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Abstract:

Two varieties of tigernut (black and brown) weraghased from a local market in Wukari, Taraba State

Nigeria. The nuts werecleaned, washed, drainee@ddi®0C) and milled into flour. The samples were
analysed for phytochemical composition and funetioproperties using standard methods. The brown
variety had higher values of moisture (4.10%),(#8.0%) and energy (575.6 kcal/100g) while the klac
variety is relatively richer in ash (3.0%), protéh58%) and carbohydrate (70.32%). The black tahad a
relatively higher phytate (0.22 mg/g), tannin (Or2flg), saponin (0.17 mg/g), oxalate (0.001 mg/gjlevh
the brown variety had higher values of polypheridl&5 mg/g), flavonoid (1.04 mg/g) and alkaloid7&®s).
The black variety had higher bulk density (0.46@21y/loose density (0.71 g/ml), water absorptiopazty
(0.82 ml/g) and, swelling capacity (2.86 g/g). Téfere, the two varieties of tigernut considerethis study
have great potential for utilization in food prosieg) and formulation.
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Introduction
The search for lesser known and underutilized ¢ropsy

varieties, yellow and brown are readily availabtethe
market. The yellow variety is preferred to all athe

of which are potentially valuable as human and ahim varieties because of its inherent properties sschigger

foods has been intensified to maintain a balantedsn
population growth and agricultural
particularly in the tropical and sub-tropical arezfsthe
world (Enujuigba and Akanbi, 2005). The worseniogd

size, attractive colour and fleshier body (Beleww an

productivity, Abodurin, 2006).

Food contains various compositions of nutrients and
phytochemical and could have important or deletexio

crisis and the consequent wide spread prevalence dffects in the body when consumed. The composibibn

malnutrition in developing and underdeveloped coest

the nutrients and phytochemical, usually leadssitte

have resulted in high mortality and morbidity rates effects found in most plants which may lead to essive

especially among infants and children in low incomeweight

groups (Enujuigba and Akanbi, 2005).

gain, constipation, allergies, diarrhoea,
(Anonymous, 2009). For a food to be considered &afe

Tigernut Cyperus esculentus) is an underutilized sedge of human and animal health, its effect on these pamse
the family Cyperaceae which produces rhizomesfrom the need to be investigated to understand the nutation

base and tubers that are somewhat spherical (Garéks

2005). The plant is not really a nut but a tubestfi

potentials and safety of such foods with a view to
determining their acceptability. This work theref@imed

discovered some 4000 years ago (Lowe and Whitewellat determining the chemical composition, phytoctoaini
2000). It has other names like yellow nutsedge,fashu and functional propertiesof two varieties of tigarflour

flatsedge, rush nut, water grass, earth almondheor nut
grass and nut grass (Lowe and Whitewell, 2000)erTigt
(Cyperus esculentus) is known in Nigeria aaya in Hausa,
ofio in Yoruba andakihausa in Igbo. Tigernut Cyperus
esculentus) was reported as healthy and helps
preventing heart diseases, thrombosis and actiaoesl
circulation. It helps in preventing cancer, duehigh
content of soluble glucose. It was also found teishsn
reducing the risk of colon cancer (Adejuyitaral., 2009).
The nut is rich in energy content (starch, fat,asagand
protein), mineral (phosphorus, potassium) and viank
and C (Belewu & Belewu, 2007). Tigernu€yperus

in order to be able to explore its potentials irodo
formulation.

Materialsand M ethods

in Sample preparation
The two varieties of tiger nut used (black and brpwere
obtained from a local market in Wukari, Taraba &tat
Nigeria. The nuts were cleaned, washed, drainedd din
an oven and ground into flour. The flour samplesewe
sieved (45um mesh size). The black and brown tigernut
flour were packaged in medium density polyethylene
(ZipLock) bags, labeled black (BRF) and brown (BKF)

esculentus) is suitable for diabetic persons and also helpsand stored at £€ until required for use.
in losing weight (Borgest al., 2008). Tigernut flour has a

unique sweet taste, which is ideal for differergsudt is a
good alternative to many other flours like wheautfl as it
is gluten free and good for people who cannot gllké&en
in their diets. It is also used in the confectignerdustry
(Belewu & Abodunrin, 2006). It is considered goodufl
or additive for the bakery industry, as its natusabar
content is fairly high, avoiding the necessity dfilmg too
much extra sugar (Andersenal., 1994).

