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Abstract

In the present work, four types @ (Cyperus esculentus) from

different geographical origins % aso and Niger) were compared

observed in rican tubers (from 25.35 - 28.19% in fat and 3.28 - 7.32% in protein).
Fairly low percentages of tannins and phytates were also detected in all of them (0.08 -
0.18 g/ 100 g and 9.31 - 22.55 mg / 100 g, respectively). Similar results were obtained
in the protein fractionation and characterization in tubers. These data showed the
albumins to be the main protein fraction (82.23 - 91.93%), while globulins, prolamins

and glutelins were represented by a remaining ~ 3 - 7.5%. Albumins were characterized

by a wide range of different molecular weight polypeptides (20, 25, 37, 55, 75 and ~
1
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106 kDa), whereas in the other fractions, a lower number of bands was detected (at 18 -
78 kDa). These results suggested that physico-chemical characteristics and proximate
composition of tiger nut batches in the current market are the most variable parameters,

which are mainly dependable on their geographical origin.

Keywords: Tiger nuts, Cyperus esculentus L., physico-chemical characteristics, protein

fractions, SDS-PAGE gel

1. Introduction

Tiger nuts (Cyperus esculentus L.) are little swe he roots of an

tubers for dialétics and people with digestive disorders, and also in the prevention of
heart diseases (Borges et al., 2008; Chukwuma et al., 2010; Tigernuts Traders, 2014).
For this reason, these tubers are attracting industry interest, and the development of new
tiger nut derived products has already been reinforced. These tubers are sold as snack

food, and their flour has also been successfully used in bakery, in by-meat products and

as a flavoring agent in ice cream production (Sanchez-Zapata et al., 2012). However,
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tiger nuts are mainly used in the production of tiger nut drinks, non alcoholic beverages
that are traditionally made in Spain (horchata de chufa) and Africa (kunnun aya).
Current studies have evidenced the importance of tiger nut characteristics in the
production of these quality derived products in terms of their physicochemical

characteristics and nutritional profile, but despite most of these tubers being

characterized and submitted to the sanitary official controls, the quality characteristics

characteristics of tiger nuts from differen

(VTN) were provided by Horchata Lider, S.L. (Polinya, Spain) from the province of
Valencia. At the same time, African tiger nuts were provided by Nectina, S.L.
(Tarragona, Spain), from three different local markets of Burkina Faso (B1TN and

B2TN) and Niger (NTN), which export several tons of tiger nuts every year to Europe.

For each type of tiger nut, two carrier bags of 25 kg were collected from two different



77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

containers of 1000 kg of tubers. Three representative subsamples (from three different

parts of each carrier bag) were taken for the analyses carried out in this study.

2.2.  Physical characterization
2.2.1. Shape

Shape of tiger nuts was determined measuring the length (L, in mm) and the thickness

(T, in mm, considering the biggest diameter) of 300 tiger nuts of ea€h carrier bag (100

carrier bag were also estimated.

2.2.2. Weight
Tuber weig atermined by weighing 300 tiger nuts from each carrier bag (100
ferent parts of the bag, using an electronic balance. The average
weigh 0 and elongated tubers were also determined by counting 100 tubers
of every shap&@nd weighing them.

2.2.3. Color

Surface color of tiger nuts was determined using a Hunter Lab colorimeter (MiniScan

XETM, Hunter Associates Laboratory Inc., Reston, VA). Color coordinates were

measured with an illuminant of D65 and a standard observer of 10°. The colorimeter
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was calibrated against black and white tile standards. The Commission Internationale de
I’Eclairage (CIE) L*, a*, and b* values were measured in triplicate. The L* value
represents the lightness (with values from 0 (black) to 100 (white)), and the a* (red-
green) and b* (blue-yellow) axes (with no specific numerical limits) represent
chromatic components. Color differences (AE*) were determined by the following
equation: AE* = [(AL*)? + (Aa*)? + (Ab*)?]*2, in which AL*, Aa* and Ab* are the
differences in the tristimulus coordinates between samples and a géference sample, in
this case VTN.

All physical analyses were performed in triplicate.

2.3.  Chemical characterization
2.3.1. Proximate composition

Before proximate analysis, tuber i atory grinder, passing through

calculated by 'difference. Fat, crude fiber, ash, protein and NFM results were expressed

in dry matter.

2.3.2. Antinutritional components: phytates and tannins
Phytate content of tiger nut flour was determined according to Haugh and Lantzsch

(1983), following the variant a of the method. Results were expressed as pg of phytate /
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mL of extract. Tannin content in samples was determined by ISO method 9648
(International Standards Organization, 1988). The tannin content was expressed as a

percentage by mass of tannic acid in relation to the dry matter.

