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Modification processes can change the physicochemical and structural properties of
native starch, thereby increasing its industrial applications. Finger millet starch (FMS)
was modified with casava starch (CS), guar gum (GG) and xanthan gum (XG) modifiers
at the ratios of 95:5%, 90:10%, 80:20% and 75: 25%, for each of the modifier. The
proximate and mineral compositions of the modified starch were determined using
standard methods. Atomic absorption spectrometry method was used to quantify the
mineral contents of the modified starch. Proximate contents of the modified FMS starch
varied according to the type of the modifier and FMS/modifier ratios. Concentrations of
carbohydrate in CS (66.97+0.03%), GG (64.42+0.05%) and XG (64.64 + 0.01%) FMS
modified starches were highest at 10%, 25% and 5% of the modifier contents repectively.
The highest levels of fat in GG (8.91£0.02%), XG (7.89+0.01) and ash (3.55+£0.02%) in
CS modified starches were recorded when the quantity of the modifiers were increased to
25%. Fatty acid levels in the modified starches varied in the order of XG (7.74+0.03%) at
20% > GG (7.13£0.02%) at 25% > CS (5.14+0.20%) at 10%. At 25% modifier contents,
levels of mineral element were highest in the modified CS and GG starches.
Modifications decreased Mg, Mn, Fe, Zn, and Cu contents, while the concentrations Na,
K, Ca and P increased. The modified starches can be used for production of some foods

for specific health purposes.

Introduction

Starch, a long chain carbohydrate, is the food of many
plants that is found in potatoes, wheat, rice and other
foods, and differ in appearance depending on its source
(Abbas et al., 2012; Alcazar-Alay and Meireles, 2015).
Starch consist of a large number of the polymers amylose
and amylopectin units joined together by glycosidic bonds
(Perez and Bertoft, 2010).

Native starch has limited uses in the food industry, as
it produces weak-bodied, cohesive, rubbery paste when
heated and undesirable gel when cooled. It also shows
strong  tendency  towards  decomposition  and
retrogradation, and becomes unstable with changes in
temperature, pH and shear forces (Berski et al., 2011).
Native starches are often modified to improve specific
properties such as solubility, texture, adhesion and
tolerance to the heating temperature used in industrial
processes (Miyazaki et al., 2006; Sweedman et al., 2013;
Alcazar-Alay and Meireles, 2015).

Modified starches have been produced with a variety
of characteristics and applications using physical,
chemical and enzymatic methods. The techniques alter the
starch polymer, making it highly flexible and changing its
physicochemical properties and structural attributes to
increase its value for food and non-food industries (Lopez
et al., 2010). Physical methods, however, involve the use
of heat and moisture, while chemical modifications

involve the introduction of functional groups into the
starch molecule using derivatization reactions (e.g.,
etherification, esterification, crosslinking) or involve
breakdown reactions (e.g., hydrolysis and oxidation)
(Singh et al., 2007). Chemical modifications generate
significant changes in retrogradation and paste properties
(Lopez et al., 2010; Yousif et al., 2012; Sweedman et al.,
2013; Yadav et al., 2013). Starch molecules from
different origins could interact to produce attributes
unique to the starch blends (Eun et al., 2009). The
transformation of starch during manufacturing depends on
the temperature and mixture ratio during processing
(Londe-Petit et al., 2001).

Nutritional quality of food, including mineral element
contents, are affected by modification processes. Minerals
are inorganic substances found in body tissues and fluids,
and help in the maintenance of certain physicochemical
processes which are essential to life (Soetan et al., 2010).
The body requires different amounts of each mineral,
which depends on their age, sex, physiological state (e.g.
pregnancy) and sometimes their state of health.

Minerals are involved in the formation of bones and
teeth, and are components of enzyme systems which are
involve in normal nerve function. Calcium, for instance,
is required in large quantity for building and maintenance
of bone, and normal function of nerves and muscles. Iron
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is an important component of the cytochromes that
function in cellular respiration. Magnesium, copper, zinc,
iron, and manganese are important co-factors found in the
structure of certain enzymes and are necessary for some
biochemical reactions (Zamberlin et al., 2012). Sodium
and potassium, among other minerals, are important in the
maintenance of osmotic balance between cells and the
interstitial fluid. However, excessive intake of some
minerals can upset homeostatic balance and cause toxic
effects. Excess sodium intake is associated with high
blood pressure and excess iron can cause liver damage
(Gergely et al., 2014).

