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ABSTRACT

A comparative study was carried out to evaluate the chemical properties of mature wild tamarind fruits in Nigeria. Samples of the fruits
were collected from 19 major towns in the savannah vegetation of Nigeria. Fruit pulp was hand-scraped from the seeds and separated
from other non-pulp materials. Proximate composition, physicochemical properties, ascorbic acid and mineral composition, total
carotenoids and antinutritional factors of mature tamarind fruit pulp were analysed. Proximate and mineral compositions were expressed
as g/100 g fresh weight (FW) of the fruit pulp, the ascorbic acid and total carotenoids as mg/100 g FW and ng/100 g FW, respectively; the
colour as optical density at a wavelength of 325 nm and total acidity as tartaric acid. Moisture content of the mature fruits ranged between
16.8 and 36.2%. The crude protein, crude fat, ash and total crude carbohydrate of the mature tamarind fruit pulp ranged from 3.5 to 7.4,
3.5t0 7.4, 3.0 to 6.9 and 52.0 to 62.7, respectively. The ascorbic acid, colour and soluble solids varied between 3.7 and 11.3, 0.30 and
1.42, and 5.2 and 6.4 °Brix, respectively. The mature tamarind fruits were high in acid (pH 2.3-3.3) but low in total carotenoids,
antinutrients and micronutrients. Calcium and sodium were the most abundant macro- and micro-nutrients. Tamarind fruits are good
sources of nutrients and could be effectively employed in combating food insecurity in developing sub-Saharan countries where tamarind

fruits grow.
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INTRODUCTION

The aim of this study was to evaluate the chemical pro-
perties of tamarind fruits in Nigeria. The study also inves-
tigated into some antinutritional factors of tamarind fruits.

The search for novel high quality but cheap sources of
food is a major concern of governments and organisations
concerned with the responsibility for food and nutrition in
many parts of the world (Balogun and Fetuga 1986; San-
chez 2005). Projections based on current trends indicate a
gap between human population and food supply (Vijaya-
kumari et al. 1997; Spore 2010). Hence, research efforts are
being directed towards identifying and evaluating under-
exploited crops, which have been grossly neglected to the
detriment of human development, as alternate food crops
for the future (Egbe and Akinyele 1990; Adekunle and Oje-
rinde 2004; Anhwange et al. 2004; Abdullahi and Abdullahi
2005). According to Afolabi ef al. (1985) and Kamel and
Dawson (1985), two areas that have often been neglected in
augmenting available raw materials, for domestic and
industrial consumption, are the use of underexploited food
crops and the lack of production of these substitutes on an
industrial scale. The enhancement of underutilised crops is
a key to food security, to the conservation of biological
diversity and to the preservation and restoration of fragile
and degraded environment throughout the world (El-Siddig
et al. 2006). Indeed, strategies to combat malnutrition in
developing countries should aim at developing, utilising
and promoting the traditional food plant materials, in-
cluding the underutilised and neglected ones (Okigbo 1986;
Bello et al. 2008). The plant species would not only satisfy
the physiological needs of man, but also alleviate the eco-
nomic problems of the developing countries.

Tamarind (Tamarindus indica L.) is a leguminous tree
that grows wild in the tropics (Ishola ef al. 1990). Tamarind

has a wide range of domestic and industrial uses (Vadivel
and Pugalenthi 2010). Tamarind tree is easy to cultivate,
free of any serious pests and diseases, and has a long life
span of 150-200 years (Gunasena and Hughes 2000). Tama-
rind tree is especially valuable for its fruit which has a
sweet acidic taste due to a combination of high contents of
tartaric acid and reducing sugars (Gunasena and Hughes
2000; De Caluwe et al. 2009). Tamarind fruit pulp is exten-
sively exploited in cooking and flavouring of Asian dishes
(De Caluwe ef al. 2009). Gunasena and Hughes (2000) and
De Caluwe et al. (2009) reported that tamarind pulp could
be used for seasoning, in prepared foods, to flavor confec-
tions, curries and sauces, and as a major ingredient in juices
and other beverages. Commercial tamarind-based drinks are
available from many countries (De Caluwe et al. 2009;
Adeola and Aworh 2010). Consumption of tamarind had a
beneficial effect on the mobilisation of deposited fluoride
from bone by enhancing urinary excretion of fluoride (Khan-
dare et al. 2004). Adeola et al. (2010) and Jadhav et al.
(2010) also reported that tamarind pulp contained important
phytochemical and antimicrobial properties.

Researchers in India, Thailand and the Philippines,
recognising the unexploited potentials of tamarind, have
exhibited some interest in tamarind in the last two decades
(Gunasena and Hughes 2000; Vadivel and Pugalenthi 2010).
The potential of tamarind is underscored by its impact in
these countries where it is firmly entrenched as a key com-
ponent of sustainable livelihoods, with special cultural,
dietary and economic significance. However, the impact of
research findings has been of little significance due to the
sporadic nature of research undertaken by various research
institutions. The research covers different topics but appears
less coherent (Gunasena and Hughes 2000). Many African
countries, including Nigeria, which are presently classified
as food-deficit countries (FAO 2007) and where tamarind is
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found growing wild have not given any significant focus to
this plant. Hence, the economic and nutritional benefits of
tamarind are yet to be adequately exploited.

MATERIALS AND METHODS
Sources of raw materials

Mature tamarind fruits were collected from 19 towns (Abuja,
Azare, Bauchi, Bichi, Birni kebbi, Funtua, Gombe, Gwarzo, Jega,
Jos, Kaduna, Kano, Katsina, Langtang, Maiduguri, Mallamsidi,
Minna, Oyo, Sokoto), which were randomly selected from major
towns in the savannah vegetation of Nigeria between March and
May 2005. To minimise problems caused by insect infestation,
fruit pulp was hand-scraped from the seeds and stored in an indus-
trial freezer at —20°C until the time of analyses and processing.
Prior to analyses and processing, samples were inspected for non-
plant materials, and all visible dirt and insect-infested parts of the
fruits were removed.

Except otherwise stated all chemical used for this study were
products of BDH (VWR) (Lutterworth, UK).

