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Abstract

The present work was carried out with the aim to establish the in-
fluence of hydrothermal treatments on physical and microbiological
characteristics and Peleg’s prediction of soaking behavior of tiger
nut tubers. For this purpose, tigernut tubers (Cyperus esculentus)
@=1cm, were differently soaked in tree solutions: acid solution (vita-
min C) and alkaline solutions (Ca(OH), and Kanwa) at different con-
centrations and temperatures. The effect of these treatments on the
water content (swelling), soluble loss, dehulling efficiency and micro-
bial load were investigated. These works show that, water content
or swelling of the tiger nut soaked in acid and alkaline solutions can
be predicted by Peleg model. This swelling lead to enhance dehu-
lling efficiency of tuber but caused soluble solute loss overall at the
highest temperature of soaking in vitamin C solution. Like soaking in
water, the constant of Peleg (k,) decrease with the increase in the
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temperature of soaking, whereas the constant of capacity of Peleg
(k,) is approximately 0.02% for all the conditions of soaking. Dehu-
ling efficiency also increased with increasing temperatures (65%
at 20°C to 70% at 60°C) for tiger nut tubers soaked in water and
affects microbial load. This reduction is considerable at the higher
temperatures, reaching a maximum of 4.8log reduction. Soaking
and dehulling treatments gave to tiger nut tuber effective decon-
tamination in term of microbial load and obtained good microbio-
logical quality.

Keywords: Cyperus esculentus; soaking; husking; microorganism,
acid and alkaline solutions

Introduction

Tiger nut tubers (Cyperus esculentus) belong to the foodstuffs
having a nutritional potential but which remains under-exploited in
Africa [1]. This plant is native of Mediterranean Basin [1]. In Spain
and Morocco, it is used in the production of a milky drink called
“horchata de chufa”. High level of microorganisms such as bacteria
and moulds have been associated with the milky drink [2,3]. Due to
this, production and marketing of horchata are limited mainly by its
weak shelf life (less than 24 hours) because of its high microbial load
(more than 10°cfu/ml) [4]. Microbial contamination of tigernut tubers
easily occurs and often undetected before the tubers are consumed.
The source of microbial contamination could be from infected field
workers, contaminated soil, irrigation water, wash tanks, harvesting
equipment, fecal materials and transport vehicles. Growth of micro-
organisms in foods is usually influenced by factors such as product
temperature, product-to-headspace, gas volume ratio, initial microbi-
al loads and type of flora, packaging, barrier properties, storage con-
dition and biochemical composition of the food [5]. The water used to
apply fungicides and insecticides is a source of microbial contamina-
tion of tigernut tubers [6]. According to Okechukwu et al. [7], the use
of water polluted with faecal matter to wash knives, polyethene bags
and trays could also be a source of microbial contamination of tiger-
nut tubers. Microbial contamination of ready-to-eattigernut tubers is
largely attributed to unhygienic practices of vendors and inappropri-
ate storage conditions.

These micro-organisms originate from the rugous surface of the
tuber where they are encrusted in the anfractuosities of the collenchy-
ma sleeve [2,4,8,9]. The rough structure of the tuber surface does not
allow the easy elimination of the micro-organisms, even when using
sodium hypochlorite solution for Selma et al. [4]. This indicates that
the micro-organisms are located in the deep incrustations of the tubers
surface and are consequently not very accessible to the hypochlorite
solution. However, tubers soaked in water for some hours undergo a
turgescence which results in an easy elimination of the tuber external
skin [10,11]. Since this turgescence is not observed with hypochlo-
rite solution, it could be hypothesized that the processing time using
hypochlorite is not sufficiently long to allow the turgescence of the
tubers.
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The research of cleansing process of tiger nut tubers remains a
major concern for a better use of the tubers in the production of veg-
etable milk. It proves to be important to test treatments having given
convincing results with other raw materials requiring a dehulling pro-
cess. Examples are the dehulling of black bean and maize grains by
treatment in alkaline solutions [12,13]. In this respect, the swelling of
tiger nut tuber consecutive to soaking in acid or alkaline solutions is
likely to facilitate its dehulling and consequently a better elimination
of its initial microbial load.