Sample analyses

Proximate composition and energy

AOAC (2005) methods were used to determine moisture,
protein, fat, crude fibre and ash contents while
carbohydrate wascalculated by difference. Totatg@ne
value (in cal/g) of each sample was calculated by
multiplying the carbohydrate, fat and protein comsewith
their physiological fuel values (4, 9, 4 kcal, restively).

Tigernut(Cyperus esculentus) grows mainly in the middle
belt and northern regions of Nigeria (Okaébral., 2003),
where three varieties (black, brown and yellow) are
cultivated (Umerieet al., 1997). Among these, only two
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Functional properties to ensure uniform mixing. The mixture was filtered
Water and oil absorption capacities through a Whatman No. 1 filter paper into a 100-mL
Water and oil absorption capacities of the floumgkes  beaker and 20 mL of 40% saturated solution of msigne
weredetermined by Beuchat (1977) methods. One gfam a@arbonate was added. The mixture obtained waséfurth
the flour wasmixed with 10 ml of water or oil in a filtered through a Whatman No. 1 filter paper tdaib a
centrifuge tube and allowed tostand at room tentpma clear colourless solution. One milliliter of theladess
(37 + 2C) for 1 h. It was then centrifugedat 200 x g for 30 solution was homogenized into a 50-mL volumetrasH
min. The volume of water or oil on the sedimentwate and 2 mL of 5% FeGlsolution was added and made up to
measured. Water and oil absorption capacitiesnark with distilled water and allowed to stand &) min
werecalculated as ml of water or oil absorbed pamgof  for blood red color to develop. Standard saponiotEms

flour. (0-10 ppm) were prepared from saponin stock salutio
and treated with 2 mL of 5% FeCl solution as done fo
Foam capacity and foam stability experimental samples. The absorbance of the saawple

The method described by Narayana and Narasing®2)198well as standard saponin solutions were read afitor
wasused for the determination of foaming capadi@€)( development on a Spectronic 2ID spectrophotometer
and foam stability (FS). Two grams of flour samplas  (Milton Roy, Houston, TX) at a wavelength of 380 .nm
added to 50 ml distilled waterat 30 £2Q2in a 100 ml  The percentage saponin was also calculated.

measuring cylinder. The suspension wasmixed and

properly shaken to foam and the volume of the fdeena Determination of total phenolic compounds

30 s was recorded. The forming capacity was expdeas The samples (100 g) were extracted, by stirringh wit
a percentageincrease in volume. The foam volume wamethanol 250 mL for 3 h. The extracted samples \Were
recorded 1 h after whippingto determine the foaabitty filtered through Whatman No. 1 filter paper, thsidee

as a percentage of the initial foam volume. was washed with 100 mL methanol, and the extraete w
cooled. The extracts were evaporated to dryneserund
Bulk density vacuum, using a rotary evaporator. The residuese wer

A 50 g flour sample was put into a 100 ml measuringdissolved with 10 mL of methanol and used for
cylinder. Thecylinder was tapped continuously urgtil determination of total phenolic compounds. This
constant volume was obtained.The bulk density (d) cm determination was performed as gallic acid equivale
was calculated as weight of flour (g) divided bgpuit (mg/100g), by using Folin- Ciocalteau phenol reagéhe

volume (cm) (Okaka and Potter, 1979). diluted methanol extracts (0.2 mL) were added, \Wit8
mL of Folin- Ciocalteau phenol reagent and 2.0 mL of
Swelling capacity sodium carbonate (7.5%), in the given order. Theumes

