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Abstract The objective of this study was to formulate and evaluate high energy-protein bars as a nutritional
supplement for sports athletics. The nutritional bars (formulas A, B, and C) were prepared using the same ratios of
whole oat, kidney beans flour, peanut butter, dried berries, sugar, and glucose, in addition to sweet potato (with
formula A), carrot flour (with formula B) and banana flour (with formula C). The chemical composition, texture
profile analysis, Total phenolic content (TPC), Total flavonoids (TF), DPPH radical scavenging activity, and Ferric
reducing antioxidant power (FRAP), energy content and sensory evaluation of bars were determined. Formula A
was the highest bar in terms of protein, fat, minerals, and energy content, while, formula C was the highest in
carbohydrate and ash values. The highest crude fiber was observed with formula B. Also, formula B exhibited the
highest antioxidant activity compared to all other formulas. No significant differences could be traced among bars in
the sensory properties. Moreover, the bar with banana flour (formula C) was significantly higher in hardness,
adhesiveness, resilience, and springiness compared with the other bars formulas. This study recommends the use of
formula A as a source of protein, fat, minerals, and energy in the nutrition of athletes, and formula B which has a
higher antioxidant capacity to improve the health of the athletes.
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1. Introduction

The choice of diet is a necessary part of sports training.
Accordingly, athletes who care about their nutrition are
able to improve their physical performance without
harming the body. In recent decades, the use of foods rich
in proteins and minerals has become an important part of
the nutrition of athletes [1]. Nowadays, nutritional bars
have gained international fame because they are
considered high in nutritional content in addition to being
rich in energy that is quickly released on the basis of
metabolic demand. There are different types of bars in the
world market such as high protein bars, high dietary fiber
bars, high energy bars and bars rich in vitamins and
minerals which have good sensory properties. These bars
are packed in polyethylene bags lined with metal and have
a shelf life ranges from 3 to 4 months [2,3,4].

Athletes’ energy requirements depend largely on the
type of sport, duration, and intensity of exercise,
competitive level and the individual capabilities of each
athlete. Moreover, the higher the level of competition
between athletes the greater the intensity of exercise, and
therefore this is accompanied by a significant decrease in
energy reserves that must be replaced by an appropriate

diet. Therefore, athletes and people who engage in
physical activity resort to energy bars, which are an
important dietary supplement to maintain their strength
and caloric needs. These bars provide athletes with
power, vitality and physical, and mental activity.
Therefore, these bars must contain a high percentage
of carbohydrates and moderate content of protein.
Additionally, the purpose of these bars provide energy
permanently and quickly during the training of the athlete
and it is expected that these bars provide the athlete from
200-300 calories, 7-15 g protein, 3-9 g of fat and 20-40 g
of carbohydrates [3]. Moreover, Energy bars are
considered one of the most excellent sources of proteins
and natural sugars. Also, it nutritionally balanced to
enhance performance. In addition to energy provision, the
protein content in energy bars also helps to build muscle
mass and protects tissues [5].

Cereal bars have high nutritional value because they are
a good source of protein, energy, fiber, vitamins,
antioxidants, etc. They are usually prepared from many
ingredients such as cereals, dried fruits, nuts, raisins, sugar,
etc. In addition, they are fortified by the use of a wide
range of proteins such as soybeans, whey protein, grains,
barley, vitamins and minerals [2,6].

Oat is one of the main ingredients commonly used in
nutrition bars to enhance the fiber content and some
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micronutrients. Moreover, it is an important source of soluble
dietary fiber, mainly B-glucan which have been reported
as anti-cancer, anti-hypercholesterolemia, and hyper blood
pressure [7]. It is also a balanced food component and is
an excellent source of high-quality protein and carbohydrates.
Moreover, it contains a high percentage of unsaturated
fatty acids, vitamins, minerals and phytochemicals [8].

Kidney beans are a good source of protein, about
2-3 times compared to other grains, and they also contain
micronutrients such as iron, zinc, and also rich in crude
fiber, pro-vitamins A, and vitamin E. Kidney beans also
contain phytochemicals, anti-oxidants and flavonoids
like anthocyanins, proanthocyanidins, flavonols, phenolic
acids, and isoflavones [9,10].

Carrots are one of the most important root vegetables,
they contain biologically active compounds such as
carotenoids and phenolic compounds and have strong
antioxidant activity due to anthocyanin content (17.4 to
45.4 g/kg on dry weight). Moreover, carrot has important
biological activities such as anti-diabetes, anti-carcinogenic,
and cholesterol-lowering, and has a role in reducing
cardiovascular disease [11,12].

Sweet potato has important health benefits, because of
its content of PB-carotene compounds, dietary phenols,
fiber, carbohydrates, and B vitamins group like B,, B,, B,
Bs, and Bg, and minerals like iron, manganese, calcium,
potassium, and magnesium [13]. Furthermore, recently,
sweet potatoes were used in the diet of athletes, because
they are rich in carbohydrates that are slow to digest, and
help in strengthening muscles, improving the physical
performance of the athlete, and recovery from fatigue
[14].

Bananas are one of the most important sources of energy
(90 kcal/100 g) [15]. Also, banana contain antioxidants
that are important for health. Bananas are a good source of
fibers, vitamins (Vit C, Bg, pro-vitamin A), minerals
(potassium, phosphorus, magnesium, and zinc). As well as
contains bioactive compounds like phenolic acid
compounds, flavonoids, carotenoids, sterols, and
antimicrobial compounds. which make bananas an ideal
functional food [16].

Many studies have been published in relation to
the health benefits of berry consumption due to its
content of active compounds [17,18,19]. Thanks to
the rich and diverse composition of bioactive compounds
and their health-promoting properties which result
in their antioxidant activity, their metal chelating
capacity, and their affinity for proteins. So, berry fruits
are widely recognized as natural functional products
[20,21].

The aim of the present study is to prepare and evaluate
high energy—protein bars as a nutritional supplement for
sports athletics.

2. Materials and Methods

2.1. Materials

Whole oat, kidney beans, carrot, sweet potato, banana,
refined fine iodized common salt, peanut butter, black
berry, sugar, glucose syrup and packaging were obtained

from local market of Alexandria, Egypt. All chemicals and
reagents used in this study were of analytical grade except
Folin-Ciocalteu’s phenol reagent of Sigma-Aldrich
Company (St. Louis, Missouri, USA).

2.2. Preparation of Kidney Beans Flour

The kidney beans were sorted to remove small stones,
lumps of dirt and defective seeds then washed using tap
water. Kidney beans were soaked in water for 12h.
Discard soaking water and the soaked kidney bean seeds
were cooked in boiling water for 15 min. Kidney beans
seeds were dried in a hot air oven dryer for 12 hours at
50 °C. The dried kidney beans were milled using mill
(Moulinex AR1044) and it was sieved to pass a 40 mesh
sieve, then packed into polyethylene bags and kept at 4°C
until used [22].

2.3. Preparation of Sweet Potato, Carrot and
Banana Flours

Sorted the sweet potato, carrot and banana were washed
with running tap water to remove any soil, dirt and dust
and then peeled and sliced (5 mm thickness). Thereafter,
dipped in citric acid (0.5%) solution for 30 minutes, then
drained again and dried in hot air oven dryer for 12 hours
at 50°C. The dried samples were milled using a mill
(Moulinex AR1044) and sieved to pass a 40 mesh sieve,
then packed into polyethylene bags and kept until used
[23,24,25].

2.4. Preparation of Dried Berries

After sorting of defected fruits berries were washed
with running tap water to remove any soil, dirt were sorted
and dust. After that, it was dipped in Na,COj3 solution (3%)
for 4 min at 50°C .Then drained and dipped in 0.1 %
sodium metabisulphite solution for 2 min, and dried in hot
air oven dryer at 65°C until the moisture content of berries
reached 10:12 %. Finally, it was packed in polyethylene
bags and kept at 4°C until used [26].