2.3.3. Protein fractionation

Tiger nuts were ground in a laboratory grinder and passed through a 0.5 mm sieve

(CISA, Barcelona, Spain). Defatted tiger nut flour was obtained by#the treatment with

at 10 000 g for 30 min at 4 °C. S

and freeze-dried.

Prolamins: globulin residue was extracted under magnetic stirring for 1 h at 4 °C,
with 70% 2-propanol (0.1 g/mL). Then, the aqueous sample was centrifuged at 10000 g
for 30 min at 4 °C, and the supernatant was dialyzed against acetic acid (0.01%), during
5 days at 4 °C, changing the solution daily. Dialyzed sample was analyzed for total

nitrogen and freeze-dried.
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Glutelins: Glutelins were extracted from previous residue, under magnetic stirring for 1
h at 4 °C with 0.1 mol/L NaBsO7 + 1 g/L SDS (0.1 g/mL), according to Bernardino-
Nicanor et al. (2006). Then, the samples were centrifuged at 10 000 g during 30 min at
4 °C, and supernatants were dialyzed against acetic acid (0.01%) during 5 days at 4 °C
with daily changes of solution. Dialyzed sample was analyzed for total nitrogen and

freeze-dried.

2.3.4. Nitrogen and total protein determination

The nitrogen content of each fraction (albumins + NPN, globulins, glutelins,fprolamins
and insoluble residue) was determined by the Kjel to the AOAC
(2002) method 955.04 by using a Kjeltec Auto DistiMaiti paratus (Barcelona,
Spain).

2.3.5. Gel electrophoresis{SD E) of protein fractions

were centrifuges”at 2500 g for 30 min. 40 pL of supernatants were loaded onto SDS-

polyacrylamide gels (4 and 12 % polyacrilamide for stacking and separating gel,
respectively), according to Laemmli (1970). A molecular mass (MW) marker (wide
range of 2-250 kDa, Precision Plus Protein™ Dual Xtra Standards, Bio-Rad
Laboratories, Espafia) was applied to each gel. Gels were run at 200 V using a

Pharmacia Biothech power supply unit (model EPS 3500, Pharmacia Biotech, Uppsala,
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Sweden). Proteins were fixed in the gel using 0.1% (w/v) Comassie Brilliant Blue R250
in a 5:1:4 mixture of methanol, acetic acid and distilled water. Gels were distained with
a solution of methanol (160 mL/L) and glacial acetic acid (10 mL/L). ImageMaster
software (Amersham Pharmacia Biotech, Newcastle, UK) was used for the analysis of
the scanned distained gels images. On the SDS-PAGE gel, the apparent molecular mass
of the bands was estimated from the mobility of proteins in the gel when comparing
with the mobility of the MW markers.

All chemical analyses were performed in triplicate.

2.4.  Statistical Analysis

for comparison of sample data, i ased on a significance level of P

< 0.05.

contamination§(stones, sand, plant roots remains, damaged tubers or other grain shells)

than Spanish, which nearly presented physical impurities.

3.1. Physical Characterization

3.1.1. Shape
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Table 1 shows the values obtained in the shape classification of tiger nuts in accordance
to their sizes. It was observed that batches of tiger nuts in the market present a mixture
of tubers of different size. Length and thickness values ranged from 5.70 to 9.05 mm
and from 7.10 to 14.37 mm, respectively. Spanish tiger nuts presented the largest sizes,
whereas similar values were obtained among the African.

All carrier bags presented a mixture of elongated, oval and round tubers. In all of them,

round tubers were the predominant (~ 50 - 72% of total), while€fongated and oval

Sha i
meRbEor processing and storing the tubers.

equip

3.1.2. Weight

The average weight of analyzed tiger nuts is presented in Table 2. As shown, this
parameter varied considerably, especially if comparing tiger nuts according to their
origin. Note that weight depends on the grain size, and as observed, this parameter was

widely variable. Spanish tubers were the heaviest (~ 0.40 g), whereas the African
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reported similar specific weights to each other (0.27 - 0.30 g). If relating the shape of
tubers with their weight, in general, elongated tiger nuts were the heaviest. Tuber weight
depends on tuber thickness but, to the same thickness, the weight increase is in
accordance to their length. Average specific weight ranged between 0.27 and 0.51 g in
elongated, 0.24 - 0.39 in oval and 0.23 - 0.36 in round tiger nuts. In fact, the grain mass
also increases according to the moisture content of grains, so that tubers with higher

percentage of water are supposed to be the heaviest (Table 4).

