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This study was conducted to investigate the efficacy of supplementing the oil extracted from Jatropha
curcas L. seeds with the oil extracted from roasted Vitis vinifera seeds regarding its oxidation stability during
storage. Two sets of samples were formed: 1-Oil obtained from Jatropha curcas L. seeds; 2-a blend made
from 95% oil extracted from Jatropha curcas L. seeds and 5% oil extracted from the roasted Vitis vinifera
seeds. The samples were placed in dark bottles and stored in laboratory at an average temperature of 25°C
for 12 months. Lipid oxidation kinetics was assessed according to the value of peroxide, acidity index, total
polyphenol content and oxidation stability determined through the Handorn-Zürcher method (Rancimat).
The samples supplemented with oil obtained from roasted Vitis vinifera seeds showed a much higher
stability compared to oil samples obtained from non-supplemented Jatropha curcas L. seeds.
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The search for fuel sources alternative to current fossil
fuels used has been reported by various authors. The oil
extracted from Jatropha curcas L. seeds was identified as
an important source of alternative fuel.

The literature indicates that the fatty acid methyl ester
of Jatropha curcas is one of the 26 fatty acid methyl esters
of oil that are most suitable for biodiesel product [1, 2].

Revealed that the fatty acid composition of Jatropha
curcas oil was analyzed by gas chromatography, major
long chain fatty acids present in the Jatropha curcas oil
which are palmitic acid (16.69%), stearic acid (7.67%),
oleic acid (40.39%) linoleic acid (33.09%) and Linoleic acid
(0.28%). Jatropha curcas oil contains high percentage of
unsaturated fatty acid, which is about 75.64% [3].

Oil from the Jatropha seeds has excellent properties,
including low acidity, low viscosity compared to castor oil
and a better cloud point and pour point when compared to
palm oil [4-7] but also the disadvantage of high percentage
of unsaturated fatty acids that cause susceptibility to
oxidation [8-13].

The lipids contained are susceptible to oxidation in the
presence of catalytic systems such as light, heat, enzymes,
metals, metallic-proteins and microorganisms leading to
complex processes of autoxidation, photo-oxidation,
thermal or enzymatic oxidation, most of which involve free
radicals and/or other reactive species as the intermediate.
Autoxidation is the most common process among all and
is defined as the spontaneous reaction of lipids with
atmospheric oxygen through a chain reaction of free
radicals.

Autoxidation is a chain reaction including three basic
steps: initiation, propagation, and termination [14-15],
figure 1.

Although the process cannot be stopped, there are some
methods that may be taken to slow down this process.
Addition of antioxidants in the oils may help to slow
oxidation or degradation processes and increase their
oxidation stability [16].
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Fig. 1. Lipid oxidation mechanism
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This study was conducted to investigate the efficacy of
supplementing the oil extracted from Jatropha curcas L.
seeds with oil extracted from roasted grape seeds on the
oxidation stability during storage. The progress of lipid
oxidation was evaluated based on the peroxide index,
acidity index, iodine index, content in total polyphenols
and oxidation stability determined through the Hadorn-
Zürcher method (Rancimat).

Experimental part
Materials and methods

To achieve the experimental part we used Vitis vinifera
seeds purchased from the Teaching Research Resort of
Craiova University-Romania, having the following
characteristics [17]: the appearance: the dry surface
without any trace of mold; the color: brown or dark red,
various shades, characteristic for the variety of provenance;
smell: is specific from the seed of Vitis vinifera, but it is not
allowed the smell of mould; seeds altered: less than 5%;
impurities (pieces of the bunch, skin)-below 3%; the
moisture: 35-40%; density: 1.1-1.3 g/cm3; hygroscopicity,
mL/100 g: 7-15.

Roasting seeds was done in a toaster type Rombat for
10 minutes at 220°C and their grinding was done in a
machine type Viacenza 200 adjusted to obtain a particle
size of 1-1.25 mm.

