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Abstract: This study was carried out to determine the mineral and antinutrient content of fermented
millet-pumpkin leaves composite flour extruded snacks. Pearl millet grains were carefully sorted to
remove unwanted materials, washed and soaked and allowed to ferment for 24 h and 48 h, it was finally
dried in an oven dryer and the dried grains were milled using a laboratory hammer mill. Calcium,
potassium, phosphorus and iron ranged from 42.71 to 116.58 mg/100g, 138.72 to 218.76 mg/100g,
110.36 to 170.80 mg/100g, 62.51 to 78.67mg/100g for 24 h fermentation time and 46.36 to 125.97
mg/100g, 153.15 to 255.94 mg/100g, 98.64 to 146.73 mg/100g and 74.77 to 90.22 mg/100g for 48 h
fermentation time, respectively. The interactive effect of fermented millet and pumpkin leave flour does
not have a significant (p>0.05) effect on the calcium, potassium and iron content at both 24 h and 48 h
fermentation time while it has a significant (p>0.05) effect on the trypsin inhibitor at 24 h fermentation
time. The solution process to the optimization of extruded snacks from fermented millet and pumpkin
leaves flour blends are 90% fermented millet flour and 10% pumpkin leaves flour and 87% fermented
millet flour and 13% pumpkin leaves flour at 24 h and 48 h fermentation time, respectively. Result shows
that fermentation and extrusion process could be used to enrich the nutritional potential of millet
extruded snacks.
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1. Introduction

Snacks are readily available small portion The most commonly consumed snacks are
of food that is eaten in between meals [1]. cereal-based, which are mostly low in
Basically, they are produced from nutrient. Micronutrient deficiency is the
ingredients in accordance with main contributor to children mortality and
predetermined plans to produce food morbidity [3]. Deficiency of iron is the most
products  with  specified  functional predominant micronutrient deficiencies and
properties. The consumption of snack is this problem is a concern to public health.

currently on the increase and this The immune system is weakened and it is
contributes to the calorie intake of prone to infection, retarded growth and
individuals [2]. Proper intake of healthy impaired cognitive [4]. As a result of high
snacks,  therefore, can aid the poverty level in Nigeria, especially in rural
supplementation nutrient requirements of areas, nutrient deficiencies are more
humans. common [5, 6]. In most developing

countries, children are fed on foods that are
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cereal based such as millet which is low in
micronutrients [7, 8]. Studies have shown
that cereals are high in anti-nutrients which
hinder the availability and absorption of
minerals [9]. In order to improve the value
of cereal based food, there is need to fortify
cereals with other food materials that are
rich in micronutrients.

Millet grains are gluten-free [10], and a
drought resistant crop, they are commonly
processed into flour in Nigeria and can be
utilized in the production of beverages,
snacks and weaning foods. However,
similar to other cereals, millet is deficient in
essential amino acids and also has high
level of anti-nutritional factors [11]. These
forms compounds with protein vitamin and
minerals thereby hindering the absorption
of nutrients in the body [12]. In the process
of fermentation, nutrients from the food are
utilized by microorganisms for their growth
and reproduction. The metabolic activities
of the microorganisms and enzymes present
cause changes in the food's chemical and
physical properties. The nutritional and
physical qualities of the food product in
question are impacted by the alterations
brought about by fermentation processes.
These activities result into unique flavour, a
longer shelf life and better nutrition.
Additionally, fermentation improves colour
and texture. Microbial fermentation results
in increased amounts of B vitamins and
mineral bioavailability, as well as better
protein and carbohydrate digestibility [13].
Addition of foods that are rich in
micronutrient such as pumpkin leaves is a
way of to address nutrient deficiency in
children [14].

