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Abstract This study aimed to evaluate the oils of soybean
(S), papaya (Pa) and melon (Me) seeds and compounds oils
SPa (80:20 w/w); SMe (80:20 w/w); and SPaMe
(60:20:20 w/w/w) subjected to thermoxidation. Compound
oils showed lower percentages of free fatty acids in relation
to others, after 20 h. With the heating process, there was an
increase in the quantity of saturated and monounsaturated
acids. The quantity of carotenoids decreased, except in
papaya seed oil that presented significant amount of car-
otenoids in 20 h. In relation the tocopherols, highlighted
the presence of y-tocopherol, except in the papaya oil. In
20 h, SMe and SPa still showed high amounts of toco-
pherols, with 76 and 85% of retention, respectively. With
the thermoxidation, the amounts of phytosterols decreased.
A great potential can be verified for the use of papaya and
melon seed oils, in order to increase the oxidative stability
of the soybean oil.

Keywords Seeds - Special oils - Physicochemical
properties - Bioactive compounds - Antioxidant activity
Introduction

Papaya and melon fruits are consumed in natura or in their

processed forms as jams, sweets, pulps, yogurts, and ice
creams. In the processing fruits, peels and seeds, which
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compose about 50% of the fruit, are discarded. Papaya and
melon seeds present in its constitution, compounds with
antioxidant action, among which stand out carotenoids,
phenolic compounds, tocopherols and phytosterols [1].
Thus, the seeds can be used as food products or as raw
material for the extraction of oils, with high nutritional
value [2].

Vegetable oils which are destined human consumption
are obtained only one type of raw material. These oils
receive more specific applications, for instance, in sauces
or in food frying usages. However, most vegetable oils, as
soybean oil, present a limited utilization in their original
form, as a consequence of their chemical composition and
physical characteristics; in spite of having, an excellent
nutritional profile, these oils present, a high content of
polyunsaturated fatty acids which makes the use of this oil
impossible in high temperatures, due to the formation of
compounds that are harmful to health [3]. These com-
pounds originating from oxidation can interfere with the
absorption of protein and folic acid by the body. Also
represent risks to the intestinal mucosa, cause pathological
changes, inhibit the activity of several enzymes, increase
cholesterol and blood peroxides, and interact with DNA
[4].

Thus, with the search for healthier foods, especially of
the vegetable type, and the need of vegetable oils with
higher antioxidant capacity, the so called “compound oils”
appeared [5]. These oils, which have a special composition,
represent 15% of the total Brazilian consumption of veg-
etable oils. Compound oils are obtained from mixtures of
oils of two or more vegetable species [6].

The investigation of compound oils, especially the ones
originating from non conventional oils, is an emerging
research field which is not very well explored yet. In this
context, since papaya and melon seed oils contain
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important bioactive compounds, these oils may be used
with other vegetable oils in order to enrich them nutri-
tionally. The objective of this study was to evalue to effect
of papaya and melon seed oils on the soybean oil stability
submitted under thermoxidation conditions. These two
seeds were chosen for the extraction of oils, due to the
agroindustrial residues of juice and sweet processing
industries. Moreover, they are oils which have high sta-
bility and large amounts of bioactive compounds.

Materials and methods
Raw materials

Seeds of papaya (Carica papaya L.) of variety Formosa
(cultivar formosa papaya) and of melon (Cucumis melo L.)
of variety Inodorus (cultivar yellow) were used. The seeds
of formosa papaya were granted by the DeMarchi company
(Jundiai, Sdo Paulo, Brazil), and came from Bahia State.
The yellow melon seeds were obtained from fruits pur-
chased at the State Supply Center from Sdo José do Rio
Preto-SP, but from the Brazilian Northeast. 10 kg of fruit
seeds harvested from September to August of the
2013/2014 season were removed. Finally, the seeds were
air dried in a forced circulation oven at 40 £ 0.5 °C for
48 h and stored in glass jars.

Preparation of oils

The extraction process described was performed in the
Institute of Food Technology-ITAL (Campinas, Sao Paulo,
Brazil). For oils extraction, 10 kg of papaya and melon
seeds were laminated in mini press (MPE 40, Ecirtec,
Bauru, Sao Paulo, Brazil). The laminated seeds were put in
an expeller equipment and the extraction by solvent was
performed in four stages. In each stage, 20 L of hexane
were used at 45-50 °C. At first the hexane flowed for
20 min; in the second and third ones, flowed for 15 min,
then, in the last one, only for 10 min. After extraction, the
solvent was removed with the application of direct and
indirect steam. The oils percentages extracted from papaya
(Pa) and melon (Me) seeds were 11.7 and 15.3%,
respectively.

Besides these oils, refined soybean oil (S) no addition of
synthetic antioxidant was granted by the company Trian-
gulo Alimentos® located at Itapolis, Sdo Paulo, Brazil, for
the formulation of compounds oils: Soybeans and papaya
(SPa, 80:20 w/w); Soybeans and melon (SMe, 80:20 w/w)
and Soybeans, papaya and melon (SPaMe, 60:20:20 w/w/
w). The soybean oil was used due to be widely consumed
in Brazil.
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Thermoxidation

The oils were subjected to thermoxidation in heating
plates, and such experiment was performed discontinu-
ously (10 h of heating/day) in heated plates at 180 £ 5 °C.
Samples were taken at time periods of 0, 5, 10, 15 and
20 h, stored in amber glass flasks, inertized with nitrogen
and conditioned to a temperature of — 18 °C until the
moment of analysis.

