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ABSTRACT

Background: Nutritional bar has been paid special attention, then quickly developed and present in some parts of the world
as it contains high nutritional value, quick energy release on required demanding basis, especially the form of this food
is very mobile and neatly light. Nutritional bars are nutritional products which contain cereals and other high energy-rich
ingredients. They are becoming trendy food products in the world in these days. They can be used as the nutritional meal, meal
replacement, or snack which provides a lot of essential nutrients for people who lack the time or resources for extensive meal
planning due to its convenience. Purpose: The purpose of this study is to determine the suitable process for a preparation and
a possible replacement to reduce the production costs of oat flour by brown rice flour in the processing of nutritional bars.
Materials and Methods: The collected samples of brown rice were sorted and soaked in clean water with a ratio of the rice to
water of 2:3 (W/W) at ambient temperature for 3 h. They were then drained and dried in an oven dryer at 40°C for 4-5 h until
the level of moisture content drops around 12—16%. Then, they were ground using a laboratory grinder. The dried flour samples
were passed through a 70-mesh sieve and roasted on pan at 100°C for 10 min before stored in a plastic bag at ambient condition
for further use. Results: Nutritional analysis of the prepared nutritional bar showed that the developed nutritional bars from
brown rice flour were scientifically necessary to reduce the production costs while remained the specific nutritional values and
health benefits as well as the high acceptability of the consumers. Conclusion: The potential substitution of oat flour by brown
rice flour in nutritional bar by evaluating the nutritional values as well as the physical parameters of the resulting products were
thoroughly investigated and successfully obtained.

Key words: Brown rice flour, nutritional bars, nutritional values, oats flour, physicochemical analysis, production cost, sensory
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contains important nutrients such as bioactive components,

B-complex vitamins, dietary fiber, and minerals, of which

mong the variety of rice, brown rice is well known could provide and promote human health.”®’ Scientific studies

as its high in nutritional values when compared to have been now shown that the consumption of brown rice in

whole white rice. Brown rice is the whole grain with ~ human and animal reduces the risk of type-2 diabetes, heart

the removing of an inedible outer shell.l! The nutritional diseases, cancer, and other chronic diseases.>* In the food
components in brown rice mainly exist in the germ and industry, brown rice was found that it has the potential for the
bran layers, which are mostly removed by polishing  production of various human foods due to its suitable form.
as an outcome.”! Although carbohydrates are the main  Brown rice is well known for the whole rice grain that has
components in brown rice, it has a low glycemic index which ~ undergone the dehulling process. Without dehulling process,
is indicated low digestibility of the starch. Besides, brown  the bran layer is still bound up with the grain. Hence, brown
rice is an excellent source of functional components which  rice is more nutritious than milled rice. In addition, the
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bran layer of brown rice contains various nutrients that are
necessary for poultry as well. It has been worth noting that
without passing a milling process, the processing cost will be
reduced. Thus, the price is lower®! and thus lowering the price.
For those reasons, brown rice has a promising application as
well as a source for commercial poultry production.!”

Moreover, in microbiological field, due to its economical and
beneficial application, some scientific studies have shown that
brown rice or its rice bran is used as media which can directly
be used as fermentation substrates of probiotic bacteria.®
Brown rice contains the high level of essential nutrient and
bioactive compound to promote the growth of probiotic
bacteria such as Lactobacillus acidophilus, Lactobacillus
pentosus, and Lactobacillus plantarum.’®°’ Consequently, the
value of the cereal processing industry could be increased by
the using of brown rice bran or its extracts as the replacement
source of non-dairy probiotics.®

The application of certain types of brown rice flour depends
on the characteristics that are important to particular food
products. In some food processing such as snack foods,
cookies, gravies, pudding, bread, and cakes, brown rice
flours were added to reduce the production costs and
increase the dietary fiber content. Because of the absence
of gluten, low amounts of fat, sodium but high amounts of
digestible carbohydrates, brown rice flour has been used as
the replacement for wheat flour in the production of gluten-
free cakes to help people with celiac disease and other related
diseases.!"