This was determined with the method described bywere vigorously vortex-mixed and diluted to 7 mL of
Narayana and Narasinga (1982) with modification fordeionized water. The reaction was allowed to cotepier
small samples. One gram of the floursample was danixe2 h in the dark, at room temperature, prior to gein
with 10 ml distilled water in a centrifuge tube &edted to  centrifuged for 5 min at 125 g. The supernatant was
80°C and held for 30 min. This was continually shakenmeasured at 756 nm on a spectrophotometer. Methanol
during theheating period. After heating, the susmen was applied as a control, by replacing the sanphlic

was centrifuged at1000 x g for 15 min. The supamtat acid was used as a standard and the results wetgated

was decanted and the weight of the paste taken. Thas gallic acid equivalents (mg/100 g) of the samjplee
swelling power was calculated as: swellingpowereight  reaction was conducted in triplicate and the resukre

of the paste/weight of dry flour. averaged (Brunner, 1984).
Determination of phytochemical composition Determination of total flavonoid
Determination of alkaloid This was also determined according to the methdiéhed

Determination of alkaloid was made by the methodby Harborne (1973). Five grams of the sample waledbo
described by Harborne (1973). The alkaloid conteas  in 50 mL of 2 mol/L HCI solution for 30 min underfixex.
determined gravimetrically. Five grams of the sanphs The contents were allowed to cool and then filtered
weighed and dispersed in 10% acetic acid solution ithrough a Whatman No. 42 filter paper. A measured
ethanol to form a ratio of 1:10 (10%). The mixtwas  volume of the extract was treated with equal volunfie
allowed to stand for 4 h at 28°C. It was later fét using  ethyl acetate starting with a drop. The flavonoid
Whatman No. 42 grade of filter paper. The filtratas  precipitated was recovered by filtration using vireid
concentrated to one quarter of its original volulmg filter paper. The resulting weight difference gathe
evaporation and treated with drop wise addition ofweight of flavonoid in the sample.

concentrated aqueous NBPH until the alkaloid was

precipitated. The alkaloid precipitated in a weiditer Determination of tannin content

paper was washed with 1% ammonia solution, andldnie Tannin content of the flour samples was determingdg

the oven at 80°C. Alkaloid content was calculated an the methods described by Harborne (1973). The sampl
expressed as a percentage of the weight of sampl@.2 g) was measured in a 50-mL beaker; 20 mL 8650

analyzed. methanol was added, covered with homogenizer, glace
a water bath at 77-80°C for 1 h, and the contem®dt
Determination of saponin with a glass rod to prevent lumping. The mixtureswa

The spectrophotometric method was used for saponifiltered using a double-layered Whatman No. 1 ffifiaper
analysis as described by Brunner (1984). One gratheof into a 100-mL volumetric flask using 50% methanol t
flour sample was weighed into a 250-mL beaker ab@ 1 rinse. This was made up to mark with distilled wated
mL iso-butyl alcohol was added. The mixture waskeha thoroughly mixed. One milliliter of the sample eadt was
on a shaker (UDY Corporation, Fort Collins, CO) fon5 homogenized into a 50-mL volumetric flask, and 20 m
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distilled water, 2.5 mL Folin-Denis reagent, andmb of 35
17% NaCO; were added and mixed. The mixture was
made up to mark with distilled water, thoroughlyxed, 30
and allowed to stand for 20 min when a bluish-green
coloration developed. Standard tannic acid solstiorthe § -
range of 0-10 ppm were treated similarly as thell m >
sample above. The absorbances of the tannic aidatd 8
solutions as well as samples were read after colo § 20
development on a Spectronic 21D spectrophotométar a 2 c m Black variety
wave length of 760 nm. Percentage tannin was Gl 3
§ m Brown variety
Determination of phytic acid E 10
An indirect colorimetric method of Harborne (19783s
used for phytate determination. This method depeamds >
an iron to phosphorus ratio of 4:6. A quantity of 5f the
test sample was extracted with 3% trichloro acetil. 0 -
The phytate was precipitated as ferric phytate and @«"' & & o@‘\
converted to ferric hydroxide and soluble sodiumytate Vvc';\°’ ¢
by adding sodium hydroxide. The precipitate was

