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ABSTRACT

Taro (Colocasia esculentum (L)) corm is one of the most nutritious and easily digested foods, but unfortunately
contains anti-nutritional factors such as oxalates and phytic acid .The oxalates which can lead to risks of kidney
stones, while phytic acid reduces bioavailability of minerals. Therefore, the anti-nutritional factors must be removed
or decreased before utilization of corm as food by carrying out chemical or physical process such as soaking, boiling,
fermentation or cooking. So, the incorporation of chemical and physical methods is expected to be a very efficient ways
of processing. The aim of the present study was to investigate the effect of using calcium salts such as calcium carbon-
ate, calcium chloride and calcium sulphate at different concentrations (0, 1, 3, 5 % w/v) during soaking periods for (30
and 60 min) on reducing soluble oxalate and phytic acid in taro corm chips. The experimental results indicated that the
optimal conditions were soaking taro corm chips in calcium chloride solution at concentration of 5% for 60 min., since
the content of both soluble oxalate and phytic acid were found to decrease from 294.3 to 35.1 mg/100g and from 161.16

to 133.68 mg/100g respectively. Calcium carbonate was the lowest effective additive.
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INTRODUCTION

Taro or cocoyam is the common name for ed-
ible corm belongs to Araceae family which plays
an important role in the food security in many
developing countries and many regions of sub-
tropics and tropics of the world. The term taro is
usually used to indicate Colocasia esculenta(L.)
(Matthew, 2004).

Nutritionally, the taro corms are considered
source of starch easily digestible, also contain-
significant levels of protein, thiamine, riboflavin,
niacin and vitamin C (John et al., 2007). Gener-
ally, the nutritional value of food depends on their
contents of nutrients, nutrient utilization and the
absence or presence of anti-nutritional factors and
harmfully factors (Alcantara et al., 2013). Anti-
nutritional factors play an important role to reduce
nutrient utilization and/or food intake.

Taro like most foods of plants contains sev-
eral anti-nutritional factors for example oxalates,
phytates, amylase and trypsin inhibitors, tannins
and cyanide. So, it is prefer to process taro before
consumption as raw material. (Bhandari & Kawa-
bata, 2004).

Some plants form oxalic acid as an end prod-
ucts of metabolism (Massey, 2000).The different

forms of oxalic acid are soluble and insoluble salts.
Oxalic acid can form water-soluble by binding
with ions of K*, Na* and NH,*, while insoluble
oxalate is formed by chelating Ca**, Fe™ and
Mg"* rendering these minerals unavailable(Savage
et al., 2000).

It is worth to mention that the soluble oxalate
is only absorbed in the digestive tract and rendering
the minerals unavailable especially divalent met-
als ions such as calcium that can bind the oxalate
anion. Notwithstanding, the insoluble oxalate is
not absorbed and thereby excreted outside the body
(Savage et al., 2000, Savage, 2002). So, regularly
eating of oxalates rich diet can increase renal risk
especially for susceptible individuals. This may be
due to the formation of oxalate stones, which are
crystals of calcium oxalate (Simpson et al., 2009).

Another anti-nutritional factor found in taro
is phytic acid (phytate) that generally used to refer
inositol hexaphosphoric acid or IP6. Phytic acid
has affects many nutrients by limiting its bio-avail-
ability. It is well known that phytates form com-
plexes with minerals (calcium, iron, zinc, copper
and magnesium) and also with some proteolysis
enzymes (pepsin and trypsin). Phytates are capable
of forming complexes with amylases and chelat-
ing some minerals ions especially calcium which
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is an essential ion for enzymatic activity (Lan et
al., 2018). Degradation of phytate to decrease the
hazards associated with foods have high levels of
phytate is one of the strategies that make minerals
more bioavailable in the body (Schlemmer et al.,
2009).