Table 1. Formulation of nutritional bars

Inaredients Formula A Formula B Formula C
(3/100 9 (Bar with sweet (Bar with (Bar with
potato flour) carrot flour) banana flour)
Oat whole 12.50 12.50 12.50
Kidney Beans 20.00 20.00 20.00
flour
Sugar 24 24 24
Glucose Syrup 12.50 12.50 12.50
Peanut butter 10.50 10.50 10.50
Dried berries 10 10 10
Salt 0.50 0.50 0.50
Water 6 6 6
Sweet potato 4.00 B B
flour
Carrot flour - 4.00 -
Banana flour - - 4.00
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2.5. Preparation of Nutritional Bars

The nutritional bars were prepared in three formulas as
shown in Table 1. Initially, all dry ingredients like whole
oat, kidney beans flour, dried berries, and salt, and/or
sweet potato, carrot and banana flours were mixed. Peanut
butter, sugar, water and glucose syrup were heated at
70 °C for 3 min, and then mixed with the mixture of dry
ingredients until getting a uniform mixture. The final
uniform mixture was put in a stainless-steel tray and
spread, then cooled to 28°C. Thereafter, the mixture was
cut into rectangular bars (10 cm x 3.3 cm) where each one
weighs approximately 40 g. Finally, it was packed in
polyester films and stored in a cool, well-ventilated place.

2.6. Gross Chemical Composition and
Total Caloric Values

Chemical constituents of ingredients and samples of
final products (moisture, protein, fat, ash, crude fiber and
dietary fiber) were determined according to the AOAC
[27]. Carbohydrates (NFE) were calculated by difference.
Total caloric values (K.cal) of ingredients and samples of
final products were calculated as mentioned by AOAC
[27]. according to following equation

Energy (K.cal)
=[Protein (g)x4]
+[ Carbohydrate(g)x4 ]+ Fat (g)x9].

2.7. Preparation of Ethanolic Extracts from
Ingredients and Bar Samples

Five grams of each ingredient and bar samples were
mixed with 30 mL ethanol (75%), stirring for 2 hours at
room temperature. Finally, the mixtures were filtered
using Whatman filter paper No.1 and the extracts were
stored at -20 °C until analysis [28].

2.8. Antioxidant Activity of Ingredients and
Samples of Final Products

2.8.1. Determination of Total Phenolic Contents of
Extracts

Total phenolic contents of extracts were determined
using the method developed by Abirami et al. [29]. One
and half milliliters of Folin—Ciocalteu’s reagent (diluted
10 times) and 1.2 ml of Na,CO; (7.5% wi/v) were added to
300 pl of extract. Mixtures were shaken and kept at room
temperature for 30 min before measuring absorbance at
765 nm using a spectrophotometer (Pg T80+, England),
tests were carried out in triplicate. Total phenol content
(TPC) was expressed as Gallic acid equivalent in mg/g
plant material or extract.

2.8.2. Determination of Total Flavonoids

Total flavonoids content of extracts were determined
according to Barros et al. [30]. Shortly, 0.5 ml of extract
was mixed with 2 ml of distilled water followed by
addition of 150 pl of NaNO, (5%) solution. After 6 min,
150 pl of AICI; (10% wi/v) was added and allowed to

stand for another 6 min before 2 ml of NaOH (4% w/v)
was added. The mixture was brought to 5 ml with distilled
water. Then the mixture was allowed to stand for 15 min
at room temperature. The absorbance was measured at 510
nm using a spectrophotometer (Pg T80+, England). Rutin
was used as standard to determine the total flavonoids
content.

2.8.3. DPPH Scavenging Activity

Scavenging activity of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical was determined according to the method
of Brandwilliams et al. [31]. Two milliliters of 0.15 mM
DPPH was added to 1 ml of extracts in different dilutions.
A control was prepared by adding 2 ml of DPPH to 1 ml
of methanol. The contents of the tubes were mixed and
allowed to stand for 30 min, and absorbance was
measured at 517 nm using a spectrophotometer (Pg T80+,
England). Triplicate tubes were prepared for each extract.
The results were expressed as % radical scavenging
activity.

Radical scavenging activity%
(Acontrol — Asample)

= x100.
Acontrol

2.8.4. Ferric Reducing Antioxidant Power (FRAP)

Ferric reducing antioxidant power was determined
according to Oyaizu [32]. One milliliter of each extract
was added to 0.1 M, pH 6.6 phosphate buffer (2.5 mL)
and 1% (w/v) potassium ferricyanide (2.5 mL). The
mixture was then incubated in a water bath at 50°C/ 20
min followed by 2.5 mL trichloroacetic acid (10% w/v)
solution. The contents of the tubes were mixed well and
2.5 ml of solution was removed from each tube. To this,
2.5 ml solution, 2.5 ml water and 0.5 ml ferric chloride
solution (0.1% w/v) were added. The mixtures were
allowed to stand for 30 min before absorbance
measurements were taken at 700 nm using a
spectrophotometer (Pg T80+, England). Triplicate tubes
were prepared for each extract. The FRAP values,
expressed in mg GAE/g, were derived from a standard
curve.

2.9. Titratable Acidity (TA) and pH Values of
Bar Samples

Titratable acidity (TA) as citric acid (%) was
determined by titration with 0.1 M NaOH to an end point
of pH 8.2. The pH values were measured using a digital
Metler Toledo Mp 230 pH meter.

2.10. Determination of Minerals

Minerals including calcium (Ca), iron (Fe), potassium
(K), sodium (Na), zinc (Zn), magnesium (Mg) and copper
(Cu) were measured in ash solution using ICP-OES
Agilent 5100 VDV according to AOAC [27].

2.11. Color Measurement

Color values like the L*(lightness), a*(red intensity),
and b*(yellow intensity) of the samples were measured
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using a Hunter Lab Ultra Scan, VIS model, colorimeter
(USA). The instrument was standardized during each
sample measurement with a black and white tail (L*=94.1,
a*= 1.12, b* =1.26). Mean of five readings of each color
index of Hunter scale (L*, a*, b*) were recorded [33].

2.12. Texture Profile Analysis (TPA)

Texture profile analysis of nutritional bar samples were
performed using TA-XT 2 Texture meter (Texture Pro
CT3 V1.2, Brookfield, Middleboro, USA) as described by
Yuan and Chang [34]. Force time deformation curves
were obtained during applying a 5 kg load cell, at a Imm/s
cross head speed. The following texture attributes were
calculated, hardness cycle 1 (g), adhesive force (Q),
resilience, fracturability (g), hardness cycle 2 (g) and
springiness (mm).

2.13. Sensory Evaluation

The three bar samples (formula A, B, and C) were
served to fourteen staff members of Food Technology
Research Institute Alexandria, Egypt. The panelists were
asked to judge for color, taste, odor, texture, and overall
acceptability of samples using standard hedonic rating
scale from 9 (like extremely) to 1 (dislike extremely)
according to Banach et al. [35].

2.14. Statistical Analysis

The statistical analysis was performed using one-way
analysis of variance (ANOVA) using SAS statistical
analysis software [36]. Means were compared by
Duncan’s test at the significance level of P < 0.05.

3. Results and Discussion

3.1. Gross Chemical Composition and Energy
Content of Raw Ingredients

The data given in Table 2 show moisture (%), protein
(%), fat (%), ash (%) and NFE (%) and energy content
(k.cal/100 g) of raw ingredients (Kidney beans flour,
whole oat, sweet potato flour, carrot flour, banana flour
and dried berries). The results showed that the highest
moisture content was found for banana flour (12.81%),
while the lowest moisture content was observed for whole
oat (10.80%). Kidney beans flour was the highest in
protein content (22.82%) among all other ingredients
followed by whole oat (12.10 %), and the lowest protein

content was found for banana flour (2.40%). Fat (%)
showed the highest value for whole oat followed by sweet
potato, while carrot flour was the lowest. Also, the highest
ash content was observed for kidney beans flour and
whole oat. While, the lowest ash value was found in sweet
potato flour. On the other hand, banana flour was the
highest in carbohydrate content (81.58 %), while the
lowest carbohydrate content (58.96 %) was found with
kidney beans flour. The common bean such as kidney
bean, soybeans etc is rich and inexpensive source of
proteins, carbohydrates, dietary fiber to millions of people
[37]. Flour obtained from oat grains, which are typically
high in protein content [38]. The legumes can be used to
enhance the protein content in the diet of low and
medium-income earners [39]. Legumes like kidney beans
as known a good source of minerals such as K, P, Ca, Mg
and trace element [40]. The results given here are in
agreement with Yasmin et al. [41] who reported that
kidney beans contains 22 % protein.

