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1 Introduction
Many natural compounds found in fruits, grains and 

vegetables present antioxidant activity. Among the most 
important natural antioxidants are the phenolic compounds 
(flavonoids, phenolic acids and tannins), nitrogenous 
compounds (alkaloids, amino acids, peptides, amines and 
chlorophyll byproducts), carotenoids, tocopherols and ascorbic 
acid (AMAROWICZ et al., 2004). Tamarindus indica L. seeds 
are important sources of antioxidant activity as 2-hydroxy-3', 
4'-dihydroxyacetophenone, methyl 3,4-dihydroxybenzoate, 
3,4-dihydroxyphenylacetate and (-)-epicatechin, in addition to 
oligomeric proanthocyanidins (SIDDHURAJ, 2007).

Many agro-industrial byproducts contain phenolic 
compounds with potential application as antioxidant in food 
(TORRES  et  al., 2002). Some antioxidant compounds have 
been identified in fruit seeds, but there are few studies reporting 
antioxidant activity in seeds of subtropical and tropical fruits 
(BOCCO et al., 1998; JAYAPRAKASHA; SINGH; SAKARIAH, 
2001).

Researches have been carried out because of the great 
medical and nutritional interest on omega-3 and omega-6 
fatty acid in foods. Fatty acids that compose foods are of great 
importance, especially the polyunsaturated ones from omega-3 
and omega-6 families, which contribute with many benefits to 
the human body. The omega-3 family (PUFA ω3) comprises 
the α-linolenic essential fatty acid (C18: 3, ω3), from which, 
through elongation and dessaturation, eicosapentaenoic acid 
(EPA - C20: 5 ω3) and docosahexaenoic (DHA - C22: 6 ω3) 
are generated (BELDA; POURCHET-CAMPOS, 1991). The 
omega-6 family comprises linoleic essential fatty acid, which 
can originate arachidonic acid.

Epidemiologically, omega-3 polyunsaturated fatty acids 
present a beneficial effect on preventing many types of 
cancer (CURI et al., 2002). Omega-6 exerts an important 
physiological role as a powerful mediator of inflammation and 
it has a beneficial effect on the immune system (POMPÉIA; 
PROCÓPIO; CURI, 1999).

Resumo
Este trabalho teve como objetivo caracterizar as sementes de Tamarindus indica L. quanto à sua composição centesimal, além de avaliar o 
potencial antioxidante e o perfil dos ácidos graxos e o teor de tocoferóis. Para a obtenção do extrato, as sementes desidratadas e trituradas 
foram extraídas com álcool etílico por 30 minutos, na proporção de 1:3 de sementes: álcool etílico, sob agitação contínua, em temperatura 
ambiente. Em seguida, as misturas foram filtradas e submetidas ao rotoevaporador a 40 oC com vistas a determinar, por pesagem direta, 
os rendimentos em matéria seca dos extratos. De acordo com os resultados obtidos, as sementes de Tamarindus indica L. demonstraram 
elevado teor de carboidratos totais (71,91%), além de apresentarem relevante atividade antioxidante e teor de compostos fenólicos totais. O 
óleo das sementes de Tamarindus indica L. apresentou alta estabilidade oxidativa (15,83 horas), conteúdo significativo de tocoferóis totais 
(57,77 mg.kg-1), além de destacar maior porcentagem de ácidos graxos insaturados, sendo o principal componente o linoleico (59,61%), 
considerado ácido graxo essencial.
Palavas-chave: Tamarindus indica L.; óleos; cromatografia gasosa.

Abstract
This study aimed to characterize Tamarindus indica L. seeds regarding its composition and to evaluate its antioxidant potential, fatty acid 
profile and content of tocopherols. In order to obtain the extract, the dried and crushed seeds were extracted with ethanol for 30 minutes in a 
1:3 seeds: ethanol ratio under continuous stirring at room temperature. After that, the mixtures were filtered and subjected to roto-evaporation 
at 40 °C in order to determine, through direct weighing, the dry matter yields of the extracts. According to the results, Tamarindus indica L. 
seeds showed high content of total carbohydrates (71.91%) and offered relevant content and antioxidant activity of phenolic compounds. 
Tamarindus indica L. seeds oil presents high oxidative stability (15.83 hours) and significant total tocopherol content (57.77 mg.kg-1), besides 
presenting a higher percentage of unsaturated fatty acids - the main component being linolenic (59.61%), which is considered an essential 
fatty acid.
Keywords: Tamarindus indica L.; oils; gas-chromatography.

