited by the food in-
dustry in vegetable oils. Future studies will be able to 
identify the compounds responsible for the antioxidant 
capacity of these leaves and evaluate the synergistic 
effect of these natural antioxidants with other natural 
or synthetic ones.
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