The results in Table 2 illustrate that the higher energy
value was obtained from whole oat (373.53 K.cal/100 g)
followed by sweet potato flour (369.99 k.cal/100 g), and
the lowest energy value was obtained from Kidney beans
flour (342.42 k.cal/100 g).

3.2. Antioxidant Activity of Raw Ingredients

3.2.1. Total Phenolic and Total Flavonoids

The total phenolic (TP) and total flavonoids (TF) of raw
ingredients are shown in Figure 1. The results revealed
that the carrot flour was the highest in TP (7.57 mg
GAE/qg) followed by dried berries (7.35 mg GAE/g), while
kidney beans flour was the lowest (4.68 mg GAE/Q),
compared to all other ingredients. Concerning of TF
content, carrot flour was found to contain the highest
value of TF (198.58 pg/ml extract) followed by dried
berries (100.48 pg/ml extract) compared to other
ingredients, and the lowest value of TF was found for
whole oat (42.42 pg/ml extract).

3.2.2. DPPH Scavenging Activity (%) and FRAP
Values

The highest DPPH scavenging activity was observed
with Kidney beans flour (83. 92%) and sweet potato flour
(83. 83%), while, the lowest scavenging activity was
found with carrot flour (53.68%). The results in Figure 1
revealed also the FRAP values of raw ingredients. Dried
berries observed the highest FRAP value followed by
sweet potato flour and then carrot flour, while, the lowest
FRAP value was found for oat flour.

Table 2. Chemical analysis and energy content of raw ingredients

Component Kidney Beans flour Whole Oat Sweet potato flour Carrot flour Banana flour Dried berries
Moisture (%) 12.75+0.84 10.80+0.20 11.08+1.01 11.39+0.53 12.81+0.52 10.90+1.31
Protein (%) 22.82+1.20 12.10+0.22 9.26+0.87 5.74+0.62 2.40+0.27 6.44+0.52
Fat (%) 1.70+0.40 5.29+0.10 3.99+0.20 0.098+0.006 1.34+0.10 3.23+0.23
Ash (%) 3.76+0.27 2.11+0.038 1.42+0.095 1.52+0.68 1.87+0.34 2.11+0.34
NFE (%) 58.96+0.52 69.38+0.34 74.26+1.86 80.96+0.36 81.58+0.53 77.32+0.87
Energy content (Kcal/100 g) 342.42+2.65 373.53+2.07 369.99+3.81 347.68+1.01 347.98+2.16 364.1145.11

Results are reported as mean +SD of triplicate analysis.
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Figure 1. Antioxidant activity of raw ingredients (KB: Kidney Beans flour, OW: Oat whole, DB: Dried berries, SPF: Sweet potato flour, CF: Carrot

flour and BF: Banana flour)

Phenolic compounds are recognized as the major
antioxidants in plants. Phenolic compounds are produced
as secondary metabolites in plants and have various
protective impacts. They are also potent antioxidants
and can exert anti-microbial, anti-inflammatory,
anti-carcinogenic, anti-allergic, anti-platelet, vasodilatory,
and neuroprotective effects [42]. The higher antioxidant
activity was due to the higher TP in the extract [43].
Berries contain high levels of flavonoids (anthocyanins,
flavonols and flavanols such as condensed tannins or
proanthocyanidins), phenolic acids (hydroxybenzoic,
chlorogenic  acid and  hydroxycinnamic  acids),
hydrolysable tannins (gallotannins andellagitannins),
stilbenoids and lignans [44,45]. The consumption of carrot
and its products is increasing steadily due to its
recognition as an important source of natural antioxidants
having anticancer activity [46].

3.3. Physicochemical of Bar Samples

The physicochemical properties of bar samples are
presented in Table 3. Results indicate that the moisture
content ranged between 9.47 % to 9.81% and the highest
(P<0.05) moisture content was found with formula B
while the lowest (P<0.05) moisture content was observed
with formula A. Many studies reported that the sweet
potato and carrot have a short shelf life due to their high
moisture content, and therefore these foods must be
treated with other dry composite flour in order to increase
the shelf life, so they were used in some products such as
bread, pasta, biscuits, etc [47]. The moistures values in
formula A, B and C were lower than the values (11.67%)
which found by Obi [48]. Generally, many studies stated

that the maximum moisture content in cereal products
should not exceed 15%, which is the limit established by
Resolution CNNP A No. 12 of 1978 for products based on
cereals and derivatives, as increasing the shelf life of the
product can be extended through low moisture content
[49]. Therefore, nutrition bars with low moisture content
can be stored for a long time without damage [50,51].

The adequate consumption of high-quality protein is
essential for optimal growth, which is essential to support
bone growth in infants and children and to sustain the
mass and health of the skeleton in adult development, and
health in humans. Protein is one of the most important
vital nutrients for humans because of its functional
properties, which including improving the healthy growth
of muscle mass [52,53]. The protein requirement of
athletes ranged from 1.2 to 2 g/ kg body weight per day.
Therefore, if the protein exceeds this rate, the athlete is
more at risk of damage to muscle tissue, especially in the
case of strenuous exercise [54]. The results in Table 3
show that the protein content in nutrition bars (A, B and C)
ranged from 12. 36% to 13.73%, and the highest value
was found with formula A, whereas, the lowest value was
found with formula B. These findings may be due to the
high protein content in the formulas ingredients (whole oat,
and kidney bean flour). These results are in agreement
with those obtained by de Arruda et al. [47], who reported
that the protein content of the cereal bar supplemented
with baru almonds was 12.24%, where baru almonds
contain 23 to 30% protein. Habiba et al. [55] found that
the protein content of nutrition bars made with banana and
pumpkin seed flour was in a range from 5.5 to 14.25
according the percentage of each ingredient. On the other
hand, Van Toan, and Vinh [4] found that the protein
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contents in nutritional bars contacting whey protein
powder (WPP) ranged from 18.23% to 20.13%. This may
be due to whey protein powder being the main ingredient
in the formulas, as it represents 40%.

Table 3. Physico-chemical properties of bar samples

Component Formula A Formula B Formula C
Moisture (%6) 9.47+0.05° 9.81+0.05° 9.49+0.21°
Protein (%) 13.73+0.26° | 12.36+0.24° | 12.700.65°
Fat (%) 9.45+0.18° 9.39+0.11° 9.35+0.42°
Ash (%) 1.59+0.18" | 1.81%0.06® 1.99+0.05*
NFE (%) 62.3740.18* | 62.29+0.32° | 63.13+0.91°
Crude Fiber (%) 3.3920.24° 4.34+0.02° 3.34+0.28"
Dietary Fiber (%) 1.65+0.15° 2.16+0.16 1.84+0.16°
Acidity (%) 0.47£0.02° 0.37+0.01° 0.42+0.02°
pH 5.22+0.006° | 5.83%0.00° 5.310.00°
(Eé‘ce;g‘l’(fgg;e”t 389.45+152° | 383.12+0.70° | 387.47+2.46°

Formula A: Bar with sweet potato flour, Formula B: Bar with carrot flour
and Formula C: Bar with banana flour. Results are reported as mean +SD
of triplicate analysis. Means in a row not sharing the same superscript are
significantly (P< 0.05) different.

Burke et al. [56] reported that the fats are an important
source of energy and prevent muscle tension during
intense exercise, and consuming a high percentage of fat
(> 30% of total calories) can reduce carbohydrate intake,
so it is not possible to maintain muscle glycogen. The fat
content in formulas A, B and C ranged from 9.35% to
9.45%. Formula C was significantly the lowest in fat
content compared with other formulas (A and B). The
daily recommendation for athletes is 20-35% of total
energy which includes 7-10% saturated fatty acid, 10%
monounsaturated fatty acid and 10% polyunsaturated fatty
acids. The slightly higher fat content in bars plays an
important role in order to replace it energy used during
physical activities as a result of exhaustion of energy
during exercise. Moreover, products with the high fat
contents enhance and retain the feeling of the mouth
product flavors [57,58]. Habiba et al. [55] found that the
bar with banana flour had the lowest fat (6.20%) content
compared to pumpkin seed flour (9.74%) and mixed bars
samples (14.25%). In our study, the obtained in the fat
content of nutrition bars (9.35-9.45%) was lower than that
obtained by Van Toan, and Vinh [4].