Ciênc. Tecnol. Aliment., Campinas, 31(2): 497-501, abr.-jun. 2011 497

O
rig

in
al



Tamarindus Indica L. seeds

and then, they were homogenized in a mixer for further 
analysis - performed in triplicate.

Obtaining Tamarindus indica L. extract

The dehydrated and crushed seeds were extracted with ethyl 
alcohol for 30 minutes, at a 1:3 seed: ethyl alcohol ratio, under 
continuous agitation at room temperature. Then the mixture 
was filtered and subjected to rotary evaporation under pressure 
reduced to 40 °C in order to determine, through direct weighing, 
the dry matter yield in the extract.

2.2 Methods

Determination of proximate composition

Analytical determinations of moisture, lipid and ashes in 
seeds were performed according to the official methods of AOCS 
(AMERICAN... , 1993). The proteins were determined by the 
Kjeldahl method described by AOAC (ASSOCIATION..., 1995) 
and the total carbohydrates were quantified by the difference 
of the value obtained with the sum of moisture, lipids, proteins 
and ashes.

Determination of DPPH free radical scavenging

This procedure was described by Brand-Williams, Cuvelier 
and Berset (1995). An ethanolic solution was prepared at a 
concentration of 500 μg.mL-1 of Tamarindus indica L. seeds 
extract. Each sample of this solution (0.3 mL) was added to 
2.7 mL of DPPH (1,1-Diphenyl-2-picrylhydrazyl) solution 
(40 μg.mL-1) in different concentrations (5, 10, 25, 50, 125, 250 
and 400 μg.mL-1). After a 30 minutes reaction, the absorbance 
was read at 515 nm and converted into percentage of antioxidant 
activity (AA), using the following Equation 1:

AA (%) = 100 – {[(Abssample – Abswhite) × 100]/Abscontrol} 	 (1)

A control was done with 2.7 mL of DPPH and white was 
performed with 0.3 mL of ethanolic solution of the extract and 
2.7 mL of ethanol for each concentration.

This methodology allows the determination of the EC50 
(μg.mL-1), that is defined as the sufficient concentration of 
natural extract to obtain 50% of maximum effect antioxidant 
activity, estimated at 100%, by linear regression.

Total phenolic compounds

The quantification of total phenolic compounds was 
determined by spectrophotometry, using the Folin-Ciocauteu 
reagent, according to the methodology described by Singleton 
and Rossi (1965).

In this procedure, 100 μL of natural extract solution were 
pipetted in test tubes and then 500 μL of Folin-Ciocauteau 
reagent were added. After that, 1.5 mL of saturated solution of 
sodium carbonate 20% and 6 mL of distilled water were added.

This mixture remained at rest for 2 hours at room 
temperature, and absorbance was measured at 765 nm. Gallic 

Tocopherols are naturally present in most vegetable 
oils. There are four types: α-, β-, γ-and δ-tocopherol; with 
α-tocopherol being the most abundant in foods and the one with 
the greatest biological activity as vitamin E (KAMAL-ELDIN; 
APPELQVIST, 1996). The antioxidant activity of tocopherols 
is mainly due to their ability of donating phenolic hydrogen to 
lipid free radicals, inhibiting oxidation. However, it was noticed 
that the activity of tocopherols in vitro also depends on many 
other possible parallel reactions that are drastically affected by 
their concentrations, by temperature and light, by the type of 
substrate, and by other chemical species acting as pro-oxidant 
and synergist in the system (JUNG; MIN, 1990).

Tamarindus indica L. belongs to the Leguminosae family 
(Caesalpinioideae). It is originally from Africa and is grown in 
humid or arid, tropical and subtropical regions with an average 
annual temperature of 25 °C; it requires great light intensity and 
is sensitive to cold. In Brazil, production is located in the North 
and Northeast. About 150-250 kg of fruit can be produced per 
year from 4 to 6 years after planting (12 to 18 t.ha–1) (BAHIA, 
2009).