Reducing anti-nutritional factors may be
achieved by processing methods such as peeling,
washing, dicing, soaking blanching, dryingand fer-
mentations (Alcantara et al., 2013, Kumoroa et
al., 2014). Chemical strategy can be used to reduce
soluble oxalate absorption from food by converting
it into insoluble oxalate form. Numerous studies
have demonstrated that soluble oxalate decreased
in foods, when it consumed with food of high cal-
cium level (Bong et al., 2017).

Calcium salts are widely accepted in food
processing field. It can be used as firming agents,
acidity regulators and stabilizers (Saltmarsh, 2013).

Although taro is widely growing in many
parts of the world, it is underutilized crop and little
is known about the anti-nutritional factors. The aim
of'this investigate was to study the effect of soaking
in different concentrations of calcium salts on the
content of soluble oxalate and phytic acid in fresh
taro corm chips.

MATERIALS AND METHODS

Materials:

Fresh taro corms that used in the present study
were obtained from the local market of Damanhur
city, Egypt. Chemicals used were of analytical
grade and bought from New Lab Com., Alexan-
dria. Sodium salt of phytic acid (Sigma P-8810)
was obtained from Sigma (Cairo, Egypt).

Methods:
Sample preparation

Fresh taro corms were washed and peeled by
using stainless kitchen knife and all the unwanted
parts were removed. Furthermore, taro corm chips
with thickness 0.1 cm were obtained by using
kitchen machine slicer (Braun, CombiMax 700).
The chips samples were washed with cold water
for 3 minutes to get rid of mucus on the surface
and other materials attached water was drained off.

The ratio of taro corm chips to submerged so-
lution was 1:4 (w/v). Addition of all calcium salts
were carried out in triplicate at the following con-
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centrations 0, 1, 3, or 5% w/v. Three treatments were
done using calcium carbonate, calcium chloride and
calcium sulphate. Taro corm chips samples were
soaked in solutions at different concentrations of
calcium salts for 30 and 60 minutes. After each
interval end time, the calcium salt solutions were
drained off and allow the surface of samples to dry
by exposure to the air for 20 min.

Dry matter and pH

Dry matter (DM) content was determined in
triplicate by drying in an air oven until reaching
constant weight as outlined in the AOAC, (2000).
pH values of samples were measured by using a
pH meter (Cyberscan 510 pH-meter) with the ac-
curacy of £0.01 according to the AOAC, (2000).

Analysis of anti-nutritional factors
Total and soluble oxalate contents

The contents of total oxalate and soluble ox-
alate in the fresh and treated samples were de-
termined according to the procedure of Bak-
er(1952) and all results are expressed as mg
oxalate/100 g dry matter (DM). The content of
insoluble oxalate (calcium oxalate) was calculated
by difference (Holloway et al., 1989).

Phytic Acid

The phytate content was determined as de-
scribed by Vaintraub & Lapteva (1988) and the
absorbance was measured using a spectrophotom-
eter at 500 nm . The results were presented as phyt-
ic acids in mg/ 100 g (DM).

Statistical Analysis:

All analyses were carried out in triplicates.
Data were analyzed using Two-way analysis of
variance (ANOVA) models with calcium salts
types, concentrations and their interactions to ob-
tain analytical results using the Statistical Analy-
sis System (SAS) Program (SAS Institute, Carey
,NC). Significance was determined at P<0.05 level
(SAS, 1999).

RESULTS AND DISCUSSION
Dry matter and pH

The content of dry matter for taro corm chips
(untreated) was 25.15 +0.37 %. These data are
consistent with those reported by Sefa-Dedeh
&Agyir- Sackey (2004) and Savage & Cather-
wood (2007).
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The data in Table (1) show the effect of soak-
ing taro corm chips in solutions of calcium salts at
different concentrations for 30 min on pH values.
Significant difference could be traced among all
types of calcium salts used as well the most con-
centrations of calcium salts. Also, it can be con-
cluded that the pH values affected by incremental
addition of calcium salts being slightly decreased
except calcium carbonate which increased slightly
to be 7.9 when using solution of 5%. Similarly the
data in Table (2) show the pH values of taro corm
chips soaked for 60 min in solutions at different
concentrations of calcium salts. The current data
are in agreement with those of Bong, et al., (2017).