Ash is an important indicator that expresses the content
of mineral elements in food products. The ash contents in
bar formulas ranged from 1.59% to 1.99% and the
significantly highest value was found in formula C
compared with formulas A and B. Van Toan, and Vinh [4]
reported that the nutrition bars enriched with oats and
brown rice showed a significant increase in ash content
which contributed to the good supply of minerals in bars .
Also, Moreira-Araujo et al. [49] found that the ash content
in cereal bar enriched with cowpea bean whole flour
ranged from 1.19% to 1.43%.

Several studies have indicated that the recommended
dietary requirements of carbohydrates for athletes vary
depending on the type, duration and intensity of exercise
[55]. The total carbohydrate values in nutrition bars are
given in Table 3, the results showed that the significantly
highest carbohydrate content was observed with formula
C (63.13%), while, the significantly lowest carbohydrate

value was found in formula B (62.29%). According to
Moreira-Aratijo et al. [49] the carbohydrate content
(69.53%) in nutrition bars supplemented with cowpea
bean (7.5%) was lower than in the control (73.94%)
containing cornstarch. Several studies indicated that the
cereal bars made with rice, grains and dried fruits are high
in total carbohydrate content. In addition, the use of sugar
and honey in cereal bars as a binding agent contributes
significantly to the high carbohydrate content [60]. Sweet
potatoes contain carbohydrates, which serve as the main
energy source for the athlete. It is also an easily digestible
nutrient that prevents fatigue after exercise. Also, it
contains a low percentage of sugar, and is considered
very low in the glycemic index, and therefore does not
raise sugar significantly [61]. The consumption of
carbohydrates before and during exercise is an external
fuel source for the muscles and central nervous system.
The metabolism is primarily dependent on the oxidation
of carbohydrates and fats and is vital for the proper
functioning of cells and tissues. Furthermore, energy
balance is an important aspect of an athlete's performance
during both high and low-intensity activities. An athlete's
nutritional requirements depend on the intensity of the
exercise or exercise so there must be a balance in the total
energy production to compensate for the energy expended
[56].

The results in Table 3 revealed that the crude fiber and
dietary fiber in formula B (4.34 and 2.16% respectively)
were significantly higher than formula A (3.39 and 1.65,
respectively), and formula C (3.34 and 1.84%,
respectively). Van Toan, and Vinh [4] found that the
highest crude fiber content was obtained with nutrition bar
containing 100% oat flour, while the nutrition bar
containing brown rice flour was the lowest. It is worth
noting that oat flour is higher in fiber content compared to
brown rice flour, and this has led to a decrease in crude
fiber in nutrition bars. Also, Banana is a functional food
due to its high level of fiber, phytochemicals, minerals,
vitamins, etc [62]. There are no studies showing general
recommendations for fiber in athletes but, dietary fiber is
very important for maintaining a healthy gut and
microbiome important for athletic performance [63].
Dietary fiber has important physiological effects,
including lowering the level of cholesterol in the blood,
and/or lowering the level of glucose in the blood. Perhaps
the most dynamic function of dietary fiber is fermentation,
which causes many biochemical, physiological and
microbiological changes in the large intestine [64].

Also, as shown in Table 3, the titratable acidity (TA) of
bar samples ranged from 0.37 to 0.47%. There were
significant differences among all bar samples. The sample
formula A showed a significant higher (P<0.05) in TA
than other formulas. The pH value in formula B (carrot
bar) was 5.83 being higher that for than formula A and C
(5.31 and 5.22, respectively).

Regarding to the energy values of nutrition bars, the
lowest energy values was found with formula B
(383.12 kcal/100 g), while the significantly highest value
was obtained with formula A (389.45 kcal/100 g). Calorie
values express the energy consumed from macro nutrients
such as carbohydrates, proteins, and fats. This value is
nearly to the reported value of 300 - 424 kcal/100 g [4,51].
Also, Habiba et al. [55] found that energy values of bars
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containing banana flour and mixed flour (pumpkin seed
flour and banana flour) were 398.60 and 424.94 kcal/100 g,
respectively. It is worth noting that the daily nutritional
energy requirements for athletes range between 40-70
kcals/kg/day (2000-7000 kcals/ day for a 50-100 kg athlete).

3.4. Mineral Content of Bar Samples

Several studies have indicated that vitamins and
minerals are among the most worrisome elements in an
athlete's diet, including calcium, vitamin D, and B
vitamins. Vitamins, iron, zinc, magnesium, also some
antioxidants like vitamins C and E, beta-carotene, and
selenium, iron are important elements for athletes because
they helps the body to use and carry oxygen for active
muscles. The iron from plant sources like beans, lentils,
seeds, soybeans, whole grains or ground grains, bread, and
pasta is not well absorbed, so it should be fruit, juices,
strawberries, peppers, or broccoli included in the diet to
help iron absorption [65,66]. The data in Table 4 show the
mineral content of bar samples. It can be noted that the
sample containing sweet potato flour (formula A) is
superior to sample with carrot flour (formula B) and
banana flour (formula C) in terms of calcium, iron ,
potassium , sodium, zinc and copper contents (82.86, 4.22,
497.76, 370.23, 1.82 and 0.373 mg /100 g, respectively).
On the other hand, formula B was found to be the
significantly highest in magnesium content (3.76 mg /100 g)
compared to other formulas. Brazil [67] reported that the
cereal bars are a good source of iron, phosphorous and
zinc, along with their high content of copper and
manganese. Oat grains are also rich in macroelements, like
K, Ca, Mg as well as in microelements like Cu, Zn, Fe,
Mn, Bo, Mo, Co and Se [68]. Also, Moreira-Aradjo et al.
[49] found that the sample enriched with cowpea bean
whole flour 7.5% had significantly higher content of
copper, phosphorus, magnesium and zinc. Habiba et al.
[55] found that the banana flour contains 22.96 mg Ca,
1491.88 mg K, Fe 1.22 mg, Mg 108.05 mg and
P 74.54 mg. It is known that bananas are rich in potassium,
which is an electrolyte that helps in regulating fluid
balance, nerve transmission, and acid base balance. Some
research suggest that excessive increases or decreases in
potassium may cause athletes to cramp. During intense
exercise, potassium loss occurs and this is associated with
muscle spasms, so the use of potassium supplements by
athletes reduces the occurrence of muscle cramps [69,70].

Table 4. Mineral content of bar samples

(n,\fgl;;le{)agg?) Formula A Formula B Formula C
Ca 82.86+0.040° 72.56+0.276" 55.22+0.191°
Fe 4.22+0.034° 2.78+0.043° 3.33+0.146°
K 497.760.026 439.06+0.235" 303.300.167°
Na 370.230.028" 224.7120.471° 164.66+0.233°
Zn 1.82+0.110° 1.45+0.023° 1.58+0.059"
Mg 2.860.025" 3.760.131° 2.87+0.024°
Cu 0.373+0.031° 0.335+0.030% 0.293+0.022°

Formula A: Bar with sweet potato flour, Formula B: Bar with carrot flour

and Formula C: Bar with banana flour. Results are reported as mean+SD
of triplicate analysis. Means in a row not sharing the same superscript are
significantly (P< 0.05) different.

Intense exercise causes a significant decrease in
muscle mass, so calcium plays a key role in bone
health in athletes, as its consumption helps maintain
bone density and also reduce the risk of bone injury
during competition. So, athletes should be encouraged to
consume calcium-fortified foods to meet their calcium
needs and improve bone density and prevention
of osteoporosis in athletes [71]. Many studies have
confirmed that minerals are essential for metabolic
processes. It represents a structure for tissues and
important components of enzymes and hormones, and
regulators of metabolic and neural control also improve
the athletic performance ability of athletes. The
recommended nutritional needs of minerals for athletes
such as calcium, potassium, iron, magnesium, sodium,
copper and zinc are (1000, 2000, 8, 420, 500, 1 and
11 mg /d for male, respectively) [72].

