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Abstract

The nutritional and microbiological qualities of pumpkin (Cucurbita pepo) seed composite flours were studied using
standard nutrient assessment and microbiological methods. Proximate and nutrient content analysis showed that
pumpkin (Cucurbita pepo) seed flour (PSF) had low moisture (6.48 +0.72%) and starch content (19.75 +2.47%) with
high ash (5.92 +0.81%), fat (33.12 +2.20%), fibre (7.24 +0.64%) and protein (27.05 +2.01%) contents over wheat flour
(WF1). Mineral and peroxide values were high in pumpkin seed flour (PSF) than wheat flour (WF1). The blended flours
(CF1-CF6) recorded higher mineral (mg/100 g) and peroxide (meg/kg) contents than wheat flour (WF1) - the control;
with CF6 (60% pumpkin) having the highest values (Ca-95.40+1.63, K-688.40+£2.91, Fe-6.76+0.05, Zn-10.61+1.06 and
peroxide - 3.24+0.02). Bacterial and fungal counts (CFU/g) of blended flours ranged from 2.83x103 £0.09- 3.15x103
+0.52 and 3.59x102+1.81- 3.92x102+1.12 respectively. WF1 flour recorded the highest bacterial and fungal counts while
CF6 recorded the least bacterial and fungal counts. Four (4) bacterial and three (3) fungal isolates were identified to
include Bacillus species, Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, and Penicillium species, Mucor
species, Aspergillus species respectively. Due to the high nutritional contents and reduced microbial counts of the
blends, inclusion of pumpkin seed flour in supplemented products should be encouraged so as to enhance nutritional
requirements and eradicate malnutrition among individuals especially infants and children.
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1. Introduction

Pumpkin (Cucurbita pepo) is a monoecious, annual plant of the Cucurbitaccae family. Pumpkin is botanically
classified as a fruit but widely regarded as a vegetable. Pumpkin and their seeds are native to America and various
species are found across the North, South and Central America. Pumpkin varies greatly in form, but is generally oblong
or ovoid in shape. The rind is smooth and varies in colour between cultivars. Some fruits are dark green, pale
green, orange-yellow, white, red or grey. Pumpkin seeds also known as pepitas are flat, dark green seeds encased in a
yellow-white husk [1].

The pumpkin seed contain substantial amounts of macro and micro minerals such as phosphorus, magnesium,
potassium, calcium, zinc, iron and sodium [2]. Micro constituents are required in much smaller amounts such as copper,
zinc, manganese, cobalt, and iron and are known as trace elements [3]. Minerals are important for enzymatic activities
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and normal physiological functions in the human body. In addition to protein, fat, and carbohydrates, the body requires
inorganic nutrients such as sodium, calcium, potassium, and phosphorus in available form [4].

According to [1] and [5], pumpkin seed is a good source of essential fatty acids. [1] also showed that Curcubita
pepo seeds are rich in oil with the oil containing four dominant fatly acids which are palmitic, stearic, oleic, and
linoleic. This high fat content reduces microbial deterioration, which enhances shelf life stability of the products [5].

Although still not widely used in the food industry, pumpkin is consumed in homes worldwide in dishes such as
pumpkin bread, soup, pie, etc. The fruits are consumed as vegetable or dessert and seeds as nuts and to a lesser extent
as cooking oil [7]. In Eastern Nigeria, pumpkin is mainly grown for leaves, and edible pulp. The seeds are less
utilized but occasionally are used as snacks after roasting. Hence the seeds are discarded, leaving some for the next
planting season. Pumpkin seed is a good source of iron, zinc, essential fatty acids, potassium and magnesium [1;
5].

The serious consequences of malnutrition particularly among infants and children form a primary roadblock to social
and economic development. Research has shown that the seeds have antioxidant effects [8]. In addition to the good
nutritional and health benefits of Cucurbita seeds, they are cheap and are widely distributed [9]. Pumpkin can be
processed into flour which has a longer shelf life and good microbial safety than its natural vegetable and fruits.
Processing methods are employed mostly to preserve and improve the organoleptic properties of foods, microbial
quality and equally to enhance shelf life [10]. Preservation of vegetable and fruits is an excellent way to curb post-
harvest losses which are major challenges in sub-Sahara African countries [11; 12]. Recently more attention has been
focused on the utilization of underutilized agricultural products. Obviously such utilization would contribute to
maximizing available resources and could result in the production of various new food products. The rich nutrition base
of pumpkin can be tapped to improve the nutritional quality of baked products, soup and sauces [11].