Pumpkin is commonly grown in Nigeria
and belongs to the cucurbitaceous family,
[15]. Pumpkin is cultivated for its leaves
consumption by humans and for feed while
the seeds are regarded as waste [16]. Studies
shows that pumpkin leaves have good
nutritional quality and its incorporation into
regularly consumed snacks could have a
nutritional benefit in terms of minerals

availability [17]. Pumpkin leaves are a good
source of iron, carotene and ascorbic acid
[18]. Researchers have made efforts to
utilize pumpkin leaves flour in addressing
macronutrient deficiencies but not in the
deficiency of micronutrients. Although
pumpkin seed flour have been largely
exploited in bakery foods [19] but not much
attention has been given to its use in the
development  of  extruded  snacks.
Depending on the material used and
process, extruded products may go through
a variety of physicochemical and nutritional
changes. These changes include protein
denaturation, lipid oxidation, starch
gelatinization, cross-linking and
dextrinization, denaturation of enzymes,
browning, degradation of vitamin and
flavour formation. The qualities of the
finished product are result of all these
alterations and are also affected by the
processing conditions. Consequently, by
altering feed formulation and conditions on
the same equipment, extrusion technology
enables quick and effective conversion of
varied raw materials into numerous
appetizing food items [20]. Extrusion
processing has found use with a variety of
food groups, including fruits, vegetables,
fish and meat products, roots and tubers and
oil seeds. However, there is scarcity of
information on the mineral and
antinutritional properties of extruded
snacks from fermented pearl millet and
pumpkin leaves flour blends. The main
objective of the study is to determine the
mineral and antinutritional properties of
extruded snacks from fermented pearl
millet and pumpkin leaves flour blends.

2. Materials and Methods

Materials

Millet grains, fresh pumpkin leaves, sugar,
salt and milk powder were obtained from
Eleweran market, Abeokuta, Ogun state,
Nigeria.
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Production of fermented millet flour

The preparation of fermented millet flour
sample was done according to the method
described by [21]. The millet grains were
carefully sorted to remove any unwanted
materials. They were then rinsed with clean
water, allowed to ferment for 24 or 48
hours, and finally dried in an oven dryer
until all moisture had been removed. The
grains (dried) were milled into flour using a
laboratory hammer mill.

Preparation of pumpkin leaves flour

The preparation of pumpkin leaves flour
sample was done according to the method
described by [22]. Pumpkin leaves were
sorted, oven-dried at 60 °C for 5 h, milled
into powder using electric blender and
stored at low temperature until needed.

Formulation of fermented millet-pumpkin
leaves composite flour for extruded snacks
Using D-optimal mixture design, fermented
millet and pumpkin leaves were combined
at 100:0, 90:10, 97:3.0, 95.25:4.75,
93.50:6.50, 91.75:8.25, 97:3.0, 90:10,
97:3.0 and 93.50:6.50, respectively.

Production of extruded snacks from
fermented millet-pumpkin leaves composite
flour

The extruded snacks were produced
according to the method of [23]. 100 g of
flour samples and composite flour samples
were added to other ingredients (7.5%
sugar, 0.75% salt, 21% milk powder and 50
ml of hot water at 80-90°C). It was left for
2 min for uniform hydration. The extruder
used had a screw length per diameter of
16.43:1, a screw diameter of 18.5 mm, and
a length of 304 mm. Band heaters was used
to heat the barrel section. It was allowed to
operate at full speed with a constant
condition of barrel temperature (80°C),
screw speed (60 rpm) and feed moisture of
27% (wet basis). Extruded snacks were cut
into smaller pieces (2 cm length) and were
allowed to dry in a hot air oven (Genlab,
OV/ DIG, UK) at 60°C for 3 h to get the

fermented millet-pumpkin extruded snacks.
Immediately after extrusion, the snacks was
allowed to cool at ambient temperature, it
was packaged in high density polyethylene
bags, and stored.