In the time of advanced information and technology today,
global food consumers are well aware of health benefits from
instant and fabricated foods, which contain high essential
nutrients that could promote human health and prevent
consumers from chronic diseases. As the consequence, a
rather new type of food product named: Nutritional bar
has been paid special attention, then quickly developed
and present in some parts of the world as it contains high
nutritional value, quick energy release on required demanding
basis, especially the form of this food is very mobile and
neatly light. Nutritional bars are nutritional products which
contain cereals and other high energy-rich ingredients they
are becoming trendy food products in the world in these days.
They can be used as the nutritional meal, meal replacement,
or snack which provides a lot of essential nutrients for people
who lack the time or resources for extensive meal planning
due to its convenience. According to Global Market Study on
nutritional bars, more than 40% of the global market value
was accounted by North America and the trend still increase
gradually. Although nutritional bars development in this
market is almost saturated, the USA is still the largest market
for this food industry. In Europe, due to the increasing of
appropriation for the nutritional products, the high demand
for this bar has recently seen in the United Kingdom.!"] In
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Asia-Pacific region, the high nutrient bars market got the
most significant increase from the countries in the East side
included China, Japan, Korea, and Taiwan due to the raised
attention among teenagers about their looks. The Chinese
market is predicted to observe the fastest growth during
the forecast period, followed by Japan. Australia is another
country to have a look into, due to the presence of a large
number of sportsmen and athletes who prefer nutritional
bars as nutritional food with high nutrients. In addition,
Vietnam is a potential market with the broad field of young
and energetic consumers, which occupy for the majority of
the workforce in the country and difficulty finding time for
traditional cooking due to their busy time.['”

Oat flour is the primary ingredient which is usually used in
nutritional bar in order to enhance the dietary fiber content as
well as some micronutrients. Dietary fiber, particularly oat
B-glucan has potential anticancerous property, as they reduce
compounds which are causative agents of colon cancer reduce
blood cholesterol level as well as reduce blood pressure.!'?!

Although numerous studies on the evaluation and utilization
of rice in general, and brown rice in particular, have been
conducted as mentioned above, there is no information about
how to prepare flour and the made nutritional bars from
brown rice. Besides, the production costs of this bar are
quite exorbitant due to the import of oat flour from overseas.
Therefore, the use of brown rice flour which is abundant in
Vietnam market will be investigated to find the most suitable
ratios to substitute the role of oats in order to reduce the
production costs as well as maintain the quality of nutritional
bars. Hence, it is scientifically and economically important
to know whether the made flour from brown rice can be used
for the production of nutritional bar with a possible maximum
alleviation of production expense. In addition, consequence of
various proportion of brown rice flour to oat flour formation
needs to be determined in order to produce acceptable
final nutritional products. In summary, this study has been
conducted to determine the suitable process for preparation
and possible replacement to reduce the production costs of oat
flour by brown rice flour in the processing of nutritional bars.

Preparation of brown rice flour

The brown rice samples were collected and sorted to remove
any foreign matter present in the grain. The samples were
then soaked in water with a ratio of rice to water of 2:3 (w/w)
at room temperature for 3 h. After that, they were drained
and dried in an oven dryer at 40°C for 4-5 h until the level
moisture content drops around 12-16%.["" Then, they are
ground using a laboratory grinder. The dried flour samples
passed through a 70-mesh sieve and roasted on pan 100° for
10 min before stored in a plastic bag at ambient condition for
further use [Figure 1].214
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Washing the brown rice

v

Soaking the brown rice in water for 3hrs

v

Draining and drying (at 40°C)
v

Grinding

v

Sieving (70 mesh)

v

Brown rice flour

v

Roasting at 100°C for 10 minutes

v

Packaging (airtight zip lock bag)

v

Storage (at ambient condition)

Figure 1: The preparation of brown rice flour

Preparation of oat-brown rice nutritional bars

The oat flour and brown rice flour were mixed with different
proportions (100:0, 70:30, 50:50, 30:70, and 0:100) and other
dried ingredients were weighted and added in a medium
bowl. Peanut butter and honey were combined in a small
bowl, then they were heated until solution becomes melted.
The following wet ingredients and water were mixed with the
dry ingredient to make a homogenized mixture. The mixture
was spread into baking dish and entirely wrapped. The baking
dish was placed in refrigerator for at least 2 h until becoming
hard. The obtained bars from the dish were taken out by
lifting up the parchment and cut into squares. The nutritional
bars were stored in airtight containers for at least 12 h before
further analysis. The flowchart for preparation of nutritional
bars is shown in the Figure 2

As shown in the all well-prepared Table 1, A is symbol marked
nutritional bars produced from 100% oat flour. Similarly, B
is marked nutritional bars produced from 70% oat and 30%
brown rice flour, C is marked nutritional bars produced from
50% oat and 50% brown rice flour, D is marked nutritional
bars produced from 30% oat and 70% brown rice flour, and
E is marked nutritional bars produced from 100% brown rice
flour.