Magnesium activates enzymes involved in protein
synthesis and participates in ATP interactions. Some
suggests report that magnesium supplementation
improves energy metabolism and ATP availability.
Studies indicates that magnesium supplementation
(500 mg/d) does not affect exercise performance in
athletes unless there is A deficiency [73]. Many studies
suggested that zinc supplementation (25 mg/d) during
training diminishes exercise-induced changes in immune
function [74].

3.5. Antioxidant Activity of Nutritional Bars
Samples

Figure 2 shows the antioxidant activity of nutritional
bars samples. The nutrition bar sample containing carrot
flour was significantly the highest in TP (4.68 mg GAE/Qg),
TF (46.4 pg/ mL) contents, and DPPH scavenging activity
(85.25 %) compared to other bar samples. On the other
hand, the significantly lowest values of TP and TF
was observed with bar sample containing banana flour.
The significantly lowest DPPH scavenging activity was
found with the sample containing sweet potato flour
(75.53%). Concerning the FRAP values, there were
insignificant (P>0.05) differences among all formulas
investigated here.

The nutrition bars in the present study showed higher
antioxidant activity due to the antioxidant activity of raw
materials used in preparation of these bars. The impact of
antioxidants on DPPH radical scavenging it is due to
their ability of hydrogen-donating [43]. According to
Chaiklahan et al. [75], the DPPH radical scavenging
activity of the nutrition bars depended on the amount
of phenolics in banana flour, pumpkin seed flour,
chickpea, and raisins. So, it can be suggested the
increase in DPPH scavenging activity of formula B is
due to the higher content of TP. Health beneficiary effect
of banana pulp is due to bioactive compounds such as
phenolic acids, flavonoids, carotenoids, sterols, and
antimicrobial compounds, the compounds that make
banana a perfect functional food [76]. Additionally,
consumption of products containing oat flour has
hypocholesterolemic and elimination of free radicals
[77,78].
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Figure 2. Antioxidant activity of nutritional bars samples (Formula A. bars with sweet potato flour, Formula B. bars with carrot flour and Formula C.

bars with banana flour)

3.6. Color Measurement

The color of cereal bars is one of the most important
parameters for determining consumer acceptance. The
color values (lightness, redness, and yellowness) of the bar
samples are given in Table 5. Color parameters showed
that the significantly highest value of lightness was found
with formula C (57.78) followed by formula A (53.16),
meanwhile, the lowest lightness value was obtained with
formula B (49.98). The decrease in lightness in formula B
could be attributed to the natural pigments in carrot such
as carotenoids. Otherwise, the redness in formula B (17.93)
was significantly higher than formula A (8.16) and
formula C (5.40). This could be due to the combination of
cereals, fruits, and sweeteners leading to an increase in
lightness and the redness decreased in bar samples
containing bananas (formula C). Finally, the yellowness
value was significantly higher with formula B (31.47)
compared with other treatments. In general, the high
redness and yellowness in formula B may be due to the
presence of carotenoids. Korese et al. [79] revealed that,
cookies fortified with sweet potato flour showed higher
redness and yellowness and this may be due to the high
carotenoids and some pigments in sweet potatoes flour, in
addition to Maillard and caramelization reactions during
baking. Furthermore, the presence of high sugars in sweet
potato flour contributed to the increase in the redness of
the cookies. Bchir et al. [80] reported that cereal bars
prepared from pear and wheat bran had higher L*values,
while, a* and b* were positive among all cereal bar
formulations. This may be due to the original color of the
fibers, in addition to the reaction of Millard and caramel
reaction during the preparation of the cereal bars. The

significant difference (P < 0.05) in L* values between all
bar samples might be due to the differences in
polyphenols concentration in bar formulas [55].

Table 5. Color values of bar samples

Physical Formula A (Bar | Formula B (Bar | Formula C (Bar
royerties with sweet potato with carrot with banana
prop powder) powder) powder)
L 53.16+3.16™ 49.98+2.43° 57.78+2.22°
a 8.16+0.84° 17.93+0.94% 5.40+0.21°
b* 25.06+2.06" 31.47+2.43° 28.15+1.75%

Formula A. bar with sweet potato flour, Formula B. bar with carrot flour
and Formula C. bar with banana flour. Results are reported as mean +SD
of triplicate analysis. Means in a row not sharing the same superscript are
significantly (P< 0.05) different.

3.7. Texture Profile Analysis

Texture is one of the most important parameters
that determine product quality. The instrumental
determinations of texture profile analysis of nutritional bar
samples are shown in Table 6. It could be noted that the
hardness values (g) of the bar samples which recorded the
significantly highest hardness in cycle 1 were formula B
then formula C, while formula A was significantly the
lowest one. Otherwise, the hardness in cycle 2 showed
that formula C was significantly (P<0.05) highest than
other formulas. Samakradhamrongthai et al. [81] reported
that high-energy cereal bars had highest hardness and
stickiness, and this could be related to the migration of
moisture among the carbohydrates (like starches, pectin,
sugars, and maltodextrin) and the proteins. Adhesive force
and resilience were found to be significantly highest
(P<0.05) in formula C and (11.00 and 0.080, respectively),
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than formula B (8.03 and 0.050) and formula A (2.03 and
0.030, respectively). The fracturability showed the
significantly highest value with formula B value (6.84 g)
compared to formula C and A (599 and 442 g,
respectively). Concerning the springiness values, formula
C was significantly (P<0.05) highest than other formulas,
while formula A was significantly the lowest in
springiness. Also, Habiba et al. [55] found that the
fracturability value of mix bars (containing pumpkin seed
and banana flour) was highest than bars containing
pumpkin seed flour or banana flour, and this may be due
to the formulas being close to each other in textural
properties.

Table 6. Texture profile analysis of nutritional bar samples

Texture profile Formula A Formula B Formula C
Hardness Cycle 1(g) 442+7.05° 684+3.95% 599+3.95"
Adhesive Force (g) 2.03+0.15° 8.03+0.35" 11.00+1.01°
Resilience 0.030£0.002° | 0.050+0.004" | 0.080+0.003
Fracturability (g) 442+7.51° 684+3.050° 599+4.51°
Hardness Cycle 2 (g) 205+4.95° 365+3.00° 600+4.10%
Springiness (mm) 1.31+0.10° 1.57+0.11° 1.90+0.11%

Formula A: Bar with sweet potato flour, Formula B: Bar with carrot flour
and Formula C: Bar with banana flour. Results are reported as mean +SD
of triplicate analysis. Means in a row not sharing the same superscript are
significantly (P< 0.05) different.

3.8. Sensory Evaluation

Sensory evaluation such as color, taste, odor, texture,
overall acceptability of nutrition bars are presented in
Figure 3. It could be observed that the sample containing

banana flour (formula C) had significantly the lowest
scores in color, taste, texture and overall acceptability
compared to other formulas. On the other hand, the
sample containing sweet potato flour (formula A) had
significantly the highest taste, odor and texture
scores. Although all samples had a high acceptance,
the sample containing sweet potato was the most preferred
by the panelist in terms of taste, odor and texture. The
degree of sensory acceptance of nutrition bars is related to
different components like rice flakes, oats, and dried fruit)
and binders (like glucose syrup and honey). Although the
sensory evaluation of all samples ranked as moderately
like to extremely like acceptance according to 9-point.
Hedonic scale, no significant differences could be traced
in all sensory characteristics among the three formulas.