Mineral composition of extruded snacks
from fermented millet-pumpkin leaves
composite flour

The mineral contents of the finely ground
extruded samples were determined as
described by [24]. The atomic absorption
spectrophotometer (712354) was used to
measure calcium, phosphorus, potassium,
and iron (Thermo Scientific S Series Model
712354). Under a fume hood, 0.5 grams of
extruded snack were weighed and placed
into a 125 mL Erlenmeyer flask, this was
followed by the addition of perchloric acid
(4 mL), concentrated HNO3 (25 mL), and
concentrated sulfuric acid (2 mL). In a
digester (Buchi Digestion unit K-424) at
low temperature, under a perchloric acid
fume hood, the contents were thoroughly
mixed and gently heated until fumes
appeared. The heat was sustained for 30
seconds followed by a cooling period and
the addition of 50 ml of distilled water.
Afterwards, the mixture was cooled,
filtered, and made up with distilled water in
a Pyrex volumetric flask. The solution was
then measured using an Atomic Absorption
Spectrophotometer.

Anti-nutritional properties of extruded
snacks from fermented millet-pumpkin
composite flour

Determination of tannin

For the determination of tannin content in
the extruded snacks, the method described
in [25] was used. 0.2 g of extruded snacks
sample was placed in a 50 mL beaker. For
an hour, 20 mL of methanol (50%) was
added, covered with paraffin and placed in
a water bath (77-80°C) with constant
stirring with a rod to avoid lumping. A
double-layered Whatman No.1 filter paper
was used to filter the extract quantitatively
into a volumetric flask (100 mL) and 50%
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methanol was used to rinse it. To make it
up, distiller's water was added, and it was
thoroughly stirred. In a volumetric flask (50
mL), extract (1 mL) was pipetted into Folin-
Denis reagent, 2.5 mL of distilled water,
and 17% Na2C03 (10 mL) were then added
and mixed thoroughly. After mixing
thoroughly, the mixture was left for another
20 minutes for blue-green coloration to
develop. The absorbance of the tannic acid
standard solutions and that of sample were
read after the development of colour on a
21D Spectrophotometer at A = 760 nm.

Determination of trypsin inhibitor activity
1 g of extruded snacks was extracted with
50 ml of 0.01N NaOH for an hour, and the
pH was determined. The suspension was
mixed with distilled water to a point where
1 ml produces trypsin inhibition of 40 to
60%. In addition, 2 ml of trypsin solution
was added to the test tube, the tubes were
placed in a water bath (37°C) for 10
minutes, and 1 ml of 30% acetic acid was
added and mixed thoroughly. The contents
were filtered with Whatman No. 3 and
absorbance  was  measured using
spectrophotometer at A=410 nm against a
blank reagent.

Determination of total phenol

Using a mortar and pestle, 10 ml of ethanol
(80%) was mixed with one gram of
extruded snacks flour. For 20 minutes, it
was centrifuged at 10000 rpm. The
supernatant was stored and the residue was
extracted again with 10 ml of ethanol
(80%). After evaporating the supernatants
to dryness, the residue was dissolved in 5 ml
of distilled water. Different quantities of
samples (0.2-2ml) were taken in the test
tubes. VVolume of each test tube was made
to 3 ml with distilled water. To each test
tube, 0.5 ml of Folin Ciocalteu reagent was
added, followed by 2 ml of sodium
carbonate (20%) after 3 minutes. After
thoroughly mixing the contents of the test
tube, the contents were placed in a boiling

water bath for 1 minute. It was allowed to
cool, and the absorbance were measured at
A= 650 nm against a blank reagent.

Determination of phytate

A sample of finely ground extruded snacks
(2g) was soaked in 20 ml of HCI (0.2 N) for
3 hours and then filtered. A solution of
ferric ammonium sulphate (1 ml) was
mixed with the filtrate after filtration (0.5
ml). After boiling for 30 minutes, cooling,
and centrifuging at 3000 rpm for 15 min, a
supernatant volume of 1 ml was added to a
2, 2-pyridine solution of 1.5 ml and the
absorbance was read with the aid of a
spectrophotometer at A= 650 nm against a
blank reagent.