Physicochemical properties

The analyses of free fatty acid, peroxide value, conjugates
dienoic acids, p-anisidine were performed according to
AOCS procedures [7] The polar compounds were per-
formed through analyzer Testo 265, and total amount of
oxidation (Totox) was calculated using the equation:
Totox = 2 (peroxide value) + (p-anisidine). The oxidative
stability was performed using the Rancimat at 110 °C, with
air flow of 20 L/h.

The fatty acid composition was conducted through
chromatography from the esterified oils through the
method which was described by Hartman and Lago [8]. A
gas chromatograph (model 3900, Varian, Walnut Creek,
CA, USA) with a flame ionization detector, split injection
system, and fused-silica capillary column was used (CP-Sil
88, Microsorb, Varian, Walnut Creek, CA, USA). The
column oven temperature was initially held at 90 °C
(10 min), heated at 10 °C/min at 195 °C and maintained at
195 °C/16 min. The injector and detector temperatures
were 230 and 250 °C, respectively. Samples (1 pL) were
injected adopting a split ratio of 1:30. The carrier gas was
hydrogen with a flow rate of 30 mL/min. Fatty acids
methyl esters (FAMEs) were identified by comparing their
retention times with those of pure FAME standards (Su-
pelco, Bellefonte, USA) under the same operating condi-
tions. The integration software computed the peak areas
and percentages of fatty acid methyl esters were obtained
as weight percentage by direct internal normalization.

Total carotenoids were performed in a scanning spec-
trophotometer (Model UV-VIS mini 1240. Shimadzu,
Chiyoda-ku, Tokyo, Japan), in a 300-550 nm wavelength
range, using the value A of 2592, in petroleum ether,
expressed as micrograms [J-carotene equivalents, in per
gram of oil (ng/g), according to the methodology described
by Rodriguez-Amaya [9].

In order to determine total phenolic compounds, the
quantitative analyses were performed spectrophotometri-
cally (Model UV-VIS mini 1240. Shimadzu, Chiyoda-ku,
Tokyo, Japan), using the Folin—Ciocalteau reagent and
gallic acid standard curve, as the method described by
Singleton and Rossi [10]. The results were expressed as mg
GAE/kg.
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The tocopherols analysis was performed according to
AOCS procedures [7] in high performance liquid chro-
matograph (model 210-263, Varian Inc., Walnut Creek,
CA, USA) with fluorescence detector, stainless steel col-
umn packed with silica (microsorb Si 100, Varian Inc.,
Walnut Creek, CA, USA) and wavelength excitation in
290 nm and emission at 330 nm. The quantification of each
isomer was performed by external standardization based on
peak areas, using standards of a-, B-, y- e d-tocopherol
(Supelco, Bellefonte, Pennsylvania, USA), whose results
were expressed as milligram per kilogram of oil (mg/kg).

The phytosterols were determined by chromatography
from the unsaponifiable matter. Saponification was per-
formed according to the method published by Duchateau
et al. [11]. To chromatographic analysis, it was used a gas
chromatograph (Model 2010 Plus-Shimadzu, Chiyoda-ku,
Tokyo, Japan). The temperatures used in the injector and
detector were 280 and 320 °C respectively. The carrier gas
was hydrogen. Phytosterols were identified accordingly
with the retention times, comparing with standards of
purity of 95-98% (Supelco, Bellefonte, Pennsylvania,
USA) and analyzed under the same conditions of the
samples. The quantification of each of the isomers was
instead by internal standardization (cholestan-50-3-ol),
based on the peak areas, and expressed in mg/100 g.

Antioxidant capacity

Antioxidant capacity analysis was performed through four
different methodologies. They were all conducted in a
spectrophotometer (model UV-VIS mini 1240, Shimadzu,
Chiyoda-ku, Tokyo, Japan). DPPH analysis was performed
as per Kalantzakis et al. [12]. That method consists of
evaluating the sequestering activity of free radical 2,2-
diphenyl-1-picrylhydrazyl. Then, the methodology descri-
bed by Re et al. [13] was performed, it is based on the
capacity for molecular antioxidants to reduce ABTS radical
*, and its result is expressed in pM trolox/100 g. Antiox-
idant activity analysis was also conducted through FRAP
method, which is based on the ability for phenols to reduce
complex Fe™-TPTZ (tripyridyl-s-Triazine ferric iron) to
complex Fe™-TPTZ (tripyridyl-s-Triazine ferrous iron) at
pH 3.6. That methodology was described by Szydlowska-
Czerniak et al. [14]. and expressed as pM trolox/100 g.
Besides that, the analysis of B-carotene/linoleic acid was
conducted according to the method that was modified by
Miller [15], which assesses the inhibition capacity of free
radicals that are generated during the peroxidation of
linoleic acid. The absorbance was measured at 470 nm, and
the results were expressed as percentages.

Statistical analysis

The experiment was performed at an entirely random
delineation in factorial scheme. The results obtained from
the analytical determinations, in triplicate, were subjected
to variance analysis and the differences between means
were tested at 5% probability by the Tukey test, using the
ESTAT program, version 2.0.