3.9. Nutrition Facts

The data in Table 7 show the nutrition facts of bar
samples under study. Based on the daily value of 4500
calories diet it was found that 40 grams of formula A, B,
and C can cover 3.41- 3.46 % from daily provides
of calories. Also, the results in Table 7 reveal that 40
grams of formulas A, B, and C can meet 2.52, 2.50
and 2.49%, respectively, from daily provides of fat, 4.58,
4.12 and 4.23%, respectively, from protein, 4.44, 4.43
and 4.49 % respectively, from carbohydrate and 4.52,
5.79 and 6.07% respectively, from the crude fiber.
Therefore, the nutrition bars can be used as an important
nutritional supplement. Hence, it will be a highly
sought-after functional food for athletes whose want to
enhance their physical and healthy abilities and athletic
performance.

Color

Overall acceptability

Texture

Formula A

Formula B Formula C

"Odor

Figure 3. Sensory evaluation of bar samples. Formula A: Bars with sweet potato flour, Formula B: Bars with carrot flour and Formula C: Bars with

banana flour.
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Table 7. Nutrition Facts of bar samples

Nutrition Facts (1 Serving per container, Serving Size 40 g)

Sample Nutrition Facts % Daily Value
Calories (Kcal) 155.78 3.46
Total fat (g) 3.78 2.52
Protein(g) 5.492 4.58
Carbohydrate(g) 24.948 4.44
Crude fiber(g) 1.356 4.52
Dietary fiber(g) 0.66 2.2
F;)vl\;r(;r:el: ISO'?agE?{oYJV;;h Ca(mg) 33144 3.314
Fe(mg) 1.688 211
K(mg) 199.104 9.96
Na(mg) 148.092 29.62
Zn(mg) 0.728 6.62
Mg(mg) 1.144 0.272
Cu(mg) 0.1492 14.92
Calories (Kcal 153.248 341
Total fat (g) 3.756 2.50
Protein(g) 4.944 4.12
Carbohydrate(g) 24.916 4.43
Crude fiber(g) 1.736 5.79
Dietary fiber(g) 0.864 2.88
(Bar V\'/:iEc)rrlT:rkrio?flour) ca(mg) 29.024 2.90
Fe(mg) 1.112 13.9
K(mg) 175.624 8.78
Na(mg) 89.884 17.98
Zn(mg) 0.58 5.27
Mg(mg) 1.504 0.358
Cu(mg) 0.134 134
Calories (Kcal 154.988 3.44
Total fat (g) 3.74 2.49
Protein(g) 5.08 4.23
Carbohydrate(g) 25.252 4.49
Crude fiber(g) 1.336 6.07
Dietary fiber(g) 0.736 3.35
(Bar Wft%rg]aur::ni flour) Ca(mg) 22.088 221
Fe(mg) 1.332 16.65
K(mg) 121.32 6.07
Na(mg) 65.864 13.17
Zn(mg) 0.632 5.75
Mg(mg) 1.148 0.273
Cu(mg) 0.1172 11.72

Percent Daily value are based on 4500 calories diet and Fiber 30g (Loucks, 2004; Barrero et al., 2014).

4, Conclusion

In this study, three bar formulations (formula A,
formula B and formula C) were prepared using the same
ratios of whole oat, kidney beans flour, peanut butter,
dried berries, sugar, and glucose, in addition to sweet
potato (with formula A), carrot flour (with formula B) and

banana flour (with formula C). The highest protein, fat,
minerals values, and energy content was found with
formula A, while, the highest carbohydrate and ash values
were observed with formula C. Formula B was found to
be the highest in crude fiber and antioxidant activity
compared to all other formulas. There were no significant
differences among the bars in the sensory evaluation.
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Formula C was significantly the highest in hardness,
adhesiveness, resilience, and springiness compared with
the other bars. From the obtained results it could be
concluded that formula A and B are potential nutritional
of athletes.

Conflicts of Interest

The authors declare that they have no conflicts of
interest.

Acknowledgements

The authors are thankful to Prof. Dr.

Mohammed

Mohamoud Youssef, Professor of Food Science and
Technology, Department of Food Science and Technology,
Faculty of Agriculture (EI-Shatby), Alexandria University,
Egypt, for his support and valuable advice during carrying
out the work.

References

(1]

(2]

(3]

(4]

(5]

(6]
[7]

(8]

(9]

[10]

[11]
[12]

[13]

Lobanov, V. G., Kasyanov, G.l. and Mazurenko, E. A. “Features
of the diet of athletes playing sports,” Proceedings of the
Voronezh State University of Engineering Technologies, 81 (1).
160-167, 2019.

Lobato, L.P., Pereira, A.E.C., Lazaretti, M.M., Barbosa, D.S.,
Carreira, C.M., Mandarino, JM.G. and Grossmann, M.V.E.
“ Snack bars with high soy protein and isoflavone content for use
in diets to control dyslipidemia,” Int J Food Sci Nutri, 63. 1-10,
2012.

Padmashree, A., Sharma, G.K., Srihari, K.A. and Bawa, A.S.
“Development of shelf stable protein rich composite cereal bar,”
Journal of food science and technology, 49 (3). 335-341, 2012.
Van Toan, N. and Vinh, T.Q. “Production of nutritional bars with
different proportions of oat flour and brown rice flour,” Clinical
Journal of Nutrition and Dietetics, 1(1). 1-11, 2018.

Aljaloud, S., Colleran, H. L. and Ibrahim, S.A. “Nutritional value
of date fruits and potential use in nutritional bars for athletes,”
Food and Nutrition Sciences, 11(6). 463-480, 2020.

Gonzales, E. and Draganchuk, M. “Flavouring nutrition bars,”
Cereal Foods World, 48. 250-251, 2003.

Rasane, P., Jha, A., Sabikhi, L., Kumar, A. and Unnikrishnan, V.
S. “Nutritional advantages of oats and opportunities for its
processing as value added foods - A review,” J. Food Sci Techno,
52 (2). 662-675, 2015.

Head, D.S. C.S. and Arntfield, S. H. K. “Superheated steam
processing of oat grouts,” LWT- Food Sci Technol, 43 (4).
690-694, 2010.

Imran, H., Asif, A, Tarig, A. and Shaukat, B. “Nutritional and
Health Perspectives of Beans (Phaseolus wvulgaris L.): An
Overview,” Critical Reviews in Food Science and Nutrition, 54 (5).
580-592, 2014.

Olanipekun, O., Omenna, E., Olapade, O., Suleiman, P. and
Omodara, O. “Effect of boiling and roasting on the nutrient
composition of kidney beans seed flour,” Sky Journal of Food
Science, 4 (4). 24-29, 2015.

Ergun, M. and Siislioglu, Z. “Evaluating carrot as a functional
food,” Middle East Journal of Science, 4. 113-119, 2018.

Yerima, S. M., Saurabh, C., lbrahim, B., Shahid, K.M., Harshita,
J., Nitin, N. and Vikas, J. “Hearbal detox extract formulation from
seven wonderful natural herbs: garlic, ginger, honey, carrots, aloe
vera, dates, & corn,” Asian Journal of Pharmaceutical Research
and Development, 7 (3). 22-30, 2019.

Mohanraj, R. and Sivasankar, S. “Sweetpotato (Ipomoea
batatas[L.]JLam)—A valuable medicinal food: A Review,” J Med
Food, 17 (7). 733-741, 2014.

[14]

[15]

[16]

[17]

(18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
(28]

[29]

[30]

[31]

[32]

[33]

[34]

Kostrakiewicz-Gieralt, K. “A systematic review of sweet potato-
derived nutritional products for athletes,” Movement & Sport
Sciences-Science & Motricité , 113 (3). 11-26, 2021.

Parvin, M. M., Islam, N., Islam, F. and Habibullah, M. “An
analysis of cost of production of banana and profitability at
Narsingdi and Gazipur district in Bangladesh,” International
Journal of Research in Commerce, IT and Management, 3 (3).
113-118, 2013.

Boua , B.B., Ouattara, D., Traoré, L., Mamyrbekova-Békro, J.A.
and Békro, Y.A. “Effect of domestic cooking on the total phenolic,
flavonoid and condensed tannin content from plantain of Cote
d’Ivoire,” Journal of Materials and Environmental Sciences, 11
(3). 396-403, 2020.

Battino, M., Beekwilder, J., Denoyes-Rothan, B., Laimer, M.,
McDougall, G. J. and Mezzetti, B. “Bioactive Compounds in
Berries Relevant to Human Health,” Nutr. Rev, 67 (1). S145-S150,
2009.