The present work was carried out with the aim to establish the
influence of hydrothermal treatments on physical and microbiological
characteristics and Peleg’s prediction of soaking behavior of tiger nut
tubers.

Materials and Methods
Preparation of samples

Tiger nut tubers were bought on the market of Guily in the Far-
north Region of Cameroon, which is the most producing zone of
these foodstuffs. Tubers were sorted by screening on metallic sieve
in order to retain tubers with diameter >1cm. The tubers were then
washed with tap water to remove sands and other undesirable mate-
rials (stones, pebbles, dirt materials, rotten stems and broken tubers),
then sun dried [10].

Soaking experiments

Soaking was undergone according to the methods of [14,15]. The
process consists in soaking the tubers in beakers of 250mL containing
100mL solution of Ca(OH),, kanwa or vitamin C at 20,40 and 60°C.
The beakers were placed in a constant temperature water bath for tem-
perature uniformity during tests. For each experiment, 20g of tubers
were immersed in the beaker. During soaking, tubers were periodi-
cally removed, superficially dried with a tissue paper and weighed
for water retention capacity using an electronic balance (Sartorius,
model LC1201S, Germany). The experiment was terminated when
tuber moisture content attained an equilibrium value, i.e. when the
increment change in sample weight was less than 0.01g. At least three
experiments were conducted for every solution concentration and
soaking temperature.

The factors of variation of the treatments were:

- Nature of the solutions: calcium hydroxide, Kanwa and vitamin C.
- Concentrations of the solutions: 0; 0.1; 0.5; 1 and 1.5% (w/v) [8,9].
- Temperatures of treatment: 20, 40 and 60°C [10].

The Water absorption capacity of the samples at each time (H)
was calculated based on the increase in weight of the samples using
Peleg model (Equation 1) [15,16]:

t
H=H,+—
t 0
k1+k2t

O

Where: H, (% DW) is the moisture content at time t

H, (% DW) is the initial moisture content

k, (h.%") is the Peleg rate constant which is related to absorption
rate at the beginning of the process (t=t))

k(%) is the Peleg capacity constant related to maximum attain-
able moisture content (t—0)

The model is linearized into the form:

I
H —-H 172
t 0 2)
k and k, constants are determined from the regression of t/(H-H,)
vs. time.

Peleg constants (k, and k,) values obtained were used in Equation
(1) to calculate predicted values of moisture content (H ) which were
then compared to the corresponding experimental values in order to
appreciate the goodness of fit of the Peleg model. The criterion used
to evaluate the goodness of fit was the mean relative percentage devi-
ation (p) between experimental data and theoretical values [17], cal-
culated as:

Hei — Hy
o _ 100 3| P
p(%) N .Z:; H.i 3)
Where: H; and H; are respectively experimental and predicted
moisture content values. N is the number of experimental data.

The model is considered acceptable if p values are below 10% [17,18].
Dehulling of tubers

At the end of soaking and swelling process, the dehulling consist-
ed in removing the outer protective casing of the tuber by abrasion
through scrubbing of the tubers between the hands. Dehulling effi-
ciency was calculated using the formula suggested by [19], in which
the mass percentage of dehulled tubers is compared to that of the
whole tubers on dry matter basis.

To account for moisture change during soaking, the mass of tuber
samples was measured before and after soaking and dehulling. Mois-
ture Correction Factor (MFC) was calculated using Equation 4 below:

we
100-H (4)

MCF =

With: W (g): whole tuber mass with hulls
H(%): water content of the tubers

In addition, at the end of swelling and after dehulling, the hulls
were weighed, dried at 105°C for 24 hours and reweighed to obtain a
dry mass (M,).

The dehulling efficiency is then given by the Equation 5:

DHE (%)

_ WMy MCR) o
- W,

(&)

Moreover, the solute losses during soaking at different tempera-
tures were calculated according to Evranuz and Giirtas. A known
quantity of soaking solution (v) was taken at the end of process, fil-
tered using filter paper Whatman n°3, dried in oven at 105°C for 24
hours and weighed (m).The solute losses were expressed in g/100 g
dry weight basis (Equation 6).