Jatropha curcas L. seeds were purchased from Thai
trade with the following characteristics: diameter 7.5-9
mm; length 17-19 mm; dark brown; 7.8% moisture and
shredded by crushing.

Extraction of oil from seeds of Vitis vinifera and Jatropha
curcas

The extraction of oil from the Jatropha curcas L. and
Vitis vinifera seeds was carried out in a Soxhlet-type device
using light petroleum solvent. The extraction time was 6 h.
After oil extraction, the excess solvent was distilled off
reduced vacuum using a rotary evaporator [18.19].

Characterization of oil obtained from Jatropha curcas L
seeds and the blend of Oil Jatropha curcas L and Oil Vitis
vinífera
Determination of peroxide value level by Hara-Totani
method

Peroxide of oil samples was determined at the beginning
and after determining oxidation stability by Hara-Totani [20-
22]. In a 250 mL conical bottle was weighed on analytical
balance a fixed quantity of oil (20 mg) and were dissolved
in 10 mL chloroform. Add 15 mL glacial acetic acid and
mix. After replacing air with nitrogen or CO2, add 0.3 mL
saturated KI solution and shake for 1 minute, followed by
cooling in ice water bath in the dark. Add 100 mL cold
distilled water and shake and then titrated potentio-
metrically with sodium thiosulfate solution 0.001 N keeping
the vial in ice bath. During titration, there is a change in
potential that in the equivalence moment shows a sudden
drop. Parallel running a blank solution without oil where
volume 0.001 N sodium thiosulphate used in titration until
the equivalence point should not exceed 0.15 mL. If this
amount is exceeded then another will prepare a saturated
solution of KI. Index value is calculated in milliequivalents
peroxide oxygen/kg oil using formula:

IP = (V - Vm) . F . N . 1000/m    mE O2/Kg oil
where: V - number ml 0.001 N sodium thiosulphate

solution used for titration of sample to be analyzed;
Vm - number ml 0.001 N sodium thiosulphate solution

used in blank titration;
m - mass of oil sample (g);
F - hactor solution 0.001 N sodium thiosulphate;

N - normality of 0.001 N sodium thiosulphate.

Acid Value
Two gram of the pure oil was weighed accurately by

transfer method into a 250 mL conical flask. Neutral ethanol
(20 mL) was added by means of a pipette and the flask
heated on a steam bath for 3 min. Then the flask was
cooled and the contents titrated with 0.1 N alcoholic
potassium hydroxide solution using phenolphthalein as an
indicator. A blank titration was also conducted side by side
[2].

Determination of total phenolic content (TPC)
The TPC values of the seed oil extracts were measured

using the Folin-Ciocalteu reagent [23,24]. The reaction
mixtu;re contained 100µL of antioxidant extract or solvent,
500 ìL of the Folin-Ciocalteu reagent, 1.5 mL of 20% sodium
carbonate, and 1.5 mL of pure water. After 2 h of reaction
at ambient temperature, absorbance was read at 725 nm
and used to calculate the TPC, using Gallic acid as the
standard [25]. Triplicate measurements were taken and
the results were expressed as mg Gallic acid equivalents
(GAE)/g of seed oil using a standard curve generated with
50µg, 100, 300 and 500µg Gallic acid per 100 mL.

Oxidation stability through the Hadorn-Zürcher method
(Rancimat)

This method consists in the oil oxidation in accelerate
conditions. The method permits the establishment of the
induction period, which corresponds, with the initiation
step of the oil auto-oxidation. To determine the stability in
oxidation it was used an installation, which used oxidized
oil samples (10 g) at a temperature of 110°C [21]. Through
the oil samples, it was bubbled air with a debit of 8 L per
hour. Because of the oxidation reactions, which take place
in a reactor, the formed volatile acids are trained by the air
current and absorbed in the measurement cell where there
is bidistilled water. The measurement of the solution
conductibility is done with a conductometer of Radelkis
type. In the beginning, we notice a slow increasing of the
solution conductibility, after that it appears a sudden
increasing of this because of the formation of volatile acids.
The induction period is considered the interval until the
moment of the suddenly curve’s change, (fig. 2).