Determination of proximate composition of
tamarind pulp

The moisture, protein, crude fat, crude fibre, ash, pH, total acidity
and soluble solids contents of the fruit pulp samples were deter-
mined according to A.O.A.C (1995).

Determination of ascorbic acid content and
physico-chemical properties of tamarind fruit pulp

The 2, 6-dichlorophenolindophenol method as outlined by
A.A.C.C. (1983) was used to determine the ascorbic acid at 520
nm. The colour of the fruit samples were measured by using the
method of Salem and Hegazi (1973), with modifications. About
0.5 g of tamarind fruit pulp was extracted with 100 ml distilled
water and filtered with No.4 Whatman filter paper. Thereafter 2 ml
of the filtrate was scanned with a UV-VIS spectrophotometer
equipped with Aurora scanning software, to obtain the wavelength
of maximum absorbance, which was found to be 325 nm. The
colour of the samples was then determined by measuring the ab-
sorbance at 325 nm, after extracting 0.5 g sample with 100 ml
distilled water. Carotenoids were extracted according to Chan and
Cavaletto (1982). About 30 g pulp was mixed with about 5 g of
hyflosupercel (celite, a filtration aid) and 75 ml of 70% methanol
(v/v), and filtered through a Buchner funnel with filter paper. The
residue was extracted two more times with 75 ml acetone-petro-
leum ether 1:1 (v/v). The extracts were then transferred to 500 ml
separatory funnel. About 25 ml of 10% KOH in methanol (v/v)
was added and the mixture allowed to stand for 1.5 h. Partition
was achieved by adding 75 ml of petroleum ether and 100 ml of
20% NaCl (w/v), and mixing gently. The hypophasic (lower) layer
was discarded. The epiphasic (upper) layer was washed three
times with 200 ml of distilled water to remove excess acetone,
filtered through a small funnel containing about 15 g anhydrous
sodium sulphate to remove residual water. The funnel was plugged
with glass to hold the sodium sulphate. The filtrate was made up to
250 ml with petroleum ether and the absorbance measured at
450nm, the wavelength of maximum absorption for -carotene in
petroleum ether (Rodriguez-Amaya and Kimura 2004). The total
carotenoids were expressed as P-carotene equivalents (pg/100 g)
of fresh weight.

Total carotenoids content (ug/g) = (A x volume (ml) x 10%)/
(A% x sample weight (g))

1om

where A = absorbance, Volume = total volume of extract; .ﬁ{fn

= absorption coefficient of B-carotene in petroleum ether (2,592).
Determination of minerals
The method of IITA (1991) was used. About 2.0 g of ash was

digested with 5 ml of 2 M HCl in a crucible and heated over a low
flame to dryness. About 5 ml of HCI was again added, heated to

boiling and filtered through a Whatman No. 1 filter paper into a
100 ml volumetric flask. The filtrate was made up to mark with
distilled water. This was used to read the concentration of calcium
(Ca), potassium (K) and sodium (Na) on a Jenway digital flame
photometer (PFP7 Model), using the filter corresponding to each
mineral element. The concentration of each element was calcu-
lated using the formula:

% Ca or % K or % Na =
(metre reading % slope X dilution factor)/10,000

Phosphorus (P) was determined by colorimetry by treating ash
of each sample with 2 M HCI as earlier described for Ca, K and
Na determination. About 10 ml of the filtrate was pipetted into 50
ml standard flask and 10 ml of molybdovanadate (HACH
Loveland, Colorado, USA) yellow solution was added. The flask
was made up to mark with distilled water, stoppered and left for 10
min for full yellow colour development. The absorbance of the
solution was then read on a Bausch and Lomb Spectronic 20 spec-
trophotometer at a wavelength of 470 nm. % P was calculated
using the formula:

% P = (metre reading X slope X dilution factor)/10,000

Other minerals were determined by using a Buck Atomic
Absorption Spectrophotometer. magnesium (Mg), lead (Pb), iron
(Fe), zinc (Zn) and copper (Cu) were respectively read at wave-
lengths of 285.2, 283.3, 248.3, 213.8 and 324.7 nm using air-
acetylene as fuel- oxidant combination.

Determination of antinutritional factors
1. Tannin

About 0.2 g of the dried fruit pulp was weighed into a beaker and
soaked in a solvent mixture (80 ml of acetone and 20 ml of glacial
acetic acid) for 5 h to extract tannins. The filtrate was removed by
filtering through a double layer filter paper. Standard solutions of
tannic acid were prepared ranging from 10 to 50 ppm and their
absorbance read at 500 nm (Griffiths and Jones 1977) on a spec-
trophotometer (Spectronic 20). The absorbance of the filtrate was
also read at this wavelength and the percentage tannin calculated
as:

% Tannin = (absorbance (sample) % average gradient of slope x
dilution factor)/10,000

2. Trypsin inhibitor activity

The samples were defatted with petroleum ether. Extraction was
performed according to the method of Kakade er al. (1974).
Approximately 0.2 g of the defatted sample was extracted with 50
ml 0.01 N NaOH for 3 h with regular shaking to keep the sample
in suspension. The pH of the suspension was adjusted to 9.3 and 1
ml of the suspension was diluted with 20 ml of distilled water,
giving an inhibition range of 40-60% with 2 ml of the sample
extract.

Trypsin inhibitor (TI) activity was assayed according to the
method of Hamerstrand ez al. (1981). Two ml aliquots each of the
diluted sample extracts were transferred to three test tubes with a
micropipette. A fourth test tube was prepared for standard trypsin
by adding 2 ml of distilled water. About 2 ml of trypsin solution
obtained from a solution of 4 mg standard trypsin (bovine pan-
creas, salt-free, Sigma-Aldrich chemical Co., St. Louis, USA) in
200 ml 0.001 N HCI were each added to the first two test tubes
and the fourth one containing distilled water. The test tubes were
placed in a water bath at 37°C for 10 min. About 5 ml of BAPNA,
C19H»3CINGOy, (benzoyl-DL-arginine-p-nitro-anilide hydrochloride
(Energy Chemical, China) pre-warmed at 37°C was rapidly added
to each test tube. The contents were placed in a water bath main-
tained at 37°C and stirred. The reaction was terminated exactly 10
min by adding 1 ml of 30% acetic acid, with immediate stirring. A
sample blank (the third test tube containing only the sample
extract) was prepared by the same procedure, except that the tryp-
sin solution was added after the reaction was terminated by the
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Table 1 Proximate composition of tamarind (Tamarindus indica L.) fruits.