Statistical analysis

Data obtained were analysed using SPSS
version 21.0 and Duncan multiple range
tests were used to evaluate the differences
between mean values at p<0.05. A design
expert version (8.0) was used to evaluate the
effects of the optimization procedure and at
5% confidence levels, significant effects
were detected.

3. Results and Discussion

Mineral composition of extruded snacks
from fermented millet- pumpkin leaves
composite flour

The mean value and the interactive effect of
the mineral composition of the extruded
snacks produced from fermented millet and
pumpkin leaves composite flour blends is
presented in Table 1 and 3. Calcium content
ranged from 42.71 mg/100g to 116.58
mg/100g and 46.36mg/100g to 125.97
mg/100g for 24h and 48h fermentation
time, respectively. Extruded snacks from
fermented millet of 100% had the least
calcium content while extruded snacks from
fermented millet of 91.75% and pumpkin
leaves of 8.25% had the highest value for all
the minerals. The interactive effect of
fermented millet- pumpkin leaves does not
have a significant (p>0.05) effect on the
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calcium content at both 24 h and 48 h minerals composition. Also, it could be due
fermentation time. It was observed that as to high extrusion temperature resulting in
the pumpkin leaves flour increases the increase in amount of minerals in extruded
calcium content increases which could be as products [26].

a result of leafy vegetable that is rich in

Table 1
Mineral Composition of Extruded Snacks from Fermented Millet-Pumpkin Leaves Flour at 24 h
Fermentation Time

FM PF Calcium Potassium Phosphorus Iron

(%) (%) (mg/100g) (mg/100g) (mg/100g) (mg/100g)

100 0.00 42,712 138.722 110.36? 62.512
90.00 10.00 94.70° 196.50° 126.24° 71.34°
97.00 3.00 109.74¢ 200.90¢ 131.39¢ 73.27¢
95.25 4.75 114.70¢ 204.47¢ 137.544 75.36¢
93.50 6.50 114.73¢ 216.75° 137.75¢ 76.11°
91.75 8.25 116.58¢ 218.76f 130.80¢ 78.67°
97.00 3.00 109.73¢ 201.90¢ 131.39¢ 73.27¢
90.00 10.00 94.95P 196.72° 126.74° 71.31°
97.00 3.00 109.54¢ 200.95¢ 131.19¢ 72.87°
93.50 6.50 114.984 215.95 137.55¢ 76.15¢

Mean values with different superscripts within the same column are significantly different (p <0.05); FM- Fermented millet,
PF- Pumpkin flour

Table 2
Regression Coefficient of Mineral Composition of Extruded Snacks from Fermented Millet-Pumpkin
Leaves Flour at 24 h Fermentation Time

Parameter Calcium Potassium Phosphorus Iron
A 115.99 218.90 132.63 78.62
B 100.54 187.97 122.57 71.89
AB -54.66 -61.33 18.98* -13.99
F-value 0.57 2.04 1.07 2.24
R? 0.5604 0.4053 0.5636 0.4274

*Significant at (p<0.05): A- Fermented millet flour, B- Pumpkin leaves flour, AB- Interaction effects of fermented millet and
pumpkin leaves flour, R?- Coefficient of determination

Table 3
Mineral Composition of Extruded Snacks from Fermented Millet-Pumpkin Leaves Flour at 48 h
Fermentation Time

FM PF Calcium Potassium Phosphorus Iron

(%) (%) (mg/100g) (mg/1009) (mg/100g) (mg/1009)

100 0.00 46.36° 153.152 98.642 74,772
90.00 10.00 94.81° 212.71° 108.62° 75.96°
97.00 3.00 109.12¢ 229.59¢ 118.23¢ 80.67"
95.25 4,75 114.304 231.04¢ 118.65¢ 85.48°
93.50 6.50 116.314 242.07¢ 126.70° 88.48%
91.75 8.25 125.97f 255.94f 146.73f 90.22¢
97.00 3.00 108.12°¢ 229.59¢ 118.10° 80.77°
90.00 10.00 94.69° 213.71° 108.42° 75.982
97.00 3.00 109.52¢ 230.59¢ 117.23° 80.57"
93.50 6.50 115.66° 241.07¢ 126.70° 88.48%