dissolved in hot 3.2 N HNO and the color read
immediately at 480 nm. The standard solution wasrig. 1: Proximate composition of black and brown
prepared from Fe (N ; and the iron content was varietiesof tigernut

extrapolated from a Fe(N@¥tandard curve. The phytate
concentration was calculated from the iron results
assuming a 4:6 iron:phosphorus molecular ratio.

600

Determination of oxalate content
Oxalate was determined by AOAC (2005) method. One| g5qq
gram of the sample was weighed in a 100-mL conical
flask. Seventy-five milliliters of 3 mol/L }$0, was added

and the solution was stirred intermittently witlmagnetic 400 -
stirrer for about 1 h and then filtered using WhatnNo. 1
filter paper. The sample filtrate (extract) (25 mups

: . 300 - i
collected and titrated against hot (80-90°C) 0.1 MniO, ¥ Black variety
solution to the point when a faint pink color apeebthat ® Brown variety
persisted for at least 30 s. The concentrationxafade in 200 -

each sample was obtained from the calculation: 10mL
permanganate = 0.006303 g oxalate. 100
Sensory analysis
Sensory evaluation was performed on the products by ¢ .
twenty-member untrained sensory panelists randomly Carbohydrate Energy value
selected. A 9-point hedonic scale was used in sgdtie (%) (kCal/100g)
products (ljarotimi and Keshinro, 2012) so as tdphe
determine the degree of acceptability in terms ofuth ~ Fig. 2@ Carbohydrate content and energy values of
feel/texture, appearance, flavour, over all acdsifity black and brown variety of tigernut

Results and Discussion
Proximate composition Fig 2 shows the percentage composition of carbaitgdr
Percentage moisture, fat and proteinvalues of bmk  (61.78-70.32%) and energy values (470.6 -515.6) lafal
brown varieties of tigernut are presented in FigThe  black and brown varieties of tigernut. The blackiety
proximate composition of food is a major index of had a higher carbohydrate composition of 70.32%
nutritious potentials of food crops. The brown esrihad ~ Whilethe brown variety had a higher energy conteht
higher values of moisture (4.10%), fat (28.0%) whihe =~ 515.6 kcal/100g. The calorific value of the two igties-
black variety is relatively richer in ash (3.0) apcbtein ~ black and brown tigernut (470.6 and 515.6 kcal,
(4.58%). Moisture content, ash and protein obtaifeed respectively) showed that it could be a reliablarse of
both samples were close to valuesobtained for ssyaad ~ €nergy and can thus provide a large portion ofdhity
tigernut flour blends reported by Emmanuel-lkpeznal.  requirement of 2,500 — 3,000 kilocalories (Ekeamyan
(2012). The low moisture of both samples would have and Ononogbu 2010) for adults if large quantites
positive effect on shelf stability. Result obtainfed fat ~ consumed as it usually the case in the northerreridig
content of the brown variety corroborated earliaiue of ~ Carbohydrate composition and energy values obtdiored
24.3% reported by Ekeayanwu and Ononogbu (201@). F&oth samples differ from those reported for yelleaviety
is important in diet because it promotes absorptbfat  Of tigernut by Oladele and Aina (2007) which cob&ldue
and soluble vitamins (Bogestal., 1994). to relatively low moisture level (3.10-4.10%) ofeth
samples under study. The ash content of the two
varieties(3.0 and 2.0%) were within the range 05-R2.5
recommended by Pomeranz and Clifton (1981) and
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Ekeanyanwu and Ononogbu (2010). The black and browmiologically active compounds which could serve as
tiger nut gave a relatively high level of fiber (32and  potential source of vegetable drugs in herbal niedic
13.5%, respectively). The existence of a casualEkeanyanwu et al., 2010). Due to inherent high
relationship between the absence of fiber in diet the  polyphenolic and alkaloids contents, both black aramivn
incidence of wide range of diseases in man; notablyarieties of tigernut should be subjected to prsices
diabetes, mellitus, obesity and coronary. Heatadischas Oladele et al. (2009) reported reduction in phytates,
long been reported (Eastwood 1974; Mendelhoff 1978tannin, polyphenols, oxalate and alkaloid conteafs
Ekeanyanwu and Ononogbu, 2010). processed tigernut.