Location Moisture (%) Protein (%) Fat (%) Ash (%) Crude fibre (%) Carbohydrate (%)
Abuja 25.0+ 1.7 efg 4.6 £0.6 cde 5.1+04ef 50+0.3cd 2.7+0.5ef 60.3 +2.6 cde
Azare 255+40.7 ef 4.8+0.2cd 4.5+ 0.4 fghi 4.7+0.6 cd 3.0+ 0.5 def 60.4 £ 0.8 cde
Bauchi 193 £1.2j 59+0.7b 6.8 £0.7 ab 54+04c¢ 47+0.7a 623+£0.4 ef
Bichi 285+09c¢ 3.9+0.2 efg 4.2+ 0.4 ghij 48+0.4cd 26+03f 58.5+0.3 be
Birni Kebbi 362+1.0a 35+05¢g 35+04j 49+0.4cd 26+04f 52.0+0.81a
Funtua 244+0.7 fg 4.6 + 0.5 cdef 5.0£0.5 efg 47+0.6cd 2.7+04ef 61.3+0.8 def
Gombe 18.8+£ 0.7 ij 74+05a 7.1+03a 6.1£04b 4.1 £0.4 abc 60.5+ 0.6 cde
Gwarzo 25.0+0.5 efg 4.2+ 0.5 defg 4.5 +£0.4 fghi 54+04c 2.8+03ef 60.8 + 1.6 def
Jega 272405 cd 37+06g 4.6 +0.5 fgh 52+04c¢ 3.0£0.4 def 59.3 £ 1.49 bed
Jos 19.4+1.01j 74+03a 6.1+0.3cd 52+06¢ 27+03ef 61.9+0.4 ef
Kaduna 30.6+0.6b 4.7+0.5 cde 3.8+0.31 30+02e 24+05f 57.9+0.52b
Kano 18.1+0.3] 6.7+0.5a 74+04a 54+03cd 3.54+0.5cde 62.1+0.3 ef
Kastina 31.3£04b 36+05¢g 4.1 +£0.3 hij 37+0.6¢e 27+04ef 57.4+04b
Langtang 25.4+0.7 ef 4.2+0.5 defg 4.6 +£0.6 fgh 52+04c 27+05ef 60.5+0.2 cde
Maiduguri 238+04¢g 54403 bc 6.2+0.7 be 52+04c¢ 26+05ef 59.4 £ 1.04 bed
Mallamsidi 26.2+0.7 de 39+04fg 5.0+0.3 efg 46+0.5cd 28+03ef 60.4 £ 0.9 cde
Minna 19.8+0.71 54+0.5bc 71+£03a 49+04cd 3.9+0.6 abc 62.7+1.08 f
Oyo 21.5+0.7h 69+03a 54+0.4de 44+05d 3.7+ 0.6 bed 61.8+£0.4 ef
Sokoto 16.8 £ 0.6 k 74+04a 72+03a 69+03a 43+05ab 61.8+1.2ef

Means in the same column with the same letter are not significantly different (P < 0.05)

addition of acetic acid.

The absorbance of each solution was read with Spectronic 401
spectrophotometer at 410 nm against the sample blank. Values
obtained from each of the two sample extracts were subtracted
from that of the trypsin standard. The TI activity was determined
from the following equation.

TI, mg/g of sample = [(Ayq — A)/0.019 x sample weight (g)]/
[dilution factor/(1000 x sample volume (ml)]

where Ayq= absorbance of standard trypsin; Ay = absorbance of
sample; 0.019 = absorbance of 1 g of pure trypsin.

3. Phytates

Sample preparation was similar to that reported for TI extraction,
except that the tamarind samples were not defatted. Phytatesin 1 g
sample were extracted with 50 ml 3% trichloroacetic acid (TCA)
for 45 min with occasional swirling by hand. The suspension was
then centrifuged at 5,800 rpm for 30 min. The phytic acid in 10 ml
aliquot of the supernatant was precipitated with 4 ml FeCl; solu-
tion containing 0.2% FeCl; in 3% TCA. The precipitate of ferric
phytate was converted to Fe(OH); with 3 ml 1.5 N NaOH after a
series of washing, heating, centrifuging and decanting of the preci-
pitate according to the method of Wheeler and Ferrel (1971). The
Fe (OH); was dissolved in 40 ml of hot 3.2 N HNOs in a 100-ml
volumetric flask. The flask and its content were cooled to room
temperature and diluted to volume with distilled water. A 5-ml
aliquot was transferred to another 100-ml volumetric flask and
diluted to approximately 70 ml with distilled water. About 20 ml
of 1.5 M KSCN (Sigma-Aldrich) was added and the content of the
flask was thereafter diluted to volume. The absorbance of the solu-
tion was read immediately in a Milton Roy Spectronic 401 spec-
trophotometer at 480 nm against a reagent blank for each set of
samples. The iron content was calculated from Fe(NO;); standard
curve according to AOAC (1995). Phytate phosphorus was calcu-
lated from iron determinations assuming a 4:6 iron phosphorus
molecular ratio while phytic acid content was calculated on the
assumption that it contains 28.20% phosphorus (Reddy and Salun-
khe 1980).

4. Oxalate

Oxalates in the samples were determined using the modified
method of Ketiku and Adepoju (2005). About 100 ml distilled
water was added to 1 g tamarind pulp in a 250-ml conical flask.
The mixture was allowed to stand for 3 hrs before filtering through
a double layer No. 4 Whatman filter paper. About 10, 20, 30, 40
and 50 mg/l standard solutions of oxalic acid were then prepared
and the absorbances of filtrates of the samples and standards were
read. The percentage oxalate was calculated using the formula:

51

% Oxalate = (sample absorbance x average gradient from the
curve for standard x dilution factor)/10,000

Statistical analyses

Three determinations were done for each analysis with each deter-
mination replicated three times. The results of these determina-
tions were pooled together, and the means and the standard devia-
tions calculated. One-way analysis of variance was used to test for
significant difference (P < 0.05) and the means separated by Dun-
can’s multiple range test (SAS 1995).