The fruit has an elongated pod, 5 to 15 cm long, with dark 
brown bark; woody and brittle seed in numbers from 3 to 8, 
surrounded by a brown pulp containing sugar, tartaric, acetic 
and citric acids.

It is one of the most important fruits used as spice and 
food source in Africa (TSUDA  et  al., 1994). Its sweet and 
sour pulp and fibrous texture is used for preparing sweets, ice 
cream, liquors, soft drinks and concentrated juices. Practically 
all parts of the plant are used in folk medicine and it has 
numerous therapeutic applications in humans, including its 
usage as digestive, tranquilizer, laxative and expectorant 
(KOMUTARIN et al., 2004).

This detailed study of the composition of Tamarindus indica L. 
seeds will bring contribution to health professionals not only 
regarding adequate dietary orientation, but also raising data 
that might be used in tables regarding proximate composition 
and fatty acids of lipid fraction. The obtainment of data on the 
composition of Brazilian foods has improved in order to gather 
updated, reliable information that is suitable to the national reality.

Thus, this study aimed to characterize the seeds of 
Tamarindus indica L. regarding its composition and to evaluate its 
antioxidant potential, fatty acid profile and content of tocopherols.

2 Materials and methods

2.1 Materials

Raw material

After being received, Tamarindus indica L. seeds acquired 
from Noemia candy industry, in Engenheiro Schmidt, SP, from 
plants located in Southeastern Brazil, tropical climate region.

The seeds were lightly rinsed with distilled water to remove 
waste from flesh and soluble sugars, after that, they were placed 
in an incubator at 35 °C for 24 hours to reduce moisture content, 

Ciênc. Tecnol. Aliment., Campinas, 31(2): 497-501, abr.-jun. 2011498



Luzia; Jorge

the mechanical stirrer for 1 minute. Aft er that, the fi ltering was 
done in a 0.45 μm fi lter and injected into the chromatograph. 
Th e mixing of α-, β-, γ-, δ-tocopherol with purity between 99.0 
and 99.9%, was used as a standard, which contained all isomers, 
was diluted from concentrated standards and injected.

Results of injections were recorded in “Galaxie” computer 
soft ware. Concentration values were calculated based on the area 
of reading peak of excitement, and were expressed in values of 
each separate counterpart, in terms of mg.kg-1.

3 Results and discussion
Table 1 shows the mean and standard deviation of the 

proximate composition of Tamarindus indica L. seeds. According 
to the results, the fresh seeds of Tamarindus indica L. had a 
moisture content of 47.60%. Aft er dehydration in an incubator 
at 35 °C for 24 hours to obtain the extract, the moisture content 
of seeds is now 9.78%. Although they demonstrated low values 
of lipids and ashes, 3.41 and 2.16% respectively, there was a 
considerable amount of protein (12.74%) and a high amount 
of total carbohydrates (71.91%).

Table 2 indicates the percentage yield and the maximum 
percentage of antioxidant activity (AAmaximum), the EC50 (μg.mL-1) 
and the content of total phenolic compounds (mg.g-1) of 
Tamarindus indica L. seeds extract.

The yield of dry extract was 38.20%. According to 
Fernandes et al. (2002) this percentage may vary depending on 
fruit species and technique used for extraction.

The value of EC50, obtained by linear regression to 
Tamarindus indica L. extract (Figure 1), showed high coeffi  cient 
of determination (R2 = 0.9565). The values of maximum 

acid was used to make the calibration curve and the result was 
expressed in milligrams of gallic acid equivalents per gram of 
extract (mg.g-1).

Oxidative stability

Th is measurement was determined by the method proposed 
by AOCS Cd 12b-92 (AMERICAN..., 1993) using Metrohm 
743 Rancimat®, under the following conditions: 3.0 g of oil, 
air fl ow of 20 L/hour, temperature of 100 °C and 60 mL of 
distilled water in fl asks containing the electrodes. Th e Rancimat® 
method is based on the production of volatile degradation 
products, determined by the changes observed in the electrical 
conductivity of distilled water.

Th rough this method, a curve is automatically registered 
during the reaction and the oxidative stability is determined 
in hours.