Phytochemical composition Functional Properties
Phytochemical composition of black and brown véget Bulk density (packed), loose density, oil absorption
of tigernut is presented in Fig. 3. Phytate, tannin capacity, water absorption capacity, swelling cépac
polyphenols, flavonoid, saponin, oxalate and alkhlo swelling index and least concentration for gelatioh
content of the black and brown variety of tiger até 0.22  black and brown varieties of tiger nut as preseimefig.
and 0.16 mg/g, 0.91 and 0.53 mg/g, 1.07 and 1.2/g,mg 4 are 0.463 and 0.439 g/ml; 0.71 and 0.614 g/mb @nd
0.88 and 1.04 mg/g, 0.17 and 0.006 mg/g, 0.003 an@®.62 ml/g; 0.82 and 0.73 ml/g; 2.86 and 2.14 g/86Gnd
0.0023 mg/g, 3.7 and 4.75%, respectively.The black).36; and 0.2 and 0.22. The black variety is reddyi
variety is relatively richer in phytate (0.22 mg/gannin  higher in bulk density, loose density, water absorp
(0.91 mgl/g), saponin (0.17 mg/g) and oxalate (0.00Xkapacity and swelling power than the brown
mg/g), while the brown variety had higher values ofvariety.Values obtained for loose and packed diessit
phenol (1.25 mg/g), flavonoid (1.04 mg/g) and adi@l were lower than 0.62 and 0.55 g/ml respectivelyortsul
(4.75%) contents. Values obtained for tannins, et  for yellow variety by Oladele and Aina (2007).
and oxalate for both samples were lower than 2.3Water absorption capacities of the samples were als
mg/100g, 21.42 mg/100g and 13.12 mg/100g, respgtiv lower than 1.26 ml/g reported for yellow variety by
reported by Oladeleet al. (2009). However, values Oladele and Aina (2007). Water absorption capacity
obtained for polyphenols and alkaloids were higthem  describes flour-water association ability under itk
values reported by the same authors. Saponin dsntén water supply. This result suggests that tigernurfimay
both samples were lower than the value reported byind application in baked products e.g. biscuitheT
Ekeanyanwu and Ononogbu (2010). Alkaloids, saponingelatively low oil absorption capacity shows thafetnut
and tannins are known to have antimicrobial agtivis may be a lower flavour retainer than African yanare
well as other physiological activities (Sofowara939 (1.42 ml/g) flour (Eke and Akobundu (1993). The loWw
Evans 2005), Some have been used either as ayeaimal absorption capacity of tigernut might be due to low
antispasmodic, bactericidal agents (Frantisek, 1991 hydrophobic proteins which show superior binding of
lipids (Kinsella, 1976).
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Fig: Sf Phytpchemical composition of black and brown Fig. 4: Functional properties of black and brown
varieties of tigernut varieties of tigernut

Saponins have been reported to be useful in reducin
inflammation of upper respiratory passage and cthsefly

as foaming and emulsifying agents and detergent
(Frantisek, 1991). Tanin compounds have antimiaobi
activities and are responsible for preventing amating
urinary tracts infections and other bacterial dtifens
(Ekeanyanwtet al., 2010).The result of the determination
of phytochemical test indicated that the tuber psssome
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