RESULTS AND DISCUSSION
Proximate composition of tamarind pulp

Table 1 shows the proximate composition of tamarind fruits
from different locations in Nigeria. The moisture contents
indicated wide variations in the fruit samples ranging from
16.8% for Sokoto sample to 36.2% for Birni-Kebbi sample.
Samples from Bauchi, Gombe, Jos, Kano, Minna, and
Sokoto had relatively low moisture contents (<20%) when
compared with other samples. Variations in the moisture
contents of the tamarind samples may be due to differences
in the relative humidity of the surrounding atmosphere at
harvest and cultural practices. Benero et al. (1974) had ear-
lier reported differences in cultural practices in the handling
of tamarind fruits. According to Benero et al. (1974), Kri-
thika and Radhai Sri (2007) and Sadik (2011), mature tama-
rind fruits are sometimes left to dry on trees till the next
harvesting season. The range in values for the moisture con-
tents of the tamarind fruits is similar to the reports of other
workers (Table 2) but higher than Parvez et al. (2003).
However, Hassan and Ijaz (1972) and Krithika and Radhai
Sri (2007) reported higher moisture content for tamarind
pulp. Ishola et al. (1990) and Siddhuraju et al. (1995) fur-
ther reported moisture contents of 8.0-10.1% for tamarind
seeds. The crude protein of the tamarind fruits ranged from
3.5% (Birni-Kebbisample) to 7.4% (Gombe, Jos and Sokoto
samples). The protein contents of the tamarind samples are
similar to those of previous workers (Table 2) but higher
than that reported by Krithika and Radhai Sri (2007). In
comparison with the reports of Ishola ef al. (1990), Siddhu-
raju et al. (1995), Glew et al. (1997), Yusuf et al. (2007),
and Vadivel and Pugalenthi (2010), the result of this study
may indicate that the protein content of tamarind fruits is
concentrated in the seeds. According to Sawaya et al.
(1983), Edem et al. (1984), Kuhnlein (1989), Ishola et al.
(1990), Nahar et al. (1990), Essien et al. (1992), fruits are
generally not considered as excellent sources of proteins.
The lipid contents of the tamarind fruit samples were found
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Table 2 Values in the literature for the proximate composition of tamarind fruit pulp.

Constituent A (%) B (%) C (%) D (%) E (%) F (%) Gg/100 g H g/100 g 1g/100 g
dry weight  dry weight  dry weight
Dry matter - - - - - 73.10 - 95.00 -
Moisture 22.60 33.89 65.85 20.60 31.00 - 18.93 - 20.00
Protein 3.10 3.28 4.70 3.10 9.20 4.10 8.79 8.20 8.50-9.1
Fat 0.40 0.5 0.76 0.40 0.5 1.60 2.53 2.40 2.7-3.1
Carbohydrate 71.80 59.76 26.13 70.80 62.50 85.00 66.87 80.80 82.1-82.6
Crude fibre 3.00 1.79 - 3.00 5.10 5.90 220 - 2.8-3.4
Ash 2.10 2.57 2.88 2.10 2.85 3.40 2.28 3.60 2.9-33

A: Leung and Flores (1961); B: Wenkam and Miller (1965); C: Hassan and Ijaz (1972); D: Purseglove (1987); E: FAO (1988); F: Saka and Msonthi (1994); G: Ishola et al.
(1990); H: Nordeide et al. (1996); Source: A-H: De Caluwe et al. (2010); I: Parvez et al. (2003)

Table 3 Ascorbic acid content and physico-chemical properties of tamarind (Tamarindus indica L.) fruits.

Location Ascorbic acid Colour Soluble solids ("Brix) pH Total acidity (%)
(mg/100g) (absorbance at 325 nm)
Abuja 7.8 £0.04 be 090+0.03a 5.9+ 0.2 abed 25+04cd 1.4 £0.06 be
Azare 64+0.36¢ 142+£0.04 a 63+04a 2.8+0.2 abed 1.4+£0.2be
Bauchi 53+0.57f 0.84 £ 0.05 be 5.7 +0.5 abed 3.0+0.2ab 1.5£0.3 be
Bichi 82+040b 0.35+0.05h 64+04a 32+0.2ab 1.5+£0.0.2 be
Birni-kebbi 64+0.35¢ 0.32+£0.04h 6.0+ 0.3 abc 2.8+0.3 abc 1.3£0.1be
Funtua 53+0.51f 0.59+£0.07 f 5.5+0.5 bed 2.7+0.2 bed 1.7£03b
Gombe 37+0.50 g 0.72+£0.05 de 63+04a 32+0.2ab 1.5+0.3 be
Gwarzo 7.3+0.40 cd 0.64 +£0.04 ef 5.9+0.2 abed 33+03a 1.5£0.2be
Jega 63+0.29¢ 0.31+£0.04h 6.2+0.7 ab 33+03a 1.3+£0.3 be
Jos 7.3+0.46 cd 0.79+£0.07 cd 52+04d 2.6 £0.2 bed 1.3+0.1bc
Kaduna 7.3+0.50 cd 0.74+£0.04d 6.1 +0.4 abc 2.6 £0.3 bed 1.7£0.2b
Kano 6.9 +0.40 de 0.73+£0.05 de 544+04cd 2.9+0.4 abc 1.5+£0.1 be
Kastina 7.9 £0.35 be 0.63+£0.03f 53+0.6d 24+0.5cd 12+0.1¢
Langtang 454029 f 0.81£0.06 cd 53+04cd 2.8+0.2 abed 1.6 £0.2 be
Maiduguri 5.1+0.66 f 0.30+£0.03h 5.7+ 0.3 abed 3.1+0.3ab 1.6 £0.2 be
Mallamsidi 45+£040f 0.75+0.03 d 53+0.5d 33+03a 1.3+0.1bc
Minna 5.1+0.30f 043+£0.05¢g 62+02a 33+03a 30+£03a
Oyo 11.3+0.56a 0.62+0.05f 64+03a 23+03d 1.6 £0.3 be
Sokoto 62+047¢ 0.72+0.07 de 6.1 £0.2 abc 2.8 £0.3 abed 30+0.1a