*  A=100:0ratio of oat - brown rice flour in nutritional bar

Figure 2: The preparation of nutritional bars

Ingredients Samples (g)

A B C D E
Oat flour 100 70 50 30 0
Brown rice flour 0 30 50 70 100
Whey protein 1145 1145 1145 1145 1145
Peanut butter 43 43 43 43 43
Honey 6 6 6 6 6
Salt 1.5 1.5 1.5 1.5 1.5
Water 22 22 22 22 22

B =70:30ratio of oat - brown rice flour in nutritional bar
e (C=150:50ratio of oat - brown rice flour in nutritional bar
* D =30:70 ratio of oat - brown rice flour in nutritional bar
e E=0:100 ratio of oat - brown rice flour in nutritional bar.

Proximate analysis of brown rice flour

The proximate analysis of the composite flours and nutritional
bar moisture, protein, ash, fiber, and fat content were
determined to the methods described using the AOAC.!'
Total carbohydrates were calculated by difference.!®

Total carbohydrate content:
calculated by difference.!'®!

Total carbohydrates were

% Carbohydrate = 100% (protein+ fat + ash+ fiber + moisture)
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Crude fiber: Total dietary fiber was determined according
to Approved Methods of American Association of Cereal
Chemists. 9" ed. St. Paul: AACC, 1995.1'7)

Functional properties analysis of brown rice flour
Bulk density

Bulk density was determined according to the method
reported by Okaka and Potter, 1977.'%

Water absorption capacity (WAC)

The WAC of the sample was determined using the method
as described by Eleazu and Ironual'” and Onabanjo and
Dickson®” with a minor modification.

Oil absorption capacity (OAC)

OAC of the flour was determined using the method as
described by Adepeju ez al.?') and Eleazu and Ironua, 2013.1""!

Proximate analysis of nutritional bars

Moisture, carbohydrate, fiber, ash, protein, and fat content
of prepared nutritional bars were determined by the same
methods used for brown rice flour analysis.

Assay of developed nutritional bars
Determination of total phenolic content (TPC)

Total phenolics were extracted from the samples following
the method described by Yafang et al., 201122 with a slight
modification.

Physical properties measurements of nutritional
bars

The length, width, thickness, weight, volume, and density of

different treatments nutritional bar were measured

e Thickness was measured by stacking 3 nutritional bars
on top of each other.

*  Length was measured by laying 3 nutritional bars edge-
to-edge to get the average length (cm)

*  Width was measured by laying 3 nutritional bars next to
each other to get the average width (cm)

*  Weight was measured using digital weighing scale to
determine the weight (grams)

*  Volume of nutritional bar is defined as the area of the bar
multiplied by thickness.
Volume = L*T*W
where
T = Average thickness of bar (cm)
L = Length of bar (cm)
W = Width of bar (cm).

*  Density was obtained using the following formula.

@g 6 Mass of sample (g)

Density ¢ %
&m®® Volumeof sample (cm3)
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Sensory evaluation

Sensory evaluation of the product was conducted based
on 9 points hedonic scale for appearance, color, flavor,
texture, and overall acceptability. A semi-trained panel of
60 members was selected to evaluate the sensory properties
of nutritional bars. The sensory evaluation was performed
in laboratory with clean sensory cabinets containing fresh
water. The panelists were instructed to evaluate the above
attributes of the samples and to rate each attribute. A
9-point hedonic scale with 1 (dislike extremely) and 9 (like
extremely) was used.”

Statistical analysis

All experiments were performed in triplicate. Data are
expressed as the mean values + standard deviation derived
from triplicate determinations. The statistical analysis of the
data was done by analysis of variance using the software
Minitab® version 16 (Minitab Inc., USA). The results were
significant differences for P < 0.05.