The pH values of taro chips were changed
by soaking in solutions of different calcium salts;
this may be due to the difference of solubility of
calcium salts in water. Calcium chloride salt had

the highest solubility followed by calcium sulphate
and calcium carbonate that is in agreement with the
reviewed results of Haynes & Lide (2010).

Effect of soaking time and concentrations
of different types of calcium salts on
soluble oxalate content

The content of total, soluble and insoluble
oxalate of untreated taro corm chips samples were
462.4,294.3 and 168.1 mg/100g DM, respectively.
Nearly 63.65% of total oxalate content was in a
form of soluble oxalate.

The contents of soluble oxalate for taro
corm chips immersed in solutions with different
levels of different calcium salts for 30 minute are
presented in Table (3). The data revealed signifi-
cant differences among all treatments.

Table 1: Effect of soaking taro corm chips in solutions of different calcium salts at for 30 minute on

pH values.
Concentration of Calcium carbonate Calcium chloride Calcium sulphate Concentrations
calcium salts (%) (means)
pH value
0 6.45+0.05¢" 6.45+0.054 6.45+0.054 6.45¢
1 6.75+0.05¢ 6.35+0.054 6.45+0.054 6.528¢
3 7.50+0.100 6.10+0.10¢ 6.35+0.054 6.654
5 7.90+0.102 5.75+0.05f 6.10+0.10¢ 6.58AB
Treatments(means) 7.154 6.16¢ 6.348

* Values followed by different capital letters within row or column are significantly different at (P<0.05) among
calcium salts types and concentrations of (0, 1, 3, 5%) respectively, while values with different superscript small
letters within all table show significant differences interaction at(P<0.05) among all treatments.

Each value was an average of three determinations + standard deviation.

Table 2: Effect of soaking taro corm chips in solutions of different calcium salts for 60 minute on pH

values.
Concentration of cal-  Calcium carbonate Calcium chloride Calcium sulphate Concentrations
cium salts (%) (means)
pH value

0 6.45+0.05¢" 6.45+0.05¢ 6.45+0.05¢4 6.458

1 7.55+0.05¢ 6.20+0.10f 6.35+0.05¢ 6.704

3 7.90+0.100 5.90+0.10¢ 6.30+0.00¢f 6.704A

5 8.20=0.102 5.70+0.00" 6.20+0.00f 6.704

Treatments (means)  7.534 6.06¢ 6.338

* Values followed by different capital letters within row or column are significantly different at (P<0.05) among
calcium salts types and concentrations of (0, 1, 3, 5%) respectively, while values with different superscript small
letters within all table show significant differences interaction at(P<0.05) amongall treatments.

Each value was an average of three determinations =+ standard deviation.
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Table 3: Effect of soaking taro corm chips in solutions of different calcium salts at different concen-
trations for 30 minutes on soluble oxalate content (mg/100g DM).

Concentration of cal-  Calcium carbonate Calcium chloride Calcium sulphate Concentrations
cium salts (%) (means)

0 291.6¢ 291.62 291.62 291.6A

1 280.8b 186.3¢ 221.4¢ 229.5B

3 224.1¢ 70.2¢ 83.7f 126.0C

5 205.24 62.1h 72.9¢ 113.4D

Treatments (means) 250.4A 152.6C 167.4B

* Values followed by different capital letters within row or column are significantly different at (P<0.05) among
calcium salts types and concentrations of (0, 1, 3, 5%) respectively, while values with different superscript small
letters within all table show significant differences interaction at(P<0.05) amongall treatments.

Each value was an average of three determinations + standard deviation.

It can be concluded that the content of soluble
oxalate of soaked taro chips in water only for 30 min
was minor decremented. This decrement may be due
to leaching into the water, while increasing the con-
centrations of added calcium salts were more effec-
tive on decreasing soluble oxalate content.