Means in the same column with the same letter are not significantly different (P < 0.05)

to be in the range of 3.5% for Birni-kebbi and 7.4% for
Kano sample. Tamarind pulps from Kaduna and Sokoto had
the lowest (3.0%) and highest (6.9%) ash contents, respec-
tively. The range of values for fat and ash contents of the
tamarind pulp samples are higher than those reported by
other workers (Wenkam and Miller 1965; Hassan and Ijaz
1972; Morton 1987; Ishola et al. 1990; Coronel 1991;
Salunkhe and Kadam 1995; Feungchan ef al. 1996; Parvez
et al. 2003; Krithika and Radhai Sri 2007) may be as a re-
sult of differences in soil condition and cultivar type. Grela
(1996) and Gunasena and Hughes (2000) have also reported
similar observations. The carbohydrate contents which
ranged between 52.0% for Birni-Kebbi sample and 62.7%
for Minna sample is comparable to the range of values re-
ported by Ishola ez al. (1990), Salunkhe and Kadam (1995)
and Gunasena and Hughes (2000) but lower than the range
of 82.1-82.6 reported by Parvez et al. (2003). The protein
and carbohydrate contents of the tamarind samples confirm
the report of BAIF (2002) that tamarind fruits contain one

of the highest levels of protein and carbohydrate of any fruit.

A comparison of the quality attributes of the tamarind fruits
(Tamarindus indica) with those of velvet tamarind (Dialium
guineense) as reported by Achoba et al. (1993) and Arogba
et al. (2006) showed similarities only in the acidity and fat
content. Tamarindus indica fruits contained higher protein,
sugar and ash but lower carbohydrate contents than Dialium
guineense.

Ascorbic acid content and physico-chemical
properties of tamarind fruits

Table 3 shows the ascorbic acid content and physico-che-
mical properties of the tamarind fruit samples. The ascorbic
acid content of the fruit samples was between 3.7 mg/100 g
for Gombe and 11.3 mg/100 g for Oyo sample. The wide
differences obtained in the ascorbic contents of the tamarind
samples may be due to soil condition, age of the tamarind
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trees, and genetic factors. Akinyele and Keshinro (1980), in
a tabulated summary of the ascorbic acid contents of com-
mon tropical fruits in Nigeria, reported a minimum content
0f 9.4 mg/100 g and a maximum content of 56.0 mg/100 g.
Aworh et al. (1983), on the other hand, reported 21.8 mg
ascorbic acid/100 g fresh weight for Nigerian tomatoes.
Thus, tamarind fruits are a poor source of ascorbic acid
when compared with the common fruits in Nigeria. It had
been earlier reported by Morton (1987) and Gunasena and
Hughes (2000) that the ascorbic acid of tamarind pulp is
very low.

The colour, measured as optical density at 325 nm,
ranged between 0.3 for Maiduguri sample and 1.42 for
Azare sample. The relatively high value of colour for Azare
sample may be due to environmental and soil conditions.
The soluble solids of tamarind pulp ranged between
5.2 °Brix for Jos sample and 6.4 °Brix for Bichi and Oyo
samples, respectively. The pH and total acidity of the tama-
rind pulp samples revealed that the fruits are high in acid
and also that tamarind fruits are more acidic than such
underutilised fruits as prick pear pulp and soursop (Sawaya
et al. 1983; Yusof and Ibrahim 1994). According to Coronel
(1991), tamarind fruits are known to be simultaneously the
most acidic and sweetest fruits. The high acidity of tama-
rind pulp is desirable from food processing standpoint,
since acidity is important in determining the quality of fruit
juices (Yusof and Ibrahim 1994). Acidity contributes to the
development of flavour by maintaining a proper sugar: acid
ratio thereby modifying the sweetness of sugar and palata-
bility of food products, lends tartness to taste and also pro-
vides a thirst-quenching effect by encouraging saliva forma-
tion in the mouth (Yusof and Ibrahim 1994; Omobuwajo
1998). Acidity also increases the efficiency of heat pro-
cessing and inhibits the growth of surviving heat resistant
microorganisms (Schoenemann et al. 1974).



Table 4 Mineral composition of tamarind (Tamarindus indica L.) fruit.

Wild tamarind fruits in Nigeria: A chemical evaluation. Adeola and Aworh

Location Ca (%) Mg (%) K (%) Na (%) Pb (%)
Abuja 1.11+0.04 b 0.56+0.07 ab 0.63+0.05¢ 037+0.04a ND
Azare 0.92 +0.44 cde 0.55+0.04 ab 0.38+0.05d 0.23+£0.05 de 0.03+0.02a
Bauchi 0.99£0.11 be 0.51+0.03 be 0.42+0.04d 0.21 £0.04 def ND
Bichi 0.90 +0.03 cde 0.37+£0.06 de 0.38+0.04d 0.27 £ 0.04 bed ND
Birni Kebbi 0.90£0.10 cd 0.44£0.03 cd 0.63+0.03 ¢ 0.31£0.03 ab ND
Funtua 128+0.13 a 0.61£0.03a 043+0.02d 0.15 + 0.04 fgh ND
Gombe 0.70+£0.05 g 0.43+£0.04 cd 145+0.08 a 0.16 £ 0.04 efg ND
Gwarzo 0.99 £0.10 bc 0.60+0.07 a 0.43+0.05d 0.23£0.04 de ND
Jega 0.83 £ 0.06 defg 0.57+0.05 ab 0.62+0.05¢ 0.30+0.05 be ND