Yang, B. and Kortesniemi, M. “Clinical Evidence on Potential
Health Benefits of Berries. Curr. Opin,” Food Sci, 2.36-42, 2015.
Vendrame, S., Del Bo, C., Ciappellano, S., Riso, P. and Klimis-
Zacas, D. “Berry Fruit Consumption and Metabolic Syndrome,”
Antioxidants, 5 (34). 1-21, 2016.

Szajdek, A. and Borowska, E.J. “Bioactive Compounds and
Health-Promoting Properties of Berry Fruits: A Review,” Plant
Foods Hum. Nutr, 63 (4). 147-156, 2008.

Keast, D.R., O’Neil, C.E. and Jones, J. M. “Dried Fruit
Consumption Is Associated with Improved Diet Quality and
Reduced Obesity in US Adults: National Health and Nutrition
Examination Survey, 1999-2004,” Nutr. Res, 31 (6). 460-467,
2011.

Chaudhary, R. and Sharma, S. “Conventional nutrients and
antioxidants in red kidney beans (Phaseolus vulgaris): An
explorative and product development endeavor,” Annals. Food
Science and Technology, 14 (2). 275-285, 2013.

Eke-Ejiofor, J. and Kiin-Kabari, D. “Chemical pasting, functional
and sensory properties of Sweet and Potato Chips,” Nigeria Food
Journal, 28 (2). 47-48, 2010.

Guyih, M. D., Dinnah, A. and Eke, M. O. “Production and Quality
Evaluation of Cookies from Wheat, Almond Seed and Carrot
Flour Blends,” International Journal of Food Science and
Biotechnology, 5(4). 55-61, 2020.

Yani, A., Arief, R. W. and Mulyanti, N. “Processing of Banana
Flour Using a Local Banana as Raw Materials in Lampung,”
International Journal on Advanced Science Engineering
Information Technology, 3(4). 26-30, 2013.

Sun, Y., Zhang, M., Mujumdar, A. “Berry Drying: Mechanism,
Pretreatment, Drying Technology, Nutrient Preservation, and
Mathematical Models,” Food Engineering Reviews, 11. 61-77,
2019.

AOAC, Official method of analysis chemists. In: Horwitz, W.
(Ed.), Maryland, USA 950.46, 21th ed. 2019.

Oztiirk, H.L., Aydin, S., Sozeri, D., Demirci, T., Sert, D. and Akin,
N. “Fortification of settype yoghurts with Elaeagnus angustifolial.
flours: Effects on physicochemical, textural, and microstructural
characteristics,” LWT - Food Science, 90. 620-626, 2018.

Abirami, A., Nagarani, G. and Siddhuraju, P. “In vitro antioxidant,
antidiabetic, cholinesterase andtyrosinase inhibitory potential of
fresh juice from Citrus hystrix and C. maxima fruits,” Food
Science and Human Wellness, 3. 16-25, 2014.

Barros, L., Cabrita, L., Boas, M.V., Carvalho, A. M. and Ferreira,
I.C.F.R. “Chemical, biochemical and electrochemical assays to
evaluate phytochemicals and antioxidant activity of wild plants,”
Food Chemistry, 127 (4). 1600-1608, 2011.

Brandwilliams, W., Cuvelier, M.E. and Berset, C. “Use of a Free
Radical Method to Evaluate Antioxidant Activity,” LWT-Food
Science and Technology, 28. 25-30, 1995.

Oyaizu, M. “Studies on Products of Browning Reaction:
Antioxidative Activities of Products of Browning Reaction
Prepared from Glucosamine,” Japan Journal of Nutrition, 44 (6).
307-315, 1986.

Santipanichwing, R. and Suphantharika, M. “Carotenoids as
colorants in reduced-fat mayonnaise containing spent brewer’s
yeast B-glucan as a fat replacer,” Food Hydrocolloids, 21 (4).
565-574, 2007.

Yuan, S. and Chang, S.K.C. “Texture profile of tofu as affected by
instron parameters, sample preparation and correlation of instron



64

[35]

[36]
[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

American Journal of Food Science and Technology

hardness and springiness with sensory scores,” Journal of Food
Science, 72 (2). S136-S145, 2007.

Banach, J. C., Clark, S. and Lamsal, B.P. “Texture and other
changes during storage in model high-protein nutrition bars
formulated with modified milk protein concentrates. Lebensmittel-
Wissenschaftand-Technologie,” Food Science and Technology, 56
(1) 77-86, 2014.

SAS. Institute Inc. SAS. /ETS 9. 1 User SAS Institute Inc Users
Guide. Cary, NC. 2004.

Wang, N., Hatcher, D.W., Tyler, R.T., Toews, R. and Guwalko,
E.J. “Effect of cooking on the composition of bean (Phaseolus
vulgaris L.) and Chicken Pea (Cicer arietinum L.),” Food
Research International, 43 (2). 589-594, 2010.

Dewettinck, K., Bockstaele, F., Kuhne, B., Walle, D., Courtens,
T.M. and Gellync, X. “Nutritional value of bread: influence of
processing, food interaction and consumer perceptron,” Journal of
Cereal Science, 48 (2). 243-257, 2008.

Barapama, Z. and Simard, R.E. “Oligosaccharide, anti-nutritional
factors and protein digestibility of dry beans as affected by
processing,” Journal of Food Science, 59. 833-838, 1994.
Genccelep, H., Uzun, Y. Tuncturk, Y. and Demirel, K.
“Determination of mineral content of wildgrown mushroom,”
Food Chemistry, 133 (4). 1033-1036, 2009.

Yasmin, A., Zeb, A., Khalil, A\W., Paracha, G.M. and Khattak,
A.B. “Effect of processing on anti -nutritional factors of red
kidney bean (Phaseolus valgaris) grains,” Food Bioprocessing
Technology, 1 (4). 415-419, 2008.

Hernandez, L, M., and Henriquez, C. “phenolic compounds and
antioxidant capacity of fresh and dehydrated chilean fruits and
vegetables,” Annals of Nutrition and Metabolism, 63. 1582, 2013.
El-Sayed, M. 1., lbrahim, A. A. and Awad, S. “Impact of Purslane
(Portulaca oleracea L.) Extract as Antioxidant and Antimicrobial
Agent on Overall Quality and Shelf Life of Greek-Style Yoghurt,”
Egypt. J. Food. Sci, 47 (1). 51-64, 2019.

Saavedra, M., Borges, A., Dias, C., Aires, A., Bennett, R., Rosa, E.

and Simdes, M. “Antimicrobial Activity of Phenolics and
Glucosinolate Hydrolysis Products and Their Synergy with
Streptomycin against Pathogenic Bacteria,” Medicinal Chemistry,
6 (3). 174-183, 2010.

Bowen-Forbes, C.S., Zhang, Y. and Nair, M.G. “Anthocyanin
Content, Antioxidant, Anti-Inflammatory and Anticancer
Properties of Blackberry and Raspberry Fruits,” J. Food Compos.
Anal, 23 (6). 554-560, 2010.

Renard, C. “special Issue Euro-Mediterranean Symposium on
Fruit and Vegetable Processing,” LWT-Food Science and
Technology, 49 (2). 171-171, 2012.

de Arruda, L.C., Faria, W. C. S., Siqueira, N. F. M. P., de Sousa
Campos, M. F. and de Barros, W.M. “Development of cereal bar
with baru almonds and pineaplle peels,” Research, Society and
Development, 10 (5). e21610514684-e21610514684, 2021.

Obi, M.A. “Sensory properties of complementary food formulated
from blends of Sweet Potato, Soybean and Carrot flour,”
International Journal of Applied Chemical and Biological
Sciences, 2 (5). 16-22, 2021.

Moreira-Aradjo, R. S. D. R., Sousa, I. G. M. D., Cavalcante, R. B.
M., Morgano, M. A. and Aradjo, M. A. D. M. “Cereal bar
enriched with cowpea bean whole flour, cashew nut, and raisin
banana,” Revista Ciéncia Agrondmica, 52, 2021.