Proximate analysis of brown rice flour [Table 2]

Proximate analysis of brown rice flour is shown in the Table
2. Moisture content is known as an important factor that
affects the quality and palatability of brown rice grains. As
can be seen from Table 2, the moisture content of the brown
rice flour (dry weight basis) was 9.71 + 0.2%

Functional properties of composite flour
The results of the functional properties of brown rice flour and
the composite flour samples are as presented in Tables 3 and 4.

Physical properties of developed nutritional bars: The
collected data on physical properties of developed nutritional
bars are presented in Table 5.

Proximate values of developed nutritional bars

Proximate values of developed nutritional bars are shown
in the Table 6, providing that the moisture contents of the
five formulations ranged between 18.90% and 20.50%. The

Components (%) Value*
Moisture (DWB) 9.71+0.20
Ash 0.88+0.19
Fat 2.15+0.20
Protein 9.08+0.00
Crude fiber 0.7+0.00
Total carbohydrate 78.18+0.21

*Values in the table represent the meanszstandard deviations (n=3
replicates). DWB: Dry weight basis)
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results also revealed that there was a gradual decrease of
moisture content of nutritional bars from sample A to E. As
mentioned in the previous part, Oat flour has higher water
absorption capacity than brown rice flour (2.11 g/g > 1.53

g/g)

TPC of developed nutritional bars

The estimated values of total phenolic content (TPC) in
the studied nutritional bars are given in Table 7. As it can
easily be seen, from the collected data, while increase the
level of brown rice flour substitution in nutritional bars
processing, the total phenolic content (mg/g DW) gradually
decreased. The total phenolic contents (mg/g) in the different
formulations of the sample extracts were calculated using the
standard curve for gallic acid with the equation y = 0.0929x
+0.0142, R2 = 0.9989

Sample Bulk density WAC (g/9) OAC (g/9)
(g/cmd)

A 0.66+0.012 2.11+0.132 0.99+0.06°

B 0.69+0.022 1.84+0.23% 0.96+0.072

C 0.71+0.002 1.60+0.05° 0.87+0.05°

D 0.76+0.042° 1.58+0.08° 0.85+0.102

E 0.80+0.04° 1.53+0.20° 0.82+0.122

*Values in the table represent the means+standard

deviations (n=3 replicates). The values denoted by different
letters in the same column are significantly different (P<0.05),
WAC: Water absorption capacity, OAC: Oil absorption capacity

Physical property Value*

Bulk density (g/cm?) 0.80+0.04
WAC (g/9) 1.53+0.20
OAC (g/9) 0.82+0.12

*Values in the table represent the means+standard

deviations (n=3 replicates). The values denoted by different
letters in the same column are significantly different (P<0.05).
WAC: Water absorption capacity, OAC: QOil absorption capacity

Sensory evaluation

Sensory evaluation scores of developed nutritional bars
in term of appearance, taste, aroma, texture and overall
acceptability in 9 - point scale.are presented in the Table 8.

Proximate analysis of brown rice flour

From Table 2, data on proximate analysis of the prepared
brown rice flour clearly showed that brown rice is well-
known rich in fatty acid which mainly presented in bran
and part of germ.”¥ Fat in brown rice is a good source of
linoleic and other essential fatty acids but does not contain
cholesterol.?* The result of fat content in the current study
was 2.15 £+ 0.20% which was in an agreement with that of
Grist!! who reported the ranged for fat contain between
2.0% and 2.54%. Fat content influences the taste of cooked
rice because rice with high-fat content tends to be tastier and
have less starch.?¢

Brown rice protein is superior because of its unique
composition of amino acids and has a special benefit
because eight of the essential amino acids had been found in
delicately balanced proportions.”! Protein in brown rice is
very essential as proteins form the basic building blocks for
cells and tissue repairs in the body.* Besides, the nutritional
quality of rice could be determined by the protein content.’®!
The collected data in the current study was 9.08% within
the protein ranged from 7.3 to 11.9% of which is similar to
the one reported by Gunaratne et al.?) With considerably
higher amount of protein than polished rice, brown rice is
considered as good a source of ingredient which is really
interesting for food products and people suffering from
protein malnutrition.%

It is known that the main benefit of fiber is to low down
the blood cholesterol and sugar after meals in diabetic
patients.! Fiber can reduce the risk of bowel disorders
and fights against constipation.?” An absence or low fiber
in daily meal could lead to the high incidence of a wide
range of diseases in man.*¥ The presence of fiber in diet
increases the bulk of feces, which has a laxative effect in the
gut.?® The analyzed fiber content was 0.7% within the range