Different studies (Singh and Srivastava, 2006; Chetan
and Malleshi, 2007; Shashi et al., 2007; Bwai et al., 2014)
have been carried out on starches. Functional properties
of FMS modified with different starches have been
reported by Tukura et al. (2016). However, information
on the proximate and mineral contents of the starches are
scarce, therefore, the research was carried out to
determine these contents in the modified FMS starches.

Materials and Methods

Sample Collection

Finger millet grain starch (5kg) and 1 kg each of CS,
GG, XG starch modifiers (Bigman, UK) were bought
from a supermarket in Keffi, Nasarawa state, Nigeria, and
stored for further preparation.

Sample Preparation

The method of Sira and Amaiz (2004) was adopted for
the preparation of the samples. The finger millet grains (5
kg) were washed with potable water and steeped for 24
hours in 0.25% sodium hydroxide solution in 10 litres of
potable water. The steeped grains were washed and then
ground using a Philips blender. Water (5 litres) was added
to the paste and screened using 80 um mesh sieve and
then centrifuged. The top brown layer was decanted and
the excess sodium hydroxide was removed by washing
with 5 litres of distilled water four times, until the pH of
the starch slurry, tested with litmus paper, was almost
neutral. The slurry was then dried overnight in an oven at
45°C, cooled and stored in an airtight plastic container.

Modification of Finger millet starch

Modification was carried out by blending finger millet
starch with the different modifiers (CS, XG, and GG) at
the ratios of 95: 5, 90: 10, 80:20 and 75:25 g for each. The
finger millet and modifiers were then thoroughly mixed
using a Hobart mixer (Hobart legacy, HL 200, Canada),
and stored in air tight plastic bags for analysis.

Proximate Analysis

Proximate analyses of the modified samples were
carried out in replicate according to AOAC (2000), while
carbohydrate was calculated by difference (Mathanghi
and Sudha, 2012; Okibe et al., 2016):

Carbohydrate (%) = 100 — (% moisture + % protein +
% crude fat + % extract + % ash).

Calculated fatty acid and metabolizable energy were
determined using the formulae (Mathanghi and Sudha,
2012) below:

Fatty acid = 0.8 X crude fat
conversion factor for millets, and

Calculated as metabolizable energy (Kj/100g) =
(protein x 17 + fat x 37 + carbohydrate x 17).

where 0.8 is the

Mineral Element Analysis

The modified and control starch samples were dry-
ashed at 555°C to a constant weight. Two drops of
concentrated nitric acid were added and then made up to
mark with distilled water in 100 cm® volumetric flask.
The levels of mineral elements were determined using
atomic absorption spectrophotometer  (Perkin-Elmer
Model 403, Norwalk, CT, USA). Sodium and potassium
were determined using a flame photometer (Model 403,
Corning, UK), with NaCl and KCI solutions as standards.
Phosphorus was also determined colorimetrically with the
aid of spectronic 20 (Gallen Kamp, UK) as described by
Pearson (1976), using KH,PO, as the standard. All
chemicals used were of analytical grades.

Statistical Analysis

The data were subjected to simple statistical
techniques such as mean and standard deviation (SD).
Coefficient of variation (CV) and one way analysis of
variance (ANOVA) was also carried out.

Results and Discussion

Proximate Composition

The proximate contents of CS modified starches are
presented in Table 1. The highest levels of proteins (9.66
+ 0.03%) and fat (6.56 + 0.01%) were recorded in 25 and
20% CS modified satrches respectively. Crude fiber levels
decreased when the modifier content was varied from 5 to
25%. The highest moisture level (9.24 = 0.02%) was
recorded in the 10% CS modified starch, while the
concentrations of ash (3.55 + 0.02%) and carbohydrate
(67.23 + 0.06%) were highest in starch modified with
25% and 5% CS respectively. Fatty acid and
metabolizable energy did not adhered to any specific
trend when the modifier contents were varied. Proximate
contents of the modified starches varied in decreasing
order of carbohydrate > moisture content > protein > fat >
crude fibere > fatty acid > ash.