The results in Table (4) reveal the effect of
soaking taro corm chips in solutions of calcium
salts at different concentrations for 60 minutes on
soluble oxalate content. It can be observed that
soluble oxalate content was significantly different
among all treatments. Moreover, soaking in water
only for 60 minute was effective to decrease about
5.5% of soluble oxalate content (294.3 to be 278.1
mg/100 g DM). This result may be due to leaching
into the water, while increasing the concentration
of calcium salts had great effect. Calcium chloride
helped to reduce the soluble oxalate content es-
pecially the concentration of 5% that reduced the
soluble oxalate content from 294.3 to 35.1 mg/100

g (DM) (88.07%), which may be converted to in-
soluble oxalate. Calcium carbonate had the lowest
effect to decrease the content of soluble oxalate.
This may be due to the lowest solubility of calcium
carbonate in water. This observation is in accord-
ance with Haynes & Lide (2010).

The studies to reduce oxalate risk in taro corm
by using different sources of calcium are scarce.
However some studies have been conducted on
spinach (Spinacia oleracea) (Brogren & Savage,
2003, Bong, et al. 2017), raw taro leaves (Savage
& Dubois, 20006).

On the other hand some studies have been
conducted on the pre-treatment of taro corm to
reduce the total oxalate content such as Sefa-De-
deh, & Agyir-Sackey (2004) reported that the best
processing to reduce total oxalate content in taro
corm parts was the drying by drum dryer, that
helped to reduce the oxalate content about 50%.
Kumoro, et al. (2014) found that the best condi-

Table 4: Effect of soaking taro corm chips in solutions of different calcium salts at different
concentrations for 60 minutes on soluble oxalate content (mg/100g DM.

Congentration of cal- Calcium carbonate Calcium chloride Calcium sulphate Concentrations
cium salts (%) (means)

0

278.1a* 278.1a 278.1a 287.1A

1 256.5b 159.3¢ 194.4c 203.4B

3 197.1¢c 43.2¢g 54.0f 98.1C

5 178.2d 35.1h 45.9fg 86.4D

Treatments( means) 227.5A 128.9C 143.1B

* Values followed by different capital letters within row or column are significantly different at (P<0.05) among
calcium salts types and concentrations of (0, 1, 3, 5%) respectively, while values with different superscript small
letters within all table show significant differences interaction at(P<0.05) among all treatments.

Each value was an average of three determinations + standard deviation.
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tions to reduce calcium oxalate content in taro root
chips was the soaking in baking soda solution 10%
for 2 hr at ambient temperature. These results are
not in agreement of data presented here this due to
the different strategies used to decrease oxalate risk
in taro corm. Accordingly, the determined oxalate
forms were different.

The strategy of present study is depended on
soaking in calcium salts solutions as source of cal-
cium for short periods. This condition may con-
vert soluble oxalate form to insoluble oxalate form
(calcium oxalate). That strategy is accordance with
(Savage et al., 2000, Savage, 2002) who reported
that soluble oxalate is responsible for the forma-
tion of stones in the kidney, while insoluble oxalate
(calcium oxalate) is not absorbed thereby excreted
with faeces.

Also, the date of present study is in agreement
with (Massey, et al. 2000) who found that minerals
were became more available when soluble oxalate
converted to insoluble form (calcium oxalate) as a
function of inhibiting the chelating of minerals by
the oxalate ion

Effect of soaking time and concentrations
of different types of calcium salts on
phytic acid content

Phytic acid content of raw taro chips was
161.16 (mg/100g DM). However, this result was
in the ranges reported by Adane, et al. (2013) for
raw taro in Ethiopia, and Huang, et al. (2007) for
cultivars of taro grown in Taiwan. Generally, Ku-
mar et al., (2005) concluded that the phytic acid
contents differ according to the major factors that
involved: variety, location, climatic, irrigation
conditions, soil factors (e.g. pH, soil temperature
and status of organic phosphorus) and crop year.