Consumers are becoming more conscious of healthy eating and prefer locally grown foods that support healthy lifestyles
more than imported foods in order to conveniently cut-back on saturated fat, cholesterol, sodium and calories [13].
Therefore, this work is aimed at studying the nutritional and microbiological qualities of pumpkin (Cucurbita pepo) seed
composite flours.

2. Material and methods

2.1. Processing of pumpkin seed flour

Pumpkin (Cucurbita pepo) seeds were extracted from the fruits, washed, sun-dried and manually decorticated as shown
in figure 1. The seeds were screened to remove all particles, dried overnight in the oven at 50 °C. The seeds (890 g) were
crushed using an electric grinder (Super Intermet blender S1-462 model). The crushed sample was dried at regulated
temperature and ground to a fine powder (to pass through a 355 MICS sieve) in order to obtain about 750 g flour and
about 140 g waste. The flour was packaged in an air-tight container and kept in a refrigerator until it is needed for
analysis.

2.2. Proximate analysis
Proximate analyses of the flour involving moisture, ash, fat, fibre, protein, and carbohydrate contents of pumpkin
(Cucurbita pepo) seed composite flours were carried out using standard methods as described by [14].

2.3. Determination of minerals

The method of [14] was adopted in the determination of calcium, potassium, iron and zinc contents of pumpkin
(Cucurbita pepo) seed composite flours. Calcium (Ca), iron (Fe) and zinc (Zn) were determined by atomic absorption
spectrophotometer - AAS, (Alpha 4 model, Buck Scientific Ltd, USA) while potassium (K) was determined using atomic
emission spectrometer (200-A model, Buck Scientific Ltd UK).

2.4. Peroxide value determination

The method described by [15] was adopted in the determination of peroxide value of pumpkin (Cucurbita pepo) seed
composite flours.
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Figure 1 Flow diagram for the preparation of pumpkin seed flour

2.5. Microbiological analyses of wheat and blended flours

Wheat flour (WF1) and blended flours from mixture of pumpkin seed flour (PSF) and WFI at varying proportions to
form composites were stored in air-tight glass container, and were analyzed for bacterial and fungal counts using spread
plate method as described by [16]. Ten fold serial dilutions of flour samples were done using sterile peptone water as
diluent. One gramme (1 g) each of sample was aseptically transferred into a sterile test tube containing nine milliliter
(9 mL) of sterile peptone water, stirred with sterile glass rod and was shaken vigorously to ensure adequate
disengagement of microorganisms to obtain 10-! dilution. Serial dilutions of the homogenates were continued and made
step-wisely till the fifth (5th) tube, to obtain dilutions of 10-2 to 10-5. Spread plate techniques of [16] were used to
enumerate bacteria and fungi in the samples and each dilution was plated in replicates using plate count agar for mean
bacterial count and fortified sabouraud dextrose agar (SDA) for mean fungal count. The plates were incubated at 35+2
°C for 72 hours for mean bacterial counts and 25+2 °C for 120 hours for mean fungal counts. Pure bacterial isolates were
identified using cultural, morphological and biochemical characterization. Identification of the bacteria to genera level
was based on the schemes of [17]. The purified fungal isolates were identified on the basis of macroscopic and
microscopic characteristics by slide culture technique and lactophenol staining. The scheme of [18] was used for the
identification.