Oloyede O.L. “Chemical profile of unripe pulp of Carica papaya,”

Pak J Nut, 4 (6). 379-81, 2005.

Santos, C.T., Bonomo, R.F., Fontan, R.D., Bonomo, P., Velo, C.M.

and Fontan, G.C. “Characterization and sensorial evaluation of
cereal bars with jackfruit,” Acta Sci Technol, 33 (1). 81-85, 2011.
Drummen, M., Tischmann, L., Gatta-Cherifi, B., Adam, T. and
Westerterp-Plantenga, M. “Dietary protein and energy balance in
relation to obesity and co-morbidities,” Frontiers in
Endocrinology, 9. 443, 2018.

Tasnim, T., Das, P.C., Begum, A.A., Nupur, A. H. and Mazumder,
M.A.R. “Nutritional, textural and sensory quality of plain
cake enriched with rice rinsed water treated banana blossom
flour,” Journal of Agriculture and Food Research, 2. 100071,
2020.

Jager, R., Kerksick, C. M., Campbell, B. 1., Cribb, P. J., Wells,
S.D., Skwiat, T.M., Purpura, M., Ziegenfuss, T.N., Ferrando, A.
A., Arent, S.M. and Smith-Ryan, A. E. “International society of
sports nutrition position stand: protein and exercise,” Journal of
the International Society of Sports Nutrition,14 (1).1-25, 2017.

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]
[74]

[75]

[76]

Habiba, U., Robin, M.A., Hasan, M.M., Toma, M.A., Akhter, D.
and Mazumder, M. A. “Nutritional, textural, and sensory quality
of bars enriched with banana flour and pumpkin seed flour,”
Foods & Raw Materials, 9 (2). 282-289, 2021.

Burke, L. M., Hawley, J.A., Wong, S.H.S. and Jeukendrup, A.E.
“Carbohydrates for Training and Competition,”, Journal of Sports
Sciences , 29. S17-S27, 2011.

Grden, L., Oliveira, C.S. and Bortolozo, E.A. “Preparation of a
cereal bar as rewarding food for athletes and practitioners of
physical activity,” Braz J Agrotechnol Ind, 2 (1). 87-94, 2008.
Baljeet, S.Y., Ritika, B.Y. and Roshan, L. “Studies on functional
properties and incorporation of buckwheat flour for biscuit
making,” Int Food Res J, 17.1067-1076, 2010.

Agbaje, R., Hassan, C.Z., Norlelawati, A., Rahman, A.A. and
Huda-Faujan, N. “Development and physico-chemical analysis of
granola formulated with puffed glutinous rice and selected dried
Sunnah foods,” Int. Food Res. J, 23 (2).498-506, 2016.

Bagchi, D., Nair, S. and Chandan, K. “Nutrition and enhanced
sports performance: muscle building, endurance, and strength,”.
Academic Press, 2018.

Ginting, E., Yulifianti, R. and Jusuf, M.J.M. “Ubi Jalar sebagai
Bahan Diversifikasi Pangan Lokal (Sweet potatoes as an
ingredient for local food diversification)].[Article in Indonesian], ”
jurnal Pangan , 23 (2).194-207, 2014.

Khoozani, A.A., Birch, J. and Bekhit, A. E. D. A. “Production,
application and health effects of banana pulp and peel flour in the
food industry,” Journal of food science and technology, 56 (2).
548-559, 2019.

Clark, A. and Mach, N. “Exercise-induced stress behavior, gut—
microbiota-brain axis and diet: A systematic review for athletes,”
Journal of the International Society of Sports Nutrition, 13 (1).
1-21, 2016.

Melnikova, E. I., Skrylnikova, E. S. and Rudnichenko, E. S.
“lIssledovanie funktsionalno-tehnologicheskih svoystv pischevyh
volokon [Researching Functional and Technological Properties of
Dietary Fibers,” Bulletin of the Voronezh State University, 4.186-
188, 2013.

Driskell, J. “Summary: Vitamins and trace elements in sports
nutrition,” In: Driskell J, Wolinsky 1, eds. Sports Nutrition.
Vitamins and Trace Elements. NY, USA: CRC/Taylor & Francis;
2006: 323-331.

Woolf, K. and Manore, M.M. “B-vitamins and exercise: Does
exercise alter requirements,” Int J Sport Nutr Exerc Metab, 16
(5).453-484, 2006.

Brazil, D.F. “Ministry of health,” Resolution. 466 of December 12,
2012. Provides for guidelines and regulatory standards for
research involving human beings. Diario Oficial da Republica
Fedeativea do Brazil, DF, 13 jun. 2013.

Fistes, A., Rakic, D., Seres, Z., Dosenovic, T., Pajin, B. and
Simovic, S. “Statistical analysis of the basic chemical composition
of whole grain flour of different cereal grains,” Acta Universitatis
Sapientiae, Alimentaria, 7. 45-53, 2014.

Shirreffs, S.M., Armstrong, L.E. and Cheuvront, S.N. “Fluid and
electrolyte needs for preparation and recovery from training and
competition,” J Sports Sci, 22 (1). 57-63, 2004.

Morton, D.P. and Callister, R. “Characteristics and etiology of
exercise-related transient abdominal pain,” Med Sci Sports Exerc,
32 (2). 432-438, 2000.

Yusni, Y. and Amiruddin, A. “Pemenuhan Kebutuhan Kalsium
Dan Besi Atlet Sepak Bola Junior Banda Aceh,” Journal Sport
Pedagogy, 5 (2). 1-6, 2015.

Kerksick, C.M., Wilborn, C. D., Roberts, M.D., Smith-Ryan, A.,
Kleiner, S.M., Jager, R. and Kreider, R.B. “ISSN exercise &
sports nutrition review update: research & recommendations,”
Journal of the International Society of Sports Nutrition, 15 (1).
1-57,2018.

Lukaski, H.C. “Magnesium, zinc, and chromium nutrition and
athletic performance,” Can J Appl Physiol, 26 (1). S13-22, 2001.
Gleeson, M. and Bishop, N.C. “Elite athlete immunology:
importance of nutrition,” Int J Sports Med, 21(1). S44-50, 2000.
Chaiklahan, R., Chirasuwan, N., Loha, V., Tia, S. and Bunnag, B.
“Separation and purification of phycocyanin from Spirulina sp.
using a membrane process,” Bioresource Technology, 102 (14).
7159-7164, 2011.

Ovando-Martinez, M., Sayago-Ayerdi, S., Agama-Acevedo, E.,
Gofi, I. and Bello-Pérez, L.A. “Unripe banana flour as an



American Journal of Food Science and Technology 65

ingredient to increase the undigestible carbohydrates of pasta,”
Food Chemistry, 113 (3). 121-126, 2009.

[77] Tiwari, U. and Cummins, E. “Factors influencingB-glucan levels

and molecular weight in cereal-based products,” Cereal Chemistry,
83 (3). 290-301, 2009.

[78] AbuMweis, S., Thandapilly, S., Storsley, J. and Ames, N. “Effect

of barleyB-glucan on postprandial glycaemic response in the
healthy human population: a meta-analysis of randomized
controlled trials,” Journal of Functional Foods, 27. 329-342,
2016.

[79] Korese, J.K., Chikpah, S.K., Hensel, O., Pawelzik E. and Sturm, B.

“Effect of orange-fleshed sweet potato flour particle size and

(80]

[81]

degree of wheat flour substitution on physical, nutritional, textural
and sensory properties of cookies,” European Food Research and
Technology, 247 (4). 889-905, 2021.

Bchir, B., Jean-Frangois, T., Rabetafika, H. N. and Blecker, C.
“Effect of pear apple and date fibres incorporation on the physico-
chemical, sensory, nutritional characteristics and the acceptability
of cereal bars,” Food Science and Technology International,24 (3).
198-208, 2018.

Samakradhamrongthai, R.S., Jannu, T. and Renaldi, G.
“Physicochemical properties and sensory evaluation of high
energy cereal bar and its consumer acceptability,” Heliyon, 7 (8).
1-9, 2021.

© The Author(s) 2022. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