Jos 0.81 £ 0.03 defg 042+0.05d 0.35+0.09d 0.16 £ 0.05 efg ND
Kaduna 0.77 £0.05 fg 0.45+0.03 cd 023+£0.04 ¢ 0.15+0.04 fgh ND
Kano 0.77+£0.07 fg 0.40+0.02d 023+0.03¢ 0.15£0.04 fgh ND
Kastina 0.99 £ 0.09 bc 0.51+0.04 be 0.43+0.05d 0.15+0.04 fgh ND
Langtang 0.86 + 0.08 def 0.54£0.03 ab 042+0.04d 0.16 +0.02 efg ND
Maiduguri 0.71+£0.05 g 0.40+0.05d 023+0.05¢ 0.09 +0.03 hi ND
Mallamsidi 0.42+£0.04 h 0.28+0.05f 036+0.03d 0.21 £0.04 def ND
Minna 0.90 £ 0.05 cde 0.53 +£0.02 ab 024+0.03 ¢ 0.14 £ 0.04 ghi ND
Oyo 0.24+0.04 1 0.32£0.02 ef 0.71+£0.03b 0.08£0.04 i ND
Sokoto 0.80 + 0.05 efg 0.58 +£0.07 ab 0.26+0.04 ¢ 0.24+£0.02 cd ND
Location P (%) Fe (%) Zn (%) Cu (%) Na/K Ca/P
Abuja 037+0.05a 023+0.02a 0.03+0.02a 0.02+0.02 a 0.6 3.0
Azare 0.31+0.02abcde  0.16+0.04b 0.03+£0.04 a 0.02+£0.02a 0.6 3.0
Bauchi 0.26 +0.02 cde 0.15+0.04 be ND 0.03+0.02a 0.5 3.8
Bichi 024+0.04 ¢ 0.12+0.03 bed ND 0.02+0.02a 0.7 3.8
Birni Kebbi 0.27 £ 0.06 bede 0.16+£0.02b 0.01£0.01a ND 0.5 34
Funtua 0.33 £ 0.05 abc 0.11£0.02 cde 0.03+£0.02 a ND 0.4 3.9
Gombe 0.27 £ 0.05 cde 0.15+0.02 be 0.03+£0.02 a 0.02+0.02a 0.1 2.6
Gwarzo 0.30 £ 0.02 bede 0.12 +0.03 bed 0.02+0.02a ND 0.5 33
Jega 0.31+0.04 abcde  0.14+0.02 be 0.03+0.02a 0.03+£0.02a 0.5 2.7
Jos 0.34+0.03 ab 0.14 £ 0.02 be 0.02+0.02a 0.02+0.02a 0.5 2.4
Kaduna 0.28 + 0.03 bede 0.07 £0.02 fg 0.02+0.02a ND 0.7 2.8
Kano 0.28 + 0.05 bede 0.07 £0.02 ef 0.03+0.02a ND 0.7 2.8
Kastina 0.31+0.04 abcde  0.11+0.02 cde 0.01+0.01a ND 0.4 3.2
Langtang 0.31 + 0.04 abcde 0.14 +0.00 be 0.02+0.02 a ND 0.4 2.8
Maiduguri 0.32+0.03 abed 0.09 £ 0.02 def 0.02+0.02a ND 04 22
Mallamsidi 0.31+£0.03 abcde  0.06+0.01 fg 0.03+0.03a 0.03+£0.02a 0.6 1.4
Minna 0.30 £ 0.05 bede 0.03+£0.01 gh 0.02+0.02a ND 0.6 3.0
Oyo 0.25+0.04 de 0.03 £0.02 gh ND 0.02+0.01 a 0.1 1.0
Sokoto 0.34 £ 0.04 ab ND 0.02+0.02 a ND 0.9 24

Means in the same column with the same letter are not significantly different (P < 0.05)

ND, Not detected

Mineral composition of tamarind fruits

The mineral contents of tamarind pulp are as shown in
Table 4. The tamarind pulp samples exhibited wide varia-
tions in the content of several of the mineral. For example,
Ca values increased from about 0.24% in the sample ob-
tained from Oyo town to 1.28% in the sample obtained
from Funtua. Mg, on the other hand, ranged from 0.28% in
the Mallamsidi sample to 0.61% in the Funtua sample. The
trace elements Pb, Cu and Zn varied in content among the
tamarind samples within much narrower limits. No definite
pattern of differences was seen in mineral contents of a par-
ticular source of tamarind sample as compared with other
sources of tamarind samples, that is, no one source of tama-
rind was consistently higher or lower in mineral element
content than other sources. Ca and Na were the most abun-
dant macro- and micro-minerals, respectively, although all
the samples of tamarind pulp recorded very low values of
micro-minerals. Maiduguri and Bichi respectively contained
the lowest quantities of potassium (0.23%) and phosphorus
(0.24%). The macro-mineral contents of the tamarind pulp
samples in this study are higher than those reported by Mor-
ton (1987), Maragoni ef al. (1988), Ishola ef al. (1990) and
Bhattacharya et al. (1994). However, the report of Kuhnlein
(1989) on wild fruit berries is corroborated by the results in
Table 4 in terms of Ca, Mg, Na, Fe, Zn and Cu contents.
When compared with the report of previous workers (Table
5), tamarind fruits obtainable in Nigeria are fairly rich in
minerals, a fact which is further corroborated by Food and
Nutrition Board (2011) which stated that the recommended
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daily intake (RDI) for calcium, iron, magnesium and potas-
sium for a healthy male is 1000, 8, 420 and 4.7 mg, respec-
tively.