_ mxVx100%100
T (100 - H)#v+M (6)
With:
SL (g/100 g DW): Solute loss
m (g): mass of soluble obtained after drying of v aliquot
V (ml): total volume of soaking solution
v (ml): aliquot volume of the soaking solution
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H (%): water content of the tubers
M (g): mass of tubers before soaking

Microbiological analyzes

The microbiological analyzes were performed according to stan-
dards methods [19]. The research of the total microbial count was
carried out by macerating tiger nut tubers in a sterile food processor.
10g of each sample of tiger nut tubers (raw, soaked and dehulled)
were crushed in a mortar in asepsis conditions. 1g of the crushed sam-
ple was mixed with 9mL of sterile physiological water solution (9g of
NaCl in 1L of distilled water) and the mixture used for the preparation
of decimal dilutions of 10 to 10 and the highest three dilutions were
taken for analysis.

Enumeration was carried out by Counting of the Colonies (CFU).
The count is carried out in triplicates.

All results are expressed as mean values of three separate determi-
nations.

Results and Discussion

Water absorption of tiger nut tuber in vitamin C, Kanwa
and calcium hydroxide solutions

Soaking is a long stage process in which the goal is the swelling
of tiger nut tubers. During immersion, there is material transfer made
both of soluble between tubers and the solution. For all the soaking
solutions, tiger nut tubers showed typical sorption behavior with ex-
ponentially water content versus soaking time at all the temperature
(Figure 1). As the process continued, water absorption rate steadily
decreased due to filling of water into free capillary and intermicellars,
and increasing extraction rates of soluble solids loss from the tubers.
The absorption ceased when the tubers attained the equilibrium water
content.

N Wate dpin 4G o Water ztsorgtion 2 60'C

Water sbscrotor a 2070

¢ % 2 3 H B o8 N B . 5w I ) o 5 0t EEE ]
Tine H) Tine(d Time i)

Figure 1: Water absorption of tiger nut soaked in vitamin C (—), Ca(OH), ( --- ) and
Kanwa ( ...... ) solutions at different temperatures.

The kinetics absorption of solution by tiger nut tubers at various
temperatures and concentrations of vitamin C, Kanwa and Ca(OH),
showed that the rate of absorption of water increases with the tem-
perature of soaking. Tables 1 and 2 show that we do not have a signif-
icant difference (p<0.05) between the constants k, with the increase
of the concentration whatever the treatment applied. But on the other
hand we have a significant difference (p<0.05) between constancies
k, with the increase of the temperature whatever the treatment ap-
plied. This can be explained by the fact that more the temperature in-
creases, the more one has a fast absorption, which results in a shorter
time of soaking (Figure 1).

The constant of Peleg (k,) decrease with the increase in the tem-
perature of soaking, whereas the constant of capacity of Peleg (k,) is
approximately 0.02% for all the conditions of soaking. There is a rela-
tive stability of the values of k, for all the temperatures and concentra-
tion of soaking [10], reported that chemical modification of the tubers
under the effect of the temperature (gelatinization) does not affect the
capacity of absorption of the tubers. k, is a constant connected at the
rate of transfer of the matter, the weakness of the membrane cellular
due to the heating increases the cellular permeability, which involves
an increase the rate of absorption of solution by the tubers and which
was not constrained at all by the various treatments applied to the tu-
bers during the stage of soaking. This phenomenon was observed by
various authors and they attributed it for a plasticizing effect of water
at the temperature of gelatinization [10,11,20-23].

The fit of Equation (2) to absorption data showed that, at all soak-
ing conditions, the degree of fit, as judged by the regression coef-
ficient (r?), is about the same. Tables 1 and 2 provides the resulting
Peleg constants (k, and k), r* and p values. The use of kinetic data to
determine the goodness of fit of the Peleg model resulted in a fit with
r’>0.90 at almost all soaking conditions (solutions concentrations,
temperature and time). The relative deviation between experimental
and predicted data is around 2.798-6.167, which indicates that water
absorption of tiger nut tubers during soaking in acid and alkali solu-
tion is well described by the Peleg model [23].

It should be noted that the diffusion is not done in only one direc-
tion; as the solutions of soaking diffuse in the tubers, those also loss of
solutes from tiger nut tubers in the soaking solutions (Figure 2), what
implies the solutions of soaking are not sufficiently concentrated to
prevent the opposite transfer of matter.