3.1.3. Color measurement

Color coordinates of all analyzed tubers are shown i

(Chinma et 09; Oladele and Aina, 2007). That subjective assessment was also
evidenced by the results shown in Table 3. According to the AE* parameter, which
indicates the color differences between VTN and the others, NTN were close to VTN,
while there were no general color differences between Burkina tubers, which were the
most different related to VTN. This pointed to the variability in the skin color of tiger

nuts in the market, although in some applications (as for example in the production of

tiger nut drinks and snacks) tubers skin is finally removed.

10
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3.2. Chemical characterization

3.2.1. Proximate composition

Proximate composition of tubers is shown in Table 4. Although there were slight
differences between samples in protein and fat composition, all tiger nuts presented a
similar nutritional profile, whose principal components were NFM and fat (45.05 -

58.66 and 25.35 - 35.21%, respectively). Therefore, tiger nuts arg€Considered a high

corresponded to starch and fiber, which indeed are the main carbohydrates in all tubers.

Between others, the variety and the ripening stage of tiger nuts will determine their
content of carbohydrates (Coskuner et al., 2002). Similar percentages of crude fiber
were obtained in all analyzed tubers (8.42 - 9.31%). VTN and B1TN presented the

highest percentages, similar to those described previously in tiger nuts from Turkey

11
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(Coskuner et al., 2002). Total dietary fiber in NTN, B1TN, B2TN and VTN was 18.52 +
0.50, 21.00 + 0.42, 25.84 + 1.57 and 27.77+ 0.01%, respectively, and in all of them, ~
90% of this fiber was represented by insoluble fiber. Total dietary fiber of tiger nuts has
good profile for its application in different food products. In line with this, Sanchez-
Zapata et al. (2010) noted the potential of the solid residue obtained in the production
of tiger nut beverage as a possible ingredient for the elaboration of different meat
products, such as dry cured pork sausages or pork burgers.

Fat content in all samples was comprised in the range of 25.35/- 35.21%\TN were the

ich did present

at percentages

(CESNID, 2003). The major fatty acids in tiger nut oil are oleic, palmitic and linoleic
(Coskuner et al., 2002; Hunter, 2001; Kim et al., 2007; Linssen et al., 1988). Both site
and variety have a significant influence on the different oil fractions, since it has been
verified that the tiger nut fatty acid profile could be used as an alternative geographical

authenticity marker (Ejoh and Ndjouenkeu, 2006; Lopéz-Cortés et al., 2013).

12
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Furthermore, a moderate content of phytosterols (~ 0.5 - 0.6 g / g of oil) was also
described in tiger nuts by Yeboah et al. (2012), which improves the value of tiger nut oil
as a food source.

The protein was the most variable component among all analyzed samples (3 - 8.5%).
Ejoh and Ndjouenkeu (2007) had already reported the variability among the protein
content of tiger nuts from different geographical origin and variety (6.57 - 8.30%). In

addition, Chinma et al. (2009) also noted that the protein percgfitage in tiger nuts

have been rep@rted to be healthy, since they are a good source of some useful minerals.

3.2.2. Antinutritional components
In this study, all tiger nuts showed low contents of tannins and phytates. These
components are widely known to interfere with the bioavailability of some nutrients in

the intestinal track, decreasing their absorption (xx). Table 5 shows the results obtained

13
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in the tannin and phytate determination. The tannin content in tubers ranged from ~ 0.08
to 0.18%, the highest for B2TN, and the lowest for VTN. NTN and B1TN did not
present significant differences (P > 0.05) between them. In Nigeria tiger nuts, Addy and
Teshola (1984) reported a tannin content of 0.16%, similar results to those obtained in
this study, but on the contrary, Chukwuma et al. (2010) reported a far lower

concentration (~ 0.01%) in tiger nuts from the same origin. Tannins inhibit the activities

of some enzymes (such as lipase or amylase) by binding proteingfand consequently
making them difficult to digest in the body. By contrast, t s have also

been related with antimicrobial activities and also with the prevention of so

infections (Sanchez-Zapata et al., 2012).

al. (2010); Okafor et al., 2003). Despite this, these studies have demonstrated that

soaking, boiling or toasting steps are supposed to reduce the percentage of these
components, due to the heat sensibility of these antinutritional components and their

diffusion into the soaking water.
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3.2.3. Characterization of tiger nut protein fractions

Table 6 shows the percentages of the Osborne’s protein fractions isolated in this study.
In accordance with the isolation protocol, the NPN was quantified together with
albumins fraction. NPN is represented by non protein origin compounds that contain

nitrogen, such as ammoniac, nitrites and nitrates, urea or uric acid, among others.