Fatty acid profi le by gas chromatography

Th e fatty acid methyl esters (FAME) were obtained according 
to the procedure described by Hartman and Lago (1973).

Th e chromatographic analysis of FAMEs was performed 
using a Varian 3900 GC gas chromatograph (Walnut Creek, 
USA), equipped with a fl ame-ionization detector, a split injector 
and an auto-sampler. Compounds were separated using a CP-Sil 
88 fused silica capillary column (50 m length, 0.25 mm internal 
diameter and 0.20 μm fi lm thickness).

Th e column temperature programming was initially held 
at 50 °C for 2 minutes, heated at 4 °C/minute up to 240 °C 
and maintained isotherm for 20.5 minutes. Th e temperatures 
used in the injector and in the detector were 230 and 250 °C, 
respectively. Samples of 1 μL were injected adopting a split ratio 
of 1:30. Hydrogen was the carrier gas having a linear speed of 
30 mL/minute.

Fatty acids were identifi ed by comparing their retention times 
of pure standards of fatty acids methyl esters to those compounds 
separated from the samples; they were quantifi ed by performing 
area normalization (%). A mixture made of 37 fatty acid methyl 
esters (Supelco, Bellefonte, USA), from C4: 0 to C24: 1, with purity 
between 99.1 and 99.9%, was used as standard.

Tocopherols

Th e AOCS Ce 8-89 (AMERICAN..., 1997) method was 
applied in order to determine the content of tocopherols. 
Th e analysis was performed using high performance liquid 
chromatography (HPLC) with fl uorescence detector, according 
to the following conditions: silica column of 250 × 4,6 mm, 
with 5 μm pore, 1.2 mL/minute fl ow, excitation wavelength at 
290 nm and emission at 330 nm. A mixture of 99.5% n-hexane 
and 0.5% isopropanol, HPLC purity, was used as mobile phase.

Around 1 g of the oil sample was weighed in 25 mL 
volumetric fl ask, this volume was completed with n-hexane with 
a degree of purity for HPLC. Th e volumetric fl ask was covered 
with aluminum foil to prevent degradation of the isomers by 
the action of light. Next, the volumetric fl ask was agitated in 

Table 1. Proximate composition of Tamarindus indica L. seeds, 
expressed in percentage.

Macronutrients Mean Standard deviation
Humidity 9.78 0.05
Lipids 3.41 0.01
Proteins 12.74 0.06
Ashes 2.16 0.02
Total carbohydrates 71.91 0.10

Figure 1. Linear regression of the antioxidant activity of 
Tamarindus indica L. seeds extract.
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The quality and digestibility of edible vegetable oils are 
determined by the amount and composition of unsaturated 
fatty acids. The presence of linoleic acid in adequate amounts is 
essential, since it is an essential fatty acid. The greater the amount 
of linoleic acid compared to oleic acid, the better the quality of 
the vegetable oil to prevent the formation of bad cholesterol 
(LDL) (EL-ADAWY; TAHA, 2001).

In umbu (imbu or Brazil plum) seeds oil, Borges et al. (2007) 
obtained a relationship between saturated and unsaturated fatty 
acids of 1/2,04, indicating that the oil cannot be used in frying, 
since its stability and oxidative rancidity are related to the 
amount of unsaturated fatty acids. In this work, the relationship 
Sat/Insat was 1/2,84.

According to Table 3, Tamarindus indica L. seeds oil 
presented an oleic acid/linoleic acid relation (Ole/Lin) of 1/4, 
16, close to the value found by El-Adawy and Taha (2001) for 
melon seeds oil (1/3,3).

Table 4 presents the means for the isomers α-, β-, γ-, δ-, 
total tocopherols (mg.kg-1) and Vitamin E value (IU.kg-1) of 
Tamarindus indica L. seeds oil. The seeds oil contains the isomers 
α-, β-, γ-, δ-tocopherol, as a total average value of 57.77 mg.kg-1, 
which means that, compared to other fruit seed oils, 
Tamarindus indica L. seed oil is a good source of tocopherols. This 
source of tocopherol is common in highly unsaturated vegetable 
oils (81.20%) such as baru seeds oil (TAKEMOTO et al., 2001).