2.6. Statistical analyses

All obtained data in this study were analyzed using analysis of variance (ANOVA). Descriptive statistics in form of mean,
standard deviation and Duncan post hoc were also used to assess the data, and analyses were done using SPSS version
20 (Statistical Product and Service Solutions).
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3. Results

3.1. Proximate composition

Results of the proximate composition of wheat, pumpkin seed and composite flours are shown in Table 1. The moisture
content of blended flours ranged from 9.25 +1.22% to 12.13 +1.46%, while PSF and WF1 had 6.48 +0.72% and 13.30
+1.58% respectively (Table 1). WF1 had the highest value for moisture content (13.30 +1.58%), while PSF had the least
value for moisture content (6.48 +0.72%). The ash content of blended flours ranged from 2.20 +0.18% to 4.12 +1.05%,
while PSF and WF1 had 5.92 +0.81% and 1.30 £0.06% respectively (Table 1). PSF had the highest value for ash content
(5.92 £0.81%), while WF1 had the least value for ash content (1.30 £0.06%). The fat content of blended flours ranged
from 7.41 +1.92% to 21.16 +1.30%, while PSF and WF1 had 33.12 £2.20% and 0.90 £0.52% respectively (Table 1). PSF
had the highest value for fat content (33.12 +2.20%), while WF1 had the least value for fat content (0.90 +0.52%). The
fibre content of blended flours ranged from 1.93 +0.24% to 6.34 +0.41%, while PSF and WF1 had 7.24 +0.64% and 0.36
+0.19% respectively (Table 1). PSF had the highest value for fibre content (7.24 +0.64%), while WF1 had the least value
for fibre content (0.36+0.19%). The protein content of blended flours ranged from 13.89 +1.52% to 21.11 £1.92%, while
PSF and WF1 had 27.05 +2.01% and 10.71 +1.36% respectively (Table 1). PSF had the highest value for protein content
(27.05 +2.01%), while WF1 had the least value for protein content (10.71 £1.36%). The carbohydrate content of
blended flours ranged from 36.33 +2.71% to 66.11 +2.80%, while PSF and WF1 had 19.75 +2.45% and 73.88 +3.01%
respectively (Table 1). WF1 had the highest value for carbohydrate content (73.88 +3.01%), while PSF had the least
value for carbohydrate content (19.75 +2.45%). All values obtained in this study when compared were statistically
significant (p<0.05).

Table 1 Proximate composition of wheat, pumpkin seed and composite flours

Nutrients WF1 PSF Composite flours (%)
CF2 CF4 CF5 CFé6

Moisture (%) 13.30 +£1.58a 6.48 £0.724 12.13 £1.462b 10.81 £1.52abc 10.03 £1.35bc 9.25 +1.22¢
Total ash (%) 1.30 £0.064 5.92 £0.812 2.20 £0.18cd 3.17 £0.43bc 3.60 £0.59> 4.12 +£1.05b
Fat (%) 0.90 +0.52f 33.12 £2.202 7.41 £1.92¢ 14.98 £1.23d 17.82 £1.15¢ 21.16 £1.30b
Crude fibre (%) 0.36 £0.19¢f 7.24 £0.64a 1.93 £0.24¢ 3.84 +0.374 4.99 +0.15¢ 6.34 £0.41b
Crude protein (%) 10.71 £1.36¢ 27.05 £2.01a 13.89 £1.52d 17.01 £1.75¢ 19.18 £1.86b¢c 2111 +1.92b
Carbohydrate (%) 73.88 £3.01a 19.75 £2.47¢f 66.11 +2.80b 52.16 +2.66¢ 45.71 +2.544 36.33 £2.71e

Legend: WF1 = 100% Wheat flour, CF2 = 20% Pumpkin seed flour, CF4 = 40% Pumpkin seed flour, CF5 = 50% Pumpkin seed flour, CF6 = 60%
Pumpkin seed flour, PSF = Pumpkin seed flour. Values are given as mean * SD. Within rows, values followed by the same alphabets are not
significantly different but those followed by different alphabets are significantly different p<0.05.