Proximate analysis of modified GG starches (Table 2)
show that the level of protein increased when the quantity
of GG was increased from 5 to 20%, but decreased when
GG content was raised to 25%. The levels of fat and crude
fiber increased with increasing FMS/GG ratios. The
highest levels of moisture (8.89 + 0.01%) and ash (2.88 +
0.02%) were recorded in 10 and 20% GG modified
starches respectively. 25% recorded the highest level of
carbohydrate, while the lowest value (63.13 + 0.02%) was
obtianed in the 20% GG modified starch. Proximate
composition varied in the order of carbohydrate > protein
> fat > moisture > fatty acid > crude fiber > ash.
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Table 1 Proximate composition (%) of CS modified finger millet starch

Parameters FMS: CS ratios (%)
95:5 90:10 80:20 75:25 Mean + SD CV(%)
Protein (%) 8.61+0.02 8.95+0.04  8.92+0.01  9.66+0.03 9.04+0.44 4.87
Fat (%) 6.16+0.02 6.42+0.01 6.56+0.01 6.18+0.02 6.33+0.02 3.16
Crude fibre (%) 5.61+0.02 5.25+0.04  5.13£0.02  4.92+0.05 5.23+0.03 5.74
Moisture (%) 9.12+0.05 9.24+0.02  9.13£0.01  9.11+0.01 9.15+0.06 0.66
Ash (%) 3.2540.01 3.16£0.02  3.22+0.04  3.55+0.02 3.30+0.17 5.15
Carbohydrate (%) 67.23£0.06  66.97+0.03 67.03£0.02 66.58+0.01 66.95+0.28 0.43
Fatty acid (%) 4.93+0.01 5.14+£0.02  5.25+0.05  4.93+£0.04 5.07+0.36 7.10
Metabolizable energy (Kj/100g) 1585+0.02  1528+£0.01  1534+0.03  1543+0.02  1543+25.87 1.68
FMS: Finger millet starch,*Values within the same row are not significantly different (P<0.05)
Table 2 Proximate composition (%) of GG modified finger millet starch*
Parameters FMS: GG ratios (%)
95:5 90:10 80:20 75:25 Mean£SD  CV(%)
Protein (%) 10.16+£0.04 10.56+0.01 10.60+0.03 9.61+0.01 10.23+0.46 4.50
Fat (%) 8.66+0.06  8.68+0.04 8.88+0.02 8.91+0.02 8.78+0.13 1.48
Crude fibre (%) 5.66+0.01 5.65+0.09 5.77+0.01 5.79+0.03 5.72+0.07 1.22
Moisture (%) 8.56+8.88 8.89+0.01 8.73£0.02 8.62+0.02 8.70+£0.14 1.61
Ash (%) 2.62+0.03  2.76+0.02 2.88+0.02 2.37+0.01 2.73+0.11 4.03
Carbohydrate (%) 64.33+0.01 63.46+0.06 63.13+0.02 64.42+0.05  63.80+0.64 1.00
Fatty acid (%) 6.93+£0.04  6.94+0.01 5.22+0.02 7.13£0.02 7.03£0.10 1.42
Metabolizable energy (Kj/100g) | 1589+0.01  1580+0.03 1582+0.02 1589+0.01 1585+4.95 0.31
FMS: Finger millet starch, *Values within the same row are not significantly different (P<0.05)
Table 3 Proximate composition (%) of XG modified finger millet starch*
Parameter FMS: XG ratios (%)
95:5 90:10 80:20 75:25 Mean+SD  CV(%)
Protein (%) 9.61+0.01 9.65+0.02 9.67+0.03 9.66+0.01 9.65+0.02 0.21
Fat (%) 7.50+0.02 7.85+0.03 7.89+0.01 7.89+0.04 7.78+0.17 2.19
Crude fibre (%) 6.14+0.01 6.224+0.01 6.76+0.04 6.85+0.05 6.60+0.32 4.85
Moisture (%) 8.91+0.01 8.09+0.05 8.99+0.02 9.61+0.04 9.26+0.36 3.89
Ash (%) 3.204£0.02 3.22+0.01 3.33+0.01 3.40+0.07 3.29+0.08 2.43
Carbohydrate (%) 64.64+0.01  63.09+£0.05  63.36+0.02  62.57+0.01 63.42+0.88 1.39
Fatty acid (%) 7.69+0.02 7.72+0.01 7.74+0.03 7.73£0.03 7.7240.02 0.38
Matabolizable energy (Kj/100g) | 1540+0.01 1527+0.02 1533+0.03 1520+0.01 1530+8.44 0.26