Mean values with different superscripts within the same column are significantly different (p <0.05); FM- Fermented millet,
PF- Pumpkin flour
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Table 4

Regression Coefficient of Mineral Composition of Extruded Snacks from Fermented Millet-Pumpkin
Leaves Flour at 28 h Fermentation Time

Parameter Calcium Potassium Phosphorus Iron
A 115.42 257.64 110.32 80.67
B 100.54 202.65 122.69 74.97
AB -52.06 -42.51 -10.68* -1.22
F-value 0.60 3.13 1.26 2.28
R? 0.1662 0.5110 0.2955 0.4321

*Significant at (p<0.05): A- Fermented millet flour, B- Pumpkin leaves flour, AB- Interaction effects of fermented millet and

pumpkin leaves flour, R?- Coefficient of determination

It was observed that the calcium content of
extruded snacks from fermented millet of
91.75% and pumpkin leaves of 8.25% was
higher than the value (52.95 mg/100gQ)
reported by [27].This could be as a result of
location where the sample was cultivated,
since genetic and environment have effect
on nutrient composition of plant [27].
Potassium content ranged from
138.72mg/100g to 218.76 mg/100g and 153
mg/100g for 24 h and 48 h 255.94 mg/100g
for 24 h and 48 h fermentation time
respectively. The interactive effect of
fermented millet and pumpkin leave flour
does not have a significant (p>0.05) effect
on the potassium content at both 24 h and
48 h fermentation time. Phosphorus content
ranged from 110.36 mg/100g to 137.75
mg/100g and 98.64 mg/100g to 146.73
mg/100g for 24 h and 48 h fermentation
time, respectively. The interactive effect of
fermented millet- pumpkin leaves flour has
a significant (p<0.05) effect on the
phosphorus content at both 24 h and 48 h
fermentation time (Table 3 and 4).This
could be as a result of minerals being heat
stable and most likely not affected during
extrusion cooking. Iron content ranged
from 62.51 mg/100g to 78.67 mg/100g and
74.77 to 90.22 mg/100g for 24 h and 48 h,
respectively. The interactive effect of
fermented millet- pumpkin leaves flour
does not have a significant (p>0.05) effect
on the iron content at both 24 h and 48 h
fermentation time. The value of iron content
is higher when compared with the value
(4.68 mg/100g) reported by [23].

This indicates the presence of pumpkin
leaves which is rich in iron content. Iron is
needed in the body for haemoglobin and
myoglobin synthesis which are the carriers
of oxygen in the blood. It was also noticed
that the entire mineral except phosphorus
increased with increase in fermentation
time which confirms that fermentation
reduces chelating agents thereby promoting
mineral availability [28].

Anti-nutritional properties of extruded
snacks produced from fermented millet and
pumpkin leaves composite flour

Anti-nutritional factors are regarded as
compounds that unfavourably affect
bioavailability,  digestion,  utilization
nutritional potential of a food material [29].
The mean value and the interactive effect of
the antinutritional composition of the
extruded snacks produced from fermented
millet and pumpkin leaves composite flour
blends is presented in Table 5 and 6. Tannin
content ranged from 1.102 to 3.1119% and
0.552% to 2.059 % for 24 h and 48 h,
respectively. The interactive effect of FMF
and PF had no significant (p<0.05) effect of
the tannin content at 24 h and 48 h
fermentation time. The tannin content of
fermented millet of 91.75% and pumpkin
leaves of 8.25% (3.119% and 2.059%) were
low compared to the value (9.52%) reported
by [29]. Tannin has an astringent taste and
is important in the healing of wound. As the
fermentation time increases, the tannin
content decreases and this could be as a
result of increased in fermentation time, as
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fermentation has the potential to reduce
tannin content in cereals.