Soltelass 3t 20°C

Scte s 2 4C

©wos2 o4 M w40 42 1 8 wowoa e
Concntratin 1)
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Figure 2: Soluble solids loss of tiger nut tubers soaking at different temperatures.

The losses of soluble solids at 20 and 40°C were less 0.5 and 2%
of the original tubers mass respectively [21] stipulated that these val-
ues can be negligible compared to the water gain. But at 60 we have
8.7% soluble solids loss. Although, hot solutions accelerate the water
absorption phenomena, but lead to significant damage in structure and
tissue of tiger nut tubers, so there are loss of soluble solids.

Figure 2 showed that soluble solids loss increased with tempera-
ture during soaking of tiger nut tubers; and for the higher tempera-
tures (above 40°C), soluble solids loss decreased with increasing
of solution concentrations excepted for vitamin C solutions. These
results indicate that higher concentration salts slowed down soluble
solids loss and higher temperature inactive and decompose vitamin C
[24].
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Ca(OH), Kanwa
C (g/L) T (°C) K, K, 2 P (%) K, K, 2 P (%)
20 0.2264° 0.017 0.98 3.306 0.2264" 0.017 0.97 3.306
0 40 0.1022° 0.0182 0.985 3.721 0.1022° 0.0182 0.985 3.721
60 0.0455¢ 0.0185 0.972 5.489 0.0455¢ 0.0185 0.972 5.489
20 0.3127* 0.0166 0.95 3.567 0.2693* 0.0165 0.96 3.651
0.1 40 0.1205° 0.0179 0.968 4.128 0.1224° 0.0176 0.978 4.247
60 0.0379¢ 0.0187 0.978 6.053 0.049¢ 0.0186 0.97 5.681
20 0.3167° 0.0169 0.95 3.951 0.2649* 0.0168 0.96 3.495
0.5 40 0.1492° 0.0173 0.968 4.6 0.1359° 0.0174 0.996 3.981
60 0.0391¢ 0.0189 0.978 5.651 0.0361¢ 0.0188 0.981 5.396
20 0.2959* 0.0169 0.96 3.563 0.2817* 0.0167 0.96 3.584
1 40 0.1554° 0.0177 0.97 3.916 0.1398° 0.0177 0.976 3.773
60 0.0438¢ 0.0186 0.974 5.848 0.037¢ 0.019 0.98 5.461
20 0.313° 0.0178 0.95 3.515 0.3252* 0.0166 0.94 4.298
1.5 40 0.1609° 0.0178 0.97 3.718 0.1578° 0.0173 0.965 4.239
60 0.044¢ 0.0186 0.974 6.035 0.0391¢ 0.0191 0.98 5.298
Table 1: Water absorption constants and goodness of fit of Peleg model of tigernut tubers soaked in alkaline solutions (Ca(OH), and Kanwa) at different
temperatures.
Note: Means within the same column followed by same letter are not significantly different using one-way ANOVA test (P<0.05).

C(g/L) T (°C) k' K r P (%)
20 0.2264° 0.017 0.97 3.303

0 40 0.1022° 0.0182 0.985 3.721
60 0.0455¢ 0.0185 0.972 5.489

20 0.2283¢ 0.017 0.97 3317

0.1 40 0.1164° 0.0182 0.983 3.361
60 0.054¢ 0.0183 0.962 6.459

20 0.2895° 0.0167 0.96 3.521

0.5 40 0.1165° 0.018 0.971 4.894
60 0.0483¢ 0.0184 0.97 6.167

20 0.3115° 0.0167 0.95 3.66

1 40 0.1336° 0.0177 0.977 4.089
60 0.0416¢ 0.0185 0.995 5.712

20 0.2965° 0.0165 0.95 3.506

15 40 0.1378 0.0175 0.971 4.894
60 0.0411¢ 0.0186 0.974 5.76

Table 2: Water absorption constants and goodness of fit of Peleg model of tiger nut
tubers soaked in vitamin C at different temperatures.

Note: Means within the same column followed by same letter are not significantly
different using one-way ANOVA test (P<0.05).