Sample Length (cm) Thickness (cm) Width (cm) Weight (g) Volume (cm?) Density (g/cm?)
A 7.06+0.10? 0.56+0.042 2.25+0.262 13.11+0.362 8.44+0.742 1.53+0.212
B 7.05+0.092 0.54+0.042 2.23+0.082 12.80+0.692 8.27+0.632 1.55+0.152
C 7.04+0.08° 0.53+0.10° 2.20+0.142 12.51+0.602 8.05+1.762 1.58+0.35%
D 7.00+£0.152 0.51+0.042 2.17+0.142 12.37+0.382 7.94+0.592 1.59+0.162
E 7.00+0.102 0.50+0.062 2.12+0.092 12.21+0.372 7.85+0.232 1.59+0.052

*Values in the table represent the meanszstandard deviations (n=3 replicates). The values denoted by different letters in the same column

are significantly different (P<0.05)
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0.2-2.6% reported by Julialo, 1972 which is acceptable.
Hence, the consumption of brown rice flour is associated
with beneficial health effects which are attributed to the high
content of dietary fiber.*¥

Brown rice is considered as good source of carbohydrate,
though carbohydrates are the main components in brown
rice, it has a low glycemic index which is indicated low
digestibility of the starch and shown no side effects on the
consumption of human (Ito et al., 2005). Moreover, standing
at 78.18 + 0.21%, the collected data of total carbohydrate in
brown rice is marginally different within the range 79-91.4%
reported by Grist.*”) The differences observed in this case
may be due to the following reasons are varietal differences,
agro-ecological condition, extent of drying, fertilizer use and
methods of analysis, etc.!!!

Functional properties of composite flour

As can be easily seen from Tables 3 and 4, the functional
properties are the fundamental physicochemical characteristics
that reflect the complex interaction between the composition,
structure, molecular conformation, and physicochemical
properties of food components together with the nature of
environment in which these are associated and measured.?”!
Functional characteristics are required to the general quality of
foods and provided useful information for industrial purpose
as well as their acceptability. The functional properties of
flours also play important role in the manufacturing of bakery
products.t!!

Bulk density

Bulk density of oat flour (Sample A) was 0.66 g/cm’,
whereas that of brown rice flour recorded 0.80 g/cm®. Based
on the collected data, the high amount of brown rice flour
was incorporated with oat flour, the higher density of the
composite flour in the results. The bulk density values ranged
between 0.66 and 0.80 g/cm®. While sample E was the highest
value in bulk density, the opposite was true for sample A. The
values of this parameter were reported significantly different
(P <0.05) between sample A and E.

Density of food materials is useful in mathematical
conversion of mass to volume as an important parameter
to assess the quality of food materials.*®! Bulk density is
generally affected by the particle size and density of the
flour, the higher the particle size, the lower the bulk density.
Increase in bulk density is desirable because its advantages in
packaging processing as well as remain a constant volume of
packing quantity during distribution.>”

WAC

From Table 3, the WAC of composite flour was shifted
toward downward trend. There were significant differences
(P < 0.05) in the WAC of sample C, D, and E comparing
with the control sample A, though the result from sample
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B was similar with all proportions. Besides, the WAC of
composite flours was ranged between 153% and 211% with
the highest value regarded to sample A and the lowest one
was sample B. Chandra et al. proposed this could be due to
molecular structure of the rice flour which inhibited water
absorption and less availability of polar amino acids in flours
as could be seen from the lower values of WAC. Berggren et
al B¥ and Nikoli¢ et al.?! also figured out the reduction of
dietary fiber and protein content from oat to brown rice flour
might impact to the WAC.

OACAIso from Table 3, it can be seen that the OAC of all
composite flours ranged between 82% and 99%. Sample A
was considered highest OAC value, whereas that of sample
E was lowest. There were no significant differences (P
> 0.05) in the OAC of all composite flours. OAC of flour
was attributed to the physical entrapment of oil by capillary
attraction that acts as flavor retainer and increases the
mouthfeel of food (Singh et al., 2017). The change in OAC
in different composite flour could be explained by the quality
of proteins and amino acid. These components combine with
dissociation and fractional unfolding of polypeptide in order
to expose the hydrophobic sites of amino acids and adjusted
lipophilic protein which aids hydrophobic association with
the fat molecules.[*” Hence, the low protein content in brown
rice flour in order to compare with oat flour is the possible
reason for the drop in the OAC of composite flours when
raising the level of substitution.