FMS: Finger millet starch, *Values within the same row are not significantly different (P<0.05)

Proximate levels in XG modified FMS (Table 3) show
that sodium and potassium increased as the the quantity of
the modifier was increased from 5 to 20%. Crude fiber
level aslo increased with increasing modifier content. The
highest levels of moisture (9.61 + 0.04%) and ash (3.40 +
0.07%) were both contained in the 25% XG modified
starch. 5% XG modified starch had the highest
concentration (64.64 + 0.01%) of carbohydrate. Fatty acid
increased from the 5 to 20% XG modified satrch. The
proximate levels in the modified straches were relatively
lower than in the maize starch (MS) and unmodified FMS
(Table 4) which were used as controls. The trend may be
attributed to the modification processes. In general the
proximate levels of the modified FMS were not
significantly different (P<0.05).

The protein content of the modified starches are in
agreement with the values reported by Bhatt et al. (2003),
but higher than the 5 — 8% reported by Chethan and
Malleshi (2007). Moisture content is an index of food
storage. The lower the moisture contents of flour, the
better its shelf stability and hence the quality (Suresh and

Sumsher, 2013). FMS modifed with 25% CS and GG
with the lowest moisture content will would have a longer
shelf life.The fat content was within the range reported by
Mahmut Sosulski (2004). The low fat content could be
one of the contributing factors for the extremely good
shelf life of the modified finger millet starch
(Nuwamanya et al., 2011). However, the crude fiber
contents were higher than the 1.3% reported by Saldivar
(2003). The relatively low moisture content of the
starches makes them easy to store at room temperature
and less prone to colonization by organism degradation as
reported for root, tuber and cereal starches (Muazu,
2011).

The ash content was higher than the 1.47 - 2.58%
reported by Singh et al. (2007) and 3% obtained by
Seetharam (2001). Ash content represents the total
mineral content in foods. High ash content signifies high
mineral content which is an indication of good quality of
the starches. The carbohydrate contents were higher than
the values (52.75 - 56.00%) reported by Gideon and Doss
(2002) but lower than the 70 - 76% reported by Obilana
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and Manyasa (2002) for Digitaria starch. The fatty acid
levels recorded for the modified starch were lower than
the 8.71% reported by Glew et al. (2005). The
metabolizable energy levels in this study were
comparable to the 1,520 kJ/100g in brown rice and 1,503
kJ/100g in maize as reported by Hulse et al. (1980).

Mineral Elements

Mineral element compositions in starches modified
with CS, GG and XG are presented in Tables 5 - 7. The
levels of mineral elements in CS modified satrches (Table
5) show that the 25% CS modfid starch contained the
highest levels of sodium (1.44 £ 0.04 mg/g) and calcium
(2.45 £ 0.05 mg/g). Concentrations of potassium and
magnesium increased as the levels of the CS modifier
were increased from 5 to 25%. The levels of phodphorus
also increased as the modifier content increases, except at
10% CS content. The highest concentrations of Mn (0.50
+ 0.01 mg/g) and Fe (0.21 £+ 0.01 mg/g) were recorded
when the level of the CS modifier was increased to 20%.
Increase in the levels of the CS modifier lead to
a corresponding increase in the concentrations of zinc and
copper. The ratios of Ca/P and Na/K followed a similar
trend.

Results for GG modified FMS starches (Table 6) show
that the highest level of sodium (1.34 + 0.01 mg/g) and
the lowest level of potassium (1.44 + 0.01 mg/g) were
recorded in FMS modified with 20 and 10% GG
respectively. The levels of calcium increased when the

guantity of GG was varied between 5 and 20%. The
highest level of phosphorus (3.21 + 0.03 mg/g) was
recorded in the 25% modified starch. Magnesium and
maganese levels increased with and increase in the levels
of the GG modifier. 20% GG modified starch had the
highest concentrations of Fe ( 0.21 + 0.01 mg/g), Zn (0.22
+ 0.01 mg/g) and Cu (0.34 + 0.02 mg/g). Concentrations
of phosphorus, calcium and magnesium were relatively
the highest, while zinc was the lowest. Na/K and Ca/P
ratios increased as the levels of GG modifier were varied
from 5 to 25%.