This part of work established the suitability of the model of Peleg
to describe the behavior of the tubers of C. esculentus L. at the time
of soaking. The high temperatures accelerate the phenomenon of ab-
sorption of water and loss of soluble solutes. Although the heating
contributes to sterilize the tubers, with regard to the microbial load,
to optimize the effects of the temperature and the solutions of soaking
on the dehulling of tiger nut tubers, with an interest for its microbio-
logical quality seems a scientific and technological concern.

Dehulling efficiency

The tough outer skin of tiger nut tubers consists of thin epidermis

wrapped in the tegument, a very thin coat composed mainly of fibers
and called fibro-collenchyma sleeve. This coat was removed by alka-
line and acid action of soaking solutions.

Figure 3 shows dehulling efficiency of soaking solutions (acid and
alkaline) at different temperatures. This figure shows that dehulling
efficiency increased with increasing concentration of soaking solu-
tions for all the three solutions tested. There also significant varia-
tions in dehulling efficiency among solutions at 20 and 40°C. At these
temperatures, vitamin C has the best dehulling efficiency for all the
concentrations but at 60°C this activity is reduced compare to the two
other solutions. This reduction activity can be attributed to tempera-
ture effect on vitamin C, since this temperature lead inactivation and
decomposition of vitamin C [25-27]. Vitamin C exhibited the highest
dehulling efficiency for all the temperature except at 100°C.

Denulngefciercy 2t 63°C

B Defulng eficcyal 217

Ceuling effciency al 40°C =
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Figure 3: Dehulling efficiency of tiger nut tubers soaked at different temperatures in
vitamin C, Ca(OH), and kanwa solutions.

At the highest concentrations (1.5g/L), most of the solutions had
dehulling efficiency of >85%. Dehulling efficiency also increased
with increasing temperatures (<65% at 20°C to >70% at 60°C) for
tiger nut tubers soaked in water (0g/L). Dehulling efficiency appeared
most strongly affected by concentrations and temperatures of soaking
solutions.
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Microbial load of tiger nut tubers before and after treatments

The control sample (raw tubers) has microbial load up to 10°
CFU/g, which is very higher compared to microbiological limits stan-
dards (10°-<107 CFU/g) [28]. Soaking at low temperatures (20 and
40°C) and low concentrations (0.1 and 0.5g/L) of solutions increased
microbial load of tiger nut tubers for all the three solutions. Soaking
in these conditions stimulates microbial growth by activating micro-
organisms which are dormant; this is in agreement with work of [29].
On the contrary, high temperature led to reducing microbial load, but
the greatest reduction was carried out by dehulling process. Figure
4 shows significant effect of dehulling on the microbial load of tiger
nut tubers. This is because all the samples have shown average value
from all treatment above 2 log reduction. This result is in agreement
with the work of [30], who reported that semi- processed maize grains
had lower microbial load.

Microbia load at 20°C

Mictobial luad a1 60°C.

Log cFUIy

LoaFeuls

Figure 4: Microbial load of undehulled(— ) and dehulled ( - - - ) tiger nut tubers soaked
in vitamin C, Ca(OH), and Kanwa solutions.

con co

Like dehulling efficiency, vitamin C solutions has given the best
results in term of reduction of microbial load compared to the other
soaking solutions. This reduction is considerable at the higher tem-
peratures, reaching a maximum of 4.8 log reduction.

According to [24], the main product resulting from vitamin C de-
composition at higher temperature is dehydro-L-ascorbic acid; this
component seem to have the same effect like vitamin C in term of
dehulling efficiency and microbial load reduction.

Soaking and dehulling treatments gave to tiger nut tuber effective
decontamination in term of microbial load and obtained good micro-
biological quality.

Conclusion

As shown in this study, Peleg model can describe soaking behav-
ior of tiger nut tubers in vitamin C, Ca(OH), and Kanwa solutions like
in simple water. The hydrothermal treatment of tiger nut tubers in acid
and alkaline solutions contributed to enhance dehulling efficiency and
microbial load reduction. Since there was considerable reduction of
microbial load at the higher temperature with vitamin C, these soak-
ing treatments led to important soluble solids loss, on the whole com-
promising nutritional and organoleptic qualities of tiger nut tubers.

The impact of vitamin C on dehulling efficiency and microbial
load demonstrated that research must be continued with regard for the
using of alternative acid solutions like acetic acid, lemon extracts for
lowering this processing cost.
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