Fig. 2. Installation for the determination of stability in the Biodiesel
oxidation

Two sets of samples were formed:
- oil obtained from Jatropha curcas L sedes;
- a blend made from 95% oil from Jatropha curcas L

seeds and 5% oil from roasted Vitis vinifera sedes;
The samples were placed in dark bottles and stored in

laboratory at the average temperature of 25°C for 12
months. Every month, major qualitative oil indexes were
determined from oil samples: the index of peroxide, index
of acidity, content in total polyphenols and oxidation stability.

Results with discussions
The literature shows the oil extracted from the Vitis

vinifera seeds compared to other oils as a source of
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antioxidants directly related to the high concentration in
tocopherol and tocotrienol isomers of vitamin E, vitamin E
that is rarely found in other oils [26-34].

In table 1, are shown the main chemical components
contained in the oil extracted from Vitis vinifera seeds.

In addition, grape seed oil contains tannins in higher
concentrations than other seed oils [35] such as Gallic
acid, catechin, epicatechin, and a large amount of
procyanidins [36]. By roasting Vitis vinifera seeds at 220°C
by hydrolysable tannins form, through decarboxylation,
pyrogallol, a strong antioxidant [37]. In this context we
used the oil extracted from roasted Vitis vinifera seeds in
supplementing the oil extracted from Jatropha curcas L
seeds.

To determine the role played by supplementing the
Jatropha curcas L. oil with the oil obtained from roasted
Vitis vinifera seeds, we used as indicators: the index of
peroxide, index of acidity, content in total polyphenols and
oxidation stability in the samples studied.

Following the determinations carried out on oil samples,
we obtained these results (table 2).

The experimental values indicate lipid oxidation in two
periods of time. In the first 4 months of storage of non-
supplemented oil extracted from Jatropha curcas L. we
observed a slower growth in peroxide values (12.9 mEq
O2/Kg oil). In the next period, up to 12 months, the rate of
oxidation increases and peroxide values increase toward
the value of 91.2 mEq O2/Kg oil.

The main factor affecting lipid peroxidation reaction rate
is deemed to be the reaction initiation type
(monomolecular or bimolecular). The monomolecular or
bimolecular reaction can be responsible for initiating the
lipid oxidative chain of oil by decomposing peroxides.
During the first 4 months of storing non-supplemented
Jatropha curcas L. oil, the low concentration of peroxides
favors monomolecular initiation:

and when it reaches the critical value of 26.0 mE O2/Kg oil
(the sudden increase of the peroxide index value), the
reaction is controlled by the bimolecular mechanism [38,
39]:

PV–the value of peroxide, mE O2/Kg oil;
PV0–the value of peroxide at the beginning of experiment

(time t0);
PVb–the value of peroxide at time t, months;
ka, kb–constants, (mE O2/Kg );
tb–the time needed to reach the critical point, months.
In Jatropha curcas L. oil supplemented with the oil

extracted from roasted Vitis vinifera seeds, the critical value
is reached after 7 months of final storage reaching a
peroxide index value of 70.4 mE O2/Kg oil, value 22.8% less
than non-supplemented oil.

Acidity is one of the essential properties for determining
the oil quality. Changing the acidity of oils occurs in the
formation of peroxides which decompose and interact with
the formation of several oxidation products, including
aldehydes, which are oxidized in acids [40,41].