3.2. Mineral content

Results of the mineral content of wheat, pumpkin seed and composite flours are shown in Table 2. The calcium content
of blended flours ranged from 49.80+1.43 mg/100 g to 95.40+1.63 mg/100 g, while PSF and WF1 had 140.50+2.19
mg/100 gand 26.30+1.02 mg/100 g respectively (Table 2). PSF had the highest value for calcium content (140.50+2.19
mg/100 g), while WF1 had the least value for calcium content (26.30+1.02 mg/100 g). The potassium content of blended
flours ranged from 368.30+2.46 mg/100 g to 688.40+2.91 mg/100 g, while PSF and WF1 had 994.10+3.34 mg/100 g
and 204.50+2.87 mg/100 g respectively (Table 2). PSF had the highest value for potassium content (994.10+3.34
mg/100 g), while WF1 had the least value for calcium content (204.50+2.87 mg/100 g). The iron content of blended
flours ranged from 3.59+0.09 mg/100 g to 6.76+0.05 mg/100 g, while PSF and WF1 had 8.14+0.15 mg/100 g and
2.38+0.19 mg/100 g respectively (Table 2). PSF had the highest value for iron content (8.14+0.15 mg/100 g), while WF1
had the least value for iron content (2.38+0.19 mg/100 g). The zinc content of blended flours ranged from 3.64+1.18
mg/100 gto 10.61+1.06 mg/100 g, while PSF and WF1 had 14.16+1.05 mg/100 g and 0.92+0.11 mg/100 g respectively
(Table 2). PSF had the highest value for zinc content (14.16+£1.05 mg/100 g), while WF1 had the least value for zinc
content (0.92+0.11 mg/100 g). All values obtained in this study were statistically significant when compared (p<0.05).
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Table 2 Mineral content of wheat, pumpkin seed and composite flours

Minerals WF1 PSF Composite flours (%)

CF2 CF4 CF5 CFé6

Calcium (mg/100 g) 26.30+1.02f 140.50+£2.192  49.80+1.43¢ 72.60£1.764 84.10+1.22¢ 95.40+1.63b
Potassium (mg/100g) 204.50+2.87f 994.10+3.342 368.30+2.46¢ 522.60+3.01d 600.20+3.27¢ 688.40+2.91b
Iron (mg/100 g) 2.38+0.19f 8.14+0.152 3.59+0.09¢ 4.48+0.164 5.64+0.12¢ 6.76+0.05b

Zinc (mg/100 g) 0.92+0.11f 14.16+1.052 3.64£1.18e 6.45+1.21d 8.43+0.17¢ 10.61+1.06b

Legend: WF1 = 100% Wheat flour, CF2 = 20% Pumpkin seed flour, CF4 = 40% Pumpkin seed flour, CF5 = 50% Pumpkin seed flour, CF6 = 60%
Pumpkin seed flour, PSF = Pumpkin seed flour. Values are given as mean + SD. Within rows, values followed by the same alphabets are not significantly
different but those followed by different alphabets are significantly different p<0.05.

3.3. Peroxide value

The results of peroxide values of flours are presented in Table 3. Peroxide values of blended flours ranged from
1.93+0.02 meq/kg to 3.24+0.02 meq/kg. PSF had the highest peroxide value of 4.72+0.03 meq/kg while WF1 had the
least peroxide value of 1.21+0.02 meq/kg. Conclusively, the substitution of WF1 with different ratios of PSF during flour
blending resulted in significant (p<0.05) increase in peroxide value among the composites. Peroxide values obtained in
this study were statistically significant (p<0.05) when compared.

Table 3 Peroxide values for wheat, pumpkin seed and composite flours

Sample Peroxide Value (meq/kg)
WF1 PSF CF2 CF4 CF5 CFé6
Flour 1.21+0.02f 4.72+0.032 1.93+0.02¢ 2.63+0.014 2.91+0.03¢ 3.24+0.02b

Legend: WF1 = 100% Wheat flour, CF2 = 20% Pumpkin seed flour, CF4 = 40% Pumpkin seed flour, CF5 = 50% Pumpkin seed flour, CF6 = 60%
Pumpkin seed flour, PSF = Pumpkin seed flour, Values are given as mean + SD. Within row, values followed by the same alphabets are not significantly
different but those followed by different alphabets are significantly different p<0.05.

3.4. Microbiological analysis of wheat and blended flours

The microbial qualities of blended flours are shown in Table 4. Bacterial and fungal counts (CFU/g)of blended flours
ranged from 2.83x103 £0.09 to 3.15x103 +0.52 and 3.59x102 +1.81 to 3.92x102 +1.12 respectively. WF1 flour recorded
the highest bacterial and fungal (CFU/g)counts (3.20x103+1.33/ 4.19x102+0.46), while CF6 recorded the least bacterial
and fungal (CFU/g)counts (2.83x103 £0.09/ 3.59x10% £1.81) respectively. There were significant differences (p<0.05)
in microbial counts among various samples when compared.