Concentrations of mineral elements in XG modified
FMS (Table 7) indicated that the levels of sodium (1. 55 +
0.01 mg/g) was highest in the 20% XG maodified starch,
while the levels of potassium (1.54 + 0.03 mg/g) and
phosphorus (4.20 = 0.01 mg/g) were highest in the 5%
XG modified starch. Concentrations of calcium (3.52 +
0.04 mg/g), magneium (2.67 = 0.01 mg/g) and copper
(0.25 + 0.06 mg/g) increased when the levels of XG was
increased to 25%. Ca/P and Na/K ratios varied according
to FMS/XG ratios. The levels of macrominerals varied in
the order of phosphorus > calcium > sodium, while that of
the trace minerals varied in decreasing order of zinc >
manganese > iron > copper. The levels of macroelements
and trace minerals, except for phosphorus and copper, in
the modified FMS starches were lower than in the FMS
but higher compared to MS, which were used as controls
(Table 8).

Table 4 Proximate composition (%)of maize starch (MS) and unmodified Finger millet starch (FMS) as controls

Parameters MS FMS
Protein 10.25 14.25
Fat 12.99 4.22
Crude fibre 6.67 6.66
Moisture 11.80 12.9
Ash 0.29 1.10
Carbohydrate 52.38 52.68
Fatty acid 8.21 11.38

Table 5 Mineral contents (mg/g) in CS modified finger millet starch*

Elements FMS: CS ratios (%)

95:5 90:10 80:20 75:25 Mean + SD CV (%)
Na 1.06+0.01 1.02+0.03 1.10+0.01 1.4440.04 1.1620.11 9.48
K 1.2240.03 1.30+0.02 1.42+0.03 1.44+0.02 1.35+0.07 5.18
Ca 2.14+0.01 2.12+0.04 2.41+0.06 2.45+0.05 0.41+0.01 7.49
P 3.51+0.02 3.21+0.03 3.40+0.06 3.15+0.01 3.32+0.17 5.12
Mg 2.89+0.04 3.16+0.01 3.23+0.03 3.33+0.02 3.15+0.19 6.03
Mn 0.44+0.02 0.35+0.04 0.50+0.01 0.35+0.03 0.41+0.01 17.07
Fe 0.12+0.06 0.20+0.03 0.21£0.01 0.19+0.05 0.21+0.04 19.05
Zn 0.11+0.04 0.22+0.03 0.22+0.06 0.23+0.03 0.20+0.06 30.00
Cu 0.31+0.01 0.33+0.07 0.34+0.02 0.34+0.04 0.33+0.01 3.03
Ca/P 0.61£0.03 0.67+0.04 0.7140.01 0.77+0.01 0.69+0.07 10.14
Na/K 0.86:+0.04 0.79+0.02 0.784+0.03 1.00+0.02 0.86+0.09 10.47
K/(Ca+Mg) 0.24+0.01 0.25+0.03 0.25+0.01 0.254+0.03 0.25+0.92 1.57

FMS: Finger millet starch, *Values within the same row are not significantly different (P<0.05)
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Table 6 Mineral contents (mg/g) in GG modified finger millet starch*

Element FMS: GG ratios (%)
95:05 90:10 80:20 75:25 Mean £ SD CV (%)
Na 1.25+0.01 1.2540.03 1.34+0.01 1.25+0.04 1.3240.10 7.55
K 1.52+0.01 1.44+0.01 1.50+0.04 1.52+0.06 1.50+0.04 2.67
Ca 2.89+0.02 2.99+0.04 3.14+0.01 3.10£0.02 3.02+0.01 3.63
P 3.08+0.04 3.10+0.02 2.70£0.05 3.21+0.03 3.02+0.28 9.27
Mg 2.154+0.03 2.23+0.02 2.44+0.01 2.49+0.01 2.33+0.06 6.87
Mn 0.41£0.02 0.44+0.03 0.45+0.01 0.46+0.02 0.44+0.02 4,52
Fe 0.41£0.04 0.41+0.01 0.45+0.01 0.43+0.03 0.43+0.02 4.69
Zn 0.24+0.06 0.24+0.03 0.27+0.01 0.31+0.01 0.27+0.03 11.32
Cu 0.19+0.04 0.18+0.02 0.24+0.01 0.22+0.03 0.21+0.03 14.56
Ca/P 0.93+0.06 0.97+0.03 1.29+0.05 1.25+0.02 1.11£0.03 2.70
Na/K 0.82+0.01 0.47+0.03 0.49+0.04 0.39+0.01 0.5440.04 7.41
K/(Cat+Mg) 0.30+0.03 0.28+0.05 0.26+0.02 0.27+0.01 0.28+0.02 7.14
FMS: Finger millet starch,*Values within the same row are not significantly different (P<0.05)
Table 7 Mineral contents (mg/g) in XG modified finger millet starch*
Element FMS : XG ratios (%)