According to the literature, NPN in tiger nuts is ~ 0.58% (Morell and Barber, 1983).

the lowest percentage of glutelins (0.63% of total), which was significantly (P < 0.05)
different to the others (whose content was ~ 2%). Morell and Barber (1983), in their
studies with Spanish tiger nuts, reported percentages of ~ 4.8, 2.3 and 0.9% for

globulins, glutelins and prolamins, respectively.
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Albumins and globulins are abundant fractions in tubers. In potato, Gorinstein et al.
(1988) described that albumins and globulins represent 67 and 23% of the total protein
content, whereas in taro (Colocasia esculenta L. Schott), Monte-Neshich et al. (1995)
reported that ~ 11% of total protein corresponded to albumins and ~ 80% were
globulins. The amount of these proteins changes over time, due to these proteins may
enable the plant to survive in periods of adverse conditions (Shewry, 2003).

Technologically, in tiger nuts, the existence of this soluble-in-w@ter main fraction

3.24. ophoreti¢’patterns

Fig. 2 shows rotein composition of the Osborne fractions analyzed by SDS-PAGE.
Electrophoretic patterns corresponding to the different tiger nuts were similar to each
other, and they were characterized by spanning the whole range of MW. Polypeptides
with the same MW were isolated in the different fractions, which evidenced the

existence of proteins with the same MW and different solubility.
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Similar electrophoretic patterns were obtained in all albumins fractions. These fractions
presented the highest number of bands (~ 18 - 20), which were characterized by a wide
range of MW polypeptides (15 - 200 kDa). In all aloumin patterns, bands with 20, 25,
37, 55, 75 and ~ 106 kDa were highlighted for their intensity, while four fair bands at
33, 41, 64 and 96 kDa were also observed. Apart from these, other diffuse bands were

also isolated in all tiger nuts in the range of 15 - 200 kDa. These results are similar to

those reported by Gorinstein et al. (1988), who isolated more than 1@ different bands in

were also observed. In reference to this Park et al. (1983), Racusen and Foote (1980)
and Shewry (2003) isolated a glycoprotein in potato whose MW was ~ 40 - 45 kDa, the
activity of which might be related to the biological defence of the plant against pests

(Galliard, 1971; Shewry, 2003). This protein has been also shown to possess antioxidant
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activity and has excellent foaming and emulsifying abilities as well (Van Koningsveld
et al., 2006, 2002; Waglay et al., 2014).

Prolamins were the protein fraction with the lowest number of bands. In all tubers, the
most intense band was at 18 - 19 kDa, whereas two diffuse bands at 25 and 31 kDa were
also isolated. B2TN also presented an intense band at 20 kDa and a pale band at 50 kDa.

In glutelin fractions, isolated bands were more intense than in prolamins. In VTN, NTN

and B1TN, intense bands at 18 - 19, 20 and 25 kDa were observe hile in B2TN the

glutelin bands
were described at 12 and 25 KDa and at 12, 25 and tively (Goristein et

al., 1988).

4. Conclusions

Results in this stud

production pregessing and the physicochemical characteristics of tiger nut food

products.
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642  Fig. 1. Comparative appearance of tiger nuts from Valencia - VTN (A), Niger - NTN
643 (B) and Burkina Faso - B1TN (C) and B2TN (D). Note the appearance differences
644  between tiger nuts from different origin.
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Fig. 2: SDS-PAGE electrophoregrams of isolated fractions. Albumins (A), Globulins
(B), Prolamins (C) and Glutelins (D). VTN: Valencia tiger nuts; NTN: Niger tiger nuts;
B1TN and B2TN: Burkina Tiger nuts. MW: Molecular weight marker, corresponding to

15, 20, 25, 37, 50, 75, 100, 150 and 250 kDa.
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Table 1. Tiger nut shape and % of tiger nuts of every shape per carrier bag.

1 ) Length® Thickness® % per carrier
Type Shape (mm) (mm) bag
VTN Elongated 14.372+159 8.212+1.95 25.67Y £ 2.08
Oval 11.582+1.18 8.41°+£1.77 27.00+£1.01
Round 10.002+£1.28 9.05°%1.49 51.33*+£2.21
B1TN Elongated 9.66°+0.12 5.77°+0.62 27.00¥ £ 1.00
Oval 9.29°+0.88  6.49°+0.65 22.01Y £ 2.00
Round 7.62°£0.11 7.48°+0.88 49.79* £ 2.16
B2TN Elongated 12.03°+0.94 7.61%+1.22 1333+ 1.
Oval 8.92"+0.76  7.66°+1.01 16.33V £ 0.
Round 8.91°+0.72 8.06°+0.89 70.67*+ 1.53
NTN Elongated 9.05°+0.11 5.70°+0.65
Oval 11.192+0.10 6.45°+£ 0.79
Round 7.109+0.15 7.88°+0.11

1VTN: Valencia tiger nuts; BITN and B27
2 According to the relationship proposed b
8 Means * standard deviations.
@ For every shape, values in
significantly (P < 0.05).