Table 4 Microbiological results of wheat and composite flours

Samples Bacteria (CFU/g) Fungi (CFU/g)

WF1 3.20x103 £1.332 4.19x10% £0.462
CF2 3.15x103 £0.522b 3.92x102 £1.12b
CF4 3.01x103 +0.44¢ 3.80x102 £1.60bc
CF5 2.90x103 £1.35¢ 3.76x102 £0.76bc
CF6 2.83x103 +£0.09« 3.59x102 £1.81¢

Legend: WF1 = 100% Wheat flour, CF2 = 20% Pumpkin seed flour, CF4 = 40% Pumpkin seed flour, CF5 = 50% Pumpkin seed flour, CF6 = 60%
Pumpkin seed flour, PSF = Pumpkin seed flour. Values are given as mean *+ SD. Within columns, values followed by the same alphabets are not
significantly different but those followed by different alphabets are significantly different p<0.05.
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4., Discussion

4.1. Proximate composition

The addition of pumpkin seed flour (PSF) into wheat flour (WF1) had significant (p<0.05) effect on moisture, total ash,
fat, crude fibre, crude protein and carbohydrate contents either progressively or retrogressively. However, as the
blending ratio of PSF into WF1 increased, the lower was the value of moisture content among blends. This substitution
of WF1 with increasing ratios of PSF resulted in significant (p<0.05) decrease in moisture content among blends as
shown in Table 1. Inclusion of PSF into WF1 that resulted in retrogressive effect on moisture content was advantageous
because reduction in moisture content will reduce the proliferation of spoilage organisms especially mold, thus,
improving the shelf stability of the product [19]. Therefore, results obtained in Table 1 for moisture content were
statistically significant (p<0.05) and in agreement with the reports of [19; 20; 21; 22; 23; 24; 25]. [26] reported that
pumpkin flour has a good keeping quality and long shelf life due to its low moisture content and water activity. The
relatively low moisture content is an indication of storage stability and could produce a more shelf stable product. Flours
with moisture content above 14% are not stable at room temperature and as such organisms present in them will start
growing, thus producing off odours and flavours [27].

Conversely, the addition of PSF into WF1 had significant but progressive (p<0.05) effect on ash, fat, crude fibre and
protein contents among the blends. Thus, as the blending ratio of PSF into WF1 increased, the higher were the values of
ash, fat, crude fibre and protein contents among blends. This substitution of WF1 with increasing ratios of PSF resulted
in progressive but significant (p<0.05) increase in ash, fat, crude fibre and protein contents among blends as shown in
Table 1.

The results obtained in Table 1 for ash content were statistically significant (p<0.05) and in agreement with the reports
of [24; 25; 26]. The increase in ash content among the blends could be attributed to the higher nutritive values of
pumpkin seed flour (PSF) over wheat flour (WF1) as were reported by [20] and [28]. The higher nutritive values of PSF
is the reason for the high analytical values recorded in ash, fat, fibre and protein as indicated in Table 1 above, which
was in agreement with [29]. The ash content of a food sample gives an idea of the mineral elements present in the food.
Ash content of a sample is a reflection of minerals it contains; hence pumpkin seeds are expected to be rich in minerals.
It indicates the composition of inorganic constituents after organic materials (fats, proteins and carbohydrates) and
moisture have been removed by incineration. It is essentially the mineral content of a food sample. Sample with high
ash contents is expected to have high concentration of various mineral elements, which are expected to speed up
metabolic processes, improve growth and development.

The results in Table 1 for fat content were statistically significant (p<0.05) and in agreement with the reports of [24; 25;
26]. The progressive high fat levels obtained in the blends could be as a result of high nutritive contents of pumpkin
seed flour (PSF) over wheat flour (WF1) as were reported by [20] and [28]. The high fat content recorded in the blends
reduces microbial deterioration, which enhances shelf life stability of the products [6]. According to [1] and [5],
pumpkin seed is a good source of essential fatty acids. [1] also showed that Curcubita pepo seeds are rich in oil
with the oil containing four dominant fatly acids which are palmitic, stearic, oleic, and linoleic. [22] also revealed
that palmitic, oleic, linoleic and stearic acids were the main fatty acids found in pumpkin seeds. Fats are essential in
diets as they increase the palatability of foods by absorbing and retaining their flavours and help in the transport of
nutritionally essential fat-soluble vitamins [30].