Physical properties of developed nutritional bars
The obtained results of physical properties of developed
nutritional bars from Table 5 shows that the length, the
width, and the thickness of nutritional bars made from oat
and brown rice flour in different ratios were not significantly
different (P > 0.05), though there was a downward trend
from these parameters. This fact could be explained by the
method of producing nutritional bars. Without baking, the
temperature did not affect the desirable shape of the products.
The added whey protein isolate is the main ingredient to form
the structure of the nutritional bars.The used whey protein, of
which incorporated with fructose from honey helps making
other components in the made nutritional bars rather good
and consistent shape during chilling time.(Adams, 2008).
When changeing in theratio of oat to brown rice, the resulting
content of protein and fibers are prettily influenced and lead
to slightly changed in the volume, weight and density of the
made nutritional bars.

The volume of nutritional bars ranged from 7.85 to 8.44 cm’,
with the highest value was seen in sample A and the lowest
value was of sample E. The higher replacement of oat flour
by brown rice flour, the lower volume of the bars. However,
there was no significant difference (P > 0.05) in different
ration of oat and brown rice flour. The explanation for the
decrease of the bars might due to the slightly reduce in fiber
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content from oat to brown rice which affects to the amount of
absorbed water.l*®! The lower water absorption might interfere
to the ability of dough cooperate with air during mixing.""
Density of bar was moderately increased directly with brown
rice flour content substitution. The nutritional bars with 100%
of brown rice flour had the highest density about 1.59 g/cm’,
while the lowest density value (approximate 1.53 g/cm?®) was
found in bars contained 100% of oat flour. However, there
was no significant difference with all composite flour in term
of density (P > 2005). This fact could be explained by the
increases in density caused by decrease in the air volume
incorporated into the batter. These results were similar to the
previous study by Varavinit and Shobsngob!*?! who found
density values of bar samples added with brown rice flour
were higher than those of oat. Density was the good criterion
of the sensory texture of nutritional bars. Lower density
means greater firmness and higher textural value (Dogan,
2000).

The weight of the experimental nutritional bars was between
12.21 and 13.11 g with the highest value was of sample A and
the lowest was found in sample E. There was insignificant
difference among samples (P > 0.05). As observing the
results in Table 5, sample A with 100% oat flour which higher
in fiber content and B-glucan content which indicated higher
water holding capacity, hence, this resulted in the difference
in term of weight of all samples (Berggren S., 2018).1**!

In summary, although there are differences between
nutritional bars with different composite flour in terms of
physical parameters, these differences are not significant by
statistical analyzing, providing that it is a good evidence in
order to support the potential of brown rice substitution in
nutritional bars processing.

Proximate values of developed nutritional bars

As shown in Table 6, the moisture contents of the five
formulations were in the range of 18.90% and 20.50%.
This value range revealed that there was a gradual decrease
of moisture content of nutritional bars from sample A to
E. As mentioned in the previous part, oat flour has higher
WAC than brown rice flour (2.11 g/g > 1.53 g/g). Thus, the
nutritional bars contained more brown rice flour had higher

affinity for water which was informed by their lower moisture
content.**! However, there was no significant difference in
moisture between the control sample A and other formulas in
the nutritional bars formulation (P > 0.05). The study carried
out by Santos e al.**) showed the moisture content on his
cereal bars varied from 20.26% to 21.40%. In comparison
with collected data, it showed that the moisture contents in
this work were better than that of Santos et a/.*”! because the
self-life of the product could be extended by lower moisture
contents. Nutritional bars with low value of moisture contents
could be stored for a long period of time without spoilage and
stronger ability to restrain the microbial growth.[*¢!