Results and discussion
Physicochemical properties

The thermoxidation process aims at submitting oils and fats
to elevated temperatures (180 °C), similarly to the frying
process, but without the presence of food [7]. In the soy-
bean oil was not detected free fatty acids, because it is
refined oil. It was found that SPa, SMe and SPaMe com-
pound oils showed lower percentages of free fatty acids in
relation to papaya and melon oils (Table 1). The SPa and
SMe oils also showed constant value under increased
heating time. Thus, these oils can be considered oils of
lower hydrolytic degradation.

Higher peroxide value was initially found in soybean
oil, when compared to the others. Peroxide value varies
with temperature, oxygen availability, amount of oil, or
surface/volume ratio [16]. With the exception of papaya
and SPaMe oils, which were resistant to oxidative degra-
dation, oils exhibited oscillations in the peroxide value
during heating, probably due to decomposition of
hydroperoxides, formation of hydrocarbons, short-chain
fatty acids, free radicals, and volatile compounds, or
reactions with natural antioxidant compounds.

Conjugated diene values indicate the content of conju-
gated hydroperoxides in oils and fats which has resulted
from shifting of double bonds. Higher conjugated diene
values represent a higher level of oxidation [17]. Melon oil
showed high amount of conjugated dienoic acids. How-
ever, during the heating process, there was significant
increase of conjugated dienoic acid in all oils, and soybean
oil stood out in 20 h with higher amount (2.8%). It was also
noted, when comparing only among the compound oils,
that SMe presented the lowest formation of conjugated
dienoic acids during 20 h of heating, possibly due to the
synergistic effect among the compounds present in soybean
and melon oils, resulting in greater protection.

The polar compounds content is a good indicator of the
quality for frying oils as the polar compounds in oil contain
all levels of the lipid oxidation products including primary,
secondary and tertiary oxidation products [18]. It was
observed that the soybean oil in the initial time presented
smaller formation of total polar compounds. However,
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Table 1 Physicochemical properties of the oils in thermoxidation

Oils Time (h)
0 5 10 15 20
Free fatty acids (%) S nd°" nd°® nd°" nd°" 0.2 &+ 0.0°®
Pa 5.5 + 0.4 5.9 4 0.1% 49 4 0.0% 5.2 4 0.0 5.6 £ 0.0
Me 1.4 £+ 0.1°® 2.0 £+ 0.0"® 1.3 + 0.0°® 2.8 + 0.0°® 1.9 4 0.1°®
SPa 0.7 &+ 0.0°P 0.6 £ 0.0°° 0.5 &+ 0.0°° 0.6 £+ 0.0°° 0.7 &+ 0.0°P
SMe 0.2 & 0.0°® 0.4 £ 0.0°° 0.3 & 0.0°F 0.4 £ 0.0°F 0.4 £ 0.0°®
SPaMe 1.1 + 0.1%¢ 0.9 + 0.0°¢ 0.8 £ 0.0°¢ 0.9 + 0.0°¢ 1.1 £ 0.0
Peroxides (meq O,/kg) S 32 £ 0.1% 24+ 0.0 42 4 0.0 5.2 4 0.0 44 4 0.0
Pa nd*E nd*® nd*F nd*E nd*F
Me 1.2 + 0.0°¢ 1.3 +£0.1°8 1.4 + 0.0°° 1.4 4+ 0.0°® 1.3 & 0.0°®
SPa 1.3 4+ 0.0 0.8 £ 0.0%¢ 1.6 &+ 0.1°¢ 0.8 £+ 0.09° 0.9 4+ 0.1°P
SMe 2.7 + 0.0°® 0.8 + 0.0°¢ 2.1 £+ 0.0°® 0.9 £ 0.0% 1.1 4+ 0.0°¢
SPaMe 1.0 & 0.0°P 0.8 £+ 0.0 0.8 & 0.0°F 0.8 & 0.0°° 0.8 & 0.0°F
Conjugated dienoic acids (%) S 0.4 + 0.0°° 0.7 &+ 0.0%¢ 1.6 £ 0.01°* 1.9 + 0.01" 2.8 + 0.02*4
Pa 0.2 & 0.0 0.6 £ 0.0 0.8 & 0.01°F 0.8 £ 0.01°F 1.0 & 0.0°P
Me 0.9 &+ 0.0°* 1.0 + 0.0 1.2 4 0.01°® 1.6 & 0.02°B 1.2 4 0.0°®
SPa 0.4 £+ 0.0°P 0.6 £ 0.0%F 0.8 & 0.01°F 0.8 £ 0.0*F 1.1 &+ 0.0°¢
SMe 0.5 4+ 0.0°® 0.7 £+ 0.09° 0.9 4+ 0.0°¢ 0.9 £+ 0.01°P 1.0 £+ 0.0°®
SPaMe 0.5 + 0.0°C 0.8 + 0.0 %® 0.9 &+ 0.0°P 0.9 + 0.0 1.2 4+ 0.0°®
Polar compounds (%) S 10.5 12.0 18.5 23.5 29.0
Pa 16.0 16.0 16.0 175 18.0
Me 15.0 16.0 16.0 18.0 185
SPa 115 115 12.0 125 135
SMe 11.0 12.0 13.0 135 14.0
SPaMe 125 125 125 135 145
p-anisidine S 3.9 £ 0.1 434 £ 0.6 542+ 07 499 + 32 51.7 £ 0.0°
Pa 1.4 £ 0.1°B€ 42 4 0.2 2.1 £ 0.0F 7.3 + 0.5% 4.9 4 0.5°F
Me 0.9 & 0.09B¢ 13.2 + 0.4°P 15.5 + 0.2°F 11.4 £ 2.2°P 9.9 + 0.0°P
SPa 2.8 4+ 0.0°B 15.7 £ 0.2°¢ 25.5 £ 0.4°C 25.1 £ 0.6 15.7 £ 0.2°¢
SMe 2.6 £ 0.0 231403 31.2 + 1.3%B 26.2 + 0.3"B 204 + 0.4 ®
SPaMe 0.7 + 0.0%F 153 £ 0.7°¢ 18.2 + 0.2°P 17.4 £ 0.2°¢ 7.0 + 0.4°F
Totox S 102 £ 029 481 4+ 0.6 626+ 08" 602+ 3.3 60.5 + 0.1°4
Pa 1.4 4+ 0.1°P 42 4 02°° 2.1 £ 0.0°F 7.3 + 0.5% 4.9 4 0.5
Me 3.3 £ 0.19° 15.8 + 0.5°¢ 18.3 + 0.3°P 14.1 £ 2.2°P 2, 179B¢ 12.5 + 0.0°P
SPa 5.4 +0.29 17.2 £ 0.2°¢ 28.6 + 0.5°C 26.7 + 0.5"8 17.5 £ 0.3°¢
SMe 7.9+ 0.1°8 24.7 £ 0.3B 353 + 1.4*B 28.1 + 0.3°8 22.6 + 0.4
SPaMe 2.8 4 0.0° 16.9 + 0.7°¢ 198 + 02°° 191 + 0.2°C 8.6 + 0.4F
Oxidative stability (h) S 6.7 £ 0.4°F 6.7 £ 0.4°8 3.9 + 0.3 3.7 £ 0.3%C 32 £ 0.1°¢
Pa 173 £ 0.5  nd®® nd°P nd"® nd°®
Me 13.7 + 0.4°® 1.9 & 0.0°° 4.0+ 0.1°¢ 1.4 4+ 0.19P 2.0 £0.2P
SPa 934 0.1°P 95+ 03" 7.8 4+ 0.19 8.7 £ 0.1°4 10.4 + 0.2*
SMe 8.8 + 0.3%P 5.5+ 0.19 73 4+ 02°48 57 +0.1°® 6.0 + 0.4®
SPaMe 9.6 + 0.4°C 6.3 + 0358 6.9 + 0.2°B 57+ 0495 6.6 £ 0.1°B