95:05 90:10 80:20 75:25 Mean + SD CV (%)
Na 1.4540.01 1.51+0.03 1.55+0.01 1.50+0.04 1.52+0.01 3.30
K 1.54+0.03 1.44+0.02 1.45+0.06 1.47+0.03 1.47+0.04 2.71
Ca 3.26+0.02 3.12+0.01 3.46+0.01 3.52+0.04 3.34+0.08 5.39
P 4.20+0.01 4.10+0.03 3.90+0.05 4.00+0.04 4.05+0.12 2.96
Mg 2.55+0.02 2.33+0.05 2.61+0.03 2.67+0.01 2.54+0.05 5.90
Mn 0.32+0.01 0.33+0.04 0.32+0.01 0.33+0.03 0.33+0.09 27.27
Fe 0.24+0.02 0.33+0.04 0.36+0.07 0.37+0.03 0.33+0.06 18.40
Zn 0.36+0.04 0.36+0.06 0.36+0.01 0.35+0.01 0.36+5.06 1.48
Cu 0.20+0.01 0.12+0.03 0.18+0.02 0.25+0.06 0.16+0.05 26.74
Ca/P 0.78+0.01 0.76+0.02 0.88+0.05 0.88+0.02 0.83+0.06 7.23
Na/K 0.94+0.02 1.00+0.04 0.99+0.02 0.98+0.03 0.98+0.03 3.06
K/(Ca+Mg) 0.26+0.04 0.28+0.01 0.26+0.03 0.25+0.05 0.26+0.01 3.85

FMS: Finger millet starch,*Values within the same row are not significantly different (P<0.05)

Table 8 Mineral levels (mg/g) in maize starch (MS) and unmodified Finger millet starch (FMS) as controls

Element MS FMS
Na 1.11 2.32
K 1.25 19
Ca 141 3.16
P 2.49 2.1
Mg 4,12 4,12
Mn 0.32 0.57
Fe 0.11 0.64
Zn 0.13 0.55
Cu 0.29 0.11

Consumption of mineral elements in foods, either at
low or high concentration, has some health implications.
Calcium deficiency can lead to ricket, osteomalacia and
tooth decay (Bwai et al., 2014). Phosphorus is an
important mineral for energy production and is an
essential component of Adenosine Triphosphate (ATP),
the energy store of the body (Shashi et al., 2007). The
values in this study agreed with the result reported by
Muazu et al. (2011). GG modified starch recorded the
highest Ca/P (1.11) ratio, while the values for CS and XG
were below 1. GG modified starch, therefore, might be

considered to be the best (Babu et al., 2007). Na/K ratio
varied in the order of XG > CS > GG, with all values less
than 1. Sodium/potassium ratio of 0.60 is recommended
to balance blood electrolyte (Onyeraku, 2011). Values
less than 1 for the modified starch indicated that the starch
may have the capacity to control high blood pressure.
Variations in the levels of mineral elements in the
modified starches may be attributed to the different
processing method used and the separation of germ and
bran during milling (Alcazar-Alay and Meireles, 2015).
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Conclusion

Proximate and mineral compositions of the modified
FMSvaried according to the FMS/modifier ratios and the
type of modifier used. Carbohydrate content was highest
in 10% CS (66.97 £ 0.03%) and 5% XG (64.64 = 0.01%)
modified FMS. Modification increased fat, crude fibre,
ash and carbohydrate contents of the FMS starch.
Concentration of carbohydrate varied in the order of CS >
GG > XG. XG modified starch had the highest levels for
Na, Ca, P and Zn; Mn and Fe in GG; and Cu in CS.
Mineral levels of the modified starches were highest
when the modifier was increased to 25%, except for Na,
Fe and Cu. Composition of mineral elements, at all levels
of the modifier, decreased on modification, except for Ca,
and Cu. There were no significant differences (P<0.05) in
the proximate and mineral contents of the modified
starch, except for carbohydrate. The modified starches
may be considered as important raw materials in food
industries for wide applications.
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