*Z For every type of tiger
differed significantly (P
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Table 2. Weight of analyzed tiger nuts.

Weight (g)*2
Shape
VTN B1TN B2TN NTN
Mix3 0.40°+0.16 0.27°+0.07 0.25°+0.02 0.30°+0.74
Elongated 0.51®+0.17 0.29™+0.07 0.27*+0.09 0.30°+ 0.08
Oval 0.39% +0.15 0.25% +0.05 0.26™+0.06 0.24" +0.09
Round 0.36% £0.15 0.25% +£0.07 0.23*+0.07 0.30™+0.06

1 Means + standard deviations.

2VTN: Valencia tiger nuts; BLTN and B2TN: Burkina Faso tiger nuts;

$ Mix of tiger nuts of different shape.

&€ Values in the same row with different superscripts differed signi
*Y¥ For every type of tiger nut (VTN, B1TN, B2TN and NTN
followed by different superscript differed significantly (P < 0.05).
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Table 3. Skin color parameters of tiger nuts.

Color parameter?
Type! AE*
L* a* b*

VTN 37.58°+0.79 9.80°+0.48 10.03°+1.35 -
BITN 43.31*+0.61 11.33*+0.08 22.38°+0.46 6.23*%+0.75

B2TN 44.18+0.79 10.75°+0.13 21.182+0.30 7.02*+0.79
NTN 37.81°+0.22 10.37*°+0.27 17.15°+0.29 2.00°+0.25

WTN: Valencia tiger nuts; BITN and B2TN: Burkina Faso tiger nuts; NTN:

2 Means = standard deviations.
#d \alues in the same column followed by different superscript differed signifi
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Table 4. Proximate composition (as % dry matter) of tiger nuts.

Tiger nuts??

Major nutrients (%) BITN B2TN NTN
Moisture 8.66°+004 7.750+027 638 +045 7.45°+0.31
Fat 352124307 2577°+0.77 2535°+185 28.19°+0.37
Protein 8454020 7.320+020 562°+009 3.289+0.10
NFM 45.05¢+313 5594v+0.91 58.66°+1.82 58.19°+0.76
Fiber 9.31°+009 9.07%+021 842+015 8.75%+0.59
Ash 197°+001 190°+004 1.95+0.16

! Means + standard deviations.
2VTN: Valencia tiger nuts; BLTN and B2TN: Burkina Faso tiger
&¢ Values in the same row with different superscripts differed signific
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Table 5. Tannin and Phytate contents (as dry matter) of tiger nuts.

Antinutritional Type'?
Components VTN B1TN B2TN NTN
Tannins (g/100g)  008°+0.00  0.12°%003  018°+001  0.11%+0.2
Phytates (mg/100g) 1627°+0.88 17.11°+106 9.31°+144 2255+ 123

1 Means + standard deviations.

2VVTN: Valencia tiger nuts; BITN and B2TN: Burkina Faso tiger nuts; NTN:
#d \/alues in the same row with different superscripts differed significantly
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Table 6. Osborne protein fractions of tiger nuts.

Tiger nuts (%0)*?

Protein fractions

VTN BITN B2TN NTN
Albumins (+ NPN) 91.93+0.39 82.23¥+050 82.75¥+0.19 84.07*0.65
Globulins 1112 +004 276%+010 3.96™+003 2.10%+0.12
Prolamins 1614036 113%+020 091%+0.17 345" =041
Glutelins 0.63%+034 196%+004 192%+0.13 1.98% +0.01

Insoluble residue 4722+ 0.33 11.93™W+0.44 10.42*+0.52 7.90% +0.62

! Means + standard deviations.
2 VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN;
@€ Values in the same column followed by different superscript differed sigufifi
"z Values in the same row with different superscripts differed significa
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Highlights

1.

w

Physico-chemical characteristics of tiger nuts are mainly dependable on their
geographical origin.

Low percentages of antinutritional components were detected in all tubers.

The albumins were the main protein fraction.

Isolated polypeptides were characterized by a wide range of molecular weights
(15-200 KDa).

Ve

Physico-chemical characteristics

a Protein fractionation

.28
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