The mean + SD followed by lowercase letters in the lines do not differ by Tukey test (p < 0.05). Mean + SD followed by upper case letters in
the columns do not differ by Tukey test (p < 0.05)

nd Not detected
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during thermoxidation, the amount of polar compounds
increased in all oils, mainly in soybean oil (29%). Con-
sidering the disregard limit (24-27%) adopted by some
countries such as Belgium, Chile, France, with the excep-
tion of soybean oil, all oils showed lower values at 20 h of
heating, especially SPa. By relating conjugated dienoic
acids with polar compounds, it is possible to infer that the
soybean oil showed higher formation of primary oxidation
compounds with increasing heating time.

All products from the initial oxidation can be degraded
or polymerized to form secondary oxidation products.
When the p-anisidine value, which measures the secondary
products, is lower than 10, the oil is considered good [19].
Thus, it was observed that, in the initial time, all oils can be
considered good, especially melon oil (0.9) and SPaMe
(0.7). However, with heating, all oils reached values higher
than 10, with the exception of papaya oil (7.3) in 15 h.

Totox is a measurement of overall oxidation level of oil
samples, which can give a better estimation of the pro-
gressive oxidative deterioration of oil samples [5]. Also, in
order to be considered well preserved, the oil must have
low totox value (< 10). As shown in Table 1, at first, the
oils presented good preservation conditions, except for
soybean oil (10.2). However, during heating, the oils
showed increase and variations in totox value. Only papaya
oil (7.3) remained in good condition, which indicates it is
more stable oil.

The oils are very susceptible to oxidation, which limits
their use in food [20]. As shown in Table 1, initial time, it
was found that papaya oil was more stable (17.3 h),
although, over the course of heating, it was not possible to
detect the oxidative stability in this oil. Since it is a crude
oil, the formation of other compounds may have occurred,
which impaired the detection of the oxidative stability.
During thermoxidation, although fluctuations occurred,
SPa compound oil had greater stability 20 h. Soybean oil
was the only one to show decrease in oxidative stability
with increased heating time. This is mainly due to the fact
that soybean oil is refined, and, thus, does not contain
significant amounts of interfering compounds such as
soaps, phospholipids, and pigments.