Ketiku and Adepoju (2005) had earlier reported that
pulp of shear butter contained 0.17-0.21% Ca, 0.17-0.22%
Mg, 0.28-0.37% K, 0.37-0.39% Na, 0.40-0.45% P and 0.00-
0.01% Fe with insignificant levels of manganese (Mn), Cu
and Zn. Thus, tamarind pulp is richer in mineral than shear
butter pulp. Most of these mineral elements are essential
activators for enzyme-catalysing reactions. Ca, like P, plays
a major role in teeth and development and its deficiency can
cause osteomalacia, depraved appetite or pica, poor fertility,
subnormal growth and low live weight gain (Ezeagu et al.
1997). Hence, Ca and P are very necessary for growing
children, pregnant and lactating women. Calcium and mag-
nesium are important in photosynthesis, carbohydrate meta-
bolism and nucleic acid, and serve as binding agents of cell
walls (Ayaz et al. 2006). Iron plays a major role in the syn-
thesis of amino acids and protein, and it is an essential acti-
vator for enzyme-catalysing reactions involving chlorophyll
synthesis and ferrodoxin nitrate reductase. Iron and copper
may exist as iron-copper proteins (Ayaz et al. 2006). Zinc is
an essential micronutrient, which is associated with a num-
ber of enzymes, especially those for synthesis of ribonucleic
acids. Trace elements are also essential for biological acti-
vities of the body, and the formation of mineral complexes
enhances the biological activity of trace elements (Shkolnik
1984). The Na/K ratio in the body is of great concern for
prevention of high blood pressure (Aremu et al. 2006).
Na/K ratio less than 1 is recommended. The ratios of sodium
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Table 5 Literature values for the mineral composition of tamarind pulp,

Table 6 Total carotenoids content of tamarind (Zamarindus indica L.) pulp

mg/100 g dry weight. (ng/100 g).
Minerals A B C D E F Sample Total carotenoids
Al - - - 1.84 - - Abuja 16.01 £0.191
Ba - - - 0.20 - - Azare 18.09 +£0.32 fg
Ca 465.75  17.10 240.00 0.19 74.00 106.88 Bauchi 19.06 £ 0.15 ef
Cu 21.83 - - 091 0.09 0.29 Bichi 22.18£1.44 b
Co - - - 0.01 - 0.05 Birni-Kebbi 19.65 £ 0.69 de
Cr - - - 0.29 - - Funtua 21.56 £0.83 be
Fe 8.49 6.80 14.00 3.17 2.80 1.69 Gombe 19.02 +£0.09 ef
K 62.00 1226.90 - 0.65 628.00  790.11 Gwarzo 21.03£0.24 be
Mg 72.03 12820 - 0.12 92.00 53.28 Jega 20.75+£1.25cd
Mn - - - 21.50 - 0.06 Jos 16.25+0.93 i
Mo - - - 0.01 - - Kaduna 16.50 £ 0.64 hi
Na 76.66 11.10 - 6.21 28.00 13.95 Kano 20.67 £0.52 c¢d
Ni 0.52 - - 0.13 - 0.08 Katsina 20.32£0.73 cd
P 91.00 108.10 - 0.12 113.00  99.49 Langtang 15.67+0.461
Pb - - - 0.01 - - Maiduguri 15.54+0.601
St - - - 0.28 - - Mallam-sidi 18.28 +£0.40 fg
Ti - - 0.02 - - Minna 17.67 £0.54 gh
Zn 1.06 2.30 1.32 0.10 0.09 Oyo 2538+1.12a
A: Leung and Flores (1961); B: Wenkam and Miller (1965); C: Hassan and Ijaz Sokoto 18.08 £0.19 fg

(1972); D: Purseglove (1987); E: FAO (1988); F: Saka and Msonthi (1994); G:
Ishola et al. (1990); H: Nordeide et al. (1996); Source: A-H: De Caluwe et al.
(2010)

to potassium (Na/K) as shown in Table 4 suggest that tama-
rind fruits could probably be used to reduce coronary heart
disease. According to Martinello et al. (2006), tamarinds
have the potential of controlling the risk of arteriosclerosis
developments in humans. Furthermore, modern diets which
are rich in animal proteins and phosphorus may promote the
loss of calcium in the urine (Aremu et al. 2006) and this has
lead to the concept of Ca/P ratio. If the Ca/P ratio is low
(low calcium, high phosphorus intake), more than the nor-
mal amount of calcium may be lost in the urine thereby de-
creasing the calcium levels in the bones. A food is con-
sidered ‘good’ if the Ca/P ratio is above one and ‘poor’ if
the ratio is less than 0.5 (Nieman et al. 1992). The Ca/P
ratio in the present study ranged between 1.0 in Oyo sample
and 3.8 in Bauchi and Bichi samples, indicating that tama-
rind foods would serve as good sources of minerals for
bone formation.

Total carotenoids content of tamarind pulp

Table 6 shows that the tamarind fruit samples were low in
total carotenoids (15.54-25.38 ng/100 g). This result is
similar to the earlier reports of Gunasena and Hughes
(2000) on tamarind pulp. Gaziano et al. (1995) reported that
carotene-containing fruits and vegetables reduce the risk of
cardiovascular disease. Tamarind fruits, as a result of being
consumed in large quantity by indigenous people, are there-
fore capable of reducing the risk of cardiovascular disease
and providing a substantial contribution to vitamin A re-
quirement. Tamarind pulp sample from the Sudan savannah
contained the highest amount of carotenoids. The carote-
noids contents of tamarind fruits were found to be much
lower than those from other tropical fruits, such as carrots
(Daucus carota), which contained 58,200-103,500 pg/100 g
(Arya et al. 1979; Ogunlesi and Lee 1979; Sims et al.
1993); acreola (Malpighia emarginata), which contained
940 pg/100 g (Lima et al. 2005); pawpaw (Carica papaya),
containing 16,600 pg/100 g (Arya et al. 1979) and pulp of
Mineiro tomato (Cyphomanra betacea), which contained
2,430 pg/100 g (Rodriguez-Amaya et al. 1983). The low
value of carotenoids obtained for the samples supports the
claims of Gunasena and Hughes (2000) and Krithika and
Radhai Sri (2007) that the colour of tamarind fruit is due
mainly to the anthocyanin pigments. The variation in total
carotenoids observed among the sources of tamarind pulp
may also be attributed to genetic factors (Lima ez al. 2005).
The regulation of carotenoid biosynthesis is complex and
restricted to specific plant tissues where they are used.
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Means in the same column with the same letter are not significantly different (P <
0.05)

Enzymes of carotenoid biosynthesis, such as geranylgeranyl
pyrophosphate (GGPP) synthase are functional in chloro-
plast/chromoplast but are codified by nuclear genes (Del-
gado-Vargas et al. 2000).