It was noted that the samples of oil extracted from
Jatropha curcas L. seeds supplemented with oil extracted
from Vitis vinifera seeds show, in the beginning of the
experiment, an acidity of 2.32 mg KOH/g oil and after 7
months of storage, when it reaches the critical period of
10.60 mg KOH/g oil to finally reach the value of 30.45 mg
KOH/g oil. The samples of non-supplemented oil have, in
the beginning of the experiment, the value 2.31 mg KOH/g
oil and after 4 months of storage to achieve the critical
value of 9.58 mg KOH/g oil and finally reaching the value
of 59.10 mg KOH/g oil.

To minimize oxidation reactions that occur during
storage, we use antioxidants.

In a system, an antioxidant can be defined as any
substance that is present in low concentrations compared
to that of an oxidized substrate, which delays or prevents
the oxidation of that substrate [39]. Antioxidants are natural
or synthetic substances that react with atmospheric
oxygen or free radicals in the environment, protecting
compounds against autoxidation. The study carried out is
based on the antioxidant properties of polyphenols
contained in the oil extracted from the roasted Vitis vinifera
seeds.

The antioxidant activity of phenolic compounds is
regarded to be related to scavenging free radicals, chelating
transition-metals involved in free-radical production and
inhibiting the enzymes participating in free-radical
generation [43-46].

The free radical scavenging activity of phenolic
compounds is generally attributed to their ability to donate
a hydrogen atom to reduce ROS radicals [42].

ROO• + ArOH → ROOH + ArO•
HO• + ArOH→ HOH + ArO•
ROO• + ArO•→ ROOArO

During the experiment, the value of total polyphenol
content of non-supplemented Jatropha curcas L. oil ranges
from 39 mg GAE/g oil to 2 mg GAE/g oil at the end of the
storage period.

The polyphenol content in the oil samples extracted
from the supplemented Jatropha curcas L. seeds has a
range from 169 mg GAE/g oil at the beginning of the
experiment and 69.4 mg GAE/g oil at the end of the
experiment.

Table 2
THE MAIN QUALITATIVE INDEXES OF OIL SAMPLES DETERMINED

DURING STORAGE

Table 1
 THE MAIN CHEMICAL COMPONENTS
CONTAINED IN THE OIL EXTRACTED

FROM VITIS VINIFERA SEDES
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The fact that the Vitis vinifera seeds, through their
content in polyphenols (Gallic acid, monomers flavan-3-ol
(catechin, epicatechin, galocatechin, epicatechin 3-O-
gallate, dimers, trimers and polymers procyanidins),
develop an antioxidant activity 20 times higher than vitamin
C and 50 times stronger than vitamin E [47,48] have helped
to protect the oil obtained from Jatropha curcas L. seeds
during storage. This antioxidant effect is highlighted by the
values obtained by the samples supplemented with the oil
extracted from roasted Vitis vinifera seeds. We consider
that an important role is played by the pyrogallol formation
from hydrolysable tannins which increase the antioxidant
effect of oil.

The parameters determined by the Handorn-Zürcher
method is a variation visible throughout the test. It shows a
correlation between the oxidation stability and the
degradation of non-supplemented oil samples quality
compared to supplemented samples. Therefore, non-
supplemented samples show a value of oxidation stability
between 180 min in the beginning of the experiment and
59 min at the end, while supplemented oil samples had
724 min in the beginning of the experiment and 213 min at
the end. The data in table 2 express the changes of
parameters registered during the experiment in response
to supplementing the oil extracted from Jatropha curcas
L. seeds with the oil extracted from roasted Vitis vinifera
seeds.

Conclusions
The antioxidant effect of the oil from roasted Vitis

vinifera seeds was identified through the results obtained
as a viable means of improving the stability of oil obtained
from Jatropha curcas L seeds.

The small values of peroxides, low acidity, high content
in total polyphenols and greater stability of supplemented
oil samples during storage clearly show the antioxidant
potential of the oil extracted from roasted Vitis vinifera
seeds.

Abundant raw materials, high content in substances
with antioxidant potential and very low price of Vitis vinifera
seeds recommend their use in the protection activity of
oils from the oxidative degradation effect.
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