Eleven different types of fatty acids were found
(myristic; palmitic; stearic acid; arachidic; behenic;
palmitoleic; oleic acid; eicosenoic; linoleic; a-linolenic and
v-linoleic). Amongst the saturated fatty acids, palmitic acid
appeared in greater quantities during the entire thermoxi-
dation process. As to unsaturated fatty acids, linoleic acid
was the one found in highest percentage, except in papaya
oil, which presented high quantity of oleic acid
(64.85-70.90%). The presence of essential fatty acids, such
as linoleic, makes the oils more interesting from the
nutritional point of view, since these fatty acids are not
produced by humans and are necessary for the formation of

cell membranes, vitamin D, and several hormones [21]. On
the contrary, the high quantity of oleic acid and the low
percentage of polyunsaturated fatty acids are related to
high resistance to thermoxidative alteration [22]. Initially,
it was possible to verify that papaya oil presented greater
amounts of saturated and monounsaturated fatty acids,
while melon oil showed greater quantity of polyunsaturated
fatty acids (Table 2).

The amount of saturated fatty acids increased signifi-
cantly in all oils during thermoxidation, especially in
papaya oil, which formed 38.32% of saturated fatty acids in
20 h of thermoxidation. As to monounsaturated fatty acids,
papaya oil presented decrease in quantity (8.26%) in 20 h
of heating. Furthermore, papaya oil also presented greater
reduction of polyunsaturated fatty acids (44.76%) in 20 h
of heating. Therefore, it is possible to infer that the increase
in temperature results in the breaking of double bonds
present in unsaturated fatty acids, transforming them into
saturated.

Regarding the compound oils, SMe stood out, showing
lower formation of saturated fatty acids (2.81%) and,
consequently, lower reduction of monounsaturated (0.76%)
and polyunsaturated (1.23%) fatty acids. However, it is
important to emphasize that the SPaMe and SPa compound
oils presented increase in the quantity of monounsaturated
fatty acids, 2.26 and 1.98%, respectively, in 20 h of
heating.

Carotenoids are antioxidants that act as electron accep-
tors, quenching singlet oxygen. As seen in Fig. 1, initially,
the SPaMe presented higher amounts of carotenoids
(52.1 pg of B-carotene/g), which showed that the papaya
and melon oils contributed to increase by 3.6 times initial
amount of carotenoids from soybean oil (14.4 pg of B-
carotene/g).

During thermoxidation, there was a significant decrease
in total carotenoids concentration. With 10 h of thermox-
idation, the SMe no longer had carotenoids. In other oils,
carotenoids were totally lost with 20 h of heating, except
papaya oil that still had 24.6 pg of B-carotene/g. This
greater retention of carotenoids may be attributed to the
high content of monounsaturated fatty acids. Studies have
shown that temperatures above 40 °C contribute to the
degradation of pigments. The oxidation of carotenoids
molecules results are the discoloration of pigments, the loss
of biological activity and formation of degradation prod-
ucts such as apocarotenoides (B-apo-12-carotenal, B-apo-
carotenal and B 10-apo-8-carotenal), and volatiles epoxi-
carotenoides [23].

Phenolic compounds are substances that act by donating
electrons in order to stop the action of free radicals. As it is
observed in Fig. 1 the melon oil had higher amounts of
phenolic compounds, 145.3 mg GAE/kg, at the initial time.
Over the thermoxidation process there was an increase in
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Table 2 Fatty acid composition

Time (h)

0

10

20

Pa

Me
SPa
SMe
SPaMe

Pa

Me
SPa
SMe
SPaMe
S

Pa

Me
SPa
SMe
SPaMe

16.48 + 0.04°P
22.39 + 0.054
15.93 & 0.01°F
17.70 & 0.03°®
16.35 & 0.01°P
17.56 4+ 0.02°¢
23.04 + 0.02°P
71.68 &+ 0.05**
21.90 + 0.01°F
31.90 + 0.05°C
22.47 + 0.03"F
32.31 + 0.01°8
60.49 + 0.02°¢

5,92 + 0.02%F
62.17 £ 0.02°4
50.41 + 0.03*°
61.18 + 0.02°B
50.14 + 0.02°F

17.32 4 0.02°¢
25.91 + 0.05*
16.26 & 0.12°F
18.36 & 0.01°®
16.61 & 0.02°P
18.41 4 0.03"®
24.10 + 0.01°P
70.33 + 0.04°*
22.50 + 0.02°F
33.94 + 0.00°®
23.21 £ 0.05%F
32.34 £ 0.06°¢
58.58 £ 0.02°¢

3.75 + 0.01°F
61.39 + 0.02°*
4770 £ 0.02°F
60.18 + 0.03°B
49.25 + 0.05"P

18.97 &+ 0.01*®
30.97 £ 0.02°4
16.44 + 0.02°F
18.61 & 0.01*¢
16.81 £ 0.06°°
18.59 4 0.04*¢
24.33 + 0.01°¢
65.76 + 0.034
22.60 + 0.03°°
32.53 4 0.03°®
22.64 + 0.06°°
33.04 + 0.21°8
56.69 + 0.02°¢

3,27 + 0.02°F
60.95 + 0.01°*
48.87 + 0.02°°
60.43 + 0.09°8
48.56 + 0.01°F

The mean £ SD followed by lowercase letters in the lines do not differ by Tukey test (p < 0.05).
Mean =+ SD followed by upper case letters in the columns do not differ by Tukey test (p < 0.05)

of the oils in thermoxidation Oils
(%)
> saturated
> monounsaturated
> polyunsaturated
A
60
50 |

Carotenoids (ug of B-carotene’g)