Antinutritional contents of tamarind pulp

The knowledge of antinutritional factors of tamarind is of
great significance because the nutritional values of legumes
are limited by the presence of certain antinutritional compo-
nents (Nowacki 1980; Liener 1994). Data on antinutritional
factors of tamarind pulps are presented in Table 7. The
tamarind pulp samples were particularly low (0.02-0.52%)
in tannin. The phytate, oxalate and trypsin inhibitor ranged
respectively from 0.31% (Oyo sample) to 1.42% (Langtang
sample), 0.24 (Azaresample) to 0.47% (Abuja sample) and
0.06% (Oyo sample) to 0.75% (Gwarzo sample). The levels
of tannin and oxalate in the tamarind pulp samples are
lower than in some of the commonly cultivated pulse crops
(Khan et al. 1979; Singh and Jamburathan 1981; Al-Bakir
et al. 1982; Rao and Deosthale 1982; Giami 1993) and
underexploited legumes (Siddhuraju et al. 1995; Vijaya-
kumari et al. 1997). The phytic acid content of tamarind
pulps is similar to those of commonly consumed legumes
like P. tetragonolubus (Tan et al. 1983), V. mungo (Kataria
et al. 1989), V. radiata (Kataria et al. 1989) and lima bean
(Egbe and Akinyele 1990). The values of tannin and trypsin
obtained in this work are lower than those found in tama-
rind seeds (Siddhuraju ef al. 1995).

Tannins are water-soluble compounds (Uzogara et al.
1990; Rehman and Shah 2005; Uzoechina 2009) and they
can be eliminated by decortication, soaking, heat treatment
or cooking (Singh 1988). Kanwar et al. (1991) also reported
that cooking eliminates more than 98% of trypsin inhibitor
activity. The reduction of trypsin inhibitor may be due to
denaturation under heat treatment (Vijayakumari et al.
1997). Ishola et al. (1990) however reported that tamarind
pulps do not contain any detectable amount of phytic acid.
Phytic acid is known to decrease the bioavailability of cer-
tain minerals and may interfere with the utilisation of pro-
teins due to the formation of phytate-protein and phytate-
mineral-protein complexes, and also inhibits the digestive
enzymes (Reddy et al. 1982). Phytates could, however, be
substantially eliminated by processing methods such as
soaking and heat treatment (Reddy et al. 1982).

Generally, differences occurred in the physical and
chemical attributes of the tamarind pulp samples. Balogun
and Fetuga (1986) reported that agronomic practices, inclu-



Table 7 Antinutritional factors of tamarind (Tamarindus indica L.) pulp.

Wild tamarind fruits in Nigeria: A chemical evaluation. Adeola and Aworh

Location Tannin (%) Phytate (%) Oxalate (%) Trypsin inhibitor pg/mg protein
Abuja 0.07 £ 0.02 cdef 1.30£0.05b 0.47+0.06 a 0.71+0.03 a
Azare 0.04 £0.01 def 0.52+£0.04 ¢ 0.24+0.04 0.35+0.03 efg
Bauchi 0.04 £ 0.02 def 0.54+0.05¢ 0.29 £ 0.02 ghij 0.33+0.05 fg
Bichi 0.05 £ 0.02 def 0.43£0.05 fg 0.35+0.04 def 0.73+0.06 a
Birni kebbi 0.42+0.04b 1.33+£0.05b 0.41 £ 0.03 abed 0.40 £ 0.03 def
Funtua 0.07 £ 0.02 cdef 0.51£0.03 ef 0.39 +0.04 bed 0.35+0.03 efg
Gombe 0.07 £0.01 cdef 0.54+0.03 ¢ 0.35 + 0.04 defg 0.33+£0.05 fg
Gwarzo 0.03£0.01 ef 0.48 £ 0.05 efg 0.31 £ 0.04 fghi 0.75+0.07 a
Jega 041+0.01b 1.33+£0.05b 0.45+0.04 ab 0.39 £ 0.03 def
Jos 0.07 £ 0.02 cdef 1.43+0.04a 0.40 + 0.02 bed 0.60+0.03b
Kaduna 0.03 £0.02 ef 1.22+£0.02 ¢ 0.26 +0.02 ij 0.41 £0.04 de
Kano 0.09 £0.02 cd 0.46 +0.03 efg 0.38 £0.04 cdef 0.72+0.06 a
Katsina 0.06 £ 0.02 cdef 041+0.04 g 0.44 £ 0.04 abc 031+0.03¢g
Langtang 0.08 £0.01 cde 142+0.03 a 0.45+0.04 ab 0.61+0.04b
Maiduguri 0.52+0.08 a 1.16+0.07 ¢ 0.39 +0.02 bed 0.53+£0.05¢
Mallamsidi 0.07 £ 0.02 cdef 0.52+0.02¢ 0.32 £ 0.04 efgh 0.37 +£0.03 defg
Minna 0.11+0.03 ¢ 0.47 £0.05 efg 0.44 £ 0.05 abc 043+0.04d
Oyo 0.06 £ 0.03 def 0.31+£0.02h 0.26 £ 0.03 hij 0.06+0.01 i
Sokoto 0.02+0.01 f 0.77+0.10d 0.35+0.01 defg 0.15£0.03 h

Means in the same column with the same letter are not significantly different (P < 0.05)

ding burning in the savannah, and the combined effects of
climatic factors (rainfall, sunshine and temperature) in all
the vegetation zones influenced the edaphic conditions, and
consequently, the compositional properties of plant species
in Nigeria. Globally, climatic conditions have also been
known to influence the chemical composition of food crops
(Gunasena and Hughes 2000; Wilkes et al. 2010). The wide
differences in the physical and chemical properties of
tamarind pulp may therefore, be due to the fact that the
samples were obtained from different geographical zones
within the country. Tamarind fruits contained essential che-
mical substances which could be employed in alleviating
problem of food insecurity and malnutrition in developing
countries. Tamarind fruits could also be utilised in new
product development, thereby increasing the food choices
of citizens in sub-Saharan countries.
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