Trypsin inhibitor affects protein digestion
adversely by inhibition of proteolytic
enzymes. Trypsin inhibitor content of the
extruded snacks ranged from 0.029 to
0.025% and 0.012 to 0.025% for 24 and 48
h fermentation time, respectively. The
result shows as the pumpkin leaves
proportion increases, the trypsin inhibitor
content decreases. This result is relatively
lower compared to that of yellow maize and
soy bean flour blends (0.06%) reported by
[30]. The interaction of fermented millet
flour and the pumpkin leave blend on
trypsin inhibitor content of the extruded
snacks produced from fermented millet
grains and pumpkin leaves have a negative

significance (p < 0.05) effect for 24 hours
of fermentation. Trypsin inhibitor is highly
sensitive to heat and may be affected with
application of heat. The phenolic content of
the extrudates ranged from 0.055 to 0.098%
and 0.043 to 0.088% for both 24 and 48
hours of fermentation, respectively. The
regression coefficient for phenolic content
has the coefficient of determination (R?) of
0.7714 and 0.8574 for 24 and 48 hours,
respectively. It was observed that as the
pumpkin leaves flour increases, the
phenolic content decreases for 24 hours of
fermentation. However, as the proportion of
pumpkin leaves flour increases, the
phenolic content decreases for 48 hours
fermentation time.

Table 5

Anti-nutritional properties of extruded snacks from fermented millet and pumpkin leaves composite flour
blends at 24 h fermentation time

FM PF Tannin Trypsin Phenolic Phytate
(%) (%) (%) inhibitor (%) (%)
(%)

100 0.00 1.100? 0.031¢ 0.098f 0.044°
90.00 10.00 1.1022 0.030¢ 0.078P 0.041%
97.00 3.00 2.105° 0.028¢ 0.090¢ 0.041%
95.25 4.75 2.206° 0.028¢ 0.088¢ 0.033%
93.50 6.50 2.414° 0.027¢ 0.090¢ 0.032°
91.75 8.25 3.119¢ 0.027¢ 0.055? 0.0322
97.00 3.00 2.165° 0.025? 0.095¢ 0.041%
90.00 10.00 1.1022 0.026" 0.076° 0.040%
97.00 3.00 2.165° 0.025? 0.076° 0.041%
93.50 6.50 2.424° 0.029% 0.089% 0.032%

Mean values with different superscripts within the same column are significantly different (p <0.05); FM- Fermented millet,

PF- Pumpkin flour

Table 6

Regression Coefficient of Anti-nutritional Properties of Extruded Snacks from Fermented Millet and
Pumpkin Leaves Composite Flour at 24 h Fermentation Time

Parameter Tannin Trypsin Phenolic Phytate
Inhibitor
A 0.12 0.028 0.088 1.352x10°3
B 0.094 0.025 0.073 1.064x10°3
AB -0.011 -0.027* 6.088x1073 2.269x107
F-value 0.88 3.78 1.12 1.15
R? 0.8264 0.6578 0.7714 0.7771

*Significant at (p<0.05): A- Fermented millet flour, B- Pumpkin leaves flour, AB- Interaction effects of fermented millet and

pumpkin leaves flour, R?- Coefficient of determination.
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Table 7

Antinutritional Properties of Extruded Snacks from Fermented Millet and Pumpkin Leaves Composite
Flour at 48 h Fermentation Time

FM PF Tannin Trypsin Phenolic Phytate

(%) (%) (%) Inhibitor (%) (%)

100 0 0.5522 0.023¢ 0.088f 0.0042
90.00 10.00 1.054° 0.020¢ 0.067¢ 0.002°
97.00 3.00 1.054° 0.017% 0.059P 0.002¢
95.25 4.75 1.556¢ 0.017% 0.070¢ 0.0012
93.50 6.50 1.606° 0.016° 0.072¢ 0.002¢
91.75 8.25 2.059¢ 0.0122 0.0432 0.0012
97.00 3.00 1.064° 0.014° 0.058° 0.001¢
90.00 10.00 1.055° 0.021¢ 0.067¢ 0.002"
97.00 3.00 1.058° 0.015P 0.059P 0.002°
93.50 6.50 1.608¢ 0.015P 0.071¢ 0.001%