SPa SMe

SPaMe

=0h B10h

Fig. 1 Carotenoids (A) and total phenolic compounds (B)

the total phenolic compounds, highlighting the soybean,
SPa and SPaMe oils. This increase may be due to the
reaction of the reagent Folin—Ciocalteu with phenol groups
from degradation of tocopherols, since these compounds
are readily oxidizable, resulting in the formation of the blue
complexes, which, consequently, culminates in an overes-

timation of the phenolic compounds [24].
In Table 3, it is possible to see that the o-,

v- and &-

tocopherol isomer were detected in oils. Regarding iso-
mers, all oils presented higher amounts of y-tocopherol,
except papaya oil. The papaya oil was highlighted with
high amount of a-tocopherol and low level of y-tocopherol,

@ Springer

w
o
o

250

200

150 -

100 -

Total phenolics compounds (mg GAE’kg) [0
n
S

o

2

220h

2N

SMe

SPaMe

possibly due to a greater presence of other antioxidants
such as carotenoids, and/or monounsaturated fatty acids
that are able to promote the oxidative protection of the oil.
The &-tocopherol isomer was not detected in melon oil,
besides being completely degraded in papaya oil after a
10 h thermoxidation.

In the compounds oils, mainly in SPaMe, have fluctua-

tions in the tocopherol levels along the thermoxidation,
probably because of some substances regenerative. The
ascorbate, uric acid and/or reduced glutathione are sub-
stances capable of regenerating tocopherols [25].
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Table 3 Levels of the R X
tocopherols isomers (mg/kg) Oils Time (h)
0 10 20
o-tocopherol S 57.6 + 0.1°A 33.0 + 0.5°P 11.9 + 0.5F
Pa 52.1 £ 0.7%€ 27.7 £ 0.3% 26.4 + 0.5°F
Me 39.8 + 0.2°F 34.9 + 0.6°¢ 29.4 + 0.3°P
SPa 53.6 + 0.6*B 435 4+ 0.4°B 45.6 + 0.5°¢
SMe 51.1 £ 0.5°C 55.0 &+ 0.2 58.3 £ 0.1°B
SPaMe 433 £ 0.3°P 43.6 &+ 0.3°B 60.1 £+ 0.8°4
y-tocopherol S 383.5 + 0.4%8 202.7 + 0.9*F 66.3 + 0.2°F
Pa 29.8 + 0.4%F nd°F nd®F
Me 467.7 £ 0.4%4 295.7 + 0.3°B 1734 + 0.6°°
SPa 304.7 + 0.4°P 218.7 + 0.2 227.4 + 0.4°€
SMe 363.1 £ 0.8 3453 + 0.3 289.6 £ 0.1°A
SPaMe 278.7 + 0.3%F 250.8 + 0.9°C 278.4 + 0.5%8
3-tocopherol S 109.9 & 0.3 89,8 & 0,54 61.3 + 0.5
Pa 10.6 £+ 0.6°E nd°E nd°®
Me nd*¥ nd*® nd®P
SPa 90.9 + 0.3%B 71.3 £ 0.3° 68.8 + 0.3B
SMe 83.7 + 0.2%€ 84.2 4+ 0.2°B 74.9 £+ 0.6°4
SPaMe 61.3 £ 0.6°° 59.6 &+ 0.4°P 61.9 £+ 0.6°C
Total S 550.9 + 0.5% 325.6 + 1.8°P 139.6 + 0.2°F
Pa 92.6 + 1.7°F 27.7 £ 0.3% 26.4 + 0.5°F
Me 507.5 + 0.5°B 330.6 + 0.6°° 202.8 + 0.9
SPa 449.2 + 0.7°P 333.4 + 0.8°C 341.8 + 0.4°C
SMe 497.9 + 0.8 484.5 + 0.1°4 4229 + 0.5
SPaMe 383.3 + 1.3E 353.9 + 1.2°B 4004 + 1.3°B

The mean + SD followed by lowercase letters in the lines do not differ by Tukey test (p < 0.05).
Mean + SD followed by upper case letters in the columns do not differ by Tukey test (p < 0.05)

nd Not detected (3-tocopherol < 2.30 mg/kg)

At the end of the thermoxidation process, there were a
higher retention of total tocopherols in oils SPa compounds
(76.1%) and SMe (84.9%), possibly due to the synergistic
effect with carotenoids and phenolic compounds.

In Table 4 it was found four different phytosterols:
campesterol, stigmasterol, B-sitosterol and stigmastanol.
Among the oils initially analyzed, the soybean oil showed
higher amounts of campesterol (16.7 mg/100 g) and stig-
masterol (22.8 mg/100 g), while the melon oil presented
higher amounts of B-sitosterol (797.1 mg/100 g) and stig-
mastanol (60.4 mg/100 g). It is possible to verify that, in
the melon oil, SMe and SPaMe were the only ones to
submit stigmastanol. Although this phytosterol is saturated
and less susceptible to oxidative degradation; it has a ter-
tiary carbon, the which makes it prone to degradation and
the formation of a variety of oxidized derivatives with a
potential harmful effect to health [26].