The data presented in Table (5) show phytic
acid content of taro corm chips soaked for 30 min
in solutions of different calcium salts. There was
observed that no significant differences among all
treatments except treatments with concentrations at
3% and 5% of calcium chloride salt. The present
data are in accordance with the study of Lan, et
al. (2018) who found that soaking Canadian pulses
in distilled water for 4 hours at room temperature,
markedly had no effect on phytic acid content.
On the other hand, Patterson, et al. (2017) who re-
ported that the soaking of pulses in water resulted
in a marginally decreasing in phytates when they
reviewed the effect of processing on a number of
anti-nutritional factors in a range of pulses. This
reduction might be depending on the elongation
of soaking time.

The results of phytic acid content of taro corm
chips soaked for 60 min in solutions of different
calcium salts are given in Table (6). It was obvi-
ous that no significant differences could be traced
among all salts examined here, with calcium chlo-
ride being the only exception. This was true for all
concentration of the latter salt. The treatment of
calcium chloride at concentration 5% had the great-
est effect. This treatment helped to decrease phytic
acid content from 161.16 to 133.68 mg/100g DM.

The current data are in agreement with those of
Ford, et al. (1978) who concluded that by chang-
ing both the concentration of calcium chloride
and the pH of soybean flour, phytic acid content
decreased and mineral elements were more avail-
able. These results also revealed that phytic
acid decreased to 10- 90% and thereby zinc bio-
availability increased from 10 to 90% and calcium
concentration was doubled than that of original
starting soybeans flour.

Table 5: Effect of soaking taro corm chips in solutions of different calcium salts for 30 minutes

on phytic acid content (mg/100g DM).

Concentration of Calcium carbonate

Calcium salts (%)

Calcium chloride

Calcium sulphate  Concentrations (mean)

0 160.96* 160.96# 160.96# 160.96A

1 160.92» 159.44¢20 160.93= 160.43AB
3 160.922 154.890 157.92:0 157.91B
5 160.91» 144.28¢ 156.41% 153.87C
Treatments (means) 160.93A 154.89C 159.05B

* Values followed by different capital letters within row or column are significantly different at (P<0.05) among
calcium salts types and concentrations of (0, 1, 3, 5%) respectively, while values with different superscript small
letters within all table show significant differences interaction at (P<0.05) among all treatments.

Each value was an average of three determinations + standard deviation.
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Table 6: Effect of soaking taro corm chips in solutions of different calcium salts for 60 minutes on

phytic acid content (mg/100g DM).

Concentration of  Calcium carbonate  Calcium chloride Calcium sulphate Concentrations
Calcium salts (%) (means)
0 160.88 160.882 160.882 160.88A
1 160.852 154.89° 159.432 159.39AB
3 160.852 148.83¢ 159.3220 156.33B
5 160.8442 133.684 154.85> 149.79C
Treatments (means) 160.86A 149.57C 158.62A

* Values followed by different capital letters within row or column are significantly different at (P<0.05) among cal-
cium salts types and concentrations of (0, 1, 3, 5%) respectively, while values with different superscript small
letters within all table show significant differences interaction at(P<0.05) among all treatments.

Each value was an average of three determinations + standard deviation.

Moreover, Han & Anderson (1975) concluded
that washing by using water or 1N HCI at tempera-
ture 25-50°C and pH 3.7-5.6 and soaking time (1-4
hr) could easily remove more than 50% of phytic
acid content in cottonseed and soybean. Moreover,
it was also found that size particle of seed meals
had minor impact on levels of phytate removed.

Using 5% concentration of calcium chloride
salt was more effective on decreasing phytic acid
content. The reducing apparent in phytate level
may be partly due either to phytate bound with
other components or may be due to decrease the
pH of taro corm chips that may activate internal
phytase or degradation of phytic acid.

CONCLUSION

In conclusion, the present study suggests that
to reduce the anti-nutritional factors of taro corm
chips such as soluble oxalate and phytic acid, it
should be soaked in calcium salts solutions. The
soaking in calcium chloride solution (5%) for 60
minutes had the greatest effect. So, this treatment
is very important for decreasing expected kidney
stones risks, also improving bioavailability of min-
erals in case of using taro chips as replacer for
potato chips or for preparing instant infants foods.
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