Mean values with different superscripts within the same column are significantly different (p <0.05); FM- Fermented millet,

PF- Pumpkin flour

Table 8

Regression Coefficient of Antinutritional Properties of Extruded Snacks from Fermented Millet and
Pumpkin Leaves Composite Flour at 48 h Fermentation Time

Parameter Tannin Trypsin Phenolic Phytate
Inhibitor
A 0.11 0.024 0.060 5.470x1073
B 0.088 0.020 0.062 2.123x10°3
AB -0.091 -0.018 0.016 -0.011
F-value 0.64 3.60 0.18 4.06
R? 0.5480 0.6454 0.8574 0.6748

*Significant at (p<0.05): A- Fermented millet flour, B- Pumpkin leaves flour, AB- Interaction effects of fermented millet and

pumpkin leaves flour, R?- Coefficient of determination

Recent reports have shown that phenolic
compounds are antioxidants that can serve
as protection to human body against free
radicals, and this formation results from
metabolism of the cells [31]. The phytate
content of the extruded product ranged from
0.032% to 0.044% and 0.001 to 0.004% for
both 24 and 48 hours of fermentation,
respectively. From the regression table, the
regression coefficient obtained showed the
quadratic model developed for phytic
content has the coefficient of determination
(R?) of 0.7771 and 0.6748 for 24 and 48
hours of fermentation, respectively. There
were no significant (p > 0.05) difference in
the phytate content of the extrudates for
both 24 and 48 hours of fermentation,
respectively. From the nutrition standpoint,
phytic acid is considered as an anti-
nutritional compound because it prevents
the bioavailability of minerals, but on the

other hand it provides resistance to the grain
during storage against the bruchid beetle. It
was observed that as the pumpkin leaves
blend proportion increases, the phytate
content decreases for both 24- and 48-hours
fermentation periods, respectively. In this
study, the decrease in content of the
antinutritional composition of the extruded
snacks may largely be caused by the action
of leaching during fermentation and by
extrusion process which has been
previously reported. These results are
similar to previous findings of [23] who
observed significant reduction in the
amount of anti-nutrients for lentil split
extrusion.

Optimization process of extruded snacks
from fermented millet and pumpkin leaves
composite flour
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The extruded snacks were optimized based
on some quality parameters to extruded
snacks. Calcium, potassium, phosphorus,
iron, tannin, trypsin inhibitor, phenolic and
phytate were quality parameter studied in
this work and were also attributes based on
desirability concept as well and this serves
as the constraints to the optimization
process. Calcium, phosphorus, potassium
and iron were maximized while tannin,
phenolic, trypsin inhibitor and phytate were
set at none. The solution to the optimized
extruded snacks from fermented millet and
pumpkin leaves composite flour showed
desirability of 0.74 and 0.7 9 for 24 and 48
h fermentation (Table 9).

4. Conclusions

Extruded snacks from fermented millet and
pumpkin leaves flour had a desirable
mineral ~ composition and  reduced
antinutritional properties. However, the
optimized solution of extruded snacks from
fermented millet-pumpkin leaves flour for
24 and 48h were 0.74 and 0.79 respectively.
Further studies should be carried out on the
sensory and storage stability of the extruded
snacks.

Table 9

Solution Process to the Optimization of Extruded Snacks from Fermented Millet-Pumpkin Leaves Flour

Time Ca K P Fe Tl Phenolic Phytate Desirability
(h)

24 11473 21876 170.80 76.15 0.02 0.05 0.03 0.74

48 125.97  242.07 146.73 90.22 0.12 0.04 0.01 0.79

Ca-Calcium, K-Potassium, P-Phosphorus, Fe- Iron, TI- Trypsin inhibitor
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