There was a reduction of total phytosterols from 10 to
20% over the thermoxidation process, especially soybean
and melon oils, due to the retention of campesterol and

stigmastanol isomers, respectively. However, at the end of
this process, it was observed that melon oil excelled with
772.8 mg/100 g of total phytosterols, corresponding to
90% retention. In the compound oils it was verified that
papaya and melon oil contributed to the retention amount
of phytosterols, since the oil SPaMe showed more than
17% total phytosterols when compared to soybean oil, at
the end of the process. In addition, this oil showed higher
retention of the B-sitosterol isomer (81.7%).

According to Ferrari et al. [27], the susceptibility of
phytosterols to oxidation by reactive oxygen species, light,
metal ions and high temperatures depends on their unsat-
uration level, thus, the isomer that presented the lowest
retention in 20 h was campesterol of papaya oil (53.6%).

Antioxidant capacity

Antioxidants may exhibit synergistic effect or not, and may
act via hydrogen atom transfer, and/or an electron. Thus,
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Tt sl o
0 10 20
Campesterol S 16.7 £ 0.1*4 16.2 £ 0.1°4 159 + 0.1°4
Pa 153 4+ 0.1°B 9.3 £ 0.1°° 82 4 0.1°F
Me nd*E nd*E nd*f
SPa 13.7 £ 0.1°¢ 11.7 £ 0.1°8 11.1 £+ 0.1°B
SMe 13.3 £ 0.2°P 10.7 £ 0.1°¢ 10.1 + 0.1°€
SPaMe 13.6 £ 0.1%P 9.6 &+ 0.2°° 8.8 £ 0.2°°
Stigmasterol S 22.8 +0.,1% 22.5 + 0.2 16.8 + 0.2°4
Pa 9.4 + 0.1%° 8.8 + 0.0°F 7.5 4+ 0.0F
Me nd*E nd*® nd®F
SPa 152 4+ 0.1°B 12.2 + 0.1°8 11.7 + 0.2°B
SMe 12.9 + 0.2°¢ 114 4+ 0.1°¢ 10.3 £ 0.1°¢
SPaMe 13.0 &+ 0.0%¢ 10.4 + 0.2°P 8.3 + 0.1°P
B-sitosterol S 3347 £ 0.1°F 325.1 £ 0.1°P 285.5 + 0.2°P
Pa 634.4 £+ 0.1%8 574.8 & 0.1°B 552.6 + 0.1°B
Me 797.1 £+ 0.1%4 735.6 + 0.1°4 7153 £+ 0.1°4
SPa 310.5 + 0.1%F 271.8 + 0.2F 267.3 + 0.2°F
SMe 350.7 + 0.0°° 296.1 + 0.0°F 285.6 + 0.2°°
SPaMe 423.8 + 0.1°C 350.5 + 0.0°¢ 346.1 £ 0.1°¢
Stigmastanol S nd*® nd*? nd*¢
Pa nd*® nd*? nd*©
Me 60.4 + 0.1*A 58.6 + 0.1°* 57.5 + 0.2°A
SPa nd*? nd®® nd*©
SMe 14.4 0.1°¢ 12.7 + 0.4°¢ 11.8 + 0.3®
SPaMe 15.8 £ 0.1*B 14.1 £+ 0.0"® 11.4 £ 0.2
Total S 3743 + 0.1°F 363.7 &+ 0.1°P 318.1 + 0.5°°
Pa 659.0 £ 0.1°8 592.9 + 0.1°8 568.3 £+ 0.1°B
Me 857.5 £ 0.1** 7943 £ 0.1°4 772.8 &+ 0.1°4
SPa 339.4 £ 0.1°F 295.6 & 0.2°F 290.1 + 0.4°F
SMe 391.4 + 0.1°P 330.9 + 0.4°F 317.8 £ 0.5
SPaMe 466.2 4+ 0.3°C 384.6 + 0.3°¢ 374.7 + 0.4°¢

The mean 4+ SD followed by lowercase letters in the lines do not differ by Tukey test (p < 0.05).
Mean + SD followed by upper case letters in the columns do not differ by Tukey test (p < 0.05)

nd not detected (stigmastanol and stigmasterol < 4.25 mg/100 g; campesterol < 5.60 mg/100 g)

there are several different methods for the evaluation of the
antioxidant capacity [28].

The DPPH (radical 2,2-diphenyl-1-picrylhydrazyl)
method is based on the ability of DPPH to react with
hydrogen donors. Among the oils initially analyzed
(Table 5), the soybean oil showed higher antioxidant
capacity, followed by the SMe compound (85.5%). In the
thermoxidation course, only the soybean oil, had a decrease
in its antioxidant activity, reaching the lowest value at
20 h. Fluctuations were also detected in other oils, which
was possibly caused by the presence of interfering com-
pounds that overestimate the value of the DPPH percentage
of removal, they present themselves with maximum
absorbance in the same spectral region of the other
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compounds [29]. It can also because of DPPH stoichiom-
etry reaction which differs with the type of antioxidant, or
may be 2:1 or 3:1 (radical/antioxidant), depending on the
number of hydroxyl groups [30] or due to possible syner-
gistic effect of the molecules antioxidants during heat
application.