The importance of the presence of tocopherols in relatively 
high concentrations in seeds oil is due to its antioxidant 
properties, which somehow contribute to the oxidative stability 
of polyunsaturated oils.

4 Conclusions
Through the development of this work, we could observe 

that among the analyzed macronutrients, the highest values 
were found for total carbohydrates (71.91%). Furthermore, 
ethanolic extract of Tamarindus indica L. seed presents relevant 
antioxidant activity (75.93%), but also great amount of total 
phenolic compounds (49.30 mg of gallic acid equivalents per 
gram of extract). Tamarindus indica L. seeds oil presented 
high oxidative stability (15.83 hours), showed significant total 
tocopherol content (57.77 mg.kg-1) and a higher percentage of 
unsaturated fatty acids, especially linoleic acid (59.61%), which 
is considered essential. The high unsaturation level of the seed 
oil favors its use either for edible purposes or as raw-material 
for the pharmaceutical and oleochemical industries, as long as 
the eventual harmful to health substances are removed.

antioxidant activity and EC50 affected by Tamarindus indica L. 
seeds extract were 75.93% and 204.72% µg.mL-1, respectively.

The concentration of total phenolic compounds 
contained 49.30 mg of gallic acid equivalents per gram of 
Tamarindus  indica  L. extract. The extraction of phenolic 
compounds from natural products is strongly influenced by the 
solvent used. It has been observed that the higher the polarity 
of the extraction solvent, the greater the amount of extracted 
phenolic compounds (GAMÉZ-MEZA et al., 1999). In a study 
by Malacrida  et  al. (2007) using melon seeds, the content 
of phenolic compounds obtained was 20.9 mg of gallic acid 
equivalents per gram of extract.

Regarding the oxidative stability, Tamarindus indica L. seed 
oil presented long hours of induction period (15.83) compared 
with edible oils such as soybean (12.47 hours) and sunflower 
(10.01 hours). This rate was similar to values obtained for 
tomato seeds oils (14.41 hours) and passion fruit (16.50 hours), 
as determined by Kobori and Jorge (2005).

Table 3 presents the fatty acids identified by gas 
chromatography, present in the lipid fraction of seeds. The profile 
of fatty acids indicates a higher content of linoleic (59.61%), 
oleic (14.33%) and palmitic (10.07%) acids. The total amount of 
unsaturated fatty acids was 73.94%, out of which 14.33% were 
monounsaturated acids and 59.61% were polyunsaturated fatty 
acids - having the linoleic acid as the main component.

Table 2. Determination of yield, antioxidant activity and total phenolic 
compounds of Tamarindus indica L. seeds extract.

Determinations Extract
Yield (%) 38.20
AAmaximum (%) 75.93
EC50 (μg.mL-1) 204.72
Total phenolic compounds (mg.g-1)* 49.30

EC50 is defined as the sufficient concentration to obtain 50% of maximum effect, estimated 
at 100%. *mg of gallic acid equivalents per gram of extract.

Table 3. Profile of fatty acids present in the lipid fraction of 
Tamarindus indica L. seeds.

Fatty acids (%) Mean Standard deviation
Palmitic (C16:0) 10.07 0.09
Estearic (C18:0) 2.82 1.77
Oleic (C18:1 n9) 14.33 0.03
Linoleic (C18:2 n6) 59.61 0.12
Araquidic (C20:0) 1.82 0.03
Behenic (C22:0) 4.13 0.03
Lignoceric (C24:0) 6.21 0.04
Saturated 26.06 0.16
Mono-unsaturated 14.33 0.03
Polyunsaturated 59.61 0.12
Sat/Insat* 1/2.84 -
Ole/Lin** 1/4.16 -

*Relationship between the total of saturated and unsaturated fatty acids. **Relationship 
between total oleic and linoleic acids.

Table 4. Means of tocopherols of Tamarindus indica L. seeds oil.

Tocopherols (mg.kg-1) Mean Standard deviation
α-Tocopherol 12.36 0.16
β-Tocopherol 7.03 0.03
γ-Tocopherol 38.22 0.32
δ-Tocopherol 0.16 0.01
Total Tocopherol 57.77 0.45
Vitamin E (UI.kg-1) 21.44 0.21
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