Also from Table 6, the collected data on fat content was
in the range of 20.01% and 23.00% which was the highest
concentration of fat seen in the bars A. Although the results
were similar among sample A and B, there were significant
differences (P < 0.05) in the fat content of nutritional bars
when increasing the amount of brown rice flour in comparison
with the control sample A. This fact could be explained by
the difference in fat content between oat flour and brown rice
flour. The fat contents of the oat flour carried out by Choi
et al., 2012 ranged between 7.89% and 10.01%, which was
four times as much as the brown rice flour’s fat content (2.0%
and 2.54%) reported by Grist.* The results of fat content of
nutritional bars obtained under this work were higher than
the those obtained in the work of Zamora-Gasga et al.l*
of 14.17% and 15.60%. The slightly higher fat contents in
the bars might have an important role in order to replace
the energy used during physical activities as a result of the
exhausted energy during exercise.[**] Besides, products with
higher fat contents could enhance the mouthfeel and retain
flavors of product.[*”!

The protein contents of the nutritional bars were high.
Whey protein powder, which was the main ingredient of
the nutritional bars which made up approximately 40% of
the total bar composition, generally contain high protein
content more than 80%.°% The protein contents under this
study were in range of 18.23% and 20.13% which were much
higher compared to the values of cereal bars in the study of
Agbaje et al.B As can be seen from Table 6, the data on the
protein showed the significant difference in the formulations

Sample Moisture (%) Protein (%) Fat (%) Ash (%) Fiber (%) Carbohydrates Energy

(%) contents (Kcal)
A 20.50+0.53 20.13+0.35%  23.00+0.20® 2.16+0.18 1.15+0.13? 41.41+1.012 424.38+2.13¢2
B 19.70+0.722  20.07+0.312  22.40+0.31% 2.08+0.13% 0.77+0.07° 40.04+0.60° 424.85+1.74%
C 19.40+0.67¢2 19.03+0.62° 20.33+0.91®  1.85+0.18% 0.67+0.06" 39.39+1.562 416.67+2.83
D 19.34+0.722 18.68+0.34* 20.27+0.41° 1.66+0.02% 0.61+0.04° 35.76+1.00° 417.74+1.44°
E 18.90+0.332 18.23+0.32°  20.01+£0.37°  1.44+0.03* 0.56+0.06° 34.20+0.05° 418.69+2.66°

*Values in the table represent the meanszstandard deviations (n=3 replicates). The values denoted by different letters in the same column
are significantly different (P<0.05)
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(P < 0.05). The higher amount of brown rice substitution,
the lower protein content compared to the control sample A.
The research reported by Choi et al."? has also shown the
protein of oat flour varied from 11.51 to 14.37 which higher
than the protein content of brown rice in this experiment,
resulting to the total protein content of nutritional bars. In
general, the results of protein obtained with the nutritional
bars in this study are close to those of commercial bars on the
market, which is on average 25%. A study carried by Wul>
showed that 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.

Ash content is an index which expresses the mineral content
in the food products. Although the collected ash contents
under this study varied between 1.44% and 2.16% with
sample A was highest in ash content and sample E was lowest
one, there was no significant difference among trial samples.
The results of ash content were in an agreement with the
study carried out by Cecchil®! who found that the level of ash
contents in cereal bars was between 0.30% and 3.30%. The
nutritional bars made from oat and brown rice flour under this
study showed the significant ash contents, which contributed
to the good supply of minerals in the bars.

The collected data on the crude fiber [Table 6] of the
prepared nutritional bar varied from 0.56% to 1.15%.
The highest value of crude fiber was found in the control
sample A (1.15%) with 100% oat flour and the lowest were
seen in sample E (0.33%) with full replacement of oat by
brown rice flour. It has been known that the oat flour is
higher in fiber contents as opposed to brown rice flour,
which causing the trendy decrease crude fiber in nutritional
bars. Using statistic, there were significant differences
among five formulations in crude fiber contents (P < 0.05).
However, in a study reported by Reader et al.’ showed
that the traditional energy bars contain <1% of crude
fiber, which was in agreement with the collected results in
this experiment. The supplement of fiber content in food
product is a welcome measure for people who are suffering
with high blood pressure and diabetes.*!! Anderson et al.%,
showed in their study that people who consume significant
amounts of dietary fiber would have health-protective effect
such as good regulation and control of blood pressure as
well as blood glucose in some diabetic cases.