Fibre contents of this study were statistically significant (p<0.05) and in agreement with reports of [24; 25; 26]. The
progressive high fibre contents obtained in the blends could be as a result of high nutritive contents of pumpkin seed
flour over wheat flour as were reported earlier by [20] and [28]. Crude fibre contents of the blends increased as the
level of PSF substitution increased. This may also be attributed to components such as pectin, cellulose, hemicelluloses,
and lignin [11] and high crude fibre content of vegetables which had a greater effect on the pumpkin seed. Fibre
containing foods are known to expand the inside walls of the colon, easing the passage of waste, thus making it an
effective anti-constipation. It lowers cholesterol level in the blood and reduces the risk of various cancers [23]. Crude
fibre slows down the release of glucose into the blood and decreases intercolonic pressure hence reducing the risk of
colon cancer [31].

Protein contents followed same trend with ash, fat and fibre contents, which were significant (p<0.05) and correlated
with reports of [24] and [25]. This increase in protein content among blends may be attributed to high nutritive contents
of pumpkin seed flour over wheat flour as was reported earlier by [20] and [28]. Protein contents of the blends increased
as the level of PSF substitution increased. This expected increase was the basis for formulating the blends such that the
final product will not only have higher protein content but also higher protein quality.
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This substitution of WF1 with increasing ratios of PSF resulted in significant (p<0.05) decrease in carbohydrate content
among blends as shown in Table 1. However, as the blending ratio of PSF into WF1 increased, the lower was the value
of carbohydrate content among blends. Inclusion of PSF into WF1 resulted in retrogressive effect on carbohydrate
content which was significant (p<0.05) among blends. The results obtained in Table 1 for carbohydrate content followed
same trend with moisture content which was significant (p<0.05) and correlated with reports of [24; 25; 26]. These
low carbohydrate contents in the blends could be as a result of pumpkin seed flour been not considered as potential
source of carbohydrate when compared to the content of some conventional sources like cereals [23]. More so, this
decrease in carbohydrate content of blends may be attributed to low starch contents of pumpkin seed flour over wheat
flour as was reported by [24]. In addition, the decrease in carbohydrate content among blends could be associated with
low starch content of PSF as shown in Table 1. PSF had low bulk density when compared with WF1 [32]. There is a
linear correlation between carbohydrate content and bulk density, hence result of reduction in carbohydrate content
among blends is a direct consequence of low bulk density of PSF. Lower bulk density in the blends compared with 100%
wheat flour could be a result of reduction in carbohydrate content [33].

4.2. Mineral content

The addition of PSF into WF1 had significant (p<0.05) effect on calcium, potassium, iron and zinc contents. However, as
the blending ratio of PSF into WF1 increased, the higher was the value for calcium, potassium, iron and zinc contents.
This substitution of WF1 with increasing ratios of PSF resulted in significant (p<0.05) increase in calcium, potassium,
iron and zinc contents among blends as shown in Table 2. Calcium contents obtained in the blends were progressive
with high level additions of PSF into WF1 which increased as the level of PSF substitution increased. The inclusion of
PSF into WF1 had significant (p<0.05) effect on mineral contents (calcium, potassium, iron and zinc contents) among
blends which were progressive with increasing level of additions of PSF into WF1. This increase in calcium, potassium,
iron and zinc contents among blends may be attributed to rich mineral content of pumpkin seed flour [2]. The expected
increase was the basis for formulating the blends such that the final product will have high nutritive quality. Calcium
and potassium contents in this study were similar and in agreement with reports of [20; 28; 34]. Iron content results in
the study were similar and correlated with reports of [21; 25; 28; 35; 36], while zinc content results were in agreement
with results of [20; 23; 25; 36].