In the antioxidant ABTS™ method, papaya oil showed
31.3 uM trolox/100 g at the beginning of thermoxidation
process. At the end of the process, there was a decrease in
the antioxidant activity of SMe and SPaMe oils, reaching
4.5 uM trolox/100 g, whose reductions were 16 and 23%,
respectively. Other oils showed fluctuations and/or
increased during thermoxidation, in addition to this, it is
possible to say that this oscillation happens because of the
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Table 5 Antioxidant activity Oils Time (h)
0 10 20
DPPH (%) S 94.6 + 1.2%4 82.9 + 1.2°¢ 62.2 + 0.2°F
Pa 67.3 + 0.4°P 71.8 + 0.2°P 68.5 + 0.7°F
Me 61.3 £ 0.2°F 81.0 & 2.1°¢ 74.9 £+ 0.6°°
SPa 79.0 + 0.6°¢ 86.3 & 0.1°® 91.6 + 0.1**
SMe 85.5 + 0.4°B 92.1 + 0.5 89.1 & 0.2°8
SPaMe 79.2 + 0.4°¢ 85.6 + 1.1°P 86.3 & 0.2°¢
ABTS™ (UM trolox/100 g) S 13.2 £+ 0.3%P 5.0 + 0.5°E 5.5 + 0.3°°
Pa 31.3 +£ 0.5 7.1 £ 0.9°° 10.0 + 0.8°¢
Me 8.4 + 0.5 11.2 + 1.0°B€ 17.5 £ 0.7°B
SPa 9.9 £ 0.6°F 11.5 + 0.7°® 43.9 + 0.8**
SMe 28.5 + 1.3%B 20.5 + 0.7°* 45 4 03P
SPaMe 19.6 + 1.7°¢ 9.4 + 1.2°¢ 45 + 0.0
FRAP (UM trolox/100 g) S 76.1 & 3.5 125.9 4 3.3** 114.5 + 4.9°®
Pa 118.2 + 3.9°° 116.2 + 2.5% 103.2 + 4.8°C
Me 185.9 4 4.9%4 126.6 + 0.8°4 106.9 + 3.3°B€
SPa 110.1 £+ 0.3%P 73.5 + 5.5°P 80.4 4+ 5.9°P
SMe 137.2 4 3.3 119.5 + 6.5°84 110.9 + 3.1°B€
SPaMe 148.8 + 1.6*® 96.1 + 1.7°¢ 143.4 + 4.1°4
B-carotene/linoleic acid (%) S 70.5 + 1.0* 29.8 + 1.7°P 73.5 £ 0.2*A
Pa 41.8 + 0.2°¢ 11.2 + 0.9°E 22.9 + 1.4°
Me 61.5 + 0.9°® 349 4 3.8 51.1 + 0.7°¢
SPa 43.6 + 1.4 70.9 + 4.2°B 11.8 £ 0.0°F
SMe 46.7 + 4.1°¢ 61.0 + 0.6 37.9 + 0.6°°
SPaMe 46.3 + 3.4 82.5 + 2.1°4 56.5 + 2.2°8

The mean + SD followed by lowercase letters in the lines do not differ by Tukey test (p < 0.05).
Mean + SD followed by upper case letters in the columns do not differ by Tukey test (p < 0.05)

ABTS™ radical reactions with phenolic compounds, which
it is conclude in two steps. In the first step, a radical
molecule abstracts an electron, or even a hydrogen atom
from a phenolic compound, in order to form a semiquinone
radical. In the second part of the process, the semiquinone
radical reacts with another radical molecule of ABTS™,
forming an unstable product easily degraded into other
compounds. Thus, it is possible to prove the cause of the
concentration’s changes in ABTS™ radical and its disap-
pearance in the measurement system, due to the reduction
and degradation processes [31].

During the FRAP process, melon oil initially obtained
the higher value, 185.9 uM trolox/100 g, in contrast, the
papaya and SPa oils demonstrated greater stability along
the thermoxidation, since no significant differences
(p < 0.05) were found. This may be due to the papaya oil is
high amount of antioxidants. Only soybean, SPa and
SPaMe oils showed thermoxidative oscillations during the
process, which was possibly caused by the high concen-
trations of pro-oxidant compounds, such as carotenoids and
tocopherols, especially when the oxygen concentration is

high, as result of the light energy absorbed by these pig-
ments, pigments that by its turn, can be transferred to the
triplet oxygen, becoming what it is called singlet, a more
reactive kind of oxidizing agent [32]. In addition, may also
have occurred antagonistic effect between the action of B-
carotene and tocopherol, as the oil protected worse in the
presence of carotenoid than without it [33].

In B-carotene/linoleic acid analysis, soybean oil had a
higher antioxidant activity early in the process. In the
course of thermoxidation, all oils showed fluctuations in
antioxidant activity, probably in view of the presence of
metals (copper, iron and zinc) and of the B-carotene ratio,
linoleic acid and water in the preparation of the emulsion,
which influence on the concentration of B-carotene that
may remain [34]. Furthermore, this assay measures lipo-
philic antioxidants [35] and carotenoids may have acted as
pro-oxidants initially thermoxidation since after the con-
centration has decreased.

Thus, it is concluded that papaya and melon oils used
together with the soybean oil have good physico-chemical
quality. By means of thermoxidation, observed that papaya
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and melon oils increase the nutritional value and stability
of the soybean oil, with retention of carotenoids, phytos-
terols, and tocopherols. Furthermore, the use of papaya and
melon seeds for the oil extraction minimizes the environ-
mental impact of the agro-industrial residues.
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