Caloric content of developed nutritional bars

The energy contents of the nutritional bars formulated with
oat flour and brown rice flour under this study varied between
418.69 Kcal and 424.38 Kcal [Table 6]. These values of
the nutritional bars were statistically significantly different
(P < 0.05). The caloric contents express the energy derived
from macronutrients including proteins, carbohydrates, and

8 CLINICAL JOURNAL OF NUTRITION AND DIETETICS *

Sample TPC (mg GAE/g DW)
A 2.40+0.332
B 2.14+0.042
C 2.11+£0.532
D 2.10+0.072
E 2.08+0.122

*Values in the table represent the means+standard
deviations (n=3 replicates). The values denoted by different
letters in the same column are significantly different P<0.05),
TPC: Total phenolic content

fats. With the differences among trial samples in term of
nutrients, the caloric contents were also influenced. Besides,
the results for energy contents of nutritional bars of this
study were in an agreement with the observation of Carvalho
et al.b"

TPC of developed nutritional bars

The data on TPC of the developed nutritional bars are
given in Table 7. As it can easily be seen, increase in the
level of brown rice flour substitution in nutritional bars
processing, the TPC (mg/g DW) gradually was decreased.
The TPC (mg/g) in the different formulations of the
extracted samples were calculated using the standard curve
for gallic acid with the equation y = 0.0929x + 0.0142,
R2 =0.9989. The obtained TPC was ranged between 2.08
and 2.40 mg gallic acid equivalent (mg GAE)/g DW,
whereas the value of the control sample A was of 2.40 mg
GAE/g DW. Hodzic et al.®¥ and Hung™ revealed that the
TPC is varied when measuring in buckwheat rye, oats,
barley, corn, wheat, and rice. Using different preparation
methods included solvent selection, extraction time, and
temperature, they found that content of total phenols and
bound phenols in rice varieties was the smallest, which
explains why there was a downward trend in TPC among
different samples. However, there were no statistically
different (P > 0.05) among these samples in comparison
with the control sample A.

Oat and brown rice are well known as their rich in TPC. They
are rich in phenolic compounds which possess antioxidant
capacity.’) The phenolic compounds were found to play
an integral part in human health with fighting against
oxidative stress by maintaining a balance between oxidants
and antioxidants, and so providing adequate amount of
the phenolic compounds in human diet are best known to
support the human body which reduced oxidative damage of
lipid and low-density lipoproteins in order to inhibit platelet
aggregation.!®” Besides, coronary heart disease and cancer
risk could be protected by the antioxidant properties of
phenolic compounds (Hung PV, 2016;! Martinez-Valverde
et al., 2000;°" Newmark, 1996[2]),
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Sample Appearance Taste
A 6.732 6.05°
B 6.62% 6.322
C 6.522 6.18°
D 6.48% 6.18°
E 6.01° 5.822

Aroma Texture Overall acceptability
6.332 6.322 6.45°
6.08? 6.22% 6.37¢°
6.282 6.55% 6.522
6.272 6.58% 6.452
6.05° 5.87° 5.902

*Average of 60 evaluations. The values denoted by different letters in the same column are significantly different (P<0.05)

Sensory evaluation

The five formulations were evaluated by 60 consumers of
nutritional bars on the acceptability of the appearance, taste,
aroma, texture, and overall through 9-point hedonic scale!®
(9 = like extremely, 5 = neither like nor dislike, 1 = dislike
extremely).

The sensory characteristics of nutritional bars prepared
from oat flour and brown rice flour are shown in Table 8.
In overall, although the sensory scores for taste, aroma,
texture, appearance, and overall acceptability of nutritional
bars decreased with the increase in the level of brown
rice flour in the formulation, there were no significant
differences in taste, aroma, and overall acceptability
between control nutritional bars and bars containing brown
rice flour (P > 0.05). However, the appearance and texture
scores of control bars and bars with 100% brown rice flour
were statistically different. The score of appearance and
texture reduced from 6.73 to 6.01 and from 6.32 to 5.87,
respectively, when substituting oat flour by 100% brown
rice flour. This was because of protein reduced with the
replacement of brown rice flour. The proteins in nutritional
bars play an integral part to form the shape when combination
with binding agents such as honey and water. The reduction
in protein from brown rice affected to the total protein in
bars which influenced to the textural strength of nutritional
bar products.

In this study, the potential substitution of oat flour by brown
rice flour in nutritional bars by evaluating the nutritional
values as well as the physical parameters of resulting products
were successfully and thoroughly investigated. The obtained
results of this study indicated that the developed nutritional
bars from brown rice flour were scientifically necessary to
reduce the production costs while still remain the nutritional
values and health benefits as well as the high acceptability of
the consumers.
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