According to [2], minerals are important for enzymatic activity and normal physiological function in the human body.
Calcium is important in the formation and maintenance of strong bones and teeth throughout the life cycle. It is also
involved in blood clotting and aids in nerve impulse transmission, muscle contractions and contributes to cell
permeability [37]. Potassium is important in maintaining the water balance in the body and controlling the composition
of blood and other body fluids [38]. Iron is a functional component of haemoglobin and plays an important role in
changes in some neurotransmitters in the brain and brain development [39]. Zinc is significant in growth, immunity,
alcohol metabolism, sexual development and reproduction [38].

4.3. Peroxide value

As the blending ratio of PSF into WF1 increased, higher were the peroxide values among blended flours. Hence, the
substitution of WF1 with increasing levels of PSF resulted in significant (p<0.05) increase in peroxide values among
blended flours as shown in Table 3. Peroxide values obtained in the blended flours were progressive with increasing
level of additions of PSF into WF1. Peroxide values of the blended flours increased as the level of PSF substitution
increased. The increase in peroxide values of the blended flours was as a result of high oil content of pumpkin seed flour
as was recorded in Table 1 above. Results of peroxide values obtained in this study were statistically significant (p<0.05)
and correlated with the assertions of [25]. According to [40] more peroxide value is harmful for shelf life of products.

4.4. Microbiological studies

With the high microbial counts recorded in the results, there are indications of poor storage conditions for WF1 and
poor processing quality for PSF and the composites. WF1 was observed to be sold from folded woven sacks which were
often displayed open to attract customers in the market. The high oil content of pumpkin flour (PSF) over wheat flour
(WF1) as was observed in Table 1 could contribute to the reduced microbial counts recorded among the blends. In this
study, there is a clear correlation between the blending ratios and microbial counts. Hence, as the blending ratio
increased, the recorded microbial counts also decreased. Oil is an inhibitory substance that limits growth of aerobic
microorganisms. It functions by sealing up the air pores through which air could flow in to support growth of aerobic
microorganisms, thereby creating an unconducive environment that is devoid of oxygen (anaerobic). Oil could also be
used in preserving food and other edible items because of its negative tendencies in supporting microbial growth
especially the aerobes [6].
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The low moisture content of PSF over WF1 in Table 1 was another factor pointing towards the reduced microbial counts
recorded in the blends. Both moisture content and microbial counts are directly proportional as the higher the blending
ratio of PSF into WF1, the lower were the values for microbial counts. According to [41], the preservation of foods by
drying is a direct consequence of removal or binding of moisture, without which microorganisms do not grow. Moisture
content could also be described in terms of water activity (aw) which is referred to as water requirements of
microorganisms in the environment. This concept is related to relative humidity (RH) as shown: RH = 100 x aw. Water
activity plays a role with moisture content in the growth of microorganisms, as it is the available water for microbial
growth.

Several microbes were isolated in this work to include: four (4) bacterial species (Bacillus species, Pseudomonas
aeruginosa, Staphylococcus aureus, and Escherichia coli) and three (3) fungal species (Penicillium species, Mucor species
and Aspergillus species). These isolates could be linked as either environmental contaminants, unhygienic processing
contaminants or as inherent microflora. The results obtained in this study were in agreement with the reports of [25;
42; 43]. According to [6], Bacillus species, Pseudomonas aeruginosa, Penicillium species, Mucor species and Aspergillus
species were reported as soil/ environmental contaminants, Staphylococcus aureus as normal flora of human skin and
opportunistic microorganism, and Escherichia coli as indicative organisms for fecal contamination/ poor sanitary
conditions.

5. Conclusion

This study has demonstrated the effect of inclusion of different levels of pumpkin seed flour (PSF) into wheat flour on
the nutritional and microbiological qualities of pumpkin (Cucurbita pepo) seed composite flours. The protein, fat, ash,
and crude fiber contents of the blends improved with the inclusion of PSF while moisture and carbohydrates contents
reduced. The blended flours showed good proximate, mineral and peroxide contents that resulted in high quality
composite flours. Due to the high nutritional contents and reduced microbial counts of the blends, inclusion of pumpkin
seed flour in supplemented products should be encouraged so as to enhance nutritional requirements and eradicate
malnutrition among individuals especially infants and children.
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